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Abstract 
 

Traits related to nitrogen fixation may be used as indirect selection criteria for 
aflatoxin resistance in peanut. The aim of this study was to investigate the 
relationship between N2 fixation traits and aflatoxin contamination in peanut under 
different drought conditions. Eleven peanut genotypes were evaluated under three 
water regimes for two seasons in the field. Data were observed on kernel infection 
by Aspergillus flavus, aflatoxin contamination, total nitrogen content, N2 fixation 
and its related traits viz. nodule number, nodule dry weight and nitrogenese 
activity. Drought stress reduced total nitrogen content and N2 fixation, but it 
increased kernel infection and aflatoxin contamination. Total nitrogen content, N2 
fixation and its related traits had negative and significant effects on kernel infection 
and aflatoxin contamination especially under drought conditions. In addition, 
negative correlations between kernel infection and aflatoxin contamination with 
drought tolerance index (DTI) of N2 fixation traits were also found. The results 
indicated that the ability to maintain high N2 fixation under drought conditions of 
peanut genotypes can result in better resistance to aflatoxin contamination. 
 
Keywords: Aflatoxin contamination; Aspergillus flavus; Kernel infection; Drought 
tolerance; Nitrogen content; N2 fixation. 



162                   A. Arunyanark et al. / International Journal of Plant Production (2012) 6(2): 161-172 

 

Introduction 
 

Aflatoxin contamination is the most important quality problem in peanuts 
throughout the world as it is related to serious health problems in human as 
well as in livestock. Alleviation of aflatoxin contamination through genetic 
manipulation has been a long-term goal of peanut breeders. Research has 
suggested that drought tolerance in peanut may have the potential to be used 
as an indirect selection criterion for resistance to pre-harvest aflatoxin 
contamination as drought tolerant lines generally display lower levels of 
pre-harvest aflatoxin contamination (Holbrook et al., 2000; Arunyanark et al., 
2009; Arunyanark et al., 2010; Girdthai et al., 2010). Drought tolerance 
mechanisms can enhance the ability of genotypes to minimize aflatoxin 
production. Therefore, breeding of peanut for drought tolerance might be a 
promising strategy for improving resistance to aflatoxin contamination. 

The ability of peanut to maintain high N2 fixation under water limited 
conditions might be a mechanism of tolerance to drought stress (Pimratch  
et al., 2008b, Puangbut et al., 2011a). Atmospheric nitrogen can be 
assimilated into useful forms through symbiotic nitrogen fixation by 
legumes including peanut, in association with specific Rhizobium spp. or 
Bradyrhizobium spp. (Van Rossum et al., 1993; Giller, 2001). As nitrogen is 
an essential nutrient for growth and yield of peanut, genotypes with high 
nitrogen fixation would be expected to give higher yield under drought. 

Pimratch et al. (2008b) and Puangbut et al. (2011b) reported that the 
ability to maintain high nitrogen fixation under drought stress could aid 
peanut genotypes in maintaining high yield under water limited conditions. 
Moreover, it has been well demonstrated in peanut that nitrogen fixation is 
closely related to nodule traits and nitrogenase activity and they have been 
used as surrogate traits for nitrogen fixation (Pimratch et al., 2008a). 

Nitrogen fixation and its related traits may be used as indirect selection 
tools for aflatoxin resistance. The objective of this study was to investigate 
the relationship between N2 fixation traits and aflatoxin contamination under 
different drought stress conditions. 
 
Materials and Methods 
 
Experimental design and treatments 
 

The field experiment was conducted at the Field Crop Research Station, 
Khon Kaen University, Khon Kaen, Thailand during November 2003 to 
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March 2004, and October 2004 to February 2005. Soil type was a Yasothon 
series (Yt; fine-loamy; siliceous, isohypothermic, Oxic Paleustults). 
Analyses of soil in the field experiment showed a range of 0.030-0.035% for 
total nitrogen, 35.32-45.84 parts per million (ppm) for available phosphorus, 
41.64-52.31 ppm for exchangeable potassium and 445.60-456.85 ppm for 
calcium. Clearly, N was inadequate but P, K and Ca were adequate 
(Marschner, 1995). 

A split-plot in a randomized complete block design with four replications 
for two seasons was used. Three water regimes (field capacity (1 AW),  
2/3 available water (AW) and 1/3 AW) were assigned in main plots and  
11 peanut cultivars were arranged in sub-plots. Eleven peanut genotypes 
(ICGV 98300, ICGV 98303, ICGV 98305, ICGV 98308, ICGV 98324, 
ICGV 98330, ICGV 98348, ICGV 98353, Tifton-8, KK 60-3 and Tainan 9) 
were selected because of their reputed superior drought resistance 
characteristics. A non-nodulating line (Non-nod) obtained from ICRISAT 
was also included as a reference plant in determining nitrogen fixation 
(McDonagh et al., 1993). 
 
Crop and water management 
 

The crop was planted in eleven-row plots with 6 m length and spacing of 
0.5 m between rows and of 0.2 m between plants within a row. Inoculation 
of rhizobium was accomplished by diluting commercial peat-based 
inoculums of Bradyrhizobium (mixture of strains THA 201 and THA 205; 
Department of Agriculture, Ministry of Agriculture and Cooperatives, 
Bangkok, Thailand) with water, and the slurry was spread on the rows of 
peanut soon after planting. 

A subsoil-drip-irrigation system was installed to ensure a uniform supply 
of the correct amount of water to the plots. Soil moisture was initially 
maintained at field capacity until 14 days after emergence (DAE) in all 
treatments. Afterwards, stress treatments were initiated by withholding 
irrigation until the soil moisture levels was reduced to predetermined levels 
of 2/3 AW and 1/3 AW treatments, respectively. Water regime treatments 
were maintained at ±1% of the predetermined levels until harvest. In order 
to maintain the specified soil moisture regimes, calculated amounts of water 
were added to the respective main plots based on crop evapotranspiration, 
which were calculated as described by Doorenbos and Pruitt (1992) and 
Singh and Russell (1981). 
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The A. flavus isolated from a peanut field by the laboratory of Suranaree 
University of Technology, Nakhonratchasima province, Thailand, was used 
to increase the inoculum load in the soil. A. flavus inoculum was multiplied 
on peanut meal and inoculated at 30 DAE in the 2003/04 season and before 
planting in the 2004/05 season at the rate of 375 kg ha-1. 
 
Total nitrogen content, N2 fixation and its related traits 
 

Nodule number, nodule dry weight and nitrogenese activity were evaluated 
at 90 DAE (Pimratch et al., 2008a). Nitrogenase activity was evaluated by 
acetylene reduction assay (ARA) (Venkateswarlu et al., 1989) and read on a 
gas chromatography reader model GC-8A (Shimadzu Inc.). Ten plants in 
each plot were used as samples for nitrogenase activity determination, then 
the samples were washed in tap water and nodules were removed from roots, 
counted, oven dried (at 80 °C for 48 hours) and weighed. 

For each plot, the above-ground biomasses at harvest were harvested 
from a ground area of 8 m2. Fresh weights excluding roots were recorded in 
the field, and a randomly selected plant sample excluding root of two kgs 
was taken from each plot. Shoots, kernels and shells were separated and 
then oven-dried at 80 °C for 48 hours for nitrogen evaluation. Shoots, 
kernels and shells were separately ground using a hammer mill and a sub-
sample of 0.3 g used for analysis. The nitrogen content was analysed by 
micro-Kjeldahl digestion. Total nitrogen was then determined using the 
automated indophenol method and read on a flow injection analyser model 
5012 (Tecator inc.: Hoganas, Sweden). Fixed nitrogen was determined by 
N-difference method using the non-nodulating line as a reference plant. This 
method has been proven in previous studies to be as effective as 15N Isotope 
dilution method in determining nitrogen fixation (McDonagh et al., 1993). 
Fixed nitrogen contents (shoot+kernel+shell) were calculated as: 

 
Total fixed N2=(Total N of each genotype) - (Total N of the non-nodulating line) 
 

Percent of nitrogen derived from atmosphere (%Ndfa) was calculated as: 
 
%Ndfa = ((Fixed nitrogen content) / (Total nitrogen content)) × 100 
 

Partition of nitrogen to kernel was also calculated from the ratio of N of 
kernel to N of plant. 

Drought tolerance index (DTI), as suggested by Nautiyal et al. (2002), 
was calculated for total nitrogen content, N2 fixation and its related traits as 
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the ratio of each parameter in the stress treatment (1/3 available water) to 
the well-watered (1 available water) treatment. 
 
Kernel infection by A. flavus and aflatoxin contamination 
 

At harvest, two sets of 10 plants for each plot were randomly sampled. The 
first set was used to measure kernel infection and the second set was used to 
measure aflatoxin contamination. The pods were removed from the plants and 
sun-dried to < 9% moisture. One hundred mature pods were selected 
randomly and shelled. One hundred kernels were used for measuring A. flavus 
infection. The second set of ten plants was used for aflatoxin B1 
determination. A 100 g mature kernel sample was ground in an electric mill. 
For each assay, a 20 g sub-sample was used for aflatoxin extraction and then 
for aflatoxin analysis using a modified, direct competitive ELISA (Enzyme 
Linked Immunosorbent Assay) (Arunyanark et al., 2009). 
 
Results 
 
Effect of drought stress 
 

Combined analysis of variance showed significant effects of seasons (S) 
on kernel infection by A. flavus (P<0.01) and aflatoxin contamination 
(P<0.01) (Table 1). The effects of water regimes (W) and genotypes (G) 
were also significant (P<0.01) for kernel infection, aflatoxin contamination, 
total nitrogen content, N2 fixation and %Ndfa. Interaction effects were 
significant for all parameters. Generally, G×E interactions such as S×W, 
S×G, W×G, and S×W×G were highest for aflatoxin contamination. 

Drought consistently increased kernel infection (Figure 1a) and aflatoxin 
contamination (Figure 1b) in both seasons. The well-watered treatment  
(1 AW) had lower kernel infection (10-33%) and aflatoxin contamination 
(7-13 ppb) (averaged over 11 genotypes) compared to 21-51% kernel 
infection and 29-75 ppb aflatoxin contamination in severe drought 
conditions (1/3 AW). Kernel infection and aflatoxin contamination were 
much higher in the 2004/05 season than in the 2003/04 season. In addition, 
genotype differences were observed for aflatoxin contamination (range 4 to 
183 ppb) (data not shown) and kernel infection (range 6-68 %) especially 
under the severe drought treatments. 
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Table 1. Pooled analysis of variance over two seasons for kernel infection by A. flavus, 
aflatoxin contamination, total nitrogen content, N2 fixation and percent of N derived from 
the atmosphere (%Ndfa). 
 

Mean squares 
Total  df 

Kernel  
infection Aflatoxin nitrogen  

content 
N2  

fixation 
%N2  

fixation 
Season (S) 1 52920 ** 41712 ** 0.026  0.006  7  
Rep. within season 6 877  687  0.180  0.341  1973  
Water regimes (W) 2 4708 ** 38578 ** 2.857 ** 3.786 ** 11806 ** 
S×W 2 552  9024 * 0.423 ** 0.228  348  
Error A 12 240  1833  0.028  0.118  1162  
Genotypes (G) 10 859 ** 11142 ** 0.097 ** 0.096 ** 178 ** 
S×G 10 173 * 4612 ** 0.021  0.024 * 23  
W×G 20 115  3303 ** 0.028 ** 0.030 ** 66 ** 
S×W×G 20 59  1663 ** 0.024 * 0.023 * 27  
Error B 180 81  631  0.013  0.012  26  

Significant at * P<0.05 and ** P<0.01 levels. 
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Figure 1. Kernel infection by A. flavus (a) and aflatoxin contamination (b) in different water 
regimes (1 available water (AW), 2/3 AW and 1/3 AW) in the 2003/04 and 2004/05 
seasons. Error bars represent±SED. 
 

There was a significant variation among peanut genotypes for total 
nitrogen content (range 0.49-1.20 g plant-1) (Figure 2a), N2 fixation (range 
0.24-0.97 g plant-1) (Figure 2b) and %Ndfa (range 46-81%) (Figure 2c). 
Drought stress consistently reduced total nitrogen content, N2 fixation and 
%Ndfa. Moreover, highly significant and positive correlations between 
seasons were observed for total nitrogen content, N2 fixation and %Ndfa 
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(r=0.77*, 0.83** and 0.90**) indicating that these characters were highly 
repeatable. The results suggest that it could be possible to select peanut 
genotypes with higher nitrogen content and N2 fixation for a given location. 
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Figure 2. Pooled genotypic performance for total nitrogen content (a), N2 fixation (b) and 
percent of N  derived from atmosphere (Ndfa) (c) in different water regimes (1 available water 
(AW), 2/3 AW and 1/3 AW) in the 2003/04 and 2004/05 seasons. Significant at ** P<0.01 levels. 
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Relationships between kernel infection and aflatoxin contamination with N2 
fixation traits 
 

There were negative and significant correlations between total nitrogen 
content and N2 fixation with kernel infection and aflatoxin contamination 
when data were pooled across irrigation treatments (Table 2) in each season 
(r=-0.37* to -0.55**) and pooled data (r=-0.28* to -0.45**). The reverse 
relationships were also found between nodule number, nodule dry weight and 
ARA with kernel infection and aflatoxin contamination across water regimes 
in each season (r=-0.11 to -0.63**) and pooled data (r=-0.14 to -0.60**). 
 
Table 2. Correlation coefficients between kernel infection and aflatoxin contamination with total 
nitrogen content, N2 fixation and related traits of N2 fixation across three water regimes. 
 

Kernel infection Aflatoxin contamination 
2003/04 2004/05 Pooled 2003/04 2004/05 Pooled  
(n=33) (n=33) (n=66) (n=33) (n=33) (n=66) 

Total nitrogen  
content -0.42 * -0.50 ** -0.32 ** -0.37 * -0.48 ** -0.45 ** 

N2 fixation -0.50 ** -0.55 ** -0.28 * -0.48 ** -0.49 ** -0.43 ** 
Nodule number -0.32  -0.48 ** -0.14  -0.52 ** -0.50 ** -0.41 ** 
Nodule dry  
weight -0.11  -0.51 ** -0.45 ** -0.35 * -0.45 ** -0.47 ** 

ARA -0.59 ** -0.51 ** -0.60 ** -0.63 ** -0.49 ** -0.50 ** 
Significant at * P<0.05 and ** P<0.01 levels. ARA, Acetylene reduction assay. 
 

The correlations between kernel infection and aflatoxin contamination 
with nitrogen content, N2 fixation and its related traits were evaluated across 
seasons under severe drought stress and non-stress conditions (Table 3). 
There were negative relationships between kernel infection and aflatoxin 
contamination with nitrogen content and N2 fixation in the whole plant 
(shoot+shell+kernel) and shoot under drought conditions (r=-0.26 to -0.67**). 
However, such relationships with nitrogen content and N2 fixation in kernels 
and nitrogen partitioning to kernels were positive (r=0.22 to 0.54**). The 
negative correlations in shoots cancelled out the positive correlations in 
kernels and resulted in weak correlations in the whole plant. Moreover, 
correlations between kernel infection and aflatoxin contamination with nodule 
dry weight and ARA under drought conditions were negative  
(r=-0.43* to -0.86**). In addition, the negative correlations between kernel 
infection and aflatoxin contamination with drought tolerance index (DTI) of 
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nitrogen content, N2 fixation and its related traits were also found. In general, 
correlations between kernel infection and aflatoxin contamination with 
nitrogen traits were stronger under drought conditions than well-watered 
conditions. 

 
Table 3. Correlation coefficients between kernel infection and aflatoxin contamination with 
total nitrogen content, N2 fixation and related traits of N2 fixation of 11 peanut genotypes  
in 1 available water (1 AW) and 1/3 available water (1/3 AW) across two seasons. 
 

Kernel infection Aflatoxin contamination  1 AW 1/3 AW DTI 1 AW 1/3 AW DTI 
Total nitrogen content 

Plant  
(shoot+shell+kernel) 0.37  -0.67 ** -0.74 ** -0.09  -0.33  -0.28  

Shoot -0.34  -0.62 ** -0.60 ** -0.41  -0.48 * -0.56 ** 
Kernel 0.47 * -0.07  -0.55 ** 0.21  0.29  0.05  
Partitioning to kernel 0.41  0.34  -0.09  0.31  0.50 * 0.48 * 

N2 fixation 
Plant  
(shoot+shell+kernel) 0.30  -0.49 * -0.61 ** -0.15  -0.26  -0.22  

Shoot -0.43 * -0.49 * -0.34  -0.46 * -0.44 * -0.52 * 
Kernel 0.49 * 0.22  -0.19  0.22  0.45 * 0.33  
Partitioning to kernel 0.44 * 0.43 * 0.20  0.35  0.54 ** 0.61 ** 

Related traits of N2 fixation 
Nodule number 0.73 ** -0.33  -0.58 ** 0.40  -0.35  -0.41  
Nodule dry weight 0.43 * -0.65 ** -0.81 ** 0.16  -0.43 * -0.50 * 
ARA -0.70 ** -0.86 ** 0.13  -0.58 ** -0.60 ** 0.11  

Significant at * P<0.05 and ** P<0.01 levels. ARA, Acetylene reduction assay. 
Partitioning to kernel=N of kernel / N of plant; 
DTI=drought tolerance index of nitrogen parameters was calculated by the ratio of stressed 
(1/3 available water) / non-stressed (1 available water) conditions. 
 
Discussion 
 

Drought is a major cause of aflatoxin contamination in peanut, and the 
more severe the drought conditions the greater the infection and 
contamination. Previous report showed that drought also severely reduced 
yield (Arunyanark et al., 2008). 

Total nitrogen in the reference plant was lower than those in all 
nodulating plants (data not showed), indicating that the soil nitrogen was not 
sufficient, and growth of the test peanut lines depended largely on fixed 
nitrogen (Pimratch et al., 2008b). Our study suggested that symbiotic 
nitrogen fixation from the atmosphere was an important nitrogen source for 
normal productivity of peanut and accounted for 72-81% of total nitrogen 
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content under well-watered conditions. However, % nitrogen derived from 
the atmosphere was reduced to 46-64% under severe drought conditions. 

Drought reduces fixed nitrogen content which in turn resulted in a 
decrease in total nitrogen content. Effects of drought stress on nitrogen 
fixation and nitrogen uptake depend on the degree of stress, the period of 
stress and the stage of crop development (Ahmadi et al., 2011; Giller, 2001; 
Tafteh and Sepaskhah, 2012). Moreover, drought stress also reduced traits 
related to nitrogen fixation such as nitrogenase activity, nodule number and 
nodule dry weight (Pimratch et al., 2008a). 

Negative relationships between kernel infection and aflatoxin 
contamination with traits related to nitrogen fixation such as total nitrogen 
content, N2 fixation nodule number, nodule dry weight and ARA were 
found in two seasons. Moreover, the correlations between kernel infection 
and aflatoxin contamination with nitrogen traits were stronger under drought 
conditions than well-watered conditions. The results indicated that the 
ability of genotypes to maintain high nitrogen content or N2 fixation and its 
related traits under drought conditions may help to reduce kernel infection 
and aflatoxin contamination. 

DTI for nitrogen traits might be used to explain how certain genotypes have 
higher performance in terms of total nitrogen content or N2 fixation traits under 
drought. The negative relationships between kernel infection and aflatoxin 
contamination with DTI of nitrogen traits indicated that peanut genotypes 
which have a lower reduction for nitrogen traits also had low kernel infection 
and aflatoxin contamination when grown under drought conditions. 

Earlier work showed that drought tolerance was related to aflatoxin 
contamination resistance. Holbrook et al. (2000) reported positive 
correlations between aflatoxin contamination with leaf temperature and 
visual stress ratings. More recently, drought tolerance traits such as harvest 
index, specific leaf area, relative water content, chlorophyll density, drought 
stress ratings and root length density were related with kernel infection and 
aflatoxin contamination under drought conditions (Arunyanark et al., 2009; 
Arunyanark et al., 2010; Girdthai et al., 2010). To the best of our 
knowledge, this is the first report showing evidence of the relationship 
between N2 fixation traits and aflatoxin resistance in peanut. 

However, nitrogen sources were also necessary for the fungal growth and 
aflatoxin biosynthesis (Luchese and Harrigan, 1993). Therefore, the 
correlation between kernel infection and aflatoxin contamination with 
nitrogen content and N2 fixation were positive in kernel and nitrogen 
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partitioning to kernel. However, such relationships were negative in the 
whole plant and shoot under drought conditions, indicating the possibility to 
select peanut lines with high nitrogen content or N2 fixation in the whole 
plant or shoot and low kernel infection and aflatoxin contamination in 
kernel under drought conditions. 

Due to the strong relationships of nodule dry weight and ARA with 
aflatoxin resistance, these traits have high potential in selection for aflatoxin 
resistance. Nodule dry weight is simple to measure, and it may be practical 
and cost effective for application in breeding programs. 

In conclusion, drought reduced total nitrogen content and N2 fixation, but 
it increased kernel infection by A. flavus and aflatoxin contamination. This 
is the first report showing evidence that total nitrogen content, N2 fixation 
and its related traits such as nodule number, nodule dry weight and ARA 
had negative and significant effects on kernel infection and aflatoxin 
contamination. Therefore, peanuts with the ability to maintain high nitrogen 
content or N2 fixation and its related traits under drought conditions may 
also exhibit better aflatoxin resistance. 
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