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Impacts of forage land construction on grassland vegetation coverage at herders’

scale in the farming-pastoral ecotone of northern China
TAN Shuhao ™, YE Zhuohui, YE Zilong, XIN Mucong, ZHOU Yang

School of Agricultural Economics and Rural Development, Renmin University of China, Beijing 100872, China

Abstract; Forage land construction ( FLC) refers to the cultivation and construction of artificial grasslands through
agricultural techniques such as replanting, fertilization, and irrigation. The constructed forage land can be used for grazing
and can also serve as an important source of supplementary feeding such as green fodder and silage. The FLC is thus of great
significance for the sustainable development of animal husbandry and the protection of grassland ecology. However, studies
on FLC from the perspective of herder households, the direct and major grassland users, are not yet sufficient. It is not
conducive to grassland ecological governance under the current land tenure system. Using herder households’ field survey
data collected by the authors in 2021 from Urad Middle Banner of Inner Mongolia, China, this study applied a multivariate
ordered logistic model ( MOLM) to explore the impacts of FLC on grassland vegetation coverage ( GVC). Based on the
NDVI of typical Gachas, the impacts were further evidenced with ArcGIS spatial analysis method. The results show that:
(1) 61.2% of herder households have constructed forage land. Among which, households with elder head and smaller
grassland areas being more inclined to construct forage land; (2) FLC is generally conducive to improving GVC. At herder
household level, GVC of households with forage land is significantly higher than that of households without forage land. At
Gacha level, the higher the proportion of households with forage land, the better the Gacha's GVC, and the higher the
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NDVI values; (3) The FLC has heterogeneous impacts on GVC in terms of forage land scale. The GVC is the highest when
forage land accounts for 0.6% of the managed grassland area or is within 1—1.67 hm’. When the forage land area is less
than 1hm®, the positive impact of supplementary feeding on grassland ecology is offset by the expanded breeding scale of
herders , resulting in degraded grassland vegetation. When the area of forage land is more than 1.67 hm”, the GVC of herder
household doesn’t change significantly. The results to some extent support the development theory of grassland and animal
husbandry in pastoral areas of “protecting the large natural grassland area with limited constructed forage land ( Yixiao
Baoda in Chinese ) ”. Considering the vast area, diverse types, and varying conditions of natural grasslands in China,
adapting to local conditions to determine the reasonable proportion of FLC is the key for grassland ecological conservation
through FLC. The study is expected to provide practical reference for FLC and grassland ecological restoration in the

farming-pastoral ecotone of northern China.

Key Words:; herder household survey; forage land construction; grassland ecology; vegetation coverage; NDVI; farming-

pastoral ecotone
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Fig.1 Spatial sites of the research area and typical Gachas
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Table 1 Basic information of the typical Gachas

6 A4 HE G, A G, EH G,y H2 G, AT Gy, IEE Gy,
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Table 2 Description of variables selected
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Variable category Variable name Unit Variable description
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W0 R A R A ] — WO R EHA R, E=1,%=0
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Table 3 Main characteristics of the samples

S A %Tﬂﬁi@#&ﬁ Mﬂ?ﬂﬁ%ﬁ IR E L VS j‘;’ﬁ]ﬁﬂﬂ

Ttems Total sample Hhs without forage land ~ Hhs with forage land With VS without forage land
FA=0 FA>0 i

E Age/a 51.20 48.68 52.80 3.59 %%

P Gender 0.72 0.72 0.72 0.11

Z#F KV Education year/a 8.34 8.44 8.27 -0.39

WU T Grazing population/ A 2.14 2.10 2.16 0.57

T HEHL S Y Forage expense/JG 37403 54358 26655 -6.89 "

3 K Stocking rate/ (FR#EL A /hm?) 1.312 1.26 1.35 0.75

22 E AN Grassland area/hm? 268 338 224 -3.15%"

VLA R MR G S5 N R AR I 5 e | v | x AP HIFRIRTE 1% S% A 10% HY/KF %5 FA G R Forage land area;(—
.0 I AYSETE{E Student's t test statistics value

A

38.80%
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Fig.2 Forage land in sample herders and proportions of households with different forage land scale
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Table 4 Grassland vegetation coverage in different groups

A2 FE B 25 B Coverage

Group [0%, 20%]  (20%, 40%] (40%, 60%] (60%, 80%] (80%, 100% ] Bt/ %
SRR Total samples 7.38 30.87 34.23 25.84 1.68 100.00
TeA B MR P Hhs without forage land 8.62 31.03 37.07 22.41 0.87 100.00
1 B HA P Hhs with forage land 6.59 30.77 32.42 28.02 2.20 100.00
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Table 5 Effects of forage land construction on grassland vegetation coverage

AR Bl 2 iRl (a) BRI (b) B (c) B (d) BT (e)
Grassland vegetation coverage Model (a) Model (b) Model (c) Model (d) Model (e)
A T R 0.604 **

Whether to have a forage land (0.025)

i) e 4 T AR -0.006 -9.810** -4.133 -0.003
Forage land area (0.942) (0.038) (0.405) (0.991)
) B i T AR O 0.000 5.099* 0.708 0.000
Square of forage land area (0.986) (0.057) (0.373) (0.994)
F R 0.236** 0.231** 0.123 0.761* 0.240
Age of household head (0.028) (0.032) (0.635) (0.098) (0.586)
IaERCD S i -0.002 ** -0.002"* -0.001 -0.008 * -0.002
Age square of household head (0.039) (0.048) (0.653) (0.088) (0.621)
P51 -0.054 -0.044 -1.262 -1.238 1.684
Gender (0.853) (0.881) (0.254) (0.145) (0.377)
P EZHE KT 0.025 0.024 -0.079 -0.108 0.001
Education year of household head (0.588) (0.603) (0.563) (0.354) (0.992)
LAY T8 0.037 0.026 0.185 17.093 *** -0.161
Gacha cadre (0.921) (0.946) (0.905) (0.000) (0.844)
¢ ONE| 0.298** 0.302** 0.545 1.689 ** 0.755
Grazing population (0.026) (0.028) (0.495) (0.013) (0.183)
e B S -0.000 -0.000 0.000 -0.000** 0.000
Fodder expense (0.580) (0.316) (0.690) (0.033) (0.365)
HER -0.460 *** -0.422"* -0.871"* -0.360 -0.734*"
Stocking rate (0.008) (0.010) (0.049) (0.427) (0.034)
FAN -0.109 0.004 1.759 -0.923 1.243
Sheep price (0.774) (0.992) (0.130) (0.450) (0.298)

s ww | x SPHIFRIRTE 1% 5% 10% WK 1 03 5 355 8 R MG

4 AT (7 5 P 43 /IR Pt PRSP R BB P, =2 P TR SRS L 5 AR ()
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_ =~ 9810
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(I 3 Fim (R R4 ) , B M T 26 ) o TR T RAE A T 24 B M TR A 1 o D (2P
Hu 2 B THTRLLY 0.649% 0T (181 3 7R i b TheR) | i By A2 U 542 1 BB 56 . 580 () I ()
A SR S, 4 B TR S 1,67 b B 5 0P 205 TS 2.789% R ) 0 0 40 0 5 B/ 25 B 0 S
[TE
3.3 AU AT RIHE ) NDVI

SRR ) ] B M X B SRR 3 PR D 1 B0, BB T RN B NDVI 8 (6] 4, 3%
6) . MRS 2010 41 2020 4F K1y NDVI( ] 4) AT, A [ G 25 ) 50 M o Bl o6 25 57 % 0 L, 2
2010—2020 4F[3] , A7 L% 45 J50 (1 NDVI P 35 {4 52 b Th R 48, (EL 320 B 0 b T B 3 A 0 4 ) 4 35 2
(%£6).

ﬁ%ﬂﬁﬁm?lmﬂ—£f= =0.962, & 3 P 5, B PO B R L2 S TR A2 0.26%
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Fig.3 Impact of the forage land construction on grassland vegetation coverage in small scale households
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Fig.4 Differences in NDVI in typical Gachas
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Table 6 The values and changes of grasslands’ NDVI in typical Gachas in 2010 and 2020

el Gatas 2010720207 o 2010 200 U 00
B4 G, Gacha G, 0.158 0.213 0.054 A G, Gacha Gy, 0.187 0.311 0.124
A G, Gacha G, 0.173 0.263 0.090 B4 G, Gacha Gy, 0.198 0.279 0.081
B4 G, Gacha G, 0.168 0.247 0.079 B4 G,, Gacha G,y 0.171 0.218 0.047

A& A ) B b R AP 5 A R 22.6% \27.2% 24.5% (48.0% 32.9% F1 19.5% (3 1) . M 2010—
2020 4ERY AL KT, A IEAT A NDVI 2846823 5114 0.054,0.090 ,0.079 ,0.124 .0.081 F1 0.047 (£ 6) , M HiLHEI
WA 1) 1 1 5 NDVI OC RO ) B 1l o Ll 1 B A AN (Y 2010 5 2020 4F () NDVI P #{E 3 i, 1 5
2010—2020 4 NDVI (%) | T g Bt $5 38 v 0 5 b 7 AR P WAt o 6 B At ) b 50 1 BB 55 NDVIL &
HAAEAAEIE M MR (K 5) o TR — AR A (530 G, F1 G, AIEAEL) | b 2R I3
KRR (FILL G,y FFEHELL) 19 LS, NDVI AR R 1 LA B4 7 1) 7 i AP 22 b 52 TR G, BRIV ) o 114 4
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