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ABSTRACT

Objective: In the highlands of South-Kivu province of DRCongo, cassava is grown on marginal land not
suitable for other crops. Walungu territory for instance is dominated by acidic soils and has the highest
nutrient depletion rate in the country. On such types of soil, nutrient depletion is accompanied by a decrease
in the availability of phosphorus and many other nutrients. The use of Arbuscular mycorrhizal fungi (AMF)
would therefore be an alternative to improve the phosphate nutrition of cassava under different soil conditions.
Methodology and results: The experiment reported in the current study was conducted in pots under semi-
controlled conditions. Ferrallitic soil from Walungu was used. Soil was sterilized or not and then inoculated
with the AMF Rhizophagus irregularis (RI) strain. Results showed that inoculation with an exotic AMF strain
(Rhizophagus iregularis) has significantly increased root abundance (number of roots) in both sterilized and
unsterilized soil and root dry weight in sterilized soil only. However, in unsterilized soil, root dry weight
decreased with AMF inoculation. In Walungu acidic soils, P supply could significantly influence the effect of
mycorrhizal inoculation on root development and root abundance. AMF inoculation has significantly
increased the shoot P concentration when P was supplied. In sterilized soil, mycorrhizal inoculation had a
depressant effect on soil phosphorus concentration, especially when P was not supplied.

Conclusion and application of results: Our results suggest that the introduced Rhizophagus iregularis strain
increases P uptake in the rhizospheric soil, especially when phosphorus is not applied to the sterilized or
unsterilized soil. The use of the Rhizophagus irregularis strain as a biofertilizer could improve phosphorus
nutrition and root development in cassava.

Keywords: Arbuscular mycorrhizae, Rhizophagus irregularis, P uptake, Cassava, Ferrallitic soil

INTRODUCTION

Low soil fertility is known to be the factor limitingthe ~ dependence on agriculture in most rural areas of
productivity of agricultural systems in sub-Saharan ~ Africa. In addition, there is a high level of
Africa (Agbaje and Akinlosotu, 2004). This is  degradation of agricultural land resulting in low
attributed to high population density and high water retention capacity and essential nutrients
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including nitrogen, phosphorus and potassium
(Cassman et al, 2002; Kintché et al., 2017). In the
highlands of South-Kivu province, Cassava mono-
cropping system is only done on marginal lands,
unsuitable for other crops (Cox, 2008; Pypers et al.,
2011). Under this category fall, Walungu soils which
have been described as very acidic (pH between
3.96 and 5.54), with high levels of iron and
aluminium oxides that limit bioavailability and
significantly reduce the rate of orthophosphate ions
in the soil solution (Bagula et al, 2014). Under these
conditions, phosphorus deficiency due to the
presence of Fe and Al constitutes one of the factor
limiting cassava yield under field conditions (Pellet
and E-sharkawy, 1993). Phosphorus is of crucial
importance, needed for plant development and
growth. In tropical regions, however, lack of
phosphate nutrition is stil one of the main
constraints limiting plant development and crop
yield in degraded soils (Hinsinger et al., 2015).
Experiments have shown for example that
phosphorus inputs of about 100 to 150 kg ha' can
improve cassava Yyield. Nevertheless, the high cost
of phosphate fertilizers still limits their use by
smallholder farmers, who are often poor and
resource-constrained. In order to overcome these
problems, the use of alternative sources of
phosphorus is essential. The exploitation of
mycorrhizal symbiosis stands as one of the sources

MATERIALS AND METHODS

Plant material, growth conditions and planting: The
experiment was conducted in the greenhouse of the
Faculty of Agricultural Sciences and environment of the
Université Evangélique en Afrique (DRC, 2°54387 S Lat,
28°86059 E Long, 1675m. Alt) where the average
temperature is 20 °C during the day and 16 °C at night
(Yali, 2004). Planting was done in plastic pots with a
capacity of 4kg of soil (259, 5 cm). The Sawasawa
variety of cassava, developed by IITA (International
Institute of Tropical Agriculture) Kalambo, was used in
this experiment. This variety is well known for her
resistance to African cassava mosaic virus (ACMV).
Pots used for experiment were arranged in a split plot
design with three factors (2x2x2x4) consisting of two
levels of mycorrhizal inoculation (with and without AMF
inoculation), two soil conditions (sterilized soil vs

that could yield interesting results (Aime et al., 2016;
Kintché et al., 2017; Munyahali et al., 2017).
Arbuscular  Mycorrhizal Symbiosis plays an
important role in plant growth and mineral nutrition.
Some species in particular have the ability to
mobilize and solubilize organic phosphorus from the
soil by making it available to plants as phosphate
ions (Okon, 2010). Studies have shown that
extramatricial hyphae of AMF could improve
absorption, transfer and assimilation of nitrogen and
phosphorus for the host plants. Its beneficial effect
mainly depends on the genotypes and growth stage
of host plants and inoculated AMF strains (Okon,
2010; Taylor et al, 2014; Turrini et al., 2017).
However, it has been recognized that the
dependency of some root crops like cassava on
mycorrhizal is high, especially for nutrient uptake
from the soil (Cavender et al., 2003; Carretero et al.,
2009), its response to mycorrhizal inoculation in
highly acidic soil has not yet been thoroughly
investigated. Moreover, as suggested by empirical
evidence, inoculation with high efficient strains
could increase the nutrient absorption efficiency of
cassava plants. Therefore, the objective of this
study was to investigate the effects of mycorrhizal
inoculation on root development and P uptake in
cassava plants under different soil conditions with
or without phosphorus application.

unsterilized soil) and two levels of phosphorus supply
(with phosphorus supply vs without phosphorus supply).
With 32 pots, each treatment was repeated four times.
Pots were randomly arranged each week to avoid the
effect of positioning. Soil samples were collected from
Walungu territory in farmer fields in Burhale Sub-County
(Lat, 2.692°S, Long, 28.647°E, Lat; 1700m above sea
level) and were used as a growing medium. This is a
Ferralsols commonly known as Kalongo (red soil),
according to the soil map of Belgian Congo and Ruanda-
Urundi, Dorsale de Kivu, following the classification
system of Institut National pour 'Etude Agronomique du
Congo Belge (INEAC). This soil is characterized by a
high aluminium saturation rate, a very low pH, a low
cation exchange capacity, a low organic manure rate and
alow level of available phosphorus (Deckers et al. 2003).
The soil characteristics are listed in the table below;
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Table 1: Soil characteristics of the top soil (0—20 cm) in Burhale, DR Congo.

Property Units Mean Range
pH (H20) 5.31 4.62-5.86
Organic C (%) 248 1.23-4.24
Total N (%) 0.22 0.10-0.41
Olsen-P (mgPkg-") 8.20 3.59-21.7
Exchangeable K (cmolckg-1) 0.91 0.24-2.47
Exchangeable Mg (cmolckg-") 1.22 0.15-1.90
Exchangeable Ca (cmolckg-1) 3.80 0.97-6.50
Exchangeable acidity (cmolckg-") 0.68 0.00-2.46
ECEC (cmolckg-") 6.60 3.06-9.85
Clay (%) 32 17-58
Silt (%) 17 14-24
Sand (%) 51 28-64

AMF Inoculation and phosphorus application in Pot:
To assess the effects of AMF inoculation under different
levels of phosphorus supply and soil conditions on root
development and P uptake, one non-indigenous strain
Rhisophagus iregularis of arbuscalar mycorrhizal fungi
was used. This strain was imported from Kenya as a
commercial strain packaged in peat as a conservation
substrate. Ten grams (10 g) of AMF inoculum was
applied per pot and placed under cassava cuttings to
ensure contact between the plant and the treatment at
the root development stage. A cassava cutting was
placed at the centre of the pot after the application of
TSP and AMF. AMF inoculation treatments were applied
to main plot and Phosphorus levels were applied to
subplots. Each of the plots was grown under both soil
conditions; unsterilized and sterilized soil. The soil was
sterilized using an autoclave at 120°C for 2 minutes with
three  repetitions.  Phosphorus  fertilizer  (triple
superphosphate) was applied by hand at a rate of 0.43
grams per pot and incorporated into the soil. To avoid
any nutritional deficiency during our experiment, nitrogen
was supplied in the form of Urea to all plots at a dose of
150mgN kg of soil, resulting in 1.3 grams of CO (NH2),
per pot. Whereas, KCI was used at a dose of 150mg K
kg soil, which corresponds to 1 gram KCI per pot.
Watering was carried out every day depending on the
water status of the sail.

RESULTS

Roots development of cassava plants as affected by
AMF inoculation, Soil condition and phosphorus
supply: The ANOVA analysis (see table 2?) showed that
root length were not significantly influenced by neither P
supply, soil conditions nor AMF inoculation. In sterilized

Plant performances and cassava P uptake in pots
conditions: Four months after planting, cassava plants
were harvested and growth parameters were evaluated.
Plants were then separated into roots and shoot after
thoroughly washing in water. The measured parameters
were root length, root distribution (number of roots) and
root biomass. The root length was determined using a
graduated ruler of about 30 cm. The number of roots per
plant determined by root count evaluated the root
distribution. As regard to the root biomass, it was
determined by drying the root samples in an oven at
65°C for 3 days. The dry weight of the roots determines
the root biomass. To assess P uptake among the
treatments, Phosphorus concentrations in plant parts
were analysed colorimetrically by the molybdate-blue
method according to (Murphy and Riley 1962). In
addition, the available phosphorus was measured in the
soil of each treatment at the end of the experiment. In
addition, assimilable phosphorus was measured in the
soil of each treatment at the end of the experiment. This
was important to assess the influence of mycorrhizal
inoculation and other treatments on phosphorus uptake.
Statistical Analysis: All data were statistically analysed
by XL-Stat version 206. Differences amongst treatments
in response to AMF inoculation, P application and soil
conditions were analysed using One-way and three-way
of ANOVA. Means were compared with the Student-—
Newman-Keuls range test (P<0.05).

soil, inoculant of AMF did not increase root length of
plants. However, in unsterilized soil root length was
increased by AMF inoculation without phosphorus
supply. In general, root length was high in absence of
mycorrhizal fungi inoculant. It was therefore observed
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that root length tends to decrease with application of
mycorrhizal inoculum.
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Figure 1: Effect of treatments on the root length of cassava plants

The abundance of root system was evaluated with the
number of root per plant, which determines the root
distribution. Results showed that the number of root (root
distribution) were significantly influenced by the P supply
(p-value = <0.0001) and AMF inoculation (p-value = 0.
01). Root distribution was better with P supply compared
with treatments without P supply. Under P, supply root

distribution was better with AMF inoculation in both
sterilized and unsterilized soil. However, without P
supply, AMF inoculation did not significantly affect root
distribution. There was a statistically significant
interaction between AMF, P supply (p< 0. 0001) and soil
conditions (p=0.010).
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Figure 2: Number of roots formed according to the different treatments

Root dry weight was mainly influenced by the three
factors. The highest difference between averages was
observed under different soil conditions. Root dry weight
significantly increased by P supply independently of
AMF inoculation in both sterilized and unsterilized soil.
However, in sterilized soil, mycorrhizal plants have a
higher root dry weight than the non-mycorrhizal plants
under low level of phosphorus. On the other hand, in

unsterilized soil, root dry weight has significantly
decreased with the AMF inoculation. There was a
statistically significant interaction between AMF, soil
condition (< 0.0001) and P supply (< 0.0001) for the root
dry weight. These interactions indicate that in general,
unsterilized soil and P supply reduce the effect of AMF
inoculation on the root dry weight.
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Figure 3: Root dry weight according to the different treatments

Effect of AMF inoculation, P supply and soil
condition on plant P uptake: The level of available
phosphorus in shoot was significantly affected by AMF
inoculation (p= 0.007), P supply (p= < 0.0001) and soil
condition (p= < 0.0001). In sterilized soil, P uptake
decrease  significantly  with  AMF  inoculation

independently of P supply. In unsterilized soil, P uptake
was higher in mycorrhizal plants than in non-mycorrhizal
plants under P supply only. There was a significant
interaction between AMF, P supply (p=0.002) and soil
conditions (p= < 0. 0001).
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Figure 4: Mean shoot P concentration of AMF inoculated and uninoculated plants under P

Soil phosphorus concentration was measured after
experiment to assess the amount of phosphorus
accumulated because of the various treatments. The
ANOVA analysis showed that P concentration in the soil
was significantly affected by all the treatments. In
unsterilized soil, P concentration was influenced by P
supply and AMF inoculation. The soil P concentration
level was higher with P input than in soil without P input.
The increase in soil P concentration may also be due to
the action of mycorrhization following phosphorus
solubilization. The strain used (Rhizophagus irregularis)
is reported to have a high capacity for soil phosphorus
solubilization (Lourdes et al, 2017). In addition, the effect

of mycorrhizal inoculation on soil phosphorus
concentration was higher in soil with P input than in soil
without P input. However, in sterilized soil, mycorrhizal
inoculation had a depressant effect on soil phosphorus
concentration, especially without phosphorus input. The
results suggest that the Rhizophagus ireqularis strain
interacts with other microorganisms from the soil to
increase phosphorus uptake in the rhizospheric soil,
especially when phosphorus is not applied on sterilized
or unsterilized soil. There was a significant interaction
between AMF inoculation, soil condition (p=< 0.0001)
and P supply (p= < 0. 0001).
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Figure 5: Mean shoot P concentration in with AMF inoculated and uninoculated soil under P supply or no

Table 2: Synthesis of the three-way ANOVA analysis for all variables in the study. Means were compared with the

Student-Newman—Keuls range test (P<0.05).

Source of variation Root length. Root distribution Root dry weight Root_P. Concentration P.ass. Sol

R? 0,284 0776 0,041 0973 0.995
F 1357 11,897 55.131 122,357 745297
Pr>F 0,268 <0.0001 <0,0001 <0,0001 <0,0001
o 0252 0357 19,844 116,728 69,643

0,620 0,556 0,000 <0,0001 <0,0001
o 0918 14,450 113.958 49,272 17 461
0,348 <0,0001 <0,0001 <0,0001 0,000
i 2,634 7 867 60,098 8778 163,077
0118 0010 <0,0001 0,007 <0,0001
SorToP 0.456 0476 0,189 9.860 1068,553
0,506 0497 0667 0,004 <0,0001
Sor A 1,836 1,541 131075 535451 634,308
0188 0226 <0,0001 <0,0001 <0,0001
) 3,364 20721 60,633 11,886 2926172
TSP*AMF 0,079 <0,0001 <0,0001 0,002 <0,0001
- 0.040 7,867 0.117 124521 37662
SoFTSPAMF 0.842 0010 0735 <0,0001 <0,0001
DISCUSSION

Root development: This work shows that inoculation
with an exotic arbuscular mycorrhizal fungi strain has
significantly affected the abundance of root system of
cassava plants. This study revealed that number of roots
was also influenced significantly by the P supply. Under
P supply, root distribution was better with AMF
inoculation in both sterilized and unsterilized soil.
Mohammad, Malkawi and Shibli (2003) reported the
same results when they investigated the effect of
mycorrhizal inoculation and P fertilization on Barley plant
growth. Improved plant growth under different soil
conditions could be linked to improved phosphorus

uptake due to mycorrhizal symbiosis. The root dry weight
was mainly influenced by all the three factors. In
sterilized soil, mycorrhizal plants have a high root dry
weight than the non-mycorrhizal plants under soil without
phosphorus supply. However, in unsterilized soil without
P supply, root dry weight have significantly decreased
with AMF inoculation indicating the competition between
Rhizophagus irregularis and indigenous AMF strains to
increase plant P uptake and water nutrition (Bir6 et al.,
2000; Gryndler, 2000; Ortas, Zeina and Sari, 2010).
However, under P supply, root dry weight increases with
AMF inoculation. Several studies show that AMF are
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actively involved in plant growth through improving water
and mineral nutrition. AMFs absorb water and soil
nutrients, mainly phosphorus and others such as
nitrogen, zinc and potassium, and then pass them to
their host plants. This effect also leads to an increase in
plant height and biomass (Dalpé, 2005; Jansa, Mozafar
and Frossard, 2005; Guissou, 2009). Higher biomass
production in mycorrhizal plants compared to non-
mycorrhizal plants has been frequently reported and has
mainly been attributed to the AMF contribution to P
nutrition of the host plant when plants were grown on low
P substrates (Sensoy et al., 2007; Dave and Tarafdar,
2011). The increase in root dry mass due to AMF
inoculation confirmed the increase in endophyte
dependence in the inoculated plants (Ndoye et al.,
2016). In addition, both a reduction and an increase in
root growth upon mycorrhizal colonization could be
observed under favourable conditions. We did not
observe any significant response of cassava root length
to AMF inoculation even under P supply or not. The
decrease of root length of mycorrhizal plants than non-
mycorrhizal plants with added insoluble phosphorus was
also observed in maize under low soluble ferrous
phosphate fertilization (Rakshit and Bhadoria, 2010).
This indicates the great development of AMF hyphae.

P uptake: A comparison of P concentration in shoots
according to the different treatments showed the
contribution of AMF to P nutrition of host plants. In
unsterilized soil, P uptake (shoot P concentration) was
higher in mycorrhizal plants than in non-mycorrhizal
plants with or without P supply. However, in sterilized
soil, P uptake decrease significantly with AMF
inoculation regardless of P supply indicating that
unsterilized soil probably contains more propagules that
can induce mycorrhizal symbiosis and phosphorus
absorption in cassava plants (Neumann and George,
2004; Ndoye et al., 2013). This result generally supports
previous studies (Sawers et al., 2017) according to the
evaluation of AMF inoculation, root hyphae development
and P uptake. There was a greatest correlation between

CONCLUSION

The results indicate that cassava variety used in this
study showed a positive response to AMF inoculation
according to phosphorus supply and soil conditions.
Inoculation with an exotic arbuscular mycorrhizal fungi
strain  (Rhizophagus iregularis) has significantly
increased root abundance (number of roots) in both
sterilized and unsterilized soil and the root dry weight in
sterilized soil only. However, in unsterilized soil, root dry
weight decreased with AMF inoculation. In Walungu

the AMF inoculation, root-external hyphae and shoot P
concentration. In addition, P concentration increased
significantly in the colonized plant materials compared to
the non-mycorrhizal plants. AMF help to increase
nutrient uptake by increasing the surface area of the
plant absorptive system (roots) under P-depletion soil
(Azcbn-Aguilar and José, 1997). Itis known that an AMF
association is required for P uptake and plant growth in
nearly all soils. In this condition, an increase of P into the
labile pool by fertilization would be expected to increase
the P uptake ability of the mycorrhizal root system of
cassava (Sieverding and Howeler, 1985; Rakshit and
Bhadoria, 2010). In addition, under mineral fertilization,
mycorrhization can even increase the efficiency of
minerals fertilizers to the benefit of plants (Sow et al.,
2016). Soil phosphorus concentration was influenced by
P supply and AMF inoculation. The effect of mycorrhizal
inoculation on soil phosphorus concentration was higher
in soil with P input than in soil without P input. However,
in sterilized soil, mycorrhizal inoculation had a
depressant effect on soil phosphorus concentration,
especially without phosphorus input. The results suggest
that the introduced Rhizophagus iregularis strain
increase phosphorus uptake in the rhizospheric soil,
especially when phosphorus is not applied to the
sterilized or unsterilized soil. Our findings are in line with
those of Rakshit and Bhadoria (2010) who have
observed that soil with mycorrhizal plant contained
significantly lower amounts of P than those with non-
mycorrhizal plants indicating that plants in AMF
symbiosis absorbed more P from the soil than the non-
mycorrhizal plants. The high level of functional diversity
in the symbioses between the plant and different CMAs
according to benefits and cost could explain the success
or failure of an endomycorrhizal symbiosis (Smith et al.,
2008; Ortas, Zeina and Sari, 2010). Other studies
therefore suggest that the response to mycorrhizal
inoculation depends not only on the plant species but
also on the MFA strain (Sensoy et al., 2007; Ndoye et
al., 2016).

acidic soils, P supply could significantly influence the
effect of mycorrhizal inoculation on root development
and root abundance. AMF inoculation significantly
increased the shoot P concentration when P is supplied.
This effect was higher in unsterilized soil than in
sterilized soil condition. The results showed that the
introduced Rhizophagus iregularis strain increased
phosphorus uptake, especially when phosphorus is not
supplied regardless of soil conditions.
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