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Abstract 

 This experiment was conducted both in greenhouse and in field plot to investigate the growth 
performance of Elymus natans and Festuca sinensis in different mixture sowing ratios (F. sinensis/E. natans: 
0 : 10, 2 : 8, 4 : 6, 6 : 4 and 8 : 2). F. sinensis/E. natans at 4: 6 ratio significantly increased the plant height, 
leaf width, root length, tiller number and dry weight under greenhouse condition. E. nutans along with 
endophyte and F. sinensis showed significantly higher growth performance than E. nutans monocultures (0 : 
10) in the greenhouse. Under field condition the growth parameters of F. sinensis at 4:6 ratio was also 
significantly higher than the other ratios. The study indicated that 4 : 6 ratio was the best combination for 
growth of E. nutans and F. sinensis. The study also showed that the presence of Epichloë endophyte in F. 
sinensis enhances the growth of this grass and neighbouring E. natans plants. This finding provides a 
theoretical basis for cultivating the E. nutans and F. sinensis with growth advantages. 
 

Introduction 
 Grassland and agricultural ecosystems comprise over a wide range of grass species, and many 
species are interrelated. Plants and microbes, plants and animals, animals and microbes have 
intricate relationships (Nan and Li 2004). The mixture sowing of different grass species can affect 
grassland ecosystems through complementation of different niches (Zhang et al. 2008). Previous 
studies revealed that mixed pasture can increase grass yield and plays a pivotal role in community 
stability (Ma et al. 2007, Shi et al. 2007). It is a reality that mixture grassland ecosystem had an 
advantage over monoculture grassland ecosystem such as higher grass yield (Isbell et al. 2009). 
The advantage of a mixture has often been assimilated to a higher yield of the mixture when 
compared with an equal area divided between monocultures of the components in the same 
proportion as they occur in the mixture (Malézieux et al. 2009). In addition, increased biomass 
and resource acquisition of species mixtures relative to monocultures can result from facilitative 
interactions (Brooker et al. 2008, Schipanski and Drinkwater 2012). Therefore, mixture sowing is 
an important method to restore the diversity of grassland ecological species. 
 Festuca sinensis is an important cool-season grass species grazed by cattle and sheep and is of 
increasing importance in managed pastures, especially in cool and semi-arid regions of China 
(Zhou et al. 2015). The development and application of F. sinensis play important role in the 
establishment of grassland and restoration of degradation ecosystems (Tian et al. 2015). Its 
advantages include resistance to cold and to stress caused by saline and alkaline soils, successful 
over wintering capabilities, a broad adaptability to altitudes of 2000-4200 m, good agronomic 
performance and  high  yields (Zhou  et  al. 2015, Tian et al. 2018). F. sinensis is  commonly lived 
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close to Festuca ovina, Elymus nutans and Roegneria nutans. In particular, the F. sinensis + E. 
nutans mixture sowing can increase its aboveground biomass (Wang et al. 2007). The mixed 
growing relationship is an important factor in the natural grassland ecosystem stability (Shi 2002, 
Wang 2013). 
 E. nutans is the valuable forage grass in the alpine regions and has the characters of resistance 
to cold, drought and pest that can be used to improve cereal crops, which play important role in the 
restoration of the disturbed grasslands and construction of artificial grasslands, as well as animal 
production (Chen et al. 2009). It grows in the grassland of north, northwest and southwest China 
particularly on Qinghai-Tibet Plateau with a broad adaptability to altitudes of 1000 - 5000 m (Lu 
1993, Chen et al. 2009). This grass does not grow alone and always associated with F. sinensis and 
other grasses. The F. sinensis + E. nutans mixture sowing can increase its forage yield (Yang et al. 
2010). 
 Most research showed that endophyte can increase the capability of anti-biotic and abiotic 
stresses of grasses. Epichloë endophytes increase the resistance of host grasses to insect (Brem and 
Leuchtmann 2001), drought stress (Malinowski and Belesky 2000), salt stress (Reza Sabzalian and 
Mirlohi 2010) and reduce the heavy metal effects (Zhang et al. 2014). The endophytes enhanced 
water use efficiency and retained the plants growth under limited water conditions through 
improvement of photosynthetic efficiency and promoting the absorption of nutrient (Xia et al. 
2018). On natural grassland, most grasses are endophyte infected. F. sinensis is a perennial 
bunchgrass highly infected with the Epichloë endophyte (Nan and Li 2004). However, E. nutans is 
rarely found to be infected by endophyte (Nan 1996a). 
 The mixture sowing of F. sinensis + E. nutans are widely concerned by experts and their 
studies demonstrated that mixture sowing cultivation of F. sinensis + E. nutans facilitates 
grassland establishment and restoration (Shi et al. 2009, Li et al. 2009, Zheng et al. 2009). 
Previous studies mostly focused on different species mixture sowing, while ignored research on 
the mixture sowing ratios. The present study was designed both in greenhouse and field with 
different mixture sowing ratios to explore the Intra- and interspecific competition of E. nutans and                   
F. sinensis infected by Epichloë endophyte by measuring plant growth indexes. 
 
Materials and Methods 
 The seeds of Festuca sinensis were obtained from the Yuzhong campus of Pastoral 
Agriculture Experimental Station of Lanzhou University, China (35°560’ N, 104°080’ E, altitude 
1718 m). The seeds of E. nutans were obtained from the Bai Green International Grass Industry 
(Beijing) Co. Ltd., (http://140227.71ab.com/). The seeds were harvested from endophyte-infected 
(E+) and endophyte-free (E-) plants on 25 August 2015 and preserved at 4°C for further 
investigation. The endophytes in seeds were detected by microscopic examination with aniline 
blue staining (Nan 1996a, b).  
 Seedlings were sown on soil in tray and kept in a controlled-environment at greenhouse from 
1 April 2016 to 1 August 2016 (4 months) maintaining 25 ± 2°C temperature, 42 ± 2% relative 
humidity and 14/10 hrs light and dark cycle. Eleven different ratios of plants including E + F. 
sinensis monocultures (0 : 10), E- F. sinensis monocultures (0 : 10), E. nutans monocultures (0 : 
10), E+ F. sinensis /E. nutans (2 : 8) (the number of seeds E+ F. sinensis/E. nutans = 2 : 8), E + F. 
sinensis/E. nutans (4 : 6) mixtures, E + F. sinensis/E.nutans (6 : 4) mixtures, E + F. 
sinensis/E.nutans (8 : 2) mixtures, E - F. sinensis/E. nutans (2 : 8) mixtures, E- F. sinensis/E. 
nutans (4 : 6) mixtures, E- F. sinensis/E. nutans (6 : 4) mixtures and E- F. sinensis/E. nutans (8 : 2) 
were studied. Sterile sandy-loam soil (1 : 3 v/v) collected from Lanzhou University experimental 
field station was taken in seedlings culture tray (30 × 20 × 10 cm in size) and 300 seeds were sown 
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in each tray with three replications for each treatment. Seedling trays were kept randomly in a 
greenhouse maintaining 25 ± 2°C, 42 ± 2% relative humidity and 14/10 hrs light and dark cycle. 
 Field experiments were performed from 1 April, 2016 to 1 August, 2016 (4 months) at the 
Lanzhou University at Yuzhong Pastoral Agriculture Experimental Station. Seven different 
combinations of plants were established, including E+ F. sinensis monocultures (0 : 10), E- F. 
sinensis monocultures (0 : 10), E. nutans monocultures (0 : 10), E+ F. sinensis/E. nutans (2 :8 ) 
(the number of seeds E+ F. sinensis/E. nutans=2:8), E+ F. sinensis/E. nutans (4 : 6) mixtures, E- F. 
sinensis/E. nutans (2 : 8) and E- F. sinensis/E. nutans (4 : 6). Three replications were maintained 
for each combination. After germination of seeds and seedling development excess seedlings were 
removed to ensure the exact ratio. The plot size was 0.8 m2 (1 × 0.8 m), randomly distributed in 
field and plot to plot distance was 30 cm. 
 Five seedlings of both F. sinensis (E+/E-) and E. nutans were randomly selected and carefully 
removed from the experimental seedlings trays and plots (i.e. greenhouse and field), washed with 
distilled water and then dried using filter paper. Plant height, root length, tiller number, stem 
diameter and leaf width of each plant from each treatment were noted. The harvested plants were 
separated into two categories i.e. below and aboveground. Dry weight was obtained after freezing 
(LABCONCO Freeze Dry Systems-Model 77530 series, America) the tissues at -80°C for 72 hrs 
until a constant weight. The dry weight of aboveground and belowground was weighed separately 
for each treatment to determine the total dry weight of plants. 
 Data were analysed with SPSS 16.0 (SPSS, Inc., Chicago, IL, USA) to assess the effects of 
the F. sinensis (E+/E-)/E. nutans ratio on endophyte on different growth parameters. One-way 
ANOVA was used to test the treatment differences. A repeated-measure ANOVA with Fisher's 
least significant difference (LSD) test was used to determine whether differences between means 
were statistically significant or not. Statistical significance was defined at the 95% confidence 
level. Values were expressed as mean ± standard error. 
 
Results and Discussion 
 Mixed sowing and Epichloë endophytes had significant effects on plant height in greenhouse. 
The maximum plant height of E+ F. sinensis was observed at 4 : 6 ratio which was significantly 
higher than monocultures (0 : 10) and other ratios (Fig. 1A). In case of E- F. sinensis the 
maximum height was also at 4 : 6 ratio. The height of E. nutans mixed with E+ F. sinensis was 
highest at 4 : 6 ratio (Fig. 1B). Similarly, the height of E. nutans mixed with E- F. sinensis was 
peaked at 4 : 6 ratio which was significantly higher than the 8 : 2 ratio (Fig. 1B). Epichloë 
endophytes had significant effects on plant height.  
 In the field conditions, the maximum plant height of E + and E- F. sinensis was recorded at 
4:6 ratio which was significantly higher than monocultures (0 : 10) and 2 : 8 ratio (Fig. 1C). The 
height of E. nutans mixed with E + F. sinensis was maximum at 4:6 ratio which was also 
significantly higher than monocultures (0 : 10) and 2 : 8 ratio. While, the height of E. nutans 
mixed with E- F. sinensis was non-significant among the different combinations (Fig. 1D). 
Epichloë endophytes showed significant effects on plant height. At the 4 : 6 ratio, the plant height 
of E. nutans mixed with E + F. sinensis was significantly higher than E- F. sinensis (Fig. 1D).  
 Mixture sowing and Epichloë endophytes had significant effects on the number of tillers in 
the greenhouse. The number of tillers of E + and E- F. sinensis was maximum at 4:6 ratio that was 
significantly higher than monocultures (0 : 10) and other ratios (Fig. 2A). The number of tillers of 
E. nutans mixed with E+ F. sinensis was highest at 4 : 6 ratio which was significantly higher than 
other ratios (Fig. 2B). The number of tillers of E. nutans mixed with E- F. sinensis was maximum 
at 4 : 6 and 6 : 4 ratios which were significantly higher than the 2 : 8 ratio (Fig. 2B). At 4 : 6 and 6 : 
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4 ratios, significantly higher tillers of E + F. sinensis than E- F. sinensis was observed (Fig. 2A). 
On the other hand, E. nutans mixed with E+ F. sinensis showed significantly higher tillers than    
E- F. sinensis at 4 : 6 and 2 : 8 ratios (Fig. 2B).  
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Fig. 1. Effects of mixture sowing and F. sinensis–Epichloë endophytes on the plant height of F. sinensis and E. 

nutans. Values are the mean ± standard error (SE), different lower-case letters indicates significant 
difference at P < 0.05. A: F. sinensis plant height under greenhouse, B: E. nutans plant height under 
greenhouse, C: F. sinensis plant height under field, D: E. nutans plant height under field. 

 

 In the field conditions, tillering in E + and E- F. sinensis was maximum at 4:6 ratio which was 
significantly higher than monocultures 0 : 10 and the 2 : 8 ratios (Fig. 2C). Besides the number of 
tillers of E. nutans mixed with E + F. sinensis was maximum at the 2 : 8 ratio which was 
significantly higher than monocultures  0 : 10 (Fig. 2D).  
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Fig. 2. Effects of mixture sowing and F. sinensis–Epichloë endophyte on the number of tillers of F. sinensis 

and E. nutans. Values are the mean ± standard error (SE), different lower-case letters indicates 
significant difference at p < 0.05. A: F. sinensis the number of tillers under greenhouse, B: E. nutans the 
number of tillers under greenhouse, C: F. sinensis the number of tillers under field, D: E. nutans the 
number of tillers under field. 

 

 Mixture sowing and Epichloë endophytes had significant effects on the stem diameter, leaf 
width and root length of both F. sinensis and E. nutans in the greenhouse. At 4 : 6 ratio, the stem 
diameter, leaf width and root length of E + F. sinensis was maximum which were significantly 
higher than monocultures (0 : 10) and other ratios (Table 1).  
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Table 1. The effects of mixture sowing and endophytes on stem diameter, leaf width and root length of 
F. sinensis and E. nutans under greenhouse.  

 

Ratios Growth 
index  

Plants 

0 2:8 4:6 6:4 8:2 

E. nutans 0.688 ± 
0.024cd 

- - - - 

E+ F. sinensis 0.684 ± 
0.022cd 

0.724 ± 
0.017cd 

0.798 ± 
0.022c 

0.704 ± 
0.017cd 

0.659 ± 
0.022cd 

E- F. sinensis 0.882 ± 
0.020bc 

0.676 ± 
0.019cd 

0.736 ± 
0.023cd 

0.697 ± 
0.035cd 

0.626 ± 
0.039d 

E. nutans mixed 
with E+ F. sinensis 

- 0.912 ± 
0.031bc 

1.022 ± 
0.036a 

0.990 ± 
0.042a 

0.960 ± 
0.051ab 

Stem 
diameter 
(mm) 

E. nutans mixed 
with E- F. sinensis 

- 0.826 ± 
0.030bc 

0.925 ± 
0.035b 

0.958 ± 
0.025ab 

0.944 ± 
0.049ab 

E. nutans 1.769 ± 
0.090cd 

- - - - 

E+ F. sinensis 1.692 ± 
0.032cd 

1.737 ± 
0.055cd 

2.046 ± 
0.085ab 

1.804 ± 
0.049cd 

1.768 ± 
0.046cd 

E- F. sinensis 1.888 ± 
0.025c 

1.581 ± 
0.070d 

1.969 ± 
0.059b 

1.710 ± 
0.054cd 

1.705 ± 
0.063cd 

E. nutans mixed 
with E+ F. sinensis 

- 1.942 ± 
0.062bc 

2.276 ± 
0.047a 

2.142 ± 
0.129a 

1.882 ± 
0.055c 

Leaf 
width 
(mm) 

E. nutans mixed 
with E- F. sinensis 

- 1.812 ± 
0.062cd 

2.125 ± 
0.067a 

2.060 ± 
0.131ab 

1.802 ± 
0.085cd 

E. nutans 4.67 ± 
0.17c 

- - - -  

E+ F. sinensis 4.62 ± 
0.21c 

4.49 ± 
0.40c 

5.44 ± 
0.26ab 

5.02 ± 
0.24c 

5.03 ± 
0.15c 

E- F. sinensis 4.48 ± 
0.20c 

3.62 ± 
0.13d 

4.86 ± 
0.64c 

4.45 ± 
0.13c 

4.32 ± 
0.17cd 

E. nutans mixed 
with E+ F. sinensis 

- 4.91 ± 
0.16c 

5.82 ± 
0.13a 

4.91 ± 
0.41c 

4.40 ± 
0.16cd 

Root 
length 
(cm) 

E. nutans mixed 
with E- F. sinensis 

- 4.82 ± 
0.16c 

5.94 ± 
0.28a 

5.32 ± 
0.25bc 

4.76 ± 
0.18c 

 

Values are the mean ± standard error (SE), with bars indicating different lower-case letters with significant 
differences between the different treatments at p < 0.05. 
 

 In the field conditions, the stem diameter of E + and E- F. sinensis was highest at 4 : 6 ratio 
which was significantly higher than monocultures (0 : 10). Mixture sowing had no significant 
effects on the stem diameter of E. nutans mixed with E + F. sinensis (Table 2). 
 Mixture sowing had also significant effects on the dry weight per seedling of both F. sinensis 
and E. nutans in the greenhouse. The dry weight of E+ and E- F. sinensis was significantly higher 
at  4 : 6 ratio than monocultures (0 : 10) (Table 3). In the field conditions, mixture sowing had no 
significant effects on the dry weight per seedling of E+ and E- F. sinensis. The dry weight of E. 
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nutans was maximum at 4 : 6 ratio. At 2 : 8 ratio, the dry weight of E + F. sinensis was 
significantly higher than E - F. sinensis at 4 : 6 ratio (Table 4). 
 
Table 2. The effects of mixture sowing and endophytes on stem diameter, leaf width and root length of 

F. sinensis and E. nutans under field conditions.  
 

Ratios Growth 
index  

Plants 

0 2:8 4:6 

E. nutans 1.477 ± 0.084a     -     - 

E+ F. sinensis 1.021 ± 0.037c 1.158 ± 0.026bc 1.404 ± 0.050a 

E- F. sinensis 0.984 ± 0.062c 0.983 ± 0.067c 1.202 ± 0.038b 

E. nutans mixed with E+ F. sinensis - 1.482 ± 0.100a 1.560 ± 0.076a 

Stem 
diameter 
(mm) 

E. nutans mixed with E- F. sinensis   - 1.211 ± 0.028b 1.442 ± 0.023a 

E. nutans 4.741 ± 0.132b     -     - 

E+ F. sinensis 3.794 ± 0.135c 3.343 ± 0.155cd 4.281 ± 0.235bc

E- F. sinensis 3.046 ± 0.190d 2.822 ± 0.084d 3.782 ± 0.126c 

E. nutans mixed with E+ F. sinensis - 5.370 ± 0.198b 6.055 ± 0.201a 

Leaf 
width 
(mm) 

E. nutans mixed with E- F. sinensis   - 5.183 ± 0.355b 5.612 ± 0.307ab

E. nutans 6.8 ± 0.2bc    -    - 

E+ F. sinensis 7.3 ± 0.3b 7.6 ± 0.3ab 8.3 ± 0.2a 

E- F. sinensis 7.0 ± 0.2bc 6.5 ± 0.3c 7.5 ± 0.3ab 

E. nutans mixed with E+ F. sinensis - 8.2 ± 0.2a 8.3 ± 0.2a 

Root 
length 
(cm) 

E. nutans mixed with E- F. sinensis - 7.8 ± 0.2ab 7.7 ± 0.2ab 
 

Values are the mean ± standard error (SE), with bars indicating different lower-case letters with significant 
differences between the different treatments at p < 0.05. 
 

 The key results of this study were that mixture sowing ratios had significant effects on F. 
sinensis and E. nutans growth performance. Especially at the 4 : 6 ratio, both plants showed 
excellent growth performance. The plant height, tiller numbers, stem diameter, leaf width, root 
length and dry weight of mixture sowing plants were also higher than monoculture. In addition, 
the present investigation showed that the presence of Epichloë endophyte in F. sinensis enhanced 
the growth of this grass and also neighbouring E. natans plants.  
 Previous research had indicated that inequalities in size within species, by the larger 
individuals, can result in the pre-emption of resources (Howard and Goldberg 2001). This means 
that larger individuals generally, had the competitive advantage over smaller individuals in 
mixture sowing combinations (Gu et al. 2009). The previous study proved that the competitive 
ability of E. nutans was stronger than F. sinensis under mixted sowing conditions (Gu et al. 2012). 
However, scientists rarely studied the effect of mixture sowing ratios on plant growth performance. 
In fact, different mixture sowing ratios significantly affect plant growth (Caballero   et al. 1995, 
Lithourgidis et al. 2006). The present findings indicated that different growth performances of F. 
sinensis and E. nutans  are different under different mixture sowing ratios. Mixture sowing ratios 
had significant effects on the plant heights and tiller numbers of F. sinensis and E. nutans. The 
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plant height and tiller number of these two taxa increased in mixture sowing ratios in both field 
and greenhouse conditions particularly at 4 : 6 ratio which might be due to the difference in their  
niches. Changing the utilization of resources in the growth environment was supported by the 
findings of Caballero et al. (1995). In addition, plant height of E. nutans was higher than F. 
sinensis under  the greenhouse condition, while  the  tiller number of F. sinensis was 
 
Table 3. The effects of mixture sowing and endophytes on plant dry weight per seedling of F. sinensis 

and E. nutans under greenhouse conditions.  
 

 
Ratios Growth 

index  Plants 
0 2:8 4:6 6:4 8:2 

E. nutans 0.0600 ± 
0.0040b     - -  -  -  

E+ F. sinensis 0.0555 ± 
0.0053bc 

0.0622 ± 
0.0098ab 

0.0800 ± 
0.0047a 

0.0655 ± 
0.0050ab 

0.0633 ± 
0.0050ab 

E- F. sinensis 0.0411 ± 
0.0045c 

0.0466 ± 
0.0033bc 

0.0766 ± 
0.0060a 

0.0688 ± 
0.0042ab 

0.0644 ± 
0.0037ab 

E. nutans mixed with 
E+ F. sinensis - 0.0655 ± 

0.0017ab 
0.0744 ± 
0.0037ab 

0.0544 ± 
0.0050bc 

0.0500 ± 
0.0033bc 

Dry 
weight 

(g) 

E. nutans mixed with 
E- F. sinensis - 0.0588 ± 

0.0020bc 
0.0688 ± 
0.0045ab 

0.0611 ± 
0.0035b 

0.0555 ± 
0.0037bc 

 

Values are the mean ± standard error (SE), with bars indicating different lower-case letters with significant 
differences between the different treatments at p < 0.05. 
 
Table 4. The effects of mixture sowing and endophytes on plant dry weight per seedling of F. sinensis 

and E. nutans under field conditions.  
 

Ratios Growth 
index  

Plants 

0 2:8 4:6 

E. nutans 0.5222 ± 0.0251d - - 

E+ F. sinensis 0.6522 ± 0.0405bc 0.7088 ± 0.0170ab 0.7388 ± 0.0406ab 

E- F. sinensis 0.5777 ± 0.0236cd 0.5866 ± 0.0345cd 0.6233 ± 0.0302bc 

E. nutans mixed with E+ 
F. sinensis 

- 0.6077 ± 0.0263c 0.7755 ± 0.0267a 

Dry 
weight 
(g) 

E. nutans mixed with E- 
F. sinensis 

- 0.6211 ± 0.0272bc 0.6833 ± 0.0284b 

 

Values are the mean ± standard error (SE), with bars indicating different lower-case letters with significant 
differences between the different treatments at p < 0.05. 
 

more than E. nutans under both the greenhouse and field conditions. This phenomenon might be 
considered as an adaptive of plants performance, to increase its competitiveness by increasing 
plant height and tiller numbers. Significantly increased leaf width, root length and dry weight of F. 
sinensis and E. nutans in mixture sowing particularly at 4 : 6 ratio under the greenhouse and field 



INTRA- AND INTERSPECIFIC COMPETITION OF ELYMUS NUTANS 707 

conditions compared with the monoculture are similar to the findings reported by Chen et al. 
(2011). This study also demonstrated that mixture sowing promotes both the mixed plant’s growth 
performance. 
 Previous research had indicated that Endophyte infection, under natural conditions, can 
increase the height of plants, tiller numbers and biomass of host grasses in greenhouse and field 
conditions (Zhang et al. 2015) which supports the present observations. The results demonstrated 
that the presence of Epichloë endophyte in F. sinensis enhanced the growth of this grass and also 
neighbouring E. natans plants. This might be because Epichloë endophyte in F. sinensis enhanced 
plants competitiveness (Li et al. 2009). Earlier studies with E+ and E- in F. sinensis had revealed 
that Epichloë endophytes promote the germination ability and growth of seedling under drought 
and cold stress (Peng et al. 2013, Wang et al. 2017). In the present study, the root length of E+ F. 
sinensis has a significant level of higher - than E- F. sinensis under the 2:8 ratio. Consequently, 
mixture sowing and Epichloë endophyte and these two factors impact on plant performance were 
significant. These results demonstrated that mixture sowing is reasonable to promote plant growth 
it is in agreement with the results reported by Caballero et al. (1995). 
 It may be concluded that the mixture sowing plants increase its competitiveness by increasing 
plant height and tiller numbers and Epichloë endophyte in F. sinensis enhances the plant height, 
tiller numbers, stem diameter, leaf width and root length of this grass and also neighbouring E. 
natans plants under the mixture sowing conditions. The study provides a theoretical basis for 
cultivating the F. sinensis and E. nutans with growth advantages.  
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