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Table 1 Effect of pH on colony diameter of V. dahliae mm
B FEmkE] /d - Culture time
pH
6 8 10 12 14

5.5 25.07£0.0 be 32.7£0.5 cd 39.340.5 de 46.740.5 ¢ 58.340.8 ¢
6.0 25.740.8 ab 33.37+1.0 abe 40.84+1.7 be 46.8+1.7 ¢ 58.54+0.8 ¢
6.5 25.740.5 ab 33.7%£0. 8 abe 39.7+t1.2 cd 47.340.5 be 59.040.9 be
7.0 26.5+1.5a 34.3+1.0 a 42.3+1.4 a 50.340.8 a 60.740.5 a
7.5 25.841.0 ab 34.340.5 a 42.040.0 ab 49.840.4 a 60.340.5 a
8.0 25.3740. 8 abe 34.240.4 ab 41.240.8 ab 48.34+0.5 b 59.5+0.5b
8.5 24.37£0.5 cd 32.8%1.2 be 39.240.8 de 46.241.3 ¢ 57.0£0.6 d
9.0 24.2+1.6 cd 31.5+1.9 de 38.0+1.3 e 44,84+1.7d 56.5+0.5d
9.5 23.5+1.2d 30.5+1.4 e 38.0f1.1e 44,241.2d 55.5+0.5 e

T« [ G ) 5= B 7R 22 53 .35 (P<0. 05) . T &,

Note: Different letters in same column represent significant differences (P<Z0. 05). The same as following table.

R2 pHMAMEREHLAEKEBEZEAN
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Table 2 Effect of pH on mycelium growth and microsclerotia formation of V. dahliae (14 d)

W %2 Mycelium

M HE ¥  Microsclerotia

B 9% T/ mm?
pH CA 4 22 1 B/ mm? T 24 15 T 7 PR X ORI IX 5 7
MA Bpl/ % MP i/ mm? MSA AL/ % MSP
5.5 2671.64+74.5 ¢ 1298.7+52.4 a 48.6+2.2 a 1781.1+49.7 ¢ 66.7+2.9d
6.0 2686.9+77.4 ¢ 1319.8440.7 a 49.2+2.1a 1925.6+55.5d 71.7£2.9 cd
6.5 2 733.1%82.9 be 1353.2+91.2 a 49.6+4.2 a 2 004.3460.8 c 73.3%£2.9 ¢
7.0 2889.3449.1a 1396.1+49.7 a 48.3+1.3 a 1926.2+32.7d 66.7+5.8d
7.5 2 857.74149.1 a 1363.04+33.6a 47.7%1.6 ab 2143.2+36.8 b 75.0%5.0 ¢
8.0 2779.3%£51.2 b 1314.5£183.7 a 17.3£6.5 ab 2 362.4443.5 a 85.0£0.0b
8.5 2 550.7456.6 d 1184.2+46.0b 46.5+2.4 ab 2338.24+51.9 a 91.7+2.9 a
9.0 2 506.1448.6d 1104.14+32.2 b 44,1£1.8 b 2339.0%45.3 a 93.3%2.9a
9.5 2418.2+47.7 ¢ 961.9+34.8 ¢ 39.842.0 ¢ 2337.6446.1 a 96.7+2.9 a
2.2 HEERENAMREEEKEMEZE B, m h Ah B VE B AR B CK A 1. 6% ~
X B 22 i 33.4% 552 6~14 d B, R MRE N 25 g« L}
FH 3 AT, R 5T A ViR R ORI 4G A T T T (9 NaCl &b 35 AT {955 I 18 04 7% B 72 58 CK BRI

AR L R R A A B R NaCl Jii &t ik
JEh 0~25 g« L a3 A= K, {H & i vk
J& NaCl a] #1056 A3 o A L A T e #h 85 5%
F(CK), S H g i BRI AR e . G5
6 dif, MR R E W E/NTF 6 g o L"), b4 Xt
39 Jer BT A A AT A8 0N AN [R) R T R R R 2 [ B T
HARLESANEE(P>0.05); 2 £h 4 i 5 vk B 18
118 g o LI f 3 I A B A K (P<C0.05),
B b 0T St o B B, IR E AR . BEE 14 d

31.5%~34.8%,

£ NaCl 15372 56 I, Kl AL B 8 R
FEURTE 0 PR A% o Bl 5 5 ) S 0 A A% 3 W
Bom, MR A WL AERE IR 14 d B, Bl 8 R B
NaCl Joi t i B 38 K o KT 58 A% TAT 1 A% O Bl i 14
T, B VA B 22 5 O A BB R A B AR A
JEUBA TR 22 5 TR U R T AR el i CK 948,00 F
M2 9. 0%, ik kb B 4 CK W 4> 4. 5% ~
81. 3 %6 I v A% X 47 1T ¥ B T B L B (MSP)
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Table 3 Effect of different NaCl mass concentration on colony diameter of V. dahliae mm

BrggmkE] /d - Culture time

(gl\faflfl ) 6 8 10 12 14
xts An/ % xts Ap/ % xts Apn/ % xts An/ % xts Ap/ %
CK (0) 25.8+0.4 a — 34.3+0.8 a — 42.5+0.5 a — 50.3+1.0 a — 61.34+0.5 a —
1 25.54+0.8a —1.3 33.8%1.3ab —1.5 42.2+1.5a —0.8 49.3+1.0ab —2.0 60.3%£1.2b —1.6
2 25.34+0.8a —1.9 33.3+0.8bc —2.9 41.3+1.0ab —2.7 48.8+1.6b —3.0 59.8+0.8b —2.4
4 25.3+0.5a —1.9 32.7+0.5¢ —4.9 41.2+1.2ab —3.1 48.3+0.5b —4.0 58.7+0.5¢ —4.3
6 25.24+0.4a —2.6 32.5+0.5¢ —5.3 40.3+1.0b —5.1 46.8+1.2¢ —7.0 58.34+0.5¢ —4.9
8 24,24+0.4b —6.5 31.5+0.5d —8.3 9.0F0.6¢c —8.2 46.5+1.0cd —7.6 56.7+0.5d —7.6
10 21.3+1.2¢c —17.4 30.2+1.2¢ —12.1 5+1.4¢  —9.4 45.5+0.8d —9.6 55.0F0.6e —10.3
15 20.5+1.2 ¢ —20.6 28.0+0.6f —18.4 36.3+£0.5d —14.5 44,020.9e¢ —12.6 54.8F1.3e¢ —10.6
20 18.84+0.8d —27.1 27.3+£0.8f —20.4 .0+1.5e —20.0 40.8+1.2f —18.9 50.04+0.0f —18.5
25 16.8+0.4 ¢ —34.8 22.5+0.5g —34.5 L0+0.9f —34.1 34.5+0.5g —31.5 40.8+1.0g —33.4

R4 TEARERE NCIMNAMEREELERKEBEZFHB 0014 D)

Table 4 Effect of different NaCl mass concentration on mycelium growth

and microsclerotia formation of V. dahliae (14 d)

W%  Mycelium

ME ¥ Microsclerotia

W 7% ST A/ mm?

NaCl/ CA 1fi A/ mm? o B 4 T AR i A/ mm? o7 T VK T AR
(g+LH L/ % MP MSA /% MSp
rts Aca/ % xEs Ama/ % xEs Awie/ % xEs Amsa/ % xEs Awmsp/ %
CK (0) 2953.2+49.9 a — 1418.1+36.5a — 48.0+1.5a 1575.0£26.6e — 53.3+5.81 —

1 2858.4+114.8b —3.2 1309.04+26.0b —7.7 45.94+2.0a —4.5

2 2810.7£70.8b —4.8

4 2702.0£47.4¢c —8.5

6 2671.4£47.4 ¢ —9.5 898.7+21.5e —36.6 33.7E1.3 ¢ —29.9 2181.6+38.7a 38.5
8 2520.9£45.8d —14.6 630.4%23.1f —55.5 25.040.8d —47.9 2184.8%39.7a 38.7
10 2374.9£54.6 e —19.6 370.8%65.7g —73.9 15.64+2.8 e —67.5 2216.6E51.0a 40.7
15 2361.4+£114.1 e—20.0 319.4413.1h —77.5 13.64+1.0ef —71.8 2204.0£106.5a 39.9
20 1962.5+0.0f —33.5 246.5+42.21 —82.6 12.6+2.1f —73.9

25 1309.5%63.3 g —55.7 117.4%25.0j —91.7 9.0%x2.0g —81.3 1287.7462.21—18.2

1065.967.1c—24.8 38.0£2.8b

1762.7+£70.8d 11.9 61.7+£2.9ef 15.6

—21.0 1873.8%E47.2¢ 19.0 66.715.8 ¢ 25.0

999.0446.0d —29.6 37.04+1.7b —23.0 2071.5+36.4b 31.5 76.74+5.8d  43.8

81.74+2.9cd 53.1
86.7+7.6 bc 62.5
93.3+2.9ab 75.0
93.3+£5.8ab  75.0
1897.14+0.0c 20.4 96.7+5.8a 81.3

98.31k2.9a 84.4

2.3 AEAHEMERRERENAWMBHEFEK
Xk A AR A

i 2 5 AT, RN 6 A T B T B AR AROR R R
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REFRFERL & A CaCly B8 37 5L 0] 5 3 14
JEUBE R T ELAR . KCL AR 35 3900 00306090 i 1 5 B 4%
PAMEIVE R % 10 d J5  AE R Rk S 1~7
g o LO'AF KCL I B o 18 9% 148 A0 4% ol e ok

YER . oy 3 iR 43 3 2 30 BH 0 40 ) 7 L AR
N Na, SO, >MgSO, >NaCl, Mk FF, &
CaCl, b, Bl iR £ % B v R/ i 410 i 4 TR T4
2k,

1 ¢ 6 T] AL, 22k 43 2 60 K0 5 A TR PR 24
ARKERERW, EEFE 14 d e, 5
e =3.0 g« L 'K}, Na,SO, , MgSO, il NaCl
Xof TR R T AR A S A VR D (P <Z0. 05),
MM CaCl, XF B 7% 2 1 AR (CCAD 72 24k i 25 B 48 gk A
FH(P<C0. 05) s HAS[A 46 43 [ %F CA K /N 1 52 i
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Table 5 Effect of different salinity and mass concentration on colony diameter of V. dahliae
B FEmta /d Jo AR/ NaCl KCl Naz SOy MgSO; CaCly
Culture (g« L7 1)
time Mass concentration ats Ap/ % ats Ap/ % xts Ap/ % ats Ap/ % ats Ap/ %
6 CK (0) 21.340.5
1 21.240.4ab —0.8 21.2+1.0ab —0.8 20.5+0.5bc —3.9 20.240.4c —5.5 21.3F0.5a 0.0
3 20.540.8 be —3.9 21.24+0.8ab —o. 19.840.4¢c —7.0 2+0.6 ¢ —6.2 21.3%0.5a 0.0
5 20.540.5b —3.9 20.240.4b —5. 18.240.4 ¢ —14.8 18.340.5¢ —14.1 23.8+0.4a 11.7
7 19.84+0.4b —7.0 19.8+0.4b —7. 18.240.4¢c —14.8 18.24+0.4c —14.8 24.5-0.8a 14.8
9 19.740.5b —7.8 19.7+1.0b —7. 18.240.4 ¢ —14.8 18.0+c¢  —15.6 23.5+1.8a 10.2
8 CK (0 28.340.8
1 27.540.8ab —2.9 27.8+0.4ab —1.8 27.240.8b —4.1 27.5+1.0ab —2.9 28.3%1.0a 0.0
3 27.340.5b —3.5 27.8+0.8b —1.8 25.74+0.5c¢ —9.4 27.3+0.5b —3.5 29.5+1.2a 4.1
5 27.240.4¢ —4.1 28.7+1.6b 1.2  24.7+0.5d —12.9 26.8+1.0c —53 31.8Fl.0a 12.4
7 27.040.9 ¢ —4.7 28.7+1.0b 1.2  24.5+0.5d —13.5 26.5+1.4c —6.5 33.7+0.5a 18.8
9 26.840.4 be —5.3 27.3+0.8b —3.5 24.240.8d —14.7 25.7H40.5c¢ —9.4 32.0%1.8a 12.9
10 CK (0) 36.340.8
1 35.340.5 be —2.8 36.3+0.5b 33.241.2d —8.7 34.840.8c —4.1 37.7+1.8a 3.7
3 35.3+0.5¢ —2.8 36.7+0.5b 0.9 32.8+1.0d —9.6 33.0+0.9d —9.2 38.8+0.8a 6.9
5 34.5+1.0c —5.0 36.840.8b 1.4  31.0%£0.6e¢ —14.7 32.840.8d —9.6 39.8F0.4a 9.6
7 34.240.8 ¢ —6.0 37.34+0.5b 2.8  30.7+£0.5¢ —15.6 32.3%1.5d —11.0 43.5+=1.4a 19.7
9 33.54+2.1bc —7.8 34.2+1.0b —6.0 29.8+0.4d —17.9 32.0+£1.7c¢ —11.9 41.8+0.4a 15.1
12 CK (0 45.240.4
1 43.7+1.0b —3.3 45.3+0.5a 0.4  39.8+0.4c¢ —11.8 40.8+2.0c —9.6 45.8+1.0a 1.5
3 41.84+1.7¢ —7.4 455+1.5b 0.7 39.8%1.2d —11.8 39.040.9d —13.7 47.3%0.5a 4.8
5 40.242.6 ¢ —11.1 45.740.8b 1.1  38.8%+1.3c —14.0 38.5+0.5c¢ —14.8 48.0=1.3a 6.3
7 40.24+0.4 ¢ —11.1 46.24+0.4b 2.2  36.5+0.8e —19.2 37.8+0.4d —16.2 52.5+-0.5a 16.2
9 39.74+0.5¢ —12.2 41.3+1.0b —8.5 35.7+0.8e¢ —21.0 37.8+1.0d —16.2 50.3+0.5a 11.4
14 CK (0 55.240.8
1 53.34+1.0a —3.3 55.3%0.5a 0.3 53.3%2.6a —3.3 54.3%0.5a —1.5 55.3%2.1a 0.3
3 52.84+1.0¢c —4.2 55.7+1.0b 0.9 51.2+0.4d —7.3 53.5+1.9c¢ —3.0 60.2+0.4a 9.1
5 52.24+0.4d —5.4 55.8+1.0b 1.2  48.7+0.5e¢ —11.8 53.5+1.2c¢ —3.0 62.8+1.0a 13.9
7 51.84+0.4¢ —6.0 57.34+0.8b 3.9  48.0+0.6d —13.0 52.0+2.4c¢ —57 63.8+F0.4a 157
9 50.740.8 ¢ —8.2 54.840.4b —0.6 46.7+2.0d —15.4 50.5+0.8c —8.5 57.370.8a 3.9

H 3 6 A LLE A [F] Fh 28 £ 43 34 5% K
RO G T AR A A BEAE T RS R T
7g+ L'y CaCl, Sb, HoAxEh 73 b PR MSP J
MSA #4558 3 B, Ud B 25 Fh 48 53 1 0] 15 S SR A%
A, Hodr, &4k 9 (NaCl F1 KCD 978 FH K F 65
fig Eh (Na, SO, fil MgSO,) . Ak, #hn MgSO, 1
WA HE NG 6 R 8 I 4R B B BE % i CaCl,
B 12 RATHRIE MR %, Hoar 3 Fhdh ab 1Y

A 5350 8 R LB 2 T A
T A FLHERG 2 d.
3 4t #

o AR AE BB 1935 4E 1S AR T £ A
T JE 0 B4 X K5 L A 46 2826 0 B o

PR e B R o N T4 RS PN S
FRARN AN R PRI A PRI A o AR A% 5 2 0 A 7 A T
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Table 6 Effect of different salinity and concentration on mycelium growth
and microsclerotia formation of V., dahliae (14 d)
# % Mycelium WME % Microsclerotia
oA e/ T 7% 11 A/ mm?
(g« L7 % CA T A/ mm? o5 T v T A T A/ mm?2 o A T AR
Mass Salinity MA LB/ % MP MSA Wi/ %  MSP
concentration
xts Aca/ % xts Ama/ % xts Awmp/ % xts Amsa /% xts Amsp/ %

1 CK 2389.4465.1ab — 1150.74192.4 be —  48.1%+7.8 be  — 46.74+11.5¢  — 1115.1+30.4d —
NaCl 2233.6+85.9b —6.5 1064.24350.2bc —7.5 47.3+14.5bc —1.7  63.3+5.8ab  35.7 1414.6+54.4c 269

KCl 2403.74+45.0a 0.6 983.74246.0 c —14.5  40.9410.2 ¢ —15.0 73.3+11.5a  57.1 1762.7+33.0a 58.1

NazSOs  2237.3+220.9b  —6.4  2192.6+122.6a 90.6 98.444.8a  104.4  51.7+10.4be  10.7 1155.9+114.1d 3.7

MgSO4 2317.64+44.2ab  —3.0  2303.3%34.9a 100.2  99.4F1.5a  106.5  48.3%+2.9 be 3.6 1120.2+21.4d 0.5

CaClz 2 406.34+177.5a 0.7 1256.3439.7b 9.2 52.443.5 b 8.9 63.342.9ab 357 1524.0%112.4b 36,7

3 CK 2389.4465.1b - 1150.74192.4 ¢ — 48.1£7.8 b - 16.7+11.5 ¢ —  1115.1430.4d  —
NaCl 2191.94+81.8 ¢ —8.3  764.6+200.6d —33.6 34.949.3c  —27.4 83.3+5.8ab  78.6 1826.54+68.2c 63.8
KCl 2433.2490.8b 1.8 945.7+288.6 cd —17.8  38.9+12.4 19.1  93.3+5.8a  100.0 2271.0+84.7a 103.7

Naz SO4 2055.3433.0d —14.0 2002.1443.4a 74,0 97.4+3.1a  102.5  56.7+5.8¢c 21,4 1164.64+18.7d 4.4

MgSO4 2249.24154.1c —5.9 2221.2+151.5a 93.0 98.8%1.9a  105.2  50.0%10.0c 7.1 1124.6477.1d 0.9

CaClz 2841.8438.8a 18,9  1546.7+174.2b 34,4 54.445.3 b 13.0 73.345.8 b 57.1  2084.0428.4b 86,9

5 CK 2389.4465.1b - 1150.74192.4 ¢ — 48.147.8d - 46.7+11.5 ¢ —  1115.1430.4d  —
NaCl 2 136.4433.6 d 10.6  613.2+121.8d —46.7  28.745.6 ¢ 40.4  86.7+5.8ab  85.7 1851.5+29.2b 66.0

KCl 2447.8486.4 b 2.4 485.5455.3d —57.8  19.9%2.7f  —58.7  96.7%5.8a  107.1 2366.2483.5a 112.2

Naz SO4 1859.4439.3 ¢ —22.2  1601.8453.3b  39.2 86.243.9 b 79.1 83.345.8 b 78.6  1549.5432.8 ¢  39.0

MgSO4 2247.84103.3 ¢  —5.9  2205.9492.0a 91.7 98.2£4.3a  104.1 51.7+5.8 ¢ 10.7  1161.4453.4d 4.2

CaClz 3099.84+96.3a 207  2109.9494.7a 83.4 68.1+4.1 ¢ 11.6 33.345.8d 28.6 1033.34+32.1e —7.3

7 CK 2389.4465.1 ¢ - 1150.74192.4 ¢ — 48.1+7.8 ¢ - 16.7+11.5 ¢ - 1115.1%30.4e  —
NaCl 2109.2433.0d  —11.7  507.0+153.1d —55.9 24.147.5de  —49.9  93.3%5.8a  100.0 1968.6+30.8b 76.5

KCl 2580.8+74.4b 8.0 193.8482.2d —57.1  19.143.1e  —60.3  98.3+2.9a  110.7 2537.8+73.1a 127.6

Naz SO4 1808.9447.7 e —24.3  519.0+149.7d —54.9  28.7+8.2d  —40.4  93.3%5.8a  100.0 1688.3+44.5¢ 51.4

MgSO1 2126.64202.7d —11.0 2070.0+121.6 b 79.9 97.745.6 a 103.0  58.34+2.9b 25.0 1240.5+118.2d 11.2
CaClz 3198.7440.7a  33.9  2491.9%91.7a 116.6  77.9%43.3 b 61.9 26.745.8d  —42.9  853.0%10.9f —23.5

9 CK 2389.4465.1b - 1150.74192.4b  — 18.147.8 ¢ - 16.7411.5 b —  1115.1430.4d  —
NaCl 2015.64+65.2c —15.6  388.2+67.9c —66.3  19.243.0d  —60.1  96.7+5.8a  107.1 1948.4463.1b 747

KCl 2360.44+34.9b  —1.2 314.3419.9 ¢ —72.7  13.340.9e  —72.3  98.3+2.9a  110.7 2321.0+34.4a 108.2

NazSO1 1712, 1+144.5d —28.3  347.0%36.1c —69.8  20.3+1.5d  —57.9  96.7%£2.9a  107.1 1655.04139.7c 48.4

MgSOs 2002.4466.9c —16.2 1923.642.6a 67.2 96.1%2.4 a 99.7 93.3%5.8a  100.0 1868.9%462.4b 67.6
CaClz 25808474 4a 8.0  1837.44172.9a 59.7 71.246.3 b 7.9 23.345.8¢c  —50.0 602.2417.3e —46.0

+HE 0~40 cm FEEJZY AT RERE + B 3h  BRAE R
R A= A= NN S L N R ) N T 1 O 5
A6 B 25 0 T R R AT, AR S o TR T (R
W) A AR B B BT 22— b A o X K
BT TR A% BB S 6 A . g KR
R KB, BERE R pH FA HLE
Ml A 46 3% 25 95 B 0 A% A7 06 . Lopez-Escudero
SEHTURIE g Al 2 B L A MR R R ) KT A A TR TR
RAE R I T B AE T . 4 3 AN R L A
WM pH ly 3~10 (9 PDA #3535 11y
REAERC pH g 5~8 I, HW 22 4 K, H 0

ISR
w

SRR R B L TE A TR A B R A
IO A% 0 2% 0 Ry < R ek R B 9% B (BMIMD , pH
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AR Saadatmand S50 BF 5T & B B4 0 4 e LR
3 o B TR R Al A DA T e R T X B ) AR A Y
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Effect of pH and Salinity on Microsclerotia
Formation of Verticillium dahliae

XUE Lei"?,XU Wanli*,GU Meiying' s WANG Jiantao’,
L.IU Xiangchun® and XUE Quanhong®

(1. College of Life Sciences, Northwest A& F University, Yangling Shaanxi 712100, China;2. Technology Center, China
Tobacco Shaanxi Industrial Co. Ltd. » Xi’an 710065, China;3. Institute of Soil and Fertilizer & Agricultural
Water-Saving, Xinjiang Academy of Agricultural Science, Urumqi 830091, China;4. Institute of
Microbiology, Xinjiang Academy of Agricultural Sciences, Urumqgi 830091, Chinaj;

5. College of Natural Resources and Environment, Northwest A&F University, Yangling Shaanxi 712100, China)

Abstract Microsclerotia produced by Verticillium dahliae are the source of Verticillium wilt disease
in cotton and are persisted in the soil as the resting structure of this pathogenic fungus. We deter-
mined the effect of pH and salinity on V. dahliae microsclerotia formation, which is important for pre-
venting the occurrence of Verticillium wilt disease. In this study, the effects of salinity (mass concen-
tration and type) and pH on V. dahliae microsclerotia formation were studied by measuring mycelium
growth in altered culture mediums. Colony growth of V. dahliae was inhibited atacidic and alkaline
pH 5.5—9. 5 levels and optimal at pH 7. 0. Verticillium dahliae microsclerotia formation was en-
hanced at alkaline pH, and the area of microsclerotia was 22. 6% larger under pH 8. 0 than pH 7. 0.
Mpycelium growth and microsclerotia formation of V. dahliae were also affected by salinity concentra-
tion. With a higher mass concentration of NaCl in the culture medium, V. dahliae colony growth and
mycelium area were inhibited and decreased, respectively, whereas microsclerotia formation was en-
hanced. The area of microsclerotia in the culture medium with 10 g « L' of NaCl was 40. 7% larger
than that in the medium without NaCl. Verticillium dahliae growth was also affected by salt type.
With the increasing concentration of chloride (i. e., NaCl, KCI) or sulfate (i. e., Na,SO,, MgSO,)
salts in the culture medium, V. dahliae microsclerotia formation was increased. In contrast, mycelium
growth was enhanced in the presence of CaCl,. Additionally, V. dahlia microsclerotia formation was
inhibited at mass concentrations of CaCl, greater than 7 g » .”'. The results indicated that microscle-
rotia formation of V. dahlia was enhanced under alkaline pH or high salinity.

Key words Verticillium wilt; Cotton; Verticillium dahliae; Microsclerotia; pH;Salinity
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