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Achnatherum inebrians (Hance) Keng (drunken horse grass, 
DHG) is a toxic perennial bunchgrass, which is so-named 
because it is associated with the narcosis of livestock which 
graze on native grasslands in the northwest of China [1]. 
DHG is distributed mainly throughout the harsh conditions 
of alpine or sub-alpine grasslands, and this species is usual-
ly infected by the fungal endophyte Neotyphodium gan-
suense [2], which apparently enhances its resistance to the 
abiotic and biotic stress [3].  

Endophyte-infected (E+) or endophyte-free (E) DHG 
coarse powders were extracted three times (each for 4 d) 
with 95% petroleum ether at room temperature. All of the 
extracts were collected and dried over anhydrous sodium 
sulphate (Na2SO4), filtered, then rotary evaporated, leaving 
a faint yellow essential oil which was stored at 4°C in 
sealed, dark-glass vials until required. Drops of these ex-
tracts were placed in the center of Petri dishes (9 cm diame-
ter) to measure their inhibitory activity on mycelial growth 
to 17 pathogenic fungi. All dishes were sealed with labora-
tory film (ParafilmTM, USA). Colony diameters of the path-
ogens were measured after one week. Each treatment was 
repeated five times. Inhibition rates were calculated by the 
formula: R=[(DcDp)/Dc]×100%, where R is inhibition rate, 
Dc is diameter of the control and Dp is diameter of the 
pathogen grown on the PDA with volatiles. Alternaria al-
ternata and Bipolaris sorokiniana were isolated from Poa 
pratensis. Curvularia lunata and Fusarium solani were iso-

lated from A. inebrians. Fusarium avenaceum and Tricho-
derma viride were isolated from Lolium perenne. Cultures 
of Colletotrichum gloeosporioides, Fusarium oxysporum 
(Schl. f. sp. niveum), Fusarium oxysporum (f. sp. cubense), 
Colletotrichum lagenarium, Penicillium italicum and Peni-
cillium digitatum were kindly provided by Professor Gao 
Kun, College of Chemistry and Chemical Engineering, 
State Key Laboratory of Applied Organic Chemistry, Lan-
zhou University. Rhizoctonia solani, Sclerotinia scleroti-
orum, Fusarium oxysporum, Alternaria solani, Helmin-
thosporium tritici-vulgaris were gifts from Dr. Zhang 
ZhenFen, Institute of Microbiology, College of Pastoral 
Agricultural Science and Technology, Gansu Agricultural 
University. 

Cluster analysis demonstrated that all varieties could be 
divided into two groups according to their response to the 
petroleum ether extract of E+ DHG. Specimens were sorted 
into the “promotion” group, which was further divided into 
the “strongly promoted” sub-group (P. italicum, B. soro-
kiniana, H. tritici-vulgaris) and the “moderately promoted” 
sub-group (F. solani and T. viride). The “inhibition group” 
included twelve varieties, of which C. gloeosporioides, R. 
solani, A. solani, C. lunata, F. avenaceum and A. alternata 
were “most inhibited”, while F. oxysporum, P. digitatum, S. 
sclerotiorum, F. oxysporum Schl. f. sp. Niveum, C. lage-
narium and F. oxysporum f. sp. Cubense were only “mod-
erately inhibited” (Figure 1A). 

Cluster analysis demonstrated that all varieties could also 
be divided into two groups according to their response to  
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Figure 1  Cluster analysis for inhibition rates of E+ (A) and E (B) 
Achnatherum inebrians extracts on the mycelial growth of 17 fungi. 

the petroleum ether extract of E DHG. Specimens were 
sorted into the “promotion” group, which was further di-
vided into the “strongly promoted” sub-group (B. sorokin-
iana, F. solani, H. tritici-vulgaris, P. Italicum, F. ox-
ysporum and T. viride) and a “moderately promoted” 
sub-group (F. oxysporum f. sp. cubense, C. lagenarium and 
S. sclerotiorum). The “inhibition group” included eight va-
rieties, of which F. oxysporum Schl. f. sp. niveum, P. digi-
tatum, F. avenaceum, C. gloeosporioides, C. lagenarium 
and A. solani were “most inhibited”, while R. solani and A. 
alternata were only “moderately inhibited” (Figure 1B). 

Penicillium italicum, B. sorokiniana, H. tritici-vulgaris,  

F. solani, T. viride and F. oxysporum were promoted by 
both the E+ and E extracts. F. oxysporum Schl. f. sp. Ni-
veum, C. gloeosporioides, R. solani, A. solani, C. lunata, F. 
avenaceum and A. alternata were inhibited by both the E+ 
and E extracts. These extracts differed in their effects on 
the other fungi. The promotion effect of F. oxysporum was 
significant (P<0.05) between the E+ vs. E extracts, but 
there was no significant (P>0.05) difference between the E+ 
vs. E extracts on the other fungi. The inhibition effect of R. 
solani, F. avenaceum and Alternaria alternata were signif-
icant (P<0.05) between the E+ vs. Eextracts, but there 
was no significant (P>0.05) difference between the E+ vs. 
E extracts for other fungi. 

Li et al. [4] reported that the mycelia growth of A. alter-
nata, B. sorokiniana, C. lunata and F. avenaceum were sig-
nificantly inhibited by Neotyphodium gansuense. In the 
present work, the same results were obtained by using crude 
extract fractions instead of the endophyte directly. Yang et 
al. [5] reported that the mycelial growth of A. alternata, B. 
sorokiniana, T. viride and F. avenaceum were obviously 
inhibited by crude aqueous extracts of E+ vs. E A. inebri-
ans, and showed that the extract from E+ DHG had the 
stronger antifungal activity. This evidence implies that A. 
inebrians might eventually be usable as a source of sus-
tainable plant-sourced fungicides, if the relationship be-
tween its secondary metabolites, resident endophyte and 
resistance to pathogens can be clarified by further studies. 
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