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ABSTRACT: Inoculation arabica coffee seedlings with a composite endomycorrhizal inoculum showed a good 
installation of mycorrhizal symbiosis on the inoculated seedlings. Root fresh weight, Aerial weight, Aerial 
Height, Stem diameter and leaves number were respectively 6.91 g, 4.1 g, 23.57 cm, 0.625 cm and 20.87 
compared to control, 3.15 g, 1.2 g, 18.14 cm, 0.38 cm and 10.625. Mycorrhizal intensity, Arbuscular content, 
Vesicular content and Spores number of the mycorrhized coffee seedlings were respectively 91 %, 78 % 34% 
and 233 spores /100 g of soil, compared to control, 10.11 %, 15 %, 12 % and 21 spores/ 100g of soil. 100% of 
roots of the inoculated coffee ssedlings were mycorrhized and only 14 % of the roots of the non inoculated 
arabica coffee seedlings were naturelly mycorrhized. Extraction of spores from soil samples revealed the 
presence of thirteen spore morphotype, the genera of Glomus was the dominant (53.84%) followed by 
Acaulospora (30.76 %) and Gigagospora (15.38 %).  

Keywords: Coffea arabica, Vesicular-Arbuscular Mycorrhizae, mycorrhization, Glomus, Acaulospora, 
Gigaspora. 

INTRODUCTION 

Coffee (Coffea spp.) has worldwide economic importance, is cultivated in more than 70 countries and represents 
one of the most heavily traded commodities in the modern world, second only to oil [4]. It is the world’s most 
valuable agricultural export commodity. It is planted in more than 10 million hectares in over 50 countries [33]. 
Coffee represents a significant source of income for several developing countries in Africa, Asia and Latin 
America, directly or indirectly generating millions of jobs in those countries [4]. The genus Coffea belongs to the 
Rubiaceae family, which includes about 100 species, all native to Africa, Madagascar and Mascarenes. However, 
soils around the world and in many coffee plantations are increasingly being contaminated with hazardous 
products, such as agrochemicals, metals and other potentially toxic elements [36]. Some agronomic practices, 
such as the indiscriminate use of biocides, addition of sewage sludge [12, 41] or animal manure [39]. Yemen is 
one of the most historic coffee-producing nations, having launched the trade of what has become one of the 
world’s most important agricultural commodities [3]. Most Yemeni coffee is harvested from ancient types of 
Coffea arabica that have evolved locally for centuries and are practically grown nowhere else in the world [3]. 
The cultivation of the arabica coffee began about five hundred years ago in Yemen and reached the southeast of 
Asia approximately in 1700. At the beginning of the 18th Century, progenies of a single plant were taken from 
Indonesia to Europe and Later to America [13]. In spite of the semi-arid growing environment, a number of fungi 
and pests attack the coffee trees, affecting both quantity and the quality of the output. Most farmers have neither 
the resources nor the inclination to purchase and apply agrochemicals and rely on only a few traditional methods 
of control. According to researchers in the Ministry of Agriculture and Irrigation (MAI) of Yemen [3]. 
According to the MAI of Yemen the key pests and diseases are Coffee leaf miner (Perileucoptera cofeella), 
Coffee Rust (Hemileia vastatrix), Coffee Berry Moth (Prophantis smaragdina) and Black Stem Borer (Apate 
monachus).  
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Mycorrhizal fungi are symbiotic organisms living with root of many plants and by means of spores which exist 
in the soil enter into root and continue to colonize. Mycorrhizal fungi enhanced the development of plants by 
water absorption and nutrients from the soil [45]. It covers the root of plants so it makes protective physical 
barrier against diseases also [31, 28]. The AM association also has a positive effect on plants under drought 
conditions [6,7] and it may protect plants against several pathogens [52, 18]. Also, Improvements in plant 
mineral nutrition are mainly related to uptake by extra-radical hyphae from the non-rhizosphere soil region and 
nutrient transport to the plant root [44]. 

The aim of this study was to determined efficiency of inoculation with composite inoculum of mycorrhizal fungi 
on coffee (Coffea arabica) establishment and growth in the nursery. 

MATERIALS AND METHODS 

Coffee seedling 

Seedlings of eight months with a healthy appearance of Coffea arabica variety were brought from Yemen. 

Endomycorrhizal Inoculum production and multiplication  
A composite endomycorrhizal inoculum was collected from the soil and the root samples of the olive trees 
rhizosphere in different Moroccan olive groves. Barley seeds were desinfected with Sodium hypochlorite (5%) 
for two minutes, they were rinsed with the tap water and sown in pots containing mycorrhized roots fragments 
and soil of the olive trees. These pots were brought to the greenhouse and sprayed regularly with distilled water 
and received 100 ml of a nutritive solution every 15 days. The inoculum was obtained after three months of 
culture, it was constituted by sterile Mamora’s soil (Table 1) composed with a mixture of composite 
endomycorrhizal spores of the olive trees and fragments of a mycorrhized barley roots. 

Inoculation 
Eight coffee seedlings of coffee arabica variety were planted in pots (18 cm height and 20 cm diameter) 
containing 100 % of sterile Mamora’s soil (Table1) and the mycorrhized barley roots. The same number of 
seedlings was planted on the sterile Mamora’s soil and used as a control. The plants were brought to the 
greenhouse and sprayed two times with distilled water and one time with a nutrient solution every ten days.  

Table1. Chemical characteristics of Mamora’s soil. 

The analyzes were done on ORMVAG (Regional Office of Agricultural Development of Gharb). 

Table 2. Inoculation Effects of a composite endomycorrhizal inoculum on coffee seedlings. 

Agronomical parameters Mycorrhized Non mycorrhized 

Root Fresh weight (g) 6.91 a 3.15 b 
Aerial fresh weight (g) 4.1 a 1.2 b 

Height (cm) 23.57 a 18.14 b 
Stem diameter (g) 0.625 a 0.38 b 

Leaves number 20.87 a 10.625 b

Two results affected by the same letter were not significantly different at 5%. 

Agronomic parameters evaluation  
After six months, coffee seedlings were brought back from the greenhouse and cut in the level of the collar. The 
roots were washed with a tap water and dried on absorbent paper overnight under ambient laboratory conditions. 
The height of the vegetative part, fresh weights of vegetative biomass and root biomass and stem diameter were 
measured and the leaves were counted.  
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Physicochemical 
parameters pH 

Organic 
matter 

(%) 

Humidity 
(%) C/N 

Total 
nitrogen 

(%) 

total 
Phosphorus 
P2O5 (%) 

total potassium 
K2O (meq/100 
g) 

Magnesium 
(Mg) 

(meq/100 g) 

Calcium 
(Ca) 

(meq/100 g) 

Mamora’s soil 7,53 0.7 - - 0,05 0,239 0,15 0,20 7351,5 
(mg/kg) 
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The mycorrhizal frequency and intensity were quantified using the technique of Phillips and Hayman [40] as 
modified by Koske and Gemma [29]. The roots were carefully washed with tap water, cut into segments of 1-2 
cm in length, and submerged in a solution of 10% KOH for 20 min at 100ºC. They were then washed again in 
tap water and those with excess pigment submerged in H2O2 (10% vol.) to bleach them. After this, root segments 
were placed in a beaker containing 100 ml of distilled water and 0.05 g of Cresyl blue, transferred to a 90°C 
water bath and incubated for 15 minutes. The frequency and the intensity of arbuscules and vesicles of AMF 
inside the root bark were measured by assigning an index of mycorrhization from 0 to 5 (Koske and Gemma, 
[29, 50]. Ten stained root fragments per root sample were mounted on a microscope slide; ten observation fields 
for each of ten 1.5 cm root pieces were examined and tallied for percent of root colonized under 40 × 
magnifications with the optical microscope, for a total of 100 observation fields per seedlings. The mycorrhizal 
frequency (M.F. %) reflects the importance of the host root system infection and was calculated using the 
following formula : 

M.F. % = 100 × (N - n0) / N 

N : Number of observed fragments, 

n0 : Number of non-mycorrhizal fragments. 

The mycorrhizal intensity (M.I. %) was determined as follows : 

M.I. % = (95 n5 + 70 n4 + 30 n3 + 5 n2 + n1) / N 

It expresses the proportion of colonized cortex compared to the whole root system. The numbers n5, n4, n3, n2, 
and n1 denote the number of recorded fragments 5, 4, 3, 2 and 1 estimating the proportion of root colonized by 
mycorrhizae according to the scale of Trouvelot et al., 1986: 

n : Number of fragments assigned with the index 0, 1, 2, 3, 4 or 5. 

n1 : trace, n2 : few than 10%, n3 : from 11 to 50 %, n4 : de 51 à 90% and n5 : more than 90 %. 

N : Number of observed fragments. 

The Arbuscular content (A.C %) was the proportion of the root cortex containing arbuscular, expressed as %. 

A.C. % = (100 mA3 + 50 mA2 + 10 mA1) / 100 

mA3, mA2, mA1 are the percentages (%) respectively assigned to the notes A3, A2, A1, with, mA3 = (95n5A3 + 70 
n4 A3 + 30 n3 A3 + 5 n2 A3 + n1A3) / N. 

The same for A1 and A2. 

n5A3 represents the number of fragments marked 5 with A3; n4A3 marked the number of fragments 4 with A3; 
etc… 

A0: no arbuscules, A1: some arbuscules 10%, A2: moderately abundant arbuscular 50%, A3: very abundant 
arbuscular: 100%. 

N : Number of observed fragments. 

The Vesicular content was the proportion of the root cortex containing vesicles, expressed as %. 

V.C. % = (100 mV3 + 50 mV2 + 10 mV1) / 100 

mV3, mV2, mV1 are the percentages (%) respectively assigned notes V3, V2, V1, with V3; 

mV3 = (95 n5V3 + 70 n4V3 + 30 n3V3 + 5 n2V3 + n1V3) / N. The same for V1 and V2. n5V3 represents the number 
of fragments marked 5 with V3; n4V3 marked the number of fragments 4 with V3;  

V0 : no vesicles; V1 : some vesicles 10%, V2 : 50% moderately abundant vesicles; V3 : abundant vesicles: 100%. 

Determination of the endomycorrhizal spores population 
Spores were extracted following the wet sieving method described by Gerdemann and Nicolson [21]. In a 1 L 
beaker, 100 g of each soil was submerged in 0.5 L of tap water and stirred for 1 minute with a spatula. After 10 
to 30 seconds of settling, the supernatant was passed through a sieve of 315 microns mesh size. The same soil 
sample was again submerged, stirred, and the wet sieving is repeated 3 times. Deposition in the used sieve 
contained the maximum of spores; it was recovered with 6 ml distilled water and transferred to centrifuge tubes. 
After 5 minutes of the first centrifugation at 2000 RPM, debris and the supernatant were discarded and the pellet 
was suspended in a solution of 4 ml of 50% sucrose.  
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After agitation, a second centrifugation was performed for 1 minute at 2000 RPM and a 3th one was realized for 1 
minute at 3000 RPM. Spores contained in the supernatant were passed through the sieve and the pellet was 
discarded. Spores in the sieve were rinsed with distilled water to remove the sucrose, and then disinfected with a 
solution of streptomycin. The spores were then recovered with 5 ml distilled water in an Erlenmeyer flask. At the 
end, endomycorrhizal spores were quantified to estimate their number in 100 g of soil. 

 Appearance frequency (A.F.S %): designates the percentage of a morphotype relative to other species. 

A.F.S% = ns / nT × 100 

ns : Isolated spores number of the species X. 

nT : Total spores number. 

Appearance frequency of genera (A.F.G %): designates the percentage of a total spore’s species of one genus 
relative to species belonging to all genera. 

A.F.G% = nG / nT × 100 

nG : Number of spores of the genus X.  

nT : Total spores number. 

Results were tested for statistical significance using variance analysis and the LSD test. 

RESULTS AND DISCUSSION 

The data in table 2 demonstrate the positive effect of the endomycorrhizal species on different growth parameters 
of the coffee seedlings; all the inoculated coffee seedlings with the composite endomycorrhizal inoculum showed 
greater development than the non inoculated plants for both of the aerial parts (Fig. 1a and 1b) and the roots (Fig. 
1c and 1d). Root fresh weight, Aerial weight, Aerial Height, Stem diameter and leaves number for the 
mycorrhized coffee seedlings were greater than that of non-mycorrhized ones, respectively (6.91 g/3.15 g);  (4.1 
g/1.2 g); (23.57 cm/18.14  cm); (0.625 cm/0.38 cm) and (20.87 /10.625) ; After the Quantification of the AM 
Fungi root Colonization of the mycorrhized and non mycorrhized coffee seedlings, Mycorrhizal intensity of the 
mycorrhized coffee seedlings was higher than that of the non mycorrhized coffee seedlings respectively (91, 24 / 
10.11 % ) and (Figure 2). 100 % of roots of the inoculated arabica Coffee seedlings were mycorrhized. In the 
other side, only 14 of the roots of the non inoculated Coffea arabica seedlings were naturelly mycorrhized 
(Figure 2). Extraction of spores from soil samples revealed the presence of thirteen spore morphotype, the genera 
of Glomus was the dominant (53.84%). Seven Glomus species were classified as Glomus badium, G. etunicatum, 
G. intraradices, G. verruculosum and three non identified morphotypes, Glomus sp.1, Glomus sp.2 and Glomus 
sp3., four different species belonging to Acaulospora  (30.76 %); A. colombiana, A. foveata, A. brasiliensis and 
Acaulospora sp.1. Two of Gigagospora (15.38 %); Gigaspora sp. 1 and Gigaspora sp. 2 (Figures 3, 4 and 5). 

 

Fig. 1. Aerial part and Roots of the mycorrhized and non mycorrhized coffee seedlings. Aerial parts of the 
non inoculated coffee seedlings (A) ; Aerial part of the inoculated coffee seedling (B) ; (C)  Root system of 

the non inoculated coffee seedling ; (D) Root system of the inoculated coffee seedlings. 
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After the Quantification of the total isolated spores, a difference was observed between the average Total spores 
number of the mycorrhized (233 spores /100 g of soil) and non mycorrhized coffee seedlings (21 spores/100 g of 
soil) (Figure 6). Also the mycorrhized arabica coffee ssedlings had shown a high level of arbuscular and 
vesicular inside the roots than those not mycorrhized; Arbuscular content and Vesicular content of the 
mycorrhized seedlings were respectively (78/15%) and (34/12%) (Figure 7). 

 

Figure 2. Mycorrhizal  intensity and frequency of the mycorhized and non mycorhized coffee seedlings. 
The results of followed by different letters differ significantly at 5%. 

 

Figure 3. Internal hyphae (A); Arbuscules inside the root of the mycorrhized coffee seedlings (B); (C) 
Glomus badium; (D) Acaulospora colombiana; Acaulospora foveata (E); Glomus etunicatum (F); 

Acaulospora brasiliensis (G); Gigaspora sp. 1 (H); Gigaspora sp. 2 (I); Glomus intraradices (J); Glomus 
verruculosum (K). 
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Fig. 4. Appearance Frequency of the endomycorrhizal species isolated from the inoculated coffee 
seedlings. The results followed by different letters differ significantly at 5%. 

 

Fig. 5. Appearance frequency of the endomycorrhizal genera isolated from the inoculated coffee seedlings. 
The results of followed by different letters differ significantly at 5%. 

 

Fig. 6. Total Number of spores isolated from the rhizosphere of the inoculated and non inoculated coffee 
seedlings. The results of followed by different letters differ significantly at 5%. 
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Figure 7. Arbuscular and vesicular content of the mycorhized and non mycorhized coffee seedlings. The 
results of followed by different letters differ significantly at 5%. 

The role of the arbuscular-mycorrhizal fungi (AMF) has been described as that of a fundamental link between 
plant and soil [37, 9, 32]. Water deficiency is considered one of the most important abiotic factors limiting plant 
growth and yield. AMF can protect host plants from root pathogens and mitigate the effects of extreme variations 
in temperature, pH and water stress. Successful AMF inoculation at the beginning of acclimatization period has 
been demonstrated [11, 42, 19]. It is now accepted that the contribution of AM symbiosis to plant drought 
tolerance is the result of accumulative physical, nutritional, physiological and cellular effects. Mycorrhizal fungi, 
which are active in the rhizosphere, take part in the cycles and transfer of mineral elements in the soil and into 
the roots [22]. Some minerals such as phosphorus, iron, zinc and copper are of very limited mobility in the soil 
and are only found in extremely low concentrations in soil solution. Their uptake and use by plants may be 
increased by the presence of symbiotic microflora, notably mycorrhizal fungi, which assist their nutrition, growth 
[45, 27,] and their tolerance to different types of biotic and abiotic stresses [2]. AMF generally improve plant 
growth by enhancing the uptake of nutrients, especially Phosphate [8]. In soils with strong P-fixing capacity, or 
where P is not adequately supplied. As with many other agronomic crops, AM growth promotion in coffee plants 
has been mainly attributed to the nutritional effects of the symbiosis [47, 10, 43, 5] noted that Arabica coffee 
seedlings were greatly influenced by AMF inoculation, with significantly higher shoots and root biomass 
production. Meanwhile, non-inoculated seedlings maintained hampered and slower growth, even though the soil 
used in the experiments received P fertilization. Siqueira . [46] Noted that after 19 months of transplanting pre-
colonized coffee seedlings in the field, seedlings height and stem diameterwere greatly enhanced by P 
application and were higher in mycorrhizal seedlings than in controls. The benefits of AMF inoculation for P 
nutrition and growth were also observed in in vitro propagated coffee seedlings [51]. However, the beneficial 
effects of AMF inoculation is not limited only to P nutrition, since uptake of other nutrients, such as N, Ca, Mg, 
Mn, Cu and Zn, may also be influenced by mycorrhizae [14].  It is believed that many plants that usually form 
symbiotic associations with AMF would be unable to survive without the mycorrhizae [25]. It can be inferred 
that the low growth of non-mycorrhizal coffee seedlings would probably prevent them from surviving under field 
conditions after transplantation [5]. V-A mycorrhizae have been reported on several strictly tropical crops 
including coffee [20], who found highly mycorrhizal coffee roots from Java Island. Since then, several studies 
have verified the occurrence and importance of AM symbiosis in coffee, especially in highly weathered and low-
fertility soils [46] such as those from many tropical regions where this crop is cultivated. In addition, coffee has 
often been considered to have high mycorrhizal dependency, especially during the seedling formation stage [48, 
47, 24] and Numerous studies have shown the natural occurrence of AMF in the soils of coffee orchards, as well 
as the presence of mycorrhizal structures in coffee roots [30, 8, 38, 15, 49, 34]. Thus, the positive effects of AM 
on coffee seedling development and its prolonged benefits after transplantation in fields have received particular 
attention [48]. Spores of Glomus genera were the dominant ones, as has been reported elsewhere from Latin 
America [30, 16] and southwestern Ethiopia [35, 27], the tropical rain forest of Xishuangbanna, China [53], 
tropical rain forest in Mexico [23], in the arid and semi arid lands of North Jordan [26] and in the majority of 
coffee fields in Yemen [2]. 
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Different authors have associated the high incidence of Glomus spores with their capacity to produce more 
spores in a shorter time than other genera such as Gigaspora and Scutellospora. In previous studies also revealed 
that Glomus species are good colonizer of many plants [17, 28]. In a native forest in Ethiopia, where coffee 
coexists with other trees in its original ecosystem, high AMF species richness has been reported, with 
representatives of five genera of AMF. Glomus was the dominant genera, followed by Gigaspora, Acaulospora, 
Entrophospora and Scutellospora [34]. This study showed a large mycorrhizal dependency of arabica coffee 
seedlings, since hampered and slow growth was observed in non-mycorrhizal seedlings; All the inoculated coffee 
seedlings with the composite endomycorrhizal inoculum showed greater development than the non inoculated 
ones. The former displayed greater growth in height, number of leaves, stem diameter and fresh weight for both 
of the roots and aerial parts than the uninoculated seedlings. The inoculation of the arabica coffee seedlings with 
the composite inoculum of the AMF in the nurseries may be benefic for the growth of the coffee seedlings and 
their resistance against biotic and abiotic stress before their transplantation into the field. The maintenance and 
preservation of mycorrhizal symbiosis in orchards and in crop plants in the field, may contribute to a more 
sustainable agroecosystems. 
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