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Inhibition of Nitrogen Increasing on Maize Growth under Water Stress

XING Huan-li', ZHOU Wen-bin?, HAO Wei-ping', LI Li', WANG Chao', MA Hai-yang'®, WANG
Yao-sheng1
(1. State Engineering Laboratory of Efficient Water Use of Crops and Disaster Loss Mitigation/Key Laboratory of Dryland Agriculture,
Ministry of Agriculture and Rural Affairs of China/Institute of Environment and Sustainable Development in Agriculture, Chinese
Academy of Agricultural Sciences, Beijing 100081, China; 2. Institute of Crop Sciences, Chinese Academy of Agricultural Sciences,

Beijing 100081; 3. South Subtropical Crops Research Institute, Chinese Academy of Tropical Agricultural Sciences, Zhanjiang 524091)
Abstract: Water and nitrogen (N) are two important factors affecting crop growth and development. The growth and
physiological processes of crops are affected by interactions between water and N under drought and poor soil conditions.
Therefore, the study on effect of different N fertilization on leaf photosynthetic physiology and root morphology of
maize under water stress can provide a scientific theoretical basis for the effective water and N management of maize
cultivation. The experiment was carried out in a glasshouse. The soil water treatments included three levels: moderate
drought (W1, 40%—-50% soil water holding capacity (SWHC)), mild drought (W2, 60%—-70% SWHC) and well-watered
(W3, 75%—-90% SWHC). The N fertilization included three levels: low N (N1, 1.0g-pot '), middle N (N2.5, 2.5g-pot ')
and high N (N5, 5.0g-pot ") levels. The maize growth, leaf gas exchange, the photosynthetic CO, response curve (A,/C;)
and light response curve (A,/Q), and the root morphology were investigated. The results showed that the physiological
responses of maize to N fertilization were different under varied soil water regimes. Compared with well-watered
treatment, the root length and root specific surface area increased by 106.39%-208.82% and 45.81%—105.85%,
respectively, under water stress condition, and the root dry weight decreased by 23.94%—36.61% under the moderate
drought condition. Increasing N dose, especially the high N treatment, significantly decreased the root length and root
specific surface area by 41.85%—54.10% and 18.68%, respectively, and the root dry weight decreased by 33.75%
significantly under low N treatment with soil water stress. Thus, N fertilization aggravated plant water stress in the root
zone, leading to reduced root water potential. Consequently, the stomatal conductance (Gs), CO, and light use efficiency
of maize leaf were affected. Both water and N treatments affected CO, and light response curves, and water treatments
showed a more prominent effect. Under the same N treatments, the dark respiration rate (Ry), the maximum net
photosynthetic rate (Ap.x) and the saturation irradiance (Qgy) derived from the photosynthetic light response curve, and
the initial carboxylation efficiency (a), the rate of the photorespiration (R,), the photosynthetic capacity (Amax) and
saturation intercellular CO, concentration(Cjg,) under high N level derived from the photosynthetic CO, response curve
decreased with the increase of water stress levels, and the former parameters decreased more significantly. Increasing N
dose further decreased these parameters under the moderate drought condition, indicating that N fertilization inhibited
plant photosynthetic performance under the moderate drought treatment. The G, and photosynthesis (A,) decreased
significantly by 32.37%-51.97% and 41.85%—-56.14%, respectively, under the moderate drought condition, and
increasing N supply, especially high N treatment, decreased G and A, by 35.81% and 30.71%, respectively, under the
moderate drought condition compared to low N treatment. Water stress facilitated the root length and root specific
surface area, and under water stress increasing N dose did not alleviate the drought stress of plants, while inhibited the
root length and root specific surface area, and aggravated water stress. Thus, the root water potential was reduced and
leaf G was affected. Consequently, the photosynthetic capacity, the CO, and light use efficiency of maize leaf were
decreased. The non-stomatal and stomatal factors inhibited the photosynthesis, resulting in decreased photosynthetic
carbon assimilation ability and the accumulation of root biomass.

Key words: Drought; Stomatal conductance; Water potential; Response curve; Modified rectangular hyperbola

model; Root morphology
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Fig.2 Effect of water stresses under different N treatments(a, b, c) and effect of N treatments under different soil water

stresses(d, e, f) on photosynthetic light response curve of maize plants during the silking stage
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Table 1 Effect of N treatments on the initial slope( a ), the maximum net photosynthetic rate(A,,,), the dark respiration rate(R,),

and the saturation irradiance(Q,() derived from the photosynthetic light response curve(equation 2—4, fig.2) of maize plants under

different soil water stresses

K53 Ak B HALHE LGRS IS 2 Ry RRENCEHEE A HIFIE I Quar
Water treatment N treatment o (umol-m'z-s") (umol-m'z-s") (pmol-m’2~s'l)
W1 N1 0.051a 2.04ab 27.31ab 1868.50ab
N2.5 0.045a 1.85bc 21.42b 1788.89ab
N5 0.050a 1.35¢ 20.83b 1621.37b
W2 N1 0.049a 2.24ab 32.20a 2092.92a
N2.5 0.048a 2.33ab 28.25ab 1983.73ab
N5 0.045a 2.14ab 30.94a 2010.54ab
w3 N1 0.046a 2.52a 32.63a 1968.39ab
N2.5 0.051a 2.69a 34.72a 2055.90a
N5 0.050a 2.33ab 33.12a 1904.16ab
7K Water (W) P 1H 0.659 0.000 0.000 0.032
% Nitrogen (N) P {8 0.943 0.078 0.468 0.419
IKXE (WxN) P 1H 0.174 0.633 0.575 0.838

e AN FREROR A FLRAE 0.05 K BRI ZER B ZETE. N,

Note: Lower case letters indicate the significances among the treatments at 0.05 level. The same as below.
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Fig.3 Effect of water stresses under different N treatments(a, b, c) and effect of N treatments under different soil water
stresses(d, e, f) on photosynthetic CO, response curve of maize plants during the silking stage

#*2 FREKDMETRRLEX CO, M LZINES BTN
Table 2 Effect of N treatments on the initial carboxylation efficiency(a), the rate of the photorespiration(R,), the photosynthetic
capacity(A.x), and saturation intercellular CO, concentration(Cjs,) derived from the photosynthetic CO, response curve(equation

5-7, fig.3) of maize plants under different soil water stresses

KT AL RAbH WHER LR a JEIFIRE R R, A BESS Amax HIFIREIA] COL R Cignr
Water treatment N treatment (mol-m?s™) (umol-m™s™) (umol-m?s™) (umol-mol™)

Wi N1 0.304a 5.66ab 27.91b 1130.98a

N2.5 0.144b 1.44b 29.28b 1147.06a

N5 0.274ab 4.29ab 30.28ab 730.29a

W2 N1 0.275ab 4.61ab 34.14ab 783.09a

N2.5 0.219ab 3.75ab 35.29ab 906.60a

NS5 0.223ab 2.22b 32.54ab 878.94a

W3 N1 0.348a 7.12a 34.28ab 755.22a

N2.5 0.272ab 5.25ab 36.22ab 909.71a

N5 0.259ab 4.77ab 38.89a 1235.11a
7K Water(W) P 1H 0.232 0.092 0.011 0.735
% Nitrogen(N) P& 0.032 0.070 0.702 0.879
TKXE(WXN) P 4 0.478 0.495 0.817 0.422

K 4a fl b ST LAE H, EREKD R 7 A A, B S 25, IREACFE R S B AL F T A,
SRR, AR Z AR A, T Gy Z 57 A SLERIN 44.32% (P<0.05), RALHN G, BER
W MK EFA T, REAE S SR L AbELIE TN 55.79%, HZESALE . HE 4c W51,
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Fig.4 Effect of N treatments on photosynthesis(A,), stomatal

conductance(G;) and intrinsic water use efficiency(WUE;) of
maize leaf under different soil water stresses

¥ NEFRERIRAHERE 0.05 KF LM ZE R EEE, RE
PEAERR R 22 T R ns 43 )RR 2 M P<0.05.P<0.01.
P<0.001 KA. T,

Note: Lower case letters above the bars indicate the significances
among the treatments at 0.05 level. The error bar equals +
standard error. *, ",

P<0.01, P<0.001 and non-significance, respectively. The same as

below.
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" and ns indicate the significances at P<0.05,
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AL BEAS [ 7K 7 Kb 2 8] BAH 7] 7K 73 Ab BEAS [F) R A B
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Fig.5 Effect of N treatments on the root water potential
(RWP) and root ABA concentration([ABA],,,) of maize
plants under different soil water stresses
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Fig.6 Effect of N treatments on the root length, root specific
surface area and root dry weight per plant of maize under
different soil water stresses
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