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ABSTRACT 

The adaptation of Anacardium occidentale L. to water deficit conditions has become essential in 

the context of climate change in Casamance, Senegal. Water deficit is one of the main causes 

that strongly affect the productivity of woody species. Thus, the promotion of tolerant varieties 

that can withstand the uncertainty of rainfall and its deficits is a solution to adapt to the effects of 

climate change. 

The study of the tolerance of four provenances of Anacardium occidentale L under drought stress 

conditions (12.5%, 25%, 50% and 100% of field capacity) was carried out in a semi-controlled 

environment. The measurement of height, total dry biomass, collar diameter and root length and 

relative water content, allowed us to obtain the results on the growth and physiological reactions 

of Anacardium occidentale provenances under water stress. At a high level of drought stress 

(12.5%), the best growth was obtained with plants from the Ziguinchor provenance, which had 

higher survival rates, heights, collar diameters and relative water content than the Kolda, Sédhiou 

and Goudomp provenances. These results show that the Ziguinchor plants provenance is more 

tolerant to water stress than the other provenances tested. This study recommends the use of the 

Ziguinchor Anacardium occcidentale provenance to fight against the effects of climate change in 

Casamance (Senegal). 
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1. INTRODUCTION 

Globally, arid and semi-arid areas account for 30% of the land area [1]. In these environments, 

precipitation is limited in time and space [2]. Thus, drought is one of the factors limiting 

agricultural and forestry production in arid and semi-arid areas of West Africa [3]. Indeed, in 

these regions, plants are faced with several stresses in particular water stress that can have 

various origins: drought (water deficit) and flooding (excess water). The water deficit results in a 

low availability of free water, which plays an essential role in the transport and accumulation of 

https://doi.org/10.35410/IJAEB.2021.5642


International Journal of Agriculture, Environment and Bioresearch 

Vol. 06, No. 03; 2021 

ISSN: 2456-8643 

www.ijaeb.org Page 246 

 

solutes necessary for plant metabolism [4]. To cope with this water deficit, plants develop 

several morphological, anatomical, metabolic, physiological, and molecular adaptive 

mechanisms that allow them to maintain their growth, development, and biomass production [5]. 

Also, arid and semi-arid areas are particularly exposed to drought stress due to the effects of 

notable climate change [6]. They are also highly attractive areas due to their economic, tourism 

and ecological interests. They are subject to many anthropogenic pressures (e.g., use conflicts, 

agricultural activities, deforestation). Finding solutions for the preservation of these 

environments is becoming a major challenge. Thus, finding plant species adapted to these 

environments is essential in order to maintain an acceptable level of productivity. 

In Senegal, Anacardium occidentale L. was introduced in 1914 for the reforestation of 

degraded areas [7]. The species is of particular economic interest because of the use of its nut by 

the cosmetic and food industries.  

Casamance is one of the main cashew nut production areas in Senegal and since the early 

1970s, it has been subject to strong climatic variability with environmental and socio-economic 

consequences [8]. The environmental consequences are related to the decrease in rainfall, 

flooding during the rainy seasons, land salinization, and temperature increase [8, 9, 10].  

Therefore, studying the mechanisms of adaptation of the species to water stress and finding the 

most drought-tolerant provenance is a way to fight the effects of climate change on the 

productivity of the species. 

The aim of this study is to compare the water stress tolerance of four provenances of Anacardium 

occidentale in order to propose to producers and decision-makers the most adapted provenance 

to the changing conditions of Casamance, the principal production area in Senegal. 

 

2. MATERIALS AND METHODS 

2.1. Site of provenances and characteristic of the types of provenances 

Seeds of Anacardium occidentale used in this study were collected in four departments of the 

natural region of Casamance (Figure 1). 
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Figure 1: Lacalization of Anacardium occidentale seeds provenances 

These are the departments of Kolda (12°53'00'' N, 14°57'00'' W), Sedhiou (12°42'29'' N, 

15°33'25'' W), Goudomp (12°34′ 40″ N, 15°52′ 20″ W) and Ziguinchor (12°33'40'' N, 16°17'00'' 

W). The average annual rainfall in this region varies from 900 to more than 1300 mm and the 

climate is Sudano-Guinean. This region is the most important cashew nut production area in 

Senegal. Table 1 presents the main characteristics of their nuts. 

Table 1: Characteristics of the nuts 

Provenances Sizes (mm) Weight (g) KOR (lbs) 

Ziguinchor 33-36 7-9 50  lbs 

Goudomp 33-36 6-7 49  lbs 

Sédhiou 28-35 6-8 49  lbs 

Kolda 29-33 5-6 46  lbs 
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2.2. Seedling growth, experimental design and application of stress level 

The experiment was carried out at Assane Seck University under semi-controlled conditions 

(about 30°C). A direct semi was done in black nursery pots of size (PM 25 x 12 x 50) filled with 

the same amount of soil and plants were harvested three months after stress application. 

At the beginning of the experiment (November 01, 2020), the plants were watered with tap water 

until 45 days to allow the young plants to be robust. After 45 days, the plants were watered with 

different levels of watering (12.5%, 25%, 50% and 100%) relative to the field capacity of soil. 

The field capacity was determined from pots containing 1.5 kg of dry soil used in the experiment 

(P1 = dry soil weight). Then these sheaths were watered until saturation and left to drain. After 

24 h, the sheaths are weighed again P2 (P2 = weight at saturation). The difference between P2 

and P1 is the amount of water retained by the soil. The field capacity (FC) is estimated by the 

following equation: 

FC = [(P2 - P1) / P1] ×100                              (1) 

Watering was done every four days. For the first 45 days the plants of each stress level were 

watered with the same amount of water corresponding to the FC. At the beginning of stress three 

pots from each stress level were weighed and the average of the three to obtain the M1 weight. 

This M1 weight is the reference weight. The following week, before watering, the weight of 

these same potss will be determined to obtain a M2 weight. The difference M1-M2 will represent 

the amount of water to be added to maintain the required stress level. Because of the evolution of 

the biomass of the plants, the quantity of water brought to each pot and the frequency of watering 

were readjusted every 15 days. An experimental randomized block design was carried out with 

two factors: plant provenances (Ziguinchor, Kolda, Sédhiou and Goudomp) and watering levels 

(12.5%, 25%, 50% and 100%), 16 treatments (4 X 4) with five replications per treatment. The 

experiment lasted three months after application of the stress. 

2.3. Calculation of survival rate and measurement of height, aerial and root biomass and 

root length 

For each provenance and cultivation treatment, the survival rate was determined using the 

following formula: 

     (2) 

The height growth of the plants was measured every two weeks with a graduated ruler. Plants 

were harvested after 4 months of cultivation. The aerial and root parts were separated, the roots 

were washed with tap water and the root length was determined using a graduated caliper. The 

samples were then oven dried at 70°C for 72 h. The dry biomass of each type of sample was 

weighed using a precision balance (Sartorium, precision 0.1mg) 

2.4. Relative water content (RWC) 
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The evolution of the water status of Anacardium occidentale plants subjected to different levels 

of stress was carried out by monitoring their relative water content (RWC). For each plant, a 

fragment of stem was cut and weighed to obtain the weight of fresh material Wf. This fragment 

was then immersed in a 15 ml Falcon tube containing distilled water and kept in the dark at room 

temperature for 24 hours. It is then removed and weighed to obtain the turgor weight or 

saturation weight Wt. After weighing, the stem pieces were oven dried to a constant weight 

corresponding to the dry weight Wd. The relative water content was obtained according to the 

formula: 

                          (3) 

2.5. Statistical analysis 

The measured parameters (Survival rate, height, total biomass, root length, RWC of Anarcadium 

occidentale plants were statistically processed using R 3.4.2 software. A two-factor analysis 

(provenances and watering levels) was performed using the Student-Newman and Keuls test 

(SNK) at P < 0.05. 

3.RESULTS 

Analysis of variance (ANOVA) showed a significant effect of water stress and provenance on all 

parameters studied (survival rate, height, crown diameter, root length, total biomass and relative 

water content). A significant effect of water stress × provenance interaction was observed on 

total biomass of Anacardium occidentale (Table 2). 

Table 2: Interaction test between the factors "Provenances", «Drought stress" and the 

measured parameters 

 Height Collar 

diameter 

Total dry 

biomass 

Root lenght Relative water 

content (RWC) 

Provenances (P) ++ ++ ++ + 
 

+ 

Drought stress (S) ++ + +++ ++ 
 

++ 

P × S ns ns + . 
 

. 

. , +, ++ and +++ indicate significant differences at p < 0.05, 0.01 and 0.001 respectively; ns: no 

significant difference 

3.1. Impact of water stress on plant survival rate   

In all four provenances, signs of damage and mortality were observed at stress levels of 25%. 

The highest survival rate was noted with the Ziguinchor provenance. The Goudomp provenance 

appeared to be in an intermediate position while the Kolda and Sédhiou provenances showed the 

greatest mortality. 
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Plants from the Ziguinchor provenance had a survival rate of 100% and 60% respectively at 25% 

and 12.5% watering levels after four months of cultivation (Table 3). 

Table 3: Survival rate of Anacardium occidentale provenances according to water stress 

(100%, 50%, 25 and 12.5%) 

 Survival rate (%)   

Water stress Ziguinchor Goudomp  Sédhiou Kolda 

Not stressed at 100% FC  100 a 100 a  100 a 100 a 

Stressed at 50% FC 100 a 100 a  100 a 100 a 

Stressed at 25% FC 100 a 80 a  90 a 50 b 

Stressed at 12,5% FC 60 a 50 b  40 b 30 b 

For each column, values followed by the same letter are not significantly different according to 

the 5% SNK test. FC: Field capacity of soil 

3.2. Impact of water stress on plant height 

Plants from the four provenances subjected to different levels of watering (100%, 50%, 25% and 

12.5%) expressed overall quite different growth patterns in height, with Ziguinchor provenance 

showing significantly higher growth than those from Kolda and Sédhiou. The growth in height of 

Ziguinchor provenance was not significantly different from that of Goudomp provenance. The 

increase in the level of drought stress had a depressive effect on the growth of the four 

provenances with a very significant decrease in the height of the plants from the first days of 

NaCl application (Figure 2). Plants of Kolda and Sédhiou provenances were more affected by the 

application of water stress. 
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Figure 2: Plants height growth as a function of provenance and drought stress level. 

Error bars represent standard deviations (n = 5). 

3.3. Impact of water stress on collar diameter and root length of plants 

The collar diameter of four provenances of Anacardium occidentale was evaluated after four 

months of cultivation under semi-controlled conditions. The results obtained showed a 

depressive effect of water stress on collar diameter (Figure 3a). The highest collar diameters 

were obtained with the Ziguinchor provenance at 100%, 50%, 25% and 12.5%. However, at 

12.5% stress levels, plants from Ziguinchor provenance had collar diameters 52.30%, 38.46% 

and 7.69% higher than those from Kolda, Sédhiou and Goudomp respectively. 

The root length of Anacardium occidentale plants varied according to provenance and duration 

of water stress. Thus, the Ziguinchor and Goudomp provenances showed the higher root lengths 

at all levels of water stress. At the stress level where damage was most observed (12.5%), plants 

from Ziguinchor provenance showed an increase of 30.58%, 47.71% and 26.79% in root length 

respectively compared to Kolda, Sédhiou and Goudomp provenances (Figure 3b). 
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Figure 3: Collar diameter (a) and root length (b) of plants as a function of provenance and 

drought stress level. 

For each water stress level, histograms with the same letters are not statistically different 

according SNK test at P < 0.05. Error bars represent standard deviations (n = 5). 

3.4. Impact of water stress on total dry biomass and relative water content of plants 

The total dry biomass of Anacardium occidentale was determined after four months of water 

stress. The results obtained indicate a significant decrease in total dry biomass at 25% and 12.5% 

(Figure 4a). Plants from Ziguinchor and Goudomp provenances had a significantly higher total 

dry biomass than plants from the Kolda and Sédhiou provenances in the absence and presence of 

water stress. 

Relative water content also decreased with increasing levels of water stress. Relative water 

content was higher in plants from Ziguinchor provenance compared to plants from the Kolda and 

Sédhiou provenances. At a stress level of 12.5%, plants from the Ziguinchor provenance had a 

higher relative water content of 47.74%, 33.54% and 25.216% respectively compared to the 

Kolda, Sédhiou and Goudomp provenances (Figure 4b). 
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Figure 5: Total dry biomass and relative water content of plants as a function of provenance and 

drought stress level. 

For each water stress level, histograms with the same letters are not statistically different 

according SNK test at P < 0.05. Error bars represent standard deviations (n = 5). 

4. DISCUSSION  

The application of water stress had a depressive effect on the survival rate of the four 

Anacardium occidentale provenances. Plant survival rate and growth varied among the 

provenances and the duration of the water stress. A higher survival rate was observed in plants 

from Ziguinchor provenance after four months under water stress application. These results 

suggest that plants from Ziguinchor provenance are more tolerant to water stress than those from 

Kolda, Sédhiou and Goudomp provenances. 

This resistance of plants from Ziguinchor could be linked to a better regulation of its relative 

water content at severe levels of water stress. Studies have reported that when drought stress is 

sensed by plants, the first short-term response is a reduction in stomatal conductance to avoid 

water loss through transpiration and in the medium term increases in root growth to maximize 

water uptake [11]. 

The results also showed that under severe water stress, Anacardium occidentale plants from 

Ziguinchor maintained a high relative water content (RWC). The RWC is a widely used 

indicator to highlight the state of the water balance of a plant. It also assesses the ability to 

achieve good osmoregulation, and to maintain cell turgor [12]. RWC is closely related to cell 

volume and may closely reflect the balance between leaf water supply and transpiration rate [13]. 

Several works suggest that genotypes or cultivars that manage to maintain high RWC under 

water stress are drought tolerant genotypes [14, 15, 16]. 

The work of [17] on two provenances of Camptotheca acuminata showed that the provenance 

with higher drought tolerance had better water retention capacity, antioxidant enzyme activity 

and membrane integrity.  

Also, according to [18], biomass measurement is one of the best factors to assess plant tolerance 

to water stress. Indeed, a decrease in biomass and plant height was observed with increasing 

drought stress levels in all four provenances tested. Similar results were observed in several 

species such as: rice [19] and wheat [20]. 

Our results showed higher biomasses in the Ziguinchor provenance compared to other 

provenances tested under water stress conditions. This provenance performed well when water is 

not limited with minimal biomass loss under drought stress conditions. The biomass of plant 

species is often determined by breeders to explore a pathway for the development of drought 

resistant cultivars. For example, the work of [21] on Pistacia vera L. cultivars showed better 

cultivar resistance with less biomass loss under drought conditions. Water stress, on the other 

hand, leads to a decrease in root characteristics [22]. A lower reduction in root length was noted 

in western Anacardium plants from the Ziguinchor provenance. These results confirm the better 

growth in height and total biomass in this provenance. Several studies have shown a correlation 
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between better root traits and drought tolerance in several plant species such as: orange [23]; 

Ziziphus and prunus [24] and Eucalyptus [25]. 

5. CONCLUSION 

The water stress resistance of four Anacardium occidantale provenances was tested for 4 months 

under semi-controlled conditions. Anacardium occidentale provenances tested had different 

responses to the water stress condition. Plants from Ziguinchor provenance had a better survival 

rate and developed better height, biomass, root length and relative water content. According to 

our study, Ziguinchor provenance is better adapted to drought conditions and is recommended to 

producers to fight against the effects of climate change. 
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