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Yield and Quality of Two Soybean Cultivars in Response to Drought and N Fertilization 

 

Oqba BASAL1*, Dr. András SZABÓ2 

 

Abstract 

Applying mineral fertilizers is one way of re-fertilizing soils being exploited in agricultural production. However, 

fertilization quantity should be controlled and pre-evaluated, as excessive amounts have negative influence on both 

the plants and the soil. Drought stress has negative effects on both the quantity (yield) and the quality (seed content) 

of crops, especially drought-sensitive crops such as soybean; however, fertilization, if adequately applied, can 

partially ameliorate those negative effects. An experiment was conducted in Debrecen, Hungary in 2017 and 2018 

to study the effects of nitrogen fertilization application under drought stress on the yield and the seed protein and 

oil concentrations of two soybean cultivars. Three N fertilization rates; 0, 35 and 105 kg ha-1 were applied under 

two irrigation regimes; Irrigated (control) and drought stressed (non-irrigated) regimes. Results showed that yield 

trait responded differently to fertilization and irrigation in the two cultivars. Protein concentration was enhanced 

by irrigation and by the high rate of N-fertilizer. Oil concentration decreased by irrigation and by high-rate 

fertilization under drought conditions, whereas increased by high-rate fertilization under irrigated regime. It was 

concluded that high rate of N-fertilizer is not always recommended for the studied cultivars, especially when 

drought conditions are not present. 
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Soybean (Glycine max (L.) Merrill) is the most seed legume grown globally; it is considered as a main 

source of vegetable protein and oil (Maleki et al., 2013; Mutava et al., 2015), and these two components are 

determined by the (genotype*environment) interaction (Wilson, 2004). It is generally accepted that high yield 

in soybean is negatively correlated with protein concentration (Liang et al., 2010); moreover, oil and protein 

concentrations are usually negatively correlated (Chung et al., 2003). 

Soybean yield is highly affected by drought stress (Fan et al., 2013; Li et al., 2013) which increasingly 

had occurred recently and, threatening world’s food security (Vurukonda et al., 2016). Not only yield, but also 

seed quality of soybean is affected by drought (Vurukonda et al., 2016) because of soybean's high sensitivity 

to drought stress (Maleki et al., 2013). However, yield decrease-levels differ among genotypes (He et al., 2017). 

It was previously reported that drought stress reduced protein (Boydak et al., 2002; Carrera et al., 2009)and oil 

(Bellaloui and Mengistu, 2008; Rotundo and Westgate, 2009) concentrations, whereas other reports reported 

increased protein (Kumar et al., 2006; Wang and Frei, 2011) and oil concentration (e.g. Boydak et al., 2002; 

Specht et al., 2001); these differences were explained by different severities and/ortimings (stages) of drought 

stress applied (Carrera et al., 2009). 

Nitrogen (N) is majorly important for plant growth and yield; it is vital for many processes like 

chlorophyll and protein synthesis. Fageria and Baligar (2005) reported that N is very important for soybean 

vegetative growth and optimum biomass. The two main sources of (N) for soybean plants are biologically-

fixed N2 and mineral (N) (Salvagiotti et al., 2008). N fertilization must be provided if a deficiency in fixed-

N2occurs (Miransari, 2016), or else leaf-N will be remobilized to the seeds, leading to reduced photosynthesis 

and, eventually, reduced yield (Salvagiotti et al., 2008). N fertilization increases soybean drought tolerance by 

enhancing shoot nitrogen accumulation and shoot biomass (Purcell and King, 1996). 

 Our experiment aimed to determine the influence of applying different N-fertilizer rates on the yield 

and the seed quality of two soybean cultivars under drought stress in comparison to irrigated control. 

Method 

Two soybean cultivars; ‘Boglár’ (00 maturity group) and ‘Pannonia kincse’ (I maturity group) 

(Bonafarm company, Hungary) were sown in the experimental site of Debrecen University (Látókép) (N. 

latitude 47o 33', E. longitude 21o 27') in 2017 and 2018 growing seasons. The soil type was calcareous 

chernozem, the precipitation amounts during the growing season of both years of study are shown in Figure 1, 

and the soil nutrient content is presented in Table 1. 

 

Graph 1 Water amounts in drought-stressed (DS) and irrigated (I) regimes in 2017 (a) and 2018 (b). 
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Table 1 Soil Nutrient Content in The Experimental Site. 

Soil Depth (cm) pH CaCO
3 
(%) Total N (%) P

2
O

5 
(ppm) K

2
O (ppm) 

0-25 6.46 0 0.150 133.4 239.8 

25-50 6.36 0 0.120 48.0 173.6 

50-75 6.58 0 0.086 40.4 123.0 

75-100 7.27 10.25 0.083 39.8 93.6 

100-130 7.36 12.75 0.078 31.6 78.0 

 

Three N-fertilizer rates; 0, 35 and 105 kg ha-1 N (using ammonium nitrate NH4NO3) (0 N, 35 N and 

105 N, respectively) were applied under two irrigation regimes; drought stress (DS) regime (where the 

precipitation was the only source of irrigation water) and irrigated (control) (I) regime (where an additional 80 

and 100 mm of irrigation water was supplied in 2017 and 2018, respectively) (Fig. 1). The experimental design 

was split-split-plot design, with cultivars as the main plots, irrigation treatments as the sub-plots and 

fertilization treatments as the sub-sub plots. The final plot number was 48 plots (2 cultivars * 3 fertilization 

rates * 2 irrigation regimes * 4 replications). The dimensions of each plot were 9.2 * 5.4 = 49.68 m² with 12 

rows (45 cm row spacing) in each plot. 

The yield was determined by harvesting the middle 4 rows of each plot. Both protein and oil 

concentrations were determined using NIR analyser Granolyser (Pfeuffer, Germany). 

The analysis of variance (ANOVA) was conducted to compare the means of each treatment, and then 

tukey post-hoc test was conducted to indicate the statistically different means using SPSS (ver.25) software. 

Findings 

Yield (kg ha-1) 

For cultivar 'Pannonia Kincse', applying N fertilizer under drought stress conditions enhanced yield 

as compared to non-fertilized control;. When drought was waived off (I), 35 N insignificantly enhanced the 

yield, whereas 105N resulted in reducing the yield by 3.1% relative to 35N; however, it was slightly higher 

than control  (table 2). 

On the other hand, irrigation resulted in better yield for 0N and 35N treatments compared to drought-

stressed (DS) counterparts, whereas it slightly decreased yield for 105N treatment. However, all differences 

were insignificant (table 2). 

For cultivar 'Boglar', the high rate of N fertilizer measurably, yet not significantly, increased yield  as 

compared to both 0N and 35N under drought stress conditions. On the contrary, 105N treatment resulted in  

less yield compared to 0N and 35N treatments when drought was waived off, revealing that high N rate is not 

recommended for both cultivars under no-drought conditions (table 3). 

Drought had more obvious negative influence on this cultivar; it significantly decreased yield by 33.5 

and 33.9% in 0N and 35N treatments, respectively, and insignificantly decreased it by 12.0% in 105N treatment 

(table 3). 

Protein Concentration (%) 

Both cultivars responded similarly to N fertilization regardless of irrigation regime; applying N-

fertilizer in a small rate (35N) resulted in decreasing protein concentration as compared to control treatments, 



Basal & Szabo 

Yield and quality of two soybean cultivars in response to drought and N fertilization 

  206 
 

however, this reduction was insignificant. On the other hand, the high rate (105N) significantly increased 

protein concentration; the increase percentage in 'Pannonia Kincse' was 7.7% and 9.5% under drought stress 

regime, and 4.0% and 4.2% under irrigated regime compared to control and 35N treatments, respectively, 

whereas for 'Boglar' it was 7.8% and 11.4% under drought stress regime and 2.7% and 3.0% under irrigated 

regime (tables 2 and 3). 

Irrigation resulted in higher protein concentration for both cultivars, regardless of N application or 

rate. N35 treatment was significantly higher (by 5.6% and 9.6% for 'Pannonia Kincse' and 'Boglar', respectively) 

under irrigated regime compared to drought-stressed counterparts, whereas the increase of 105N treatment was 

very slight and insignificant (tables 2 and 3). 

Oil Concentration (%) 

Under drought stress regime, 35N treatment slightly increased oil concentration for 'Pannonia Kincse'; 

however, 105N treatment significantly reduced it as compared to both 0N and 35N treatments. However, under 

irrigated regime 105N treatment increased this trait relative to control and 35N treatments, respectively (table 

2). 

'Boglar' followed one trend under both irrigation regimes; applying N-fertilizer decreased oil 

concentration; moreover, 105N treatment reduced oil concentration more than did 35N treatment, and the 

reduction was significant under drought stress regime (by 3.4% as compared to control) but insignificant under 

irrigated regime (table 3). 

For both cultivars, Irrigation reduced oil concentration regardless of N application or rate; however, 

the reduction was insignificant for 105N treatment, whereas it was significant for both control and 35N 

treatments (tables 2 and 3). 

Discussion 

Under both irrigation regimes, applying relatively-low rate of N fertilizer (35 kg ha-1) to 'Pannonia 

Kincse' plants resulted in better yield as compared to the non-fertilized counterpart. Some researchers 

concluded that N-fertilizer addition increases yield (e.g. Norhayati et al., 1988; Takahashi et al., 1991) by 

reducing abortions of flowers and pods (Brevedan et al., 1978). However, a higher rate of N fertilizer resulted 

in higher yield as compared to the low N-rate only under drought conditions, whereas it resulted in yield 

reduction under well-watered treatment. It was previously reported that N-fertilizer is very important under 

drought stress conditions (Obaton et al., 1982). Previously, Purcell and King (1996) concluded that the 

application of N-fertilizer on soybean increased drought tolerance as it enhanced the accumulation of both 

shoot nitrogen and shoot biomass under drought stress conditions, whereas under well-watered conditions N-

application decreased yield to 2597 kg ha-1 relative to 2728 kg ha-1. 

On the contrary, the same low rate resulted in lower yield as compared to control in 'Boglar' plants, 

however, the higher rate increased the yield under drought stress as compared to low-rate treatment, whereas 

it reduced the yield under well-watered treatment. Kaschuk et al. (2016) concluded that N-fertilizer did not 

lead to more yield of two different soybean cultivar groups (determinate and indeterminate) whether N 

application was at sowing time, during reproductive stages or both; it even resulted in a slight, insignificant 

yield loss when it was applied at full flowering stage. Previously, many researchers reported N-fertilizer 

application to reduce soybean yield (e.g. Hungria et al., 2006; Mendes et al., 2008).The reasons for alteration 

in the response to N among cultivars are not accurately specified; however, initial soil fertility, nodulation 

capacity, inoculant presence in soil and pre-sowing inoculation and the timing of N application all have a role 

(Gault et al., 1984; Peoples et al., 1995). 

Apart from a slight, in significant increase in 105N treatment in 'Pannonia Kincse', drought resulted 

in reducing the yield of both cultivars, regardless of N application or rate. Many papers reported soybean seed 

yield to be decreased under drought stress conditions (e.g. Sadeghipour and Abbasi, 2012; Li et al., 2013). 

Garcia et al. (2010) reported that genotypes significantly differ in yield production under drought stress 

conditions and also within the interaction between drought stress and genotype; similar conclusions were 

reported (Maleki et al., 2013; He et al., 2017); our results are consistent with this conclusion (Table 2). 
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For both cultivars, the application of low N rate slightly reduced the protein concentration, whereas 

the higher rate significantly increased this trait, regardless of water availability. It was previously concluded 

that protein concentration increased when applied-N rate was increased (Bloom, 2006). N-fertilizer dose had a 

significant effect on seed protein concentration, as the dose of (100 kg ha-1) increased seed protein just by (2%), 

whereas the dose of (200 kg ha-1) resulted in (14%) increase in seed protein (Miransari, 2016). Rotundo and 

Westgate (2009) reported, in their meta-analysis study, that adding N-fertilizer increased protein concentration 

by about (8%) in field studies and by about (27%) in all study environments. 

Concerning oil concentration, 'Pannonia Kincse' responded differently to different N rates under the 

different irrigation regimes; under drought stress conditions it slightly increased and noticeably decreased with 

applying low and high rates of N-fertilizer respectively, whereas it responded reversely under well-watered 

conditions. Boglar, on the other hand, followed one trend under both irrigation regimes; oil concentration was 

negatively correlated with N rate.  

Regardless of N application or rate, drought stress resulted in reducing protein concentration. Few 

studies reported lower protein concentration (e.g. Boydak et al., 2002; Carrera et al., 2009) under drought stress 

conditions. Turner et al. (2005) reported a 24% decrease in seed protein concentration under stress conditions 

in chickpea plants; similar results were reported later on soybean by Rotundo and Westgate (2009) who 

demonstrated that water stress during the early reproductive stages resulted in a 16% decrease in seed protein. 

Oil concentration of both cultivars responded similarly to drought stress, and in an opposite trend of 

protein concentration; drought stress increased oil concentration, regardless of N application and rate. Few 

reports showed increased oil content under water deficiency conditions (e.g. Boydak et al., 2002). Chung et al. 

(2003) reported soybean seed protein content to negatively correlate with the amount of seed oil, which 

supports our obtained results. 

Table 2 Yield (kg ha-1), Protein Concentration (%) and Oil Concentration (%) of ‘Pannonia Kincse’ Soybean Cultivar under Three 

N-fertilizer Rates and Two Irrigation Regimes in Debrecen, Hungary 

Trait Irrigation 

Regime 

Fertilization Rate (kg ha-1) LSD CV (%) 

0N 35N 105N 

Yield (Kg ha-1) DS 4425 4460 4811 1010 13.37 

I 4698 4894 4740 849 

Average 4562 4677 4776   

LSD 620 1001 1179   

Protein Concentration 

(%) 

DS 36.3b 35.7b2 39.1a 1.6 4.38 

I 37.8b 37.7b1 39.3a 1.5 

Average 37.1 36.7 39.2   

LSD 1.6 1.7 1.4   

Oil Concentration (%) DS 22.9a1 23.0a1 22.3b 0.6 3.65 

I 21.62 21.42 22.0 0.9 

Average 22.3 22.2 22.2   

LSD 0.7 1.0 0.7   

• different letter indicates significant differences at .05 level among fertilization rates within certain irrigation regime. 

• different number indicates significant differences at .05 level between irrigation regimes within certain fertilization rate. 
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It could be concluded that soybean cultivars respond to drought stress differently in terms of both the 

yield and the seed quality. N-fertilizer application enhanced the yield under drought stress conditions, whereas 

it had low effect on ‘Pannonia Kincse’plants under well-irrigated regime, moreover, high rate of N-fertilizer 

resulted in decreasing the yield under well-watered regime; however, it enhanced protein concentration under 

both irrigation regimes and oil concentration under irrigated regime. Irrigation enhanced protein concentration 

and decreased oil concentration. Whereas oil concentration decreased by irrigation and by high-rate 

fertilization under drought conditions. 

Table 3 Yield (kg ha-1), Protein Concentration (%) and Oil Concentration (%) of ‘Boglar’ Soybean Cultivar under Three N-

fertilizer Rates and Two Irrigation Regimes in Debrecen, Hungary 

Trait Irrigation 

Regime 

Fertilization Rate (kg ha-1) LSD CV (%) 

0N 35N 105N 

Yield (Kg ha-1) DS 36772 36482 4037 781 16.03 

I 48071 47951 4587 667 

Average 4242 4222 4312   

LSD  791 662 785   

Protein Concentration 

(%) 

DS 34.4b2 33.3b2 37.1a 2.3 5.41 

I 36.6b1 36.5b1 37.6a 1.0 

Average 35.5 34.9 37.4   

LSD 1.6 2.5 1.3   

Oil Concentration (%) DS 23.5a1 23.3a1 22.7b 0.9 3.82 

I 22.42 22.12 21.9 1.1 

Average 23.0 22.7 22.3   

LSD 0.8 1.0 1.2   

• different letter indicates significant differences at .05 level among fertilization rates within certain irrigation regime. 

• different number indicates significant differences at .05 level between irrigation regimes within certain fertilization rate. 
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