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Abstract

Propagation by seeds of the cashew tree (Anacardium occidentale 1.) does not allow a faithful reproduction of the
mother plant. The objective of this work is to establish an in vitro cashew tree regeneration protocol from the apex of
grafted plants. To this end, apex explants taken from plants grafted in greenhouses were disinfected using sodium
hypochlorite with 1.2 and 2.4% active chlorine and calcium hypochlorite 2.5 and 5% for 1; 2 ; 3 and 5 min, then cultured
on MS medium supplemented with benzylaminopurine (BAP), kinetin and thidiazuron (TDZ) at various concentrations.
The main results showed that disinfection of the explants with sodium hypochlorite at active chlorine 1.2 % for 2 min
resulted in a low contamination rate (33%). The budding rate and the mean number of buds (1 to 2 buds per explant)
did not vary while the best shoot growth (0.4 cm) were obtained on the medium without growth regulators. At the end
of these experiments, the protocol for in vitro regeneration from the apex of the cashew tree was established.
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1. Introduction

Native to Latin America, the cashew tree (Anacardium occidentale L.) was introduced to Cote d'Ivoire in 1951. It was
only from 1959 to 1960 that cashew tree forest plantation programmes were carried out and extended to the entire
ecologically favourable area, in particular the Sudano-Guinean savannahs [1]. The objective at the time was the
protection of ecosystems seriously affected by deforestation and the fight against bush fires [2]. In 1990, the increase
in the price of cashew nuts led to a craze for the cultivation of cashew trees (Anacardium occidentale L.) [3]. As a result,
cashew trees appeared to producers as an alternative to the traditional cash crop of the north of the country, cotton,
whose cultivation seemed threatened by falling global costs and major problems in the functioning of the sector [4].

The cashew tree is cultivated for the trade of its nuts. It is used as a raw material in the agri-food (chocolate,
confectionery), pharmaceutical and cosmetic industries [5]. Cashew apples are also appreciated because of their
richness in water (80 to 90%) and sugars (10 to 12%). This valorization of apple juice has been the subject of several
studies [6,7].

Itis estimated that between 1980 and 2020, the total area of land devoted to cashew cultivation increased from 526,250
hectares (ha) to 7,101,970 ha. As for world production, from 706,500 tons in 1990, it increased from 3.9 million tons in
2018 to more than 5,000,000 tons in 2022. This expansion has been observed mainly in Africa. Cote d'Ivoire has been
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the epicenter of this boom in global cashew production. This West African country is now the world's largest exporter
of raw cashew nuts, with a turnover of $961 million in 2021 and a production of more than one million tons in 2022 [8].

This increase in national production is due to the increase in cultivated areas, which rose from 265,654 ha in 2000 to
1,350,000 ha in 2018 [9]. This galloping increase in cultivated land can lead to a lack or insufficiency of arable land and
land disputes. Nut yields in Ivorian orchards remain low, in the range of 350 to 500 kg/ha, due to plantations created
with unimproved plant material [10]. Conventional vegetative propagation techniques (layering, cuttings, grafting)
have been used for the production of high-producing cashew planting material [11]. These methods allow the mother
plant to be faithfully reproduced, but remain slow propagation tools [12]. In addition to these techniques, in vitro culture
methods of plant tissues and organs have been used [13; 14]. Biotechnology is a powerful tool for overcoming natural
barriers, and thus represents an alternative and complementary approach to conventional breeding efforts [15].
Unfortunately, the micropropagation of woody species from explants taken from mature trees is strongly hampered by
serious constraints such as the difficulty of disinfection and browning of the explants and the low rate of bud induction,
thus making their multiplication difficult in vitro. Despite these constraints, authors have reported the production of
cashew nut plant material through micropropagation [16; 13]. In addition, the conditions for growing these explants
are not clearly established. The objective of this study is to establish a regeneration protocol for the production of
cashew nut vitroplants from grafted plants.

2. Materials and methods

2.1. Plant material

The plant material consists of young cashew plants three months old obtained by grafting (Figure 29). The grafts were
taken from high-yielding trees in an industrial plantation in Farako, Bogofa Sub-Prefecture, Gontougou region (Cote
d'Ivoire). Rootstocks are obtained by germinating mature nuts harvested in Gohitafla, in the Marahoué region (Cote
d'Ivoire).

Figure 1 Three-month-old grafted cashew tree plant

2.2. Preparation of culture media

The base medium of Murashige and Skoog [17] was used for this study. To this medium, 30 g/l sucrose and an
antioxidant (activated charcoal 0.2%) and various concentrations of cytokinins were added. The pH was adjusted to 5.8
using a pH meter with HCI (1N) and/or NaOH (1N). The gelling agent, phytagel (3g/1) has been added. The resulting
solution was stirred for 10 min and then brought to a boil in order to solubilize the phytagel. A volume of 30 ml of this
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medium was dispensed into pots which have been hermetically sealed with caps. These media were sterilized at
autoclave at 121 °C for 20 min under a pressure of 1 bar and then transferred to a room of culture after cooling.

2.3. Preparation and disinfection of explants

Grafted plants treated with fungicide once a week were used as a source of explants. The twigs taken early in the
morning from these plants were soaked in soapy water for 30 minutes and then rinsed thoroughly with tap water. Under
the laminar flow hood, these twigs are immersed in 70% alcohol for 1 min, then in various concentrations of sodium or
calcium hypochlorite containing 2 drops of tween 20 at different times.

2.4. Cultivation of explants

After the disinfection phase, the apex explants were taken from the disinfected twigs and placed on the MS medium
supplemented with 0.2% activated charcoal and various concentrations of cytokinins

Figure 2 Culturing the apex

2.5. Effect of disinfecting agents on explant contamination and viability

Sodium hypochlorite at 1.2 and 2.4% active chlorine and calcium hypochlorite 2.5 and 5% were the disinfecting agents
used. In these solutions, the explants were soaked at 1; 2 ; 3 and 5 min. At the end of the immersion time, the explants
were removed and rinsed three times with sterile distilled water. The viability of the explants was evaluated after three
weeks of cultivation. The experiment was repeated three times at a rate of 10 replications per treatment and per repeat.

2.6. Effect of cytokinins on cashew bud induction

The apex explants were cultured on MS medium supplemented with three cytokinins at different concentrations. Thus,
benzylaminopurine (BAP) and kinetin at concentrations of 0, 1, 2, 4 and 6 mg/L and thidiazuron (TDZ) at concentrations
of 0; 0.001, 0.01, 0.1 and 1 mg/L were used as growth regulators. The apex explants were placed on these different
media. The experiment was repeated three times for each medium, at a rate of 10 replications per repeat

2.7. Experimental design and data analysis

The experiments were carried out in a completely randomized design with ten replicates and each individual treatment
was repeated three times. Bud frequency, number of buds per explant were submitted to analysis of variance (ANOVA)
to detect significant differences between means of each growth regulator and disinfectant. Means differing significantly
were compared using Newman-Keuls multiple range test at.
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3. Results

3.1. Effect of disinfectants and their concentrations and duration of disinfection on explant contamination

The results regarding the effect of disinfectants are presented in table I. Analysis of the results in this table showed a
very significant effect of disinfecting agents on the contamination rate (P < 0.001). This is because this contamination
rate is higher with calcium hypochlorite compared to sodium hypochlorite, regardless of the duration of disinfection. In
addition, this rate decreases with increasing disinfection time. Thus, the highest contamination rates are 87.09% and
90% respectively at 1 min and 2 min with sodium hypochlorite (1.2% active chlorine) and calcium hypochlorite (2.5%).

Table 1 Contamination rate of cashew tree explants after disinfection with sodium and calcium hypochlorite

Disinfectants | Concentrations (%) Duration (min) Contamination rate
1.2 1 87.09+29a
2 33+8.05cd
3 30+7.87cd
Sodium 5 18 +6.68d
hypochlorite | 2.4 1 78+5.68a
2 18 +6.68d
3 24+7.39d
5 12 +5.68d
2.5 1 90+00a
2 90+00a
) 3 72 £ 6.68 ab
Calcium
hypochlorite 5 63+ 7.65 ab
5 1 72 + 6.68 ab
2 51+8.28ab
3 66 +7.39 ab
5 33+8.05cd
P1 <0.001
P3
<0.001
P4
0.47
In the same column, the means followed by the same letter are significantly identical to the
5% threshold (Student Newman-Keuls test). Mean # standard error (P1): probability related
to the nature of the disinfectant agent; (P2): probability related to the concentrations of
disinfectants; (P3): probability related to the duration of disinfection; (P4): probability of
the disinfectant agent-concentration-duration of disinfection interaction.

3.2. Effect of disinfecting agents on the viability of the explant

After one month of culture of the apexes, the rate of explants that survived the disinfectants is shown in table 2. Analysis
of this table reveals that the disinfecting agent did not have a significant effect on explant viability (P > 0.05). In contrast,
concentrations and duration of disinfection had a very significant effect on explant survival (P < 0.001). These
concentrations ranged from 18% obtained with sodium hypochlorite at 2.4% active chlorine during 5 min of
disinfection, to 87% obtained with sodium hypochlorite at 1.2% active chlorine during 1 min of disinfection. Taking into
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account the contamination rate and survival rate, sodium hypochlorite with 1.2% active chlorine used for 2 min was the
most indicated for effective disinfection of the apex explants of the cashew tree.

Table 2 Cashew apex survival rate after disinfection with sodium calcium hypochlorite

Disinfectants Concentrations (%) Duration (min) Viability rate
1 87.09+29a
12 2 81+501a
3 48 + 8.34 bed
Sodium hypochlorite 5 33+8.05cd
1 66 +7.39 ab
24 2 51+8.28bc
3 30+ 7.88cd
5 18 + 6.68 de
1 83.79+4.31a
2.5 2 66 +7.39 ab
3 48 +8.34 bc
Calcium hypochlorite
5 48 +8.34 bc
1 72 £ 6.68 ab
5 2 45 +8.36 bed
3 42 + 8,34 bed
5 6,33+4,17e
P1 0,916
Probability P2 <0.001
P3
<0.001
P4
0,171
In the same column, the means followed by the same letter are significantly identical to the 5% threshold (Student
Newman-Keuls test). Mean # standard error (P1): probability related to the nature of the disinfectant agent; (P2):
probability related to the concentrations of disinfectants; (P3): probability related to the duration of disinfection;
(P4): probability of the disinfectant agent-concentration-duration of disinfection interaction.

3.3. Effect of cytokinins on cashew budding

After a month of cultivation, the cultivated apexes have budded. These buds turned into leafy shoots after six months of
cultivation (Figure 3). Values for the effect of bensylaminopurine, kinetin and thidiazuron on budding have been
reported in Table 3. Analysis of the results shows that the cytokinins used have a similar effect on budding time, budding
rate, number of buds and mean shoot size (P > 0.05). However, cytokinin concentration had a significant influence on
budding time and mean bud count (P < 0.05) and a very significant effect on mean bud size (P < 0.001). No cytokinin-
concentration interaction effect was observed on the various parameters observed (P > 0.05). The first bud appears
eight days at most after the cultivation of the explants; The budding rate ranged from 39% to 61%. In addition, the
average number of buds per explant did not exceed 2. Regarding the average size of the shoots, it varied from 0.28 cm
on medium supplemented with TDZ 1mg/L to 0.42 cm on medium lacking cytokinin.
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Table 3 Parameters of budding of cashew apex according to cytokinins and their concentrations

Cytokinins Concentrations (mg/L) | Budding time | Budding rate | buds Average
(day) (%) number height
1 6.87+0.17 a 42+833a 14+009a |042+002a
BAP 2 73+0.19a 54+8.18a 1.6+0.1a 0.40 + 0.01 ab
4 73+0.23a 60+7.87a 1.60.09a 0.37 + 0.01 abc
6 743+0.182 48+833a 1.5+0.09a | 0.31%0.01cd
1 6.97 +0.18 a 45+835a 157+0.1a | 0.4+0.02ab
KIN 2 6.9 +0.22 a 54+81a 1.5+0.09a | 0.37+0.01 abc
4 7.37+0.25a 54+8.18a 1.43+0.09a | 0.38+0.01abc
6 76+0.22a 54 +8.18a 14+0.09a | 031%0.1cd
0.001 74+020a 60+7.87a 1.57+0.12a | 0.39+0.01 abc
TDZ 0.01 7.33+0.19a 66+7.39a 1.77+0.12a | 0.37+0.01abc
0.1 7.63+0,17 a 54+8.18a 1.73+0.11a | 0.35#0.01abc
1 7,67 +0.18 a 57+8.05a 1.57+0.10a | 0.28+0.01d
P1 0.059 0.597 0.050 0.334
Probability P2 0.003 0.142 0.037 <0.001
P3 0.828 0.905 0.848 0.965

concentrations: Benzylaminopurine; Kin: Kinetine; TDZ: Thidiazuron

In the same column, the means followed by the same letter are significantly identical to the 5% threshold (Student Newman-Keuls test). Mean *
standard error (P1): cytokinin-related probability; (P2): probability related to cytokinin concentrations; (P3): probability of cytokinin-BAP

Figure 3 Bud induction and leafy shoot development from the explant apex taken from grafted plants(a) bud
induction; (b) bud development into leafy shoots (brg): buds
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4. Discussion

Exogenous and endogenous contamination of explants has always considerably limited the in vitro culture of plants.
Microorganisms, including bacteria and fungi, as well as some mites that carry them, can be associated with explants
used for in vitro plant regeneration [18]. Thus, one of the possible reasons for infection of explants could be the origin
of the plant material used. [19] suggested that mother plants used for plant tissue cultures should be grown under
controlled conditions (in greenhouses or growth chambers) to minimize the risk of microbial contamination of organs.
However, regardless of the origin of the explants, the use of good disinfection techniques, depending on the plant organ
or tissue considered, should allow the elimination of microbial contamination [20]. The losses observed vary depending
on the nature of the disinfecting agent, the concentration and the duration of disinfection. In this study, two chemical
solutions were tested for their ability to neutralize microorganisms that infect cashew tree explants

The largest number of disinfected explants, both of which survived the effect of the chemical agents, was obtained after
a 2-minute soak in sodium hypochlorite with 1.2% active chlorine. This high survival rate with this disinfecting agent
attests that sodium hypochlorite disinfection is effective for the surface sterilization of the apex explants of the cashew
tree. The effectiveness of sodium hypochlorite makes it the most widely used disinfectant [21; 22] for in vitro initiation
of explants, compared to calcium hypochlorite. [23] showed that sodium hypochlorite used at 3.6% active chlorine is
effective in disinfecting Lippia multiflora explants. Indeed, sodium hypochlorite seems to penetrate inside cells and
therefore acts more effectively on endogenous pathogens in cells. In addition, sodium hypochlorite, due to its dual
antifungal and antibacterial action, has been shown to significantly reduce fungal and bacterial infections [24].

After explants disinfection phase, the study of the influence of cytokinins on budding showed that the number of buds
per explant varied between 1 and 2. [25] showed the low potential for induction of the apex bud compared to nodal
segments. The production of a bud by in vitro culture from cashew explants from an ex vitro source was reported by
[26], after two months of culture. This author obtained a single bud per apex explant on the MS and LS media. The low
organogenic potential of the apex was reported by [27]. These researchers obtained a maximum of two buds per explant
(apex) when they worked on the micropropagation of cashew nuts. [28] did not observe any buds on the apex of the
explant collected from plants obtained by ex vitro germination. However, other authors have reported obtaining a
greater number of buds in in vitro culture of the apex of the cashew nut. [29] observed two to three axillary shoots per
explant during cashew micropropagation, while [30] obtained three to four buds per explant. The low number of buds
per explant obtained in this study compared to some previous work may be due to the genotype of the plants used as a
source of explants. Indeed, most plants exhibit species-specific genotypic regeneration. Within the same species, one
genotype produces buds while another can only produce embryos [31]. However, several authors mention that only
certain genotypes seem to have a high organogenic power. In many species, this ability appears to be controlled by
genotype [32]. Such control of regeneration has been reported in legumes, particularly in alfalfa by [33], in Trifolium
repens L. by [34] and many other species. [35] indicate the presence of a few major genes that can control organogenesis
in peas. Similarly, [36] succeeded in significantly increasing the embryogenic frequency in Médicago sativa L. after two
stages of recurrent selection. [37] found in a diploid alfalfa genotype that bud differentiation from callus is controlled
by two dominant genes called Rn1 and Rn2, whose simultaneous presence allows for a high regeneration rate (more
than 75% of explants). The budding rate is about 60%. This result corroborates those of [13] who obtained a budding
rate of 57.2% in in vitro cashew culture from explants taken from plants grown in greenhouses. Several other authors
have obtained 80-100% budding in the same species with high concentrations of sodium hypochlorite [38; 25]. The low
budding rates recorded in this study could be explained by the fact that chemical solutions used at low concentrations
have difficulty penetrating the explants. These are unable to neutralize the microorganisms that have infected the
interior of the plant material [22]. The disinfectant power of sodium hypochlorite depends essentially on the active
chlorine content. However, a very high percentage of chlorine in a sodium hypochlorite solution would be lethal to
microcuts.

5. Conclusion

The disinfection techniques used have shown that cashew tree explants require surface disinfection. This can be done
by soaking the explants in sodium hypochlorite with 1.2% active chlorine for 2 min. The established protocol allowed
the induction of one to two buds per apex explant from grafted cashew plants.
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