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Abstract: The ecological problems of agricultural water and land resources caused by high-intensity agricultural
development have been gradually increasing worldwide, such as the excessive exploitation of shallow groundwater, the
shortage of cultivated land resources and the intensification of non-point source pollution. It is of great significance to explore
the spatial allocation and shortage pressure of water and land resources in grain and vegetable production for sustainable
utilization of the agricultural resources. In this paper, Shandong Province, a typical major grain-producing region and

vegetable production base in China, was selected as the case study to explore the spatial allocation and scarcity of water and
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land resources in crop production ( including grains and vegetables). The results will also play an important role of
demonstration and reference for the sustainable utilization and management of water and land resources in other provinces.
The spatial characteristics of water footprint of three main grain crops ( winter wheat, corn and soybean) and vegetables with
two different planting patterns ( protected vegetables and open field vegetables) firstly were analyzed. Then the concept of
resource quantity and resource quality was introduced to analyze the matching pattern differences of quantity and quality of
agricultural water and land resources. Finally, the scarcity of agricultural water and land resources and its influencing factors
were further explored. The results showed that: (1) the water footprint of grains and vegetables differed greatly, and
soybean had the highest water footprint, followed by wheat and corn. The water footprint of vegetable was much smaller than
that of grains, and the water footprint of open field vegetables was higher than that of protected vegetables. In 2019, the
total water footprint of grain and vegetable production in Shandong Province was 81.1 billion m*, of which water footprint of
grain production accounted for 78.50% , vegetable production accounted for 21.50%. The water footprint of grain and
vegetable production was obviously affected by topography, and the water footprint was larger in northwest and southwest
Shandong. (2) The mean matching coefficient of water and land resources considering resources quantity was 0.622 x10*
m’/hm”, and the mean matching coefficient considering the resources quality was 0.416 X 10* m’/hm®. The matching
coefficient of quantity and quality of water and land resources was consistent in space, which indicated that the areas with
high spatial allocation level of water and land resources in agricultural production were also facing greater agricultural non-
point source pollution pressure. (3) The spatial distribution of water resource and land resource shortage pressure showed
homogeneity as a whole; the scarcity of land resource was higher than that of water resource. Based on the perspective of
production, the scarcity of water and land resources was significantly restricted by environmental factors, and differently
affected by economic development factors, while social factors had no significant impact on the scarcity. In the future, the
adjustment of planting structure will promote the coordinated optimization of the matching degree of quantity and quality of
water and land resources, and promote the optimal allocation of water and land resources. This study can provide data basis
for sustainable management of agricultural resources and provide case reference for comprehensive understanding of scarcity

of water and land resource caused by crop production.

Key Words: water footprint; water and land resources; matching; scarcity; spatial heterogeneity
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Fig.1 Agricultural water and land resources utilization and agricultural production in Shandong province
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Table 1 Water footprint of grains and vegetables in cities of Shandong province
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Fig.2 Water consumption of grain and vegetable production

2.2 KRERAR K 1 FEUR VT LA 5 AT

2019 4E, INAR A E YK - B B VCHE 2 80H 0.622x10* m®/hm? | F-2417K + %95 5 = VU I 250 0.416
10* m’/hm?, R, % FE BT IR A0 AT (1 /K £ VS e R BFE2S (7] B3R F 28 —8hE (| 3) , Bk
Hi B0 T B4 7K - 9 T R DT I R B 1 (0.921x10* m*/hm? ), HEUGE A 17 (0.890 x10* m®/hm?) i 1
(0.816x10* m*/hm?) ; H BT 17K +H0E VEFC R £ AR (0.340%10* m*/hm? ) , HR &I U Tl gl Ty, X+
JK - BE PR TR VS 2 85, A T B 5 (0.596 X 10* m*/hm?*) |, H U 2 W6k 7 (0.588 x 10* m®/hm? ) 1 {& M 7
(0.586x10* m*/hm?) , i1 (0.553x10* m*/hm?*) 522417 (0.519%10* m*/hm?) BFEH)S s S AR 09 A B
(0.197x10* m*/hm*) & (0.204%10* m*/hm?) A 17 (0.262x10* m’/hm?*)

http ; //www.ecologica.cn



3
=

4950 4SRN 43 %

BB DU R %/ (X 10°'m?/hm?) JR DL & B/ (X 10°*m*/hm?)

1 0.34—0.46 1 0.19—0.20

= 0.46—0.58 = 0.20—0.31

= (.58—0.69 m 0.31—0.41

- ™ (0.69—0.80 ™ 0.41—0.51
§ £ = (.80—0.93 = (.51—0.60
]
EBE10r < 10F ’
B S G=0.172 v G=0.156 e
2= 2 o8t o et L
®o E ./ L e®
g S3 06} e 0.6 ,.v;./'
C wun ° .
EEQ . ,o"/ R
sm 2 04r e 0.4 | R
%‘H 2 E .-""o/. S
Mo E02F g 02k e
K.z o e o
}g% ﬁ 0 o I 1 1 L | 0 —‘/ I I 1 I 1
=) g - 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
®3 R R R I oy AR K R i 4k ) R VT EL A5 R IR SR o 2278 MR K S35 4k fry 2R 3 L
Cummulative proportion of blue and green water in the Cummulative proportion of grey water in the
province's blue and green water footprint province's grey water footprint

B3 ZEREFEHERREMR WKL FIFEE LR HHEETFN
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of resources
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Fig.4 Spatial difference of water and land resources scarcity
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Fig.5 Relative scarcity of agricultural water and land resources

in different cities of Shandong
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Table 2 Correlation analysis between water and land resource scarcity and factors

b KRB BE WES Phus gt CLS

Indicators #H# Slope R? P %K slope R? P
Rz NEE: ) 0.01 0.002 0.872 0.07 0.129 0.172
Social factors WAEALR -1.50 0.071 0.320 -2.25 0.241 0.054
BT A¥ GDP -0.001 0.009 0.738 -0.001 0.251 0.048 *
Economic factors Al A A Lt 0.77 0.063 0.348 1.50 0.366 0.013*
AR Ak 7K 2544 1.44 0.289 0.032" 1.49 0.467 0.004**
Environmental factors AR AR 0.002 0.328 0.020* 0.001 0.368 0.013*

WFS: KR it Water footprint scarcity ; CLS ; HFHBFR BEME Cultivated land scarcity; * ; S HINE P<0.05; * = . M EHIKEM: P<0.01
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