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R 9F 58 04 I/ AR 2K R 1)V X6 78 TR R RIAR B - 2
IR T B R, L R 1) AR e 0 TR 2= 9
PE TR 28 0 6 1 53 TR 2 5k TR A AL TR 45 1 S ) T
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L1 ghifl#

PAKAE W P9I, & B O B - 8424 ( Citrullus
lanatus ( Thunb. ) Matsum and Nakai cv. Zaojia -
8424 ), JK F§, & Fh N 4007 ( Qryza sativa L.
cv. 4007)

B M L MR G (VW £ =
2:1,mim) , FEFUEEAR AL ANT AL 8. 10 g
kg " BRRA 11.2 mg kg ' A4 & W (Olsen P)12.33
mg kg MUAA 36.3 mg kg s pH (UK £ =201)
7.1, BEYP AL A5 AT ARG 3 2 mm L y
SIE DY

9o L TR TR - 7 I A B R L Bk T TR ( Fusarium
oxysporun f. sp. niveum ) . M Ak 2% 5 P4 JK AH KR 43
B DA R R L AL 4 R
S K R B 4 x 10° CFU ml ™',

1.2 it RiEMRE

IR T E 4 DAL (1) PR EAE (m-F) 5 (2)
VORI 2R FON (m + F) 5 (3) P4/ S AE K
[ Ci-F) 5 (4) 79 /51 oK A 18] 45 I 3 A FON
(i+F), #FAPES WEE , EiRE PR, &
BREI%225 em, 55 20 cm, B 4535 2.5 kg B, R
i R N(JKZ)200 mg kg ™' ,Fe( EDTA-Fe)5 mg
kg ™', Zn(ZnSO, « TH,0)5 mg kg ' [A] 1 5 4 7 #i
AKAE 1 (2 BR) R A 2 R R = vy
JNET, B 2 MR BRAE R AR AR 3 Bk, TR NAE K
20 d &, 75 7 AR 798 9 AR v e Ao 5t T TR (48T
4.0x10°4 ml ™) 100 ml 4", 5 d J5 & & Bl —
Wo TURFEA 45 d J5, BAEHFT FON 4k 21 A4 75 R
HH A 22 IR, WAk

WOAR B, 4 7 JTCRF Bk DA 33 o B, FH )
KAEVG AR PR £, R R E 0 L R B 0,
4 C R T IAUHR I R THE . V8 I FK RS

HYHE 2R A R K S B e T, SR S 258 1K o
Ve WCHEMR R EE 1 BV AR R 2 A
BEAT 100 ml K B 25 B F K R 2 M) 4 A8 ol
U IR T CE 4 h TR TR, WA R
T 1 ml TER K %, AE LA - 20°C k48 TR
G3 WA 1A A o AR AR DA WT R YR RS S R M
R M R AR L AR ST AR, Dy 1 BRPE R
B, KRR RS 4 COAF, TR AR R 96 5k ) T
1.3 &S
L3.1 Ah W 15 7 % P4 AL 22 905 9 17 0 2
PR 0 AR AE R IEH 51 BRI A IR S
2 G AHPR— R o3 R 2R AR IR 2 3 G AR R
BRI RIS AR RG2S 4 PR AT R
(% ) = RIGHRE/ BREL x 100, 515 45 4L =
S (GBI ZGRE) 7 CRBREL > s 208 x 100,
BIIA AR (% ) = (XF BRI T B— 4 B9 15 45 40 /
Xof B9 1 16 5 < 100,
1.3.2  PUJIRAR Z FIAR B 4 rbos JL B i) 43 25 1 H 4L
PP R B 1 em B/NE, ol FrE i 1 g AR
B, % T 0.25% NaOCl W iH 5 30 s, SR 5 I
PEK PRk 3 3, B R S /N o0 B AR B (T R
K BB — 5 L) B B, A R 100wl T T
Fusarium JEFEMERFE" 4 d B 50R B 7]
T T VR £

FREU S g AR BR = m 45ml K B K, 4k 3%, WL
0.1 ml JR7E Fusarium 3 PEVERE R LB SR 0L 1,4 d
J B 6 i D TR TR VR B
1.3.3 PR A AL Az B 1R ) Il E WA £ ik 4
YRR 43 M W V75 0, ) HPLC 5 B R B PLIR o R ]
Agilent 1200 = R AR €335 A3 5347 iy 2 b 28 55
Iy TR ) 5 SR B 60,38 4 - XDB-C K, A1 3 40°C ,20 ul
PERE R ,280 nm P MG, ik 0. 8 ml min ',
WA A AW EE, B 2% LW, 45 JT kB
100% (0 min) .60% (22.5 min) .60% (27.0 min) .
37% (40.5 min )., 37% (42.0 min ). 25%
(52.0 min) .0% (55.0 min) .0% (60.0 min) {746
FE VR o AR A I 0 AR S 0 g P I R 2
BN il AR R TR & By AR 1 & i . A LR D
B R A5 : XDB-C i, FE i 30°C 10 wl #EFE &L,
210 nm P KL HMEI , WA A 5 mmol L™' Z,
2 ,B N HEE, 438 )7 :B5% (0 min) Jii# 2y 0.4
ml min~" [ 10% (10 min) Ji# 4 0.4 ml min~' [10%
(15 min) B4 0.4 ml min "' .10% (16 min) i H
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TR AR I A PG I/ A KRR 5] A9 D8R DY T A 25 G T 587

$ 0.5 ml min~" [10% (20 min) ## # 0.5 ml min '
HEAT R B VB0 o AR A O B I R) O E AR Sy W A
BLRR BRI B AR ik it B A AL & 5. o
JFH 3 R AT AILIR B 1 ) J5t DAy 3 A 2 4 2 1500, AR
3 T A U 20 AR Sy €38 28, 500 2 0 1 Sigma 22
Al o MR I; W) b R R Y O3 B R T TR H B
3BT (H 57 L-8900)
1.4 HiELE

JE UG AR f# ] Microsoft Excel 2003 47 &b 3 |
K] SPSS 16. 0 #EA7 AN [F] b 38 (1% J5 22 43 By 1 22 5 1
HIERL , 22 R K 3 p<0.05,

2 5 R
2.1 I/ 216 KRR 45 % T8 I 25 95 0 4

PO RFE AR 40 d J& , B4 Mo i T 1 Ak BT R
H A 22 5 AR, AR BRI R RS, 2R A AR ()

PR R TS, R 1 RITEA R AL BT PR+
Yy R R R PE R AR $ Rl FON 12 2%
(3 D) NS RE7/Y: U IE A ¢ 111 K (2 8 2 NI N 7
Jot SR B AR B PR 4R FON U A I =
BEAR o DL PE TR B RS F A K2 B T3, i
PG TRy Jo 2R AR A AR 18] 44 ik PG JTCAE S8 19 0
TEIRT P, R BB R 1E
F AR bl A7 A B R A AL Bl U0 T, IR o A
Fe il FON I, P8 )AL AT A VF B9 R0 , P I/ 5 A 7K A
AL FE IS, P I 28 90 1) 26 03 23 R0 1 4 0 =5
i 7EH A FON i, 74 ISR 155 5 X0 i i, A Y
VU 50T, 1025 75 I/ 52 A R )4 1, 75 I
Hili 28905 B4 15 4 BB A 12 AP FON Ak B IR T
35.7% o NILAE— % By £ I 70 9k JT 1 K0 K F
&, P/ TR KR 8] 4 AT LLAT 20 I AR P TG 22 9
P8 9 175 45 580, A 20CHD o 08 T 2809 1) 2 A

F1 AR/ RERBEENENEZERPE N

Table 1  Effect of watermelon/upland rice intercropping on watermelon wilt disease

poy:il T RS 9o 17 6 2 B 16 R
Treatment Dry weight (g) Incidence of disease (% ) Disease index Control effect (% )
m-F 3.8+ 0.3b 13.3 £ 18.3bc 0.67 £ 0.91¢ —
m+F 3.3+ 0.2c 60.0 £ 14.9a 7.00 £ 1.29a —
i-F 4.5+ 0.2a 6.7+ 14.9¢ 0.50 = 1. 12¢ 92.9
i+F 2.0+ 0.2d 40.0 = 10.9ab 4.50 £ 1.09b 35.7

EFE £ bR, m-F, AR AR FON;m + F, AR FON;I-F, MfEARHE R FON;i + F, MfEHEFD FON, 7l — 51 A AH 7 5 B 1 R 7R
Ab B Tukey K236 (p<<0.05) Z 7 AN E % . T [H Note:Data are expressed as Means = SD of triplicate assays. m-F stands for monocropping without FON;

m + F for monocropping with FON; i-F for intercropping without FON; and i + F for intercropping with FON. Data in the columns affixed with the same let-

ters are not significant in difference by Tukey test method at p < 0. 05. The same below

2.2 BAR/RMEKBEENERRAMREE LR

R 70 T B =

VU TGI8 B A 3 2 (] 4, 76 $2 Ff FON 5 74 JTUAR
RS ] B R 2 B E R (] TA) o PRI/ R
PEOK AR TB) VR IE 42 b A1 A 45 A FON PY IR A8 2 161
PARCE G- LR TE 4 (RIS S AR o N 1L
IR TR TT T I, 79I/ 5T KR 1) AR AT 4K RE 68 R
WA AR 460 8k 0 B %0 DU TCAR R 4R % . 181 1B R W,
TCI8 AR S R, TE42Fh FON J5 P AR PR + 4R
OB T TR 38 S G A A 4 A FON A B A
He i FON, 74 JIAR P v 9 9 B U0 B K0 I 2% %
i Ul W PG I/ S A 2K AR 8] 4 E % 0 8 o K 7 JTUAR
P R 10 3 0 R ) R

2.3 P/ BAEKTE VR3S A AR 3 43 b 400 o )

e R0k

K2 RH, PY R EAR I, R0 FON 12 25 52 5 7
AR 28 73 W6 Wy v 2% T By IR 5 &, 0 74 I/ 5 A UK A
(] £ 15 42 Bl FON, P4 AR 2% 73 00 5 1 114 o 24 A PR AR
Ab PR AR . YA VYLD FON I, 75 AR &
Iy I OK A R S R B T . (AR $ Rl FON I,
VU TR 8 70 U8 7K A R 19 4 U 0 3 R AIR . PRARE A 3
fift FON i, P VAR 28 20 200 40 b OR A H 2 FR R, 42 ol
FON %S 1 749 JRAR & 73 i 26 W, 1T H. 5 541 A
FU, T 1 B AR 2R 0 R TR ) I 3 PR A . AR
PRSP IR 5 — 7= ), AR TR A P JTUAR R 23 3
f14 35 32 VU TR 2R 4R G IR J 90k U0 T8 1A 52 i), BT
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E: m-F, BEARERIFON; m+F, BAE4EFFON; i-F, F/EARHEFFON; i+F, M/EHAIFON . A H IRl RE iR R AL BE M Tukey
B (p<0.05) ZRARE, REL HiEZE. FRFNote: m-F stands for monocropping without FON; m+F for monocropping
with FON; i-F for intercropping without FON; and i+F for intercropping with FON. Data in the same column with the same letters are
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BL P I/ A KR ) A9 %o PG JTOAR 2R AR I - 2 6090 0 TR 19 52 i

Fig. 1  Effect of watermelon/upland rice intercropping onFusarium oxysporum in watermelon root and rhizosphere soil
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Fig. 2 Effect of watermelon/upland rice intercropping on content of phenolic acids in watermelon root exudates
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FEBLAEHE F FON b 3 v HL A 3 9%, 40 A 55 1%
SRIERPR AR PR EEFRENTER
ANHEFD FON b3 N 8 35 328 55 . 7E 3 Fh FON 544 T
(] VE P TCRR 2R 43 WA v R34 1 My 1R 2k A8 LA
PR B R, 0 B PR PG AR 3 Al FON JE AR &
G3 WA T IR A B, A R SRR X R
AT BT i
2.4 ARN/BEXKBEENARIRRS D HEE

g =i A

22 R, VYR AR, H2 R FON I 2 42 &5 Vg
JIAR 2R 53 06 ) v B3 22 B2 T A/ 1) 45 B U 8 4 Bk R
it o FEAS [ 1 A B VG I A3 6 i R A S AR
], 7E 18] £ b 32 R 75 AR R 43 0 9 b oK A6t il 2
W2 ALHEBAE ST, 20 W v h A I R, Lo
P AR 0 e B2 D FON A B3 2 48 B 78 R Jal 4b
HA P I 4 9 22 B R A B 3 B R R FE 5 b FON
B, PE AR 2 40 W) b R A 22 SR, (U AE AN 2
FON B, V5 JIAR 2R 20 06 ) vh G s 22 82 2, L 76 [ A

Ab BRI W) v 22 R ) B AR

TEFAEF A FON 4b B b LA 20 B 1R, 40 4 &
MR NEMR KL AR AR R HZA R %W
BN FON A4b BT W35 4 o 8] A 4 A
FON 4k B AR A 0 WA W) v Bk 22 S IR 0 4% i 5 TR
i B RD FON Ak P24 & 25 ik, Ui B B4R
P RAE A FON Ji5 AR 28 70 1 W) vh e R R 5 2 I =
& v , 70 ) AF Ak BT S R i B0 AT i i
2.5 AN/ BIERBEENAERRRSBYFEH

REENRm

PR AR, 3220 FON &g 2% 35 i 78 AR 2 73 ik
Yyrb 25 B A LR & B (181 3) o ) /F 4k B 42 Fh FON
Je PG TR 28 73 W8 9y 45 7l 5 1R 5 o AT 3 AR Ak
TE RN FON ZAF T, )45 74 JIAR 28 23 b ) v 25 T A
DINEES RS (S I PING R 1 A TN IR (SN
FEAEBl FON J5 MR 28 70 WA P A7 LI & o2k I 35 42 v
TE B VE A5 PF T A BT 22 0

x2 AN/EREABEENARREASRYIEERSENIZN

Table 2 Effect of watermelon/upland rice intercropping on content of free amino acids in watermelon root exudates (g g ~'root FW)

AbFH Treatment

HILWR
Amino acid m-F i-F i+F
AHEM  Glutamate 40.3 +4. 3¢ 653.8 +96. 8a 6.4 £0.3¢c 180.3 +24.5b
P&  Alanine 30.8 £3.9b 429.1 %117.2a 1.3 20.5b 2.4%1.2b
KA G R  Aspartic count 42.6 +2.7b 157.5 +26. 6a 5.9 +0.2c 12.3 £2.4bc
FHMR  Leucine 14.9 £2.3b 126.9 +32. 4a 0.7 0. 1b 1.3 20.4b
AR Valine 14.3 £2.6b 107.3 +26. 1a 2.8 0. 4b 5.2+1.8b
H4% %  Glycine 9.2 +1.0b 107.8 £8. la 0.7 £0.1b 6.0 +1.0b
K& R Arginine 6.1 +0.8b 88.6 £23.9a 0.2+0.1b 0.6 £0.07b
B Tsoleucine 10.3 +2.9b 81.2+12.5a 0.4 +0.1b 0.7 +0.2b
KN FR Phenylalanine 7.9+2.1b 72.3 +20. 6a 0.5+0.1b 1.5 +0.4b
%R Lysine 9.7+1.3b 58.8 +7.6a 0.4 +0.02b 0.7 +0.1b
EE R Cysteine 3.3+0.5b 36.4 +7.5a 1.120.1b 6.0=1.6b
Iifi%f2 Proline 2.0 +0.4b 33.5+1.4a ND" ND
AR Histidine 1.5 +0.2b 29.3 +3.9a 0.1=0.02b 0.4 0.35b
W& R  Tyrosine 4.6 £1.0b 19.0 +3.3a 1.0 £0.05b 1.6 £0. 1b
%k Methionine 0.4 %0.1b 16.6 £3.9a 0.2 +0.05b 0.4+0.1b
25/ Serine 3.5+1.2a 0.2 +0.05b ND

1)ND, £ Not detected
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Fig. 3  Effect of watermelon/upland rice intercropping on content of organic acids in watermelon root exudates
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W RE T SR FR A ISR I R U MOC L AT
45 R WY 32 B I i e i, SR AR R 0 I )
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R/ AR 18] A 5, 98 TR 22 905 0 B iR 51 Ak ) AR
Aoy IS W IR | 2 R NA AL (4 A T R, —
77 ThT AT A 2 P VA A K R 8] 4 AR T AR B 26 55
JEC TR AR R, G2 T D TR X P TR R A 40, A
T8 1 74 JRAR 2 %) A Wy W 38 ) LR o o5 —
J7 T, R RE S SR K A AR 23 s W 1 A AR T 51 R
VO TR R T B8 7 09 2 i, AT A 17 PG JTCAR &
W R B EETR A HLIR B 80 VI AL A fr T
HE— 2 BB IR SE
3.2 HEYRSBYHBEERRENNX R

A TR ) B AR AR o 0 0 6T R o s DT Y A I

R SR e D T A W R R T AR K AR
AR 43 I o ¥ A A I B BT AR D TR & 4
0 B BT B TR 412 E FON B 24 K R 5, ] 7R 7
KRR AR W0 b B BRI ) PR A 4
W TR R 2 W R, 0 A LR B LR B R 25 VG AR
F I S . ASHIF ST I WL, 0 T R e 4R v T PR
23 I T 4% 0 R 10 5, W0 TR IR K B R LI
FERR , WIEIN T B FR B AP 25, I 7 TR R R . A
AR 43 D00 £ 8 TR T LR 4 AR B A W 1K R AR AR
B 240 B B 2 K 2R % B S AR R I A
A AR T A B Rz R E S T
T R P 2 0 2 R O 4R o, T RE IE R AE A B i R b
I I o [8] /R RS £ 45 T L) 5% 06 400 AR B B
X Z MR E kA B BB 5T
IF S (6] FE A JE R P 04 28 4 08 4 Al L3R 8 AR
B J5 43, 10 JTCAR B 4 S92 40 1 R 4k A R
WA UK 20 141 R0 20 76 556 U0 T 0 B L A T R I o 4R
B T SR KR W 1F 2 S5 e R AR T TR
5590 14 995 156 4 i, 18 7 4 28 R 0 ok P TR B
BT 1 A K, L R AU T JTOAR o L o 2 760 4k T 1 8
B AR 4 R L b 4 R — B, 4 B R
FON %52 8 {2 fp FON, 74 JICAR 25 43 06 490 v 19 iR 4 ik
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RESPONSE OF ROOT EXUDATES TO WATERMELON/AEROBIC RICE
INTERCROPPING ORIENTED TO ALLEVIATE WATERMELON FUSARIUM WILT

Zhang Ning'?  Zhang Ru'  Wu Ping' Ren Lixuan'" Xu Guohua'
(1 Key Laboratory of Plant Nutrition and Fertilization in Low-Middle Reaches of the Yangize River ,Minisiry of Agriculiure,
College of Resources and Environmental Sciences ,Nanjing Agricultural University , Nanjing 210095 , China )

(2 Chine Tobacco Jiangsu Industrial company Limited, Nanjing 210019, Chine)

Abstract Watermelon is susceptible to wilt disease under continuous monocropping management. Watermelon/aero-
bic rice intercropping can alleviate watermelon wilt disease in continuous management soil. However,the mechanism is not
very clear. A pot experiment was carried out to investigate effects of watermelon/aerobic rice intercropping on composition
and contents of watermelon root exudates,such as phenolic acids amino acids and organic acids. Results show that water-
melon wilt disease was alleviated under watermelon/aerobic rice intercropping condition. Compared with control , the treat-
ment of inoculation with FON ( Fusarium oxysporum f. sp. niveum ) significantly increased the content of phenolic acids in
the root exudates, especially coumaric acids,while the treatment of watermelon/aerobic rice intercropping reduced the exu-
dation of most phenolic acids. Even in pots inoculated with FON, watermelon/aerobic rice intercropping significantly re-
duced the content of phenolic acids in the root exudates. Compared with control, FON inoculation increased the content of
amino acids in watermelon root exudates,but did not in pots under watermelon/aerobic rice intercropping condition. and
FON inoculation also increased significantly the volume of organic acids in watermelon root exudates,whereas watermelon/
aerobic rice intercropping reduced the exudation of most of the organic acids and even in pots inoculated with FON. In con-
clusion , watermelon/ aerobic rice intercropping may alleviate watermelon wilt disease, which is held to be related to the
variation of the composition and volume of the exudates from watermelon roots.

Key words Aerobica rice; Intercropping; Watermelon wilt disease; Root exudates; Phenolic acids; Amino acids
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