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1 E. WA, WA KA ZEM AT S 2T, It — PR AR RS 2858 AR R At . GBFak
t AR LA RIS, 55— IR T8 4 b EE : MUK SE 2B A5 MR 2] B U AL BR(NA80+MW) | HLAK S 2B 45 M AW 30% Ak
FHN340+MW) . HLIZE ZZMIAAEAE L 30% AbFR(N340+MN), A T 5828 3) B AU A FE(N480+HW), 25 4k 55 cm 5681k 5
40 N TERZEANGAIEZLIENOHHW), AT 28 15t 2 A F(N480+HW) . A TAZZE A 30% ALF(N340+HW) R
A IBM ST 30% ALFR(N340+MW), BFFE4E K. 55 cm FE28 1L 30 cm Z8 28R H] IR K 38 & 15.4% ~ 17.8%, 1E
55 em PRI T LR ZEMIZSHEAEBARTT IFEDIE 30% Feht AR e E =i . MR = m A asialas, 40k 78.5 thm?,
432 t/hm?# 30 959 JG/hm2, 5 N480+HW. N340+HW il NO+HW ZbFIAH Y, N340+MW AbFRAE ¥ 54 IS 8.8% . 15.2% F
58.3%, RS AT IS N 7.4% . 16.4% F1 50.1%. 5 N4SO+HW #H L, N340+MW Fl N340+HW AL RS 2038 T 40.8% Al
1.3% N340+MW KbBR K (384 K 7 BFEIE L0154 30.0 ke/hm?, 5 N340+HW F1 N48O+HW AbERA i 2 A% 51.1% F1 70.5%.
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Effects of Mechanical Ridging and Lateral and Band Fertilization on Yield and Ammonia

Volatilization in Chinese Cabbage Production

JIANG Zhencui'2, MIN Ju!, LU Zhixin?, LU Guang?, JI Rongting'-?2, WANG Yuan', SHI Weiming'*

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2 University of Chinese Academy of Sciences,
Beijing 100049, China; 3 Yixing Vegetable Office in Jiangsu Province, Yixing, Jiangsu 214206, China)

Abstract: A consecutive two-year field experiments were carried out to study the effects of mechanical ridging and lateral and
band fertilization on the yield and ammonia volatilization in Chinese cabbage production. In 2015, four treatments were designed:
Mechanical wide ridging (55 ¢cm) and lateral and band high N fertilization (N480 g/hm?>+MW), mechanical wide ridging and
lateral and band low N fertilization (N340 g/hm?>+MW), mechanical narrow ridging (35 cm) and lateral and band low N
fertilization (N340 g/hm?>+MN), artificial wide ridging and lateral and band higher N fertilization (N480 g/hm?>+HW). In 2016,
four treatments were designed with wide ridging: Artificial ridging without N fertilization (NO+HW), artificial ridging with high
N fertilization (N480+HW), artificial ridging with low N fertilization (N340+HW), mechanical ridging and lateral and band low
N fertilization (N340+MW). The results showed that the N340+MW treatment had the highest yield of 78.5 t/hm?, commercial
yields of 43.20 t/hm? and net profit of 30 959 yuan/hm?, Compared with N480+HW, N340+HW and NO+HW treatments, the
N340+MW treatment increased the yield by 8.8%, 15.2% and 58.3% respectively, and increased the commercial yields by 7.4%,
16.4% and 50.1% respectively. Compared with the treatment of N480+HW, the net economic profit of N340+MW and N340+HW
were increased by 40.8% and 1.3%, respectively. The ammonia volatilization was 30.0 kg/hm? in N340+MW treatment, compared
with N340+HW and N480+HW treatments, which was significantly decreased by 51.1% and 70.5%, respectively. Therefore, the
technology of mechanical ridging and lateral and band fertilization can significantly reduce N fertilizer input and improve

cabbage yield, thus can achieve the balance between economic and environmental benefits in Chinese cabbage production.
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B SRR AR TR G R R . 2014 AFE4 [
SRR AN 2 140 J7 hm?, (AR AW AR A R
12.94%, B =3k 76 005 J7 to AT 0ER 25 b i AL
25 5.53 J7 hm?, (HiZ X E AR 20.2%, 55
PRV A 7 Y B SR T PR R S A
1R TR AR RN 57 3 A o LI AR IRt S
ARSIt A A E) 1351 kg/hmX(LLaliE i, FIR)M,
IR0 Ml DX b g 2 B SRAE ) AU i i 600 ~
750 kg/hm? 2 JEAF &R =53k 1800 ~ 2 250 kg/hm?, 2
I X B A SRR R it AU 500 ~ 600 kg/hm? () 3 7% ~
4 5B it A 3 AR AL 10% ~ 18% #ik A
YIRSz AT 3 1 K R IR ) .(28.3%)
TR AR B LA X6 PR 5 3 ™ S ST AR 2O
IR, SR T KSR ER AR AR R 35%, R A MR
RN 8%; BAF LI IR R E BRI,
AR RBR E— BT SRR 24%07, HFER
W, RIS 28 2% it T DA BRI R L S8 e - =
I RALIIEER R, HR TR 28 e X EY 7= e A
FRLMR 120 R A B e 1 5 K S Ak R el it
R R T E R, (BT sh TR L, SR
780 )7 H 25 B Z A BLRAH P2 78 H AREE Al & 55 [
F, AU & B K Je , i [ N3 T SR E
PUB AL E AR AR e, o e R GEUR T 24 . FRBE AT
ALY, TR L ) PR SH AR . 7E
H AT 32 I F A ARG 2200 £t A 4 AR 2 N 2% it
HEALACKE AEA— K S Hhite TAE AR 22— 5 ~ 8 cm

TRAL, AR S RAE T AN, T — I HE P
GRS EY A TR o AR, IR 5
SRR R 28 N BRI | 285 BRS04 ff 1 AN
TEAE . il AT AT A i AR B A5 532 il A oK
FE KBS, 8 i 2 2L PAR Y T e, A
FEAUBHES 22000 2% Jti 152 A AR W) 3t DR R A i
T8 2B GE FNZZETE TR RS i 2 Tk i F 3%
KBTI o

1 #R57EE

1.1 iR R ALY

KI5 F 2015 4E 71 2016 419 9—12 A FENL T
W X VLT3 BT R R B B R R T <
b DA B L IXC, T T ) T AR 2 KU
X, PR 15~ 17°C, ZARFHFEM R 1181 mm,
TR AE S8 Kk B X, 0 ~ 20 cm 1233
FRAEME T WL AR 1. M AEY) K 1 3 (Brassica rapa
pekinensis)it M B R E IR =5, FHHEPRF AR
OSEVEFE B ERKOREE R .
1.2 RENHERER

2015 4F H [\l & 2 225K, 40008 35 em
(N)FI1 55 cm(W); 2 Rl 2RI 7=, 20 A HLA &
ZE M it (M) R T ZB40ita (H, AEGetiie =) ; 2
AL K-, 430 20 1 et R AL 30%
A AP A WL 2, BN 3 REE, RFEPLIX
HHE

F1 REMSHETIREUMR
Table 1 Physiochemical properties of experimental soils
4% (g/kg) AR (mg/kg) AR (mg/kg) R (mg/kg) HR (mg/kg) pH EC(uS/cm)
0.99 35.9 2.06 149 104 6.49 124.2
F2 AEREREYEZEN, kg/hm?)
Table 2  Fertilizer application rates of vegetable crops in the experimental site
EAy Ab 3 FERE A B SALIEA BA
AHLAL fee

2015 N480+HW 120 280 200 480 600
N480+MW 120 280 200 480 600
N340+MW 120 140 200 340 460
N340+MN 120 140 200 340 460
2016 N480+HW 120 280 200 480 600
N340+HW 120 140 200 340 460
N340+MW 120 140 200 340 460
NO+HW 120 0 0 0 120
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e 552 %

2016 AFHERAITEZEYE 55 om JEf L, BT 4
ARER: N TR NOHW) . AT 2
2t A EACBI(NASO+HW , &4ttt =), ATt
A 30% ALFR(N340+HW) FIHLBRE 2200 200 A 30%
ALFRN340+MW), BRAMEEE 3 R, FEHLIXZ1HES .

PHAER R RIE Y A R A IE(N-P.0s K0 FiEhy
10-10-10), #ACFEAPUL . BEACFIERICHEEARTR], e
IR 5 450 kg AAUE, Prashizl 120 kg/hm?,
FIBEA L, AR A FIA it B X B Ak 3850391 LA SE BT
RIMEATEEBIE 117 kg/hm? FI 234 kg/hm?, 9 B2
B 28 kg/hm? Fl 56 kg/hm?, 45/INX H 8] 7K 438 BE AR
HCFE GRS A RAZ G T AR ] o K 1 33 e 1)
F/AX N THEE 1 RIRE, R LA 200 kg/hm?,
1.3 HEHRERHNRERNE

ORI K S A/ X AR AR E =, B AR
i DI BR B BT R R i il 4, /X
SR R R E T R

SRAEA BRI EIEERE, 105°CAHE 30 min, K5
70°C Pt EEE SR TE; 22 HE HS04-H0, 7H
#, HIIEEILBUCHI 399) E131,

14 TESELZWNRERNE

KH PVC B2 43 W3 Ak I e 3
R0, IR R R TR LRI LR,
HEJR 8: 00 UFE, R 13K, 1 A5G, REERHEE
R TR T IR MR 1.0 mol/L KC1 42
A 8l ZAL(BUCHI 399)il 5 . &R 4 FE B &
Jite S A B 5 AN it £ ER SR Ak P 1) 24 i i TIG 2 S I
Mk
1.5 Zitsh

I B K Excel 2007, SPSS 11.5 254k {4k
T8t 8t, SR LSD ik srrdidi ol i 2= 55 i 3
(5 7K P<0.05 il P<0.01).

2 HROW
21 ARZEZELAENKAZEY - E=NEmMTE
FeEA

ME 1A FTLIEH, 34155 em T8 280 HAY K A
KAV R B E ST 35 cm A BRI, [R) 4N B
AN 55 em SR ZEFMERI AT DL A B M K 3
HO15.4%, S ARS8 > Wit AR A 2 (N480+HW) A
L, HURGER 220 S5t A B2 AR AT LLAEW D 30% FRAE A
(N340-+HW) i FEhitk - ARIE R A= 8. 256 L
EESE, RTLARIA H E ALUAMES 28 0 2% it AE £ AR
KA IX #E R HEA =, 55 om 2258 0 2 M fe il A

e e

ME B ATLIAH, 34155 em SE 220 BRAG K A
KRR B EE T 35 om AAZZAI, [ESE IR E
T, 55 cm GE ZEFERLCAT DL I 28 5 R SRR A
i 24.2%, FECRIERT A AR OL T, PR
ZBAN 2%t AL A T LA /D 30% AR RUAG M A, 251
AW B — 2

90 -

b

A4y (Vhm?)

N480+HW N480+MW N340+MW N340+MN
Ak

B f R (Yhm?)
&
N

0 A
N480+HW N480+MW N340+MW N340+MN
s

(P HR /NG SRS (7] 3 78 28 T RITG A oAb B 22 7] 25 5 5
(P<0.05), F[H)
E1 FARZEABEXBXMEYERE@RTE

Fig.1 Biomass and economic yields of Chinese cabbage under
different treatments

22 EEZETARGELERNAKAXEN =

MEmmE2MEN

ME 2A ATLUEH, SATHEILAEXT BAL BE(NO+
HW)AR LG, 384740 A8 AT DL 2508 00k 1 384 4 7 4
27.5 ~ 36.8 t/hm?(P<0.05). 54 ;' 1% 45 jifi AR Ak
(N480+HW)AH L, Wit 30% FLHEZ AL FE(N340+HW)
AWK 7.1%, T RIFEROE 30% FRIE A B
T 2B 2% 56 A A0 B (N3 40+ M W)= 3 K 8.8%

ME 2B AT LAIE Y, 5 A AL A0 B Ak 2
(NO+HW)AH Fb, - 388 fh BB AT L2 ded 35 348 i K A S i o
PR 14.6 ~ 21.7 t/hm*(P<0.05). 54 PG IE AL 2
(N480-+HW)AH L, JaiitE 30% AR A A FE(N340+HW)
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BRI T 5.0%, 1 RIEEDE 30% LB AIHL  FMAHR, WA E NIk,
A 22 0 4% it FIES Ak B (N340+MW) i = e B K T

13.6%. A LG 0 AN 4 A T L7 B o :
FY Sl S BHUAC T X 38K K P 3 7 B P AL it e ? a %
23 FRMBAEN X @ EEFHAENLI T wf 7
e 3 LT i, TERMBEREA PR T, e = ask b
GEN T AR 7 SCAH EE , LB RS 28 00 5% i A T dh 35 ;§ ol
AR F= A, 55 4% P A% Bt it AR Ab B AL B (N480+HW) H
AHEE, Wi 30% A0 A A BLA A 28 ) 2% it AL Ak B 15
(N340+MW) %2 B /0 AR B AR BEA 3 594 I8, & 0
IS 2 1A A 1 600 TC. 1E KM N480+HW N340+H\2/¢;\§40+MW NO+HW
AT R ARAS T B KR b i, P E R R, SR 0 (B)
HAINT 58.3%, SCBLT AU Hb X #8 KA S8 A F= ik 751
WAL 2wl
24 AEFEAELERTRABRMF ARG = .
RS, (R RFMAAE 0GR I .
AN - AN RN |60 R ) = ok )
Jiti i % 100, frﬁ? R4k PRI AL AR . 25 sk
F(F 3)FRM . N480+HW AbFHL AR 20 K F W] HI R
H 8.39%, HZAHM, N340+HW AbFRALAE A Z R0 0 Ra80+HW N340+HW N340+MW NONW
FIFFSEIN T 24.8%; N340+MW FLAE & 2 F WA A
I 15.1%, 1L NASOHW IR 7 7030, AT TR R e
2 WML RS 28 00 45 2 2 AR T DA 25 48 = AR IE R R different treatments
%3 FREAIEHZFEE L
Table 3 Comparison of economic profits of different treatments
szl o2 OT/hm?) MR OT/hm?) A T2 (O0/hm?) PA{E (JG/hm?) 41 (O6/hm?) (%)
N480+HW 22473 - 3600 45 627 19 554 -
N340+MW 18 879 2 000 51 838 30959 58.3
N340+HW 18 879 - 3600 43 324 20 844 6.6
NO+HW 10 153 - 3600 25 848 12 095 -38.1

0 AHUIEMAR (S N 22 g/kg)0.6 Ji/kg, HLIEHHE(N-P,0s—K,0=10-10-10)4 Jt/kg, FHEEREALMAE(E P,0s120 g/kg)l Jo/kg, MR
A% (7 Ko0 500 g/kg)d To/kg; KM 1.2 7o/kg; AT 244K 100 7T,

201 120 a

g a ‘E 100+ 77
M5+ A % %//
E = 80
= Al
% 10f c B 60t %
E R oor

0 N480+HW N32|)\;§W N340+-MW 0 N480HW N340W N340+MW NO+HW

3 FEAEEBRREWF AR 4 FRELERIER

Fig. 3 Efficiencies of nitrogen fertilizer under different treatments Fig. 4 Ammonia volatilization under different treatments
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25 AERBLAIEITIEEL KRN

M 4 AT%0, 5O AE UG R A B (NO+H W)
HHEG , it AR I A ) - R 3 e B Bl 2 3
15.4 ~ 86.9 kg/hm*(LAZiE &it), RGBT =
AEFE(N48O+HW)Z HE L ik &k 101.5 kg/hm?, [ &
MER RN 16.9%; Wit 30% LA A AN FE(N340+HW)
AbBR B FE KA A 61.3 kg/hm?, . N48O+HW 4b B
WD EIE RS 40.2 kg/hm?, BT/ 6 A & AT 5
AR AT R TH9) s, DX SRR 2R 1 S R 40K 5 TR 30%
P RE A8 B AR 22 0 2% )it AL Ak B (N340+MW) & H% &
B N48O-+HW Fll N340+HW Ab B/ IR T 70.5%F0
51.1%, 2= AR 2800 it 4 AR AT I8 285 A AT R 1)
XA R R R

3 e

30 ZERMNKAXEYFENHR=ENZN

ARG AW X FE ARSI S5 F T, 55 35 em
EZEMLL, 55 cm TEZERMEBI N R AR AE Y
T = B B . RS R, K TE 2B R Y
KR L - A AR B o 5 T2 2B A K R -, K
i ZERVE S T RS R LB AR AS R, B T £
PR o R A O, 4N T RS A ML A A
w5 55— AR X 38R s 1 B R AR &R AR
WHRIAE R, [RIBS S M E Y AR 2R A 3540 R, 26 17752 M)
VEY) bR 25 Fl AR BRVE Sh 00, R 20 4 i SR
PR E AR . X SFEDTIRER R, AR IX SR
REAE AR R AR o SO 22 56 B BB RE M AE AR X
TR, HE AR AR XA, s MR AR KO8, 5
ZEN T AR IR T IR R i T A2, &
IRELAE o, 28 ZBFAE = R IK T RE R AR XA
B, AR DX A7 B e 3 J g 1),
3.2 HIMEZEMEERNKAEmEMEFHE

[ 82 i

AR 32 560 Bk 2 78 R K 1 SR A A R 2T Bite E (RUAE
480 kg/hm?) R A= 0 71.8 thm?, EIEWH> 30%
FEREZE B 2 340 kg/hm?, KEASEF=HA
66.5 thm?, W# ZRIM - AESTT LIRA BEES,
Ui AR 12 b DX R 3 A8 7 T AR AR — o I AR I i 25
] AFRMLHENRE, HHED 30% FLIEAE A
5 N (NI B s 0 | 20 o @ i d ROM TNA YL
ANGREAR P HZ . R DU ZZ M AHENE , FL At ZUE
A D 30% A, FREAlik 784 thm?,
KSR it — 24, R BB 28 00 2% it A i 512

U8 RS A 7= R ZR B0 R 85, 3% 5 A E Y A R 11
FFT A SRR L — 1T 3 2 R R LA 200 2% it FIE
AREEAS T IR 3B Al A, A B T S A
(NH4-N) [ E i a0 &, PRIE TR FSRE IR A K
(A0 U R o B 2 0] 2% 7 A PR S8 it N T A e
WHEESISERITLERE W, JLFE RIEEAE TR
AR 5y T R T RO S v AR A AN, i
YEVI AN 5], ORI A —3, FRIR T R A
S 7 L B o A b DX R K P 3 A K g
it 30% ARAE A AL ES 28 M) %t A Ak 3 (N340+MW)
A 01 2 3R FH 23 B i, R WIEE N340+MW 4b
B -3 it A P EE R AE Y 58 0 ORI ek A
o0

HUBES 200 4% i Ak # ] f 2 R AR AR 7 AR . — T
Il N340+MW AbHIER R 2 1534 7= 75 20(N480+HW)
> 30% FRAERAMEH, BRI AR ; 55
— N TBEE LUt KR, AN 95 sh 1
Z ., NTAF= A H 3830, AU 220 5%t AR 4 AR
A A AU AL SR AL T OB, T LA PR b b 5
A== AR, BEARXT 55 2l 1 s, Jsi/ B 7 i 72
H AT o N340-+MW Kb AT ) i 25 1 s AR ) )
FHZR, 7R AR A ) R 7 5 P 8 N480+HW
HIN340+HW AbHLEE 48 w, sEnA =il , 3455
RGPS -
3.3 MR ZEM &MY SIE L K

AL A AL BEONO+HHW) [ R 138, 7R 4E K10
N IR IR R RIE N 14.6 kg/hm?, FLIEE MG B
FI AR =R R (1 4), REALG R T 0
(N480+HW) F, TIEZILHIK N 101.5 kg/hm?, 5
ZAHE, N340+MW AbPEA] > 3 70.5% HAEK
Wk, BBFELOM MR, FAETE R
B A R UK B R R R, U R T A A
il A R o X T4t i i A
S KD HUA B 7121, [ B 2 398 o - 3 Uk %o
NH; AV B WA, DR ARt 1 BSR4
FERED, FERHAEY A=, R4 AT B &>
27% ~ 90% HZEFEAIR o ARl Hh (% S 4514
St R L HE R 2 5 S A R 23 R R
+HER RS AR H AR R B R AR, ARt
X B KA K 2 A O i XK R AR K B — A4 h
VI8 E N IR (2 I LD N we= HOE
PG Ak Ay SR HE R R 25 AP R AR HEVE L
7T 32 B 300 SR P B9 4 Ul I A it s o) S R 1 s SR
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PRS2 ) SRt A P Ok K 3 30% ARIIE AR, H
AT 8.8% AW re Ml 13.8% R AR yE A, BN
58.3% ZEFALEE . BLAL, MLBHE 2800 45 it AR AT G
E S R AR
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