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WE: A A RIEKE Trichoderma asperellum W FEAE B 76 35 NAE 2 9% 09 ) B 3 3% V350 RAR IR L3
A AR B F 00, R A 5 B % K & PCR (real-time fluorescence quantitative PCR , RT-qPCR ) #= 5k
Fig fig I B2 (phospholipid fatty acid, PLFA) 547 77 ik 5 A1 2 T #RI0 AR F 1A Ne st 1% AF 4 4 o 2 IR TR
BRI E H Ao R FOHRTLE Fusarium oxysporum DNA #5 W 4 T AL Fe 31 INAR FR 3% A& ) FP BE 69 %5701
25 R RIOAR T e x5 NS0 5 4 A ik K NAE R 89 7 76 2R 43 2 70.24% F276.81%,
HE AR RO EFRRF, RIEKE R 69 DNA B N AR 2 Aok, B NG B A= B R
B, - DNA # W 44 %] % 235 000.00 ng/uL #= 80 500.00 ng/uL., % /Kik k8 2 R4 A K KAy
R F0PRTETH DNA F W2 51 4 15.41,54.87 = 18.36 ng/ul, B 2 FAK T F — B A 25 ) s BB A= i K
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Effects of Trichoderma asperellum bio-fertilizer on cucumber Fusarium wilt and
microbial population in continuous cucumber cropping rhizosphere soil
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Abstract: DNA copies of Trichoderma asperellum and Fusarium oxysporium and microbial populations
in continuous cucumber cropping rhizosphere soils for four years were detected by using real-time fluo-
rescence quantitative PCR (RT-qPCR) and phospholipid fatty acid (PLFA), respectively, to explore the
effects of 7. asperellum bio-fertilizer on their control efficiency against cucumber wilt and calculate mi-
crobial dynamic variation. The results showed that the biocontrol effect of I. asperellum bio-fertilizer
on cucumber wilt was 70.24% and 76.81% during the seedling period and rapid growth period, which
was not significantly different from those of the fungicide control. The DNA copies of T. asperellum ar-
rived at 235 000.00 ng/pL and 80 500.00 ng/puL, respectively, which reached the highest during seedling
period and reached the second peak in full bearing period. Compared to the water control and fungicide
control, the DNA copies of F. oxysporium decreased by 15.41, 54.87 and 18.36 ng/uL in rapid growth
period, fruiting stage and late growth period of cucumber, respectively, when the 7. asperellum bio-fer-
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tilizer was applied. The microbial abundances in cucumber rhizosphere were 2.24, 1.98, 2.52 and 2.12

in four growth periods, from seedling to full bearing stages, respectively, higher than that of the fungi-

cide control in the same period when 7. asperellum bio-fertilizer was applied. Therefore, T asperellum

fertilizer could control cucumber Fusarium wilt and improve the soil microbial population in continu-

ous cropping field.

Key words: Trichoderma bio-fertilizer; rhizosphere soil microorganism; phospholipid fatty acid

(PLFA ); microbial population dynamic variation

Tt Ak B v v I AR AR R B A S
(2010) H 1B 7F 8 T EARAR X R4 3 K ot
ftl B Pseudomonas fluorescens F1 Il 15 JK B 75 1A
Streptomyces gardneri, MFERHRI bR R EH K Z 1)
SRENMB PR TR P choloeaphtis | 2k 6, = {0, 4% 75 14 S.
viridochromogene . % ;= {055 5 1 S. polychromogene
TR ILBER A S, ciscaucasicus. 85 )IGEVESUE
FR IR 3 2 ik fU B8 Fusarium oxysporum %595 )5
PRI AR R 17T 5 A o A 2805 55 AT 35 R 2
S fofi (R A R S R PRAR PRAN B ik 2 R SO e L
AR S G A LR AR Ak

BTG AR ol gt R e TR R Tl 2k W R I B U e A
A F T, DI e TR ) TR VR R S P TR
88% VA b ATHE T - B v ff 2 W M te 25 46 1 1 A5G
F, 5 R BT 20 A A 0T S BUE VRS H 8™ 5
(Urashima et al.,2012) , 7EWIHf T & AT ZE06 H 5
JEE R FEEERA N A F IR AR G B
FZEW . B AR Trichoderma harzianum i
AW T asperellum 5¢HCARBMIE AREURTER M
BRI AL AR B Arbuscular mycorrhizas %5 H i
PAXT B TIA 22955 A5 AT 38419 7 ¥ R4 (Alabouvette
et al., 2009; Ferre & Santamarina, 2010; %% 7% #iL Z5 |
2011) o fAE P e M2 A TG B AILIE S0 5 2 o
YRR W — R LA A= By T A 2B 7 B A=
il , B G 3 Ty SRR PURRE ), B
HEAE T HERA PR, DU A AR T e A W TR R B A
H . Lopez-Mondéjar et al.(2010) | Sant et al. (2010)

BT (2016) 1A BT BRG R TS 1A LA 27
PR TR SR A ] T A% E iR o de Caire et al.
(2000) 52 2 B, A= W w1 NEAE B 6 28 JTORG 2290 114 ]
Bf iR RE s HIEMUAEIX R, B = (2011 WH5R 3R
B, it FH SQRO AF 1 AT {uff 8 TR Aty 52 14 175 915 40
REAIR 15%~25% , -4 i 32 AR 8 TICAR B - 3T 2k 8
o ARMANAE(2010)BF5E R, A= B 8 Th2 H1 T4 X
FIE VAR s - S92 440 o7 A B S i 0 A AR D, X L TR R
A IR A IEIER . TR R R [F] (2005) H IR

TEVG L 6 DX 2 8 v e I 250 1 A AR B T 5 9
A5 (2010) 1 Sant et al. (2010) | FH 460 A 25 18
Bi7I6 B TR 22905 7 A 22 08 FUK Fep e e s 5 A%
5% ; Qi & Zhao(2013) B 5T R W], T AR 147 34 B
PE s AE IR RE T, AR A 25 TR I it s %o 3%
V28 AR PR A P Ae i s i o DA 1

AT G R RADA G TR A P AL, I 3L
VRN FENL It 2 A 4 4 BN b o A2 it
R PR IEAE 2 A [] A 3 10 i TR 2203 B 24 )
B, — 5 TR FH S B 5 it PCR B AR I 2 0 TIAR
B bl A B AR A FEAR 760 TR DNA 45 DUE 224k, o)
— J7 TH & ] % B B 105 B2 (phospholipid fatty acid,
PLFA) 73 M 7 A 58 8 AR PRIJUE D R EE AR 4L,
SR S AR A B PR N S T A 7 L it FH s
TR FH R AR A it P AR B HE B AR -

1 MR 5F*®
11wt

A Y S bk B R ek 6 5, iR E A
P BBk AL TR T AL . JFRHRFE P N %
AEH E oxysporum f. sp. cucumerinum , 28 5256 %8 73 5
USR8 FIRAT

RGN : & A RS HENE A e, s
R A B B 4y A2 AT 107 CFU/g, 25 2 IR K I
Tl BRI R R , AT LT % 54 487.39 g/kg, 4=
ARS8 14.76% .3.14% F15.16%
SR IR RS A3 B 0 5 P M rh AR AR 5 T A A - 4
4 10° CFU/g,,

B 97 3 . B B 2 7] % 0 i g (potato dextrose
agar, PDA) 1577k - Th#% 5 200 g A A HE 20 g 35t
¥ 20 g Z8187K 1 000 mL; th4% B4 45 8% (potato dex-
trose, PD) VAR F7 5L . PDA B3 RIS I ig 493 .

TR S AN« IF O e gt 37 Fi i 197 2 H g
TR AR 26 T 4 T8 R HH BRI A , 96 & Supelco 28 Al ;
DNA =y 4l Ak i35 & B Wi e e DNA [l i)
& R BGAN & , RAR AR R (650 A FRA
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A 3 B2 SN . SYBR Premix ExTag™ Premix (£ 7%
Buffer dNTP ., Tag DNA %57 ) .DNA Ladder Mark-
er, B4 TR (KIE) A RA F 5 0% W6 H R
(thiophanate-methyl) AT W14 453 551, DU I DG A Ak I
A BR 2> w5 el 34 4 [ 3 A4l . Polaris Q
Ton-Trap "SI A, FEBRC R BHE () A7 R
N5 SPE RESAE \HP-5 MS (A iiihl: , Ktiligh s
IRBHEA R A 5 B A T4, 36 [F Organomation
53 3K1S A B L, 72 1 Sigma /A F] ;DY Y-
6C BRI IKAX , bt —AUAR) s AR TR, 52
ThermoSavant 2\ &) ; ND-2000C 2366, 55
NanoDrop 2% H] ; iCyeleriQ5 % %¢ ¥ % #& PCR ¥ .
PTC-200 #4 PCR 1Y, &[] Bio-Rad 23 7]
1.2 FHi&
1.2.1  RIaHRFE T B F R H) &

75 PDA VAR DR AF 1 S 70 i 40 7 8 & 4k
BB AIGAE 3 d, HEAS S mm T TFLARFTHUR D,
#5250 mL =S i34 A 120 mL PD JR{AK; 77 3%,
IR 3 I Uil B & AR 1, 120 r/min i
AR T d, HIRUZ 0 A i 8 22, L) 5 000 r/min 25
> 10 min, 7 E VW, BOTTEW N AGE &2 TC K,
M ER O R R 22 -3 B2 1< 10°4>/mL (1Y 7
B A
122 BEHEAREZ AL E

TE IR Y27 BE S 50 0 45 mx9 m (K x5E)
M= N AT A TR % 2 4 AR R AE B
2014 4% 4 J1 30 H H 50°C /KoK 8 IR FIR0.2 h,
WU e T Bl A 20 A PR &N 25°Cad i 2 S
R 50 X F R A, B URA T 6 H 8 H Y
JREEE 1 EH U A%, Fe i 4 AN b 3. A AR
A IE R AR 2 A% 750 g/m® T8 AL AR B /X
Jiti 5 LA 70% H A7 TR 22 ] 9 1 493 57 500 185 7 AR Ry
ZA TR IR Y KOO R 5 25 G IR B ) AR T
AR AL 3 U, 2 120 /NX NX BEBIL SR AT, /N X
K8 m, 58 1 m, A NXEAR S0 ER . 617 H
MENH K 2~3 B B, JG R ACOR 276 i1
PR TR ETH 2 10" /mL J& , R F 3 AR AR ks T
WA, B/ I RIS 1 R R AR ™ T
PRVE 3 mL R fUER o il B0, R e w5 )i+
P BB AR KA BT i & BB T A TR H 1]
(=i
123 HNAEZRE GARAE

M AON R T R B R M E S TS
T7H 6 H (A, 7~8 i) 42 H 1 K% il 9 8K

HRZR | 24058 B Z50AR A ey s F 4y 1 25 45 Ak B 8 T A
I KRG o $% Z F R AR /INX BEH S #R B
B, B FRIEE S ARG . I AR
FRAZ PA A O SR TG 20 R T 00, THEe 1S
FEBCFBIA R o BT, 22905 A 1% 0 73 At «
0% : b I M AR TOREAR 1 9% MR IEE 5 20
MR 10% LA R84 52 9 . ELF 3RS, AR AR 4 sl AR
10%~50% 25465 53 9 : B 25, T4 50% 224
4% Had 50% EMRALE M LIRS, TE
FEE=2 (459000 AR B < 45 HARRAE )/ (P A S
BURE O R AR E ) x 1005 Bl 1A RCR= (5 K 6]
I 17 18 B 24 70 A PR A 8 550 /37 KON R 17 i 4 <
100%. BLJEF7H 23 H GEKI, 12~13 0131) .8 A
6 H(IFAEMI) 8 H 21 H UBRH) 9 H 27 H (KK
1) 43 4 YRR A 8 TR 2299 A 18 0, 30 TORG 229 &
S TEOLREL M bRE SeTE RIS A SRR R I
124 FHNARFREEH G RE

R BT 2205 1 i 0 [T e SR A 2 A 25
s TR AR AR AR B 3, 1 A L 5 A B TR &
() 145, AT 3R, HUHR Br - e Je 25 3 TR &
B35 7/ N 1 48, B B E TR IAR R Y R
FAEPR A RV TEIR S S R A TCH B HAE N,
S BT LA VR VR T IR A S , T8t
JE 11 PCR MW G W2 53 #T
1.2.5  H)NARFR 238 P2 AP DNAF W 40649 4]

K 9t 7 it PCR B A # JTCAR B+ 18
AR 50 g0 # DNA $2 D1 %%, 218 Power-
Soil® DNA Isolation kit i 7] & #2 B 3% DNA . Ji#d
REGHY R RSP M 1TSS (57 -CCAACTC -
TTTCTGTAGTCCCC-3" ) Ml ITS;R (5’ -GCATTTC-
GCTGCGTTCTT-3" ) (B #1455 ,2016b) , I fl Hfe 71
Y1 S 51 9 FOF, (57 - ACATACCACTT-
GTTGCCTCG-3" ) fl1FOR,(5'-CGCCAATCAATTT-
GAGGAA CG-3") (Nel et al.,2006) , RT-PCR 4" 1%
{& % :2xSYBR Premix Ex Taq 12.5 pL .10 umol/L |-
51445 1 L. 1 uL DNA #idi, ] ddH,0 #h e &
25 uLo PHESRAF . 95°CHIUALYE 10 5;95°CAE P 10 s,
60°CiE K 15 s, 72°CHEAH 30 s, 45 PMEFF 5 55°C 4E il
10 s, FRFMEEAS Y B (ng/uL ) =ODagx 50 < Fi BB 4L ;
FEAR T =id 550« 324 R IR A HE DU (ng/ul )=
T I A S Ve BE/ME A 43 F £ < 6% 10" (Hietala et al.,
2003),

1.2.6  FHINARFR 138 % A4 My AP BE T A B I 52
K P R B I A AT vk A ik P 6 A 25 B S
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Ji BIERCE R R AR . HERRFRER S g RT3
ARG = A, 239 A 0.1 mol/L P& iR %%
IR 4.0 mL 05 5.0 mL . B2 BGR 10.0 mL, &
TR %8 I 120 r/mink7% 2 h, 7£.2 500 r/min % & K
250 10 min, R LIS P B3 AR A
FURFEEUR, 120 r/min$z3% 1 h, &0, 5 IF 2K FiE
W FE RS KRR AR T, ik
JEAESS  WCEERENRTR 0, AT s BRI, AL C19:0
e R FER AR AR AE 25, o3 AR B e HY R , )
FHAIR AR BOLBENR R MRk e . FHERR T
140°C 5 82 3 min, Pk 4°C/min 3 % 7} 3] 190°C , {4
B 1 min, 3°C/min # % FHE 2] 230°C, f£ 4 1 min, DA
2°C/min 3 % THiEL 250°C , 44 ¥4 1 min, LA 10°C/min i#
TR 280°C {484 5 min, LAMS Scan f 2416,
HFHETE R 50~500, 25 EI". >k H TSBA 6.0 £
JEXTRERERE PRI T 454 o

f Tl I B X8 AT 00 4 A PLFA 451 3% 1 (f 4%
PLFA it %) , PR Lm s i 107 1 b i A 22 fL e A
Ui ] - A ot v 2R W B O A A2 Ak, AT RAXT Ak
AYIRER AT RE A . AR 14:0.115:0,
al5:0.15:0.16:0.i16:0.i17:0.16: lo7c.cycl7:0,
al7:0.18:0.cyc19:0F120:0 £ PLFA i & 35540
P B (Kong et al., 2008) ; AR #5115:0,a15:0.i16: 0,
i17:0.a17:0 (1Y) PLFA & 5 f T H 5 == [CBHPE LA B 1Y

i (Wang et al., 2008) ; R g 16: lo7c.cycl7: 0,
cycl9:0.16: loSc.16: 107t 18: lo7c Y PLFA & &
T AE A 22 FC A 40 B Y 75 i (Kong et al., 2008 ) ;
HRHE 18: 1w9c . 18: 1009t 18: 206 1) PLFA Fi 55 31
A A5 (Zhang et al., 2011) ; Horfr, ¢ At 43 551 22
TRITFA S AR , i F a 43 5 7R A S8 T 544
F L2 4 , cyc [RBEIA N, o (R & XU, BEHE
OB B B R E L B TR A R
(Bardgett et al., 1996) 5 + 314 W 7146 %4 (Ham-
mesfahr et al., 2008 ) iX 3 ™48 Fr VA A6 A B B AE
Xof v JIGEAE I A VR I GE FEE . UERE
TEARN 2 o =4 2% P S M4 T /22 G B4
i RIERUE Y R T35 5= (cycl7: 0+cycl9: 0)/
(16:107c+18:1w7c),
1.3 #HESH

K FH Microsoft Excel 2003 Fll SAS 9.1.3 # {4 %}
BRI T 0T, R FH LR R Ty 25 00T /N
ZH(LSD) ki1 25 7 WA IR .

2 ERESH

2.1 HAAREFEXNERNHEFRHHERER

NG A A S AR, 285706 RGBT
i 25 95 1Y 7 iR 2R o B A 79.82% . 76.45% Al
64.28% (£ 1),

F1 HRFR T ERAAREBENRARAE DNAFE L

Table 1 Trichoderma asperellum and Fusarium oxysporum DNA copies in cucumber rhizosphere soil

E=El Ab3 5 = DNA #% I DNA copies (ng/uL) B RCR (%)
Growth period Treatment PRAUARTEE T asperellum JAHETH F oxysporum Control efficiency
VAR 23 W I Blank control 2.36+0.01 ¢ 24.71£1.23 ghijk -
Seedling period 247X i Fungicide control 2.38+0.21 ¢ 50.82+3.89 cdefg 79.82+5.89 b
1 KX B Water control 5.03£0.22 ¢ 21.28+1.25 ijk -
BRAL AT RN T asperellum fertilizer 235 000.00£10.31 a 68.36+2.98 cd 70.24+2.45 b
K %5 {4 5%} i Blank control 0.68+0.01 ¢ 22.42+3.21 ijk -
Rapid growth 277 %] I Fungicide control 0.83+0.02 ¢ 62.42+4.76 dce 76.45+5.76 b
period i 7K X} B Water control 0.93+0.02 ¢ 720.75+23.45 jk -
PR ARTE RN T asperellum fertilizer 59 300.00£23.01 bede 15.41+1.45 jk 76.81+3.02 b
Biiz: 25 A4} 6 Blank control 6.02+0.12 ¢ 46.8247.67 cdefgi -
Florescence 2457 %} HE Fungicide control 4.69+0.32 ¢ 21.55+1.23 ijk 64.28+4.14 ¢
157K %] i Water control 1.37+0.11 de 24.62+3.56 ghijk -
AR R N T asperellum fertilizer 57 300.00£9.87 bede 29.16+2.33 fgijk 64.29+2.87 ¢
BRI 2% [15%F B Blank control 7.04£0.32 ¢ 28.40+3.56 fhgijk -
Full bearing period 247X} i Fungicide control 5.80:£0.32 bede 69.93+5.78 ¢ 34.67+3.65 ¢
15 /KX I Water control 4.46%0.11 bede 298.66+12.67 a -
AN T asperellum fertilizer 80 500.00+21.98 bed 54.87+9.78 b 50.00+2.54 d
HR A 75 %] B2 Blank control 9.16£2.12 ¢ 39.11+1.22 efgijk -
Late growth period 247X} i Fungicide control 4.85+1.00 e 25.60£0.98 ghijk 35.78+5.34 ¢
1 7K Xt HE Water control 1.21£0.04 ¢ 24.33+4.12 hijk -
AR ZE N T asperellum fertilizer 36 300.00£12.05 cde 18.36+2.33 jk 100.00+0.00 a

R R YR bR EZE . RSN FhE R /R 28 LSD R K B0 75 P<0.05 /K257 [ 3% . Data are mean+SD. Different let-

ters in the same column indicate significant difference at P<0.05 level by LSD test.
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45%:

B INA T R ST AR IR A 2 TR X
BTG 225 0 B 38 28R 43901 o8 70.24% . 76.81% Fil
64.29% ; H.[F]—~A= 5 11, it FH 76 A 25 147 I8 5 %8
MG PIAROR 22 A 2 . BB A K
R IVRADA TR AT 2 TS 220 I BT IA RO 53 3
50.00% #1 100.00% , . 3% /=5 T X% #8245 7] (P<0.05 ,
#z1).

2.2 FHRBR L2 EIDNAYE A 520

Jit AR B LS, 3 TR PR 1 38 g R
FE A A DNA $5 D18 H B 2 > e 04 2, B #5440
I TSR], LA PR 1 8 b Bl R 2 TR 1Y DNA %
DL 5) 28 235 000.00 ng/pL 180 500.00 ng/uL , 1
BEEBTHEAFTY(P<0.05,% 1), BGEKY
BRI A KA AR 38 P 27 4je 76 1 DNA #5
DU 54 15.41 ,54.87 F118.36 ng/ul, [R13 245571 %F
HE A 2R A B 761 5 DNA #5 D1 £ 53031k 62.42 .69.93 Fil

25.60 ng/uL, [ AT KO RER S A6 2 DNA 5 D1
KON 720.75.298.66 F124.33 ng/ul; [a]— 2k & 1k
IR B DA A Ah B ) S 60 S5 78 T DNA 8 D125 i 21K
TR BEFE KT RE
2.3 BRABAEEIEXT R TN EE IR RN

Jiti FH A A B PR IR I, B i 0 s ) T
A8 U8RI A K A U 1 200 T/ T T HE AR ) 3.47
1.67.1.40 F13.18, BIL T 24700 it 0 AT S 1A
FEAEI 1) 200 D/ TR LA 55 24 7)) i ) 2 e e 3 (<
0.05) o Jift F AL A B R MBI , 7 B )T A3 A 4
I ST 503 512 13.94 F13.87, 34 1 25 18 T- 245741
XT R (P<0.05) 5 8 TR T 3 A S0 T A6 109 A 2R
T AR BR sk A= P AR O 2 B2 43 53 R 2.24.1.98 2,52 Fil
2.12, ¥y T 25006 BE T L WA i L SR A
FEAE S S A = B 5 250 0 R 2 7 3 (P<
0.05,%2).

R 2 BAEABEEN # R L EREY TR0

Table 2 Effects of Trichoderma asperellum biocontrol fertilizer on microbial population in cucumber rhizosphere soil

. Y B/ LA " T MRS AR
and fungi microbial community
It 25 % I Blank control 3.38+0.20 de 3.08+0.04 fe 2.00+0.01 de
Seedling period 2557 %F B Fungicide control 3.52+0.11d 2.03+0.01 g 1.71£0.16 f
157K %F BE Water control 1.30+0.01 i 3.69+0.32 cd 1.34+0.39 g
BRI HNE T asperellum fertilizer 3.47+0.01d 3.05+0.34 fe 2.24+0.07 d
I 25 9%} 1 Blank control 2.95+0.17 ef 2.95+0.39 f 2.50+0.07 a
Rapid growth period  25%} 1% Fungicide control 4.0140.14 ¢ 3.54+0.05 d 0.27+0.16 h
757K %] B Water control 3.35+0.03 de 3.38+0.20 ef 2.03+0.07 de
BRI EE AL T asperellum fertilizer 1.67+0.02 hi 3.87£021 ¢ 1.98+0.01 def
TFAEHA %5 A%} i Blank control 4.54+0.10 b 431+0.25b 1.34+0.39 h
Florescence 2%} B8 Fungicide control 3.19+0.06 de 2.05+0.07 h 2.03+0.07 de
15 7K X} i Water control 2.00£0.02 g 3.3440.21 fe 1.68+0.06 f
AR T asperellum fertilizer 1.40+0.04 i 13.94+0.32 a 2.5240.10 a
eS| 25 [ %} 8 Blank control 7.79+0.21 a 3.49+0.05 de 2.05+0.06 de
Full bearing period 2451 %f #fl Fungicide control 2.48+0.01 fg 3.83+0.34 ¢ 2.08+0.13 de
1 7K Xt HE Water control 1.22£0.11 i 3.74+0.14 cd 1.75+0.05 f
BRI HNE T asperellum fertilizer 4.52+0.12 b 3.30+0.13 fe 2.1240.07cd
KA 23 4% HE Blank control 3.12+0.01 de 2.98+0.23 f 2.24+0.07 be
Late growth period  Z55%f Hf Fungicide control 3.36+0.15d 3.59+0.11 de 2.36+0.03 b
757K %) B4 Water control 2.83+0.03 ef 3.71£0.21 cd 1.03+0.04 g
AR F N T asperellum fertilizer 3.18+0.21 de 2.02+0.04 h 2.04+0.45 de

T B PR EZ: . AR R REFRIR 4 LSD AR I 7E P<0.05 7KF-22 5 i 3, Data are mean+SD. Different let-

ters in the same column indicate significant difference at P<0.05 level by LSD test.

3 iTig

AN B AERF B, B8 12 Ho T B
MY T 4% % % (Vinale et al., 2008; Wu et al.,
2009; B A 2011) o AREMIBHIRECERAN S A

B PP O, i 5 Lt P O A O B L B 25
PR S R AR 23 S PR RCR . FREIL(2011) i e H
() K B B TM L TG X 55 TR 2895 19 B 76 38R AN
49.4% F1 54.9%; TR 4k K55 T. atroviride T JE X i 3¢
BEAZ IR AT 555K 63.24% (A% 11, 2010) ; 7675
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JRE A B8 it S A A LR A e A LR &
B ARG O A MLAE S X A 25 I B TR
SR IR 83% DL I (WS 45, 2012) 5 B AR B
FRIXT 8 TR 2255 19 Bl i 80 e s 1] 3k 89.5% (i T
4,2010) o BHIA AR I 5 AR S it FH PR 5 A R KO
Fo AT TG Z0 1 B0 00 Z2 JRAE = N AL
FAAE NHATHY, FARTEE N B IARCRARYY , (A B IE
o7 FH I (B R , AREER  E FE e 1 25, 5 R R
()5 4 1 T B BUE BT A ROR ARG, flinE i
SR B AR B B R M113 R M35 X0 T 3 2595
(R B 5553 510 M 70.53% 1 74.68% , 4 . 2 75 T X IR
24751, (EL ) /N DX st 2 4 TR B4 1R800 0 5
K3 33.71% F137.14% G F145,2015) . ARWFGEIF
e TR A B A IO E R 4 48 1 BT X BR
i 22995 11 B 85 1E 35 RS AR 70.24% , 7 8 T
WI3K 3 76.81%, 1M HL55 X} BR 24 75 i s 22 5 R 1 3%
X158 B A TR AT AT H ) 9 25 TR 2597

SRR A g TR VT 250 T 2297 1) Bl T SR A T LA E
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