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Analysis of water resource consumption characteristics and water-saving potential

in vegetables production
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Abstract: China’s vegetables output accounted for more than 50% of the world’s total vegetables yields, and the per capita
possession of vegetables was 3.4 times the world average. Increasingly intensive vegetables production has occupied an
increasing share of regional water resources, and water scarcity has become a rigid constraint on crops production, inevitably
limiting the sustainability of vegetable production. Clarifying the water consumption characteristics of current vegetables
production in China, and exploring the potential to reduce the water consumption intensity are not only essential components
for a comprehensive understanding of water consumption in Chinese agriculture, but also necessary conditions for ensuring
food safety. Existing studies on water consumption of vegetables mostly focused on micro experiments, with limitations in
objects and scales, which may lead to biases in understanding and managing agricultural water use. Based on the water
footprint theory, the water consumption intensity of vegetables, including two different planting patterns ( open field
vegetables (OPV) and greenhouse vegetables (GHV) ) and four main vegetable crops (tomato, cucumber, eggplant, sweet
peppers) , and water scarcity in vegetables production were quantified on the provincial scale. And then the spatial

autocorrelation pattern of water consumption intensity of vegetables production was discussed by using global and local
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Moran's I index. Lastly, based on the analysis of influencing factors of water consumption intensity by correlation analysis,
the water-saving paths and potential of vegetables production were revealed by scenario analysis, which involved
improvement of irrigation technology, increase of yield, expansion of GHV and improvement of water consumption intensity.
The results showed that: (1) The water consumption intensity of vegetables was obviously influenced by planting patterns
and geographical location. The average water consumption intensity of OPV was 72.60 m’/t, which was 2.24 times higher
than that of GHV. In addition, there were significant regional differences in the water consumption intensity of GHV, and
the middle and lower reaches of the Yangtze River and South China was significantly higher than that in Northeast China.
(2) The provinces with higher water resource scarcity in vegetables production were mostly concentrated in North China,
and the water consumption intensity of GHV showed a significant global spatial aggregation (Moran’s /=0.3019). From the
perspective of local spatial autocorrelation, the water consumption intensity of GHV in Northeast and North China showed
significant low-low agglomeration. (3) The illiteracy rate and irrigation rate were significantly positively correlated with the
water consumption intensity of OPV; the per capita vegetables consumption, vegetables producer price index, agricultural
machinery subsidies, industrial aggregation level, yield level and water-saving irrigation area were significantly negatively
correlated with the water consumption intensity of GHV. (4) Improving water utilization efficiency, increasing unit yield of
vegetables, developing GHV, and improving water consumption intensity in the high-high agglomeration areas would
comprehensively reduce water consumption by 21.69%. This study can provide data basis for the researches on water
consumption in vegetables production and has important significance for more comprehensive and sustainable utilization and

management of agricultural water resources.

Key Words: open field vegetables; greenhouse vegetables; water consumption intensity; spatial aggregation; water-

saving potential
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Fig.1 Comparison of water consumption intensity for different production patterns and different types of vegetables
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Table 1 Water footprint per unit mass of vegetables in each province

B HbE S OPV WiE 3 GHV

R = B 7 SR S CVRNE " S 7 SRS A 27

Tomato Cucumber  Eggplant pepper Mean Tomato Cucumber  Eggplant pepper Mean
Jea 0.136 0.057 0.094 0.138 0.106 0.028 0.027 0.023 0.033 0.028
Kt 0.107 0.049 0.075 0.107 0.084 0.033 0.027 0.020 0.045 0.031
sl 0.055 0.046 0.060 0.095 0.064 0.030 0.018 0.029 0.035 0.028
Iy 0.083 0.059 0.086 0.095 0.081 0.029 0.024 0.013 0.040 0.026
e 0.051 0.033 0.072 0.070 0.057 0.027 0.017 0.029 0.037 0.027
I 0.071 0.047 0.044 0.130 0.073 0.033 0.014 0.009 0.045 0.025
TR 0.076 0.052 0.050 0.062 0.060 0.020 0.025 0.008 0.040 0.023
BRI 0.082 0.061 0.047 0.076 0.066 0.022 0.027 0.022 0.027 0.025
st 0.064 0.059 0.071 0.093 0.072 0.050 0.027 0.041 0.050 0.042
HAI) 0.065 0.052 0.070 0.085 0.068 0.044 0.020 0.027 0.050 0.035
T 0.080 0.059 0.079 0.097 0.079 0.044 0.019 0.043 0.067 0.043
L 0.080 0.056 0.068 0.064 0.067 0.044 0.027 0.032 0.041 0.036
e 0.064 0.089 0.110 0.126 0.097 0.040 0.018 0.034 0.045 0.035
awiii 0.059 0.056 0.088 0.122 0.081 0.037 0.018 0.032 0.042 0.032
IIFR 0.068 0.044 0.086 0.091 0.072 0.041 0.019 0.030 0.038 0.032
TR 0.047 0.036 0.049 0.057 0.047 0.030 0.018 0.029 0.037 0.029
WL 0.039 0.046 0.067 0.097 0.062 0.038 0.025 0.032 0.041 0.034
] 0.042 0.047 0.078 0.091 0.065 0.036 0.018 0.031 0.041 0.032
IR 0.066 0.070 0.076 0.110 0.080 0.040 0.017 0.038 0.050 0.036
il 0.048 0.058 0.060 0.092 0.065 0.041 0.018 0.035 0.046 0.035
3] 0.080 0.070 0.086 0.154 0.098 0.043 0.021 0.038 0.049 0.038
EYN 0.029 0.051 0.049 0.064 0.048 0.025 0.020 0.020 0.034 0.025
gl 0.029 0.058 0.050 0.068 0.051 0.024 0.021 0.020 0.033 0.024
M 0.039 0.099 0.068 0.097 0.076 0.039 0.018 0.032 0.042 0.033
PN ] 0.032 0.054 0.107 0.079 0.068 0.057 0.026 0.045 0.056 0.046
(g 0.147 0.092 0.131 0.252 0.156 0.058 0.027 0.050 0.064 0.050
O] 0.054 0.046 0.040 0.059 0.050 0.037 0.030 0.030 0.039 0.034
o 0.033 0.029 0.053 0.059 0.044 0.035 0.018 0.032 0.039 0.031
il 0.049 0.033 0.044 0.068 0.048 0.038 0.027 0.036 0.044 0.036
TH 0.049 0.053 0.057 0.091 0.062 0.025 0.024 0.031 0.039 0.030
s 0.101 0.054 0.102 0.156 0.103 0.024 0.020 0.025 0.030 0.025
2 Mean 0.065 0.055 0.072 0.098 0.073 0.036 0.022 0.030 0.043 0.032

OPV . #EH1EE3E Open field vegetables; GHV ;% Jifi#i 3% Greenhouse vegetables

6] 5 Hb B SR it 3 A 7 R R 7K SR e e T 7R 28 [RIA Ry A AR — e AR i, T = LA
oAb b DX 2 2 B L A e %) e S50 g 5 T BRI VT PG b R P e b X YA R AR A M X AT, R Mg S R
it % S A 7 1 KR R T A AE B R 28 (B) S B 81000, i Vo0 e DX ) S b S A 7 5 | T A v I K
VRSB D, iRt e = 5 RS A 7K B IR e U SR A v IR E A AL R (181 2) o BARRNA O, W T ER g S, Jb o
K IR T SR (1.00) , HOUR LR (0.88) AT (0.78) 3 XF T % i i 32 , Ab 5 A 7K e U S35 K (1.00)
HRERKH(0.72) T E (0.70) ,

2.2 BEEEATEREKR B B2 [ AR SR A

LB SR M AE /K B B 7E 42 Ry b 2 30 I 3 1) E A G235 (R SR AR AN, T e b e S P FE /K 58 B A ) S 1 4

JRREERN (2 2) . WJRHRZS ) F AH R R, 78 8 Mgt % o K 2508 1y I FE K 5 B S IRIR- IR SR 4, w0 3R
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Fig.2 The water scarcity of vegetables production
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Table 2 Spatial autocorrelation analysis of water consumption intensity in vegetables

FEKIREE/ (m®/1) L Z 0%

P
WCI Moran's 1 Z-score
THLEESE OPV 0.1249 1.5456 0.0690
WiiRsE GHV 0.3019 2.6415 0.0100

WCI, #E/K i Water consumption intensity

FEB B¢ 1, ZRAL S AR bt DX 5 B 25 A IR SR A 2% DX el o e ) i it Aol A 5 19 4 103, R
BEGEBE S Ml B T A Jexd T 0 b DXL AT Y 8 A S S A 2 T S A e B Al TR L, P 5
T RIETTR R 1K HE BT AR , 10T AR ST (0 K R R ST AR X B SR AR K R 2
AR AL RYZE R . SRTAT, 7R B T e B A g s DX A5 b O 52 TR v v R L 3 i IX ) T8 35 7™ M WA X 5
N ARG A P B T BRI R LT LAGE i oS AR K 5 SR IRl A1
RRAR YK R 38, TRl Dk 3 BA A A 1) 2 ) S o P K TR A 45 1 Y K T 1) RO I AT BT AN T (11 3)
2.3 BSRA T REK SR EE RS K R

MBIy A FE G RELMb  FRE RIS A 5, 308 o 1 el i A 7 WA R R i A I g B R BEMEAS G, IRt
AR K S8R B AN R D 5 S 2 77 7K AR 30 PV i DX K T A s A Y S A T 4% A I S 2B 7 R K iR
ARSI R 2R, B FE e T A A 2 IR (R R SCH AR B 2% ) (A 3F R (B0 H b 1 A
AP B AR FEROMAHLANY ) A7 R (A K E B EE R 7l SR AR K AP A HLAR
B3 RS A AT K REBR TR AR PN B =5 8 =R bR BF ST B SR A  RE K B AR

SERFI 50 e L A M Bt e A FE/K 9 E 1 IR 3 AN o8 IR (36 3) o R IR e S 1) 2 20t 2
AP ER, Horp SO A A 5 RE /IO B Bt B 35 1 IE AR S5 2R s A MU 31 7 -5 G 22 Bl 25 A B A
KRFR, Fr bt S A T I REAUBAL M, DR A b MU B 0 50 B4 IX R REAT SN AR 29 1k e HILBRAL Y 5
S, BB AP AR TAEKSREERIREAR 2 X T BOEEE 3%, By TSR = R A3 R W
F R HAR KSR B |3 ] BE S IR SR A W 2 BT A G, HL A, SO 35 it S FE K 95 B2 12 B 3 1Y
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Fig.3 Local spatial association of water consumption intensity in vegetables

# . P<0.05; ** ,P<0.01; % .P<0.001

TEARSE s AXTHEETH B (i 577 2 A A5 5 ALY 77 Ml SR A K (A 7K1 K1 K R T8k 1 AR 5 Bt
SR R B E OO OC R, AR KBRS TH D >R AU R IR Sl 1 Bt i = Ml ME AR IR & e T 2 3
G XS TRIE AR R A B YIAE DG, 1140 2023 AR 5 SO ) o S J BAR Bt A Ml A H T SR
LEAR 77 M SR A K V450 e 9 DX I 2 0 B A 7 R R B3 R 25 4 i 1 280, 2 T i v DX I A 7 B8R T FIE
HUSL a0 0 R AR T B MR S, 2B 7 R B AT A I B R SR AR 7 R e 7 R R A R BRI
R
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Table 3 Correlation analysis between water consumption intensity and factors

» - & b B SEFE K R B S FEAK IR

P b WCI of OPV WCI of GHV

Influence factors Indicators

K Slop R? P 3 Slop R? P

HERER WA -0.081 0.007 0.656 -0.228 0.036 0.309

Social factors H 0.123 0.241 0.005 ** 0.172 0.306 0.001 **
NIBESETH o -0.18 0.041 0.273 -0.57 0.269 0.003 **

SRR BRI H AT L -0.276 0.087 0.108 -0.254 0.047 0.24

Economic factors NFglh ™ -0.166 0.032 0.336 -0.389 0.114 0.063
BRI H MM TREL -0.245 0.122 0.058 -0.534 0.263 0.004 **
VG -0.213 0.063 0.173 -0.479 0.206 0.010*

AR gl F7K Lol 0.007 0 0.967 -0.07 0.004 0.73

Production factors TR 0.611 0.534 0.000 ** — — —
7ol R A -0.826 0.043 0.265 -2.4271 0.1352 0.042"
AU 3 T -0.275 0.133 0.044 " -0.254 0.073 0.141
B IKE -0.185 0.051 0.224 -0.77 0.423 0.000 **
WK EWE AR -0.113 0.023 0.411 -0.341 0.138 0.039*

# P < 0.05; x% . P < 0.01

2.4 BERATATKIE T

552020 AFEE SR PR B AT H, BT BT MK SR AE A B TR (1 4)  Hodr S BRI A5 K1
REAN R (CIM, —21.69% ) , R R MG 2 5K 15 5 (GVD, —9.42% ) gk 3¢ 5 77 7K 74 = 1 & (1UY,
~4.76%) , WK G IR FHRCR (IWE ) FRk 38 4B/ 3 B 5 — e SR AR A O3 A 85 32 26 72 /K S (W CT) DU a] R4y
BT 1.42%F0 4.37%FIFEIK , X BE85 T A8 e i 1 R B8 SR A R B R A 1, IR R G2 Bk
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F,BEHESRAE CIM 1B = R K% (-31.67%) , ik J& GVD &5 (-20.00% ) Fl TUY 1% 5% ( -4.76%) ; ¥EJite
BSEAE TUY 8t T KR Z (-4.76%) , k2 WCI 1f 56 (-3.52%) . TTLAE H, 53000 300 Lk T8 [ 2% M
PR BRI A7 7

= 3 >
g 5r OO R O SHsE 51 Ok 38k
Q
=1 - I
E 1 M1 — — — —
& 4t — =~ 1 4+ ]
2 — S
%% -
o
g? “O;DOE 3F || 3
52 —
BEL 2 b ] B
BE L
:
£ 1p 1t
5
S 0 0
2020 IWE IUY GVD WCI CIM 2020 IWE 1UY GVD WCI CIM

f& 5 Scenario

4 BFEFTKESN
Fig.4 Water saving potential of vegetables production
IWE . K B A HRCR IR = Improving water utilization efficiency ; IUY ; % 3% 517 /K - $2 7 Increasing unit yield of vegetables; % Jifi % 52 9 7k
Greenhouse vegetables development; WCI . J) 5 Hlt [X #E 7K 5 & (3% Water consumption intensity improvement; CIM: & & 1% 5 Comprehensive

improvement measures

3 itig

AR FE06F 7KL 300 FIAE A B B4 PPA 2 3 T2 0 A aCSE B AY , A ] b b2 VR KA RORIFH R R %
SECREI , EE XTI S, DF AR T KA ORI R ECh 1, HARE A B AR AR 25 4, il i/r 23 ARG
WEER S A 7= BRI, SR, AT 5 T 180 i 7 i RE /K 08 B A PEA 5 A B SE 40338 T L ARBFSE Y
“FREK TR L MRS, R R FH K SCR, TR E W ZE B 20 X AN S HEE K VA 56, 5 1R i B = K7 2%
YIAHDG . FRAL T HE HhBE ¢ , Tt SE R AR B Z8 1l | 3¢ 1 MV IR SO R 7= it 7K OF- 2[Rl i Bt 1 A IR A
IKEREE 32 BR T (AT RIS DR SCE SR T 4 FIORSE (Bl B il S0 VR AR, T RE &S 7 —
FREE b2 M i 3 A6 7= SARRE K BT 2008 VA v 1 o Y TR DG T8 SR AR K A 5 L I AT i =
T 55 T8 22 I 5% S I R AR A 58 17 4% 1 0 7 1wl

S A e PR RE 7K B RN A LU 91, 58 b s S A 7 LA B R R 9 7K g, RS BURT O 28 G 1 30 i b e I
KA 38OF FH 2R 5058 0 /K AR B SR B T T A 3 E AR, (8 3 SR X SR A RE /K SR AR s S T sl 15 2
LR, PEREIEROR , ANAE R 8 A R B B IR T L | ) T T R 34 B A A Y K R TR T B A R
it R FEME AR M R — R R g AR L 2010 4R 3 2020 4, A E K 4G ROR T &
N 0.502 $2 5] 0.565, 11 3 E7E 2010 4F 2385 0.735, AHAL TR Hb B3¢ , Bt i =2 m) LA ] S BE 375 088 5
B R VAT 5K, AR A g, TR O B 2 R BUT 17 3h AR E 38 e 5% 3 14 2 R, i 4= L ERAR
Bt A M BRI (2023—2030 4F) Y42 5], 2030 AR S8 10 7= 5 5 HOREE S 40% 5 (DU LT 4 [ AP AR
b & SRR Y i 8 R R R S A e b R BRI b X ) SRR S, H 2 R R A SR A R N A B
ZIHBEE 7 FLATY R, B0, 36 T Vg S AR vt e DX 438 i A L ) 2 IH it 5 BTk 80% ), X IH it
B SR BIVE IR AN A 7= AT SR BRI RORAR T o BRI A Bt i 35 7= b A7 Jsy , B 3 1A il 435 40 R A = 4 A
TESZEUK GEIRAT ARG [l | b — 25 4 i - ™= R

PR N SAER S0 9 AR A Pl 2t R e A HLANIU DA 1E 8 32 7= b i UASS AL AL AR - e )
IKUEEBE AR AR S 7 M A R R4t b 4R i A B AR 0 ) AR Y R TR AR TR
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R KIREE . BEAh AR AT, B3 AR KSR B AR TS T R, S IR [ R
A B ) e T B A8 NI B SR B 1 s /0 A 0 T 2, ] (2 BE R BE A 5K R R B IR AR AL R, X
BEFTAR TN 28 PR it RE S B K BT IR 20 J2 AT BRI | B S O FE /K R B3 15 77 B KPS UIAR G, F K 000 B0 3
Pt A /INAR PR S 2E P B AR TR T IR 55 LA A= 7 R 0 K R R () 2007 , o T i — b B e i S A
I KRR B RAE KR

4 Zig

FeTF K R, AR SO AN R B2 A 7 R SR FE KR HE L 2 RIS SRyt A7 00 e, Itk — 25 P03 1 FE K 58
ML R 2R H7R 1 B 7 I K B AR NG 0 A B LU 4538 O R REURE , i Hh s 3 A2 77 (17 248
IR B T OSSR . S TAIAR SRR TR it S ) U L2 il i 53¢ A M 7K 5 B2 A7 T A 19 M X 25 5, 7
e AL S H e M DX AR K B JRE i ey, VY T e X e R s Pt S, IV AP Bt DX R RE A SR B g, ARIE
M DX IRAR Uit 3 AR /K B 52 B 3 Y 42 Jmy IEAHDOG SR B, HLRIE S At b X 22 3L 8 1) Jmy AR AR
RAE ; Fe LB SR (I FE /I JBE 1A WA o 1) SRy SRRSO, (ELR 2 50 (7 R RB K i JBE A Jg i = 1) 1 AH O 20 A v 2
BRI . RN 5 iy i SRR it AE /K 5 2 9 R 38 5 AN 5 4 A [R], Xo 8 3t i SR8 /K it JBE 32 i B8 )
JESCH A HEBEARNAMY MU B A7 3 3 BB 2R R MR I SO 3R NSBB8 g A 7= s 8 5
ARAUAMIG BT K BRI A, D3R G 37 H A R AT KV I 4 39 7K HOR L3 i 22 14 98 I
IRV ) ARM AR A AT AN AR AR LA 5 10 B 7K K B IO A Bt i 5 ) B it 2454 -5 b A
6 SRy L B B e — fe 2R B DX Al P 3 SR /K 5 B S 1 7K B AR i, 22 1 Tt 248 ] AT 21.69% 138k 3 A 7 /KT
Mo WHFEAREE T S ETARAE Y A K BEIRIHARRIAIR, I MBS A 1ok it T2 H AR,
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