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Effects of main environmental and nutrient factors on the growth of
different Fusarium oxysporum f.sp. niveum strains from watermelon
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Abstract This study aims to determine the effects of temperature, light, pH value, carbon and nitrogen sources
on the mycelial growth and spore production of Fusarium oxysporum f.sp. niveurn (FON) from watermelon,
which were collected from watermelon production areas of Hainan, Hebei provinces and Shanghai City. The re-
sults showed that the suitable temperature for mycelial growth and sporulation were 20—30C and 28— 30C , re-
spectively. The optimum growth temperature for Fo-HN-46 was 28C . The optimum growth temperature for Fo-
HB-12 and Fo-SH-1 was 25°C . The light had no significant effect on mycelial growth of the pathogen, but had sig-
nificant effect on sporulation. The spore yields per unit area of Fo-HN-46 were highest under all darkness condi-
tions. The spore yield per unit area of Fo-HB-12 and Fo-SH-1 was highest under alternation of light and darkness
conditions. Mycelia growth and spore production of the different FON strains were significantly affected by dif-
ferent pH values. The mycelium growth rates of the different strains at pH 7 to 9 were faster than that at any oth-
er pH values. The spore yields of the different strains at pH 8 to 11 were faster than that at any other pH values.
Glucose, starch, and lactose as carbon source could significantly increase the spore production of F. oxysporum.
Peptone as nitrogen sources could promote mycelial growth, while sodium nitrate, yeast extract and peptone could
significantly increase the spore yield of the pathogen. There were significant differences in the mycelial growth
and spore production among the different F. oxysporum strains when the optimum carbon source or nitrogen

source were used. The mycelium growth rate of Fo-HN-46 was faster than those of Fo-HB-12 and Fo-SH-1. The
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spore yield of Fo-SH-1 was higher than those of the Fo-HN-46 and Fo-HB-12.

Key words pathogen of watermelon fusarium wilt;
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Table 1 Strains and sources
HWkk  Strain s )1 Pathogenicity KAEHL  Collection site 3+ Host sk Source
Fo-HN-46 i 5 R EE IR (Y] TG A AR 2% B A L T AR S5 36 =
Fo-HB-12 H LS s [iP)N TG A R 2= BEA O AR G S 50 =
Fo-SH-1 o ¥R [EP)N ¥ REL B
1.1.2 fifEnE 170 r/min $ERIEFE 4 d, MBRTTEO I 2 76750, 115
FERE OGRE L pH X PG TR 22995 11 AE < 1 52 P,
TR L TR 22 A K ORI 4R ) PDA B 57 3 () 1.2.3 RBEXHEMEERE LK IR H

43 200 g. 4G BE 20 g, 3R 20 g. ZE IR OK
1 000 mL) , ™46 30 % SR F PDB 85 57 35 5 ik I L &
TEXT P 22 A K R A 52 i g, DL Czapek K5 57 5
(RSN 3 g WEIR A P 1 g. L/KBRIREE 0.5 g, &
BB 0.5 g BRERIEER 0. 01 g, BEHH 30 2,20 g Bfs.
ZEWK 1000 mL) Sk BL Al 3% 35 3, 43 S5 480 A [ sk
G s 777 0015000 5 SR FE A R PRV AR B R 35
1.2 KA E
1.2.1 HMEL
PERTAE PDA S M b 3% £k 79 IR 25 9% 7 1A
PR EAERK S dMHENG, HER N 6 mm (1)
KIFATFLARIT 84 . o @ &2 F0 T PDB
e, THEIR 170 r/min 1557 3 d, il 45 70 1
.
122 REMERAEZRELEKRFANTH
il 2B —50.pH Ry 7 1) PDASEAR , R 22 H] 1) T
PR AL, B E 5.10,15,20,23,25,28,30 C 4L 8 /i
JEALHE, 4 E R, IR OEREGRE 2 000 1x, L/ D=
12 hy/12 b 25 FEEFR 4 A s ORI R RV B
L HRARK R il 4 pH O 7 19 PDB B R0k, iR
AHBE B[R] b AR ARy 2 S0 IR FR . 4 TR
FALLAEEHEREE 2 000 1x,1/D=12 h//12 h 4 F

VPR R TR —3 pH 2 7 19 PDA P-4l
L R EASVERE(2 000 1x) R BERE 3 FpAb B, 4
WHEA 25 CHEFR 4 d, DI TR VR AR 4 % A L b
N 7R K ST AR AT IR e AR AT BRIk
R0 2 64 TR T AR 5
1.2.4 pHXEMEZERE L KK F=RIGE W

Fiedil pH & 3.4.5.6.7.8.9,10,11,12 #Li}
10 ASAb PR PDA K553k R i 8.4 IWE R L 1
25°C POBBAM ISR 4 A D AR B3 Pl il A
N pH ) PDB 1557 JE 0 e 7 fid i, JrikInl 1. 2. 2,
125 mEREXNEMMERE £ KRR P

K H Czapek 1577 3, L/ i I8 2% /R Y Cza-
pek FEFRHA T R A5 5 00 H A0  AT I PR VE R L &2
0 FLBE 0 B L R i RS, R PR R 2R I
BRI RS0 B R SRR AN Y pH Ol 7. 4%
FRERT#E, 4 IREE A, 7F 25°C DBRIREREE 2 000 Ix, L/ D=
12 h//12 h % AF R HE SR 4 dL D 7R i A R e 7
oL i 1. 2. 2,
L3 HEARXRHIELIE

AR HER (mm/d) = (FIEEE—3) /B KA

Bl & A SPSS R AFAR B Duncan 3 52 i 22 4=
HEA TR R T 25531
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Lowercase letters indicate the significant difference of the same strain under different temperatures. The capital letters indicate the significant

difference of different strains at the same temperature (P<0.05)
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Fig. 1 Effects of temperature on the mycelium growth rate of Fusarium oxysporum f, sp. niveum
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Lowercase letters indicate the significant difference of the same strain under different temperatures, the capital letters indicate the significant difference
of different strains at the same temperature (P<<0.05)

Fig. 2 Effect of temperature on spore production of Fusarium oxysporum f. sp. niveum
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2.2 ARNARHEREE KRR ML . Fo-HN-46 75 3R IE A5 F T B0 1w FH ™ 4
TEADCIE OE R S ARG 3 A FDE . Fo-HB-12 #1 Fo-SH-1 7 6 I iy 2% 14 7 7
WRRME T RR L3 3 RRPGTRS ZE i bl » AR R A fludddesy . MIRIBDCIAIE . 3 DRI = A
B AR A I E AR (B 2) RTINS, Fo-HN-46 By fil i i ok, HoR Fo-HB-
REZE TR Y R 22 2 QBR3P i 12, Fo-SH-1 7E#0IRAR B R - il B fe/ )
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Table 2 Effects of light on the mycelium growth rate and spore yield of Fusarium oxysporum f. sp. niveum

Kb 3R H KR /mm e« d! Growth rate BT A A/ X107 « em™ 2 Spore yield per unit area
Treatment Fo-HN-46 Fo-HB-12 Fo-SH-1 Fo-HN-46 Fo-HB-12 Fo-SH-1
46HE Full light 5.77 aA 5.98 aA 5.05 aA 8.75 bA 4. 62 bB 0.17 bC

251 HE - Alternation of
light and darkness

M Full darkness 5.73 aA 5. 87 aA 5.23 aA 19. 01 aA 7.51 aB 0. 28 aC

D /NG FREFIR A — MR AE A RGBSR T AR R BR s B 00 22 57 0 35 1 RS B3R FE A RO BR A N AN [] DA ok ) A= 3 e k™= At
B2 5 0 F I (P<C0. 05),
Lowercase letters indicate significant difference of the same strain under different light conditions; the capital letters indicate the significant
difference of different strains at the same light condition (P<C0. 05).

2.3 pHMBERHEREEKR=REZN % pH 5~T7 I, itk Fo-HN-46 R 22/E K BT

pH X 45 VU IR, 28 B R B 22 A8 KRR 3% Fo-HB-12 1 Fo-SH-1, 7iif pH 10~ 13 Iif, H #k Fo-
S IR 3 ATRLE . pH 3~6 IR 22 AR RKOH AR HIN-46 B 224 R 18 T Fo-HB-12 Fl Fo-SH-1,
pH S AT AN 2 pH Oy 7~9 I, 3 DRERIA K pH X 7Y JIVAL 2 95 B 45 B b ™ i A B R
HERAY IR E B 5 Bk Fo-HN-46 . Fo-HB-12 . Fo- Wi, ¥k Fo-HN-46 ££ pH 10 B 7= f0 it B 3% w5 T
SH-1 7357k pH 7~9.pH 8~ 9.pH 10~13 Wy HAth pH. 7k Fo-HB-12 78 pH 8 W %)™ ff it ' 2%
P22 AR R I 2 i T Al pH A5 T spH 10~13 @ FHAR pHL Bk Fo-SH-1 1& pH 9~11 iy fu i
T 3R A KREAR R T . WBME B3 T pH. 78 pH 7~8 .3 ARk ™ 12
pH FIRARZ IR 224 Kl R 25 45 R R fE BIJCR 285 AN pH RT3 Db il i
pH 3.4.6.8.9 .3 MR AE KA E R AR AR E S B M GE B (B 4) .

5.55 aA 5. 88 aA 4. 83 aA 16. 73 aA 10. 21 aB 0. 33 aC

Tr aa b aaa
AAA AAA
6| [EFo-HN-46 HEL  [OER
5| OFoHB-12 = 183
C e & Fo-SH-1
=1 g
£ E4p
=
¥ 2 93
= E3r
S 152
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1k R
0 ! S ERY L ERY L B
7 10

8 9

pH
INEFREFIR ) — BARAEAR FpHA 4 T A KR 2 R B, K55 8RR fEA RIpHAR T 7R R Ak R A AR g 22 R B3 i (P < 0.05)
Lowercase letters indicate the significant difference of the same strain under different pH conditions; the capital letters indicate the significant difference
of different strains at the same pH condition (P<0.05)
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Fig. 3 Effect of pH value on the mycelium growth rate of Fusarium oxysporum f. sp. niveum
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Lowercase letters indicate the significant difference of the same strain under different pH conditions; the capital letters indicate the significant

difference of different strains at the same pH condition (P<0.05)
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Fig. 4 Effect of pH value on spore production of Fusarium oxysporum f.sp. niveum

R PR 22 15 K TR = 90 P 2 R
B PR AR 0 5 0 TR 22 AR K T TR A L I B RN R
H R RE 08 W25 & B AR 1Y 7 il B . Fo-HN-46
VAR R Ry 80T B 7 60 i e v » 0 ik R0 6T R3S
18. 9 4% ;Fo-HB-12 1 Fo-SH-1 L) B E: 45 b &L 5 B
FEA R A B RO BE 0 B I T 26. 6 £ AN
13.9 i, 45 R AR LA IR e Ry R U B 7 At £ 3

BETFREGE O,

ZEA AT R N G UR T PG A 25 1R 7 A Y
SN LU AT 22 A K B 5 e K, ZRCTERT P I 22 5 7
F6L 5 A ] B A R A S R . Fo-HIN-46 ) f5e 36 filk
U5 R RE 9%, FLR 22 4 Kl %K F Fo-HB-12 il
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Table 3 Effects of different carbon sources on the mycelium growth rate and spore yield of Fusarium oxysporum f. sp. niveum

il HK#E /mm e« d!  Growth rate FeffldE /X105 « mL~!  Spore yield

Carbon source Fo-HN-46 Fo-HB-12 Fo-SH-1 Fo-HN-46 Fo-HB-12 Fo-SH-1
%M Glucose 12. 26 aA 10. 66 aB 10. 56 aC 28.32 aB 27. 67 aA 34,25 aA
HEME Sucrose 11. 86 bA 10. 08 abB 9.46 cC 10. 33 cB 11. 73 ¢B 14. 77 cA
TER Starch 11. 58 bcA 10. 18 abB 10. 01 bB 20. 01 bB 21. 67 bB 30. 86 aA
7% 2B Maltose 11. 51 cA 10. 16 abB 9. 88 bB 6. 87 cdA 2.01 dB 7.87 cdA
FLB¥ Lactose 11. 71 beA 10. 18 abB 10. 28 abB 16. 55 bB 15. 88 bB 25.72 bA
X CK 11. 08 dA 9. 88 bB 10. 16 abB 3.57 dB 2. 20 cdC 4.72 dA

D /NG FREFRIR A — BBRTEAS RN AR A A w7 A ek 1) 2 5 i 3, K5 - R 3RR AEAH R B IE T AN [1) B ) A 49 a7 9 o 1) 26 5
B (P<0. 05),
Lowercase letters indicate the significant difference of the same strain under different carbon sources; the capital letters indicate the signifi-
cant difference of the different strains at the same carbon sources(P<C0. 05).
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BER R AL b i = XA 7 A 220 T

1 (B A KR EE R 25~28°C . S59Ems ESE ARFFE
FRJTRF G VTR0 DU 1] 4% 1 ) T A B A0 TR B A —
O A SE K Pk Fo-HN-46, Fo-HB-12 #i1 Fo-
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SH-1 HEAE P R I S5 008 B 46, 55 75 Y
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pH X P8 Tk 250 A K A M i 5T 26 0, 3 BRI RE YY)
78 pH 7~9 (s 5 o A K 5 T e AR Ei
S NIRIFFE 45 I A—FC 1 ARWFSEIR & B 3 Bk
PRIRRIGE =61 pH b 9~11, B p 224 KIS B pH
U R B 55 AT — 2 L A 3 AR ERIARTE

FHF pH N7 fil it R BAE pH A 5.6 B, 15 R BB
Fo-HN-46 (17 fl i i & = T E i #k Fo-HB-12 #1 |
MFIRIPR Fo-SH-1, X A B 165 B 48 A% H 1R R £
1A pH K- 5. 2. MU B3k v fw il 35 G
FE BT 2 1 ) R A T — s s A o
FH_aREE IR AT UL, 3 MRTA AR S dd B 97 S A — e 22
5 AT RE S A AU S IR A G
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Table 4 Effects of different nitrogen sources on the mycelium growth rate and spore production of Fusarium oxysporum f. sp. niveum

R H K #E /mm « d!  Growth rate PEfE /X105 « mL=!  Number of spore

Nitrogen source Fo-HN-46 Fo-HB-12 Fo-SH-1 Fo-HN-46 Fo-HB-12 Fo-SH-1
TR Sodium nitrate 11. 86 bA 10. 08 dB 9.46 cC 10. 31 cB 11. 73 cA 14. 77 cA
Ammoﬁf‘uﬁ:;%ulphate 9.43 eA 7.93 B 9.16 cA 1. 02 fB 1.93 B 5.92 fA
kZ Urea 10. 43 dA 8.91 eB 8.82 dB 3.67 eB 2.11 eB 11. 55 dA
-4 Yeastpowder 12. 61 aA 11. 36 bB 10. 73 bC 102. 77 bA 95. 50 aB 134. 25 aA
& F i Peptone 12.76 aA 11. 71 aB 11. 58 aB 111. 00 aA 63.12 bB 102. 54 bA
i CK 11. 01 cA 10. 68 cA 10. 86 bA 5.87 dB 3.57 dC 9.65 eA

D) /NG FRERIR ] — B RRTEAS 7 SR A s A ™ ek ) 22 5 B RS - B A ) SRR AN [ TR i) A o 3 ™ 0 ek ) 22 53

M (P<0. 05),

Lowercase letters indicate the significant difference of the same strain under different nitrogen sources; the capital letters indicate the signif-

icant difference of the different strains at the same nitrogen sources(P<<0. 05).
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