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Straw incorporation affects the annual nitrogen and phosphorus runoff risk from paddy fields in the lower
Yangtze River, China

ZHANG Gang"*, ZHANG Shi—jie'’, WANG De—jian"", YU Yuan—chun’, ZHANG Lei*

(1.Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2.College of Biology and the Environment, Nanjing
Forestry University, Nanjing 210037, China; 3. Changshu Agroecological Experimental Station of the Chinese Academy of Sciences,
Changshu 215555, China; 4.Institute of Yuanhui Planning and Design of Yanzhou District, Jining, Yanzhou 272000, China)

Abstract: To clarify the effects of straw incorporation and nitrogen (N) application rate on the annual N and phosphorus (P) runoff risk in
paddy fields, we regularly monitored the concentrations of N and P in the surface water of a paddy field in rice season and the runoff water
in wheat season. The effects of five treatments: recommended N fertilization rate without straw incorporation (N1), with wheat straw
incorporation (WN1), with rice straw incorporation (RN1), with both wheat and rice straw incorporation (WRN1), and conventional N
fertilization rate with both wheat and rice straw incorporation (WRN2), on the annual N and P runoff risk in a paddy field in the lower

Yangtze River were studied. The results showed that all straw incorporation modes increased the annual yield of wheat and rice by 9.03%~
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18.5%, among which the WRN1 and RN1 treatments had a significantly higher annual yield compared to that of the WN1 treatment.

Compared with the WRN2 treatment, the WRN1 treatment maintained the field” s high yield. Under the recommended N fertilizer rate,
straw mulching reduced the dissolved total N(DTN) concentration in surface water in the rice season and runoff water in the wheat season
by 5.17%~14.9% and 12.3%, respectively, and reduced the risk of N runoff from the paddy field. Additionally, it increased the dissolved
total P(DTP) concentration by 6.67%~33.3% and 30.0%, respectively, as well as increased the risk of P runoff. Among the three straw
incorporation models, the concentrations of DTN and DTP in the surface water during rice season under the RN1 model were lower than
those under the WRN1 and WNI1 models, and there was no significant difference in DTP concentration between the RN1 and N1
treatments. Under the double season’s straw incorporation, the WRN1 treatment significantly reduced the DTN concentration in surface
water by 12.4% but had no significant effect on the DTP concentration relative to that of the WRN2 treatment. Therefore, the “rice straw
incorporation in wheat season + recommended N fertilizer rate” model is recommended for rice—wheat rotation farmland in the lower
Yangtze River region, which could maintain a paddy field’ s high annual yields and effectively reduce its annual N runoff risk but has no

significant impact on the P runoff risk. This is a farming model that considers the benefits of grain production and the ecological

environment.

Keywords: straw incorporation mode; N fertilizer application rate; N and P runoff risk; yield
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Figure 1 Effects of straw incorporation and N application rate on NH;—N concentration in surface water in rice season(2015)
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Table 1 Analysis of average N and P concentrations in surface water in rice season under different treatments (2015)
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Figure 2 Effects of straw incorporation and N application rate on NO:—N concentration in surface water in rice season(2015)
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Figure 3 Effects of straw incorporation and N application rate on DTN concentration in surface water in rice season (2015)
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Figure 4 Effects of straw incorporation and N application rate on DTP concentration in surface water in rice season (2015)
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Figure 5 Effects of straw incorporation on N&P concentration in runoff water in wheat season (2014—2015)
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AL B, 3 Flid B AL B RNT AR FE AT LA 22 2
TR AR, A B & A WiA28 0 XU 448 /08 s WRIN T AR B
7 28R4 it LIRS R s B SR A R (B AR Bl A T XU R
F RNT AL H 5 1 WN 1 4R34 2 25 R A0 i XU A
B

RN FINT AR 6 R 27 Z24% T KR W 45 SR %=
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AEFR, H DTN ¥ B B iof (1] 22 B AP 4 5 7 DT vk i ik
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2.27.3.13.0.013 mg-L™'c 5 N1 AFEAH L, RNT 43
T~ NH:;=N.NO;—N DTN {94 ¥ £ 43 51| 1% A% 0.09 .
0.30.0.44 mg- L™, FEIE 43 510 19.6% . 11.7% .12.3%,
T DTP ¥ 3 W AH Sz, 58 N1 AR BRES Ain 1 30.0% (0.003
mg-L7") . KB B, RN FI N1 AL BEF 22 2242 0
R B [ 43 10325 7 (P>0.05) , iX R
Pt AL HE A A EE ARG A8 B X 22 2R AR K Hh 1 R
W P VAT S35 S, AN 23 IR 22 2 ) R AR U AR

INFE A IR TR AR B R A2 3 NOS—N S35 vk
JE R 2.27~2.57 mg- L', NHi-N ¥ J&E 4 0.37~0.46
mg- L™, NO;=N/DTN (& i H (R i 2% 5 T NHi-N/DTN
MM A . X RIIRTH M 2 R Z R RBL L
NO-Nh F  FEM I 2 R R AT R, W 2L NO-N
Vg B WIS B, NH =N VE Sl B4 b5 o
2.4 FEFZAEXMERENTKBI/NEFERNIE

O35 F /N FOK R USCAR Z2 B A 70 7=, 2014 424
/INFZ F1 2015 4 B KA I 7 B s WL 2% 2.
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W) W 2 3 hn N 22 7 YR R 43 0 Ry 7.46%
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F2 B EBAMERS/NERKTE=ERND
(2014—2015 £ ,t-hm™)
Table 2 Effects of straw incorporation and N application rate on

wheat and rice yield(2014—2015,t-hm™)

Ab P INAE ST JRVAF "
Treatments Wheat yield Rice yield Annual yield
N1 4.96+0.39h 8.11+0.91¢ 13.07+0.52d

WNI1 5.33+0.12a 8.92+0.66hc 14.25+0.73¢
RN1 4.92+0.02b 9.91+0.22ab 14.84+0.21bc
WRN1 5.34+0.18a 10.15+0.13a 15.49+0.28ab
WRN2 5.67+0.05a 10.16+0.60a 15.83+0.55a

AIRF W2 5+

3 g

KA iR TR E EEAR A X, Xing FRF 5%
AR VLI SRR A2 e A et At 2R R i 500~600 kg N -
hm™-a™", R AU AE AR 7840 1 FH 3 ) b e A 3 Ik
Vi S IR AR TR AR T AR, I K AR & B 5= A
T AT B S — S5 25 N33 = Al 5 it , B 91 IXC
WAL A R SR, RS AR L H AT DL o #
T T A7t 19 33 0 B O RTRS FF XoF % 0 1 R 5 11 R 2 i) e
FH FH 1A K Bl A2 U Ui v 32 DT 52 e R ) R
2 RG220 FE AR MR il F i — B 21 T, R
ZEBORIE 5T A R R AR A B AT LA S 2ok B AR A FH o /K
SRR FE U /D R R B AR SRR G, HAE A b X 0k
1) G AT A FH R 56 ¢ B, R FF A4 FH A 3R A% HHFH T /K
TN TP ¥ J& B AN I8 H AR B3 551 B AR 15.4%~19.8%
5.48%~14.9% , W 72 it Bt 2% 1 43 51 2> 20.0%~
28.9% H110.3%~22.0% . A 5045 R K], F#5F 4 H
RAAC R FH FH 1 K 22006 AR IR e B e ok 32 . FERG 2%,
AN [ i FEASE 4 B3 A 7 % FH HE T 7K A NHE-N AR
NO;—-N V¥, B AN I8 AL BRAY S FAK 31.5% F147.1%,
RAARG 1 e FH AR I KU, s X TRl T 5, AN [R5 #F38 H
FE Y0 T TE K DTP e B, S B34 18 249 17.8%,
BT RS H B RS . 22 2R 00t U T A AR 2
R, T IE BRI 2 2242 3 NHE-N FINOS-N VR B,
BER A b B 43 ) B A 19.6% F1111.7% , {H 111 DTP
B IR 29 30.0% o AR50 T RS AR FH BRI T
i TR K RN 22 ZR A2 i rh AU R R B, 2 T 7 T 7Y
JE ] s — 3 H RS AR HLAT & C/N, RS AR P 5 &
AR W T RUVE RO RS RO B TR R R A
M7 325 8 FE T 7K 2800 B R A1 5 — 3 RS AT ZE K R AL/ I
B IR PR AR R AR T
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