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Effects of Reduced Nitrogen Fertilization on Wheat Yield, Nutrient Uptake and Soil

Physicochemical Properties Under Rice Straw Returning

ZHANG Simei'*®, DUAN Zenggiang'", GU Kejun?, ZHANG Chuanhui’, ZHANG Henggan®

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 Institute of Food Crops, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 3 University of
Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to clarify the effects of reduced nitrogen fertilization on wheat yield, nutrient uptake and soil physicochemical
properties under rice straw returning, a field experiment was conducted with the wheat variety “Ningmai 16” as test material. The
treatments were designed as follows: 1) nitrogen application: no nitrogen application control (CK), constant nitrogen application
of 225 kg/hm® (N1), reduced nitrogen application of 180 kg/hm® (N2); 2) nitrogen management: the ratio of base fertilizer to
topdressing is 5 1 5 (M1) and 7 : 3 (M2). Wheat yield and its components, nutrient absorption and distribution, nitrogen use
efficiency and soil physicochemical properties were measured and analyzed. The results show that wheat yield of N2 is only
80.72 kg/hm? lower than that of N1. Increasing the proportion of basic nitrogen application increases the number of effective
panicles per unit area. Nitrogen application significantly promotes the absorption of nitrogen, phosphorus and potassium in wheat
grains, straws and shoots. The absorption of nitrogen, phosphorus and potassium of N2 are lower than those of N1. At N1 and N2

levels, nitrogen and phosphorus uptake of M2 are higher than those of M1, while potassium uptake of M2 is lower than that of M1.
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Nitrogen application significantly increases wheat yield. Nitrogen agronomic efficiency, nitrogen partial productivity, nitrogen
apparent efficiency and nitrogen physiological efficiency of N2 are higher than those of N1, while nitrogen uptake of 100 kg grain
is decreased. The content of available nitrogen of N1 is significantly higher than that of CK. The contents of organic matter,
available nitrogen and available potassium of N2 are lower than those of N1, while the content of available phosphorus is higher
than that of N1. At N1 and N2 levels, the contents of organic matter and available nitrogen of M1 are higher than those of M2,
while the contents of available phosphorus and available potassium of M2 are higher than those of M1. In general, under the
condition of returning rice straw to the field, reducing conventional nitrogen application by 20% and appropriately increasing the

proportion of basic nitrogen application can increase the number of effective panicles per unit area, achieve high and stable wheat

yield, and improve nitrogen use efficiency.

Key words: Straw returning; Nitrogen reduction; Grain yield; Nutrient uptake; Physicochemical properties of soil
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Table 1 Effects of reduced nitrogen fertilization on wheat yield and
components under rice straw returning

b3 A BB AR THRHE PR
(10*/hm?) (g) (kg/hm?)
CK 370.02 b 30.06 b 39.35a 4031.84b
NIM1 43154 a 41.07 a 3820 a 659031 a
NIM2 44831 a 40.98 a 3795a 678434 a
N2M1 414.01 ab 40.90 a 3890 a 6488.11a
N2M2 438.50 a 41.09 a 3737 a 6725.10 a

T [RSVEE/NG TR AR 3R AL B E 22 53 (8.3 (P<0.05),
ESCE

*2 WHRILATHREUREINNERZRIEHIZ N
Table 2 Effects of reduced nitrogen fertilization on nitrogen
accumulation of wheat under rice straw returning

b A FE W (kg/hm®)
FPRL FEFF Hb 13
CcK 7326 ¢ 1570 ¢ 88.96 ¢
NIM1 152.55 ab 33.90b 186.45 ab
NIM2 15425 a 39.88a 194.13 a
N2M1 134.93b 35.11b 170.04 b
N2M2 136.25 ab 36.33 ab 172.58 b

O ke O B
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2 40
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= 20
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CK  NIMI NIM2 N2MI  N2M2
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E1 BEIHATEHENERN N EHRESEN
E}ul‘n-J
4

Fig. 1 Effects of reduced nitrogen application on nitrogen
distribution in wheat grains and straws under rice straw returning
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Table 3  Effects of reduced nitrogen fertilization on phosphorus
accumulation of wheat under rice straw returning

B3] B Ui (kg/hm?)
FERL T FF o[- &8
CK 21.14 b 3.25b 2439b
NIMI 29.82 a 7522 3734
NIM2 30.93 a 7.53a 38.46 a
N2M1 28.44 a 6.73 a 35.16 a
N2M2 29.30 a 6.752a 36.04 a
O ke O FEFF
100
SR
§ 60
2 40
2 20
O7CK  NIMI NIM2 NaMI N2M2
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2 BRILETHELEIX/NEH EEBHES M
Al

Fig. 2 Effects of reduced nitrogen application on phosphorus
distribution in wheat grains and straws under rice straw returning
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Table 4 Effects of reduced nitrogen fertilization on potassium
accumulation of wheat under rice straw returning

szl PR I (kg/hm®)
L FEFF i35
CcK 1042 b 37.07¢ 4750 ¢
NIM1 1691 a 89.03 a 105.94 a
NIM2 16.12 a 86.63 ab 102.75 ab
N2M1 1597 a 81.27 ab 97.24 ab
N2M2 15.03 a 78.09 b 93.12b
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Fig. 3 Effects of reduced nitrogen application on potassium
distribution in wheat grains and straws under rice straw returning
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Table 5 Effects of reduced nitrogen application rate on nitrogen use
efficiency of wheat under rice straw returning

AP ARk ACH AAERM ARE 100 kg K

K ES B FIRES B ORI AL
(kg/kg)  (kg/kg) (%) (kg/ke) (kg)
CK - - - - 2.21b
NIMI  11.37b  29.29b  4333a  2622b  2.83a
NIM2 12.23b  30.15b  46.74a  2623b  2.386a
N2M1  13.65a  36.05a 45.04a 30252  2.62a
N2M2  1496a  3736a  4645a 32.42a  257a
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Table 6 Effects of reduced nitrogen fertilization on soil
physiochemical properties in wheat field under rice straw returning

pisi] I TRl AL EER e AL
(g/kg) (mg/kg) (mg/kg) (mg/kg)

CK 18.13 a 64.78 b 1791 a 77.62 a
NIMI  19.12a 80.60 a 18.67 a 81.44 a
NIM2  18.67a 77.84 a 19.85a 86.57 a
N2M1  18.64a 73.49 ab 20.07 a 80.91 a
N2M2  18.13a 71.46 ab 21.63a 85.48 a
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