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The problem of the cold-hardiness of cabbage butterflies was for the
first time dealt with in detail by I. Kozhanchikov (1936). When analyzing
the distribution area of Pieris brassicae L., he established the fact that
the January isotherm —2O °C forms the northern boundary of the distri-
bution of cabbage butterflies in eastern Europe and in Siberia. However,
absolute minimum winter temperatures at the northern points of the
distribution area of Pieris brassicae fail considerably lower, being —38.4°
at Tula, —39.6 at Ulyanovsk, —40.8 in Moscow, —41.9 at Akmolinsk,
—42 at Perm, —46.4 at Solikamsk and even —50.5 at Narym. Severe
frosts of —3O to —3s° occur quite regularly in these regions. Hence,
according to I. Kozhanchikov, it follows that the cold-hardiness of
Pieris brassicae should be within the limits of —3O to —3s°. The distribu-
tion area of Pieris rapae L. in Siberia extends much farther north, and
this shows that this species of butterflies should obviously possess а
greater degree of cold-hardiness.

It is only in the last few years that experimental data on the cold-
hardiness of cabbage butterflies have begun tobe published in greater
numbers. The supercooling point of diapausing pupae of Pieris brassicae
has been reported by A. Danilevsky (1961) tobe —22.5° in Leningrad
and by L. Somme (1967) —24.6 to —26.5° in Norway, depending on
storage conditions.

Although cabbage butterfly pupae do not tolerate a freezing of tissues,
it is not enough to know their supercooling point to establish their
resistance to cold. In the case of exposures of lõng duration, a märked
mortality of insect populations has been caused by temperatures consid-
erably higher than the supercooling point (Salt, 1950; MacPhee, 1961;
Goryshin, 1966).

The aim of the present investigation was to establish the seasonal
changes in the supercooling points of cabbage butterfly pupae and their
dependence on the duration of exposure.

Materials and methods

Experiments were conducted in the winters of 1968/69 and 1969/70. The mature
larvae of cabbage butterflies were collected in the fields located in the vicinity of the
town of Tartu, Estonian SSR, and raised in insectaria up to pupation. The pupae were
stored in Petri dishes on cotton wool under conditions resembling those in nature, with
the only difference that temperatures below —2o° were avoided.
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The supercooling points were measured with a copper-constantan thermocouple at
a cooling rate of 0.5° per minute. The determinations of the average supercooling points
were performed on 10 to 20 specimens in each series of runs.

The effect of the duration of exposure to constant low temperatures on mortality was

studied in Dewar flasks in ethanol which was cooled by dry ice. Temperatures varied
within the limits of ±o.l°. The freezing of pupae was registered by a recording potentio-
meter of the type MCP-1-08 and a resistance thermometer.

Results and discussion

1. Seasonal changes in the supercooling points
The course of the seasonal changes in supercooling points as well as the particular

values of the temperatures at different points of time are very similarin both the species
CFig. 1). The larvae of the second generation of cabbage butterflies pupate in the first

half of September. The sharpest rise in cold-hardiness proceeded in two weeks during
pupation and after it. Thus, the mean supercooling point of the prepupae of Pieris
brassicae on September 10 was —14.2±1.4°, that of the non-chitinized pupae on September

11 was —18.0±1.3° and on September 12 —21.6±0.8°; the supercooling points of the pupae
with chitinized integuments were as follows: September 19 —24.5±0.3°, October
3 —25.0±0.3° and October 23 —25.5 +0.3°. Thus the pupae attained cold-hardiness in
October, i. e. a lõng time before the arrival of frosts. During the following winter months
the cold-hardiness of the cabbage butterflies increased by I°, at the most ( —26.2+ o.l°
in the middle of January).

In spring, cold-resistance begins to diminish in April. Thus, the supercooling points
were on April 27 —23.8±0.4° and on May 13 (i. e. in the last days of the pupal
stage) 20.3±0.4°.

There were no statistically significant differences in the winter supercooling points
of the two species of cabbage butterflies.

Comparing the supercooling points of Pieris brassicae established by our experiments
with those found in the literature, there appears tobe a striking coincidence with the
data published by L. S«mme (1967).

2. Effect of continuous constant low temperatures on the mortality of the hibernating
pupae of cabbage butterflies

A certain amount of mortality in insect populations may also be brought about by
sublethal temperatures, owing to their interference with the course of physiological pro-
cesses. This cause plays a small roie in the winter killing of the pupae of cabbage
butterflies. Only 6 per cent of the 700 pupae of Pieris brassicae were killed in our

Fig. 2. Effect of the duration of
exposure on the rise in the freezing
temperature of the hibernating pupae of

Pieris brassicae.

Fig. 1. Seasonal changes in supercool-
ing points of the cabbage butterfly
pupae ф Pieris brassicae-, О

Pieris rapae.
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hibernation experiments carried out at sublethal temperatures during exposures of
5 months.

The chief cause of death, after all, was the freezing of pupae. Freezing increases as
the temperature falls and the period of exposure lengthens. There are several methods
for describing and forecasting the mortality caused by winter frosts of various duration.
When studying the cold-hardiness of the wheat stem sawfly Cephus cinctus Nort., Salt
(1966) came to the conclusion that the meantime of freezing doubles with each 0.53°
i ise in temperature. Häving studied the effect of the duration of exposure in various
species, E. Merivee and T. Hansen (1970) established the fact that over the range
of exposure periods lasting from 0.25 min. to 16 hr. the mean supercooling point rises
by 0.25° when the time of exposure is doubled. The drawback of the above-mentioned
coefficients is their too high a degree of approximation, which is due to their strong
dependence on the duration of exposure. In the case of Pieris brassicae pupae, this
coefficient increased from 0.2 to 0.7 (Fig. 2) when the duration of exposure shortened
from 2 days to 0.5 hr.

То be able to describe the dependence of mortality on the duration of exposure
more accurately, we calculated the regression of mortality against the logarithm of the
duration of exposure for each series of runs. The results obtained are presented in Table
and the regression lines are plotted in Figs 3 and 4.

Over the range of the times of exposure from 0 to 8 hr., a linear relationship was
found to exist between mortality and logarithm of the time of exposure, which is shown
ty the exceedingly great values of the correlation coefficients (r = 0.96 to 1.0). In all
cases mortality begins by a certain period of time after the initial moment of a run
(a values are negative), which can be explained by the great weight of the pupae of
cabbage butterflies (they cool down slowly). The effect of the duration of exposure is
more intense as the temperature of exposure approach the supercooling points when
approximating the latter, the slopes of the regression lines increase (cf. regression
coelficient b in Table). When the duration of exposure is doubled, the mortality atan
exposure to —2s° increases by 15 per cent, whereas at —2l° the increase is only 4 per
cent.

Taking into account the very high correlation between mortality and the logariihm
of the tiine of exposure, we extrapolated the obtained regression Lines to longer periods
of tiine. It can be assumed that а 100 per cent mortality is attained at —24° already
after the 1.5 days, at —23° in about 11 days, and at —22° only after the seventh month.
The curves presented in Fig. 5, with points where the regression lines shown in Fig. 3
cross the 100, 50 and 25 per cent mortality lines, make the matter even clearer. These

Fig. 4. Relation between percentage of
Pieris rapae hibernating pupae frozen
and time of exposure at temperatures

shown.

Fig. 3. Relation between percentage of
Pieris brassicae hibernating pupae froz-
en and time of exposure at temperatures

shown.
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eurves run iinearly with the logarithm of the time of exposure in the left-hand part of
the mortality line corresponding to exposures of short duration. In the case of exposures
of longer duration the slope of the lines begins to diminish rather fast, and at a eertain
time of exposure the lines practically beeome parallel to the abseissa. This shows that
a mortality of 100 per cent cannot be evoked by temperatures above —21.5°, a mortality
of 50 per cent cannot be called forth by temperatures above —20.5°, and a mortality
of 25 per cent cannot be produeed by temperatures above —2o°.

If one compares the cold-hardiness of
Pieris brassieae with that of Pieris rapae,
one may note that the pupae of Pieris rapae
at —23° and —24° show a higher mortality
which is statistically insignifieant.

From the above we may draw the con-
clusion what the winter killing of the pupae
of cabbage butterflies is due to tempera-
tures approximating the supercooling points
(below —2o°). The effeet of the duration
of exposure is considerable only at expo-
sures of short duration (of 1 to 8 hr.), at
exposures of longer duration the effeet of
the duration of exposure approaehes zero
(Fig. 2). In nature, too, there occur minimum
temperatures, owing to which the majority of inseets perish in winter in a short time,
sometimes within a few hours. Taking into consideration what has been said above, the
authors are of the opinion that the 16-hr. critical temperature (i. e. the temperature at
which 50 per cent of the speeimens are killed) aptly deseribes the mortality of the inseets
hibernating above ground, on aeeount of excessive frost. The critical temperature for
Pieris brassieae is —22.3° (Fig. 5). Hence, under the conditions prevailing in Estonia,
100 per cent of the Pieris brassieae pupae hibernating exposed to low temperatures
ought to perish every winter. The reasons for their winter resistance and for their
targe numbers must obviously be explained otherwise than by cold-hardiness.

In the case of Pieris brassieae, immigrations are one of the chief sourees of their
large numbers (Lederer, 1938, and others). Proof of this circumstance lies in the fact
that in the whole of the European part of the Soviet Union there exists only a single
large population of Pieris brassieae with a uniform photoperiodic response (Danilevsky,

Fig. 5. Comparison of the time-temperature
exposures to cause 25, 50 and 100 per eeni
mortality of Pieris brassieae hibernating

pupae.
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Data on the effect of time of exposure to various low temperatures on the
mortality of cabbage butterflies Pierii brassicae and Pieris rapae pupae for

exposure periods of up to 8 hours

Temperature No. of
Species of exposure, pupae in а b Sb r

°C test

Pieris brassicae — 21 ±0.1 30 -14.4 13.5 2.36 0.96
— 22 ±0.1 30 -20.9 22.5 0 1.00
-23+0.1 30 -24.1 29.8 2.12 0.99
— 24 ±0.1 30 -32.0 39.0 1.70 0.98
-25+0.1 30 -35.0 50.25 2.00 0.99

Pieris rapae — 23 ±0.1 15 -30.6 36.2 3.42 0.99
”

— 24 ±0.1 15 -24.7 37.8 2.64 0,99

Test iesults are shown graphically in Figs 3 and 4.
b — linear regression coefficient of percentage mortality on logarithm of time of

exposure;
Sb — standard error of b;
r — correlation coefficient.



’ 961). In addition, the first generation of Pieris brassicae is, as a ruie, not numerous,
not even when the numbers of parasites from the previous autumn were small and the
larvae were numerously pupated (asin the years of 1966/67). It is obvious that a large
part of the local Pieris brassicae population is winter-killed every year. Hibernation is
possible only under the snow cover, but the mature larvae, after häving completed
their feeding, have a very strong negative geotaxis, on account of which hibernation
under the snow is possible in exceptional cases, only. Thus, on North Sea islands, larvae
of Pieris brassicae pupate on stalks of the sea sand-reed Ammophila arenaria (L.) Link.
(Speyer, 1956). Their larvae, too, have a strong negative phototaxis because of which
they often pupate on the inward sides of roofs of sheds and lofts, in halls and other kinds
of buildings. It seems that Pieris brassicae is a rather synanthropic species. It is also

that makes it possible for a non-numerous and labile local population to
exist.

The extensive distribution of Pieris rapae in Siberia cannot be explained by its greater
cold-hardiness, either. The reason may rather lie in the peculiarity of the ecology of its
hibernation. Pieris rapae pupae may often be found very near to the surface of the ground,
even in the grass, on foundations of houses, ete. Nevertheless, when they hibernate under
snow, the pupae are sufficiently cold-hardy.
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TIIU HANSEN, ERMER MERIVEE

KAPSALIBLIKATE PIERIS BRASSICAE L. JA PIERIS RAPAE L.
KÜLMAKINDLUS

Resümee
Kapsaliblikate nukkude suremust kestvates konstantsetes miinustemperatuurides uuriti

Dewari anumast ehitatud külmtermostaadis kuiva lume abil jahutatavas piirituses. Tempe-
ratuuri kõikumised olid ±O,l °C piirides. Allajahtumispunktid määrati vask-konstantaan-
termopaariga, jahutamiskiirus oli 0,5° minutis.

Allajahtumispunktide sesoonne muutumine oli mõlemal liigil väga sarnane (joon. 1).
Külmakindlus suurenes kõige jõudsamalt paari nädala jooksul nukkumise ajal ja pärast
seda. Talvekuudel suurenes kapsaliblikate nukkude külmakindlus maksimaalselt 1° võrra.
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Pieris brassicae nukkude allajahtumispunkt oli jaanuari keskel —26,2°. Kevadel hakkas
külmakindlus langema aprillis.

Andmed nukkude suremuse kohta kestvates konstantsetes madalates temperatuurides
on esitatud joonistel 3—5. Kuni kaheksatunniste ekspositsioonide puhul valitses sure-
muse ja ekspositsiooniaja logaritmi vahel lineaarne sõltuvus. Ekspositsiooniaja kahekor-
distumisel suurenes suremus —2s° puhul 15, —2l° juures aga ainult 4%. —24° juures peaks
sajaprotsendiline suremus saabuma 1,5 ööpäevaga, —23° juures 11 ööpäevaga, —22° juures
7 kuuga.

Kapsaliblikate nukkude talvist suremust põhjustavad allajahtumispunktile lähedased
temperatuurid (madalamad kui -—2o°). Sealjuures on olulised ainult lühikesed, I—B-tunnised1 —8-tun-
nised ekspositsioonid. Pikemate ekspositsioonide korral läheneb ajafaktori mõju nullile
(joon. 2). Avatalvituvate putukate pakasest tingitud suremust kirjeldab seepärast üsna
hästi 16-tunnine kriitiline temperatuur. Pieris brassicae puhul on kriitiliseks temperatuuriks
—22,3°. Selle liigi väikesearvuline ja labiilne kohalik populatsioon saab eksisteerida vaid
tänu sünantroopsusele (talvitub hoonetes). Pieris rapae talvekindlust aitab selgitada tema
talvitusökoloogia omapära: tema nukud talvituvad nimelt lume all.

Eesti NSV Teaduste Akadeemia Toimetusse saabunud
Zooloogia ja Botaanika Instituut 7. X 1970

ТИПУ ХАНСЕН, ЭРМЕР МЕРИВЭЭ

ХОЛОДОСТОЙКОСТЬ КАПУСТНЫХ БЕЛЯНОК
H/ERIS BRASSICAE L. и PlEßis RAE AE L.

Резюме

Изучалась смертность капустных белянок при длительных константных низких тем-
пературах в сосуде Дюара в спирте, охлаждаемом сухим льдом. Температура колеба-
лась в пределах ±O,l °С. Точки переохлаждения (ТП) измерялись при помощи термо-
пары медь-константан при скорости охлаждения 0,5° в минуту.

Ход сезонного изменения ТП оказался у обоих видов очень похожим (рис. 1).
Самое интенсивное повышение холодостойкости наблюдалось в течение двух недель
во время окукливания и в начале куколочной стадии. В зимние месяцы холодостой-
кость куколок капустных белянок не увеличивалась более чем на I°. У Pieris brassicae
в середине января ТП составляла —26,2°. Холодостойкость стала уменьшаться в
апреле.

Данные о смертности куколок при длительных экспозициях в условиях констант-
ных низких температур приведены на рис. 3—5. При экспозициях длительностью до
S ч наблюдалась прямолинейная зависимость между смертностью и логарифмом вре-
мени экспозиции. С каждым удвоением времени экспозиции при температуре —2s°
смертность повышалась на 15%, а при —2l° только на 4%. Стопроцентную смерт-
ность можно ожидать при —24° за 1,5 сутки, при —23° за 11 суток и при —22° за
7 месяцев. Зимнюю смертность куколок капустных белянок вызывают только темпера-
туры, которые незначительно превышают ТП (ниже -—2o°). Влияние фактора времени
самое сильное при коротких экспозициях от 1 до 8 ч. При более длительных экспози-
циях оно приближается к нулю (рис. 2). Поэтому у насекомых, зимующих открыто,
зимнюю смертность удовлетворительно можно прогнозировать на основе критических
температур при 16-часовой экспозиции. У Pieris brassicae критической является темпе-
ратура —22,3°.

Малочисленная и лабильная местная популяция Pieris brassicae может существо-
вать только благодаря синантропии (куколки зимуют в постройках). Зимостойкость
Pieris гарае можно объяснить своеобразием его экологии зимовки (куколки зимуют
под снеговым покровом).

Институт зоологии и ботаники Поступила в редакцию
Академии наук Эстонской ССР 7/Х 1970
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	Untitled
	Untitled

	О СИМБИОТИЧЕСКИХ СВОЙСТВАХ НЕКОТОРЫХ АУКСОТРОФНЫХ МУТАНТОВ КЛУБЕНЬКОВЫХ БАКТЕРИЙ ВИКИ И СОИ
	Рис. 1. Постановка первого и второго опытов.
	Рис. 2. Постановка третьего опыта; А заражен мутантной культурой, Б заражен исходной культурой, В незараженный контроль.
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled

	ВЛИЯНИЕ УРОВНЯ АЗОТНОГО ПИТАНИЯ, МОЛИБДЕНА И ВАНАДИЯ НА СОДЕРЖАНИЕ АЗОТИСТЫХ ВЕЩЕСТВ В НЕКОТОРЫХ ЗЛАКОВЫХ ТРАВАХ
	Зависимость содержания нитратного азота в сухом веществе от уровня азотного питания ежи сборной (рис. 1), пастбищного райграса (рис. 2) и тимофеевки (рис. 3). Опыты: 0 I—s, Д— 6—lo, □— 11—15,ф— 16—20, ± 21—25, В 26—30.
	Зависимость содержания сухого вещества в биомассе от уровня азотного питания ежи сборной (рис. 4), пастбищного райграса (рис. 5) и тимофеевки (рис. 6). Опыты: О I—s, А 6—lo, □ 11—15, • 16—20, ▲ 21—25, £g 26—30.
	Untitled
	Untitled
	Untitled
	Untitled

	THE INFLUENCE OR DAMS’ EGG-WHITE MUCIN-GLOBULINS ON THE RESISTANCE OF OFFSPRING IN THE PERINATAL PERIOD
	Untitled
	Untitled
	Untitled
	Untitled

	ON THE DEVELOPMENT OF IMMUNOLOGICAL REACTIVITY IN THE PERINATAL PERIOD
	LÜHITEATEID
	Untitled
	КРАТКИЕ СООБЩЕНИЯ
	ЭФФЕКТ ЭКРАНИРОВАНИЯ НА СВЕТИНДУЦИРОВАННОЕ ОБРАЗОВАНИЕ ФЛАВОНОИДОВ В ПРОРОСТКАХ ГРЕЧИХИ
	Рис. 1. Влияние экранирования на накопление флавоноидов в гипокотилях. Я нормально освещенные проростки, Я проростки с покрытыми гипокотилями, Т проростки, выращенные в темноте; 6 и 24 продолжительность световой экспозиции, ч. Для экранирования гипокотили заворачивались алюминиевой фольгой на слабом зеленом свету, не обладающим биологической активностью.
	Рис. 2. Накопление флавоноидов в семядольных листочках (после 16-часовой световой экспозиции) в зависимости от наличия или удаления семенной оболочки. Н нормальные проростки, у – семенная оболочка удалена перед освещением, И отделенные семядольные листочки без семенной оболочки, Т проростки, выращенные в темноте.

	ДЕЙСТВИЕ СПЕКТРАЛЬНОГО СОСТАВА СВЕТА НА ВКЛЮЧЕНИЕ 14С В АМИНО- И ОРГАНИЧЕСКИЕ КИСЛОТЫ ПРИ АССИМИЛЯЦИИ 14С02 листьями фасоли
	Рис. 1. Кинетика включения 14С в амино- и органические кислоты на синем и красном свету. ОобзнаЧения: ал аланин, асп аспарагиновая кислота, ябл яблочная кислота, лим лимонная кислота. Условия экспозиции: интенсивность красного света 1,92 мвт/см2, синего 2,99 мвт/см2; концентрация СO2 0,03%; в каждом варианте экспонировалось 6 дисков. На оси абсцисс продолжительность экспозиции дисков в ИСO2.
	Рис. 2. Включение 14С в амино- и органические кислоты на синем и красном свету. Обозначения см. на рис. 1. Условия экспозиции: интенсивность красного света 14,5 мвт/см2-, синего 19,3 мвт/см2-, продолжительность экспозиции в 14С02 10 мин; концентрация СO2 0,027%; в каждом варианте экспонировалось б дисков.
	Рис. 3. Действие спектрального состава света на распределение 14С между амино- и органическими кислотами, образующимися из ФГК. Обозначения ем. на рис. 1 и условия экспозиции на рис. 2.
	HUUMUSAINETE KATIOONSE MAHTUVUSE MÄÄRAMINE LEEKFOTOMEETRI ABIL
	Untitled


	HUUMUSHAPETE KATIOONSE MAHTUVUSE MÄÄRAMINE TUHASUSE JÄRGI
	Untitled
	Untitled
	Untitled
	Untitled

	РАСПРЕДЕЛЕНИЕ ГРУППОВЫХ ФАКТОРОВ ABO, Rh0 (D), ФАКТОРОВ MN И P И ГАПТОГЛОБИНОВ СЫВОРОТКИ КРОВИ У ДОНОРОВ-ЭСТОНЦЕВ Г. ТАРТУ
	Untitled

	О МОДЕЛЯХ РЕГУЛЯЦИИ ПРОСТРАНСТВЕННОЙ СТРУКТУРЫ
	Рис. 1. Конфигурация французского флага (КФФ). Через LV/3I обозначена функция T(V/or I [A//3J-J-1, если N/3—[jV/3]>0,5; 1,01 ~ {[А/З], если N/3 [;V/3] <0,5, где [А/3] есть целая часть N/3, не превышающая М/3.
	Рис. 2. Модуль М. 1 модуль М; 2 подмодуль М*; 3 конечный автомат G, 4 конечный автомат КА; 5 входные и выходные каналы, которыми модуль М соединяется с другими модулями; 6—B ленты L°, L 1 и L 2, разбитые на одинаковые квадраты подобно машине Тьюринга; 9 считывающе-записывающие головки.
	Untitled
	Untitled
	Untitled

	ГАММА-G-ГЛОБУЛ И H ИЗ ЦЕНТРАЛЬНОЙ ЛИМФЫ ОВЕЦ
	Рис. 2. Гамма-б-глобулин крови
	Рис. 1. Гамма-О-глобулин лимфы.
	Untitled
	Untitled

	ИЗОЛИРОВАНИЕ ЭНДОФИТНОЙ БАЦИЛЛЫ ИЗ ТКАНЕЙ ЧЕРНОЙ СМОРОДИНЫ, ПОРАЖЕННОЙ РЕВЕРСИЕЙ
	Untitled
	Untitled
	Рис. 1. Dasyscyphus brasiliensis; 10 600 X-
	Рис. 2. Dasyscyphus virgineus; 11 100 X
	Рис. 3. Lachnellula arida; 14 500 X.
	Рис. 4. Clavidisculum crassipilum; 6050 X
	Рис. 5. Dasyscyphella nivea; 11 200 X-
	Рис. 6. Belonidium leucophaeum; 2300 X-
	Рис. 7. Hyaloscypha lectissima; 2470 X-
	Рис, 8. Dasyscyphella nivea\ 1050 X-
	Untitled

	ПРЕДВАРИТЕЛЬНЫЕ ДАННЫЕ ОБ УЛЬТРАСТРУКТУРЕ ВОЛОСКОВ У ПРЕДСТАВИТЕЛЕЙ ГИАЛОСЦИФОВЫХ ГРИБОВ

	EESTI NSV TEADUSTE AKADEEMIAS В АКАДЕМИИ НАУК ЭСТОНСКОЙ ССР
	EESTI NSV TEADUSTE AKADEEMIA AASTAKOOSOLEKULT
	EESTI NSV TEADUSTE AKADEEMIA ÜLDKOGU AASTAKOOSOLEKU OTSUS 1971. aasta 25. märtsist Teaduste Akadeemia presiidiumi 1970. aasta aruande ja 1971. aasta tööplaani kohta
	Contribution

	EESTI NSV TEADUSTE AKADEEMIALE
	В АКАДЕМИИ НАУК ЭСТОНСКОЙ СОВЕТСКОЙ СОЦИАЛИСТИЧЕСКОЙ РЕСПУБЛИКИ
	ENSV TA PRESIIDIUMILE
	AUTASUSTAMISED
	Chapter

	KEEMIA-, GEOLOOGIA- JA BIOLOOGIATEADUSTE OSAKONNA INSTITUUTIDE TÄHTSAMATEST UURIMISTÖÖDEST JA NENDE TULEMUSTE RAKENDAMISE PÕHITULEMUSTEST 1970. AASTAL
	Untitled
	Untitled


	ÜLEVAATEID
	ОБЗОРЫ
	EESTI GENEETIKUTE JA SELEKTSIONÄÄRIDE I KONVERENTS
	TAIMSETE FENOOLIDE UURIJAD OLID TEIST KORDA KOOS


	Advertisement
	Chapter
	Untitled

	Chapter

	Advertisements
	Advertisement

	Illustrations
	Untitled
	Untitled
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