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SUMMARY. Grafting of seedlings is a technique used for watermelon (Citrullus
lanatus) production in many countries. Because of higher costs involved, the use of
grafted seedlings can only be recommended if it provides clear biological and
economic benefits. Since rootstock performance is influenced by compatibility with
the cultivar, the existing disease pressure, and climatic conditions, it is necessary to
evaluate rootstocks with current cultivars to appraise possible benefits in a given
area. Two experiments were carried out in two consecutive seasons with the
objective of evaluating the benefits of grafting under Chilean conditions. The
rootstocks used were ‘Marathon’ (Cucurbita maxima · Cucurbita moschata) and
‘Macis’ (Lagenaria siceraria) with different scions, including some seedless culti-
vars. In both experiments, grafted plants increased their yield compared with
nongrafted plants (136% and 159% in Expts. 1 and 2, respectively). This effect was
due to an increased number of fruit per plant (P < 0.01), and the weight gain of the
fruit (P < 0.01). Plants presented with fusarium wilt [Fusarium oxysporum f. sp.
niveum (FON)] in both experiments, which seemed to be the main limitation for
nongrafted plant production. In the evaluation of quality attributes [soluble solid
concentration (SCC), firmness, color, polar diameter, equatorial diameter, and rind
thickness], positive effects were observed in the fruit of grafted plants. For the
conditions of these experiments, the increase in yield of grafted plants would be
associated with an economic benefit that exceeds its additional cost.

T
hehorticultural production un-
der intensive conditions, with
little or no rotation of spe-

cies, leads to increasing incidence of
diseases and yield reduction (Yetisir
et al., 2007). Soil infestation by FON
and other soilborne fungal pathogens
are a major limitation in watermelon
production (Miguel et al., 2004). Yield
losses of up to 80% have been reported
in watermelon crops affected by this
pathogen (Zhang et al., 2012). Fusar-
ium species remain in the soil for years
as chlamydospores or as a saprophyte in
vegetal residues (Louws et al., 2010).
Chemical control of fusarium wilt is
limited by the number of chemicals
available and their effectiveness (Martyn,
2012), and increasing concern about
agriculture sustainability justifies the
evaluation and implementation of prac-
tices with lower environmental impact
(Huh et al., 2012). Grafting water-
melon seedlings is a technique that
would be effective in reducing damage

caused by soilborne diseases (Miguel
et al., 2004; Rivero et al., 2003).
However, clear biological and eco-
nomic benefits have to be shown
with grafted seedlings to justify the
higher cost (Taylor et al., 2008). Since
rootstock performance is influenced by
compatibility with the scion, existing
disease pressure, climatic conditions,
and production practices, it is necessary
to evaluate rootstocks with current
cultivars to appraise possible bene-
fits in a given area.

The use of grafting in water-
melon originated in Asia, principally
in Korea and Japan, where it has been
used since the 1920s (Davis et al.,
2008b) and, currently, over 90% of
the production in these countries uses

grafted plants (Lee et al., 2010). In
Europe and the United States, adop-
tion of this technique is more recent,
but it has shown a significant increase
during the last two decades (Lee
et al., 2010). The main reason justi-
fying the use of grafting watermelon
is the yield increase that would be
associated with higher plant vigor and
resistance to soilborne pathogens (Alan
et al., 2007; Miguel et al., 2004;
Petropoulos et al., 2012; Yetisir and
Sari, 2003). Other reported benefits of
this technique in watermelon are fruit
quality improvement (Rouphael et al.,
2010), resistance to root-knot nema-
todes [Meloidogyne sp. (Pofu et al.,
2012)], more efficient water and nu-
trients use (Lee, 1994; Pulgar et al.,
2000), and higher tolerance to several
abiotic stresses, such as salinity (Yetisir
and Uygur, 2009), extreme tempera-
tures (Miguel et al., 2004; Rivero et al.,
2003), and flooding (Yetisir et al.,
2006). However, undesirable effects
of grafting have also been reported,
which include a reduction in fruit
quality (Davis et al., 2008a, 2008b;
Rouphael et al., 2010), excessive vege-
tative growth (Lee, 1994), and losses
of plants during fruit development
because of incompatibility between
scion and rootstock (Hassell and
Memmott, 2008). Reported discrep-
ancies in yield and quality effects of
grafting may be explained by different
production environments andmethods,
specific rootstock/scion combinations,
and difficulties associated with harvest-
ing different cultivars at the same time
(Davis et al., 2008a; Rouphael et al.,
2010).

Despite advantages described for
watermelon grafting, adoption of this
technique in many countries is still
limited, mainly due to higher costs of
grafted seedlings and the uncertainty
of its benefits under local conditions
(Bruton et al., 2009; Taylor et al.,
2008). In Chile, close to 3000 ha of
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watermelon are produced per year,
and the adoption of grafting has grown
significantly during recent years. How-
ever, to date, there are no published
studies analyzing the benefits of graft-
ing among Chilean watermelon crops.
Therefore, the main objective of this
study was to evaluate the effects on
yield and quality when using grafted
watermelon plants under Chilean
conditions.

Materials and methods
The experiments were conducted

in Curacav�ı (lat. 33�26#18$S, long.
71�01#31$W; sandy loam soil) over
two seasons [Expt. 1 (2012–13),
Expt. 2 (2013–14)]. During the
two seasons previous to the experi-
ments, watermelons were produced in
the same field, and symptoms of fusa-
riumwilt were observed in the test area.

In Expt. 1, four of the most
popular seeded watermelon cultivars
grown in Chile were used: Santa
Amelia, 1414, Delta (Seminis Vege-
table Seeds;Monsanto, St. Louis,MO),
and Catira (Nunhems; Bayer Crop-
Science, Leverkusen, Germany). These
cultivars were grafted with one of
two commercial rootstocks:Marathon
(Seminis Vegetable Seeds) and Macis
(Nunhems), plus nongrafted plants,
resulting in nine treatments (Fig. 1;
Table 1). Each experimental unit con-
sisted of a 4-m-long row containing
eight plants spaced 0.5 m from each
other, with 2mbetween rows, and five
replications arranged in a completely
randomized design.

In Expt. 2, four cultivars from
Seminis Vegetable Seeds were used:
one seeded (Santa Amelia) and three
seedless (Kalahari, SV0051WA, and
SV7467WD). Each cultivar was grown
ungrafted and grafted on Marathon
(eight combinations, Table 1). Plants
were evaluated in untreated soil and soil
treated with metam sodium (Nemasol,
Taminco, Ghent, Belgium), applied at
a dose of 51mL�m–2 through irrigation
tapes according to label instructions.
Plants were arranged according to a
split-plot design (metam sodium appli-
cation being the main factor), with
completely randomized blocks. There
were five replications or blocks. Each
experimental unit was a 6-m-long row,
with seven plants of the given treatment
and one plant of a seeded cultivar
(Santa Amelia, as the pollen donor).
There were 2.8 m between rows, and
within the row distance was 0.75 m.

In both experiments, crop pro-
duction was carried out according to
local cultivation practices, with drip
irrigation and black plastic mulch
in each row [0.025 mm thickness
(Acosol Ng; Solplast, Murcia, Spain)].
Grafted plants were obtained by the
splice grafting technique. Fertilizer at
a rate of 50, 25, and 52 kg�ha–1 of
nitrogen (N), phosphorus (P), and
potassium (K), respectively, was in-
corporated into the soil during bed
preparation. Additionally, fertiliza-
tion with N, P, K at rates of 16, 4.6,
and 14 kg�ha–1, respectively, was ap-
plied through irrigation 4, 5, and 6
weeks after transplanting.DuringExpt.
1, insects were controlled with a stan-
dard foliar spray of thiamethoxam +
lambda cyhalothrin (Engeo 247 ZC;
Syngenta Protecao de Cultivos, Pauli-
nia, Brazil) 3 weeks after transplant. No
fungicides were applied during plant
cultivation.

YIELD EVALUATION.The fruit were
harvested three times per week using
visual maturity indices specific for each
cultivar, such as size, desiccation level of
vine tendril proximal to fruit, and epi-
dermal color and brightness. For yield
assessment, all harvested fruit were in-
dividually weighed in the field.

QUALITY EVALUATION. In each
experiment, five representative fruit
from each treatment were chosen for
quality assessment in the laboratory.
Each fruit was cut along the equato-
rial plane and one half was randomly
designated to quantify pulp color and
SSC, and the other half to measure
pulp firmness. Each of these parame-
ters was measured in three equidistant
areas from the middle of the pulp
(between the center and the epider-
mis). The SSC percentage was deter-
mined by the extraction of 40-mm3

pulp cylinders that were squeezed and
measured with a digital refractometer
(Master T; Atago, Tokyo, Japan). Pulp
color was measured with a handheld
chroma meter (CR-400; Konica Min-
olta Sensing, Osaka, Japan), provided
with a glass light projection tube,which
allowed measuring wet surfaces. Only
the a* dimension of the CIELAB color
space, which runs from green (–60) to
red (+60), was used for quantification
since its values best indicate the varia-
tion in perceived red color (Konica
Minolta Sensing, 2007). Pulp firmness
in Newtons was measured with an au-
tomatic fruit pressure tester (Fruit
Texture Analyser; G€uss Manufacturing,

Strand, South Africa), equipped with an
8-mmtip at a speedof 10mm�s–1.When
necessary,watermelonhalveswere cut to
get slices that fit in the pressure tester
equipment. Rind thickness, or distance
from the outer edge of the fruit to the
boundary between white mesocarp and
colored endocarp (Gusmini et al.,
2004), was measured at two points
of each half with a digital caliper.

PATHOGEN ISOLATION AND

IDENTIFICATION.During both seasons,
tissue samples were collected from wa-
termelon plants showing symptoms of
wilting, gumming and cracking in the
stems, and lower stem and crown
browning. In Expt. 1, one symptom-
atic plant per replication (n = 5) was
selected, and tissue was sampled
from the crown for nongrafted plants
and from the rootstock and the scion
for grafted plants. In Expt. 2, tissue
was sampled from symptomatic stems.
In the laboratory, stems and crowns of
diseased samples were washed in run-
ning tapwater and cut into small blocks
(1.5 cm) for isolation. For isolation
of Fusarium species, the blocks were
surface-sterilized with 1% sodium hy-
pochlorite for 3 min. The pieces were
washed three times in sterile distilled
water and then dried on sterile paper
towels for 10 min. Once dried, the
samples were placed in petri dishes
containing potato dextrose agar (PDA)
and incubated for 15 d at 25 �C in
darkness.

In Expt. 2, two colonies were
isolated in petri dishes with PDA
medium; one from a grafted plant
(sample 2G) and one from a non-
grafted plant (sample 6NG). After
15 d, themyceliumwas extracted from
each sample using a scalpel, and DNA
extraction was carried out using an
adapted protocol described by Lodhi
et al. (1994).

Two internal transcribed spacers
(ITS1 and ITS2) and the inverting
5.8S coding rDNA were amplified by
polymerase chain reaction (PCR) us-
ing the universal primers ITS1 and
ITS4 as described by White et al.
(1990). The amplified product was di-
rectly sequenced (Macrogen, Seoul,
Korea), edited using the software
Geneious 4.8.3 (Biomatters, Auck-
land, New Zealand), and finally com-
pared and identified through BLAST-n
tool of the National Center for Bio-
technology Information database. Also,
the isolated colonies were morpholog-
ically identified using a microscope
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(BA410Trinocular;Motic Asia, Cause-
way Bay, Hong Kong).

PATHOGENICITY TEST. The isolate
2G was tested for their pathogenicity
on apparently healthy and uniform
‘Sugar Baby’ watermelon plants, de-
scribed as a cultivar susceptible to
fusarium wilt (Kleczewski and Egel,
2011). Two plants were inoculated
at the first flower stage: one was artifi-
cially injured in the roots using a scalpel
to promote the infection and was in-
oculatedwith distilledwater containing
Fusarium species conidia and myce-
lium; the other plant was artificially
injured in the stem (3-cm-long cuts
made with scalpel), then fungal conidia

and mycelium were directly added to
the wounds and covered with labora-
tory film (parafilm M; Bemis Flexible
Packaging, Neenah, WI). Inoculated
and healthy controls plants were placed
in a greenhouse. Fusarium symptoms
in inoculated plants became evident
after 18 d. Samples of the affected tissue
were taken, and the fungus was reiso-
lated to prove Koch’s postulates.

DATA ANALYSIS. Data of the ex-
periments were analyzed with an anal-
ysis of variance. Significant differences
among treatments (P < 0.05) were
determined using the least significant
difference test at a = 0.05. Contrasts
were used to compare the average

values of grafted and nongrafted
treatments.

Results and discussion
YIELD. Results of fruit produc-

tivity for different treatments in Expts.
1 and 2 are presented in Fig. 1. In Expt.
2, grafted and nongrafted plants were
grown in both, soil treated withmetam-
sodium and untreated soil. Cultivation
of treatments in fumigated soil was in-
cluded to evaluate grafting benefits in
a soil with lower disease pressure. How-
ever, soil fumigation with metam so-
dium did not have an effect on number
of fruit per plant (P = 0.81), fruit weight
(P = 0.68), or fruit yield (P = 0.85).

Fig. 1. Watermelon yield components for treatments consisting in different nongrafted and grafted (scion/rootstock)
combinations inExpts. 1 (A,C,E) and2 (B,D,F).Data represent the average of five (Expt. 1) or ten (Expt. 2) replications and its SE.
In each graph, datawith the same letter are not statistically different via least significant difference test ata = 0.05; 1 kg = 2.2046 lb.
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Therefore, subsequent analysis to com-
pare the eight treatments of grafted and
nongrafted plants was performed com-
bining data from treated and untreated
soil (Fig. 1B, D, and F).

In both experiments, significant
differences (P < 0.001) among treat-
ments were observed for fruit yield
per plant (Fig. 1A and B). Indepen-
dently of the rootstock/scion combi-
nation, productivity of grafted plants
was always higher than nongrafted
plants; average marketable yield of
grafted treatments was 2.4 and 2.6
times the average of nongrafted treat-
ments in Expts. 1 and 2, respectively.
These differences in productivity were
explained because plants of a same
cultivar produced more (Fig. 1C and
D) and heavier (Fig. 1E and F) fruit
when grafted.

In general, when grafted, seeded
cultivars presented a relatively higher
effect in fruit weight than in fruit
number (Fig. 1C and E), while seed-
less cultivars had greater increase in
fruit number than in fruit weight (Fig.
1D and F). Seeded cultivars are pre-
dominant in Chile, and fruit size is an
important quality attribute determining

market value. Therefore, a larger fruit
size is an important benefit for growers
oriented to local markets. Seedless
cultivars are still a novelty in Chile
and are produced basically for niche
markets, where a moderate fruit size
is preferred.

Grafting effects on watermelon
productivity observed in our experi-
ments are in agreement with results
fromother studies. Significant increases
of watermelon yield because of grafting
has been reported by several authors
(Davis et al., 2008a), and this positive
effect has been mainly attributed to
soilborne disease resistance (Miguel
et al., 2004; Mohamed et al., 2012;
Salam et al., 2002) and amore vigorous
growth of grafted plants (Yetisir and
Sari, 2003). Studies that have com-
pared watermelon yield of grafted
and nongrafted plants in soils infested
with F. oxysporum have shown increases
of 125% (Miguel et al., 2004;Mohamed
et al., 2012) and 250% (Salam et al.,
2002)whengrafted. Yetisir et al. (2003)
reported that grafted watermelon
plants increased in dry weight by up to
180% and fruit number by up to 100%
compared with nongrafted plants.

In Expt. 2, fumigationwithmetam
sodium had no significant effect on
fruit production. A similar result was
observed in an experiment byGonz�alez-
Torres et al. (1993), where no signifi-
cant differences in yield were reported
in watermelon grown in soil with the
application of metam sodium, but a
delay in the development of the dis-
ease was observed. In the same study,
the effect of fumigation with metam
sodium in a soil artificially infested
with F. oxysporum tripled plants yield.
Martyn (2012) indicates that for both
susceptible and resistant plants, the soil
inoculum level of this pathogen in-
fluences the damage. Soils with high
concentrations of inoculums, or where
the application of chemicals was not
conducted properly, would be unable
to achieve a significant decrease in the
amount of inoculums, so that applica-
tions might not positively impact plant
performance.

FRUIT QUALITY. Results of fruit
quality attributes for different treat-
ments in Expts. 1 and 2 are presented
in Table 1. No significant differences
were found in color and firmness be-
tween fruit of grafted and nongrafted

Table 1. Quality characteristics of watermelon fruit harvested from different rootstock/scion combinations in two
experiments.

Expt. and treatment (scion/rootstock)
Soluble solid
concn (%)

Flesh
firmness (N)z

Flesh color
(‘‘a’’ value)y

Polar
diam (cm)z

Equatorial
diam (cm)

Rind
thickness (mm)z

Expt. 1
‘Sta. Amelia’ 9.6 cx 12.9 27.9 a 28.0 c 18.7 b 10.4 bcd
‘Sta. Amelia’/‘Marathon’ 10.9 ab 10.5 25.7 ab 32.2 ab 20.5 a 12.8 ab
‘Catira’ 10.0 bc 10.2 23.1 bcd 27.2 c 18.4 bc 9.8 cd
‘Catira’/‘Marathon’ 11.1 a 12.1 21.9 cd 30.8 ab 21.2 a 13.2 a
‘Delta’ 8.4 d 13.3 24.7 abc 27.4 c 17.2 c 9.0 d
‘Delta’/‘Macis’ 10.6 abc 11.9 28.2 a 30.2 b 20.2 a 12.6 ab
‘1414’ 9.8 bc 11.2 20.9 d 27.6 c 18.6 b 11.6 abc
‘1414’/‘Marathon’ 10.7 abc 11.7 22.4 bcd 31.4 ab 21.4 a 12.6 ab
‘1414’/‘Macis’ 10.1 abc 12.4 22.9 bcd 32.4 a 21.0 a 13.4 a
P value,w treatments <0.001 0.818 0.001 <0.001 <0.001 0.004
P value, grafted vs. nongrafted contrast <0.001 0.856 0.945 <0.001 <0.001 <0.001

Expt. 2
‘Sta. Amelia’ 9.7 c 11.1 c 27.5 bc 25.8 b 16.2 c 10.2 de
‘Sta. Amelia’/‘Marathon’ 10.7 ab 10.8 c 30.8 a 32.9 a 20.9 a 12.4 b
‘Kalahari’ 10.6 ab 13.1 c 24.4 d 17.7 e 17.3 bc 10.4 cde
‘Kalahari’/‘Marathon’ 10.9 a 13.4 c 28.8 ab 21.2 c 20.5 a 10.5 cde
‘SV0051WA’ 10.6 ab 31.1 b 28.5 b 21.8 c 19.0 ab 12.1 bc
‘SV0051WA’/‘Marathon’ 10.2 bc 47.8 a 29.4 ab 24.9 b 20.4 a 14.6 a
‘SV7467WD’ 10.7 ab 15.3 c 25.6 cd 18.0 de 17.3 bc 9.9 e
‘SV7467WD’/‘Marathon’ 11.0 a 32.6 b 27.2 bc 20.1 cd 19.0 ab 11.7 bcd
P value, treatments 0.011 <0.001 <0.001 <0.001 <0.001 <0.001
P value, grafted vs. nongrafted contrast 0.064 0.001 <0.001 <0.001 <0.001 <0.001

z1 N = 0.2248 lbf; 1 cm = 0.3937 inch; 1 mm = 0.0394 inch.
yColor values ‘‘a’’ measured with colorimeter (CR-400; Konica Minolta Sensing, Osaka, Japan) indicates intensity of red color.
xFor each experiment, means in the same column with different letter(s) are significantly different according to least significant difference test at a = 0.05.
wProbability value from analysis of variance.
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plants in Expt. 1, but grafted plants
produced fruit with higher SSC, rind
thickness, and diameter than non-
grafted plants. In Expt. 2, fruit from
‘Sta. Amelia’ had SSC values consistent
with those observed during Expt. 1,
i.e., grafted plants produced fruit with
higher SSC than fruit from nongrafted
plants. Fruit from seedless cultivars did
not have significant differences in SSC.
Contrary with results from Expt. 1,
fruit from grafted plants had higher
values of flesh firmness and red color
(‘‘a’’ value) than fruit from nongrafted
plants. Similarly, in Expt. 1, diameter
and rind thickness increased in fruit
from grafted plants.

A decline in SSC is one of the
most cited effects of grafting on qual-
ity of vegetable fruit, and reductions
of 0.5% to 1.0% are commonly reported
in grafted watermelons (Alexopoulos
et al., 2007;Davis et al., 2008a, 2008b;
Kyriacou and Soteriou, 2015; Rouphael
et al., 2010). However, nonsignificant
(Bekhradi et al., 2011; Bruton et al.,
2009; Miguel et al., 2004; Mohamed
et al., 2012) and positive effects of
grafting on SSC (Oluk et al., 2012;
Salam et al., 2002) have also been
reported. Davis and Perkins-Veazie
(2005) studied the effects of grafting
a seeded and a seedless cultivar on
different rootstocks, observing that
only the seeded cultivar had a reduc-
tion of SSC as a consequence of graft-
ing. In our study, no difference of SSC
was observed in seedless cultivars, but
an increase was observed in seeded
cultivars when grafted (Table 1). This
result may be partially explained be-
cause good rootstock/scion compati-
bility and FON negative effects on
sugar accumulation of fruit from non-
grafted plants. Salam et al. (2002)
studied the effects of using grafted
watermelon plants in an FON-infested
soil and observed that fruit from
grafted plants had higher SSC than
fruit from nongrafted plants (12.5%
vs. 10.2%).

In both experiments, the values
of rind thickness and fruit size obtained
from grafted plants were significantly
higher than the fruit of nongrafted
plants, which is consistent with reports
from other authors (Salam et al.,
2002; Yetisir and Sari, 2003; Yetisir
et al., 2003). Increased rind thick-
ness improves the postharvest integrity
of the fruit by reducing damage during
transport (Rouphael et al., 2010). The
ratio between polar and equatorial

diameter may be used to character-
ize and compare fruit shape. Despite
the size increase observed in fruit
from grafted plants, no significant
difference in fruit shape was observed
between grafted and nongrafted plants
of a same cultivar [P > 0.15 (data not
shown)].

No significant difference among
treatments was seen in Expt. 1 for
flesh color or firmness, but in Expt. 2,
grafting significantly increased the
color and firmness of the fruit. The
variation of these attributes, depend-
ing on the graft combination, has also
been observed by Davis and Perkins-
Veazie (2005) andOluk et al. (2012).
Kyriacou and Soteriou (2015) reported
that grafting increased flesh firmness
and intensity of red color in diploid
watermelons.

Along with higher establishment
costs, a negative effect in fruit quality
is one of the main concerns of water-
melon producers in relation to the use
of grafted plants. Common quality
problems reported for watermelon
include reduced SSC, insipid taste,
presence of yellowish bands in the
flesh, low flesh firmness, internal flesh
breakdown, and a fibrous texture
(Davis et al., 2008a, 2008b; Kyriacou
and Soteriou, 2015; Rouphael et al.,
2010). However, none of these prob-
lems were observed in our study and,
when significant differences existed,
fruit from grafted plants presented
higher quality (Table 1). There are
several conflicting reports regarding
effects of grafting on watermelon fruit
quality, which would be explained
mainly by specific rootstock/scion
combinations, environment, and pro-
duction practices (Davis et al., 2008b;
Rouphael et al., 2010). According to
Davis et al. (2008a, 2008b), frequency
of negative quality issues in grafted
cucurbits would decrease as a conse-
quence of rootstock breeding and
screening for best rootstock/scion
combinations.

PATHOGEN ISOLATION AND

IDENTIFICATION. Isolates from both
experiments were first tentatively iden-
tified as Fusarium species based on
morphological characteristics. Tissue
samples isolated from diseased plants
resulted in creamy orange colonies on
PDA, and microscopic observation
revealed the presence of fusiformmac-
roconidia, typically having three to
five cells (not shown). In Expt. 1, the
four nongrafted cultivars presented

Fusarium species based on morpho-
logical identification: 1414 (four of
five plants), Catira (three of five),
Delta (four of five), and Sta. Amelia
(five of five). Otherwise, grafted plants
did not present Fusarium species in
scion tissues, and the fungus was
scarcely isolated from rootstock tis-
sues (data not shown).

In Expt. 2, the sequences of the
ITS region of isolates 2G and 6NG
amplified by PCR using the universal
fungal primers (ITS1/ITS4) gener-
ated amplicons of �550 bp, which
corresponded with the expected size
for Fusarium species according to
Abd-Elsalam et al. (2003). The PCR
products from both samples were used
for sequencing directly, and analysis of
the obtained sequences by the BLAST-n
tool showed 99% identity with sev-
eral Fusarium species (accessions
KR815448.1 and KP721566.1, among
others), which confirm Fusarium pres-
ence in grafted and nongrafted plants.

The production of thick-walled
chlamydospore and colony-forming
microconidia on short monophialides
allowed the morphological identifica-
tion of the fungus as F. oxysporum.
The pathogenicity test performedwith
sample 2G on ‘Sugar Baby’ water-
melon plants resulted in small cracks
in stems, and presence of gumming
was observed after 18 d. Additionally,
the plants showed a rapid decline of
their stems, which were completely
dried in conjunction with its leaves
and tendrils. These symptoms on ‘Sugar
Baby’ watermelon allowed the identifi-
cation of the fungus causing the wilt of
plants as FON (Kleczewski and Egel,
2011).

Fusarium symptoms depend on
environmental factors, age of the in-
fected plant, and the amount and ag-
gressiveness of the pathogen (Kleczewski
and Egel, 2011). Generally, adult
plants show wilting and yellow fo-
liage. Necrosis of the vascular tissue
occurs, which can be seen as black
spots when the roots are cut trans-
versely (Latorre, 2004). Wilting is due
to a reduction in plant water transport.
The vascular bundles are plugged be-
cause of the formation of gummy and
tylosis compounds (Martyn, 1996).
The symptoms observed in the field
during Expts. 1 and 2, along with the
inoculated plants of ‘Sugar Baby’
watermelon (Expt. 2), are consis-
tent with those described for fusa-
rium wilt disease.
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Results from this study show a
significant improvement in yield and
quality of grafted watermelons when
produced in a field naturally infested
with fusarium wilt. However, eco-
nomic justification of grafting depends
on costs and benefits associated with
the use of this technology. In Chile,
additional cost of using grafted water-
melon is�$0.60 per plant. During the
last 3 years, average price during full
season (January and February) has
been $1.60 per fruit in premium wa-
termelons, while $1.20 is the price for
second-grade fruit (Oficina de Estu-
dios y Pol�ıticas Agrarias, 2015). In the
case of ‘Santa Amelia’, the most com-
mon cultivar used in Chile, our results
showed that grafted plants produced
1.6 fruit per plant compared with 0.9
fruit per plant with nongrafted plants.
If fruit are sold at premium price, the
income per grafted plant would be
$2.56, which is $1.12 higher that the
income from a nongrafted plant. If the
fruit from the nongrafted plant were
sold at the second-grade price, which
is a more realistic scenario because of
smaller size, the difference would be
$1.48. In both cases, the use of grafted
watermelons ($0.60 additional cost
per plant) would be economically jus-
tified. It is important to emphasize that
the results of the cost benefit analyses of
using grafted watermelon depend on
variables such as level of disease pres-
sure, it effects on yield, and fruit price
(Taylor et al., 2008). Conditions that
favor the decision of using grafted
plants are cultivation in conditions
that favor fusarium wilt incidence (i.e.,
infested soil, susceptible cultivar, fur-
row irrigation) and the expectation of
high prices for the fruit (i.e., forced
crops for harvesting early in the season).

In conclusion, when grown un-
der an FON-infested field of the Chil-
ean central region, grafting increased
yield and quality of seeded and seedless
watermelon cultivars. Production of
more and larger fruit per plant would
lead to higher income that would
largely offset the costs of grafting, thus
the technique appears highly recom-
mendable for Chilean growers.
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