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Abstract; In order to screen yeasts with resistance and adsorption to lead and cadmium, to construct a Jatropha curcas
root-yeast phytoremediation system, and to promot the growth of J. curcas under high concentrations of lead and cadmium

stresses, in this study, three endophytic yeasts with lead and cadmium resistance were isolated by surface-sterilized
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methods from the healthy J. curcas root, Davidia involucrata stem, D. involucrata root, named as Je, Dil, Di2, respec-
tively. The isolate were identified as Rhodotorula sp., Candida sp., Debaryomyces sp. based on morphologic, physiologi-
cal and biochemical characteristics. They could grow on the PDA medium with a concentration of 500 mg - L' Ph(NO,),
or 50 mg - L' CdCL, - 2.5 H,0. Rhodotorula sp. (J¢) and Candida sp. (Dil) yeasts with adsorb ability of lead and cad-
mium were used to inoculate J. curcas seedling to study effects on the growth of J. curcas under cadmium and lead stres-
ses; from morphological , biochemical and physiological characteristics, antioxidase of J. curcas plants inoculated yeasts
under lead and cadmium stresses were also measured. The dry weights of J. curcas roots, shoots, leaves and whole plants
showed a significant increase when the Rhodotorula sp. (Jc) and Candida sp. (Dil) yeasts were inoculated compared
with non-inoculated CK plants. The plant growth-promoting effects of Rhodotorula sp. Jc and Candida sp. Dil yeasts
could be attributed to decreasing concentration of lead and cadmium in root, shoot and leaf; increasing activities of
POD, SOD and CAT and concentration of chlorophyll, as well as concentration of nitrogen, phosphate in whole plant;
and decreasing the concentration of malondialdehyde (MDA ). Therefore, Rhodotorula sp. (Jc ) and Candida sp. (Dil)
yeasts may act as passivator of lead and cadmium to promote the growth of J. curcas under lead and cadmium
stresses. This study is very important to improve phytoremediation efficiency of lead and cadmium contaminated soil by
Jatropha curcas.

Key words: endophytic yeast, lead and cadmium resistance yeasts, growth-promoting effect, phytoremediation,
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Jatropha curcas

B TR 2 AR Ml T T 3 Bl v R ) B B b Y
PR A UL %) T 6 R T e ), A ) 3 R R AR
I SRR ) A A R, o AT AR Y AN
[LNDOPNLS e SN A A I RCE Sl VT
BT 32 K1 ( Wong & Selvam, 2006 ; Tchounwou et
al., 2012) , B TIENEDBEREER SE5ER
o5 WBE S HORAM L, A SRR R At
i Ve T kTS e A BE PSR L, TR TS e 1
152 75 T EAT ) R ARG S R AR 8 i
YA Z R AR, e A KA 4 85 s - i
B PR KB S A BETE 5 T OIR Y
i B R 4 )8 55 ( Bhargava ,2012)

JBRIAH ( Jatropha curcas) SR FE TR J& FE
Yy, S —Fh 43T T 35 R DI I S AR 0 BT
Hu X ) 2 TR R M 2 A HER o RO 1
E A 30% ~35% W, FT LU AR R D8 B AN R AR 1Y A=
Pyseil , & — i B RE Y RE TR (Foidl et al.
1996) , WEAM, BIFSE E L8 0E W RR OB 2 — Rl 4 14
WEAE YA RL, 7T T8 AR TS g 3 ny &
2 ( Pandey et al., 2016; Jamil et al., 2009;
Mangkoedihardjo, 2008) , #A T, = ¥ B B 45 Fl4@
Vg AR AT R A 2 4 ) T JRE U /D Ml - 43 1 A= )
im (Liang et al., 2012) , 33X FEAR BRI (1) 16 &2

RO IR R T AR B E PRI

433 A IR A 48 B2 AR R — R R T A W)
AR T REH] 5 B 4 Jm B 7 B A B R R B T
AL T T IR TR S B I HOR B i TR
AR W 25 B 4 G S 0 ME R R PRI B — i ]
A= e 52 HOR B 1 S Rl 52 81 BR ) (258 3
55,2015) , TEHIEBUES R, Y 5 AR PR
AW RIAE FH DI BE T LAZE & 76—k, i 0 T A 57 1
Y -WUEE WS Z AR & A R A B,
P 7D Y R B B ROR (R AR,
2015) , BEbRERE & — 28 DL 20 B0 o E R o %
Bl AL M LR, — SR PR T AR B AR B S Rl 1
W BE B AN Candida, Rhodotorula, Sporobolomyces ,
Trichospron, Williosis Fl Yarrowia g 4E #F A8 9 09 1
(Cloete et al.,2009) , Ak, —S6 3 J5 FAHE P& A
B % BF B Williopsis saturnus, Rhodotorula graminis
ferm A A K R, A B 4 K (Nassar et al.,
2005;Xin et al., 2009) ., Deng et al. ( 2012) & i&
T —#RXF Cu Zn Pb F1 Cd H A HUHE Y A A BE R 1
¥k Cryptococcus sp. CBSB78 RE & #t Brassica albo-
glabra 7E Zn .Pb F1 Cd i F 894K IRk | i %
R BT B EA BT, SCRE A R RO A= K Y
REE X0 AL E RO — Tl A W 18 521 2 48 v BRI
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XA BTG g R R 2 R AR R R R L
A FE I i I AT R A A AR AR N 0 B B A
B SRBTIE RO TR RE TR D00 5 X A A 4 TR B
FRE BAT T B S T P ) R T 2 Rl R R 4
WL RS IR A= K BRI, 0 2 H B i 2 JRR AR
A KRR T T AR, TR R0 A A= HLER, DU D 4
SR IR — o B TR IR 168 A 2 A2 1o R JROARY 114 4
S SRK AR A JHL O SR R S R 1 B P R

1 M5 &*

1.1 FTARNEFRE

111 o B s o3 A R Th 4% 57 46 W B IR 05 5%
3 (potato dextrose agar, PDA) . T £ 2 ( 22 [ ) 200
g, Wi 20 o, BUIBW 20 g, 4lifksk1 000 mL,
1.1.2 i3k LU PDA B3R5 BLnmb i 55 3
TERE SR A 50 mg - LAY CdCL, - 2.5H,0 F
500 mg « L' Pb(NO,),,

113 M-k %N 20 g, SR 10
g, WERERT 5 g, 308 20 g, 227K 1 000 mL,

1.1.4 33z sk DL PDA NEERERS 356 W
Pb(NO,),5¢ CdCl,, ¥R o3 Mrai . 5% 5 He 40 10 ok
& B6 B 4 250,500, 750, 1 000 mg - L' [ LI
Pb(NO,),it ], #Muk R 25 .50.75.100 mg -+ L
(LA €dCl, - 2.5H,0 i) .

115 B3k DL PDA NEEREE: 3L M
Pb(NO,), 5% CdCL,, ¥4 73 Brafi, WK 35 9% 4
M E R 250 mg « L[ LA Ph(NO,), 1], # B ¥k
JE4 50 mg - L'(LL CdCL, - 2.5H,0 i) , 4% 55 IR
A3 250 mg - L' Pb F150 mg - L' Cd.,

1.2 50 SR R B B 9 0 i L S E R L RE

1.2.1 BB 00 5 5 Al DURRIKUR P 4F A= (et
SEAE PR BHAR A A B S AR B R R ZE B A
BB ZE A kK Wk 5 0.5% 1Y T oK = i
3 min, TG KR 4 K, B 75% 1) & B2 1R i
1 min, JoR K MR BOR (AR Z4H, 2001) . 4k 3
1F AR R T O e R IR N, 30 C AR IR AR b
BHEEEFE 10 do R WA JX R, &5 —
UIRVEM IR A T PDA 3SR BVt EAE AT IR, #%

FE KR AL FE Y25 B MR A Th 4% 2 28 W 0 R
SR P (R TH KA RS PDA 557 B4 /2 min,
B 2 K BRI A BHE Sy o — X R ERIEE, 2006)
RSV R SO MG E R TEVR IS, T PDA 85
FRAE bR R LB AT TR AN 1) o3 B 2tk
1.2.2 BERR T g S W0 0 3] 10 o1 B 42 M 70 -
J -8 R 3 | 30 CHARE R R 5 d 5 LB YK 1Y
TR BBk 1A FH ZL 2 B A W8 G €0 0 e 10 ) 7 5005
WEER RGN A TE ML AT I, R BB
PR Bl A Ak B 1 A (B R AR A Rk R A R
Al ) SN e AT PR TR AR AR AR SR
1.2.3 BHH4 Stk R a2 R,
JH PDA 3537 He 00 A6 B, 0 A 0 v 42 o 38 ) 1D e
PEREFREE b, AN VR B 3 AR, A 30 C Ak
B SRR T R B R, — A WS R T TR R AR
SRV L N S EP NI B E SR RN
BRI | Rl B AR s S, 2 S 0 = AR
TEIRIR S 25 30 °C, 137 r - min " IR HEFE 7 d,
RE RS IR IL 2 pHI ~2, FH h sl e 485 0 | D6 Wi
FEVR P8 0 1 PR T e , I 0% 50 LS TH i R KM
Ji WS 53 51 01 10000 0 R R B

AR 1 R B 3R A 2 IR B3 (RE) = (W)
TRk B -2V B ) /IR R BE < 100% #EA 715
1.3 EMEEE A IR 40 S 7ESE  SRAME TR A K
1.3.1 A 23 i R R AV B2 B du AR
DX el P M b 10 2% 36 )22+ 18, B AR PR A pHL
6.10(K) , HRLHEHE 6.29 mg - kg, Kk Ak
£ 170.84 mg - kg, A RLEI S 787.16 mg - kg,
HHLEHEE 12.34 mg - kg, Pb ¥k & 49.7 mg -
k!, Cd W E 0.94 mg - kg, Atk + 52 % A A
500 mg + kg Pb [ L Ph(NO,),it ] 150 mg - kg
Cd( LA cdcl, - 5H,0 if) (Pb500-Cd50) 4b 3 | &4k
/0 JE AT RS AR R IR 2 1
1.3.2 BEEF ) 69 AL B Ay SR IR B 3R 2600
TR, B i A0 IS B TR 45 Fh 31 PDA YRR 35 57 5
i TE R AR G e h IR B SR — A B SRR 30 °C
FEH100 v - min™, DUREZ B 0935 37 4R 0 R
W7 d BT T o R

VRIS b 1 A/ BT I 2RO (B AR
22121 °C =R A K 2 h) B8RRIy (Fh 7
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1% 4G FRAMZ I 1 h J5 A A RK sk , Bk s
IR, BFMESE 1 RS, K S i 2Kk By 5=
TR RE 5 505 , DEVE B 2 PR 0 & AR il 1,
PRI 6 NE A, XTI IG SR B PDA X RE 8% 55 2
ke 5 A5 a0, — )G O — KR, s
PERPAb B 30 d SRS AR B4 AL RS A i
1.3.3 Midkeg3a . SRAIZEHGRI L B R 5 1
FEPARY &) 15 % 4% ) Pb500-Cd50 &b B S Y - |
BEER 3 MR, BRI S B 16 00 1R)AR 5 7K 2 IR Ol 3R
MANFEAK Gy, PR AN R IR IR N TR
R SERL, N TS A6 TR BE S 30 °C, Ot B[]
S} 16 h, B K 50% .,
1.3.4 FRRA 40 ¥ A8 % A AR el & S Ab
S A9 30 d RAE, B — A BVEH 6 KRor A 3 4,
FRLHAEAR A AR 25 0 55 R A AR 2K
2 B AE T R4 105 °C 237 30 min J5 T 80
CHET, B 43

PR BHE T 05 AR 25 A BIE A, B i
1 0 5 T L Bl R R Il R B A ) SR
FHARBRPT L B35 (ZE43 05 ,2012) 5 UM B A I 5E R
A H A (McDonald, 1978) o 6] 43 A £f A4 13
2 W akfE 3 i T b A AR B bR, SRR
JEE A 22 SR TN R 2 BRSO (A A,
2003 ) 5 P9 R B I SR FH ARG 2 L 2 iR TBA
(A H,2003)  CAT 16 PRI 2 R FH i E AL &
Fb (5,92 ( Aebi, 1984) ; POD 3% M i & 5% FH A g1 &
P 5 ( Lagrimini, 1991) ; SOD % 14 (9 I 5 % FH & 5
PqmE ( NBT) 7% ( Beauchamp & Fridovich, 1971) 5 &
S e B T DU SR FH TR R AL 4 O O B
(I MERIEAS,2011)

2 HERE5AH

2.1 A SRR E I E S E ENE

AHIEFE DN A) 5 K % 3 b e 0 38 = i B
W R RERE TR 43 R HOT RO (9 AR B (B A
20 Je) B B ZE B (B A 44 8 Dil) B AR B AR
B ("4 R Di2),
2.1.1 45 SR WA 5T
2,111 JEA2EFRE  Jo BEVE R T R 4T (2, K i

TREDRE A (P 1.a) , DB 7E 0 G0BE T 22 08 G IRk
(E1:b), 2018 W%, 1L % | TamtkE,
TEAR S 1B S B0, TR 7% S 4068 . Dil B Vg R T
Baif e FmE P RA MR, FmMEHAER(E L,
) WHADMETEREAKMEIE (B 1.4),
Di2 Vg R 2 I A6, UK (K 1.e) , IR TE
WA T 2 E AR (B 1.0,
2.1.1.2 AARAFIE S R I B o i A A R R
BN =R T AT A B AR AL R AR S R B (B
RER AL 5 % T ) (W59, 1990) | 38 i /2
A 2F A B AR AE 1 o0 BT, S8 IS R L3 1,
Je W25 55 58 M 2L %) J& ( Rhodotorula sp.) F it BX
LR, Dil MR 2B+ )& ( Candida sp.) W R ZEHH
RIRMR 22 BBk, Di2 R 18 TR WEEE & ( Debaryomyces
sp. ) F R Hr e g L R B
2.1.2 A B 45 fath e oA fE 2 0
I, AP EERE I EETE 500 mg - L Pbh Ml 50 mg -
L' Cd FAEK, Hd Jo B8R HE I ST ok, 4>
JHELEL 000 mg - L' Pb #1200 mg - L' Cd F /&
K, Di2 fiE7£1 000 mg + L' Pb 1 100 mg - L' Cd
TR, SRR, AR R R R —
MIpbE , BTt aE 11 1R /NA Je>Di2>Dil
2.1.3 ZAPBE A AT A5 AR MR 0 54T SRR
BETR S HT AR AT — 2 MW B . Di2 A Je X4
A BRI Dil W Y5 5 Di2 A Je fE7E
2R (FE3), D2 BAREEFE 50 mg - L' Cd™,
5 250 mg - L Pb Ml 50 mg - L™ Cd AYTR AL 77 3%
AR ERXT Cd A B R R AL, IR A 5
W LT RN REW ME Cd, Dil 1 Je Xt Cd . Pb HAH
— 5 WM BRI, Je X Cd A M B B S T Dl X
Cd AR BRHPE |, — 35 X Ph A I BRI T 3 25 5 (3R
3) o AT AW R o A5 R KB Je AN DIl X4
FER AR ELAT — 2 AW B, 1T Di2 X5 Cd 9 1 B
JLFR 0, FIARE L 1 Dil A1 Je V5 R,
FEAN BRI &I B, I A8 0 5% 12 P o A
BETR J5 0 R A X T B Pl 368 g e 7
22 EMBEBEMNKRRNERER EBHETHE
KIER
2.2.1 RRE A A2 A R A AR R 4 2 89 h
PRI AL VR 28 Dil A1 Je 2R AL BRS , HAEE
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K1 =MENEEENES (a, ¢, e) AIFEMIEL(40x10 %) (b, d, f)
Fig. 1

AT HEAAB LR 4, 5AEREEREE (CK) BRR
JKURAR R AR LG, B2 FP DIl FI Jo A4 JRR SRR AR AR AR |
25 M A RREEE D E RN AEHE R DIl A Je JEAR
AP R T 29% 1 35% ; 2L EE Ay R T
38% il 47% ; Wik 55 43 ) $ = T 74% TN 78% 5 A Bk
fif o3 S = T 49% 1 56%
SR BE T (CK) B R PR AH L, 42 Ao
Dil Fl Je B BRPOAM FE BRAR | 25 0 bk T 5 W 2
o, fEHE R Dil A Je JEAR T E LS T 8% Al

Characteristics of colony (a, ¢, e) and forms (b, d, f) of three yeasts

27% ; 2T HHIRE T 30% 1 39% ; T 5 43 5
PER T 329% M 55% ; &bk T E 3 M T 29% i
44% , XULIAHEFP DIl M Je J5fEdE T 4% A
TRRPAR A

2.2.2 RFE BB A 223 R AR AL AR T 5 E R R AR
BRFE R R DIl AN Je Ja A RRIKOR AR R i
GFE a MR D MK a+b LY N RIRE B H
BN 4), FEHERP DIl N Jo S AR BRI Bk R
a MR EE Ay 4R T 46.3% 1 46.8% ; M4 2 b 1Y



12 07 AR OR A . WS T I R BT AN U0 R RO AR Y IS 1661

®1 "“HEBSEEEBEEURILEE

Table 1  Physiological and biochemical characteristics of three yeasts

B Test Je Dil Di2 J 56 Test Je Dil Di2
KR W% B Glucose - + + [A) ki 56 W% Glucose + + +
Fermentation test Assimilation test
77 ZFBE Maltose - + + 77 ZFBE Maltose + + +
2 B¥ Galactose - + + TEHE Sucrose + + +
FLBE Lactose - - - FLHE Lactose - + +
HEPE Sucrose - - - i BE Trehalose + + +
AR JRZ Triketo purine - - - HWLEE Inositol - + -
Biochemical test 5
B2 L Nitrate + - - TP Galactitol + + +
H. “+" BRI - RoRPIME,
Note: “+”means positive; “—"means negative.

X2 ZHEBEEXTAMBEHIE

Table 2 Resistance on lead and cadium of three yeasts

#Pb (mg - L") 4 Cd (mg - L")
kil
Strain
250 500 750 1 000 50 100 150 200
Je + + + + + + + +
Dil + + - - + - - -
Di2 + + + + + + - -
e+ FoRERAE R - FRORAREAE R,
Note; “+”means it could grow;“—"means it could not grow.
®3 TEBBEIE (a)fF (b) R R
Table 3 Adsorption rate on lead (a) and cadium (b) of different yeasts
% Pb2+ /1;% Cd2+
I Strain s P e ot L Ao
BT HHHIR AW SCRGRI BT IR A
Pb” solution Pb*+ Cd* solution Cd*" solution Pb* + Cd** solution
Di2 51.09+2.76a 24.47+2.94a 9.73+£1.40a 1.77+1.53a
Dil 30.24+3.61b 10.01+1.11b 35.69+ 0.81b 13.24+2.34h
Je 43.80+2.76a 20.02+1.11a 45.42+0.81c 30.89+1.53¢

I AR TFEERR2EF AR (P<0.05) . T,

Note ; Different letters in the same column mean significant differences according to the LSD test ( P<0.05). The same below.

WS4y R T 66% F1 55% 3 42 a+b B JE B HE 8, SO SR R /28 8 N R B T
SRR T 50% 0 48% W EE N & 1Y E 4 ) 8.5% M 4.4% , 4% /M E b M FHKET
BT 28% 1 44% ; R BF  F P42 b RSN 9.7%F1 13.6%.,
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R4 BEMESEHORKRRBERE Cd50-Pb500 BME TEKNAEESE

Table 4  Physiological parameters of Jatropha curcas seedlings inoculated yeasts under Cd50-Pb500 stress

A4 B Different treaments
HHBR

Physiological parameter

Dil Je Xt % Control (CK)

e 55 Fresh biomass

2 Root (g) 1.169+0.090b 1.226+0.064b 0.903+0.045a
2 Shoot (g) 8.714+0.197b 9.235+0.370¢ 6.271+0.148a
it Leaf (g) 5.660+0.624b 5.812+0.691b 3.249+0.097a

4% Whole plant (g)

#2 Root (g)
2% Shoot (g)
M Leaf (g)
4Fk Whole plant (g)

M43 a Chla (mg - g")
M%4:Z b Chlb (mg - g")
4% % a+b Chl a+b (mg - g")
K ME Car (mg - g")
WHR R/ MR Chl/Car
M4 & o/ K b Chl a/Chl b

15.543+0.545b

3 Dry biomass

0.191+0.007a
1.058+0.046b
0.940+0.030b
2.189+0.067b

16.273+0.861b

0.224+0.004b
1.128+0.046b
1.097+0.068b
2.449+0.098¢

4R ZEH E Concentration of chlorophyll

1.970£0.053b
0.743+0.014b
2.693+0.102b
0.328+0.020b
7.621+0.130b
2.727+0.079b

1.976+0.089b
0.694+0.034b
2.661+0.197b
0.370+0.013b
7.330+0.093ab
2.884+0.033ab

A E Concentration of nitrogen

10.423+0.223a

0.176+0.005a
0.811+0.033a
0.707+0.029a
1.694+0.052a

1.346+0.127a
0.445+0.039a
1.791+0.288a
0.255+0.024a
7.021+0.013a
3.020+0.028a

e Root (mg - g) 25.15+0.62b 34.40+2.07c 18.40+0.40a
2% Shoot (mg - g") 17.12+1.30b 23.41+3.46ab 14.41+0.74a
M Leaf (mg - g") 42.16+0.84b 57.49+0.74c¢ 34.94+0.41a

424k Whole plant (mg « plant™) 31.273+1.603b 48.584+3.903¢ 19.812+1.132a
WiHF Concentration of phosphorus
R Root (mg - g") 4.569+0.064h 5.398+0.059¢ 3.360+0.0954a
2% Shoot (mg + g") 5.134£0.243b 5.740+0.076¢ 3.513+0.155a
it Leaf (mg - g") 8.664+0.128ab 8.731+0.154b 8.210+0.108a
4k Whole plant (mg « plant™) 7.224+0.388b 8.630+0.645¢ 4.622+0.265a
HYH B Concentration of lead
R Root (pg - g") 67.245+1.043b 60.658+1.274b 84.153+1.406a
2% Shoot (pg * g") 16.583+0.798b 15.872+0.928b 21.411£0.753a
M Leaf (pg -« g") 10.458+0.457b 10.325£0.637h 15.728+0.794a
4k Whole plant (g - plant™) 40.231%1.330a 42.813+2.452a 43.253+1.974a
% HEBE Concentration of cadmium
R Root (ug - g™) 52.459+0.981b 48.586+1.151b 68.907+1.072a
2% Shoot (pg - g") 10.089+0.776b 9.295+1.135h 12.424+0.739a
M Leaf (pg -« g") 5.215+0.919b 5.063+0.936b 7.609+0.342a
4k Whole plant (pg - plant™) 25.605+0.711a 26.918+1.436a 27.548+1.188a




12 ] Jr SRS o IR AR SRR AR R RO A K YRS 1663
® S5 EWMEBSEARRNAEKRE CdS0-PbS00 Bl THELEMNEER MDA §iKE
Table 5  Activities of enzymatic antioxidants and content of MDA of Jatropha curcas
seedlings inoculated yeasts under Cd50-Pb500 stress
fb g R ﬁ’i%ﬂ?};&%@@ ﬂfi})ﬁ:ﬁ%@ﬁ ﬁ’f&ﬁc;ﬁ@ﬁ
Freatment MDA (mg - &) (U-g'FW) (U« min" - g' FW) (U« min" - g FW)
Dil 17.81+£0.95¢ 212.59+£16.09b 724.23+23.24h 17.96+1.40b
Je 22.50+1.26b 137.84+£15.01a 426.23+3.08a 16.21+0.34ab

% B8 Control (CK) 39.88+0.56a

92.49+9.17a

360.15+£37.31a 14.49+0.30a

FERD Dil A Je J5 0RRIKOR FE R AR | 25 I R4
PRrb BB 0 Wk B 0 G (3R 4) . TEHEFD Dil
A Je Ja S0 v B AE AR TP 4 G T 36.7%
86.9% ; Z£ /3 WM AN T 18.8% Al 62.5% ; M v 43
SIHEAN T 20.7% F1 64.6% 3 4= kR4 5B T 57.8%
M1 145.2% , FEFEFP Dil A1 Je J5 B 009 S 72 AR
AN T 35.9% F1 60.7% ; 2% b 4 S 34 T
46.1% 1 63.3% ; it 43 3G N T 5.5% F1 6.3% ;
R BTN T 56.3% 1 86.7% .,

2.2.3 R 3B AL 22 xF R R AT AL AR 45 e 4 IR B
Fem AP Dil A Je S5 BRI AR R AR 25 it rp
BRI R B B B FRAR (R 4) o M DIl # Je 5
BB TR BE AE JRR SO AR 0 98 2> T 20. 1% il
27.9% ; ZE W 43 B D T 22.5% F1 25.9% 5 M 4y
ST 33.5% M1 34.3% , $EFR Dil Ml Je JEEA )
W B TESRPARIAR 43 09802 T 23.9% 11 29.5% ;25
H ARS8 0 T 18.8% Fl 25.2% 5 i 43 Sl b T
31.5% 1 33.5% , {H3EFD Dil 1 Je J5 )RR 4
R HF R RTA 110 Ve B 5 0 B L TG 3 25 5

2.2.4 R AR A 22 5T R IR AT AL Ak B Fe A B 69 40
AL ¥ 25 Dil F Je 3 56 A0 T 59 BR IR
P T HiE LR SOD . POD (CAT W& PE, Dil #Fh
Je B JRRICRR 5 6 B A LL, = Fh e 4Tk il A 3 1 34
P, B O A 7 T R A VR B I S AR
(% 5)., TEHEAN Dil A Je Ja A RE M N R 9 v
FE ST T 55.34% F1 43.59% ; 1k B AL A i CAT
FITEPE > B T T 23.9% F1 11.8% ; 33 A 4L ¥ i
POD B35 43 54 = T 10.8% Ml 18.3% ; 48 A 4k
Yyik; AL B SOD 19 & M 4 il 42 = T 129. 8% F
49.0% , 40 Dil X5 BRI 09 Bt 24k Pk 1 G 2

B LR SOD MTE M | e BRI T 1.29 1%
3 Ww5E&®

A5 Y CA50-Ph500 X bR PR 26 B H 25
SR, AT BRI B AR K, B AR T AR 2K A A
H AT H (Liang et al., 2012) , AHFFEH, FAlT A
IR 55 AN A I B TR R RUR A L B2 R DiL AT Je
AR AR AE AR AR T () B 2R T () E T
(fF) 5 A Bk (fif) 5 E 0, DA E R Dil A
Je WIRWES T & A 759 Cd50-Pb500 X JBR A Y
PR R T RO AR AR A9 A 4 o RRIKCAR A RR S
TRV e 000 52 (R 25 R W . 3R Dil Al Je TS, RR
PRUBAE AR AR L 25 im0 R0 Y VR R B IK T
HEOAER AR 25 0 EE G, 4 SRR
FERE S MR VR B 5 0 IO B % 25 5 . i ad it
— BT, Fe AT R I Dil A Je 1 IT A R YL 2
IR 4 ¥ (A AR Y, (B AR 2 RS AR i o A o
MR A D /LAY E B 5 (Dil 1 Je BEAE B RRIK
S AR o T T 4 e 75 B 4 BT e i 438 ) | IRk
Dil F1 Je B8 0] BEAE S 00 B 1 5 A4 0 B4k 90, ol
BRI AE 1 1 v T DE B3k TR B R, AR
By BRIAEAERE, < BliAb L AR A 5otk DN R
RCRRICR X4 4 1 W A, 2 BRI 1) A, A
PIE A A0 T AR R A R TR 4 el Ak R, T DL el s
HRBRIABE v 8 4 @ oo R AW A Jh: fE A
A A Y E 4 T B I ORT & AR RL% (Babu
et al., 2015; 8% 2019) . UL Dil #1 Je B8
AR B AR B B B ME RO E & )R 12
HED ALK
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SR 2 4B ) 00 75 1 W R R i o0 R, B R4
X AE ) %) 75 PR 340 455 5 3R RN A e i | R s 2
R, A8 9 1 Hp 1) 20 R0 B W2 USO8 2D ( Ramon et al.
2003 ;Kibria et al.,2009; Farouk et al.,2011) .
il Dil F1 Je TR 5, BT X BRSO A 5] Rl A 498 45 A
R B WSS T T BRI A AR 114 B T RO, JRR
XU LA T ZRURIT i () W Wi e as s, ALt S5 %
HERH L, 2R DIl A Je J5 RO AR AR AR 25 0t
e v ORI 1 U B 2

S R T 5 A I A 6 LAl o 15 T 4 A R
Hye A B I BB S AL Bl Y T M A AR e
J% 77 ( Benavides et al., 2005; T 5345 2019) , ik
NNt RE o S | 47 1A A I 2 A 2 41 B 4% ( Liang
etal., 2012) . ¥f M5 H o 2 00 5 B 4 B B 2
(0, + YEK(OH « ) AR IEF AR B —FhEl =4,
IEH A YR A —Fh T E A R GO T R X 28 [
B AR YA W A7 20 W0 0 B ik e [ R 3
oML TR BRUZH T ROS 1774 A1 ROS
T o 18 - A % 2R T 5 | Y ( Mittler, 2002) , N
TE(MDA) e AN AR D5 IR A A B e 4 ), HE
B R AR R o AR A O AR B A A5 3R ( Zhang
et al., 2009) . BRI VRN YR I BT HEAE YD, 7T LA
i3 4R S B E L SOD . POD  CAT 3% 1 75 & H
P 35 2 1 X 4 4 09 BTk (B i vk BE Y A R
Cd50-Pb500 e T, Bt S AL EF SOD , POD | CAT ¥
T PR ST €dS0 1 Ph500 Ab 38 S i A BT R [
(Liang et al., 2012) , S5XJBAHLL , 28 Dil 1 Je $%£
TATA B ) JRR U I R v B R 7 e B I 3
VLSS TR T IR I R 8 S A A T s e
AL SOD  POD  CAT Ry &M b H 42 5 TG bR T
A S, OB DIl AT Je 2 5 AL B R IKOR
MR AR RS A R R D B ER S A ) A TR
P03 BEAR, P FR PN R A v B S 2 R O ok

SZAT5 Y CdS0-Ph500 X JBRJRCB (1) 75 1 2 7
ERIAE W FEAC TOCA R AR AL, Horp it 4
Eb THEEENHE, FBOTRE oM%K Db
W, ek R/ B N R B R % (Liang et al.,
2012) . SXFHRAA L, £ Dil B Je 422 56 A0 35 RRIK
Bt R SRR a FINFLREE b VR SR 0 g%
Ra/MgRb BETRE SR/ EHE MR LG

K, 28 Dil A Je 2 7E A0 R A RIS I 7 e i 2
R RG AT BB b TR 0 TR AR X AT R B
I ( Farouk et al., 2011)

AT DA B AR 114 25 B ABRIKUR B HR 78 23 2
TR 55 L B £ 86 B B Rhodotorula
sp. (Je) Ml Candida sp. (Dil) ,iX P FPEEREE AT LIS
JRIKUR AR 22 A K A TP 1R R AR B GO 45 A1 1
SRR AR A O S R R B AR A G T
LT IR OB AR AR 1 8 MO0, A T RRBAR 1Y A=
o BN T RRINUAS 7 45 J A8 5 5 T P O P i 5
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