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ABSTRACT 
 

An open filed experiment were conducted to study the impact of the symbiotic fungi 
Rhizophagus irregularis and Piriformospora indica on growth and quality of lettuce (Lactuca sativa 
L.) cv. Dark Green during the two successive seasons 2016 and 2017. The experiments included four 
treatments as fellow, control and plants inoculated with Rhizophagus irregularis or the root 
endophytic fungus Piriformospra indica as well as the interaction between the two fungi. Recorded 
data shows that combination of R. irregularis and P. indica increased plant height, fresh and dry 
weight of colonized plants than control. In addition, mycorrhizal percentage increased with 
inoculation and impacted a significant increase in N, P and K contents than control through the two 
growing seasons. Regarding to total yield, both growing seasons showed significant increase with R. 
irregularis and P. indica combination than single inoculation treatment. Concerning head quality, P. 
indica improved chlorophyll and nitrate accumulation of lettuce leaves than R. irregularis. However, 
levels of nitrate found to be less than non-colonized plants. Talking all together, our results indicate 
the capability of the combined mycorrhizal inoculation to enhance growth and yield of lettuce with 
special attention to P. indica as a new promising fungus to be used under Egyptian conditions.    
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Introduction 
 

Rising human populations requires increase in agricultural production, ~ 4% per year, over 
the next 20 years due to overcome growth population alone (McDevitt, 1996). Lettuce (Lactuca sativa 
L.) considers one of the most cash salad crops worldwide that exhibits healthy properties due to the 
presence of antioxidant, fibers, vitamins and minerals in its leaves (Borghi et al., 2003 and FAO, 
2011). To overcome human food demands, chemical fertilizers were intensively used to increase crop 
production that negatively reflected on increasing production cost and caused an environmental 
pollution. Therefore, using bio-fertilizers became more necessary for its ecosystem sustainability; 
lower cost production and sufficient plant yield (Egamberdiyera, 2007). During the last decade, an 
increasing attention on the implementation of root endophytic fungi as a sustainable and potential 
alternative to chemicals fertilizers has reported (Baslam et al., 2011 and Oliveira et al., 2016). 
Arbuscular mycorrhiza (AM) fungi reported to enhance the uptake of P, Zn, and Cu (Bethlenfalvay, 
1992), by producing hyphae that penetrate into the soil and create a network of mycelium (Smith and 
Reed, 1997). This mycelium plays a biological tool to transfer macro and micronutrients from soil to 
roots of colonized plants (Oliveira et al., 2010) and increase crop quality (Smith and Reed 2008). 
Furthermore reduces heavy metals translocation to host plants that improves photosynthesis and 
positively affects yield of colonized plants (Chen et al., 2017 and Nafady et al., 2018). Among those 
(AM) fungi, Rhizophagus irregularis (previously known as “Glomus intraradices” (Stockinger et al., 
2012)) has played a vital role in the acquisition of nutrients from soils, stimulates plant development, in 
addition to it’s ability to suppress the destructive effect of above and below-ground plant pathogens, 
resulting in an improvement of plant stress tolerance (Willis et al., 2013).  
 In this respect, Baslam et al. (2013) reported that colonizing lettuce plants with mycorrhizal fungi 
have been noticed to accumulate higher copper, iron anthocyanin and carotenoid contents than non-
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colonized plants. Similarly, AM improved growth of onion and quality i.e. antioxidants, vitamins, and 
minerals (Albrechtová et al., 2012). Furthermore, net photosynthesis and the chlorophyll content were 
higher in the AMF-inoculated lettuce plants than in the control plants (Charoonnart et al., 2016). The 
author mentioned that leaf and root tissues of AM treated plants showed enrichment of total nitrogen, 
phosphorus, and potassium contents than the un-inoculated plants. Also, Abdel-Wwahab (2018) found 
that mycorrhizal inoculation increased significantly number of leaves, leaf fresh weight and yield of 
lettuce grown in sandy soils. 

The root mutualistic fungus Piriformospora indica, is a Basidiomycota, originates from the 
Indian Thar desert and was initially described by Verma et al. (1998). P. indica has been shown to 
improve plant growth, increase nutrient uptake and biomass production including agricultural and 
medicinal crops (Oelmuller et al., 2009 and Das et al., 2012). However, the significance of P. indica as a 
bio-fertilizer and a bio-control agent has been reported (Varma et al., 2012 and Gill et al., 2016). In 
connection, P. indica found to increase nitrogen transfer to Arabidopsis and tobacco seedlings that could 
be related to the better root density of P. indica colonized plants (Sherameti et al., 2005). Moreover, 
Sarma et al. (2011) reported that P. indica stimulated tomato to acquisitive more phosphate from root 
rhizospher. Also, the interaction between with P. indica and Triticum aestivum was proposed as a useful 
tool for mitigating zinc-deficiency stress (Abadi and Sepehri, 2015). Recently, Jafari et al. (2018) 
indicated that inoculation and co-inoculation of alfalfa seedlings with P. indica and G. intraradices 
improved nutrient profiles and its yield production.  

This study was designed to examines the impact of dual application of Rhizophagus 
irregularis and Pirifirmospora indica on growth and quality of lettuce grown under greenhouse 
condition and to explore its capabilities as a good production strategy for obtaining high yield of 
vegetable crops 
 
Materials and Methods 
 

Two open field experiments were carried out from September till January of 2016 and 2017 in 
sandy soil at Abu Ghalib district (Lat.: 29°: 51':08.33 "N, Long.: 31°:14':24.11"E), Giza, Egypt to 
study the effect of mycorrhizal fungi Rhizophagus irregularis and Piriformospora indica application 
on growth and yield of lettuce.  
 
Experimental design and treatments 

Seeds of lettuce (Lactuca sativa L.) cv. Dark Green were germinated in trays filled with 
peatmoss: vermiculite (1:1). Seedlings were transplanted to sandy soil at 35 days after germination 
and arranged in plots (15m length X 1m width), under drip irrigation system, with 25-30 cm space 
between plants. Treatments were arranged as fellow: Control, inoculation with the arbuscular 
mycorrhizal fungus R. irregularis, colonization with P. indica and the combination between the two 
fungi. All agricultural practices regarding commercial production have been done. 
 
Root endophytic fungi inoculation 

Rhizophagus irregularis (INOQ GmbH, Schnega, Germany) inoculum was carried on sand 
and propagated with onions root in sand substrate at Laboratory of Microbiology, Department of 
Botany, Faculty of Agriculture, Saba Basha, Alexandria University. R. irregularis was applied as 2-3g 
under each single plant, control plants were treated with the same amount of autoclaved sand (121˚C 
for 20 minutes).  

The root mutualistic fungus Piriformospora indica was grown on PDA plates for two weeks. 
A hyphal desk was transferred in 250 mL flasks with liquid KM media (Hill and Käfer, 2001). The 
Plats were incubated for three weeks in the dark at 26°C with 120 rpm on rotary shaker. This liquid 
fungal culture was blended to obtain a mixture. Afterwards, seedlings were immersed in this liquid 
suspension of 3% P. indica (hyphae and spores) for 20 minutes and placed directly in soil. Control 
seedling received the same amount of autoclaved (121 ˚C for 20 minutes) P. indica suspension (mock 
treatment). Three days after transplanting, seedlings were supplied with 10 ml of P. indica suspension 
(3%) to grantee inoculation. 
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Mycorrhizal colonization percentage  
The percentage of mycorrhization was estimated at the harvest time. Root samples at one cm 

were cleared with 10% KOH and stained with Trypan blue (0.05%) in lactophenol to be monitored 
under light microscope according to (Koska and Gemma, 1989). Mycorrhizal colonization was 
estimated by determining the percentage of length of root segments containing AM fungal structure 
(arbuscules, vesicles, spores) according to Biermann and Linderman (1981). 
 
Growth and chemical analysis 

Ten random lettuce plants were taken from each plot to measure vegetative growth 
characteristics (plant height, fresh and dry weigh as well as total yield/fed). Total chlorophyll content 
was estimated in fresh leaves using chlorophyll meter (SPAD-502, Konica Minolta Sensing Inc. 
Japan). Total soluble solids (T.S.S) were measured using Digital Refractometer SR-95 (United 
Kingdom). Total sugar was estimated using the phenol-sulphuric acid (Dubois et al., 1956). Nitrogen, 
phosphorus and potassium were measured by digesting dry samples with sulfuric acid, salicylic acid 
and hydrogen peroxide (Linder, 1944). Nitrogen was determined using the micro-kejeldahl apparatus 
(Van Schouwenburg and Walinga, 1978), phosphorus was measured using molybdophosphoric blue 
(Chapman and Parker, 1961) while the flame photometer was used to measure potassium content. 
Nitrate accumulation was measuered in leaves of lettuce using Brucine (Holty and Potworowski 
1972). 

 
Statistical analysis 

The experiment was arranged in a complete randomized block design in three replicates. 
Analysis of variance was calculated with using MSTAT-C v. 2.1 while means were compared by least 
significant difference (L.S.D.) test at P < 0.05, according to Snedecor and Cochran (1994). 
 
Results and discussion 
 
Mycorrhization percentage  
 

Mycorrhization was determined at the end of the two growing season. The AM root 
colonization ratio in inoculated plants reached to 60.2 % and 46.4% at first and second seasons, 
respectively. This result is in harmony with Konieczny,and Kowalska (2017) who reported that lettuce 
inoculated with AMF and cultivated in rockwool had 39% mycorrhizal frequency of inoculated 
plants. In addition, Baslam et al. (2011) found AMF colonization levels in a range of 56-61% on 
lettuce grown in a mixture of vermiculite, peat and sand. This similarity with our results might be 
related to the characteristics of the used growing substrate. However, native mycorrhizal colonization 
(control) did not exceed 4% in roots of lettuce in both growing seasons.  

 

 

Fig. 1: Mycorrhization ratio of Rhizophagus irregularis (Ri) and Piriformospora indica (Pi) in roots 
of lettuce at harvest time in the two growing seasons. Data show means of three individual plants 
(n=3) and ten 1cm root segments per plant with standard deviation. 

0

20

40

60

80

100

Season 1 Season 2

M
y
c
o
rr
h
iz
a
ti
o
n

Control Ri+Pi



Middle East J. Appl. Sci., 8(4): 1173-1180, 2018 
ISSN 2077-4613 

1176 

 
 

Fig. 2: Trypan blue stains arbuscules, vesicles and spores of colonized Lactuca sativa root with 
Rhizophagus irregularis (left) and Piriformospora indica (right) at harvest stage 

 

Effect of R. irregularis and P. indica on growth of lettuce  
Mycorrhizal fungi have shown to improve yield of various plants (Habte and Osorio 2008). 

To compare the capability of R. irregularis and P. indica to improve growth performance of plants 
grown in sandy soil, an open field experiment has conducted to explore the impact of each endophytic 
fungus wither alone or in combination on growth, chemical constituents and yield of lettuce. Data in 
Table 1 show that single application of R. irregularis or P. indica increased significantly plant height 
(7.7 and 10.4%) and (5.3 and 8%), respectively, in the two growing seasons than the non-inoculated 
plants. The combination between the two fungi recorded the highest increase in plant height at the 
first season (15.9%). Similar trend were recorded with fresh and dry weight of colonized plants. 
Furthermore, combined application of both fungi led to improve growth of colonized plant than single 
application through the two growing seasons. The highest fresh (796g) and dry weights (69.1g) were 
observed in plants treated with both fungi in the second season, respectively. It seems that combined 
application of both fungi was more efficient to enhance growth performance of colonized plants than 
non-colonized. In this respect, Kristek et al. (2005) mentioned that Glomus intraradices enhances 
plant nutrition and growth, beside the higher water content in the leaves of the AMF plants( Hardie 
and Leyton, 1981). Its will know that AM fungi provides plants with inorganic nutrients from the soil 
in exchange carbon from the host (Smith and Smith 1990). In connection, several reports show that 
AMF induces positive effects on the growth of pepper, watermelon, tomato and asparagus (Baum et 
al., 2015).  Charoonnart et al., (2016) demonstrated that the AMF-inoculated lettuce had more leaves 
production and greater leaf fresh weight than for the non-AMF treatment. In addition, P. indica can 
increase plant growth and productivity by promoting root growth through release IAA in root zone 
that mediate root elongation (Sirrenberg, et al., 2007). Although the benefits of AMF on plant growth 
have been reported since the 1980s, most studies have concluded that the effects of mycorrhizal fungi 
on plant growth and development are complex, and rely on the interaction between the host and the 
AMF, and on the genotypes of both organisms (Buam et al., 2015). 
 

Table 1: Plant height, fresh weight and dry weight of lettuce as affected by R. irregulari, P. indica 

and their interaction 

 
 
 
 

Treatments 

Seasons 

Plant height (cm)     Fresh weight (g/plant )  Dry weight (g/plant) 

2016 2017 2016 2017 2016  2017 

Control 31.02 32.50 518 610 53.12 56.43 

R. irregularis  (Ri) 33.41 34.22 690 711 56.50 59.31 

P. indica (Pi) 34.26 35.10 671 730 61.00 65.78 

Ri x Pi 35.96 36.37 688 796 68.18 69.14 

LSD 0.05 1.31 1.59 156 111   10.10  9.25 
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Effect of R. irregularis and P. indica on N, P, K contents in leaves of lettuce 
 

With regard to the effect of mycorrhizal fungi on N, P and K contents in leaves of lettuce, 
data in Table 2 reveal significant increase with all colonization treatments that caused significant 
increases in total N, P and K concentrations than control in the two growing seasons. Meanwhile, 
combination between R. irregularis and P. indica resulted significant increase in N, P and K levels if 
compared to non-colonized plants. However, these favorable effects of the mycorrhizal fungi could be 
explained based on fact that AM plants have higher net photosynthetic rates (Birhane et al., 2012), 
which reflected on increase nutrient uptake and translocation under AM association (Kaschuk et al., 
2009 and Rouphael et al., 2015). Moreover, Charoonnart et al. (2016) indicated that AMF-plants 
showed higher total nitrogen, phosphorus, and potassium contents in lettuce leaf and root tissues than the 
control plants. The colonization of plants with AMF contributes to an increase of the absorption 
surface of the plant root system، which results in the enhancement of nutrient uptake (Smith، Read 
2008). In harmony with these findings, colonizing Arabidopsis seedlings with P. indica was 
accompanied by a huge transfer of nitrogen to plant tissues (Sherameti et al., 2005) indicating that P. 
indica colonization initiated a co-regulated stimulation of enzymes involved in nitrate metabolisms.  
 
Table 2: Total N, P and K in leaves of lettuce as affected by R. irregulari, P. indica and their 

interaction 
Treatments 

Seasons 

                N (mg/kg DM)          P (mg/kg DM)        K (mg/kg DM)              

                                           2016 2017 2016 2017 2016 2017 

Control 2.60 2.23 31.15 32.81 212 241 

R. irregularis  (Ri) 3.11 3.00 36.67 34.89 242 263 

P. indica (Pi) 3.21 3.43 35.53 36.03 257 279 

Ri x Pi 3.33 3.20 37.44 36.92 269 298 

LSD 0.05     0.33 0.24 3.63 2.71 15.5 23.9 

 
Effect of R. irregularis and P. indica on chlorophyll, nitrate, T.S.S and yield of lettuce  
 

Concerning the chemical constituents, data in Table 3 indicates that P. indica improved 
chlorophyll and nitrate accumulation of lettuce leaves than R. irregularis or the combination 
treatment. This trend was not similar in term of TSS content in both growing seasons. However, 
nitrate content still less than those obtained from leaves of control plants. In this respect, it could be 
suggested that mycorrhizal fungi colonization resulted lower nitrate levels and better chlorophyll 
content than non-colonized plants. Regarding to total yield, both growing seasons showed 
significant increase with the combination treatment (R. irregularis and P. indica) if compared to all 
other treatments. 

 

Table 3: Chlorophyll, nitrate, T.S.S and total yield of lettuce as affected by R. irregularis, P. indica 

and their interaction 

Treatments 

Seasons 

Chlorophyll 

(SPAD)      
Nitrate (mg/kgFW)       T.S.S (%)      Yield (ton/fed.)   

2016 2017 2016 2017 2016 2017 2016 2017 

Control 31.11 32.20 1.231 1.350 2.11 2.32 32.13 29.11 

R. irregularis (Ri) 32.26 33.15 0.710 0.688 2.62 2.54 36.30 34.54 

P. indica (Pi) 36.41 35.43 0.755 0.810 2.42 2.61 35.33 34.25 

Ri x Pi 35.92 35.63 0.721 0.793 2.51 2.88 37.02 36.14 

LSD 0.05 3.31   2.64  0.31 0.24  0.53 0.41  3.17 2.77 

 
Notably, no difference was observed in total yield among single mycorrhizal inoculation. On 

the other hand, each fungus colonization treatment showed higher significant yield than control. This 
results could be attributed the role of AM fungi to increase root volume that allows plants to access 
more water and nutrients compared to non-colonized plants under field conditions (Johnson et al., 
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1997). In this respect, Boles et al. (2016) found that AM increased marketable tomato yields by 25%, 
combined with higher plant nitrogen and phosphorus concentrations in leaves of colonized tomato. 
Furthermore, Tripathi et al. (2015) declared that P. indica improved growth and yield of Phaseolus 
vulgaris under greenhouse condition.  

In conclusion, P. indica could be a powerful tool to improve lettuce production and quality in 

sandy soil that opening a window of opportunity for its application in desert agriculture. 
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