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EFFECT OF THE OLIGOSACCHARID FRACTION OF FUSARIUM OXYSPORUM f. sp. 

VASINFECTUM ON THE ACTIVITY OF PHENOLIC METABOLISM ENZYMES IN 

COTTON LEAVES 

 

ABSTRACT 

Among the defencereactions of the plant is the synthesis of secondarymetabolites, especiallyphenolic 

compounds. The enzymes of phenolicmetabolism can constitute a parameter of measurement of the defense 

of the plants. The aim of thisworkis to evaluate the activity of phenolicmetabolism enzymes and an antioxidant 

enzyme after treatment of cotton plants with a fungalelicitor. Cotton plants obtainedfrom the cultivar Y764AG3 

weretreatedwith the oligosaccharide fraction (FOS) of Fusarium oxysporum f. sp. Vasinfectum (FOV). The 

extraction of the enzymes iscarried out cold by grinding the leaves in extraction buffer in the presence of PVP 

(0.5%) and 0.1 M sodium phosphate buffer. The supernatantobtainedafter centrifugation of the 

filtratewaspurifiedwith Dowex-2 in order to obtain the purifiedenzymatic fraction. This fraction wasused for the 

determination of enzyme activity by reading the absorbances. The resultsshowedthat the activity of ammonia-

lyase activity washigher in the treated plants than in the control. This reflects an increase in the biosynthesis 

of phenolic compounds in the treated plants. On the other hand, oxidoreductase activity washigher in control 

plants than in treated plants. This indicates a decrease in the degradation of phenolic compounds in the 

treated plants. This studyrevealed the existence of an active phenolicmetabolism in the FOS-treated plants. 

Thusdefencemechanisms are activated in plants treatedwith the oligosaccharide fraction of Fusarium 

oxysporum f. sp. Vasinfectum. 
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1. INTRODUCTION 

The cotton plant isgrownbecause of its fibres and itsseeds. Its fibres are mainlyused in the textile industry and 

itsseeds are used in human and animal nutrition [1]. However, the production and quality of cotton fibres and 

seedsare affected by attacks by parasites and variousdiseases[2] In West Africa, and particularly in Côte 

d'Ivoire, cottondiseases are one of the main causes of production losses, estimated at between 15 and 25%. 

Fusarium wiltcaused by Fusarium oxysporum f. sp. Vasinfectumis the mostdamagingdisease in cottoncrops. 

The incidence of parasitism on the cottoncrop in tropical climatesissuchthatchemical control is the dominant 

control strategy. Unfortunately, pesticides are increasinglybeingsingled out for toxicity, environmental 

pollution, health and evenbiodiversity destruction [3]. 
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Manystudies have shownthat the application of elicitor to a plant activatesdefencereactions and also leads to 

an increase in itsresistance to pathogens[4].Elicitors are generallymoleculessecreted by microorganisms, 

derivedfrom the cellwall of the fungus, bacterium and/or host plant [5]. Othermoleculesclassified as elicitors 

are also capable of initiating a defenceresponse in the host plant. Thesemolecules are mostly 

oligosaccharides released by the pathogen or plant cells[6]. Studies have shown the action of 

oligosaccharides in the case of plant/fungus interaction. They are derivedfrom the degradation of 

polysaccharides in the fungalwall or are secreted by the fungus and recognised on the surface by 

receptorsthatactivate the plant'sdefencesystems [7]. Furthermore, someauthors have shownthat the 

oligosaccharide fraction of fungaloriginrich in reducingsugarswas able toinducedefencereactions [8]. Studies 

have shownthatamong the defencereactions of plants is the synthesis of secondarymetabolites, 

especiallyphenolic compounds [4]. Thus Konan et al.[9] and N'goranet al.[10] have shown the production of a 

large number of phenolic compounds that are crucial for diseaseresistance in cotton. Indeed, during the 

cotton-fusarium interaction, the level of phenolic compounds increases in cotton [9]. Furthermore, 

Vessere[11]notedthat the degradation or oxidationproduct of phenols has a bactericidal action. While 

Nicholson and Hammerschidt[12]showedtheirantifungal action. Phenylalanineammonia-lyase (PAL) and 

tyrosine ammonia-lyase (TAL), the main precursors of manyphenolic compounds, wouldpossessfungal activity 

[13]. Similarly, severalauthors have reported activation of phenolicbiosynthetic enzymes under the effect of 

MeJA and summerphon in cotton[14, 15]. The work of EL Bellaj and EL Hadrami 

[16]alsoshowedthatperoxidase activity in resistant plants increasesduringpathogenattack, in order to 

fightagainsttheir invasion. Furthermore, the activity of polyphenoloxidasesincreasesduringfungalattacks in 

plants [17]. Therefore, these enzymes mayconstitute a parameter for measuring plant defence. Hence the aim 

of thisworkwhichis to evaluate the activity of phenolicmetabolism enzymes and an antioxidant enzyme after 

treatment of cotton plants with a fungalelicitor. 

2. MATERIALS AND METHODS 

2.1. Materials 

2.1.1. Plant material 

The plant materialconsisted of cotton plants obtainedfrom the seeds of cotton (Gossypiumhirsutum L.), cultivar 

Y764AG3. The seeds, originatingfrom Côte d'Ivoire, weresupplied by the Centre National de Recherche 

Agronomique (CNRA). This varietyisvery susceptible to fusarium. 

2.1.2. Fungalmaterial 

The fungalmaterialisFusarium oxysporum f. sp. Vasinfectum (FOV) strain 14. The FOV strainwasprovided by 

the PhytopathologyLaboratory of the Institut National Polytechnique Houphouët-Boigny (INPHB) in 

Yamoussoukro (Côte d'Ivoire). The strainwascharacterised and collected at the Centraal-bureau 

voorSchimmelcultures (CBS) in the Netherlands. Strain 14, whichisless virulent, iscollectedunder the number 

116623. 

2.2. Methods 

2.2.1. Cotton plant production 
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Pure sulfuricacid(H2So4)isused to delintcottonseeds. Mature and healthyseedsweresterilised by quick soak (1 

min) in ethanol (70%) followed by 20 min immersion in sodium hypochlorite (NaOCl) @3.6%. The 

seedswererinsed three times successivelywithsteriledistilled water for 5 min. The seedsweresown in pots 

containingsoilautoclaved at 121°C for 30 min under a pressure of 1 bar. They are germinatedunder a 

sheltercoveredwith transparent plastic film for twomonths. 

2.2.2. Preparation of the potentiallyelicitingfungal fraction 

After cultivation of FOV on PDA medium, the spores are suspended in steriledistilled water containing tween 

20. Aliquots of this spore suspension are added to the modifiedCzapek-Doxliquid medium which has been 

autoclaved at 121 °C for 30 min under a pressure of 1 bar. The final concentration isapproximately2.5.104 

spores/ml. The cultures are placed at 21 °C, in the dark and without agitation for 28 days[18]. The spore 

suspensions wereshaken and thenfiltered on sterile Wattman paper. The filtrateobtainedconstituted the 

exocellular oligosaccharide fraction (FOS). This fraction wassterilised in an autoclave at 121°C for 30 min. 

Aftersterilisation, itconstituted the fungalfiltrate or FOV oligosaccharide fraction. 

2.2.3. Treatment of cotton plants 

Two-month-oldcotton plants weretreatedwith 10 ml of the 10% oligosaccharide fraction containing 0.1 ml of 

triton X-100 (0.1%). According to N'goran et al. (2014) [8], the 10% oligosaccharide fraction is the one 

thatstronglystimulates the production of phenolic compounds involved in the defence of plants 

againstpathogens. Plants are treated at the root (PTR), on the leaves (PTF) and simultaneously at the root 

and on the leaves (PTRF). A batch of plants untreated (PNT) with the oligosaccharide fraction is made. For 

each treatment, 12 cotton plants wereused and thenexposedunder a sheltercoveredwith transparent plastic 

film in a completelyrandomisedmanner. The experimentwasrepeated three times. The plants 

werewateredaccording to the humidity of the substrate. 

2.2.4. Enzyme extraction 

Enzyme extractions wereperformedaccording to the methoddescribed by Kouakou et al.[19]. Enzymes 

wereextracted cold (4 °C) by grinding 0.5 g of leavesin 1.2 ml of extraction buffer in the presence of PVP 

(0.5%) and 0.1 M sodium phosphate buffer. The extraction buffer consists of 0.5 ml polyethylene glycol 6000 

(PEG 6000), 0.25% sodium thiosulphate, 15%glycerol, 1 mM EDTA and 15 Mm mercaptoethanol. The 

filtratewascentrifuged at 5000 rpm for 20 min. The resultingsupernatantconstituting the crude enzyme 

extractisstored at -25 °C. In order to getrid of inhibiting ions, Dowex-2 wasadded to the crude enzyme extract 

and the mixture wasincubated for 30 min at 4°C. The supernatantwascollected and centrifugedunder the 

same conditions as above. The resultingsupernatantconstituted the purified enzyme fraction and wasused to 

determine enzyme activities. 

2.2.5. Determination of enzymatic activities 

For thisstudy, the absorbances werereadusing a Mitton Roy spectrophotometer (model Spectronic 601). The 

activity of the phenolic compounds biosynthesis enzymes (phenylalanineammonia-lyase and tyrosine 

ammonia-lyase) on the one hand and the phenolic compounds degradation enzymes (peroxidases, 

polyphenoloxidases) on the other hand are measured. 
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2.2.5.1. Phenylalanineammonia-lyase  

The determination of phenylalanineammonia-lyase (PAL) iscarried out using the methoddescribed by Régnier 

[20]modified and adapted to our plant material. 

The reaction medium iscomposed of 1.9 ml of 0.2 M sodium borate buffer at Ph 8.8; 1 ml of 0.1 M 

phenylalanine and 0.1 ml of enzyme extract. After 10 min of incubation at room temperature, the activity of 

PAL, whichisproportional to the amount of cinnamicacidformed, ismonitored by spectrophotometer at a 

wavelength of 290 nm. PAL activity isexpressed as enzyme activity per gram of freshmaterial (AE/g of MF), 

consideringthat the molar extinction coefficient of the cinnamicacidformedisequal to 19600 M
-1

 cm
-1

. 

2.2.5.2. Tyrosine ammonia-lyase 

The determination of tyrosine ammonia-lyase (TAL) iscarried out using the methoddescribed by Régnier 

[20]modified and adapted to our plant material. 

The reaction medium iscomposed of 1.9 ml of 0.2 M sodium borate buffer at pH 8.8; 1 ml of 0.1 M tyrosine 

and 0.1 ml of enzyme extract. After 10 min of incubation at room temperature, the activity of TAL, 

whichisproportional to the amount of pcoumaricacidformed, ismonitored by spectrophotometer at a 

wavelength of 333 nm. The activity of TAL isexpressed as AE/g of MF, consideringthat the molar extinction 

coefficient of the formed p-coumaricacidisequal to 17100 M
-1

 cm
-1

. 

2.2.5.3. Peroxidases 

Peroxidase (POD) activity isdeterminedaccording to the technique described by Blancas et al. [21] The base 

buffer usedis 0.1 M sodium phosphate at pH 6. The reaction mixture consisted of 1.8 ml of buffer, 1 ml of 25 

mM guaiacol and 0.1 ml of enzyme extract. The reactionwasstartedwith the addition of 0.1 ml of 

hydrogenperoxide (H2O2). The mixture wasincubated for 3 min in the dark to prevent partial destruction (by 

light) of the reddishbrownoxidationproductformedfromguaiacol in the presence of hydrogenperoxide. The 

oxidation of guaiacolismonitored by spectrophotometer at a wavelength of 470 nm. POD activity isexpressed 

as AE/g of MF. The molar extinction coefficient of the productformed at the wavelength of 470 nm isequal to 

26.6.106 M
-1

cm
-1

. 

2.2.5.4. Polyphenoloxidases 

The determination of Polyphenoloxidase (PPO) activity isperformedaccording to the methoddescribed by 

Coseteng and Lee [22], modified and adapted to our plant material. The reaction medium, incubated for 10 

min at room temperature, consists of 2.95 ml of 10 mM catecholin 0.1 M sodium phosphate buffer pH 6.5 and 

50 μl of enzyme solution. The formation of quinones ismonitored by spectrophotometer at 420 nm. The PPO 

activity isexpressed as AE/g of MF, assumingthat the molar extinction coefficient of the productformedisequal 

to 1400 M
-1

cm
-1

. 

2.2.6. Evaluation of enzymatic activities 

The rate of participation of each enzyme in the metabolism of phenolic compounds isevaluated and defined as 

follows: 

EA 
RP =                                   x 100 
 EAg 
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RP = rate of participation of enzymes in the metabolism of phenolic compounds 

EA = enzyme activity 

EAg = sum of group enzymatic activities 

2.2.7. Evaluation of the activity of an antioxidantenzyme : catalase 

The activity of catalases isdeterminedaccording to the method of Zhou et al [23]modified and adapted to our 

plant material. The determination of catalase activity isperformedwith 3 ml of reaction volume. It iscomposed 

of 0.1 ml of enzyme extract, 1 ml of H2O2 and 1.9 ml of Tris-HCl buffer. A control test wascarried out in which 

the H2O2wasreplaced by the Tris-HCl buffer. Catalase activity ismonitored by spectrophotometer at 240 nm 

and expressed as AE/g of MF. The molar extinction coefficient of the productformed at the wavelength of 240 

nm isequal to 36.10
-6

 M
-1

.cm
-1

. 

2.2.8. Statistical analyses 

The experimentalresultsobtained are analyzedusingStatistica software version 6.0. An analysis of variance 

(ANOVA) isperformed to determinedifferencessignificant. The 5% Duncan test isused for comparison of 

means. For the percentages, the Kruskal-Wallis test at the 5% thresholdisused to determine the 

significantdifferencesbetweentreatments. 

3. RESULTS 

3.1. Activities of ammonia-lyases 

The resultsshowedthat the ammonia-lyases have the same evolution (fig. 1), thatis to say an increase in their 

activity compared to the control whatever the treatment. However, the activity of phenylalanineammonia-lyase 

(PAL) is significantly greaterthanthat of tyrosine ammonia-lyase (TAL) whatever the treatment mode applied to 

the cotton plants. 

PAL activity of 167.77 AE/g of MF in the control changedslightlyafter application of the oligosaccharide fraction 

(FOS) on cottonroots (PTR) to 189.28 AE/g of MF. However, therewas no significantdifferencebetween PAL 

activity in the control and the RTPs. This activity increasesstrongly in the plants treated at leaflevel (PTF) 

(272.07 AE/g of MF) and in the plants treatedsimultaneously at root and leaflevel (PTRF) (284.01 AE/g of MF). 

There was no significantdifferencebetweenthesetwo types of treatment (PTF and PTRF) in PAL activity. 

Concerning tyrosine ammonia-lyase (TAL) activity, the application of FOS stronglyincreasesits activity. Thus, 

from 102.57 AE/g of MF in the control, TAL activity increased to 154.45 AE/g of MF in PTR, 206.64 AE/g of 

MF in PTF and 218.90 AE/g of MF in PTRF. From the control to the TFPs, thereis a 

significantdifferencebetween the TAL activities. On the other hand, the TAL activities of PTF and PTRF are 

not significantly different. The increase in ammonia-lyase activity reflects an increase in the biosynthesis of 

phenoliccompounds in the treated plants. 
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Fig.1: Evolution of ammonia-lyase activity in leaves of cotton plants treated or not with FOS from FOV 
FOS, oligosaccharide fraction; FOV, Fusarium oxysporum f. sp. Vasinfectum; PTR, root-treated plant; PTF, 
leaf-treated plant; PTRF, root and leaf-treated plant; PAL, phenylalanineammonia-lyase; TAL, tyrosine 
ammonia-lyase; means followed by the same letter are not significantly different (Duncan's test at 5%); values 
represent the mean of three replicates 

 

3.2. Oxidoreductase activities 

The activity of oxidoreductasesevolves in the same direction with a significantly higher activity of 

polyphenoloxidasesthan of peroxidases (fig. 2). On the other hand, the activity of oxidoreductasesdecreases 

in plants treated or not by FOS. The activity of polyphenoloxidases (PPO) in control cottonleaves of 3.04 AE/g 

of MF decreasedstrongly in cotton plants after FOS application. 

Thus, PPO activity increased to 2.39 AE/g of MF in root-treated plants (PTR), 2.26 AE/g of MF in leaf-treated 

plants (PTF) and 1.71 AE/g of MF in root and leaf-treated plants (PTRF). There is a 

significantdifferencebetween the PPO activities of each treatment and the control. 

The activity of peroxidases (POD) shows a similar pattern to that of PPO (figure 2). Thus, itis high in control 

plants (1.61 AE/g of MF) followed by PTR plants (1.34 AE/g of MF), PTF plants (0.65 AE/g of MF) and PTRF 

plants (0.39 AE/g of MF). There wasalso a significantdifferencebetween the POD activities of each treatment 

and the control. This decrease in oxidoreductase activity reflects a decrease in the degradation of phenolic 

compounds in the treated plants. 
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Fig.2: Evolution of oxidoreductase activity in leaves of cotton plants treated and untreatedwith FOS 
from FOV 
FOS, oligosaccharide fraction; FOV, Fusarium oxysporum f. sp. Vasinfectum; PPO, polyphenoloxidase; POD, 
peroxidase; PTR, root-treated plant; PTF, leaf-treated plant; PTRF, root- and leaf-treated plant; means 
followed by the same letter are not significantly different (Duncan's test at 5 %); values represent the average 
of three replicates 

 

3.3. Participation rate of enzymes in phenolicmetabolism 

The participation rate of phenylalanineammonia-lyase (PAL) in phenolicbiosynthetic activities was 62.05% in 

control plants and 55.06, 56.83 and 56.47% in root-treated plants (RTP), leaf-treated plants (LTP) and root 

and leaf-treated plants (RFLP), respectively (Table). There was no significantdifferencebetween the PAL 

participation rates of treated plants. However, therewas a significantdifferencebetween the LAP participation 

rate of control and treated plants. 

The participation rate of tyrosine ammonia-lyase (TAL) is 37.94 in the control;it shows higher values in PTR, 

PTF and PTRF with 44.93, 43.16 and 43.52% respectively. The participation rate of TAL in treated plants is 

not significantly different in any treatment. However, these rates are significantly differentwith the control. 

Concerningoxidoreductases, the participation rate of peroxidases (POD) in phenolicdegradation activities is 

35.92, 22.36 and 18.57% in PTR, PTF and PTRF respectively, whileitis 34.62% in control plants. Furthermore, 

the participation rate of PODs in the control and PTRsis not significantly different but in comparison to that of 

PTFs and PTRFs are different. On the other hand, the participation rates of PTF and PTRF are not 

significantly differentfrom each other. For polyphenoloxidases (PPO), 

The participation rate in degradation activities is 64.07%, 77.76% and 81.42% in the RTPs, TFPs and FTRPs, 

respectively, whileitis 65.37% in the control. Furthermore, the participation rates of the control and RTP ODPs 

are not significantly different but compared to those of the TFPs and FTRPs are different. On the other hand, 

those of the TFPs and the FTRPs are not significantly differentfrom each other. 
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Table1: Participation rate of enzymes in the metabolism of phenolic compounds in cotton plants after 

application of the FOS of FOV 

 Participation rate (%) 

 Control PTR PTF PTRF 

    

PAL 62,05 ± 

1,12d 

55,06 ± 

1,02c 

56,83 ± 1,04c 56,47 ± 1,09c 

TAL 37,94 ± 

0,09b 

44,93 ± 

0,07e 

43,16 ± 0,08e 43,52 ± 0,1c 

PAL / TAL 1,63 ± 

0,045a 

1,28 ± 0,01a 1,31 ± 0,01a 1,29 ± 0,05a 

POD 34,62 ± 

0,08c 

35,92 ± 

0,09c 

22,36 ± 0,05b 18,57 ± 0,07b 

PPO 65,37 ± 

1,00d 

64,07  

±1,01d 

77,76 ± 1,08e 81,42 ± 

1,09e 

PPO / POD 1,88 ± 

0,03e 

1,78 ± 

0,03e 

3,47 ± 0,01a 4,38 ± 0,01a 

FOV, Fusarium oxysporum f. sp. Vasinfectum; FOS, oligosaccharide fraction; PTR, root-treated plant; PTF, 
leaf-treated plant; PTRF, root and leaf-treated plant; PAL, phenylalanineammonia-lyase; TAL, tyrosine 
ammonia-lyase; PPO, polyphenoloxidase; POD, peroxidase; ± S, standard error; within a line, values followed 
by the same letter are not significantly different (5% Kruskal-Wallis test); Values represent the average of 
three replicates. 

 

3.4. Evaluation of catalase activity 

In the leaves of the control plants, the catalase activity isverylow (0.01 AE/g of MF) whereas in the FOS-

treated plants, thereis a significantly higher catalase activity. It is 0.37, 1.42 and 2.20 AE/g of MF respectively 

in root-treated plants, leaf-treated plants and root- and leaf-treated plants (Fig. 3). There wasalso a 

significantdifferencebetween the catalase activities of each treatment and the control.Theseresultsreflect an 

increase in the content of hydrogenperoxide, whichis a defencegeneinducer, in the treated plants. 
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Fig.3: Catalase activities in leaves of cotton plants treated or not with FOS from FOV 
FOS, oligosaccharide fraction; FOV, Fusarium oxysporum f. sp. Vasinfectum; PTR, root-treated plant; PTF, 
leaf-treated plant; PTRF, root and leaf-treated plant; means followed by the same letter are not significantly 
different (Duncan's test at 5%); values represent the mean of three replicates 

 

4. DISCUSSION 

The resultsobtainedconcerning the activity of the enzyme showedthat PAL and TAL have a significant activity 

in FOS-treatedcotton plants compared to controls. As these enzymes are biosynthetic enzymes, their high 

activity in the treated plants suggeststhat FOS stimulates the biosynthesis of phenolic compounds. Indeed, 

N'goranet al.[24]showedthat FOS fromFusarium oxysporum f. sp. Vasinfectum (FOV) stimulated the 

production of phenolic compounds in cotton. Furthermore, ourresults are similar to thoseobtained by Navigué 

et al. [15]using MEJA and ethephon as elicitors in cotton. Similarly, severalauthors have reported an activation 

of biosynthetic enzymes under the effect of MeJA in tomato[17]. Moreover, the resultsobtainedshowedthat the 

participation of PAL and TAL respectively, in the biosynthesis of phenolic compounds 

appearedsequentiallyaccording to the treatment. In fact, in the FOS-treated plants, although the activity of 

PAL activity is high compared to that of TAL, the synthesis of new compounds follows the TAL pathway. This 

isreflected in the increasing rate of TAL participation compared to the decreasing rate of PAL participation. 

Thus, TAL was the enzyme thatparticipatedmost in the biosynthesis of phenolic compounds in FOS-treated 

plants. Theseresults are similar to thoseobtained by Navigué et al. [15]whoelicitedcottonwith MEJA and 

ethephon. 

The biosynthesis of phenolic compounds isthereforedirected via tyrosine in treated plants. In contrast, in 

untreated plants, PAL is the biosynthetic enzyme. Thus, phenylalanineisused for the biosynthesis of phenolic 

compounds in the control plants. According to Gomez-Vasquez et al.[25], thispreference for one or the 

otherpathwayis due to the availability of the twosubstrates. The biosynthesis of phenolic compounds via PAL 

or TAL can beattributed to a simple orientation of metabolismaccording to the substratepresent [26]. The rate 

of participation of TAL in phenolicsyntheses in treated plants ishigherthan in the control. This 

resultcouldindicatethat the phenolicdifferencebetweentreated and control plants isrelated to the involvement of 

TAL in phenolsynthesis. Indeed, N'goran et al. [24]showedthat 3-pcoumaric acidrepresented 218.10, 240.98 
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and 238.45% of the phenolic pool in root-treated plants, leaf-treated plants and root- and leaf-treated plants by 

FOV FOS, respectively. This phenolic compound, 3-pcoumaric acid, issynthesisedthrough the tyrosine 

pathway. In contrast, in control plants, theseauthors[24]showed a predominance of hydroxycinnamicacid, 

flavonoids (catechin and gossypetin), resveratrol and pterostilbene. PAL, with a participation rate of 62.05%, 

wasresponsible for the synthesis of these compounds in the control plants. 

Although the enzymatic activities of biosynthesisplay a regulatoryrole in the accumulation kinetics of phenolic 

compounds, they are not the onlyones. Indeed, the phenol content measured at a given stage is the result of 

a balancebetweenbiosynthesis and, above all, oxidativedegradation[27]. In plants, Tognolliet 

al.[28]showedthatperoxidase (POD) and polyphenoloxidases (PPO) are involved in theseoxidations. 

The analysis of the activity of the phenolicdegradation enzymes shows a decrease in the activity of POD and 

PPO in the FOS-treated plants compared to the control plants. This decrease in POD and PPO activities 

isthereforecontrary to the increase in PAL and TAL content, and therefore in phenolic compounds in 

thetreated plants. Navigué et al. [15]obtained the same results in cottonafterelicitationwith MEJA and 

summerphon. However, Doumbia et al. [14]had opposite results. Indeed, theyreportedthat in cotton, treatment 

with MEJA and ethephonresulted in a decrease in peroxidase activity and an increase in PPO activity. 

Concerning the decrease in PPO activity obtained, thisresultiscontrary to the workofConstabel et al. 

[29]whoshowedthat in manyspecies, treatment withmethyljasmonateinduced an increase in PPO activity. 

However, an increase in the rate of participation of PPOs in the degradation of phenolic compounds 

isobserved. Thus, PPOsparticipate in more than 60% of the degradation of phenolic compounds. According to 

Ricard-Forget and Gauillard[30], the oxidation of phenols by PPOs leads to the formation of 

diquinoneswhosebeneficialeffect in plant defence has been demonstrated by severalauthors[16]. Moreover, 

Nicholson and Hammerschidt [12] have shownthat quinones have a remarkabletoxicitytowards parasites. This 

intense activity of PPOs in FOS-treated plants suggests a strongincrease of diphenols in these plants, as PPO 

would have a diphenol activity as it has been reported by severalauthors [30]. 

The decrease in POD activity, whichiscontrary to the increase in PAL and TAL content and thus in phenolic 

compounds in treated plants, is in agreement withthosereported by Ziouitiet al.[31] Indeed, theyshowedthat 

the increase of POD activities coincideswith the decrease of phenolics contents and vice versa in the date 

palm root in case of infection. On the other hand, Daiet al. [32]indicated a high peroxidase activity in cellwalls 

and intercellularspaces in cottonleavesinfectedwith Xanthomonas campestrispv. Malvacearum. This increase 

in peroxidase activity according to Hückelhoven[33]is due to the participation of peroxidases in the production 

of highlyantimicrobialhydroxylradicals. In thisstudy, the decrease in peroxidase activity in treated plants 

couldindicate a lowinvolvement of peroxidases in the removal of hydrogenperoxide (H2O2). Indeed, the main 

enzymes in H2O2detoxification are catalase and peroxidases [34]. The catalase detoxifiesmost of the 

H2O2producedwhile peroxidases neutralise the H2O2molecules not destroyed by catalase. However, the role 

of the non-specific POD in H2O2 protection is minor [35] and itsfunctionisgenerallylessdefined as it catalyses 

the oxidation of phenolicsubstrates[36] and itmaytherefore have anotherphysiologicalfunction. In contrast to 

polyphenoloxidases, a decrease in the rate of participation of POD in the degradation of phenolics in treated 

plants isobservedcompared to that in control plants. PODs have monophenols as theirsubstrate, 

sothisdecrease in POD activity in treated plants implies a decrease in the monophenol content in these plants. 
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Concerning catalase activity, the resultsshowed an increase in catalase activity in the plants treatedwith the 

oligosaccharide fraction (FOS) compared to the control plants. Theseresults are similar to those of [37]. 

Indeed, theyobserved an increase in catalase activity in barleyfollowing inoculation with an avirulent race of 

Blumeriagraminis. Somestudies have evenshownthat water stress could lead to high catalase activities [38]. 

The increase in catalase activity in treated plants is due to the increase in H2O2 content in these plants. 

Indeed, one of the mostrapidbiochemicalresponsesidentified in elicited plant cellsis the production of active 

forms of oxygen (FAO) such as superoxide anions (O2
-
) and hydrogenperoxide (H2O2), which are toxic to the 

pests but also to the plant [39]. High catalase activity in treated plants means high production of H2O2whichis 

a key signal for the hypersensitive reaction and a defencegeneinducer. Theseresultsthereforesuggestthat the 

application of FOS activates the defence system of the cotton plant. Moreover, according to Tenhakenet 

al.[40], H2O2allows an overexpression of genescoding for phenylalanineammonia-lyase and chalcone 

synthase, whichcouldimply an intense biosynthesis of polyphenols, as the resultsobtained show. There 

wouldthusbe a positive correlationbetweenphenolicbiosynthesis and catalase activity. 

5. CONCLUSION 

The study of the activity of phenolicbiosynthesis and degradation enzymes in FOS-

treatedcottonleavesrevealed the existence of an active phenolicmetabolism. Indeed, 

phenylalanineammonialyase and tyrosine ammonialyase have a high activity in FOV FOS-treatedcotton plants 

compared to controls. On the other hand, peroxidases and polyphenoloxidases have low activity in FOV FOS 

treated plants compared to controls. On the other hand, catalase, an antioxidant enzyme, has a higher activity 

in the treated plants than in the control. This shows a production of active forms of oxygen (FAO) activating 

the production of defencegenes. 

Thusdefencemechanisms are activated in plants treatedwith the oligosaccharide fraction of Fusarium 

oxysporum f. sp. Vasinfectum. 
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