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AP A 23.2 ¢ kg™, 2A1.90 g kg™, WA
119.0 mg kg™, AR#56.5 mg kg™, HRLHI123.4
mg kg™, pH 6.4,

VPR R SR AN RPN (=
2324, YD324) | HdianAh (8363 ) . sk s Fh
(89-147) Aiku 4K} .

1.2 HEHRE IR

KA Z AL X BT, w342 5
Ky, EIYD324., 8363M189-147, HA-4bFI3K
ERE, Lo/, (IR R R L R
B OBRERA . AEME N 112.5 kg hm 2, 8
JIE it R P,05 112.5 kg hm ™2, SFAEGE 1 & HK,0
112.5 kg hm™, Wi HUAE . &8 . 85 AC AR AE 4>
WA AR, — A

T G NI (R G IR #TR
T B/ DX A LIER IS S, B
3Bk, d1stk. HIEEAEFEEE 4 59, 04"
SRR MAR TR BE, RMTCAER ;  “1897 -
PSR B SR &8 (B AR S ) e B B A AR
L7 . RIS EMMRAREIE, BAER; 3
97 13~120 2R BT R AR B . A2 sl
KL MARIA G Ak . ZEFEFRBGBEIASE
AR CIERS; SR . MRMZEIET .

WTE R (%) =3 (& 00 PREL x HH I 4%
H) / (REHAE x A BHRED) x 100
1.3 KEBRIIGIT RIRAE DD PR EERE S N E

Vo W b 7 0 AR TR AR S R AR .
B3N G, 4aRER, e RHLHES . Pk
WK/ R, R SRR RN, 10%
M H,0,1230 min, FHZEFRIFE TS, FHR
FICaSO, B112 h2 M1 A M. HREIEAR A,
BRI A CaSO AW P, & F25 CRi R E Pt
K, P RIFEBA2EFRE PR 724 b5
HBAREFW TGS, B 12k, BRI
4L, B3 Rik—IREFR-

JeHE2 him, PEHLRR S R WP B, R
FHEE KB4, MRAKERES . BA
400 mIT BRI Zsderh (IR WpH 5.6, 145200
wmol L' MgCl,, 100 wmol L' KCl, 600 wmol L'
CaClL,F15 wmol L' H;BO,) , HFH R AU
WOE T AR T, WCAERTR 2 h, SR 5N A R Ak
R AR . B W 2920 mlEA S0 ml

2L
o

BLOE T, N2~ 3 HE WA R B LA
A =20 COKFER R . PRAFRRI

W By, VKA U B R . W (0.22
um) o AR WY A R IR S AT R A R A B
S HTACIN A
1.4 BRI

K S AS8. O A% S S K040 1447 5L R 38 Jr 2243
M FIAR OE 73 HT o

2 4 R

21 FREGEMESHERELZERR

M AIE Y, 34l b e S TAD 0 1 46 £k 2
WFELER (p<0.01) , 8363189147515k 1H
FRE B LT YD324, /Rl YD324f%4£29.63%
F180.56% , [FIHF89—147 0y 48 K it &K T
8363, %:8363[%(X72.37%.

70 ¢ a )
60 | L

50
40 F
30
20 F N

§ T O

YD324 8363 89-147
Z= G Variety of faba bean

fusarium wilt index (%)

7z GG 2 T8 %L Faba bean

TE: FRARRFRER2ZFIKREKTE (p<0.05) , FH
Note: Different letters indicated significant difference at 0.05

levels. The same below
EI1 AN oG 220 1 1 B 22 5
Difference between faba beans of different varieties in

Fig. 1

fusarium wilt index

22 AEGEMEERZFDYPBRBEERLE

ME2FF W, 34 A A AR R 2 W P i
AR B ELIYD3245 5, 89-147H/H MK, 34~ A
] 22 Sk 3 8 K (p<0.01) . 83637189147
R 2R 43 0y v it 8 S B TR 5 i & I YD324, 4y
WY D3241%42.83%F157.27%, [RIF89-147H %
Sy WA i B AL R B B E K 18363, 48363
1%25.27%.
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g40 0 a R Gy Mo BAFAE 22 5 0 YD324 18363 i fil
S FRAR S0 P 24 U B 1 SRR T8O 147 8
?é“éiz_s L b ﬁ‘qjﬁ?)”ﬂﬁlMﬁl
gEE0 = ¢ b b 2 o R A R IR A s
ggg o L Thr, Glu\ Gly. Ala, Leu, Tyr. Phe. 89-147/h
£.§ 0.5 FlihiSer, MetflLys & B3 B YD324571.1%
200 TSone smes so147 139.4%H1159.8%, 583, 1MiAsp. Thr. Glu.
75 G Fh Variety of faba bean Gly. Ala, Cys. Val, Ile, Leu., Tyr. Phe& i1

WEMTYD324, 430lMK56.5% . 53.4% . 63.4% .
37.2% . 34.4% . 47.7%. 39.0%. 35.3% . 57.1%.
62.5%M164.8% . 8363 Ser & K YD324 5
32.6%, TiThr, Glu, Gly, Cys. Val, Ile, Leu,
23 AEMMHEIRASDHHPIEREA S Tyr. Phet Sl E (KT YD324, 43511%44.5% .

MEIATE W, &SRR WY h e s 165 61.5%. 23.5%. 56.2% . 32.5%. 34.7%. 76.3%.
HIMRA 7y, malERITEEAR (Asp) . B 49.8%H64.5%,

B2 ANTa] 2 S A MR 28 20 A ) v i 1 R R
Fig. 2 Total content of free amino acids in root exudates of

different faba bean cultivars

2 (Thr) . Z%M (Ser) . B&M (Glu) . H 24 RESWYMPEREBRSESTEEWHERKF
IR (Gly) . W& (Ala) . BEEBR (Cys) . RGeS
BAEM (Val) | AR (Met) . FRAM R T B S TR RS 250 Pk AR SRR R A I rh

(He) | 524 (Leu) | BEEAM (Tyr) . KN ZAEMRETESMBREENRR, X ERR W
XM (Phe) | WM (Lys) . &AM (His) | Y rb S LR i S AR 2R 18 R AT T A S
IR (Pro) o KhZEHE A [FHUE bl Ff iz 5P 45 (F1) . WNRIEN, &ERR WY HEER

Rl FRGMHEBEEIREASDVPREERES I ESETEINERF BB XIIF

Table 1 Correlation analysis of contents of free amino acids in root exudates of faba bean with fusarium wilt index relative to faba bean cultivar

SR UL 5y &t Content (mg g™ root DW ) &M Correlation

Amino acid components YD324 8363 89-147 r P
KITZ %R Aspartic 0.58 +0.07a 0.54 + 0.08a 0.25 + 0.06b 0.968 0.162
A& 2 Threonine 0.21 £0.02a 0.12 £ 0.04b 0.10 £ 0.04b 0.868 0.331
228 Serine 0.18 +0.03¢ 0.23 +0.04b 0.30 £ 0.02a -0.995 0.066
BHEM Glutamate 0.38 = 0.06a 0.15+0.02b 0.14 = 0.02b 0.797 0.413
H & Glycine 0.23 +0.03a 0.17 £ 0.03b 0.14 £0.01c 0.954 0.193
P& MR Alanine 0.22 0.02a 0.18 = 0.03ab 0.14 = 0.01b 0.994 0.070
e R Cysteine 0.11£0.01a 0.05+0.01b 0.06 + 0.00a 0.686 0.519
Hi 22 Valine 0.07 £0.01a 0.05+0.01b 0.04 + 0.00b 0.869 0.330
AR Methionine 0.09 +0.02b 0.10 = 0.02b 0.22 0.02a -0.957 0.187
FER Tsoleucine 0.16 £ 0.02a 0.10 £ 0.01b 0.10 = 0.02b 0.790 0.420
FELH R Leucine 0.21 0.02a 0.05 + 0.00c 0.09 +0.01b 0.607 0.585
B E R Tyrosine 0.25+0.01a 0.12+£0.01b 0.09 £0.01¢ 0.886 0.307
N E R Phenylalanine 0.25 £0.03a 0.09 = 0.01b 0.09 = 0.01b 0.784 0.427
W22 Lysine 0.04 + 0.00b 0.05+0.01b 0.10 £ 0.02a -0.977 0.138
ZHA W Histidine — 0.04 + 0.00a — 0.151 0.904
% B2 Proline 0.33+0.07a — — 0.781 0.430
IR B fitk Total amino acid  3.61 £0.12 2.04£0.09 1.55+0.10 0.903 0.282

F. —FTBARREH ., R ARFEREERR0.05 KEFZEREEM Note: — denotes “not detected” . Different letters in the

same row indicate significant difference at 0.05 levels
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SR SR ZERREIE R IEACER, RURER
FR 01 UMW) i S LR B S R R R R Y R A
16 2 R 75 i 5 R 2 o o 1 45 K A 5 o3 M ok
F (1), Ser. MetHflLys S5HiZiETe 5 7 A&
KFR, HHXRBIYET0.9, HAL3F LR,
HlAsp. Thr, Glu. Gly, Ala. Cys. Val, Ile.
Leu. Tyr. Phe. His. Pro% it 5ifs 2 IEAHOCK
Z, VAsp. Thr, Gly. Ala, Val. TyrfJ4H5¢ZR %k
B, ¥ET0.8, RUTERTHRR WY I LR
GAHRETR 1) 5 T RS At 280 Y R A R LA R

B — S LR 2H 73 5 5 T 4 g A O R
AR VL FE e i 2R B AR S PR R,

117 2% T 2 i PR 70 AL 22 43 DA 400 v %) ARDRE L 481 SR /N T
AE S M 20 & A R RN B AT S
PO B R R (>0.9) BJLFESERR : Ser
(-0.995) . Met (-0.957) . Lys (-0.977) .
Asp (0.968) . Gly (0.954) . Ala (0.994) ¥y
Lo (£2) o WR2WEN, ZERMKT]
ZHEMR . HAER ., WRERS &I HES &SRS
it 2205 4 93 175 48 BB AEAE SR OGP, HLSer/Gly .
Ser/Ala¥ ik B B EKY- (p < 0.05) 5 MEAMRS
RITEAAR . Hamg . R & &0 i
HRIMNAZEmR ., HEm. WA S5 S &
TAEZER R AR, HRREIYE T0.9,

R SERMESEERHEFRBIERAMBXSN

Table 2 Correlation analysis of free amino acids ratio and fusarium wilt severity index of faba bean

HER AR bR LR AR L] Relative ratio of amino acid HHFME Correlation
Amino acid index YD324 8363 89-147 r p
Ser/Asp 0.30 0.43 1.18 -0.972 0.151
Ser/Gly 0.78 1.35 2.12 -0.998 0.042
Ser/Ala 0.81 1.28 2.11 ~1.000 0.006
Met/Asp 0.16 0.19 0.86 -0.946 0.211
Met/Gly 0.40 0.59 1.54 -0.977 0.138
Met/Aly 0.42 0.56 1.53 -0.967 0.163
Lys/Asp 0.06 0.09 0.38 -0.953 0.195
Lys/Gly 0.17 0.28 0.69 -0.985 0.110
Lys/Ala 0.17 0.26 0.68 -0.978 0.135

3 i ®

3 REDWEERSEEZESESHERELE
R W], N [FIAE AR 3R 55 W6 ) 1) b 28 R
A, RO FEFEY, ARG R AR 2R
Wy s L BOAL BN A E R E 2 5% U L Naqyi
FChauhan * ' (OBFFE 2T, R 2506 A 7 B 1 BHOHC
AR WY A SRR A oy K& s AR TE . PERAR
F WA S B B TR ek B R 1 B R
G, 8% P TG b 2 B IR e i P P IR A A9 10
100 ARBFSEAE R, 3 Nl A& A 2R 1
FEEEM MYD324 > 8363 >89-147, H34 i Fi
BRI 222 5. 3/ AP iR GAR R S iy rh
R MR A YD324 > 8363 > 89- 147, H
8363f189-1475YD324 0] 22 55 . 3 ; R IA&E LAk

Z2 995 AN [ 47 e ot o R R G 0 ) R TR o A 3
I3 B (4 AT T i o AS IR 53 45 5 5 A0 A6 2 25
PG PR 2 43 W) Th S SR B i 3.05~4.08 g
BRI R S LR B R M 9.64~12.07 pg
ZIECE T R
32 ARMHESEMIRAMIPEEREAINES
Pt 2t KR A [ 5 o ) AR 2R 400 00 4 93 R 5 B A7 AE
225, APARAE B 22905 I S A AR R A I vh A R
Mz, SEE, PR SRR R I h R R
P SRR L R MR e R Rl R
WA R LRI 16 FhAIERR , HUAN SRR 5 0
B ERR A 14 1 L ASHIFE b AR A R RO
Folt 60 P L AR 3R 0 s ) e A T s 15 A R
A0 it R R 2R 23 A rh Ay S 14, 5 e 7 TG
PR 2R 20 06 v ARG 11 14 b S R, U
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P FIAR 2R 20 I8 P & A 13 B S5 AL 0
FRAE B 2 AN [ Br vk S P AR R 0 b, RN TR
I R 2 S it R TR AT, RS 2R AL T i ol
WA P L L MR A PO TR R
I3 U TP i R E R TR AP AN TE] RS R R AE BT A
Fheb gk L ABRIE T AR IR RAFEAE T P
e, A R AN TR S it A R A I Y, 34 A R A
SRR ERAG MR AR . AT S HARAR
YA ROk St R g A R 45 0 B AR EARRL, (Hd A A
[ Z Ak, 0 R AF7E T 8 TR, 2295 IR A8 B 22 fi ok
i P E ARG R AE A LA [RIT0E b o 2 SR A I 3]
X AT BE A TR B T i b 28 AN [R] T 5 20
33 REDIDNEEBREASEFEHERELE

TR R HRS AR . 22 S R A = R 7
i RO A 22 A TS TR U ARG, Ser i
5t ol X 5 1 15 R SO G R
AW TG REH, Z2H R . HARA R 5%
TR 4 R U OCC R, I DL 22 2R Y A OC AR B
o AWFFESE RS BTG 2R T S A ], &
TR 22 S TR FHS 2 R 5 A 2 R 48 22 TR 550
Fo HNAR R 50 T Phe 5 55 45 25005 90 15 46 4
RWEIEACHE, RNER . HER. KITLAmR
AN 22 T 0 B T 28 9 s T 114 2R IOR B AT B I i e
BEVERT U L ARBE P A 1 3R SR A B 4 S 1
BIEMEKKLR, JFURIMEAHAR . AR, A
M2 N . SR . 1R R N 2R 1A G &
o, M22ERR . R & 52N
AR R MK R, RUBRCRARS WY H22A
M2 AR AR S w2 1 kRS
K, MRMNAAMR ., BEAR. HER., NEAR .
AEIR . AR . RN & s N ] RE A dE A 22
o &

NE LR AN [ 20 43 1 LU AR R B, 8 A, 229
ARGV AR ZR 0 WP Ser 55 Phe . Asp. Ala,
Gly B HU (R X 5 5 o 0] A 22008 0405 175 118 2052 12 35 1A
A, HohSer/Phe s it o0k il 25 055 ik 17 45 209 7
MG IA BEAKFE L AT, 28RS K]
L@ R RS LA A2
I a1 8 BRI AEFE A OCHE G &R, HSer/Gly . Ser/
Ala 3] 545 225 9 45 15 B 1 & A OGRS, R T
MRS W) HSer/Gly . Ser/Ala K REM il 4 225 1)
RAEHEE.

P2

34 RENDIREREFEWMIERELENT

REHLZE

AIF 5 2 W AR AR 70 6 11 2 5 1R ] i 3 sl 4 3
TSGR B A L BB AR AR AR 2R 4R 08 T 2 W
(A, LA TR] B R 0 o T o o 22 A K BT A
[ g 710 B T B R AR
BRI PR 2220 R SRR LA . KT TR &R . 2R
HEMR . WER . SIER. FoEam. dqR. K
NREM ., HEW . FIREAR. BEAR. BEAR. &
S T A Dt R 2 A R R AR LA - 22 R
AR . KETR. [FIRHEYIAR 2 0 i A EE R 7y e
LA A 22 S5t 0 ST AR Qe AR R LA AN TR Y
A I S R R D0/ EE 30 T I EATOL
JIVHAZ YL, PG TR 2000 2% Fh S R, A0l =R
WA . AR5 MEFERR I 7 M5 1) 3% Tt
TR, T ) R O R B T TR Ak B Y JTUAR 2R 0 A e
PR B SO Tk, TR AT BE R AL AR AR R 0
BRI 2 B R T IR ] TR N P TR & 1
R4

ABEFEH A G Z R Bl R R i
KRITEARAR . AR . HER. HEAR. NEAR .
WA . AR, FNEAR&ERR, H5MZER
TSR A B R IEM SRR M2AR . HA
PR R R 5 A 2 4 S TR & (A R
A G R T X i 5L 2 0 D R T 2 A RO e AR
ARG R R 14 e 2 — L RABE ST

4 45 it

Aili 22905 AN [R1 0P o o i AR 2R 00 ) P il B
R W LSRR RE RS AR
Tix B o0 W ) v D S A R S B S Asp . Thr
Glu. Gly. Ala. Cys. Val. Ile, Leu. Tyr. Phe.
His . Proi% £ 55422 o i 415 18] 47 76 2 2% IE A5G %
%, Ser. MetMlLys 5HkZE i fi 2 A CE A .
R BIAL Z 0 AN Rl ot i EAR 2R 0 IB SRR 2
LA B 22 R R W A T R pL M R E R
Z—

& % 3 #f
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RELATIONSHIP OF FREE AMINO ACIDS IN ROOT EXUDATES WITH WILT DISEASE
( FUSARIUM OXYSPORUM ) OF FABA BEAN

Abstract

Dong Yan' Dong Kun® Tang Li'

Zheng Yi'

. . 1
Li Xinran

Hu Guobin' Liu Yiming'

(1 College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

(2 College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201, China )

(3 The National Center for Plateau Wetland of Southwest Forestry University, Kunming 650224, China )

With a field plot experiment, differences in fusarium wilt disease index between three

faba bean cultivars different in resistance to the disease were studied, and with a nutrient solution culture

http: //pedologica. issas. ac. cn



4 O RERRSWY P EER S RSB RAER 925

experiment, contents of free amino acids in root exudates of the plants were determined and their relationships
with incidence of fusarium wilt were analyzed. Results show that the resistance to fusarium wilt of all the
three cultivars of faba bean cultivars increased with increasing total content of free amino acids in the root
exudates Of the fifteen kinds of amino acids detected in the root exudates of faba beans histidine was specific
to resistant faba bean cultivars while proline was to susceptible cultivars. Arginine was not found in the root
exudates of all the three faba bean cultivars. Disease index was negatively related to the contents of serine,
methionine and lysine, with serine being the most significant, but fusarium wilt disease index was positively
related to the contents of the other thirteen amino acids. High contents of serine, methionine and lysine and
high Ser/Gly and Ser/Ala ratios were found inhibiting occurrence and development of faba bean fusarium wilt,
while high contents of Aspartic, threonine, glycine, alanine, valine, tyrosine and phenylalanine were
inducing occurrence of faba bean fusarium wilt. Faba beans different in variety vary in content and composition
of free amino acids in their root exudates, which is one of the main reasons why the beans are different in
resistance to fusarium wilt.

Key words Faba bean fusarium wilt; Root exudates; Free amino acids
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