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 Plants interact with a multitude of microorganisms in many different ways that have 

considerable consequences for plant growth and fitness. The influence of the endophyte 

(Epichloë coenophiala) infection on the arginine ammonification rate, alkaline 
phosphomonoesterase, arylsulfatase, L-glutaminase, L-asparaginase and urease 

activities were assessed in the rhizosphere of two tall fescue (Festuca arundinaceae 

Shreb.) genotypes (FaA and FaC) under greenhouse condition. The results showed that, 
endophyte infection significantly enhanced arginine ammonification rates and the 

hydrolytic enzyme activities in the rhizosphere of both genotypes however, compared 

to FaC, the genotype FaA generally supported greater responses to endophyte infection. 
The rate of increase for rhizospheric arginine ammonification due to endophyte 

infection was 1.8 times in the FaA genotype. The increased rates of arginine 

ammonification are attributed to the greater rhizospheric microbial biomass and/or 
activity due to endophyte infection. The increased rates for the activities of alkaline 

phosphomonoesterase, arylsulfatase, L-glutaminase, L-asparaginase and urease were 

4.7, 1.3, 2.5, 3.1 and 1.8 times, respectively. This finding implies that the beneficial 
effects of the Epichloë coenophiala endophyte symbiosis is beyond the defensive 

mechanisms against herbivores and can be partly due to its potential role in enhancing 

nutrient cycling through increased hydrolytic enzyme activities in the rhizosphere of 
endophyte infected plants. Hydrolytic enzyme activities as well as arginine 

ammonification were enhanced due to endophyte infection. The beneficial effects of the 

endophyte symbiosis under saline condition can be partly attributed to its improving 

effects on the enhanced rhizospheric microbial biomass and hydrolytic enzyme 

activities. 
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INTRODUCTION 

 

 The endophyte symbiosis between tall fescue (Festuca arundinaceae Shreb.) and the fungi (Epichloë 

coenophiala) formerly named Neotyphodium coenophialum [7] has attracted many attentions due to the mutual 

beneficial effects that enhance the plant tolerance and vitality under stress conditions. The host grass provides 

the endophyte fungi with photosynthates as C and energy sources as well as an isolated shelter to live [3]. In 

exchange, endophyte repels insects and other grass herbivores by synthesizing alkaloids. Moreover, endophyte 

provides plants with drought [9] and salinity [13] tolerance.  A study showed that N use efficiency was greater 

in endophyte-infected plants [2]. Overall, endophyte-infected grasses tend to have increased survival and 

productivity when compared to endophyte-free plants [3]. 

 The effect of grass-endophyte symbiosis on the microbial functions of the rhizosphere has been rarely 

studied. Rhizodeposits collected from endophyte-infected plants contained higher concentrations of soluble 

organic C and carbohydrates than that of endophyte-free plants. Microbial respiration was greater in soils 

receiving rhizodeposites from endophyte-infected grasses [11].  

 To our knowledge, the effect of the grass-endophyte symbiosis on the rhizospheric enzyme activities has 

not been studied. We hypothesized that because of the different rhizosphere functioning of the E+ and E- 

grasses, different hydrolytic enzyme activities and rhizosphere microbial indices can be expected. Arginine 

ammonification rate is considered as an estimation of soil microbial biomass size and activity [8]. Urease (EC 

3.5.1.5), L-glutaminase ( L-glutamine amidohydrolase, EC 3.5.1.2) and L-asparaginase (EC 3.5.1.1) are among 
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amidohydrolases that contribute to N mineralization in soil [17]. Alkaline phosphomonoesterase (EC 3.1.3.1) 

and acid phosphomonoesterase (EC 3.1.3.2) play an important role in soil organic P mineralization. 

Arylsulfatase (EC 3.1.6.1) is believed to be responsible for S cycling as it catalyze S mineralization in soil [16]. 

Identifying the effects of endophyte symbiosis on the functioning of the tall fescue rhizosphere may help us to 

figure out the underlying mechanisms which are responsible for greater ecological success of E+ compared to E- 

plants in natural eosystems. Therefore, the objective of this study was to investigate the effects of grass-

endophyte symbiosis on the arginine ammonification rates and the activities of the hydrolytic enzymes in the 

rhizosphere of tall fescue in a saline soil under greenhouse condition.  

 

MATERIALS AND METHODS 

 

 Two tall fescue genotypes were collected from natural habitats of Iran. Seeds were evaluated for Epichloë 

coenophiala endophyte presence using direct staining method before the experiment [14]. A randomized 

complete block design with a factorial arrangement of the treatments including two genotypes (FaA and FaC) 

and two endophyte statuses (E+ and E-) were run with three replications in a greenhouse. Twenty seeds of E+ or 

E- of the two FaA and FaC genotypes were separately planted in the polyethylene pots contained approximately 

3 kg of soil. 

 A composited soil sample was collected from Rudasht Soil Salinity Research Center. The electrical 

conductivity of the soil saturated extract (ECe) was 13.2 dS m
-1

. The soil was calcareous (calcium carbonate 

equivalent was 220 g kg
-1

) and clay textured (clay and sand content of the soil were 500 and 90 g kg
-1

, 

respectively). Plants were left to grow for 388 days under greenhouse condition. The plants were watered 

frequently based on their requirements. At the end of the experiment, it was observed that, the plant roots have 

occupied the pot volume entirely. The plants were pulled out of the pots and were shaken gently to remove the 

loosely adhered soils and the soil attached to the roots considered as the rhizosphere [6]. The rhizospheric soil 

were collected and placed in sterilized vials. The soils were transferred to laboratory and kept at 4° C until 

analysis. All biological analyses were performed within two weeks of sampling. Arginine ammonification was 

measured by the procedure described by Lin and Brookes [8].  Urease, L-glutaminase, L-asparaginase, alkaline 

phosphomonoesterase, and arylsulfatase activities were determined in the rhizospheric soil according to the 

protocols described by Tabatabai [16, 17].  

 

Data analysis: 

 Data were subjected to ANOVA according to a randomized complete block design using SAS statistical 

software [15]. Mean separation was performed by Least Significant difference (LSD, P < 0.05). 

 

RESULTS AND DISCUSSION 

 

Arginine ammonification: 

 Arginine ammonification in the rhizosphere was significantly influenced by the genotypes and endophyte 

status (Table 1). Endophyte infection significantly increased arginine ammonification in the rhizosphere of both 

tall fescue genotypes (FaA and FaC). Compared to the endophyte free counterpart of FaA genotype the mean of 

arginine ammonification was 1.8 times greater in the endophyte infected counterpart (Table 1). The similar 

value for the genotype FaC was 1.3 times. Although endophye infection in both genotypes brought about a 

considerable enhancement in the rhizospheric arginine ammonification, the rate of increase was dissimilar for 

the genotypes (1.8 and 1.3 for FaA and FaC, respectively).  

 
Table 1: Arginine ammonification and the enzyme activities in the rhizosphere of the genotypes (FaA and FaC) of tall fescue with (E+) or 

without (E-) endophyte infection. 

Genotype E AAM ALP ARS LGL LAS URS 

FaA E+ 2.98 (0.36)a 60.7 (14.4)a 198 (18.0)b 29.9 (3.4)a 10.0 (0.7)a 17.8 (0.4)a 

FaA E- 1.68 (0.18)c 13.0 (2.7)c 158 (28.2)d 12.1 (1.5)c 3.2 (0.1)d 10.0 (0.7)d 

FaC E+ 2.20 (0.18)b 35.7 (9.0)b 211 (43.0)a 20.0 (1.9)b 6.8 (0.6)b 14.4 (0.5)b 

FaC E- 1.65 (0.18)c 15.9 (9.1)c 197 (42.5)c 9.9 (2.0)c 4.7 (0.6)c 12.3 (0.4)c 

Different letters in columns represent significant difference (LSD, P<0.05) 
Values in parenthesis are standard deviation of three replications. 

AAM: arginin ammonification (mg NH4
+-N kg-1soil h-1);  

ALP: alkalin phosphomonoesterase activity (mg PNP g-1 soil h-1); 
ARS: arylsulphatase activity (mg PNP g-1 soil h-1),  

LGL: L-glutaminase activity (mg NH4
+-N kg-1soil h-1);  

LAS: L-asparaginase activity (mg NH4
+-N kg-1soil h-1);  

URS: urease activity (mg NH4
+-N kg-1soil h-1)  
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Alkaline phosphomonoesterase: 

 The activity of alkaline phosphomonoesterase in the rhizospher was significantly influenced by the 

genotypes and endophyte status (Table 1). Endophyte symbiosis significantly increased the activity of alkaline 

phosphomonoesterase in the rhizosphere of FaA and FaC genotypes by 4.7 and 2.2 times, respectively (Table 1). 

The main source of alkaline phosphomonoesterase that is widely distributed in nature is thought to be soil 

microbial activities (17). Enhancing the soil microbial activities has resulted in an increase in the activity of 

alkaline phosphomonoesterase (10). Therefore, the increased soil microbial biomass in the rhizosphere of E+ 

grasses that is indexed by the arginine ammonification (Table 1) can be considered as an indirect mechanism to 

explain the increased activity of alkaline phosphomonoesterase in the rhizosphere of endophyte infected plants. 

This was seen as arginine ammonification (as an index of soil microbial biomass) was significantly higher in E+ 

than E- grasses.  

 

Arylsulfatase activity: 

 The activity of arylsulfatase in the rhizosphere was significantly influenced by the genotypes and endophyte 

status (Table 1). However, compared to those of alkaline phosphomonoesterase, the increasing effects of 

endophyte infection on the arylsulfatase activity in the rhizosphere of tall fescue was happened to a lower 

extent. It was observed that endophyte infection increased the activity of arylsulfatase by 1.3 and 1.1 in the 

rhzosphere of FaA and FaC genotypes, respectively. Plant roots and soil microorganisms produce arylsulfatase . 

The enzyme catalyzes the hydrolysis of organic sulfate ester with an aromatic radical [16]. A significant 

correlation has been reported between arylsulfatase activity and soil organic C content because microbial 

populations in soils are primarily limited by C sources [4]. Farrell et al. showed that arylsulfatase was 

significantly correlated with soil respiration, dehydrogenase activity and microbial biomass. In the current study, 

we observed that endophyte infection in both genotypes increased arginine ammonification therefore, the 

increased microbial biomass in the rhizosphere can be considered as a possible source of slightly increased 

arylsulfatase activity in the E+ counterparts of both grass genotypes. This is in particular noteworthy that the 

lower responses of the arylsulfatase activity in FaC genotype is coincided with lower responses of arginine 

ammonification and alkaline phosphomonoesterase activity in the FaC. 

 

L-glutaminase: 

 The activity of L-glutaminase in the rhizosphere was significantly affected by the grass genotype and 

endophyte infection (Table 1). In both genotypes, endophyte infection has resulted in a significant increase in 

the rhizospheric L-glutaminase activity (Table 1). The enzyme activity in the E+ plants of FaA and FaC were 

2.5 and 2.0 times greater than those of their E- counterparts, respectively. Arachevaleta et al. suggested that 

endophyte infected grasses represent greater activity of glutamine synthase, that is responsible for synthesis of 

glutamine in plant roots and thereby, the higher activity of L-glutaminase in the rhizosphere of E+ plants can be 

possibly attributed to higher concentration of the L-glutamine that is excreted into the rhizosphere and 

consequently induced higher levels of L-glutaminase activity. Moreover, the significant increase in the size of 

microbial biomass that is represented by arginine ammonification is considered as another description for the 

increased L-glutaminase activity in the rhizosphere of E+ grasses, since L-glutaminase is primarily produced by 

soil microorganisms [17].    

 

L-asparaginase: 

 The activity of L-asparaginase was significantly affected by the grass genotype and endophyte infection 

(Table 1). The genotypes behaved dissimilarly in terms of endophyte-induced rhizospheric L-asparaginase. The 

enzyme activity was highly responding to endophyte infection in the genotype FaA (it was 3.1 times greater in 

E+ than in E- counterpart). In contrast, in the rhizosphere of FaC genotype, endophyte infection increased the 

activity of L-asparaginase only by 1.4 times. We could not find any other published reports on the rhizospheric 

L-asparaginase to compare with the present results; however, the rhizospheric L-asparaginase found in the 

current study was within the range of the enzyme activity of previous reports [12]. 

 

Urease: 

 Rhizospheric urease activity of both genotypes was affected by the genotype and endophyte infection 

(Table 1).  Endophyte infection in the both genotypes brought about an increase in the rhizospheric urease 

activity. The rate of increase for FaA and FaC genotypes were 1.8 and 1.2 times.  The response pattern of 

rhizospheric urease followed the trend observed for the other hydrolases and basically attributed to the higher 

supporting microbial biomass size.   

 

Conclusion: 

 As a concluding remark, we suggest that the overall hydrolytic enzyme activities as well as arginine 

ammonification were enhanced due to endophyte infection, even though the genotypes were responded 
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dissimilarly.  Since the enzymes are functionally involved in the nutrient cycling, their increased activity can 

provide the E+ grasses with higher nutrient bioavailability.  Therefore, the beneficial effects of the endophyte 

symbiosis under saline condition can be partly attributed to its improving effects on the enhanced rhizospheric 

microbial biomass and hydrolytic enzyme activities. 
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