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The improvement of Fusarium oxysporum FO47 by
protoplast fusion
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Abstract; [Objective] The study was to improve the biocontrol character of non-pathogenic Fusarium
oxysporum FO47. [Method]) Protoplast fusion was carried out between FO47 and biocontrol actinomycetes
153. The recombinants were selected based on morphological and cultural character, colony diameter, green-
house pot experiment and resistance to carbendazim. [Result] Fourteen recombinants were selected because
the growth rates of colonies were faster than that of FO47. Strains F1-35,F1-38,F1-1 and F1-41 could pro-
mote the growth of the seedlings of watermelon. The fresh weight of seedlings of watermelon treated by
strain F1-35 was more than 36. 93% ,and the lengh of root was more than 19. 07% compared to strain
FO47. The control effects of strain F1-35,F1-38 and F1-4 were more than 50%. The control effect of strain
F1-35 was 59. 04% and was the best. Strain F1-4 showed more resistance to carbendazim. The integration
of strain F1-4 and low concentration of carbendazim was used to control F. oxysporum {. sp. niveum. [Con-
clusion) Three strains with excellent characers were selected indicating. Protoplast fusion is an effective
tool to improve wild strains and the foundation of biocontrol of plant diseases.
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1.2.1 FOA7 R A RAKeyH & ¥ FOAT il ik B
9 10° cfu/mL A9l F B 7F W, B 0. 2 mL fin A 50
mL PDB % 352 % . € 25 °C.150 r/min F ¥R ¥ 5%
I 53 h J5 B O WCER TR 22 AR I I A B A% W, 35 °C fE R
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1.2.2 A BA&KHE 153 RARKGHE FER
TR 153 #2701 30 mL W22 By FR il b . 78 25 C
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Table 1 Comparison of growth rate of recombinant strains mm
GRS ] /h Time
Strain 24 36 48 60 72 84 96
F1-1 18. 67 bed 27. 33 abed 32.67 bed 41.67 abc 51.33 a 56.33 a 62.33 a
F1-3 18. 00 cd 26.67 de 32.00 bed 40. 00 cd 49. 33 abc 54. 67 abc 61.67 a
F1-4 17.67 cd 22.67 e 27.00 e 31.33 e 30.67 e 38.00d 42.00 d
F1-5 18.00 cd 25.67 de 31.67 cd 39.33d 48.33 cd 53.33 be 60. 00 abc
F1-6 18.33 cd 25.67 de 32.33 bed 39.33d 48.33 cd 54. 67 abc 60. 00 abc
F1-7 18. 67 bed 26. 33 bede 31.33d 39.30d 48.33 cd 54. 33 abc 59. 33 abc
F1-22 18.00 cd 26.50 abede 32. 25 bed 41.00 bed 50. 25 ab 55.25 ab 61.75 a
F1-26 18.00 cd 26.00 cde 31.67 cd 39.67 cd 48.37 cd 55.00 abc 60. 75 ab
F1-35 20.33 a 28.33 a 35.00 a 43.00 a 53.00 a 57.33 a 63.67 a
F1-36 17.67 cd 25.67 de 31.67 cd 39.33d 48.67 cd 54.00 abc 58. 00 be
F1-38 19. 00 abe 28.33 a 34.33 ab 42.33 ab 51.67 a 56.73 a 62.67 a
F1-39 17.67 cd 25.67 de 32.00 bed 39.67 cd 47.00 bed 53.67 abc 60. 67 ab
F1-40 18.67 bed 27. 33 abed 32.67 bed 40. 67 bed 48.67 cd 54. 00 abc 61.33 a
F1-41 20. 00 ab 28.00 ab 33.33 abce 42.33 ab 49. 67 abc 55. 00 abc 62.00 a
F1-44 19. 00 abce 27.67 abc 33.67 ab 42.00 ab 49. 33 abc 54.67 abc 61.67 a
FO47 17.50 cd 26.67 de 31.67 cd 39.33d 47.00 d 52.33 ¢ 57.33 ab
VTR 22 995 B
Fusarium 17.00 d 21.00 ¢ 25.67 ¢ 30.33 ¢ 30.33 ¢ 36.67 d 40.33 d

oxysporum
{. sp. niveum

WA ENG F R RoR 2 5 B F (P<0.05, F#EF.

Note: The data followed by small letters with in a column indicated extremely significant difference (P<C0. 05). The same table.
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Table 2 Effect of recombinants on the growth of watermelon plant

PR PG I 2R KA — A #EAE L 3L DL AR
F1-35.F1-38 . F1-1 1 F1-41 &% Jy B &, F1-35 4b 5
VG NS B B T A5 FOAT #8136 93 %0 AR K
B FOAT 380 T 19. 07 %, 47 FI| T 34 58 A bk A9 P 356

P

& K Vine length

# 1 Root length

BARREE T B Fresh weight

rz"‘% B i /0, Rt i /0 R [ /O
Strain P91/ em Incrciiju;/nflitudc P91/ em Incrcijjifnﬁlitudc Pt/ Incrcj:jlﬂzn/nflitudc
F1-1 82.26 be 46. 89 20.72 be 46. 33 43.61 be 46. 39
F1-3 80. 65 ¢ 44,02 20.32 cd 43.50 42.02d 41. 05
F1-4 57.61 e 2.85 15.82 f 7.89 31.41 f 5.44
F1-22 80. 66 ¢ 44,04 20. 37 od 43. 86 42.90 cd 44.00
F1-35 88.13 a 57.43 22.42 a 58.33 47.20 a 58. 44
F1-38 83.73 b 49.52 21.09 b 49. 94 44.40 b 47.70
F1-41 82.06 bc 46. 54 20. 65 be 45. 83 43.49 be 45.99
F1-44 80.61 ¢ 43. 94 20.06 d 41.67 42.77 cd 43.57
FO47 61.08 d 9.07 18.83 e 32.98 34.47 e 15.71
CK 56.00 e - 14.16 g - 29.79 g -
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H1 e 3 AT 200 G A 14 AR TR R ) T I R SR 38
T A — 2 BB BOR - Wbk F1-35 . F1-38 fil F1-4
X P I 25 T 0 By 76 R0CR B i 50 06 H i DL B

F1-35 M0 34 3% S e b 15 81 59. 04 %, B4R 1 Bk
F1-4 it A K R A 1 S B o {E X 7 T A
55 1 B R B -, 35 #1) 50.60%
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Table 3 Control effects of recombinants on F. oxysporum {. sp. niveum

L BRE G WWEE | BRRR% i BRE G WWER GARR%
Strain Incidence rate Disease index Control effects Strain Incidence rate Disease index Control effects
Fl1-1 47.5 28.13 45.78 d F1-38 45.0 24. 38 53.01 b
F1-3 52.5 33.13 36.14 h F1-41 50.0 30. 00 42.17 e
F1-4 45.0 25.63 50. 60 ¢ F1-44 50.0 31. 25 39.76 g
F1-22 50.0 30. 63 40.96 f FO47 55.0 33.75 34.94 i
F1-35 40.0 21.25 59.04 a CK 72.5 51. 88
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ZW R MM RER L EH TR EY
it 25995« A A I 1 A5 B TR Y A L BRI B R A A
KL A= 5 A R % [ e s B X — e Al 2 R R A —
SEMTHZ M. mE 4T, ZHE AN EAR FOITH
BEEA AR B2 M s RN 5 pg/mlL,
B FLE R R SE AR FOAT BT 25 1k vEAT F e, LA
1520 AT DL 5 Z 08 R P R B I6 AR A 25 1R 0 AR B
BRI R 5 1CRE A8 > T 2% B 7 A4 A o R 3 T A
7 BT B4 S B R T (0 R R A B R ) A AR S DA
PR AT AP A. & S TALS pg/mL 1 2 W
AR o P A TR AR LA Rk F14 3%

B T U2 M T LLRMIG BT v B 22 TR R IR G
R4 TOATHZHARRAEIRFENHE
Table 4 The resistance of FO47 to carbendazim

ZWR/(ug» mL™1) FO47 A4 K1

Concentration of carbendazim The growth of FO47

1

|+ + + +

2
3
4
5
50 —
100 -

W "R ER T RR K, &5 L
Note:“—" indicates no growth;“-+" indicates growth, Table 5

same.

x5 BHEBE# FOL7 iz M %%

Table 5 Comparison of the growth of strain FO47 and recombinants at the concentration
L 73 HE R [R5 LNV [ER73 ER NV L 73 R AL
Strain Growth Strain Growth Strain Growth Strain Growth
F1-1 — F1-7 — F1-38 — F1-44 —
F1-3 — F1-22 — F1-39 — FO47 —
F1-4 + F1-26 — F1-40 - PG TR 220 T -
F1-5 — F1-35 — F1-41 — F.oxysporum
F1-6 — F1-36 — f. sp. niveum
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35.F1-38 fil F1-4 3 #k % v5 JIN Al 22 955 Bi7 %804 4 1 1
M, Horh bk F1-35 F1 F1-38 fig i 42 3F V5 JI 1 1 4=
KL H bk F1-4 88 FO47 F VG JR A 28 95 B 19 T 24 1%
e A ARG BT 6 v B 22 T R TR 5 1 B I) I 9 A
Y& R AL AR 25 135 e AR R B RIR . AR B
B 1 22 T e Ak 2 2R 9 B 3 1 3 3, O (H RE AT 5 b
Bii i Z R L BB E I M AE R R F 2
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K B R T S .
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FOAT fEfili & 1 78 o 88 o5 A 00 3, ol BB 75 2K
i e R X AT T AR L U] E X L T A
Bl T bR R 2 AR A AR T A S T
WA I kAT — A E

[ &% k]
(17 RIkEE. FF 28 00 (AT 2. 2 B T 27 25 TR A9 43 25 10 X S AR 147 1 410
e [1]. PEdbAe k2447 ,2002,11(4) : 1-4.



130

(Rl i N N e o TG e 2

5 38 &

2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

Zong Z F,Qiao H P,He Q Z. Isolation of 2 strains of hyperpar-
asite and its inhibiting effects on target pathogens [J]. Acta
Agriculturae Boreali-Occidentalis Sinica, 2002, 11(4): 1-4. (in
Chinese)

SRR SN DT RS R S I A B R B i A B R T
I PGB bR B2 R 5 2 4l B BE 2 R, 2004, 32(11) 2 19-
22.

Zong Z F,Guo X F,Han L R, et al. Traping and isolation of
biocontrol actinomycetes from soil [ J]. Journal of Northwest
A&.F University: Natural Science Edition, 2004, 32 (11): 19-
22. (in Chinese)

TR . MEHF AW R R L] EA Y
4,2002,18(4) :176-179.

Qiao H P,Zong Z F. Biological control of plant pathogens with
hyperparasites [ J ]. Chinese Journal of Biological Control,
2002,18(4) :176-179. (in Chinese)

BT R, 6 BRILZR T A9 S ARk B R 153 (% B 5 42 A A T F
58 [DJ. BV - 14 AL R EL B K, 2006.

Han L. R. The basic characteristic of six strains actinomyces
and control effect and promote growth of strain 153 [D]. Yan-
gling, Shaanxi: Northwest A&.F University,2006. (in Chinese)
FRANGT IR AR 6 PR B BT 25 P b e B FE TR AR R A
PE S AR e L), g bRl 241 , 2005, 14(2) :69-73.

Guo X F,Zong Z F,Yang H J. Resistance tag of 6 strains of ac-
tinomyces and their colonized ability in plants [J]. Acta Agri-
culturae Boreali-Occidentalis Sinica, 2005, 14 (2): 69-73. (in
Chinese)

Alabouvette C, Couteaudier Y. Biological control of Fusarium
wilt with nonpathogenic fusaria [C]//Tjamos E C,Papvizas G
C, Cook R J. Biological control of plant disease. New York:Ple-
num Press,1992:415-426.

Fuchs J G, Moenne L Y, Defago G. Nonpathogenic Fusarium
oxysporum strain FO47 induces resistance to Fusarium wilt in
tomato [J7. Plant Disease,1997,81:492-496.

Alabouvette C, Lemanceau P, Steinberg C. Recent advances in
the biological-control of Fusarium wilts [ ]J]. Pesticide Science,
1993(37) :365-373.

W M IR SN DT LS AR BT FO4T i FO47B10 1Y 1 T
WF5E [T VAL RARA £ K24 B SRR 1, 2005, 33(5)
57-60.

Yang M,Zong Z F,Guo X F,et al. Effect of biocontrol agents
FO47 and FO47B10 on watermelon and cucumber [ ] ]. Journal
of Northwest A&.F University: Natural Science Edition,2005,
33(5):57-60. (in Chinese)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

X Bk P AP AR 2 B A R B S (DL TR 2R PR AR
K2, 2002.
Liu Q. Studies on Kaidimycin: A new antifungal agricultural
antibiotic [ D]. Shenyang: Shenyang Agricultural University,
2002. (in Chinese)
SR, ER St B N, A R R i G TR 0 R R Y
KFR [T PP B, 1996(2) . 20-22.
Zong Z F,Wang R X, Yang Z W, et al. The relationship be-
tween inoculum concentration and incidence of watermelon
Fusarium wilt [J]. Shaanxi Journal of Agricultural Science,
1996(2) :20-22. (in Chinese)
R A ARBETE , ARUKAME L S R IR S R BRI TR A
B X BAC TR A AR E [T, K 7= 241 2002, 26 (1) : 35-41.
Wu W.Yu X L,Li Y M.et al. Inter-kingdom protoplast fusa-
nts between Nocardia sp. and Candida sp. used to bioremedi-
ation for the degeneration fishery ecology [J]. Journal of Fish-
eries of China,2002,26(1):35-41. (in Chinese)
KB, TR, 4 FOEETER R A 5 RARE T-23
Eiﬁﬁ%@mﬁ%#ﬂ‘lﬂﬁ (] AW 4AR . 2004, 14(6) :21-23.
Zhang C X,Yu X D, Li Y,et al. Studies on protoplast fusion
between strain of Streptomyce A and strain of Harzianum
trichoderma T-23 []J]. Biotechnology,2004,14(6):21-23. (in
Chinese)
FRR S X0 WA B w6 G AN T S B TR R AR AR LS T
e 2 J e S K WE ST [T BRI R 22 24 4. 1997, 17(3)
372-377.
Cheng S P,Deng L. W,Cui Y B. Continuous fermentation soy-
bean processing waste water with the fusant between photo-
synthetic bacteria and yeast [J]. Acta Scientiae Circumstanti-
ae,1997,17(3):372-377. (in Chinese)
FEAK AR SR B R A5 TR B B 5 BROE 20 AR Bl B A
Fildis Fra w1 A9 TR 24, 1996, 12 (3 i) . 47-
52.
Wang Y S,Zou G H,Cui Y B,et al. Protoplast fusion between
Saccharomyces cerevisiae and Rhodopseudomonas s phaeroides
[J7. Chinese Journal of Biotechnology, 1996, 12 (Sup. ): 47-
52. (in Chinese)
B RN B B RAR ST RS 7 ) A0 s A ) R
FEr DNA &b [J]. f st K% AR 2, 1997, 33
(3):81-85.
Ge L,Cheng S P. DNA content variation of protoplast fusion
products during the process of genetic substance integration
between inter kingdom cells [ J]. Journal of Nanjing Universi-

ty:Natural Sciences,1997,33(3):81-85. (in Chinese)



