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Table 1. Isolates of Fusarium oxysporum f. sp. lactucae collected from different locations of Taiwan in this study 
Isolate Location Sampling time Colony morphology 
LFO 11-13 Shiluo township, Yunlin county Jun., 1996 A1

LFO 32-14 Shiluo township, Yunlin county Jun., 1996 B2

LFO 102-3 Tzguan shiang, Kaohsiung county Sep., 2003 B
LFO 103-5 Shinyuan shiang, Pingtung county Sep., 2003 B
LFO 103-6 Shinyuan shiang, Pingtung county Sep., 2003 B 
LFO 103-7 Shinyuan shiang, Pingtung county Sep., 2003 B 
LFO 104-1 Pitou shiang, Changhua county Oct., 2003 B 
LFO 105-1 Pitou shiang, Changhua county Oct., 2003 A 
LFO 106-1 Shiluo township, Yunlin county Dec., 2003 A 
LFO 106-2 Shiluo township, Yunlin county Dec., 2003 A 
LFO 106-3 Shiluo township, Yunlin county Dec., 2003 B 
1 White to blue-purple colony with buff-yellow sporodochia on PDA. 
2 Peach-purple colony with orange sporodochia on PDA.
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Table 2. Physiological races of Fusarium oxysporum f. sp. lactucae separated by differential  indicator cultivars of lettuce,
Patriot, Costa Rica No. 4, and Banchu Red Fire 

Isolates
Disease severity index1 Race

Patriot Costa Rica No. 4 Banchu Red Fire determination
LFO 11-13 2.3 (S2) 0.3 (R) 2.0 (S) 1
LFO 102-3 3    (S) 0.4 (R) 1.8 (S) 1
LFO 103-5 2.8 (S) 0.1 (R) 1.5 (S) 1
LFO 103-6 1.6 (S) 0.3 (R) 1.8 (S) 1
LFO 103-7 2.8 (S) 0.1 (R) 1.8 (S) 1
LFO 104-1 2.8 (S) 0    (R) 1.6 (S) 1
LFO 105-1 2.4 (S) 0.2 (R) 1.9 (S) 1
LFO 106-2 2.6 (S) 0.1 (R) 2.4 (S) 1
LFO 32-14 2.3 (S) 0.3 (R) 0.5 (R) New
LFO 106-1 2.4 (S) 0.1 (R) 0.4 (R) New
LFO 106-3 2.3 (S) 0.2 (R) 0.5 (R) New
1 Disease severity was determined four weeks after inoculation using scores of 0 (no symptom), 1 (vascular discoloration), 2 (leaf

necrosis, plant stunting and wilt), 3 (plant death). Disease severity index=(n0 0+n1 1+n2 2+n3 3)/N, where n1 is the number
of plants with a score of 1, n2 is the number of plants with a score of 2, n3 is the number of plants with a score of 3, and N is the
total number of plants examined. 

2 Plants rated higher than 1.0 were regarded as susceptibility (S) and those rated lower than 1.0 as resistance (R).

(A) (B) 

Fig.1. Two colonial morphologies were observed among
isolates of Fusarium oxysporum f. sp. lactucae collected
from Taiwan. (A) White to blue-purple colony with buff-
yellow sporodochia; (B) Peach-purple colony with orange
sporodochia.
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(Fola) Fola race 1 Fola race 2 FLA0001F/R FLA0101F/R
FLA0201F/R 11 DNA PCR 

Fig. 2. PCR patterns of 11 isolates of Fusarium oxysporum f. sp. lactucae from Taiwan using F. oxysporum f. sp. lactucae
(Fola)-specific primer pair FLA0001F/R (A), Fola race 1-specific primer pair FLA0101F/R (B), and Fola race 2-specific
primer pair FLA0201F/R (C). The PCR products were separated on 1.5% agarose gel that stained with ethidium bromide
and observed under UV light. Locations of the 0.6-kb Fola-specific marker (FLA0001600), the 1.6-kb Fola race 1-specific
marker (FLA01011600), and the 2.9-kb Fola race 2-specific marker (FLA02012900) were indicated. The fungal isolates tested
were listed in Table 1. N was the negative control of PCR solution without any DNA template; M, Gen-100 DNA ladder
(GeneMark Technology Co., Ltd., Tainan, Taiwan).



30 

LFO 11-13 LFO 32-14 

(Asparagus lettuce cv. Cing-Jhu-Sun)

(Asparagus lettuce cv. Bai-Jhu-Sun)

(Head lettuce cv. Bao-Sin-Mei)

(Crisp head lettuce cv. Da-Lu-Mei) 

0-20% (Grand rapid lettuce cv. Lolla

Rossa) (Head lettuce No.1)

(Loose-heading lettuce No.3)

(Ming-Fung No.3 lettuce) (Red oak-leaf

lettuce) (Red rapid lettuce cv. Klausia) 

21-49%

(Boston lettuce cv. Aramir) (Grand rapid

lettuce No.1) (Large white pointed

lettuce) (Loose-heading lettuce No.1)

(Loose-heading lettuce No.2) 

(Red pointed-leaf lettuce) 

50-79% (Boston lettuce cv. Nanda,

Palma, Panama, Pansoma, Pentra) (Head

lettuce cv. S1705, Calna) (Head lettuce

No.2) (Indian lettuce) (Pointed-

leaf lettuce) (Round-leaf lettuce)

(Romaine lettuce cv. Romance, Padox) 

(White pointed-leaf lettuce) 
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race 1 Hani3' / Hanilatt3rev 11 DNA 
PCR 
Fig. 3. PCR patterns of 11 isolates of Fusarium oxysporum f. sp. lactucae from Taiwan using F. oxysporum f. sp. lactucae
(Fola) race 1-specific primer pair Hani3' / Hanilatt3rev. The PCR products were separated on 1.5% agarose gel that stained
with ethidium bromide and observed under UV light. Location of the 200-bp Fola race 1-specific marker was indicated.
The fungal isolates tested were listed in Table 1. N was the negative control of PCR solution without any DNA template;
M, Gen-100 DNA ladder (GeneMark Technology Co., Ltd., Tainan, Taiwan).
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Table 3. Response of 30 lettuce cultivars to Fusarium oxysporum f.sp lactucae isolates LFO11-13 and LFO32-14 after
inoculation for four weeks in the greenhouse 

Susceptibility (%) 1 Cultivar
Disease severity (%) 2

LFO 11-13 LFO 32-14
R (0 - 20) Asparagus lettuce (Bai-Jhu-Sun) 20.0 20.0

Asparagus lettuce (Cing-Jhu-Sun) 20.0 18.3
Crisp head lettuce (Da-Lu-Mei) 20.0 11.7
Head lettuce (Bao-Sin-Mei) 20.0 20.0

MS (21 - 49) Grand rapid lettuce (Lolla Rossa) 26.7 26.7
Head lettuce (No.1) 40.0 31.7
Loose-heading lettuce (No.3) 35.0 41.7
Ming-Fung No.3 lettuce 40.0 28.3
Red oak-leaf lettuce 26.7 26.7
Red rapid lettuce (Klausia) 33.3 46.7

S (50 - 79) Boston lettuce (Aramir) 60.0 53.3
Grand rapid lettuce (No.1) 50.0 33.3
Large white pointed lettuce 70.0 55.0
Loose-heading lettuce (No.1) 75.0 58.3
Loose-heading lettuce (No.2) 56.7 70.0
Red pointed leaf lettuce 66.7 50.0

HS (80 - 100) Boston lettuce (Nanda) 100.0 86.7
Boston lettuce (Palma) 100.0 93.3
Boston lettuce (Panama) 80.0 100.0
Boston lettuce (Pansoma) 100.0 100.0
Boston lettuce (Pentra) 80.0 100.0
Head lettuce (Calna) 80.0 80.0
Head lettuce (No.2) 81.7 60.0
Head lettuce (S1705) 73.3 80.0
Indian lettuce 93.3 86.7
Pointed leaf lettuce 93.3 70.0
Round leaf lettuce 100.0 93.3
Romaine lettuce (Pandox) 80.0 86.7
Romaine lettuce (Romance) 100.0 100.0
White pointed leaf lettuce 93.3 86.7

1 R: resistant; MS: moderately susceptible; S: Susceptible; HS: Highly susceptible. 
2 Lettuce plants were grown in infested soil (104 cfu/g soil) for four weeks and rated for disease severity using scores of 0 (no

symptom), 1 (vascular discoloration), 2 (leaf necrosis, stunting, and wilt), 3 (plant death). Disease severity (%)=[(n0 0+n1 1+n2

2+n3 3)/(N 3)] 100, where n1 is the number of plants with an index of 1; n2 is the number of plants with an index of 2; n3 is
the number of plants with an index of 3; and N is total number of plants examined.



(3, 4, 6, 8, 19, 21)

Salinas (9)

Garibaldi (6)

(leaf

lettuce) (romaine type) 

LFO11-13

LFO32-14 30 

LFO11-13 LFO32-14 

(

95 - 13.3.1- - B1 (6) 96 -14.3.1-

- B1)

Nagano Vegetable and

Ornamental Crops Experiment Station Dr. Masashi

Fujinaga race 2 (

3A-A) 

(LITERATURE CITED)

1. Chang, J. -Y. 2005. Molecular identification of
Fusarium oxysporum f. sp. cubense and its detection in
infected banana seedlings. Master thesis. National
Chung-Hsing University, Taichung. 102 pp.

2. Dellaporta, S. L., Wood, J., and Hicks, J. B. 1983. A
plant DNA mini-preparation: version II. Plant Mol.
Biol. Reptr. 1:19-21.

3. Fujinaga, M., Ogiso, H., Tsuchiya, N., and Saito, H.
2001. Physiological specialization of Fusarium
oxysporum f. sp. lactucae, a causal organism of
Fusarium root rot of crisp head lettuce in Japan. J.
Gen. Plant. Pathol. 67:205-206. 

4. Fujinaga, M., Ogiso, H., Tsuchiya, N., Saito, H.,
Shigeru, Y., Nozue, M., and Kojima, M. 2003. Race 3,
a new race of Fusarium oxysporum f. sp. lactucae
determined by a differential system with commercial
culticvars. J. Gen. Plant. Pathol. 69:23-28. 

5. Garibaldi, A., Gilardi, G., and Gullino, M. L. 2002.

First report of Fusarium oxysporum on lettuce in
Europe. Plant Dis. 86:1052 (Abstract) . 

6. Garibaldi, A., Gilardi, G., and Gullino, M. L. 2004.
Varietal resistance of lettuce to Fusarium oxysporum f.
sp. lactucae. Crop Prot. 23: 845-851. 

7. Huang, J. H., and Lo, C. T. 1998. Wilt of lettuce
caused by Fusarium oxysporum in Taiwan. Plant
Pathol. Bull. 7:150-153. (in Chinese with English
abstract) 

8. Huang, J. L. 2005. Identification for physiological
races of Fusarium oxysporum f. sp. lactucae and
control experiments of lettuce Fusarium wilt. Master
thesis. National Chung-Hsing University, Taichung. 57
pp. (in Chinese with English abstract) 

9. Hubbard, J. C., and Gerik, J. S. 1993. A new wilt
disease of lettuce incited by Fusarium oxysporum f. sp.
lactucum forma specialis nov. Plant Dis. 77:750-754. 

10. Kao, T. C. 1996. How much do you know about
lettuce. Taichung Agricultural Monograph. 15:25-27.
(in Chinese with English abstract) 

11. Matheron, M. E. 2003. First report of Fusarium wilt of
lettuce caused by Fusarium oxysporum f. sp. lactucae
in Arizona. Plant Dis. 87:1265 (Abstract) . 

12. Matuo, T., and Motohashi, S. 1967. On Fusarium
oxysporum f. sp. lactucae n. f. causing root rot of
lettuce. Trans. Mycol. Soc. Jpn. 32:13-15. 

13. Motohashi, S., Abe, Z., and Ogawa, T. 1960. Root rot
of lettuce caused by Fusarium sp. Ann. Phytopathol.
Soc. Jpn. 25:47. (Abstract in Japanese) 

14. Nash, S. N., and Snyder, W. C. 1962. Quantitative
estimation by plate counts of propagules of the bean
root rot Fusarium in field soils. Phytopathology
52:567-572. 

15. Ogiso, H., Fujinaga, M., Saito, H., Takehara, T., and
Yamanaka, S. 2002. Physiological races and vegetative
compatibility groups of Fusarium oxysporum f. sp.
lactucae isolated from crisphead lettuce in Japan. J.
Gen. Plant. Pathol. 68:292-299. 

16. Pasquali, M., Dematheis, F., Gilardi, G., Gullino, M.
L., and Garibaldi, A. 2005. Vegetative compatibility
groups of F. oxysporum f. sp. lactucae from lettuce.
Plant Dis. 89:237-240. 

17. Pasquali, M., Dematheis, F., Gullino, M. L., and
Garibaldi, A. 2007. Identification of race 1 of
Fusarium oxysporum f. sp. lactucae on lettuce by
inter-retrotransposon sequence-characterized amplified
region technique. Phytopathology 97:987-996. 

18. Peng, Y. H. 1998. Identification and control of lettuce
Fusarium wilt. Master thesis. National Chung-Hsing
University, Taichung. 64 pp. (in Chinese with English
abstract) 

19. Peng, Y. H., and Huang, J. W. 1998. Pathogenicity

17 3 2008240



tests of lettuce Fusarium wilt fungus. Plant Pathol.
Bull. 7(3):121-127. (in Chinese with English abstract) 

20. Shimazu, J., Yamauchi, N., Hibi, T., Satou, M.,
Horiuchi, S., and Shirakawa, T. 2005. Development of
sequence tagged site markers to identify races of
Fusarium oxysporum f. sp. lactucae. J. Gen. Plant

Pathol. 71:183-189. 
21. Yamauchi, N., Horiuchi, S., and Satou, M. 2001.

Pathogenicity groups in Fusarium oxysporum f. sp.
lactucae on horticultural types of lettuce cultivars. J.
Gen. Plant Pathol. 67:288-290.

241



17 3 2008242

ABSTRACT

Hong, C. F.1, 2, Chang P. F. L.1, Huang, J. L.1, 3, Wan Y. L.1, and Huang, J. W.1, 4. 2008. Identification for

Physiological Races of Fusarium oxysporum f. sp. lactucae and Screening of Lettuce Cultivars

Resistant to Fusarium Wilt. Plant Pathol. Bull. 17: 233-242. (1 Department of Plant Pathology,

National Chung-Hsing University, Taichung, Taiwan, R.O.C.; 2 Fengshan Tropical Horticultural

Experiment Branch, Agricultural Research Institute, Council of Agriculture, Kaohsiung, Taiwan,

R.O.C.; 3 Kaohsiung Branch of Bureau of Animal and Plant Health Inspection and Quarantine,

Council of Agriculture, Kaohsiung, Taiwan, R.O.C. ; 4 Corresponding author, E-mail:

jwhuang@dragon.nchu.edu.tw; Fax +886-4-2285-1676) 

Fusarium wilt of lettuce, caused by Fusarium oxysporum f. sp. lactucae, is a serious soil-borne

disease, especially when the crop is grown under monoculture. It is one of the limiting factors for

commercial production of lettuce during summer season in Taiwan. Diseased plants showed

symptoms of leaf yellowing and wilting, plant stunting and death. In this study, three indicator

cultivars of lettuce, Costa Rica No. 4, Banchu Red Fire, and Patriot, were used to identify 11 isolates

of F. oxysporum f. sp. lactucae collected from various locations in Taiwan for physiological races.

Results showed that eight of the 11 isolates were categorized as race 1, and the other three isolates,

LFO 32-14, LFO 106-1, LFO 106-3, were designated as a new race. However, it was unable to

differentiate the 11 isolates of F. oxysporum f. sp. lactucae from Taiwan using the previously reported

molecular markers. Susceptibility of thirty lettuce cultivars to Fusarium wilt was determined. Among

the 30 cultivars of lettuce tested for resistance to F. oxysporum f. sp. lactucae isolates LFO 11-13 and

LFO 32-14, two asparagus lettuce cv. Cing-Jhu-Sun and cv. Bai-Jhu-Sun, one head lettuce cv. Bao-

Sin-Mei, and one crisp head lettuce cv. Da-Lu-Mei were resistant with the disease severity between 0-

20%. However, round-leaf lettuce, pointed-leaf lettuce and Indian lettuce, etc., were highly

susceptible with the disease severity between 80-100%. 

Key words: lettuce, Lactuca sativa, Fusarium wilt, Fusarium oxysporum f. sp. lactucae,

physiological race, resistant cultivar, molecular identification, polymerase chain

reaction


