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ANy, B BRI T P 5 8 R e
Hi DX AR G, R R PG b b X WA A 2 —
H i 3R R B b 0 R i 32 A R AR T AR | HE R A
/Y IR e O S | R S VI D o/
Hov, 3k F T A8 40 250 B R i 52 B T2 i, s
T A 40 30 R 3k R B A A A AR AR R A R A
FHAE TR ) Bk 3 2 s v I R AT R, B
SR A B by R b 2 R R R B 28 U AT A0 A
itz —

Tl ¥~ W7 B B AEL ) A T SR v g Ry DG B B B
XA B AR R A SR B A AR Ak ke N R 2
NaCl ¥ # 33 100 mmol/L B}, F L 5 AR B v .
1A LB AE 8 ER A A W) B 1 A0 T K X 32 B A ] A
BERa T, 5 AN A DRI R BT, R AR AR R 4 ) R
AR R AR AR 2 I, 1 100 mmol/L NaCl

it AR R B ) HE AT AU S0, F 5 B A R
EAME . HHT, A O Wi 0 5 A A R
RAFE AT B 5E b, % T SR e TR A [ X R AR
BRI ST A GE o 8T, A AT B R [ PG 0L
DA (TR i A 0 6 2R WA S SER A ORE SR E 17 A4
IX 1) 5 Ak B A0 7 3E 4T 100 mmol/L NaCl &b # | i 13 XF
LU A% iy DXl B 5 R P A s 9 2 ] 300 Ak 3 v A ROk
D Fre B 1) 3 A2 R T, DT Ay S A 5 S U 22 R
0 5, 5T BT AR 42 1 B AR 4

1 #RFTFTE

1.1 et

A TR R R H O A T R A B
S B A AL B A L g SR, 2019 4F 11 H R4
THMEARFEHX(FLD,

*1 SHXAOMEMERSESEG

Table 1 Geographic location and climatic conditions of each region

%5 SR A b X £ (E) i (N) MR /m AR /C AR FEK B/ mm
1 HAR T IX 103°33'~105°34' 35°33'~37°38' 1275~3 321 6.0~9.0 180. 0~450. 0
2 kAT PR 100°41'~101°42' 37°50'~39°03' 1 550~4 441 1.0 163.3
3 T ST A M X 92°20'~100"20' 38°09'~42°48' 1100~1500  3.9~9.3 84.0
4 SEHENX 101°04'35"~102°43'40" 37°47'10"~39°00'30" 1526 9.2 139.8
5 BT I X 101°49'~104°16’ 36°29'~39°27' 1 350~4 872 7.7 212.2
6 LETHKER 101°04'~102°43' 37°47'~38°39' 1452~4 442 4.8 185. 1
7 S AE e N5 103°33'~104°43' 36°43'~37°38' 1276~3 321 8.2 185.0
8 BN RUPIE = — — — — —

9 R# Bk s — — 1367 — —

10 Rihm G 98°57'27"~100°06'42" 39°03'50"~39°59'52" 1260~3 140 8.1 112.3
11 [ 4R T o B 104°48'44" 36.19'5. 7" 1900 9.0 235.5
12 REEENS — — — — —

13 FRm T 104°29'~105°31' 35°24'~36°26' 2117 9.2 267.1
14 SRR T X 97°20'~102°12' 37°28'~39°57' 1483 4.1~8.3 112.3~354.0
15 2B IX 103°29'22"~103°49'56" 36°17'15"~36°43' 1910 6.9 300. 0~350. 0
16 SR AR T I 1 B 99°51'~100°30 38°57'~39°42' 1380~2 278 7.7 118.4
17 kA R AR 100°22'59"~101°13'9" 37°56'19"~38°48'17" 1 589~5 027 4.1 351.0

1.2 R

IR WAL A (NaCD) , 75% 2B, A %R
B 7% W (NaClO, A 20 # =8%) , 100 mmol/L 1) i iz
(H,PO) Pl (pHIE=7),2,3,5 = R IL U ms & fk 9
(2,3,5 Triphenyte-trazolium chloride, TTC)

WU AHS B IR L BB A DR AR BT BEAR 2
e BT ROF O TR AR BTG B 4
R4

1.3 WA E

1.3.1 A F & IS —BCH MY LA H R
THCT 2 mL BB, 1w R IA 75% B L B2 52
30 s, M AZEIR K BEAT vh gk A 3, ImA 2% 1
NaClO % 4b 3 1. 5 min, FZ8 18K vk 4 K, i J5 H
& ARK Fh T A9 K AT R

1.3.2 A F 8 A K% BB R LN iCE )2 8
A0, = KT VR R Bl 7 09 & ZE K, IS mL YR Bk
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100 mmol/L F) NaCl i ¥ ¥ 2 A 85 37 L 4l 1
Ao B A B T o K 22 0 T B A R A Rl T, 4l o A 2
5o BB FR LFNAE 50 RLh AR RERN T AR AL PR
SN, LhZE IR /K A AR D Xof B b 1R o R B
A RS ILE TR B R 28 CCRYRE IR 4 C IR &1 0
IR /PR W5 (14 h/10 h) , ) 58 S 2000 Lx, AH X% B
48%6~60%0 MIERIE T HEATHE IR

1.3.3 ZAFHAmmze DEREEFRE I mmEN
KZEARE SR 3 R & ZER R T RN R ZER . IR

KF .

REHH(V)=(3 d NP ¥ K 25/ ARl 50 X
100%

REFFR() =T d TP+ K& 28/ R 50 X
100%

FAXE % 2R (90) = (3R b B & 2 35/ %) BE Y &
ZEH) X 100%

MR % 23 (%) = (FhAb B K 28 R /3¢ B &
AR ) X 100%
1.3.4 #EnE AEKTAE, AR IEEHLLE R
10 ¥R &I, WinRHIZO P4 41 385 4300 2 &0 1 0k 5
BOF-SEAE R bk b ol T H S AR R . AT .

HRRT R R (V0 ) = (3 &b 1 ok v /% IR PG R 5 ) X
100%
1.3.5 A#EME BAFFMBEIERAERK 7
(10 AR & 4 4 S T 2R TR OK T R R EORD L B %)
HREZREF W T T e &R L,
W 7K 43 05 W a6 R K TS A 4 R AR AR LA
LA, 60 "CHE 60 h 5 I 5 18 . I 29 B oK - il a5t fi
AT IR AR A A T, A

R T B (0 ) = (b 30 (1 i /% R ) i ) X
100%

AN T (%) = (ER AL H A T3 /X B T8 ) X

100%

1.3.6 BF4FC)ME CKUET B9 RHIFBS 2= 45
A, B A PCRAE SR R T W 43 56 6 B v 0 22 Na© |
K & F &,

1.3.7 M ZFEHRA)ME  HTTCHE M E %K
D2 S AR R T

FHR R AR 3% J7 = (R Ak A+ /0 B G 8 ) X

100%
1.4 HELE

fifi il Microsoft Excel 2010 17 %% 4% 69 4b #1 LA &
BRI 2, R F SPSS 20. 0 # 4k #E47 5 K Jr 22 47
B AH G AE 23 B 5 28 20 B 45 4% B 48 Bk 0 i L OF R A
Duncan's 2 # 5 (P<C0.05) .

2 ER5HMH

2.1 #HppEXAEMEEESERHFHLIERORME

100 mmol/L NaCl4b# 2 J5 , £k A= ¥ Fh 7 & 28 %
A& ZES M Y /N T 1, R B & 2R & 2 R A
Wi R CKIMBMR (R 2) . WA & ZERKE 12
S(RBEENMS) 145 KRBT HMX) A 155 (22
KT X)) M IXCBR L 4 Bl 77.51% . 77.99% F
79.16% ,16 5 (o4 7 I % B ) s K R A1, R 9. 67 %05
AT % 250 A 124 i XRp - 1 M 6 & 28 R K
T8N, Hh 135 (HRTaTHE) 125 (REEE
M5 ) M55 (2N B X)) Hb X5, 43 1k 86. 54 %
88.20%0 M 91.92% ,75 (AR 5 E) X ik,
63.93% (% 2).

F2 HhEMETRRE MK 3 E E#HFHE TR

Table 2 Seed germination indexes of H. glomeratus in differ-

ent regions under salt stress

sy NaCl kb #f
7 . e . e

FHXT % 2585/ % XS % 2R 5%/ %
1 15.35+3. 25¢ 84.4542. 05
2 17.6940. 27« 76.26-+3.88"
3 25.41+2. 68 74.98+3.51°
4 39.8843.31" 83.7942. 37"
5 20.4042. 79 75.98+8. 26¢
6 58.55+2.97° 86.01+2. 93"
7 27.00+£2.52¢ 63.93+4. 24¢
8 16.14+0. 77¢ 84.65+5. 12"
9 48.20+3. 38" 80. 7441. 53"
10 33.7645. 55" 81.73+2.49"
11 41.184+5.78" 82.6843. 42"
12 77.514+3.42° 88.2043. 42"
13 24.12+3. 42" 86. 54+ 3. 42"
14 77.99+3.42° 85.0143. 42"
15 79.16+3.42° 91.92+3.42°
16 9.6743.42 81. 07+ 3. 42"
17 18.13+3. 42" 73.85+3.42ab

R PR R YRR UE R ; RS AS RN S E R R OR
225 B & (P<<0.05)
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8, 5 06 BEME LE A 6 4 1 X AR A Bk v i K, 43
&3 TR MX) 45 (BT E2)IX) .65
(& EHAKER) 95 (REEWKS) 105 (kT
B L) M DX B AR A R R RR B R IR A B R T
0.19% .3.75% .1.13% .6.63% .4.56% .4.33% . #k
I T X IR 9206 By R A 44 A BiE 115 (AR T
W) 125 (REEEXS) 155 (ZHHIX) (17
SOk AR T R R B b X AR RS R, 4 I BEART
9.47%.9.63%.9.26% .17.65% (1) . £ LM
X AN [) b Xl 0 A B AT I8 E AR L SO il AR
R H 175 ok AT B SR B ) i Xk AR 0 1) ok o 52 3]
FR 410 1 1 P e B A
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Fig. 1 The relative plant height of H. glomeratus in

different regions
2.3 HBENAEMREEES)HEEANEENTE
skl
A A [ 3t DX 3 A R 4l v R G e R R SR O
Hrp 45 (GAMHENIX) 55 (A HEMIX) .65
(EHKBES) 75 (AHRTREL) 85 (Z2MATh
HF) 105 GkETim a8 115 (HERATETE) .,

125 (REBEEMS) 155 (Z2MHX)H 165 (KK
T B ) b DXk A= 4y R G R A L 43
N 204.37% . 162.07% . 207.93% . 146.62% .
116.25% . 159.87% . 129.18% . 103.60% . 103. 06 %
100,27 % 5 15 (AR TP )IIX) 25 (iRl il 1+
B) 35N RMTHRMX) 95 (RE B S) . 135
(FRT ST H) 145 GRBCT M IX) (175 Gk
SR B ) Ml DX R AR B 4 1 AR X e G W MR S
175 (3K J T R AR B ) b IX A 56 A 1 40 i AR X 6 i
15 A Xt BE S 14 58. 25 % . &R A IS, 4% ML IX £k
ARG AR TR R T 1115 (R T m &)
b XA B v, MW E A 200. 48 %, 9 5 (RS B Bl g
S X IR A, 2 112.98% ;25 (s i L A+ ) (35
GG SR TR0 X)) (1145 (PR T o 2 B ) b IX 1) 6 A
4 W T TR IR T E, 4 0 S 1869376 .
179.39% H1200. 48 %4 , 55 H-Aly 3 IX &)y # B9 AH XS T 8 2
AREEZR(P<0.05), 15 (HBHTFNIIX). 9%
(REHBE R S ) 145 R B X)) (16 5 (ikdicTiT
I B ) Ml XY 6 A= BT AR G T 3 5 0 iR 2 ) 22 IR AR
AN, A B 127.49% . 112.98% . 123.09%  FI
133. 615, T FL i 46 fb X 5 B 0] JC 8 3% M 25 5, Hofh
DX A R 3 25 5 (P<<0. 05) (Kl 2) .
2.4 HBENARMRBEEEYEETFIENZM
174 3l IX 6 A 5 % 2F 3R 0% 341 5 & Budle b K
25 SRR T 1 2 201 BV o A L 43 0 9 3 s 2 4
Sz 25 IR B o R A 25 1 B AR R R ORI E A
Na' K BEF&&®, EBERFREEH 22X 65
(& BTk B B )R 15 5 (22 M08 X)), S AR 24> Hh X
55 CRRB T M X)) A 75 CEAR T S 48 B ) iy b AR
g, e HNa” K 7 ai, 28085, X

400 -~ [m— P OE 3 VT - 240
. a
350 |- —— MR /% 1210
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E 250 : 1150t
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b junng
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Fig.1 Relative fresh weight and relative dry weight of H. glomeratus in different regions
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A

5 Hb DX R A FEL) T AR AR TR AL B SR R R
W Z A W 2 S o AR BRS A AR RIS
BT R 75 (AR T 5 48 B ) b IX 6 24 B 4 1 11
MR A K Z B 52 B K, AR FR IE A X R
15.4 % ,1fi 6 %5 (& B ik 8 &) .85 (=Mt
) 105 (ks &5 B 115 (PR v i 82 ) F 15
5 (22PN X)) Hl DX Bl A AR R A K32 s AN L 4 5l
Hh183.52% .77.15% .83.69% .90. 50% F182.23% , H
d 115 (P AR TS L) b X 3 2 55 40 1 A2 31 A9 52 i
e/NCE4) .
2.6 BMRHREEMFHELBERFTEST

R B30 X 17 A b X AR A= B R W K 045 48 Bk
SEAH B AT 2 5, A B ) R X R R R R R 22
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Fig. 4 Root activity of H. glomeratus in different regions
i) A4 4 B A8 5 R B T 0.073~0. 131, 36 B 17 4
DX b A R EL A A i AR R b 2 Ak B AR
Uf, BT 4 8 b ket 6 W 38 SN B RHURR o 53 Ah L 17 AN L IX
B BRI K )45 48 B e e BRI b B R Y
I 5E (B K 56 2 BUAE 0. 36~0. 733, Xk — A Ui B 17 4
b DX A BRP - BT R 0 4% 8 A ek R T 38 B Y R
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VE T AE % S, AT 4k 55 HE AT W R T M0 0 o A

LL;]%KHE“Z]O

R3 TRAMRBEEMFRFHERETHTHEESRSW

Table 3 Mean values of germination indices of H. glomeratus seeds in different areas

5iH R % KRN B /em fif 7 /g T /g AW H1/ %
CK JOEL] CK b $4 CK Qb 7 CK b 2 CK b 2 CK yos:l
T2 0.59 0.23 0.68 0.12 1.79 1.72 0.026  0.028  0.002  0.003 0. 36 0.2
5 AL 0.073 0.098 0.101 0.128 0.098  0.107  0.113  0.107 0.131  0.125 0.089  0.123
Tn fE 1 0.02 0.008 0.22 0.001 0.001 0.013
i 18. 28 16. 26 3.1 1.57 19. 83 12.568
pIE 0.000 1™ 0.000 1™ 0. 000 3™ 0.0001™ 0.000 17 0.000 1™
LB 0.512 0. 68 0. 36 0.41 0.733 0.591

I 2 R 3 (P<C0. 01)
2.7 SMRHEEMFRFHSIBRBELIES W
5 TUHE ik (] 2 A [ A 5 4 R DG M AR R & 2 4
5 X K 2E A MR AR R )40 ) 3 E A G
(P<<0.01) F1 5 2 1F #H 5¢ (P<<0.05) ; M X & 2 % 5
AR XA R G e E AR X A AR R 43 B

SEOE AR OC LV IE A OC R G R i 3 OE AR OG (P<
0.01) 5 A0 XF ¥k = 5 AH X & & 5 8 3 1F A OC (P<
0. 05) ; AH X ff 5 15 A1 X 1 8 L AH AR R T 1 &2 6 A
O VIEAH OG5 AN T 5 A AR R TR 4 & O
HXKR(ELD,

R4 ARMRHBEEZERENENERESHT

Table 4 Correlation analysis of relative value of H. glomeratus in different areas

PR FHXT Sz 2 34 AHXS K 2% AF Xk 5 AR X fif MXFTFE MR RE N
A X %2 2 34 1
A K 2R 0.44" 1
X Bk R —0.06 0.01 1
AF fif E 0.15 0.03 0.29° 1
AT = —0.12 —0.15 —0.17 —0.03 1
AT AR Z2 76 0.35% 0. 57 0.12 0.18 0.12 1

TE:77E0. 01 KPR35 AI 5778 0. 05 KF [ 2 35 41 5%
2.8 EMSOMGAREIWMEMXSH

RS o3 M RE A8 T G Ml B R R AR R A R X
AR Y 6 AT ER R AR FEAT 20 A, FL AR e 2E B A
XA 2 A R e 9 B STERR O 72, 4000, BT
3 L A VA S A S G 0 £ A= B R R A A A
MIbRE (R 5) o 55 1 M i STEkR 0 32. 93040, 56 11
EANBR TR T E AL, 5 A A AR A SR I A OO AR

X)W 5 (i HUN X)) 75 (FAR T R 28 B ) X,
A R R B 55 (18 5) o SRBUREAS B4R 23 A7 DX 8
D0 H A A B 17 A X R AR F A AR R [
SH TP T A R 07 28 15 2 (11 6) o

R5 INEMAWBEERIBE

Table 5 The eigenvalues and contribution rates of the 3

principal components

(F6) . X 45 4 DAL 2E T 46 1 2 H bR AT 2650 L N
1 1.98 32.92 32.92

M, 2 BR X B8 24 22 K 76 3 Ab B 45 b IX 3k A H I L 30 o1 71 163

FhFor = A, g TR 115 (AR Ii 1.07 17.78 72.40

H) 125 (REEEMS) 135 (HETESTHE). 14 T —

= ( %#ﬁi?ﬁﬁdll X)) 155 (22 %ﬁ X).175( fﬂ@@ﬁi BN Table 6 Factors load matrix

IREOH X, Eh A T A BB T2 6 S5 (4 Bl TR MR R OMXE M MR HEF SR

AEE) 8T CAMITB IR 9 (R Ak y), 2 R PR B BR R RRD
I 100 0.44 —0.06 0.15 —0.12 0.35

=) P = I =) P s
105 (kHEmEa ) 16 5 (R T IEEEE ) Hh X, £ I 044 100 0.0l 0.03 —015 057
A AR AR L I 2 15 (FEREITIX) .25 (5K I —0.06 001 1.00 029 —0.17 0.12

i P8 (355 (SRR N X)) 45 (Bl
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SRR, G X AR B, 17 A4S X R AR BRh R 28 4k
b B S 2 A DL S 2F AR R W R dE
25 IR A R R B M R R R B S
2 T DX £ A R e 32 B B D, AR T
Z B ST B R B Y £ A R A K A2 B R Bk
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EAIES

:
14. H‘?{Er‘h e /""M

5T UM X

15.:64413'@“2 i ',;.‘_—

ERCPIINIITU T (RO

G343 R R T K
5 Ml X A= A k e v R B 30 0 BB AN TR
5558 HEAH FL 2% Ml DX R AR R0 BR S AR IR R 17,65 %0~
6. 63 %0 , 31X & W 5 38 X5 A ] b IXC ) 6 2E 7500 2R K BE
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Fig. 6 Distribution and classification of H. glomeratus in different regions
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Supplementary table 1 Germination indices of H. glomeratus seeds in different regions
e R % R B /em fif T /g TH/g HRF G 1/ %

CK b 2 CK b 7 CK b 7 CK Ak 7 CK Qb 7 CK b 7
1 0.57 0.09 0.68 0.57 1.71 1. 64 0.037 0.028 0.002 0.003 0.313 0. 146
2 0. 64 0.11 0.7 0.53 1.81 1.77 0.028 0.022 0.002 0.003 0.29%4 0.077
3 0.47 0.12 0.51 0.38 1.62 1.62 0.026 0.021 0.001 0.002 0.476 0. 186
4 0.5 0.2 0.53 0.45 1.79 1.85 0.017 0.034 0.002 0.002 0.320 0.124
5) 0.49 0.1 0.59 0.44 1.82 1.67 0.021 0.034 0.002 0.002 0.444 0. 144
6 0.39 0.23 0.47 0.4 1.88 1.9 0.018 0. 037 0.002 0.003 0.326 0.274
7 0.49 0.13 0.61 0.39 1.75 1.61 0.018 0.026 0.001 0.002 0.355 0. 055
8 0.66 0.11 0.74 0.62 1.74 1.86 0.027 0.031 0.002 0.003 0. 345 0.270
9 0.71 0.34 0.76 0.61 1.75 1.83 0.033 0.031 0.002 0.002 0.301 0.121
10 0.58 0.19 0.69 0.57 1.71 1.76 0.017 0.028 0.002 0.003 0.399 0.332
11 0.68 0.28 0.8 0. 66 1.79 1.62 0.021 0.028 0.001 0.003 0.548 0.491
12 0.71 0.55 0.82 0.72 1.96 1.77 0.030 0.031 0.002 0.003 0. 445 0. 267
13 0.61 0.15 0.73 0.63 1.69 1.58 0.035 0.027 0.002 0.003 0.359 0.192
14 0.72 0.56 0.84 0.71 1.84 1.74 0.034 0.03 0.002 0.003 0.393 0.217
15 0. 64 0.51 0. 66 0.61 1.91 1.73 0.027 0.028 0.002 0.003 0. 287 0.232
16 0.55 0.05 0.79 0. 64 1.72 1.71 0.024 0.024 0.002 0.002 0.221 0.129
17 0. 66 0.12 0.71 0.53 1.96 1.62 0.034 0.021 0.002 0.003 0. 344 0.140
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Effects of NaCl stress on seed germination of Haloge-

ton glomeratus in different regions of

Gansu Provience

ZHANG Ze-hua',XU Jing-yu”?,SONG Mei-ni', XUE Zhen-yu', MA Rui',
MA Zhen', WANG Zi-qian', WANG Jun-cheng"*, YAO Li-rong"*

(1. College of Agronomy, Gansu Agricultural University,Lanzhou 730070, China;2. Gansu Provincial Key

Lab of Aridland Crop Science, Gansu Provincial Key Lab of Crop Improvement & Germplasm Enhancener,
Lanzhou 730070, China;3. Colege of Life Sciences and Technology, Gansu Agricultural
University , Lanzhou 730070, China)

Abstract: Experiments were carried out to evaluate the impact of salt stress on the germination of Halogeton

glomeratus seeds collected from 17 regions in Gansu Province. The index of seed germination and growth, ion content

and root activity were determined. The results showed that the germination rate and germination potential of H. glom-

eratus in 17 regions decreased under salt stress. The germination rate of H. glomeratus in Minqin Zhongxing and Lan-

zhou Xinqu regions were the highest, which was 88. 20% and 91.92% of the control, respectively. The germination

rate of H. glomeratus in Jiuquan and Minle region were the lowest, which reached 74.98% and 73.85% , respec-
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tively. The response of plant height of H. glomeratus seedlings to salt stress was different in different regions. The
plant height of H. glomeratus seedlings in 6 regions became higher and in other regions was inhibited to varying de-
grees. The plant height of H. glomeratus seedlings in Minle region was 82. 35% of the control which was the most se-
verely inhibited. The fresh weight of H. glomeratus seedlings in 9 regions was higher than that of the control under
salt stress. Compared with the control, the dry weight of H. glomeratus seedlings increased significantly. The highest
was reaching 200.48% in Dalu town, while the lowest reached 112. 98% in Mingin Harvest region. In the three
groups of repeated data of the germination rate of H. glomeratus in each region, the mean value of the two groups
with similar germination rate was taken as the basis. H. glomeratus seeds from two regions with the best germination
and two regions with the worst germination were screened and the ion content of their seedlings was determined. The
results show that under salt stress, the content of Na'of H. glomeratus seedings increased, the content of K de-
creased,and K™/Na" decreased significantly. The root activity analysis showed that salt stress had different effects on
the root activity of H. glomeratus seedlings in different regions. Compared with the control, the root activity of H.
glomeratus in Jingtai decreased by 84. 6% , which was the most significant decrease. The root activity of H. glomera-
fus in Dalu town decreased by 9. 5% , which was the least. Both of them were inhibited. The cumulative contribution
rate of the first three principal components was 72.40% by principal component analysis of the six traits. Through
cluster analysis, H. glomeratus seeds were divided into three groups in 17 regions: strong salt—tolerance, salt—
tolerance and poor salt-tolerance. The results of this study provide a theoretical basis for the identification, innovation
and utilization of H. glomeratus germplasm resources.

Key words: Halogeton glomeratus;salt stress; germination rate ; germination potential

( E4213150)

Optimization of solid fermentation for biocontrol
fungus TL16 against Heterodera avenae

LI Jun-ping, LU Zhi-qin, LUO Ning, NI Chun-hui, LT Hui-xia’
(College of Plant Protection , Gansu Agricultural Universily ,Biocontrol Engineering Laboratory of Crop Diseases
and Pests of Gansu Province , Lanzhou 730070, China)

Abstract: In order to establish the optimal conditions of solid fermentation for the spore production of biocontrol
fungus T1L16 against Heterodera avenae ,the ratio of fermentation substrates, ratios of carbon, nitrogen, and culture
conditions were optimized using orthogonal design. The results showed that the optimal medium substrate for strain
TL16 was wheat bran: corn flour: corn stalk powder with ratio of 3: 1: 2. In addition, 2% lactose, 4% peptoneand 4%
manganese sulfate were optimal compositions to provide sources of carbon, nitrogen and minerals. The optimal ratio
of initial solid materials and water was 1:1,with 15% inoculation. The maximal sporulation quantity was 2. 48X 10"
cfu/g following fermentation for 8 d at 28 °C in dark.

Key words: Heterodera avenae ;biological control; Trichoderma longibrachiatum ; fermentation conditions



