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Responses of crop yield,nitrogen use efficiency and nitrogen leaching
to water nutrient management and biochar application
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the Agro-environment in Northwest China ,Ministry of Agriculture ,Yangling ,Shaanxi 712100, China)

Abstract; [Objective] This study aimed to understand the effects of water and nutrient optimization

and biochar application on crop yield,nitrogen (N) use efficiency and nitrogen leaching losses under winter

wheat-summer maize cropping system in the Guanzhong Plain. [Method]) A field lysimeter experiment was

carried out in 2016 —2018 with seven treatments of conventional practice 1 (CP1), conventional practice 2

(CP2),CP1 combined with reduced water supply (CP1-W),CP1 combined with reduced nutrient supply

(CP1-F),CP1 combined with reduced both water and nutrient supplies (OPT),CP2 plus biochar applica-
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tion (CP2+B),and OPT plus biochar application (OPT+B). Crop yield,nitrogen partial productivity and
nitrogen leaching loss during 2016 — 2017 and 2017 — 2018 were measured and analyzed. [ Result) The
CP1-W,CP1-F and OPT treatments had no significant effect on crop total yield, but CP1-F and OPT treat-
ments significantly reduced wheat yield in the second year (2017 —2018) compared with CP1 treatment.
For both years, CP1-F and OPT treatments significantly increased partial factor productivity of nitrogen
(PFPy) compared with CP1 treatment by 33. 6% and 21. 7%, respectively. The CP1-W, CP1-F and OPT
treatments reduced TN leaching losses,and OPT treatment significantly reduced nitrate-N (NO; -N) and
TN leaching losses in 2016 — 2017 and 2017 — 2018. CP2 + B treatment significantly increased total crop
yield and PFPy,while significantly reduced total N leaching loss compared with CP2 treatment. The OPT+
B treatment had no significant effect on total crop yield and PFPN, but significantly reduced total N leac-
hing losses compared with the OPT treatment. [Conclusion] Excessive application of water and fertilizers in
Guanzhong Plain should be optimized with water and fertilizer management to ensure crop yield,improve nitro-

gen use efficiency and reduce nitrogen leaching losses. The effect of biochar application was insignificant.

Key words: water and fertilizer optimization;biochar;crop yield;nitrogen use efficiency; N leaching loss
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seepage poo hm=*) " (kg + hm™*) Irrigation Biochar =) Cleg » hm ™) Irrigation Biochar
CP1 2016—2017 120/150 210 180 170 0 280 45 230 0
2017—2018 120/150 210 180 150 0 280 45 120 0
CP1-W 2016—2017 120/150 210 180 130 0 280 45 180 0
2017—2018 120/150 210 180 120 0 280 45 90 0
CP1-F 2016—2017 120/150 150 120 170 0 180 0 230 0
2017—2018 120/150 150 120 150 0 180 0 120 0
OPT 2016 —2017 120/150 150 120 130 0 180 0 180 0
2017—2018 120/150 150 120 120 0 180 0 90 0
OPT+B 2016—2017 200 150 120 130 15 180 0 180 0
2017—2018 200 150 120 120 15 180 0 90 0
CP2 2016—2017 100 210 180 170 0 280 45 230 0
2017—2018 100 210 180 150 0 280 45 120 0
CP2+B 2016—2017 100 210 180 170 15 280 45 230 0
2017—2018 100 210 180 150 15 280 45 120 0

TE:“120/1507 R /R ZAL M 4 AT A AR 435102 120 #1150 em B4 2 NEK .

Note:“120— 150" indicates that each of the four treatments contains two lysimeters with depths of 120 and 150 cm.
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Different lowercase letters inside bars indicate significant differences in yields of wheat and maize among treatments (P<C0.05),

and different lowercase letters above bars represent significant differences between treatments for total crop yield (P<C0. 05)
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Effects of water and nutrient management (A,C) and biochar application (B,D) on wheat,

maize and total yield in 2016 —2018
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Fig. 2 Effects of water and nutrient management (A,C,E) and biochar application (B,D,F) on

wheat yield components in 2016 —2018
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under wheat and maize rotation in 2016 —2018

O ON; 2 NH'-N; ENO;-N

150 1501
A 2016—2017 B 2016—2017
Fa o a
g & wo0p S E 1o}
7 %D a ab b A o b &
&“g 50 F ;n-i:; 50F b
< o [
i e s 1 b
# 2 T a i ab b ] = - a b a
;§ ) *K on a b
M‘e 4 a a a a &= g 1 a b
= 3 = -
§§ a ab b b ﬂg_j A B a a
g 2t #E St
BT Z 3
g
0 0
25 25k
c 2017—2018 a B 2017—2018
T{;;g 20 o 2 20F
g &0 g
= 5 o 15|
3 a b b S a
=3 10F = 5 10 b
EHe L | [ [ ] [ me L | [ _b
KS T a a a a = F a b a b
#® & 6} K& 6 a a
%_«‘5 a a a a =g a a
L. ®ez 4l
e ° a b b b gz a b a b
FE §E
B 21 EZ T
0 0
CP1 CP1-W CP1-F OPT CcP2 CP2+B OPT OPT+B
b P8 Treatment AP Treatment

PR A7 N B BT AR RN G B R R AR R AL B ONCNH, T -N NOj -N ik %k i 25 5 8.3 (P<C0. 05) ,
R L7 A R)/NG 7B R AR R b 38 TN k5K i 25 55 1 35 (P<<0. 05)

Different lowercase letters on right side of bars represent significant differences for ON,NH,; " -N and NO; -N
leaching losses among treatments (P<C0. 05) ,and different lowercase letters above bars represent significant
differences for N leaching loss among treatments (P<C0. 05)

Bl 6 2016—2018 4F /K ILAF HE (AL O LUK AW 5 (B, D) X /A / K S AR 4R SR 2k Bk 19 52
Fig. 6 Effects of water and nutrient management (A,C) and biochar application (B,D) on nitrogen leaching
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