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Efficiency and emission reduction of a one—time basal application of controlled release nitrogen fertilizer in
intensive vegetable production in Jiangsu Province, China

XU Li-ping', JU Sheng—rong’, WANG Yuan®, LIU Zhi—guang’, MIN Ju*', SHI Wei—ming’

(1. Agricultural Technology Popularization Center Cultivated Land Quality Protection Station, Nanjing 211500, China; 2. Institute of Soil
Science, Chinese Academy of Sciences, Nanjing 210008, China; 3. College of Resources and Environment, Shandong Agricultural
University, Tai’an 271018, China)

Abstract: In Jiangsu Province, there is a high degree of intensive vegetable production, a great demand for labor, a large amount of nitrogen
(N) fertilizer application, and non—point source pollution. The potential of increasing the efficiency and reducing the investment and
emission of controlled-release N fertilizer applied to intensive vegetables in the Yangtze River delta region still lacks research. In this
study, four fertilization treatments were applied through three consecutive seasons of field experiments : conventional fertilization, 100% N
(N1); conventional N fertilization reduced by 30%, i.e., 70% N(N2); based on the 30% N reduction(i.e., 70% N), a one—time application
of controlled—release N fertilizer and urea N at a ratio of 7:3(N3); and 70% N, with controlled—release N fertilizer applied basally and urea
N applied topically at a ratio of 7:3(N4). The results showed that the N3 treatment had the highest yield and profit compared with the other
treatments, with the average yield of cauliflower and tomato reaching 86.4 t+hm™ and 87.0 t-hm™, respectively, and the profit reaching

120 000 yuan+hm™ and 122 000 yuan - hm™. This treatment also had the lowest ammonia volatilization emission (4.4 kg N-hm™and 9.3 kg
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N-hm™) and the lowest nitrate—N residue in the soil after three seasons of vegetable cultivation. Compared with the N1 treatment, the yield

of cauliflower and tomato in the N3 treatment increased by 3.7% and 21.3%, respectively, the profit increased by 10.7% and 40.3%,

respectively, and the ammonia volatilization emission was reduced by 64.0% and 46.9%, respectively. Based on this, compared with the

conventional fertilization (N1) treatment, the controlled release of N fertilizer and urea at a 7: 3 ratio with a one—time base application (the

N3 treatment) can reduce the N application by 30% and significantly increase the efficiency and reduces N emissions; this application

method is worthy of promotion in intensive vegetable production in Jiangsu Province.

Keywords: vegetables; ammonia volatilization; nitrate residue; economic profit; environmental effect
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Figure 1 Daily mean air temperature and daily precipitation from September 2018 to December 2019
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VRETR Rt Y F 4055 5 H

FEAB T 5] 5 N1 AH ] 5 N3 R &L Y 70% (175
kg N-hm™) , $ B JR K 55838 R 2 4% 7:3 0 LAy
FERE— R PE T s N4 -5 Bt & 1 70% (175 kg
N-hm™), HH1 70% H9¥E B R R AE M FE, 565 1 kB AL
WIEANIB AL, 55 2 B B R iGA 30% A9 E R R o it
WAL FR LR 1o M AL 25 A AW AL
i PB4 b A B A 1A ke i L AR AN i 1Y
MEEZE250 kg N-hm P2 $ B RUIE H 1 2R 42 0E KA
A T REAE A R Oy A RS w4 (35 N & 43%, Bl 3
ASH ) o Ak B Al B0 I FH S AH TRD 405K 90 kg
P,0s - hm™F1 200 kg K,0 - hm™, 1 R BE A0 A . F54
LEBRARE S NX R 11 m?, R FHBEHLIX 4 HES

HEEE 22 43 00 AR AR (LR & B 120) Fi
G AR 2825 ) . AEBRSR T 2018 429 1 6 H Al
201949 H 9 H e, PRV JIE Bsf [10] Sy #6488 352 114 32 A
WA SE BRI F i T 201944 A 3 HER, P UGE R
E 7 A0 B AL TSRS — SR KM . AERB=E N Al 7E 7]
— M B SRR, [l — Ah PR A 2 it A A IR . AR
Jite Je RO B -, S AL IS ) VR R R PR Y )
3, Uit AV R 7K 5 T AE 135~180 m® - hm ™, H:
2% ) A5 B it 5 22 1 A > 15U [
1.3 H@mXESNUE

AT /N DR R RIS S G — SR ™, i /s
XA AT Al 4 5 IR EA ToRAM 1™, 5 R A1k 42 8 58
U BIPEA/NX PR 2019 4ETERSE Z 45 R s 2R
45 /NX 0~20,20~40 cm A1 40~50 cm 1 )2 1Y 1 3 FE
i, RSN e AR S . A
R R % P 208 R0k R /N T 1 A~ AR
15 em 51 30 cm A PVC [B {3 A RAEFE , %5 PH A6 IS 1 FR
40.017 7 wm®, B 2 B Ao ORI B 9]
H S RAE R EP 1S UL | SRR 2~4 b,
T 80 mlL 1) 2% B R 1) 6 SO M 280 <, A
o R VA TR V0 o VA R R i R A S A H
LR, 20U 22 52 45 AR T U PR BE

1.4 BB

K 1 Excel F A X £ dli 04 7 LAl 4211, SPSS 18.0
BAFEAT 7 2250 BT A 2 FLE, Origin 2019 #1141
L B Rt A V- S i 22

2 HRE5RMH

2.1 MEMBMTTE

AN [ it JES A ERL %) 45480 352 0 2 o L2 2, AT LA
B P ZEAEAR S ™ 5 o N1 AR BRARAIG, N3 N4 kb 2R
e AHAS LD BRA] Y 25 R G8 B K. ANIRIAbBEfY
F it e i FR I A N3 A B a7 i A e, S AR N1
AbFRAH LU 3G 7 21.3% , 8 35 NTON2 b3 FLR 2
N4 b, 3 5l 5 0 3w T N1 AR FR, 3G 7 /T 5k
14.1%. L5 WREYI RS 58 HU ZHE L, HoAh
A FRIAT — 2 R BE A 3G 7, 3 U B AE 2 it AU 5
fitlh Wit 30% 008 AT DA i 8% 28 7 i s 5 Nt 4
FAENEAY AL BE N2 A FL N3 N4 = A - R AL,
X5 70% F5 B BB +30% JR R A0t I8 7 3R] 2L
B S, ook B AR AR AR AR o S — ik
PERA (N3 ZhHE ) R il 85 3™ ik B i e o
22 AERBERAETHIESIEL

X A6 A6 =2 R 2 a3 A B ) BE (1 vk AR +2 YE
JE) ) S e R A TN, T 2 WT DU Y R e I

R2 AR EERINE BRI (- hm™)
Table 2 Effect of different treatments on yields of cauliflower

and tomato(t-hm™)

Ak 20184EAEMPSE  20194EFFAT 2019 4L
Treatments 2018 cauliflower 2019 tomato 2019 cauliflower
N1 105.3+2.5a 71.7+2.8¢c 62.1x1.6a
N2 105.4+1.7a 77.7+1.6be 63.9+2.1a
N3 107.3+3.1a 87.0+1.1a 65.5+4.3a
N4 107.6%4.0a 81.8+8.6ab 62.5+4.3a

s SR R 5 B 2R B 22528 3 (P<0.05) . R,
Note: The different letters in a column indicate significant differences

among treatments at P<0.05 level. The same below.

F1 BEREBEFIEEAER (kg N-hm™)

Table 1 Nitrogen application of each treatment (kg N+hm™)

1" topdressing (rosette stage/anthesis stage )

52 UGB NE (S5 BRAR SRR )
2" topdressing (heading stage/fruit expanding period )

b3 R FEE 5% YRGB AL G AEAET)
Treatments Total N applied Base fertilizer
N1 250 125 62.5
N2 175 87.5 43.75
N3 175 122.5%+52.5 —
N4 175 122.5% —

62.5
43.75

52.5

TE L R R IR O R UL, RER IR BN R

Note: * labeled indicates that the fertilizer type is controlled—release N fertilizer and the unlabeled N fertilizer type is urea.

1% WHART]
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HE B B — W it A T BB A B e i &
H HERCR , BL2E AN 18 AR A 46 2 PR R B IR /K -, 5 i
A3 0.26 kg N-hm™-d™',

A [7] Kb 38 A8 55 R0 2 Ak 7 45 B B 1) 24 5 kR
FRIE W3R 3, AT DLA BRI 25 T e a5 &k B R R
O NTANFR 7 5, N3 FRR A, AA 2018 4FEFEAH S
FRBERNRBRHNRE , BMEEFHARE A
¥ BRUE R I N1 AR AR HE , B AR AR A N3 &b
PRRRAR T 45.5%, 25 55 E B RIS 1 YRGB LA [R],
N3 N4 ARG 4% & RAUE B 0T N1, 2019

o

5t

TN, 3 MR R B RHES AT
N1 Ab B, v N3 AR 245 i Y 80CR Jc i, BRI
AR K B, (R 25 B TR 38 BB 28 (R A
1%, 56 2 B AR R LF- WA 245 & M HERC, 5 N1 Ak
FRAH L, 245 R S FEAIK T 46.9% ., 2019 4E fE A 5%
Z AN RN AELE B REEREE, &
FIMIE N N1>N2>N4>N3, 5 N1 AR BEAT F , N3 A2bFE A
PR M BTEEA T 82.9%, LA 3% KE, BIRN3
b PRAEFERE B B — Uk Ml A 9T RUIE (B 45 % R
RS T NL N2 A B, 78 2019 A B 22 Z 10
LT N1 ON2 b 38 R N3 Ab PR Y 2 5 % el
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Figure 2 Dynamics of the ammonia volatilization flux
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VRETR Rt Y F 4055 5 H

PRI HE A AR
23 FEREHEAET HERSRSE

AT b P % 2 = 2R e IR A AU LR
4, N1ALFEO0~50 cm 12 HIMS R T BB & m T H
flr b BE, Hod F5AE 0~20 em T2 NI S A S = T
Em T HAAN R, R T 219.4 mg kg, X 16 HH
T H R 2 ) SR A 9 30% 1T LR 2 D - 4
AR AR . N3 AL 0~50 em H3EH RS S A
i i LT IR B, 5 NT AR BRAR L, N3 b3
S AT R T 43.3%, N3ABRAES 2 L3 Y
A A S B N B, 76 20~40 ¢m F140~50 cm + )2
rH A A R T o I T A A B D DR AT REAE T
b b FEERLE i BB TR #
24 AEIRIEHERAE THEFLHEST

25 it FES A ERL i P %) HEDRHA A% TR < IR R 4.35
JC kg FEBAS5.95 0 kg W 4.17 J0 kg 1 3.67
JC-kg™!, U 18227 50 -hm™ 43453725 R
FVEY) KA  ACBRSE A A 3048 200 - ke 8
Tk AN (] A 3R B 5 A 5 ) 48 55 8 4 43 B AT LA
F (K 5) AN R A BB AT 78 7 B 28 2 A0 25 h 22 4
FEIH N1<N2<N4<N3 (2019 4EFE B 32 75 Jy N4<N2) ,

i

?

5 U N1 AR L, 80 309% I8 K ] {5 A1 14 0
P ZEAE MR A5 A BRI I 22 57 I35 5 17T 2019 43 i
75 N3 A A 2 5 N1UN2 AR B, N1 AR B )
T i 25 (R N3 N4 A B, 55 4% b B A i 22 5 A
Ao MG A, 5 N1ARELAR EE , N3 FI N4 ZbHE7E 2018
AEACHISE TR T 5.3% F14.4% , N3 RbFEALE 2019 45 4E
BP0 16.1% , T 7E 2019 4E % i 25, N3 Fl N4 4b 7
FARE IS B R 3] T 40.3% F126.0%, 523 & T N2 Ab #f
(ARSI

3 g

3.1 AERABALEE X TE P32 Fn & 0 F= 2RI

TR it 3 1 AL 2R 3k ot A, Dt RN Rk B A
UL R AR AR BTz A AT A
LR FER R T EBRIREENVIR P LB, 5
24 b > 15l SRR EL TR ) 28 R AU U R 24.3% B8
10.8% Ab 35 355 5 Wik 225 3R 79 2% /N 22 FOK AR 1) 7™ 4o
PRI R, BB 30% M AE T, =3
FERBSER 7 REOREE T AT S, 5% AU AL TG i 3 22
S5 it FH 22 955 R N AE it 280t 02 5% N 64% 11 L
T R AL IR | B = IR 21.4% . ARG,

R3 FEIMEAER R LIEEIFEL RNE (kg N-hm™)

Table 3 Ammonia volatilization in different fertilization periods (kg N+hm™)

B Ak 3 FENEI 55 1 UGB 55 2 UCIB HE JEN VA rs
Vegetable seasons Treatments Base fertilizer periods 1" topdressing periods 2™ topdressing periods Total

2018 4EAEMBE N1 3.6+1.0a 6.1+4.7a 1.5£0.9a 11.2+5.3a
N2 4.0+2.4a 2.5+0.8ab 1.4+0.7a 7.9+3.3a

N3 4.3+1.2a 1.2+0.2b 0.7+0.1a 6.1+1.3a

N4 4.9+2.4a 1.1+0.2b 0.9+0.2a 6.8+2.3a
2019 4EF i N1 8.5+0.6a 1.0+0.2b 8.00.8a 17.5+2.1a
N2 7.5+1.8a 1.9+1.0a 1.8+0.6¢ 11.2+3.1bc

N3 8.7+1.6a 0.6+0.1b 0.03+0.03d 9.3+2.2¢
N4 7.5+0.9a 0.4+0.1b 5.3+0.7b 13.2+0.7b
2019 4- LM N1 3.5+0.6a 5.6+1.3a 6.7+1.4a 15.8+1.5a
N2 3.4+0.4a 5.2+1.6a 3.9+1.7b 12.5+3.2b

N3 2.5+0.6b 0.13+0.1b 0.1+0.1¢ 2.7+0.7d

N4 1.5+0.3¢ 0.1+0.1b 4.7+1.2b 6.3x1.1c

R4 BEE=FHRFXMHESG L ERSREE(ng-kg')
Table 4 Soil nitrate N content after three consecutive seasons of vegetable planting (mg-kg™)
AL B Treatment 0~20 ecm 20~40 ecm 40~50 ¢m AT Total

N1 547.8+192.8a 193.3+41.7a 246.8+30.0b 987.9+219.7a

N2 314.5+49.3b 194.3+37.8a 301.6+7.5a 810.4+£37.3b

N3 308.4+13.2b 109.7+19.4b 142.5+13.5¢ 560.6+33.2¢

N4 362.3+60.1b 165.5+26.4a 264.8+39.9ab 792.7+11.2b

1% WHART]
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Table 5 Economic benefits of cauliflower and tomato in different treatments (10 thousand Yuan-hm™)

2018 A AEMBZE 2018 cauliflower 2019 4£757ih 2019 tomato 2019 4EAEMB3E 2019 cauliflower

W ORRERA  ATRA A T - o T
freament Ferilizer costLabor costTotal cost Outs‘:t{%alue I\Igitjrﬁn . P?Oﬁi Outzt%alue I\Iéztjrilju . P;:‘Oli)ii Out;;f%alue l\fﬁiﬂ?ﬂ . PHOIﬁi
increase/% increase/% increase/%
N1 0.22 3.30 5.66  21.07x0.50a 15.40£0.50a — 14.34£0.55¢  8.670.55¢ — 12.42+0.32a 6.76+0.32a —
N2 0.19 3.30 5.63  21.09+0.34a 15.46+0.34a 04+22a 15.55£0.32bc  9.92+0.32bc  14.4£3.7b 12.7720.42a 7.14£0.42a 5.626.2a
N3 0.21 2.90 525  2147+0.62a 16.22+0.62a 53+4.0a 17.4120.22a 12.16£0.22a  40.3+2.5a 13.10£0.86a 7.85+0.86a 16.1+12.7a
N4 0.21 3.10 545 21.52+0.80a 16.07+0.80a 4.4+52a 16.37+1.71ab 10.92+1.71ab 26.0£9.7ab 12.49+0.86a 7.04+0.86a 4.1+12.7a

T SRS =LA+ 4 B AR 2+ A M T Hh &5 AR ISOAS =5 30 AR+ 88 SO , AT RS = F i FEL A7 280 2% T+ A, i AR 24 AR 1.53
FI 76 hm ™, AL AT AF S 0.62 5 0 - hm ™ BEUCHEE 0.20 F 76 - hm 2.

Note: Total cost= Fertilizer cost+Labor cost+Other cost. Fertilizer cost=Regular fertilizer cost+Slow/controlled release fertilizer cost. Labor cost=Daily
field management cost+Fertilizing. Price of seeds and pesticide is 15 300 yuan - hm™, price of leased land and electricity consumption is 6 200 yuan+hm™,

each fertilizing cost 2 000 yuan-hm™.
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R R B BRI R BN AS A AT DA A
BEYME T EY AR, 6w H 7 it n] DU it
B R AE R A B L Y A R R L it
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