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Effects of Nitrogen-reducing and Suitable Water on Photosynthetic
Characteristics of Winter Wheat and Distribution of Soil Water and Nitrogen

CONG Xin' PANG Guibin' ZHANG Lizhi* XU Zhenghe' YANG Jinliang' MU Xiaoyu'
(1. School of Water Conservancy and Environment, University of Jinan, Ji’ nan 250022, China
2. Water Resources Research Institute of Shandong Province, Ji’ nan 250014, China)

Abstract ; Insufficient irrigation water resources and excessive input of nitrogen fertilizer are very common
in agricultural production in North China Plain. In order to deal with these problems, a field trial with
winter wheat as test material was conducted in the lysimeters in 2018—2019. Under three irrigation levels
of W1 (60% ET, ( reference crop water requirement ), 300 mm), W2 (75% ET,, 370 mm) and W3
(ET,, 495 mm) , and three nitrogen levels of N1 (180 kg/hm”), N2 (255 kg/hm”) and N3 (330 kg/hm”),
the effects of irrigation-fertilization methods on soil water and nitrogen distribution, photosynthetic
characteristics and light response curve parameters of winter wheat flag leaf function period and wheat
grain yield were examined. The results showed that W2N2 treatment can maintain wheat growth demand
and improve water and nitrogen use efficiency, which increased soil water storage by 41. 12 mm and
decreased soil nitrate leaching by 15. 87% , compared with that of W3N3 treatment. The interaction of
water and nitrogen had a significant effect on the photosynthetic characteristics of wheat flag leaves. The
P,, T and G, of W2 and W3 treatments was significantly higher than that of W1 treatment, but there was
no significant difference between them, and N treatment had the same response. According to the result
of yield test, W2N2 had the largest yield, with significant difference than other treatments. In addition,
there was a significant relationship between yield and photosynthetic characteristics, light response curve
parameters,, which indicated that the improvement of photosynthetic characteristics caused by water and
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nitrogen was conducive to the accumulation of photosynthetic products, and then increased the yield.

Under the conditions of this experiment, W2 treatment ( irrigated 370 mm in overwintering period,
75% ET,) combined with N2 treatment (with nitrogen application rate of 255 kg/hm’) can not only
maintain high photosynthetic characteristics and crop yield, but also improve the utilization of soil water

storage and reduce the risk of nitrate leaching, realizing the water-saving and nitrogen reduction

production of winter wheat in the North China Plain.

Key words: winter wheat; nitrogen-reducing; suitable water; distribution of soil water and nitrogen;

photosynthetic characteristics; light response curve
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Tab.1 Amount of irrigation during winter wheat

growing season mm
e ‘ K E R _
A AT Ejiigzy ] TR
W1 35 90 75 0
w2 35 90 75 70
w3 35 90 150 120

T HRE S W 46 /N7 4 B I - AR Bk R AR
b K A R BT 5 K (SWE, % )
A F IR KE (AS, mm) IR ARS
AS =W, - W, =hp(SWC, - SWCy) x10/100 (1)

st w, Wk G &K i, mm
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Fig.2 Dynamic changes of SWC in 0 ~ 100 c¢m soil layer under different treatments
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Tab.2 Soil water consumption amount in 0 ~ 100 cm soil layers of winter wheat under different treatments mm

e HJREE/ em
0~20 20 ~40 40 ~60 60 ~80 80 ~ 100 0 ~100
N1 11.72 9.51 15.78 7.63 17.87 62. 50
w1 N2 12.15 7.35 19. 96 10. 24 16. 80 66. 49
N3 12. 88 6.45 18.57 6.54 15. 48 59.91
N1 10.93 -0.57 10. 64 13.48 9.55 44.04
w2 N2 9.83 5.26 12.78 9. 60 9.56 47.04
N3 12.76 5.81 9.09 10. 33 9.05 47.03
N1 8.93 2.01 2. 19 -9.35 -1.44 2.34
w3 N2 7.42 0.03 6.92 -5.36 -2.77 6.24
N3 6.38 2.79 2.40 -4.54 -1.11 5.92
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Fig.3  Soil NO; -N content in 0 ~ 100 c¢m profile after winter wheat harvest
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Tab.3 Photosynthetic characteristics of winter wheat under different treatments

EHEM b P./(pmolem~2-s7') T /(mmol-m~2-s7')  G/(mol-m~2.s71) C,/ (pmol-mol ~1) SPAD
WINI (19.43 £2.94) (3.91 +£0.55)" (0.26 +£0.04)° (254.00 +13.6)" (42.07 £2.25)°
WIN2 (21. 84 +2.44)>d (5.95+0.16)* (0.34 +0.04)" (231.00 £6. 11)° (44.07 £2.29)"
WIN3 (23.44 +£0.60) (6.15+0.22)* (0.36 £0.02)® (209.00 +12.20) % (44.63 +2.68)"
W2N1 (19.63 +1.04)bd (4.22 £0.24)°" (0.27 £0.04)°¢ (250.50 +6.56)" (43.50 £4.06) ™
W2N2 (22.76 +2.35)d (6.13 +0.23)° (0.36 £0.06)* (218.83 £7.83)¢ (45.03 +4.54)"
o W2N3 (23.77 £1.90)* (6.25+0.44)° (0.40 +0.03)* (202.67 +12.03)° (43.63 £6.31)™
W3N1 (18.99 +3.37) (3.71 £0.08) ¢ (0.24 £0.03)° (269.33 +6.89)* (43.20 £2.07)"
W3N2 (22.55 +0.79) (6.07 £0.20)* (0.35£0.02) (215.50 £10.37) % (52.53 +5.42)®
W3N3 (23.03 +2.89) e (6.14+0.29)* (0.38 +£0.02)® (209. 83 +7.55) 4 (50.20 £0.66)*
W
N EX] wk sk wak ks
W x N sk
WINI (15.82 +1.47)°¢ (2.59+0.77)¢ (0.17 £0.05) ¢ (327.00 +£14.9)* (34.37 £1.50)"
WIN2 (18.51 3. 11)% (3.60 £0.34)" (0.20 £0.04 )" (281.00 £5.16)° (37.73 £1.29)"
WI1N3 (18.24 £0.98) " (3.11 £0.46)" (0.20 £0.03 )" (285.83 £6.68)° (36.23 +1.86)"
W2N1 (17.35 £2.20)° (3.28 £0.18) "™ (0.21 £0.01)% (304.67 £19.95)" (39.83 £2.46)"
W2N2 (22.15+1.72)" (5.08 +£0.56)* (0.29 +0.06)* (229.67 +9.27)4¢ (49.67 £1.08)°
—— W2N3 (21.88 £1.00)* (4.71 £0.28)* (0.29 +0.02)* (232.00 +7.16)¢ (45.00 £1.56)°
W3NI1 (16.61 +0.65)° (2.90 £0.79) " (0.20 £0.05)" (311.83 £11.91)" (38.57 +2.12)"
W3N2 (20.46 £2.03)* (4.59 +0.17)* (0.27 £0.01)*° (235.33 +15.92) ¢ (46.23 £1.56)°
W3N3 (20.04 +1.52)* (4.50 £0.37)* (0.27 £0.02)* (243.33 £14.75)¢ (39.57 +1.86)"
A\ £ sk £ skek gk
N kg BT Kk Kk sk
W xN * EES Kk EES BB

I FRRZERRFE (P <0.05) , [FFIAR/NG TR 0K A — A4 B WA TR AL B A 25 5 25 (P <0.05)

25 25 25
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Fig.5 Response curves of P, to light in flag leaves at filling stage
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Tab.4 Simulated parameters in light response curve of flag leaf under different treatments at filling stage

AbF a P”,max/(pdmol-m’z-s’l) R,/ (pmol'm~2-s7")  LCP/(pmol-m~2+s™')  LSP/(umol-m2+s7") R
WI1NI 0. 046 15. 04 1.07 24.05 1 180. 40 0.999
WIN2 0.033 18.73 0.99 30. 16 1452.77 0.999
WIN3 0.033 18.01 1.03 30. 48 1372.48 0.999
W2N1 0. 059 17.08 0.99 17.07 1109. 74 0. 996
W2N2 0.070 21.37 1. 16 17.12 1241. 30 0. 995
W2N3 0. 051 20. 10 1. 06 21.04 1 199. 83 0.999
W3N1 0. 045 16. 10 1. 14 25.17 1309. 23 0.999
W3N2 0. 062 21. 19 1.28 26. 06 1348.79 0. 995
W3N3 0. 058 19. 89 1.24 22.07 1262.72 0.998
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Fig.6  Yield of winter wheat under different treatments

TFAHRE AL T W2N2 Ab P R

FHOCATHT R (3R 5) &/NAE i UE R I 4
INZZ I B[R SPAD G RRIER B AR E A C R AL,
5 R S50 o P, |, A1 LCP $5 bRt 7 76— A
Xk, PES SPAD HI P, HIAH 5 R ¥ T HiAh =
HU R R B, U6 BT SN I il 2 B RNk
BRI A NI T IR B 5 L RS R IR AR X
K, HESRIA AT L 2o K PR R A T R R A/
e, AN, KNP SHIEN C 5 LCP 1Y
T 52 240 H S A A N A
SPAD F0GA R R S8 AN A 56, 3 2% B E S 01 i K
FEANF = a1 N R, FLE— 25 UL T SROK
Xof P R S

®5 FESASHM AMESHHBEXRY

Tab.5 Correlation coefficients of yield with photosynthetic characteristic and light response parameters

R SPAD KBRS St R 24K
P, T, G, ; P Py o R, LCP LSpP
Ejigzt] 0.324 0.391 0.415 0.428 -0.392
HEHI 0.981 0. 892 * 0.853* 0. 860 ** -0.768*  0.838* 0.772* 0.155 —0.794™  —0.444
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