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ABSTRACT 

Field experiment was conducted from December to April 2013 at the Botanical Nursery, University 

of Ibadan, Nigeria. The aim of this study was to investigate the interactive effects of arbuscular 

mycorrhizal fungus (Glomus mosseae),spent mushroom compost (Pleurotus pulmonarius) and 

poultry manure  on drought tolerance and leaf curl resistance of okra (Abelmoschus esculentus) 

genotypes; NG/TO/02/12/156, NG/OA/03/12/157, NG/OA/05/12/159, IJ-OND Okr 1 and IJ-OND 

Okr2. The treatments were laid out factorially in a complete randomized design with three 

replications. The result shows that the effect of replicating okra accessions and the interactions of 

replicate x treatment were non- significant (P>0.01) for all yield traits, drought tolerance and leaf 

curl resistance.  

On the other hand, the bio-inoculants treatment was highly resistant to viral leaf curl and drought, 

while the effects of replicate and interactions of replicate x treatment were not significant. The 

resistance ability to drought effect in second replicate was significantly different from the first and 

third replicates which are not significantly different from each other, but the drought tolerance at 2 

and 4 WAP were significantly higher than at 6 WAP. There was no significant effect of replicate 

and different growth stages on leaf curl infection. The combination of G. mosseae, P. pulmonarius 

and Poultry manure treated plants for drought tolerance and leaf curl resistance were significantly 

higher than the other treatments including the control, while the combination of  P. pulmonarius 

and Poultry manure was the most resistant to leaf curl infection. Therefore, AMF treated plants and 

their interactions with other bio-inoculants influenced the drought tolerance and leaf curl resistance 

compared to untreated plants.  
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INTRODUCTION 

Okra Abelmoschus esculentus L. (Moench) is one of the most essential vegetable crops 

grown in the tropics, subtropical and warm temperate regions around the world (Joshi and 

Hardas, 1953; Baloch, 1994; Gopalan et al., 2007). It belongs to family Malvaceae, known 

as lady’s finger in English and Ilá in Yoruba,  
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The fruit and leaves of okra produce sticky and mucilaginous sap that can be used as a 

soup thickener (Nwangburuka, 2010). It is produced predominantly by peasant farmers 

usually in home gardens or in mixture with other cereal crops (Lombin et al.,1988). Okra 

seeds contain a considerable amount of good quality oil and protein, while its fruit contains 

carbohydrate with high energy value. It is also a good source of vitamins and minerals, and 

also rich in calcium (FAO, 2002). Okra grows best on well drained sandy loam soils with a 

long, warm and humid growing period, sufficient organic matter and abundance of the 

major elements are generally suitable for cultivation. Its immature pods are eaten raw or 

cooked, and the seeds may be used in the place of peas or beans in soups or other dishes. In 

Nigeria, several researchers have attributed the limiting factors in production of okra and 

other vegetables to include; poor cropping system, poor soil fertility, damage done by pest 

and diseases, low yielding genotypes, drought susceptibilty and sub-optimal planting 

density (Manyong 2001 and 2002; Adejonwo et al., 1989; Burnside, 1993; Dikwahal et al., 

2006; Adeyemi et al., 2008; Olawuyi et al., 2011). 

Mushrooms belong to the basidiomycetes class of the kingdom fungi (Aina et al., 2012; 

Oluranti et al., 2012). Spent mushroom compost (SMC), also known as spent mushroom 

substrates, (SMS) is the leftover of wastes after different flushes of mushrooms have been 

harvested (Chang et al., 1981; Jonathan et al., 2012a). Stimulatory effect of SMC on the 

growth of Nigerian   vegetables and other economic plants have been well documented ( 

Kadiri et al., 2010, Jonathan et al.,2012b; Jonathan et al.,2013). Spent mushroom compost  

have been found useful as soil conditioner, soil ameliorant and potential organic fertilizer 

(Jonathan et al.,2011).Poultry manures are good soil conditioners that should  be 

incorporated into the soil to save nitrogen. Manure varies in nutrients depending on the 

type of nutrition subjected to an animal and kind of animal. Poultry manure has a fairly 

high nutrient composition when compared with other sources of animal manure. It contains 

more nitrogen than goat, pig and cattle manures (Fasola et al., 2007; Ismail et al., 1996). 

Olayinka et al. (1998), resolved that the use of poultry manure as organic amendment 

significantly improved the physio-chemical and morphological properties of the soil. 

Arbuscular mychorrizae fungi (AMF) form symbiotic relationship with plant roots and 

every plant has its own specific relationship with fungi in nature (Osonubi et al.,1991).The 

performance of the combinations of organic fertilizers and AMF compared to inorganic 

fertilizer had been reported in organic agriculture (Jonathan et al.,2011; Olawuyi et al., 

2012; Nwangburuka et al., 2012), but there are limited information on the performances of 

bio-inoculants in tolerating drought  and resisting the effect of leaf curl infection. 

Therefore, this study investigated the drought tolerance, leaf curl resistance and their 

interactions on okra as influenced by AMF, SMC and poultry manure. 
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MATERIALS AND METHODS 

Study location and Experimental design 

Pot experiments were carried out in the open field nursery of the Department of Botany, 

University of Ibadan, Ibadan, Nigeria. A completely randomized design was laid out 

factorially in combination of treatment x genotype of 8 x 5 arrangements with three 

replications. Five accessions of okra cultivated in the study were; NG/TO/02/12/156, 

NG/OA/03/12/157, NG/OA/05/12/159, IJ-OND Okr 1 and IJ-OND Okr 2. [A total of 120 

plants in treatment combinations were T1=Arbuscular mycorrhizal fungus (AMF)  (5g) 

only, T2= Poultry manure (PM) (5g) only, T3= Spent mushroom compost (SMC) (5g) 

only, T4= Arbuscular mycorrhizal fungus (AMF)(2.5g) +  Poultry Manure (PM)(2.5g), 

T5= Arbuscular mycorrhizal fungus (AMF) (2.5g), + Spent mushroom compost  (SMC) 

(2.5g),, T6=Poultry manure (PM) (2.5g),  + Spent mushroom compost (SMC) (2.5g),, T7= 

Arbuscular mycorrhizal fungus (AMF)(1.67g) + Poultry Manure (PM) (1.67g) + Spent 

mushroom compost (SMC) (1.67g)and T8  is the untreated  (control)]. 

Source of planting materials and bioinoculants    

Three Okra genotypes; NG/TO/02/12/156, NG/OA/03/12/157, NG/OA/05/12/159 were 

collected from germplasm of the National Centre for Genetic Research and Biotechnology, 

Moor Plantation, Ibadan and two accessions  IJ-OND Okr 1 and IJ-OND Okr 2 were 

purchased from  two different markets in Ijare, Ondo State, Nigeria (Table 1). 

The top soil collected from a cultivated land in Bello Hall, University of Ibadan was sieved 

to remove all form of fragments and plant debris. 5kg of  soil was filled into the   polythene 

bags and arranged in accordance to its treatments. The wet poultry manure collected from 

the poultry farm of Teaching and Research farm of the University of Ibadan and was 

sundried to a moisture content of 13%. The Spent mushroom compost used was also  

obtained from a contractor involved in the production of oyster mushroom (Pleurotus 

pulmonarius) and its  disposal at Oda-ona kekere in Ibadan. The Arbuscular mychorrizae 

fungi, Glomus mosseae was collected from the Department of Botany, University of 

Ibadan.  

Planting Procedure 

Two to three seeds of okra were sown at a depth of 1cm in each of the sterile polythene 

bag filled with 5kg of loamy soil. Thinning to one plant per plot was done after one week 

.Watering of the plants and all agronomic practices were duly carried out  

 

Data collection  

Data collected for yield traits were; total number of fruit, fruit length per plant, fruit 

width per plant, dry weight per plant and seed weight per plant. The scoring for drought 
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 tolerance and leaf curl infection were rated according to standard procedure modified by  

(Olawuyi et al., 2011a).1=Excellent, normal plant growth, number of plant less than 10% 

water stress, 2= Good- Slight drought but noticeable stunting ,slight reduced leaf, number 

of plant 11-25 % , 3= Moderate stunting drought, moderate leaf reduction ,number of plant 

26-50%, 4= Poor, heavy drought, severe stunting, reduction in leaf, leaf wilting and 

rolling, number of plant 51-75%,5= Too poor,very heavy drought, leaf with extensive and 

conspicuous stunt, leaf wilting, leaf rolling, severe reduction in stem diameter, severe 

damage and death of plant, number of plant 76-100%   

Data Analysis 

The data were subjected to analysis of variance using SPSS version 16 ,while treatment 

means were separated using Duncan Multiple Range Test at P<0.05. 

 

RESULTS AND DISCUSSION 

The reactions of okra to drought and leaf curl infection   are shown in table 2. The effect of 

treatment combinations of AMF + SMC + PM showed the highest tolerance to drought 

effect, while the untreated plants had the least ratings of 4.78. The treatment combinations 

of AMF+ PM, AMF + SMC, PM + SMC had similar effect to drought tolerance with only 

AMF treated plants, while the plant treated with PM and SMC also had similar drought 

tolerating effect. The disease resistance potentials to leaf curl infection in PM + SMC 

treated plants was significantly (P<0.05) different from other treatments and control which 

had least rating (4.76).The effect of AMF , PM SMC and their  combination were similar 

resisting leaf curl infection, while AMF treated plants also produced similar effect (Table 

2). The result of correlation coefficient of yield characters in table 5 shows that the total 

number of fruit per plant was positive and highly significantly correlated with fruit weight, 

fruit length and fruit width per plant at (P<0.01; r= 0.91, 0.96 and 0.90) respectively and 

significant for seed weight per plant (P<0.05; 0.50), but not associated positively with dry 

weight per plant. The fruit weight was highly significant (P<0.01) and positively related to 

fruit length (r= 0.95) and fruit width (r=0.83), but not correlated with dry weight and seed 

weight per plant. The fruit length was positive and highly correlated with fruit width 

(P<0.01; R=0.85), (P<0.05; r= 0.50) but non significantly related with dry weight per plant. 

The result from Table 3 showed that the effect of weeks after planting (WAP) in okra 

accessions was significantly different (P<0.05) in tolerating drought at 2,4 and 6 while 

similar effect for leaf curl infection at 3,5 and 7 were observed. The highest drought 

resistance potential at 4 WAP was similar to the effect at 2 WAP, but significantly 

different from 6 WAP. The second replicate (rep 2) which was significantly different from 

other replicates showed the highest tolerant to drought, while significant effects were not 

recorded for leaf curl in all the three replicates (table 3). The result of table 4 shows that 

the effect of replicating okra accessions was non- 
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Table 1:   Sources of okra accessions 

Accession                          Source                                        Area/state  

------------------------------------------------------------------------------------------------------ 

NG/TO/02/12/156                NACGRAB,Moor plantation      Ibadan,Oyo State 

NG/OA/03/12/157               NACGRAB,Moor plantation       Ibadan,Oyo State 

NG/OA/05/12/159               NACGRAB,Moor plantation       Ibadan,Oyo State 

IJ-OND Okr 1                     Atiba Market                               Ijare,Ondo State 

IJ-OND Okr 2                     Ojujare Market                            Ijare,Ondo State 

----------------------------------------------------------------------------------------------------- 
 

 

Table 2: Effect of Arbuscular mycorrhizal fungus, spent mushroom compost and poultry   

 manure on drought and leaf curl resistance in okra accessions 

 

Treatment Drought tolerance Leaf curl infection 

----------------------------------------------------------------------------------------------------------- 

AMF 2.62b 2.42ab 

PM 2.33ab 1.31ab 

SMC 2.36ab 1.40ab 

AMF + PM 2.84b 3.02b 

AMF + SMC 2.91b 3.00b 

PM + SMC                      2.80b 0.69a 

AMF + PM + SMC 2.02a 1.58ab 

CONTROL 4.78c 4.76c 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Means with the same letter in the same column are not significantly different            

 at P< 0.05 using Duncan’s Multiple Range Test (DMRT). 

AMF = Arbuscular mycorrhizal fungus (Glomus mosseae)  

PM= Poultry manure (PM) 

SMC= Spent mushroom compost  

AMF + PM=  Arbuscular mycorrhizal fungus (G. mosseae) + Poultry manure  

SMC + PM= Spent mushroom compost + Poultry manure 

AMF+ SMC= Arbuscular mycorrhizal fungus (G. mosseae) + Spent mushroom compost 

PM+ SMC= Poultry manure + Spent mushroom compost 

AMF+ PM + SMC= Arbuscular mycorrhizal fungus (G. mosseae) + Poultry manure + Spent mushroom compost 

CONTROL= Untreated plant 
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Table 3: Drought   and leaf curl resistance in Okra as affected by replications and  different growth stages 

WAP DRT RES WAP LC RES  REP  DRT RES LC RES 

2 2.39a  3 1.50a  1 2.68b  1.64a 

4 2.33a  5 1.87a  2 2.18a  1.85a 

6 3.03b  7 1.95a  3 2.88b  1.83a 

         Means with the same letter in the same column are not significantly different  

           at P> 0.05 using Duncan’s Multiple Range Test (DMRT). 

        WAP- WEEK AFTER PLANTING, DRT RES- DROUGHT RESISTANCE , LC RES- LEAF   

 CURL RESISTANCE, REP- REPLICATE 

 

Table 4: Interactions of replicate, treatment and replicate x treatment on     

             yield , drought tolerance and leaf curl resistance in okra 

Source of variation   df       TNF     FW          FL         FWD        DW         SW     DRT RES      LC RES 

Replicate (Rep) 2      6.10ns        103.55ns    72.00ns       350.99ns      6.30ns         2.38ns   15.60ns                 1.60ns 

Treatment(Trt) 7     6.05ns         301.32ns    122.34ns    237.59ns      45.58**      11.43**  4.40**            39.1** 

Rep x Trt 14   3.59ns        216.33ns     104.11ns    184.69ns    7.03ns           1.89ns    2.60ns             8.60ns 

Error  96 

Total  120 

Corrected Total 119  

 

*P<0.05= significant ** P<0.01= highly significant,  ns= non- significant. 
TNF-Total number of fruit  DRT RES-Drought resistance    W-Fruit 

weight per plant  LC RES- Leaf curl resistance    FL-Fruit length per 

plant         

FWD-Fruit width per plant  

DW-Dry weight per plant    
SW-Seed weight per plant  
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Table 5: Correlation coefficient of yield traits in okra genotypes  

                FW    FL    FWD    DW    SW    

  TNF 0.91**  0.96**  0.90**  0.47ns  0.50*      

 FW   0.95**  0.83**   0.44ns  0.47ns 

FL              0.85**   0.45ns  0.50* 

FWD        0.49ns  0.52* 

DW          0.82** 

 

TNF-Total number of fruit 

FW-Fruit weight per plant    * Significant for r > 0.50 at p<0.05      

FL-Fruit length per plant      ** Highly  significant  for r < 0.50 at p<0.01  

FWD-Fruit width per plant         ns Non-significant at for r < 0.50 

DW-Dry weight per plant    
SW-Seed weight per plant   

 

significant (P>0.01) for yield, and resisting the drought and leaf curl resistance. At the 

level of treatment, the dry weight, seed weight, drought and leaf curl resistance showed 

highly significant effect, while the interactions of replicate x treatment were non- 

significant for drought, leaf curl and all the yield traits. The performance of drought 

tolerating effect in okra treated plants compared to control could be attributed to the 

interactions of AMF (G. mosseae) with other bio-inoculants; poultry manure and spent 

mushroom compost. The drought resistance effect at 2 and 4 WAP which were 

significantly higher compared to 6 WAP could be linked to high utilization of these bio-

inoculants in the treated plants as the weeks after planting and growth stages of plants 

increases coupled with environmental influence. Again, the disease resistance potentials of 

plants treated with AMF and their interactions with other bio-inoculants to leafcurl 

infections also confirms the resistance of of AMF to pathogens as previously reported in 

the findings of Odebode et al.,1995; Odebode et al. 1998; Olawuyi et al., 2013). The 

significant effect of replicates tolerating  
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drought is an indication of variation which exist among the replicates of okra accessions. 

Thus, the absence of bio-inoculants in control plants result to their low tolerating effect of 

drought as similarly reported by Olawuyi et al.(2011). 

 

CONCLUSION This study affirmed the potentials of the bioinoculants to tolerate  

drought and resist leaf curl infection in okra plants, Therefore, the applications of 

Arbuscular mycorrhiza  in treatment combinations of Spent mushroom compost and 

Poultry manure in ameloriating the effects of drought and leaf curl infections in okra 

cultivars should be encouraged in organic agriculture.  
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