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Abstract
Drought is a serious environmental stress limiting growth and productivity in
peanut and other crops. Nutrient uptake of peanut is reduced under drought
condition, which reduces yield. The objectives of this study were to investigate
nutrient uptake of peanut genotypes in response to drought and to estimate the
relationship between nutrient uptake and peanut yield under different water regimes.
Pot experiment was conducted in a greenhouse in the dry season 2002/03 and the
rainy season 2003. Three soil moisture levels [field capacity (FC), 2/3 available soil
water (2/3 AW) and 1/3 available soil water (1/3 AW)] were assigned as factor A and
11 peanut genotypes as factor B. Total nutrient uptake was determined at harvest.
Season×water regime interactions and differences in seasons, water regimes and
genotypes were significant for all nutrient uptakes. The interactions between season
and genotype were significant for N and K uptakes. The nutrient uptakes of peanut
plants grown under FC were higher than those plants grown under water stress
treatments. Tifton 8 was the highest genotype for all nutrient uptakes in both dry and
rainy seasons, while ICGV 98303 and KK 60-3 had high nutrient uptake under water
stress condition. The nutrient uptake of peanut in the rainy season was higher than
the dry season. The relationships between nutrient uptake parameters, biomass and
pod dry weight were positive and significant in both seasons. This information is
important for peanut breeder interested in developing peanut lines with reasonably
high nutrient uptake under drought condition.
Keywords: Biomass; Harvest index; Relationship; Nitrogen uptake; Water stress.
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Introduction
Peanut (Arachishypogaea L.) is a major cash crop grown mainly under
rainfed conditions in the semi-arid tropics. Prolonged drought has been
found toseverely reduced yield of peanut (Pimratch et al., 2008; Songsri
et al., 2008) and increased aflatoxin contamination (Waliyar et al., 2003;
Girdthai et al., 2010). The use of drought resistant peanut varieties and
sufficient irrigation can overcome drought problem (Sankar et al., 2008).
Inorganic nutrients such as nitrogen (N), phosphorus (P), potassium (K)
and calcium (Ca) ion play multiple essential roles in plant mechanisms
(Ashraf et al., 2008). Drought generally reduces nutrient uptake in crop
plants and concentrations of mineral nutrients in plant tissues (Fageria et al.,
2002). Water stress affects nutrient transportation to the root and root
growth. However, crop species and genotypes within a species are known to
differ in their ability to take up nutrients under drought stress conditions
(Garg, 2003). Generally, nutrient uptake by crop plants grown in soil is
greatly influenced by several factors including climate and water stress
(Alam, 1999). Drought stress reduced the uptake of N, P and K in peanut
(Kulkarni et al., 1988). The reduction in nutrient uptake by plant under
drought stress is due to reduced transpiration and impaired active transport
and membrane permeability resulting in reduced root absorbing power
(Tanguilig et al., 1987). Rewetting experiments have generally indicated
that uptake of plant nutrients decreases with increasing water stress and may
remain depressed after watering for several days or weeks (Jupp and
Newman, 1987; Bassirirad and Caldwell, 1992). Moreover, water stress at
flowering, pegging, pod formation and pod development stages reduced pod
yields of peanut cv. CG-2 and it also reduced the uptake of N, P, K, Ca,
magnesium (Mg) and sulfur (S) (Kolay, 2008). Under drought stress
conditions, the available soil N (NO3- and NH4+) and N2 fixation is greatly
reduced and such reduction leads to low N accumulation and consequently
low dry matter production and low crop yield (Pimratch et al., 2008;
Pimratch et al., 2013).
The information on the genotypic variation among peanut genotypes for
nutrient uptakes across different water regimes is still lacking. Our
hypothesis is that drought resistant genotypes will maintain high nutrient
uptake under drought conditions and this ability will be a part of the reason
for their drought tolerance and improved yield under drought conditions.
Variation in drought resistance in peanut is important for selection and
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improvement of peanut varieties for drought resistance. The objectives of
this study were to investigate the responses of peanut genotypes to drought
for nutrient uptake and to estimate the relationship between nutrient uptake
and peanut yield parameters.
Materials and Methods
Experimental procedures and plant material
Pot experiment was conducted under greenhouse conditions at the Field
Crop Research Station of Khon Kaen University (latitude 16° 28´ N,
longitude 102° 48´ E, 200 m above sea level) during December 2002 to May
2003 and repeated from June to November 2003. The treatments consisting
of 3×11 factorial combinations were arranged in a randomized complete
block design (RCBD) with 6 replications in both seasons. Three soil
moisture levels [field capacity (FC), 2/3 available soil water (2/3 AW) and
1/3 available soil water (1/3 AW)] were assigned as factor A, and 11 peanut
genotypes were assigned as factor B. Eight peanut genotypes consisting of
ICGV 98300, ICGV 98303, ICGV 98305, ICGV 98308, ICGV 98324,
ICGV 98330, ICGV 98348 and ICGV 98353 are elite drought resistant lines
with high total biomass and pod yield in screening tests under drought stress
conditions (Nigam et al., 2003; Nigam et al., 2005). The ninth genotype,
Tifton 8, is a Virginia-type drought resistant line received from the United
State Department of Agriculture (USDA). KK 60-3, our 10th genotype, is a
Virginia-type peanut cultivar growing in Thailand, with high N2 fixation
(Toomsan et al., 1995), but is sensitive to drought for pod yield (Songsri
et al., 2008). Our 11th genotype, Tainan 9, is a Spanish-type peanut cultivar
having low N2 fixation (Mc Donagh et al., 1993) and low dry matter
production (Vorasoot et al., 2003).
Each treatment consisted of two pots (diameter 25 cm, height 70 cm) in a
replicate. Pots were filled uniformly with dry soil to 10 cm from the top.
Seeds were treated with captan (3a,4,7,7a-tetrahydro-2-[(trichloromethyl)thio]1H-isoindole-1,3(2H)-dione) at the rate of 5 g kg-1 seeds before planting and
KK 60-3 and Tifton-8 were treated with ethrel 48% at the rate of 2 ml L-1
water to break seed dormancy. Bradyrhizobium (mixture of strains THA 201
and THA 205, from Department of Agriculture, Ministry of Agriculture and
Cooperatives, Bangkok, Thailand) was used for seed inoculation at planting.
Three seeds were planted per pot and the seedlings were thinned to 2 plants
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per pot at 14 days after emergence (DAE). Phosphorus (triple superphosphate)
and potassium (KCl) fertilizers were applied at the rates of 24.7 kg P ha-1
and 31.1 kg K ha-1, respectively, at 14 DAE. Gypsum (CaSO4) was applied
at the rate of 312 kg ha-1at approximately40 DAE. At pod setting stage,
carbofuran (2,3-dihydro-2,2-dimethylbenzofuran-7-ylmethylcarbamate 3%
granular) was applied to the crop to control subterranean ants. Pests and
diseases were controlled by weekly applications with carbosulfan [2-3dihydro-2,2-dimethylbenzofuran-7-yl (dibutylaminothio) methylcarbamate
20% w v-1, carboxin [5,6-dihydro-2-methyl-1,4-oxath-ine-3-carboxanilide
75% wettable powder] at 1.68 kg ha-1 and water soluble concentrate] at 2.5
L ha-1,methomyl [S-methyl-N-((methylcarbamoyl)oxy) thioacetimidate 40%
soluble powder] at the rate of 1.0 kg ha-1.
The water supplied to individual pots was equal to the sum of water used
by the plants and soil surface evaporation. The calculated amount of water
was divided into four fractions. The first fraction was applied on the soil
surface and the remaining three factions were filled in three cones to supply
water to the soil columns through plastic tubes at 25, 40 and 55 cm below
the top of the pots, respectively. The water content of the soil was
maintained at field capacity (FC) and then stress treatments were allowed to
gradually reduce until they reached predetermined levels of 2/3 AW
(14.14%) and 1/3 AW (10.47%) at 35 and 42 DAE, respectively. Soil
moisture was controlled uniformly until harvest. Soil moisture contents at
FC and permanent wilting point (PWP) were determined at 17.81% and
6.80%, respectively, by the pressure plate method. Total crop water use for
each water treatment described by Doorenbos and Pruitt (1992);
ETcrop=ETo×Kc,
where ETcrop= crop water requirement (mm day-1), ETo= reference
evapotranspiration (mm) calculated using pan evaporation data, Kc=crop
water requirement coefficient for peanut depending on genotype and growth
stage.
Surface evaporation (S.E.) was calculated as followed Singh and Russell
(1981);
S.E. = ∑ [β× (Eo/ t)],
where S.E.= soil evaporation (mm), β= light transmission coefficient
measured depending on crop cover, Eo= evaporation from class A pan
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(mm/day), t= days from the last irrigation or rain (day) and ∑ is the
summation for the soil evaporation from the last irrigation or rainfall to
immediately before the next irrigation.
Meteorological conditions and soil moisture
Rainfall, relative humidity (RH), maximum and minimum temperature,
evaporation (Eo) and solar radiation were recorded daily from sowing until
harvest by a weather station located at 50 m from greenhouse 1 in dry
season 2002/03 and 750 m from greenhouse 2 in rainy season 2003. Soil
water content was measured by gravimetric method before sowing and at
harvest for two seasons. Soil sample was oven-dried at 105 °C for 72 hours
to determine soil moisture percentage.
Plant water status
Relative water content (RWC) and leaf water potential (LWP) were
measured at 30, 60 and 90 DAE from the first pot. LWP was measured by a
pressure bomb (model 1003 S/N 2973) at 10-12 AM using third leaf from
the top of the main stem sampled from one plant in each pot. The second
leaf from the top of main stem sampled from one plant in each pot was used
for determination of RWC. RWC was calculated according to the method
suggested by Kramer (1980);
RWC=[(fresh weight - dry weight) / (saturated weight - dry weight)] × 100,
Saturated weight was measured by putting the leaf sample in water for 8
hours; blot drying the outer surface, and then measuring leaf weight.
Biomass, pod dry weight and harvest index
One plant from each pot was harvested at maturity stage. The above
ground was clipped at the soil surface. Shoot samples were oven-dried at
80 ºC for 48 hours and then weighted. Pod dry weight was determined after
air drying to 8% moisture content. Harvest index (HI) was computed as total
pod yield plus above ground biomass at final harvest.
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Total nitrogen, phosphorus, potassium and calcium content
For each treatment, plants in the pot were uprooted and soil was removed
from the root by washing them on a 0.5 mm screen. The nodules, root, shoot
and pod were dried at 75 ºC for 48 hours or until constant weight and then
weighed. Total plant biomass consisted of roots, nodules, shoots and pods.
Shoot samples were ground using a hammer mill and total nitrogen was
measured using the automated in dophenol method by Schuman et al.
(1973) and read on a flow injection analyzer (Tecatorinc. model 5012).
Plant nutrients were determined at harvest. Leaf, stem, pod and root samples
were ground, oven-dried at 80 ºC for 72 hours and weighed. Phosphorus (P)
was determined by spectrophotomic methods, the flame photometer was used
for potassium (K), Kjeldahl digestion for nitrogen (N) and wet oxidation was
used for phosphorus, potassium, calcium and magnesium (P, K, Ca and Mg)
(Kaewpradit et al., 2009). Calcium was measured by atomic absorption
spectroscopy (Al-Karaki and Al-Raddad, 1997).
Statistical analysis
Individual analysis of variance was performed for each character in each
season. Error variances for the two seasons were tested for homogeneity
(Gomez and Gomez, 1984). Combined analyses of variance were done for
those characters that error variances for the two seasons were homogeneous.
Duncan’s multiple range test (DMRT) was used to compare means. The
analyses of variance at this stage were done using MSTAT-C package
(Bricker, 1989).
Simple correlation was used to determine the relationship between
biomass production, pod dry weight, harvest index and nutrients uptake
under well-watered and drought-stress conditions.
Results
Weather data, plant water status, soil moisture and soil properties
The seasonal means of daily air temperature ranged between 21.8 ºC and
33.0 ºC in the dry season (2002/03) and between 24.3 °C and 34.5 °C in the
rainy season (2003) (Figure 1). Daily evaporation ranged from 2.1-9.4 mm in
the dry season 2002/03 and from 0.1-10.1 mm in the rainy season 2003. Daily
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means of relative humidity were 81.3% in the dry season 2002/03 and 90.7%
in the rainy season 2003. Daily means of solar radiation were 19.2 MJ m-2 d-1
in the dry season 2002/03 and 15.7 MJ m-2 d-1 in the rainy season 2003.
Dry season (GH1)

Rainy season (GH2)

(a)

RH

Eo

120

10

100

8

80

8

80

6

60

6

60

4

40

4

40

2

20
0

20

0

17 25 33 41 49 57 65 73 81 89 97 105 113 121 129

0
1

9

Day after planting (day)

45
40
35
30
25
20
15
10
5
0
1

9

Air temperature (o C)

Max. temperature

45
40
35
30
25
20
15
10
5
0

1

9

Day after planting (day)

(c)

24
22
20
18
16
14
12
10
8
6
4
2
0

17 25 33 41 49 57 65 73 81 89 97 105 113 121 129

500
400
300
200
100
0
17 25 33 41 49 57 65 73 81 89 97 105 113 121 129
Day after planting (day)

Duration sunshine (hr)
Solar radiation
(cal/cm2)

Solar radiation
24
22
20
18
16
14
12
10
8
6
4
2
0

600

(f)

Rainy season (GH2)

Sunshine

700

9

45
40
35
30
25
20
15
10
5
0
Day after planting (day)

Dry season (GH1)

1

Min. temperature

45
40
35
30
25
20
15
10
5
0

17 25 33 41 49 57 65 73 81 89 97 105 113 121 129

Solar radiation

(e)

Rainy season (GH2)

Min. temperature

Air temperature (o C)

Air temperature (o C)

Day after planting (day)

(b)

Dry season (GH1)
Max. temperature

17 25 33 41 49 57 65 73 81 89 97 105 113 121 129

Air temperature (o C)

9

Duration sunshine (hr)

1

2

Humidity (%)

12

100
Humidity (%)

120

10

0

Solar radiation
(cal/cm2)

(d)

RH

12

Evaporation (mm)

Evaporation (mm)

Eo

Sunshine

700
600
500
400
300
200
100
0
1

9

17 25 33 41 49 57 65 73 81 89 97 105 113 121 129
Day af ter planting (day)

Figure 1. Evaporation (E0), humidity (RH), maximum temperature, minimum temperature,
solar radiation and sunshine in the dry season 2002/03 (a-c for greenhouse 1; GH1) and the
rainy season 2003 (d-f for greenhouse 2; GH2).

Soil moisture contents were 16.72, 14.28 and 9.21% for field capacity
(FC), 2/3 AW and 1/3 AW treatments, respectively, in the dry season
2002/03 and 16.74, 13.22 and 10.40% for FC, 2/3 AW and 1/3 AW,
respectively, in the rainy season 2003 (Table 1). The soil moisture contents
for FC, 2/3 AW and 1/3 AW were 17.81%, 14.14% and 10.47%,
respectively and close to the predetermined levels, indicating reasonably
good management of the experiment.
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Table 1. Soil moisture contents at 0-60 cm at the end of stress period during each water
regimes in the dry season (2002/03) and the rainy season (2003).
Soil moisture (%)
Dry season
Rainy season
FC
16.72
16.74
2/3 AW
14.28
13.22
1/3 AW
9.21
10.40
FC: field capacity is 17.81%; PWP: permanent wilting point is 6.80%.
Water regimes

The values of leaf water potential (LWP) for FC treatment evaluated at
30, 60 and 90 DAE in the dry season and the rainy season were higher than
those for 2/3 AW and 1/3 AW treatments (Figure 2). Relative water content
(RWC) was lowest for 1/3 AW treatment.
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Figure 2. Leaf water potential and relative water content at 30, 60 and 90 day after
emergence (DAE) in dry season (a and b for greenhouse 1; GH1) and rainy season (c and d
for greenhouse 2; GH2) in 2003.

Effect of water stress on total nitrogen, phosphorus, potassium and calcium
Season × water regime interactions and the differences in seasons, water
regimes and genotypes were highly significant for nitrogen (N), phosphorus
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(P), potassium (K) and calcium (Ca) (Table 2). The interactions between
season and genotype were highly significant only for N and K, whereas the
interactions between water regime and genotype and among season, water
regime and genotype were not significant for these traits.
Table 2. Mean squares for the combined analyses of variance for N, P, K and Ca under
greenhouse conditions in the dry season (2002/03) and the rainy season (2003).
SOV
Season (S)
Rep/season
Water (W)
Genotype (G)
S×W
S×G
W×G
S×W×G
Error
C.V (%)
**
significant at P<0.01.

df
1
10
2
10
2
10
20
20
320

N
483263**
4139
269262**
19390**
28042**
4762**
2511
2307
1632
29.03

P
5460.95**
176.16
1569.55**
90.39**
401.41**
18.19
12.99
10.82
10.79
30.85

K
555859**
3830
503994**
8299**
27699**
3515**
1832
1449
1352
22.19

Ca
490798**
9428
610331**
15183**
42315**
2148
1827
2065
1391
24.09

Drought at 1/2 AW and 1/3 AW in the dry season 2002/03 and the rainy
season 2003 significantly reduced plant nutrient uptake compared to field
capacity (Table 3). Tifton 8 had the highest nutrient uptake for N, P, K
and Ca at all water regimes and in both seasons. Tainan 9 had the lowest N
(144 mg plant-1) in the rainy season (2003) and ICGV 98353 had the lowest
N (72.88 mg plant-1) in the dry season (2002/03). However, the means of all
nutrients in the rainy season 2003 were higher than in the dry season
2002/03.
Relationship between nutrient uptakes with biomass, pod dry weight and
harvest index
Positive and significant correlations were found between BM and total N,
P, K, Ca across water regimes in the dry season and the rainy season (Table
4). The correlations between PDW and total nutrient were also positive and
significant in the dry season and the rainy season. However, the correlations
between N and HI and between P and HI were not significant (r=0.00 and
r= -0.11, respectively) in the dry season 2002/03, but they were significant
(r=0.36 and r=0.52, respectively) in the rainy season 2003.
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Table 4. Correlation coefficients among total N, P, K, Ca, biomass (BM), pod dry weight
(PDW) and harvest index (HI) of 11 peanut genotypes across three water regimes grown in
the dry season (2002/03) and rainy season (2003).
Dry season
BM
PDW
HI
N
0.74**
0.39*
0.00
P
0.66**
0.38*
-0.11
**
K
0.91
0.70**
0.37*
**
**
Ca
0.90
0.71
0.41*
* **
, significant at P<0.05 and P<0.01, respectively.
Nutrient

BM
0.82**
0.91**
0.93**
0.92**

Rainy season
PDW
0.66**
0.78**
0.85**
0.84**

HI
0.36*
0.52**
0.64**
0.64**

Discussion
In this study, nutrient uptake in the rainy season was higher than that in the
dry season. Higher temperature in the rainy season (Figure 1) might cause
higher transpiration rates, resulting in more nutrient uptakes in peanut plants.
In previous investigations, nutrient uptakes were correlated with transpiration
rate even under water stress (Reddy et al., 2003; Puangbut et al., 2011).
Mild and severe drought stress significantly reduced nutrient uptake in
peanut, and nutrient uptake values were rather similar under both drought
stress levels especially in the dry season. The nutrient uptake reduction
observed in this study was in agreement with results reported previously in
Dalbergiasissoo seedlings (Singh and Singh, 2004).
Drought reduces plant growth, yield and nutrient uptake of crop plants
(Fageria et al., 1991) and the reduction in nutrient uptake causes low
concentrations of mineral nutrients in crop plants (Gunes et al., 2006). A
better understanding on nutrient uptake under drought conditions is required
for understanding peanut genotypes with different drought resistance levels
that can maintain yield under rainfed and drought conditions.
Yield potential is defined as the highest possible yield of a cultivar grown
under ideal conditions of nutrient and water availability and it is maintained
free of pests and diseases (Evan, 1993). Soil moisture plays an important
role in the movement of nutrient to root and consequent absorption and final
concentration in the plants. Like Ghanbari et al. (2011), we also noted that
yield, plant growth and nutrient uptake were reduced under conditions of
drought. Since the reduction in soil water availability affects the rate of
diffusion of many plant nutrients, the compositions and concentrations of
soil solutions are also affected by drought. Our studies noted that nitrogen,
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potassium and calcium were reduced by water stress. The results were
similar to those reported in tomato (Nahar and Gretzmacher, 2002).
However, the differences between water regimes and genotypes were
significant and the interactions between season and water regime were also
significant for all nutrients measure in peanut plants. Although water
regimes significantly affected nutrient uptakes of peanut, selection of peanut
genotypes for high nutrient uptakes could be done under any water regimes
because the interactions between peanut genotype and water regimes were
not significant, showing the consistency of the nutrient uptakes across water
regimes. Therefore we believe that nutrient uptake from many studies will
be useful to identify genetic material for use peanut breeding programs
targeting drought.
The responses of peanut genotypes across water regimes were consistent.
In general, Tifton 8 performed best for all nutrient uptakes in both seasons
although it was not different from other genotypes for some nutrients. Based
on our results, Tifton 8 and KK 60-3 were the best genotypes for all nutrient
uptakes across water regimes (Table 2). ICGV 98353 had the lowest
nitrogen uptake and other nutrient uptakes except for K in the rainy season.
Therefore, the uptake of one nutrients is likely to be positively correlated to
the uptake of others elements. Interestingly, peanut genotypes with high
nitrogen contents, also showed increases in other nutrients.
Correlations between nutrient uptakes and BM were highly significant in
both seasons and most correlations between nutrient uptakes and PDW were
significant in both seasons except for the correlation between pod dry
weight and P in the dry season (Table 4). The correlation coefficients
between nutrient uptakes and BM were higher than those between nutrient
uptakes and PDW. The results indicated that nutrient uptake contributed to
greater BM production than PDW. Gascho et al. (1992) also reported that
there was higher proportion of nutrients in the BM compared to roots, seeds
and hulls in peanut.
The correlations between HI and nutrient uptakes were significant in the
rainy season, where as the correlation coefficients between HI and N, P in
the dry season were not significant. In the dry season, N and P uptakes
might be allocated to BM rather than PDW. Decreasing water availability
under drought generally results in reduced total nutrient uptake and
frequently causes reduced concentrations of mineral nutrients in crop plants
(Gunes et al., 2006). Water deficit had important effect on the nutrient
transport. The uptakes of N, P, K and Ca were much lower than under wellwatered conditions.
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The low uptake of calcium under stressed conditions noted in our studies
and those of others, contributed to a severe yield reduction as calcium is an
important element for pod growth and development, yield and percent sound
mature seeds (Walker and Csinos, 1980; Hallock and Garren, 1968).
Drought conditions have also been documented to decrease Ca uptake in
chickpea (Gunes et al., 2006) and pearl millet (Ghanbari et al., 2011). Our
results indicated that drought stress reduced pod yield of peanut and caused
high pod rot and pod breakage. Moreover, positive and significant
relationships between Ca and biomass, PDW and HI indicated that Ca was
important for peanut production.
Conclusions
Drought reduced the uptakes of N, P, K and Ca in peanut. High nutrient
uptakes across water regimes were observed in Tifton 8 and KK 60-3.
Peanut genotypes performed consistently across water regimes for these
traits and would be the immense useful peanut lines for further crossing
programs. Peanut genotype that showed the high uptake of one nutrient
seemed to be high in the uptake of other nutrients. This information also
provides insight into how nutrient uptake is partitioned in peanut plants
across water regimes. Further studies are required to investigate the
responses of peanut plants to the drought for nutrient uptakes at different
growth stages and their contribution to peanut yield.
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