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ABSTRACT

Fusarium wilt and Fusarium crown and root rot, caused by Fusarium oxysporum f. sp. niveum and F. solani f. sp. Cucurbitae, respectively
are damaging diseases of watermelon in Tunisia. While causing heavy losses to watermelon production, no or some effective disease
control methods are available. In Tunisia, there are no approved fungicides to control these diseases. The use of tolerant or resistant
rootstocks seems to be the most effective measure. Using local colocynth accessions seems to be a reliable solution for controlling
Fusarium wilt and Fusarium crown and root rot. Indeed, the percent of diseased plants did not exceed 8.6%. Used as parental accessions
and hybridized with Citrullus lanatus var. citroides, they generated resistant hybrids whose percentage of diseased plants was no more
than 8.3%. These results suggest that colocynth accessions as well as the generated hybrids seem to be potential watermelon rootstock that
can be used in Tunisian orchards where Fusarium species cause problems.
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INTRODUCTION

In Tunisia, watermelon culture is an important crop vege-
table; indeed, the surface currently reserved for this culture
is about 14,000 ha, representing 10% of the total surface
reserved for vegetable cultures. However, this culture suf-
fers from a number of serious fungal, bacterial, and viral
diseases that reduce yield and quality (Bruton 1998). From
these diseases, fusarium wilt caused by the soilborne fungus
Fusarium oxysporum f.sp. niveum (Fon) and fusarium
crown and root rot caused by F. solani f. sp. cucurbitae
(Fsc) are the most damaging pathogens of this cucurbit
(Purseglove 1987; Martyn 1996).

Fon has been separated into three pathogenic races: 0, 1,
and 2 (Netzer 1976; Martyn 1987) while Fisc is represented
only by one race, race 1. These pathogens reportedly cause
heavy losses overall in the world such as North Africa, Uni-
ted states, Italy (Messiaen ef al. 1991; Bruton et al. 1998)
and also in Tunisia, especially on non-grafted plants.

Control of these diseases relies primarily on use of re-
sistant cultivars and crop rotation. While many commercial
cultivars have resistance to races 0 and 1 of Fon, the more
aggressive race 2 overcomes all cultivars and has great
potential for spread in watermelon production areas in
Tunisia because it can be seedborne (Martyn and Netzer
1991; Hopkins et al. 1992; Bruton 1998; Boughalleb and El
Mahjoub 2005). Resistance to the various races has been
identified in plant accessions from Africa (Martyn 1987,
Dane ef al. 1998). A single dominant gene, designated Fo-1,
confers resistance to race 1 of Fon in watermelon (Netzer
and Weintall 1980), while resistance to race 2 in P1 296341-
FR (Citrullus lanatus var. citroides) is thought to be con-
ferred by a recessive gene with interactions with some
minor genes (Martyn and Netzer 1991; Zhang and Rhodes
1993).

Grafting plants seemed to be the best solution to control

these pathogens. Indeed, this technique is used not only to
control pathogen infections, but also to increase the yield
production and the tolerance to abiotic stress such as Sali-
nity (Blancard et al. 1991; Messiaen et al. 1991; Gignoux
1993; Jebari 1994; Aounallah-Chouka and Jebari 1999;
Aounallah et al. 2002; Rivero et al. 2003; Edelstein et al.
2004; Tarchoun et al. 2005; Cohen ef al. 2007).

Grafting watermelon onto resistant rootstocks is used
especially to control fusarium wilt and fusarium crown and
root rot (Cohen et al. 2002). Resistance mechanisms of the
rootstocks can be explained by the fact that the root system
synthesizes substances that inhibit the pathogen develop-
ment and these are transported to the shoot through the
xylem (Biles et al. 1989).

Several cucurbit rootstocks such as Benincasa cerifera,
Cucurbita maxima, Lagenaria leucantha and Lagenaria
vulgaris have been reportedly used for watermelon grafting
(Messiaen et al. 1991; Gignoux 1993). In Tunisia, many
hybrids (Cucurbita moschata x Cucurbita maxima) were
used as watermelon rootstocks such RS841, Emphasis,
Strong Toza (Blancard ef al. 1991). Currently, another local
rootstock (local of Mahdia), demonstrated to be resistant to
Fsc, was recommended for watermelon grafting (Aounallah
et al. 2002). Recently, Boughalleb et al. (2007) showed that
grafting watermelon cv. ‘Sugar pack’ on the rootstocks
Strong toza, TZ148, Emphasis, Achille and Ercole were
resistant to Fsc and Fon isolates.

In this study, four colocynth accessions collected from
different regions in Tunisia and four hybrids, obtained by
crossing these accessions with C. lanatus var. citroides,
were evaluated as potential sources for grafting commercial
watermelon cultivars to protect against Fusarium wilt and
Fusarium crown and root rot of watermelon.

Received: 6 August, 2009. Accepted: 30 October, 2009.




The African Journal of Plant Science and Biotechnology 3 (Special Issue 1), 37-40 ©2009 Global Science Books

Table 1 Colocynth accessions, their origins and hybrids used as watermelon rootstocks.

Colocynth (C. colocynthis) accessions

Origins of colocynth accessions

Hybrids

R1 Sidi Bouzid (Center west of Tunisia)
R2 Kebeli (South of Tunisia)

R3 Sidi Bouzid (Center west of Tunisia)
R4 Sahel (East of Tunisia)

H1 =RI1x C. lanatus var ciroides
H2 =R2 x C. lanatus var ciroides
H3 =R3 x C. lanatus var ciroides
H4 = R4 x C. lanatus var ciroides

MATERIALS AND METHODS
Plant material

Four colocynth (Citrullus colocynthis) accessions were evaluated
for resistance to Fusarium wilt and Fusarium crown and root rot of
watermelon. They were collected from different regions of Tunisia
(Table 1). After their evaluation for Fusarium resistance, during
the crop season 2007-2008, and demonstrated resistance to two
Fusarium species (F. oxysporum f. sp. niveum and F. solani f. sp.
cucurbitae), these accessions were used in a hybridization prog-
ram. Indeed, they were crossed with a citron watermelon (C. lana-
tus var. citroides) and four hybrids were obtained (Table 1). These
hybrids, used as watermelon rootstocks, were also evaluated for
their resistance to Fusarium wilt and Fusarium crown and root rot
of watermelon. Types of crossing and origins of colocynth acces-
sions, used as rootstocks, are presented in Table 1.

Fungal isolates

Fusarium isolates used in this study were recovered from water-
melon plants showing typical wilt or crown and root rot symptoms
at different areas producing watermelon in Tunisia.

Fungal pathogen was isolated by planting root fragments (0.5
cm) of diseased plants (surface-disinfected with 1% sodium hypo-
chlorite for 2 min) on PDA (potato dextrose agar) and incubating
them at 25°C for 5 days (Katan et al. 1991). Isolates were identi-
fied as F. oxysporum or F. solani morphologically based on cha-
racteristics of the macroconidia, phialids, microconidia, chlamydo-
spores, and colony growth traits (Leslie and Summerell 2006). The
forma specialis of the pathogen was identified using pathogenicity
tests (Boughalleb e al. 2005). Based on pathogenicity tests using
differential cultivars, the more aggressive isolates of F. oxysporum
f. sp. niveum classified in race 2, were selected for this study. The
three isolates used in in vivo tests are presented in Table 2.

Resistance evaluation, of four local colocynth
accessions and four hybrids, to Fusarium wilt and
F. crown and root rot of watermelon under
greenhouse conditions

The resistance to Fusarium wilt and Fusarium crown and root rot
of colocynth accessions and hybrids used in this research were
evaluated under greenhouse conditions on a 1: 1 mixture of peat
and perlite artificially inoculated with Fon or Fsc. The experiment
was conduced in a greenhouse in the Agronomic High Institute of
Chott-Mariem during the 2007-2008 crop season.

Seeds were sown in seedling trays filled with previously
sterilized peat. Young plants at the one-to-two-true-leaf stage were
removed from the peat; their roots were washed with sterilized
water, and then plants were transplanted into 20 cm diameter pots
filled with infested substrate (peat+perlite) with one of the used
Fusarium isolates. This substrate was artificially inoculated with a
10" ml"' spore suspension of one of three single-spore isolates
(Fonl, Fon2 and Fsc) 1 h before planting (Vakalounakis and Frag-
kiadakis 1999). Plants were kept in the greenhouse, in which tem-
perature fluctuated between 20 and 30°C and relative humidity
between 80 and 90% (Zhou and Everts 2007), using a completely
randomised design with 10 replicates per treatment.

Watermelon plants of susceptible cv. ‘Sugar Baby’ treated
similarly and transplanted into inoculated and sterilized un-inocu-
lated substrate served as negative and positive controls, respec-
tively. Plants were watered daily and fertilized twice a week using
the nutritive solution presented by Fita et al. (2008). The experi-
ment was conducted twice.

Basing on a scale described by Martyn and Mclaughlin (1983),
plants were classified as very resistant, when the mortality level
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Table 2 Fusarium isolates used for this study.

Isolates Fusarium species Host plant Date of
isolation
Fonl (race 2) F. oxysporum f. sp. niveum Watermelon 2004
Fon2 (race 2) F. oxysporum f. sp. niveum Watermelon 2005
Fsc (race 2)  F. solani f. sp. cucurbitae Watermelon 2005

Table 3 Percentage of rootstocks plants showing symptoms of wilting,
caused by F oxysporum f. sp. niveum (Fonl, Fon2), and crown and root
rot caused by F. solani f. sp. cucurbitae (Fsc).

Fonl Fon2 Fsc

Colocynth accessions

R1 Oa Oa Oa

R2 Oa 63c 53b

R3 53¢ 83d Oa

R4 Oa Oa Oa
Hybrids

H1 Oa Oa Oa

H2 8.6d 43b 83¢c

H3 4.6b 53¢ Oa

H4 Oa Oa Oa
Controls

Un-inoculated Sugar Baby Oa Oa Oa

Inoculated SugarBaby 82¢ 833e¢ 80.6d

Values represent the average of 10 plants per treatment. Within columns, means
followed by the same letters are not significantly different (P=0.05) according to
SNK test

was less than 20%, moderately resistant, if the percentage of infes-
ted plants varied between 21 and 50%, slightly resistant when dis-
eased plants ranged from 51 to 80% and sensitive when percentage
of wilted plants is more than 80%.

Statistical analysis

Variance analysis of the treatment effect on measured data was
performed by using the general linear model procedure of SPSS
(SPSS 10.0) with trials and replications treated as random effects
and grafting combinations as fixed effects.

When F values were significant at p>0.05, differences among
the treatments were determined by the S-N-K (Student-Newman-
Keuls) test.

RESULTS

Resistance evaluation of local watermelon
rootstocks to Fusarium wilt and Fusarium crown
and root rot under greenhouse conditions

Under greenhouse conditions, resistance evaluation of local
watermelon rootstocks (R1, R2, R3, R4, H1, H2, H3 and
H4) to Fusarium wilt and Fusarium crown and root rot
demonstrated that these either colocynth accessions or
hybrids were found to be very resistant to the two Fusarium
species. Indeed, for Fusarium wilt the percentage of dis-
eased plants did not exceed 8.6% for all the used rootstocks
and in many cases it was nil (Table 3). For Fusarium crown
and root rot, only the rootstocks R2 and H2 exhibited few
symptoms which did not exceed 8.3%. In this assay, we
note also that the rootstocks R1, R4, H1 and H4 were 100%
resistant to the two Fusarium species (Table 3).

By removing the substrate and by examining the root
system, all used rootstocks (colocynth accessions and hyb-
rids) appeared healthy and there were no symptoms of
Fusarium.

Fig. 1, for example, illustrates the comparison between
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Fig. 1 Comparison between a non-inoculated control cv. ‘Sugar Baby’
plant (A) and an inoculated hybrid H4 (B), 30 days after inoculation
with F. oxysporum f. sp. niveum at about 28°C.

roots of the control cv. ‘Sugar Baby’ and hybrid H4, in
which there were no symptoms of browning or crowning.

DISCUSSION

Grafting watermelon plants became the best solution since
Fusarium wilt and F. crown and root rot became serious
problems for producing wtaremelon in Tunisia and in many
countries. Resistant rootstocks provide excellent control of
many watermelon soilborne pathogens, particularly of F
oxysporum f. sp. niveum, F. solani f. sp. cucurbitae, Mono-
sporascus cannomballus and Meloidogyne spp. In addition,
watermelon grafting provides other advantages such as
plant growth promotion, yield increase, extension of yield

period and improvement of fruit quality (Rivero ez al. 2003).

In Tunisia, grafting watermelon onto commercial root-
stocks such as TZ 148, Ferro, GV 100 and Just seams to be
the best solution for controlling Fusarium wilt and F; crown
and root rot of watermelon. If some rootstocks (GV 100 and
Just) were efficient in controlling these pathogens, some
other rootstocks such as Ferro and TZ148 showed an inter-
mediate behaviour and were moderately resistant to £ oxy-
sporum f. sp. niveum (Boughalleb et al. 2008).

To ameliorate the genetic diversity and to search for
other rootstocks more efficient in controlling soilborne
pathogens, four colocynth accessions and four hybrids were
used as watermelon rootstocks. Evaluation of these colo-
cynth accessions and the obtained hybrids, under green-
house conditions, demonstrate that both accessions and
hybrids were classified as very resistant rootstocks to the
two Fusarium species; therefore they could be used as root-
stocks for grafting watermelon to protect against Fusarium
wilt and Fusarium crown and root rot.

Data obtained from this study suggest that using resis-
tant rootstocks is an effective control measure against Fusa-
rium species. Similar results were reported by Trionfetti
Nisini et al. (2002) and Miguel et al. (2004) on controlling
Fusarium wilt by grafting two muskmelon cultivars and
triploid watermelon, respectively onto commercial root-
stocks.

Grafting was also effective in controlling some other
pathogens such as sudden wilt in melons caused by Mono-
sporascus cannonballus (Edelstein et al. 1999) and sclero-
tinia stem rot of soybean caused by Sclerotinia sclerotiorum
(Vuong and Hartman 2003).

Grafting watermelon on resistant rootstocks can not
only control pathogens but also increase yield production
and fruit quality. This increase in watermelon yield through
the use of grafted plants can be attributed mainly to disease
control and secondly to better plant growth. Increased plant
growth responses are a well-known phenomenon in grafted
plants (Pavlou et al. 2002; Alexopoulos et al. 2007). In
grafted plants, the rootstock’s vigorous root system is often
capable of absorbing water and nutrients more efficiently
compared to the un-grafted plant, and may serve as a good
supplier of endogenous plant hormones (Fernandez-Garcia
et al. 2002; Estan et al. 2005). However, the rootstock
effect varies greatly with scion cultivar and growing season
(Lee 1994). An increased growth effect have observed by
Pavlou et al. (2002) by grafting commercial Dutch type
cucumber hybrids onto various resistant Cucurbita root-

39

stocks; indeed, total fruit yield of cucumber plants cv Bru-
nex F, grafted onto all rootstocks tested (A27, Cucurbita
fucifolia, Patron, Peto 42.91, TS-1358 and TZ-148) was
greater than that of the un-grafted (self-rooted) plants cv.
Brunex F; (control).

However the results shown by Trionfetti Nisini et al.
(2002), by evaluating the potential of grafting for resistance
to F. oxysporum f. sp. melonis on 13 commercial melon
rootstocks and various Cucurbitaceae spp. and determining
productivity and fruit quality characteristics of grafting on
resistant rootstocks, suggested that yield and quality attrib-
utes of scion cultivars (Supermarket and Proteo) grafted on
P360 and PGM 96-05 rootstocks were not improved rela-
tive to un-grafted controls.

CONCLUSION

On the basis of the results obtained in these experiments on
watermelon rootstoks, either colocynth accession or ob-
tained hybrids can be used for grafting watermelon. Indeed,
all the used rootstocks were classified as very resistant.

However, grafting watermelon cultivars onto resistant
rootstocks are more expensive, since both scions and root-
stocks are expensive. In addition, the development of graf-
ted plants requires more time, materials, space, a high level
of expertise, improved cultivation methods, and expensive
postgraft handling. But, actually in Tunisia, grafting is ex-
pected to increase significantly despite the high cost of
labor and supplies, since it is one of the best alternative
effective control methods found up to now for Fusarium.

Finally, and to be more affirmative, experiments must
be repeated in watermelon fields by using grafted plants to
be sure of the compatibility, between scions and rootstocks,
and the yield production.

REFERENCES

Alexopoulos AA, Kondylis A, Passam HC (2006) Fruit yield and quality of
watermelon in relation to grafting. Journal of Food, Agriculture and Environ-
ment 5, 178-179

Aounallah S, Jebari H, Mahjoub M (2002) Study of watermelon grafted to
Fusarium oxysporum f. sp. niveum and F. solani f. sp. cucurbitae. Annales de
I'INRAT 75, 191-204

Aounallah-Chouka S, Jebari H (1999) Effect of grafting in watermelon vege-
tative and root development fruit quality. Acta Horticulturae 492, 85-93

Biles CL, Martyn RD, Wilson HD (1989) Isoenzymes and general proteins
from various watermelon cultivars and tissue types. HortScience 24, 810-812

Blancard D, Lecoq H, Pitrat M (1991) Maladies des Cucurbitacées: Observer,
Identifier, Lutter, Coédition INRA-Editions et PHM Revue Horticole, 301 pp

Boughalleb N, El Mahjoub M (2005) Detection of races 0, 1 and 2 of Fusa-
rium oxysporum f. sp. niveum and their distribution in watermelon cropping
areas in Tunisia. OEPP Bulletin 35, 253-260

Boughalleb N, Tarchoun N, El Mbarki A, El1 Mahjoub M (2007) Resistance
evaluation of nine cucurbit rootstocks and grafted watermelon (Citrullus
lanatus L.) varieties against Fusarium wilt and Fusarium crown and root rot.
Journal of Plant Sciences 2, 102-107

Boughalleb N, Mhamdi M, El Assadi B, El Bourgi Z, Tarchoun N, Romd-
hani MS (2008) Resistance evaluation of grafted watermelon (Citrullus lana-
tus L.) against Fusarium wilt and Fusarium crown and root rot. Asian Journal
of Plant Pathology 2, 24-29

Bruton BD, Zhang ZX, Miller ME (1998) Fusarium species causing canta-
loupe fruit rot in the lower Rio Grande Valley of Texas. In: Miller ME et al.
(Eds) Annual Research Report. Texas Agricultural Experiment Station, Texas
Agricultural Extension Service, Weslaco, TX. (Experiment Station), pp 17-24

Bruton BD (1998) Soilbone disease in Cucurbitaceae: Pathogen virulence and
host resistance. In: McCreight JD (Ed) Cucurbitaceae 98, ASHS Press,
Alexandria, VA, pp 143-166

Cohen R, Burger Y, Horev C, Porat A, Edelstein M (2007) Performance of
Galia-type melons grafted onto Cucurbita rootstock in Monosporascus can-
nonballus infested and non-infested soils. Annals of Applied Biology 146,
381-387

Cohen R, Horev C, Burger Y, Shriber S, Hershenhorn S, Katan J, Edelstein
M (2002) Horticultural and pathological aspects of Fusarium Wilt manage-
ment using grafted melons. HortScience 37, 1069-1073

Dane F, Hawkins LK, Norton JD, Kwon YS, Om YH (1998) New resistance
to race 2 of Fusorium oxysporum f. sp. niveum in watermelon. Cucurbit
Genetics Cooperative Report 21, 37-39

Edelstein M, Cohen R, Burger Y, Shriber S, Shtienberg D (1999) Integrated
management of sudden wilt in melons, caused by Monosporascus cannon-



The African Journal of Plant Science and Biotechnology 3 (Special Issue 1), 37-40 ©2009 Global Science Books

ballus, using grafting and reduced rates of methyl bromide. Plant Disease 83,
1142-1145

Edelstein M, Burger Y, Horev C, Porat A, Meir A, Cohen R (2004) Asses-
sing the effect of genetic and anatomic variation of Cucurbita rootstocks on
vigour, survival and yield of grafted melons. Journal of Horticultural Science
and Biotechnology 79, 370-374

Estan MT, Martinez-Rodriguez MM, Perez-Alfocea F, Flowers TF, Bolarin
MC (2005) Grafting raises the salt tolerance of tomato through limiting the
transport of sodium and chloride to the shoot. Journal of Experimental Bot-
any 56, 703-712

Fernandez-Garcia N, Martinez V, Cerda A, Carvajal M (2002) Water and
nutrient uptake of grafted tomato plants grown under saline conditions. Jour-
nal of Plant Physiology 159, 899-905

Fita A, Postma J, Picé B, Nuez F, Lynch J (2008) Root architecture variation
in Cucurbita. In: Pitrat M (Ed) Proceedings of the IX"" EUCARPIA meeting
on genetics and breeding of Cucurbitaceae, INRA, Avignon, France, pp 487-
491

Gignoux X (1993) Muskmelon grafted in incrustation. PHM — Revue Horticole
339, 35-41

Hopkins DL, Lobinske RJ, Larkin RP (1992) Selection for Fusarium oxy-
sporum f. sp. niveum race 2 in monocultures of watermelon cultivars resistant
to Fusarium wilt. Phytopathology 82, 290-293

Jebari H (1994) Grafted Muskmelon in greenhouse. Annales de I'INRAT 67,
165-176

Katan T, Zamir D, Sarfati M, Katan J (1991) Vegetative compatibility groups
and subgroups in Fusarium oxysporum f. sp. radicis-lycopersici. Phytopatho-
logy 81, 255-262

Lee JM (1994) Cultivation of grafted vegetables. 1. Current status, grafting
methods and benefits. Scientia Horticulturae 29, 235-239

Leslie JF, Summerell BA (2006) The Fusarium Laboratory Manual, Blackwell
Publishing, Ames, USA, 388 pp

Martyn RD, Mclaughlin RJ (1983) Effect of inoculum concentration on the
apparent resistance of watermelon to Fusarium oxysporum f. sp. niveum.
Plant Disease 67, 263-266

Martyn RD, Netzer D (1991) Resistance to races 0, 1 and 2 of Fusarium wilt
of watermelon in Citrullus sp. P1-296341-FR. HortScience 26, 429-432

Martyn RD (1987) Fusarium oxysporum f. sp. niveum race 2: A highly aggres-
sive race new to the United States. Plant Disease 71, 233-236

40

Martyn RD (1996) Fusarium wilt of watermelon. In: Zitter TA, Hopkins DL,
Thomas CE (Eds) Compendium of Cucurbit Diseases, APS Press, St. Paul,
MN, pp 13-14

Messiaen CM, Blancard D, Rouxel F, Lafou R (1991) Les Maladies des
Plantes Maraichéres (3" Edn), INRA, Paris, France, 552 pp

Miguel A, Maroto JV, San Bautista A, Baixauli C, Cebolla V, Pascual B,
Lopez S, Guardiola JL (2004) The grafting of triploid watermelon is an
advantageous alternative to soil fumigation by methyl bromide for control of
Fusarium wilt. Scientia Horticulturae 103, 9-17

Netzer D (1976) Physiological races and soil population level of Fusarium wilt
of watermelon. Phytoparasitica 3, 131-136

Netzer D, Weintall C (1980) Inheritance of resistance in watermelon to race 1
of Fusarium oxysporum f. sp. niveum. Plant Disease 64, 853-854

Pavlou GC, Vakalounakis DJ, Ligoxigakis EK (2002) Control of root and
stem rot of cucumber, caused by Fusarium oxysporum f. sp. radicis-cucu-
merinum, by grafting onto resistant rootstocks. Plant Disease 86, 379-382

Purseglove JW (1987) Tropical Crops: Dicotyledons, Harlow, United Kingdom,
719 pp

Rivero RM, Ruiz JM, Romero L (2003) Role of grafting in horticultural
plants under stress conditions. Food, Agriculture and Environment 1, 70-74

Tarchoun N, Boughalleb N, El Mbarki A (2005) Agronomic evaluation of
nine Cucurbit rootstocks and watermelon grafted (Citrullus lanatus T.).
Revue de I'INAT 20, 125-140

Trionfetti Nisini P, Colla G, Granati E, Temperini O, Crino P, Saccardo F
(2002) Rootstock resistance to Fusarium wilt and effect on fruit yield and
quality of two muskmelon cultivars. Scientia Horticulturae 93, 281-288

Vakalounakis DJ, Fragkiadakis GA (1999) Genetic diversity of Fusarium
oxysporum isolates from cucumber: differentiation by pathogenicity, vege-
tative compatibility and RAPD fingerprinting. Phytopathology 89, 161-168

Vuong TD, Hartman GL (2003) Evaluation of soybean resistance to Sclero-
tinia stem rot using reciprocal grafting. Plant Disease 87, 154-158

Zhang XP, Rhodes BB (1993) Inheritance of resistance to races 0, 1 and 2 of
Fusarium oxysporum f. sp. niveum in watermelon (Citrullus sp. PI 296341).
Cucurbit Genetics Cooperative Report 16, 77-78

Zhou XG, Everts KL (2007) Effects of host resistance and inoculum density on
the suppression of Fusarium wilt of watermelon induced by hairy vetch.
Plant Disease 91, 92-96



