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Strategy on the development of grass-based livestock husbandry in the arid and semi-arid
region based on sustainable utilization of grassland resources: A case study of Altay Xin-—
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Abstract: The development of “grass-based livestock husbandry” ( GLiH) plays an important
strategic role in promoting the adjustment of agricultural structure and ensuring national food safe—
ty and ecological safety. The underlying mechanisms for sustainable grassland use and what strate—
gy is essential for the development of the GLiH remain unknown. In this study we considered
“erassivestock-human” system as a coupled social ecosystem and used the theories and meth—
ods related to population resources and environmental economics to explore strategies on the
development of the GLiH. Taking the Altay Prefecture in Xinjiang Uygur Autonomous Region

China as an example we constructed an index system to evaluate the sustainable utilization of
grassland resources analyzed the coupling coordinative degree among productivity protection

stability economic feasibility social affordability of grassland resources. We further provided
strategies on the development of GLiH in the arid and semi-arid regions northern China. The
sustainability of grassland utilization in Aliay Prefecture was generally at low level which was
manifested in low productivity insufficient protection deficient stability poor economic feasibil—
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ity and relatively low social affordability. Moreover the coupling coordinative degree among pro—
ductivity ~ protection  stability —economic feasibility —and social affordability of grassland
resources was relatively low. The result may mainly be explained by the non-equilibrium of the
grassland ecosystem the complexity of the interaction and particularity of logical connection
among subsystems within the “grassdivestock-human” system and a lack of effective trade-off
among the ecosystem the development of animal husbandry and the increase in herdsman’ s
income of pastoral areas. It is critically needed to promote the sustainable and healthy develop—
ment of the GLiH in the ways of vigorously developing a good-quality forage industry strongly
building a modern animal husbandry system quickly increasing the capacity of herdsman and
enhancing the coupled “grass-ivestock-human” system in the arid and semi-arid regions. These
strategies can be helpful to enhance the integration of natural economic and social processes of
grassland system and be beneficial for fundamentally resolving the contradictions between grass
and livestock between supply and demand and among the “productiondiving-ecological” func—
tions. It is necessary to strengthen communication and cooperation among multiple departments
to integrate theories and methods of multiple disciplines and to integrate policy resources among
multiple fields. We suggest to formulate medium and long-term development plans of the GLiH
scientifically and thus to promote a high—quality development of the GLiH and rural revitalization
of pastoral areas. It is urgently needed to carry out in-depth scientific and technological innova—
tion experimental demonstration and promotion of the GLiH to form quickly trinity pattern of
good—quality forage modern animal husbandry and new-type herdsman and thus to chronically
maintain the harmonious and symbiotic relationship between man and land in pastoral areas. The
integration of all these measures would be fundamental for sustainable and healthy development of
the GLiH in the arid and semi-arid regions.

Key words: grassland resource; grass-based livestock husbandry; grassdivestock-human sys—

tem; coupling coordinative degree; arid and semi-arid regions.
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Table 1 Evaluation index system for sustainable utilization of grassland resources in Altay Prefecture

Index system

Index interpretation

Index calculation

Index weight

B,
Productivity

B 2
Protection

B 3
Stability

B,

Economic feasibility

By,( mm) +
Water status B,,( mm) +

Byy(%) +
Grassland availability B,,( %) +

By

Actual livestock carrying capacity
B,5( 10* sheep unit) +

Byy( %) -
Death rate of livestock B 4( %) —

)+

Bys( %) +
Slaughter rate of livestock B
(%) +

Bl )+
Output of fresh grass B, ( 10*

ton) +

By, (%) +
Vegetation coverage B,,( %) +

By
) +Governance area of soil ero—
sion B,,( 10° hm?) +
Bas( %) -

Overgrazing rate B,s( %) -

By, (%) +
Ratio of artificial grassland By,
(%) +

B3y( %) -
Inter-annual change range of grass

yield By,( %) -

Bys( %) +

Grassland coverage Bs5( %) +

By(  hm?)+
Natural grassland area By,
( x10* hm?)

Bas( )+
Area of grassland irrigated effec—

tively Bys( x10* mu) +

By (

hm™2) + Output value of grassland
per unit area B,( yuan « hm™%) +

By ( *
hm™?) +
Net income per unit area By,

(yuan * hm™?) +

Annual precipitation

Intensity of grass—
land grazing livestock

Actual number of grassland grazing live—
stock in a year in a certain area

Ratio of
dead livestock to total livestock

Livestock productivity in a year in a
certain area

Total out—
put of fresh grass in a year in a certain area
and reflection of grassland productivity

( )

The percentage
of ground vertical projection area of vegetation
(including leaves stems branches) to total
region area

Govern—
ance area of soil erosion in the case of taking
some measures

Ratio of actual more than theoretical livestock
carrying capacity

Ratio of
artificial grassland area to total grassland area

Describe inter—
annual change of grass yield

Ratio of
grassland area to total land area

Grassland without improvement —mainly
consisted of natural herbaceous plants and usu-
ally used for animal hushandry

Area of grassland irrigated directly and
normally

Output value of per hectare grassland
( mainly animal husbandry)

Net income of ani-
mal husbandry per hectare grassland

B, =12

B, ,is the sum of 12 months’ precipitation
Bp=( / ) %
100%3B |, is the quotient of dividing theoretical
edible forage by total forage

Bjs= + B,sis the
sum of livestock on hand and for sale at the
end of year

By=( / ) x100%
By, is the quotient of dividing dead livestock
by total livestock

Bys=( / ) x100%B 5
is the quotient of dividing livestock for sale
during period by livestock on hand at the be-
ginning of period

By= ( - )/
%x100% B, is the quotient of dividing
the difference between actual and theoretical
livestock carrying capacity by theoretical one
By, =( ) x100%
B, is the quotient of dividing artificial grass—

land area by total grassland area

Byp= ( -

)/ x100%B5,
is the quotient of dividing the difference be-
tween grass yield this year and that last year by
that last year
Bs;=( ) x100%B535 is
the quotient of dividing grassland area by total
land area

By = /
of dividing output value of animal husbandry
by grassland area

By, is the quotient

Bj= /
tient of dividing net income of animal husband—

B,, is the quo-

1y by grassland area

0.0320

0.0351

0.0414

0.0275

0.0327

0.0263

0.1033

0.0625

0.0418

0.0458

0.0277

0.0605

0.0609

0.0361

0.0385

0.0396
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Table 1 Continued

Index system

Index interpretation

Index calculation

Index weight

By )+
Output value of animal husbandry

By;( 10% yuan) +

By (%) +
Growth rate of annual revenue B,
(%) +
Bs Bs,( %) +

Social affordability ~ Commodity rate of livestock prod—

ucts Bs,( %) +

GDPBsy( + "N+
GDP per capita Bs,( yuan * per-

son”!) +

Bss( )+
Net income per capita of peasants
and herdsmen Bgs( yuan) +

Bsy( %c) =
Rate of natural population in-
crease Bsy( %o) —

Describe economic value of
grassland resources

Inter-annual
change range of net income of animal husband-

Ty

Describe the degree of commercial-
ization of livestock products brought about by
grassland resources

One of impor-
tant criteria evaluating people” s living level
« »
De-

scribe average income level of peasants and
herdsmen in a certain area

Ratio of the
difference between birth population and death
population in a year to annual average popula—
tion in a certain area

By= ( -

)/ x100%3B 4, is the quo—
tient of dividing the difference between net in—
come of animal husbandry this year and that
last year by that last year
Bs=(

100%

By, is the quotient of dividing sales rate by

) X

production rate of livestock products

Bs,= / Bs
is the quotient of dividing GDP by population
in a certain area

Bsy= ( - )/
%1000%0¢Bs, is the quotient of divid-

ing the difference between birth population and

death population by annual average population

0.0386
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0.0332
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0.0477

o 1
o
N N ~
~ ~
Al
Al o
~
~ ~ ~
o
Al Al
o
N GDP.

1.3.2

1996) .

( Hlingworth

( 1997) .

( 2014)

c={TIPA3 P}

D=/C-T

o . P.

i

D



3514 39 10

T o .
2 o
( N N N e )
2.1
2010—2014
2010—2014 2.1.2
( 2). 2010—2014
2010—2012 2010—2014
2013—2014 °
2.1.1 N -
N . 2010—2014 14.0% o
o << >>
2010—2013 2010 11.30x10*hm’
0.10~0.15; 2014 2013 72.74x10°hm’.2014 79.13x10°
0.05, 2014 hm,
( 157 mm) (72.9%) . N
(960.5 1) (1330.1 ) . .
o 2010  .2012 71.0%
“ N 7 2014 152%.
( 69.3%) .
(0.16%) . (
) - N N
(
) o
N N o 2.1.3
2 (2010—2014 )
Table 2 Evaluation results for sustainable utilization of grassland resources in Altay Prefecture ( 2010—-2014)
2010 2011 2012 2013 2014
B, Productivity 0.1067 0.1176 0.1490 0.1171 0.0380
B, Protection 0.0075 0.0293 0.0011 0.0712 0.2076
Bj Stability 0.0029 0.0275 0.1164 0.1223 0.1167
B4 Economic feasibility 0.0540 0.0351 0.0729 0.1217 0.0898
Bj Social affordability 0.1475 0.1568 0.0637 0.0822 0.0684
Comprehensive evaluation 0.3187 0.3663 0.4030 0.5145 0.5205
Sustainability of grassland utilization Critical sustainability ~ Critical sustainability ~ Critical sustainability Basic sustainability Basic sustainability
0.1685 0.2353 0.1964 0.3169 0.2987

Coupling coordinative degree
D ( 1999; 2013)
Note: * In this study research results of Xie ( 1999) and Wang ( 2013) were reference for sustainability of grassland utilization.
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