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INTRODUCTION 

 

 Widely  Chili pepper (Capsicum annuum L.) using as food in all over the world related to its  flavor, aroma, and food 

spoilage. Capsicum contents start from 0 to millions Scoville units (Omolo et al., 2014) therefore  it was explored related to its 

anti-microbial and anti-fungal contents. Chili has hampered by several diseases such Fusarium wilt which led to vascular wilt 

(Siddiqui & Akhtar, 2007). Sometime Fusarium spp., led to loss all yield in 80 plant SP. (Shanthi and Ravishankar, 2013) .The 

use of some kind of fungicides or bactericides or some chemicals could led to control of some diseases and also increase the 

pollution from it residuals and have negative effects on the environment and hence it is not a sustainable product to overcome the 

disease control without harm to the environment. 

 Discover new alternatives to control of diseases to be more sought become very urgent, such using some microorganisms 

against pathogens. Arbuscular Mycorrhizal Fungi (AMF) as Growth Promoting Rhizobacteria (PGPR) as rhizospheric 

microorganisms increase growth  rates and protection against pathogen, these could participate direct or indirect in enhancement 

of root colonization by developing their individual effects on growth (Kamal et al., 2014), however the detrimental effect on entire 

Abstract 
 
Enzymes activities have responsiblty for the lignification process in chilli pepper, before inoculated with 
arbuscular mycorrhizal fungi (Glomus mosseae), infected by pathogenic againt such Fusarium oxysporum, 
controling biologically effects of G. mosseae and Actinomycetes on Fusarium wilt were studed. Current study done 
on eight levels: T1: non- mycorrhized healthy plants (control); T2: chilli pepper plants inoculated with 
F.oxysporum; T3: mycorrhized healthy plants(Gm); T4: mycorrhized plants inoculated with F. oxysporum(Fu);.T5: 
Actinomycetes(Ac);T6: Actinomycetes inoculated with F.oxysporum; T7: Actinomycetes inoculating with F. 
oxysporum and mycorrhizae; T8: Actinomycetes with mycorrhizae. Mycorrhizae growth rates were reduce 10% in 
infected plants.  For mortality roots  which related F. oxysporum were eliminating by pre-inoculation by G. mosseae 
on tenth day post 10th   of infection, Increase peroxidase (PO) activities abbout 186.9 as percentage for Ac-
treatment plus Gm root while 167.2% for Gm root, comparing with control group. Polyphenol oxidase (PPO) 
activity was increase throughout 10th d  from starting our experiment and while,  Ac was decrease in plus Gm roots 
and the decreasing was slight for Gm +Fu - root, 10th later from infection, PPO  was decrease 62.8% in Fu root and 
about  20% and for  Gm+Fu- root, comparing with control group.  we found that, antagonistic G. mosseae and 
Actinomyces inoculating reduce mortalities root, changing activities of lignification and increase isozymes in chilli 
which has F. oxysporum infection and G. mosseae and Actinomyces have positive effects against F. oxysporum 
infection. 
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three groups with each other depends upon species involved. These groups of fungi and bacteria may have their own mechanism 

and strategies to protect plants against pathogen, such as PO,PPO enzymes (Liu,et al.,1995; Maurhofer, et al., 1998). 

 Interaction AMF and PGPR could increase developing of revegetations in soil hasing water and nutrients limitations 

(Marulanda et al., 2009) and sterile soil ((Azcón et al., 2009; Kasim et al., 2013; Marulanda-Aguirre et al., 2008; Medina and 

Azcón, 2012).  

 Our aim is evaluating interaction from Glomus mosseae and selected Actinomycetes on chilli pepper developing which 

infected with FOC under greenhouse conditions, also to investigate whether Actinomycete and Glomus mosseae together induce 

resistance of chili pepper plants agenist Fusarium wilt. 

 

MATERIALS AND METHODS 

 

Glomus mosseae inocula 

 Spores of Glomus mosseae gained from Soil Microbiology Laboratory .Agriculture Faculty, Putra Malaysia University. 

Inoculum was initially producing in pot culture. Sieving and decanting differ sieve sizes (250, 106 and 45 µm). Collecting spores 

in Petri dish and counting according to Gerdemann and Nicolson 1963. Mature spores chosed for inoculation( 100 spores /10 g 

dry soil )  then mix with soil. 

 

Growth plant conditions 

 Soil mix with soil and sand (2:1) (V/V), The soil contained 9.38mg/g (P),10.53mg/g (Mg), 116mg/g (Ca), 29.04mg/g (K), 

56.10mg/g (Fe).0.875mg/g(C), 3.710mg/g(Zn), and 4.155 mg/g (Mn).and had a soil pH 5.00. plastic pots fill by soil mixture .Soil 

check for microorganisms which could had nigative effects on germination of AMF. Sterilization The mixture soil using autoclave 

(121°C / 1 h ) (Sharifuddin, 1984). Sterilization seeds by  2% (m/V) NaOCl / 2 min. 4 seeds inplant in every potand put in 

mycorrhizae site and  add 100-150 sporesand thinned to 1 in 2 weeks. Growing F. oxysporum on PDA medium / 7 d /light / 28 °C 

/ 2 days. Steriled Mycelia incubated 1 h / 4 °C and later put for  30 min on room temperature. 10 ml from use to inoculation for 5 

weeks. Biological protection by mycorrhizae occurred mainly was symbiosis acordding to Azcon-Aguilar and Barea, 1996. 

Watered plants done by nutrient solution ( Zheng et al, 2004 in glasshouse. Harvest samples at 10 and 18 d post infected and 

wash, rinse with deionized water, and weighed finally tissues were frozed in liquid nitrogen. 

 

Mycorrhizal colonization 

 Adventitious and lateral root% coloniz through Mycorrhizal and microscopically evaluat ing acorrding to Phillips and 

Hayman (1970). root colonization was estmated acording to Giovannetti and Mosse,1980.  

 

                     
                     

                      
   ×100   Eq.1.3   

 

Lignification-related enzyme activities 

Assay for detection of polyphenol oxidase (PPO) activity: 

 Polyphenol oxidase (PPO):  PPO activity determination by spectrophotometric  acording to Soliva et al., 2001. Mixture 

transferr in 1-cm path length cuvette. Absorbance at 410 nm record at 25°C / 5 min PPO produce was express as: 

 

                
                               

                        
         (Kokkinakis and Brooks,1979) 

 

Peroxidase activity (PO): 

 Peroxidase (PO)  activity assay by spectrophotometr /470 nm/1. and ground into liquid nitrogen then 1mL cold 0.05 M 

Sodium Acetate Buffer (SAB) (pH 5) amended with 5 mg of polyvinylpyrrolidone (PVP) was added. Slurry produced centrifug 

/14000 rpm/ 20 min / 4-6 ºC. PO Changes activity by adding 200 ml of extract to 3 ml of reaction substrate 80 ml Sodium 

Phosphate Buffer (SPB) (pH6), 1ml H2O2 (30%v/v) and 20ml of guaiacol and incubating. Blanks were prepared using reaction 

substrates without the extracts (Hammerschmidt et al.,1982; Liu et al.,1995; Reuveni et al.,1992; Reuveni,1998).The increase in 

absorbance at 470 nm by spectrophotometer (Model Pharmacia LKB Novaspec ll) and expressed PO production. 

 

                
                               

                        
          

 

Determination of lignin 

 Determination of lignin as lignothioglycolic derivatives (Asada & Matsumoto,1972; Dean & Kuc,1987). One g of tissue 

samples was collected and out in 5 mL absolute methanol / 48 hr. The softened tissues were ground and 60mg (wet) transferr to 

fresh test tubes has 0.5 mL thioglycolic acid and 0.5 mL 2N HCL. The test tube was capped and heated at 95 C for 4hr. Cooled 

test tubes were centrifuged (12000 pended in 5 mL rpm,5 min) to obtain a supernatant. Supernatant Five mL pipetted in tube and 

re-suspended in 5mL of SDW. The mixture was centrifuged at 12000 rpm (5 min). supernatant  transferr to tube has five mL 0.5N 

NaOH, and the mixture was incubated overnight. Add two Ml of SDW and mixted by centrifug to obtain a supernatant. Ten mL ( 

supernatant) add to another tube has one mL HCL and put in incubation 4hr /4 ºC to release  LTGA (lignothioglycolic acid) 
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precipitation. Post precipitation, mixture exposed to centrifuging /500 rpm /15 min . washing Pellet 2 time by 2 mL 0.1N HCL,  

and dissolved in 0.5N NaOH. Samples prepared later read for absorbance (t 280 nm), as LTGA g
-1

. 

 

Statistical analysis 

 Using ANOVA and Tukey's Stwudentized Range Test (HSD(0.05)) for analzed data, Treatments arrang in entirely randomized 

design (CRD with  (5 Rep.×8 Tre.)  under glasshouse conditions  

 

RESULTS 

 

Mycorrhizal colonization & root mortality 

 Mycorrhizae colonization in root cortex have many hyphae and vesicles (Figure 1). Hyphae quickly branched and penetrated 

walls of cortical cells for do vesicles, multiple hyphae and vesicles noted in cortical cell. Colonization with mycorrhizae fungus 

establishing in roots (61%) six weeks. mycorrhizal roots infection by F. oxysporum where decreasing rates of increasing the G. 

mosseae colonization up  60% post 10 d. Mortality Root increase through 10 d post infected by F. oxysporum but was almost 

completely not induced by pre-inoculation with antagonistic G. mosseae, root mortality defer among C and Gm+Fu. Chilli 

inoculated by pathogen had root decay, and leaves were chlorotic and wilted 10 d later after pathogen infection.  

 

 
Figure 1: Colonization of G. mosseae in the root of the chilli plant showing mature spores and hyphae 

 

Lignification-related enzyme activities in roots 

Increased the phenol activities noted by endophytic treatments against F. oxysporum inoculation (Figure 2). increase initial phenol 

to ly; from 1.59 : 1.43 µg at 10th day, 1.57 - 3.45 µg units g
-1

 tissue at the 18th day.  chili pepper plants raised from Streptomyces 

treated showed higher activity of phenolic compounds compared with root inoculated with the pathogen, The plant also inoculated 

with mycorrhizal lead to accumulation of higher phenolic.  

phenol content was observed to be significantly higher in Actinomycetes + AM fungi (3.43, 3.45 µg units g
-1

 tissue) at 10th, 18th 

days respectively compared to uninoculated control treatment where it was observed to be (1.599 , 1.57 µg units g
-1

 tissue) 

respectively. increase phenol in bacterial treatments At5 (2.771, 2.785 µg units g
-1

 tissue) and treatment G.mosseae (2.772, 2.985 

µ g units g
-1

 tissue) at both intervals. 

 

 
Figure 2: The activity of phenol using endophytic treatments against F. oxysporum in  chili. (p<0.05) as (LSD) test, whereas(Gm) 

G.mosseae, (Ac) actinomycetes (S.indiansis), F (F.oxysporum) 
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Peroxidase(PO) activity 

PO activities were high in colonized roots by Actinomycetes alone or combining with G. mosseae than control (Figure 3). from 

this study, the  chili pepper root plants treated with Actinomycetes plus AMF showed the highest induction of PO (177.00 and 

179.0 µg units g
-1

 tissue) accounting for (73.46 and 71.43 µg units g
-1

 tissue) on the 10
th
 and 18

th
  days respectively with  

percentage higher than the healthy control. And the lower treatment in F.oxysorum treatment was about (114.72 and 58.46 µg 

units g
-1

 tissue) on the 10
th
 and 18

th
 days respectively compared with other treatments (Figure 3).  

 

 
Figure 3: The activity of peroxidase using different treatments against F. oxysporum Mean peroxidase activity (∆A420 min-1g 1). 

(p<0.05) according to the (LSD) test, whereas(Gm) G.mosseae, (Ac) actinomycetes (S.indiansis), F (F.oxysporum) 

 

Polyphenol oxidase activity 

Increase AM fungal with Actinomycetes and Fusarium  while decrease in PPO activities in roots of  chili pepper plants (Fig. 4). 

After 10
 
and 18 days inoculation   (1.199 and 0.321 µg units g

-1
 tissue) in Fusarium and (1.610 and 1.630 µg units g

-1
 tissue) in 

G.mosseae plus Actinomycetes on the 10
th
 and 18

th
 days respectively. The PPO activities in roots reduced in–AM +F than other.  

G.mosseaehad potential kept PPO activities at high levels in roots as also in Actinomycetes PPO increased very significantly on 

the 18
th
 day from treatment about (1.342 and 1.363 µg units g

-1
 tissue) respectively compared to other treatments.  

 

 
Figure 4: The activity of polyphenol oxidase using different treatments against F. oxysporum, Mean polyphenol oxidase activity 

(µg catechol g-1 fresh tissue). (p<0.05) according to the (LSD) test, whereas(Gm) G.mosseae, (Ac) actinomycetes (S.indiansis), F 

(F.oxysporum) 

 

Determination of Lignin  

Similar to other inducible compounds LTGA content was also higher in dual treated  chili pepper root. The highest total LTGA 

content was recorded in root of dual treated  chili pepper between 2.592 and 2.922 LTGA µg g
-1

 tissue on the 10
th

 and 18
th

 days 

respectively compared with control 1.212 to 1.259 LTGA g
-1

 tissues.  LTGA content was highest 10 days after inoculation, but a 

gradual increased after 18 d (Fig. 5). 
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Figure 5: The activity of  LTGA using different treatments against F. oxysporum. (p<0.05) according to the (LSD) test, 

whereas(Gm) G.mosseae, (Ac) actinomycetes (S.indiansis), F (F.oxysporum) 

 

DISCUSSION 

 

 Dual inoculation with Actinomyctes and AMF preduced high biomass production and increase nutrient uptake (Mader et al., 

2011; Adesemoye & Kloepper, 2009). In current study chili pepper plants responded positively to AMF and Actinomyces 

inoculation led to increase plant height post 6 weeks. The results of this study agree with (Pushpa K. Kavatagi & H.C. Lakshman , 

2014) reported that AMF and bacteria could interact  to increase growth rates, in spite abundant phosphorus improve nutrient 

acquisition. 

 Biochemical markers involve for protecting plant from pathogens agents, and elevated level of marker biochemical's imply 

role against fungal pathogen in chili. Phenolic could contribute mechanical strength of host cell wall and might inhibited of 

growth fungal. PO is key for lignin biosynthesis (Bruce & West, 1989). Increase activities of cell wall-bound peroxides elicite in 

many plants (Chen et al., 2000. Reimers et al., 1992 and Mohan et al., 1993. A PPO activity were affecting by infection fungal 

(Subramaniam et al., 2006). 

 In this current investgation, PPO activity in roots decrease with -AM +F occurrence of Fusarium wilt. In contrary, PPO 

activities were high in treated with +AM +F, less wilt disease (Fig. 4). Mycorrhizal chili was great PPO in roots compare to 

nonmycorrhizal, which could lated to AM colonization alleviated wilt disease by resistance. PPO activities chang by extraradical 

hyphae influence second metabolism (Ren et al. 2008; Johansson, Paul, & Finlay 2004). 

 PO and Polyphenol oxidase (PPO) are important factors biochemical for plant against pathogens, and actively involved in 

self-regulation of metabolism (Kavitha & Umesha, 2008).  

 ISR elicited by PGPR showed promising in manag wide spectrum of pathogens (Radjacommare et al., 2004). Fishal et al. 

(2010) found increase accumulation of resistance enzyme as PO, lignithioglycolic acid, and chitinase and ┚-1, 3- glucanasein 

banana with endophytic bacteria UPMP3 and UPMB3. 

 LTGA content in host tissues reflects the occurrence of lignifications as a defense mechanism. Lignifications increase 

mechanical resistance and protect cell walls from dissolution by fungal enzymes (Hammerschmidt et al., 1984). Phenolic 

precursors of lignin are able to inhibit pathogenic fungi (Goodman et al., 1986). 

 Our results showed that, increasing PO, PPO, total phenol and LTGA content in all beneficial microbes treated, which means 

they are able to induce the systemic resistance . 

 PO activity is high in IIHR 517 A of chili resistant, and variety Pusa Jawala, as reported by Subhas Chander (1992).High PO 

activity is correlat by many disease resistance (Vidhyasekaran, 1988). PO and ß-1,3-glucanase related to cross-linking of cell wall 

components, the polymerization of lignin and suberin monomers and the subsequent resistance to pathogens in several host 

pathogen interactions (Reuveni et al., 1995). PO involve in biosynthesis lignin, and produce some toxic quinones and 

phytoalexins at resistance starting (Hammerschmidt et al., 1982). 

 Serratia plymuthica raising levels of phenolics on cucumber roots, afford some kind of protection against Pythium ultimum 

Benhamou et al., (2000). ISR by fluorescent pseudomonads associate with chitinase producing (Viswanathan and Samiyappan, 

1999).  
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