
V 

MM fa * / srxJ 

INFLUENCES OF TEMPERATURE ON 
ARACHIS HYPOGAEA L. 

WITH SPECIAL REFERENCE TO ITS POLLEN VIABILITY 

J. F. DE BEER 

NN08201,344 
BJ8LIOTHEEK 

DER 

-LANDBOUWHCGESCHOOL 
& Vv/,^tf\ i lNGcN 



STELLINGEN 

I 

Bij het vaststellen van de levensvatbaarheid van stuifmeel wordt onvoldoende rekening 
gehouden met de temperatuur waarbij de planten waarvan dit stuifmeel afkomstig is, 
zijn opgegroeid. 

Dit proefschrift. 

II 

De gevolgtrekking van MOORE dat bij de aardnoot vegetatieve en reproductieve ont-
wikkeling complementen zijn, is aanvechtbaar. 

Dit proefschrift. 

I l l 

Het is onjuist dat suikers in het kiemmedium alleen dienen om een gunstige osmotische 
toestand te scheppen bij de ontkieming en groei van de stuifmeelkorrel. 

VISSER, T. Meded. Landb. Hogesch. Wageningen, 55 (1955) 1-68. 

IV 

De opvatting dat accumulatie van nitraatstikstof gedurende de droge seizoenen in de 
bovenste lagen van tropische gronden veroorzaakt wordt door photochemische of 
biologische processen, is niet voldoende gegrond. 

Hulpverlening aan ontwikkelingslanden in tropisch Afrika met het doel produktie en 
uitvoer van traditionele landbouwprodukten te vergroten, zal de economie van deze 
landen weinig verbeteren. 

VI 

Subsidie ter stimulering van de produktie houdt veelal grote gevaren in voor het klein-
bedrijf. 

VII 

De classificatie van tabak in Zuid-Afrika, die hoofdzakelijk berust op verschillen in 
kleur en lengte van het blad, is onvoldoende om met deze tabak op de wereldmarkt 
te kunnen concurreren. 



VIII 

Het biedt geen voordelen Orinoco 'flue cured' tabak, die op noriet gronden verbouwd 
wordt te bevloeien, alvorens ten minste 90% van het beschikbare bodemvocht ver-
bruikt is. 

IX 

De dood van roofvijanden als gevolg van bespuitingen met DDT moet niet als voor-
naamste oorzaak van een snelle populatievergroting der phytophage Arthropoden 
beschouwd worden. 

J. F. DE BEER 

Wageningen, 1963 
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I INTRODUCTION 

Slightly over a century ago, the groundnut was still a food crop of minor importance. 
Today, however, although essentially a tropical crop, its cultivation extends over vast 
areas not only in the tropics but also in both sub-tropical and temperate regions. 
Although publications concerning the physiology of the groundnut have appeared 
from time to time, especially during the last 10 years, there still exists an urgent 
necessity to extend and co-ordinate our physiological knowledge with a view to 
resolve practical problems associated with groundnut cultivation. Too frequently in 
the past authors have dealt only with mere observational peculiarities without really 
touching the essentials of the problems. It is therefore not surprising and also with 
some justification that the groundnut earned the bogus name of 'the peanut, the 
unpredictable legume' (30). 

As far back as 1938 JODIDI (41) stated that: The average yields and efficiency of 
crop production in general are so far below the apparent possibilities that there is a 
pressing need for exhaustive fundamental studies of the plant in all stages of develop­
ment and from numerous points of view*. 

The effect of temperature on the development of the groundnut has been investi­
gated by various workers; few, however, have studied the plant under controlled 
environmental conditions. FORTANIER (27), investigating the influence of some en­
vironmental factors on flowering, states that the initiation of flowers is independent 
of both photoperiod and thermoperiod. The same worker therefore found the 
groundnut not to respond to any day-night temperature fluctuations, but to be 
mainly dependent on the average temperature. On the basis of these findings, BOLHUIS 

and DE GROOT (9) studied the groundnut plant at constant temperatures and found 
temperature to have a great influence on the number of fruits formed. With the 
background knowledge that temperature may be regarded as a decisive factor in 
growth and development, and with increasing evidence that this plant exhibits 
no thermoperiodicity, we limited ourselves to study the groundnut plant only at 
different constant temperatures. By carrying out those investigations, we attempted 
to explain to what extent temperature influences vegetative and generative growth, 
first and foremost bearing in mind that temperature has a distinct effect on fruit 
production. 

In view of the fact that no single environmental factor acts independently, we 
should like to stress that our results and conclusions are only valid for the circum­
stances under which the experiments were carried out. 



II MATERIALS AND METHODS 

2.1. PLANT MATERIAL 

Arachis hypogaea L. belongs to the family of the Papilionaceae. The cultivated 
groundnut is an annual plant which, depending on the cultivar, grows erect (bunch) 
or prostrate (runner). As the plants had to be grown in pots, the choice of cultivars 
was restricted to the erect or bunch types. 

The influence of temperature on the growth and development was the main object 
of study, therefore three cultivars from different climatic regions were employed: 
(a) Schwarz 21, a cultivar from Indonesia 6-7° lat. S. 
(b) A cultivar from Mallorca, 39° lat. N. 
(c) A cultivar from the Ukraine, 51° lat. N. 

The major part of the experiments was carried out with the Schwarz 21 cultivar, 
whereas the latter two were used as comparisons. The cultivar mainly used, Schwarz 
21, was bred and selected in Java by SCHWARZ and others (28) some forty years 
ago and is known to have great resistance against slime disease (Pseudomonas solana-
cearum), the first major disease of groundnuts observed in the East Indies. 

Regarding the morphological characteristics of the groundnut, in particular as far 
as pod shape and size and number of kernels per pod are concerned, the Schwarz 
21 and Ukraine cultivars may be considered to belong to the Spanish type, whereas 
the Mallorca cultivar may be considered as a Valencia type. 

2.2. DESCRIPTION OF THE EXPERIMENTAL ROOMS 

2.2.1. Controlled Environment Rooms 

In these rooms light, temperature and humidity were controllable. Illumination was 
supplied by twenty-four 40 W Philips TLF 55 daylight fluorescent tubes fitted in a 
sliding frame which could be moved upwards and downwards. An intensity of 50,000 
erg. sec.-1 cm-2 was measured at plant level, 15 cm from the lamps. Temperature 
was controlled by a thermostat between 24° and 33° within 1°C. The humidity was 
also controllable and was kept at a relative humidity of 75 %. 

2.2.2. Thermostat Cabinets 

In these six cabinets light as well as temperature were controllable. Temperature was 
controlled between 21° and 36° within 1°C. The cabinets were mainly used for 



germination and pollen viability studies. Illumination, when applied, was given by 
2 H.O. 450 Watt mercury lamps; a light intensity of 45,000 erg. sec.-1cm~2 was 
measured 20 cm from the glass screen which separated the cabinets from the light 
source. The relative humidity varied from 50 % to 80 %. 

2.2.3. Thermostat Rooms 

Also in these rooms light as well temperature were controllable. The light unit 
consisted of a three stage removable frame with sixteen 40 W Philips TLF 55 daylight 
florescent tubes. An intensity of 45,000 erg. sec.-1cm-2 was measured at plant level 
15 cm from the lamps, which approximately equalled the intensity used in the 
environment rooms. By means of thermostats, 750 W heat elements and ventilators, 
the temperature was controllable within 2°C during winter. The relative humidity 
varied from 65 % to 75 % but was always kept at a high level by means of water baths 
and water absorbent rags. 

(For more detailed information see FORTANIER (27) and SMILDE (79).) 

2.2.4. Greenhouse 

During the summer periods one greenhouse was used for growing control plants as 
well as plants later to be used for a more detailed study. Neither temperature nor 
humidity were controllable in the greenhouse, which made direct comparisons with 
treatments under controlled conditions somewhat difficult. 

2.3. EXPERIMENTAL TECHNIQUE 

2.3.1. Vegetative and Reproductive Development 

Seeds were pregerminated at the same constant temperatures as in the main tempera­
ture treatments, viz. 24°, 28° and 33°C. In the case of the greenhouse control, seeds 
were pregerminated at 28°C. The germinated seeds were sown in earthen pots which 
were filled with a 1 :1 clay-leaf mould mixture. To each pot 2 g of a 12-10-18 fertilizer 
mixture was added. Harvesting took place at the first signs of dying off. Plants were 
watered daily and surplus water could drain off through the central opening below 
the pots. 

Observations were made on the following subjects and in the following ways: 
(a) The main stem lengths were measured every other day from the cotyledons 

upwards, whereas lateral stems were measured from their place of branching. 



(b) Leaf counts were made at weekly intervals. 
(c) By means of leaf tracing, weighing and multiplication, thereby using the I Oth 

leaf on the main stem (counted from the cotyledons upwards), a rough measure 
for the total leaf area was obtained. 

(d) Due to the ephemeral behaviour of the groundnut flower, accurate daily flower 
counts were possible. 

(e) The number of gynophores and fruits were counted at harvest time. 
(f) Dry weights were obtained by oven drying at 105°C till a constant weight was 

reached. 

2.3.2. Pollen Viability Tests 

Plants were grown under the same conditions as described above. Pollen collections 
were made on different days as well as at different times during the day. The pollen 
germination media were the following: 
(a) A culture medium composed of 100 ml of distilled water, 8 g of commercial cane 

sugar and 1 g of shredded agar. 
(b) The same medium as mentioned under (a) to which was added 50 p.p.m. H3BO3. 

Microscope slides were spread with a thin coating of the culture medium and the 
pollen was distributed by brushing the exposed anthers over the medium. The slides 
were then placed in petri-dishes which were lined with wetted filter paper and covered, 
thus forming moist germinating and growing chambers. A minimum of 1500 pollen 
grains were used in determining germination percentages, while pollen was allowed 
to germinate for at least 90 minutes before counts were made. When germination 
percentages were determined separately, after the 90 minute germination period, 
pollen was killed by blowing formaldehyde vapour over the medium. 

Pollen tube lengths were determined with the aid of an ocular micrometer. In each 
case, only the ten longest, i.e. the most viable pollen tubes, were measured. Measure­
ments took place over a period of 150 minutes at 30 minute intervals. 

Germination and tube growth determinations were performed with material grown 
in the thermostat cabinets at temperatures ranging from 21° to 36°C. 

2.3.3. Growth and Transport of Carbohydrates 

(a) Top-root ratios were determined on plants grown at constant temperatures of 
24°, 28° and 33°C. The texture of the glass-sand used in this experiment allowed 
accurate root weight determinations. In this case Mitscherlich pots, instead of 
earthen pots, were used. A modified HEWITT (33) nutrient solution was applied twice 
daily. Drainage took place through plastic tubes which were fitted to the drainage 
openings of the pots. 



TABLE 1 Composition of the nutrient solution in mg per 100 litre 

Macro elements 

KNOs 
Ca(NOs)2-4H20 
MgS04-7H20 
NaH2P04H20 

20.2 
94.4 
36.9 
20.3 

Micro elements 

(B) as H3BO3 
(Mn) as MnSCU-HaO 
(Cu) as CuS04-5H20 
(Zn) as ZnSOWHaO 
(Mo) as (NH4)8Mo04 
(Fe) as Sequestrene 10.7% 

210.2 
169.2 
25.3 
28.6 
3.9 

5200.0 

(b) For the determination of the sugar content of the leaves, plants were grown in 
the same way as in 2.3 under greenhouse conditions for 30 days and thereafter they 
were transferred to the temperature cabinets. In the temperature cabinets different 
nyctotemperatures were applied before leaf sampling took place. Only the young 
fully developed leaves were clipped off for leaf analysis. In addition, some plants were 
kept under continuous illumination for 20 and 32 hours before leaf sampling took 
place. 

The sugar analyses were carried out at the 'Bedrijfslaboratorium voor Grond- en 
Gewasonderzoek', Oosterbeek. 

2.3.4. Additional Remark 

Whenever necessary, a more detailed description of the technique will be given 
separately in the chapters concerned. 



Ill VEGETATIVE AND REPRODUCTIVE DEVELOPMENT 
AS INFLUENCED BY TEMPERATURE 

3.1. INTRODUCTION 

The results obtained by various workers, amongst others WENT (103), CHOUARD (18) 
and BLAAUW (6, 7) make it evident 'that almost as many reaction types of plants to 
climate exist as plants have been investigated' (103). It remains true, however, that 
temperature may be regarded as a decisive factor in normal plant growth. The 
influence of temperature on the various growth processes is quite intricate, mainly 
due to the fact that no single environmental factor acts independently, but that the 
effects modify one another. Thus the effect of light intensity and photoperiod may 
vary with different temperature conditions, and vice versa. 

WENT (98), working with the tomato plant, pointed out that the optimum night 
temperature was shifted from 26°C to 8°C, when the light intensity was decreased 
from full daylight to 200 foot candles (7827.9 erg. sec .^cm-2). 

WENT and HULL (101) and HEWITT and CURTIS (34), although contradicting one 
another, showed that temperature has a significant effect on the translocation of 
carbohydrates in plants. 

The effect of temperature on respiration and photosynthesis must be regarded as 
being of considerable importance. WENT (102) reported that at lower temperatures 
the ratio of photosynthesis to respiration is over 10, but that this ratio decreases at 
high temperatures. According to the latter author, these lower photosynthesis-
respiration ratios may indicate why many plants produce a more vigorous growth 
in the temperate regions than in the tropics. 

The total growth of a plant may be considered as the product of growth of its 
component parts. Thus leaf growth may influence stem growth etc. It is also possible 
that the optimum temperature for stem growth may not necessarily be the same as 
that for fertilization. 

The investigations of BLAAUW et al. (7) with the hyacinth clearly demonstrated the 
differential response of plants in their various growth stages. He found for example 
that root growth has an optimum temperature of 28°C, that the temperature for 
flower and leaf initiation is 35°C, preparation for elongation 13°C and that the 
optimum for actual stem elongation lies at 20°C. 

The effect of diurnal differences between day and night temperatures on plant 
growth have also been studied and WENT (96,100, 98) introduced the word 'thermo-
periodicity' to explain the response of the plant to cyclic temperature variation. He 
found that the majority of species tested in greenhouses grow considerably better 



when subjected to a daily change in temperature, with the phototemperature higher 
than the optimal nyctotemperature. The term thermoperiodism was used in a wider 
sense by CHOUARD (18), who distinguished between a seasonal and a daily thermo-
periodicity in the temperature response of plants. 

By studying the soybean, PARKER and BORTHWICK (65), on the other hand, could 
not find any beneficial effect of low night temperatures. More related to our study 
were the findings of FORTANIER (27), who also studied the groundnut at different 
temperatures. This writer came to the conclusion that the groundnut does not 
respond favourably to any day - night fluctuations, but is mainly dependent on the 
average temperature. A low temperature could be counteracted by a high day tempera­
ture and vice versa. 

From the foregoing it is clear that no generalizations are possible. It is certain, 
however, that closely related plants usually react to variations in climatic factors in a 
similar way. Differences between cultivars of the same species are also possible, 
although such differences are usually quantitative rather than qualitative. Hence 
three groundnut cultivars of widely different origin were tested in relation to tempera­
ture. 

3.2. VEGETATIVE DEVELOPMENT 

3.2.1. Germination and Development of the Seedling 

The groundnut seed is composed of two cotyledons, an upper stem axis and young 
foliage leaves (epicotyl), and a lower stem axis and primary root (radicle). The whole 
seed is covered by a thin brittle seed coat which may vary in colour according to the 
cultivar. All the leaves and aerial parts which the seedling will develop during the 
first 2 to 3 weeks of growth are already present in the dormant seed. 

An investigation of the axillar bud of the seed pointed to the fact that floral initiation 
even exists in the earliest phases of development in the groundnut plant (70). 

Experimental: Groundnut seeds of the Schwarz 21 cultivar were germinated in 
petri-dishes, which were lined with moist absorbent paper, at temperatures ranging 
from 24° to 33°C. One hundred seeds were tested at each temperature. Seeds showing 
no sign of germination after a time lapse of 96 hours were regarded as failures and 
on that assumption the germination percentages were subsequently determined. 

In order to follow the development of the seedling, 50 seeds were allowed to 
germinate at each of four temperature treatments, (24°, 27°, 30° and 33°Q. After 
germinating for about 48 hours, the first germinated seeds from each treatment were 
separated from the others in order to determine the elongation of the radicles. 

Results and discussions: At 27°, 30° and 33°C the first radicles appeared after 24 
to 48 hours, though at 24°C a time lapse of 48 to 72 hours was necessary for their 



appearance. Table 2 shows that there was no striking difference in the final germination 
percentage recorded at temperatures ranging from 24° to 30°C, although 33°C gave 

TABLE 2 The effect of four constant temperatures on germination 

Germination in hours 
Number of seeds germinated 

24°C 27°C 30°C 33°C 

0-24 
24-48 
48-72 
72-96 

Germination % 

0 
0 

33 
99 

99 

0 
6 

92 
100 

100 

0 
6 

89 
95 

95 

0 
6 

71 
84 

84 

inferior results than the other temperatures. It appeared that temperature has a 
greater influence on the further development of the seedling than on the actual 
germination. 
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Fio. 1. The elongation of the radicles at 4 different temperatures 
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The results presented in fig. 1 indicate that the radicle growth was favoured at 
the high temperatures. It is interesting to note, however, that the rate at which the 
radicles grew in relation to time was approximately the same for seedlings at 33°, 30°, 
27° and 24°C. Expressed in hours, one might say that the seedlings germinated at 
33°C gained an advantage of 28 hours over the seedlings at 24°C, 16 hours over the 
seedlings at 27°C and 7 hours over the seedlings at 30°C. This retarded effect of 
growth at the lower temperatures is also noticeable when one studies the time necessary 
for the emergence of the cotyledons above ground, when the seeds were planted at 
the same depth at different temperatures. 

TABLE 3 Number of days from sowing to emergence of the cotyledons as influenced by temperature 

Temperature 

24°C 
28°C 
33°C 

Cultivars 

Schwarz 21 Mallorca 

7 7 
5 5 
5 5 

Ukraine 

6 
5 
4 

The data presented in table 3, show that there was very little difference between 
28° and 33°C, where 5 days were required for the emergence of the cotyledons of 
Schwarz 21 and Mallorca seeds, and 4 days in the case of the Ukraine cultivar. At 
24°C the cotyledons of the Schwarz 21 and Mallorca cultivars took 7 days, but those 
of the Ukraine cultivar 6 days to emerge. 

BOLHUIS and DE GROOT (9), who also made observations on the emergence of the 
cotyledons at different temperatures, obtained the same results. It is interesting to 
note from their experiments that the greatest difference occurred at 21°C, where 14 
and 12 days were required respectively for the Mallorca and Ukraine cultivars before 
the emergence of the cotyledons. At 18°C they found that, although germination oc­
curred, no subsequent development took place. 

It is surprising that the root growth is so much more vigorous than the shoot 
growth. When the cotyledons appear above the ground, from 5 to 7 days after 
sowing, the shoot growth only equals more or less the length of the cotyledons. 
YARBROUGH (107) found an epicotyl - hypocotyl ratio of 1 to 8 at an age of 5 to 
5\ days, which clearly demonstrates the discrepancy between the appearance of the 
young root and that of the shoot. 

In general it may be concluded that germination is favoured at temperatures 
ranging from 24° to 30°C, with a sharp decline in germination at 33°C. Although 
germination was relatively poor at 33°C in this experiment, the further development 
of the seedlings was more energetic at 33CC. 

BOLHUIS and DE GROOT (9) found that there was little difference in germination at 



temperatures ranging from 27° to 33°C. FORTANIER (27), obtained an optimum at 
30°C. MONTENEZ (57), on the other hand, found 33°C to be an optimum temperature 
for germination. 

Bearing in mind the results of the other workers, it is obvious that the germination 
of the groundnut seed is not seriously influenced by temperature, provided the 
temperature does not exceed 33°C or fall below 24°C. 

Our results show, however, that the rate of germination and also the further 
development of the seedlings are favoured at the higher temperature, in this case 33°C. 

3.2.2. Stem Elongations 

To obtain more information on the vegetative development of the groundnut plant, 
the influence of temperature on the main stem-, first lateral stem- and second lateral 
stem elongation was investigated. The investigation was carried out at 24°, 28° and 
33°C except in the case of the Schwarz 21 cultivar, where an additional investigation 
was carried out in a greenhouse. Neither temperature nor humidity were controllable 
in the greenhouse, which made direct comparisons impossible. The daily maximum-, 
minimum- and average temperatures were, however, noted down. 

With a view to obtain a better insight into the influence of temperature at various 
growth stages of the plant, plants grown at 24° and 33°C were transferred at three 
different developmental stages to 33° and 24°C respectively. The temperature combi­
nations and stages were as follows: 

33°C x 24°C (a) 24°C x 33°C (a) 
33°C x 24°C (b) and 24°C X 33°C (b) 
33°C x 24°C (c) 24°C x 33°C (c) 

(a) Transferred at the beginning of flowering. 
(b) Transferred 16 days after (a), i.e. at full flowering. 
(c) Transferred 34 days after (a), i.e. more or less at the end of flowering. 

In reality this scheme was only entirely applicable for the plants grown at 24°C 
because flowering continued uninterruptedly at 33°C. 

As stated before, the main investigation was carried out with the Schwarz 21 
cultivar and therefore the other two cultivars were merely investigated at the constant 
temperatures. 

3.2.2.1. Main Stem 
Results and discussions: In figs. 2, 3 and 4 it is shown that in all three cultivars 33°C 

proved to be an 'optimum' for main stem elongation, while 24°C may be regarded as 
a 'minimum' and the elongation at 28°C as a more or less 'normal'. The irregularity 
of the curve representing the elongation of the main stem under greenhouse conditions 

10 



(fig. 2) is easily explainable when the curve is divided into three parts, one for the 
first 28 days, one for the following 20 days and one for the last 44 days. The average 
temperatures during those time intervals were 24.1°, 21.7° and 25.4°C. This explains 
the first part of the curve, where elongation was practically the same as for the 

STEM LENGTH IN CM 

• O • 

36 44 52 

DAYS AFTER PLANTING 

Fio. 2. Main stem elongation of the Schwarz 21 cultivar grown at constant temperatures of 24°, 
28°, 33° and in a greenhouse as a control. 

plants grown at an even temperature of 24°C. The second part of the curve, which 
indicates hardly any elongation, coincided with the period of low average temperatures; 
this period was followed by one with higher average temperatures and consequently 
a more energetic elongation. 

3.2.2.2. Lateral Stems 
Results and discussions: The elongation of the first lateral stem pairs developed in 

more or less the same way as did the main stems. Lateral stem elongation was equally 
favourable at the higher temperatures. In the case of the Ukraine cultivar, however, 
the first lateral stem pair did not develop in the expected way. Growth was retarded 
and instead of the first lateral stem pair, the second lateral stem pair developed. The 
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retarded growth of the first lateral stem pair was counteracted by the growth of the 
second lateral stem pair. 

STEM LENGTH IN CM 

9 0 

30 28 34 44 

DAYS AFTER PLANTING 

Fig. 3. Main stem elongation of the Mallorca cultivar grown at constant temperatures of 24°, 28° 
and 33°C 

When studying the data in table 4, it became clear that no striking differences in 
length between the first and second lateral stem pairs occurred at the lower tempera­
tures. At 33°C, however, the ratio between the first and second lateral stem pairs, 
69 days after sowing, was entirely out of proportion viz. 102.0 to 29.0 cm. for the 
Schwarz 21 cultivar, 89.3 to 23.3 for the Mallorca cultivar and 24.4 to 106.0 cm. for 
the Ukraine cultivar. 

Extra lateral stems did not develop to such an extent as to play an important part 
at any of the above mentioned temperatures. In the case of plants growing in the 
greenhouse, however, the total average lengths were as follows: 

First lateral stem pair = 60.0 cm. 
Second lateral stem pair = 53.5 cm. 
Third lateral stem pair = 46.5 cm. 

12 
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As previously stated, the results obtained from plants grown under greenhouse 
conditions should not be compared with the results obtained from plants grown 
under artificial conditions; better proportional development of the greenhouse plants 
and the development of their third lateral stem pair, are most probably due to a 
higher light intensity and a longer photoperiod. 

STEM LENGTH IN CM 

SO-

7 0 

SO 

a o • 

l o ­

ss S6 44 

CAYS AFTER PLANTING 

FIG. 4. Main stem elongation of the Ukraine cultivar grown at constant temperatures of 24°, 28° 
and 33°C. 

From the results in table 4, it is evident, however, that the proportional develop­
ment between the first and second lateral stem pair was hampered at 33°C but not 
at 24° and 28°C. The total stem length measured at 33°C was considerably greater 
than at the other temperatures. It is interesting to note that growth did not stop at 
33°C; even after 120 days growth continued in the same way as indicated in figs. 2, 3 
and 4. 

3.2.2.3. Effect of Temperature Combinations 
Results and discussions: Fig. 5 represents the development of the main stem at the 

two temperature combinations 33° x 24° and 24° x 33°C. At 33° x 24°C (a), (b) 
and (c) growth was arrested fairly soon after the plants had been transferred. A normal 
deduction liable to be made in this respect is that vegetative growth seems to be 
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retarded at 24°C. This is not true, however, because vegetative development continued 
for about 68 days when plants were grown at 24°C, whereas growth ceased after 
about 58 days at 33° x 24°C (c). The foregoing gives thus reason to believe that the 
duration of vegetative growth is more dependent on the physiological developmental 
stage of the plants than on their age. At the higher temperature, the physiological 
development of the plants most probably proceeds at a higher rate than at the lower 
temperature. When transferred from the high to the low temperature, in this case 
33° x 24°C (c), the plants may be considered to be in a full stage of reproduction, 
but due to the high temperature, few or no fruits developed although flowering was 
abundant. When plants like the above, physiologically mature to produce fruit, but 
handicapped to do so at the high temperature, are moved to the lower 24°C, they 
almost immediately start their reproductive function. After the plants had been 
transferred, the reproductive activities may proceed at such a high rate, that almost 
all the energy produced by the plant is directed towards the reproductive organs, 

MAIN STEM ELONGATION IN C M SCHWAR?-2 

6 0 • 

SO • 

4 0 -

so -

so • 

1 0 -

S3 X 2 4 *C 

| PLANTS TRANSFERRED 

7 

/ 

Col 

(t>> 

TIME IN DAYS 

FIG. 5. The influence of a temperature change from 33° to 24° and from 24° to 33°C at three different 
stages of development on the elongation of the main stems. 
(a) Transferred more or less at the beginning of flowering. 
(b) Transferred 16 days after (a). 
(c) Transferred 34 days after (a). 
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with the result that vegetative growth slows down and this may be the explanation 
for divergence of curves (a), (b) and (c) of fig. 5. 

From the same figure it is evident that vegetative growth only continued for 48 
days at 33° x 24°C (a), although continuation of growth lasted for about 70 days 
and 86 days at 33° X 24°C (b) and (c). 

When plants were grown at 24° x 33°C, the opposite effect became apparent. 
As far as the vegetative growth of the 24° x 33°C plants was concerned, they 
reacted as if grown at a constant temperature of 33°C. The elongation of the main 
stems at 24° x 33°C (a), (b) and (c), almost appear as three parallel lines (fig. 5). It 
is of importance, however, that at 24° x 33°C (c), where growth had already stopped, 
i.e. where a balance between vegetative and reproductive growth had already been 
reached, the plants could again be stimulated to further vegetative growth when 
placed at the higher temperature. In this case growth continued for 16 days from the 
date* of transfer and then diminished, although the plants remained green without 
any signs of dying off. The higher temperature, therefore, gave very much the same 
results as the removal of flowers and fruits had given. BOLHUIS (8) also found that 
inhibition of fructification is not only a stimulus for the intensity of flowering and 
the total number of flowers produced, but also resulted in a marked increase in the 
duration of the flowering period. The removal of fruits resulted in the same continu­
ation of flowering and further development of leaves and stems (27). We believe, 
that it is not merely the number of mature fruits, but the number of mature fruits 
in relation to the vegetative mass that will counteract vegetative development. This 
may explain why plants at 24° x 33°C (c), although almost at the end of their 

TABLE 5 The elongation of the first lateral stem pair as plants were moved from 24°C to 33CC and 
from 33°C to 24°C at three different stages of development. (Average length of 5 plants in cm) 

Date 

4/11 
16/11 
28/11 
10/12 
22/12 
3/1 

15/1 
29/1 
10/2 

(a) 

10.2 
25.0 
35.4 
37.8 
39.8 
39.8 
— 
— 
— 

33°C x 24°C 

(b) 

12.4 
28.4 
47.4 
63.2 
71.8 
74.2 
74.2 
— 
— 

Schwarz 21 

(c) 

10.0 
22.2 
36.8 
43.2 
68.2 
90.8 

103.7 
110.0 
110.0 

(a) 

2.8 
9.8 

24.0 
38.8 
58.8 
73.4 
83.8 
92.9 

24°C x 33°C 

(b) 

3.8 
12.0 
23.4 
38.2 
57.6 
71.2 
83.4 
91.7 

very slow 

(c) 

2.8 
9.0 

17.0 
23.8 
27.6 
40.0 
50.2 
53.0 

(a) transferred on 16/11 (More or less at the beginning of flowering) 
(b) transferred on 2/12 
(c) transferred on 22/12 
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growing period, were once more stimulated to further vegetative growth. Though no 
further fruits developed, additional energy was needed to mature the number of 
fruits required for checking vegetative growth. Instead of diverging the greater part 
of the produced energy to the reproductive organs of the plant, the high temperature 
caused the opposite, which may have resulted in an accumulation of energy in some 
vegetative parts of the plant, and consequently in a further vegetative development 
for 16 days. The 'required' number of fruits therefore needed an extra 16 days to 
reach maturity, after which vegetative development was checked 24° x 33°C (c), (fig. 5). 

Considering the results obtained by FORTANIER (27) and also those obtained by us, 
one might conclude that a temperature of 33°C had exactly the same influence as the 
removal of fruits. A temperature of 33°C must, therefore, either prevent fertilization 
or retard the development of the embryo. 

The development of the lateral stems at different temperatures and temperature 
combinations followed more or less the same pattern as that of the main stems. The 
results on the development of the first lateral stem pair are presented in table 5. 

3.2.3. Leaf Production 

As in the case of stem elongation determinations, a similar investigation was carried 
out to study development of the leaves. The same temperatures were applied. An 
additional determination with the Schwarz 21 cultivar was carried out in a greenhouse. 
The total number of leaves per plant were counted at weekly intervals. The leaf area 
of the tenth leaf on the main stem, as well as the final number of leaves were determined 
at harvest time. 

TABLE 6 The average number of leaves produced by three cultivars at three constant temperatures 

weeks after 
sowing 

1 
2 
4 
6 
7 

10 
12 

33°C 

4 
13 
21 
43 
58 
72 
80 

Schwarz 21 

28°C 

i 

6 
19 
30 
43 
50 
55 

24°C 

_ 
4 

16 
28 
36 
36 
36 

33°C 

4 
7 

14 
33 
52 
67 
74 

Mallorca 

28°C 

^_ 
6 

20 
32 
47 
60 
65 

24°C 

^_ 
4 

12 
22 
34 
36 
36 

33°C 

4 
7 

18 
32 
42 
55 
64 

Ukraine 

28°C 

^_ 
5 

14 
22 
33 
45 
63 

24°C 

4 
9 

22 
30 
32 
32 

Results and discussions: As can be seen from table 6, the development of the leaves 
was favoured by the high temperature. One week after planting, each of the three 
cultivars tested had produced 4 leaves, whereas none had been produced at the other 
two temperature treatments. The results in table 6 further indicate that the higher the 
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temperature, the higher the number of leaves produced. At 33°C, the Schwarz 21 cultivar 
produced more leaves than the Mallorca-or Ukraine cultivars, although both cultivars 
produced more leaves than Schwarz 21 at 28°C. At 24°C the leaf production of all 
three cultivars was more or less the same, the Ukraine cultivar giving slightly inferior 
results. The Ukraine cultivar produced more or less the same number of leaves at 
both 28° and 33°C. This unexpected result was most probably due to the fact that the 
first lateral stem pair did not develop in the expected way. (See page 11 and 12). 

Leaf development in the groundnut proceeds very rapidly. Taking the leaf develop­
ment from the first to the tenth week after planting, the Schwarz 21 cultivar produced 
a new leaf every 0.97 days at 33°C, every 1.40 days at 28°C and every 1.94 days at 24°C. 
A new leaf was produced every 1.05, 1.17 and 1.94 days in the case of the Mallorca 
cultivar while the Ukraine cultivar needed 1.27, 1.55 and 2.19 days at 33°, 28° and 
24°C respectively. 

Taken at the tenth week, the Qio of leaf formation was 2.3 for the Schwarz 21 
cultivar, 2.1 for the Mallorca cultivar and 1.9 for the Ukraine cultivar. 

When studying the results obtained in figs. 2, 3 and 4, where stem elongation was 
plotted out, it becomes evident that stem growth and number of leaves are fairly well 
correlated: more leaves and longer stems occur together at the high than at the low 
temperatures. 

The total leaf area is most probably of greater importance for photosynthesis than 
the total number of leaves produced. In order to obtain an indication of the total 
leaf area per plant, the area of the tenth leaf was carefully measured and then multi­
plied by the number of leaves produced. As no experiments were carried out to 
determine which leaf would give the best estimate for leaf area, these figures may 
only be considered as a rough approximation of the total leaf area. 

The results presented in table 7, indicate that smaller leaves were formed at the 
high than at the low temperature. Of the three cultivars tested, the Ukraine cultivar 
was least affected by temperature, resulting in an average tenth leaf area of 30.65 cm2 

at 33°C and 39.89 cm2 at 24°C. The greatest response to temperature was found with 
the Mallorca cultivar, where the area of the tenth leaf on the main stem at 24°C was 
over three times the size of that formed at 33°C, with the result that a greater total 
leaf area was obtained at 24°C than at 33°C. This, however, only holds true for the 
Mallorca cultivar, because the greater number of leaves produced at 33°C, counter­
acted the smaller leaf size, so that the total leaf area of the Schwarz 21 and the 
Ukraine cultivars was considerably greater at 33° than at 24°C. 

3.2.4. Dry Weights 

Results and discussions: The dry weights of the aerial parts of the plant, obtained at 
different temperatures and temperature combinations, are shown in tables 8a and 8b. 
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TABLE 8a The influence of temperature on the average dry weights of the aerial parts of three 
cultivars in g 

Schwarz 21 Mallorca Ukraine 

33°C 28°C 24°C 33°C 28°C 24°C 33°C 28°C 24°C 

15.1 8.4 4.8 8.9 9.8 5.9 8.7 5.4 3.1 

TABLE 8b The influence of a temperature combination of 24° x 33° and 33° x 24°C on the 
average dry weight of the aerial parts of the Schwarz 21 cultivar in g 

(a) 

5.7 

33° x 24°C 

(b) 

10.1 

(c) 

15.2 

(a) 

14.9 

24c ' x 33°C 

(b) 

11.4 

(c) 

7.3 

(a) Transference at beginning of flowering 
(b) Transference 16 days after (a) 
(c) Transference 34 days after (a) 

When comparing these results with the results obtained for stem elongation, it is 
apparent that there is a fairly close correlation between stem length and dry weight. 
The higher the growth temperature, the longer the stems and the higher the dry 
weights. This was true in all cases, except one. For the Mallorca cultivar, 33°C was 
definitely too high for normal vegetative development, and its dry weights were less 
at 33° than at 28°C. 

The results obtained at the temperature combinations show that the longer the 
period at 33°C, the higher the dry weights. 

3.3. REPRODUCTIVE DEVELOPMENT 

3.3.1. Flower Development 

Although an investigation of the axillar bud of the groundnut cotyledons pointed to 
the fact that floral initiation even exists in the earliest phases of its development (70), 
flower initiation may be regarded as the transition from the vegetative to the repro­
ductive phase in the life of the plant. 

With a view to our field of study, only a few structural characteristics of the ground­
nut flower are of importance and need therefore some attention. For a more detailed 
description of the morphology of the groundnut we refer to (80, 30 and 44). 

The groundnut flower possesses a long tubular hypanthium which usually gives 
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the wrong impression that the flowers are pedicellate. Actually, the base of the 
hypanthium is inserted at the end of a simple flowering branch, directly subtended 
by its cataphyllar bract (30). The ovary is thus far removed from the stigma and 
consequently the style has more or less the same length as the hypanthium. The 
longer the hypanthium, the farther the pollen tubes have to travel down the style in 
order to effect fertilization. This characteristic in combination with the fact that the 
groundnut flowers are ephemeral, may be a decisive factor in the fertilization process. 

With the preceding in mind, an investigation was carried out to examine the 
influence of temperature on the length of the hypanthia as well as on the longevity of 
the flowers. 

Experimental: The length of the hypanthia as well as the longevity of the flowers 
were studied at the same temperature and temperature combinations as described in 
the stem elongation experiments, viz., 24°, 28°, 33°, 24° x 33° (a), (b), (c), 33° x 
24°C (a), (b) and (c). 

Results and discussions: The hypanthium structure of all three cultivars tested was 
affected by temperature in the same way. The results in table 9 indicate that the 
higher the temperature, the longer the hypanthia. Although the differences in hyp­
anthium lengths were small at 24° and 28°C, the hypanthia were much shorter than those 
at 33°C. In most cases the hypanthia were twice as long at 33°C as at the other two 
constant temperatures. It is of interest to note that about 80 % of the total hypanthium 
elongation occurs during the night. During the day bud elongation proceeds at a 
very slow rate but during the night elongation accelerates. 

The longevity of the flowers is undoubtedly of the same importance as the length 
of the hypanthia. The longer the flowers stay fresh, the more time will be available 
for pollen tube growth. An inverse correlation between hypanthium length and 
longevity of the flowers was found. The higher the temperature, the longer the 
hypanthia and the sooner the flowers wilt. At 24°C the lifespan of the flowers was 
found to be about 12 hours, at 28°C 11 hours and at 33°C 9 hours. Corresponding 
results were obtained where the temperature combination effect on the hypanthia 
was investigated. Two days after the transfer to the second temperature had taken 
place, viz. 24° x 33°C and 33° x 24°C, the flower characteristics were the same as 
those when the plants were grown continuously at the second temperature. It may be 
considered that it is possible to alter the character of the flower, i.e. the lengths of the 
hypanthia as well as the longevity of flowers, by changing the temperature during a 
minimum of 48 hours. 

3.3.2. Intensity of Flowering 

Experimental: Since the groundnut flower is ephemeral and wilts within a couple of 
hours, an accurate account of flower production is possible. The influence of tempera-
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ture on the intensity of flowering as well as the number of days between date of 
sowing and commencement of flowering was investigated. The same temperature and 
temperature combinations were applied as described before. 
Results: The results as to the appearance of the first flowers, i.e. the number of days 
between date of sowing and the commencement of flowering, are presented in table 10. 

Except for the Mallorca cultivar, the number of days from sowing till flowering, 
decreases as the temperature is raised. A temperature of 33°C was obviously harmful 
to flowering in the Mallorca cultivar. Flower initiation, however, took place although 
the flowers did not develop in the expected way. Flower initiation was thus not so 
much hampered by the high temperature as was the actual development of the flowers. 

TABLE 10 The number of days from sowing to flowering of three cultivars as influenced by tempera­
ture 

24°C 
28°C 
33°C 

Schwarz 21 

35 
28 
25 

Ukraine 

34 
26 
25 

Mallorca 

32 
25 
43 

The observations made on the intensity of flowering are presented in figs. 6 and 7. 
The curves are cumulative, expressing the daily average number of flowers per plant. 
NUMBER OF FLOWERS R PLANT 

M O • 

SS«C 

2 4 t 

SO 4 0 6 0 SO 2 0 

NUMBER OF DAYS FROM PLANTING 

FIG. 6. Cumulative curves representing the number of flowers per plant per day, when plants of 
the Schwarz 21, Mallorca and Ukraine cultivars were grown at three different constant temperatures. 
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Flowering is sometimes rather slow during the first 5 days, whereafter it accel­
erates to stop again rather quickly. In the case of plants grown at 33°C, however, 
flowering continues at a high rate without any sign of stopping. As already stated, 
the high temperature has a depressing influence on flowering in the Mallorca cultivar. 
Although the intensity of flowering was low and the appearance of the first flowers 
late, flowering did not stop during the course of the experiment. The Mallorca 
cultivar therefore exhibited the same flowering characteristics as the other two cultivars 
at 33°C. The flowering curves of the Schwarz 21- and Ukraine cultivars were almost 
identical. At 33°C flowering went on uninterruptedly, while slightly more flowers were 
produced at 24° than at 28°C. 

NUMBER OF FLOWERS R PLANT 

« 0 • 

SCHWARZ. 21 

33X24 Ic) 

90 I0O IIO I 3 0 20 SO 

NUMBER OF DAYS FROM PLANTING 

Fig. 7. Cumulative curves representing the number of flowers per plant per day, when plants which 
were grown at 24° and 33°C were respectively transferred to 33° and 24°C at three stages of develop­
ment. 
(a) Transferred more or less at the beginning of flowering. 
(b) Transferred 16 days after (a). 
(c) Transferred 34 days after (a). 

After considering the results shown in fig. 7 with plants grown at 24° and then 
transferred to 33°C, it is clear that in the case of 24° x 33°C (a), the plants reacted 
as if grown at a constant temperature of 33°C, as far as their flowering habit was 
concerned. (Compare with curves representing flowering at a constant temperature of 
33°C fig. 6). 

When plants were transferred at a late stage, even at the end of flowering, i.e. 
24° x 33°C (c), the plants could once again be stimulated to further flowering, 
although this occurred at a low rate. 
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