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Impact of methyl jasmonate (MeJA) on cotton resistance (Gossypium hirsutum L. var Y 764G3) a fusarium Oxysporum vasynfectum and the chlorophyll content of the leaves


ABSTRACT
A tropical plant belonging to the genus Gossypium, cotton is cultivated for both its fibers and seeds. In Côte d'Ivoire, cotton cultivation represents 10% of export earnings and contributes 1.7% to the gross domestic product. Despite its social and economic importance, cotton farming is attacked by numerous pests and parasites, causing crop losses. In tropical regions, Fusarium wilt causes enormous damage.
Objective: The objective of this study was to test the influence of the application of methyl jasmonate on the resistance of cotton plants to fusarium wilt.
Location of the study: The first part of this study was carried out on the experimental plot of the Nagui Abrogoua University and the second part at the Laboratory of Biology and Plant Production ( LBPV) of said University. 
Methodology: Cotton plants were treated with methyl jasmonate to stimulate natural defenses and then infected with Fusarium Oxysporum .
Results: The results showed that chlorophyll content increased in plants treated with methyl jasmonate . The chla / chlb ratio was greater than 1, while the control plants had the lowest ratio. Growth parameters also increased relatively in the methyl jasmonate -treated (TIM) plants . Untreated and uninoculated (NTNI) plants exhibited the highest growth parameters.
Conclusion: Methyl jasmonate improves the resistance of cotton to Fusarium oxysporum f. sp . vasinfectum . 
Keywords: Fusarium oxysporum , stimulator, resistance, Gossypium hirsutum
1. INTRODUCTION
[bookmark: _Hlk214961676][bookmark: _Hlk214961811]The cotton plant, a tropical plant belonging to the genus Gossypium , is cultivated for both its fibers and seeds , which are valuable raw materials for the textile and food processing industries ( Nguessan et al., 2020). Cotton is grown in more than 70 countries. In Côte d'Ivoire, cotton cultivation accounts for 10% of export earnings and contributes 1.7% to the gross domestic product (Coulibaly et al., 2050).
[bookmark: _Hlk214961869]Despite its social and economic importance, cotton is attacked by numerous pests and parasites. The spectrum of pests affecting cotton is very broad, with more than 70 species of arthropods, in addition to mites, millipedes, and nematodes. Thus, in unfavorable years, poorly controlled parasitism can lead to production losses exceeding 50% (Brévault et al . , 2019). Cotton cultivation therefore requires treatments with numerous plant protection products to eliminate these pests and improve yields (N'cho et al ., 2019). In tropical regions, fusarium wilt causes the most damage.
Fusarium wilt is caused by Fusarium oxysporum f.sp Cottonseed fungus (FOV) is a fungus that invades the interior of the plant and prevents the normal circulation of sap, leading to widespread wilting of the plant, beginning with the above-ground parts (Zerbo et al., 2024). The fungus can develop actively in the soil and persist there for many years, even in the absence of the host plant. This disease is one of the main causes of cotton production loss. Intensive cotton cultivation is dependent on the application of pesticides (Kouadio et al., 2025). However, pests are becoming increasingly resistant to insecticides. Furthermore, the use of these products pollutes the environment.
It therefore became necessary to explore other avenues. One of these involves giving plants the means to defend themselves, or strengthening their own defense mechanisms, rather than directly combating the aggressor. Plant natural defense stimulators (PNS) fall into this category. Indeed, plants can often naturally resist their aggressors, meaning they can prevent their growth and multiplication. However, some plants remain susceptible to pathogens. Stimulating defense mechanisms can be achieved through the application of elicitors, that is, molecules capable of inducing plant defense responses. (Coulibaly et al., 2022).
Plant defense activators (PDAs) are most often analogs or derivatives of natural molecules, among which salicylic acid, ethylene, and methyl jasmonate ( MeJA ) are the most commonly used (Benhamou & Rey , 2022). MeJA has long been associated with plant defense responses induced by injury. However, little data is available on the use of MeJA in stimulating cotton defenses against Fusarium oxysporum f. sp . vasinfectum (FOV).
Therefore, this study was carried out to understand the physiological mechanisms of the cotton plant during the induction of natural defenses and aims to contribute to sustainable agriculture in Ivory Coast, that is to say, the search for more effective alternatives for the development of sustainable agriculture.
2. MATERIALS AND METHODS
2.1 Plant material
[bookmark: _Hlk214964146]The plant material consisted of cotton seeds from the cultivar of Y764G3 ( Gossypium) . hirsutum L. ), native to Ivory Coast. The seeds originated in the Korhogo region (Ivory Coast) and were supplied by the Ivorian Textile Development Company (CIDT). The Y764 G3 cultivar exhibits a high level of susceptibility to Fusarium oxysporum f. sp . vasinfectum (Assigbetse, 1989). The cotton seeds were delinted (removed of their fibers) with concentrated sulfuric acid according to the method of N' guessan et al. (2020) (figure 1).
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Figure 1 : Cotton seeds
a: seeds bearing fibers; b: seeds stripped of fibers (delinted)
2.2 Fungal material
Fusarium oxysporum f. sp . vasinfectum (FOV) strains used for inoculation were collected from cotton crops in Beoumi (Côte d'Ivoire). They were provided by the Phytopathology Laboratory of the Higher School of Agronomy (ESA) of the Houphouët Boigny Polytechnic Institute (INPHB) of Yamoussoukro (Côte d'Ivoire).
2.3 Study Methods
2.3.1 Production of cotton seedlings
The plants were produced in a greenhouse. The seeds were then sterilized under a laminar flow hood by rapid soaking (1 min) in 70 % ethanol, followed by immersion for 20 min in sodium hypochlorite (3.6 % active chlorine). The seeds were then rinsed three times in sterile distilled water for 3 min and placed in a jar containing sterile distilled water in the dark in the growth room. Seeds with emerging radicles were placed in pots containing soil that had been autoclaved at 121°C for 30 min after 48 h of incubation. The entire setup was then placed in a greenhouse (Figure 2).
[image: DSCN4855]

	





Figure 2 : Two-month-old cotton plants grown in pots
[bookmark: _Toc364036976]2.3.2 Treatment with methyl jasmonate ( MeJA )
At the nine- to ten-leaf stage, reached after approximately two months of cultivation, 60 cotton plants (12 plants/concentration) were sprayed with 5 mM MeJA according to the method of Konan et al. (2014). Methyl jasmonate ( MeJA ) was dissolved in 1% ethanol and made up with aqueous solution. containing 0.1% of a Triton X-100 solution. The MeJA was prepared under a fume hood laminar, using solvents sterilized by filtration (0.22 μm) and each plant received 10 ml of the MeJA solution . 
2.3.3 Plant Treatment
The plants were watered every three days with 100 ml per plant. Cotton plants sprayed with 1% ethanol and 5 mM MeJA , to which a 0.1% Triton X-100 solution was added, served as controls. After spraying, the cotton plants were incubated for 72 hours. The leaves were then harvested and freeze-dried.
2.3.4 Inoculation of cotton plants by Fusarium oxysporum f. sp . vasinfectum (FOV)
2.3.4.1 Subculturing and purification of the FOV
The fungus was subcultured onto PDA (Potato Dextrose Agar) medium, sterilized by autoclaving at 121 °C for 30 min under a pressure of 1 bar. Agar explants approximately 0.5 cm in diameter were taken from the test tubes containing the fungus on slanted agar medium. These were then transferred to Petri dishes containing PDA medium under a fume hood. The inoculated Petri dishes were incubated for 7 days in a culture room at a temperature of 25 ± 2 °C under a 12 h photoperiod.
2.3.4.2 Pathogenicity of FOV
The pathogenicity of FOV was demonstrated by inoculating 20 seven-day-old cotton seedlings. Inoculation was performed using agar-coated explants bearing the pure fungus. These explants were mixed with the soil containing the seedling at the two-cotyledonary-leaf stage. The seedlings underwent root scarification prior to FOV inoculation using a scalpel.
2.3.5 Reisolation , subculturing and purification of Fusarium oxysporum f. sp . vasinfectum (FOV)
- isolation of the fungi associated with the symptoms of the disease was performed on the stems of infected young cotton plants . The stems were cut into 0.5 cm long explants. These explants were disinfected for 5 minutes in a 1:10 solution of sodium hypochlorite (2.4 % active chlorine) , then rinsed thoroughly with sterile distilled water. Each prepared explant was dried on sterile blotting paper for 45 minutes under a fume hood. These explants were then inoculated onto solidified PDA medium, at a rate of 5 explants per Petri dish. The inoculated Petri dishes were incubated in a culture room and observed daily. Each fungal colony that developed was subcultured onto fresh PDA medium.
2.3.6 Evaluated Parameters
During this study, the following parameters were evaluated:
· Number of sheets: The number of sheets was determined by counting.
· Plant length: The length of the plants was measured using a measuring tape.
· The diameter of the stem: The diameter was also determined using calipers.
2.3.7 Extraction and quantification of chlorophylls
Chlorophyll extraction was performed according to the method of Belgaroui (2016). For this purpose, 2 g of leaves from each treatment were collected and placed in 5 ml of 80 % acetone for 72 h in the dark. After this time, the Optical Density (OD) of the supernatant was measured at 663 nm (for chlorophyll a) and 647 nm (for chlorophyll b).
The chlorophyll a, b and total content of the leaves (mg/g of leaf) was calculated using the following formula :
Chlorophylle a = (11,80 x DO647) - (3,50 x DO663)
Chlorophylle b = (20,75 x DOA647) - (4,62 x DO663)
Chlorophylle totale = (17,30 x DO647) + (7,18 x DO663)





With DO: Optical Density
2.4 Statistical analyses
Statistical analyses were performed using SAS 6.0 software. An analysis of variance (ANOVA 1) was conducted on all applied treatments. When a difference was observed between means, Duncan's test at the 5% significance level was used to separate the means. For percentages, the Kruskal -Wallis test was used to determine significant differences ( P = 0.05 ).
3. RESULTS 
3.1. jasmonate ( MeJA ) application on the total chlorophyll content of leaves of cotton plants inoculated by FOV
The results showed a progressive degradation of total chlorophyll under the influence of FOV in untreated and inoculated (NTI) plants. Chlorophyll content decreased from 0.37 to 0.05 mg/g from day 0 to day 38 after incubation, representing a 99.86 % reduction. In contrast, in plants treated with the elicitor, chlorophyll content increased progressively from the beginning to the end of incubation. Thus, in plants treated with MeJA (TIM), the chlorophyll content was 1.32 mg/g at the end of the experiment.
[bookmark: _Hlk214537162]3.2 Effect of MeJA on the chlorophyll a and b ratio of cotton plant leaves
The results of the effect of MeJA on the chlorophyll a/b ratio are recorded in Table 1 and showed that the chla / chlb ratio, initially identical in all the plants studied, decreased and was almost zero on day 38 after incubation in the NTI plants (0.02 mg/g). In contrast, in the other plants, this ratio increased to a value greater than 1 ( chla / chlb). 1). This ratio was lower than in the untreated and uninoculated control plants, i.e. the NTNI plants (1.95).
Table 1. Effect of elicitor application on the chlorophyll a and b ratio of cotton plant leaves 20 and 38 days after FOV inoculation
	

TI ( j )
	

Kind
of Chl
	Chlorophyll content (mg/g)


	
	
	
TIM
	
NTI
	
NTNI

	
	Chl a
	0.18 ± 0.01 a
	0.19 ± 0.01 a
	
0.17 ±0.02 a

	0
	Chl b
	0.17 ± 0.01 a
	0.18 ± 0.01 a
	
0.16 ±0.02 a

	
	Chl a/ Chl b
	1.05 ± 0.03 b
	1.05 ± 0.03 b
	
1.06 ±0.05 b

	
	
Chl a
	0.43 ± 0.01 c
	0.06 ± 0.01 e
	
0.49 ± 0.04 c

	20
	Chl b
	0.26 ± 0.01 d
	0.16 ± 0.01 d
	
0.28 ±0.02 d

	
	Chl a/ Chl b
	1.65 ± 0.03 f
	0.38 ± 0.03 c
	
1.75 ±0.05 h

	
	
Chl a
	0.93 ± 0.01 bj
	0.001 ±0.01 i
	
0.84 ± 0.04 j

	38
	Chl b
	0.39 ± 0.01 c
	0.049 ±0.01 k
	
0.43 ±0.02 c

	
	Chl a/ Chl b
	2.38 ± 0.03 m
	0.02 ± 0.03 g
	
1.95 ±0.05 e


	Within a row and column, values followed by the same letter are not significantly different. ( Duncan 's test at 5%), FOV: Fusarium oxysporum f. sp . vasinfectum ; MeJA : methyl jasmonate ; TI: incubation time; the experiment was repeated three times.
TIM : MeJA -treated and infected plant, NTI : untreated and infected plant, NTNI : untreated and uninfected plant, J: Day, Chl : Chlorophyll, TIM : MeJA -treated and infected plant, NTI : untreated and infected plant, NTNI : untreated and uninfected plant

3.3 Effect of MeJA on the number of leaves of cultivated plants
Table 2 shows the influence of exogenous MeJA application on the number of living leaves in cotton plants inoculated by FOV. This table shows that in plants treated with MeJA ( TIM), the number of leaves initially decreased from day 0 (9.6 leaves) to day 12 (9 leaves) after incubation. This number then increased from day 18 (10.2 leaves) until the end of the experiment (13.2 leaves). In untreated and inoculated plants, the number of leaves decreased from day 0 (9.2 leaves) to day 38 (1 leaf). Untreated and uninoculated plants had the highest number of leaves (15.6 leaves).
Table 2. Effect of elicitor application on the evolution of the number of living leaves in cotton plants inoculated by FOV after 38 days 
	[bookmark: _Hlk214540199]Incubation time
	
TIM
	
NTI
	 
NTNI


	0
	9.6 ± 2.07e
	9.2 ± 1.30e
	9.4 ± 1.81e

	6
	9.2 ± 2.00e
	8.6 ± 1.14e
	10.60 ± 1.81d

	12
	9.0 ± 1.41
	5.58 ± 0.83f
	12.00 ± 1.87b

	18
	10.2 ± 1.09d
	4.60 ± 0.89f
	12.60 ± 1.67b

	24
	11.8 ± 1.30c
	2.4 ± 0.54g
	13.60 ± 1.67b

	30
	12.60 ± 1.67b
	1.4 ± 0.54h
	14.60 ± 1.94a

	38
	13.20 ± 1.00b
	1.00 ± 0.00h
	15.60 ± 1.94a


Within a row and column, values followed by the same letter are not significantly different. ( Duncan 's test at 5%), FOV: Fusarium oxysporum f. sp . vasinfectum ; MeJA : methyl jasmonate ; TI: incubation time; the experiment was repeated three times.
TIM : PLANT treated with MeJA and infected, NTI : untreated plant and infected, NTNI : untreated and uninfected plant
3.4 Influence of methyl jasmonate ( MeJA ) on the height growth of cotton plants
The results of the effect of MeJA on plant height are presented in table 3 and showed that methyl jasmonate significantly influenced plant height.
Indeed, plants treated with MeJA and untreated, uninoculated plants showed statistically consistent heights from the beginning to the end of the experiment. However, untreated, inoculated (NTI) plants recorded the lowest heights.
Table 3. Effect of MeJA application on stem length development in cotton plants inoculated by FOV after 38 days 
	[bookmark: _Hlk214726182]Incubation time
	TIM
	NTI
	NTNI


	0
	18.92 ± 3.43a
	18.00 ± 3.11a
	18.33 ± 3.30a

	6
	18.96 ± 3.25a
	17.08 ± 3.10b
	18.42 ± 3.24a

	12
	18.98 ± 3.26a
	17.24 ± 2.95b
	19.25 ± 3.19a

	18
	19.16 ± 3.15a
	17.28 ± 2.94b
	19.61 ± 3.18a

	24
	19.72 ± 2.63a
	17.37 ± 2.88b
	19.78 ± 3.21a

	30
	19.28 ± 2.58a
	17.44 ± 2.77b
	19.90 ± 3.20a

	38
	19.84 ± 1.64a
	17.47 ± 2.78b
	20.09 ± 3.19a


Within a row and column, values followed by the same letter are not significantly different. ( Duncan 's test at 5%), FOV: Fusarium oxysporum f. sp . vasinfectum ; MeJA : methyl jasmonate ; TI: incubation time; the experiment was repeated three times.
TIM : PLANT treated with MeJA and infected, NTI : untreated plant and infected, NTNI : untreated and uninfected plant
3.5. MeJA application on the growth in thickness of FOV-inoculated cotton plants
The results of the effect of MeJA on plant thickness growth are recorded in table 4 and showed that MeJA -treated plants (TIM) and untreated, uninoculated plants (NTNI) produced statistically identical values. As for the untreated, inoculated plants (NTI), they recorded the smallest diameter at the 38th post -inoculation stage (1.73 mm).
Table 4. Effect of MeJA application on stem diameter development in FOV-inoculated cotton plants after 38 days 
	[bookmark: _Hlk214543161]Incubation time
	
TIM
	 
NTI
	
NTNI


	0
	2.3 ± 0.20a
	2.61 ± 0.19a
	2.51 ± 0.15a

	6
	2.37± 0.12a
	2.6 3 ± 0.19a
	2.56 ± 0.12a

	12
	2.37 ± 0.13a
	2.63 ± 0.20a
	2.60 ± 0.11a

	18
	2.53 ± 0.20a
	2.51 ± 0.17a
	2.65 ± 0.11a

	24
	2.66 ± 0.13a
	2.40 ± 0.22a
	2.70 ± 0.11a

	30
	2.79 ± 0.12 a
	2.18 ± 0.18a
	2.73 ± 0.11a

	38
	2.91 ± 0.10a
	1.73 ± 0.28b
	2.78 ± 0.09a


Within a row and column, values followed by the same letter are not significantly different. ( Duncan 's test at 5%), FOV: Fusarium oxysporum f. sp . vasinfectum ; MeJA : methyl jasmonate ; TI: incubation time; the experiment was repeated three times.
TIM : plant treated with MeJA and infected, NTI : untreated plant and infected, NTNI : untreated and uninfected plant
4. DISCUSSION
4.1 Effect of MeJA on cotton plants inoculated by FOV
The stress caused by the application of MeJA was evaluated using several plant growth parameters. The results showed that the number of healthy leaves (NFS), stem height, and stem diameter (DT) were strongly influenced by Fusarium wilt caused by FOV. Furthermore, the number of live leaves in NTI plants decreased until day 38 after FOV inoculation. Indeed, leaf drop could be explained by plant decline, resulting in a decrease in stem diameter. Fusarium wilt causes browning followed by obstruction of the stem's vascular bundles, which conduct water from the roots to the leaves. Thus, the plants become unable to meet the foliar water demand as mentioned by Dossa et al. (2021). The vital functions of the plants, namely primary metabolism (photosynthesis) and secondary metabolism, were affected or even completely halted, resulting in widespread wilting followed by plant death due to nutrient deprivation (Dossa et al., 2019 ) . The stem height of the NTI plants remained stable but was the lowest. These results suggest that FOV infection reduced plant growth and development, while treatment with MeJA appears to protect plants against pathogens (Li et al., 2018).
4.2 Effect of MeJA application on the total chlorophyll content of leaves of cotton plants inoculated by FOV
Under the influence of FOV, total chlorophyll content dropped by 99.86% in untreated and then infected (NTI) plants. Conversely, in plants treated with the elicitor, total chlorophyll content increased, demonstrating a beneficial effect on their biosynthesis. Indeed, the work of Picard et al. (2011) reported a close link between PR proteins, induced phytoalexins, and protoporphyrogen oxidase, an enzyme involved in chlorophyll synthesis. Furthermore, the drastic decrease in total chlorophyll content in NTI plants revealed the influence of FOV on chlorophyll degradation. Indeed, the plant needs sugars to ensure its growth, development, and the establishment of defense mechanisms. For its part, the fungus, a heterotroph for carbon, will draw sugars from the tissues it infects. A competition for carbon resources thus arises. The pathogen can then represent a new sink that will divert assimilas flows within the plant to its own benefit. In this competition that develops between the plant and the fungus, the mobilization of sugars becomes a major issue for both (Afoufa -Bastien et al., 2010). In our study, FOv appears to increase its demand for photosynthetic assimilas, to the detriment of the plant. This often leads to the development of areas chlorotic and necrotics and a decrease in production photosynthetic. Furthermore, according to R'him et al. (2013 ) , the decrease in total chlorophyll content is due to a progressive loss of sodium chloride. In this protective model, MeJA could be the main active molecule. Indeed, it would play a protective role at enzymatic sites (Su et al., 2021).
Furthermore, an increase in the chla / chlb ratio (1) indicates good photosynthetic activity and therefore a good physiological state of the plant; which translates according to Morot -Gaudry & Farineau (2011). This is achieved through good carbohydrate availability and activation of secondary metabolism responsible for the formation of defense molecules. In our study, the chla / chlb ratio is greater than one and significantly higher in TIM plants. This suggests strong chlorophyll a biosynthesis. Conversely, in NTI plants, the chla / chlb ratio is less than one and even tends towards zero, confirming the complete degradation of chlorophylls a and b. Analysis of the results seems to indicate a more rapid degradation of chlorophyll a, the most active pigment in the photosynthetic mechanism under the action of the pathogen, compared to chlorophyll b. Thus, as reported by Coulibaly et al. (2025), elicitors would play a role in protecting chlorophyll a in order to maintain photosynthetic activity and, consequently, the biosynthesis of secondary metabolites such as phenolic phytoalexins, which are important for inducing defense mechanisms.
5. CONCLUSION
[bookmark: _Hlk214965501]The greenhouse tests aimed to study the properties of MeJA on the protection of cotton against fusarium wilt. MeJA has shown its ability to induce better resistance of cotton to Fusarium oxysporum f. sp . vasinfectum .
It enabled the establishment of natural defenses by inducing a gain in resistance and a reduction in parasitic pressure, i.e., symptoms of fusariosis in treated plants.
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