
-SS 
/97 
• {<,b5 

Projeet title: 

Executing Agency: 

. Collaborating 
Partner: 

THE ROLE OF ENDOPHYTES IN TROPICAL 
FORAGES 

Centro Internacional de Agricultura Tropical 
(CIAT) 

Ministry of Agriculture, Forestry Ílnd Fisberies, 
Japan (MAFF) 

"""-;7,,41 (2 ...... ,.. .. "::-:::J 
t<:~"'" t"' ..... ::. 1, -li 
f,,-. -' \ .. ...,.,. I . ., LJ 
r· '-.... ,_, ,,'_' 
\" 

lJ~·!.-,t.: 2~ rJf!:"·i~ .. ~r.r~i0ti y 
LG viJí~i!.:;i: j:\~ 11.1¡{ 

1 3 D' c. 2:~5 

}))OJO 

---'-,'--""¡ 

.' ""'-:~1"(' ? 1R ,-:-::l " ",' ;. .' ~ LI . 
. \. -':,_ '. ¡1' . ¡ : r 

'\r-~_,t \ .... ".""'" .. ) .. 

CDi~tI('~>iJ:" rii'>JfiRICA, \ \ .~[~\ "'~ ",·M, 4 

September 20, 1994 



P661 'OZ~ 

()()()'OOZ$sn: 9661 uoJlllCl!lJUOJ JOuO(! 

¡gjwO.!l fII3,Iou. UJ ~opu:j JO "IOH iJllL :~PU pafOJd 

.lJiIfOMd ID"MViISffil3AJ.lWoovnO::> NVdVf dO 1.N3WNM3AOO/.LVI::> 



PROJECT DESCRIPTION 

1. BACKGROUND 

The word endophyte refas to fimgi which reside entirely within plant tissues. Fndophytic 
fimgi are reported in grasses, shrubs, and evergreen trees, and are most Iikely to be found in 
most host plants. Many grasses barbar clavicipitaceous endophytes within their leaves, stems, 
or seeds. It has been demons1ratcd that sorne of these endophytic fimgi confer beneficia! 
effects on infected plant hosts. In sorne grasses, endophytes provide increased resistance to 
sorne insects, plant pathogens, and increased tolerance to drought. In addition to resisting 
attacks by insects, endophyte-infected plants often exhlbit more vigorru¡ growth. Endophyte­
infected plants may also contain toxic aIkaloids which can cause toxicity in animals which 
graze them. 
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The presence and role of fimgal endophytes is well documented in te:rn¡lerate grasses 
such as Loliwn, Hordeum, Aegilops, Secde, Triticwn, Avena, Festuca, al'ld Bromus. In 
temperate grasses, it is now common to ensure that seed of grasses carries beneficia! 
endophytes. These positive effects have beep revíewed recently (Bacon, 1994, Appendix 1). 
Fndophytes are used couunercially to confer insect resistance in fi::scue in the United States· . 
and in most turf grasses in Europe and the United States. 

The role of endophytes in tropical grasses, however, is largely tmknown. Beneficia! effects 
have not been established. But it is likely that sorne known cases of insect resistance·can be 
attributed to endophytes. Detrimental effects have been attributed to endophytes but there is 
no proof of such effects. 

Tropical grasses are widely sown in South America, the most common being different species 
of Bnrhiaia, of which there are approximately 50 million hectares. Differences in tolerance 
to insects has been observed between species and accessions. Also phytotoxicity problerns 
have been observed in animaIs gmzing Brrxmaia species. It has been suggested that the 
problem may be due to an endophyte producing toxins, however, this has not been finnly 
established (Appendix II). Most previous investigations llave been carried out by clínical 
veterinarians witbout the invol~ of pathologists and forage agronomists. 

There is also evidence of beneficia! effects of endophytes on crop pIants, e.g. preliminary 
research results ftom CIAT which demons1ratcd increased yields of cassava (Appendix m). 

The use of naturally occuning biocontrol agents for disease and insect protection will counter 
the adverse enviromnental consequences of heavy pesticide use. The use of endophytes as a 
natural control agent has certain appeal and advantages. One of these is that endophytes can 
be tnmsmitted through ovules and seeds of their plant hosts. This means that once the 
desirable endophyte is identified and characterized, plant inoculations need be done onIy once. 
Desirable cloned genes may also be introduced and maintained in these endophytes. 



Results of strategic researcll on endophytes will llave widespread application. The results are 
oC particular significance to small fanllers because of the low cost of applying the research 
results and savings in the reduced use of pesticides. 

It is an appIopriate time to introduce such research because mecbanisms are currently being 
put in place foc increased interaction between Intemational Agricultura! Research Centers. 
CIAT will participate in the new systemwide Livestock Program ooordinated by ILRI and 
involving CIAT, ICARDA, ICRISAT, ICRAF, lITA and lRRI. It wiIl be easy to expand the 
activities to arcas in Asia and Africa once procedures llave been established at CIAT. 

In summary, the identification and characterization of endophytes in tIq>ical forages will 
enable llS to document and identi1Y them, determine their role in enhanced resistance of 
forages to insects, plant pathogen.s and drought tolerance, clariiY their role in toxicity to 
cattle, and extend the techniques to the use of endophytes in other crops. There are good 
chances of success because of the advances already Ínade in the knowledge and application 
of mdophytes in !empetate forages. 

II. RESEARCH OBJECIIVES AND ACIlVITIES 

The research objectives are: 
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(i) to determine the extent of mdophyte occurrence, firstly, in tropical forages and, secondly, 
in othet crops, 

(ii) to obtain evidet1ce of the possible role of endophytes in pest and ~ management oC 
forages and othet crops, 

(íii) to determine a possible relation between mdophyte occurrence and toxicity of forages to 
livestock and 

(iv) to demonsttate how this knowledge migbt be used to assist srnall fanl1etS in more 
efficient and environmentally sustainabIe production. 

The purpose, components,outputs and main activities of the Research Program are set out in 
Figure 1. 

The strategy is to use the knowledge and experience that has been obtained in tetnpetate arcas 
and extend this to other tropical arcas once the techniques llave been adapted to tropical 
crops. Pathologists from Japan llave expertise in the role of endophytes in forages and crops 
and would provide expertise and support to the Project. 

Sci~ from CIAT will provide support in pathology, in carrying out field trials with 
forages and crops and in the sheep feeding trials. 
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ill. DURATION AND SCHEDULINO 

The Project will opemte for 5 years. The sequence of activities is set out in Figure 2. 
Progress will be reviewed annualIy ami rqxxted by 30 November each year. This wiIl aIlow 
for changes in tbe research schedule ami proposaIs for sma11 modifications in tbe budget. 

IV. EXPECTED OUTPUfS 

Fl.Illgal endophytes of tropical g¡mses ami cassava identified 

Beneficia! endophytes identified for pest ami disease control 

BeneficiaI effects of endophytes on yield of forages ami cassava demonstrated 

Possibilities for commerciaI use of endophytes in disease ami pest control established 

Determined if endophytes are responsible for occasional outbreaks of toxicity in animals 

Results of research published 

Intemational coopelatÍon in endophyte research between Intemational AgricuIturaI Researcl1 
Centers ami National Researcl1 Centers established 

Intemational conference on endophyte research held 

IV. INPUfS 

The budget for the first year of operation is $200,000. 

Inputs are required for: 

Salary ami on-costs of a senior scientist from Japan 
Salary of an assistant, 2 teclmicians, part-time secretaty ami CISlaI labor 
Consultant support 
Travel costs 
Equipment purclume 
Vehicle lease ami maintenance 
Laboratoty rnaterials 
Office silpplies ami services 
Indirect costs to CIAT (H1'/o). 
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Figure 2. Project Activity Schedule - Endophyte Project 

ComponentlActivity 

ComponeDt l. SlIrvey .Dd ideDtificatioD 

1.1 Survey occurence in Colombia 

1.2 Survey occurence in South Amerjca 

1.3 Histopalbological studies 
1.4 Isolation and identification 
1.5 Extension of survey 10 Africa and SE Asia 

Compooeot 2. Role io diseue aad pest cootrol 

aad acronomlc performance 
2.1 Plant inoculation studies in greenhouse 
2.2 Examine role in disease con1ro1 
2.3 Examine role in pest con1ro1 
2.4 Field inoculation studies 
2.5 Studies of agronomic perfonnance in forage 
2.6 Sludies of agronomic perfonnance in cassava 

Componen! 3. Role io 80imal tOI¡eity 

3.1 Survey of ateaS wbere toxicily reported 
3.2 ldentifieation of endophytes & otber fuogi 

3.3 Feeding lríals with sheep 
3.4 Post mortem identifíeation of dead animals 

3.S Identification oftoxic agenl 
3.6 devise management strategy 10 minimise toxicitvl 

Compo •• n! 4. Projed Maaacem.n! 

4.1 Appoim personnel 
4.2 Monitor project & prepare annual report 

4.3 Financial management & reporting 

4.4 Liaison with different laboratories 
4.5 Publisb research results 
4.6 Hold intemational conference 
4.7 Final report 

• • 

-----------

• l1li • 



V. WORK PIAN FOR FlRST YEAR 

After the signature of the Project Document by the Govemment of Japan and ClAT and the 
release of:funds for the first year of operation by the Govemment of Japan, ClAT will 
appoint a Japanese scientist and local support personnel. The base of the Project wiU be at 
ClAT, Palmira, Colombia, and the scientist will conduct resean:h fuere. 

In the first year the following activities are p1anned: 

Componentl 
1.1 Survey of endophyte occunence in Colombia 
1.3 Histological studies of pIants containing endophytes 
1.4 ldentification of endophytes 

Component 2 
To be conimenced in Year 2 

Component 3 
1.1 Survey of areas where animal toxicity on BrrxhiaTa has been reported 
12 Commence identification of organisms causing toxicity 

Component 4 
4.1 Appointment ofpersonnel 
42 Project strategy discussed and aonual progre¡s report 
4.3 Financia! management of:funds and report 
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VI. PRINCIPLES 

l. The aim oí the Project is to identify the extent oí endophytic fi.mgi in tropical íorases and 
other crops and exploit such endophytes for furage and crop improvement. 

2. 1he funds wiIl be used exclusively for the implementatiOll oC the Project 

3. CIAT will be responsible for the executÍOIl ofthe Project. Activities under the Project wiIl 
be subject to the availability of funds and as such obligations of CIAT are subject to receipt 
offunds. 
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4. Scientists and technical personnel will be appointed by CIAT in accordance with the tenns 
and conditions of service applicable to CIAT personnel. 1he resident scientist who 
participates in this project will be a scientist belonging to the MinistIy oí Agriculture, 
Forestty and Fisheries, Govemment oí Japan. This jlerson wiIl be treated in all respeds as a 
CIAT staff member and wiIl be directly responsible to CIAT for the conduct of resean:h. 

5. CIAT will establish apptopriate recor:ds to account for all the fi.mds received under the 
Project and to record a1l expendítures incurred in pursuit of the collaborative research effort, 
and wiIl provide detailed financial reports to the Govemment of Japan within 60 days after 
the close oC each fiscal perlod ending March 31. 

6. CIAT will establish apptopriate bank accounts to deposit aIl funds received from the 
Govemment of Japan and will maximize short tenn interest eamings of funds received in 
accordance with its policies 011 investment of Institute funds. Interest eamed 011 undisturbed 
funds will be credited to the Project and used in COIBJItatiOll with the Govemment of Japan. 

7. CIAT will provide the Govemment of Japan with a detailed annual progress report 
outIining the technical efforts and accomplishments oC the Project by November 30 each year 
in time to aIlow any modificatiOll of the plans or budget Cor the following year. 

8. Monitoring and supervising of the Project will be carried out jointly by CIAT and the 
MinistIy of Agriculture, Fon:stIy and Fisheries. 

9. 1he results oCthe studies wi\l be published by CIAT. Ownership ofthe materials and data 
resulting from the studies, including copyright, if appropriate, wiIl be vested jointly in CIAT 
and the Govemment of Japan. 

10. Any funds remaining 011 the completiOll of the Project will be reported to the Govemment 
of Japan and disposed of in accordance with the wishes of the Govemment of Japan. 
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Source: Parage Quality, Evaluation, and Utilization. 1994. 
(Ed.) George C. Fahey, Jr. American Society of 
Agronomy, lne. Madison, Wisconsin, USA. 
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CIIAPTER 8 

fUNGAL ENDOPIIYTES, OTHER FUNGl, AND T11EIR METABOLlTES 
AS EXTIlINSIC fACTORS OF GRASS QUAUTY 

e W. Bacon 

¡I\'TRODUCTlON 

Considerable improvements in forage qualityof grasses. have been made 
within the past two decades, These improvemc:nts are consequences of 
genetk manipulations of grass cultivan and imprO\Cd management strategies 
which guarantee that there is more than nn adeq.a:te amount af grasses for 
grnzing. These improvements are integral factors in the concept of forage 
qualily. Nevertbeless, animal, grnzed on cena in properly managed grasses 
may still have: reduced performance. Reduced animal performance is 
characlerized by low gains, reproduction difficuhics, low acceptability, and 
toxicity syndromes. The factors in forage grasscs responsible for reduced 
animal performance are called antiquality components, and consist oC a large 
diverse group of chernical constituents which may be divided mto constilUllve 
and extrinsic Of exogenous antiquaJity componen!$. Constitutive antiqualíty 
components are those that are produced diree:lly by and are, therefore, 
¡nheTeot !actors of grass species. Extrinsic antiqua1ity components are Ihose 
that are produced on a grass species bUI by anothc:r bíological entity and are 
exogenous to {he normal metabotism of that gras species. 

This revlew is concerned wilh extrínsic antiquaUty facloes of grasses 
produced by fungi which are commonly referred lO as mycotoxins. The,e 
antiquality factors are bíalogical, oríginaling from. variety of fungí, some of 
which hnve becn associated nOl onJy with animal performance problems bUl 

also human toxicities since aneient times. In this regard, speeies of Claviceps 
and Iheir toxin, (ergol alkaloids) are hístorically perhaps Ihe ¡¡rsl recarded 
groups of extrinsic biological anriquality factors reponed in forages. 

The primary focus of this chapler ís tO crilically eva.luate an expandjng 
body oí literature which centers around toxins associated with fungi which live 
within forage grasses as endophyles, resuhing in u antiquality component of 
an olhcf\vise desirabJe forage species. Evidence will be presented which 
establíshes {hat most of the cultivated forage grru:ses are descendants o[ 

USDNARS, Toxicology and MycolOxin Research Unil, Richard B. Russell 
Agricultural Research Center, Athens, GA 30613. 

-



either wild or ancestral species that are natur::,:y ínfected ","".1 endoph)'L;­
Further. a considerable discussion pcrlatnilllj 10 positive j'ltcraetions (J' 

endophytes with grasses witl be presentcd wllich sbould pl.IVt:! helpfu) ]:, 
uRderstanding the symbíotic operotion of these orgamsms in r. .. tural systenl" 
This lauer discussion is warranlc:d since the a!is.ociatKln of cndJphytic fUJl~. 
WÍIII most of the majar {acoge grosse. IS natural a.d eeologícally .ignifican, 
and lheir removal {10m grasses may. in certain ín$lances, result in puor 
forage produclivíty which migllt indireetly affeel forage quality. 

In this chapter) informaoon troro basic and applied sources has: been 
assembled lo iIIuslrate unique eharacte.fÍSlics oflbe endophyte-grass-liveSlock 
inltr:aClÍOn, which has an cwlulianary oosis and i.s fundamental to the 
disastroUs effects on a tropbic interaclion, rererred to here as grazing. 
Beeause oí .pace limitations, thi.s review emphasi2<:. antiquaJity factors and 
tOlim related tO fungal endopbyles. However, lbere is a.olher Iarge group 
offungí Ihal also affeets grass:quality. 11lcse fungi, di.scussed in pan two, are 
refc:rretI to here ., mycotoxíc IIOIlCndophytie fungí. Mycoloxie nonendophytic 
¡ungí include nonmutuali,tíc sapmpbytes living on dead mauer, endopbytic 
lalent fungi, and localized systemic palhogens oí grasses. Nonendophytic 
fungí wiU he discussed very briefly ,ince il i, Ihis group Ibal has been recently 
reviewed extensive)y (see Smith and Hendersen, 1991), .nd hislorically lhe 
numerou ••• rly 'ludies of Ibis group formed tbe OOsis for our understanding 
of 1000c fungi in general. 

PART 1: GRASS ENDOPHYI'ES 

Biological Concepls 

EDdophytie Spedes of Fung; 

11lc endopbytie fungi in Ihi. review inelude fungi of Ihe Iribe Balansiae 
(family Oavieipitaceae, el ... Ascomyceles) and lbeir reloled anamarphs 
(F"ogure 1). The .pecies within Ihis Iribe were ini¡ially delineated on1)l on the 
nalUre and degree of association wüh ovaries and vegetative parts of grasses 
(Dic:hl, 1950). However, Ihis c1assification sySlem fails to recagnize 
pbylogenetic relationships among speeies, and doc. nOl aceouol for any 
relationships of .pecies with ooly 3n anamorphic stale_ 

A recent consideration 01 the phylogeny of the clavieipitaceou, fungí as 
expressed in Figure 1 indicates two major features of Ihis family, one group 
parasitic on in,ects (Coroycepiloideae typified by species of Cordyeeps), Ihe 
othertwo groups par.sitie 00 gr"'es (Bacon .nd Hill, 1994). ThIS phylogeny 
i.s based on a series of $ludies whíeh, in addition 10 Ihe host-fungus 
relatiomhips of Diehl (1950),.1so ¡nelude {un¡¡al morphology, conidíalíon. 
biochemislry, and molecular biology (Sampson, 1933; Diehl, 1950; Luttreli, 
1919; Luttrell and Bacon, 1917; Lateh el al-, 1984; Rykard el al, 1984; 
Ryk.rd et al., 1985; Bacon el al., 1986; White, 1981; White, 1988~ 
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Fígure. l. Possible evolutionary lines of laxa among grass endopbytes uf the 
tribe Bala.nsiae wilhin the famiJy Clavidpitáceue, subfnmily Clavicipitoideac, 
beginning wilb nn unknO\\l1 (?) ancestor. The tribe Clnvkipiteae 8Dd tbe 
subfamily Cordycipitoldeae are illustrated for possible retaUonshíps ~thin 
the famil}', although no dadistics is impHed. 

FUNGAL ENDOPHYTES &. GRASS QUALITY 320 



Considered from tbe aboye viewpoinl, t: :re are four major tendendes 
within (he Oavicipitoideae: 1) a ¡ine indicat; .~ 10calized parasites of gmss 
ovaríes as soown by the Claviceps (Ciavícipih" ,.) and also choracterized by 
having a slage ¡ndependenl of the grass, the ,eleratium; 2) the change from 
a strictly ovarian pathogen and location, to ab.:> indude {h~ foliage parasíHc 
habí! (systemí.) \Vilh varying degrees of Ibe encophytíc habi~ and the loss of 
an íodependent stage from the grass (presently shown by ¡he monotypic 
specíes (Alkiruollclla /¡ypoxyloll); 3) development of nn endophytic habít but 
'ligntly p.thogenk (MyriogeJl(Jspora Q/rtme1llosa) which c"lminates with 
specíes of Ha/atuia characlerized by • completely endophylic habit; and 4) 
lbe loss of sexuality, Ihey are noopathogenie, and are strictly seedborne ami 
1m, group culmina te, in the development of the eompletely endophytic 
mutualistic habh (the Acrcmonium species). Thus~ lhe Acremonium 
endophytes whieh are fungi assocíated wjlh importanl forage grasse" 01'0 
represent lhe most advanced group of grass endophyles. 

This phylogeny serves to uniey the Oavicipítaeeae inlO one group bUI yet 
separates tbe endophytíc fungí ínla two very broad calegoríes: 1) those tha, 
produce external stromala (a mass of fungu~ hyphae which produces 'pares) 
on theír gran hosts. and 2) those that do nol and whkb l for the most pan) 
are "imperfett fungi only upon lsolation in culture. 

TIte first group ¡nelude the fungí Alkinsolrcllo1 Balansia, EpiclJloe, and 
Afyri.ogenosporQ whkh form external prímary anámorphic stromata within Or 
amund stems. leaves, ar florets of grasses from whích either effuse, pulvinate, 
or stalked perithecíal Slromata arise afid ane, thererore, fungí of the first 
""'gory. MoS! of these endophytic species are nol associated wíth majar 
forage grasses, but are associated with invasive grass specíes, particularly 
rangel.nd specie, (Diehl, 1950; Whíle and Cale, 1986; White et al., 199ú; 
While el al., 1992) (Table 1). Fungí of these genera afe taxonomically 
remted aud have been plared in lhe lribe Balansiae of lhe family 
Clavicipitaceae (Diehl, 1950), and referred 10 here as the balansiOld 
endophytes. Olber essentíal distinguishíng charaeleri"ics of 'pecies of Ihis 
Irme are ineluded in early sludies (Luttrell and Bacon, 1917; Rykard el al., 
1984; Bacon and De BaltiS!a, 1991). 

The species in Ihe second category inelude the genera Aeremotlj¡¡"" 
GliocJadium, PlIÚl/OpllOrtI, 3nd PseudocercosporelJa. AJso included in Ihi, 
Iancr category are those endophytes lhat have been observed in a varíel)' of 
armual ryegrasses (Lalch el al., 1988; Nelson and Read, 1990). Mes! of Ihese" 
endophytic species are associaled wjth important forage species and therefore 
represent the grea!est «onomic concem lo forage qualily (Table 1). Sinee 
lbese species reproduce .,exu.Uy by conídia, Ihey belong to lhe form-elass 
Deuterornycetes, and are, ror the salce of convt:nience 1 separated from the 
balansíoíd endophytes .nd relerred 10 here as the acremoníoid endnphyles. 
As presently defined, lhe genus Acrcnumium consists of A. coel1ophiulum 

(Morgan-Jones and Gam., 1982) from ,wa cultiva" 01 laU fescue (I'esruca 

... 

r 
~ 

1 
I 

I 
I 
• 

Table 1: Distrib:;~i0n of endD;]:~::tes among the world.'Smajor forage 
grasses. 

Tribe/spec;e. Common name Endophyte genus 

AGROSTlDEAE 
Agros/i.> alba, ami olher spp" Bent grasses Acremollw," 
Alopecurus pralcilSis Meadow foxtail ÁCremonium·· 
Pltelum pratense Tímolhy 
SporoboJus Dropseed Ba/ansia 
Slipa comQla Needle gr.", Acremonium 

AVENEAE 
ArrJumalilerum elatium Tall oatgrass ÁcremOlli.um ... 

ANDROPOGONEAE 
Andropogoll scopnrium Blue Slem BalallsÚ¡ 
Sorgltum ",,/gre, and other spp" Forage Ba/allsia 

sorghums 

CHLORIDEAE 
BCUle/o". spp. Grama grusses Ba/ansía 
eh/oris gayonum Rhodesgrass • 
(yllodoll dactyloll Bermudagrass • 

FESTUCEAE 
Daety/i.> g/omerafO Orchard gr.ss Acremonium ... 

Elymus spp. Wíldryes 
Eragrosri.> spp" Lovegrasses Ba/allsÚ¡ 
Fesfuca spp" Fescue grasses Acremonium 
Lo/jum spp. Ryegrasses 
Pea spp. Bll.legrasses Acremonium -

PANICEAE 
Ax01l0pilS o/Ji"i.> Carpel grass Ba/a,1Sia spp. 
Panicum spp. Panic grasses Ba/ansia spp. 
Pa$p<ll,ím spp. Dallisgrasse. • 
Setaria ilQlica Foxt.il millet 

The major forage gro"e, are compilations from Hoover et aL, 1948; Bula 
d al., 1977; and Crowder, 1~77. lbe distribulion 01 endophyles is based on 
,he work of Diehl, 1950; Kohlmeyer and Kohlmeyer, 197~; and White, 1987" 

"¡ndie.tes tha, Ihis endophy,ic 'pecies is Epichloe typllolll (A. typllilwm). 

: arundinacea Schreb.) and from Poa awumna/is MuhL ex Ell. (Whlle and 
Bultman, 1987), A. rypJÚn¡1N' 110m F. robra L (Morga .. Jones and Gams, 



1982),A, UJlolllatum fmm F. pmtclIsis L (Gam. et; " : 090), and/1. 1,,[11 fmm 
Lnlium perellne L (Lalch et al., 19&~). 

Since lhe AcremOllium spcdes are so agronor ,:CilUy ímport~nt, much 
effort is being made: toincorporate molecular data lO .larity species celations. 
Tbe essential premjsc. is tha! EpiclÚDe typll.ifw \vj¡¡ch also produces an 
Acremoniul1J Slate might he reiated to other Acremonium spedes. 
Ribosom31 DNA was used to ch~racterize nucleotíde sequences among 
several species of endophytíc fungi af grasses, including the Acrcmoliium 
specie, (Sehardl and Síege~ 1993). The re.ults sug~ested a remarkable 
.imilarity af ribosomalDNA among all Acn:molllum organísms and that they 
were phylogeneticaUy",lated to, and evolved from E. o/pilma (Seh.rdl and 
Siegel, 1993), They .Iso found that fungal mutu"IiSlS díd not neeessanly 
c:oevolve witl1 their gr3$'S hosts. In fact, as much dissirnilarity occurred among 
A. coenophialum. isables from F. orUJldillQCea as existed berween A. 
cmlwphialum ami A. Iofii or A. typhumm. These findings r3jse doubts as to 
the true tnxonomic: dcrivadon among species of Acremonium within sect 
A/bo·/allosa. Further, Ihe ability of both the aeremonioid and bal.nsioid 
fungi to produce ergot alkaloid, indicates 01 Ieast a bíochemical affinity 
among members of thc Oavicípilaceae. 

n.o Endophylic Habit 

Symbiosis Endophytic fungi are those fungi whieh live their entire life cyele 
within the .erial por1Ílln. of grasse, and sedges by forming nonpathogenie 
3nd completely íntercdlular ."oeiatíollS (Sampson, 1933; Diehl. 1950). Tho 
grass and fungus are symbiotícally associated as a single eco)ogicn.l emity. 
Thu" in the discussi"", to follow, 'ymbíotum (plural symbiom) or symbiotic 
",ill be used to refer 10 the traditional endophyte·infected grass terminoJogy 
(Schardl et al. 1991) and noosymbiotum to refer to noninfeeted grasses. The 
use of these terms wiJ serve not only lo emphasize the naturalness- and 
importance of this assoc:iatjon, but aiso to ¡ndieate potential prob1ems which 
might occur ir it is 4ismamled in auempts to remove the fungus as an 
aruiquality factor. 

The nalure of the symbiosis varies among eaeh o( ,be major endophytie 
groups (Figure 1). SOlItO symbíoses are sugge.tive of Incomplete, pathogenic 
"'lationships as ,hoWII by sorne 01 Ihe Ba/allsiJ¡ specios. Th. balan.ioid 
endophytes eXÍliI as ¡¡.., emilies ooly very briefly during the 'pore slago and 
tbere is sorne quc:stiOD as to the sígniru:ance o{ this spore as a dispersal unlt. 
Unlike the balansíoid endophytes, the acremonioid endopbytes, as well as 
otber forms oC symbíOlic assoClations (Ahmadjian and Paraeer, 1986), do not 
Iive apar! not even brieOy, ¡.e., once a tal! fescue or ryegrass symbiosis 1S 
cslablished. the associ3tion 15 eonstanL The Acremoniwn svmbioses are seed 
disseminated (Sampsoo, 1933), tlleir ~ciation with 1he 'grass begins after 
!C:rmination of infecte:d seed wberc upon the fungus in(ects developing 
seedJJngs, and symbiotic perennm¡ml is gunral1h:ed by infrcting the 
a:neristematic areas and all young vegdaüve organs ~xeep[ the roots. 

nJ BACON 

tutualism ;·:egardk::ss _ Ju: degree (.:1 lile assaCzlion, aU endophytic 
dllbti of grass~$ form híOl¡;,. ·¡¡ie assodat:on:> in whíct.there 15 little Of no 
kstruction uf L"ither grass " f fungus <Hui as wiU be pcsented latet, certa.n 
:H.:mbers explolt the biocht:,;, ~..:al properties of .he: alier. índícatjng thílt in 
ptdric cases fhl! rel<Hion~,:jp is rnutuaJistic. MllUalisms are specific 

ussociations of lWQ or more \ ,ganísms that are charac:c:rized as interactions 
:)ctween individual organisnl:j tn which (he geneti, fitnas uf cacn párticipant 
i,'; increased by the Hetion of 11 it: other. This definitión:J[t!císely describes tbe 
ecological natufe of the symbinta and components of tE mutualism are aptly 
referred to as pL1nt or fungal mutua lisIs. 

Mutualisms are polyrnorphic in nature; thus., within a mUlualistic 
populatio~ there exists successfuJ syrnbiaOls ar true muualísts, unsuccessful 
symbioms whose fitness is not increased, aai nonsymbiotic or 
noneohabitaling individuals (Keeler, 1985). Most aflhe symbiotie grasse, 
are of this first category and will be treated in Ibis """tex1. Examples of 
unsuccessful symbiotic grasses might reflect Qur lnatitity to determine !he 
survival value of specific traits under n precise envircm:nental condition. It 
is rather doubt(ul that Ihe Ihird category of noncohabiuting individual, exi.t, 
al Ieast complotely, sinee tbe fungí are only found in """"jation with grasse .. 
However, noninfected grasses of an jnfected specíes t:li:st which may either 
oeeor riaturally or they may be agricultural artifacts reSl/tíng from agronomic 
uses and practices, a. for eXltmple, endopbyte.free tJ!l fescue (Bacon aud 
Hil~ 1994), 

The tall feseue and perennial ryegrass symbíota a",defensive mutualisms 
(O,y, 1988) because the overal! eompetiti"" benefits!(HiII el al., 1991a) are 
due to specific characterJstics 5uch as enhanced drougmtolerance (Read and 
Camp, 1986; Areéhavalem et al., 1989), inereased tillerDg and growth (Lateh 
el al., 1985b; Hill et al., 1990), and inereosed re.ista..., to herbivory from 
mammals and ínseets (Cheplick and O.y, 1988). 1beiorormation available 
on Balollsia-associaled grasses suggest that they too 3rcdefensive mUlualisms 
(Oay, 1984; Clay el al., 1985; Clay 1986), 

Tbe present data provide oveIWhelming evideJte that interactions 
between tbe grass and fungus f as well as enVÍfOll11ent¡ increase the 
phenotypic varímion amoog symbimíe plants (O.y, HM; Kel!ey and aay, 
1987; Bradshaw, 1988; HiII et al" 1990), They alsa "llge.t thal symbiotic 
plants do not have all mechanisms of filncss impaned upon tbem by the 
endophyt •• but i, i, tbe SUOl of .11 the planto in the popllalion which apre .. 
the fitness characteristics (Bacon "nd HiI!, 1994). Therefore, ,ymbiolie 
populatians of grasses are far more plastic and adaptalie than nonsymbiotic 
populatiQfls. How fast symbiotic plants encroach UpO'l nonsymbiotic plants 
in a mÍl<ed community will depend "pan tbe types 3m seventy of stresses 
imposed upon the plants in their environment. Utdoubtedly) severe or 
repeated cattJe grazing and olher severe environmentalstresseswill eliminate 
nonsymbknic gr'asses, whilc rcduced grazing wíl1 have minimal effect 00 the 
competjtiveness of a nomymhioüc plant. GeneraUy. the more idea1 the 
growing conditions, the beBer the nbilit)' oí the nansymbiotic piant to 
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compete with its symbiotic counterparL 
The endophytic babit ls irnportant nOl on)y irom the s~::; ",poinllhat it 

is where the fungus. resKles bul aiso because 11 is here that L ; fungus and 
(or) grass produce antiquaJity fattors referred to as mycotoxir.::, Further. lhe 
nature oí {he endopbylit habit is important because understar.uing wiJl assist 
in formulating any fQlSíble control measures to remove the tungus. The 
endophytic OObit was recognized as earlr as 1887 (De Bal), 1887) .nd 
described in the fungm Epichloe typiuJla (Pers. ex Fr.) Tul. Tlle endopbytíc 
habil was subsequenÚJ eSlabllshed as a perenniál leature oC several grasses 
(Dlchl, 1950), aod tbio was Collowed by slUdies 00 the distdbutio. oC the 
eodoph}'!e witbin gra,,.,. (Sampsoo, 1933; Diebl,' 1950). Most endophytes 
produce 3D external aK1 transient sporulation structure (conídiai stroma) 
upon which spares are produced which infecl grasses. 

Within ao infectal grass, the endophyte is intercellular and lhere ís no 
evídenee of any eodo~ic .pecies prnducing mass d.muction oí hasl cells. 
However, Ihis is _ toinply Ibat an endophyte docs nol 'create' a niche for 
¡!Self within the gn1$$. The interce lIular spaces occupied by Ihe fungus are 
no! vaean! spaces hUi 'Paces normally occupied by the middlc lamellae of 
eaeh cell. The endoplayte apparenlly has lhe necessary enzymes 10 di,solve 
lhe middle lamella.:: as it grows between eaeh layer 01 cells. There is no 
nutrient absorbíng stnaure, typical of other parasitic fungi. Nutrient 
exchange takes place within this location, which conslsts of an external 
eellular plam m"tri>: .... rred to as the apoplasm. The nutricnts within Ihc 
apopla.m may either lit derived from the host due lo normal eytoplasmic 
leamg. and (or) feo .. produclS derived írom Ihe dige'tion of lhe middle 
I.mellae as Ihe Cuagas grow, between cell,. Thi, 'ugge'ts th.t added 
nuuients will be availallle 10 the endophyte during periods of r.pid plam 
growth, which woukl inIklence. and cenainly correlates with, increased fungal 
growth and biochemic:ol aetivities as evidenced by the pedod' of high ergot 
alkaloid conlem .00 herbívore to.ieítie, (Belesky et al., 198Th; Belesky el al., 
1988; HiII et al., 1990~ 

The exlent oC hO!l colonization by an endophyte is endophyte·specífic. 
Thas, ,pecies of BIIlI1llfiia and A. IIypoxy/olI are found throughout all organs 
oC lhe grass l except 111: roOt5. The species EpicllJoc, Acremonium. and 
M}'riogclIoSp<Jro are ÍfMld only within Ihe sheath of !eaves, meristematic 
areas, and innoresezncc:structures. Further, sorne endophytes appear In have 
a quantitative exp~ of hyphae within a host, e.g., the endophyte of Ihe 
annual ryegrass while found in the sheath as discontinuou. sparse fragruenlS 
is foond in much bigher density witbin the seed (Lalch et al., 1988; Nelson 
and Read, 1990). A litIgle plant is usually nOI infecled by more than one 
endophyte, but a JI1Ui5 species can serve as a hast fm several diffcrent 
endophytic spedes.. However, douhle infcctjon of a single: gr.:lss plant b~' 
differen! genera has bren reponed, as in PUlriclJm Gnceps infccted liy Af, 
OlTOmelllosa and B. J,_illgsiolla (Lumell 'Hu1 Bacon, 1977; Rykard, lYMJ). 
This may reflect oa.:upation of differenl in situ locatjons. BaJullsia spt::cies 
are genetalized and ellklphytic. wherens lht:: infection by M, atrame'lIosa is 
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localizeé -nd s)'Stemic. Neverthekss, Luch el al., (1984) reparted tito:: 
aroccurn.: :lce oftwo cnú()phytic fungi. Glíocltldium·like nnd PllialopltOfQ*like:, 
colonizing :Jentical ti$su:,;s along with A. lolii and A. coellopltiDlum in plan:s 
oC perenn,.ll ryegrass (L. perenlle) amI laU feseoe, respectively. 

Coevolutíon Tbe recíprocal potenlial for genetic lit .... derive<! from :a 
mutualism serves as Ihe drivíng loree for lhe coevolulion 01 endophytes alUd 
grasses. Plant·lungus assocíalíollS appeared to have enlered dos.: 
relalíonships very early in lheir evolulion. The Gromi_oc probab~ 
originated in the upper C,etaceou. Periad of lhe Mesozoic Era, muen laler 
than dicotyledonous plants. The fossil record, of the first authentic species 
of grasse., fruíts uf Slipa (Cockerell, 1956) and Plta/aris (Beetle, 1958), wene 
obtained from the I.te Tertiary deposi", approximately 40 to 50 million yea", 
ago. The oldost fossi] FeslUcu 'peoie. was reported in Ihe Miocene epoeh oí 
lhe Tertiary period (Thomasson, 1986). Th.s, geologically spe;alúng, we are 
dealing with a relatjvely young association which must hove becn initiated at 
least duriog the early Pliocene of the Cenozoic Era, approximately 25 millía .. 
ye.rs ago. 

To understand the need for a mUI.olí"ic relationship to develo;:> 
belween grasses and fungal endophytes, a complete understanding of the 
syslematics and evolution of both the endophyte and s.pecies, the:rr 
biochemical relatedness and requirements must be known.. For more 
detaBed discussions af this evolutiomuy aspcct, as well as a model lor fitness 
and other salíent bUl theoretical evolutionary events witbin the:se mutualisms, 
lhe rcader is referred 10 earlier ,eviews (While, 1988; Bacon aOO Hm, 1994). 
Brielly, the majar impelus considered re'pan,ible for extending lbe 
adaptability of symbiotic gr.sses are lhe variety of secondary metaboli,es, 
mOS! of which are produced by the fungus within the association. 

Fung; are rated as highly adaptable because tbey llave biocbemico:J 
abilitie. to utilizo a wide variety of substrales and prnduce precursors from 
intermedíary metabolism for use in primary and secoodary metabolism. 00 
tbe olher hand, grosses are one oC lhe fe,., groups of planlS tOOI lack the 
ability ro produce oxcessive secondary metabolites (Zahoer et a1., 1983). In 
tbeory cohabítation and ,be establishment of a completely compalible 
association, .hhough gradual, were based pattialiy on the need ror secondary 
metabolítes tha! were lackíng in Ihe gross bUI were cOOlributed by Ibe fungus.. 
The evolutionary events whlch resulted in ,he cohabitation oC grasses with 
this group of fungi wíll prabably remaio unknown. !t is ele.r, bowever, th •• 
Ihe c1avicipitaceous fungal mutuali't' meet the criterion thal Law (1985) 
proposed for mutualism: 1) the inhabitants are geneticaUy similar while thei, 
hOSlS are genetically diverse, 2) the inhabitants rarely ornever undergo sexuaJ 
reproduction. and 3) lhe inhabit:Jnls lack strong specificity to a panicular hosl 
species. 



DiSl.rillution uf Enduphylcs Ámung Gl.: ;:;cs 

Endophytic fung! IIilve been reported tü inféCt grass .. !:t:cies bclonglng lo 
sil< subfamilies of.!he Gmmineae as delinealed by Goulc1 and Shaw ( ¡ Ya3) 
and several of chese _ considered importam forage gra\scs throughour the 
temperate and tropialgrazing zone, of Ibe world (Haover el al., 1948; Bula 
et al, 1977; Crowder,19TI). Of lhe North American spc:cies of grasst!s., this 
repfe3lenlS a total arm associations (Bacon and De BaHi'ta, 1991). Thus, 
only 15% of aU the }lb¡ World's grass .pecios are host, fm endophylcs bUI 
whose distributian GU.s from temperate to tropical zone~. The disuibution 
of symbiotic grasses lippears tO be Iímited tO host habitat and climatic 
condilions. Howeve.r~ severa) grass species with widcly different geographic 
distribution are ¡nCee'" wilh the same fungus al each end of their geographk 
extremes (Diehl, 195t} 

"",,,.speeific en*Iphytes have not been demonstrated, although no 
comJll'<heosive studyllf this phenomeoon has been attempted, lo n~tural 
grass comrnunities. SCllral host spedes may be found growíng sympatrK:uUy 
bUl ít is usuaUy obs.ened that only one species is infecled by • particular 
fungal endophyte. "'I!sesling that there is a compalibilily faCtoL 
Experimental infeclw.of grasses and ,edges withArkíllsollella /¡)'poxyI011 and 
B. o/peri eSlablished lllat tbese two fungí were broadly cross.compatible 
witbiD a speeifie h05t JIIIpulation, bUI B. o/peri was less hOSI-Speciflc than A. 
/¡YfXH7/on (LeuCht_and O.y, 1988). 

As indieared aboot; the Balansioíd endophytes are probably related to 
the Acremoníum e..x:,nytes, so their distribution among the grasses will be 
discussed together (T*Ie 1). Endophytes of this type are Cound assocíated 
with more grass spc:D:s lhan BOy olher endophyte (Lateh el al., 1984; 
Williioms et al., 1984; 1II1isky et al., 1985; Whíte and Cole, 1985; White 3nd 
Cole, 1986; Morg ... ·Jmes el al., 1990; White et al, 1992). Hawever, the 
distribution of this sJDies within the subfamiljes of the Gramineae is very 
nam_ as 90% oC tbeL IyplIína is assocíated with tbe Festucoideae, maínly 
the Fcstuca species 3IIIIother COO' season grasses, This percentage ineludes 
lhe rdated Acre~ nnamorphs. Both E. typhina and AcremolliUHt sp. 
are tbe endophytes ~iated with majar fornge gras.ses. On the other h3.nd, 
Balmtsia species a~ Jll:im.arily associated with over 102 warm season grass 
and !I1edge speeÍe$ liIm all subfamilb exeept Bnmbusoideae. Tbis 
distribution appears • favor two subfamilit:s since 97% of the Balrmsia­
associaled grasse. alude spedes o/ the Panícoioe.e (64%) and 
ErngnlSloideae (31'%)~con and De BaHl\!", 1991), 

Endophylic ftDlgi.re found in approxmmtely 15% of the North ano 
South American spe.ciaof graSrieS, many of wl ;¡eh are used as foragr.:s (Ba,on 
and De Battista, 1991) However! this pCTccmagc i.s prohably much hi!.lht!f 
as it doe:s not refieet awide sCllle snmpling o: ,¡JI the foragc gmss. spt!cie lt)r 
endopnyles. The &.Ie.ia-assoclutt!d gras5t;s .: re nut necc.');¡arily major fOl ;!::~ 
specic::.s; they are t hl'.NcYer. major North Allh' , :-.:an rangtLmd spcdcs (T.lhk: 
1). lita/ansia cpic1~;,. lhe most cosmopl.¡lli (! of lhe Bu/ansia S('k:CI~: .. , liS. 
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he.:;:: :-ange varre:: :rom cook:.:~::.on grasses o[ the FelllCoideae to wárm­
se,¡':":',j grasses of ,.1(; Panicni¡j(;::,_". Eragrostoidcat: and bndinoideae. Olher 
Bíllrc: iia spedes ¡l"Ve been n:i.;J~lt!d fmm onl)' ene artwO grass trmes ,or 
Spe": :5. Thus, B. {¡''lbíells, B. ", ,"'~ and B. pallída .""""ociated only Wllh 
gm~::;s of thc tribe Oryzt.:üe. 'hile mher spedes ofSa/ansia are found 
infe;;:,ng only panicoid or emgro;,:oid grass species. Tu:spedcs, B. aristidae 
and B. fu:micrypta, are restricled tll the grtlss genus .Arilido, whik BaJansia 
oryzae is one of two species found in assodation with ti:!; which is the only 
known association 01 an endopl1yte with a forage crop"",d for human food 
(Mohanty, 1964). Two minar genera, AlkúlSollefla andMyriogcnosporo, are 
even more restrictive in Ihe!, associations wlIh llI"""s (Dieh~ 1950). 
NevertheJess, M. tlfremelUosa is u$sociated with the Pasmlum species whích 
are used as forage grasses. ArkiH.SQlJcfla hypoxylon, ipmúaefotmis and B. 
cypcri are associated with a varkty oí natjYe grasses al nongraminaceous 
hosts that are found thfoughout the major grass~ands athe temperate and 
cooJer tropical regions of the world 

Positive, Benefits Derived fmm Symbiutir:Grass 

Natural population, of symbiotic grasses petsíst iII1ger and compete 
better than nonsymbiotie populalions (Clay, 1986; Oay,l!I87; Prestidge el al., 
1982; We.t et aL, 1989). Hawever, as discussed earli<:L the components of 
ímproved fitness of symbiotie populatians are mullif.=d and difficult 10 

access. Most research On symbíolic grasses has empasized \'l1nadon oí 
fitncss at the population level, wlth relatively few suxi:s partitioning that 
variation into ils genetic and envjronmemal componenu.. Thus. ít lS relatively 
difficult oc impossible to interpret which symbiotic com¡mU:nt conlribules to 
lhe phenotypic express ion and a.y evolutionary signif_ce of much oC the 
filness varíalíon Crom ,uch natural systems, The aJtanative approach oC 
using symbiotic and nonsymbiotie clones (Arechavaleta eal, 1989; HíU el al., 
1990; Hill et al., 1991.; HiII el aL, 1991b; Agee and HiI. 1991) Itas greatly 
facilitated our appr(41ch and understanding of several a.qeas of the varia tia n 
of mutualistie responses wi.hin a populalÍon. This apptach should aUow us 
to extrapoJate lo the effects of such vari.'ltion on tropbicimeractions, one of 
which is measured as an antiquality factor. Examptes 4, variation obtained 
from us¡ng clona) Hnes are indicated below. 

In summary improved fítness includes increased p>Wth rate and tiUer 
den,ilY (Bradshaw, 1988; HiU e' al., 1990; HiU el .1,19913), changos in 
morpholob'Y (Diehl, 1950; HiII el al., 1990), resístance aad toxieity lO grating 
anímals (ByCord, 1979; Wallner el al., 1983; Road and Camp, 1986), inseel 
deterrence (Prestidge et al., 1982; Clay, 1988), IICmatode resistance 
(Kimmons et al, 19'J(); WeSl et al., 199Oa,b), disease mislanee (White and 
Cole, 1985; Yoshihnra el al., 1985). lInd droughl tolera""" (Read and Camp, 
1986; Arechavalew el al., 1989; Elmi and WeSl, 1989). Tho ehemical hasi. 
for e,lch compoptnt ni tlloess 15 nm completely uflderstood, bUl data defining 

,caUSe ilnd ef(ecl fel;:liooships an: eminent. There may be a chemical 
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simiiarity between f!Ompounds which is respons¡'.jle for each 3spea. of 
ímproved fi.ness aIohouglt .he eampounds may he [ouoo in very dislina 
symbiota (Tab1e 2). However, this informatiOn is far from complete as lherc 
are only a few a¡>eríments wlticb doeumen. positive benefits rrom 
endophytes within élber associaíions. particularly the baiansioid symbMx.a. 

Al! .he positi1c benefits deríved from .be symbiota are exprc::ssed, or 
measured when tbeassociation is subjected 10 stresses. OlaraCleristics. wbieh 
are •• sociated wilb ilfougltt toleranee are no! expressed unless tbe pla •• Íl 
exposed lo prolonp drougb. eandi.ions. for exampJe. roo •• of symbiotie 
plants wiU grow fmler 3nd deeper into a $Oil profiJe under drough. stress 
.han ilS claned oo"'l'l"bio.ic ramet However, Ihere is 110 difrerence whe. 
bo.b are grown al fieJd capacity (Richardson el al., 1990). Further. ",.a) 

reserve carbohydrae ~content and structures are simllar among plants, 
regarále .. of endoplayte conten~ when soil waler contenl is al tield capacity 
(-0.1 ba,. l. bUI su.!l'f mOnomers increase .00 poJymers decrease in symbio.ie 
tall feseoe once dnloght slress condidons are imposed (Richardson e. al, 
1992). MOO'eover, IIoc:re is varíation among symbiOta, as lar example, plant 
morpholog,ical c~ are nO! eonstant among lall fescue genotypes (HilI el 
al., 1990). Tbi< ",riation is e.pressed specifically by tiUeriog c:apacil)', 
specific k:af weigba, ond Clown weigh! whicb may íncrease, decrease, or 
remain !be same "ndiog upon lbe genotype of Ihe infected plant. Al! oí 
lbese facloors mayaplain the basis of vari'lioo uoder suess. 

Insee! and Ne"",_ Derense 

Tbe accumulooion or antiquality components (Table 2) in symbiotic 
grasses is a e1ear cumple of a dereosive mutualism derived from endopilytlc 
lungí. Detailed d .. exprossing Ihis are based on SpeciflC and generalized 
characteristics Ir.,. inse.1 leeding experiments, which suggesl Ihal al Ieast 
antibiosis may be die functional defense mechanism. Sina:: most ínseeu aJe 
!razers. data obta_d on insects may he .ppropria .. for maromalian gr.w:n. 
Tbus. il is tIli. ca.CCIlry of mutualísm which ís dírectJy ,elated 10 .he llvcoIock 
toxieity syadromes discussed below. lo tbe use of endophytes fo< fcwage 
improvenx:nt', we are deoling wíth a double edge sword: 1) a mutualism 
which is essenlia! i>r tbe competitiveness of paslure and rangeland gr.ooses, 
300 2) an antiquaily componenl. Tbe comp\ex interaction described abo\<: 
musI be consideml if Ihere are any attemp" al removíng the mammalian 
toxicity fmm lbe ÍlSCet 10xicity, This remaval also mO}' resull in tbe IOtal 
removal 01. allroxmty and relaled Stress-sparing mechanisms. 

There are n..erous effecls of symbiotic grasses on. ¡nseet herbivory 
(Goynor lUId Hu~ 1983; Barker, 1988; Weslet al., 1989; Síegel et al. 19(1), 
and tbey suggest """" specificity (Hardy el al., 1986; Siogel el aL, 19(1). 
Tbe list of insec!S ,epor.ed as being deterred or poisoned by symbioúc 
grass •• índudes _ral specie$ of apbids (Lmch el al., 1985a; Síegel ti al., 
1991), sod webwonDS (Funket al., 1983), lealhorpers (Pollinger,el al, 1985), 
chineh bugs (Funk et aL, 19S5J, criekets (Asay el aL, 1975; Ahmad elaL, 
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'fab1e 2. To:(íns Ilnd susr·:·:: toxins ass 

AcremQnioid svrnhiola 

, Ergovaline 
Ergonovine 
Ergosin. 
Chanoclavine I 
Peramine 
Indole acetic acid 
ErgosleroJ 
Ergosíníne 
Cyclopen.nnoíd 

sesquiterpenoids· 
Ergonovine 
Caffeic acid* 
p·Coumaric acid 
p-Hydroxybenzoie acid 
Loline 
N-acetylloline 
N-formyllolíne 
N-acetylnorlolíne 
Paxilline 
Lolitrem A 
Lolitrem B 
Lolilrem e 
Lolítrem D 

- -
'd with !!Obiodc grasses. 

BaJamijd symbio1a 

EI,.,.,lavin. 
Er¡¡otDvine 
ErDaine 
CbaocJ.víne I 
Isociutoclavine J 
Agmlavi.e 
Dih!i<oelyrnocJavine 
6,7~groc¡avir>e 

Pellli:lavine 

-

Eryja 1-(3-indoly)pro­
¡me-J ,2,l-tríol 

Thmt: 1-(3-indoly)pro-
¡me-I,2,l-triol 

3-1 ... acetie acid 
3-lniIIIe elhanol 
3-11liitIe acelamide 
Metl!!t-)-indolecarboxylale 
Ergeíalansine 
Ergt'lialansinine 

Ihe';' compounds were isolated fmm Epic/¡foe '!Pi';". (Acremollium 
IYP/¡jJlum) and aH: grouped wj.h Ibe ae[emonioid ~biola, Hormane, 
norharmane, and halostachíne ... ere isoJated from tal!fescue (Ya.es. 1983), 
bUI !he i.CeClion stalus of lhe gro .. e, was no. repond; tberefor., they have 
beeo excJuded frOOl Ihe lisl. 
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1985). COrn Oca beelre (Kirfman el al., 1986), black hettl. (Sieg<I "' al., 
1981). bluegrass billbug (Abmaú el lIl., 1936), flour beelles (Clay, l(¡:';~), anó 
Argentine stem 'M!eviJ (Prestidge el aL, 19S2; Potlinger et 011., i985). 
Symbiotic grasses also are &oxie to lhe lepídopteran larva!! of fall armyworms 
(Hardy el al, 1985) and spe.ies of Crambis (Clay el al., 1985). Acremon;o;,j 
grasses are reponed as bcing nematicJdal (Pedersen el at, 1988; Kirnmons 
el al., 1990; We$l el al., 19CJOa), bUI Ibis effeel may be nulled if the symbiohe 
grasses abo are associa.ed Wilh mycorrhizal inleelions (llarker, 1983). 

Peramine is the chemical considered responsible ror deterring the 
feeding activity of severa! insects, specifically tlle Argent¡ne stem weevil 
(Rykard el aL, 1985) and some 'pecies ef aphíds (Siegel el al., 1991). 
Peramíne is a very simp~ alkaloid whích has been reported in symbimic 
perennial ryegrass and laH fescue (Rowan anó Gaynor, 1986; Siegd el al., 
1991). It i, nol Irnown if!he fungus mak., Ihis eempound or iC ilS syntbesis 
requires n combination oC rungus and grass. In addition to peramine, the 
Jolíne alkaloíds (N-Cormyl and N.acetyllolíne) olso have beco ímplieated in 
lhe toxicity and delemog activily 01 one species of aphíd, bUI .ffecled 
anotber aphid spee;', only íf ,he inCecled h'1'aSS conlained olher taxíns (lhe 
ergopeptide .Ikaloids, peramine, and (or) the lolitrems) (Siegel el al., 1991). 
Severa] t:.nvlfonrnental fac:tDrs also may be responsible for the final effect 
(McL:an, 1970; Lyons el aL, 199Oa), nnd Ihe ca-octurrence of simple indoles, 
anq lerpinoíds (Table 2) aIso may inlluenee the loxícily. 

Abiotie Stress Tolernnots 

Drougbt tnJerance Moa of the research conducted On Ihe effects of 
endopbyte lnfection on abaie: stress tolerances has been done on tan fescue. 
Similar llICchanisms might txist far other Acrcmoliium~infected grass of the 
same tribe. J.e., the pereno.ial ryegrass symbiotum. However, it mighl be 
inappropriale la use ínfecoed taU fescue as a model for lhe warm-season 
Balansia..mCected grasscs. Nev~rtheie:ss. 1he: Occurrence af ioseet and 
mammalian herbivore detemnces and distase resistance mechanisms in both 
types of symbiotic grusses suggest that similar abíotlc stress mechanisms also 
mighl exi$l in lhe balansioid symbiota. Again, il is impOrlOnt in Ibis canee pi 
to define • .separatc, and retcgnize the: important comributions made by ¡he! 
fungus Crom Ihal of lhe gnISS. Ooly when lhis ",!,aration ís mnde can lhe 
10lal genetic potenlial oC forage quality or antiqunlity be .,sessed. 

Experimental evidence for the OCcurrence of a drought Stress mechanjsm 
in s:yrnbiotic grasses is an outgrowth of the initiaJ observation of Read and 
Camp (1986) lha! two (Jf wee populalions of symbiotie taU fescue Wtr" 

more drought reSistanl lhall lall feseue planlS wil~ a low leve! of infeClion, 
Turgor maintenance has. beca ídentirted as a mnjor mechanism through which 
lall feseu<: tolermes dmughl (Wesl el al., 1989), Iml roO! growlh (De Bani",: 
el al., 1990; Richatdson el al, 1990), omJ "om:,lal responses (lldosky e' al., 
1987; Ríchardson el aJ.. 1992) a!so are considt:f,·;j important. Whilc control 
mechanisms for drought toJer • .mce in the taU fe$~ u..: symbiotum .are unkno\\lo, 
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",S been deter:;;ined th'lt or.:/ specific ti~ ,'í! types, young meristemntic and 
;: :lgating leaL írom thc tall ¡escue symbil.h.lIU were capable oí developing 
h osmOlic pm':lltial in rc::;r"n;,;t: to WíJlt:t ;,treSS (West el a1., 1989). This 
s. y.!stS lhtlt lh: hasic mecll:.:usm centers .• mund the abilily of Crnsses lO 
ti, ,,;:;lop (OW OSI:. .tle pOtentia: (West et at, i990b). Further~ since osmotic 
al ;ustment exist:> primarily in ynung and immHture leaf bJadcs, il may be the 
m¡;::hanism of per:oistence anu liUer survivnl in the tal! fescue symbiotum but 
onl;; under intemnttent drought (West et aJ., 1989; West etal. 199Ob). The 
universal occurrcnce of this ;nechanism lhroughout popuialions of the 
aeremonioid symbiola mighl vary. White el al. (1989) >ludie<! lhe expression 
of osmotic adjustment in twn clones of the tall fescue s:ymbíotum and 
concluded that cell wall elaslicity appeared to explain the differences in 
turgor mnlntenance anmng the two dones. 

The nature of the osmoticum responsible for tbis effect ls unknown, but 
polyols, sugars, and amino acids are considered by many as lileely candidates 
(Morgan, 1984). In addilion lO being non-melabalizable under stress, lhe 
essential substance or subslances also musl be osmodcal1y active and 
compalible (nonlOx;o) with .he normal plant physiologieal processes. Palyol' 
were considered líkely candidates since they are oorma~ neulral metabolltes 
oC fungí, and have been reported as being o,matica in Olber plants (Lewis, 
1967). In a Sludy designed 10 examine lhe involvement 01 polyols in lhís 
mechanism, it was determined tbat in one genotype of symbiohc tall reseue, 
mannito! and arabitol were present (Richardson el at., 1992). However, the 
concentralion of these polyots. was nOl high enough 10 affect tile overaH 
osmotic pool in this genotype:. It was further shown that in 'Ymbiolie graSses 
grown under drought stress) arabitol, glucoset and fructo¡r; were the only 
compounds whkh accumulated in sufficíent quantitjes 10 affecl the overall 
o,molle pool (Riehard,on el al., 1992). 

Nitrogen Efficieoey ACTemollium~¡nfected grasses appear to have sorne 
advantage over nonsymbiotic gr.sses ín lhe .tea of nilrogen (N) utihzalÍen. 
The elficieot utiliznlion of low soil N by lbe tall feseue symbiota was reported 
by Arochavalela el al. (1989). The amoonlS 01 dI)' matter produeed by low 
N (11 mg/pol) were lhe .ame as lhe amOunl of dI)' maner ptoduced by 
nonsymbíolic lal! fescue al hígh (220 mglpot), medium (73 mg/pot), and low 
(11 mg/POl) l~vels of N (Arechavalela el al" 1989). Of the: manyenzymes 
responsible for N utilizution, glutamine synthetase is primarily responsible for 
N efficieney. Wben lhe aelivity 01 lhis enzyrne within Ihe tan fescue 
s}mbimum was compared to the activhy in lh~ uninfected pJants grown uodeí 
low N, it was discovered thU( glutamine synthetase was higher in the 
symbio.um_ The bigh level of lhis enzyme in symbíota grown under low soil 
levels was considered un efficienl means of utilizing N (Lyons el al., 1990b). 
The ability 10 emcicntly ulilize low N arparentJ)' ís: not prcsent in seedlings 
of lhis symbiotum, bUI devdops with !,'1'ass malUrity (Clay, 1981). 

High kvds oí N nUl un!y increase the amount or dry matter produced 
in tht! lall f:scue symbloturn (Are,h~tvaleta et al., 1989; De Battista. et at. 
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1990; HilI et al.~ 1990), but also the amounb (,; ':)C ergot ;, ,¡id (Lyol1:: .. 
al., 1986; Arcchavalew et al, 1989; Hin el at, ;'1). Thus, ' lugn then: ; 
an inecease in growth rrom Nl lhe corres¡Xlnl;.: • UlCrC¡¡Se j' L.C amOUnl l' 

toxins in the fo'iage should reduce herbivm)'. '. lIt! effect!i.! _ ni! N on 1;,' 

accumulation pauern uf otber herbívore toxin:. ::rt! unknow:., ;\ut sincc lh;.:" 

contain N. they ¡nay also be affected by high mil N. as is otlscrved fOf th:~ 
accumu)ation panern of tbe ergot alkalójds produced by C/U\'J'CL'PS sp of T)'L, 

As in the case of hjgh soil N, fungaJ taxins ITIighl aIro inlt:ract with lin' 
soil N lo deter herbívol}'. This is based on Ihe coneepl lh:¡t lhe lotal 1< 
conlenl of plants affeets lhe degree of ioseel herbívol}' (Maman, 1980) 
Thereforet herbívore reedíng on grasses is increnscd when grmvn al low $(IL 

N as compared lo high soil N. Lyons el al. (199Ob) detenníned Ihal the 
total free N concentration of k:aves of tall feseuc was decreascd signifkantJy 
by endopltyte ¡nfeclion although the planls were fertilized with "igh rate. of 
N (10 Mm total N/pot). Under high N, incre.sed herbivory i. prcvented duo 
to the combined actíon of increased amounts of toxins and )OW lota! N 
conlent of herbage. In a míxed populalion of grasscs, herbivory oC symbiota 
would be less tban herbivory of uninfected grasses. Thus, under a wide range 
oC soil N level", taxin, and N comen! would offset any tcndenoy to overgrazc 
infeCled grasse .. 

ElTccts of Endophytes on Fomg. Qualily 

Qu.lity-Anliquality Evaluatíon of Endophyle-[nfecled Gros.e. 

The concep' of grazing implies a vcry large calegol}' 01 traphic 
inlemetions bUI from Ihe slandpoint of líveSlock herbivory, Í! describes a 
trophie interaction with plants that results in ooth lOO; Jethnllty and intimacy 
of a farage grass. Of course, litis is eomplicated by the facl that we are 
dealing with a natural phenomeoon within the context of aman made and 
managed system. Grasses comprise mast of a ruminanCs diel and the 
selectíon of a grass species ís based on its nUlTitíve effects on livestock 
produclion. AnaJ)'ses of several symbjotk and nonsymbiotic pasture or 
potentiaJ pasture grasses of tan fescue cultjvars for nutritive \talues for 
Iwestock, as weJI as actual grazing tria}sl indicate that there are decided 
diCferenees in actuallivestock performance (Table 3) (Sehmidt et al, 1982; 
Hoveland et aJ., 1983; Aldrich et al, 1990; Chestnul et al., 1992; Poner et al., 
1993). However, lahoratory analyses of symbíotic and nonsymbímic taU 
fescue indic:ate tbat the two are identical in terms of protem. in vitro dt), 
malter dísappearanee (IVDMD), fiber and lignin (Table 3), as weJl a, 
mineral eoutents (ChestnuI et al., 1991b). 

The groatest impact oí symbiotic gro"",s is on Ihe low produClívíty of 
liveSlock, particularly ruminant 1ívestock (Table 3). However, most of lhe 
symbjotic grasses a1so are used as conserv¡:¡tion/recreationaJ species and are 

~.~~:~ 
,J. 

Tablé . Fm:igc eh:l: ;lctcristics amI cattle performance on 
symbi'l;.,. and nonsy;::I)jotic tall k:,,_ He. 

ltenl SYl1\llintic Nonsymbiotlc Ref 

GT3SS: 

lVDMD, % 65.8 62.6 

Ctude protein. ~ n 8.2 2 

Neutral uctergcnt fihe r, 1 74.5 n.O 2 

Acid delergenl fiber, l 40.7 40.0 2 

Ash, :t 5.6 6.72 2 

Cattle: 

Grazing day, 768.0'·· 593.0" 3 

Beef gain(ha") 384.0' 492.0" 3 

Average daily gain (Kg) 0.50' 0.83' 3 

Gains per tester steer (Kg) 84.0' 144.0" 3 

Reclal lemperalure (C) 40.1' 39.}' 

Average feed intnke' (Kg/d) 4.40 4.79 

Respiration rate, breath/min 55.0' 53.Ü" 

Skin vaporization, kcal/rnl/h 91.3 113.7 4 

Prolactin, ng/ml l.5 1.5 4 

Triiodothyronine, ngJmJ 57.2 60.6 4 

CortisoJ, ngírnt 57.2 60.6 4 

Plasma melmonin, mean 
day-níghl difierence, nvml 78.36' 48. J(l' 5 

~References: ISchmidt et al., 1982; 2Chestnut et aL, 1991a; 3Hoveland et al.. 
1983,4 years means; 'Aldricb et al., 1990; !P.orter et al., 1993. 

··Menos in a row with the same ktter ore not significilntly different al the P < 
0.05 level. 



grazed by wikJlife. The effecl of these grasses 00 \ ildtire resources is 
expecled to mirnic those observed in Jivl!stock produclt !l and smaU animal 
expetiments. Thus, prelíminary studies iodicatc that r lpuiations of smaH 
insectívorous and berbívorous marnrnnJs such as shrews, \:")¡~S, and cotton rals 
were four to ¡¡",,-fold higher in pastures uf nonsymbiollc taU fescue (Pelton 
el al., 1991). The effeets of symbiolic gr .... s on deer, rabbits .nd other 
wildlife herbivores are 'poradie and umloeumented. ru lhe emphasis on 
planting incrensed acreage oI symbiotic grasses ror torf and conserv3tion 
purposes incre.ases. the potenlial for increased toxicity and effects un wHdlife 
also will íncrease. 

Acnmonium Toxicity: Tall Fescue Historically, taU feseue and perenniai 
ryegrass symbíota were associated with poor animal performance proble:ms 
and toxicities.. The moSl cornmon of lhese are fescue toxicosis and ryegrass 
.taggers (Cunningham, 1943; Yates, 1962; Flelcher and Ha"",y, 1982), Plants 
with deterrents lO ruminant herhivory should have a competitive edge, over 
plants without such a mechanism, thus seleclion would favor symbiotíc grosse. 
WÍlh such mecbanisms over uninfected plants or symbiotic grasses without thjs 
mechanísm Tbe degree of toxícity to mminant herbivory is expected lO 

refJect the nmount of texio contained wfthin grasses. The amount of taxin 
within a planl at a given localion varies both qualítatively (Yales el al., 1985; 
Lyons el al., 1986; Arechawleta et al., 1991), and quantítatively (Bacon el 
al.,l986; Rowan and Shaw, 1987; Belesky et al., 198Th; HilJ el al., 1991b) but 
f\uctuates seasonaUy (Fluekíger el al., 1976; Belesky el al., 1987b; Belesky el 
al, 1988). 80th genotypes of Ihe gros. and fungus affee! Ihe final e.press;on 
oi ergol alkaloid contenl (HiII el al., 1990; HiU el al., 1991b; Kearneyel al., 
1991). The varialíon and Oueruation of endophyte-ínfeeted !al! feseue 
(Thompson et al., 1989.) within a loeation is expected to affeel animal 
¡x:rformance similarly (Crawford el al., 1989; Thompson et al., 1989b; 
Chestnul et al, 1991b). 

Cattle eonsumingA. coellop/¡iaJum-infected taJl feseue may show either 
severe Or mild syrnptOrl'lS- Canje showing severe tan fescue loxkosls 
"""mble th""" .howing dassical ergolism and inelude gangrene of the 
extremilies, and a slight nervous.ess or palsy in the Oaok region, The .. 
symptoms, commonly referred to as fescue foot, are usuallyabselVed under 
cool temperarures. During the early srudies of tOxicity on this gras!, thl!se 
_re lhe only slgns reeognized (Yates, 1962). Fescue foot was observed to 
affect ooly a l1ew animals wilhio Ihe herd, and 10xicilY ¡mm taU feseue was 
nol considered a serious economic threat, espe-cial1y since it was so sporadic. 

When the endophyte and Ihe recognilion of mild or subelinic¡¡1 effeels 
on cattle were """oled (Schmidl et al., 1982), íl beeame apparent Ihal 
symbiotic tan fescue affected aJl animals within a herd and ímposed severe 
c:conomic )ossc.s (Stuedemann and Hovc!;lnd, 1988). The syndronle resulting 
fram the subclinical efrect5 oflen is H:krred lO as fescuc summer toxlcosis or 
the summer s)ump. since it as more cvillcnl io lile \~;lTIn ~rjods of the year. 
Canle Wilh lhe mild or subcJinicnl symp:oms exhibih.:.d reduced wdght gaios 
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3:- ~ :·eed intuke, rcuuced rcpcductive efficicucy) n:dlD::d milk production. 
le:"". h·.::at toleran-ce or hypertht:rmia, incr~ascd respira .. rUles, and reduced 
ci,c,"ting prol"",in and seruID tholesterol (Yates, I9&.l'POrter et.l., (990). 

'~altle :Jrfecwd ",illt reselle :,umma toxkosis arcfutthcr characterized 
as ',t'/ing low plasma melaton:n (Poner anu Thompu::n, 1992), rough and 
lop ~ hair coals which last wt:H ¡nta the spring~summe:rpcr¡od (Yales, 1983). 
an ¡ t:ecreased lOll.":rance to ligr.! (Hemken el aL, J9I'; Bond et al., 1984). 
C;.¡ l!~ erazing symbiotic tal! fC:'CUé sec:k snade or staJ:f in water. and graze 
in ,he eoaler periods of Ihe day or al oight. AnotbcraSpect of tal! fescuc 
summer toxicosis in catde is the idiosyncratiC deveJaftlCnt of fat necrosis 
wb!eh has beeo associated wíth high blnod eholeslelll of animals grazíng 
symbiotie lal! feseue (Sluedemann el al., 1985). TaJl re.:ue summer toxicas;s 
can be alleviated when Ihe feed uf caale is changed, t-. Dverage daíly gaíns 
are stil! depressed if eattle are moved [rom symb.otie2l1 leseu< la feedlots 
for finishing during warm weather. 

Data showing that lhe greatesl economic loss lQtbt cattle índuslry is 
from tbe fcscue summer toxicosis was estimated lJy Stuedemann and 
Hoveland (1988) to be $793 miUion annually in the ISA whieh is prímarily 
due to reduced reproduction Tates and poor weightpins. According to 
Crawford el al. (1989), average daily gain 01 eanle _duced by 45.5 g for 
e8eh 10% increase in endophyte infeslarion level. TheUlJíieityeffecls can be 
reduced by dílulíng the overall pastore iofeslation Ie'IIIlwilh anolller forage 
,ueh as elover (species 01 Trifolíum) (Chestnul et aL,I'}91ah). In anolher 
sludy (Chestnut et al., 199Ib), the average daíly gaios .... re depressed when 
Ihe pereenlage af endophyte infeslation Ievels was aljusted lO 22% within 
by the addítion of c1over. This depression con,inued IJft" .he 35% ¡nfeelion 
Ievel, bUI no further ,eduetions in average daily gaiDand becf produetion 
were observed when tbe infeelian was incrcased to dt the hjghest leve) 

used (Chestnut el al., 1991b). 
Harses grazing onA. CDe/lOpJ¡;alum-infected taU f""",e bave very s¡x:cifie 

symptoms, panieularly reproductive and neuroendlSrine effeel$. These 
symptOtrl.< are, as in cattle, related to loxieity induced" ergot alkaloid. and 
can be prevented by che daily administradon of ¡x:r¡iIonazíne, a syothetie 
dopamine aoragonisl (Irdond el al., 1989). There hasfleen 00 repon of lhe 
gangrenous aspect, fescue foot, occurring in horses. lbe endophyte lowers 

círculating progesterone and prolactin levels in brood _res wnich also bave 
extended gcstation periods, retained, mineralized andthíckened placentas. 
agalaelia, anu deliver foals Ihal are dysmature, weak, ""tillborn (Monroe el 
al., 1992; Pumam el al., 1991; MeCano el al., 1992). These symptoms are, 
as in cattle, ,.Iated to loxieity induced by ergO! lItaloids and can be 
prevented by Ihe daily admínistr.tion of perphenazine., .. syOlhetic dopamine 
antag""i'l .(Porter .nd Thomp50n, 1992). 

Sheep grazing onAcrcmouium-infected tan fescue uve 10wer cireulating 
prolactin, choiesterol. ano :JS muen as a 59% reduct'" in milk produClíon 
(Henson et al., 1987; Bon,' et al., 1988). Ewes have ~ed canéepeion rates, 
hut unlilte shcep grn:u::tJ .. :m pcrennial ryegrass. the ¡rowth rale and feed 
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ínl.k. are not reduted (Bond et nI., 1984; Bu;;j el al., 1988). 

Acremon;um To,;ícity: Perennia) Ryegrass Tv :"::;¡y from perennJal ryegra.:'i,~; 
inf.cled with A. lalíi alfeclS maínly shcep (Ke '.C .1, 1973; Byford, 1979), bUI 
catrle, horse" and deer ,1'0 are aff.cled (Byln.;, 1979). This disease is d 

neuromuscu!ar disorder aud 15 referred to as ryegi'<lss staggers (Keogh, 1973 ). 
1ñe disorder OCCurs; sporndicully and primarily in i'-lcw Zealand and soulhe.xl 
Australia. lt is dislina from the grass staggcr:; (tetany) disease wruch ~s 
induced by a mugm::sium deficiency. It has been shown e:xperimemally thut 
sheep develop symp.oms uf ryegra'sstaggers WÍI!m 7 to 14 d ofbeíng plac<:d 
on loxic pastures (Flelchcr, 1982). As is troe of ti," 'ymbiotic tall feseue, the 
syndrome in sheep i.s manifested in a variety of symptoms. including severe 

• clinical symptoms of head nodding, trembling of the neck and ,houlder 
musele., swaying wbile .tanding, '!aggoring, and a 'Iilted gail with collap"" 
if over-prodded (Keogh, 1973). Similar tetanie spasms are observed in caUic 
grazing perennial l)'egr2SS; however. they may ellher callapse Oc assume a 
sitting posture ir excited These severe symptoms are associated with tr-..e 
level of endophyte (Hannah el al., J990), inereased amount. af déad ltasal 
dry matter in ryegrass stands, slow piant growth rate, or overgrazing (Keogh, 
1973), There ¡s a 2-10% lo" of animals to ryegrn" staggers which ean 
Bceoun! for at leaS! naif of the total profits. Subclinieal effeets include 
reduced average daíly_ight gaíns, depressed prolaclÍn blood levels inewes 
(Stilham el al., 1982; F1eteher and Barrel, 1984), and reduced testOSterone 
level. in roms (Henson o, al.. 1987). 

Symptoms of Ba/ansia "icity The Ba/ansia species are mainly associated 
WÍth invasive and nJUFland grass specjes, c.g" SpeCléS of SporoOOfl;s. 
Amlropog<», AgrOSli:;¡ CJamogroSlis, el.Joris, EmgrastÍ$, aná Pallicum. 
DetaiJed studíes of tbeJT dfects on grass quality and cattJe performance n..'\ ... e 
not been conducted Since the balansioid endophytC!s produce ergot 
alkaloids similar to tbosc proáuced by the acremonioid endophytes (Porter 
et al., 1979a,h; Porter el al., 1981; Lyons et al., 1986; Rowan and Sbaw, 
1987), theír effects and modes of .ction on grazing animal. should be the 
same (W;uers et al., 1975; Berde 3nd Schild, 1978). ¡mloeá, e'gOl;sm in 
cattle has been reponed in animnls consumíng BaJallsia~jnfected grasses 
(Hance, 1876; Nobtlldro, 1934; Bailey, 1903). Experimental leeding af the 
culture medium of oue spedes, B. epicltloe, reduced IOtal prolactin 
concentrations in lactatiDg Holstein cows (Wallner el al,. 1983). Also, tbert: 
was a decrease in the mitk~induced rise in serum prolactin, ahhoo.lgh tnere 
was no elfeel on millt: prnduclion (Wallner et al, 1983). This work was nOl 
on)y the flfst to establish that serum ptoJactin concentrntion was affected in 
caute consuming a S)"n'1biotic grass but it also established that (he ergor 
alkaloids produced by tlle fungus were tbe active toxins. 
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Toxins " :-.:.ndated wil!t :';ymbiutic: e iasses 

Thc: varicly of dcfcnsivc compc'mds (Table 2) found within symbiotlc 
individual,:; of a pOpu!¡ldOn of end{),,:lyte~infccted forage grasses wiU val'!' 
bec:ause i,'f the proce!}s of natural :,:,;;:;ction under babivory. Long.-tc.nn 
hethivory. and specific types of herbív'vry (insect or ma_alían), willlead lO 

sub~populalions of toxic grasses, eat:~·, chemically defined and based on its 
specHic n~ixture of detcrring a.nd toXI, compounds. Siocc mast endopbytcs 
are maternaHy transmitted, seed~sown ¡¡astures wm reflect thís diversity. "Ibis 
may serve to confoum.l any potential cattle toxicities initially., but as cattle 
grazing within a locatíon continues. th~; seed of toxic and deterring individual 
p1.nts will be consumed the Ieast, resullÍng in these individuals .elf·seeding. 
producíng more of the toxie types. 

The time required for the establishment of • populatíon high in 
symbiotic individuals toxíc 10 canle may involve years. In areas where there 
are no pressures froro herbivory, there sbou1d be a mixture. of ecotypes, 
iocluding individuals totally devoid of inseet and mammalian toxins.. 
Therefore, in experiments of short duration, it ís important when studies of 
spe:cific deterring or ,toxic mechanisms of symbiota are beíng conducted 10 
consider thi., and to define and use appropriale postules. The major grouJlS 
01 toxins chemieally identified with antiquality facto" of .ymbíOlíc forage 
grasses are the ergot alkaloids and tremorgenic neurotmil1$ and these may 
be monitored to determine the percent dístribuüon wilhin a location. 

The degree 01 chemic.l expression by the fungal mutu.list depends not 
only on the bioehemical competence of the fungos (Bacon el al .• 1975; 
Bacon, 1988), hut .lso upon tbe genotype 01 e.eh plam (HiII et al.. 1991h). 
Tbe environmental factors of $oil N (Gaynor and Hunt, 1983; Arochavaleta 
etal., 1989; Lyons el al., 199Gb) and moisture (Arechavaleta etal., 1991) olso 
interact to affeet the aceumulation of ergot alkaloids. Furt11er, there 1S a 
fungus~grass genotype internction since ergovallne oontent of une genotype 
of symbiotic tan fescue increases wilh increased leaf arca while this 
relatíonship is nOl ob.erved in other genOlypes (HiII el al, 1990). This raises 
loo issue as to whethe:f the controUing mechanism is associated witb the 
plant, the endophyte. ar an interaction between the lWO, By insening 
cOOophytes inta a commOll lall feseue genotype .00 by coOOuctíng genetic 
.. odie< between high- and Iow.ergovalíne producing symbiolicplant genatypes 
(JohO$on el al.. 1986; Agee and HiII. 1991), it ba. been documented <hat al 
least the phml enn regull.ut the expression of ergovaline production by the 
endophyte. In this regard. reguiatiun may well re(1ect the individual variation 
or toxic precursors. and primary mctabolites released ir) the apopJasm from 
the plant. Tbe apop)asm 150 !he: source of nutrients which art: utilized by lhe 
fungi fOf growlh and synthesis uf st!conu3f)' metabolites,. many of which are 
toxic. 

ErgOl nlkaloids Thc ergOl alkaloids (Table 2) have been .hown lO be 
produceu directly by the fungus as in tall fescue e:ndophyte (Yates el al. 
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1985; Lyons el al., 1981fj),and lhe balan,ioid enuc'pbytes (Bace '1 et al" 198ú l. 
or indíreclly in (he case of perenníaJ ryegrass $lnce they are isoJated only 
from symbiolic grasses (Rowao et al., 1986). . 

The ergot allcaklids found in symbiotic gras5eS consiSl of botb the 
ergopeprine and elaviDe lipes (Poner et aL, 1979b; Porte, el al., 1981; Yale, 
el al, 1985; Lyons el aL, 1986). Tbese IWO groups differ [rom cach Olbe, in 
lbe p,esenee (ergopeplÍllt bond) or absenc. (eI.vine) of a peplide bond .ml 
anached amino acids.. Tllere is considerable controversy over the bioJogical 
aetivity of eaeh ergol a1lao1oid, bul il is generally agreed lbat lb. ergopepline 
alkaloids are more a~ Ihan lbe elavine .lkaloids. 

The predominant e'F' alkaloids found in the Ba/all.ria-infccred grasses 
are of the eI.vine type:s, while lbe ergopeplide ergot alkaloids are found as 
the dominant ergot alkalaid in the Acremoníum-infected grasses (Table 2). 
BOlh types oC ergol a1bilids are bíosyntbelically derived fram lbe .ame 
precursors, u.ually the siIIple elavine alkaloids (Aoss, 1976), and tbere are 
bíotype. of endophyte:s 1Ihich ref1ect tbis variation (Bacon, 1988). Ergot 
alkaloids vary in cOlla::tlIIation from 0.01 to 3.0 uglg of planl (dry weíght) 
(G.llage. et al., 1934; Yales et al., 1985; Lyons el al., 1986) whose 
concentrations depend tWthe season t and the in planta physiologicaJ status 
(Bacon, 1988; Belesky "101., 1988), and grass-fungus inleraClioo (HiIJ el al., 
1991b; Age. and Hil~ 1991). LiveS10Ck loxicily and possible mechanisms of 
action resulting from a.uming t~jc forages and specific ergot alkaloids 
bave becn reponed in .... líer reviews (Yates, 1983; Hemken el al., 1984; 
Poner aod Thampson. 19J2) and will nO! be repeated here. 

Tre:morgenic toxins ""Ilt tremorgenjc neurotoxins, commonly called the 
lolítrems, have been isoIoIed only Cram the perenní.l ryegr.s •• ytnbiotum. 
TItis group of loxins is aA"'remly ahstnl in symbiotíc tall fescue and has not 
beeR examined for in the "Imtsia-infected gr •• ses. TIti, elass of compounds 
is considered respansibJe for ryegrass $1.ggers of slleop (Gall.gher et al., 
1982; GnUagller et a1., 1984), 3nd consists of faur biologically active 
compounds, all eontaiDitg • complex indole isoprenoíd ring sy'lem 
(G.Uagher et al, 1984). lbe major lolíttem í. lolitrem B whíeh range, from 
3 lO 25 ug/g dry ~ ín perenoial ryegrass herbage, and a smaller 
eoncentratíon al.o _ io ryegrass .leed (Gallagher et al., 1981). The 
lolitrems, uolike the ~alkaloids, h.'" nOI beco isolated from cultures of 
lbe fungus A. Iolü, bul íl$ indole isoprenoid precursor, paxílline, ha., 
indicalíng tbal ít is syIllIEsized by lb. fungus in culture (Chrislapber and 
Manlle, 1987; Weedoll ..... Manlle, 1987). In addítion to fínding paxilline ín 
fungus cullures, ít has hc:ao deleeled in ryegrass seed (Weedon and M.nllé, 
1987). Thos, it ís un~ ir the fungos ooly produces paxíllíne whieh lS 

convened (O the lolilretas by the plant, or ir under culture or other 
condltio~ there is an incmmpk:te synthe:sis by the fungu$. The Jauer might 
be the case, as otheT fiJuj can make trc.morgenic neuroloxlOs, structumHy 
relaled lO the lolílrellDi, ;'culture (Lanigan el al., 1979) allJ mhel'WÍSe (di 
Manna el al., 1976), .,¡,;m suggests tbal lhe A. /olii migh1 be eapable 01' 
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syc. :,.!:üz.ing fue lt,litrem molecu;~ in v¡YQ but nO( in «ro. 

Mi" ':::l!nneous toxins There are :t variety oí chcmicafy diver5e compaclnds 
(T~:.;:.: 2) in syrnh;,,:ic grasscs wh:ch, as indicaled ahOJe" were possibl)!' one 
of (Ir: 'Jríving forct:::> in evoiutjon 'l!at_led 10 the sUCCClSfnl establisbm~t of 
the associatíons... \Vnh thc excepllon oC the class of egolt atkaloí~ tlte;n: is 
presl.:nt1y no identified consistent and specific chemká:wilich wouJd sU§JCst 
that :J,ere are other evo(utionary biocbemical relaua:rsmps within lhe.: two 
broatl lypes of symbiola. 

Tlle loline alkaloids are pyrrolízidíne bases lhatare found in Ihe 1311 
feseuc .ymbiotum in concenlratíons ns hígh as 0.8% oflbe dry weiglll o( tall 
fescue pl.nl. (Bush el al, 1982). These .Ikaloíds h"", not bee. iso/:aled 
from cullures of the fungos, and lhe produclíon of similu" pyrrolizidine bases 
by hígher plants in gtneral (MeLe.n, 1970) ímply thaltbe:y m.y he prodlucts 
of the planl responding 10 infeclion from lbe endophyto. Tbí. implicatíon is 
Slrengthened by lhe repon af Belesky et al. (1987b), Wiicb indicates thatlhe 
concentr.tion of loline alk¡¡loids reflects lhe exlenl af ítlÍeclion wilhin lhe 
popul.lío •. A limíted number of 'ludies suggeSIS tbat I!!: Iolíne alkaloids are 
only míldly taxíe (Bush el al., 1979; Strah.n el al., 1918; Eicbenseer el al., 
1991) e.peciaUy when lbal loxicity í. eompared wi1l that of lhe usual 
pynolizídine .lkalaid. (MeLenn, 1970). Two of tb: forms present in 
symbiotic tan fescue, N-acetyl and N~rormylloljnes, aremnsidered lJlQIe toxic 
than the other forros reponed JO this grass. However, mese compounds may 
aC! synergíslically or po,entíale lbe activíly of other laru.. ín sytnbiotk ",n 
feseue, as suggested from Iheír effects on inseet heñli"",IY (Siegel et al., 
1991). 

Olher compounds reported ín symhíatÍ<: grasses wbích may impose 
10000<Íty problems to live.tock include 3-i.dole .cetie acíl, indole ethanol and 
relaled simple índole. (Porter et al., 1978), peramine (Rrnvan et al., 1986), 
Ihe tetraenone sleroid (Porter el al., 1975), the etg0!2rols (Davis el aL, 
1986), phenolie .cíd derivative. (Ko.hino el ·al., 1988). and sesquílerpene. 
(Yshihara et al., 1985). TIte effeets of sorne of Ihe.e <JI ín.ects, laboratory 
animal., and [ungí .uggesl toxicity (Yshíbara et al., 1985; Davis et al., 19186; 
Dowd et al., 1988), whiJe lhe laxieílies of others have nol been eSlablishcd. 

PART 11. lIfYCOTOXINS IN GRASSES fROM 
NONENDOPHYTlC FUNGl 

Noneodophytíe (nonmutuaJistíe) fungi prnduce a wide díversity of 
myeoloxins (Cole and Cax, 1981) on many differenl subsuat:: •. However, the 
majar focus of research on these tox:íns has been conducted 00 f[)()d 
cornmoditles, although sorne e:mphasis has been placed o. mixed animal feed. 
Thus, a complete listing of the: presente or ubsence: of mycotoxicoscs. and 
(or) toxíns occurring naturally 00 forage gro .. es is uoavailable. Tbe following 
discussion is based on ;nformation from the literature wbCh indicates thallhe 
occurrence of a specific fungus taxon is found 00 grasses, aJthough in ccnain 
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i:lbk: 04. M}"colo,uns. produccd by nuncndopbyllC fuoti on Of a~"-')<':I~¡t¡j wllb gmwUl,- ,)~ 

dried foDge gra.SSC$. 

sto«i<s 

-=, 
A. ¡'mi¡¡oNs 

,A. 11:'",,1 

a..i«pr. 
e I""po"a, C. 
ptIJfNJIi. e 
~ 

DipJodÚl ma)'dú -, 
F. sporouic:itiaide.s, F. poa~, 
F~ eqaismi 

M.Jrodt.tci.um: 
U roridum. 
11. kttcDJrichum. M. 

IIItmu:DM 

I\r.icilivm: 
P. tnt#Cminl, P. canl'sccns. 

1'. ¡..u"""'" 
homoprú pllSpÜ 

~t:s ,hal'MlUm 

.s:...>p,oO)'S 
dtMatwm (=a1rft) 

Anim!!ls 
Myeotos.in,s IdIt'cted Jo'un!.:c tyl'" 

Fumigacbvincs.., C:lulc llay, tras:> 
hucr Cumtg:lllin. (uml&álitl, 

fum.íl~¡ns. gIKHru:ín, 
fumilremoc&ecs. 
venucukJp, 
rirldílOtla. 
Il)'ptGqIJiv3 tiDes. ud 
spinuk>sift 

Cílrovirdin. cÍfflnin., CauJe ll:ay, teaw:os. 
stcms gliolol~ patuun. 

lerrcic: .:u::id. 
terretonin. terriucm¡¡, 
cytOChabsin E. .lnd 
terrdioaol 

EIgol alkalQ~s, :1nd 
paSp.llinluc 

Diplodt.toxin 

Butcnolidt:, 
lrichOlhecenes. 
learalenOnc. and 
moniliforme 

Veruu.rins. and 
roridins 

peniuem A. and 
peniw::m B 

C)1ochabSm H 

Sportdesmins. 

Epox)'uichothecene 
(S3u:uo.xins) 

C3ule. pig. Se:e:d. 
wep, bonéS sudhc,ads. 

~lIle 

~ule 

Sheep 

o..:caying 
ie3~s. 

!c.aves 

~C3ying 
leaves. l)'c 
Slubb\e, bay 

Caulc Uíter 

Cante Uner 

Sheep Rycgrass 
¡fuer 

Hors.cs, pig. Hay. SHaw 
QJtle. !ihccp 

cases me presence of its toxin has becn inferrcd from eilher liveSlOck 
bc!havior or demonstration uf tm:10 prqduc¡ion in culture hya fungus isniatC'd 
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HU grasses 'Tahle 4). i .evcr. t~re are se:\tcra.:livestock mycotoxicoses 
aS$ociateu wl;h fof'.Jgc gr~l;, " many uf wh¡ch are ciconsidt:rab~ economic 
;mportance. Jm.:Juded ;.,;:. Ilg: the:St! ¡Ire ergotim. paspalum .staggers, 
stachybotoxíCO\JS, f'ldaJ \.'. ~ma and geeldiklaf;. myrolheciotQxicosis, 
t"usuriotoxicose.::, "nd toxic{:: . lnduced by PcnídJliu •. andAspetgillw spedes. 

Grasses serving as sub:-,: '!t:s. for nonendophyticñmgí inelude must orthe 
major forage spccies thrO\;: "'ut the \Varld. and tl1.lse grasses may become 
toxic eí~her durmg their pt: ~ ·¡d of active growth (ieJd fungi) or whíle in 
storage (storage fungl) MyCi: lxin accumulat.ion OCCllS during or after fungal 
growth; therefort!, UlC factor., wnich favor growth ilJirectiy or directly are 
also tbose that favor myco:axm synlheszs. My;¡:ltoxins are secondary 
metabolites whose synthé:üs appeafS to depent on qualitative and 
quamitatlVe nutritional factors during growth, tbe ga.:tics of 3n isolatc, and 
an interactíon with one or mOfe environmental factas. DetaiJed discussions 
of these factors as weU as mhc. rnycotoxicoses on úrage plants other than 
granes ate contained in earlicr reviews (Ciegter elaL. 1971¡ Kadis et al.. 
1971; K.dis·e, al., 1972; Purehase, 1974; Wyllie and ""rehoo"., 19n; SmÍlh 
and Henderson, 1991). 

Grass Myeotoxicoses 

Ergolism 

The genus CJaviceps Tulasne is almosl exclusircJy found on grasses 
throughau, mosl 01 lhe temperate and lropical are .. of 'he world. Specíes 
of CJaviups are field fungi and .re phylogenelically rellled to the endophyte. 
af grasses but difrer in lhe absence 01 the endophytít habito Thi. fungus is 
a localized ayunan replacement disease in whkh the individua) ovaries of 
DorelS are usually destroyed by the fungus. Th. fu"!,,s Ihen occupies Ihis 
Jocation within the flareis where it intercepls nurrienuoormany translocated 
to the ovary. There js alsQ an indication that the scic:rotium also competes 
for nutriems with noninfected fiareIS, reducing the fi:rufyield of seed directJy 
by replaeemenl and by nutrient inlef1/ention (BaeOl and Luurell,I982). 
Duriog lhis very bríef par.sitie ph.se, Ihe ¡nilial ¡nfeotile hyphae enlarges lo 
ten times ils initial si"", afIen Qu!weighing (WCI wei¡tJ.I) normal seed of a 
nonink > d grass Ihree-fold. The result;ng m.ss of II)'celium produred is 
referred to as a sCltrolÍum. The sderotium is the mator IOeátron ol loxins 
referred to as ergot alk.aloids. These ergo! alk:aloids are simiiar, ir nol 
Identical lO those produced and described for the AcreJflouium endophytes. 
However, since species of e/av¡eeps are Jocalized lO the flowering ¡tage: 
laxiei!)' from Ibis group e"n OCCur only by ingeslíng ..:lerotia. u.ves and 
slems of Oaviceps-¡nfe:cted grasses are nO( toxico 

Tne genus Claviceps índ"d", 26 'pecíe •• ,cardín! 10 Langdon (1954). 
At least four more spccits hnve bt:en nóJmed sina: thís compi1ation. 
increasing th,:¡, number tu 30 \ Walkt:r, 1957; Pantidou, 1959; Kulkami c:t al.

f 

1976; FredeflCkson .1Id MaUlle, 1991). Species of aaviceps show Ihree 
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morpbologienl Ievel, of hOSl assd;;iations. 10. lo .! level resemoles the 
baJansioid endophytes describcd above, while.tht: ro. ,:: advanced type is tile 
typical dark-colored elongalCd sclerolial paraSilt, . ,d is lypified by e 
purpurea (Fr.) TuL 10. inlermedial. is lypified by C. '''''poli Slev. anó Hall, 
and i, charnclerizt:d by slmw-colorcd globose-shoped .. 'erotia. MoS! of lhese 
$pecies are assodated with specjfic grasses) sorne of \{hich are major rorage 
species and lhey include: several species of fescue, bLfmudagrass (qmcdon 
daclJ'lolI (L.) Per .. ), several speeies of Pospalum L., .Id a varied assorlmenl 
of vatunble rangeland species oC perenniaJ and annual grasses. Claviceps 
purpurea is. one rhe mast cosmopolitan speciesj occurring on weU over 25Q 
bosts of primarily lemperate annual and perenniaJ grnsses. Three species (c. 
nigricans Tul, e groJ¡ii Grave>, and e jUllci Adams) are associaled only with 
the doseJy reJated relatives uf grasses, lhe Juncaceae and Cyperaceae. The 
spedes of sorne grasses have deveJoped physiological races with a wide host 
range; otber specíes have narrow host ranges and aJso are characterized by 
a variable selerotial size and morphology. 

10 •• peeíes of aaviceps sbow considerable vari.tion relative to alkaloid 
coment and lbere is no correlation between grass hast species and the 
capacity to produce ergol alkaloids neither quanlitalive1y !lOr qualitalively. 
iridividual sclerOlia ma}' al' may nOl contain ergot alkatoids which may renect 
either a fungal genetíc or host and environmental interaction. The ergol 
alkaloids include many of those produced by the endophytes (Table 2) as well 
as severa) others. 

The basic animal disorder of ergotism is tlsua!1y characterized as 
gangrene of the extremities resuJting ffom an impairment of peripheral 
cireulation by the ergot alkaloids. Olher aspeets of ergolism include 
reproduclive disfuncttc.m, and a nervous syndrome characterized by muscle 
tremon and uncoordinated movements when excited. 

Paspalum Slllggers 

The dallisgrasses (Paspalum spp.) are found primarily in the tropical 
seclioos of!he warld. Toes<: grasses are parasi'ized specifically by C. paspali. 
In addition 10 producing lhe ergol .Ikaloids, lhis species al.o produces the 
Ifemargenic .ubstances col1eclively referred lo as the paspalitrems (A, B,.nd 
C), and paspalinine (T.ble 4). These subSlancos are produced in the 
sc1eroüa; ¡hus, liveS10CK toxicity resula fram ingtstlng infecled seed heads. 
Ingested seed head. produce a neurologienl disease enlled paspalum Slaggers 
in canle and sheep with ctin.ic::aJ sigos inciuding trernors. incoordination, and 
ataxia. This. disease occ.urs in Australia, ltaiy. Ncw Zealand, Portugal! Soulh 
Afrka1 and the United Suues. The neurologicul disease is not cause:d by and 
is distinct from similar appearing conditions caused by ingesting ergot 
• lkaJoids (Mantle et aL, 1977). Pasralum Slagge" is c.used by one of several 
dherpene indoJe-typ~compounds referred lO as Il:¡:-.paHnine amJ paspaHtrems, 
of which paspalitrem B is the mo" biologicallv active (Cule el al., 1977; 
Gallagher et aL, 1980). 
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Sta:chybotryoloxíCüSis 

StachY¡¡,}lryotoxicml'· ; primarily u Jisease of!lorses, but sheep. poultry, 
can le, plgs, .\nd man also ,ay become uffecred. Animals show cHotea) signs 
ranging from death to m{l¡lth necrosis, salivatioll.¡ edema, and inflammation 
of lhe head. lt is enoseó I,v the collalose saproph¡a: Slocil)ibOll)'S c/¡artarum 
(ElrreJlb. and Link) Huges ¡ ;$. atra. or S. alleman.s., which colonizes straw of 
various grasses, aJthough it also occurs on hay, andsiJage. Th~ lhis species 
shauld be eonsidered a storage fungus. Spomdie otlbreaks of this disease has 
been reported jn Hungary, France, South Afríca, Rumania, Russia. Finland. 
the United Sta tes, and Czcchoslovakia and it OCCtE$ primarily in the taH of 
lhe year. The loxins were idenlinea by EpplJ (19n) as macrocyclic 
trichothecenes, cornmonly referred lo as sa.tratoxins. F, G, and H. 

Facial Eczema and Geeldikkop 

Both facial eczema and geeldikkop are typcs of a phOlodermalitis 
reactjon aggravated by sunlight aOO are distinguisllcd froro otller forros of 
photodermatitis diseases in that the l1veT~is damage"bythe mYCOlOidn'which 
prevenls lhe deloxification 01 one of tlie porphyrin pigmenlS forrned by 
decomposítion of chlorophyll (Mortimer and Ronoldson, 1983). 10e two 
phosensjtj2ations are caused by toxins fram spores ti the same fungi bUI on 
different grasses under ficld eonditions, Facial eczema is caused by 
Pillwmyces cllartamm (Berk. and Curt.) Ellis tb .. colonize accumulaled 
debris from. perennial ryegrass during lhe a_mn witb subsequenl 
sporulation and production of toxins occurring underlow temperatures fram 
February 10 May (Smith and Crawley, 1964; Beoola, 1969). Geeldíkkop is 
assoc:iated with P. cltanarum growing on debris « species of Pan/culn. 
allbougo Ihis discose is c1assically associaled with lbis fungus on Tribu/¡¡s 
lerresrm L., an annual herb. h ~ considered thal the hoSl plants conlribute 
lO lhe basi. differences of 'he t\YO diseases. 10. identity of lhe mycotoxin in 
bQth diseases has been est.blished as sporídesmil, a dikelopiperazine. 
AlmoS! aU Ihe loxin' is -coñiained wilhin lhe spore. which is taken in by 
livestock consuming PiJlwmyces.infected pasture Httet~ The rnajoT distinction 
hetween the lWQ diseases is the degre. of Iiver p.thoklgy which in geeldikkop 
is characlerized by erystalloid subslances in bile ducl$ (Coetzer el al., 1985). 
Facial eczema occurs mainly in sheep. uJthough canle and deer also are 
.ffeeted. Geeldikkop has been reponed only in sheep and occur' mainly in 
Soulh Africa (Caelzer et al., 1985) nnd soathwestern Uniled Slnles (Sperry 
el al., 1955; Taber el al., J968) where' il occues on Pmricllm specíes. On this 
Jauer grass species tht: mycOtoxicoses then 1:; referred to as dikoor . 
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Myriotbeciotoxicosis 

Two field fungí of the genus My,mllccium Kunze ex Fries, M. rorollun 
and !o". t.Jtt:tfUcuria, are associated with gwsses. primarily pt::n:nnínl ryegw~s, 
where they produce the: toxjc trícholhecenes roridins (rorium A, O, E, and 
H) and ""rrucarin' (Verrucarín A. B, and J) (Veuinskii el al., 1%7; .Ji 
Menna et aL, 1973). These toxins were considered antíbiotics by ¡hose who 
first isolatcd and determined their chemical structures (Brian el al., 19..tS; 
Harri el al, 1962). 80th the roridins and the verrucarins are Olcutely toxJc in 

a wide range of animals when administered oral1y, and can cause severe 
dermalitis if applied lopically, These toxic fungi occur world wide in soll ami 
are commonly found Oñ Ihe leaves of paslure grasses (di Menna el al., 1973). 
There ís considerable V'ddation in the abiHty of isolates to produce thes!;! 
rnycotoxins and thete are considerable toxicoJogical variations that e:lch 
isolate produces in experimental anímals. Myrotheciotoxicosis is very simüar 
lo poisoning of canJe by kikuyu grass (Pelll,isetum elalldestP,m .L) 
(Martinovieb el al., 1972) which SUggeslS Ihal lhe eliologie agent of ,bis loxin 
is aIso a species of AfYIO'ilecium, loformation on the natural oOlbreaks of this 
toxicoses are Hmíted toNew Zealand (di Menna et aL, 1913; Monimer et al., 
1971), However, lbe: widespread oaurrence of lhese fungí, tbe ease with 
which il can coloni1e *ad grass residues. and the potency of their taxins 
suggesl tllat lhis ta""'eln play an imponanl role in deteríoraling lhe quality 
of gr.s=. 

FusariokUicoses 

The genus Fusanu. Link cansists of several spedes that produce toxins 
an grasses. Of the f_ most important loxigenic species (Marasas et al., 
1984), three are considtred important producers of loxíns in pastures. These 
.pecies are F, sporo1lidlif)ides Sherb., F, poae (Peek) Wollenw" and F. 
equiselli (Corda) Gordlll!. Alllh ... are cosmopolita n saprophytes lhal occur 
ín soíl. and in grass ddlris. They are dislribuled from temperale 10 tropical 
and subtropícal are .. lit lhe world, OC lhe lhree, F. sporotric/¡iDides appears 
lO be restrieted 10 It!ttttpef.te .nd cold areas (Marasas et al., 1984), Toe 
loxin. from !bese ,pea.. produce problems in c¡¡nl<, pigs, and horsos. 

The (X)ffipilalion 1I1hc fusaríoloxins (Table 4) by lhe lhree F"Jariwn 
species of grasses lndilates considerable dlversity in chemical $truclure~ yet 
lbese tc.dos or tbeir .odifications an are produced by the Ihree taxons. 
Thus~ tile reason far ambining the three spécies into ane livestock disease 
complex as fusariotmircses. However. this presents a problcm of actually 
assigning tite corrccllIrgus to lhe toxin and iivestock distase. Approprmte 
identificaoon can be: Icrueved by isolalíng and idenlifying lhe fungus, 
althougb lbis 100 miglapresent eVén gn::ater probkmssince the idemificminn 
of these fongi is difflClll. For a more definitivc description of thesc fungi and 
their toakology the .... k of Manl~IS et al. (11)1{4) shouhJ he consulted. A 
fourth s.pc:cies of the n... F. mOflifif()mt~. might hecome imp0rtant, ~speéial1y 

in :he tropical:1: ,;; of the WO¡;"~' ir the extent oí a Sn~ report of finding 
ooe of its toxln!>. umonisín Bl l!l ¡¡ grass sample is carruborated 10 includc 
Olh..:r paSlurc ac;' ; of th~ \\ .. orJd (Mirocha el aL, 1192:). Fumonisin B, 1S 
carci'lllgenic an; '¡)Osideccd rt.!5ponshle for swin: pulmonary edema, 
lé:t: '\',':ncepha!(m: . ,::.ia in horst:s (Bczuilenhout el ai.. l~; Marasas et al., 
19~,:: Coiven ami: :arrison, 1992¡, This mycotoxin is urually producedby this 
SpCI;:',~S 08 corn auJ c:orn products. This rungus aisoquuduces several other 
toxim (Bacon ~mu Williomson, 1992), as well as utlber unknown toxiflS 
(Mara"lS el al, 19S~) 

PeniciJlium Tuxicnses 

The genus Penicillium Link consists of a large ::t.Ssoortment of species 
found growing On .a wide varíety of faod,. íeed, and plan I1!sidues. Members 
of this species. like those oí the Fusanlll11, abo are dfrlilCldl lo identify and 
several species have been reduced to $)"IJonyrny. Thm,. II is very difficult 10 

correctly assoeiate a known animal toxicoses with ;z specific PC1,idJlium 
species witb certainty. This large ,b1Cnus produce a wille \:ariety of IOxJns but 
on forage grasses the number 15 greatiy reduced. Tatle 4 lists three species 
and their major toxin5 j::;olated from grasses. i&ese metabolites are 
neurotoxins and cante toxichies from jagesting grasses infected with these 
spedes or lheir loxín huve been reported (Gallaghercl al, 1980; Wilson el 
al., 1981; di Mennu and Munlle, I 978), The laxicity signs af liveslock 
ingesting these toxins on grasses resemble those of tStIcr tremorgenic and 
staggers syndromes. mentioned above. Indeed, isoJatioa of the toxin might be 
necessary befare a correet etiolagic agent can be identified. Other 
tremorgenic toxins produced by these species are p:z:ti.tline, verruculógen. 
verucosidin, and the janthitrems (Cíegler and Pil~ 1170). Documentalion 
that these loxins are related to fieid cases af livestock tuuicy is sporadic or 
lacking. Since P. CfUSlosttm Thom is very cosmopolita.l: and mOst ¡solutes of 
ít prnduce penilrem A (Pin, 1979a), il míghl be lhe majar speeies of coneero 
far Jivestock loxicity from Pe}licü/ium~jnfecled grasses. 

Aspergiflus Toxicoscs 

The genus Aspergillus Michdi was erecled lo desaibe lhose fungí lh.l 
produce spores in chains which originate from a sfIKe-bearing sfructure 
caBed a hendo Fongi in this genus are primarily sapropbytic and have the 
abíJity to gro\V on rnan)' diffttem sobstmtes under a nage of environmental 
con<litions (Pin, 1979b). Two species,A.ji,migalus Fneseniu. andA, le"<us 
Thom, have becn assodated with liveSlOCk performance problems on 
aspergiHi-jnrected grasses, Howt'ver, the significnncc: aad naturaJ frequency 
of occurrence of problerns in livt:stock from lhese lWG aspergitli on grasscs 
have nol becn ... 11 documented. Nevenheless, among lhe substrales which 
favor the growth of these Aspergi!llls species is d~cayí~ plant malerial. (;.g., 
gras,sc5. Furtber. both fungi are :mil-borne and frequeat ookmízers of siiage 
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and hay. The impanant tO~ic asper:;illi are li:;:t(;t] in Table 4, Hnd these toxins 
are mainJy trernorgenic toxins. The ílU}" .:rtant toxin\ inciude the 
lumitremogens A. B, .nd C produ«d by A. fw" . !Il1S (Yamaz;¡':i el al., 1971; 
Cole et al., 1917), and the lerritrems A. B, m\J e produccd ')y A, telUus 
(Styne and Vle§,rtlar. 1985). Olhcr toxins prodtH;:!'!d by A. fum: .'¡lIlLf ¡neluue 
the clavim: aJkaJoids fumi,bradavjnes A and e. and the: Cf!;nt alkaloids 
agroclavine. erymoclavine. festudavíne, and channelavine (Ya:l1:izaki et al., 
1971). Both fungj are cosmopolita n nnd are fn;quent calomzers of hay, 
silage, and 8rass Iiner, especi.lly under damp eonditions (Cole el al., 1977). 
Tox.ícoses in livestocK caused by A. fumigams on grasses inelude abortions, 
tremor., and neurotoxicosis (Wilson et al., 19~1), and liver ¡¡nd kidney 
damage (TI¡ornton el .1., 1968). Death, .nd a protein deficiency syndrome 
also were attributed 'to A. fumiga/us (Cole et al., 1977). 

In addition to these two genera of aspergiUi, an osmíophiJIc toxic species 
A, clleva/im (Mangin) Thom & Church i. also found 00 several types of hay 
(Forgacs and Carll, 1962). Isolates of this speeies have beeo showo to 
produce physcion and olher IOxie anthraquinones (Bachmann el .1., 1979). 
Howc:ver, tbis taXOn is not considered a seríous problem since its toxíns are 
not effective wben tbey are administered oral1y. 

SUMMARY 

Several forage and rangelond gra" 'pecies eithe! lormed a complete!y 
compatible associ.lÍon with a group of closely relaled fungi which are 
re[erred lo eollectively as endophyte., or lbey served as host. tO pathogenie 
or sapropbylic lungal .pecios. In both type. of lungi, mycotoxins accumulate 
in forage and rangeland grasses. MycolOxins are extrinsic antiquality factors 
in grass species. Mycotoxin accumu)ation occurs after and during fungal 
growth whieh may take place eilher during the growth phase of grasses or 
when grasse. have been processed into hay or undergoing natural decay. 
Since rnyeotoxin. are .econdary rather than primary metabolites, lheir 
synthesis depends on qualilative and quantitative nutritional facton during 
and after growth, the geneüc potential of the ísulate, and an lnteracüon wilh 
ane or more c:nvironmentaJ factors. These factors affect the ílccumulation 
paltem of taxi ... from both endophytic "nd nonendophytic lungi on ¡¡rasses. 

Control of the nonendophyte .hould be directed toward, the removal of 
the fungus or conditions responsjbJe for rnycotoxin accumulation. Control 01 
cndophytes ;$ complex. Control menSures designed to prevent the g:row\h 
of either endophytic or nonendophytic fungi must consíder the specific 
ecoJogical niche of a fungus, Successful prevention uf rnycOloxín 
accumulalion implies not onJy a safe grazing product but also lhal aH the 
agronornic: aspects of for¡lge quality have not hc.:en afft:cled. Sine!' 
endophytes ¡ncrease the agronoLnic perform.mce of grasses. e.g.. b:, 
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preventi,.'· <wergrazipi' :.:ld increascli ~'>:esstoleram;e!bey must becrntroned 
differenll lmm saprn:·,::'yiíc and patli(,_¡t!nic fungal species. 

Syml '.llle associ>.: ,~ns oC fungal \!'ndophytes wilh several grasses are: 
defensiv~ lluluahsms. :he conseqt:tnce oC this type ef symbiosís is lhe 
productiC)¡i ;lf a variety ~)f chemica!.., randomly distribu(ed among foragc. 
grasses ",¡úch are defel;sive chemic'lls. tO grazing ungulates, lagomorphs, 
rodt:nts, .. :; wen as ins(,;crs and several otht:r invenebrales. Whíle nOl al) 
antiquality ..:omponents il:.o\le been nnalyzed in symbiotic grasses., those that 
have app~ar to serve bOlh as deterrents and tOxins and are considered to be 
affected by several physical environmental Cactors. Current concepts suggest 
lhat symbiotic grasses are natural delcrrences to destructíYe gra,íng of forage 
and iangeland grasses. Addjtionally, drought tolerante, N effidency~ 
iñCieased rooting <lnó herb<lge yield also are atuibuted 10 this symbiotic 
associaüon. However, rt:lative 10 liveSlock farming. symbiotic grasses are 
egregious. and pose serious economk threats to grazing livestock. These 
economically important concerns ¡ndude reduced reproductive efficiency, 
reduced weight gains, anu often death of grazing live,tock. The removal af 
mutu~ltslic C~rW. (rqm grusses ma)' relieve one specifJC dass of antiquaJity 
fuctors, mycotoxins, but the agronomic propentes oC the grass may be 
cOñsiderably impaired. Thi. enigma can be .olved by • reeognilion of the 
eVólutionary sign¡"Cican(:e of {he mutualístic association, then genetically 
defining and partitioning desirable trails into single components. along with 
a concened grass bre:e:ding effort designed at incorporaling desírable gene tic 
components ¡nlO nonsymbiotic individuals and, if necessary, molecular 
modification 01 the desired forage if only by, for example, usíng translormed 
endophytes (Murray et al., 1992; Tsai et "l., 1992). 

REFERENCES 

Agee, CS., anó N.S. HiII. 1991. Variability in progeny from high-and 
low-ergovaline producing tall feseue parent .. p. 185. III Agronamy 
abstraet •. ASA, Madison, WI. 

Ahm.d, S., S. Govind,uajan, CR. Funk, and J.M. Johnson·Ciealese. 1985. 
FatalilY of hause cricke" on perenni,!l ryegrasS infeeted wjtb a lungal 
endophyte. Entomo\. Exp. Appl. 39:183-190. 

Ahmad" S., J.M. Johnson·Cicalese, W.K. Dickson, and CR, Funk. 1986. 
Endophyte-enhanct:d resistance in perenniaJ ryegrass lo tbe bluegrass 
bill.bug Sp/¡elloplwms P'/f1'.¡IIS. Entornol. Exp. Appl. 41:3·10. 

Ahmadjian. V"and S, Paracer. 1986, Symbiosis, an introduction ofbiological 
associlltions. Univt:fSity Press of New England, Haoover, NH. 

Aldrich, c.G., M.T. Rhll,ks. J.L Miner, J.A. Patenon, and M.S, Kerle)'. 
1990. Effect5 .Ir cOí1sumptlon of taU fescue infesred with 

FUNGAt. ENDOPHYTES e', GRASS QUALlTY 34S 



endfJphy1ic:~fungus and suppicmenlatiun Wi:l¡ tlopamine ánmgonist oro 
he;11 dissipatio~ body lemperatun':$ anu blowJ parameters III ruminants 
11" .. ",<1 al elovated temper.tutes. p. 205~20K l/l S.S. QUI,cnberry onu 
R.E Jomt (ed.) lnternational Symposium on Acrcmu/liul1I/Gras,,, 
(utt:ractions. 5-6 Nov. 1990. Louislana AgriclIltural Experím<.!nt Station. 
B.tlno Rouge. 

·"clla.,deta, M., e.W. Bacon, e.S. Hoyeland, and D.E. R.dcliffe. 1989. 
EUcct af the taU rescue endophyle On plnnt n:sponse 10 environmental 
Sltr.ss. Agron. J. 81:83·90. 

":ch:ovoleta, M., e.W. Bacon, R.D. Plnltner, CS. Hoveland, and D.E. 
Radcliffe. 1991. Accumulation oC ergopeptide alkalnids ;n 
CI"lophyte-infeclCd tall fescue grown under defídts of soil water and 
"'''ogen fenilizer. Appl. Environ. Microbiol. 58:857·861. 

"y, K.H., T.R. Minnick, G.B. Garner, snd B.W. Harmon. 1975. Use of 
C'¡'kel' in a bioassay of forago qualily in tall feseue. Crop Sei. 
5:51l5-S88. 

I 
, 'thlll:llln, M., J. Lutby, and e. Schlatter. 1979. Toxicity amI mUlagenici'Y oC 

, OII"lds of lhe Asporgilllts g/aue"s group. J. Agríe. Food Chem. 27: 1342-
1347. 

1, 

,. 

1. 

•• 

1. 

'roll. e. W. 1988. P"",edure for isol.tíng lhe endophyte {rom laU feseue and 
'''''"ening ¡$OlaleS for ergOl .Ik.loids. Appl. Environ. Míerobiol. 
5.1;2615·2618. 

"'011. C. W. 1990. ho\ation, culture and mainlenance of endophytíe fungi of 
~I.I=S. p. 259-212. 1" D.P. Labeda (ed.) The isol'lion.ud screcniog of 
IIIk'worganisms Irom nature. McGraw-HiII, New York. 

"·Oll. e. W., and J. De Battisla. 1991. Endophylíc fungi of grasses. p. 
231·256. 111 D.K. Arara (ed.) Advances in applíed mycology. Mareel 
Ik\'ker, loe., NC'Il York. 

"'''''. C.W., and NS Híll. 1994. Symplomless grass endophytes: Product' 
ot \'oevolution31J symbioses and their role in lhe ecological adüptation 
nt ,"feoled gr .... '. 1" S.e. Redlin (ed.) Systematics, ecology anu 
e\'ulution oí e"*'Phytic fungí in gr;:ls!'cs and woody pJants. American 
I'hVlopalhologiaol Saciely, SI. Paul, M t~, (In press) 

"'1m, C.W., and ES. Luttrell. 1982. Clmpelition bz:tween ergOis of 
( ·¡d.'jeeps pllrpu1fXl and rye seeu for pl:c::o'ynthates. ['hytopatholog:y 72: 
I.lIc·1336. 



charncteristics oí cllttle gmzing several vark:J:. or taH fc:;::t.~ during 
summer conditions, J. Anim, Scj, S9~584·593. 

Bradshaw, A.D. 1988. Populalion diffe:reotiation ¡, •. (groslis lCmtl.· :¡bth. 11. 
Tbe incidence and significance oC ¡nfecrion by E"picidoe typ,';. la. New 
Phytol58:31()'315. 

Brían, P. W., H.O. Hemmíng, and E.O. Jellrey" 1948. PloOL.lion of 
antibi'Qtics by species of Myrotheciilm in New Zr..:aland pasturcs and its 
relation to animal diseases. J. Gen. Microbiot 7:.J:81w87. 

Brooks, PJ. 1969. Pithomyces chanarum in pastures and measures ror 
prevenl;on 01 facial eczema. J. Stored Prado Res. 5:203·207. 

Bula, RJ., V.L leehtenberg. and D.A Hall 1977. Potenlíal of the world's 
forage fue reminant anima) production. p. 7~28. Jn Potential of 
temperare zone cultivated forages. Winrock lnternational Livestock 
Researeh and Training Center, Morrilton, AR. 

Bush, L.P., J. Bolíng. and s.a. Yates. 1979. Animal disordelS. p. 247-292. 111 
RC.Buckner .nd L.P. Bush (ed.) Tall fescue. ASA, Maidson, WI. 

Bush, L.P., P.e. Comelíus, KG. Buckner, D.K Vamey, RA ehapman, P.B. 
Burrus, C. W. Kennedy; T.A lones, and M.J. Saunders.. 1982.. Association 
oí N-aeetyl Iolíne and N·farmyl loline wirh Epichloe typhina in tall 
feseue. Crap Sci. 22:941·943. 

Byford, M.J. 1979. Ryegrass staggers in sheep and e.ttle. N. Z. J. Agrie. May 
1979:65. 

a.eplíek, G.P.,and K. Oay. 1988. Acqu;red ebemical de!ens.s in gr.sses: The 
role of fungal endophyres. Oikos 52:309·318. 

OIeSlnut, A.B., iD. Anderson, M.A. Cochean, H.A. Fribourg, and K.D. 
Owinn. 1992. Eflem of hydrared sodíum caleium .Iumíno,ilíeare on 
feseue taxicosis and mineral absorp!ion. 1. Anim. Se;. 10:2838·2846. 

OIe,lnut, A.B., HA Fribourg. lB. MeLaren, 0.0. Kelrner, B.B. Reddiek,' 
RJ. Cadi.le, and M.e: Smith. 1991.. E/lec" of AcrcmOllium 
coenophiti/um infestatíon, herm\lí.Jagrass. and ninogen fertilizcr Of clover 
on steers grazing tall fe,eue pastures. J. Prado Agrie. 4:208·213. 

Olestnut. AB.,}-lA. Fribourg. lB. ~ícLaren, R\V Thompson. RJ. CarJisll!. 

351 

K.D. Gwinn, M.C Dixon, and M.e. Smith. 1~9!b. Elleet nI' cndophyte 
¡nrestatton bel and endoph;.,,::~frce tal! k';l:UC cuhiv.!! on steer 
productivity. Tenn.. Farm Humt: Sci. 160:38-44 

BACON 
.-' ... :, 

Chrístoph<:r, W.M.,;; .\.j p.a. Mau,le. 1937. Paxilline bíosyntbesís by 
ACfi.'lnonium lo{it1t:. a step toward defining the origin of lolitrem 
neUflltOxÍns. Phytu;latholub'Y 26:96f)~97 L 

Ciegler, A, S. Kadis, "nú S.J. AJI (ed.). 197L Microbiol taxin •. Vol. IV. 
Fuogal toxins. Academic Press, New York.. 

Ci<:gler, A, and J.!. Pitl 1970. SUIVey 01 !he genu. PeniciJlium for 
tremorgenic toxin prnduetion. MycopathoL Mycol. Appl. 42:1l9·124. 

Ooy, K. 1984. The effeet oí ,he fungus Alkinsollella /¡ypoxylo" 
(Clavicipitaceae) on rhe reproductivo system and demograpby of the 
grass DantllOllia spicuta. New Phylol. 98:165-175. 

03y, K. 1986. Grass endophytes. p. 188·204. 111 N.1. Fokkerna and J. Van 
Den Heuvel (ed.) Microb\ology af the phyliosphere. Cambridge 
University Press, Cambridge. 

Clay, K. 1987. Effec" of fungal endophytes on lhe seed .nd seedlíng biology 
of La/iwn pe"'"l1e and Fes",.a an¡¡¡dillacea. Oecología 73:358-362. 

CIar, K. 1988. Fungal endophytes of gr.sses: A defensivo mutualism between 
plan" and fungí. Ecology 69:10·16. 

Oay, K., T.N. Hardy, aud AM. Hammond, Jr. 1985. Fungal endophytes of 
grasses and their effects on no josect herbivore. Oecologia ~:1~6. 

CockereU, T.DA 1956. The fossil flora of Flad .. an!, Colorado. Amer. Mus. 
N.tur. HiSlor. Bul!. 24:71-110. 

OlelZrr, lA., T.S. Kenerman, a.CA. van der Weshuizen, W.F.O. Maras.s, 
l.A. Minne, O.E Balh, and r.A Basson. 1985. The possible role of 
PirllOmyces c!¡ananlm in the aetiology aod pa!hogenesis of bovine 
hepatogenou. pholosensitivity disense in South Aldea. p. 463·470. 111 J. 
Lacey (ed.) Trícho!hecenes and olher myeotoxins. Joho Wiley and Sons, 
ehJ-hes!er, England. 

Cole, Rl, and RH. Cox. 1981. Handbook of roxic fungal metabolíte •. 
Academic Press, New York. 

Cale, Rl., J.w. Domer, l.A. Lansden, R.H. COX, C Pape, B. Confer, S.S. 
Nieholson, and D.M. Bedell. 1977. Paspalum staggers: hol.tion and 
identification of trcmonzeníc metabolites froro sderotia oC Clavic~ps 
paspali stevens el Hall. Tet. len. 21:235·238. 

Cole, RJ., J.W. lGrksey. 1.W. Damer, D.M. Wílson, J.C Johnson, A.N. 

I1IJNGAL ENDOI'HYTES & ""ASS QUALITY 352 



- - - - - - - - -
• 

Johnson, D.M. Sedell, J.P. Srringer, K.K. Ci,etal, J.e. CJuuy, and R.H. 
Cox. 1977. Myroloxins produced by A..'fperxil!us fumigmus i:iolated from 
moldy siloge. J. Agrie. Food Chem. 25:K!6·~30. 

Colvin, S,M.,. uno LR. Harrison. 1992, FtJs<lrium-inducl!d pulmonary and 
hydrothorax in ,wine. Mycop, .. halogia 117:79·82. 

Ü'awford, R.J., J.R. Forwood, R.L Selyea, ,md a.B. aarner. 1989. 
Relatioilship between level of endophyte inll!ction and canJe gains On 

lal! feseue. 1. Prado Agrie. 2:147·151. 

Crowder, LV. 1977. Potential of the worid's forages for ruminant animal 
produclion. p. 49·78. In Potential ol tropical zones cu)tivated forage~t 
\Vinrock lntemational LiveSlock Research and Training Center, 
Morrilton, AR 

Cunningharnt IJ. 1943. A note on the cause oí tal! reseue Inmeness in canje. 
N. Z. J. Se;. Techno!. 24:167b·178b. 

Davis, N.O., E.M. Oark, KA Schrey, and U.L Diener. 1986. Steriod 
metabolites of Aa~moJ!ium cGtI1.ophialum, an endophyte oC lall fescue. 
1. Agrie. Food OJem.34; 105· lD8. 

De Bary, A. 1887. Comparative rnorpbology and biology oí fungí, rnycelozoa 
and bacteria. Oaredon Pres~ Oxford, UK. 

De Bauista, J.P., J.H. Boulon, e w. Bacon, and M,R. SiegeL 1990. Rhízome 
and herbage production oC endophyte-removed taU fescue clones and 
populatio.,.. AgrOll. J. 82:651-654. 

Dielú, W.W. 1950. Halrllls;. and Balansíae ín America. p. 1·82. fll USDA 
Agríe. Monograph 4 U. S. aovt. PrínL orfice, Washington, De. 

di Menna, M.E., nnd p.a. Mantle. 1978. The role of Pellid/líum in ryegra", 
staggers. Re~ Ve!. SeL 24:341. 

di Menna, M.E., P.G. Mantle. and P.H. Martímer. 1976. Experimental 
productíon of staggeT$ syndrorne in ruminants by a tremorgenk 
Pe"icillium from the soil. KZ. Vel. 1. 24:45·51. 

di Mennn, M.E., P.H. Monimer, B.L Smíth, and M. Tulloch. 1973. Tbe 
incidence of the genus M)'TOthecium in New Zealand pastures and its 
relalion tO animal disease$. J. Gen. MicrobioL 79;81-87. 

Dowd, P.F., R.J. Cok. nnd RF. Vt.'sondcr. J9~S. Toxiciry uf sc:-h:cted 
lremorgenic m)'Cotoxins. and rebtt!(l (ompoumh ," Spodotf!Ta frugiperda 

,., n .. rnl'l.! 

t, 
! 

,1 HclimJ¡is Z.""L 1. Ñltibiotks 61:1868-1872. 

Eicbe' . "cr, B., D.L Dahlman, and LP. Bush. 1991. Influcnce oC endophyte 
ir: ":tion. pLant ;. :'!.! and harvest interval on Rhcpalosipl.um padi su(\.;,..al 
a!' , its. reJation u quantíly of N-Corrnyl and N-acelylloIine in tall feseue. 
EL,Dmal. Exp. t\ppL 60:29·3S. 

Elmi, ... A, anó c.P. Wesl. 1989. Endophyte effeel on leaf osmo'ic 
adj ,)stments in tül1 feseue" p. 111. 111 Agronorny abstracts.. ~ 
M;:Jison, WI. 

Eppley, R.M. 1977. Chemist¡y of stachybotryOloxioosis, p. 285-293. lit J.v. 
Rod:ick, e. W. Hesseitíne, anó MA Mehlmann (ed). MycotolÓns in 
buman and animal he.llb. Pathotox Publisbers, Par. Forost South, IL 

Fletcher, LR. 1982. Observatíon of ryegrass stasgo" in weaned lambs 
grazíng differen! ¡yegrass pastures. N. Z. J. &1'. Agrie. 10;203·207. 

Fleteber, LR., and a.K. BarreL 1984. Reduced liveweíght gaíns and semm 
prolactin levels in hosgets grazíng ryegrasses coQtaíning Lolium 
endophyte. N. Z. Ve!. J. 32:139·140. 

Fleteher, LR., and Le. Harvey. 1982. An .ssaelatio. of a Lalium endoph~1e 
wítb ryegr.", staggers. N. Z. Ve .. J. 29:185-186. 

Floss, H. 1976. BíosyntheSls of ergot alkalaíds ond relaled compounds. 
Tetrahedion 32:873-912. 

Auckíger, E., W. Doeprner, M. Marks, a"d W. Niederer. 1976. EffeelS of 
ergot alkaloids on the hypothalmic-pituitary axís. Postgrad. Med. J. 
52:57-61. 

Forgacs, J.,and W.T. Carll. 1962. Mycotoxicoses. Adv. Vel. Seí. 7:273·283. 

Frederickson, D.E., and p.a. Manlle. 1991. Clavieeps afriewUl sp. nov.; the 
distinctíve ergot ¡>athogen of sorgham ín Africa MyeoL Res. 95:1101-
1107. 

Funk, e.R., P.M. Halisky, M.e. Johoson, M.R. Siegel, anel A. V. Stewart. 
1983. An t:ndophytic fungus and resistance to sod webworms. 
Bio/techno!' 1:189·191 

Funk, e.R. P.M. Halisky, S. Ahmad, and R.H. Hur"'y. 1985. Ha\\' 
endopbytes modify turgrass performance and response lo inseet peStS in 
turfgrass hreeding anu e:valumion trials. p. 137-145. ¡ti F. Lemaire (~d.) 
Proc. 5t!, Inícrnatiol1.11 Research Conference1 Avibrnon. Versailles: 

~fN~..lJ E:<1Unr. .......... ,..,....,. .. "_ .... ".L'c- .... n ... Tf'T'V '<, 



heland, F.A., W.E. Loch, R.V. Amhony, and K. Worthy. 198", The use oí" 
bromocriptine and pcrphenazine in the .sludy oí ft:sCUt' toxlcosis in 
pregnant pony mares. p. 201·206, lu Eq. Nutr. Physiol. 5)mp. Proc., 
Sti!lwater, OK. 

Jahnson, M.C, LR. B""I1, and M.R. Siego!. 1986, lnrection of tall feseue 
with Acrcmollium coenoplliaJum by means of callus culture. Plant Dis. 
70:380-382. 

K.di&, S., A. Ciegler, andS.J. Ajl (ed.)_ 1971. Mierobial toxi"s, Vo!. VIL A1gal 
and fungol loxins. Academic Press, New York, 

Kadio, S" A Ciegler, and S.J. Ajl (ed.). 1972. Microbial toxins. Vol. VIII, 
Fungal toxins. Academit Press, New York. 

Kearney, 1.E, WA Parrot, and N.S. HíII_ 1991. Inreetion uf somatie 
embryos of tal! fescue with AcremOflium cOl!ltoplliaJuln. Crop Sci, 
31:979-984. 

Kel:ler, K.H. 1985. Cost:benefit model, oC mutualism_ p. 100-127. In The 
biology of mutualism:Eeology and evolution. Croom Helm, London. 

Kelley, S.E., and K. Clay_ 1987. Interspeeifie competitive interactions and the 
maintenance of genotypic variation within two perennial grasses, 
Evolution 41:92-103. 

Keogh, RG. 1973, Indut.ion .nd prevention of ryegrnss st.ggers in gra.ing 
sheep. N. Z. 1. Exp. Agríe. 1:55-57. 

Kirnmons, CA, K.D. Gwinn, and E.C Bernard. 1990. Nematode 
reproduction on eOOophy.e-infected and endophyte-free tuU fescue. Plant 
Dis.74:757-161. 

!Griman, G.W .• RL Brandenburg, and a.s. Garner, 19S1í. Rela.ionshíp 
be:tween insect abundante and endophyte infestation Iével in tan fescue 
in Missouri. J. KaD5. Entomol. Sor. 59:552-554, 

Koblmeyer, 1., "nd K. Kohlmeyer. 1974, Distribution of Epichluc 'YpllillQ 
(Aseomycetes) aOO irs porasitic fly. Mycologia 66:77-86. 

Koshino, R, S. Terada, T. Yoshih.r<', S. Sakumura, T. Shímanukí. T. Sato, 
and A. Tajirni. 1938. Three phenolic acid derivarives rrom Stromata of 
EpicJ¡[oe typJtina on Plrlcwn prmcllse. Phytochemlsfry 27: 1333-1338, 

Kulkarni, B.G.P., V,$, St>:sh'ldn, and R,K, Hegde. 197(, Thé perfl'Cl ::.Iage of 
Spacf!ii(l sCNgiti McRae. Mysore ]. Agri\:. Sel: H;,~!>,ü-2S9. 

BACON 

un· .. :00. R.F.N. ,1)54. Thc origin and diUcrentiation uf Claviccps species_ 
Umv. Qucem:;;ml Papers, Dt:pt BOlany 3:61..68. 

Lan;,':m, G. W., ¡\ 1_ Payae, amI PA Cockram. 1979. Product¡on of 
,remorgenic :'Jxins by Pellú.:illium jWlIhiflc/lum Biourge: A p-ossible 
:;tiologrc<J1 factor in ryegras:s staggers. AlIst. J. Exp. Biol. Med. Sei. 
,7:31-37. 

Latch, a.CM., M.J. Christen.en, and GJ. Samuel<. 1984. Fi"" endophytes 
01 Lolium and FeSJucfI in Ncw leal.nd_ Mycotllxon 20:535-550. 

Le.ch, a.CM., MJ_ Chrislensen, and D.L Gaynor. 1985 •. Aphid deleetion 
of endophyte infeetion in tal! fescue. N. Z, 1. Agrie. Res. 28:129-132. 

Lateh, G.C.M" W.F. Hum, and DR Musgrave. 19S5b_ Endophytic fungi 
affeet growth of perennial ryegrass. N, Z. 1. Agrie. Res. 28:165-168. 

Latch, G.CM., M.1. Christensen, and RE. Hickson. 19l:i8. El1dophytes of 
annual and hybrid ryegrasses. N. Z. 1. Agrie. Res. 31:57-63. 

Law, R 1985. EVoJution in a mutuali .. ic environment. p. 145-170. In D.H. 
Bougher (ed.) The biology of mutualism: Ecoiogy and evolutioll- Croom 
Helm, London. 

Leuchtmann, A.and K. C1ay. 1988. Alkillsollella /¡ypoxyloll and 8o.IallSia 
cyperi, epiphytie membors of the Balansi.e_ Myco1ogia 80:192-199. 

Lewis, D.H. 1%7. Sugar alcohols (poiyol,) in fungí and greeo plants. New 
Phytol. 66: 143-184. 

LewlS, D,1-I. 1985. Symbioso, and mutualism: Crisp concep" and sog¡,')' 
sem.mies. p. 29-39. fu D,H, Boucher (ed.) The Bio1ogy of mutualism. 
Oxford University Press, Nt:w York. 

LuttreJl, E.S. 1979. Host-parustte rela.ionships anddevelopment of .he ergO! 
,elerolium in Clavíceps purpurea. Can. 1. Bol. 58:942-958. 

LUllrelf, E.S., and C.W. ¡¡¡¡con, 1977. Classification of Myriogellosporo in the 
Clavicipítaceae. Can. J. Bol. 55:2090-2097. 

Lyons, P.c., 1.1. Evan" and C W. Bacon. 1990.. Errects of the fungal 
endophyte Acremrm;um coeJwpltialum 00 niuogen accumulation nnd 
metabnlism in tan ú;:scuc. Plant PhysioJ. 92:726~132_ 

Lyons, P,C. J,J. tvam, anu c.w, Bacun. 199Ob. Effects- of tlle fungal 
endophyte Acrcmullium cm,'llop/¡iJilum on nilfogen llccumulation and 

fo1.JNGAL ENnOPllYTES & t;RASS QUALlTV 3:;8 



- - - - - - - -
metabolism in t" fescoe. Plant Physiol. 92:726-73::. 

Lyons, p.e, R.D. PlaI.tner, and e.w. Bac(]l1. 1986. Occ",.nce af pc[!tide 
and clavine .'gOl! alkaloid, in ta!! feseuc. Seience 2:.A87-489. 

Marasas, W.F.O., T.S. KeUermnn, W.CA Oledcrblom, J.AW. Caetzer, P.O. 
Thiel, and J.l. Van der Lugt. 1988. Leukoenceph,,¡omalacin in IWO 

horses induced lI!y fumanisin Bl isohtted frorn Fusarium mOlliJiforme. 
Ondcrstepoort 1 Vel Re .. 55: 197-103. 

Morasas, W.P.O., P.E Nelson, and T.A Tousson. 1984. Toxigenic Fusnrium 
specíes. !he Pe •• ylvania Stat. Universily Press, University Park. 

ManUe, P.O., p.H. Mortimer, and EP. White. 1977. Mycotoxic tremogons oi 
Claviceps paspai and Pellicilüum cycJopium: A comparatíve study af 
effectsQn sheepíK1d cattle in relation 10 natural staggcrs syndrome. Res. 
Vel. Sci. 24:49-Sl 

Martinovich, D., P.1l Monimer, and M.E di Menna. 1972. Similanties 
benw:en so-caU kikuyu poisoning of cattle and two experimental 
mycotoxicoses. ll!Z. VeL J, 20:57-58. 

Mattson, W.s. 1980. Herbivory in relatjon to pJant nitrogen contenL Ann. 
Rev. Ero!. Syst.I1:119-161. 

MeCann, 1.5., AB. Caudle, PoN. Thompson, l.A Stuedemann, G.L 
Heusner, and DL Thompson, ir. 1m lnOuence of endophyte-infecled 
tan fescue 00 auffi prolactin and progesterone in grovíd mares, 1. 
Anim. Sei. 70:2JJ.223. 

McLeao, EK. 1970, llte lOxic actions af pyrrolízidine (Sellecio) al!<aloids. 
Pharm. Rev. 22;1Il9-481. 

Miroch •• CJ., c.G. I6l<:kinlosh, VA Mirza, W. Xie, Y. Xu, and 1. Chen, 
1992. Octurren", of [umonisio in forage groS! in New Zealaod. Appl. 
Enviran. Microbíol. 58:3196-3198. 

Mohnnty, N.N. 19r¡¡. SIudies 00 ubaHa disease of rice. lndian 
Phytopalhology JT:3OS-316, 

Monree, J.L. D.L Onss, L W, Hadson, D.M. Hendrick" S. W. Kennedl'. 
and W.C Br... 19S8. Effem of selenium onó endophylc­
contaminated fcsue on lhe performance and reproduction in mares. 
Equine Ve!. SeUI:143·153. 

~ 

Morgan~ J.M. 1984. ClrmoreguJation and water :.Ht:SS in high.::t plams. Annu. 

Rev. Plnnl Physiol. 30:::99-319. 

",largan-Jones, G., and \V. Gams. 1982. Notes a. Hyphamyceles. XLI. An 
endophyte of Festuca {snmdiltocea and the anacnorph of Epic:llloe typllüw! 
oew taxa ín one of lWQ new sections of Acremolll.um. Mycotaxon 
15:311-318. . 

Margan-Jones, G., J.P. While, Jr., and E.L Pioolt:lli. 1990. Acremolliwn 
chilclIse, an undescribed endophyte occurri~ in Dactylis glomerata in 
Chile. Mycolaxon 39:441-445. 

Mortimer, P,H" J. Cambel!, M.E di Menna, and EP. White. 1971. 
Experimental myrotheciotoxicosis and poisoning in ruminants by 
verrucarin A and roridin A Res. Vel. Sci. 12:508-515, 

Monimer, P.H., .nd 1.W, Ronaldson. 19t!. Fungal-toxin-induced 
photosensitizllion. p. 361-370. IJI Rl. Keeler nnd AT. Tu (ed,), 
Handbook oC natural toxins. Vol. 1, PlaO! and fungal taxi .... Mareel 
Dekker, New York, 

Murray, P.R, O.CM. Latch, and D.B. Seoa. 1992.Surrogate transformation 
oC perennial ryegrass, Lo/ium perenlle, using genetkally modif¡ed 
Acremollium endophyte. Mol. Gen. GeneL m: 1-9. 

Nelson, LR., and J.e. Read, 1990. Fungal endophyle infeelion in Italian 
Ryegrass. Planl Dis. 74: 183. 

Nobindro, U. 1934. Grass poisoning among eamll: and goats in As,.m. 
.lndian Vet. J. 10:235-236. 

Panlidou, M.E 1959. Claviceps from Zizani •. Can. J_ BOL 37:1233-1236. 

Pedersen, J:P., R Rodriguez-Kabana, and RA Shelby. 1988. RyegrllSS 
cultivars aod endophyle in tall fescue affeet nematodes in grass and 
suceeeding soybean, Agron, 1. 80:811-814. 

Pehon, M,R, HA Fribourg, 1.W. Laudre, am T.D. Reynolds. 1991. 
Preliminary assessmenl of small wild mammal populations in IllI1 feseue 
habitats. Tenn. Parm Borne Sei. 160:68-71. 

Pitt, 1.1. 1979a. Pellicil/iuln crUSIOSttm and P. simplicissimum1 the correct 
names for tWQ common species producíng tremorgenic mycmoxins. 
Mymlogia 71: 1166-1177. 

Pitt t JJ. 1979b. TIlt:. gcnus Pr:¡ticillill.m und irs tekomorphic statcs 
Eupeuicillium and TaJaromyces. Academic Prrss, New York. 

_ .... , ..... ,. r'"' ............... ~"' ... -.,· .......... ~ " ............ -.., 



Porter, J.K¡ C.W. Baam, :md J,D. Ruhbins. }979a, L: ;:lsine, ergusillllle. and 
chanodavine I {mm Epicllloe typ}¡ÍlItI. J. Agrlc. F, .,J Oem. 27:595-59i!. 

Porter, 1.1<., C.W. Bacon, and ID. Rnooins. 19790. 
deri .... ltíves from Balwuia epichloe and 
(Clavicipita=.e). J. Na!. Prod. 42:309-314. 

: .yserglc acíd amide 
Ba/ullSia ClllYlCeps 

Porler, IX, ew. Bocon, J.D. Robbins, anu D. 13clowski. 1981. Ergot 
alkaló¡d ídeolification jo Clavicipimceae syslcm·t.: fungi of pasture 
gr.sses. J. Agrie. Food Chem. 29:653-657. 

Porter, 1.1<., J.O. Robbins, e W. Bacon, anu D.S. Hirnmelsbach. 1978. 
Determination of epirncric 1~(3·jndoyl)propane· t ,2)-triol ísolated fram 
BalallSia ~pü:hJ(J<. Uoydia 41:43-49. 

Porter, J.K., lA. Stuedemann, EN. Thompson, and LB. Lipham. 1990 
Neuroendocrine measurements in steers grazed 00 endophyte-infected 
fescue. 1. Anim. ScL 68:3285-3292. 

Porter, J.K., J.A. Stutdemann, F.N. Thompson, BA Buchanan, and HA 
Tucker. 1993. Me1alonin and pineal neurochernicals in steers grazed on 
endophyte·infected tall feseue: Effeet' of metoclopramide. J. Anim. sa. 
71:1526-1531. 

Porler, 1.1<., and F.N. Thompsan, Ir. 1992. Effecrs af feseue toxicosis on 
reproduction in IM:stock. 1. Anim. Se;. 70: 1594-1603. 

Poner. J.I<., ew. Bacon, J.D. Robbins, and Re. Higman. 1975. A ficld 
indicator in plants associated Wilh ergot·type toxicities In cante. 1. Agric. 
Food Chem. 23:771-775. 

Pouinger, R.P., O.M. Barker, .nd R.A. Prestidge. 1985. A revi_w of the 
relationships-between endophytic fungi of grasses (Acremonittm spp.) 
and Argentinc stem weevíl (Li.S1rolloW.s bOllariemes Kuschel). p. 322-331. 
/JI Proc. 4th AustraJasian Conference Grassland lnvertebrate Eco)ot!V. 
Lineoln ColJege, Canterbury. -

Prestidge, R.A., RP. Pottinger, 3nd G.M. Barker. 1982 An association ot· 
Lolium endophyte with ryegrass resístance io Argentioe stem weevl1. p, 
119-122. fn PraCo N. Z. Weed Pest Control Conf. 

Purch.se, I.H.F. (ed.). 1914. Mycotoxins. EI,ev;«, Amsterdam. 

Putnnm, M.R., 0.1. e...nsby, J. Sehumucher, T.R. Boosinger, L Bush. R.A. 

361 

Shelby, J.T. Vaugh.n, D. Ban, anc !.P. Brendemuehl. 1991. Erfeels of 
the fungal endophyte AcrcmoHiwn cocHopllialum 10 fescue on prcgnant 

BACON 

mares ,IfUJ foal via:)ility, Am. J, Velo Res. 52:!D71·2074. 

Read, l.e, aná B.J. Ca",p. 19S6. The .ffecr.Ú the fungal enuapnyte 
ActcJ1wI'¡wn cOf.!llop/¡ia[um in ta11 fescue on anirlal performance, toxicity, 
and stand m:Jinte:nallCt;. Agron. J. 78;848~&50. 

Ríchardson, M.D., G.W Charm.n, Jr., CS. H01cl.nd, and ew. B.con. 
1992. Sugar alcohols in emlophyte-infected Uil feseue under drough.l. 
Crap Sd. 32:1060-1061. 

Riehardson, M.O., N.S. Hill, "nd CS Hoveland. 000.. Rooling patlerns of 
endophyte infeeted tall feseue grown under d:ougnt stress. p. 129. 111 
Agronorny abstraelS. ASA, Madison, WL 

Rowan, O.D., "nd O.L Gaynor. 1986. lsolation af l:eding deterrents against 
Argentine srem weevíl from ryegrass iofectd with the endophyte. J. 
Chem. Ecol. 12:647·658. 

Rowan, 0.0., M.S. Hunt, and D.L Gaynor. 1986. lt:rarnine
7 

a novel iosee! 
feeding deterrent fram ryegrass infeeled with theendophyteAcremonium 
folia •. 1. Oem. Soc., Chem.Commun. 1986:931.936. 

Rowan, O.D.,and G.l. Shaw. 1987. Delection of a:gopepl;ne alka10ids in 
endophyte·infected perennial ryegrass by tanden mass speclrometry. N. 
Z. Vello 35:197-198. 

Rykard, D.M. 1983. Comparative marphology of tIle eanidial state. and 
host·parasite relatianship in members oC Bal3lSiae (Clavidpit.ee.e). 
Ph.D. diss. University of Georgia, Athens. 

Rykard, D.M., C.W. Bacon, and ES Luttrell. 1'l85. HaS! rclations of 
MyriogelUlsjXJra arramellf05a and Ba/ansia epidtioe (Clavicipitaceae). 
Phytopatho1ogy 75:950-956 

Rykard, D.M., E.S. Luttrell, and ew. Bacon. 19i1. Canidiogenesis and 
c'"hliomat. in the Clavidpitoideae. Mycologia 76:1095-n03. 

Sampson, 1<. 1933. TOe systemic infectioo of gras"", by EpicJdoe typhÚla 
(Pers.)-TuJ. Trans. Br. MycoL Soe. 18:30.-47. 

Scnardl, CL, J.S. Liu, J.E White, Jr., R.A. Finkel, Uld M.R. Siege1. 1991. 
Molecular phylogenetic reiationships of nonpathogenic grass 
mycosymbionts and d;lvH.:ipitaceous plunt patoogC'ns. PI.mt Systemat. 
EvaL 118:27-41. 

Schordl, eL, and M.R. Siegel. 1993. Geneties of EpicilJoe t)'phitIa and 

FCliGAL ENDOI'IJYTES & GR.";S QUALITY 362 



Acrt!mQltium cotltopltialt1m. p. 16()~ 185. 1n R. k:ost tlmJ S. QUlsenberry 
(ed.)Acremoniumlgrass interaCltOns. VoL44. Agnz. Ecosystem Environ., 
Elsevier Science Publishets, NethcrJands. 

Schmídl, S.P., e.S. Hoveland, E.M. Clark, N.D. Davis, LA SmHh, H.W. 
Grim~s, and J.L Hílliman. 1982. Associatioo of 3n endophylic fungus 
with feseue toXicilY in steers fed Kemueky 31 laJl f.seue seed or hay. J. 
Anim. SeL 55: 12l9·1263. 

Siegel, M-R" O.e.M. Lateh, and M.e. Johnson. 1987. Fungal endophyte of 
gra...". Ann. Rev. Phy1opath. 25:293·315. 

Siegel, M-R., O.C.M Latch, LP, Bush, N,F, Fammii1, D,D. Rowen, B.A 
Tapper, e. W. Bacon, and M.e. Johnson. 1991. Alkaloids and insecticidal 
aetiYity oí grasses ¡orected with fungal endophytes. J. Chem. Eco!. 
16:3301-3315, 

Smith, J.D., and W.E. Crawley. 1964. Disturbance of pasture herbage .nd 
sport: dispersal oí Pú}¡omyces cI¡arrarum (Berk. and Cure) M.B. Ellis. 
N,Z. J. Agrio. Res. 7:281-287, 

Smith, 1.E.,and R.S. Henderson. 1991. Myeotoxins anó animal foods. CRC 
Press, Boca Raum, FL 

Sperry, O.E., R,O. Turk, 0.0. Hoffman, aod F.B. Stro"d. 1955. 
PhOlmensi¡izatÍOll of cattle in Texas, Texas Agrie. Ex!. Bull. 812. 

Styne, PS., aod R. Vleggaar, 1985. The tryp!oguivalines, Prog. Chem, Org. 
Nat_ Prad. 48:62-65. 

$tilham, W,D., e.J, Brown, LB. Daoiels, EL Piper, aod H.E. Fetherstone. 
1982. Taxic ¡esare linked to reduced milk output in ewes, Arkaosas 

F.rm Res. 31:9. 

SIra han, S.R., R,W. Hemken, lA Jackson, lr., R.e. Buckner, LP, Busll, 
aod M.R, Sieg<:L 1988. Perlormance of lactating d,,¡ry coWS fed ",11 
fescue forag<:. J. Dairy Sei, 70: 1228·1231. 

Stuedemaoo, lA, aod CS. Hoveland. 1988. Fescue endophj'tt:: Histnry anu 
imp:oct on animal agricultur •. J. Prad, Agríe, 1:39-44. 

SIuedemaM, JA, T$, Rumsey, J. Bond, S.R. WilkioSQn, LP. Bush, D,J, 
Williams, and A.S. Caudk, IygS, Associ:ltton of blood c:'Hllesterol Wi'Jl 
QCcurreoce of fal necrosis in cows ami {;JII fescue sumn> r {Oxicosis. :11 

steer:s. Am. J. V~t. Res. 46,19YO-1995. 

n, '''<' 

Taber, R.A, R. Pittit, W,A Tuber, and l.W. Dolbhite. 1968. bol.tíon of 
Pitlwm)'ccs cJumantm ín Texas. Mycologia 6O;71.7~730. 

fhomasson, J.R, 19S6. F""iI grasses: 182().198& and beyand. p. 159-167, ¡JI 
T.R. Sod"rstrom, K. W. Hilu, C.S. CampbeB an:! M.E. Barkworth (ed.) 
Grass Systematics .md Evolulion. Smiths01Iian Institution Press. 
Washington, DC. 

'fhompson, R.W" H.A Fribourg. aod B.B. Reddíck. 1989a Sample inteosíty 
and timing for detecting Acremollium Cl)CJuJpluaJum in taU feselle 
pa.tures. Agron. J. 81:966-971. 

Thomp,on, R. W., H.A Fribourg, aod B.B. Reddick. 1989b. Sampling 
intensity and timing for detectíng AcremaJiulIl cocllopltialum in taU 
fescue. Ab'fon, 1.81:966·971. 

Thornton, R..H., G. Shírley, and R.M, Salisbury. 1%8. A nephrotoxín from 
Aspergillus fumigalus and its pClssible relationship with New ZealaOO 
mucosal disease-like syndrome io eaule. NL. l. Agríe, Res. 11:1·10. 

T •• i, H.-F., M,R, Siegel, .nd e.L Scharol. 19'12. Transformation of 
AcremOntllm CGellophialum. a protective fungal symbíont of the grass 
FeslUca anllldilltlCea. Curro Genet. 22:399-406. 

Veflín'kíi, K.I., K.A Dzhilavyao, aod V,P, K",ole"". 1961, A disease of 
sheep cau!ed by the fungus Myroll/Ccium """',caria (lo Russiao), Byull. 
losl. Eksp, Vel. 2:86-90, 

Walloer, B.M., N.H. Booth, 1.D, Robbins, e. W. Bacon, J.1<. Poner, T.E. 
Kiser, R.W. Wilson, .nd B. Johnsoo. 1983. Effect af an eodophy1ic 
fungus isoJated fmm LOxic pasture grass on serum prolactin 
concentrations io the laclaling COW. Am. J. Vel. Res, 44:1317-1322, 

Walker, J. 1957. A new spedes af C/aviceps from. Zizania. Cao, J, Bol. 
37:1233·1236. 

Weedon, e.M., .00 P,G, Maolle. 1981. Paxillíne biosynlnesís by Acremollium 
Joliac; a step towards defining lhe origin of Iotitrem neurotoxins, 
PhYlOchemistry 26:969-971. 

West, c.P., E. lzekor, A Elmi, R.T. Robbins, aOO K.E. Turner, 1989. 
Endophyte effects- on drougbt tolerance, nematode infestation and 
perSiSH!nCe uf tal! Ít;scue, p. 23-27. In c.p, West (ed,) Proc, Arkansas 
F€!scue ToxicoslS Conference, No. 140, Arkansas Agric. Exp. Sta., 
University or Arkansas, Fayeuevillt. 

mn ........ '. 'T''''-.'~~ __ 



WestJ c.P .• E. I:zekor. D.M, Oosterhuis. ami Ro":. aobhins. 1 (;')!};J. The effect 
of Acrcmoflium col!1wpllialum on the grpw:h nnd nernawdc ínfestatlün 
of lall feseue. Plan! Soil 112:3-6. 

\Yesl, c.P., D.M. OosterhuisJ and S.D. \\'t:.~:ichleger. lt.1imb. Osmotic 
adjustment in tissues of taU feseue in respon:.c lO water c..Ididt. Environ. 
Experimen. BOL 30:1-& 

White, J.F.¡ Jr_ 1981 The widespread disuihution of endophytes in tht: 
Poaee.e_ Plant Dis. 71:340-342. 

White, J.F., JI'. 1988. Endophyte-host associatinn.s in forage grasses. XI. A 
proposal coocemiog erigín and evoJutíon. M)'cologia W:442-446. 

White, J.E, k, and T.L. Buhman. 1987. Endophyte-host .ssociations io 
farage grnsses. VIII. Helerolhallism in Epíc/l/oe IJ'phílla. Am. 1.. BoL 
74:1716-1722. 

White, lE, lr., and G.T. Cole. 1985. Eodopllyte-host .ssaeiations io forage 
grasses. l. Dislooutioo of lungal endophytes in some species 01 Lolium 
afid Fesrucn. M,..,logia 77:323-321. 

White, J.F., Jr~ .nd G_T. Cole. 1986. Endophyte-host associations in farage 
grasses. V. Occurrenee of fungal endophytes in ceftain speci<!s of Bromus 
and Poa. Mycoloj¡:ia 18:102-107. 

Whne, l. E, k, P.M. Halisky, S. Sun, O. Margan-Jones, and C.R. Funk, Jr. 
1992. Enoophyte-host assodations in grasses. XV\. PaUerns of endophyte 
d;stributiofl in speci.s of the "ibe agrostideae. Am. 1. Bot. 79:472-417. 

White, lE, Jr~ A.c. Morrow, afid 0_ Morgan-Jones. 1990. Endophyte-hoS! 
assoei.tioos in forage grasses. XH. A fungal endophyte of Tricllacne 
ínsularis belonging la Pseudocercosporelln. Myeologia 82:218-226. 

White. R.H. 1989. Water relations charaeteristics oC tall reseue as influenced 
by Acremolliu/II coenopllialum. p. 167. In Agronomy abstram, ASA. 
M.dison, WI. 

WiIliams, M_J~ PA l!ackman, E.M, Clnrk, and J.E White, Jr, 1934. Seed 
treatments for control of the tan fescue t!ndophyte Acri'nlollium 
coclwplúalum. Ptam Dis. 68:49·52, 

\Vjlson, B.J., CS. Byerly, and L T. Burb. 1931. NCUfOlogi<: Jiscas\:! of fungnl 
origin in .hree herd' of c.uk:. J. Am, Ve!. Med, Assoc. 179:4iil~485. 

Winers, \V.L, R.A Wilms, and R.I). II¡¡od_ 1975. Prenatal effects af 

365 nACO:> 

':--
... 

elymoclavine udmínistmtion ano temperature stress. J. Anim. Sci. 
41: 1700-1704. 

WyUie) T,n., anu LG. Mon::house (ed.). 19n. Mycotoxic fungí, myeoloxins. 
ano mycOloxicos~s: An em:yclopetlic handbtOiJk.. Vol. 1,2. and 3. Mareel 
Dekker, New York. 

Yates, S.O. 1962, Toxio;t)' of tall leseue loru~e: A revíew. Eeon. BaL 
16:295-303. 

Yates, S. O. 1981 Tall fesoue toxins. p. 249-273. in M. Reeheigel (oeL) 
Handbook af n.turally oceurring food '""icant •. CRC Press, Boca Ratan, 
FL. 

Yatos, s.a .. R.D. Plaltner, and O.B. Oarner. 1935. Deteetion of ergopeplÍl1e 
alkaloids in endophyte inleeled, toxie Ky-31 tall feseue by mass 
spectrometrylmass spectrometf)'. J. Agrie. Food Chem. 33:719-122. 

Yamazaki, M., S. Suzuki~ and 1<.. Miyaki. 1911. Tremorgenic toxins from A. 
fumiga/us_ Chem, Phmm. Bull. 19:1739-1742. 

Yosllih.ra, T., S. Togi)'"d, H. Koshino, S. Sakamura, T. Shimanuki, T_ Sala, 
and A Tajími. 1985. Three fungitoxic sesquiterpenes from stromata of 
Epichloe rypltÍJw. Tetra. Let. 26:5551-5554. 

Zalloer, H., H. Anke, and T. Anke. 1983. Evolutioo and secondary 
pathways. p. 153-171. In J_W. Benne" and A. Ciegler (ed.) Secondary 
metabolism and differentiation in fung¡o Marcel Dekkct¡ New York. 

F'PNGAL ENDOI'I(Y'fES &: G1USS QUALITI" 366 



APPENDIX D. TOXICI1Y IN BRACHIARlA 

Summary statement 

A number of researchers in Afeica, SE Asia and tropical America have reported cases 
of toxicity (Le. joundice, photosensitization, Iiver darnage) in sheep, goats, cattle and 
horses fed with Brachiaria spp. The saprophytic fungus Pithomyces chartarum has 
been associated with the toxicity in Brachiaria. However, in many instances 
researchers have been unable to isolate spores of P. chartarum from Brachiaria 
pastures which had caused toxicity. In the cases where P. chartarum has been isolated 
from Brachiaria, the spore count has been low and would not account for the severe 
toxicity observed. Thus, the evidence available does not conclusively show that the 
toxicity problems in Brachiaria spp. is due to the fungus P. chartarum. Other fungi 
and plant metabolites (i.e. saponins, steroids) could be involved in cases of Brachiaria 
toxicity. 
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Plant populations failed to build up to a satisfactory density during any of lhe 5 
years, despite a favourable initial establishment of approximately 80-100 plants m-l. 
The plant count declined with time. It is most Iikely tha! the pattern of autumn and 
spring ¡ainfal! determined Rowering and seed se! and subsequent regeneration of the 
clover. The rainfall pattern over ¡he 5 years was such that only mínimal Rowering and 
seedíng occurred. Orten the germinatíng rains were too late to permit ftowering before 
the scolching summer heae Sufficient seed must have been produced and/or there ..... as 
sufficient hard seed carry-over in the droughl season of 1982 to establísh a nucleus 
colony in Ihe following season. 

Since c1ustered c10ver aCls as an annual in south-east Queensland. a build up of 
seed is n prerequisite for regeneration and thickening of lhe stand. No evidence W3S 
obtained lo suggest lhal poor persistence orthe nodule bacteria was responsible for ¡he 
slow build up of the dover stand. The dominan! factor, therefore, appears lo be the 
quanlil:¡ and liming of the germinating rains which need to be adequate in either 
Apríl/May or August/September to permit timely Rowering and seeding in the cooler 
months of the growing season. This applied particularly in 1978 when seed was 50 .... n 
lOO lale lo gain advantage from good autumn and winter rain. Seed reserves may Ílal, 
been reduced also by "false strikes" in cool wet periods during summer because Ihe 
young seedlings may no! stlrvive subsequent periods of high temperatures. S~prl!ini: 
mortalily was seen in Ihe dislrict, parlicularly in January 19'70 ..... : .::. . 
inspecte,d al Ihat time. 

Perhaps our initial seeding rate was below the threshold level for such a rigorous 
environment. Further investigations should examine whelher speedier establishment 
may result from heavier seeding rates and/or resowing after an uns;l tisf,'~"'":' f::-: .' e :r 
seed setting. 

Another limitation lo seed build up may have been our railure to apply 
maintenance ferlilizer and thereby promoling heavier seeding when dimatic 
conditions were favourable. 
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TECHNICAL NOTE 

PHOTOSENSITIZATION JAUNDICE SYNDROME IN WEST AFRICAN 
DWARF SHEEP ANO GOATS GRAZED ON BRACHIARIA DECUMBENS 

B. A. OPASINA 

Inlemalional LiveSlock Ccnlre for Africa (lLeA). e/o liTA, P,M.B. 5320, Ibadan, Nigcria 

ABSTRACT 

In a "ry season grazing Irial witll Brachiaria decumbens el'. Ba.5i1isk al Ibadal/ in 
sour/¡wes( Nigeria, 14from a group 0136 Wes/ African DII'arfslreep, Gnd 1 Ji'om a group 
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01 16 goa/s, die". Tite n/al/l dilllml ami post-n/oflen¡ findif1g.~ u'ere !liglls ol 
¡lhOIOSI!/lsití:allon ami jalllul"'i!. Flmher ílll'esligalíoll o/ lite eU'ecl o/ lile grass 0/1 
nllllilWII! produclion in Nígeria u'ollld be reqtdred. 

INTRODUCTION 

Photosensitizatíon has been observed among cattle and sheep grazed on 
Brachiaria decumbens. especially in South America (Andrade el al. 1978; Oliverra el al. 
1979; CIAT 1980), Ir has nOI been reponed amongst sheep and goats in Nigeria. In this 
paper. the aulhor reports clínical and post-mortem findings ín West Arríca" Dwarf 
sheep and goals grazed on pastures of B. deCtlmbens in southwest Nigería. 

MATERJALS AND METHODS 

Between late December 1981 and April 1982,36 sheep (2 males and 34 females) 
and 16 female goats aged 610 15 months were grazed on pure pastures 01' B. demmbells 
ev. Basilisk, established in June 1981 on [he ILeA farm at Ibadan in southwest 
Nigeria. The pasture was established from seed imported from Australia. The animals, 
"~,;é~ :':".1 ceen ¡¡reviously grazed on natural pastures al Fasola in Nigeria's derived 
savanna belt in the southwesl. were given prophylactíc measures against Peste des 
P<'IIÚ RlIminOIllS (PPR) and enterotoxaemia. They were al50 dewormed, treated 
again,t bicod prOlOzoa, and dipped against ectoparasites. 

Three groups of sheep, containing approximately equal numbers, were grazed'on 
paslures 01' B. dect/lllbens localed in di!rerent paddocks, whilst Ihe fourth grOl.n was red 
indoor5 (zero-grazed). Animals were allowed lo roam in Ihe open run altac[led lo the 
!!' .~: TLt 16 goats were grazed separulely from [he 5heep on pasture of B. decllmbens. 
AH :!nimals were provided wjth mineral sal! licks and fresh drinki.ng water. 

RESULTS 

~ ~;1 ':;:)'5 al'¡.:r the animals were introduced to the B. decumbens pastures, 58.3% of 
the sheep in the 4 paddocks showed sorne of Ihe following symptoms: yellow 
c. :'at;on of ¡he conjunctívae (38.9%) (sign of jaundice), conjunctivitis and bilateral 
corneal opacíty (8.3%), exudative dermatitis wíth facial and body alopecia (27.8%), 
a!:1Xi3 (13.9~{), and paralysis of forelegs (8.3%) (Table ¡). 

Corneal opacity, exudative dermatitis, and paralysis were absent amongst the 
z~¡,c-grazed animals. Sheep in this paddock were relatívely unexposed to sunshine as 
.:1ey were fed indoors. Exudative dermatitis, the over! sign of photosensitization, later 

TABLE 1 
Al ain symp!Qms obsened Qmong s¡'eep in tlifJerent paddocks 01 Brachiaria decumbens 

Symp!Oms 

Yellow colouration of ccnjunctivae 
(juundiccl 

Conjunclivitis and corneal opacily 
Exudat;ve dermatitis (including racial 

and body alopecia) 
Ata.,ia 
Paralysis (forelegsl 
No. showing symptoms 
~~ showing symptoms 
No. in eaeh paddoek 

S 
2 

S 

I 
10 

100 
10 

Paddock 

Pastllre 
grazed 

11 III 

4 3 
l 

3 2 
1 2 
1 1 
5 4 

55.6 44.4 
9 9 

red 
indoors 

IV 

2 

2 

2 
25.0 

8 

Total 
observation 

n 

14 
3 

10 
5 
3 

21 

36 

% 

38.9 
8.3 

27.8 
13.9 
8.3 

583 
100 
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developed into longitudinal facial, spinal and leg alopecia in mOSI cases. Alopecia of 
the periorbital area and rools of Ihe ears were also observed in sorne of Ihe animals. 

Of the 16 goals exposed lO the pasture, only 1 maniresled toxicity symploms. 
which appeared as periorbital alopecia, and yellow colouration oC all the external 
mucous membranes (eyes, mouth and vulvovaginal area). 

Amongsl Ihe sheep showing symptoms, the mean rectal temperature was 38.7 ± 
O.7°C and mean packed red cell volume (PCY) was 26.2 ± 4.7%, The only gont 
showing symptoms had a temperature of 38.8 oC and th~ PCY of 25%. 

Ten days after the symptoms were first manifested; 14 out of 21 sheep showing . 
toxicity symptoms died. twelve from the pasture-grazing group and two from Ihe zero­
grazing grollp (Table 2). 

TABLE 2 
Pos/~mortrm.litl(lin8s among sll(!cp in d{Oerl!11I padclocks ~lBrachiaria dccumbens .1 

Paddock Total ull'cction 

Pasture Fed o 

grazed indoors 11 01" 01 
Findings 

Alfected Total 
11 ·111 IV animals animaJs 

7 33.3 ~ Q ! 

14 667 ~$.9 
I1 51.4 .10.6 

2 14 

66.h 
.iS ti 

, 
The gross pathological findings at post-mortem examination 'were gen~!:'1i'·:d ! 

yellow colouration of organs and tissues (66.7%), fatty livers (52.4~~). and dehyJ;a:ic'il ¡ 
(33,3%). The zero-grazed animal s did not appear lo be dehydrated. The only goal: 
a/fected died showing marked generalised yellow colollration orlhe organs and tissues, ! 
ratty liver, and enlargement of the gall bladder. 

DISCUSSION 

The cause of the photosensilization jaundice syndrome is not known. Andrade el 
al. (1978) reported Pilhornyces chartarul1l. a fungus cultured from paslUres or B . 
decumbens, as the agent causing photosensitization among cattle and sheep exposed lO 
lhe pasture. Fungal culture from B. decumbel1s paslures in this study did nol yield P, 
charlarum, but yielded Fusarium monilíforme, anotner saprophytic fungus. Dosing 
sheep with F. moniliforme al arate of 40 mg kg- I body weight daily for 3 weeks raUco lO 
elicit th~ pholosensitization jaundice syndrome observed under grazing candi,;:;:':' 

Netther exogenous nor endogenous sources of poisoning were observed in Ine 
pastures, although sorne orthe symploms resembled those of chronit: copptr poi~ol1in~ 
obscrvctl by Etlelslcn (1980) amon!! u govcrnmcnt sheep noek al M¡ugubll"ln 
north .... tet., NI!!,,,,I ... , Th" .. .,,:>, .... 'p"eI.d aourc. of poilonlnll IIoIII..lnroU8" 11'1. 6i111l~1t 
supplementation. but the same salt lick blocks ~ere s,upplied to other sh~ep and goats. 
grazed on Pan;cum ,!wxímum on the s~me sla\lon wllh !lO un~oward ellects, ' . 

. In this observallon, nelther bacterIal nor protozoal mfectlons were reported from , 
blood and tissues submitted to the laboratory. Clinically, the anímals díd no! show I 
fever or anaemia and the mean packed cell volumes (PCV) were ~orl!lal (Oduye 1976), 

Since lhe syndrome observed was common tothe anlmals In dlfferenl paddocks·1 
the causative agent is presumed to be assoclated WIth B. deC'llmbfl1S Itself. Among the ! 

! 
! 
J , 

I 
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\ lisl of plants documented as the cause al' photasensitization in domeslíc animals is a 
different specics, Brachiuría brí;;ant/w (Clarke and Clarke 1975), In Ihe (ríals reporled 
here. wilh Brac/¡;a/,;a dCClImbells, photosensitization and jauodice were (he maio 
~ealures. However, io Nigeria, these symptoms have nOI beeo reported in call1e. 
A.lthough BrachíarÍa dec/lmbells has been demonstrated to be Ihe moSI promising grass 
in pure swards in northern Nigeria (Poster and Mundy 1961), further iovestigation 
would be required of ils eífects on catlle, sheep and goats, 
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!THTiLlZERS FOR PASTURES-THEIR USE OR ABUSE 

Canungra Field Meeting, Muy 10, 1985 

""., 

The firSI field day of t he Tropical Grusslaods Society in 1985 W!IS held 00 10th 
~l¡ly on Ihe property of Mr. and Mrs, H, G, BenSlead al ClInungra. Talks were 
presented on ¡he theme "Fertilizers ror Pastures-lheir use or abuse" by various 
speakers, and Iheo followed an inspection of irrigated river flats which had 
fyegrassjclover pastures oversown into kikuyu, These pastures had been treated with 
P{ju:~dllp while one area was also deep ripped to alleviate soil compaction. Another 
,,!'~a had been rertilized with ni¡rogen and sulphur, while another had received only 
nilrogen 10 demonstrate Ihe sulphur problem on ¡he farm, 

INTRODUCTION-NEED FOR NUTRIENTS 

B. WALKER 

DcpHrlment 01' Primury Industries, nrisb~lnc 

Twenly-five years or more of work has gone ioto fertilizer research for tropical 
pastures by CSIRO, DPI, Queensland University and commercial firms, By Ihis time, 
\Ve should have solved many of the problems, but unforlunalely Ihere is stilJ a 101 
unknown aod a lo! of problems remaio to be solved. 

What has highlighted the concern abaut fertilizer use Is that, of Ihe 3. 7 million 
hect a res of improved pasture in Queensland (or which I million ha are legume/grass 
pastures), only 150000 ha of this are being fertilized. This represents less than 10% 01' 
¡he total acreage. 
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DELETERIOUS EFFECTS OF BRACHlt1RIA DECUMBENS 
(SIGNAL GRASS) ON RUMINANTS 

O. AIlAS MAZNI "no fI. Sl-IARIF 

RINGKASAN 

. $htdmln penyakil kuning dan scnsitír kep4da cahaY::l odnlah kcsnn darípad4 kcracunan hali pada 
rcrnllbl't tuminnn, Kcmcunnn natí ini berla!c.u apabila ternl\Kan hlln)'13 diberi matan rumpuc Brtlchi.,i. 
a.:wmh('II$. Ciri-círi ptn)'.ldt ¡ni jatab kCfosakan !lati dan ~cterusnya penl;lrunan befat badan. p<:ft)'.kit 
kunío&:_ ~tn~ilir kerll da caha)'a dan kcmati.n. Kej:ICJian J'lCM),;:lkil in.i pada Icmbu dan bid·bid dU'potkan 
bcrl¡¡ku ui Colombiil dan Br3zil. Amcrika Selatan, ~cmcnlilra di M.,IOIysia pcn)"aklt ¡ni dUaporkan ba"'ya 
padtl k;lmbin.!t dan biri·biri. Kcsan keracun31l p.ldOl kambing ¡Jan biri·biri adalah ¡inCgi hin"a 
mcny<:babkan kildaf kematian mencapai SO% semenun kesan p3d" Icmbu di perin&kat klínikaJ hanya 
!.cljn!!~¡ .. ,7 pcratus, Sclalunya in berlaku poda Icmbu ranl; bcrumur "n tara scmbillln hin";); 24 bul~t .. 
Tcrd:lpnt jug:'l 'kcracunan di pcrin.kat subklinikal yana mcn)'ct'lobJ.::o(\ lembu kurus. W.la\lpun prinsip 
keratulI:Ht yang sebenar m:ll'llh bclum dlkcl::lhul. gumb:1rl1n mcngcnpl penyukillnl radul.h semakln jelas, 

Kcna$ kcrj.a íni mclaporkan Icejadjan dan p(myclitliklln )'ons dijalankan menctnai sindrom 
penyi'lki¡ l;uning dan sensÍlif kcpada cabaya yang d¡$Ct:mbka~ oleh kcnu:una~ hltf bc:mubunc den,an 
pC'f1lm::fÍan tumput B, d~CJlmbetU l:c'Pcnuhnya. Taru:Ja-tanda penyaklt. kajian' patolo¡l Idiñikal. 
po~tmorlcm d:m lIistOPluolo¡:i dibincan@\r:an, 

INTRODUCTION 

Tlle rcnring of sheep and gOalS especially 00 small farmholdings in lropical and 
subtropical countfÍcs plays an important role in (he productíon of meat. There is considerable 
potcntial íl1 irtC'rc:tsing the production of mcal of the~c animl1ls. Researeh on the nutrition and 
managemcnt uf ¡hese <lnimals ís activel)' bcing carrícd out on l:irge fanns and among 
smallholdcfS in Malaysia In ¡ncrease the efficiency and productivity oC rhese aoimaJs. 

Availabi!ily or suitable pasture is a prcrequisite towards achievíog this goal. Brachiaria 
dccumbclfJ (Signal gra5S) whicn snowed to be oC agrooornic potentilll as a pllsturc grass 
(\VONG. 19R()) has beén cxtcnsively planted in all the livestock farms in Malays;", h is one af 
the ",ost productivo and nutritivo pasturcs lor eatue in Colombia (TERGAS. PALADINES and 
KLEINIIEISTERK,\MP. 1983). This higo yielding slolaoiferous grass Ca" adapt to. wide ",nge o[ 
\\ell·drained 50i15. grow, well even with substandard managomenl and duríng droughL 

CaSC$ of jaundicc and photQsensirit;Uion in cauJe and sheep grazing on B. df!tumbellS 
were n:portcd in Colombia (ANON., 1978) and Brllzíl j South Amerita (CARMAGO. WAlTER, 

NElSON .1IlJ REGINA. 1976; DOllERE1NER, TOKARNIA. MONTE1RO. CRUZ. CAfWAutO and 
rl~l~lO. 1976; NOBRE and ANDnADE, 1976; ANDRAOE, LOPES, BARROS, LEITE. DIAS, 
S,\UEnF.S~'('i, NOBRE and TEI\IPmoNT. 1978: OLIVEIR,I\. NOVAES. COSTA and ANDR;\()E. 1979). 
indonesia (TRIIWDIH, I-IELMY. VAN Evs. WILSON. PAOEIU and STOLZ, 1983) and Maloysin 

(ABAS MAZNI. MOIIIJ. KIIUSAHItY and SIIl!IKH OMAR. 1983; AnA$ MAZNI. SIIARIF. MOHO. 

KHUSAIIRY and MOIlI>. ZAMRI. 1983). This paper rcpom on lhe jaundice and photosensiti­
zatioll syndrome associated with B. decumbctls with refcrence to liter3ture as \Ven as the 
authors' oh'icrvatinns and trí'II~L 

TIIE I'LANT - IlIlACHlAillA D&CrJMOENS 

Tite gCllus Braclliaria indudes a Ilumbcr or spcdcs uSí!d by pa~toralists in lhc trop¡cs, In 
addittoll hl ~vera' .mnual 5flCCtCS wiuely di.!'ltibutcd 'fl lropi~a' Arrica. si" pcrcnnlal !<~ic'l -
IJ. hri::t1lltha. B, df!cwlIbclI.t. D. di.f(W1tteura. 8, humidicola. B. mulien and B. rltzt'lj~n$í.f hove 
",'.11 ",,·tI in I"'picol rll~IUre~ will! vnryinp dCA/C05 or ~ucce~5. Orar/lifirill tlr<lll/ll>rns (Plalr 11 
j, widel,' 'pread bolh in 0l'en grasshmds and partóal sl",de 011 Greal La'cs Plateau in Ugandll 



.IfHJ adjojning counlrics of ca~l and central Afl¡e,t (CATtORD, 1952: DOVGJ\lL nnd BOGl>AN, 
1958; RATI"RA'f, J960). lt ¡s one o( the more ",¡dely uscd and of rccent years, increasing 
intcreSl has been shown by ti number of tropical countric$ especia!!y Brazil, lndia (JUDO. 
1975). Colombia (BLASCO and BOHOROUEZ. 1967). Jamaica (RICHARDS. 1970). Veneluela 
(MILlER. 1974). Peru (SANTHIl\ASEGARAM, DIEZ, PF.TERSEN and TRIGUEROS. 1974), Northern 
¡\uslralia (MACKAY; 1974; STURTZ, HARRISON and FALVEY. 1975; W,NTER. 1976) 3nd 
Mal;l)'sia (WONG, 1980). Its high productivily, lolerance 10 low soil (enililY condition., 
drought resislance and relative freedom from pesls and díseases aCCQunt for much uf the 
currenl inlerest (Loc" , 1977). 

Plale l. Tite plan! - lJrochíaría decumbens (Signal grass) 

INcmENCES 01' JAUNDICE ANO PHOTOSENSITIZATlON IN OTHER COUNTRIES 

fJwílriaria dccumbcl/s and,B, brizantJw \Ve fe íntroduced into AU!itralia in the 19805 from 
ccntrnl tasI Afric¿t. In rhe 1940s botaníst recognized 8. brizaruha O1S (1 scparate species but 
sume laxonomist5 considered it as only one end o( ¡he cúntinuum wirh B. decumbens as lbe 
olher end \Vas proven ver)' promising in CSIRO. Lawes, Queensland (WOOLCOCK, pers 
comm .. 1983). Aceording lo BRITON and PALTRlDGE (1940). shecp showed pholosensítizatíon 

whcn they ,wazed 00 pure stand of B. brizanlha. This grass was then listed as a c¡)use oí liver 
disQrdcr in shccp which was acc:ompnnied by hep:llic dysfunclion, photosensitization ilnd 
ielcrus (ClARE. 1952). The work on lhis grass ceased abruptly aner lhe incideneo .nd sowing 
01 this gr.ss for pature was discouraged (WOOLCOCK. pers comm., 1983). 

Brarl!iario dccumbens was wide1y found in north coas! we;t tropic oC Aus!!'tlE.:a 
partícularly around the south JOhUStOllC. Tully and Mareeb;'l area5 (\VOOLCOCK. pers comm .• 
1983). ~los( of [he paslurc werc plantcd commcrcialll' for the prouuction af seed for 
exportation. In Oucensland. lhere \Vere cases ofJ:\U~dice and photosensílization occurr1ng in 
caUle grazjng-.ü. decumbclfs. The grass cou!,J"not b~ {'onclus¡~cl)' said to cause the syndrome'as 
file-stock (c:\ttle) liad <lIso access lO lantllna whkh ¡ave similar sl'ndrome (HOPKINSON. eers 
comm" 1983), tu l~lmt'lic.,; con\inuous ¡U7,.lna oC pun: I'wttrda oC 8. duumbtlll8 had cnuscd:l') 
(on" nI scoulÍng. rc'"lling in poor animal pcrlonllan,c (1lICI!IIRDS. 1970). _ 
... -~ ~-~'-" ............. - - ~ 

¡\ similar 5)'ndromc {}{'currillg in shccp and c:lUle gr<17.ing on n, (/ccumbf!l1s had becn 
dcscribcd in Impical arc;'ls of Latin America. The first repor! of ph()lO~cn~jlivity in South 
Arncric~¡ \Vas ¡nade in ColombÍ<l in 1975. In L977, in thc incld(,!nce~ tH Carima¡!ua. Colombia 
I'n\ IIcife" (Ic" 111"" 24 llIonllrs) out of JI grour of 20 grnzing Oll thi. p"'lUrc sllowcd m¡¡rkcó 
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photo:-Cll',itiziltion tcsions on lhe skin. The lesivns sWrlcd to reccde uftcr the animals \\'crc 
rl'mou.:d frttnl ¡he r,,~tufe. Al the ~amc r1ucc. 16 oul or 12;\ shcep dicd \Vith signs oC swoUen 
facü. ücdcnHI. \\c"kI1C~~ and an,acmía wilhill threc \\'ceks ¡lfter tbl!y wcrc it1troduced ¡n lo B. 
dccwnbt!lI!i pa~ture. No more dcath occurrcd with {hcse clinical sígns once the animals were 
rem()\'~d fmm the pusture. Many farrns in Carimagu.t and other rarms in the Llanos Orientales 
uí CololllbiOl with 11 dccIlmbcn.'r reportcd CU5es o( photoscnsitivity (ANON,. 1978; 1979).J!L \ 
J3ruzil. ~imi¡ar incidences occurred in canle, and shecp grnzing on this grass and the runsust ) L \ 

f'iIIIOil/)WI cltar,a""" had bcen rnentioned tÍ> be relaled lO ¡he syíiiliórne. (C"'RM"'OO el al., ) 
1976: DOlIEREINEH el al., 1976; NOBRE and ANDRAI>E, 1976; ANOAAOE el al .. 1978; OLIVEIR'" 
¡f/ al .• 1979). In ball! eaun!r!es, il appeared that the intoxiealion produeed by Ibis foralle 
:il1óctcd o111y n ,m.1I praporcion 01 Ihe eaule (í % to 5% l. It oeeurr.d primariIy on e.ul. below 
14 munlh, "f age nnd lhe affccted animal s gradu.lly reeover ir !hey were moved lO other 
pasturc5 500n aÍler showing signs of photosensitivity (ANON .• 1980), Due to photosenshization 
in yOllng cattk \ ... hich ncc:urrcd bet\Vcen nine and 24 months of age. the use of tni$: pasture 
dccli'h.:d, ~;"I;C:i in cuulc in 1981 I!a~. t~v9 99mm~nly s.ccn clinícal man¡re.stations. TIte .ni~uls ). ~.)"; 
dc\'clopcu o.dema in lhe !o\Ver ncck. dew!up and eai •. Tjlls oedemalous form is apparcnlly '~_ .. ' 
more ncute and usually terminales in death of affccted "animals. In the ski n necrosis form. rhe 
animal, dc\'oloped severe necrosis in!"'!!;P!.La!.~a.~ .. !,.r I~.!.kin,b;;¡· mosl frequentiy, in.lhe" 
perineal region. abdomen and lower part.or lhe neok. In alll11o.e cases, Ihere was obviou. ~ 
liver involvc",ent delecled by gros. lesions and high leve!. or garnrna-glutamyl Iraosrer.se 
(GGT) .nd serun¡ glutamnle oxaloacelate Iransamin.,e (SGOT) enzyme.-AñiiñiilS'déveloped 
gencftllizeu icterus and enlarged liver which is the clínical and pathological changes of hep3t,/ 
damage mnniCestations. Clínical cases WeTe common in only 4,7% of affected catUe (GARC1A, • . 

AYCARDI, ZULUAGA, RrvEH5 rtllU ¡-IENAQ, 1982). • 

When hepalic damage \VaS evidenl in anima!s grazing B, dccumb'ItJ, a significan! 
proportion losl w.iglll bdore develaping external pho.osensitizat!o" (ANON,. 1981), A elos. 
<lssociation was. shown lo exist between underaveragc' wcíght gaín aninlals nnd the presence of 

. subdinical photoscn~itízat1on. Thus {he economic importance of this syndrome might be l:lrser ) 
than prcviously cxpcclcd, On the olher lumd. lhcrc \Vere so me e\'idence thal photo~ 

~cnsil¡lnt¡on might :tlso be rclalcd to very 10\\1 Icvcls ofzioc in 8. decumbclfs (ANON" 19B2). 

INCIJ)ENCliS Of .IAUNl.lICIi: AND PHOTOSENSITIZA TlON IN MALA YSIA 

MARDI rarm, Scrdang 

TIH:: first inddence of jaundice and photoscnsitization w~s observed in 1975 occurring ín 
sh: Kcd:lh-Kc:I;lntan caule grnzing on pure stand of 8. dccwnbcns ín the Malaysian 
Agricultural Rc"e;uch and Development Institute (MARDl) farm (CHti:N, pus comm .• 1982). 
In. the incident. it was obscr\'ed that the pbotosensitization appeared to be of hepalogcnous 
origin as evident by toxlc damage of the liver cel!. Field invcstigation revealc:d that the paslure 
cons:istcd or only 8. decwnbens. It was then postulated that the hcpatotoxic mJ(erial 
origtn~lIed likdy from the plant. Since then. therc werc other suspe-cted cases occurring in 
Sahiwal·Fric!'íian, Hcrcford lUld Local Indion DHiry (LlD) canJe. Similar inddcnce ínvolving 
si;c; Kcdah~Kt;lnntnn tRufe W¡:iS also ooserved in !\"1ARDl Station, Kluang. Thc dinical signs 
obscrvcd were ictc:rus and extcnsive skin sloughtng on thc: dorsal part or the bod)' indicating 
ph(lto~cnsiti7ation (Plate 2). (DAIILAN.I'ÚS conmL, 19R2). 

Shecp ¡¡lid goats grazing 011 B. dccumb(!nt wcrc also obscrvcd showing similar sígns. Tite 
fina 1wo incitlcnces occurred in 1979 in thc goal and shcep rarm, MARDf Station. Serdang 
(SUI'ARJn ;,md AnnUL \VAIIIO, 1980). Anothcr incidencc occurrcu ín 1980 in which shccp 
ShtlWcd lhe: ahove clinical.·;ign!> len clay~ arter conlinuou~ gr;:¡zing. Thcrc wcre nQ nc\V cu~es 
once rhe nflimab \Vete t{fkcn out or lhe puslure. 

Pusa! I'<rnhiakall Kamhing dan /Jir;'''irl, GnJah Mat/, K.d.!! 

lncioctlccs or jawuHce ano photoscnsi(ization werc obscr"cJ in goats and shecp 3_" cariy 
.l\, ¡q79 011 this famL ThclC wNC high mort,lli¡ICS (hroughnut the }'car'i sincc 1976 . .;weruging 
40';,(-, pcr yc:tc OU[ of 70 ppstmOrlcms .'whmittcd hetv,'ccn 1979 aod 19S2 lo the díapnO'siic 
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rlafe 2. PJwtoscnsíti'lation (skin s[ollglring) in Kedah·l\e/antan 
catt{e grazing 011 Jlrlfchíari:l dccumbens. 

lal1orntor),. 58".5% ' ... ere secn wlth jaulldice, hilcmo!Ylic crisis alld ·photosensitization. In the 
ycar 1979 when incidentes of jaundicc were high, tnc mortality rate \vas as high as 56.6% 
(AlIAs MAZNI and SllARlf, 1983). Postmortem was not done in moS{ af the cases sinee thoy 
showed !'ill1ilar signs (HJ\NIFAH, pers comm., 1981). The cases persisted until 1981. Arte:- :::.e 
1981 incidcncc, the animals \Vere not red this grass totally but instead ,rotalienal grazing on 
dHícrcnt p,lstures \Vere carricd out. Siúce titen few cases occurred sporadically but {he animal! 
rccovcrcd due [o cady dctcctíon and lrc;::¡tmcn1, In Janunry 1983 similar C;JSCS occurred in a 
group of 40 indigcnous shecp of "'fala)'5ia (ISM) helonging lo Depnrtment of Vetcrin;:>TV 
Scr\'iccs. Kctlnh aflcr 29 days of grazing R. decumbc!t!i (Cm:: A,I'7 ,"'ler.í cam¡;; 'r-

The incidencc JO (Jajah Mati occurrcd milinly in nc",ly bQught goals and shecp. Newly 
bought Dor~ct Hom \Vcrc 41150 affccted. Shccp gave cariier and more ."c\'crc signs usualIy two 
wech: aftcr gr:17ing. POSlmortem rcveaicd acule toxic hepatitis wilh hepatolobular necrosis, 
This \\'a~ :j<'<;\!lllcd [O be lhc predisposing factor to lhe jíJund¡ce and photoscnsitizJlton 
:;yadrolllc in <;orllC or Ihe ;uümals, there werc SigflS of huemolytic cnsi$ .nnd glomeruloncphrosis 
w/¡ich ('cci1f!cd concurrently. Thc ctíological ag~nt uf Ihis toxicil)' was nOt fully detcrmined, 

I'usat Pcmbiak:Ul Kambing, Kuala Pah. JcJcbu, Ncgcd Sembilan 

lo Mare\¡ 1981. ten out of 39 goat. dicd In thl. ncwly eSlablished goat farm and lhey wo,o 
reponed showing siglls oí jaundice (ADDUl MANAF. pus comm' l 1983). Braclliaria decumbens 
was then tlle major pa!iturc av~ilable. Such cases were less frcquentl)' secn once the nnimuls 
were let {ü graze on other pasturc grnsses. ln lale. 1983, few inddcnccs occurred when goats 
'",'ere fed [J. decuwbens duc to luck of grass. No ncw cases were obser\'ed once thc animals 
\\crc rcmoycd rrom lhis pastoreo 

SmnlUwJdet' Shccl' Intl'gration Rei'lenr<:h, Uudmk, Ke1uufnn 

¡\ srnallholdcf shccp ílltegration rese.lreh undcr coconut \vas cnrrícd out by MARDI in 
B.u:,hok, Kclantall in May 1982. Thiny-two 15M \Vere given to (wO smullholders where 16 
nnimal" "'ere lel (o grazc on natural gm:-;$ whilc lhe res! grazcd on 8. decumbe1U, \Vithin ti: 

mon,h~ cis-ht slu.:cp which WCfC: &r~zing ('In R flr:cumbcllS showed $¡~ns of jaundice 30d 
phmo~cnsili7,alí(1" as índicatctl by ~heddin~ of wool anu 5ldn slough'ing nfound tl1c bndy. ~e. 
",u"le and ear. (PIOle 3) (LlM, pers COI1lI1l., 1982). 'Illese animal, died while lhe olher se"cn 
from this ~rnllp showc<l high Icvcls of GGT ilfid SGOT enzymc lc\'cls renecting I¡ver damage, 
Thc c~jndil¡nn nf these anim.tls lmpro\'cd once lhCj' were removed from lh~ pasturc. None of 
the an¡mal~ gra7íng 011 natm,l[ gríl$~ ShO'NCO siglls ur líver daOl:\gc. 

4 



{J¡)IUP O} JI ¡JI/mw.} JI!.? ,Jlf} lo JJIIUfU() ·,'r 



') 



L 



Jj. Jaundiced and OCdemalOus vuh·a. WiJlr prolOl1ged exposure (o SIlNliglt1 the vuh'G beconu:s 
ulccrated. 

Pusat Ternakan Kambing, Datu Arnng, Selangor 

A suddcn outbrcak of this syndrotnc occurrcd in AuguSl1982 in díffercnt breeds oC goats 
on rhis fann, It occurrcd only after animals were It!t to grille continuousty on the newly 
established B. dccumbens whlch covercd 80% oC {he lotal pasture lzmd, Out oC tbe 165 go:,;,t 
carcasses submitled (June 1982 to June 1983) te Makmal Diagnosa Veter¡nar~ PelaHng Jaya. 
60% ef Ihem were jaundiced carcasse, (SHMIIRUDIN, TAN and RAJENORAM, 1983). Copper 
loxicity was suggested 10 be (he pessible cause of this syndreme. However, in this case only 11 
out of 79 or 13,9% nf the Jivcr s.mples submitted showed higb level of copper aboye 500 parts 
pcr mimon. This indícatcd, that only a small fracHon oC the jaundkc cases could be associated 
with coppcr toxicity. Thc copper toxkity in {his case Wil'S possibJy seeendnry to {he ¡¡ver 
d,amage, caused by B, dccumbens. 

Tllere 'Vas an ;Ild;calio" ¡hal Saancn was "cry susceplible ¡O Ibis inloxiCillion, since 80% 
o( the~e ammals that \VeTe importcd from Australia dicd witbin five months, a majorilY of 
whkh showed jaundice and ¡¡ver damage. 

Kema~ln Scmerak Shcep F:lfm (IADP), Pasir Putch, Kclantan 

In Jnrluary 1984, 35 out of 160 local shcep in ¡he ncwly cstaolished Kcmasín Scmerak 
Integrrttcd A¡;riculturc Development Projecl (IADP). Pasir Puteh. Ke!antan died with signs oi 
jaunuice and photoscmdtization. These animals grazcd en B, dccwnbens lotalJy. The other 
affected shccp rccovercd Once they \Vere stallred with Sctana sl1hacelata cv. Kazungula. No 
new cases wcrc obscf\'cd once feeding of B. dccwnbens was stopped (MeOR. pers comm q 

198';), . 

Ofhcr Incidentes 

Símilar cases were seen in JOMIS sllcep farm, Sung.i Rengi( Johore (D,\LZELL. pers 
ro"'", .. 1982) and in U";ve,,ili Perlani." M.laysia goat [arm, Scrdang (ANDREW, per" 
(mm,/., 1983). 

RE:SEARCII FINI)!NGS IN MARI)! 

Thc inddcllL'C5 10 thc v;lrious [arms Sllggcst th;;;!{ {hefe is a clase asso,ialiofl of {!lis 
S) ndtomc \\ ith ~r:li':illg of R. (h'cumhrll.L 

'An Oh'\NV:HíOfl CH! 12 15M gr¡lzing 011 /1, lh'cwnbt:ftJ showt:d tila' fh-e or Ihcm di!!" '\vith 
siglls of j:iUliúicc amI pholoscnsili7ó1lítllL TII<:rc WilS IHurk(:d illcn:a:'\l' íJl SGOT :md 10'011 
tli!lruhín \'aluc5 rangin!! from J,10-1 S9 t llníÜlitrc alld ,5,.l7- 1:\ Wí 1ll~:'l flO mil ~sp~cl¡\'ely. The 
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fivc carcasscs showcu ukcratiol1 00 the skín particularly ;'Iround the eyclids. muzzlc. both 
uppcr anu lo\\'cr lips. típs of CUT am1 vulva. Therc \Verc also varying dcgrccs of jaundkc (AliAS 

MAZ~I el al., 1933). 

Tr¡lll~ were Gonductcd lo d<:tt:rmine Ihe caus~tive 'lgcnUs hólving recognil.c:d (hat total 
gruzing of 8, decumbefu is thc predisposing fuetor 10 liver damage in sheep. In another 5~udy, 
scven o( lhe 12 15M confincd to a hcclare of 8. decwnor:t!s exhibitéd jaundice and 
phOh)!liCI1.,ilizalioll, Iln il1dicatioll or I¡ver dUl11¡¡gc n¡nc d'l)'s ótfler gnlzing on pure stund uf lcafy 
legrowth 48 doy' arter Dumillg. Uver dumoge IVas confirmcd by elevated levels oC OOT (60-
151 unillJílre) SGOT (250 - 742 unillliae) ,md biliTubin values (AnAS MAZNI el al., 1983). In 
anothcr trial, 18 remule ISM \Vere randomly ass¡,g:ned to lhrce trel.limenl groups of six animals 
e:leh. They wcrc stallfed tota!!y B. decumbens hay. green leaf)' B, dec«mbens or liUer of this 
gra$s mb:cd with coprn cake and mollasses ad libitam. The lrial showed lhat len of the 18 sheep 
showed vo.ryíng degrees of jaundice as ear1y as two weeks. (¡ve [rom the group red On hay :::md' 
five Irom Ihose red on green 1 •• ly B. decumbcns. There was marked el.yation oC SGOT levels, 
vnrytng frol1l 208 lO 628 unitllilre in five unimols, tWQ to four week~ aHcr they red hay whHe the 
\'ulues in those red green gras. .. were between 194 und ,)29 unit/Htre t after lhe seventh week. 
Concurrcntl)', lhe GGT value, weTe between 107 and 255 unitllitT'. Non. oC the .h •• p Ced on 
¡iHer úf Ihis grasos showed any obvioU5 clinical signs. As shoWIl by previous trials. nO spore o( 
PitltolH)'ces c!tortarum was isolated. The trial"indicated that total fecding of B. dtctlll¡belts 
cíther in (he form of grecn or hay caused líver damagc and e\'entuaHy jaundíce, 1t \Vas 
suggested that the ullknown factor thnl was prescnt in (he plant could neither be úestroyed ¡lOr 
ils aetivity be reduced in (he prQcess of sun drying. It was hypothcsized that the toxic: agent 
could be in thc ptant itself wilh a úirect mouc oC uc(ion or it couJd be in the form of íts 
metabolite, (AlIAs MAZNI "nd SIIAIUf, 1984). 

AnAS MAZNI, SHARIF, MOlm. KlIUSAHlty .nd VANeE (1985) in a trial involving 12 go,t, 
grazing on 8. (Iecumbens continuQusly showed lhal (he juundice and pholosensit¡z.ation 
svndrome \Va!' observcú in only lhree goal!! alter 30 (J¿lYS oC grazíng. The clínical nmni(c510ltions 
\~ere .imilar to those observed in sheep grazing on ihis gTas •. The GGT leve l. in the .[[«ted 
goat. were between 80 and 138 un¡tI]it,e, while the bilirubin v.lue. o[ lhese animals ",ere 
betweeu 5.4 and 13.7 mgllOO ml and a consíderable fraction of total bilirubin was dírect 
bilirubín, ranging from 71 % te 90 per cenl. Thu •. goat! on continuou. gTazíng produced 
similar hepatotoxic syndrome but the effcct wus less scvere. 

In general. the findings from the trial~ conductcd in MARDI are as fol1ows: 

a) ConlinuQus gra7.ing on purc stand of 'Ieafy regrowth of B. decumbens resulled in Hver 
damagc. Uver darn<lgc was confirmed by elcvated levcls of GGT, SGOT and biHrubin 
\'alucs. 

b) CHnieal sígns observed were jaundice and photosensít¡zation. 

e) Nccropsy indicated jaundiccd carcass with slightly cnlarged t firmer Ihan normal Ih'er and 
eXlellded goll bladdeT. 

d) Hi:r::topalhology indic3tccl hcpatolobular necrosis suggcsting thotlivcr damage \1,'<15 oC toxic 
in origin, 

e) Thc saprophytic rUrlgus, P. chanarum was no! isolalcd and that lhe necropsy flndings did 
not suggcSl Pi[homycosis. . -

f) Haemolytic anaemia and hacrnoglobinuria wcre not a consistent finding in this toxicity. 

g) This syndromc W<.I5 flOC duc to coppcr toxichy. 

11) GoalS 00 contirluous grázing on B. dccumbcm; produce:d similar hcpo(otoxic syndrome as 
in shccp .. Howcver. goats took ;¡ longer lime to be: uCícctcd :uuJ lhe! cff\:ct was Its! scve-rc:. 

i) Tite pl'1Il1 /J. decumIJell.f would cause ItCPátOlOxicíty 10 ~hcep ,,,,ti goat' "" total Cceding. 

j) Hay from B. decwnbens would givc a lUt1ch (¡I~tcr hcp;:Hotmilc CffCCL 

k) Rccovcrcu oninwl5 \'l/Quld be :1tl10ng the ri(~t to !;how thc !Oxie dfcct ir lhcy wcrc ;.Ilowed 
lo ~ra7e on Ibis P;lstUfC a~ain 
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CLlNICAL SIGNS 

The clinical signs or j:lundice and pholoscnsitizati~n were observcd in sheep as early as 
níne days, rangíng between ninc and 60 days (PicHI! 3). 

00 tite onset of photo~ensitization. arrecled $hcep prcferrcd lo stay under shade wjth 
'- both eyes closcd by ocular lacrimation ::md conjuclivitis. Concurrcntly l jaurulice was al50 

observed. The yeUow discolouration was u!IIuaHy observcd on tbe conjunctiv3, third eyelids 
nnd tllUCuS membranes of the eye and vulva, 

Followíng this. photosensitive dermatitis oeeurred. The skin lesions showed a charac· 
teristics distribution whkh \Vere re,trieted to the unpig",ented areas of the skin and those parto 
which were cxposed to solar rays, PrcdHection sitos ror lesions were the ears, eyelid5. muzzle. 
vulva ano lo lesser extent the penneum, The rirst sign was erylhema. foUowed by oedema. 
lrritalion in this afea was ¡ntense and animals rubbcd the affeeted parts ohen lace:ratíng the 
la:. by rubbing it on the poles of the shed. The ocdema was olten severe and might cause 
drooping 01 the ears, and dysphagia due to swelling or the lips and tongue. 

\Víth prolonged exposure to sunHght the afeas around the eyelids, lips, mU"lzle. ~ars and 
vul\'a became ulcerated. Exudation occurred espcci:tily around the eyeUds and mutzle, and 
resulting in muUing of the ha ir , and in severe cases, closure al the eyeHds and nostríl. FinaUy, 
ji beca me thickened and leathery. As the condition of the sheep worsen due to progressive 
disturbance in tite circulado" of the subcutaneous lissue 1 the superficial layer of the skin 
degcnt!rnted and eventualiy sloughcd off, {eavíng raw areas covered with dry exuda tes. The 
demarcatíon of Jesion and normal ski n wus oflen very clcar~cut partkularly in animaJs wtth 
white parches, With the onset oC symptoms of photosensitization. anorexia de\'eloped and (he 
shecp would refuse to drink or eat re,ulting in dchydration and rapid los, 01 condition with 
marked decrease in body weight. 

Nervous signs occurred in sorne animals and could be seen as head shakíng, stnmpíng' of 
forclegs, duUness, incoordination and stargazing as accompanirnen[s of Jiver d)'sfunctíon and 
jHundice. 

Other signs observed wcrc bilateral opacíly, haemolylic a.nilcrnia und hacmoglobin::;~;:¡, 
This howcver \\las not a consiste.nt finding. Only two out of 42 s!leep snowed these signs. 

In goat, the da y, 01 oo,el or clinical sigos r.nged from 30 to 49 day'. Tite c1ínical 
maniCestations were sjmilar to those observed in sheep grazing on B. decumbens. However. 
ukcralive dermatitis around the eyelids. muzzle. lips and ears were not as severe as those 
observcd jn sheep (PIafe 4). The slgns were observed to be more severe in the Saanen and their 
crosses. Clínical signs were observed much earJier in sheep when compared to goats, The 
syndrome in sheep \Vas observed within 20 day. afler grating whilc in goat, the days of onset 
ranged lro", 30 to 49 day •. Within a period of 60 days, more than 50% 01 lhe sheep graziog B. 
(ft'Cflmb<:lfs showetJ the clinical signs whcreas in goat only 25 per cenL This indicatcd that. the 
cffec{ of grnzing B. decumbens waS more sc\'ere in sheep than in goars, 

CLINICAL I'ATHOLOGY 

lloematological Plctures and plasma Protein 

There were no sigl1if1cant changes In :l1l these case.~ in the total er)'throc)'te counl, 
haemoglobin conccntmtion and packed cel! volurne (peV) in sheep and goat. AII the .. 
parameters Hppcurcd to be within the normal range evcn in lho~e !ihcep and goat wíth fiver 
lesions. In lhe cxperímental group, ol1ly two out of 42 sheep grazed 00 pore regrowth of 8. 
drnlnrbrtts shl.l\\'cd Il<Iclllolytic allucmia. Haemolysis wns obscrved 12 and 22 days arler 
grazing. 111 Ihese ¡¡nim"ls tlJe rev dccrc",.d rapidly from 20% to 7.9% ond 26% to 10% 
withín two tú fnur day~. Haemoglobinurin was ob!':ervcd in both cases, Thc!ie (indings were 
inconsistcnt, 
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Plalt 4. CUnicol signs 01 Drll.hiDria decumbenllOxicílY in goal! . 

. 4a. Emacialed goal. 

4&. Ocular lacrimatiolt W¡11t swelling of r/re lace, both eydids flnd tars. 

7. 
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4c. O(!dem(JlolIs )'/111'(1, tUlle discolour(lÚOfl is bl.'causc 01 [he o¡tl'l{('(I{wlI nI fly repcllants. 
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4d. Ulcerativo dermatitis on the 8um and lips. 

The plasma proteio increased gradualIy with íncrease in severity of jaundice and 
photoscnsítization, possibly because affected animals prcfcrred to sta y under the shed mest of 
rhe times \\'ithout cating or drinking, tItus. cnusing dehydration. Funhermore! dysphagia 
occurred in animal!> duc to the s\\Iollen tongue and lips. 

Serum Gtutncn¡,te Oxaloncetate Transaminasc (SGOT) and Gamm .. ~gJutam,.1 Transrerase 
(GG'f) 

Nearly all affectcu animal5- showing signs oC jaundice and photoscnsitizOllion showed a 
mnrked elevation o[ the SGOT and GGT enzyOle levels. The íncrease r~nged frcm 200 t0 
I 800 uoit/litre and 107 to 345 unit!litre [or SGOT and GGY respectively. Exlremely higil 
"alues o[ SGOT eozyme approaching 2000 "nit/litre. an increase oC aboul 100 rold over 
normal \'alues, \Vere encountered in sorne sheep. SGOT values in normal sheep had been 
recorded by various .utilors and thoy rangod from 31 un;l/litre (CORNELtUS. 1960) to 56 unit/ 
litre (KanlE" "nd MARBLE. 1958) ánd lo 60-160 unítllitre (MALHERBE. 1960). The normal 
levci of GGT ¡~ bctweetl 50 nnd 60 unitllitre. The íncrease indicated tlle presence of I¡ver 
daTTlage, In 1110:;t cases, GGT was elev3ted first before any ¡ocrease in SGOT. The eJevation of 
GGT em:ymc levcl \Vas found to be a beuer indication oE liver damage comparcd with SGOT. 

mHrubin 

Jaul1óiec casc~ \Veré confirmcd by icteru5 indcx and bilirubin values. Severa j::n,mdic:c 
occurred in I1IOSt oC these "nimal, with total bilirubin values ranging [rom 5.47 to 22.0 mg/IOO 
millilitr.,. Tilo normal bilirubin values are between O and 0.4 mg/IOO mi (BLOOD, HENDERSON 
"nd RADOSTITS. 1979). In mos! of Ihe animals, abou! 80% ef Ihe total bilirubin was eonjugated 
bilirubin. indicatil1g hepatocellular jaundice whereas in the two animals which had haemolytic 
,m<Jclllia, lhe índircct bilirubin values wcre much higher. 

Scrum, LiY~r :lIId l{idl1e~' Copper Leve! 

Thcrc Wl1¡; no markcd inc:rcn.o in fI,<lfUm, livor nnu kiunc)' coppcr ~lfJv41lft il1 all 'he 
experimental :mimal •. The copper level. in lhe liver and kidncy rangcd from 139.3 lO 430.2 
1'1'111. onu 15.1 w ó4.2I'pm. rcspeClively. :rhese are witllín lhe normal ",nge. Rcsulls al copper 
anaJysc5 (lf [he gms<;c¡; showcd that Bracltimia gras!!> ha .. thc 10\\'c$1 correr Ic\'cJ (4.65 ppm) 
comparcd \Viril Hnce othé\" grasscs namcly f)igjwrin .~elÍ~'(tlwl. (HL 1) ppm) ${>/(lria sfilsacdata 
"~lr. J"kmfi<l(1 (11.2 ppm) and Panicum maxitnwlf (7.12 pprn). 

t2 



• 

GROSS AND IIISTOI'ATllO!.OGY 

.. \11 'Iffc<:tcd can:a5$C~ showed UICCfi,ltion on lh~ :;kin particularly ;.lround the eyelids. lips. 
mU7.7.lc. l!:J1"!-i anu vulva indicating phOlOSCl1sitlzutinn. Varylng degrces or ¡Clerus especially of 
Ih. mucou. anó ,,,rO"$ membranes were "Iso ob,crvcd (1'lnle 5), Liver pathology was fuuher 
confirrncu by rhe presence of necropsy where evidcnce of I¡ver changes were obsen"ed. The 
liver wa~ cOf)sistently ::;Ii.a:htly enlarged. firmer than normul and had pale mouling. Gall 
hl;u.hJt!f wa~ cun~¡stcnlly cnlargcd, contail1¡n~ marl.:cdly thickencd bll<! (Piare 6). Thcrc was no 
bU" ob .. tructíon nnd 110 otiler significi1ntly observable changes except in ~nimals with 
hacmo!ytic anuemin whcre lhe kídney wn:¡ darkcr tltlln normal. 

PIafe 5. Jmmdketl corcos,r of shecp grazed Off BrachíarÍa dt'cumbens . 
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Plat(· 6, Moalifl): of liver wilh I1wrkedly di.'i'«fl(fcd J;all bloc/der. 
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f\rll~1 uf tlle liVt'f ~l:c!i{)n indic<1wd \'ilrying. lkgrcc of hCp¡¡IOnccros¡~. citht.:r diffuse or 
c~nlr()lohlllar..l\lp!-1 (lf whích wt..:re ¡lcute hc¡w!ollt.:cmsis. Ch0langHi" ¡lnd mild bih: rclcnllOIl 
"en.: ;ll~() oh'<.:r"t'd in (W(\ ;UHIO;lb. In tb\: {w~} al1!!nals wi¡h IWCIllOg!0h!ilUfI:l.;) le\\' tuhute~ in 
Ih~ kidnc~' \\Cle ~C~'1l will1 h:II.:IIHlglobin c;Ish llús is prohilbly tille lO lhe hacl1loly·ü,;. 
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CAUSI, ANIl l'ATlIOGENESI$ 

Tite spccific caU5CS Df this syndromc rcmaincd unknown but the probable patho,genesis is 
clescribed (Figure 1). Fintlíngs indicatcd th'it the onsct of thís syndrome correlated wíth the 
ingcs{ion or Ihis grasR, whieh coula C'lUse hcp<ttotoxicilj'. \Vhen the liver was damilged. 
rh~flocTythrln. the mctubolic by-product of chlorophyll and bílirubín, the red blood ccU 
btcakdown products were retained in the blood gtre'lm. Phylloerythrin, which was a 
phOlOdrnamic ngent when actiyuted by ultraviolet radiation of sunlignt 10. sensitive tissue 
causcd líberation of hístamine, local ccH dcath and tissue ocdema. As {he condiiion of the 
shecp worscned due to progressivc disturb,\nce in the círcuiation of the subcutaneous tíssue. 
lhe superficial layer of lhe skin degcncrutcd :uld cvcntualty sloughed orr. ¡enving raw areas 
covered with dry exudates. This manífested as ulcerative dermatitis of the exposed area on the 
muzlle. cars, lips and vulva as observed in lhe nffected sheep. The circulating bmrubin causcd 
the l"lIowish colour or jttundice as seen on Ihe mucou. membran. of Ih. eyes and moulh. 
There was a variation in the hepatic lesions as setn by diffuse and centrolobular necrosis and 
cholangitís in few C31'es. In sorne of the cases, the Icsíon was seen only in parts of the 'iver. Thís 
was probably due to deposJtion of toxin in pnrticular pan of the liver due to portal streaming 
on il' firSI passage Ihrough Ihe heptttie sinusoíd •. Althaugh in sorne sheep lh. liver wa, 
invariahly d:lmaged, indicaled by marked elevalíon af GGT .nd SGOT, they failed lo develo!, 
~k¡n Ic~iOIl una jaundice becrluse '(he tiver h:ls considerable functional reserve. It musl be 
severely damagcd before its capacity lO removc circulating photodynamie agent Or bilirubln 
was significantly impaircd. It appeared t!tal at (he inítial stages oC liver damage, corresponding 
changes in weight began to appcar. Howcver, as Uver damage became more pronounced l 

wcíght wns significnntly nltcred. The dccrcase in wcight o( sheep with líver damage was 
probably due 10 nutritional stress, This might have becn a simpie reduction of íntake sínce: 
severely affected anímals were l'IormalIy observed to have abondoned grazing or it mísht have 
been due to lowered capacity lO utilize ingested reed (CAMPaELL and WESSEUNK, (973). As 
5000 as liver damage was repaired weight gaio returned to normal. 
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D1SCUSSION 

Thcn: is :1 similiJrity Ítl thc clínü:al sjgn~ oí pllo~os.cnsíti~íty in shccp grazing,...Ll,. 
decumbens with thosc of facial eczema which is causcd by the saprophytic rungus. Pitltol1JJ'ces 
cllarlamm (Bcrk and Curl) M.B. ElIis aS dcscribed in Ne", Zealand (CUNNINOH!,M, 
HOI'KIRK and FILMER, 1942), in Australia (HOR~, 1960) and in South Arric .. (MAR~SAS, 
ADEL,\AR. KELLEHMAN. MINNE. VAN RllNSUUI\G and BOHH.OUGHS, 1972). Facial eczcm41 is 
causcd hy ingcslion o( sporcs of P. cÍlnrtnrum cOlítainins the hepatotoxic mycoloxin 
.poridc.mi" (BROOK .nd WIfITE. 1966; Tt\YLOIl. 1967; CEIéGLEi' and LILLEIIOJ. 1968; 
WRIGIIT. tt}6N~ BltOOK. 1969). Similar observation:; were madc in shcep nnd caHh:: in tr'opicóJl 
orcas of Colombht and tlm7.H, South Amcrica. 

Several workers tu-tVe !l'uggested thi~ soprophytic fungu!> as the primary etiologicul cntity, 
howevcr the prímary cnuse of the syndrome has not been clenrly defined (CARMAGO et al., 
1976; NOIlRE and ANORAO~, ¡ 976; DOOEREINER el al., 1976; ANORADE el al., 1978; OUVElRA 
el al., 1979). It was suggeSl.d that th. nafUre of growth of B. decllmbéns provided a good 
substrate for the fungus to grow. However. the level of the fungus or its spore on the pasture in 
these areas was found lo be low. one to three spores pcr grarnme of leae dry weíght (ANON., 
1980). Furthermore, the coneentration of toxin extraoled [rom the fungus Ihat was ísolaled in 
Colombia \Vas much IOIVer Ihan Ihal in Australia and N.w Zealand. In New Zealand, 
Australia and Uruguay there was a díret:t correlation between number of spores. on (he pasture 
al'td prcsence of rhe animals wilh symptoms (RIET ALVARIZA. PERDOMO. Conno, SERIAD, DE 
LA PENA, PARADA, MICH€lENA, QUADRElLi and AlZUGARAY, 1977). For inslan« in New 
ZeaJand. facial eczema cases occurred only whcn spore: ceunts on th.:: gr;iis were o\'er 1(}.'1 per 
gramme of leaf dry wcíght (BROOK, 1969). \Vorkers in South Amcríca had not found similar 
correlation. Hence, ii was conduded that other fitcton might be ¡nvolved in lhe etioiogy of the 
syndromc (ANON., 1981). Concurrently therc hms becn sevcrnl groups that hove tried to 
incriminatc tlle plant, n, ,Iecllmbens as te cause the toxicity d¡rectly. however, the evidcnce is 
mcagcr (AYCt\RD!, pcrJ comm., 1983), 

No isolation of thís saprophytic fungus was made from the grass and suspecled pasture 
liUer ia Our slUdies. Fungal isolntíon techniques used weTe as titose recommended by the 
Ministry of Agriculture and Fishery, New Zcaland (ClIAPMAN and Or MENNA, 1981) and 
TIIORf'.,'TON ANO SINCLAJR (1960). However, there were Clado.sporwm, Penicil/ium, Nigrospora 
and Spegazzinia spp. 

Ir P. ehartarum i, Ihe ctiologie.1 agenl ¡hat cau,e, the syndrome, then lhe proeess o[ 
buming. rcmoval of pa!"turc ¡ilter (5ubstrate for fungal growth) ond disc ploughing. would have 
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miolmizcd (he prcsehcc of fungus or its spores. Surprisingly, sheep grazed on purc leafy regrowth < I 1 .. ~ .- ".... or titis pnsture afler (he aboye processes wcre carried out, showed a much faster effect (ABAS ) 
MAZNI el al., 1983). Similar group of sheep gra;:ing on adjacent plOI of olher grasses under e •• cOy 
che sn.mc í1lilnagement \VeTe not affected. The feeding triar where sheep were stallfcd grecn. hay l).} '1 

;.md li!ter oE this pasturc further supported the elímination of fhis fungus involvement. None of the 
sheep fed wilh ¡¡tter uf this grass which is ti 5ubstrale fo! fungul growth, shO\,I;cd any indic4Ilion oí . 
Uver dnnmgc. \\fhereas, shccp red green and hay of 8. dccumbefls sbov,:cd markeu c!cvation~ of 
SGOT and GOl' coz.ymc levds, wilh varying degrecs of jaundice and photOSCllsilization (ABAS 
I'vhZNf and SIIAI!lF, 1984). - • 

Jl1e nccropsy findings of B. decumbells toxicity in shccp and goal dO ool confoml 10 that oC, 
¡ud'll eczema, (Pithomyeosis), thus not suggestive of sporidesmin poisoning. In sporidesmin 

-poi$oning Ihe esscntinllesion is an acule cholangilinvhiclf pro~(éSSi;S toO oblitcralion of bile duClS 
by fibrous lissue, leading to duCIU.1 hyperplasia, canalieular i"f"clion and hepatoeellular 
neerosilt. Hep:ltocyre injury was no! marked and developcd I.trgely ns .a COTlscqucnce of bilc dUCI 
occlu~ion and biliary stusi~1 i.e. it W.QS largely a secondary change in hc:palocytcs (McFARlANI, 
I!V;\N!J unu: num, 1959; MémTlMftu •• p~"., ct'm1tlr" 1983). It'i .hocp imd ~Oftt. '.d wllh n, 
dCClllllbells, thc hep.tocyte I.sion appearcd lo be Ihe primal')' chango .nd bili'l'Y 'tasis probably 
emanalcd from ;¡ I.sion of the hepatocyteleanalieuhlr interface or from bilirubinlphylloerylhrin 
Co"jul;!~ni(ln failurc or failure oi transport acTO!'S the hepatocyle (MOttTIMe~. p~r"f comm., 1983). 
Scclinns of ¡¡'ver of al! affcctcd shecp !'íftowed .. consí5tent pícturc of diffu~c hcpmocc::llul'lr nccrOSÍ5 
!csioo" Tht.'n.' \\1:15 !inle or no rc:actlon in portallmct~ ami no cvidcnc>! or bilc c.luct injury. Wilh Ihe 

above ¡IfldtllgS Ih~ po,,,tJíhly (JI IUlIg:l1 involvcmi:m " rlirtllltatcd. 
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Livcr dunwge which was shown by markcd ckva¡i1Jn uf GGT and SGOT W:'lS com:istcnlly 
nb!\cr'\'cd in al! (he lJHccted aninuds, Jaundíc;\,' whíeh ¡s sccondary 10 lhe liver damage was 
inúÍ'Catcd by high biltrubill valucs, VAN den Bt.m,GII test indicatcu that n considerable fraclion oí 
lhe total bilirubin was conjugatcd or índirect bllirubio. Thus, hypcrbilirubinemia is due to hepatic 
or obstructivc jaundice. Ulccral.ion due to phol~cnslti7.ation and emadation can also give rise lO 
an incrl!<lse in SGOT lcveL Jo somc cnses, animals not showing dinical signs with low SGOT level 
showcd otWtOUS ¡ncrease in GGT leve1. indicattng liver damage. The liver damage in these 
nltin\al~ \"'a~ nol accOmpunicd by clinicul signs of j"undice :.md phOlosensitization probably due lo 
¡iver (uoCilon.ll reserve. This is dearly obsco'cd in goulS whcrc Jiver damage occurred wilhou\ 
obvioús cJínkal signs. Elevntion of GGT level WilS (ound lO be a bctter indication of ¡¡ver damase 
compared to SGOT. 80th SaOT and GGT enzymc lc\'cls dccrease once nn arrected animal is 
removed fmm B. decwnbclls pasture. 

Haemolytic anaemia and haemoglobinuria \Vere observed in a small proportion of the 
animals with dioical signs in the field incidcnces. In thís study t only two out of 42 sheep and 12 
goats showed the aboye signs. Thls is nol a con:.iste:nt linding ir- Bracitiaria toxidty and was 
thought to be due to eopper toxicity. In our findings, lhere was no ¡ncrease in the serum copper 
levet in aU the affec:ted animals even in {he two animals wíth haemolytic anaemía and 
hacmoglobiflmia. The livor and kidney copper !cvel. oC all the .fCectod sheep íncluding those with 
haemolytic anacmia were withín the nonnal runge (Ic;, Ihan 400 ppm for lil'er). It i! impossible to 
define normal values ror levels of copper in thc liver, bul for present purpQses ¡t is a reasonable 
genera!izatioll (hal levels up 10 500 ppm dry weight pose no lhreat of untoward eJfecL In leve!s 
incrcasing aboye 800 ppm, there is a corrcspondjng incrcasc: in the liabílily to sudden release aoó 
haemolysis (JUBD and KENNEDY, 1970). For inslillice. in chronic copper poísoniog. (,.'; copper 
10\'<1 ín ¡he Iiver of Nubí.n goats ranged ¡rom 823 lo 205. ppm (ADA" and \VASFl, (977). 
Furlherlllore. in our studies tbe nniOlals wcre red solely on 8. dfClIl1IbcJ/s \Vilh no concentrate Oo.é 
mineral supplcmenL Thc copper level in the Bracltiaria was 4.65 ppm. which 15 much lower when 
compared to other pasture grnss 5uch as Digitaria, Sct.aria <md Guinea. TIlese grasses hove c:opper . 
values ranging from 9.0 to 11.0 ppm. (CitEN, A.lIr i1nd EVANS 1981; AUAS MAZNi el, al., 1983). 
Nccropsy and hislopathoJogy of kidneys of ufrceted ~hcep und goats did nOI indicate sign of toxic 
nephrosis as in copper poisoning. Hencc our findings indicale that copper is not tlle primary cause 
of lhe syndrome. Ir ít plays a part as observed in copper toxicity due to hepntotoxic plants, it enl; 
pra}'s il secondary role to the liver damage. In sheep, this i~ a common (:enomenon :in:e shccp 
accumulate copper in lIle liver ¡md suddcn rc!case of this mineral occurrcd when the I~ver is 
damagcd, The haemolytic anaemia and haemoglobinuria \vhich sometimes occur in this 
Brachiaria illtoxicaHon is probably not due to copper but sorne 0ther causes. 

No other planL<¡ cxccpt for few lcgume$, CCf/(roscma pubescens and CaJopogoniwn 
I1II1CllflOides \Vere found growing; in lhe B, dccwnbeltS pasturc plol. The possíbjlhy of another 
primary plant causing (be pholoscnsítiza¡¡on is thercfore eliminated, 

CONCLUSION 

Evidcncc of the incidences io tlH! f¡cld and rcscarch findings indicntcd that lhe jaundice 
¡¡mI phOiO!\cositizóllion syndrome ouservcd in the ~hccp und goal!> grazing on Bnu:¡'¡ar;a 
ilccumhcll.'f was úuc tu liver dnmagc· (hcpatolohular ncc1osis). Tlle B. df.'cumhells ioxícit)' 
cau<;cs ,lcnte hepatic nccro~¡s rcsul1ing in hcp'ltic in~ufficiency m.mifcstcd by loss of c:ondition. 
IH.'palie j:lundice. photoscnsilizatiun and {k.¡th. Li\'cr uamagc occurrcd much c¡lrlier whcn 
aoim;¡!.s wen;: red hay c:omparcrl wilh tho-sc fcd grecfl [3rnchi'lfia. Thus tOlal fccding of B. 
dí'cum(Jcl/.'i cíthcr In tite form oC greco grus~ or dry hay is nal uuvis>JbJc for 5hccp und ,gO:.lts. 

IU:C()MM.-NOl\TIONIl ,\NIl RESlll\IlCII NI·:¡;;n!l 

Tile,e j, no spccific Irca!nlenl for n. decumbmr toxídty. Only Ihe secondury 'yml'IOmW 
(<In he tlcalcd \\-'hilc the shccp 01' goats liver !leals ilsclf. Al! aHcctcu ¡lOímals shouhJ be 
fCflW"cd \fOm the p'I~lurc or Iwy into ¡he shuoc away from dircct sunlíght .Hld red wirh high 
qunlil)' (ccd. Prc"cntive: mcasurcs should be undcrtakcn <Jgain~¡:( l'ccond.try infcctíon espccially 
maggol illkslatiotls OTl Ihe ulccralivc Icsion ¡¡~ ti fe'ml! of photo~cn.siliz.\tiOl't nn ,he "kin, S'dn 
Inioll n¡;¡v rccur ir lhe J¡ver is stíll ... l<lIn¡¡gcd 011 rdcal'c, Anlm.!ls thut llave n:c:overcd will be: 

)(, 



amon~ the cnrlicSll0 sho\\' thc syndromc as sann u~ thl.:Y aré aUuwed lO ~nllC 00 \his p¡¡:sturc. 
Thrrdorc ,lIccr whíeh upparently reeMcrcd ,ho"l<.1 ¡," ""lled \Vhen ,¡lioable as Ihe)' will be 
susccpliblt: 10 ~ubsequcnt !\tresscs. Thc rarmcrs should be u\\'.uc of thc discüse and al the 
ilppCariJllCC or l'ymptOnlS rollow nccessar)' rccommcodUlion5 to avoid a higher numbcr of 
'.IIlimab. hdng nrrt:cted, 

I! is not ",ise lo climin.Hc (his gmss as ít is higlll), pmúuctivc and v¡j!u¡¡blc in the trop;c~1 
ure'ls. furtht:rmorc Ihis ~ra:;;!\ hus been cxtcnsivcly phHHed in OUT country. Utílizution of this 
grass a!\ a total fe:cd tu shccp and go~tts should bc avoiucd. Sincc this syndromc also occurrcd 
spnraclit:ally in eaUlc >l!i repuneu in othcr COUIHlícs, "'c !\hould be a~l;.trc of its: occurrcncc. In 
otllcr lo hl! prcparcd ngainsl fHJSsiblc lUid i.mcxpcetcd {l~currcnccs io ClHt1c. il is ncccssilry to 
mWtionaHy grilze lbe uniml.lls 011 dirrCIC1lí foragcs, 

Rcst;arch !\hould be conductcd 10 dt.:lcrnlinc mc\hmJs of ulilizing this pi.lsturc '"0 <.I!\ 10 
prc\'cnt nnd minimizc lhe advcrsc crrcct. Since thcrc is ,In indic.¡tíon of diffcrcnl brccd 
,'iusccptible to nracl¡j~láa toxicüy in goaL Curthcr studics shoulú be ci.lrricd ouL 

However. a number oC queslions still rcmain unanswered partícularly (he question of (he 
hepatotoxícíty af the unknown hepatotoxie factor. Thc toxíc agent could be ín ¡he plant i"elr. 
and acts direetiy or t{ can be ín'''"ffie form of it5 met<tbolites. Further work is needed lO idcotify 
the lOxic principIe and their Iilode of actioos, 
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AIISTnACT 

Jaundice and photolicnsi¡íUltion syndrome is a hCP;llO¡o¡i, díscase 01 fumintlflts táus-cd by tOlill 
tcrding of /íroclliaria d«umbms, JI ls cn>tractctittd mainly by loxic livcr damage (hcpatolobular 
nC'(,fo~j~) which kads to weigh! Jau. jaundke. pnotoscnsiüz:lliofl am:,! oe<1ll1. !m::id::nces of the d¡sea~ 
"'ere repotlcd ¡n ('a!tlc ana shcep in Colombia and Btazil. SOl,lth Am(!rk;t. whilc in Mal;1ys¡~ ít occurred 
nllllldy ¡tí ~hc,::p und ~OIlU" 'Hu: tO.l:lC!iry ¡" rern.tkllbly potrnf lur JÍ'll!e" anu g.Q::U~ ;:Jl1l\m,..1 mort;,'¡~ty uue: 
nI lI¡lit! MI"I whilu IU eall!!,! dUtlqa{ cnq, appo.r jl¡ í»tl~ 0&. 7% o, ¡¡Hu!:i.:d call1C!, (::tuljl p>l:¡wIl4n Qm. ,m" 
:! I mllfUh .. arl: ':'Ik:dully Invnlved 4nd 'lIbelln!qnll>lllléliy h ¡¡ltn hh~rv~¡J hrHllll1\tl llhm.1 In •• nr hod1 
contlihon. \Vh¡k lile ;:u::tmü IOxie J'undplc rcm.un~ unknown, lb!: c:in:ums¡;¡nccs of pOl<;.oning a«d ¡he 
P;¡thp!!CtH: .. i .. o( !he d¡5ca~ nrc: hccomill~ clcarcr. 

1 hi~ r:1pcr f~p(lrl<¡ Ihe lf1cit!cncc'i nml fc~cnrch t'onduC!cd 011 jrll.tndlC'c I1tHJ rhOI{l\Cn~hil:uitln 

~~ndtolt1t.· ullC lo hepalOloxidty rdat4.:d lO tmal !ccdin,!; ()( ¡¡ </(.'t'/(fllb('!l.1. Thc clinlC;IJ ~l~n~. cliutcllJ 
p:nholpg)'. p{l~!ln{lrlcm nnd IHlilopurnology mI; also -úcscribcd. 
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mal ill hcalth was (he cause. Work clearly pr~cip'Ul.ted the sitúation as the: 
buffaloes became progressnrely weaker ove! the three úays wot'k. h is suggcstcd 
that che decline in work QUlpu. was associatéd with a parasilíc or discase 
infecüon. Furthcr sludies wilJ be carried out 10 verify and quanufy these effects. 
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World Didion.r:y Or U_oc!< Broods. 3rd edn. 1. L. Mason. C·A·B lmeroa­
lional. W.lIingfotd. 1'988. 348 pp. ru.63 UK. f25.9S elsewhere. USS47.50 
Americas. ISBN 0-8S193-617-X. 

The tbird edition of Lbis dassic book or reference concains 3,000 new enrries 
and revisi<KIs of many al tbe: old ones. The dictionary lists names and salíent 
physical {eatures of brecds,. types and common commercíal crosses of caulé. 
sheep. hornes. pigs. goats~ baffaloes and asses througbout (he world; there are 
.,lso references tO Breed Societies and Handbooks. TIte boo .. is wholely a work of 
reference ud ís rec:ol'llRaded far purchase by IIbraries radler lhan by 
individuals. 

lt is dillicult (O keep .. compilallon of this nalure up-to-date and the reviewer 
noted sorne. omlssaons al deYeJopments oecurring durin¡ {he paSl 15 )'cars, in 
tropical breeds he has beca mvolved with: ego no menllon of {be' admix oí 80S 

U1uTUS (Friesian) blood to lite Mpwapwa during the midd~eventies. However, 
these are criticisms of .n. imponance and {he book remains a standard. 
authoritatl'ft: mercnce __ on livestock breed nomendatut e tbroughouI the 
_,Id. 

l. S~ Mada:t¡,l ne 

Ti" A_ ItkII Fr • ..! n ..... n.!7l~'bII 

Short Cornmumalion 

I'HOTOSZNSlTISATlON, A !'ITrE OF CAUfION IN THE 
USE OF BRACHIARIA b'.3TURES--A REVIEW 

R. SABE"I 

AlÚnIDl PmJu.cmm __ fleutth Divt$tOft. FAO. Vio d4'lk T~ Ji C",.cw&t. (VIro R~, Itolr 

PhOtOSénsitisatron in ruminants is IlQt a recently discoYcrcd problcm and 
reference tO facial ec:zcma. which is a form of photosensitisaoon. 'NaS made al the 
end af [he nineleenth ccntury. Since then a considerable amount of research has 
been carried out on photosensitisatioo. AJaóSodarly ar dr R'.akut? AOlmal 

_ l?e¡uvb Statjon N~I.i.!ls4.A....<:9.m"p're~~nsive Te.!.~9Lltsp~tQ&C;QPU5 
photoscnsitjvitUivases Yf.bjch covers nOl oñly dle ennctea& .::a~ of .phot~n­
Sltlvtty but also its,~i;!grt?~S liiiSlilieñiñáOe'byl<élIennanaud Cocuer ()984). 

--Thc:rea.use·óf photosensi;isacion can be primary or s«oncbry. A primary agent 
is nonnally a pbotodynamjc pigment which is absorbed frofQ the pstro--intestinaJ 
tract, entees tbe peripberal drculation via an unimpaired liver ud reaclS wíth 
light at the suñace of [he sido. Secondary or hepatogenous photosensitisation 
occurs índirectly as a result of damage to the Uver. When tblS otturs 
phylloerythrin. a breaIc-<lown produC\ of ehlorophyll p,oduced by gut micro­
otganism$~ is re[ained and eoten lbe peripheral circulation. Wheo phyUoerythrin 
romes into contact with sunilghl in exposed unpigmented p.ans of (he body i.t 
causes oxidalive changes in the uns of tbc skin and adjacent tissucs. Visible signs 
include [he tendency by affected animals 10 avoid direct SUIIlight. pruriÜs. .. 
erythema and swelling of lhe affected paltS~ tbis is then foliowed by ioss of ski" 
and polentially. de<lth. 

Primary photosensitisation is not as common as tbe sealndary form. Kings.­
bul')' (1964), Kellermann and Caetzer (1984) and Che.,," and Shull (1985) 
mentíon that fagopyrin~ hypericin and furanocoumarins. which are found in sucb' 
common plarus as Fagopyrum S41Jíltauun (bu<:kwbeat). Hyperic;um fH!ifora'um (St 
JoMs wort), Ammí majus (bishops weed) and CymopltnlS ...... onu (spring 
panley) resp<C.ívely. are al! primary pbolosensidsing .genlS. Secondary poo.o­
sensitisalion is caused by a wide variety oí different pLants as weU as by lWO tungí 
ao<l by an aigae (Ke1lérman and Cae .. e •• 1984). Of lbe p!ants ,hat cause 
secondary photosensitisa1ion. LAnland aunara is probably lile lOOSt ubiquítous.... 
However. Kingsbory (1964). Kellerman .0<1 Cae .. er (1984) and Cheeke and 
Shull (1985) rneolion other plants sueh as T..,..dy"w, '1'1'. (boncbrush) and 
Tribu/us U!.,rtSlrU which are aloo important. O, more immc:diate conccm .. 
however. is pbotosensitisation caused as a ra:uh of the iDgestion oí toxins 
produced by lungi thal are .ssoci.ted with pastures. Brock (1969) poinled out 
thal facial eczema in New Zealand as c:aused as the result of the mgestion of me 
toxin sporidesmín produced by tbe sapropbyti<: !un"". Pilhomy<:a ch.ruuum, 
.associated with: paslures. 

During Ihe pos! liY.uoJQ vea" Ibc!5'J¡at..I¡j:.QlULIarge~i'l-\!1s..l!~of 
SOWD pªstuccs l~ d.o;~'~g~I!~iJ-ries~~ Latin Al1!.~r!C!..as ~Itasj!l, ~1!iqt 
and....A.sia...Jbe B,odtÜJ,ia group of gras:ses has pr~~C!9 !ow,~. w:ry successfu'.:: fI. 
~~!!!l!!. ~~!~! ;-a~(a .!~I~ .5.){. i15. ~1~!~nc(U.2l~!':' ... l!ft!i~y _~r:.d a~.~~ 
I Ptcsertt address: R«d fal(Jo. ChriMo.... fuclr.j EX6?Na. UK. 
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ease oC est;ablishment. aggn:aive growth ha bit and high proúlIctivity, has h'!comc 
widely used. Howéver. tllc:ft: Ss increasing evidence: to suggcst [hat 'Cauhcn should 
be eJl:ercised in the use of BrachiarÚJ pastures. In Asia Otnman. Yusu:r and 
Abdul Rahman (1983) repon<d 41% mortalilyand 100% morbídi,y in a STOUp of 
12 ew .. grazing B, d<CJAnJllms in Mal.y,ia, while Murdi.,; and Lowry 09ff3) 
nOled problems of photose.Jitisation in sheep grazing Ol being fed silage from 
BTDchittria pastures in [~ia. In Africa Plcrre (1984) reponed an oUlbr"~k of 
photosensitisation in the 1'ftJIY Coast in 20 Hot"\s of sheep grazing mixed pastures 
ínc:ludíng B. ruzizimsis, 11M: problem was Qven:ome by replacing Bratttiaria w1th 
Pani.cum or Chloris~ 

ln Soutb America there are various reports of the problem of photos.ensitisa~ 
tion in as:sociation witb lJJahiaria pastures. onty some oC which are reported 
Itere. CJAT (1984) reponed3';!% morbidity and 27% mortalily in a contra! group 
of cattte gntting a 8. d~ns pasture in a ttial to determine the effu;:acy of zinc 
in the control of photosensilEation. Garcia. Aycardi" Zutuaga. Rivera and Henao 
(1m) reported 4,7% lIQIIidily and 2,7% mortalily in 961 ea"le grazing B, 
dWlmb.ns and 13% mottaIioy in a group of 123 lambs of Ihree 10 tív. monlbs of 
age. T emperini and Barros (1m) in a review of _he probiem of pbotoscn$itisa ... 
tion mentíoned tU im~ in young cattte graring 8. decr.mWens pa5lures. 
Tokarnía, Dobereiner and. Silva (1979) staled 'bo, 'hree .pecies of Brachiaria, 
namely B_ radiams, B. e:unwens and B, brizantu. are known lo cause 
pbotosensitisatíon in catde it BruíL Garcia (pers. eomm.) commented tbat in 
Brazil problems of pbolaE1lSitisation have also occurred on B. humidicola 
pastures. Various workes bave reported the presence o[ P. manarlAm jn 
Braclriari .. p ••• ures (Lau .. Singh, 1985; ClAT, 1984; Tokamia, el al., 1979). 
CIAT (1984) also repoc1ell !be presence 01 p, chtmJJrum in Ihe l<gume p, 
piuJseoloúlJes grown in ....... _ wilh B, decumbens. 

The aforementioned obIttvations dearly show tIlat many of the: Brachiaria 
grasses eaa be associated .... tbe probte:m oí photoscnsirisation, It snould nol be 
thought lbat !bey are the lIIIIy grasses involved as .he probl.m in New Zealand 
occurs on predominandy lAIium pumnt swards and Dollahite. Younger and 
Jon .. (1m) and Mw:hiri. Bridge., Veckert, and Sailey (1980) reponed Ihe 
prablem on Panicum """-""" pastur... 1I therefore needs lo be firmly 
est3b1ished whether tite ... of pnotosensitisation is grcater on BrnchUlria 
pastures tllan it is on otbe:r pastores. 

In consideration of dio "",eo'ial Ihal Ibe 8rac1rúuia spp, olfer '0 animal 
~uaiOtl this ,ssue de::saw:s further attenlion. 
CharliUUIft is an importáDl .nt in . 

and considerable areas oC 
Brachiaria pastures' are ~ If3ZCd without any problem; the rcason fOl' this has 
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l' Jt as yct been It'!rmined. WhiJe the most ummatic cffect of photoseftSttisation. 
(1 . \lh. ís oftcn ¡. :lrted tbere h far less inform:ttton 00 its eleet on the liveweight 
i~ \1 of animals , úng {bese pastures. This 1",((cr question is potentially far more 
.,', '.,,,s .nd CL.T (1984) repo"ed weigbr losses 01 I·ng/day ín ... nle .na! 
sl!!,<;equently de..,· -IÓP clínical signs oí photoscno;itisatíon. 

'111cre are m' L \ Y issues which need to be dariñed because reaetion to the 
pro:,iern of phot· :::ensitisation in animals g,razíng Brachiaria pastures has ohen 
beelt one of two :!xtremes.. In 50me countries 81t1Chior¡o spp. have been almOSl 
completely disreE":lfded due to fears about photosensitiAtion. whilst in otbers 
Brachiffl'ía is used without any knowfedge of this potential problcm, Action based 
en (aa is required and jt is suw.sted that the foUowing key ques.tions should be 
answered: 

L 1s the prevalence of pbotosensitisation on BtochiarilJ pastures peater ~han 
[hat on otber pastures1 

2. Can lhe problem of photosensi~isation be reduced by planting mixed 
pastures: or by adopting differenl pasture management pracúces? 

3. Are we 'Sure that the prohlem ¡s due onl)' tO the toxin sporidesmin 
produced by the fungus P. chartarum; the presence of a co-factor would exp'aín 
the sporadic: occurrence of outbreaks of photosensi:tisation. lndeed ts the problem 
itself caused by a weed or other plant cornmonly fouod in association with 
Bmchituia pastures? 

4. 1s thefe any diffeteoce in animal specics' susceptibility to 
photosensitisation? 

5. What is the real prevaleru:e rate of photosensidsatioo? 
6. How seoous is sub·dínic.al photosensitisation on: Bntehiluia pastures whích 

results in reduced weigbt gains and is this tlle reason for the general dlsappointing 
leve! of anima! ~rfonnance 011 rnany lropica.l pasrures? 

Answe:rs lO ¡hese questions would allow a more rational assessment of tbe rist 
'o be eJICOuntered ;n lhe use 01 Braclriaria pa5tures. J' is partícular1y importan! !O 
decide if tbe problem of photooensitisation is one '0 be Iived Wilh, in whícb casé 
con.rol measures such as those used in New Zea1and and describe<! by Brook 
(1969) 'are ·required, or whetber il is a pmbIem lo aooid by no! growing 
Brachiaria. 
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GROWfH P~RN OF DESI (INDlGENOUS) ANO 
CROSSlRED CHlCKS UNOER RURAL 

SrA VENGING CONDlTlONS 

M. H. s.uv.o. S. M. H. M.....arAZUl. and M. U. ASAOUZZAMAN 

UW8fItÁ R«HMeh In.'SIitMk. ~. Dilate, &rtgltuiuh 

In Bangladesb pouh! are genera11y raised in rural areas as scavengers ánd as 
a consequcnce tbey are~t veey productive, In a previous study it was íound thal 
the average body wqbt of adub desi hens is 890 & ± 1 J4 and annual cgg 
production pe< hen is« (Sanad. 1986). 

Various aossbreetilg ptogrammcs have beeo undertaken to ¡mpmve the 
penQnnaf1CC$ of poul~ Udd~r rural conditions. The current study was under~ 
taken [O asa:tWn lhe effecuveness of one of these programmes. Sixty small 
bouseholds were seiecÉ in two viUages: near Savar, Dhaka, an area where local 
desi birds baYe beco:rossed wj(h White Leghorns, Rhode lsland Reds ano 
Fayoumi. Male and ferale blrds were wcighed each week, The average weight of 
,he de .. males '1 eightweek.s was 205 g::te 46 and 'ha, of 'he lem.les 189 g ::te 78. 
The cro.ssbreds achiccd similar weighlS and the dílferences in growth rOlle 
between des1 and crossl:eds- were nor significant. 

ActxHdinc to Muk1a'jce (1987) non~genetic influences such as poor nutfition 
bave a mucb higher *ct 00 production parameters of poultry Ihan genetíc 
influena::s. Ftom lhe J:SUlJ-c¡ of this inve:stigation it ís eoofirmed ibat crossbred 
chick:s under sc:avenJilg conditions do nOI nave higher growtb rales anó 
productiví'y ".n desi JIUllry, ' 
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In AJ,la. ~ prCSCllll:ll lbe r AO Upef1 COMulUnlS mec.un¡ fOf rtoral paulay dC\l'clol'rm:m 
in AitaxObau.~. If);n, 

SAz2...\o, M. H. U"l ~ ,,,--rfOtln2.ftlC.e o! thc ,le:<;.¡ ben W'tdcr ~en8lDg lI:nd mu:nMVC 
iyoDot:. ca \'r.Iinns, ~ngs nI FiN Annual Ll'o'cslod¡ Jl(:surch Wor"!ihop L¡Vi': .. tOCK 
~rch tnsulutc, s-t. flangladc~. pp 60-62. 
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BOOK REVIEW 

NewcasUe nisease. Ed. D, J. Alcxander. Development$ 10 Velc:rinary Virolo!}' 
(senes). Martinus Nijhoff Publisrung, The Netherland$. 1988. 378 pp. (1\.25. 
USSI20. ISBN 0-89838-392-7. 

The preface indicates {hat the purpose of the book is 10 give. a comprehem've 
ac::count of the VirUS. the dlsease ánd ¡,s. controL It is aimed al lhose imerc:stcd in 
tesearch and in (he applicalíon of diagnosüc and control metbods. 

For this objeclive, 22 internatlonal expens have contributed lo this volumc of 
19 chapters eac.h of which is follo~d by numerous refel'alC:es. Initially thefe: 1$ a 
suceinct ¡¡(count of the history of the disease aOO (hen .¡ eMpler on taxonomy 
with (he dasslfication oí [he virus wilhin the genus paramyxovtl'1.lS. Four chaplen 
follow describing the molecular basis of structure. replation. ~ne cloning 3nd 
nuclc:otide sequencing. al'Kl infectívity and pathogenlcity. Thc: heterogeneity 
within str3lftS of ¡lie vírus and its significance for vlrus sutVival is consideted and 
tben {he value of monodonal antibodies in resean::h. diaposis and epizootiology, 
The next three chapters dea. with disease: lhe fuSl describes the patbogenws. 
signs and gross and histológical Ic:sions in the fowl. hUkey. duck, goose and 
pigeon; the second eonsiders panzootic ND in pígeoas and the third NO in 
fl'ee~livjng pet bitds with a comprebensive ¡ablt: oí the ipecies of birds involvW. 
A chaptcr on gcograpblC31 distribution of lhe virus is followed by ORe on methods 
of spread and 3n aCCOunt of the disease In tropical and developing eO\lnuics. The 
final four chapters consider control induding policies • .a:ccination and vaccines 
ánd lhe-ir quality control. A detaiJed ¡ndel. follows. 

This book achieves iu purpose and thc: subíect atauer Ss weH prescnlecl 
throughout. However there are several minor eritici5ms. for instanee. tbere is 
excessive repetitión particuJarl,. in sorne of the earlicr chapters. additional 
(;ross~referencing wouid nave becn beneñcial. (he quahly of somc: of the black. and 
whíte phorographs is no( in keeping with tbe high standard of lbe {ext and tbere is 
no mention of food pellet vactination ln che control of discase:~ Neverthele~ this 
book ¡s of inestimable value tQ aU involved with this subject aOO is a fitting token 
of remembrana: lo the lale Professor R . .P. Hanson to whom it is dedicaled_ 

F. T. W_ JcmIa. 
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APPENDIX DI. ENDOPHYTES IN CASSA VA 

Preliminar¡ results 

The existence of detrimenta! endophytes affecting cassava was demonstrated in 1990 
(Annual Report 1991), and a system was developed te evaluate the effect of 
endophytes on cassava plantlets under control conditions in 1992 (Annua! Report 
1992). By follomng this system te test around 213 fungal strains ¡solated from the 
rhizosphere of different casaava clones planted in different ecological areas, three 
strains belonging to different fungal species had a beneficia! effect on cassava plantlets 
inoculated by three inoculation methods. Their effect on root weight inerease in three 
clones (CG 1141-1; M col 1468 and M col 1505) was significant (0.05 Tukey' test) for 
the three inoeulation methods used when compared with controls (pig. I.l) as well as 
when three cassava clones were inoculated with eaeh of three strains used (Fig. 1.2). 
However, atrain El induced the highest root-yield both for all inoculation methods 
used (Fig. l.l) and in all inoculated clones (pig .. 1.2). The existence of beneficial 
endophytes parasitizing eassava is important as this opens the possibility of inereasing 
biomass production by direct application of these endophytes to plantations or by 
inducing indirect plant protection against detrímental parasites afier applying 
transformed beneficial endophyte strains. 
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figure 1.1. Effec:t of three endophyte speC:les on root weight of one-mo-old pl.nts 
of three oifferent clones (CG 1141-1, M Col 1418 and M Col 1505) 
inoculated by stem puncturlng, soi1 infestation and inq,ulumlsp~ay 
with a rnyce1ia suspenSlon equlvalent to 2 petrl dlshes/)UO ro 01 

disti1led water. 

Source: Cassava Pathology/CIAT; Cassava Program Annual Report (22 Nov. 1993, Draft) 
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Figure 1.2. E ffect of three endopnyte speci es on root weight of p 1 ant lets of three 
caSS3va clones inoculated by three inoculation methods (ste~ puncturíng, 
soi1 infestation and inoculum spray). 

Source: Cassava Pathology/CIAT; Cassava Program Annual Report (22 Nov. 1993, Draft) 




