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Abgract
In watermelon crops in Southeastern Spain, important thermal differences appear during the first stages of plant development that can affect them.
This work shows the effect of applying jasmonic acid and benzoic acid (JA+BA), inductors of systemic acquired resistance (SAR) and induced
systemic resistance (ISR), respectively, on fruit quality parametersfrom acrop in agreenhousein Southeastern Spain, where cropsface aremarkable
abiotic stress. We assessed two treatments of JA+BA, T1 (500+500 ppm), T2 (2000+2000 ppm) and a control test using an experimental design of
randomized blockswith four replications. The results obtained for the parameters assessed (°Brix, flesh firmness, rind thickness, polar and equatorial
diameter) did not show statistically significant differences. The results showed that there was no metabolic cost in the plants when applying the

assessed treatments of JA+BA.

Keywords: Citrulluslanatus, Cucurbita maxima x Cucurbita moschata, abiotic stress, induced resistance, acquired resistance.

Introduction
Plantshave aseriesof barriersthat protect them against pathogens
and chewing insects. The combined effect of all these barriersis
known as constitutive resistance. Furthermore, plants activate
defense mechani smswhen they comeinto contact with invaders,
which is called induced or acquired resistance %; it would be
interesting to know whether the metabolic and physiological costs
associated with induced resistance have animpact on crop quality 2.

Induction to phytoalexin synthesisin plants can be carried out
through compounds called dlicitors®. Theuseof dicitorsin plants
aimstoimprove growth and devel opment conditionsfor theplants
to face possible stresses, biotic as well as abiotic. After one
infection, damage, or stress, biochemical changes occur in the
plants associated with defense mechani sms, producing substances
called phytoalexins*. Such phytoalexinsare found in undetectable
concentrations if there is not a stress situation, but in a stress
situation, they are synthesized quickly, and they are toxic for a
broad spectrum of pathogens®.

When an injury or infection is caused by pathogens or under
stress conditions in plants, thereis also an increase in jasmonic
acid and jasmonates, increasing the phytoalexin synthesis;
therefore, they areincluded among the compoundscalled dicitors.
Jasmonic acid participates in physiological processes such as
root growth, tuberization, pollen development, tendril curling, fruit
ripening and senescence ®2. In tomatoes, it has been observed
that jasmonates influenced infection by fungi in the roots when
arbuscular mycorrhiza are about to spread because they reduce
the fungi metabolism and, as a conseguence, colonization by
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mycorrhiza®; it aso increasesres stanceto Oidium neolycopersici °.
In sugar cane crops, the use of jasmonates induced resistance to
Meloidogyne incognita . In artichoke (Cynara scolymus)

seedlings, the use of methyl jasmonate at low concentrations
caused greater growth in seedling height, fresh weight and length
of root system; however, when the methyl jasmonate concentration
increased, the opposite effect was produced in all the parameters
mentioned by Martin-Closas 2,

In harvested products, studies have been conducted regarding
the effect of jasmonic acid on pears, and it was observed that it
limitsthegrowth of Penicillumexpansum®. In peaches, it reduced
stress-induced damage due to cold in refrigeration chambers 14,
Currently, thereisvery littleinformation about the use of jasmonic
acid and jasmonatesin food and ornamental crops, although these
crops have great economic importance 5.

Benzoic acid isabiosynthetic precursor of salicylic acid ¢ and
has been tested in various crops, such as tomato (Lycopersicum
esculentumM); bigger fruitswith alower content of soluble solids
were obtained intomato cropsY’. In soyacrops, anincreaseinthe
growth of foliage and roots has been reported 8.

Many vegetable cropsare grown under protective systemssuch
as greenhouses, mesh, etc. The profitability of these production
systemsis higher than that of non-protected systems. Eight crops
are being used in the high-yield horticultural systemin Almeria,
and the cultivated area used for watermelons has been kept
practically constant over the last 10 years. Spain is among the
world's top 10 watermelon-producing countries °, and the
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province of Almeriaaccountsfor 60% of the national yield, which
isestimated to be 721,8001.

The crop cycle carried out in the Spanish southeast for this
cucurbit causes it to face thermal and/or hydric stresses, which
reduce its productive potential. In an attempt to minimize this
loss, various dlicitors have been used to stimulate plants and
overcome stress to maintain the quality of harvests. In our case,
we have applied acombination of jasmonic and benzoic acid, and
we are not aware of the existence of data published regarding its
effect on watermelon fruit quality.

Materialsand M ethods
This study was carried out during the 2009 and 2010 seasonsin
grafted watermelon plants in greenhouses on soil covered with
sand and drip irrigation. The experiment was conducted in the
UAL-ANECOOP experimental plot during theagricultural spring
seasons of 2009 and 2010. It is located in Retamar, in the
municipality of Almeria, inaplacecalled “Los Goterones,” West
longitude 2°17' 08" and North latitude 36°51' 77", at an dtitude of
88 m above sealevel (as.l.). The climate is Mediterranean arid.
Annual rainfall isvery scarce, lessthan 300 mm/year; thisisthe
most arid area of the Iberian Peninsula. The annual average
temperature fluctuates between 15°C and 21°C, with aminimum
average temperature of approximately 6°C during the months of
January and February, indicating important thermal differences.

The experiment wascarried out in unit U-3 of the aforementioned
experimental station; the unit runs east-west and hasagreenhouse
with acultivable area of 1695 m2. The greenhouseis ametallic
structure with a symmetrical, bowed roof. This greenhouse has
wind speed, temperature and rain sensors, used to open and close
the zenithal windows automatically. It has two access points
connected by the central corridor and two sets of doorsto prevent
the entry of pests, which can even be disease vectors. The
covering material is made of 800-gauge polyethylene. Grafted
watermelon plants were transplanted on 6 February 2009 and 20
January 2010. Calcium carbonate was applied to the whole cover
of the greenhouse ® on 8 April 2009 and 2010. Soil was covered
with sand in both cycles, asit isdonetraditionally in the area.

The plant material used was Reinade Corazones, cv. triploid,
whichwasgrafted onto RS-841 (interspecific hybrid of C. maxima
x C. moscata), and thediploid cv. Dulce Maravillawas used asthe
pollenizer. The plant density used was 2500 plants’ha (0.25 plants/
m2), mixing in the same line two Reina de Corazones plants and
one Dulce Maravillaplant. A 100-gauge plastic tunnel was used
for insulation during the first three weeks of cultivation for the
purpose of improving the temperature conditions during the day
and especially the night temperatures.

The irrigation lines were placed 90 cm apart with self-
compensating drippers spaced every 50 cm, consuming 3.1 L h?
at aworking pressure of 1.4 kPa. Sevenirrigation lineswere placed
ineachreplication. To add thetreatment (JA+BA), afertilizer tank,
Brot trademark with a40 L capacity, wasused in each replication.
TheECwasfixedat 1.3dSm.

Three treatments with four replications for each one were
evaluated in atotal design of randomized blocks. TO was
the treatment for the control test, which consisted of the

application of the described fertilizer + 2000 ppm JA + 2000 ppm
BA. These concentrationswere supplied by the manufacturers of
the products, in order not to induce senescence. The fruit were
collected ontwo harvesting dates, 109 dat and 116 dat in 2009 and
104 dat and 111 dat in 2010.

The parameterswere measured on threefruitschosen at random
per treatment, replication, harvest and year. The parameters
measured were the content of soluble solids, flesh firmness, flesh
color, pH, rind thickness, and polar and equatorial diameters.

The content of soluble solids, expressedin °Brix, was measured
in the fruit juice using a refractometer Atago® ATC-1E, 0-32%
(ATAGOJAPAN CO.LTD.).

To measurefirmness, we used apenetrometer Force Gauge PCE-
FM 200 (England), cutting first along thefruit equator and taking
three measures of each fruit in different areas. Wetook asreference
the average of the measures assessed.

The fruit juice pH was measured using a pH meter, DeltaHD
8602, with a precision of +0.02 pH (Italy). Rind thickness was
calculated as the average of three measurements taken in fruits
opened previously using adigital caliper MITUTOY O Absolute
Digimatic, model 500-172-20, withaprecisonof +0.01 mm (USA).
To determinetheflesh color, aconventional color scaletablewas
used, with values ranging from 1 to 4, 1 corresponding to pale
pink, 2 corresponding to pink, 3 correspondingto light red, and 4
corresponding to red. The measurements of the polar and
equatorial diametersweretaken with aconventional tape measure.

The dataanalysiswas carried out using the computer program
Statgraphics® Plus5.1, 2001, for Windows®. Anaysisof variance
andthe multiplerangetest Fisher’sL SD at p<0.05 were carried out
using a statistical package for Windows (Statistical Graphics
Corporation, Warrenton, VA, USA).

Results

Soluble solids °Brix: The total content of soluble solids was
similar for the two years of the experiment (2009 and 2010);

statistically significant differences were not found. T1 and T2
obtained inthefirst year of theexperiment (2009) had lower val ues,
0.55% and 5.32%, respectively, than the control test. In the second
cycleof theexperiment (2010), lower valueswere obtained for T1
and T2 of 1.12% and 2.13%, respectively, compared to the control
test (Table 2).

Flesh firmnesskg cm?: Theresults obtained for the fruitsflesh
firmness were similar in the two experiments, and statistically
significant differences were not found. In the first experiment
(2009), T1 and T2 had 2.03% and 10.81%, respectively, higher
values compared to the control test. In the second experiment
(2010), T1 had a3.12% higher valuethan the control test, with T2
being 5.10% lower than the control test (Table 2).

pH: Inthe 2009 experiment, inthefirst harvest, T1 had the highest
valuewith statistically significant differenceswith respect to the
control test (TO). In the second harvest, significant differences
were not found. In the 2010 experiment, in the first harvest,

Table 1. Nutrient solution used intreatments TO, T1, and T2 (mmol L%).

application of anided solution asabalanced fertilizer (Table

1). T1 consisted of the application of the described fertilizer NO;°

H,PO, SO,7 HCO;  NH, K Ca?  Mg?

+ 500 ppm JA + 500 ppm BA, and T2 consisted of the

15.00

1.50 2.00 0.50 0.50 8.50 6.00 2.00
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Table2. Fruit quality, cv. Reinade Corazones.

statistically significant differences(Table5).

Treatment Soluble solids (°Brix) Firmness (kg cm?) . .
2009 109 dat 116 dat Average 109dal  1i6dat  Average  Holar and equatorial perimeter: Measures of
T0 11382 10.44 a 10.91 a 143a 1532 148a Eolar pe(;|meter ('jnﬁoog wers(:]hlgher for T2inthe
TI 1135a 10342 1085 a 1362 1.67a  15la '(;St an 'tﬁeco;afgar\;ﬁﬂ’ : OY;’,' ng taglsverage
T2 10552 10.10a 1033 a 1542 1.74a 1.64a \éomuea\:gd tc? the Icolr?troly t:tgn(l'rlgfnl N thggfg
P value 0.42 0.31 0.35 0.48 0.32 0.29 P A )
experiment, the values were significantly higher
2010 104 dat 111 dat Average 104 dat 111 dat Average .
To 079 0.97 0.85 145 176 |60 than those corresponding of the control test (TO).
o 1(; 03a oas 2 o 2 o 2 e a Les ®  The difference was higher in T1 during the first
oo 8 e oa e 2% harvest and in the average values, and in the
P value 0.22 0.13 0.80 0.52 0.25 0.43

(Teble).

Values followed by the same letter in the columns are not significantly different at P< 0.05. * dat (days after transplant).

significant differenceswere not found; however, T1 and T2were
0.96% and 1.35%, respectively, lower than the control test. Inthe
second harvest andin the average values, the control test obtained
higher valueswith significant differences (Table 3).

Table3. ThepH of fruit, cv. Reinade Corazones.

Treatment pH

2009 109 dat 116 dat Average
TO 5.46b 5.69 a 5.58a
T1 573a 5.60a 5.67a
T2 543b 570 a 557a
P value 0.02 0.45 0.51
2010 104 dat 111 dat Average
TO 520a 558a 539a
T1 515a 5.15b 525b
T2 5.13a 537b 525b
P value 0.22 0.00 0.04

Values followed by the same letter in the columns are not significantly different at
P< 0.05. * dat (days after transplant).

Rind thickness: Thevaluesobtained in thetwo experiments (2009
and 2010) did not show statistically significant differences,
however; in 2009, the average val ues obtained for T1 were 3.82%
lower and 8.27% higher for T2 compared to the control test (TO).
In the 2010 experiment, T1 and T2had higher values than TO at
7.06% and 7.73%, respectively (Table4).

Flesh color: The results obtained in the first experiment (2009)
did not show statistically significant differences. The average
values obtained for T1 and T2 were 16.18% and 11.27% lower
compared with the control test. In the 2010 experiment, thevalues
of T1 and T2were higher than that of the control test, showing

Table4. Rind thickness(mm), cv. Reinade Corazones.

Treatment Rind Width (mm)

2009 109 dat 116 dat Average
TO 1238 a 1326 a 12.82a
T1 13.60 a 11.06 a 1233 a
T2 1522a 12.54 a 13.88 a
P value 0.27 0.45 0.61
2010 104 dat 111 dat Average
TO 1726 a 1726 a 17.98 a
T1 19.47 a 17.03 a 19.25a
T2 2042 a 18.31a 1937 a
P value 0.26 0.33 0.13

Valuesfollowed by the sameletter in the columnsare not significantly different
at P< 0.05. * dat (days after transplant).
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With respect to the values for equatorial
perimeter, in the 2009 experiment, TO was lower
than T1 and T2 with statistically significant differences. T2 had
thehighest values. In the 2010 experiment, statistically significant
differenceswere not obtained (Table 6).

Discussion

Wedo not know of published information regarding the effects of
the exogenous application of JA+BA onwatermelons. Thelack of
thismetabolic cost isobserved inthe parameterswhere T1and T2
were not significant compared with the control test, specifically
the content of soluble solids, flesh firmness, and equatorial
perimeter. Inthe case of color and pH, the data obtained were not
consistent because, in one of the experiments, the values were
higher than the control test, and in the other experiment, the
oppositeresultswere obtained. Therewere significant differences
only inthe parameter polar diameter.

In other experiments carried out post-harvest in other crops
using jasmonates and methyl jasmonates, the results are
consistent with those we have obtained. Yilmaz ?* experimented
with two strawberry varieties receiving doses of 210, 105, 57.5,
and 21 ppm JA, obtaining a decrease in the content of soluble
solids (TSS); except for the lowest dose, all doses caused earlier
fruitsthan the control, aswell asasignificantincreaseinfruit size
within thefirst two harvest weeks. Zhang 2 reported that the total
solublesolidsin pear fruitswere reduced by 7.22% at post-harvest,
using adose of 45 ppm of methyl jasmonates (MeJA). However,
other authors, such as Wang and Sheng %, after applying a dose
of 22.4 and 2.24 ppm MeJA to pre-harvest raspberries, obtained
an increase in the content of soluble solids (TSS). Fan % also
showed that applestreated with 210 ppm JA after 2 weeksat 20°C

Table5. Flesh color, cv. Reinade Corazones.

Treatment tFlesh Color (1-4)

2009 109 dat 116 dat Average
TO 1.75a 233 a 2.04a
T1 1.17 a 225a 1.71a
T2 142 a 225a 1.89a
P value 0.32 0.44 0.39
2010 104 dat 111 dat Average
TO 225a 2.08b 2.16b
T1 2.75a 2.33ab 2.54a
T2 241 a 2.66 a 2.54a
P value 0.13 0.04 0.03

Values followed by the same letter in the columns are not significantly different at P<
0.05. T A scale of 1 to 4 was used to assess the color of the watermelon.
Flesh 1isdlightly pink, 2ispink, 3islight red, and 4 isred. * dat (days after transplant).
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Table6. Fruit quality, cv. Reinade Corazones.

Treatment Polar Perimeter (cm) Equatorial Perimeter (cm)

The flesh firmness obtained in our 2009 109 dat 116 dat Average 109 dat 116 dat Average
experiments was higher in the plants to TO 75.83 b 61.61b 71.09 b 71.75 b 60.85 b 68.12b
which JA+BA was applied than in the Tl 82.04 a 63.22b 75.77 ab 75.60 a 61.30b 70.86 b
control test, although significant T2 83.32a 69.51a 78.71a 77.82a 68.08a  7457a
differenceswere not found. Our resultsare P value 0.02 0.04 0.02 0.03 0.02 0.03
consistent with those of Zhang *, who 2010 104 dat 111 dat Average 104 dat 111dat  Average
reported an increase in pear firmness of TO 81.07a 75.56 a 7831 b 76.87 71.92a  7535a
8.27% using a dose of 45 ppm of methy! TI 82.15a 76.89 a 7952 a 77224 74552 75.89a
jasmonates (MeJA) at post-harvest. Our T2 77.22b 77152 77.19b 75.88 2 74432 75.15a
results, without being statistically P value 0.00 0.09 0.01 036 0.67 0.53

significant, show a trend toward greater

firmnessin the case of the fruitsto which
JA+BA wasapplied. Thisdatacanimprove
the handling of fruits post-harvest.

With respect to flesh color, our results are consistent with those
obtained by De la Cruz %, who applied jasmonates in Ananas
comosuscv. MD-2 (pineappl€) and obtained an increasein exterior
andinterior fruit color.

Conclusions

The effect assessed with respect to the application of jasmonic
acid + benzoic acid (JA+BA) under the conditionsof our experiment
did not show statistically significant differences in the quality
parameters (°Brix, flesh firmness, and rind thickness). The pH,
flesh color, and equatorial perimeter parameters yielded
contradictory results in statistical significance, possibly due to
the interference of the application of JA+BA with the particular
climatological variables(climatological differencesover theyear)
ineach experiment.
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