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Effects of nitrogen on photosynthetic characteristics and enzyme activity of

nitrogen metabolism in maize under-mulch-drip irrigation

GU Yan', HU Wenhe*, XU Baijun’, WANG Siyuan', WU Chunsheng' "

1 Crop Research Center, Jilin Agricultural University, Changchun 130118, China
2 College of Agronomy, Jilin Agricultural University, Changchun 130118, China
3 Farmer Cooperation, Minle Village Ningjiang District, Songyuan 138000, China

Abstract; Jilin Province is the main maize-producing province in China but frequently suffers from drought. Western parts
of the province, such as Baicheng and Songyuan, do not receive sufficient rainfall to support increased agricultural
production, which severely limits enhancement of maize yield. A project to install drip irrigation to one million acres was
initiated in the province, which is important for improving the drought resistance and yield of maize. Nitrogen, as the most
important element for maize growth, has a major impact on yield and physiological characteristics. For maize cultivated with
under-mulch drip irrigation with dual lines per ridge, what influence will the nitrogen nutrition level have on photosynthesis
by the ear leaf and related physiological characteristics? To address this question, maize Xianyu420 was used as the test
material and five nitrogen nutrition levels were applied. Starting from the silking stage, on each morning at 09,00—11 ;00

for 10 days, six representative plants of uniform growth were selected from each treatment and the following photosynthesis
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parameters were measured : ear leaf net rate of photosynthesis (P, ), transpiration rate (T,), stomatal conductance (g,),
water use efficiency ( WUE) , maximum photochemical efficiency ( F /F, ), actual photochemical efficiency ( @q; ),
photochemical quenching (¢, ), nitrogen content, and the activities of phosphoenolpyruvate ( PEP) and ribulose 1, 5-
biphosphate ( RUBP) carboxylase, proteolytic enzymes ( endopeptidase and aminopeptidase) , nitrate reductase (NR) , and
glutamine synthetase ( GS). The influence of nitrogen level on photosynthesis characteristics and activity of key enzymes
involved in nitrogen metabolism in the ear leaf was studied with under-mulch drip irrigation with dual lines per ridge. The
results showed that the average values for ear leaf nitrogen content, P, T., g. WUE, F /F , @, and g, were highest in
the N3 treatment (300 kg N/hm”). The response of PEP carboxylase activity to nitrogen fertilizer application was more
sensitive than that of RUBP carboxylase activity. When nitrogen fertilizer application was less than 100 kg N/hm®, RUBP
carboxylase activity was significantly reduced. Application of nitrogen fertilizer increased the activity of NR and GS in the
ear leaf. And the highest increases in NR and GS activity were recorded in the N3 treatment. Proteolytic activity showed the
opposite response. The nitrogen content of the ear leaf was negatively correlated with endopeptidase and aminopeptidase
activity, and positively correlated with all other indicators of photosynthetic activity. In the study area, when the total
amount of nitrogen fertilizer applied is 300 kg/hm’, the ear leaf of maize maintains higher photosynthetic parameters and
relevant enzyme activity and provides the foundation for increased grain yield. Adequate supply of nitrogen fertilizer can

ensure smooth and efficient activity of enzymes involved in nitrogen metabolism in leaves of maize.

Key Words: maize; under-mulch-drip irrigation; photosynthetic characteristics; nitrogen ;nitrogen metabolism enzyme
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Fig. 1  The nitrogen content of leaves in different nitrogen
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Fig.2 The dynamic change of gas exchange parameters and water use efficiency in different nitrogen treatments of maize
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Fig.3 The dynamic change of chlorophyll fluorescence parameters in different nitrogen treatments of maize
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Fig.4 The dynamic change of activity of PEPcase and RUBPcase in different nitrogen treatments of maize
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Fig.5 The dynamic change of activity of nitrate reductase and glutamine synthetase in different nitrogen treatments of maize
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Fig.6 The dynamic change of activity of proteolytic enzyme in different nitrogen treatments of maize
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Table 1 Correlationship between nitrogen content and photosynthetic index and relevant enzyme activity of nitrogen metabolism in ear-leaf at

different stage after anthesis

K2 P FFAE G R EL Days after anthesis/d
A lFactor

0 10 20 30 40 50
M4 2 &1 Chorophyll content 0.8918** 0.9376** 0.9818** 0.9226** 0.9010"*  0.9569 **
J4 A (P,) Photosynthetic rate 0.8945**  0.8810*" 0.9776** 0.9993"* 0.9792*"  0.8930"*
ZEMEH AR (T, ) Transpiration rate 0.8565""  0.8144** 0.3619 0.8391*  0.7849**  0.8926*"
KA FI L ZE (WUE ) Water use efficiency 0.8620**  0.3627 0.6948*  0.7791°* 0.7084**  0.5849
SILFE (G,) Stomata conductance 0.5486 0.4675 0.8057** 0.8167** 0.8681**  0.8568**
AR (F,/F,, ) Maximal photochemical efficiency 0.7136**  0.8359** 0.7074"* 0.9960"** 0.8324**  0.8989 **
BRI AR (D sy ) Actrual photochemical efficiency 0.7776**  0.8427** 0.7951** 0.9793** 0.4431 0.3759
ek HE K 2350 (qp ) Photochemical quenching coefficient 0.3795 0.8524**  0.8556*  0.9427"* 0.7885"*  0.7667**
PEP ¥k} PEPcase activity 0.6746*  0.5969 0.6434" 09768 ** 0.4528 0.6825*
RUBP # 1k RUBPcase activity 0.6028*  0.6238*  0.9157** 0.8280°* 0.3623 0.5651
fE R J5UG (NR ) Nitrate reductase activity 0.2087 0.8771** 0.6375*  0.8914** 0.8113**  0.4937
B By U ( GS) Glutamine synthetase activity 0.8564 **  0.3559 0.7911**  0.8771"* 0.5161 0.4401
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ZJIKAF(AP) Opeptidase activity -0.5112  -0.6141* -0.4246  -0.8869** -0.7670"  -0.6456"
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