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Abstract

The use of arbuscular mycorrhizae in improving growth and production in plants is increasing. The effect of Glomus intraradices and Gigaspora 
margarita has been evaluated on the improvement of growth and tuberization in white cocoyam. The intake of mycorrhiza significantly increased the root 
number in Gi. margarita from 16.40±0.54 at D120, and for the leaf area 40.84±12.62cm2. The fresh and dry biomass and the mycorrhizal dependence 
increased progressively over time and are more significant in the presence of G. intraradices and Gi. margarita, 42.50±5.87 g; 15.89±4.07 g and 20.65% and 
38.11±2.57 g; 15.89±2.35 g and 20.96% respectively at D180. The increase frequency of mycorrhization evaluated was 47% and 44% in G. intraradices and 
Gi. margarita. For all treatments applied, total chlorophyll content decreased over time. The presence of mycorrhizae almost completely doubled the number 
of minitubers obtained in the control (17 minitubers), recording 37 minitubers in G. intraradices and 32 minitubercules in Gi. margarita. On the biochemical 
approach, the application of AMF has a positive effect on the variation in the content of the metabolites studied compared to control. The results showed 
that when the total soluble sugar, total protein and total phenol contents decreased, the total amino acid and proline levels increased significantly (P<0,05) 
over time. Significant peaks were observed with Gi. margarita in the leaves 2.19±0.01 mg.g-1 of FW for total soluble sugar on D60; 2.99±0.09 mg.g-1 of FW 
for total soluble protein on the D60 and D120 respectively and 23.93±0.04 mg.g-1 of FW for the total phenols at day 60. The results obtained showed that 
cocoyam is a mycotrophic plant.
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Introduction
Arbuscular Mycorrhizal Fungi (AMF) is mandatory symbionts 

of the vast majority of terrestrial plants [1-3]. Their application in 
agriculture is a sustainable and innovative solution. They represent 
an unavoidable concern in the progression towards less polluting 
“alternative agriculture” whose products are free from chemical 
residues [4]. Studies showed that AMFs are strongly involved in the 
acquisition of important nutrients of plant in soil. AMFs play a key role 
in improving the uptake of water in plants, contribute to the increase 
in antioxidant activity, to osmotic adjustment, improve hormone 
regulations, biological control of plant pathogens, soil fertility, plant 
nutrition, improve absorption and translocation of mineral nutrients, 
mainly Phosphorus (P), Nitrogen (N), Sulfur (S), Potassium (K), 
Calcium (Ca), Iron (Fe), Copper (Cu) and Zinc (Zn) and various 
trace elements from the soil to host plants, due to an extensive 
hyphae network of the soil, which propagates from roots colonized 
in the soil [5-12]. However, the use of arbuscular mycorrhizal fungi 
as an inoculum in agriculture remains promising and may be very 
important in addressing phosphorus deficiency problems in some 
plants that are highly dependent on their presence in the soil, such 
as plants with roots and tubers among which the most important are: 
irish potato (Solanum tuberosum L.), cassava (Manihot exculenta), 
taro (Colocasia exculenta L. Schott) and cocoyam (Xanthosoma 
sagittifolium L. Schott) [13,14].

Cocoyam (Xanthosoma sagittifolium L. Schott) is an important 
carbon source for food security in Cameroon. It is grown for its tubers 
and leaves which constitute a source of starch and amino acids [15]. 
Its cultivation requires the presence of Phosphorus (P), Nitrogen 
(N) in the soil. Its tubers have higher protein content than cassava 
[16]. Tubers of cocoyam are moderately richer in water-soluble 
vitamins [17]. The consumption of tubers of red cocoyam is strongly 
recommended to diabetics because of its richness in insulin [18]. 
These tubers are widely used in the agro-food industries, as in Latin 
America, where they are raw materials for the manufacture of meals 
and feed for children [15]. Despite its place in human consumption 
and the possibilities it offers for the export of tubers, the intensive 
culture of cocoyam is slowed down by various bacterial, fungal 
and viral infections and by the unavailability of planting material 
that is sufficient and free from disease [19]. Strategies to improve 
the cocoyam cultivation by conventional genetic crossing methods 
have not given expected results due to the narrowness of the genetic 
diversity of existing varieties [20]. Application of biotechnology to 
facilitate production of cocoyam vitroplants, microtuberization or 
in vitro production of tubers and minituber production are already 
tested alternatives [21-23]. The use of arbuscular mycorrhiza could be 
one way to improve cocoyam cultivation. There is no available data 
on the influence of AMFs on Araceae production. Nevertheless, the 
work of and showed that in Solanum tuberosum, for example, the 
use of Arbuscular Mycorrhizal Fungi (AMF) had a positive impact 
on improving growth, increasing tuber size and increasing field yield 
[24,25]. Similarly, have also shown that an in vitro application of 
Rhizophagus irregular is would currently be an important means of 
increasing yields in cassava [26]. Furthermore, for an application of 
Glomus etunicatum, Glomus mosseae and Gigaspora sp., accelerated 

growth and improved tuber yield in Dioscorea spp. AMF inoculation 
not only promotes the growth of plants, they establish a symbiotic 
relationship with plant roots and influence directly or indirectly the 
host’s metabolic processes [27,28]. AMF induce different changed in 
the production of secondary metabolites in plant [29]. That change in 
plant secondary metabolite concentrations of AM plants may be due 
to enhanced mineral nutrition, and/or is a result of plant reaction to 
fungal colonization [11]. It is in this logic that the general objective 
of this study was to evaluate the effect of Glomus intraradices and 
Gigaspora margarita on cocoyam minituberization highlighting their 
influence on some plant metabolites.

Material and Method
Plant material

The plant material constitutes of cocoyam vitroplants obtained 
through in vitro culture of the apex of white cultivar harvested from 
the experimental farm [30,23]. After 30 days of acclimatization; the 
plantlets were thus ready for the different treatments.

Inoculation, treatment and morphological analysis on 
cocoyam mycorrhizae plantlets

Once acclimated, the cocoyam seedlings were divided into 
three lots of 50 each, representing Glomus intraradices, Gigaspora 
margarita treatments and control. For the mycorrhizal plantlets, 30 
g of each inoculum was applied for each single cocoyam plant. The 
various treatments were placed under a shade and then separated by 
a distance of 0.5 m. Watering every two days with water, the plants 
received every 10 days a mineral solution consisting of the medium 
of Murashig and Skoog without phosphate component. To evaluate 
the potentialities of the treatments applied to induce tuberization, 5 
plantlets of cocoyam seedlings were chosen at random every 60 days 
until 180 days, in each treatment and in which the number of roots, 
the number of leaves, the leaf area, seedlings, total fresh biomass and 
total dry biomass, mycorrhizal dependence were assessed. On day 180 
the harvest took place due to total yellowing of the leaves of the treated 
plantlets. From harvested minitubers, their number, percentage of 
tuberization, average number per plants, average weight per plants, 
and increase rate in the weights of minitubers, average height and 
diameter of minitubers were measured according to the different 
treatments and compared to the control.

Histological Analysis
Determination of root colonization

This was carried out by the method established by and then 
modified [31,32]. The percentage of total root length colonized by 
AMF was assessed by cutting a random sub-sample of 1 g of fresh 
roots into 0.5 to 1.0 cm segments. Root segments were cleared in 10 
g.L-1 KOH for 15 min at 90°C, then bleached with H2O2 (10%) for 3-6 
hours. Rinsed with water acidified with HCl (10%) and stained with 
5 ml of blue ink of trade prepared in alcohol vinegar at 8% for 10-30 
min at 90°C. Mycorrhizal colonization was determined as described 
by [33]. 

Biochemical Analysis
Chlorophyll content

Chlorophyll was extracted from mycorrhizal and non-mycorrhizal 
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leaves of cocoyam seedlings following the method of [34]. In fact, 0.5 
g of leaves for each treatment was ground in the presence of sterile 
fine sand in a porcelain mortar. 15 ml of 80% acetone was added and 
incubated overnight in a dark place. The solution was then centrifuge 
at 5000 g for 5 min. The supernatant was collected and the residue 
was homogenized with 80% acetone and centrifuged. The content of 
chlorophylls a,b and total chlorophyll was estimated by the UV-visible 
spectrophotometer at 645, 663 and 652 nm against a blank consisting 
of 80% acetone solution and according to the method of [34].

Total soluble sugars and total amino acids contents

The extraction of total soluble sugars and amino acids from 
rhizomes and leaves of cocoyam plantlets was realized according 
to the method described by [35]. 1 g of fresh matter was crushed 
in a porcelain mortar with fine sand + 10 mL of 80% alcohol and 
centrifuged at 5000 g for 30 min after 30 min of incubation. For total 
soluble sugar analysis, each sample was made of 5 mL of the anthrone 
solution and 50 µL of the plant extract. The mixture was incubated 
in a water bath at 80°C for 20 min. After cooling, the absorbance of 
the complex green formed was read at 620 nm. The sugar content 
was evaluated with reference to a standard curve established with 
glucose solution (1 mg.mL-1) in alcohol at 80°C and expressed in mg.g-

1 of Fresh Weight (FW). For amino acids analysis, 30 µl of alcoholic 
extract was mixed with 0.5 ml citrate buffer (0.2 M pH 5) and 1 mL 
acetonic ninhydrine solution (1% + 0.06% KCN) then placed in a 
boiling water bath for 15 min. After cooling at room temperature, 
8 ml of distilled water was added to it. The absorbance of complex 
violet blue formed was measured at 570 nm. For each extract, three 
readings were done and the content in amino acid expressed in mg.g-1 
of Weight of Fresh (WF), using glycine as standard.

Proline contents

The proline is measured according to the method of [36]. It 
consists of taking 20 mg of the plant material and then adding 2 ml 
of 40% methanol, the whole is heated at 85°C, in a water bath for 
one hour. After cooling, 1 ml of the extract is removed, to which are 
added: 1 ml of acetic acid; 25 mg of ninhydrin solution the mixture 
obtained is boiled for 30 minutes at 100°C. The solution turns red. 
After cooling, 5 ml of toluene are added with stirring, two phases 
appear, the upper phase containing the proline was recovered and 
its optical density was determined at 528 nm. The values obtained 
are converted into proline levels by means of a previously established 
standard curve from a series of proline concentration solutions 
ranging from 0 to 1 mg.ml-1. The proline content was expressed in 
mg.g-1 of Fresh Weight (FW).

Total soluble proteins contents

Leaves or roots (1 g) were ground in chilled mortar with 2 
mL of TAMET buffer (0.5 M Tris, 0.3 M ascorbic acid, 0.2% (v/v) 
β-mercaptoethanol, 0.01 M EDTA and 0.02% (v/v) Triton X 100, 
pH 6.7) and 0.125 g Polyvinylpyrrolidone (PVP) was added in the 
medium. The crude homogenate was centrifuged for 15 min at 5000 
g and 4°C after incubation. The supernatant was removed and used 
as crude extract for proteins and enzymes assays. Proteins were 
quantified according to method. The total soluble proteins content 
was expressed in mg.g-1 of fresh weight (FW) [37].

Phenols content

Phenolic compounds were extracted as described by [38,39]. 1 g 
of leaves or roots of cocoyam were ground in chilled mortars with 
2 ml of 80% (v/v) methanol at 4°C. After incubation, tubes were 
centrifuged thrice at 7000 g for 30 min, supernatant were recuperated 
each time. Mixture of the three supernatants constituted the crude 
extract. Total phenols were quantified using the method described by 
[40]. 15 µl of alcoholic extract were added to Folin-Ciocalteu reagent 
(250 µl), 2.5 mL of distilled water and 0.5 ml of sodium carbonate 
(20%). The mixture was incubated at 40°C for 20 min and the blue 
color was determined at 760 nm. The content of soluble phenolic was 
expressed in mg-equivalent of gallic acid per Fresh Weight (FW). 

Statistical Analysis

Results were expressed in for of Means ± SD, analysis were 
done using excel for the treatment and realization of curves and 
histograms. Duncan’s test with the least significant difference of 5 % 
(P<0.05) were used to compared results following treatments over 
time with SPSS 20.0.

Results
Evaluation of growth parameters of cocoyam under 
different treatments

Morphological analyzes carried out during the growth and 
induction of minituberization of cocoyam showed that the Glomus 
intraradices and Gigaspora margarita strains used had a significant 
effect (P <0.05) on the different growth parameters evaluated (Table 
1). It is noted that the maximum average root number obtained was 
16.40±0.54 in the presence of Gi. margarita after 120 days of growth. 
This number decreases to 10.60±3.84 after 180 days. In Control and 
in G. intraradices, the number of roots remains significant during 
the first 60 days of growth, 14.40±1.51 and 15.60±2.60 respectively. 
Mycorrhization promoted root development in general (Figure 1). 
For the mean leaf number, mean leaf area, average seedling size, the 
results showed that they evolved in the form of the gauss curve with 
a maximum observed on D120 whatever the treatment applied. The 
mean number of leaves was 2.52±0.73, 2.54±0.61 2.56±0.81 in control, 
G. intraradices and Gi. Margarita respectively. These results showed 
no significant difference in term of number of leaves under different 
treatments (Table 1). Whereas on the leaf area there was a significant 
increase between D60 and D120, either 39% in the control, 24.90% in 
G. intraradices or 42.50% in Gi. margarita. No significant difference 
in seedling size in the control pleat was recorded. Nevertheless, this 
size of cocoyam seedlings, increased significantly by 38% and 27.93% 
between D60 and D120, then decreased between D120 and D180, 
respectively in both G. intraradices and Gi. margarita (Table 1).

Evaluation of fresh and dry biomass of cocoyam under 
different treatments

Analyzes of fresh and dry biomass showed an increase over time 
(Table 2). Mycorrhization significantly improved the fresh weight 
of the seedlings compared to the control. The maximum of the 
significant values was obtained on D180, either 32.04±4.35 g in the 
control, 42.50±5.87 g in G. intraradices and 38.11±2.57 in Gigaspora 
margarita for the fresh weight respectively. Similarly, dry biomass 
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Growth parameters

Treatments apply Times 
(Days)

Average number of roots 
(NR)

Average Number of leaves 
(NL)

Average Leaves area (SL) 
(cm2)

Average Height of plants 
(HP) (cm)

Control
60 14,40±1,51 b 2,50±0,61 a 21,01±11,27 a 17,70±1,77 a

120 12,40±1,67 ab 2,52±0,73 a 34,72±06,16 b 25,00±1,77 c
180 10,40±3,64 a 1,98±0,82 a 39,72±08,88 c 22,91±1,58 b

Glomus intraradices
60 15,60±2,60 b 2,50±0,83 a 29,67±10,72 a 17,04±2,39 a

120 13,80±1,92 ab 2,54±0,61 a 39,51±09,29 b 27,74±2,12 c
180 10,00±2,54 a 2,30±0,76 a 38,57±10,42 b 24,37±2,14 b

Gigaspora margarita
60 13,80±2,58 ab 2,52±0,86 a 23,48±10,71 a 19,40±1,24 a

120 16,40±0,54 b 2,56±0,81 a 40,84±12,69 b 26,92±1,36 b
180 10,60±3,84 a 2,06±0,96 a 37,98±11,25 b 25,05±1,09 b

Table 1: Growth parameters evaluated during cocoyam mycorrhization and minituberization.

Duncan’s multiple range tests 
Data sharing the same letter in the same column and for each treatment were not significantly different at 5% level

Figure 1: Aspect of cocoyam plantlets and roots mycorrhizae with G. intraradices and Gi. margarita compared to control. The appearance of seedlings: control 
(A) G. intraradices (B) and Gi. margarita (C) Roots coating the substrate: control (D) G. intraradices (E) Gi. margarita (F) Roots of cocoyam for each treatment 
apply: control (G) G. intraradices (H) Gi. margarita (I).
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values were significant at D180, with 11.61±1.17 g, 13.88±4.07 g 
and 15.89±2.35 g for the control, G. intraradices and Gi. Margarita 
respectively.

Evaluation of mycorrhizal parameters and different 
structures of arbuscular mycorrhizae observed on the 
roots of plants cocoyam

For the evaluation of the establishment of symbiosis between the 
cocoyam seedlings and the mycorrhizal biofertilizing strains used, the 
histological analysis, showed no mycorrhization in the control (Figure 
2). Mycorrhizal structures were observed in roots (Figures 2B, 2C, 
2D and 2E). The significant values are obtained on D120, either 47%; 
16.1%; 14. 95%; 34.47% and 2.40% in Glomus intraradices and 44%; 
4.04%; 13.7%; 9.18% and 0.55% in Gigaspora margarita respectively 
for the frequency of mycorrhization (F%), root system mycorrhization 
intensity (M%), arbuscule content (a%), mycorrhizal intensity in 
mycorrhizal fragments (m%) and abundance of arbuscules in the 
root system (A%). Results showed that the mycorrhizal status varies 
over time and also evolves in GAUSS curve (Table 2). The intensity 
of mycorrhization in mycorrhizal fragments is very important in G. 
intraradices, while the abundance of arbuscular in the root system is 
very low in the presence of Gi. margarita, or even less than 1.

Harvest of cocoyam minitubers under treatments of G. 
intraradices and Gi. margarita

The contribution of G. intraradices and Gi. margarita to 
improve growth and tuberization in cocoyam, has significant 
results (P <0.05) (Table 3 and Figure 3). These minitubers presented 
sizes which varying according to the treatments (Figure 3). 
Mycorrhization necessarily induced the production of minitubers, 
from 17 minitubercules to control almost double the value of 37 
minitubercules in G. intraradices and 32 in Gi. margarita. Despite the 
fact that the percentage of tuberization is very close to 50% for all the 
applied treatments, it is noted that the average number of minitubers 
per plant has increased significantly 1.23±0.76 in G. intraradices and 
1.06±0.67 at Gi. margarita compared to control 0.56±0.18. At 5%, that 
there is a significant difference for the average mass of minitubers per 
plant compared to control, the important values which are obtained 
with G. intraradices (2.84±1.14 g) and Gi. margarita (2.60±1.38 
g), showing a mass increase rate of 44.01 and 38.84% compared to 
the control (Table 3). Similarly, the size and average diameter of 

minitubers are significant and showed an increase of 48.03%, 35.53%, 
49.52% and 24.21% respectively for G. intraradices and Gi. margarita 
compared to the control.

Total chlorophyll contents

A significant decrease of chlorophyll content synthesized in the 
leaves was noticed per treatment and over time (Figure 4). For all 
the applied treatments, the higher total chlorophyll contents were 
obtained on D60, either 10.98±2.78 in the control, 15.42±4.28 in G. 
intraradices and 13.99±4.37 in Gi. margarita. However, this decrease 
in total chlorophyll content dropped by 51.16% and 50.46% compared 
to the 49.45% control between D60 and D180.

Evaluation of some biochemical parameters

As regards the influence of the mycorrhizal strains used on the 
synthesis of certain metabolites in the leaves and roots of cocoyam, 
their contents were higher in plants treated with Gi. margarita 
compared to that treated with G. intraradices and that of control 
at 5% level of significance. Overall, in the roots or leaves, the sugar 
content decreased with time (Figures 5A and 5B). The contribution of 
mycorrhiza significantly affects this sugar content during the 120 days 
of growth. All significant levels are obtained on D60. Mycorrhization 
led to an increase in sugars synthesis of 36.69% and 59.81% in G. 
intraradices and Gi. margarita. While at the roots, the increase is 
56.92% and 47.89% compared to the control (Figures 5A and 5B). At 
day 180 of the harvest, the sugar content is reduced, either less than 
or equal to 1 mg.g-1 of FW for all treatments in the leaves, while at the 
level of the roots, it is noted that it is less than 0, 5 mg.g-1 of FW. 

The amino acids and proline contents increased with time 
(Figures 6A and 6B). At 5% level of significance, there was a significant 
difference between the treatments applied and the control. The high 
contents were obtained in the leaves in the presence of G. intraradices 
from D60 to D180, either 13.78±0.03 mg.g-1 of FW, 21.34±0.37 mg.g-

1 of FW and 21.47±0.06 mg.g-1 of FW respectively. In the control 
and Gi. margarita treatment, these significant levels were obtained 
on D180 therefore 17.72±0.17 mg.g-1 of FW and 19.54±0.07 mg.g-1 
of FW. Moreover, in the roots, we noticed a strong increase in the 
content of amino acids linked to the mycorrhiza (Figure 6B). In the 
presence of Gi. margarita, the results showed an increase of 32.71% 
on D120 and 45.16% on D180 and 51.69%, 41.87% and 50% between 
D60 and D180 respectively compared to the control. 

Table 2: Fresh and dry matter content of cocoyam plants in response to mycorrhization during minituberization and determination of the mycorrhizogenic capacity of 
each treatment.

Treatments Apply Times (Days) Average of Total Fresh (g) Average of 
Total Dry (g)

Ratio 
F/D DM (%) F (%) M (%) a (%) m (%) A  (%)

Control
60 17,24±0,94 a 03,73±1,14 a 4,62 0,00 0,00 0,00 0,00 0,00 0,00

120 24,49±3,33 b 05,73±0,90 b 4,27 0,00 0,00 0,00 0,00 0,00 0,00
180 32,04±4,35 c 11,61±1,17 c 2,75 0,00 0,00 0,00 0,00 0,00 0,00

Glomus intraradices
60 18,78±1,12 a 04,09±0,87 a 4,59 08,63 36 8,98 14,7 24,94 1,32

120 25,31±1,14 b 07,04±1,13 a 3,59 13,53 47 16,1 14,95 34,47 2,40
180 42,50±5,87 c 13,88±4,07 b 2,67 20,65 44 11,97 12,41 27,22 1,48

Gigaspora Margarita
60 21,08±1,14 a 04,26±0,42 a 4,94 12,32 22 1,92 12,1 8,74 0,20

120 29,05±1,59 b 07,51±1,71 b 3,86 23,28 44 4,04 13,7 9,18 0,55
180 38,11±2,57 c 15,89±2,35 c 2,39 20,96 31,66 0,51 19 1,77 0,09

Duncan’s multiple range tests.
Data sharing the same letter in the same column and for each treatment were not significantly different at 5% level
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Table 3: Parameters evaluated on harvested minitubers under treatments of Glomus intraradices and Gigaspora margarita.

Parameters evaluated on cocoyam minitubers harvested

Treatments 
apply

Number of 
cultivated 

plants

Number of 
minitubers

Number of 
tuberous 

plants

Percentage of 
tuberization

Average number of 
minitubers plants

Average minitubers 
weight/plants (g)

Increased 
rate (%)

Average height 
Minitubers (cm)

Average 
diameter of 
minitubers 

(cm)

Control 30 17 15 50,00% 0,56±0,18 a 1,59±1,14 a / 1,06±0,36 a 0,97±0,39 a

G. 
intraradices 30 37 18 60,00% 1,23±0,76 b 2,84±1,44 b 44,01 2,04±0,71 b 1,50±0,74 b

Gi. 
margarita 30 32 17 53,33% 1,06±0,67 b 2,60±1,38 b 38,84 2,10±1,24 b 1,28±0,51 b

Figure 2: Mycorrhizal structures observed in the cocoyam cells root. Control (A) Structure of hyphae: G. intraradices (B) Gi. margarita (C) Arbuscular structures: 
G. intraradices (D) Gi. margarita (E) Cortex (c), roots cells of the hypodermis (ch), roots cells of the epidermis (ce), extracellular hyphae (he), hyphae (h) and 
arbuscules (a) Observed at 400X by optical microscope.

Figure 3: Aspect of some minitubers harvested under treatment of G. intraradices and Gi. margarita. Appearance of tuberous seedlings (A) Morphology of the 
rhizome bearing minitubers (B) Different forms of minitubers obtained (C, D, E and F): minitubers (a) rhizomes (b) root (c) Immature (E) mature (F) minitubers with 
elongated forms (immature scale (d) and mature scale). Minitubers of control (G) G. intraradices (H) Gi. margarita (I).
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Figure 4: Total chlorophyll contents (mg.g-1 of FW) in leaves of cocoyam 
plants under treatments apply.

Figure 5: Total soluble sugar content in leaves (A) roots (B) cocoyam 
during induction of minituberization with Glomus intraradices and Gigaspora 
margarita.

Figure 6: Total soluble proteins content in leaves (A) roots (B) cocoyam 
during induction of minituberization with Glomus intraradices and Gigaspora 
margarita.

Figure 7: Phenol content in leaves (A) roots (B) cocoyam during induction 
of minituberization with Glomus intraradices and Gigaspora margarita.

For proline, a progressive and not significant increase at 5% level 
of significance in the leaves at all treatments was observed (Figure 
7A). However, in the roots Gi. margarita was effective to stimulate 
proline biosynthesis; it was 0.070±0.005 mg.g-1 of FW; 0.056±0.012 
mg.g-1 of FW and 0.070±0.012 mg.g-1 of FW respectively between D60 
and the D180 (Figure 7B). The value of proline is almost double in G. 

intraradices between D120 and D180, both 0.060±0.002 mg.g-1 of FW 
and 0.074±0.002 mg.g-1 of FW.

Similarly, the total soluble protein content decreased during time 
of experiment, regardless of the treatment, whether in roots or leaves 
(Figures 8A and 8B). In the leaves, this content was significant and 
very important in Gi. margarita 2.99±0.09 mg.g-1 of FW; 2.19±0.04 
mg.g-1 of FW and 2.75 ± 0.12 mg.g-1 of FW from day 60 to day 180 
(Figure 8A). While it was 2.37±0.34 mg.g-1 of FW, in G. intraradices. 
In the roots, a maximum peak of this content was obtained at D120 
with Gi. margarita (5.69±0.08 mg.g-1 of FW). 

As for the Phenols, their content also decreased over time of 
experiment. It remained high in the leaves compared to the roots 
(Figures 9A and 9B). Very significant for Gi. margarita (23.93±0.04 
mg.g-1 of FW; 20.35±0.54 mg.g-1 of FW and 17.71±0.60 mg.g-1 of FW 
on D60, D120 and D180 respectively) in leaves, phenols content 
was very low in G. intraradices (09.67±0.21 mg.g-1 of FW), but 
increased progressively over time contrary to that observed in the 
control. This increase was 35.72% in D180. However, in the roots, the 
phenol content was almost constant in G. intraradices (Figure 9B). 
It decreased significantly in the control and Gi. margarita at 5% and 
thus passed from 8.06±0.06 mg.g-1 of FW to 5.81±0.13 mg.g-1 of FW 
then 8.20±0.14 mg.g-1 of FW to 5.78±0.40 mg.g-1 of FW between D60 
and D120, a content drop of 27.91% and 29.51% respectively.

Discussion
The contribution of mycorrhizal strains of Glomus intraradices 

and Gigaspora margarita significantly influenced growth and 
minituberization in cocoyam. Morphologically, these mycorrhizae 
had no significant effect on the number of leaves. These results agree 
with those of which showed that the application of mycorrhizae during 
the growth of Vigna unguiculata had no effect on the frequency of 
leaf appearance. In contrast, result of showed that the mean number 
of leaves during mycorrhization increased significantly over time in 
Solanum tuberosum in the presence of Glomus intraradices and G. 
mosseae [41,42]. It was noted that the number of leaves and the average 
number of roots in cocoyam decrease over time in all treatments. [43], 
also observed in Dactylis glomerata that the leaf average decreased 
over time. This observed decrease can be justified by the foliar and 
root renewal generally observed in plants. As for the root growth, it 
depends directly on moisture, oxygen, temperature and sugars sent 
by the leaves. [44] showed that the presence of mycorrhizae in the 
rhizosphere had the effect of stimulating root growth. However, leaf 
area and plant size are significant in mycorrhizal plants. Leaf area and 
plant size are significant in mycorrhizal plants compared to control. 
The symbiosis in the presence of G. intraradices and Gi. margarita 
performed significantly stimulated growth in cocoyam. This 
mycorrhizal symbiosis would have greatly improved the water and 
mineral nutrition of plants, as the results showed that fresh biomass 
was much higher than dry biomass, with ratios varying between 2 
and 5. Further, stated that the infection of mycorrhiza fungi change 
the growth and activity of plant roots by the formation of mycelia 
on the external surface which caused increase in the absorption of 
nutrients and water [45]. Similarly, the dry biomass increases, the 
more mycorrhizal dependence increases. Mycorrhizal Dependency 
(MD) is defined as the degree to which a plant relies upon mycorrhizal 
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condition to produce its maximum growth or yield at a given level of 
soil fertility [46]. In the present study, MD increased with time in the 
presence of G. intraradices, but decrease with time in Gi. margarita. Its 
high value on D180, in G. intraradices and at D120, in Gi. margarita, 
is considered as the moment of the highest infective activity of the 
AM fungi. Microscopic analysis of cocoyam root fragments revealed 
fungal structures such as intracellular hyphae as well as arbuscules. 
Arbuscules are respectively structures of exchange and reserve of 
fungal symbiote [47,48]. No structures such as hartig networks 
have been identified. This suggests an endomycotrophic nature of 
cocoyam, and confirms the scarcity of ectomycorrhizal structures in 
arbuscular plants [49,50]. Concerning the mycorrhizogenic capacity 
following root colonization, the results showed that cocoyam is 
a mycotropic plant. The analyzes of mycorrhizal frequency, root 
system mycorrhization intensity, arbuscular content, mycorrhization 
intensity in mycorrhizal fragments and the abundance of arbuscular 
in the root system, of each treatment, showed that the strain of G. 
intraradices was better in the establishment symbiosis (mycorrhiza-
cocoyam). This root colonization decreases with time, and could be 
explained by the fact that during the growth the plant realizes the 
root renewal.

Mycorrhization has improved induction the production of 
minitubers. Moving from 17 minitubers to an almost double value 
of 37 minitubers with G. intraradices and 32 in Gi. margarita. The 
minitubers obtained have significant size. Studies have shown that 
the application of mycorrhizae leads to an increase in production. 
Results obtained are in agreement with those of, which showed that 
the presence of mycorrhizae in the substrate would facilitate yam 
growth and improve the quality and quantity of yam tubers and 
from, who showed that the application of Glomus intraradices in the 
field influenced the growth and production of Solanum tuberosum 

plants [27,51]. Its results also showed that tuber size, tuber yield, 
tuber yield, and starch yield were higher in inoculated plants than in 
non-inoculated plants. Furthermore, photosynthesis improvement in 
plants through mycorrhiza symbiosis is mainly due to the increase 
in transporting of inorganic elements from soil to plants. Results 
obtained showed that total chlorophyll content was higher for all 
mycorrhizal treatments applied compared to the control. Very 
significant in the presence of G. intraradices, this total chlorophyll 
content decreases over time. This decrease could be justify by the fact 
that the cocoyam plants are already preparing to set up the process of 
accumulation of the reserves which are consequently the result of the 
photosynthesis, or, due to drought-induced reactive oxygen species 
production in thylakoids [52]. These results are contrary to those 
of, who showed that during tuberization in Solanum tuberosum in 
the presence of Glomus intraradices and G. mosseae, the chlorophyll 
content increases over time [42]. Similarly to appreciate the effect 
of symbiosis on secondary metabolites, some biochemical markers 
have been demonstrated in this experiment. Results showed that, 
the total soluble sugar content was significant in leaves and roots 
in the presence of G. intraradices and Gi. margarita compared to 
the control. Soluble sugars are the product of photosynthesis. This 
presence of the important soluble sugars could be justified by the 
fact that the presence of mycorrhizae in the substrate would have 
improved the absorption of water and mineral elements in cocoyam, 
and consequently burster the phenomenon of photosynthesis. This 
could also explain the significant number of minitubercules obtained 
in the presence of mycorrhizae. Soluble sugars play a crucial role in 
the regulation of cell functions [53]. The decrease in sugar content 
observed over time could be attributed to their participation in the 
biosynthesis of starch to be stored in tubers. Similar results have 
been reported in potatoes and during microtuberization in cocoyam 
by [54,55]. Several physiological and metabolic processes of plant 
development are regulated in part by the variation of soluble sugars. 
[56], have shown that the presence of significant content of sugars in 
the medium induce in the cell, a significant accumulation of either 
protein or phenols. In results obtained, the decrease in sugar content 
leads to a decrease in total soluble protein content and phenol content. 
Plant phenolic compounds are potential candidates as signals during 
mycorrhizal formation [57]. This phenol content is higher in the 
leaves than in the roots, this may be justified by the fact that phenolic 
play important roles in plant development, particularly in lignin 
and pigment biosynthesis. [58], have shown that the biosynthesis 
of phenolic compounds in chloroplasts and their accumulation in 
vacuoles is enhanced by exposure of the plant to light. For proteins, 
their content is very high in the leaves relative to the roots but decrease 
over the time. Our results corroborate those of [59], who showed 
that the total protein content also decreased during the maturation 
of microtubers in the Irish potato. Amino acids are involved in the 
formation of cells and the biosynthesis of proteins [56]. Results also 
showed that, contrary to the decreased protein content, the total 
amino acid content increases significantly over time in the presence 
of Glomus intraradices and Gigaspora margarita. Amino acids are 
the most studied biochemical markers in mycorrhizal symbioses in 
the presence of stress. The amino acid content increased significantly 
in the leaves and roots between D120 and D180. Amino acids are 

Figure 8: Total amino acids content in leaves (A) roots (B) cocoyam during 
induction of minituberization with Glomus intraradices and Gigaspora 
margarita.

Figure 9: Proline content in leaves (A) roots (B) cocoyam during induction 
of minituberization with Glomus intraradices and Gigaspora margarita.
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included in the constitution of many oligopeptides which play the role 
of endogenous signals and control the process of organogenesis [60]. 
Their very high content in leaf is justified by the fact that leaves are 
the biosynthesis and distribution organs of the amino acids in plants 
[61]. This increase in amino acid content from D120 coincides with 
the decrease in total soluble sugar content for all treatments. These 
results are in agreement with those of [62] who suggested that there is 
a negative correlation between sugar and amino acid levels in potato 
tubers. Similarly, this increase in amino acids might contribute to the 
increase in proline so observed in these results. Proline is an osmolyte 
key, which help plant to maintain the cell turgor. It appeared to be 
mainly involved in protection against oxidative stress than osmotic 
adjustment during initial steps of water stress [63]. Proline content 
is also higher in the leaves than in the roots. This may be due to the 
fact that its accumulation normally occurs in cytoplasm where it 
functions as molecular chaperons stabilizing the structure of proteins 
and its accumulation buffer cytosolic pH and maintains cell redox 
status [64].

Conclusion
The objective of this work was to verify the effect of G. intra and 

Gi. margarita on the improvement of growth and tuberization in 
cocoyam. The results obtained showed that cocoyam is a mycotrophic 
plant. Mycorrhization was more significant in the presence of G. 
intraradices. The DM, showed that day 120, can be considered as 
the moment of the highest infective activity of the AM fungi. All 
the mycorrhizal treatment applied has improved photosynthesis at 
the thirty first day. But that content of chlorophyll decreased with 
time. Results also showed that, all the different secondary metabolites 
studied as markers were high in leave then roots. The regulation 
of sugar content in leave and roots has influence those of proteins 
and phenols. In the same way, the accumulation of amino acid and 
proline, highly increased following the contribution of mycorrhiza. 
This pioneering study, is a first step in improving the production of 
cocoyam with mycorrhizae.
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