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Abstract: Soil, water, and nitrogen fertilizer are the main factors which affect crop growth and intraspecific relationships in the
desert oasis region, but little is known about the effects of drought stress on interspecific or intraspecific relationships under different
nitrogen application rates. This study aimed to investigate the response of yield to drought stress under different nitrogen application
rates and analyze changes in the intraspecific relationship of cotton under different treatments. A field experiment was conducted in
Gansu Province of China, the growth parameters and yield of cotton were measured, and the changes in intraspecific relationships
were analyzed under three nitrogen applications (300 kg-hm™, 225 kg-hm™ and 150 kg-hm™) and water treatments (normal water,
moderate drought stress, and serious drought stress). The results showed that: 1) under the same nitrogen application rate, the plant
height of cotton significantly decreased under serious drought stress in 2016 and 2017, and the stem diameter significantly reduced as
the drought stress intensified, but the leaf area increased slightly with increasing drought stress and was highest in moderate drought
stress conditions. 2) The stem biomass significantly decreased in conjunction with decreased water conditions under the same
nitrogen application rate, and the leaf biomass and seed cotton yield were highest under moderate drought stress, and decreased under
serious drought stress. 3) Under the local nitrogen application rate of 300 kg-hm™, the relative neighbor effect (RNE) changed from
positive to negative with increasing drought stress. The RNE first increased and then decreased with increasing drought stress under
the 225 kg-hm™ treatment, and the RNE significantly reduced with increasing drought condition and the values were all negative in
the 150 kg'hm™ treatment. In summary, the combination of local nitrogen application rate of 300 kg'hm™ and moderate drought
stress resulted in high cotton yield, and intraspecific facilitation. The cotton yield decreased under the other treatments and the
interactions all demonstrated intraspecific competition.

Keywords: Cotton; Nitrogen application rate; Drought stress; Biomass yield; Intraspecific relationship
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Table 1 Results of 3-way ANOVA of the effects of water condition, nitrogen application rate and time on growth of clus-

ter-cultivated cotton (3 plants in 1 hole)

Plant height Leaf area Stem diameter
Treatment df
F Fvalue P Pvalue F  Fvalue P P value Fvalue P P value
Water (W) 2 49.555 <0.000 1 160.762 <0.000 1 159.793 <0.000 1
Nitrogen application (N) 2 213.788 <0.000 1 199.839 <0.000 1 624.959 <0.000 1
Year (Y) 1 16.124 <0.000 1 1.958 0.170 7.747 <0.010
x W x N 4 0.471 0.757 5.555 <0.010 7.836 <0.000 1
X WxY 2 0.314 0.733 0.664 0.521 0.005 0.995
X N xY 2 0.095 0.910 0.452 0.640 0.074 0.929
x x WxNxY 4 0.150 0.962 0.334 0.853 0.108 0.979
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Fig. 2 Stem, leaf biomass and seed cotton yield of cluster-cultivated cotton (3 plants in 1 hole) under different water and nitrogen
treatments

F1 F2 F3

300 kg(N)-hm%(

) 225 kg(N)-hm™

150 kg(N)-hm™?; W1

P<0.05

w2 W3

F1, F2 and F3 represent the nitrogen

application rates of 300 kg~hm’2 (local average rate), 225 kg-hm’2 and 150 kg-hm’z; W1, W2 and W3 represent the normal water, moderate drought
stress and serious drought stress. Different lowercases indicate significant differences among different water treatments under the same nitrogen level

at P <0.05 level.
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Table 2 Effects of different water and fertilizer treatments on growth of cluster-cultivated cotton (3 plants in 1 hole)

i Stem biomass Leaf biomass Seed cotton yield
Treatment o F  Fvalue P Pvalue F Fvalue P Pvalue F Fvalue P Pvalue
Water (W) 2 371.916 <0.000 1 32.886 <0.000 1 357.081 <0.000 1
Nitrogen application (N) 2 805.253 <0.000 1 43.050 <0.000 1 380.966 <0.000 1
Year (Y) 1 349.246 <0.000 1 5.139 <0.050 461.932 <0.000 1
X W x N 4 8.882 <0.000 1 2.496 0.060 12.260 <0.000 1
X WxY 2 3.659 <0.050 0.217 0.806 2.824 0.073
x NxY 2 5.281 <0.050 0.580 0.565 1.158 0.325
x X WxNxY 4 5.686 <0.010 0.062 0.993 1.829 0.145
2.3 (RNE) ) )
>
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Fig. 3  Effect of water stress on relative neighbor effect of cluster-cultivated cotton (3 plants in 1 hole) under different nitrogen treatments
F1 F2 F3 300 kg(N)-hm>( ) 225 kg(N)hm? 150 kg(Nyhm?;, W1 W2 W3
F1, F2 and F3 represent the nitrogen application rates of 300 kg-hm > (local average rate), 225 kg-hm™ and 150 kg-hm™; W1,
W2 and W3 represent the normal water, moderate drought stress and serious drought stress.
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