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Cañada de San Urbano, Almerı́a 04120, Spain

Additional index words. Citrullus lanatus, Cucurbita maxima · Cucurbita moschata, grafting,
methyl bromide, rootstocks, soil pathogens

Abstract. One of the major problems of watermelon production is the decrease of fruit
yield and quality caused by soil diseases. Soil disinfection with methyl bromide (MB) has
been used to prevent fungus attacks; however, its use is being restricted because this
substance damages the ozone layer. Searching for new MB alternatives, field experiments
were carried out in open field in soils infested with Olpidium bornovanus and melon
necrotic spot virus in Colima, Mexico, where watermelons had only been grown pre-
viously using soil fumigation with MB. Yield and quality of watermelon cultivar triploid
Tri-X 313 grafted on two rootstocks of Cucurbita maxima · Cucurbita moschata (‘RS841’
and ‘Shintosa Camelforce’) were evaluated during 2 consecutive years. Each experiment
had five treatments, two of them with nongrafted plants at a density of 3472 plants/ha
with and without MB fumigation. The remaining three treatments had grafted plants in
nonfumigated soil with plant densities of 2778, 2083, and 1740 plants/ha. The use of water-
melon grafted on ‘RS841’ and ‘Shintosa Camelforce’ rootstocks significantly increased
the average fruit weight and the total yield of watermelon in soil without the need for MB.
Grafting may be considered as an alternative MB fumigation. With the use of grafted
watermelon plants, planting density may be reduced by 50%, obtaining higher yields
than those obtained from nongrafted plants grown on fumigated soil except for ‘Tri-X
313’ grafted on ‘Shintosa Camelforce’ in 2006–2007. Fruits harvested from grafted
plants had higher firmness than those harvested from nongrafted plants without affecting
the content of soluble solids.

Watermelon is one of the world’s most
important vegetables with a global production
of 93.2 Mt and an area of 3.60 M�ha–1.
Production has increased by 15% in the last
7 years. Mexico is one of the main producers
of watermelon along with China, Turkey,
United States, Egypt, Spain, and Korea. Fur-
thermore, Mexico is one of the most important
exporters of watermelon (FAOSTAT, 2007).

One of the great problems of watermelon is
the decrease in fruit yield and quality caused
by soil diseases, mainly Fusarium oxysporum
f. sp. niveum; however, other pathogens such
as Verticillium dahliae, Monosporascus can-
nonballus, Rhizoctonia solani, Meloidogyne
incognita, and the melon necrotic spot virus
(MNSV) also contribute to plant deterioration
(Miguel, 2005).

There are different ways to prevent the
attacks of soil pathogens to plants: crop rota-
tion, genetic improvement, and soil fumiga-

tion (Alan et al., 2007; Rivero et al., 2003;
Yetisir and Sari, 2004); however, each of
these practices has inconveniences. The pos-
sibility of breeding new cultivars with re-
sistance to diseases takes a long time and is
very expensive (Passam, 2003). Breeding for
resistance against some pathogens has been
futile because the pathogen quickly over-
comes resistance (Camacho and Fernández,
2000). The use of methyl bromide (MB) is
very limited as a result of environmental
contamination and high toxicity to humans
(Passam, 2003). Fumigation with MB does
not offer a solution against some soil diseases
(Schneider et al. cited by Rivero et al., 2003).

Grafting vegetables has been used by
several reasons, but the main one is the strong
tolerance or resistance of rootstocks to some
soil diseases such as fusarium, verticillium,
nematodes (King et al., 2008, Lee, 2003;
Passam, 2003), monosporascus, and MNSV
(Boughalleb et al., 2007; Edelstein et al.,
1999; Miguel, 2005; Siguenza et al., 2005).
Grafting with resistant rootstocks offers one
of the best ways to avoid soil diseases and
improves growth under low temperature
(Sakata et al., 2007).

Grafting in cucurbits is common in several
Mediterranean countries, Asia, and Europe,
but it is still an uncommon practice in North
America (Besri, 2008; Lee, 2003). The in-
terest in grafting has increased in other coun-
tries as MB becomes less available and more
expensive, increasing the potential benefits of
grafting (Cushman and Huan, 2008).

The added cost from using grafted plants
is partly mitigated by the decrease in the
required plant density (Camacho and Tello,
2006).

The United Nations Organization for In-
dustrial Development together with the Secre-
tarı́a de Medio Ambiente y Recursos Naturales
(Environment and Natural Resources Secretar-
iat) of Mexico have carried out demonstration
and technology transfer projects demonstrating
grafting vegetables as an alternative to MB.
The objective of this research was to evaluate
the influence of two hybrid rootstocks and
different planting densities on watermelon
yield and quality in commercial watermelon
fields. These grafted plants were compared
with nongrafted checks with and without MB
fumigation.

Materials and Methods

The experiments were carried in the
southeast of the State of Colima in Mexico
(long. 19.1� N, lat. 103.6� W) during fall–
winter for 2 consecutive years in soil natu-
rally infested with Olpidium bornovanus and
MNSV. The soil was evaluated for pathogens
at the Vegetal Pathology Laboratory of the
University of Almerı́a before doing the first
planting and after the second year of cultivation.

The soil was a sandy loam with 1.72%
organic matter, pH of 6.5, and electric conduc-
tivity (EC) in the saturation extract of 0.9
dS�m–1. The physical and chemical properties
of the irrigation water used were the following:
pH 7.4, EC 0.9 dS�m–1, 0.38 mmol�L–1 Ca2+,
0.15 mmol�L–1 Mg2+, 2.96 mmol�L–1 Na+,
2.0 mmol�L–1 Cl–1, and 2.2 mmol� L–1

HCO3–1. The nutrients were applied using
the drip irrigation system at the following
solution concentrations: 10 mmol�L–1 NO3–,
2 mmol�L–1 H2PO4–, 2 mmol�L–1 SO42–,
0.5 mmol�L–1 HCO3–, 8 mmol�L–1 K+,
6 mmol�L–1 Ca2+, and 2 mmol�L–1 Mg2+.

The triploid watermelon cultivar Tri-X 313
was used along with the diploid cultivar
Sangrı́a as a pollenator. The interspecific
hybrid rootstocks of Cucurbita maxima ·
Cucurbita moschata were ‘RS841’ and ‘Shin-
tosa Camelforce’. Watermelon seed was sown
between 7 and 12 d before the rootstock seed
in 200-cell trays with a volume of 25 cm3/cell.
Grafting was made when both rootstocks and
scion had their first true leaves completely
developed. The grafting method was the ap-
proach method (Camacho and Fernández,
2000; Davis et al., 2008; Hassell and Mem-
mott, 2008; Lee and Oda, 2003; Passam, 2003)
using a flexible metal strip to join the seed-
lings. The grafted plants were placed in 60-cell
trays with a volume of 150 cm3/cell. The
substrate used for germination and transplant
was a 2:1 (v/v) mixture of peat and perlite.
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Experiments for each rootstock were in-
dependent. Experimental designs were ran-
domized complete blocks with five treatments
and four replications. Two treatments had
nongrafted plants, one in nonfumigated soil
and the other in a soil fumigated with MB,
but both of them with 3472 plants/ha (100%).
This is the conventional plant density used by
producers in the region. The three remaining
treatments had grafted plants and nonfumi-
gated soil with 2778 (80%), 2083 (60%), and
1736 (50%) plants/ha (Table 1).

All plants of all treatments were planted
on 0.70-m wide beds separated by 3.60 m
between them (from middle to middle).
Planted beds were covered with gray poly-
ethylene plastic mulch.

In the experiments in which the rootstock
‘RS841’ was used, each experimental plot had
six rows. In the experiments in which ‘Shintosa
Camelforce’ was used, plots had four rows. In
both cases, the length of the rows was 27 m.

Transplanting was done on 24 Nov. 2006
(first year) and on 18 Nov. 2007 (second
year). The ratio of triploid/diploid water-
melon was 2:1 in the same row (Camacho
and Fernández, 2000). The weed control was
made manually and the pest and disease
control was made through chemical and
biological applications. Pollination was made
with bees (Apis mellifera), which were in-
troduced 25 d after transplanting with a stay
of 33 d during the first year, whereas during
the second year, they were introduced 36
d after transplanting and they were left for 45
d. In both cases, there were four beehives/ha.

The harvest was carried out by specialized
professionals, who only harvested fruit with
quality standards for marketing. During the first
year, 11 harvests were carried out from 31 Jan.
to 12 Apr.During the second year, eightharvests
were carried out from 1 Feb. to 31 Mar. For each
harvest, in every plot, all the harvested fruits
were counted choosing five ‘Tri-X 313’ fruit
and two ‘Sangrı́a’ fruit to weigh and then
estimating the yield from each fruit type and
the total yield. Three measurements of the
content of soluble solids and flesh firmness were
conducted from fruits in each plot.

The data were subject to analysis of vari-
ance and means separation through Fisher’s
minimum significant difference test (P < 0.05)
using the statistical program Statgraphics Plus
4.0 for Windows (Manugistic, Rockville, MD).

Results and Discussion

Two weeks after the harvest began, more
than 90% of the plants from the nongrafted
plants plots were wilting.

Average fruit weight. The average fruit
weight obtained from the grafted plants
exceeded, in all cases, those obtained from
nongrafted plants (Tables 2 and 3). This
difference was higher when the grafting was
made on ‘RS841’. The increase of average
fruit weight of grafted plants with respect to
nongrafted plants occurred for ‘Tri-X 313’ as
well as ‘Sangrı́a’, varying from 13% to 28%.

The average fruit weights of the grafted
plants at the different plant densities were
statistically similar for each of the two
watermelon cultivars during the 2 years and
on both rootstocks (Tables 2 and 3).

It is important to highlight that the fruits
from the nongrafted watermelon plants had
similar average fruit weight whether they
were grown in MB-treated soil.

The number of fruits/m2 for ‘Tri-X 313’
and ‘Sangrı́a’ showed significant differ-
ences between plants grafted on ‘RS841’
and nongrafted plants both years. On the
other hand, fruit numbers on the first year
on ‘Tri-X 313’ and ‘Sangrı́a’ the second year
grafted on ‘Shintosa Camelforce’ did not
show significant differences with nongrafted
plants.

Schultheis et al. (2008) obtained higher
yield and fruit weight of ‘Tri-X 313’ grafted
on ‘Shintosa Camelforce’ in comparison with
nongrafted plants. Yetisir et al. (2007) and
Yetisir and Sari (2004) reported that water-
melon grafted on interspecific hybrid of C.
maxima · C. moschata had increased fruit
size. Also, Alan et al. (2007) obtained greater
fruit weight in watermelon cv. Crispy grafted
on different interspecific hybrids, although
only under a plastic tunnel. Miguel et al.
(2004) determined that the rootstock ‘Shin-
toza’ in a nonfumigated soil had a direct
effect on fruit size of ‘Reina de Corazones’,
similar to the size of fruits harvested from
grafted plants in soil fumigated with MB.

Yield. The total yield showed highly
significant differences between the treat-
ments during the 2 years. The total yield
obtained from grafted plants at all tested
planting densities was higher than the yield
obtained from nongrafted plants irrespective
of fumigation, treatments T0 and T0B (Tables
2 and 3). In the case of the yield from plants
grafted on ‘RS841’, it exceeded by 66% and
115% the yield obtained from nongrafted
plants in 2007 and 2008, respectively. In the

Table 1. Treatment description.

Treatments

Description

Soil disinfection
with methyl

bromide
Grafted

plant

Plant
density

(plants/ha)

T0 No No 3472
T0B Yes No 3472
T1 No Yes 2778
T2 No Yes 2083
T3 No Yes 1736

Table 2. Average fruit numbers, average fruit weight, and yield for ‘Tri-X 313’ and ‘Sangrı́a’ watermelon
in the experiments using the ‘RS841’ rootstock.

Treatment

Tri-X 313 Sangrı́a Total
kg�m–2Fruits/m2 AFV kg�m–2 Fruits/m2 AFV kg�m–2

2006–2007
T0 0.75 bz 4.34 b 3.34 b 0.20 ab 5.80 bc 1.16 b 4.5 bc
T0B 0.67 b 4.38 b 2.98 b 0.16 b 5.66 c 0.94 b 3.9 c
T1 0.99 a 5.14 a 5.00 a 0.33 a 6.60 a 2.28 a 7.3 a
T2 0.90 a 5.17 a 4.57 a 0.27 ab 6.51 ab 2.01 a 6.6 ab
T3 0.93 a 5.22 a 4.76 a 0.31 a 6.87 a 2.24 a 7.0 ab
P 0.00 0.00 0.00 0.03 0.04 0.00 0.04

2007–2008
T0 0.47 b 5.08 b 2.45 b 0.18 b 5.50 b 1.04 b 3.49 b
T0B 0.45 b 5.03 b 2.20 b 0.17 b 6.19 ab 1.12 b 3.32 b
T1 0.83 a 6.25 a 5.10 a 0.34 a 7.22 a 2.35 a 7.45 a
T2 0.84 a 6.54 a 5.42 a 0.24 ab 7.66 a 1.68 a 7.11 a
T3 0.81 a 6.69 a 5.35 a 0.29 a 7.41 a 2.03 a 7.38 a
P 0.00 0.00 0.01 0.02 0.04 0.00 0.00
zDifferent letters mean significant differences at P < 0.05.
AFV = average fruit weight.

Table 3. Average fruit numbers, average fruit weight, and yield for ‘Tri-X 313’ and ‘Sangrı́a’ watermelon
in the experiments using the ‘Shintosa Camelforce’ rootstock.

Treatment

Tri-X 313 Sangrı́a Total
kg�m–2Fruits/m2 AFV kg�m–2 Fruits/m2 AFV kg�m–2

2006–2007
T0 0.47 4.25 bz 2.03 0.16 b 5.51 b 0.80 b 2.83 b
T0B 0.40 4.10 b 1.61 0.13 b 5.92 b 0.75 b 2.36 b
T1 0.46 5.09 a 2.30 0.27 a 6.82 a 1.83 a 4.13 a
T2 0.39 5.14 a 1.95 0.32 a 6.98 a 2.18 a 4.14 a
T3 0.48 5.11 a 2.44 0.26 ab 6.80 a 1.72 ab 4.17 a
P 0.09 0.00 0.55 0.00 0.00 0.02 0.01

2007–2008
T0 0.49 b 5.48 b 2.80 b 0.25 6.12 c 1.51 4.33 b
T0B 0.46 b 5.46 b 2.45 b 0.23 6.23 bc 1.51 3.96 b
T1 0.72 a 6.16 a 4.32 a 0.27 7.03 ab 1.83 6.15 a
T2 0.70 a 6.10 a 4.21 a 0.29 6.85 abc 1.95 6.16 a
T3 0.64 a 6.35 a 3.97 a 0.30 7.18 a 2.10 6.07 a
P 0.00 0.01 0.00 0.10 0.04 0.08 0.00
zDifferent letters mean significant differences at P < 0.05.
AFV = average fruit weight.
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case of the yield obtained from plants grafted
on ‘Shintosa Camelforce’, the total yield
exceeded that obtained from nongrafted
plants by 60% and 48%, respectively.

The grafted plants at different densities
had similar yield per unit area in the 2 years
and on the two rootstocks. Our results are
inconsistent with those of Goreta et al. (2005)
and Sanders et al. (1999) who showed that
yield per unit area increased with planting
density in nongrafted watermelon. From the
similar yields we obtained at the different
plant densities, we deduced that higher yield
per plant could be achieved with further
decreases in planting density as shown by
Goreta et al. (2005) and Sanders et al. (1999).

There are several other reports of in-
creased productivity by grafting watermelon.
Yield increases of 3.5 (Salam et al., 2002)
and two to 3.5 times have been obtained
depending on the rootstock used (Yilmaz
et al., 2007). These increases are the result
of control of Fusarium oxysporum sp. niveum
and the increase in the number and weight of
fruits, even with reduction to half the plant
density of nongrafted plants.

Authors have suggested that the higher
yield obtained from grafted plants is the
result of improvement in the nutritional status
and higher CO2 and soil water assimilation
(Colla et al., 2008; Prioetti et al., 2008), is
the result of increases in the production of
endogenous hormones (Pulgar et al., 2000;
Zijlstra et al., 1994), or is the result of
enhanced water and nutrient uptake (Blestos,
2006; Yetisir and Sari, 2004). Ruiz et al.
(1997) suggested that the joint action of some
or all the previous processes is involved.

The interspecific hybrids of C. maxima ·
C. moschata used in this experiment have
vigorous root systems; therefore, we would
expect that the plants grafted on them should
be able to absorb water and nutrients more
efficiently than nongrafted plants (Camacho
and Fernández, 2000; Huitrón et al., 2007; Lee
and Oda, 2003; Miguel et al., 2004). Jifon et al.
(2008) showed that keeping favorable water
relations is a possible mechanism by which
rootstocks with vigorous root systems may
tolerate infection without developing water-
melon vine decline. Boughalleb et al. (2007)
reported that the extension of the production
period is another advantage of grafted plants.

These results show that the average fruit
weight of watermelon is strongly influenced
by grafting, and it is an important component
of yield.

Fruit firmness. Although firmness is one
of the typical characteristics of the scion,
firmness could be affected by several factors,
including grafting. Grafting influenced the
firmness in a highly significant way. Fruits
obtained from grafted plants were firmer than
the fruits from the nongrafted plants inde-
pendent of cultivar, rootstock, or year (Tables
4 and 5). Another study also reports a sub-
stantial increase in watermelon firmness from
grafted plants (Roberts et al., 2007).

In our experiment, the firmness values in
fruits of ‘Tri-X 313’ fluctuated from 1.63 to
2.33 kg�cm–2, which was within the values

considered to be ‘‘crunchy’’ watermelon
(Camacho and Fernández, 2000).

If we compare the firmness of the two
cultivars in the treatments of nongrafted
plants with and without MB (T0 and T0B),
there were no statistical differences in the
‘Tri-X 313’, but there were differences in
‘Sangrı́a’; however, the highest firmness was
lower than the firmness for the fruits from
grafted plants.

Content of soluble solids. During the 2
years, the content of soluble solids was un-
affected by grafting or fumigation (Tables 4
and 5). These results were similar to those
observed by Colla et al. (2008), Miguel et al.
(2004), Roberts et al. (2007), and Schultheis
et al. (2008) in watermelon and by Crino et al.
(2007) in melon.

Alan et al. (2007) and Miguel et al. (2004)
studied watermelon grafted on rootstocks
similar to those of this experiment and also
reported that there were no detrimental ef-
fects on quality. The average value of soluble
solids for ‘Tri-X 313’ was 9.8 �Brix, whereas
the average value of ‘Sangrı́a’ was 9.3 �Brix.

Our results are consistent with those of
Hassell and Memmott (2008) who showed that
grafting increases watermelon flesh firmness

without adverse effects on sugar content.
Grafting increases vigor and crop yield with-
out harmful effects on quality; therefore,
grafting is a useful for a sustainable horticul-
ture in a future with the loss of MB (Colla
et al., 2008; Sakata et al., 2007).

Conclusions

The total watermelon yield obtained on
the rootstocks ‘RS841’ and ‘Shintosa Camel-
force’ in soil without fumigation with MB
exceeded by 115% and 58%, respectively,
the total yield obtained with nongrafted plant
in a soil fumigated with MB. Therefore,
grafting can be considered as an alternative
to fumigation.

With the use of grafted watermelon plant,
planting density can be reduced up to 50%
compared with the plant density used with
nongrafted plants. Grafting enhanced average
fruit size. Nongrafted plants grown in soils
infested with MNSV and Olpidium bornova-
nus did not show significant differences in
yield obtained with or without MB fumiga-
tion. Fruits from grafted plants had greater
firmness than those from nongrafted plants
without affecting the content of soluble solids.

Table 4. Quality parameters for ‘Tri-X 313’ and ‘Sangrı́a’ watermelon from the experiments using the
‘RS841’ rootstock.

Treatment

Tri-X 313 Sangrı́a

Firmness
(kg�cm–2)

Soluble solids
(�Brix)

Firmness
(kg�cm–2)

Soluble solids
(�Brix)

2006–2007
T0 1.83 bz 9.64 1.66 c 9.78
T0B 1.79 b 9.71 1.66 c 8.79
T1 2.19 a 9.78 1.86 ab 9.17
T2 2.19 a 9.57 1.82 b 9.20
T3 2.25 a 9.78 2.00 a 8.90
P 0.00 0.95 0.00 0.14

2007–2008
T0 1.63 d 10.00 1.31 c 9.80
T0B 1.81 c 9.89 1.49 b 9.10
T1 2.03 b 9.82 1.83 a 9.18
T2 2.23 a 10.25 1.83 a 9.22
T3 2.00 b 9.99 1.84 a 9.36
P 0.00 0.87 0.00 0.51
zDifferent letters mean significant differences at P < 0.05.

Table 5. Quality parameters for ‘Tri-X 313’ and ‘Sangrı́a’ watermelon from the experiments using the
‘Shintosa Camelforce’ rootstock.

Treatment

Tri-X 313 Sangrı́a

Firmness
(kg�cm–2)

Soluble solids
(�Brix)

Firmness
(kg�cm–2)

Soluble solids
(�Brix)

2006–2007
T0 1.87 cz 9.52 1.73 9.09
T0B 1.88 c 9.21 1.71 8.81
T1 2.13 bc 9.52 1.76 8.65
T2 2.03 ab 9.63 1.87 8.86
T3 2.25 a 9.67 1.87 9.25
P 0.00 0.44 0.07 0.41

2007–2008
T0 1.89 c 10.51 1.55 c 10.00
T0B 1.89 c 10.03 1.53 c 9.85
T1 2.20 ab 9.94 1.70 b 9.22
T2 2.33 a 9.82 1.68 b 9.14
T3 2.11 b 10.08 1.92 a 9.42
P 0.00 0.46 0.00 0.12
zDifferent letters mean significant differences at P < 0.05.
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