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To evaluate the effect of arbuscular mycorrhizal fungi and phosphorus levels on root traits of cucumber 
plants, a factorial experiment was carried out based on a randomized completely design pot culture. 
Four phosphorus fertilization treatments, including 2, 5, 10 and 15 mg P kg-1 soil possessed phosphorus 
fertilization levels as the first factor. At the second factor arranged Glomus mosseae, Glomus 
intraradices of mycorrhiza species and non-inoculum as a control with three replications were 
conducted in the greenhouse of agricultural research center of west Azarbaijan province Urmia, in 2013. 
Results show that above-ground dry matter of inoculated cucumber at both species with 155.00 and 
160.83 mg/plant had the highest values. Both species had more root fresh and dry weight, root length 
and root volume than control. Colonization of G. mosseae and G. intraradices, with 53.20 and 44.59% 
had the highest values at the 2 mg P kg-1 soil. G. mosseae and G. intraradices had the highest leaf 
phosphorus with 486.06 and 477.60 mg/100 g of leaf dry weight at the 15 mg P kg-1 soil, respectively. 
Leaf phosphorus (r = 0.62**), root dry weight (r = 0.79**), root length (r=0.44**), root volume (r = 0.82**) 
and fresh root weight (r = 0.74**) had positive correlation coefficients with above-ground dry matter. 
Although application of phosphorus increased above-ground dry matter and root traits, but our study 
clearly demonstrates that mycorrhizal fungi play an important role in the enhancement of growth of 
cucumber plants under very low phosphorus conditions.  
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INTRODUCTION 
 
Phosphorus is critical for plant growth, and is a 
component of the nucleic acid structure of plants and bio-

membranes. Therefore, it is important in cell division and 
tissue development. Phosphorus is also involved in the 
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Table 1. Some soil physico-chemical characteristics. 
 

Saturation (%) 
Electrical conductivity  

(ds m-1) 
pH 

Organic carbon  
(%) 

Phosphorus 
(mg kg-1) 

Potassium 
(mg kg-1) 

Soil texture 

29 1.3 7.4 0.20 2.0 85 Sandy loamy 
 
 
 
energy metabolism of cells and is required for the 
biosynthesis of primary and secondary metabolites in 
plants. Consequently, plants have evolved a range of 
strategies to increase phosphorus uptake and mobility 
(Marschner, 1996), the most common among which is 
arbuscular mycorrhiza (AM) symbiosis. In AM fungi 
symbiosis with plant roots, the enhanced uptake of 
phosphorus is attributed to the fungal partner, and the 
increase in phosphorus uptake by the colonized roots in 
turn leads to increased plant growth (Burleigh et al., 
2002).  

AM fungi are one of the most widespread mycorrhizal 
associations between soil micro-organisms and higher 
plants. The function of all mycorrhizal systems depends 
on the ability of the fungal symbiont to absorb inorganic 
and organic nutrients available in soil (Marschner and 
Dell, 1994). The AM fungi infect the roots of a susceptible 
plant, forming a mutually beneficial, symbiotic relation-
ship. In exchange for carbohydrates from the host plant, 
AM fungi benefit the plant primarily through increased 
uptake of soil nutrients, such as phosphorus, zinc and 
copper (Miller et al., 1986). This enhanced mineral uptake 
is facilitated by external hyphae of the fungi, which exploit 
a greater volume of soil than roots, thus accessing 
nutrients (especially phosphorus) not normally accessible 
to the plant's root system (Hayman, 1983). Colonization 
of Cucumis sativus by AM fungi affects flowering, fruit 
production, photosynthesis rates, and disease resistance 
(Trimble and Knowles, 1995; Valentine et al., 2001; Hao 
et al., 2005; Kiers et al., 2010).  

AM fungi are important due to their great capability to 
increase plant growth and yield under certain conditions. 
The major reason for this increase is the ability of plants 
in association with AM to take some nutrients such as 
phosphorus efficiently (Podila and Douds, 2001). AM 
fungi, as obligate symbionts, also depend for their growth 
and activity on the supply of carbon compounds from the 
photosynthetic partner (Ocampo and Azcon, 1985; 
Jennings, 1995). AM symbiosis can cause an important 
carbohydrate gain in the host plant and up to 20% of total 
photo-assimilate substances can be transferred to the 
fungal partner (Graham, 2000). Inoculation with AM fungi, 
in some vegetables, may improve growth performance 
(Temperini et al., 2009). The benefits of AM fungi 
inoculation depend on the genotypic host-fungus 

combinations and also the type of the inoculums used 
(Rouphael et al., 2010). The aim of this study was to 
evaluate the effect of AM fungi species, Glomus mosseae 
and Glomus intraradices, on dry matter production and 
root traits of cucumber plants under different levels of 
phosphorus. 
 
 
MATERIALS AND METHODS 
 
A experiment was conducted at greenhouse with a day/night cycle 
of 16 h at 22°C and 8 h at 19°C (relative humidity: 50 to 70%) in the 
agricultural research center of west Azarbaijan province, Urmi, Iran. 
The greenhouse located in longitude 37°, 35', 32'' north, latitude 
45°, 3′, 39'' east and 1330m altitude. Some physicochemical 
properties of soil which is used to growth the cucumber plants were 
determined (Table 1). Soil was collected from a low P (2 ppm Olsen 
extractable P) field in the region of Shaharchay River around of 
Urmia. 

A factorial experiment based on a randomized completely design 
was carried out with three replications. Four phosphorus fertilization 
treatments in this study, including 2, 5, 10 and 15 mg P kg-1 soil 
(KH2PO4) were incorporated into the soil by hand and mycorrihzal 
treatments, a control with no inoculums and two mycorrhizal fungi 
inoculums, G. mosseae and G. intraradices arranged as the first 
and second factors, respectively.  

Seeds of the cucumber cultivar were provided by the Agricultural 
Research Station of Urmia. The two species of AM fungi used in 
this study were G. mosseae and G. intraradices, which were 
produced on maize (Zea mays L.) host plants by Dr. E.M. Goltapeh 
at Tarbiat Modarres University, Tehran, Iran. The mycorrhizal 
inoculum was a mixture of sterile sand, mycorrihzal hyphae, spores 
(25 spores g–1 inoculums), and colonized root fragments. Seeds of 
cucumber were surface sterilized with 0.05% sodium hypo-chloride 
for 45 min before sowing them. Seeds were sown in sterilized soils 
in plastic pots (12 ×12 cm) at a depth of 3 cm on 25 June 2013. 
Thirty grams of the appropriate inoculums was placed into the hole 
below each seed, and then covered with sterile soil. For non-
mycorrhizal control plants were sown with no inoculation. The plants 
were grown in a greenhouse under natural photoperiods for 6 
weeks during which only distilled water was applied. In addition, 
twice a week, each pot was supplied with 100 ml of a nutrient 
solution containing 720 mg of MgSO4.7H2O, 295 mg of Ca 
(NO3)2.4H2O, 240 mg of KNO3, 0.75 mg of MnCl2.4H20, 0.75 mg of 
KI, 0.75 mg of ZnSO4.7H2O, 1.5 mg of H3BO3, 0.001 mg of 
CuSO4.5H20, 4.3 mg of FeNaEDTA and 0.00017 mg of 
Na2MoO4.2H2O supplemented without phosphorus (Vosatka and 
Gryndler, 1999).  
     The root fresh weights were measured before drying at 72°C for 
24 h that leads to the weights of the dry matter for root. Length and 
volume of roots, root dry weights and above-ground dry matter of 
seedlings were determined after harvesting. At 6 weeks after 
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Table 2. Mean squares traits of cucumber affected by mycorrhizal infection and different levels of phosphorus. 
 

S.O.V df 
Mycorrhizae 
colonization 

Total dry weight 
Leaf 

phosphorus 
Root fresh weight 

Root dry 
weight 

Root 
length 

Root 
volume 

Phosphorus (P)  399.60** 8866.67** 7560.99** 52496.30 1368.52** 26.59** 0.08** 
Mycorrhizae (M) 2 5562.57** 6633.11** 5353.48** 233858.33** 2952.78** 28.53** 0.19** 
M × P 6 103.63** 680.56 753.39** 10054.63 32.41 38.12* 0.01 
Error 24 2.40 1113.89 78.63 21369.44 75.00 12.97 0.02 
CV (%) - 6.32 23.11 2.01 23.20 17.71 24.93 24.55 
 

 * Significant at the 5% probability level; ns, not significant; ** Significant at the 1% probability level. 
 
 
 

Table 3. Comparison of colonization percentage, Leaf phosphorus and Root length of cucumber affected by mycorrhizal infection and 
different levels of phosphorus. 
 

Mg phosphorus  
kg-1 soil 

Mycorrhizal 
symbiosis 

Mycorrhizae 
colonization (%) 

Leaf phosphorus  
(mg/100g dry leaf) 

Root length (cm) 

2 
Non-mycorrhizal 0.00g 392.36e 14.33bcd 
G. mosseae 53.20a 440.12c 13.67cd 
G. intraradices 44.59b 416.12d 11.00d 

     

5 
Non-mycorrhizal 0.00g 400.46e 11.67d 
G. mosseae 42.78b 434.52c 17.93abc 
G. intraradices 39.58c 427.32cd 11.67d 

     

10 
Non-mycorrhizal 0.00g 390.46e 10.67d 
G. mosseae 33.86d 461.05b 12.00d 
G. intraradices 28.52e 459.08b 20.33a 

     

15 
Non-mycorrhizal 0.00g 475.92ab 14.00bcd 
G. mosseae 29.34e 486.06a 18.00abc 
G. intraradices 23.97f 477.60ab 18.67ab 

 

 Means followed by the same letter(s) in each column are not significant differences. 
 
 
 
planting, the percentage of colonization of cucumber roots by AM 
fungi was determined per experimental unit. Root colonization 
was measured in fresh roots cleared in 10% KOH for 10 min at 
90°C and stained in 0.05% lactic acid–glycerol–Trypan Blue 
(Phillips and Hayman, 1970). The percentage of root colonization 
by AM fungi was microscopically determined using the gridline 
intersection method (Giovannetti and Mosse, 1980). To measure 
leaf phosphorus, dried leaves were milled, digested, and 
analyzed as described by Watanabe and Olsen (1965) and 
Ohnishi et al. (1975). The method described for phosphorus 
involves drying, homogenization, and combustion (4 h at 500°C) 
of the leaf sample. The plant ashes (5 mg) are digested in 1 ml of 
concentrated HCl. The samples are then filtered, and total 
phosphorus is quantified as PO4– using the ascorbic acid method 
(Watanabe and Olsen, 1965). The amount of PO4– in solution 
was determined calorimetrically at 882 nm (Graca et al., 2005).  
Analysis variance of data was performed using MSTATC 
software. The effects of phosphorus, application of mycorrhizae, 
and the interactions of these two factors were analyzed by 
ANOVA and the means compared by the Duncan’s Multiple 

Range test (P ≤ 0.05). Also, correlation coefficients were 
calculated. 
 
 
RESULTS AND DISCUSSION  
 

Different levels of phosphorus and mycorrhizae for traits 
of root fresh weight, root dry weight, root volume, total dry 
weight and interaction between them for leaf phosphorous 
accumulation, root length and mycorrhiza colonization 
had significant differences (Table 2). 

Colonization percentage of G. mosseae was more than 
G. intraradices and was less reduced with increasing 
phosphorus levels. Variations of this trait were for G. 
mosseae between 29.34 to 53.20 and G. 
intraradices23.97 to 44.59. Colonization mycorrhiza was 
reduced due to increasing phosphorus fertilization (Table 
3). Both species of mycorrhiza had more root fresh weight,  



 

 

 

68        Afr. J. Environ. Sci. Technol. 
 
 
 
Table 4.  Means comparison of cucumber traits by mycorrhizae species 
 

Mycorrhizal 
symbiosis 

Total dry weight 
(mg/plant) 

Root fresh weight 
(mg/plant) 

Root dry weight 
(g/plant) 

Root 
Volume (cm3) 

Non-mycorrhizal 117.50b 470.83b 30.83b 0.38b 
G. mosseae 160.83a 687.50a 56.67a 0.60a 
G. intraradices 155.00ab 731.67a 59.17a 0.59a 
 

Means followed by the same letter(s) in each column are not significant differences. 
 
 
 

Table 5. Means comparison of cucumber traits by different levels of phosphorus 
 

Mg Phosphorus 
kg-1 soil 

Total dry weight 
(mg/plant) 

Root fresh weight 
(mg/plant) 

Root dry weight 
(mg/plant) 

Root volume 
(cm3) 

2 114.44b - 36.11b 0.42b 
5 131.11b - 45.00b 0.48ab 

10 144.44ab - 48.89b 0.55ab 
15 187.78a - 65.56a 0.64a 

 

Means followed by the same letter(s) in each column are not significant difference. 
 
 
 
root dry weight and root volume with 731.67 mg, 59.17 
mg, 0.59 cm3, respectively than non-inoculated cucumber 
plants (Table 4). Root dry weight and root volume increased 
with improved phosphorus fertilization. Phosphorus 
fertilization treatments of 2 and 15 mg kg-1 soil were 36.11 
mg and 0.42 cm3 and 65.56 mg and 0.64 cm3 values of 
them, respectively (Table 5). Expanded roots of mychor-
rhizal plants enhanced root area (Allen et al., 1981). 
Therefore, water and nutrient uptake in mycorrhizal plants 
was due to more root expansion than control (Huang et 
al., 1985).  

 Analysis of the phosphorus accumulation in leaves of 
the cucumber plants showed that the highest phosphorus 
accumulation in leaves (486.06 mg/100 g dry leaf) was 
obtained from the plants inoculated with G. mosseae and 
phosphorus treatment 15 Mg P kg-1 soil (Table 3). The 
minimum phosphorus accumulation in leaves (392.36 
mg/100 g dry leaf) was obtained from the non-mycorrhizal 
and 2 mg P kg-1 soil, followed by the non-mycorrhizal 
plants 5 and 10 mg P kg-1 soil. The phosphorus 
concentration in the leaves of cucumber plants in each 
treatment was significantly higher than that in the control. 
Plants were more responsive to additional phosphorus in 
the low to medium phosphorus (2 to 15 mg phosphorus  
kg-1 soil) range, while AM infected plants were more 
responsive in the low phosphorus (2 and 5 mg 
phosphorus  kg-1 soil) range, with increasing colonization 
and acquiring phosphorus (Table 3). The significance of 
sufficient phosphorus availability during early crop growth 

has been reported in different crop species (Grant et al., 
2005). It has been reported that enhanced early-season 
phosphorus nutrition in maize increased dry matter at 
early stages partitioned to the grain at later development 
stages (Parewa et al., 2010). Likewise, in wheat and 
barley, phosphorus supply during earlier growth had 
superior effect on final grain yield than phosphorus supply 
in later stages (Smith and Smith, 2011).  

Plenets et al. (2000) reported a greater difference in 
dry matter accumulation of maize under phosphorus 
deficiency during early stages of growth. The above 
ground dry matter accumulation was observed to be 
severely reduced (up to 60%) during early stages of 
maize growth, while there were only slight differences 
on dry matter accumulation at harvest and grain yield. 
The effect of early phosphorus deficiency on decline in 
shoot growth occurs because of slight stimulation of 
root growth (Mollier and Pellerin, 1999). The initial 
reduction in growth related to phosphorus deficiency 
has an ultimate effect on the final crop yield, which is 
experienced by the crop throughout the remaining of 
the growing period. Phosphorus is critical for plant 
growth and makes up about 0.2% of dry mass, but it is 
one of the most difficult nutrients for plants to acquire. 
In soil, it may be present in relatively large amounts, but 
much of it is poorly available because of the very low 
solubility of phosphates of iron, aluminum, and calcium, 
leading to soil solution concentrations of 10 mM or less 
and very low mobility (Ryan et al., 2005). The ability of 
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Table 6. Correlation coefficients between cucumber traits 
 

Treatment 
Mycorrhizae
colonization

Total dry 
weight 

Leaf  
phosphorus

Root dry 
weight 

Root  
length 

Root  
volume 

Total dry weight  0.21      
Leaf phosphorus 0.29 0.62**     
Root dry weight 0.48** 0.79** 0.73**    
Root length 0.11 0.44** 0.55** 0.46**   
Root volume 0.35* 0.82** 0.55** 0.81** 0.53**  
Root fresh weight 0.43** 0.74** 0.45** 0.78** 0.39* 0.80** 

 

* and ** Significant at P≤0.05 and P≤0.01, respectively. 
 
 
 

AM fungi to enhance host-plant uptake of relatively 
immobile nutrients, in particular phosphorus and Zn 
(Balakrishnan and Subramanian, 2012), and their require-
ment for up to 20% of host-plant for establishment and 
maintenance, is well accepted  (Subramanian et al., 
2009). 

Analysis of the root length of cucumber plants showed 
that the highest root length (20.33 cm) was obtained from 
the plants inoculated with G. intraradices and phosphorus 
treatment 10 mg P kg-1 soil (Table 3). The minimum root 
length (11.67 and 10.67 cm) was obtained from the non-
mycorrhizal and 5, 10 mg P kg-1 soil (Table 3). Marulanda 
et al. (2007) reported that in lavender inoculated plants 
with G. mosseae and G. intraradices improved root 
growth 35 and 100%, respectively. 

Between different levels of phosphorus application, 15 
mg P kg-1 soil had the most above-ground dry matter with 
187.78 mg/plant and the lowest phosphorus application 
(2, 5 mg P kg-1 soil) had above-ground dry matter with 
114.44 and 131.11 mg/plant. Both Species with 160.83 
and 155.00 mg/plant above-ground dry matters had the 
highest values than control (Tables 4 and 5). Subramanian 
et al. (2006) observed that root colonization by the AM 
fungus significantly increased dry matter yield and 
ultimate increased the production. Total dry weight 
differences in mycorrhizal treatments are related to water 
absorption and mineral nutrients (AL-Karaki et al., 2004; 
Demir, 2004; Kaya et al., 2003; Pelletier and Dione, 2004; 
Sanches-blanco et al., 2004). 

Correlation coefficients of traits showed that mycorrhizae 
colonization with root dry weight (r=0.48**), root volume 
(r=0.35*) and fresh root weight (r=0.43**) had significant 
differences (Table 6). In addition, leaf phosphorus (r = 
0.62**), root dry weight (r = 0.79**), root length (r=0.44*), 
root volume (r = 0.82**) and root fresh weight (r=0.74*) 
had significant differences with above-ground dry matter. 
These observations indicate that plants having a higher 
leaf phosphorus, root dry weight and root volume produce 
higher total dry weight.  

Conclusions 
 
Inoculated plants with G. mosseae and G. intraradices 
showed more Leaf phosphorus, root fresh and dry weight, 
root length and volume than control. Root related traits 
such as root fresh and dry weight, root length and root 
volume increased in more phosphorus application and 
consequently will lead to increase above-ground dry 
matter. Relationships between traits showed that with 
increasing leaf phosphorus, root dry weight and root 
volume in inoculated mycorrhizal cucumber plants 
enhanced above-ground dry matter. Furthermore, since 
the formation of mycorrhizae often leads to increases in 
root traits and above-ground dry matter, the effect of 
mycorrhizae on Leaf phosphorus is also probably partly 
caused by the enhanced phosphorus nutrition. The 
overall results show that the use of mycorrhizal fungi is an 
essential element for the production of strong seedlings of 
cucumber and reduction in consumption of phosphate 
fertilizers.  
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