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Evaluation of Production and Carbon Benefit of Different Vegetables

HU Liang, WEN Li—zhang", PENG Yun-peng, YI Qian, XU Lian

(College of Plant Protection, Hunan Agricultural University, Changsha 410128, China )

Abstract: This study analyzed environmental and economic benefits of 8 types of vegetables in 4 different farms over 3 years. The specific
results were as follows:(1)The input—output ratio and carbon footprint of organic production mode was 18.5% and 87.4% of that of pollution—
free mode, respectively; (2 )Fertilizer and power consumption was the main source of carbon emissions, accounting for 58.76% and 16.67% of
total carbon emissions, respectively; (3 )There were positive correlations between N fertilizer and both carbon emissions and carbon footprint.
In other words, higher use of N fertilizer resulted in higher carbon emissions and carbon footprint; (4) When organic fertilizers use reached 122 352
kg+hm™, the crop production could reach the maximum under organic mode. Under the mode of pollution—free production, when agricultural
chemicals input reached 20 103 yuan -hm™, leafy vegetable production could reach the maximum. Therefore, to increase production and re—
duce carbon emissions in the process of vegetable production, the main approach was to use organic mode, increase the quantity of organic
fertilizer, instead of the use of inorganic N fertilizer and other agricultural chemicals and establish water—saving irrigation system for electrici—
ty efficiency.

Keywords: production benefit; carbon benefit; life cycle assessment; vegetable production
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Table 1 The characteristics and differences of the 4 farms

HEERE2 kg - hm

A LPFA T g hm

AT 1+%3% Fertilizer average dosage Pesticides average dosage ST
Praduction pattern farm N JE P05 It K0 JIE A S| 2 15 5 K Insecticidal tool
N fertilizer P,Os fertilizer K,O fertilizer Manure Insecticide Herbicides Sterilizing agent
AP Organic pattern A 1] 0 0 31272 0 0 0 KPHBEFAHAT AR HB R
To oS ERE B 398 286 352 13 500 0.23 9.9 20.39 —
Pollution=free pattern 659 340 382 18750 042 14.4 2235 —
D 597 318 355 24 562 04 14.1 21.95 —

http://www.aed.org.cn



RUFBRERSMEFR-F 3355 1 H

FEA AR SR T B 0 Bk, R AR
SEVEYIR A RN T i TR A T R AR R
(32 2), BRI R IR UL 0.4519,
1.3.2 MR TR bR 222

HH ) Vb A 46 AT LA A o AR S BRI L, TC
INEEN AT 2 6 J6-h, AHLIEM A T-3%4% 8.94
JG-h™, il 1.6 J6 kg™ pP B AAZ SR , 8 I AN TR AR
FHAEAS [ Hsf (] DA FH Bl 1 AR 2 AT, 75 1 F
BN TR XU H RIVE L BB RER R g1 T, 115545 1
FEI FEHL AR SC R . Ak b2 dh (e 25 ARAE b
85 ) B ARAF IR W SR I SE PR A 15832 3),
1.3.3 fifcHEik 25

SRR IR A S I (O 3.1), R e
WIS E, HUOR ESMY S8, 0 e 18 A A alidl
LUIFEAT I R GRS EL, XTI 1R,
KRB AR, S W P HE i S8 3% 4.
1.4 it E

Ak 2R IPCC 5 #k— (Tierl ) TH8 A5 /2 6, H:
N W /(1

N=E~C, (1)

E= i xC; (2)

i =1

=S eeSon-Sorawm o

OO N, FoR e 23 5 E, Fm e HE s €, R R ik
Wi o AXC2) Qi D Wy o sl s A 2t oo J3E
5 C: o LB HE L IR 1 CREAS B2 1 CO, 24 ) 5
NS L RRAERIR RIS . (3D, C BRI E DA

% 9 WM 5 € D VR BRI 3, O i 495 D, A A
Pt (TR 5 Y N7 s W R E 5K
% 3 HE L A TR 5

Table 3 The field operation manual and mechanical

consumption efficiency

HH AR, AL S H

field operation Artificial Diesel oil Electricity
#5+ Digging 0.333 m?*min™
H#%&Fh Seedling 1 m? min™
1.28 m+min™
4 £+ min™
[8] 1 Thinning 1.5 m-min™
- R
Jifi e Fertilization 5.301{13.::].1:7] 6.5 L-h"
i Plow tillage 0.4 m* min™ 20.25 L+hm™
A Harrowing field 24.45 L+hm™
i Doing the strip 0.5 m+min™
I m? min™*
EF Engraftment 4 #+min™
#4T Dighting 0.05 & -min™
[BJj H Insect—resistant 2 Femin™
100 3k +min™
FTHL Pruning 0.67 AL+ min™
PIAR Seeding 0.67 #f+min™
FE28 Installing frame 0.67 £ +min™
J% % Falling tendril 1 £+ min™
4 & Tying tendril 4 #+min™
BREL P HE Weeding 1 m?*min™
WEE Trrigation 0.067 hm?-h™ 1.5 kW-h"'
%2 Spraying 666.7 g+min™
SR Harvest 12 500 g+h!
iz #i; Transport 0.2 L-km™
YIFF Cutting the rod 16.2 L-hm™

R2 BENEKENZFRE

Table 2 Water content of vegetables and economic coefficient

BRI TR 23 RB AP RPN FRRA)
Vegetable varieties Water content Economic coefficient(Organic pattern) Economic coefficient( Pollution—free pattern )
#JI\ Cucumber 98.3 0.240 0.548 0
F7JK Bitter melon 94.9 0.230 0.365 7
FHH Green pepper 95.7 0.334 0.577 5
i F Eggplant 97.5 0.280 0.516 1
T Beans 94.6 0.133 0.290 8
3 N Radish 97.8 1 1
B4 Lettuce 97.5 1 1
3% Amaranth 82.8 1 1

W-W.

TE KA W:#MOO%,W AL, W, T, W, T B REOTE AR  E=E/E, E BEGFEE NEF TR E N

E27/)

. . W
Note: The formula of water content: W=—~""%

W, . . . . e .
W ~-%x100%, W as moisture content, W, as the wet weight, W, as dry weight; Economic coefficient calculation
S

formula: E:E,‘/EI , E for economic coefficient, E; for economic output, E, for biomass.
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Table 4 Carbon emission factor of agricultural information

I H Item

T % %% Carbon emission factor

STk References

K| Sterilizing agent
% HF Insecticide
R 5 Herbicides
N N fertilizer
P,0s I8 P,0s fertilizer
K;0 JItX KO fertilizer
N HES L A 1567 N fertilizer caused greenhouse soil
A& JBE Plastic sheeting
JBENE Manure
FliF Seeds
1, J7 Power
SE7H Power
F&#F Straw
55 71 Labor
JKZE Pumps
KPHBEA HAT Solar insecticidal light
A HUHR Insecticidal board
il A H Tron tools

3.9 kg+Ce-kg™ SCHR[15]
5.1 kg+Ce-kg™ SCHR[15]
6.3 kg+Ce-kg™ SCHR[15]
1.74 kg+Ce-kg™ SCik[16]
0.165 kg~ Ce-kg SCHRI17]
0.120 28 kg-Ce kg™ SCHR(17]
2.384 kg-Ce-kg" SCHk[18-19]
0.68 kg Ce-kg SCHR[20]
0.027 kg*Ce-kg™ SCHR[15]
1.18 kg-Ce-kg™ K21
0.994 4 kg-Ce-kW-h' SCHR[22]
0.94 kg-Ce-kg SCHR[15]
1.0 kg Ce-kg SCHR[19]
0.86 kg+Ce A '+d SCHR[19]
6.2 kg-Ce kg SCHRI19]
213.07 kg+Ce- & SCHR[23-24]
1.553 kg-Ce-kg™ SCIk(25]
43 kg-Ce-f11° Cik[26]

s H AT R AL
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FE)

TeERECT 8 Fh BB 3 4AFE M AR = A
T 45921~145 976 JC-hm™ Z[ii] , S5 5] 86 335
JG-hm™(3 5) ARG S AP AL T A 7 BUAS 22 57
W1, Hor B IR AR 77 LA 145 976 J6 -hm™, A >
T OISR 3.18 15 58 Kbk M A ™ BAS AN [w] i
A 22 5%, B BEAAS [R5 25 77 A, Rl e A
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BN AT N8 b LA LS B R
FNB B E T A I B, A L RE
B LA S B S A A T U, 2 5 RBH R
PSRBT 22 5 B 2, o SR 4 A H 1
Ik, 0.246, HR 5555 T 8 NMEAT
T 1o ANEIEEE SR B R 22 S B g, o
BN fE Rk 105 385 kg+hm™, J2 5 #UHY 2.94 1
] A & B, AR A 25 M S R A 27 S A
LGN DIe v 1))t 4 | S E I EP S
(1), BP2Ye Ak 225 R iR %) 20 103 G- hm™ A,
I3 7 ik ) e R AE
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IR 6 AN, AU T B A " ATE 82806~
260 981 Jt-hm™ Z ], 7 FG HLEE S £ 7™ A TE 10
T3 oG -hm™ Db, Horb g s 2 B, &k 260 981 It -
hm?2, G ALK 5N B B9 S T L
B NN AR R :3.8.4.5.4.7 2.7 4.5,
3.6.3.5.5 08 P A HLEE S M B A h L3 R
0.163, HIETF 0.23; A HLBSEM A T 18 347.5~
68 023.5 kg-hm? Z [A] , F-4535 %) 41 719.1 kg-hm2, {1
NN FEGZEN 74.18% . TRl A2 & PUA HLAE (RS FF
L83 2:1 KWW ) S5 HLEE 3R P 2 RIAETE IR
IR R (E 2), RPSA PR S] 122 352 kg-hm™
B, VR i K, T H RTE YA HUIE &R 46 909
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B it
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Table 5 Pollution—free vegetable economy—carbon benefits inventory

i

Varieties

A7 IRAS /G - h?

The cost of production

7o hr/kg - hm™
Output

BEAT I EE

Input and output ratio

Bl /kg - hm™

Carbon emissions

Carbon sequestration

ﬁifléu&q&/kg'hm’z

B 2 3 /kg - hm™

Carbon footprint

#JI\ Cucumber
F7 ) Bitter melon
4] Beans
B Lettuce
Bi3% Amaranth
FiF Eggplant
T HL Greenpepper
4 N Radish

Sy Average

145 976+4 582¢g
92 583x11 607e
74 324+13 539¢
72 895+41 539¢
45 921+614a
111 507+12 981f
64 020+4 899b
83 45443 025d
86 335+30 190

105 385+4 490a
47 962+2 327c
36 614+4 230d
45 572+2 931ed
37 156+2 873d
72 583+27 447b
35 813+2 359d
68 859+4 679b
56 243+25 019

1.079+0.304cd
0.798+0.323bc
0.859+0.282bc
1.086+0.248cd
0.246+0.021a
1.229+0.614d
0.691+0.164b
1.067+0.207cd
0.882+0.419

6 050.2+1 157.6a
5916.1+1 027.0a
3 061.6+660.7de
3 902.2+651.3¢
3 191.9+463.1de
5 050.2+900.9b
3 655.9+£706.4cd
2 260.4+395.7e
4 136.3+1 506.6

1 350.2+1 157.5¢
1 105.8+53.6¢d
1 608.3x185.8b

935.4+60.2d
2 652.2+205.1a
1 831.3£692.5b
1 642.2+108.2b
1 711.7+116.3b
1 604.6+557.1

4 700+1 160a
4 810.4£994.7a
1 453.3+£515.0¢
2 966.9+685.6b
539.7+£296.5d
3 218.8+1 355.9b
2 013.7+679.6¢
548.6+504.7d
2 531.7+1 778.9

TE RPN PR IR IR B E AR S . 28 Duncan BN 2B T , [ 5B 5 T RERRIRI R TE 0.05 KPR A RE. TR,

Note: Data in the table are mean+sd, and followed by the same letter in the same column indicate no significantly difference at 0.05 level by Duncan's

multiple range test. The same as below.

* 6 AR F-hEE

Table 6 Organic vegetable economy—carbon inventory benefits

i AT RASG - hm 7 it /kg - hm™ AT T BRI kg hm™ B /g - hm™ A2 i /kg - hm™
Varieties The cost of production Output Input and output ratio  Carbon emissions  Carbon sequestration ~ Carbon footprint

7 JI Cucumber 260 981+2 568a 68 023.5+4 213.1a 0.153+0.08b 4 549.56+0.00f 871.5+53.98d 3 678.03+53.98a
75 JI Bitter melon 175 608+3 406¢ 39 016.4+2 129d 0.18+0.06¢ 3 820.45+0.32¢ 932.13+24.6d 2 888.33+24.6b

541 Beans 145 159+2 304d 30 429.2+540¢ 0.1910.00cd 25514245.07a  1336.64x2371c 1 214.78+20.44f
B Lettuce 127 7555 618 46 6641 982.4c 0.110£0.02a 35477621949 957.82+40.69d 2 589.95x179.26¢
3% Amaranth 82 806+3 071g 18 347.5x2 335.1f  0.182+0.16¢ 3477.6:4929d 13096316668 2 168.43£120.13d
#iF Eggplant 218 4805 029h 60 3032+3 1434b  0.145£0.04b 3411.39+40.05cd  1521.48+7931h 1 889.9+64.2¢
FH Greenpeppers 180 21124 159¢ 50 6262 599.5h 0.1430.04b 2 828.95+57.66h  2364.03:84.53a  464.9+139.55g
% | Radish 102 7901 241 20 343.5:750f 0.2020.05d 3316.712.11c 505.718.65¢ 2 811217.42b
-1 Average 161 72457 383 41 719.117 364 0.163+0.03 3437.98:582.9 1224875400 2 213.17+976.5
80000 1 y—_(5476E-6)X*+1.340X~7 010.812
R*=0.728 F=28.142 P<0.001 .
35000 1 y—_(4.375E-5)X2+1.759X+28 454.724 70 000 | T
' R=0.735 F=20.76 P<0.001 . <7 .
50000 | . 60000 | . #_’_,-"’
5 * g E . ’
. o T, 50000 F . ,n’"f
e N Pt
i T . 3 40000 t -y
0000, : *
L B 30000 |
ol
35000 17, 20000 F * '
30 000 I O T TN 10 000 L —heereeeeeee Ao 1
5000 10 000 15 000 20000 25000 20000 40000 60000 80000 100000

APUE kg hm™
B2 ANESFERNXAR

Figure 2 The relationship between organic fertilizer and yield

RHAF BB A/IG - hm™
Bl KAFREFENXER

Figure 1 The relationship between agricultural chemicals and yield
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Figure 3 The proportion of the cost of various production accounted in total cost
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Figure 4 The proportion of carbon emission of various production accounted in total carbon emission
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Figure 5 The relationship between N fertilizer and carbon emission
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Figure 6 The relationship between agricultural

chemicals and carbon emission
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