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A. Introduetion?).

The discovery of Brucella abortus as the originator of bovine
infectious abortion by B. Bang and Stribolt in 1896, in Den-
mark, indicates the beginning of a new era in the investigation of the
most significant cattle disease of the present age — “Bang’s abortion
disease” or cattle brucellosis. That in many cases bovine abortion
was contagious and an artificial infection possible, was already known
before [Cruzel (1832) (37), Johne (1872) (86), Brauer (1873)
(17), Franck (1876) (60), Lehnert (1878) (108), Nocard
(1886) (131), Trinchera (1882) (178), et al.]. But with the
discovery of Brucella abortus and the explanation of its aetiological
significance by B. Bang and Stribolt, the inquiries into the
disease caused by the above-mentioned microbe were placed on a
reliable basis and could be grounded oun scientific evidence.

In the first decade of the present century, cattle brucellosis
was found in various parts of Europe and America, and at present
its occurrence throughout the world has been proved by numerous
researches.

Later researches show that the pathogenic effect of Brucella
abortus does not confine itseli to cattle, but that the microbe infects
also men, swine, goats, in rarer cases sheep and horses, in several
cases dogs.[Saceghem (149), Planz and Huddleson (135)],
cats [Koegel (100), Makkawejsky and Karkadinowskaja
(119)], and certain birds, viz. hens and turkeys [Huddleson and
Emmel (80), Fabyan (44), Gilman and Burnett (55},
Koegel (100)). All the animals mentioned above have also been
infected with Brucella abortus by means of artificial inoculation,
and in addition to the usual object of experiments — the guinea-
pig — also apes, rabbits, mice, rats, pheasants, geese, ducks and
pigeons.

1) The studies here reported were carried out within the years 1930--1933,
and were submitted to the Veterinary Faculty as a thesis in 1933. On account
of its having been abbreviated and the delay of its translation into English, I was
not able to have it printed earlier.
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There is no doubt that brucellosis is the most momentous of
all diseases affecting cattle, owing to its frequent occurrence all
over the world and the great economical damage caused by it.

This appears also from the large number of inquiries made
into the character of this disease for the purpose of elucidating
and fighting it. The direct damages caused by brucellosis in herds
are as follows: 1) the waste of calves, 2) the damage effected by
indisposition of the genitals leading to sterility, and 3) the decrease
of milk production. Hitherto but slight attention has been paid
to the decrease of milk production due to Br. abortus, and the
causes of this fact have been little studied. Usually the diminution
of milk production in cases of abortion is explained as an indirect
result of the latter, and very few authors have ever tried to connect
the decrease of milk production with brucellous infection of the
udder. Evidently these problems have not been sufficiently studied
hitherto and fully explained, because brucellosis as a very wide-
spread infection was not known to be the chief cause of the
pathological-histological changes in cattle, and specially in the udder.

The economic damage to stock-farming caused by brucellosis
in many countries has been estimated in money. Thus the amount
of the annual damage from brucellosis in the United States of
America, in 1916, was about 20 million dollars [Giltner, Hall-
mann, and Cooledge (58)], in 1925, it was more than
100 millions, and in 1930, it amounted to 200—300 million dollars
[Barnes (10)). The damage caused by brucellosis in Germany,
in 1925, was estimated at 100 millions [Klim mer (93)], in 1926 —
at 200 millions (according to the statistics of the hygienic exhibition
at Diisseldorf), in 1930 — at 250 millions [Zwick (191)}, and in
1931 — at 200 millions RM every year [Zeller (188)]. The
annual damage in Estonia, in 1932, is estimated at 2 million
Est. crowns [Laja (109)].

In addition to the direct damage caused by brucellosis, the
expense connected with the researches into this disease ought to
be specially mentioned. According to the data of Williams (182),
in USA, for the investigation of no cattle disease has there been
spent so much money as for the purpose of elucidating brucellosis.

In the years following the discovery of Br. abortus, cattle
brucellosis was considered to have its seat only in the pregnant
uterus and in the genitals of bulls, without inciuding hereditary
brucellosis in new-born calves. This view, however, could be held
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plausible only until 1912, because up to that time Br. abortus had
not been found either in the excretions and secretions, or in any
organ besides the genitals. But already in the inquiries dating
from the years 1912 and 1913, Smith and Fabyan (165),
Melvin (124), Schroeder and Cotton (152), Mohler and
Traum (128) proved for the first time the presence of Br. abortus
in milk by means of experiments on guinea-pigs. A little later,
Zwick and Krage (192) reared a culture of Br. abortus eliminated
with milk. These investigations were followed by numerous
additional experiments. It became evident that a high
percentage of naturally infected cows, both pregnant and non-
pregnant, and cows that had aborted and that had not, eliminate
Br. abortus with their milk [Robinson (144), Cotton (35),
Schroeder and Cotton (157), Cooledge (34), Winkler
(183), Bogenschneider (15), Hart and Traum (70), Buck
and Creech (18), Carpenter (24), Prillwitz (138), Pfenni-
ger and Krupski (134), Bang and Bendixen (79), Steck
(170), Mitchell and Humphreys (127), Préscholdt (140),
Lerche (111), etc.]. Besides infecting the uddet, the microbe
was discovered before long also in the lymph nodes of the udder
and the pelvis [Schroeder and Cotton (155), Robinson
(144), Prillwitz (138), etc.]. Now, from these inquiries into the
matter it was clear that the infection affects not only the genitals
but also the udder and the lymph nodes belonging to it. But the
prevailing opinion was that brucellosis as such was not a general
infectious disease in the bovine organism, but was located only in
the organs already mentioned. More observations and inquiries
ensued which showed that in cases of natural infection Br. abortus
established itself in the organism of the cattle in various organs
and parts of the body and produced its pathogenic effects. Thus
Br. abortus has been detected in the articulations and the tendon
sheaths in cases of extensive changes of the articulations and in-
flammations of the tendon sheaths [Buck and Creech (19), Bang
and Bendixen (8)], and comparatively frequently in the hygromata
of the knees [Boyd, Delez and Fitch (16), Panisset and
- Comptois (133), Magnusson (177), van der Hoeden (77),
Roots and Ridala (145)]. Studying cattle sputum in connection
with tuberculosis, Proscholdt ascertained [1926 (139)] the
presence of Br. abortus by means of experiments on guinea-pigs
in 2.3 per cent. of the sputum-samples. Considering these results,
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the author was of the opinion that Br. abortus is eliminated also
with bronchial mucus.

The microbe is supposed to be carried to its habitats in the
haematogenic or lymphogenic way, but no one has as yet tried to
ascertain the actual possibility of the blood-infection in the case of
a natural infection. Onlyin1931,G6tze and Miiller (64) declared
that they succeeded in infecting a cow artificially, transfusing the
blood of a brucellous cow into an undiseased one. Relying on
this result, Gotze and Miiller presume that in cases of bovine
brucellosis a general bacteriemia is possible for at least a while.
Kriger[1932 (102)] detected Br. abortus by guinea-pig inoculation
in the diaphragm of 3 slaughtered cows.

Roots and Ridala [1932 (145)] demonstrated in their work
for the first time by a number of experiments cases of natural
brucellous infection, and proved the presence of Br. abortus and
the considerable histological changes due to i, besides the other
organs of cattle, also in the spleen and the thyroid gland.
Thus the inquiries of late years greatly enhance our knowledge of
brucellosis in the bovine organism. It has been ascertained that
besides its usual habitat (the genitals and the udder), Br. abortus
is present in many parts of the body.

Bovine abortion is a comparatively frequent symptom of the
pathogenic effect produced by Br. abortus. Brucellosis attracted
notice throtigh abortion already in former years, and that is just why
inquiries into the disease began. Itis natural that the disease was
then named “abortus infectiosus”. The disease bore this name
down to our own times, and it is still called so by some authors.
But, since later examinations showed that abortion was only one
of the pathological symptoms and did not occur in a large
percentage of brucellous cases, the denomination ‘“abortus
infectiosus” was no longer suitable. More general names had to
be found which were independent of the symptoms of the disease.
Now “Bang’s infection”, and in most recent times ‘abortus
brucellosis” (opposite to melitensis-brucellosis) or simply “brucello-
sis” are used. In the present work the denomination “brucellosis” -
is made use of, as melitensis-brucellosis does not occur with us.
The morbific agent has likewise had different names, e. g. ‘““Bac-
tercum abortus infectiosi Bang”, “Alcaligenes abortus”, “Brucella
abortus (Bang)” etc. “Brucella abortus (Bang)” is used throughout
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this work as corresponding best to the rules of the systematic
nomenclature of bacteria.

The pathological changes in the fetal membranes (placentitis et
cotyledonitis necrotica) and endometritis in cattle, caused by
brucellosis, have already been known since the discovery of
Br. abortus. Further, a comparatively frequent inflammation of the
testes of bulls and the testicles, in connection with coagulation
necrosis and abscesses caused by Br. abortus, was ascertained
[Schroeder and Cotton (156), Buck, Creech and Lad-
son (20), Marcis (120), Schlegel (150), Ohlson (132),
Bluhm (14), Christiansen (27), Ehrlich (40), Magnusson
(116), Mirri (126), Lerche (110), Cominotti (28), Rich-
ter (142), Witte (184), efc.]. But an inflammation of the seminal
vesicle and prostata and the nodes on the mucous membrane of
the penis have been found less frequently [Biirki (22), Bluhm
(14), Buck, Creech and Ladson (20), Gilman and Hop-
per (56), Magnusson (116), etc.]. The histological finding in the
genital§ of bulls is severally similar to the changes due to tuber-
culosis. In singular brucellous cases, acute, subacute, and chronic
inflammatory foci in the thyroid gland were observed [Roots and
Ridala (145)], and an inflammation of sheaths of tendons and arthritis
was noted by Buck and Creech (19), O. Bang and Ben-
dixen (8), efc. DBr. abortus has been found also in the hygromata
of the knees, which were first of all considered to be caused by
various mechanical injuries (stone-floors etc.), but when the damaged
tissue proved to be propitious for Br. abortus to establish itself
[Boyd, Delezand Fitch (16), Panisset and Comptois (133),
Magnusson (117), van der Hoeden (77), Roots and
Ridala (145)], the above-mentioned microbe would also produce
its pathogenic effect there.

Inflammation due to brucellosis has been observed in the
abomasus and intestines of the embryo and new-born calves
[Zwick and Zeller (193), Klimmer (91), Witte (185), etc.],
in the serous membranes [Zwick and Zeller (193), Haupt
(72), ete.], in the lungs [Smith (164), ete.], and in the urinary
bladder. Further, an edema of the umbilical cord, of the belly and
the chest has been noticed.

According to the information we have, 12.5—91.8%, of
cows naturally infected with Br. abortus eliminate the bacterium
in question, mostly for quite a long period, in some cases for about
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7 years. The problem that presents itself is whether Br. abortus
is present in the udder as a loyal commensal, or whether it causes
changes' there in the same way as in the other parts and organs
of the body. There is no doubt that the milk production of cows
decreases in connection with brucellosis, but most contemporary
authors ascribe this exclusively to the fact of abortion, which, as
we know, leaves the udder unsatisfactorily prepared for lactation.
Despite the importance of this factor, it is certain that it is not
the only one to which the decrease of milk production is due. In
this connection, the data of Simms and Miller (162) are of
special importance, showing, as they do, that the diminished milk
production in cases of brucellosis may last for years, even though
the number of abortions among cattle should steadily decrease.
Similarly, Laja (104, 106) notes that three herds of brucellous
cows that had not aborted, thoungh continuing to yield milk,
produced about 25 per cent. less milk than those that were un-
affected. This shows that over and above abortion there must be
other agents causing the decrease of milk production in infected
cows.  Of these agents, those that have to be examined in the
first place, are the direct functional disturbances in the udder due
to Br. abortus.

The few statements to be found in literature show that but
little attention has been paid to inquiries into the pathogenic effects
produced by Br. abortus in the udder. Certain authors[Cooledge(33),
Tweed (180), Runnels and Huddieson (147), O. Bang and
Bendixen (9)] have noted a high cellular count in the milk in cases
of brucellosis, but in a number of cases no attention was paid
to other possible infections of the udder that may likewise bring
about a high cell count of the milk, without causing any clinical
symptoms in the udder. Furthermore, it has been observed that
the quantity of milk sugar and fat in the milk decreased, whereas
there was an increase in catalase, chlorine and sediments
[O. Bang (5)]. Only Schroeder and Cotton (154) have
noted macroscopically small foci of induration in cases of
brucellosis in the udders of cows. In the study of brucellous
udders histologically [Runnels and Huddleson (147), Smith,
Orcutt and Little (167)], there have been noticed small acute,
subacute, and chronic inflammatory foci, whereas other possible
infections have not always been taken into consideration. No'one
has so far ascertained with any accuracy the nature of the changes
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observed, nor have the possible variations or the extent of these
changes been studied with any care. It is not clear whether there
was any Br. abortus in the parts thus changed, or whether this
microbe could be found in the histological sections. Scientists are
of different opinions as to the changes in the udder, and some of
them have failed altogether to notice any pathological changes
there [Friedemann (52)].

Hence it appears that our knowledge concerning the pathogenic
effects produced by Br. abortus in the udder of the- cow is even
now insuificient. It is therefore most urgent that, because of the
aetiological significance of brucellosis and for the purpose of
fighting the disease, the following questions should be elucidated:

1) Do any pathological changes take place in the udder if
Br. abortus is eliminated with the milk?

2) In what parts of the udder and to what extent do the
changes take place?

3) What is the form and duration of these changes?

4) Is there any Br. abortus in the parts thus altered?

5) Are the amount and composition of the milk affected by
these processes?

In the present study I have set myself the immediate task
of solving these problems. I have specially studied the pathological
changes in the bovine udder and in the adjoining lymph nodes,
as well as the presence of Br. abortus in the changed parts. Nor
have [ omitted any other possible agents. In addition [ have
examined the same animals, as to finding possible excitants of
diseases and pathological changes in the various other organs and
parts of the body.

B. Literature concerning the Question.
a. The Presence of Brucella Abortus in the Milk of Cows.

Smith and Fabyan (165), Melvin (124), Schroeder
and Cotton (152), Mohler and Traum (128) were the first
to find Br. abortus in the milk of cows, studying it by means of
experiments on guinea-pigs for Mycobacterium tuberculosis. The
internal organs of the injected guinea-pigs showed changes which
might have easily been taken to be the changes observed in cases of
tuberculosis, but, as they proved to be negative for Mycobacterium
tuberculosis, the inquiries had to be continued. The above-mentioned
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scientists succeeded indeed in isolating then a culture of Br. alortus
from the organs thus changed.

Zwick and Krage (192) cultivated Br. abortus (1913) from

the milk sediment of cows that had aborted 3—14 days before and
even 6 and 13 months before. There was no evidence of any
macroscopical changes in the milk of these cows nor any clinical
symptoms in the udder.
. Klimmer and Winkler (95) observed that after aborting,
cows eliminate Br. abortus with the nrilk for quite a long time.
The authors did not find any macroscopical changes in the milk, in
the udder, nor the adjoining lymph nodes,

Robinson (144) ascertained that there was brucellous
infection in the udders as well as in the lymph nodes of the udders
and pelvis of several non-pregnant cows.

Schroeder and Cotton (157) found out that 60 per cent.
of naturally infected cows eliminate Br. abortus with their milk.
The elimination may last for about one week or for several months,
and in some cases even for about 6 to 7 years. They made sure
that Br. abortus was eliminated with the milk of cows that had
not aborted at all, and of those about to abort in a month’s time.

Cooledge (34) studied the milk of 118 cows from 7 farms,
and found that 27 per cent. of the cows examined eliminated
Br. abortus with their milk. But he did not find the bacteria
always present when the milk contained agglutinins of Br. abortus.
The milk taken in the middle of milking was most abundant in
agglutinins. In determining the immune corpuscles of Br. abortus
in the milk, the complement f{ixation and the agglutination tests
were equivalent.

Thomsen (173) takes it for granted that Br. abortus is
eliminated with the milk of every infected cow.

Steck (170) detected Br. abortus in the milk of several cows
that had not aborted. In one case he found the microbe present
in the milk several months previous to the time of aborting. The
author of this study is of the opinion that Br. abortus may occur
also in the udder of perfectly healthy cows.

Winkler (183) studied the milk of 32 infected cows;
13 (41 per cent.) of the cows eliminated Br. abortus with their
milk after they had aborted, but not continuously.

Bogenschneider (15) found that 2 (125 per cent.) out
of 16 naturally infected cows had Br. aborius in their milk.
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Zeller (187) states that in cases of brucellosis, cows often
eliminate with their milk the microbe in question. Further, he
declares that the general methods — the cultivation methods and
guinea-pig inoculation are not absolutely reliable methods for
determining the presence of Br. aborfus in milk.

Smith, Orcutt, and Little (166) injected a living and a
killed culture of Br. abortus into one quarter of the udder. Further,
an injection of the cultures was given subcutaneously and
intravenously. The milk of the injected quarter showed in the first
case many more agglutinins than in the latter cases. Taking into
consideration the results of the experiments, the authors are of the
opinion that the anti-bodies of Br. abortus also originate in the
udder.

Schroeder and Cotton (153) studied repeatedly by means
of the guinea-pig experiment the milk of 56 cows, taking the milk
samples from each quarter of the udder individually. They noted
that none of the cows whose blood serum agglutinated Br. abortus
in dilutions 1:100 or less, eliminated Br. abortus with their milk,
whereas 25 (83-3 per cent.) out of 30 cows eliminated the microbe,
the aggl. titer of their blood serum being 1:200 and above. Hence,
based upon this finding, the authors draw the conceivable conclusion
that only those cows eliminate Br. aborfus with their milk whose
blood serum titer is above 1:100.

Hart and Traum (70) noted that Br. abosrtus was eliminated
with the milk of cows whose blood serum did not agglutinate the
above-mentioned microbe, and with that of vaccinated cows.

Buck and Creech (18) found that 17 (56.7 per cent.) out
of 30 brucellous cows eliminated the microbe with their milk.
They did not succeed in exterminating the disease from the
udder through vaccination.

Carpenter (24) observed Br. abortus also in the milk of
non-pregnant cows. The author examined two herds by comparing
them. He vaccinated one herd, being uncertain of the extent of
the infection in it, and found that the agglutination of Br. abortus
was positive in 86 per cent. of the cows, and 38 per cent. of them
eliminated the microbe with their mitk. The second herd was not
given an injection of Br. abortus vaccine; it appeared that the
agglutination titer of the blood serum of 72 per cent. of the cows
was positive, and 66 per cent. of the cows eliminated Br. abortus
with their milk. Thus, in the second herd the microbe was eliminated
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by 91.8 per cent. of the cows that had reacted positively to the
blood test. Later on Carpenter serologically examined one more
herd where no abortion had occurred. Two cows in this herd
proved brucellous, one of them eliminating the microbe with her
milk. The author was of the opinion that the subsequent epidemic
in the herd was due to the lastmentioned cow.

Prillwitz (138) serologically studied 160 cows assigned for
slaughter, and found that 11 of them were infected with Br. abortus.
The microbe was to be found in the milk of 4 cows and in the
lymph nodes of the udder of one cow.

Catpenter and Boak (26) found the presence of Br. abortus
by means of the guinea-pig experiment in the cream samples of 23
(6-08 per cent.) cows, where the sum total of the cream samples
for the purpose of the study was 378, taken from 378 cows
individually.

Bang and Bendixen (7) examined the milk of cows
belonging to 7 herds. The results were as follows: in the first
herd 4 (33-3 per cent.) out of 12 cows eliminated Br. abortus with
their milk ; in the second herd 1 (5-5 per cent.) out of 18 (7 samples
taken mostly from cows that had aborted were lost), in the third
herd 2 (66-7 per cent.) out of 3 cows eliminated the microbe: in
the fourth herd 7 (431 per cent.) out of 16, in the fifth herd 4
(44-4 per cent.) out of 9, in the sixth herd 1 (25 per cent.) out of 4,
and in the seventh herd 3 (33-3 per cent.) out of 9 cows eliminated
the microbe. Thus, 35-9 per cent. of all the cows belonging to the
7 herds eliminated Br. abortus with their milk. The authors think
that the guinea-pig experiment is not an absolutely reliable method
of ascertaining the presence of Br. aborfus in milk. Brucellous
infection is to be noticed more frequently in the rear quarters of
the udder.

King and Caldwell (89) did not find Br. abortus by guinea-
pig inoculation in the milk samples of those cows that had an
agglutination titer of their blood serum 1:60 or Iess (in
151 cases). But 23 out of 56 cows, the agglutination titer of whose
blood serum was 1:120 or above, eliminated the microbe with their
milk, Br. abortus was detected twice in the milk of a cow, but
there was no evidence of agglutinins in her blood.

Van der Hoeden (78) found Br. abortus present in the milk
of cows from a farm where there had not been any cases of abortion
for several years. Furthermore, he .observed a cow that had not
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aborted but whose milk, nevertheless, contained Br. abortus, though
the agglutinins of the microbe had never been found in her blood.

Drescher and Hopfengidrtner (39) ascertained the
presence of Br. abortus in the milk of 21 per cent. to 83 per cent.
of cows that were intected with Br. abortus.

Graham and Throp (59) studied the milk of 78 cows
whose blood reaction with Br. aborfus was positive, and found in
the milk of 45 (577 per cent.) of these cows the agglutinins of
Br. abortus.

Traum (175) states that, according to the agglutination
reaction, 20 per cent. of the milk cows in the U. S. A. are affected
with Br. abortus, and 30 per cent. to 50 per cent. of them eliminate
the microbe causing the disease.

Jensen (84) thinks that at least 10 per cent. to 20 per cent.
of brucellous cows eliminate Br. aborfus with their milk. Further,
he is of the opinion that about 20 per cent. to 30 per cent. of
market-milk contains Br. abortus.

Gilman (563) studied the milk of 34 cows, taken from each
quarter of the udder individually, to find out whether it showed
any agglutinins and bacteria present or not. He never noticed
any Br. abortus when the agglutination titer of the milk serum
was less than 1:80, nor when the titer of the blood serum was
under 1:320. But the above-mentioned microbe was observed in
53-7 per cent. of the milk from the quarters of those udders that
had an agglutination titer of the milk serum 1:80 and above.

Schumann and Lerche (159) found brucellous infection
in 278 (22 per cent.) milk samples taken from 1265 herds. The
blood test for Br. aborfus was positive also in farms where cows
had never aborted, and some of the cows eliminated the bacterium
in question. Br. abortus was found in the milk of 49 per cent. of
the 51 cows that had reacted positively to the serological test; in
another case, 52.9 per cent. of 19 cows that reacted positively
but had never aborted, had Br. abortus in their milk. According
to the opinion of the authors, based on the results of these ex-
periments, half the number of brucellous cows eliminate the excitant
of the disease with their milk.

Lerche’s (111, 112) data show that the occurrence of
brucellosis in cattle is very frequent indeed; 20 per cent. is the
average amount of infection. The author notes that Br. abortus
was eliminated with the milk of cows that had aborted and that
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had not aborted. 54 (52-3 per cent.) out of 104 cows whose blood
serum was positive to Br. abortus agglutination, contained the
microbe in their milk. Among these 104 cows examined, there were 23
that had calved normally, and 14 (60-9 per cent.) of them eliminated
Br. abortus. In another farm, 38 (452 per cent.) out of 84 cows
that had aborted eliminated Br. adortus. Hence it follows that
Br. abortus may be present even more frequently in the milk of
those cows that have calved normally than of those that have
aborted. According to the same author, Br. abortus was present
in the milk of 18 cows (568 per cent.) out of 31 belonging to one
herd. The elimination of the above-mentioned microbe with milk
is not always regular; sometimes the presence of the bacteria
cannot be ascertained in milk, though the udder be infected. Br.
abortus is not always eliminated with the milk from all the quarters
of the udder, sometimes only one or two of the quarters eliminate
the bacterium in question. The elimination of Br. aborfus with
milk may last for months and even for years. Br. abortus was
found by mecans of the animal experiment in 18 milk samples, but
by means of the cultivation method it was found only in 4 milk
samples out of 18. Lerche ascertained the germ count of Br.
abortus eliminated with the milk of two cows: in 1 ccm milk there
were about 60—320 bacteria. The author succeeded in determining
Br. abortus by means of the cultivation method in 11 cases in the
milk taken at the end of milking from 14 cows (that eliminated
the microbe with their milk); in the milk samples taken at the
beginning and in the middle of the milking it was present only
in four cases. Considering these resuits, Lerche is of the opinion
that Br. abortus is located in the parenchyma of the udder, whence
it is driven into the milk at the end of milking by the natural
massage of the udder.

Makkawejsky, Karkadinowsky, Michejeff,
Gawriloff and Dawydowsky (118) studied the milk of 68 cows
that had aborted, and found that 14.7 per cent. of them eliminated
Br. abortus.

Mitchell and Humphreys (127) detected Br. abortus in
the milk of 12 (75 per cent.) cows out of 16 that had reacted. Two
cows yielded milk that was infected in one quarter, three cows
had it in two quarters, five cows in three quarters, and two in all
four quarters of the udder.

Gwatkin (63) examined the milk of 31 cows that had
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calved normally. It followed that 2 cows the agglutination titer of
whose blood serum was 1:50, did not eliminate the germs of the
disease with their milk, 30 per cent. of 10 cows with an aggl. titer
of 1:100 eliminated Br. abortus, 100 per cent. of 3 cows with an
aggl. titer of 1:250 also eliminated Br. abortus, 75 per cent. of
4 cows with an aggl. titer of 1:500, and 50 per cent. of 12 cows
with an aggl. titer of 1:1000 eliminated the above-mentioned
microbe with their milk. On the whole, 15 (484 per cent.) out of
the 31 examined cows eliminated Br. abortus with their milk.

Cotton and Buck (36) found that only few of the cows
whose aggl. titer of the blood serum was 1:100 or less, eliminated
Br. abortus with their milk; they were either lately infected or their
aggl. titer was constantly rising. The above-ementioned microbe was
eliminated by 50 per cent. of the cows whose aggl. titer was
1:200, and almost all of the cows whose aggl. titer was 1:1000
eliminated Br. abortus with their milk.

Tullberg (179) could seldom make sure the presence of
‘Br. abortus by means of experiments on the guinea-pig in the milk
of cows, the aggl. titer of whose blood serum was 1:10 to 1:30;
he found it present in 19 per cent. of cases with an aggl. titer of
1:70, and in 50 per cent. of cases where the aggl. titer was 1:100
or above.

Proscholdt (140) has made extensive inquiries into the
occurrence of Br. abortus and its agglutinins in bovine milk.
Table I presents the results of these studies.

Hence it appears that 203 (53 per cent.) out of the 383 cows
examined (with an aggl. titer of the blood serum 1:100 to
1:64000) eliminated Br. abortus with their milk. Further, he found
that only 3 per cent. of cows, the aggl. titer of whose blood serum
was 1:100 and less, eliminated the bacterium in question. 94
per cent. to 96 per cent. of cows eliminating Br. abortus had
an aggl. titer of the blood serum 1:100 and above, and about 81 per
cent. to 86-6 per cent. of the cows had likewise agglutinins of By, abortus
in their milk. Among 208 cows eliminating Br. abortus, there were
145 cows that had aborted and 63 cows that had calved normally.
The aggl. titer of the milk serum remained in all cases one and
the same, whether the milk for the tests was taken at the beginning,
in the middle, or at the end of milking. The specific agglutinins
of Br. abortus were not always present in all the quarters of the
udder. The author is of the opinion that the agglutinins may

2
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originate also in the udder. Prdscholdt studied by means of
experiments on the guinea-pig the sediment of 989 milk and as
many cream samples, in order to determine which of them contained
more Br. abortus. 267 (31 per cent) out of the 859 samples taken
into account, were infected with Br. abortus. The microbe was found
in the cream in 169 (63-26 per cent.) cases, and in the sediment
in 198 (74-15 per cent.) cases. In making the corresponding experi-
ments, it became evident that for determining Br. abortus, guinea-
pig inoculation was not an absolutely reliable means, although
injections of cream, sediment, and a small quantity of centrifuged
milk were made. The author therefore always recommends two
guinea-pigs to be injected simultaneously for the purpose. Br.
abortus has been detected in several cases in the secretion of non-
functional udders in the dry period.

Table 1.
(Composed according to Proscholdt’s Data.)

3 : Br. Abortus’ Br, Abortus’
o Number of : .. : ..
) L Agglutinins R Agglutinins
£ | Biood Sera | Cows elimi- 1, EENTSs| The Bacteria [ *6% B s
-2 ™ nating Br. Cows elimi were not Cows not eli-
= Positive to Abortus with | =° H ;h " | eliminated by | %% tino the
89 | Agglut. Test Milk nating the minating the
.g Bacteria Bacteria
Z Number; 9% {Number| % |Number, % |Number| %
94 1: 100 17 18 15 88 77 82 7 9
83 1: 200 31 37-35 24 774 52 62:65] 14 27
56 1: 400 35 625 31 886 21 375 9 24
32 1: 800 23 |72 19 82-6 9 |28 5 555
20 1:1000 14 70 12 857 6 30 6 100
47 1:2000 36 745 34 94-4 11 255 11 100
26 1:4000 24 92-3 21 875 2 77 1 50
25 |1:8000~1 : 64000 23 96 - 23 1100 2 4 1 50
383 J1: 100—1:64000] 203 |53 179 8821 180 [47 54 30

Klimmer (95) made examinations of 187 cows and found
that 83 (47 per cent.) of them had a positive aggl. titer of the blood
serum, and in 64 (36 per cent.) cases the reaction of the milk
serum was positive. Br. abortus was eliminated in both cases: in
the first case it was eliminated from the milk of 42 (51 per cent.)
cows, and in the second case from 42 (65-6 per cent.) cows. Further
it was observed that the agglutination of the blood serum of one
cow that eliminated Br. abortus with her milk, was positive, and



AXXXI.1 Pathogenic Effects produced by Br. Abortus, ete. 19

that of her milk serum, negative, but that the reactions of both the
blood and the milk sera of another cow eliminating Br aboo tus with
her milk, were negative.

Klimmer thinks the aggl.titer of the blood serum to be re-
markably congruent with the elimination of Br. abortus with the
milk. He found the highest aggl. titer of the blood serum wviz.
1:100 in 75 per cent. of the cows that were infected but did not
eliminate the microbe; the blood serum of 83 per cent. of the cows
eliminating Br. abortus with their milk titered at least 1:500 to the
agglutination test. An aggl. titer (of the blood serum) of 1:200
was observed in cows that did not eliminate Br. abortus (25 per
cent.), as well as in those cows that eliminated the bacterium in
question (17 per cent.). Further, Klimmer informs us of the
studies made in a herd where some cows were injected with living
cultutes of Br. abortus. It appeared that the blood tests showed
in some cases an aggl. titer of 1:3000, but the cows did not
eliminate Br. abortus with their milk; the author ascribes this fact
partly to the injections of living cultures of the bacterium. According
to the summarized results of his inquiries, Klimmer states that
about 98 per cent. of cows eliminating Br. abortus with their milk
have an aggl. titer of the blood serum at least 1:100, about
95 per cent. have a titer of 1:200, and all cows whose blood
serum titers at least 1:4000 to the agglutination test, eliminate
Br. abortus with their milk. Naturally infected cows may eliminate
Br. abortus when the aggl. titer of the milk serum is a minimum
of 1:100; in cases when the aggl. titer of the milk serum is
1:800 or above, the microbe is always present in the milk. The
aggl. titer of the milk serum of cows eliminating Br. abortus may
decrease thanks to the injection of living cultures of the bacterium
to about 1:25, and it may amount to about 1:400 when the
microbe is not eliminated with the milk. It was observed that the
guinea-pig experiment was mnot an absolutely reliable means for
determining Br. abortus, but the cultivation method proved to be
even less so for that purpose.

Summary. According to the literature enumerated, 125 per
cent. to 91.8 per cent. of brucellous cows eliminate the bacterium
in question. Most of the investigators have noticed the elimination
of Br. abortus with the milk by 50 per cent. of cows or more. The
elimination of the microbe may last for quite a long period, in
some cases even for about 7 years. Br. abortus is eliminated with

2*
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the milk of pregnant and non-pregnant cows, and also with the
milk of cows that had aborted, and of those that had calved
normally. Usually, when cows eliminate Br. abortus, the specific
brucellous agglutinins are present in the blood and in the milk.
In single cases, when there are no agglutinins to be found in the
blood, in the milk, or in both simultaneously, the microbe is still
eliminated with the milk. Those cows that have the specific
agglutinins of Br. aborfus in their blood, as well as those having
the above-mentioned agglutinins in their milk, do not eliminate
Br. abortus with their milk. The bacterium has been detected in
several non-functional udders in the dry period. For the purpose
of determining Br. abortus, the guinea-pig experiment has not proved
absolutely trustworthy, but it is as yet the best of all the known
means.

b. The Elimination of Br. Aborius with Milk ensuing from
Vaccination with Living Cultures of Br. Abortus.

Zwick and Krage (192) were the first to ascertain that
goats injected subcutaneously with living cultures of Br. abortus
eliminate the above-mentioned microbe with their milk in 24—48
hours after the injection.

Buck and Creech (18) found that one (33-3 per cent.) out
of three cows injected with living cultures of Br. abortus eliminated
the bacterium in question.

Hart and Traum (70) ascertained that 10 (62:5 per cent.)
out of 16 cows that were injected with living cultures of Br. abortus
eliminated the microbe with their milk.

Birch (12) examined 11 cows injected with Br. abortus and
detected the bacteria in the milk of 3 (27.3 per cent.) cows.
The cows from another group treated in a like manner eliminated
Br. abortus with their milk.

O. Bang (6) noted Br. abortus in the milk of 1 (20 per cent.)
cow out of 5 vaccinated cows. ,

Carpenter (24) found that 38 per cent. of the cows injected
‘with living culture eliminated Br. abortus with their milk.

Schumann and Lerche (159) fed a cow, which had been
pregnant for about 147 days, and a heifer with the contents of the
stomach of a fetus richly containing the germs of Br. abortus.
Both animals were unaffected before the feeding. The first of them
calved normally, but the microbe was detected in the uterine



A XXXI.1 Pathogenic Effects produced by Br. Abortus, ete. 21

exudate, in the fetal membranes, and in the milk 11 days after
she had calved until the end of the experiments. The heifer was
bred repeatedly but she never conceived. Further, Schumann
and Lerche injected living cultures of Br. abortus subcutaneously
into two pregnant cows and a heifer. One of the cows calved
normally, but the other cow and the heifer aborted. Br. abortus
was found in the fetal membranes of the two animals that had
aborted, all three revealed the microbe in their uterine exudate, and
it was present in the milk of the heifer.

Zeller and Beller (189) injected 10 pregnant cows belong-
ing to herds that were not affected with brucellosis; the result
was that 7 of them aborted. Further experiments made in a like
manner caused 4 cases of abortion in a group of 5 animals. Some
of the cows already mentioned (exact data are lacking) eliminated
Br. abortus with their milk.

Karsten (87) made experiments by injecting cows with
living cultures of Br. abortus. In 5 cases there followed sterility;
8 cows conceived but 3 of them aborted, and four cows that calved
normally eliminated the above-mentioned microbe with their milk.

Cominotti (29) inoculated 20 heifers twice with living
cultures of Br. abortus. Hence it followed that all the animals
calved normally, but 50 per cent. to 66-5 per cent. of them eliminated
Br. abortus with their milk during 15—18—19—24 months. The
biological qualities (especially the aerobic growth) of the bacteria
found in the milk were similar to those found in the injected culture.
For the purpose of investigating milk for Br. abortus, the author of
this work recommends an injection of one and the same substance
into two guinea-pigs.

Elfr. Ridala (143) injected 5 non-pregnant and 2 pregnant
thorougly healthy cows with living cultures of Br. abortus, the
culture being prepared for vaccinating purposes in the Governmental
Serum Institute. The animals under examination were stalled in
separate sheds and stall-fed by different persons. It appeared that
all these cows eliminated Br. abortus in 7—21 days after the injection.
The microbe was eliminated by 5 cows for about 4—6 months and
by 2 cows till the end of the experiments (1.5 years). All the cows
but one conceived and calved normally.

Besides the above-mentioned authors, there are other scien-
tists, e. g Wyssman (18), Connaway, Durant and
Newman (30), Graig (60), Fischer (46), who have noted that
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Byr. abortus is eliminated with milk after cows have been mjected
with living cultures of the microbe.

Zeller (187), Bogenschneider (15), Schermer and
Ehrlich (151), Tize (147), Fitch, Boyd, and Lubbehusen
(47) a. o. are of the opinion that the injection of living cultures
of Br. abortus does not cause a subsequent elimination of just the
same bacteria with the milk. A majority of these authors are of the
opinion that the living cultures of Br. abortus die very soon after being
injected into the organism of cows. This view, however, has not
been proved scientifically. Later researches by Zeller (189) have
shown the opposite.

Summary. The above-described statements of various scientists
show that the elimination of Br. abortus with the milk of cows is
very frequently (20 per cent. to 100 per cent.) due to the injection
of living cultures of Br. abortus. Besides, frequent cases of abortion
have been caused by injecting pregnant cows, the microbe always
being present in the fetal membranes. Furthermore, a large
percentage of non-pregnancy has been noticed among cows injected
with living cultures of Br. abortus.

c. The Germ Count of Br. Abortus eliminated with Milk.

Alice Evans (41, 42) was the first (1915) investigator to
rear a culture of Br. abortus directly from milk and determine the
germ count by the plate-cultivation method. She studied 46 milk
samples taken from two dairy-farms producing certified milk, and
got a culture of Br. abortus from 14 (30-4 per cent.) samples. The
germ count in1 ccm of the milk was about 110 to 4300 as judged
by the full-grown colonies of Br. abortus. One sample of the
uncertified milk showed in 1 ccm about 50 000°germs of the microbe
in questiomn.

Carpenter and Barker (25) ascertained a rise and fall
in the germ count of Br. abortus in the milk drawn from one and
the same udder: the milk samples examined showed 20 to 440 germs
in 1 ccm of the milk. For the purpose of determining Br. abortus
in the milk, the authors consider cream to be better and more
appropriate than sediments.

Huddleson, Hasley, and Torrey (79) state that the
cream spontaneously risen to the surface of milk most easily
yields the richest culture of Br. abortus. The authors are of the
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opinion that the germs of Br. abortus rise to the surface together
with the fat-globules of milk. They ascertained the presence of
Br. abortus in the milk of some cows, the germ count of the bacteria
being about 10000 in 1 ccm. There was no marked difference
between the milk from the morning and that from the evening
milking. :

Hasley (71) studied certified but raw milk in Detroit. He
took for the purpose of his experiments 230 samples from 5 dairies ;
it appeared that Br. abortus was present in 10 milk samples taken
from 3 dairies, the number of the bacteria in 1 ccm of the milk
being about 2, at the most 8.

Lerche (111) examined 18 milk samples by means of the
guinea-pig experiment and the cultivation method simultaneously.
Br. abortus was revealed through guinea-pig inoculation in all the
18 samples, but by means of the cultivation method the microbe
was detected only in 4 samples. Further, Lerche studied by
means of the cultivation method the milk of 7 cows eliminating
Br. abortus, the milk being drawn from each quarter of the udder
individually. He succeeded in cultivating Br. abortus in the milk
from two quarters of one cow, and from one quarter of two cows.
The author placed 0-2, 01 and 002 ccm of the milk of the two
latter cows on serum agar plates for the presence of Br. abortus
and the number of germs. The growth was then studied, and it
showed a various germ count — about 60 to 320 — of Br. abortus
in 1 ccm of the milk.

O. Bang and Bendixen (9) state that the number of the
germs of Br. abortus in milk is variable. They think that it amounts
sometimes to 30000 germs in 1 ccm of milk when cows are naturally
infected. The presence of the above-mentioned bacterium in the
udder does not cause any macroscopical changes in the milk. The
elimination may last for one or more lactation periods. The authors
found Br. abortus by means of the cultivation method in 112 (64 per
cent.) out of 176 milk samples that were previously examined by
means of the animal-experiment and had revealed the microbe in
question.

Traumand Haring (176) examined milk samples by means
of the cultivation method for the presence of Br. abortus; 25 per
cent, to 30 per cent. of the cases yielded unauthentic results.

Stockmayer (172) noted Br. abortus in the secretion of
the wudder in the dry period. There could be determined
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about 10000 germs of the above-mentioned bacterium in 1 ccm
of milk, but the same amount of the secretion of a dry udder
and the colostrum showed 50000 germs and above. The
cream of centrifuged milk revealed only a few of the bacteria;
there were more of them to be observed in the sediment. On the
contrary, the bacteria proved present in much larger numbers in
the cream that had risen to the surface by standing of milk than
in the sediment.

Summary. From the above-described literature it follows that
the germ count of Br. abortus varies indeed ; beginning with single
germs in 1 ccm of milk it amounts to about 50000 bacteria.
Many authors [Lerche (111), Bang and Bendixen (9), efc.]
think these data inexact, considering the difficult and inconsistent
growth of Br. abortus on the nutrient media for the culture of
bacteria. Several authors [Lerche(11l), Traum and Haring
(176)] have not succeeded in finding Br. abortus by means of the
cultivation method in a large percentage of milk samples, though
the microbe was proved present in the same samples through
guinea-pig inoculation.

d. Changes in the Quantity and the Compound of Milk due to
Br. Abortus in Bovine Udders.

Barnes (10) found that the annual milk production of bru-
cellous cows in a farm was about 2685 quarts (1 quart= about
1 litre), while unaffected cows yielded about 5248 quarts. Hence
it follows that the milk production of the brucellous cows was
about 2563 quarts (48-84 per cent.) less than that of the undiseased
animals.

Hart (68) gives information about a herd of 1000 head, mostly
infected with Br. aborfus. Out of this herd a new herd was bred
by raising 213 unaffected cows at a distance of several kilometres,
Though the functional capacity of the new herd at the time of its
examination kad not fully developed (cows had calved only once or
twice), yet the cows of this herd are said to have produced more
- milk in comparison with the old ones (data in figures are lacking).

Simms and Miller (162) noticed that brucellous cows yield
about 35 per cent. less milk a year than undiseased animals. The
authors made constant examinations for a considerable period in
a herd where no abortions had occurred in the years 1913 and
1914. Four pregnant cows were added to the herd in 1915; three
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of them proved brucellous and aborted. After that the infection
spread rapidly among the cows in the herd, and the number of
abortions reached its climax in the years 1919—1922.

Table 2.

Comparative Data concerning the Milk Production of Cows Infected
and Unaffected by Br. Abortus.

(Composed according to Data by Simms and Miller.)

Average Annual
Number Of them Normal | Milk Product.
Year of - o ?_bor' Par- of a Cow  Ipifference
Cows did not| "™ |turitions did not
reacted react reacted react
1919 54 41 13 14 41 4965 6693 1728
1920 52 36 16 12 35 4506 5704 1198
1921 64 40 24 12 44 5617 7977 2360
1922 79 48 31 10 50 4710 8542 3832
1923 59 26 33 5 50 4544 7343 2799
1924 70 24 46 6 59 3262 6291 3029

Cows unaffected by Br. abortus were then, in 1923/24, isolated
from the diseased animals and removed to a distance of one mile.
The unaffected cows were stall-fed by persons who had no access to
the brucellous herd. The owner of the cattle sold all his bru-
cellous animals after he had understood the considerable difference,
about 35 per cent., between the milk production of both herds.
Thus, brucellosis was exterminated from the herd, while a partial
isolation and a disinfection had not yielded the desired results.
According to table 2, the decrease of milk production remains a fact
constantly to be mnoticed in brucellous cows, even though the
number of abortions among the cattle had steadily decreased.

Laja (104, 106), considering the milk production of three
herds in two years, noted that the annual milk production of the
regularly!) - milking brucellous cows was about 25 per cent. less
than that of the unaffected animals. But the percentage of the
decreasing milk production amounted to about 28, when, in addition

1) Regularly milking cows are those that have not aborted during the year
under examination, that are more than once in milk, that have not been acquired
later by purchase nor been barren, those with the interval between two calvings
of no more than 12 months, those that have not been afflicted with any clinical
disease, etc.
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to the former, there were considered those cows that did not yield
milk regularly; cows that had aborted were not taken into account.

Hardenbergh (67) observed that the milk production of
unaffected cows was 1 quart more per day than that of the
brucellous ones.

Rich (141) found in control-data that, in general, the milk
production of cows in the lactation period following abortion was
smaller than after normal calving by about 22 per cent. of the milk
and 195 per cent. of the cream. Cows whose blood setum reacted
to the aggl. test for Br. abortus and, despite this fact, had calved
normally, yielded about 6.9 per cent. less butterfat than cows un-
affected by brucellosis.

O. Bang and Bendixen (9) made a profound study of the
milk from 15 brucellous udders. The daily milk production of
each quarter of one cow that had conceived for the first time and
aborted on October 8, 1928, was weighed 29 times within 6 months
(July 17,29 — January 28, 30). The daily milk production of the
quarters during that space of time was on an average:

right front quarter 1579 g

right rear » 615 ,
left front » 1308 ,,
left rear " 335 ,,

Bacteriological investigations on May 27, 29 revealed Br. abortus
in the milk from both the rear quarters; besides, in the milk
from the left rear quarter micrococci (Microc. aureus) proved
present, whereas the milk of both the front quarters did not
show any bacteria. According to the examination made on
October 29, 29, Br. abortus was present in the milk from three
quarters (except the right front quarter), and, in addition to that, the
milk of the left rear quarter contained micrococci. The cow cal-
ved normally on July 21, 30. Further bacteriological studies, made
on July 22, 30, showed Br. abortus in the milk of three quarters of
the udder (except the right front quarter) but to no considerable
amount —- according to the authors’ opinion, because the microbe
could not be ascertained by means of the cultivation method.
Besides, some micrococci were observed in the milk of the
left rear quarter. According to the following examinations (Sep-
tember 20, 30, January 3, 31, and May 4, 31), Br. abortus pro-
ved present likewise in three quarters (except the right front
quarter), but no other bacteria were found in any of the quarters.
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The microbe was found on September 3, 31 in the milk of only the
two rear quarters. The milk production of each quarter of the
udder was controlled from September 27, 30 till May 23, 31 and
weighed 5 times during that period of time. It appeared that the

daily average was:
right front quarter 2540 g

right rear ,, 1400 ,,

left front » 2230 ,,

left rear » 1364 ,,
Despite the fact that the undiseased quarters of the udder were not
equal in producing milk, and though, in the present case, the left
quarter was infected with micrococci, the finding of O. Bang and
Bendixen concerning the milk production of the right rear
quarter (infected with Br. abortus for a short period) and of the
left front quarter (a constant infection with Br. abortus), speaks for
the fact that milk production is most disadvantageously affected
when the above-mentioned microbe is to be found in the udder.
In examining other cows Bang and Bendixen detected very
frequent infections of the udder with micrococci and streptococci.
It was therefore impossible to determine the decrease of milk
production as caused by brucellosis only.

Cooledge (33) made studies into the amount of cellular
elements in the milk of brucellous cows and noted that the cell
count of the milk in cases of natural infection was over 5 times as
high as that of the milk of cows that did not eliminate the bacterium
in question. Cooledge was of the opinion that such a high cell
count in the milk of apparently normal udders was indicative of
their being infected with Br. aborfus. Further examinations, however,
revealed high cell-count milk in which Br. aborfus was not present.
The author injected living cultures of Br. abortus into the milk
cistern of unaffected cows, which caused a rapid increase in the
cell count of the milk.

Tweed (180) examined 96 cows, out of which 17 eliminated
Br. abortus from one or more quarters of the udder. He observed
that the cell count of the brucellous milk was over twice as high
as that of the normal milk. The milk drawn at the end of milking
showed a much larger number of cells than that drawn at the
beginning, whereas the amount of the specific antibodies of Br.
abortus remained unaltered. In making studies of the smears of
the milk sediment and also of the histological sections, he found
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that the milk contained mostly polynuclear cells, epithelial cells
being absent. The author thought the cell count too small for the
purpose of determining any catarrhal or suppurative inflammation.

Similarly, Runnels and Huddleson (147), 0. Bang and
Bendixen (9), etc. found a marked increase in the cellular
elements of the milk when brucellosis became established in the
udder.

O. Bang (5) noted that the changes in the milk compound
caused by a brucellous infection of the udders were similar to those
to be noticed in cases of a slight inflammation of the udder: the
quantity of the milk sugar decreased, whereas there was an increase
in chlorine. The quantity of chlorine and milk sugar in the milk
of a brucellous cow drawn from each quarter of the udder
individually was as follows:
left front quarter 0 bacteria in 1 ccm of milk, lactose 4'7 per cent., Cl 0-11 per cent.
right .o » » 49, , con , ,
left rear , 8000 germs of » .~ 99, , Clo18 ,

Br. abortus and
4800 micrococci ”

right , » . 4800 germs of ” s 99, , Cloir ,
Br. abortus

O. Bang and Bendixen (9) studied the milk of 15 cows
afflicted with a spontaneous and latent brucellous infection in the
udders. The quarters showed also latent streptococcic and micro-
coccic infections and the presence of corynebacteria; therefore, the
researches made into the pathogenic effects of Br. abortus have
not been extensive. But the udders of several young cows were
infected only with "Br. abortus; the-changes to be noticed in the
milk compound of these cows were similar to those observed by
Steck, Koestler, and Radosawlewitsch in cases of other
latent infections in udders. They found that in different lactation
periods the quantity of milk sugar decreased to about 3.06 per
cent., and the percentage of the fat to 1 per cent. On the contrary,
the amount of catalase increased (in 15 ccm of milk) to about
125 ccm of oxygen, the amount of sediments, according to
Trommsdorff, to about 5%, of Cl — to about 0-21 per cent,,
the chlorine-sugar number to about 6-99, and the cell count to about
2580000 in 1 ccm of milk. pH varied from 6-58to 7.02.  Br. abortus
was determined by means of the cultivation method in 1 ccm of the
milk, comprising the number of bacteria from some single ones to



AXXXI 1 Pathogenic Effects produced by Br. Abortus, etec. 29

about 30400. The authors had never noted an inflammation o
the udder clinically in cases of a brucellous infection of the latter.

Summary. From the above-described literature it follows
that in cases of brucellosis, the milk production decreases to about
35 per cent. But, in general, the question has been little deait
with, and no great importance has ever been attached to the
matter. In cases of the elimination of Br. aborfus with milk,
O. Bang (6), O. Bang and Bendixen (9), Lerche (111),
Klimmer (95), etc have not found macroscopically any changes
in the milk, but they noted some changes in the compound
of the milk which were similar to those already ascertained
in cases of other latent infections of the wudder. It has
been observed that the quantity of fat and milk sugar decreased,
whereas there was an increase in chlorine, in the number of catalase,
and the cell count. Attention should also be paid to the fact
whether studies are made at the beginning, in the middle, or at the
end of lactation. The great difference to be noticed in the compound
of the milk of each quarter shows that there are some changes
which could be ascribed to brucellosis.

e. Pathological Changes due to Br. Abortus in the Bovine
Udder.

Schroeder and Cotton (154) found macroscopically some
small induration foci in the udders of cows in cases of brucellosis.
Histological studies were not made.

Friedemann (52) made histological studies of the tissue
of one naturally infected udder, but did not find any changes
there.

Smith, Orcutt, and Little (167), in studying the source
of agglutinins in the milk of cows, injected living cultures of Br.
abortus through the teat canal of individual quarters, and studied
the results clinically, bacteriologically, and histologically. The
animal was slaughtered 23 hours after she was injected ; it appeared
that the secretory alveoli of one quarter were filled up with
polynuclear leucocytes. The same kind of cells were found in the
epithelium and the interstitial connective tissue. This animal was
a tuberculin reactor and also showed haemolytic streptococci in the
milk from all quarters.

The same authors introduced a living culture of Br. abortus
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into three quarters of another udder. A histological examination
of the three treated quarters as well as of the one unireated showed
some alveoli singly or in large groups, filled with polymor-
phonuclear cells and some acidophiles. Each cell of the secret-
ing epithelium in these foci had one large vacuole (fat). The
interstitial connective tissue was infiltrated with lymphoid and
plasma cells. In one section there was found a focus occupying ?/s
of the lobule, in which the alveoli were compressed by endothelial
cell accumulations, and the surrounding epithelium showed some
vacuoles. The described focus resembled lesions noted in the
guinea-pig due to Br. abortus. This animal was also a tuberculin
reactor and showed haemolytic streptococciin all quarters of the udder.

Smith and his co-workers assert that the invasion of the
udder by Br. abortus means the presence of the above-mentioned
microbe and its multiplication in the milk, in the alveoli and lac-
tiferous ducts, but not in the parenchyma. In other words, the
residual milk in the alveoli and ducts appears to be the seat of
multiplication.

Runnels and Huddleson (147) think it impossible to
state definitely that the changes found by Smith, Orcutt, and
Little in the udders of two injected cows were caused by Br.
abortus only, because in all of these quarters haemolytic strepto-
cocci were found, and none of the injected quarters showed the pre-
sence of Br. abortus.

Runnels and Huddleson (147) made bacteriological,
serological, and histo-pathological studies of the udders of three cows
and a heifer. One of the cows had been naturally infected (from
associating with brucellous animals), but two cows and the heifer
had been inoculated (by injecting and feeding with living cultures
of Br. abortus). The milk and the udders of all the animals were
examined bacteriologically according to the plating method and the
guinea-pig experiment. In making experiments, no other types of
bacteria were found but Br. abortus which was detected in the
udders and the milk of all the four cows, except that of one injected
cow. The authors examined the presence of the specific agglutinins
for Br. abortus in the milk by means of the aggl. test, experimenting
directly with the milk; in doing that they did not find it necessary
to separate the serum from the whole milk. For the purpose of
histological studies, bits of tissue were.taken from three regions
(from the upper, the central and the lower region) of the quarters



AXXXI'1 Pathogenic Effects produced by Br. Abortus, etc. 31

of the udder. The material was fixed in Zenker’s fluid and then
embedded in paraffin. The sections were stained according to
van Gieson’s, Mallory’s eosin-methylene blue and Goodpasture-Wei-
gert’s combined methods. The two latter methods were used for
the purpose of staining the bacteria.

The essential data concerning the material and the results of
the investigations are as follows: a naturally infected cow (case 2)
had calved for the first time on July 15, 1920, the calving was
normal; then she aborted on May 9,1921; the third time she calved
normally on March 26, 1922 and was slaughtered on Dec. 18, 1922,
containing a 5-months’ fetus. Br. abortus was detected by means
of the guinea-pig experiment only in both the rear quarters.
Histologically it was ascertained that the connective tissue of about
one half of the alveoli of the front quarters had moderately
increased. In this portion the alveoli were irregular in shape, their
lumina were comparatively empty, and the fat globules were almost
totally absent. OSmall foci of lymphocytes were detected in the
interalveolar and interlobular connective tissue of the left quarter
especially. Only a slight proliferation of the interalveolar connective
tissue was noticed, or it was quite absent, and most of the epithe-
lial cells contained fat globules. In the lumina of most of the
alveoli there was found a pale-pink granular mass which contained
polynuclear and desquamated epithelial cells, chromatin granules
and clear vacuoles.

The histological changes in both the rear quarters of the
udder were most marked in the basal and the middle parts of the
quarter, while in the portion near to the teats no considerable
alterations were noticed. Almost all of the tissue from the basal
and middle portions of the sections was damaged. The changes
were of an acute, subacute, or chronic type, the latter being pre-
dominating. In cases when the lobules showed more acute changes,
the interalveolar connective tissue remained unaltered, or it
was but very slightly changed. The changes in the glandular
epithelium varied from fatty degeneration to necrosis and dis-
integration. The exudate in the alveoli consisted in varying
amounts of a pink granular or stringy material, in which
polymorphonuclear cells were present, either normally or in all
stages of disintegration; further it consisted of occasional deep-
pink staining hyaline masses and large masses of chromatin granules
enclosed in mononuclear cells. In the lumina of the alveoli a few
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corpora amylacea were observed. In some areas the changes were
even more marked than the above-described ones. There was a
partial or complete degeneration and disintegration of the epithelium.
The alveoli were filled up with exudate, and frequently the structure
of three or four adjacent alveoli was completely lost. Because of
chromatolysis, these areas took only the eosin stain in the sections
stained according to Mallory’s method. There was much interalveolar
congestion and inflammatory edema adjacent to the last-mentioned
foci. Also a considerable subepithelial lymphocytic infiltration of
the larger lactiferous ducts was observed in several places. In
places where the changes were of a subacute or chronic type,
the proliferation of the interalveolar elements increased extremely
in amount. Proliferating fibroblasts were found, and among them
numerous leucocytes. The latter consisted of Iymphocytes,
polymorphs, eosinophiles, plasma cells, and polyblasts, appearing in
numbers in the order named. In places there was to be noticed
a massy accumulation of lymphocytes. With the proliferation of
the interalveolar connective tissue there was a corresponding atrophy
or a complete disappearance of the alveoli. The lumina of the
changed alveoli were either empty or they contained only a moderate
amount of pink-staining granular material, in which were to be
noticed disintegrated leucocytes, desquamated and disintegrating
epithelial cells, and chromatin granules.

The most important change in the supramammary lymph
nodes was the increase in the thickness of the trabeculae in the
cortical substance; furthermore, one or two dense foci of the hyaline
masses were found in the central part of the germinating centres.
In the cortical substance of the left lymph node occurred a few
haemorrhages. In the medullary substance, the reticular connective
tissue was replaced by fibrous connective tissue, and the lymphoid
tissue had considerably decreased, only a few islands had remained.
There were also diffuse haemorrhages in this area.

The changes found in the udders of one artificially infected
cow and a heifer that was slaughtered 9 months after she had been
injected, resembled those noticed in the rear quarters of naturally
infected cows. Furthermore, there was observed an increase in the
number of the capillaries, in a few places some purulent exudate
of the alveoli, a subepithelial hyaline degeneration of the larger
lactiferous ducts, and seldom a perivascular infiltration of the
lymphocytes. The supramammary lymph nodes nof the heifer
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presented a picture of chronic lymphadenitis, whereas no changes
were observed in the same lymph nodes of the cow.

The udder of one injected cow (case I) that had no Br. abortus
in her milk and died through peritonitis due to perforatio uierd,
was used for the researches as normal material.

Runnels and Huddleson failed to find Br. abortus in the
histological sections of the udders examined and the lymph nodes
belonging to them.

Hart (68) did not make any hlstologlcal studies of udders,
but still noted a great difference between the milk production of
infected and unaffected cows, and was sure that the decrease of
milk production is generally caused by changes due to brucellosis
in the udder.

Hallmann, Scholl and Delez (65), in publishing the
results of their investigations and observations of the pathogenic
effect produced by Br. abortus in the bovine organism, positively
declare that in cases of brucellosis, first of all an accumu-
lation of fibroblasts and of small round cells is to be noticed in
the affected organs. The necrosis may occur, but need not always
occur. Subacute and chronic inflammations of the udder due to
brucellous infection are to be noticed together with a cellular
exudation, degeneration, and desquamation of the parenchyma.

Sholl and Torrey (161) have made histological studies of
the udders of 41 cows that had reacted positively to the serological
test for brucellosis. They ascertained the presence of Br. abortus
in the milk and the tissue of the udder by means of the cultivation
method. Examinations with regard to other possible agents were
made superficially and most insufficiently: for the purpose of their
isolation, the authors used only liver agar plates and gentian
violet liver agar plates that were incubated in 10 per cent. of
CO, concentration, for the purpose of determining the presence
of Br. abortus. The bacteria that were found were not fully
differentiated, except Br. abortus. The presence of Mycobacterium
tuberculosis was totally left out of consideration. Nevertheless, the
udders of the examined cows frequently showed the presence of
streptococci and staphylococci. The investigators observed most
frequently interstitial mastitis, whereas exudative mastitis, suppurative
mastitis, and fibrosis were seldom found. There is a complete
confusion as to whether the pathological changes were caused by

3
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Br. abortus or by some other infection. Therefore one has to be
most careful in estimating the results of these researches.

Sammary. According to the literature concerning the question
of brucellosis, the number of udders eliminating Br. abortus that
have been studied histologically with any care is not large. The
only studies that yield authentic results are those made of one
naturally infected cow [Runnels and Huddleson (147)]. No
conclusions can be drawn from the results of the investigations of
other authors [Friedemann (52), Scholl and Torrey (161)],
because of the small number of cases examined or the insufficiency
of the researches made. ‘

For the purpose of thoroughly elucidating the pathogenic
effects produced by Br. abortus in the udder of the cow, it is of
the utmost necessity to continue the researches already begun, and
to carry them out thoroughly on a large scale.

It is already known that in cases of a natural and artificial in-
fection with Br. aborfus in the udder, there is to be noticed an acute,
subacute, and chronic inflammation. The nature of the changes and
their variableness has not been as yet exactly determined. It is
not known either to what extent the changes take place in the
infected quarter, whether the changes are present in foci all over
the quarter, or whether they are localized only in certain quarters
of the udder. Further, it has not been ascertained whether Br.
abortus is present in the parts thus changed, and whether it could
be found also in the histological sections. It has not been as yet
elucidated whether the changes in the udders of brucellous cows
that have calved normally are the only reason for the decrease
in milk production.

C. Personal Inquiries.
a. Prospect of Inquiries.

A detailed bacteriological and histological . examination of
udders eliminating Br. abortus as well as of the lymph nodes
belonging to them, seemed to be the most adequate and the easiest
way of solving the problems the present study has set itself, and
particularly of elucidating the changes in the udders infected with
Br. abortus. One had naturally to make sure that the material
used was free from all other germs causing diseases. In collect-
ing the material, due attention had to be paid to the age of the
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cow, her previous calvings, the duration of the infection, her milk
production, and other facts that might be of value or of use for
estimating the results of the inquiry. :

b. Course of Inquiries and Methods.

aa. Bacteriological and Serological Examinations.

The cows fit for the purpose of examinations had to be chosen
from larger farms in the neighbourhood of Tartu. The preliminary
data concerning the cows that had reacted to the agglutination test
for Br.abortus in the above-mentioned farms were obtained by me
from the Bacteriological Station of the University (Director:
Prof. Dr. F. Laja). In making use of these data for my purposes,
I chose cows that had a considerably high agglutination titer
from 4 farms, about 10 animals {rom each. In collecting milk samples
from the cows already mentioned, I also took blood samples. from
most of the animals. Before drawing the milk, I cleaned.the teats
and the udder with a clean wet cloth, then I wiped the teats and
partly the udder surrounding the teats with a piece of bandage
moistened with 70 per cent. alcohol. In cases where the cow
yielded plenty of milk, I took in the middle of the milking about
300 ccm of milk from all the quarters into sterilized bottles, but
in cases where the milk production was not great, I took the samples
alter five streams had been milked out. Filling up 15 ccm test
tubes with the collected milk, two tubes from each sample,
I centrifuged them for half an hour at a speed of about 2500—3000
revolutions a minute. After recording the outward qualities of the
centrifuged samples, I plated the sediment from one of the tubes
on bromcresol-purple-saccharose-alkalialbuminate agar plates and
on modified Brown blood agar plates (pH 7-8). Though these
nutrient media are in the first place used for ascertaining strepto-
cocci and Bact. pyogenes in the milk, they are also appropriate for
rearing all other microbes (Escher. coli, micrococci etc.) causing
udder infections, except Mycobacterium tuberculosis and Br. abortus.
After the plates had stayed about 24 and 48 hours in the thermostat
(37°C), each time I made thorough examinations of the sown plates
with regard to the growth, and if the plates proved sterile, I controllied
them once more 96 hours later. 1prepared 4 smears of the remnant
of the sediment in the test tubes. The first smear I stained by
Ziehl-Neelsen for Mycobacterium tuberculosis, the second by

8%
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Gram for gram-positive bacteria (Strept. agalactiae, Bact. pyogenes,
Staphyloc. pyogenes), the third 1 stained by Pappenheim, to
ascertain the cell count, and the fourth of the preparations was
laid in store. '

The presence of Br. abortus and Mycobacterium tuberculosis
was ascertained by means of the guinea-pig experiment. [ added
to the sediment in the second test tube about !/, of cream of
the same milk and about 1 ccm of skimmed milk, stirred the
mixture and injected guinea-pigs subcutaneously in two legs. The
beginning of the brucella-infection in the injected guinea-pigs was
ascertained first of all by the appearance of the specific agglutinins.
For the purpose of ascertaining that, I took at least two blood
samples from each guinea-pig, usually 5 and 8 weeks after they
had been injected, previous to their slaughter. When the blood
samples showed negative results for the agglutination test for Br.
abortus, new samples of blood were collected once or twice after-
wards, and also at the slaughter. I took the blood samples from
the ear of the guinea-pig, and at the slaughter from the heart.
The collecting of blood from the ear of a guinea-pig is wearisome but
without any danger to the life of the animal; this is the reason
why I availed myself of this mode. In the agglutination test I
always used one and the same strain of Br. abortus as an antigen.
The suspension was prepared in a physiological solution of NaCl
(0-85 per cent.), and was preserved with phenol (0-5 per cent.).
The blood serum of the guinea-pigs was diluted from 1:10 to 1:10240,
and the dilutions of the blood serum of cows were made from
1:10to1:40960. The injected guinea-pigs whose blood serum
agglutinated Br. abortus in 5 to 8 weeks, were put under chloro-
form 8 weeks after they were injected, but the guinea-pigs that
did not react positively to the agglutination test were chloroformed
10 weeks after the injection. In making a post-mortem examination
of these guinea-pigs, I examined all organs for macroscopical changes.
Further, I always made cultures of the spleen of the guinea-pigs on
serum agar, and very frequently also of the superficial and deep ingui-
nal lymph nodes; from the spleen I put a part into at least 3 test
tubes, and from the lymph nodes into 1 to 2 test glasses.  After
substituting 10 per cent. of lighting gas for the air in the test
tubes, I closed them with paraffin and placed them in the ther-
mostat (37°C), leaving them there until colonies of Br. aborius
appeared, which usually happened after 3 to 9 days; or the tubes
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were left there even for 14 days if the case proved to be negative.
Grown colonies that resembled the colonies of Br. abortus I trans-
ferred to serum agar, and made a final study of each culture by
means of the agglutination test, to determine whether or not they
belonged to the genus of Br. abortus. Further, from the spleen
and the superficial and deep inguinal lymph nodes of each guinea-
pig 1 made smears which I stained according to the Ziehl-
Neelsen method for Mycobacterium tuberculosis.

According to the preliminary examinations, 90 per cent. of the
examined cows eliminated Br. abortus with their milk. Several
cows from three farms were fit for investigations, because there
were no other types of bacteria present in their udders besides
Br. abortus. It was not an easy matter to induce the farmers to
slaughter the animals, though I explained to them the importance
of the inquiries to stock-farming. In some farms I was advised to
buy the cows myself, the price of the cows being raised about
90 per cent. higher than the average market-price. I could not
afford to purchase the cows, and I had to wait till some of them
were sold for slaughter because of their very markedly decreasing
milk production. Thus, some material appropriate for the present
study could be obtained from six cows only.

I took some more milk samples from the milk of four of these
cows (cows I, II, Hll, and IV) — a few minutes previous to
slaughter, but this time from each quarter individually.

Two cows (cows V and VI) had ceased to yield milk some
days previous to slaughter, therefore no milk samples could be
obtained. But in one case (cow VI) there could be drawn about
25 ccm of a serum-like secretion of the udder from each quarter in-
dividually, and in another case (cow V) from all quarters about
40 ccm of a similar secretion. The samples of the milk or of the
secretion I collected and examined in a like manner to the samples
of the milk for the preliminary investigation, except in two cases
(cows 1l and 1V), when the chloride content and the presence of
brucella-agglutinins in the milk of single quarters was determined.
I determined the chloride content by Koranyi’s method as
modified by Zaribnicky and Miinchberg (129) in the following
manner: about 2 ccm of concentrated halogenless nitrogen (spec.
grav. 1.40) have to be put into a 100 ccm Erlenmeyer flask, then
1 ccm of milk has to be added and 1 ccm n/10 of a solution of
nitrate of silver; the mixture has to be carefully shaken, then heated
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on an asbestos net to boiling point; in continuing the heating, the
organic substances are oxidized with a saturated solution of
potassium permanganate (consum. nearly 4 ccm); for refrigeratory
purposes there have to be added 30 ccm of distilled water, and,
as the indicator, 0-5 ccm of a saturated solution of the sulphate of
iron and ammonia; the superfluous quantity of the nitrate of
silver is combined by titrating with n/50 solution of potassium
sulphocyanide; the calculation of the consumed quantity of the
nitrate of silver for the combination with chlorine is based on the
former result, and from that follows the percentage of chlorine in
the examined milk.

By coagulating the milk with rennet, I obtained the milk serum
necessary for the agglutination test. In doing that, I added the
solution of the rennet to the samples and left them for a few hours
in the thermostat (37°C). The serum was filtrated, if necessary,
and was investigated by means of the agglutination test in a like
manner as the blood sera; the dilutions were made {rom
1:10 to 1:20 460.

One more sample of blood was taken from each cow under
examination at the time of slaughter.

After the cows were slaughtered, I removed, for the purposes
of my studies, the following organs and parts of the body: in two
cases (cows I and II) the udder, the supramammary and deep
inguinal lymph nodes, the ovaries and uterus, in one case (cow III)
all the above-mentioned organs and in addition to them also the
mesenteric lymph nodes. In two cases (cows V and VI) I took the
udder, the supramammary and deep inguinal lymph nodes, the
spleen, the mesenteric lymph nodes, the marrow (from metacarpus
dex.), the thyroid gland, the uterus and ovaries. In one case
(cow IV) all the organs mentioned in the two latter cases were
removed, except the marrow, and besides those, I took the right
superficial cervical lymph node, the lungs, the liver, the kidneys,
and the suprarenal glands.

I took all organs of the animals I used for my inquiries myself,
by cutting them with a knife that was cleaned properly with alcohol,
after removing each organ from the organism of the cow. The
smaller organs and parts of the body I placed immediately after
removal in large sterile Petri’s dishes, and covered the dishes with
sterile paper, whereas the bigger organs were wrapped up in sterile
papers and covered with clean ironed towels; then I placed them
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separately in tin boxes. The material thus arranged was carried
away from the town abattoir of Tartu to the Veterinary and Milk-
. hygienic Institute of the University. Arriving at the Institute, I
registered the outward qualities of the organs, and, taking at once
the material for the examinations, I made further arrangements for
the bacteriological studies. The material from all the above-mentioned
organs and parts was examined bacteriologically, except four udders
(cows I, II, Il and IV) that had not shown the presence or the
absence of any germs after repeated study of the milk samples.

Before taking the material for making cultures, I seared the
surface of the smaller organs and parts of the body several times
with a glowing hot knife; then making cautious incisions with a
sterile knife into the scorched places as deep as 1.5 cm, I obtained
some juice from the tissue and pieces of the substance with the
help of sterile instruments (such as knives, scissors, nippers). The
greater organs I seared with a gas flame. The histological material
for the purposes of my studies I took from a great many parts
about 3 cm deep. Thus, some material was taken from various
regions of each quarter of the udders (cows V and VI); further,
I obtained some mucus and a part of the epithelium of the cervix
and the cornua uteri; through the longitudinal incision I had made
with a sterile knife at the seared places of the uteri, I drew the
material with a sharp sterile spoon from the cervix and the
cornua uteri. The material from each organ and part of the body
was placed first in sterile Petri's dishes where it was refined
and stirred according to requirement. I plated the material on
the same nutrient media that were used for the previous studies
of the milk samples as described above. Leaving the plates in
the thermostat (37°C) for about 5 days, I controlled them every
day. The remnant of each material was suspended in about 1 ccm
of 0-85 per cent. solution of NaCl and injected subcutaneously into
two legs of guinea-pigs. I made studies of the injected guinea-
pigs in the same manner and order as applied at the examinations
of the milk samples. '

In order to study the physiological changes (involution) that
took place in the udder during lactation, and the changes due to
aging, | examined the udders, supramammary and deep inguinal
lymph nodes of 9 undiseased cows of different ages and in varying
stages of lactation or in the dry period. A few minutes previous
to the slaughter of one cow (case VII), I took milk samples from
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each quarter of the udder individually, and a composite milk
sample from the milk of all the quarters of the udders of 5 cows
(cases VIII, IX, X, XI and XII); further blood samples were taken
from all the cows at the time of slaughter. I studied the samples
of the milk and of the blood in the same way as in the cases of
two brucellous cows (cases Il and IV). The bacteriological study
of the udders of three cows (cases XIII, XIV, XV) in their dry
period was made in the same manner as that of the udders of
brucellous cows (cases V and VI) in their dry period, as well as
a study of the supramammary and the deep inguinal lymph nodes
of all the cows.

bb. Hz'stbpatkological Studies.

After the bacteriological work was finished, I carried the
organs and parts of the body into the Institute for Pathological
Anatomy of the Veterinary Faculty of the University. The ma-
terial for the histological studies was taken in about 2—5 hours
after the animals were slaughtered, and placed in the fluids for
fixation. Besides the external qualities, such as the size and the
weight registered before taking the bacteriological material, I took
down the evidences of the macroscopical qualities of all the
organs and parts of the body. The material for the histological
studies was removed from 10 regions of each quarter in the order
demonstrated in scheme 1, and besides this, from all places exhibiting
macroscopical changes. The material from the uterus was removed
only from those places that were not injured during cutting for the
bacteriological examination. The histological material from the
larger organs was taken from a great many parts. For my histological
studies 1 took the whole of the lymph nodes, ovaries, and thyroid
glands, with the exception of those parts that were damaged
during removal for the bacteriological examination. From each
region that was meant for the histological studies I cut off at least
6 blocks of tissue as big as 141X 03 cm. From each udder
I took about 360 pieces of tissue, including those portions of the
quarters that are not denoted in the scheme. The blocks cut one
from the other were tied up in pieces of bandage by twos, by
threes, and even by fours when more than 6 blocks were
taken; the parcels were provided with labels with exact descriptions
of the origin of the blocks and with various necessary notes. Thus,
three parcels were made up from each portion; one of them was
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fixed in alcohol (98°—99.99), the second in 10 per cent. formalin,
and the third in Orth fluid. For the purpose of a thorough fixation
of the material, I changed the fixative 3 times during the first
48 hours. After making the general arrangements necessary in the
technique of histological inquiries, | embedded the material from

Scheme 1.

2

Scheme 1 represents the outer side-view of a quarter of the udder.
E — the front part of the quarter. T — the back part of the quarter.

each parcel as follows: one block of tissue in paraffin and the
remaining blocks in celloidin. From the histological material,
embedded both in paraffin and celloidin, I made plenty of serial
sections, the paraffin sections 2 to 5 microns, and the celloidin
sections 5 to 10 microns thick. [ studied the structure of the tissue
and the cells mostly by using the celloidin sections, staining them
according to the five general methods, and in one case making the
oxydasic reaction. The histological sections were stained as follows:
1) according to van Gieson;
2) with haematoxylin-eosin;
" 3) according to Pappenheim (though this method is used
for the purpose of staining blood preparations, I adapted and
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modified it for staining the histological sections in order to determine
the cells);

4) according to Unna-Pappenheim;

5) according to Unna (the two latter methods are used for
the purpose of determining the plasma cells);

6) for ascertaining the granules in the mast-cells 1 used
Winkler’s a-naphthol-dimethyl-p-phenylen-diamin oxydasic reaction
as modified by W. Schultze and Fursenko (158) for the
technique of pathological histology. In order to have a choice, |
stained two sections, at least, according to all methods.

The histological material from the udders, the supramammary
and deep inguinal lymph nodes of unaffected cows (cases VII, VIII,
IX, X, XI, XII, XIiI, XIV and XV) I removed and studied in the
same manner as that of brucellous cows, the material being fixed
in 10 per cent. formalin.

For staining the bacteria, both in the paraffin and celloidin
sections, I fastened the sections to the slides according to the Henne-
guy method as modified by Jordan (158). I eliminated the celloidin
from the sections by means of absolute alcohol and a mixture of
absolute alcohol with ether; in case of need, I dipped the sections
either in distilled water or in 70° aicohol before they were stained.

For the purpose of determining Br. abortus in the histolo-
gical sections of the infected udders and the adjoining lymph nodes,
many methods and possibilities had to be tried out, because no
fixed method has as yet been adopted for the purpose of staining
the above-mentioned microbe in the histological sections. I paid
special attention to those methods that are used for the purpose
of ascertaining Br. abortus in the smears, as well as to those used
for the purpose of staining the gram-negative bacteria in the histolo-
gical sections, and bacteria not easily susceptible to staining (e. g.
Bact. typhi abdominalis, Bact. leprae, Bact. mallei, etc.). For the
purpose of staining the bacteria in the histological sections, the
following methods were employed:

1) Giemsa method with various modifications;

2) Ziehl's staining methods with diluted and undiluted
carbolfuchsin;

3) Loffler’'s methylene blue methods;

4) Saathofi-Pappenheim’s method with methyl green
pyronine dilution used for the purpose of staining gram-negative
bacteria in the histological sections;
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5) Loffler’s universal method for sections; _

6) Nicolle’s methylene blue tannin method for typhus,
chicken cholera, and other bacteria;

7) Baumgarten’s method for Bact. leprae; -

8) Marzinowsky’s method for Bact. leprae;

9) Kiihne’s carbol methylene blue stain for Bael. malle:;

10) Gram’s stain as modified by Weigert for the purpose
of staining histological sections;

11) Ziehl-Neelsen’s method as modified by Schmorl
for Mycobacterium tuberculosis in histological sections.

In staining Br. abortus in the histological sections, I used
all the above-enumerated methods, always paying attention to
other possible bacteria as well. For the purpose of staining
Mycobacterium tuberculosis, | adopted Schmorl’s (158) method
as modified by Ziehl-Neelsen, because the changes found in
the organs were similar to those to be noticed in cases of
tuberculosis. [ have employed this method for many other cases,
e. g. very frequently for the purpose of staining sections of tuber-
culous material which has always given good results.

In ascertaining Br. abortus, I began with the sections where
I had noted very considerable changes. For the purpose of staining,
I adopted first of all the Giemsa method as modified by Andersen
and Torbjérnsen (3) which is used for staining Br. abortus in
smears. The method is as follows: the preparation is fixed in
methyl alcohol (10 min.) and then stained for about 15 min. in
Giemsa solution (1 ccm of distilled water: 3 drops of Giemsa solu-
tion); after staining it for a short while, it is decolorized in 1 per cent.
acetic acid, after which it is washed in water, dried and thus made
fit for study. This method, however, did not give the desired
results, because 15 min. proved too short a time for staining the
sections, and the 1 per cent. acetic acid for decolorizing was too
strong. Meanwhile [ used various combinations: I altered the
staining solution, the concentration of the acetic acid, and the
duration of staining. After a long period of experimenting, [ attained
the best results by using the Giemsa solution in combination
with the following method: I fixed the paraffin sections with
capillary attraction to slides and cover-glasses thoroughly cleaned
in alcohol and alcohol-ether, and dried them in the thermo-
stat (at 37° C) for about 24 hours; I removed the paraffin from
the sections as usual, by holding the sections in two xylols for
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3 min. in each; further, I drew the preparations through four
alcohols, diminishing the concentration (99.8°—50°), and, at last,
through two distilled waters; I pasted the celloidin sections to
the slides and cover-glasses and eliminated the celloidin in the above-
described manner; I drew the celloidin sections likewise through
four alcohols and two distilled waters. Then the sections were
stained according to Giemsa in an azure-eosin-methylene-blue
solution (the proportion being 1 ccm of double distilled water:
2 drops of stain) for 4 to 24 hours at about 30° C; during the staining
I renewed the solution at least 4 times. The sections were stained
in thoroughly cleaned cylinder-glasses provided with lids. After
staining I rinsed the preparations for a short while in distilled
water, and [ decolorized them in 0-25 per cent. acetic acid for
5 to 30 minutes (the decolorizing was done according to the thickness
of the sections and the duration of staining, but usually until the
preparation lost its dark blue colour and acquired a reddish hue
on its blue ground colour). Further, the preparation was rinsed
in several distilled waters for 4 minutes, and at last it was drawn
through one 70° alcohol and two absolute alcohols (1 to 2 minutes
in all); this was followed by xylol (3 times renewed) and Canada
balsam; the preparations on the slides were covered with cover-
glasses and wice versa; then followed the investigation of the
preparations. The whole procedure is very time-consuming indeed,
and yields good results only when everything is performed punctually
and regularly, beginning with the acquisition of the material and
ending in the microscopy of the preparations. One cannot get prepa-
rations that are good enough to be photographed in a short time;
it takes a comparatively long time till the technique and experience
are finally acquired.

After attaining positive results by the above-described method,
I made further experiments with Loffler’s methylene blue solution.
I prepared the sections for staining in the above-described manner,
while the staining itselfi was made in the usual solution or in
Loifler’s 1:4 diluted methylene blue; in the first case I stained
the sections for 15 to 30 minutes and in the second — for about
3 hours, I decolorized them in 0-5 per cent. acetic acid for 20 min.;
the further treatment of the preparations was carried on in just
the same way as in staining with Giemsa solution. Staining
with L&éffler’s diluted methylene blue solution for a longer while
gives better results than staining for a shorter time in a stronger
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solution. The preparations stained in L6ffler’s methylene blue
solution and suitably decolorized proved good enough for the
bacteria to be photographed in the sections. For determining Br.
abortus in the sections, staining by L6éffler's method was not .
so suitable as staining with the Giemsa solution because of
the monotony of its colour.

I made many experiments with Zie hl's carbolfuchsin, diluting
it to 1:75; the staining lasted for about 24 hours at about 30°C,
and the decolorizing in 0-25 per cent. to 0.5 per cent. acetic
acid — according to the intensity of colour — for about 30 min. The
rest of the staining procedure I carried out in the same way as
with the Giemsa solution. This staining method likewise
gives good results so that the bacteria can be photographed in the
sections. For the purpose of searching and determining the bacteria,
especially when they are present in small quantities in the
sections, Ziehl’s method is not so suitable as the Giemsa
method.

I made less use of all the other staining methods enumerated.
Although I succeeded in staining Br. abortus in the sections by
these methods, they did not show any advantage, and the
contrast in the colouring was often insufficient. For the purpose
of acquiring technique and controlling the results, I injected a
dense suspension of cultures of Br. abortus into normal and
unaffected lymph nodes, and dipped the blocks of tissue after their
injection into the suspension. These pieces of lymph nodes I fixed
and embedded just in the same way as the whole examined material;
further, | made sections and stained them according to the same
methods I had used for the purpose of determining Br. abortus in
the sections containing changes. The microbe was found with no
difficulty on the uneven surface of the pieces of the lymph nodes.

I stained Br. abortus in the histological sections of the fetal
membranes of 4 cows that had aborted (where the infection with
Br. abortus had been previously ascertained by means of the
guinea-pig experiment), and of the spleens and the lymph nodes
of 5 brucellous guinea-pigs.

The sum total of the histological sections I have stained for
the purpose of all my studies exceeds 8000.

I began with the present studies towards the end of the year
1930, and by working continuously, finished them in two years and
a half.,
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I made the bacteriological studies at the Veterinary and Milk-
hygienic Institute of the University of Tartu (Director: Prof. Dr.
E. Roots), and the histopathological studies at the Institute for
Pathology of the University of Tartu (Director: Prof. Dr. A. Valdes).

[ made all the preliminary arrangements and the studies in
connection with the present work personally, except in those cases
where the work could not be carried out regularly and in due time
by one person. My wife (Senior Assistant at the Veterinary and
Milk-hygienic Institute of the University of Tartu) gave her technical
assistance in studying the material bacteriologically and in ma-
king cultures, injecting guinea-pigs, and placing the matérial for
fixation. ‘

~¢. Resunlts of Inquiries.
Cowl — “Koidu”.

5 years of age (born in 1926), a cross-bred animal of the
Estonian red breed (“angler”), bought from the J. estate by which
she had been bought at the Helme fair in 1928. Her weight was
about 425 kg. The cow was sold on January 27, 1931 because of
her diminished milk production and non-pregnancy, and was
slaughtered on the same day in the town abattoir at Tartu.

aa. Preliminary Data.

“Koidu” had calved normally at the J. estate on December
11,28 and on February 17,30. After that she had been bred
repeatedly on May 17, 30, July 6, 30, July 26, 30, September 4, 30,
October 15, 30, October 23, 30, November 23, 30, and January 6, 31,
but had not conceived.

According to the serological examinations made on January
2, 28 at the Bacteriological Station of the University of Tartu
(Director: Prof. Dr. F. Laja), “Koidu’s” blood serum was positive
in a dilution of 1:40 to the aggl. test for Br. abortus; later, on Sep-
tember 16, 29, the aggl. titer was 1:320-, on March 14, 30 —1:320,
and on October 16, 30 —1:1280+4-.

“Koidu” had not been given either living or killed cultures
of Br. abortus.

According to table 3, Br. abortus and its agglutinins were not
present in her milk on April 14, 30, but beginning with May 28, 30,
Br. abortus and brucella-agglutinins were found time after time
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constantly in her milk. The aggl. titer of her milk serum increased
all the while, and on the date of slaughter (January 27, 31) it was
1:320 -+ (data obtained from Elfriide Ridala).

Table 3.

) Agglut. of Br. Abortus
of Ex;):l%thions B?g‘gill;lot;‘tozfs with Blood Serum of e O b

; - Pl tus from the Spleen
: ; . Guinea-pigs injected . :
of Milk with Milk Serum wi?ﬁnged?mgent -fill(e:?eam . of Guinea-pigs

14 IV 30 |negative (1: 5%) negative negative
28. V. 30 |positive (1: 80) positive (1: 80) - positive’
3. VII 30 .  (1:160) . (1: 80) .
11. VIII 30 . {1:160) ,, (1: 500) »
3.X 30 . (1:160) » (1 : 2560) ”
17. XI 80 . (1:320) » (1 : 2560) »
7.1 31 . (1:320) » (1: 640) »

Table 4 presents data concerning “Koidu’s” milk production;
no special conclusions, hewever, can be drawn from these data.

Table 4.
1928 1929 1930 1931
Month \Milk[Butterfat| Milk|Butterfat| Milk|Butterfat |Milk|Butterfat] ~ Notes
kg kg kg kg kg kg kg kg

January | — — 383 1379 {139 514 |120f — |On the days
February | — — 245| 689 | 103| 319 — previous to
March — — 243 729 | 379 1440 | — — slaughter
April — — 259 735 | 372] 1376 | — — “Koidu”
May — — 256 742 |} 356 11-75 — — yielded abont
June — —_— 2521 857 304 942 | — — 2 kg of milk a
July — —_ 240, 768 | 222 733 | — —_ day.
August — — 2381 785 °240({ 792 | — —
September| — — 221| 663 229 733 | — —
October — —_ 157 597 204 6-93 — —_—
November| — — 167 551 190 6:08 — —
December}230| 7°82 188 602 177 619 — —_

Qo

bb. Results of Inquiries concerning Milk and Blood Sera.

Amount [280] 782 |es10] 9097 [e915| 9939 | 120

In making use of the above data, I examined “Koidu’s” milk
on January 13, and January 27, 31, to.find out which of the quart-
ers was infected with Br. abortus, and whether there were other
bacteria causing diseases or not. Table 5 presents the data of
the examinations.
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Table 5.

Sa 5| = Microscopical Finding in | Bacteriological |$ $%=5|$5% | v .3
Ss @ S 5 Sediment Finding in |5 §%5|<25 | 225
E~_5l = o Microbes Sediment £8 gsg s':':u wl 225 .
®oe | S 28 @gkd| dgel 200y
ves o 3} = g | Cellufar : Saccha- cqgcgg|cge~] 252
x5 3 < [=3= Gram's | . 2iehl- accha Brown's|=2=2 2| 2% S EoS
=3 Z| & S5 |Elements g $ | Neelson's|  rose vatv EEcotElsis [ 25.
=3 S| < Tw g Staining | pygtes | *121€5 ;.ﬁg Er] EE T
Right Normal| Normal{ Abundant| Nega- | Nega- | Nega- | Nega- | Positive]|Positive] Nega-
Front tive tive tive tive |(1:640) tive
Quarter
nght ” ” » ” ” ” ” » »” »
gea;rter (1:320)

u
Left » » . . . » . Nega- | Nega- »
Front tive tive
Quarter
Left » » » » ” » » | Positive|Positive]
geart (1:1280)

uarter

Table 5 indicates brucellous infection in three quarters of
“Koidu’s” udder; the milk from the left front quarter did not show
the above-mentioned microbe to be present. No other bacteria were
detected by repeated bacteriological examinations in any of the
quarters. The sediment of the milk from each quarter showed a
good many cellular elements; the polynuclear leucocytes were most
abundant, whereas the number of epithelial cells and lymphocytes
was smaller, also single plasma cells were present.

On the date of slaughter on January 27, 31, her blood serum
titered 1:5120 to the aggl. test for Br. abortus.

cc. Macroscopical Finding at the Time of Slaughier.

General Condition.
The cow “Koidu” was in a wellnourished condition. Her fleshy
body suggested rather that of fattened cattle than of a milch cow.

Udder.

The whole udder weighed 5560 g, being of normal shape, of
an even and unusually dense and fleshy consistency..

The right front quarter weighed 1510 g, the sections
showed a variegated colour; on the surface of the sections there

* All examinations listed in the table were made on January 27, 31, except
the infection of the guinea-pigs.
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were to be noticed alternate yellowish-grey, reddish-yellowish-grey,
and reddish-grey spots of varying size. In the whole quarter there
were to be found lobules which contained certain spots and specks
that were partly of a lighter, partly of a darker shade than the
ground colour, and they were rather irregular in outline. The consist-
ency of the present quarter was denser than the usual tissue of
the udder that was noticeable especially on the border portions of
the quarter, but partly also in the middle of the quarter. The
usual porous structure of the lobules in those places was absent,
and the lobules had an even lardaceous appearance. There was
an intense proliferation of the interstitial connective tissue which
was thoroughly mixed with lobules in all directions, and particularly
in the above-described places. The tissue of some lobules was
substituted by connective tissue. In the border portions of the
quarter there were to be noticed in places some haemorrhages which
extended over all the lobules. In the smaller lactiferous ducts
there were in places somewhat spongy, oblong and roundish, dull,
slightly uneven formations, rising about 1.5 mm above the
surface of the ducts. In the border portions of the quarter there
were in places observable cystiform formations, of about 4 mm
in diameter, that were surrounded with capsules of a dense con-
nective tissue; their lumina contained partly a glassy, and partly a
brittle, doughy mass of yellowish-grey colour.

The right rear quarter weighed 1710 g and was in
general of the same qualities as the right front quarter, but it showed
differences in that haemorrhages were to be observed only on the
outside of the quarter, and the proliferation of the connective tissue
was slighter.

The left front quarter weighed 1130 g. It resembled
the right rear quarter, but haemorrhages and cystiform formations
were absent.

The left rear quarter weighed 1210 g. It resembled
the left front quarter, but there were also to be found cystiform
formations.

Lymph Nodes.

There were tworight supramammary inguinal
lymph nodes (Lin. inguinales superficiales dextri), one of them
very much resembling a kidney; it weighed 70 g and was
11 X6X 25 cm large; the other, having a round shape, was
3124 1.9 cm large and weighed 10-2 g. The above-mentioned

4
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lymph nodes were not joined by lymphatic vessels; they were
dilated (swollen); besides the usual unevenness on their surface
there were astrictions drawn inwards. The cortical substance of
the lymph nodes showed in sections a pale-grey colour, and the
medullary substance a brownish-dark-grey colour. Both the substances,
particularly the cortical substance, showed an observable reticular
connective tissue that was partly formed into firm bundles of
6 mm in diameter. The surface of the sections was abundantly covered
with succus that resembled a liquid, farinaceous porridge. The
sections did not cover each other when restored to their previous
position, the border parts keeping apart from each other.

There were two left supramammary inguinal
lymph nodes (Lln. inguinales superficiales sinistri): one of
them weighed 55 g, and its size was 7.5 X 4.7 )X 2.2 cm; the other
weighed 11:5 g, and its size was 3-4 XX 3.1 X} 2:8cm. All the other
qualities of these lymph nodes were similar to those in the right
supramammary inguinal lymph nodes.

The right deep inguinal lymph node (Ln. ingui-
nalis  profundus dexter) weighed 47.2 g, and its size was
95X 56X 2.1 cm. Its other qualities resembled those of the
supramammary inguinal lymph nodes, only the colour in the
sections was somewhat darker.

The left deep inguinal lymph node (Ln.inguinalis
profundus sinister) weighed 43-1 g, and its size was 9 X 6-4 > 2.2 cm.
The other qualities of this lymph node were similar to those in
the right deep inguinal lymph node.

Uterus.

The uterus resembled that of a normal, non-pregnant
cow. The wall of the uterus was 2-2 cm thick. The mucous
membrane was very considerably corrugated, of a reddish-grey
colour, covered with quite an abundant quantity of a half-muddy,
glassy mucous layer.

Ovaries.

The size of the right ovary was 38X3X2cm. The
surface was rather coarse and rough. Its consistency was softer
than that of the tendon. Its intersection showed a dense connective
tissue with single follicles in it. There was one corpus luteum
in the ovary which was 2 > 1:6 )X 1-4 cm large.

The size of the left ovary was 35X 31X 1.8 cm.



A XXXI.1

Pathogenic Effects produced by Br. Abortus, ete.

51

All its other qualities resembled those of the right ovary, only there
was no corpus luteum in it.
No macroscopical changes were noted in the other organs.

dd. Bacteriological Findings and Results of Injections, in

tuberculosis, I used the guinea-pig experiment.

Animals used for Experiments.
For the purpose of determining Br. abortus and Mycobacterium

In pursuing other

conceivable germs of diseases or some occasional microbes in the
material under examination, I made cultures on bromcresol-purple-
saccharose-alkalialbuminate agar and on Brown’s modified blood

agar. The results of these studies are illustrated in table 6.
Table 6.
Cultures Br. Abortus, éuﬁ“;:rtfs Examination | Culture of
Agglut. with the |7 00 "y " | of Injected | Br. Abortus
Material Saccha- Brown’s Blood Serum of Spleen of In- Guinea-pigs | from the
rose Plates | 1mjected Guinea- ‘I::cted Gui- | for Tubercu-1 Examined
Plates pigs ] nea-pigs losis Material
Lin. inguina-| sterile sterile | positive (1:5120) positive negative —
les sup. dext.
Lln. inguina- " ” " (1:5120) - " —
les sup. sin.
Ln. inguina- - » ” (1: 320) » ” —
lis prof. dext.
Ln. inguina- N ” » (1: 160) » » -
lis prof. sin.
Uterus » » — — —_ positive

From table 6 it follows that besides the three quarters of
the udder of the cow “Koidu”, the supramammary and deep inguinal

lymph nodes and uterus were infected with Br. abortus. No
types of bacteria were present.

ee. Histopathological Finding.
Udder. Right Front Quarter.

other

a) In regions 1, 5, and 9 (see scheme 1, page 41) there are
plenty of foci which vary in size, and some of which reach the size
of lobules; single foci, however, are to be found in regions

2,4 and 8.
netlike reddish-brown (by van Gieson) ground substance,
4%

In the centre of these foci, in the finely granulated and

there
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are cells which are not close-set, being partly swollen and set
irregularly. These cells resemble the epithelioid cells which appear
in tuberculous tubercles. Among the above-mentioned cells, in some
foci there appear parts of already decayed and of still disintegrating
cells. In regions 1, 6, and 7, in one of the foci, there is one
giant-cell of the Langhans’ type, and in one focus of region 5
there are two giant-cells of the same type side by side. In the
superficial portions of the foci, plasma cells and lymphocytes appear
very close to each other, polynuclear leucocytes and fibroblasts
being less numerous, with only a few mast cells. Between the
cells mentioned there are numerous capillaries abundantly filled with
blood, and fibres of collagenic connective tissue singly and in
groups. In the boundary portions of the foci, single well preserved
alveoli are to be observed; the epithelium of some of the alveoli
is swollen, proliferated and desquamated, so that the lumina of
the alveoli are filled with epithelial cells; some of these cells are
pyknotic and they are disintegrating, or they have already partly
decayed ; single lymphocytes, plasma cells, and polynuclear leucocytes
are to be found between the epithelial cells. The epithelium of
a part of the alveoli is much less proliferated, but set irregularly, and
here also some of the epithelial cells are swollen, others are pyknotic,
and still others thoroughly decayed. Between the epithelial cells,
similar cells appear as in the other alveoli mentioned already. In
the lumina of the last-mentioned alveoli there are moderately des-
quamated epithelial cells (some of these are much swollen and
some are polynuclear), single polynuclear leucocytes, plasma cells,
parts of decayed cells, and in small quantities a netlike mass of a
brownish-pale-red colour (by van Gieson). In region 2, in the
preserved alveoli of the boundary portions of the foci in question
a great majority of the epithelial cells contain fat globules; in the
lumina of the alveoli there are to be found numerous polynuclear
leucocytes, desquamated epithelial cells, fat globules, and a moderate
quantity of a netty mass of brownish-pale-red colour. The tissue
between the alveoli is dilated, showing numerous lymphocytes and
plasma cells closely accumulated in places, with single polynuclear
leucocytes among them.

In the histological sections of the above-descnbed foci I found
Byr. abortus by means of the Giemsa and Loifler’s methylene blue
staining as modified by me.

b) In regions 1 and 6 there are numerous foci similar
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to the foci a in the quarter in question, but which differ from
these in that the finding in their centre, though containing occasional
- epithelial cells, is otherwise similar to the finding in the boundary
portions of the foci. -

¢) In regions 1 and 9, the epithelium of most of the
lactiferous ducts is proliferated, flattened and partly swollen, some
of the cells having several nuclei — especially those that are against
the lumen of the duct. Between the epithelial cells and especially
in the nearest surroundings of the duct, we find a very dense
infiltration of the plasma cells and some lymphocytes, but the
infiltration of the polynuclear leucocytes is less in density. In the
whole area, between these infiltration cells, there appear numerous -
fibres of collagenic tissue, singly and fasciculated, fibroblasts, and
some mast cells. In. the lumina of the ducts, the brownish-
pale-red (by van Gieson) mass of various density shows desquamated
epithelial cells in various quantities (in places some of them are
much swollen and polynuclear), lymphocytes, polynuclear leuco-
cytes, and parts of decayed cells, and in places single plasma cells.
Beside other changes in one lactiferous duct of region 9, the
epithelium is proliferated, flattened and stratified, and in the
superficial portiin partly cornified. In the border portion of the
horny layer there appear bruised, flat, pyknotic and decayed nuclei,
as is usual in the case of a cornification of the flat epithelium.
Similar alterations are to be found in the lactiferous ducts of
regions 5 and 6, as in regions 1 and 9, only in smaller quantities
and in a slighter degree, not taking into account the cornification
of the epithelium. Besides, in region 5, in the epithelium of
one lactiferous duct which shows alterations, there is also a focus of
epithelioid cells among the rest, with one giant-cell of the Langhans’
type in it. No alterations are to be observed in the lactiferous
ducts of the areas in the other quarters in question.

d) In the neighbourhood of other changes, the interlobular
connective tissue in regions 1 and 9 shows in places an acute
proliferation; in this tissue, an infiltration mostly of the plasma
cells and lymphocytes appears in varying density and partly in
groups, and in places there are also less numerous polynuclear
leucocytes. In regions 5, 6, and 7, the changes in the interlobular
connective tissue are slighter than in regions 1 and 9. In
places a considerable amount of the fat tissue is observable in the
interlobular connective tissue of region 9.
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e) In all the regions, in the lumina of the alveoli of the lobules,
which are normally preserved, there is to be found a brownish-pale-
red reticular mass, partly in small, partly in moderate quantities;
amid this mass there are some fat globules and very rarely
occasional polynuclear leucocytes and desquamated epithelial cells;
the epithelium of the alveoli is more often cubical in shape, but
also cylindrical, though the latter occurs more rarely. In the
lumina of some alveoli, in region 8, polynuclear leucocytes
appear moderately in places, and between the alveoli, here and
there, there are small groups of lymphocytes and plasma cells. In
region 2, occasional lobules are present which are in a state of
inaction.

Amyloid corpuscles appear abundantly in the whole quarter;
these are in places more numerous in the normal part of the quarter.

There is no alteration to be observed in regions 3 and
10 (teat).

The approximate percentage of the changes that have taken
place in the tissue of the examined quarters in question is shown
in table 7.

Right Rear Quarter.

In regions 2, 3, 5, 6, and 9 there are numerous foci of
varying size and density of the cells which are similar to those in
the histological finding in the right front quarter, as described in
a and b (fig. 3, 4, 6). Among the epithelioid cells of several foci in
regions 5 and 9, usually a giant-cell of the Langhans’ type is present,
but in one focus of region 9 there appear three giant-cells of the
same type side by side. Besides, in some of the foci in area 6,
a very dense infiltration has occurred, which extends over the whole
focus and consists of lymphocytes, plasma cells, and less numerous
polynuclear leucocytes. Furthermore, in one altered lobule of
region 6 and in several changed lobules of region 9, besides
other alterations there are to be observed numerous capillaries
densely filled with blood. In two foci, however, which otherwise are
similar to the other foci, there appears an area of necrosis (fig. 12),
extending over several alveoli, where there are parts of not very
dense decayed cells, and disintegrating cells in the reticular
ground substance of a pale-reddish-brown colour; the transition
from the necrotic part into the part free of necrosis is slow. In
one of the lobules the epithelium of the alveoli is considerably atro-
phied and mostly pyknotic, and the lumina of the alveoli are empty.



AXXXI.1 Pathogenic Effects produced by Br. Abortus, etc. 55

In regions 4 and 8 some foci are similar to those in the
right front quarter, as described in a. Besides, in region 8 there
are two foci of the size of a lobule, in the centre of which there do not
appear any epithelioid cells, but mostly close-set plasma cells and
lymphocytes. Among these only here and there disintegrating alveoli
are to be found. Similar to the border portions of the foci, the epithelial
cells of the alveoli have fat globules, and they are partly swollen,
partly polynuclear, and in some alveoli mostly desquamated.
In the lumina of the alveoli there are to be found numerous
desquamated epithelial cells, polynuclear leucocytes, fat globules,
and in smaller numbers lymphocytes; among the infiltration cells,
outside- the preserved alveoli, there appear likewise fat globules
which evidently originate from the decayed alveoli.

In region 5 there are to be found some foci of various sizes,
where the alveoli are decayed and replaced by a collagenic con-
nective tissue with many capillaries and a dense round-celled
infiltration (fig. 17). :

In the alterations in regions 2 and 5 I found Br. abortus in
the histological sections.

In regions 2, 3, 4, 5, 6, and 9, several lactiferous ducts show
similar changes to those in the corresponding lactiferous ducts of
the right front quarter (fig. 27), Similar to the epithelium of one lactife-
rous duct in region 9 of the right front quarter, two lactiferous ducts
in region 2 (fig. 24), and one in region 3 of the quarter just under
examination, show a proliferation, flattening and cormnification in
the superficial portion of the epithelium.

In regions 2, 3, 5, 6, 8, and 9, changes of the interlobular
connective tissue in a varying amount are observable, and they
are similar to those in the corresponding connective tissue of the
right front quarter.

No changes are observable in regions 1, 7, and 10.

Also in the normal tissue of the udder, in general, the finding
is the same as in the corresponding part of the right front quarter.

Left Front Quarter.

No pathological changes have taken place in the left front
quarter; the finding in the parenchyma of the udder is alternately
similar to the normal state in the lobules of the right front quarter.
The interlobular connective tissue has moderately proliferated here
and there, especially between the lobules that are in a state of
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inaction, but there is no infiltration in it. Only the interalveolar
connective tissue, considerably dilated in the lobules which are in
a state of inaction, shows in places rare lymphocytes and occasional
plasma cells. ‘
' Left Rear Quarter.

In regions 4, 5, 6, 7, and 9 there are numerous foci which
resemble those in the histological sections of the right front quarter,
as described in a (fig. 15) and b, whereas regions 2 and 3 show only
- a few of the above foci; in the corresponding foci of regions 7
and 9, the cellular infiltration is still more dense, and in places there
are to be found single dilated capillaries. In regions 7 and 9,
among the epithelioid cells of several foci, there appear giant-cells
of the Langhans’ type, and in one focus of region 4, there are
two giant-cells of the above type. In region 5 there are some
foci which also appear in region 8 of the right rear quarter.

In the corresponding foci of the changes 1 found Br. abortus
in several places in the histological sections of regions 4 and 7
(fig. 47).

In regions 7 and 9, the lactiferous ducts are changed in
their whole extent; the changes are in general similar to those in
the lactiferous ducts of the right front quarter of the cow in
question, only the degree of the changes is in places much higher:
e. g. the lumina of the smaller lactiferous ducts are totally closed
by the intense proliferation of the epithelium. The wall of the
lactiferous ducts has considerably thickened, consisting chiefly
of collagenic fibres and fibroblasts; among the latter there are
numerous lymphocytes, plasma cells, and occasional polynuclear
leucocytes. Six lactiferous ducts of region 7 and nine ducts
of region 9 show in places a flattening and stratification of
the epithelium, and a cornification of the superficial portions which
lie towards the lumina. Besides other changes in the walls of the
lactiferous ducts, in places there are to be observed also foci of
the epithelioid cells, in some of which there are also some giant-
cells of the Langhans’ type. In regions 2, 4, 5, and 6 there are
some alterations in the single lactiferous ducts, in general to
a much slighter degree than in regions 7 and 9, but in
region 5, the epithelium of a considerably changed lactiferous duct
shows cornification. In the interlobular connective tissue, on the
whole, changes of varying intensity are to be observed, which are
similar to those in the corresponding tissue of. the right front
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quarter. Greater changes are to be found in the interlobular
connective tissue of region 2, whereas the changes noticed in
the same tissue in regions 3, 4, 5, 6, 7, and 9 are slighter, not-
withstanding the very severe changes in the rest of the udder
tissue in regions 7 and 9. :

No changes are to be observed in regions 1, 8 and 10.

The finding in the unchanged tissue of the quarter under
investigation is on the whole similar to that in the corresponding
tissue of the right front quarter, but in general amyloid corpuscles
are fewer in number.

The cystiform formations, as described in the macroscopical
finding and observed in the right front, right rear, and left rear
quarters, may be classified according to the histological sections
into three different kinds:

a) The changes of the lactiferous ducts are very much like
those of the ducts in the right front quarter, but they differ from
these in that the ducts are dilated, round, and the changes around
the ducts are extensive, the collagenic connective tissue is considerably
proliferated, with a very dense cellular infiltration in it, which
resembles the infiltration around the changed lactiferous ducts in
the right front quarter. Besides, a cornification is often to be found
in the superficial portions of the very intensely proliferated, swollen -
and flattened epithelium (fig. 25). Inthe lumina of thelactiferous ducts,
there are numerous particles of decayed cells, disintegrating cells,
and a mass of a reddish-yellowish-brown colour (according to van
Gieson), amid which, particularly in the border portions, there
appear numerous swollen (also polynuclear) and desquamated
epithelial cells, polynuclear leucocytes, lymphocytes, and less
numerous plasma cells. In these cystiform formations, particularly
in the swollen epithelial cells and around them, I found Br. abortus.

b) The lactiferous ducts are dilated, and their epithelium is
in places proliferated, partly atrophied and pyknotic. The lumina of
the ducts are abundantly filled with a yellowish-reddish-brown mass
(actording to van Gieson), which is very finely granulated (almost
homogeneous); in this mass, especially in the border portions of
the lumina, there appear in places intensely swollen and desquamated
epithelial cells, and in smaller numbers lymphocytes and polynuclear
leucocytes. Between the epithelial cells, and particularly in the
subepithelial tissue, there appear in places lymphocytes of various
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density, plasma cells, polynuclear leucocytes in smaller numbers,
numerous fibroblasts, and fibres of collagenic connective tissue.

c) Dilated and confluent alveoli with an intensely atrophied
epithelium, and the contents of the lumina resemble those of the
cystiform formation b.

In the right front and right rear quarter the macroscopically
observable haemorrhages appear in lobules, which show no other
intense changes besides an intense atrophy of the epithelium of the
alveoli. )

Table 7.
Extent of the Changes in the Quarters of the Udder according to
Histological Studies.

Cow L
Approximate Percentage of the " xé})roygmate Average
Studied Changes of Tissue in the Studied Percent. of the Changes of
X Regions (Scheme 1, Page 41) Tissue in the Whole Quarter
Regions [not considering Region 10
123 |afs]6]7/8]0|10 (Teat)]
|
Right front
quarter 50(25|—| 5| 40/60| 20 5| 75| — 311
Right rear |
quarter -— 14015010100 60| — | 20 |100| — 42-2
Left front
quarter el e Rl Bl Rl Eed Bl el e —
Left rear
quarter — | 2510|4033 |40 {100 — [100] — 387

The dash in table 7 shows that no changes occurred.

Lymph Nodes.

The right supramammary inguinal lymph nodes
show intense changes of the usual structure of the lymph
nodes. Only single germ-centres have survived in places. The
connective tissue shows in places intense proliferation, parti-
cularly in the medullary substance, where only injured portions
of the lymph nodes are preserved here and there (fig. 38). Beside other
cells in the last-mentioned areas, plasma cells appear in great
quantities diffusely and focally, and single mast cells. The lymph
sinuses and lymph capillaries are in places dilated, and besides lymph
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they contain various cells in great quantities (part of them on the point
of disintegration), parts of decayed cells, and in places red corpuscles
in small numbers. Over all the lymph nodes in several places
there are foci of epithelioid cells, with rare giant-cells of the Langhans’
type among them (fig. 37). The mentioned foci of the epithelioid cells
differ from the foci of the epithelioid cells found in the udder
insomuch that lymphocytes, plasma, and other cells have frequently
forced their way between the epithelioid cells.

I found Br. abortus often in groups and in sparse sprinklings
in the parenchyma of the lymph nodes also outside the foci of the
epithelioid cells, and sometimes in the lymph sinuses of the histolo-
gical sections.

Intheleftsupramammaryinguinallymph nodes
the finding resembles the one in the right inguinal lymph nodes;
the only difference is that in one place, among the epithelioid cells,
there even appear two giant-cells of the Langhans’ type side by
side.

The finding in the right deep inguinal lymph
node is similar to that in the right supramammary inguinal Iymph
nodes, with the difference that in places the changes are less.

The finding in the left deep inguinal lymph
node is similar to that in the right deep inguinal lymph node.

In all the above-mentioned lymph nodes I found Br. abortus
in the histological sections.

Uterus.

The mucous membrane is of various thickness, in places
being almost as thick as half of the wall of the uterus. The
epithelium is in places desquamated, and a part of the preserved
epithelial cells in these places prove to be atrophied and pyknotic;
between the epithelial cells there are plasma cells, lymphocytes,
and single polynuclear leucocytes; in the injured subepithelial tissue,
the above-mentioned infiltration cells are to be found diffusely or they
are in places densely focal, and there are numerous fibres of collagenic
connective tissue and fibroblasts among them. The corrugated uterine
mucous membrane has in places grown together. In the granulation
tissue there appear numerous plasma cells, lymphocytes, and single
polynuclear leucocytes; in places there are groups of epithelial
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cells that have survived, and numerous capillaries moderately filled
with blood.

The glands are mostly in a state of inaction; and around
them, particularly around those adjacent to the epithelium, there is
in places an infiltration chiefly of plasma cells and lymphocytes.

Ovaries.

In both ovaries there is to be found a great deal of connec-
tive tissue and very few follicles, and particularly small numbers
of primary follicles; for the rest the finding is normal.

Cowll — “Loora”.

7 years of age (born in 1924), a cross-bred animal of
the Estonian red breed (‘“‘angler”), bought from the J. estate, by
which she had been bought on March 12, 29. Her weight was
460 kg. The cow was sold on January 28, 31 because of her dimi-
nished milk production and non-pregnancy, and was slaughtered
on the same day in the town abattoir of Tartu.

aa. Preliminary Data.

“Loora” had calved normally on March 17,29 and on March
22, 30 at the J. estate. After that she had been bred repeatedly
onJune 2,30, July 9, 30, September 4, 30, October 20, 30, November
2, 30, and November 28, 30, but had not conceived.

According to the serological examinations made on Novem-
ber 16,29 at the Bacteriological Station of the University of Tartu,
“Loora” proved to be infected with Br. abortus (aggl.-titer 1:6400 1) ;
later, on March 14, 30, the aggl.-titer was 1:1280-4 and on Octo-
ber 16, 30 — 1:2560 .

On April 14, 30 “Loora” was vaccinated with 10 ccm of the
living culture of Br. abortus, and on May 2, 30 she was injected
with 20 ccm of the same culture. ,

According to table 8, the agglutinins of Br. abortus were
found constantly in the milk of the above-mentioned cow, and the
presence of Br. abortus was ascertained by means of the guinea-pig
experiment (data got from Elfrizde Ridala).
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Table 8.
. _Agglut. of Br. Abortus with | Culture of Br.
Exla)rzrlltiisat?éns Béggi%gfx?';d% Blood Serum of Guinea- {4bortus from the
of Milk "Milk Serum pigs injected with Sedi- | Spleen of Gui-
ment of Milk - Cream |~ nea-pigs
14. IV 30 positive (1: 80) positive (1:. 320) positive
28. V 30 " (1:160) ” (1: 160) R
3. VII 30 ” (1:160) guinea-pig died 20. VII 30 "
11. VIII 30 » (1:160) positive (1:1600) ”
3. X 30 ” (1:160) ” (1:1280) »
17, XI 30 » (1:320) » (1:1600) »
7. I 31 " (1:160) ” (1: 320) ”

According to table 9, “Loora’s” milk production was small
all the time she was at the J. estate.

Table 9.
1929 1930 1931
Month  [“niik [Butterfat | Milk | Butterfat | Milk |Butterfat |~ NOtes
kg kg kg kg kg kg
January — — 46 2:07 113 4:29
February — — dry — - On the days
March during 10| - 3-30 54 1-84 —_— - previous to
days 100 slaughter
April 346 11-42 352 | 1179 — — “Loora”yield-
May 286 10-01 367 | 11405 — - . ed about
June 225 10-57 303 | 1121 — — 1,5 kg milk
July 202 7-67 245 9-80 — — a day
August 224 851 277 | 11°08 —_ —
September 161 628 233 8:62 — —
October 179 6-80 271 921 — —
November 129 516 205 717 — —_
December 80 312 193 675 — —
1932 7284 2486 | 9059 113 4-29

For want of data it is impossible to ascertain whether the
cow was infected with Br. abortus at the J. estate, or whether she
had been infected before she was taken there.

bb. Results of Inquiries concerning Milk and Blood Sera.

In making use of the above data concerning “Loora”, I exa-
mined her milk on January 13 and 27, 31 to find out which of the
quarters were infected with Br. aborfus, and to make sure whether
there were not present other bacteria causing diseases. Table 10
presents the results of the inquiries. :
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Table 10.

o = Microscopical Finding in | Bakteriological §;‘; &_"oé £82 |wesz
=@ o# s % Sediment Finding in  [S5%4:§ SEE | .25

- - - : ] I =
E'_‘ —g o 3 - Microbes Sediment £§ gga 523 o E;E-E
xS = I ok} “SDwf e %
CIall I~ S g | Celtular | Zien. |Saccha- , Eeggf cET =~ EEES
= g « 2 55 |Elements S(t}r'am S INeelsen's| rose B;FY“ s a'E g‘é gls2% ﬁ,;‘l’z_w

154 Ise =<5
= 3 € 2% aIning| Staining Plates ates E:D?:, EEE 553:"8 BJ.E%:
Right normal | normal | abundant| nega- | nega- | nega- | nega- |positive[positive] nega-
- c ‘ & °8
front tive tive tive | nive |(1:640) tive
quarter ;
Right » ” » ” " . » . » »
rear (1:160)
quarter
Leit ” ” ” ”» L] » ” ” " ”
front (1:160)
quarter
Left ” o ” { ” ” ” » Ld ” ”
rear ! (1:320)
quarter |
|

Table 10 indicates brucellous infection in all the quarters of
Loora’s udder. No other bacteria were detected by repeated bac-
teriological examinations in any of the quarters. The sediment of
the milk from each quarter showed a good number of cellular ele-
ments; the number of polynuclear leucocytes was the highest, the
epithelial cells and lymphocytes occurred in smaller numbers, and
there were only single plasma cells.

On the date of her slaughter (January 28, 31) the agglutination
titer of her blood serum was 1:5120 .

ce. Macroscopical Finding at the Time or Slaughter.
General Condition.
“Loora” was in a wellnourished condition, her fleshy body
suggested rather that of fattened cattle than that of a milch cow.

Udder.
The whole udder weighed 4735 g, being of a normal shape;
its consistency was evenly dense and fleshy.
The right front quarter weighed 1105 g; the section
showed a variegated colour. On the surface of the section,
in the yellowish-pale-reddish ground colour there were pale- and

® All examinations listed in the table were made on these dates, except
the injection of the guinea-pigs.
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dark-grey spots indistinct in outline. The colour of the indivi-
dual lobules was also variegated in places; the lobules of a darker
ground colour showed lighter spots, and in the lobules of a lighter
ground colour there were darker spots which gradually disappeared
in the surroundings. The lobules were mostly porous, but between
them, especially in the basal and border parts, there were lobules
singly or in groups which could not be perceived as porous. The
last-mentioned lobules were of a dense consistency and lardaceous
appearance, and protruded over the surface of the section. There
was a moderate flow of milk of normal appearance on the surface
of the section made in the middle portion of the udder, but on
the border part it flowed out in small quantities. The surface of
the sections in the whole quarter of the udder showed an even
discharge of blood in small quantities from the blood-vessels. The
interlobular connective tissue was clearly perceivable, in places it
was proliferated into big cords, the diameter of which amounted to
3 mm between the groups of lobules; in some places it was quite
possible precisely to separate the connective tissue from the lobules,
but in places this was impossible, because the connective tissue
had intruded into the lobules and disappeared there by degrees.
The inner surface of the lactiferous ducts was generally even
(except the opening of the smaller ducts where there were crater-
shaped concavities), shining and of a silver-grey colour. But in
some places, the walls of some of the bigger lactiferous ducts, and
more frequently those of the smaller ducts, were about 1,5 mm thick.
These thickened places in the ducts consisted of a grey, brittle
mass which had a dull surface with small elevations.

The right rear quarter weighed 1285 g and had in
general the same qualities as the right front quarter. It differed
from the latter in that it had a redder ground colour, and the
shades of the colour were more contrasting. Also the prolife-
ration of the connective tissue was intenser, and the lardaceous
lobules without pores were more frequent.

The left front quarter weighed 1100 g and was of
the same qualities as the right rear quarter.

The left rear quarter weighed 1245 g and was of the
same qualities as the right rear quarter.

Lymph Nodes.

The right supramammary lymph nodes (lln. ingui-

nales superficiales dextri) consisted of one bigger and one
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smaller node which were connected by lymphatic vessels. Both
lymph nodes were slightly dilated. The bigger one weighed
45 g and was 7.5 XX 6-5 X 1.7 cm large. The smaller node weighed
102 g; it was of a roundish shape and had a diameter of 32 cm.
The further qualities of the above-mentioned nodes were as follows:
the surface was even, except in several places that were covered
with single astrictions. The cortical substance in the sections
was of a pale-grey colour, and the medullary substance was
brownish-dark-grey.

In both the substances and particularly in the cortical one
there was found a clearly observable reticular connective tissue
which had cords in places as thick as 0.7 mm. The surface of
the sections was abundantly covered with liquid farinaceous succus.
The sections did not cover each other when restored to their pre-
vious position, the border parts kept apart from each other.

There were three left supramammary inguinal
lymph nodes (lin. inguinales superficiales sinistri). The biggest
of them weighed 47 g and was 10X 5528 cm large. The
next in size weighed 10 g, and it was 3.5 325 cm large.
The smallest node weighed 4 g and was 1.6 X 1.5X 1 cm large.
The former two were connected by lymphatic vessels. The other
qualities of these lymph nodes were similar to those in the right
supramammary inguinal lymph nodes.

The right deep inguinal lymph node (In. ingui-
nalis  profundus dexter) weighed 382 g, and its size was
6-8>(34<1-2 cm. Its other qualities were similar to those in the
supramammary inguinal lymph nodes.

The left deep inguinal lymph node (In. inguinalis
profundus sinister) weighed 401 g and was 7 X 3:5 <14 c¢m large.
The other qualities of this lymph node resembled those of the
supramammary inguinal lymph nodes.

Uterus.

The uterus was outwardly quite the same in appearance
as that of a normal non-pregnant cow. The wall of the uterus
was about 2 cm thick. The mucous membrane was considerably
corrugated, of a red colour, and was moderately covered with a hali-
muddy, glassy mucous layer.
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Ovaries.

The right ovary was 35X 3 X 1.9 cm large. Its surface
was rough, and in comparison with the flesh it was of a
more solid consistency. Sections showed single follicles which
were surrounded by stout cords of connective tissue. There was
one corpus luteum there which was 2.4 X2 X 1.9 c¢m large.

The left ovary was 32X29% 1.8 cm large. Its other
qualities resembled those of the right ovary, except that the corpus
luteum was absent.

The other organs did not show any macroscopical changes.

dd. Bacteriological Findings and Results of Injections, in Animals
used for Experiments.

For the purpose of determining Br. abortus and Mycobacte-
rium tuberculosis, 1 used the guinea-pig experiment. In pursuing
other conceivable germs of diseases or any occasional microbes
in the material under examination, I made cultures on brom-
cresol-purple-saccharose-alkalialbuminate agar and on modified
Brown’s blood agar. The results of the above-mentioned studies
are illustrated in table 11.

Table 11.
—— e — m
. ..':.. U BN ~ BT
Cultures Br. abortus’ 3 Eég 253 w|SgE
Agglut. with |5 85 4|27 Bl E
Material |——————— Blood Serum veBSE|EogBE| o253
Saccha-| o ) of Injected 53cS|ESag| EEWE
Fown’s) - : =R o sLr¥lEs 2
r0se | p ies Guinea-pigs R S LR
Plates u;gs bSeg= | ONE=
Lin. inguina- | sterile | sterile | positive (1:1280) | positive | negative —
les sup. dext.
Lin. inguina- » » N (1: 160) » » —
les sup. sin.
Ln. inguina- » ” ” (1: 320) » ” —
lis prof, dext.
Ln. inguina- ” " ” (1: 160) » ” —
{is prof. sin.
Uterus " " — — — positive

From table 11 it follows that besides all the quarters of
“Loora’s” udder, also her uterus, supramammary and deep inguinal
lymph nodes on both sides were infected with Br. abortus. The
examined material did not show any other bacteria present.

5
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ee. Hustological Finding.

Udder. Right Front Quarter.

a) In regions 1, 6, and 7 (fig. 5) there are several foci of varying
size to the extent of three lobules, whereas in region 2 these foci
appear in great quantities. Instead of the usual alveolar structure
of the udder, a dense cellular infiltration of these foci is observable,
which abounds with lymphocytes and plasma cells, but there are
also fibroblasts in smaller numbers and some rare polynuclear
leucocytes and mast cells. Besides this cellular infiltration in the larger
foci, particularly in region 1, there are to be found some compressed
alveoli with the pyknotic epithelium, and in the centre of some
foci epithelioid cells (fig. 16) and their groups are observable which are
in some foci already partly decayed and partly decaying. Between the
infiltration cells, particulatly in the border portions of the foci, fibres of
a collagenic connective tissue appear singly and in bundles, which
are bound together with the interlobular connective tissue; arepeated
proliferation of the latter has taken place here and there, and the
above-mentioned cellular infiltration appears in it in varying density.
In region 2, the changes in the foci in question are in general
severer; a thorough destruction of half of the alveoli in these foci
has taken place, and the majority of the remaining alveoli are in
a state of disintegration; these latter are compressed, and their
epithelium is in an irregular position; some of the epithelial cells
are swollen and have other symptoms of degeneration, some of
them are atrophied and pyknotic, and in these and in the less
changed lumina of the alveoli there usually appear desquamated,
and mostly beside the decaying epithelial cells, polynuclear
leucocytes in great quantities, single lymphocytes, and rarely a
finely reticulated mass of pale-reddish-brown colour (according to
van Gieson). The above-mentioned alveoli often appear singly in
the .cellular mass, and their shape is oblong and angular.

In region 7 there is one focus of about half-lobular size; it
is similar to the foci a described above, but in the centre of the
foci, in the dense cellular mass there are free fat globules; in the
lumina of the preserved alveoli in the border portion of the focus,
among the rest, there appear numerous pieces (casein) of a dark-
reddish-brown colour and of an indefinable appearance.

b) Inregion 7 there is one, in region 9 — there are two, and in
region 2 (fig. 8, 10) numerous foci similar to those in the quarter in
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question, as described in a, but these foci show necrotic places of
varying size, particularly in their centre, even to the extent of half
a lobule; in these necrotic places there appear disintegrated pieces
of nuclei in great numbers, a netlike granular ‘mass of yellowish-
brown colour, occasional pus corpuscles, and various necrotic
cells. In several directions of these necrotic places there are to be
found epithelioid cells in groups and singly, some of which show
symptoms of necrosis; the single cells appear dispersedly. Among
the epithelioid cells, -in one focus there is also a giant-cell of the
Langhans’ type. The necrotic places are surrounded by a dense
wall of plasma cells, lymphocytes, fibroblasts, occasional polynuclear
leucocytes, and mast cells; this wall is interwoven with a collagenic
connective tissue, which slowly turns into tender funicies and dis-
appears in the necrotic mass.

In the necrotic foci I discovered Br. abortus by means of
staining the histological sections by the Giemsa method as modified
by me, and by Loffler’s methylene blue method.

In region 4 there appears one, and in regions 7, 8, and 9
there are several foci resembling those in the quarter in question,
as described in b, with the difference that in the centre of the foci
there are no necrotic places, and in region 9, the epithelial cells
are denser, and among them in several foci there are giant-cells
of the Langhans’ type.

c) One lobule in regions 1 and 3, two lobules in region 6
contain alveoli over the whole extent of the lobules, and several
lobules in regions 4 and 5 contain some alveoli the shape of which is
more or less unchanged, but their epithelium has degenerated or
atrophied in varying intensity, the nuclei being pyknotic, and some
of the epithelial cells desquamated. The interalveolar tissue is
often dilated to about five times its former extent, and in places
even more; in this tissue there is in varying quantities mostly a
focal infiltration of plasma cells, lymphocytes, fibroblasts, and to
a smaller degree of polynuclear leucocytes and occasional mast
cells. A comparatively intense dilatation of the capillaries has taken
place in the quarters with the changes already mentioned, and they
are richly filled with blood. In the lumina of the alveoli there
appear desquamated epithelial cells in varying quantities, as well
as polynuclear leucocytes (chiefly neutrophilic) and fat globules,
and a pale-red, partly homogeneous, partly finely reticulated mass.

5*
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In the lumina of some alveoli the polynuclear leucocytes are in a
state of fatty degeneration and disintegration.

d) In region 3, there is one focus as big as eight alveoli in
one of the lobules, and it contains densely accumulated cells:
aa) numerous polynuclear leucocytes, which are in denser agglo-
merations fatty-degenerated and contain decayed nuclei (pus corpus-
cles) (fig. 7); in places, however, where they are not so numerous,
they are slightly or not changed at all; bb) lymphocytes and plasma
cells are to be found particularly in the border portion of the focus.
In the corresponding places of the udder tissue, single, as if dispersed,
degenerated epithelial cells, and also the inleralveolar connective
tissue are preserved. -

e) In one lobule of region 2 and in several lobules of region 6,
the epithelium of the alveoli is atrophied to such a degree that
even some of the alveoli prove to be confluent.

fy In region 7 in two lobules here and there, single com-
pressed alveoli are still preserved among the densely accumulated
plasma cells and lymphocytes; the epithelium of these alveoli is
partly intensely atrophied and contains pyknotic nuclei. The
majority of the above lobules are intergrown reticularly with the
collagenic connective tissue, and the still free cavities show
deposited fat (fig. 18, 19, 32).

g) A variously dense infiltration of lymphocytes, plasma cells,
and polynuclear leucocytes is found to surround one lactiferous duct
in region 5 and several larger ones in region 6. The epithelium
of several lactiferous ducts in region 9 and of the majority of them
in region 8, is flattened and has become many-layered. The epithelial
cells are of varying size; a particularly large dilatation and a
partial disintegration of the cells is to be found in the cells
adjacent to the lumina of the ducts. There are numerous plasma
cells and lymphocytes and in smaller quantities polynuclear
leucocytes between the epithelial cells; the above cells are in places
accompanied by a collagenic connective tissue. To a large extent in
the surroundings of the ducts there are numerous accumulated
lymphocytes and plasma cells, amid which there are also often
to be found fibroblasts and polynuclear leucocytes, and occasional
mast cells. In the lumina of the ducts there are to be found desquamated
epithelial cells of varying density, further, lymphocytes, polynuclear
leucocytes, occasional plasma cells, parts of entirely decayed cells,
and a finely reticulated pale-brownish-red mass (according to van
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Giesen). The desquamated epithelial cells in the lumina of
the lactiferous ducts are mostly multiferously swollen, and their
nuclei and the nuclei of other cells observable in the lumina, are
often pyknotic.

In other regions, the lactiferous ducts of the quarter of the

dder in question have not undergone any changes.

h) Between those lobules where changes are observable in
regions 2, 6, and 8, the interlobular connective tissue is in places
intensely proliferated; in this tissue there appears a diffuse infiltra-
tion of varying density, and more frequently a focal infiltration of
lymphocytes and plasma cells. The interlobular connective tissue
has undergone similar alterations in other regions too, but to a
considerably slighter degree. In the still normal parts of the quarter
in question, the epithelium of the alveoli is alternately cubical or
cylindrical. In the lumina of the alveoli, a mass of pale-red colour
is to be observed in varying quantities, in which occasionally some
single polynuclear leucocytes are to be found in some of the alveoli.
Varying numbers of amyloid corpuscles of different sizes appear
both in the changed and in the normal parts of the whole quarter.

No changes are to be observed in region 10 (teat).

Right Rear Quarter.

On the whole, the changes resemble those in the right front
quarter of the same udder (fig. 14, 33), not taking into account the
changes d, e and f. Foci b appear only in region 1 (fig. 9, 11, 13),
and of the changes described under ¢ there is only one focus in
region 5, and there are several foci in region 6.

The alterations in the lactiferous ducts are in places more
considerable than those in the lactiferous ducts of the right front
quarter, e. g. in regions 2, 3, 4, and 9; in some of the lactiferous
ducts the epithelium is proliferated and flattened, and in places
there is a cornification to be found (fig. 26); single smaller lactiferous
ductsinregionsl, 2,3, and 4 show an intense proliferation of the epithe-
lium, which has caused an obstruction of the lumen (fig. 21, 22, 23, 29).
Inregion 2, in one wall of an entirely changed lactiferous duct, besides
other changes there appears also a focus of epithelioid cells with a
giant-cell of the Langhans’ type (fig. 28). In the altered interlobular
connective tissue there are to be found polynuclear leucocytes
(mostly neutrophilic and also single eosinophilic), and mast cells in
smaller numbers, particularly in the surroundings of the blood-vessels.
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Also the finding in the normal parts of the udder is on the
whole similar to that in the corresponding parts of the right front
quarter, but lobules in an inactive state are more frequernt.

In general, amyloid corpuscles are rarer in the regions of the
quarter of the udder in question than in the right front quarter.

In region 10 (teat) in two places, the teat canal almost as big
as three alveoli shows subepithelial infiltration of lymphocytes and
plasma cells.

Left Front Quarter.

The histological finding is on the whole similar to that in the
right rear quarter, only the changes are fewer, not taking into
account such foci.as appear in the right front quarter b, for they
appear more irequently just in regions 5 and 8. The changes in the
lactiferous ducts are slighter, but in region 7, in the part towards
the lumen of one entirely changed lactiferous duct, there is to be
found a cornification of the epithelium which is proliferated into
layers and flattened.

No changes are to be found in region 10 (teat).

Left Rear Quarter.

The finding is similar to that in the right rear quarter, only
there are to be found more changes. Besides, in regions 7 and 9,
there are several lactiferous ducts with a cystic dilatation; their
preserved epithelium is composed of a single layer, being intensely
atrophied and pyknotic. In the lumina of these ducts there is an
abundant mass of brownish-pale-red colour, occasional desquamated
epithelial cells, and in smaller numbers parts of decayed cells.
Besides, in region 9, one more lactiferous duct, similarly to several
other ducts, shows a cystic dilatation, but around this duct, particularly
to the extent of half of its circumierence, a very dense infiltration
of mostly plasma cells and lymphocytes is widely observable, which
reaches, though to a slighter degree, to the proliferated, swollen
and flattened epithelium of the lactiferous duct, and in one part,
together with the epithelium, it extends into the lumen of the duct,
being of verrucous appearance; between the above-mentioned
infiltration cells, fibres and bundles of a collagenic connective tissue
are interwoven over its whole extent. In the epithelium of the
duct there appears one giant-cell of the Langhans’ type and other
polynuclear giant-cells. In the lumen of the lactiferous duct, there
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are numerous parts of decayed cells, further, a fine reticular and
granular mass of brownish-pale-red colour, and numerous des-
quamated epithelial cells, polynuclear leucocytes and lymphocytes
appearing in smaller numbers, and some plasma cells in the
border portion af the lumen. In the lumen of the described
lactiferous duct, I found Br. abortus between and in the epithelial
cells adjacent to the lumen.

Further, in region 8, there is a lobule showing chiefly a some-
what flabby collagenic connective tissue, containing lymphocytes,
plasma cells, fibroblasts, and polynuclear leucocytes in smaller
numbers, and here and there numerous abundantly filled capillaries
(fig. 20). Only a few atrophied and disintegrating alveoli are the
remnants of the usual tissue of the udder.

In region 10 (teat) no changes are to be observed.

Table 12.

Extent of the Changes in the Quarters of the Udder according to
Histological Studies.

Cow IL
Approximate Percentage of the Approximate Xverage
Regions Changes of the Tissue in the Percentage of the Changes
egl Studied Regions (Scheme 1, Page 41) | in the Whole Quarter [Re-
inquired gion 10 (Teat) is not con-
1234|556 7|8|9 sidered]
Right front
quarter [14'3| 60| 5| 20| 66/20 |20 (80 |40 295
Right rear :
quarter |75 | 50| 20| 25{10 [14'3(12'5|33-3] 8'3 276
Left front i
quarter 5 | — | 50| —[50 (38:3|50 (20 {12+ 245
Left rear
quarter |33-3) —| 50| 75125 | 2 |10 |75 (333 337

The dash in the table means that there were no changes.

Lymph Nodes.

The finding in the supramammary and deep inguinal lymph
nodes is similar to that in the corresponding lymph nodes of cow I,
also as regards the discovery of Br.abortus in the sections (fig. 48).
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Uterus.

The finding in the uterus resembles that in the uterus of
cow I. But besides this, in one place of the epithelium of the
right oviduct and of the subepithelial tissue, the changes are
similar to those in the epithelium and in the subepithelial tissue of
the uterus.

Ovaries.

The ovaries show changes similar to those in the ovaries

of cow L

CowIlll — “Tasane”.

The cow “Tasane” was 3 years of age (born on December
20, 1928), a pure bred Estonian red “angler”, bought from the J.
estate. Her weight was 381 kg. The cow was sold on January 7,
32 because of her diminished milk production, and was slaughtered
on the same day in the town abattoir of Tartu.

aa. Preliminary Daia.

“Tasane” had never calved normally; she had aborted twice,
on April 5, 30, and on May 10, 31; after that she had been bred
repeatedly, and at the time of her slaughter she proved pregnant,
containing a 4-months’ fetus.

Table 13.

Month Milk in kg | Butterfatin kg
January — —
February - -
March — —
April 128 4-22
May 191 6-11
June 210 714
July 201 7-64
August 135 513
September 51 2:05
Octobet dry
November ”
December "

Total 916 32-29

According to the serological examinations made at the Bacterio-
logical Station of the University of Tartu, the agglutination titer
of “Tasane’s” blood serum was 1:40-4 and 1:80+, later, on
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March 14, 30 the agglutination titer was 1: 640 -, on October 16, 30
itwas 1:640 +, on March 9, 31 — 1:8000 4, and on November 14, 31
it showed 1:640 .

The cow “Tasane” had never been given living or killed cul-
tures of Br. abortus.

The milk production of the animal had been so inconsiderable
that in 1931 she was not regarded as a milch cow at all. Table
13 presents data concerning her milk production in 1930.

bb. Resulls of Inquiries concerning Milk and Blood Sera.

In making use of the above data, I examined her milk on
July 24, 31, to find out whether her udder was infected with Br.
abortus, and to make sure whether there were not present other
agents causing diseases. The results of the inquiries are found in
table 14.

According to table 14, “Tasane’s” udder was infected with Br.
abortus. Further bacteriological examinations did not reveal any other
bacteria in the milk. On the date of her slaughter, on January 7, 32,
| took some milk for investigation, before the animal was slaughtered,
from each quarter of the udder individually, in order to make sure
which of the quarters were infected with Br. abortus, and if meanwhile
there had not intruded other agents causing diseases. Table 15
presents the results of the inquiries.

- Table 15 indicates brucellous infection in all the quarters of
her udder; no other bacteria were detected by repeated bacteriological
examinations in any of the quarters.

The sediment of the milk from each quarter showed a good
number of cellular elements: polynuclear leucocytes were most
numerous, epithelial cells and lymphocytes were less numerous,
and plasma cells occurred seldom. After centrifuging the milk from
the right -front quarter, the right rear quarter, and the left rear
quarter was watery and contained but little cream; and the milk
from the left front quarter was very watery indeed, and there was
very little cream in it. The quantity of sediment in the milk from
the right front quarter was normal, but of a reddish-yellowish-grey
colour. The reddish colour of the sediment was caused by red
corpuscles occurring in the milk. The quantity of the sediment in
the milk from the left rear quarter was a little above the ordinary
quantity; in the right rear and the left front quarter it was a good
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deal above the ordinary quantity. Also the chloride content in the
milk of all the quarters was greater than the average standard, and
it was most abundant in the milk of the left front quarter.

At the time of slaughter (on January 7, 32) the blood serum
titered 1:25604 to the agglutination test for Br. abortus. '

cc. Macroscopical Finding at the Time of Slaughter.

General Condition.
The cow “Tasane” was in a wellnourished condition.

Udder.

The whole udder weighed 2940 g and was quite normal in
shape. It was of an evenly dense and fleshy consistency.

The right front quarter weighed 710g. Inthe intersection
it was variegated, and there were alternate yellowish-grey, reddish-
yellowish-grey, and reddish-grey spots of varying size and indistinct
border-line on the surface of the sections. In places there were
“single lobules which were easily distinguished from the surroundings
because of their lighter or darker shades. But the whole quarter
showed lobules which contained whitish-grey specks that were lighter
than the ground colour of the lobules and were rather irregular in
outline.  The interstitial connective tissue was considerably
proliferated, very often it intruded into the lobules and substituted
the usual tissue of the lobules. The lardaceous lobules in the
udder described in the cases of former cows, were to be found mostly
in the border portions of the quarter, whereas in the middle portion
of the quarter they were fewer in number than the porous lobules.
No macroscopical changes were found in the lactiferous ducts.

The right rear quarter weighed 900 g; it was similar
to the right front quarter; in the border portions of the quarter
there were cystiform formations (with about 0-8 ¢cm in diameter)
which were surrounded with capsules of a dense connective tissue,
and the lumina contained in parts a somewhat translucent, in parts
a porridge-like yellowish-grey mass.

The left front quarter weighed 600 g and was, in
general, of the same qualities as the right front quarter.

The left rear quarter weighed 730 g; it was of the
same qualities as the right front quarter, only its intersection was
of an even reddish-yellowish-grey colour, speckled in places with
darker spots.
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Lymph Nodes.

There were two right supramammary lymph
nodes, dilated (swollen) and roundish in shape. One of
them weighed 702 g and was 10)<82.5 cm large. The other
weighed 98 g and was 2.9 X 2.6 X2 cm large. Their other qua-
lities resembled those of the right supramammary lymph nodes
of “Koidu”.

There were three left supramammary lymph
nodes which were swollen, the largest of them resembling a pig’s
kidney, and the other two being roundish. The biggest node
weighed 51 g and was 72 X6 2.3 cm large. The next in size
weighed 10 g and was 3 25X 1-9 cm large. The smallest was
25 X2X 1.8 cm large and weighed 6.4 g. Their other qualities
resembled those of the right supramammary inguinal lymph nodes.

Theright deep inguinal lymph node had a roundish
shape and weighed 47 g, being 89X 6 X 2 cm in size. Its other
qualities were similar to those of the same lymph nodes of “Koidu”.

The left deep inguinal lymph node weighed 462 g
and was 87 X 6:1 )X 2 cm large. Its other qualities resembled those
of the right deep inguinal lymph node.

Uterus.

The uterus contained a fetus about 4 months old. The uterus,
fetus, and fetal membranes did not show any macroscopical changes.

Ovaries.

The right ovary was 42X 29X 26 cm large. Its
outer surface was rough in places, but its consistency was
normal. In the intersection there were to be seen follicles in
moderate numbers between which the interstitial connective tissue
was moderately proliferated. Besides, in the middle part of the
ovary there was a corpus luteum 2.1 2 1.8 cm large.

The left ovary was 32X 25X 2 cm large. Its other
qualities resembled those of the right ovary, only the interstitial
connective tissue was more proliferated, and the corpus luteum
was absent.

No macroscopical changes were noted in the other organs.
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dd. Bacteriological Findings and Results of Injections, in Animals
used for Experiments.

The investigations were made exactly in the same way as in
examining the material taken from the cow “Koidu”, except that
more organs were examined. The results of the inquiries are
presented in table 16.

Table 16.

Culture of! Exami-

Cultres |y anarts ng |BrAber mtion o
Material — — lSutm. with Blood the Spleen| Guinea-
erum of Injected : -
Saccha- Brown's Guinea-pigs of Inject-| pigs for
rose Plates pig ed Gui- | Tubercu-
Plates nea-pigs losis

Lln. ing. sup. dext. | negative | negative | positive (1:1280) | positive | negative
Lin. ing. sup. sin. » ” " (1: 80) ” ”
Ln. ing. prof. dext. » » ” (1: 320) » ”
Ln. ing. prof. sin. » ,, ” (1: 820) . ”

" Lin. mesent. ” ” negative negative ”
Uterus » ” ” - "
Ovar. dext. ” » » N ”
Ovar. sin. ”

”» L] ” »

Table 16 shows that, besides all the quarters of her udder,
also her supramammary and deep inguinal lymph nodes on both
sides were infected with Br. abortus.

No other bacteria were present in the examined material.

ee. Histopathological Finding.
Udder. Right Front Quarter.

The finding is, in general, similar to the histological finding
in the right front quarter of cow [, not taking into account the
variety and intensity of the changes and the appearance of less
numerous amyloid corpuscles.

Right Rear Quarter.

The histological finding is, in general, similar to the same finding
in the right front quarter of cow I, not taking into account the
intensity and variety of the changes in some regions. The main point
of the changes is in regions 3, 4, 5, 6, and 7 (table 17). Besides, in
region 7, the lumen of one lactiferous duct is thoroughly obstructed
(fig. 30); in the centre of the duct appears a cornified mass, containing
in places a deposit of lime and pieces of decayed nuclei, and in
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the border portion compressed and pyknotic nuclei; the cornified
mass is surrounded by the proliferated and flattened epithelium;
the latter is followed by an intense infiltration of lymphocytes and
plasma cells (in one direction to the extent of two lobules); amid
this infiltration there are to be found numerous fibroblasts and
occasional polynuclear leucocytes and mast cells; between the cells
already mentioned there are to be found numerous fibres of a collagenic
connective tissue, occurring singly and in groups. In this jumble
of cells and fibres of connective tissue there are to be found foci
in various places, and they are comparatively easy to discern; in
these there appear epithelioid cells of varying density, but in general
they are scarce in number; they show in places a comparatively
intense tumefaction; some lymphocytes, polynuclear leucocytes, and
plasma cells have penetrated in between the epithelioid cells.

Left Front Quarter.

The histological finding resembles the corresponding finding
in the right front quarter of cow I, with the difference that the
changes described in d, e, and f are not observable, and the foci
described in b appear only occasionally in regions 5, 8, and 9; in
general, however, other changes are to be found to a larger extent
in the quarter of the udder under examination. Besides, there
appear numerous foci that resemble those in the histopathological
finding in the right front quarter of the udder of cow I, as des-
cribed in a, and a cornification of completely changed lactiferous
ducts in region 3. Further, the changes observed are of varying
intensity and extent in all the regions, in comparison with the
corresponding regions in the right front quarter of the udder of
cow IL

Left Rear Quarter.

The finding is in general similar to the corresponding finding
in the right front quarter of the udder of cow I; these changes,
however, generally appear in a smaller degree and they are slighter,
and the cornification of the epithelium of the changed lactiferous
ducts proves to be absent.

The macroscopically observable cystiform formations in the
right rear quarter, as regards the histological finding (fig. 31), are similar
to the corresponding cystiform formations in the udder of cow I;
the majority of these formations, however, resemble those described



AXXXI.1 Pathogenic Effects produced by Br. Abortus, etc. 79

in a, and in their extremely changed epithelium, foci of epithelioid
cells are to be observed, with a giant-cell of the Langhans* type
in some of them. The blood-vessels in the connective tissue in
the neighbourhood of several cystiform formations are often
surrounded by lymphocytes, and to a smaller degree by plasma
cells. In the above-mentioned cystiform formations I found Br.
abortus in the histological sections.

Table 17.

Extent of the Changes in the Quarters of the Udder according to
Histological Studies.

Cow lIL

Approximate Percentage of the Changes | Approximate Average
of the Tissue in the Studied Regions Percentage of the Chan-

'Regi.ons (Scheme 1, Page 41) ges in the Whole Quar-
inquired ter [not considering Re-
1238|4567 |8 |9]10 gion 10 (Teat)]
Right front
quarter — 110 80| 210 510 12-51100 |87°5| — 347
Right rear [
quarter 10| 66/ 40| 60875 75|100 | 125256 | — 46-3
Left front
quarter 1012'5| 75| 40|50 |40} 33-3| 40 [33-3: — 371
Left rear "
quarter ~|— | — 17520 |10}100 | 12:5125 — 255

The dash in table 17 means that there were no changes.

Lymph Nodes.
The supramammary and deep inguinal lymph nodes show
a similar finding to that in the corresponding lymph nodes of
cow I, only in places the changes are slighter in extent.
Uterus.
The uterus does not show any pathological changes.
Ovaries.
The ovaries do not show any pathological changes.

Cow IV — “Lehik’.
The cow “Lehik” was 10 years of age (born in 1921), a thorough-
bred Estonian red “angler”, bought from the M.farm. Her weight was
495 kg. The cow was sold because of her rapidly diminishing milk
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production and non-pregnancy, and was slaughtered on January
27, 32 in the town abattoir of Tartu.

aa. Preliminary Data.

“Lehik” had calved normally the first time on May 18,24 and
then on December 3, 25, December 22, 26, March 24, 28, January
29, 30, and on January 24, 31. After the last parturition she had
been bred repeatedly on May 10, 31, August 9, 31, November 10, 31,
and according to the explanations of the owner, several times which
were not registered, but she never conceived.

On the M, farm there had not occurred any abortion caused
by Br. abortus till 1930. According to the blood examinations by
Prof. Dr. F. Laja in 1928, not one of the cows was infected.
The cows on the M. farm probably took the infection from cattle
bought in addition in 1929; in March 1931 the first abortion in
consequence of brucellosis occurred.

According to the serological examinations made on March
18, 31 at the Bacteriological Station of the University of Tartu, the
cow proved to be brucellous (agglutination titer 1:160), after that
her agglutination titer continuously rose till on May 5, 31 it was
1:640 .

“Lehik” had not been given either living or killed cultures
of Br. abortus.

Data concerning “Lehik’s” milk production are presented

in table 18.
Table 18.

1924 1925 1926 1927 1928 1929 1930 1931
Month . |Butter-|,,.,, [Butter-],,.., [Butter-|y,... [Butter],.... Butter,,. ,Bx;gr- .14, |Butter-] lButi?F

Nll(llk fat N}l(l[k fat N}l(xlk fat Nll<llk fat I\:X(llk fat Mklll\ fat I\I!{ﬂk fat I\:‘(l]k fat

Bl kg | "8 kg [*B | kg [ "8 kg |*8 | kg |8 | kg | "8 | kg [*€| kg
January — ! - 113! 48 450‘ 18-0 | 406! 14-21 601 264273 12281 76| 319] 97] 436
February —| — 107, 4-3 | 404 16°0 | 341| 12-62 dry 245 | 1151 | 434 19-19] 622 27-99
March - — 164 62 | 404 159 | 364| 12-11 70} 2:801260] 1144 209] 19-60] 707| 2828
April - - 156] 59 | 320| 12-4 | 309| 10-51 | 450; 16:20}234| 936 446| 1739} 506 20'75
May 88/ 31 162] 6:5 ] 3321 109 | 312| 12:56 4401 14-52 201 | 865] 466! 1911} 498] 2¢-42
June 2220 80 | 174] 64 { 312/ 10-8 | 302| 11-84| 427| 1452|196 764 454] 18:16| 417] 1751
July 2221 711 176] 7.4 | 208 11-921 290| 11-02| 395 14:611207| 807 362) 1474 | 479] 20.12
August 204! 69 156\ 67 | 260 10-401 305 11-59| 383] 14171240 9:84] 418) 17'18| 350} 1570
September | 194/ 66 | 142: 61 | 240 9-84| 327 13-08] 418! 17-56 2381 9-76 | 348| 14-62| 289| 13-58
QOctober 145, 50 dry 213 873| 270; 1026 380 1520|247 | 9-88{ 313| 13:77] 221| 11-05
November | 150 51 » 80 3:76] 205 10-34| 314] 12:536{210| 945] 289| 13-00] 101 10:56
December | 139 57 382; 152 95, 386} 170, 7-65] 300! 12:30| 112] 560{ 83| 4-23] 213} 1129

Total |1364] 475 [1732] 693 340813245 [3631]137-70 [3637]137-08 [2663(113-48 |4179]174-08 [4590]201-61
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bb. Results of Inquiries concerning Milk and Blood Sera.

I examined “Lehik’s” milk on January 17, 32, to find out
whether her udder was infected with Br. abortus, and to make
sure if any other agents causing diseases were present. The results
of these inquiries are presented in table 19.

According to table 19, “Lehik’s” udder was infected with
Br. abortus, but by a bacteriological examination of the milk no
other bacteria were detected.

Before the slaughter (on January 27,32) I once more examined
the milk from each quarter individually, to find out which of the
quarters were infected, and whether meanwhile there had intruded
other agents causing diseases. Table 20 presents the results of
these inquiries.

According to table 20, brucellous infection had intruded into
all the quarters of her udder; no other bacteria, however, were
detected by repeated bacteriological examinations.

The milk from each quarter, after being centrifuged, showed a
good deal of sediment which contained a number of cellular elements,
the proportion of the latter being approximately the same as that
of the sediment in “Koidu’s” milk. The agglutination of Br.
abortus with the milk serum was intensive to an extraordinary
degree. The agglutination titer with the milk serum of the right
rear and left rear quarters was 1:12800. The aspect of the milk
was normal, but according to the data of the examinations made
onJanuary 17, 32 and presented in table 19, it was changed in all
the quarters. The average quantity of chlorine in all the quarters
was twice as large as is normal. ’

cc. Macroscopical Finding at the Time of Slaughter.

General Condition.
“Lehik’s” general condition was above the mediocre. The
results of an exact inspection were as follows:

Udder.

The udder weighed 7980 g, was normal in shape, and of
an even and unusually dense and fleshy consistency.

The right front quarter weighed 1930 g; the surface
of the section was parti-coloured, showing in the intersection spots
which had an indistinct border-line, and an alternately lighter and
darker reddjsh-yellowish-grey colour. Almost all of the lobules

6



Table 19.

~ Microscopical Finding in Bacteriological | £32382: | x2&8 L& |Examina-
Mitk | Agglut. _ Sediment Finding in Sedi- | 3255355 [9ESE |tionof In-
examined | of Br. Aspect | Quantity Microbes ment & &8% 5|5E%E,| jected
on |dlboraa | ot | o e zen. | s Sgaizar| g oo B Guner
January |with Milk Milk i , iehl- accha- | eEaE2 5 3 oo = pigs for
17, 32 | Serum : Sediment Elements S(tjz:ia:i]ns Neelsen’s Bpr?v;m s im E 3-5 Eg é S2% | Tubercu-
£ | Staining ales | 282257 |52a e losis
Right positive jmilk wateryjabundant| abun- | negative | negative | negative | negative
front (1:1280)| with little jabove the| dant
quarter cream standard
Right » ” ” ” " ” ”»
tear (1:1280)
quarter i positive positive | negative
Left . |milk watery| I . Lo (1:160)
front (1:1280)| with very | ’l
quarter little cream ,‘ ‘
Left » milk watery " » ]: » " "
rear (1:1280) | with lttle | {
| ‘

quarter

cream
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had a lardaceous aspect, and they rose slightly above the surface.
In places there were lobules which contained certain spots that
were lighter and indistinct in border-line, The interstitial connective
tissue was in general very considerably proliferated, and it often
disappeared slowly in the lobules, replacing there the parenchyma
of the usual.lobule. In the border portion of the quarter, in many
places of the lactiferous ducts and lobules, there were cystiform
formations which were of the same qualities as those in the udder
of “Koidu”.

The right rear quarter weighed 2000 g and had the
same qualities as the right front quarter, except that the lardaceous
lobules were here even more abundant.

The left front quarter weighed 1400 g, but its other
qualities were similar to those of the right rear quarter.

The left rear quarter weighed 2650 g. It resembled,
in general, the right front quarter, except that there were more
marked red spots in the intersection, also the interstitial connect-
ive tissue was more intensely proliferated. In places the interlo-
bular connective tissue had extensively dammed individual lobules,
and -had apparently isolated them from the udder tissue.

Lymph Nodes.

There were two right supramammary ingui-
nal lymph nodes which were very considerably dilated,
and had a round shape. The bigger weighed 130 g and
was 11.2)X8)X3-1 cm large. The smaller weighed 104 g and
was 3)X2:6)X2 cm large. Their other qualities resembled those of
the same lymph nodes of “Koidu”, only the surface of the sections
became more abundantly covered with succus and, in general, the
connective tissue was more intensely proliferated.

There were two left supramammary inguinal
lymph nodes, both round and very intensely dilated. One of
them weighed 125 g and was 11)X82)X2.9 c¢m large. The other
weighed 123 g and was 3-2)<2:7X2 cm large. Their other quali-
ties resembled those of the right supramammary inguinal lymph
nodes.

The right deep inguinal lymph node weighed
50 g and was 8)X7:1>X2 cm large; all its other qualities were
similar to those of the right deep inguinal lymph node of
“Koidu”.

6*



Table 20.

Micrbggopical Finding in

Bacteriological | Aglut. of Br, | Culture of | Examina-

Milk | Agglut. ) Sediment Findmggma e o |Br.dbortus| tion of | Quan-

examined | of Br. | Aspect | Quantity |— ——— ——m oo Sediment Blood Serum | from the | Injected | tity of
on Abortus of of Cellular S - i ——--=| of Guinea-pigs | Spleen of | Guinea- Chlorine

January with Milkj Milk | Sediment , Ziehl- accha- , | iniected with | Injected y pigs for | ; .

27, 32 ‘Serum ! ! Elements S(ti:?nr?ns Neelsen's| rose ‘B{;l’;’(“s Sediment of | Guinea- | Tubercu- | in Milk

H g | Staining Plates l €S | Milk 4 Cream pigs losis 0/0
[ | b
Right positive | normal |abundant|very many;negative}negative negative negative] positive negative | negative | 0196
front (1: 6400) |* j (1:640)
quarter | ]
nght ” » » » ! » I ” » i 3 » ” » 0229
rear (1:12800) j ) (1:640)
quarter \ |
Left i , . |abundant, , | N , , ) 0295
front (1:6400) i i (1:1280)
quarter i ‘ |
Left » » » very many} w » w | ,, ” » » 0234
rear (1:12800) | | | (1:1280)
I

quarter

|
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The left deep inguinal lymph node weighed 45 g
and was 7:9X7X2 cm large. The dark-red colour (haemorrhage)
of the border portion extended as far as 32 and 1.9 cm. All
other qualities resembled those of the right deep inguinal lymph
node.

The Thyroid Gland.

The right lobe of the thyroid gland was 66)<4-5X1-2 cm
large and weighed 157 g, and the left lobe was 6-43<46X1:3 cm
large and weighed 16-2 g. Both the lobes showed in intersec-
tions a little darker-reddish-brown colour than wusual. There
were noticed single follicles, of a 1.6 mm diameter, on the surface
of the section.

Ovaries.

The right ovary was 3:9X27X2 cm large. It was of a
denser consistency than is usual and was slightly wrinkled, showing
a rough outer surface. In the section there were to be seen single
second and third rate follicles, between which the connective tissue
was intensely proliferated. There were also two half-involved
corpora lutea.

The left ovary was 32)X3X1.8 cm large; its other qua-
lities resembled those of the right ovary, except that there was
one half-involved corpus luteum.

Lungs.

In the lungs there were single yellowish-whitish-grey tubercles.
which were calcified (old tubercles of tuberculosis) and had a
diameter of about 1.4 cm,

Hygroma of the Knee.

On the right knee-joint there was a hygroma 15X10.-1X7 cm
big; its capsule consisted of a dense connective tissue about
05 cm thick. It contained about 05 litre of a reddish-yellowish-
grey turbid and sticky liquid, and about the same quantity of a
porridge-like mass which was partly gelatinous, partly of a denser
consistency and of a reddish-yellowish-grey colour. The inner
surface of the capsule was covered with fringy cords of connective
tissue, and some of them connected the polar walis of the capsule.

No macroscopical changes were noted in any other organ.
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dd. Bacteriological Findings and Results of Injections, in Ani-
mals used for Experiments.

I carried out my inquiries exactly in the same manner as I
did in examining the material taken from the cow “Koidu”, only
there were many more organs examined. The results of the
inquiries are presented in table 21.

According to table 21, brucellosis had infected not only all
the quarters of the udder, but also the supramammary and deep
inguinal lymph nodes on both sides, the thyroid gland, the spleen,
and the hygroma of the knee. Other bacteria, however, were not
detected in the examined organs and parts of the body, except
the lungs where there was revealed Mycobacterium tuberculosis.

Table 21.
Culture of :
Cultures Agglutin. of Br. | Br.Abor- anm}“fl'
: | Abortus with tus from |0 o1 n-
i ectedGui-
Material Saccha- Blood Serum of [the Spleen]' nea-nios
rose Brown's | Injected Guinea- [of Injectedfe = Tlll)b%l‘-
Plates Plates pigs Guinea- [ Gs
pigs
Lin. ing. sup. dext.| sterile sterile { positive (1: 160) | positive | negative
Lln. ing. sup. sin. " " » (1: 160) Y "
Ln. ing, prof. dext. R ” " (1: 640) R .
Ln. ing. prof. sin. » » » (1: 160) » "
Gl, thyreoidea " " " (1:1280) " »
Ln. cervic. sup. dext, » » negative negative ”
Pulmones " » » ” positive
Hepar » » Y " negative
Lien » " positive (1: 320) | positive »
Lin. mesenter, » " negative negative
Ren dext. n » » » »
Ren sin. n N ” »
Adren dext. " " " " "
Adren sin. ” ” " ” "
Uterus » » » » »
Ovar. dext. » » » » »
Ovar. sin. » ” » " »
Hygroma » 1 ” positive (1:1280) | positive »

ee. Histopathological Finding.
Udder. Right Front Quarter.

In all regions but the 10th, which is not taken into account,
there are to be found changes resembling those in the right front
quarter of cow I, but the cornification of the proliferated and flattened
epithelium is to be observed only in one lactiferous duct of region 8.
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Besides, in each of the regions 1, 3, and 6 there is to be fqund
one Jobule, in region 4 there are iwo lobules, and in region
-7 three lobules, in which polynuclear leucocytes appear-in very
great quantities in the lumina of the alveoli as well as in the
interalveolar tissue; these polynuclear leucocytes are mostly fatty-
degenerated to a greater or less degree. The lumina of the
alveoli also show numerous desquamated epithelial cells (partly
swollen and partly pyknotic), and single lymphocytes, decayed
parts of cells, some fat globules, and a reticular mass of brownish-
pale-red colour (according to van Gieson) in moderate quantities;
the alveoli are partly dilated, and the epithelium is thoroughly
desquamated in places; the epithelial cells which are in the usual
posture are partly swollen, some of them being pyknotic. The
tissue between the alveoli is dilated, and there appear lymphocytes
and plasma cells in moderate quantities among the polynuclear
leucocytes. The capillaries of the lobules in question are dilated
and abundantly filled with blood.

Further, in regions 1, 2, 3, 4, 5, 6, 7, and 8 in some of the
lobules, the interalveolar connective tissue is very intensely proli-
ferated and dilated; the majority of the alveoli have perished. The
preserved alveoli are of an indefinite shape, compressed and angular.
The epithelium of some of the alveoli is atrophied and pyknotic,
some of the alveoli show a proliferation of their epithelium and a
swelling of some epithelial cells, and some of the alveoli show both
the above-mentioned alterations simultaneously. In the lumina of
the alveoli which are considerably diminished because of compression,
there appear desquamated epithelial cells in varying amounts,
polynuclear leucocytes, and lymphocytes in smaller quantities,
accompanied ‘by a reticular and granular mass of brownish-pale-red
and yellowish-brownish-pale-red colour (according to van Gieson).
In the interalveolar connective tissue there is to be found an
infiltration of comparatively dense, diffuse and frequently focal
lymphocytes, plasma cells, and polynuclear leucocytes; among this
infiltration there are moderate numbers of fibroblasts and in places
also some mast cells. Also the interlobular connective tissue is
intensely proliferated and dilated in places, particularly in the neigh-
bourhood of the changed alveoli; it shows an infiltration of varying
density, similar to that in the changed interalveolar connective
tissue.

In region 10 (teat) no pathological changes were to be observed.
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The finding in the normal lobules resembles, in general, that
in the corresponding lobules in the right front quarter of the udder
of cow I, but the amyloid corpuscles appear in smaller quantities.

Right Rear Quarter.

The finding is generally similar to that in the corresponding
right front quarter of the same cow, only the changes are in places
greater and, in general, more spread. Thus, there appears a corni-
fication of the proliferated and flattened epithelium of some lacti-
ferous ducts in regions 3, 4, 5, 7, and 9. The amyloid corpuscles
are also more numerous.

In region 10 (teat), in places, a slight subepithelial infiltration
of lymphocytes and of plasma cells in smaller numbers appears
in the teat canal.

I discovered Br. abortus in several places in the histological
sections; they appeared singly and in groups in the degenerated
cells, between the cells, and in the decayed mass (fig. 46), in one
place even around the changed and partly decayed capillaries, in the
endothelial cells, and even in the lumen of the capillary (fig. 45
and 45 a).

Left Front Quarter.

The finding resembles, in general, that in the right front quarter
of the same cow, only the alterations are slighier in places, and they
appear only over half the extent of the latter ; the amyloid corpuscles,
however, are more numerous.

No alterations are to be found in regions 5 and 10 (teat).

Left Rear Quarter.

The finding is similar to the corresponding finding in the
right front quarter of the udder of the cow in question, not taking
into account the diversity of the intensity and extent of the changes
according to the regions (table 22). The changes of the lactiferous
ducts are also generally more marked; in regions 2, 4, and 6 a
cornification of the epithelium of some proliferated and flattened
lactiferous ducts is to be found among other alterations.

In region 10 (teat) there is a subepithelial focus of infiltration
in the teat canal, containing lymphocytes and plasma cells in
moderate numbers and extending over almost three alveoli; other
changes were not observed.
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Table 22.

Extent of the Changes in the Quarters of the Udder according to
Histological Studies.

Cow IV.

Approximate Pércentage of the Chan- | Appréxir;l;ate Average
ges of the Tissue in the Inquired Re- Percentage of the Chan-

'Regi'ons gions (Scheme 1, Page 41) ges of the Tissue of the
inquired Whole Region [not consi-
1123 14;5|6]| 7 8 9 | dering Region 10 (Teat)].
Right front
quarter 8075 | 75|50133'3/40; 333|100 |333 578
Right rear {
quarter 40333100 |80 80 !75] 75 | 66:6| 50 66-7
Left front ; :
quarter |75)20 | o510 — |10} 25 | 80 |10 283
Left rear
quarter 20|60 | gp |60 |50 |75/100 | 666 40 61-3

The dash in table 22 means that no changes were to be found.

The finding in the macroscopically observable cystiform for-
mations in all the quarters of the udder is similar to that in the
cystiform formations in the udders of cows I and Il

Lymph Nodes.

The finding in the supramammary and deep
inguinal lymph nodes on both sides resembles that
in the corresponding lymph nodes of cow I, but it differs from
the latter in that the lymph sinuses are, in general, much more
dilated (fig. 36), and they also contain red corpuscles. Particularly acute
changes are to be found in the left deep inguinal lymph node;
there often appear diffuse haemorrhages in the cortical as well as
in the medullary substance. Among the epithelioid cells, in one
spot, there are two giant-cells of the Langhans’ type side by side.
I often found Br. abortus in the changed tissue and the lymph
sinuses (fig. 49).

Thyroid Gland.

Examining the gland with a low powered microscope,
it shows first of all a variety in the size of the follicles.
Large follicles appear in very great quantities, the majority
of which are about 1 mm in diameter, some of them being even
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to about 1.6 mm in diameter. Between the above-mentioned large
follicles there appear follicles of normal size singly and in groups.
Over the whole thyroid gland there appear foci of different sizes,
in the centre of which there is to be found an intense proliferation
and desquamation of the epithelium, filling in places the lumina
of the follicles. Among the epithelial cells there are to be found
lymphocytes and plasma cells. A proliferation of the interfollicular
connective tissue is to be observed in varying intensity; in places
there appears an infiltration of lymphocytes, plasma cells, occasional
polynuclear leucocytes, and mast cells in varying degrees, and
moderately filled blood and lymph capillaries. An infiltration of
" lymphoecytes and single plasma cells is to be found around some
of the blood-vessels. An intense desquamation of the epithelium
of the follicles is to be found in the border portions of the foci.
In places there are follicles which show, besides a desquamation
of single cells, also a desquamation of the epithelium to a large
extent; the epithelial cells are still connected with each other, but
they are pyknotic and hang either on the epithelium that has
remained normal, or they occur quite freely in the lumina of the
follicles. Colloid in varying quantities is to be found in the
lumina of the follicles, but in some of the follicles it appears in
very small quantities.

Furthermore, there appear foci which are similar to the foci
described above, but no proliferation of the connective tissue is to
be found in these foci; the blood and lymph capillaries are richly
filled, and polynuclear leucocytes appear more frequently in the
cellular infiltration.

Between these foci of the above-mentioned two types, there
appear normal follicles in varying quantities, among which appear
also the big follicles already mentioned, the lumina of the latter
being richly filled with colloid.

Ovaries.
The finding in both ovaries, as to the changes, is similar to
that in the ovary of cow L

Hygroma of the Knee.

The capsule of the hygroma consists chiefly of a collagenic
connective tissue; the latter shows an intense focal and diffuse
infiltration of lymphocytes and plasma cells, these being particu-
larly dense in the internal part of the capsule.
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Lungs.

In the macroscopically observable tubercles in the lungs
there are to be found typical tuberculous alterations in which I
discovered Mycobact. tuberculosis in the histological sections.

In the other examined organs (uterus, kidneys,
suprarenal glands, spleen, liver, left superficial
lymph node of the cervix), no alterations were found on
histological inquiries.

Cow V — “Klaara”.

14 years of age (bora in 1917); she was a thorough-bred
Estonian red “angler”, bought from the M. farm, the same from
which the cow “Lehik” came. Her weight was 475 kg. She was
sold and slaughtered on March 16, 32 in the town abattoir of Tartu
because of her diminished milk production and open tuberculosis
of the lungs.

aa. Preliminary Data.

The control data concerning ‘Klaara’s” parturitions show
that she calved normally on March 16, 23, February 13, 24,
December 25, 24, December 3, 25, September 29, 26, August 14, 27,
November 4, 28, November 14, 29, December 20, 30, and she
aborted in July 1931. After that she was repeatedly bred, but she
never conceived.

Serological examinations made on March 18, 31 at tlie Bacterio-
logical Station of the University of Tartu showed brucellous infection
of the animal in question (aggl. titer 1:160).

“Klaara” was not given either living or killed cultures of
Br. abortus.

Data concerning the milk production of the above cow are
presented in table 23.

bh. Results of Inquiries concerning Milk and Blood Sera.

“Klaara’'s” milk could not be investigated, because she was
already in a dry period when I began examining her. Before the
slaughter (March 16, 32), however, I still got about 40 ccm of a
serum-like, half-turbid, viscous, yellowish-grey secretion. The results
of the investigations of this secretion are presented in table 24.

The cellular elements in the sediment of the secretion from
the udder of “Klaara” had about the same proportxon as in the sedi-
ment of “Koidu’s” milk.



Table 23.

1923 1924 1925 1926 1927 1928 1929 1930 1931
Month | |Butter- : ter-| oy, Butter- er- i Butter- - :
O Tink Bater i Butter v Butter-iyin Butter-taying Butter-tygy Butter-lygyyy Butter-fgy Butter-{pyyy, Butter Notes
kg kg kg kg kg kg kg kg kg kg kg kg kg : kg kg kg kg kg
January 99| 40 dry 285 91 | 444) 160 | 312: 1063] 315 10'39| 387| 13-54| 464| 16:24| 537, 1879 At the V
February 9] 06 | 164 60 | 280] 98 | 444 16:0 | 247 8-40| 276) 9°66| 351 12-28] 376| 11-28| 448| 16-41} time of
March 2750 85 | 296 10-7 | 222! -8 | 454} 145 | 280 9241 256/ 9-98| 351 1063 | 402| 1407 | 477| 16:22| slaughter
April 316] 102 | 200/ 70 | 198 63 | 344| 103 | 146, 569 240| 7-92{ 305 10371 367| 12-84| 417| 1459 | (March
May 236| 66 | 283 73 |234 77 ] 324 104 dry 2201 6'82] 278 9+45] 394} 1537 | 390, 14:04| 16, 32)
June 217| 72 | 185 54 | 238 92 1288 95 » 198 7-33 265[ 8-48| 361| 130 | 406| 1542} “Klaara”
July 241 75 | 210/ 65 | 204 65 | 221 84 . 1871 654 193, 6:75] 298) 1073} 422| 15°19| was dry.
August 2761 89 | 203 69 {184 64 | 138 5381 140/ 49 | 173] 64 | 160: 608 317! 12:68) 280/ 11-20
September | 237| 83 | 154! 52 | 100 40 | 80| 32 | 450 135 | 120| 4-39| 127] 597| 128] 6-14] 2021 747
October 171 56 90| 40 dry 366| 647|400 108 511 24 dry dry dry
November | 134 48 | 67| 25 » 3511 12:64 } 375/ 11-251 333] 1299 230/ 851 ,, ,,
December 91 47 | 38 12 | 488 195 | 350| 1330] 349| 14:66] 465 1706 | 490, 1666 120, 42 »
Total 2302| 769 1870[ 627 |2453 86:3 |3804/136-09 2699‘ 8907 {2843/10188 3137;108'62 3227(116'55|3579(129-06
Table 24.
) N Microscopical Finding in Bacteriological Ne=B . R
Secretion . Sediment Finding in Sedi- [E E'Eﬁ*- BCulE;llr)e ?f Examxpahon
’ Aspect Quantity - Mictobes ment o # 5 o0 5| Br. Abortus| of Injected
examined of of icrobes S g 58 E frgrr} the Guinea-pig
. -3V s ee
oanM;;ch Secretion | Sediment }gellulatr Gram’s NZ'f-m’, Saccha- | p.owis -%’oé'g ?:’%’E of Ipnjecnted for Tubercu-
, 32 ements - eelsen’s| rose b = 9 PR :
Staining Staining | Plates Plates |20 ‘%O &, Guinea-pig losis
Secretion | Serum-like, | abundant | abundant| negative | negative | negative | negative | positive positive negative
from all hali-turbid, 1 :640)
quarters | glutinous of
yellowish-
grey colour
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On the day before the slaughter (March 15, 32), “Klaara’s”
blood serumn was positive in a dilution of 1 : 1280 to the agglutination
test for Br. abortus.

ce.  Macroscopical Finding at the Time of Slaughter.

Nutritive State.

“Klaara” was in a mediocre state of nutrition. Further exact
inspections revealed the following:

Udder.

The whole udder weighed 5800 g, having a normal shape, an
even and unusually dense and fleshy consistency.

The right front quarter weighed 1190 g and had
a speckled yellowish-reddish-grey colour. There were to be
noticed porous lobules in small quantities, with lighter spots and
mostly lardaceous. In general there was an intense proliferation
of the interstitial connective tissue, and the intrusion of the latter
into many lobules — beyond its normal limits. In the smaller
lactiferous ducts there were in places longish and roundish elevations,
rising about 1.5 mm above the surface of the ducts; these elevations
consisted of a yellowish-grey brittle mass, and their outer sur-
face was dull and slightly uneven. In the quarter there were
numerous cystiform formations which were of various sizes (0:5 to 8mm
in diameter), and contained partly a glassy, half-turbid and glutinous,
partly a yellowish-grey brittle mass. These cystiform formations
were most abundant in the lower and middle portions of the
quarter where they made the parenchyma of the udder look somewhat
cavernous.

The right rear quarter weighed 1410 g and was exactly
of the same qualities as the right front quarter.

The left frontquarter weighed 1560 g} its other qualities
resembled those of the right front quarter, only the cystiform
formations were not as numerous here.

The left rear quarter weighed 1760 g; its other qualities
were similar to those of the left front quarter.

Lymph Nodes.
There were two right supramammary inguinal
lymph nodes, both swollen. The bigger weighed 99 g and
was 108X 25 cm large. The smaller weighed 142 g and
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was 3.5 27X 2 cm large. Their other qualities resembled
those of “Lehik’s” supramammary inguinal lymph nodes.

There was one left supramammary inguinal
lymph node, which weighed 145 g and was 10-3 X893 cm
large; its other qualities resembled those of the right supramammary
inguinal lymph nodes.

The right deep inguinal lymph node weighed 45 g
and was 7-8 X 6.9 XX 2 cm large. Its other qualities were similar to
those of “Lehik’s” right deep inguinal lymph node.

The left deep inguinal lymph node weighed 55 g
and was 82 X7 X 22 cm large, Its other qualities were similar to
those of the right deep inguinal lymph node.

Uterus.

The uterus was similar to that of a normal, non-pregnant
cow. The walls of the uterine horns were about 2.5 cm thick.
The mucous membrane was reddish-grey, and it was covered with
a light and slightly dull, sticky layer of a slimy substance.

Ovaries.

The right ovary was 38 X321 cm large; it was
of a denser consistency than wusual, and its outer surface
was furrowed and rough. In the intersection there was to be
noticed first of all an interfollicular connective tissue, the second
and third rate follicles being scarce; there were also three half-
involved corpora lutea of various ages in the ovary.

The left ovary was 29X 1.7X 1.2 cm large; its other
qualities resembled those of the right ovary, except that the corpora
lutea were absent.

Lungs.

In the lungs there were in several places yellowish-whitish-
grey tubercles (tubercles of tuberculosis) about 16 ¢m in diameter;
some of them contained a yellowish-whitish-grey mass, resembling
curdled milk; some of the tubercles were very considerably
calcified.

The lymph nodes of the hilus of the lungs and mesentery
revealed single coagulated tubercles about 04 cm in diameter.
The preparations made from the above tubercles contained
Mycobacterium tuberculosis. "

No macroscopical changes were noted in any other organ.
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dd. Bacteriological Findings and Results of Injections, in Animals
used for Experiments.

The investigations were carried out in the same manner as
in the case of the material taken from “Koidu”, except that in
this case more organs were examined. Table 25 presents the results
of the inquiries.

From table 25 it follows that all the quarters of the udder,
supramammary and deep inguinal lymph nodes on both sides, and
the spleen of “Klaara” were infected with Br. alortus. No other
types of bacteria were present in the material examined, except
the infection of the mesenteric lymph nodes with Mycobacterium
tuberculosis.

Table 25.

Cultures SEES [%E8e

Agglut, of Br, Abor- ﬁ £3 g g0 8

. tus with Blood |°_ S22 elE _,=

Material Saccha- | g | Serum of Infected |2 82 F| EZ B2

rose Guinea-pi 2552 |Egoe

pigs S
Plates | Flates 5o a0 [EBSE
OS2 Ec

Right front quarter | negative | negative | positive (1:640) | positive | negative
Right rear quarter » . " (1:640) » »
Left front quarter " » R (1:640) ” »
Left rear quarter " " » (1:640) ,, »
Lin. ing. sup. dext. “ - (1:640) ” v
Lln. ing. sup. sin. - . » (1:180) “ "
Ln. ing. prof. dext. - “ " (1:320) » "
Ln. ing. prof. sin. » - » (1:640) - -
Gl. thyreoidea - - negative negative -
Lien " - positive (1:640) | positive R

Lin. mesenter. ” . negative negative | positive

Medulla ossis meta-

carpi dext. » - .. - »
Uterus “ - . - ”
Ovar. dext. . “ " " ”
Ovar. sin. » . » » »

ee. Histopathological Finding.

Udder. Right Front Quarter.

The finding resembles, in general, the corresponding finding
in the right front quarter of the udder of cow IV, with the differ-
ence that the changes are more extensive and in places still more
intensive, not taking into account the variety of the extent and
intenseness of the changes according to the regions. The changes
in the lactiferous ducts are in general severer: thus, among other
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things, there is to be found a cornification of the epithelium of some
proliferated and flattened lactiferous ducts in regions 1, 2, 7, and 8.
Further, in region 5, many alveoli in several lobules and several
lactiferous ducts are dilated to a very considerable degree; they are
abundanty filled with a very finely granulated (almost homogeneous)
mass of yellowish-reddish-brown colour (according to van Gieson),
which contains in places numerous swollen and desquamated epithelial
cells, mostly in the border portions of the lumina, and lympho-
cytes and polynuclear leucocytes .in smaller numbers. The epithe-
lium of the above-mentioned lactiferous ducts and the alveoli is
observed to be partly proliferated, partly atrophied and pyknotic.
Between the epithelial cells, and particularly under the epithelium
and in its nearest surroundings, in places there appears an infil-
tration of lymphocytes and plasma cells in varying density, and
that of a smaller number of polynuclear leucocytes, accompanied
by numerous fibres of collagenic connective tissue and fibroblasts.

I discovered Br. abortus in several places in the changed por-
tions of the histological sections.

The majority of the lobules that have preserved normally
are in an inactive state, but in places some lobules resemble
those in a state of small milk production; the epithelium of the
alveoli in these lobules has a cubical shape, and in the epithelial
cells, fat globules appear in places. In the lumina of the alveoli
there appears slightly, in places even very slightly a reticular and
granular mass of brownish-pale-red colour (according to van Gie-
somn), containing in places numerous fat globules, single polynuclear
leucocytes, and desquamated epithelial cells, the latter being very
few in number. ‘

Here and therein regions 1, 4, 6, 7, and 8 (fig. 35) there appear
numerous amyloid corpuscles, in regions 2 and 9 they appear in
small numbers, and in regions 3 and 5 they are totally absent.

In region 10 (teat), the teat canal shows in several places a
subepithelial focal infiltration of lymphocytes and plasma cells;
other changes are not to be observed in the region in question.

Right Rear Quarter.
The finding is in general similar to that in the correspond-
ing right front quarter of the cow in question (including region 10),
not taking into account the extent and the intensity. of the changes
according to the regions. Further, there do not appear such dilated
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alveoli and lactiferous ducts in the quarter under examination
as in the right front quarter of the udder of the cow in question
in region 5. The amyloid corpuscles are generally less numerous
than in the quarter of the udder that is being compared.

Left Front Quarter.

The finding is in general similar to the corresponding find-
ing in the right rear quarter of the udder of the cow in question
(including region 10), but the extent and the intensity of the
changes according to the regions are not taken into consideration.

Left Rear Quarter.

The finding is in general similar to the corresponding find-
ing in the right rear quarter of the udder of the cow in question
(including region 10), only the alterations are in general more
extensive and in places severer still.

Table 26.

Extent of the Changes in the Quarters of the Udder according to
Histological Studies.

0

Cow V.
Approximate Percentage of the Chan- | Approximate Average
Region ges of the Tissue in the Inquired Re- | Percentage of the Chan-
negions gions (Scheme 1, Page 41) ges of the Tissue in the
inquired ] T \Mtloli‘()uartetr glot'takllng
w | . into Account Region
1 2“3\41516\7 819 (Teat))
| :
Right front l | ‘
quarter |30 |75 (60 |33:3] 40; 33‘3‘ 100 100‘ 75 663
Right rear 1 \
quarter |66'6 666/ 100 |40 |100 33'3‘\ 333 60 75 639
Left front |
quarter |60 {60 |57:175 1100 |40 |333 20 50 550
Left rear ‘ \ | \
quarter |60 80 |100 k 87-5/100 87'5i 100 | GOE 75 833

The macroscopically observable cystiform formations in all
quarters of the udder are of three types, like those in the udder
of cow I, but the cystiform formations as described in b and ¢
occur more frequently. The finding in the cystiform formations
resembles that in the cystiform formations in the udders of cows
[ and IIL
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Lymph Nodes.

The finding in the supramammary and deep
inguinal lymph nodes on both sides résembles that in the
corresponding lymph nodes of cow I, the difference being that the
lymph sinuses are more dilated in places, and in the supramammary
inguinal lymph nodes there are here and there focal haemorrhages.

Mesenteric lymph nodes show in places tuberculous
alterations, where there are numerous Mycobact. tuberculosis in the
histological sections.

Thyroid Gland.

In several places in the thyroid gland there are to be found
foci where a very intense proliferation of the connective tissue has
taken place; in the centre of the focus some of the follicles are
compressed, and the epithelium of some of the follicles is proliferated
and considerably desquamated; the majority of the epithelial cells
of the mentioned follicles are atrophied and pyknotic. In the con-
nective tissue and among the epithelial cells of the changed follicles
there appear in places lymphocytes in moderate numbers, and very
few plasma cells. In the border portions of the foci the desqua-
mation of the epithelial cells proves to be intense in some of the
follicles, in others, however, it is slight.

Uterus.

In both uterine horns, the mucous membrane in its transverse
section is about half the thickness of the wall of the uterus. The
majority of the glands in the mucous membrane are in an inactive
state. In places, the subepitheiial tissue shows an infiltration of
lymphocytes, single plasma cells, and polynuclear leucocytes; this
infiltration surrounds the glands and penetrates in places even
between the epithelial cells. Fibroblasts and fibres of the collagenic
connective tissue appear in varying quantities among the infiltration
cells. In both oviducts, in that part of the subepithelial tissue
that is towards the cornu of the uterus, there is to be found an
infiltration which resembles that in the subepithelial tissue in the
cornu of the uterus; in one place, the epithelium in the right oviduct
is desquamated to a small extent, and substituted by a similar
infiltration as described in the subepithelial tissue.

Ovaries.
As to the changes, the finding in both ovaries is similar to
- that in the ovaries of cow I.
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The Lungs
show a similar finding as in the lungs of cow IV.

The Spleen and the Bone Marrow
(metacarpus dext.) do not show any pathological changes.

Cow VI — “Ounik”.

The cow “Ounik” was 6 years of age (born in 1926),
a cross-bred Estonian red “angler”, bought from the J. estate, for
which she had been bought from the “Veiber” colony in May 1930.
Her weight was 430 kg. The cow was sold because of her dimin-
ished milk production, and was slaughtered on April 6, 32 at the
town abattoir of Tartu.

aa. Preliminary Data.

According to the statement of the owner of the cow, she had
calved twice before she was brought to the J. estate. On the J.
estate she had aborted on March 7, 31, and Br. abortus was culti-
vated from the secundinae and from the abomasus of the cali.
After that she had been repeatedly bred and had conceived at
last, so that on the date of slaughter she contained a 6-months’
fetus.

According to the serological examinations made on October
16, 30 at the Bacteriological Station of the University of Tartu,
“Qunik” proved brucellous (agglutination titer 1:640), later, on

Table 27.
1930 | 1981 1932 -
Month  V'miik | Butter- | Milk | Butter- | Milk | Butter- Notes
kg | fat kg kg | fat kg.| kg | fatkg

January — & — dry 113 | 463 At the time of
February —_— — dry 94 414 slaughter
March — — 240 | 72 54 3.43 (April 6, 32)
April — — 346 | 13-84 — — “Ounik” was dry
May 41 1-35 | 289 1 983 — - ‘
June 132 436 266 | 931 — —
July 143 | 629 | 255 | 79 — _
August 102 449 | 264 | 845 — —
September 118 4-60 212 | 784 — —
October 72 302 175 | 665 — —
November 37 1-74 152 | 547 — -
December dry 116 | 476 — —

Total 645 | 2585 | 2315 | 8185 — -

TF
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March 9, 31 the agglut. titer was 1:8000, and on November 14, 31
it was 1:640 (weaker dilutions were not made).

“Ounik” had not been given either living or killed cultures
of Br. abortus.

Data concerning her milk production are presented in table 27.

bb. Results of the Inquiries concerning the Milk and Blood Sera.

On March 10, 31 I examined “Ounik’s”’ milk, to make sure
whether the udder was infected with Br». aborfus, and whether there
were any other agents causing diseases. Table 28 presents the
results of the examinations.

Table 28 indicates brucellous infection of “Ounik’s” udder;
further bacteriological examinations, however, did not reveal any
other bacteria.

Before her slaughter (on April 6, 32) 1 took some secretion
from each quarter of the udder individually, to find out which of
the quarters were infected with Br. abortus, and to make sure if
meanwhile no other bacteria had invaded the udder. “Ounik”
had ceased to yield milk some days before the slaughter, therefore
I got only about 25 cm of secretion from each quarter individually.
Table 29 presents the results of the inquiries.

According to table 29, the secretion from only the right rear
quarter of her udder revealed Br. abortus on the date of slaughter
(April 6, 32). No other types of bacteria were detected in spite of
repeated bacteriological examinations in any of the quarters. The
sediment of the secretion from each quarter showed a good many
cellular elements; the polynuclear leucocytes were most abundant,
the lymphocytes and epithelial cells were fewer in number, and
there were also a great many plasma cells.

At the time of slaughter (April 6, 32) the agglutination of the
blood serum with Br. aborius was 1:3200 .

cc. Macroscopical Finding at the Time of Slaughter.
General Condition.
“Ounik” was in a wellnourished condition.

Udder.

The whole udder weighed 3545 g, being normal in shape;
it had an even and unusually dense and fleshy consistency.
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The right front quarter weighed 895 g, and in the
intersection it was yellowish-reddish-grey. The surface of the sec-
tion showed only single porous lobules, the greater number of
them being lardaceous. In the border portions of the quarter there
was a dense deposit of fat between the lobules. There was an intense
proliferation of the interstitial connective tissue.

The right rear quarter weighed 850 g, and in the inter-
section it was yellowish-reddish-grey; in places red spots were
more intense. First of all there were on the surface of the sections
lardaceous lobules and a very considerably proliferated interstitial
connective tissue; in places it was quite easy to detect with the

naked eye that the connective tissue had also penetrated into the
lobules. In the border portions a dense interlobular deposit of fat
was noticed likewise. '

The left front quarter weighed 826 g. Its other qua-
lities resembled those of the right front quarter.

The left rear quarter weighed 974 g. Its other qua-
lities resembled those of the right front quarter.

Lymph Nodes.

There were two right supramammary ingui-
nal lymph nodes, both were swollen and roundish in shape.
The bigger one weighed 55 g and was 855X 2 cm large,
the smaller node weighed 20 g and was 43X 1.2 ¢cm large.
The other qualities of both the lymph nodes were similar to those
of “Koidu”.

There were two left supramammary inguinal
lymph nodes, both were absolutely normal outwardly as well
as in the intersection. The bigger weighed 41.5 ¢ and was
6-5 X 5X 1.7 cm large; the smaller lymph node weighed 9 g and
was 2:5 X 1.2 cm large.

The right deep inguinal lymph node was
7 X5X 1.3 cm large and weighed 45-5 g; its other qualities were
similar to those of “Koidu’s” right deep inguinal lymph node.

Uterus.

The right uterine cornu showed a 6-months’ fetus. There
were no pathological changes in the uterus and fetal mem-
branes. The calf had developed normally.

The other organs which are not mentioned here were free
from any pathological changes.
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dd. Bacteriological Findings and Results of Injections, in Animals
used for Experiments.

The inquiries were made exactly in the same manner as in
the case of the material taken from “Koidu”. The results of the
inquiries are presented in table 30.

According to table 25, only the right rear quarter of the udder
and the right supramammary inguinal lymph nodes of “Ounik”
were infected with Br. abortus; no other bacteria were detected
in the organs and parts of the body examined.

Table 30.
— o U -
. e . LN = Vo,
A O S S0 ™ © g
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Brown'sy 2 £ .52 5558 |8e<8
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Right front quarter | sterile | sterile | negative negative | negative
Right rear quarter » » positive positive »

Left front quarter
Left rear quarter

Lin. ing. sup. dext.
Lln. ing. sup. sin.

negative | negative

» ”»

s 7 3 3
3 3 3 9

z 3 2 =

posi”tive posi"t‘lve
(1:160)
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Gl. thyreoidea
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ee. Histopathological Finding.
Udder.

The right front quarter does not show any patholo-
gical changes. The finding is in general similar to that in the left
front quarter of cow I, but it differs from it in that the majority
of the lobules are in an inactive state; in every region there are
to be found lobules in varying quantities, which are in a state of
low milk production. In the above lobules, fat globules very
frequently appear in the epithelial cells. In places a fat tissue is
to be found in great quantities in the interlobular connective tissue.

1) The right deep inguinal lymph node could not be used for bacteriolo-
gical inquiries, because the butcher had made an incision into it.
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Right Rear Quarter.

The finding is in general similar to the corresponding find-
ing in the right front quarter of cow I, but the changes appear
to a greater extent, not taking into account the variety of the in-
tensity and extent of the changes according to the regions. Besides,
no cornification of the epithelium of the changed lactiferous
ducts is to be found in the quarters of the udder in question;
the lobules that have remained normal are mostly in an inactive
state, and a small number of them are in a state of low milk pro-
duction. Amyloid corpuscles appear in small numbers. In some
regions, a fat tissue is to be found in places in great quantities
in the interlobular connective tissue.

In several foci that appear in the parenchyma of the udder,
and in the superficial epithelial cells of some considerably changed
lactiferous ducts and between the cells, I found Br. abortus in the
histological sections.

Left Front Quarter.

No pathological changes are to be found in the left front
quarter. The finding resembles that in the right front quarter,
but with the difference that in region 3 in the interalveolar connective
tissue of two lobules that are in a state of inaction there are to
be found some infiltration foci, of the size of an alveolus, of lympho-
cytes in moderate quantities, and of less numerous plasma cells.

The left rear quarter does not show any pathological
changes. The finding resembles that in the right front quarter,
but also in regions 2 and 5 there appear occasional infiltration
foci which resemble those in the left front quarter in region 3.

Lymph Nodes.

The finding in the right supramammary and right deep in-
guinal lymph node is similar to that in the corresponding lymph
nodes of cow 1. In the left supramammary and the left deep in-
guinal lymph nodes there are no changes to be observed.

Thyroid Gland.

Inthe thyroid gland the finding is similar to that
in the thyroid gland of cow V.

No pathological changes were observed in the other examined
organs [uterus, ovaries, spleen, and bone marrow
(metacarpus dext.)). '
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Table 31.
Extent of the Changes in the Quarters of the Udder
according to Histological Studies.

Cow VI.

Approximate Percentage of the Chan- | Approximate Average Per-
Regions ges of the Tissue in the Inquired Re-| centage of the Changes of
inquired gions (Scheme 1, Page 41) the Tissue in the Whole
T T — Quarter |[Region 10 (Teat)
1231456 |7|8]9]10 |is not taken into Account]

Right front [
quarter e e e I e R el el —

Right rear 4 1
quarter 25 60 50‘60 5017510 10.20 e 400

Left front
quarter -~ | — ——’——__._J__ — —

Left rear i
quarter o el e R e e e e _

Undiseased Cows.
Cow VIL

Judging by the circles on the horns, the cow had calved 5
times. She was a cross-bred Estonian red ‘“‘angler”. According to
the information given by the owner, she had calved about 7
months before, and on the days previous to the slaughter she
had yielded about 4 litres of milk a day. On the date of slaugh-
ter, April 29, 32, in the town abattoir of Tartu, the cow was
pregnant and contained a 5-months’ fetus.

I did not find any bacteria causing diseases in the milk
samples taken from each quarter individually, previous to the time
of slaughter, nor in the supramammary and deep inguinal lymph
nodes, though I studied them by means of both the cultivation
method and the guinea-pig experiment. No saprophytic microbes
were to be found in the above-mentioned milk samples and the
lymph nodes. The milk serum did not agglutinate Br. abortus.
The appearance of the milk serum and the quantity of the sedi-
ment were normal. The chloride content of the milk was as
follows :

in the milk of the right front quarter — 0-128 per cent.
” » » rear » - 0’135 ”
v i left front " — 0.064 »

» ” » rear » - 0'07] »
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The blood serum taken at the time of slaughter did not aggluti-
nate Br. abortus. No macroscopical changes were found in any
of the organs and parts of the body.

The histological findings in the quarters were alternately as
follows: most of the lobules were in the state of producing
milk (fig. 1); the alveolar epithelium had a cubical and cylin-
drical shape; in the lumina of the alveoli there was a netlike and
granular mass of varying consistency and of a reddish-yellowish-
brown colour (according to van Qieson); in this mass the
lumina of single alveoli of several lobules showed polynuclear leu-
cocytes in moderate numbers; in the lumina of the alveoli there
were some desquamated epithelial cells, but they were found very
seldom. There was little of the interalveolar tissue to be found; it
consisted of some strings of connective tissue, in which there ap-
peared in places single lymphocytes and leucocytes. The interlobu-
lar connective tissue was of varying extent. One part of the lo-
bules was in a state of inaction, in the very markedly proliferated
interalveolar connective tissue of these lobules there were some
infiltration foci of lymphocytes which were in some places small,
in other places as large as middle-sized alveoli and of middle
density; in these foci there were to be found in places some leu-
cocytes and in rarer cases plasma cells. An involution was to be
noticed in the alveoli. In the lumina of the alveoli there were in
places amyloid corpuscles.

The findings in the supramammary and deep inguinal lymph
nodes were similar to those described in the manuals of normal
histology.

Cow VIIL

Judging by the circles on the horns, the cow had calved
three times. She was a cross-bred animal, yielding about 6 litres
of milk a day. On the date of slaughter, June 27, 32 in the
town abattoir of Tartu, the cow was not pregnant.

Neither the milk samples taken from all the quarters pre-
vious to the time of slaughter, nor the supramammary and the
deep inguinal lymph nodes removed after slaughter showed
any bacteria causing diseases, though I studied them by means
of both the cultivation method and the guinea-pig experiment.
No saprophytic microbes were present in the above-mentioned
milk samples nor in the lymph nodes. The milk serum did not
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agglutinate Br. aborfus. The appearance of the milk and the
quantity of the sediment were normal. The chloride content of
the milk was 0-134 per cent.

The blood serum of the cow taken at the time of slaughter
did not agglutinate Br. abortus.

No macroscopical changes were observed in any of the or-
gans and parts of the body.

The histological findings in the udder resembled those in
the udder of cow VII, with the exception that the lumina of the
alveoli contained a denser reddish-yellowish-brown mass (accerding
to van Gieson), the epithelium of the alveoli was more often of a
cylindrical shape, and there were no involved lobules.

The finding in the supramammary and the deep inguinal lymph
nodes was similar to that in the corresponding lymph nodes of
cow VIL

Cow IX.

Judging by the circles on the horns, the cow had calved 7
times. She was a cross-bred animal, and her daily milk production
was about 5 litres. On the date of slaughter, April 26, 32 in the
town abattoir of Tartu, cow IX proved non-pregnant.

Neither the milk sample taken from all the quarters previous
to the time of slaughter, nor the supramammary and the deep
inguinal lymph nodes removed after slaughter showed any bac-
teria causing diseases, though I made examinations by means of
the cultivation method and the guinea-pig experiment; no sapro-
phytes were detected in the above-mentioned milk sample nor in
the lymph nodes. The milk serum did not agglutinate Br. abortus.
The appearance of the milk and the quantity of sediment were
normal. The chloride content of the milk was 0-137 per cent.

The blood serum taken at the time of slaughter did not
agglutinate Br. abortus.

No macroscopical changes were observed in any of the organs
and parts of the body.

The histological findings in all the quarters of the udder were
similar to those in the quarters of cow VII, with the only exception
that in region 5 of the right rear quarter in the lumina of some
alveoli of two lobules there were polynuclear leucocytes in dense
quantities, some of them being pyknotic with a slight fatty de-
generation.
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The finding in the supramammary and the deep inguinal
lymph nodes was similar to that in the corresponding lymph nodes
of cow VIL

Cow X.

Judging by the circles on the horns, she had calved 7 times.
She was a cross-bred animal with low milk production. On the
date of slaughter, December 2, 32 in the town abattoir of Tartu, the
cow was pregnant and contained a 6-months’ fetus.

I did not find any bacteria causing diseases either in the milk
sample or in the supramammary and deep inguinal iymph nodes,
though I made use of the cultivation method and the guinea-pig
experiment; no saprophytic microbes were present in the above-
mentioned milk sample nor in the lymph nodes. The milk serum
did not agglutinate Br. abortus. The appearance of the milk and
the quantity of the sediment were normal. The chloride content
of the milk was 0.127 per cent.

The blood serum taken at slaughter did not agglutinate Br.
abortus.

No macroscopical changes were found in any of the organs
and parts of the body.

The histological findings in the quarters of the udder were
similar to those in the udder of cow VII, except that many lobules
were found in a state of inaction, and there were many amyloid
corpuscles.

The histological findings in the supramammary and the deep
inguinal lymph nodes resembled those in the corresponding lymph
nodes of cow VIL

Cow XL

Judging by the circles on the horns, the cow had calved 9
times. She was a cross-bred Estonian red “angler”; on the days
previous to slaughter she had yielded about 3 litres of milk a day.
On the date of slaughter, November 8, 32 the cow proved to be
pregnant and contained a 6-5-months’ fetus.

I did not find any bacteria causing diseases in the milk sample
taken before the slaughter, norin the supramammary and the deep
inguinal lymph nodes removed after the slaughter, though I studied
them by means of the cultivation method and the guinea-pig
experiment; the above-mentioned milk sample and the lymnph nodes
did not show any saprophytic microbes.
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The milk serum did not agglutinate Br. abortus. The appear-
ance of the milk and the quantity of the sediment were normal.
The chloride content of the milk was 0-140 per cent.

The blood serum of the cow taken at slaughter did not
agglutinate Br. abortus.

No macroscopical changes were observed in any of the organs
and parts of the body.

The histological findings in the quarters of the udder were
similar to those in the udder of cow VII, except that the majority
of the lobules were in a state of inaction.

The findings in the supramammary and the deep inguinal
lymph nodes resembled those in the corresponding lymph nodes
of cow VIL

Cow XIL

Judging by the circles on the horns, the cow had calved 12
times. She was a cross-bred Estonian red “angler”. On the date
of slaughter, December 2, 32, it appeared that the cow was not
pregnant,

I did not find any bactcria causing diseases in the milk sample
taken before slaughter, nor in the supramammary and deep
inguinal lymph nodes removed after the slaughter, though I made
use of both the cultivation method and the guinea-pig experiment;
the above-mentioned milk sample and the lymph nodes did not show
any saprophytic microbes. The milk serum did not agglu-
tinate Br. abortus. The appearance of the milk and the quantity
of sediment were normal. The chloride content of the milk was
0-120 per cent.

The blood serum of the cow taken at the time of slaughter
did not agglutinate Br. abortus.

No macroscopical changes were observed in any of the organs
and parts of the body.

The histological finding in the quarters of the udder was
similar to that found in the udder of cow XI.

The histological findings in the supramammary and the deep
inguinal lymph nodes resembled those in the corresponding lymph
nodes of cow VIL

Cow XIIL

Judging by the circles on the horns, the cow had calved 11
times. She was a cross-bred Estonian red “angler” and in a dry
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period. On the date of slaughter, November 7, 32, in the town
abattoir of Tartu, the cow was pregnant and contained a fetus about
7 months old.

I did not find any bacteria causing diseases in the quarters
of the udder, nor in the supramammary and deep inguinal lymph
nodes, though I studied them by means of the cultivation method
and the guinea-pig experiment; no saprophytic microbes were pre-
sent in the examined material.

The blood serum of the cow taken at the time of slaughter
did not agglutinate Br. abortus.

No macroscopical changes were observed in any of the organs
and parts of the body.

The histological findings in the quarters resembled those in
the udder of cow VII, except that the majority of the lobules were
in a state of inaction (fig. 2), and in the lumina of single alveoli
of some involved lobules there were dense foci of polynuclear
leucocytes. ‘ ’

The histological finding in the supramammary and deep in-
guinal lymph nodes was similar to that in the corresponding lymph
nodes of cow VI

Cow XIV.

Judging by the circles on the horns, the cow had calved 7
times. She was a cross-bred animal in a dry period. On the date
of slaughter, June 26, 32, in the town abattoir of Tartu, the cow
proved non-pregnant.

I did not find any bacteria causing diseases in the quarters
of the udder, nor in the supramammary and deep inguinal {ymph
nodes, though I studied them by means of the cultivation method
and the guinea-pig experiment; no saprophytic microbes were
present in the examined material.

The blood serum of the cow taken at the time of slaughter
did not agglutinate Br. abortus.

No macroscopical changes were observed in any of the organs
and parts of the body. ‘

The histological findings in the quarters of the udder resembled
those in the udder of cow XIII

The histological findings in the supramammary and deep
inguinal lymph nodes were similar to those in the corresponding
lymph nodes of cow VIL
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Cow XV.

Judging by the circles on the horns, the cow had calved 6
times. She was a cross-bred Estonian red “angler”, in a dry
period. On the date of slaughter, December 2, 32, in the town
abattoir of Tartu, the cow was pregnant and contained a fetus
about 7 months old.

I did not find any bacteria causing diseases in the supra-
mammary and deep inguinal lymph nodes, though I studied them
by means of the cultivation method and the guinea-pig experi-
ment; nor were there any saprophytic microbes in the examined
material.

The blood serum of the cow taken at the time of slanghter
did not agglutinate Br. abortus.

No macroscopical changes were observed in any of the or-
gans and parts of the body.

The histological findings in the quarters of the udder were
similar to those in the udder of cow VII, except that the majority
of the lobules were in a state of inaction.

The findings in the supramammary and deep inguinal lymph
nodes resembled those in the corresponding lymph nodes of
cow VI

D. Estimation of the Results of the Inquiries.

The results of the inquiries when summed up and brought
to a conclusion are as follows: Four out of six naturally infected
cows (cows II, IIl, IV, V) had Br. abortus in all quarters, one
cow (cow I) in three quarters, and one (cow VI) in one quarter.
In addition to this, five cows (cows [, II, Ill, IV, V) had Br. abortus
in the supramammary and deep inguinal lymph nodes on both
sides, and cow VI in the right supramammary lymph nodes.
Further, the above-mentioned microbe was detected in the spleen of
cows IV and V and the thyroid gland of cow IV. No other mi-
crobes were present in the above-mentioned organs of the cows
under examination, though they were examined bacteriologically,
histologically, and by means of the guinea-pig experiment. There-
fore, considering the character of the pathological changes noted
in all the above-mentioned cases, the latter may be ascribed only
to Br. abortus.
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In studying the udders of the cows histologically, I found
considerable pathological changes in all those quarters that elimi-
nated Br. abortus with the milk (cow I from three quarters, cows
I, Ill, IV and V from all quarters, and cow VI from one quarter),
whereas those quarters that did not eliminate Br. abortus (cow I
— one quarter and cow VI — three quarters) were pathologically
unchanged. In this point the results of my inquiries differ from
those of Friedemann (52). The latter failed to notice any
pathological changes in the udder in cases (one case) where the
above-mentioned microbe was eliminated with the milk.

The histo-pathological findings in the cows [ investigated
may be compared mostly with those obtained by Runnels and
Huddleson from one naturally infected and two inoculated
animals.

The results of similar investigations made by other authors
are not to be compared with those of my inquiry for the following
reasons:

In the cases studied by Smith, Orcutt, and Little (167),
brucellosis of the udder was accompanied by infection with strepto-
cocci, so that it is impossible to say with any certainty whether
and to what extent the histological changes observed were
caused by Br. abortus or by streptococci; also in the cases studied
by Sholl and Torrey (161), streptococcic and micrococeic infec-
tions of the udder were frequently observed together with Br.
abortus; further, the technical defects of the researches made by
Sholl and Torrey were such that there is no guarantee for the
absence of other bacteria causing diseases of the udder, even in
those cases when they had not found other bacteria besides Br.
abortus. Like Runnels and Huddleson (147), in examining
the udders of cows, I found that the changes caused by Br. abortus
are acute, subacute, and chronic, and the latter predominate.

Like Runnels and Huddleson I found some changes of
the epithelium of the alveoli, varying from a fatty degeneration
and necrosis to disintegration. I found foci which showed in their
centres a complete destruction of the shape of the alveoli (fig. 6,
14, 17, 20). The centres of the last-mentioned foci revealed dense,
partly accumulated lymphocytes, plasma cells, frequently abundant
polynuclear leucocytes (being mostly neutrophilic), smaller quanti-
ties of fibroblasts, and a few scattered epithelial cells. In the border
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parts of the above-mentioned foci I found a degeneration of the
epithelium of the alveoli of various intensity, partly a pyknosis of
the cells and a desquamation of the epithelial cells; in the lumina
of the alveoli, side by side with the desquamated epithelial cells
there were in places polynuclear leucocytes in various quantities
(in places in large numbers), lymphocytes in small numbers, rarely
some plasma cells, and, in general, a granular and netlike substance in
small quantities; between the alveoli I detected a focal and diffuse
infiltration of plasma cells, lymphocytes, and in smaller numbers
polynuclear leucocytes. The polynuclear leucocytes are fewer in
those foci where the changes are subacute or chromic, whereas
the border parts-show a proliferation of the epithelium of the alveoli.
The infiltration of the plasma cells and lymphocytes is in places
even denser than in the acute foci; the subacute and chronic in-
flammatory foci show a large number of fibroblasts; in the centres
of the foci the proliferation of the collagenic fibrous tissue between
the infiltration cells is very intense, in places extremely intense.
The changed parts generally show an increase in the number of
capillaries (in places very dense), in places a purulent exudate in
the lumina of the alveoli (a fatty degeneration of polynuclear leu-
cocytes, etec.), and there is little perivascular infiltration of lympho-
cytes and plasma cells. Runnels and Huddleson detected the
three last-described kinds of changes only in one inoculated cow
and a heifer.

The proliferation of the interlobular interstitial connective
tissue is of varying intensity, according to the changes in the
parenchyma of the udder. In the proliferated interlobular intersti-
tial connective tissue there appear varying amounts of focal and
diffuse infiltration of lymphocytes, of plasma cells, of polynuclear
leucocytes in smaller numbers, and of single mast cells, among which
there are also fibroblasts in moderate quantities. I noticed considerable
changes in the supramammary and deep inguinal lymph nodes on
both sides of five cows (cows I, I, llIl, IV, and V), and in the
right supramammary lymph nodes of one cow (cow VI), which
resemble the findings by Runnels and Huddleson in the
supramammary lymph nodes, viz. a thickening of the trabeculae
in the cortical substance, diffuse haemorrhages (cow IV in the
left deep inguinal lymph node), and small focal haemorrhages
(cow V in the supramammary lymph nodes on both sides), a
substitution of the connective tissue for the reticular tissue in the

8
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medullary substance, and a diminution of the lymphoid tissue to
a varying extent.

In the thyroid gland of cow IV I detected some acute and
chronic inflammatory foci, and in the thyroid glands of cows V
and VI — chronic inflammatory foci.

Further, I noticed changes caused by brucellosis in certain
organs of the cows which, to the best of my knowledge, have
never been described before. In the .tissue of the udder, the
supramammary and deep inguinal lymph nodes (fig. 10, 13, 15,
16, 27) I found foci of epithelioid cells which very often included
giant-cells of the Langhans’ type (fig. 10, 11, 37), and in the
border parts of the foci there were dense lymphocytes and plasma
cells, fibroblasts in smaller numbers, polynuclear leucocytes, single
mast cells, and fibres of collagenic connective tissue singly and in
groups; therefore these foci resemble those of early tuberculosis.
The above-mentioned foci may be regarded as the most typical
changes due to Br. abortus in udders of cows, because of their
frequent occurrence and of the more or less regular shape they
have. Similar changes have always been found in the organs of
inoculated guinea-pigs [Schroeder and Cotton (152), Jaffe
(81), my own investigations, efc.], and some authors have found
such foci due to Br. abortus also in the testicles of bulls [Robin-
son (144), Ohlsson (132), etc.).

I noticed a variously extending necrosis of the above-men-
tioned foci of epithelioid cells in the udders, but these foci of
epithelioid cells diifered from tuberculous foci in that there was
no caseation, nor a complete decay.

These foci of epithelioid cells due to Br. aborfus in the udder,
the supramammary and deep inguinal lymph nodes of cows are
very similar to the foci noticed in the lymph nodes of men, due
to the so-called climatic bubos and lymphogranulomatosis ingui-
nalis, that have not as yet been explained (it is not known, whether
brucellosis has been considered).

Further, I observed cystiform formations (fig. 31) of about
8 mm in diameter in the udders of four cows (cows I, I, IV, and
V). These cystiform formations are evidently caused by the reten-
tion of the milk (retention cysts).

In all probability, in those parts of the udder where the alveoli,
still capable of producing milk, get dilated, there is a retention
of milk, because the lactiferous ducts are changed to such a degree
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that a complete or a partial obstruction has taken place there.
The above-mentioned cystiform formations appear mostly in the
border parts of the udder, because there is less possibility for the
milk to flow away, than in the central part of the udder.

No earlier authors have as yet in cases of brucellosis noted
in their detailed descriptions of the findings in the histological
sections a flattening and cornification of the normally cylindrical
epithelium of the lactiferous ducts (fig. 21, 22, 23, 24, 25, 26, 30).
Sholl and Torrey ascribe the cornification of the lactiferous
ducts they had noted, to the streptococcic infection, but considering
the technical defects in the researches of the above-mentioned
authors (the presence of Br. abortus was ascertained only by means
of the cultivation method), one cannot be sure whether there was
also Br. abortus besides the streptococci in the cases they describe.
The above-mentioned metaplasia is generally known to be the
result of chronic infections, especially in human medicine (e. g.
the flattening and cornification of the cylindrical epithelium of the
trachea). I also found foci of epithelioid cells in the considerably
changed walls of the lactiferous ducts, and in some of these foci
there were giant-cells of the Langhans’ type (fig. 27).

Varying amounts of amyloid corpuscles are frequently to be
found both in the changed and in the normal parts of the udder
in the lumina of the alveoli. The amyloid corpuscles are of no
special consequence in case of bruceilous infection, as they
occur also in the udders of undiseased cows, but the abundance
of the amyloid corpuscles in the changed places shows that they
are partly connected with the changes caused by Br. abortus; just
as in cases of chronic inflammations, they are present in various
organs (the lungs, prostate, etc.).

According to the histological finding, it seems that the changes
due to Br. abortus are usually healed and balanced by the
organism itself through a considerable proliferation of the granu-
lation tissue; in cases of chronic inflammation, however, it may
grow fibrous, and in individual cases some deposit of lime (cysti-
form formations) may be found in the markedly changed places.

Very often I observed mast cells in the changed places and
in their vicinity, wvéz. in the udders, supramammary and deep
inguinal lymph nodes, very likely phagocytic in their nature,
because in the same organs of the undiseased cows I did not
notice any of the cells already mentioned.

g
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| tried to ascertain the extent of the changes caused by Br.
abortus in the udder only by means of the histological finding.
I do not claim that the given data are absolutely true, because
only a comparatively small part of the udder has been examined,
and the extent of the changes in the histological sections cannot
be determined with any mathematical accuracy. But considering
the quantity of the material examined and its extraction from
ali parts of the wudder, these data give a fairly general survey
of the extent of the changes caused by Br. - aborfus in-
fection in the udder of the cow. In fact, the extent of the changes
may be even larger, because only the paris presented in scheme
1 were taken into account, without considering the teat, whereas
the material taken from between the above-mentioned parts fre-
quently showed macroscopical changes, but was not taken into
account. | was also rather cautious in sketching the border-line of
the changes as presented in scheme 1, page 41. The data concerning
the extent of the changes in each udder are to be found in the tables
at the end of the histological finding of the whole udder. The
results of the inquiries show that in cases where Br. abortus is
eliminated with the milk of certain quarters, the changes took
place in about 25 per cent. to 83 per cent. of the quarters.

The changes are most frequently to be found in the alveoli
and the interalveolar tissue, whereas the lactiferous ducts and the
interlobular interstitial connective tissue show rarer changes. The
changes due to Br. abortus may occur in all parts of the udder,
viz. the basal part, the central part, and the milk cistern. The
changes apparently take place first of all in the basal and central
parts of the udder, that is to say, in places where there is more
of the parenchyma of the udder. The original focus of the changes
is evidently found in the parenchyma of the udder, from whence
the process continuously extends to the interlobular connective
tissue. This is proved by the fact that no changes take place in
the interlobular interstitial connective tissue when there are acute
changes only in the alveoli; reverse cases have never been observed.
Further, according to the histological findings, the changes in the
lactiferous ducts are in all probability different, and are caused by
Br. abortus in the following way: the germs of the above-mentioned
microbe are carried from the changed alveoli, together with the
exudate and cells, into the lactiferous ducts, where they produce a
pathogenic effect in the epithelial cells first of all, then further, in



A XXXI.1  Pathogenic Effects produced by Br. Abortus, ete. 117

the subepithelial tissue, and the tissue lining the ducts. There
are, of course, other ways by which the infection and process take
their origin in the lactiferous ducts: 1) the disease may be conveyed
per continuum from the parenchyma, and 2) Br. abortus may
arrive at the lactiferous ducts either haematogenically or lympho-
genically. The first mode is theoretically possible, but to judge
from the histological finding, it occurs very seldom indeed. It is
impossible to determine how often the lactiferous ducts get infected
in the haematogenic or lymphogenic way, but, evidently, it happens
rarely. The epithelium of the lactiferous ducts is most frequently
infected, being continuously in contact with the germs of Br.
abortus — hence the changes in the lactiferous ducts.

Runnels and Huddleson state that the changes caused
by Br. abortus are progressive; the infection takes place first of
all in the parenchyma of the udder, and then in the interstitial
connective tissue.

The histological findings in the udders of undiseased cows
(9 cases) do not reveal any sudden or very marked changes which
might be taken for changes caused by Br. abortus, either during
the lactation or in the dry period. At the end of lactation in
several parts of the udder in the lumina of the alveoli there appear
polynuclear leucocytes, which increase in number when the cow
is about to cease yielding milk. At the end of lactation there is
to be noticed in a part of the lobules an extension of the inter-
lobular and interalveolar interstitial connective tissue, and in those
regions where the alveoli become first of all inactive, the inter-
alveolar tissue shows the presence of lymphocytes, either singly
or in small groups, together with single plasma cells. The last-
mentioned infiltration is to be found sometimes over the whole
of an inactive udder, and in the lumina of the alveoli there appear
in places also polynuclear leucocytes in considerable numbers.
With advancing years the interlobular interstitial connective tissue
of the udder extends accordingly.

I cannot state that I have ever noted the presence of leuco-
cytes in the udder of any undiseased cow, either in her lactation
or in her dry period, in such quantities as described by Pfaund-
ler (194), who declares in his general description of the mam-
mary gland that the number of leucocytes in the interstitial
connective tissue, the epithelium, and the lumina of the alveoli
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is so large as completely to cover the corresponding tissue, whereas
the shape of the latter is entirely lost.

[t is doubtiul whether the pathological processes that develop
slowly in the udder, have as yet been sufficiently taken into conside-
ration in studying the tissue of the udder normal-histologically, or
whether they have been at all considered, especially in the studies
made in those days when there was as yet no knowledge of the
presence of Br. aborfus in the bovine udder.

Works on the subject reveal the fact that no authors have
as yet succeeded in ascertaining DBr. abortus in the histological
sections of the udder and the supramammary lymph nodes of the
cow. Also only a few authors (Ohlsson, Christiansen, Witte,
etc.) have discovered the above-mentioned microbe in other organs,
such as in the histological sections of the testicles that in the case
of Br. abortus have shown very considerable changes; even in
some of these cases it is not quite clear whether Br. abortus was
found in the histological sections, or in the smears taken from
the altered parts. '

I made experiments with a great many staining methods,
because for the purpose of determining Br. abortus in the histo-
logical sections, no special methods are as yet known; the des-
criptions of the experiments [ made are to be found under the heading
“Course of Inquiries and Methods”. After much experimenting, I
succeeded in staining and finding Br. aborfus in the histological
sections from the udder, supramammary and deep inguinal lymph
nodes, the fetal membranes of brucellous cows, and from the
spleen and the lymph nodes of guinea-pigs. Br. abortus proved to be
present in the altered portions of the udder, as well as in the
supramammary and deep inguinal lymph nodes, sprinkled in the
exudate between the cells, in parts of the decayed cells, and in
the altered cells (fig. 45, 45, 47, 48); the microbe may be found
also among the altered cells and in the necrotic foci in small and
dense groups (fig. 47, 49); in places there appear cells densely
packed with Br. abortus as usually noticed in the fetal membranes.
The bacterium "is often to be found in the fetal membranes in
great quantities and large groups (fig. 43), which when examined
with a low powered microscope appear like spots of a dark
colour.

In one changed portion of the udder I detected Br. abortus sur-
rounding damaged capillaries (fig. 45, 45a), occurring also in swollen
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endothelial cells, and even in the lumina of capillaries, which
suggests that a direct haematogenic infection with Br. abortus
from changed foci is possible.

Having tried various methods of staining the histological
sections, I found that I obtained some results by using the
Loffler's methylene blue and carbolfuchsin staining methods, but
the Giemsa method, as modified by me, proved to be the best.
[ stained sections in Giemsa’s azure-eosin-methylene-blue
solution (2 drops of the stock solution: 1 ccm of double distilled
water) for 4 to 24 hours, the temperature in the room being about
30°C; I repeatedly changed the staining solution during the process
of staining. After staining I rinsed the preparations for a short
while in distilled water, and I decolorized them in 0.25 per cent.
of acetic acid for 5 to 30 min., according to the duration of the
staining and the thickness of the preparations, but usually until
the preparation lost its dark-blue colour and assumed a reddish
hue in the ground blue. Further, I rinsed the preparations in
several distilied waters, and at last, | drew them through one 70°
alcohol and two absolute alcohols (in all for 1 to 2 minutes); this
was followed by xylol and Canada balsam.

It is already known that preparations stained according to
Giemsa’s method lose their colour when left in alcohol for a
longer while; that is the reason why I did not draw the prepa-
rations at first through alcohol and xylol, but I decolorized them
longer in acetic acid, and after rinsing them in distilled water,
I laid them out to dry at 30°C, which was followed by Canada
balsam and a cover-glass. The results obtained by this method
proved sometimes sufficient, but very often the cleanness and the
clearness of the preparations left much to be desired. Therefore
I made further experiments with acetone-xylol, by drawing the
preparations, after they were rinsed, through several acetone-xylols,
increasing the quantity of xylol, and decreasing that of acetone;
at last I drew the preparations through three clean xylols, then
followed Canada balsam. This method, however, did not yield
desirable results either, for the preparations were not clean and
clear enough; I made further experiments in the above-described
manner by drawing the preparations through alcohol and xylol.
The preparations obtained by this method always proved good.
The stain of the preparations did not suffer from being drawn speedily
through alcohol (in 1 to 2 minutes), because all the parts of the
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tissue, especially Br. abortus, were stained very intensively during
the long period of staining. The germs of Br. abortus, when
stained according to the Giemsa method, as modified by me,
become partly pale-blue and partly pale-violet-blue, the gram-
positive microbes become dark-blue (as e. g. in the fetal mem-
branes), the nuclei of cells become dark-blue, and the protoplasma
red. For the purpose of detecting and ascertaining Br. abortus in
the changed tissue of the histological sections, the above-described
method has proved very appropriate, because of the variety
of the stain, just like the Andersen-Torbjornsen method for
staining the smears. I compared Loffler’'s methylene blue and
carbolfuchsin methods with the previous method and found them
to be insufficient, because of the monotony of their staining.

The staining of the germs of Br. abortus in cultures is of
various intensity, especially in the preparations made from older
cultures; they are likewise stained in various strengths in the
histological sections. They become mostly pale-violet-blue, less
frequently pale-blue, and some of the germs turn almost dark-blue.
This variety in the staining is somewhat characteristic of the
microbe in question.

For the purpose of staining Br. abortus in the histological
sections, the material may be fixed equally well either in alcohol
or in formalin.

The germs of Br. abortus in the histological sections are of
similar shape and size to those found in old cultures; they have
mostly the shape of cocci, whereas the short rod-like forms occur
very rarely in the udder and in the changed portions of the
supramammary and deep inguinal lymph nodes. There are also
very frequently to be found diplococci-like formations. In the
fetal membranes I have found cocci-like forms predominant, but
very often also short rods. A fresh culture very seldom shows
cocci-like forms, the majority being middle-sized rods, and single
ones above middle-size.

The size of the germs of Br. aborfus is dependent partly on
the colouring, as is generally known of the staining of bacteria.
The germs of Br. abortus in the histological sections of the udder,
the supramammary and deep inguinal lymph nodes when stained
according to the Giemsa-method, as modified by me, are of 04 to
0-8 by 04 to 1.2 microns.
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In the supramammary and deep inguinal lymph nodes of
both the undiseased and the brucellous cows, there are very often
to be found a number of roundish and also angular pieces of decayed
nuclei and granules of pigment (fig. 44), which may mislead, when
the determination of Br. abortus in the histological sections is not
performed by a thoroughly experienced and dexterous person. On
further consideration the pieces of nuclei and the granules of
pigment seem to vary in size, but they are, in general, many times
larger than the germs of Br. abortus; the pieces of nuclei may be
stained with all the usual nuclear stains.

According to the description of the histological findings, the
changes caused by brucellosis are very considerable and exten-
sive indeed. Among the considerable changes, there is very often
to be noticed a complete disappearance of the alveoli, which must
bring about a decrease of milk production as noted by several
authors, in comparing the milk production of unaffected cows
with that of cows infected with Br. abortus. Of course the de-
crease of the milk production of cows eliminating Br. abortus with
their milk varies; it depends on the intensity of the changes in
the udder and also on whether the infection has spread to the whole
udder or to some of the quarters only. A little while after the
infection of the udder with Br. abortus has begun, milk production
may even increase, which fact is of great interest. In all proba-
bility the presence of Br. aborius in the udder causes an irritation
hyperaemia, which then causes a markedly increased milk pro-
duction.

The increase of milk production as apparently caused by
irritation hyperaemia has been ascertained in two cases of the
examined cows (cows IV and V).

The precise date of the infection of cowsIV and V is not
known, but according to the data given, these animals were most
probably infected at the end of 1930 or at the beginning of 1931.
In any case the blood serum of the above-mentioned cows agglu-
tinated Br. abortus on March 18, 31.

Cow 1V, being 10 years of age, having been regularly in
milk all the time, and her condition having been more or less
good and always regular, had probably attained and lost her
highest milk production period. According to table 18, the highest
monthly milk production of this cow was in June 1930 before she
was infected with Br. abortus, when she yielded 454 kg of milk
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and 1816 kg of butterfat. But after she was infected with the
above microbe in March 1931 (the udder became infected probably
at that time) the milk production of the cow increased very con-
siderably in comparison with her milk production of the previous
years; she yielded in that month 707 kg of milk and 2828 kg of
butterfat. But this remarkable increase of milk production of cow IV
was followed by a rapid decrease of her milk production when
compared with that of the previous year, taking each month indi-
vidually. This case is analogous to that of cow V, the latter being
of even more interest, because at the time of slaughter she was
14 years old; she had been regularly in milk, and her condition
had been good. According to table 23, the cow had produced most
in December 1929, 490 kg of milk —— 16.66 kg of butterfat; that
was probably before she had been infected with Br. abortus: the
highest year production of cow V was in 1926, being 3804 kg of
milk — 136-09 kg of butterfat. But in January 1931, when cow V had
probably been infected already, she produced 537 kg of milk
which yielded 1879 kg of butterfat; then followed a decrease in
her milk production till she was dry in October 1931.

Like Bang and Bendixen (9),I have observed an increase
in the chloride content and sediments in the milk of cows eliminat-
ing Br. abortus with their milk. Several quarters showed twice
as much chloride as was found in the milk of unaffected cows
in the same lactation period.

Like Cooledge (33), Tweed (180), Runnels and
Huddleson (147), efe.,, I also noted a considerable increase of
the cellular elements in the milk of cows eliminating Br. abortus.
In examining the preparations of the milk sediment, it appeared
that of the cellular elements, the polynuclear leucocytes are most
abundant in the milk, the epithelial cells, lymphocytes, and plasma
cells occur in smaller numbers.

It is commonly asserted that Br. abortus does not remain very
long in a non-pregnant uterus. After abortion the uterus contains
very many germs of Br. abortus which, however, disappear in a
short time. According to Klimmer (95), the uterus does not
show any germs of Br. abortus three weeks after abortion. But
this does not always seem to be the case after calving; the germs
of the above-mentioned microbe cause changes in the mucous mem-
brane of the uterus, and they are to be found there, even a year
after calving. In this respect cows [ and II are of great interest.
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Cow I that had calved on February 17, 30 was slaughtered on Janu-
ary 27, 31, the time between the last calving and the slaughter
being above eleven months. Cow II had calved on March 22,30,
and was slaughtered on January 28, 31, thus, more than ten months
after her last calving. At the slaughter 1 found inflammatory
changes in the mucous membranes of the uteri of both the above
cows, and [ got a culture of Br. abortus from the uteri of both
Cows.

The literature surveyed shows that up to 100 per cent. of
cows vaccinated with a living culture of Br. abortus, eliminate the
germs of Br. abortus with their milk for several years. This result
shows as high a percentage of cows eliminating Br. abortus, or
even higher, as in cases of natural infection. As the changes cau-
sed by Br. abortus in the udder are very considerable in cases
of natural infection, there is no reason to suppose that the mi-
crobe would remain for years in the udder as a loyal commensal in
the cases of vaccination (artificial infection) with an unweakened
living culture of Br. abortus.

Runnels and Huddleson found that the pathological
changes are not very different, whether the udder is naturally
infected or whether it is inoculated with Br. abortus. The changes
were even more considerable in udders of inoculated cows than in
those of naturally infected animals.

I had no opportunity of examining the udders of the cows
that were vaccinated with an unweakened living culture of Br.
abortus (and were unaffected before the injection). But one cow
(cow II), naturally infected with Br. abortus, was given subcuta-
neously an injection of an unweakened living culture of Br. abortus
used for vaccination, and the histological finding in the udder of
this .cow showed a most marked necrosis, in comparison with the
udders of other brucellous cows | investigated. The direct reason
of that fact is not known, but considering the finding of Runnels
and Huddleson in cases of artificial infection, such an exten-
sive necrosis in the udder is very likely due to injecting the lat-
ter with a living culture of Br. abortus.

Also the majority of the clinical and bacteriological investi-
gations have shown that vaccination with a living culture of Br.
abortus does not bring about a cure — which statement is even
now often made — but is rather a dissemination of Br. abortus.

Therefore, according to the data by Klimmer (95), vaccina-
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tion with a living culture of Br. abortus is prohibited already in
Palestine ; in Australia this medical treatment has not been made
use of for 11 years; neither is vaccination with a living culture
of Br. abortus recommended by the Committee of the Veterinary
Associations in the U. S. A. (1929), and the newest data show that
this method of fighting brucellosis is not used any more in the
U. S. A, Further, Hungary, Norway, Japan, and Russia have aban-
doned vaccination with a living culture of Br. abortus altogether.

Counsidering the very extensive changes in the udder caused
by vaccination with a living culture of Br. abortus, and the danger
of a general spread of brucellosis among cattle, it is most urgent
that also in our country vaccination with a living culture of Br.
abortus should be prohibited by legislative action, in orderto pre-
vent the great economical losses caused by this infection.



E. Summary.

1) These bacteriological and histological inquiries dealt with
various parts and organs of six cows naturally infected with Bru-
cella abortus, and of nine undiseased cows.

2) Four out of six naturally infected cows had Brucella
abortus in all quarters, one cow in three quarters, and one in one
quarter. Five cows had Brucella abortus in the supramammary and
deep inguinal lymph nodes on both sides, one cow in the right
supramammary lymph nodes, two cows in the spleen, and one in
the thyroid gland. No other microbes causing diseases were pre-
sent in the organs mentioned.

3) The histological examination revealed considerable patho-
logical changes in all those organs where the bacteriological stu-
dies had shown Br. abortus, whereas those organs that had no
Br. abortus were unchanged.

4) Of the tissue of the infected quarters of those cows that
eliminated Br. abortus with their milk, about 25 per cent. to 83
per cent. was altered.

5) Changes due to Br abortus may occur in all the quar-
ters of the udder in the lower and central parts, as well as in the
milk cisterns regions.

6) Changes caused by Br. aborfus take place in the paren-
chyma of the udder, the lactiferous ducts, and the interstitial
tissue.

7) Changes are most frequent in the alveoli and the inter-
alveolar connective tissue, the lactiferous ducts and the interlobular
connective tissue showing fewer traces of change.

8) The pathological changes due to Br. abortus are acute,
subacute, and chronic, the latter predominating.

9) In the parenchyma infected with Br. abortus there occur re-
gressive changes (varying from fatty degeneration and necrosis to
disintegration) and progressive ones (proliferation and dense cellular
infiltration of the interalveolar connective tissue and of the epi-
thelium of the alveoli).
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10) The acute changes in the parenchyma are accompanied
by fatty degeneration or even complete disintegration of the epi-
thelium of the alveoli, by desquamation, infiltration of polynuc-
lear leucocytes, appearance of purulent exudate, particularly in
the lumina of the alveoli, and occasional destruction and necro-
sis of groups of alveoli. Usually these changes are also accom-
panied by symptoms of chronic inflammation (infiltration of lym-
phocytes and plasma cells).

11) The changes in the subacute inflammatory fcci of the
parenchyma of the udder resemble those in the acute foci, but
the infiltration of polynuclear leucocytes is weaker and there are
symptoms of chronic inflammation (proliferation of the epithelium
of the alveoli, denser infiltration of lymphocytes and plasma cells,
fibroblasts in small numbers, fibres of collagenic connective tissue,
and an increase in the number of capillaries).

12) The changes in the chronic inflammatory foci in the pa-
renchyma of the udder resemble those in the subacute foci, but
polynuclear leucocytes occur only singly, the proliferation of the
fibrous tissue is intense, in places very intense indeed, and there
is little perivascular infiltration of plasma cells and lymphocytes.

13) In the chronic, and partly also in the subacute inflamma-
tory foci of the udder the author found epithelioid cells due to
Br. abortus — a fact never before described —, including giant-
cells of the Langhans’ type, and sometimes with necrosis,
chiefly in the centre of the foci, but these foci of epithelioid cells
differed from tuberculous foci in that there was no caseation.

14) The changes in the lactiferous ducts are of varying in-
tensity. They begin with a slight proliferation of the epithelium,
intumescence and moderate interepithelial and subepithelial infil-
tration (of lymphocytes, plasma cells, and smaller numbers of po-
lynuclear leucocytes), and end in very intense proliferation, flattening,
necrosis, and partial cornification of the epithelium of the lactife-
rous ducts — processes observed for the first time in connection
with brucellous infection and often causing obstruction of the lumen.

15) In the very considerably changed epithelium of the lac-
tiferous ducts, particularly in the subepithelial tissue, a certain
amount of connective tissue is observed, the extent of which de-
pends on the duration of the changes, and there is a dense, somewhat
accumulated cellular infiltration of lymphocytes, plasma cells,
smaller quantities of fibroblasts, and polynuclear leucocytes.
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16) In the very markedly changed walls of the lactiferous
ducts there are in places also foci of epithelioid cells with giant-
cells of the Langhans’ type.

17) Four cows had macroscopically observable cystiform
formations proving to be dilated, and in many cases considerably
altered lactiferous ducts, and dilated and confluent alveoli (reten-
tion cysts).

18) The interlobular connective tissue proliferates in varying
degrees, according to the extent to which changes have taken place
in the parenchyma of the udder.

19) In the interlobular connective tissue, in which prolifera-
tion has taken place, focal and diffuse infiltration (of lympho-
cytes, plasma cells, and single mast cells, a moderate amount of
fibroblasts, and comparatively few leucocytes), indicative of chronic
inflammation is observed in varying intensity.

20) The original focus of the changes of the udder is appa-
rently found in the parenchyma of the undder, the changes in the
interlobular connective tissue and in the lactiferous ducts being
of secondary nature.

21) Varying amounts of amyloid corpuscles appear both in
the changed and in the normal parts of the udder in the lumina
of the alveoli.

22) The changes in the lymph nodes are predominantly
chronic. There are also foci of epithelioid cells with giant-cells of
the Langhans’ type. Thickening of the trabeculae in the cortical
substance, diffuse and focal haemorrhages, substitution of fibrous
tissue for reticular tissue in the medullary substance, and some
diminution of the lymphoid tissue are likewise to be noticed.

23) In the thyroid gland, infection with Br. abortus causes
the appearance of acute and chronic inflammatory foci.

24) In the altered parts of the udder (the foci in the paren-
chyma and the altered lactiferous ducts), as well as in the lymph
nodes, the author discovered Br. abortus in groups and sparse
sprinklings between cells and in cells, by means of staining histo-
logical sections by the Giemsa method, as modified by the author,
and by Lofiler’'s methylene blue and the carbolfuchsin staining
methods.

25) The Br. abortus found in the altered parts is of similar
shape and size to that found in old cultures, and the staining is
uneven,
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26) The Br. abortus in the udder and in the lymph nodes,
when stained in histological sections according to the Giemsa
method, as modified by the author, mostly becomes pale-violet-
blue, less frequently pale-blue, and in isolated cases almost dark-blue,
the gram-positive microbes and nuclei of cells becoming dark-
blue, and the protoplasma, red.

27) Direct haematogenic infection with Br. abortus from
changed foci is possible, for Br. abortus was found by the author
to surround damaged capillaries, occurring also in endothelial
cells and even in the lumina of capillaries. No earlier authors
have as yet succeeded in demonstrating the haematogenic spread
of Br. abortus by means of histological sections.

28) The chief agent unfavourably affecting the milk produc-
tion of cows eliminating Br. abortus with their milk is the change
caused by Br. abortus in the udder.

29) Infection with Br. aborfus nearly doubles the quantity
of chlorine in the milk and multiplies the amount of cellular ele-
ments, as other authors have also proved.

30) A little while (some days or weeks) after the infection
of the udder with Br. abortus has begun, milk production may
even increase for some time (a few weeks), apparently owing to
irritation hyperaemia.

31) In non-pregnant uteri, Br. abortus may be present for a
considerable time, even for about a year (according to the earlier
statements, this can happen for two months at most).

32) In the udder of undiseased cows, involution causes no
changes that could be ascribed to brucellosis.
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Fig. 1. Cow VII. Normal udder in a state of moderate milk production.
van Gieson. Magnification: 60 ). Microphotogram.

Fig. 2. Cow XIII. Normal udder in a state of inaction. van Gieson.
Magnification: 60 . Microphotogram.



Acta et Commentationes Universitatis Tartuensis Plate 1.
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Plate II. Acta et Commentationes Universitatis Tartuensis
(Dorpatensis) A XXXI. 1.

Fig. 4.



Fig. 3. Cow I. Udder, right rear quarter, region 2: considerable desquama-
tion of the epithelium and infiltration of the interstitial tissue. van Gieson.
Magnification : 80 X. Microphotogram.

Fig. 4. Cow I. Udder, right rear quarter, region 3: very intense
desquamation of the epithelium and infiltration of the interalveolar tissue.
van Gieson. Magnification: 80 X. Microphotogram.



-

Fig. 5. Cow IL. Udder, right front quarter, region 7: destruction of
the structure of the alveoli, and substitution of the inflammatory elements,
in place of the structure of the alveoli. van Gieson. Magnification: 250 X.
Microphotogram.

Fig. 6. Cow I. Udder, right rear gquarter, region 3: inflammatory
elements (polynuclears, lymphocytes, plasma cells) and single desquamated
epithelial cells, in place of the destroyed alveoli. van Gieson. Magnification:
500 . Microphotogram.
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Plate IV. Acta et Commentationes Universitatis Tartuensis
(Dorpatensis) A XXXT. .




Iig. 7. Cow 1. Udder, right front quarter, region 3: acute inflam-
matory foci with numerous purulent corpuscles. van Gieson. Magnification :
250 . Microphotogram.

Fig. 8. Cow I[. Udder, right front quarter, region 2: necrosis of lobules
caused by inflammation. van Gieson. Magnification: 60 X. Microphotogram.



Fig. 9. Cow II. Udder, right rear quarter, region 1: necrosis of tissue
caused by inflammation. van Gieson. Magnification: 60 . Microphotogram.

Fig. 10. Cow II. Udder, right front quarter, region 2: focus of the epithe-
lioid cells with a giant-cell, and necrosis. Magnification: 420 (. Photo from
a drawing.
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Fig. 11. Cow II. Udder, right rear quarter, region 1: focus of the
epithelioid cells with a giant-cell. van Gieson. Magnificaticn: 500 . Mic-
rophotogram,

Fig. 12, Cow 1. Udder, right rear quarter, region 6: necrosis. van
Gieson. Magnification: 500 ). Microphotogram.



Fig. 13. Cow II. Udder, right rear quarter, region 1: groups of epi-
thelioid cells and necrosis. van Gieson. Magnification: 370 ). Microphotogram.

Fig. 14. Cow II. Udder, right rear quarter, region 2: alveolus filled
with desquamated epithelial cells and inflammatory elements. van Gieson.
Magnification: 500 X. Microphotogram.
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Fig. 15. Cow I. Udder, left rear quarter, region 4: focus of epithelioid
cells. van Gieson. Magnification: 120 . Microphotogram.

Fig. 16. Cow. II. Udder, right front quarter, region 7: epithelioid cells.
van Gieson. Magnification: 350 . Microphotogram.



Fig, 17. Cow 1. Udder, right rear quarter, region 5: granulation and
connective tissue with round-celled infiltration, in place of the alveoli. van
Gieson. Magnification: 36 ). Microphotogram.

Fig. 18. Cow II. Udder, right front quarter, region 7: connective

and adipose tissue instead of the destroyed alveoli. van Gieson. Magnification :
56 . Microphotogram.
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Plate X. Acta et Commentationes Universitatis Tartuensis
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Fig. 19. Cow II. Udder, right front quarter, region 7. proliferation
beginning in the fibrous connective tissue, in place of the destroyed alveoli.
van Gieson. Magnification: 80 <. Microphotogram.

Fig. 20. Cow II. Udder, left rear quarter, region 8: intensely prolife-
rated fibrous connective tissue (with infiltration), in place of the destroyed
alveoli. van Gieson. Magnification: 30 . Microphotogram.



Fig. 21. Cow 1l. Udder, right rear quarter, region 2: proliferation of
the epithelium of the lactiferous duct and desquamation with obstruction of
the alveolus, inflammatory infiltration in the epithelium and surroundings of
the duct. van Gieson. Magnification: 80 X. Microphotogram.

Fig. 22. Cow II. Udder, right rear quarter, region 2: granulation tissue
in lactiferous ducts very intensely changed by inflammation. van Gieson.
Magnitication : 80 . Microphotogram.
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Fig. 23. Cow II. Udder, right rear quarter, region 2: destroyed lacti-
ferous duct. van Gieson. Magnification: 120 X. Mierophotogram.

Fig. 24. Cow L. Udder, right rear quarter, region 2: flattening and
partial cornification of the epithelium of the lactiferous duct. van Gieson.
Magnification: 36 X. Microphotogram.



Fig. 25. Cow I. Udder, left rear quarter, region 5: proliferation and
flattening of the epithelium of the lactiferous duct, partial cornification, and
obstruction of the lumen. van Gieson. Magnification: 350 ). Microphotogram.

Fig. 26. Cow II. Udder, right rear quarter, region 2: proliferation and
flattening of the epithelium of the lactiferous duct, partial cornification, and
ubstruction of the lumen. van Gieson. Magnification: 350 . Microphotogram.
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Plate XIV. Acta et Commentationes Universitatis Tartuensis
(Dorpatensis) A XXXI. .

Fig. 28.



Pig. 27. Cow 1. Udder, right rear quarter, region 5: focus of the
epithelioid cells including a giant-cell in the very considerably changed lacti-
ferous duct. van Gieson. Magnification: 900X. Microphotogram.

Fig. 28 Cow II. Udder, right rear quarter, region 2: epithelioid cells

and one gianf-cell in the epithelium of the destroyed lactiferous duct. van
Gieson. Magnification: 900 . Microphotogram.



Fig. 29. Cow lI. Udder, right rear quarter, region 2: numerous plasma
cells in the epithelium of the destroyed lactiferous duct. van Gieson. Magni-
fication: 900 . Microphotogram.

Fig. 30. Cow III. Udder, right rear quarter, region 7: obstruction of
the lactiferous duct, and in the centre a cornified mass with a deposit of
lime. Flattened epithelium round the cornified mass. van Gieson. Magni-
fication: 60 X. Microphotogram.
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Fig. 31. Cow 1ll. Udder, a part of the cystiform formation. van Gieson
Magnification: 60 X. Microphotogram.

Fig. 32. Cow ll. Udder, right front quarter, region 7: dense inflamma-
tory infiltration in place of the destroyed alveoli, and intense proliferation
of the connective tissue. van Gieson. Magnification: 350 . Microphotogram.



Fig. 33. Cow II. Udder, right rear quarter, region 2, numerous plasma
cells in the interlobular interstitial connective tissue, changed by inflammation.
van Gieson. Magnification: 500 X. Microphotogram.

Fig. 34, Cow I Udder, right front quarter, region 1: mast cell in the
dilated interalveolar tissue. van Gieson. Magnification: 900 . Microphotogram.



Acta et Commentationes Universitatis Tartuensis Plate XVII.
(Dorpatensis) A XXXI. 1. '




Plate XVIII. Acta et Commentationes Universitatis Tartuensis
(Dorpatensis) A XXXI. .




Fig. 35. Cow V., Udder, right front quarter, region 8: numerous amyloid
corpuscles in the intensely changed lumina of the alveoli, and a dense inter-
alveolar infiltration. Haematoxylin-eosin. Magnification: 60 . Microphotogram.

Fig. 36. Cow VI. Left deep inguinal lymph node: considerable dila-
tation of the lymph sinus containing masses of decaying cells and portions
of decayed cells. van Gieson. Magnification: 60 X, Microphotogram.



Fig. 37. Cow [. Right supramammary inguinal lymph node: focus of
epithelioid cells with one giant-cell. van Gieson. Magnification: 900 . Micro-
photogram.

Fig. 38. Cow I. Right supramammary inguninal lymph node: connective
tissue with infiltration of focal plasma cells and lymphocytes instead of the
reticular tissue. Magnification: 60 ). Microphotogram.
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Fig. 39. Smear preparation from a 24 hours’ old culture of Br. aborius.
Carbolfuchsin. Magnification: 1100 X. Microphotogram.

Fig. 40. Smear preparation from a 14 days’ old culture of Br. abortus.
Carbolfuchsin. Magnification: 1100 . Microphotogram.



Fig. 41. Histological section of a lymph node, showing a 14 days’ old cul-
ture of Br. abortus injected into the lymph node. Giemsa method as modified
by me. Magnification: 1100 X. Microphotogram. '

Fig. 42. Br. abortus in a histological section of the spleen of a brucel-
lous guinea-pig. Giemsa method as modified by me. Magnification: 1100 3.
Microphotogram.
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Plate XXII. Acta et Commentationes Universitatis Tartuensis
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Fig. 43.




Fig. 43. Br. abortus in a histological section of fetal membranes of a
brucellous cow. Giemsa method as modified by me. Magnification: 1100X.
Microphotogram, '

Fig. 44. Cow IV. Right supramammary lymph node: pieces of nuclei
and granules of pigment between cells. Giemsa method as modified by me.
Magnification: 1100 X. Microphotogram.



Fig. 45. Cow 1V. Udder, right rear quarter, region 3: Br, abortus in
an intensely changed inflammatory focus, round the capillary, in endothelial
cells and in the lumen of the capillary. Giemsa method as modified by me.
Magnification: 11003, Microphotogram.
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Fig. 45-a — like fig. 45. Drawing.



Fig. 46. Cow IV. Udder, right rear quarter, region 3: Br. abortus in
a histological section of an intensely changed parenchyma, singly between
cells and in cells. Giemsa method as modified by me. Magnification: 1100 X.
Microphotogram.

Fig. 47. Cow. I. Udder, left rear quarter, region 4: Br. abortus in the
focus of epithelioid cells, between cells and in cells. Giemsa method as modi-
ficd by me. Magnification: 1100 X. Microphotogram.
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Plate XXVL Acta et Commentationes Universitatis Tartuensis
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Fig. 49.



Fig.48. Cow II. Right supramammary lymph node: Br. abortus in an
inflammatory focus, between cells and in cells. Carbolfuchsin. Magnification :
1100 . Microphotogram.

Fig. 49. Cow IV. Left supramammary lymph node: Br. abortus in the
lymph sinus. Giemsa method as modified by me. Magnification: 1100 X.
Microphotogram.
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Bekanntlich erklirt H. Vogt die Existenz einer oberen Grenze
der Sternmassen u. a. dadurch, daf (wenn %@ gegen das Stern-
zentrum anwiichst) sich vom Sternzentrum ausgehend eine Zone
ausbilde, in der sich keine Materie mehr aufhalten kann, sondern
nur strahlende Energie. Beim Ubergange zu immer grioBeren
Sternmassen werde die erw#dhnte ,leere“ Zone immer ausge-
dehnter, wodurch der Stern immer mehr an Stabilitit verliere,
indem er sich immer mehr dem unmoglichen Grenzzustand
nihere, bei welchem alle Materie in einer unendlich diinnen
Kugelschale vereinigt ist. Dies Resultat glaubt Vogt aus den
Gleichungen

k.Q=4mG<1—ﬂ)[1+w(r)4_’33ﬂ] W)

und
=8 oy —
A AU T

folgern zu diirfen.

- M2 m? (2)

Ich habe nun unlingst darauf hingewiesen, daf die Bedin-
gung (1) unmoglich im Gebiete der obenerwidhnten zentralen
sleeren® Zone erfiillt sein kann?). Fiir diese Zone ist doch offen-
bar kQ = 0 zu setzen, so daf (1) in

0=4ncG(1—,3)[1+1p(r) 4f3ﬂ] (3)

ibergeht. Daraus folgt aber
(1— ‘8) == 0,

was unmoglich ist, denn dies wiirde ja bedeuten, daf in dieser
nur mit strahlender Energie angefiillten Zone der Strahlungs-
druck gleich Null sei.

1) W. Anderson, Publ. de 1I’'Observatoire Astronomique de I'Université
de Tartu 29,1 = Acta et Commentationes Universitatis Tartuensis (Dorpatensis)
A XXIX.4 S. 131 1. (1936).
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Gegen meine Kritik wendet sich nun Vogt mit einer sehr
scharfen Antikritik?®), wo er sich iiber meine Beweis{iihrung
folgendermaflen ausdriickt: ,7u dieser Beweisfiihrung, tber die
man schon mehr als staunen mufB.... Denn die Gleichung (3)
wird nattirlich nicht nur durch (1 — 8) =0, sondern auch durch

3
[1 () 4—_‘—3?] —0 )
befriedigt«.

Ich furchte, dafl Vogts ,Staunen“ voreilig gewesen ist.
Vogt sagt ja an einer anderen Stelle: , ... aber es bleiben dann
doch jedenfalls, worauf es uns bei dieser Betrachtung ankommt,
w(r) und x(r), ebenso wie auch & endliche GroBen, wenn nur
die Abweichungen von den gewdhnlichen Gasgesetzen nicht
unendlich groB sind, bzw. die Sternmaterie nicht vollkommen
inkompressibel ist“3). In der ,leeren“ Zone ist die Gasdichte
gleich Null und der Gasdruck ebenfalls gleich Null. Liegt darin
ein VerstoB gegen die gewdhnlichen Gasgesetze ? -— Keinesfalls,
denn nach diesen Gesetzen muBl der Gasdruck tatséichlich gleich
Null werden, sobald die Gasdichte gleich Null wird. Also kann
w(r) nach Vogts eigenen Worten in der erwidhnten Zone nicht
unendlich grof werden. Da dort andererseits =0 ist, so wird
Vogts Ansatz (4) zur Unmoglichkeit. Statt (4) hat man
fiur die ,leere“ Zone offenbar

|1+ v | = (5)

zu schreiben. Damit kann Vogts , Antikritik* als erledigt betrach-
tet werden.

Ich hatte noch einen anderen Einwand erhoben. Sobald
sich eine kleine aus reiner strahlender Energie bestehende ,Blase®
ausbilden wiirde, miifite sie nach dem Archimedischen Gesetze
nach oben steigen. Sollte sich an derselben Stelle eine zweite
,Blase“ bilden, so erleidet sie dasselbe Schicksal, u. s. w. Die
Masse des Sternes kann so grof sein, wie sie will, und die Energie-
quellenverteilung ganz beliebig: niemals wird das Archimedische

2y H. Vogt, Astron. Nachrichten 260, 281, 1936.

3) H. Vogt, Verdffentlichungen der Universitits-Sternwarte zu Jena Nr. 2,
S. 4 (1929).



A XXXI.2 Zu H. Vogts Ansichten {iber die obere Grenze etc. 5

Gesetz die Entstehung einer ausgedehnten ,leeren“ Zone (die
dem Stern ,gefahrlich“ werden konnte) zulassen.

Auf diesen Einwand weigert sich Vogt einzu-
gehen ().

Man kann gegen die Moglichkeit einer ,leeren“ Zone noch
einen anderen Einwand erheben. An der Peripherie der ,leeren®
Zone werden sich doch viele Atome befinden, deren Geschwin-
digkeiten mehr oder weniger genau zum Sternzentrum gerichtet
sind. Durch welchen Mechanismus konnen derartige Atome am
Eindringen in die ,leere“ und fiir gewohnliche Materie ,verbo-
tene“ Zone verhindert werden? — In der ,leeren® Zone (wo nur
strahlende Energie vorhanden ist) gibt es ja keine Energiequellen,
also auch keine nach auBlen gerichtete Nettostromung strahlender
Energie, welche die von allen Seiten hereindringenden Gasatome,
Tonen und Elektronen ,zuriickblasen“ koénnte.

Bei extremer Temperatur entsteht eine neue Schwierigkeit:
die ,Paarbildung“ nach Dirac. In einem solchen Falle wird sich
in der ,leeren“ pnd fir Materie ,verbotenen“ Zone (trotz des
Verbots) Materie aus strahlender Energie bilden. —

Gehen wir jetzt zu anderen Iragen iiber.
Um Abweichungen von den gewdhnlichen Gasgesetzen Rech-
nung zu tragen, setzt Vogt den Gasdruck gleich

p = ReTA A8

m

(6)

wo & eine variable GroBle ist, die, je nachdem sich die Stern-
materie inkompressibler oder kompressibler als ein vollkomme-
nes Gas verhilt, positiv oder negativ ist. Verhdlt sich die
Sternmaterie wie ein vollkommenes Gas, so ist § = 0 zu setzen.
Dagegen sei §=o0 gleichbedeutend mit absoluter Inkompressi-
bilitit der Sternmaterie4).

Gegen letztere Behauptung muf ich aber Einspruch erheben.
Z. B. Gasentartung stellt ja auch eine Abweichung von den ide-
alen Gasgesetzen dar. Natiirlich kann jeder beliebige Entartungs-
druck (bei passender Wahl von &) durch (6) ausgedriickt werden.
Bei T=0 geht p in den Nullpunktsdruck iiber, der doch eine
endliche und von Null verschiedene Grofle darstellt. Ist aber
T =0 und ist dabei p von Null verschieden, so kann (6) nur

%) Ebenda, S. 3 f.
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dann befriedigt werden, wenn § = oo ist. Trotzdem wird doch
niemand behaupten wollen, dafl entartetes Gas bei T= 0 immer
absolut inkompressibel sei! — Wir sehen also, daf &= oo durch-
aus nicht immer die absolute Inkompressibilitit der Sternmaterle
zu bedeuten braucht.

Vogt findet, daB die Existenz eines Sternes nur dann mog-
lich sei, wenn %@ innerhalb bestimmter Grenzen variiert. dJe
groBer die Masse des Sternes ist, desto geringeren Spieiraum
habe kQ. Bei unendlich groBer Masse sei tiberhaupt ein Aufbau
nur noch bei einer ganz bestimmten Verteilung der Energie-
quellen moglich, ndmlich wenn die Gréfle £Q fir das ganze Stern-
innere gleich einer Konstanten, ndmlich gleich

Q= 4me@ (7)

ist. Vogt glaubt ein solches Resultat aus (1) und (2) ableiten
zu konnen. Dabei nimmt Vogt als eine Selbstverstindlichkeit
an, da wenn %Q = const. und M = oo ist, 1— B =1 sein
miisse ; ist die Masse zwar endlich, aber extrem grof, so konne
1 — 3 nur wenig von 1 verschieden sein. Vogt scheint zu glau-
ben, daB dies ein absolutes Gesetz sei, welches iiberall und zu
allen Zeiten gelten miisse. Vogt irrt sich aber! — Nehmen wir
an, daf die anfingliche Masse extrem grof sei, und daf die
Energiequelle in der Verwandlung von Wasserstoff in Helium
bestehe (eine bekannte Hypothese, die besonders von Eddington
vertreten wird). Wird in diesem Falle 1—p§ in alle Ewigkeit
wenig verschieden von 1 bleiben? — Natiirlich nicht! Im Ver-
laufe der Zeit wird die Energiequelle mehr und mehr versiegen,
so daB die innere Temperatur schlieBlich zu sinken beginnen
wird, und dann mufi 1— j nolens volens von 1 abriicken. Im
Endstadium ist die Temperatur auf 0° abs. herabgesunken, und
dann ist 1 —8=20; der Stern kann jetzt nur noch Nullpunkts-
energie enthalten. Die Gleichung (2) ergibt dann

70 g = O

was aber durchaus nicht zu bedeuten braucht, daf das ent-
sprechende entartete Gas absolut inkompressibe! sei. Dabei hat
sich die Masse des Sternes im Verlaufe des , Sternlebens“ infolge
von Ausstrahlung zwar verringert, aber nur sehr unbedeutend
(wenn ndmlich die Verwandlung von Wasserstoff in Helium die
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Hauptenergiequelle darstellt). Somit stellt ein’ beliebig kleiner
Wert von 1— 8 bei beliebig groBer Masse nichts fiir das Gleich-
gewicht prinzipiell Unmégliches dar. Dann kann aber nach (1)
auch %Q bei beliebig groBem M beliebig nahe an Null heran-
riicken, ohne daB dabei der Sternaufbau zur prinzipiellen
Unmoglichkeit wiirde. Statt (7) hat man daher

5Q = 4 me@ (8)

zu setzen. Dann kann aber auch von einem ,immer enger wer-
denden Spielraume* fiir- ¥Q bei wachsendem M nicht die Rede sein.
Schon Eddington hat darauf hingewiesen, daf % der Be-
dingung
k< 4meGM|L
geniligen muf®), was mit
kQ < 4 e

gleichbedeutend ist. Der Grund liegt darin, daB ein zu groBes
kQ den Stern auseinandersprengen miifte. Die Notwendigkeit
einer oberen Grenze fir %@ hat somit einen verniinftigen und
fir jedermann einleuchtenden Grund. Womit will man aber die
angebliche Notwendigkeit einer unteren Grenze fiir £Q begriin-
den? — Ein ,zu kleines“ kQ wird doch das Zusammenballen
von Materie zu einem Stern noch weniger verhindern konnen,
als ein %@ innerhalb der von Vogt zugelassenen Grenzen. —

Nur in einem Punkte muB ich Herrn Vogt recht geben.
Zur Hrklirung dafiir, warum es keine Sterne von extrem grofier
Masse gibt, habe ich eine eigene Theorie aufgestellt. Nun be-
merkt dazu Vogt, daB meine Theorie gar nichts Neues darstelle,
daB er, Vogt, eine #hnliche Theorie schon lingst aufgestellt habe,
und zwar in einer strengeren und allgemeineren Form. Wie ich
mich nachtraglich {iberzeugen mufite, stimmt dies tatsichlich.
Dies ist aber auch der einzige Punkt, wo ich mich veranlaft
sehe, Herrn Vogt recht zu geben.

5) A. S. Eddington, Der innere Aufbau der Sterne, S. 142, Berlin 1928.
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Summary.

The following conclusions may be drawn from the results
obtained.

1. On account of the great absorption in the visual region
of the M-type variables, produced by the 770 atmosphere, the
visual magnitude cannot be used directly to calculate the effec-
tive temperature; a good approximation to the true effective
temperature of these stars may be got from the difference —
photographic magnitude minus bolometric magnitude. The *‘photo-
bolometric” temperature of Mira obtained in this manner (Table 1)
varies from 2630° (just before the maximum light) to 1690° (at
the minimum light), the amplitude of variation, 940 degrees,
being much greater than any other obtained before. The com-
parison of our ‘“photo-bolometric” temperatures with the temper-
atures by Pettit and Nicholson (Fig. 1) shows that the latter
temperatures are systematically too high. This circumstance is
explained by the influence of T%O absorption on the “water-cell
absorption” from which the temperatures by Pettit and Nicholson
are determined.

2. From the “photo-bolometric” temperatures “ideal” colour
indices are calculated which range from 2.85 to 4.19 as compared
(Fig. 2) with the observed colour variation from 0.87 to 2.25
(the extreme values of the “ideal” colour index, and the observed
colour index not coinciding in phase). From the difference of the
“jdeal” colour, and the observed colour the variation of the TiO
colour correction is obtained (Fig. 8). The latter permits us to
correct the observed visual magnitude for the 7%0 absorption which
gives the “ideal” visual magnitude. The “ideal” visual magnitude
varies from 2.42 to 6.95 as compared with the range of the ob-
served visual magnitude (corrected for the visual companion)
from 3.32 to 9.90. All these results are collected in Table 1II.

3. The angular diameter of Mira, computed from the “photo-
bolometric” temperature and the “ideal” visual magnitude, varies

1%
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from 07.03%4 to 07.062, being greater at minimum than at maxi-
mum brightness. With an adopted parallax of Mira equal to
0”.019, the corresponding values of the linear photospheric radius
are 191 and 352 of the sun’s radius respectively. The density
of Mira, with an assumed mass of 9.6 O, ranges from 18.8.107 ©
to 2.2.10-7 O (Fig. 5). The “photospheric” radial velocity, com-
puted from the variation of the diameter, has a range of 32.5
km/sec, as compared with the range of 11.8 km/sec obtained by
Joy from absorption lines. The dissimilarity of the two radial
velocity curves (Fig. 6) is enormous, our “photospheric” radial
velocity curve showing a quite peculiar and irregular trend. The
difference between the recess and the approach semiamplitudes
of our curve, the corresponding values being +20.4 and —12.1
km/sec respectively, is especially remarkable. The results summa-
rized here are represented in Table IV.

4. The range of the “jdeal” visual magnitude of Mira, 4.53,
requires a ratio of the radii of 1.84, the radius at minimum
brightness being greater. This result is confirmed by the con-
sideration of the bolometric magnitude range obtained by Pettit
and Nicholson, 0.87 mag., which gives a ratio of 1.62 of the radii
in satisfactory agreement with the former value and requiring
also a greater radius at minimum light. This circumstance is
certainly the most weighty argument in favour of the pulsation
theory of Mira.

5. A comparison is made of the computed angular diameter
of Mira with the interferometer results obtained by Pease at two
different maxima. The agreement is quite satisfactory, the differ-
ence d"uuer. — @’comp. being within the limits of the interfero-
meter measurement error. ,

6. The relative temperature and radius ranges of Mira are
nearly equal, their equality being required also by Eddington’s
pulsation theory.

7. The density variation curve of Mira resembles that ex-
pected for a pulsating star, the variation of density being great
only near the maximum light, whereas during 0.6 of the whole
period the density is almost constant. The logarithmic mean of
the computed densities shows a satisfactory agreement with
Eddington’s theoretical average density of a pulsating star with
the period of 332 days.
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8. The “photospheric” radial velocity curve of Mira differs
considerably from the radial velocity curves obtained for the
Cepheids; however, the most characteristic feature of the latter,
the coincidence of maximum velocity of approach with maximum
light, appears also in the Mira curve. The different radial velo-
city curves shown by the photosphere, the absorption lines, and
the emission lines can be explained with the aid of the pulsation
theory as follows: the absorption line velocities occur at the
chromosphere (7. e, at a higher level than the photosphere); the
emission line velocities represent variations of a still higher level.
A considerable displacement of phase between the three radial
velocity curves must be expected from the standpoint of the
pulsation theory on account of the great extent of the atmosphere
of Mira. The semiamplitudes of the photospheric and chromo-
spheric radii variations are 80 and 87 radii of the sun respecti-
vely. Table V shows the change of the chromospheric radius
relative to the photospheric radius.

9. From the luminosity — radius curve of Mira (Fig. 7),
supported by Getting's corresponding curves of the Cepheids and
of RV Tauri variables, we draw the following important conclu-
sion: all regular physical variables have bolometric magnitude —
photospheric radius curves with the same characteristic features —
the curves are closed with an anti-clockwise direction of de-
scription. _ .

10. With the increasing brightness of Mira the temperature
is higher than with the equal decreasing brightness (Fig. 8).
This result is confirmed by Pettit and Nicholson for five other
long-period variables and by Reesinck for ¢ Cephei.

11. With the decreasing temperature of Mira the density
is smaller than with the equal increasing temperature (Fig. 9).
Reesinck’s result on ¢ Cephei: “With decreasing temperature
the ionisation is stronger than with equal increasing tempera-
ture”, may be regarded as identical with our result on Mira Ceti,
taking into account that stronger ionisation occurs at a smaller
density.

12, With the increasing spectrum of Mira the TiO correc-
tion is greater than with the equal decreasing spectrum (Fig. 10).
The double-valued form of the spectrum — TiO correction curve
may be explained only on the assumption of the variable pressure
possible only in case of the pulsation theory; generally, both
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the spectrum and the T¢O correction depend not only upon the
quantity of 770 present in the star but also upon the pressure
variation: a deviation from strict parallelity between the two
pressure effects, together with the assumption of variable press-
ure, may account for the phenomenon.

13. The variation of the surface gravity of Mira (Fig. 11)
is found to be similar to that obtained by Kipper for two Cepheids,
the maximum of surface gravity in all three cases taking place
almost exactly at the same phase (from —0.05 to —0.1). This
phase, 0.90, or 0.95, apparently represents the most character-
istic moment in the cyclic variation of the regular variable stars.

14. Al physical regular wvariables form one group of stars
with the same cause of variation, pulsation being the most probable
explanation of the observed phenomena.



I. The Results.

1. Introduction.

The most serious obstacle in the study of the physical
conditions of the M-type long-period variables is the appearance
of a variable titanium oxyde atmosphere in these low temper-
ature stars which considerably affects their visual magnitude and
colour. As shown by the writer!, the deviation from the black
body radiation of the M-fype stars is almost entirely due to TiO
absorption.

Thus, estimating, for 1nstance, such an important feature
as the effective temperature, we must start from observational
data which are not, or are only little influenced by T70 absorp-
tion. Such data are the radiometric and photographic magni-
tudes, since the TiO absorption is distributed mainly over the
visual wave-lengths.

The difference between the photographic and bolometric
magnitudes (the latter being derived from the radiometric magni-
tudes) gives us the true effective temperature. Further, using
any colour — temperature relation, we get the “ideal” colour
index, whereas the difference “ideal” colour menus observed
colour gives us the T:iO correction expressed in magnitudes.
Finally, correcting the observed visual magnitude for the TiO
correction found, we obtain the “ideal” visual magnitude. 7. e.
the magnitude of a star with the same true temperature distri-
bution but without the titanium oxyde atmosphere.

Such a way of deriving the T:0 absorption quantitatively
was first used by Opik and the writer in a paper on The Den-
sities of Visual Binary Stars2

The object of the present paper is to show that by using
the above described method we may obtain a reliable idea of

1 J. Gabovits, Publ. Tartu Obs., 28.5, 1936.
2 J. Gabovité and B. Opik, Publ. Tartu Obs., 28.3, 1935.
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the physical variations occurring in the long-period variable
stars. For this purpose we chose the representative long-period
variable Mira Ceti on account of the photographic and radio-
metric light curves available for it.

2. The Observational Data.

In Table I are collected the observational data for Mira Ceti.
The subsequent columns give:

1. The visual phase; the phases considered are not equi-
distant, on account of the slow variation taking place on the .
descending branch and the much greater variation on the as-
cending one. ‘

2. and 3. The observed photographic and the visual apparent
magnitudes derived from the corresponding light curves, publish-
ed by Miss Cannon 2.

4. The colour index (C), from the data in columns 2 and
8. It must be remarked that the colour of Mira at minimum
light, 1.24 mag., is possibly slightly underestimated on account
of the influence of the B class* visual companion. However,
the fact that in all known cases the colour indices of the long-
period variables at minimum lie near 1.0 mag.5 seems to indicate
that the above quoted value of the colour of Mira at minimum
is not far from the truth.

5. and 6. The photographic (m,) and visual (m,) magni-
~ tudes, corrected for the light of the companion. The magnitude
of the companion was assumed to be 9.8, according to Aitken®.

7. The radiometric (m,) magnitude, as given by Pettit and
Nicholson ?.

8. The atmospheric absorption of the radiometric magni-
tude, 4m, (a function of the temperature®); Am, was determined
by successive approximations.

3 Annie J. Cannon, Harv. Bull., 872, 28, 1930.

4 A. H. Joy, Mt. Wilson Contr., No. 311, 1926, page 54.

5 B. P. Gerasimovi¢ and H. Shapley, Harv. Bull., 872, 25, 1930.

6 R. G. Aitken, Publ. A. 8. P., 35, 323, 1923.

7 E. Pettit and S. B. Nicholson, Mt. Wilson Contr, No. 478, 1933,
page 17.

8 Ibid., page 15.
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9. The bolometric (m;) magnitude, derived from Pettit and
Nicholson’s formula®

my=m, — Am,+0.9 . .. (1).

10. The spectrum, according to Joy's spectrum — visual
magnitude relation (¢f.%, Table HI).

Table L
Observational data for Mira Ceti.
1 2 | 3 4 5 | 6 7 8 9 10
combined corr, for comp.
V. Ph.| mp l my c mp My My Amy mb Sp.
m m m m m m m s m
0.00 4.81 3.32 1.49 4.81 332 | —0.19 | 054 | 017 | M

.05 5.17 341 1.76 5.17 3.41 .10
.10 5.49 3.74 1.75 5.50 3.75 | —0.28 .99 .03
.20 6.39 5.13 1.26 6.41 5.15 | —0.21 .65 .04
.30 7.38 6.51 087 7.43 6.96 | —0.01 .69 .20
40 8.50 7.61 0.89 8.65 776 | 4-0.3} 74 47
.50 9.62 8.48 1.14 | 10.00 8.86 | 1 0.58 .80 .68
60 | 10.26 9.05 1.21 | 11.01 9.80 | +0.83 .84 .89

OO N0 © OO 00N O 6
OO~ RO WWRD

.65 | 10.34 9.10 1.24 | 11.14 9.90 .90
70 | 10.24 8.93 131 | 10.89 958 | 40.83 .83 .90
.75 9.93 8.52 1.41 | 10.32 8.91 .85
.80 9.46 7.82 1.64 9.65 8.01 | 4 0.68 7 .81
.85 8.00 6.27 1,73 8.04 6.31 Ay
.90 6.00 3.81 2,25 6.07 382 | 4033 | 0.60 .63
0.95 4.90 3.43 1.47 4.90 3.43 040 | M

3. The Temperature.

Using the data in columns 5 and 9 of Table I we may
obtain the true effective temperature (7)) of Mira throughout all
phases according to the formula (¢f.2):

36100

mp — My = 7'1.;"—

—+10log 7'— 48.40 . . . (2).
Table II, column 8, shows the computed temperatures., The
minimum value of our “photo-bolometric’’ temperature, 1690° K,
coincides with the minimum light of Mira, whereas the maximum
temperature, 2630° K, is reached at the visual phase 0.95.

In Table II and Fig. 1 the “photo-bolometric” temperatures
are compared with the ‘““water-cell” temperatures (7.) obtained

8 Ibid., page 11.
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by Pettit and Nicholson!®. The values of T..are systematically
too high, the difference T..— T, as given in column 5 of Table II,
increasing toward the minimum light. This seems to indicate

TEMPERATURE
K

2600"
2400
2200
2000

1800

- S

4 6 8 0 .2 .4

PHASE

Fig. 1. Variation of temperature of Mira. Full line — true effective tempe-
rature; broken line — “water-cell” temperature.

that the influence of TiO absorption on the “water-cell absorp-
tion”, suggested by Pettit and Nicholson!!, increases with the
decreasing light of the star.

Table II
True Effective Temperature (T) of Mira.
1] e 3 4 5 1| 2 s | & 5
V.Ph. |mp—ms| T Twe | Twe— T|V.Ph.| mp—mp| T Twe 1 Twe — T
m m
0.00 4.64 | 26000 26400 400 || 0.65 | 10.24 | 16900
.05 5.07 | 2480 .70 9.99 | 1710 | 19900 2800
.10 547 | 2390 | 2500 | 110 .75 9.47 | 1770
.20 8.37 | 2210 | 2300 90 .80 8.84 | 1840 | 2120 280
.30 7.23 | 2070 | 2160 90 .85 7.32 | 2050
40 8.18 | 1930 | 2030 | 100 .90 544 | 2400 | 2340 | —60
50 9.32 | 1790 | 1960 | 170 || 0.95 450 | 2630
0.60 | 10.12 | 1700 | 1920 | 220

10 Ibid., page 17.
11 Ihid., page 14.
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4. The “Ideal” Colour and the ¢“ldeal” Magnitude.

For the colour-temperature relation we use the well-known
expression with Opik’s constants!? reduced!® to the Harvard
colour system:

C 14 [
7=165C 4156 . . . (3),
where €’ is the “ideal” colour index, and C, = 14300.

After calculating the “ideal” colour indices from the tempe-
ratures given in column 3 of Table II, we obtain the T¢O correc-
tion (AC) from

AC: O’_‘ G . . . (4'-)7

where the observed colour C is taken from Table I, column 4.
The “ideal” apparent visual magnitude (m'.) is given then by

my=my,—AC . . . (b),

where m, is got from column 6 of Table L

Table III contains the results of the computation. Column 2
shows the “ideal” colour indices computed from formula (8).
The “ideal” colour varies from 2.85 to 4.19, the range being thus
1.84 mag. In Fig. 2 the “ideal” colour variation curve (the
upper curve) is compared with the observed one (the lower

Table IIL

“Ideal” Colour (C’), Ti0 Correction (4C), and “Ideal”
Magnitude (m’,).

1 2 3 4 1 2 3 4
V. Ph. (04 AC m'y V. Ph. (64 AC m'y
{

0.00 2.39 0.90 2.42 0.65 419 2.95 6.95
.03 2.55 0.79 2.62 .70 4.12 2.81 6.77
.10 2.68 0.93 2.82 .75 3.95 2.5¢ 6.37
.20 2.98 1.72 3.43 80 . 3.76 2.12 5.89
.30 3.24 2.37 4.19 .85 3.28 1.55 4.76
.40 3.55 2.66 5.10 90 2.67 0.42 3.40
.50 3.90 2.76 6.10 095 | 2.35 0.88 2.55

0.60 4.15 2.94 6.86 |

12 R Opik, 4p. J., 81, 177, 1935.
13 R, Opik, Publ. Tartu Obs., 27,1, Table 1, 1929,
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CoLOUR
INDEX

/(\ 40
3.5
3.0

25

- 2.0

4 6 8 |
PHASE :

Fig. 2. Comparison of “ideal” colour (upper curve) with observed colour
' (lower curve) of Mira.

2.5

a0
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.6 .8 .0 2 6 .8 0 .2 4

40
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Fig. 3. Variation of IO colour correction (/C) of Mira.
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curve). It is remarkable that the jumps and inequalities present
in the latter curve fail to appear in the “ideal” colour curve.
Column 8 contains the 750 correction AC, defined by (4). This
correction reaches its maximum value, 2.95 mag., at the minimum
light of Mira, while the minimum value of the 770 correction,
0.42 mag., falls into the visual phase 0.90. This result shows the
interesting fact that the smallest quantity of 7%0 in the star
does not appear at the maximum light but slightly before it.

MAG.
+0.0

-2.0

\I—//_\/

| (4.0

- 6.0
il

. 8.0
il

- 10.0
il

12.0

4 6 8 .0 2 A4 6 .8
PHASE

Fig. 4. Bolometric (I), “ideal” visual (1I), observed visual (I1I), and photographic

(IV) light curves of Mira.
3
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Fig. 38 shows the AC variation curve graphically. Column 4
gives the “ideal” apparent visual magnitudes w’,, defined by (5).

In Fig. 4 the “ideal” visual light curve (II) is compared
with the observed visual (III), the photographic (IV), and the
bolometric (I) light curves. It is remarkable that the visual light
curve corrected for the 7%0 absorption assumes a different form
as compared with the uncorrected curve becoming now more
similar to the photographic light curve.

5. The Diameter, Density, and “Photospheri¢” Radial Velocity.

The subsequent columns of Table IV contain:
1. The visual phase;
2. The angular diameter (d”), computed from

5400
log d" =~ —0.2m, —8.016 . . . (6),

where Amas = 0.575 is assumed for the effective visual wave-
length of the M-type variables4,

3. The linear radius R (sun=1), derived from the data
in column (2), and from the parallax of Mira. The latter we
assume to be 07.019 according to the apparent visual magnitude
at maximum used in this paper and an absolute visual magni-
iude — 0.8, estimated by Joy 15,

4, The density ¢ (sun=1). The mass of Mira was assumed
to be 9.6© according to the mean bolometric absolute magni-
tude —3.14 and the empirical mass — luminosity relation by
Kopal 6. The density variation curve is given by Fig. 5.

5. The ‘photospheric” radial velocity corrected for the
average projection on the line of sight, obtained from the smooth-
ed radius variation curve. In Fig. 6 our “photospheric” radial
velocity curve (full line) is compared with the radial velocity
curve obtained by Joy from absorption lines*”. The dissimilarity
of both curves is enormous. Contrary to the ‘“ordinary” and
smooth trend of Joy’s curve, our radial velocity curve shows a
quite peculiar nature, also having a much greater range of 32.5
km/sec, as compared with the 11.8 km/sec of the radial velocity
range by Joy.

WA, H. Joy, loc. cit.,, page 50.

15 Ibid., page 49.

1 7. Kopal, Zs. . Ap., 9, 239, 1935.
17 Loc. cit., page 18.
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Fig. 5. Density variation curve of Mira.
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Fig. 6. Variation of ‘photospheric” (full line) and “chromospheric” (broken
line) radial velocities of Mira.
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Table IV.

Angular Diameter (d”), Linear Radius (R), Density (g), and
“Photospheric” Radial Velocity (v).

1 | 2 |3 4 5 11 | 2 3 1 5
V.Ph.| & | R 0 v ‘V.Ph. " | R 0 v
000 | 07,038 215 19.66.10~7 | —12.1 ] 065 |07.062! 352 | 2.22.107| 00
05 | .043) 247 | 6.38 —101) .70 | 061 349 | 2.26 + 33
10 | 048|272 1478 — 82| 75 | 058 320 | 271 + 6.0
20 | 055 313 3.3 — 7.9 80 | .055| 313 | 3.16 +15.0
30 | 057323 236 — 220 .85 | .046| 264 | 5.26 +20.4
40 | .058] 329 | 271 — 17| 90 | 036| 204 [11.40 + 9.9
50 | .060( 344 (2.38 — 12| 095 [07.034| 191 13.76-10-7| 0.0
0.60 |07.061 | 349 |2.26-10—7 | — 0.7 ;

II. Diseussion.
6. The Long-Period and Cepheid Variables.

Several astronomers have pointed out the possible similarity
in many physical properties between the long-period variables
and the Cepheids. This led them to the suggestion that both
classes of variables form a natural sequence of stars with the
same cause of variation. Some investigators confine themselves
to that conclusion, considering the Cepheids and the Mira stars
as one group of variables, without specifying the possible cause
of their light variation. Joy says in his Spectrographic Study
of Mira Ceti'®: <«. .. the physical changes may be traced to
sources similar to those prevailing in the hotter variable stars
and ...the whole group of physical variables may be found to
form a sequence from the shortest to the longest periods.” ,

However, some astronomers who consider both classes of
variables together come to the definite conclusion that the most
probable explanation of the largest number of observations is a
periodic pulsation of these stars. Eddington says?®: “There is
growing evidence that long-period variation and Cepheid variation
are essentially the same phenomenon. The very low density and
temperature of the long-period variables exaggerates and renders

18 Loc. ctt., page 60.
13 A. S. Eddington, The Internal ConstitutionoftheStars,
Cambridge, 1926, page 2C6.
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more erratic the effects of the same kind of pulsation as in the
Cepheids.” While Eddington’s conclusion is “still very specula-
tive” 2%, Shapley makes the same deduction by the aid of pure
observational results2!: «it appears that the pulsation hypothesis
can be logically extended to long-period variation on the basis
of the observed similarity with Cepheids in bolometric absolute
magnitude, radiation variations, spectral peculiarities, and galactic
distribution”. The recently published theoretical investigation
on the constitution of the stars by Anderson ®® occupies a quite
isolated place in the question considered. He points out the
aptitude of the red giants to pulsate caused by a small spon-
taneous variation in bolometric magnitude. He writes??: |[Es ist
zu beachten, da8 bei den oberen Gliedern der g-Reihe (mit nied-
riger effektiver Temperatur) die geringste Variation der absolu-
ten bolometrischen Helligkeit eine bedeutende Expansion (oder
Kontraktion) des Sterns hervorrufen muss. Daraus folgt, dafl
rote Riesen wenig stabil und zum Pulsieren geneigt sein miissen.*
Anderson’s conclusion is of very great importance because of its
complete independence of the Cepheid variables. Since, histori-
cally, pulsation was first suspected in the Cepheids, and only
the similarity of the Mira stars led to the extension of the pul-
sation theory over the long-period variables, Anderson’s results
seem to indicate that it is more natural that pulsation may be
supposed to exist just in the long-period variable stars, and thus
the train of ideas must be inverted.

7. The Range of the “Ideal” Visual Magnitude.

The “ideal” visual magnitudes (cf. Section 4, Table III) at
maximum and minimum light are 2.42 and 6.95, as compared
with the observed corresponding values 38.32 and 9.90. Thus,
the range of the “ideal” visual magnitude is 4.58. Theoretically
the range of the visual magnitude may be computed from

27000 27000 . Bmag.
mmin._mmax.=m_m+010g R (7),

where 7, and R denote the temperature and the radius respec-

20 Ibid.

L H. Shapley, Harv. Bull., 861, 1, 1928,

22 W. Anderson, Publ. Tartu Obs., 29.1, 1936.
2 Ihd., page 118,

5]
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tively, and the indices max. and min. refer to the maximum and
minimum light; Agme.)=0.575 is assumed according to Joy (cf.
Section 5).

If we assume a constant radius, the amplitude of the “photo-
bolometric” temperature variation (¢f. Section 3, Table II) requires
a range of the visual magnitude equal to 5.58 mag., whereas the
range of the “ideal” magnitude is only 4.58. Thus, the assump-
tion of a wvariable radius (namely, a greater radius at minimum
Light than at maximum) leads to a better agreement with the range
of the “ideal” visual wmagnitude than the assumption of a constant
radius.

This important result is confirmed by the consideration of
the bolometric magnitude range for which we have the formula

Tmaz. | Rmaz.
Tmin. + 5 log BRwmin. T (8)

Mpin, — Mgz, =— 10 10g

Supposing the radius to be constant, we get the bolometric
range 1.92 mag., whereas the observed range of the bolometric
magnitude is only 0.87 (¢f. Section 2, Table I) requiring the radii

ratio f%"ii = 1.62 in satisfactory agreement with the value found
max.

from the visual magnitude range, 1.84. Thus, the range of the
bolometric magnitude suggests also a variable radius and a smaller
radius at maximum light.

8. Comparison of the Computed Diameter with Interferometer
Data.

An interesting comparison of the calculated angular dia-
meter at maximum light may be made with the interferometer
results obtained by Pease at two different maxima. The first
measurement, which gave the value 07.0562%, was made at the
January 1925 maximum when the star reached the magnitude
3.8 only ?, whereas the second result, d’=0".0472%6, was got at
the 1928 maximum when the magnitude of Mira was 3.12%.

If we assume that the physical conditions of Mira a{ the
1925 maximum correspond to those at a normal visual phase of

24 F. Pease, Publ, A. S. P., 37, 90, 1925.

25 A, H. Joy, loc. cit., page 8.

¢ F. Pease, Publ. A. S. P., 41, 333, 1929.

7 F. Lause, Beob.-Zwk. der A. N., nr, 1. 1929.

(&

(&
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0.1, while the maximum of 1928 may be regarded as a normal
maximum, our computed angular diameters are correspondingly
07.048 and 07.088 (cf. Section 5, Table IV). The agreement is
quite satisfactory, the differences d”iters.— d comp. being 07.008
and 07.009 only within the limits of the interferometer measure-
ment error.

As shown by the data in column 2 of Table 4, the computed
diameter decreases with increasing magnitude. The fact, that
the measured diameter shows the same tendency, leads us to
the conclusion that possibly the different results obtained by the
two interferometer measurements are due not to observational errors
but to a real variation of the diameter.

9. The Radius and Temperature Variation.

The range of the photospheric radius of Mira (¢f. Section 5,
Table IV) is very great, 161 sun’s radii, being much greater than
the corresponding value for the Cepheids. The obtained radius
range of Mira is possibly slightly overestimated, on account of
the uncertainty of the minimum temperature and the visual
brightness data, but there is no doubt that the order of magni-
tude of the range is correct in accordance with Anderson’s
theoretical suggestion 28. r

The relative temperature and radius ranges of Mira LEh

> Tm
%, where 07 and 0B denote the semiamplitudes of the

variation of 7' and R, while 7% and R. are the mean tempe-
rature and radius, are 0.22 and 0.28 respectively. Both values
are approximately equal, their equality being required also by
Eddington’s pulsation theory. For a number of Cepheids Eddington
finds the corresponding values to be 0.066 and 0.0732°.

and

10. The Density.

Fig. 5 shows the density variation of Mira, the curve obtained
resembling that expected for a pulsating star. The greatest density
(and the smallest radius) occurs slightly before the maximum
ghlit, at the phase 0.95, where it begins rapidly to diminish;
between the phases 0.2 and 0.8 (i. e. during 0.6 of the whole

3 Loc. cit., page 118.
2 Loc. cit., page 185.

o%
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period) the variation of density is very small, and from the phase
0.8 on it increases again with great rapidity.

As to the theoretical period — density relation, Eddington’s
equation %

PVa=029 (o) * . . . (9),

where P is the period, g.the central density, y the effective ratio
of specific heats, and ya=3y—4, permits us to calculate the
expected average density of a pulsating star with a period of
332 days. We assume: @.= 54 0m, (ya)% == 0.3. Equation (9)
gives then 0,=1.6-10"7, in satisfactory agreement with the
logarithmic mean value of our computed densities, 4.0-10".

11. The Radial Velocities.

The “photospheric” radial velocity curve, shown by Fig. 6
(full line), seems to represent, like the above considered density
curve (Fig. 5), the peculiar behaviour of an oscillating star. The
maximum velocity of recess occurs at the phase 0.85, 0.1 of the
period before the smallest radius, whereas already at the maxi-
mum light the maximum velocity of approach is reached.

Although the general trend of the curve considered differs
considerably from the radial velocity curves obtained for the
Cepheid variables, it is noteworthy that the most characteristic
feature of the latter, namely the coincidence of maximum velocity
of approach with maximum light, appears also in the Mira curve.
A further interesting feature of our “photospheric” velocity curve
is the different values of the maximum velocities of recess and
approach; while the former value is 20.4 km sec, the greatest
velocity of approach is 12.1 kmjsec only. 1f this phenomenon
is real, it may play an important role in further studies on the
causes of pulsation.

Considering the radial velocity curve obtained by Joy from
absorption lines3! (Fig. 6, broken line), its behaviour and dissi-
milarity with the “photospheric” radial velocity curve seems at
the first glance to present no explanation. However, the puisa-
tion theory makes it possible reliably to explain the correlation
between both curves.

30 Ibid., page 192.
81 Loe. cit.,, page 18.
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The velocities given by the absorption lines evidently occur
at a higher level than the photosphere, namely at the reversing
layer (lower chromosphere). Thus, contrary to the “photospheric”
radial velocities computed in this paper, we may call the ab-
sorption line velocities the ‘“chromospheric” radial velocities;
they represent the variation of the chromospheric radius. On
account of the doubtlessly large chromosphere of Mira a great
displacement of phase between the ‘“photospheric” and the “chro-
mospheric’ velocity curves is to be expected. It is also very
probable that the irregular variation of the photospheric radius
is not translated upon the chromospheric radius, the variation
of the latter being thus more regular. The range of the “chro-
mospheric” velocity curve is smaller than that of the ,,photo-
spheric’’ velocity curve as shown by Fig. 6. This circumstance
requires a smaller range of the chromospheric radius. While
the semiamplitude of the photospheric radius variation is 80
sun’s radii (¢f. Section 9), the corresponding value for the chromo-
spheric radius, as found by Joy from the spectroscopic elements,
is 26200000 km 3?2, or about 87 sun’s radii.

In order to make evident the correlation between the photo-
spheric and chromospheric radii, we give the following table,
which shows clearly the change of the chromospheric radius
relative to the photospheric radius.

Table V.
Variation of Photospheric and Chromospheric Radii.
Phase Photospheric | Chromosph.| “Photospheric” \ “Chromospheric”
Radius Radius Radial Velocity Radial Velocity
e o r e
0.00 small ; increase decrease maximum [ maximum recess
| approach
.32 | large; increase | smallest slight anproach Zero
.65 | largest increase zero maximum
approach
.82 large; decrease largest rapid recess Zero
.85 || intermediate; decrease maximum recess | slight recess
decrease
0.95 | smallest decrease ' zero rapid recess
I

82 Ibid., page 19.
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As to the emission line velocities, determined also by Joy %3
their difference from the absorption line velocities follows inevi-
tably from the pulsation theory. The emitting layer of the long-
period variables lies still higher than the absorbing one 3¢, which
circumstance must necessarily cause a displacement of phase
between the absorption and the emission velocity curves. Un-
fortunately, emission line velocities are not determinable between
the phases 0.6 and 0.9, the behaviour of the emission line velo-
city curve in this region remaining open. The extrapolation
suggested by Joy is probably not well founded, because it would
indicate a permanent approach of the emitting layer during the
‘whole period, which evidently cannot be real.

12. The Luminosity — Radius Diagram.

Some years ago Milne proposed a new method of analysing
stellar variability 3%, consisting of a construction of the bolometric
luminosity — radius diagram. Getting applied this new method
to some variable stars 3¢, Cepheids, RV Tauri variables, and long-
period variables. As to the Cepheids and RV Tauri variables,
Getting finds their luminosity — logradius (“characteristic”’) curve
to be in all cases a closed curve, with motion in the anti-
clockwise direction.

On the basis of the data obtained in this paper, we traced
the corresponding diagram for Mira Ceti (Fig. 7). The result is
surprising and highly significant: the my — log R curve of Mira
s closed with a motion in the anti-clockwise direction, thus having
the same characteristics as the Cepheid and RV Tauri variable
curves. :

It is interesting to remark that Getting’s own curve for
Mira Ceti, contrary to our result, shows a clockwise direction
of description. This disagreement is evidently explained by the
fact that Getting used the absorption line velocities, which give
the chromospheric radius, for deriving the radius of Mira, whereas
the photospheric radius must be regarded as characteristic. Indeed,
the radii used by Getting for the Cepheids are also chromospheric

3 Ibid., pages 18, 39.

34 Ibid., page 60.

35 H. A. Milne, M. N, 94, 418, 1934.
8 J. A. Getting, M. N., 95, 139, 1934.
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radii, but there the phase displacement between the photospheric
and the chromospheric radii variation is not so much appreciable
as in the long-period variables.

From the results obtained Getting proposed the following
method of classification of all regular variables into three classes®?:
“(1) stars which have one simple loop in their characteristic curve
traced in the anti-clockwise direction; (2) stars which have one

2.34r

0.8 0.6 04 02 0.0
me

Fig. 7. Luminosity — radius diagram of Mira. Abscissae — bolometric
magnitude ; ordinates — logarithm of radius.

simple loop in their characteristic curve traced in the clockwise
direction; and (8) stars possessing complicated characteristic
curves.” The corresponding classes of variables, according to
Getting, are: (1) the Cepheids; (2) the long-period variables; (3)
‘the RV Tauri variables.

With our result on Mira’s “characteristic’” curve (which may
be expected to hold for all M-type variables) Getting’s classifi-
cation loses its reality. The erroneous opinion, that the long-
period variables have “characteristic”’ curves with an opposite
sense of description as the Cepheids, led Milne to the suppo-
sition 38 that ‘“as we pass from the Cepheids to M-type variables,
the characteristic curve gradually closes up to an arc enclosing
zero area and then opens out again with reversed sense of
description.” However, Milne's supposition is not confirmed by
Getting’s investigation. This circumstance, as well as our result

87 Ibid., page 157.
38 Loc. cit., page 425.
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on Mira's “characteristic” curve, seems to indicate that variables
with a clockwise direction of their “characteristic” curves do
not exist at all. This leads us to the extremely significant
conclusion with respect to all considered variables: all regular
physical variable stars have bolometric luminosity — photospheric
radius curves with the same characteristic features — the curves are
closed with anti-clockwise direction of description. This conclusion
shows the close relationship of all three classes of the variables
considered.

13. The Luminesity — Temperature and Temperature — Density
Diagrams.

In a study of the spectrum of § Cephei Reesinck?® gets the

following results: ‘(1) with increasing brightness the tempera-

K'l
2600
/
900t
—
1300+
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Fig. 8. Luminosity - temperature diagram of Mira.

ture is higher than with equal decreasing brightness; (2) with
decreasing temperature the ionisation is stronger than with equal
but increasing temperature.” ‘

On Fig. 8 we plotted the bolometric magnitudes against the
“photo-bolometric” temperatures computed in this paper. As
shown by the curve obtained, we get for Mira Ceti the same
result as was found by Reesinck for 6 Cephei: with the increasing
brightness of Mira the temperature is higher than with the equal
decreasing brightness. Our result for Mira Ceti is confirmed also
by Pettit and Nicholson 4%, who used their “water-cell absorption”

3 J. Reesinck, B. 4. N., 4, 41, 1927.
490 Loc. ctt., page 12,
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temperatures; they found the same phenomenon still for five
other long-period variables.

As to Reesinck’s second conclusion on 6 Cephei, it may
evidently be formulated in another manner, taking into account
the fact that the ionisation is stronger at smaller density: with
decreasing temperature the density is smaller than with equal
but increasing temperature. As shown by Fig. 9, where the

L

~
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Fig. 9. Temperature — density diagram of Mira.

“photo-bolometric” temperatures are plotted against the computed
densities (cf. Section 5, Table 4), the same phenomenon persists
also in Mira Ceti. This fact seems to be fair evidence for the
reliability of the pulsation theory.

14. The Spectrum — TiQ Correction Diagram.

Plotting the TiO correction (cf. Section 4) against the
spectrum of Mira (Fig. 10) we arrive at the interesting result
that with an increasing spectrum the TiO correction is greater than
with an equal but decreasing spectrum. :

If the phenomenon obtained is real, it may be explained
only on the assumption of a variable pressure, possible only in
the case of the pulsation theory.

Indeed, the spectrum and the T70 correction are functions
of the intensity of 720 bands, but, evidently, not exactly of the
same selection of bands; on the other hand, the intensity of
bands is, among others, a function of pressure; if this function
of pressure does not run exactly parallel for the two selections
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of bands, a double-valued form of the spectrum — 7%0 correction
correlation curve may result as actually observed.

Thus, the M-type variables furnish us with a new possi-
bility, not present in the Cepheids, of proving the pulsation
theory, namely the closed nature of the spectrum — T:0 correc-
tion curve. The reality of the phenomenon found seems to be

mas.

257

151 / /
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Me M!7 Mes M!s

Fig. 10. Spectrum — T¥0 colour correction (4 C) diagram of Mira.

evidenced by the fact that the spectrum — temperature curve of
Mira forms a single arc which would not be the case if the
closed form of the spectrum — 7%0 correction curve were caused
by observational errors..

In concluding this section, it may be remarked that the
specirum — TiQ correction correlation of Mira does not coincide
with that of the M stars in general*'. This circumstance must
not be interpreted as a systematic deviation from the general
“spectrum — T7¥0 correction law”, but is produced merely by
the different systems of colour used in both determinations,
since in the first case we used the Harvard colour system and
in the latter the Opik colour system.

4] Gubovits and B. Opik, lve. cit.; J. Gabovits, loc. cit.
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15. The Surface Gravity.

In a study on the variation of surface gravity upon d Cephei
and n Aquilae, Kipper 4 reaches the following conclusion: “The
surface gravity of ¢ Cephei and 5 Aquilae is constant throughout
the greater part of the time. Only about 0.1 of the period before
the maximum light does it grow four times as much as its
general value and then falls again rapidly.”

From our computed radius and the adopted mass of Mira
we computed its surface gravity variation as given in Table VI

Table VL
Surface Gravity Variation of Mira Ceti.
Phase log ¢ g ] Phase log g g
0.00 —3.68 2.1.10—4 0.65 —4,11 7.7.10-5
.05 —3.80 1.6 .70 —4.10 7.9
.10 —3.89 1.3 .75 —4.05 8.9
.20 —4.01 9.8.10-5 80 —4.01 9.8
.30 —4.04 9.2 .85 —3.85 1.4.10—4
40 —4.05 8.9 .90 —3.64 2.3
.50 —4.09 8.1 0.95 —3.58 2.6
0.60 —4.10 7.9

As shown by Fig. 11, which represents the surface gravity varia-
tion curve of Mira, Kipper’s conclusion referring to the two
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Fig. 11. Variation of surface gravity of Mira.

42 A. Kipper, Acta et Commentationes Univ. Tartuensis, A, 27, part 9, 1934.
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Cepheids may be drawn also for Mira Ceti. It is especially
noteworthy that the maximum surface gravity of Mira falls almost
on the same phase of the period as that of the two considered
Cepheids, namely 0.05 (instead of 0.1) of the period before the
maximum light. The fact that also the radius, the temperature,
the colour, the radial velocity, etc. of Mira Ceti reach their extreme
values slightly before the maximum light seems to indicate that
the phase 0.90, or 0.95, plays a prominent and important role in
the cyclic evolution of the pulsating stars.

16. Conclusion.

As shown by the several points of the present investigation,
the results obtained furnish a decided confirmation of the pulsa-
tion theory which apparently may be extended to all long-period
variables although our conclusions are based on Mira Ceti alone.
For further evidence, detailed data on bolometric magnitude,
photographic magnitude and spectrum variation for other long-
period variables such as are available for Mira Ceti, and which
have been used here, are necessary. '

I am greatly indebted to Dr. Ernst Opik.for some valuable
suggestions referring to the manuscript of the present paper and
to Mag. Aksel Kipper for kind information on the recent literature
on the Cepheid variables.

Tartu, September 1936.
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SISSEJUHATUS.

Botaanikaaia kirjelduse tarvilikkust on tundnud nii asjale
eriti lihedased — Oppejoud ja iliopilased — kui ka arvukad aia
kiilastajad. Aia kirjeldus on seni viibinud tingituna peamiselt
asjaolust, et meil paraku on palju iilesandeid, mis koéik vajalikud
ning téhtsad, kuid tootajaid on alles vahe (vt. lk. 7). Et vii--
mast aia téielikku kontrolli toimetas professor Willkomm
1870. aastate paiku (seega ligi 70 a. tagasi), ent hiljemini taimede
midramise kontrollimist harrastati sporaadiliselt, olid mitme-
suguseil pohjusil aegamédda mitmel pool aias taimede etiketti-
dele tekkinud nimed, mis ei vastanud nimelaudade taga kasva-
vatele taimedele. Oli ilmne, et on tarvilik uus tédielik taimede
kontrollimine. See ulatuslik t66 langes peaaegu tervelt (vt. k. 7)
botaanika-aia juhatajale, kuna botaanika-aia juhataja abi koht
on alates a. 1914 kaotatud.

Alljargnev botaanikaaia kirjeldus on moeldud koéigepealt
looduse-, arsti- ja péllumajandusteaduskonna iiliépilasile, kuid
mitte vihem ei tohiks ta olla sobiv ka neile loodusesdpradele,
keda huvitavad mitte ainult taimede kaunid, sageli iillatavad
kujud ja virvid ning taimenimed, vaid ka taimede tunnused, nende
kodumaa jne. Botaanikaaiaga tutvuda moénel iiksikul ringkaigul
voib muidugi ainult lisna pealiskaudselt. On tarvis pikemat aega
ning eriaegadel viibida aias, et stiveneda sellesse taimede kiillu-
sesse, mida aed toeliselt sisaldab. Seesuguseile asjast huvitatuile
vaatlejaile ongi plihendatud see t66. Kuid aia kirjeldus on tidh-
tis ka teisest seisukohast. Botaanika-aedadel on rahvusvaheline
koost66 kujunenud kaua tagasi. Juba ligikaudu 130 a. saadab
Tartu botaanikaaed igal talvel kéigile suurematele botaanika-
aedadele kogu maailmas (arvult ligi 250) oma , Index Semi -
numi“ — seemnete nimekirja — mille abil toimub vastastikune
tasuta seemnete, eoste, sibulate, mugulate jne., osalt ka tervete
taimede vahetus. Koikide botaanika-aedade huvides on, et igast
alast oleks olemas iiksikasjalik kirjeldus, sest kuigi kogu kirjeldus
pole iga kord kittesaadav keelelistel pohjustel, selgub siiski juba
ladinakeelsetest taimenimedestki, mis taimi kasvatatakse aias.
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Nii on aedade kirjeldused ka rahvusvahelise teadusliku koostdd
edendajad.

Teose illustratsioonid on eranditult originaalid. Joonised on
valminud vilunud ja osava joonistaja prl. mag. geol. E. Rosen -
st ein’i kaasabil, fotodega oli palju asjatundlikku hoolt hr. mag.
phil. E. Bakis’el. Nimetatud kaastoolistele autori suurim tanu!

Tartu Ulikooli Botaanikaaed asutati 1803. a. esialgu kiill
mitte praegusel asupaigal, vaid niiiidse Saksa Késitooliste Seltsi
aias Aia tdnaval. Esimeseks aia juhatajaks oli prof. G. A. Ger -
mann, 1806. a. viis ta botaanikaaia iile kohale, kus aed asub
praegugi; selleks oli pr. Anna v. RosenkampfF’ilt kingitusena
saadud sobiv maa-ala, mis pinna-reljeefilt vahelduv, sest et aeda
libib vana keskaegne linnamiiiiri vall. Aia korraldamisel ja uute
hoonete rajamisel oli Ger mann’ile suureks abiks tilem-aednik
J.A. Weinmann (1805—1813), kes planeeris aia ja mojusalt
tegeles ka botaanikaaia peahoone ehitamisega. Ainult maja kesk-
osa (praegu auditoorium ja botaanikaaia juhataja korter) on
sdilinud enam-viahem endisena; kasvuhooned ehitati hiljemini
pohjalikult iimber. — Prof. Germann suri 1809. a. 36-aasta-
sena. 1811. a. valiti loodusloo professoriks ja aia juhatajaks
C.F.v. Ledebour. Noorusliku energiaga (kohale asudes oli
L. 25-aastane) asus prof. Ledebour aia korraldamisele. Tal
onnestus tunduvalt suurendada aiale midratud summasid, mille
tagajirjel aia korraldamine hoogsalt edenes. Osteti juurde see
aia osa, kus asub praegu Pohja-Ameerika osakond, miska joudis
aed sel ajal oma praeguse pinnasuuruseni. Esimene kasvuhoone
troopikataimede jacks ehitati botaanikaaia {immargusse orgu
1825. a. Keisrinna Maria Feodorovna kingitus — 263 elusat
troopikataime — sai kasvuhoone pdhikoguks. Botaanikaaed
omandab varsti laialdase kuulsuse prof. Ledebouri reisude
tottu. 21. I 1826—4. II 1827 toimub ta kuulus reis Altaisse; sel-
lest votavad osa ka arstiteadlane A. v. Bun ge ja rohuteadlane
C. v. Meyer. Altaist likitas L edebour botaanikaaiale 42
kasti seemnete, pistikute ja elusate taimedega. Ledebour’i
kaasatoodud herbaarium — 1600 liiki — sisaldas iimmarguselt
400 teadusele uut Altais avastatud taimeliiki. Tihtsamad teosed,
mis ilmusid iithenduses nende reisudega on ,Icones plantarum
novarum vel imperfecte cognitarum floram rossicam, imprimis
altaicam, illustrantes®, 1829—1834 (viies koites, 500 tabelit) ja
»Flora Altaica* I—IV. Sel ajal pédidsevad paljud uued liigid
Laane-Euroopa botaanika-aedadesse Tartu botaanikaaia kaudu.
Et botaanikaaia hoidmine teadusliku asutise tasemel néuab palju
téod, on Ledebour harukordselt koormatud. 1833. a. 6nnes-
tub 16puks luua direktori-abi koht, kuhu valitakse botaanik
E. R. Trautvetter. Juba erus olles kirjutab Ledebour
oma suure, neljakditelise t66 ,,Flora Rossica®, mis ka tinapievani
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on ainsaks flooraks, mis holmab kogu Venet Baltimerest kuni
Kamt8atkani1). Ledebour’i herbaarium on Leningradi
botaanikaaia muuseumis. Rohkesti eksemplare, eriti Altaist, lei-
dub siiski ka Tartu Ulikooli Botaanikamuuseumi kogudes. Lede-
bouri Altai reisu kaaslane A. v. Bun ge saab aastal 1836 ta
jareletulijaks. Veel 1830. a. oli Bun ge osa votnud Vene Tea-
duste Akadeemia ekspeditsioonist Hiinasse (libi Gobi korbe!).
Pekingist tegi ta korduvaid ekspeditsioone Mongooliasse ja uuris
hiljemini Ida-Altai floorat. A

1858.—59. a. korraldas Bunge ekspeditsiooni Péarsiasse,
kust ta kaasa t6i 5000 taimeliiki. Ta sulest on ilmunud
rida monograafiaid: ,,Anabasearum revisio*, 1862; ,,Ten-
tamen generis Tamaricum*, 1852; ,,Species generis Oxytropis,
DC.%, 1874 jt.

Tootades neis kaugeis mais ei puudu Bungel huvi ka
kohapealse floora vastu. Mitmed B u n g e opilased tootavad ener-
giliselt Eesti floora uurimise alal. Nimetada tuleb koigepealt
Fr.Schmidti (Muhu s. floora, 1854, ja Siluri ala floora, 1855),
P. Glehn’i (Tartu iimbruse floora, 1860) ja E. Russowt (Tal-
linna timbruse floora, 1862). Koos Fleischer’iga koostab Bunge
Eesti-, Liivi- ja Kuramaa floora ning alustab ,,Flora exsiccata
Liv-, Est- und Kurlands* viljaandmist a. 1849. Sellest ilmus
10 annet (1000 t.).

Bunge ajal suurenes botaanikaaia kasvuhoonete arv, iiht-
lasi ka neis kultiveeritavate taimede hulk. Bunge’l 6nnestus luua
ka taimefiisioloogia professori koht Tartu Ulikooli juurde; esi-
meseks Oppejouks sel alal oli kuulus M. J. Schleiden, Kkes
viibis Tartus aga vaid lithikest aega (1863—1864). Bunge
lahkus iilikooli juurest 1867. a., olnud seega Tartus Gppejouks ja
aia juhatajaks 31 aastat. B u n g e herbaarium, mis sisaldas 33 000
taimeliiki, on Prantsusmaal. Bunge-aegsetest botaanikaaia
juhatajate abidest tuleks nimetada eriti piarastist akadeemikut,
botaanikut ja geoloogi Fr. Schmidt’i (a. 1856—1859) ning
tuntud Amuurimaa uurijat C. J. Maximowiczit.

Bunge jareletulijaks (1868—1874) oli M. Willkomm,
tuntud Piirenee poolsaare uurija (peateos koos Lange’ga: ,,Pro-
dromus Florae Hispanicae* I—III, 1859—1879). Meie floorat
kiasitlevatest Willk om m’i to6dest tuleks nimetada ,,Streifziige
durch die Baltischen Provinzen“. Willkomm’i ajal korral-
dati taimed aias siistemaatilise jaotuse kohaselt, kuna nad seni
olid istutatud ilma kindla korrata. Uue paigutuse aluseks oli
Endlicher’i siisteem méningate muudatustega. Ka puudusid
Willkomm’'ini aias taimede nimelauad. Willkomm tegi

1) Praegu ilmub venekeelne ,,Flora SSSR*“ akadeemik V. L. Koma -
rov'i toimetusel ning viga arvukate kaastboliste osavéttel. Sellest suure
teaduzliku viadrtusega teosest on senini tdielikult ilmunud iiheidulehesed
taimed.
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suure ja vadrtusliku t66, midrates uuesti suure enamiku botaanika-
aia taimedest; selle t66 tulemusena ilmus 1873. a. kirjutis ,,Der
botanische Garten der Kaiserlichen Universitdt Dorpat®. Samuti
korraldas Willkomm esimese Botaanikamuuseumi Tartus.

Kauemat aega oli botaanikaaia juhatajaks Willkomm’i
jareletulija E. Russow (1874—1895). R ussow’ erialaks olid
koigepealt turbasamblad (Sphagnum’id), millede siistemaatika ja
anatoomilise ehituse iile ta avaldas mitmeid t6id. Kuid ka taimede
vordleva morfoloogia ja anatoomia alal oli R u s's 0 w silmapaistev
uurija. Nii plisib Tartu Ulikool botaanika alal ka Rus s ow’ aegu
parimate Ladne-Euroopa iilikoolide tasemel. Sel ajal oli juhataja
abiks J. Klin ge (1879—1895) ning iilemaednikuks C. Barte!l-
sen (1876-—1896). Klinge tostas edukalt Eesti floora uuri-
mise alal. Ta toodest véiks nimetada Baltimaade Orchis’e liikide
(Dactylorchis) monograafiat. Tuleb esile tdsta, et prof. Rus-
sow’ tegevuse viimane osa langeb juba Tartu Ulikooli venesta-
mise ajajarku. Mitmed asjaolud polnud soodsad botaanikaaia
arengule (krediitide karpimine jne.), mispirast Russow’
jareletulijail N. I. Kusnezow’il tuli energiliselt teotseda, et
viia aeda esialgu endisele tasemele, siis aga arendada teda uues
suunas, sest seni oli aia korraldamisel tisna tagaplaanile jainud
taimegeograafiline kiilg. Ka remonteeritakse Kusnezow'i
aegu pohjalikult botaanikaaia kasvuhooneid (1907 ja 1908. a.).
Suurimaks ehituseks on aga Botaanika-instituudi praegusele hoo-
nele ilemise korra ehitamine (1913). Taimede kontrollimine
aias noudis ka prof. Kusnezow’ilt palju t66d. Selleaegseks
aia vaidrtuslikumaks uuenduseks on mitmete uute osakondade
[Kaukaasia os (1897. a.), alpitaimede o0s., bioloogia-os., stepi-os.
jt.] rajamine. Ka korraldati siistemaatiline osakond Engler’i
siisteemi kohaselt tiielikult itimber. 1911. a. ilmub opetatud
aedniku J. Muszyfiski koostatud populaarne ,,Aia juht“ (vene
keeles). Koos N. Busch’i ja A, Fomin’iga annab Kus-
nezow vilja paljude Kaukaasiasse korraldatud reisude tule-
musena ,,Flora Caucasica critica — Kaukaasia parima (kuid
mitte 16pule viidud) floora. Neist reisudest votsid abilistena osa
ka vanemad iilibpilased. Voiks esile tdsta, et ka botaanikaaia
juhataja abid (N. Busch, 1897—1902 ja B. Hryniewiecki,
1902—1914, praegu Varssavi iilikooli professor) tootasid sel
ajal samuti Kaukaasia floora uurimise alal.

Aia personaali ja eriti iilemaednik J. Ranna hoole tottu
" paises aed vordlemisi kergelt suure revolutsiooni keerisest.

Eesti ajal oli esimeseks botaanikaaia juhatajaks 1919. a.
kuni 1923. a. prof. F. Bucholtz, kes teadlasena omas vilja-
paistvat kohta miikoloogide hulgas, eriti oma todde tottu maa-
aluste seente alalt. Sel ajal oli botaanikaaia juhataja abiks
(adjuutoriks) energiline rootslane E. Lundstrom. Vihemat
aega olid aia juhatajaks ka taimefiisioloogia professor H. K a ho
(taimefiisioloogia professuur loodi Tartu Ulikooli juurde uuesti
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alles Eesti ajal, kuna see koht peale Schleiden’i lahkumist
Tartust a. 1864 kaotati), siis dotsent E. Spohr (a. 1924 kuni
1930). Viimasel ajajargul (1924—1930), eriti selleaegse opeta-
tud aedniku Fr. Boerner’i (1923—1930) viga energilise ning
asjatundliku t66 tulemusena, kuid ka tolleaegse aiajuhataja hoole
téttu joudis aed paljudes osakondades tasemele, millel ta piisib
praegu.

Viimaseil aastail on eriliselt r6hku pandud taimede etiketeeri-
mise kontrollimisele, osakondade tdpsele piiritelule, kuna palju-
desse osakondadesse mitmesugustel pohjustel oli sattunud sinna
mittekuuluvaid taimi. On edasi arendatud taimegeograafilisi
osakondi, sest need on Gppetegevuse seisukohalt viga tarvilikud
ning kahtlemata pakuvad rohket huvi ka aia kiilastajaile. Eri-
list hoolt on pithendatud Eesti osakonna kujundamisele (asutatud
veel prof. Bucholtzi ajal), milleks on juurde asutatud tiigi
saarele viike Eesti luhtade ja soode osakond. Ka kasvuhooneis
on taimed {imber korraldatud, silmas pidades kas taimesiistemaati-
list v6i taimegeograafilist alust. Botaanikaaia praeguses koos-
seisus on aia juhatajaks kirjutise autor (alates 1930. a.), Opeta-
tud aednikuks dr. J. Port, peale nende 2 aednikku, 2 aednik-
toolist, 1 hobusemees ja 2 naistoolist. Et on &ra kaotatud
botaanikaaia juhataja abi koht, lasub taimede kontrollimine ja
méiidramine peamiselt botaanikaaia juhatajal. Abiks on siin olnud
osalt ka Botaanikamuuseumi konservaator K. Eichwald, kel
aga Botaanikamuuseumi ainsa jouna ei jatku aega eespoolnime-
tatud to6ks, sest et kiisil on peale Muuseumi kogude korralda-
mise Eesti taimede ekssikaatkogu ,,Eesti Taimed* viljaandmine
(senini on ilmunud 2 mappi). Opetatud aednikul lasub aia korras-
hoiu ja taimede kasvatamise t66 jirelevalve ning lihem korral-
dus. Tuleb l6puks esile tdsta, et aias puudub tdnapievani vee-
vark, monedes kasvuhoonetes puudub ka elektrivalgustus.

Eespool-esitatud ajaloolised andmed on viljavotted assist.
mag. A. Vaga késikirjast ,,Tartu botaanikaaia ajalugu, mille
kasutamise voimaldamise eest tdnan siinkohal hr. A. Vaga't.



MORFOLOOGILIS-BIOLOOGILINE OSAKOND.

Taimede moistmise aluseks on kdéigepealt taimede vilimise
(morfoloogilise) ja sisemise (anatoomilise) ehituse tundmine
Need teadmised on aluseks taimeorganite funktsioonide selgita
miseks, samuti véimaldavad nad taime ja viliskeskkonna vahdl
valitsevate soltumuste avastamist. Eelkdéige on muidugi tarvi-
osata eraldada {liksikuid taimeliike tiksteisest; ka siin on alusek-

Joon. 1. Mortoloogilis-bioloogiline osakond.

taimeorganite ehituse pohjalik tundmine. Kuigi viimasena nime
tatud iilesande seisukohast juur, vars ja leht annavad rea olulis:
tunnuseid (ndit. lehe puhul kas liht- véi liitleht, lehesoonestus.
iseloom, lehe kuju, serva ehitus, karvalisus jne.) on distaimed.
puhul eriti oluline &ie, oisiku ja vilja ehitus.

Oie osad on kiesolevas kirjutises margitud rahvusvahel-
selt kehtivate mérkidega K, C, A, S ja G. Tupp (lad. caly.x. liihend.
K) on o6ie viline, harilikult rohelistest lehtedesi koosnev kate,
millest véljaspool néit. kassinaerilistel (Malvaceae) on veel korg
lehtedest tekkinud valistupp. Krooniks (lad. ecorolla, lith. (') on
harilikult virvilised oiekatte lehed, mis jargnevad tupele. Neix
seespool on tolmukad, mis kéik koos moodustavad tolmukkonn
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e. androtseumi (lad. androecewm, lih. A), moningatel liikidel lei-
dub ka kélutolmukaid e. staminoode (lad. staminodium, liih. S).
Tolmukatele jargneb emakkond e. giinetseum (lad. gynaeceum,
lih. G), mis koosneb viljalehtedest, milledele kinnituvad seem-
nete algmed — seemnepungad. Emakkond on kas lahkviljalehtne
voi liitviljalehtne. Esimesel juhul, iga viljaleht omaette servi-
pidi kokku kasvades moodustab emaka, mispirast sessugustes dites
emakate arv on sageli dige suur (kui likskéik missuguste 6ieosade
arv iiletab kiimne, tdhendatakse see méirgiga oo, mis botaanilistes
valemites tdhendab ,,palju*) voi aga ka 1, 2, 3 jne. vastavalt vilja-
lehtede arvule [niit. sinisel kdokingal (Aconitum napellus L.) 1)
kolm]. Kui emakas on tekkinud kahe voi mitme viljalehe iihtimi-
sel, on ta liitlehtne e. siinkarpne. Valemites mirgitakse seda
viljalehtede arvu paigutamisega sulgudesse. Viljakujunenud
. emakas (pistillum) koosneb kolmest osast: sigimik (laienenud
seemnepungi sisaldav osa), emakakael ja emakasuue, s. 0. emaka
osa, mis votab vastu dietolmu. Sigimik voib dies asuda kdrgemal
tolmukaist, kroon- ja tupplehtedest, siis on ta iilemine (niit. rist-
_oielistel : Gy, vOi aga on ta teistest dieosadest allpool, nagu niit.
sostardel (Ribes): G,q), 16puks voib sigimik olla keskmine, nagu
néit. toomingal (Prunus padus L.): G,;. Sageli on died ehituselt
radiaalsiimmeetrilised e. aktinomorfsed (nagu tulikal, roosil jt.),
mida mirgitakse jargmiselt: ><. Kuid Gige sagedad on ka died,
mis on kiill siimmeetrilised, kuid mida vo6ib vordseteks poolteks
jagada vaid iihte viisi (nidit. emandges), need on siigomorfsed
Oied (mirk: ]) Leidub ka disi, mis on tidiesti ebasiimmeetrilised,
ndit. kanna (Canna indica L.). Nii tihendaks niit. valem > K,
Cy Ay 4 Gyp) 6it, mis on aktinomorfne, lahklehise neljalehese tupe

1) Taimenimed on, nagu eespool tdhendatud, ladinakeelsed, rahvus-
vahelise koostod edendamiseks. Taimenimi ise koosneb kahest sonast; neile
jargneb lithendina autor, kes esimesena kirjeldas antud liiki, véi aga kaks
nime (neist iiks sulgudes), kui hiljemini leiti, et taim kuulub teise perekonda,
kui arvas seda taime avastaja. Sel puhul on sulgudes esimese autori nimi.
Kooskolas ladinakeelsete taimenimedega on kombeks kirjutada etikettidele
ka taimede levimisala, s. o. maad, kus teda parismaisena leidub, ladinakeel~
sete lilhenditena. Nende liihendite tihendus on jirgmine: bor. (borealis) —
pohja, austr. (australis) — louna, or. (orientalis) — ida, oce. (occidentalis)
— lasne. Nait. Afr. austr. — Louna-Aafrika jne.; liihend Ind. oce. —
India occidentalis — tdhendab Kesk-Ameerika saarestikku (Suured ja Vaii-
kesed Antillid); liih. Reg. Mediterr. — Vahemeremaid; lith. Oriens — Ida-
maid jne.
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ning samasuguse krooniga, kuue (2 vilimise, 4 sisemise sd0ri) tol-
mukaga ning lilemise, kahest viljalehest tekkinud emakaga.

Suured died ‘asetuvad taimedel harilikult tiksikult v6i vdhes-
tena koos; viikesed, seega vahem silmapaistvad on sageli koondu-
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Joon. 2. Morfoloogilis-bioloogilise osakonna skeem.
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nud mitmekaupa (sageli hulgi) 6isikutesse (inflorescentia)
[1, 5, 9] 1). Eraldatakse kahte suurt 6isikute pdohiriihma: (A)
kobardisikud (kobar, pooris, pea, tolvik, nutt, sarikas) ja (B)
ebasarikéisikud (pleiohaasium, dihaasium, monohaasium, vii-
mane mitmes eriteisendis). Esimeses rithmas toimub 6ite puhke-
mine 6isikus alt liles voi vilistest disiku osadest sisemiste suu-

1)  Sulgudesse paigutatud arvud vastavad peenarde numbritele Mor-
foloogilis-bioloogilise osakonna skeemil (joon. 2).
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nas, kusjuures otsmine 6is neil 6isikuil harilikult sootuks puu-
dub. Umberpoérdud ebasarikdisikutes avaneb kdéigepealt just
otsmine (voi keskmine) &is.

Lihtsaim kobarodisik on kobar (racemus). Oisiku harune-
mata peateljele kinnituvad siin varrelised 6ied (ndit. liiliatel
( Lilium tigrinum, L. martagon), piibelehel (Convallaria majalis),
lupiinil (Lupinus perennis), muskaril (Muscari racemosum). —
Pooris (panicula) on kobarjas liitoéisik, mis koosneb viikesist
osadisikuist — kobaraist, seega on poorise peatelg kobarjalt asetu-
vate kiilgharudega. Néit.: harilik metsvits (Lysimachia vulga-
ris), makleia (Bocconia cordata), luha-kastevars (Deschampsia
caespitosa), siin dieti kiill keerulisem juhus, sest poorise harud ei
kanna otse 6isi, vaid viikesi kahedielisi osadisikuid — pidhikuid,
P ea (spica) on kobarast tuletatav isik, mis sellest erineb ainult
ithes tunnuses: &ied on varretud, niit. suur teeleht (Plantago
major). — Liitpea (spica composita) on poorisest tuletatav,
kiilgharude taandudes miinimumini; niit.: rukis (Secale cereale).
Siin kinnituvad peateljele varretud osadisikud — pead (nn. pihi-
kud, antud juhul kaheéielised). — T olvik (spadix) on 6bieti
pea erijuhtum, kus peatelg on lihakas, tugevasti paksenenud ning
oied harilikult 6ige vidikesed. Télviku alusel on tavaliselt rohe-
line voi varviline korgleht (spatha). See 6isik esineb vohalistel
(Araceae). Kobarast tuletub ka sarikas (umbella) nimelt sel
teel, et ei kao mitte Gievarred nagu lileminekul kobarast peale,
vaid peatelg ise litheneb vaevalt mérgatavaks osaks. Sarikas
esineb niit. sibula(Allium)liikidel, samuti priimulatel, Asclepias
cornuty’l jt. Eriti putkeliste sugukonnas (Umbelliferae) on sage
liit6isik, mis koosneb sarikjalt asetsevaist lihtsarikaist — liit-
sarikas (umbella composita). Viaga liihikeste vartega lihtsarikat
nimetatakse nutiks (capitulum), niit. ristikheinal (Trifolium),
tdhtpeadel (Scabiosa) jt. Eelmisele on lihedane nn. korv-
61sik, kus laienenud peateljele kinnituvad varretud 6ied, mis on
limbritsetud erilistest korglehtedest — iildkattest [niit. paeva-
lill (Helianthus annuus)].

Ebasarikéisikud (tsiimoossed &isikud) on ménin-
gatel juhtudel iildilmelt sarikatega dige sarnased [niit.
Hydrangea-liikidel, koerdispuul (Viburnum opulus)], erine-
vad aga alati selle poolest, et neil peatelg 16peb Giega ning sageli
sellest allpool on arenenud ainult kaks kiilgharu, mis omakorda
l6pevad Giega jne. Seesugused kaheharulisedebasarik-
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6isikud on dige sagedad, neid nimetatakse kadihaasiumi-
deks voi lihtsalt ebasarikdisikuteks (kitsamas mdottes). Niit.:
Hydrangea, koerdispuu, mugul-floomis (Phlomis tuberosa) ja tei-
sed huuldielised (Nepeta grandiflora, Glechoma hederacea). Vii-
mastel (s. o. huulGielistel) on viikesed ebasarikad asetatud tihe-
daisse lehtede kaenlais asetsevaisse poolminnaseisse. Leidub ka
mitmeharulisi ebasarikdéisikuid, nn. pleiohaa-
s1um e, kus peaditest (otsmisest diest) allpool on mitu (iile kahe)
kiilgharu, nagu niit. piimalilledel (Euphorbia-liigid), kuid palju
harilikum on juhtum, et ebasarikéisikul kinguvad koik kiilgharud
(vdi neid ei teki iildse) peale iihe, mis 16peb diega ning moodus-
tab omakord ainult iihe kiilgharu jne. Seesugune Gisik — iihe-
haruline ebasarikdéisik e monohaasium — vo6ib
olla kiillalt mitmesugune. Eraldatakse nelja juhtumit: lehvik,
sirp, vonkoisik ja keeris. Lehvikul ja sirbil on kogu
0isik nagu kuivatatud taimel ithes tasapinnas. Omavahel erine-
vad nad selle poolest, et lehvikus (rhipidium) on kéik tekkelt noo-
remad Gied peadie ja esimese kiillgharu vahel, sirbis (drepanium)
aga on peadis ja esimese kiilgharu 6is koérvuti ning neile jargne-
vad Oied tekkimis-jarjekorras pidevalt. Moélemad nimetatud 6isi-
kud esinevad vordlemisi harva, esimene moéningatel vohumodga-
listel (Iridaceae), teine loalistel (Juncaceae). Lehvikule ja sir-
bile vastavad ehituselt vonkoisik ja keeris, kuid oied neis ei
asetse ithes tasapinnas nagu eelmistel. Vonkoisikus on seega
oied vahelduvalt oisiku erikiilgedel, kuna nad keerises asetuvad
iihekiilgselt. Vonkoéisik (cincinnus) esineb nidit. karelehelistel
(Borraginaceae), paksulehelistel (Crassulaceae) jt.; keerise
(bostryx) niitena on sobivad viinalilled (Hypericum).

Viljad [2, 6, 10]. Peale tolmlemist ja sugutamist areneb
emakas, peamiselt kiill selle alumine osa — sigimik — viljaks;
iihtlasi muutuvad seemnepungad (harva kiill koik; iildiselt kdngu-
vad paljud) seemneiks. Monel juhul muutub viljasein lihakaks,
misparast siis seemned on enam-vihem mahlases, sageli magu-
sas viljakoes. Seesugune vili on mari (bacca), niit. mage-
sbstral (Ribes alpinum), juudikirsil (Physaelis alkekengt), viima-
sel {imbritsetud suurenenud ning varvilisest tupest. Kui mari on
dige suur, nagu niit. kérvitsal (Cucurbita pepo), koneldakse hari-
likult marjataolistest lihakatest viljadest. Kui lihakas, ainult
sigimikust tekkinud viljas on seemned iimbritsetud tugeva puitu-
nud kattega, mis veel kuulub viljaseinale, nimetatakse vilja lu u -
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viljaks (drupa), niait. toomingal (Prunus padus), lillakal
(Rubus saxatilis, siin koguviljad, mis koosnevad mitmest luu-
viljast).

Téhtsamad kuivad viljad on: kupar, karp, kéder, kddrake,
kaun, kukkurvili, pihkel, pihklike, seemnis, teris, tiibvili, jagu-
vili ja laguvilii Kupar (capsula) [10] koosneb kahest kuni
mitmest viljalehest, avaneb valmides mitmeti, kas viljalehtede
lohkedes (pesa-avanev k.), nende eraldudes iiksteisest (sein-ava-
nev k.) voi avauste kaudu. Naiteid: magun (Papaver), reseeda
(Reseda), kurekatel (Campanula). Eelmise sarnane on karp
(pyxidium), kuid vilja avanemine toimub siin erilise ringprao
abil, mistottu vilja ililemine osa kaanena maha langeb [koera-
poorirohi (Hyoscyamus niger), teelehed (Plantago)]. Kdder
(siliqua) ja kddrake (silicule) on kahest viljalehest tekkivad
viljad, mis vastavatest kupardest (niit. verehurmarohul) erine-
vad selle tottu, et neil tekib vilja sees ohuke, vilja pikuti kaheks
jagav ebavahesein. Sellised viljad esinevad ristoielistel. Erine-
vus kodra ja kodrakese vahel on pikkuse suhtes laiusega. Kodra-
kesel ei iileta see suhe kolme, kuna ta kodral on kolmest suurem.
Kaun (legumen) tekib lihest viljalehest. Avanemine toimub nii
mohu kui ka seljaémbluse kaudu, misjuures vilja poolmed sageli
keerdu tombuvad (seemnete laialipaiskamine). Kaun on iseloo-
mulik liblikéielistele (Leguminosae), niit. herned (Pisum), sea-
herned (Lathyrus), oad (Phaseolus). Kukkurvili (follicu-
lus) sarnaneb eelmise viljaga, sest et ta samuti tekib tihest vilja-
lehest, kuid erineb avanemisviisilt, sest ta praguneb ainult mdéhu-
omblust-pidi. Kukkurvili esineb paljudel tulikéielistel, nagu
kullerkupul (Trollius europaeus), sinisel kidokingal (Aconitum
napellus), pojengil (Paeonia peregrina).

Eespool-nimetatud kuivad viljad on kéik avaviljad.
Neile vastandiks on sulgviljad, s. o. viljad, mis ei avane val-
mides. Sulgviljadest tekivad pahkel, pihklike ja teris iilemisest,
seemnis aga alumisest sigimikust. Pihklikese ja piahkli vahel
pole teravat piiri, médtuandev on suuruse vahe. Piahkel
(nux), ndit. sarapuul; padhklike (nucula) esineb kaunis
sageli, néditeks kanakoolmel (Ranunculus ficaria e. Ficaria verna),
roomaval tulikal (Ranunculus repens), valgel emandgesel (La-
mium album). Seemnis (achaenium) on iseloomulik korvoie-
listele (Compositae) ja moéningatele teistele kaheiduleheste sugu-
kondadele. Sageli kinnitub seemnise {ilemisele servale karvakeste
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tutt (lad. pappus, niit. voilillel), mis on levimisvahendiks. Teris
(caryopsis) esineb korrelistel. Iseloomulik terisele on vorreldes
pihkli ja pidhklikesega seemne- ja viljakesta i{ihtekasvamine.
Tiibvili (samara) on harilikult pihklikese erim, millel on tiiva-
taolised valjakasvud, kusjuures viimaste teke voib olla mitme-
sugune (néit. kask, saar). KEespool-nimetatud sulgviljad on iihe-
seemnesed. Leidub ka mitmeseemneseid sulgvilju. Viimastest on
paljud kas jagu- voi laguviljad. Jaguviljade puhul eral-
duvad viljade valmides iiksikud viljalehed (koos seemnega, mida
igaliks neist Umbritseb). Seesuguseid jaguviljasid leidub nait.
putkelistel (Umbelliferae) ning kassinaerilistel (Malvaceae).
Laguvili (lomentum) erineb eelmisest selle poolest, et vilja val-
mides laguneb viljaleht osadeks. Haid niiteid neist omapiras-
test viljadest leidub liblikéielistel (Coronilla, Hedysarum jt.).

Taimede paljunemine toimub sugutult (vosundite,
sigipungade jne. abil) vdi sugulisel teel. Sugulisel paljunemisel
on olulise téhtsusega, kas Oietolm, mis satub emakasuudmele, on
sama isendi voi teiselt samasesse liiki kuuluvalt indiviidilt. Vii-
mane juhtum, mida nimetatakse risttolmlemiseks, on iildiselt seem-
nete idanevuse ning neist kasvavate taimede vitaalsuse seisu-
kohalt vaadates soodsam; ta on sageli kogunisti ainsaks sugulise
paljunemise viisiks, sest isetolmlemine on paljudel liikidel taitsa
tagajarjetu. Isetolmlemine ei tule muidugi Gldse arvesse kahe -
kojasuse (dioecia) puhul, s. t. taimedel, millede {ihesugulised
6ied on nii asetatud, et tekivad suguliselt erinevad indiviidid, isas-
taimed ja emastaimed [ndit. pajud (Saliz), valge pusurohi
(Melandryum album)]. Uhesugulised died voivad asetseda aga ka
selliselt, et igal antud liigi isendil leidub nii isas- kui ka emas-
O6isi — ihekojasus (monoeciq). TUhekojased 6ied on niit.
piimalilledel [Fuphorbia, kahesuguliste viikeste diesarnaste disi-
kutega (cyathium), 6ied on iithesugulised, koosnevad kas iihest
tolmukast voi ithest emakast], kurgil (Cucumis sativus). Harili-
kult on 6ied hermafrodiitsed, s. t. kahesugulised. Siiski funktsio-
neerivad seesugused oied teataval ajajargul harilikult ithesugulis-
tena, sest vastaspoolte suguorganid ei kiipse iiheaegselt. Sageli
valmivad enne tolmukad (dichogamia, proterandria).
See juhtum esineb niit. Aconitum’i, Delphinium’i ja Aquilegia
liikidel, millede oietolmu edasikandmist toimetavad vaablased
(Bombus’e liigid); ka 0o6liblikate kaastegevusel tolmuv longus
pOisrohi (Silene nutans) kuulub siia.
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Vastandiks eelmisele juhule on eelemasus (dichogamia,
proterogynia). Niiteina on sobivad keskmine teeleht (Plantago
media, nagu teistelgi meie teelehe liikidel toimub oietolmu iiie-
kandmine tuule abil), sealéuarohi (Scrophularia nodosa, dietolmu
edasikandjaiks on herilased), tobiviit (Aristolochia clematitis,
tolmu edasikandjaiks kédrbsed). Koigiti soodustab tolmlemist ka
erikaelsus (heterostylia). Siin esinevad teatavas taime-
liigis [ndit. harilikul nurmenukul (Primule officinalis) véi kopsu-
rochul (Pulmonaria officinalis)] — kahesugused o6ied: ithed kor-
gel asuvate tolmukate ning liihikese emakakaelaga, teised aga
madalamal olevate tolmukate ning krooni neeluni ulatuva emaka-
kaelaga. On huvitav, et lithikese kaelaga o6ite tolmukate tolmu-
terad on suuremad pikakaelaliste dite ietolmu-teradest. Siin
ilmneb seega viga kaugeleulatuv kohanemine risttolmlemisele.
Eriti keerulised on kukesaba (Lythrum salicaria) taolised liigid,
sest neil esineb kolmesuguseid indiviide: lithikese, pika ning vahe-
pealse emakakaelaga ning vastavalt neile kolmesuguse tolmuka-
peade asendiga.

Vaatamata nii mitmesugustele seadeldistele risttolmlemiseks,
on teada, et viga paljud taimed annavad hidid seemneid ka ise-
tolmlemisel. On kogunisti 06isi, milledes isetolmlemine toimub
regulaarselt, kuna o6ied {ildse ei avane (cleistogamia). Imekan-
nike (Viola mirabilis), mis meil metsades harilik, ditseb kevadel,
kuid need died kannavad harva vilja. Suvel tekivad kleistogaam-
sed died, mis alati annavad vilju rohkete seemnetega.

Oietolmu edasikandmisel peatusime osalt juba eespool. Juurde
lisada tuleks jargmist: pdevaliblikate 6ied on sageli punased véi
‘sinised, kuna 66liblikate 6ied on valged, sageli tugevasti lI6hnavad.
Troopikamail leidub taimi, milledel on 6Gietolmu edasikandjaiks
selgroolised (linnud, nahkhiired). Seesugustest liikidest on bio-
loogia-osakonnas kanna (Canna indica), mille dietolmu peale lin-
dude siiski ka putukad edasi kannavad. Herilaste abil toimub
bietolmu edasikandmine, nagu nigime, sealduarohul; vaablaste
oied on niait. valge emandges, Digitalis’e liigid, Aconitum’i lii-
gid jt. Mesilased toimetavad tolmutamist mesikail (Melilotus)
ja vaga paljudel] teistel taimedel. Kirbsedied on harilikult kolla-
kat voi punast vidrvi ning sageli vastiku 16hnaga, aga on ka eran-
deid (sinisedielised Veronica’d, Leptandra virginica jt.).

Taimedele, kui kohale kinnitunud organismidele, on tarvis
vahetalitajaid mitte ainult sugurakkude (6ietolmu) edasikand-
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miseks, vaid ka viljade levitamiseks. Ka sugutu paljunemise
vahendid [11] véimaldavad taimele rindamist, kuigi sageli aeg-
laselt. Rénne toimub kas maa sees olevate vosundite
(risoomide) abil, nagu liivtarnal (Carex arenaria) vdi maa-
pealsete vosundite (stoloonide) abil [ndit. maasikal
(Fragaria moschata)]. Ka sigipungad, mis tekivad nait. ménin-
gail sibula (Allium) liikidel Gisikus, voimaldavad réannet.

Eriti suurte raskustega on seotud parasiit-taimedel [7] neile
sobivaile peremeestaimedele sattumine, mispdrast neil on seemneid
harilikult vdga palju ning need on viikesed (n#it. soomukad,
Orobanche liigid, soomusjate lehtedega, leheroheliseta nugilised
mitmesugustel Gistaimedel nagu kukerpuul, oal, kanepil jt.).

Seemnete ja viljade laialikandjateks on:
loomad ja inimene; tuul; mdningatel juhtudel aga ka taim ise.

Sipelgad levitavad eriti niisuguseid taimi, millede seemneil
on nn. karunkul, toitaineterikas viike viljakasv, mille kbérvalda-
mine seemne kiiljest el mdjusta seemne idanemisk6lblikkust. See-
suguseid mirmekohoorseid taimi leidub eriti rohkesti
metsades. Siia kuuluvad kannikesed (Viola), metspipar (Asa-
rum), verehurmarohi (Chelidonium) jt. Lihakate viljade (mar-
jade, luuviljade) levitajaiks on loomad, sageli linnud. Arvestades
lindude suurt liikumisvoimet on selge, et see nn. endozoiline
levimisviis on dige md&jus. On teada juhtumeid, kus kohanemine
endozoilisele levimisele on nii taielik, et ainult need seemned, mis
on labinud lindude seedimisorganeid, on idanemisvéimelised
[ndide: taevassinine kuslapuu (Lonicera coerulea)].

Peale endozoilise levitamise on olemas nn. epizoiline
seemnete ja viljade levitamine, kusjuures viljad
kisutaoliste ogade abil jne. pilisivad loomade kiiljes, et 16puks véib-
olla kaugel emataimest maha variseda [niit. rass (Cynoglossum
officinale), ruskmed (Bidens), 0jamddl (Geum rivale)]. Tuul
kannab edasi vilju ja seemneid, mis varustatud lendkarvadega
(paju seemned, korvéieliste viljad, podrakanepi seemned- jne.)
v6i aga tiibadega (vahtra jaguviljad, kase tiibviljad, ménni ja
kuuse seemned jt.). Lohkevilju omavad mitmed lemmaltsalised
(Balsaminaceae), nait. aias ja mitmel pool parkides levinud vai-
kesebiene lemmalts (Impatiens parviflora), mille kodumaaks on
Kesk-Aasia ja Pdhja-Hiina.

Korgematele taimedele iilimalt iseloomulik tédielik aktiivse
edasiliikumise voime puudumine péhjustab, nagu nigime, ,,vilis-
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abi tarvidust oietolmu edasikandmisel ja viljade levitamisel,
Eespool-nimetatud taimede pdhiomadusega on tihedas seoses ka
taimede vidga kaugeleulatuv kohanemisvaoime, mis lubab
neil areneda olude kohaselt pikkuse, lehesuuruse, karvkatte jne,
poolest sageli niivord erinevaiks, et kahelt eri asukohalt kogu-
tud sama liigi indiviidid n#ivad mitte-eriteadlasele eriliikidena.
Seesuguseid vilismbéjude tagajirjel tekkinud vorme nimetatakse
modifikatsioonideks. Nad pole pirandatavad, kiill aga on
parandatav varieeruvuse ulatus ning reageerimisviis, mis omased
antud liigile.

Taimede kaitsevahendid neile ebasoodsate vo6i kahjulikkude
tegurite vastu on Oige mitmekesised. Loomade vastu kaitsevad
sageli ogad (tugevad teravad moodustised, mis tekivad mitme-
suguste organite valjakasvudena niit. agaavil leheserval) ning
astlad (metamorfoseerunud organid, niit. lehed, kiilgvosud
jne.). Lehtastlaid (leidub koéiksuguseid {ileminekuid lehest kuni
mitmeharulise astlani) leiame kukerpuul (Berberis), varsastlad
esinevad niit. okaspajul (Hippophaé rhamnoides).

Viga mitmekesised on taimede kaitsevahendid, mille {iles-
andeks on vihendada transpiratsiooni, s. 0. vee auramist maapeal-
setest taimeorganitest. ‘

Tihe karvkate leidub paljudel kuivade asukohtade taimedel,
eriti méiestikes, kus S6hu hdéreduse ning tugevate tuulte koostoi-
mel on kuivamis-hddaoht eriti suur (niited: Leontopodium sibi-
ricum, Arabis coumcasica). Ainulaadse karvkattega taim on
Mesembryanthemum cristallinum (Louna-Aafrikast), nimelt anna-
vad iiherakulised papillitaolised, vett sisaldavad karvad taimele
sellise vidlimuse, nagu oleks see jidtunud. — Lihakad, viikese
vilispinnaga, vee sdilituse organitena funktsioneerivad leht- ja
tiivesukulendid on samuti kohastunud elule ariidsetel maa-aladel.
Lehtsukulente on eriti rohkesti paksuleheliste (Crassulaceae) hul-
gas. Vahakate esineb paljudel liikidel [niit. nelkidel, vareskaeral
(Elymus arenarius)]. Mojusaks kaitsevahendiks on ménel juh-
tumil ka leheseis (vertikaalne leheseis paljudel Austraalia euka-
liiptidel!). Ekstreemseil juhtumeil kaovad lehed tdielikult v6i
nad on ainult soomusjate rudimentidena olemas (niiteks Aspa-
ragus’e liikidel). Sdiraseil juhtumeil muutub vars assimileerimis-
organiks, on roheline ning varustatud (sageli rohkete) 6huléhe-
dega [osjad (Equisetum), asparid (Asparagus) jt.]. Assimilee-
rivate varte sekundaarne ,,leheks muutumine® esineb naiteks Rus-

2



18 T. LIPPMAA A XXXl

cus’e litkidel, millede lehesarnased organid on tegelikult varrve.
moodustised (filloklaadid), kuna périsiehed asetsevad {fiil-
loklaadide alusel viikeste soomustena.

Taimede muutlikkusest vilistegurite méjul vt. lk. 17. Huvi-
tavad on taimedel esinevad hiippelised pidrandatavad muudatused
organite ehituses — mutatsioonid. Selle juures véib tidhele
panna virvimuutusi oites (niit. valgedielised vormid kurekatlal
ja kurekellal, viimasel ka roosadieline teisend), muutusi lehtede

Joon. 3. Chelidonium majns L. ja Chelidoninim majus L. var. locivial g
J J
hort. (pahemal),

kujus (Chelidonium majus ning selle mutant C. majus var. lo:i-
nictun; Polenonium coeruleum ja selle liigi mutant P. coeruleinm
var. dissectim) ning varvuses (nidide: Phalarvis arundinaced var,
picta). Mutatsioonide hulka kuuluvad ka tdidiséied. Need on
abnormsed vormid, mis looduses oleksid madratud hivimisele,
sest et ne’l tolmukad kas koik voi osaliselt on muutunud kroon.
lehtedeks. Niited: nelgid, seebilill, varsakabi jt.

Uued taimevormid el teki aga ainult mutatsioonidena. Nud
on sageli sugulise paljunemise tulemus, sest sugulisel paljune-
misel voivad isas- ja emastaimede omadused viga mitmeti kombi-
neeruda. Teatavad neist kombinatsioonidest on téditsa pilsivad
ning parandavad oma omadusi jdreletulijaile. Niit. praegu dige
mitmesugustes, sageli vigagi erinevates sortides kultiveeritavad
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aiadaaliad (Dahlia variabilis Dest. e. Georgina variabilis Willd.)
on tegelikult kahe-kolme metsikult Mehhikos esineva liigi (Dahlia
coccinea Cav., DD, gracilis Ortg., D. rosea Cav.) virrad (osalt arva-
tavasti aga ka mutandid).

Ldpuks tuleks nimetada nn. pelooriaid (ndide: Antirrhi-
num majus var. peloria). Need on aeg-ajalt leiduvad taimed, mil-
ledel on normaalselt sligomorfse oie asemel tekkinud aktinomorf-
sed viietised o6ied. Neid paljundatakse pistikute abil.

TAIMEDE SUSTEEM ')

(siistemaatika-osakond).

Kateseemnetaimed (Angiospermae) on taimed, mil-
lede seemned el teki lahtiselt viljalehtedel nagu paljasseemnesiel
[Gymunospeirmae: paris-palmlehikud  (Cyeadinae), hoélmikpuud

Joon. 4. Siistemaatika-osakond.

(Ginkgoinae), okaspuud (Coniferae), vastaklehikud (Gunetiiae)
jt.], vaid kinnistes, tihe v6i mitme viljalehe kokkukasvamisel
tekkinud emakais; jagunevad kahte histi eraldatud klassi:

Yy Mirk * taimenimedel 1k, 19—145 tihendab, et antud liik pole kul-
tuuris Botaanikaaias.

ok



20 ‘ T. LIPPMAA

A XXXI.4

Taimeriigi hoimkonnad ja klassid.

I hdéimkond: Lagutaimed (Schi-

zophyta)
1. kl. Sinivetikad (Schizo-
phyceae)
2. kl. Bakterid (Schizomyce-
tes)
IT héimkond: Viburtaimed (Mo-
nadophyta)
1. kI, Viburvetikad (Fla-
gellatae)
IIT hoimkond: Limataimed (My-
xophyta)
1. kl. Limaseened (Myxo-
mycetes)
IV hoimkond: Rdénitaimed (Bacil-
lariophyta)
1. kl. Ranivetikad (Diato-
meae)
V héimkond: I kkestaimed (Con~
jugatophyta)
1. kI. Tkkesvetikad (Con-
Jugatae)
VI héimkond: Pruuntaimed
(Phaeophyta)
1.kl. Pruunvetikad (Phaeo-
phyceae)
VII hoéimkond: Punataimed
(Rhodophyta)
1. kl. Punavetikad (Rhodo-
phyceae)
1. alakl, Algpunavetikad
(Bangieae)
2. alakl. Parispunaveti-

kad (Florideae)

VIII héimkond: Parisrakistai-
med (Euthallophyta)
I alahéimkond: Rohevetik-
taimed (Chlorophyceae)
1. kl.- Algrohevetikad
(Protococcales)

2. kl. Juus-rohevetikad.
(Ulotrichales)

3. kl. Mdik-rohevetikad
(Siphonales)

4., k. Kare-rohevetikad
(Siphonocladiales)

5. k. Mind-rohevetiks
(Charales) :
II alahdéimkond: Seentaimed
(Mycetes)

1. kl, Urgseened (Archimy-
cetes)

2. kl. Vetikseened (Phyco-
mycetes)

3. kl. Kottseened (Ascomy-

cetes)

alakl. Kottsamblikud
(Ascolichenes)

4. kl. Kandseened (Basidio-
mycetes)

alakl. Lavasamblikud

(Hymenolichenes)
IX hdimkond: Tivend-eostai-
med (Archegonophyta)
I alahdimkond: Sammaltai-
med (Bryophyta)
1. kl. Parissamblad (Mus-

¢1)

2. kl. Maksasamblad (He-
paticae)

II alahoimkond: Sédénajalg-
taimed (Pteridophyta)

1. kl. Sammalraikad (Psi-

lophytinae)

2. kl. Parisraikad (Lycopo-
diinae)

3. kl. Raagraikad (Psioti-

nae)
4. kl. Kidad (Articulatae)
5.kl. Keerdlehikud (Filici-
nae)
1. alakl. Urg-keerdlehi-
kud (Primofilices)
2, alakl. Eba-keerdlehi-
kud (Filicinae eusporangia-
tae)
3. alakl., P&dris-keerdle-
hikud (Filicinae leptosporan-
giatae)

X héimkond: Oistaimed (Antho-
phyta)
I alahdimkond: Paljasseem-
netaimed (Gymnospermae)
1. kl. Seemnesonajalad
(Pteridospermae)
2. kl. Paris~-palmlehikud
(Cycadinae)
3. kI. Urg-palmlehikud
( Bennettitinae)
4. kl. Thnlehikud (Cordai-
tinae)
5. kl. Héolmikpuud (Ginkgo-
inae)
6. kl. Okaspuud (Coniferae)
7.kl. Vastaklehikud (Gne-
tinae)
II alahdimkond: Kateseem-
netaimed (Angiospermae)
1.kl. Kaheidulehesed (Di-
cotyledoneae)
2. kl. Uheidulehesed (Mo-
nocotyledoneae)
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kaheidulehesed (Dicotyledoneae) ja iheidulehesed
(Monocotyledoneae). Esimestel on iiks iduleht, teistel harilikult
kaks (erandeid leidub niit. tulikoéielistel jt.). Ka erinevad nime-
tatud klassid kaugeleulatuvalt 6ie ehituses (esimeses harilikult
viietised, teises kolmetised Oied), lehtede struktuuris, harunemis-
viisilt, juhtkimpude paigutuselt varres, juhtkimpude -anatoo-
mias jne.

Oistaimed on maakeral vordlemisi noor taimeriihm. Neid
leidub kivististena alles alates karboni ajastust, kus esinesid
moningad paljasseemnesed (Cordaites jt.). Pika arenemiskiigu
tulemusena on tekkinud praegu maakeral esinev mitmekesine
taimestik, milles distaimed, nii kahe- kui ka tiheidulehesed, eten-
davad eriti tdhtsat osa enam-vihem kogu maakeral, vilja arvatud
muidugi alad, kus oistaimede] pole elu voimalik, kiill aga sageli
veel moOningail eostaimedel, eriti vetikail ja samblikel.

Teadusliku taimesiistemaatika tahtsaks iilesandeks on tai-
mede omavahelise suguluse selgitamine. Osa tulemusi sellelt alalt
peegeldub Linné'st alates juba lihtsalt taimenimedes, sest iga
nimetuse esimene sona litleb d4ra perekonna (genus), kuhu
antud liik kuulub. Tekkelt iihtekuuluvad perekonnad moodusta-
vad fihe sugukonna (familie). Sugukondi tthendatakse.edasi
seltsideks (ordo), need edasi alaklassideks (subclas-
sis), klassideks (classis) ning hdimkondadeks (divi-
sio). Viimaseid on taimeriigis kiimme,

I. Kaheidulehesed (Dicotyledoneae).

Kaheiduleheste selts Polycarpicae on selle klassi sugukon-
dade valdava enamiku fiilogeenia seisukohast suure tdhtsusega,
sest sellest seltsist on voimalik neid tuletada. Alljargnevas skee-
mis (joon. 5.) on niidatud arvatav kaheiduleheste sugukondade
teke, nagu seda on selgitanud paljude autorite uurimused. (Vrd.
nidit. iksikute sugukondade monograafiaid Engler’i ning
Prant?li koguteoses , Pflanzenfamilien®, kus on arvestatud
viga arvukate eriteadlaste pdhjendatud seisukohti sugukondade
omavahe]l sest sugulusest. Aluseks on olnud ka Hutchinson’i
teoses ,,The Families of Flowering Plants toodud skeemid, kuigi
nimetatud skeeme on paljudes osades tulnud oluliselt muuta, 1ih-
tudes eespool-nimetatud autorite tulemusist.) Et praegu
maakeral leiduvad taimesugukonnad on kdik
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0ieti suure arenemispuu ,ladvad“, ning lat-
vade tekkimisega kidsikides kiais ,tiive* hiavi-
mine, kuna ladvad tekkisid tiivest, mitte tiivel,
siis on seesugustes skeemides praegu alles
ralju hiipoteetilist. Nende vidrtus on selles, et nad
resiimeerivad iilevaatlikult ja lithidalt viga paljude Gige {iksik-
asjalikkude uurimuste tulemusi. Kus sugukondade omavaheline
sugulus vo6i nende tuletamine teistest on alles tditsa kiisitav, on
pideva joone aseme] tarvitatud katkendilist joont.

Skeemis on kaheidulehesed kahes suures rithmas (vrd.
Hutchinson, 1926), mis mélemad algavad seltsiga Polycar-
pieae. On huvitav, et paljudes kaheiduleheste perekondades valit-
sevad puistaimed (neid on rohkesti skeemi osas lk. 22), teistes
aga rohttaimed (skeemi osa lk. 28). Xuid kahtlemata on toimu-
nud taimeriigi fiilogeenias korduvalt nii rohttaimede teke puis-
taimedest kui ka {imberpodrdult, sest on iisna harilik juhtum, et
iihes ja samas sugukonnas vdi koguni perekonnas leidub nii roht-
taimi kui ka puid ja p66said.

Alustades tutvumist kaheidulehestega tuleb lihtvda
seltsist Polycarpicee, kuhu kuuluvad sugukonnad Ranunculaceae,
Nymphaeaceae, Cabombaceae, Ceratophyllaceae, Magnoliaceue,
Trochodendraceae ja moned teised.

Ranunculaceae (tulikoielised). — Piisikud (harva iihe-
aastased, ka puitunud tiivega vaidntaimi) juurmiste, varrel vahel-
duvate, sageli enam-vihem jaguste lehtedega. Oied primitiivse-
mail vormidel aktinomorfsed, Gie-osad asetuvad spiraalselt (pri-
mitiivne tunnus oOie-ehituses!). &iekate kas lihtne virviline voi
aga tupe ja krooniga, kusjuures kroonlehed funktsioneerivad mee-
mahutitena (nektaariumidena) ning tekkelt on staminoodid, s. o.
steriilsed tolmukad. Aoo. Goo_1, apokarpne, iilemine. Viljalehed
on oo seemnepungaga. Viljad: kukkurvili, pahklike, mari.
Uhenduses oletusega, et seltsist Polycarpicae polvnevad ka iihe-
idulehesed, on huvitav iihe idulehe esinemine méningail tulikoie-
lisil, ndit. Ficarie’l. ¥Xa on juhtkimpude paigutus tulikéielistel
osalt sarnane iiheiduleheste omaga, samuti juhtkimbu sisemine
ehitus, kus niinosa koosneb, nagu iiheidulehestelgi, vaid séeltoru-
dest ja saaterakkudest. Karakteerne on ka peajuure varajane
h#ibumine, mispiarast tulikéielistel, samuti nagu tiheidulehestelgi,
leidub vaid lisa- ja kiillgjuuri.
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Paeonioideae Seemnepungad kinnituvad viljalehz mohu-
omblusele. Vili kukkurvili. Oievalem: > Kj Cy Ao Gys. Tupp
viarviline, kroonjas, sellest allpool kdrglehtedest tekkinud kate

Joon. 6. Paeonia anomala L. Vilikond; koosneb viiest kukkurviljast, neist
kaks avanenud (seemned vilja langenud!); mé -— mdhudmblus, pl — plat-
senta. 2 X suur.

(,,tupp*). Paeonia anomale L., eurosiberi liik suurte 6itega.
P. albiflora Pall.,, Hiinas. P. peregrina Mill,, Léuna-Euroopas
ja Lidne-Aasias jt.

Helleboroideae. Viljad enamikus kukkurviljad, hari-
Iikult peale varvilise tupe veel tolmukaist tekkinud nektaariume
moodustavad kroonlehed, need dige mitmekesised. Caltha palustris
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L., varsakabi, oievalem: > K;Cy Ao Gys_19, euraasia-boreo-
ameerika sootaim. — Trollius. Virvilise tupe ja tolmukate vahel
kroonlehed (nektaariumid). Viimaste arv ja suurus on liikide

Joon. 7. Trollius chinensis Bunge. tI — tupplehed, kI — meemahutitega
kroonlehed, ¢ — tolmukad, ¢ — emakad. 1,5 X suur.

eraldamisel oluline. Trollius europaeus L. X Koo Coo Ano Gioo-
Tupplehtede arv on vihem T. chinensis Bunge’l (nektaariumid
eriti pikad!), samuti T. patulus Salisb. T. altaicus C. A. Mey. sar-
naneb T. europaeus’ega, kuid Oied on rohkém lahti. Tunduvalt
erineb T. asiaticus L. tupplehtede oranzi virvi téttu. — Helle-
borus viridis L., tuutjate nektaariumlehtedega. — Eranthis hie-
malis Salisb., 6ie alla nihkunud korglehtede t6ttu naivalt rohtja
rohelise ,,tupega®. Oiekate kaheli. — Actaea (lk. 274 jt.) erineb
eelmisest eriti viljaga, mis on tekkelt kiill kukkurvili, kuid mille
villised kihid muutuvad lihakaks, mistéttu vili on mari. —
Cimicifuga racemosa Nutt., Pohja-Ameerikas jt. — Aquilegia.
Kroon ja tupp virvilised, kroonlehed kannusega. Valem:
K Kg C5 Ago Gys. A. vulgaris L.; A. chrysantha A. Gr. Pohja-
Ameerikas (kollaste ditega) jt. — Nigella. Karakteerne kukkur-
viljade kokkukasvamisest tekkinud kupar (progressioon virreldes
allpool-nimetatud liikidega). N. damascena L. Enamvihem siigo-
morfsete Gitega (progressioon vorreldes eespool-késiteldud liiki-
dega, mille died aktinomorfsed) on Aconitum ja Delphinium. Aco-
nitum. Oievalem: K5 C5; o Aoo Gys_s5. Kroon (nektaariumid) vt.
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Joon. 8. Aquilegia chrysantha A. Gr. A — dis, B — tolmukkond ja emak-
kond, C — emakkond koos seda iimbritsevate staminoodidega (tekkinud tol-
mukaist) ; ¢/ — tuppleht, k¥ — kroonleht kannusega (kn). 5/4 loom. suur.

Joon. 9. Nigella damascena L. A — &is korglehtedega (kl); ¢ — tupp-
leht, ml — meeleht (kroonleht), t — tolmukas; e — emakas. B — poolval-
minud vili (v). C — meeleht (kroonleht). A ja B 1,5 X suur,, C 5 X.
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joon, 10 ja 11, osa kroonlehti (8) viikesed, rudimentaarsed voi
need puuduvad. Aias mitmed liigid: A. barbatum Patr., aasia liik;
A. napellus L. euraasia-boreoameerika montaanne liik; A. varie-

Joon. 10. Aconitum variegatum L. f. pallidiflorum Sér. A ja B — bis, al —

alglehed. C — 6is peale vérvilise tupe korvaldamist kahe kroonile vastava

meelehega, D — sama, kiiljelt. E — 0ie lahkviljalehtne emakkond. A, B, C
1,5 X suurend., D ja E 2,5 X.

gatum L., kirjubieline euroopa liik; A. lycoctornum L., euraasia
liik, kollaste &itega; A. septentrionale Kbolle, eurosiberi liik;
moned liigid ka Siberi ja Kaukaasia osakondades. — Delphinium.
Uks tupplehtedest (need on harilikult sinised) kannusega, kannus-
tega nektaariumlehti 2—4, sageli tupplehtedest varvilt erinevad
(nait. D. elatum 1.) voi samuti sinised (ndit. D. grandiflorum L.).
D. triste Fisch. 6ied on punakas-pruunid kuni mustjas-pruunid.
{Thtekasvanud nektaariumlehtedega (kroonlehtedega) on D. ajacis
Ldb. (e. Consolide ajacis); lihedane D. consolide L. on pbhja-
poolkeral harilik pollu-umbrohi.

Anemonoideae. Viljalehed iihe seemnepungaga, viljalehtede
arv suur, vili pihklike. Nimetatud tunnused tdhendavad evolut-
siooni vorreldes eespool-kisiteldud rithmadega (Paeoniae ja Helle-
boroideae), sest on selgunud, et iiheseemnesed viljad on tegeli-
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kult iiheseemnesteks redutseerunud kukkurviljad. Neis leidub
aeg-ajalt seemnepungasid rohkem kui tiks, mis aga edasi ei arene.
Anemone. Olevalem: KK; o CoAyo Gioo- Anemone virgi-

Joon. 11. Aconitum orientale Mill. var. eriocarpa Akinf. A ja B — ois,

C — bis peale virvilise tupe kérvaldamist, D — &ie analiilis. 1 — Kkiiverjas

mediaanne tuppleht, 2—5 feised tupplehed (alumiste tupplehtede iseloomulik

ebasiimmeetrilisus!), ml — meeleht. E — lahkviljalehtne emakkond. A, B
jaD 2 X suur.,, E ja C 3,3 X.
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Joon. 12. Clematis integrifolia L. A — varre osa lehtede ja Gitega, B —
is peale tupe eemaldamist. ¢/ — virvilised (sinised) tupplehed, { — tolmu-
kad, ¢ — emakad. A — 1,5 X, B — 83X suurendatud.
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niana L. Pdhja-Ameerikas; A. canadensis L., Péhja-Ameerikas;
mitmed liigid teistes osakondades; siigisel aitsevad A. japonica
Decne., Jaapanis; A. vitifolia Ham., Himaalajas. — Hepatica
(k. 273). — Clematis, enamikus liaanid. C. integrifolia L., sina-
kas-violetsete ditega; C. recta L., valgete ditega jt. (osa vastu palmi-
hoone seina, niit. C. viticellu 1..). — Thalictrum. — Ranauvcu-
lus. Olevalem: < K; C; Aoy Gioo- K. Dulbosus L., euroopa liik,
muguljalt paisunud maa-aluse varrega, ka Eestis. E. acer L.
(kibe t.) jt. enamikus kollaste Gitega. Sellevastu on vesitulikate
oied valged (néit. R. paucistamineus Tausch jt.). — Ficariu.

o nbo 5 g
g | 7
BT i

Joon. 13. Adonis vernalis L. 18. 'V 1935,

F. verna Huds., kanakoole. — Adonis, kroonlehed alusel ilmu
meelohuta (vastandina Ranunculus’ele). A. vernalis L.; A. woi-
gensis Stev.; molemad euraasia stepitaimed. A. autumnalis L.,
iitheaastane siigisel 6itsev liik punaste ditega.

Nymphaeaceae. — Vastandina tulikéielistele eranditult soo-
ja veetaimed veesiseste, ujulehtede voi veest vidlja ulatuvate leh-
tedega. Oied iiksikud, suured, kahesugulised, tupe ja krooniga
(kroonlehed on tekkinud tolmukaist), tolmukaid palju. Sigimik
koosneb paljudest viljalehtedest, sageli nidivalt slinkarpne. Ka
selles sugukonnas on rida tunnuseid tihiseid tiheidulehestega (juht-
kimpude asetus, looted osalt iihe idulehega, peajuur redutseeru-
nud jt.) (lk. 242),

Nelumboideae + Ky 5C00Acxc Gioo. On iseloomulik,
et apokarpse giinetseumi viljalehed ei kinnitu kumerale diepdhjale
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nagu ndit. Renunculaceae sugukonnas, vaid asetsevad erilistes
olepohja onarustes. Vili on pihklike, seemnod endospermita.
Nelumbo nucifera Giartn. (india lootuslil], k. 242).
Nymphacecoideae.
Sigimik néiliselt siinkarp-
ne, kuna viljalehed on
tiiesti peidetud laienenud
o6iepbhja. Vilja valmides
rabanevad nad sagali iiks-
teisest peale diepdhja ko-
dunemist. —  Nuwuphar.
K5 Cao Aco Gino.  Oiced
kollased, seemned ilma
arilluseta. N. lutewm (L.)
Sibth. et Sm., kollane vesi-
kupp, harilik euraasia
taim; N. pumilum (Timm.)
DC., viike vesikupp, su-
muti euraasia litk; N. ad-
rena  Ait. Pohja-Ameeri-
kas. — Nymphaen.
# Ky Coo A Giag.  Ole-
pohi kuni emakasuudme-
teni kaetud tolmukatega,
milledele allapoole jirgne-
vad vahemoodustised tol-
muka ja kroonlehe vahel.

Joon. 14. Veetaimi (Nuphur adveniwm R. siis kroonlehed. N. «alba

Br., Nymphaealiigid, Fichhorrnia qrassi- ral . S X )
pes Solms, Alisma plantago aquatica L., L’ valge VeSI_I'OO*’ QUIOO?IJ
Typheliigid jt.) stistemaatika-osakonnas. liik; N. candida Presl, vii-

ke vesiroos, eurosiberi liik:
N. odorata Ait. (valgeta ja punaste ditega) ja N. mexicana Zuce.
(kollaste ditega), moélemad Pohja-Ameerikast. Mitmed teised lii-
gid esinevad nii Vana- kui ka Uus-maailmas. — Victoria. 1.
regic 1..¥ 1) suurte (kuni 2 m ldbim6odus) ujulehtedega roosadie-
line hiigelvesiroos Amazonas’e joes Louna-Ameerikas. — Furyale
ferox Salisb. (k. 242), Ida-Aasiast, lehe alumine pind on kaetud

1) Mérk * taimenimedel tdhendab, et antud liik pole kultuuris Botaa-
nikaaias.
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ogadega nagu Victoria’lgi, kuid lehe serv lame (Victoria regia’l
on leheserv kogu ulatuses vertikaalselt iiles kddndunud, nii et leht
sarnaneb iimmarguse ujuva panniga).

Cabombaceae. — Viike sugukond, vahepealne eelmise
ja jargmise sugukonna vahel. Veetaimed. Ujulehed kilpjad, vee-
sisesed lehed korduvalt sérmjagused, osad niitjad. Viljalehed
vabad. Cabomba aquatica Aubl. Oievalem: X Py, 3 Ag Gys.

Ceratophyllaceae. — Veesiseste, minnasjalt asetuvate
jaguste lehtedega veetaimed; 6ied iihesugulised. 2  died:
Pio 10A49 16Go & Oled: Py 59 Ay G- Eestis Ceratophyllum
demersum L., boreotroopiline liik (kosmopoliit). Kui vorrelda
teda siisteemis allpool asetseva Cabombaceae sugukonnaga, siis
esineb siin primitiivsem tunnus (suurem Gieosade arv), mida aga
kompenseerib viljalehtede arvu langemine iihele ning kahesugu-
liste 6ite muutumine iihesugulisteks (progressioon).

Magnoliaceae. — Puud tervete vahelduvate lehtedega, o6li-
rakkudega tohlkoes. Oied suured, iiksikud, otsmised voi lehtede
kaenlas. Puuduvad Aafrikas, ulatuvad troopikamailt eriti Jaa-
panis ja atlantilises Pdhja-Ameerikas suhteliselt kaugele pohja.
Oied kahe- v6i lihesugulised, spiraalselt asetatud bieosadega
(kroonlehed asuvad osalt ka minnases). 8ievalem: X Poo Aoo Gyoo-
Vilimised perigooni lehed sageli tupesarnased, rohekad. Tqeline
tupp esineb harva (niit. Drimys). Iseloomulik on sageli pikene-
nud o6iepdhi (niit. Magnolia liikidel). — Magnolia. M. acumsi-
nate L., Pohja-Ameerikas, suvehaljaste lehtedega; M. grandifiora
L.*, igihaljaste lehtedega. Magnolia liikide kukkurvilja avane-
misel ripub sealt funiikuli juhtkimbu venitunud osadel lihaka
valiskihiga kaetud vérviline seeme. -— Liriodendron tulipifera
L.*, tulbipuu, atlantilises Pohja-Ameerikas. — Illicium*. —
Drimys. D. Winteri Forst.*, Péhja- ja Léuna-Ameerikas.

Trochodendraceae. — Puud ja p6osad. Siia kuulub Cercidi-
phyllum japonicum Sieb. et Zuce., Jaapanist, {ihesuguliste ditega,
kukkurviljadega. Oitseb vara kevadel. 3 Gied: Py A Go;
& Oled: Py Ay Gyy-

Kaheiduleheste osas, milles valitsevad rohttaimed, on evolut-
sioon (fiilogeenia) toimunud mitmes erisuunas, nagu seda niha
skeemil 1k, 23. Uks liihike haru viib sugukonnale Sarraceniaceae;
teine ldheb iile sugukonna Papaveraceae iihelt poolt sugukonda-

3
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dele Violaceae, Resedaceae, Polygalaceae, teiselt poolt sugukondade
Loasaceae, Capparidaceae ja Cruciferae juurde. Peale nende on

mitmeid teisi arenemissuundasid. Vaatleme lihemalt praegu-
nimetatud sugukondi.

ey <
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Joon. 15. Meconopsis cambrica Vig. A — &is (kl — kroonlehed); B — tol-

mukkond ja emakas; C — emakas. 2 X suur.
Sarraceniaceae. — Ameerika putukaséojad sootaimed kan-

jate lehtedega, mille abil toimub putukate piiiik nagu Nepenthes'e
litkidel (lk. 198). 0Oieosad asetsevad osalt spiraalselt (tupp).
Uldine 6&ievalem on: XKy 5Cs_¢Aco Gye_s- Emakakael on
sageli Gige tugevasti arenenud, eriti Serracenie liikidel, kus ta
iilemises osas katusjalt laieneb, sarnanedes kujult vihmavarjuga
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ning kattes tolmukaid ja sigimikku. Emakasuudmeid on viis,
need on emakakaela laienenud osa alumisel pinnal, viikeste, iiks-
teisest téiesti eraldunud véiljakasvudena. Sarrecenia. S. purpu-
rea L. (k. 266) jt. — Darlingtonia. D. californica Torr, et Gray*.

Papaveraceae. —
Enamikus rohtjad tai-
med, sageli piimmah-
laga. Oied aktinomorf-
gsed vOi siigomorfsed.
Uldine Gievalem: > v&i
'['K2C2+2A4_ooGu(2_oo,w-
Iseloomulik on tuppleh-
tede varajane varise-
mine. Vili iihepesane,
kas kupar, kukkurvili
v6i péahklike. Seemned
olirikka endospermiga.

Hypecoideae.
Hypecoum: XKy Cy,o
Ao Gy

Papaveroideae.
Meconopsis, joon. 15
ja 16, lk. 34 ja 35. —
Papaver. X Ko Cy40 Ao
Gu(4_';20). P orientale L.,
Joon. 16. Papaver orientale L. (A) ja Me- mitmeaastane, P. som-

conopsis cambrica Vig. (B) viljad (kup- .
rad). Esimene 2 X, teine 2,6 X suurendatud, m’f erum L., P rhoeas L.,
molemad tliheaastased.

— Chelidonium. XK,
Core Aoo Gy Chelidonium majus L., kollase piimmahlaga,
miirgine. Vili kédrasarnane kupar. — Glaucium. G. flavum
Crantz, pika kaunasarnase kupraga. — Bocconia. B. cordata
Willd., Hiinast, dievalem: %k Ky Cog Ao, Gyo). — Eschscholtzia. E.
californica Cham., tupplehed kokku kasvanud: Ky,

Fumarioideae [kisiteldud sageli eri sugukonnana (Fu-
mariaceae)]. Uks véi kaks kroonlehte kannusega, tolmukad
erilised, nidivalt 2, tegelikult neljale tolmukale vastavad (Hype-
coum’ist tuletatavad!), milledest kaks tolmukat on jagunenud

3*
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pooleks ning pooled iithinenud vastavate lateraalsete tolmukatega.
Dicentra spectabilis (L.) DC., kahe kannusega, Hiinast. — Cory-
dalis. Oievalem: - K3 Cai2 Agyyi141y Gyee Alas mitmed liigid :
C. nobilis Pers. ja C. bracteata Pers., molemad Altaist, C. lutea
(L.) DC., C. bulbosa DC. [e. C. solida (L.) Sw., piris ldokannus,
euraasia liik, ka Eestis]. — Fumaria officinalis L., poldudel,
aedades, harilik.

Capparidaceae. — Rohttaimed v6i pddsad ilma piimmah-
lata, liht- voi liitlehtedega, sageli abilehtedega. Uldine 6ievalem:
K voi o Kot Gy Ag_oco Ga—oo)- Selles sugukonnas on eriti tolmuk-
kond iiksikutes perekondades o&ige mitmesugune. Cleome.
)k Koio C4 Ay_g Gyo). Vili kédrasarnane kupar. Huvitav on siin iile-
minek neljast tolmukast kuuele, mis toimub mediaansete tolmukate
algmete kahekordistumise kaudu (nn. dédoublement). Siit tile-
minek jirgmisele suurele sugukonnale — ristoielistele. Capparis
spinosa L., Vahemeremais plrismaine, kultuurtaimena (,kap-
par’), ka Loéuna-Euroopas, abilehtedele homoloogsete asteldega.

Cruciferae. — Rohttaimed vGi poolpddsad, vahelduvate
lehtedega, abilehtedeta. Harilik 6ievalem: > Ky, Cy Aoy Gy
Kaks kiilgmist tolmukat on harilikult liihemad, mediaansed tol-
mukad pikemad. Viimased on tekkinud kahekordistumise taga-
jarjel. Viljalehtede servadelt ulatub piki ldbi vilja eriline Shuke
ebavahesein (pole tekkinud viljalehtedest, nagu téelised vahesei-
nad mitmepesastel viljadel). Vili koder (kui pikkus tiletab laiuse
viahimalt kolm korda) voi kodrake. Esinevad ka iihepesased sulg-
viljad. Ristdieliste siistemaatikas on tdhtsad eriti 1) dites esine-
vad nektaariumid, mis kujult véivad olla Gige mitmekesised; nad
on oiepdhja moodustised, mis kas timbritsevad tolmukaniitide alu-
seid v6i on nende kérval; 2) idujuure paigutus seemnes, Eral-
datakse 4 juhust: 1. Notorrhizae, idulehed lamedad, iiks neist puu-
tub kokku idujuurega. 2. Pleurorrhizae, idulehed lamedad, madle-
mad puutuvad servalt kokku idujuurega. 3. Orthoploceae. Idu-
lehed kokku kddandunud, idujuur on idulehtede vaos, puutub kokku
ainult iithega neist. 4. Spirolobeae. Idulehed seemnes mitme-
kordselt kokku kddndunud. Konesolevat ehitust selgitavad eriti
seemne ristildigud. Ka on viljad ristoieliste siistemaatikas olu-
lise tihtsusega. Hayek'i fiilogeneetilises ristdieliste silisteemis
on see sugukond jagatud rithmadesse. T#éhtsamad on: Arabideae,
Alysseae, Brassiceae ja Lepidieae,
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Arabideae. Vili koder, moningatel juhtumeil ka kodrake
v6i liheseemnene sulgvili (esimesest tuletatavad viljad!). Karvad
kas lihtsad v6i harulised (ndit. Erysimum). Meendirmed nii
mediaansed kui ka lateraalsed. — Sisymbrium. — Erysimum. —
Barbarea. B. arcuata Rehb., B. vulgaris R. Br. jt. — Armoracia. A.
lapathifolia Gilib. (e. Cochlearia armoracia. L., midardigas). —
Nasturtium (kersid). — Cardaomine (jirililled). — Turritis.
T. glabra L. (lehmakapsas). — Arabis (hanerohud). A. cauca-
sica Willd., ilutaim Kaukaasiast. — Aubrietia. A. deltoidea (L.)
DC., ilutaim, Léuna-Euroopast. — Alliaria. A. officinalis Andrz.,
kiilis-unilauk (16hn!).

Senini nimetatud perekondades on vili peaaegu eranditult
koder., Jargnevatel perekondadel on toimunud kaugeleulatuv
muudatus: vili on iiheseemnene sulgvili (vastab kaheseemnesele
kodrakesele, milles iiks pesa koos vastava seemnepungaga on kin-
gunud). Isatis. I, tinctoria L. (sinerdigas), Eestis peamiselt ranni-
kuil. — Myagrum. M. perfoliatum L., mediterraanne liik., —
Bunias. B. orientalis L. (t0lkjas e. rakvere raibe).

Alysseae Vili koder voi laia ebavaheseinaga kodrake.
Ainult lateraalsed meeniirmed. Karvad enamasti harulised. —

Cheiranthus. C. cheirt L., kuldlakk, lk. 267. — Hesperis. H.
matronalis L., ookannike. — Matthiola. M. incana R. Br., levkoi,
mediterraanne liikk. — Malcolmia. M. maritima Ait. — Braya. —

Lunaria. L. rediviva L., mitmeaastane kuukress, euroopa mon-
taanne liik, Eestis eriti péhjarannikul. L. annue L., eelmisega
sarnane, kuid {iheaastane. — Berteroa. B. incana (L.) DC,,
kogelejarohi. — Alyssum. A. calycinum L., tuppkilbirohi. —
Vesicaria. V. utriculata Lam. et DC., mediterraanne liik. — Draba.
D. tomentosa. Whinb. jt.

Brassiceae Vili nokaga, viljapoolmed ei ulatu tipuni.
Peale lateraalsete meendirmete sageli ka mediaansed. Lihtkarva-
dega voi paljad. Brassica. B. napus L., kaalikas; B. oleracea L.,
kapsas; B. rapa L., naeris; B. nigra (L.) Koch, must sinep. —
Sinapis. S. alba L., pirissinep; S. arvensis L., poldsinep (eemal-

seisvate tupplehtedega!). — Succowia. S. balearica (L.) Med.,
mediterraanne liik. — Cakile. C, maritima Scop.*, merisinep. —
Crambe. C. maritima L., merikapsas. — Raphonus. R. rapha-

nistrum L., roigashein (piististe tupplehtedega, sarnaneb pdld-
sinepiga); R. sativus L. var. major (aedrdigas) ja var. radicida



38 T. LIPPMAA

A XXXI.4

(redis). Cakile, Crambe ja Raphanus’e viljad on risti jagune-
nud erinevateks osadeks: basaalne, nn. valvaarliili, haril. seem-
neid ei moodusta ja iilemine, stiilaarliili, mis kas tildse ei avane
voi aga laguneb iiheseemnesteks osadeks (laguvilil).

Joon. 17. Ristéieliste vilju. A — Myagrum
perfoliatum L.; B — Bunais orientalis L.; C —
Sinapis alba L.; D — Lunarie annua L.; E —

Raphanus sativus L.; F — Barbarea arcuata
Rchb.; F1 — vili eemaldatud viljalehega, ndha
ebavahesein ning seemned. Suur.: A — 4 X,

BjaF —2X%,C,D ja E —4/5 loom. suur.

Lepidieae
Vili kitsa vahesei-
naga (vahesei-
nale risti kokku
surutud). — Lept-
dium. L. ruderale
(haisev kress). —
Coronopus procum-
hens Gilib. (teekress).
— Biscutella. B. auri-
culata L. — Hutchin-
sia. petraea (L.) R.
Br.,kaljukress.—Ibe-
ris. I. amarae L., nagu
eelminegi  mediter-

- raanne liikk. — Coch-

learia. C. officinalis
L., C. danica L.
(taani merisalat). —
Kernera. K. saxatilis.
(L.) Rchb.,, Loéuna-
Euroopa maiestikes.
— Thalspi. T. arvense
L., poéldlitrihein. —
Peltaria. P. alliacea
Jacq., Ida-Euroopast,
P. turcmena Lipski,
Kesk-Aasiast.— Cap-
sella. C. bursa pos-
torts (L.) Mmnech,,
hiirekérv. — Subu-
laria. S. aquatica L.*,
viike veetaim, ka
Eestis. Vilja ehituselt
eriti  diferentseeru-
nud vormid on siin
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Biscutelle, Peltaria. Subularia on viaheseid veetaimi ristdie-
liste hulgas, valitsevad tdielikult maismaa vormid, paljud
neist poolkérve- ja kérvetaimed (iiheaastased). Kui iihe are-
nemissuuna l6ppsugukonda iseloomustab ristdielisi nende eri-

Joon. 18. Ristoieliste vilju. A — Iberis amara L. (A1 — vilja keskosa peale

poolmete eemaldamist, niha ebavahesein); B — Peltaria alliacea Jacq.;

C — Biscutella auriculata L.; D — Succowia balearica Medic. C ja D —
2%, B — 26X, D — 5X suur.

line vili, samuti iiheaastaste taimede rohkus, sest iiheaastased on
fiilogeneetiliselt nooremad mitmeaastastest.

Real Polycarpicae — Papaveraceae — Capparidaceae — Cru-
ciferae on kiilgharu — sugukond Loasaceae. Teine kiillgharu
viib sugukondadele Violaceae, Resedaceae, Polygalaceae.

Loasaceae. Rohttaimed vdi puitunud varrega viidnkasvud,
vahelduvate v6i wvastakute lehtedega. Sageli esinevad
korvekarvad, samuti konksjad karvad. Uldine o&ievalem:
Kk Ky C5 A5 o0 So_oo Gas—s) Iseloomulik on, et tolmukaist on osa
muutunud viga mitmesuguse kujuga staminoodideks (nektaariu-
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mid). Sigimik (iihepesane) on alumine, vili kuprataoline. Leiame
rea tunnuseid, mis iseloomustavad Loasaceae sugukonda kui iihe
arenemisharu tipul seisvat sugukonda (vastakud lehed, kdrvekar-
vad, isedrasused androtseumi ehituses, alumine sigimik). — Blu-
menbachia insignis Schr., Loasa papaverifolic H. B. Kth., Cajo-

Joon. 19. Cajophora lateritia Klotzsch. A — varre osa lehtede ja Giega,
B — ais kiiljelt, ¢t/ — tupplehed, kI — kroonlehed, ¢ — tolmukad, ms —
staminodiaalsed meesoomused, st — staminoodid, ek — emakakael, s — sigi-

mik. Loomul. suur.

phora lateritia (Hook.) Klotzsch. Ko6ik Louna-Ameerika taimi,
nagu kogu sugukondki.

Violaceae. Kannikesed on rohtjad voi puistaimed vaheldu-
vate voi vastakute lehtedega, harilikult abilehtedega. Oied kahe
alglehega Gievarrel. Uldine Gievalem: |- voi X Ky Cs Ag Gya_s)-
Tolmukad on 6Gites episepaalsed, nahkjate konnektiivilisemetega.
Alumine mediaanne kroonleht sageli kannusega, nektaariumi
moodustavad erilised tolmukate (kahe t.) lisemed, mis ulatuvad
kannusesse. Vili harilikult kupar. — Viola. V. cornutae L. Piire-
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needest; V. tricolor L., eurosiberi litk; V. mirabilis L., euraasia
metsataim; V. odorate L., mediterraanne liik, Eestis ainult kohati
aedadest; V. elatior Fr., eurosiberi liik; V. pinnata L., Altais ja
Louna-Euroopa miestikes. Eestis iile 10 pidrismaise liigi.

Joon. 20. Reseda odoratae L. A ja B — 6is (B’s on eemaldatud tolmukad);

C ja D — vili (kupar), tl — tupplehed, kI — kroonlehed, ¢ — tolmukad,

¢ — emakas, mk — meeketas e. -diskus, ktl — Gie kateleht. A ja B — 7X,
C ja D — 3,5 X suurendatud.

Resedaceae. Rohttaimed, harvemini p6dsad, vahelduvate
lehtedega, need abilehtedega. Uldine O6ievalem: '!'K4_g Cqs o
Az o0 Gyo g- Kroonlehed on sageli + jagused. Emakkonda ise-
loomustab primitiivne tunnus: see on sageli apokarpne (niit.
Astrocarpus *); kui siinkarpne, nagu Reseda’l, siis on sigimik
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iilemises osas lahtine. Oites esinevad sageli androgiinofoor (tol-
mukaid ja emakat kandev diepShja varresarnane pikend) ja giino-
foor (emakakandja). Vili kupar. Reseda odoratae L., R. lutea L.,
R. alba L. jt., enamasti mediterraansed liigid.

Polygalaceae. Roht- voi puistaimed; lehed vahelduvad véi
vastakud, sageli abilehtedega. Uldine o&ievalem: -[‘K5 Cs_5 A
Gye» Tupplehtedest on kaks lehte kroonjad. Kroonlehtedest on
alumine mediaanne leht sageli erilise narmastunud lisemega. Vili
kas kupar, pdhkel v6i luuvili. Sugukonna asetus siisteemis on
alles 6ige vaieldav. Teda on asetatud sageli Meliaceae lihedusse.
Polygala. Eestis P. vulgaris L., P. comosa Schk., P. amarella
Crantz.

Berberidaceae. Roht- ja puistaimed. Oied mitmesuguse ehit.
(vt. allpool).

Podophyllotdeae XPo_oAg oo Gy Oiekate vastab
Polycarpicae lihtsale diekattele, periandile; diekatte lehed on 2—3
kaupa minnastes, neid on sageli 9 voi 12. Podophyllum. P. pel-
tatum L., Pohja-Ameerikast, P. Emodii Wall.,, Himaalajast, suurte
punaste viljadega (mari).

Berberidoideae Berberis. Oievalem: XK, 5.5C5 3
A;,5G;;. Tupp vastab siin eelmise alasugukonna lihtGiekattele,
periandile. Kroon (C) on tekkinud tolmukaist, koosneb seega sta-
minodiaalseist moodustisist, igal kroonlehe alusel kaks nektaari-
umi, vili mari. Berberis vt. 1k. 146 ja 165. — FEpimedium. E.
alpinum L. Alpides. — Leontice.

Sugukond Berberidaceae on ilmses suguluses suguk. Ranumn-
culaceae’'ga. Skeemis 1k. 23 jargneb neile suguk. Aristolochiaceae.

Aristolochiaceae. Roht- voi puistaimed, sageli viinduva
varre voi tiivega. Lehed ilma abilehtedeta. Oieehitus mitme-
sugune (vt. allpool). Sigimik alumine. Oied on alati protero-
giilinsed ; dietolmu edasikandjaiks on kérbséd, kes eriliste karva-
keste tottu, mis seest katavad Giekatte putkeosa ning véimaldavad
putukatele kiill sissepddsu oOitesse, mitte aga viljapididsu, on seal
vangis kuni tolmukate avanemiseni ning sellega iihteaegu toimuva
karvakeste kuivamiseni. — Asarum europaeum 1., metspipar. Oie-
valem: X Py Agiq Gye. Aristolochia: | P Ag Gy A. sipho L,
A. macrophylla, Pohja-Ameerikas ja Hiinas jt. (vt. lk. 43).

Rafflesiaceae. Eelmisele lihedane, kuid palju kaugemale
ulatuvalt spetsialiseerunud (haru 16ppsugukond!). Siia kuuluvad
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Joon, 21. Aristolochia clematitis L. A — varre osa lehe ja Gitega. B — Gie

pikiloik, virvilise Giekatte (perigooni) putkeosas karvad (k), mis takistavad

putukate enneaegset viljapafsu Oieputke laienenud osast; gst — giinostee-

mium, s — sigimik, ¢ — tolmukad. C — varre osa poolvalminud viljadega.
A ja D %/3 loom. suur., B ja C 3 X suurend.
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parasiittaimed, milledel on vegetatiivsed organid muutunud miit-
seeliumisarnaseks, kus juure, varre ja lehe — gGistaimede p6hi-
organite — eraldamine on raske véi pole iildse véimalik. Elavad
nugilistena troopika puuliikidel. Peremeestaimest vilja tungival
O6ie (voi 6isiku) varrel on soomusjaid korglehti. Oied iithe- vdi
kahesugulised. Tolmukaniidid on liitunud nn. sambaks (columna).
Rafflesia, Sunda saartel ja Filipiinidel Cissus’e liikide juurtel.
Oievalem: P, oo Ay Gyo0) Sumatra saarel kasvava Rafflesia
Arnoldi R. Br.* Gie 1labimoot on ligikaudu 90 em. — Pilostyles
Hausknechtii Boiss.* Astragalus’e liikidel.

Nepenthaceae (vt. lk. 198).

Cannabaceae, Urticaceae, Ulmaceae ja Moraceae on eespool-
kiasiteldud arenemisrea viimaseid sugukondi, mis mitmeti erine-
vad eelmistest. Tuleb tdhendada, et nende sugukondade koht
taimesiisteemis pole veel kaugeltki 16plikult selgitatud.

Urticaceae. Roht-, harva puistaimed, sageli korvekarvadega,
lehed vahelduvad vo6i vastakud. Oied ebasarikais, harilikult iihe-
sugulised. Urtica liikide dievalem: g 6is: K Py 9 Ao o Gy; & Ois:
X Py 5 Ay Gyo. Vili pahklike. U. dioeca L.; U. cannabing L. Sibe-
rist; U. pilulifera L.; U. Dodartii L. jt.. (Teiste Urticaceae kohta
vt. k. 193.)

Ulmaceae (lk. 149).

Moraceae. Peamiselt troopilised ja subtroopilised puud ja
poosad, harvemini rohttaimed. Lehed kiilgmiste voi aksillaarsete
abilehtedega. Oied iihesugulised, sageli viga omapirastes 6isi-
kutes (nn. retseptaaklid, niit. Dorstenia’l), milledes Gied asetse-
vad lihakas, laienenud oisikuteljes. Harilik dievalem: & &ied —
Py 0Ay.2Gy, 8 Oied — Py, 5 Ay Gg), kuid dieosade arv véib olla ka
vitksem [A;; A, (Dorstenia); G;] v6i suurem [Ps; g A; Gy
Ficus’e liikidel]. Sigimik on kas iilemine, alumine véi keskmine.
Esinevad sageli ebaviljad, kuna viikesed i{iheseemnelised sulgvil-
jad on lihaka o&isikutelje (retseptaakli) sees (niit.: viigipuu
,mari® lk. 337). Siia kuuluvatel taimedel leidub alati piimmahla,
tsiistoliidid on tavalised.

Alasug. Moroideae. Abilehed kiilgmised, tolmukad pun-
gas koverdunud tolmukaniitidega. — Morus (1k. 149 ja 152). —
Broussonetia (1k. 341). — Dorstenia. D. contrajerva L., ruutjate
varreliste retseptaaklitega; Louna-Ameerikas, nagu enamik
teisigi Dorstenia liikke (k. 175).
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Alasug, Artocarpoideae. Abilehed har. aksillaarsed,
abilehe varisedes jidb oksale rongakujuline arm. — Artocarpus*
(leivapuud). — Castilloa. C. elastica Cerv*. Mehhikos, kautsuki-
tootja. — Brostmum (lk. 194). — Ficus (lk. 187). — Cecropia
(1k. 194).

Cannabaceae. Rohttaimed vahelduvate voéi vastakute lehte-
dega, abilehed olemas, oied iihesugulised, kahekojased. & &is:
P, A;G,. & 0is: PAyGy. Emasdiel pole véimalik kindlaks
teha perigooni lehtede arvu, sest need on iihte kasvanud pidevaks
holmadeta katteks. Emakakael kaheharuline. Humulus. H. lupulus
L., humal. — Cannabis sative L., kanep.

Eriharuna tuletuvad seltsist Polycarpicae sugukonnad Pipe-
raceae ja Saururaceae, millede died on viga redutseerunud (lk.
195, 196).

Paljude kaheiduleheste sugukondade fiilogeenia seisukohalt
on olulise tihtsusega selts Saxifragales, kuhu kuuluvad sugukon-
nad Crassulaceae ja Saxifragaceae, sest siit 1dhtub mitu eri
arenemissuunda.

Crassulaceae '). Rohtjad taimed, harvemini puitunud
tiivega, lihakate lehtedega, milledel pole abilehti. Leheseis vahel-
duv véi vastak. Uldine Gievalem: X Ky 5 Cy_ oo Ay oo Gis_oco-

1. Sempervivoideae. XKs 50C5 35 Ao _32) Gus_se-
Lehed vahelduvad, sageli rosettides. Sempervivum. S. soboliferum
Sims, kellukjate, kollakate 6Gitega; S. Gaudinii Christ, tdhtjalt
laiuvate kollakate o6itega, Louna-Euroopast; punakate oitega on
S. tectorum L. (lehed paljad), S. montanum L. (lehed pealt
nairmekarvased) ning S. arachnoideum L. (lehekodarikus lehed
imblikuvérgutaoliste karvadega). Koéik 3 liiki Louna-Euroopa
miestikes. — Aeonium. — Aichryson. — Monanthes. —
Greenovia (lk. 326, 327).

2. Sedoideae. KKz 15,C3 12 Aoz 19 Gyz_oco- Lehed va-
helduvad v6i mannaselised. Sedum. Suur perekond, milles eralda-
takse mitu riihma: 1) Seda genuina. S. spurium Bieb., Kau-
kasusest; S. acre L., euroopa ., Eestis harilik, nn. kukehari; S. mite
Gilib., eelmise sarnane, ilma terava maiguta; §. rupestre L.,
Ladne-Euroopast; S. album L. ka Eestis, lubjalembene liik;

1) Peale silistem. osakonna erilises Crassulaceae kogus Kaukaasia
osak. laheduses ning kasvuhooneis (kiilmhoone, sukulentidehoone).
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S. cepaea L. (iiheaastane talvitaja, mediterraanne liik); S. his-
panicum L. (kaheaastane mediterraanne liik). 2) A<zoon. S.
atzoon L., aasia liik; S. Maximowiczii Regel, eelmisele viga lihe-
dane; S. Middendorfionum Maxim., Pohja-Aasiast; S. Ellacom-
bianum Praeg., Jaapanist. 3) Dendrosedum. S. compressum
Rose, Mehhikost. 4) Pachysedum. S. pachyphyllum Rose,
Louna-Mehhikost. 5) Telep hium. S. telephium L., euraasia-
boreo-ameerika poliimorfne liik; S. mazimum (L.) Hoffm., euro-
siberi 1.; S. Eversii Led., Kesk-Aasiast; S. Sieboldii Sweet, Jaapa-
nist. 6) Rhodiola. S. roseum (L.) Scop., euraasia-boreocamee-
rika liik; S. Semenowii Mast., Turkestanist. Selles riihmas on pri-
maarselt kahesuguline 6is muutunud tihesuguliseks (isasbied kin-
gunud emakate rudimentidega). — Sinocrassula, lk. 327. —
Orostachys, 1k. 303. — Rosularia, k. 327. — Sempervivella, lk. 327.

3. Fcheverioideae XK;CsAs,5Gys. Lehed vaheldu-
vad, sageli rosettidena. Echeveria (1k. 830). — Pachyphytum (1k.
330). — Lenophyllum.

4. Cotyledonoideae. kK;Cps Asi5Gys. Lehed vasta-
kud véi vahelduvad. Cotyledon. — Umbilicus (lk. 826). — Chi-
astophyllum oppositifolium (Ledeb.) Berger, Kaukaasiast (lk.
297).

5. Kalanchoideae XKyCy4Ay;yGyy. Lehed vastakud.
Kalanchoé (1k. 229). — Bryophyllum (1k. 229).

6. Crassuloideae Harilik 6ievalem: xXK;CsA;5. 0 Gys.
Lehed vastakud. Crassula (k. 229).

Ka Crassulaceae sugukonnas nideme Oieosade iildise arvu
vihenemisega kisikdes kiivaid teisi tuletatud vormide tunnuseid -
viimastes sugukonna riihmades, nagu vastak leheseis, kahe
tolmukateringi redutseerumine iihele Crassuloideae riihmas jt.
Paksuleheste 6isik on harilikult di- voi pleiohaasium véi aga
vonkaGisik. Viljalehed on alusel harilikult enam-vihem tihte kas-
vanud, emakasuudmed alati vabad. Iga viljalehe alusel, vilis-
kiiljel on viikese lisemena nektarit eritav soomus. Monanthes’e
liikidel on need soomused kroonjad. Meesoomuste kuju on oGige
varieeruv ning liikide eraldamisel sageli viga oluline.

Saxifragaceae. Roht- ja puistaimed vahelduvate voi vasta-
kute lehtedega. Oied harilikult aktinomorfsed, harva siigomorf-



A XXXI 4 T. U. Botaanikaaia siistemaatil. ja taimegeogr. kogud 47

sed. Sage oievalem on: XKy C5 Ajs, 5 Gy, kuid dieosade arv koi-
gub {ildiselt 4 ja 12 vahel (vt. lk. 147 ja 264). Vili kupar voi
mari.

Saxifragoideae. Astilbe (abilehtedega!). A. japonica
A. Gr.; A. chinensis Fr. et S. — Rodgersia — suurelehised piisi-
kud Hiinas ja Jaapanis (lk. 812). — Saxifraga. S. pennsylvanica
L., Pohja-Ameerikas, S. rotundifolia 1. Louna-Euroopa méiestikes,
Kaukasuses jt. (k. 286 jt.). — Bergenia, Kesk-Aasias. — Heu-
chera. H. sanguinea Engelm., H. americana L., molemad Pdchja-
Ameerikas. — Tellima. T. grandifiora (Pursh) R. Br., P.-Amee-
rikas (1k. 264). — Mitella. M. diphylla L., P.-Ameerikas. — Chry-
sosplentum. C. alternifolium L., lepik-
lill, euraasia-boreoameerika liik, ka
Eestis.

Ribesiotdeae (vt. lk. 147
ja 166).

Parnassioideae. Parnassia.
P, palustris L. adal-lill, euraasia-boreo-
ameerika liik,

Brexioideae. Brexia (Ik. 188).

Hydrangeoideae. Philadel- ;.. 90 Sazifraga sar-

phus, Deutzia, Hydrengea vt. lk. 48, mentosa L. Oied siigomorf-
sed, kroonlehed iiksteisest

147, 166 ja 264. erinevad. ek — emakakael,
Seltsiga Sawifragales (lk. 45) otse- ° — f:ﬁfukzaskusﬁr_tupp-

ses suguluses on sugukond Podoste-
monaceae. Eriharuna lihtuvad siit viga spetsialiseerunud sugu-
kond Droseraceae ning sugukonnad Cunoniaceae, Pittospora-
ceae, Hamamelidaceae ja Platanaceae. Ko6ik need harud on
teatavate arenemisteede I6pptulemused. Seltsist Saaxifragales
pélvnev selts Caryophyllales (Caryophyllaceae, Aizoaceae, Por-
tulacaceae) on siilitanud hulga primitiivseid tunnuseid. Siit viib
rida harusid dige mitmesugustele kaheiduleheste sugukondadele.
Podostemonaceae. Troopikamaade jugades ja koskedes kivi-
dele kinnituvad taimed sageli rakisesarnase tiivega, millel leidub
vaid rudimentaarseid lehti, mis on harulised. ©ied tksikult voi
oisikuis, > v0i ‘| Uldine Gievalem on: Poo_o Aco_1 Gyz—1)
Kaugeleulatuva kohanemise téttu jouliselt voolavates voogudes
sarnanevad paljud Podostemonaceae iildiselt rohkem vetikate ja
sammaldega kui Oistaimedega. Huvitavaks anatoomiliseks ise-
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arasuseks on dhulbhede puudumine. Oitsemine ning viljumine toi-
mub vee madalseisudel. Piiritusepreparaate Botaanikamuuseumis.

Cunoniaceae. Puud ja p66sad vastakute e. ménnaseliste leh-
tedega, 16unapoolkera taimi. Harilik Gievalem: >k K5 C5 A5, 5 Gy
Karakteersed on tupplehtedest vdhemad kroonlehed, emakkond
voib olla ka lahkviljalehtne (siis kukkurvili) ; monel juhul esine-
vad teised Giecsade arvud (niit. Ay).

Joon. 23. Hydrangea altissima Wall. A — steriilne 6is nelja kroonja tupp-

lehega. B — oisiku osa kolme kahesugulise Giega, neist esimene alles die-

punga olekus, teisel liitlehine tanujas kroon (kr) parajasti mahalangev, kol-

mas dis valminud tolmukate (t) ja emakasuudmetega (es). ek — emaka-

kael, s — sigimik. C — ois, millelt on eemaldatud tolmukad. A — loom.
suur., B ja C 4 X suur.

Pittosporaceae. Puud ja poodsad, sageli igihaljaste, vaheldu-
vate lehtedega, peamiselt Austraalias (erand perek. Pittosporum,
mis on suure levikuga ka troopilises ja subtroopilises Aafrikas ja
Aasias). Pittosporum. P. tobira (Thunb.) Ait.,, lk. 341. &ie-
valem:>< K5, C5 A5 Gy Vili kupar.

Hamamelidaceae. Subtroopilised puud ja po6osad, vaheldu-
vate lehtedega; abilehed on olemas. Oied viikesed, aktinomorfsed
vOi siigomorfsed, sageli peades voi nuttides. Oiekate lihtne voi
kaheli, samuti on kdikuv 6ieosade arv (pShiarv 4—5). Viljalehti
2. Viljad (kuprad) on karakteersed, nimelt selle poolest, et neil
valmides eraldub puitunud — nahkjas eksokarp sarvjast voi
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krompsluud meenutavast endokarpist. Liquidambar, iihekojaste
oitega puud. L. styraciflue L., P6hja-Ameerikas. — Hamamelis.
Oled: K Ky.9Cy Ay Spi4 Gy, neli sisemist tolmukat on muu-
tunud lintjateks staminoodideks. H. virginiana L. Pdhja-Amee-
rikas jt. :

Platanaceae. Enamikus korgekasvulised puud. Lehed vahel-
duvad, holmised, suurte rohtjate, vart imbritsevate abilehtedega.
Oied tihedates kerajates nuttides, iihekojased. Tiived sageli kir-
jud soomuskorba laikude mitmeaegse mahalangemise tottu. Oied
iihesugulised. Platanus (sugukonna ainus perekond). P. occi-
dentalis L., Pohja-Ameerikas (lk. 343). & oiled: <Ko, 0 Cyup
A, », G rudim.; & obiled: K Ky, 5 Co.oAy Gya.

Eriharuna tuletub seltsist Saxifragales sugukond Drosera-
ceae.

Droseraceae. Viikesed putukasootjad rohttaimed sageli koda-
rikus asetsevate lehtedega. Uldine &ievalem: *K;CsA; ~
Gio 5. Vili kupar. Seemned viikesed, endospermiga. Dionauca.
D. muscipule ElL*, Uhendriikide kaguosa endeem, tuntud oma
ddrmiselt tundlikkude, putuka puudutamisel otsekohe sulguvate
lehtede t6ttu. — Aldrovanda. A. vesiculosa 1.*, viike veetaim,
eelmisega sarnaneva loomade piiiidmise seadeldisega. — Droso- .
phyllum. D. lusitanicum L.*, Hispaanias, Portugalis ja Marokos.
— Drosera, ligi 100-liigine perekond. Eestis D. rotundifolia. L.,
D. anglica Huds.* ja D. intermedia®; D. spathulata Labil.,, Aasias,
Austraalias ja Uus-Meremaal (vt. lk. 266). — Drosera (huul-
heina) liigid on harilikult rabade taimed, kus nad kasvavad turba-
sambla (Sphagnum) kattes.

Caryophyllaceae, nelkéielised, on rohtjad taimed, harva pool-
pdosad, haril. vastakute, jagunematute lehtedega. Abilehed tea-
tavates perekondades. Uldine 6ievalem on: K, C, 5 As 1,
Gu(2—5)-

1. alasuguk. Paronychioideae. Abilehtedega, lahk-
lehise tupega viikesekasvulised taimed. Kroonlehed tekkinud
staminoodidest. Spergula arvensis L., nidlghein. Spergularia.
S. rubra Pers., punane sdlmhein, &ievalem: >k Kj C5 As.5 Gy
Herniaria. H. glabra L., s66treiarchi, iiheseemnese sulgviljaga,
dievalem: KKz Cjs As,oGyo).

2. alasuguk. Alsinoideae. Abilehtedeta, lahklehise
tupega rohttaimed. Kroonlehed tekkinud staminoodidest. Alsine.
— Avrenaria, — Stellaria, téihtheinad: >} Kj5CjsA5,5Gys. S

4



50 T. LIPPMAA A XXX«

holostea L., S. media (L.) Cyrill. (kosmopoliit). — Cerastium,
kadakkaerad. — Scleranthus (kaderohud, meie liikidel >k K; C,
A 5 Gy, vili 1- kuni 2-seemnene sulgvili).

. 3. alasuguk. Silenoideae. Abilehtedeta, liitlehise tupega
taimed. Kroon sageli lisakrooniga. Agrostemma. A. githego L.,
diakas e. nisulill, éievalem: < K5, C5 A5, 5 Gys). Lychnis. L. chal-
cedonica L., Siberist; L. flos jovis (L.) Desr., Louna-Euroopast.
— Melandryum, pusurohud. M. album (Mill.) Garcke, M. rubrum
(Weig.) Garcke. — Viscaria. V. vulgaris (L.) Roehl., térvalill. —

Joon. 24. Phytolacca acinesa Roxb. A - lihtsa ociekattega 6is. B — pool-
valminud vili tolmukaniitide ja diekattega. Suur. 3,5 X.

Silene, poisrohud. S. inflata Sm., S. otites (L.) Wiebel, S. tata-
rica, (L.) Pers. Eestis peale nimetatud liikide veel S. nutans L.
jt. — Cucubalus baccifer L., euraasia liik, mustade marjadega. —
Gypsophila. G. acutifolia Fisch., Kagu-Venes ja Kaukasuses, —
Tunica saxifraga (L.) Scop., Louna-Euroopas. — Dianthus, nelgid,
tolmlemine toimub paevaliblikate abil, 6ied protandrilised. D. su-
perbus L., tore nelk, euraasia liik, ka Eestis; D. plumarius L. jt.
Nelgid on iihe- kuni mitmeaastased, vahakihiga, vastakute, line-
aalsete, alusel iihtekasvanud lehtedega. Tupp on iimbritsetud 2—3
korglehtede paarist. Kroonlehtedel selgelt eraldatavad naast ja pin-
nuke, nende piiril sageli lisakroon. — Saponaria. S. officinalis L.,
seebilill.
Aizoaceae (vt. k. 223—225).

Portulacaceae. Roht- ja puistaimed lihakate lehtede (neil
nahkjad abilehed) ning aktinomorfsete o&itega. Oiekattelehed
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" kroonjad, neist allpool kaks korglehte. Uldine &ievalem:
)Py 5Ag 10 00 Gye_s Sigimik on iihepesane tsentraalse plat-
sentaga (nagu eelmiseski sugukonnas!). Portulaca. P. grandi-
flora Hook., Argentiinast. — Calandrina grandiflora Lindl., Louna-
Ameerikast. — Anacampseros (1k. 230). — Claytonia (k. 305). —
Montia. M. lamprosperma Cham., euroopa liik, esineb ka Eestis
(rabasalat).

Selts Caryophyllales (sugukonnad Caryophyllaceae, Aizo-
aceae ja Portulacaceae) on tdhtis ,,solmpunkt” kaheiduleheste
flilogeenias. Siit viivad harud mitmele poole. Teistest eraldatud
on sugukond Polygonaceae. Edasi jargnevad eriharuna Phyio-
laccaceae, Nyctaginaceae, Chenopodiaceae, Amarantaceae,
Basellaceae, siis sugukondadega Halorrhagidaceae, Oenotheraceae
ja Lythraceae 16ppev haru ning haru, mis viib iile Linaceae,
Geraniaceae jt. sugukondadele Aceraceae ja Malpighiaceae. Pea-
haru l6peb paljude ning liikiderikaste sugukondadega, mida ise-
loomustab {ildiselt viietine liitlehine kroon ning tiks tolmukate
ring.. Neist harudest on algul nimetatud arenenud tuulelembuse
suunas, millega kisikédes kiib oiekatte reduktsioon. Vaatleme enne
neid sugukondi, mis on sugukondadele Portulacaceae ja Aizoaceae
eriti ldhedased.

Phytolaccaceae. Roht- ja puistaimed vihe silmapaistvate
oitega. Phytolacca decandra L. K Py A G0y Vvili mari, Pohja-
Ameerikast. Teistel] liikidel esinevad osalt teised arvud. Ka voib
giinetseum olla apokarpne. — Rivina (lk. 200). — Petiveriu
(1k. 200). A

Nyctlaginaceae. Roht- ja puistaimed eriti troopilises ning
subtroopilises Ameerikas, lehed harilikult vastakud. Oied ebasarik-
Oisikuis, alusel peaaegu alati limbritsetud korglehtedest, diekate
sageli kroonjas. kK Py ;A ~5 Gy Vili iiheseemnene sulgvili,
mida harilikult tihedalt timbritseb perigoon vdi selle alumine,
piisima jddnud osa (nn. antokarp). Mirabilis. M. longiflora L.
ja M. jelapa L. (> P5 A; G,;), Mehhikost. — Bougainvillea. 0Oied
kolmetisis osadisikuis, iga &is kattelehe keskroole kinnituv. B.
spectabilis Willd.*, B. glabra Choisy (lk. 190).

Chenopodiaceae. Rohttaimed, harva puud, vahelduvatz leh-
tedega, abilehti pole. Oied mitmesuguse ehitusega. Enamik on
stepi, poolkérbede ja korbede vdi mereranniku taimi, eelistavad
soolast aluspinda. Ulbrich’i jirgi voib eraldada jargmisi ala-
sugukondi: Polycnemoideae, Betoideae, Chenopodioideae, Cori-

4%



52 T. LIPPMAA A XXXI. 4

spermoideae (neis alasugukondades on embriio kdverdunud: Cyclo-
lobeae), Salicornioideae, Sarcobatoideae, Suaedoideae ja Salsolo-
ideae (neljas viimases on idu spiraalselt keerdus: Spirolobeae).

Betoideae. Hablitzia. H. thamnoides Bieb., Kaukasuses,
viaankasv. — Beta. B. vulgaris L. (peet).

Chenopodioideae. Chenopodium. Sage Oievalem on:
* Py Ag Gy, siiski kbigub Gieosade arv osalt kogunisti iihel ja
samal taimel. Perigooni lehtede arv 3—5, tolmukaid vdéib olla
vihem, viljalehtede arv téuseb monel
juhul viieni. C. album L., levinud arva-
tavasti Himaalajast iile kogu maakera;
eelmisega viga sarnane C. quinoa Willd.,
Louna-Ameerika Andides kultuurtai-
mena kuni 4000 m; kosmopoliit, nagu
C. album, on ka C. vulvaria L. (sisal-
dab trimetiitilamiini!) ; C. hybridum L.;
C. polyspermum L., Euraasias. —
Obione. —  Atriplex. Uhesuguliste
Oitega (iithe- vo6i kahekojased). A.
hastata L., A. hortensis L. & 6ied ilma
alglehtedeta, kK P5_3 A5 3Gy & Oied
kahe, viljade juures suureneva alg-
lehega Py Ay Gy — Kochia. K. sco-
pariea (L.) Schrad., Euraasia steppide

Joon. 25. Hablitzia tham- .
noides Bish. Viietised ied Karaktertaim.

i Giekatt i- . . }
hht;ionf _le rﬁoofi,g;? Suff;f*“ Corispermoideae. Corisper-

mum. C. hyssopifolium L.

Salicorniotideae —Halocnemum™. — Salicornia. S. her-
bacea L., soolarohi. Oievalem: Py_4 Ay Gyo). Oied lihaka varre
sees, oiekate kettakujuline, avausega keskel, millest vidlja ulatuvad
tolmukad ja emakakael. Niivalt lehtedeta sukulent-taim, merede
ja ookeanide rannikuil, ka Eestis.

Suaedoideae Suveda, S. maritimae (L.) Dumort. (sooda-
hein), ka Hestis.

Salsoloideae. Salsola. S. kali L., okasmalts. —
Halozylon, H. ammodendron (C. A. Mey.) Bunge *. Omapéirase
vialimusega puu Turkestani soolakdrbedes. — Fredolia. F. are-
tioides Coss. et Durieu*, karakteerne polstertaim Pghja-Saha-
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rast (Botaanikamuuseumis 1 kuivatatud eksemplar!), mille kivi-
kéovad polstrid on 1dbimoddus kuni 1 m.

Amarantaceae. Roht-, harva puistaimed, peamiselt subtroo-
pilised ning troopilised. Oied viikesed, rohelised véi virvilised.
Uldine dievalem: P;_o As o Gys_y), sarnaneb seega eelmise sugu-

Joon. 26. E'mex spinosa Campd. Lehtede kaenlas (need eemaldatud!) pahkli-

sarnased iiheseemnesed ebaviljad (ev), mille viliskate koosneb suurenenud,

vilja tihedalt katvast perigoonist. P-i sisemised holmad (sp) on piistised,
valimised (vp) on laiuvad, ogajad. Suurendatud 5 X.

konna o6ievalemiga. Oied on harilikult aktinomorfsed; tolmukate
niidid vabad v6i alusel kokku kasvanud nahkjaks toruks, mille
iilemine serv iga tolmukatepaari vahel moodustab tippe (pseu-
dostaminood). Vili kas karp, sulgvili v6i mari. Seemnes iimb-
ritseb idu rongana endospermi, — Celosia. C. eristate L., ilutaim,
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troopilise paritoluga. — Amarantus, rebasesabad, peamiselt iihe-
aastased taimed, tugevate killgroodudega lehe alumisel pinnal.
Oied sageli liitéisikuis, mis koosnevad ebasarikaist. A. cauda-
tus L. & &is: X Pg; A5 Gy; & Ois: > Py Ay Gya), arvatavasti
Léuna-Ameerikast; A. paniculatus L.; A. patulus L., troop. Amee-
rikas; 4. spinosus L., lehtede kaenlas astlad (kdngunud osadisi-
kute moondunud katelehed). — Alternanthera, Ameerika liigid.
—Iresine (vt. lk. 257). -

Basellaceae. Viike, 20-liigine eelmistele lihedane sugukond,
peamiselt Léuna-Ameerika taimi. Basella. B. rubra L. (veetai-
mede kasvuhoones). Oite alusel korglehed (involucrum). &ie-
valem: XKy Cisy As Gys). Ebavili: lihakaks muutunud odiekate
timbritseb itheseemnest sulgvilja. — Bousstngaultia. B. baselloides
H. B. et Kth., viankasv Ameerikast (aias kasvuhoone vilisseina
dires).

Polygonaceae. Rohttaimed, harva puud ja pd6sad,
harilikult vahelduvate lehtedega, mille alusel on vart {imbritsev
abilehtedest tekkinud tori. Lehed terved v6i holmised. Oied vii-
kesed, 6isikuis, mis koosnevad ebasarikjaist iiksikoisikuist.
Oied >, kahe- véi tihesugulised. Uldiselt on Gieosade arv jarg-
mine: Pg_3 Ag_g Gys), kuid tolmukaid voib olla ka vihem; samuti
on koéikuv viljalehtede arv: 2—4. Vili pidhklike, seemned endos-
permiga, idu asub sageli enam-vihem ekstsentriliselt v6i koguni
perifeerselt (Emex). Peamiselt pohjapoolse paraja vootme taimi.

Polygonoideae. Polygonum (kirburohud).
x P, As_g Gyo_s) P. divaricatum L., Siberist, valgete ditega
nagu jirgminegi; P. alpinum L., P. bistorta L., mélemad euraasia-
boreoameerika miestiku karaktertaimi, viimane esineb ka Eestis
(ussitatar) ; P. viviparum L., arktoalpiinne liik, ka Eestis (pung-
kirburohi) ; P. aviculare L., linnurohi, taluduedel, teedel jne., kos-
mopoliit. — Fagopyrum (tatar). X Ps, As,3 Gz, vili pahklike.
F. esculentum Moench, F. tataricum Gaertn. (vihemate ditega).

Rumicoideae. Rhewm (rabarbrid). kK Pg.3 Agisz Gysn
Sageli suurte lehtedega pilisikud, died kahe- vodi iihesugulised.
R. palmatum L., siigavalt holmiste lehtedega; R. undulatum L.,
R. rhaponticum L., tervete lehtedega, E.nobile Hook*. Rabarbrid
on Kesk-Aasia liigid, esinevad Siberist Himaalaja ja Palestiinani.
— Oxyria. O. digyna (L.) Hill, arktoalpiinne liik, Euroopas, Aasias
ja  Ameerikas. — Rwumex, oblikad. Harilik odievalem:
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kP 3.3, A¢:0Gys). Iseloomulik on sisemiste perigoonihélmade piisi-
mine viljadel (pahklike) kolmelehese kattena. Perigoonihdlmade
kuju, serva ehitus jt. on liikide eraldamisel oluline. R. acetosa L.
(hapu o.), R. acetosella L. (viike 0.) euraasia-boreoameerika liike,
ka Eestis. R. confertus Willd., Kagu-Venes ja Siberis.; R. sali-
cifolius Weinm., Pohja-Ameerika soodes. — E'mex, ithekojaste
ditega (tolmlemine tuule abil), vili limbritsetud diekattest. E. spi-
nosa Campd., mitmel pool 16unamaades. — Koenigia, {ihe liigiga:
K. islandica L.*, arktiline liik, ka Himaalajas, iheaastane. Oie-
valem: X P; A Gyas).

Coccoloboideae. Cocecoloba (lk. 255). — Muehlen-
beckia (lk. 255 ja 331).

Thymelaeaceae. Puud ja pdosad, harva rohttaimed, lehed
vahelduvad, harva vastakud, abilehti pole. Oied harilikult kahe-
sugulised, aktinomorfsed, tugevasti arenenud oGiepGhjaga (silind-
riline, kroonjas retseptaakulum, mille iilemisele servale kinnitub
kroonjas tupp). Kisikdes 6iep6hja muutumisega kroonjaks on
toimunud kroonlehtede kaugeleulatuv reduktsioon. Heterostiiiilia
(di- ja trimorfsed o6ied). Daphne. D. mezereum L., nisiniin
* Ky CyAurg Gy. Vili luuvili, miirgine.

Elaeagnaceae, lk. 150.

Rhizophoraceae. Troopilised puistaimed, lehed abilehtedega,
leheseis vastak. Oievalem (iild.): > Ky g Cy g Ag o0 Ga_sy
sigimik iilemine, keskmine v6i alumine. Vili mari, seemnetes idu
klorofiilli sisaldav. Mangroovisoodes kasvavad Rhizophoraceae on
vivipaarsed, s. o. seemned idanevad viljades puu otsas, kusjuures
areneb tugevasti hiipokotiiiil (ulatub kuni 1 m, on haril. 20—40
em); lépuks langeb valminud idu vilja seest vidlja ning juurdub
soisel pinnal juba méne tunniga. — Rhizophora* (manglipuud).
— Bruguiera*.

Lecythidaceae. Troopilised puistaimed, abilehtedeta. Oie-
valem: Ky §Cy_g Aoy Gya_s- Lecythis, omapiraste, kaane
abil avanevate puitunud, suurte kuparviljadega. — Bertholletia.
B. excelsa Humb. et Bpl.*, seemned on nn. parapiahklid.

Myrtaceae. Suur puistaimede sugukond, levinud peami-
selt Austraalias (seal kuivaviljalised Leptospermoideae) ning
Louna-Ameerikas (lihakate viljadega Myrtoideae). Oied :
*Ky 5C4 5 Aco Gyoo1» kuid vdivad esineda osalt ka teised
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arvud. Iseloomulikud on kerajad 6limahutid (eetrilised olid!)
lehtedes, vartes jt.; juhtkimbud on bikollateraalsed.

Myrtoideae. Viljad lihakad, marjataolised. Muyrtus
(k. 334). M. communis L. Oievalem: > K, C5 Aoo Gyzr — Psi-
dium (k. 175). — FEugenia (1k. 331), suur troopiline perekond,
eriti Louna-Ameerikas. — Jambosa. J. caryophyllus (Spreng.)
Ndz.*, diepungad on ,nelkidena“ tuntud maitseaine.

Leptospermoideae. Kuivviljad. Fucalyptus (lk. 332)
* Ky Ci5y Aoo Gz Kroon langeb Eucalyptus’e liikidel tanuna
maha, vili on kupar. — Callistemon (lk. 332). — Melaleuca
(lk. 332).

Lythraceae. Rohttaimed, puud ja pdosad, peamiselt
troopikamail, moéned ka parajas vootmes. Lehed harilikult vas-
takud, terved, terveservased; abilehed viikesed, vaevalt mérga-
tavad. Tupplehtede vahel sageli vidikesed lisemed. Oied harili-
kult 4—5—6-tised. Tolmukaid harilikult kaks korda niipalju,
kuid nende arv kéikuv (A oo, ligi 200) ; sigimik tilemine. — Pep-
lis. P. portula L. ojakapsas, niiskete kohtade taim, euroopa liik,
ka Eestis. — Lythrum. L. salicaria L., kukesaba, boreotroopiline
sootaim. Oievalem: >k K, Cs Agig Gye); vili kupar. — Nesuea
(e.Heimia). N. salicifolia. Link., Louna-Ameerikas, kollaste ditega
(vt. k. 343). :

Onagraceae. Roht-, harvemini puistaimed, leheseis mitme-
sugune, lehed terved voi jagused, terve vai saagja servaga, Oied
suured, varvilised. Harilik dievalem: >k vdi | K, Cy Ay iy Gugy
Vili pesa-avanev kupar, sulgvili vo6i mari.

Jussieueae Jussieua, soo- ja veetaimed, tugevasti arene-
nud aerenhiiiimiga, moéningatel liikidel kahesugused juured, iihed
harilikud toitejuured, teised hingamisjuured. Valem:
x K5 Cs A5 Gus, (Vi 1k, 242). — Ludwigia K Ky Cy_o Asio Goaye

Eptlobieae. Epilobium. KK ;Cq4Ayyq Gy Epilobium
hirsutum L., karvane pajulill. — Chamaenerium. C. angustifo-
lium (L.) Scop., podrakanep, liivalembene euraasia-boreoameerika
liik. ‘
Onagreae, Clarkia. Oievalem: i KyCi Ay y Gy, C. pul-
chella Pursh, C. elegans Lindl. Vaikse ookeani poolsest Pdhja-
Ameerikast. — Oenothera. O. biennis L., O. fruticosa L., O. pumila
L., koik kollaste oitega.

Gaureae. Gaura. G. biennis L., P6hja-Ameerikas.
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Fuchsieae. Vili mari. Oievalem nagu Epilobium’il. Oie-
pohi ulatub enam-vihem korgele iile sigimiku virvilise putkja
moodustisena. Oied harilikult rippuvad, varvilise tupe ja kroo-
niga. Fuchsia (1k. 265).

Lopezieae Olevalem: | K4CqA Sit+0 Gy Lopezia
coronata Andr.

Joon. 27. Lopezia coronata Andr. ¢l — tupplehed, kI — kroonlehed, st —
staminood, ¢ — tolmukas, es — emakasuue, ek — emakakael, s — sigimik.
4 X suur.

Circaeae. Olevalem: | K Gy A, .o G, Circaea alpina L.,
euraasia-boreoameerika viaike metsataim. C. intermedia Ehrh.,
eelmisele lihedane.

Sugukonnas Onagraceae v6ib histi jilgida iileminekut penta-
meersest Oiest tetrameersele, siis dimeersele (Circaea). Ka tol-
mukate osas on toimunud huvitav evolutsioon, mis on jéudnud
haripunktini perekonnas Lopezia, kus on saavutatud orhideesid
meenutav 6ieehitus .(joon. 27).

Hydrocaryeae. Trapa naltans L., iiheaastane veetaim
karakteersete viljade ning omapirase idanemisviisiga. Lehed
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kahesugused (veesisesed jagused, vee pinnal arenevad ujulehed).
Oievalem: > K,;C4A4.¢Gyq,.

Halorrhagidaceae. Rohttaimed mitmesuguse vilimusega.
Lehed terved voi sulgjagused, asetus mitmesugune. Oietolmu edasi-
kandmine toimub tuule abil. — Healorrhagis. H. alata (Jacq.)
Forst.*, >k K4 Cy Ayt g G, 4. — Myriophyllum. Uhekojased veetai-
med (ka lileminekuid kahekojasusele, ka kahesugulisi 6isi). M. spi-
catum L., boreotroopiline liik, ka Eestis. Kahesugulise die valem
KKy CsAyiy Guay» & Oled on rudimentaarse emakakaelaga;

& oites puuduvad tolmukad tidielikult. — Gunnera. G. chilensis
Lam.*, hiigellehtedega piisiktaim. — Hippuris, harilik kuuskhein,
boreotroopiline liik, meil ka merevees. -‘-PAl G,;- Pole selge,

mitmest lehest on tekkinud perigoon, mis pideva &dirisena asub
emakakaelast ja tolmukast allpool sigimiku iilemisel serval.

Alljargnevad 6 sugukonda on lihedases suguluses ning kuu-
luvad seltsi Geraniales. Neis valitsevad suurediesed vormid, mis
kohanenud tolmlemisele putukate abil. Eriharuna tuletuvad nad
seltsist Caryophyllales.

Linaceae. Puud, pdosad, piisikud ning iiheaastased taimed.
Lehed harilikult vahelduvad, sageli terveservased. Uldine éie-
valem: * K5 C5 As_10) Gyeos,. Linum. X KsCsAg.q Gysy vili
kupar. L. grandiflorum Desf., punaste oOitega; L. perenne L.;
L. usitatissimum L. (lina). — Radiola. *< K4 C4 Ay ) Gyay. . lino-
ides Roth*, pseudoatlantiline liik, Eestis ainult {iks leiukoht —
Hiiumaal.

Geraniaceae. Rohttaimed, sageli iiheaastased, poolp6osad,
harva puud. Lehed harilikult vahelduvad, kahe abilehega, sageli
sOormholmised voi sormjagused. Oied >, harvemini 1 Harilik
oievalem: Kz CsA;s,s Gys5- Kuid tupplehti voib olla ka
vihem vdi rohkem (4—8), samuti kroonlehti. Tolmukate arv
vdib langeda kaheni voi olla 10—15. Ka viljalehtede arv on tea-
tavates piirides (2—8) koikuv. Vili septifraagne kupar, avane-
misel rulluvad viljaseina osad, seemneid laiali paisates (igas pesas
haril. iiks seeme). — Geranium, kurerehad. >k K5 C5 Ag.5 Gys)-
G. pratense L., G. lucidum L., G. sanguineum L. jt. ka Eestis;
G. phaeym L., Louna-Euroopa méiestikes; G. macrorrhizum L.,
Lduna-Euroopa liik. — FErodium. E. cicutarium (L.) L'Hérit.,
kurekael, umbrohi; E. gruinum L’Hérit. — Pelargonium, lk. 264.



A XXXI.4 T. U. Botaanikaaia siistemaatil. ja taimegeogr. kogud 59

Limnanthaceae. Eelmisele sugukonnale viga lihedased tai-
med, kuid lehed abilehtedeta, sulgjagused, Pdhja-Ameerikast.

A\ ) Joon. 28. Ouwxalis sp. A — sibul,
. f B — sama pikildigus, selle-
! aastase sibula ,,peal” on vastne
A ! sibul (ns). ks — sibulakand.
f Suur. 2,5 X.

Oievalem: XK, 5 Cs_5 Ay 10 Gyo-5); alumises osas tiitsa vabad
viljalehed on iihinenud keskel iihiseks emakakaelaks (nagu sugu-
konnas Geraniaceae) ning harunevad iileval suudmeteks vasta-
valt viljalehtede arvule. — Limnanthes.
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Oxalidaceae. Rohttaimed, véiga harva puud, osalt mugulate
Ja sibulatega, leheseis vahelduv, lehed sageli liitlehed 1—., lehe-
kesega. Oied iiksikult v6i ebasarikjais oisikuis. Oievalem:
K Ks C5 Ay 5 Gys,» Harva esinevad korvalekaldumised [A,;,
G,]. Kupar pesa-avanev. — Owzxalis. Eluvormide seisukohalt
viga mitmekesine perekond, sest liigid esinevad maapealsete lehti
kandvate vartega (O. stricta L., O. valdiviensis Barn., viimane
trimorfselt heterostiiiilsete Gitega), horisontaalsete risoomidega
(juurikatega) nagu O. acetosella L. (jinesekapsas, harilikkude
ja kleistogaamsete Gitega) voi toeliste sibulatega. Viimasel juhul
on sibula soomused kas koéik tihesugused (O. Deppet Lodd., Meh-
hikost) voi aga leidub peale sidilitussoomuste veel erilisi viliseid
kaitsesoomuseid. Leidub puitunud varrega liikisid. Neist on
huvitav O. bupleurifolia St. Hil. (1k. 231), sest sellel liigil esinevad
fiilloodid. Tundlikke lehti omab Biophytum (lk. 200). ,

Tropaeolaceae. Valdavas enamikus mahlased rohtjad .roni-
taimed, vahelduvate kilpjate v6i sGrmjaguste lehtedega. Oied
tiksikult lehtede kaenlas. Oied: 1 K5 C5 Ag Gy Vili jaguneb
valmides 3 péahklikeseks (jaguvili). Seemned suured, ilma endos-
permita. Peamiselt Louna-Ameerika taimed. Tropaeolum. T.
majus L., T. minus L. jt.

Balsaminaceae. Mahlased rohttaimed, mitmeti asetsevate
lehtedega, need ilma abilehtedeta. Oied silmapaistvad, virvili-
sed. Oievaiem: -|'K3_5 Cs_5 A5, Gy Karakteerne on tolmuk-
kond, sest tolmukaniidid on iilemises osas laienenud, {ihtinud tol-
mukapeadega ning katavad tanujalt emakasuuet. Vili mahlakas
kupar, mis Impatiens’i liikidel avanedes laiali paiskab seemneid.
Impatiens. 1. nolitangere L., lemmalts, Eestis eriti lodumetsades,
kraavide kaldail jt.; I. parvifiora DC., Kesk-Aasia liik, mitmel
pool parkides, ka Eestis; I. Roylei Walp., Himaalajas jt.

Seltsist Geraniales tuletub kaks eriarenemisteed: iiks neist,
pikem, viib sugukondade Rutaceae, Simarubaceae, Burseraceae,
Meliaceae kaudu sugukondadele Sapindaceae, Aceraceae ja Ana-
cardiaceae; teisel, lilhemal harul esinevad sugukonnad Maipighia-
ceae ja Erythroxylaceae. On huvitav, et koéigis neis sugukon-
dades valitsevad ilmselt puud ja p6dsad, kuigi ménes (Rutaceae,
Meliaceae) ei puudu ka rohttaimed.

Rutaceae. Puud ja poddsad, harva rohttaimed, liisigeensete
O0limahutitega, sageli meeldiva l6hnaga; leheseis harilikult vahel-
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duv. Oied harilikult >k, harva -|-, enamasti kahesugulised.
Uldine oievalem: K, 5 Co_5 A4 10-00 Gya-5-00- Oieosade arvud
on muutlikud (vt. vaiem), tolmukad on kahes sd6oris. Viljalehed

Joon. 29. Impatiens sultani Hook. f. A1 — dis eestvaates, A» — 0is kilg-
vaates; kn — kroonja tupplehe kannus, tli, tle ja tls — tupplehed (1 ja 2
rohelised, 3 — kroonjas), ¢ — kokkukasvanud tolmukad, ¢ — emakas. t —

4 X suur., teis. 2 X.

sageli ainult suudmetega ithinenud voi aga tdielikult kokku kas-
vanud, mille tagajarjel leidub mitmesuguseid (ileminekuid apo-
karpsest giinetseumist siinkarpsele. Tolmukate ja emakate vahel
on meeketas, mis kujult kiillalt mitmekesine. Ruta. Oievalem:
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K5 C5 Ag 5 Gysy — otsmine &is; kiillgmised on neljatised. Vili
kupar. R. graveolens L., Louna- ja Kesk-Euroopas. — Dictamnus,
ndrgalt sligomorfse diega. D. albus L. (e. D. fraxinella Pers.), eur-
aasia liik. — Pilocarpus.— Evythrochiton, 1k. 194. — Ptelea, 1k. 150.
) ja 871. — Phelloden-

drom, 1k. 150, 155 jt.

‘ — Citrus. Kahe- vdi

iithesuguliste (sekun-
daarne lihesugulisus)
oitega. K K3 5, Cy g
As _ooGys_00) Vili
mari. Eksokarp niir-
mekas, Olirikas; en-
dokarp valge, kobe;
mahlane ,,pulpa‘ on
tekkinud sigimiku
vaheseinte emergent-
sidest ning sisaldab
vordlemisi vihe
seemneid (k. 174,
175). Lehevars li-
gestunult eraldunud
lehelabast. On pdh-
just viita, et siin te-
gemist on kolmetise
voi sulgja liitlehe
reduktsiooniga evo-
lutsiooni jooksul le-
hele, mis omab vaid
iihte- lehekest. Cit-
rus’e liigid omavad
Joon. 30. Dictamnus albus L. Ois katelehe (ki) astlaid, mis on me-
ja alglehtedega (al). krl — kroonlehed; t! — tamorfoseerunud le-

tupplehed. 1,5 X suur. hed.

Simarubaceae. Troopilised (eriti Louna-Ameerika) puud ja
pdosad, lihtsate voi sulgjate lehtedega. Oied aktinomorfsed, kol-
metised kuni seitsmetised. Tolmukad alusel sageli soomusjate
lisemetega. C,_5 voi vihem, viljalehed iihinenud vaid kaelaosa-
dega voi suudmetega v6i aga emakkond on liitviljalehtne. — Quas-
sta. — Adlanthus (vt. lk. 150), ithe- ja kahesuguliste ditega.
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Burseraceae. Troopilised puud ja pdosad, vaigukidikudega
koores, vahelduvate, harilikult sulgjate lehtedega. Oied viikesed,
pooristes. — Bursera, Kesk-Ameerikas.

Meliaceae. Troopilised puud ja pddésad, harva rohttaimed,
lehed ilma abilehtedeta, vahelduvad. Sekreedirakud lehtedes viga
sagedad. Uldine Gievalem: k Ki4_5,Cy 5 A 10, Gyo-5, Oleosade
arv véib aga nii tolmukate kui ka emaka osas olla suurem. Viga
iseloomulik on tolmukaniitide {ihtekasvamine, ,,tolmukputkeks.
Vili kas kupar, luuvili v6i mari. — Melia. M. azedarach L.
(Ik. 194). K5 §C5 6A10_12 Gyz o)

Anacardiaceae. Peamiselt troopilised puud ja poosad, vaigu-
kaikudega; lehed vahelduvad, abilehtedeta. Uldine o&ievalem:
. X K5 C5 A5 Gy1_5), kuid osade arv voib olla ka 3—4, ménel juhul
on tolmukate arv kahekordne vérreldes tupplehtede arvuga. Vilja-
lehed vabad voi Gihinenud, igailiks 1 seemnepungaga. Anacardium *.
Vili kinnitub suureks kasvanud ja lihakale, pdrisvilja suuruselt
tunduvalt iiletavale dievarrele (ebavilil). — Pistacia, Olirikaste
seemnetega. P. lentiscus L., P. atliantica Desf. jt. (lk. 389). —
Cotinus. C. coggygria Scop., Vahemeremail ja Aasias kuni Hii-
nani, karakteerse vilikonnaga, mis tekib sel teel, et peale ditsemist
dievarred pikenevad ning kattuvad pikkade, eemalseisvate karva-
dega (anemofiilne liik). — Rhus. R. typina L., dadikapuu, Pdhja-
Ameerikas. R. toxicodendron L.*, miirgine, samuti Poéhja-Amee-
rikas, jt. Vili luuvili (eksokarp paljas vdi karvane, mesokarp
vaigurikas, endokarp luusarnane).

Sapindaceae. Troopilised ja subtroopilised puud, p6dsad ja
puitunud tiivega ronitaimed, piimmahlaga v6i vaikusisaldavad.
Oied iihesugulised, kuid sisaldavad enam-vihem kingunud vastas-
sugupoole organeid, mille tagajirjel ndivad kahesugulistena. Ser-
jania, koéitraagudega varustatud ronitaimed. — Koelreuteria.
K. paniculate Laxm., Hiinast.

Aceraceae (lk. 150 ja 164).

Erythroxylaceae. Troopilised p6osad ja viaikesed puud, vahel-
duvate lehtedega, abilehtedega. Oievalem: K K5 C5 Aj5.5, Gys_q)
Tolmukaniidid on alusel sageli iihinenud liihikeseks tolmukput-
keks. Luuviljad, 1—2 seemnega. Erythroxylon, lk. 194.

Malpighiaceae. Troopiliste liaanide, puude ja pdosaste sugu-
kond. Lehed harilikult vastakud, abilehtedega, sageli ndarmetega
lehelaba alusel vdi leherootsul. Gievalem: | K5 Cs A5.5Gyi) Nagu
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eelmises sugukonnas, on siingi tolmukaniidid alusel liitunud
tolmukputkeks. Vili jaguvili, jaguneb harilikult kolmeks tiib-
viljaks.

Seltsist Caryophyllales (Portulacaceae, Aizoaceae ja Caryo-
phyllaceae) tuletuvad peamise haruna (vt. lk. 23) paljud sugu-
konnad, mis sel voi teisel viisil on tiksteisega suguluses. Need
sugukonnad on: — Primulaceae, Plumbaginaceae —, — Planta-
ginaceae —, — Polemoniaceae, Hydrophyllaceae, Borragina-
ceae —, ning edasi lile sugukondade Convolvulaceae ja Solanaceae
jargmised sugukonnad: Scrophulariaceae, Orobanchaceae, Lenti-
bulariaceae, Gesneriacene, Bignoniaceae, Acanthaceae, Globula-
riaceae, Verbenaceae, Labiatae ning eriharuna Loganiaceae, Olea-
ceae, Gentianaceae, Apocyanaceae ja Asclepiadaceae. Koigile nime-
tatud wsugukondadele on iihine: harilikult liitlehine kroon;
tiks tolmukate ring; viike viljalehtede arv (sageli kaks). — Uks
haru viib iile sugukonna Campanulaceae suurele sugukonnale Com-
positae.

Primulaceae. Rohttaimgd, lehed abilehtedeta. Oied sarikais,
kobarjais &isikuis vo6i iiksikud. Oievalem harilikult jargmine:
* K5, Ci5) Ao s Gys» Oied alglehtedeta. Tolmukad epipetaalsed
(ménel juhul peale selle episepaalsete tolmukate rudimendid, niit.
Samolus, Naumburgia). Platsenta on tsentraalne, seemned kahe
integumendiga, vili kupar, viheste voi paljude seemnetega.

Primuleae. Primula, nurmenukud. P. cortusoides L.,siberi l.;
P. sinensis Lindl., Hiinast, ,tdispuhutud® tupega; P. acaulis (L.)
Jacq., juurmiste Gitega; P. officinalis (L.) Jacq., nurmenukk e.
kikkapiiks, euraasia niidutaim; P. denticulata Sm., Himaalajast;
P. farinosa L. péddsusilm, arktoalpiinne liik. Egineb Eestis roh-
kesti soistel turvas-aluspinnaga niitudel; P. auricula L. Alpides;
P. pubescens Jacq. (eelmise vird); P. Juline Kusnez. Kaukasu-
sest jt. (lk. 265). — Douglasia (lk. 325, 329). — Androsace. A.
septentrionalis L., A. maxima L. — Cortusa (lk. 324). — Solda-
nella (k. 828). — Hottonia. H. palustris L., vesisulg, sulgjaguste
lehtedega euroopa veetaim, ka Eestis.

Samoleae Samolus. S. Valerandi L.* kosmopoliit, Eestis
haruldane saarte taim.

Lysimachieae Lysimachia. L. vulgaris L., metsvits;
L. barystachys Bunge, Siberis; L. nummularia L., euroopa liik,
ka Eestis; L. punctata L., mediterraanne liik. — T'rientalis euro-
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paea L., laanelill. — Glauz. G. maritima L., rannikas; dievalem :
< K; CoAg gy Gy — Anagallis. A. arvensis L., vili karp.

Cyclamineae. Cyclamen. Uhe arenenud idulehega, teine
rudimentaarne. Hiipokotiiiil areneb mugulaks, millele kinnituvad
lIehed ning 6ie (voi 6isiku) varred. C. europacum L., C. neapolita-
num Ten., jt. (lk. 265). Esi-
mene neist on subalpiinse lii-
gina levinud Euroopa miesti-
kes. — Dodecatheon. Tolmukad
alusel {ihinenud putkjaks tol-
muktoruks, D. meadia L., Péhja-
Ameerikas.

Corideae. — Coris. C.
monspeliensis L.*, T ditega.

Myrsinaceae. Viike troopi-
liste ja subtroopiliste puude ja
poosaste sugukond. Ardisia. —
Hymenandra (k. 194),

Plumbaginaceae. Poolpdo-

sad ja rohttaimed, harvemini
pobsad, liht- véi liitlehtede ja
peajate voi poorisjate oisiku-
tega. Oied alglehtedega. Oie-
valem: 4Kz Cis Agss Guse
Tupp nahkjas, pilsib viljal;
tolmukad epipetaalsed (sise-
mine tolmukate ring; vilisring
on aborteerunud, nagu eelmi-
seski sugukonnas). Viljad kas
sulg- voi avaviljad, tihepesased,
tihe seemnepungaga. Seemne-
pungad anatroopsed, kahe in- Joon. 31. Dodecathcon meadia L.
tegumendiga. Plumbago. P. zey- 28. V 1934,
lanica L., troopilisest Aasiast;
P. capensis Thunb., Kapimaalt (lk. 265). — Armeria. A. vulgaris
Willd., euraasia-boreocameerika liik, ka Eestis (merikann). A. al-
pina Wallr., Kesk- ja Louna-Eurcopa miestikes. — Statice, mere-
ranniku ja poolkérve taimi. S. latifolic Sm., Kagu-Euroopas
ja Kaukasuses.

O
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Campanulaceae. Rohttaimed, po6sad, harva puud, piimmah-~
laga; lehed vahelduvad, abilehtedeta. OGied >k véi -|-, viietised.
Oievars alglehtedega. Tolmukad on introrssed. Vili kupratao-
line, avaneb sageli avauste voi pragude abil v6i aga kupra tipul,
nagu nelkdielistel. Esinevad ka karp (harva, Sphenoclea *) ja mari
(Pratia ).

Campanuloideae. Olevalem: KKy Ci As Gyoos)
Campanula, kellukas, 6ied aktinomorfsed, sigimik koosneb 5—3
viljalehest. C. mediwm L., Louna-Euroopast; C. alliarieefolia
Willd., Kaukasusest, nagu eelmiselgi viikesed lisemed tupplehtede
vahel. C. latifolia L., C. trachelium L., C. rapunculoides L.,
C. persicifolia L., k6ik euroopa liigid, esinevad ka Eestis. C. rotun-
difolia, euraasia-boreoameerika liik; C. thyrsoides L., tiheda ots-
mige oGisikuga. — Adenophora, epigiilinse toruja meekettaga;
A, liliifolia L., eurosiberi liik. — Specularia. S. speculum A. DC.,
Kesk- ja Louna-Euroopas. — Michauxia. — Phyteuma, enamikus
mediterraansed piisikud, enam-vihem kuni aluseni jaguse kroo-
niga, Bestis P. spicatum L., mitmed liigid Alpides, lk. 287. —

Codonopsis (lk. 306). — Jasione. J. montana L., sininukk, sinise-
Oieline euroopa liivataim, ka Eestis.— Platycodon. P. grandiflo-~
rum (Jaeq.) A. DC. Ida-Aasias (vt. joon. 32). — Musschia

(k. 265), karakteerse kupraga, mis avaneb paljude pdikpragude
kaudu.

Lobelioideae. | Ks5CsAs Gye. Vili mari voi
kupar. Peamiselt troopika ning paraja vootme socjema osa taimi.
Lobelia. L. cardinalis L., Pohja-Ameerikast; L. dortmannae L., oli-
gotroofsete jarvede karaktertaim, ka Eestis. — Isotoma (1k. 256).

Compositae. Rohttaimed {ihe-, kahe- v6i mitmeaastased,
harva puud. Oied nuttides, mis iimbritsetud erilisest iihisest kat-
test — nn. iildkattest. Oisikupdhi lame vo6i kumer, kaetud katte-
lehtedega (nn. sdkalsoomused) vo6i paljas. Oied kahe- véi iihe-
sugulised, iihes disikus sageli mélemaid 6isi, ent harva esineb ka
kahekojasus. Tupp asendatud nn. pappusega, mis koosneb arvu-
kaist karvakesist v6i esineb kitsa nahkja dirisena sigimiku iile-
misel serval. Kroon liitlehine, kas korrapirane, enam-vihem
putkjas v6i lehterjas (putkdied) voi aga lithikese putkeosaga ning
iihe tugevasti arenenud huulega (keeloied). Putkdie valem:
*) K Cs) Ay Guey; keeldie valem: o K G Ags) Gy Leidub ka
oisi, mille ehitus on vahepealne, kahe huulega C-3, ja Ci-4.



A XXXI.4 T. U. Botaanikaaia siistemaatil. ja taimegeogr. kogud 67

Keeloied on sageli lihes 6isikus koos kahesuguliste putkoitega.
Neil juhtudel on nad kas emasdied ‘| K Ci5, Ag G2, VOl aga tiitsa
steriilsed. Sigimik {ihe ainsa anatroopse seemnepungaga. Emaka-

Joon. 32. Platycodon grandiflorum A. DC. A — varre osa Oie ja Giepunga-
dega; B — 0is peale krooni eemaldamist; ¢ — tolmukad, ¢ — emakas;
C — tolmukas alusel laienenud tolmukaniidiga. +*/3 loom. suur.

suudmed algul piistised, kokkuhoiduvad, kasvades 14bi tolmukapea-
dest koosneva toru (tolmukotid alati kokku kleepunud, tolmuka-
niidid vabad) tdstavad vilja Gietolmu (selleks sageli erilised kar-
vakesed emakasuudme alusel), muutes selle seega putukatele

H¥
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kittesaadavaks. Alles hiljemini kdverduvad emakasuudme harud
viljapoole, paljastades pinda, mis vastuvdtlik oietolmule (pro-
tandria!). Vili seemnis, iiheseemneline sulgvili, tekkinud alumi-
sest sigimikust. Seeme ilma endospermita. Seemnis sageli varus-
tatud lendkarvadega, nn. pappusega, mille abil tuul vilju laiali kan-
nab. Pappus areneb tupe asemele. Oie arenemise kiigu uuri-
mine on selgitanud, et tupplehe algmeid on 5 (Kj5), kuid need ei
arene, nende asemel tekib kas soomustest voi karvadest (lihtsaist
voi sulgjaist) koosnev pappus.

Alljargnev sugukonna liigestus on Hoffmann’i jargi: Ala-
sugukond Tubuliflorae. Ilma piimmahlata. Ko6ik v6i osa bisi
putkoied.

Fupatorieae XKXo6ik Gied kahesugulised putkdied. Age-
ratum. A. mexicanum Sims. — Eupatorium L. E. purpureum L.,
Pohja-Ameerikast; FE. cannabinum L., vesikanep, euraasia I,
vt. lk. 278. — Adenostyles, 1k. 285.

Astereae. Solidago. S. serotina Ait., Pohja-Ameerikas;
S. virgaurea L., kuldvits, euraasia-boreoameerika liik, Eestis hari-
lik, — Aplopappus. A. croceus A. Gray, P6hja-Ameerikas. — Bellis.
— Aster. A. acer L., euraasia liik, A. incisus Fisch., Siberis;
A. puniceus L., A. paniculatus Lam., A. macrophyllus L., on ko6ik
Pohja-Ameerika liigid. — Erigeron.

Inuleae. Filago, — Antennaria. A. dioeca Gaertn., kassi-
kapp. — Leontopodium. L. alpinum Cass. ning sellele lihedased
liigid Euroopa ja Kesk-Aasia migedes (,,Edelweiss”). — Gnrapha-
lLium., — Helichrysum. H. arenarium (L.) Mnch., kdokuld; H. brac-
teatum L., Louna-Aafrikast, tunduvalt suuremate mitmevirviliste
oisikutega. — Inula. 1. salicina L., pajuvaak, euraasia 1., Eestis
kohati harilik; I. helenium L., euraasia I. — Odontospermum.

Heliantheae Silphium. S. perfoliatum L., Pohja-Amee-
rikast, libistunud, alusel iihtekasvanud lehtedega. — Xanthium.
X. macrocarpum DC., X. spinosum L., Louna-Ameerikast, konks-
jate iildkatelehtedega. — Zinna. Z. elegans Jacq., tipul narmastu-
nud iildkatelehtedega, ilutaim P.-Ameerikast nagu Z. paucifiora L.
— Rudbeckia. R. laciniata L., P.-Amecsrikast. — Helianthus.
H. annuus L., paevalill; H. tuberosus L., H. Maximiliani Schrad.,
koik Pohja-Ameerikast. — Guizotia abyssinica (L.) Cass., dli-
taim. — Dahlia. — Bidens, ruskmed. — Cosmos. C. bipinnatus
Cav., Mehhikost.
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Joon. 33. Gaillardia pulchelle Foug. hybr. A — korvoisik putk- ja keel-

Gitega. B — keeldis kolmehSlmase krooni (k») ja tupega (tp). C — putkdis,

D -— selle pikiloik: ¢k — emakakael, es — emakasuudmed, s — sigimik,

t — tolmukad, kr — kroon, tp — tupplehed. A — loom. suur., B — 1,5 X,
C ja D 3 x suurendatud.

Helenteae Gaillardia. G. pulchella Foug., P.-Ameerikast.
—— Tagetes. T. erectus L., T. patulus L., tiheaastased Mehhiko
taimed.



70 T. LIPPMAA AXXXI. 4

Anthemideae. Lonas. L. inodora L., mediterraanne liik.
— Anthemis. A. tinctoria L., karikakar. — Achillea. A. millefo-

Joon. 34. Ligularia macrophylle DC. A -— kolme keeldiega o&isik kiiljelt,

D — sama pealt, @ik — tildkate. C — keeldis, B — putkdis (kr — kroon,

krp — krooniputk, p — pappus, s — sigimik, es — emakasuue, ¢k — emaka-
kael, t — tolmukad. A ja D — 8 x, B ja C — b x suurend.

lium L., raudrohi; A. ptarmica L., A. tanacetifolia All. — Mat-
ricarie. — Chrysanthemum. C. leucanthemum L., hirjasilm;
C. corymbosum L., Euroopas ja Viike-Aasias; C. coronarium L.,
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Vahemeremail; C. carinatum Schousb., Péhja-Aafrikas; C. maxi-
mum Ram., kéik suurte keelbitega ning teisevarviliste putkoitega;
C. indicum L., kriisanteem, Hiina-Jaapani piritoluga ilutaim;
C. rulgare Bernh. e. Tanacetum vulgare L., keeloiteta, Artemisia
(pujud). A. absinthivm L.,
koirohi jt.
Senectoneae. Tus-
silago. T. farfara L., pai-
seleht. — Petasites. P.offi-
cinalis Moench, katkujuur.
— Awrnica. — Doronicum.
D. austricdeum Jacq., Kesk-
ja Louna-Euroopa mées-
tikes; D. pardalianches L.,
Laane-Euroopa liikk. —
Cacalia. — Senecio, risti-
rohud, suur  perekond
(kaugelt iile 1000 liigi),
peamiselt kuivamaataimi,
kuid ka helofiiiite; iihe-,
kahe- ja mitmeaastasi, ka
puid (suured Senecio-
puud troopilise Aafrika
migedes, S. Johnstoni
Oliv. * Kilimandzaarol),
Eestis mitmed {ihe- kuni
mitmeaastased ligid. —
Ligularia. L. stbirica (L.)
Cass., L. macrophylla DC.
Siberist; L. tangutica
Maxim., Hiinas, jt., plisi- Joon. 3b. Echinwops sphaerocephalus 1.
kud suurte lehtedega ning Kerajad llmi]?op\}(aoigfl&et\;i(tl, lthebdielistest
oisikutega.
Calendulae. Culendula, saialilled. C. officinalis L.,
C. arvensis L., mediterraansed liigid (viljade poliimorfsus!). —
Dimorphotheca. D. fluviatilis Moench, Louna-Aafrikas.
Arctotideae Ursinia. U. anthemoides (L.) Benth. et
Hook., Louna-Auafrikas. — Aretotis, samuti Louna-Aafrikas.
Cynareae Fchinops. E. sphaerocephalus L., korvoisikud
viikesed, ithediesed, hulgana kerajais liitéisikuis. — Carling. —
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Arctium e. Lappa, takjad. — Saussurea. S. alpina (L.) DC., arkto-
alpiinne liik, ka Eestis; Euraasias ja Pohja-Ameerikas rohkesti
litke méestikes. — Carduus. C. acanthoides L., euroopa liik. —
Alfredia cernua Cass., Siberist, kollaste ditega. — Cirsium. C. hete-
rophyllum Hill, jt. ka Eestis. — Cynara. C. scolymus L., artisokk,
suurte korvoisiku-

tega mediterraainne

&*u? & liik..—— Silybum. 7 S.

\{ﬁ HATTARUIN (L)

\ ; Gaertn., samuti medi-
terraanne liik, oga-
jate  valgelaiguliste
lehtedega. — Ona-
pordon. O. acanl hiym
L., Euroopas ja Hom-
mikumail, vars las-
kuvatest ogajate-«t
lehtedest tiivuline.
Serratula. S. yudi-
ata Bich.,, Kaukasu-
ses. S, tinctoria L.
ka KEestis, — Cew-
taurea, jumikad:dld-
katelehed viga mit-
mesuguste liseme-
tega. Vilised putk-
oled (& 6ied) suure-
nenud Kkrooniga. ("
jacea L., euroopa liik.
Eestis  harilik; .

Y

[

Joon. 36. Onopordon acanthinvm L. e . ,
23 VIIT 1934, phiygie 1., euroopa

montaane liik, Eestis
kohati rohkesti; C. montana L., Louna- ja Kesk-Euroopa mies-
tikes; C. dealbata Willd., Kaukasuses ja Viike-Aasias, — Car-
thamus. C. tinctoriusl. (safler). — Cuicus. C. benedictus L.
Mutisxieae Nassauvia, nidit. N. spicata Remy™®, Louna-
Ameerikas, kahehuulse krooniga: C, ..
Alasugukond Liguliflorae. Piimmahlaga. Ainult keeldied.
On huvitav, el keeloite kroon areneb alul aktinomorfsena, viie-

~ .

tipmelisena. Sisemisel kiiljel asuv juhtkimp haruneb kaheks.
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Nende harude vahel I6heneb kroon ning kasvab edasi, tostes koik
5 tipet korgele. Siit jargneb, et Ligulifiorae on 6iechituselt roh-
kem eemaldunud 6ie pdhitiiiibist kui Tubiflorae.

Cichorieae. Cichorium. C. intybus L., sigur. — Lap-
sana. — Hypochoeris. — Leontodon. — Picris. — Tragopogon.
T. pratensis L., kollaste Gitega, antropohoorse liigina ka Eestis;
T. porrifolius L., violetsete 6itega, Vahemeremail. — Scorzonera,
mustjuur. — Taraxacum. T. officinale (With.) Wigg., véilill, viga
poliimorfne liik paljude alaliikidega. — Mulgedium. M. alpinum
(L.) Less. e. Cicerbita alpina Wallr. — Sonchus. — Lactuca. — Cre-
pis. C. paludosa (L.) Moench, soo-koertubakas, euroopa liik, Eestis
eriti lodumetsades, kraavikaldail jt.; C. sibirica L. — Hieracium,
hunditubakad, enamasti kollaste ditega, viga vormirohke, paljude
iiksteisest vahe erinevate liikidega perekond. H. aurantiacum L.,
punaste keelditega.

Plantaginaceae. Uhe- kuni mitmeaastased taimed, vahe-
jaguste voi tervete lehtedega, milledes lehelaba pole selgelt eral-
dunud leherootsust. Harilik dievalem: > K4, Ci4y Ay Gyo,. Karak-
teerne on alglehtede puudumine &itel ning pikad painduvad
tolmukaniidid. Vili on karp, seemned kinnituvad tsentraalsele
platsentale. Plantago, teelehed. P. major L., euraasia liik, niiid
koigis maailma osades; P. media L., samuti euraasia liik; P. alpina
L., P. maritima L., P. coronopus L., P. lanceolata L.; P. eynops L.,
vastakute lehtedega nagu kogu alaperekond Psylium, kuhu kuu-
lub ka P. arborescens Poir. (Kanaari saartel). — Litorella.
Oied iihesugulised, isasdied rudimentaarse emakaga, vili piahk-
like. Eestis Kuusnémme ldhaduses ,silmades L. uniflora (L.)
Asch.*, Euroopa ja P.-Ameerika atlantiline liik.

Plantaginaceae on nagu sugukond Borraginaceae’gi teatava
arenemissuuna lépptulemus kaugeleulatuva eristumisega (nelja-
tised oied jt.).

Polemoniaceae. Rohttaimed, harva poolpodsad ja poodsad,
veel harvemini liaanid (Cobaea), sageli niddrmekarvased, lehed
vahelduvad, ilma abilehtedeta. Oievalem: <Ky, Cs Aj Gs)
Harva on viljalehtede arv teine, 2 kuni 5. Vili kupar viheste voi
paljude seemnetega. Polemonium. P. coeruleum L., sinilatv, Eur-
aasias, eriti méestikes. — Gilia, iihe- kuni kaheaastased rohttai-
med, ameerika liigid, ndit. G. tricolor Benth. — Phlox, pea eran-
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ditult Po6hja-Ameerikas (iiks liikk — P. sibirica L. Siberis).
P. paniculata L.; P. divaricata L. — Cobaea. C. scandens Cav.,
Mehhikost, lehed koitraagudega.

Hydrophyllaceae. Uhe- kuni mitmeaastased rohttaimed véi
poolpddsad. Lehed lihtsad véi sulgjagused, ilma abilehtedeta. Oie-
valem harilikult: >< K; C 5, A5 Gy Vili kupar. Esinevad peami-
selt Ameerikas. Phacelia. P. tanacetifolia Benth., keerispea. —
Nemophila. Tupp eriliste lisemetega (tupplehtede abilehed!). —
Hydrophyllum. H. virginicum L.

Borraginaceae. Harilikult rohttaimed, harvemini pdodsad
karekarvaste, vahelduvate, abilehtedeta lehtedega. O&ied vonk-
oisikuis, need viljade puhul enam-vihem sirged, 06itsemisel
keerdus. Oievalem (alasuguk. Borraginoideae): >< voi
K5 Cis) As Gy Sigimik koosneb kahest viljalehest, esialgu
kahepesane, jaguneb varsti ristiasetseva ebavaheseina abil nel-
jaks iliheseemneseks osaks — pahklikeseks (nucula). Sugukond
jaguneb neljaks alasugukonnaks: Cordioideae, Ehretioideae, Helio-
troptoideae ja Borraginoideae. On huvitav, et kolmes esimesss
on emakas hariliku ehitusega, otsmise emakakaelaga. Alles
Heliotropioideae’l osaliseit, taielikult aga ainult viimases alasugu-
konnas, on vilja kujunenud iseloomulik emaka ehitus, kus emaka-
kael on keskel, sigimiku nelja osa vahel. Heliotropium. H. euro-
paeum L., H. peruvianum L., esimene mediterraanne, teine Peruus
ja Ecuadoris. — Cynoglossum. C. officinale L., pahklikesed kae-
tud kisujate ogadega. — Lindelofia. L. longiflore Benth., Himaa-

lajas 3000—5000 m korgusel. — Lappula. — Eritrichium. —
Asperugo. — Symphytum. - S. officinale L., varemerohi. S. asper-
rimum Sims, S. peregrinum Ldb., S. cordatum W. et K., viimane
Kesk-Euroopa (Doonaumaade) liikk. — Borrago. B. officinalis L.,
kurgirohi. — Anchusa. A. officinalis L., imikas. — Nonnea. —
Pulmonaria. P. officinalis L., kopsurohi ; P. saccharata Mill., Léuna-
Euroopas. — Myosotis, 16osilmad. M. alpestris Schm., — Merten-
st (vt. k. 303). — Lithospermum. — Macrotomia. M. echioides
(L.) Boiss. — Onosma. 0. tauricum Willd. — Cerinthe, paljaste
lehtedega. — Echium. E. vulgare L., ussikeel, E. rubrum Jacq.

Kareleheliste pealevimisalaks on Vahemeremaad, siit tungivad
nad kiirelt vihenedes nii louna kui pdhja poole. Subarktilisis
mais on vaid moéni iiksik liitk. Ameerikas on neid eriti rohkesti
Kalifornias.
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Nolanaceae. Eelmisele sugukonnale lihedane viike sugukond.
Viljad sarnanevad Borraginaceae viljadega, sigimik jaguneb aga
i, ,
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Joon. 37. Borrago officinalis L. A — odisiku osa; B — dis (¢! — tuppleht,

kl — kroonleht, ns — kroonlehe neeluscomus); C — kroon neelusoomustega;

D — tolmukas viljastpoolt (1) ja kiiljelt (2), I — tolmuka lise; E — tupp

nelja poolvalminud pahklikesega, nende vahel emakakael (ek). A, B, C, E
1,5 X, D — 3 X suur.

3—30 osaks, mis on osalt iilekuti. Nolana. N. atriplicifolia Don,
N. prostrata L. Oievalem: X Ky Cis) As Gys .

Solanaceae. Rohttaimed, viddnkasvud, p6osad ja viikesed
puud, harilikult tervete lehtedega. Oied otsmised, pea- ja Kkiilg-
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harudel. Lehtedel ja disikuil ilmneb sageli tendents ,,nihkuda‘ var-
rel korgemale, kui oli nende esialgne tekkekoht. Oied -{-, sageli nai-
valt K. Oievalem: -|- K, Ci5) A5 Gy Tolmukad on episepaalsed;
karakteerne on, et sigimiku vahesein pole ei mediaanne ega trans-
versaalne (nagu mujal tavaline), vaid viltu asetatud. Sigimikus

Joon. 38. Nicandra physaloides Gaertn. tp — tupp, suureneb peale ditse-
mist; k& — kroon (alumisel joonisel on tupp poolitatud, m — mari).
Loom. suur.

tekivad hiljemini monel juhul vaheseinad, nii et see voib olia
3- kuni 5-pesane,.

Nicandreae. Sigimik 3- kuni 5-pesane. Nicandra. N.
physaloides (L.) Gaertn., Peruust. Oievalem: x K3, C5; As Gygs)e

Solaneae Sigimik 2-pesane. Lycium. L. vulgare L. e.
L. halimifolium Mill.,, vaike po6osas, Louna-Euroopas, Aasias ja
Aafrikas. — Atropa. A. belladonna L., viga miirgine. — Scopo-
lia. S. lurida (Link et Otto) Dun.,, Himaalajas; S. carniolica
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Joon. 39. Scopolia luride Dun. A — varre osa lehtede ja ditega. B — dis;
tupp (tp) ja kroon (k) osalt korvaldatud, niha tolmukaid (t) ja emakat (e).
A — 3/5, B — %/5 loom. suur.
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Jacq., Ida-Alpides ja Karpaatides. — Physochlaena. P. physa-
loides (L.) Don, paljaste lehtedega; P. orientalis (M. B.) Don,
karvaste lehtedega. — Hyoscyamus. H. niger L., koerapdorirohi,
miirgine. — Physalis. P. alkekengi L., vili valmib kisikies suure-
neva tupega, mille virv muutub iihtlasi rohelisest punakasoranziks.
— Capsicum. C. annuum L. ja C. longum DC., paprika. — Solanum

Joon. 40. Physalis alkekengi L. A — varre osa lehe ja viljaga; viimane

on itimbritsetud suurenenud viarvilisest tupest. B — suurenenud tupe piki-

16ik, ndha vili (mari), C — tasapinda laotatud kroon kroonitipmetega vahel-
duvate tolmukatega. A ja B -— loom. suur.,, C — 2,5 X suurend.

(lk. 266). S. tuberosum L., kartul, S. lycopersicum L., tomat;
S. melongena L., baklaZzaan, jt. soodavad Solanum’i liigid. Eestis
kasvab metsades ja podsastikes piris maavits (S. dulcamara L.).
‘Datureae. Sigimik 4-pesane. Datura. D. stramonium L.,
okasoun, miirgine.
Cestrinae. Cestrum. — Nicotiana. N. rustica L., tubakas,
Louna-Ameerikas ja Mehhikos pédrismaine. N. tabacum L., vir-
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giinia tubakas. — Petunia. P. nyctaginifiora Juss., P. violacea
Lindl.,, mélemad Louna-Ameerikast.

Salpiglossideae Fertiilseid tolmukaid 4 kuni 2. Schi-
zanthus. — Brunfelsia. Oievalem: -|- Ky Ci5) Ay Gy B. ame-
ricane Sw. * jt.

Convolvulaceae. Roht- véi puistaimed, mitmesuguse vali-
musega; leheseis vahelduv; lehed terved voi sormhdlmised. Hari-
lik 6ievalem on: >x K5 C5) As Gyp, Siiski on ka teised arvud voi-
malikud [Ay; Gz 5]. Oied on harilikult kahe alglehega, suhteli-
selt suured, kroon enam-vihem lehterjas, sageli voldiline. Vili
harilikult kahepesane kupar, esinevad ka iiheseemnesed sulgvil-
jad (kuprast tekkinud!) vo6i sigimik jaguneb valmides mitmeks
pahklikeseks nagu karelehelistel. Quamoclit. Q. coccinea Moench,

vadnkasv troopilises Ameerikas. — Ipomoea. 1. purpurea Lam.,
Kesk- ja Louna-Ameerikas, vidnkasv; 1. pes caprae Sw., troopiline
luitetaim Ameerikas, ka Tseilonil. — Jacquemontia. — Convol-

vulus. C. arvensis L., kassitapp, kosmopoliitse levikuga liik, Eestis
poldudel; C. tricolor L. — Calystegia. C. septum (1.) R. Br., val-
gete Oitega (seatapp), pdodsastikes, uhtlamm-metsades, ka Eestis;
C. dahurica Choisy, Siberis, roosakate 6itega viintaim, eelmisele
ldhedane. — Cuscuta, vormid, lehtedeta, ilma leheroheliseta, juur-
teta vidankasvud, toituvad peremeestaimedest (noges, lina, ristik-
hein, paju liigid jne.) haustorite abil. Oied viietised (harva nel-
jatised). C. europaea L., C. epithymum Murr.,, C. epilinum
Weihe jt.

Scrophulariaceae. Rohttaimed, pdosad ja puud, leheseis
mitmesugune, abilehti pole. Oied kobar- véi ebasarikoéisikuis.
Oieosade arv kaunis kéikuv. Uldine Gievalem: | Ki5_4, Cis_aAs_o
G- Oites hiipogiilinne meeketas; platsenta on tsentraalne. Vili
kupar v6i mari. Seemnete arv viljas mitmesugune, seemned endos-
permiga. Verbascum, vigiheinad. | Kgs) Cs)Ajs Gyg. Oled on
peaaegu K, tolmukad sageli mitmesugused, osalt paljad, osalt
karvadega tolmukaniitidel. V. thapsus L., euraasia liik; V. thap-
siforme Schrad., euroopa l.; V. nigrum L. euroopa liik, kéik kol-
laste oitega, neist esimene ja kolmas ka Eestis. V. blattaria L.
valkjate,V. phoeniceum L. violetsete Gitega. — Celsia, eelmise sar-
nane, kuid A,. — Calceolaria, A,. — Linaria, kdokannused. Ees-
tis L. vulgaris Mill,, kollaste ditega liivataim; L. dalmatica Mill.;
L. cymbalaria L. (sageli eraldatud eriperekonda Cymbalaria). —
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Antirrhinum. A. moajus L. — Halleria. H. lucida L., Louna-Aaf-
rvikas, puitunud tiivega. -|-K(3‘5) Cis) Ay Gy Vvili mari  (vt.
k. 331). — Scrophuleria | Kg,Ci Ay Sy Gyee  Tolmukaist
on viies moondunud kélutolmukaks (staminood). Mdoningatel liiki-
del puudub see taielikult (S. vernalis L.); S. alata Gilib. *, S. no-

Joon. 41. Gratiola officinalis L. A — &is kiiljelt, B — sama eestvaates,
C — sama lahtiloigatud krooniga. #h — krooni iilemine huul, ah — krooni
alumine huul, ¢t — tolmukas, st — kolutolmukas, ¢ — emakas. 38 X suur.

dosa L., sealduarohi, mélemad eurosiberi taimi. — Pentstemon,
peamiselt Pohja-Ameerika liigid, P. digitalis (Sweet) Nutt. jt.
~— Tetranema. T. mexicanum Benth, (lk. 2566). — Mimulus.
M. luteus L., pardiklill, Péhja-Ameerikast. — Gratiola, G. offici-
nalis L., euraasia-boreoameerika soo- ja veetaim, vt. joon. 41, ei
esine Eestis. — Bacopa (lk. 244). — Limosella. L. aquatica L. *,
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nogililleke, kosmopoliit, kohati ka Eestis, — Veronica, mailased.
V. longifolia L. (euraasia L), V. chamaedrys L. (euroopa liik) jt.
ka Eestis. |- K, Cu Ay Gy — Leptandra. L. virginiea (L.)

Nutt. — Rehmannia. — Digitalis. D. lanata Ehrh., D. ambigua
Murr., D. purpurea L., D. lutea L., koik vordlemisi suurte siigo-
morfsete Gitega. — Me.
lampyrum™ (hiargheinad
e. kuupédevarohud). —
Fuphrasia®,  silmaro-
hud. — Odontites*, ka-
marad. — Pedicularis®,
kuuskjalad, miestiketai-
med, esinevad Euroopa,
Aasiaja Ameerika mées-
tikes, osalt ka Louna-
Ameerika Andides. Ees-
tis P. palustris L.*, P.
sceplrum carolinum L.*
— Rhinunthus™®, robihei-
nad. Nii robiheinad kui
ka kuuskjalad, silmaro-
hud ning hirgheinad on
poolparasiidid vihe are-
nenud juurtega. Juurtel
haustorid, millede abil
nad kinnituvad pere-
meestaimedele (kbérrelis-
tel ning rohttaimedel
ndit. Melampyrum air-
vense L. ;puudel ja pdo-

sastal M. vratense L.* Joon. 42. Lcheroheliseta nugitaim Orobanche
sastel—JM. pratense L.~ amethystea  Thuill,  Eryngium  planual’il.

M. silvaticum L.%, M. 31. VIII 1934.
nemorosum L.*),

Orobanchaceae. TUhe- kuni mitmeaastased rohtjad parasiit-
taimed vihese leherohelisega, kollased, pruunjad, punakad voi
violetsed, soomusjate lehtedega, otsmiste kobaroisikutega.
Uldine dievalem: 1Ko 505 Ay Gyoe Vill on pesa-avanev
kupar. Seemneis on idu alles differentseerumata, kocsneb vihes-
test rakkudest. Peamiselt Vana-maailma parasvéotme soojema
osa taimi. Aeginetia. A. indica L., troopil. Aasiast, tolmukail

3
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ainult iiks oietolmu moodustav teeka (vt. tk. 197). — Orobanche.
0. ramose L., mitmesugustel taimedel, ka kanepil; O. amethy-
stea Thuill., Eryngium’il; O. hederae Duby, luuderohul (vt. lk. 16
ja 337) jt. — Lathraea. L. squamaria L. *, kdopikk, sarapuu jt.
puude ja pddsaste juurtel, ka Eestis.

Lentibulariaceae.
Mitmeaastased roht-
jad putukasoojad soo-
ja veetaimed. Oleva-
lem: "~ K;C; A, G, ..
Vili kupar; tsentraal-
sele platsentzle kinni-
tuvad arvukad seem-
ned, need endosper-
mita. Pinguicula. Ols
kannusega, lehed juur-
mises kodarikus kae-
tud  seedimissekreeti
eraldavate karvadega.
P. vulgaris L. (voi-
patakas), P. alpina L.
(alpi véipatakas), mo-
lemad ka Eestis, --
Utricularia. Viga mit-
mesuguse vilimusega
juurteta taimed, ter-
vete kuni peenjaguste
lehtedega, leidub ka
kilpjaid lehti (U. peli-
tata Oliv.*); lehtedel

2 . Naept oTtal » 7 e aye - .
Joon, 43. Lehewhedseta nugltfum Orobanche erilised poied, millede
ramosa L. kanepil.

abil toimub viikesie
veeloomade (Daphunia, Cyclops jt.) plidmine. Eestis: /'
vulgaris L%, U, intermedia Hayne *, U. minor L *,.

Gesneriaceae (vt. k. 245).

Bignoniaceae. Uue- ja Vana-maailma troopilised puistaimed,
enamikus liaanid, harva plisikud (Incarvillea). Uldine dievalem:
~i-K(5) Cs A;S,G,.,,. Vili kupar; iseloomulikud on bignoonia-
liste tiivulised seemned.
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Martyniaceae. Viike, eelmistele lihedane sugukond. Siia kuu-
lub Martynia proboscidea Glox., Pohja-Ameerikast, karakteersete
konksjate viljadega.

Acanthaceae. Roht- ja puistaimed vastakute lehtedega. Varte
ja lehtede epidermises tsiistoliidid. Oied vt. lk. 196. Acanthus.
A. mollis L., A. spinosus L., molemad Vahemeremail.

Globulariaceae. Rohttaimed ja p&osad, lihtsate, abilehtedeta
lehtedega. Oied nuttides vdéi peades. Oievalem: -|-K(5) Cs
A, Gyqy. Vili pdhklike, ohukese seinaga, {imbritsetud = tupest.
Globularia. G. cordifolia L., Loéuna-Euroopas.

Verbenaceae. Rohttaimed, pdodsad ja puud, harilikult vasta-
kute, tervete voi jaguste lehtedega, abilehtedeta. Oied |-, harva >,
Uldine 6Gievalem: | K5y Cas) Ay Gyo)-  Siiski varieerub oie-
osade arv: tupp voib olla paljude hélmadega, samuti kroon; tol-
mukate arv véib langeda kaheni, viljalehtede arv olla 4 véi 5. Vili
harilikult sulgvili, harvemini kupar vdi aga laguneb iiheseemnes-
teks osadeks. Peaaegu eranditult troopilised ning subtroopilised
liigid (lk. 256 ja 343).

Labiatae. Lohnavad rohttaimed ja poolp6dsad, harva puud
ja ronitaimed, neljakandilise varrega, vastakute v6i méinnase-
liste lehtedega, abilehtedeta. Oisikud koosnevad ebasarikjaist osa-
oisikuist, asetsevad sageli k(’)rglehtede kaenlais ebaminnastena.
Uldine oievalem: | Kg) Ciy Ay Gyype Kroon enamasti kahe-
huulne. Tolmukad osalt redutseerunud kahele. Sigimik alul kahe-
pesane, hiljemini, nagu karelehelistelgi (konvergents!), ebavahe-
seina abil neljaks jagunev; vilja valmides eralduvad iiksikosad-
pahklikesed. Ligi 3000 liiki, eriti rohkesti Vahemeremail ja
Hommikumail ning subtroopilistel aladel. Briquet jargi
jaguneb sugukond mitmeks alasugukonnaks.

Ajugoideae. Ajuga, akakapsad, died ilma iilemise huu-
leta, viietipmelise alumise huulega. A. reptans L., vosunditega,
euroopa liik, ka Eestis; A. pyramidalis L., euroopa-montaanne
liik, Eestis Sérve poolsaarel; A. genevensis L. — Teucrium. —
Rosmarinus, k. 339. —

Scutellarioideae, kahehuulse tupega, Scutellaria
liikidel tupp soomusja viljakasvuga. S. galericulata L., euraasia-
boreoameerika liik, ka Eestis; S. altissima L., Louna-Eurcopas ja
Kaukasuses.

[
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Laovanduloideae Lovandule. L. stoechas L., Vahe-
meremail sage viike pdosas; L. spica L.. jt.

Stachyoideae Marrubium. — Sideritis. S. hyssopifo-
lia L., Edela-Euroopa miestikes. — Cedronella. C. canariensis (1..)
Willd., Kanaari saaril.

Nepeta. N. grandiflora Bieb., Krimmi
ja Kaukasuse metsa-
taim jt. (k. 302). —
Glechoma. G. hedera-
cea L., maajalg. —
Dracocephalum,  sel-
gelt kahehuulse tupe-
ga. D. nutans L., Si-
beris; D. ruyschiana
L., euraasia liik; D.
moldavica L., Aasiast.
— Brunella. B. vulga-
ris L., kéibihein; B.
grandiflora Jacq., eu-
roopa montaanne liik.
— Physostegia. P. vir-
giniana Benth., Péhja-
Amesrikast. — Phlo-
mis. P. tuberosa 1.,
euraasia stepitaim. —
Galeopsis. — Lamiw.
L. album L., emanoges.
— Leonurus. L. tatari-
cus L., L. cardiaca L.
—  Stachys. S. beto-
ntca Benth., S. germa-
nica L., tihedalt peh-
mekarvane taim, viga
vormirikas Vahemeremail; S. grandifiora Benth., Kaukasusext.
— Salvia. Viga karakteersele tolmukatega (joon. 46 ja 47). Oies
esinevail kahel tolmukal on mélemal arenenud ainult iiks tolmuka-
pealpool (thece). Et teekasid iihendav konnektiiv on ebatavaliselt
pikk ning tolmukapea kinnitub tolmukaniidile liikuvalt, funktsio-
neerib tolmukas aparaadina, mis tegelikult raputab 6ietolmu putu-
kate seljale, kui need puudutavad valminud tolmukaid. S. verticii-
lata L., S. argentea L., S. officinalis L., S. pratensis L., S. hor-

Joon. 44, Ajuga pyramadalis L. 12, V 1934,
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minum L., S. coccinea L. Viimased kaks liiki, samuti kui S. argen-
tea, on iiheaastased. Varvilised korglehed on S. horminum’il ja
S. coccinea’l. S. argentea on karakteerse karvkattega. —

uh ’ '
tp— ’

tn

Joon. 45. Physostegia virginiane Benth. A — 6is kiiljelt, B — eestvaates;

C — kroon lahtildigatud alumise huule ja putkega. iih — iilemine huul,

ah — alumine huul, kp — krooni putk, t — liitlehine tupp, tp —

tolmukapea, tn — tolmukaniit, es -— emakasuue, ek — emakakael.
A jaB — 4%, C-—3Xx suurend.

Monarda, kahe tolmukaga, died peasarnaseis 6isikuis, Péhja-Amee-
rika liigid. M. didyma L. (0ied punased), M. fistulosa L. (bievirv
mitmesugune). — Satureja. — Majorana. — Origanum. O. vul-
gare L., euraasia metsataim. — Thymus. T. serpyllum L., polii-
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Joon. 46. Salvia argentea L. A — kaks kolmeodiest ebasarikat Salvia
argentea liitdisikust (kr — kroon, tp — tupp, kl — korgleht). B — dis
eest, C — krooni pikildik; D — tolmukkond eestvaates, E — sama kiiljelt.
t#h — ilemine huul, ah — alumine huul, ¢ — tolmukad, tn — tolmukaniit,
k — niitjas konnektiiv, te — teeka [tolmukapea poole, teine poole on moon-
dunud steriilseks laiendiks, mille puudutamisel putukas endale Gietolmu
seljale raputab, et seda hiljemini ‘kanda emakasuudmele, mis valmib tolmu-
kast hiljemini (protandria)], es — emakasuue, ek — emakakael. 2 x suur.
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morfne euraasia liik, jaguneb paljudeks alaliikideks., — Lyco-
pus. — Mentha. M. spicata (L.) Huds. jt. (1k. 347). — Elsholizia.
E. cristata Willd., Ida-Euroopas ja Aasias.

Ocimoideae. Plectranthus Oertendahlii Th. Fr. jun.,
troopilises Aafrikas (lk. 257). — Coleus, Aafrikas ja troopilises
Aasias. ’

Loganiaceae. Peamiselt
troopilised roht- ja puistaimed
vastakute lehtedega; abilehed
mitmesugused. Oied (harili-
kult) : >k K45 Ca_s) As_s Gy
Vili kupar, seemneid viljas iiks
kuni palju, need endospermiga.
Strychnos, oOievalem nagu su-
guk., vili mari. S. nux vomica
L.*, viga miirgiste (striihniin!)
seemnetega. — Buddleia (1k.
151).

Oleaceae. Paraja kuni troo-
pilise vootme puud ja podosad
vastakute lehtedega (harva va-
helduvad v6i méinnaselised, ilma
abilehtedeta). Harilik 6ievalem:
X K(g_»,_g, C(4) AQ Gﬁ@), kuid oie-
osade arv (K ja C) ulatub mo-
ningatel juhtudel 15. Vili mari,
luuvili, kupar voi jaguvili 1—~o
seemnetega. Fraxinus, saared Joon. 47. Salvia coccinea L. A —

. . ... oisiku osa (tp — tupp, kr — Kkroon).
(k. 151). — Syringa, sirelid 11:3d_~. aitsk eest, c1 — kmﬁn }ahtilai(g;:.
(lk. 151). — Forsythia (lk. 151 tud putke ja alumise huulega (vt.
ja 817). — Phillyrea, igihaljad ™ *®" § Z 1o Taws B — 22
mediterraansed péésad. >< K. 5,
C.4) As Gyo,; luuviljad mustad, lihe seemnega (lk. 335). — Osman-
thus (1k. 340). — Olea, dlipuu, luuviljade mahlakas mesokarp on
olirikas, lk. 336. — Ligustrum, lk. 163. — Jasminum, harilikult
kollaste (ka valgete ja punaste) Oitega viikesed p6osad ja viin-
kasvud. Vili mari (lk. 311, 328 jt.).

Gentianaceae. Roht-, harva puistaimed, harilikult vastakute
terveservaste lehtedega, abilehtedeta. Juhtkimbud bikollateraal-
sed. Uldine oievalem: XKy 5 Cy4 5 Ay 5Gye. Vili kupar,
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seemned endospermiga. Centaurium e. Erythraea, maasapid,
roosadielised (haril.) iiheaastased voi piisikud, Eestis mereranni-
kuil C. erythroea Rafn. ja C. pulchellum (Sw.) Druce*. —
Chlora *. — Gentiana, emajuured, Euraasia ja Pohja-Ameerika
maiestike (ka Louna-Ameerika Andide) taimed. G. lutea L., kol-
laste ditega, Kesk- ja Louna-Euroopa ja Viike,Aasia miestikes;
G. pneumonanthe L., eurosiberi liik, ka Eestis; G. tibetica King,
Tiibetis ja Himaalajas, valkjas-kollaste ditega; G. cruciata L.,
eurosiberi liik, ka Eestis; G. altaica L. *; G. axillaris F. W. Schm.
it., enamik siniste Gitega viga mitmesuguseis virviteisendeis, —
Swertia, sannikas. — Menyanthes. M. trifoliata L., ubaleht. —
Limnanthemwum *, osalt vilimuselt Nymphacaceae sugukonna lii-
kidega iillatavalt sarnased vee- ja sootaimed. L. nymphaeoi-
des Lk. *,

Apocynaceae. Enamuses troopilised piimmahlaga ja bikol-
lateraalsete juhtkimpudega taimed; plisikud (mitmeaastased
rohttaimed) v6i liaanid, harvemini p66sad ja puud, lehed hari-
itkult ristivastakud, terveservased. Harilik dievalem: <K, Cs
A5 Gy Tolmukad kinnituvad kroonile nagu eelmisteski sugu-
kondades, aga tolmukaniidid on kdverdunud sissepoole, nii et
tolmukapead puutuvad enam-vihem kokku krooni putke kesk-
osas. Vili kupar, kahe- voi iihepesane, seemned lendkarvadega.
Vineca. V. minor L., Euroopas ja Viike-Aasias, igihaljaste lehte-
dega. — Cerbera. C. manghas L. (C. odollam Gaertn.) soolaku-
taim troopilisil rannikuil Madagaskarist Austraalia ja Vaikse
ookeani saarteni. — Kickxia, troopilised puud. — Nerium.
(Ik. 336). — Strophanthus, enamikus ronitaimed, Aasias ja Aaf-
rikas.

Asclepiadaceae. Peamiselt troopilised piisikud, podsad, sageli
liaanid, harva puud, piimmahlaga, juhtkimbud bikollateraalsed.
Leidub ka sukulente. Lehed ristivastakud, harva teisiti, terve-
servased ja terved, abilehtedeta. Oied aktinomorfsed. Uldine 6ie-
valem on: > Kj C5y [As Gy2]. Tolmukapead ja laienenud emaka-
suudmed on thinenud kehaks, mida nimetatakse giinosteegiu-
miks. Selle osaks tuleb pidada ka staminodiaalseid valjakasvusid
— koroonat. Koroona osad niivad olevat Asclepias’e liikidel esi-
mesel pilgul erilised torujad, sarvja lisemega kroonlehed, sest et
téeline kroon on tagasi kdandunud ning katab taielikult tuppe.
Tegelikult on koroona osad tolmukate viljakasvud, mis lihtsamal
juhul on Asclepiadaceae sugukonnas soomusekujulised. Steriil-
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Joon. 48. Asclepias cornuti Deene. A -— 6is (kr -— kroon, selle all tupp;
kor — koroona; gtinost — giinosteemium). B — dis peale tupe, krooni ja
koroona kérvaldamist. Niha tolmukaist (tk — tolmukas) ja emakast koos-
nev giinosteegium; mk — nipitskeha. C — nagu B, aga ka tolmukad on
eemaldatud; ndha sigimikud, giinosteegiumi iilemine osa ning népitskeha-
dele kinnituvad polliiniumid, milledest iiks kuulub népitskehast paremal,
teine pahemal asetsevale tolmukale. D — pollinaarium kahe polliiniumi
(poll), dlgade ja nipitskehaga.
A —3%x,BjaC—5x%x,D— 175X suur.

sete koroonaviljakasvudega kohakuti asetsevad tolmukad, mille-
del puuduvad tolmukaniidid. Tolmukapeade vélisseinad on nahk-
jad, tiivulised, puutuvad omavahel kokku, jidttes vahele kitsa pilu.
Tolmukad on kahepesased; Gietolm on sageli kokku kleepunud
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polliiniumideks, mida on igas tolmukapesas iiks. Eespool-nime-
tatud pilus kahe tolmuka vahel on giinosteegiumil pilu tilemises
osas erilised nidpitskehad — translaatorid, mis on nn. jaseme-
tega igailiks iihenduses kahe naabruses oleva tolmuka polliiniumiga.
Putukate puudutamisel kinnituvad translaatorid nende jalgadele,
millele jargneb translaatoriga iihenduses olevate polliiniumide
viljamine (vt. joon. 48). Teraja Oietolmuga liikidel (Periploca
jt.) on translaatorid sageli lusikjad. Emakakaelad (2) laiene-
vad enam-vidhem viienurgeliseks kehaks (giinosteegiumi iilemine
osa), mille vilisserval on viis iiksteisest eraldatud emakasuuet.
Vili on kukkurvili, seemned sageli lendkarvadega vo6i tiivulised.

Periploca. P. graece L., Vahemeremail. — Asclepias. A. curas-
savica L., troopilises Ameerikas; A. cornuti Dcne. (e. A. syriaca
L.). — Cynanchum e. Vincetoxicum. C. vincetoxicum (L.) Pers.,

eurosiberi liik, ka Eestis, jt. — Ceropegia (Ik. 254). — Caral-
luma (lk. 225). — Stapelia (1k. 225). — Heurnia (k. 225).

Kaheiduleheste teises harus (vt. lk. 22), mis samuti ldhtub
seltsist Polycarpicae, valitsevad sugukonnad, milledes valdavaks
eluvormiks on puud, pdosad ja poolpdosad. Selle t6ttu on oletatud
(Hutchinson), et Polycarpicae hulgas neile eriti lihedal
seisavad Magnoliaceae. Et aga enamikus taimesugukondadest, ka
sellistes, mis vidgagi loomulikud, leidub kérvuti nii puid kui ka
rohttaimi, on mainitud oletus kiill vaevalt pohjendatud. Tuleb
iildse tihendada, et meie ees on praegu ,,arenemispuu‘ isoleeritud
ladvad, kus kiill veel sageli monigi haru on koos ning sugulus vastu-
vaieldamatult toestatud, mujal aga on see Gige hiipoteetiline
(vt. skeemil lk. 22 ja 23 katkendilisi joonil!).

Anonaceae. Troopilised puistaimed, sageli liaanid, magnoo-
lialiste sugukonnale lshedased. Oievalem: >k Py 5.3 Aco Gyoo-
On iseloomulik, et tolmukad paigutuvad spiraalselt. Perigooni
lehtede arv véib olla ka viahem, ka esineb sigimikkude {ihtekasva-
mist, nagu niit. Anona liikidel (lk. 175).

Sapotaceae. Peamiselt troopilised loorberisarnase vilimuszga
puud, harvemini pd6sad. Oied aktinomorfsed, Gieosade arv koi-
gub 4—,,. Tolmukad on sageli osalt moondunud staminoodideks.
Vili mari, piimmahla sisaldavate rakkudega, séodav. — Illipe *
(olitaimed). — Butyrospermum. * B. Parkii’st (G. Don) Kotschy
saadakse taimevdid (,,shea‘ vbi).
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Ebenaceae. Troopilised ja subtroopilised (eriti Indias ja
Malai saarestikul!) puud ja p66sad viga kova liilipuiduga. Diospy-
ros (eebenipuud), Royena it. ,

Styracaceae. Ameerika ja Ida-Aasia puud ja p6dsad, harili-
kult kaetud tidhtkarvadega, lehed vahelduvad, abilehtedeta.
Harilik &ievalem: XK, Cis Ao Gyss. Kroonlehed ja tol-
mukad on sageli ainult alusel kokku kasvanud. Vili luu- voi
sulgvili. Styrax *, Halesia * jt.

Eriharu moodustavad sugukonnad Myristicaceae ja Lauraceae.
Nad on Polycarpicae seltsi kuuluvatele sugukondadele kahtlemata
lahedased (vt. lk. 22).

Myristicaceae. Viike troopiline sugukond {ihe perekonnaga:
Myvristica. Oied kahekojased, lihtsa 6iekattega. Tolmukad iihte-
kasvanud tolmukaniitidega. Oievalemid: & oied — Py Az 15, Go;
s oied — P3,A¢Gy. M. fragrans Houtt., muskaat. Seemz alul
kaetud arillusega, vili pooleks pakatav mari.

Lauraceae. Peamiselt troopilised ja subtroopilised puud ja
pdosad, nahkjate, vahelduvate lehtedega, ilma abilehtedeta. Lima-
ja olirakud esinevad sageli. Oied kahesugulised; kui i{ihesuguli-
sed, siis teise sugupoole organite kingumise tagajarjel.
K P3,3 Az ,3.3 Gy Tolmukad on introrssed (voi osalt ka ekstrors-
sed), avanevad klapikeste abil. Vili mari, harvemini luuvili.
Seeme ilma endospermita. Cinnamomum, igihaljad puud ja pdo-
sad har. kolmeroodsete lehtedega. C. zeylanicum Breyn. (lk. 190),
C. camphora (L.) Nees et Eberm. (k. 175). — Lawrus. L. nobi-
lis L., loorber, mediterraanne liik, 16hnavate lehtede ja viljadega.
— Cassytha. Vilimuselt Cuscuta’ga (vorm) tédiesti sarnanev para-
siittaim, soomusjate lehtede ja viikeste Gitega. C. filiformis L.*,
on troopikamail harilik mitmesugustel peremeestaimedel. Vaata-
mata vilimusele on ta &ite jidrgi otsustades tiilipiline Lauraceae
liik, Oievalem nagu eespool antud. Neljas tolmukate ring (esi-
neb moningatel teistel loorberilistel) on kdngunud.

Dilleniaceae. Peaaegu eranditult troopilised Vana- ja Uue-
maailma puud ja puitunud tiivega liaanid voi pddsad vaheldu-
vate lehtedega. Oied ebasarikéisikuis, tavaliselt kahesugulised.
Harilik 6ievalem: >k K5 Cs Aoo Gyoo—1)- Kuid dieosade arv voib
olla suurem voi vihem (K3 o), tolmukaid véib olla ka alla 10,
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emakkond on méningates perekondades liitviljalehtne, ka esinevad
stigomorfsed died. Vili kupar, seemneid o, kuni 1, endospermi ja
arillusega. Taimeosades leidub rohkesti rafiide ja parkaineid. Acti-
nidia, liaanid, Hiinas ja Jaapanis, Oievalem: % K, ; C, 5 Aso
Gy A. kolomikte (Rupr.) Maxim. — Dillenia, sageli suurte
ditega, nait. D. indica L.*.

Rosaceae. Roosdielised on levinud enam-vihem iile kogu
maakera, kuigi muidugi ebaiihtlaselt. Méned riithmad on troopi-
lised (Chrysobalanoideae), paljud on paraja ja ka kiilma vostme
taimed. Suvehaljad, harvemini igihaljad puud, p&6sad v6i piisi-
kud (mitmeaastased rohttaimed), harva {iheaastased. ©Oievalem
mitmesugustes rithmades (vt. allpool) mitmesugune. Tupplehed
sageli abilehtedega. Viljalehti palju kuni 1. Vili mitmesugune:
kupar, péahklike, luuvili, esinevad ka ebaviljad (niit. Fragaria’l)
ja koguviljad (niit. Rubus’el).

Spiraeoideae Physocarpus, Sibiraea, Spiraea, Aruncus,
Sorbaria, vt. k. 147, 159 ja 161.

Pomoideae. Cotoneaster (k. 148 ja 161). — Cydonia
(Ik. 148). — Pyrus (lk. 148 ja 165). — Eriobotrya (lk. 339). —
Photinia. P. serrulate Ldl. Hiinas, lk. 340. — Mespilus.

Rosoideae. Rhodotypus, lk. 147 ja 161. — Kerria,
Ik. 147 ja 340, — Rubus, lk. 147, 277 jt. — Fragaria, maasikas.
F. moschate Duch., F. vesca L. (metsmaasikas), F. viritdis Duch.
(muulukas), Eestis (peale esimese) harilikud. F. moschate Duch,
on iiks aedmaasika algvormidest. Viljad (pidhklike) kinnituvad
suurenevale ning lihakaks muutuvale 6iepdhjale (ebavili, tihtlasi
ka koguvili). — Potentilla. Rohttaimed kollaste (harvemini val-
gete voi punaste) Oitega. Oievalem:X Ky Cs Ao Gioo: P. atro-
sanguinea Lodd., Himaalajas, punaste éitega; P. bifurce L., sulg-
jaguste lehtedega, Aasias ja Kagu-Eurcopas; P. norvegica I.;
P. rupestris L., valgediene euraasia-boreoameerika liik; P. inter-
media (L.) Fries jt. Eestis rida liikisid; harilikumad on P. argen-
tea L. (hébemaran), P. anserina L. (hanijalg). Vordlemisi kitsal
alal esineb Eestis P. fruticosa L. (p6ésasmaran). — Comarum
(lk. 277). — Waldsteinia (lk. 305). — Coluria (Ik. 303). — Geum.
G. rivale L., 0jamddl, G. japonicum Thunb. — Dryas (1k. 287 jt.).
— Filipendula. F. ulmaria (L.) Maxim., angervaks, euraasia liik.
— Alchemilla, kortslehed. Oievalem: k K, Cy A4 Gi;. Tolmukate
arv on moningatel liikidel ka vihem (2), ka emakate arv on koi-
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Joon. 49. Rubus parviflorus Nutt. A — oks ditega (kI — kroonlehed, #I —
tupplehed), B — b6ie pikildik (kroonlehed korvaldatud); 6p — oiepthi, e —
emakad, ¢ — tolmukad. A — %/3 X suurendatud, B — 2 X.
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kuv (1-—5). Poliimorfne liik A. vulgaris L., mille alaliikidest
on aias Dr. Zamels'i (Riia) kingitud kogu. Seal A. Wichurae
Bus., A. alpestris Schm.; A. cymatophylla Juze., A. oxyodonta Bus.,
A. heptagona Juzc. ja teised. Alpides A. alpina L., A. Hoppeana
(Rchb.) Dalla-Torre jt. — Agrimonia (maarjalepad). A. eupa-
toria L., A. pilosa Led., moélemad ka Eestis. — Sanguisorba.
Ky Co Ay_oo Gyio. S. officinalis L., punaste ditega; S. alping
Bunge jt. — Rosa, lk. 147 ja 156.
Prunoideae. Prunus (lk. 147, 154 jt.).

Chrysobalanoideae. Hirtella, karvaste lehtedega puud
ja poosad, Kesk- ja Louna-Ameerikas, stigomorfsete oitega. H. hir-
sute Lam., dievalem: | K; C5 Ag Gyi.

Leguminosae. Puud, pddsad, mitmesuguse ehitusega roni-
taimed, poolpddsad ja iihe- kuni mitmeaastased rohttaimed. Liit-
lehed abilehtedega. Oisik otsmine v&i lehe kaenlas, kobarjas;
oied kate- ja alglehtedega. 0Oied aktinomorfsed voi siigomorfsed
(vt. allpool). Emakaid 6ies harilikult {iks, tekkinud iihest vilja- .
lehest. Vili sageli kaun (avaneb mdhu- ja seljaémbluse kaudu),
kuid esinevad veel: pdhklike, luuvili. Seemned kas vihese endo-
spermiga voi ilma.

Mimosoideae Oied aktinomorfsed. Uldine dievalem:
K Kigy C5 As_oo Gyi- Kuid odieosade arv véib olla ka vihem (3)
vOi suurem (6). Peamiselt puud ja p6dsad, harilikult kahelisulg-
jate. lehtedega ning viikeste peadena v6i nuttidena asetsevate
Oitega. Albizzia. A. Julibrissin Boiv., 1k, 187. — Acacia, sageli
ogade vdi asteldega; Oied >k, A,,. Paljudel liikidel lehed redut-
seerunud fiilloodideks (on homoloogsed leherootsudega). A. me-
lanozxylon R. Br., hiigelpuu Kagu-Austraalias; A. wverticillatae
Willd.,, samuti Austraalias (vt. lk. 331). Abilehtedega homo-
loogseid seest 66nsaid astlaid leidub niit. sipelgataimel Acacia
spadicigera’l (vt. lk. 193). — Mimosa. M. pudica L. Oievalem:
K Ky Cy Ay Gyi. Lehed tundlikud (1k. 193).

Caesalpiniotdeae Oied siigomorfsed, mitte aga ,lib-
likgie tiiiipi. Oievalem harilikult: l K C5 Ay Gy (kuid esine-
vad ka teised arvud). Caesalpinia. Puud ning kdrgeleronivad
liaanid; oied nagu pdéhivalemis antud, sageli alusel karvaste véi
nidarmekate tolmukatega. — Tamarindus. ’ K C5 Ag Sg Gy, (bies
kaks kroonlehte rudimentaarsed, samuti leidub staminoode).
T. indica L., k. 193. Cercis. C. siliquastrum L., Louna-Euroopas
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ja Viike-Aasias, nn. juudapuu (kaulifloorsus!). — Bauhinia, puud
ja troopilised ronitaimed, lehed lihtsad voi 2 lehekesega. — Cera-
tonia, 6ied iihe- ja kahesugulised, viie tolmukaga, tugevasti arene-
nud meekettaga ning ilma kroonlehtedeta. C. siliqua L., lk. 389.
— Cassta. Omapi-
raste, mitte avane-
vate kauntega, kus
seemned on iikstei-
sest eraldatud eri-
liste  ebavaheseinte
abil. Cassia fistula L.
— Gleditschia. Oksad
ja tiived sageli liht-
sate voi haruliste as-
teldega (metamorfo-
seerunud lisavosud).
G. triacanthos L.,
Péhja-Ameerikas (lk.
322). — Haematoxy-
lon. H. campechea-
num L.*.

Papilionatae.
»Liblikoied purje
(vexillum), tiibade
(alae) ja laevuke-
sega (carina). Pea-
miselt  rohttaimed,
poolp6osad ja poo-
sad, ,,.harva puud. Joon. 50. Thermopsis fabacea DC. A — oks
Sage dievalem: l K(s) dite ja poolvalminud viljadega (kaunad). B:1 —
0(5) A o-1) G;- Lei- puri, Be — tiib, Bs — {iks laevukese lehtedest.

e e s e C — 06is (kroon eemaldatud; ¢tp — tupp, ¢ — tol-
dub liikisid ka iihek- mukad, es — emakasuue, k¢ — kateleht). Loo-

sa voi koguni viie tol- mul. suur.

mukaga. Sophora,

kéik kiimme tolmukat vabad (lk. 332). — Thermopsts, tolmukad
nagu eelmisel. 7. fabacea DC. Ida-Aasias ja Pohja-Ameerikas.
— Lupinus. L, polyphyllus Lindl. Kalifornias, nagu enamik teisigi
liblikoielisi Bacillus radicicola tekitatud juuremiigaratega (siim-
bioos). — Spartium (k. 338). — Genista (lk. 148 ja 160). —
Laburnum (k. 148, 168). — Ulex (1k. 339). — Cytisus (k. 148 ja
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161). — Trigonella, karakteersete viljadega. T. coerulea Ser.,
Louna-Euroopas, T. foenum graecum L. jt. — Medicago. M. fal-
cata (L.) Doll,, M. sativa L., head heintaimed. — Melilotus.
M. officinalis Lam., viljad 1- kuni 3-seemnesed, ei avane (kaunast
tekkinud sulgvili). — Trifolium, ristikheinad. T. lupinaster L.,
aasia liik, esineb ka Venes; T. rubens L., euroopa liik, ei esine
Eestis; T. incarnatum L., T. alpestre L., T. repens L., ka Bestis,
viimane vidga harilik. — Anthyllis. A. vulneraria L., koldrohi. —
Lotus. L. corniculatus L., ndiahammas. — Indigofera. — Robinia
(Ik. 162). — Carmichaelio. (k. 332). — Colutea (lk. 148). — Hali-
modendron (lk. 148, 162). — Caragana (k. 148, 163). — Astraga-

Joon. 51. A — Trigonella foenum graecum L., B — Scorpiurus vermicu-
latus L. kaunad. A — 34 loom. suur., B — 2 X suurend.

lus, suur perekond, rohkesti esindatud Aasia steppides. A. cicer
L., pontiline liik; A. glycyphyllus L., euroopa liik, ka Eestis. —
Oxytropis, eelmisele viga ldhedane. — Glycyrrhize. G. glabra L.,
lagrits. — Scorpiurus. S. vermiculatus L., kaun teokarbi sarna-
selt keerdus. — Hedysarum. Vili laguneb valmides iiheseemnes-
teks osadeks (laguvili). H. obscurum L., euraasia-boreoameerika
montaanne liitk; H. sibiricum L.; H. americanum (Michx.) Britt.
— Onobrychis. Kaun {ihe-, harva kaheseemnene. O. viciaefolia
Scop., esparsett. — Arachis. A. hypogaea L., maapdhkel e. hiina
pdhkel, kaheseemnene kaun valmib maa all. — Desmodium. D.
gyrans DC., troop. Aasias. — Pterocarpus *. Uheseemnesed tiib-
viljad (pahklike), troopilised puud. — Vicia, hiireherned. — Lens.
L. esculenta Mnch., 1a4dts. — Lathyrus, seaherned. L. odoratus L.
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(,,lillhernes“). — Pisum, hernes. Koik neli viimasena nime-
tatud perekonda, on peamiselt rohtjad koitraagudega varus-
tatud ronitaimed. — Abrus. A. precatorius L.*, kirjude, viga
miirgiste seemnetega. — Glycine. G. hispide Max., sojauba. —
Erythrina, 1k, 193. — Rhynchosia, lk. 193, — Phaseolus. Laevu-
kese otsmine osa spiraalselt keerdus, 6is seetdttu ebasiimmeetri-
line. P. multiflorus Willd., tiirgi uba; P. vulgaris L., harilik uba,
kodumaaks Léuna-Ameerika. — Dolichos. D. lablab L., troopilises
Aafrikas. '

Sugukonnaga Dilleniaceae (lk. 91) ilmses suguluses on
Theaceae, Ochnaceae, Dipterocarpaceae ja ka Guttiferae.

Theaceae., Peamiselt troopilised ja subtroopilised puud ja
pOosad, lihtsate enam-vihem nahkjate, vahelduvate lehtedega.
Oied iiksikult voi 2- kuni 3-kaupa, harva pooristes. Uldine dievalem
Kk Ks_7 C5 Aco Gyz—s3). Oieosade arv on varieeruv (Cy_ o), ka tol-
mukate arv voib olla teine (niit. Ay), samuti voib olla viljalehtede
arv suurem. Vili pesa-avanev kupar voi sulgvili. Endospermi lei-
dub seemneis véhe voi ta puudub tdielikult. Thea (e. Camellia).
T. sinensis L.*, teep00sas, esineb metsikult Assam’is. T. japonica
(L.) Nois. e. Camellia japonica L., kamezelia, lk, 341.

Ochnaceae. Troopilised puud, p6osad, viga harva rohttaimed,
mitte kunagi viinkasvud. Lehed vahelduvad, abilehtedega, hari-
likult lihtlehed. Oied >k, harva |» Uldine oievalem: ><XKj;Cs
As o0 Gye 5. Viljad Oige mitmesugused, sageli esineb mitu pai-
sunud iiksteise ldhedal asuvat luuvilja (viljalehed olid iihenduses
vaid {ihise emakakaela abil) vdi aga kupar. Ochna liigid troopili-
ses Aasias ja Aafrikas. .

Dipterocarpaceae. Troopilised puud, harva poosad tervete,
sageli nahkjate lehtedega; esinevad abilehed. Taimeosad sageli
kaetud tdhtjalt asetsevate karvakestega; karakteersed on ka koo-
res leiduvad juhtkimbud ning sisile omased vaigukiigud. Oied
peades, kobarates v6i podristes. Harilik 6ievalem: k K5 C; As_ oo
Gys» Vili pdhkel. Iseloomulik on tupe piisimine viljal, kusjuures
tupp harilikult tunduvalt muutub nii kujult kui ka anatoomiliselt
ehituselt. Nii tekib kas 5 pikka tiiba (Parashorea*) voi pikeneb
vaid 3 vdi 2 tupplehte (Shorea *, Dipterocarpus * jt.). Nimetatud
tiibu labivad tugevad rood, mis annavad neile iseloomuliku vili-

7
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muse. Kuigi sigimik on kolmepesane ning iga pesa sisaldab 2
geemnepunga, areneb neist ainult tiks seemneks. — On iseloomu-
lik, et mitmed Dipterocarpaceae sugukonna liigid moodustavad
troopikamail ulatuslikke puhtaid iihe liigi kogumikke. Diptero-
carpus, Indiast kuni Filipiinideni. — Shorea, levimine sama nagu
perekonnal Dipterocarpus.

Guttiferae (e. Hypericaceae). Vailja arvatud perekond Hype-
ricum, peamiselt troopiline sugukond, valitsevad puud ja podsad.
Lzshed terveservased, vastakud, 6limahutitega. Tolmukad sageli
kimpudes. Hypericum. Oievalem: >k Ky CsAgo Gys_s. Tol-
mukad alusel 3—5 kimbuks kokku kasvanud; kroonlehed on sageli
enam-vihem ebaslimmeetrilised, seega 6is oieti mitte tépselt
aktinomorfne. H. quadrangulum L. (e. H. maculatum Crantz),
eurosiberi liik; H. perforatum L., euraasia liik, mélemad ka Eestis
(vt. lk. 272). Vili on viinalilledel e. naistepunadel kupar. —
Clusia*. Sageli kahekojaste ditega. Isasdites esineb sageli ema-
kate rudimente, ka limberpsordult leidub s 6ites tolmukate rudi-
mente (sekundaarne kahekojasus). Need staminoodid katavad
emakaid omapérase kattena (niit. Clusielle elegans Planch.
et Triana*).

Teistest sugukondadest eraldatud, kuid loomuliku riithma
moodustavad sugukonnad Ericaceae, Epacridaceae ja Diapensiu-
ceae (vit. k. 22).

Ericaceae. Arktilisist ja antarktilisist maist kuni troopika-
maadeni, seal peamiselt méestikes 1) esinevad kiddbuspdosad,
po6dsad ja viikesed puud, mitmeti asetsevate, sageli viikeste, igi-
haljaste voi suvehaljaste lehtedega. Oied harilikult viietised,
kuid ka neljatised, liitlehise aktinomorfse krooniga. Tolmukad
avanevad tipul avauste abil, teekad on alusel sageli eriliste sarv-
jate lisemetega, mis olulised tolmlemisel putukate abil. Emak-
kond liitviljalehtne, viljalehti 4—5, platsenta tsentraalne. Vili
kupar voi mari. Kanarbikuliste seemned on viga viikesed, ker-
ged, arenenud idu ning endospermiga.

Rhododendroideae. XKuprad sein-avanevad. Ledum.
L. palustre L.*, sookail. Oievalem: X K5, C5 Ag 5 Gy — Rhodo-

1y Puuduvad kuivadel aladel, samuti vihmametsades (Drude).
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dendron (lk, 151, 387 jt.). — Loiseleuria. L. procumbens Desv.*,
tsirkumpolaarne liik. — Phyllodoce coerulea Bab.*,samuti tsirkum-
polaarne liik.

Arbutoideae. Sigimik iilemine, vili pesa-avanev kupar
voi mari. Casstope. C. tetragona Don *, tsirkumpolaarne liik,
— Andromeda. A. polifolia L.*, kiilivits, euraasia-boreoameerika
liik., Eestis eriti rabadel. — Lyonia. L. calyculota Rechb. (e.
Cassandra c., e. Chamaedaphne c.), hanevits. — Arbutus. A.
unedo L. (vt. 1k, 266). — Arctostaphylos. A. uvae ursi Spr., leesi-
kas.

Vacciniotdeae. Sigimik alumine, vii mari. Gaylussa-
cta *, Ameerikas. — Vaccintum. V. vitis idaea L., pohl, Gievalem :
X Ky Cisy Asts Gusys V. myrtillus L., mustikas; V. uliginosum L.*,
sinikas. — Ouwxycoccus. O. palustris Pers.*, kuremari.

Ericoideae, Pesa-avanev kupar. Kroon nahkjas, piisib
peale Oitsemise 16ppu. Calluna. C. vulgaris (L.) Salisb., euroopa
liik; oievalem: XKy CuyAypg Gyayr — FEvrica (lk. 266). E.
tetraliz L.*, E. arborea L. jt. :

Epacridaceae. Peamiselt Austraalia péosad ja poolpddsad
kangete, varretute enam-vihem terveservaste vahelduvate lehte-
dega. Oied sageli otsmistes kobaréisikutes. Harilik oievalem:
K K5 Cpsy A5 Gys  Sigimik tsentraalse platsentaga. Vili kupar
vOi marjataoline, iihe seemnega igas pesas. — Epacris.

Diapensiaceae. Viike sugukond arktoalpiinseid taimi (Pohja-
Ameerikas, Groonimaal, Skandinaavias, Himaalajas ja Jaapanis).
Tuntud on karakteerne tsirkumpolaarne arktiline polstertaim Dia-
pensia lapponice. L.* Oievalem: >k K5 C5) A5 Gys. Vili kupar.
Taim Botaanikamuuseumis olemas.

Skeemis lk. 22 leiame seltsi Polycarpicae peaharul peal-
pool sugukonda Dilleniaceae lihedaste sugukondade rithma
— Tilinceae, Malvaceae, Bombacaceae, Sterculiaceae —, millest
itks haru arvatavasti viib isoleeritult seisvale sugukonnale
Euphorbiaceae, teine aga sugukondade Biraceae ja Cistaceae
kaudu sugukondadele Passifloraceae (eriharu), Cucurbitaceae,
Begoniaceae, Caricaceae ning Cactaceae (viimase sugukonna pai-
gutus on alles dige kiisitav).

Tiliaceae. Peale perekonna Tilia on pidrnalised peamiselt
troopiline sugukond peakeskustega Kagu-Aasias (Grewia) ja

78
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Brasiilias (Liihea, Mollia). Siia kuuluvad suuremalt osalt puud
ja p66sad, limakiikudega koores ja sésis ning tdhekujuliste kar-
vadega; lehed on alati abilehtedega, vahelduvad. Harilik &ie-
valem: X K5 C5 Aoo Gy2_oo) Esinevad ka teised arvud, niit.
K,; Co; Cu; Ao jt. Vili mitmesugune, harilikud on kuivviljad
(pesa-avanevad voi sulgviljad), mis moénedes perekondades jagu-
nevad osadeks vastavalt pesade arvule. Corchorus. C. olitorius
L., kiudtaim (dzZzuut) kaunasarnaste viljadega. — Sparmannia
[K,, C4l. 8. africane L. fil,, Louna-Aafrikas. — Tilia, pidrnad,
k. 147, 156 jt. — Grewia (lk. 99 ja 265).

Malvaceae. Tervel maakeral, valja arvatud kiilmad vootmed,
levinud taimeperekond, mis eriti liikiderohkelt esindatud troopika-
mais; rohttaimed, puud ja p66sad, lehed abilehtedega, tahtkarvad
viga sagedad. Harilik éievalem: < K5 C5 A ooy Gyoo» Tolmukad
kahes s66ris; tolmuterad on suured, kaetud ogadega. Kuivviljad;
jagunevad harilikult osadeks vastavalt pesade arvule. Karak-
teerne on vilistupe esinemine (tekkinud korglehtedest). Selle
ehitus on Malvaceae siistemaatikas suure tihtsusega. On huvitav,
et vilistupp esineb ka moningatel Bombacaceae sugukonda kuulu-
vatel perekondadel samuti, kuigi harva, pirnaliste sugukonnas.
Malope, jaguvilja osad (karpiidid) iilekuti mitmes reas, vilis-
tupp kolmelehene. M. trifida Cav., Vahemeremail. — Kitaibelia,
karpiidide paigutus nagu eelmiselgi, vilistupp mitmelehene. K.
vitifolia W., Doonaumaades. — Abutilon, karpiidid mitmeseemne-
sed, vilistuppe pole (vt. 1k, 895). — Lavatera, valistupp 3- kuni
6-jagune, karpiidid iihes reas (ringis). L. trimestris L., mediter-
raanne liik. — Althaea, valistupp 6- kuni 9-jagune. A. rosea (L.)
Cav., esineb pirismaisena Kreekas ja Tiirgimaal; A. ficifolia
Cav., Louna-Venes ja Siberis. — Malva, vilistupp koosneb kolmest
lehest. M. alcea L., M. silvestris L., molemad on euroopa liigid,
pole Eestis pirismaised. — Sida, peamiselt Ameerikas. —
Pavonia, 1k, 194. — Hibiscus. H. rosa sinensis L. (lk. 194), Malai
saarestikus, harilikult seitsmelehese vilistupega. >k Kj;Cj; Ao,
Gy Vvili kupar. — Gossypium, puuvill, vilistupp kolmelehene,
k. 175.

Bombacaceae. Troopilised, eriti troopilise Ameerika puud,
liht- v6i sOrmjate liitlehtedega, sageli viikeste tahtkarvadega
voi soomuskarvadega. Uldine &ievalem: Ky Gy As_og Gyes),
Kroonlehed ebasiimmeetrilised; tolmukad on alumises osas sageli
tihinenud tolmukputkeks; tolmuterade vilispind sile. Vili kupar.
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Joon. 52. Kitaibelia wvitifolic W. A -— varre osa oOite ja kdrglehtedega.
B — 0is, millest eemaldatud kroonlehed. ¢p — tupp, vtp — vilistupp.
Loom. suur. '
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Adansonia. A. digitata L., ahvileivapuu (k. 190). — Bombax. —
Cavanillesia. C. arborea (W.) K. Sch.*, Bahias. Mitmed Bom-
bacaceae liigid on vdimsate tiivedega, nagu niait. ahvileivapuu.
Karakteerse, keskelt tugevasti paisunud, tiivealuse ning ladva
poole aheneva tiivega on Cavanillesia arborea (W.) K. Sch.

Sterculiaceae. Peamiselt troopilised puud ja pdosad, osalt
rohttaimed ja liaanid liht- v6i sérmjate liitlehtedega, abilehte-
dega. Tahtkarvad esinevad sageli. Uldine &ievalem: >k v6i i
K Cs 0 A 00y Gus_10p Tolmukad on primaarselt kahes ringis,
valimine neist kas puudub v6i on staminodiaalne; harilikult esi-
neb tolmuktoru. Sage on androgiinofoor (tolmukkonna ja emak-
konna kandja), vilistuppe pole. Dombeya (1k. 187). — Theobroma
(lk. 256). — Sterculia (1k. 187), tihesuguliste ditega (teise sugu-

poole organite rudimentidega!), kroonlehtedeta.

Euphorbiaceae. Suur sugukond, mis, vilja arvatud arkti-
lised maad ja korgmadiestikud, on levinud iile kogu maakera
(perekond Euphorbia), eriti rohkesti esindatud on kénesolev sugu-
kond Indo-Malai alal ning Brasiilias. Eluvormide poolest viga
mitmekesine sugukond: alates {iheaastastest taimedest kuni puude,
vadnkasvude (harva) ning sukulenttaimedeni koiksugused vor-
mid olemas. Lehed vahelduvad, enamasti abilehtedega; taimeosad
sageli piimmahlaga, Oied iildiselt viga redutseerunud, iihesugu-
lised. Oiekate (koosneb tupest ja kroonist) puudub sageli taielikult.
Tolmukaid 6ies ®%-—1. Sigimik harilikult kolmepesane, vili
kupar, mis harilikult avaneb nii, et piisima jdidb vilja keskosa
ning eraldub kolm avanevat osa (,,cocci‘), mis sisaldavad 1—2
seemet, seemned karunkuliga.

Phyllanthoideae Ilma piimmahlata taimed. Andrachne.
3 oled: XK 6Cs5 6A5 6Go; & oied: XK _g CopAyGys-
A. colehiea Fisch. et Mey. (k. 295). — Securinega, 6ied ilma
kroonita (lk. 318). — Phyllanthus, k. 187, 188.

Crotonoideae. Piimmahlaga taimed. Croton, puud ja

poosad tdht- voi soomuskarvadega. — Mercurialis. M. perennis
L., seljarohi, euroopa liik, on Eestis iseloomulik metsataim.
3 Oied: P3_4 A9___12 G(); ) 6ied:P3_4 AO 82_3 Gﬁ(g). — Acalypha,

k. 189. — Daleschampsia, k. 192. — Ricinus. R. communis L.,
perekonna ainus liik. Uhekojane taim. & 6&ied: K3 5 Co Ao Gy,
s oied: K5 Cg Ay Gy, Kodumaa arvatavasti Aafrika. — Jatropha
(k. 188). — Hevea. H. guyanensis Aubl. ja H. brasiliensis
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(H. B. K.) Miill. Arg. kautSukipuud, peamised kummitootjad. —
Manihot (lk. 188). — Codiaeum (lk. 189). — Baliospermum,
k. 190. — Homalanthus, k. 188. — Sapium, lk. 188. — Hura,
lk. 188. — Fuphorbia. Oieehitus vt. k. 191. Aias: E. polychroma

Joon. 53. Ricinus communts L. Oisiku osa; emd — emasdis, is0 — isasdls,
tl — tuppleht, tn — tolmukaniit, te — teeka, es — emakasuudme harud.
2 X suurend.

Kern., Louna- ja Kagu-Euroopas; E. cyparissias L., eurosiberi
liik, Eestis kohati metsistunult; FE. esule L., euraasia liik; K.
helioscopia L., umbrohuna kosmopoliitse levikuga jt.

Bixaceae. Viike troopiliste puude ja pd6osaste sugukond.
Uldine oievalem: K, 5C4 5As0 Gye 5. Bixa orellana L.,
lk. 255. Oievalem: > K; C5 Ao Gyoy; Vili kupar.
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Cistaceae. Viike, omapéirase levikuga sugukond, koondunud
peamiselt 1) Vahemeremaadesse, kus sageli esinevad hulgi, ning
2) Po6hja- ja Louna-Ameerikasse. Rohttaimed ja p6osad harilikult
vastakute lehtedega, need enamasti abilehtedega. Uldine 6&ie-
valem: < K5 C5_ Ao Gys_10). Vili kupar, seemned endospermiga.
Cistus. x K5 C5 Axo Gys,. C. albidus L., lk. 334. — Helianthe-
mum. >< Ky C5 Aoe Gyg). H. nummularium (L.) Mill, ka Eestis; H.
apenninwm (L.) Mill.,, mediterraanne liik.

Passifloraceae. Peamiselt troopilised, harunemata koitraagu-
dega varustatud ronitaimed vahelduvate, varreliste, holmiste leh-
tedega. Abilehed esinevad. Koitraod on siin metamorfoseerunud
kiillgvosud, asuvad seetottu lehekaenlais. Neile kinnitub 6is
(Gied). Oied harilikult kahesugulised, tugevasti arenenud retsep-
taakulumiga (GiepShja osa). Uldine ©&ievalem: XxXK; 5C;z 5
Az 5 10Gyse Vili kupar vo6i mari; seemned arillusega, idu
iimbritsetud endospermist. Sugukonda iseloomustavad eriti
1) koroona, 2) androgiinofoori harukordselt tugev arenemine,
,»Koroonaks* on siin krooni ja tolmukate vahelised 6iepdhja
(retseptaakulumi) viljakasvud. Androgiinofoor on samuti oGie-
pohja osa, mis eriliilina kannab tolmukaid ja emakat (vt. joon.
99). Passiflora, lk. 199.

Cucurbitaceae. Eriti liikiderohkelt troopikamais esindatud
sugukond, levinud ka paraja vootme soojemas osas. Valitsevad
iiheaastased rohttaimed, kuid leidub ka p00said; ronivad koit-
raagude abil. Oied harilikult iihesugulised, {ihe- v6i kahekojased.
s 6is: K5 Cis Az Gos 8 0is: Ky Cis) Ag Gy Sageli leidub Sites
staminoode v&i pistilloode (s. 0. emakate rudimente). Vili hari-
likult marjataoline. Seemned ilma endospermita. Cucurbitaceae
omapéirased, sageli spiraalselt rullunud viga elastsed kditraod
~ vastavad oma alumises, mitte vainduvas osas ehituselt varrele,
iilemine osa on metamorfoseerunud leht, millel on pilisima jaanud
(ning mitmeti muutunud) leherood, kuna lehelaba on téielikult
kadunud. Juhtkimbud on bikollateraalsed. Iseloomulikud on ka
tolmukad, mille tolmukapead on pikad, sageli mitmeti voldilised
ning need (s. o. voldid) omavahel kokku kasvanud. Thledientha.
T. dubia Bunge, Hiinast (viainkasvude kogus kasvuhoone vilis-
seina ldheduses). Isasdied niddrmeka pistitloodiga, emasdied
5 staminoodiga. Tolmukad vabad. — Acanthosicyos, Lduna-
Aafrikas. A. horride Welw.*, viga tugevate, kuni 15 m pikkade
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juurtega, varreasteldega, luitetaim. — Momordica (1k. 254). —
Luffa (Ik. 255). — Bryonia. B. alba L., koeranaeris, mustade mar-
jadega; B. dioeca Jacq., marjad punased. — Fcballium. E. ela-

Joon. b4. Cyclanthera pedate Schrad. A — taim (iihekojane) emasdie ja
isasbitest koosneva Ooisikuga; B — isasfisik suurendatult; Ci — emasdis
pealt, C2 — emasdis kiiljelt. A — 3/5 loom suur., B ja C — 3 X suur.

tertum (L.) A. Rich., mediterraanne liik, vabanedes taime kiiljest
pritsivad viljad (marjad) vilja mahla iihes seemnetega (seem-
nete levitamine loomade abill). — Citrullus. C. coloecynthis (L.)
Schrad., Vahemeremail, ka Louna-Aasias ja Aafrikas (lk. 347).
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— Cucumis. C. melo L., melon; C. sativus L., kurk. — Lagenaria
(1k. 255). — Cucurdita. C. pepo L., kérvits, — Cyclanthera. Eri-
neb koigist teistest korvitsalistest (ja ka koigist teistest 6is-
taimedest) ainulaadsete tolmukate poolest; nimelt on tolmukas
kilpjas ning tolmupesad (neid 2) ringikujulised. Avaneb ring-
prao abil. C. pedata Schrad., Mehhikos ja Xesk-Ameerikas.
Cyclanthera tolmukas on nihtavasti tekkinud viie tolmuka iihte-
kasvamisel (joon. 54).

Caricaceae. Viikesearvuline sugukond peamiselt troopilise
Ameerika piimmahla sisaldavaid viikesi puid. Tivi harunemata,
vora koosneb pikarootsulistest lehtedest. Oied kidngumise taga-
jarjel iihesugulised, viietised. & oied: K5, C5, Asy5 Go; & Oied:
K5 Cis Ag Gys» Lihakad viljad (marjad) suhteliselt suured,
paljude seemnetega. — Carica. C. papaye L. (1k. 175).

Begoniaceae, k. 249—251.
Cactaceae, k. 218, 230.

Sugukonnad Celastraceae, Buxaceae, Ewmpetraceae, Aqui-
foliaceae kujundavad enam-vihem loomuliku rithma, mida (peale
sugukonna Empetraceae) sageli iihendatakse seltsi Celastrales. Et
sugukond Empetraceae seisab P a x’i jargi koige lihemal sugu-
kondadele Celastraceae ja Buxaceae, on see sugukond skeemis
(k. 22) eespool-nimetatud sugukondadega koos.

Aquifoliaceae. Viaike sugukond levimiskeskusega Kesk- ja
Loéuna-Ameerikas, kust moned liigid ulatuvad teistesse maailma-
osadesse. Puud ja poosad sageli neljakandiliste okstega ning nahk-
jate, vahelduvate lehtedega. Oied kahekojased, teise sugupoole
rudimentidega, kGikides ringides neljatised. Vili 4- kuni 8-seemnene
mari. Ilex (lk. 339). Oied iithesugulised. Haril. 6ievalemid:
& oied — >k K(4) C4 A4 G’rud.; & oOied — K(4) C4 S4 Gﬁ(4).

Empetraceae. Viike sugukond erikoidseid k#édbuspdosaid
vahelduvate lehtedega, abilehtedeta. ©ied iihesugulised, sageli
kingunud tolmukate v6i emakate rudimentidega. Empetrum. E.
nmigrum L.* ja E. hermaphroditum Hager.*, tsirkumpolaarsed
taimed, esimene kahekojaste, teine kahesuguliste ditega, Gitsevad
vara kevadel. E. hermaphroditum’i 6ievalem: X K3 C3 Ag Gye_9)-
Vili viaheste seemnetega, marjataoline luuvili. Antarktilises
Ameerikas esineb E. rubrum Willd.*, punaste viljadega.
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Buxaceae. Viike sugukond igihaljaid rohttaimi, pddsaid ja
puid, enamasti vastakute, terveservaste lehtedega. Oied {ihesugu-
lised, harilikult tihekojased. — Buxus. & 0is: P, A, Gy; & ois:
P, _gAyGys. Oied viikesed, kerajais Oisikuis, mis koosnevad
tthest emasdiest ning paljudest isasbitest. Isasbites pistillood
(kingunud emakas) enam-vihem selge. B. sempervirens L.,
Louna- ja Kesk-Euroopas, P&éhja-Ameerikas, Himaalajas ja
Ida-Aasias; B. balearica Willd., Baleaaridel. — Pachysandra,
samuti iihekojane. Oievalem nagu Buxus’el. P. terminalis Sieb.
et Zuce., Jaapanis.

Celastraceae. Levinud, kuigi dige ebaiihtlaselt, iile kogu
maakera, vilja arvatud arktilised alad ja korgmiestikud. Puud
ja péésadA (sageli astelpd6sad), harilikult paljad, viikeste abi-
lehtedega ning tervete lehtedega, kahe- v6i kdngumise tagajirjel
ithesuguliste neljatiste v6i viietiste Gitega. Meeketas oites histi
arenenud. Sigimik 2- kuni 5- (harva 1-) pesane. Vili pesa-avanev
kupar, tiibvili, luuvili v6i mari. Endospermi sisaldavad seem-
ned harilikult virvilise (punase, kollase jt.) arillusega; idu rohe-
line. Kupra seinas leidub sageli nn. Rosanow’i kristalle (kaltsium-
oksalaadi kristallid iimbritsetud orgaanilisest kilest). FEvonymus,
k. 149. — Celastrus, 1k. 149.

Seltsist Celastrales viib rida arenemissuundi 6ige mitmesugus-
tele kaheiduleheste sugukondadele. Uks haru 16peb sugukonda-
dega Rhamnaceae ja Vitaceae. Ule sugukonna Olacaceae (pole
skeemis tidhendatud) jouame sugukondadeni Santalaceae, Loran-
thaceae ja Balanophoraceae; sugukondade Araliaceae ja Corna-
ceae kaudu iihelt poolt sugukonnale Umbelliferae, teiselt poolt
sugukondadele Rubiaceae, Caprifoliaceae, Valerianaceae ja Dipsa-
cacene.

Rhamnaceae. Enamikus puud ja podsad, sageli asteldega,
levinud kogu maakera troopilises, subtroopilises ja parasvoost-
mes. Lehed terved, abilehtedega, sageli leidub limarakke. O&ied
kahesugulised, harva iihesugulised. Uldine dievalem: XK, 5
'Cy_5 Ay 5G,2 4 Sigimik alumine véi ka iilemine. Intrastami-
naalne meeketas selgelt vilja kujunenud. Kuivad ava- voi sulg-
viljad, ka luuviljad. Seemneis endospermi vahe, idu suur, kollane
voi roheline, viga viikese idujuurega. Paliurus. Torkavad poddsad
stipulaarasteldega. Vili lame, immargune, laia pideva tiibja d4ri-
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sega. P. aculeatus Lam., k. 339. — Zizyphus. Vili kerajas, tii-
vata. Samuti stipulaarasteldega nagu Paliurus (k. 339). —
Rhamnus, k. 150, 153 jt. — Colletia. C. cruciata Gill. et Hook.,
podsas Louna-Brasiilias ja Uruguays, vihe aega piisivate lehte-
dega, lamedate assimileerivate vartega ning lamedate varreastel-
dega; C. spinosa Lam., samuti Louna-Ameerikas, 1k. 330.

Vitaceae. Peamiselt troopiline ja subtroopiline perekond,
liaaniderohke (lk. 150), kuid leidub ka tilipilisi stepi ja pool-
kérve taimi (nidit. Louna-Ameerika pampa t.) lihakate varte voi
juurtega. Lehed 6ige mitmesugused, kahe abilehega, monel lii-
gil rudimentaarsed, nagu niiteks Aafrika savannides liaanina
kasvaval Vitis quadrangularis’el (sukulentide-hoones). Oied
kahe- voi iihesugulised, meekettaga. Uldine 6ievalem on: K, g
Cs_5 As_5 Gy Aga dieosade arvud voivad ka teised olla (3—7);
esineb ka liitlehine kroon (Vitis). Vili kahe- v6i kidngumise
tagajirjel iihe- (harva 3- kuni 8-) pesane mari. Seemneid igas pesas
1—2. Vitaceae sugukonna liaanid ronivad kéitraagude abil. Vii-
mased on varremoodustised; nad on homoloogsed Vitaceae o5isi-
kutega. Koitraod kinnituvad toele, end selle iimber méissides, aga
ka eriliste haardketaste abil, mis on koitraoharude tipus. Need
haardkettad ei esine kaugeltki aga kéigil koitraagudega Vitaceae
sugukonna esindajail; nad tekivad alles peale kontakti toega ja
nende areng algab pinnal, kus kokkupuude olemas. Vitacege
varred on siimpoodiumid. Vitis, lk. 150 ja 264. — Pterisanthes*,
troopilises Aasias, viga omapiraste lamedate lehesarnaste, tiivu-
liste 6isikutega. — Parthenocissus, k. 150 ja 264. — Cissus, 1k. 255.
C. gongylodes (Burch.) Planch., tiivulise, neljakandilise varrega,
Brasiilias jt.

Santalaceae. Troopikamaade ja parajate vootmete viikesed
puud, pd6sad ning rohttaimed, paljud neist poolparasiidid. Lehed
vahelduvad v6i vastakud, parasiitidel soomusjad, abilehtedeta.
Oied kahesugulised v6i tolmukate v6i emaka k'a'.ngilmise tagajarjel
tihesugulised, aktinomorfsed. Osyris. O. alba L.*, Vahemeremail
harilik poolparasiit. — Thesium. T. ebracteatum L.*, linalehik,
Kagu-Euroopa liik, Ladne-Eestis, poolparasiit, kinnitub peremees-
taimede juurtele haustorite abil. Oievalem: >k P, Az Gy,

Loranthaceae. Peamiselt troopilised ning subtroopilised

puude voras kasvavad poolparasiidid, harilikult arenenud lehte-
dega. Lehed terved, terveservased, rohelised vdi kollakasrohe-
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lised, igihaljad, nahkjad. Peremeestaimedele kinnituvad Loran-
thaceae’d eriliste, mitmesuguse ehitusega organite abil,mis morfo-
loogiliselt on sageli juured. Oied kahe- v&i iihesugulised, die-
kattega (P, _g). Tolmukate arv vdrdub 6iekatelehtede arvuga.
G, Lihakas marjataoline vili on varustatud véga kleepuva
vistsiinkihiga (levimine lindude abil!). — Loranthus*. — Viscum.
V. album L.*, Kesk- ja Louna-Euroopas, Liine-Aasias. & 6is:
Py 6 Ay 6Go; & 0is: Py Ay G,e. Marjataolised, rohekasvalged
viljad.

Balanophoraceae. Eriti troopilistes metsades ja savannides
puude ja poObsaste juurtel parasiitidema. Lihakad, paljad voi
soomusjate leherudimentidega kaetud, Kklorofiillita, kollaka voi
punase virvusega taimed mugulja risoomiga, mille abil kinnitu-
vad peremeestaimedele. Oisikud tekivad juurika sees, tungivad
sellest vilja, on peajad voi télvikutaolised. Oied viikesed, hari-
likult iihesugulised, iihe- vdi kahekojased; harilikud Gievalemid:
3 0is — X P_4y Az 4 Gy (leidub ka 6isi emaka rudimentidega) ;
s oied — Py AyG,y_3. Vili pahklisarnane, 1 seemnega. Seeme
(erand: Cynomorium) ilma integumendita, idul puuduvad idu-
lehed. Cynomorium. Ka emasoéied diekattega, C. coccineum L.*,
Vahemeremail, eriti Péhja-Aafrikas, soolakutaimede juuril.

Araliaceae. Peamiselt troopiline sugukond, eriti liikiderohke
Indo-Malai alal ning troopilises Ameerikas. Peale puude ja pdo-
saste esineb harva ka rohttaimi; harilikuit vahelduvate, sageli
suurte liht- voi liitlehtedega. Oied viikesed, sarikoisikuis, nut-
tides, peades vdi kobarais. Haril. dievalem: <Ky Cs Az Gy
Esinevad ka teised arvud (A3 _oo; Go_4)). Vilja viliskiht enam-
viahem lihakas, endokarp puitunud, viljapésad iiheseemnesed.
Vili jaguneb iiksikosadeks vastavalt pesade arvule (sugulus sugu-
konnaga Umbelliferae!) voi aga pisib tervena. Moningates pere-
kondades leidub viljaseintes kerajaid voi elliptilisi 6limahuteid.
Meeketas Gites olemas. Paljude puukujuliste Araliaceae tiivi on
enam-vihem harunemata (palmi vilimus!), ka on seal, kus haru-
nemine olemas, sageli mérgatav lehtede kuhjumine okste tippu.
Tahtkarvad esinevad vordlemisi sageli. Fatsia. F. japonica
(Thunb.) Decne., Jaapanis. — Hedera (k. 337). — Acanthopanax
(1k. 151 ja 313). — Fanazx. P. trifolius L.*, geofiiiit Corydalis’e sar-
nase vilimusega, Pohja-Ameerikas; P. ginseng C. A, Mey.*,
MandZuurias ja Koreas.
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Cornaceae. Viike sugukond, mis ebaiihtlaselt on levinud koi-
gis maailmajagudes, peakeskusega Aasias. Peamiselt puud ja
pdosad, viga harva rohttaimed; lehed terved, vahelduvad voi vas-
takud. Oied on sarikjates pooristes, kahe- voi iihesugulised. Tupp,
samuti nagu sugukondades Aralicceae ja Umbelliferae, redutsee-
runud, sageli vaid kitsa #irisena mirgatav; meeketas hiisti arene-
nud. Uldine Gievalem: }Kj 5C3; 5A3 5G,q 5, aga leidub ka
perekondi, kus kroonlehtede arv on suurem, kuni 10 ning A.
Harilikult on igas pesas liks seemnepung, harva 2. Vili mari vl
luuvili 1—38 seemnega (vidga harva rohkem). Seemned endosper-
miga, Cornus (lk. 151 ja 168). — Awucuba. 0Oied kahekojased.
8 0is: XKy Cy Ay Gg; & 0is: xK,;Cy Ay G,;. Tupp on iisna
rudimentaarne. Vili punane mari. A. japonica Thunb., Jaapanis
ja Koreas, ditseb kevadel (1k. 340).

Umbelliferae. Rohttaimed, harva podsad vahelduvate, sageli
jaguste lehtedega, histi arenenud lehetupega. Oisik on liht- véi
liitsarikas. Oied kas >k voi -|.. Oievalem: Kj Cs As5 Gy Mee-
ketas Oites hésti arenenud. Sigimik kahepesane, nelja seemne-
pungaga, millest arenemisvéimelised on kaks. Vili jaguneb val-
mides pikuti kaheks {iheseemneseks sulgviljaks (jaguvili!), mis
piisivad esialgu erilisel kandjal — karpofooril. Sugukonna siis-
temaatilisel jaotusel on suure tdhtsusega vilja ehitus. Viljad on
harva iisna tasase vilispinnaga. Harilikult esinevad kdrgemad
jooned (nn. roided) ning vaod (wvalleculae) nende vahel. Selle
jarele kas roideid 1dbib juhtkimp voi mitte, eraldatakse esiroideid
(juga primaria) teisroietest (juga secundaria). Viljaseinas lei-
dub 6likidikusid, mis on kas vagude (vittae valleculales) vdi roiete
kohal (vittae jugales). Kommissuuriks nimetatakse jaguviljade
eraldamispinnaga iihtelangevat enam-vihem tfasast vilja vilis-
pinna osa.

1. alasuguk. Hydrocotyloideae., Vilja sisemised
kihid puitunud. Karpofoor puudub. Hydrocotyle, lk. 266. — Azo-
rella™, antarktilis-andiinne sugukond, mitmed polstertaimed.

2, alasuguk. Saniculoideae. Viljasein parenhiimaati-
line. Emakakael iimbritsetud soérjast viljakasvust. Sanicula. —
Astrantia. A. major L. jt. — Eryngium. E. planum L.; E. mariti-
mum L., kohati Eestis mererannal; F. agavifolium Griseb., Louna-
Ameerikas, lk. 331, jt.
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Joon. 55. Eryngium planum L. A — liitéisiku osa kahe nutiga, kI —

korglehed nuti alusel. B ja C iiksikoied, esimene ,isasdie’, teine ,,emasdie’

olekus (protandrial!). ¢! — tupplehed, kI — kroonlehed, ss — sigimikusoo-

mused, ek — emakakael, tn — tolmukaniit, t{p — tolmukapea. A — 3 x,
B ja C — 6 X suur.
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3. alasuguk. Apioideae. Viljasein parenhiimaatiline voi
sklerenhiitimiga viliskihtides. Emakakaelad kinnituvad koonili-
sele viljakasvule. Chaerophyllum. C. bulbosum L., eurosiberi 1.
— Chaerefoliwm (e. Anthriscus). C. silvestre (L.) Sch. et Thell.,
mets-harakputk., sellest liigist ka alaliik nemorosum (Bieb.)
Thell., Louna-Euroopas ja Siberis. — Scandiz. S. pecten veneris Li.,
iiheaastane mediterraanne liik karakteersete viljadega. — Myrrhis,
M. odorata (L.) Scop. Louna- ja Kesk-Euroopa miestikes, vilja-
del hésti arenenud esirood, teisrood puuduvad. — Torilis. —
Coriandrum. C. sativum L., koriander. — Conium. C. maculatum
L., surmaputk. — Bupleurum (kollaste ditega, lehed jagumatud).
B. falcatum L., euraasia liik; B. longifolium L., Euraasia méiesti-
kes. — Petroselinum. P. sativum Hoffm., petersell. — Cicuta.
C. virosa L., miirk. — Falcaria, lk. 292. — Carum. C. carvi L.,
koomen. — Pimpinella. — Aegopodium. A. podagraria L., naat, —
Sium. S. latifolium L., joeputk, S. sisarum L., 1k. 347. — Oenanthe.
— Foeniculum. F. officinale All., apteegitill. — Anethum. A. gra-
veolens L., till. — Meum. M. athamanticum Jacq., lk. 286. —
Cnidium, — Selinum. — Ligusticum. L. scoticum L., Atlandi ja
Vaikse ookeani rannikuil, soolalembene liik; L. lucidum Mill.,
Léuna-Euroopa montaanne liik. — Angelica. A. silvestris L., hein-
putk, eurosiberi liik, A. archangelica L., kikkaputk. — Levisticum.
L. officinale Koch, leeskputk. — Ferula. — Peucedanum. — Pasti-
naca. P. sativa L., moorputk. — Heracleum. H. stbiricum L., siberi
karuputk, H. dissectum Ledeb., Pohja-Aasia liik, H. speciosum
Weinm., Krimmis ja Kaukasuses, H. pubescens Bieb. jt. — Laser-

pittum. — Daucus. D. carota L., porgand.
Rubiaceae. Suur sugukond, kuhu kuuluvad pzarekonnad on
enamuses troopilised; moned perekonnad — eriti Galium — ula-

tuvad kérgele miestikes, samuti pohjasuunas esinedes ka arktili-
sis mais. Madaralised on rohttaimed, poésad ja puud ristivasta-
kute, terveservaste lehtedega, tervete v6i jaguste, ménikord lehe-
kujuliste interpetiolaarsete v6i aksillaarsete abilehtedega. Oisi-
kud on poorised voi ebasarikad. Oied harilikult kahesugulised.
Uldine dievalem (arvestamata moningaid erandeid) on: K. s,
Cy 5 Ay 5G,2. Emaka pesade arv on mitmesugune: G,q_oo)
Vili kupar, jaguvili (jaguneb piahklikesteks, nn. kokkideks), marja-
véi luuvilja-taoline. Teatava médrani iseloomulik madaralistele
on rafiidide sage esinemine. Pentas, karakteersete, harjasjalt
jaguste interpetiolaarsete abilehtedega. P. carnea Benth., troo-
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pilises Aafrikas, lk. 200. — Cinchona®, Louna-Ameerika Andides.
kiniinipuud. — Bouvardia. B. longiflora H. B. K., Mehhikost
Guatemalani, lohnavate pikaputkeliste valgete 6itega (Ladina-
Ameerika ,,Flor de S. Juan*). — Coffea = K5, Ci5, Ay G0, k. 175.
— Hydnophytum, lIda-Aasias, Uus-Guineas, Fidzi saartel, epi-
fiititsed poolpddsad muguljalt paisunud varreosaga, mida ldbivad

Joon. B6.  Heraclewm pubescens Bieb.

labiirindisarnaselt kiigud, mille seinad on kaetud tiheda ,kork-
tapetiga®. Neis kiikudes elavad sipelgad (,,sipelgataim®), 1k. 200.
— Myrmecodia™, eelmisele lihedane, Ida-Aasia sipelgataimi. —
Shevardia, <K, Cy Ay Goo,. S, arvensis L., liheaastane pollu-
umbrohi, Euroopas, Péhja-Aafrikas ji. — Asperula. A. odorata L.,
I6hnav varjulill, euraasia metsataim, ka Eestis; A. tinctoria L.,
varv-varjulill, kuivuslembene stepi ja kuivade nolvade taim, Eestis
eriti loodudel; A. cynanchica L., Kesk- ja Louna-Euroopas, Armec-
8
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nias veel 2600 m korgusel. — Galium. G. mollugo L., pehme madar,
valgedieline euroopa liik; G. boreale L., virv-madar, euraasia-
boreoameerika liik, ka Eestis; ¢ palustre L., G. uliginosum L. jt.
G. rubioides L., suhteliselt suurte lehtedega, Ida-Euroopas, Siberis
ja Pohja-Ameerikas. — Rubia, marjataolise viljaga. R. tincloria
L., Louna-Euroopast.

Caprifoliaceae, k. 152, 167.

Valerianaceae. TUhe- kuni mitmeaastased rohttaimed ja pool-
poosad, kahe suure pealevilaga (Vahemeremaad, L.ouna-Ameerika
Andid), puuduvad Austraalias. Oied ebasarikoisikuis; need ots-

Joon. 57. Fedia cornucopiae DC. Suurend.

miste bite kidngumise puhul néivalt dihhotoomiliselt harunenud.
Tupp suureneb iildiselt peale Gitsemist, sageli muutub pappuseks
nagu korvoielistel (vt.lk. 68). Oied ebasiimmeetrilised; kroon liit-
lehine, viietipmene (haril.), tolmukaid 4—1, G,s, kuid kolmest
pesast kiangub kaks, mille tagajirjel vili on {iheseemnene, piahkel.
Patrinia*, Siberist kuni Jaapanini, A,, 6ied kollased. — Valeria-
nella, A;. V. olitoria Poll.*, salatkdnnak, euroopa liik, ka Eestis. —
Valeriana. A;. Valeriana officinalis L., palderjan, euraasia liik.
Eriti rohkesti on Valeriana liike Louna-Ameerika Andides, kus
neid .leidub o6ige mitmesugustes eluvormides (padjandtaimed,
rosett-taimed tugevasti arenenud juure- ja risoomiga jt.). —
Fedia, A,. F. cornucopiae DC., mediterraanne liik. — Centranthus.
A,. C. calcitrapa Desf., mediterraanne liik.

Dipsacaceae. Vana-maailma paraja ja sooja vootme taimed,
vihesed ulatuvad troopikamaadesse; iihe- kuni mitmeaastased
rohttaimed, harva noolpoosad vastakute, alusel sageli tihtekasva-
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nud lehtedega. Oied korglehtedest iimbritsetud nuttides,. iksik-
Oite alusel vilistupp. Tupplehti neli véi viis. Kroon liitlehine,
Cu_5. Tolmukaid 4 voi osalise kidngumise tagajirjel vahem.
G,;. Sigimik iihepesane, iihe seemnepungaga. Vili seemnis,

Joon. 58. Scabiosa ochroleuca L. A — nuti vilimine dis eestvaates, B —
sama kiiljelt (kp — krooni putk, ¢ — tupp). C — nuti sisemine dis. D ja
D1 — poolvalminud viljad tupe (t) ja vilistupega (vt). Kbdik 6 X suur.

sageli piisivad viljadel tupp ja vilistupp. Vilistupp on karakteerne
adrisetaoline kate, sageli neljatipmeline, on tekkinud alglehtedest
(Eichler, HO6ck). Cephalaria. Vilistupp neljatipmene,
samuti kroon. C. tatarica Schr., korge piisik helekollaste oitega,
Ukrainas, Kaukasuses ja Parsias, — Dipsacus. D. silvester
Huds.*, Kesk-Euroopas. — Succisa. S. pratensis Mnch., Peetri

/%



116 T. LIPPMAA A XXXI.4

piibeleht, eurosiberi liik. — Succisella. S. inflexa G. Beck, Kesk-
Euroopas. — Knautia. K. arvensis (L.) Coult., diatar, euroopa
liik. — Secabiosa. S. ochroleuca L., pontiline liik, ka Louna-Siberis;
S. atropurpurea L., ilutaim, viga lihedane mediterraansele S.
maritima L.

Moéningate kaheiduleheste sugukondade sugulus teiste praegu
maakeral esinevate sugukondadega on viga Kkiisitav, nagu seda
niagime osalt ka eespool, mis ju ka arusaadav, sest meie ees on tege-
likult taimeriigi ,arenemispuu‘ isoleeritud ladvad, kuna selle
,,0ksad* siin-seal veel harudena koos pilisivad, mujal aga on iisna
isoleeritud, sest evolutsioon pidi paratamatult péhjustama ,,arene-
mispuu tiive ja peaharude” havimise. On endastmdistetav, et
iihegi praegu olemasoleva sugukonna kohta ei saa seetéttu viita,
et ta on tekkinud teisest praegu elavast sugukonnast, kiill aga
voib otsida sugulust praegu eksisteerivate sugukondade vahel
ning piitida selgitada nimetatud suguluse ulatust (vt. lk. 22).
Seesuguste, viga isoleeritult seisvate sugukondade hulka kuulu-
vad eriti jargmised: Proteaceae; Tamaricaceae ja Salicaceae;
Juglondaceae ja Myricaceae; Fagaceae ja Betulaceae; Casua-
rinaceae.

Proteaceae. Enamikus subtroopiliste korraparase kuiva
ajaga maade taimi, eriti rohkesti Austraalias ja Kapimaal (ka
Kagu-Aasias, Louna-Ameerikas ja mujal). Puud ja podsad, harva
piisikud, millede lehed on vahelduvad, paljad v6i 1- kuni 2-rakuste
karvadega kaetud. Oied kahesugulised, harva kdngumise tagajar-
jel iihesugulised, aktinomorfsed vo6i sligomorfsed. Harilik die-
valem: >k Py, Ay Gy;.  Vili kukkurvili, kupar, luuvili véi pédhkel.
Seemneid iiks kuni mitu, endospermita. Sigimiku alusel on sageli
meeketta viljakasve (effiguratsioone), mis on eri liikidel erisugu-
sed, ka esineb mitmel puhul giinofoor (emaka kandja). Oietolmu
edasikandmine toimub putukate abil (protandrial). Protea*®, ena-
mik Kapimaal. — Leucadendron*, nagu eelminegi. L. argenteum
R. Br.*, hdbehalli karvkattega. — Hakea®*, Austraalias, iile 100
liigi. — Banksia*. Oied tihedais peasarnaseis 6isikuis, kahekaupa.
Iga Giepaar katelehe ja kahe alglehega, mis koos Giekattega piisi-
vad ka vilikonnas (koguviljas) ; viimane on omapérase vilimusega
arvukate avanenud kukkurviljade tottu. Austraalias, puid ja
poosaid. — Grevillea, 1k, 332.
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Tamaricaceae. Viike, Vahemeremaades ja Kesk-Aasias levi-
nud stepi- ja kdérvetaimede sugukond. Tamaricaceae on puis-
taimed voi piisikud vahelduvate erikoidsete vdi soomusjate lehte-
dega. Oievalem: X Kj 4 Cs 4 As_ oo Gys_5,. Oites esineb mee-
ketas (discus), sigimik iihepesane. Vili aluseni avanev kupar.
Seemned varustatud lendkarvadega. Tamariz*, puud ja p6o-
sad, viikeste soomusjate lehtedega. 7. gallica L.*, lddnepoolseil
Vahemeremail; T. africana L.* jt. — Myricaria*. M. germanica
(L.) Desv.*, Kaukasuses ja Euroopa maéestikes,

Salicaceae, 1k. 148,

Myricaceae. Viike sugukond iihe perekonnaga: Myrica.
Oied lihesugulised, viikestes urvataolistes peades, diekatteta. M.
gale L., porss, & Gied kahe alglehega, mis sigimikuga [G,] iihte
kasvades moodustavad tiivulise iiheseemnese péahklitaolise eba-
vilja. & 6is: Py Ay Gy. Ka Eestis rabadel ja soorabadel esinev
porss on kahekojane, vara kevadel oitsev viike p6dsas. '

Juglandaceae, lk. 150.

Betulaceae, 1k. 149.

Fagaceae, 1k. 149,

Casuarinaceae. Malai saarestikus, Austraalias ja Vaikse
ookeani saaril levinud viike, osjasid ja Ephedra liikisid meenuta-
vate puistaimede sugukond. Lehed on viikesed, soomusjad, asu-
vad méinnastes rohelistel assimileerivatel vartel, mille Shulohed
on peidetud varre peentesse pikivagudesse (siin sageli tihe karv-
kate). Oied iihesugulised, teise sugupoole rudimentideta (pri-
maarne iihesugulus!). Isasditel koosneb Siekate kahest viikesest
lehest ning kahest alglehest. Valem: P, A,. Tolmukas on édies
tsentraalne, nelja tolmupesaga. Isasdied on peasarnaseis dite
ménnaseist koosnevais 6isikuis, kusjuures iga 6itemidnnas on {imb-
ritsetud erilisest lihtekasvanud korglehtede kattest. Emasdied on
kerajais Gisikuis, Oiekatteta, katelehe ja kahe alglehega. Valem:
Py Gy Vili on 2- kuni 4-seemnene sulgvili, imbritsetud puitunud
alglehtedest. Ainus perekond: Casuarina, k. 381.

II. Uheidulehesed (Monocotyledoneae).

Uheidulehesed on kahtlemata viga vana taimeriihm maakeral,
nagu seda téendab ka asjaolu, et viga differentseerunud vegeta-
tiivsete organite ja Gitega iiheiduleheste sugukond Orchidaceae
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Joon. 59. TUheiduleheste sugukondade arvatav sugulus

on suurim 6istaimede sugukond, sest siia kuulub iile

20 000 liigi. Mitmed autorid (Wettstein, Hutchinson jt.)

tuletavad {iheiduleheseid taimi kaheidulehestest, nimelt seltsist
Polycarpicae, kuhu kuuluvad sugukonnad Raenunculaceae, Cabom-
baceae, Ceratophyllaceae, Nymphaeaceae jt. (vt. k. 22). Kahtle-
mata ldhenevad nimetatud taimed mitmesugustes tunnustes iihe-
idulehestele. Siiski on iiheiduleheste teke tinapieval alles selgita-

mata. On pdhjendatult oletatud (Campbell, Calestani jt.),
et see igivana taimeklass on tekkinud paljasseemnestest otseselt,
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seega mitte lile seltsi Polycarpicae. Ka on voimalik, et tiheidu-
lehesed on tekkelt poliifiileetilised (vt. joon. 59).

Butomaceae. Oievalem: X K3 C3 Ag oo Gig_oo- Uldiselt on
diekate differentseerunud tupeks (K) ja krooniks (C), kuid niit.
Butomus’el erinevad need omavahel viahe. Vili on kukkurvili,
seemneid palju, need endospermita. Siia kuuluvad mitmeaasta-
sed vee- ja sootaimed harilikult juurmiste lehtedega; 6ied tiksikult
voi sarikais. Tiilibiks on Butomus umbellatus L. (luigelill). Oie-
valem: > K;C3 Ag.; Gyg. Apokarpne (lahkviljalehtne) emak-
kond ning suhteliselt suur kroonjas 6iekate lahendavad Butomaceae
sugukonna teatavatele tulikdielistele (Helleboroideae).

Hydrocharitaceae. Samuti vee- ja sootaimed, kas ujulehte-
dega v0Oi veesisesed, osalt soolases vees. Vdorreldes eelmise sugu-
konnaga on nende isedrasuseks siinkarpne alumine sigimik. Tdht-
samad perekonnad: Elodea (FE. canadensis, 3 ja & Oitega, kahe-
kojane), Vallisneria, k. 242, Stratiotes [S. aloides L., vesikarikas,
kahekojane. ¢ died: < K3 Cs Ag.y,5 Gg; & Oied: >k Ky C3 A,
G,)1, Hydrocharis (H. morsus ranae L., vesikiloukas).

Alismataceae. Sugukonna tiilibiks on Alisma plantago aqua-
tica L. (siistemaatilise osakonna basseinis). Oievalem: K KjCj
Ay, 0 Gioo- Iseloomulik on suur viljalehtede arv ning apokarpne
giinetseum (vili pahklike), nagu see kaheidulehestest omane tulik-
Gielictele. Alismatacene on vee- ja sootaimed (lk. 241).

Triuridaceae*. Viikesed troopilised kollakad kuni punased
saprofiiliidid, soomusjate lehtedega. Oied viikesed, ithesugulised,
iihe- voi kahekojased. P; g, alumises osas enam-vihem liitunud,
A, g tolmukatel puuduvad haril. tolmukaniidid, G,oo. Vili
pahklike.

Potamogetonaceae*. Veesisesed mageda ja soolase vee tai-
med kahes reas asetsevate lehtedega, viimastel arenenud tupp ning
abileht (-lehed). ©Oied vidhe silmapaistvad, harilikult ilma diekat-
teta (erand Zannichellia liigid). Zostera. Z. marina L., merihein
e. heinmuda, kosmopoliitse levikuga meretaim, ka Eesti ranniku-
vetes, niitjate Oietolmu ,teradega®, mida merevesi edasi kan-
nab. — Posidonia. P. oceanica (L.) Del., peamiselt Vahemeres.
— Potamogeton, penikeeled. K Py Ao, Gyy, tolmuterad kerajad,
dietolmu edasikandmine toimub tuule abil. Eestis mitmed liigid
(P. natans L., P. perfoliatus L., P. gramineus L. jt.). — Ruppia.
— Zannichellia.
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Juncaginaceae*. Mitmeaastased niiskete asukohtade rohttai-
med juurmiste lineaalsete lehtedega. Oied otsmises kobaras, vii-
kesed, >k P3.3 Az, 35 Gys,5. Apokarpse emakkonna kolm viljalehte
kanguvad, mille tagajirjel 16puks tekib kolm pahklikest. Triglo-
chin, T. palustris L., T. marittma L., modlemad ka Eestis., —
Scheuchzeria, S. palustris L., rabakas, Eestis sage.

Aponogetonaceae*. Vana-maailma troopilisi veetaimi mugulja
varrega ning juurmiste lehtedega (need moningatel liikidel tihe-
dalt auklikud). P; 4y A;.53Gys, kuid esinevad ka teised arvud
(Ao, Gyg jt.). Sugukonna ainus perekond: Aponogeton.

Najadaceae*. Viikesed iliheaastased veesisesed taimed, vas-
takute lehtedega. Oied iihesugulised, 3 0died iihe tolmu-
kaga, & oied iihe seemnepungaga sigimikus. Najas. N. marina
L., kosmopoliit, ka Eesti vetes.

Commelinaceae. Siia kuuluvad mitmeaastased rohttaimed
(piisikud), millede lehed on kinnise tupega. Péhivalem:
> K3 C3 Ag 3 Gysy Ent sellest pohivalemist véivad esineda mit-
med korvalekaldumised 6ite muutudes siigomorfseiks, ka vdib tol-
mukate arv olla viikesem, samuti viljalehtede arv viheneda kahele.
Esindajad: Tradescantio virginiona L., varieeruv liik Pdhja-
Ameerikast, karvaste tolmukaniitidega; T. reflexa Rafin., samuti
P&hja-Ameerikast jt. Mitmed selle sugukonna perekonnad (Rhoeo,
Commelina, Tradescantia, Zebrina) on esindatud orhideede-hoones
(Jk. 197). Sugukonnast Commelinaceae on tuletatud sugukondi
Xyridaceae ja Eriocaulaceae.

Xyridaceae*. Troopilise Ameerika, osalt ka Aafrika, kahe-
kuni mitmeaastased lineaalsete juurmiste lehtedega sootaimed.
Oievalem: ‘|- K3 C3 Aotz Gy Vili kupar.

Eriocaulaceae *. Troopiliste madaestikkude (eriti Louna-
Ameerika) hiigrofiilidid karakteersete pikavarreliste nutitaoliste
oisikutega (,,liheidulehesed korvdéielised*), mis iimbritsetud soo-
musjatest katelehtedest. ©Oied viikesed, Gievalem: & Gied —
P33 A5,.3Grud. vdi Psi3A5,9Ge; 5 Oled — Pgy3 Ag Gys_g)-
Eriocaulon jt. Oied kas >k v6i 1

Palmae, k. 181—183.

Pandanaceae, k. 181.

Cyclanthaceae. Palmidega sarnanevad troopilise Ldéuna-
Ameerika rohtjad piisikud v6i lilhikese puitunud tiivega taimed,
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voldiliste, sageli kahehdlmaste lehtedega. Oied ilihesugulised, 3
ja ¢ oled ainulaadse korrapidrasusega kogu tolvikus. Tahtsamad
perekonnad: Carludovica (1k. 173) ja Cyclanthus®.

Liliaceae. Kogu maakeral levinud sugukond, peamiselt pisi-
kud juurikate voi sibulatega, kuid ka iiheaastased, poolpédsad,
p6osad ja tuttvorapuud, ligi 2800 1. Oied harilikult kahesuguli-
sed, kolmetiste dieméinnastega, sageli suured ning silmapaistvad.
Oievalem: P, , Ay 5 Gy Viljad viiga mitmesugused, osalt

3

Joon. 60. Uvulavia grandiflora Sm. 21. V 1936.

kuivviljad (kupar), osalt lihakad (mari). Seemned lihaka voi
krompsja endospermiga. En gler’'i jirgi jaguneb liilialiste sugu-
kond jargmisteks alasugukondadeks:

1. Melanthoideae. Esinevad risoomid, osalt ka sibu-
lad. Kuprad harilikult pesa-avanevad (lokulitsiidsed), harvemini
sein-avanevad (septitsiidsed). Perekonnad: Zygadenus, Veru-
trum, Tofieldia, Uvnlavia, Tricyrtis, Colchicum jt. Zygadenus cle-
gans Pursh, ameerika liik, siidaja nektaariumiga &iekatelehtedel.
— Uwvularia grandiflora J. E. Smith, kollasedieline, labistunud
lehtedega piisik Pohja-Ameerika metsades. — Veratrum albur L.,
V. nigirum L., molemad suurelehised piisikud, esimene valkjate,
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Joon. 61. Tricyrtis pilosa Wall. All vasemal &is-pealtvaates. vp — vili-
sed perigoonilehed, sp — sisemised perigoonilehed, kn — kannus, ¢s — emaka-
suudmed, ¢ — tolmukad.
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teine punaste oitega. Miirgised. — Tofieldia calyculata (L.)
Whib., viikeste kollaste ditega euraasia sootaim. — Tricyrtis
pilosa Wall., Himaalajas, 6itega, mis meenutavad moningaid Aqui-
legia Oite isedrasusi (vt. joon. 61). — Colchicum autumnale L.,
mugultaim, alusel pikaks toruks iithinenud G&iekattega. Sigimik
talvitub maa sees. Ilmub nihtavale kevadel koos lehtedega.

Joon. 62. Agapanthus umbellatus L'Hérit. Sarikéisik. */5 loom. suur.

2. Herrerioideae. Mugulaga ning vaianduva maapealse
varrega. Herreria* (Brasiilias).

3. Asphodeloideae. Risoomi voi tiivega, mis kannab
lehtvora. Perekonnad: Asphodelus, Asphodeline, Eremurus
(lk. 124), Anthericum (1k. 124), Chlorophytum (lk. 184), Aloé
(k. 227), Kniphofia (k. 123), Haworthia (1k. 226), Hosta
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(k. 311), Hemerocallis, Phormium jt. — Eremurus spectabilis
Bieb., korgpiisik (Kesk-Aasias, ka Krimmis) lihakate juuremugu-
late ning pika, kollakaid 6isi kandva varbaga (scapus).Kesk-Aasias
rida teisi Eremurus’e litke. — Kniphofia wvaria Hook. Lduna-
Aafrikast. — Hemerocallis flava L., euraasia metsa- ja niidutaim
suurte kollaste 6itega. Oiekate on veel suurem, virvilt punakam
H. fulve’l L., samuti euraasia liigil, mis kohati esineb meredir..
setel niitudel ning niisketel kohtadel. — Anthericum ramosum L.,
euroopa liik, kuivade kiviste nélvade taim. — Paradisia liliastrum
Bert., L6una-Ehroopa méiestike taim 1700-—2400 m korgusast-
mes. — Hosta liigid (lk. 311). — Phormium tenax Forst. (lk. 331).

4. Alltoideae. Sibulate, osalt risoomidega voéi sibulaid
kandvate risoomidega. Oisik sarikas, alusel kahe kd&rglehega.
Perekonnad: Agapanthus, Gagea (kuldtdhed), Allium. — Aga-
panthus umbellatus 1 Hérit., vordlemisi suurte sinisedieliste sari-
katega ja juurmiste rihmjate lehtedega, Louna-Aafrikast. —
Perekond Allium, iile 300 liigi, euraasia-boreoameerika levikuga,
liikiderohke eriti stepialadel, jaguneb 7 rithmaks (sektsiooniks),
milledest on aias esindatud 5.

I riithm: Por+um. Sibulad risoomita, sisemiste tolmukate
niidid laienenud, kahe hambaga. Allium vineale L., euraasia liik;
A. sativum L., kiilislauk; A. scorodoprasum L., metslauk, euroopa
liik, vt. Eesti osak. :

II rihm: Schoenoprasum. Sibulatel risoom vihe are-
nenud. Tolmukad harilikult hambutud. Lehed torujad, seest 66n-
sad. A. schoenoprasum L., murulauk, euraasia-boreoameerika liik,
vt. Eesti osak.; A. cepa L., soogisibul; A. fistulosum L., véimsalt
paisunud lehtede ja varrega, kultuurtaim.

III rihm: Rhtziridium. Nagu eelmine, kuid sibulad
kinnituvad risoomile. A. hymenorrhizum Ledeb., Kesk-Aasiast,
vt. Siberi osak.; A. obliqguum L., eurosiberi liik; A. senescens L.,
siberi liik, millele dige lihedane (erineb kitsamate lehtede tottu
jt.) on eurcopa l. A. montanum Schm.; A. angulosum L., euro-
siberi liik; A. victorialis L., 2—3 elliptilise kuni siistja lehega,
euraasia-boreoameerika liik.

IV rilhm: Macrospatha. Nagu eelmine, kuid oisiku all
olevad koérglehed pikad, iiletavad haril. Gisikut mitmekordselt.
A. oleraceum L., haril. rohulauk, euroopa liik, vt. Eesti osak., sigi-
sibulatega 6isikus; A. carinatum L., ditest vilja ulatuvate tolmu-
katega, euroopa liik; A. paniculatum L., euroopa liik, Gievarred
pikkuselt dige erinevad samas o6isikus.
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V rithm: Molium. Sibulad ilma risoomita, lehed juurmi-
sed, laiad. A. wrsinum L., euroopa liik, vi. Eesti osak., valgete
ditega; A. Moly L., mediterraanne liik, kollaste ditega 1).

5. Liltoideae. Sibulad. Oied kobarais v6i suured iiksik-
oied. Pesa-avanevad kuprad. Perekonnad: Lilium, Fritilloria,
Tulipa, Erythronium, Scilla, Ornithogalum, Puschkinia, Hyacin-
thus, Muscari, Galtonia jt. — Li-
lium martagon L., eurosiberi liik,
Eestis metsistunud Puhtju laiul;
L. tigrinum Ker-Gawl.,, vani-
maid kultuurliiliaid, hiina-jaa-
pani péritoluga; L. longiflorum
Thbg., valgete Gitega, hiina-jaa-
pani liik; L. testaceum Lindl.,
aiavorm; L. crocewm Chaix on L.
bulbiferum’i L. lihedane, mdle-
mad Louna-Euroopast. Liiliate
oielehtedel on sageli suur mee-
vagu, mitmel liigil on sigipungad
(L. bulbiferum jt.). — Fritillaria
imperialis L., varre ladvas leh-
tede kimbuga, millest allapoole
ripuvad suured oied, suurte roh-
kesti nektarit eritavate nektaariu-
midega, parit Hommikumailt., —
Tulipa sz’lves‘t.ris L., kollas'te dite- Joon. 63. Lilium martagon L. A —
ga, euroopa liik; 7. Gesneriana L., &is pealt peale tolmukate ja emaka-
aedtulp, paritolu teadmata, arva- kaela eemaldamist; B — &is kiil-

N A A jelt. p — perigoonileht, tn — tol-
tavasti Hommikumailt. — Eryth- mukaniit, tp — tolmuka\,pea, mv —

ronium, k. 284 jt. — Scilla Koe- meevagu e. nektarivagu, ek —
. . .. o emakakael, es — emakasuue, s —

ntgti Fomin, helesiniste o6itega, sigimik, kI — kateleht, al — alg-

Viike-Aasias ja Kaukasuses, korg- leht. Loom. suur.

niitudel; S. sibirica (vt. 1k. 164).
— Ornithogalum wmbellatum L., Euroopa metsataim; O. tenui-
folium  Guss.,, Léuna-Euroopa ja Lé#ddne-Aasia stepitaim,

1) On kerkinud kiisimus (Hutehinson), kas on pdhjendatud ala-
perekonna Allioideae paigutamine liilialiste sugukonda, kuna selle alapere-
konna liigid 6isiku ehituselt vastavad koigiti amariilliliste (Amaryllidaceac)
sugukonna tunnustele. See muudatus nidib olevat pohjendatud, kuigi teda
esialgu kiill pole mujal tunnustatud.
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molemad valgete oitega; O. flavescens Lam., Lobuna-Eu-

roopa liik, kollaste o&itega. — Hyacinthus. H. orientalis
L.., Balkanil ja Viike-Aasias péariskodune, aedhiiatsindi alg-
vorm. — Muscari botryoides L., metsataim Léuna-Euroopas ja

Taga-Kaukaasias. Muscari liikidel on iseloomulik disiku otsmiste
oite kingumine. Oiekate liitlehine, = kerajas. OGievalem nagu teis-
telgi liilialistel, kuid P;.3. — Galtonia candicans Decne., Louna-
Aafrikast.

Joon. 64. Galtonia candicans Decne. A -— osa Oisikut; B — &is lahtildiga-

tud perigooniga, ndha tolmukaid ja emakat; C — 6is pealtvaates, vp — vili-

sed perigoonilehed, sp — sisemised perigoonilehed. A — 3/5 loom. suur.,
B ja C — Y/

6. Dracaenoideae. Enamuses lehtvéraga ja puitunud
tivega. Viljad mitmesugused. Ywucca (lk. 328). — Dasylirion,
1k. 328, — Cordyline, 1k. 184. — Dracaena, lk. 184, — Sansevieria,
k. 173,

7. Asparagoideae. Risoomiga taimed, vili mari. Osalt
hiasti arenenud lehtedega (perek. Majanthemum, Polygonatum,
Convallaria, Paris, Trillium, Vagnere jt.), osalt rudimentaarsete
lehtedega ning assimileerivate vartega (Asparagus). — Majan-
themum bifoliwm L., leseleht, viike euraasia metsataim, ka Ees-
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tis. — Polygonatum officinale L., kandilise varrega, ja P. multi-
florum (L.) All, iimmarguse varrega (kwutdverohud), samuti
euraasia metsataimed. Marjad sinakas-mustad. Viimasega sarna-
nev P. Maximowiczii Schm. on Ida-Aasia liik. — Convallarie
majalis L., piibeleht, euraasia boreo-ameerika liik, punaste marja-
dega, ka Eestis metsades. — Paris quadrifolia L., ussilakk, musta
marjaga euraasia metsataim, ka Eestis. — Trillium*, osalt aasia,
osalt ameerika liigid, varrel lehed kolmetises méinnases, 6is iiksik,
otsmine. Metsataimed. — Vagnere (e. Tovaria) stellata (L.)
Morong, Pohja-Ameerikast. — Asparagus, ligi 300 liiki Vana-
maailmas, kuivematel aladel. Eestis iiks liik — Asparagus offici-
nalis L. Uheiduleheste kogus veel : Asparagus scaber Brign., medi-
terraanne liik; A. brachyphyllus Turcz., aasia liik; A. tenuifolius
Lam., mediterraanne liik. Teised Asparagus’e liigid vt. 1k. 285,
Asparagus’e liikide eraldamisel on olulised kladoodide kuju (ka
ristiloik), suurus ja paigutus, soomusjate lehtede iseloom (kas
kannusega voi ilma) jne.; ka 6ied ja marjad annavad rea tunnu-
seid ; 6ievars on alati liigestunud. — Danaé racemosa (L.) Moench,
parislehed soomusjad, nende kaenlas lehesarnased fiilloklaadid
e. kladoodid (need ei kanna oisi, oied otsmistes Gisikutes: erine-
vus vorreldes Ruscus’e liikide fiilloklaadidega), Taga-Kaukaasiast.
— Ruscus, 1k. 338.

8. Smilacoideae. Poosad ja poolpoosad vorksooneliste
lehtedega; vili mari. — Swmilax, lk. 200, 343 jt.

Sugukond Liliaceae omab suurt tihtsust paljude tiheiduleheste
sugukondade fiilogeneesi seisukohalt (vt. joon. 59). Kui on vérd-
lemisi kiisitav alles Aracece ning sellele sugukonnale kahtlemata
lihedase Lemnaceae sugukonna tuletamine liilialistest, nagu seda
teeb Hutchinson, vaadeldes perekonda Aspidistre ning selle
lihedasi iihendavate liilidena, on teiste sugukondade omavaheline
sugulus iildiselt ilmne. Thelt poolt on arenemine toimunud tuule-
lembesuse suunas, millega kisikdes on kdinud 6Gieehituse ,liht-
sustumine* (Sparganiaceae, Typhaceae, Juncaceae, Gramineae,
Cyperaceae). Teisiti on méjustanud dieehitust entomofiilsus. Haru,
millel asuvad sugukonnad Dioscoreaceae, Amaryllidaceae, Haemo-
doraceae ning Iridaceae, on suhteliselt vihe eemaldunud liilia-
liste algtiitibist. Sellevastu on ekstreemselt putukalembeste Bur-
manniaceae ja Orchidaceae sugukonnas Giechitus joudnud mitme-
suguste, sageli otse tillatavate isedrasuste tottu, mis on iihenduses
risttolmlemisega, véiks iitelda ililetamatu korguseni. Ka harus Li-
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linceae — Bromeliaceae — Musaceae, Zingiberaceae, Cannaceae,
Marantaceae ilmneb JLaugeleulatuv liilialiste pdohitiitibi progres-
sioon, mis samuti viib orhideesid meenutavale dieehitusele.

Sparganiaceae*. Paraja ja kiilma véotme vee- ja soo-piisik-
taimed, ka Austraalias ja Uus-Meremaal. Oied iihesugulised 3-
kuni 6-lehese nahkja oiekattega, kerajais osadisikuis. Alumised
osadisikud koosnevad emasditest, lilemised isasbditest. Uldine odie-
valem: Pg_35 Ag_3 Go; Pg_g Ag Gy, Vili pdhklike. Eestis mit-
med Sparganium’i (joetakja) liigid, nidit. S. minimum Fr.,
S. ramosum Huds., S. stimplex Huds. jt.

Typhaceae. Soo- ja jarvetaimed roomavate risoomidega, vars
harunemata. Oied iihesugulised, koondunud otsmisse o&isikusse
eraldi; alumine o6isiku osa koosneb emasditest (harilik valem:
Py Ay Gy), iilemine isasditest (haril. valem: Py A; - G,). Oie-
katet asendavad karvad, mis timbritsevad iga 6it nii &isiku isas-
kui ka emasosas. Need karvad ei ole homoloogsed oiekattega;
nad funktsioneerivad alul kaitse-, hiljemini lendkarvadena
(Engler). Typha latifolia L., T. angustifolic (hundinuiad, boreo-
troopilised taimed, ka Eestis), Botaanikaaias basseinis ja saarel.
Sparganiaceae ja Typhaceae ,lihtne“ dieehitus pole primitiivne
tunnus. Nad pdlvnevad liikidest, milledel oli Giekate histi arene-
nud ning mis kahtlemata olid liilialiste tiilipi, nagu seda niha
eriti Sparganiaceae sugukonna iildisest oievalemist. Typhaceae
sugukonnas on diekate tiitsa kadunud, ka on siin tolmukate,
samuti kui viljalehtede arvus toimunud kaugeleulatuv reduktsioon,
mispérast neid tuleb vaadelda rohkem spetsialiseerunutena (pdhi-
tiilibist kaugemal seisvatena), kui seda on Sparganiaceae.

Araceae, lk. 213. Siistemaatika-osakonnas esindatud kahe
ligiga: Zantedeschia albomaculata Baill., Louna-Aafrikast, ja
Arisaema  ringens Schott, Jaapanist. Enamik Botaanikaaia
vohalisi on orhideede-hoones (lk. 213—218). Perekonnad Acorus
(k. 217, 345) ja Calla on Eestis esindatud (A. calamus L. —
kalmus, Calla palustris L. — soovéhk).

Lemnacece. Omapirasemaid 6&istaimede sugukondi. Ena-
mikus kosmopoliitsed taimed, rakisesarnase kehaga, millel puu-
duvad tdiesti lehed, sageli enam-vihem lddtsakujulised, ujuvad
veepinnal voi elavad submersselt, s. 0. vee sees. - Paljunevad vege-
tatiivselt. Tiitarvosud tekivad emavdsu nn. taskuis. Lemnaceae
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on vahimaid 6istaimi. Osalt juurtega. Eestis Spirodela polyrrhiza
(L.) Schleid. (vesilddts) ja 3 lemleliiki (Lemna trisulce L., L.
gtbba L.* ja L. minor L.). L. minor on enam-vihem seisvates
vetes viga tavaline (rohkesti ka Botaanikaaia tiigis). Juurteta
on Wolffia arrhiza (L.) Wimm. (ei esine Esstis, vt. lk. 241).

A,
Joon. 65. Musa paradisiace L. A1, A2 ja Az — 0is mitmesuguses vanuses,

Ajs poolvalminud viljaga; B — perigooni alumine huul, C — perigooni {ile-

mine huul, D — &is peale perigooni eemaldamist, E — sigimiku ristiléik.

es — emakasuue, ek — emakakael, s — sigimik; vp1, vpe, vps — perigooni

villimine lehtede s86r, sp1, sp2, sps — perigooni sisemine lehtede s66r, selles

illemine mediaanne leht (spi1) vaba; t — tolmukas, tp — tolmukapea, tn —

tolmukaniit. As, B, C, D — loom. suur., A+, A2, E — 4/3 X suurendatud.

Uhenduses vaga intensiivse vegetatiivse paljunemisega on sugu-

organite tagasiminek, mille tagajiarjel 6isi leidub vérdl. harva. .
Lemmnaceae died on iihesugulised. Oievalemid: & 6is: Py A, Gy;

& 0is: Py Ag Gy. Lemmnaceae ,lihtne* die ja vegetatiivsete orga-

nite ehitus on kindlasti sekundaarne. Nad on seega viga

spetsialiseerunud haru iiheiduleheste klassis.

9
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Bromeliaceae, k. 201—204,

Musaceae. lehtvorapuud voi rohttaimed, viimased osalt
varretud hiigelpiisikud (niit. banaan), levinud nii Vana- kui ka
Uue-maailma troopilises ja subtroopilises voétmes. Harilik Gie-
valem: | Psis Ap.3 Sy:0 Gy Vili kuiv voi lihakas (marjatao-
line) kupar, seemned sageli arillusega. Ravenala, 1k. 177. — Stre-
litzia, k. 177. — Musa, 1k, 176, Gievalem: \ Py Asio Gus)

Zingiberaceae. Troopilised, Ida-Aasias osalt ka subtroopi-
lised, Vana- ja Uue-maailma piisikud sageli muguljate juurikate
voi muguljalt paksenenud juurtega. Lehed tupega; oGied | voi
aslimmeetrilised. Oievalem: ] K Cs) Agr1 Saiey Gusye Stami-
noodid (s) on kroonjad, iitks neist suurem, nn. huul (labellum)
vastab kahele liitunud staminoodile. Niitjas emakakael on tol-
muka vaos. Vili kupar, seemned hiésti arenenud jahuse, endo-
spermi limbritseva perispermiga.

1. alasuguk. Zingiberotdeae. Leheseis distihne.
Hedychium. — Brachychilus, 1k. 250. — Kaempferia. — Curcuma.
— Zingiber. Z. officinale Roscoe, ingver (juurikad). — Elettaria.
E. cardamomum Maton*, kardamom (viljad).

2. alasuguk. Costoideae. Leheseis spiraalne. Costus,
Ik. 258,

Cannaceae. Peamiselt troopilise Ameerika kuni 4 m korged
piisiktaimed. Lehtedel puudub keeleke, ka ei leidu leherootsu lii-
gest, mis on iseloomulik moéningatele ldhedastele sugukondadele.
Oieehitus O6ige omapirane kaugeleulatuva andritseumi redukt-
siooni tottu, sest Gites on vaid iiks tolmukas fertiilne ning seegi
ainult ithes teekas. Teised tolmukad on moondunud kroon-
jateks staminoodideks; ka lame emakakael, samuti fertiilse tol-
-muka steriilne osa on kroonjad. Oievalem (Canna): K3 C3) Agyq
So.1 Gy Oitel puudub siimmeetriapind, nad on seega asiim-
meetrilised. Vili kupar, seemned perispermi- ja ohukese endo-
spermikihiga. Sugukonna ainus perekond on Canna. C. indice
L., sageli kultuuris ilutaimena.

Marantaceae, k. 197.

Dioscoreaceae. Rohttaimed (piisikud) juuremugulatega (need
osalt dige suured) voi juurikatega. Esinevad ka maapealsed
varrepaksendid (tiiii). Lehed rootsuga, sageli enam-viahem siidaja
alusega, vorkja soonestisega. Oied vidhe silmapaistvad, harilikult
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Joon. 66. Canna indica L. A -— disiku osa, B — kroon, C — &is, millel

korvaldatud tupp ja kroon, D — nagu eelmine, kuid eemaldatud on ka sta-

minoodid, E — sigimik tupplehtedega, F — poolvalminud kolmepesane vili

(e« — kiiljelt, b — pealt). t! — tuppleht, kl — kroonleht, ¢ — tolmukas,

stam — kroonjad staminoodid, ek — emakakael, es — emakasuue. Koik
5/, loom. suur.
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tihesugulized, + oiled: : Py, A, . G,: o oled: V" Py s A G, .
Paljudel liikidel on andréotseum A, S., ka leidub & 6ites emaka
rudimente. Siia kuuluvatei taimedel on rida primitiivseid tunnu-
seid. Nende vartes (paljud on liaanid) on juhtkimbud alul thes
ringis; ka on juhtkimpude kulg erinev tiifipilisest {iheidulcheste
Juhtkimpude kédigust. Dioscorea liigid (lk. 183), siistemaatika-

Joon. 67, Narcizssus pscudonareissus L, 15,V 1934,

osakonnas Dioscorea caucasica Lipski, Taga-Kaukaasia endeemne
liik. — Testudinaria, k. 230. — Tamus, k. 334.
Haemodoraceae. Viike, peamiselt troopiline =sugukond
(Aafrikas, Aasias ja Ameerikas) pilisiktaimi kaherealiselt asetse-
vate lineaalsete lehtedega. Oied haril.: 4 Py 4, Ay, 4 G,. Sigi-
mik kas Ulemine voi alumine. Vastandina sugukonnale /ridaceae
on siin kdngunud valimine tolmukate s60r, vili on kolme-
pesane pesa-avanev kupar. Haemodorum®, Austraalias.
Amaryllidaceae. Liilialiste sugukonnale viiga lihedane. Evi-
neb sellest peamiselt alumise sigimiku tottu, ildine &ievalem
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on: K Py,3 Az 3 Guz3. dJaguneb alasugukondadeks Amarylli-
doideae, Agavoideae, Hypoxidoideae.

1. alasuguk. Amaryllidoideae. Sibultaimed, died lehte-
deta varva otsas. Haemanthus, lk. 185, Galanthus, Leucojum,
Zephyranthes, Crinum, 1k. 341, Ixiolirion*, FEucharts, lk. 185,
Hymenocallis, 1k. 185, Hippeastrum, Narcissus. — Galanthus niva-
lis L., sisemised o&iekatelehed rohelise tidpiga tipul, varakevadel
Oitsev Euroopa ja Kaukasuse metsataim. KEestis metsikult ei
esine. — Leucojum vernum L., Kesk- ja Loéuna-Euroopa metsa-
taim, died valged, vara kevadel. — Narcissus poéticus L., metsikult
Louna-Euroopas, Giekattel punane lisakroon (paracorolla). Eriti
tugevasti arenenud on lisakroon kollasedielisel Narcissus pseudo-
narcissus’el L., atlantilis-mediterraanse levikuga liigil, esineb ka
Taga-Kaukaasias,

2. alasuguk. Agavoideae Taimed risoomidega, lehed
sageli lihakad, juurmised. Agave, Ik. 328. — Fourcroya, lk. 330.

3. alasuguk. Hypoxzidoideae Alstroemeria*, mugul-
taimed Louna-Ameerikas.

Iridaceae. Piisikud, juurikate, mugulate vo6i sibulatega.
Lehed sageli tupe ja vertikaalselt seisva lehelabaga, mis nihta-
vasti on tekkinud sel teel, et lehelaba morfoloogiliselt iilemine
pind kokkukasvamise t6ttu on kadunud. Oievalem: K P3,3 Az,
G, Oiekatte vilimise ringi lehed erinevad harilikult suuruselt
ja kujult sisemise ringi lehtedest. Karakteerne on ka tolmukate
sisemise s66ri tdielik kadu. Progressiooni tahendab samuti
emakasuudmete muutumine kroonjaiks, mille t6ttu iirise iiks 6is
chituselt vastab bioloogiliselt kolmele huuléielise Giele, sest siin
on emakasuudmete tolmukaist iile kasvamise tagajirjel tekkinud
kolm ,,6it*‘, milledest igaiiks funktsioneerib sugutamisel ja tolmu
edasikandmisel tiitsa iseseisvalt. Nimetatud isedrasused 6ie-
ehituses (osa Iridaceae sugukonnast omab pealegi siigomorfseid
disi, nait. Gladiolus) lihes lehtede erilise ehitusega digustavad koi-
giti Iridaceae sugukonna asetamist Liliaceae — Amaryllidaceae —
Iridaceae joone tipule, Amaryllidaceae sugukonnast kdérgemale.
Alasuguk.: Crocoideae, Iridoideae, Ixioideae.

1. Crocoideae. Uksikoied. Crocus (safran). Crocus
vernus L., Kesk- ja Louna-Euroopa miagedes Pilireneedest Bal-
kanini, kus ta touseb kohati kuni 2400 m koérgusele. Oitseb kohe
peale lume kadumist. Emakasuudmed harulised.
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2. Iridotdeae. Oied lehvikoisikuis, aktinomorfsed. Pere-
konnad Iris ja Marica. Perek. Iris on euraasia-boreoameerika
levikuga. Siia kuulub iile 200 liigi, mis jagunevad mitmesse
rithma. Aias on esindatud jargmised rithmad. v

A, Apogon. Oickatte hélmad karvadeta, Iris sibirica L.,
eurosiberi liik, esineb metsikult ka Eestis; I. ruthenica Ker,

Joon. 68. Iris graminea L. A — Oi1siku osa ithe diega (vp — vilised peri-

goonilehed, sp — sisemised perigoonilehed), B — nagu eelminegi, kuid peri-

goon on eemaldatud, samuti die kolm tolmukat; néha kroonjad emakakaela

harud (ekh), es — emakasuue, s — sigimik. Ci ja C2 — sisemine ja viline

perlgoonlleht ning (Cs) kroonjas emakakaela haru alt, selle all oleva tol-
muka ning emakasuudmega (es). Koik loom suur.

Kesk- ja Ida-Aasia liik; 1. graminea L., Louna-Euroopas ja
Kaukasuses; I. pseudacorus L., eurosiberi kollasebdieline sootaim,
ka Eestis; I. versicolor L., violetset virvi ditega, atlantilises
Pohja-Ameerikas.

B. Pogoniris. Olekatte vilish6lmad mitmerakuliste kar-
vadega. Iris pumila L., Kesk- ja Kagu-Euroopas, ka Kaukasuses
ja Viike-Aasias; Iris pallida L., korglehed (nn, spaatad) taiesti
nahkjad, 6ied helelillad, kultuurtaim.
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3. Ixioitdeae. Oied siigomorfsed. Gladiolus imbricatus
L., euroopa liik, Eestis kohati; Gladiolus psittacinus Hook., Louna-
Aafrikas, kollase-punase kirjude oitega; G. cardinalis Curt.,
Léuna-Aafrikas, 6ied punased, kolm alumist 6iekatelehte punakas-
violetsed, seest valkja tdpiga; G. primulinus Baker, troopilise
Aafrika vihmametsades, kollaste ditega.

Sugukond Amaryllidaceae erineb liilialistest, nagu nigime ees-
pool, koige pealt alumise sigimiku tottu, on seega siisteemis korge-
mal asetsev sugukond kui viimane. Sellest sugukonnast tuletu-
vad Iridaceae on alal hoidnud sigimiku osas eespool-nimetatud
progressiooni ning kaugeleulatuvalt spetsialiseerunud ka o6ie ehi-
tuses, kuna tolmukaist on piisima jdanud vaid vilimine tolmu-
kate s66r. Veel tunduvalt kaugemale ulatub progressioon jirg-
nevates sugukondades — Burmannicceae ja Orchidaceae.

Burmanniaceae*. Troopilised ja subtroopilised taimed, sageli
saprofiitidid, valimuselt orhideedega sarnanevad ning samasuguste
eostesarnaste seemnetega nagu viimasedki, kuid seemned siin
endospermiga. Sigimik koosneb 1—38 viljalehest, on alumine. Eri-
nevad orhideedest enamikus aktinomorfsete Gite poolest. Oied
sageli omapirase vilimusega (nidit. Thismia Neptuni’l kolm
kroonlehte pikkade piististe noeljate lisemetega). Harilik dievalem :
% K3 Cs A5 Gyiay

Orchidaceae, k. 204. Viljas alas kasvavad peamiselt méned
Orchis’e liigid (0. maculate L., O. inecarnata L., O. militaris L.,
jt.), Gymnadenia conopea Gren., Epipactis palustris (L.) Crantz
jt. (vt. Eesti osakond, arstitaimede osakond). Enamik Botaanika-
aia orhideedest on orhideede-hoones. Et orhideede died on erandi-
tult siigomorfsed ning tolmukate arv on kas 1 véi 2, siis on neil
iiheiduleheste taimede 6ie poéhiskeem &Gige oluliselt muutunud,
kuigi neid kergesti voib tuletada 6iest, mis ehituselt vastas prae-
gustele liilialistele. Eestis esinevaid orhideesid (k&apalisi) on
arvult iile 30. Enamikul neist on died suhteliselt viikesed. On
eranditult piisiktaimed, varustatud kas juuremugulatega (Orchis)
voi aga juurikatega (risoomidega).

Skeemil 1lk. 118 on liilialistest laskuva haruna antud joon
Liliaceae — Juncaceae — Gramineae ja Cyperaceae; viimased ei
ole, viilisele sarnasusele vaatamata, mitte otseses suguluses. Nagu
selgub jdrgnevast sugukondade Kkirjeldisest, on siin evolutsioon
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toimunud 6&ie lihtsustamise suunas. Tunduvalt vihenenud pole
mitte ainult 6ie osade arv — asjaolu, mida voisime konstateerida
koigil iiheiduleheste harude tippudel —, vaid siin on ka o&iekate
jarjest vidheneva tiahtsusega. See reduktsioon on joudnud eriti
kaugele 16ikheinalistel (Cyperaceae).

Juncaceae. Rohtjad, korreliste sarnaste lehtedega taimed.
Oied vidhe silmapaistva (harilikult roheka vo6i pruunika) &ie-
kattega. Oietolmu edasikandmine toimub tuule abil. Oievalem
(tildine) : > Py 3 A3 Gy, Sugukondadest on tahtsamad Juncus
ja Luzula. Juncus’e liikidest on Eestis paljud pérismaised, nait.
Juncus compressus Jacq.*, tee dirtel jne., J. Gerardi Loisl*,
mererannal, téhtis halofiilsete niitude taim (tuderluga), Juncus
bufonius L.*, viike {iheaastane taim teedel jne. — Luzula, piip-
heinad. L. campestris DC. (pdld-piiphein), euraasia-boreoamee-
rika liik, kuivadel niitudel, loodudel jt., Eestis harilik; L. spicata
(L.) DC., kaljudel ja kivistel kohtadel arktilisis mais ja alpiinses
korgusastmes Kuraasias ja Pohja-Ameerikas, ka Himaalajas;
L. nivea DC., perigoon valge, silmapaistev, Louna-Euroopa mage-
des, sageli koos Pinus montana ja Rhododendron’itega.

Erinevus perekondade Juncus ja Luzula vahel ilmneb vilja-
des (Juncus'tel viljas seemneid palju, ZLuzula’tel 3), lehtedes
(Juncus’tel paljad, Luzula’tel + karvased) jt.

Gramineae, korrelised. Enamikus rohtjad taimed, aga ka
poosad ja puud liililise sélmedest ning 60nsatest sOlmevahedest
koosneva, ristiléigul harilikult immarguse varre e. tiivega. Lehed
rooproodsed, suhteliselt pikad, leherootsuta, hiisti arenenud lehe-
tupega, mis limbritseb tihedalt vart ning mille servad on kas lah-
tised v6i (harvemini) kokku kasvanud. Tupe ja lehe piiril on
nahkjas ddris — keeleke (ligula), abilehtedega homoloogne moo-
dustis. Oied on vdhe silmapaistvad, vidikesed. Nad on kattelehe
[vialissbkal (palea inferior)] kaenlas. Oiekate on viga redut-
seerunud; see koosneb ainsast lehekesest [sisesokal (palea
superior)], mis on tekkinud &iekatte vialisringi kahe lehekese
kokkukasvamisel, kolmas puudub enamikul kérrelisist. Sisemine
dickatelehtede ring on vidga muutunud, sest kaks selle ringi &ie-
katelehte on arenenud paislajudeks (lodiculae), kolmas puudub.
Oied on harilikult kahesugulised, harilikult kolme tolmukaga,
millede tolmukapead on painduvatel, allarippuvatel tolmukaniiti-
del; emakas 6Gies esineb iiksikuna, kahe enam-vihem karvase
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suudmega, 2—3 vilja-
lehest tekkinud, {ihe-
pesane. Tavaline Ooie-
valem on: [ Pgs
As g Gyo,. Sellest die-
ehitusest on ka koérva-
lekaldumisi. Oied voi-
vad olla iihesugulised;
tolmukate arv koigub
tihest kuni paljudeni.
Korreliste vili on te-
ris (caryopsis), seeon
liheseemnene sulg-
vili, mille seemne- ja
viljakate on iihte kas-
vanud, Seemnes asub
idu korvuti suure tark-
lisrikka endospermiga,
millega ta on iihendu-
ses nn. kilbi (scutel-
lum) abil.

Oied koos neid
liimbritsevate viikeste
nahkjate lehekestega
(libled, glumae), mida
on harilikult arvult
kaks, moodustavad
viikese osabisiku, nn.
pahiku (spicula). Pi-
hikud on kas iihe-,
kahe- jne. kuni mit-
mediesed. Libled on
pdhiku vilimised lehe-
kesed. Nad vé6ivad ka
puududa, ka  véib
nende arv olla kahest
suurem. Moanel juhul
(néit. kaeral) iimb-
ritsevad nad valminud
terist.

Joon. 69. Oryza sativa L. A — osa poorisest,
niaha pikaohtelisi vilissoklaid. = B — pahik;
{ — lible, ss — sisesokal, vs — vilissokal, o —
ohe. C — 0is peale sokalde korvaldamist;
ld -— lodiculae, s — sigimik, es — emakasuue,
tn — tolmukaniit, tp — tolmukapea. A —
2 X, B—5 x ja C— 10 X suurendatud. .
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Pahikud (viikesed osadisikud) on koondunud korrelistel 1iit-
oisikuiks, mis on kas liitpead (pidhikud varretud) voéi poodrised
(péhikud pikavarrelised) v6i nende #irmuste vahepealsed —
poorispead (pdhikud liihikestel, hargnenud vartel)1).

Suures korreliste sugukonnas voib eraldada rea rithmi. Taht-
samad on: Bambuseae, Oryzeae, Festuceae, Chlorideae, Hordeeae,
Aveneae, Agrostideae, Phalari-
deae, Paniceae, Andropogo-
neae, Maydeae.

Bambuseae Enam-vi-
hem harunenud, sageli pikkade
puitunud varte vo6i tiivedega.
Piahikud kahe- kuni mitme-die-
sed. Ay oo. Peamiselt troopili-
sed ja subtroopilised korrelised,
osalt iile 30 m korged. Pere-
konnad : Arundinaria, Bambusa,
Sasa jt. (k. 341). Arundinaria
nittda Mitf.,, Pohja-Hiinas.

Oryzeae Piahikud iihe-
oiesed. Aj. 5. Oryza saotiva L.,
riis (Ik. 173).

Festuceae Piahikud 2-
kuni oo-6iesed, pooristes voi poo-
rispeades. Vilissokal ohteta voi
otsmise ohtega, liblest harilikult
pikem. Aj. Liittarklisterad. Bro-
mus (lusted; piahik mitmedbie-
oo T o K Kabelsk ne). B. inermis Leyss, euraa-
kuv, 5—20) kahe liblega (I). vs — sia liik; B. secalinus L., rukki-

vilissokal. 5 X suurendatud. luste jt.— Lolium (raiheinad;
pahikud serviti vastu peatelge,

mitmediesed). Lolium perenne L., inglise raihein, euraasia liik;
L. temulentum L., uimastav raihein, miirgine. — Festuca, aru-
heinad; pahikud mitmediesed. F. ovina L., lamba-aruhein; F.
rubre L., punane aruhein, mélemad euraasia boreo-ameerika lii-
gid. F. pratensis Huds. jt. — Glyceria, partheinad. G. fluitans
(L.) R. Br., euraasia-boreoameerika liik, harilik kraavides, vee-

1) Vt. E. Lepik, Kodumaa korreliste ja liblikdieliste mairaja, Tar-
tus 1935.



A XXXI.4 T.1/. Botaanikaaia siistemaatil. ja taimegeogr. kogud 139

kogude kallastel jne. — Scolochloa festucacea Link, lk. 268. —
Poa, nurmikad, pidhikud 2- kuni oo-0iesed, ohtetud, lapikud. Poa
alpine L., alpi nurmikas, arkto-alpiinne liik, relikttaimena ka

Joon. 71. Melica altissima L. A — 0isiku osa kahe pidhikuga; B — pahik;
C ja C1— died. 6 — dis, I — lible, 0r — kangunud &ite rudiment, vs — vilis-
sokal, ss — sisesdkal, es — emakasuudmed. 6 X suurendatud.

Eestis; P. nemoralis L., salunurmikas; P. pratensis L., aasnurmi-
kas jt. — Cynosurus cristatus L., sugapea. — Dactylis glomerata
L., kerahein. — Briza, virihein, pihikud suhteliselt laiad, lapikud,
mitmeéiesed. Briza media, keskmine virihein, harilik niidu ja
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aasataim; iheaastased: B. minor L., B. maxima L. — Melica
(helmikad, p#ahikud mitmediesed, kidngunud o&iterudimendiga).
M. nutans L., longus helmikas, ka Eestis; M. altissima L., euraasia
liik; M. ciliate L., ripsjate vilissbkaldega, euroopa liik. — Koe-
leria, haguheinad, 2- kuni 5-Gieste pahikutega poorispeades, sageli
enam-vihem hallikas-rohelised kérrelised. K. pyramidota (Lam.)
DC., Kesk-Euroopa liik. — Molinia coerulea (L.) Moench, sini-

helmikas. — Phragmites, roog, 3- kuni 7-0iesed pahikud, tugeva-
kasvulised koérrelised. P. communis Trin., pillircog. — Arundo
donax L.*, mediterraanne liik, eelmisega sarnane. — Sesleria,

lubikad. 8. coerulea Ard., harilik lubikas; S. autumnalis (Scop.)
F. Schultz, mediterraanne liik, jt.

Chlorideae. Pahikud 1- kuni 2- v6i o-0iesed, disikud
dorsiventraalsed, sageli sdrmjalt liitunud. Eleusine indica Gaertn.,
aasia liik, seemned soodavad. — Beckmannia eruciformis (L.)
Host. — Cynodon dactylon (L.) Pers. — Bouteloua curtipendula
(Michx.) Torr., Pohja-Ameerikast.

Hordeeae. Oisik liitpea v6i peasarnane, piahikud iihe-
kuni mitmediesed, liblesid 2, vilisséklad sageli pika ohtega, A,
liittarklisteradega. Hordeum, odrad; pahikud iithediesed, kolmeti
pahikutelje jarkmeil. Hordeum vulgare L., harilik oder; H.
distichum L., kahetahune oder; H. tetrastichum L., neljatahune
oder; H. hexastichum L., kuuetahune oder; H. jubatum L., Pohja-
Ameerika liik, tulnukana priigikohtadel jne., ka Vana-maailmas.
— Elymus arenarius L., Ik. 269. — Triticum, nisu, haril. mitme-
oleste pahikutega. Triticum vulgare Vill,, harilik nisu; 7. poloni-
cum L., poola nisu; T. monococcum L., ttheterane nisu; T. spelta
L., horedapeane nisu; 7. dicoccum Schz., kaheterans nisu. Eestis
kasvatatakse esimest nimetatuist. — Aegilops ovate L., mediter-
raanne liik. — Secale, rukkid. S. cereale L., rukis, kahebdieste
pahikutega. — Agropyrum repens (L.) P. B., orashein; A. cani-
num (L.) P. B., koeranisu. — Brachypodium, arulusted, pikkade
iimmarikkude paljudieste pahikutega. B. pinnatum P. B., sulg-a.

Aveneae. Kahe- kuni mitmebiesed, varrelised pahikud
pooristes, harvemini podrispeades. Libled iiletavad sageli sdklaid,
need ohtelised. Arrhenatherum elatius (L.) M. et K., prantsuse
raihein, euroopa liik, pahikud iihe ohtega; A. bulbosum Schldl.,
kérred alusel korduvalt muguljalt paksenenud, ilutaim. — Awvena
(kaerad, pdhikud 2- kuni 5-6iesed, viliss6kal polvja ohtega). A.
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pubescens Huds., aaskaer, Eestis sage eriti loodudel, aasadel,
piisik ; tiheaastased on: Avena sativa L., harilik kaer; A. orienta-
lis Schr., lipukaer; A. fatua L., tuulekaer jt. — Trisetum flave-
scens (L.) P. B.,euroopa niidutaim, pihikud vihemad kui lihedasel
T. sibiricum Rupr. — Deschampsia, kastevarred, pahikud sageli

Joon. 72. Aegilops ovata L. A — 06isiku osa pahikutega (p), B — iiks

libledest (I) pahiku alusel; C — kolmediene pihik peale liblede eemalda-

mist (k6 — kdngunud 6is, vs — vilissokal, ss — sisesdkal, ¢ — tolmukas).
A — 2%, B ja C— 25X suurendatud.

kahebiesed, vilissdklad ohtega. D. caespitosa (L.) P. B., luha-
kastevars, koige tavalisem Lkorreline Eestis, euraasia-boreo-
ameerika litkk. — Holcus lanatus L., vill-mesihein, lehed ja lehe-
tuped pehmekarvased.

Agrostideae. TUheobiesed varrelised piahikud pooristes
vOi poorispeades. Liittiarklisterad. Apera spica venti (L.) P. B,
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Joon. 73. Stipa capillata L. A —
oisik, B — oisiku osa kahe pihi-
kuga, milledest eemaldatud oied,
C — pdhik, D — &is, I — lible,
vs — vilissdkal, ss — sisesdkal,
vso — vilissokla ohe. A — 0,3 X,
B ja C — 3x, D — 66X suuren-
datud.

rukki-kastehein, vilisskal &ige
pika ohtega. — Ammophila are-
naria (L.) Link, luitekaer, Eu-
roopa ja Pohja-Ameerika tiahtis
luitekorreline. — Calamagrostis,
kastikud; péahiku telg pikkade
karvadega. C. epigeios Roth,
janesekastik jt. — Agrostis,
kasteheinad. A. ovulgaris With.
[harilik kastehein, peale Ooitse-
mist laiuvate 6Gisikuharudega,
vastandina valgele k. (A. alba
L.), mille 6isik on kitsas, piis-
tine]. — Cinna latifolia Griseb.*,
Eestis harva metsades, euraasia-
boreoameerika liik, o6ied 1 tol-
mukaga. — Alopecurus, rebase-
sabad; o0isik pooOrispea. A. pra-
tensis L.; A. antarcticus — sina-
ka vahakihiga, TSiilist. — Phle-
um, oravasaba. P. pratense L.,
aas-oravasaba, P. Boehmeri Wib.,
loo-oravasaba, molemad ka Ees-
tis. P. alpinum L. jt. — Mueh-
lenbergia mexicana (L.) Trin.,
P6hja-Ameerikast, seal mitmed
teised selle perekonna liigid, —
Milium  effusum L., mets-kuke-
leib. — Stipa (vene: kovdl).
Stipa capillata L., S. pennata L.
— euraasia rohtlakorrelisi. Vilis-
sdkal viga pika ohtega. See on
moningatel liikidel (nait. S. capil-
lata’l) pdlvjas.
Phalarideae. Pihik iihe-
diene, nelja liblega. Phalaris
arundinacea L., roog-paelrohi,

selle kirjulehine teisend on var. picta L., euraasia-borecameerika
liik. — Anthoxanthum, maarjaheinad, oites A,. A. odora-
tum L., maarjahein, taime 16hn oleneb kumariinist. — Hie-
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rochloé, 16hnheinad, sisaldavad kumariini, pahikus peale kahe
tolmukaga kahesugulise Gie kaks isasoit, need kolme tolmukaga.
H. odorata Wahlnb.; H. australis R. et S.

Paniceae. Pihikud iihe-
(kahe-) diesed, liblesid kolm. Sok-
lad erinevad tunduvalt virvilt ja
kujult nahkjatest libledest. Penni-
setum., — Setaria, died iimbritsetud
harjastest. S. glauca (L.) P. B.;
S. viridis (L.) P. B. — Oplismenus,
tk. 197. — Panicum, hirsid, sok-
lad krompsjad. P. miliaceum L.;
P. crus galli L. jt. — Paspalum.

Andropogoneae. Pihi-
kud iihediesed, 3 liblega, sageli
kahekaupa, iliks neist varreline. Oied
iihe- voi kahesugulised. Sorghum
vulgare Pers.; S. saccharatum (L.)
Pers. — Saccharum officinarum L.,
Ik. 173. — Miscanthus sinensis
Anders., ilutaim. — Imperata. —
Andropogon.

Maydeae. Oied tihesugulised,
vilis- ja sisesdkal dhukesed, Ornad,
libled tugevad. Esinevad erilised
isas- ja emasodisikud voi aga selgelt
eraldunud o6isiku isas- ja emas-osad.
Esimene juhtum maisil. Zea mays
L., mais, kultuurtaim, mis vgib-olla Joon. 4. Coix lacryma L. Tai-
on Mehhikos kasvava FEuchlaena ?;:tlzletgil;iskggz?:%h?‘ :f;llzgfd
mexicana Schrad.* mutant. Oievale- emasdie 1-—2 kingunud & &it)
mids 5 is: P Aueo Goj 6 it TI% PGS, (0, Ve
Poio Ag Gy Isasdied taime lad- i{el;itt ?}I:;?;itizbiu:;i‘?;ri dlﬁgg-
vas kahebieseis pdhikuis; Oige ¢ — tolmukad. ’
pika niitja emakakaelaga emas-
o0ied taime alumises osas lehetuppedest iimbritsetud télvikus.
Emaspihikud kahekaupa, iihediesed, varrstud, 3 liblega. —
Coix lacryma L., ¢ pahikud 6isiku harude ladvas, Gied kolme
tolmukaga; & pahikud & pidhikuist allpool, tidielikult suletud
kattesse, mis luukéva ja valge ning vastab emasdisiku kattelehe
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tupeosale. Nimetatud kate sisaldab 1 arenenud ning 1—2 rudi-
mentaarset 3 pidhikut, kasutatakse ehteesemete valmistamiseks
troopikamail.

Ko6iki nimetatud korreliste rithmi arvesse vottes tuleb esile
tosta asjaolu, et kuigi neil tihenduses tuultoimlemisega on toimu-
nud vérreldes liilialistega viga tugev tagasiminek oiekatte osas,
on nende 6ied iildiselt siiski piisinud kahesugulistena. Ainult
mdonedel rohkem spetsialiseerunud tiiiipidel, nagu neid esineb riih-
mades Phalarideae, Andropogoneae ja Maydeae, on kahesugulised
oied muutunud tihesugulisteks 6iteks. Vastupidine nidhtus esineh
Jargmises itheiduleheste sugukonnas Cyperaceae, sest seal esinevad
tihesugulised 6ied tunduvalt sagedamini. See asjaolu, samuti die-
katte veel kaugemaleulatuv reduktsioon (diekate puudub osalt
taielikult) pdéhjustavadki nimetatud sugukonna asendi skeemis
k. 118.

Cyperaceae. Rohtjad taimed simpodiaalsete risoomidega
ning kolmekandiliste vartega. Lehed sarnanevad korreliste lehte-
dega, on aga iildiselt kinnise lehetupega. ©ied on peasarnaseis
oisikuis, nn. pdhikuis, kas kahesugulised véi {ihesugulised. Oie-
katelehti 6—0, ménel juhul nende asemel karvakesed. Tolmukaid
harilikult 3 (puudub sisemine tolmukate ring). Sigimik iilemine,
2—3 viljalehest tekkinud. Vili pahkel.

Scirpoideae Oied kahesugulised, 5- kuni o,-Gieseis pihi-
kuis. Cyperus (k. 240). — Scirpus. S. radicans Schk., juurduv
korkjas, pikkade, tipul lisajuuri ja lisapungi moodustavate vésun-
ditega (euraasia liik, ka Eestis, aias silistemaatika-osakonna bas-
seinis) ; ldhedane on Eestis viaga tavaline S. silvaticus L., simpsik;
S. lacustris L. [e. Schoenoplectus lacustris (L.) Palla], jarve-
kérkjas jt. — Eriophorum, villpead. E. vaginatum L.*, tupeline
villpea, rabadel; E. latifolium Hoppe*, soistel niitudel jt. BGiekatte
asemel esinevad siin karvad, mis pikenevad vilja valmides, olles
abiks selle levimisel. — Kyllingia, 1k. 241.

Rhynchosporoideae Oied kahe- v6i iihesugulised,
pahikuid vdhe. 1- kuni 5-6iesed. Schoenus, sepsikad. Kestis S.
ferrugineus L., roostepruun s., ja S. nigricans L., mustjas s., vt.
k. 267, 275. — Cladium mariscus L., mddkrohi, lubjarikkais sois,
ka Eestis. — Rhynchospora*, nokkheinad.

Caricoideae. Oled iihesugulised, Giekate puudub. &
oied katelehtede kaenlas pihikuis. Valem: Py Ay, Gy. Emasdied
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[Py Ay Gy 3] on katelehtede kaenlas, koosnevad iihest emakast,
mis limbritsetud nn. poidikust (ufriculus, tekkelt vastab kahele
iihtekasvanud alglehele). Carex. Suur perekond mitme alapere-
konnaga, lk. 277. '

Alaperekond FE ucarex. Taimed iihe- véi kahekojased; eri-
lised isas- ja emaspihikud (nende vahel mdnikord nn. vahepealsed
pahikud, mis koosnevad nii isas- kui emasditest). Emakasuud-
meid 3 (harva 2, niit. C. Goodenowii Gay, C. gracilis Curt., C.
elata All., C. caespitosa L. jt.). C. limosa L., C. digitata L., C. flava
L., C. stlvatica Huds., C. vesicaria L., C. Hirta L., C. pseudocype-
rus L. jt.

Alaperekond Vigmnea. Uhekojased, harva kahekojased tai-
med. Pahikud sisaldavad harilikult nii isas- kui ka emasdisi.
Emakasuudmeid 2. C. disticha Huds., C. arenaria L., C. leporina
L., C. elongata L., C. canescens L., C. dioeca L., C. Davalliana
Sm., C. chordorrhiza L., C. pulicaris L. jt.

Dendroloogiline kogu

(aia puud ja pdosad).

Paljasseemnesed (Gymnospermae) on aias vabalt kas-
vavalt (moéned liigid talvel kaetud) esindatud sugukondadega:
Ginkgoaceae, Tazxaceae, Pinaceae ja Cupressaceae. KEsimene nime-
tatuist erineb teistest lehtede poolest, mis on kahehélmased, leh-
vikutaolised, suvehaljad. Siin nimetatud konifeeride (Coniferae)
sugukondadest kasvavad aias Taxus (T az a ¢ ¢ a ¢), Pinus, Larizx,
Picea, Abies, Tsuga Pseudotsuga (koik Pinaceae) ning Thuja,
Thujopszs J uniperus ja Chamaecyparis (viimased Cupres-
saceace). Nende perekondade tunnused selguvad alljargnevast
iilevaatest.

+ Lehed noeljad véi lineaalsed, nn. okkad.
X QOkkad 2- kuni oo-kaupa.
O Okkad kimpudes, suvehaljad . . . . . . . . . . Lari.
O Okkad 2- kuni 5- kaupa . . . . . . . . . . . . Pinus.
X Qkkad tksikult.
! Okkad vastakud vGi kolmetistes minnastes.
, Okkad pealmisel kiiljel 1—2 valkja, 6&huldhesid sisaldava

joonega .o . o« « Juniperus.
,, Okkad alumisel plnnal valkJate, ohulohes1d sisaldavate joon-
tega . . . Thuja, Cupressus’e ja Chamaecyparis’e kadaka-

sarnased noorusvormid.

10
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! Okkad varrel pillatult (mdnel juhul niivalt vastakud).
= Okkad kinnituvad okstele polstrisarnaselt laienenud alusega, mil-

lega koos hiljemini maha langevad . . . . .« .+ . Abies.
= Okkad kinnituvad lithikesele varretiiiikale, mis piisib varrel ka
peale okka mahalangemist . . . . . . . . ., . . . Picea.

= Okkad alusel = ahenenud.

§ Okkad kinnituvad okstele ahenenud osa (leherootsu) abil viiike-
sele varrenisale.
— Okkad kuni 25 mm pikad, pungad viikesed . . . . Tsuga.
— Okkad pikemad, pungad suured, koonusjad . . Pseudotsuga.
§ Okkad ei kinnitu varreniisale, alt rohelised, ilma valkjate ochu-
16hejoonteta. Seemned kaetud lihaka punase arillusega . Taxus.
-+ Lehed soomusjad. Anisofiillia * selgelt vilja kujunenud.

.. Harud 4—8 mm laiad, lamedad, alt sinakas-valged . . Thujopsis.
.. Harud kuni 8 mm laiad. .

: Lehtede alumine pind valkjate joontega . . . . Chamaecyparis.
: Lehed alt rohekad véi valkjad . . . . . . . . . . Thuja.

Praegu elavate okaspuude arv (ligi 400 liiki, 46 perekonda)
on suhteliselt vdike. Ometi on nende tdhtsus taimkattes viga
suur, sest et nad sageli hulgi esinevad, moodustades ulatuslikke
metsi (niit, Siberi ,,taiga*) ning podsastikke. Eriti suur on nende
tihtsus Euroopa, Aasia ja Ameerika parasvootmes, kust nad
pohjasuunas enam-vihem kuni puukasvu piirini tungivad. Selle-
vastu puuduvad nad sootuks troopilises taimkattes voi aga esine-
vad seal migedes (niit. Podocarpus, Araucaria). Taielikult puu-
duvad okaspuud savannides, steppides ning korbedes. Eriti liikide-
rohked on maad ookeanilise kliimaga (nidit. P&hja-Ameerika
lddnepoolne rannikuosa, samuti ka Ida-Aasia).. Moned liigid
(eriti perekondadest Cupressus, Juniperus ja Pinus) kasvavad
siiski 0ige kuivadel kohtadel (Pdhja-Sahara migedes niit. Junipe-
rus oxycedrus).

Kateseemnestest (Angiospermae) on eriti kahe-
iduleheste klass esindatud viga arvukate sugukondade ning
perekondadega, milledes leidub puistaimi. Ilma et peatuksime
tiksikasjaliselt tunnustel, mis vodimaldavad nende sugukondade
eraldamist, vaatleme neid niivérd, kui nad on esindatud aias.

Ranunculaceae Clematis, viinkasvud, sage Oievalem:
)k Ky Cp Aoo Gyoo (tupplehed virvilised). Perekond Clematis sisal-
dab ligi 100 liiki, mis on levinud nii parajas kui ka soojas vootmes.

Berberidaceae. Berberis, 160 liiki po6hja-poolkeral
ning Andides, ka Louna-Ameerikas. Karakteersed on Berberis’e
liikide leht-astlad, s. o. asteldeks metamorfoseerunud lehed (iile-
minekuid!) ; dieehitus vt. 1k, 42.

Aristolochiaceae (Aristolochia, 180 1. troopilises
ning parajas vootmes). Oieehitus vt. lk. 48.
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Sazifragaceae. Kuigi enamikus rohtjad piisikud (lk.
46), kuuluvad alasugukondadesse Hydrangeoideae ja Ribesioideae
ainult puistaimed, peamiselt p6Gsad. Tunnused:
X Lehed vahelduvad, ilma abilehtedeta, died kobarais.
Oievalem: > K  C, Ag Ga(2)‘ Vii mari. . . . . . . . . Ribes.
X Lehed vastakud, ilma abilehtedeta.
O Oied koik iihesugused, kroonlehed pungas keerdunud.

+ Oievalem: 4<K(4)C A G4(4) .« « .« « « . Philadelphus.
+ Oievalem: K K Cy A5+5 Ga(3) o .« « . Deutzia.
O Oisikus vilised died sageli steriilsed, suuremad varviliste tupp-
lehtedega. >k K(‘1v5)04_5 Ag 410Gy K@-5) - o+ Hydrangea.

Ribes’ed (130 liiki) on pohja-parasvéotme, osalt ka andiinsed
podsad; perekond Philadelphus (50 1) on levinud Kaukasusest
Ida-Aasiani, esineb ka Pohja-Ameerikas ning Andides; Deutzia’id
(20 1.) leidub Himaalajas, Ida-Aasias, P6hja-Ameerikas; Hydr-
ongea — 40 Aasia ning Ameerika liiki. Neist perekondadest ei
leidu iihtegi esindajat troopilises taimkattes.

Dilleniaceae. Actinidia, k. 92.

Tiliaceae, lk. 99. Tilia (piarnad), 25 puuliiki, neist ena-
mik Ida-Aasias, kust ulatuvad Pd&hja-Ameerikasse ning Siberi
kaudu Euroopani. Oievalem: X KgzCs Aso Gys- Sigimik viie-
pesane, kahe seemnepungaga igas pesas, neist areneb seemneks

harilikult ainult iiks. Vili pidhklike. Lennuvahendiks on &isiku
kandeleht,

Rosaceae, lk 92. Puistaimi leidub paljudes perekondades.
Tahtsamate seesuguste perekondade tunnuseid:
¥ Kuiv vili (kukkurvili) Gyi_1e
O Seemnekest viaga tugev, ldikiv.
K KgCg Agy Gyyg ¢« ¢ v v v v Physocarpus (3 1.).
O Seemnekest nahkjas.
4+ Viljalehed vabad; seemned ilma toitekoeta.
>I<K CsAgoGyy -+ - - . « . , Spiraea (60 1.).
—+ Vllgalehed alusel liitunud; seemned toitekoega . Stbiraea (2 1.).
X Vili pahklitest voi luuviljadest koosnev koguvili. Sigimik lahkviljalehtne.
00 Sigimik iilemine.

K KiCLAGG -« - o o o e Rhodotyp?us (11.).
KKy Cp Agy Gy + + =+« « « « . . . Kerrin (1 1).
K Kg Cp Ay Gypo = = ¢ v v o Rubus (tle 200 1.).

OO0 Sigimik keskmine (diepohi kiipselt virviline, sisaldab arvukaid
ithepesaseid sigimikke).
K Ky Cy Ayy G - - - . . Rosa (ligi 70 1.,
Almqulst’l jargi ligik. 380 1.).
¥ Viljalehti 6ies iiks, vili luuvili.
>k K(S)C Age Gyy v+« « + « . . Prunus (ile 150 ligi).
10*
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X Viljalehti 2—5, kasvavad kokku &iepShjaga (sigimik alumine) moo-
dustades lihakaid ebavilju, Uldine dievalem:
K Ky C5 Ang Gy Siia kuuluvad perekonnad:
Pyrus (50—60 liiki koos Malus’e ja Sorbus’e liikidega), Cotoneaster
(20—30 1.), Crataegus, Chaenomeles (incl. Cydonia) jt.

Eespool-nimetatud roosdieliste perekonnad on levinud peami-
selt maa-aladel, mis Aasias ja Ameerikas piiravad Vaikset ookeani,
kust nad ulatuvad Aasias kuni Himaalajani ning Ameerikas kuni
Tulemaani, Teine vidga tihtis levimisala on Euroopa, Aasia ning
Ameerika parasvootme osa.

Leguminosae 0Oieehitus vt. lk. 95. Aias esindatud
puistaimede perekondade erinevused selguvad jargmisest tabelist:

X Lehed sulgjad.

O Leherood (rachis) torkav . . . . . . . . . Halimodendron.
O Leherood pole terav.
[ Lehed paarissulgjad, suvehaljad . . . . . . . . Caragana.
[] Lehed paaritusulgjad. Pungasoomused puuduvad.
il Vili taispubutud, suletud . . . . . .« « . Colutea.
| Kaun hariliku ehitusega (avanev mohu- ja selJaombluse kaudu).
Abilehed sageli muutunud asteldeks . . . . . . . Robinia.
X Lehed lihtsad kuni kolmetised.
OO Leherood ja oksad tipul sageli terava astlaga . . . . Genista.
OO Leherood ja oksad ei 16pe astlaga.
§ Lehed kolmetised, lihtsad v&i puuduvad . . . . Cytisus.
§ Lehed kolmetised. Oied suured, kollased, rippuvais
kobarais . . . . . . . . . . . . . . Loaburnum.

Nimetatud perekondade arzaalid on kiillalt mitmekesised.
Halimodendron argenteum, perekonna ainus liik, on Lidne-Aasia
soolakustepi taim; Caragena liigid (20 1) on Aasia (Altai,
Dzungaaria) taimi; Colutea — 10 liiki, Louna-Euroopas ja Aasias;
Robinia (ligik. 10 liiki), Poéhja-Ameerikas kuni Mehhikoni (Euroo-
pas ilutaimedena voi metsistunult), Genista (100), Cytisus, 50
mediterraanset (osalt Euroopa ja Lidne-Aasia) 111k1, Laburnum,
3 alpiinset kuni mediterraanset liiki.

Salicaceae. Salix ja Populus on ainsad pajuliste sugu-
konna perekonnad. Pajud (Seliz) on kahekojased puud ja poo-
sad (170 1.) terveservaste katelehtede ning 1-—2 meen#diirmega
oites. Oievalemid: 3 &is — Py A, 5 Gy ja 2 06is — Py Ay Gy
Paplid (Populus), samuti puistaimed (ligi 30 1.), omavad mee-
niddrmete aseme]l peekritaolist Giekatet meenutavat moodustist
{metamorfoseerunud meeketas — discus). Oievalemid: 3 0is —
PoAs oo Gy ja @ 0is — Py Ay Gyey. Peale méninga troopilise
ning subtroopilise liigi on pajulised valdavalt parasvootme taimi.
Eriti on nad levinud Beringi mere iimbruses, Kesk-Euroopas,
Himaalajas ning patsiifilises Pohja-Ameerikas. Vili kupar. Seem-
ned on varustatud lendkarvadega.
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Betulaceae Eranditult puud ja p66sad. Aias esindatud
perekondade vahed selguvad alljargnevaist dievalemeist:

Betule (40 1.): P, A, Gy; Py A Gﬁ(Q).
Alnus (17T 1): Py Ay Gos Py Ay G
Corylus (8 L): Py A, Go; P A sz\

Ostrya (21): P Ay 'm Goi P Ay Gy

Carpinus (18 1.): P, A4 12 Gy; P Ay Gu,z)

Et Betula, Corylus’e, Ostm/a ning Carpinus’e liikidel on tol-
mukapead ning enam-vihem siigavalt ka tolmukaniit jagunenud
kaheks, siis on tolmukate arv niivalt kaks korda suurem, kui see
on antud pohivalemites. On mainimisvairt, et tolmukapea kones-
olevates perekondades on harilikult paljas, Corylus’e ja Ostrya
litkidel aga karvatutiga. Sageli on ditel peale katelehe veel enam-
vihem arenenud vabad vdi sellega kokkukasvanud alglehed (niit.
Betula emasbisikuis). Oied sageli urbades; vili iiheseemnene sulg-
vili (pahklike, pahkel). Kaseliste perekond on levinud pdhja-
poolkera parasviotmes koigis kolmes maailmajaos.

Fagaceane FEranditult puistaimed, aias perekonnad Fagus
ja Quercus, mis erinevad selle poolest, et Fagus’el on ¢ 06ied kahe-
kaupa erilises, konksjate ogadega kaetud, 16puks neljaks osaks
pakatavas kuupulas, kuna viimane Quercus’e liikidel on kausjas,
tihedalt kaetud viikeste v6i suuremate soomusjate viljakasvudega.
Vili pahkel. Tahtsamad perekonnad: Fagus, Quercus, Castanea,
Nothofagus.

Fagus (T 1): Py o Ay 45 Gos Py Ag Gu%) (F. silvatica).

6

Quercus (200 1.): P(G_S) Aﬁ_m GO, P A Gm%’) (Q. robur).

Levimiselt parasvootme kuni trooplka taimed. Puuduvad
Aafrikas Saharast 16una poole,

Ulmaceae. Ulmus, 26 liiki (tiivulise viljaga), Zelkova,
4 1. (luuvilja-sarnase viljaga), on Vana-maailma parasvootme puu-
liigid. Ulmus montana With. e. U. scabra Mill.: P g, As_¢ Gyays
tiibvili (1k. 160).

Moraceae, k. 44. Morus, 10 liiki péhja-parasvootmes.
Oievalemid: P, A, Gy, Py A, Gup) Huvitavad lihakad ebaviljad
(koguviljad), mlllede moodustamisest vétavad osa peale sigimik-
kude ka perigoonid.

Celastraceae, k. 107. Evonymuse liigid (70 paras-
vootmes) on vastakute lehtedega puud ja podsad. E. europaea L.
oievalem: kK, C4 Ay Gy3z,. Seemned oranz virvi arillusega, vili
kolmepesane, seintes rohkesti antotsiianiini sisaldav kupar.
Celastrus (27 soojamaa liiki), vahelduva leheseisuga. C. panicu-



150 T. LIPPMAA A XXXI. 4

latus: < K5 C5 A5 Gy, Oites on nektaariumi moodustav ketas
(diskus).

Rhammnaceae, lk. 107. Rhamnus ja Frangule (kokku
ligik. 100 liiki), esimene pungasoomustega, teine ilma.

Elaoeagnaceae Oiled ilma kroonlehtedeta. ildine &ie-
valem: Ky 5Cy Ay 19 G,i. Hippophaé rhamnoides’el died iihe-
sugulised: K, Cy Ay Gy; K, Co Ay G,;. Karakteerne on sageli
tihe tihtjatest soomuskarvadest koosnev kate lehtedel, okstel jm.
Levinud Euroopa, Aasia ja Pohja-Ameerika parasvéotmes,

Vitaceae, Ik, 108. Aias Vitis ning Parthenocissus. Esi-
mesel kroonlehed ,miitsiks* kokku kasvanud, teisel kroonlehed
laiuvad, vabad. Vitis’e liigid (40) on peamiselt Péhja-Ameerika
ja Ida-Aasia taimed; Parthenocissus (15 1.) — Aasia parasvoot-
mes ning P6hja-Ameerikas.

Rutaceae, lk. 60. Perekonnad Phellodendron ja Ptelea
on teravalt erinevad viljade echituselt, kuna Phellodendron’i vili
on luuvili, Ptelea’l aga kuiv tiibvili; esimene perekond (4 1) on
omane Ida-Aasiale, teine (7 1.) Pdhja-Ameerikale.

Simarubaceae (k. 62). Ailanthus, 7 liiki Indias ning
Ida-Aasias. A. glandulosa Desf., kahesuguste Gitega: x K, Cs
Asis Go; 7 K, CisyAz15 Gygs

Hippocastanaceae?). Aesculus (hobukastan). Ole-
valem: K; C; Ay, 5 Gy, Oied suuris kobarjais Gisikuis, vili oga-
dega kaetud, 1- kuni 3-pesane kupar suurte seemnetega. Seemnetel
suur heledam nabatépp (hilum) OGige selge. 16 liiki Aasias ja

Ameerikas; A. hippocastanum L. Pdhja-Kreekamaa ja Kaukasuse
méiestikes.

Aceraceae. Acer, ligi 120 liiki (vt. 1k. 164), eriti méaes-
tikes (Himaalajas kuni 3300 m, Hiinas, Jaapanis, ka Vahemere-
mail ja P6hja-Ameerikas jt.). Olevalem: > K5 C5 A5, 5 Gyo), kuid
esineb ka pohiarv 4. Acer negundo’l bied iihesugulised (kahe-
kojane taim). Tiibvili,

Juglandaceae. Eranditult puistaimed. Tunnuseid:

3 ja @ Odied odiekattega.

Alglehed (2) kinnituvad tiibadena viljale . . . . . Pterocarya.
Alglehed vilja valmides hdgbunud . . . . . . . . . Juglans.
& ja @ oied ilma oiekatteta . . . . . . . . . . . . . Carya.

Juglans: Py Ay 49 Gy ja Py Ay G,o. Vill on luuvili lihaka
viliskihiga (epikarp), puitunud keskkihiga (mesokarp) ning dhu-
kese pruunika sisekihiga (endokarp). Endosperm puudub, idu-
lehed suured. Pterocarya liikidest (5) iiks Taga-Kaukaasias, tei-
sed Ida-Aasias; Juglans, 15 liiki, Louna-Euroopas, Ida-Aasias,
Pohja- ja Louna-Ameerikas; Carya, 12 1, k6ik Pohja-Ameerikas.

1)} Lahedane sugukonnale Sapindaceae (lk. 63).
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Cornaceae, lk. 122. Cornus, ligi 40 1. pdhja-poolkeral, ka
Andides. Oievalem: <K, C; Ay G,5. Luuviljad.

Araliaceae, k. 110. Aralia, Acanthopanax, Hedera.

Ronitaimed enam-vihem hdlmiste lehtedega . . . . Hedera (2 l.).
Ogajad heitlehised poosad sormjate liitlehtedega Acanthopanax (20 1.).
Sulgjate kuni kolmetiste lehtedega ogajad (vdi paljad) podsad ning
viikesed puud . . . . . . . . . . .+« v v W . « Aralia (40 1.).

Araalialiste sugukond on lihedane putkeliste sugukonnale.
Harilik dievalem: k Ky C5 As G, Vili marja- voi luuvilja-tao-
line. Eriti liigirikas on araalialiste valdavalt troopiline sugukond
Indo-Malai alal ning troopilises Ameerikas, mitmed liigid ka Ida-
Aasias (niait. perekond Acanthopanax).

Ericaceae, k. 98. Rhododendron, ligi 200 liiki arktili-
sist maist kuni troopilisini, viimastes migedes subalpiinses ning
alpiinses korgusastmes (puuduvad tédielikult Aafrikas). Sageli
igihaljad p60sad, Oied iiksikult vo6i sarikais. Olevalem: |- Ky, G5,
A;_10 Gys» Alpides kasvavad R. ferruginewm L. ja R. hirsutum
L., tuntud ,,alpirooside‘ nimetuse all.

Loganiaceae, k. 87. Buddleia, ligi 70 liiki, troopilises
ning subtroopilises Aasias ja Ameerikas, ka Louna-Aafrikas.

- Omapéraste neljaharuste tdhtkarvadega (nn. ,,Buddleia-karvad®).
Oievalem: Ky, Cy) Ay Gy

Oleaceae, k. 87. Fraxinus, Syringa, Ligustrum,
Forsythia.

X Kuivviljad (tiibvili v8i kupar).

.. Uheseemnene tiibvili . . . . . . . . . . . . . Fraxinus.
.. Pesa-avanev kupar.

O Krooni putk Ilithem krooni #irise hélmadest, died

kollased . . . . . . . . . . . . . . , Forsythia.

O Krooni putk pikem, o6ied punased vGi violetsed, harve-

mini valged . . . . . . . . . . . . . . Syringa.

K Vili 2—4 seemnega kahepesane mari . . . . . . . Ligustrum
X Luuvii. . . . . . . . . ¢ ¢ v & v 4« e e « o . Olea.

Fraxinus excelsior: K,y _oCyAsGy; KyCyAg S, Gy, Ja
K470 C0 A2 Gii(2)'

Perekond Frazxinus (39 1) on levinud peamiselt Péhja-
Ameerikas, Ida-Aasias ning Vahemeremail. — Forsythia kolmest
liigist on kaks (F. suspensa Vahl ja F. viridissima Lindl.) Hiina
ning Jaapani liigid, F. europaea avastati alles hiljemini (1893,
Baldacci) — Albaanias. — Syringa liigid (ligi 30 1.) on eriti
Kesk- ja Pohja-Hiina taimi, ulatuvad sealt lihelt poolt iile MandZuu-
ria kuni Korea ja Jaapanini, teiselt poolt iile Himaalaja, Afganis-
tani ning Parsia kuni Ida-Eurcopani. Sirelid on suvehaljaste val-
gusrohkete metsade puid ja pdosaid. — Ligustrum’id (ligi 50 1.)
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on levinud peamiselt Ida-Aasias Jaapanist ja Hiinast kuni Indiani;
ulatuvad sealt kiiresti kahaneva liikide arvuga kuni Euroopani
(siin ainsa liigina Ligustrum vulgare L.).

Caprifoliaceae. Puistaimed ristivastakute lehtedega,
harilikult ilma abilehtedeta. Vili mari voi luuvili, iithe v6i mitme
luuga. Lonticera, Sambucus, Viburnum, Symphoricarpus, Dier-
villa. :

X Lehed sulgjad, viljad lihakad marjataolised luuviljad . . Sambucus.
X Lehed terved v6i holmised.
O Valminud vili fihepesane (luuvili ithe luuga, sigimikus kolm pesa)

Viburnum.

O Vili kahepesane (kupar) . . .« « . . Diervilla.
O Vili kahe- v6i kolmepesane (vaheste seemnetega mari, mdningatel
liikidel kaksikmari) . . . . . . Lonicera.
O Sigimik neljapesane (kahe sternlse pesaga, mille tagajirjel on
vili 2 seemnega), vili lihakas, marjataoline . . Symphoricarpus.

Oievalem: Ky Ci) A G2 5. Oied aktinomorfsed (Sambu-
cus) vbdi enam-viahem siigomorfsed (niit. Lonicera).

Caprifoliaceae on peamiselt Euroopa, Aasia ja Pohja-Amee-
rika taimi. Troopikamais leidub neid vaid magedel. Léuna-pool-
keral on esindatud kénealuseist perekonnist Sambucus ja Vibur-
num. Viike lamav Caprifoliaceae sugukonda kuuluv kidibuspdo-
sas (kamefiiiit) Linnaea borealis L.* (harakkuljus, ka Eestis) tun-
gib Lapimaal kaugele iile metsapiiri.

Alustades ringkéiku Botaanikaaia puude ja p6dsastega tutvu-
miseks leiame aia pea-sissekiigu liheduses hariliku sajakoorse —
Evonymus europaea L. (Kesk-Euroopas, Krimmi poolsaarel, Kau-
kaasias ja L#ane-Siberi lounapoolses osas; Eestis leidub kohati
Koiva joe kaldail). Siigisel punaste lehtede (antotslianiin!) ning
roosakate viljade t6ttu vaga silmapaistev. — Pyrus baccata L. [e.
Malus baccata (1..) Borkh.], maridunapuu, nimetatud nii vii-
keste hapukate ebaviljade toéttu. On Himaalaja, Ida-Siberi
ning Pohja-Hiina liik. — Morus alba L. (valge siidiussi-
puu), parit Aasiast (k. 149). — Pinus strobus L. (veimuti
ménd), Pohja-Ameerika idaosast, kus ta sageli suuri metsi moo-
_dustab. Kuni 70 m korgune, tiive l14bim6oduga kuni 2 m, hari-
likult ligikaudu poole madalam. Puit kerge, vadrtuslik. —
Larix dahurica Turcz. (dahuuria lehtmand). Kasvab Siberis Bai-
kali jarvest kuni Vaikse ookeanini. Selle liigi kdbid on vordle-
misi viikesed, soomuseid ligi 30 (L. sibirica’l 25—50 soomust).
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— Lariz sibirica Ledeb. (siberi lehtmind). Eelmisega vérreldes
palju suurema areaaliga, sest peale Siberi esineb ta veel Euroopa
Venemaal kuni Onega jirveni. Ida-Euroopas ja Ladne-Siberis on
ta ainsaks puukasvu piiril leiduvaks subarktiliseks puuliigiks.
L. sibirica moodustab suuri metsi ndit. Altais, kus ta esineb peal-
peol manni korgusastet kuni Pinus cembira kérgusastmeni. Neis
valgusrohketes metsades on alustaimkattes (puud kuni 40 m kor-
ged) Splraea’d, Pueonia anomala, Trollius asiaticus jt. liigid

Joon. 75. Sirelid aia peasissekiigul. Vasemal theiduleheste osakond.
Kevadel 1934.

mootuandvad. — Corylus avelluna L. (harilik sarapuu). Areaal:
Kesk- ja Léuna-Euroopa, Kaukasus, Krimm, Péhja-Aafrika
{migedes), Viike-Aasia. — Rhamwnus cathartica L. (harilik

tiirnpuu), Eurocpas kuni 61v, Péhja-Aafrikax, Siberis kuni
Altaini. Kuulub Eestis hévitamiseiz 1932. a. seaduse jargi. —
Norbus aueuparvia 1. > S, aria (L)) Crantz (hiibriid-pihlakas),
lehed vahepealsed hariliku pihlaka (S, «¢rcuparia) ja tuhkpihlaka
{S. wria) vahel. — Juglans mandshurica Maxim. (mandZuuria
piahklipuu), Mandzuurias, Amuurimaal, ka Koreas. Kooskédlas leh-
tede suurusega (kuni 1 m pikkused sulgjad liitlehed 13—15 lehe-
kesega) on vora suhteliszlt vithe harunenud (lk, 268). Eelmiscle
liigile viga lihedans on Ussuuri kallastelt paritolev J. stenocarpa
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Maxim. (erineb eelmisest luuvilja tuuma — ,,pahkli‘‘ poolext,
mille vélispind on vihem terav kui J. mandshurica’l). On mir-
kimisviart, et Juglans’i liikidel puuduvad tédielikult pungasoomu-
sed, nii et nende tuleva-aastaste lehtede algmed (tihedalt pruuni-

Joon. 76. Maacki toomingas (Frunuws Maackii Rupr.). 17. V 1934

kate karvadega kaetud!) talvituvad paljalt. — Prunus Maack:
Rupr. (Maacki toomingax), Mandzuurias ja Amuurimaal piris--
kodune liik, silmapaistev kasekoorega sarnaneva koore téttu, erit:
tivel ja vanematel okstel. Suurim Prunus Maackii puu Euroop:
bhotaanikaaedades. — Picea pungens Engelm. (torkav kuusk).
Pohja-Ameerikas (Kaljumiigedes, Koloraados 2000—3000 m kor-
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guses) kuni 35 (45) m korge, Euroopas sageli parkides ilupuuna.
— Fraxinus excelsior L. var. globosa Deegen, hariliku saare
vorm keraja voraga. Liik esineb Euroopas kuni 63? (Norras),
ida poole langeb poéhjapiir (Kaasan). Vene steppides saar ei
esine, kiill aga Krim-
mis ja Kaukasuses.
— Thuja occidentalis
L. (harilik elupuu),
kuni 15—20 m kor-
gune puu (tiive libi-
mo6t ulatub kuni 1
m!). Kanadas ning
Uhendriikide idapool-
<es 0sas moodustab ta
(sageli  koos  Larix
tertcana’ga) ulatus-
likke metsi eriti niis-
ketel ja  soostunud
aladel. —- Picea pun-
gens Engelm. . wr-
geittee hort., ilupuuna

parkide<. — Phello-
deadron AMUrense
Rupr. (amuuri korgi-
puuy, Amuurimaa,

Mandzuuria, Pohja-
Mongoolia  uhtlamm-
metsade puu. Korgi-
kihti, kuigi ohukest,
cn kohati (niit. Ve-
nes)  plitud kasu-

.

. Amuuri  korgipuu (Phellodendion
tada korgitamme anvoreise Rupr.) vanimaid Euroopa eksem-

Joon.

. . 1. ‘.
korgi aseainena. — plare

Paithenocissus  quinquefolie  Planch. (metsviinapuu), idapool-
sest Pdhja-Ameerikast kuni Florida ja Mehhikoni. — Betula
humilis Ehrh. (madal kask). Arecaal tikeldatud, koosneb 4 osu-
areaalist: Kesk-Euroopa areaal Alpide pdhjaserval; Saksa-
Balti-Vene areaal (ulatub pohja poole kuni Soome laheni); Uu-
rali areaal; 1da-Siberi areaal Altaist kuni Kamtsatka ja Aleuuti-
deni. Ei esine Pdhja-Ameerikas, Eestis eriti idaosas kohati
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hulgi soorabadel. — Betula pubescens Ehrh. (sookask). Euroo-
pas ja Pohja-Aasias kuni Kamts8atkani, ei esine Pdhja-Ameerikas.
Betulo verrucosa Ehrh. (arukask), Euroopa (Skandinaavias kuni
650, Louna-Eurocopas ainult mégedes), Kaukaasia, Pdhja-Aasia
kuni Jaapanini. Ka kasvab siin nimetatud liikide vird — Betula
pubescens Ehrh. X B. verrucosa Ehrh. — Acer mandshuricum
Maxim., mandZuuria vaher, MandZuurias ja Pd&hja-Koreas, eriti
sligisel markantne, punaste antotsiianiinirikaste lehtede tottu.

Siin nimetatud kased, samuti mandZuuria vaher on Hiina-
Jaapani osakonna ladnepiiril. Veel enne selle osakonna rajamist
on siia istutatud mitmeid teise péritoluga puid. Neist tuleb nime-
tada jiargmisi: Tilia platyphyllos Scop. (suurelehine pidrn), Kesk-
ja Loéuna-Euroopas kuni Hispaania, Korsika ja Itaaliani, ka
Kaukaasias. Eestis ainult pargipuuna (ni#it. Tallinnas nn. Ranna-
virava miel). Erineb harilikust parnast (7. cordata Mill.) valk-
jate karvade tottu soonte nurkades lehe alumisel pinnal, mis
siin on roheline, kuna T. cordate’l nimetatud karvad on rooste-
varvi ning lehed alt sinakas-rohelised (eraldamisel arvestatakse
tdie valguse kies kasvanud lehtede tunnuseid!). — Fraxinus
pennsylvanice Marsh. (Pennsylvania saar), Poéhja-Ameerika
Uhendriikide idaosas kuni Floridani, eriti joeorgudes.

Kipaliste-hoone liaheduses on vaike kibuvitsa-litkide (lk.
147) kogu. Kibuvitsad on levinud koigis maailmajagudes
pohja pool ekvaatorit, esinevad kohati ka troopikamais migedes.
Siiski on nende pealevimisala tédielikult parasvootmes. Kogus
siin Ida-Aasia liikidest valgedieline Rosa multiflora Thbg. (rohke-
oiene kibuvits) ja R. rugosa Thbg. (kibraline k.), viimane esineb
Pohja-Hiinast kuni KamtSatka, Sahhalini ja Jaapanini. PGhja-
Ameerika liikidest esinevad siin R. virginiane Mill. (virgiinia k.),
R. carolina L. X R. virgintana Mill., eriti suurte punaste ditega, R.
blanda Ait. (labradori k.). R. spinosissima L. (e. R. pimpinelli-
folta L., naédreline k.) esineb Pohjamere rannikuil Lidne-Euroopas
Islandist kuni Saksamaani ja Loéuna-Skandinaaviani, kohati ka
Kesk- ja Louna-Euroopas, Venes, Kaukaasias, Viike-Aasias ja
Siberis kuni MandZuuriani ning Hiinani. R. arvensis Huds. (p6ld-
kibuvits), viaike, Kesk- ja Loéuna-Euroopa liik (ei esine Eestis).
Rosa cenine L. (harilik kibuvits), Euroopas kuni Léuna-Soomeni
(ka Eestis); Poéhja-Aafrikas, Léadne- ja Pohja-Aasias. Rosa
rubrifolie Vill. (punaselehine kibuvits), Euroopa méiestikes Piire-
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Joon. 78. A — Rosa canina L., B — R. sericea Ldl., C — R. spinosissima L.
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needest Karpaatideni montaanses ja subalpiinses korgusastmes.
R. rubiginosa L. (roostepunane k.), Euroopas ja Lé#ine-Aasias
(ka Eestis metsikult). R. sericea Ldl. (siidjas k.), Himaalajas
ja Hiinas, harukordselt laiade ogadega tiivel. R. gallica L. (gallia
kibuvits), Kesk- ja Louna-Euroopas, Taga-Kaukaasias, Armee-
nias, Viike-Aasias. R. cinnamomea L. (metskibuvits), Ida-Euroo-
pas (ka Eestis, meil harilikumaid liike), Kaukaasias, Siberis ja
Pohja-Ameerikas. R. glauca Vill. (vesihall k.), euroopa liik, ka
Eestis.

Kibuvitsa-liikide siistemaatika on oige keeruline. Liikide eraldamisel
on eriti tdhtsad jirgmised tunnused: 1) Emakate ehitus. Riihmades
Synstylae (R. multifiora) ja Indicae on emakakaelad iihtinud tolmukate alust
tublisti {iletavaks sambaks, mis teistes sektsioonides kas puudub tiielikult
voi on vahe arenenud, mille tagajirjel siis on vilised emakasuudmed enam-
vihem samas tasemes kui tolmukate alused. 2) Oieosade arv. Kuigi died
on iildiselt viietise tupe ja krooniga, on R. sericea LdI. K, C;. 3) Abi-
lehed. Need on vabad ning siigavalt narmastunud niit. R. gallica’l (riithm
Banksiae) voi aga leherootsuga kokku kasvanud ning narmastunud (R. multi-
flora) voi terved (enamik Rosa liike). 4) Tupplehtede ehitus.
Tupplehed on kas terved [rithm Carolinae (R. carolina, R. virginiana, E.
nitida), Cinnamomeae (R. cinnamomea, R. blanda, R. aciculeris, R. rugosa),
Pimpinellifoline (R. spinosissima e. R. pimpinellifolia)] voi aga on vilised
tupplehed = sulgjad [rithm Gallicae (R. gallica), Caninae (R. rubrifolia,
R. villosa, R. mollis, R. tomentosa, R. rubiginosa, R. agrestis, R. canina, R.
dumetorum, R. glauca)]. 5. Ogade iseloom (vt. joon. 7). Ka die-
vidrv on vahelduv, kuigi valitseb punane. Valgedielised on pohiliikidest
R. multiflora, RB. spinosissima; kollaste ditega on E. lutea Mill. Ldpuks on
liikide eraldamisel! olulised ka viljad, lehekeste arv ja kuju,
leheserva ehitus, karvkate (paljad lehed niit. R. glauca’l, R.
rubrifolia’l; nadrmekarvased lehed R. rubiginosa’l jne.).

Teispool peaalleed, kibuvitsade vastas on viike Spiraea’de
kogu. Siin leiduvad: Spiraea crenifolia C. A. Mey. (kirplehine
poosasenelas), Lduna-Venes, Kaukaasias, Lé#ine-Siberis kuni
Altaini ja Pohja-Hiinani, kuivadel nélvadel. S. bracteata Zbl.
(katelehine p.), Jaapanis. S. trilobata L. (kolmehélmane p.),
Turkestanis, Altais, Pohja-Hiinas; Altais lagedatel kivistel nol-
vadel ja kaljupragudes. S§. chamaedrifolioc L. (jalakalehine p.),
Euroopa migedes, Siberis Tajusalt, rohkesti Ida-Siberis,
MandZuurias, ka Péhja-Mongoolias ja Jaapanis. S. salicifolia L.
(pajulehine p.), Euroopas kiill ainult metsistunult, kodus Sibe-
ris, Kamt8atka poolsaarel, ka MandZuurias, Koreas, Jaapanis kui
ka Pohja-Ameerikas. S. japonica L. (jaapani p.), Jaapanis ja
Hiinas jt.
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Valitsevad valgedielised suve algul Gitsevad vormid, hilisem S. japonica
on punaste ditega. Riithmas Chamaedryon on 6isikud kobarjad vdi sarikjad,
lithikesed (S. erenifolia, S. media, S. chamaedrifolia, S. trilobata, S. brac-
teata jt.), Uithe Giega igal 6isiku harul; riihmades Calospira ja Spiraria on
oisik pooris, esimesel madal, lai (S. japonica), teisel kitsas, piklik (S. sali-
cifolia).

Kaugemal jargnevad teised roosdielised: Sibiraea laevigata
Maxim.; valgediene, kahekojane taim (kahesugulistest Gitest are-
nenud tiihesugulised; emasdied rudimentaarsete tolmukate, isas-
6ied kingunud emakatega) Altais ja TienSan’is. — Sorbaria Lind-
leyana Maxim., Himaalajas; S. sorbifolia A. Br. (harilik pihlene-
las), levinud Siberis kuni Sahhalini saareni, esineb ka MandZuu-
rias, Turkestanis ning Himaalajas. Erinevad lehekeste kujult.
Ule tee on roosdielistest vesl kollasedieline Potentilla fruticosa L.
(p60sasmaran) ja selle vird P. davurica’ga [P. Friedrichsent
Spith] alt valkjate ditega. Viimane liik (P. davurica Nestl.) esineb
Taga-Baikali alal ja Pohja-Hiinas.

Roosbieliste taga on rida okaspuid. Liikudes bioloogia-osa-
konna poole leiame jirgmised liigid: Thuja occidentalis L., k.
155. — Abies sacchalinensis Mast. (sahhalini nulg), kuni 40 m
kérgune puu, moodustab koos Picea ajanensis’ega suuri metsi
Sahhalini saarel, ka Kuriilidel ja Hokkaidos. — Picea excelsa
Lam. — Pinus cembra L. (seedermind), Alpides, Karpaatides
(1600—2500 m), Kirde-Venes, Siberis kuni Taga-Baikalini ja
Sajaanideni, Altais, Pohja-Mongoolias. Seemned séédavad. —
Abies alba Mill. (euroopa nulg), Kesk- ja Léuna-Euroopas. —
Picea omorica Purk. (serbia kuusk), Bosnias, Serbias ja Monte-
negros (P. ajanensis’ele lihedane liik). — Picea obovata Ledeb.
(siberi kuusk), Pd6hja- ja Ida-Venes, Skandinaavias, Siberis
Uuralist Jenisseini, Altais, ka Ida-Siberis ja MandZuurias. —
Abies alba Mill.

Teest péhja poole, aia korgeimas osas on Kesk-Euroopa
metsapuid ja -pddsaid. Uksikasjades on nende liikide levilad
kiilllalt mitmesugused. — Carpinus betulus L. (valgepssk), Eu-
roopas peale Pohja-Eurocopa (pdhjapoolseim leiukoht Litis Lii-
bavi iimbruses), Kaukaasias, P6hja-Pérsias. Kesk-Euroopas hari-
likult metsades koos poogi ja tammega, kohati ka puhtaid valge-
poogimetsi moodustades. — Fagus silvatica L, (podk), Euroopas
(puudub P&hja-Euroopas, ulatub aga siiski veel Léuna-Rootsi).
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Kagu-Euroopas, Krimmis, Viike-Aasias ja Kaukaasias on ta asen-
datud siistemaatiliselt lahedase F. orientalis Lipsky'ga. P66k on
kuni 30 (48) m korgune metsapuu; rohurinne podgimetsades
Kesk-Euroopas vastab iildiselt meie leht- ja segametsade taim-
kattele. — Sorbus aucuparia L. (harilik pihlakas, k. 170). —
Fraxinus excelsior L. (harilik saar), Euroopas uhtlamm-metsades,
ka lodumetsades. — Acer campestre L. (poldvaher), Lidne-Euroo-
pas, vilja arvatud pohjaosa (Skandinaavias ainult Lduna-Root-
sis); Kesk- ja Louna-Venes, Kaukaasias, Viike-Aasias. — Tilia
cordata Mill, (harilik pdrn), suurem osa Euroopat kuni 62 laius-
kraadini, kohati Siberis, MandZuurias jaJaapanis (seal teisendid).
— Ulmus montana With, e. Ulmus scabra Mill.,, harilik jalakas,
enam-vihem kogu Euroopas Uuralini, 16unas migedes, ka Ida-
Siberis, Mandzuurias ja Jaapanis, tiibviljad palja servaga. —
Ulmus effusa Willd. e. U. laevis Pall., kiinnapuu, tiibviljad ripsja
servaga (kasvab aias bioloogia-osakonnast pdhja pool tee déres
nolvakul), esineb hajusalt Kesk-Euroopast kuni Uuralini. Eestis
on mélemad nimetatud Ulmus’e liigid parismaised. — Acer pseudo-
platanus L. (miagivaher). Kesk-Euroopa migedes Piireneedest
Karpaatideni, ka Kaukasuses. Montaansete ja subalpiinsete leht-
ja segametsade kuni 20 (40) m korge puu. — Quercus robur L. e,
Q. pedunculate Ehrh, (harilik tamm), levinud peaaegu kogu
Euroopas kuni ligik. 600 (Norras kuni 639), ka Kaukasuses, Krim-
mis, Viike-Aasias, eriti joeorgudes; Eestis eriti lubjarikastel puis-
niitudel, segametsades, kohati ka puhtateyvahemulatuslike tam-

mikutena. — Quercus sessiliflora Salisb. (lﬁénetgmm), hajusalt
metsades, méendlvadel (Alpides’kuni ligik. 1600 m), Laine-Eu-
roopas kuni Bessaraabiani, ka Krimmis ja Kaukasuses. — Genista

tinctoria L. (virvi-leetpoodsas), Kesk- ja Louna-Euroopas, Kesk-
ja Louna-Venes, Kaukasuses. Esineb metsades, podsastikes jt.
Oitest saadakse kollast virvainet. — Cotoneaster tomentosa Lindl.
(viltjas tuhkpuu), kuivade, piikeserohkete nélvade taim Louna-
(osalt ka Kesk-) Euroopas Hispaaniast kuni Balkanini. — Car-
pinus ortentalis Mill,, Louna- ja Kagu-Eurcopas, ka Viike-Aasias
ja Parsias, seal 10 (15) m korge, karakteersete viikeste lehte-
dega. — Lonicera caprifolium L., Lidne- ja Loéuna-Euroopa ja
Kaukasuse metsades, poosastikes jt. — Prunus spinosa L. (lauka-
puu), peaaegu kogu Euroopas, vilja arvatud pohjapoolne osa,
ka Pohja-Aafrikas, Krimmis, Kaukaasias ja Parsias. Esineb kui-
vadel nélvadel, kohati suurte tihnikutena, ka valgusrohketes met-



AXXXI.4y T. U. Botaanikaaia siistemaatil. ja taimegeogr. kogud 161

sades. Alpides touseb kuni 1000—1600 m, Eestis kasvab metsi-
kult Saaremaal.

Bioloogia-osakonnast lddnes, 16una poole teed jatkuvad roos-
oielised. Siin kasvavad pdosasenelatele lihedased pdisenelad
(Physocarpus’e e. Opulaster’i liigid, 1k. 147). Nende suhteliselt
suured kukkurviljad avanevad nii méhu- kui ka seljaémblust-pidi
ning on iliheseemnesed (harilikult) ; Spiraea’del sellevastu on tiiii-
pilised kukkurviljad, mis avanevad vaid mdéhudmblusel ning on
mitmeseemnesed. Physocarpus opulifolius Maxim. (lodjapuu-
lehine p., lehed alt paljad) ja P. capitatus O. Kuntze (alt kar-
vaste lehtedega) on moélemad Pohja-Ameerika liike. Jdrgneb
Rhodotypus kerrioides S. et Z. (lk. 147), siis méned tuhkpuu-
liigid (Cotoneaster). Tuhkpuud jagunevad kahte riihma:
1) Orthopetalum — piististe kroonlehtedega, ja 2) Chaenopeta-
lum — laiuva krooniga. Aias leiduvad liigid kuuluvad esimesse
rithma. Cotoneaster tomentosa Ldl. (viltjas tuhkpuu, ebaviljad
viltja karvkattega), Louna-Euroopast; C. lucida Schlecht. (laikiv
t., lehed pealt lidikivad, teritunud, ebaviljad sinakas-mustad),
Pohja-Aasiast; C. melanocarpa Lodd. e. C. nigra Fries (must
t., lehed ovaalsed, tombid, ebaviljad enne punased, siis sinakas-
mustad), Ida-Euroopas ja Siberis kuni MandZuuriani, Eestis eriti
pbhjarannikul paekaldal; C. melanocarpa Lodd. var. lexiflora Zab.
erineb pohivormist rohkedielise 6&isiku poolest; C. integerrima
Medic. (harilik t., punaste marjadega), Euroopas kuni Inglismaa
ja Hispaaniani, idas ulatub Altai méestikuni, kus ta on aga vord-
lemisi haruldane; C. horizontalis Decne. (lamav t., aias stepindlva
jalal), Hiinast.

Bioloogia-osakonna liheduses Emajée-poolsel kiiljel leiame
Menispermaceae sugukonda 1) kuuluvaid vadnkasvusid Menisper-
mum canadense L. (Pdhja-Ameerika liik) ja M. dauricum DC.
(Ida-Siberis Baikalist kuni Jaapanini) — huvitav nidide Ida-Aasia
ja Pohja-Ameerika floora sugulusest, mis enne jddaega oli kaht-
lemata veel palju suurem kui praegu. Modlemad liigid on kilp-
jate lehtedega. L&heduses siin veel Evonymus latifolia Mill. (laia-
lehine sajakoorne, lk. 149), Euroopa, Kaukasuse ja Pohja-Aaf-
rika montaanne liik; Sambucus racemosa L. (lk. 167).

Kui Botaanika-instituudi poole peateed mooda edasi liikuda,
on teest paremal bioloogia-osakonna lihedal liblik&ieliste (Legumi-
nosae) kogud. — Genista tinctorio L. (vt. k. 148). — Cytisus nigri-

1) Suguk. Menispermaceae on siisteemis lihedane suguk. Berberidaceae.

11
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cans L. (mustjas ubapddsas), Kesk- ja Kagu-Euroopa lik. C.sessili-
folius L. (immaralehine u.), Louna-Euroopas ja Alzeerias. C. pui-
pureus Scop. (punane u.), Léuna-Eurcopas, magedes kuni 1500 m
iile merepinna. C. ratisbonensis Schaeff. (madal u.), Kesk- ja
Ida-Euroopas, Kaukaa-
sias, Lédane-Siberis. (.
supinus L. (piine u.).
Kesk- ja Loéuna-Euroo-
pas, Kaukaasiax, (.
clongatus W. et K.
Kesk-Euroopas.

Ubapdosaste =lxte-
maatika pohineb viithe xil-
mapaistvail tunnuseil. Ena-
mik on kollaste (C. porpo-
iews - punakate) oitega.

Taitsa paljas sinakax-
roheline on néit. . scssi-
lifolins, enamuses o1 nad
enam-vithem karvased. Tupp
on suhteliselt lithike néit.
C. nigricans’il ja C. sessi-
lifolins’el, piklik . purpe-
reus’el, C. ratishonensis’el ji.
Moned liigid oditsevad oige
vara, néait. C. ratishowes-
sis, C. purpureus.

Robinia  liikidest
leiame siin  valgediese
R. pseudacacia L. (val-
ge eba-akaatsia, Kirde-
Ameerikas, niiid natu-
raliseerunud nii Pohja-
Ameerika paljudes osades kui ka Liine-Euroopas; FEestis
eriti Kuressaares vordlemisi suured puud) ja R. weomexi-
cana Gray, Pohja-Ameerika liik (Koloraado, Uus-Mehhiko jt.).
Viimane liik on roosadieline, erineb R. pseudacacia’st karvaste
noorte vorsete ja karvaste viljade poolest (E. pseudacacia vorsed
on ainult vihe karvased).

Halimodendron argentewm Fisch., soolapuu. Soolakustep-
pide pddsas Taga-Kaukaasias ja Laidne-Aasias; lehe keskrood pi-

Joon. T9. Colutea arborescens L. viljadega.
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sib torkava lehtastlana peale lehekeste varisemist. — Laburnum
anagyroides Med., suurte kollaste diekobaratega kevadel ja suvel
(= L. vulgare Griseb., harilik kuldvihm), Lduna-Euroopas (esi-
neb hajusait Prantsuse Juurast kuni Bulgaariani). — Colutea
arborescens L. (podisakaatsia), punakaskollaste 6ite, roheka sisiga
vorsetes ning viga karakteersete pdisjate kauntega. Kesk- ja
Léuna-Euroopa liitk. — Caragana liikidest kasvavad siin C. auran-
tiaca Koehne (liiv-lddtspuu), Kesk-Aasias; C. frutex Koch (viike
l.) Louna-Venest ja Kaukaasiast kuni MandZuuria ja Pohja-
Hiinani; C. arborescens Lam. (suur l.) — Turkestanis, Lisne-
Siberis, Altais ja Mongoolias. Ka teised Caragane liigid on eran-
ditult Aasia péaritoluga.

Teisel pool teed, liblikdieliste vastas on méned Oleaceae (6li-
puuliste) sugukonda kuuluvad pdédsad. Perekonnast Syringa on
siin: S. vulgaris L. (harilik sirel), pidriskodune Balkanil, Kagu-
Ungaris (Banaat), Viike-Aasias. — S. Wolfii C. S. (Wolfi sirel),
Péhja-Hiinas. — 8. villosa Vahl (viltjas s.), Koreas ja MandZuu-
rias maendlvadel, kohati tihedate podsastikkudena. — 8. pube-
scems Turez. (karvane s.), Péhja-Hiinas ja Kagu-Mongoolias., —
S. reflexa C. S. (longuséiene s.), Hiinas (Hupei).

Sirelid jagunevad alaperekondadesse Fusyringa ja Ligustrina. Esi-
meses alaperekonnas on kroon tupest tunduvalt pikem ning tolmukad pei-
detud Siekrooni putkeosasse, teises alaperekonnas (Ligustrina) tletab krooni-
putk vaevalt tuppe ning tolmukad ulatuvad diekroonist vélja (siia kuuluvad
valgedielised S. japonica Decne. ja S. pekinensis Rupr.). Alaperekond Eusy-
ringa (péarissirelid) jaguneb rihmadesse Vulgares ja Villosae. Rilhmas Vulga-
res on disikud mitmeaastastel vorsetel, misparast vorse ja disiku vahel pole
lehti [siia kuuluvad S. vulgaris, S. persica (mdlemad siledate viljadega),
S. pubescens jt. (ndsajate viljadega)]. Riihmas Villosae tekivad oisikud
selleaastaste vorsete tipus, mille tagajarjel on 6isikut kandev vorse Gisikust
allpool lehistunud [8. wvillosa, S. Wolfii, S. Josikaea, S. Emodi (died valged,
ebameeldiva lohnaga), koik siledate viljadega; S. reflexa (nisaliste vilja-
dega)].

Samuti Oleaceae sugukonda kuuluvad: Ligustrum vulgare L.
(harilik liguster), Euroopas, Poéhja-Aafrikas ja Liddne-Aasias;
Fraxinus excelsior L. var. diversifolio Ait. (hariliku saare liht-
lehine teisend), Forsythia viridissima Ldl. X F. suspensa Vahl.
Jirgnevad mdned puuliigid mitmesugustest perekondadest. Tilia
americane L. (viga suurte lehtedega liik, kodumaaks Pohja-Amee-
rika, kuni 40 m k&rgune metsapuu, seal kohati suurte kogumik-
kudena). — Larix sibirica Ledeb. (1k. 153). — Phellodendron amu-
rense Rupr. (lk. 155). — Rhamnus cathartica L. (1k. 1563). — Po-

11#
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pulus nigra L. var. italica Dur. (pliramiidpappel) vorm, mille
koduks niib olevat Aasia. Praegu kultuurpuuna levinud Liidne-
ja Louna-Euroopas ja ka Ladne-Aasias. — Acer spicatum Lam.,
Pohja-Ameerikas suurte jidrvede piirkonna madala (kuni 9 m)
alusmetsa puuna poolvarjus, disik plistine pooris. — A. ukurun-
duense Trautv. et Mey. (1k. 309). — Acer negundo L., 1k. 321. —
A, platanoides L. var. coloratum Pax f. Schwedleri Schwerin, veri-
punaste lehtedega kevadel ja suve esimesel poolel, hariliku vahtra
varviteisend. — A. Heldreichii Orph., Balkani migede metsades.
Vahtrate perekonna tihtsamate riihmade tunnused on jargmised :

A. Sisemised pungasoomused ei pikene pungade puhkedes. Oied ilmu-
vad enne lehti. Lehed 3- kuni 5-hélmased — rithm Rubra (A. rubrum L., palja
sigimikuga; A. saccharinum L., karvase sigimikuga). 3- kuni 7-sdrmesed
liitlehed — rithm Negundo (A. megundo).

B. Sisemised pungasoomused pikenevad pungade puhkedes. Oied ilmu-
vad enam-vihem koos lehtedega.

I Lehed kolmetised liitlehed — rithm I'rifolicta (A. mandshuricum jt.).
II Lehed 3- kuni 7-hélmased, tolmukaid 8, nektaariumi moodustaval kettal
(diskus) voi sellest seespool (diskus seega ekstra-staminaalne).

1. Oisik piklik (kobar voi p6éris). Spicata (A. ginnala, A. tataricum,
A. spicatum, A.ukurunduense, A.pscudoplatanus, A.Heldreichiijt.).
2. Oisiku laius vordub o&isiku pikkusega voi iiletab seda (kinnas).
a) Lehehdlmad tombid = terveservased — Campestria (A. cam-
pestre jt.).
b) Leheholmad (neid 3—5) pole teravalt ega peenelt saagjad.
Piimmahlaga juhtkimbu niineosas. — Platanoidea (A. pictum,
A. platanoides jt.).
¢) Lehehdlmad (neid 7—9) terav-saagja servaga. Pole piimmahla.
Palmata (A. palmatum, A. japonicum jt.).
II1 Lehed 3- kuni 5-hélmased v6i jagused. Tolmukaid 4—=8, viljaspool
nektaariumiketast voi selle vialimisel serval (diskus intra-staminaalne.
Rihmad Glabra, Macrantha, Lithocarpa, Argute, pole aias esindatud.

Noélv, millel kasvavad eespool-nimetatud vahtrad, on kevadeti,
kui puud alles lehtedeta, kaetud tiheda Secilla sibirica vaibaga.
Siniste odite tihedas kattes on siin-seal roosakaslillad Corydalis
solida 6isikud, kohati on nidha ka Ficaria verne munajaid siidaja
alusega lehti. Need sinised nélvad on igal kevadel Botaanika-aia
ehteks. Hiljemini kaob Secilla tidielikult (on geofiiiit). Ilmub
Corydalis nobilis, kogukas mahlaste varte ja rootsudega kollase-
Oieline pilisik. Ka selle maapealsed osad kuivavad varsti, nii et
juulis pole nendest kevadtaimedest midagi ndha. Pirismaiseks
Eestis on nimetatud liikidest 16okannus (C. solida) ja kanakoole
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(Ficaria verna). Scilla sibirica’t kasvab rohkesti tammemetsa-
des Louna-Venes, ka Kesk-Euroopa, Balkani, Kaukaasia ja Taga-
Kaukaasia lehtmetsades. Siberis see liik ei esine. Corydalis no-
bilis on Altai mégede liik, kasvab seal kaljustel méiendlvadel mon-
taanses korgusastmes.

Tiigipoolsel ,,Scilla-nélval on moéned Berberis’e (kukerpuu)
liigid. Berberis repens Ldl., igihaljas, ldiketa lehtedega, astel-
deta poosas patsiifilisest Pohja-Ameerikast (Kaljuméestik ning
ida poole kuni L.-Dakotani). — Berberis aquifolium Pursh,
samuti P6hja-Ameerika lddneosast, erineb eelmisest, dige liheda-
sest, laikivate lehtede poolest. — B. Thunbergii DC., miendlvadel
Jaapanis. — B. Wilsonae Hemsl. et Wils,, Hiinas. — B. yunna-
nensts Franch., Hiinas Jiinnani miaestikus kuni 3200 m. — B. vul-
garis L. (mitu vormi!), harilik kukerpuu Euroopas Dalmaatsiast
kuni Louna-Soomeni. Eestis eriti Ldinemaal, kohati ka Harju-
maal jt., sageli vaid metsistunult. Eestis kuulub hédvitamisele kui
roosteseene Puccinia graminis’e peremeestaimi.

Nimetatud liikidest erinevad esimesed kaks teistest tunduvalt, kuulu-
des alaperekonda Mahonia (seetdttu ka nimetused Mahonia repens ja M. aqui~
foliwm), mis alaperekonnast Euberberis erineb igihaljaste liitlehtede tdttu.
Ka puuduvad algperekonnas Mahonia astlad, kuna Euberberis’tel on piki-
vorsete lehed moondunud 1- kuni 5-jagusteks lehtasteldeks, millede kaenlas
on parislehti kandvad lithivorsed. Alaperekond Euberberis’e liigid on osalt
igihaljad (B. empetrifolia, B. buxifolia jt.) voi aga suvehaljad. Moningatel
liikidel on lehe alumise pinna epidermis kaetud papillidega [ndha kokku-
pandud lehel mikroskoobi all ndrgal suurendusel, makroskoopiliselt margatay
sinakas-halli varvuse tottu, mis ei ole vahakate (pole kérvaldatav puuduta.
misel) ega madal tihe karvkate (luup!)], B. yunnanensis, B. Wilsonae jt.,
voi lehe alumine pind on sile (B. Thunbergii, B. vulgaris). Ka leheserva
struktuur on tiéhtis liikide eraldamisel (terveservased lehed: B.: Wilsonae,
B. Thunbergii; terav hambune leheserv: B. yunnanensis, B. vulgaris jt.) ; died
on kas 1- kuni 5-kaupa (B. yunnanensis, B. Thunbergii) v6i nad on lithemates
vol pikemates kobarates (B. Wilsonae’l 3—12 6it, B. vulgaris’el 15—22 §it).

Arstitaimede-osakonna liheduses on ndlva jalal méningad
kivirikulised ja roosdielised. Viimastest kasvavad siin: Prunus
cerasifera  Ehrh., (mirobalaan, Kaukaasias, Taga-Kaukaasias,
Piarsias ja Turkestanis), vana kultuurtaim ning sellisena levinud
Louna- ja Kesk-Euroopasse (vili kirsitaoline kollane kuni punane
luuvili). — Pyrus baccata L., lk. 152. — Crataegus monogyna
Jacq. (liheemakane viirpuu), Euroopas (Eestis kohati), Kauka-
suses ning ida poole kuni Himaalajani, ka Poéhja-Aafrikas. —
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Crataegus monogyna Jacq. f. roseo-plena (eelmise tdidisdieline
roosavarviline kultuurteisend).

Kivirikulistest (Saxifragaceae) esinevad siin perekonnad:
Hydrangea (hortensiad), Deutzia (deutsiad), Philadelphus (eba-
jasmiinid) ja Ribes (sostrad). Hydrangea Brettschneideri Dipp.,
Pohja-Hiinast. Hydrangea cinerea Small Pdéhja-Ameerikast,
H. radiate’le lihedane liik, kuid erineb lehti katvate karvakeste
ehituselt. Hydrangea paniculata Sieb. Jaapanist, kus esineb
metsades.

Hydrangea perekonna kolmest alaperekonnast on esindatud aias ala-
perekonnad Euhydrangea (tolmukaid 8—10, kroonitipmed vabad; siia kuulu-
vad koik praegu nimetatud liigid) ja alaperekond Calyptranthe (tolmukaid
10—20, kroonlehed ilemises osas iithinenud, mille tagajirjel langeb kroon
tolmukate sirgumisel tanuna maha; siia kuulub Hydrangea scandens Jaapa-
nis, H. altissima Wall.: joon. 23).

Deutzia’d on esindatud Deutzia scabre’ga Thbg. (kare deut-
sia). Nagu teisedki deutsia liigid, on see Jaapanist péirinev liik
kaetud vaevalt mirgatava tahtkarvadest kattega, mis niit. leh-
tedel on eriehifusega lehe pealmisel ja alumisel pinnal. Oied on
valged (vt. 1k. 264).

Ebajasmiinidest on meil kultuurtaimena tavaline harilik
ebajasmiin (Philadelphus coronarius L.), Louna-Euroopas, Kau-
kaasias ja Armeenias metsikult esinev liik.

Sostrad. Ribes rubrum (L.) Jancz. (punane sostar),
Pohja- ja Kirde-Euroopas, ja Ribes vulgare Lam., Lidne-Euroopa
liik, on dige lihedased. Koos mitme teise sostraliigiga on nad
punase ja valge aiasostra algvormid. R. atropurpurewm A. Mey.,
Siberist, mustjaspunaste marjadega. R. petraeum Wulf. (kalju-
sostar), Kesk-Euroopa, Kaukasuse, Viike-Aasia, Turkestani, Si-
beri, MandZuuria ja Jaapani méiestikes, ka Himaalajas, mitmes
teisendis. R. alpinum L. (mage sostar), enam-vihem kogu Euroo-
pas, Eestis sage, eriti metsades, Liine-Eestis ja saartel ka po66-
sastikes, marjad punased, magedad, taim kahekojane. R. grossu-
laria L. (karusmari), pirismaine Kesk- ja Louna-Euroopas, ka
Kaukasuses (Eestis vaid metsistunult, aedades). Teisendil var.
uve crispe Sm. on marjad karvased. R. rotundifolium Michx.,
Péhja-Ameerikas. R. oxyacanthoides L., Pohja-Ameerikas. R.
anreum Pursh (kollanes.), Péhja-Ameerikas. R. nigrum L. (must
sdstar), Euroopas, Siberis, Turkestanis ja Himaalajas. Eestis
parismaine, sage eriti lodumetsades.
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Suur sdstarde perekond koosneb mitmest alaperekonnast. Ainult riih-
mas Coreosma (R. nigrum jt.) on lehtedel kollased nadrmed (lehtede 15hn!).
Ogadega varustatud (1-, 3- voi 5-kaupa lehtede all) on Grossularioides’e
rithma ja riihma Grossularia [R. grossularia, R. rotundifolium, R. oxy-
acanthoides; esimesel tolmukad tupest palju liihemad, teistel vérduvad tupega
voi liletavad selle pikkuselt vaevalt (R. oxyacanthoides) vdi aga on tupest
tunduvalt pikemad (R. rotundifolium)] liigid. Ogadeta vGi paaridena ase-
tatud ogadega on edasi jargnevad rilhmad. Punane (harva mustjas-
punane) mari on rithmades Ribesia (kahesugulised died, R. vulgare, R. ru-
brum, R. petracum jt.) ja Berisia (6ied iihesugulised, R. alpineum jt.), must
mari rithmas Calobotrye (6ied kahesugulised, B. sanguineum jt.).

Liikudes edasi teed mooda, mis jalgib tiigi kallast, jirgneb
kuslapuuliste (Caprifoliaceae) sugukond. Nolval rohus Gitseb siin
varakevadel kollasedieline viaike geofiiiit — Corydalis bracteata
Pers. — Altais esinev endeemne liik (Papaverac.), mis seal kasvab
metsades.

Kuslapuuliste sugukond on esindatud perekondadega Sambu-
cus (leedripuud), Viburnum (lodjapuud e. dispuud), Symphori-
carpus (lumimarjad), Diervilla (diervillad), ja Lomnicera (kusla-
puud).

Sambucus’e liikidest leiame ndlval S. racemosa L. (punane
leedripuu, pruunika sisi ning punaste marjadega), levinud Kesk-
ja Louna-Euroopas, P6hja-Ameerikas ja Pohja-Aasias kuni Sahha-
lini saareni ja Pé&hja-Hiinani. S. nigra L. (must 1.) mustade
marjade ning valge sidsiga, Kesk- ja Louna-Euroopa, Kaukasuse,
Taga-Kaukaasia ja Viike-Aasia liik. Molemad Eestis kultuur-
taimedena ja metsistunult. — Viburnum. V. opulus L. (koer-0is-
puu), Eurcopas, Lidne-Aasias ning Louna-Siberis kuni Sahhali-
nini, ka Hiinas, MandZuurias, Jaapanis ja P&hja-Ameerikas. V.
lentayo L., Pohja-Ameerikas. V. lantona L., Kesk- ja Louna-Eu-
roopas, Pohja-Aafrikas, Viike-Aasias. V. opulus erineb teistest
siin nimetatud liikidest hélmiste lehtede tottu; V. lentago erineb
V. lantena’st tihedalt teravsaagja serva téttu, ka on selle liigi
lehed alt enam-vihem paljad, V. lantana’l aga on need alt tihe-
dalt viltjad (tihekujulised karvad!). — Lumimarja tavaline liik
meie parkides on Symphoricarpus racemosus Michx., kasvab
Pohja-Ameerikas Quebec’ist Alaskani, ulatudes ldéunasse kuni
Idaho ja Kaliforniani; lubjalembene liik, Euroopas kohati met-
sistunult (lk. 152).

Kuslapuud (Lonicera). Lonicera alpigena L. (alpi k.), Eu-
roopa migedes Piireneedest Karpaatideni ja Balkanini. L. hi-
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spida Pall. (karekarvane k.), Turkestanist kuni Liine-Hiinani,
mégedes. Altais alpiinse kérgusastme madalamas osas ojakaldail
jt., ka TienSan’is ja Himaalajas. L. coerulea L. (taevassinine k.),
Kesk-Euroopa mégedes, Kaukasuses, Kesk- ja Péhja-Aasia mies-
tikes kuni Sahhalinini, MandZuurias, Hiinas ja Pdhja-Ameerikas,
mitmes teisendis, Eestis pdrismaine (meil var. altaica Sweet).
L. tatarica L. (tatari k.), Ida-Venemaal alates Kaasani kuberman-
gust, Turkestanis, Lédne-Siberis, Eestis sageli ilup6ésana aeda-
des, vormirohke liik. Peale nimetatud liikide aia mitmesugustes
osakondades veel moned teised liigid (L. xylosteum L., L. hispidula
Dougl., L. periclymenum L.).

Lonicera liikidel on 6ied kas mitme- (harilikult 6-) kaupa koos varre-
tute mannastena vosude tipus, kusjuures neist allpool olevad lehed on kokku
kasvanud (alaperekond Periclymenum: L. hispidula, L. caprifolium, L. peri-
clymenum jt.) voi on Gied paarikaupa lehtede kaenlas. Viimastest on rida
litke viinduva varrega (L. japonica Thunb. jt.), teised on enam-vihem piis-
tised podosad. Odnsate vartega (sdsiosas) on L. tataerica ning moned lihe-
dased liigid. Teistest tunnustest on tdhtsad alalehtede kokkukasvamise
viis (tdielik niit. L. coerulea’l) ja marjade viarvus [punaste marjadega on
L. alpigena (siin kaksikmari, nagu paljudel teistelgi Lonicere liikidel), L.
tatarica, L, xzylosteum, L. Morrowi jt; siniste kuni mustade marjadega on
L. coerulea, L. nigra jt.l.

Nélval jargnevad viahe korgemal sugukonda Rhamnaceae
(tirnpuulised) kuuluvad Rhamnus tinctoriac W. et K. (tindi-tiirn-
puu, Kesk-Euroopas ja Balkanil metsades, tugevate vosuasteldega)
ja R. alpina L. (alpi t., asteldeta, vordlemisi suurte lehtedega,
Léuna-Euroopa méestikes, Hispaaniast kuni Kreekamaani, ka Al-
pides, pidikeserohketel kaljustel ndlvadel). Tiirnpuudele lihedasi
paakspuid [Frangula olnus Mill. (harilik paakspuu, Euroopas,
Kaukasuses, Viike-Aasias ja Léine-Siberis) ja F. Purshiona
Coop., P6hja-Ameerika okasmetsades Briti Kolumbiast kuni Kali-
forniani] leidub aias mujal (vt. lk. 170).

Perekondade Rhamnus ja Frangula olulisem vahe on pun-
gades, mis esimesel neist on pungasoomustega, teisel aga
paljad. Eestis on harilik paakspuu ainsaks parismaiseks puuks,
millel lehealgmed talvituvad vabalt pungasoomuste kaitseta.

Sugukond Cornaceae (kontpuulised) on esindatud méne kont-
puu (Cornus) liigiga. Karakteersete sinakas-valgete marjatao-
liste luuviljadega on Cornus Baylei Coult, et Ev., PGhja-Ameeri-
kas; teisel Pohja-Ameerika liigil — C. stolonifera’l Michx., mis
esineb Kanada idaosast kuni Kaliforniani, on luuviljad vihe suu-
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remad, valged. Eestis parismaine C. sanguinea L. (verev kontpuu)
on sage eriti saartel ja maa lddneosas, leidub Liddne-Euroopas
Inglismaalt kuni Vahemereni, esineb ka Kesk- ja Louna-Venes:
selle liigi valminud viljad on punakas-mustad.

Joon. 30. Siberi nulg (Abies sibirica Led.) ja hobepaju (Saliw alba L.) ning
remmelga (S. fragilis L.) vard tiigi kaldal.

Konealuses aia osas on suurimaks puuks véimas Salixz alba L.
x S. fragilis’e L. vird. Selle tiive timberma6dot on rinna korgusel
580 sm. Kuid vaevalt piisib ta kaua, sest mitu teist niisama suurt
ning vana puud on juba hivitanud Polyporus sulfureus, mille kol-
laseid viljakehi voib ndha igal suvel tiigi kaldal kasvavatel vana-
del pajudel. Liheduses veel: Aesculus hippocastanum L., harilik
hobukastan, lk. 150. — Alnus cordate Dest., sidajas lepp, Kor-
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sika migedes, niisketes metsades, ka Itaalias. — Alnus incona L.
f. acuminata Call., 16hkiselehine hall lepp, mida kohati leidub ka
Eestis metsikult, on hariliku halli lepa (levinud Pé&hja-Euroopas
ja Kesk-Euroopa miestikes, Siberis Altaist KamtSatkani, ka
Pdhja-Ameerikas) teisend. — Acer tataricum L., tatari vaher
(vt. 1k. 164), Ida- ja Kagu-Euroopa, Kaukasuse ja Viike-Aasia
metsades ning poosastikes. — Fraxinus excelsior L. — Abies sthi-
rica Ledeb., siberi nulg, tahtis puuliik Siberi taigas, esineb hari-
likult koos kuusega, harvemini puhtate kogumikkudena, Venes
Mezenist kuni Taga-Baikalini ja Mongooliani. Altais touseb kuni
2000 m korguseni ii. m. Koéige kaugemale pdhja poole (kuni 670
40’) tungib ta Jenissei joe kallastel Siberis.

Edasi Botaanika tidnavaga roobiti kulgeva tee dires kasva-
vad: Frangule alnus Mill., ik. 168. — Saliz alba L. X S. fragilis L.
— Acer campestre L. — Cornus sanguinee L. — Berberis vulgaris
L. — Ribes alpinum L. — Ribes nigrum L. Edasi jirgnevad nol-
val: Evonymus wverrucosa Scop., nastune sajakoorne, Kesk- ja
Kagu-Euroopas, Kesk- ja Louna-Venes, Kaukasuses ja Taga-Kau-
kaasias, oksad tihedalt kaetud korknisadega. — Fagus silvatica
L. — Ulmus montana With. — Liheduses mitmed Sorbus’e (pih-
laka) liigid. Sorbus aucuparia L., harilik pihlakas, Euroopas,
Kesk- ja Pohja-Aasias, Pohja-Ameerikas, tungib kaugele pdhja
(Lapimaal; Siberis ulatub kuni 700), migedes tduseb kuni alpiinse
korgusastme piirini; Eestis merelaidudel sageli ainus puuliik
(seemnete levitamine lindude abil!). — S. fennica Fries, soome
p., esineb Louna-Soomes, Rootsis ja Norrag, seega Pohja-Euroopa
endeemne liik. — S. suecica (L.) Krok et Almquist (= S. scan-
dica Fries), harilik pooppuu, Pohja-Euroopa endeemne liik, esi-
neb eriti rohkesti Louna-Skandinaavias. Eestis Saare- ja Hiiu-
maal puisniitudel, karjamaadel jt., eriti aga talude iimbruses, kuhu
teda istutatakse soodavate marjade tottu. — S. aria Crantz, hobe-
lehine pooppuu, Kesk- ja Léuna-Euroopas, migedes kuni 1600 m,
Eestis saartel, harva.

Nimetatud pihlakaliikidest on . harilik pihlakas ja hdobehall pooppuu
liigid, mis iiksteisest teravalt erinevad juba lehtede poolest. S. fennica ja
S. suecica on vahepealsed. -Neist liheneb esimene rohkem pihlakale, teine
hobehallile pooppuule; seepirast on oletatud, et need liigid on hiibriidse
tekkega, kusjuures esivanemateks oleksid S. aucuparia ja S. aria. Igatahes
on praegu S. fennica ja S. suecica tiitsa ,seemnekindlad“ ning annavad
bastarde teiste eespool-nimetatud Sorbus’e liikidega.
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Edasi voiks tutvuda Pohja-Ameerika osakonna, siis Hiina-
Jaapani osakonna puudzs ja poosastega (vt. 1k. 306).
Lihedalolevas ndos kasvavad ndlvadel peamiselt mitmed
Pohja-Ameerika okaspuund. Kaukaasia osakonna ldheduses siin:
Abies coneoloy L. et G., ithevirviline nulg, Péhja-Ameerikas, Kali-

23

Joon. 81. Okaspaju (Hippophaé rhamnoides L.).

fornia miestikes 1000—1700 m korgusel . m. kuni Koloraadoni,
karakteersete lile 40 mm pikkade okastega, milledel on 6huldhesid
ka pealmisel pinnal. — Abies alba Mill, e. A, pectinata« Lam. et
DC.. eurcopa nulg, 30—55 m koérge, karekarvaste okstega, okkad
tombid, kammitud, alt kahe valge 6huléhede joonega, pungad vai-
guta. Kesk- ja Louna-Euroopa miestikes. — Picea orientalis LK.
¢t Carr., idamaa kuusk, liihikeste (alla 1 em), tompide, tumerohe-
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liste, ldikivate okastega, moodustab sageli tihedaid metsi Kauka-
suses (puude korgus 40—60 m). — Pseudotsuga taxifolia Britt.
e. P. Douglasit Carr. — Thuja Standishti Carr., kuni 18 m kor-
gune elupuu Kesk-Jaapani miestikest. — Taxus baccata L., juga-
puu, Kesk- ja Pohja-Euroopas (Norras 62,50 all pdhjapoolsemad
leiukohad), ka Vahemere-
mail, Viike-Aasias ja Kau-
kasuses, Eestis peamiselt
saartel, kuni 12—20 m
korgune puu karakteer-
sete seemnetega, mis kae-
tud punase lihaka arillu-
sega; puit aeglase kas-
vuga, viga tugev. — Tsua
diversifolic Maxim., Poh-
ja-Jaapanist, seal kuni 25

m koérgune puu. — Picea
pungens Engelm. — Pinirs
cembra L. — Juniperns

virginiane L., virgiinia
kadakas, pististe pruuni-
kas-violetsete, vahakihiga
kaetud ,marjadega‘ (li-
hakad kabid), puit tuntud
plilatsipuuna. Esineb Péh-
ja-Ameerikas Hudsoni la-
hest Floridani, Idunas
migedes. y— Thuja occi-
dentalis 1., 1lk. 155, —
Picea pungens Engelm. —
Picea FEngelmannii En-
gelm., Picea pungens'ile
ldhedane liik, kuid karvaste noorte okstega, vaiguste punga-
dega ning vaevalt {orkavale okastega, ladnepoolses Pdahja-
Ameerikas koérgmiestikes Montana’s ja Idaho’s 2800—3800
m korguses. — Pinus montana Mill, migimind, Kesk-Euroopu
miestikes kuni Piireneedeni, eriti lubjakivil, nélvakuil kuni 2500 m
korguseni. Harilikust ménnist erineb kasvuviisilt, roheliste
ckaste ning radiaalses suunas venitatud epidermiserakkude tottu
(ndha ristloikudel!). — Thuja occidentalis L. f. Bodmeri hort,

Joon. 82. Kaukaasia tiibpihklipuu
(Pterocarya caicasica C. A. Mey.).
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(6htupoolsel nélval). On monstroosne hariliku elupuu aiavorm.
— Pinus, excelsa Wall.,, Himaalaja miestikus, seal kuni 30—50 m
korgune metsapuu (Kadmir’is 1600 ja 3800 vahel, Nepal’is 2300
—3500 m); karakteersed on pikad, rippuvad okkad. Hiina-Jaa-
pani osakonna l6pul tiigi kaldal kasvavad: Robinia pseudacacia
L. (Ik. 162). — Rhamnus cothartica L., k. 153, — Quercus ro-
bur L. var. fastigiota Spach, hariliku tamme piiramidaalne
kasvuvorm. — Fagus silvatica L., k. 159. — Instituudi ukse ees:
Phellodendron amurense Rupr. — Hippophaé rhamnoides L.,
Laiine-Euroopas rannikuil ning Alpides ojade kaldail; levinud
Kesk-Aasias kuni Mongoolia, Tiibeti ja Himaalajani, Siberis kuni
Taga-Baikalini. Loépuks tuleks mainida vordlemisi suurt kaukaa-
sia titbpahklipuud (Pterocarya caucasica C. A. Mey = P. frawi-
nifolia Spach), iiheiduleheste-osakonna ldheduses, suurte sulgjate
liitlehtedega ning iseloomulikkude tiibviljadega, kus vilja tiivad
morfoloogiliselt on oie alglehed.

PALMIHOONE.

Soojamaade tarbetaimede kogu.

Kogu algul, kasvuhoone idapoolse seina ldheduses on mitmed
kiudtaimed. Boehmeria nives Hook. et Arn. (hiina ndges), tiht-
saim kultuurtaim ndgeseliste sugukonnast; nagu teisedki Boehnie-
ria liigid ilma korvekarvadeta. Kultuuris eriti Hiinas, ramj2e nime-
lise kiudaine tootja, millest nii koha peal kui ka Eurocopas erilist
laikelist rilet valmistatakse. Kiudtaim on ka Fourcroye gigantea
Vent., mauriitsuse kanep, Mehhikost, samuti Sansevieria zeyla-
nice Willd., S. eylindrica Boyer ja S. guineensis Willd. Viimased
kolm on troopilisest Aafrikast pirit olevad liigid, enam kohaliku
tihtsusega, kuigi lehtedest saadavad kiud on korgeviirtuselised
(valmistatakse koisi, vibunéore jne., ,aafrika kanep*). — Car-
ludovica palmata Ruiz et. Pav. kodumaaks on loodepoolne Lduna-
Ameerika, noortest, vast puhkevatest lehtedest saadakse peale roo-
dude korvaldamist panamakiibarate valmistamissks tarvitatavat
punumismaterjali. — Arachis hypogaea L., maapihkel, k. 96. —
Saccharum officinarum L., subhkruroog, Lduna-Aasia piaritoluga,
praegu kultuuirtaimena suure levikuga troopilisis mais. Suhkrut
saadakse varte mahlarikkast sidsist. Teine troopika kultuurtai-
mena tihtis kdrreline on riis (Oryza sativa L.). Metsikult esineb
riis nii troopilises Aasias kui ka Aafrikas ja Pohja-Austraalias.
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Kuigi teda praegu kultiveeritakse igal pool troopilises kliimavoot-

(vt. joon. 69) on huvitav, sest siin on sdilinud korreliste die tolmu-
kate algarv 6 (teistel korrelistal enamasti 3, osalt ka kaks +oi

Joon. 83. Kiudtaimede rihm palmihoones. Esiplaanil Fourcroye giyauwtea
Vent. Selle taga Sanscvieria liigid ja Bochmeria.

liks tolmukas). — Jargnevad Citrus’e liigid [C. medica L. (sid-
run), C. aurantim L. (apelsin), C. nobilis Lour. {mandariin)].
Citrus’ed kuuluvad fulaceae sugukonda, on Louna-Aasia liigid
ning praegu kultuurtaimedena sooja kliimaga mais viga =uure
levikuga. Metsikult leidub C. medica’t ja C. awrantium’i Himaa-
lajas ja Malai saarestikus, C. medica’t ka mujal Indias, C. nabi-
lis’t Taga-Indias ja Louna-Hiinas. Nii Citrus medica L. kui ka
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C. aurantium L. esinevad kultuuris 6ige mitmesuguste teisendite
ja vormidena. Neist tdhtsamad on: C. medica L. var. limonium
(harilik sidrun) ja C. aurantium L. var. sinensis (harilik apel-
sin). — Coffea arabica L. (Rubiaceae, kodumaa Kesk-Aafrikas
Louna-Abessiiniast kuni Kongoni). Kultuuris troopikamais seem-
nete tootmiseks (algul rohekad, siis punased, 16puks sinakasmus-
tad lihakad kirsisarnased viljad on kaheseemnelised luuviljad,
seemned ongi nn. ,kohvioad). Kohvi-istandikeks on eriti sood-
sad troopilised nélvad 600 m ja 1200 m vahel. Kohvipuu kul-
tuurtaimena on Abessiinia paritoluga. Sealt levis ta Araabiasse,
hiljemini ka Ameerikasse ja praegu on Brasiilia tahtsaim kohvi-
tootja maa. — Canna edulis Ker-Gawl. (Cannacece, Peruust),
juured on tdrkliserikkad. — Carica papaye L. (Caricaceae, Meh-
hikost), nn. melonipuu, on suurte, meloniga sarnanevate, viga
tervislikkude viljade tottu niitid nii Uue- kui ka Vana-maailma
troopikamais harilik kultuurtaim. Taime valge piimmahl (kui-
vatatud olekus nn. ,,papaiin’ina® miitigil) sisaldab maomahla fer-
mendi pepsiiniga toimelt sarnanevat fermenti papaiotiini. — Miir-
diliste (Myrtaceae) suguk. kuuluvad Psidium guoyave Raddi
(troopilisest Ameerikast) ja P. Cattleyanum Sabine (Brasiiliast)
on mdlemad s6odavate viljadega. Esimese viljadest valmistatakse
guajaava-marmelaadi, P. Cattleyanum’i viljad sarnanevad maitselt
maasikaga. — Anona cherimolia Mill. (Anonaceae, troopilisest
Ameerikast), samuti soodavate viljadega. Cinnamomum cam-
phora Nees, kampripuu, Louna-Hiinas, Formoosa saarel ja Jaa-
panis parismaine, seal kuni 50 m kdrgune Lauraceae sugukonda
kuuluv puu. Kampriéli, mis 6hu kdes kampriks muutub, sisal-
davad nii tiivi, oksad kui ka lehed. — C. zeylanicum Breyn.
kaneelipuu, lk. 91. — Flicus elastica Roxb., Moraceae troopilises:
Aagsiast, kodumaal hiigelpuu, tdhtis kautSuki tootjana, nagu mit-
med teisedki selle perekonna liigid. Samast sugukonnast (Mora-
ceae) on ka viike troopilise Ameerika piisiktaim viga omapiraste
oisikutega — Dorstenia contrajerva L. Juured méjuvad stimu-
leerivalt, mispédrast neid Léuna-Ameerikas tarvitatakse haavade
miirgistusel ning miirgiste madude salvamisel. — Gossypium
arboreuwm L., puuvillapddsas.

Samas, kasvuhoone kirdepoolses osas, on suurem rithm troo-
pilisi taimi nii Vana- kui ka Uus-maailmast. Siin esineb rida
suuri liheiduleheseid: Himaalajast pirinev bambuseliik Arundi-
naria racemose Munro, suur jitkulise varrega koérreline. Arundi-
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naria liikidele iseloomulikud on erilised paberjad tupesarnased
alalehed vartel. Need on A. racemosa’l tihedalt kaetud mustjas-
pruunide viga lithikeste harjastega. See liik ei 6itse kasvuhoo-
nes, ka Nepalis ja Sikkimis oitsevad Bentham’i jiargi vaid

Joon. R4, Musa paradisioea 1., Philodendron grandifolinm Schott, Cariea
quercifolice Salms, Pondanns wtilis Bory jt. palmihoones.

miigedes kasvavad hiasti valgustatud taimed. — Musa paradisiaco
L., banaan. (Muscceae, troopilisest Aasiast), tihtis kultuurtaim.
Oitseb kasvuhcones aeg-ajalt (vt. joon. 65) ja kannab ka vilja.
mix sisaldab seemneid [subsp. seminiferc (Lour.) Bak.]. Miiii-
gilolevad banaanid on teise alaliigi subsp. sapientum (L.) O. Ktze.
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viljad. Nagu teisedki Musa liigid, on M. paradisiaca mitmeaas-
tane piisiktaim juurmiste lehtedega, ilma tiiveta (ndiv tivi
koosneb ainuiiksi tihedalt paigutatud lehetuppedest). Karakteer-
sed on ka harukordselt suured lehed, mis kasvuhoones kiill piisi-
vad tervetena, mitte aga viljas tuule kdes. Vastavalt sulgjale

Joon. 85. Pandanus utilis Bory.

lehesoonestisele pole aga see mehaaniliselt tingitud lihtlehe muu-
tumine ,sulgjaguseks* kuidagi kahjulik. Teised Musa lii-
gid [M. Basjoo Sieb. et Zucc., Jaapanist, juurmiste vésundite
tottu holpsasti paljunev nagu M. paradisicea’gi, kiudtaim (nn.
manilla kanep); M. ensete Gmel., Abessiinia horedates migimet-
sades, keedetult soodava varremugulaga (varre alumine osa)], on
kiilmhoones (lk. 341). Musacece perekonda kuuluvad ka Rave-

12
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nala madagascariensis J. F. Gmel. ja Strelitzia liigid. Esimene
nimetatuist voib omada 3—6 m korgust vart ning on suurte pika-
varreliste kahereaste lehtede tottu vidga dekoratiivne. Ravenala
madagascariensis’e nimetus ,ldtepuu’ pdéhjeneb asjaolul, et lehe-
tuppede vahele kogunev vesi seal kaua plisib, nii et seda veepuu-
duse korral taimest voib hankida, Strelitzia liigid on Louna-Aaf-
rika faimi. Nagu Ravenala’delgi on siin lehed distihsed (kahes
reas). Strelitzia augusta Thunb. ja S. reginae Banks on suure-
Oiesed liigid; oied sageli viga silmapaistvad, nagu niit. S. au-
gusta’l ookerkollase ja sinise virvi kombinatsiooni tG6ttu, 6ied suure
kandelehe kaenlas nagu teistelgi Musaceae sugukonna taimedel.
Koigil nimetatud taimedel on 6ietolmu edasikandjaks linnud (lite-
puul niit. Nectarinia sonimanga). Uhenduses sellega on neil eriti
rohkesti nektarit, died on Iohnata, kiill aga sageli vigagi silma-
paistvad virvilt (vt. eespool!). Peale nimetatud theiduleheste
on siin kasvuhoones rida teisi: Dracaena fragrans Ker-Gawl.
(Liliaceae, troopilisest Aafrikast) ; Pandanus utilis Bory (Panda-
naceae, Madagaskari saarelt, kiududest valmistatakse vorke,
trosse, kohati ka riiet). Edasi jargnevad moned iiheiduleheste
sugukonda Awraceae kuuluvad liigid. Philodendron grandi-
folium Schott (?), Venetsueelast, viga suurte lehtede,
rohkete lisajuurtega liik; = Philodendron erubescens Koch
et Aug., samuti Venetsueelast, ja Monstera deliciosa Lieb.,
troopilisest Ameerikast (Mehhiko Kordiljeeride ld#nendl-
valt). Nimetatud liikidest - on viimased kaks ronitaimed,
mis adventiivsete ronijuurte abil puutiivedele kinnitudes voéivad
tousta puude latvadesse. Konealuses troopiliste taimede riihmas
on ka moned kaheidulehesed: Carica quercifolia Solms, Louna-
Ameerika liik, suur pehmetiiveline vihe harunenud puu; Carica
papaye L., k. 175. Eostaimedest on siin Polypodium aurewm L.
(k. 218), ka moned Selaginelle liigid: S. Kraussiana (Kunze)
A. Br., S. Martensii Spring (lk. 258).

Palmihoone siistemaatiline osa.

Kasvuhoone tidhtsamateks sugukondadeks on: Cycedaceae,
Palmae, Pandanaceae, Dioscoreaceae, Lilinceae, Amaryllidaceae.
Peale nende on siin veel moéned Moraceae, Sterculiaceae,
Euphorbiaceae, Combretaceae jt. sugukondade esindajad.
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Cycadaceac. Cyecas revoluta Thunb., Louna-Jaapanis,
Formosa saarel ja Hiinas, kultuurtaimena suure levikuga sub-
troopilisis ja troopilisis mais. Harunemata tarklisrikas tlivi kan-
nab arvukaid, kuni 2 m pikkusi igihaljaid lehti, leheroots astel-

Joon. 86.  Cyeus vevoluta Thunb. palmihoones.

dega (need on tekkinud alumistest lehzosadest).  Tiheda oranzi-
varvilise karvkattega. sulgjad, lehesarnuased, lehtedest tunduvalt
lihemad viljalehed (makrosporofiillid) on mitme suure seemne-
pungaga (igas neist ik=s makrosporangiovm ainsa makrospoorigu,
see areneb veel enne sugutamist protalliumilz vastavaks nn. pri-
maarseks endospermiks, milles tekivad arhegoonid). Peale 6itse-

2
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mist kasvab vars ldbi emasdie (see on otsmine) ja moodustab uuesti
rohelisi lehti. Nagu kéik Cycadaceae, on C. revolute kahe-
kojane taim. Isastaimel tekivad mikrosporofiillid (tolmukad)
kabisarnastes  gites. Sellele primitiivsele paljasseeemneste

Joon. 87. Oitsev Ceratozamiu wmexicana Brongn. palmihoones; ndha kibi-
sarnane emasois.

sugukonnale on iseloomulik, et tolmuteras tekivad rohkete
viburitega varustatud litkumisvoimelised isas-sugurakud — sper-
matezoidid. Ceratozamia mexicana Brongn., Mehhikost, suurte,
kévade, palmilehtede sarnaste rippuvate igihaljaste paaris-sulg-
jate lehtedega. Tiivi on lithike. Sellel tekib iga aasta alglehte-
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dele toetuv otsmine suur kédbisarnane emasoéis (joon. 87). Iga
makrosporofiillil on siin 2 seemnepunga. Et peale Gitsemist
kasvu jatkab kiilgpung, siis on Ceratozamia tiivi, vastandina mono-
podiaalsele Cycas revoluta tiivele, siimpoodium. '

Pandanaceae Pandanus utilis Bory, eespool juba nime-
tatud, on suure ja suhteliselt raske voraga tuttvérapuu viga tihe
dalt seisvate laia alusega vart-limbritsevate lehtedega, mille serv
samuti kui keskrood on tihedalt kaetud punakate viikeste viaga
teravate ogadega. Leheseis on spiraalne. Varre alumisest osast
tungivad vilja arvukad 2—3 tolli paksused lisajuured (tugijuu-
red), mis on tipul kaetud suure juurekiibaraga. Xui nad on maa-
pinnani joudnud, tekivad tunduvalt erineva ehitusega, harulised
kiilgjuured. Teised siin kasvavad liigid on: Pandanus Sanderit
hort., Saalomoni saartelt, iseloomulik on noorte lehtede klorofiilli-
vaesus ja pruunikaskollane virvus; P. Veitchii Lem., Poliinee-
siast, valgeservaste lehtedega; tumerohelisi kitsaid lehti omav
P. nitidus Kurz on Jaava saarelt. Oied on iithesugulised, viike-
sed, Oiekatteta. Isasbites on tolmukad sarikana, emaséites iiks
kuni palju viljalehti. Kasvuhoones Pandanus’e liigid ei 6itse.
Siistemaatiliselt seisab Pandanaceae sugukond Palmae ja Cy-
clanthaceae liheduses, sarnanedes moningais tunnuseis ka Spar-
ganiaceae sugukonna Sparganium’i perekonnaga.

Palmae. XKasvuhoone palmidekogus Oitseb sageli pika-
tiivene palm Chamaerops humilis L. var. arborescens hort. Tiive
alumine osa on paljas, lilemine kaetud tiiveiimbriste lehetuppe-
dega, mis aegamodda vorkkiududeks harunevad. Sel tiiiipilisel
tuttvérapuul on kiirjalt jagused lehed pikkadel, ogadega kaetud
rootsudel. Oied [osalt isasbied (valem: < K3 C5 As,3 Gy), osalt
kahesugulised: * K3 Cz A3, 3 Gyz], on tihedais, suurist kauapiisi-
vaist korglehist (spatha) timbritsetud 6Gisikuis. On méirkimis-
vaart, et see liik kodumaal (Pohja-Aafrikas, Andaluusias) on
iildiselt liihikese tiivega véi tiivi puudub enam-vihem taielikult.
Seesuguseid taimi vo6ib ndha kiilmahoones. Seal ka Chamae-
rops’ile lihedane perekond Trachycarpus, nimelt selle Hiinas esi-
nev litk Trachycarpus excelsa (Thunb.) Wendl., mis on kiudtai-
mena tahtis (lehed, lehetuped) vihmamantlite, kiibarate, har-
jade jne. valmistamisel. Eelmistele palmidele omane lehetiiiip
esineb veel ka jargmistel liikidel: Washingtonia filifera Wendl.,
Kaliforniast, karakteersete karvataoliste lehekiududega, mis teki-
vad lehehdlmade airtel; Livistona australis Mart., Kagu-Austraa-
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liast. Suure voraga (lehed lehvikjad, kuni 2 meetrit libimao-
dus), kuni 18 m korguse tiivega puu, ka siin on tiivi nagu Cha-
maerops hwmilis’elgi kaetud vart-limbritsevaist tihedalt ilekuti
seisvate vorkkiudude réngaist, mis on tekkinud lehetuppedest.
Suhteliselt pikk leheroots on servadel mustjaspruunide. tihedalt

Joon. 88. Palmihoone. Esiplaanil Phoenix canariensis hort. Selle taga
Livistona australis Mart. jt.

asetsevate ogadega, kuna neid L. australis’ele ldhedase L. chinen-
sise R. Br. (Hiinast) leherootsul on miarksa vihem. Nimetatud
liikide lehed erinevad ka teistes tunnustes (leherootsud lithemad.
kiirjalt holmise lehelaba hélmad on stgavalt kahejaguse tipuga
L. chinensis’el, vihe jagused L. australis’el jt.). Suurimaks kiir-
Jate lehviklehtedega palmiks kasvuhoones on Sabal Blackbuini-
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anum Glazebrook (Vahe-Ameerika saarestikust, nn. ,,Lddne-Indi-
ast®). Selle liigi véimsad lehed on koos rootsudega 3—5 m pikad,
leherootsud karakteerse halli kihiga; lehetuped ulatuvad siin lehe-
rootsu alumises osas vordlemisi korgele, nad on lahtised, s. o. ei
timbritse tidielikult tiive (nagu ndit. Chamaerops’il véi Trachy-
carpus’el), 16henevad keskelt tiive tugevamaks kasvades ning haru-
nevad seejuures vorkkiududeks nagu teistelgi palmidel. XKasvu-
hoone ladnepoolses osas, veebasseini kohal on teine palmide p&hi-
tiitlip — sulglehised palmid — esindatud datlipalmiga — Phoenix
dactylifera L. See eriti valgust armastav valkja vahakihiga kae-
tud palm ei edene histi kasvuhoones. Ta on 10—20 m kdrguse
puuna suure levikuga Po&hja-Aafrika ja Araabia oaasides (ka
kaugemal idas kuni Loode-Indiani) ; peale s6odavate viljade kasus-
tatakse ka lehti (kiitteaine) ja tiivesid (mitte just vaidrtuslik
ehitusmaterjal). On olemas mitmesuguseid datlisorte, suhkru-
rikkaid (magusad datlid sisaldavad kuni 54% suhkrut), aga ka
jahuseid (tdrklis!). Li#hedane liik Phoenixz canariensis hort.
Kanaaria saarilt on roheliste, vahakihita lehtedega, millede lehe-
kesed on laiemad kui P. dactylifera’l. Peale nende liikide on
kasvuhoones veel tiiveta mitmeharuline Phoenix’i liik (P. recli-
nata Jacq.?). Sellel liigil, nagu teistelgi Phoenix’itel, on alumi-
sed leheosad muutunud teravaiks astlaiks. Peale nimetatud pal-
mide on kasvuhoones veel: Euterpe edulis Mart. bambusesarnase
rohelise, liililise varrega (troopilisest Louna-Ameerikast, kasvu-
kuhikud koos noorte lehtedega on ,,palmikapsana® soodavad; selle
ja ka teiste Futerpe liikide viljadest valmistatakse ,,assai’ nime-
list, virvilt tumedaid ploome meenutavat viga toitvat jooki).
Varre ehituselt Euterpe edulis’e sarnased on troopilise Lidédne-
Ameerika (Mehhikost kuni Panamani) karakteersed viikesed,
kasvuhoones sageli 6itsevad palmid, Chamaedorea liigid. Howea
litkidest kasvab siin Howea Forsteriana Bece. (e. Kentia Forsteri-
ana Moore, Lord Howe saarilt Vaikses ookeanis).

Dioscoreaceae. Tidhtsaim perekond sugukonnas Dios-
coreacene on liikide arvu poolest perekond Dioscorea. Enamikus
vadnkasvud iseloomulikkude muguljalt paksenenud maa-aluste
varreosadega, on Dioscorea liigid liaanidele omase siidaja,
sageli pikaks tilketilaks ahenenud lehelabaga, mis soones-
tiselt meenutab kaheiduleheseid. Dioscorea liikide died on
alati iihesugulised. <& oie iildine valem on: X P;3.3 As.3 Gy;

¢ oitel Puyi3 AgGya,. Isasbites leidub sageli kolme. tolmuka
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asemel staminoode, viimaseid esineb sageli ka emasdites ning vas-
tavalt sellele isasGites sageli iihtlasi emaka rudiment. (Teised
aias esindatud Dioscoreaceae vt. lk. 130.) Kasvuhoones on siin
moned liigid: Dioscorea quinqueloba Thunb., Jaapanist, korgele
kasvav paremale viadnduv viidntaim viiehGlmaste lehtedega, neist
otsmine holm teistest suurem ning teravam, ahenenud lithikeseks
tilketilaks. Tarklist sisaldavad mugulad (yams, ingl.) on so6davad.
Dioscorea macroura Harms, troopilises Aafrikas ja Madagaska-
ril, vastakute lehtedega, lehed pika tilketilaga, varrel suured sigi-
mugulad.

Liliaceae (vt. lk. 121) sugukond on kasvuhoones esin-
datud, peale eespool-nimetatud liikide veel jargmistega:

Sansevieria. Kserofiilse ehitusega piisikud, enam-vihem
kirjulehised, valkjate ja roheliste ristivootidega, nagu
paljud Aafrika liilialised (vt, lk. 226). Viga kitsaste, ristildéigul
peaaegu ilimmarguste lehtedega on S. cylindrica Bojer. Sellest
teravalt erinev on laialehine S. guineensis Willd., kuna S. zeyla-
nica Willd. on vahepealne. Sansevieria liikide died on pobristes,
liilialistele omase valemiga >XPg.3 Az, 3 Gys), ainult perigoon
alumises osas on liitlehine, moodustades dieputke.

Viikesed kirjulehised liigid on kasvuhooneis sagedad Chlo-
rophytum elatum R. Br. (Louna-Aafrikast), Chlorophytum como-
sum Bak. (Louna-Aafrikast), FEremocrinum albomarginatum
M. E. Jones (Kaliforniast). Nendega viliselt sarnased on moned
Ophiopogon’i liigid [O. spicatum Hook. (Hiina, Kotsinhiina),
0. jaburan Lodd. (Jaapan)]. Viimastele iseloomulikud on dis-
tihne leheseis (divergents == 1/2). Teistest liilialiste sugukonna
taimedest on kasvuhoone ldinepoolses osas rithm Dracaena ja
Cordyline liilke (erinevad omavahel juurte vdrvi poolest;
Dracaena’de juured on alati enam-vihem oraanZpunast varvi,
Cordyline’del aga valged). Siin esinevad Cordyline liiki-
dest: Cordyline stricta Endl. (subtroopilisest Austraaliast),
C. rubra Huegel (teadmata paritoluga), C. australis Hook.
fil. (Uus-Meremaalt), C. wndivisa Kth. (Uus-Meremaalt),
C. terminalis Kth. (Ida-Himaalajas, Hiinas, Malakkas,
Pohja-Austraalias). Nimetatud liigid on osalt varreliste (C. ter-
minalis, C. rubra), osalt varretute lehtedega (C. australis, C.
indivisa, C. stricta). Neist on C. australis ja C. indivisa kuni
10—15 m korgused tuttvorapuud. Dracaena liikidest kasvavad
giin D. marginatea Lam., Madagaskarilt piritolev liik punaseser-
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vaste kitsaste lehtedega; Dracaena draco L. [selle Kanaari saar-
tele omase suure punasevaigulise liigi eksemplar kiilmhoones (1k.
327), lehed ilma keskroota]; D. fragrans Ker-Gawl., troopilisest
Aafrikast, D. Hookeriana C. Koch, troopilisest Aafrikast. Nime-
tatud liikidest oGitseb sageli Cordyline stricta (lilla varvi oied,
poorisoisikuis).

Kasvuhoone ldanepoolsel laval on liilialistele lihedane ama-
rilliiliste (Amaryllidaceae) sugukond (lk. 132). Siin on

Joon. 89. Dracacna ja Cordyline liikide kogu Botaanika-aia palmihoones:
Cordyline terminalis Kunth (keskel), C. rubra Hueg. (eelmisest paremal),
C. stricte Endl., Dracaena fragrans Ker-Gawl., D. Hookeriana C. Koch jt.

jargmised Louna-Aafrika sibultaimed: Clivia Gardneri Hook., C.
miniata Regel, Haemanthus puniceus L., H. Lindenii N. E, Br.,
H. albiflos Jacq. jt. Enamik neist on lincaalsete tumzroheliste
lehtedega, ainult H. puniceus ja H. Lindenii on 6rnemate laiemate
lehtedega, kuna sukulentsete keeljate distihsete lehtedega valge-
olene Haemanthus albiflos meenutab mond Gasteria litki. Siia
kuuluvad liigid on silmapaistvate ditega, osalt hiisti arenenud lisa-
krconiga. Vastandina Haemanthus’e ja Clivia liikidele on Hyme-
nocallis’e-liigid Ameerika paritoluga amariillilised. Kasvuhoones
Hymenocallis littoralis Salisb. (Loéuna-Ameerikast)., — Fucharis.
— Molinerin recurvata (Dryand) Nel e. Curculigo recurvata
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Joon. 90. Hymenocallis littoralis Salisb. 6is. p — liitlehise perigooni airise
holmad, + — tolmukad, lk — lisakroon e, parakorolla, ek — emakakael, s —
sigimik, 3% loom. suur.
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Dryand, Jaava saarelt, Oitseb aeg-ajalt; ta liihikesed, ligikaudu 10
cm korged tihedad kollased karvased odiekobarad on lehtedeta, otse
maapinnal,

Kaheidulehestest leidub kasvuhoones peale eespool-nimeta-
tute jargmisi: Kasvuhoone lddnepoolsel laval: Ficus’e liigid. F.
pandurata Hance Hiinast, viga suurte talbjate lehtedega, Ficus
elastica Roxb. (Ida-India ja Malai saarestikult), F. rostrate Lam.
{vidike roomav liik Himaalajast), F. pumila L. (Jaapanist ja Hii-
nast), F. heterophylla L. f. (troopilisest Aasiast), F'. religiosa L., In-
diast, hindude piiha puu, tdhelepanuviirt lehtedega, millidel haru-
kordselt pikk tila. Perekond Ficus (6ieehitus vt. 1k. 337), suurimaid
Moraceae sugukonnas, on levinud troopikamais kogu maa-
keral, méned ka viljaspool troopikavésd. Lehed on tupena noort
punga katva, kergesti mahalangeva tuutja aksillaarse abilehega.
Paljud Ficus’e liigid omavad Ohujuuri. Need voivad muutuda
l6puks tugevaiks tiivesarnaseiks tugijuuriks (niit. F. elastica,
F. bengalensis). Sageli leidub haardjuuri, mis péimuvad tihedalt
puutiivedele, kattes neid vorkjalt (puudelimmatajad). Mitmed
liigid esinevad nii maas juurduvate puudena kui ka epifiiiitidena.

Veel leidub kasvuhoones (pohjaseina liheduses) moningaid
tiksikute liikidega esindatud sugukondade taimi: Albizzia Juli-
brissin Boiv. (liblikoieline, Abessiiniast kuni Ida-Aasiani, puit
vaartuslik). Sterculiaceae sugukonnast on siin Sterculia
ja Dombeya liigid, ka karakteerne enam-.vihem kilpjate
lehtedega Indias ja Burmas levinud Plerospermum aceri-
folium Willd. kuulub siia. Sterculiaceae sugukond on siiste-
maatiliselt lihedalseisev Malvaceae sugukonnale (vt. lk. 100).
Viimaseist erinevad nad peamiselt kahepoolmeliste tolmukatega
(Malvaceae sugukonnas iihepoolmelised). Uldine 6ievalem >k v6i
| Kis, G50 As._o0) Guas—10» Sageli leidub Gites staminoode. Pere-
konna Sterculia 6ied on iihesugulised [K 5, Cy Ay Gy, Ja K5 Cp Ao
Gy], siia. kuuluvate taimede lehed kas terved, sérmholmised voi

sormjagused, noorelt sageli kaetud tihtkarvadega. — FElaeoden-
dron ortentale Jacq. (Celastraceae, Maskareenidel ja Madagaska-
ril). — Hibiscus rosa sinensis L. (Malvaceae). — Phyllanthus

grandifolius (L.) Muell,, Louna-Ameerikast. See piimalilleliste
(Euphorbiaceae) liik on morfoloogiliselt huvitav, sest igal aastal
langevad selleaastased oksad maha koos lehtede
ja viljadega. Phyllanthus’te 6ied on iihesugulised: haril. 6ie-
valemid on: Py,3 A; Gg ja Ps.y Ag Gys. Sugukond Combretaceae
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on kasvuhoones esindatud seni mitte 6itsenud Combretum’i liigiga.
See vasakule. vidnduv liaan kuulub nn. horkronijate hulka, kuna
ta kinnitub toeksolevatele taimedele eriliste haardorganite abil,
mis tegelikult on peale lehelaba mahalangemist piisima jiivad
leherootsud 1). Brexia madagascariensis Thouars Madagaskaril
ja Seigellidel, igihaljas taim kivirikuliste (Saxifragaceae) sugu-
konnast. Oievalem: > K5 Cs5 Ag Gy

ORHIDEEDE-HOONE.

Péhjapoolse seina ldhedal, uksest vasakul on troopiliste ja sub-
troopiliste piimalilleliste (Euphorbiaceae, k. 102) kogu.
Siin leidub taimi nii Vana- kui ka Uus-maailmast ja selle suure
sugukonna (iille 4500 liigi) tillatav mitmekesisus vegetatiivsete
organite ehituses ilmneb siin kiillalt selgelt. Siiski on koik siin lei-
duvad liigid puitunud varrega. Karakteerne perekond Phyllanthus
(piimalilleline ilma piimmahlata!) on esindatud liigiga Phyllan-
thus speciosus Jacq. Ta on sageli bites (eriti talvel). Viikesed
kollakas-punased 6ied kinnituvad niivalt lehtedele — tegelikult
lehesarnaselt laienenud lehtedeta liihivosudele (fillloklaadidele) —,
mis tdidavad siin lehtede iilesannet, kuna pirislehed on soomusjad,
alalehtede sarnased, kahe samuti soomusja abilehega. Phyllan-
thus’e oied on iithesugulised, sisaldavad peale 6 &iekatelehe kas
2—4 tolmukat v6i iihe emaka. Valemid: 2 6is — P33 A; Go;
9 8is — P33 Ag Gysy. Troopikamaade kultuurtaimedest on siin
Jatropha curcas L. ja Manihot palmata Muell, Esimese liigi (lehed
kujult luuderohu lehe sarnased) seemned on miirgised, 6lirikkad,
§li toime on sarnane riitsinusoéliga (,,oleum infernale‘‘), teise lehed
on vordlemisi suured, sormjagused. Selle, eriti aga M. utilissima
tarklisrikkad sinihapet sisaldavad mugulad on keedetult sbddavad.
Siin veel : Hura crepitans L. (karakteersete suurte mitmepesaste,
valminult lohkevate viljadega); Homalanthus populneus Pax;
Sapium sebiferum (L.) Roxb. [Hiinas ja Jaapanis, seemneid kat-
vast rasvakihist saadakse seebitbostuses tuntud rasvaineid (pi-iiu,
mong-iiu)]. Viimased liigid on moélemad enam-vihem munajate

1y Combretaceae on troopilised ja subtroopilised puistaimed, paljud
neist liaanid; &ied viietised (harv. neljatised), sigimik alumine, i{ihepesane.
Suguk. on lihedane sugukonnale Rhizophoraceae.
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lehtedega, suhteliselt pikkade leherootsudega, leherootsu kinnitu-
miskohal on Sapium’il 2 nddret, Homalanthus’el itks. Oma kirjude
lehtede tottu ilutaimedena tuntud on Codiceum variegatum Bl. (le-
hed pikad, harilikult kollase keskrooga ja kitsa kollase servaga) ja

Joon. 91. Piimalilleliste kogu: Euphorbia splendens Boj., Hura (’)'(_?pitu'ns L.,
Phyllanthus speciosus Jaeq., Homalanthus populneus Pax, DBaliospernuim
sinuetum Muell.-Arg., Daleschampsic Roezliana Muell.-Arg. (all keskel) jt.

Acalypha tricolor Seem. var, musaica hort. Esimene neist on Malai
saarestiku liik, teine kasvab metsikult Vaikse ookeani saaril. Aca-
lypha tricolor’ist eriti roheliste lehtede téttu erinev A. hispida
Burm. on troopilise Ameerika liike. Punaste kdrglehtede téttu
silmapaistev on siin Fuphorbia pulcherrima Willd. (Mehhikos) ja
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E. splendens Boj. (Madagaskaril). Viimane on virviliste korg-
lehtede ja ogaste varte t6ttu 6ige dekoratiivne.

Senini kisitletud piimalillelistel on died enam-vihem hariliku
ehitusega. Perekond Fuphorbia ja moned lihedased erinevad
teistest piimalillelistest tunduvalt, neil esineva erilise diesarnase
oisiku (eyathium) poclest. Selle
ehitus selgub joonisest 93. 0i-
sikut timbritseb viielehene kate.
Kattel on nektari moodus-
tavad nddrmed. Olevalemid:
ois — P, AyG,..; ¢ d8is — P
A, G,. Kummaliste odisikutega
taim on Mechhikost parinev Da-
leschampsia  Roezliona  Muell.-
Arg. Ka sellel liigil on <ilma-
paistvad korglehed. Kujult =tida-
jad, on need roosakaspunased.
Taimel on oOisikuis osa isasoisi
muutunud kompaktseks kolla-
seks ,,polstriks®, mis koos korg-
Izshtedega on siin ahvatusvahen-
diks (joon. 94). Teistest lii-
kidest on nimetamisvidrt Bo-
lospermum  stvuatum Muell.-
Arg., Himaalajast, {ihekojanc
taim vihe silmapaistyvate ditega
[3 dled: K, ;CyA~ Gy:
oied: K; C, A G, 1. Kones-
olevas taimeriihmas leiame veel
moningate teiste sugukondade

"Fuun. ‘):_‘ Euphorbia splendens Bo- . i . ]
Jer. Olesarnased moodustised on esindajaid: Bongainvillea glabra

punaseist korglehtedest imbritsetud Cheisy

pur tedes r YD TP RIS
oisikud - eyathinm’id (joon, 93). (Nyctaginaceae), Bra

siiliast, dSied Gmbritzetud pu-
nastest korglehtedest, Adonsonio digitata L. (Bombacuceae), kuu-
lus ahvileivapuu  (baobab), soodavate viljadega, troopilise Aat-
rika savannide hiigeipuu, mille tiive ldbimsst ulatub 10 m-ni.
kuigi puu pole eriti korge (15—20 m).
Fdasi jargneb sugukond Leguniinosae,  Troopilistest liaa-
nide=t leiame siin Bavhivia diphylle Buch.-Ham. (Burmas, Malad
saarestikul), sourte kaheholmaste kuni kaheloheste lchtedega.
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Joon. 93. Euphorbia splendens Boj. A — kahest korglehest (kl) timbritse-
tud cyathium. B — cyathium Kkiljelt. C —— cyathium peale katte (dnvolu-
crum’i) eemaldamist; ndha arvukaid isaséisi (6v — isasdie oievars, t —
tolmukas). D — oiekatteta emasois peale isasoite eemaldamist (s — sigimik,
ek — emakakael, es — emakasuue), A — 4 x, B, C ja D — 10 X suur.



Joon. 94. Dalechampsia Roezliana Miill.-Arg. A — 3disik korglehtedega
eestvaates, B — sama kiilgvaates; C — 0&isiku kolm emasdit; D — o&isiku
isasdled ning osa steriilseid 6isi; E — moned steriilsed isasdite kogud; F —
korglehtedest timbritsetud vili; kolmest emakast on keskmine viljunud. 6k —
isas- ja emasoéite lihtne Giekate, ¢k — emakakael, p — polster (steriilseks
muutunud disiku osa). A jaB —25%x,C, DjaE —5x, F— 1,5 x suur.



Felmiste koidete sisu. — Contenu des volumes précédents.

AT (1921). 1. A. Paldroek. Ein Beitrag zur Statistik der
Geschlechtskrankheiten in Dorpat wihrend der Jahre 1909—1918.
— 2. K. Vdisdala., Verallgemeinerung des Begriffes der Dirich-
letschen Reihen. — 8. C. Schlossmann. Hapete mdju kolloiidide
peale ja selle tihtsus patoloogias. (L’action des acides sur les colloides
et son réle dans la pathologie.) — 4. K. Regel. Statistische und phy-
siognomische Studien an Wiesen. Ein Beitrag zur Methodik der Wie-

senuntersuchung. — 8. H. Reichenbach. Notes sur les microorga-
nismes trouvés dans les péches planctoniques des environs de Covda
(gouv. d’Archangel) en été 1917. — Mise. F. Bucholtz. Der gegen-

wiartige Zustand des Botanischen Gartens zu Dorpat und Richtlinien
fiir die Zukunft.
A IT (1921). 1. H. Bekker. The Kuckers stage of the ordo-

vician roeks of NE Estonia. — 2. C. Sehlossmann. Uber die Darm-
spirochiten beim Menschen. — 3. J. Letzmann, Die Hohe der
Schneedecke im Ostbaltischen Gebiet. — 4. H. Kaho. Neutraalsoo-

lade mojust ultramaksimum - temperatuuri peale Tradescantia zebrina
juures. (Uber den Einfluss der Neutralsalze auf die Temperatur des
Ultramaximums bei Tradescantia zebrina.)

A IIT (1922). 1. J. Narbutt. Von den Kurven fiir die freie
und die innere Energie bei Schmelz- und Umwandlungsvorgingen. —
2. A. Tomcous (A. Thomson)., Snadedie aMMOHIMHBIXD coJleil s
MUTaHiS BBICIMHXT KYJALTYpHLXD pacteniil. (Der Wert der Ammonsalze
fiir die Erndhrung der hoheren Kulturpflanzen.) — 3. E. Blessig.
Ophthalmologische Bibliographie Russlands 1870—1920. 1. Halfte (S. [—VII
und 1—96). — 4. A. Liiiis. Ein Beitrag zum Studium der Wirkung
kiinstlicher Wildunger Helenenqueliensalze auf die Diurese nierenkranker
Kinder. — 5. B. Opik. A statistical method of counting shooting stars
and its application to the Perseid shower of 1920. — 6. P.N. Koger-
man. The chemical ecomposition of the Esthonian M.-Ordovician oil-
bearing mineral ,Kukersite“. — 7. M. Wittlich und S. Weshnja-
kow. Beitrag zur Kenntnis des estlindischen Olschiefers,. genannt
Kukkersit. — Mise. J. Letzmann. Die Trombe von Odenpih am
10. Mai 1920.

A TV (1922). 1. E. Blessig. Ophthalmologische Bibliogra-
phie Russlands 1870-—1920. II. Halfte (S. 97—188). — 2. A. Val-
des. Gliikogeeni hulka vihendavate tegurite mdju iile siidame spe-
tsiifilise lihassiisteemi gliikogeeni peale. (Uber den Einfluss der die
Glykogenmenge vermindernden Faktoren auf das Glykogen des spezili-
schen Muskelsystems des Herzens.) — 3. T, Opik. Notes on stellae
statistics and stellar evolution. — 4. H. Kaho. Raskemetallsoolade
kihvtisusest taimeplasma kohta. (Uber die Schwermetallgiftwirkung in
bezug aunf das Pflanzenplasma.) — 5. J. Piiper und M. Hérms.
Der Kiefernkreuzschnabel der Insel Osel Loxia pityopsitiacus estiae
subsp. nov. — 6, L. Poska-Teiss, Zur Frage iiber die vielkernigen
Zellen des einschichtigen Plattenepithels. ‘



AV (1924). 1. E. Opik. Photographic observations of the
brightness of Neptune. Method and preliminary results. — 2. A,
Liiis. FErgebnisse der Kriippelkinder-Statistik in Eesti. — 3. C.
Schlossmann. Culture in vitro des protozoaires de I'intestin
humain. — 4. H. Kaho. TUber die physiologische Wirkung der
Neutralsalze auf das Pflanzenplasma. — 5. Y. Kauko. Beitrige
zur Kenntnis der Torfzersetzung und Vertorfung. — 6. A. Tam -
mek ann. Eesti diktiioneema-kihi uurimine tema tekkimise, vana-
duse ja levimise kohta. (Untersuchung des Dictyonema-Schiefers in
Estland nach Entstehung, Alter und Verbreitung.) — 7. Y. Kauko.
Zur Bestimmung des Vertorfungsgrades. — 8. N. Weiderpass.
Eesti piparmiindi-6li  (Olewm  menthe  esthicum). (Das  estnische
Pfefferminzsl.)

A VI (1924). 1, H. Bekker. Moned uued andmed Kukruse
lademe stratigraafiast ja faunast. (Stratigraphical and paleontological sup-
plements on the Kukruse stage of the ordovician rocks of Lesti (Esto-
nia).) — 2. J. Wilip. Experimentelle Studien iiber die Bestimmung von

Isothermen und kritischen Konstanten. — 3, J. Letzmann. Das Be-
wegungsfeld im Fuss einer fortschreitenden Wind- oder Wasserhose. —
4. H. Scupin. Die Grundlagen paldogeographischer Karten. — 5. E.

Opik. Photometric measures on the moon and the earth-shine. —
6. Y. Kauko. Uber die Vertorfungswirme. — 7. Y. Kauko. Eigen-
tiimlichkeiten der H,O- und CQO,-Gehalte bei der unvollstindigen Ver-
brennung. ~— 8. M. Tilzen und Y. Kauko. Die wirtschaftlichen Mog-
lichkeiten der Anwendung von Spiritus als Brennstoff. — 9. M, Witt-
lich. Beitrag zur Untersuchung des Oles aus estlindischem Olschiefer.
— 10. J. Wilip. Emergenzwinkel, Unstetigkeitsflichen, Laufzeit. —
11. H. Scupin. Zur Petroleumfrage in den baltischen Léndern. —
12. H. Richter. Zwei Grundgesetze (Funktion- und Strukturprinzip)
der lebendigen Masse.

A VII (1925). 1. J. Vilms. Kohregliikogeeni piisivusest mdne-
suguste gliikkogeeni véhendavate tegurite puhul. (Uber die Stabilitét
des Knorpelglykogens unter verschiedenen das Glykogen zum Ver-
schwinden bringenden Umstinden.) — 2. E. Blessig. Ophthal-
mologische Bibliographie Russlands 1870-—1920. Nachtrag. — 3. O.
Kuriks. Trachoma Eestis (eriti Tartus) méodunud ajal ja praegu.
(Das Trachom in Estland (insbesondere in Dorpat) einst und jetzt.) —
4, A. Brandt. Sexualitit. Kine biologische Studie. — b. M. Halten-
berger. Gehort das Baltikum zu Ost-, Nord- oder zu Mitteleuropa ? —
6. M. Haltenberger. Recent geographical work in Estonia.

A VIII (1925). 1. H. Jaakson. Sur cértains types de sy-
stdmes d’équations linéaires & une infinité d'inconnues. Sur l'interpolation.
— 2. K. Prisch. Die Temperaturabweichungen in Tarta (Dorpat)
und ihre Bedeutung fiir die Witterungsprognose. — 3. 0. Kuriks.
Muutused leeprahaigete silmas Eesti leprosooriumide haigete ldbivaata-
mise pohjal. (Die Lepra des Auges.) — 4. A. Paldrock. Die Sen-
kungsreaktion und ihr praktischer Wert. — B, A. Opik. Beitrige
zur Kenntnis der Kukruse-(Co-)Stufe in Eesti. 1. — 6. M. Witt-
liech. Einiges liber den Schwefel im estliindischen Olschiefer (Kukersit)



und dessen Verschwelungsprodukten. — ¢, H. Kaho. Orientierende
Versuche iiber die stimulierende Wirkung einiger Salze auf das Wachs-
tum der Getreidepflanzen. 1. .

A IX (1926). 1. E. Krahn. Uber Minimaleigenschaften der
Kugel in drei und mehr Dimensionen. — 2., A. Mieler. Ein Beitrag
zur Frage des Vorriickens des Peipus an der Embachmiindung und auf
der Peipusinsel Pirisaar in dem Zeitraum von 1682 bis 1900. —
3. M. Haltenberger. Der wirtschafisgeographische Charakter der
Stiddte der Republik Eesti. — 4. J. Rumma. Die Heimatforschung in
Bestii. — B. M. Haltenberger. Der Stand des Aufnahme- und
Kartenwesens in Besti. — 6. M. Haltenberger. Landeskunde von
Besti. I. — 7. A. Tammekann. Die Oberflichengestaltung des nord-
ostestlindischen Kiistentafellandes. — 8, K. Frisch. Ein Versuch das
- Embachhochwasser im Friihling fiir Tartu (Dorpat) vorherzubestimmen.
A X (1926). 1. M. Haltenberger. Landeskunde von Eesti.

II—IlI. — 2. H. Scupin. Alter und Herkunft der ostbaltischen
Solquellen und ihre Bedeutung fiir die Frage nach dem Vorkommen
von Steinsalz im baltischen Obersilur. — 3. Th. Lippmaa., Floristi-

sche Notizen aus dem Nord- Altai nebst Beschreibung einer neuen Cardamine-
Art aus der Sektion Dentaria. — 4. Th. Lippmaa. Pigmenttypen
bei Pteridophyta und Anthophyta. 1. Allgemeiner Teil, — &. E. Pipen-
berg. Eine stidtemorphographische Skizze der estlindischen Hafen-

stadt P#rnu (Pernau). — 6. E. Spohr. Uber das Vorkommen
von Sium erectum Huds. und Lemna gibba L. in Estland und iiber deren
nordéstliche Verbreitungsgrenzen in Europa. — 7. J. Wilip. On new

precision-seismographs.
A XTI (1927). 1. Th, Lippmaa. Pigmenttypen bei Pteri-

dophyta und Anthophyta. II. Spezieller Teil. — 2. M. Halten-
berger. Landeskunde von Eesti. IV—V. — 3. H. Scupin. Epiroge-
nese und Orogenese im Ostballikum. — 4. K. Schlossmann. Mikro-

organismide kui bioloogiliste reaktiivide tdhtsusest keemias. (Le role des
ferments microbiens dans la chimie.y — 5. J Sarv. Ahmese geomeetri-
lised joonised. (Die geometrischen Figuren des Ahmes.) — 6. K. Jaan-
soon-Orviku. Beitrige zur Kenntnis der Aseri- und der Tallinna-
Stufe in Eesti. I.

A XII (1927). 1. E. Reinwaldt. Beitrige zur Muriden-Fauna
Hstlands mit Beriicksichtigung der Nachbargebiete. — 2. A. Opik.
Die Inseln Odensholm und Rogs. FEin Beitrag zur Geologie von NW-
Estland. — 3. A. Opik. Beitrige zur Kenntnis der Kukruse-(Cy-)Stufe
in Eesti, II, Beobachtungen iiber durch Pilz-
infektion verursachte Anthocyaninbildung. — 6. A. Laur. Die Titra-
tion des Ammoniumhydrosulfides mit Ferrieyankalium. — 6. N. King.
Uber die rhythmischen Niederschlige von Pbds, AgyCrO, und AgCl im
kapillaren Raume. — 7. P, N. Kogerman and J. Kranig. Physi-
cal constants of some alkyl carbonates. — 8. E. Spohr. Uber
brunsterzeugende Stoffe im Pflanzenreich. Vorldufige Mitteilung.

A XIII (1928). 1. J. Sarw. Zum Beweis des Vierfarbensatzes. —
2. H. Scupin. Die stratigraphische Stellung der Devonschichten im
Siidosten Estlands. — 3. H. Perlitz. On the parallelism between




the rate of change in electric resistance at fusion and the degree of

closeness of packing of mecalltic atoms in crystals. — 4. K. Frisch.
Zur Frage der Luftdruckperioden. — 5. J. Port. Untersuchungen
iiber die Plasmakoagulation von Paramaecium caudotum. — 6. J. Sarw.
Direkte Herleitung der Lichtgeschwindigkeitsformeln. — 7. K. Frisech.
Zur Frage des Temperaturansteigens im Winter. — 8. E. Spohr.
Uber ‘die Verbreitung einiger bemerkenswerter und schutzbediirftiger
Pflanzen im Ostbaltischen Gebiet. — 9. N. Rigo. Beitrdge zur
Kenntnis des estlindischen Dictyonemaschiefers. — 10, C. Sehloss-
mann, Ktudes sur le role de la barridre hémato-encéphalique dans
la gendse et le traitement des maladies infectienses. — 11, A. Opik.

Beitrédge zur Kenntnis der Kukruse-(C,-Cs-)Stufe in Eesti., IIL

A XIV (1929). 1. J. Rives. Uber die histopathologischen
Verdnderungen im Zentralnervensystem bei experimenteller Nebennieren-
insuffizienz. -—— 2. W. Wadi. Kopsutuberkuloosi areng ja kliinilised
vormid. (Der Entwicklungsgang und die klinischen Formen der Lun-
gentuberkulose.) — 3. E. Markus. Die Grenzverschiebung des Wal-
des und des Moores in Alatskivi. — 4. K. Frisch. Zur Frage iiber
die Beziehung zwischen der Getreideernte und einigen meteorologischen
Faktoren in Eesti. _

A XV (1929). 1. A. Nommik. The influence of ground
limestone on acid soils and on the availability of nitrogen from several
mineral nitrogenous fertilizers. — 2. A, Opik. Studien tiber das estni-
sche Unterkambrium (Estonium). 1-—IV. — 8. J. Nuut. Uber die An-
zahl der Losungen der Vierfarbenaufgabe. — 4. J. Nuut. Uber die
Vierfarbenformel. — 5. J. Nuut. Topologische Grundlagen des Zahi-
begriffs. — 6. Th. Lippmaa. Pflanzenckologische Untersuchun-
gen aus Norwegisch- und Finnisch-Lappland unter besonderer Beriick-
sichtigung der Lichtfrage. :

A XVI (19380). 1. A. Paris. Uber die Hydratation der Terpene
des Terpentindls zu Terpinhydrat durch Einwirkung von Mineralséduren.
— 2. A. Laur. Die Anwendung der Umschlagselektroden bei der
potentiometrischen Massanalyse. Die potentiometrische Bestimmung des
Kaliums. — 3. A. Paris. Zur Theorie der Stromungsdoppelbrechung.
— 4. 0. Kuriks. Pisarate toimest silma mikrofloorasse. (Uber die
Wirkung der Trinen auf die Mikroflora des Auges.) — B. K. Orviku,
Keskdevoni pohikihid Eestis. (Die untersten Schichten des Mitteldevons
in Besti) — 6. J. Kopwillem. Uber die thermale Zersetzung von
estlindischem Olschiefer Kukersit.

A XVII (1930). 1. A. Opik. Brachiopoda Protremata der
estlindischen ordovizischen Kukruse-Stufe. — 2. P. W. Thomson.
Die regionale Entwickelungsgeschichte der Walder Estlands.

A XVIII (1930). 1. G. Vilberg. FErneuerung der Loodvege-
tation durch Keimlinge in Ost-Harrien (Estland). — 2, A. Parts.
Uber die Neutralsalzwirkung auf die Geschwindigkeit der Ionenreak-
tionen. — 8. Ch. R. Schlossmann. On two strains of yeast-like
organisms cultured from diseased human throats. — 4. H. Richter.
Die Relation zwischen Form und Funktion und das teleologische Prinzip
in den Naturphinomenen. — 5. H. Arro. Die Metalloxyde als photo-



chemische Sensibilatoren beim Bleichen von Methylenblauldsung. —
6. A Lubha. Uber Ergebnisse stratigraphischer Untersuchungen im
Gebiete der Saaremaa-(Osel-)Schichten in Eesti (Untertsel und Eury-
pterusschichten). — 7. K. Frisch. Zur Frage der Zyklonenvertiefung.
— 8. E. Markus. Naturkomplexe von Alatskivi.

A XIX (19381). 1. J. Uudelt. Uber das Blutbild Trachomkranker.
— 2. A Opik. Beitriige zur Kenntnis der Kukruse-(Co-Cy-)Stufe in
Eesti. IV. — 8. H. Liedemann. Uber die Sonnenscheindauer und
Bewdlkung in Eesti. — 4. J. Sarw. Geomeetria alused. (Die Grund-
lagen der Geometrie.)

A XX (1981). 1. J. Kuusk. Gliihaufschliessung der Phosphorite
mit Kieselsiiure zwecks Gewinnung eines citrallgslichen Diingmittels. —
2. U. Karell. Zur Behandlung und Prognose der Luxationsbriiche
des Hiiftgelenks. — 8. A. Laur. Beitrige zur Kenntnis der Reaktion
des Zinks mj Kahumferrocyamd I. — 4. J. Kuusk, Beitrag zur
Kalisalzgewinnu Zementbrennen mit besonderer Beriicksichtigung
der estlindischen K-Mine — 5. L. Rinne. Uber die Tiefe
der Eisbildung und das Auftauen Fises im Niederungsmoor. —
6. J. Wilip. A galvanometrically registetmg vertical seismograph with

temperature compensation. — 7. J. Nuut. Eine arithmetische Analyse
des Vierfarbenproblems. — 8., G. Barkan. Dorpats Bedentung fiir
die Pharmakologie. — 9. K. Schlossmann. Vanaduse ja surma

moistetest ajakohaste bioloogiliste andmete alusel. (Uber die Begriffe
Alter und Tod auf Grund der modernen biologischen Forsechung.)

A XXI (1931). 1. N. Kwagchnin-Ssamarin. Studien iiber
die Herkunft des osteuropdischen Pferdes. — 2. U. Karell. Beitrag zur
Atieiogie der arteriellen Thrombosen. — 3. E. Krahn. Uber Eigensehwin-
gungszahlen freier Platten. — 4. A. O pik. Uber einige Karbonatgesteine
im Glazialgeschiebe NW-Estlands. — 5. A. Thomson. Wasserkultur-
versuche mit organischen Stickstoffverbindungen, angestellt zur Ermittelung
der Assimilation ihres Stickstoffs von seiten der hheren griinen Pflanze.

A XXIT (1932). 1. U. Karell. An observation on a peculiarity
of the cardiac opening reflex in operated cases of cardiospasmus. —
2. E. Krahn, Die Wahrscheinlichkeit der Richtigkeit des Vierfarben-
satzes. — 3. A. Audova. Der wirkliche Kampf ums Dasein. —
4. H. Perlitz. Abstandsinderungen nichster Nachbaratome in einigen
Elementen und Legierungen bei Umordnung aus der kubischen flichen-
zentrierten Anordnung in die kubische raumzentrierte oder die hexago-
nale dichteste Anordnung.

A XXTIT (1982). 1. J. Port. Untersuchungen iiber die Wir-
kung der Neutralsalze auf das Keimlingswachstum beziiglich der Ab-
hangigkeit von ihrer Konzentration. — 2. E. Markus. Chorogenese
und Grenzverschiebung. — 3. A. Opik. Uber die Plectellinen. —
4. J. Nuut. Einige Bemerkungen iiber Vierpunktaxiome. — &. K. Frisch.
Die Veréanderungen der klimatischen Elemente nach den meteorologischen
Beobachtungen von Tartu 1866—1930.

A XXIV (1938). 1. M. Gross. In der Butter vorkommende
Sprosspilze und deren Einwirkung auf die Butter. — 2. H. Perlitz.
Bemerkungen zu den Regeln iiber Valenzelektronenkonzentrationen in



bindren intermetallischen Legierungen. — 3. A. Opik. Uber Scolithus
aus Estland. — 4. T. Lippmaa. Aper¢u général sur la végétation
autochtone du Lautaret (Hautes-Alpes). — 8. E. Markus. Die siid-
ostliche Moorbucht von Lauge. — 6. A. Sprantsman. Uber Herstellung
makroskopischer Thalliumkristalle durch Elektrolyse, — 7. A. Opik.

Uber Plectamboniten.

A XXV (19383). 1. A. Opik. Uber einige Dalmanellacea aus
Bstland. — 2. H. Richter. FErginzungen zu: ,Die Relation
zwischen Form wund Fuanktion und das teleologische Prinzip in den-
Nuturphdnomenen®. Die Rolle, welche ,Spirale“ und ,,Wirbel“ in
den biologischen Phidnomenen spielt, besonders auch in bezug
auf die feinere Struktur des lebendigen Protoplasmas. — 3. T. Lipp-
maa ja K. Eichwald. Eesti taimed I (1—50). (listonian plants.) —
4. B Piipenberg. Die Stadt Petseri in Estland. — 5. A. Mil-
jan. Vegetationsuntersuchungen an Naturwiesen und Seen im
Otepdéschen Morinengebiete Istlands. I. — 6, R. Livldnder. On the
colour of Mars. — 7. A. Tudeberg. Uber die Theorie und die An-
wendungsmethoden der Quadraturreihen.

A XXVI (19384). 1. E. Blessig. Index ophthalmologiae Bal-

ticus. — 2, E. Opik. Atomic collisions and radiation of meteors. —
3. J. Tehver und A. Kriisa. Zur Histologie des Harnleiters der
Haussdugetiere. — 4, H. Kaho. Leelissoolade toimest taimeraku de-

plasmoliiiisile. (Uber den Einfluss von Alkalisalzen auf die Deplasmolyse
der Pflanzenzellen.) — 5. A. Opik. Uber Klitamboniten. — 6. A. Tu-
deberg. Uber die Beweisbarkeit einiger Anordnungsaussagen in geo-
metrischen Axiomensystemen.

A XXVII (1934). 1. K. Lellep. Simulation von Geistes-
krankheiten und deren Grenzzustinden. — 2. M. Tiitso. Hingamise
ergulisest regulatsioonist. 1 teadaanne: Stenoosi toime inimese hinga-
misele. (Uber die nervise Atemregulation, 1. Mitteilung: Der Einfluss
der Stenose auf die menschliche Atmung.) — 3. M., Tiitso. Hinga-
mise ergulisest regulatsioonist. II teadaanne: Inimese hingamisfrekvents
kopsude erineva tditumise -korral. (Uber die nervise Atemregulation.
II. Mitteilung: Die Atemfrequenz des Menschen bei abnormen Lungen-
fiilllungen.) — 4. M. Tiitso. Hingamise ergulisest regulatsmomst
[II teadaanne: Propriotseptiivsete aferentside toimest hingamisele. (Uber
die nervose Atemregulation. III. Mitteilung: Uber die Auswirkung der
propriozeptiven Afferenzen auf die Atmung.) — 5. J. Tehver and
M. Keerd. The number of ribs in the ox and pig. — 6. A. Kérsna.
Uber das Problem der Vorhersage des nichtlichen Temperaturminimums.
— 7. K. Schlossmann. A study of bacterial carbohydrates with

special reference to the tubercle bacillus. — 8. A. Opik. Ristnacrinus,
a new ovdovician erineid from Estonia. — 9. A. Kipper. Variation
of surface gravity upon two Cepheids — ¢ Cephei and % Aquilae.

— 10. B. Lepik. Fungi Estonici exsiccati. Uredinaceae. [L] —
11. H. Perlitz. The structure of the intermetallic compound Au, Ph.

A XXVIII (1985). 1. T. Lippmaa. Une analyse des foréts
de I'tle cstonienne d’Abruka (Abre) sur la hase des associations unistrates.



— 2. J. Sarv. Foundations of arithmetic. — 3. A. Tudeberg.
Orthogonalsysteme von Polynomen;gnd Extremumprobleme der Interpola-
tionsrechnung. — 4, T. Lippmaa. Festi geobotaanika pdhijooni.
(Apercu géobotanique de I'Estonie.)

A XXIX (1986). 1. A. Opik. Hoplocrinus — eine stiellose
Seelilie aus dem Ordovizium Estlands. — 2. A. Kérsna. Vereinfachte
Methoden zur Berechnung des Korrelationskoeffizienten bei normaler Korre-
lation. — 3. J. Nuut. Eine nichteuklidische Deutung der relativistischen
Welt. — 4. H. Kaho. Das Verhalien der Eiweissstoffe gesunder und
abbaukranker Kartoffelknollen gegen Salze. — b, T. Lippmaa ja
K. Eichwald. Eesti taimed. 1I (51—100). (Estonian plants.) —
6. J. Nuut. Ansitze zu einer expansionistischen Kinematik. —
7. A. Liilis. Données anthropologiques sur les nouveaux-nés esto-
niens. — 8. A. Tudeberg. ILnergieverluste im Eisenblech bei
niederfrequenter Ummagnetisierung. — 9. Wilh, Anderson. Existiert
eine obere Grenze fiir die Dichte der Materie und der Energie?

A XXX (1936). 1. E. Opik. Researches on the physical theory
of meteor phenomena. I. 1. — 2. J. Gabovits. The 7%0 colour
effect, and the densities of M stars. — 3. J. Wilip. Uber Licht-
strahlung wéhrend der Sonnenfinsternis am 21. August 1914 in Ux-
kiil. — 4. E. Lepik. Fungi Estonici exsiccati. Uredinaceae. II. —
5. E. Markus. Geographische Kausalitit. — 6. K. Schlossmann.
Einige Gedanken iiber die Ausbildung des praktischen Arztes. —
7. U. Karell. Aneurism of the internal carotid and the ligation of
the carotids. — 8. K. Kirde. Meteorological elements characterized
by frequency-curves.

A XXXIT (1987). 1. V. Ridala. Inquiries into the pathogenic
effects produced by Brucella Abortus in the udder and certain other
organs of the cow. — 2. Wilh. Anderson., Zu H. Vogts Ansichten
iiber die obere Grenze der Sternmassen. — 3. J. Gabovits. The
pulsation theory of Mira Ceti. — 4, T. Lippmaa. E. V. Tartu Uli-
kooli Botaanikaaia siistemaatilised ja taimegeograafilised kogud. (Les
collections systématiques et phytogéographiques de I’Université estonienne
a Tartu.) 1 (p. 1—192).

BT (1921). 1. M. Vasmer. Studien zur albanesischen Wort-

forschung. I. — 2. A, v. Bulmerinecq. Einleitung in das Buch des
Propheten Maleachi. 1. — 8. M. Vasmer. Osteuropiische Ortsnamen.
— 4. W. Anderson. Der Schwank von Kaiser und Abt bei den
Minsker Juden. — 5. J. Bergman. Quaestiunculae Horatianae.

B IT (1922). 1. J. Bergman. Aurelius Prudentius Clemeus,
der grosste christliche Dichter des Altertums. I. — 2. L. Kettunen.
Lounavepsa héilik-ajalugu. 1. Konsonandid. (Siidwepsische Lautgeschichte.
I Konsonantismus.) — 3. W. Wiget. Aligermaniseche Lautunter-
suchungen.

B III (1922). 1. A. v. Bulmerincq. Kinleitung in das Buch
des Propheten Maleachi. 2. — 2. M. A. Kypuusckin (M. A, Kur-
tsehinsky). Cowianbupil saxkoH®, ciysail u cBoGoja. (Das soziale



Gesetz, Zufall und Freiheit) — 3. A. R. Cederberg. Die Erstlinge
der estldndischen Zeitungsliteratur. — 4. L. Kettunen. Lounavepsa
héglik-ajalugu. II. Vokaalid. (Siidwepsische Lautgeschichte. 1. Voka-
lismus.) — &. E. Kieckers. Sprachwissenschaftliche Miscellen. [I.]
— 6. A. M. Tallgren. Zur Arch#ologie Eestis. I

B IV (1923). 1. E. Kieckers. Sprachwissenschaftliche Mis-
cellen. II. — 2. A. v. Bulmerinecgq. Hinleitung in das Buch des
Propheten Maleachi. 3. — 8. W. An derson. Nordasiatische Flutsagen.
— 4. A. M. Tallgren. L'ethnographie préhistorique de la Russie du
nord et des Etats Baltiques du nord. — 6. R. Gutmann. Eine unklare
Stelle in der Oxforder Handschrift des Rolandsliedes.

B V (1924). 1. H. Mutschmann. Milton’s eyesight and the
chronology of his works. — 2. A. Pridik. Mui-em-wija, die Mutter

Amenhotep’s (Amenophis’) II. — 3. A. Pridik. Der Mitregent des
Konigs Ptolemaios 11 Philadelphos. — 4. G. Suess. De Graecorum fa-
bulis satyricis. — . A. Berendts und K. Grass. Flavius Josephus:

Vom jiidischen Kriege, Buch I—IV, nach der slavischen Ubersetzung
deutsch herausgegeben und mit dem griechischen Text verglichen. 1. Lief.
(8. 1—160). — 6. H. Mutschmann. Studies concerning the origin
of ,Paradise Lost“.

B VI (1925). 1. A. Saareste. Leksikaalseist vahekordadest
eesti murretes. I, Analiiis. (Du sectionnement lexicologique dans les patois
estoniens. 1. Analyse.) — 2. A. Bjerre. Zur Psychologie des Mordes.

B VII (1926). 1. A. v. Bulmerincq. Einleitung in das
Buch des Propheten Maleachi. 4. — 2. W. Anderson. Der Cha-
lifenmiinzfund von Kochtel. (Mit Beitrigen von R. Vasmer) —
3. J. Migiste. Rosona (Eesti Ingeri) murde pééjooned. (Die Haupt-
ziige der Mundart von Rosona). — 4. M. A, Kypummcxkin (M. A.
Kurtschinsky). Esponefickifi xaocs. 9romoMuueckis mocabacrria
Bequkol BoiEEL. (Das europidische Chaos.)

B VIII (1926). 1. A. M. Tallgren. Zur Archiologie
Eestis, 1I. — 2, H. Mutschmann. The secret of John Milton. —
3. L. Kettunen. Untersuchung iiber die livische Sprache. I. Pho-
netische Einfithrung. Sprachproben.

B IX (1926). 1. N.Maim. Parlamentarismist Prantsuse restau-
ratsiooniajal (1814—1830). (Du parlementarisme en France pendant la
Restauration.) — 2. S. v. Csekey. Die Quellen des estnischen Ver-
waltungsrechts. 1. Teil (S. 1—102). — 3. A. Berendts und K.
Grass. Flavius Josephus: Vom jiidischen Kriege, Buch 1—IV, nach
der slavischen Ubersetzung deutsch herausgegeben und mit dem grie-

chischen Text verglichen. II. Lief. (S. 161—288). — 4. G. Suess.
De eo quem dicunt inesse Trimalchionis cenae sermone vulgari. —
5. E. Kieckers. Sprachwissenschaftliche Miscellen. 1II. — 6. C.

Vilhelmson. De ostraco quod Revaliae in museo provinciali servatur.

B X (1927). 1. H. B. Rahamégi. Eesti Evangeeliumi Luteri
usu vaba rahvakirik vabas Eestis. (Die evangelisch-lutherische freie Volks-
kirche im freien Eesti. Anhang: Das Gesetz betreffend die religitsen
Gemeinschaften und ihre Verbiinde.) — 2. E. Kieckers. Sprachwissen-
schaftliche Miscellen. 1V, — 3, A. Berendts und K. Grass. Fla-



vius Josephus: Vom jiidischen Kriege, Buch I—IV, nach der slavischen
Ubersetzung deutsch herausgegeben und mit dem griechischen Text ver-
glichen. Ill. Lief. (3. 289—416). — 4. W. Schmied-Kowarzik,
Die Objektivation des Geistigen. (Der objektive Geist und seine Formen.)
— d. W. Anderson. Novelline popolari sammarinesi. I.

B XI (1927). 1. 0. Loorits. Liivi rahva usund. (Der Volks-
glaube der Liven.) . — 2, A. Berendts und K. Grass. Flavius
Josephus: Vom jiidischen Kriege, Buch 1-—I1V, pach der slavischen
Ubersetzung deutsch herausgegeben und mit dem griechischen Text ver-

glichen. 1V. Lief. (8. 417—512). — 3. E. Kieckers. Sprachwissen-
schaftliche Migcellen. V.

B XII (1928). 1. 0. Loorits. Liivi rahva usund. (Der
Volksglaube der Liven.) 1l. — 2. J. Magiste. 0j-, gi~deminutiivid ldéne-
meresoome keelis. (Die 0i-, gi-Deminutiva der ostseefinnischen Sprachen.)

B XTII (1928). 1. G. Suess. Petronii imitatio sermonis plebe
qua necessitate coniungatur cum grammatica illins aetatis doetrina. —
2. C. Mlrenn (S. v. Stein). Iymxun n Topman. (Puschkin und
E. T. A. Hoffmann.) — 3. A. V.K&rv. Virsimodt Veske ,Eesti rahva-
lauludes“. (Le métre des ,Chansons populaires estoniennes® de Veske.)

B XIV (1929). 1. H. Ma#sm (N. Maim). IlapnamMentrapusym u
cysepenHoe rocynapcTBo. (Der Parlamentarismus und der souverine
Staat) — 2. S, v. Csekey. Die Quellen des estnischen Verwaltungs-
rechts. JI. Teil (S. 108—184). — 3. E. Virdnyi. Thalés Bernard,
littérateur frangais, et ses relations avec la poésie populaire estonienne
et finnoise.

B XV (1929). 1, A.v.Bulmerincq. Kommentar zum Buche

des Propheten Maleachi. 1 (1,2—11). — 2. W. E. Peters. Benito
Mussolini und Leo Tolstoi. Eine Studie iiber europ#ische Menschheits-
typen. — 3. W. E. Peters. Die stimmanalytische Methode. —

4. W. Freymann. Platons Suchen nach einer Grundiegung aller
Philosophie.

B XVI (1929). 1. 0. Loorits. Liivi rahva usund. (Der
Volksglaube der Liven.) Il. — 2. W. Siiss. Karl Morgenstern
(1770—1852). 1. Teil (S. 1—160).

B XVII (1930). 1. A. R. Cederberg. Heinrich Fick. Ein

Beitrag zur russischen Geschichte des XVIII. Jahrhunderts. — 2. E.
Kieeckers. Sprachwissenschaftliche Miscellen. VI. — 8. W. E.

Peters. Wilson, Roosevelt, Taft und Harding. Hine Studie iiber
nordamerikanisch-englische Menschheitstypen nach stimmanalytischer
Methode. — 4. N. Maim. Parlamentarism ja faSism. (Parliamenta-
rism and fascism.)

B XVIIT (1980). 1. J. Vasar. Taani piiiided Eestimaa taas-
vallutamiseks 1411—1422. (Dénemarks Bemiihungen FEstland zuriick-
zugewinnen 1411—1422.) — 2. L. Leesment. Uber die livldn-
dischen Gerichtssachen im Reichskammergericht und im Reichshofrat. —
3. A. . Creupmep-llerepcen (Ad. Stender-Petersen).
O MepemMTOHBIX CJI€/laX AOPHETA B CIIABIHCKAX A3bIKAX, MPeHMylle-
crBenHo B pycekom. (Uber rudimentire Reste des Aorists in den slavi-
schen Sprachen, vorziiglich im Russischen.) — 4. M. Hypuunckui



(M. Kourtehinsky). Coepunentnie IlUrtater Espomnl. (Les Ktats-
Unis de 'Europe.) — 5. K. Wilhelmson. Zum romischen Fiskal-
kauf in Agypten.

B XIX (1930). 1. A. v. Bulmerineq. Kommentar zum Buche
des Propheten Maleachi. 2 (1, 11—2, 9). — 2. W, Siiss. Karl Mor-
genstern (1770—1852). 1L Teil (8. 161—330). 3. W. Anderson.
Novelline popolari sammarinesi. II.

B XX (1930). 1. A. Oras. Milton’s editors and commen-
tators from Patrick Hume to Henry John Todd (1695—1801). 1. —
2. J. Vasar. Die grosse liviindische Q@iiterreduktion. Die Ent-
stehung des Konflikts zwischen Karl XI. und der livlindischen Ritter-
und Landschaft 1678—1684. Teil I (S. 1—176). — 8. S. v. Csekey.
Die Quellen des estnischen Verwaltungsrechts. III. Teil (S. 185—150).

B XXI (1931). 1, W. Anderson. Der Schwank vom alten
Hildebrand. Teil I (S. 1—176). — 2. A. Oras. Milton’s editors and
commentators from Patrick Hume to Henry John Todd (1695-—1801). II.
— 3. W. Anderson. Uber P. Jensens Methode der vergleichenden

Sagenforschung.
B XXII (1931). 1. E. Tennmann. G. Teichmiillers Philo-
sophie des Christentums. — 2. J. Vasar. Die grosse livlindische

Giiterreduktion. Die Entstehung des Konftlikts zwischen Karl XI. und der
liviindischen Ritter- und Landschaft 1678-—1684. Teil II (S. [XXVII.
177—400).

B XXIIT (1981). 1. W. Anderson. Der Schwank vom alten
Hildebrand. Teil II (S. [—XIV. 177—329). — 2. A. v. Bulmerincq.
Kommentar zum Buche des Propheten Maleachi. 3 (2, 10— 3, 8). —
3. P. Arumaa. Litauische mundartliche Texte aus der Wilnaer Ge-
gend. — 4. H. Mutsehmann. A glossary of americanisms.

B XXIV (1931). 1. L. Leesment. Die Verbrechen des Dieb-
stahls und des Raubes nach den Rechten Livlands im Mittelalter. —
2. N. Maim. Volkerbund und Staat. Teil [ (S. 1—176).

B XXV (1931). 1. Ad. Stender-Petersen. Tragoediae
Sacrae. Materialien und Beitrdge zur Geschichte der polnisch-lateinischen
Jesuitendramatik der Friihzeit. — 2. W. Anderson. Beitrige zur
Topographie der ,Promessi Sposi“. — 8. E. Kieckers. Sprachwissen-
schaftliche Miscellen, VIL

B XXVI (1982). 1. A. v. Bulmerincq. Kommentar zum
Buche des Propheten Maleachi. 4 (8,8—12). — 2. A. Pridik. Wer
war Mutemwija? — 3. N. Maim. Vélkerbund und Staat. Teil II
(S. I-—I1I.  177—356).

B XXVIT (1932). 1. K. Schreinert. Johann Bernhard Hermann.
Briefe an Albrecht Otto und Jean Paul (aus Jean Pauls Nachlass). I. Teil
(S. 1—128). — 2. A. v. Bulmerincq. Kommentar zum Buche des
Propheten Maleachi. 5 (8, 12—24). — 3. M. J. Eisen. Kevadised
piihad. (Friihlingsfeste.) — 4. K. Kieckers. Sprachwissenschaftliche
Miscellen. VIII. ]

B XXVIII (1932). 1. P. Pold. Uldine kasvatusdpetus. (Allge-
meine Erziehungslehre.) Redigeerinud (redigiert von) J. Tork. —



2. W. Wiget. Eine unbekannte Fassung von Klingers Zwillingen. —
3. A. Oras. The critical ideas of T. S. Eliot.

B XXIX (1983). 1. L. Leesment. Saaremaa halduskonna
finantsid 1618/19. aastal. (Die Finanzen der Provinz Osel im Jahre
1618/19.) — 2. L. Rudrauf. Un tableau disparu de Charles Le
Brun. — 3. P. Ariste. Eesti-rootsi laensdnad eesti keeles. (Die
estlandschwedischen Lehnworter in der estnischen Sprache.) — 4. W.
Siiss. Studien zur lateinischen Bibel. 1. Augustins Locutiones und
das Problem der lateinischen Bibelsprache. 5. M. Kurtschinsky.
Zur Frage des Kapitalprofits.

B XXX (1933). 1. A. Pridik. Konig Ptolemaios I und die
Philosophen. — 2. K. Schreinert. Johann Bernhard Hermann. Briefe
an Albrecht Otto und Jean Paul (aus Jean Pauls Nachlass). II. Teil
8. I—XLII +129—221). — 3. D. Grimm. Zur Frage iiber den Begriff
der Societas im klassischen romischen Rechte. — 4. H. Kieckers.
Sprachwissenschaftliche Miscellen. [X.

B XXXI (1984). 1. E. Pédss. REesti linlaul. (Das estnische
Rodellied.) — 2, W. Anderson. Novelline popolari sammarinesi. Il
— 3. A. Kurlents. ,Vanemate vara“. Monograafia iihest jooma-
laulust. (,Der Eltern Schatz“. Monographie iiber ein Trinklied.) —
4. E. Kieckers. Sprachwissenschaftliche Miscellen. X,

B XXXII (1934). 1. A. Anni. F. R. Kreutzwaldi ,Kalevi-
poeg“. 1 osa: Kalevipoeg eesti rahvaluules. (F. R. Kreutzwalds ,Ka-
levipoeg®. 1. Teil: Kalevipoeg in den estnischen Volksiiberlieferungen.)
— 2. P. Arumaa. Untersuchungen zur Geschichte der litauischen

Personalpronomina. — 3. K. Kieckers. Sprachwissenschaftliche
Miscellen. XI. — 4. L. Gulkowitsch. Die Entwicklung des Be-
griffes Hasid im Alten Testament. — 5. H. Laakmann und W.

Anderson. Ein neues Dokument iiber den estnischen Metsik-Kultus
aus dem Jahre 1680.

B XXXIII (1986). 1. A. Annist (Anni). Fr. Kreutzwaldi
»Kalevipoeg“. Il osa: ,Kalevipoja® saamislugu. (Fr. Kreutzwalds
»Kalevipoeg®. IL Teil: Die Entstehungsgeschichte des ,Kalevipoeg“.) —
2. H. Mutschmann. PFurther studies concerning the origin of
Paradise Lost. (The matter of the Armada.)) — 3. P. Arumaa. De
la désinence -f» du présent en slave. — 4. O. Loorits. Pharaos Heer
in der Volksiiberlieferung. I. — 5. E. Kieck ers. Sprachwissenschaftliche
Migcellen. XIIL

B XXXIV (1935). 1. W. Anderson. Studien zur Wortsilben-
statistik der dlteren estnischen Volkslieder. — 2. P. Ariste. Huulte
vonkehadlik eesti keeles. (The labial vibrant in Estonian.) —
3. P. Wieselgren. Quellenstudien zur Volsungasaga. I (S. 1—154).

B XXXV (1985). 1. A. Pridik. Berenike, die Schwester des
Konigs Ptolemaios III Euergetes. I. Hilfte (S. 1—178). — 2. J. Taul.
Kristluse jumalariigi opetus. (Die Reich-Gottes-Lehre des Christen-
tums.) [ pool (k. I—VIII. 1-—160).

B XXXVIT (1985). 1. A. Pridik. Berenike, die Schwester des
Konigs Ptolemaios IIl Euergetes. II. Halfte (S. I—VIII. 177—3805). —



2. J. Taul. Kristluse jumalariigi opetus (Die Reich-Gottes-Lehre des
Christentums.) II pool (k. 161—304).

B XXXVII (1936). 1. A. v. Bulmerineq. Die Immanuel-
weissagung (Jes. 7) im Lichte der neueren Forschung. — 2. L. Gul-
kowitsech. Das Wesen der maimonideischen Lehre. — 3. L. Gulko-
witsch. Rationale und mystische Elemente in der jiidischen Lehre. —
4. W.Anderson. Achtzig neue Miinzen aus dem Funde von Naginscina. —
5, P. Wieselgren. Quellenstudien zur Volsungasaga 1 (S.
155—288). — 6. L. Gulk o witsch. Die Bildung des ‘ Begriffes Husid. I

B XXXVIIX (1936). 1. J. Médgiste. FEiniges zum problem
der 0f-, gj-deminutiva und zu den prinzipien der wissenschaft-

lichen kritik. — 2. P. Wieselgren. Quellenstudien zur Volsunga-
saga. Il (S.289—430). — 3. W. Anderson. Zu Albert Wesselski’s
Angriffen aul die finnische folkloristische Forschungsmethode. — 4.,

A. Koort., Beitrige zur Logik des Typusbegriffs. Teil I (8. 1—138).
— D. l&. Kieckers. Sprachwissenschaftliche Miscelien. XIII.

C I—III (1929). I 1. LEttelugemiste kava 1921. aasta I pool-
aastal. — I 2. Euelugemiste kava 1921 aasta 1l poolaastal. — I 3. Dante
pidu 14. IX. 1921. (Dantefeier 14. IX. 1921.) R. Gutmann. Dante
Alighieri. W. Schmied-Kowarzik. Dantes Weltansehauung. —
II 1. Bttelugemiste kava 1922. aasta I poolaastal. — LI 2. Kttelugemiste
kava 1922, aasta Il poolaastal. — III 1, Ettelugemiste kava 19238, aasta
1 poolaastal. — III 2. BEttelugemiste kava 1923. aasta I poolaastal.

C IV—VI (1929). 1V 1. Ettelugemiste kava 1924. aasta 1 pool-
aastal. — IV 2 Ettelugemiste kava 1924. aasta 1l poolaastal. — V 1.

Bttelugemiste kava 1925. aasta I poolaastal. — V 2. Ettelugemiste
kava 1925. aasta lI. poolaastal. — VI 1. Ettelugemiste kava 1926.
aasta [ poolaastal. — VI 2. Ettelugemiste kava 1926. aasta 1l poolaastal.

C VII—IX (1929). VIL1. Litelugemiste kava 1927, aasta I pool-
aastal. — VII 2, Ettelugemiste kava 1927. aasta Il poolaastal. — VIIL 1.
Loengute ja praktiliste toode kava 1928. aasta I poolaastal. — VIII 2.

Loengute ja praktiliste téode kava 1928. aasta Il poolaastal. — IX 1.
Loengute ja praktiliste toode kava 1929. aasta I poolaastal. — IX 2.
Loengute ja praktiliste tiode kava 1929. aasta 1l poolaastal. — IX 3.

Eesti Vabariigi Tartu Ulikooli isiklik koosseis 1. detsembril 1929,

C X (1929). Eesti Vabariigi Tartu Ulikool 1919—1929.

0 XI—XIII (19384). XI L. Loengute ja praktiliste todde kava
1930. aasta I poolaastal. — XI 2. Loengute ja praktiliste téode kava
1930. aasta II poolaastal. — XI 3. Eesti Vabariigi Tartu Ulikooli
isiklik koosseis 1. detsembril 1930. — XII 1. Loengute ja praktiliste
tovde kava 1931. aasta | poolaastal. — XII 2. Loengute ja praktiliste
toode kava 1931. aasta Il poolaastal. — XIL 8. Eesti Vabariigi Tartu

Ulikooli isiklik koosseis 1. detsembril 1931. — XIII 1. Loengute ja
praktiliste tsode kava 1932. aasta | poolaastal. — XTII 2. Loengute
ja praktiliste toode kava 1932. aasta II poolaastal. — XIII 3. Eesti

Vabariigi Tartu Ulikooli isiklik koosseis 1. detsembril 1932. —



XIII 4. K. Schreinert. Goethes letzte Wandiung. Festrede. —
XIII 5. R. Mark. Dotsent Theodor Korssakov t. Nekroloog.

C XIV (1982). Tartu Ulikooli ajaloo allikaid. I. Academia Gusta-
viana. a) Urikuid ja dokumente. (Quellen zur Geschichte der Universitit
Tartu (Dorpat). 1. Academia Gustaviana. a) Urkunden und Dokumente.)
Koostanud (herausgegeben von) J. Vasar.

CXV (1982). L. Villecourt. L'Université de Tartu 1919—1932.

C XVI—XVITI (1936). XVI 1. Loengute ja praktiliste tosde
kava 1933. aasta I poolaastal. — XVI R. Loengute ja praktiliste todde
kava 1933. aasta II poolaastal. — XVI 3. Eesti Vabariigi Tartu Ulikooli
isiklik koosseis 1. detsembril 1933. — XVII 1, Loengute ja praktiliste
toode kava 1934. aasta I poolaastal. — XVII 2. Loengute ja praktiliste
toode kava 1934. aasta 1I poolaastal. — XVII 3. Eesti Vabariigi Tartu
Ulikooli isiklik koosseis 1. detsembril 1934. — XVII 4, R. Ounap.
Tartu Ulikooli Oigusteaduskonna kriminalistikadpetaja A. P. Melnikov §.
~— XVII 5. F. Puksov. Rahvusvahelise vaimse koostdotamise insti-
tutsioonid ja nende tegevus 1982-—1933, — X VIII 1. Loengute ja prakti-

liste todde kava 1935. aasta [ poolaastal. — XVIII 2. Loengute ja
praktiliste toode kava 1935. aasta 1l poolaastal. — XVIIT 3. Resti

Vabariigi Tartu Ulikooli isiklik koosseis 1. detsembril 1935.

Eesti koha- ja tdnavanimed peavad olema véljendatud maksvate
eestikeelsete nimetuste jirgi koigis Eestis avaldatavais triikitooteis ja
perioodilise triikitoote nimetuses. Erandina vdidakse tarvitada Hesti koha-
véi tdnavanime muukeelset viljendust triikkis avaldatavais ajaloolistes
tirikuis ja iildse kirjutistes, kus koha- voi tdnavanimi esineb ajaloolises
kisitluses. (Riigi Teataja 2 — 1935, art. 12, § 13.)

Les noms de lieux et de rues de lhstome doivent étre donnés
dans leur forme estonienne officielle dans tous les imprimés publiés
en Estonie, et aussi dans les titres des périodiques. Exceptionnellement,
on peut employer les formes étrangéres des noms de lieux et de rues
de U'Estonie en publiant des documents historiques, et en général dans
des écrits ou le nom d’un lieu ou d’'une rue est traité du point de vue
historique. (Riigi Teataja 2 — 1935, art. 12, § 13.)



TARTU ULIKOOLI TOIMETUSED ilmuvad
kolmes seerias:

A: Mathematica, physica, medica. (Mate-
maatika-loodusteaduskonna, arstiteaduskonna, loomaarsti-
teaduskonna ja pollumajandusteaduskonna t54d.)

B: Humaniora. (Usuteaduskonna, filosoofiatea-

duskonna ja digusteaduskonna téod.) - -

C: Annales. (Aastaaruanded.)

-~

Ladu: Ulikooli Raamatukogus, Tartus.

LES PUBLICATIONS DE L’UNIVERSITRE
DE TARTU (DORPAT) se font en trois séries:

A: Mathematica, physica, medica. (Mathé-
matiques, sciences naturelles, médecine, sciences vétéri-
naires, agronomie.)

B: Humaniora. (Théologie, philosophie, philo-
logie, histoire, jurisprudence.)

C: Annales.

Dépot: La Bibliothéque de I'Université de Tartu,

Estonie.



