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Effect of separate pod and root zone
temperatures on yield and seed composition
of three Spanish cultivars of groundnut

(Arachis hypogaea L)
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Abstract: The effect of separate pod and root temperature regimes (all four combinations of 28/22 and
40/34°C day/night temperature), imposed from the time of peg penetration until harvest, on yield and
seed composition of three Spanish genotypes of groundnut (4Arachis hypogaea L) was investigated. A
decrease in pod temperature from 40/34 to 28/22 °C increased yield and oil, starch and protein mass per
plant irrespective of root temperature. Additionally, a reduction in pod temperature decreased protein
concentration and increased the sum of oil and starch concentration at a root temperature of 28/22°C,
whereas at a root temperature of 40/34°C a decrease in pod temperature increased protein
concentration. Root temperature reduction diminished oil concentration of genotypes AH 6179 and
TMYV 2 at a pod temperature of 40/34°C. A decline in pod temperature affected fatty acid composition
through a decrease in palmitic acid irrespective of root temperature and an increase in linoleic acid at
a root temperature of 28/22 °C. A root temperature effect on fatty acid composition was not detected. It
is concluded that field management practices and choice of genotype can influence groundnut yield

and seed composition through effects on pod and root temperature.
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INTRODUCTION

In recent studies, marked effects of soil temperature on
seed composition of groundnut (Arachis hypogaea L)
have been found.! To obtain information about
possible favourable agronomic practices and breeding
strategies, knowledge of the separate effects of pod and
root temperature on seed quality is needed. This is
because of different spatial distribution of pods and
functioning roots in the soil, and their consequent
exposure to different temperatures depending on the
soil depth. We are unaware of previous studies which
have tried to differentiate the effects of pod and root
temperatures in groundnut.

The podding depth in groundnut varies with soil
physical characteristics but is normally between 3 and
6 cm. However, in some genotypes the podding depth
can extend from 6 to 13cm (Wright GC, personal
communication). Similarly, the root distribution in the
soil profile depends on the genotype? and soil charac-
teristics, but major root activity in the reproductive
stage is normally deeper than podding depth, where
soil temperatures would be different. Knowledge of
the effects of pod and root temperature on yield and
seed quality could provide information for the choice

of genotypes and breeding strategies to select appro-
priate podding depth and root distribution for
improved and/or stabilised yield and seed quality
under soil temperature extremes. Soil temperature in
the top layers of the soil, especially in the podding
zone, varies by field management practices such as
irrigation, straw or polyethylene mulching, shading (eg
by mixed cropping) and adjusting the sowing date.
Pod temperature can also be affected by breeding
genotypes with an altered podding depth.

The influence of pod and root temperature on the
dry matter accumulation of seeds depends on the
temperature effect on source strength, sink activity of
the seeds, activity of other sinks and the energy
demand of the seed for maintenance, growth and
accumulation of storage compounds. Maintenance
respiration can increase with increasing temperature’
but may also be insensitive to temperature in the long
term.? In the groundnut genotypes used in the
presently described experiment, optimum soil tem-
peratures for 100-mature seed mass and yield per plant
were in the range 26/22-32/26°C (day/night).'>

Temperature has been found to affect oil and
protein concentration of seeds of several species,
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depending upon the combination of genotype and
investigated temperature regime. The oil concentra-
tion decreased,® did not alter’ or increased” ! with
decreasing temperature. Similarly, the protein con-
centration was reduced"”® or increased® when the
temperature was lowered.

The conversion of sucrose to starch in the kernels of
wheat and barley is impaired at high temperatures.'*!>
For wheat it was demonstrated that reduction of starch
synthesis by high temperature can almost wholly be
accounted for by reduced activity of soluble starch
synthase.'? Increasing temperatures above 20°C in
wheat and 30 °C in maize resulted in a reduction of the
activity of soluble starch synthase in the kernels.!*

The sugar concentration is affected by several inter-
acting processes such as respiration, starch metab-
olism, sink—source relationship, etc. In soybean seeds
the sucrose concentration decreased by more than
50% with an increase in temperature from 18/13 to
33/28°C (day/night) during seed development,
whereas stachyose was only slightly reduced and the
other sugars remained unchanged.'® Similarly, the
sugar concentration of groundnut seeds was reduced
by approximately 30% with increasing mean soil
temperature from 21.7 to 28.8°C.'°

The fatty acid composition of the oil is of consider-
able importance in commercial oilseed species. In
several species a marked effect of the temperature
during seed development on the fatty acid composition
of the seed oil was observed. Investigations on the
effect of temperature on fatty acid composition of seed
oil were mainly conducted in the range 10-33°C. In
three groundnut cultivars an increase in soil tempera-
ture from 20/14 to 32/26 °C (day/night) resulted in an
increase in oleic acid and a decrease in linoleic acid of
the seed oil.' Also, in other species such as soybean
and linseed,®!” safflower,'® sunflower'® and flax®® an
increase in temperature within the range 10-33°C
caused an increase in oleate and a decrease in poly-
unsaturated fatty acids (linoleate or linolenate),. This
temperature effect on oleic acid and polyunsaturated
fatty acids is ascribed to the temperature sensitivity of
desaturating enzymes, as eg has been shown for
sunflower®! and soybean.??> The respective propor-
tions of the saturated fatty acids 16:0 and 18:0 in the
seed oil of several species were not altered or only
slightly increased with increasing temperature within
the range 10-33°C.%%!117719 Increasing temperature
during seed maturation often results in a less un-
saturated oil owing to an increase in oleate combined
with a decrease in polyunsaturated fatty acids and a
slight increase or no alteration in the saturated fatty
acids 16:0 and 18:0 at increasing temperature.

To understand better the effects of pod and root
temperature on groundnut seed development, a study
under controlled conditions was undertaken whereby
separate temperature regimes were applied to root
systems and developing pods of three groundnut
cultivars. Effects of all combinations of a moderate
(28/22°C day/night) and a high (40/34°C day/night)
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pod and root temperature regime on yield and seed
quality of groundnut were investigated.

EXPERIMENTAL

Materials

The experiment was conducted twice in a greenhouse
at ICRISAT, Patancheru, near Hyderabad, India
(17°30'N, 78°16'E). Experiment 1 was conducted
between 13 February and 23 May 1995 and Experi-
ment 2 between 19 July and 21 October 1995. The
groundnut genotypes Comet, TMV 2 and AH 6179
used in this experiment belong to subsp fastigara var
vulgaris. The genotypes have a similar time to flower-
ing and maturity and a similar 100-seed mass. TMV 2
is a commonly grown cultivar in India. AH 6179
performs relatively well in the hot environment of
ICRISAT Sahelian Center, Niger (Williams JH,
personal communication). Comet produced a high
yield in comparison with other varieties in the
relatively cool climate of Ontario, Canada.??%*

Single groundnut plants were grown in a facility
which allows pods and roots to grow in separate
compartments.?’ The soil temperature of the pod and
root compartments was controlled separately by water
baths surrounding the compartments. Day/night
temperature regimes of 28/22 and 40/34°C within a
12h ‘day’ and 12h ‘night’ period were imposed
separately on the pod and root compartments in all
four combinations of these temperature regimes (see
Tables 1-4). The temperature transition between the
‘day’ and ‘night’ period occurred mainly within 2h,
and the final set temperature was reached within 5h.
This soil temperature course simulates natural condi-
tions better than a sudden temperature change. After
reaching the set ‘day’ or ‘night’ temperature, the tem-
peratures in the 40/34°C treatment ranged between
the set temperature and 0.6°C less (root compart-
ment) or 0.8°C less (pod compartment). The fluctua-
tions within the 28/22°C treatment were +0.3°C in
the root compartment and +0.6°C in the pod com-
partment. The air temperature ranged between 24 and
35°C during the day and between 20 and 27 °C during
the night.

The root compartment was filled with sand (particle
size 1-2mm) to facilitate aeration, and air was pumped
through the compartment once daily for 15s. The sand
in the root compartment was inoculated with Brady-
rhizobium. The root compartment was watered daily
with modified Broughton’s solution®® containing
(mM) 1 CaCl,, 0.5 KH,PO,, 0.25 MgSO,, 0.25
K,SO, and (um) 10 FeEDTA, 2 H;BO,, 1.5 MnSO,,
0.5 ZnSO,, 0.2 CuSO,, 0.1 CoSO,, 0.1 Na,MoO,.
The pod compartment was filled with a 4:2:1 mixture
of Alfisol soil, sand and vermiculite. This soil mixture
was watered daily to approximate field capacity of
9.3%.

When the pegs started entering the soil (40 days
after sowing (DAS) in all cultivars in Experiment 1 and
34 DAS in all cultivars in Experiment 2), the tempera-
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ture treatments were initiated and continued until
harvest (100DAS in Experiment 1 and 94DAS in
Experiment 2).

Pod maturity was determined by the hull-scrape
method.® The 100-seed mass was calculated from the
seed number and seed mass of each individual plant.
Mature seeds were freeze-dried, ground into a meal
using a Waring blender, defatted and stored at 0-4°C
for further analysis. The 100-seed mass, chemical
composition and fatty acid composition of the mature
seeds of each individual plant of the experiment were
determined.

Chemical composition

Nitrogen concentration was determined using a
Technicon autoanalyser.?” A factor of 5.46 was used
for converting the nitrogen into crude protein con-
centration. Oil was determined by extracting the
groundnut meal with n-hexane in a Soxhlet appara-
tus.?® Total soluble sugars in groundnut meal were
extracted with hot 80% aqueous ethanol and deter-
mined according to the procedure of Dubois et al. 2°
Starch was determined by hydrolysing the meal with
amyloglucosidase enzyme®® and analysing the sugars
in the hydrolysate according to the procedure of
Dubois et al. *°

Fatty acid composition

Fatty acid methyl esters (FAMESs) of hexane extracts
were prepared using 14% (w/v) boron trifluoride in
methanol®! and analysed according to the method of
Mercer er al>* with the following modifications. Gas
chromatography analysis was performed on a Shimad-
zu model GC-9A gas chromatograph (Shimadzu
Corp, Tokyo, Japan) fitted with a flame ionisation
detector and a glass column (210mm x3mm id)
packed with Altech CS-10 W-AW (80-100 mesh)
(Altech Associates, Deerfield, IL, USA). The carrier
gas helium was maintained at a flow rate of 50ml
min~'. The temperatures of the injector and detector
were maintained at 250 and 300 °C respectively. The
column temperature was held at 190°C for 4min
initially, programmed to increase from 190 to 250°C
at 10°C min !, then held at 250°C for 2min. Peaks
were identified using standard FAMESs and quantified
using methyl heptadecanoate (17:0) as internal stan-
dard.

Statistical analysis

The experiment used was a completely randomised
design. The statistical analysis was performed using
the GLM procedure of the Statistical Analysis
System,>> and the comparison of means was con-
ducted using the Tukey—Kramer test.

RESULTS AND DISCUSSION

100-Mature seed dry mass and yield

The effect of the temperature treatment on 100-seed
mass, number of seeds per plant and seed yield per
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plant was not modified by the cultivar (F-test; Table
1). The 100-seed mass increased when pod tempera-
ture was decreased to 28/22°C at a root temperature of
28/22°C. A lower root temperature had no effect on
the 100-seed mass at a pod temperature of 40/34°C.
Therefore pod temperature seems to be of importance
for the development of a desirable high 100-seed mass
for confectionary use. Mature seed number per plant
was not significantly affected by the temperature
treatment. The yield per plant increased when the
pod temperature was lowered independently of root
temperature, mainly owing to the temperature effect
on individual seed mass, whereas the root temperature
had no effect on the yield. This result is of importance
for agricultural practice. In these experiments the
adaptation of the cultivars to environments of con-
trasting temperature regimes was not reflected by the
effect of pod or root temperature on yield. This might
be partly due to the experimental variation of only pod
and root temperature, but not air temperature to
which the varieties might be adapted too.

The lower seed yield per plant at a pod temperature
of 40/34°C compared to the pod temperature of 28/
22°C could be due to increased carbon loss by
respiration and/or reduced sink activity of the seeds.
Sink strength® and respiration can be influenced by
temperature, but maintenance respiration is not
necessarily enhanced with increasing temperature in
the long term.*

Chemical composition

The seed oil concentration at 40/34 or 28/22°C soil
temperature (pod and root temperature) was similar
(Table 2). In another study at a lower soil temperature
range (20/14-26/20°C) the oil concentration of the
same genotypes increased with increasing soil tem-
perature.! However, in the present experiments the
combination of 40/34 and 28/22°C pod or root
temperature had an effect on seed oil concentration,
and there were significant differences between the
genotypes in this regard (Table 2). Whereas in Comet
the temperature treatment was without effect on oil
concentration, in TMV 2 and AH 6179 a reduction of
root temperature at a pod temperature of 40/34°C
diminished the oil concentration. Pod temperature
affected the oil concentration only in TMV 2 at a root
temperature of 28/22°C: the oil concentration in-
creased with decreasing pod temperature.

The better performance of AH 6179 in hot
environments and Comet in relatively cold environ-
ments is reflected by the ability of AH 6179 to
accumulate a higher oil concentration at the soil
temperature (pod and root temperature) of 40/34°C
compared to Comet (Table 2).

The temperature effect on the concentration of
starch, protein and total soluble sugars, the sum of the
concentrations of oil and starch, and the ratio of total
soluble sugars to starch was not significantly affected
by cultivar (F-test; Table 2). Starch concentration
decreased by an increase in pod temperature at a root
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temperature of 28/22°C and was unaffected by an
increase in root temperature at a pod temperature of
28/22°C. Sucrose accounts for around 90% of the
total sugars of groundnut seeds.'®>* Therefore the
increase in the ratio of total soluble sugars to starch
with an increase in pod temperature at a root
temperature of 28/22°C could be an indication of
reduced metabolisation of sucrose into starch. This
could be due to a diminished activity of soluble starch
synthase in the seeds with increasing temperature, as
observed in maize, barley and wheat kernels.'®'* A
reduced conversion of sucrose into starch could
account for the lower starch concentration at the
higher pod temperature for the 28/22°C root treat-
ment.

The protein concentration was similar at 40/34 or
28/22°C soil temperature (pod and root temperature)
but was affected by the combination of 40/34 and 28/
22°C pod or root temperature (Table 2). A decrease in
pod temperature lowered the protein concentration at
a root temperature of 28/22°C, whereas it increased
protein concentration at a root temperature of 40/

Pod and root temperature effects on groundnut yield and seed composition

34°C. Root temperature did not affect protein
concentration at a pod temperature of 28/22°C,
whereas a decrease in root temperature increased the
protein concentration at a pod temperature of 40/
34°C. From the nutritional point of view a high
protein concentration is desirable. For protein synth-
esis, developing legume seeds import nitrogen mainly
in the form of amides.?® For the subsequent metab-
olisation of amides to amino acids, carbon skeletons
are necessary. There is evidence that carbon partition-
ing is controlled in response to nitrogen availability.>*®
It is remarkable that the only temperature effect on the
sum of oil and starch concentration was a decrease
with decline of pod temperature from 40/34 to 28/
22°C at a root temperature of 28/22°C, which was
accompanied by an increase in protein concentration.
The plants exposed to 40/34 °C pod temperature and a
root temperature of 28/22 °C had the highest nitrogen
fixation per plant of all treatments. This was higher
than for the 28/22°C soil temperature (pod and root
temperature) treatment and much higher than for the
treatments with high root temperature (data not

Genotype

Temperature treatment

(°C aay/night) 100-Mature Number of mature ~ Mature seed

Pod Root seed mass (g) seeds per plant mass (9)
Comet

40/34 28/22 26.3aA 36.0aA 8.8aA

28/22 28/22 34.1bA 30.8aA 10.6aA

40/34 40/34 24.5aA 29.0aA 7.1aA

28/22 40/34 28.0aA 36.0aA 10.3aA
TMV 2

40/34 28/22 27.4abA 25.8aA 7.1abA

28/22 28/22 33.0bA 37.5aA 12.6bA

40/34 40/34 23.6aA 24.9aA 6.1aA

28/22 40/34 29.0abA 35.1aA 9.8abA
AH 6179

40/34 28/22 29.4aA 37.9aA 10.2aA

28/22 28/22 37.0bA 36.7aA 13.6bA

40/34 40/34 27.3aA 39.3aA 11.2aA

28/22 40/34 31.5abA 41.5aA 13.2aA
@ SED 1.7 4.3 1.6
Mean®

40/34 28/22 27.7ab 33.2a 8.7a

28/22 28/22 34.7¢c 35.0a 12.3c

40/34 40/34 25.1a 31.1a 8.2a

28/22 40/34 29.5b 37.5a 11.1bc
@ SED 1.0 2.5 0.9
Significance of F-test®

Temperature bk NS Hokok

Temp x genotype NS NS NS

Temp x experiment sk NS NS

Temp x gen x exp NS & NS

@ Means are significantly different at the P < 0.05 level if followed by different letters: comparison within
a variety with lower-case letters; comparison within a temperature treatment with upper-case letters.
© Where the interaction with the experiment was significant (Ftest), a box indicates that the same

Table 1. Effect of pod and root temperature on yield
and yield components of groundnut®
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treatment grouping was found in both experiments.
¢ Asterisks denote significance at *P <0.05, **P <0.01 and **#P <0.001 levels; NS, not significant.
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shown). Plants treated with 40/34 °C pod temperature
and 28/22°C root temperature also developed a lower
seed mass per plant than plants exposed to moderate
pod temperatures (Table 1). Because of the high
nitrogen fixation and the relatively low seed mass
production per plant, plants treated with 40/34°C pod
temperature and 28/22°C root temperature had a
relatively high ratio of nitrogen to carbon. This might
have led to an increase in protein synthesis at the
expense of oil and starch synthesis.

Oil, starch and protein mass per plant

Owing to the temperature effects on seed yield per
plant (Table 1) and on chemical composition (Table
2), the temperature treatments had a significant effect
on oil, starch and protein mass of the mature seeds per
plant (Table 3). The effect of temperature on the
amount of these seed components per plant was not
modified by the cultivar (P <0.05). Values of oil,
starch and protein mass per plant were highest at the
28/22°C soil temperature (pod and root) mainly

because of the high mature seed mass production at
that temperature (Table 1). A lower pod temperature
increased the oil and starch mass per plant irrespective
of root temperature (Table 3). The amount of seed
protein per plant increased with decreasing pod
temperature at a root temperature of 40/34°C. On
the other hand, the only effect of a reduction of root
temperature was an increase in protein mass at a pod
temperature of 40/34°C.

Fatty acid composition

The temperature effect on fatty acid composition of
the seed oil was not modified by the cultivar according
to the F-test (Table 4). A decrease in pod temperature
reduced palmitic acid (16:0) slightly, whereas root
temperature was without effect on palmitic acid.
Palmitic acid in the seed oil was also slightly reduced
by lowering the soil temperature in the groundnut
genotypes AH 6179 and TMV 2.! This is in agreement
with the effect of a decrease in plant temperature in
sunflower,!® flax,® white mustard and rape.11 How-

Table 2. Effect of pod and root temperature on chemical composition of mature groundnut seeds (per cent dry mass)®

Genotype

Temperature treatment

(°C day/night) Total soluble Total soluble

Pod Root Oil Starch Oil + starch Protein sugars sugars/starch
Comet

40/34 28/22 47 .6aA 7.9aA 55.5aA 28.5bA 3.0bAB 0.37bA

28/22 28/22 49.5aA 9.4aA 58.9bA 25.1aA 2.5aA 0.27aA

40/34 40/34 48.9aA 8.7aA 57.6abA 24.8aA 3.2aA 0.38bA

28/22 40/34 50.3aA 9.5aA 59.7bA 24.9aA 2.6aA 0.28aA
™V 2

40/34 28/22 45.8aA 8.1aA 53.9aA 30.0bA 3.0aB 0.38bA

28/22 28/22 49.0bA 8.9abA 57.9bA 26.1aA 2.7aA 0.31aA

40/34 40/34 49.5bAB 8.0aA 57.5bA 25.7aA 2.9aA 0.37bA

28/22 40/34 48.7abA 9.8bA 58.5bA 26.9abA 2.8aA 0.28aA
AH 6179

40/34 28/22 48.7aA 7.6aA 56.3aA 29.2bA 2.4abA 0.32bA

28/22 28/22 49.5abA 9.8abA 59.2bA 25.9abA 2.3aA 0.24aA

40/34 40/34 52.2bB 8.5abA 60.7bB 23.7aA 2.9bA 0.35bA

28/22 40/34 49.4abA 9.8bA 59.2bA 26.4abA 2.4abA 0.25aA
& SE 0.9 0.5 1.0 0.9 0.2 0.02
Mean®

40/34 28/22 47 4a 7.9a 55.2a 29.2¢c 2.8bc 0.36b

28/22 28/22 49.3b 9.4b 58.7b 25.7ab 0.27a

40/34 40/34 50.2b 8.4a 59.6b 24.7a 3.0c 0.37b

28/22 40/34 49.5b 9.7b 59.2b 26.1b 2.6ab
& SE 0.5 0.3 0.6 0.5 0.1 0.01
Significance of F-test®

Temperature wkk Hkok ok Hkok Hkok Hkok

Temp x genotype * NS NS NS NS NS

Temp x experiment ok * NS NS sk ok

Temp x gen x exp NS * NS NS NS NS

@ Means are significantly different at the P<0.05 level if followed by different letters: comparison within a variety with lower-case letters;

comparison within a temperature treatment with upper-case letters.

® Where the interaction with the experiment was significant (F-test), a box indicates that the same treatment grouping was found in both

experiments.

¢ Asterisks denote significance at *P <0.05, **P <0.01 and ***P <0.001 levels; NS, not significant.
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Table 3. Effect of pod and root temperature on amount of oil, starch and
protein in mature seeds per plant®

Genotype
Temperature
© gej;r;ig ho) Seed oil Seed starch Seed protein
per plant  per plant per plant
Pod Root (9) (9) (9)
Comet
40/34 28/22 4.52aA 0.75aA 2.71aA
28/22 28/22 5.25aA 1.01aA 2.70aA
40/34 40/34 3.48aA 0.62aA 1.78aA
28/22 40/34 5.24aA 0.96aA 2.56aA
T™MV 2
40/34 28/22 3.28aA 0.60aA 2.12abA
28/22 28/22 6.20bA 1.09bA 3.32bA
40/34 40/34 3.37aA 0.53aA 1.69aA
28/22 40/34 4.75abA  0.95abA 2.63abA
AH 6179
40/34 28/22 5.44aA 0.85aA 3.25aA
28/22 28/22 6.71aA 1.32aA 3.52aA
40/34 40/34 5.87aA 0.95aA 2.68aA
28/22 40/34 6.52aA 1.30aA 3.50aA
& SE 0.8 0.15 0.42
Mean
40/34 28/22 4.41a 0.73a 2.69b
28/22 28/22 6.05bc 1.14b 3.18b
40/34 40/34 4.24a 0.70a 2.04a
28/22 40/34 5.50b 1.07b 2.90b
J SE 0.5 0.08 0.24
Significance of Ftest®
Temperature ok ok ok
Temp x genotype NS NS NS
Temp x experiment NS NS NS
Temp x gen x exp NS NS NS

@ Means are significantly different at the P <0.05 level if followed by different
letters: comparison within a variety with lower-case letters; comparison within
a temperature treatment with upper-case letters.

© Asterisks denote significance at *P <0.05, **P<0.01 and *#**P <0.001
levels; NS, not significant.

ever, temperature did not affect the palmitic acid
concentration in the seed oil of some species such as
soybean®!” and safflower.'®

Pod and root temperature had no effect on stearic
acid (18:0) or oleic acid (18:1). This result is
consistent with previous investigations with the same
groundnut genotypes, where decreasing soil tempera-
ture had no effect on stearic acid or oleic acid in the
higher soil temperature range (32/26-38/32°C day/
night) but reduced both fatty acids in the lower soil
temperature range (20/14-32/26°C day/night).! In
other investigations in dependence on genotype and
temperature range, no temperature effect on stearic
acid occurred, eg in seed oil of soybean,®!” or there
was a slight reduction with decreasing temperature, eg
in safflower,'® sunflower,'® flax’ and linseed.”

Linoleic acid (18:2) was the only 18-C fatty acid
that showed a response to temperature treatment. The
linoleic acid percentage was lowered with a decrease in
pod temperature at a root temperature of 28/22°C.

F Sci Food Agric 81:1326-1333 (online: 2001)
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This was in accordance with a previous study, where
within a soil temperature range between 32/26 and 20/
14°C (day/night) the reaction of linoleic acid was
similar in the same groundnut genotypes.' The effect
of pod temperature on fatty acid composition demon-
strates that the linoleic acid as well as the palmitic acid
fraction of groundnut seed oil can be affected by pod
temperature independently of root temperature. At a
pod temperature of 40/34 °C the root temperature did
not affect linoleic acid.

Pod or root temperature had no effect on arachidic
(20:0) and eicosenoic (20:1) acid concentration and
no major effect on behenic (22:0) or lignoceric (24:0)
acid concentration in the oil (data not shown).

The main effect of the temperature treatment on
fatty acid composition of the oil was a reduction in
16:0 and an increase in 18:2 with decreasing pod
temperature. In the plastids of developing oil seeds,
16:0 can be elongated to 18:0 and then desaturated to
18:1. The proportion of fatty acids in seed oil is
predominantly influenced by enzymes regulating the
relation of 16:0, 18:0 and 18:1 exported from the
plastids and by enzymes which subsequently metab-
olise these fatty acids, eg 18:1 by desaturation to
18:2.37 Therefore the opposite reaction of 16:0 and
18:2 content to pod temperature mirrors the effect of
pod temperature on the activity of enzymes regulating
the proportion of 16:0 and 18:1 out of the fatty acids
exported from the plastids.

Mainly as a consequence of the reduction in 16:0
content and increase in 18:2 content with decreasing
pod temperature, the content of unsaturated oil
increased with decreasing pod temperature indepen-
dently of root temperature. In most of the reported
combinations of genotype and investigated tempera-
ture regimes the increase in seed oil desaturation with
decreasing temperature was mainly due to a shift
within the unsaturated 18-C fatty acids.®'"2%>7 Also
in groundnut a soil temperature reduction from 32/26
to 20/14°C (day/night) increased the extent of
unsaturation of the oil mainly because of a shift from
18:1 to 18:2," whereas in the higher pod temperature
regime of the presented experiment a decrease in pod
temperature increased the unsaturation of the oil
primarily owing to a shift from 16:0 to 18:2. An
increase in the extent of unsaturation of lipids
improves the nutritional quality of seeds and unheated
oil, whereas a decrease improves oil stability and shelf-
life of the groundnut products.

Implications for agricultural practice

The present study, comparing an optimum soil
temperature for pod yield (28/22°C) with a supra-
optimal soil temperature for pod yield (40/34°C),
suggests several avenues for yield and quality improve-
ment. Reduction of high soil temperature in the
fruiting zone of the soil, through agronomic manage-
ment or genotype selection for deeper podding, could
increase the yield and the oil, starch and protein mass
of the mature seeds per plant. Reduction of high pod
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SD Golombek, A Sultana, C Johansen

Genotype

Temperature treatment

(°C aay/night Saturated/unsaturated

Pod Root 16:0° 18:0 18:1 18:2 fatty acids®
Comet

40/34 28/22 15.8bA 2.4abA 40.8aA 34.3aA 0.32bA

28/22 28/22 13.5aA 2.9bA  40.1aA 36.9bA 0.29aA

40/34 40/34 16.2bB 2.2aA  39.2aA 35.4abA 0.32bA

28/22 40/34 13.4aA 29abA 40.1aA 36.8bA 0.29aA
™V 2

40/34 28/22 15.3bA 25aA  42.0aA 33.3aA 0.31bA

28/22 28/22 13.3aA 2.3aA  41.5aA 36.0bcA 0.28aA

40/34 40/34 15.0bA 2.4aA  41.0aA 34.8abA 0.30bA

28/22 40/34 12.9aA 25aA  405aA 37.1cA 0.27aA
AH 6179

40/34 28/22 15.7bA 2.3aA  41.4aA 34.1aA 0.31bA

28/22 28/22 13.1aA 2.6aA  41.2aA 36.6bA 0.27aA

40/34 40/34 15.2bA 2.3aA  40.5aA 35.3abA 0.31bA

28/22 40/34 12.6aA 2.6aA  40.6aA 37.1bA 0.27aA
& SE 0.3 0.2 0.8 0.6 0.007
Mean®

40/34 28/22 15.6b 2.4a 41.4a 33.9a 0.31b

28/22 28/22 13.3a 2.6a 40.9a 36.5b 0.28a

40/34 40/34 15.5b 2.3a 40.2a 35.2a 0.31b

28/22 40/34 12.9a 2.6a 40.4a 37.0b 0.28a
& SE 0.2 0.1 05 0.3 0.004
Significance of Ftest®

Temperature skskck £ * seskok skt

Temp x genotype NS NS NS NS NS

Temp x experiment * NS ok ok *

Temp x gen x exp NS NS NS NS NS

2 Means are significantly different at the P <0.05 level if followed by different letters: comparison within a variety
with lower-case letters; comparison within a temperature treatment with upper-case letters.
® Figure before colon indicates the number of carbon atoms. Figure after colon is the number of double bonds in

the fatty acid chain.
Table 4. Effect of pod and root
temperature on fatty acid composition
of oil of mature groundnut seeds (per
cent of total fatty acids)®

temperature could increase the sum of oil and starch
concentration and decrease protein concentration at a
moderate root temperature, and increase protein
concentration at a high root temperature. Reduction
of high pod temperature could influence fatty acid
composition through an increase in linoleic acid and a
decrease in palmitic acid concentration and could lead
to an increase in the extent of unsaturation of the seed
oil. Root temperature in deeper soil layers can be
influenced by agricultural practices such as sowing
date, growing location and choice of a genotype with a
particular root distribution pattern. Reduction of high
root temperature could increase the protein mass per
plant if pod temperature is high.

ACKNOWLEDGEMENTS

The technical assistance of Mr M Narsi Reddy in the
conduct of the experiment is gratefully acknowledged.
We thank Dr Umaid Singh and staff of the ICRISAT

1332

¢ Measured saturated fatty acids: 16:0, 18:0, 20:0, 22:0, 24:0. Measured unsaturated fatty acids: 18:1, 18:2, 20:1.
9 Where the interaction with the experiment was significant (F-test), a box indicates that the same treatment
grouping was found in both experiments.

¢ Asterisks denote significance at *P <0.05, **P <0.01 and ***P <0.001 levels; NS, not significant.

Crop Quality Laboratory, particularly Mr PV Rao, for
chemical analyses of the samples. Prof Dr H-P Piepho
is thanked for suggestions on the statistical analysis.

REFERENCES

1 Golombek SD, Sridhar R and Singh U, Effect of soil temperature
on the seed composition of three Spanish cultivars of ground-
nut (Arachis hypogaea L). § Agric Food Chem 43:2067-2070
(1995).

2 Ketring DL, Root diversity among peanut genotypes. Crop Sci
24:229-232 (1984).

3 Farrar JF and Williams ML, The effects of increased atmospheric
carbon dioxide and temperature on carbon partitioning,
source-sink relations and respiration. Plant Cell Environ
14:819-830 (1991).

4 Bunce JA and Ziska LH, Responses of respiration to increases in
carbon dioxide concentration and temperature in three
soybean cultivars. Ann Bot 77:507-514 (1996).

5 Golombek SD and Johansen C, Effect of soil temperature on
vegetative and reproductive growth and development in three
Spanish genotypes of peanut (Arachis hypogaea L). Peanutr Sci
24:67-72 (1997).

F Sci Food Agric 81:1326—1333 (online: 2001)



6 Williams EJ and Drexler JS, A non-destructive method of deter-
mining peanut pod maturity. Peanut Sci 8:134-141 (1981).

7 Canvin DT, The effect of temperature on the oil content and
fatty acid composition of the oils from several oil seed crops.
Can ¥ Bot 43:63-69 (1965).

8 Dornbos DL and Mullen RE, Soybean seed protein and oil
contents and fatty acid composition adjustments by drought
and temperature. ¥ Am Oil Chem Soc 69:228-231 (1992).

9 Green AG, Effect of temperature during seed maturation on the
oil composition of low-linolenic genotypes of flax. Crop Sci
26:961-965 (1986).

10 Marquard R, The influence of temperature and photoperiod on
fat content, fatty acid composition, and tocopherols of rape-
seed (Brassica napus) and mustard species (Sinapis alba,
Brassica juncea, and Brassica nigra). Agrochimica 24:145-151
(1985).

11 Yaniv Z, Schaffermann D and Zur M, The effect of temperature
on oil quality and yield parameters of high- and low-erucic acid
Cruciferae seeds (rape and mustard). Ind Crops Prod 3:247—
251 (1995).

12 Jenner CF, Starch synthesis in the kernel of wheat under high
temperature conditions. Aust § Plant Physiol 21:791-806
(1994).

13 MacLeod LC and Duffus CM, Reduced starch content and
sucrose synthase activity in developing endosperm of barley
plants grown at elevated temperatures. Aust ¥ Plant Physiol
15:367-375 (1988).

14 Keeling PL, Banisadr R, Barone L, Wassermann BP and
Singletary GW, Effect of temperature on enzymes in the
pathway of starch biosynthesis in developing wheat and maize
grain. Aust § Plant Physiol 21:807-827 (1994).

15 Wolf RB, Cavins JF, Kleiman R and Black LT, Effect of tem-
perature on soybean seed constituents: oil, protein, moisture,
fatty acids, amino acids and sugars. ¥ Am Oil Chem Soc 59:230—
232 (1982).

16 McMeans JL, Sanders TH, Wood BW and Blanckenship PD,
Soil temperature effects on free carbohydrate concentrations in
peanut (Arachis hypogaea L) seed. Peanut Sci 17:31-35 (1990).

17 Slack R and Roughan PG, Rapid temperature-induced changes
in the fatty acid composition of certain lipids in developing
linseed and soya-bean cotyledons. Biochem § 170:437-439
(1978).

18 Browse J and Slack R, The effects of temperature and oxygen on
the rates of fatty acid synthesis and oleate desaturation in
safflower (Carthamus tinctorius) seed. Biochim Biophys Acta
753:145-152 (1983).

19 Garcés R, Sarmiento C and Mancha M, Temperature regulation
of oleate desaturase in sunflower (Helianthus annuus L) seeds.
Planta 186:461-465 (1992).

20 Yermanos DM and Goodin JR, Effects of temperatures during
plant development on the fatty acid composition of linseed oil.
Agron ¥ 57:453-454 (1965).

F Sci Food Agric 81:1326-1333 (online: 2001)

Pod and root temperature effects on groundnut yield and seed composition

21 Sarmiento C, Garcés R and Mancha M, Oleate desaturation and
acyl turnover in sunflower (Helianthus annuus L) seed lipids
during rapid temperature adaptation. Planta 205:595-600
(1998).

22 Cheesebrough TM, Changes in the enzymes for fatty acid
synthesis and desaturation during acclimation of developing
soybean seeds to altered growth temperature. Plant Physiol
90:760-764 (1989).

23 Court WA, Roy R and Hendel JG, Effect of harvest date on
agronomic and chemical characteristics of Ontario peanuts.
Can ¥ Plant Sci 64:521-528 (1984).

24 Roy RC, Tanner JW, Hatley OE and Elliot JM, Agronomic
aspects of peanut (Arachis hypogaea L)) production in Ontario.
Can ¥ Plant Sci 60:679-686 (1980).

25 Golombek SD, Prasad KDV, Chandrasekhar K and Johansen C,
A technique for imposing separate temperature regimes on
pods and roots of peanut (Arachis hypogaea L). Peanut Sci
23:65-70 (1996).

26 Broughton WJ and Dilworth M]J, Control of leghaemoglobin
synthesis in snake beans. Biochem § 125:1075-1080 (1971).

27 Singh U and Jambunathan R, Evaluation of rapid methods for
the estimation of protein in chickpea (Cicer arietinum L). ¥ Sci
Food Agric 31:247-254 (1980).

28 AOCS, Official and Tentative Methods of the American Oil
Chemuists’ Sociery, 3rd edn. American Oil Chemists’ Society,
Champaign, IL (1980).

29 Dubois M, Giller KA, Hamilton JK, Rebers PA and Smith F,
Colorimetric method for the determination of sugars and
related substances. Anal Chem 28:350-356 (1956).

30 Thivend P, Mercier C and Guilbot A, Determination of starch
with glucoamylase, in Methods in Carbohydrate Chemistry, Ed
by Whistler RL and BeMiller JN, Academic Press, New York,
pp 100-105 (1972).

31 Metcalfe LD, Schmitz AA and Pelka JR, Rapid preparation of
fatty acid esters from lipids for gas chromatographic analysis.
Anal Chem 38:514-515 (1966).

32 Mercer LC, Wynne JC and Young CT, Inheritance of fatty acid
concentration in peanut oil. Peanut Sci 17:17-21 (1990).

33 SAS, SAS/STAT User’s Guide, Version 6, 4th edn, SAS Institute,
Cary, NC (1989).

34 Pattee EP, Young CT and Giesbrecht FG, Seed size effects on
carbohydrates of peanuts. ¥ Agric Food Chem 29:800-802
(1981).

35 Atkins CA, Pate JS and Sharkey PJ, Asparagine metabolism—
key to the nitrogen nutrition of developing legume seeds. Plant
Physiol 56:807-812 (1975).

36 Huppe HC and Turpin DH, Integration of carbon and nitrogen
metabolism in plant and algal cells. Ann Rev Plant Physiol Plant
Mol Biol 45:577-607 (1994).

37 Hills M]J and Murphy D], Biotechnology of oilseeds. Biotechnol
Genet Engng Rev 9:1-46 (1991).

1333



