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1. Introduction 
The cotton plant (Gossypium hirsutum L., 1763) is the 

main cultivated textile plant in the world and 

constitutes more than 50% of the fiber market [1]. Ton 

[2] estimates that nearly 8 million people are involved 

in the cotton sector in West and Central Africa. More 

than two million farmers cultivate an average of one 

hectare of cotton in West Africa [3]. This crop provides 

more than 50% of financial resources to rural 

populations and therefore contributes considerably to 

the fight against poverty in cotton-producing 

countries [4]. 

The cotton sector is one of the main drivers of the 

national economy in French-speaking African 

countries such as Benin, Mali, Burkina Faso, Chad and  

 

 

 

Togo [5]. In Benin for instance, more than 325,000 

producers cultivate cotton, supporting around 2 

million people [6, 7]. Cotton remains the main export 

crop, which contributes to the socio-economic 

development of Benin with 70% to 80% of export 

revenues, 35% of tax revenues and a contribution in 

terms of added value estimated at 13% of GDP [8]. 

This sector, which constitutes a privileged tool for 

combating poverty, unfortunately finds itself 

confronted with agronomic constraints which reduce 

its national production. The decline in soil fertility, the 

failure to control pests and climatic hazards are the 

major constraints on cotton cultivation which have led 

to a drastic drop in production [9,10]. In sub-Saharan 
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Africa, cotton is grown on tropical ferruginous and 

ferralitic soils. The poverty of these soils has led 

stakeholders to set up a mineral fertilization program 

which provides 200 kg of mineral fertilizer per hectare 

each year. According to the IFDC [11], chemical 

fertilizers applied to conventional cotton plots cost 

around 47,000 FCFA/ha. Which is too high for farmers 

with low incomes. In addition to this high cost, the 

intensive use of mineral fertilizers leads to the 

acidification of soils, thus leading to a decline in their 

fertility and favoring the proliferation of aphids [11]. 

It is therefore necessary to develop an 

environmentally-friendly fertilization system. 

In addition, harvest losses due to the main cotton 

pests vary from 40% to 70% of total production [12]. 

Four groups of pests damage the cotton plant: 

bollworms, defoliating caterpillars, mites and sucking 

insects [13]. The aphid Aphis gossypii is one of the 

sucking insects most frequently encountered on 

cotton [14]. A. gossypii causes, by drawing sap, the 

deformation of the foliage while producing 

honeydew on which sooty mold develops; it transmits 

around fifty viruses [15]. The intensive use of 

chemical insecticides has led to the development of 

the phenomenon of resistance in pest populations. 

Again, chemical pesticides have harmful effects on 

human health and the environment [4]. It is therefore 

important to develop alternative crop protection 

strategies for cotton. 
 

Climate change is a major problem for agriculture in 

many parts of the world. In most cotton-producing 

countries in Africa, the crop is essentially rain-fed, 

therefore dependent on rainfall hazards. The late 

onset of rains in recent years requires increasingly late 

sowing. The analysis of this constraint revealed that 

the losses incurred by cotton farmers are very high 

[16]. The development of a production system that 

would allow the cotton plant to resist water stress is 

then necessary. 
 

In regard to all these problems, it is urgent to consider 

the use of alternative products for cotton cultivation. 

In this perspective, rapeseed oil based insecticides and 

the rhizobacterium B. amyloliquefaciens FZB 42 can be 

considered. 
 

This article is a literature review which summarizes 

the constraints linked to cotton production in sub-

Saharan Africa and highlights the potential of 

rapeseed oil emulsion and that of the rhizobacterium 

B. amyloliquefaciens FZB 42 for cotton production. 
 

2. Main constraints linked to cotton 

production 

2.1. Abiotic constraints 

Temperature is the main factor influencing the 

morphogenesis of cotton organs. According to Parry 

[17], the minimum growth temperature is 13°C and 

the optimum temperature is between 27°C and 32°C. 

The optimal seed germination temperature is around 

30°C. The favorable environment for cotton 

cultivation varies between 25°C and 30°C for daytime 

temperatures and between 15°C and 20°C for 

nighttime temperatures [17]. 

Water requirements vary depending on the stage of 

development; they increase with the growth of the 

plant and are higher when the cotton plant develops 

(bearing of flower buds and flowers and formation of 

bolls). According to Parry [17], sunshine is a primary 

factor in crop development and relative humidity 

requirement is less than 90%. The cotton plant prefers 

homogeneous, deep, permeable soils rich in mineral 

elements. Climate change, with increasingly high 

temperatures, is a major problem for agriculture in 

many parts of the world [16]. The effects of water 

deficiency on the plant are both direct and indirect, 

because the water status of the soil interacts with the 

soil temperature, the availability of nutrients, in 

particular nitrogen [18], the development of 

pathogenic organisms and parasites [19]. The final 

yield due to a water deficiency depends on its effects 

on different stages of the crop development. In most 

cotton-producing countries in Africa, this crop is 

essentially rain-fed, therefore dependent on rainfall 

hazards. The late onset of rains in recent years has 

required increasingly late sowing. The analysis of this 

constraint revealed that the losses incurred by cotton 

farmers are very high [20]. 
 

2.2. Management of soil fertility and impact of nitrogen 

fertilization on aphids 

In most cotton-producing countries in West Africa, 

the most used practices on farms are: crop rotation, 

mulching and the addition of mineral fertilizers [21]. 

According to Igue [22], to restore soil, farmers must 

adopt sustainable, low-input production systems. In 

this context, several cultivation systems have been 
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suggested; these include the practice of mulch, the use 

of organic materials such as manure, compost, harvest 

residues, etc. However, these practices face worrying 

constraints at the farmer level.  

The continued decline in seed cotton yield can be 

explained by the decline in soil fertility, the 

irregularities of rainfall due to climate change. The 

soil fertility in cotton-growing areas has been 

declining mainly due to the gradual decrease in the 

level of organic matter [23]. Indeed, the sustainability 

of cropping systems is based on the rational 

management of soil fertility [24]. Unfortunately, in the 

West African sub-region, cotton fertilization 

programs are almost exclusively mineral and 

recommend the annual use of approximately 200 

kg/ha of NPKSMgB fertilizer. The intensive use of 

mineral fertilizers leads to the acidification of soils, 

thus leading to a decline in their fertility. In addition, 

the sale prices of these fertilizers are exorbitant. These 

fertilization programs, in addition to being expensive, 

promote the proliferation of aphids due to the 

increase in the nitrogen content of the plants that they 

induce. A high nitrogen concentration in plants 

accelerates the proliferation of aphids [25, 26]. 

According to Mattson [27], the development and 

proliferation of aphids are strictly correlated with the 

concentration of nitrogen in plant tissues. The positive 

effects of nitrogen fertilization on insect proliferation 

are linked to increased plant growth and particularly 

higher nitrogen concentrations in the leaves [28]. 

Nitrogen fertilization of soils contributes to the 

proliferation of phytophagous insects therefore [29, 

30].  

Aphids are sap-sucking insects that they often draw 

from phloem which contains higher amounts of 

nitrogen than other plant tissues [31]. According to 

Van Emden [32], high levels of soluble nitrogen in the 

phloem of plants provide aphids with high-quality 

food which can support their survival, growth and 

reproduction. Therefore, by increasing nitrogen 

concentrations in the sap, nitrogen fertilization 

stimulates the growth of aphids [25]. 

Faced with all these constraints, it is necessary to 

develop a fertilization system that would reduce the 

vulnerability of plants to these insect pests. 
 

2.3. Main cotton pests in Sub-saharan Africa 

The main cotton pests can be classified as follows: 

● Defoliating caterpillars such as Spodoptera littoralis,  

Syllepte (Sylepta) derogata, Anomis flava and flea 

beetles (Nisotra spp., Podagrica spp.). Cauquil [33] 

estimates that the most significant foliar damage 

is attributable to these leaf-feeding caterpillars 

which can cause spectacular defoliation. 

● Insect Pests of the reproductive system (flower 

buds, flowers and bolls). These are mainly insects 

such as Helicoverpa armigera, Diparopsis watersi, 

Earias biplaga, Earias insulana, Pectinophora 

gossypiella, Cryptophlebia leucotreta, Helopeltis 

schoutedeni and Dysdercus völkeri [34, 35].  

● Mites: Polyphagotarsonemus latus, is prevalent in 

wooded savannah regions where rainfall exceeds 

1000 to 1200 mm [35]. 

● Sucking insects: these are jassids (Jacobiella 

fascialis), whiteflies (Bemisia tabaci), aphids (Aphis 

gossypii) and mealybugs (Ferrisia virgata). A. 

gossypii is the most harmful sucking insect on 

cotton [14]. 
 

2.3.1. Specificity of Aphis gossypii 

A. gossypii is a polyphagous pest and very widespread 

in all warm regions of the world. This pest has become 

economically important in cotton growing areas in 

West and Central Africa [35]. This insect has a 

bisexual and parthenogenetic mode of reproduction, 

resulting in very rapid proliferation [36]. Aphids form 

dense colonies on the leaves and sometimes on the 

stems of host plants. They are found on cotton plants 

at the beginning of the cycle on young seedlings, then 

at the end of the cycle on old cotton plants when the 

bolls open [37]. The aphid feeds on the sap and injects 

toxic saliva in the plant; the aphid's toxic saliva causes 

the foliage to deform [38, 39]. This aphid transmits 

around fifty viruses to the plants [15]. This biting-

sucking pest also plays a role in the depreciation of 

fiber quality as a result of deposits of sugary 

excrement on white cotton, causing the phenomenon 

of “sticky cotton” with the presence of blackish sooty 

mold found at the end of the cycle. Sticky cotton is 

depreciated on sale and this phenomenon seriously 

disrupts the international market and worries all 

players in the cotton sector [1, 35, 40]. 
 

3. Chemical control and its consequences 

Before the Second World War, chemical control of 

aphids was limited to the application of insecticides 
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based on arsenic or nicotine. Sprayed on crops, they 

kill the aphids that come into contact with these plants, 

but they have neither residual nor systemic effects. 

After the 1940s, chemical control enjoyed great 

success thanks to the use of DDT and other 

organochlorine compounds such as lindane. 

Although these insecticides have the advantage of 

being persistent, they also have the disadvantage of 

not having systemic properties [39, 41]. The 

persistence of residues of these products causes their 

accumulation in the food chain, and since this 

phenomenon has become known, the application of 

these products is no longer justified and they have 

been banned. The development of systemic pesticides, 

such as organophosphate compounds, offers new 

perspectives in the fight against aphids and the 

viruses associated with them. Later, organic 

chemistry offered enormous possibilities, such as the 

development of synthetic pyrethroids. All of these 

products played an important role in controlling 

aphid damage and disease. However, these chemical 

insecticides cause ecosystem imbalances because they 

accumulate in soil, water and air, and kill non-target 

organisms [39]. 
 

4. Rhizobacteria of the genus Bacillus spp. 

Bacteria are found in the soil at an average of 6x108 

CFU/g. With a live weight of around 10,000 kg/ha, 

bacteria represent the most frequent microorganisms 

in soil samples [42]. Among the bacteria of the 

rhizosphere there is a particular group of bacteria, the 

rhizobacteria. Rhizobacteria are microorganisms that 

colonize the roots (the rhizome) of certain plants by 

forming symbiotic relationships with them. These 

rhizobacteria are able to multiply and compete with 

other microorganisms to occupy this area which is 

rich in nutrients [43]. The bacterial species most 

frequently isolated from soil samples belong to the 

genus Bacillus [42]. 
 

In 1897, a rhizobacteriological biofertilizer was 

marketed under the name 'Alinit' by the German 

company Bayer AG for the inoculation of cereals. This 

product was composed of the spores of a bacterium 

known today as Bacillus subtilis. The use of Alinit 

resulted in a 40% increase in grain yield. In the mid-

1990s, Bacillus subtilis was widely used in the United 

States for seed treatment on more than 2 million 

hectares [44]. B. subtilis FZB24® has been marketed in 

Germany since 1999 and is used mainly for the 

treatment of potato seeds. B. subtilis FZB24® 

establishes itself temporarily in the rhizosphere of the 

cultivated plant. Numerous studies have described 

the mechanisms of beneficial action of this strain on 

the cultivated plant [42,45]. 
 

4.1. Beneficial effects of Rhizobacteria of the genus Bacillus 

spp. 

Various studies have demonstrated the beneficial 

effects of species of the Bacillus genus [42,45-48], these 

include: 

● Production of phytohormones: Hormones such as 

auxin, gibberellin and cytokinin can be produced 

by some species of Bacillus spp., thereby activating 

plant growth. 

● Fixation of atmospheric nitrogen: some species of 

Bacillus are able to fix atmospheric nitrogen and 

transform it into organic nitrogen. 

● Increase in the bioavailability of essential 

elements: for example, the solubilization of 

phosphates which can then be absorbed by the 

plant. 

● Competitive colonization: the genus Bacillus spp. 

can colonize the rhizosphere, preventing 

pathogenic microorganisms from infecting the 

plant. 

● Antagonism: by the production of anti-microbial 

molecules. 

● Induction of immunity: some Bacillus spp. 

stimulate the immune system of plants and give 

them resistance against pathogenic viruses, fungi 

and bacteria. 

● Stimulation of the natural defenses of plants by 

activation of their defense genes; this could be 

demonstrated both by molecular biology 

techniques and by phytopathological tests. 

● Promotion of plant and root growth. In vitro, it 

was possible to observe, under the effect of B. 

subtilis, the formation of substances and mixtures 

of substances having an action similar to that of 

cytokinin or auxin. That is to say, the increase in 

the volume and ramifications of the root system 

modifies the endogenous phytohormonal balance 

of plants. Indeed, the more developed root 

apparatus allows better absorption of water and 

nutrients, and consequently, faster growth and 
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greater tolerance to water stress. Basically, the 

stimulation of growth allows a “disease escape” 

of the plant: the plant can grow more quickly and 

manages to escape attacks from phytopathogenic 

microorganisms. 
 

4.2. Summary of works carried out on Rhizobacteria of the 

genus Bacillus spp. for crop production 

In Tajikistan, work carried out by Yao et al. [49], on 

the cotton plant, revealed that the inoculation of 

cotton seeds with B. subtilis FZB 24® made it possible 

to obtain a yield similar to that obtained with 

complete mineral fertilization. Furthermore, in 

Germany, tests carried out on around a hundred 

hectares revealed that the inoculation of potato seeds 

with this strain of Bacillus showed an increase in 

productivity similar to that observed with an addition 

of around 40-60 kg of nitrogen. B. subtilis FZB24® is 

harmless to animals and humans and is approved in 

Germany for the biofertilization of potatoes and other 

crops. According to Kloepper et al. [46] and Araujo et 

al. [50], Bacillus amyloliquefaciens FZB 42 and Bacillus 

subtilis FZB 24 have the same effects on plants. 

Work carried out with the rhizobacterium Bacillus 

amyloliquefaciens FZB 42 in different regions of China 

revealed the following [51]: 

● In Tibet, the use of B. amyloliquefaciens FZB 42 on 

the culture of Coleus scutellarioides in 2010 made it 

possible to increase flower formation and 

germination efficiency; 

● In Yunnan, work on potatoes and rapeseed 

revealed an increase in yield of around 14% for 

each crop after application of FZB 42; 

● In Beijing, work was carried out with FZB 42 on 

the cultivation of soybeans and corn. The results 

showed an increase in the number of pods and 

grains per plant and in soybean yield. 
 

In Egypt, the impact of soaking seeds in PGPR FZB 42 

combined with 39 kg/ha of nitrogen was compared 

with a treatment of 79 kg/ha of nitrogen on the growth 

and yield of cotton in agronomic trials by Monir et al. 

[52]. The combination of rhizobacterium with the 

reduced dosage of mineral fertilizer resulted in 

significantly more plant growth compared to mineral 

fertilization alone. The combination of rhizobacterium 

with the reduced dosage of mineral fertilizers also 

made it possible to obtain a seed cotton yield similar 

to that of full mineral fertilization. A 75% increase in 

yield was observed with the combination of FZB42 

with 39 kg/ha of nitrogen showing the beneficial effect 

of the rhizobacterium on reduced mineral manure. 

The combination of the rhizobacterium with the full 

dosage of nitrogen caused a yield increase of 30%. 

In a study aimed at comparing the effect of B. 

amyloliquefaciens with that of compost in an organic 

cotton production system in Benin, an increase in seed 

cotton yield of around 39% in plants treated with B . 

amyloliquefaciens FZB 42 has been observed [53]. 

Which means that Bacillus amyloliquefaciens is a 

rhizobacterium that is also effective in organic 

farming. 
 

The effect of mineral and rhizobacteriological 

fertilizations on the dynamics of the populations of A. 

gossypii was determined by comparing the 3 following 

variants: soaking of seeds in the suspension of the 

rhizobacterium B. amyloliquefaciens FZB42, application 

of NPKSMgB, and the control (without fertilizer). The 

results showed that cotton plants treated with the 

rhizobacterium attracted significantly fewer aphids 

than those fertilized with mineral fertilizer [54, 55]. 

Furthermore, the effect of rhizobacterium combined 

with reduced dosage of mineral fertilizers on cotton 

growth and seed cotton yield was studied in different 

agro-ecological regions, and the density of major pests 

was assessed. Cotton plants treated with the 

rhizobacterium and then fertilized with 40% or 50% of 

the recommended fertilizer dosage gave a seed cotton 

yield similar to that of plants having received the full 

dosage of fertilizer [56]. The growth and development 

of cotton plants treated or not with the rhizobacterium 

were studied under water stress conditions, in a 

controlled environment. The results showed that 

whatever the environmental conditions, seeds treated 

with the rhizobacterium B. amyloliquefaciens FZB42 

germinated abundantly and faster than untreated 

seeds. In addition, these seeds gave rise to seedlings 

that developed more quickly than those of the control 

(untreated) [56]. 
 

5. Rapeseed oil based insecticide 

Rapeseed oil is a vegetable oil that is obtained by 

crushing rape seeds. Indeed, rapeseed (Brassica 

oleracea L., 1753) is an oilseed herbaceous plant, 

resulting from the hybridization of a variety of 

cabbage (Brassica oleracea) and turnip (Brassica 
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campestris). Etymologically, rapeseed comes from the 

Dutch coolzaad (meaning cabbage seed). Rapeseed is 

an annual plant with yellow flowers from the 

cruciferous family (Brassicaceae). The insecticidal 

effect of rapeseed oil against aphid species is known, 

and the product is said to act by contact since the 

aphids die by asphyxiation [57, 58].  

There are rapeseed oil-based insecticide formulations 

on the european market used to control aphids [57]. 

Unfortunately, these formulations are expensive 

despite the low cost of the canola oil itself. We must 

therefore find a way to allow small African producers 

to exploit the insecticidal potential of this oil. 

Consequently, work was carried out to assess the 

potential of the rapeseed oil emulsion prepared by 

hand. To this end, the population dynamics of Aphis 

gossypii were studied following the application of 

rapeseed oil at different concentrations on plants 

subject to natural infestation. The results showed that 

in the experimental station, concentrations of 2% to 4% 

of rapeseed oil emulsion significantly reduced the 

density of aphid populations. Additionally, in 

somewhat field conditions, the number of plants 

attacked by aphids was significantly reduced, 3 days 

after application of the rapeseed oil emulsion at 

concentrations of 2% and 3% [59]. 
 

6. Conclusions  

In view of the encouraging data presented in this 

review, it can be concluded that the rhizobacterium B. 

amyloliquefaciens FZB42 and rapeseed oil based 

insecticides can be integrated into the cotton 

production system, respectively for plant fertilization 

and integrated management of sucking pests.  
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