
 Corresponding author: Odoh NC; Email:  

Copyright © 2023 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

Maize growth and biomass yield as influenced by diazotroph and mycorrhizae 
inoculation 

Odoh NC 1, *, Yakubu C. 1 and Ncho CO 2 

1 Department of Soil Science, University of Abuja, Abuja FCT-Nigeria. 
2 UFR Sciences Géologiques et Minières, Université de Man, Man, Côte d’Ivoire. 

World Journal of Advanced Research and Reviews, 2023, 18(03), 1312–1318 

Publication history: Received on 29 April 2023; revised on 14 June 2023; accepted on 16 June 2023 

Article DOI: https://doi.org/10.30574/wjarr.2023.18.3.1082 

Abstract 

The production of maize has significant nutrient needs, notably for nitrogen.  Considering the negative impact of 
chemical fertilizer on the ecosystem, alternative supply of nutrients that is easily accessible and environmentally benign 
must be sourced. This study looked into the effects of inoculating mycorrhizae and diazotrophs on the growth and 
biomass output of maize. The treatments included three (3) levels of mycorrhiza (without mycorrhiza, with Glomus 
clarum, and with Glomus deserticola), as well as two (2) levels of diazotroph (with and without diazotroph). These 
treatment combinations were applied to thirty (30) pots, each containing 3 kg of soil. The experiment was laid out in a 
randomized complete block design (RCBD). Data were collected on growth parameters such as leaf area, number of 
leaves, stem girth, and plant height at 2-week interval. The trial was terminated at 8 weeks after sowing (WAS), and 
yield parameters measured included root length, fresh and dry shoot weight, and fresh and dry root weight. The data 
were subjected to analysis of variance (ANOVA) using the General Linear Model procedure with Minitab statistical 
software. A significant interactive effect of diazotrophs and mycorrhiza was observed in stem girth at 4 WAS. The 
highest stem girth (4.02 cm) was obtained under combined application of diazotroph and G. clarum while the least stem 
girth (3.38 cm) was obtained under control (no-diazotroph and no-mycorrhiza treatment). Mycorrhiza application 
positively influenced root length, fresh root weight, fresh shoot weight, dry root weight and dry shoot weight 
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1. Introduction

Maize (Zea mays L.) is the third most commonly consumed cereal and is utilized in three principal ways, namely 
industrial usages, livestock feed, and human foods [1]. Maize is produced under different ecological conditions owing 
to its high adaptability, yet the production is faced with challenges of disease, drought, and poor soil fertility. 
Considering the ever-growing population, the world will need twice as much maize by the year 2050 [1]. 

Efforts have, however, been intensified to sustain productivity with high chemical fertilizer input, particularly for 
nitrogen, which is the most crucial element for maize production [2]. Unfortunately, a larger proportion of inorganic N 
fertilizer applied is lost through gaseous emission, leaching into groundwater, and denitrification. The negative impact 
of these on the environment is huge, even as the soil remains poor in nitrogen [3]. 

The overuse of inorganic fertilizers to increase plant yield has been linked to environmental contamination and soil 
degradation. Finding a source of nutrients that is both easily accessible and environmentally safe is so crucial [4]. In 
search of sustainable productivity, in the face of the ever-growing world population and the high cost coupled with the 
environmental impact of chemical fertilizers, inoculants containing plant growth-promoting microorganisms 
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are sourced [5, 6]. Microbial inoculants in the form of diazotrophs and mycorrhizae are good alternatives to pesticides 
and chemical fertilizers as they serve as phytostimulants, bio-herbicides, and bio-fertilizers [6, 7]. Thus, these inoculants 
could be useful for meeting the nutritional requirements while tackling other challenges facing maize production [8]. It 
might be possible to increase the production of maize. Maize production could be improved by these inoculants through 
the provision of their nutrients, the suppression of plant pathogens, and the inhibition of rhizosphere-based disease 
organisms [3, 8]. 

Due to root-associated, nitrogen-fixing bacteria that greatly boost the nitrogen supply to the rhizosphere, less reliance 
on inorganic fertilizer is possible [9, 10]. Nitrogenase enzymes are used by diazotrophs to convert dinitrogen to 
ammonium. In root nodules, legumes create specialized symbiotic partnerships with diazotrophic rhizobia, whereas 
non-legume crops connect with bacteria at the root surface [11]. 

Arbuscular mycorrhizal fungi (AMF) are symbiotic relationships between soil plants and fungi that allow them to adapt 
to their surroundings and thrive. The adoption of AMF is reckoned to be beneficial to soil fertility in natural and 
agricultural ecosystems. Mycorrhizae are thus a key factor for agricultural sustainability. It stimulates plant 
development and increases N, P, and Z content, particularly in cereals. The availability of AMF contributes to the 
improvement of the efficiency of nutrient uptake by plants and limits the waste of nutrients in the environment [12]. 

The introduction of diazotrophs and AMF as inoculants may benefit rural farming communities. These beneficial soil 
microorganisms, besides being eco-friendly, could enhance crop yield. The introduction of both AMF and diazotrophs 
as consortia could be of greater benefit to plants and the environment than their use as single inoculants. This 
investigation was carried out to determine how the inoculation of mycorrhizae and diazotrophs affected the growth and 
biomass production of maize. 

2. Materials and methods 

2.1. Experimental site description 

The experiment was carried out at the Teaching and Research Farm, University of Abuja, in the Federal Capital Territory, 
in the Southern Guinea Savanna of Nigeria. The climate of the area is characterized by moderate to high rainfall and a 
temperature of about 26 – 30 °C. The rainfall is between 1000 mm and 1800 mm per year, with abundant sunshine. The 
vegetation of the area is characterized by wooded land, grass, and shrubs. It falls within a basement complex. 

2.2. Soil sampling and experimental set-up 

Using a soil auger, soil was sampled at random from eight spots at the University of Abuja's Teaching and Research 
Farm. In order to create a composite sample from the soil, it was well mixed together. A subsample of this composite 
sample was then taken to the laboratory for physical and chemical examination of the soil. 

Soil of 3 kg weight was filled into thirty (30) pots. Each pot was watered to field capacity and allowed to drain for 24 
hours. Compost was used to amend the soil at 120 g/3kg pot. Maize seed (Sammays-52) was sown at 4 seeds per pot 
and at two (2) weeks after sowing (WAS) it was thinned to 1 stand per pot. The maize variety used was collected from 
the Institute for Agricultural Research (IAR) at Ahmadu Bello University, Zaria, Nigeria. The treatments involved two 
(2) levels of diazotroph (with and without diazotroph) and three (3) levels of mycorrhiza (without mycorrhiza, with 
Glomus clarum, and with Glomus deserticola). The strain of diazotroph used was isolated from Laboratoire des 
Symbioses Tropicales et Méditéranéennes (LSTM) in Montpellier, France, from soil that originated in Nigeria. 
Diazotroph was inoculated at 10 ml per plant while mycorrhiza was sourced from the Soil Microbiology Laboratory at 
the University of Ibadan and inoculated at 20 g pot-1, at 2 WAS. 

Six (6) treatment combinations were obtained and replicated five times. The experiment was laid out in a randomized 
complete block design (RCBD). No inorganic fertilizer was applied. Routine manual weeding was done by handpicking 
throughout the experiment. 

2.3. Collection of data and statistical analysis 

Growth parameters such as leaf length, leaf width, number of leaves, stem girth, and plant height were assessed at 2-
week intervals. Destructive sampling was done at 8 WAS, and parameters measured included root length per plant, 
fresh and dry shoot weight per plant, and fresh and dry root weight per plant. Harvested roots were carefully picked 
after sieving the soil and washed. Fresh root and shoot were dried for 21 days, and their dry weight recorded. 
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Analysis of variance (ANOVA) was performed on the data using the General Linear Model technique and analysis of 
means. The Fisher test was used to separate significant means at a p-value of 0.05. The Minitab statistical software was 
used to run all analyses. 

3. Results and discussion 

3.1. The soil's physical and chemical characteristics 

Table 1 displays the outcomes of soil's physical and chemical properties before treatment application. Soil pH in water 
(H2O) was neutral at 7.21, while pH in KCl was moderately alkaline at 8.31. These pH values were within the required 
pH range for maize (5–8), as earlier recommended [13]. The total nitrogen and electrical conductivity of the soil were 
low. Relatively moderate amounts of exchangeable bases were present in the soil. Organic carbon and available P in the 
soil were in a medium range. Organic matter in the soil was high [14]. The soil texture class was loamy sand. 

Table 1 Physical and chemical properties of soil used before planting 

Properties Values Properties Means 

PH (H2O) 7.21 K (cmol kg-1) 0.042 

PH (KCl)  8.31 Na (cmol kg-1) 0.216 

EC (dS/m)      0.21 Mg (cmol kg-1) 3.36 

OC (%) 1.9 Ca (cmol kg-1) 4.2 

OM (%)  3.28 Ex. Acidity        1.8 

TN (%)   0.08 ECEC       9.618 

Available P (mg kg-1)        30.66 Exchangeable Al3+ (cmol kg-1) 0.61 

  Base Saturation (%) 81.28 

Particles size   

Sand (g kg-1) 809.6   

Silt (g kg-1) 632.0   

Clay (g kg-1) 127.2   

Textural class Loamy sand   

 

3.2. Growth parameters 

Table 2 Effect of diazotroph and mycorrhizal application and their interaction on plant height and leaf area of maize 

 Adj SS    P-Value  Adj SS    P-Value  Adj SS    P-Value 

 Plant hight (cm)  Leaf area (cm2) 

 2 WAS  4 WAS  2 WAS 

Diazotroph        0.117 0.924  161.01   0.127  0.80  0.98 

Mycorrhiza        18.314    0.491  93.05    0.496  3183.30   0.16 

DPH*MYC    23.497   0.491  57.32    0.646  1024.20    0.54 

 6 WAS  8 WAS  4 WAS 

Diazotroph        27.65    0.479  91.88    0.451  2992.50   0.19 

Mycorrhiza        21.20    0.822  420.62   0.279  949.40   0.76 

DPH*MYC    78.5 0.491  199.95    0.536  950.90    0.76 
WAS = weeks after sowing, DPH*MYC = interaction diazotroph-mycorrhiza, Adj SS = adjusted sum of square 
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The main factors and their interactions had no significant effect on plant height throughout the experiment and on the 
leaf area at 2 and 4 WAS. However, the analysis of variance showed a significant interaction effect of diazotroph and 
mycorrhiza on leaf area at 6 WAS. The analysis of means also showed significant differences; the largest leaf area was 
obtained with the application of G. deserticola with 139.48 cm2.  

A significant difference in stem girth was observed at 4 WAS. The highest stem girth (4.02 cm) was obtained under 
combined application of diazotroph and G. clarum while the least stem girth (3.38 cm) was obtained under absolute 
control (no-diazotroph and no-mycorrhiza application). At 6 and 8 WAS, the main factors and their interactions did not 
significantly influence the stem girth (Table 2). 

 

A: Means analysis result. B: Fisher means comparison, bars with same letter are not statistically different. Mycorrhiza (1= no mycorrhiza, 2 = G. 
clarum, 3 = G. deserticola), Diazotroph (1 = no diazotroph, 2 = with diazotroph). 

Figure 1 Effect of combined diazotroph and mycorrhizal inoculation on maize leaf area at 6 weeks after sowing 

 

 

A: Means analysis result of leaf area. B: Fisher means comparison, bars with same letter are not statistically different. Mycorrhiza (1= no 
mycorrhiza, 2 = G. clarum, 3 = G. deserticola), Diazotroph (1 = no diazotroph, 2 = with diazotroph). 

Figure 2 Effect of combined application of diazotroph and mycorrhizae on maize stem girth at 4 weeks after sowing 

The number of leaves at 8 WAS showed a significant difference from the primary factor "mycorrhiza"; G. clarum had the 
highest number of leaves (11.9) while the treatment without mycorrhiza had the least number of leaves (10.4) (Figure 
3). Despite the application of diazotroph, there was no discernible alteration in the interaction between these two 
organisms during the course of the experiment (Table 2). The use of diazotrophs, mycorrhiza, and their interactions did 
not result in a substantial increase in root length (Table 2). Plant growth improvement by diazotroph and mycorrhiza 
inoculation is abundant in the literature. Thus, previous reports specified that diazotrophs increased plant height in 
cereal crops [15, 3]. Contrarily, the observations from the present study did not confirm these findings. This could be 
due to multiple reasons, mainly soil pH. For most diazotrophs, cell growth and biological N2 fixation are optimal near 
neutral pH [16], while the soil used in this experiment was neutral. 
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During the experimentation, mycorrhiza significantly influenced the leaf area and stem girth of the plant. A positive 
effect of mycorrhizal application on plant growth parameter had earlier been reported [17]. 

Table 3 Effect of combined application of diazotroph and mycorrhiza on stem girth, number of leaves and root length 
of maize. 

 Adj SS    P Adj SS    P Adj SS    P 

 Stem girth at 2 WAS Stem girth at 8 WAS Number of leaves at 6 WAS 

Diazotroph        0.51 0.18 0.26   0.42 0.03   0.81 

Mycorrhiza        0.99 0.18 0.01  0.99 0.80   0.50 

DPH*MYC    0.26 0.62 1.48  0.17 1.07   0.40 

 Stem girth at 6 WAS Number of leaves at 2 WAS Root length 

Diazotroph        0.13  0.44 0.83 0.27 149.63   0.20 

Mycorrhiza        0.05   0.89 2.07 0.23 290.12   0.20 

DPH*MYC    0.91  0.14 0.47 0.70 43.12 0.78 

WAS = weeks after sowing, DPH*MYC = interaction diazotroph-mycorrhiza, Adj SS = adjusted sum of square. 

3.3. Maize biomass yield 

The biomass yield was estimated using maize fresh root weight, fresh shoot weight, and dry shoot weight. It was 
observed that the application of diazotroph, mycorrhiza, and their interaction did not significantly influence fresh and 
dry shoot weight (Table 3). However, the main factor "diazotroph" had a significant effect on dry root weight (Figure 
3); without diazotroph, 6.62 g and with diazotroph, 5.55 g. 

 

Figure 3 Effect of diazotroph, mycorrhizal application and their interaction on number of leaves at 8 weeks after 
sowing (A) and dry root weight of maize (B). 

The effect of diazotroph application in the field vary from negative to significantly positive.  In fact, biomass yield of 
maize was increased by diazotroph inoculation [18, 19]. However, previous investigation did not observe significant 
effect of selected diazotroph on maize dry weight [3]. 

Mycorrhiza application influenced root length, fresh root weight, fresh shoot weight, dry root weight and dry shoot 
weight. This agreed with past reports showing that mycorrhiza inoculation increased biomass yield of cereals [20, 21].  

4. Conclusion 

Improvement of maize growth and yield using biofertilizer is an important step to boost its production and soil 
sustainability particularly in sub-Saharan Africa. The inoculation of diazotroph and mycorrhiza, in this study, revealed 
some relevant results in the early growth stage of maize in terms of leaf area, number of leaves and biomass yield. 
Further investigation would be conducted to evaluate the grain yield. Biofertilizer utilization will reduce inorganic 
fertilizer application and farming cost. 
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