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Roles of the grass-Neotyphodium association in pastoral agriculture systems
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Abstract: Neotyphodium (syn. = Acremonium) endophytes are a group of fungi which live for all, or at least a significant part
of their life cycle asymptomatically within grass plant parts. Innumerable studies on graminicolous endophytic fungi have been
carried out internationally in the fields of mycology, pasture agronomy, animal and plant sciences and veterinary science during
the last 25 years. Research on endophytes started in the early 1990’s in China. In this paper research progress on the grass-
endophyte association both in China and overseas was reviewed and key areas for further study were suggested.

Fourteen Neotyphodium species have been formally identified and reported from 23 genera of grasses in the world
literature. Endophytes have been found in 13 genera and 25 species of forage grasses in native grasslands in China. Among
these host plants, Descampsia, Hordeum and Leymus genera have not been reported as Neotyphodium hosts previously in the
world literature. Endophytes produce alkaloids within the host plant, which are toxic to livestock. including cattle. sheep,
horses and deer grazed on Neotyphodium infected grasses. It has been estimated that the livestock industry in the United States
and New Zealand suffers more than 640 million US dollars in lost production annually due to the endophytes. Fortunately the
mechanism of toxicity has been understood and the chemicals responsible for livestock toxicosis identified. It was found that the

toxicity of drunken horse grass in China was related to endophyte infection. The effects of endophyte infection on drunken
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horse grass toxicity to livestock are being studied in a series of feeding trials. One of the most beneficial effects conferred by
endophytes on their host grasses is the production of toxins and feeding deterrents which reduce insect grazing. About 42 insect
species have been reported worldwide to be deterred or adversely affected by feeding on endophyte infected grasses. Another
beneficial effect imparted to grasses by endophytes is tolerance to environmental stresses. Compared with grass not infected,
plants with endophytes showed better adaptation to drought and heat conditions. and produced higher herbage dry matter
yield. Reported research of this type has mainly focused on ryegrass (Lolium perenne) and tall fescue (Festuca arundinacea).
Glasshouse and field studies carried out in China showed that, compared to the plants not infected with endophyte, the herbage
dry weight of endophyte-infected Hordeum bogdanii and Elymus cylindricus was increased by 33. 3% and 278. 8%, and number
of tillers per plant by 36.8% and 84.5% . respectively.

Key areas for further research internationally include large scale research into the endophyte-grass association, and biology
and ecology of endophytes . creating novel endophyte-grass association which are not toxic to livestock deter the negative effects
of insects, breeding new turfgrass cultivars by introducing endophytes into existing turfgrass cultivars, selecting and breeding
toxin tolerant livestock, genetic engineering research, and research into the role of endophytes in native grassland
development.

Key words :endophytic fungi; grass; livestock; turfgrass; mycotoxin; pastoral agriculture system
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Fig. 1 Endophyte,grass and livestock interactions in pastoral agriculture ecosystem
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Table 1 Formally recoginised Neotyphodium-grass association in the literature worldwide
Neotyphdoium Symbiotic grasses Literature cited
N. aotearoae Echinopogon ovatus 21
N. australiense Echinopogon ovatus 21
N. chilense Dactylis glomerata 22, 23
N. chisosum Stipa eminens 23, 25
N. coenophialum Festuca arundinacea 23,25
N. huerfanum F. arizonica 26, 23
N. lolii Lolium perenne 23,27
N. melicicola Melica racemosas M. decumbens 21
N. occutans L. multiflorum, L. rigidum, L. temulentum 28
N. siegelii Lolium pratense 29
N. starrii Bromus anomalus, F. arizonica, F. obtusa, F. subulata 23, 30
N. tembladerae F. argentina, F. hieronymi, Poa huecu 31
F. gigantean, F. heterophylla, F. longifolia, F. rubra, F. glauca, F. ovina, F. pulchella,
N. typhinum 3 . 818 phyctas 8 ’ d 8 ’ ’ ’ 23, 25, 32
F. valesiaca
N. uncinatum F. pratensis 23, 33
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Table 2 Main alkaloid types produced by grass Neotyphodium association and their toxicity to mammals and insects

Alkaloid types Compounds Mammals Insects
Ergopeptine Ergovaline +++ +
Indolditerpene Lolitrem B +++ +
Pyrrolopyrazine Peramine — +++
Pyrrolizidine Loline + + 4+
+++ Strong toxicity; + Toxicity; — Non toxicity
2
, 3 [10~13]
s C3 L43d Table 3  Incidence of Neotyphodium endophyte found in native
60 [ae] 30Y grasses in China [10~13]
e ’ 10% . Species Incidence
[s] . Genera %)
B , Achnatherum ( YA. inebrians 88.5
(17 ( ) A. inebrians”® 96. 0
° Agropyron Agropyron cristatum 53.9
2.1 Bromus Bromus inermis 6.0
s N N 23 B. magnus 10
Neotyphodium (17.46.12] Descampsia D. caespitosa 2.0
Elymus E. cylindricus 100
(Achnatherum) . (Agropyron) . Ammop- £ dahuricus 100
hila . (Brachypodium) | (Bromus) . E. nutans 100
(Calamagrostis) . (Cinna) . . E. tangutorum 20~100
(Descampsia) \ Echinopogon (Elymus) . Elymus sp- 50
Elytrigia E. dahuricus 22.2
(Elytrigia) N (Hystriz) N Festuca “F. alatavica 100
(Melica) . . (Polypogon ) . F. modesta 6.0
(Roegneria) . (Sitanion) (Sphenopholis) E. rubra 80~100
(Stipa). ( YE. sinensis 100
( YF. sinensis 4.5
2.2 Hordeum “H. bodganii 100
. 13 25 H. bodganii 18
s . H. violaceum 80~100
C 3. . . Leymus L. chinensis 12
. Poa P. alpina 4.0
° P. pratensis 2.0
2.3 P. sphondylodes 80
P. tibetica 6.0
Polypogon monspeliensis 20
’ Roegneria R. stricta 80
C . Stipa S. purpurea 60
(N. starrii) 4300 * (137, [10~12] From literature 13,
[17]

all others from literature 10~12

100% , , 4.
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Table 4 Regional distribution of endophyte infection rate in 4 grass species in the USA

Grass Northeast

Southeast

North South Northwest Southwest

A. hiemalis 63.2 87.5
66.7 100. 0
50.0 0.0

76.9 0.0

C. arundinacea
E. canadensis
P. palustris

83.3 41.0 0.0 12.5
50. 0 75.0 0.0 0.0
55.6 75.7 66.7 73.3

44. 4 0.0 2.6 0.0

* [17]

Caculated from literature [17 ]

(Listronotus bonariensis)
(Sphenophorus parvulus) , (Agrotis

segetum) . (Crambus spp. ) . (Blissus

leucopterus) , (Agallia constricta)

(Acheta domesticus)

(Helicotylenchus dihystera) .
andi) .

(Meloidogyne margl-
(Paratylenchus scribneri). P. projectus
Tylenchorhyn-chus acutus

[48,50]
’ o

5 [1.48.49]
Table 5 Insects reported in the world literature to be deterred or

adversely affected by feeding on edophyte infected grasses [!+48:49]

Order

Genus or species

Coleoptera

Lepidoptera

Heteroptera

Homoptera

Orthoptera

Acarina

Aphodium tasmaniae
Chaetocnema pulicaria
Costelytra zealandica
Cyclocephala lurida
Heteronychus arator
Listronotus bonariensis
Sphenophorus parvulus
S. inaequalis
S. minimus
S. wvenatus
Trilobium castaneum
Agrotis infusa
A. segetum
Crambus spp.
Graphania mutans
Mythimna convecta
Parapediasia teterrella
Persectania ewingii
Philobota productella
Spodoptera [frugiperda
S. eridania
? Balanococcus poae
Blissus leucopterus-hirtus
Oncopeltus fasciatus
Agallia constricta
Diuraphis noxia
Draeculacephala antica
Draeculocephala spp.
Endria inimica
Exitianus exitiosus
Graminella nigri_/}'(ms
Prosapia bicincta
Rhopalosiphum padi
Schizaphis graminum
Sipha flava
Acheta domesticus
Locusta migratoria
Teleogryllus commondus
T. oceanicus

Abacarus hystrix
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Table 6 Fungal pathogens or diseases of grasses to be inhibited by Neotyphodium endophytes

Neotyphodium Pathogen or disease Results Experimental conditions  Literature
N. coenophialum Alternaria alternata , PDA
Cladosporium cladosporioides, Inhibited colony growth [54]
Rhizoctonia cerealis
D. erythrospila N PDA [55]
Inhibited colony growth
Tall fescue seedling disease E + s E + seedling Glasshouse [56]
Rhzoctonia solani s Magnaporthe poae, showed disease tolerance and higer
Pythium aphanidermatum survival rate
Tall fescue seedling disease Glasshorse [57]
R. zeae Seedling emergence rate positively
correlated with endophyte incidence
detected in seeds
Tall fescue rust, Puccinia E-+ E+ plants Field [58]
graminis had lower disease severity
Tall fescue rust, Puccinia E+ E + seedling showed rust Glasshouse [59]
gaminis resistance
N. lolii Drechslera andersenii Inhibited colony growth PDA [60]
D. siccans, D. teres
D. erythrospila, Inhibited colony growth PDA [61]
Colletotrichum graminicola
D. erythrospila Inhibited colony growth PDA [55]
Fusarium culmorum Inhibited or  PDB Extracts [60]
delayed spore germination from PDB culture
Perennial ryegrass E+ E+ plant resistance Field [62]
leafspot Pyrenophora semeniperda to the disease
N. uncinatum D. erythrospila, Inhibited colony growth PDA [55]
R. zeae
Fusarium culmorum Inhibited or  PDB Extracts [60]
delayed spore germination from PDB culture
Meadow fescue Restricted lesion Detached [63]
leaf spot D. erythrospil , Bipolaris develpment leaf
sorokiniana
N. sp s E+ E-+ Field [12]
Leaf invading fungi of Agropyron leaves had lower fungal invasion
cristatum,  Elymus cylindricus — and
Festuca rubra
N. sp. Leaf spot of Elymus E-+ Detached [12]
cylindricus ( A. alternata, E+leaves had fewer and smaller lesion
F. avenaceum ,
F. culmorum, F. oxysporum)
3.2
o b
. . ey Latch 1985
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Table 7 Effects of Neotyphoidum-grass association on livestock [57]

Grasses Neotyphodium association Effects on livestock

Distribution

. N
Achnatherum robustum N. chisosum .
Horse, sheep narcosis

N. sp. )

A. inebrians .
Horse, sheep narcosis

Lolium temulentum N. occutans

Livestock toxicosis

N

L. perenne  N. lolii
perenne olii Cattle, sheep staggers

(Poa huecu)  N. tembladerae

Livestock staggers

N

Melica descumbens — N. melicicola .
Livestock staggers,

N

Echinopogon ovatus ~ N. australiense N. aotearoae .
Cattle, sheep staggers

Festuca argentina  N. tembladerae . Lo
Livestock toxicosis

N

F. arundinacea . . .
Cattle, sheep toxicosis

N. coenophialum

F. hieronymi  N. tembladerae . Lo
Livestock toxicosis

narcosis

North America

China

s Europe, Asia

s s North America, New

Zealand, Australia

South America

Africa

’

Australia, New Zealand

South America

North America

South America

b b Y o 9
[88,1,89]
s _
b b
86
49% ~92%7,
4.2
2
. . . 1700 hm?, .
o b N N 9 )
[34,88
9
o
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