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Effects of nitrogen on root characteristics and yield formation
in drought-stressed maize during the flowering stage

CUN Yujie, ZHENG Dasheng, WANG Rui
(Agronomy College of Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: Two maize cultivars with differing drought sensitivities—drought-resistant ‘ Zhengdan 958’ and
drought-sensitive ¢ Xianyu 335’ —were grown in soil columns under varying water treatments ( normal irrigation and
drought stress) and nitrogen levels (0 and 7.2 g + plant™ ). The objective was to investigate the effects of these fac-
tors on root morphology, physiology, aboveground growth, and grain yield under drought stress during the flowering
stage. The results showed that drought stress at the flowering stage inhibited the occurrence and growth of brace
roots and shallow crown roots, leading to a decrease in total root length, total root surface area, and total root vol-
ume by 1.30% ~38.73%, 4.95% ~42.42%, and 17.69% ~ 51.58% , respectively. N application promoted the
growth of brace roots and shallow crown roots, alleviating the adverse effects of drought stress on root growth. Re-
garding the root physiological activity, drought reduced the proportion of active absorption area by 5.56% ~
18.46% , while N application increased the proportion of active absorption area and root activity under drought by
7.54% ~11.65% and 40.79% ~44.84% , respectively. The response of maize aboveground growth to drought and N
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was generally consistent with that of the root system. Drought stress significantly reduced leaf SPAD, leaf area, and
plant biomass, while N applications increased leaf SPAD, leaf area and plant biomass by 28.57% ~ 31.25%,
14.60% ~35.76% and 14.72% ~42.63% , respectively. The drought resistance index of N—treated plants was 1.59 ~
3.52 times higher than that of plants without N application. Drought stress during the flowering stage resulted in a
12.97% to 30.69% reduction in the grain numbers per spike at harvest, whereas nitrogen deficiency primarily im-
pacted the 100-grain weight, leading to a decrease of 7.48% to 38.94%. N application promoted grain yield of
maize under drought stress at the flowering stage by 19.82% ~ 166.47%. ‘ Xianyu 335’ was more sensitive to
drought stress and N regulation than ¢ Zhengdan 958’ . In conclusion, the application of nitrogen enhanced root
growth and physiological activity in maize under drought stress during the flowering stage, improving soil water and

nutrient absorption. It also promoted aboveground biomass production and grain yield formation, significantly boos-

ting maize’ s drought resistance.
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Fig.5 Root growth of maize under different water and nitrogen treatments
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Fig.6  Effects of water and nitrogen treatments on maize root configuration
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Table 2  Effects of water and nitrogen treatments on the proportion of root active absorption area and root activity of maize

0

- R AR BRI WA e AR L A5/ 9% WERE S
ﬁzﬂ"( 6) 7K§-}(W> /ﬁ‘%( N) Percentage of root active absorption area Root activity
Variety Water Nitrogen - - - 1 1
A Brace root 7HR Crown root A Whole root /(mg-g” -h™)
WO NO 49.74+1.25ab 37.63+3.19b 39.78+3.09¢ 92.98+9.41d
7D958 N1 54.95+4.22a 34.21+3.73b 42.78+6.30c 130.91+3.53b
Wi NO 55.19£2.67a 46.63+3.05a 48.79+2.16bc 90.88+12.61cd
N1 58.19+3.51a 41.82+3.13ab 50.12+3.04b 130.81£16.17b
WO NO 47.78+4.39b 36.45+2.48b 39.22+4.16¢ 113.25£11.31be
XY335 N1 52.34+4.82a 33.71+1.96b 43.79+3.09¢ 164.03+£13.48a
Wi NO 49.15+3.70ab 33.22+3.10b 41.53+£3.47¢ 100.36+18.33cd
N1 55.06+5.79a 37.90+2.97b 58.90+5.23a 142.21+£12.22b
Al G NS * NS NS
Vi W NS NS * ok NS
Variation s i
source GxW NS * NS NS
GxN NS NS NS NS
WxN NS * NS NS
F 3 EXKiM EFRMRE AT K S F 57 F H 0 5L
Table 3  Response of above-ground agronomic traits of maize to water and nitrogen
fmfl(G) K5 (W) AE(N) SPAD f& IH- T FR/ em? ZEM/em R/ m
Variety Water Nitrogen SPAD value Leaf area Stem diameter Plant height
WO NO 40.00+2.41e 2241.86+267.23¢ 1.90+0.07b 1.93+0.17b
XY335 N1 52.50+1.71¢ 2569.24+242 24c¢ 2.19+0.06b 2.36+0.21ab
Wi NO 47.00£1.41d 2612.41+£169.93¢ 2.01+0.34b 2.07+0.10b
N1 57.00+1.41b 4260.37+332.85a 2.38+0.15ab 2.45+0.24ab
WO NO 45.50+0.71d 2451.78+231.15¢ 1.94+0.10b 2.21£0.15b
7D958 N1 58.50+0.71b 3328.43+246.54b 2.51+0.36ab 2.46+0.38ab
Wi NO 46.00+2.83d 3350.87+312.44b 2.02+0.26b 2.24+0.27b
N1 64.00+3.41a 4193.34+200.19a 2.88+0.34a 2.52+0.09a
R G * ¢ NS NS
Koy W * * * NS
Variation source GXW NS NS NS NS
GxN NS NS NS NS
WxN * * # NS
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Table 4 Effects of water and nitrogen treatments on plant dry matter accumulation of maize
AR (G) K (W) HFE(N) = i FPRL i A LN Rtk
Variety Water Nitrogen Stem Leaf Grain Spike Bract Root Whole plant
WO NO 64.43£395a  29.29+2.99bc  37.79+39lcd  16.22+2.02¢  12.66+3.25¢  10.42+2.17bc 170.81+19.64bc
7D958 N1 49.09+6.90bc  33.81+3.99b  62.42+8.37h  22.07+2.15ab  15.14+2.42hc 13.43+3.26b 195.96+16.43b
Wi NO 57.37+3.97ab  28.94+2.74c  43.15+6.88¢  16.19+4.40c  22.01+4.75a 12.87+3.64b 180.53+18.53b
N1 61.84+8.62ab  39.22+3.05a  80.11x16.6la 2543+323a  24.59+6.32a 20.30x4.25a 251.49+24.64a
WO NO 42.63+3.02¢c  20.06£1.69d  1643+2.84e  11.12+1.57d  16.25+2.07b 8.93+1.18¢  115.42+16.41d
XY335 N1 59.28+5.44ab  32.42+2.83b  32.57+£2.52d  13.11x1.26d  10.81+3.92¢c  16.61+3.25ab 164.62+14.53¢
) Wi NO 60.55+3.43ab  32.14£2.46b  34.84+334d  16.75+2.08bc 13.02+1.62c  15.67+2.02ab 172.97+15.74bc
N1 64.71+2.67a  32.36+£3.80b  43.66+5.71c  16.58+3.58bc  16.08+3.26b  19.46+3.15a  192.85+16.46h
mfh G NS NS * ok * NS NS *
Ko W NS NS * NS NS ® ®
AR SRR AEN NS * * ok * NS % ®
Variation source GXW # NS NS * NS NS NS
GXN NS NS NS NS NS NS NS
WXN NS NS NS NS NS NS *
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Fig.7 Effects of water and nitrogen treatments

on dry matter distribution of maize
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Table 5 Drought tolerance index of roots and shoots under different nitrogen treatments

i S AR AR AR
L Ah Kb Indicators that used for drought tolerance index calculate
Variety  Treatment LE S AR SPAD fif AT A Hbk A Y
Root length Root surface area SPAD value Leaf area Plant biomass
NO 0.35 0.44 0.69 0.58 0.66
7ZD958 NI 1.24 1.24 1.24 0.98 1.06
N1/NO 3.52 2.78 1.78 1.70 1.60
NO 0.31 0.36 0.69 0.50 0.59
XY335 NI 0.97 1.10 1.11 0.93 0.99
N1/NO 3.09 2.99 1.59 1.87 1.59
xo6 AELEMFEMHRER
Table 6  Yield components of different treatments
%ﬁ.( ©) K5 (W) %%( N) ](Ef;%;in Gra?n iﬁ?ﬁ)ers i:ﬁ*ﬁ:’:;‘ pfr
Variety Water Nitrogen weight/g per spike plant/g
wo NO 27.84+1.98a 433.74+57.05bc 120.86+8.58b
7D958 N1 30.09+1.26a 481.25+38.67b 144.81£13.99ab
Wi NO 27.05+2.24ab 498.38+22.07b 134.59+39.19ab
N1 29.99+1.39a 587.75£56.12a 176.21+25.45a
WO NO 16.53x1.71c 292.14+41.81d 48.29+6.87¢
XY335 N1 24.03+2.49b 385.74+35.41¢ 128.68+11.17b
w1 NO 16.89+1.13¢ 392.59+41.74¢ 66.31+7.08¢c
N1 27.66+1.86ab 556.51+56.50a 153.93+9.07a
ATy e % % %k R
KA W NS % ok %ok
Variation source CxXW NS ® NS
GxN ® K NS NS
WxN NS * NS
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