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Socio-economic impacts of under-film drip irrigation technology and sustainable

assessment: a case in the Manas River Basin, Xinjiang, China
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1 College of Water Conservancy and Architecture Engineering, Northwest Agriculture and Forestry University, Yangling 712100, China
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Abstract: Under-film drip irrigation technology is currently one of the main agricultural technologies used for water
conservation and has been widely used in Xinjiang, China. In this study, we evaluated the ecological, economic, and
social benefits of under-film drip irrigation technology based on survey data of four years (2000, 2004, 2006, and 2009 ) of
cotton growth in the Manas River Basin in Xinjiang. In terms of the ecological benefits of under-film drip irrigation, results
showed that this technology increased water conservation by 41.92% , and the amount of water conserved through the use of
under-film drip irrigation accounted for 9.34% of river runoff. The annual flow of the Manas River is 12.42x10° m’ and the

minimum ecological water requirement for this river is 1. 24 x 10° m”.

Thus, the conserved water could contribute to
maintaining the minimum ecological water requirement. Under-film drip irrigation also reduced fertilizer and pesticide use
by 18.38% and 17.00% , respectively, compared with furrow irrigation. The economic benefit of under-film drip irrigation

was based on the fact that it increased water conservation by 39.60% , 40.80% , 42.00% , and 45.27% in 2000, 2002,

2006, and 2009, respectively, with an average increase of 41.92% . The yield per unit area for cotton increased by 19.
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63% , 10.28% , 25.00% , and 26.47% in 2000, 2002, 2006, and 2009, respectively, with an average yield increase of
23.15% . Based on the market price of cotton, the net profit from cotton increased by 658, 1083, 2024, and 4605 yuan
per hm® in 2000, 2002, 2006, and 2009, respectively. Furthermore, water use efficiency increased by 98. 06% ,
88.89% , 47.06% , and 48.79% in 2000, 2002, 2006, and 2009, respectively, with an average increase of 70.70% .
Social benefits generated from the use of under-film drip irrigation included the fact that agricultural management efficiency
increased and human resources were preserved. Under-film drip irrigation technology was good for labor transfer and has
changed the type of work required by reducing the need for weeding, modification of the sub lateral canal, and ridging,
among others. The technology has not only led to reduced labor intensity as well as the number of workers required, it has
also increased work efficiency and management quota. For conventional cotton cultivation, each worker can only manage an
area of 1.67 hm’, but each worker can manage an area of 5.33—8. 00 hm’ using under-film drip irrigation. This represents
a 3—4 fold increase. In 1997, the population involved in agriculture accounted for 43. 10% of the total population; this
percentage decreased to 13. 65% in 2009, reduced 29. 45% , providing conditions for the transfer of agricultural
population. In addition, an assessment based on Bossel theory showed that under-film drip irrigation technology was good for
social sustainability. Our results indicated that under-film drip irrigation cropping patterns were good for social and
economic development and for environmental protection in the Manas River Basin region. The results presented here provide

helpful information for future applications of under-film drip irrigation technology.

Key Words: Under-film drip irrigation ; cotton ; sustainable assessment ;bossel theory ; Manas River Basin
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B F= X2 — BRI 2009 AF i AR AR 4 XY 18.31% |, A E A S BT iR 4 XY 7. 45% , A
A6 AR T FR o S SR TR 13, 78 % , 7= BB M Y 18, 72% B AT i Bk e R T2 ok [ H 4N
W TR IE TR L, A TN  ZAER TR 12,42 x10° m® , BRI E AR R 60 AAERY AR K
FE  FETRIT BIHEEE T 14 BT BRI K R IR TE KA T el AR W 1l i T 3 —oK R —f Bl 35 1]
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o oy BT i Sl A 4 A T T 8 i B R B e e R IR S R AT, TR 7529 km®
A H 72x10* N ,2009 45 3 AR 7 I AR A 75. 02%
2 FHE5EMIERR
2.1 Ak
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X 7K B U5 A BCAE 0 s S ARMEMOL R T T A A 0 SEARIME GO0 - i 4 s S P Acpii B ARt 2y
i R, R I AT TR 132 oy, DA &R 118 13
2.2 I IERR
2.2.1 AEBREEIN

FT TV AR T D FHBE R M SN A AR A58 N TARRS M e AR 28 R A S AR AT (HER
T WA , B AT R PR AR SE L AR bR, S B S G T T KR R B A RE, EES TV R N S
XPYAT I 7K 358 22 4 RO I 52 A AR SR FEATIE S5e/NAE S TR K AR A IR IR 6 5 X AR FE PRI 1) 32 i A SR A
2 ARAEFH 0 2R NS b

(1) i e/ MRS T KR

Tennant 3575 /15, REAS S WO T8 fie/NA A5 75 /K i, I FH 53, AR SR b 7 2 B30T e /NE S T
K,

Qiﬂiﬁﬁ'ﬁ/l\é&&?’ﬁ%’mﬁ =10% Q‘iﬂﬁ%’¢¥ﬂﬂiﬁﬁ ( 1 )

HH, Qurnor s HTE I/ NMESTKE (10°m° ) 3 Quins s NITIEZAEFH R E (105 m) ,

(2) fRAEs 235

TEIEFT R (% ) =100 x (T, - T,) /T, (2)
K, T, RIEBEVEALIE FE (kg/hm?) 5 T, R R AR AL IR Al & (kg/hm?) o
(3) R LR
REHAH(% ) =100 x (T, = T,) /T, (3)

L T CRIEAE YR 2 ke/hm? ; T, Tl T HEVEYI AR 2 T (ke/hm?) .
2.2.2 ZFREEEM

X T 2Tt VPN AS SCLASE LAy 32, T 7K BGRB8 BURF WUE =S5 T, SR T K% 7 i
=R WUE 485 %8 3 N8R LTI T i iE S iaE R s ss 25 5 . B F ROk .

(1) AR

%‘7K$(%)=100X(M1 - M,)/M, (4)
K, M, TEREREBEE R (m®/hm? ) ; M, AR 2 A (m®/hm?)
(2) AR
PR ER (%) =100 x (Y, - Y,)/Y, (5)

HAob, Y, BN R B (kg/hm? ) 5 Y, S IHHEAER B (kg/hm?)
(3)WUE #m%
WUE #£5%(% ) = 100 x (WUE, - WUE,)/WUE, (6)
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A, WUE, IR HEER K FIIRCR (kg/m®) s WUE, S IHHEVEYIK 3R R (kg/m?)
2.2.3 ATRRERMEIEMY

AT 2R FH Bossel BIRHEATAMT . Bossel BE ] 7 N EAE 4845 (fR1E BUR 8 %4
TR AT DB S RS SR R Fe bR a S R G R ST 0 2 4 A9 SERIBE (1 hIRlRE ) %
R ATLLAH 0—1 Frtt & RGN EHEL TR NHERE 1—2 L FRER MRS 2—3 4 FRIFIRE,
3—4 TR RS
3 BRESW
3.1 ARSI
31,1 JEEK s I IO A 2 K = R R

P S AR P K B 110—220 mm , AEIEAEZE & B 1500—2500 mm , AV AKEE THEME, M 1950 4ETF 46
KT e 1 FH ARG KERE, T Llsd g K, SO RO, bR KO TR, AR SR, 1
o iy JE2 18] P B 2 3 T8 2 S e 44 (R, E 1957 AR KB LA 550 km® , R L IFFEE TR 1972—1975 4R34
[, Be)E, BRI 1998 4FF 1999 4y F i 22 Btk , Il 38 B Wi T 4 A /K JE 4R 25 . 2000 4F DL Rifi % BT
TR AR 0 17 P 7K 9 R R P SR AN TR |, SR P K e T ARk /L, L3 A A0 7K P 3 K ik AT A Xof ¥
T A SR R % | HEAE T R B 20 100 km® AOTEH

AR SR FH Tennant 1L 18 e/ ME BT K& 1957—2009 45X 58 Rk £ 4 12.42x10° m® , |3 4%
Wi NV BT K 1.24 x10° m® . SRETACR FliR/NESE 30 d P EE 7Q10 3R i/ E
BFKEIEE™  ESLPREA T ,2000—2009 4FH AR 75K B 1. 16%x10° m®, 5 22470038 Sk K & 1)
9.34% . 10a FHFoK & i/ MNESFKER 93.55% , B 10a TR FK SR R/ MESTKE .

M\ 2000—2009 43 44 B - 34 5K 5 2 Sk e /NE .
BFKERFIRE (K 1), UL IR R T 5 A
Jei , R K B A T AR T RR S AR TS
/K BESR RV T E B A 1 07 FH T 1 A S PR ok 3t
A RURAER
3.1.2  RBEAR 24 it FH s/ R A F PR B 1) 5 i)

FRREAR 25 JEAEY = W PRE (i s F AR A A R (}
SR e e ik e |1 | ]

[9%) =
T T

Al FEAK IR/ (X 108m?)
S
|

Agricultural abandoned water

EPHE*’{‘%&@EEEE{%{& B:\@ﬂ({lg]‘/\tﬁ%ﬁlzii% i?i‘%(ﬁi 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
’ ’ =X 44y Year

RV B T A0 30 PV I A 4 450 2 e ¢ I

R 0 95 T AR O B2k | TR S L AL I e 24 <R

Fig.1 Agricultural abandoned water in Manas river

Wit it FH 3B B 1 YR 2 R 2 SR g, BT TR L
At AT HEROR TG AL 25 004 5, 26 1 7R 7R 2000 4F 2002 4F 2006 4FF1 2009 4F 5 4 L IA#E S 211k
B 155. 89 .64. 50 .80. 09 kg/hm® 1 107. 93 kg/hm* , fL LT 25K 4 19. 60% 9. 23% ,20. 83% Fil 23. 86% ;
da FHTT AL R 102, 11 kg/hm® , SFHIH5 2R 4 18.38% , 2000 ,2002 2006 2009 4[5 ik e b vATE TS 294k
2t FH 5518 2. 28 .0.55 0. 98 (1. 50 kg/hm?® , A 2545 29545351 K 37.92% \7.29% .10. 30% 1 12. 50% ;4a
ST AP 1,33 kg/hm® TR R 17.00% AT UL SR FHBE R ) BRI > T AR B A 24 i fiff T i,
AR T HIEIREE DR T AR R TR G
3.2 TG IEN
3.2.1 TKEEE AT

SR RS ¥R o8 J Eey 4 I P 7 ] /b ) B LR 2, 2000 ,2002 ,2006 ,2009 A A6 T T 9 F- 127
WKy 4443.75 m®/hm? | VAREF-YHEME K g 7646.25 m®/hm® | [T G HEE I /K B LA /) 3202.5 m*/
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hm”, 20002002 2006 2009 4E35 K554 39.60% 40.80% 42.00% F145.27% ,F-HI5/KFE K 41.92% .

F1 BEHESQEUERAEASILR
Table 1 Comparison of the amount of fertilizer using between drip irrigation and furrow irrigation
2000 2002 2006 2009 45 Average
4 Year I T T R T R N B T
Drip Furrow Drip Furrow Drip Furrow Drip Furrow Drip Furrow
irrigation  irrigation irrigation  irrigation irrigation  irrigation irrigation  irrigation irrigation  irrigation
E=N 2
TLHL I/ ( kg/hn?' ) 639.41 795.30 634.51 699.01 304.36 384.45 344.47 452.40 480.69  582.79
The amount of fertilizer used
R A
HCHETIT/]$/% . 19.60 9.23 20.83 23.86 18.38
The saving amount of fertilizer
2y E=N 2
i (kg/hm) 3.72 6.00 6.95 7.50 8.53 9.51 10.51 12.01 7.43 8.76
The amount of pesticide used
Zh3y YR/
KGR/ % 37.92 7.29 10.30 12.50 17.00

The saving amount of pesticide

3.2.2

P AT

H12¢ 2 W LLF H,2000 2002 2006 2009 4F da AR5 Tk T A5V AT A BRL 7= 404 AN [ A 8 1S i , 1 7™ % 3
124 19.63% .10. 28% ,25. 00% F1 26. 47% , 4a FCHE V-3 )5, AR 5L BN I VE hy 4981 kg/hm?®, I VE Ky
4043kg/hm’* | 5 IR HE LU TAERFAR SR 455 1 23, 15% 387 RO i,

R2 BETHESTERGTRIETKERILER

Table 2 Water-saving effect comparison between under-film irrigation and furrow irrigation

2000 2002 2006 2009

— il il il it il it il il

: ’ Drip Furrow Drip Furrow Drip Furrow Drip Furrow

irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation

b EL 3 2
HERLACEL (n /) 4500 7450 4875 8235 4350 7500 4050 7400
Irrigation quota

TIKHR/ %
A% 39.60 40.80 42.00 45.27
Water-saving rate

L o 2

i}"’:ﬁ—ﬁ/( kl/hm. ) 4552 3805 4127 3743 5250 4200 5805 4590
Cotton yield per unit area

S ELEH P 52y
FEE}EWK/% . 19.63 10.28 25.00 26.47
Increase rate of yield
WUE (kg/m®) 1.01 0.51 0.85 0.45 1.03 0.70 1.14 0.77
WUE #2154/ %

98.06 88.89 47.06 48.79

Increase rate of WUE
e Y 2
B/ ( JI:./hm ) 15933 13318 14033.25 12725.01 23625 18900 34924.5 27081
Gross benefit
BRGE 2/ (J8/hm?)
Difference value of 2615 1306 4725 7169 2615
gross benefit
A/ (I6/hm? ) Cost 12784 10828 11112 10889 18790 16089 22268 19704

v - 2
E}fl‘zl-(%/(jlj/hm ) 1956 223 2701 2564
Difference value of cost
s/ (I0/hm?
LR/ (T hen ) 3148 2490 2920 1837 4835 2811 11982 7377
Net benefit
AR 22/ (J8/hm?)
Difference value of 658 1083 2024 4605
net benefit
G WE/ Y
KWt/ % . 26.44 58.95 72.00 62.42
Increase rate of benefit
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3.2.3 AR AT

T 52 B AF 1Y 2B 77 AR AR I A A 5 i g A R AT A6 I R ROR 25 REBCR . 43 il 4% 2000 ,2002
2006 ,2009 4E TSRS TR AR 7 BUAS R ™ Wit as . 78 2000 ,2002 ,2006 ,2009 4715 T 16 #E L VA E ¥l 6 m
658 ,1083 2024 4605 JT/hm’ . hHAE R Lo VA EAT BCAr B VE

AR LI, Wi T R A R A BT I B e, FBE T V0 T8 R E B AR R AE AN B A Jre , (HL IR SIS T M e
AR A B 7K, WK IR 2 [R] AT A AR 1 A HETE iU TR 2 8 T O SRR ) 28 A, R I 7K 3
PRSI . SRS S T HE L VA HE T K 39. 60% —45.27% |, 7 EE % 10. 28—26. 47% , WUE &5 %
47.06% —98.06% .
3.3 RGN

WA Z2 58 1 20 4 BV X I AN ]t R T E B AR IR 2 SR L3R 3 WEIRIE IR, 5 40 il
I T REE AR S TR PN &5 SR < B 7 AR BV 45 R A 2. 80, fFAE AK
B IRBRAEAO T ZRIEM AR R 3—4, 0TI R AR L4 G0 SEAEMITN S5 5 2—3, Ab Ty
FPRAS , BARTIEE N 2. 80, Ab FAUFIRE

£3 BTHERRUHSEMNER

Table 3 Social assessment results of under-film drip irrigation technology

£ LIRSS R

Indicators Indicators questionnaire Assessment results
SRR TV U5 i 44 K U R R A 96 R A 7 7 SR Whether the production needs

TH1E Existence could be met by per hectare water resources after the implementation of under - film 3.07

drip irrigation
R Efficiency FJ KA PR RE S (WUE) 275 H215 Whether the ability of WUE could be improved 3.11

N . JIES T B 22 B B A B 75423 Whether the economic input of under-film drip irrigation
HEHE choice 3.10

could be accept

BT A SR U FE 1A 71 /2 75 2 = whether the ability to resist natural disaster could
be improved

5T % WE B2 R K5 I B8 75 2 % Whether the technical training of under-film drip

irrigation could be accept

HE4F Coexistence A7 K S A SR BE K L B2 75 436 Whether the ratio between production water 2 04
- and ecological water is appropriate ’

44 Security

& 1 Adaptability 2.76

S Psychological satisfaction A B S AT H AT AR Whether people would like to implement the current model 3.01
e
AN Y {E 5 50

Mean assessment value

4 5%t
4.1 BT TR HER AR R IR X A 2SR 5

FEAT FH PG TE MR AR B, AN SR R s P it i H 3 VA T T R R 25 o 300 ™ B Y kK RN A= 25
A/, 3R HRT e sk b A T SR P e X, 2R AR AR A 7= v i B B RS RK B IR AN 2 5 80 ¥R S BT A
PRI, 7 5 R v B 224 b R RN A 38 1T Aol A 7= 2, B RSt 1 [l RS 37 BT A A3 e o 2
BCREUT — L6 WA 1 it , 5 D0 s AR Fu BB il T KB B IR, MR A DB R 4

P HRTK R S5 R B AR 29 R SR PR T T S, B T ARl FH K ek B S il /b 1 2 50 0
NS R K B LY /D 3202, 5 m®/hm® KR 41.92% , FEBLIL A R T AR EE K AU D, K
K AR AR S, 2000—2009 4F f 7K g 1) v R il S HEA 7K 50 1. 16x10° m? 1153 3R I 241
SR FE K R/ NE S TRK IR 1 93.55% , Rl 24 V-3 i K B3 B/ VE R T KL, A0Sk RS T T 1 R 55
AR EHEAL 1. 16x10° m® (7K &, WERIS ] DIERRTE A 84 4,
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2000,2002 ,2006 F12009 4 4a 5T i HE LUIAREF- 41 2408 & 102, 11 kg/hm® P15 29358 18.38%
JECT TV LU S R 250 1. 33 kg/hm® ST 2050 17.00% R IS T 0 LA AR 25 10 A A it
it L VAT A S D el T XA T R ER TSV e o AR b SR PR T T DA A T R SRR T e b T
KA 2R LF AN 72

(ELIE: A [ 7 6 ) bt A 25 oA — Ao, — T B R bt 4R o8 T AR = 0 59— T P A B AR I 4
Ay A = o T P E AR 0T I YA AT SR B T T R B S R R R R 300. 7 ke/hm’
3k 381, 1 kg/hm® , i FLFf 25 7 R AR BRABRAS V5 el e d 5 e Ah SR IS 30k b AT 1 1 £ 490 190 T TR A
3, A HEICHE, Vedh K AR L, £ th L R4 v Y — e R 2 Rl ) kst
[7) A T L — W S e
4.2 BT HEE AR X R A A 5 M)

FEET i A R AR () 1 PR T - b 2 R RIS 1 BT DA GREE Ry B AR I 2 B L AR AR
— R AE 66. 67—100 hm® , 54E5: 55 KA R 5—10 hm® BIFUBARAR 1, A F T R4 R0Y . HHE H BT
IR PN T B AR G RSO R BB I E 100 h® 247, BERE & FE TR HE R AL AT880%, XA I TR 408
L XN AR TR - M R BRI T B

THER R R, HIHESN 1 A5 AR o 5T T B A E AR A LU YA RE AR 2 Bl s B S . RO 2
P 1T K3 8O  fR A A )2 SR FH IS I BEROR PR AR AL L /NEE N T3k i 4 KRS & AR, (e it
T AR SE R R
4.3 BT R R A 55 3 B R

JE T T HE AR R T AL 55 8 15 RS . BT T ME B R B T AL G AR A (RS B TR Wb T
B I T BRI BRI TR TR 97 shaR B, SO FE AR sh IR I T R S, 18
P T ST AR A R A, AR N AR AL, TS5 B ) BB B 1. 67 hm® RIS Vi VEE RO A
16, A58 IR 5. 33—8. 00 hm® B A = 3—4 15, A2 R R R ZHCR TXHBER AR w
IAH] B A 5 T BRI RE R R AR T 549% BN b 36% , AN IR FVER AR I 5 10% , 7535
ST I IR A A T B X, 1997 AR RE AU 41 hm? AN BEBE TR 0. 03% , 51 2009 4F kA& B 14. 06 %
10* hm? , (5 EBE T AR 75.02% , 1997 4EA40MV A ET 5 SO TR HL AR 43.10% ,2009 4R A DT A
B LA 13.65% , FRET 29.45% . ULEARE T HERAR B R A N PR ERAL T 45

B IR A R R AR S AR A S A T IR, SR R AR IR T
EHRCR SR 55 A B RGN, A R T 55 30 1 e 4 E S T RF SRR RN S5 AL < BT, R T R L
IFERMEARAE S BN K WUE A8KIR S &, R NS | 245 Y0 I 5 /K i AR 0 2
A e/ VESTT K, SV b R IR T R AR T2 M AR 8500 A TP ARG A+ 2 % Jr A FRRAEH
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