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Effects of combined application of Zn-Mn on the
yield and quality of chinese cabbage
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Abstract: In order to establish a reasonable Zinc and Manganese fertilizer proportional scheme and to
improve the yield and quality of vegetables, a field experiment was conducted on calcareous cinnamon soil
of Shanxi province to study the effects of Zinc and Manganese fertilizer on yield and quality of Chinese cab-
bage (Brassica campestris ssp. chinensis) based on the N, P, K prescription fertilization. The results
showed that appropriate application of Zinc and Manganese fertilizer could increase the yield and quality of
Chinese cabbage remarkably, and there were significant interaction effects between Zinc and Manganese
fertilizer and the yield and quality. Adding the Zinc and Manganese fertilizer, the yield and content of Ve,
reducing sugar, Zinc increased by 16. 5% —64.4%,58. 8% —116. 8%,29. 1% —65. 3%,120. 9% —300%
respectively, and nitrate content decrease by 2. 0% —27. 2%. For the higher yield and better quality of Chi-
nese cabbage, the optimum applied amount was: Zinc sulfate 75—120 kg/hm?, Manganese sulfate about 75
kg/hm?, considering the applied rates that N,P and K were used 400 kg/hm?, single super phosphate 200
kg/hm?, potassium sulphate 200 kg/hm’.
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MEARBBREFENRER G2 —, AR
BAKBE SEXRRHRR BERREMRL,
BEIBSARNER. B SEAYAANERERE
VR RMBITR Bk 2 RS 0 B 4
BN, SEYRBEANEKBEARBENHXER.
CABIIRY, &R A SR AL T LU E 3
AR AFUHER RS &SR, BXTH
SHEEEMRKAX-BRESGRAEWHRES RS
R B, ARBELTHXE BERKEKAE L
WE.HRTH REREN/NAR>BNRENE
W, UMMt~ RERLTBALERER LA
RERIBT TR ALK .

1 M5 %

L1l # #H

AN ANASR, EAESIRE
(NFBS 467 . IHBEE (PO FESH
12%) BREH (K. O B 33%0) BB & (Zn R
BM 23%) MBME (Mn B 58 26%) .

.2 K &%

R F 2006-03-01 ~04-20 7 1L 75 I 35 K 2 K
GHXREA#T. R RAIBLBHELEEM
BEOAKER L, ASEVE 14. 7 g/ke, BB E
80. 36 mg/kg, E B BE 23. 7 mg/kg, FE M 138. 6
mg/kg, HREE 0. 75 mg/kg, B4 10. 9 mg/kg,
RELAESBERTERARBZRIEKE HER
FERER 45 t/hm’, KEBHEXLIRM L= 1R
¥49B\E N.P,O, f1 K,0 2. 76,0. 33 f1 2. 06
ke S HRBAXEMBRENREL T HFARE R
FRZEVHHRFIATRBEALRESAARE , E
FERILP] 45 t/hm’ B, BRE . L B 8L 4T A B B AR A0
1 £ B 43 51 2 400,200 F1 200 kg/hm?,

ARRUR B HIENERE, BERNIAE X
HRCEARMFIRERD, RRMB MRS
fHE B2 30,75 1 120 kg/hm® 3 DMK, & i
HB*W‘%%'JL‘J. Zn, . Zn; \Zn, # Mn\ +Mn, . Mn; {'t
., FHEKFEHEBAS, LT 9 M HE, UK
HHEENMBCK, BAEEL 3R EILKAH
5, PRER 6 m* ,/NX[EHEA 0.5 m BB HRH
R LA AR R A SR/ X MR W 3 43 . iR S e B A BR
KEeWHEARNY 2/3 fEERE, AWK FHERLIRE,
EAERERYE, E Y HAEREREATER,
.3 MEMBRRAE

MERBERENX KR, BRENE

hm’ 8, ABLABERENEE TR 10 #% K
BER EHERTEXRENERT B M,
Ve RFREANER . ELABEENE 3 K, B
FHE#TET . hEFS NO-N FRAN
ERKGRULEHERE, Ve A 2,6- _HB 8K #
EEWE  AFREERA - THEKGRENE,
BERRATFRAE-FEFRESERERRESY .

2 ZREH

2.1 #5EPREY/NAE~ROER

RIGEEN EXALXREAGT RAH EE
HAMFPIARTRHER  BRBER T E, K
HERENE THE. AHERBRMNER T, B
ERsgENEmN, /NAR=EHA B M, W Zo;Mn,
M Zn,Mn, B3 Zn, Mn, L HE¥™= 15.85%
ML 92X, 2 HRBEERARBTEMARNER
T HEERERKEM, MO Bl R
Bt 75 ke/hm’ (Mn, ) B, 3% 7 68 BE 8¢ />, {1 Zn, M,
# Zn,Mn, 03B 5 H Zn, Mn, 4L B 11.63%
MO.S1%, Mk BEERKE,H ZnMn, 5
ZnMn, A BEEZRABE, TRAEXRRKR LK
B HEIBEREMELT EEER . ERALTH
BRMTHR.

MEILATEL EEHNFESEERKRA
HEREERN. ERALEP, Zo,Mn, 48/~
BEE . HKA ZnMn,, iR E R o] 8 % 5 AR AR
B AEOQTRRFEESR, —F#5 8. SEN
BRESEEELRRFS/NAXE=BROBERE. I
Zn,Mn, 0B A Zn, Mn, B35t Zn Mn, 23
B> 10.36 %1 7.99% , M Zn,Mn, 438 i Zn, Mn,
AhEI = 20.86 %, RAM THBHE & LXK
B o
2.2 R#E5REREXN/NAKRROER
2.2.1 #FIPEAENO-NLEFHYH ABHR
W XRS5 ERERE N EY, AR
HBONKAHKE . MREXMENEFHFEEL,
Ext ANERBENERE KB, dEEAHRE
AREERRIE. i, AXHMERREHLE M
B.EEAMNPBRKXE., R 1TUEFL, A
REEHAHNTRENIEPHNO;-NETE,H
HEMESKFEE. EARMEHEKETRES
AE, BB ERMENDAFZPH NO -N ¥ B, A%
AR ESFHBE MMM IR, B0 Zn Mn, Lt B
NO; -N B & # Zn, Mn, b B 4. 76 %, i Zn;Mn,
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AL FREE ZnyMn, AL BEEAR 15.72%0, 7ER R 69ME 4
KT BCHE BFAE , L RERE AR /D AR NOy -N &
B ARERMTEARHE, MERE. PEXMT

TEFBE. KPS ERESHEHE A THL D
H3R$P NO, -NWRB, _HER . HHIEKETX
B BT B W E R .
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Table 1 The effects of combined Zn-Mn fertilization on the yield and quality of Chinese cabbage

HAER/

FER/(t* hm™?) i Ve/ (ge kg™
Treatments E/Yield (mﬁ(‘);(_gN b (mg« kg ") ER'E:{'\;c/ti\fe suiar Zn/(mg kg ™")
Zn; Mn, 35.274 F 513.7 A 349.2 F 169.0 D 87.7G
Zn Mn; 38.092 E 486.0 B 398.7E 181.8 C 109.5 F
Zn, Mny 38.026 E 463.9 C 420.8 D 179.6 C 126.2 E
Zn; Mn, 38.927 DE 513.2 A 419.3 D 187.8 C 122.3 E
Zn; Mn; 42,632 C 466,.6 C 459.9 B 204.7B 136.2 D
Zn; Mn, 43. 455 BC 425.6 D 473.1 A 206.6 AB 145.1 C
ZnyMn, 39.538 D 507.4 A 440.8 C 189.4 C 151.7B
Zn3;Mn;, 44,131 AB 441.8 D 472.5 A 210.4 AB 157.8 A
Zn3Mn; 45.840 A 381.8 E 476.8 A 216.4 A 158.8 A
CK 27.876 G 524.2 A 219.9 G 130.9 E 39.7H

. FNEERFARNFRERTERSRBE KT (P00,

Note; Different letters in the same column indicates significant difference(P < 0.01).

2.2.2 M baEVcAEHYH Ve RBRERAK
FRAEBENERLENENERRZ — HARE
AEREGRL . UABEANEAXEME HCIEY,
MBEEPRBRT Vo, 2BRENREER SR
ZHTSIRFNFEEFEAKEBBERARFR,
HEERANMNABERE Ve BFEXRR.BH.EH
HEV AR AREBER¥TCRE¥THEHARA
HEEX.

FRRERE OERY AT EEFH TR
BAAXM VeF R, EARMBEKFTERE
B, eERE/NEE Ve S B BERFMHERMG
TRREL, MR G TRREER /D, RIERAK
EREHBRHEMAES. B Zo,Mn, Ve B
Zn,Mn, 0B F 14.18% ,Zn, Mn, ¥ Zn, Mn, AL B
% 5.54%, M ZnMn; 8 Zn;Mn, LB RREH T
0.91%. EARFMKE KT FTEEERE, WEERE
MEAXE Ve R BETEMEE RN THEBHE
BRAD, MEBERGTEZRE /D, W Zn,Mn, Ve
S8 ZInMn, £LERE 15.35%, M Zn;Mn,
Zn,Mn; ZbF{UR % 0. 78%.

MR SESEESEAEBREREHEE Ve
S8, HEAEEERMKKFTHEERNHA S, MW
HEERREAKFETAHE,

2.2.3 Ml aXEzpBsFHYn ARLIAL
B A EESARATAARERESRAR
B o HAHEMESATER. EARKERKFET,
HERYEEELE 75 keg/hm’ LITH . ERESE

WA R, WK T MR E RN, ERFK
HBKET REEBSERAEM. MEAXPEFRESR
HEHALREL, FASHENE RLEKERAMT
EXPEREHOBR, —EABEEREKETH
HEMMAD, MAEBECEERKETAHAR,

2.2.4 sthaE44¥¥Yh HR1ITLUEY,
FEEEAE X /N 3 A B A B v B B0 BRGA IR B % &
BAKFE. APHAERAGT SEBERESE T/
B X SR MR, L&A B A PR B & £ R K W
BRAGET . EEXMERBREFEWMMBA, &K
REGT,MEEMEF SRR 87.7~158. 8 mg/ke,

3 FwSite

TREHEMGEESAMNTFIAE"BHOE
RO HHEEESEFEE. ERRBRAGT HE
P RE s PR B 938 » /0 9 3R B3 0, R TR K P R 3
KRR BEZERAKFEES MAKF (75 kg/hm’
UF)e=8RBE B BEHXAHHABH
EEBN. AERSFEEEVEDRE . BHRS
FUEAF LB REREER LB/ FTH
MERBETAF MNENTRBEETI#AH ER
M R IER R EMNER AT TR ™
B,

BF V4R AE B Mt BB 38/ B R R Ve FE RO Y
R, CEHRAMD MERAKF TRREEE.E
BB, X SAERE KFY LW BR
ZERMEMN. ERARERDMARHRETENERN
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FARKFHWHEERYBEEER ORI HR
HAE,HEYE REKTETABERB NARS
WML SR . HRSEMEREED HHEKENE
YERCR B B . B4 F0 48 AR 7T R MK/ B 3+ NO; -N
FEMFRE TRRh TEREEHMAE RS,
Be R EERSS , Hm#ET NO; -N
MARSRAL, XUASBHYEAN NO;-N ER
B MNMBRERAXNBAGE. BXTFESHEE
ERBMNENTRE—-SHR.
THEFEBERGPARTHNEESR. 2K
HAARYENERNRE. EHRERBHSHNELR
T.a2HREP/NAEFEENY 87. 7~158. 8 mg/kg,
B F R (44, 90 mg/kg)!?  FEFE(127. 95 mg/kg)H
A0, 68 mg/k)! , K TFERMBNSERR
TAEEY, BSNE2ERY . ARAYRBH H
B SRAEN 25~150 mg/ke™ ., MM AR, %
RRBINNARETERTEXRALEE. HE

BAEZAHE: —RRHXREXRRREKFE

ABARBREP “REERHE T /DA
MR, BER%¥EEE ACBEREHARTH
RIEWER2.5~3 mg, MBREBEAEBIXEHOS
kg #3R, NEXMEEPHARAEE 159, R
ERXTIHFRILD 100~120 mg/ke, WAL E A
K ENRE,

SAEEEEYTR.GE.EHREDT AR
A AKBEEEHE AXRRAGT . /NAXET
RERENSE EEIESRAEARRE 75~120
kg/hm? BRME A 75 kg/hm®,

ARG EBRETFRAN-FHRBRER.
HERPEELATHE -SHRE ERNERIELER
HR A BT L RBUIR B LA B AR % 5 4 0 A R A R
EME,
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