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Abstract 
Background: Rice is one of the staple crops in the African continent for its 
ability to give maximum yields which can help to achieve food security under 
the sustainable development goals (SDGs); to those effects, the incessant use 
of inorganic fertilizer has been employed which proved to have devastating 
effect in the environment and the ecosystem at large. Therefore, the thirst for 
an alternative method to ensure bumper production of rice cannot be over-
emphasized so as to prevent soil alteration and environmental damage. Ob-
jective: This study aimed at determining the efficacy of mycorrhizae-based 
manure on the vegetative growth of rice as compared to inorganic fertilizer 
and its sustainability. Methods: Soil samples were collected from seven (7) 
locations (M1 - M7). Mycorrhiza were isolated from the soils and mass pro-
duced, mixed with organic waste to form manure (biofertilizer) and were ap-
plied at concentrations of 50 g, 100 g and 150 g to the potted rice in tree (3) 
replicates. Growth parameters observed were plant height, girth diameter, leaf 
broadness and leaf number. Results: The result revealed mycorrhizal spore 
count ranging from 1.7 × 107 - to 4.1 × 107 across the locations. The mycorr-
hizae-based manure gives the highest plant height of 45.33 cm as compared 
with the least plant height of 18.5 cm from the inorganic fertilizer. Further-
more, the biofertilizer gives a positive influence on the other parameters ob-
served in comparison with the inorganic fertilizer. Statistical analysis shows 
that, the means of all the parameters except for leaf numbers were signifi-
cantly different at p ≤ 0.05 across the sampling locations. Conclusions: My-
corrhizae-based manure proves to be an effective replacement of inorganic 
fertilizer that can boost rice production at a cheaper cost. 
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1. Introduction 

Agriculture is one of the most important factors contributing to the economic 
growth of Nigeria in the 70s. Nigeria has 75 percent of its land suitable for agri-
culture, but only 40% is cultivated [1]. Agriculture alters the natural cycling of 
nutrients in soils. Intensive cultivation and harvesting of crops for human or 
animal consumption can effectively deplete the soil of essential plant nutrients. 
To maintain soil fertility for sufficient crop yields, soil amendments are typically 
required. In the ancient times, farmers nourished their fields with manure (ani-
mal dungs), charcoal, ash and lime (CaCO3) to improve soil fertility [2]. 

In order to reap a better harvest, farmers inoculate the soil with fertilizers 
which comes in two types either chemical or bio-fertilizers. Agricultural fertiliz-
ers are essential to enhance proper growth and crop yield. Recently farmers have 
been using chemical fertilizers for quicker and better yield [3]. The increasingly 
high inputs of chemical fertilizers, have not only left soils degraded, polluted and 
less productive but have also posed severe health and environmental hazards. 
Organic farming methods (such as the use of biofertilizers) would solve these 
issues and make the ecosystem healthier [4]. 

Naturally grown biofertilizers do not only gives a better yield, but are also 
harmless to humans. Nearly 22 million hectares of land are now cultivated or-
ganically. Organic cultivation represents less than 1% of the world’s convention-
al agricultural production and about 9% of the total agricultural area [5]. There 
are 17 essential elements required for proper plant growth. The dearth of any of 
these essential nutrients can result in severe damage to the crop health. Of the 
mineral elements, primary macronutrients (Nitrogen, Phosphorous and Potas-
sium) are needed in greatest quantities and are in short supplies in agricultural 
soils [2] [5]. Micronutrients or trace elements are needed in very small amounts 
and can be toxic to plants in excess. Silicon and Sodium are sometimes consi-
dered essential plant nutrients but due to their ubiquitous presence in soils, they 
are never in short supply [5] [6]. 

A biofertilizer is an organic product containing a specific microorganism in 
concentrate form, which is derived either from plant roots or from the rhizos-
phere zones of the soils [7] [8]. These bio-inputs or bioinoculants improve plant 
growth and yield [4]. Biofertilizers contain living cells of different microorgan-
isms that have the ability to mobilize nutritionally important elements from 
non-usable forms through biological processes. It can also be referred to as any 
substance containing living microorganism that colonizes in the rhizosphere or 
the interior of the plant [9]. Biofertilizers have shown great potential as supple-
mentary, renewable and environmentally friendly sources of plant nutrients and 
are important component of Integrated Nutrient Management (INM) and Inte-
grated Plant Nutrition System (IPNS) [10]. 

Biofertilizers play a very significant role in improving soil fertility by fixing 
atmospheric nitrogen both in association with plant roots and without it, solu-
bilize insoluble soil phosphates and produce plant growth substances in the soil 
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[2]. The incorporation of biofertilizers plays major role of improving soil fertili-
ty, yields attributed characters and thereby increased final yield, also increases 
soil biota. The role and importance of biofertilizers in sustainable crop produc-
tion has been reviewed by many authors [11] [12]. Application of biofertilizers is 
the only option to improve soil organic carbon for the sustenance of soil quality 
and future agricultural productivity [13]. Organic farming is the system of pro-
duction that tends to skip the use of synthetic fertilizers, pesticides and other ad-
ditives, but relies heavily on biofertilizers and biopesticides. 

Most biofertilizers belong to either nitrogen fixing or phosphate solubilizing 
microorganisms. Nitrogen fixing microorganisms fixes atmospheric nitrogen to 
the soils in forms which is readily absorbable by the plants [2]. While phosphate 
solubilizing microorganisms secretes organic acids which enhance the uptake of 
phosphorus by the roots of the plants by dissolving rock phosphate in the soils. 
Others are phosphate mobilizers and zinc solubilizers. These microorganisms 
include both bacteria (Azotobacter, Azosprillum, Rhizobium etc.) and fungi 
(mainly mycorrhizal fungi) [2]. 

Arbuscular Mycorrhizae (AM) plays a crucial role in plant nutrient uptake, 
water relations, ecosystem establishment, plant diversity, and the productivity of 
plants. Mycorrhizae send out extensive networks of fine thread which facilitate 
uptake of limiting nutrients to include phosphorous, nitrogen, several micronu-
trients to the plant [14] and are capable of absorbing inorganic P either from the 
soluble P pools in the soil or from insoluble forms such as rock phosphates via 
localized pH alterations or by producing organic acid anions which act as che-
lating agents [15]. Furthermore, AM fungi can also have a direct effect on the 
ecosystem, as they improve the soil structure and aggregation and drive the 
structure of plant communities and productivity [3] [4] [16]. 

2. Materials and Methods 
2.1. Collection of Soil Samples 

Soils were collected in Bauchi State within seven local governments in an open 
field described by Bauchi State Agricultural Development Program (BSADP) all 
within Bauchi metropolis namely; Dass (M1), Giade (M2), Tafawa Balewa (M3), 
Darazo (M4), Ganjuwa (M5), Jama’are (M6) and Bauchi (M7). Fifty grams of 
soil samples containing mycorrhiza fungi were obtained using a hand shovel and 
placed in a polythene bag from each local government and transported to the 
laboratory for further analysis. 

2.2. Identification of AM Fungi 

Identification to genus level is sufficient to determine whether or not a specimen 
is mycorrhizal. Identification of AM fungi was carried out in two ways: 

2.2.1. Macroscopic Identification 
Soil specimens collected were physically observed and accurately described using 
colour charts of “the Mathew handbook of colour” [17]. 
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2.2.2. Microscopic Identification 
Heterotrophic counts were made after incubation at room temperature, some 
fungi were observed to have distinctive features while others lack keys for identi-
fication in the field guide. Further microscopy through wet preparations of the 
pure cultures of the specimens is needed, to carefully examine the hyphal struc-
tures and nature of spores within the sporangia as compared to mycorrhizal fun-
gi identification atlas, in order to identify the mycorrhiza to specie level. These can 
be confirmed by molecular characterization if the specimens [18]. 

2.3. Mass Production of Mycorrhizal Fungi 

Twenty grams of soil samples from each local government are poured into a 25 L 
container, containing 2 L of microbial growth enhancer (molasses), aerator placed 
within the closed 25 L for proper mixing and left for about 4 - 5 days as de-
scribed by [17]. 

2.4. Local Manure Production 

Manure production was carried out as described by [17]. 25 kg of chicken dunk 
was mixed with the 25 L content and mixed with 10 kg of soil. The mixture is left 
for the period of 2 - 3 weeks in a moist condition to enable mycorrhizae extension. 

2.5. Growing of Rice Seeds 

Two-third (2/3) of the pots were filled with normal sand and the produced ma-
nure containing mycorrhizal fungi were introduced into the various pots to fill 
the remaining 1/3 of the pots. The seeds were sown and nurtured for 2 weeks 
before transplanted in an open filed using a (2 × 2) meter complete block design 
[19] [20]. 

2.6. Application of Fertilizers 

Mycorrhizae-based biofertilizer and synthetic fertilizer were applied in the early 
hours of the day between 6.00 am - 7.00 am. 50 g, 100 g and 150 g of the bioferti-
lizer were used. While the synthetic fertilizer was applied twice at the same rate 
of 50 g, 100 g and 150 g [2]. 

2.7. Recording of Growth Parameters 

Growth parameters such as: Plant height (cm) using a meter-rule (starting from 
the surface of the soil to the tip of the flag leaf), Number of leaves, Girth diame-
ter (cm) using a thread placed round the mid portion of the culm and then 
placed on a meter-rule and Leaf broadness (cm) using a meter-rule were rec-
orded to determine the growth and development of the rice crop treated with 
mycorrhiza biofertilizer as compared with synthetic fertilizer [2]. 

3. Results and Discussions 

The spore count across the sampling areas ranges from 1.7 × 107 - to 4.1 × 107 
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with Dass (M1) having the highest count while Darazo (M4) had the least count. 
Similar range was reported by [2], who observed spore count ranging from 1.6 × 
107 - 3.8 × 107 in the same sampling locations. Spore population within the soil 
rhizosphere could be attributed to the soil richness, topography and level of dis-
turbance within the sampling locations (Table 1). 

Results of this study revealed the effects of mycorrhizae base manure (organic) 
and inorganic fertilizer on the vegetative growth of rice across the sampling lo-
cations. The results show that mycorrhizae-based manure treated rice (M1T1) 
collected from Dass had the highest plant height (45.33 cm), followed by M3T1, 
M1T2 and M2T1 with 44.8 cm, 41.47 cm and 41.20 cm respectively. While the 
least plant height (18.5 cm) was recorded on the inorganic fertilizer treated rice 
(F4) collected from Darazo. The statistical analysis (MANOVA) revealed signif-
icant difference between the mean plant heights across the sampling locations at 
P ≤ 0.05 = 0.000 (Table 2). This result agrees with the reports of [3] and that of 
[2], who observed that organic manure enhances plant height in maize. 

Furthermore, the result revealed that mycorrhizae-based manure treated rice 
M3T1 gotten from Tafawa Balewa had the highest girth diameter of 2.03 cm fol-
lowed by M7T1, M4T1 and M4T2 with 1.97 cm, 1.87 cm and 1.83 cm respec-
tively. While the least girth diameter of 0.57cm, was observed on the inorganic 
fertilizer treated rice F4 collected from Darazo. Also, MANOVA revealed signif-
icant difference between the mean girth diameter across the sampling locations 
at P ≤ 0.05 = 0.000 (Table 2). This is concurrent with work of [2] who reported 
increase girth with organic manure treatment in maize plant. 

On leaf broadness the result revealed that, the highest leaf broadness of 1.23 
cm was observed on the mycorrhizae-based manure treated rice M1T3, followed 
by M2T1 and M3T1 with leaf wideness of 1.17 cm and 1.13 cm respectively. 
Whereas, the least leaf wideness of 0.33 cm was seen on the inorganic fertilizer 
treated rice F6. The result is in agreement with the findings of [4] who reported 
increased growth as a result of organic manure applications. The analysis con-
ducted shows that, there is significant difference between the mean leaf broad-
ness across the sampling stations at P ≤ 0.05 = 0.001 (Table 2). 

More so, the result of this study recorded highest number of leaves (4) on 
both mycorrhizae-based manure treated rice M3T1 and inorganic fertilizer treated 
rice F1 and F4 respectively. While the least number of leaf (1) was recorded on the 
control C4. This is in contrast with work of both [3] and that of [2] who only rec-
orded highest number of leaves on the organic fertilizer treated maize. 

Statistical analysis shows that there is no significant difference in the mean 
number of leaves across the sampling stations at P ≤ 0.05 = 0.327 (Table 2). 

 
Table 1. Spore counts of prepared sample gotten from different Sampling Locations within Bauchi state. 

 
Sampling Locations 

M1 (Dass) M2 (Giade) M3 (T|Balewa) M4 (Darazo) M5 (Ganjuwa) M6 (Jama’are) M7 (Bauchi) 

Spore count 1.7 × 107 2.3 × 107 1.5 × 107 2.1 × 107 3.1 × 107 3.8 × 107 1.6 × 107 
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Table 2. Mean Effects of both Mycorrhizae-based Manure and Inorganic Fertilizer of the vegetative Growth of Oryza sativum 
(Rice) Sampled within Bauchi State. 

Cultivars Plant Height Girth Diameter Leaf Broadness No. of Leaves 

M1T1 a45.33 ± 2.08 b1.63 ± 0.21 a1.23 ± 0.25 abc3.00 ± 1.00 

M1T2 ab41.20 ± 5.50 a1.70 ± 0.17 a1.23 ± 0.15 abc3.00 ± 1.15 

M1T3 c35.80 ± 10.39 b1.50 ± 0.85 a1.27 ± 0.21 abc3.00 ± 1.00 

M2T1 ab41.47 ± 1.39 b1.50 ± 0.27 b1.17 ± 0.15 abc3.00 ± 0.00 

M2T2 b38.70 ± 6.69 b1.67 ± 0.64 d1.00 ± 0.00 c2.00 ± 0.00 

M2T3 ab40.43 ± 2.99 b1.60 ± 0.53 a1.23 ± 0.25 abc3.00 ± 0.00 

M3T1 ab44.80 ± 2.81 a2.03 ± 0.45 b1.13 ± 0.12 a4.00 ± 1.00 

M3T2 ab40.37 ± 9.10 ab1.73 ± 0.15 b1.10 ± 0.10 abc3.00 ± 1.00 

M3T3 c37.37 ± 3.00 c1.20 ± 0.00 c1.03 ± 0.06 abc3.00 ± 0.58 

M4T1 g26.77 ± 2.40 a1.87 ± 0.23 c1.03 ± 0.25 abc3.00 ± 1.00 

M4T2 f28.83 ± 2.02 a1.83 ± 0.06 d1.00 ± 0.00 c2.00 ± 1.00 

M4T3 e29.90 ± 6.37 b1.63 ± 0.32 c1.03 ± 0.06 d2.00 ± 0.00 

M5T1 d32.90 ± 4.62 ab1.73 ± 0.25 d1.00 ± 0.00 abc3.00 ± 1.00 

M5T2 f28.20 ± 1.20 c1.47 ± 0.46 d1.00 ± 0.00 c2.00 ± 1.00 

M5T3 e29.87 ± 4.46 b1.60 ± 0.44 e0.93 ± 0.12 c2.00 ± 0.58 

M6T1 c37.00 ± 0.46 a1.87 ± 0.15 b1.07 ± 0.12 abc3.00 ± 1.00 

M6T2 c35.40 ± 0.53 a1.80 ± 0.20 d1.00 ± 0.00 c2.00 ± 0.00 

M6T3 d32.10 ± 4.43 a1.77 ± 0.21 b1.13 ± 0.23 abc3.00 ± 1.00 

M7T1 e29.47 ± 2.24 a1.97 ± 0.06 b1.10 ± 0.17 c2.00 ± 0.00 

M7T2 b38.60 ± 1.06 a1.77 ± 0.31 d1.00 ± 0.00 abc3.00 ± 1.00 

M7T3 c36.57 ± 0.51 a1.77 ± 0.40 d1.00 ± 0.00 b3.00 ± 0.00 

F1 d31.20 ± 1.57 c1.40 ± 0.20 e0.90 ± 0.17 a4.00 ± 1.00 

F2 f22.80 ± 2.98 d0.83 ± 0.29 b1.10 ± 0.20 abc3.00 ± 1.00 

F3 f26.17 ± 1.16 d1.07 ± 0.06 b1.10 ± 0.26 abc3.00 ± 1.00 

F4 g18.50 ± 1.50 d0.57 ± 0.21 e0.47 ± 0.06 a4.00 ± 1.53 

F5 f21.00 ± 1.00 d0.60 ± 0.10 e0.40 ± 0.10 c2.00 ± 1.00 

F6 g19.60 ± 1.77 d0.80 ± 0.36 e0.33 ± 0.15 c2.00 ± 1.00 

F7 f27.30 ± 2.07 b1.50 ± 0.36 b1.17 ± 0.21 abc3.00 ± 1.00 

C1 f27.70 ± 1.85 c1.37 ± 0.55 e0.90 ± 0.17 c2.00 ± 0.58 

C2 f26.57 ± 1.25 c1.33 ± 0.58 b1.13 ± 0.25 c2.00 ± 0.58 

C3 f25.27 ± 1.30 c1.30 ± 0.61 e0.83 ± 0.15 abc3.00 ± 1.00 

C4 f24.03 ± 1.00 d0.87 ± 0.15 e0.40 ± 0.10 d1.00 ± 0.58 

C5 f25.40 ± 0.96 c1.23 ± 0.32 d1.03 ± 0.15 abc3.00 ± 1.00 

C6 f25.00 ± 2.00 c1.30 ± 0.61 d1.03 ± 0.25 abc3.00 ± 1.00 

C7 f22.90 ± 1.74 c1.30 ± 0.61 c1.07 ± 0.31 c2.00 ± 1.00 

MANOVA based on treatment across 
the sampling stations (P ≤ 0.05) 

0.000 0.000 0.001 0.327 
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4. Conclusion 

The results revealed mycorrhizae-based organic fertilizer efficacy on the in-
creased vegetative growth phases of rice plant, its low cost of production and it 
had been ecofriendly with little or no damage on soil composition. Furthermore, 
it can be utilized for the colonization and propagation of desired vegetation in a 
natural environment and significant impact in habitat restoration efforts. Agri-
culture might also be positively impacted by shorter crop cycles which in turn 
will contribute to achieve sustainable agriculture in Nigeria [21]. 
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