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Effects of deep application of nitrogen fertilizer on soil nutrient content
and spring maize yield in dryland film mulched farmland

GAO Fei', REN Liangqi>®, CUI Zengtuan', GUO Shigian',
ZHENG Jie', YE Xu*’, WANG Yuhao®®, ZHANG Peng*”’

(1. Cultivated Land Quality and Construction Protection Station of Gansu, Lanzhou, Gansu 730020, China; 2. College of
Agronomy , Northwest A & F University, Yangling, Shaanxi 712100, China; 3. Key Laboratory of Crop Physiology, Ecology
and Tillage in Northwest Loess Plateau, Minister of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China)

Abstract; A field experiment with three nitrogen fertilizer application depths (D5: 5 em, D15: 15 c¢m, and
D25, 25 em) and no nitrogen ( NO) under double ridge and furrow plastic film mulching planting was carried out in
Dingxi City, Gansu Province in 2021-2022. The effects of different nitrogen fertilizer application depths on soil nu-
trient content, dry matter accumulation, water use and maize yield were analyzed in order to provide a theoretical
basis for optimizing fertilizer application mode and further improve its water-saving and yield-increasing efficiency.
The results showed that with the increase of fertilization depth, the soil nutrient content in 0~40 cm was gradually
increased. Compared with D15 and D5, the soil organic carbon, total nitrogen, available phosphorus and available
potassium contents under D25 treatment were increased by 8.67%, 2.23%, 22.11% and 15.18%, respectively.
The dry matter accumulation of maize was also significantly increased with the increase of fertilization depth, and
D25 was 6.53% and 25.30% higher than D15 and D5 from 105 d after sowing to harvest, respectively. Each depth

of fertilization treatment increased the water consumption and water use efficiency ( P<0.05) , which both gradually
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increased with the increase of fertilization depth. Compared with D5, the biomass and economic yield of maize

under D25 were increased by 27.20% and 34.93%, respectively. These results showed that nitrogen fertilizer appli-

cation at 25 em depth can effectively improve soil nutrient content and water use efficiency, which is an effective

measure to improve the maize yield under film-mulched farmland in northwest of China.

Keywords: maize; deep application of nitrogen fertilizer; film-mulching; soil nutrients; yield
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Fig.1  Daily precipitation and mean temperature at experimental station in 2021
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Table 1  Physical and chemical properties of soil foundation before sowing in the test site
R R AL Ecea B X Uy Exdl upygal
Soil lz b Bulk Organic Total Available Total Available Total Available
Ol/ cept density matter nitrogen nitrogen phosphorus phosphorus potassium potassium P
cm _ _ _ _ _ _ _ _
/(geem™)  /(g-kg')  /(g-ke) /(mg-kg') /(g-kg) /(mg-kg) /(grkg') /(mg-kg)
0~20 1.02 11.83 0.98 39.25 0.69 20.47 22.40 109.01 8.3
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Fig.2  Soil organic carbon, total nitrogen and C/N in 0~40 cm soil depth under different fertilization depth treatments (2022)
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Fig.3 Available nutrient content in 0~40 cm soil depth under different fertilization depth treatments (2022)
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Fig.4 Dynamic changes of dry matter accumulation of maize under different fertilization depth treatments (2022)
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data fluctuation, respectively. The shaded part represents the 95%
confidence interval. * #* indicates extremely significant level ( P<
0.01). The same below.
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Fig.5 Correlation between fertilization depth and

maize grain and biomass yield
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Table 2 Maize yield and harvest index under different fertilization depth

gl HM)77 it Biomass yield/ (t - hm™2) 22377 4 Grain yield/(t - hm™2) R FE %L Harvest index
Treatment 2021 2022 2021 2022 2021 2022
NO 16.67+£0.98d 15.69+£0.94d 7.32+0.71d 7.06+0.66¢ 0.44+0.02¢ 0.45+0.02¢
D5 21.36+1.53¢ 18.98+1.09¢ 10.05+£0.97¢ 9.02+0.71b 0.47+0.01b 0.48+0.01b
D15 25.53+1.12b 21.81+£1.02b 12.45+0.78b 10.89+0.92a 0.49+0.01a 0.50+0.01a
D25 27.17x1.47a 23.42+1.06a 13.56+1.07a 11.72+1.01a 0.50+0.02a 0.50+0.02a

TE R PR AP RE AR MEE (n=3) | [RIFI AR FRER 7R Ab B F) 22 538 25K (P<0.05) o FIF],

Note ; The data in the table is Mean + standard deviation (n=3), different letters in the same column indicate significant differences between treat-

ments (P<0.05). The same below.

K3 FEHERESETHERBRATKE EFRRKERKSFIALE

Table 3 Water use efficiency, soil water storage after harvested, and soil water consumption during

growth period under different fertilization depth

fhg y WK I /K A2/ mm B ﬁ;%‘%ﬂf@ki/mm . KA TR/ (ke ,-n-lm—l - hm™2)
Treamment Soil water storage after harvested Soil water consumption during growth period Water use efficiency
2021 2022 2021 2022 2021 2022
NO 577.97+15.15a 507.81+14.74a 308.10+18.07¢ 256.65+16.38¢ 23.77+2.27¢ 27.49+2.68¢
D5 533.34+23.75a 473.77+21.32b 352.72+20.87b 290.70+20.06b 28.5+3.24h 31.04+3.43b
D15 475.42+19.76b 437.37x17.57¢ 410.64+15.86a 327.09+17.45a 30.33+1.48b 33.29+2.03ab
D25 468.45+18.01b 428.05+14.22¢ 417.61+23.64a 336.41+26.90a 32.46+1.03a 34.83+2.07a
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Fig.6  Correlation between fertilization depth and water use
efficiency and soil water consumption during growth period
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Table 4 Nitrogen use efficiency, agronomic nitrogen use efficiency and nitrogen partial

productivity of maize under different fertilization depth

HIEFIHALER (kg + kg™")

RHEAER R/ (kg - kg™")

HERAE = 1/ (kg - kg™!)

i Nitrogen use efficiency Nitrogen agronomic efficiency Nitrogen partial productivity
Treatment
2021 2022 2021 2022 2021 2022
D5 32.65+1.07¢ 30.97+1.35¢ 12.46+0.96¢ 10.01+1.13¢ 41.88+1.71c 40.17£1.35b
D15 63.2+1.93b 61.13+2.11b 21.46+0.31b 19.84+0.57b 51.87+2.59b 52.22+2.28a
D25 79.42+2.07a 77.25+2.38a 26.41+1.15a 24.79+1.24a 56.48+1.62a 55.68+1.39a

£S5 TRBEERELETELERMERS EXTEERRKEHAREMOEXYE

Table 5  Correlation of soil nutrient indexes with maize yield indexes,water and fertilizer

use efficiency under different fertilization depth

EiztoN A HLRR R BRA L AL K WAL WRIUKE Rk

Index SoC TN C/N AK AP AN SWS ET
A=) E Biomass yield 0.63"* 0.33 0.74* 0.55* 0.21 0.54" -0.99 " 0.91**
2235 5 hE Grain yield 0.54* 0.18 0.69** 0.48* 0.10 0.47 -0.95"* 0.90**

WCARAE %L HI 0.11 -0.27 0.33 0.14 -0.22 0.13 -0.50* 0.57"
KRB WUE 0.47 0.11 0.65** 0.45 0.04 0.45 -0.90" * 0.82%*
HNEF R NUE 0.57** 0.27 0.69* * 0.50 0.19 0.45 -0.91** 0.85"*
RIER2ER0H NAE 0.58* 0.29 0.70* * 0.51" 0.21 0.46 -0.91** 0.85"*
AR A= =71 NPP 0.48 0.19 0.62* 0.38 0.06 0.34 -0.93"* 0.84**

. RPEIRFRA R REL, « F = = 3 FIR AR F] P<0.05 A P<0.01 /K,

Note:The data in the table is correlation coefficient, * and * * indicate the correlation between indexes at P<0.05 and P<0.01 level, respectively.
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