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Arbuscular Mycorrhizal Fungi (AMF) Colonisation and Rhizobia nodulation of Cowpea
as Affected by Flavonoid Application
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Abstract: The potential of arbuscular mycorrhizal fungi (AMF) Rhizobia and flavonoid (3-o-glucoside
kaempferol) to enhance P nutrition, N2 fixation as well as phenolic metabolism was investigated in cowpea
(Vigna unguiculata (L) Walp) in low-available P soil of southern Cameroon. The design was a 2 x 2
factorial arrangement laid out in a randomised complete block with three replicates. The N uptake and
phenol content of cowpea only increased at 90 DAP following AMF inoculation. Flavonoid application
significantly increased the percentage of root colonisation at 45 DAP and 90 DAP harvest ages.  With
respect to nodule number, P and N contents, ureide and phenol content, significant increases following
flavonoid application were noticed only at 90 DAP. The significant interactions between the AMF
inoculation and flavonoid application for root colonisation, P and N uptake, ureide and phenol content call
for the possibility of using AMF and the 3-o-glucoside kaempferol flavonoid to improve growth, N2

fixation of cowpea in low available P soils of southern Cameroon.
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INTRODUCTION

Cowpea (Vigna unguiculata L Walp) is an
important grain legume for most farmers’ communities
in Asia and tropical Africa, being important for their
high protein quality[8]. Cowpea production accounts for
68 % for the total world production of grain legume.
Cowpea is increasingly being introduced into the
cropping system in the humid forest zone, as strategies
to improve the sustainability of the existing cropping
system and to supplement dietary proteins to human
populations[16]. However, low P availability in many
soils in these regions affects plant growth[18]. Low P
availability of those soils is the result of its high
fixation by Al and Fe oxides and hydroxides[36].
Furthermore, cowpea growth and yield are reduced by
various insect attacks and diseases[37]. Many plants
possess various and specific inducible defence
mechanisms to protect themselves against insect
attacks, allowing them to acquire nutrients more
efficiently under stress conditions[14,25,33]. The
association of plant roots with arbuscular mycorrhizal
fungi (AMF) will increase resistance against insects
and pathogen attack and facilitate  the supply of tests
nutrients particularly P[23,5,37]. AMF is the most common
symbiosis known to occur in higher plants. Several
common steps are involved in the establishment of the

AMF symbiosis and secondary metabolic compounds
such as flavonoids have been shown to stimulate AMF
colonization in a variety of plants[41], and their
synthesis appears to increase in the presence of the
fungi even before root colonization[11]. Flavonoids
belong to a family of compounds found in most plant
that play important role as signal molecules between
plant and soil micro organisms. In AMF, flavonoids
promote spore germination and the accumulation of
certain isoflavonoids seems to be correlated with
arbuscule development in roots[4,35]. In N2 fixing plants,
flavonoids are well known to induce the transcription
of nodulation genes in Bradyrhizobium japonicum[10,31,34]

and to regulate the synthesis of specific Nod factors
necessary for N2 fixation[7]. 

Low molecular weight phenolics are involved in
plant resistance mechanisms to insect attacks and
pathogen infections[6]. Following plant pathogenic
infection, the concentration of constitutive phenols is
enhanced  as  a result of the production of compounds
toxic to pathogens[23]. In soybean, glyceollin and
diantalexin are synthesised following insect attack[29].
With respect, to cowpea, Lattanzio et al.[12] showed that
the interaction between the plant and AMF insects
enhanced the concentration of two isoflavonoids
quercetin and kaempferol. Nana et al.,[95] found that
plants colonized by AMF produced high phenols
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concentration necessary to resist against destructive
insect attacks.  The objectives of this work is therefore
to investigate the potential of AMF species Gigaspora
margarita, Glomus intraradices, Glomus clarum, and
Scutellospora gregaria to enhance growth, P nutrition
and phenol metabolism following flavonoid application
of cowpea in low available P soil of southern
Cameroon.

MATERIALS AND METHODS

Plant Materials: The local cowpea cultivar ``Bafia``
was used. The cultivar has a semi-erected growth
characteristic and the seeds are brown in colour and
medium in size. The flowering appear between 30-40
days after sowing and the approximate days to maturity
is 90-100 DAS. The potential yield averages 312.9 kg
ha-1[24]. Seeds of cowpea were sterilised in 5 % Sodium
hypochlorite and thoroughly washed with distilled water
and pre-germinated for three days.

Experimental Set up: The experiment was conducted
in the greenhouse of the department of Plant Biology
at the University of Yaoundé 1, Cameroon. The soils
are classified as Rhodic kanduidlut (USDA
classification) and were sampled at 0 – 10 cm depth.
The physical and chemical compositions were analyzed
and data are reported in table 2. The soil was air-dried
and sieved through a 4 mm sieve and a portion of 3
kg was mixed to 1 kg of sterilized sand quartz
substrate in the proportion of 3:1 ratio (v : v) and
filled into 4 L pots. Uniform seedlings were
transplanted per pot containing field soil and substrate.
Thereafter, One week after planting, the seedlings were
thinned to two plants per pot. Then plants were
supplied with 20 ml of nutrient solution containing urea
(0.5 g.L-1), MgSO4 7H2O (0.246 g.L-1), CaCl2 2H2O
(0.147 g L-1). The experiment design was a 2 x 2
factorial combination with four treatment arranged in a
randomized complete block design with three replicates.
    Treatments are M- FL- M-FL+ M+FL- M+FL+.
Plants were daily watered with deionised water to 60
% of water holding capacity (WHC), and harvested at
45 and 90 days after planting (DAP) for nodulation,
dry matter production, colonisation of root by AMF, P,
N, ureide, and phenol concentrations determination.

Plant Sampling and Analysis: Plants were sampled at
45 and 90 DAP for shoot growth, N, P, ureide, and
phenols concentrations determination. Shoots were cut
at 5 cm above ground level and the fresh weight was
recorded.  The cut shoots oven-dried at 70° C for 72
hours and the dry matter was taken. P concentration in
shoot was determined. Analysis of P in the shoots was
done using the vanadomolybdate yellow method after

the samples were ashed at 480 ° C in concentrated
sulfuric acid. The total N concentration was determined
by the method describe by Devani et al 1984 following
wet acid digestion. The ureide concentration in the
xylem extract was measured according to the Young
and Conway[43] and procedure.

AMF Inoculation and Assessment of AMF Root
Colonization: 10 g of soil, containing spores of AMF
(Gigaspora margarita, Glomus intraradices, Glomus
clarum, Scutellospora gregaria) were placed into the
seedbed at the seedlings transplantation. The AMF
isolates were obtained and screened in previous
greenhouse experiments from different sites in southern
Cameroon[26].

The root section was harvested at 45 and 90 DAP
to analyze AMF root colonization.  Sub-samples of 1
g of fresh roots were washed free of soil, preserved
into 50% alcohol and stored at 4° C prior to
assessment of AMF infection. Roots were later allowed
to attain room temperature and cut into 1 cm length
pieces and cleared in KOH (10%) solution. The cut
roots were stained using acid fuchsin in lacto-glycerin
at room temperature according to Phillips and
Hayman[32] and Merryweather and Fitter[19]. Roots were
then examined for colonization by AMF using the grid-
line intersection method of Giovannetti and Mosse[9]

under microscope at 100x magnification.

Flavonoid Application and Determination of the
Total Phenol Concentration: The flavonoid 3 O-
glucoside kampherol was extracted from the root of
plant Afzelia bipendensis, a forest tree. Roots were
crushed after drying at 70 0 C for 72 hrs and the
flavonoid was extracted by dissolving 10 g of root
powder in 5l concentrated methanol. After concentrated
with vacuum evaporator, thin layer chromatography
(TLC) was then used to isolate the compounds. 5 µM
of the isolated compound was then prepared. 10 mL of
the prepared solution was kindly aplicated on the
substrate holding plants. 

Total phenol concentration was extracted from 0.5
g of grounded shoot and leaves materials of cowpea as
described by Bastide et al.[3] and modified by Nana et
al.[22]. A 0.5 g of crushed dried shoot and leaves
samples were dissolved in 95 % methanol for 1 hour
to obtain the crude extract. Thereafter, the crude extract
was filtered and evaporated at reduced pressure, and
then suspended in 15 mL H2O, 0.7 mL concentrated
H3PO4 , and 25 mL 40 % SO(NH4)2, and concentrated
in organic solvent, petroleum ether to remove
chlorophyll and others pigments from the extract. The
depigmented extract was mixed with 100 mL of
concentrated C4H8O2, and the solution was left to
decantation, and evaporation to dryness.  Finally, the
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final phenol in the extract was recovered in 1 mL
CH3CH2OH and the phenol concentration was evaluated
with a spectrophotomer at 725 num[17]. In order to
evaluate the qualitative composition of the phenol in
the extract, a thin layer chromatography on silica gel
was performed as describe by Macheix[15]. The
migration of phenolic compound was estimated using
ultraviolet lamp calibrated at 254 num of wave length.

Statistical Analysis: Statistical analyses of the data
were carried out using the Statistical Analysis System
(SAS) software version 9.1 (2001). Analysis of
variance (ANOVA) was performed using the General
Linear Procedure “Proc GLM”. The LSMEANS/PDIFF
option was used to test the significance between levels
of factor. Levels of significance in tables and graphs
are given by ns, *, **, *** for not significant,
significant at P < 0.05, P < 0.01, and P < 0.001,
respectively. Values in columns followed by same letter
are not significantly different at P < 0.05
(LSMEANS/PDIFF option). Regression analyses (Proc
REG) of SAS was used to establish the relationship
between pairs of variables.

Results: Nodulation, growth and AMF root
colonisation of cowpea as affected by AMF inoculation
and flavonoid application

Nodulation (nodule number) and shoot dry matter
of the cowpea cultivar was significantly higher in the
AMF and rhizobia inoculated plants than the un-
inoculated at 45 and 90 DAP (Table 1). Such
significant differences were observed for the root
colonisation by AMF at both harvest stages.

Flavonoid application significantly increased the
AMF root colonisation at both harvest stages (45 and
90 DAP) Flavonoid application not significantly
decrease shoot dry matter but increased significantly
the nodule number after 90 but not after 45 DAP (P >
0.05). 

The interaction Mt x FL was significant at 90 but
not 45 DAP for the root colonisation by AMF only,
while interactions where not significant for nodule
number and the shoot dry matter at either harvest
stage.

The individually and the overall calculated
regression between the shoot dry matter and the ureide
content were significant at 45 and 90 DAP (Figure 1). 

P, N, Ureide, and Phenol Content of Cowpea as
Affected by AMF and Rhizobia Inoculation and
Flavonoid Application: Similar to shoot dry matter
and nodule number, the total P uptake and the ureide
concentration of the AMF and rhizobia inoculated
plants were significantly higher than the non-inoculated
ones at both 45 and 90 DAP (Table 2). Such

significant differences were observed for the total N
content and phenol content only at 90 DAP (P < 0.05).

Flavonoid application significantly and highly
increased the total P, N, and ureide and phenol content
at 90 but not at 45 DAP. The interactions between Mt
x FL were also significant for the above listed plant
parameters at 90 DAP. 

There were significant relationships between the
ureide concentration and P uptake at 45 and 90 DAP,
and their overall calculated regression was also
significant (Figure 2). The individually and the overall
calculated regressions between the phenol content and
the root colonisation were significant at 90 DAP,
respectively (Figure 3). However we could not observe
such significant relationship between the two plant
parameters at 45 DAP. 

Discussion: The results presented in this study
indicated that growth, and nodulation of cowpea, cv
´´Bafia´´ was improved by AMF and rhizobia
inoculation. Significant increase effects of inoculation
on plant characteristics were obtained at 45 and 90
DAP for shoot dry and nodule number. The results
corroborate other findings obtained in Aoyheans[36], in
Tephrosia purpurea[21], in beans[2], and in cowpea[24].

We also found from this study that AMF and
rhizobia inoculated cowpea plants had higher amount
of ureide that were significantly related to P uptake at
45 and 90 DAP. In many N2 fixing plants such as
cowpea, and soybean, the export of ureides in xylem
stream is considered as the major product of N2

fixation and the concentration of ureide is shown to be
closely linked to the amount of N2 fixed[30].
Furthermore low level of P affects the ureide content
and the N2 fixation process requires a high level of P
in host tissues for adequate fixation[27]. Under limiting
P conditions soils in southern Cameroon where farmers
usually do not apply inorganic fertilisers to their crops,
a rapid root colonisation by an efficient AMF isolates
will allow the cowpea to increase its total absorption
surface and uptake P that are far away from the root
zone. Earlier studies have suggested that root
colonisation by efficient AMF and rhizobia strains
improve the P nutrition and N2 fixation by stimulating
the activity of the nitrogenase enzymes[42]. It has been
also suggested that inoculation with efficient AMF will
stimulate the excretion of significant concentration of
organic acids into the plants rhizosphere that will
solubilise sparingly P forms bound into iron and
aluminium and make them available to plant roots[28].
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Table 1: Nodulation, biomass dry matter, and percentage (%) of root colonisation of cowpea as affected by arbuscular mycorrhizal fungi (AMF)
and rhizobia inoculation and flavonoid (3-o-glucoside kaempferol) application at 45 and 90 days after planting on a low P soils of
southern 

Nodule number [no] Biomass dry matter [g plant-1] AMF colonisation [%]
---------------------------------------------- ------------------------------------------ ---------------------------------------------
45 DAP 90 DAP  45 DAP 90 DAP 45 DAP 90 DAP

M-FL- 0.0 b 3.6 b 1.1 b 5.1 b 0.0 b 32.5 b
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
M+FL- 20.0 a 17.1 a 1.6 a 7.3 a 40.0 a 65.0 a 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
M-Fl+ 10.0 a  8.8 b 1.5 a 6.4 a 7.0 b 2 0.0 b 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
M+Fl+ 10.0 a 12.0 a 1.2 a 5.9 a 40.0 a 39.8 a 
F value
Mycorrhizal (M) 70 *** 136 *** 5.8 * 17.3 ** 50.0 *** 7.22 **
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Flavonoid (Fl) ns 17.0 *** Ns Ns 82.8 *** 446 ***
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
M x Fl ns ns Ns Ns ns 3.0 *
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CV (%) 41.2 19.2 53.7 14.5 38.2 19.0
Cameroon (n=3).

Table 2:  Phosphorus and nitrogen uptake, ureide and phenol content of cowpea as affected by inoculation by arbuscular mycorrhizal fungi
and rhizobia and flavonoid (3-o-glucoside kaempferol) application at 45 and 90 days after planting on a low P soil of southern
Cameroon n=3.

P content N content Ureide content Phenol content
(mg plant-1) (mg plant-1) (µmol (g dwt) -1 (µg  plant -1)
------------------------------- ----------------------------------- ----------------------------- ----------------------------------
45 DAP 90 DAP 45 DAP 90 DAP 45 DAP 90 DAP 45 DAP 90 DAP

M- 3.4 66.7 b 19.4 a 31.0 b 4.1 b 31.3 b 3.7a 6.4 a
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
M+ 11.3 128.4 a 16.1 a 82.2 a 19.0 a 82.2 a 4.0 a 5.9  b
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fl- 5.9 a 105.8 a 18.9 a 62.2 b 11.3 a 62.2 a 4.1a 4.0 b
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fl+ 8.8 a 89.4 b 16.5 a 51.0 b 11.8 a 51.0 a 3.6 a 8.3 a
F value
Mycorrhizal (M) 13.9 *** 666 *** ns 1113 *** 23.3 *** 1447 *** Ns 9.6 **
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Flavonoid (Fl) Ns 21.5 *** ns 78.7 *** ns 58 *** Ns 724 ***
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
M x Fl ns 45.0 *** ns 49.0 *** 3.4 * 296 *** Ns 34 ***
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CV (%) 75.5 4.0 70 3.2 57.8 4.1 49.2 3.6

Fig. 1: Relationship between the ureide content and P uptake of cowpea cv ``bafia`` after inoculation by
arbuscular mycorrhizal fungi rhizobia and flavonoid (3-o-glucoside kaempferol) application at 45 and 90
days on a low P soil of southern Cameroon. Filled and open symbols represent data points for the 45 and
90 days after planting, respectively.
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Fig. 2: Relationship between total phenolic content and root colonization of cowpea cv ``Bafia`` following
inoculation by arbuscular mycorrhizal fungi rhizobia and flavonoid (3-o-glucoside kaempferol) application
at 45 and 90 days on a low P soil of southern Cameroon. Filled and open symbols represent data points
for the 45 and 90 days after planting, respectively.

The application of flavonoid had no significant
effect on root colonisation at 45DAP. But at 90 DAP
inhibit myconhiza. Flavonoids constitute a family of
compounds found in most plant where they may play
important role in symbiosis by regulating the
development. They influence the pre infective phase of
AMF root colonisation and increase the roots
colonisation by inducing rapid spore’s germination,
favouring the hyphal extension, during the colonisation
process[35]. 

The results presented herein showed that
inoculation by AMF and rhizobia improved the phenol
content of cowpea leaves.  Results corroborate with
previous finding of Nana et al.[23]. Although, the
method used in this study does not provide specific
identification of the phenolic compounds synthesized or
induced by AMF and rhizobia inoculation, thin layer
chromatography reports a large variety of phenolic
composition. Toussaint et al.[40] found that AMF
induced the synthesis of two phenolic compounds:
cafeic acid and rosmarinic acid in a medicinal plant
Ocimum basilicum. Antunes et al.[1] identified that
daidzein, genistein and coumestrol were important
signal molecules associated with the tripartite
myconhizbial and rhizobial symbiosis and that the
accumulation was induced by AMF symbiosis. 

Conclusion: At the present stage of this work,
conclusions about the growth and yielding capacity
under field conditions on acid soils with high Al
supply and low P availability may be misleading,
because under such conditions the performance of
cowpea also depends on the competition with
indigenous AMF populations and many others soil
factors. The metabolism of the phenolic compounds
may also be affected by other soil microorganisms.

Future study should be done to study the effect of
flavonoid on the different parameter study before 45
day of growth.
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