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Assessment of fertilizer application and environmental cost from typical open—field vegetable production in
Chongqing City, China

CHENG Taihong', WU Ji"?, LIANG Tao"*, TAN Qingjun’, DAT Anyong', CHEN Xinping"?, WANG Xiaozhong"*

(1. College of Resources and Environment, Southwest University, Chongqing 400716, China; 2. Interdisciplinary Research Center for
Agriculture Green Development in the Yangtze River Basin, Southwest University, Chongqing 400716, China; 3. Chongging Academy of
Agriculture Sciences, Chongqing 401329, China; 4. Agricultural and Rural Committee of Tongliang District, Chongqing 401120, China)
Abstract: Globally, intensive vegetable production is a system with high inputs and high environmental costs. Reducing the environmental
cost of vegetable production across different regions is key to achieving sustainable production of vegetables. This study used a combination
of farmer questionnaires and a life cycle assessment (LCA ) method to assess the current status of fertilizer application in and environmental
cost[including reactive nitrogen loss and greenhouse gas(GHG) emissions] from typical open—field vegetable production in Chongqing City,
China. Additionally, the differences of fertilizer application and environmental costs among various vegetable crops were compared. Finally,
based on the recommended fertilizer rate, we estimated the reduction potential of fertilizer use and environmental cost, and identified
mitigation measures. The results revealed that the fertilizer application rates for vegetable production in the Tongliang District, Chongqing,
were high. The average application rates of N, phosphorus (P;0s), and potassium (K;0) were 483, 321 kg + hm™, and 369 kg + hm?,
respectively, which generally exceeded the crop demand for nutrients. The ratio of basal fertilizer was too high, and the ratio of top dressing
was low. High fertilizer input has resulted in high environmental costs for the vegetable production system in this region. The average
reactive N loss and GHG emissions were 141 kg+hm™ and 6 352 kg COse - hm™, respectively. The high application of nitrogen fertilizer
contributed 86.6%~92.9% to reactive N losses and GHG emissions. High variation in fertilizer rate, reactive N losses, and GHG was
observed among different vegetable crops, and where solanaceous vegetables showed relatively higher reactive N loss and higher
contribution to GHG emissions than other vegetable species. These results suggest there is high mitigation potential for fertilizer rates and
environmental costs in this region. Optimizing the fertilizer rate could reduce the application of N, P»0Os, and K,O fertilizers by 48%, 55%,
and 39%, respectively, and reduce reactive N losses and greenhouse gas emissions by 46% and 48%, respectively. Therefore, optimizing
the fertilizer rate, especially the application of N fertilizer, is vital to reduce environmental costs and to realize sustainable vegetable
production.

Keywords: vegetable species; fertilizer application rate; reactive nitrogen losses; greenhouse gas emission; mitigation potential
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Figure 1 Yield levels in different vegetable species
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Table 1 Investigated inputs in different vegetable species

EES Gl B B b i 2K 252 Py

T H Item Chinese cabbage Tomato Pepper Radish Eggplant ~ Towel gourd  Lettuce Average

(n=45) (n=23) (n=35) (n=17) (n=19) (n=26) (n=15) (n=180)

NECRSE e N 475272 505+385 515248 364+163 580+375 517+274  354+163 483285

T?iéﬁzzf;f” P0s  286x149 356+255 344+200  262+153 3742214 365+238  235¢134  321x198

K.0 309+156 440295 407+198 295+144 438244 419+258  258+133 369+217

A NE FH N 332+274 358+219 334+241 218+125 454+331 349+235 186110 328+247

Che?i;fﬁ;igﬁe” P.0s 1984163 271222 230£182  172+140  300£195 263218 1324101  226+185

K.0 215+165 3554219 285+189 195+136 359+232 310+243 144+101 268+200

AHUIE T N 1432153 147+318 180101 146146 126116 167+174 169133 155171

(hg?igi£2}§?eﬂ P.0s 88+90 83+162 11462 90+89 73+71 102108 10387 9498

K.0 94100 86+166 122472 101100 79+82 110120 11496 101107

AHLUIE  fLAE N 0.30:0.70 0.29:0.71 0.35:0.65  0.40:0.60  0.22:0.78  0.32:0.68 0.48:0.52  0.32:0.68

Upnpieilies pg o g 0.23:0.76 0.33:0.67  0.34:0.66  0.20:0.80  0.28:0.72  0.44:0.56  0.29:0.71
chemical fertilizer

K:0  0.30:0.70 0.20:0.80 0.30:0.70  0.34:0.66  0.18:0.82  0.26:0.74  0.44:0.56  0.27:0.73

42 Pesticide/(kg-hm™) 1.90+1.25 2.17+3.24 2910.63  3.72x1.61  3.55:£3.05  3.01£1.54  3.50£0.09  2.90+2.47

4591 Diesel/(kg-hm™) 30.1=11.3 35.3+22.0 34.8+27.1  40.5£19.0  38.1x27.5  35.8+29.6  27.4%28.9  34.6x19.9

MK Plastic cover/(kg-hm™)  14.3244.9 70.6+34.8 65.0+49.8 0 63.6:473 304342  20.0£37.4  37.7x46.4

T R B P (bR ifEZE . 1AL

Note: Values are mean+SD. The same below.

R2 FEFRBAERFIERE

Table 2 Average application rates of fertilizers at different growth stage

I N it A 6 8 ot A LA B
e BN Basal fertilizer/( kg- hm™) Top—-dressing fertilizer/( kg hm™) Basal fertilizer: top—dressing fertilizer
Vegetable species
N P05 K>O N P-0s K0 N P>0s K>0

[12¢ Chinese cabbage(n=45) 333+215 236+129 255+144 142+164 51+86 54+84 0.70:0.30 0.82:0.18 0.82:0.18
Z il Tomato(n=23) 340+321 240+183 271+188 164+147 116+144 170+158 0.67:0.33 0.67:0.33 0.61:0.39
B Pepper(n=35) 371+203 257+166 291+181 143+173 88+106 116+125 0.72:0.28 0.75:0.25 0.71:0.29
% N Radish(n=17) 315+165 224+134 256+131 49+88 38+80 39+80 0.87:0.13 0.85:0.15 0.87:0.13
jii Eggplant(n=19) 363+262 252+169 285+220 218+306 122+152 153+153 0.63:0.37 0.67:0.33 0.65:0.35
22 ) Towel gourd(n=26) 360+244 257+178 290+213 156+144 108+127 129+131 0.70:0.30 0.70:0.30 0.69:0.31
P55 Lettuce(n=15) 300+158 211+132 232+135 55+79 24+59 26+60 0.85:0.15 0.90:0.10 0.90:0.10
S Average(n=180) 3444228 242+155 270+174 139+175 79+114 99+126 0.71:0.29 0.75:0.25 0.73:0.27

B I 2 SARHEROR , A5 B BOIE R A 7 Rz i Sk
VB By B NE Ak it FH X 3 2 S 4A HE Tl o ik % i Ry
49.1%~53.2% F136.5%~37.3%, Heth , BRI 4277 ia
g Rt FHR R 2= SRR R ST R, RIS
i T = AR HE L R = AR HE L Y 86.6%~
88.9%. LA, 42y | Seim A i i o ik R 5 /N, o
2.1%~9.6% .

W3 PN, 2R b B T A e iy
3.67 kgt AN [RIGE SRR 28 R0 8 22 S AR, P i
RO, LS T 2 i 22 RS 5553

5 159% . 255% . 319% . 94.9% . 122% F 117%.
S B 30 A 162.1 kg COse - 7, Hor i bURR /2 35
NN A=A T N T S\ 1 5 =
142% .220% .345% .68% 114% 1 113%.,
2.4 FRSEHEE Do

T SO B £ B SR SR E R o, X A%
Tl e 32 0 it FES BR85S AL 1) 1 M sk HE
W, a5 R 3 PR v AR R R A T R G H A
R B NEHEE 1. SO0 AE AR Eb , A AR
B T A R AR (%) - 2571 I 00 4 53 K 48% . 55%
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O MS-xm NO:IHPENO; leaching O MS-y NO;#kE NO; leaching
O N,O HE N,O emissions NH: ¥4 % NH; volatilization O N,O HEJZ NLO emissions NH, ¥4 % NH; volatilization
~ 2001 (a) _ 8r (a)
g PR
n § &0 S
21501 § N NN 2 6r
=2 D — ) B
== 100} > > ®E 4l
E Z =
=2 Z 7 e ;
o - [ - - X
£ _ ¢ > >
& Z S 7
= 2 4 ZNZ N W = éz AZ%?
O B Fr an mm ol e e —
FISE EA OB BN T 2N g% P M A MR B b i 2K % 7
BRI Vegetable species RIS Vegetable species
O 4% —% N MS-N fertilizer RAE-NE R} FS—fertilizer O 4% -ANE MS-N fertilizer RAE-NER} FS—fertilizer
O A - B 5 HIE MS-P and K fertilizer O A5 - IE 5 HIE MS-P and K fertilizer
A % - HAth MS—others MM & AE-HAh FS-others A B2 - Hoftlh MS—others M AeE-F Al FS-others
8000 (b) § ) 4001 (b)
& % o
o9 [28n)
% 26000 = 300
£ NN N SN & S
S g i)
5540001 & - Z 200}
SN B A N N Y S A\
=S | B HE A S E =
S32000¢ wE 100}
w5 W
E‘Il\'é Prl\a-
’ 0 0
F3E Wi B E T 20 EHE R F3E Wi B E b T 20 PEHE R
B3PS Vegetable species B3RP Vegetable species
B2 AEBZRMEBMEREERREFIRESEHR E3 ARBEEMELMFEF ERMAMBESMEHEL
Figure 2 The reactive nitrogen loss and greenhouse gas emission Figure 3 The reactive nitrogen loss and greenhouse gas emission
per hectare of different vegetable species per metric ton of different vegetable species

R3 AEMEHRROTIREHEE NS

Table 3 Mitigation potentials of fertilizer rate and environmental cost in different vegetable species

LA EFF R AL IRHE T
S Current fertilizer rate/ Recommended fertilizer rate/ Mitigation potential of Mitigation potential of
Vegetable species (kg-hm™) (kg-hm™) fertilizer rate/% environmental cost/%
N P-0; K:0 N P-0; K:0 N P,0s K0 JEPEABIL ST
F12% Chinese cabbage 475 286 309 250 120 190 47 58 39 46 47
7 ifi Tomato 505 356 440 239 165 252 53 54 43 49 51
FHI Pepper 515 344 407 250 140 300 51 59 26 48 51
3 | Radish 364 262 295 258 159 200 29 39 32 23 29
JiliF Eggplant 580 374 438 239 165 252 59 56 42 59 58
22\ Towel gourd 517 365 419 253 150 230 51 59 45 49 51
B Lettuce 354 235 258 262 106 149 26 55 42 16 25
4 Average 483 321 369 250 144 225 48 55 39 46 48

H139% , i =2 16 PE R AR %= S 0CHE T T 4331 0 I K 26%~59% . 39%~59% Fl 26%~45% , H: b i+
46% F148% , ASIAli P27 R IR HERE )1 22 73k, B AL R IE Vs T SRR 22 N R T AR TS Sy T
2 M DX 3 A 7 B T R LB LYY IR T ) 9 B SEAN2E, JlHETE 1 TR 88 SR 2 A AS e 1 57 , 36

1% WHART]
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R 2 AR ) D HE T 175 B 43531 A 16%~59% Fil
25%~58% , HoH i U HETE 71 i F At SeFh 2

3 itig

3.1 HERBELK

T AR R, 30 Ao ] S 1 ) ) = it AR
H (2005) " A fLIE i HHZ3E KA 720 (2015) " BUR T
T, % 2 At S 1A s /b, F 2 i At A 4TS
I FEE AR AR ZE SRR R X SR R SR
FHR L, A B IR AR R )k 483
321 kg hm™ 1369 kg - hm™, b 4> [¥ 58 Hh i =2 it JE
15 419%~95%""", & HE F 2 43 1) EE B /N 22 D oK i
130% 1 120%"", (H4 3% X % 28 R Ge B RHE A AT 1%
TR At XA Rt S R A, SR EEY
Jit A 5 A L 0] 2 DX St S e AR e v, D A 2 2
T — 7T BRI R, R E R, A K
AR R R SR A AR AT 5 — 5 T, R
A3 A RO HEAR A - 45 BRAE 5 T () R R BE B =
TGS s M, S T B e e AR A e [l
REAR B3 2™ IXUBS: , A & 2T BT AR 3 el 44 v E A
PRI BB P T Ak, P R b X
DAL BB Ry 32, 35 55 R ) I et 22 1 A AR 2
BEIAEAL R AR T AR R AL R & R
FEH L LE 200093 BT, RO 19 B I 2k 12 40 Tl L 5°
YR 18.1% A 10.8%* 7, R[] SEFh 2 a) & |
Bt A 2 SR, AR T 5 0 SR 2 (Tl AR i )
Rl EIERL A A A S, R R AT
AR A KT 7 5K SRR B Z it IE Y 2L
2, T LA L it A A X 4

AN TR B B0 R0 Ll R BB 22 SRR, H TR
P i LA B AT A O [R5 SR 2 A
W R4 A B BB EF 380 703, SR T SR SR AT
FEor R B IR B (SRR B AR ) 1938 B EL
— B 20%~309%", FEREFE 43 He B i AR TR S
IR AN AT, M2 e E gk,
R, T ZE B AR I AR 35 40 e ], 2 = 3B A 37 40 EL 3]
JERR B4 43 YR it AN {E AT LA J2 8 3 A TR) A B RS 1
I3 2K, 1 HLAT DARE AR R 2% o A B 5% b DX %
S Jiti A — B 43 oA B it AN — U B it 38 AR B 2,
B R A K SR RSO AN TCIE . 3 X R IR 42 1Y
i DR = 2 it JIES 55 B0 7 A A A, H it R 22 2
KN THAE , Bk 55 80 1 miAS i, B LAk Bt 1)
T Ao B o B R it S 9/ it A YR O T A N T

Ao TRV 2 L X B K A 22, 35 53 S Al L, A
Tt AR A
3.2 MERNSH

A FEH R X G RREAE M . R
PR b A 7 R G020 P R O e 2 A HE
J 43 A 141 kg hm F1 6 352 kg COse - hm™, 45 3k [5
TR 7 R G T 29.4% T 6.5%1) i 2 SR A TR
FEl/INAZ RN B OK AR 7= R GE 1 47.7% 1 34.19% . FEUX
22 51 1 R R S T IERHE AR R, ZIE R BA
S T PR U R R = ASARHE RO 2Tk K, 43 )
Tk T 95.9%~98.1% F1 86.6%~92.9% , 5 Tif N HIHF5E
SR, ARG P ST Y R A
A 483 kg hm™, b 3R B 5 256 A4 7™ R G 409%™, L3R
[ K AN R AR 5 119% F11309%, [F] )
DX 35 T P A R HE AR 7 22 St 2 S st 22 S e
SRR A PG R AR B X, H AR R R N
NoO HEIC PR~ Fri 2 45 bk gk R - v T HAth R &6, ax s
PR 28 L[] S 30T 2 R S A 7 () s s AR A

NI RIS B8 S T M U R R & SUAHE A A
MRS . AFEFRG SRR 25, JUHE
AW 2T HA M SR BT A AN 225
) =22 Ak SR SN o A AP
S50 R 12.2%~63.8% , I T 3 SO P U0 2k AL
T ASNRHER LIRS A5 S 12.8%~63.9%. 45 I
ik, PR RER SRR i IR 2257 K 4
P IX g A R G AT BRI NEHERS 1, LA
FEAR P A P I R T AN [ SR 28 TR A B P
NERHBEA , FERE G TR 2R RIS PPl A = 185
3.3 TARRHEE 4

DAkt AT A3, 6 R P AR 2 AR S
A7 R G A EE AR I T AR 2 i ] G X
B IEE AR K BT A SRS
KB IEEE T K. T T B SR IR 0 T SR ARAE A%
- SRR A A P 2 B SRR VAT ) S B B
SR, TR T R IE & J5 |, - KAk AR A%
TREEGIE NS0 O I RV T 22 R e
PO B R BRAS [R) 2S5 SR AR A5 1 IE 26.5%~
59.2%, = AR EAED IR ), 5 A % R 5
PR R, T B R G 1K, B
] 2 DX i S AT R W IS D HE VS ) o ASE SR R IR
BT T R T A A L AR HE R 4 0 mT A g 2
15.99%~50.0% #19.50%~47.9% , 55 45 1if B9 BF 58 — 3,
A ZHANG 850 3 f0 fho it 280 o {3 [ g 3 A6 7 R
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TR SR HE R B 16.7%

itk AR IZ R G IR, A SCHR DL
W (D AMLITCHLECH . BFFE &3, A P AR
AAE AT AR 3 v i e L B R R e A e o
Db fiff AR AN S VE R R TR A2, It
RIEHI W R RBUR™, BT, 8 5 XA =2
A HLIE A, 76 RS MU AR R 55t
T Bl M A MU R TR AR AR IR
(2)foff Fi s TR0 8 20 RO il A 4o ) 590 L % 4 B PR
& P RS R IS AR R, KE
FAIRIF ST 26 B, il AT 1 790 B 2 e VE ) R VR 8 2R
(38%~56% ) FI N,O HEJi (39 % ~48% ) , [R] s} 1 i s 52
7= (0~10% ) A1 4E 95 B RE &R 1] i 2 (34% ~
939% ), SR, ZE VAR FE p R R BUAR P AR AR T R
it PR ASONE R, J 200 A 0% 0 R R R 6 7 it o (3) 3
E AR PR R . ZHANG P9 B 58 45 R R0, ik
B RNEA T T AR08 2 K 20%~63% 5 AL ARG
BT SRR T, AT DA i el AR AR e T
REAR R 32 A I TR = AR HERK

4 £t

(DR X g 30 = R G R AR, A
W AR AR 4391 K 483 321 kg - hm™ £ 369 kg
hm?, ARG SRS A AR A 25 5K, i 2R
R A e s

(2)IZHL X B3 3 A 7 R G IR B A B =, -2
Tk AU O R 2 ACMHE 43 )l 141 kg - hm™
1 6 352 kg COze - hm™, 3% FEJ& iy FALRHE A 5
T A, R R A B BTk 53 R 95.9%~98.19% FI
86.6%~92.9%. T[] g S i S N RBHE A 1 25 7
TR, B SRR 2 R] 1 TP A K R = SR HE A A
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(3) BT A i B R X g e - RS A B
KA NEWRHERE T, XA Bl SRR 5 HEVE T 4351
H 48% .55% F1 39% , V- 323 1 A5 Ok A &= A HE
1530 46% F1 48% ., R I , i 5 38 x:d 0 fh i AL 45
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