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A pot experiment was conducted to assess the potential of arbuscular mycorrhizal fungi to improve plantain resistance to 
water deficit conditions. For this purpose, three sources of inoculants were used: (1) a strain of Glomus clavisporum iso-
lated from plantain rhizosphere in Azaguié region; (2) a fungal complex isolated from plantain rhizosphere in Azaguié (5°
38 'N, 4°05' W); (3) a fungal complex isolated from plantain rhizosphere in Bouaflé (6°59 'N, 5°45' W). These inoculants 
were tested, using the plantain varieties Fhia 21 and Orishele, using three levels of water supply (100, 60 and 30%). Plant 
growth and others physiological parameters were measured and compared for all the treatments, including the control. 
Comprehensively, root colonization decreased with the reduction of water supply. The mycorrhizal plants had widest 
leaves, highest leaf water and chlorophyll contents for any level of water supply. As same, arbuscular mycorrhizal fungi 
significantly increased soluble sugars and proline contents with water deficit. These results demonstrated that arbuscular 
mycorrhizal fungi increase plantain photosynthetic activity and thus impact plantain growth in any water supply condi-
tion. The proline and soluble sugars are were sensitive molecules to water stress conditions and their productions in 
the plantain are were improved in presence of mycorrhizal fungi. 
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Une expérience en pot a été réalisée pour évaluer le potentiel des champignons mycorhiziens à arbuscules (CMA) à amélio-
rer la résistance du bananier plantain au déficit hydrique. Trois inocula ont été utilisées : (1) une souche de Glomus clavispo-
rum provenant d'Azaguié, (2) un complexe de spores isolé provenant d’Azaguié (5 ° 38 'N - 4 ° 05' O) et (3) un complexe de 
spores provenant de Bouaflé (6 ° 59 'N - 5 ° 45' O). Ces inocula ont été testés sur les variétés Fhia 21 et Orishele en considé-
rant trois niveaux d’apport d’eau (100, 60 et 30%). La croissance des plants et d'autres paramètres physiologiques ont été 
mesurés et comparés pour tous les traitements. Il en ressort que la colonisation des racines a diminué avec la réduction de 
l’apport d’eau. Les plants mycorhizés avaient les feuilles les plus larges, la plus grande teneur en eau et en chlorophylle, 
quel que soit le niveau d’apport en eau. De même, les CMA ont augmenté de manière significative les sucres solubles et les 
teneurs en proline en condition de déficit hydrique. Ces résultats démontrent que les CMA augmentent l'activité photosyn-
thétique du bananier plantain et ont un impact sur sa croissance dans toutes les conditions d’apport en eau. La proline et 
les sucres solubles sont des molécules sensibles aux conditions de stress hydrique et leur production dans le bananier plan-
tain sont améliorées en présence de CMA. 
Mots clés : champignons mycorhiziens à arbuscules, Côte d’Ivoire, bananier plantain, résistance, stress hydrique. 
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Introduction 

One of the most constraints for crop production 
is water deficit. It is considered as a major im-
portant factor limiting crop yields around the 
world (Guo et al., 2009). Water deficit reduces 
nutrient diffusion in soil and leads to a reduced 
root absorption capacity in crop plants. Banana 
and plantain are widely grown in the warm and 
humid tropics and are very sensitive to drought 
stress. They need between 1440 and 1920 mm 
of rain per year for growth and production. A 
strong reduction in yield is noticed when less 
than 30 mm of water is provided for four 
months (Nkendahand and Akyeampong, 2003). 
Generally, the symptoms are apparent by plant 
wilting, reduction in the net photosynthesis rate, 
stomatal conductance, water use efficiency, rel-
ative water content and gradually diminution in 
total chlorophyll content. 
To overcome agricultural abiotic constraints, 
particularly drought stress, the use of symbionts 
and beneficial microorganisms such as arbuscu-
lar mycorrhizal fungi (AMF) could be a promising 
way. Arbuscular mycorrhizal fungi can colonize 
roots of the majority of terrestrial plant species 
to establish symbiotic association (Smith and 
Smith, 2012). They increase root surface area 
and enhance ability to explore nutrients beyond 
the nutrient depletion zone (Smith and Read, 
1997). Indeed, different AMF species have been 
observed to colonize plantain roots (Jefwa et al., 
2012). Inoculated plants with AMF fungi can im-
prove crop production under water deficit condi-
tions. Azcón and Barea (2010) showed that AMF 
associated with plant roots are able to develop a 
range of activities to increase plant growth and 
crop productivity under stressed conditions. 
The multifunctional properties of AMF to im-
prove banana growth, nutrition and tolerance to 
drought during the nursery phase have been 
proved and suggest that AMF could stimulate 
the production of planting material of good qual-
ity with a high nutrient content and more 
adapted to environmental factors such as fertili-
ty and drought (José et al., 2012). Studies 
showed that AMF are able to increase banana 
growth and nutrient uptake (Declerck et al., 

1995; Kavoo-Mwangi et al., 2013) or provide tol-
erance to drought stress (Nwaga et al., 2011, 
Séry et al., 2016). Several studies reported that 
AMF could enhance the ability of plants to cope 
with drought stress by improving plant nutrition 
and increasing plant metabolism tolerated to 
water deficit (Boomsma and Vyn, 2008), improv-
ing absorption capacity and vegetative growth 
(Wu et al., 2004) increasing root volume and dry 
weight (Boureima et al., 2007). Accumulation of 
some metabolites in plant tissues is an im-
portant mechanism to overcome abiotic stress 
(Barzana et al., 2014). Moreover, free amino ac-
id, such as proline, is a contributor to osmotic 
adjustment in water deficit plants. Proline plays 
an important role in drought resistance. Some 
studies indicated reduction in proline level in 
AMF-inoculated plants under water deficit (Asrar 
et al., 2012; Pavla et al., 2013) when others high-
lighted increase in proline accumulation in my-
corrhizal plants subjected to water deficit 
(Goicoechea et al., 1998; Suravoot et al., 2013). 
Accumulation of soluble sugars induced by AMF 
symbiosis is a positive response to water deficit 
since it can protect cellular components such as 
cell membranes and proteins, and sustain plant 
physiological activity (Serraj and Sinclair, 2002). 
Proline and soluble sugars act as osmoprotect-
ants, two plantain varieties such as FHIA 21 and 
Orishele, two improved varieties of plantain in 
extension in Côte d’Ivoire. 
thereby, facilitate water uptake and stabilize 
macromolecular structures and subcellular 
membranes under drought stress (Gomes et al., 
2010). Water stress also had a negative effect on 
chlorophyll content, which indicates a decrease 
in photosynthesis. The rate of photosynthesis is 
higher in mycorrhizal plants compared to non-

mycorrhizal plants (Auge, 2001). Plant tolerance 
to drought stress differed with AMF isolate asso-
ciated to plant (Nwaga et al., 2011). Likewise, 
Pagano et al. (2013) have shown that AMF may 
be systematically and functionally diverse with 
abundant ecological differentiation and speciali-
zation to environment.  
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In this study, we selected two contrast plan-
tain production regions in Côte d’Ivoire in or-
der to identify local specific beneficial fungi as 
inoculants to improve plantain resistant to 
drought stress. 
The aim of this study was to assess the poten-
tial of AMF to improve resistance to water 
deficit of two plantain varieties such as FHIA 
21 and Orishele, two improved varieties of 
plantain in extension in Côte d’Ivoire.  
 

Materiels and Methods 

Arbuscular mycorrhizal fungi strains isolation, 
characterization and multiplication 

AMF spores were isolated from plantain rhizo-
sphere in Bouaflé (6°59 'N, 5°45' W) and Azaguié 
(5°38 'N, 4°05' W), two main plantain production 
areas in Côte d’Ivoire. AMF spores were separated 
from soil samples by wet sieving or decanting 
(Gerdemann and Nicolson, 1963). Morphological 
spore description was performed by mounting 
spores on glass slides and staining them with poly-
vinyl-lactic acid glycerol (PVLG) mixed with 
Melzer’s reagent (1:1 vol/vol) (Brundrett et al., 
1994). AMF identification was based on species 
description provided by International Culture Col-
lection of Vesicular-Arbuscular Mycorrhizal Fungi 
(http://invam.caf.wvu.edu) and the classification 
of Glomeromycota proposed by Schüßler and 
Walker (2010) and revised by Redecker et al. 
(2013). 
One isolate of Glomus clavisporum obtained from 
plantain soil in Azaguié region, a spore complex 
from Azaguié region and a spore complex obtained 
from Bouaflé region were used. AMF inoculants 
were multiplied in pot cultures with sterilized fine 
sand as a substrate. Maize (Zea mays L.) was used 
as a host and was cultured for three months in a 
greenhouse under natural conditions. Mycorrhizal 
inoculum consisted of spores extract in pot cul-
tures after trapping. 

Plant material and culture substrate 

Two plantain varieties (Fhia 21 and Orishele) two 
months old derived from PIF technique obtained 
from CNRA (Centre National de la Recherche 
Agronomique) were used. This planting material 
was disinfected and roots removed. Plants were 

acclimated in sterilized compost after two weeks 
and planted into 12 l pots containing 10 kg steri-
lized mixture soil and clean sand in the proportion 
of three volumes soil for one volume sand. Soil 
parameters were (pH = 7.1; organic matter = 2.81 
%; total nitrogen = 0.15 %; available phosphorus = 
55 ppm). Soil and sand were sieved (mesh diame-
ter = 2 mm) and autoclaved (120°C, 2 Kg/cm2, 2 h 
30 min) two consecutive days. 

Inoculation and water deficit application method 

Plants were inoculated with 150 spores per pot for 
AMF treatments and watered up to field capacity 
for 60 days to allow successful establishment of 
AMF symbiosis; then three levels of water sup-
plied: 100% (as control), 60% (moderate stress) 
and 30% (severe stress) were applied. In this study, 
100% ó 3000 ml of water, 60% ó1800 ml of water 
and 30% ó 900 ml of water. 

Experimental design and growth conditions 

The experiment consisted in a randomized com-
plete block design with four inoculation treat-
ments applied both for the two plantain varieties: 
(1) plants inoculated with Glomus clavisporum; (2) 
plants inoculated with a complex of AMF spores 
from Bouaflé; (3) plants inoculated with a complex 
of AMF spores from Azaguié; (4) non-inoculated 
plants (control). Three replicates of each treat-
ment were performed for a total of 72 pots. Exper-
iments were conducted in a greenhouse at Institut 
National Polytechnique-Félix HOUPHOUET-BOIGNY 
de Yamoussoukro under natural photoperiod for 
four months. 
 

Mycorrhizal colonization and morphological pa-
rameters 

After 60 days under water stress, root fragments 
were sampled, washed and cleared in 10 % KOH 
solution and stained with 0.05 % trypan blue ac-
cording to Phillips and Hayman (1970).  
Root colonization was estimated according to 
Trouvelot et al. (1986). Twenty root segments of l 
cm length per treatment were examined for the 
presence of arbuscules, vesicles, or hyphae. The 
two parameters retained were: (1) colonization 
intensity and (2) colonization frequency corre-
sponding to the ratio between root fragments col-
onized by AMF mycelium and the total number of 
root fragments analysed. 

http://invam.caf.wvu.edu
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Plant length and leaf surface measurements were 
done every 14 days after water supply. Leaf surface 
was measured according to Champion (1963). 
 

Physiological and biochemical parameters 

Leaf water content (LWC) was determined and cal-
culated according to the equation of Levitt (1980). 
Leaf chlorophyll content was determined according 
to Lichtenthaler and Buschmann (2001). Chlorophyll 
was extracted in 80 % (v/v) acetone from 1 g of 
fresh leaf sample in the dark at room temperature. 
Absorbance was measured at 664 and 649 nm in a 
UV/VIS spectrophotometer. Chlorophyll a, b and 
total concentrations were calculated using the Porra 
(2002) equation: 
Chl a = 13.36 x DO (664) – 5.19 x DO (649) 
Chl b = 27.43 x DO (649) – 8.12 x DO (664) 
Total chlorophyll = Chl a + Chl b 

Fresh leaves (FL) were collected for the determina-
tion of free proline and total soluble sugars con-
tents. Leaf proline content was determined accord-
ing to Trolls and Lindsley (1955) by measuring the 
quantity of colored reaction product of proline with 
ninhydric acid. Proline was determined by spectro-
photometric analysis at 528 nm. The concentration 
of proline was calculated using L-proline for t 
he standard curve. Soluble sugars were extracted 
from 100 g leaf tissues in hot 80% (v/v) ethanol by 
Dubois et al. (1956) method; the absorbance was 
measured at 490 nm. 
 

Data analyses 

Data were subjected to ANOVA with STATISTICA 7.1. 
Fisher’s least significant difference (LSD) was used 
for post-hoc comparisons to determine differences 
between means within and among treatments. 
Differences were considered significant at p < 0.05. 
 

Results 

 

Identification of AMF spores 

A total of 12 AMF species were identified at 
both areas with different population relative 
abundances (Table 1). Gomus clavisporum, Rhi-
zophogus intraradices, Acaulospora scrobicula-
ta and Funneliformis mosseae appeared as the 
most dominant species at both sites. The spe-
cies Glomus clavisvorum was observed with 
high proportion in most study sites of these two 
agroecological regions. 

Influence of water supply on mycorrhizal colo-
nization 

The observation of roots after 60 days of water 
stress showed effective AMF root colonization 
for all the observed plants. No mycorrhizal colo-
nization was observed in non-inoculated plants. 
Mycorrhizal colonization of both plantain varie-
ties varied with water stress and was higher in 
plants grown under good water supply than 
plants grown under water stress conditions. 
Root colonization decreased with water reduc-
tion (Figure 1). The percentage of root coloniza-
tion was highest with the complex AMF spores 
of Azaguié for the three levels of water supply 
than the other AMF treatments. 
 

Mycorrhizal fungal inoculation improves leaf 
water, area and chlorophyll content 

All AMF inoculants significantly increased leaf 
area and water content for both plantain varie-
ties under all levels of water supply when com-
pared with the non-inoculated plants. Leaf area 
and water content were reduced by water defi-
cit conditions (Table 2 and 3). At 60 % of water 
supply, Glomus clavisporum, complex AMF 
spores of Bouaflé and complex AMF spores of 
Azaguié respectively increased leaf area by 
28.24 %, 16.99 % and 30.89 % compared to non
-mycorrhizal plants for Fhia 21 variety. For Or-
ishele variety, leaf area increased respectively 
by 12.24 %, 11.46 % and 13.91 % compared to 
non-mycorrhizal plants. Under severe water 
supply condition, Glomus clavisporum, complex 
AMF spores of Bouaflé and complex AMF 
spores of Azaguié respectively increased leaf 
area by 44.99 %, 30.11 % and 38.78 % com-
pared to non-mycorrhizal plants for Fhia 21 va-
riety and increased respectively by 34.74 %, 
35.32 % and 40.70 % for Orishele variety. 
The three AMF treatments stimulated chloro-
phyll a, b and total content in leaves of both 
plantain varieties (Table 2 and 3). The content 
was reduced by water stress but remained high 
in mycorrhizal plants compared to non-

mycorrhizal plants.  
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AMF species Azaguié Bouaflé 

Sclerocystis sinuosum 1.4 % 10 % 

Rhizophogus intraradices 16 % 17 % 

Glomus sp. 11 % 8 % 

Entrophospora sp. 0.5 % 11 % 

Claroideoglomus sp. 1.1 % 9 % 

Funneliformis mosseae 9 % 13 % 

Acaulospora scrobiculata 19 % 11 % 

Glomus clavisporum 22 % 17 % 

Scutellospora sp. 2 % 0.5 % 

Ambispora sp. 5 % 0.7 % 

Acaulospora sp. 9 % 1.9 % 

Gigaspora sp. 4 % 0.9 % 

Table 1. AMF population relative abundances at both regions 

Figure 1. AMF root colonization of both plantain varieties under different levels of water supply as 
mean ± standard deviation. Means with different letters are significantly different (LSD, p = 5%) 
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Under severe water stress condition, chloro-
phyll contents were not influenced by mycor-
rhization regardless of strain for Orishele va-
riety. However, for the Fhia 21 variety only 
plants inoculated with Glomus clavisporum 
had significantly higher chlorophyll contents 
than non-mycorrhizal plants. 
 

AMF improves soluble sugars and proline 
contents  
The content of soluble sugars increased re-
markably by colonization of AMF whatever the 
imposed water supply (Figure 2). In the ab-
sence of water stress, for Fhia 21 variety, so-
luble sugars pass increased significantly from 
158.25 μmol / mg FM (control) to 231.57; 
273.92 and 274.80 μmol/mg FM respectively 
in leaves of plants inoculated with G. clavispo-
rum, Bouaflé spore complex and Azaguié spore 
complex. For Orishele variety, they soluble 
sugars increased significantly from 108.35 
μmol/mg FM in leaves of control plants to 
189.72; 177.22 and 252.93 μmol / mg FM res-
pectively in leaves of plants inoculated with G. 
clavisporum, Bouaflé spore complex and 
Azaguié spore complex. Soluble sugars con-
tents increased with the severity of stress, and 
remained significantly higher in mycorrhizal 
plants compared to non-mycorrhizal plants. 
Whatever water supply, proline remained si-
gnificantly higher in mycorrhizal plants compa-
red to non-mycorrhizal plants (Figure 3). Ne-
vertheless, under severe stress conditions (30 
% of water supply), plants of Fhia 21 variety 
inoculated with Glomus clavisporum showed a 
significantly higher proline content compared 
with other AMF treatments. Under moderate 
water stress condition, for Fhia 21 variety, pro-
line increased significantly from 1.40 μmol/mg 
FM (control) to 2.16; 6.48 and 9.45 μmol/mg 
FM respectively in leaves of plants inoculated 
with G. clavisporum, Bouaflé spore complex 
and Azaguié spore complex. For Orishele varie-
ty, proline increased significantly from 0.70 
μmol/mg FM in leaves of control plants to 
2.60; 2.85 and 1.73 μmol/mg FM respectively  

in leaves of plants inoculated with G. clavispo-
rum, Bouaflé spore complex and Azaguié spore 
complex. In general, the proline content in-
creased with the severity of the stress, and 
remained higher in mycorrhizal plants compa-
red to non-mycorrhizal plants. 
 

Discussion 

This study investigated the potential of arbus-
cular mycorrhizal fungi to improve plantain 
resistance to water deficit using three sources 
of inoculants on two plantain varieties. All 
AMF inoculants significantly increased all the 
measured parameters for both plantain varie-
ties under all water supply conditions when 
compared to the non-inoculated plants. This 
study also showed the decrease in plantain 
growth and development under water stress 
conditions. This decrease is in line with mycor-
rhizal colonisation intensity that also de-
creased with the reduction of water quantity 
(Abbaspour et al., 2012). This reduction of the 
intensity of AMF infectivity parameters under 
water stress conditions can be explained by 
the physiological changes of the host plant 
(Juniper, 1993). Decrease in plant photosyn-
thesis products affect the status in root carbo-
hydrates, and consequently the rate of mycor-
rhizal fungi colonization (Juniper, 1993; Thom-
ason, 1990). Some authors (Rambal et al., 
2003; Uhlmann et al, 2006) showed that water 
stress reduces mycorrhization rates, as also 
evidenced by our results. However, in pres-
ence of AMF, whatever the source of inocula-
tion, the measured parameters were better 
than in absence of AMF inoculants. It was 
shown that through expanding root system, 
mycorrhizal plants improve hydraulic conduc-
tivity and water uptake and therefore increase 
drought tolerance (Boomsma and Vyn, 2008). 
Nevertheless, the potential of AMF to alleviate 
drought stress in host plants is limited to a cer-
tain water supply threshold as the establish-
ment of AMF depends also on plant develop-
ment (Pavla et al., 2013).  
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Figure 2. Soluble sugars of both plantain varieties under different levels of water supply presented as 
mean ± standard deviation OR standard error. Means with different letters are significantly different 
(LSD, p = 5%). 

Figure 3. Proline of both plantain varieties under different levels of water supply presented as mean ± 
standard deviation OR standard error. Means with different letters are significantly different (LSD, p = 
5%). 
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As demonstrated in this study, similar results 
were obtained in the case of inoculated corn 
with Glomus mosseae (Abdelmoneim et al., 
2014) and the inoculated rice with Glomus in-
traradices (Michel et al., 2011) under stress 
conditions where inoculated plants had signifi-
cant increase of growth parameters. Mycorrhi-
zal symbiosis produces physical, biochemical 
and physiological changes on colonized roots 
that lead to a better general status of the plant 
and its different organs (Barea et al., 1997, 
please add new ref). 
Mycorrhizal plants contained more chlorophyll 
a and chlorophyll b concentration in leaves 
than non-mycorrhizal plants under water stress 
conditions. These results corroborated previ-
ous results (José and Marta, 2008; Asrar et al., 
2012). Shinde and Khanna (2014) reported 
higher amount of chlorophyll pigments in my-
corrhizal potato plants and Shinde and Jaya 
(2015) reported the same trend with pea un-
der water stress condition. However, the con-
tent of chlorophyll in leaves of mycorrhizal and 
non-mycorrhizal plants was reduced with in-
creasing water stress.  
In order to support drought stress, plants accu-
mulate some specific molecules including or-
ganic solutes like soluble sugars, proline or oth-
er amino acids to regulate the osmotic poten-
tial of cells (ref). This allows water absorption 
improvement under water stress conditions 
(Zhang et al., 2010). In this study, under water 
deficit stress, mycorrhizal plants synthesized 
more proline and soluble sugars contents in 
leaf tissues of both plantain varieties than well-
watered conditions. These results are in line 
with observations made in leaf tissues of my-
corrhizal Poncirus trifoliate, Macadamia 
tetraphylla, Oryza sativa and pea plants (Fan 
and Liu, 2011, Suravoot et al., 2013, Ruíz-

Sánchez et al., 2011, Shinde and Jaya, 2015). 
The greater content of proline in leaves of my-
corrhizal plants probably plays a key role as 
osmolyte participating in osmotic adjustment 
(Hassine et al., 2008) to control water uptake 
and maintainance in leaves. This suggests that 
mycorrhizal plants might deploy a better ca-

pacity for osmotic adjustment relative to the 
non-mycorrhizal plants under water stress, 
which was supported by better leaf turgor in 
the mycorrhizal plants. On the other hand, 
AMF inoculation helps soluble sugars accumu-
lation under adverse conditions, potentially 
resulting in a decrease of osmotic potentials in 
host cells. Evelin et al. (2009) suggested that 
sugar accumulation in AM inoculated plants is 
due to AMF colonization but not to P improve-
ment, because AM-mediated C pools and AM-

induced hydrolysis of starch to sugars may in-
volve in the process, irrespective of P status of 
AM and non-AM plants. Some studies have 
shown a reduction in proline levels in AMF 
plants under water deficit (Nwaga et al., 2011; 
Pavla et al., 2013). The response of plantain 
mycorrhizal symbiosis may therefore depend 
on fungi strains and plantain varieties. These 
results corroborated those obtained with the 
varieties ELAT and PITA 21 in Cameroon where 
Glomus sp. and Scutellospora sp. strains al-
lowed better development and tolerance to 
water stress of inoculated plants (Nwaga et al., 
2011). 
 

 

Conclusion 

This study demonstrated that mycorrhizal colo-
nization can mitigate the adverse effects of wa-
ter stress on treated plants. Glomus clav-
isporum, complex AMF spores of Bouaflé, and 
complex AMF spores of Azaguié increased all 
growth parameters for both plantain varieties 
under well-watered and drought stress. Mycor-
rhizal plants had more chlorophyll contents 
than non-mycorrhizal plants under all water 
supply conditions. The greater contents of pro-
line and soluble sugars in leaves of mycorrhizal 
plants may provide high energy to promote 
Fhia 21 and Orishele plantain varieties growth 
under water deficit stress. This study suggests 
that the use of indigenous AMF isolated in 
tropical soil is a promising approach to allevi-
ate water stress damage  in plants. It also sug-
gests that mycorrhizal inoculation is  
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able to stimulate tolerance of plantain under 
water deficit condition by increasing accumula-
tion of organic solutes. 

 

Acknowledgement 

The authors express their gratitude to West 
African Agricultural Productivity Program 
(WAAPP) that funded the Project IVO-RHIZE in 
scope of which this study was carried out. 
 

 

References 

Abbaspour H, Saeidi-Sar S, Afshari H and Abdel-Wahhab, 
MA (2012). Tolerance of Mycorrhiza Infected Pistachio 
(Pistacia vera L.) Seedling to Drought Stress Under Glass-
house Conditions. Journal of Plant Physiology 169: 704-

709. 

Asrar AA., Abdel-Fattah GM and Elhindi KM (2012) Im-
proving Growth, fFower Yield, and Water Relations of 
Snapdragon (Antirhinum majus L.) Plants Grown Under 
Well-watered and Water-stress Conditions Using Arbus-
cular Mycorrhizal Fungi. Photosynthetica. 50 (2): 305-

316. 

Auge R. (2001) Water Relations, Drought and VA Mycor-
rhizal Symbiosis. Mycorrhiza. 11: 3-42. 

Azcón R and Barea JM (2010) Mycorrhizosphere Interac-
tions For Legume Improvement. In: Khanf MS, Zaidi A, 
Musarrat J, editors. Microbes for legume improvement. 
Vienna: Springer, p. 237-71. 

Barea J (1997) Mycorrhiza/bacteria interactions on plant 
growth promotion. In: Ogoshi A.; abayashi L; Homma Y; 
Kodama F; Kondon N.; and Akino S. (eds.). Plant growth-

promoting rhizobacteria, present status and future pro-
spects. OECD. Paris. P. 150-158. 

Barzana, G., Aroca, R., Bienert, G.P., Chaumont, F. and 
Ruíz-Lozano, J.M. 2014. New insights into the regulation 
of aquaporins by the arbuscular mycorrhizal symbiosis in 
maize plants under drought stress and possible implica-
tions for plant performance. Mol. Plant Microbe In. 27: 
349-363. 

Boomsma, C.R. and Vyn, T.J. 2008. Mize drought toler-
ance: potential  importants through arbuscular mycorrhi-
zal symbiosis. Field Crop. Res. 108: 14-31. 

Boureima, S., Diouf, M., Diop, T.A., Diatta, M., Leye, E.M., 
Ndiaye, F. and Seck, D. 2007. Effects of arbuscular mycor-
rhizal inoculation on the growth and the development of 
sesame (Sesamum indicum L.). Afr. J. Agric. Res. 3(3): 
234-238. 

Brundrett, M., Melville, L. and Peterson, L. 1994. Practi-
cal Methods in Mycorrhizal Research. Mycologue Publi-
cations, University of Guelph, Guelph, Ontario, Canada. 

Champion, J. 1963. Le bananier Ed. G-P. Maisonneuve et 
Larose. Paris, France, 263 p. 

Declerck, S., Plenchette, C. and Strullu, D.G. 1995. Mycor-
rhizal dependency of banana (Musa acuminata, AAA 
group) cultivar. Plant Soil. 176: 183-187. 

Dubois, M.; Gilles, K.A, Hamilton, P.A., Robeg, A. and 
Smith, F. 1956. Colorimetric method for determination of 
sugars and related substances. Anal. Chem. 28: 350-356. 

Evelin, H., Kapoor, R. and Giri, B. 2009. Arbuscular my-
corrhizal fungi in alleviation of salt stress: a review. Ann. 
Bot.-London. 104: 1263-1280. 

Fan, Q.J. and Liu, J.H. 2011. Colonization  with  arbuscu-
lar  mycorrhizal fungus  affects  growth, rought tolerance 
and expression of stress-responsive genes in Poncirus 
trifoliata. Acta Physiol. Plant. 33: 1533-1542. 

Gerdemann, J.W. and Nicolson, T.H. 1963. Spores of my-
corrhizal Endogone species extracted from soil by wet 
sieving and decanting. Trans. Brit. Mycol. Soc. 46: 235-

244. 

Goicoechea, N.G., Szalai, M.C., Antolon, M., Sonchez-

Doaz, and Paldi, E. 1998. Influence of arbuscular mycor-
rhizae and Rhizobium on free polyamines and proline 
levels in water stressed alfalfa. J. Plant Physiol. 153: 706-

711. 

Gomes, F.P., Oliva, M.A., Mielke, M.S., Almeida, A.A.F. 
and Aquino, L.A. 2010. Osmotic adjustment, proline ac-
cumulation and cell membrane stability in leaves of Co-
cos nucifera submitted to drought stress. Sci. Hortic. 126: 
379-38. 

Guo, P., Baum, M., Grando, S., Ceccarelli, S., Bai, G., Li R., 
von Korff, M.,Varshney, R.K., Graner, A. and Valkoun, J. 
2009. Differentially expressed genes between drought-

tolerant and drought-sensitive barley genotype in re-
sponse to drought stress during there productive stage. 
J. Exp. Bot. 60: 3531-3544. 

Hassine, A.B., Ghanem, M.E.S. and Bouzid, L. 2008. An 
inland and a coastal population of the Mediterranean 
xero-halophyte species Atriplex halimus L. differ in their 
ability to accumulate proline and glycine betaine in re-
sponse to salinity and water stress. J. Exp. Bot. 59: 1315-

1326. 

Jefwa, J.M., Kahangi, E., Losenge, T., Mung’atu, J., Ngului, 
W., Ichami, S. M., Sanginga, N. and Vanluawe, B. 2012. 
Arbuscular mycorrhizal fungi in the rhizosphere of bana-
na and plantain and the growth of tissue culture culti-
vars. Agr. Ecosys. Environ. 157: 24-31. 



  Microbiol. Nat.

27                FOTSO et al 2019 

José, B. and Marta, G.R. 2008. Improved tolerance of 
wheat plants (Triticum aestivum L.) to drought stress 
and rewatering by the arbuscular mycorrhizal fungus 
Glomus claroideum: Effect on growth and cell mem-
brane stability, Braz. J. Plant Physiol. 20 (1): 29-37. 

José, L.B.V., Luis, E.O.Z. and Fernando, V.B.Á. 2012. 
Evaluation of native mycorrhizae in plantain crop 
(Musa AAB Simmonds) in nursery phase. Acta Agron. 
61 (4): 286-295. 

Juniper, S. et Abbott, L. 1993. Vesicular-arbuscular my-
corrhizas and soil salinity. Mycorrhiza. 4: 45-57. 

Kavoo- Mwangi, A.M., Kahangi, E.M., Ateka, E., On-
guso, J., Mukhongo, R.W. and Jefwa, J.M. 2013. 
Growth effects of microorganisms based commercial 
products inoculated to tissue cultured banana cultivat-
ed in three different soils in Kenya. Appl. Soil Ecol. 64: 
152-162. 

Levitt, J. 1980. Responses of Plants to Environmental 
Stresses. Volume II, 2nd ed. Academic Press, New York. 
697p. 

Lichtenthaler, H.K. and Buschmann, C. 2001. Current 
Protocols in Food Analytical Chemistry (Units: F4.3.1–
F4.3.8). John Wiley and Sons Inc., New York (Units: 
F4.3.1-F4.3.8). 

Michel, R., Elisabet, A., Yaumara, M., Inés, E. 
G.,Ricardo, A., Juan, M., Rosario, A. 2011. Azospirillum 
and arbuscular mycorrhizal colonization enhance rice 
growth and physiological traits under well-watered 
and drought conditions. J. Plant Physiol. 168 : 1031-

1037. 

Nkendah, R. and Akyeampong, E. 2003. Données socio-

économiques sur la filière plantain en Afrique Centrale 
et de l’Ouest. InfoMusa. 12 (1): 8-13. 

Nwaga, D., Tenkouano, Tomekpe, K., Fogain, R., Kin-
fack, D.M., Tsané, G. and Yondo, O. 2011. Multi-

functional Properties of Mycorrhizal Fungi for Crop 
Production: The Case Study of Banana Development 
and Drought Tolerance. A. Bationo et al. (eds.), Innova-
tions as Key to the Green Revolution in Africa, DOI 
10.1007/978-90-481-2543-2_54. 

Pagano, M.C., Zandavalli, R.B., Araújo, F.S. 2013. Biodi-
versity of arbuscular mycorrhizas in three vegetation 
types from the semiarid of Ceará State, Brazil. Appl. 
Soil Ecol. 67: 37-46. 

Pavla, D., Eva, V. and Radka, S. 2013. Arbuscular my-
corrhizal symbiosis alleviates drought stress imposed 
on Knautia arvensis plants in serpentine soil. Plant Soil. 
370: 149-161. 

Phillips, J.M., and Hayman, D.S. 1970. Improved proce-
dures for clearing roots and staining parasitic and ve-

sicular-arbuscular mycorrhizal fungi for rapid assess-
ment of infection. Trans. Brit. Mycol. Soc. 55: 158-161. 

Porra, R.J. 2002. “The chequered history of the devel-
opment and use of simultaneous equations for the 
accurate determination of chlorophylls a and b”, Pho-
tosynth. Res. 73: 149-156. 

Rambal, S., Ourcival, J., Joffre, R., Mouillot, F., 
Nouvelon, Y., Reichstein, M. et Rocheteau, A. 2003. 
Drought controls over conductance and assimilation of 
a Mediterranean evergreen ecosystem: scaling from 
leaf to canopy. Glob. Change Biol. 9: 1-12. 

Redecker, D., Schüßler, A., Stockinger, H., Stürmer, S.L., 
Morton, J.B., Walker, C. 2013. An evidence-based con-
sensus for the classification of arbuscular mycorrhizal 
fungi (Glomeromycota). Mycorrhiza. 23: 515-531. 

Ruíz-Sánchez, M., Armada, E., Munoz, Y., García de 
Salamone, I.E., Aroca, R., Ruíz- ozano, J.M. and Azcón, 
R. 2011. Azospirillum and arbuscular mycorrhizal colo-
nization enhance rice growth and physiological traits 
under well-watered and drought conditions. J. Plant 
Physiol. 168: 1031-1037. 

Schüßler, A., Walker, C. 2010. The Glomeromycota: a 
species list with new families and new genera. The 
Royal Botanic Garden Kew, Botanische Staats-
sammlung Munich, and Oregon State University. 
http://www.amf-phylogeny.com. 

Serraj, R. and Sinclair, T.R. 2002. Osmolyte accumula-
tion: can it really help increase crop yield under 
drought conditions? Plant Cell. Environ. 25: 333-341. 

Séry, D.J., Kouadjo, Z.G., Voko B.R., Zézé, A. Selecting 
Native Arbuscular Mycorrhizal Fungi to Promote Cassa-
va Growth and Increase Yield under Field Conditions. 
Front Microbiol. 22(7):2063. doi: 10.3389/
fmicb.2016.02063. 

Shinde, B.P. and Khanna, M. 2014. Impact of AM fungi 
on biochemical changes in potato plants. Int. J. of Curr. 
Microbiol. App. Sci. 3(7): 018-1027.  

Shinde, B.P. and Jaya, T. 2015. Influence of Arbuscular 
mycorrhizal fungi on chlorophyll, proteins, proline and 
total carbohydrates content of the pea plant under 
water stress condition. Int.J.Curr.Microbiol. App. Sci. 4
(1): 809-821. 

 



  Microbiol. Nat.

28                FOTSO et al 2019 

Smith, J.E. and Read, D.J. 1997. Mycorrhizal Symbiosis, 
2nd ed. Elsevier Science, London. 

Smith, S.E. and Smith, F.A. 2012. Fresh perspectives on 
the roles of arbuscular mycorrhizal fungi in plant nutri-
tion and growth. Mycologia. 104: 1-13. 

Suravoot, Y., Nuttawuth, P., Suriyan, C. and Kanyaratt, S. 
2013. Arbuscular mycorrhiza improved growth perfor-
mance in Macadamia tetraphylla L. grown under water 
deficit stress involves soluble sugar and proline accumu-
lation. Plant Growth Regul. 69: 285-293. 

Thomason, B.D., Robson, A.D. et Abbott, L. K. 1990. My-
corrhizas formed by Glomus fasciculatum on subterrane-
an clover in Gigaspora calospora relation to soluble car-
bohydrate concentrations in roots. New Phytol. 114 : 
217-225. 

Trolls, W. and Lindesly, J. 1955. A photometric method 
for the determination of proline. J. Biol. Chem. 215: 655-

660. 

Trouvelot, A., Kough, J.L. and Gianinazzi-Pearson, V. 
1986. Mesure du taux de mycorhization VA d’un système 
radiculaire. Recherches et méthodes d’estimation ayant 
une signification fonctionnelle. Dans: Aspects physi-
ologiques et génétiques des mycorhizes, Dijon, 1985. 
INRA (ed.), pp. 217-221. 

Uhlmann, E., Görke, C., Petersen, A. et Oberwinkler, F. 
2006. Arbuscular mycorrhizae from arid parts of Namib-
ia. J. Arid Environ. 64 : 221-237. 

Wu, Q. and Xia, R. 2004. The relation between vesicular 
arbuscular mycorrhizae and water metabolism in plants. 
Chinese Agri. Sci. Bullet. 20: 188-192. 

Zhang, Y., Zhong, C.L., Chen, Y., Chen, Z., Jiang, Q.B. and 
Wu, C. 2010. Improving drought tolerance of Causarina 
equisetifilia seedlings by arbuscular mycorrhizal under 
glasshouse conditions. New Forest. 40: 261-71. 


