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WE : EREBEHHK 11 Momordica charantia cv. Zhuzhou Changbai) it j5 BE B R E FIAH MM W B EHME L~ 8B, 18
BB B HE(PAS) HUR L BR(ASA). Bk Z B (AA) # 8 B(GA) & B AR @AY B LB (SOD). i £ 1L 8§(POD).
e ECATHEY, BOBR%EM(ABA). H _BMDA)E & B3 L#E £ (AOR), \nipHisied Hik, E&r
EEE, ZMEREHH IAA.GA, PAs.SOD.POD.CAT 24 8 ¥ E43%, i5 MDA AOR.ABA 2if 8 ¥ fifi%,
A MDA &85 ABA.AOR £k B E FHIX, 5 PAs.JAAGA,,SOD.POD.CAT £ B E fifiX.
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Effects of Zinc and Molybdenum Nutritions on Yields, Polyamines,
Hormone Contents and Active Oxygen Metabolism in Leaves of
Balsam Pear (Momordica charantia cv. Zhuzhou Changbai)
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CHEN Ru-kai?

(1. College of Horticulture, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. Key Laboratory of Sugarcane
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Abstract: Spraying ZnSO,+7H;0 and Na,MoO,+2H,0 on the leaves of balsam pear (Momordica charantia cv.
Zhuzhou Changbai) grown in the field could significantly increase the yield of balsam pear and the contents of
polyamines (PAs), putrescine (Put), spermidine (Spd), spermine (Spm), indole acetic acid (IAA), gibberellic acid
(GA;) and ascorbic acid (ASA) and the activities of superoxide dismutase (SOD), peroxidase (POD) and catalase
(CAT) in the leaves. It also reduced malondialdehyde (MDA), abscisic acid (ABA) contents and autoxidation rate
(AOR) in leaves, which inhibited membrane lipid peroxidation and retarded the senescence of leaves. The
statistics analysis showed a significant positive correlation between vields and IAA, GA,, PAs, SOD, POD, CAT,
but a significant negative correlation between yields and MDA, AOR, ABA. Whereas in the leaves, the content of
MDA was positively related to the contents of ABA and AOR, but negatively to those of PAs, TAA, GA,, SOD,

POD and CAT.

Key words: Balsam pear; Zinc; Molybdenum; Yields; Polyamines; Hormone; Active oxygen metabolism

EHWERRY RENTHNE ) R EWRNE
RE M B AR 13 v e AR E (R SRR R R
WA, WA B TR R SR A
Yotk o 7= A KB VA A, TR 5 A 36 J Bh
FEEEAAMEA, ERER RN MBS AT, &

W f B 38 ;. 2003-04-07 #£X AWM 2003-07-14

Vs I E R R R4 (fn SOD .POD.CAT)HMI3E
B Ry R GE(n ASA), EAH9 BRI FE F AT LAAS T
B R ERE SR EEERARE 8
ARHIKF b, B M ERR T EALD . TE R JTAAL
GA; RHRIBHEY A K, REEKRFEZHER. &

ERWMA : WREHGH/TUAR213), X FERARBFAEEFHAERIITE



http://www.cqvip.com

248 X R B gy E i)

- RVE:

RAEY A Cu-Zo-SOD AR, BEPW
EYERRREY. HETS 5TBER A BN S
P, [ MR IR AR R, TOA B E IR
R R B R E R AR KR e R RRE.
b, RIVTR THHEERN SN RN A F .8
ENEEEARWRWRBIA, B hENEERS
HEH RaE AR E R RR R,

1 MERTTE

1.1 RK@igit

RERTEEREKEEATESDA . 40+
AL, Ry, AR 173 gkg’, 2K
1.1 gkg!, 8 10 gkg!, &40 185 g kg!, & &
2553 mg kg', 4 4H 098 mg kg', HE H A
38.39 mg kg, B X 8% (P) 30.42 mg kg, & B # (K)
136.8 mg kg', H e 0.69 mg kg' (1 mol/L HC1 &
#), F 355 0.13 mg kg'(pH3.3 FEE M - EREEEW
#E), pH 5.05, 7

PR AL A TR (S Zn 23%)FIHM(E Mo
39%), BHEA FRE(E N 46%), #AE B FAH(FKO
50%), BEAE AT BEER4S (& POs 18%). &
667 m? i N 25 kg, P,O; 16 kg, K;0 20 kg UL & +
Z4fE 1000 kg, Horh—L A [RE SBEAE . H A0, L2~
REAE AEREHRA, 5 —FRES 2 KIER. RER
& ZnMo,, ZnMo,, ZnMo,, ZnMo,, ZnMo,.
ZnMo, [Zn 8% Mo T fIirIBFRRBHKIEE
ZnS0O,+ 7TH20 1 Na,MoO, (] i & (g)] 6 MtE 5 1
MEKAE AR DRER 208 m?, Ft 21 /5
X, BRI, ER 3 K.

PR R “PRti K B35 K" (Momordica

charantia cv. Zhuzhou Changbai), J 2002 44 B 15
Hi%#, 28 HBR, B/ XHE 30K, HEFE 154G A
13 H) 7EM W Zo, Mo BFR, 54 J5 BB 1
X BRAXBXKAR2L. TS5 A28 HEEIM 6 A
18 Q%MD B EE TR SE 3 frage, HE
SRR TR KES, HE LS4t
. 6 BhAFFhlER, 7 A 26 HER, >
B. HEEBREER#IT.

1.2 MRFH*

BEAP S B (SOD), it E AL Y A§(POD). it
FAE R CAT)E M U R FUA L B(ASA) JERE T £
WM MDA 8 5 B A ERHE
SHEERENGE RS BN e S REAESY
W7, MRS R R EE . TR e
20 28 B R R B 2R AR
.28 B3 pH S84 (BRI HT) M
ToHT. ULEREHESR 3R R PFHERTS
W3,

2 4R

21 MR A RS R

&1 RHY, FEFEHBRZ KRR L, M B
RERAENERNNE N2 EEERR, &
7= 8.97%-13.54%H 7.72%-13.30%. BE izt
WEE R X 0.69 mg kg, HR4H 0.13 mg kg, H1E
FHREF(LS mg kg )FEREH(0.15 mg kg) ik 7K F%,
HH L R, 7E e 2 EBE B HE KL AR Al b, - T
WA 1-3 g L MBREREEM 1-2 g L' IR LY
EER RSN,

RISAEHRPNEMR. MY AERRSROENE

Table 1 Effects of Zn and Mo nutrients on yields and endogenous hormone contents in leaves of balsam pear

Zn Mo 1AA (b gkg! FW)

MR GA, (1 gkg'FW) ABA (1 gkg' FW)
®LY) Plot yields*(kg) 05-28 06-18 05-28 06-18 05-28 06-18
0 0 72.5+1.5c** 240%2.6¢ 150+1.5¢ A1+1.2d 34+1.0d 21242.5a 254+9.2a
0 1 78.142.1b 261+3.0b 171+2.0b 50+1.3cd 40t1.5¢ 19042.1b 22142.8b
1 0 79.0+1.9b 275+32ab  18242.3ab 55+2.1bc 43%1.8bc 18242.3b 215+5.8b
1 | 81.61+2.0ab 284+4.1ab  185+3.0ab 60+2.3abc  4412.0bc 175+1.2b 212+1.6b
3 1 83.412.2a 289+3.5ab  190+2.9ab 63+2.4ab 45+1.9abc 174£1.3b 210£2.1b
1 2 83.242.3a 285+3.1ab  188+3.1ab 62+2.8ab 46+2.1ab 173+1.8b 209+2.4b
3 2 84.4+2. 8a 290+2.8a  201£2.8a 67+3.1a 50+2.5a 171£1.9b 201+6.5b

* NEEER 208 m’. An area of a plot=20.8 m® ** MEHKFEHLENR, A—FBRFERFAEE(E=0.05)KF. Valuesin
columns followed by the same letter do not differ significantly at p=0.05 by Duncan's multiple range test. |~ 5. The same for the following

tables.
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BFREYEN TAA S RATLRHEFLER, B
FSHIAA SR TE. T IAA RERFAEYEK
FESTEERI TR o5 e [ R SE A AT LA 8
ZiRemw kR [AA 58, THIAA SR
EFORBRRETEM, BEEERPREK, 5
Jnt B IAA ZBE TRAES (R D. wHH A
GA; RWEHE IAA L, XEFREKARLES
R, HTBERE S/ IAA M GA;s &
B, W RF AR MRIT RN A ), Bl RRE
JR B T P WA R A AR, T M TAAGA,
A& e

—#AN ABA B—FHEEER, Ko BE VB
FEURGR T FEMEI T FBE N ABA (RIBLRED. B

HEFFEEAERLE, WA i ABA S B RE TR, X
A e R B Y Mo B BE (L BB (AO) M 3R W JiX 2 B
(XD) L AR Sy, B IX PP BRI TE £ T M ABA
& R

22 MR sEkaRk

LHRAERNBEK R LEERPIEEE
DA RSB YUE R Y. R 2 RS
FHAERH T M B 2 A B (R R
ROt xS R B E M. 7N PAs, Put, Spd.
Spm & B I¥4HEE Mo sk Zon IREM M IMmem, F
LA ZoMo, 43 A B, 18 Zn Mo ¥ & ¥ N
HAEEEER. :

2 #AERFNERH L SRAROKE
Table 2 Effects of Zn and Mo nutrients on polyamines contents in leaves of balsam pear

Zn Mo &R Put (nmol g’ FW) T ¥ % Spd (nmol g’ FW) ¥ % Spm (nmol g’ FW) % fg PAs (nmol g’ FW)
el 05-28 06-18 05-28 06-18 05-28 06-18 05-28 06-18
0 0 110£39d  9013.1c 30+2.0c 19%1.2¢ 21+1.5¢ 12+1.1¢c 16113.5d 121+2.5d
0 1 131+42¢  10632.4b 3612.2b 25+2.5b 26+1.6b 17+1.4b 19314.5¢ 148+2.1¢
1 0 145+4.6bc  11213.2ab 38+1.9ab  28%2.1ab 29+2.1ab  20%+1.5ab 212439  160+3.0bc
1 1 15615.3ab 12013.6a 40+1.5ab 2911 4ab 3012.5ab  21+2.0ab 2261t4.1ab 170%3.1ab
3 1 158+2.9ab 122+3.9a 4212.5ab 3011 4ab 31+19ab  22%*1.5ab 231143.5ab  17412.2ab
1 2 160+3.4ab 121+2.8a 4112.4ab 32+1 8ab 31+3.1ab  22%1.9ab 232+4.6ab 17513.1ab
3 2 16516.0a 12613.7a 45+3.1a 33+2.6a 32+2.6a 23+2.1a 24214 4a 18213.8a

23 MR EEENAH

SOD.POD.CAT £ Y15 Bk & tE | R 7 Bg
%, BFRMYERN Cu-Zn-SOD {4 Bk 4, & 3
2R W RE B SR AR RLS, ¥R SOD JE 1
tx R B n. i SOD B Zn 5§ Mo R (1)
WM, 9 Zn.Mo HH Emgrt 5 SOD 7§
. ([EREEREKNAK, SOD JEHA T A

POD.CAT iHFHE LK ASA S RBINEBHERE
SOD A —2(E 3, 4.

MDA AR S EA =Y, £ERETEILNTE
2 —. MDA BFhEER T RRANER
HHERR RN, AR 4TS H, MDA 58
A MDA BzhE M ERZRERELS B, WM
% Zn, Mo ¥)7] & E (K MDA 4 &M MDAH
ENEE. EPHETERRE. A MDA SRE
EENEAL R (Y=-21.70+1.180X r=0971", n=14,F
7). ABA(Y=6.12+0.278X r=0.696"") 2 i} & % [F 41
¥%, L5 SOD (Y=89.69-0.146X r=-0.548"). POD

R IGAE R ELH K SOD.POD #1 CAT F# K6
Table 3 Effects of Zn and Mo nutrients on SOD,POD,CAT activities in leaves of balsam pear

Zn Mo SOD (U mg" Protein) POD (OD,;, mg’ Protein min™) CAT (mg H,O, mg’ Protein min'")
(gLl 05-28 06-18 05-28 06-18 05-28 06-18
0 0 25.81+2.5¢ 13.8%1.1¢ 8.610.9¢ 4.210.5¢ 30.31+2.5¢ 20.411.8b
0 1 30.313.1bc 15.6+2.0bc 10.611.5b 6.1£1.0b 35.913.1b 24.812.0a
1 0 32.513.0b 17.41+1.0ab 12.8+1.8a 6.8%1.1ab 39.212.6ab 25412 3a
1 1 34.3+2.5ab 18.2+1.9ab 13.2+1.1a 7.011.0ab 40.313.2ab 26.012.5a
3 1 35.2+2.8ab 18.3+1.5ab 13.6t1.6a 7.3x1.2ab 40.5+2.4a 26.2t1.6a
1 2 35.413.3ab 18.712.1a 13.4%1.3a 74%1.1ab 40.113.9ab 26.0%2.1a
3 2 38.143.2a 19.1+2.2a 14.2%1.1a 8.1+1.5a 412129a 27.212.8a
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Table 4 Effects of Zn and Mo nutrients on ASA, MDA contents and autoxidation rate (AOR) in leaves of balsam pear
Zn Mo ASA (mg g' FW) MDA (nmol g' FW) AOR (nmol g'FW)
(gLlh 05-28 06-18 05-28 06-18 05-28 06-18
0 0 0.3810.05b 0.30+0.04b 77.21+4.2a 85.3+4.5a 84.846.0a 88.914.5a
0 1 0.4240.10a 0.3310.05a 62.613.1b 66.213.2b 70.1+4.2b 75.312.5b
1 0 0.4210.06a 0.3410.04a 60.512.9b 57.912.6b 67.812.2b 70.51£2.9b
1 1 0.4310.05a 0.3410.03a 58.24+3.0b 56.4%3.2b 65.213.0b 68.9+2.5b
3 1 0.4410.10a 0.3510.02a 56.8+2.4b 55.8+4.0b 64.712.5b 66.3+3.8b
1 2 0.4310.09a 0.3510.05a 56.7+4.1b 55.613.2b 64.613.1b 65.613.4b
3 2 0.4410.06a 0.3510.06a 52.8+2.4b 51.4%2.1b 63.412.4b 64.812.4b
(Y=81.2-129X r=-0.556"). CAT(Y=106.3-0496X  ABA-AO f1 XD, B A fs & B ABA®, HILE R,

r=-0588). IAA (Y=848 0.06X r=-0547), GA,
(Y=90.67-0.59X r=-0.623"), Put (¥=93.91-0.25X
r=-0637). Spd (Y=87.88-0815X r=-06217, Spm
(Y=83.69 -0.964X r=-0.602"), PAs (¥=92.25-
0.166X r=-0.632)2 B& fiMix. RHEHFHEHRT
-3, @ A Zo Mo SRR &
PAs Put,Spd,Spm,.IAA GA;,CAT & &L\ & SOD,
POD.CAT #t, M (€ MDA fl ABA &8, 3
ZHRAREE REE/L~’].

3

Z KR4 &YLL Put,Spd M Spm S Ar &/ .
TREAARERER HLESHR- B EREZEUL
REEYHUEE M AERT T, 230w e R
JEE TN i % e & B (R IE R WA RS ) 2 B
36 I T B A TR Y SR RR APV UR BEE Y B N T 189 m, 5
MNEEEEER . WA R T A KY
EHNE R RN ERM, "TR&H R PAs,
Put.Spm.Spd & &, ATI{ESEEKEK, RELD
FREIESE 1, YN E R,

YR E 55N IAAGA, ABA S BEH X,
BER YR IREE A 7T m R R 28R
MEM. BIkZRIAA) 5HRBERGA)REREE
PIEKMERFEZ M TR T ABA WA KM, A8
FLINA, Wi Zn Mo ¥y RT & T Nt o IAA,
GA; & &, K ABA 58, X5HETEHEER
T IAA & A K. Mo BREFFLEB(AO) 3
R IR B (XD A By, AO BT LASAL KRR
FRBIVE -3- ZBERBIR LR, WrT UL ABA
EYERNIRE—F, HEREBERN ABA,
Mo_Co BR-F R 5 A EL L X 22 025 3 ST AR 1 Al dgk 2k

Mo F[ gt AO Fn XD T &W IAA Fi ABA 4
W& B 2T Zn RN ABA, Mo £ {7 W
GA, MAEFRFTE— SRR,

HYMEEC S BT S E DMK, TR
AR E X 5iEHEUKEE XK. BIARYH, §8
RENFEAEEETSIRBERETE, &R
R 5 SR, mRRT S =Y MDA nj &R
R RE, T, FEEMRT RS
FIEFRY R 4. SOD.POD.CAT BRE{EP" R4+
BIEEMRE, SO U EEH T LA K R 40 i
FrE A RENES. SRR NRIEKRAKF
b, WS MR RE I AL, RESHE Y ED, BT
B LA ETREESA, e FE
MDAK) RN, S8R T 1EN R YRR WA R,
0P &N Cu-Zn-SOD fIEk4r. SeEsIEE A
Cu-Zn-SOD 75 1 RS, o &40 S B8 10 38 T 12 P&
"9, iE RGN AT $2 /& Cu-Zn-SOD 5, T LA R
EERIT S A R, JFRT e SRR 5 R B AR A
BB AR STHRETFHERERIUEERE &Y,
MTTRE R B AE A RS EE AR, Mo &
M F ARG R B 45y, 2 5 8%, BHE S
A RE SR AN ELTFS, EREEEHE
FEor A KA, W NOS-N #4b gk NHP, B i, 3448
HRZ AT K TS BB . EHTR
=" 59 SOD.POD.CAT R 8 HiE M, #im ASA
S8, B> MDA Ml gL &, BEEETEWG
FERIRfE L, TG &R0,

AFARRY, SENF HEFRETEERA
EINEE. £YFEEREY, HNF855 A28
H SRR B b IAA (Y=19.24+0222X r=0918",
0=7, F ). GA, (Y=54.09+0.461X r=0.929"). PAs
(Y=49.20+0.145X r=0.934"). SOD (Y=4685+1.010X
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r=0.958"), POD (¥Y=55.70+1.991X r=0.961), CAT

(Y=40.47+1.046X r=0.960")5 % 83 IFAH2E; Ti 5
HASEAE M B MDA (Y=111.32-0.511X r=-0.971").
AOR (Y=116.32-0.525X r=0.941""), ABA (Y=131.25-

0279X r=-0979")2 M &% FAi S, 1 BIA [ 448
&b 3 6] @ it B W\ o 5 [AA.GA,.PAs,.SOD . POD,

CAT.MDA.AOR.ABA IR EEM K FEEHRE R
K, NTIEmE =8 .
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