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HIS study was carried out at the Plant Tissue Culture Laboratory and Greenhouse of

the Department of Horticulture, Faculty of Agriculture, Suez Canal University, Ismailia
Governorate, Egypt, during the period of 2017 —2022. The main aims of the current study were
to establish an efficient protocol for in vitro propagation of vegetable rootstocks and to compare
the performance of rootstocks produced in vitro and those produced directly from seeds (in
vivo), in terms of growth, yield and quality parameters. Two commercial rootstocks, namely
Super Shintoza and Forza for Cucurbits and tomato grafting, respectively, were used. Also,
the cucumber Hayel variety and tomato Assila F1 (T-186) were used as scions. The rootstock
seeds of both genotypes were used as explants. The results showed that the micropropagation
technique can be used efficiently to produce in vitro rootstocks, especially for tomato rootstocks,
in order to decrease the high cost of the interspecific rootstocks for commercial production of
grafted vegetables.
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Introduction

Cucumber (Cucumis sativus) and tomato (Solanum
lycopersicum) are members of the Cucurbitaceae
and Solanceae families, respectively. They
are among the most economically important
vegetable crops. Egypt is one of the major
cucumber and tomato producing and exporting
countries. Cucumber and tomato production in
Egypt reached approximately 433440.85 tons
and 6245787.13 tons, gained from a cultivated
area of 19702 and 150109 hectares, respectively
(FAOSTAT, 2023).

In the last decades, the vegetable grafting
technique has emerged as a high potential
technique to improve the efficiency of modern
vegetable cultivation and improve plant
tolerance and resistance to different abiotic and
biotic stress types. At the present time, grafting
is commercially practiced in some vegetable
crops such as watermelon, melon, cucumber,

tomato, eggplant and pepper in order to control
soil-borne diseases and improve productivity
and quality-related traits (Schwarz et al., 2010:
Singh et al., 2020). Commercial cucumber and
tomato hybrids are commonly grafted onto
imported interspecific Cucurbits and Solanaceae
rootstocks. However, interspecific rootstock seed
production is expensive as well as its germination
is problematic. The use of or search for some
local genotypes to be used as suitable rootstocks
for vegetable grafting as well as the breeding
programs for appropriate interspecific rootstock
production are still absent and have not gained
much attention yet in Egypt.

Significant increase in traits of vegetative
growth and yield and earliness was recorded
when cucumber and tomato plants were grafted
onto the right rootstock compared to non-grafted
(Milenkovi¢ et al., 2020 and Bayoumi et al.,
2021), In the same regard, water use efficiency,
N-uptake efficiency, N-utilization efficiency,
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and nitrogen use effeminacy were significantly
increased, in grafted cucumber compared to non-
grafted plants (Al-Harbi et al., 2017; Liang et
al., 2021). Consequently, improved the net profit
for growers. Asalm et al., 2020 reported higher
gross and net profit for grafted cucumber plants
(36.712 and 34.479 $/ha) than for non-grafted
ones (27.110 and 24.877 $/ha).

The in vitro culture technique is a suitable
method for obtaining a large number of
genetically identical plants in a short period of
time. However, in vitro plant proliferation has
been found to depend on several factors, such
as genotype, explant, composition of the basic
medium, growth regulators, gelling agents, light
intensity and quality, photoperiod, temperature,
culture vessels and vessel covers (Kumar et al.,
2022). In vitro tissue culture is used through
various biotechnological techniques in cucumber
and tomato such as genetic transformation,
protoplast isolation and fusion, the production of
virus-free plants and mass propagation of both
crops (Bhatia et al., 2004, Aslibeigi, et al., 2022
and Salehian et al., 2023). The development of
a rapid and efficient regeneration protocol for
cucumber and tomato rootstocks may reduce the
costs of rootstock seeds for cucumber and tomato
grafting, which will have a strong benefit for
farmers by reducing the costs of rootstock seeds
and vegetable grafted seedlings.

Therefore, the objectives of this study were to:

1. establish an efficient protocol for in vitro
propagation of the vegetable rootstocks.

2. study the effect of grafting on in vitro
(produced from tissue culture) and in
vivo (produced from the seeds) rootstocks
on vegetative growth, yield and quality
parameters of cucumber and tomato plants.

Materials and Methods

The current investigation was carried out at the
Plant Tissue Culture Laboratory and Greenhouse
of the Department of Horticulture, Faculty of
Agriculture, Suez Canal University, Ismailia
Governorate, Egypt, during the years from 2017
to 2022.

Plant materials

Two commercial rootstocks; Super Shintoza
(GSI Exports Seed Company) and Forza (Vilmorin
Company), were used in this study. These two
genotypes are among the most popular rootstocks
for grafting Cucurbits and tomato, respectively.
Also, the Hayel variety (Seminis company) and
Egypt. J. Hort. Vol. 51, No. 2 (2024)

Tomato Assila F1, T-186 (Mirro Seeds Company)
were used as scions in the current study. These
genotypes are among the most popular varieties
for cucumber and tomato production in Egypt.

Preparation of Explants

The rootstock seeds of both genotypes were
soaked in running water for 30 minutes. Seeds
were then surface sterilized with 70% ethanol for 1
minute, followed by 15% of sodium hypochlorite
solution (2.5%) in addition to 2 drops of Tween-80
as a surfactant agent for 10 minutes. Seeds were
shaken continuously for uniform sterilization and
then rinsed four times with a plenty of sterile-
distilled water.

Culturing medium

At the starting stage, a hormone-free
Murashige and Skoog medium (MS; Murashige
and Skoog, 1962) supplemented with 30 g/l
sucrose was prepared. The pH of the medium
was adjusted to 5.7+0.1 before the addition of 7
g/l agar. The medium was cooked for 10 minutes
on a hot plate with a magnetic stirrer. Later, MS
medium was poured into sterilized 350-ml glass
jars, where each jar contained 40 ml of prepared
MS medium and the jars were immediately
capped with polypropylene plastic caps. Finally,
the jars containing MS medium were autoclaved
at 121°C at 1.5 Ib/in? for 35 min and then stored at
25+1°C for contamination testing.

Explant establishment

Sterilized seeds of both rootstock genotypes
were cultured on a hormone-free MS medium, as
mentioned above at the starting stage. Cultured
seeds were kept at 27+2 °C and 16/8 hours (day/
night) light using white fluorescent lambs giving
about 1500 Lux intensity. After 25 days, the shoot
tips of germinated explants were transferred to the
multiplication medium.

Multiplication stage

In order to study the effect of Benzyl
Amino Purine (BAP) on vegetative parameters
of Cucurbita and tomato rootstocks, Super
Shintoza and Forza, respectively, MS medium
supplemented with 30 g/l sucrose, 7.0 g/l agar
and different concentrations of BAP (0, 1, 3 and
5 mg/l) was prepared. The multiplication cultural
media were distributed to 350-ml glass culture jars,
where each jar contained 40 ml of multiplication
medium. The cultural jars were immediately
capped with polypropylene caps and autoclaved
at 121 °C at 1.5 Ib/in* for 30 min. After one week
of medium preparation, the established shoot tips
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of both rootstock genotypes were subcultured
on multiplication medium. BAP treatments
were distributed in a completely randomized
experiment with three replicates. Each replicate
had 15 jars and each jar had 3 shoot tips. Then,
cultured jars were incubated at 27+2 °C and 16/8
hours (day/night) light using white fluorescent
lambs giving about 1500 Lux intensity. After 30
days of subculture, the following parameters were
recorded per explant:

a) Number of shoots

b) Number of leaves

c) Shoot length

d) Shoot fresh and dry weight.

Rooting stage:

Another experiment was carried out in vitro
to study the effect of Indole Butyric Acid (IBA)
on the rooting of multiplied shoots of Cucurbita
and tomato rootstocks. The MS rooting media
was prepared and supplemented with 30 g/l
sucrose, 7.0 g/l agar and different concentrations
of IBA (0, 0.5, 2 and 4 mg/1). The rooting cultural
media were distributed to 350-ml glass culture
jars, where each jar contained 40 ml of rooting
medium. The cultural jars were immediately
capped with polypropulin caps and autoclaved
at 121 °C at 1.5 Ib/in? for 30 min. After one
week, the established shoots of both rootstock
genotypes were subcultured on rooting medium
as mentioned above. IBA treatments were
arranged in a completely randomized experiment
with three replicates. Each replicate had 15 jars
and each jar had 3 shoot tips. Then, the cultured
jars were incubated at 2742 °C and 16/8 hours
(day/night) light using white fluorescent lambs
giving about 1500 Lux intensity. After 30 days
of subculture, the following parameters were
recorded per explant:

a) Number of roots.
b) Length of roots.
c) Fresh and dry weight of roots.

Acclimatization stage

At the end of the rooting stage, the produced
plantlets of Cucurbita and tomato rootstocks were
washed with tap water in order to remove the
remains medium from the rootlets. The rooted
plantlets were transplanted into plastic trays
(50 cells) containing a mixture of peatmoss and
vermiculite (1:1 v/v) Then, the trays were kept
in a greenhouse at 25-28 °C under a mist water
irrigation system for two weeks and covered with
a polyethylene tunnel to maintain high relative
humidity (about 80-90%). Seedlings were fertilized

once with 1 g/l of NPK (19:19:19) and treated two
times with 50 mg/1 of antifungal (Previcure Energy;
Syngenta Company).

Production of in vivo seedlings of Cucurbita and
tomato rootstocks:

The seeds of Super Shintoza and Forza
rootstocks were sown in Styrofoam trays filled
with a mixture of peatmoss and vermiculite (1:1)
for 15 and 25 days, respectively, to produce in vivo
seedlings of cucumber and tomato seedlings for
grafting.

Production of the cucumber and tomato scions

In the greenhouse, seeds of cucumber (Hayel
variety) and tomato (Assila F1) were sown in
Styrofoam trays filled with a mixture of peatmoss
and vermiculite (1:1) for 30 days to produce
cucumber and tomato seedlings ready for grafting
and used as a scion.

Grafting and Accalmization

Cucumber and tomato grafting were performed
onto in vitro and in vivo rootstock seedlings
as mentioned above using the splice-grafting
technique. Next, cucumber and tomato grafted
seedlings were transferred and kept in a humidity
chamber at 24-26 °C and 90-95% relative humidity
until the scions were well connected to the rootstock
(after 7 days).

Field experiment

The experimental soil was cleared, ploughed
and harrowed. Then, organic manure and
superphosphate (15.5% P,O,) were added at rates
of 30 m’/feddan and 150 kg/feddan, respectively.
A drip irrigation system was used. After grafting
success, the cucumber and tomato scion seedlings
grafted on in vitro and in vivo Cucurbita and tomato
rootstocks were transplanted into the field and
arranged in a completely randomized block design
with three replicates. The experimental unit area
(plot) was 5 m in width and 3 m in length, each
plot contained 5 ridges and included 20 plants. The
grafted seedlings of cucumber and tomato were
transplanted 60 cm between the plants in the same
ridge. The other normal agricultural managements
such as fertilization, control of insects and fungi as
well as weed control were performed according to
the recommendations of the Ministry of Agriculture
for cucumber and tomato production under Ismailia
Governorate conditions. The following vegetative
and yield traits were recorded for grafted cucumber
and tomato plants during the growth period and at
the end of the growing season:
1. Plant height (cm),
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2. No. of leaves per plant,
3. No. of fruits per plant,
4.  Mean fruit weight (gm),
5. Yield/plant (kg).

6

. Shoot fresh and dry weight (g).

Statistical analysis

Data were subjected to one-way analysis of
variance (ANOVA) and differences among means
of treatments were tested using the Duncan’s
multiple range test at the 5% level of significance.

Results

Effectofdifferent BAP concentrations on Cucurbita
rootstock “Super Shintoza” multiplication

Data presented in Figures (1 and 2) indicated
that there were significant differences among
BAP concentrations on all studied traits except for
the number of leaves per explant. The treatment
of 3 mg/l of BAP gave the highest shoot number,
fresh weight and dry weight (5.13, 1.53 g and
0.11 g, respectively), with significant differences
compared to the other assigned concentrations.
While control plantlets gave the highest shoot
length and number of leaves (5.63 cm and 9.06,
respectively). On the other hand, the lowest
number of shoots (1.00), fresh weight (0.74 g) and
dry weight (0.05 g) were produced by the control
treatment (0 mg/l BAP), while the lowest shoot
length (2.22 cm) and the number of leaves (7.95)
were associated with the treatment of BAP at 1
mg/l.

Effect of different BAP concentrations on tomato
rootstock “Forza” multiplication

Data in Figures (1 and 3) showed that there
were significant differences among the BAP
concentrations in all studied traits. It also showed
that the treatments of 3 and 5 mg/l of BAP
recorded the highest values of number of shoots
(8.6 and 8.0, respectively) and fresh weight (0.94
and 0.90 g, respectively), without significant
differences between them compared to the
control treatment. Shoot length and the number
of leaves recorded the highest values in control
plantlets (10.13 cm and 16.80, respectively),
with significant differences in comparison to
all BAP treatments. The treatment of 5 mg/l of
BAP recorded significantly the highest value
of dry weight (0.16 g), compared to the control
treatment, but without significant differences in
comparison to the other BAP treatments. On the
other hand, the lowest number of shoots (1.00),
fresh weight (0.33 g) and dry weight (0.02 g),
resulted from the control treatment, while the
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lowest shoot length (2.56 cm) and the number of
leaves (9.56) were produced by the addition of 3
mg/l BAP to the multiplication medium.

Effect of different IBA concentrations on rooting
of multiplied shoots of Cucurbita rootstock
“Super Shintoza”

Data in Figures (4 and 5) showed that there
were significant differences among the IBA
concentrations in all studied traits. Data indicated
that the number of roots significantly reached
the highest value (4.86) when the concentration
of 4.0 mg/l of IBA was used, compared to the
control and other IBA treatments. Root length
was the highest when the concentration of 0.5
mg/l IBA was applied to rooting medium without
a significant difference when compared with
the other treatments, except for the treatment
of 4.0 mg/l IBA, which showed a significant
decrease in root length compared to other IBA
concentrations. The fresh and dry weight of
roots showed that plantlets treated with 4.0 mg/1
IBA concentration resulted in the highest values
(1.30 g and 0.10 g, respectively) with significant
differences relative to other IBA concentrations,
which showed close values without significant
differences among them. The data also showed
that the lowest number of roots per plantlet (2.13)
and root length (5.16 cm) were associated with
IBA levels at 0.5 mg/l and 4.0 mg/1, respectively,
while the control treatment produced the lowest
fresh (0.10 g) and dry (0.008 g) weight of roots.

Effect of different IBA concentrations on
rooting of in vitro multiplied shoots of tomato
rootstock “Forza”.

Data shown in Figures (4 and 6) showed that
there were significant differences among the IBA
concentrations in terms of number of roots and
root fresh weight only. Data also showed that
the treatment of IBA at 4.0 mg/l achieved the
highest value of root number (6.86) compared
to other IBA treatments, while the treatment of
2 mg/l of IBA resulted in the highest values of
root length (8.83 cm), root fresh weight (0.23
g) and root dry weight (0.019 g), respectively).
However, the differences between these two
treatments were not necessarily significant for
all studied traits. In contrast, the lowest number
of roots (3.33) was produced by the treatment
of 0.5 mg/l IBA, while the lowest root length,
fresh and dry weight (5.67 cm, 0.06 g and 0.009
g, respectively) were associated with the control
treatment (0 mg/1 IBA).
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Fig. 1. Effect of different concentrations of BAP on the number of shoots, shoot length, number of leaves and fresh
and dry weights of Cucurbita rootstock “Super Shintoza” and tomato rootstock “Forza” micro-propagated
in vitro during multiplication stage.
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Fig. 2. Multiplication stage of Cucurbita.

Fig. 3. Multiplication stage of tomato

Egypt. J. Hort. Vol. 51, No. 2 (2024)
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Fig. 4. Effect of different IBA concentrations on the number of roots, root length and fresh and dry weights of
Cucurbita rootstock “Super Shintoza” and tomato rootstock “Forza”, during in vitro rooting stage.

Fig. 5. Rooting stage of Cucurbita
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Fig. 6. Rooting stage of tomato.

Cucumber grafting experiment

Data presented in Table 1 showed the effect of
cucumber grafting onto in vitro and in vivo “Su-
per Shintoza” rootstock seedlings. The presented
results indicated that there were significant dif-
ferences between grafted cucumber plants onto
in vitro and in vivo “Super Shintoza” rootstock in
terms of plant height, number of fruits per plant
and total yield per plant. While there were no
significant differences between grafted cucumber
plants on in vitro and in vivo rootstock in terms
of the number of leaves per plant, plant fresh and
dry weights, and mean fruit weight. Generally,
it could be stated that the cucumber cv. ‘Hayel’
grafted plants onto in vivo rootstock recorded
higher means for all studied traits in comparison
to those grafted onto in vitro rootstock. However,
these differences between these two treatments
were not necessarily significant except only for
plant height (159.11 cm), number of fruit per
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plant (26.66) and total yield per plant (2959.98 g)
compared to the cucumber-grafted plants onto in
vitro seedlings (151.11 cm, 19.76 and 2134.44 g,
respectively).

Tomato grafting experiment

The data shown in Table 2 displayed the
effect of tomato grafting onto in vitro and in vivo
“Forza” rootstock seedlings. The obtained results
clearly indicated that there were no significant
differences between grafted tomato plants onto in
vitro and in vivo “Forza” rootstock in all studied
traits. Grafted tomato plants onto in vivo seedlings
of “Forza” rootstock had higher plant height,
number of leaves per plant, plant fresh and dry
weights, the number of fruits per plant, mean fruit
weight and total yield per plant than those grafted
onto in vitro seedlings of “Forza” rootstock.
However, these differences were not significant
for all studied traits.
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TABLE 1. Vegetative traits, fruit yield and fresh and dry weights of grafted cucumber cv. ‘Hayel’ onto in vivo and

in vitro “Super Shintoza” rootstock seedlings.

Plant
P Neof w0 st Men
Treatment h(ilfll;t weight . fruits/ weight yleila(ilg)g/
plant © weight plant (g/fruit) P
(2)

m vvo 159.11a 34.22a 582.22a  112.66a 26.66a 11216 2959.98a
rootstock

i vitro 151.11b 31.44a 536.66a  83.66a 19.76b 108.13a  2134.44b
rootstock

Values followed by the same letter within a column are not significantly different at the 0.05% level of probability

according to Duncan’s multiple range test.

TABLE. 2. Vegetative traits, fruit yield and fresh and dry weights of grafted tomato onto in vivo and in vitro

“Forza” rootstock seedlings.

No. of
Plant No. of Plant Mea}n Total
Treatment height fresh Plant dry fruits/ fruit ield (g/
(clfl) leaves/ weisht weight u weight n lan t)g
plant g plant (g/fruit) P
in vivo rootstock 87.33a 78,00a 705.88a 212.00a 62.15a 76.69a 4121.66a
in vitro rootstock 79.88a 69.73a 680.55a 182.66a 56.13a 71.15a 3950.66a

Values followed by the same letter within a column are not significantly different at the 0.05% level of probability

according to Duncan’s multiple range test.

Discussion

Commercial cucumber and tomato hybrids
are commonly grafted onto imported interspecific
Cucurbits and Solanaceae rootstocks. However,
interspecific  rootstock seed production is
expensive as well as its germination is problematic.
The use of or search for some local genotypes
to be used as suitable rootstocks for vegetable
grafting as well as the breeding programs for
appropriate interspecific rootstock production are
still absent and have not gained much attention yet
in Egypt. The micropropagation technique might
be used to overcome these limitations. Therefore,
it is necessary to develop a suitable protocol for
mass propagation of Cucurbits and Solanaceae
rootstocks.

Effect of BAP concentrations on Cucurbita
rootstock multiplication

The obtained results clearly indicated that BAP
is an effective growth regulator in the growth and
shoot proliferation of Super Shintoza rootstock.
These results are in harmony with the results

of Nasarudin and Mansor (2021) who reported
that BAP was essential for the growth of shoot
or shoot proliferation in Momordica charantia.
Also, Lee et al. (2003) reported that adventitious
shoot bud regeneration was effectively achieved
on MS medium supplemented with BAP alone for
Cucurbita maxima.

The results of the current study also reported
that the treatment of 3 mg/l of BAP had the highest
shoots number, fresh weight and dry weight (5.13,
1.53 g and 0.11 g, respectively) compared to the
control and other BAP concentrations. A similar
result was reported by Sarowar et al. (2003) who
found that the longest shoots and the highest
percentage of shoot formation (2.254+0.44 cm and
84%, respectively) were recorded for the treatment
of 3 mg/l of BA in Super Shintoza rootstock. Also,
Mahzabin et al. (2008) reported that the longest
shoots and the highest percentage of Cucurbita
maxima shoot formation (6.1+0.85 cm and 90.45%,
respectively) were associated with the treatment of
3.0 mg/l BA after 30 days of culture.

Egypt. J. Hort. Vol. 51, No. 2 (2024)
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Nevertheless, another study on cucumber
found that MS medium augmented with 1.5 mg/l
BAP produced the maximum number of shoots as
compared to other tested concentrations of BAP
and the number of shoots proliferated decreased
by increasing concentrations above 1.5 mg/l BAP
(Joyia et al., 2019). In addition, Mali and Chavan
(2016) reported that treatment of 2 mg/l of BAP
was the most efficient in Cucumis trigonus
multiplication, with an average of 4.93+0.77
shoot numbers and 4.90+0.25 cm shoot length.
The difference between the results of the current
study and the previous studies might be due to the
response of different plant species and/or different
cultivars and experimental conditions used.

Generally, several previous studies reported
that the BAP in a range of 1.0 - 3.0 mg/1 gave good
results in terms of multiplication traits in different
Cucurbits, including Cucurbita Sp. (Mahzabin et
al., 2008; Sangeetha and Venkatachalam, 2011;
Faria et al., 2013). The positive effect of BAP on
the proliferation process could be explained by its
known effect on cell division and differentiation.
This is because BAP activates the enzymes
responsible for cell division and promotes the
synthesis of new proteins and nucleic acids, which
are essential for cell growth and differentiation
(Jameson and Song, 2016). BAP also plays an
important role in chloroplast development, which
is essential for the photosynthesis process. BAP
increases the number of chloroplasts per cell
and enhances the development of chloroplasts,
resulting in increased photosynthetic activity and
plant growth (Arigita and Gotor, 2018).

Effect of BAP concentrations on tomato rootstock
multiplication

The results of the current study generally
indicated that the treatment of 3 and 5 mg/l of
BAP recorded the highest values of shoot number
(8.6 and 8, respectively) and fresh weight (0.94
g and 0.90 g, respectively), while the 3 mg/l
treatment resulted in the lowest shoot length
(2.56) and number of leaves (9.56) compared
to control treatments and other tested BAP
concentrations in tomato rootstock “Forza”. A
similar result was reported by Baye et al. (2019)
who stated that the lowest shoot length (3.31 cm)
and leaf numbers (2.48) were obtained on MS + 3
mg/l BAP. However, they found that among BAP
concentrations (0.0, 0.75, 1.0, 1.5, 2.0, 2.5 and 3.0
mg/l) the highest number of shoots/explants was
achieved on MS medium supplemented with 2
and 2.5 mg/l BAP, depending on varieties.
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In contrast to our results, Yesmin et al. (2022)
found that the maximum number of shoots per
explant (3.18 and 2.46) was obtained with 1.0
and 1.5 mg/l BAP in BINA tomato-3 and BINA
tomato-4 genotypes. They also observed that the
number of shoots increased with the increase
of BAP up to 1.5 mg/l and decreased slightly
with higher concentrations (2.0 - 3.0 mg/l).
Also, Mohamed et al. (2010) found that the MS
medium supplemented with 2.0 mg/l BAP had
the best number of shoots and shoot length in two
tested tomato cultivars (pearl and beril). Similarly,
Sarker (2013) reported that the highest number
of shoots in tomato was noted in MS medium
containing 2.0 mg/l BAP.

Interestingly, the addition of BAP to
multiplication medium resulted in a decrease in
shoot length from 10.13 cm (control treatment)
to 2.56 cm (BAP concentrations) and a decrease
in the number of leaves from 16.80 (control
treatment) to 9.56 (BAP concentrations). This
may be due to the role of BAP in enhancing
shoot formation and releasing lateral buds, but
it has lower impacts on shoot length through
controlling various distinctive processes such
as cell growth and differentiation (George and
Sherrington, 1984).

Effect of IBA concentrations on Cucurbita
rootstock rooting

Our results clearly indicate that IBA is an
effective growth regulator in the root regeneration
of Super Shintoza rootstock. This result is in
harmony with several previous reports, which
showed similar results in other cucurbitaceous
species (Thomas and Sreejesh, 2004; Hoque et
al., 2007; Baskaran et al., 2009; Meena et al.,
2010; Thiruvengadam et al., 2010; Sangeetha and
Venkatachalam, 2014).

The results of the current study also reported
that the treatment of 4 mg/l of IBA had the highest
root number, fresh weight and dry weight (4.86,
1.30 g and 0.10 g, respectively), and the lowest
root length (5.16 cm) compared to the control and
other tested IBA concentrations. In harmony with
this result, Sarowar et al. (2003) reported that 1.0
mg/l of IBA was effective for root induction in an
interspecific hybrid of Cucurbita.

In contrast to our results, Sarowar et al. (2003)
reported that the best result for root formation
was obtained when 1 mg/l of IBA was applied,
and either higher (3.0 mg/l) or lower (0.5
mg/l) concentrations of IBA resulted in lower
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percentages of root initiation. Also, Selvaraj
et al. (2007) reported that 0.7 mg/l of IBA was
the best treatment for root induction of cucumber.
In contrast, Dhumal et al. (2020) found that MS
media without hormones induced multiple shoots
with a good number of roots. The obtained results
may be due to the fact that IBA works by binding
to specific receptors on the surface of plant cells,
which triggers a signaling cascade that leads to
changes in gene expression and the activation
of various growth-related processes such as root
formation. One of the key pathways activated by
IBA is the auxin response pathway, which involves
the activation of genes that regulate cell division
and cell elongation. Another unique characteristic
of IBA is that it can be metabolized by plants into
other auxins, such as indole-3-acetic acid (IAA),
which is the most common and well-studied
auxin. This means that IBA can have a longer-
lasting effect on plant growth and development
than other auxins, as it can be converted into other
active forms as needed by the plant (Jameson and
Song, 2016; Arigita and Gotar, 2018).

Effect of IBA concentrations on tomato rootstock
rooting

The results of the current study generally
showed that the treatment of 4.0 mg/l of IBA
recorded the highest value of root number (6.86)
compared to other tested IBA treatments. While
the treatment of 2 mg/l of IBA recorded the
highest significant values of root length, root fresh
and dry weights (8.83 cm, 0.23 g and 0.019 g,
respectively) in tomato rootstock “Forza”. Similar
results were reported by Yesmin et al. (2022) who
found that IBA was more effective than IAA and
that maximum root induction and development
in tomato plants were found in half- strength MS
medium supplemented with 0.2 mg/l IBA. In
contrast to our results, Yesmin et al. (2022) and
Jawad et al. (2020) reported that the combination
of 0.5 mg/l IAA + 0.5 mg/l IBA was found to
be more efficient than other auxin combinations
(IAA + IBA) and separate treatments (IAA alone
or IBA alone) in the induction and development
of tomato roots.

Grafting experiment

The main problems facing cucumber and
tomato production may include soil salinization
and degradation, groundwater pollution, drought
and heat stresses (Liang et al., 2021) as well as
soil-borne pathogens such as bacteria, fungi and
nematodes (Punja et al.,, 2019). The vegetable
grafting technique makes a distinguished

relationship between the scion and rootstock,
which should be tolerant or resistant to stressful
conditions, biotic and abiotic and its root system
has the ability to improve the uptake of water and
nutrients, making the grafted plant stronger than
non-grafted plants (Wang etal.,2017). Fortunately,
grafting has been applied successfully as a tool to
improve the fruit yield and quality parameters of
cucumber and tomato under normal and stressful
conditions, such as salinity and drought (Venema
et al., 2008; Usanmaz and Abak, 2019; Elsheery
etal., 2020; Fu et al., 2022; Shalaby et al., 2022).
The work done on grafting of tomatoes and
cucurbits has shown a significant positive effect
on yield, quality, resistance to soil-borne diseases,
water stresses, salinity and tolerance to toxic
chemicals in the soil due to grafting (Yassin and
Hussen, 2015). Generally, grafting has resulted in
yield increases of up to 80% in the Solanaceae
family and 60-90 percent in the Cucurbitaceae
family (Dash et al., 2021).

In commercial production of grafted cucumber
and tomato, growers currently use interspecific
rootstocks in cucumber (Cucurbita maxima
x Cucurbita moschata) and tomato (Solanum
lycopersicum * Solanum habrochaites), which
are very vigorous as a consequence of heterosis,
leading to a higher yield and tolerance to different
stressful conditions. Nevertheless, breeding such
interspecific rootstocks faces several challenges
such as, crossing barriers, low fruit set and low
fertile seeds (Karaagac and Balkaya, 2013; Lu
et al., 2020). These factors cause high seed costs
and prevent farmers from using the advantages
of grafted plants. Therefore, micropropagation
of rootstocks may reduce the costs of rootstock
for cucumber and tomato grafting, which may
have a strong benefit for small-scale farmers of
cucumber and tomato.

In this study, two commercial rootstock
genotypes, one for cucumber and the other for
tomato, were used to establish an efficient protocol
for in vitro propagation of both rootstocks and to
compare the efficiency of grafting onto in vitro and
in vivo rootstock seedlings of “Super Shintoza”
and “Forza” in terms of vegetative growth and
yield parameters. The results of the current study
indicate that the cucumber cv. ‘Hayel’ grafted onto
“Super Shintoza” rootstock seedlings produced in
vivo recorded higher means for all studied traits in
comparison to those grafted onto “Super Shintoza”
rootstock seedlings produced in vitro. While there
were no significant differences between grafted
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tomato plants onto “Forza” rootstock seedlings
even produced in vitro or in vivo in all studied
traits. Therefore, the micropropagation technique
could be recommended as an efficient method for
the production of “Forza” rootstock for tomato
grafting. While it is not recommended for the
production of “Super Shintoza” rootstock for
cucumber grafting.

Conclusion

To the best of our knowledge, no or minor
studies have been performed to compare the
response of grafted cucumber and tomato
plants onto in vitro and in vivo rootstocks.
The current study provides new evidence that
the micropropagation technique can be used
efficiently to produce in vitro vegetable rootstocks,
especially tomato rootstocks, in order to decrease
the high cost of the interspecific rootstocks for
commercial production of grafted vegetables.
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