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Rice Yield, Nitrogen Use Efficiency (NUE ) and Nitrogen Leaching Losses as Affected by Long—term Combined
Applications of Manure and Chemical Fertilizers in Yellow River Irrigated Region of Ningxia, China

LIU Ru-liang', ZHANG Ai-ping”, LI You-hong', WANG Fang', ZHAO Tian—cheng', CHEN Chen', HONG Yu'

(1.Institute of Agricultural Resources and Environment, Ningxia Academy of Agro—forestry Science, Yinchuan 750002, China; 2.China Insti—
tute of Environment and Sustainable Development in Agriculture, China Academy of Agricultural Science/Key Laboratory of Agriculture Envi—
ronment and Climate Change, Ministry of Agriculture, Agricultural Clean Watershed Innovation Team, Beijing 100081, China )

Abstract : To maximize rice yields, excessively high nitrogen fertilization and irrigation are very common management practices in the Yel—
low River Irrigated Region of Ningxia. However, these practices have greatly increased the risks of nitrogen losses and non—point source pol—
lution. Production systems with more yields and less environmental impacts are urgently needed in this region. A continuous four year field
experiment was conducted to evaluate the effects of combined applications of manure and chemical fertilizers on rice yields and nitrogen uti—
lization and nitrogen leaching losses in Qingtongxia in the Yellow River Irrigated Region of Ningxia. Five nitrogen treatments were used:no
nitrogen fertilizer( T, ), conventional chemical nitrogen of 300 kg +hm™(T,), chemical plus organic—chemical nitrogen of 210 kg+hm™ + ma—
nure nitrogen of 90 kg-hm=(T;), reduced chemical nitrogen of 240 kg+hm=(T,), and optimized chemical nitrogen of 195 kg*hm™ + manure
nitrogen of 45 kg+hm=(Ts). The experimental design was a randomized complete block with three replicates. Each plot was 45 m*(5 mx9
m). An in—situ leaching device was used to sample leachate from 20 c¢m, 60 ¢cm, and 100 cm soil depths. Total nitrogen, NO;—-N and NH;-N

leaching losses were calculated based on nitrogen concentrations in the leachate and the volume of the leachate. Compared with the conven—

WS H#A:2014-11-18

E&UWE : TERESAEIWH ; T AP BERH BUHTe S 5T H 5 T e A 55 BRI B ISR ARINL 55 9% B¢ 4 (BSRF201306 ) ; £l i
TR BT 4 s 1LTE A A ARFL7: 242 (2013011039-3)

YER B X5 (1982—) 58 TR J & -1 RIBIFSE B, S NSO FREE ORI R I Y BE 277 T 9 AFSE 1A - E-mail : ruliang_liu@126.com

*BIEEE K ZF  E-mail: apzhang0601@126.com



948

R S Y 4 EESH

tional chemical nitrogen, rice grain yields in all treatments with lowered chemical nitrogen with and without manure did not decrease,

whereas nitrogen use efficiency was 5.2 and 1.9 percentage points higher. The total nitrogen concentration in the surface water and nitrogen

leaching losses at different soil depths were all significantly decreased in lowered chemical nitrogen combined with manure as compared to

the conventional chemical nitrogen. At 20 c¢m soil depth, total nitrogen leaching losses were 9.99% and 16% lower than that in the conven—

tional chemical nitrogen, while 17.9% and 9.3% lower at 100 c¢m soil depth. Under the same nitrogen level, apparent nitrogen losses were

respectively reduced by 12.1% and 12.5% in combined manure and chemical fertilizer treatments over the conventional chemical nitrogen

and reduced chemical nitrogen alone. In conclusion, applying chemical nitrogen of 195 kg +hm™ + manure nitrogen of 45 kg +hm™ could

maintain paddy rice yields while alleviating environmental pollution in the Yellow River Irrigated Region of Ningxia.

Keywords: Yellow River Irrigated Region of Ningxia; paddy rice field; manure; nitrogen leaching losses; nitrogen balance
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Table 1 Experimental design

Qb N/kg+hm™ P,0y K0/
Treatment fpfn CF. HHE O.F.  &if  kg'hm®  kg-hm?
T, 0 0 0 90 90
T 300 0 300 90 90
T 210 90 300 90 90
T 240 0 240 90 90
Ts 195 45 240 90 90

T : CFACEAL AL, O.FALEATHUAL .

Note; C.F.—Chemical fertilizer, O.F.—Organic fertilizer.
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Figure 2 Leachate sampling device
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Table 2 Effect of organic fertilizer on rice yield and N use efficiency

hib P TR FPRLIE A ISUE E RS
Treatment Grain yield/kg-hm™ Straw N uptake/kg-hm™ Grain N uptake/kg-hm™ Total N uptake/kg+hm™ NUE/%
T, 5631a 214 473 68.7a —
T, 9152b 67.7 86.2 153.9b 28.4a
T 9912¢ 58.8 110.6 169.4¢ 33.6b
T, 9480b 539 101.8 155.7b 36.3be
Ts 9378b 519 108.3 160.2bce 38.1c

T : RISl PR oR 28 53 B35 (P<0.05) . Rl

Note: Different letters within a column mean significant difference( P<0.05 ). The same as below.
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Figure 3 Effect of organic fertilizer on total nitrogen concentrations in surface water of paddy field
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Figure 4 Effect of organic fertilizer on total nitrogen leaching losses in different soil depths
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Table 3 Proportion of nitrogen leaching losses to nitrogen

application rates in different soil depths(% )

Qb3 20 c¢m 60 c¢cm 100 ¢m
Treatment 20 cm depth 60 cm depth 100 cm depth
T, 30.5 242 14.5
T, 27.4 222 11.9
T, 339 22.7 15.4
Ts 31.8 21.6 13.9

x4 TERBYEXKEARREFH 100 cm TRABR
kK ZERIF M (kg-hm™)
Table 4 Cumulative TN leching losses at different growth stages at
100 ¢m soil depth(kg*hm™)

ARIAHF W Difference stage T, T, T, T, Ts
R Seedling stage 1.31a 3.67d 2.14b 291c 2.07b
SrBE Tillering stage 3.31la 16.45d 8.34b 13.46¢ 7.74b
Zu ] Jointing stage 3.68a 12.47c¢ 12.03¢ 10.82b 11.73bc
TF#EHA Flowering stage 1.84a 5.13b  9.12¢ 4.67b 8.17c
HEAZ W) Heading stage 1.26a  3.94d 2.54bc 3.12¢  2.04b
] Harvest stage 097a 1.85b 1.59b 191b 1.72b

T8 7 2 WAAEAS [ AL 32 i ) — AR B A3 7 LA

Note: Analysis of variance was performed at each growth stage.
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x5 HERAEVIEMKBEFTH 0~100 cm T ERERIAFEHIZM(kg-hm?)

Table 5 Apparent N balance in 0~100 cm soil layer during rice season(kg*hm™)

T H Ttem T, T, T, T, Ts
N ZHi A N input
JtiHEEA B N fertilizer 0 300 300 240 240
A TR F3E K A Trrigation N 237 237 237 23.7 23.7
B A% Seeding N 14 1.4 1.4 14 14
FE& T JCHLZA Nmin before planting 74.2 109.2 102.3 95.7 84.5
%54k Net mineralization 3.6 3.6 3.6 3.6 3.6
J Sum 102.9 4379 431.0 364.4 353.2
N Z#iH N output
IKFBHHETE N removal by harvest 68.7 153.9 169.4 155.7 160.2
5% 8 WA Residual Nmin 29.8 106.0 87.5 96.4 773
AEMIR N surplus 4.4a 198.0d 174.1¢ 132.3b 115.7b
M Sum 102.9 4379 431.0 364.4 353.2
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