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Irrigation reform, yield stimulation, and risk of non—point source pollution: evidence from a pilot region in
Luliang County, Yunnan

CHEN Zhihan', HUA Wenyuan', LUO Liangguo", LIU Jing’

(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081,
China; 2. Institute of Agricultural Economics and Development, Chinese Academy of Agricultural Sciences, Beijing 100081, China)
Abstract: Agricultural non—point source pollution caused by excessive fertilization is hindering China’ s agricultural development.
Improving farmland irrigation facilities and strengthening agricultural water management are important measures to promote the sustainable
development of agriculture. Thus, exploring whether the ongoing reform can simultaneously improve agricultural water management and
control non—point source pollution is of great significance. However, few studies have provided a theoretical and practical basis for non—
point source pollution control, especially from the perspective of agricultural irrigation and water conservancy reform. Based on the survey
data collected in Luliang, Yunnan, we investigated the impact of the agricultural irrigation and water conservancy reform on local non—point
source pollution emissions using the multiple regression model. Furthermore, we analyzed the mechanism driving the impact using the
intermediary effect model. Our findings suggest that, in the villages with relatively poor irrigation systems, the reform increased the
emissions of N and P non—point source pollution in the case of the absence of intervention for the externalities in agricultural activity. The

increasing emissions were found to be closely related to farmers’ short—term motivation to increase the volume of agricultural production.
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Specifically, the reform has changed the pilot villages’ crop rotation, which is captured by the re—cultivation or expansion of abandoned
lands for planting spring potato, and also increases the irrigation water use and seed consumption. These changes in agricultural production
arising from the reform eventually aggravate local non—point source pollution. Moreover, the yield stimulation is moderated by non—
agricultural employment. Our findings provide some policy implications for areas with poor irrigation systems, the irrigation and water
conservancy reform should keep pace with guiding farmers’ proper application of chemical fertilizers, increasing their environmental
awareness, promoting green technologies in agricultural production, and supporting agricultural socialized services.

Keywords : reform of agricultural irrigation and water conservancy; non—point source pollution; emissions; inventory analysis; mediation effect
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2 HEkRiRESHRIZIT

2.1 5K XML

PRI 5 2 R 4 i R B FUE LK, S R 7T
3, fEAE 4 240447 ~25°18" L ZK 42 103°23 ~104°02"
Zlal, A EIX A 771.99 km?, 5 S AL 38.8%,
XA —KE I, B R BIEK 1840 m, &
T E W, AR SR 14.7 °C L, AE R R 2 900~1 000 mm,
{F R T B AR N 4 LN I 5] K R IR R AR IR R, R
ZE KRR e RS 5 o Bl R B SRR r hs i, R s
B FIAE B2 e 2o A b DX, oo TR o7 42 A TR AR Y
29.55%"", b % R S il R B ARk S A P I
2020 4, [ifi [ L E B8 S Rpop 1 LGk 24 333.33 hm?, 7
L 6577 t, B = P A A Y 3 X A
X Z—. SRk R B2 TR R BoK 235 P sk
R DM IR RAR IS, i 2 T 2
B O R ) — 2 Rk
2.2 EERIE

JE AR R o A AR B O % TRE A S B R B
2020 4F N E L AR AR R I A P o AR H Y
Ko B SC AR YA A DAUJE: 5 24T 7K R 8034 Sy 3 AR
it B SRS SR 2, 3 Sl 2 e 2 AR el A
FERF— AL PEA T 8T SR ATLAMAE , X e ek o 7 B —
R FEAT AP URRCEAE . R PRBR R B, BT A
W BOTERT 332 T ARG I . A U A S i
A P a4 345 4y, DS AT RUREA R 345 15

http://'www.aed.org.cn

PRI A RN AL AN R — AR 2,
ALHEAR P S LG RE 5T AR B RO 22 E AR
55 TR, AL G b LA R R S5
PR B2 DR 5™ I E B (G5 R R 2 b )P
Rl Fe b8 R 3, MR AR A3 B0, AR ARSI A2 AT RE ME
DK P[] B Fke 22 S R T Ak, Rt S B Rk 4
SRR, AN ST A A A P R R AR B AR SRR
MR BRI OGAE B ) s =R AR R TH , AL AE R R L FR
TRE A FALNE R T 2 %A A5 B o
23 TERE
2.3.1 58

ABIFGE B 45 R B Sk AT TR S e HE R
W 2F T H R G A PP AL s RS REOE
Brids i ih BB AL SRR TS Y A AT vE S O A T A
My TS Y HE R AT . ARE R S i 25
% W AL T BT R A BT B Ak, R R A
s B A E TS BT A TS BT
RREEY VS E- TR SRS TR/ d 3 € gl
— AR AR NE TS Y R . AT

E=YEUxp xC =Y PExC (1)

A RS TG, BT AIE o AR 15 e 1
FE AN BRI, B A B e R S Y, AR i
PAFERIFSE 2 B =05 e o IR B IE A& 40 3
Fire EUCR =5 B0 Lis bR Ge vt 85, Bl B A
T T A4 B P g B A T A 45 it A 4 e kg
hm?, po R =35 ML TT LY =15 Z B0, A0 58 R FH DA
RS20, AR A A B 4 4 Ak 2 B 23 e 15
15 R Hib BUIE BRIE P I R OC R RS R B
F1.0, BB IR LB 11 L RSP R OLE
PG RN 033 BSR4 LR 11 1 IR AR
P TR LT A ali /s, HEOC R =1 R0k
1o AIE BRI s T 215 28000108 0.0.44, &
BEAI IR BN 12 11 I E AR B LR 7715 28
M 0.15; FBEER R4 HLBlAE 12121 95 & N4 B %
gy B4 G ok ali i i, LR oC 3= 7 s R ECh 044,
PE R =15 It LG Y= A i kg -hm ™, COoRy 7 {5 B
TG LTS e HE R R B, B2 AT R ARSI (4 AR T
W55 Y HE R BT ) AR A T A b o o] 3 R
TE MBI | XoF By 3 BT b A e L b e g X - 2%
e b A FH I35 — 52 e~ P % DA | (8K 26)
MBI R BB BAETR RN 1.241%, BWERA R
BN 0.255% .

— 1497 —



ML FEIREG PB4 - 5 404 - 5 0 ] - X

WL DL A AR A BRI T PR RS G 4 A
HEFObRHE , 43 512 B 1 R UG e HE A (kg - hm™)
FEA TE RS Y HE R (kg-hm™) o

WAL, 225 LA SCHR 9 A2, SR R B 5 11
AT A A B TR R BT 2 A (kg - hm ™) R RAE
Gt R R, IR A BT Al R A Ao I AL
Tl AT 2 P e FRAE R L AT Al i, 2 — 20 A 5 [l 15
R RS

R BET Al A EUE RIS R el i,
R AR BT aia . Hr, Z BRI
&l FH 0 ) AR A RO i A H S N PLOs Y L AR
5, A R Y A& BT 4l AR B AN R 525 B
R IR eSS . TR AT

EU=TXxR (2)
K TRZ VTR P RN BEAE S S A B A s il 4,
kg-hm™; RACRA R R AN BRI 1 5 A HE v i 5
N PO He ]

2.3.2 KRR R

AP FTTER SR A AT T AR K R 2 A
AT DG A R A o, 2 TR B il R LR KR i
SURF R KR Bt A TR AR HH KR e i R
TEE, W ARAEAR ISR 2R T HE T, PR B8 43 2 il
F14) 2 30 R A e AR 7 7 Ak T AR FH K R s b
2.3.3 HAhfp A

A R NERME FTRI 52 Z R R R 52, A
AR 4 0l R Al X ELAAC T O, 45 IR B 5 A A
O K A A AR oy Ry S VAR FUREAIE G E SR
FRIE A5 BN S 3RBURRAE . o . s2 054 P R AE AL 45
A RS MBI SCARREE S5 AR 4800 s RBE S AR
ALFEFBE S | - MY | R 7 AR FZNEAPLIE
it FAAE O 5 5 BN SRR R L8 2 A I A G PEA
ANE it FH 3 0 G A ARt AR TS 5

AN, 2 R R P AL Rt A T E— e RE |
A7 B IR 2 R DR AR A T SR EE SIS R
AN A AR AR . T AN SRR A
AR rh T E I ——RG R EEFEAN A SR Z R A
B TLT- T 25 5, A BN TR IR A8 A8 1t
2.3.4 AR SR AR

HT RIS A3 , A5 DRI ] BE A
AR EER A AT T TR 36 4% FH 7K R B0 X A AR
S Rl T 5 s i B v A RIO0E o G R R Y
AL A P F AR O ORI 0 RRAEAE, RIIR]
— b A R — R R AR R AR, B
— 1498 —

[Fi] — by He— 4 Y AR A B R FIRK S B8 R AE D 5 248
B WF N RIERE SRS
KK = FEY) . b A =B R AR A
ROV AL FEVE L K = 5T A 4 TR R BRI
AR el S I TR LR T 2014 4, 2016 4R 1E
B, DA R K AR AR LALAR PR HE
2016 4FRT 1 7K 3R AE - 1 AR KRG s 2 48R A
KA ToI B AR AL s 3R K kD . AT R A
FAAE PR P TS S Kb e P 8 A1 B 1T
FHGE . BEAk, LSRR AR A ol b ) ok R AR A ke
b, 6 3 AR K I R 5 A P A Bl 2 D R
N o FBEAEL M He Ry 32 05 4R P A BE T AEAE AR AR
AL AT R AN I B0 SR BN FUE ER A

FVER T &R E LSRRI E R
MR LA, Z U5 R P B B4R Sy 48 %5 b T3 1k
ZUIR T ik 96.81%, 0T LIE Y, 7E SRl A
PR G R e, T EE A A TR . 2K
FUOY 2 B AR K 7.56 a, SCILRRE M i de ) R
DI RIR 3 IR B E R AR . A
FHIERT , SZ Ui PR P T S o R b b DL
Mok 3,7 DL B A H K AR IR ) e T
— S B T A, T Ah, 80% FAR PR Rl R AR 4R
LR 2t P A MUIE s R, T A2 2 Ak AT sk
ARG T AR P 5 R Z S BRI HEN
R IEARASE, F2JRR T &AL A KR B 4
KeCEH M IEZES . R 2T, AR A
AT Y575 Y HE R - gl e T e HE R A KR el ]
5RO 2 ] B 3 22 5 1% KT B 3, X
FIIAE BT R B AR R T 0 A AR Bl ) 24 b 4R
TS YRR A TR I . FERR AR A B0 Y
g A AT el A A R AR R AT AL BT Al A A
IR NE AT S0 A7 AE J 5 (R 20 ) 22 5, T 36 A B 1 2Rl
Prai A BEMA R ZS . FimAYR R A
22 0 [ P AR Sk 7K ) A X T YR 95 Y 118 53 T 2R 4 7 o
HERfh T
2.4 EENGE
2.4.1 e ] AR A

H F AT e posti A AT S 09 AH DG 5T s ]
Logit #&Y  Probit B 7  Heckman f5 7 | — i 28 P4 4 75U
S, Logit BEA1 Yj Probit #5751 Sk B B £ AR AR, fiF
T A0 A R AL i Sy B TCRICHR T I i S ™Y, A
S8 )25 AR R W 1R RS Y HE R AR R A P AR
it G ST TS, IR BB | I Logit A7 Y

http://www.aed.org.cn



Wz I, 465 < A T KRS0 185 73l 55 T R 75 s XU B SR A = S NSl O SR W D f AT 1 S 20234F 11 H
F 1 TEIRASHERES I
Table 1 Variable explanation and descriptive statistics
A A5 AR 4 FR =3 ¥iE bRt /M BKE
Category Variable Variable explanation Mean  Standard deviation Minimum Maximum
EERAS R RS KR AP e SRR AT T AR KRk =15 =0 0.623 0.485 0 1.000
S AR5 Y HFrcaE AN AFAAOC R 15 Yl (kg-hm™) 6.473 3.550 0 27.439
s G e il PN T AR C 25 Y HE AL (kg - hm™?) 0.527 0.331 0 2.817
Rigrrmss  AdreimE BLA T AU AT 4 o (kg - hm ) 521.585 286.063 0 2211.000
R J[id k2 BN AT BRI ZUIE YT 4 i (kg hm™) 419.277 240.485 0 1779.000
BN AT BT AT RLE I ZUIE YT 4 (kg hm™) 100.389 144.551 0 747.000
WAl PN RBP4 (kg hm™) 469.367 294.566 0 2 511.000
A EET4t PO T AR AL A B 4l A 4 (kg - hm ™) 454.077 277.568 0 2 151.000
YW i BT TATRLE B YT 4 i (kg hm™) 14.954 49.773 0 405.000
P AR i FlveeL il B BRI P AR A E 2K AR E=0; BiZEiefE=1; =24 4E=2  0.903 0.453 0 2.000
WEBEHI KR WORERR S AR S 2016 4R T FK B K B = 1.517 0.732 1.000 3.000
15 FH/K i JC B b AR Ak =2 5 F K s/ =3
b= 1 B IEEAR PR LA TS A SR E AR A A (kg-hm™) 5071.153  5401.823 1200.000 51 000.004
PR AR Atk il BB P 5 BE DA AEAEARAAL A T 2R 1 A 1T F ] 0.199 0.179 0 0.667
il A5 it Gl R BEAC P AR (%) 48.443 8.842 25.000  75.000
P51 P=1;4=2 1.032 0.176 1.000 2.000
SCARTR BIRBER P 2 808 W EARAE R (a) 7.562 3.093 0 18.000
B RZK BIRWEAR PPN ALO A T AR R (a) 27.538 10.783 1.000 60.000
KBEBIA WA P BE 2020 4F A (1 78) 16.025 35.070 0.724  534.900
5818115 1 FiiE R D B K Y P =1 P =2 ¥ Eb=3  1.217 0.525 1.000 3.000
+HuAE S R A SR e KL ) . — S dh=1; — 5 Hh=2; 1.858 0.866 1.000 4.000
=M =3 ;%5 h Hi=4
HEE RN B PEIEAR P15 EE 2020 4 AR B MU 445 (J76) 0.106 0.156 0 2.500
REIMAAE £=1; /=0 0.216 0.412 0 1.000
RENSAYICHE IR AR A D48 B i A 7 1 R P2 A5t 0.810 0.393 0 1.000
H RENESH AP E=1;75=0
A NEHE F TS G A AT R P A DA R A AE it P A i S 5 e < Je=155=0  0.794 0.405 0 1.000
AW ARG T BB PR B2 i LR U H R 48 5 2=1; /=0  0.513 0.534 0 1.000
T AR R R P T
Note: Variable explanation and unit are the same below.
Probit #5 AU 5 A SZHE A 57 A9 8 B 4 #24K ; Heckman — Y=aG+BX +e+c (3)

I B 2 S P T Ak 2 B 5 i 22 i ke 1 oA A )
R, T AR5 AT B8 0 N AR R TR AL R AR A B 3 R
22, BV FEBE T — SEOR AL PR 3R, R4 1 R A FH K
FIBCE AT, 10— 28 B SR AU R RS 25 5
S) DY L I & NS T SR = 90 SR W=t e e L N S BTt
fiZe 2 PR R B wR . (H2 , ALHAH Gk )
550 B (FR il SR ) B FE R — B3, B AR 55 B
L FE AN UL PR 2R Y 22 S 0N MELUTE LR 35 B
AN H &P Z , 5 Heckman By BEAE RIS & F T A
MRS, 25 EId , i h —3feik (OLS) >k
flivt B A2 B 5 RS 5 (B Y AR OGOC 2, LA OB 5EA
(7] 2 SR AR ) Frg B4R 22 S AL I — RO X An T
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YR ER A, 3R B T B R 75 Qe
kg hm™, HARALHE B T AR LTS S HERCER: | 7 T AR
TS G HE A 5 G R AR HH KR Bl A 2 ) R D28 4
AR LT A KA B N BT, S 2 3005 X AR
T— RO G A= FAF R P 7 AT A o< Hoal
AE 223 M 25 R A8 B A P ] 28 4 5 o JB R [B1 I R B, 23
PR E A G G 578 5 X XS5 RSB Y AR B 5 e
RS 5 ¢ 5 K
2.4.2 RO

T o3 Ml BB H K R S 0 A T A HE U
TR 75 e B2 WAL AR , AR BT 5E f 48 Baron S50 i 16 16k
SO AR AN AR BEA T o A AR G «

— 1499 —




FAL VR ERBEE A - 5 40 % 45 6 10 - B2k

K2 TEARER

Table 2 The differences in all the variables between reform group and non-reform group

el Ao IKFI B Reform KB 20 Non-reform Y5
Category Variable FEAS B Observation HJ{H Mean FEASEE Observation  Y{E Mean  Inter—group difference
i R S AR B 215 1.000 130 0 —
LRy AR5 Y HE R 210 7.018 130 5.593 1.425%5%
BiETS e HE 210 0.606 130 0.398 0.209%%5
PG B0 235 S A i R ol 210 565.478 130 450.681 114,797
NS A Yrak 214 453.777 130 362.484 91.292%#%
BEAYraE 211 107.901 130 88.197 19.704
AT 4l H 210 540.459 130 354.527 185.932%
IEAE BT Al 214 524.640 129 337.019 187.621% %
B4l 211 14.826 130 15.162 -0.336
rh AR Tt il 214 0.995 127 0.748 0.247 %
T K 210 1.352 113 1.823 —0.47 1%
il 214 5 454.299 120 4 387.875 1 066.424%
VA AR A L 5] 215 0.163 130 0.257 -0.095#*
P AR A 215 46.986 130 50.854 -3.868%
PE 51 215 1.019 130 1.054 -0.035%
AR 215 7.647 130 7.423 0.223
FARZL 215 26.093 125 30.024 ~3.93 1k
KBz R 215 17.411 130 13.732 3.680
+ I 215 1.330 130 1.031 0.299%#
+-3 e 215 2.009 130 1.608 0.402%5%
HRETHMI 215 0.114 129 0.092 0.021
A MG EH: 214 0.294 129 0.085 0.209%%
RN A HUIEE 214 0.864 128 0.719 01465
AR it FFE YLl 212 0.792 128 0.797 -0.004
AENE W A T 215 0.581 130 0.400 0.18 1%

T e ok 0 B ERAE 1% 5% 10% R R % . R,

Note : ##% #% and * represent the significance at the level of 1% ,5%, and 10% ,respectively. The same below.

Y=¢G+BoX +e0+co (4)
MZGG+B|X+81+(10 (5)
Y =¢'G+bM +B2X+82 +Co, (6)

K AR R a b e #F2, WSRIA R A A8 5 M
RIFERERHNR . A EHRE c B, e b E
A WA GERI W A8 1 MO T Ay
RN o U T E— 2R E T Sobel K556, WA i 2, W5
A 5 M) A 800 3, 75 W A ROS AN FETE A
Yoo A RS AE (LR 1, 6 AR 5
ARG, RIR5 R A e, AR AN B 3% U AR
RIFGERNMAER A B3 WSEWAEETR 7 th AL
Mo &o.&1.&2 R FEHLPL NI ;o a0 co’ S H HO
2.4.3 RN AE R
Y=aG+BX+yE+56(GXE)+e+c (7)
b YACRE AR R A i, ELAR R B i B2 R K
— 1500 —

RS AR FIERHRRE A A NRIE K
JEE SO BRS8N AR T 2 BRAF IS (A1) S
RERE 55 R R EA 5 AR B . E i
TAREARR N . G X EFR R JE R KM 2 5 9
AR S HLIR,  TEAN AR RS A I R R Y AR
R AR BRI

3 #R59M

3.1 BEERIPLER

DAERAS, TR AR TS e HE s B T R T e ik
oM g ARl BT R TSR SR T R A
5o N T AR A AT LIRS A S 25 ), AR
WEFE XA O AR AT T B AR FE X FE B A
FRE RS P ASAR S E A 7 X E A A B S Il ) 5 21
W3 PR mFN1) (3) A AL &7 AT K R
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BT 23 il R LB T A SRR 5

2023411 H

AT R BONIE , BGRB9S HE IR 5940 PR
IO s S Xk W T TR () Ak BRARON , S 7E 1% B SGETT
KV R IR I 25 A il R XA T A9 T K
A AT B AN BE R IR R A R S oK
-, S AR R B R BRI R A B BT i
51(2) (4)al [ Al 1 AR A - AL AE b AT
TR R, AR KR A X FH G0 9 e HE il
AIIERON AT AR 35, BT 1 b R [m] U 295 2R A A
P BEE [l A5 R EIE TR SO0 T 7K A g v 5
19 Qe RS 5 AR A9 20 B, BE B 1A LA IE . Ak,

R3 REAMEENKAR BSREHEMEHEALER
Table 3 Regression result of the agricultural irrigation reform on

N, P non—point source pollution emissions

(1) (2) (3) (4)

AR AR A AR BRsR BRSg
Variable Hemc: HEROR O HeEoR HERcR

N emission N emission P emission P emission

R TR 0.095%%  0.083#%F  0.014%#%  0.0]12%%*
(3.750) (3.059) (6.361)  (5.376)
AL -0.003 0*
(-1.211) (-1.662)
PE 5 0.247%% 0.010
(2.399) (1.362)
AR —0.008%* 0
(-1.969) (-1.289)
SARAER -0.024 -0.001
(-0.820) (-0.436)
FHE R -0.023 -0.003%#*
(-1.428) (-2.355)
A Hb )P 0.017 0.002
(0.659) (0.730)
+HhAE 0.026%* 0
(1.809) (0.246)
LRI 0.014 0.001 %%
(2.802) (3.676)
EAIMAGE -0.047* 0
(-1.689) (-0.179)
RFNEA HUILIE 0.009 0.001
(0.221) (0.192)
AL TS Ge A -0.049% -0.005
(-1.722) (-1.639)
ANt A = 0.023 0.002
(0.920) (0.826)
I 0.373%%  0.536%  0.027%%%  0.067%%*
(19.531)  (1.928)  (17.720)  (2.784)

TE A5 S R Rl . T IRl

Note: Values in brackets are robust standard error. The same below.
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HA(2)  (4)FTHN, Z A 7 B SCAR AR B R A
FEE A A AVER A SR AR il FH 0475 S A RIGR
TR TS G HE G A AN R EE B . JLrp sz e
M SCAEFREE 2T A AEAL L SN it FH 4 775 G
NS R R TS YeHE R 2 8 2 T OC &, e aT
UL AR P 32 2B K AR R it FH 8 75 e o e
TR, R P IE st MR A 7 Sk 9 AT R 1k 3B 5, el k™ 2
() THT 5T G HE IO it 23 AR . I A B AR At X 4k
PR IE R IENEAT A — W51 SAEH, & A 58I
SEL AR AR B AR REA T R R TE AT I
M g 77 46 T 3k 7 A IR T R 51 SR P TE B it A T
RPN BEAR  FRATT L R T R ERR AU 5 A R B
5 e HE AR A IE A OC O &R R BN e — e R |
Gefil T A BFPRE R 7 B T AR P R RS L (H
SURF R B PR 1] R Fh IS 0 R G 2412 fef 4 2 184
A H AR REBE A, DTS 280 Bt T 05 75 e HETSORURS:
X — R BRARAS B T AH OGS UE A FE A EIER

LA R LR 3 IS BT ES R AT LUK B, ik
T YA AR 5, AR FH KR ACF 6 105 e HE UK
() B2 TH 1 F A0 K % 8 75 e HERIOK - i 32 FHVE &
X5 IR AR W I S Y A R AT — 3K
P PRIFERG BB A HK RSO S P TR
7 i 5 A BT AR, A P AE 3G it AR E Y [R5 AT R
R B4 A0 I ot P 2t AT 328 05 A s 2 ) 2L T 5
P KBS 4T o
32 IREERI

R T iR UE FIREE R B AT RENE , 255 DI S
R P AT A O 5 g SO TR ARV | W T 4 ]
(kg+hm™) FRALA Wit PR, i — 2025 2 il [ ML IX
4 A FH AR A 6 224 b e FH T IR TS S AR . Ak
THE A T2l S BR L HE AU B A AT Al
WAL AP A e, b, AJIE BRI
P&t 1 43 AR 4 2 B IE A & N L P.Os 1Y LB
AR, AN A BT i AR BN R &2 AR
TR BRI AT LU B SEAR S3Ah T TIR AR
TP AR FH KR e Xt o P it R Ao A o A B s ), E— 4
A BT 2P o A A R T R Wl T 4t P e A A
ROBHT Al A R A IR 2E R nk 4 RS PR,

HRAE 2 4 T A T2 R B g0 (1) AT AT, FE R K
DXCHEA T A A FH 7K ) JBC A0 >0 b, A T A8 5 1) L6 T
FRUME R 20 FH i HA B I KA . X ERS(2)
)BT AT DL A B K 1) 08 A AN ] i A
B 303 B P AN ], HAASR | AR el o 3 388 n 1 A
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Table 4 Regression result of the agricultural irrigation reform on

the pure N in fertilizer consumption

(1) (2) (3)

ERAR g ORI BRI
Variable VIR Ty consumption in N consumption in
N consumption e -
base fertilizer  top dress fertilizer
FERMATKASEE  0.204% 02627 0.256
(2.531) (2.689) (1.558)
Pl Az 4 B B4
B RO 2.205°%#* 2.586%#* -0.662
(2.604) (2.694) (-0.446)

R5 REAFGENKPBAERBHTEAEHEAER
Table 5 Regression result of the agricultural irrigation reform on

the pure P,0s in fertilizer consumption

(1) (2) (3)

EAF et RERETAR GBI
Variable P>0s P05 consumption P,Os consumption

consumption in base fertilizer in top dress fertilizer

RAMATKRBE  0.37 15 0.393 5% -0.015
(4.150) (4.372) (-0.175)

] A BRI REST BEET]

fig et 2.256%* 2.386%* 0.262
(2.412) (2.556) (0.253)

FUTE BB BE AL NE A, T XHE BE B B A0 A 4
WAIFEEA B EW N, £S5 EAhTH25 R H
S 7 A% FH KR e St 2 80 T A P B T FR B A
Prafim A, JUHZ RN B Be s e A . 5
SEAER AR B, YT BN B R 2 57 45
HERY it 2 T S AR AE KSR A AT B
R BT R S A T R A AT AR R A it A
SR YO A T ED B S RS R AR S AR it
JECIE AT AR S 4% S IR 2% AR R Kk, AR
TR EEMIZ K, X SAH S A A 2 A — 2k
R AR RS 50 U — P I UE T AT SIS R 1Y
25, BVTE Rl R b DCHEA T A9 4 FH K AR g 5 % 22 ok 1
R BT YL HE A G sk
3.3 AL
F 6 Jreos T AR il BE AR SR v A AR i 5 A R0
RO EE A o F1 (1) ((2) XS AHIFFE o [0 )1 45 2R 1) 7
I, (3) AT R, A K I 2ot 4 7 )
e LA S 2 A TE ROV, U B AR FH K R e ek A 1
PR E T B TRVE SRS 91(4) L (5) Al
TS BoR , PR ] B2 1 e 28 X AR RS 2Rl v
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w6 MIERE RN HNRL LR

Table 6 The mediation effect of cropping patterns

(1) (2) (3) (4) (5)
R T B AR RS BRI
Variable  Sufificht JeflEicht Cropping  JeHbicit  Heicht

N emission P emission  pattern N emission P emission

EWRUEAT 0.082%%%  0.012%%%  0.180%%  0.070%%  0.011%**
KRR (975)  (5052)  (2584) (2511 (4708)
oo il i 0.077#%%  0.006%*

(2.701)  (2.326)

AR s ok ok o'l WL
R 0.561%%  0.074%%F  —1237%%  0.670%%  (.082%%*
(2.089)  (3.132) (-2.554) (2.399) (3.444)

5 Y HE R BT I 2 RN, , BV FH K R ey
SRECAEZE IG5 1 R T AN Al s e HE
FOR: , 3X5 FIRBR AT . #E— 2B XS (1) ((4)
FH1(2)  (5) A LUK B, SREA i A v A2
il BE e, AS B 9 O B A R R 1 A T R 2 0.082,
0.012 43 5138/ 2 0.070.0.011 , 3% 32 B 78 4 H 7K F) e
O B AR NI S0 TS Y B IR A 4y
T A R R RE AR A S IR

R 7R EIRMEAE T ERZAE A ARG
RN R IREE R . R 75 (3) AT R R, &
FH 7K 1) A0 %o A 8 T P K A Ak AT (2 35 9 TRk
JoF, AELHRE R FH 7K i R AR BRI 7 S, X ARERAR K
F A S S I T A P R K . th R 8 A
(3) Ak 45 R m] 20, A P R i o gt 28 3 i 1 A
(AN AR P . R 79 81(4) L (5) Ak T2
SR TR K B R AR A X A FH AR RE &L T R S G
HAFAE S 25 1 B7URE DGk | 3 3R W IR P /K o P 34 o
IR T4 M Ak A R TR TS Gk . 3R 8 A
(4) . (5) Ak TH45 AR, B FH 4 i 35 I {454 1
AU N SR8 T Y e HE B . SR AT R T
F8HEIHI(1) (4 FN51(2) . (5), G R fin A Fp A
AR, AR SY O B A R A i 1A 1T R el 0.082,
0.012 4357/ 22 0.073.0.010(5£ 7) F10.065 .0.011 (%
8) o FHILTT LA HY , FEA KR B ot A AL B R
AT Y85 e A3 o H A — BB A el i ek BRI
ARSI .

A 7K e o IR SR ) 7K R 8% it e A A5 i R
HRAAN R E DS B AR L 2 .
P GO SR A P s X A AR A T
S EATIRIEE , DL 3 0 R AR KR g — i R B
BT A 77 S B AR B BOR s AR SR SR
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Table 7 The mediation effect of irrigation water consumption
. (1) (2) (3) (4) (5)
PERLATR Y ——— = -y W ) N
Variahle RERE R, RIS WK Bt RIS RHERCR B AR
N emission P emission Irrigation water consumption N emission P emission
JEE AT KA 0.0827%%% 0.012%%%% —0.463%% 0.073%* 0.010%
(2.975) (5.152) (-4.457) (2.499) (4.099)
TEBEFH A -0.029% -0.003*
(~1.800) (-1.760)
Pl Az ik REAy] il REA] SRS REA]
b 0.561%* 0.074%%#%* 1.466* 0.509* Oy
(2.089) (3.132) (1.742) (1.835) (3.149)
RS MFAEFNTUMKMILLER
Table 8 The mediation effect of seed consumption
. (1) (2) (3) (4) (5)
R —— o R BT R
Variable SRS Y TR 5 e HE AL b FH RIS R BETTIRTS Sl
N emission P emission Seed consumption N emission P emission
S AT K 0.082:%* 0.012%%* 0.201 %% 0.065%* 0.01 1
(2.975) (5.152) (3.012) (2.488) (4.893)
il i 0.070%* 0.004*
(2.479) (1.891)
sl A2 REST REaYT] SET RET BRG]
R 0.561%% 0.074%%+* St 0.448 0.076%#*
(2.089) (3.132) (10.561) (1.418) (2.751)

KRN . ARPEAE R R B A R AR
HA AR R I, FEAR HUK RSO 8 5 T e 24
A A R | 3 B A Y i A
TR 7K 14 P Sk AT I 08 TR 2% 1 P s, DT 8 81 1 1Y
2T, FIREe R 215 DRIk
3.4 AT RS

L9 RN T R BEARAR O A9 4 A 3 5 28 H 1Y)
i et S (@ BN R R A e A NI R i ) 7 1 'S
5 5 R BEARA A H A5 1) 28 B R BCH T, HAE 5%
7K S 2, 3% 2 A R B A E AR Sl b A5 A R i
IR ) B2 A Ak R A 44 S 3 R R . KR
R AR P PR AR A P AR R A Dy S RE b A )
F=FAE i TR X I & A R
AR T B 52 BB 43 AR M 5 By 7 R R TS 1
b RO AL AS B RORM 78, R IHCFE K R B 0 1 S5
T AR SRt S TE— B R B R P AR =
e, BVAE A S0l 25 08 55 /K R 505 0T A 2= 55 3
ROV o FHAN(3)ATAL, 2 A A T K R el 5 g AR A
Sl B A5 Y 28 B R ECR IE , HAE 10% Bk T i
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Table 9 The moderating effect of non—agricultural employment

(1) (2) (3)
AR MR EMAKE AT
Variable Cropping Irrigation water Seed
pattern consumption consumption
BEHITKRISCE  0.318% —0.473% % 0.171%
(4.015) (-3.616) (1.932)
et il 0.533% 0.352 0.863%%
(2.480) (0.955) (3.484)
BT KRBCE A -0.635% -0.119 0.585%
AHAL H A (-2252) (~0.254) (1.834)
il Ar it i BE L] L
fig el 0.2837 1,907 5,374
(2.172) (8.576) (34.470)

L DRI AR R R A S AR R, R
JEARAC RO FE B K45 T 235 AR R AR . ARk
H B 3R T, A P 2R A 7 BRI ]
P 12 0 B o i R A 7 R IR PR K BE 55 B
TIARA F B . IR, ZERE A I e 1
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ML FEIREG PB4 - 5 404 - 5 0 ] - X

g, KR B X R P A S RN . X AR B
T ARA MY AE K I A X A A A T R
PR, Hi SCHIB IR 3 75 LAKRIE .

4 MRERGEREIR

AW 5T LAA KRR R D) S, DL B A i
T Bl R B AR FH AR B it a5 R i e X 42, ) A SR
S AR S 1 BB A T X B AT R AR BRI
WO A TR T G B RON S VR FA AL . A
WALFE LA PUAS 51

(1) F o (1] 285 SR SR BT By 2 DX DA 7K ) 1 it
TR A A FH 7K S 3 X 24 A FH AR A R B
T 575 YA 2 I B Ak, Herp ZKORI o
VAT G R 3 T PR O T 6 s e S AR

(2) FRfid kA B 25 SR 2 BH , K R el s g 4R T T
TR SRS LA TRt S B P i i, AN TRt A
BB I 7, KR i S 2 T TR I B B R BT
afi FH R, XFE M B B A BT Al I e W R

(3) BN HLH 3 A 45 R R B, AR F 35t 2
A% 0 B4 AR FH 7 ) S5 88 300 o XoF AR 0 P 348 7= 38 iy S B %
ity B Bl S S e FH AR I 2R L Wt 7 % HE o 1) 38 %
I o LA, AR FH 7K R S s B e R 2R A
Tl FH o S K S, DT B0 S A AR S
e KBS o

(4) 4 Py G i A A il Fb ) 78 4% HH AKOR e %o 3
FURA P AR AE RORP 3 ARY OAE Hp R R VR
R 5t ol 2 sk 353 7K ) 5 X e A 2 5 B &
TR AR A 8 X6l Ao Pt (4 385 35

A% FH TG 5 % 18 ) B e T R0l & i 5 AR AR A
Be 3 Z (A1 28 i, A HKRI RO i H A Al
TR MY AT RSk K R o TR ] A AT R i DX [ ) B
VR BT 2 S A R, PR A 0 U S A X 4 22 T T A
PR I B3 X EA T AR FH K R TR 35 o0 Sl
(A4 FH K RIS, — 7 TR T - A= 77 g 3 1T
e R, 55— 5 1 KA TAREXF A& I B T A 7=
Jilh , A PR A PR B R BB TR R A HE AR S
MG A RIEOLT KR A ZER AR
B InAE B PR . KR AEAR L Y B i
TP AR AE T B R B, IR ok T 1R IE
JH A 1 AT SR T 55 Y i . RS R
fili 1 i XA FH 7 AR A A4t AT 4 S P T A o
9 37.66 t-hm™, A1 AT B 4% B 07 T B R
26.98 t-hm™, MRIW( B L ITHEL 2021),20204E =
— 1504 —

B AR SO P 27.20 t-hm, PR REAOER TS
ATEBACACALM A 7= BRI FA 128 SR A s
FEWT, 4R HH K R Bt 1) 5 36 T LA K e B2 4 THVE 4 7
i, R AR R AR AR 19 S A 7 e A AR
KIGEETH 25 0], A AR 7= V8 1A Fp e — 4248 L (AR
i, 107 4 4 T e AR S G TR KU o R i, AR
FEHEH DU BOR I

S, BRI R SR AR A w5 () b DX TR T
AR HH 7K A2 il T A 15 11 () B 4 T 4 22E A HH 45 7K
TR LA S AR B 80t 5 it 554 7 2, 3 s g 7 5 KT IE LR
FIABE R IR, el Az B RKRAE

5 L SR PO AR ML A P A AL — D TE A
HAEA & 18 A B G CR PO AR LG AL
b 7 FH A5 T 7K AR o A A (o AR AR Bl
ARAR 1 2 W KOK KN I A 7247 5 o — 5 T T oA
Bl A 7= AR AL 2 B L ST A
LA 3R  E TR AR P A T AT RR Lt A

55 = B R RO AL S AR R 55, LLaR b A R R
A3 B 55 B BT 5 57 BB Rl AR 2, R AR
b k2 Al 55 % RO AR HEAL KRG AL B AL 2R 7 1Y
RE S5 FVER, B i i st BTt SEE A H
TR TS YL i B s 16 2

A FH KR AR S Bl BRAR AL 1) B 23 4% W)
B ORI A E Y ™ i S AR R E R L IEMf R R
55 8l 1 G5 K0 B AR A AR b X A 7 R TR PR 4R
AP IERE K T . 28R, 52 3 R R Bl o A 4y
AR BIR T , A5 5T 22053 T A b v R R i 7 59 b X 4
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