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ABSTRACT

This study was conducted to determine the effects of different rootstocks on some growth characteristics of grafted melon
seedlings under greenhouse condition in 2020. In the study, four different rootstocks were used: 1-Ungrafted, 2-Ferro, 3-
Maximus and TZ148. Edal1 F. variety (Cucumis melo var. Edal1 F1) was used as a scion. The experiment was conducted
in a completely randomized block design with three replications. Melon and rootstocks seeds were sown on 28.04.2020
and rootstock seeds on 03.05.2020, respectively. Grafting was done on 15.05.2020 and was performed through the splice
grafting method. Some growth characteristics studied on melon seedlings were fresh-dry seedling weights (FSW-DSW),
stem diameter-height (SD-SH), leaf number-length (LN-LL), fresh-dry root weights (FRW-DRW), root height (RH) and
chlorophyll content (CC-SPAD) and some macro-micro nutrient contents. According to the results of statistical analyses,
positive differences were found in the grafted seedlings compared to non-grafted seedlings at these parameters (p<0.01).
In many of the seedling quality values, Ferro and Maximus hybrids stood out temper to others. Also, in the experiment,
correlations between FSW and SD, RH, SPAD and total N content were found significant.

Keywords: Melon, grafting, rootstock, seedling quality, SPAD
ASILI KAVUN FiDELERININ BAZI KALITE PARAMETRELERI UZERINE FARKLI ANACLARIN ETKIiSi
0z

Bu ¢aligma, 2020 yilinda sera kosullarinda asili kavun fidelerinin bazi biiylime 6zelliklerine farkli anaglarin etkilerini
belirlemek amaciyla yapilmigtir. Denemede 1-Asilanmamis, 2-Ferro, 3-Maximus ve TZ148 olmak {izere dort farkli anag
kullanilmistir. Kalem olarak Edali F ¢esidi (Cucumis melo var. Edali F1) se¢ilmistir. Deneme tesadiif bloklar halinde i
tekerriirlii olarak kurulmustur. Kavun tohumlar1 28.04.2020, ana¢ tohumlar1 ise 03.05.2020 tarihlerinde ekilmistir.
15.05.2020 tarihinde asilama yapilmistir. Asilama kotiledon birlestirme yontemi ile yapilmustir. Kavun fidelerinde
incelenen bazi parametreler; biiylime 6zellikleri, taze-kuru fide agirliklart (FSW-DSW), gévde ¢api-yiiksekligi (SD-SH),
yaprak sayist ve uzunlugu (LN-LL), taze-kuru kok agirliklar1 (FRW-DRW), kok yiiksekligi (RH) ve klorofil igerigi (CC-
SPAD) ve baz1 makro-mikro besin igerikleridir. Istatistiksel olarak bu parametrelerde asil fidelerde asilanmamuslara gore
pozitif farklar bulunmustur (p<0.01). Fide kalite degerlerinin ¢ogunda, Ferro ve Maximus anaglari digerlerine gore daha
one ¢ikmistir. Ayrica denemede FSW ile SD, RH, SPAD ve toplam N igerigi arasindaki korelasyonlar arasindaki farklar
da 6nemli bulunmustur.

Anahtar Kelimeler: Kavun, asilama, anag, fide kalitesi, SPAD

INTRODUCTION

The use of grafted watermelon (Citrullus lanatus)
became a standard production practice in Japan in the
1930s. This was used to manage a soil-borne disease
(Verticillium, Fusarium and Meloidogyne spp.).
Thereafter, grafting was soon applied to melons

*Sorumlu yazar / Corresponding author: a_ozbahce@hotmail.com

(Cucumis melo). The use of grafted plants in
production has been increased with the ban of the
broad-spectrum soil fumigant methyl bromide [8, 17,
27, 20].

Today, in some regions of Asia and Europe,
commercial use of grafted watermelon plants is
composed of up to 95% of total watermelon
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production [17]. Other than disease management,
also, grafted plants are used to manage salinity in soil
and irrigation water. To manage soil-borne diseases
in grafted watermelon and melon plants are primarily
by providing a more vigorous, disease-resistant root
system [10]. Grafting has become widespread; not
only to control to biotic stress such as soil-borne
pathogens but also to provide tolerance to abiotic
stress such as drought, cold, salinity stress and heavy
metal toxicity [22, 11].

There are a limited number of studies on grafted
vegetable production. However, recently,
investigations to grafting by researchers and
commercial firms have increased with the banning of
methyl bromide. Suitable rootstocks should be
identified and characterized by the effective
utilization of grafting. Vegetables of Cucurbitaceae
family are grown in all regions of Turkey and there is
great genetic diversity [28, 30]. Antalya Province,
where a significant amount of protected vegetable
cultivation occurs is especially located in the grafted
seedling industry in Turkey [29].

In Turkey, the production of grafted commercial
seedlings first began in tomatoes in 1998 [26]. Studies
have shown that the strong root system of the
rootstock is more effective in the intake of water and
plant nutrients in grafted plants than in unvaccinated
plants. As a result, it has been determined that the
growth performance of the rootstocks has a positive
effect on the product increase and disease control. On
the other hand, as a result of poor compatibility
between rootstock and scion, it causes negative
effects such as product loss, deterioration of fruit
quality and death of plants [15].

Techniques commonly used in grafted
watermelon and melons are three: one cotyledon
splice, hole insertion and tongue-approach [8, 12, 33];
however, in commercial production, the one
cotyledon and hole insertion grafts are most
commonly used today [8, 14]. The use of high-quality
seedlings is a necessity for successful crop
establishment and grafted vegetable seedling used is
rapidly expanding in both field and greenhouse
cultivation.

A study showed that the number of leaves, stem
length and fresh weight of melon plants increased
using 22 different Cucurbita spp. rootstocks. It was
demonstrated that rootstocks affect the number of
nodes and lateral branches and that the vigour of
grafted watermelon plants was improved when
grafted onto a gourd rootstock. It showed that grafting
did not affect length [9].

Grafts were used to enhance nutrient uptake [18].
Ruiz and Romero [23], studied N metabolism in
grafted melon plants, observed that the use of certain
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rootstocks in squash enhanced NOs™ reduction and N
use, defined as an increase in the content of organic
N in leaf tissue. However, the response of grafted
melon to N was investigated at one level of nitrate in
the nutrient solution, whereas information was
lacking concerning the influence of different levels of
nitrate on grafted melon crop performance.

Colla et al. [6], conducted to improve nitrogen
efficiency in melon by grafting. The results indicated
that the total leaf area, SPAD index and shoot N
uptake increased linear and quadratic in response to
an increase of the N concentration in the nutrient
solution.

Guan and Zhao [13], used grafting for controlling
certain soil-borne diseases and abiotic stress tolerance
in muskmelon (Cucumis melo) production. The
experiment was conducted under greenhouse
conditions. Four grafting methods (hole insertion,
one-cotyledon, non-cotyledon and tongue approach)
were examined for their impacts on plant growth and
root characteristics. As a result, grafted plants with
root excision started to show active and rapid root
regeneration at 8 days after grafting (DAG) and
reached a similar root length and surface area as the
root-intact plants at 16 DAG.

In grafting studies, there are fewer studies in
melons than watermelons in Turkey. Thus, more
experiments on potential melon the rootstocks and
characteristics of candidates in germplasm will be of
great value. The purpose of the experiment was to
determine the effects of different rootstocks on some
growth characteristics of grafted melon seedling
under greenhouse condition in 2020.

MATERIALS AND METHODS
Material

In the experiment, three rootstocks and one melon
cultivar were used. The rootstocks were Ferro,
Maximus and TZ148. The scion was Edali F:
(Cucumis melo var. Edali F1). All the rootstocks are
Cucurbita maxima x Cucurbita moschata hybrids.

Features of used rootstocks and scion (melon
variety) in the experiment

The characteristics of the rootstocks used in the
study are determined as follows.

*Ferro (C. maxima x C. moschata): It is resistant
to Fusarium oxysporum. It does not cause fibrillation
in the fruit flesh. It provides a stronger development.

*Maximus (C. maxima x C. moschata): Especially
in watermelons, "Maximus" rootstock, which is
known to be resistant to wilting (Fusarium
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oxysporum f.sp. niveum), was used. Rootstock is a
medium strong rootstock, it provides a high yield in
the variety it is grafted to and it has no negative effect
on the taste, shape and other quality elements of the
fruit.

*TZ 148 (C. maxima x C. moschata): This
rootstock is resistant to Fusarium spp., Verticillium
spp., Phompsis spp. and Melodoigyne spp.

Scion-Variety (Edali F1): Edali F: (Cucumis melo
var. Edal1 F1), a registered melon variety widely used
in cultivation in the region, was used as the scion. The
variety is susceptible to soil-borne pathogens. Its
plant is big and strong. Its fruit is ‘hidir’* type, oval
and green freckled on a yellow background. The flesh
is thick and firm. The ripening period is medium late.
Fruit weight is 2-2.5 kg.

Cultural conditions

The scion variety and rootstocks seeds were sown
on 28.04.2020, 03.05.2020 and early spring,
respectively. The study was conducted under
controlled greenhouse conditions, in Antalya,
Turkey. The seeds were sown into 120-cell in black
polyethylene pots filled with a potting mix containing
(turba, perlite and pumice). Grafting was done on
15.05.2020. Seedlings were grown in the greenhouse
until they became both rootstock and scion. The
growth periods of scion and grafted seedlings were
32-27 days, respectively. Also, 15 days had passed
after grafting. The seedling measurement was made
on 31.05.2020. Plants were grown under controlled
conditions, with a relative humidity of 60-80%, a
temperature of 18-25°C, a photoperiod of 15 h and an
irradiance of 245 umol rn~2 s™!. Plants were fertilized
with macro and microelements with fertigation as
follows:

Fertilization

N (NH4NOs-0.25 mol 1), K (KNO-0.20 mol 1)
and P (HsP0O4-0.14 mol I*), Ca (CaC0s-0.08 mol 1),
Mg (MgS0O4+-0.04 mol I') and 10 uMFe (FeEEDDHA)
were supplied as sulphates. The other micronutrients
(uM) were applied as sulphates: 3 Mn, 2 Zn, 0.4 Cu
and 0.7 Mo. The pH value of the solution was
regulated between 6 and 7. The fertilizer applications
to plants were fertigated with a drip irrigation system.

Plant grafting

One cotyledon splice method was used as a
grafting technique as follows. The "one cotyledon
graft" is also known as "splice", "slant" or "tube" graft
[14]. The one cotyledon grafting method applied for
watermelon and melons is the most popular method
used [20]. Plants are ready for grafting when the first

*It is Turkish melon type

true leaf is present on the rootstock or as young as the
scion cotyledon stage [7].

One cotyledon grafting technigque

Grafting was done when rootstocks seedlings had
one true leaf and scion seedlings had two true leaves.
The rootstock was cut at an approximately 60° angle
[21] and one cotyledon remained and one was
removed. The remaining cotyledon was meticulous
cut to keep hardly connected to the rootstock stem.
So, the angled cut was also removed from the apical
meristem in the remaining cotyledon. All the apical
meristem was removed to prevent future shoot growth
of the rootstock. After, the scion was cut at an
approximately 60° angle from below the cotyledons.
The diameter of the cutting scion was made to suit the
diameter of cutting the rootstock (Figure 1).

_ 3 '

Figure 1. One cotyledon grafting: (1) cut the rootstock
at a 60° angle with one cotyledon remaining on
the plant; (2) cut the scion at a 60° angle from
below the cotyledons (its diameter matches that
of the rootstock) (3) attach cut scion and
rootstock stems together; and (4) secure the
graft with a grafting clip

Afterward, a special environmental condition,
which was high levels of dark, humidity and
approximately 23°C in the environment were quickly
provided for grafted seedlings require. This condition
provided minimizes environmental stresses and
photosynthetic activity until healing was complete.
Grafted seedlings were kept under the conditions for
approximately eight days. Four days into graft
healing, light intensity was increased and humidity
was gradually decreased in the stage to prepare the
seedlings for environmental conditions outside the
special conditions.
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Methods

The treatments were arranged in a randomized
complete design with three replications. In the study,
fresh-dry seedling weights, stem diameter-length,
leaf number-length, fresh-dry root weights, root
length, seedling length and chlorophyll content
(SPAD) and some macro-micro nutrient contents
were examined.

There were 40 seedlings in each treatment. 21
seedlings from each plot were chosen to determine
observation and measurements. In the experiment, the
measurement parameters were fresh-dry seedling
weights (FSW-DSW, g), stem diameter-length (SD-
SL, mm), leaf number (LN, number)-length (LL, cm),
root fresh-dry weights (RFW-RDW, g), root length
(RL, cm), seedling length (SL, cm) and chlorophyll
content (SPAD) and some macro (%)-micro nutrient
(ppm) contents. The chlorophyll content was
measured by a chlorophyll meter (SPAD). The
nutrient content was determined by the diethylene
triamine penta acetic acid (DTPA) extraction method
by ICP [19]. The seedlings (stem, leaf except for the
root) samples were dried at 68°C for 48 h until it
reaches constant weight. To determine total N content
was used by The Kjeldahl method [4]. Statistical
analyzes were made according to Duncan test by
Yurtsever [32].

RESULTS AND DISCUSSION

The effect of grafting on some seedling quality
traits in melon is shown in Table 1.

According to statistical analysis, there was a
significant at 99% reliable level of differences
between rootstocks and scion (FWS, DSW SD, SH,
LN, LL, RWW, RDW, RH and CC parameters)
(p<0.01). The highest FSW (9.00 g), DSW (0.67 g),
SD (5.71 mm), RFW (1.10 g) and CC (44.97) were
determined at Maximus rootstock. At FSW (8.93 g),
CC (42.52), Ferro rootstock followed Maximus. SH
(10.08 cm), LN (5.52 number) and RDW (0.09 g)
were higher at Ferro rootstock. Maximus (SH-9.97
cm, RDW-0.08 g) followed the rootstock. Also, TZ
148 (LN-4.86 number) followed Ferro. The high RH
(13.59 cm) was established at TZ 148. Maximus (RH-
12.62 cm) and Ferro (RH-12.60 cm) followed TZ
148. LL (6.10 cm) was high at Edal1 F1 scion. There
were no significant between scion (ungrafted
seedlings), TZ 148 (LL-6.08 cm) and Maximus (LL-
6.02 cm) hybrids.

Macro and micro nutrient contents of grafted and
non-grafted seedlings were presented in Table 2. It
was significant at 99% reliable level of differences
between rootstocks and scion (p<0.01) (Table 2).

Table 1. Effect of grafting on some seedlings quality parameters in melon

Grafting* FSW (g) | DSW(g) | SD (mm) | SH (cm) |LN (number)| LL (cm) | RFW (g) | RDW (g) | RH (cm) |CC (SPAD)
Scion (Ungrafted-Edali Fi)]  6.78 d 0.46 b 5.15b 5.86 ¢ 4.05¢c 6.10 a 0.53¢ 0.06 b 1150 ¢ 38.64c¢
Ferro 7.46¢c 0.63a 5.44 ab 10.08 a 5.52a 594b | 094ab 0.09a 12.60 b 4252 b
Maximus 9.00 a 0.67 a 5.71a 9.97a 4.76 bc 6.02 a 1.10a 0.08 a 12.62 b 44.97 a
TZ-148 8.93b 0.63a 5.42 ab 9.29b 4.86h 6.08 a 0.77b 0.07b 1359a | 44.30b

*p<0.01 Mean values followed by different letters within a column are significantly different (p<0.01)
FSW-fresh seedling weight DSW-dry seedling weight SD-stem diameter LN-leaf number LL-leaf length
RFW-root fresh weight RDW-root dry weight RH-root height CC-chlorophyll content

Table 2. Effect of grafting on some total macro and micro nutrient contents of grafted seedling

; N®)* [ P@ns | K@®* [ Ca@®%)ns [ Mg (%)* [ Fe(ppm)* | Zn (ppm)* | Cu (ppm)* [ Mn (ppm)*
Grafting* - - -
Macro Nutrients Micro Nutrients
Scion (Edal1 Fi) 6.3 ab 1.0 5.1ab 4.1 15b 109.9d 49.8 ¢ 93.7d 925b
Ferro 7.2a 1.1 5.9a 4.0 15b 149.6 a 63.6 a 285.8 b 105.6 a
Maximus 42c 0.9 48hb 4.4 1.3b 126.8b 441¢ 323.7a 1079 a
TZ148 59b 1.1 5.3a 4.0 2.3a 120.8 ¢ 53.3b 161.3 ¢ 945b

*p<0.01 NS: Non Significant; Mean values followed by different letters within a column are significantly different (p<0.01)

The highest N (7.2%), K (5.9%), Fe (149.6 ppm),
Zn (63.6 ppm) content were occurred at seedling
grafted with Ferro rootstock. The highest total Mg
(2.3%) was at TZ 148 treatments. Maximus rootstock
was distinguished in total Cu (323.7 ppm) and Mn
(107.9 ppm) contents. Total P and Ca had no
significant differences among grafted seedlings
(p<0.01-0.05). The results of the experiment have
shown that grafting significantly increases both
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nutrient elements, except the P and Ca in the
seedlings.

There was a difference between the rootstocks.
The N, K, Fe and Zn content in the seedling was
altered by Ferro rootstocks used. The copper and Mn
content were found to be higher in the Maximus
rootstock than in the others. The Mg content was
determined by the TZ 148 hybrid.

Also, there were significant correlations between
FSW and SD, RH, SPAD and total N content in the
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experiment. In the grafted seedlings, these parameters
had significant positive correlations. Regression
coefficients were 0.64, 0.65, 0.88 and 0.50,
respectively, (Figure 2). The correlations were not
found among other parameters.
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Figure 2. Regression equation between FSW (fresh
seedling weight) and Stem diameter, foot
height, SPAD and total N content in leaf

A study was conducted to determine the impact of
scion and rootstock seedling quality selection on the
vigour of watermelon-inter-specific squash grafted
seedlings. The grafted seedlings demonstrated high
values in seedling quality traits, such as stem
diameter, leaf area and shoot and root dry weight, as
well as shoot dry weight-length. It determined
objective criteria for the determination of watermelon

and inter-specific squash quality to enhance grafted
seedling production [2]. Moreover, several research
groups [16, 13, 1] established the importance of
scion-rootstock hybrid interactions for the quality of
watermelon and muskmelon.

Another experiment was carried out to improve
nitrogen efficiency in watermelon and melon by
grafting by Bulgar et al. [3] and Colla et al. [6]. The
results indicated that the total leaf area, SPAD index
and shoot N uptake increased linearly and quadratic
in response to an increase of the N concentration in
the nutrient solution. A study was conducted on some
physical and chemical parameters of the grafted
seedling. As the result, it was provided advantages for
these mineral matters such as P, K, Ca, Mg, Fe, Zn
and Mn in grafted watermelon plants compared to
non-grafted [25, 31]. However, the literature lacks
information about proper scion-rootstock seedling
quality combinations for increasing the quality of
grafted melon seedlings.

Ceylan et al. [5], conducted to determine the
effects of grafting and rootstock and scion
combinations on the yield and nutrient content for
both the leaves and fruit of watermelons. As a result,
the more Fe, Cu and Zn content in the leaves was
observed in the rootstocks. The K and Fe contents in
the leaf were also found to be significant between the
varieties. In agreement with some studies; SDW
(shoot dry weight) with grafting increased with
increasing nitrate availability [24].

CONCLUSION

According to the results, an increase in many
quality parameters of grafted seedlings was observed.
FSW, DSW, SD, RFW and SPAD were higher at
Maximus rootstock than other rootstocks and scion.
Ferro rootstock followed Maximus in these
parameters. SH, LN and RDW values were high at
Ferro rootstock. At these values (SH and RDW),
Maximus followed the rootstock. Also, TZ 148
followed Ferro. The high RH was determined at TZ
148 hybrid. Maximus and Ferro followed TZ 148. LL
level was high at Edali F: scion. But, at the LL value,
there were no significant between scion, TZ 148 and
Maximus.

Also, in total N, K, Fe, Zn contents, Ferro hybrid
were higher than other rootstocks. The high total Mg
was at TZ 148. Maximus rootstock is distinguished in
total Cu and Mn contents. In total P and Ca values had
no significant differences among grafted seedlings.
The results of the experiment have shown that
grafting significantly increases both nutrient
elements, except the P and Ca in the seedlings.
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Both seedling quality parameters and macro-
micro nutrient contents of grafted seedling were
increased compared to the scion. On the other hand,
in these parameters, Ferro and Maximus rootstocks
were higher than TZ 148 and scion.

Also, positive correlations were significantly
found between FSW and SD, RH, SPAD and total N
content in the experiment.

So, rootstock and scion combinations should be
carefully selected according to variety, specific soil,
climatic and regional conditions. The relationship
between the rootstock-scion may help in the
determination of the tolerance of the root system. As
it is known, healthy seedlings are the guarantee of
abundant and quality products. Also, an appropriate
rootstocks selection can increase the vyield in
commercial melon cultivation. The increase in the
examined parameters may have resulted from an
increase in water and nutrient uptake due to the strong
root system of the rootstock.
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