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Abstract 
PHL-C is one of the dwarf sweet cherry rootstocks which is a hybrid between P. avium L. × P. cerasus L. Direct rooting 

of sweet cherry rootstocks is difficult which can be solved by using in vitro propagation. Transfer of plantlets from in 

vitro to ex vitro limit the use of micro propagation, because of weak root systems and low survival rates. This study was 

conducted in order to select the best biohardening agents in order to improve the growth of PHL-C dwarf rootstocks in 

Khorasan Razavi Agriculture and Natural Resources Research and Education Center. Three arbuscular mycorrhizal fungi 

(AMF) strains, Diversispora epigaea, Rhizophagus intraradices and Rhizophagus fasciculatus, were used as in vitro 

raised PHL-C plantlets. Results showed that plantlets inoculated with Diversispora epigaea gave the highest leaf area, 

root diameter, root surface and phosphor concentration. Diversispora epigaea was more effective in improving most of 

the growth and physiological attributes of inoculated tissue culture raised plantlets of PHL-C. However, the highest total 

root length (4113 mm) was found in Rhizophagus fasciculatus inoculated plantlets  
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Introduction 

Sweet cherry (Prunus avium L.) belongs to the 

Rosacea family and the Prunoideae sub family 

(Wunsch and Hormaza 2004). According to the 

Food and Agriculture Organization in 2013, Iran is 

the third largest producer (200,000 tons) after USA 

and Turkey. A sweet cherry tree in a good 

condition averages a height of 15-20 meters, which 

poses as a major problem for producer. The best 

way to control the size of tree varieties is to use 

dwarf- rootstock. PHL-C is a dwarf rootstock 

produced from a cross between P. avium and P. 

cerasus and released in the Czech Republic. This 

rootstock is compatible with a variety of cherries. 

It is tolerant to waterlogging, calcareous soils, 

Pseudomonas syringae and agrobacterium and is 

recommended to be used for high density 

cultivation (Sarropoulou et al. 2012). Producing of 

plants without genetic variations has been possible 

in micro propagation technique. Transfer of 

plantlets from in vitro to ex vitro limit the use of 

micro propagation, because of weak root systems 

and low survival rates (Hazarika 2003). The 

transfer of raised plantlets in vitro to green house is 

one of the most important steps in the physiological 

adaptation during micropropagation. Although 

some species adapt quickly to the new conditions, 

but others don’t act this way and this often leads to 

the increase in the use of fertilizers, fungicides and 

other chemicals (Gaur and Adholeya 1999). 
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Several techniques have been used in the past to 

improve the growth and reduce the mortality rates 

of plantlets during transferring. Biological factors 

for example mycorrhizal fungi can change their 

host plant roots (Gamalero et al. 2004). It has been 

shown that the AMF symbiosis with roots of 

micropropagated plantlets, improved absorption of 

water and nutrients and increased stress tolerance 

(Jaizme-Vega et al. 1997). Mycorrhizal fungi can 

interact with the host plant roots to establish a 

mutual coexistence. The host plant gains inorganic 

compounds and carbon compounds achieved from 

photosynthesis (Smith and Read 2008). 

Mycorrhiza can increase the absorption of non-

mobile elements through external hyphae increase 

(Abdul Jalil et al. 2007). Many studies on plants 

such as apple (M9, M26, Golden)( Branzanti et al. 

1992), Prunus avium L. (Arines and Ballester 

1992), Vitis vinifera L. (Singh et al. 2004), Banana 

cv. Grade Naine (Rodrı´guez-Romero et al. 2005), 

pomegranate (Singh et al. 2012) have utilized 

AMF to increase the growth rate and nutrient 

uptake of plantlets. 

In order to reduce harvest losses and reduction 

of plantlets it is necessary to pay special attention 

to the use of bio-fertilizers, so this study was 

conducted to determine the best mycorrhizal fungi 

on growth, physiological and biochemical 

attributes of in vitro raised plantlets of PHL-C root 

stock. 

 

Materials and Methods 

This study was conducted in Khorasan Razavi 

Natural Resources and Agriculture Research and 

Education Center, Iran. Plantlets of PHL-C 

rootstock were used for AMF inoculation. Explants 

(healthy grown mature plants of cultivar PHL-C) 

were maintained in MS medium supplemented 

with 1 mg L-1 Banzyl amino pourine. After the 

proliferation stage, plantlets were rooted in MS 

medium containing 1 mg L-1 IBA. Ex vitro 

inoculation was used for bio hardening and, 

therefore, micropropagated plantlets were 

inoculated with AMF spores after transplanting 

into pots (Puthur et al. 1998). The rbuscular 

mycorrhizal fungi were provided from Biotech 

Company Turan, under the protection and 

supervision of Science and Technology Park of 

Semnan Province, Iran. The soil based AMF 

inoculum contained spores, hyphae and root 

segments of host plants (Trifolium repens). The 

rooted plantlets of PHL-C were transferred to pots 

that were filled with sterile soil. Soil was sterilized 

in autoclave at 121 °C and 15 lb/in.2 for 20 min. 

The mycorrhiza preparation specified was spread 

below the rhizospheres and then the pot was 

covered with a thin layer of un- sterile Coco peat. 

Three AMF species, Diversispora epigaea, 

Rhizophagus intraradices and Rhizophagus 

fasciculatus, were used along with non-inoculated 

plantlets as the control. The spore density ranged 

between 50 and 150/ g soil containing mycorrhizal 

plant roots and mycorrhizal fungal hyphae. 

Mycorrhizal treatments consisted of 10, 20 and 30 

g inoculum with rhizosphere soil. The inoculated 

plants and the control plantlet were transferred to a 

moist chamber in a greenhouse with 70% relative 

humidity and day-night temperatures about 25 ± 1 

°C. After 45 days PHL-C plantlets were separated 

and various growth, physiological and biochemical 

factors were measured to study the effects of 

treatments. Leaf area was measured using leaf area 

meter. Roots were rinsed with tap water then 

carefully arranged for the image capture using a 
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scanner, by the analysis of root system architecture 

(Rillig et al. 2008). With this system, total root 

length, root surface area, average root diameters of 

different sizes were analyzed. Mycorrhizal growth 

response (MGR) was calculated using the total 

plant dry weight (DW) of mycorrhizal and the 

mean dry weight of non-mycorrhizal plants as 

follows (Cavagnaro et al. 2003): 

MGR (%) =  
DW(M)−DW(NM)

DW(NM)
×  100 

Mycorrhizal phosphorous response (MPR) was 

calculated similarly. For determination of 

phosphorus, 0.2 g of grounded dried plant material 

was ashed at 550 °C followed by dissolution in 

3.3% HCl. After the digestion of the plant material, 

the concentration of P in this solution was 

determined colorimetrically (Murphy and Riley 

1962). The phosphorus content was calculated with 

the following formula using shoot dry weight 

(DW) and phosphor concentration:  

Phosphorus content= shoot DW × P concentration 

The experiment was factorial based on 

completely randomized design with three 

replications. The differences among treatment 

means were compared by the least significant 

difference (LSD) test. All analyses were done 

using JMP 8 software. 

 

Results and Discussion 

There was a significant difference (P≤ 0.01) for 

leaf area between VAM fungi (Table 1). Greater 

leaf area was recorded in Diversispora epigaea 

species with 916.185 cm2/plantlet. Plantlets that 

were treated with mycorrhizal fungi had greater 

leaf area as compared to the control (Table 1). 

Mycorrhizal plant weight and leaf area increases 

under both irrigation and drought stress; this 

increase could be attributed to better water 

absorption resulting by increasing the absorption of 

phosphorus (Ruiz-Lozano 2003; Roldan et al. 

2008). These results were consistent with the 

reports of Dietz and Foyer (1986) that showed an 

increase in the leaf area in the plants treated with 

mycorrhizal fungi due to increased absorption of 

phosphorus. AMF and their concentrations differed 

significantly in terms of the rootstock root length. 

Results showed that the root length increased by 

the use of mycorrhizal fungi (Table 1, Figure 1) and 

there was a significant difference between different 

species of fungi. Rhizophagus fasciculatus 

produced greater root length than other species. 

Although concentrations of AMF species produced 

greater root length than the control, but no apparent 

patterns between concentrations of AMF fungi 

were observed (Table 1). The results showed that 

the use of mycorrhizal fungi increased root 

diameter and the maximum diameter of roots was 

observed in Diversispora epigaea. There were 

significant differences for root diameter among 

AMF fungi, but no significant difference was 

observed between the concentrations of fungi 

(Table 1). AMF and their concentrations (inoculum 

rate) were significantly different for the root 

surface area of the rootstock. Results showed that 

the root surface increased by the use of mycorrhizal 

fungi and the highest surface was observed in the 

inoculated plantlets with Rhizophagus 

fasciculatus. Reports show that mycorrhizal fungi 

lead to changes in the shape and size of the roots, 

first by changing the nutritional status (Yao et al. 

2005). AMF helps in the development of root 

system by increasing the root intensity and surf 

area (Puthur et al. 1998). The branches and the 

volume of roots have been affected by nutrients, 

especially phosphorus (Lopez-Bucio et al. 2003). 
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Mycorrhizal inoculation increased root and shoot 

dry weight, which is similar to the results obtained 

by Graham and Timmer (1984). The increase in dry 

weight of banana plantlets inoculated with 

mycorrhizal fungi has also been reported (Declerck 

et al. 2002). 

       The mycorrhizal fungi improve the 

development and water uptake of plant. The main 

way to measure the effectiveness of the fungus is 

to determine the mycorrhizal growth response 

(MGR) (Janos 2007). Responses to mycorrhiza 

directly linked with the growth rate of the host and 

phosphorus application (Koide 1991). Our results 

showed that Diversispora epigaea achieved the 

highest growth response among other species of 

AMF. There was a significant difference between 

the inoculum densities and the maximum length of 

root was observed for the density of 20 g and the 

lowest was observed in the control (Table 1). 

 

Table 1. Comparison of the effects of various arbuscular mycorrhizal fungi (AMF) on growth of PHL-C  

rooted plantlets 

Treatments 

Total root 

length 

(mm) 

Root  

diameter 

(mm) 

Root  

surface area 

(mm2) 

Root dry 

weight 

g/plant 

Mycorrhizal 

growth 

response 

Leaf area 

(cm2) 

AMF       

Diversispora epigaea 3064.6b 0.7138a 2298.3b 0.1914a 69.39a 185.9a 

Rhizophagus intraradices 3302.6b 0.6903b 2386.0b 0.1598ab 41.44ab 144.5b 

Rhizophagus fasciculatus 4113.4a 0.6227b 3260.2a 0.1357b 20.13b 124.5b 

Concentration (20 g)       

0 2464.2b 0.6172a 1927.0b 0.1133b 0.29b 122.0 b 

10 3637.4a 0.7027a 2709.1a 0.1733a 53.39a 175.2a 

20 4250.9a 0.6741a 3145.0a 0.1822a 61.25a 151.4ab 

30 3621.6a 0.7084a 2811.6a 0.1804a 59.68a 157.9a 

Means followed by the same letter in each column and for each factor do not differ at P≤ 0.05 by the least significant 

difference test 

 

P uptake among plant species and cultivars is 

different (Brown et al. 1977). Mycorrhizal fungi 

can increase absorption of non-mobile elements 

through external hypha (Abdul Jaleel et al. 2007). 

According to our results the use of mycorrhizal 

fungi increased the amount of phosphorus in shoots 

and the effects of different species of fungi, 

concentrations and their interactions were 

significant. Diversispora epigaea with the 

concentration of 20 g results in the highest 

phosphorus (Figure 2). Increased external hyphae 

in the soil increase the uptake of non-mobile 

elements (Azevedo-Neto et al. 2006). Ortas (2008) 

reported that the amount of phosphorus and zinc in 

several plant species that were inoculated with 

mycorrhizal fungi was higher than the control. 

Ortas et al. (2002) showed that mycorrhiza 

significantly increased the uptake of phosphorus in 

citrus. The overall uptake of phosphorus and zinc 

in the soil treated with inoculated of mycorrhizal 

was reported to be more than the uptake in the 

control treatment (Yano-Melo et al. 1999; 

Munkvold et al. 2004). Mycorrhizal fungi using 

external hypha changed root morphology, 

increased root absorption and transport of nutrients 
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to roots (Kung'u et al. 2008). In this regard, the 

fungi produce and secrete an insoluble and soluble 

form of phosphate phosphatase (Song 2005).  

Results showed that the use of mycorrhizal 

fungi increases the phosphorus content and there 

was a significant difference among different fungal 

species and concentrations. Diversispora epigaea 

at the concentration of 20 grams resulted in the 

highest phosphorus content.  

 Plantlets transferring from the laboratory to 

the environment limits the use of 

micropropagation, due to weak root systems and 

high seedling mortality (Hazarika 2003). Plantlets 

that have been obtained from in vitro culture have 

poor cuticular development and will be dry because 

of excess transpiration and transition to new 

environmental conditions (Wang et al. 1993). It is 

necessary to pay special attention to environmental 

biofertilizers, in order to reduce the problems of 

dwarf seedling harvest and to reduce the losses 

during transmission of the ex vitro plantlets. In our 

study, the effects of all AMF were significantly 

superior over the non-mycorrhizal control with 

regard to physical, physiological and biochemical 

attributes. Among all mycorrhizal strains 

Diversispora epigaea was found superior 

suggesting its high suitability as biohardening 

agents for tissue culture raised PHL-C plantlets.

 

 

 

Figure 1. Effect of AMF inoculation on root length of in vitro raised PHL-C plantlets. A) Control B) 

Diversispora epigaea 
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Figure 2. Effect of arbuscular mycorrhizal fungi on P concentration of the shoots of the PHL-C rooted plantlets 
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