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Effects of Balanced Fertilization on Soil Nitrate Transport in Rainfed Winter Wheat Field Under Different
Water Conditions

YANG Wan-zhong'%, MOU Si-wei'%, HAN Qing—fang'®, XU Wei-na'?, JIA Zhi-kuan'?, YANG Li'%, YANG Bao—ping', YANG Hai-di'
(1.Institute of Water Saving Agriculture in Arid Areas of China, Northwest A&F University/Key Laboratory of Crop Phyic—ecology and Tillage
in Northwestern loess Plateau, Minister of Agriculture, Yangling 712100, China; 2.College of Agronomy, Northwest A&F University,
Yangling 712100, China)

Abstract : Excessive nitrogen application has led to nitrate accumulation and leaching from soils, causing groundwater pollution. A rainfall -
controlled experiment was conducted to evaluate the effects of balanced nutrient managements on soil nitrate in a rainfed winter wheat area
under different water conditions. The experiment included four irrigation rates (R0:0 mm, R1:56 mm, R2 :78 mm, R3:100 mm ) and four nu-
trient levels (YO :no fertilization as control, Y1:N 13.9 kg+-hm™2, P,05 4.65 kg+-hm=, K;0 15.3 kg-hm™, Y2:N 97.5 kg-hm=, P,0532.7 kg -
hm?, K,0 107.6 kg-hm?, Y3:N 181.2 kg-hm=, P,05 60.6 kg-hm=, K,0 199.8 kg-hm™). No significant differences in nitrate accumulations
were found between Y1 and YO in 0~80 cm soil layer during flowering and filling stages under the same water condition. Compared with YO,
the average nitrate contents and accumulation were respectively increased by 98.6%~363.6% and 8.2%~260.9% in Y2 and Y3 treatments,
with no differences between Y2 and Y3. The effects of increased fertilizer application on nitrate content and accumulation in 80~160 ¢m soil
layers was insignificant. At the maturity stage, however, the nitrate accumulation in 80~160 cm soil layers for three fertilizer rates was 27.2%
~41.0%, 44.8%~48.4% and 23.7%~49.4% lower in R3, R2 and R1 than in RO, respectively. Higher water contents moved nitrate to a deep—
er soil, causing groundwater pollution. Our results suggest that the reasonable fertilizer rate for winter wheat would be Y2 as it satisfies the
nutrient needs of winter wheat growth, reduces nitrate accumulation in soils and improves fertilizer utilization efficiency.
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Table 2 Schedule for irrigation during winter wheat growth

KA AL FR

#h/K#E Supplemental water amount/mm

Water rates/ 34518 Eiligs- S TN it
mm Jointing stage Heading stage  Filling stage Total
RO(0) 0 0 0 0
R1(56) 18.5 125 25.0 56.0
R2(78) 21.8 18.8 37.5 78.0
R3(100) 25.0 25.0 50.0 100.0

WE 4 NHAE A : DORHEAE (YO) Ay X BE, {4
TR A CREYD A R =3 AR ), & W BRI A
FRZAR R 35% . 20% 30% 15 , 45 B8 H bRk i
WA KE YICHFR™ & 2625 kg+hm™) . Y2( H#r
7oAk 4875 kg-hm?) Y3( H bR/ i 7125 kg-hm?), N
FAHE:Y1(13.95 kg-hm™) . Y2(97.5 kg+hm™) . Y3(181.2
kg-hm?), P,0s I :Y1(4.65 kg-hm™?) . Y2(32.7 kg*
hm?).Y3(60.6 kg'hm'z)o KO0 & :Y1(15.3 kg'hm'z) N

xR 1 X HIEERIENER(0~40 cm)

Table 1 Basal physical and chemical characteristics of s0il(0~40 cm )

+JZ AL £ AR A AR R AR T
Soil layer/  Organic matter/ Total N/ Alk-hydro N/ Nitric N/ Available P/ Available K/ Soil bulk density/ pH
cm g kg g kg mg-kg™! mg-kg™! mg- kg™ mg- kg™ gecm™
0~20 10.01 0.91 38.31 14.16 163.49 1.37 8.15
20~40 9.30 0.87 41.03 12.02 116.94 1.43 8.12
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Figure 1 Contents of NO;=N in 0~160 cm soil layers at flowering stage of winter wheat
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Figure 2 Contents of NO;=N in 0~160 cm soil layers at filling stage of winter wheat
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Figure 3 Contents of NO;=N in 0~160 cm soil layers at maturity stage of winter wheat
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KA ZAF T, 80 em PUR 4 )2 1 RS A &0 IR 2 i
il
2.2 EREXT TiEHEAHESR ERAEMm

W 3 fon, FFAER 0~160 em )2 09 T HERS A
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BT, 7E RORL\R3 /K43 258, it A AL 3L 1Y
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YO(P<0.05);R1 . R2 R3 /K048 F 249 0 Hofh b 30 g
F KT Y1(P<0.05),Y3 Kb . 0~160 em + 2, 75

Y1>YO(P<0.05);7E R1 KA1 F 0 Y2.Y3 B
F Y0.Y1 (P<0.05);R2 .R3 /K424 Y3>Y2>
Y0.Y1 (P<0.05), FRHH Mt It & KF Y2 KT, ]
2N 0~160 em )2 SRS S A B R, Hn
WP BRENE . Zad—Z4 /N AR K T,
0~160 cm RS A R EZELEPTE 0~80 cm +
2, 3 80~160 em + 2R AR REUR KT T
EREN

3 itig

FEJL T XA H i A - 3 A RO A e i AR AR
AR AR AL, RAEYRSOR R 2R i
AEAE LA G R AR SR 8 81 A ook oA TR AR K B
SO W R UR P STt A X A A
S (A BIF Y 45 18 AR — S, BBt 03 4% 122
B A U ot S 2 R 0, < B R o it PR UM 2 A A
RAE 3 BRI IR0, il A A
YEIRE WAL, PABCY it A i o VR e 75 A
B, 1A A A S AR AR /N, Bergstrom £5 IS
W], /N T 100 kg -hm™ B, fERER A7 1 2%
A, e A B TE 100~200 kg-hm™, k2 1 Fifi 5 it & i 10

RO KPS, LIRS A BE RN Y3>Y2>

SEITHE T 3K X RS Rz B YR T 2518

&3 FEHEIEX LI AR LIRS R RRENZI (kg-hm™)

Table 3 Effects of balanced fertilization on soil NO;—N accumulation at flowering and maturity stages of winter wheat(kg+hm)

FFAEH] Jointing stage

JEY] Maturity stage

A3 Treatment 0~80 c¢cm 80~160 cm 0~160 cm 0~80 cm 80~160 cm 0~160 cm
RO YO 72.55d 33.21d 105.76d 90.91d 24.13¢ 115.04d
Y1 144.54¢ 49.59¢ 194.13¢ 125.20¢ 48.42b 173.62¢
Y2 232.81b 81.76b 314.57b 295.11b 97.33a 392.44b
Y3 269.30a 107.31a 376.61a 339.90a 86.73a 426.63a
R1 YO 107.16d 43.73b 150.89d 100.53¢ 55.07a 155.60b
Y1 157.12¢ 47.31b 204.43¢ 121.50b 24.48b 145.98b
Y2 288.90b 106.84a 395.74b 295.53a 69.67a 365.20a
Y3 338.25a 95.12a 433.36a 303.62a 66.17a 369.79a
R2 YO 79.07¢ 38.56¢ 117.63¢ 135.90¢ 51.93b 187.83¢
Y1 82.20¢ 44.57¢ 126.77¢ 137.70¢ 26.72¢ 164.42¢
Y2 285.33b 122.09b 407.42b 269.37b 50.26b 319.63b
Y3 348.93a 145.84a 494.76a 321.03a 91.88a 41291a
R3 YO 71.53d 48.35¢ 119.88d 122.92d 55.12b 178.04¢
Y1 141.36¢ 41.17¢ 182.53¢ 166.10¢ 35.00a 201.09¢
Y2 237.13b 73.71b 310.84b 299.92b 57.43a 357.35b
Y3 263.98a 98.37a 362.35a 357.20a 63.20a 420.40a

T [ — SN B S AN ) - B 22 5k 5% 835 K-

Note: Values with different letters in the same column are significantly different at 5% level.



1962

RAIMERF 217 EIRRE T R

AN —35 . W B AP0 A AR o8 P 1 3R S
RARR 5 Ko & A O K s oK i 2
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