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Abstract 

Many plants species live in symbiotic associations with some fungal species of the glomeromycota which are popularly called 

as arbuscular mycorrhizal fungi (AMF). AMF helps plants to capture macro and micronutrients which result to better plant 

growth and performance. Investigations were carried out to ascertain the effect of bio-fertilizer on maize growth as compared 

to organic and inorganic fertilizers. Experiments were conducted in the field and treatments laid out in a complete randomized 

block design. The treatments were replicated four times each. The result of the investigations on chlorophyll a revealed that 

plant leaves treated with organic manure had the highest (0.955mg/g) chlorophyll a, followed by leaves of plant treated with 

arbuscular mycorrhizal fungi (0.84mg/g), control (0.83mg/g) leaves and lowest (0.63mg/g) value obtained from leaves 

fertilized with NPK fertilizer. Results revealed that leaves of maize inoculated with AMF, organic manure and untreated check 

were statistically (P<0.05) the similar in the chlorophyll a and were significantly different (P>0.05) from plant leaves that have 

been fertilized with NPK fertilizer. Although there were no significant differences (P<0.05) between the AMF, cow dung and 

control treatments with regard to their level of chlorophyll b, there was significant difference between cow dung manure and 

NPK treated plants. Result of the study in respect to roots colonization affected by NPK, cow dung manure and control were 

statistically (P<0.05) similar, and AMF treated plant had the highest percentage (70%). Findings from these experiments 

indicate AMF could be used as soil amendment since it improved crop leaves chlorophyll and root colonization respectively. 

Further studies on bio-fertilizer are recommended to characterize the active spores for crop developments. 
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Introduction 

Mycorrhizal fungi are naturally occurring soil organisms 

that create associations with most plants [1]. Mycorrhiza, 

which translates to "fungus-root," refers to the symbiotic 

relationships between fungi and the living cells in plant 

roots. Approximately 90% of plants are colonized by 

endomycorrhizal fungi, while 10% are colonized by 

ectomycorrhizal fungi. In this relationship, the fungus gets 

its carbohydrate needs from the plants and, in exchange, 

takes up minerals including phosphorus, zinc, copper, and 

potassium and transfers them to the plants via ramifying 

hyphae [2, 3]. Arbuscular mycorrhizal fungi promote water 

transport to plant roots by extending their hyphae into areas 

of deficient soil outside the root hair uptake zone [4]. In 

addition, the fungus may create a coating around the roots to 

shield them from infections, which promotes root growth. 

Arbuscular mycorrhizal and ectomycorrhizal fungi can 

colonize roots to protect against parasitic nematodes and 

fungi [5-9].  

It has been investigated whether mycorrhizal relationships 

may be altered to boost crop productivity and forest 

establishment [10, 11]. It has been suggested that a network of 

mycorrhizal hyphae supported by trees like Faidherbia 

albida can hasten seedling establishment or promote the 

growth of shaded understory plants [12, 13]. Arbuscular 

mycorrhizal fungi are thought to help shape soil structure by 

connecting soil particles together through their networks of 

hyphae. However, their significance in the mechanical 

aggregation of soil particles has been disputed [14, 15]. 

Mycorrhizal fungi are thought to improve nitrogen fixation 

and lessen the effects of drought on plants, which will 

improve crop growth, development, and yields. Arbuscular 

mycorrhizal fungi have been shown to be more resilient to 

environmental stress than non-mycorrhizal plants [16, 17]. 

Many endomycorrhizal fungi (EMF) lack host specificity, 

which is well recognized [18, 19], despite the fact that their 

efficacy in identical environmental conditions might vary 

greatly [20]. The ability of mycorrhizal fungus to promote 

plant development has been used to measure their efficacy 
[21]. Between crops and soil, arbuscular mycorrhizal fungi 

create vital linkages [22]. 

Maize (Zea mays L.) crop is one of the principal cereal food 

crops in the tropics and sub tropics [23] and forms an 

essential component of the global food security as a major 

part of the diet of millions of people including Nigeria [24]. 

More than 1.2 billion people in Sub-Saharan Africa and 

Latin America depend heavily on maize as a staple diet, 

making it the most significant cereal crop in the regions [25]. 

The entire crop can be utilized to make both food and non-

food goods. In developed nations, it is also commonly 

utilized for industrial raw materials and animal feed, 

whereas in developing nations, it is mostly used for food 

and feed [26]. There is an increasing interest in using maize 

to make ethanol as a replacement for fossil fuels. In Eastern 

and Southern Africa, 30–50% of low-income households' 

spending is on maize [26]. Depending on the type, it grows in 

a larger range of ecological conditions [27]. The crop is 

adaptable to its environment, has a wide range of uses, and 
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is eaten by both people and animals over the world [28]. High 

yielding, stress-tolerant cultivars of maize have been 

developed to increase productivity.  

Despite this production-level intervention, there is evidence 

of food insecurity brought on by insecurity, ecological and 

financial factors [24, 29]. With the ever-increasing population 

in Nigeria, new management techniques must be promoted 

especially in the semi-arid region in order to improve crop 

growth for food production while also protecting the land 

against the persistent desert encroachment. One of these 

technologies is the use of mycorrhizal fungi, an 

environmentally beneficial biological fertilizer, to promote 

crop vegetative development instead of artificial fertilizers, 

which are ruinous to the environment and are also becoming 

out of the reach of peasant farmers due to their 

expensiveness [30]. Under both sterile and non-sterile soil 

conditions, mycorrhizal inoculation considerably increased 

cereals' ability to absorb nutrients, especially nitrogen, 

phosphorus, potassium, calcium, magnesium, sodium, ferric, 

copper, magnesium, and zinc [3]. It is against this backdrop, 

the present study, examined the effect of AMF on the 

chlorophyll and fungal root colonization of maize (as 

indicators of plant growth) as compared to other fertilizer 

sources. This is with a view to harnessing its potentials for 

better maize productivity and ensuring food security. 

 

Materials and Methods 

Study Area 

The experiment was carried out in the Teaching and 

Research Farm of the Faculty of Agriculture, University of 

Maiduguri (Latitude: 11.480 16.29״ North, Longitude: 

 East and on an altitude 300 meters above the ,״55.11 13.110

sea level) during a rainy season. 

 

Sample Collection 

The Lake Chad Research Institute Maiduguri provided 

maize seed and fertilizers, and the seeds were checked for 

viability using a simple floating method. To eradicate 

surface pollutants, all viable seeds examined were surface 

sterilized with 5% Sodium hypo-chloride and washed 3 to 4 

times with distilled water [31]. The experiment employed 

decomposed cow dung (organic manure) obtained from the 

University of Maiduguri Livestock Farm in Dalori, 

Maiduguri.  

 

Collection and Extraction of Arbuscular Mycorrhizal 

Fungi Spores from Soil 

Samples of rhizosphere soils with feeder roots were 

collected at the depth of 5 -15 cm of the soil from a matured 

Faidherbia albida tree growing on a farm behind Ramat 

Library, University of Maiduguri Campus, using a hand 

trowel. The sample was placed in sterile polythene bags and 

taken to the laboratory for further analysis as described by 
[32]. 

 

Experimental Design and Treatments 

Randomized Complete Block Design (RCBD) was used to 

assess the effects of AMF, organic manure (cow dung), and 

inorganic fertilizer (NPK) on maize crop. A control 

treatment was also formed which contains no form of 

fertilizer application. A different form of the applied 

fertilizers is described below: 

Fertilizer application 

To one group of the plots, 200 g (containing about 1000 

spores) of soil was added on each replicate as biofertilizer-

inoculum. Similarly, 67.5 g /18 m2 cow dung (equivalent to 

7.5 tonnes / ha-1, field rate for cereals) was added to the 

second group of the replicate plots [33]. For the inorganic 

fertilizer, 0.117Kg N, 0.117Kg P2O5, 0.117Kg K2O/18m2 

combined with 46 kg/18 m2 of urea to give one treatment 

combinations plus 60 Kgha-1 N, 30 Kgha-1 P2O5, 30 Kgha-1 

K2O which is the recommended rate for maize crop was 

added to the replicate plots. Soil without AMF spores, cow 

dung and NPK was considered as control treatment [34]. 

 

Chlorophyll Concentrations (mg/ml) in Plant Leaves 

Total chlorophyll concentrations (mg/ml) in fresh leaves of 

maize crops used in field experiments were calculated using 

the Lichtenthaler and Buschmann method [35]. A pestle and 

mortar was used to grind 100 mg of fresh leaves from the 

inter-venial area in 10ml of 85% acetone. The suspension 

was decanted and filtered into a Buchner funnel using a 

Whatman filter paper No. 1. Using a Spectro-photometer, 

the optical density (OD) of the solution was measured at 

663nm and 665nm to estimate chlorophyll concentrations 

(UV-1700, Shimadzu, Japan). The concentrations of 

chlorophyll a, chlorophyll b, and total chlorophyll (a and b) 

(mg/ml) were estimated using the following formula [36]: 

 

Chlorophyll a = 12.70 (A663) – 2.69 (A645) x  

 

Chlorophyll b = 22.90 (A645) – 4.68 (A663) x  

 

Total chlorophyll level = 20.20 (OD645) +8.02 (OD663) x 

 
 

Where A= absorbance 

OD = optical Density 

V = final volume of the extract 

 

AMF Colonization Percentage (%) in the Plants Roots 

Root samples were collected from the maize crop according 

to the methods of [32]. The rate AMF infestation was 

determined by the examination of roots with compound 

microscope using different magnifications (x10 and x40). 

The magnified inter-section approach was used to determine 

the degree of root colonization by arbuscular mycorrhizal 

fungi [37]. Finely stained roots were put on a microscope 

slide in a drop of glycerol and covered with a cover slip. 

The microscope field was adjusted using the stage graticule 

to make complete passes across each slide perpendicular to 

its long axis. Intersections were scored for any field that cut 

the verticular eyepiece [38]. The inter-sections were scored 

positively (+) if they crossed arbuscules or vesicles and 

negatively (-) if they did not [4]. The percentage (%) of 

arbuscular mycorrhizal fungi root colonization was 

calculated using the formula [39]: 

 

 
 

Statistical Analysis 

The data collected was subjected to two-way Analysis of 

Variance (ANOVA) based on Randomized Complete Block 

Design (RCBD) with Split - Split arrangement using the 
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Analytical Statistical Software, Statistix Version 8.0 (SX). 

Differences between means were determined using the 

Duncan’s Multiple Range Test (DMRT) at 5% probability 

level. 

 

Results  

Chlorophyll a concentration in the leaves of maize crop 

The result of the investigations on chlorophyll a revealed 

that plant leaves treated with organic manure had the highest 

(0.955mg/g), followed by leaves of plant treated with 

arbuscular mycorrhizal fungi (0.84mg/g) and that of the 

control (0.83mg/g). The lowest value (0.63mg/g) obtained 

was from the leaves fertilized with NPK fertilizer. In 

compliance of the performance of the treatment’s 

application for maize after flowering showed there was a 

significant difference (P>0.05) among the treatments means. 

Result revealed that leaves of the maize inoculated with 

AMF, organic manure and untreated check were statistically 

(P<0.05) the similar in the chlorophyll a and significantly 

differed (P>0.05) from plant leaves that have been fertilized 

with NPK fertilizer. 

Effect on chlorophyll b concentration in the leaves of 

maize  

The result of the effect of arbuscular mycorrhizal fungi, 

organic manure, NPK fertilizer and untreated check on the 

chlorophyll b level in the leaves of the field maize obtained 

in all the treatments showed great efficiency, and were 

positively reflected in chlorophyll b in the Z. mays leaves; 

although there were no significant statistical differences 

(P<0.05) between the AMF, cow dung and control 

treatments as shown in Table 1. 

 

Total chlorophyll (a and b) concentrations in maize 

leaves 

Data on the total chlorophyll a and b level in the leaves of 

maize crop ranged between 1.96 and 2.23mg/g, where 

leaves of plant fertilized with cow dung had more 

(2.23mg/g) chlorophyll, followed by leaves of plant 

inoculated with biofertilizer (2.02 mg/g) and control 

(2.01mg/g) treatment. Likewise, the lowest value of the total 

chlorophyll was obtained in the leaves of maize crop 

fertilized with NPK fertilizer.. There were a significant 

difference (P>0.05) statistically within the treatments in 

respect to total chlorophyll in the leaves of the maize plant. 

 

Table 1: Effect of AMF, organic and inorganic fertilizers on chlorophyll a, b and total chlorophyll (a and b) concentrations (mg/g fresh 

leaves) of maize leaves 
 

Maize crop Treatments Chlorophyll a Chlorophyll b Total chlorophyll level 

AMF 0.84a 1.18b 2.02b 

OM 0.96a 1.28ab 2.23a 

NPK 0.63b 1.33a 1.96b 

CNT 0.83a 1.18b 2.01b 

Mean 0.82 1.24 2.06 

SE± 0.07 0.04 0.06 

LSD 0.20 0.11 0.17 

⃰ Means of four replications. 

 

Percentage (%) of Maize Roots Colonization by AMF 

Maize plants inoculated with arbuscular mycorrhizal fungi 

(AMF) had the highest (70%) percentage of roots 

colonization which was observed in this study and was 

statistically more than the rest of the treatments as shown in 

Table 2. Maize plant inoculated with AMF had the highest 

percentage of root colonization and was statistically 

significant (P>0.05) than NPK, cow dung and control plants 

in terms of roots colonization of field experiments (Table 2). 

Result of the study in respect to roots colonization affected 

by NPK, cow dung manure and control remained the same 

statistically (P<0.05) as shown in field experiment. 
 

Table 2: Percentage (%) of roots colonization of maize as affected by AMF, NPK and cow dung for field experiment 
 

Treatments AMF Cow dung NPK Control Mean SE ± LSD0.05 

Colonization (%) 70a 0.71b 0.71b 0.71b 19.63 17.32 48.50 

⃰ Means of four replications. 

 

Discussion 

A complete description of the arbuscular mycorrhizal fungi 

(AMF) community of a soil would include the identities of 

fungi present as spores type and intraradical hyphae and 

vesicles as well as information on the relative abundance of 

each species in each component of different crops used for 

the experiments which revealed great interactions among the 

plants under the impact of bio-fertilizer (AMF), organic and 

inorganic fertilizers respectively. According to [38], an 

increase in propagule population can result to increase in the 

crop biomass (g) in infected mycorrhizal plant than non-

mycorrizal plants. These could have been due to either 

higher propagule density in the non-sterile soil which led to 

faster colonization and better nutrition uptake by the plants 

or that the sterilization process might have released more 

plant available nutrients (N, P and K) which are capable of 

increasing biomass of crops inoculated with arbuscular 

mycorrhizal fungi than other treatments. It, therefore, 

suggests that arbuscular mycorrhizal fungi (AMF), which 

was a cheaper source of nutrient supply in comparison with 

the NPK fertilizer and cow dung, could serve as best option 

in enhancing maize chlorophyll contents. This finding 

agreed with the work of [22] that showed that inoculation of 

Pinus vocarpa and P. caribea with mycorrhizal fungi 

resulted in significant (P>0.05) increases in nutrient 

absorption, root colonization and green pigments over the 

un-inoculated ones. 

The result of the investigations on chlorophyll a revealed 

that plant leaves treated with organic manure had the highest 

(0.955mg/g), followed by leaves of plant treated with 

arbuscular mycorrhizal fungi (0.84mg/g), control 

(0.83mg/g) leaves and lowest (0.63mg/g) value obtained 
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from leaves fertilized with NPK fertilizer. High nutrient 

concentration create some level of decreased soil water 

level. This might lead to an induced-drought especially that 

it is in the semi-arid region. It has been shown that drought 

stress in arid and semi-arid zone significantly decrease 

chlorophyll concentrations. Reduction of chlorophyll 

concentrations in drought stress conditions has been 

reported in maize plant [40]. Dehydration through 

chlorophyllase and peroxidase enzymes activities in plants 

lead to chloroplast destruction and chlorophyll reduction [41]. 

The plants water conditions have important effects on leaves 

chlorophyll concentrations [42]. Reduction in chlorophyll 

contents due to drought stress is related to the increase of 

oxygen radicals in the plant cells [43].  

Although there were no clear statistical differences (P<0.05) 

between the AMF, cow dung and control treatments with 

regard to their chlorophyll b concentrations, reduction of 

leaves chlorophyll concentrations in this study was 

consistent with the outcome of other researchers [44, 45]. The 

highest rate of chlorophyll contents and percentage of root 

colonization in maize plant was obtained when inoculated 

with bio-fertilizer [46]. There were a significant difference 

(P>0.05) within the treatments in respect to total chlorophyll 

in the leaves of the maize plant. The outcome of the 

experiment revealed that there was no significant difference 

(P<0.05) between leaves treated with bio-fertilizer, NPK 

fertilizer and those of untreated control.  

The findings of this study are contrary to the report of [47] 

where he indicated that less chlorophyll a are produced by 

mycorrhizal plants than NPK ones because most of the 

carbohydrates released by the plants for the purpose of 

pigment formation, are taken up by the mycorrhizal fungi in 

the association. This was not surprising given that water and 

light intensity were vital components of the plant's 

physiological activities, such as photosynthesis, with the 

result that the more available it was, the higher the 

chlorophyll concentration enhancement brought about by 

this process, in line with work done by [48]. Chlorophyll 

a absorbs energy mostly from the violet-blue and reddish 

orange-red wavelengths, with limited absorption from the 

intermediate (green-yellow-orange) wavelengths, whereas 

accessory pigments (including chlorophyll b) absorb energy 

that chlorophyll a does not absorb. Based on my research 

and the findings of other researchers, plants require more 

than just chlorophyll a and b [49]. 

AMF-inoculated maize plants had the highest proportion of 

root colonization and were statistically significant (P>0.05) 

compared to NPK, cow dung, and control plants. The 

study's findings revealed that root colonization was 

statistically (P0.05) less impacted by NPK, cow dung 

manure, and control. According to [50], the majority of the 

carbohydrate (approximately 1-17%) supplied by plants for 

the purpose of root production (chlorophyll concentrations 

and root colonization) was absorbed by the mycorrhizal 

fungi in the association as absorbing agents (there by taking 

up the function of root hairs). Bonnie et al. [1] discovered 

that the presence of arbuscular mycorrhizal fungus mycelia 

greatly inhibits the production of root expansions, 

branching, and root hairs. As a result, research suggests that 

arbuscular mycorrhizal fungi (AMF), which were a less 

expensive source of nutrient supply than NPK fertilizer and 

cow manure, could be the best alternative for increasing 

maize development. This discovery was consistent with the 

findings of [22], who found that inoculating Pinus vocarpa 

and P. caribea with mycorrhizal fungus resulted in 

significant (P>0.05) increases in nutrient absorption, root 

colonization, and green pigments compared to un-inoculated 

plants. 

Irfan et al. [51] detected AMF or VAMF colonization in roots 

and proposed that mycorrhizal colonization aids plant 

growth, root production, root colonization, chlorophyll 

content, and development. Songachan and Kayang [52] found 

mycorrhizal colonization in Solanum khasianum (38.80%), 

Solanum sisymbriifolium (41.74%), and Solanum torvum 

(36.10%), with differences in arbuscules, vesicles, and 

hyphae. According to [53], the difference may possibly be 

related to the formation of additional roots, which enhances 

absorption of water and minerals (N, P, and K+). Thus, the 

increases can be attributed to higher mineral nutrition in the 

infected plants, which clearly resulted in greater 

physiological processes including photosynthesis and 

photorespiration. Bababe et al. [54] have earlier showed that 

organic manure application to soils have longer residual 

effect in terms of nutrient availability on soil fertility.  

 

Conclusion 

Arbuscular mycorrhizal fungi absorbs and transports water 

and nutrients, as well as providing adequate sources for 

boosting plant growth and performance. In general, the 

findings of this study demonstrated that AMF can be 

employed to boost chlorophyll in plant leaves and root 

colonization thereby reducing stress, nitrogen, and 

phosphate fertilizer input. However, the manufacturing of 

inoculants is currently preventing the widespread 

application of this symbiosis, although a system of 

inoculation using multi-seed pellets containing Rhizobium 

and mycorrhizal fungi has been advocated. The 

implementation of this knowledge in large scale application 

especially in the arid zones becomes critical in order to 

boost its industrial production and improve their 

dissemination in order to ensure food security in Borno and 

Nigeria at large.  

 

References 

1. Bonnie LA, Wrigths SF, Watson CA. From city trees. 

The Journal of the Society of Municipal 

Arborist,2001:37(6):1-2. 

2. Bhale UN. Occurrence of vesicular-arbuscular 

mycorrhizas (VAM) in medicinal plants of Marathwada 

Religion of Maharashtra, India Journal of Chemistry, 

Biology, Physics and Science,2013:3(3):1912-1919. 

3. Babajide PA, Fagbola O. Growth yield and nutrient 

uptake of Sesame (Sesamum indicum L.) as influenced 

by bio-fertilizer inoculants. International Journal of 

Current Microbilogy and Applied 

Sciences,2014:3(8):859-879. 

4. Dalpe Y, Seguine SY. Microwave-assisted technology 

for the clearing and staining of arbuscular mycorrhizal 

fungi in roots. Mycorrhiza,2013:23(4):333-340. 

5. Grandmaison J, Olah GM, Van-Calsteren MR, Furlan 

V. Characterization and localization of plant phenols 

likely involved in the pathogen resistence expressed by 

endomycorrhizal roots. Mycorrhiza,1993:3:155-164. 

6. Little LR, Maun MA. The Ammophila problem 

revisited: A role for mycorrhizal fungi. Journal of 

Ecology,1996:84:1-7.  

7. Cordier C, Pozo MJ, Barea JM, Gianinazzi S, 

Gianinazzi PV. Cell defence responses associated with 



International Journal of Biology Research www.biologyjournal.in 

14 

localized and systematic resistance to Phytophthora 

parasitica induced by an arbuscular mycorrhizal 

fungus. Molecular Plant – Microbe 

Interactions,1998:11:1017-1028. 

8. Newsham KK. Phialophora graminicola, a dark septate 

fungus is a beneficial associate of the grass (Vulpia 

ciliate). Ambigua. New Phytologist,1999:144:517-524. 

9. Morin C, Dessureault M, Sampson J. Protection of 

black spruce seedlings against Cylindro cladium roots 

rot with ectomycorrhizal fungi. Canadian Journal of 

Botany,1999:77:169-174. 

10. Smith SE, Read DJ. Discoveries, discussion and 

directions in mycorrhizal research. In: Verma, A. and 

Hock, B. (Eds). Mycorrhiza. Springer–Verlag Berling, 

1997, 3-24.  

11. Brundrett MC, Abbott LK, Jasper DA. Glomalean fungi 

from tropical Australia. I. Comparision of the 

effectiveness of isolation procedures. 

Mycorrhizal,1999:8:305-314. 

12. Hogberg P, Plamboeck AH, Taylor AFS, Fransson 

PMA. Natural C-13 abundance reveals trophics status 

of fungi and host origin of carbone in Mycorrhizal 

fungi in mixed forests. Proceedings of the National 

Academy of Sciences. United States of 

America,1999:96:8534-8539. Doi: 10:1007/s.10533-

018-9873-x. 

13. Horton TR, Bruns TD, Parker VT. Ectomycorrhizal 

fungi associated with Arctostaphylos contributed to 

Pseudotsuga menziesii establishment. Canadian Journal 

of Botany,1999:77:93-102. 

14. Gianinazzi S, Vosalka M. Cellular and molecular 

defence related root responses to invasion by arbuscular 

mycorrhizal fungi (AMF). New 

Phytologist,2004:133:45-57. 

15. Smith SE, Read DJ. Minerals nutrition, toxic element 

accumulation and water relations of arbuscular 

mycorrhizal plant. In: Smith SE. and Read, D. J. 

Mycorrhizal symbiosis 3rd academic press London, 

2008, 125-133. 

16. Marschner P, Crowley DE, Lieberei R. Arbuscular 

mycorrhizal infection changes the bacterial 16s Deoxy-

nuclei acid community composition in the rhizosphere 

of maize. Mycorrhiza,2001:11:297-302. 

17. Harrier LA, Watson CA. The role of arbuscular 

mycorrhizal fungi in sustainable cropping systems. 

Advances in Agronomy, in press. 

Scotland,2003:18:213-232. 

18. Linderman RG. The mycorrhizosphere phenomenon. 

Deutsche phytomedizinische Gesellschaft, 

Braunschweig, Germany, 2008, 341-355. 

19. Bhale UN, Sawant VS, Sarwade PP. Arbuscular 

mycorrhizas fungi of some plants growing in 

Marathwada region of Maharashtra. 

Kavaka,2011:39:33-36. 

20. Morin J, Luttus S, Schank A, Bajji M, Kinet J. 

Isosmotic adjustment required for water stress 

resistance in the Mediterranean shrub Atriplex halimus 

L. Journal of Plant Physiology,2004:161:1041-1051. 

21. Brundrett MC. Co-evolution of roots and mycorrhizas 

of land plants. New Phytology,2002:154:275-304. 

22. Harley JL, Smith SE. Effects of different mycorrhiza 

species on grain yield nutrient uptake and oil content of 

sunflower under water stress. Journal of Saudi Society 

of Agricultural Science,2003:13:9-13. 

23. Makate N. The susceptibility of different maize 

varieties to post-harvest infestation by Sitophilus 

zeamais (Motsch), Coleoptera cuculionidae). Scientific 

Essay, 2010, 5030-5034. 

24. Kamanula JW, Gudeta S, Mvumi BM, Nyirenda K, 

Greenwell CS, Nyirenda P et al. Farmers’ Insect Pest 

Management Practices and Pesticidal plant in the 

protection of stored maize and beans in Southern 

Africa. International Journal of Pest 

Management,2011:59:41-49. 

25. Organization for Economic Co-operation and 

Development. (OECD). Consensus document on the 

biology of Maize (Zea mays L.). Organization for 

Economic Co-operation, Development Environmental 

and Safety Publications. Series on Harmonization of 

Regulatory Oversight in Biotechnology, Environment 

Directorates. Paris,2003:27:12-20. 

26. International Institute of Tropical Agriculture. Weevil 

damage: A comparison of different maize varieties. 

International Institute for Tropical Agriculture. Annual 

Report and Research Highlights, 2013, 77-78.  

27. Asareca–Tuusi. Drought and low-N torelant maize 

germplasm and varieties inbred lines, populations, paste 

and olive oils, hybrids, 2009.  

28. Keba T, Sori W. Differential resistance of maize 

varieties to maize weevil (Sitophilus zeamais 

Motschulsky) (Coleoptera currulionidae) under 

laboratory conditions, 2013. Available at 

https/doi.org/10:1046/J.0028-646x.2001.00193x. 

Retrieved date: 20/8/2018. 

29. Ibiyemi TE, Oldewage-Theron W. A REVIEW OF 

FOOD AND NUTRITION SECURITY IN NIGERIA. 

African Journal of Food, Agriculture, Nutrition & 

Development,2022:22(1):1-16 

30. Bhadraiah B, Kankadurga VV, Ramarao P, 

Manoharachary C. Effect of arbuscular mycorrhizal 

fungi and rock phosphate in phosphatases activity in 

Terminalia arjuna. In Mycorrhiza: Ed. Anil Prakash, V. 

S. Mehrotra. Scientific Publishers, Jodhpur, 2006, 165-

168. 

31. Ndirmbula GM. Growth performance of pearl millet, 

maize, cowpea, and groundnut under the influences of 

arbuscular mycorrhizal fungi and inorganic fertilizers. 

B. Sc. Botany Dissertation submitted to the Department 

of Biological Sciences, University of Maiduguri, 1998, 

173-175. 

32. Grema MN, Ismail HY, Muhammad S. Effect of 

arbuscular mycorrhizal fungi on, organic and inorganic 

fertilizers on growth parameters and root colonization 

of Pearl millet under green house conditions. Arid Zone 

Journal of Basic and Applied Science 

Research,2022:1(2):93-103:2811-2881.  

33. Odo PE, Gwary DM. Land use and cropping within Jere 

fadama in the Nigerian Sudan Savanna. In: Strategies 

for the Sustainable Use of Fadamalands in Northern 

Nigeria, 1994, 1-21. 

34. Food and Agriculture Organisation. Legumeweb, 2017. 

Retrived: 20/01/2017. 

35. Lichtenthaler HK, Buschmann C. Chlorophylls and 

carotenoids, measurement and characterization by 

Ultraviolet Visible Spectrophotometer. In: Current 

protocols in Food Analytical Chemistry John Wiley and 

Sons, New York,2001:4:3-4:3-8. 



International Journal of Biology Research www.biologyjournal.in 

15 

36. Udin MS. Chlorophyll isolation, structure and function: 

Major landmarks of the early History of Research in the 

Russian Empire and Soviet Union. Photosynthesis 

Research,2003:76(1-3):389-403.  

37. Horst V, Peter S, Mark B. An overview of methods for 

the detection and observation of arbuscular mycorrhizal 

fungi in roots. Plant Physiology,2005:125:393-404. 

38. Bella S, Diouf M, Diop TA, Diatta M, Leye EM, 

Ndiaye F et al. Effects of arbuscular mycorrhizal fungi 

inoculation on the growth and developments of sesame 

(Sesame indicum L.). African Journal of Agriculture 

Research,2006:3(3):234-238. 

39. McGonigle TP, Miller MH. Inconsitent effect of soil 

disturbance on colonization of roots by arbuscular 

mycorrhizal fungi. A least of the inoculums density 

hypothesis. Applied Soil Ecology,2000:14:147-153. 

40. Gholam-Hosseine M, Ghalavand A. The impact of 

irrigation and fertilizer treatments on yield and metal 

concentrations in leaves and sunflower seeds. Research 

and Development in Agriculture and 

Horticulture,2008:79:91-100 (infarsi). 

41. Misra A, Sricastatva NK. Influence of water stress on 

Japanese mint- Journal of Herbs Spices and Medician 

Plants,2000:7:51-58. 

42. Vidal I, Longeri L, Hetier JM. Nitrogen uptake and 

chlorophyll meter measurement in spring wheat. 

Nutriction Cycle. Agroecosystem,1999:55:1-6. 

43. Schutz M, Fangmeir E. Growth and yield response of 

spring wheat to elevated carbon dioxide and water 

limitation. Environmental Pollution,2001:114:187-194. 

44. Zhang M, Duan L, Tian X, He Z, Li J, Wang B, Li Z. 

Unicanazole induced tolerance of soybean to water 

deficit stress in relation to changes in photosynthesis, 

hormones and antioxidant system. Journal of Plant 

Protection Research,2006:51(4):55-61. 

45. Sanchez-Blanco J, Fermandez T, Morales A, Alarcon 

JJ. Variation in water stress, gas exchange and growth 

in Rosmarinus officinalis plants infected with Glomes 

deserticola under drought conditions. Journal of Plant 

Physiology,2006:161:675-682. 

46. Jahan M, Koocheki A, Nassiri MM. The effects of 

arbuscular mycorrhizal fungus and free living nitrogen 

fixing on growth, photosynthesis and yield of corn (Zea 

mays L.) in conventional and ecological cropping 

systems. Iranian Journal of Field Crops 

Research,2007:5:53-67(in Persian with English 

summary). 

47. Fan SC, Hsu H, Lin T, Yen GC. Spectrophotometric 

determination of flavonoids content in leaves of 

Fagopyrun cymosum complex. Journal of Agriculture 

Food Chemistry,2010:58:814. 

48. Liu N, Zeller FJ, Chen QF. Genetic Resource Crop for 

Environment,2012:59:1. 

49. Al-Hashmi KA, Claereboudt MR, Al-Azri AR, 

Piontovski SA. The Open Oceanography 

Journal,2010:4:107-114. 

50. Food and Agriculture Organisation. State of food and 

agrilculture. Rome, 2016. Doi: 10:/007/511027-012-

9374-6. Retrieved: 06/07/2018.  

51. Irfan AZIZ, AYOOB M, JITE PK. Response of 

Solanum melongena L. to inoculation with arbuscular 

mycorrhizal fungi under low and high phosphate 

condition. Notulae Scientia Biologicae,2011:3(3):70-

74.  

52. Songachan LS, Kayang H. Diversity and distribution of 

arbuscular mycorrhizal fungi in Solanum species 

growing in natural condition. Agricultural 

Research,2012:1(3):258-264.  

53. Shinde KM, Shinde BP. Studies on arbuscular 

mycorrhizal fungi associated with potato (Solanum 

tuberosum L.) and their role in biochemical contents. 

Ph. D. Thesis, University of Pune, 2014, 1018-1027. 

54. Bababe B, Sandabe MK, Ibrahim A. Paper presented at 

workshop on Soil fertility management and production/ 

utilization of organic manures in Borno State, 

Maiduguri on, 1998, 3-13. 


