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Abstract This study was carried out to compare
germination rates, rooting, and growth of three varieties of
Lycopersicum esculentum Mill. namely Rio Grande,
Campbell 33 and Assala under different growing
conditions (greenhouse, petri dish and in vitro culture), as
well as a study of the influence of growing medium, light,
activated carbon and pH. The seeds were disinfected before
being grown under different conditions. For greenhouse
cultivation, a sand/peat mixture (50/50) was used. The
germinated seeds were monitored regularly under
controlled conditions. For the petri dish culture, seeds were
germinated on moistened sterile filter paper. As for the in
vitro culture, the seeds were grown on MS and Y2 MS
medium. Activated carbon was added in order to study its
effect on germination at a concentration of 5g/L. They
were then incubated in the absence or presence of light.
Concerning the effect of pH, five values were tested (4,2
-5-5,8-7-10). The analysis of the quantitative data revealed
that the variety Rio Grande has a high germination capacity
compared to Campbell 33 and Assala. Regarding the
cultivation conditions, the results showed that in vitro
cultivation gave the best germination rate (79.66%). In this
case, incubation in the dark was considered more effective
than light as it ensured a higher rate (76.99%). In addition,
% MS medium promoted the root system of the seedlings
by accelerating the speed of appearance of adventitious
roots and their number compared to the MS medium. This

same effect was also observed in the presence of activated
carbon. The results also indicated a direct effect of the pH
of the medium on germination. Indeed, pH 5.8 was
advantageous for the Rio Grande and Assala (95.99% and
75% respectively). For the Campbell 33, pH 7 was more
suitable than the other pH tested (81.66%). This work
suggests that in vitro culture is a promising tool for
improving the yield of this plant and the resulting in vitro
plants can be used as source material for molecular
biology.

Keywords In Vitro Culture, Tomato Varieties,
Germination, PH, Activated Charcoal, Rhizogenesis,
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1. Introduction

Tomato (Lycopersicum esculentum Mill.) is one of the
most important vegetable crops worldwide. Indeed, this
plant occupies a privileged place in agriculture due to its
high antioxidant power [1, 2] and its ability to prevent
cardiovascular diseases [3]. In Morocco, the area is
reserved for the cultivation of Lycopersicum esculentum
Mill. represents 87% of the total area of vegetable crops.
The Gharb region (north-east) exploits an area of about
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3000 ha of industrial tomatoes. The region of
Tangier-Tetouan (Loukos) covers an area of about 500 ha.
There are other tomato producing regions such as
Chaouia-Ouardigha, Tadla, Meknes, extending from the
centre-west to the centre-east [4]. However, despite this
large area of cultivation, yields are still low on a national
scale. This is due to climatic and edaphic problems such
as water stress, soil acidity and pest pressure. All these
biotic and abiotic stress factors can induce anatomical
changes, physiological and biochemical factors that
negatively influence seed germination, crop improvement,
development and growth resulting in a rapid drop in
production [5].

In order to overcome these difficulties, the in vitro
culture technique is now essential [6] as it ensures the
production of disease-free plants, the rapid multiplication
of rare plant genotypes, the transformation of the plant
genome and the production of plant-derived metabolites
of significant commercial value [7, 8]. At the same time,
the chemical composition of the culture medium is
modified for each plant species, thus promoting its
development. Activated carbon is one of the elements
frequently used for this improvement [9]. Its massive use
is due to its ability to provide a dark environment, which
facilitates rooting in vitro [10]. Several authors have
reported the beneficial effect of activated charcoal and
supplement in the growing medium ranging from complex
phenolic uptake [11], root stimulator [12], rhizome
growth [13], developmental enhancement [14] adsorbs
toxic substances present in the medium [15].

In addition, in vitro culture avoids most edaphic
constraints such as pH, which plays a key role in the
absorption and bioavailability of mineral elements, such
as phosphorus, in the soil [16]. Nevertheless, despite its
importance, no study has been conducted on its action on
the in vitro germination of Lycopersicum esculentum Mill.

In view of the above, our work was devoted to the
study of the germination power of three varieties of
Lycopersicum esculentum Mill. The most cultivated in
Morocco, namely: Rio Grande, Campbell 33 and Assala
under different conditions and factors. A better
understanding of the conditions that improve germination
of these varieties would contribute to an optimisation of
the production and quality of this important plant. Thus,
our trials aimed at comparing the germination of the three
varieties under different growing conditions (petri dishes -
greenhouse - in vitro culture). And for the first time a
study of the effect of the culture medium, light, activated
carbon and pH on the in vitro germination, rooting and
growth of the three varieties of Lycopersicum esculentum
Mill.

2. Materials and Methods

2.1. Plant Material

The plant material used consisted of the seeds of three

tomato varieties. Firstly, the Rio Grande variety, which is
a hardy ROMA-type variety, is characterised by its
resistance to Verticillium and Fusarium, its fruits are
elongated, bright red in colour and have firm flesh. Next,
the Campbell 33 variety, which originates from the United
States, produces round, flattened, bright red fruits, also
known for its resistance to Verticillium and Fusarium.
Then there is the Assala variety, which produces firm,
round, red fruits and is resistant to the Verticillium and
Fusarium, as well as to tobacco mosaic virus and tomato
yellow leaf curl virus.

2.2. Seed Disinfection

Under a laminar flow hood, the seeds were disinfected
by soaking them for one minute in 70<C ethanol followed
by a 5-minute soak in 12 °sodium hypochlorite. The seeds
were then rinsed three to four times with sterile distilled
water.

2.3. Growing Conditions

After drying, the disinfected seeds were placed in
different growing conditions:

2.3.1. In the Greenhouse

The seeds were germinated in pots containing a sterile
sand/peat mixture (50/50), at a rate of 3 seeds per pot,
spaced at about 5¢cm, and sown at a depth not exceeding
0.8cm. To ensure better germination, the pots were then
covered with plastic paper for three days. All the pots
were placed in a greenhouse at a temperature of 22-28<C.
The seedlings were then watered with Hoagland solution
and observed regularly.

2.3.2. In Petri Dishes

Seeds were germinated in petri dishes containing sterile
filter paper and moistened with sterile distilled water.
There were ten seeds per dish. They were then sealed with
parafilm and incubated for seven days at a temperature of
25<C. Observations were made regularly to monitor the
germination Kinetics.

2.3.3. In Vitro Culture

The basic culture medium used is that of Murashige
and Skoog (1962), containing macro and micro elements
necessary for the plant and iron which was added in
chelated form (Fe-EDTA). As well as the 2 MS medium
obtained by diluting the quantity of macro elements by
half. These two media were autoclaved and solidified with
agar (30g/l) with a pH previously adjusted to 5.8 using a
solution of HCL or NaOH. Seeds were grown in glass
tubes sealed with cotton and parafilm and placed in a
culture chamber at a temperature of 25 2 <C and a
photoperiod of 16h light and 8h dark. The number of
germinated and infected seeds was recorded daily for a
period of 30 days. In order to follow the evolution of
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growth and rooting, the vitroplants were observed
individually every week.

The effect of activated carbon was explored in vitro by
adding a concentration of 5g/I to both the MS and Y2 MS
culture media used. As for the effect of the pH of the %
MS medium, five pH values were tested (4,2-5-5,8-7 and
10) in order to be able to detect its effect on the
germination of the Lycopersicum esculentum Mill
varieties and the rooting of the in vitro plants.

2.4. Statistical Analysis of Data

Quantitative data were analysed with SPSS (Statistical
Package for the Social Sciences 21) software and
subjected to analysis of variance (ANOVA). Means were

compared using Duncan's test at the 5% significance level.

All tests were repeated five times to statistically validate
the results.

3. Results and Discussion

3.1. Effect of Growing Conditions on Germination

3.1.1. Effect of Germination Conditions

Statistical analysis based on the Duncan test showed
that there is a significant difference between the three
culture conditions used (p<0.05). Indeed, the best
germination percentage was obtained in in vitro seed
culture (79.66%). When the seeds were germinated in the
greenhouse or on petri dishes the germination percentages
were 61.52% and 60.37% respectively (Figure 1).

The results of the observations made during 30 days of
cultivation under the different growing conditions are
shown in Figure 2. The curves of variation of the
germination percentage according to the days showed that
the seeds do not follow the same Kinetics in all the tested
conditions. Indeed, when seeds are germinated in the
greenhouse (Figure 3), the existence of a 12-day lag phase
compared to seeds germinated in vitro or in petri dishes
where this phase is reduced to only 2 and 3 days
respectively. In addition, petri dishes allow a high rate of
germination to be obtained more quickly (as early as day
6) compared to in vitro culture (day 12) and greenhouse
culture (day 19). Our results indicated that the in vitro
culture technique improved the germination rate and
reduced the germination lag time of the seeds of the three
varieties of Lycopersicum esculentum Mill. compared to

greenhouse culture. This is similar to the results of
Mezghenni et al, [17] on argan tree which proved that the
genotypes Tiguemiouzour, Foum elhassen, Bouisakarme
and Smimou show high germination rates in vitro and that
the germination Kkinetics obtained following this technique
is faster compared to greenhouse culture.
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Figure 1. Germination rate of Lycopersicum esculentum Mill. seeds
under different growing conditions
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Figure 2. Germination kinetics of Lycopersicum esculentum Mill.
seeds under different growing conditions
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Figure 3. Germination results of the three Lycopersicum esculentum Mill. varieties under the three growing conditions tested

3.1.2. Effect of Variety
Statistical analysis revealed a significant difference in

the germination rate of the three varieties studied (p<0.05).

Indeed, the variety Rio Grande presented the highest
germination rate (89.67%). Next came the Campbell 33
variety (57.31%) and finally the Assala variety (54.55%)
(Figure 4). In addition, a comparison of the germination
kinetics curves of the three varieties studied showed that
the two varieties Rio Grande and Campbell 33 are
distinguished by a faster germination rate. Indeed, these
two varieties have a short latency phase of no more than 2
days and an average germination time of 13 days. The
Assala variety, on the other hand, had a lag phase of 3
days and an average germination time of 15 days (Figure
5).

3.1.3. Condition-Variety Interaction

The results of the growing condition-variety interaction

were recorded in Figure 6. The analysis of variance showed
a highly significant interaction between the effect of
growing condition and variety. Indeed, Rio Grande was
clearly distinguished from the other varieties by the highest
germination rate (98.99%). This was obtained by in vitro
seed culture, followed by greenhouse cultivation (91.16%)
and finally by seed germination in Petri dishes (78.88%).
Next was the variety Campbell 33 which showed average
germination rates compared to the other two varieties. The
highest percentage was observed in vitro (71.66%),
followed by seed culture in Petri dishes. On the other hand,
the germination percentage did not exceed 40% under
greenhouse conditions. For the Assala variety, a percentage
exceeding 68% was obtained in vitro. Greenhouse
cultivation also guaranteed a germination rate of 53.12%.
In contrast, germination in Petri dishes resulted in a low
percentage of 42.22%.
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Figure 4. Germination rate of the three varieties of Lycopersicum
esculentum Mill.
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Figure 5. Germination kinetics of the three varieties of Lycopersicum
esculentum Mill.

150+
El Assala
3 Rio Grande
c
© 1004 B Campbell33
T o
£ &
E S
[ -
3 50
0_
Greenhouse Petri dishes In vitro
growing conditions
Figure 6.  Effect of growing conditions-variety interaction on

germination rate of three varieties of Lycopersicum esculentum Mill

3.2. Effect of Growing Medium, Light and Variety on
Seed Germination

3.2.1. Effect of Medium

The analysis of variance comparing the two media MS
and % MS revealed a significant difference (p<0.05) on the
germination rate of the varieties. Indeed, the seeds did not
behave in the same way on the two media tested. The MS
medium favored the germination of the seeds of the three
varieties and resulted in a high germination percentage
(75.64%) compared to the %> MS medium (68.27%) (Figure
7).

In addition, a significant difference was observed in the
level of rooting observed in the seedlings obtained on both
media. After 20 days, a branched and very dense root
system was observed on the %2 MS medium. This result
allowed us to deduce that the ionic concentration of the
culture medium significantly affects the appearance of the
roots of Lycopersicum esculentum Mill. Our results are in
line with those found by Aidam et al, [18] who revealed
that a less concentrated mineral medium stimulates the
rooting of woody species. In addition, Dossoukpevi et al.,
[19] proved that %2 MS medium culture is more
advantageous for the rooting of Ocimum gratissimum.
Conversely, Aliaki et al, [20] proved that mineral
concentration does not influence root number production
in Ocimum canum plants.

A comparison of the germination kinetics curves on the
two media revealed the existence of a 3-day lag phase in
both cases. For the MS medium, we obtained the maximum
germination rate after 19 days compared to the %2 MS
medium which allowed us to obtain a maximum rate from
the 17th day (Figure 8).
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Figure 7. Effect of culture medium on seed germination of

Lycopersicum esculentum Mill.
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Figure 8. Germination kinetics of Lycopersicum esculentum Mill.
seeds on MS and %2 MS culture media

3.2.2. Effect of Light

The results obtained indicate that the germination of
seeds of the three varieties is influenced by light. The
statistical analysis revealed a significant difference (p<0.05)
between the germination rates obtained in the dark and in
the light (Figure 9). Indeed, we observed a high
germination rate when the seeds were incubated in the dark
(76.99%) compared to the light (66.92%). Thus, it can be
deduced that tomato seeds grown using the in vitro
technique show a negative photosensitivity. Our results are
similar to those reported by Basnizki and Mayer [21] who
proved that the germination of Cynara scolymus L. seeds
was inhibited by light. These authors also showed that the
average germination rate in light was slower than in the
dark. Furthermore, the work of Routhier [22] on the
germination of seven species including Eugenia repanda
O.berg and Hexaclamys edulis O.berg indicated that the
exposure of the seeds of these species to light increases
their percentageand the time required for germination.

These results allow us to deduce that plant species react
differently to this factor. Our hypothesis is shared with that
of Jones and Hall [23] who suggested that the need for light
is probably a genetic characteristic and can be mediated by
phytochromes that stimulate the synthesis of substances
that promote growth and germination.

The follow-up of the germination rates according to the
days allowed us to deduce that the light causes a
prolongation of the latent phase which lasted 5 days
compared to the darkness showing a latent phase reduced
to 3 days only. In addition, the darkness allowed a high
germination rate to be obtained from the 13th day. In
contrast, light only achieved a high germination rate from
day 17. Thus, it can be concluded that the arrangement of
the seeds in the light will extend the time required for
germination (Figure 10).
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Figure 9. Germination rate of Lycopersicum esculentum Mill. seeds
after incubation in light and dark
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Figure 10. Germination kinetics of Lycopersicum esculentum Mill.
seeds during incubation in light and dark

3.2.3. Effect of Variety

The statistical analysis based on the Duncan test
revealed a significant difference between the three
varieties studied (p<0.05). Indeed, the Rio Grande variety
presents the highest rate (86.99%). Next, the Campbell 33
variety (65.55%) and then the Assala variety which
showed the lowest percentage (63.33%) (Figure 11).

Figure 12 shows that the germination rate of the
varieties varies with the days. For the Assala variety, we
observed a longer lag phase of 5 days compared to the
other two varieties where this phase was reduced to only 3
days. We also observed, for the seeds of this same variety,
a slower average speed of germination. On the other hand,
the seeds of Rio Grande present a faster average speed.
Indeed, this variety could reach a maximum rate as of the
13th day. In the same way, the seeds of Campbell 33
show kinetics similar to that of the variety Rio Grande.
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Figure 11. Germination rate of the three varieties of Lycopersicum
esculentum Mill.
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Figure 12. Germination Kinetics of the three varieties of Lycopersicum
esculentum Mill.

3.2.4. Medium-Light Interaction

The results of the medium-light interaction are shown
in Figure 13. For the two culture media studied MS and %2
MS, the germination capacity of the seeds was favored by
an incubation in the dark. Indeed, the germination results
under this incubation condition were 79.66% and 74.33%
respectively. In contrast, light reduced these rates by 8.0
and 12.11% respectively.
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Figure 13. Effect of growing medium-light interaction on the

germination rate of Lycopersicum esculentum Mill.

3.2.5. Variety Medium Interaction

Figure 14 showed the variation in germination capacity
of the seeds of the three tomato varieties studied
according to the basic medium used. For the Assala
variety, the %2 MS medium was more beneficial than the
MS medium and resulted in a maximum germination rate
(67.5%). On the other hand, the two varieties Rio Grande
and Campbell 33 showed a high germination percentage
on the MS medium (94.99% and 72.77% respectively).
These rates were reduced by 15.99% and 14.44% on the
half diluted MS medium. This suggests that the seeds of
these varieties do not react in the same way to the culture
medium used.
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Figure 14. Effect of variety-medium culture interaction on seed

4% germination of Lycopersicum esculentum Mill.
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3.2.6. Light-Variety Interaction

The germination results obtained in the two media
varied significantly according to the variety and the
incubation factor (presence or absence of light). Indeed,
darkness was beneficial for the germination of seeds of
both varieties Rio Grande and Assala. The germination
values were 98.49% and 71.66% in the dark compared to
75.49% and 55% in the light respectively. While the
germination of the Campbell 33 variety was improved by
9.44% following incubation in the light (Figure 15).
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Figure 15. Effect of variety-light interaction on the germination rate of
Lycopersicum esculentum Mill.

3.2.7. Medium-Light-Variety Interaction

The results obtained showed very different reactions of
the germinating seeds according to the basic medium used
and the incubation factor (Figure 16). Indeed, the
germination rate of Rio Grande was significantly
influenced by light. The latter reduced the percentages for
both basal media. The best result was obtained when the
seeds were grown on the MS medium with incubation in
the dark (98.99%). For the Assala variety, seed
germination was successful on %2 MS medium with dark
incubation. These conditions resulted in a higher rate
(75%). As for the seeds of the variety Campbell 33
germinated better in the presence of light when grown on
MS medium. These conditions resulted in the highest
germination rate (Figure 16).
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Figure 16. Effect of variety-medium-light interaction on the

germination rate of Lycopersicum esculentum Mill.

3.3. Effect of Activated Carbon

3.3.1. Effect of Activated Carbon on Germination

The analysis of variance indicated that the addition of
activated charcoal at 5g/1 regardless of the culture medium
used had no significant effect on the germination rate of
the seeds (p>0.05). Indeed, seeds of all three varieties
were able to achieve high germination percentages in the
presence or absence of the charcoal (Figure 17).
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Figure 17. Germination rate of Lycopersicum esculentum Mill. Seeds in
the presence and absence of activated carbon

3.3.2. Effect of Activated Carbon on Rooting

The addition of activated carbon to the culture medium
used favored root induction. Indeed, the addition of this
element allowed to obtain seedlings with a dense and
well-developed root system characterized by a faster root
formation (five to six days) compared to the media
without carbon (12 to 15 days). The medium without
activated charcoal did not favor better root formation.

The observation of the roots formed from the in vitro
plants on the two culture media in the presence of activated
charcoal showed that the % MS medium was clearly
distinguished by its capacity to induce better rhizogenesis.
Indeed, the root system obtained on this medium is
composed of a main root that forms several adventitious
roots of fine thickness and length exceeding 4cm compared
to the MS medium (Figure 18). Similarly, this medium
favored the appearance of more leaves with considerable
morphological characteristics, in particular a higher leaf
area compared to the average obtained in the absence of
activated carbon. According to Kulchetschi et al, [24] this
effect is explained by the presence of a low ionic
concentration of the culture medium which induces a
stimulation of buds and a high capacity of root formation in
the stems. Ben Mahmoud et al, [25] also showed the
beneficial role of activated carbon in reducing the rooting



Universal Journal of Agricultural Research 11(2): 389-402, 2023

phase of Stevia rebaudiana seedlings which is a medicinal
plant with high therapeutic utility. Similar results were also
obtained by Poniewozik et al, [26] who proved that the
addition of charcoal improved the rooting of
Paphiopedilum insigne. These authors also revealed a
positive effect on root weight and length. A higher number
of roots in the presence of this element was observed in
Phalaenopsis cornu-cervi [27], Miltonia flavescens and
Oncidium trulliferum [28]. This effect has been explained
by several authors such as Yan et al, [29] who proved that
activated charcoal provides a dark environment favoring
root development. Benderradji et al, [30] explained the role
of activated carbon by its capacity to absorb harmful
substances produced and released by the explant or
associated with minerals in the culture medium.

Similarly, the effect of activated charcoal has been
explored in other species including banana [31], strawberry
[32], argan [33] and cassava [34]. In these species, the

397

addition of activated carbon to the medium favored root
development. On the other hand, these results are not in
agreement with the work of Pitekelabou et al, [35] who
showed an inhibitory action of charcoal on the rhizogenesis
of Nauclea latifolia (Rubiaceae).

Thus, activated charcoal is a very important element
playing a major role in the multiplication and development
of the root system of some species, while it may present an
obstacle for others.

3.3.3. Effect of Variety

The statistical analysis revealed a highly significant
difference between the three varieties in the presence of
activated carbon in the two culture media used. Indeed,
the Rio Grande variety presents the highest rate (85.06%).
This rate was reduced by 11.76% and 24.49% in the
Campbell 33 and Assala varieties respectively (Figure
19).

. Al: Rio Grande on 2 MS +Activated carbon;
. B1: Rio Grande on MS+ Activated Carbon

. A2: Campbell 33 on %> MS+Activated Carbon;
. B2: Campbell 33 on MS+ Activated Carbon

. A3: Assala on %2 MS +Activated Carbon;

. B3: Assala on MS+ Activated Carbon

Figure 18. Effect of activated carbon added to culture media (MS and MS/2) on rhizogenesis of the three varieties of Lycopersicum esculentum Mill.
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Figure 19. Germination rate of the three varieties of Lycopersicum
esculentum Mill in the presence of activated carbon

3.3.4. Variety-Medium-Activated Carbon Interaction

The germination capacity of the seeds varied
significantly according to the variety, the base medium,
and the addition of activated carbon (Figure 20). From the
results, it was deduced that activated carbon significantly
improved the germination of Assala and Campbell 33 on
MS and ¥2 MS media respectively. While for the variety
Rio Grande, the best percentage was obtained on the MS
medium without activated carbon.
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Figure 20. Effect of variety-growing medium-charcoal interaction on
seed germination of Lycopersicum esculentum Mill.

3.4. Effect of PH of the Culture Medium

3.4.1. Effect of PH on Germination

Statistical analysis showed that the germination rate of
seeds was significantly affected by the degree of acidity or
alkalinity of the half diluted MS culture medium (p<0.05).
Five statistically different groups were obtained (Figure
21).

The first group (a) is composed of the medium adjusted
to pH 7 which showed the highest percentage of
germination (79.07%), followed by the medium at pH 5.8
(76.44%) (b). The latter rate was reduced by 9.73% and

16.03% at pH 5 and 4.2 respectively. On the other hand,
the last group (e) includes the alkaline culture medium
(pH 10) which revealed a lower germination percentage
(47.22%).

It should be noted that an acidic (pH 4.2) or alkaline (pH
10) pH also affected the development of the in vitro plants
obtained. This effect is manifested by the presence of
thinner main roots producing a low density of lateral roots
compared to the pH 5.8 and 7 media. In addition, these
seedlings showed a thinner stem with a more or less
sensitive consistency. This reaction of the seeds in the
presence of different pH values, confirm by Laghmouchi et
al, [36], is explained by the inhibitory effect of acidity or
alkalinity on the catalysts involved in the germination
process. Indeed, a decrease in pH can have a direct effect
by dissolving the seed coat, and an indirect effect which
involves the stimulation of the conditions for the
development of certain species of fungi whose action
causes the perforation of the integument, this hypothesis is
shared with Vleeshouwers et al., [37]. Similarly, an
increase in pH, according to the work of Lamhamedi et al.,
[38] has an inhibitory effect on the availability of some
mineral elements such as phosphorus and iron in the
rhizosphere, gas exchange and growth of roots and aerial
parts. Our results are in line with those found by Herrera
[39], who showed the important role of the pH of the
nutrient solution in the hydroponic cultivation of tomato.
Indeed, the pH of this solution plays a major role in the
solubility of nutrients, mainly phosphorus and calcium. For
this reason, the pH must be maintained within a range of
5.5 and 6, which favors the production of this plant. In soil
cultivation, Alaoui [40] mentions that tomato plants are
moderately tolerant of a large variation in pH. But a pH
between 6.5 and 7 is optimal for better production.
Similarly, the seeds of the medicinal plant Origanum
Compactum respond in a similar way to tomato. Indeed,
Laghmouchi et al., [36] state that this species is able to
germinate in a wide range of pH but pH 7 is optimal
inducing the best germination rate compared to the other
values studied.
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Figure 21. Effect of pH of the culture medium on seed germination of
Lycopersicum escuelentum Mill.
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3.4.2. Effect of PH on Rooting

The ability of the in vitro plants to develop roots was
influenced by the degree of acidity or alkalinity of the
culture medium ¥ MS. In fact, in a very acidic (pH 4) or
very alkaline (pH 10) pH, the plants are derived from the
germination of seeds of the three varieties of Lycopersicum
esculentum Mill. showed roots with limited growth with a
length not exceeding four centimeters and a low root
formation. These two pH values also influenced the
development of the aerial part which resulted in a thinner
stem with a length exceeding seven centimeters producing
few leaves with a reduced leaf area compared to normal. It
should be noted that the Assala variety was the most
affected by this treatment. As for pH 5-5.8 and pH 7, they
allowed us to obtain healthy in vitro plants with normal
morphological characteristics.  Indeed, these two
concentrations of H+ ions induced normal root
development in all varieties. Our results are in line with
those of Lacroix [41] who reveals the effect of this factor
on root development. Indeed, an acidic pH is a limiting
agent for the progression and growth of roots in the soil. In
the presence of an acidic mineral soil, aluminium can cause
toxicity resulting in very stubby roots due to a blockage of
the elongation of the main root axis and the lateral roots. In
the presence of high pH, ammonia toxicity can occur which
can cause inhibition of root development. The work of
Osseni et al., [42] also stated that a very acidic soil pH
increasingly favors the development of a nematode
(Pratylenchus Brachyurus) that negatively affects
pineapple production. To avoid this effect, an increase in
soil pH is recommended. This work showed that the lowest
nematode populations were observed when the soil pH
reached 6 units.

Furthermore, it has been shown by the studies of Rivard
and Woodard [43] that the seeds of the species Typha
latifoflia are not affected by pH variations. Indeed, these
researchers reported that pH 4.0, 7.0 and 12.0 have no
significant effect on the germination of this plant. In the
same sense, Yang et al, [44] showed that the germination
of seeds of the species (Galax urceolata (Poir.) Brummitt)
is not affected by the tested pH values (4.2-5.0-5.8).

Based on all these results, it can be concluded that the
pH of the medium has direct effects on germination and
development of some species. For others, its action
remains more or less neutral.

3.4.3. Variety Effect

The analysis of variance showed that the germination
percentage varied according to the variety studied (Figure
22). Indeed, the highest level was observed in the variety
Rio Grande (85.31%), followed by Assala (59.27%) and
then the variety Campbell 33 (53.33%).
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Figure 22. Germination rate of seeds of the three varieties of

Lycopersicum esculentum Mill.

3.4.4. PH-Variety Interactions

Seeds grown in culture showed a different reaction
depending on the degree of acidity or alkalinity of the base
medium (Figure 23).

For the variety Rio Grande, the seeds germinated at all
pH levels tested with differences depending on the degree
of acidity or alkalinity of the medium. The highest
germination rate (95.99%) was observed at pH 5.8 which
can be qualified as the optimal pH for germination of this
variety. A positive relationship was also observed
between the elongation of the epicotyl and this medium.
Indeed, the development of seedlings from embryos
germinated at this pH was faster. After 13 days of
cultivation, the plants produced more roots and a thick
stem that reached 9 cm in length. On the other hand,
alkaline pH (pH 10) reduced the germination rate by
20.99%. We also observed a negative relationship
between this pH and the development of the in vitro plants.
Indeed, the latter were characterised by a thinner stem
with fewer leaves and roots (Figure 24).

The germination capacity of the seeds of the Campbell
33 variety seemed to be maximal on the pH 7 medium
(81.66%) compared to the alkaline medium at pH 10
where the germination rate was lower (16.66%). It can be
deduced that the seeds of this variety are the most
influenced by the alkalinity of the basic medium used
(Figure 25).

For the Assala variety, the pH 5.8 medium was clearly
distinguished from the others by its ability to induce the
best germination rate (75%) with normal seedling
development. On the other hand, the lowest rate was
recorded on the pH 5 medium (49.16%). In addition, the
evolution of the germination curve on this pH, shows the
existence of a 3-day latency phase. This phase was 5 days
on the medium at pH 4.2 (Figure 26).
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Figure 23. Effect of variety-pH interaction on seed germination of three
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4. Conclusions

The growing interest in understanding the factors acting
at the germination stage of plants can contribute to
guantitative and qualitative improvement of crop
production. In the case of Lycopersicum escuelentum Mill,
in vitro culture is a promising way for better germination
results of this plant. Our trials showed the effectiveness of
the MS medium for in vitro germination of the two
varieties Rio Grande and Campbell 33. While for the
Assala variety the %2 MS medium seems to be more
favorable. In addition, incubation in the dark ensured high
germination rates. Furthermore, a better rate of
rhizogenesis of all varieties was ensured by the addition
of activated charcoal on the 2 MS medium. The pH of
this medium also seems to have a potential effect on the
germination of the varieties studied. Indeed, the best
germination rate was obtained in pH values between 5.8
and 7. It appears from this work that the factors
mentioned represent optimal conditions for better
germination, rooting and growth of the in vitro plants of
this plant, which can be used as basic material for rapid
multiplication via other in vitro culture techniques.

REFERENCES

[1] Kheyrodin, H. and Kheyrodin, S. Importance of the Tomato
as such as medical plant. International Journal of Advanced
Research in Biological Sciences, Vol. 4, no. 4, pp. 106-115,
2017. DOI: 10.22192/1JARBS.2017.04.04.015

[2] Dembé&ésS., Ciss€ l., Adima, A. A., Yao, K., & Louise, A.
A. A. Valeur nutritionnelle et capacité antioxydante de
quatre variéés de tomate (Lycopersicon esculentum mill)
cultivées en Cd&e d'lvoire. International Journal of
Innovation and Applied Studies, vol. 26, no. 4, pp. 915-925,
2019. DOI: 10.9734/CJAST/2019/v36i530255



(3]

(4]

(5]

(6]

[7]

(8]

(0]

[10]

[11]

[12]

[13]

[14]

[15]

Universal Journal of Agricultural Research 11(2): 389-402, 2023

Bazzano, L. A,, Serdula, M. K., & Liu, S. Dietary intake of
fruits and vegetables and risk of cardiovascular disease.
Current atherosclerosis reports, vol. 5, no. 6, pp. 492-499,
2003. DOI: 10.1007/s11883-003-0040-z

El Katab A. La superficie globale des p&iméres irrigués a
enregistréun développement rapide. Extension des cultures
sous serre aDakhla. 2009.

Massimi, M. Tomato (Lycopersicon esculentum Mill.)
anatomical, physiological, biochemical and production
responses to drought stress-A  mini-review essay.
International Journal of Horticultural Science, vol. 27, pp.
40-45, 2021. https://doi.org/10.31421/ijhs/27/2021/8439

Espinosa-Leal, C. A., Puente-Garza, C. A., & Garc B-Lara,
S. In vitro plant tissue culture: means for production of
biological active compounds. Planta, vol. 248, no. 1, pp.
1-18, 2018. https://doi.org/10.1007/s00425-018-2910-1

Debnath M, Malik CP, Baisen PS. Micropropagation:a tool
for the production of high quality plant based medicines.
Curr Pharm Biotechnol, vol. 7, pp. 33-49, 2006. DOI:
10.2174/138920106775789638

Altpeter F, Springer NM, Bartley LE, Blechl AE, Brutnell
TP, Citovsky V, Conrad L, Gelvin SB, Jackson D, Kausch
AP, Lemaux PG, Medford JI, Orozco-Cardenas M, Tricoli
D, VanEck J, Voytas DF, Walbot V, Wang K, Zhang ZJ,
Stewart CN. Advancing crop transformation in the era of
genome editing. Plant Cell, vol. 28, pp. 1510-1520, 2016.
DOI: 10.1105/tpc.16.00196

Buckseth, T., Singh, R. K., Sharma, A. K., Sharma, S.,
Moudgil, V., & Saraswati, A. Optimization of activated
charcoal on in vitro growth and development of potato
(Solanum tuberosum L.). Int. J. Curr. Microbiol. Appl. Sci,
vol. 7, pp. 3543-3548, 2018. https://doi.org/10.20546/ijcm
as.2018.710.410

Sharma, P.K., R. Trivedi and Purohit, S. Activated charcoal
improves rooting in in-vitro derived Acacia leucophloea
shoots. Inter. J. Plant Dev. Biol, vol. 6, no. 1, pp. 47-50,
2012. Retrieved from https://www.semanticscholar.org/pa
per/Activated-Charcoal-Improves-Rooting-in-in-Acacia-S

harma-Trivedi/486e5bd15d4db96ad1c58ef871c62028d3c6
9beb

Pan, M.J. and Van Staden, J. The use of charcoal in in-vitro
culture-a review. Plant Growth Regul, vol. 26, pp. 155-63,
1998. https://doi.org/10.1023/A:1006119015972

George, P.S. and G.A. Ravishankar. In vitro multiplication
of Vanilla planifolia using axillary bud explants. Plant
Cell Rep, vol. 16, pp. 490-494, 1997.
https://doi.org/10.1007/BF01092772

Kim, J.Y. and J.S. Lee. Effect of cultural conditions on
rhizome growth and organogenesis of Cimbidium
lancifolium native Korea in vitro. J. Kor. Soci. Horti. Sci.,
33, 471-476, 1992.

Choi, S.O0. and J.D. Chung. Effects of media on
multiplication of rhizomes and growth of seedlings through

asymbiotic seed germination of oriental Cymbidium. J. Kor.

Soci. Horti. Sci, vol. 30, pp. 294-302, 1989. Retrieved from
https://agris.fao.org/agris-search/search.do?recordID=KR9
301048

Fridborg, G. and T. Eriksson. Effects of activated charcoal

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

401

on growth and morphogenesis in cells cultures. Uppsala,
Sweden. Physiol. Plant, vol. 34, pp. 306-308, 1978.
https://doi.org/10.1111/j.1399-3054.1975.th03843.x

Plassard, C., Robin, A., Le Cadre, E., Marsden, C., Trap, J.,
Herrmann, L., & Hinsinger, P. Am@iorer la
biodisponibilité du phosphore: comment valoriser les
compétences des plantes et les mé&anismes biologiques du
sol. Innovations Agronomiques, vol. 43, pp. 115-138, 2015.
https://hal.archives-ouvertes.fr/hal-01223555

Mezghenni, H., Hamrouni, L., Hanana, M., Jamoussi, B.,
Bouzid, S., & Khouja, M. L. Multiplication de 1’arganier
Argania spinosa (L.) Skeels. J New Sci, vol. 10, pp. 6-17,
2014. Retrieved from https://www.jnsciences.org/agri-biot
ech/18-volume-10/39-multiplication-de-I-arganier-argania-
spinosa-I-skeels.html

A. A'dam, K. D. Etse, K. Koba, C. Raymond, K. Sanda, J. P.
Chaumont, J.  Tremouillaux-  Guiller.  Capacit&
morphologiques in vitro, performance au champ et
production d’huiles essentielles chez Ocimum gratissimum
L. Acta Bot. Gallica, vol. 155, no. 3, pp. 341 — 354, 2008.
DOI: 10.1080/12538078.2008.10516115

Dossoukpévi, R., Dangou, S. J., Caca¥G., Agbidinoukoun,
A., Agbangla, C., & Ahanhanzo, C. Production et
acclimatation de plants du gros basilic (Ocimum
gratissimum) regeneres in vitro: effet de l'acide naphtalene
acetique (ANA) sur l'enracinement. European Scientific
Journal, vol. 11, no. 12, 2015. Retrieved from
https://eujournal.org/index.php/esj/article/view/5474

Aliaki, E., Etsé K. D., Glato, K., Pitédabou, R., Koba, K.,
& A'Ham, A. Réénéation et floraison in vitro des
plantules d’Ocimum canum (Sims), une importante plante
mé&licinale. Afrique science, vol. 13, no. 4, pp. 1-7, 2017.
Retrieved fromhttps://www.afriquescience.net/PDF/13/4/1
.pdf

Basnizki, Y., & Mayer, A. M. Germination of Cynara seeds;
effect of light and temperature and function of the
endosperm. Agronomie, vol. 5, no. 6, pp. 529-532, 1985.
https://hal.archives-ouvertes.fr/hal-00884781

Routhier, M.C. Caracté&istiques de germination de sept
espeees de  Myrtaceae  d’Argentine-Effets  d’une
stratification au froid, de la lumiée et de la dessication des
graines. 2006. Retrieved from https://savoirs.usherbrooke.c
a/handle/11143/4707

Jones, I.F., and Hall, M.A. Studies on the seed requirement
for carbon dioxide and ethylene for germination of Spergula
arvensis seeds. Plant Sci. Letters, vol. 16, pp. 87-93, 1979.
https://doi.org/10.1016/0304-4211(79)90012-9

Kulchetschi L., Harry LS. Yeung EC., Thorpe TA. “In vitro
regeneration of pacific silver fir (Abies amabilis) plantlets
and histological analysis of shoot formation”. Tree
physiology, vol. 15, pp. 727-739, 1995.
https://doi.org/10.1093/treephys/15.11.727

Mahmoud, K. B., Ksaier, M., Jemai, N., Mehouachi, T., &
Jemmali, A. Study of in vitro regeneration ability of an elite
medicinal plant Stevia rebaudiana (Bert.). In Annales de
I'INRAT, Vol. 92, pp. 82-96. Institut National de la
Recherche Agronomique de Tunisie (INRAT). 2019.
Retrieved from https://www.cabdirect.org/cabdirect/abstra
/20203438415

Poniewozik, M., Parzymies, M., & Szot, P. Effect of



402

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Effect of Medium Culture, pH, Activated Carbon, and Light on Germination,
Rooting and Growth of Tomato (Lycopersicum Esculentum Mill.)

activated charcoal and ascorbic acid on in vitro
morphogenesis and o-dihydroxyphenols content in
Paphiopedilum insigne. Horticultural Science, vol. 49, no. 1,
pp. 48-51, 2022. https://doi.org/10.17221/68/2020-HORTS
Cl.

Rittirat S., Kongruk S., Te-Chato S. Induction of
protocorm-like bodies PLBs and plantlet regeneration from
wounded protocorms of Phalaenopsis cornu-cervi Breda
Blume & Rchb. f. Journal of Agricultural Technology, vol.
87, pp- 2397-2407, 2012. Retrieved from
http://www.ijat-aatsea.com

Morales L.M., Faria R.T., Cuquel F.L. Activated charcoal
for in vitro propagation of Brazilian orchids. In:
V. International Symposium on New Floricultural
Crops, vol. 683, pp. 383390, 2003. DOI:
10.17660/ActaHortic.2005.683.50

Yan N., Hu H., Huang J.L., Xu K., Wang H., Zhou Z.K.
Micropropagation of Cypripedium flavum through multiple
shoots of seedlings derived from mature seeds. Plant Cell
Tisssue and Organ Culture, vol. 841, pp. 114-118, 2006.
DOI: 10.1007/s11240-005-9001-2

Benderradji, L., Bouzerzour, H., Ykhlef, N., Djekoun, A.,
& Kellou, K. Réonse ala culture in vitro de trois variéés
de I’olivier (Olea europaea L.). Sciences & Technologie. C,
Biotechnologies, pp. 27-32, 2007. Retrieved from
https://www.asjp.cerist.dz/en/article/57992

Mazinga, K. M., Jara, M. G., Van Koninckxloo, M.,
Nyembo, K. L., Kasongo, L. M. E., Ntumba, K. B., &
Baboy, L. L. Effets du charbon actif dans le milieu de
culture sur I'induction de la rhizogénése chez 1’hybride
FHIA-01 de bananier (Musa AAAB) en culture in vitro.
Journal of Applied Biosciences, vol. 76, pp. 6352-6360,
2014. http://dx.doi.org/10.4314/jab.v76i1.6

Damiano C. Il carbone attivo nella coltura in vitro della
fragola. -Frutticoltura, vol. 40, no. 5, pp. 49-50, 1978.
Retrieved from https://plateforme-documentaire.ctifl.fr/Re
cord.htm?idlist=1&record=19482264124912004469

Bousselmame, F., Kenny, L., & Chlyah, H. Optimisation
des conditions de culture pour 1’enracinement in vitro de
I’arganier (Argania spinosa L.). Comptes Rendus de
I'Académie des Sciences-Series 111-Sciences de la Vie, vol.
324, no. 11, pp. 995-1000, 2001. DOI:
10.1016/S0764-4469(01)01364-6

S&lami, A. B., Caca¥ G., Dangou, S. J., Jaurés, K.,
Agbangla, C., & Ahanhanzo, C. Effet du charbon actif sur
la conservation de la variééde manioc (Manihot esculenta)
rb 89509 menacés d'extinction au Benin. European
Scientific Journal, vol. 11, no. 24, 2015. Retrieved from

[35]

(36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

https://eujournal.org/index.php/esj/article/view/6116

Pitekelabou, R., Etse, K. D., & A‘Wam, A. V.
Micropropagation et rhizogenése in vitro chez Nauclea
latifolia smith (Rubiaceae). European Scientific Journal,
vol. 9, no. 24, 2013. Retrieved from
https://eujournal.org/index.php/esj/article/view/1713/

Laghmouchi, Y., Belmehdi, O., Bouyahya, A., Senhaji, N.
S., & Abrini, J. Effect of temperature, salt stress and pH on
seed germination of medicinal plant Origanum compactum.
Biocatalysis and agricultural biotechnology, vol. 10, pp.
156-160, 2017. DOI: 10.1016/j.bcab.2017.03.002

Vleeshouwers, L.M., Bowmeester, H.J., Karssen, C.M.
Redefining seed dormancy: an attempt to integrate
physiology and ecology. J. Ecol. Vol. 83, pp. 1031-1037,
1995. Retrieved from https://edepot.wur.nl/215579

Lamhamedi, M. S., Renaud, M., & Veilleux, L. Les effets
de I’augmentation du pH des substrats sur la croissance des
plants forestiers produits dans les pépinieres foresti€res.
La culture de I’innovation, 33, 2011.
www.carrefourforetinnovations.gouv.qc.ca/collogues-them
es/production-plants.asp

Herrera, A. L. Manejo de la solucicn nutritiva en la
produccicn de tomate en hidropon &. Terra latinoamericana,
vol. 17, no. 3, pp. 221-229, 1999. http://www.redalyc.org/a
rticulo.oa?id=57317306

Alaoui, S. B. Ré&é&entiel pour la Conduite Technique de la
Culture de tomate (Lycopersicum esculentum Mill.), p. 61,
2005.

Lacroix, M. Systéme racinaire de la tomate de serre,
champignons phytopathogénes et environnement, p. 5,
1998.

Osseni, B., Sarah, J. L., & Hugon, R. (1997). Effet du pH du
sol sur le développement des populations de Pratylenchus
brachyurus (Godfrey) dans les racines d'ananas et sur la
croissance et le rendement de la plante. ISHS, 20-24 Feb,
1997. DOI: 10.17660/ActaHortic.1997.425.46.

Rivard, P. G., & Woodard, P. M. Light, ash, and pH effects
on the germination and seedling growth of Typha latifolia
(cattail). Canadian journal of botany, vol. 67, no. 9, pp.
2783-2787, 1989. https://doi.org/10.1139/b89-358

Yang, G., Shen, X., Jackson, R., & Lu, Z. Factors
affecting'in vitro'seed germination and shoot proliferation
of galax ['Galax urceolata'(Poir.) Brummitt]. Australian
Journal of Crop Science, vol. 7, no. 11, pp. 1766-1771,
2013. Retrieved from http://cropj.com/yang_7_11 2013 1
766_1771.pdf



