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Impact of drip irrigation technique on agricultural yield:
Evidence from 318 carrot producers in Yanjin County

CAl Rong. WANG Ziyu, LIU Ting

(Center for Food Security and Strategic Studies, Nanjing University of Finance and Economics, Nanjing 210003, China)

Abstract Rapid population growth and multiple competing demands for water (i. e., drinking, industrial uses) have
contributed to irrigation water scarcity in many Asian developing countries including China. In order to solve the problem
of increasing water scarcity caused by the food demand of a rapidly growing population, more efficient water
management practices-water-saving technologies-are needed. A water-saving technology of drip irrigation approach
was developed for vegetable cultivation in China. This impact of drip irrigation technique in carrot production in Yanjin
County was evaluated. Endogenous Switching Regression (ESR) was applied to analyze the farm-level survey data.
The results of the impact analysis using ESR indicated that drip irrigation had a significant positive impact on crop yield
and increased yield by 7 961 kg per hm?, account for 21% of the average production. The educational level of the head
of the household, the number of household members working outside and the experience of adopting technique had a
significant impact on the adoption of drip irrigation technique. Farms with larger production capacity and participating in
producing-marketing cooperation were more likely to adopt drip irrigation technique. Based on this study, four
countermeasures were put forwarded at the end of this study: 1) Strive to improve farmers’ educational level;
2) Advance appropriate scale management actively; 3) Popularize producing-marketing cooperation; 4) Promote
water-saving irrigation technique increasingly.

Keywords  water-saving irrigation technique; impact assessment; endogenous switching regression; adoption
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Table 1 Distribution of the surveyed carrot farmers
LIy FE i/ %% LIl =y PR Fe ) %
Variable Number  Percentage Variable Number Percentage
<45 107 33.6 PR A VEPRY = 213 67.0
>45~55 102 32.1 Marketing % 105 33.0
LB Age ’
=>55~65 65 20.4 Agreement
=>65 44 13.8 <0. 33 58 18.2
I 75 23.6 P R hm? 0.33~0. 67 126 39. 6
ZHERE , .
1 210 66.0 Farm size 0.67~1.33 103 32.4
Education
=2 33 10. 4 >1.33 31 9.8
1~3 91 28.6 N % 10 3.1
FEEN FEL T
4~5 145 45.6 ) i 182 57.3
Family size Land quality
=6 82 25.8 it 126 39.6
<1 169 53.1 KB 8T H 114 35.8
5 <<
=65 MI<15 % 2 99 31.1 Technical guidance wa 204 64.2
A% The number of
. 3 38 11.9 <10 15 4.7
old and children 25,4
=4 12 3.9 =10~20 147 46. 2
Experience
LEAMT T 0 92 28.9 =20 156 49.1
The number of 1~2 201 63.2 <3 62 19.5
migrant workers =3 25 7.9 5 OBEAE 1Y B 3~6 126 39.6
AR H A 4 25 7.9 it 6~9 60 18.9
Technology Annual income 9~12 43 13.5
adoption experience B 293 92.1 >12 27 8.5

HRAE R 2.4 88 FRJH T 1 K HE R B A il
AT 27,700, WIE MR 43 590 kg/hm’
HEEHE AE 3 1 207 J6/hm” (R 2548 A3 K
738 JC/hm® A F# A4 K 1 207 J6/hm? . X [
T3 7K L AR SR Y R SR P i 1 24 B O
B WS # B il 2 471 ke/hm* . A5 9 40 4
W7 5 K HE TR BRSNS AR W A AR AR T . 3R

23] KRB K E BB R e R i e P FRAL R
an Rl R P BB HAE PR P 2 ) 22 7 3 R A
PR R P £ T 25 596 J6/hm® (&8 4 & P, %
FHPAMAERBPWE m> 8 M FRHEZSAR
BED . BN R AR 25 8 ATE R PR R R
FH P 2Z 18] 19 22 5488 /0N 2% BH 40 7KOHE I 4% AR 19 R T
A X AL 2 dh A PR B R P A KO A
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Table 2 Crop yield and inputs per hm?*

EfaR L Z (318 F) K F (88 1) Fe2R (230 1) Y {H 2 515
Index Number of all Number of adoption Number of non-adoption Mean difference test
Hy= 7K -/ (kg/hm®) 43 590 45 386 42 915 2471
Yield 471 924 (540) t=2.36""
P A/ OG/hm®) 1 207 1639 1043 596
Seed input 47) (111) (44) t=6.03""
e/ (GG /hm®) 2121 2119 2122 —3
Fertilizer input (35) (53) 44) t=0.03
RN/ (GE/hm”) 738 765 728 37
Pesticide input (23) (29) (30) t=0.72
TE:x x x RoRBEZEFAE 1 MK 853155 P hbrife 2,
Notes * * * Significance at 1% level; Numbers in parentheses are standard deviation
Y, = X, + 6P, + p (2
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IR KEM AR E (UL O FAERHE (Un D1
RN (MU i is B D) iRk P o= Uy —
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JH Probit BRI 5B A P75 K U I AR SR 5K L I
TR IR T LA 5 25 — A5 1 OLS A& 317 ik 40 #r
A 3 485 v 2 A8 1 350 D 336 K JR S8 B AR BsF SR FH P
AR AR P A — L AR i 2 B O R L H
yi =X +Aoa Fw, P=1
{yo, = B X0 + A6 +wos P =0
Kby FoRRAPEY &, yo RRKRHFAE
Yrred s Xo Rl X, RoRs2AVEY) = it i) — 2 Ah A A
s B F B RARFEA TS EG w1 Al o, RIS BELIE )
T, B AR SR, R R E A R I AL R A DL KR
#o0a = covles) | 00 = coviespm) BEH —H
Probit Ak 1145 2], H rfr ¢ 3RIR% Probit A5 1 Ff

3



10 LR

2018 4 % 23 &

PLIRZEI . o M g0 FRIFERHAREZ T ARINA T
P O 1R A8 TE IR0 A AR 4 D R B B AL IR 22 01

AW FE R 58 42 05 B R ALER Al T (FIMLD J7
L X e — 2 Probit BERIAIEE — R8T 2 (X (3)
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AR o AR E R BEAE | Shiferaw Y BESE . NT
oA T BT e il S SR AR A K HE B R SR Bk
RITREHI Z A A & B — A T HA®A
TE X Pl ANPFE SRR T AR B 551
A Aol T A VT A A P HAR SR 22 Dy (BRI
b AR R ) . T EAR W S A T
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FHEY R . X TR HAR Y R

57 R Al 43 23k K
E(y,|P=1;X) = 5 X, + Aioa (4)

FAL b, XoF TR — AR T A0 R AN SR Y K
WEH A B 2 HAE D) 7 8 9 S 7
E(y,|P=1;X) = B X1, + Avow (5)
PR I R 2 5 R T 4 K T TE B AR 1 5 S 8 A
Yy i 22 S RIAT AL R SR 2 Fn AR R & 2Z 18] 0 7 5
o BAAWE O TRAEm S T RGOMG) Z
ZE PR A b FHZH - 35 b BRSO (AT T K3k
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Table 3 Descriptive statistics of the variables

=N
AR

Variables

WM (bR 22
AR A 3
o ) Mean(standard
Description of variables o
deviation)

FEYI ™ & Yield

AR K H Adoption behavior

SR Age

ZHH P Education

FEEN O 5%k Family size

>65 & FI<15 % A% Number of old and children

145 T. A% Number of migrant workers

FEEAE A . J7 76 Annual income

AP AR Farm size

R 256 Experience

+ 3 F & Land quality

R FNAHE ] Farm Manure
FEH A Broadband use
K+ 45 F Technical guidance
PP A Seed

HE B A Fertilizer
25 A Chemical

AR KA Technology adoption experience

BB N A T A i kg /hm? 43 590(471)

AR AKEBHEA Z2=1;F=0 0.28(0. 44)

Ji % 50.17(11. 40)

e IEMECE AR R L 4F 7.28(2.46)

A 4.31(1.67)

A 1.43(1.12)

A 1.11(0. 93)
<3=13;3~6=2;6~9=3;

o121, 31225 2.52(1.19)

B DA AR hm? 0.97(0. 35)

4 23.09(9. 37)

=15 =2 5% =3 2.36(0.54)

AEH =0 =1 0.15(0. 36)

R =1 kR =0 0.35(0.48)

J6/hm’ 1207(47.12)

JG/ hm? 2 121(35.36)

JG/ hm? 738(23.20)

bR R KEBREAR E=1;5F=0 0. 08(0. 26)
HAEA S A BT A A EL R =15 =0 0.33(0.47)
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3.1 HESHER

FER FH AR e 3 1] 9 A A (CESR) #4741 =2
B SR 000 T HL AR B2 5 A7 28, ok B U0 R 00 25 SR
BR R E N 0. 39, 45 B2 Fr AT T HAR iy 4k
A7 SRR (P B 0. 531) i JE T B A8 & 548 3)
TN AH G 223K s A2 fd F Seit il 17. 36 Gl i [ {8
100, 45 SR 4 T 5 AR 5 5 P A A8 R HH 267 A 1R
BECP {H R 0. 000) ; ¥R IR F8AG 56 1E 52 1T LATE 5 %0 A B
{5 KV 2 A7 0 - 559 T HL AR 7 14 D AR 152 (e /NP AIE
{8 20. 83 K F I FAH 19. 93) 3 55 4, 3 o Xt/ 4 7=
T A R H A AR AT, 5 R e T
FAE S T HAS "/ R AR % (F geit i 1,27, P

fH24 0.260), PRI, AT LAIA S A i 50 35 By T 2L A8
WA £ A NNAFESRIHE A (ESR) /) 2 54k
TR R, BIRIGR 22 ST PR BK A K 30 R O H (3. 42) 7F
10 26 (R 7K F- S 3 5 46 1 PR 455 780 3% 2 A B ik 57 1
PR 3 - 2 B kX () A (2) 75 2 pE AT BE S AG 3L 75 )
5 3 B PP RO W 2 A e o A OC R AR 39t it — 25
LT TUESE A i o, F B 1] 10 2, 38 WY 0k 45 4
HAEA COR SR I ) 0 3 $E 4778 1 1] V8 £ 152 (72 < 7
PR A= 2 4 Tl IS ARS8 o, 0 6 AR 5 45 2R O R B A G
FBOH IE RN AEAE 1) 38 1 i 152 o AH OC R 80k 7 )
FORAFAEIE 7 BE PR iR ) Wk i AR P B A
) A AU 1) T AN SR T KO T R R L 2P X — f
TR T BOF 24 A AN (AT T M ARAY .

AR TR ZHEBRE FEHM 5 T A

R4 NAEBREARRBTAHANSHGATRABRETED RSN MERER

Table 4 Coefficients for estimating whether or not a farmer takes the measure of drip irrigation and the carrot yield

e HAR R TR ¥ 7 e (e 4D =y e b LD
PR A A B
ARk Adoption equation Yield equation(control) Yield equation(treatment)
Explanatory variables ——— ——— ———
RE G Z1{H FRCBREDD ZME FHC bR ZME
FEHY Age 0.01(0.02) 0.51 —25.35(80.10) —0.32 204.30(129.75) 1.57
Z#H FE Education 0.13(0.05) 2.327 —321.00(238. 35) —1.35 24.75(366.15) 0.07
FKEEN D B
o 0.83(0.27) 1.08 1361.10(463.05)  2.94*" —876.60(125.61) —0.47
Family size
>65 % fI<<15 & A¥ _ . -
0. 00(0. 15) 0.00  —1319.25(610.50) —2.16" 1 165.95(940.95) 1.24
The number of old and children
TESN 55 TN } . i}
—0.32(0.16) —2.02" —1719.90(652.35) —2.64"™ —638.85(1111.20) —0.57
Number of migrant workers
KRB _
0.03(0.09) 0.32 444, 150417, 45) 1. 06 —586.20(690.60) —0.85
Annual income
A FE R Farm size 0. 08(0.02) 3.33"  —267.15(136.95) —1.95" —9.45(13.80) —0.69
Fh#l £ % Experience —0.0000.02) —0.07 —55.50(91.95) —0.61 102. 30(156. 45) 0. 65
+#EFi i Land quality 0. 04(0. 28) 1.31 446.10(928. 50) 0.48 100. 05(105. 35) 0. 06
K F AL ] Farm Manure 0.39(0. 34) 1.13 720.75(95.89) 0.50 —594.45(151.03) —0.26
JiH % A Broadband use 0.16(0.11) 1.38 820.20(77.73) 0.70 171.90(59. 70) 0.19
LB 48T i}
0.37(0.23) 0.16 3 300. 45(81. 85) 2.69™ 3 141.17(92.01) 1.59
Technical guidance
F 74 A Seed 0.15(0.15)  2.03" 30.15(11. 85) 2.55" 28.65(13.53) 2,13
B AL A Fertilizer 0.12(0.08) 0. 55 18.00(12.95) 1.39 34.89(27. 35) 1.27
R 2% A Chemical —0.15(0.15) —1.15 32.48C17.77) 1.82° 190. 20(49. 35) 3.85™
BARRMED
1.12€0. 40) 2,77
Technology adoption experience
7 A AR ERL
0.77(0.24) 3,17
Marketing Agreement
o1 =0.201(0. 240) B% 25 00 ST PR B R 3 XFEALSR (i = —2489. 83

pr =—0.380(0, 245) *

EH =342 % WL =318
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1E i) i 3 S AR B, > 65 B RI<C15 % A HE
A0 55 T NBUG ) 5 AR B o A Al A R
FEARAS I RN RG22 40l 55 3l 1 A B s
Z 1A F T m R B KT X — S A R F
FEEWHA Y 5, R EE T >65 %A
<15 % NBU AN 55 T NBOM £, Z0k 35 7 M [A) 2%
TF R AR 55 3h F1 A Bt >, Wi R R T 32 AR
BPE K I H AR AN 55 TONEO 2 ik 7L Al 2R
FEAR T BE LURLI R 228 o0 3 L MR A o 7 AR k15 51 42
o FERIERRAE AR 7 RS VR B B0 S T

Al S BV B A 7 AR, HE R KO BRI
TEBRAON, b AP A 1 hm?, B 7 7K P 9
ALY 267 kg, AH M TP BRI 0. 620, H
TR IR PR XA W 2R 7 1Y S 2 52 e A FR
TARF T KREM B AR AR X TR T 95 KA
B AR B KR A E T, 2 RER
XS KRB AR P AR P A B AT
FEIE 0] B E ), H 5 R 2R SRR P AT,
B Z RER AR AR B G 3 141~
3300 kg, FEAE R AT Fh 8 A AR 25 %
AR 7R E R BRI R A B0 2 A
03 TE ] 5 0 {E IR X PR 2R A A A R Y
SR BN W XS RIS DL RS I A B A AE
e 38 2o e S Y g — B

RO AWM TR RSN ATT 1)
T4 a . AR BAR X T K EB R AR E EW
B R AR L R R SRR T O RAD 97 K P
WEREN 7 9611 ke MY TR 21270, KT
55K HR R AT R A g S0 AR 8 ) 1 34 4 BR800
ATT A7 HH 2B 3 E— 20 SR FH A1 A= B 4t [n] ) 452 4
(Exogenous switching regression) 3t % FH 5 7K GE
WEHL A B 38 7= RO 85 5 RN R P VR A
B AE L S R SR T O R D 1Y 2 7K1 f 25 1
1 460. 85 kg/hm?” , 33X — U {H /2 J2 55 DA A= 2 46 [l ) 485
TYCESROAli i+ 43 8 19 ATT K 17 £y 6 500 kg/hm’,
XA — 2P S TR SCHE HY ) 2B R AR 5l 1% R
£k WO 2 A B N CAT T R4S A 8538 . 9 K
WEH AR Z I LA B8 4 2 1 4 35 7 s AR BF 98 A £ 2
SRR 48— R KRR A A 7R R R T
AR EER T KB BOR RE TR Y 7E B B
I . A R TR AR K T H 518 E Ty UM L
X sk AR T AR AR DR B R K B 7 AR Y BT AR
L5 o AE A T AR A i B I AL T 1K
WL H AR RE 08 (2 E NE R 52 bR A1) AR 42 T il b 1 1
HE 7 2T B MR R8O 43 2% o DA T A AR ) 7 e 1
s =R KR AR WL TR AN ST S .
A 55 Bl AT LU T AR A A HC A T Can e
HUFE B 30 ) 7 e AT ARE R B B 0 64 5
U i 5 7K TR AR Y 8 AR T AR e R O
AR CULER 2) 4 302 By v 7 A0 5T o b i M e k5
TEARK R b WOpk 7 ¥ e &5 15 21 S i 5 B Y
HEWE
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Table 5 Impacts of drop irrigation on carrot yield for adopters kg/hm?
i 115 g FH Ak H - 357 b BN T1{&
Estimation strategy Adoption Non-adoption ATT T value
PN AR e 45 [ml ) 45 389.10 37 428. 00 7 961.10 4,32
Endogenous switching regression
Hh A B 4 [ 1) 44 644,20 43 183. 35 1 460. 85 1.34"

Exogenous switching regression

3.2 #—Sitie

AT Bk, R4 88 P2 Uik P AE il & b A =it
FEPOR T 1 KEWE B AR BT 7 R R R A BB
(9 1/3, BRI Tt o B 4 SR 26 B, SR 99 /K 0 TE 4
ARBEGE(EHA S N4 hm® 357" 7 961. 1 kg, ¥ g ik
SAER BB P 0.8 Ju/kg I
FH2S T4 hm® B4R 2y 6 369 o0, BRAR ik, 5% 35 2
A2 J DR 249 7 A Sk =4 7K SR R AR B SR T WE 7 LA
FERFGE NN & 1 AR 2 37 4 AR SR A o 3R % 14 it A
KBNS 5 2 s — 2R P I AR 1350 25 o0 £
TORBGE A i A P BT R 1 R A2
SRS EARAGRE AT B LA A T AN A T
ARBAEAE DU B = AL TR B AR T 44
Pan=R NS T OB R oS AR O ) YN
b VAT T A 30 SR FH I T B R BB AR IR R
R FEL) 4 500 Jo/hm® CELHE £45 1 500 JT F1 i &
300070 , Ho i i T B AR 4 1k, FE W 3 4R
B 1 U B TRV Y R 9 R B A S K
K 25 FF H .4 500 J€/hm? (459 4 %00 24 M
KPR &, EREELTFRZEHERZN. 5
G A GE A 5 0 3R B BEA S A 7E 4 AR A
o EER AT A P A R T A A B R O HL7E B
W 2 AT 22 5K T S 44t B R 4 HE 92 30 R
DR 15 B AL 3B T 5 6 2R R L 3k 7 7y 5 24 oo A
KR AR A AR RNBE S . L b AR
ARG A BT 285 5L L A PR SR Y K B R 1
F2 R R AZ U R S R L ] 3 R AE AN 5 TR
A P AR /NG TR 3R 25 A A 485 R R D3] 2 T )
FEAN S5 TR P2 BB B /N AR P, 32 3 AR A 8 b
T4 B A T8 ANER R 10 52 ) o B R 1 1) 3 B 7
A0 55 TARMUARAR WS, B 1 45 18 37 o8 81 48 P A 4%
A B 28 3 AR 9 Y K R AR A AN 2

4 ZeRBER

AR F IR A SR 11 7K TR B AR 1 g e [ Al o
WK oK SR s S+ L, ST
T 1 A S L IS Rl ) s A A RO AR T O
FHT 24 15 A A 28 % 1 i 158 F) 1A 2 R i Jul 0 A R
CESR) X A< 715 7K HE WEH AR SR FHAT Sy B FEH 7= 200
PEAT TSRS A . S5 SR R W] AR A 3l XA P 2R T
JKTE R A G AT ) 1 1 0 38 7 800+ o3 3% F
T S 4K HE BE R A AR BT RN T 2
7961 kg/hm® , A0 TAE YV B 57K F /Y 210,
WEFEIE A B 7 52 B0 R VR BEAE AN 55 TN
FAR SR 28 75 %08 4 74 7K T R B A SR AT S 5 Wi {2
FEHBOR 2 5 R A AR R A 2 S T
R R HEBEEL A .

ERPREIEEAMT 4 BRI R R
THAC 1 32 20 T B A ACHE ™ T[] 7K B AR 19
B . X N O L 52 R R S A AN
A RE T F AR K HE I AR B SR 2 TR I A
A RE RO B S ISR A 5 A VA AR L R A
TRRARBE bR EEAR M) Bft . 78 B AR L —
77 THI it B M 5 3 3 B AR 55 HE L R A
G F WA R R R BRI R IR R R R
73— 77 TS il 32 20 B L i R AR 2 SRR
BN 38 A 3t O e A 2 b e A AR A2 R A T A
MR A P AT A AR 7 o 3 3 R AL 22 R K
P K HE B AR SR T WA A LA SR T A B 2 AR . 22
Trof N ZEBF BN e 5 S A P B AR AR R 2 T X
(14 5 SRR A L K HE R H AR (3 AR il Ak AR
IR AR — LR NI R T A 1
JE o 8 R AR BT ] 4R S AT L SR 1 K HE TBE 4
ARHRRE R A B e £ . DR B i/
Hb A 228 2 T [ R ol AR Al 2 R b Y — AR AR
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JEOAF B2 R PROK P B e B R X 2
) E0 28 5 o 3 =, R R LA™ i B B TR B B
B 5 A ASE O AR 9 7K TR BOR Hl s B AT BN
o A AR RERS A B A P Sy gt AT 3 e
A F BRI 3K — WL A5 R B A B 45 R A [R] . AR T
LW PR B T R IIRE AT AR A
PRAE 252 1 3 BEAE XS A SR B 0 A8 7= R R 2 fie
PEAER . T — 2 S BGE [ K & AU 224k 22
KA 5 5 VAt 2 18] (9 A 1) 5 A & i HL B 2 3k — 2
P A P 5 Aol 18] (8 90 1) A5G 2R L TR AR ¥ 52 LA AR
77 TR T A% B AN BE 2 I A5 R PRk .
Jei o WL — 2B SRR AR B IR 55 A AR A B iR T K
PEBR B Sy i . SRS R R W] R BT T AR
X VE P38 7 A 5+ 5T K IR BOR AT ) BEATS
BAGE . it S Al YR i R K
BRI HEASR 3 M55 E IR IREER LK
I TH [R]85 5 900 A 7 SR 5 7K B AR 14 B A
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