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ABSTRACT

Rice (Oryza sativa L.) is one of the most important staple foods considered in many countries
around the world, including Nigeria. This aim of the study is to determine the effect of Arbuscular
mycorrhizal fungi on the growth and yield of rice. The experiment was conducted in a screen house
using a complete randomize design (CRD). Two rice varieties (Nerica and Jamila) were grown in a
one litre pods, filled with sterilized soil and three seeds were sown into each pod at a depth of 2 cm
until germination, then reduced to one seedling. Different Arbuscular mycorrhizal fungi (AMF) dose
(10 g, 20 g, 30 g, and 40 g) was inoculated at the time of seed sowing and non-inoculated pods as
control. Various parameters were taken into consideration like plant height, number of leaves,
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potential biofertilizer.

panicle length and panicle number while shoot dry biomass, root dry biomass and yield attributes
were taken at harvest. According to the results, the effects on growth indices and yield attributes
increases with increased in AMF dose. Although, yield attributes were significantly higher, in the
order control<10 g<20 g< 30 g< 40 g. Thus, suggesting the beneficial utilization of AMF as a

Keywords: Oryza sativa L.; arbuscular mycorrhizal fungi; Complete Randomize Design (CRD);

biofertilizer.
ABBREVIATIONS

AMF : Arbuscular mycorrhizal fungi
Cc : Carbon

CRD : Completely randomized design

DSAAT : Digital situational awareness assessment and training
SOM : Soil organic matter

MGR : Mycorrhizal Growth Response

N : Nitrogen

NCRI : National Cereal Research Institute

P : Phosphorus

1. INTRODUCTION

Rice is one of the most vital cereal crops grown
in many countries globally, with more than half of
the global population depending on it as part of
essential family diet [1,2,3,4]. Farmers need to
scaled up production in other to meet global
market demand for rice. These rising demands
for agricultural products has introduced many
techniqgues and processes of attaining higher
yield through the use of advanced machineries,
synthetic and inorganic fertilizer, improved
cultivars and pesticides [5,6,7]. Consequently,
multiple constraints arising from policy changes
has led to a ban and restriction of many
agrochemical brands used by farmers across the
country leading to a significant dropped in rice
production in recent years. Nevertheless, the
effect of synthetic agrochemicals on both
humans and the environment due to massive rice
cultivation cause great concerned [8]. Therefore,
exploring better alternative cultivation method
that minimize the use of agrochemicals and
synthetic fertilizer becomes necessary towards
ameliorating their negative impacts on the
environment.

Arbuscular  mycorrhizal  fungi  (AMF)have
coexisted with plants in various ecosystems long
ago [9]. AMF exist in almost all soils forming
symbiotic association between the plant root and
the fungi. These symbiotic association is
established as the host plant supply the fungi
with carbon in the form of sugar and lipid while
the fungi supply nutrients, minerals and water to

the host plant [10,11,12]. According to Xu et al.,
[13] revealed that AMF ability to enhance both
growth and development through absorption and
utilization of required nutrients, essential
minerals and water, increase overall plant
tolerance to both biotic and abiotic stress,
improving soil physical and chemical properties
have been reported by many scholars. AMF have
positive impact on cell regeneration and root
development of the host plant by enhancing the
root absorption capacity, thereby maintaining
both ion and osmotic balance and also, robust
strengthening of the plant antioxidant productive
system [14]. The influence of AMF towards
reduction of oxidative processes and reducing
soil organic matter have led to reduction of the
amount of soil based carbon-dioxide (COz2)
emission resulting from organic carbon stock in
the soil [14,15,16].

Few research have reported little or no AMF
colonization of rice root in paddy field under flood
regime [17,18,19] while numerous research have
reported the presence of AMF colonisation in
paddy field  worldwide [20,21,17,22,23].
Therefore, the aim of the study is to determine
the effect of arbuscular mycorrhizal fungi on the
growth and yield of rice (Oryza sativa) in Bauchi,
Bauchi State, Nigeria.

2. MATERIALS AND METHODS
2.1 Site Description

The experiment was conducted in the Screen
house of Abubakar Tafawa Balewa University in
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Bauchi, Bauchi State, Nigeria. The area is lies in
the tropical savanna climatic zone between
latitude N 10° 16.520° and N 10° 17.02’ and
longitude E 009° 49.02’ and E 009° 49.433".

2.2Source of Rice Seeds and AMF
Inoculum

Two varieties of rice (Nerica and Jamila) were
purchased from National Cereal Research
Institute (NCRI), Badeggi, Niger State, Nigeria.
Viability test of seeds was carried out according
to Goyal et al.,, [24]. The AMF inoculum was
sourced from  University of  Aberdeen,
Department of Biological Sciences, Aberdeen,
Scotland.

2.3 Soil Analysis

The pre-planting soil was collected in a
transparent Ziplock polythene bag and taken to
University of Maiduguri, Department of Soil
Science for physical and chemical analysis. The
parameters  analysed includespH  (H20),
Electrical Conductivity (dsm-), Exchangeable
Acidity (cmol kg?), Ca?* (cmol kg?), Mg?* (cmol
kg?l), K* (cmol kg?t), Na* (cmol kg?), Cation
Exchange Capacity (cmol kg?), Total
Exchangeable Base (cmol kg), Base Saturation
(%), N (%), Organic Carbon (%), Organic Matter
(%), Carbon to Nitrogen, Available Phosphorus
(mg kg?), Clay, Sand, Silt, and Texture were all
determine according to American Public Health
Association (APHA) (2008).

2.4 Experimental Treatment and Design

Different concentration of AMF Glomus
intraradices (10g, 20g, 30g and 40g) were
inoculated and non-inoculated pot as control.
The experiment was set-up in a completely
randomized design (CRD) using 1 litre pots filled
with 5 mm sieved soil. Three rice seeds were
planted into each pot at a depth of 2 cm which
after germination others were removed,
maintaining one at each pot. The inoculation of
AMF (109, 20g, 30g and 40g i.e. average of 40
spores per 10 g) were done at the time of
sowing.

2.5 Data Collection

Plant height, number of leaves, panicle length
and panicle number were recorded at two weeks
intervals while root biomass, shoot biomass,
weight of seeds and number of seeds per plant
were recorded at harvest i.e. at thirteen weeks.

2.6 Statistical Analysis

Data collected from growth indices (plant height,
number of leaves, panicle length, panicle
number, root biomass, shoot biomass and yield)

were analysed using Data Science and
Advanced Analytics Statistics (DSAASTAT)
statistical software on Microsoft excel and

GraphPad Prism version 8.0 software. The
significances of treatment means were
determined at P<0.05 with Duncan’s Multiple
Range Test.

3. RESULTS

Fig. 1A shows the number of leaves of Oryza
sativa variety (Nareca) inoculated with different
dose of arbuscular mycorrhiza fungi (AMF) of
which, there is no significant difference between
109,30g and 40g at harvest. There is significant
difference between control (0g), and 30g at
harvest and of which 30g has the highest leave
number. Fig. 1B shows number of leaves of
Oryza sativa (Jamila) inoculated with different
dose of arbuscular mycorrhiza fungi (AMF) of
which, there is no significant difference between
10g, 20g and 30g at harvest. There is significant
difference between 40g and other treatments, of
which40g has the highest leave number while
control (Og) record least number of leaves.

Fig. 2A shows the plant height of Oryza sativa
variety (Nareca) inoculated with different dose of
arbuscular mycorrhiza fungi (AMF) of which,
there is no significant difference between 30g
and 40g at harvest. Similarly, there is no
significant difference between 10g and 20g at
harvest while there is significant difference
between control (0g) and other treatments. Fig.
2B shows plant height of Oryza sativa (Jamila)
inoculated with different dose of arbuscular
mycorrhiza fungi (AMF) of which, there is no
significant difference between control (0g), 10g,
and 20g at harvest. There is no significant
difference between 30g and 40g at harvest and
40g has the highest leave number.

Fig. 3 shows the shoot dry biomass of Oryza
sativa varieties (Nareca-8 and Jamila) inoculated
with different dose of arbuscular mycorrhiza fungi
(AMF). For Nerica-8, there is no significant
difference between 20g, 30g and 40g at harvest
while there is significant difference between
control (0Og) and other treatments. Similarly,
Jamila variety shows no significant difference
between control (0g), 10g, 20g, and 30g at
harvest.
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Fig. 1. A - Effect of AMF (Glomus intraradices) on number of leaves of Oryza sativa (Nerica)B -
Effect of AMF (Glomus intraradices) on number of leaves of Oryza sativa (Jamila)
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Fig. 2. A - Effect of AMF (Glomus intraradices) on plant height of Oryza sativa (Nerica)B - Effect
of AMF (Glomus intraradices) on plant height of Oryza sativa (Jamila)

Fig. 4 shows the root dry biomass of Oryza
sativa varieties (Nareca-8 and Jamila) inoculated
with different dose of arbuscular mycorrhiza fungi
(AMF). For Nerica-8, the result shows there is no
significant difference between 20g, 30g and 40g
at harvest while there is significant difference
between control (0g), 10g and 20g AMF at
harvest. The result for Jamila variety shows that
there is no significant difference between control
(0g), 10g, and 20g AMF at harvest.

Fig. 5 shows the yield of Oryza sativa varieties
(Nerica-8 and Jamila) inoculated with different

dose of arbuscular mycorrhiza fungi (AMF). The
two varieties have response to AMF inoculation
positively when compared with their respective
controls (0g). Jamila (40g AMF) has the best
yield as compared to Nerica-8.

Fig. 6A shows the panicle length of Oryza sativa
variety (Nareca) inoculated with different dose of
arbuscular mycorrhiza fungi (AMF) of which,
there is no significant difference between control
(0g), 10g, 20g and 30g AMF at harvest while 40g
has the highest panicle length. Fig. 6B shows
panicle length of Oryza sativa (Jamila) inoculated
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with different dose of arbuscular mycorrhiza
fungi (AMF) of which, there is no significant
difference between control (0g), 10g, 20g and
30g AMF at harvest while there s
significant difference between 40g AMF and
other retreatments. Similarly, 40g has the
highest panicle length in both Nerica-8 and
Jamila.

Table 1. Physical and chemical properties of
the pre-planting soil

Soil property Value
pH (H20) 6.79
EC (dsm) 0.23
EA (cmol kgt) 1.40
Ca?* (cmol kg1) 18.0
Mg?* (cmol kg1) 3.80
K* (cmol kg1) 0.18
Na* (cmolkg?) 0.41
CEC (cmol kg?) 22.4
TEB (cmol kg?) 23.8
Base Sat. (%) 94.1
N (%) 0.15
OC (%) 0.59
OM (%) 1.02
C:N 3.93
AP (mg kg?) 29.0
Clay 60.3
Sand 60.3
Silt 10.7
Texture Sandy clay loam

EC-Electrical conductivity, EA-Exchangeable acidity,
Ca?* -Calcium, Mg?* -Magnesium, K* -Potassium, Na*
-Sodium, CEC- Cation exchange capacity, TEB- Total

exchangeable base, Base sat- Base saturation, N-
Nitrogen, OC- Organic carbon, OM- Organic matter,
C:N- Carbon to Nitrogen, and AP- Available
Phosphorus.

Fig. 7A shows the number of tillers of Oryza
sativa variety (Nareca-8) inoculated with different
dose of arbuscular mycorrhiza fungi (AMF) of
which, there is no significant difference between
20g and 30g at harvest while there is significant
difference between 40g AMF and other
treatments. Fig. 7B shows number of tillers of
Oryza sativa (Jamila) inoculated with different
dose of arbuscular mycorrhiza fungi (AMF) of
which, there is no significant difference
between control (0g), and 10g, AMF at
harvest. Similarly, there is no significant
difference between 20g and 30g, AMF at
harvestwhile there is significant difference
between 40g AMF and other treatments. And,
40g has the highest number of tillers in both
Nerica-8 and Jamila.

4. DISCUSSION

The inoculation AMF have shown positive impact
on the two rice varieties as compared to the non-
inoculated ones, a phenomenon known as
Mycorrhizal Growth Response (MGR) [25,26].
The AMF inoculated plants performed higher due
the symbiotic association between AMF and the
host plant. Several studies have reported the
positive effects of AMF on the growth and yield of
rice [27,28,29]. These AMF-plant association
induce plant growth and vyield by improving
nutrients, minerals, and water uptake of the plant
and in return, the host plant supply the fungi with
protein for their growth and development [27,30].
Plant height were significantly higher in plants
inoculated with high dose of AMF which agrees
with the studies of Karunarathna et al., [31] and
Michel et al., [32]. Shoot and root biomass were
significantly higher in plants with high AMF dose
which agree with study of Miora et al., [33].
Similarly, vyield of the plants increases with
increased in AMF dose which agrees with studies
of Chareesri et al., [34] and Huanhe et al., [35].

High yield may be attributed to increased in P
and N uptake induce by the high root
colonization by AMF. Plants inoculated with high
AMF dose exhibit high root colonization which
result due to availability of soil nutrient
particularly P [33,36]. During grain filling stage,
high nutrients supply to panicle particularly P and
N could also be the reason for attaining high
yield in the inoculated plants [37]. Low P
availability in plant result in more carbon
allocationto AMF in other to grow more hyphae,
reaching new areas [38,39]. The presence of
AMF is also known to improved N uptake by the
host plant [40,41]. The colonization of rice root by
AMF usually occurred at the vegetative stage
[42] of the rice growth not at the matured stage
[43,44] of the rice plant, indicating early support
by AMF to the host plant.

AMF exert positive influence on microbial
communities in the soil through improving soil
structure, stimulating root growth, enhancing root
exudate in the rhizosphere, and rapid production
of glomalin [45,46,47,48]. Similarly, the
enhancement of soil nutrient bioavailability,
increasing plant developmental hormones and
improving host plant growth are among the few
positive affect of soil microbial communities on
AMF [46,49,50]. The role of rice plant towards
limiting plant pathogens in the soil are attained
through the secretion of different range of root
exudate in to the soil which attracts wide range of
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microorganisms thereby, establishing mutualistic
association with the rice plant [51,52,53].

The established symbiotic association have
clearly revealed the complete dependent of AMF
on photosynthetic fixed C for their growth and
development [54,23]. Similarly, high AMF
colonization lead to increase photosynthetic rate
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in the host plant [55,56]. According to Wang et
al., [23] reported that AMF have gradually
evolves trait that circumvent defence
mechanisms which are strictly controlled in the
immune system of the host plant. In contrast,
AMF have exhibited the ability to improve
sustainable rice production through enhance
nutrient uptake.
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5. CONCLUSION

In conclusion, AMF shown greater potential to
improve  growth development leading to
increased rice productivity and higher grain yield
under favourable condition. The result validates
the influence of AMF on the growth and yield of
rice varieties (Nerica-8 and Jamila) and Jamila
has the best performance with AMF inoculation
then Nerica-8. It reveals that high yield attributes
were observed with increased AMF dose in both
varieties of rice which relates to high AMF
colonization around the roots, thereby increasing
both water and nutrient uptake by the plant.
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