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ARTICLE INFO ABSTRACT
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Melon landraces are highly appreciated by consumers who pay price premiums to compensate for lower yields,
enabling on-farm conservation. However, they are highly susceptible to soilborne diseases. This study analyses

Sugar the impact of Cucurbita and Cucumis rootstocks on the accumulation of flavor-related metabolites in Spanish
Acid . . . o .

Volatile landraces of the Ibericus melon group, as a strategy to promote their sustainable cultivation. Scion genotype was
Soilborne diseases the main factor conditioning the accumulation of sugars and acids both under standard and saline organic
Landrace farming conditions. The effects of grafting on organic acid accumulation were negligible, while the effects on

sugar content were significant. The latter effects were dependent on specific scion-rootstock combinations,
though wild Cucumis (e.g. Fian) rootstocks represent an alternative that should be further studied. The effect on
the accumulation of volatiles was limited, and again depended on specific scion-rootstock combinations. The
rootstock effect even differed between populations of the same landrace.

1. Introduction

Melon (Cucumis melo L), with an average consumption of 8 g per
capita and day (data for 2020), is one of the top ten most consumed
fruits in the World (https://www.fao.org/faostat). It is highly appreci-
ated worldwide, and several countries from Europe, Africa, Asia, and
Oceania have consumption levels higher than 15 g per capita and day. In
order to satisfy the increasing demand, its production has experienced a
steady increase during the last 20 years. In 2020, World production
reached 27.5 million tonnes, a 50 % increase compared to two decades
earlier.

Spain outstands by its particular diversity in this species. Romans
already described the cultivation of C. melo in this area, although it
seems that it was mainly restricted to the Flexuosus group. It would be
the Arabs who probably introduced the sweet melon in Spanish agri-
culture (Lazaro et al., 2017). Centuries of cultivation would result in a
great range of diversity in the Ibericus group of melon, represented in
the subgroups Piel de Sapo, Amarillo, Tendral, Rochet, and Blanco
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(Pitrat, 2016). These landraces are still highly appreciated in the area. In
fact, they are still more valued than commercial varieties due to their
specific sensorial attributes (Escribano & Lazaro, 2012).

The maintenance of this germplasm diversity, and the cultivation of
melon in general, is jeopardized by the incidence of diseases, especially
soilborne diseases. It would be the case of melon wilt and root rot, that
affects melon cultivation in arid and semi-arid cucurbit-growing areas
worldwide and where it compromises melon cultivation (Castro et al.,
2020). Sources of resistance are available, but the main strategy to
control these damages relies on the use of grafted plants and the
development of new rootstocks (Pico, Thompson, Gisbert, Yetisir &
Bebeli, 2017).

In cucurbits, the use of grafting has become commonplace ever since
the initial use (circa 1930) of Lagenaria rootstocks to provide resistance
against Fusarium in watermelon (Kawaide, 1985). This practice has been
mainly used to provide tolerance against soilborne diseases and abiotic
stress (Rouphael, Kyriacou, & Colla, 2018). In fact, cucurbits are
increasingly cultivated under unfavorable conditions, including among

Received 6 October 2022; Received in revised form 5 February 2024; Accepted 6 February 2024
0308-8146/© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).



A. Flores-Leon et al.

other soils with high salinity, and fertility problems. In the case of
salinity, grafting arises a solution to minimize its impact in yield and
quality. In the case of organic farming grafting is an essential approach,
considering the limited availability of disease control alternatives and
the high impact of soilborne diseases on Cucumis production (Flores-
Leén et al., 2021).

Different types of rootstocks can be employed for melon production.
Among them, the interspecific crosses of Cucurbita maxima Duch. and
Cucurbita moschata Duch. lead the use of rootstocks for watermelon and
melon production, although other alternatives have been explored
(Karaagac & Balkaya, 2013; Céceres, Perpina, Ferriol, Picd, & Gisbert
etal., 2017). Nonetheless, the use of intraspecific melon rootstocks is yet
to be efficiently exploited and it may interesting alternative influence of
the scion, as decreasing the high vigor typical of Cucurbita rootstocks
and the negative impact on fruit quality (Pico et al., 2017). Indeed,
quality can be affected by grafting. Although this effect is indeed highly
dependent on the specific scion-rootstock combination, a majority of
studies highlight a negative impact on soluble solids contents, dry
matter content, and organoleptic perception (as reviewed by Németh
et al. (2020).

Regarding the impact on specific compounds, Kolayli et al., (2010)
found that grafted melons reduced total individual sugar contents, and
citric acid contents, and increased the fructose to glucose ratio. This,
added to a negative impact on aroma perception led to a negative impact
on taste perception in sensory evaluations. As regards volatile com-
pounds, a limited amount of literature is available in this species.
Nevertheless, pumpkin hybrids have been found to induce a negative
effect on the accumulation of key odorant esters. In muskmelon, they
reduced the activity of alcohol dehydrogenases and alcohol acyl-
transferases (Chuan-qgiang, Yu-xue, & Lin, 2011). This impact can be
considerably important, as it was reported in melons of the group
reticulatus, in which high reductions in ethyl 2-methylbutanoate and
ethyl butanoate contents, 20-55 % and 63-95 % respectively were
induced (Condurso et al., 2012). Within the inodorus group Verzera
et al., (2014) found in honeydew melons that the content of key aroma
aldehydes, such as (Z)-3-nonen-1-ol and(Z)-6-nonenal were lower in
grafted plants, with reductions of 20-60 % and 8-45 %, respectively. In
snake melon (Cucumis melo var. flexuosus) Cucumis and Cucurbita root-
stocks tended to increase the production of volatiles, especially the
former, and the latter reduced the accumulation of hexoses and affected
negatively flavour perception (Flores-Leon et al., 2021).

Despite the progress made, little is known regarding the impact of
grafting on melon landraces and the effect of alternative rootstocks. In
this context, the purpose of the present work is to analyze the impact of
interspecific and intraspecific Cucurbita and Cucumis rootstocks on the
accumulation of specific sugars, acids, and volatiles analyzing its effects
in melons of the ibericus group. Melon landraces were selected as ma-
terials of study precisely to evaluate the impact on high quality materials
and to prospect the use of grafting as an alternative for the production of
these resources under constraining conditions such as the impact of
soilborne-diseases and high salinity in sustainable organic farming
cultivation.

2. Materials and methods
2.1. Plant materials

Eight accessions of five melon landrace types belonging to the C.
melo ibericus group were used as the scion. One accession of the Ama-
rillo landrace type, “Groc d’Ontinyent” 22AM-GO (BGV016451), one
accession, 35TN (BGV004298) of the Tendral type, two accessions of
Blanco type, 29BL (BGV015753) and 32BL (BGV016453), one accession
of Rochet type, 02RC (BGV003718), and two accessions of Piel de Sapo
type, 03PS (BGV016356) and 11PS (BGV013188). These accessions are
available through the GeneBank of the Universitat Politecnica de
Valencia, Spain. One commercial F1 hybrid was included as scion
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control: Finura RZ F1 (Rijk Zwaan Ibérica S.A.R.L.), representing the
Piel de Sapo type.

These scions were grafted onto five rootstocks. F1Pat81, an experi-
mental interspecific cross between a Cucumis melo accession of the
agrestis subspecies, resistant to Monosporascus cannonballus (Roig
et al., 2012), and another C. melo accesion of the melo subespecies,
ibericus Piel de Sapo type, two hybrid rootstocks between wild species:
Cucumis ficifolius A. Rich. x Cucumis anguria L. and C. ficifolius x
Cucumis myriocarpus E. Mey. ex Naud. (Fian and Fimy, respectively),
with resistance to different soilborne diseases (Caceres et al., 2017), and
one commercial Cucurbita maxima Duch. x Cucurbita moschata Duch.
ex Poir. hybrid rootstock: Shintoza F1 (Intersemillas S.A.), with resis-
tance to Fusarium oxysporum and Verticillium albo-atrum. The type of
grafting method employed was the tongue-approach method, and plants
were grafted approximately one month before transplantation. In the
case of Fian, that number of seeds available was limited and seeds did
not germinate uniformly. Consequently, not enough plantlets could be
grafted appropriately due to differences in the development between the
rootstock and the scions.

2.2. Experimental design and cultivation

Cultivation was performed during the spring-summer crop cycle
(from May to August) in two sites with different agroclimatic charac-
teristics, both open-field, on the East coast of Spain. The field in La Punta
(39°26/'41.3" N, 0°21”14.9" W, Valencia, province of Valencia), had a
long history of melon cultivation with a high incidence of soilborne
diseases. The field of Carrizales (38°08'32.8" N, 0°42'44.7" W, Elche
province of Alicante) was selected as representative cultivation of melon
under high salinity conditions (irrigation water higher than 3dS m™1).
The use of saline water irrigation in the area leads to the production of
high-quality recognized melons. In each field, a randomized complete
block design with four blocks and four plants per treatment and block
was used. In the case of Fian a lower number of plants was available for
some combinations due to the lack of sufficient seed. Not enough sam-
ples could be obtained for volatile analysis of 35TN and Finura in Car-
rizales, and these accessions were excluded from the MANOVA biplot
analysis. In the case of 02RC in Carrizales several rootstock combina-
tions could not be sampled due to disease effects and it was exluded from
the general ANOVA analysis.

Plants were transplanted onto ridges with black mulch. In La Punta a
separation of 2 m between ridges and 0.6 m between plants was used. In
Carrizales the distance between plants was slightly higher (0.9 m). Flood
irrigation every two weeks was used in the case of La Punta, and drip
irrigation in Carrizales, covering Etc and following commercial practices
in the area. In both cases, organic farming management was followed.

2.3. Analysis of sugars and acids

Fruits were collected when they reached commercial maturity, with
one fruit per plant being analysed. A 5 cm wide cross-section of the
equatorial area was obtained from each fruit, homogenized, and frozen
at —80 °C until analysis. An aliquot was used to determine individual
sugars (sucrose, glucose, and fructose) and organic acids (citric, malic,
and glutamic) using an Agilent 7100 capillary electrophoresis system
(Agilent Technologies, Waldbronn, Germany) following the procedure
described by (Cebolla-Cornejo, Valcarcel, Herrero-Martinez, Rosello, &
Nuez, 2012).

Thawed samples were centrifuged at 13200 rpm (F45-24-11 fixed
angle rotor, Eppendorf, Hamburg, Germany) for 5 min. The resulting
supernatant was diluted (1:20) with ultrapure water (Elix 3, Millipore,
Billerica, MA, USA) and filtered using 0.22 um centrifuge tube filters
(Costar® Spin-X®, Corning, Amsterdam, The Netherlands). Uncoated
fused-silica capillaries (Polymicro Technologies, Phoenix, AZ, USA) of
50 pm id, 375 pm od, 67 cm total length, and 60 cm effective length were
used for the separation. Before their first use, capillaries were prepared
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flushing NaOH 1 mol/L at 50 °C for 5 min, NaOH 0.1 mol/L for 5 min at
20 °C, and water for 10 min. At the beginning of each sequence, the
capillary was flushed at 20 °C with the running buffer for 30 min. The
running buffer consisted of 20 mmol/L 2,6-pyridine dicarboxylic acid
and 0.1 % w:v hexadimethrine bromide solution at pH 12.1. Between
runs, the capillary was flushed with 58 mmol/L sodium dodecyl sulphate
(2 min) and running buffer (5 min). Samples were hydrodynamically
injected at 3400 Pa for 10 s, the separation was performed applying a
voltage of —25 kV at 20 °C, and the absorbance was measured at 214
nm. Results were expressed in g kg~ fresh weight (fw). Total sugars, the
ratio fructose to glucose and hexoses to sucrose were determined, as well
as sucrose equivalents (SEq), which was calculated by multiplying su-
crose, glucose, and fructose contents by their relative sweetening power,
1, 0.74, and 1.73, respectively, and adding them up (Koehler & Kays,
1991).

2.4. Analysis of volatile compounds

The purge and trap followed by gas chromatography-mass spec-
trometry (GC-MS) analysis method described by Fredes et al., (2017)
were used for the analysis of volatile compounds. Only the samples from
Carrizales were analyzed, selecting one random sample per block. Solid
Phase Extraction (SPE) cartridges were conditioned with 5 mL of diethyl
ether, 5 mL of n-hexane, and air-dried for 10 min. For extraction, 30 g of
thawed sample was weighed into a 150 mL stoppered Erlenmeyer flask.
A 1.6 mL min~! nitrogen gas flow was used for the inlet tube of the purge
and trap headspace system, and the SPE cartridge for the outlet tube.
The samples were extracted for 49 min at 40 °C using magnetic agita-
tion. Then, the cartridges were eluted using 5 mL of diethyl ether/n-
hexane 1:1 (v:v) solution, and 5 mL of diethyl ether. Finally, the
collected elution solvents were evaporated to 0.5 mL at 35 °C under a
nitrogen gas flow. The resulting extracts were divided into two aliquots
and frozen at —40 °C in sealed vials until analysis.

The quantification of volatile compounds was performed using a TQ-
GC gas chromatography system from Waters (Milford, MA, USA). A
Supelcowax 10 column of 30 m x 0.25 mm x 0.25 pm (Sigma-Aldrich,
San Luis, MO, USA) and a 1 mL min~! helium gas flow were used. The
samples were injected in splitless mode (1 uL) at 280 °C. The tempera-
ture program started at 40 °C during 5 min after the injection followed
by a rise to 160 °C (40 °C min’l), and finally, a rise to 250 °C (30 °C
min~!) which was maintained for 2 min. Electron ionization in positive
mode was used at 250 °C and 230 °C for the interphase and the ion
source respectively. The mass spectra were acquired in Selected Ion
Monitoring (SIM) mode using the m/z relation for each compound.

2.5. Statistical analysis

MANOVA tests were performed with the SPSS 22.0 software (NYSE:
IBM, Armonk, NY, USA) to evaluate the effects of the site of cultivation,
scion, and rootstock and their interactions. P-value was calculated using
the Pillai trace test. ANOVA tests, Tukey and Dunnett’s tests were per-
formed to delve into the effect on individual variables. StatGraphics
Centurion version 17.2.04 for Windows and IBM SPSS Statistics 25 for
Windows were used for this purpose.

The effect of main effects and interaction in the accumulation of
volatiles was studied with a graphical MANOVA Biplot representation
(freeware licensed software by Vicente-Villardon, 2015). Bonferroni
circles were plotted to represent the confidence intervals (« = 0.05).
Non-overlapping projections of a couple of treatments on each variable
indicate significant differences. In the MANOVA Biplot, dashed lines
were used to indicate non-significant effects.
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3. Results
3.1. Accumulation of sugars and acids

The assays took place under organic farming conditions in order to
verify the performance of the rootstocks in actual infestation contexts. In
both fields, soilborne pathogens were detected during cultivation, as
described in a previous study dealing with snake melon in the same
fields (Flores-Leon et al., 2021), but La Punta presented a higher mor-
tality and pathogen presence than Carrizales. In the case of La Punta
Macrophomina phaseolina, Fusarium species and Neocosmospora falci-
formis represented the main pathogens, while in Carrizales predomi-
nated Macrophomina phaseolina and Fusarium species.

Both cultivation sites differed in climatic conditions, management,
and even disease incidence, but probably the main difference was
related to salinity levels. In Carrizales, salinity of irrigation water (4.5 dS
m 1) doubled that of La Punta. Soil salinity was also considerably higher
in Carrizales (3.2 dS m~! vs. 0.67 dS m’l). Accordingly, location
influenced the accumulation of soluble metabolites leading to signifi-
cant effects in the levels of glutamic acid, fructose, glucose, sucrose, the
ratio fructose to glucose, and hexoses to sucrose, as well as SSC
(Table 1). The contents of hexoses were higher in La Punta, while su-
crose content and SSC were higher in Carrizales. Regarding acids, higher
contents of glutamic acid were found in La Punta. In the case of citric
acid, the higher contents of La Punta were not significant but close to the
threshold (p = 0.07).

The scion had a significant effect on all the variables related to sol-
uble solids (Table 1). Accession 03PS outstood for malic acid accumu-
lation with levels that more than doubled the rest of accessions, even
11PS that also belonged to the same landrace of the Piel de Sapo type. In
contrast, 03PS presented the lowest levels of citric acid. Glutamic acid
was detected at very low levels, with 35TN having the highest accu-
mulation. As sugars are concerned, Finura, 32BL, and 35TN had the
highest values of fructose and 11PS the lowest. A similar trend was
found for glucose accumulation. Sucrose levels were similar in all the
accessions, but Finura offered lower levels. The differences in total
sugars were limited, with significant differences between the 101.20 mg
kg~! of Finura and 110.21 mg kg™! of 32BL. A similar trend was
observed in the case of sucrose equivalents, which is weighed by the
sweetening power of each sugar, and SSC. On the contrary, the profile in
sugar accumulation was more variable. In this sense, the fructose to
glucose ratio, ranged from 0.82 in 11PS to 1.04 in 32BL. Even higher
variation was found for hexoses to sucrose ratio that varied from 0.53 in
11PS to 0.95 in Finura.

The accumulation of acids, SSC and fructose was not significantly
affected by the rootstock (Table 1). In fact, the rootstock effect was only
significant for the accumulation of glucose, sucrose, the ratio fructose to
glucose, total sugars, and sucrose equivalents. The non-grafted control
had higher values of glucose and lower levels of sucrose compared to
grafted plants. Among the rootstocks, the use of Fian (F1 C. ficifolius x
C. anguria) led to higher sucrose contents. As opposed to the scion effect,
the variation in the fructose to glucose ratio was low, with the lowest
levels found in Shintoza and Fimy. Finally, the high accumulation of
sucrose in Fian led to higher levels of total sugars and sucrose equiva-
lents observed with this rootstock.

Important interactions between factors were detected (Table 1). The
interaction location x scion was highly significant for almost all the
variables. In the case of location x rootstock, it was only significant for
glutamic acid contents and the ratio fructose to glucose. The scion x
rootstock interaction was significant for all the variables except those
regarding acid accumulation.

Considering the existence of such interactions a more thorough
evaluation, extended to the volatile profile, was performed in Carrizales,
a cultivation site with saline water, that maximizes melon quality, and
milder soilborne pathogen stress. This time the focus was placed in the
evaluation of a higher range of landraces.
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Table 1
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Effect of the location, scion, rootstock and their interaction on the accumulation of sugars and acids in sweet melon fruits from non-grafted (NG) plants and those
grafted onto Cucurbita comercial rootstock Shintoza and experimental Cucumis rootstocks (F1Pat81, Fian, and Fimy) grown at La Punta and Carrizales. ANOVA p-
values are indicated and for each effect, different letters indicate significant difference at p < 0.05 (Tukey test).

Malic Citric Glutamic Fructose Glucose Sucrose Fructose/ Hexoses/ Total Sucrose Soluble
acid acid acid gkg™! gkg™! gkg™! Glucose Sucrose sugars equivalents solids
gkg™? gkg! gkg! ratio ratio gkg™! gkg™? content
(°Brix)
Location Carrizales  0.185%  4.679°  0.019% 18.142% 19.884°  67.248"  0.892* 0.643% 105.275°  113.348° 12.918°
@
LaPunta  0.222*  4.875°  0.040° 22.102° 22743  60.849°  0.977° 0.800" 105.694°  115.915° 11.5222
p-value 0.41 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.82 0.16 <0.01
Scion (S) 03PS 0.55° 4,08° 0.03% 17.70° 19.04% 66.27° 0.93% 0.58° 103.01%*  110.98* 12.4°
11PS 0.23° 4.86° 0.03%° 14.70% 17.55% 71.82° 0.81° 0.53° 104.06®  110.22* 12.7°
32BL 0.06 4.76° 0.02° 22.84° 21.86° 65.52° 1.044 0.73° 110.21° 121.20° 12.5°
35TN 0.12° 5.15° 0.04° 21.68° 23.76"  63.51° 0.91° 0.82°¢ 108.94%*  118.59% 12.2%
Finura 0.06° 5.04° 0.03% 23.70° 24.36° 53.14% 0.97¢ 0.95¢ 101.20% 112,172 11.42
p-value <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01
Rootstock NG 0.20 4.81 0.03 20.55 22.02° 59.29% 0.93% 0.79° 101.86% 111.14% 12.0°
R)
F1Pat81 0.25° 4.89° 0.02° 19.41° 19.80° 65.00°  0.97° 0.68° 104.21%*  113.23% 12.0
Shintoza 0.16° 4.63° 0.03° 20.01% 21.49%"  63.42%°  0.92° 0.73° 104.92%° 113.94%° 12.2%
Fian 0.25° 4,69° 0.03? 20.46% 21.67%*  68.73" 0.93% 0.68° 110.86" 120.16° 12.5%
Fimy 0.16° 4.87° 0.03° 20.18% 21.59%  63.80"  0.92° 0.74° 105.57%"  114.69%° 12.4%
p-value 0.54 0.47 0.63 0.54 0.01 0.05 0.02 0.20 0.05 0.04 0.22
LxS p-value 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.13 <0.01
LxR p-value 0.2635  0.18 0.02 0.54 0.33 0.23 0.05 0.09 0.34 0.31 0.10
SxR p-value 0.75 0.23 0.23 0.05 0.05 0.04 <0.01 0.50 <0.01 <0.01 <0.01

Two independent MANOVAs confirmed highly significant effects of
the scion genotype, rootstock, and their interaction in the global accu-
mulation of sugars and acids and volatiles (Pillai trace p-values <
0.001). It was confirmed then, the necessity to evaluate the impact of
rootstocks on each specific scion genotype.

Indeed, in the case of the sugar and acid profile, the response of the
plants to grafting depended on the specific scion-rootstock combination.
Even more, within the same landrace type, the response varied
depending on the precise accession being considered. In the Amarillo
landrace accession 22AM-GO, the sugar and acid profile of F1Pat81 was
quite similar to that of the non-grafted control (Fig. 1). In this case the
Fian rootstock combination was not avalaible. With this landrace, the
use of the commercial Cucurbita hybrid Shintoza mainly had a small
effect increasing the amounts of glutamic acid over the quantification
limit, while Fimy tended to offer higher sugar accumulation, though this
difference was not significant (Supp. Table 1).

Limited differences were found when the Rochet landrace accession
02RC was used as scion. Although grafted plants tended to reach lower
citric acid contents than NG, this difference was not significant.

In the Blanco landrace two accessions were studied, and a different
response was observed in each one (Fig. 1). The differences between
grafted and non-grafted plants were higher in 29BL. In this accession,
NG plants tended to show higher hexoses and lower sucrose accumu-
lation leading to higher hexoses to sucrose ratio. Although grafted plants
tended to offer higher sucrose contents, total sugars and SSC, especially
in the case of Shintoza, but a high level of variability restricted the
significance of this effect on most rootstocks. In the accession 32BL the
differences were attenuated, and only Shintoza tender to offer a less
acidic profile (Supp table 1).

A difference in the response was also found between the two acces-
sions evaluated of Piel de Sapo. In the 11PS accession, the differences
between the NG control and grafted plants were limited, though grafted
plants tended to reach higher sugar accumulation and SSC (Fig. 1). But
this effect was only significant for Fian and Fimy (Supp table 1). This
also applied in the case of 03PS accession with Fian. For this accession
Shintoza tended to show a less acidic profile, as it happened with the
Blanco accession, but this effect was not significant (Supp Table 1).
Finally, F1Pat81 presented a high fructose to glucose ratio.

3.2. Volatile organic compound profiles

Important differences were found among accessions in the volatile
profile of non-grafted (NG) controls, even between those belonging to
the same landrace (Table 2). Accession 02RC of Rochet and 03PS from
Piel de Sapo showed the lowest total volatiles contents, mainly due to a
low accumulation of aldehydes. On the other hand, 29BL from Blanco
reached the highest total volatiles and total aldehydes contents, while
02RC and 32BL had high total esters content. The effect of grafting on
fruits volatile profile regarding total volatiles and groups of volatiles was
limited. Nonetheless, a more detailed analysis of this effect was studied
with independent MANOVA biplots for each accession.

A significant effect of rootstocks on the total amount of specific
groups of volatiles was restricted to the accessions 22AG-GO of Ama-
rillo, 29BL of Blanco and 3PS of Piel de Sapo. In Amarillo, grafting
tended to reduce the amount of total volatiles, but this effect was only
significant when the Fimy rootstock was used (Table 2). A similar effect
was detected in 29BL of Blanco, with a trend to reduce total volatiles and
total aldehydes in fruits form grafted plants, but this time this effect was
only significant in the case of F1Pat81. In the case of 03PS differences in
the amount of apocarotenoids were found between Fimy and Fian, but
not between grafted plants and the non-grafted control.

Nonetheless, the specific scion-rootstock combination also seemed
determinant in the case of the volatile profile and it affected specific
compounds. Consequently, it was further reviewed in a case-by-case
basis. In the Amarillo accession 22AM-GO the use of Cucumis root-
stocks had a reduced effect on the volatile profile compared to the non-
grafted control (Fig. 2, Supp. Table 2). The highest differences were
found between the non-grafted control and Shintoza, the Cucurbita F1
Hybrid, which tended to show higher accumulation levels of certain
esters (e.g. ethyl butanoate, 1.3 and methyl-2-methyl butyrate, 1.1), and
a much lower aldehyde content (e.g. nonanal, 2.6, and (Z)-6-nonenal,
2.7).

In the case of the Rochet accession 02RC the differences between
rootstock combinations and the NG control were, in general, negligible.
Nonetheless, Cucumis rootstocks increased the content of (Z)-3-Nonen-1-
ol, 3.6 in the figure (Fig. 2, Supp. Table 2). The use of the Fian rootstock
led to a different volatile profile, plotting in MANOVA biplot far from the
NG. This roostock tended to increase the levels of certain esters (ethyl
butanoate, 1.3 and ethyl-2-methyl butyrate, 1.4) and alcohols, though
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Fig. 1. MANOVA Biplot for the Sugars and Acids analyzed in different melon landrace and rootstock combinations grown in Carrizales. Circles represent Bonferroni
confidence intervals. NG: non-grafted control, F1Pat81 (C. melo subsp melo group ibericus, x C. melo subsp agrestis group chinensis, Pat 81), Shintoza (C. maxima x

C. moschata), Fimy (C. ficifolius x C. myriocarpus), Fian (C. ficifolius x C. anguria).

these changes were not significant when compared in case-by-case basis
(Supp. Table 2).

The two accessions of Blanco had certain resemblances in their
response (Fig. 2, Supp. Table 2). In both cases, the differences in the
volatile profile between grafted combinations were limited, but they
seemed to differ from the NG control. Indeed, in both cases the control
plotted at some distance from the rest of the treatments and the pro-
jections of the Bonferroni confidence circles did not overlap for several
volatile vectors. The response of both accessions was different, though in
some aspects. Fruits from 29BL grafted plants presented lower aldehyde
content (e.g. (E,Z)-2,6-nonadienal, 2.11 and nonanal, 2.6), while those
from 32BL grafted plants had higher content of specific compounds in
certain combinations. It was the case of 2-methyl propyl acetate (1.2) in
Fian, (Z)-6-nonenal (2.7) in Fimy, or geranylacetone (4.1) in F1Pat81.

Differences between accessions of the same landrace were also
observed in the case of Piel de sapo (Fig. 2). In the accession 03PS,
melons from plants grafted onto Fian, and F1Pat81 clearly differed from
the rest of the treatments and the NG control. They displayed higher
content of esters (e.g. heptyl acetate and butyl butyrate in Fian) and
alcohols (e.g. 1-pentanol, 3.1, 1 decanol, 3.8 and phenol, 3.12, in Pat81).

On the other hand, melons from plants grafted on Shintoza and Fimy had
a volatile profile very similar to the NG control. This time those grafted
on F1Pat81 tended to show higher levels of esters and certain aldehydes
and alcohols (e.g. (E)-2-nonenal, 2.10, (E,Z)-2,6-nonadienal, 2.11), and
1-pentanol, 3.1). In the case of 11PS the differences between the
different rootstock/scion combinations and the NG control were rather
limited. A higher level of variation was observed though, which led to
higher values for the Bonferroni circles of confidence in the MANOVA
biplot. Nonetheless, some common responses were identified. In this
sense F1Pat81 again tended to show higher levels of certain alcohols,
and lower levels of certain aldehydes, though these differences in a case-
by-case analysis were not significant (Supp. Table 2).

4. Discussion

Organic farming is becoming increasingly important in areas such as
Europe, where an important effort has been made to increase its adop-
tion as a means to contribute to sustainable development. It is true that
under organic management crops tend to offer lower yields, but they can
also be more profitable, environmentally friendly, and deliver equally or
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Table 2
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Accumulation of volatiles in fruits grown in Carrizales with different landrace and rootstock combinations. Totals of each volatile group obtained as the sum of in-
dividual compound concentrations within that group. ANOVA p-values are indicated. Different letters indicate significant difference at p < 0.05 (Tukey test).

Scion Rootstock Total volatiles Total esters Total aldehydes Total alcohols Total apocarotenoids
(ng/g) (ng/g) (ng/g) (ng/g) (ng/g)

22AM-GO F1Pat81 319.92 + 36.17%° 2.17 + 0.32% 207.37 + 30.87% 108.53 + 11.28% 1.85 + 0.22%
Fimy 223.19 + 11.89% 2.83 + 0.86% 128.58 + 36.64% 90.41 + 24.08% 1.39 + 0.19%
Shintoza 265.29 + 28.7%" 7.92 + 2.29% 123.54 + 36.2° 132.22 + 8.19% 1.61 &+ 0.14*
NG 387.68 + 34.17° 2.09 £ 0.2° 277.24 + 28.6% 106.91 + 16.78% 1.44 £+ 0.15%
p-value 0.0450 0.0404 0.0383 0.3426 0.3269

02RC F1Pat81 282.02 + 31.45% 6.47 + 2.02% 103.84 + 21.51* 170.05 + 12.29% 1.66 + 0.08%
Fimy 234.89 + 37.69% 10.35 + 5.99% 35.97 + 6.62% 186.94 + 38.21°% 1.63 +£0.11°
Shintoza 218.86 =+ 28.55% 2.93 +0.15% 77.53 + 7.44% 136.39 + 29.64% 2.01 + 0.29°
NG 201.28 + 33.91% 4.47 £+ 0.93% 100.11 + 20.52% 95.21 + 17.92% 1.49 + 0.25%
p-value 0.3688 0.2599 0.1237 0.1214 0.4161

29BL F1Pat81 328.31 + 44.317 2.84 +1.09% 216.48 + 51.8°% 107.19 + 8.62° 1.8 +0.4%
Fimy 452,18 + 54.59°" 46.78 + 44.43% 264.2 + 67.7% 139.91 + 15.4% 1.28 + 0.23%
Shintoza 460.52 + 91.35%" 13.72 +7.85% 287 + 42.65° 158.32 + 45.56% 1.48 +0.13%
NG 678.92 + 71.99" 3.89 £+ 0.33% 568.4 + 44.35° 105.02 + 28.19* 1.6 + 0.49%
p-value 0.0375 0.5131 0.0058 0.5058 0.7513

32BL F1Pat81 601.02 + 63.31% 7.75 £+ 1.52% 422.06 =+ 85.58" 168.53 + 37.02% 2.69 + 0.07%
Fian 473.22 £ 26.24* 10.51 + 2.34* 318.64 + 23.24* 142.27 + 34.5° 1.8 £0.21%
Fimy 1094.38 + 350.4% 7.99 + 0.76% 587.08 + 69.24% 148.29 + 21.44% 1.74 + 0.16*
Shintoza 571.51 &+ 131.18% 6.68 + 0.28" 420.3 +117.23° 142.56 + 23.33% 1.97 + 0.06%
NG 441.74 + 63.88* 4.73 + 1.26% 329.46 + 44.93% 106.08 + 19.41 1.47 £ 0.4°
p-value 0.1245 0.1361 0.1491 0.6392 0.1610

11PS F1Pat81 407.12 £ 66.57% 3.45 £ 0.42% 276.62 + 53.28% 104.98 + 56.45% 2.26 + 0.08*
Fian 439.46 + 126.3% 3.46 £+ 0.35" 164.79 + 52.35% 270.01 £ 179.5% 1.2 4+ 0.51%
Fimy 217.55 + 45.47* 3.65 + 0.48% 95.11 + 31.34* 116.84 + 13.71* 1.94 + 0.9%
Shintoza 351.58 + 65.81% 3.11 £ 0.15% 222.14 + 54.14% 124.34 + 25.93* 2 4+ 0.15%
NG 404.36 + 126.39% 2.13 £+ 0.68" 292.53 + 95.55% 108.17 + 30.1% 1.53 + 0.2%
p-value 0.6116 0.5224 0.5136 0.6197 0.4800

03PS F1Pat81 289.53 & 57.42% 7.74 + 4.72* 133.92 + 14.08* 146.32 + 61.71* 1.54 + 0.13%
Fian 246.22 £ 18.7% 3.79 £ 0.08" 118.55 + 6.95% 122.04 + 25.14% 1.85 + 0.44°
Fimy 216.41 + 57.92% 3.25 + 0.62% 90.51 + 81.77% 121.78 + 26.13% 0.86 + 0.1°
Shintoza 98.45 + 31.43% 1.53 + 0.04% 27.68 + 4.46% 68.26 + 27.93% 0.98 + 0.23%
NG 176.73 + 2.78% 2.29 £ 0.29% 96.37 £ 5.67% 76.81 & 7.89% 1.26 + 0.13%
p-value 0.0804 0.3927 0.4412 0.5142 0.0458

more nutritious foods that contain fewer pesticide traces, compared with
conventional farming (Reganold & Wachter, 2016). Consequently, it
represents the perfect scenario to promote the active cultivation of
melon landraces, contributing to their in situ on-farm conservation.
Nonetheless, for that purpose it is necessary to assure a price premium
that compensates for lower productivity. This is usually achieved tar-
geting the production to high quality markets that value organoleptic
and functional quality, as it is the case for example in tomato landraces
or high pigment varieties (Cebolla-Cornejo, Soler, & Nuez, 2007).

Spain represents the perfect scenario for this approach. This area
represents a secondary center of melon diversity, characterized by a
wide variety of landraces of the Ibericus group, which have been
retained in the domestic markets thanks to taste attributes (Lopez-Sesé,
Staub, & Gomez-Guillamon, 2003). But its cultivation is highly jeopar-
dized by the incidence of soilborne diseases. Accordingly, the use of
grafting may represent a reliable alternative to promote their cultivation
in these conditions, as long as it does not affect their typical quality
standards.

4.1. Effect on soluble solids

The use of grafting also offers an alternative strategy to promote
cultivation under saline conditions. Indeed, salinity is a growing concern
worldwide, especially in arid and semi-arid areas, and the development
of new cultivars tolerant to salinity stress is becoming increasingly
important (Akrami & Arzani, 2019). In the case of melon, it has been
proved that the use of certain Cucurbita rootstocks can help to minimize
salinity negative effects (Colla et al., 2006). From the point of view of
fruit quality, growing melons in saline conditions usually results in

increased SSC. The effect, though, is dependent on local conditions and
the varieties being considered. For example, Huang et al. (2012) re-
ported that increasing water conductivity from 1 to 2.665 and 7.03 dS
m~! led to increases in SSC from 9.03° to 11.03° and 11.61°Brix in
Northwest China using Huanghemi melon. On the other hand, Tedeschi,
Lavini, Riccardi, Pulvento, & d’Andria, (2011) observed a more limited
increase with Tendral melon grown in Italy. In these conditions salinity
(8.7 dS m™Y) resulted in 10.5°Brix SSC, only slightly higher than the
control (10,1°Brix at 0.9 dS mfl) and a higher rise (11.3°Brix) was only
achieved with extreme levels (28.2 dS m~ ). Colla et al., (2006) also
found an increase in SSC under saline conditions with Cyrano melons in
Italy (e.g. 0.6 to 0.7°Brix increase between 2.0 and 4.0 dS m™ 1), but this
effect was reduced in the case of grafted plants.

In our case, the saline waters used in Carrizales probably explained
the 1,4°Brix increase in SSC compared to La Punta. Interestingly, this
increase would be mainly motivated by a high increase in sucrose con-
tent, being hexoses content higher in La Punta. This result agrees with
those of (Burger, Shen, Petreikov, & Schaffer, 2000), which also found
that differences in SSC were rather conditioned by sucrose contents than
hexoses. Nevertheless, It couldn’t be ruled out an advance in the
ripening process in Carrizales, as the hexoses to sucrose ratio was clearly
lower in this location. In this sense, sucrose contents increase in melon
during the last steps of ripening, while hexoses keep constant or tend to
decrease (Burger et al., 2006; Perpind, Cebolla-Cornejo, Esteras, Mon-
forte, & Pico, 2017).

Fewer information is available on the impact of salinity on acid
content, as it has received less attention. Del Amor, Martinez, & Cerda
(1999) observed that not only SSC but also acidity increased with
increasing salinity levels in Galia melons grown in Spain. Nonetheless,
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Fig. 2. MANOVA Biplot of organic volatile compounds analyzed in different melon landrace and rootstock combinations grown in Carrizales. Circles represent
Bonferroni confidence intervals. NG: non-grafted control, F1Pat81 (C. melo subsp melo group ibericus, x C. melo subsp agrestis group chinensis, Pat 81), Shintoza
(C. maxima x C. moschata), Fimy (C. ficifolius x C. myriocarpus), Fian (C. ficifolius x C. anguria). Volatile compounds: 1.1 = Methyl-2-methyl butyrate, 1.2 = 2-Methyl
propyl acetate, 1.3 = Ethyl butanoate, 1.4 = Ethyl-2-methyl butyrate, 1.5 = Butyl acetate, 1.6 = Diethyl carbonate, 1.7 = Butyl butyrate, 1.8 = Ethyl hexanoate, 1.9
= Hexyl acetate, 1.10 = (Z)-3-Hexen-1-ol, acetate, 1.11 = Heptyl acetate, 1.12 = (E,E)-2,4-Hexadienoic acid, ethyl ester, 1.13 = Ethyl-3-(Methylthio)propanoate,
1.14 = Benzyl acetate, 2.1 = Hexanal, 2.2 = (E)-2-methyl-2-butenal, 2.3 = Heptanal, 2.4 = Octanal, 2.5 = (E)-2-Heptenal, 2.6 = Nonanal, 2.7 = (Z)-6-Nonenal, 2.8 =
(E,E)-2,4-Heptadienal, 2.9 = Benzaldehyde, 2.10 = (E)-2-Nonenal, 2.11 = (E,Z)-2,6-Nonadienal, 2.12 = Phenylacetaldehyde, 2.13 = (E,E)-2,4-Nonadienal, 2.14 = (E,
E)-2,4-Decadienal, 3.1 = 1-Pentanol, 3.2 = 1-Hexanol. 3.3 = (Z)-3-Hexen-1-o0l, 3.4 = 1-Octanol, 3.5 = 1-Nonanol, 3.6 = (Z)-3-Nonen-1-ol, 3.7 = (Z)-6-Nonen-1-ol,
3.8 = 1-Decanol; 3.9 = (E,Z)-2,6-Nonadien-1-ol, 3.10 = Benzyl Alcohol, 3.11 = 2-Phenylethanol, 3.12 = Phenol, 4.1 = Geranylacetone, 4.2 = Beta-Ionone.

the increase was limited to a 12 % in 2 dS m™! increases. A similar
response was also observed by Colla et al., (2006), again with limited
differences. In our case, though, the differences were not significant for
malic and citric acids. Even more, lower contents of glutamic acid were
found in Carrizales, although the contribution of this amino acid to
acidity would be negligible.

Spanish landraces represent a rather particular subgroup in the wide
range of global melon variability characterized by big fruits with high
sugar content and usually non-climacteric behavior (Leida et al., 2015).
The results obtained in this study confirmed this trend, as SSC were on
average higher than 11°Brix. The variation in SSC and sucrose, the main
sugar in melon fruits was negligible, with differences only detected with
the commercial control Finura of the Piel de Sapo type. Nonetheless,
variability was observed in the ratios fructose to glucose and hexoses to
sucrose, evidencing different profiles of sugar accumulation. Wider
variability, though, was detected in the accumulation of acids. In Piel de
Sapo landraces the accumulation of malic acid in 03PS doubled that of

11PS and was higher than the rest of the landraces. In the case of 32BL of
Blanco malic contents were really low, though significant differences
with other landraces were limited. The accumulation of citric acid fol-
lowed an opposite trend, with the lowest contents being found in 03PS.
The accumulation of glutamic acid was insignificant. In fact in most
samples it remained under the quantification limits. Only 35TN of
Tendral outstood for its contents of glutamic acid, which doubled those
found in other landraces. The contents of acids and the acidic profile
were in accordance with those observed generally in melons, as citric
acid tended to predominate (Burger et al., 2010). Flores-Leon et al.,
(2022) also obtained similar results for these landraces, although 03PS
did achieve a higher content of citric acid. Flores-Leon et al., (2022)
reported lower sugar content for Tendral melons, which was not
observed in the accession included in present study. In any case, the
accumulation of malic acid was for example considerably lower than
that observed in the Cantalupensis Charentaiss group, as in that the
accumulation levels were higher than 1 g kg™! (Perpina et al., 2017).
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The effect of grafting on melon quality has been thoroughly studied
in the last decades, spurred by the publication of inconsistent results.
Most of these studies have been focused on the effect on SSC or acidity
while only a few analysed specific effects on individual sugars and acids.
It seems clear, though, that this inconsistency is due to the dependence
of the response upon the specific rootstock-scion combinations being
considered (Rouphael et al., 2018). For example, Colla et al.,(2006)
found that Cyrano Charentais melons grafted on Cucurbita hybrid tended
to reduce SSC under saline conditions. This effect might not be exclusive
of Cucurbita rootstocks, as (Fita, Pico, Roig, & Nuez, 2007) found a
decrease of SSC of Piel de Sapo melons grafted on Pat81 C. melo agrestis
rootstock. On the other hand, other authors have found negligible effects
on basic quality parameters. In this sense, Crino et al. (2007) in South
Italy tested different Cucurbita hybrids and C. melo rootstocks on the
quality of the winter melon Incas (inodorus group) and found no sig-
nificant differences in CSS with the non-grafted control. Similarly, Park
et al. (2013) in Korea did not find differences between the muskmelon
Earls’ elite (reticulatus type melon) grafted on selected C. melo rootstocks
and the non-grafted control on SSC. Verzera et al., (2014) also found that
most combinations did not affect SSC, but it was increased in one of the 5
roostocks evaluated.

As stated before, few studies have analysed the impact of grafting on
the accumulation of specific sugars. Soteriou, Papayiannis, & Kyriacou
(2016) found differences in the profile of sugar accumulation in Galia
and Ananas melons grafted on different Cucurbita rootstocks and grown
in Cyprus. In that work, the authors studied sugar accumulation in scion
rootstock combinations with different levels of incompatibility. It
became clear that, at least in these cases total and individual sugar
content, as well as sweetness index considering each sugar sweetening
power would be dependent on specific scion rootstock combinations. In
one of the cultivars tested (Elario) grafting tended to increase sucrose
and decrease hexoses contents with some of the rootstocks, but without
effects on total sugars. Other rootstocks did not affect the sugar profile
while in one of them total sugars and sweetening index was higher due
to higher sucrose accumulation.

In our case, sugar contents and sugar profile was affected by grafting.
In general, the non-grafted control had higher values of glucose and
lower levels of sucrose compared to grafted plants, an effect that might
be related with differences in the ripening process. Among the root-
stocks Fian could be explored as an alternative to increase sugar levels,
though this possibility should be further explored as fewer plants were
available in this combination. Nonetheless, the effect of rootstock varied
with the specific scion/rootstock combination being considered, even
between populations of the same landrace.

In watermelon, lower accumulation of hexoses at the onset of fruit
development and a reduction in sucrose accumulation during ripening
has been involved in the moderate reduction if fruit SSC from plants
grafted on Cucurbita and Lagenaria rootstocks, though this effect is not
consistent (Kyriacou, Rouphael, Colla, Zrenner, & Schwarz, 2017). It
seems possible that grafting could be affecting flowering and ripening
timing. It also seems that these rootstocks would tend to increase acidity.

The effect of grafting on melon fruit acidity is not clear, as few
studies are available. Colla et al., (2006) found a reduction while Crino
et al. (2007) failed to find significant effects of the rootstock in acidity,
and a recent review pointed out that the rootstock effect on acidity
would be much lower than that exerted on sugar accumulation Kyriacou
et al., (2017). Our results also confirm the negligible effect of rootstocks
on the accumulation of organic acids in general. In some cases, such as
all grafted Rochet combinations or 32BL grafted on Shintoza tended to
show a less acidic profile, but the variation was high and in most cases
there was no statistical significance. Other cucurbits, such as water-
melon, are more prone to changes in acidity, as reviewed by Kyriacou
et al., (2017), with a trend to increase acid levels and specifically malic
acid contents (Fredes et al., 2017).
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4.2. Effect on the volatile profile

The volatile profile of Ibericus melons has recently been reviewed
(Flores-Leon et al., 2022). Our results confirm that in these landraces the
main volatile compounds are aldehydes followed by alcohols and esters.
In general, the volatile profile of both studies is similar, though differ-
ences are found for certain compounds, which would be explained by
enviromental factors, as the importance of this effect in the volatile
profile of non-climateric melons has been previously reported (Zarid,
Bueso, & Fernandez-Trujillo, 2020).

Few studies are available regarding the effects of grafting on melon
aroma. Condurso et al., (2012) evaluated the effect of different
C. maxima x C. moschata an C. melo rootstocks on the volatile profile of
Proteo melo (var. reticulatus). In their study they found mainly an in-
crease of alcohols and aldehydes responsible for green and fresh notes in
fruits from grafted plants. Interestingly, Z-3-nonenol levels representa-
tive of melon notes were decreased in all grafted combinations.
Regarding esters, pumpkin hybrids tended, in general, to decrease key
odorant esters while the opposite happened when the rootstock Sting,
from C. melo, was used. This effect had previously been reported by
Chuan-giang et al., (2011) in muskmelons grafted on pumpkin root-
stocks and it was related to lower alcohol dehydrogenases (ADHs) and,
especially, alcohol acyltransferases (AATs) activities. Nonetheless, the
alteration of the volatile profile is highly depended on the specific
rootstock/scion combination and it was possible to identify both
Cucurbita and C melo rootstocks with a minimum impact on volatile
profile as compared to non-grafted control. In fact, Lecholocholo et al.,
(2022) described a raise in volatile esters in cantaloupe and honeydew
melons grafted on Curcurbita hybrids. The effect on ester reduction was
not found in our case, probably because Ibericus melons, which are non-
climateric, do not accumulate high levels of esters as compared to
muskmelons, which are climacteric. Low AATs activities are expected
per se in this group of melons as these enzymes convert aldehydes
generate from alcohols via ADHs into esters (Gonda et al., 2016).

In any case, it seems clear that the effect of grafting on the volatile
profile is limited. Some specific trends in some specific rootstock/scion
combinations seem evident. For example, the Cucurbita rootstock Shin-
toza decreases aldehyde content in the Amarillo accession 22AM-GO, as
in the 29BL F1Pat81 combination. Nonetheless, a high level of vari-
ability generated by uncontrolled factors minimize the significance of
most of the specific trends detected. It should also be considered that
even within the same landrace the effect of rootstock varies depending
on the specific accession being considered. It seems clear then, that it
would be difficult to select a grafting solution maximizing the volatile
profile, but at the same time it seems that most rootstocks would have a
minimum impact on it.

5. Conclusions

Scion and salinity exert a higher effect than grafting on the accu-
mulation of soluble and volatile compounds affecting flavour of melon
landraces. The effect of experimental rootstocks of Cucumis seem to
represent a valuable alternative to Cucurbita classic rootstocks, as the
effect on the accumulation of sugars and acids and volatiles is limited.
Among them, further studies should analyse the performance of Fian as
it seems to improve the accumulation of sugars compared to the non-
grafted control. Despite the limited effects being observed, a high in-
fluence of scion x rootstock interaction has been observed, implying the
necessity to determine their ideal rootstock for each population, as the
response may differ between populations of the same landrace.
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