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Abstract

The objective of this study is to show the real impact of methyl jasmonate and ethephon in combination on the
production of phenolic compounds in cultivar R405-2000 of the cotton plant Gossypium hirsutum. As well, cotton plants
were treated in the field by methyl jasmonate (Me]A), ethephon (ETH) and the association of methyl jasmonate and
ethephon (Me]A + ETH). The effect of these treatments was appreciated thanks to a qualitative analysis of total phenols
by High Performance Liquid Chromatography. The results showed that ethephon, the metabolic precursor of ethylene,
has properties identical to those of MeJA. However, the treatment of cotton leaves with ethephon induces less phenolic
compounds than MeJA. On the other hand, the co-treatment of the leaves with MeJA and ethephon leads to an induction
of phenolic compounds, which accumulate in greater quantities in the plant the phenols synthesized are more important
with an activation of the biosynthetic pathway of stilbenoids because trans-resveratrol and transpiceide, two
compounds belonging to the group of stilbenoids were synthesized de novo by the joint application of Me]JA and
ethephon on cotton leaves when they could not be synthesized when these two elicitors are applied alone.
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1. Introduction

Cotton is a textile and protea-oleaginous plant to multiple use. [1]. It is therefore a very important source of currency
for the economy of several countries. Cotton represents the main raw material of the textile industries and the seeds
rich in oil and proteins are used in human and animal food [1]. However, the cotton plant is threatened by parasites and
various diseases which reduce production, the quality of fibers and seeds [2]. However, studies have shown that in front
of aggression by pathogens, plants produce secondary metabolites, in particular phenolic compounds, to defend
themselves [3]. Thus, cotton produces a large number of phenolic compounds which are decisive in resistance to
diseases [4]. However, some plants remain susceptible to pathogens and the establishment of the disease, more by a
slow defense response than by the absence of a defense mechanism [5 ; 6]. As a result, recent studies have proposed the
stimulation or induction of these compounds by other compounds called stimulators of natural defenses. Studies have
shown that MeJA and ethylene can act synergistically on certain defense genes, thereby leading to an increase in
resistance to pathogens [7 ;8 ; 4 ; 9]. The object of this article is to show the qualitative impact of the co-traitment of
methyl jasmonate and ethephon on the production of phenolic compounds in cotton sheets.
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2. Material and methods

2.1. Plant Material

The plant material consists of the cotton cultivar R405-2000 (Gossypium hirsutum L.), originating from Céte d'Ivoire. It
is an improved cultivar, resulting from the cross between local lines and introduced lines [10]. The seeds come from the
Korhogo region (Céte d'Ivoire) and were supplied by the Ivorian Company for Textile Development (ICTD). The cultivar
R405-2000 has a very high level of sensitivity to Fusarium oxysporum f. sp. vasinfectum, causative agent of Fusarium
wilt [11]

2.2. Methods

Cotton plants two months old were used for this study. The plants were produced from cotton seeds. The seeds were
first delinted (stripped of their fibers) with concentrated sulfuric acid. They were then sterilized in a laminar flow hood
by rapid dipping for one minute in 70% ethanol (v / v), followed by 20 min immersion in bleach (2.5% active chlorine)
then rinsed three times with sterile distilled water. Two seeds were placed in a test tube containing 30 ml of sterile
distilled water. All was incubated for 48 hours in the dark to facilitate germination. The seeds whose radicle points out
after imbibition were placed in 500 ml pots containing soil previously sterilized in an autoclave at 121 ° C for 30 min.

2.2.1. Treatment of cotton plants with natural defense stimulators

At the nine to ten spread leaf stage obtained after approximately two months of growing, 60 cotton plants (15 plants /
treatment) are sprayed with 5 mM MeJA [4], 5 g /| of ethephon [4] and a solution consisting of an equal volume mixture
of MeJA (5 mM) and ethephon (5 g / 1). MeJA and ethephon were previously dissolved in 1% ethanol, added to an
aqueous solution containing 0.1% Triton X-100. The latter acts as an adjuvant and allows a longer retention of the
product on the leaves while conferring a penetrating power in the leaves. The Me]A and the ethephon were aseptically
prepared, under the laminar flow hood, using solvents sterilized by filtration (0.22 pum). Each plant received
approximately one 10 ml application of each solution using a sprayer. To promote the opening of the stomata, the
humidity is maintained at 90% by spraying water under the enclosure. Cotton plants sprayed with 1% ethanol,
supplemented with 0.1% Triton X-100 solution, served as controls. After spraying, the incubation time for the cotton
plants was 72 h. The leaves are then removed and freeze-dried.

2.2.2. Qualitative analysis of total phenols by High Performance Liquid Chromatography

Extraction and purification of phenolic compounds from the leaves

The extraction of total phenols was carried out on dry matter after lyophilization according to the method of kouakou
[Reference 12]. After determining the dry matter of each sample, 200 mg of leaves were immersed in 20 ml of methanol
and then placed overnight at 4 °C. After centrifugation at 2000 g for 10 min, the supernatant obtained was filtered
through a Millipore membrane (0.45 pum) and constituted the raw phenolic extract. For purification, 4 ml of the raw
phenolic extract were evaporated with Speed Vac (Savant, USA). The sample was taken up in 1 ml of methanol / water
(30/70, v / v) and then chromatographed on a mini column of C18 toasted silica (Sep pack®) in the Supelco Visiprep ™
system. Before, the columns were conditioned by successive washing with 100% methanol (2 ml), 50% methanol (2 ml)
and distilled water (6 ml). After depositing the sample, washing with 2 ml of distilled water was carried out, then the
phenolic compounds were eluted with 4 ml of methanol / water (90/10, v / v). The eluate obtained was evaporated at
Speed Vac, taken up in 1 ml of methanol / water (50/50, v / v) then filtered through a Millipore membrane (0.45 pm)
before being injected in high performance liquid chromatography (purified phenolic extract).

Analysis conditions

High Performance Liquid Chromatography (HPLC) was performed according to the modified method of Belhadj et al
[reference13]. It has been used for the separation and quantification of the various phenolic compounds in cotton leaves
treated with Me]A, ethephon and the MeJA / Ethephon association. The analysis of the samples was carried out on two
HPLC chains; the first chain (Agilent LC 1100 series) is equipped with a degasser, an automatic injector, a high-pressure
binary pump and a UV-visible detector. The second chain (Agilent LC 1200 series) includes a quaternary pump and is
connected to an iodine bar detector and a nuclear magnetic resonance spectrometer (Bruker Avance I1I, 600 MHZ). The
column used with the two chains is a reverse phase C18 (Prontosil, 250 x 4.0 mm, 5 pm, Bischoff). Elution was carried
out with a binary gradient composed of: - solvent A: trifluoroacetic acid (TFA) 1% / water (2.5 / 97.5,v / v) - solvent B:
acetonitrile / solvent A (80 / 20, v / v). The profile of the elution gradient is presented in the table below. The
chromatograms were detected at 284 nm, with a flow rate of 0.8 ml / min. The phenolic compounds used in this study
were selected based on their commercial availability and their possible presence in cotton [14; 15; 16]. These phenolic
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compounds are as follows: astringine, picideide, piceatannol, pterostilbene and resveratrol, gallic acid, caffeic acid,
chlorogenic acid, ferulic acid, p-coumaric acid, salicylic acid, trans-cinnamic acid, catechin, epicatechin, genistein,
gossypine, naringenin, quercetin, quercitin and rutin.

Table I Elution gradient of Phenolic compounds in HPLC

Time (min) Solvent (A) Solvent (B)
0 90 10
0-40 90 10
40-41 50 50
41-50 0 100
50-51 90 10
51-70 90 10

HPLC: high performance liquid chromatography; solvent A: 1% trifluoroacetic acid (TFA) / water (2.5 / 97.5, v / v); solvent B: acetonitrile / solvent
A (80/20,v / V).

HPLC determination of phenolic compounds in leaves

The separation and the determination of the phenolic compounds were carried out in HPLC under a pressure of 170 to
400 bars. Ten (10) pl of the hydromethanolic extract was directly injected and the chromatograms were detected using
a Prostar iodine bar detector (model 335) at 284 nm. Each analysis was repeated three times. A reference library of
phenolic compounds is produced previously with purified compounds identified by nuclear magnetic resonance (NMR)
and also with commercially available compounds. This library contains the retention times and the NMR spectra of these
compounds. The chromatograms obtained were identified by comparison with those obtained from the samples
injected. The structure of the phenolic compounds is verified by NMR. The phenol content of the leaves is calculated
relative to calibration curves carried out with pure compounds isolated from the samples or those obtained
commercially. The capture of the chromatograms and the control of the HPLC are managed by microcomputer
(Workstation system).

2.3. Statistical analysis

Statistical analysis were performed using SAS 6.0 software. An analysis of variance (ANOVA) was performed on all the
treatments applied. When this analysis shows a difference between the means, the Duncan's test is performed in order
to determine the significant differences between the treatments at the 5% threshold. For percentages, the Kruskal-
Wallis test was used to determine the significant differences (P <0.05) between treatments.

3. Results and discussion

Phenolic compounds identified in the leaves treated with MeJA, ethephon and the Me]A / Ethéphon association

Chromatographic analysis of cotton leaves treated with ethephon revealed the presence of seven compounds which are
gossypol, cafféol-D-glucose, catechin, 3-p-coumaroylquinic acid, ferulic acid, gossypetine and chlorogenic acid.
Compared to the chromatographic profile of cotton leaves treated with MeJA, we observe the disappearance of stilbenes
(trans-piceatannol and trans-pterosilbene) and chicoric acid (Figure 1). This result shows that the application of
ethylene in the form of an ethephon mobilizes fewer phenolic compounds than Me]A. Indeed, the accumulation of
phenolic phytoalexins in plants has been reported as a potential activator of plant defense because it has allowed
resistance against fungal attacks to be induced [17; 18]. Thus, the weak biosynthesis of phenolic compounds would
indicate a weak activation of the cotton's natural defenses by ethylene. However, the work of Diaz et al [Reference19]
have shown that ethylene stimulates the natural defenses of tomatoes by inducing resistance to Botrytis cinerea as well
as those of Belhadj et al [Reference 20] on the vine by inducing protection against Erysiphe necator. This result shows
that the action of ethylene on the production of phenolic phytoalexins which stimulate natural defenses is dependent
on the variety of plant used. In addition, gossypol, catechin and chlorogenic acid were 3 times higher with ethylene than
with Me]JA.
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Figure 1 Chromatograms of phenolic compounds extracted from cotton leaves treated with Me]A, ethephon and
addition of Me]A / ethephon at 284 nm

1. Gossypol (4.237 min); 2. Caffeyol-D-glucose (12.770 min); 3. Catechin (13.597 min); 4. 3-p- acidcoumaroylquinique
(17.895 min); 5. Ferulic acid (18.524 min); 6. Gossypetine (19.704 min); 7. Chlorogenic acid (20.995 min); 8 trans-
Piceatannol (21.545 min); 9. trans-Resveratrol (26.993 min); 10. trans-Pterosilbene (28.344 min); 11. Chicoric acid
(34.083 min); 12. trans-Picideide (27,864 min); MeJA: methyl jasmonate.

On the other hand, the contents of ferulic acid and caffeeyol-D-glucose remained identical regardless of the elicitor used
(Table 2). These results suggest that the ethephon acts by promoting the accumulation of certain phenolic compounds.
The ethephon is said to act by activating enzymes belonging to different biosynthetic pathways than those of Me]A.
Thus, the biosynthetic pathways of gossypol, catechin and chlorogenic acid would be activated via the PAL [21; 22].
Taking into account phenolic groups, ethylene promotes the accumulation of terpenoids which induce resistance
against pathogens [23; 24].
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Table 2 Content of phenolic compounds extracted from cotton leaves treated with ethephon and co-treatment with
Me]A and ethephon

Content (pg / g)
Phenolic group Phenolic Control MeJA (5mM) | Etephon Cotraitement
compounds
not traited (5g/1) MeJA/etephon
Pterostilbene nd 2.19£0.012 nd 35.57 £ 0.34¢
trans- 1.85+£0.01b nd nd 2.94 £ 0.082
Stilbenoids Resveratrol
trans-Piceatannol | 2.11 +0.012 8.35+0.154 nd 33.16 + 0.65¢
trans-Piceide nd nd nd 11.93 £ 0.45b
Chicoric acid nd 3.47 £0.01f nd 17.25 £ 0.32¢
Hydroxycinnamic | go e acid 0.17 £ 0.02s 09.83+ 33.04 £ 0.81¢
acids i
10.91+057 | 1.31
Caffeyol-D- 3.24 % 0.02f 3.45+0.03F | 343005 | 34.11+0.46¢
glucose
Chlorogenic acid nd 2.50+0.012 10.74+0.02b | 20.55+0.24s
Chlorogenicacids | 5 0 maroyl | 7.35+0.10¢ 54.88+1.83 | 41.16+1.09% | 201.13 +3.17"
quinic acid
Flavonoids Catechin 3.33 £ 0.02f 3.60 £ 0.05f 9.15+ 0.06! 20.88 £ 0.13¢
. 4.12 £ 0.02¢ 3297+ 1.77m 19.37+1.23¢ | 94.75+1.15
Gossypetin

MeJA, methyl jasmonate; + S, standard error; nd, not detected; in the same column and on the same line, the means followed by the same letter are
not significantly different (Duncan's test at 5%); values represent the average of three repetitions

Table 3 Average contents of phenolic groups in cotton leaves treated with ethephon and co-treated with MeJA and
ethephon

Content (pg/g)

Control Me]JA (5 mM) Ethephon Cotraitement
Phenolic group not traited (5g/1) MeJA/éthéphon
Stilbenoids 3.96 +0.032 10.54 £ 0.10> nd 83.60 £ 0.08¢
Hydroxycinnamic acids 3.41+0.032 17.83 +0.11¢ 13.26 £ 0.15P 84.40 £ 0.15¢
Chlorogenic acids 7.35 + 0.044 57.38 £ 0.33f 51.90 + 0.52f 221.68 + 0.52¢
Flavonoids 7.45 + 0.024d 44.02 +0.31h 35.10+0.1632 | 115.63 +0.163P
Terpenoids 0.089 + 0.01¢ 5.90 + 0.06d 15.73 £ 0.05b 84.56 £ 0.05¢
Phenolic pool (pg / g) 22.26 = 0.05i 135.67 £0.21 115.99 +0.18k 589.87 + 0.18»

MeJA, methyl jasmonate; + S, standard error; nd, not detected; in the same column and on the same line, the means followed by the same letter are
not significantly different (Duncan's test at 5%); values represent the average of three repetitions.
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On the contrary, it would have a negative effect on the accumulation of hydroxycinnamic acids and flavonoids as well as
the overall phenolic pool compared to MeJA (Table 3). It also seems to exert a total inhibition on the production of
stilbenoids therefore biosynthetic enzymes of stilbenes like stilbene synthase. However, several studies have shown
that stilbenes are involved in plant defenses by their ability to inhibit the germination of spores and the growth of fungi
[25; 26]. Thus, our study clearly shows that the ethephon seems to activate the cotton's natural defenses less than the
Me]A as already reported by Faurie et al [reference 27] in the vine.

In addition, the cotton leaves treated jointly with Me]JA and ethephon enabled the biosynthesis of twelve phenolic
compounds against ten for MeJA and seven for ethephon (Figure 1). However, the analysis of the phenolic profiles shows
that trans-resveratrol and trans-picideide, two compounds belonging to the group of stilbenoids have been synthesized
de novo by the joint application of MeJA and ethephon on the cotton leaves (figure 2).
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Figure 2 Chemical structure of trans-resveratrol and trans-piceid

These stilbenes could not be synthesized by the application of Me]A or ethephon alone. In addition, the co-treatment of
the leaves with MeJA and ethylene allowed an exponential increase in the content of all the phenolic compounds
synthesized compared to that obtained with MeJA or ethephon alone. Thus, the content of compounds such as ferulic
acid, 3-p-coumaroylquinic acid and gossypetine increased by more than 3 times, trans-piceatannol by more than 4
times, catechin and chicoric acid by more 5 times, chlorogenic acid 8 times, caffeyol-D-glucose 10 times, gossypol 14
times and finally trans-pterostilbene 16 times compared to Me]A applied alone (Table 2). Likewise, the global phenolic
pool which was 135.67 ug / g of leaves for Me]A increased and became four (4) times most important with the
coinduction of leaves by the addition of MeJA and ethylene (Table 3). Thus, the concomitant application of Me]JA and
ethephon on the leaves therefore seems to have a supra-additive effect (synergy or potentiation) on the accumulation
of phenolic compounds in cotton. This synergistic or cooperative effect of MeJA and ethephon on the biosynthesis of
stilbenoids and the accumulation of phenolic compounds has also been reported in tobacco [28], Arabette [29 ;17] and
the vine [30]. The gains in quantity of phenolic phytoalexins conferred by MeJA and ethephon separately are not total
(42.66%) (Table 4).

Table 4 Proportion of phenolic groups compared to the total phenolic pool of each type of cotton leaf treated by elicitors
used alone or in combination

Proportion of phenolic content (%)
Phenolic group Control Me]JA (5 mM) Etephon Cotraitment
not traited (5g/1) MeJA/etephon
Stilbenoids 17.78 £ 0.152 7.76 £ 0.12b 0.00 £ 0.00¢ 14.17 £ 0.102
hydroxycinnamics acids 15.31+0.132 13.14 £ 0.172 11.43 £ 0.202 14.30 = 0.202
Chlorogenic acids 33.01 £ 0.554 42.29 £ 0.33¢ 44.74 + 0.52¢ 37.58 £ (0.524
Flavonoids 33.46 + 0.364 32.44 +0.294 30.26 + 0.30d 19.60 + 0.302
Terpenoids 0.39 £ 0.028 4.35 £ 0.04s 13.56 + 0.02a 14.33 £ 0.022

MeJA, methyl jasmonate; * S, standard error; nd, not detected; in the same column and on the same line, the means followed by the same letter are
not significantly different (Duncan's test at 5%); values represent the average of three repetitions.

The combination of the two elicitor molecules could increase the gains in resistance and protect the cotton plant against
pathogens such as Fusarium oxysporum f. sp. vasinfectum. The MeJA and ethylene seem to fit into the complex cascade
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of cotton signals that lead it to mobilize its defenses. The addition of these elicitors would trigger stronger defense
mechanisms than when used individually. Thus, a whole series of defense genes would then be induced and the defense
responses put in place would lead to more efficient protection of the cotton plant against pathogens.

4., Conclusion

The results showed that ethephon, the metabolic precursor of ethylene, has properties identical to those of Me]A.
Treating leaves with ethephon induces fewer phenolic compounds than Me]JA. However, it stimulates the accumulation
of chlorogenic acid, catechin and gossypol. Ethephon acts favorably on the accumulation of hydroxycinnamic acids and
flavonoids as well as the total phenolic pool compared to MeJA. Ethephon acts favorably on the accumulation of
hydroxycinnamic acids and flavonoids as well as the total phenolic pool compared to Me]A. It has an inhibitory effect on
the biosynthesis of stilbenoids. Ethylene in the form of an ethephon thus exerts a weak activation of the cotton's natural
defenses compared to MeJA. On the other hand, the treatment of the leaves with MeJA and the ethephon leads to an
induction of phenolic compounds, which accumulate more important quantities in the plant. The phenols synthesized
are more important with an activation of the biosynthetic pathway of stilbenoids because trans-resveratrol and trans-
piceide, two compounds belonging to the group of stilbenoids were synthesized de novo by the joint application of MeJA
and ethephon on cotton leaves when they could not be synthesized when these two elicitors are applied alone. The
addition of the phenolic pools conferred by the application of MeJA and ethephon separately represents only 42.66% of
the phenolic pool obtained with the joint application of these two elicitors. The association Me]A / ethephon has a supra-
additive effect on the accumulation of phenolic phytoalexins in cotton. Co-traitment of MeJA and ethephon therefore
has a cooperative or synergistic effect on the production and accumulation of phenolic phytoalexins.
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