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ABSTRACT

Melon (Cucumis melo L.) is an important and valuable vegetable crop that nowadays has a 550ha cultivation
area in Hungary. The use of grafting for cucurbits is a growing technique of interest to the food industry.
Nevertheless, for melons the practice of grafting is not widespread, in contrast grafted seedlings are widely
used by the watermelon growers. On the other hand, it should be mentioned that the food quality attributes
can change, due to the grafting. Globally there are not many scientific articles available in this topic. The goal
of our study is to provide a systematic review of literature with emphasis on the influence of grafting on
melon fruit quality variations and the major advantages of this technique. Over the last few years, the near
infrared spectroscopy (NIRS) and electronic tongue method became popular to measure food attributes.
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INTRODUCTION

Grafting is a vegetative propagationmethod of woody plants known for 3,500 years ago. Its definition
wasformulatedasfollows:“Graftingistheartof joiningtogethertwoplantparts(arootstockandascion)
by means of tissue regeneration, in which the resulting combination of plant parts achieves physical
reunion and growth as a single plant” (Janick, 1986). The success of grafting depends not only on the
appropriate rootstock-scion combination, but also on how the morphological and physiological
changes manifest under the given environmental and cultivation conditions (Andrews andMarquez,
1993).Grafting of vegetableswasfirst introduced in the late 1920s in Japan andKorea, themethodwas
used to aid the watermelon against soilborne pathogens, and to avoid various diseases caused by
Fusarium species (Oda,2002).Thegraftingofvegetablesbelonging to the familyof cucurbits isnotonly
important in terms of pest control, but also boosts the yield of the plant, its quality, the inner content
values and the shelf-life of the fruit (Sakata et al., 2006, 2007, 2008).

The scion-rootstock combination can influence the quality parameters of the fruits depending
on the compatibility between them, grafting often reduces the inner content values, but the fruit
size is often unchanged (Lee and Oda, 2003). Studies have shown that grafting does not
significantly affect physical parameters such as fruit length, width, epicarp, and flesh thickness.

Several research groups agreed that the physical characteristics of the Solanaceae and
Cucurbitaceae families are not affected by grafting (Rouphael et al., 2010). However, several
studies contradict the previous statements (Table 1).

According to Tarchoum et al. (2005), the growing vigor of grafted plants is stronger and higher,
yields can be achieved by grafting. The quality and average weight of fruits can also be improved by
grafting (Oda, 2002; Lee and Oda, 2003). The improvement of the flesh firmness, thus the
improvement of shelf life, can also be attributed to the effects of grafting (Yetisir and Sari, 2003).
According to Bal�azs (2008) and Ulas et al., (2019), grafting can have value increasing and decreasing
effects as well depending on the rootstock and scion combination. In order to achieve the
appropriate quality, the rootstock/scion combination should be adapted to the area of production in
any case. It is important to note that many negative grafting experiences are due to the fact that
growers do not adapt the water and nutrient supply to the needs of the grafted plants (Bal�azs, 2008).

To clarify the many grafting-related contradictions in literature, our goal is to provide a
systematic review of literature with emphasis on the influence of grafting on melon fruit quality,
the major advantages of this technique, and advanced analytical methods used in assessment
(e-tongue and near infrared spectroscopy (NIRS)).

RIPENING AND POSTHARVEST BEHAVIOR

It has been observed that melons with climacteric respiration tend to have a shorter shelf-life,
but their aromatic compound content is increased. Prolonged storage and inappropriate storage
temperature may result in shorter shelf life (Cavaiuolo et al., 2015). The reason behind these
changes might be that the production of some aroma compounds is limited to the ethylene
dependent pathways. Melons with climacteric respiration usually have orange flesh, and high
aromatic content. Typically, they have a short shelf-life due to quick softening as a result of
environmental conditions. Melons with non-climacteric respiration, have mostly green flesh,
they tend to have lower aromatic compound content, but they soften slowly, so they have a
longer shelf-life (Wang et al., 2011).
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Table 1. Effects of grafting on melon fruit quality concluded by previous studies

Parameter Increase Decrease Does not change

Yield Tarchoum et al., 2005
Verzara et al., 2014

Condoruso et al., 2012

Fruit size Oda, 2002 Lee and Oda, 2003
Lee and Oda, 2003
Verzara et al., 2014

Condoruso et al., 2012

Fruit weight Colla et al., 2010 Schulthesis et al.,
2015

Verzara et al., 2014 (hybrid
rootstock)

Verzara et al., 2014 (C.
melo rootstock)

Trionfetti-Nisini
et al., 2002

Soteriou et al., 2016

Colla et al., 2006 Zhao et al., 2011
Traka-Mavrona et al., 2000

Park et al., 2013

Fruit shape Traka-Mavrona et al., 2000
Colla et al., 2010

Verzara et al., 2014
Soteriou et al., 2016

Exocarp and pulp
thickness

Traka-Mavrona et al., 2000
Colla et al., 2010

Verzara et al., 2014

Soluble solid
content

Soteriou et al., 2016 (hybrid
rootstock)

Kamiya and
Tamura, 1964

Trionfetti-Nisini et al.,
2002

Miguel, 1997 Verzara et al., 2014
Xu et al., 2006 Soteriou et al., 2016
Colla et al., 2006
Colla et al., 2010

Soteriou et al., 2016
Schulthesis et al.,

2015
Traka-Mavrona
et al., 2000

Park et al., 2013

Aromatic
compound

Condoruso et al., 2012
Verzara et al., 2014

Firmness Yetisir and Sari, 2003 Soteriou et al., 2016 Crino et al., 2007
Colla et al., 2006 Zhao et al., 2011 Guan et al., 2015
Colla et al., 2010 Fita et al., 2007

Vitrescence Jang et al., 2014, Rouphael
et al., 2010, Colla et al.,

2017

(continued)
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Researches showed that grafting may decrease flesh firmness of the fruit, which results in a
shorter storage life. This may however, not be the case in every rootstock. Grafting on the right
rootstock may result in nearly identical flesh firmness, as in melons grown on their own root or
grafted on themselves (Zhao et al., 2011). According to Lester and Saftner (2008), shelf life is
reduced by washing, loading, packaging, and "ready to eat" preparation.

PHYSIOLOGICAL DISORDERS

The development of vitrescence in melons is often used to refer to the effect of grafting (Jang
et al., 2014; Rouphael et al., 2010; Colla et al., 2017). Softening and vitrescence can usually be
observed due to forcing in autumn and in cultivation in summer when a variety with traits of
lower flesh firmness is grafted to “Shintosa” rootstock. Jang et al. (2014), revealed that plants
grafted to “Shintosa” rootstock developed vitrescence in 89% of the plansts, in contrast only 50%
of plants grown on their own roots showed this problem. Plants grafted on melon rootstock
showed an even lower vitrescence development rate. Low calcium content may contribute to
softening and the development of vitrescence too (Johnstone et al., 2008). Lower phosphorus,
calcium and magnesium content can be detected in case of plants grafted to “Shintosa” root-
stock, than in plants grown on their own roots, or plants grafted to melon rootstock.

SOLUBLE SOLID CONTENT

Total soluble sugar can be determined in Brix8, which enables to predict fruit quality. Mea-
surements of Brix can be carried out with a refractometer (Burger et al., 2006). The acceptable
minimum soluble sugar content of melon is 9 Brix8 (Bianco and Pratt, 1977), but Munshi and
Alverz (2004) defined the minimum soluble sugar of melon by 10%. It is important to harvest
melons at the appropriate ripening stage (Burger et al., 2006), since in the last stage (10 days
before harvest) in parallel with the drastic decline of invers acid enzyme levels the sucrose
content increases significantly (Lingle and Dunlap, 1987; Stepansky et al., 1999).

The research of Kamiya and Tamura (1964) reveals that if “Earl’s Favorite” melon scions are
grafted on Cucurbita spp. rootstock, the fruits grow faster than on self-rooted plants, but the
fruit netting becomes poorer and sugar content is only 2–3 Brix8. In the late 1940s Imazu (1949)
reported that the Cucurbita moschata rootstock caused a weaker texture and aroma in the
grafted Honey Dew’ fruits, but increased tolerance against fusarium wilt. Grafting did reduce

Table 1. Continued

Parameter Increase Decrease Does not change

Organo-leptic
assessment

Rouphael et al.,
2010

Shelf life Lee, 2003

Dry matter content Colla et al., 2010 Crino et al., 2007

Fruit quality Davis et al., 2008
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sugar content by 1 Brix8 in case of watermelon and melon as well (Miguel, 1997; Xu et al., 2006).
In addition to grafting, different storage conditions can also have some influence on the soluble
solid and organic acid content of the fruits (Guerreiro et al., 2017).

AROMA VOLATILES

Grafting and the rootstock selection also influence the taste and aroma compounds (Davis et al.,
2008; Rouphael et al., 2010).

The taste of different fruits and vegetables is unique (Bett, 2002). Aroma and taste are
generally among the most important organoleptic properties in fruits and vegetables, a variety of
volatile compounds, as well as sugars and the acidity, contribute to their intensity in the crops
(Verzera et al., 2014).

There are several compounds with different volatility in melon fruits, such as esters, alcohols, and
carbonyl compounds, especially those containing a straight chain of nine carbon atoms. Aroma is
stronglydependentonthefruitvarietyandthephysiologicalprocessesoftheplantsandalsoshowssome
correlation with the matrix effect of changes (Dos-Santos et al., 2013; Harker and Johnston, 2011).

The most important aromatic compounds include amino acid compounds, lipid derived
compounds, phenol derivatives and mono- and sesquiterpenes (Schwab et al., 2008). Verzera
et al. (2014) reported that the proportion of the most important aromatic esters, such as ethyl
2-methylbutanoate and ethyl butanoate (could be 20–95% less than in the control) when
“Proteo” melon scions were grafted on “Polifemo”, “AS10”, “RS841”, “P360” and “Energy”
rootstocks. Octyl acetate and isobutyl acetate decreased when “Galia C8” was grafted to “RS841”
rootstocks, while the content of 2-methylbutyl acetate was similar to the nongrafted melons,
however the proportion of ethylhexonate was higher in grafted plants. The latter compounds
positively influenced the succulent and sweet taste (Yarsi et al., 2012).

Changes in climatic conditions, storage temperature, and level of ripeness are parameters
that can displace accustomed flavors to unfamiliar ones. In addition, it has been observed that
the taste of pumpkins and cucumbers can be observed in unripe melons, but is not perceptible in
ripe melon fruits (Bett, 2002).

Grafting does change the taste and the aromatic compound content of the fruits, in case of “Honey
Dew”melon,amorerobust fruity tasteandaromacanbeperceived.Thecompoundsresponsible for the
taste of melon are amino acid-derived compounds, lipid-derived compounds, phenol-derived com-
pounds, mono-, and sesquiterpenes (Schwab et al., 2008). The isolation of these compounds can be
achievedwith solid phasemicroextraction technique (SPME). For identification and quantification of
these compounds gas chromatography coupled on line withmass spectrometry (GC–MS) is used.

Certain plants have specific aroma components that are genetically encoded and defined
(Kor�any et al., 2000). These components are determined by advanced analytical methods that
use the aromatic composition of the fruit to verify origin (variety) and quality (Kocsis et al.,
2003; Majoros et al., 2006).

Thesimplestandmostcommonlyusedmethodfor themeasurementofvolatilearomacomponents
is gas chromatography separation coupled to a mass spectrometric detector (Szamosi, 2009).

However, in GC-MS analysis, it is important that the sample is properly prepared, and that
the extraction method for the volatile aroma compounds is correctly selected as this will largely
determine the success and accuracy of the assay. Melon aroma evaluation is usually carried out
from the fruit flesh after removing the peel and kernels (Horv�at and Stener, 1987).
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In addition, recent research has shown that volatile aroma components are present in higher
levels in the melon peel than in the flesh (Aubert and Pitrat, 2006).

NEAR INFRARED SPECTROSCOPY

Food science and food industry preferentially use analytical instruments which enable fast and
cost-effective examinations. NIRS is a method which provides qualitative and quantitative
analysis of food and operates on the basics of the analyte interacting with electromagnetic
radiation between 780 and 2,500 nm (Fig. 1). Among others, antioxidant capacity, sugar,
carotine, vitamin C, caffeine, and water content of different food products can be measured
with NIRS (Huck et al., 2005; Szegedi et al., 2011; Magzawa et al., 2013). NIRS requires a small
sample size and is non-invasive and is relatively fast (R�acz, 2016).

Lu et al. (2015) measured Soluble Solids Content (SSC) and firmness using visible-near-
infrared (VIS-NIR) spectroscopy in four different melon varieties. The reference values were
determined with traditional methods, SSC was measured on a digital refractometer and
firmness was measured with a hand-held penetrometer. The K-BA100R type spectropho-
tometer was found to be the most suitable using the VIS-NIR spectral range (500–1,010 nm, 2
nm spectral interval) Four different algorithms (uninformative variables elimination (UVE),
uninformative variables elimination-successive projections algorithm (UVE-SPA), genetic
algorithm (GA), uninformative variables elimination-genetic algorithm (UVE-GA)) were used
for the Partial Least Squares (PLSs) regression models. The best results were achieved using
the Genetic algorithm and partial least square (GA-PLS) model, this enabled the most
wavelength combination, and the wide search range also helped the reliability of the model.

Fig. 1. Outline of a spectrum detection system Tian et al. (2007)
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Long (2005) also measured SSC content in melon using NIRS. He came to the conclusion
that the calibration model was more reliable on the samples taken from the outer tissues of the
mezocarpium. He also concluded that the performance of the model depended on the variety.

The measurement of more inner content values have been studied using FT-NIRS, for example
antioxidant capacity, g-aminobutyric acid content, sugar content, vitamin E and C content (R�acz,
2016, N�emeth et al., 2019). When used properly, NIRS can be a cost-efficient, and precise method.

ELECTRONIC TONGUE

“Electronic tongues are defined as an array of non-specific chemical sensors with partial
sensitivity (cross-sensitivity) to different components, able to analyze complex liquids. The
sensor array produces signals which are not necessarily specific for any particular species in the
liquid, but a signal pattern is generated which can be related to certain features or qualities of the
sample using the appropriate software” (Rodr�ıguez-M�endez et al., 2010).

The electronic tongue is able to distinguish solutions from each other in a sensitive way. The
threshold of the electronic tongue’s sensors must be the similar as the human taste threshold and
it must detect interactions between taste substances just as human receptors (Bhattacharyya and
Bandhopadhyay, 2010; Kobayashi, 2005).

The sensor array creates signals that are not necessarily specific for any particular species in the
liquid, but the generated signal pattern can be related to certain qualities of the sample (Rodr�ıguez-
M�endez et al., 2010). On Fig. 2 the structure of an electronic tongue setup can be seen.

Fig. 2. Internal structure of electronic tongue, Bhattacharyya and Bandhopadhyay (2010)
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Electronic tongue has a key role in the food industry. It can be used to investigate freshness,
shelf life, and originality, as well as food characterization, quantitative analysis and process
tracking (Escuder-Gilabert and Peris, 2010).

Fekete et al. (2018) tried to confirm the effects of grafting on the nutritional parameters of
watermelon using electronic tongue and organoleptic evaluation. In their experiments they came
to the conclusion that the production area and the technology used have a more significant effect
on the quality of the fruit than grafting. Top level technologies achieved the same quality as
grafting, regardless of the type of the rootstock.

Kantor et al. (2008) investigated the changes in taste during storage in different apricot
varieties. Refraction and pH measurements as well as sensory evaluations were used as reference
method. The electronic tongue was able to distinguish between the different storage modes and
confirmed the results measured by the reference methods.

With the use of correlative analytical methods (NIR and Electronic tongue) it is easy to
distinguish between Galia and Cantaloupe type melons and between the varieties. By combining
the two techniques, it is possible to monitor quickly and non-destructively the effects of grafting
and storage on the organoleptic and nutritional parameters of melons (N�emeth et al., 2019).

SENSORY EVALUATION

Modern melon growing programs have to consider aspects of fruit quality which are often left out,
such as sensory parameters examined from a consumer point of view. Sensory evaluation provides
information on how consumers perceive and respond to food products in real life, this information
is even more credible if it is also supported by instrumental measurements (Schiffman, 1996).

The quality of melon fruit is made up of several factors such as the visual appearance,
texture, and the taste and aroma, which are the most important attributes for consumers
(Escribano et al., 2010).

According to Vallone et al. (2013) physiological changes during ripening and harvesting at
the appropriate ripeness are key in achieving good organoleptic parameters. Melons, when
properly ripe, have a sweet, fruity taste, and aroma, whereas the unripe fruit is usually char-
acterized by its cucumber taste and aroma. There is a significant association between melon
2-heptenal levels and “cucumber taste”, according to the study.

The aroma and the right texture greatly influence the consumer satisfaction (Bett-Garber
et al. 2003).

Bett-Garber et al. (2003) compared the organoleptic properties of four Cantaloupe type melon
varieties and found that sweet taste and aroma, flesh firmness and water content are also variety
dependent. The “Athena”, “Primo”, and “Sol Real” varieties are much sweeter than “Pacstart”.

Ayres et al. (2019) compared the organoleptic properties of 15 Cantaloupe type melon on
the basis of flavor, taste, and texture. The varieties were the most easily distinguished by
their flesh color, sweetness, firmness, and juiciness. The critics preferred the medium-ripening
varieties “Magellan” and “Acclaim”. Significant differences were found between the organoleptic
parameters of different cultivars, irrespective of whether the cultivar was early or late ripening.
Overall, it was concluded that sensory parameters are not influenced by the growing cycle.

Storage affects the organoleptic properties of melon fruits. The optimum storage temperature
is 4 8C for 7 days. As a result of storage, the sweet, fruity taste and the flesh firmness of the pulp
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decreases regardless of the variety (Bett-Garber et al., 2003). Bett-Garber et al., (2011) examined
the effect of different storage temperatures on the organoleptic properties of melons. Melons
were stored at 4 or 10 8C and after 24 or 48 h some of the fruits have been moved from 4 to 10
8C. Organoleptic analysis has been conducted on the 2nd, 5th, and 7th day of storage. It was
concluded that temperature changes during storage negatively affect the quality of the fruit,
melon aroma, and taste, sweet aroma were worse, and the textural properties also changed
compared to the control (10 8C).

Miccolis et al., (1995) stored different melon varieties at 7, 12, and 15 8C for 3 weeks and
after that at 20 8C for 3 days. He found that flesh firmness depends on the variety but is also
influenced by the storage conditions.

€Ozdemir et al. (2016) compared the shelf life and storage life of self-rooted and grafted water-
melons. Watermelons were stored at 7 8C for 21 days then at 21 8C for 7 days. They found that the
watermelons grafted on the “Ferro” and “RS841” rootstocks had better flesh firmness, less crackings,
and more intense flesh color than the self-rooted ones, also their lycopene content was higher.

The vintage effect can significantly influence the organoleptic parameters of melons (Bett-
Garber et al., 2003).

CONCLUSION

Grafting of cucurbits is very popular today. Grafted seedlings are widely used by the watermelon
growers, however, for melons the practice of grafting is not widespread. Literature and the attitude
of the growers towards the subject are very different, positive as well as negative experiences are
reported. Grafting may affect the ripening, yield and inner content of the fruit. The refraction, the
composition of the aromatics and the formation of vitrification may also change. Most melons are
climacteric fruits, so proper storage parameters can influence their quality, due to this it is advisable
to investigate the effects of grafting and storage together. It is important to note that many negative
grafting experiences are due to the fact that growers do not adapt the water and nutrient supply to
the needs of the grafted plant. Nowadays it is possible to use newly spread correlative analytical
methods (NIR, electronic tongue), that are easier, faster, and non-destructive, organoleptic evalu-
ations and standard analytical measurement methods, to determine melon inner content values.
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