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Abstract: Pinus massoniana forest is a typical low-efficient vegetation type in eroded red-soil areas. Ecological breeding of chicken
under forest is a new mode that includes traditional raising chicken under forest and grass planting underneath. This model can
reduce soil erosion in P. massoniana forests and improve economic performance. To evaluate ecological and economic benefits of
ecological breeding of chicken under P. massoniana forest, this paper used emergy analysis method to evaluate self-sufficiency,
investment value, net emergy output, environmental load rate, sustainable development index and emergy feedback rate of traditional
chicken breeding mode (CK) and ecological chicken breeding mode (ECB) under P. massoniana forests in Tongba Village, Sanzhou
Town and Changting County. The results showed that self-sufficiency, investment value, net emergy output, environmental load rate,
sustainable development index, and emergy feedback rate of CK were respectively 0.860, 0.166, 2.125, 3.380, 0.629 and 0.026. Then
those of ECB were respectively 0.400, 1.510, 0.870, 1.370, 0.635 and 0.290. The values of investment and sustainable development
indexes of ECB increased respectively by 1.344 and 0.006 over those of CK, showing stronger economic vitality. The self-sufficiency
and environmental load rate of ECB reduced respectively by 0.460 and 2.010 compared with CK, showing lower environment stress.
Net emergy output was lower by 1.255 units and emergy feedback rate higher by 0.264 units over CK. Input-output ratio of CK was
0.30, and that of ECB was 0.53, resulting in high emergy self-sufficiency. Net energy output rate and environmental load of ECB
were lower than those under CK, while emergy investment rate and sustainable development index were higher. In general,
ecological chicken breeding under forest had stronger economic vitality and lower environment stress, and consequently, was
consistent with the trend of economic development in vulnerable forest areas. Poor soil structure in soil erosion areas limited the
functions of chemical fertilizer in the circulatory system. This led to low net emergy output and emergy feedback rate. This result was
indicative for the optimization of forestry economy modes.

Keywords: Red-soil erosion zone; Low-efficient Pinus massoniana forest; Water and soil loss; Forestry economy; Ecological

chicken breeding; Emergy analysis
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Fig. 1 Emergy flow of ecological chicken breeding mode under Pinus massoniana forest
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Fig. 2 Emergy flow of traditional chicken breeding mode under Pinus massoniana forest
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Table 1 Energy inputs of 2 chicken breeding modes under Pinus massoniana forest

Primary data Solar energy (sej) Proportion of total input (%)
Emergy
Input Traditional Ecological con.veflsmn.raitle Traditional Ecological Traditional Ecological
chicken chicken (sej-g, S‘iJ]'J chicken chicken chicken chicken
breeding under breeding under orseg¥ ) breeding under breeding under breeding under breeding under
forest forest forest forest forest forest
B)
Renewable natural 1.40E+16 1.40E+16 14.60 24.30
resources
Solar energy 5.96E+14 7] 5.96E+14] 1.00E+00 5.96E+14 5.96E+14 0.73 1.36
Rainfall chemical 4.68E+1117J 4.68E+1117J 1.54E+04 7.21E+15 7.21E+15 8.88 16.42
energy
Rainfall potential 4.76E+1117J 4.76E+1117J 8.89E+03 4.23E+15 4.23E+15 5.21 9.64
energy
. 6.67E+10J 6.67E+10J 2.90E+04 1.93E+15 1.93E+15 2.38 4.40
Earth rotation energy
)
Nonrenewable natural 6.79E+16 9.21E+15 71.10 16.00
resources
. LO7E+127 1.44E+117J 6.35E+04 6.79E+16 9.14E+15 83.62 20.82
Energy loss of surface soil
5.00E+08 g 8.00E+08 g 8.99E+04 4.50E+13 7.19E+13 0.06 0.16

Production water
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1 4
Primary data Solar energy (sej) Proportion of total input (%)
Emergy
i . conversion rate .o . .
Input Traditional Ecological . 1. Traditional Ecological .. Ecological
chicken chicken (sej-g, S":JI'J chicken chicken chizlzi;ilgroerzilin chicken
breeding under  breeding under orseg¥ ) breeding under  breeding under ™ o € breeding
forest forest forest forest under forest
(F)
Nonrenewable natural 5.84E+15 2.48E+16 6.10 43.10
resources
Electricity — 2.88E+09 J 1.60E+05"4 — 4.61E+14 — 1.05
Nitrogen fertilizer — 3.00E+06 g 3.80E+09[) — 1.14E+16 — 25.97
. Compound - 3.00E+06 g 2.80E+09!*Y - 8.40E+15 - 19.13
fertilizer
Vaccine 2.60E+03 ¥ 2.60E+03 ¥ 1.69E+11%4 439E+14 439E+14 0.54 1.00
Feeds 2.50E+04 ¥ 1.75E+04 ¥ 1.69E+11%2 4.23E+15 2.96E+15 5.20 6.74
Pheasantry 6.96E+03 ¥ 6.96E+03 ¥ 1.69E+111% 1.18E+15 1.18E+15 1.45 2.68
(R1)
Renewable organic 7.81E+15 1.03E+16 8.20 17.90
energy
Labor 6.36E+08 J 7.41E+08 J 1.02E+ 07 6.49E+15 7.56E+15 7.99 17.22
Baby chickens 7.83E+03 ¥ 7.83E+03 ¥ 1.69E+111 1.32E+15 1.32E+15 1.63 3.02
Seeds — 1.16E+03 ¥ 1.69E+11% — 1.96 E+14 — 0.35
) — 7.25E+03 ¥ 1.69E+111%% — 1.23E+15 — 2.79
Grass seedlings
(Ro) 3.53E+14 4.79E+14
Feedback energy
Pasture — 7.50E+02 ¥ 1.69E+111% — 1.26E+14 — 0.29
Chicken manure  2.09E+03 ¥ 2.09E+02 ¥ 1.69E+11%4 3.53E+14 3.53E+14 0.43 0.80
(D 9.55E+16 5.75E+16 100.00 100.00
Total energy input
] . » » ( 226 E+4 I.g, 890
tkm2a' 120 tkm>a’, 797 gkg ™) 8l x x U8 450 kghm™2a™!,
143 450 kghm™a™" =800 kW-hx3.6 E+6 JkW-h™! 500ta’  800ta’
( | S 16 kg, 307 450 hm?, 8250
i, 400 ), 30% 400 n, 600 -m> 5
2014 2 (R+N+F+R;) Loss energy of topsoil*” = cultivated area x soil erosion rate x organic matter content per

unit mass of soil x organic energy (organic energy is 2.26E+4 J.g”'. The erosion rates are 890 tkm2a™' and 120 tkm™2a™', respectively. The average organic matter

content of the two models is 7.97 gkg™). Labor'® = total labor x working days x thermal equivalent. Under the forest, the nitrogen fertilizer™®! dosage is 450
kghm2a™', and the compound fertilizer'*” is 450 kg-hm>-a”'. The undergrowth grass power = 800 kW-hx(3.6E+6) J-kW -h™'. The water consumptions for the
production of traditional and ecological chicken breeding under forest are 500 t-a~ and 800 t-a™' respectively. Vaccine, feed, chick, seed, forage seedlings, chicken
manure are converted into RMB (vaccine 1 ¥-batch™, feed 1.6 ¥kg™, chicken 3 ¥head™, seed 450 ¥-hm™>, forage grass seedlings 8 250 ¥hm, dry chicken manure 400
¥t™). The grass of ecological chicken-breeding mode replaces 30% feed of the chickens. The henhouse is 400 m’, and the construction cost is 600 ¥-m 2, which is
converted according to the 5-year service period. The energy of RMB refers to results of FANG et al*?!. The total energy input= (R + N+ F+ R)).

R2 DEMAMT 2MAEBKRAMEESHE

Table 2 Emergy output of 2 chicken breeding modes under Pinus massoniana forest

Primary data

Emergy Solar emergy (sej) Proportion of total input (%)
conversion rate
Output Traditional Ecological (sej- gfl or Traditional Ecological Traditional Ecological
chicken breeding chicken breeding seg¥ ) chicken breeding chicken breeding chicken breeding chicken breeding

under forest under forest under forest under forest under forest under forest
Pasture 1.5E+6 g 25E+6¢g 7.78E+07 1.17E+14 1.95E+14 0.40 0.63
Meat product 1.6E+5 ¥ 1.6E+5 ¥ L69E+112 2.65E+16 2.65E+16 91.70 86.00
Masson 1.4E+4 ¥ 2.4E+4 ¥ L69E+1121 233E+15 4.00E+15 8.06 13.00
(Y) Gross output 2.89E+16 3.07E+16 100.00 100.00

, 1476 kghm™ 2 548 kg-hm 24! 15kg ',2014
40 kg2 21.24 m*hm (2014 ) 3635m>hm (2017 o 650 -m> According to field

investigation, the fresh grass yield of traditional and ecological chicken breeding under forest are 1 476 kg-hm ™ and 2 548 kg-hm ™ respectively™. The average net weight
of chicken is 1.5 kg per head. In 2014, the price of chicken meat product was 40 ¥kg™'. The net increase of masson (Pinus massoniana) wood storage for traditional and
ecological chicken breeding under forest were 21.24 m*-hm™ (2014 data) and 36.35 m*-hm™ (2017 data)*, respectively, and the price was 650 ¥-m™.
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2.4 ,
( 3)a -
0.86 0.40, ,
) 3.380,
1.370, 2.01
0.46 3 ,
0.166 0.635, 0.006
1.510, 1.34 , 2
, 0.026 0.290,
2.125 0.264 ,
0.870, 1.255 ,

#3 DEMLKT 2 HAFBRAREERR

Table 3 Emergy indicators of 2 chicken breeding modes under Pinus massoniana forest

E indicat E . Traditional chicken Ecological chicken
mergy mdicator xpression breeding under forest breeding under forest
(ESR) Emergy self-sufficiency ratio (R+Ny/TV 0.860 0.400
(EIR) Emergy investment rate (F+R))/(R+N) 0.166 1.510
(EYR) Net emergy output Y/(F+R)) 2.125 0.870
(ELR) Environmental load rate (F+N)/(R+R+Ro) 3.380 1.370
(ESI) Sustainable development index EYR/ELR 0.629 0.635
(FYE) Emergy feedback rate Ro/(F+Ry) 0.026 0.290
1) 1 1) Meanings of the letters are shown in the table 1.
3 HR5ITE 1.34
2.01 )
1y
0.006 ,
2)
450 hm™
0.30, [49]’ X
900 -hm~
0.53,
b 2
b
, ; N P
2
b
b b
, , 3)
[22]
, 0.629,
0.86, ) 0.2,
(5.17)B%
, 95%, Bl
46% 90%, 16l .
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