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Abstract: Honey pomelo [Citrus. grandis (L.) Osbeck. cv. Hongroumiyou] is the dominant crop in Pinghe County, Fujian
Province; however, this historically fruit is facing production challenges. The practice of grass cultivation, rather than grass
clearing, in the pomelo orchards is an important method to promote sustainable development in the honey pomelo industry. In
order to clearly evaluate the effects of grass management pattern on the ecosystem, the economic and ecological benefits, two
cultivation techniques, grass cultivation and grass clearing, were compared in orchards growing honey pomelo located in
Qianlin Village, Wuzai Town, Pinghe County in 2017-2018. An emergy methodology was used to compare the two systems by
calculating indices of emergy self-sufficiency ratio (ESR), emergy investment value (EIV), emergy yield ratio (EYR), envi-
ronmental load ratio (ELR), efficient emergy yield ratio (EEYR), and emergy feedback rate (EFR). Results of the emergy in-
dicators for orchards with grass cultivation or with grass clearing were: ESR, 0.003 for both; EIV, 339.291 and 295.763; EYR,
1.003 for both; ELR, 0.348 and 0.321; EEYR, 4.57 and 2.90-7E J~sej’1; and EFR, 0.002 and 0.000; respectively. Compared to
grass clearing, grass cultivation had a lower total energy input of 9.21%, a smaller non-renewable natural resources input of
76.71%, and a higher EIV resulting from the rapid decrease of natural energy input and the relatively low cost of purchased
emergy input. The grass cultivation pattern showed better economic vigor with an increase of the commercial emergy of
1.00+E sej-hm ™2 (versus 4.60+10E J-hm™ for grass clearing). The ratio of labor emergy input to the total was 70.45%—72.90%.
The main contributors to labor input were fruit picking, daily management, and water-soluble fertilizer spraying. Although
labor for weeding increased under grass cultivation, with a value of 1.31+16E sej-hm™, total labor energy input decreased by
3.30+16E sej-hm ™ and labor efficiency rose by 17.50% through improvements in daily management and labor savings on pes-
ticide spraying, fertilizing, and organic fertilizer transport. The environmental loading ratio in the cultivated grass system rose,
with a value of 0.027 because of purchasing resource savings on organic fertilizers and labor. This study demonstrated that
honey pomelo production incorporating a cultivated grass regime had the potential to improve commercial fruit production,
increase farmer incomes, and provide a more sustainable production system, and such a management pattern would benefit

supply-side reform.

Keywords: Agricultural ecosystem; Citrus grandis (L.) Osbeck; Grass cultivation; Emergy analysis; Ecological and economic

benefits
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Fig. 1 Emergy flow of honey pomelo orchard systems with growing grasses (A) and clearing treatment (B) (Unit: sej-hm ™)
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Table 1 Emergy inputs of honey pomelo orchard systems with two cultivation patterns (2017-2018)
Primary data )
E Solar emergy (sej-hm™°)
Input mergy

conversion rate

Growing grass

Clean tillage

Growing grass Clearing treatment

(R) Renewable natural resources 9.06E+14 9.08E+14
Solar energy 1.00 sej-J™! 472E+13 J-hm™ 4.72E+13 J'hm™>  4.72E+13 4.72E+13
Rainfall chemical energy 1.17E+04 sej-J "1 7.00E+10 J-hm™ 7.00E+10 J-hm™>  8.17E+14 8.17E+14
Hydroelectric energy 7.81E+04 sej-J'*4  533E+8 .hm™  5.62E+8 J-hm™>  4.16E+13 4.38E+13
(N) Nonrenewable natural resources 7.81E+13 3.35E+14
Energy loss of surface soil 4.74E+04 sej-J "1 1.17E+9 J-hm™?  6.58E+9 J-hm > 5.54E+13 3.11E+14
Production water 6.81E+04 sej-g"'®)  3.34E+8 g¢-hm™ 3.40E+8 g-hm™>  2.27E+13 2.31E+13
(F) Industrial auxiliary energy 8.64E+16 8.93E+16
Electricities 7.81E+04 s¢j-J 'Y 4.78E+8 J-hm™?  5.18E+8 J-hm™>  3.73E+13 4.05E+13
Water soluble fertilizer nitrogen 3.50E+09 sej-g ' 6.22E+4 g-hm™ 6.30E+4 ghm >  2.18E+14 2.21E+14
Water soluble fertilizer phosphorus 1.35E+10 sej-g '™ 2.49E+4 g-hm™ 2.52E+4 g-hm™  3.36E+14 3.40E+14
Water soluble fertilizer potassium 1.32E+09 sej-g '™ 5.60E+4 g-hm™>  5.67E+4 g-hm™  7.38E+13 7.48E+13
Kraft paper bags 7.46E+12 sej-¥ 'P¥ 415E+3 ¥hm™? 3.33E+3 ¥:hm>  3.09E+16 2.48E+16
Pesticides 7.46E+12 sej-¥ ' 5.99E+3 ¥hm™? 6.50E+3 ¥:hm?  4.47E+16 4.85E+16
Farms 7.46E+12 sej-¥ 'P¥  599E+2 ¥hm™ 5.50E+2 ¥:hm>  4.47E+15 4.10E+15
Facilities of drip irrigation 7.46E+12 sej-¥ 'P} 691E+2¥hm™ 1.00E+3 ¥:hm™>  5.16E+15 7.46E+15
Facilities of water derivation 7.46E+12 sej-¥ ' 69 ¥hm™  5.00E+2¥hm™~ 5.15E+14 3.73E+15
(R,) Renewable organic energy 2.47E+17 2.78E+17
Labor 7.46E+12 sej-¥ ' 21 317 E+4 ¥hm™ 3.60 E+4 ¥hm™>  2.36E+17 2.69E+17
Organic fertilizers 7.82E+04 sej-J'*)  1.41E+11 Jhm™ 1.22E+11 Jhm™> 1.10E+16 9.54E+15
(Ro) Feedback energy 5.94E+14 1.35E+14
Nitrogen in grass 3.51E+09 sej-g ' 7.54E+4 ghm™ 1.71E+4 ghm >  2.64E+14 6.01E+13
Phosphorus in grass 1.35E+10 sej-g '™ 1.93E+4 g¢-hm™ 4.38E+3 g-hm™  2.60E+14 5.91E+13
Potassium in grass 1.32E+09 sej-g ') 5.25E+4 g¢-hm™ 1.19E+4 g-hm™  6.94E+13 1.58E+13
(T) Total emergy input 3.35E+17 3.69E+17
4723 MJ, 1700 mm x x x ,
2.26E+4 I-g7', 2017—2018 1944.5 kg-hm™>a™' 10 936.5
kg-hm™2a™, 26.6 gkg™ = x5.0 J.g', 2017—2018 333.8
thm™? 339.7 thm™ (3.60E+6) J-kWh™', 2017—2018 276 kW-hm™2 300 kW-hm™ =
x0.45%(2.26E+4) J.g”', 13.8 ta' 12,0 ta' 2017—2018 2750

kg-hm™>,

625 kg-hm™>,

N 2.74%, P;0s 0.70%, K,0 1.91%(

)

(R+N+F+R;) Annual solar irradiance is 4 723 MJ, annual rainfall is 1 700 mm. Loss energy of topsoil = cultivated area x soil erosion rate x organic
matter content x organic matter energy. In 2017-2018, the average erosion rates of patterns of growing grass and clean tillage were 1 944.5
kg-km™a~' and 10 936.5 kg-km-a”', respectively. The average organic matter content of the two patterns is 26.6 g-kg™', and organic matter energy is
2.26E+4 J-g”'. The water consumption power = water consumption amount x 5.0 J-g"'. The annual water consumption amounts of the two patterns are
333.8 tthm 2 and 339.7 t-hm 2, respectively. The electricity power = annual electricity amount x (3.60E+6) J-’kWh™'. Annual electricity amounts of the
two patterns are 276 kWh-hm™ and 300 kWh-hm™2, respectively. Organic fertilizer power = organic fertilizer amounts x 0.45 x (2.26E+4) J.g”', the
organic fertilizer amounts of the two patterns are 13.8 t-a~' and 12.0 t-a', respectively. Annual herbage dry matter yields of growing grass and clean
tillage are 2 750 kg-hm ™ and 625 kg-hm™, respectively. Herbage nutrition content valued according to N of 2.74%, P,Os of 0.70% and K,0 of 1.91%
(based on Astragalus sinicus L.) The total energy input = (R + N+ F + R)).
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Table 2 Emergy input structure of honey pomelo orchard systems with two cultivation patterns (2017-2018)  sej-hm™

Item Growing grass  Clearing treatment Decrease of growing grass compared with clearing treatment
Natural resources 9.84E+14 1.24E+15 2.59E+14

Purchasing resources 3.27E+17 3.68E+17 4.01E+16

Renewable resources 2.48E+17 2.79E+17 3.08E+16

Nonrenewable resources 8.65E+16 8.96E+16 3.13E+15
S 8.00E+16 -
g
< 7.00E+16} » £ 5 Growing grass
5] b .
2 6.00E+161 o 58k Clearing treatment
Z 6
N — I
S 5.00E+16}
% 5.00E+16
5 4.00E+16
i
— 3.00E+16}|
i
29 2.00E+16+
R
e g I 1 i
R 0.00E+00 L — . . —— : - - .

AHUILHEZE APUILEEE AT RZGHT R G Feffi Bk &y H
Carriage of Overturning Spraying of Spraying of ~ Weeds Fruits Fruits Girdling  Pruning Daily

organic  of organic S‘gﬁg{é pesticides  control bagging picking management

fertilizers fertilizers fertilizers

2 FMEEEXEMRERENFTHNEERA

Fig. 2 Labor emergy input of honey pomelo orchard systems with two cultivation patterns

3.69E+17 sej-hm 2, ,
3.23E+17 sej-hm™ 2017—2018
1.00E+16 sej-hm™ 339.291  295.763,
(30.96%) : , 14.7%,
1.41 1.20,
17.50%(  3) 1.003
2.3 ,
0.348 0.321
( 4),2017—2018 ,
0.003 , , ,
, (3.30E+16 sej-hm™),

F3 FMHRBERAEHERENTHESHER

Table 3 Labor efficiency of honey pomelo orchard systems with two cultivation patterns

Item Growing grass Clearing treatment

(Y) Fruit output emergy (sej-hm™) 3.35E+17 3.69E+17

(Y1) Commercial fruit emergy (sej-hm™) 3.33E+17 (43.09 t-hm™) 3.23E+17 (30.15 t-hm™)

(Y») Waste fruit emergy (sej-hm™) 1.77E+15 (0.23 t-hm™) 4.56E+16 (4.25 t-hm™)
(Y’) Commercial fruit energy (J-hm™) 1.53E+11 1.07E+11
Labor input emergy (sej-hm ™) 2.36E+17 2.69E+17

Labor efficiency 1.41 1.20
= X s 3.55E+6 J-kg ' = / Commercial fruit

energy = energy rate x fruit yield; the energy rate of pomelo is 3.55E+6 J~kg’l[26]. Labor efficiency = commercial fruit emergy / labor input emergy.

http://www.ecoagri.ac.cn
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Table 4 Emergy indicators of honey pomelo orchard systems with two cultivation patterns

Emergy indicator Expression Growing grass Clearing treatment
Emergy self-sufficiency ratio (R+N)/T" 0.003 0.003
Emergy investment ratio (F+R))/(R+N) 339.291 295.763
Emergy yield ratio Y/(F+R)) 1.003 1.003
Environmental load ratio (F+N)/(R+R +Ro) 0.348 0.321
Efficiency energy yield ratio (J-sej™") YT 4.57E-7 2.90E-7
Emergy feedback ratio Ro/(F+R1) 0.002 0.000
1) 1 1) Meanings of different letters are shown in the Table 1.
(3.13E+15 sej-hm™), ,
0.027 2017—2018 ,
4.57E-7 Jsej' 2.90E-7 J-sej ', ,
57.6%
1 000 mm
AY \A b
3 itig [29].
3.1 2 000 mm , ,
> [5.8]
, 1986—2006 2921.85 m’ hm™
[27].
10.2 ; , ( 477 mgL™, 1.27 mgL™),
50%"" 1 531.65 m’-hm (
2.72 mgL™, 0.42 mgL™),
70.45%~72.90%, 5]
2.56E+14 sej-hm™, 82.22%,
3.80E+15 sej-hm™, 7.85%,
3 2
, 1.31E+16 sej-hm™; 2) 7525  hm? 1]
4 3.3
2.60E+16 sej-hm™?; 3)
42.92%, ,
sejhm™  1.25E+16 sej-hm™ 3 1.003, (0.41~0.43)53% (0.49~
) 1.29)P! , (Gossypium

3.2

spp.)(2.88)"

E)

(0.17)B%
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(Oryza sativa L.)(0.56~0.74)5%

0.003,
( )
(3]
, , 1.20~1.41,
(4]
, (
, ),
' [5]
) (6]
[32-34]
4 it
[71
2017—2018
,2
1.003, )
43.528, 0.027, (8]
1.67E-7 J-sej”',
17.5% ,
[91
> [10]
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