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Impact of farmland transfer on agro-ecosystem*

CHENG Xiangyou, XIN Guixin, CHEN Rongrong**, LI Chenghui
(College of Resources and Environment, Southwest University, Chongqing 400715, China)

Abstract Farmland transfer, supported by both the national and local governments, has largely promoted the transformation
of agricultural management and modernization. Specifically, the increasing scope and scale of farmland transfer dramatically
changed the industrial structure and input-output of agriculture. Thus farmland transfer has a significant effect on the
agro-ecosystem. To assess eco-environmental effects of the transformation of the mode of agricultural management due to
farmland transfer, this study analyzed three aspects of farmland transfer — production efficiency, environmental impact and
overall sustainability of agro-ecosystems. This was done in a case study of Rongchang County in Chongqing, China. To do that,
the input-output of ordinary farmers and agricultural contractors, which respectively represented the agricultural management
patterns before and after farmland transfer, was analyzed. The emergy evaluation method used proved to be effective in
analyzing the efficiency and sustainability of ecosystems. Emergy evaluation method overcame the weakness of traditional

methods of energy analysis as it integrated different forms of energy into a common physical basis known as solar emergy.
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This method took multiple important factors into consideration (e.g., natural resources, labor and ecosystem services),
generally neglected in other similar methods. The results showed that the input for purchasing resources decreased by 70.48%
while emergy output increased by 2.15% after farmland transfer. Thus emergy yield ratio (EYR) changed from 0.01 before
farmland transfer to 0.04 after that, which represented an increase of 300.00%. This increase was mainly due to agricultural
machinery input rather than labor force input, which lowered the overall input and increased the efficiency of production. For a
single input item, when its’ renewability factor was less than that of the ecosystem, decreasing input reduced the environmental
loading ratio (ELR); for the item, whose renewability factor was higher than that of the ecosystem and vice versa. The decline
in labor force together with the increase in pesticide and fertilizer use increased the environmental load of an ecosystem. Thus
ELR changed from 0.12 to 0.65, which was a rise of 441.67% after farmland transfer. Emergy sustainability index (ESI)
changed from 0.08 to 0.06, a decline of 25.00%. This indicated that the moderate increase in farmland for a household
significantly reduced the cost of agricultural production and increased the market competitiveness of agricultural products.
However, in modern agriculture, the drive for increased output and added values of agricultural products had substantially
increased the use of pesticides and fertilizers. This has in turn intensified the potential risks of agro-ecosystems. In summary,
an intensive agricultural development mode should be carefully selected and adopted in order to achieve the goals of
sustainable agro-ecosystems. Therefore national policies should pay more attention to the selection of agricultural modes
during the process of farmland transfer and scaling farmland cultivation.

Keywords Farmland transfer; Agroecosystem; Emergy evaluation; Production efficiency; Sustainable development

(1]

[2]

N ’ 1 HREER

, , 105°17'~
, 4] 105°44', 29°15'~29°41", 1 075.37 km?
, , 380 m( 1)
, , , 336 d,
17.4 C, 6 482.4 C,
, 1077.1h, 1 092.8 mm,
[5] 5
, , 2013 ,
(6] (7-9] (10-11] 2.73x10* hm?, 2.44x10* hm?,
(12-131 89.38%
, 5
) (Oryza

http://www.ecoagri.ac.cn



3 : 337

sativa) 1 , ; (Brassica pekinensis) ]
(Zea mays) (Triticum 13.86 hm?,
aestivum) (Ipomoea batatas) , ,
- - 3 ) )
0.29 hm?, , 1180
2 km, , 44.73 hm?,
, o1 675 m’
2 b b b
b b
b b
b
- (Brassica campestris) ,
[ (Citrullus lanatus) (Actinidia ,
chinensis) | [ (Zingiber officinale)
106°05'00"E 107°40'00"E 109°15'00"E 105°21'00"E 105°29'00"E 105°37'00"E
N N
b : h
Chengkou
& g
= 1 =3
S » L &
g 3
(')_' g.\
o T o
Guansheng
:Z Panl:n)‘( :Z
3 ) S
0] Lukong, S
o : &
o Ronglong Fomao N
B
#/ Changzhou
Zhisheng
Z AR z
:O - Sample point :O
= Qijiang Youyang _ TEOR LS
S Administrative border ™
1y I &
N (o]
02040 80 120 160 EUNI 0255 10 1520 e
N . i i N .
km Chongging City km Rongchang County
106°05'00"E 107°40'00"E 109°15'00"E 105°21'00"E 105°29'00"E 105°37'00"E

1 MREKMEZAFESTEE

Fig. 1 Sampling points of the farmland transfer in the research area

2 BE|EAZE 285

: 253,
2.1
88.77% 231, 22
( 2014 9 5 2014
) 10 21 ,
2014 ( ) (
) ( ) (
( ) ) ( ) (
, ) 6 11 (1,
( )

http://www.ecoagri.ac.cn



338 2016 24

[15-18]

15.83x10**sej-a”"
2013 6.19,

2.2 :

[14]

, Odum 1]

E =e(m)xt €]

' E s sej; e , Im 3 ()] s
[20-23]

b g; t b Sej.J71 Sej.g71 b

KBURE Solar energy
JXHE Wind energy
/K HE Rainfall energy

HERTEFSHE Earth cycle

R LN AS RS pe i
Agro-ecosystem in research area " Market
L /
S A

2 ARERIETREERE
Fig. 2 Emergy flow diagram of the agro-ecosystem in the research area
x1 BEESTERRENREH#E

Table 1 Expression and description of emergy analysis indexes

Emergy index Expression Description
(EYR) Y/P
Emergy yield ratio Ability to use the local resources and contribution to the economic system of the studied system

(ELR) N/R

Environmental loading ratio Environmental pressure produced by the production process of the studied system
. .(.ESD EYR/ELR o )

Emergy sustainability index Sustainability of the studied system
P: ;1 5 Nt ) R: P: purchased emergy input; Y: yield emergy of the

system; N: non-renewable emergy input; R: renewable emergy input.
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Table 2 Emergy input per unit area before and after the farmland transfer in the research area

Item

Before the farmland transfer

After the farmland transfer

Transformity Renewability

(sej-1™) factor Original data (J-hm™2, Emergy Original data Emergy
g'hm™ or Yuan-hm™) (sej-hmfz) (Jhm?2, g-hmf2 or Yuan-hm™) (sej-hm’z)
Local resources
Solar energy 1.00 1 1.56x10" 1.56x10" 1.56x10" 1.56x10"
Wind energy 1.50x10° 1 3.04x10" 4.56x10" 3.04x10" 4.56x10"
Rainfall potential energy 8.89x10° 1 2.38x10° 2.11x10" 2.38x10° 2.11x10"
Rainfall chemical energy 1.54x10* 1 3.00x10"! 4.63x10" 3.00x10"! 4.63x10"
Earth recycle  2.90x10* 1 1.11x10" 3.23x10" 1.11x10" 3.23x10"
Purchase resources
Labor force 7.56%10° 0.9 2.37x10" 1.79x10" 4.14x10° 3.13x10'¢
Pesticide 1.60x10° 0 2.33x10* 3.73x10" 1.12x10° 1.79x10"
Farm manure 2.70x10* 0.18 6.96x10° 1.88x10"!
Organic fertilizer 2.70x10* 0.18 2.31x10° 6.24x10"
Fertilizer 2.90x10° 0.05 6.53x10° 1.89x10" 1.41x10° 4.09x10"
Electric power 8.00x10* 0.81 1.48x10° 1.18x10" 2.78x10° 2.22x10"
Diesel 2.87x10° 0.05 1.53x10° 4.39x10" 3.09x10° 8.87x10"
Agriculture film 3.80x10° 0 1.79%10° 6.80x10'"
Machinery 1.21x10" 0 1.49x10? 1.80x10"
Construction fee 1.21x10" 0 9.72x10? 1.18x10"
)
96.24% 57.01%, 3.28%,
) )
1%,
2.02%
3.2
1.04%  7.78%, 3.2.1
> )
652 kg-hm™ 1 414 kg-hm™,
23 kg-hm™ 112 kg-hm™ ,
21.49%,
, ( )
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Table 3 Emergy output per unit area before and after the farmland transfer in the research area
Before the farmland transfer After the farmland transfer
ltem Cransformity
i) Original data (J~hm72) Emergy (sej~hm72) Original data (J'hmfz) Emergy (sej~hm72)
Rice 8.30 4.69x10° 3.89x10™ 5.03x10° 4.17x10"
Wheat 6.80 1.63x10° 1.11x10"
Corn 8.51 3.63x10° 3.09x10"
Soybean 8.30 2.04x10° 1.69x10"
Sweet potato 8.30 8.80x10° 7.30x10"
Rapeseed 8.60 2.01x10° 1.73x10" 2.73x10° 2.35x10"
Sorghum 8.30 3.75x10° 3.11x10"
Ginger 2.70 3.46x10° 9.34x10" 7.68x10° 2.07x10"
Swamp cabbage 2.70 5.53x10° 1.49x10"
Eggplant 2.70 4.15%10° 1.12x10™ 6.40x10° 1.73x10™
Kidney bean 2.70 1.38x10° 3.74x10"
Pepper 2.70 2.08x10° 5.60x10"
Chinese cabbage 2.70 6.92x10° 1.87x10" 7.68x10° 2.07x10"
Pear 5.30 2.53x10° 1.34x10"
Watermelon 5.30 3.38x10° 1.79x10"
Wiki fruit 5.30 6.76x10* 3.58x10"
Total 1.86x10" 1.90x10"
*k4 MRERUREFFERUARBAFLHILESR
Table 4 Input-output per unit area before and after the farmland transfer in the research area
Item Before the f.'?lrmlegld transfer Percentage After the fa?mlaflzd transfer ~ Percentage
(sej-hm™) (%) (sej-hm™) (%)
Total emergy 1.86x10"7 100.00 5.49x10' 100.00
elﬂfft Renewable emergy 1.66x10'7 89.25 3.33x10'° 60.66
gy
Non-renewable emergy 2.02x10' 10.75 2.16x10' 39.34
Local resources 4.43x10" 2.15 4.43x10" 8.01
Purchase resources 1.82x10" 97.85 5.05x10' 91.99
Out emergy 1.86x10" 1.90x10"

http://www.ecoagri.ac.cn



341

x5 MRRRMRERFREEHRREWR

Table 5 Emergy indicators before and after the farmland

transfer in the research area

Before the  After the Changing
Indicator farmland farmland
transfer transfer
. . 0.01 0.04 300.00
Emergy yield ratio
. . . 0.12 0.65 441.67
Environmental loading ratio
. 0.08 0.06 —-25.00
Emergy sustainability index
3.2.2
5 ,
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