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Effect of long-term fertilization on winter wheat water utilization
in rain-fed farmland of the Loess Tableland
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Abstract The water utilization of winter wheat in dryland farming was studied according to the data measured at the long-

term fertilization experiment which has been established for 22 years on the Loess Plateau. The results indicated that soil

water consumption depth was affected by the infiltration depth during raining season before seeding and it was as deep as

200 cm in the soil profile in the study year. As for ASWS available soil water storage at seeding stage after long-term

fertilization single phosphorus application treatment was similar to the controlled treatment while single nitrogen appli-

cation or mixed nitrogen-phosphorous application or mixed nitrogen-phosphorous-potassium application was less than the

control treatment. For the mixed nitrogen with 90 kg/ha phosphorus or mixed phosphorus with 90 kg/ha nitrogen treat-

ment ASWS at seeding stage took a descendant trend as the nitrogen rates or the phosphorus rates increased from O to

180 kg/ha while for this experiment year soil water consumption by crop was decreased by the former treatments con-

trary to the latter. For phosphorus application of 90 kg/ha both available soil water content and soil water consumption
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of winter wheat in the study year were significantly decreased by increasing nitrogen application. For nitrogen application
of 90 kg/ha available soil water content was decreased with increased phosphorus application while soil water consump-
tion of winter wheat was increased. Compared with the control treatment single phosphorus application mixed nitrogen-
phosphorous application and mixed nitrogen-phosphorous-potassium application increased utilization rate of available soil
water content. Mixed nitrogen-phosphorus application increased utilization rate of available soil water content in compari-
son with the single applications of the two fertilizers but compared with single phosphorus application mixed nitrogen-
phosphorus application decreased the proportion of soil water consumption to crop water consumption and increased the
dependency of crop yield on precipitation during the growing season. Harvest index grain yield and water use efficiency
for mixed nitrogen-phosphorus application and mixed nitrogen-phosphorus-potassium application were all increased in
comparison with single nitrogen application or single phosphorus application treatments. When phosphorus was applied at
90 kg/ha the difference in harvest index for various nitrogen application rates was not significant while grain yield and
water use efficiency were higher than those in the case of single phosphorus application. When nitrogen was applied at 90
kg/ha harvest index grain yield and water use efficiency at different phosphorus application rates were all increased in
comparison with single nitrogen application.
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Fig.1 Available soil water content under different fertilization
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Fig.2 Water consumption depth under different fertilization
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1
Table 1 Soil water consumption and utilization of available soil water under different fertilization
Fentilization S WUR N rate Swe WUR P rate SWC WUR
modes
mm % mm % mm %
CK 114.7 be 30.5¢ P90 135.8 ab 36.0b N90O 98.4 ¢ 32.0c
P90 135.8 a 36.0b POON45 150.4 a 47.0 a N9OP45 108.1 be 41.6 b
N90 98.4 ¢ 32.0 be | POON9O 121.1 b 48.1 a N9OP90 121.1 be 48.1 a
N9OP90 121.1 ab 48.1 a POON135 117.9 b 49.1a N90OP135 123.9 ab 52.1a
N9OP90K90 128.5 ab 49.7 a POON180 117.3 b 47.2 a N9OP180 129.7 a 51.5a
Note  SWC—Soil water consumption WUR—Available soil water use rate. 5% Values
followed by different letters mean significant among the treatments at 5% level. The same below.
2.3 N 90 kg/hm’ P,05 90
kg/hm? N 45 90 135 180 kg/hm’
2 N 90
kg/hm?
P,05 45 —~180 kg/hm’
2
Table 2 Harvest index yield and water use efficiency under different fertilization
Fertilization HI Yield WUE N rat HI Yield WUE P rat HI Yield WUE
modes ke/hn? e ke/hm? e kg/hm?
CK 0.48a 1705¢ 5.0c | P90 0.3c¢ 1485d 4.1c | N9O 0.19d 1485 e 4.6d
P90 0.3dc¢ 1485d 4.1e | POON45 0.39a 3561b 9.5b | NOOP45 0.37b 3136 d 9.4 ¢
N90 0.19d 1485d 4.6d | P9ON9O 0.37b 3409c¢ 9.9b | N9OP90O 0.36 ¢ 3409 ¢ 99¢
N90P90 0.37b 3409b 9.9b | POON135 0.39a 3439c¢ 9.7b | N9OP135 0.40 a 4000 a 11.5a
NOOPOOK90 0.47 a 4402 a 12.5a | POON180O 0.383a 3659 a 10.4a | NOOP180 0.38b 3879b 11.0b
Note HI— Harvest index WUE— Water use efficiency Unit kg/ hm* mm
2
90 kg/hm P,05 180 kg/hnt
P,05135 kg/hm? 2
10
P,05 90 kg/ hm? N 45 90 135 180
kg/hm’ N 45
kg/hm? N
45 kg/hm’
N 90 kg/hm?

P,05 45 kg/hm?
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