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The efficiency of exogenous application of sugarcane stem filtrate (FCS) and 
cotton stem filtrate (FTC) was investigated on cotton to stimulate phenol 
biosynthesis and to identify phenol markers of good physiological status of 
plant. The stem residues were dried and 500g were ground. The resulting 
powder was dissolved in 1 L of water and represents the hytoextract 
solution at 100%. The sugarcane stem filtrate (FCS) was prepared at 25% 
and the cotton stem filtrate (FTC) at 20% in this study.  After spraying the 
cotton leaves, quantitative and qualitative analysis of phenols were 
evaluated as well as the physiological status of the plants through the 
determination of total chlorophyll. The results showed the ability of 
phytoextracts to promote phenol accumulation in cotton. FTC was the most 
effective treatment because the phenol content was higher than FCS. 
Furthermore, UHPLC analysis revealed that caffeyl-5 quinic acid and rutin as 
well as isoquercetin and astringin, induced only after application of FCS and 
FTC respectively, are phenol markers of good physiological status in cotton. 
FCS and FTC had beneficial effects on cotton-leaf chlorophyll content 
suggesting a biocontrol role. In fact, the application of FTC favored an 
intense activation of metabolic functions than FCS. The observed of good 
plant health status was related to phenol, which are responsible for 
developing disease resistance skills. Thus, the stimulation of natural 
defenses could be used as an alternative to chemical control of pathogens 
improving productivity while respecting the environment and the health of 
farmers. FTC can be recommended for the stimulation of defenses in cotton. 
 
Keywords : Chlorophyll, cotton, FCS, FTC, phenol, physiological status, 
polysaccharide 

 
 
 
INTRODUCTION 
 
In Côte d'Ivoire, cotton cultivation affects the life of almost 
3.5 million people, including people in rural areas (FIRCA 
2012; 2019; AFCOT, 2019). Cotton is the third largest 
export product after cocoa, coffee, and contributes just over 
1.8% to gross domestic product (Anonymous, 2021). Cotton 
therefore plays an important role in the economy and is a 

very important source of income for rural populations. 
However, cotton is threatened by many diseases that cause 
a significant decline in production (Vaissayre, 1994). 

Fusarium oxysporum f.sp. vasinfectum (FOV) is one of the 
most destructive diseases currently in cotton. In fact, it can 
cause production losses of  more than 50%, and  sometimes  
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even almost total destruction of cotton production potential 
(Sayegh, 2009; Konan et al., 2014; Renou and Brevault, 
2015). Vascular infections due to soil fungi, particularly 
FOV, are difficult to control by conventional control 
methods (Abo, 2006). Fungicides are used extensively, but 
their effectiveness is not guaranteed and they are not 
economically viable for producers. Treatment is not 
effective because when the disease is triggered, it is often 
too late to intervene. In response to these constraints, many 
authors have advocated abandoning farms and then crop 
rotation as solution to this disease (Ochou et al., 1998). It is 
therefore necessary to seek effective phytosanitary 
strategies for the sustainable eco-production of cotton. 
Indeed, the biocontrols, derived from the pathogen or from 
the plant, are derived from the cell wall of the plants and 
therefore from the polysaccharide molecules 
(Korsangruang et al., 2010). They are able to stimulate 
plant defenses and strengthen their resistance to disease, 
thus pushing the threshold of pathogen pest (Li et al., 2003; 
Konan et al., 2014; Pu et al., 2022). The binding of a 
biocontrol to a receptor in the plant cell triggers a cascade 
of reactions that leads to the synthesis of secondary 
metabolites including phenols (N’goran, 2019). In addition, 
the accumulation of phenols in tissues adjacent to necrotic 
areas during fungal attack suggests their defensive role. 
Bactericidal and antifungal actions of phenols have been 
reported in several studies (Lambert, 2011; Bodin et al., 
2020; Burdziej et al., 2021). Thus, biocontrols could trigger 
the activation of phenolic compounds metabolism and 
trigger the alert status of the plant defense system. Faced 
with the need to limit the use of synthetic pesticides, 
phytostimulation, and in particular the stimulation of plant 
defenses, can be a lever of interest to reduce chemical 
control. In recent decades, a few natural defense products 
have been introduced to help some plants respond to 
attacks by bioaggressors (Bodin et al., 2020; Burdziej et al., 
2021; Lemaitre-Guillier et al., 2021). However, responses 
after defense activation vary depending on the product, the 
environment and the pathogens involved (variability, 
aggression). In the context of innovative treatments, the 
effects of two plant extracts from plant debris collected 
from plantations have been explored in stimulating the 
production of polyphenols which have been shown to be 
involved in improving resistance to abiotic stress (Belhadj, 
2005; Ahuja et al., 2012; N'goran, 2019).  

The aim of the study was to investigate the impact of 
sugarcane and cotton stem residue extracts application on 
phenol biosynthesis. This will facilitate the identification of 
phenolic markers of a good physiological state of cultivated 
cotton, inducing possible immunity against fungal diseases. 
 
 
MATERIAL AND METHODS 
 
Plant material 
 
Cotton seeds (Gossypium hirsutum L. cv. Sicama Vir1) 
originated  from  Côte d'Ivoire   and  were  provided  by  the  

 
 
 
 
Centre National de Recherche Agronomique (CNRA). The 
cultivar used is highly susceptible to Fusarium oxysporum f. 
sp. vasinfectum (FOV), causative agent of Fusarium wilt 
(Assigbetse, 1993). 
 
Experimental design and plants production 
 
The experimental design consists of two ridges spaced 1 m 
apart.  One ridge had an area of    12 m2, with 6 m long and 
2 m wide. A control ridge was performed and separated 
from the trials by 3 m. On each ridge, three rows of 10 holes 
separated by 60 cm in length and 50 cm in width were 
made. Five cotton seeds were sowed per hole at 5 cm depth. 
At emergence, the plants were removed and only the most 
vigorous plant was selected. Therefore, each row of the 
ridge contained 10 plants, i.e. 30 plants per ridge for the 
three rows. A total, two-month-old of 90 plants were used. 
Watering was carried out after two days interval. 
 
Preparation of phytoextract filtrates 
 
The residues of the sugarcane stem or molasses and those 
of the cotton were dried in an oven at 60°C until a constant 
weight was obtained, i.e. a total dehydration of the plant 
material. These plant residues were ground and 500 g of 
powder obtained were mixed in 1 L of water and kneaded 
by hand for 15 min. After settling for 24 hours, the 
supernatant was recovered and made the 100% 
phytoextract stock solution. Moreover, of Triton X-100 at 
0.1% was added to the solutions and then homogenized 
and the whole constituted the phytoextract solution. 
Sugarcane stem filtrate (FCS) was prepared at 25% and for 
cotton stem filtrate (FTC) at 20%. Approximately ten 
concentrations of each phytoextract were tested. After 
these preliminary experiments, only the concentrations 
chosen in this study were able to induce a better 
accumulation of phenolic compounds in the cotton treated-
plants (data not shown).  
 
Analysis of phenols extracted from cotton leaves 
 
Approximately, 100 mg of freeze-dried leaf were put into a 
hemolysis tube and 20 mL of methanol. This was placed at 
4°C for 15 h, and then the filtrate was centrifuged at 5,000 
rpm for 10 min. Then, 4 mL of supernatant was evaporated 
under vacuum at Speed Vac (Savant, USA). The resulting 
dry residue was dissolved in 1 mL of methanol 30% and 
purified on a C18 grafted silica mini-column. The eluate was 
again evaporated at Speed Vac and the dry residue was 
taken up in 1 mL of methanol 50%. The crude mixture was 
filtered through a Millipore membrane of 0.45µm diameter. 
The filtrate was finally diluted to 50% and represents the 
purified phenol extract. 

The phenol content of the cotton leaves was determined 
using Siriwoharn et al. (2004)’s method.  A 0.5 mL of Folin-
Ciocateu reagent at 10% was added 0.9 mL of distilled 
water, 0.1 mL polyphenolic extract and 1.5 mL of sodium 
carbonate    17%.    After   30  minutes  of   incubation,  total  



 
 
 
 
polyphenols are measured with a spectrophotometer at 
765 nm.  Polyphenols content was calculated using a 
calibration curve with gallic acid (y = 0.586x; R2 = 0.999) 
and was expressed in milligrams of gallic acid equivalent 
per gram of freeze-dried leaves (mg GAE/g FDL). 

For separation and identification of phenols, ultra-high 
performance liquid chromatography (UHPLC) was used on 
an Agilent LC chain according to the method of Verdu 
(2013) with a reverse-phase C18 silica column (Zorbax 
Eclipse XDB-C18, 150×4.6 mm, 5.0 cm, Agilent).  
Water/trifluoroacetic acid 1% (2.5/97.5) was solvent A and 
acetonitrile in solvent A (80/20) as solvent B. The 
proportion of solvnet at 5% B (0-5 min), 10% B (5-10 min), 
20% B (10-16 min), 80% B (16-17 min), 10% B (17-18 
min) and 5% B (18-20 min) were used as the elution 
gradient. A 10 µL aliquot of phenol extract was injected into 
Agilent UHPLC with 1.3 mL/min flow rate and peaks 
separation was performed at 254 nm. A reference library 
containing retention times and NMR spectra of different 
phenols was used to identify the separated phenol peaks. 
 
Assessment of the physiological status of cotton plants 
 
The treatments were carried out on 40 plants, including 10 
plants with 20% FTC and 10 plants with 25% FCS. A lot of 
20 plants was used as controls and treated with a solution 
without phytoextracts. Each plant was sprayed with 50 mL 
of solution.  After incubation times, the 20 treated-plants 
and 10 control-plants were infected with 5 μL of FOV 
inoculum at 104 spores/mL (data not shown). The 
remaining 10 control plants were not fungally inoculated. 
The fungal inoculum was injected directly into the 
scarifications made at the crown level around the roots of 
the plant (Bouhot and Rouxel, 1970). The physiological 
status of cotton plants was assessed every 30 days for 4-
months through analysis of leaf pigments. At each stage, 
one leaf per plant was harvested and then the leaves were 
freeze-dried. 

For each treatment modality, nine cotton plants were 
randomly selected for leaf harvesting. Two leaves were 
harvested per plant and the total chlorophyll content was 
determined according the method of Lichtenthaler et 
Buschmann (2001). Briefly, 200 mg of leaves from treated 
and FOV-inoculated plants were harvested and crushed in 5 
mL of acetone in the presence of a pinch of calcium 
carbonate and Fontainebleau sand.  The filtrate was 
centrifuged at 5,000 rpm for 15 min and the supernatant 
obtained was the crude chlorophyll extract.  The 
absorbance was measured at 647 and 663 nm against a 
blank. Total chlorophyll content (Chl t) expressed in mg/g 
of fresh leaves (FL) was calculated by the following 
formula: Chl t (mg/g FL) = (7.15) OD663 + 18.71 (OD647). 
 
Statistical analyzes 
 
Data were analysed using using STATISTICA 7.1 software. 
An analysis of variance (ANOVA) was performed on the 
phenol and chlorophyll content of the  leaves  following  the  
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phytoextract treatments. In case of difference, the test of 
Duncan at 5% carried out to separate means. In addition, R 
4.0.2 software was used for the hierarchical ascending 
heatmap classification of phenolic groups. 
 
 
RESULTS  
 
Evaluation of phenol content in cotton leaves following 
plant treatments with phytoextracts 
 
The evolution of phenol content in cotton leaves after 
treatment of plants with the two phytoextracts is presented 
by Figure 1. The results indicate that revealed that the 
phenol content was higher in the leaves of FTC-treated 
plants (249.52 mg GAE/g FDL) compared to those of FCS-
treated plants (186.96 mg GAE/g FDL). For the control, the 
lowest phenol content was observed (48.01 mg GAE/g 
FDL). In comparison to the control, the phenol content of 
the leaves of FCS-treated plants was 3.89 times higher 
while FTC-treated plants was 5.2 times higher. On the other 
hand, the FTC-treated plants accumulated 1.33 fold more 
phenols than FCS. 
 
Identification of phenols in cotton leaves treated with 
phytoextracts 
 
The peaks representing phenols were detected at 254 nm 
by ultra-high performance liquid chromatography (UHPLC) 
and identified through a reference database of phenolic 
compounds previously available in an NMR spectrometer 
with retention times and spectra. 

The UHPC profile of the leaves of cotton treated with the 
filtrate of sugarcane stem residues (FCS) as well as cotton 
(FTC) and untreated (control) show some similarities and 
differences. Indeed, six phenols were synthesized by both 
treated and untreated cotton. As presented in Figure 2, 
these were gallic acid, caffeoyl D-glucose, catechin, ferulic 
acid, gossypetin, and                 3-p-coumaroylquininic acid. 
In addition, the control plants synthesized two other 
phenols identified as gentisic acid and 3-monoglucosyl 
cyanidin which disappeared after the application of 
phytoextracts on the cotton. All these phenols found in the 
plants, whatever the type of treatment, are of constitutive 
type, i.e. pre-existing polyphenols. Moreover, the 
application of phytoextracts allowed de novo synthesis of 
five phenols, namely                    epicatechin, protocatechic 
acid, trans-resveratrol, trans-piceid and pterostilbene. In 
addition, 5-caffeoylquinic acid and rutin were de novo 
induced under treatment with FCS whereas with FTC, 
astringin and isoquercetin were induced. Altogether, the 
application of phytoextracts induced seven new phenols 
compared to the control. These compounds are induced 
phenols, i.e. de novo synthesized and their structure was 
illustrated in Figure 3. 

The phenols identified in cotton leaves were classified 
into    six     groups    as     shown     in     Table  1.    Thus,   the  
phenols   synthesized   by    the   control   are   grouped   into  



Issues Biol. Sci. Pharma. Res.          42 
 
 
 

 
 

Figure 1 : Phenols content in cotton plant treated with phytoextracts 
 
GAE, gallic acid equivalent; FCS, plant treated with sugarcane stem residue filtrate; FTC, plant treated with cotton stem residue filtrate; 
values followed by the same letter are not significantly different (Duncan's test at 5%); values are the mean of triplicate. Bars represent 
the standard errors. 

 
 

 
 

Figure 2 : U-HPLC profile of phenols extracted from cotton leaves treated with sugarcane and cotton stem 
residue filtrates monitoring at 254 nm 
 
Peak detection was performed at 254 nm; UHPLC: ultra high performance liquid chromatography; (1): gallic acid (1.323 min); (2): caffeoyl D-
glucose (4.492 min); (3): catechin (4.855 min); (4): gentisic acid (7.246 min); (5): 3-monoglucosyl cyanidine (7.898 min); (6): ferulic acid 
(8.695 min); (7): gossypetin (9.782 min); (8): 3-p-coumaroylquininic acid (11.666 min); (9): epicatechin (5.434 min); (10): protocatechic acid 
(6.086 min); (11): 5-caffeoylquinic acid (10.289 min); (12): rutin (10.507 min); (13): trans resveratrol (12.753 min); (14): trans piceid 
(13.260 min); (15): pterosilbene (13.695 min); (16): astringin (15.070 min); (17): isoquercetin (15.289 min). 
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Figure 3. Structure of phenolic markers of good physiological state of cotton identified  

Rutin 
5-Caffeoylquinic acid 

 

Isoquercetin 

 

     Astringin  

 

 
 

Figure 3: Structure of phenolic markers of good physiological state of cotton identified in FCS and FTC-
treated leaves 
 

FCS, sugarcane stem residue filtrate; FTC, cotton stem residue filtrate.   

 
 

Table 1. Classification of phenols identified in cotton leaves treated with phytoextracts 
 

Phenol compounds Groups of phenol 
 Control FCS FTC 

gallic acid gallic acid gallic acid Hydroxy 
benzoic acids gentisic acid protocatechic acid protocatechic acid 

caffeoyl D-glucose caffeoyl D-glucose caffeoyl D-glucose Hydroxy 
cinnamic acids ferulic acid ferulic acid ferulic acid 

3-p-coumaroylquinic  
acid 

3-p-coumaroylquinic 
acid 

3-p-coumaroylquinic 
acid 

Chlorogenic 
acids 

 - 5-caffeylquinic acid - 
3-monoglucosyl cyanidin - - Anthocyanin 
catechin catechin catechin Flavonoids 

 
 
 
 

gossypetin gossypetin gossypetin 
 epicatechin epicatechin 
- rutin - 
- - isoquercetin 
- trans-resveratrol trans-resveratrol  

 
Stilbenes 

- trans-piceid trans-piceid 
- pterosilbene pterosilbene 
- - astringin 

 

(-) not found; (FCS) plant treated with stem residue filtrate of sugarcane; (FTC) plant treated with stem residue filtrate of cotton 

 
 
 
hydroxybenzoic acids (AHB), hydroxycinnamic acids (AHC), 
chlorogenic acids (ACG), anthocyanin (ANT) and flavonoids 
(FLA). On the other hand, in plants treated with 
phytoextracts, in addition to these five phenol groups, the 

presence of stilbenes (STB) was observed. The hierarchical 
ascending classification of these phenol groups (Figure 4) 
reveals that the controls are related to anthocyanin (ANT) 
with  a  classification  index (CI)  around  2,  while  the  FTC- 
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  CI 

 
 

Figure 4. Classification of phenol groups in response to phytoextract treatments of cotton leaves 
 
FCS, sugarcane stem rresidue filtrate; FTC, cotton stem residue filtrate; AHB, hydroxybenzoic acids; AHC, 
hydroxycinnamic acids; ACG, chlorogenic acids; FLA, flavonoids; ANT, anthocyanins; STB, stilbenes ; CI, 
classification index. 

 
 

Table 2. Total chlorophyll content of phytoextract-treated and FOV-infected cotton leaves 
 

 Total chlorophyll content of cotton leaves (mg/g FM) 
Incubation time  
(day) 

Uninfected control Infected control FTC-treated and 
infected 

FCS-treated and 
infected 

0 240.05 ± 0.90g 239.53 ± 1.49g 240.75 ± 2.08g 240.14 ± 1.51g 
30 241.05 ± 0.85g 236.15 ± 0.81gh 289.09 ± 0.62c 280.09 ± 0.99e 
60 237.05 ± 0.18gh 152.21 ± 0.68i 285.01 ± 1,19d 254.34 ± 1.28f 
90 239.05 ± 1.00g 85.05 ± 0.01j 321.92 ± 0.30b 283.46 ± 1.10d 
120 241.05 ± 2.37g - 398.21 ± 1.44a 322.20 ± 1.04b 

 
FOV: Fusarium oxysporum f. sp. Vasinfectum ; FM: fresh material ; ±S: standard error ; values followed by the same letter in the same 
column and in the same row are not different (Test of Duncan at 5%). 

 
 
 
treated plants have a closer relationship with STB (CI 1)in 
contrast to FCS (CI  0). Similarly, a close relationship was 
observed between FCS-treated plants and AHB and ACG, 
with CI between 0 and 1. Furthermore, both types of plant-
treated share a relationship with FLA (CI 1). In addition, 
AHC showed no specific relationship with treated or non-
treated plants (CI  0) regardless of the type of treatment 
applied as well as the absence of ANT in phytoextracts 
treated-plants (IC2). 
 
Physiological status of cotton treated with phytoextract 
and inoculated with Fusarium oxysporum f.sp. 
vasinfectum     
 
The degree of protection of the cotton plant against 
Fusarium wilt was determined through the content of total 
chlorophyll in leaves treated with phytoextracts and then 
infected. This allows to assess the photosynthetic activity 
and therefore the vigor versus the health status.  

Table 2 presents the variation of total chlorophyll content 
in cotton leaves after treatment and infection with 
Fusarium oxysporum f. sp. vasinfectum (FOV). The results 
show that at Day 0, the total chlorophyll content (Chl t) is 
statistically identical for all treatments, as well as in the 
control cotton plants (Table 3). In general, Chl t in the 
control did not vary much at all incubation times. In 
infected control, from Day 0 to 120, Chlt decreased 

significantly from 239.53 to 0 µg/g FM. Meanwhile, Chl t 
increased in FCS-treated plants (from 240.75 to 293.21 
µg/g FM) and in FTC-treated plants (from 240.14 to 322.26 
µg/g FM). In addition, FTC-treated plants had a greatly 
increased Chl t compared to FCS-treated plants, especially 
at Day 120. Consequently, the gain in Chl t at Day 120 of 
FTC-treated plants and infected (PFTC-I) compared to the 
untreated uninfected control was higher (63.12%), 
followed by that of FCS-treated plants and infected (PFCS-I) 
with 33.66%. In control, a total destruction of chlorophyll 
was observed at Day 120.   
 
 
DISCUSSSION 
 
The results obtained during the evaluation of phenol 
content in cotton leaves after treatment suggest that 
phytoextracts have a beneficial action on phenol 
accumulation. These results suggest that the application of 
phytoextracts of polysaccharide nature increases the 
accumulation of phenols. Indeed, a plant becomes diseased 
due to lack of synthesis level of defense compounds which 
according to several authors would be phenolic in nature 
(Grayer et al., 2001; N'goran et al., 2016; N'cho et al., 2018). 
Therefore, the increase in phenol accumulation in cotton 
following the application of FCS and FTC indicate the 
importance  of  phytoextracts  in  activating the synthesis of  



 
 
 
 
defense compounds of phenolic nature or phytoalexins. 
Thus, phytoextracts would bind to receptors in cotton cells 
and trigger a cascade of reactions that leads to the phenols 
production (N'Goran et al., 2015; N'Goran, 2019). This 
accumulation of phenols in tissues could have a defensive 
role (phytoalexin) because it has antifungal effects as 
reported by several studies (Lambert, 2011; Bodin et al., 
2020; Burdziej et al., 2021). Therefore, FCS and FTC are 
believed to be responsible for alerting the defense system 
in cotton to initiate future disease resistance (De Lamo and 
Takken, 2001; Zeneli et al., 2006; Martyn, 2014). In the case 
of this study, an increasing level of phenol synthesis was 
observed in cotton. Indeed, the results showed that the 
phenol content in the FTC-treated leaves was greater 
compared to FCS. In addition, FTC accumulated 1.33 times 
more phenols than FCS. Thus, FTC stimulates a higher 
accumulation of phenols than FCS. This could certainly be 
related to the nature of the cell walls of cotton and 
sugarcane stems (Wertz, 2011). Indeed, these walls are 
mainly composed of polysaccharides, including cellulose, 
hemicelluloses and pectins (Leroux, 2003; Potage and Holt, 
2004).  

Polysaccharides are carbohydrate polymers made up of 
several oses linked together by osidic bonds. They can be 
classified based on the composition of their monomers 
(Crétenet and Gourlot, 2015). It is usual to distinguish 
between homopolysaccharides and heteropolysaccharides, 
according to whether they have one or more types of 
monosaccharide units, in their structures (Ferreira et al., 
2015). Hence, it appears that the different associations of 
the sugars forming the polysaccharides that vary from plant 
to plant that would be at the origin of the impact of plant 
wall extracts on phenol induction as in the case of FCS and 
FTC (Ebel, 1998; Zhang et al., 2015; Liu et al., 2021; Mzibra 
et al., 2022). Indeed, plant polysaccharide extracts as 
reported by several authors are bio-elicitors able to induce 
natural defenses in treated plants against pathogens by 
stimulating the production of phenol phytoalexins (Davis et 
al., 1986; Ben Salah et al., 2018; Potin et al., 1999).  
Moreover, a growing interest is devoted to polysaccharides 
for their role in inducing immunity in plants (Klarzynski et 
al., 2000; Trouvelot et al., 2014). Some of them are elicitors 
of plant defense while others act as signal molecules in a 
manner similar to phytohormones (Rolland et al., 2006; 
Smeekens et al., 2010). Polysaccharides are signaling 
molecules, especially in plant-microbe interactions and 
their foliar spraying would stimulate natural plant defense                    
(Mukherjee and Patel, 2020). Polysaccharides also play a 
role as antioxidants for the removal of reactive oxygen 
species (ROS) produced by plants in response to stress, 
which would act on secondary metabolism, notably 
phenolic (Bolouri-Moghaddam et al., 2010; Trouvelot et al., 
2014).  In addition, several works have since reported that 
polysaccharide application causes changes in the synthesis 
of phenolic compounds and allows the induction of 
defenses in plants (Morkunas et al., 2005; Kishimoto et al., 
2010; Stadnik et al., 2014). According to Bolouri-
Moghaddam and  Van  Den  Ende (2013),   this  led     to   the  
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concepts of soft immunity and polysaccharide-enhanced 
defense. In fact, polysaccharides by activating plant defense 
responses would increase the synthesis of phenols and/or 
defense gene transcripts as reported in the fight against 
Fusarium oxysporum in lupine by Morkunas et al. (2005). 

All the phenols present in the control are the constitutive 
or pre-existing phenols. These phenols would be 
phytoanticipins capable of being precipitated in the first 
line during a pathogen attack to defend the cotton plant 
(Konan, 2015; N'Goran, 2019). Moreover, according to 
N'Cho (2019), phytoanticipins are the basis of lignin 
induction in plant primary defense. In addition, the 
application of phytoextracts allowed to induce five 
polyphenols whatever the treatment, namely, epicatechin, 
protocatechic acid, trans-resveratrol, trans-piceide and 
pterostilbene.  In addition, treatment of phytoextracts 
allowed de novo synthesis of caffeyl-5 quinic and rutin with 
FCS and astringin and isoquercetin with FTC. These nine 
compounds are induced polyphenols after stimulation 
shows well the impact of phytoextracts in the secondary 
metabolism regulation of cotton plant and the 
establishment of defense mechanisms involving 
bactericidal polyphenols, i.e. phytoalexins (Pedras and 
Adio, 2008; Konan et al., 2014; N'Cho et al., 2018). As 
regard to phenols identification, the results clearly show 
the important role of phytoextracts (FCS and FTC) in 
phenol biosynthesis in cotton as it has been reported also 
by several studies with the application of Methyl jasmonte 
(Konan, 2015; N'Cho, 2019).  FTC seems to be much more 
involved in the biosynthesis of flavonoids and stilbenes, but 
also a medium role in the synthesis of hydroxybenzoic 
acids, chlorogenic acid. Moreover, the presence of 
polyphenols, protocatechic acid, caffeoyl D-glucose, ferulic 
acid, 3-p-coumaroylquinic acid, catechin, gossypetin, 
epicatechin, trans-resveratrol, trans-piceid and 
pterosilbene would be indicators of good physiological 
condition of FCS and FTC stimulated cotton plants. 
However, 5-caffeoylquinic acid (chlorogenic acid) and rutin 
(flavonoid) only present in FCS-treated plants, would be 
phenolic markers of a good physiological state of the cotton 
plants as well as the presence of isoquercetin (favonoid) 
and astringin (stilbene) induced only after application of 
FTC. 

FTC seems to be much more involved in the biosynthesis 
of flavonoids and stilbenes, but also a medium role in the 
synthesis of hydroxybenzoic acids, chlorogenic acid. 
Moreover, the presence of polyphenols, protocatechic acid, 
caffeoyl D-glucose, ferulic acid, 3-p-coumaroylquinic acid, 
catechin, gossypetin, epicatechin, trans-resveratrol, trans-
piceid and pterosilbene would be indicators of good 
physiological condition of FCS and FTC stimulated cotton 
plants. However, 5-caffeoylquinic acid (chlorogenic acid) 
and rutin (flavonoid) only present in FCS-treated plants, 
would be polyphenolic markers of a good physiological 
state of the cotton plants as well as the presence of 
isoquercetin (favonoid) and astringin (stilbene) induced 
only after application of FTC. Indeed, studies on the 
stimulation of grapevine defenses during methyl jasmonate  
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showed high accumulation of flavonoid and stilbene 
phenols (Doares et al., 1995 ; Larronde et al., 2003; Konan, 
2015; N'Cho, 2019). These authors also showed that these 
compounds are phytoalexins with an effective action on 
pathogens. 

The phenolic componds increased significantly after 
treatment (especially with FTC). Both gentisic acid and 3-
monoglucosyl cyanidin do not appear to be involved in the 
defense mechanisms of the cotton plant. For caffeyl-5 
quinic acid, it would be involved in the defense of the cotton 
plant only after treatment with FCS. As for caffeoyl D-
glucose and ferulic acid, they have a moderate action on the 
defense of the cotton plant. Indeed, the work of Sami-
machado and Cheynier (2006) showed that caffeoyl D-
glucose would actively participate in pre-formed plant 
defense such as leaf cuticle formation rather than induced 
defense. Moreover, the high accumulation of stilbenes 
shows the high content of phytoalexin which is very 
important in plant defense. Moreover, Jeandet et al. (2002) 
revealed that phytoalexin synthesis is considered a crucial 
reaction very necessary for the general defense 
mechanisms of the plant. In general, polyphenols have been 
reported by many authors to have protective properties 
against fungal attacks (Konan et al., 2014; N'Cho, 2019). 
However, FTC and FCS seem to apply inhibition on gentisic 
acid and 3-monoglucosyl cyanidin and promote de novo 
synthesis after FTC application are phytoalexins or plant 
antibiotics according to several authors (Konan et al., 2014; 
N'Cho, 2017). In addition, the level of post-treatment 
phenol synthesis appears to be an effective means by which 
the plant can increase its level of defense (Wasternack, 
2007; N'Goran, 2015; N'Cho 2019). FTC appears to fit into a 
signaling cascade that would lead the cotton plant to 
mobilize phytoalexins that are phenolic compounds in 
defense. 

Overall, after elicitation of cotton by phytoextracts, the 
plants showed good physiological status compared to 
untreated plants. Indeed, chlorophylls are the pigments 
responsible for the green color of the leaves, representing 
the "blood" of plants because their molecular structure is 
similar to that of hemoglobin, one of the main constituents 
of human blood (Stassiaux, 2010). It is the chlorophylls that 
confer to plants the power of photosynthesis, i.e. the 
primary metabolism. Under the action of FOV, Chl t content 
was zero at Day 120 in FOV-infected controls, showing that 
the photosynthetic functions of these plants are affected, i.e. 
the metabolism is severely affected by the pathogen, which 
seems to lead to the development of necrotic zones (black 
spots) and a decrease in photosynthetic activity. 
Subsequently, there is yellowing of the leaves, dieback 
followed by desiccation and death of the plants due to lack 
of nutrients (Delhove et al., 1992). Moreover, for Jacquot et 
al. (2011), the decrease in total chlorophyll content would 
be due to a progressive loss of magnesium ion. Indeed, 
chlorophyll is a chlorin chelating a magnesium cation 
(Mg2+) in the center of the macrocycle and esterifying a C20 
terpenoid alcohol, phytol, which is hydrophobic and serves 
as an anchor for proteins in thylakoid membranes (Raven  

 
 
 
 
et al., 2007). According to Lourtie (2008), chlorophyll 
degradation is caused by inactivation of magnesium 
chelatase and chlorophyllase involved in chlorophyll 
biosynthesis. Indeed, the pathogens would occupy the 
active sites of the enzymes thus causing an enzymatic 
inhibition. This would lead to a substitution of the 
magnesium of the porphyrin nucleus by a proton thanks to 
the activation of magnesium dechelatase (Owens and 
Falkowski, 1982), followed by a hydrolysis of the hydroxide 
ion by decarboxylation (Borah and Bhiyan, 2017).  

Finally, the final cleavage of chlorophyll would cause the 
leaves to turn yellow or lose their green color (Heaton and 
Yada, 1996). Thus, competition for carbohydrate utilization 
and enzymatic degradation would be the two main 
pathways responsible for chlorophyll loss by plants. In our 
case, a detour of carbohydrates to the benefit of the plants 
through the application of phytoextracts and a protection of 
the active site of the enzymes magnesium chelatase and 
chlorophyllase (Langmeier et al., 1993). This resulted in a 
conservation of total chlorophyll content (significantly 
increased at Day 120) in FCS-treated plants as higher than 
in uninfected control plants and in an increase in 
chlorophyll biosynthesis by FTC. This result correlates with 
the work of Couderchet et al. (2003) who showed a close 
link between polyphenols and protoporphyrogen, an 
enzyme involved in chlorophyll biosynthesis. The results 
obtained indicate a good physiological state of the cotton 
plants treated with phytoextracts with a higher importance 
in FTC thanks to the phenolic compounds markers induced 
by the treatments. Indeed, caffeyl-5 quinic acid and rutin 
only present in FCS treated plants and isoquercetin and 
astringin induced only after FTC application are 
polyphenolic markers of a good physiological state of 
cotton plants. However, FTC-induced isoquercetin and 
astringin seem to be responsible for the increase in 
chlorophyll levels by better protecting chlorophyll sites, 
especially chlorophyll a, the main photosynthetically active 
leaf pigment (Konan, 2015; N'Cho, 2019) compared to FTC.  

Moreover, phytoextracts (FCS and FTC) would protect 
chlorophyll sites in order to maintain photosynthetic 
activity and induce a good biosynthesis of secondary 
metabolites, notably polyphenols whose importance in the 
induction of defense mechanisms is reported by several 
studies (Belhadj et al., 2006; Lambert, 2011; Konan, 2015; 
N'goran, 2019). These phytoextracts stimulating the 
accumulation of phenols and promoting the induction of 
chlorophylls could be considered as biocontrols with a 
more significant action for FTC. The condition acquired by 
cotton plants, through application of phytoextracts with 
biocontrol activity on metabolic functions could promote 
the acquisition of competence to resist against pathogens 
(Dufour et al., 2013; Konan et al., 2014 ; N'Cho et al., 2018; 
N'Cho, 2019). 
 
 
CONCLUSION 
 
Sugarcane  stem   residue  filtrate  (FCS)  and  cotton (FTC) 
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sprayed on cotton leaves induced phenol synthesis. 
However, FTC-treated plants showed the highest levels of 
phenols, suggesting a greater action on defense responses 
compared to FCS-treated plants.  These phytoextracts, 
which are composed of polysaccharides, are bio-chelicitors 
capable of acting on the metabolism of the cotton plant and 
stimulating the production of phenols.  These 
polysaccharides are compounds that play a role in the 
natural defense of plants, i.e. the induction of immunity of 
plants, protecting them like a vaccination against diseases. 
The differential action of FCS and FTC on the accumulation 
of phenols and therefore on the protection against diseases 
is linked to the parietal structure of sugarcane and cotton 
stems. FTC has polysaccharides that appear to be more 
actively involved in the defense reactions of cotton.  

Moreover, a higher physiological condition of the cotton 
plants is observed in the cottons treated with 
phytoextracts. Indeed, protocatechic acid, caffeoyl D-
glucose, ferulic acid, 3-p-coumaroylquinic acid, catechin, 
gossypetin, epicatechin, trans-resveratrol, trans-piceid and 
pterosilbene are indicators of a good physiological state of 
the cotton plants treated with the two phytoextracts (FCS 
and FTC). On the other hand, 5-caffeylquinic acid and rutin 
are phenolic markers of good physiological condition of 
FCS-treated cotton plants as well as FTC-induced 
isoquercetin and astringin.   

In addition, these phytoextracts positively affect the 
chlorophyll content of the leaves, suggestively playing a 
biocontrol role. In fact, the application of FTC to cotton 
promotes the activation of metabolic functions as compared 
to FCS. Cotton stem residue filtrate (FTC) would be enough 
to induce phenol biosynthesis in cotton and provides a 
good physiological state, i.e., good plant health. The good 
physiological state acquired by cotton plants after 
application of phytoextracts could promote the acquisition 
of pathogen resistance capacity. Therefore, a study of 
defense genes to understand the mechanisms activated by 
phytoextracts during elicitation. Similarly, a study of the 
fungicidal action of each phenolic compound on FOV seems 
necessary to understand the induction of phenols under 
phytoextract treatment for the acquisition of the ability to 
stimulate the natural defenses of cotton. 
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