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PROJECT DESCRIPTION

I. BACKGROUND

The word endophyte refers to fungi which reside entirely within plant tissues. Endophytic
fungi are reported in grasses, shrubs, and evergreen trees, and are most likely to be found in
most host plants. Many grasses harbor clavicipitaceous endophytes within their leaves, stems,
or seeds. It has been demonstrated that some of these endophytic fingi confer beneficial
effects on infected plant hosts. In some grasses, endophytes provide increased resistance to
some insects, plant pathogens, and increased tolerance to drought. In addition to resisting
attacks by insects, endophyte-infected plants often exhibit more vigorous growth. Endophyte-
infected plants may also contain toxic alkaloids which can cause toxicity in animals which
graze them.

The presence and role of fungal endophytes is well documented in temperate grasses
such as Lolium, Hordeum, Aegiiops, Secdle, Triticum, Avenag Festuca a\d Bromus. In
temperate grasses, it is now common to ensure that seed of grasses carries beneficial
endophytes. These positive effects have been reviewed recently (Bacon, 1994, Appendix I).
Endophytes are used commercially to confer insect resistance i fescue 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 unknown. Beneficial effects
have not been established. But it is likely that some 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 Brachiaria, of which there are approximately 50 million hectares. Differences in tolerance
to insects has been observed between species and accessions. Also phytotoxicity problems
have been observed in animals grazing Brachiaria species. It has been suggested that the
problem may be due to an endophyte producing toxins, however, this has not been firmly
established (Appendix II). Most previous investigations have been carried out by clinical
veterinarians without the involvement of pathologists and forage agronomists.

There is also evidence of beneficial effects of endophytes on crop plants, e.g. preliminary
research results from CIAT which demonstrated increased yields of cassava (Appendix III).

The use of naturally occurring biocontrol agents for disease and insect protection will counter
the adverse environmental 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 transmitted through ovules and seeds of their plant hosts, This means that once the
desirable endophyte is identified and characterized, plant inoculations need be done only once.
Desirable cloned genes may also be introduced and maintained in these endophytes.



2

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

It is an appropriate time to introduce such research because mechanisms are currently being
put in place for increased interaction between Internattonal Agricultural Research Centers.
CIAT will participate in the new Systemwide Livestock Program coordinated by ILRI and
involving CIAT, ICARDA, ICRISAT, ICRAF, [ITA and IRRI. It will be easy to expand the
activities to areas in Asia and Africa once procedures have been established at CIAT.

In summary, the identification and characterization of endophytes in tropical forages will

enable us to document and identify them, determine their role in enhanced resistance of

forages to insects, plant pathogens and drought tolerance, clarify 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 made in the knowledge and application
of endophytes in temperate forages.

1. RESEARCH OBJECTIVES AND ACTIVITIES
The research objectives are:

() to determine the extent of endophyte occurrence, firstly, in tropical forages and, secondly,
in other crops, .

(i1) to obtain evidence of the possible role of endophytes in pest and disease management of
forages and other crops,

(iii) to determine a possible relation between endophyte occurrence and  toxicity of forages to
livestock and

(iv) to demonstrate how this knowledge might be used to assist small farmers in more
efficient and environmentally sustainable 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 temperate areas
and extend this to other tropical areas once the techniques have been adapted to tropical
crops. Pathologists from Japan have expertise in the role of endophytes in forages and crops
and would provide expertise and support to the Project.

Scientists from CIAT will provide support in pathology, in carrying out field trials with
forages and crops and in the sheep feeding trials.



Project Outpats

Figure 11+ Work Breakdown Structure
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1. DURATION AND SCHEDULING

The Project will operate for 5 years. The sequence of activities is set out in Figure 2.
Progress will be reviewed annually and reported by 30 November each year. This will allow
for changes in the research schedule and proposals for small modifications in the budget.
IV. EXPECTED OUTPUTS

Fungal endophytes of tropical grasses and cassava identified

Beneficial endophytes identified for pest and disease control

Beneficial effects of endophytes on yield of forages and cassava demonstrated
Possibilities for commercial use of endophytes in disease and pest control established
Determined if endophytes are responsible for occastonal outbreaks of toxicity in animals
" Results of research published

International cooperation in endophyte research between Intemational Agricultural Research
Centers and National Research Centers established

International conference on endophyte research held

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

Inputs are required for:

Salary and on-costs of a senior scientist from Japan
Salary of an assistant, 2 technicians, part-time secretary and casual labor
Consultant support
Travel costs
Equipment purchase
Vehicle lease and maintenance
materials
Office supplies and services
Indirect costs to CIAT (10%).



Figure 2. Project Activity Schedule - Endophyte Project

Component/Activity

Year 1 Year2 Year3 Year 4 Year §

Component 1. Survey and identification

1.1 Survey occurence in Colombia

1.2 Survey occurence in South America

1.3 Histopathological studies

1.4 Isolation and identification

1.5 Extension of survey to Africa and SE Asia

Companent 2. Role in discase and pest control
and agronomic performance

2.1 Plant inoculation studies in greenhouse

2.2 Examine role in disease control

2.3 Examine role in pest control

2.4 Field inoculation studies

2.5 Studies of agronomic performance in forage

2.6 Studies of agronomic performance in cassava

Component 3. Role in animal toxicity

3.1 Survey of areas where toxicity reported

3.2 Identification of endophytes & other fungi
3.3 Feeding trials with sheep

3.4 Post mortem identification of dead animals
3.5 Identification of toxic agent

Component 4. Project Management

4.1 Appoint personnel

4.2 Monitor project & prepare annual report
4.3 Financial management & reporting

4.4 Liaison with different laboratories

4.5 Publish research results

4.6 Hold international conference

4.7 Final report

3.6 devise management strategy to minimise toxicity

QI Q2 Q3 Q4 Q1 Q2 Q3 Q4 QI Q2 Q3 Q4 QF Q2 Q3 Q4 Q1 Q2 Q3 Q4




V. WORK PLAN FOR FIRST YEAR

After the signature of the Project Document by the Government of Japan and CIAT and the
release of funds for the first year of operation by the Government of Japan, CIAT will
appoint a Japanese scientist and local support personnel. The base of the Project will be at
CIAT, Palmira, Colombia, and the scientist will conduct research there.

In the first year the following activities are planned:
Component 1 ‘ .
1.1 Survey of endophyte occurrence in Colombia

1.3 Histological studies of plants containing endophytes
1.4 Identification of endophytes

Component 2 _
To be commenced in Year 2

1.1 Survey of areas where animal toxicity on Brachiaria has been reported
1.2 Commence identification of organisms causing toxicity

Component 4

4.1 Appointment of personnel

4.2 Project strategy discussed and annual progress report
4.3 Financial management of funds and report



VI. PRINCIPLES

1. The aim of the Project is to identify the extent of endophytic fungi in tropical forages and
other crops and exploit such endophytes for forage and crop improvement.

2. The funds will be used exclusively for the implementation of the Project.

3. CIAT will be responsible for the execution of the Project. Activities under the Project will
be subject to the availability of funds and as such obligations of CIAT are subject to receipt
of funds.

4. Scientists and technical personnel will be appointed by CIAT in accordance with the terms
and conditions of service applicable to CIAT personnel. The resident scientist who
participates in this project will be a scientist belonging to the Ministry of Agriculture,
Forestry and Fisheries, Government of Japan. This person will be treated in all respects ds a
CIAT staff member and will be directly responsible to CIAT for the conduct of research.

5. CIAT will establish appropriate records to account for all the funds received under the
Project and to record all expenditures incurred in pursuit of the collaborative research effort,
and will provide detailed financial reports to the Government of Japan within 60 days after
the close of each fiscal period ending March 31.

6. CIAT will establish appropriate bank accounts to deposit all fimds received from the
Govermnment of Japan and will maximize short term interest eamings of funds received in
accordance with its policies on investment of Institute funds. Interest earned on undisturbed
finds will be credited to the Project and used in consultation with the Government of Japan.

7. CIAT will provide the Government of Japan with a detailed annual progress report
outlining the technical efforts and accomplishments of the Project by November 30 each year
in time to allow any modification of the plans or budget for the following year.

8. Monitoring and supervising of the Project will be carried aut jointly by CIAT and the
Ministry of Agriculture, Forestry and Fisheries.

9. The results of the studies will be published by CIAT. Ownership of the materials and data
resulting from the studies, including copyright, if appropriate, will be vested jointly in CIAT
and the Government of Japan.

10. Any funds remaining on the completion of the Project will be reported to the Government
of Japan and disposed of in accordance with the wishes of the Government of Japan.
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CHAPTER 8

FUNGAL ENDOPHYTES, OTHER FUNGE AND THEIR METABOLITES
A EXTRINSIC FACTORS OF GRASS QUALITY

- . W, Baton

L INTRODUCTION
B

) I3 Considerable improvements in forage quality ef grasses have been made
ot within the pust two decades. These improvements are consequences of
E genetic maniputations of grass cultivars and improved management strategics
Tt which guarantee that there is more than an adeqwste amount of grasses for
o grazing. These improvements are integral factors in the concept of forage
ey quaiity. Nevertheless, animals grazed on certain properly managed grasses
A may still have redoced performance. Reduced animal performance is
5?&: characterized by low gains, reproduction difficulties, low acceptability, and
”‘?% toxicity syndromes.  The factors in forage grasses responsible for reduoced
.V_;??;{, animal performance are called antiquality components, and cansist of a large

diverse group of chemical constituents which may be divided inte constitutive
and gxtrinsic or exogenous antiquality components. Conslitutive antiquality
componenis are those that are produced direcdy by and are, therefore,
inherent factors of grass species. Extrinsic antiquality components are those
that are praduced on a grass species but by another biological entity and are
exogtnous 16 the normal metabolism of that gras species.

This review is concerned with extrinsic antiquality factors of grasses
produced by fungi which are commonly referred 1o as mycotoxing.  These
antiquality factors are biclogical, originating from a variety of fungi, some of
which have been associated not oaly with animal performance problems but
also human toxicities since ancient times, In this regard, species of Claviceps
and their toxins {ergot alkaloids) ere historically perhaps the first recorded
groups of extrinsic biclogical anniguality factors reported in forages,

The primary focus of this chapter is o critically evaluate an expanding
body of literature which centers around toxins assodated with fungi which live
within forage grasses as endophytes, resulting in an antiquality component of
an otherwise desirable forage species.  Evidence will be presented which
establishes that most of 1the culivated forage grasses are descendants of

.ok
i3,
el
e

Source: Forage Quality, Evaluation, and Utilization. 1994,
(Ed.) George C. Fahey, Jr. American Society of
Agronomy, Inc., Madison, Wisconsin, USA.

USDA/ARS, Toxicology und Mycowoxin Research Unit, Richard B. Russell
Agricultural Research Cenier, Athens, GA 30613,




Fusther, a considerable discussion pertadning 10 positive 1acractions o
endophytes with grasses will be presented whach should poove heipful 1
uaderstanding the symbiotic operation of these organsms in i ura systen.,
Thus latier discussion is warranied since the association of endopbytic funo.
with mast of the major forage grasses is natural and ecologically significan
and their removal from grasses may, in certaia instances, rzsult in poor
forape productivity which might indirectly affect forage guality.

In this chaper, information from basic and applied sources bas been
assembled 10 illustrate unique characteristics of the endophyte-grass-livestock
interaction, which has an evolutionary basis and is fundamental o the
disastrous effecis on a wrophic interaction, referred 1o here as grazing.
Because of space Hmitations, thi¢ review emphasizes anuquality factors and
toxins related to fungal endophytes. However, there is another large group
of fungi that also affects grass quality. These fungi, discussed in pan two, are
referred 1o here as mycotoxic nonendophytic fungi. Mycotoxic nonendophyic
fungi include nonmutualistic saprophytes living an dead matier, endophytic
Jatent fungi, and Jocalized systemic pathopens of grasses. Nonendophytic
fungi will be discussad very briefly since it is this group that has been recently
reviewed extensively {see Smith and Henderson, 1991), and listorically the

numsrous early studies of this group formed the basis for our understanding
of toxic fungi in general.

PART I: GRASS ENDOPHYTES
Biological Concepts
Endophytic Species of Fungi

The endaphytic fungi in this review include fungi of the tribe Balansize
(family Clavicipitaceae, class Ascomycetes) and their related aramorphs
(Figure 1). The species within this tribe were initially delineated only on the
mature and degree of assoviation with ovaries and vegetative parts of grasses
{Dichl, 1950). However, this classification system fails 10 recognize
phylogenetic relationships among species, and does not account for any
relationships of species with only an anamorphic state.

A recent consideration of the phylopeny of the clavitipitaceous fungi as
expressed in Figure 1 indicates two major features of this family, one group
pasasitic on insects (Cordycepitoideae typified by species of Cordyceps), the
other two groups parasitic on grasses (Bacon and Hill, 1994). Thus phylogeny
is based on a series of studies which, in addition 10 the host-fungus
relationships of Driehi (1950), aiso include fungal morphology, conidiation,
biochemistry, and molecular biclogy {Sampson, 1933; Diehl, 1950, Lunrell,
1979; Luttrell ang Bacon, 1977, Latch &t al, 1984; Rykarc et al, 1984
Rykard et al, 1985; Bacon et al, 1986; White, 1987 White, 1988}

ne BACON
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Acremomiers spp.

Balansia spp, Epichioe spp.

o

\\f

*

Myriogenospora atrementosa
Atkinsonelia hypoxylon

Balansioe Clovicipiteae

Cordycipifoidene Clavicipitoideae

I

2
Clavicipitaceae

Figure. 1. Possible evolutionary tines of taxa among grass endophyies of the
tribe Balansiae within the family (lavicipitaceae, sublamily Clavicipitaldeae,
beginning with an unknown {?) ancestar. The tribe Clavicipitese and the
sublamily Cordycipitoideae are illustrated for possible relstionships within
ihe family, although ao cladistics is implied.
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Considered from the above viewpoint, - :re are four major tendencies
within the Clavicipitoideae: 1) a line indicat: . localized parasites of gruss
avaries as shown by the Claviceps (Ciavicipits- 1) and also characlerized by
having a stage independent of the grass, the wlerotium; 2) the change from
a strictly ovarian patbogen and location, to #lso include the foliage parasitic
habit (systemic) with varying degrees of the endophytic habit, and the Joss of
an independent stage from the prass {presenly shown by the monotypic
species (Atkgnsonellg hypoxylon}; 3) develapment of an endophytic habit but
slightly pathogenic (AMyriogenospora airementese) which culminates with
species of Balansia characterized by a completely endophytic habit; and 4)
the loss of sexuality, they are nonpathogenit, and are strictly seedborne and
this group culminates in the development of the completely endophytic
mutualistic habit (the Acremonium species). Thus, the Acremonium
endophytes which are fungi associated with important forage grasses, also
represent the mast advanced group of grass endophytes.

This phylogeny serves 10 unify the Clavicipitacgae into ane group but yet
separates the endophytic fungi into two very broad calegories: 1) those that
produce external sttomata (a mass of fungus hyphae which produces spores)
on their grass hosts, and 2) these that do not and which, for the most part,
are imperfect fungi only upon isolation in culture.

The first group include the fungt Atkinsonella, Balansia, Epichloe, and
Myriogenospora which form external primary anamorphic stromata within or
around stems, leaves, of florets of grasses from which either effuse, pulvinate,
or stalked perithecial siromata arise and are, therefore, fungi of the first
caregory. Most of these endophytic species are not associated with major
forage grasses, but are associated with invasive grass species, particularly
rangeland species (Diehl, 1950; White and Cole, 1986; White et al., 1990;
White et al, 1992) (Table 1). Fungi of these genera are taxonomically
refated and have been placed in the tribe Balansiae of the family
Clavicipitaceae {Diehl, 1950), and referred 10 here as the balansioid
endophytes.  Other essential distinguishing characteristics of species of this
tribe are included in early studies {Luttrell and Bacon, 1977; Rykard et al,,
1984; Bacon and [ Bauista, 1991).

The species in the second category include the pgenera Acremantitum,
Glocladium, Phialophor, and Pseudocercosporsils.  Also included i this
tanter category are those endophytes that have been observed in a variety of

annual ryegrasses (Lateh et al., 1988; Nelson and Read, 1990). Most of these.

endophytic species are associaled with important forage spacies and therefore
represent the greatest economic concern 10 forage quality (Table 1), Since
these species reproduce asexvally by conidia, they belong to the form-class
Deuteromycetes, and are, for the sake of convenience, separated from the
balansioid endophytes and referred 1o here as the acremonioid endophytes.
As presently defined, the genus Acromontum consists of A coenophialim
(Morgan-Jones and Gams, 1982) from two cubtivars of tall fescue (Festuca

SRS

Table L Distribution of endepnvies among the worlds major forage
grasses.”

Tribefspecies Common name  Endopbyte genus

AGROSTIDEAE
Apgrostis atba, and ather spp. Bent prasses Acremonivrs
Alopecurus pratensis Meadow foxtail  Acremonium™*
FPhelum pratense Timothy "
Sporobolus Dropseed Balansia
Stipa camunta Needle grass Acremonium
AVENEAE
Arhenatherum elatinm Tall vatgrass  Acremonium™
ANDROPOGONEAE
Andropogon scoparium Blue stem Balansia
Sorghum vulgre, and other spp. Forage Balansia
sorghums
CHLORIDEAE
Boutelona spp. Grama grasses Balansia
. Chloris gayanam Rhodesgrass -
Cynodon dactyion Bermudagrass "
FESTUCEAR e
Dactylis glomerata Orchard grass Acremonium
Elymus spp. Wildryss "
Eragrostis spp. Lovegrasses Balansia
Festuca spp. Fescue grasses Acremonium
Lofium spp. Ryegrasses o
Foa spp. Biuegrasses Acremonium
PANICEAE )
Axonopus offinis Carpet grass Balansia spp.
Panicum spp. Panic grasses Balansia spp.
Paspalin spp. Dallisgrasses "

Setaria italiva Foxtail millet

"The major forage grasses are compilations from Hoover et al,, 1948; Bula

et al, 1977 and Crowder, 1977 The distribution of endophytes is based on

the work of Diehl, 1950: Kohlmeyer and Kohlmeyer, 1974 and Whiw, 1987

“Indicates that this endophytic species is Epichiloe iyphina (A. typhinum).

" arundinacea Schreb.) and from Poa awumnalis Mohl ex Ell. (White and

Bultman, 1987}, A. gphinen  from F. ubra L (Morgas-Jones and Gams,

P



1982}, A. wncinatum from F. pratensis L. (Gams et: . 1990, and . [lii from
Lolium pereane L. (Lach et al, 1988).

Since the Acremomium species are so agronorn.ccally important, much
cifort is bemng made toincorporate molecular data w lurify species relations,
The essential premix is that Epichloe yyphine winch ako proguces an
Acremonim state might be related to other Acremomium  species.
Ribosomal DNA was used to characterize nucleotide sequences among
several species of endophytic fungi of grasses, including the Acrestotiium
species (Schardi and Siegel, 1993). The results supgesied a remarkabie
similarity of ribosomal DNA amang all Acremonium ocanisms and that they
were phylogenetically relaied to, and evolved from E. fyphina (Schardi and
Siegel, 1993). They also found that fungal mutualists <id not necessarily
coevolve with their grass hosts. In fact, as much dissimilarity occurred among
A coenophiolum isolaes from F. erundinacen as existed berwesn A,
cocnaphiclium and A. lolii or A. typhinwm. These findings raise doubis as 10
the true taxonomic derivation among species of Acremonium within sect
Albo-lanosa.  Further, the ability of both the acremonioid and balansioid

fungi 1o produce ergot alkaloids indicates a1 least a bicchemical affinity
among members of the Clavicipitaceas,

The Endophytic Habit

Symbiosis  Endophyt fungi are those fungi which live theit entire life cycle
within the aerial portiens of grasses and sedges by forming nonpathogenic
and completely interoellutar associations (Sampson, 1933; Diehl, 1950). The
grass and fungus are symbiotically associated as a single ecoclogical entity,
Thus, in the discussions 10 follow, symbiotum (plural syn:biota) ar symbiotic
will be used to refer to the traditional endophyte-infecied grass terminclogy
(Schardl et al, 1991) and nonsymbiotum to refet lo noninfected grasses. The
use of these terms will serve not only to emphasize the naturalness and
tmportance of this association, but also 1o indicate potential problems witich
might occur if it is dsmantied in attempts to remove the fungus as an
antiquality factor.

The nature of the symbiosis varies among each of the major endophytic
groups (Figure 1). Some symbicses arc supggestive of incomplete, pathopenic
eelationships as shows by some of the Belansic species. The balansioid
endophytes exist as free entities only very briefly during the spore stoge and
there is some question as to the significance of this spore asa dispersal unit.
Unlike the balansiow endaphytes, the acremonioid endophyles, as well as
ather forms of symbiotc associutions (Ahmadjian and Paracer, 1986), do nmt
Yive apart not even buiefly, ie., coce a tall fescue or ryegrass symbigsis is
established, the association is constant. The Aoremonium symbioses are seed
disseminated (Sampson, 1933), their association with the grass begins after
permination of infected seed where upon the funpus infects developing
scedlings, and symbotic perennaion is guarapiced by infecting  the
meristematic areas and all young vepetitive 07gans uxcepl the roois.

BACON
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lutualism  Uegardless . che degree ¢ the assogation, sll endophytic
“angt of grasses form biotico nic associations in whick there i litte or ro
iestruction Of cither grass ..r fungus and us will be pﬁ:ntcd. lalgr, centain
nembers exploit the bioche weal properties of the ofier, indicating that in
pecific cases the relations.p 8 mutoalistc.  Muualisms are spcf;lﬁc
associations of two or more « - ganisms that are charaexrized as interactions
“etween individual organisnis 1n which the genetic fitnns of each participant
is intreased by the action of the other. This definition-gecisely @cscnbes the
ecological nature of the symbiota and components of te mutualism are aptly
referred 1o as plant or fungal mutualists. o
Mutualiss are polymorphic in nature; thus, within a mutualistic
population, there exists successful symbionts or true matualists, urlsfmc‘zssful
symbionts whose fitness s net  increased, amd nonsyfnb_muc of
noncohabitating individuals (Keeler, 1985).  Most afthe symbiotic grasses
are of this first category and will be weated in this mmtext. Examples of
unsuccessful symbiotic grasses might reflect our mabdiy to dctcfxz?:_ttc the
survival value of specific traits under g precise erwirmnem.ai condition. It
is rather doubtful that the third category of noncohabitaing indivafluaés cxst,
at least completely, since the fungi are only found in asaciation with grasses.
However, noninfected grasses of an infected species smst which may mii’gr
oceur naturally or they may be agricultural artifacts resilting from agronomic
uses and practices, as for example, endophyte-free 1l fescue (Bacon and
Hill, 1994). . .
The tall fescue and perennial ryegrass symbiota arede fensive mutualisms
{Clay, 1988} because the overall competitive benefits il et al, 1991a) are
due to specific characteristics such as enhanced drougltrtolerance (Read and
Camp, 1986; Arechavaleta et al,, 1989), increased tillerig and growth (Laich
et al,, 19850, Hill 21 al,, 1990}, and increased resistanes 10 hc{bwnry _fmm
mammals and insccts {Cheplick and Ciay, 1988). The mformation available
on Balansia-associated grasses suggest that they too aredefensive mutualisms
{Clay, 1984; Clay et al., 1985; Clay 1586). ) )
The present data provide overwhelming evidewe that interactions
between the grass and fungus, as well as environment, increase the
phenotypic variation amang symbiotic plants (Clay, 1984; Kelley and Clay,
1987; Bradshaw, 1988; Hill et al., 1990). They also ssggest that symbiotic
plants do not have all mechanisms of fitness imparied upon them by the
endophyte, but it is the sum of all the plants in the popalation which express
the fitness characteristics {Bucon and Hill, 1994). Therefore, symb!o:?c
populations of grasses are far more plastic and aduptabe than ngnsgmbmt;c
populations. How fast symbiotic plants encroach upor ronsymbiotic plants
in a mixed community will depend upen the types and severity of stresses
imposed upon the plants in their environment. Urdoubtedly, severe or
repeated caltle grazing and other severe environmentalstresses will eliminate
nonsymbiotic grasses, while reduced grazing will have minimal cffc:ct on the
compettiveness of a aoasymbiotic plant.  Generally, the more ideal the
growing conditions, the beuer the abikity of the nansymbiotic plam o
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compete with its symbigtic counterpart.

The endophytic habit is important not only irom the st point that it
is where the fungus resides but also because i i3 [ere thut . : fungus and
(o) grass produce anuquality factors referred to as mycotoxin:, Further, the
natore of the endophyse habit is important because understanaing will assist
in formulating any possible control measures 10 remove the tungus. The
endophytic habit was recognized as early as 1837 (De Bary, 1887) and
described in the funges Epiciive typhing {Pers. ex Fr.} Tal. The endophytic
habit was subsequemntly established as a perennial feature of several grasses
{Dichl, 1950), and thix was followed by studies on the disttibution of the
endophye within grases {Sampson, 1933; Dichi,- 1950). Most endophytes
prociuce &n exiernal ad iransient sporulation structure {conidial stroma)
upon which spores are produced which infect grasses.

Within an infected grass, the endophyte is intercellular and there is no
evidente of any endophyiic species producing mass destruction of host cells,
However, this is not o anply that an endophyic does not 'create’ a niche for
itself within the grass, The interceliular spaces occupied by the fungus are
not vacant spaces but spaces normally occupied by the middle lamellae of
¢ach cell. The endoplyte apparently has the necessary enzymes 1o disscive
the middle lamellae as jt grows between each layer of cells. There is no
nutrient absorbing strecture, typical of other parasitic fungi. Nutrient
exchange takes place within this location, which consists of an external
ceflutar plant matnix rderred to as the apoplasm. The nutrients within the
apopdasm may ¢ither be derived from the host due o normal cytoplasmic
leakage and (or) from producis derived from the digestion of the middle
lamellae as the fungm grows between cells.  This suggests thal added
matrienss will be available 10 the endaphyte during periods of rapid plan
growth, which would infleence, and certainly correlates with, increased fungal
growsh and biochemical activities as evidenced by the periods of high ergot
atkaluid content and hexbivore toxicinies (Belesky et al, 1987h; Belesky et al,
1988; Hill et al, 1990)

The extent of host colanization by an endaphyle is endaphyte-specific,
Thus, species of Balomia and A. kypoxylon are found throughout alt organs
of the grass, except de roots. The species Epechioe, Acremonium, and
Myriogenospora are fomad only within the sheath of leaves, meristematic
areas, and inflorescence struciures. Further, some endophyies appear o have
A guantitative expression of hyphae within o host, ¢.g, the sndophyie of the
annual ryegrass whille fend in the sheath as discontinuous sparse fragmenis
is found in much higher density within the seed {Laich et al,, 1988; Nelson
and Read, 1990). A degle plant is usually not infected by mare than one
endophyte, but a grass species can serve as a host for scveral different
sndophytic species.  However, double infecion of a single grass plant by
different genera has been reported, as in Pundcum anceps infected by AL

amameniosa and B. hewingsiang (Loyrell and Bacon, 1977, Rykard, 1983).
This may reflect occupation of different in situ focations.  Balansia species
are generalized and embophyiic, whereas the infection by M. arramentosa is

localized ‘nd systemnic.  Nevertheless, Lawch et al, {1984) reported the
co-ecurre nce of two endophytic fungi, Gliockudinm-1ike and Plualophora-like,
colonizing «dentical tissucs along with A J0ffi and A coenophiclum in planzs
of perennil ryegrass (L. perenne) and tall fescue, respectively.

Coevolution  The reciprocal potentin] for genetic fitness devived from 2
mutualism serves as the driving force for the coevolution of endophyies ancd
grasses. Plant-fungus associations appeared to have entered closs
relationships very early in their evolution. The Gramineac probably
originated in the upper Cretaceous Period of the Mesozoic Era, much later
than dicotyledonous plants. The fossil records of the first authentic species
of grasses, fruits of Stipa (Cockerell, 1956) and Phalanis (Beetle, 1938), wene
obtained from the late Tertiary deposits, approximately 40 to 50 million years
ago. The oldest fossil Fesued species was reporied in the Miocene epoch af
the Tertiary period {Thomasson, 1986). Thus, geologically speaking, we are
dealing with a relatively young association which must have been initiated at
least during the early Pliocene of the Cenozoic Era, approximately 25 milliom
years ago.

To understand the need for a manualistic relationship to develop
between grasses and fungal endophytes, a complete understanding of the
systematics and evolution of both the endophyte and species, their
biochemical relatedness and requirements must be known.  For more
detailed discussions of this evolutionary aspeet, as well as a model for fitness
and other salient but theoretical evolutionary events within these mutualisms,
the reader is referred to carlier reviews (White, 1988; Bacon and Hill, 1994}
Briefly, the major impetus considered responsible for extending ‘E,hz:
adaptability of symbiotic grasses arc the variety of secondary metabolites,
most of which are produced by the fungus within the association. .

Fung are rated as highly adaptable because they have bicchemicad
abilities 1o wtilize a wide variety of substrates and produce precursors from
intermediary metabolism for use in primary and secondary metabolism. On
the other hand, grasses are one of the few groups of plants that lack the
ability to produce excessive secondary metabolites (Zahner ct al, 3983).' I
theary cohabitaion and the cstablishment of a completely compatible
association, although gradual, were based partially on the need For secondary
metabolites that were lacking in the grass bui were conltibuted by the fungvt:s..
The evolutionary events which resulted in the cohabitation of grasses with
this proup of fungi will probably remain unknown, It is ciear, however, that

* the clavicipitaceous fungal mutualists meet the criterion that Law {1985)

propased for mutualism: 1) the inhabitants are genetically similar while their
hosts are penetically diverse, 2) the inhabitanis rarely or never undergo sexual
reproduction, and 3) the inhabitunts lack strong specificity to a pacticular host
specivs.



Distribution of Enduphytes Among G: .o ses

Endophytic fungi kave been reported 1o infect grass .necies belonying o
six subfamifies of the Gramineae as delineated by Gould and Shaw {1983y
and several of these me considered important forage grasses throughout the
temperate and tropacal grazing zones of the world (Hoover et al., 1948 Buia
€t al, 1977, Crowdes, B77). OF the North American species of prasses, this
represents a total of 22 associations (Bacon and De Baatista, i991). Thus,
only 15% of all the New World's grass species are hosts for endophytes but
whose distribution rames from temperate (o tropical zones. The disuibutiog
of symbiotic grasses appears to be limited to bost habitat and climatic
conditions. However, sveral grass species with widely different geographic
distribution are infecied with the same fungus at each end of their geographic
extremnes (Diehl, 1950

Host-specific endophytes have not been demonstrated, although ng
compechensive study of this phenomenon has been attiempted. In natural
grass communities, seseral host species may be found growing sympatrically
but it is usually obsered that only one specics is infected by a particular
fungal endophyte, wpgesting that there is a compatibility  factor,
Expeximental infectiomof grasses and sedges with Atkinsonella fypoxyion and
B. cyperi established Wat these two fungi were broadly cross-compatible
withim a specific hast population, but B. gyper was less host-specific than 4.
hypoxylon (Leuchinaanm and Clay, 1988).

As indicated abome, the Balansioid endophytes are probably related o
the Acremoniion endoghytes, so their distribution among the grasses will be
discussed together (Table 1), Endophytes of this type are found associated
with more grass speries than any other endophyte (Latch et al, 1984;
Williams e1 al, 1984; Halisky et al, 1985; Whiie and Cole, 1985; White and
Cole, 1986; Morpan-hmes et al., 1990; White et al, 1992). However, the
distribrution of this speries within the subfamilies of the Gramineae is very
nartow as 9% of the £ frglinag is associated with the Festucoideae, mainly
the Festuca species ambother cool season grasses. This percentage includes
the refated Acremomiwm anamorphs. Both £. yphina and Acremoniun sp,
are the endophytes aseciated with major ferage grasses. On the other hand,
Balamsia species are pimarily associated with over 102 warm season 2rass
and sedge species Imm oll subfamilies except Bambusoideae. This
distribution appears w favor two subfamilics since 97% of the Balansia-
assockated grasses clude species of the Panicoideae [64%) and
Eragrosioideae (33%)(Bacon and De Batinta, 1991).

Endophytic fumgs are found in approximaiely 13% of the Narth and
South American species of grasses, many of which nre used as forages (Bacon
and Dre Bauista, 199} However, this percentage is probably much hivher
as it does not reflect awide scale sompling of b the forage grass specics tor

endophytes. The Balosia-associoted grasses e nob aecessanily major foase
specaes; they are, hemaver, major North Ame. .con rangeland species {1k

B). Balansia cpichdoe m the most cosmopuhi u of the Balansia spece,, ny

kb bl
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hest range varie: rom coal-szusan grasses of the Fesacoideae W warm-
seasoa grasses of . Panieoide o, Eragrostoidese and Amndinoideae. Other
Bulaisia species hove been reposted from only one orwo grass tribes f’t’;
spevi 5. Thus, B wwnbiens, 8.+, .zae, and B. pallida umnelnfcd 0513; “’“d
graves of the tribe Oryzeus, hile other species 0(80381:;34 are ’ol};n
infeciing only panicoid or eragrosioid grass species, Tﬁgs!;xcicstﬂ “’7!5' ae
and & hemicrypta, are restricted to the grass genus Amiida, ‘?h'@ Ba “"5‘;‘
aryzae is one of two species found in association with e, which is the ang
known association of an endophyte with 2 forage crop sed for human foo
{Mohanty, 1964). Two minor gunera, Atkinsonella anéﬁfynogcﬂﬂ’m?f‘:
even more  restrictive in thewr associations with pmsses (D’Ch}’ 19 ,0)‘
Nevertheless, M. atrementosa is ussociated with the Pasmlum species wﬁ"g‘
are used as forage grasses. Atkinsonefla hypoxylon, B.pilulaeformis and .
cyperi ate associated with a variety of native grasses ad I%Oﬁgﬁm’*"acco“d
hosts that are found throughout the major grassiands of the temperate an
cooler tropical regions of the world.

Positive: Benefits Derived from  SymbiotieGrass

Natural populations of symbiotic grasses persist kmger and compete
better than nonsymbiotic populations (Clay, 1986; Clay, 887, Prestdge et a]}
1982; West e al,, 1989). However, as discussed earliex the cnmpfk?meI%tls 0
impraved fitness of symbiotic papulations are multifacged and difficult ‘*}
access.  Most research on symbiotic grasses has empiasized vanation o
fitness at the population level, with relatively few sindes parfltfﬁnlf]‘ﬁ “hﬁ“
variation into its genetic and environmental components, Thus, itis f_:; a““‘-t}‘
difficult or impossible to interpret which symbiotic component conlrihuiﬁho
the phenotypic expression aad any evolutionary significmce of mue oh e[
fitness variation from such natural systems. The altamative approac Cl)
using symbiotic and nonsymbiotic clones (Arechavaleta exal., 198% Hill et 3“4
1990; Hill et al, 1991a; Hill et al, 1991b; Agee and H&, 1991) has greatly
facilitated our approach and understanding of several agpects of the varation
of mutualistic responses within a population. This appzmich Shm.llﬁi allow us{
to extrapolate to the efiects of such variation on tropi:i:mmr’acluons, one od
which is measured as an antiguality factor.  Examples of variation obtaine
from using clonal lines are indicated below. & xiller

In sumunaey improved fitness includes increased growth rate an ; T
density (Bradshaw, 198% Hilt et al., 1990; Hill et ai. 1991a), chaﬁgz o
morphology (Diehl, 1958, Hill et al, 1990), resistance asd toxicity 1o gr i;c.i
amimals (Bylord, 1979; Wallner et al,, 1983; Read and Camp, 3936}’_ n \
deterrence (Prestidge et al, 1982 Clay, 1988), mfnmecic gS]StﬂﬂCd
{Kimmons et al,, 199} West et al,, 19902,b), disease resistance (Whie an
Cole, 1985; Yoshihara et al, 1985). and drought toleranee (Read and Camp,
1986; Arechavaleta ¢1 ul, 198% Eimi and West, 1989). The chemical basis
for each component 51 hiness is nat completely understood, but data defining

ionshi ; kil
-cause and effect relutionships are eminent. There may be a chemid
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similarity berween compoumds which 5 respensisie for gach asped of
improved fitness akhough the compounds may be found in very disting
symbiota (Table 2). However, this information is far from complete as there
are only a few erperiments which document positive benefits from
endophytes within ather associations, particularly the balansioid symbriota.

ARl the positivwe benefits derived from the symbiota are expressed, or
measured when the association is subjected 10 stresses. Characteristics which
are associated with drought tolerance are nol expressed unless the plant is
exposed to prolonged drought conditions. For example, roots of symbiotic
plants will grow faser and deeper into a sail profile under drought siress
than its cloned nossymbiotic ramet.  Howewer, there is no difference when
both are prown at field capacity {Richardson et al,, 1990). Further, wial
reserve carbohydrae *content and structures are similar among plants,
regardless of endopbyte content, when soil water content is at field capacity
(-1 bars), but sugsw monomers increase and polymers deciease in symbiotic
tall fescue once dmwght stress conditions are imposed {Richardson ef ai,
1992). Muareover, there is variation among symbiota, as for example, plant
morphological chagpes are not constant among tall fescus genotypes (Hill et
ak, 1990} This wariation i expressed specifically by tillering capacity,
specific leaf weighs, and crown weight which may increase, decrease, or
remain the same depending upon the genotype of the infected plant. All of
these facloms may explain the basis of varistion under stress.

Tasect and Nematade Defense

The accumulastion of antiquality componeinis {Table 2) in symbiotic
grasses is a clear emmple of a defensive mualism derived frora endophytic
fungl. Denailed daa expressing this are based on specific and generalized
characteristics from insect feeding experiments, which suggest that at least
antibjosis may be e functional defense mechanism. Since most insects are
grazers, data obtaised on insects may be appropriate for mammalian grazers.
Thus, it is this category of mutualism which is directly related 10 the Hvestock
toxicity symdromes discussed below. In the use of endophytes for forage
improverents, we are dealing with a double edge sword: 1) 2 mutualism
which is essential fior the competitiveness of pasture and rangeland prasces,
and 2) an antiquality component. The complex interaction described above
must be considersd if there are any attempls at removing the mammalizi
toxicity frosm the msect toxicity,. This removal also may result in the toui
removal of all toxicity and related stress-sparing mechanisms.

There are nwnerous effects of symbiotic grasses on insect betbivory
{Gaynor and Hunt, 1983; Barker, 198%; West et al., 1989, Siegel et al, 1991),
and they suggest some specificity (Hardy et al., 1986, Siege! et al, 1991},
The list of insees reporied as being deterred or poisooed by symbiotic
grasses ineludes seweral species of aphids (Latch ex al, 1985a; Siegel et at,
1991), sod webwonms (Funk et al,, 1983), leathoppers (Pontinger-et al, 1985),
chinch buges (Funk et al., 1985), crickers (Asay et al, 1975 Ahmad eral,
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‘Table Z. Toxins and susy-. woxins ass *d with wnbiotic grasses.

Acremoniodd svmbioty Balnnsid symbiota

‘Ergovaline Elymclavine
Ergonovine ’ Erpaovine
Ergosine Erpuine
Chanoclavine | Chanclavine |
Peramine Isodanoclavine §
Indole acetic acid Agmaiavine
Ergosterol Dimroelymociavine
Ergosinine 6, 78rpagrociavine
Cyclopentanoid Pesiclavine
sesquiterpencids* Ervio 1-{3-ndoly}pro-
Ergonovine poe-1,2,3-tr50]
Cafieic acid* Thre 1-(3-indoly)pro-
p-Coumaric acid pme-1,2,3-trio)
p-Hydroxybenzoic acid J-inimie acetic acid
Latine 3-Iraidle cthanol
N-acztylioline I-fnible acctamide
N-formyHoline MetiW-3-indolecarboxylate
N-acetylnorlofine Ergamlansine
Paxilline Ergmalansinine
Lolitrem A
Lolitrem B
Lolitrem C
Lolitrem D

“These compounts were isolated from Epichive gphing (Avremonium
pphinwm) and are grouped with the actemonioid symbiota, Hormane,
norharmane, and halostachine were isolated from taBfescue {Yates, 1983),

but the infection status of the grasses was not reponed therelore, they have
been excluded from the Jist.
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1385}, corn flea beetle (Kirfman et al, 1986}, black beetle (Siepei ot al,
1987), bluegrass billbug {Ahmad et at., 1986), flour beetles (Clay, 1955), and
Argagi;tmx: stem weevil (Prestidge et al, 1982, Pottinger et al, j985).
Symbiotic grasses also are wxic to the lepidapteran larvae of fall armywaorms
(Hardy et al, 1985) and species of Crambis {Clay et sk, 1985), Acremonioid
grasses are reported as being rematicidal {Pedersen et al, 1988; Kimmons
etal, 199(; West et al., 1990a), but this effect may be nulled if the symbiotic
grasses alsq age associted with mycorrhizal infections (Barker, 1988,
_Pcmm{m? ts the chemical considered responsible for deterring the
feeding activity of several insects, specifically the Argentine stem weevil
(Ryka{d <t al, 1985) and some species of aphids (Sicgel et al, 1991)
Pcraml_m: i & very simpk alkaloid which has been reported in S}:mbiczz%c‘:
p;renmal Iycgrass and tall fescue (Rowan and Gaynor, 1986; Siegel et al.
1 91). It is aot known if the fungus makes this compound or if its synthcsif:
fequires @ combination of fungus and grass. T addition to peramine, the
loline alkaloids (N-formyl and N-acetyl loline) also have been impli::atéd in
the toxicity and deterring activity of one species of aphid, but affected
another aphid species only if the infected grass contained other toxins {the
ergopeptide alkaloids, peramine, and (or) the lolitrems) (Siegel et al. 1991)
Several environmental factors also may be responsible for the final effect
{Mchatf. l??i}: Lyons et al, 19904}, and the co-occurrence of simple indales
and terpinoids (Table 2) aka may influence the toxicy. 1

Abiotic Stress Tolerances

Drought tqleraucc Most of the research conducted on the effects of
cpdgphytc znfga}ion on abietic stress tolerances has been done on 1all fescue
Similar ?m:ci:;ar;zsms roight exist {or other Acremoniumeinfected grass of 22‘1&‘
?amc tnba?’ ie,, the peremmial ryegrass symbiotum. However, it might be
iﬁaiipl'?pl:“lﬂtc to use infeoed tal] fescue as o model for the warm-season
Baa*wzswtmfccted‘ grasses.  Nevertheless, the occurrence of insect and
mamm?lu:; hgrtfwum detemrences and disease resistance mechanisms in both
Z?:}fti xg:r::s:;i;c g;?ms Dgggcst ;hat similgr a,i}i‘g}tic stress mechanisms also
o Sefine e ! aa::js; syrgzk}zma. “Agam, it 1s important in this concept
fangus ﬁ‘;‘n;ﬁla* r:;f t1!';”: recognize the important conzrii;zutions made by the
s ron , grass C}nly‘when th:'s sepazation is made can the
geuetic potential of forge quality or antiquality be assessed.

o sym;n;;f :sv;;}cnm for the occurrence ,Uf a droughs siress mechanism
Carmp (1986 1ha manft:;gmwlh of zi}ﬁ imitial nbs;rv;tmn of Read and
i  resisin {;;a; e¢ populations of ,symbmtm tall fescue were
Torgor mghnain;::nancc N lmif'ﬂf fc;cue plants with 2 low level of infection.
ol Toscrem sol e | as e Wentified as a major mechanism through which
ot 1990, Rkha;dsmug {W:;:::.L £tal, 1989, hut root growth {De Bauist:
1‘38?;' Richz;nimn i :ﬂn tl:;;zl, «IJ}%}}, and stomztal responses (Belesky et al,
b orsimn g - ) a!so‘am: considered dmportant. While control

Or grought tolerance in the tall fes: ue symbiotum sre unknown,
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1% been deterningd that only specific tis 2 types, young meristernatic and
agating leal. {rom the tall tescue symbio.an were capable of developing

osmotic povsatial in respense (o water siress (West et al, 1989). This
wests that the busic mechuism eenters wround the ability of grasses ©
czlop low ase. tic poentizi {West et al, 1990b). Further, since osmotic
ac ustment exists primarily in voung and immature leaf blades, it may be the
muchanism of persistence and tiller survival in the tall fescue symbiotam but
onlv under intermmttent drought {West et al, 198%; West etal, 1990b). The
universal occurrence of this suechanism throughout popwiations of the
acremonioid symbiota might vary. White ef al. (1989) studied the expression
of osmotic adjustment in two clones of the tall fescue symbiotum and
concluded that eell wall elasticity appeared to explain the differences in
turgor maintenance among the wo clanes.

The nature of the osmoticum responsible for this effect is unknown, but
polyols, sugars, and amino acids are eonsidered by many as likely candidates
{Morgan, 1984). In addition o being nor-metabolizable ender stress, the
essential subsiance or substances also must be osmotically active and
compatible {nontoxic) with the normal plant physiological processes. Folyols
were considered fikely candidates since they are pormal neutral metabolites
of fungi, and have been reported as being osmotica in other plants {Lewis,
1967). In a study designed to examine the involvement of polyols in this
mechanism, it was determined that in one penotype of symbiotic tall fescue,
mannitol and arabitol were present (Richardson et al,, 1992). However, the
concentration of these polyols was not high enough to affect the overall
osmotic pool in this genotype. It was further shown that in symbiotic grasses
grown under drought siress, arabitol, glucose, and fruciose were the only
compounds which accumulated in sufficient guantities 10 affect the overall
osmotic pool (Richardson et al, 1992).

P
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Nitrogen Efficiency Acremonium-infected grasses appear 1o have some
advantage over nonsymbiotic grasses in the area of nitrogen (N) utilization.
The efficient utilization of low soil N by the tall fescue symbiota was reported
by Arechavaleta et al. {1989}, The amounts of dry matter produced by Jow
N (11 mg/pot) were the same as the amount of diy mader produced by
nonsymbiotic @il fescue at high (220 mg/pot), medium (73 mg/pot), and low
(11 mg/por; T-vels of N (Arechavaleta et ai, 1989). Of the many enzymes
responsible for N utilization, glutamine synthetase is primarily responsible for
N efficiency. When the activity of this enzyme within the 1all fescue
symbiotum was compared to the activity in the uninfected plants grown under
low N, it was discovered that ghstamine synthetase was higher in the
symbiotum. The high level of this enzyme in symbiota grown under low s0il
levels wis considered an efficient means of utilizing N {Lyons et al,, 1990b).
The ability 1o efficienily utilize fow N apparently & not present in seedlings
of this symbictum, but develops with grass maiurity (Clay, 1987},

High levels of N not only increase the amount of dry mater produced
in the wll fescue syminctum [Arechavaleta et al, 1989, De Bauista et al,
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1990, Hill et al, 1990), but also the amounts o ac ergot & - -sid (Lyons
al, 1986, Arcchavaleto et al, 1989; Hilt eral, ) Thus, ugh there

ap increase in prowth from N, the correspona. | increuse - L.e amount ¢
1oxins in the foliage should reduce herbivory, " ac effects © oil N on 15
accumulation patiern of other herbivore toxins re unknow:,, ot since the:
contain N, they moy also be affecied by high soil N, as is onhserved for the
accumulnion patiern of the ergot alkaldids produced by Clvicops sp of rye,

As in the case of high soil N, fungal toxings might aiso intcract with lov

soif N 1o deter herbivory. This is based on the concept that the total 1
content of plants affects the degrec of insect hedbivory (Matison, 1980}

Therefore, herbivore feeding on grasses is increased when grown at low s,
N as compared to high soil N, Lyons et al. {1950b) determined that th
total free N concentration of keaves of tall fescue was decreased significantly
by endophyte infection although the plams were ferlilized with high rates of
N {18 Mm total Njpot). Under high N, increased herbivory is prevented due
10 the combined action of increased amounts of toxins and jow total N
content of herbage. In a mixed population of grasses, herbivory of symbiotas
would be less than herbivory of uninfected grasses. Thus, under a wide range
of soil N levels, toxins and N content would offset any 1endency to overgraze
infected grasses.

Efiects of Endophytes on Forage Quality
Guality-Antiguality Evaluation of Endophyte-Infected Grasses

The concept of grazing implies 2 very large cawegory of rophic
interactions but from the standpoint of livestock herbivery, it describes a
trophic interaction with plants that results in both low lethality and intimacy
of a forage prass. Of course, this is complicated by the fact that we are
dealing with 2 natural phenomenon within the context of & man made and
managed systerm.  Orasses comprise most of a ruminant’s diet and the
selection of a prass species is based on its nulritive effects on fivestock
production. Analyses of several symbiotic and nonsymbiotic pasture or
potential pasture grasses of tall fescue cultivars for nutritive values for
livestock, as well as actual grazing trials, indicaie that there ase decided
differences in actual livestock performance {Table 3) (Schraidt et al, 1982;
Hoveland et al., 1983; Aldrich er al, 1990; Chestnut e al., 1992; Porter et al,,
1993). However, lzboratory analyses of symbiotic and nonsymbiotic 1all
fescue indicate that the wwo are identical in 1erms of protem, in vitre dry
matter disappearance (IVDMD), Gber and bgnin (Table 3), as well as
muneral contents {Chestnut et al, 1991b),

The greatest impact of symbiotic grasses is on the low productivity of
livestock, particutarly ruminant livesiock (Tabie 3). However, most of the
symbiotic grasses also are used as conservation/recreational species and are

per
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Tobke 4 Forage chiroctenistics and cottle performance on
symbivi.. and gonsysbiotic tall fes. ne,

hem

Symidotic Nonsymbiotic  Ref

Grass:

IVDMD, % 65.8 6246 i
Crude protein, 1 9.2 82 2
Neutral deterpent fiber, % 745 120 2
Acid detergent fiber | % 40.7 40.0 2
Ash, % 5.6 6.72 2
Caltle:

Grazing days 76800 593.¢ 3
Beef gain (ha?) 38400 49200 3
Average daily gain (Kg) 8.50 0.83* 3
Gains per tester steer (Kg) 84.4¢ 144.0° 3
Rectal temperature (C) 40.1 393 1
Average feed intake (Kg/d) 3.40 479 1
Respiration rate, breath/inin 55.0p 530 1
Skin vaporization, keal/mim 91.3 1137 4
Prolactin, ng/mi 1.5 1.5 4
Triiodothyronine, ng/m! 372 60.6 4
Cortisol, ng/ml 57.2 60.6 4
Plastna melstonin, mean

day-might difierence, ng/mi 74.36* 483 5

Y

References: 'Schmidt e al, 19872; 2Chestnut et al, 19912, *Hoveland et al.
1983, 4 years means; *Aldrich et al, 1990, *Porter et al,, 1993,

“Means in a row with the same Jetier are not significantly different atthe P<
0.05 level.
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grazed by wildlife. The effect of these grasses oo ildiife resources is
expected 10 mimmic those observed in livestock product o and small animal
experiments. Thus, preliminary studies indicale that populations of small
insectivorous and berbivorous mammals such as shrews, vules, and cotton rats
were four to five-fold higher in pastures of nonsymbiotic tall fescue (Pelton
et al, 1991). The effects of symbiotic prasses on deer, rabbits and other
wiidlife herbivores are sporadic and undocumented.  As the emphasis on
planting increased acreage of symbiotic grasses for turf and conservation

purposes increases, the potential for increased toxicity and effects on wildlife
also will increase.

Acremoninm "Toxitity: Tall Fescue  Historically, tall fescue and perennial
ryegrass symbiota were associated with poor animal performance problems
and toxicities. The most common of these are fescue woxicosis and ryegrass
staggers (Conningham, 1943; Yates, 1962; Fleicher and Harvey, 1982). Plants
with deterrents to ruminant herbivory should have a competitive edge- over
plants without such a mechanism, thus selection would favor symbiotic grasses
with such mechanisms over uninfected plants or symbiotic grasses without this
mechanism.  The degree of toxicity to ruminant herbivory is expected 1o
reflect the amount of toxin contained within grasses. The amount of toxin
within a plant at a given location varies both qualitatively (Yates £t al., 1985;
Lyons et al, 1986; Arechavaleta et al, 1991), and guantitatively (Bacon et
al. 1934, Rowan and Shaw, 1987, Belesky et al,, 15870, Hill et a1, 1991b) but
fluctuates seasonally (Fluckiger et al, 1976; Belesky et al., 1987b; Belesky et
al, 1988). Both genotypes of the grass and fungus affect the final expression
of ergot alkaloid coment (Hill e al,, 199¢; Hill et al,, 1991k, Kearney et al.,
1991} The variation and fluctuation of endophyie-infecied 1all fescue
{Thompson et al, 198%a) within a location is expected to affect animal
periormance similarly {Crawford et al, 1989; Thompson et al, 1989b;
Chestnut et ak, 1991b).

Cattle consuming 4. coenopliiglum-infecied tall fescue may show either
severe or mikd symproms.  Cattle showing severe tall fescue toxivosis
resemble those showing classical ergotism and include gangrene of the
extremities, and a shight nervauspess or palsy in the flank region. These
sympioms, commanly referred to as fescue foot, are ususlly observed under
cool iemperatures. During the early studies of toxicity on this grass, these
were the only signs recognized (Yates, 1962). Fescue foot was observed 10
alfect only a few animals within the herd, and 1oxicity from tall fescue waos
not considered a serious economic threat, especiaily since it was so sporadic,

When the endophyte and the recognition of mild or subclinical effects
on cattle were fevealed (Schmidt ¢t al, 1982), it became apparent that
symbiotic tall fescue affected all aninals within a herd and imposed severe
ecopomic Josses (Stuedemann and Hoveland, 1988). The syndromne resuiting
from the subclinical effects often is referred to as fescue summer 1oxicosis of
the summer shamp, since it is more evident in the warm periods of the year.
Cattle with the mild or subciinical syinpioms exhibiicd reduced weight gains
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ar | feed intake, reduced repioductive efficiency, redued milk production,
Jon heat tolerance or hyperthermin, increased respirasen Fates, and reduced
¢i+ wiating prokictin and serum cholesterol (Yates, 198 Porter et al., 1990).
~attle affected with fescus summer toxicosis arerther characterized
as ~.wving low plasma melatonin (Porter and Thompsm, 1992), ough and
lor t hair coats which Tast weil into the spring-summerpetiod (Yates, 19835,
an; decreased tolerance 1o livht (Hemken et al, 198; Bond et al, 1984).
Cu ' grazing symbiotic tall fuscue seck shade or stk in water, and graze
in «he cooler periods of the day or at night. Anotheraspect of @li fescue
summer toxicosis in cattle is the idiosyncratic develomment of fat necrasis
which has been associzted with high bioad cholesterd of animals grazing
symbiotic tall fescue (Stuedemann at al, 1985). Tail fegue summer toxicosis
can be alleviated when the faed of catile is chanped, i Bverags daily gains
are still depressed if cattle are moved {rom symbioticall fescue 10 feedlots
for finshing during worm weather. ] .
Data sghawéfzg that the greatest econamic loss tothe cattle indusiry 15
from the fescue summer foxicosis was estimated %y Stuedemann and
Hoveland {1988) to be $793 million annually in the USA which is primarily
due to reduced reproduction rates and poor weight gains. According 10
Crawford et al. (1989), average daily gain of cattle wasseduced by 43.5 g for
each 10% increase in endophyte infestation level. Themxicity effects can be
reduced by diluting the overall pasture infestation levd with another fﬁmh%ﬂ
such as clover (species of Trifoliwm) (Chestaut et al, 1991 ab). ln anather
study (Chestnut et al, 1991b), the average daily gainswere depressed “fh;n
the  percentage of endaphyte infestation jevels was afjusted 10 22% within
by the addition of clover. This depression continucd upto the 35% infection
fevel, but no further reductions in average daily gainand beel production
were obscrved when the infection was increased 1o 8%, the highest Jevel
used (Chestnut et al, 1991b). .
i-{lnms grazingon A, cm?uophfaimn-infectcé tall fesuc have very SI_’I‘:_::;‘::
symptems, particularly reproductive and neuroendosnnc Cfft:’i:&’ ko
symptoms are, as in cattle, related to toxicity induced Wy e7E0L alkalol Sh .
can be prevented by the daily administration of perpenazine, a synt {'3;:‘5
dopamine antagonist (Ireland et al, 1989). There hasbeen no report 12; rcs
gangrenous aspect, fescue foot, occurring in horses. Toe endophyte s
circulating progesterone and prolactin levels in brood mares which also hav
extended gestation periods, retained, mineralized andlh}Ckcmd placentas,
agalactia, and deliver foals that are dysmature, weak, crstillborn (Monroe ¢t

al, 1992 Putnam et al., 1991; McCann et al,, 1992). These symptoms are,

as in catile, related to toxicity induced by ergot alkaloids and can be
prevented by the daily administration of perphenazine,2 synthetic dopamine
antagonist {Porter and Thompson, 1992). ) -
Sheep grazing on Acrentonium-infected tal) fescue Bave lower circulating
prolactin, cholesteral, and as much as a 59% reductian 0 milk prpducmn
{(Henson et al, 1987; Bonu 2t ol, 1988), Ewes have toweresd conception rmcs[;
but unlike sheep grazed on perennial ryegrass, the growih rate and fee
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intake art not reduced {Bond 2t al, 1984; Buind st al, 1988)

{1?remoaia{;z Toxicity: Perennial Ryegrass T ity from perennial X
in c;:ted with A. lolii affects mainly sheep (Ku @5, 1973; Byford 1‘}‘;’%}%{;““‘
catile, horses, and deer also are affected (Byio. 5, 1979). This ;iiscasg isu}
%zrg}“:mgutar disorder anq 1s referred to as ryeqwcass staggers {Keogh, 1973 ;1
e ; 1?; e;’toiccu:i{s sparadically and primarily in New Zealand and S(;uthe:r;
inductdt; . s 1stina fmmhshe gross staggeni (tetany) disease which 5
sheep de viia magnesiom deficiency. It has been shown experimentally thiy
o e past ti)!” :ﬁr?ggi n::f gcsgasztgggers wfi:iz‘rt 710 14 d of being placed
: ’ ) - As 15 true of (i symbiotic tall fescue, the
) m?;gim; ;tpfgzip § m};::éfei‘:dfi ina varicg of symptoms, including s:;em
¢ f lodding, trembling of the neck and shou
f;aouictiis, r:;;;ylgg while standing, staggering, and a stilted gait with mlijﬁg
prodded (Keogth, 1973). Similar tetanic spasms are observed in cttie

azin i . i

g_rnmgg pe:;n:ﬂa;l Tye grass; however, they may either collapse or assume g
: pas ! excited  These severe symptoms are associated with th
evel of endophyte {Hannah et al., o

: 1990}, increased amo :

. 3 unts of dead Hasal
; ;y? ;r)mt% ::;1 Tycgrass stands, slow plamt growth rate, or aovergrazing (K:ee.szg
accnu‘m o fe s a 2-10% loss of animals to ryegrass stagzers which gar:
S av; r‘?:; ;c;x;; hﬁy of the 1otal profits.  Subclinical effects include
(Stilham 21 a1 By weight gains, depressed prolactin blood levels in Lwes

1982; Fletcher and Barrel
levels in rams (Henson et at., 1987), rrel, 1984), and reduced testesternne

iﬁg}:p?ﬁ;:;i B‘aﬁ;nm txicity  The Balansia species are mainly associated
indropoen Aaz: rangeland grass specigs, €.g., species of Sporobohes,
Detaogon 4 £ o;:zg Clamogrosus, Chlorls, Eragrostis, and Panicum,
not bean o dS o thcsr:fff:cts 0n grass quality and cattle performance have
Skaliy mﬁ;; ucred.  Since the balansioid endophytes produce ergot
e im;b?r ;o those produced by the acremonioid endophytes (Porter
19873' oS ;ﬁ,r ortey et al., 1981; Ejyons et al, 1986; Rowan and Shaw,
bk ,(Witlefs :?;a:;d% ?o::}i?,cs ng aczag zridgraéing animals should be the
» i Berde and Sc ild, 1978) . Indeed, erpotism i
g};;i:ceha;mb;‘t‘:rrz rgparml N animals consuming Balwuiz:winiéctcﬁ gr;:s:;
culture’ m{ii:x mo 1?:;:'&, 1934; fiia:]cy, 1903). Experimental feeding of the
concentrum io ome species, B cpichlve, reduced total prolactn
s o eons it a;:‘tatm }E{{;»lszﬁm cows (Wallner et al,, 1983). Also, there
ot o epase nm t_!c nﬁlk-xngiuccﬁi rise in serom prolactin, although there
only the oo n:a k ‘pmducuon {Wallner et al,, 1983). This work was non
ok mmmmes:b&a&; that serum prolactin concentration was affecied in
P £ & symbiotic grass but it aiso established that the erpor
s produced by the fungus were the active toxins, )

iy

Toxins . swociated with Symbiotic € risses
¥

The variety of delensive compeinds (Table 2) found within symbiotic
individuuls of a popubituon of endo. hyte-infected forage grasses will vary
because f the process of natural scicction under herbivery.  Long-werm
hesbivory, and specific types of herbivery (insect or mammalian), will lead to
sub-populations of 1oxic grasses, eac': chemically defined and based on its
specific mixture of deterring and tox): compounds. Siece most endophyles
are matermally transmitied, seed-sown pastures will reflect this diversity. This
may serve (0 confound any poiential cattle toxicities initially, but as cattle
grazing within a location continues, th: seed of roxic and detetTing individual
plants will be consumed the least, resuiting in these individuals self-sceding.
producing more of the toxic types.

The time required for the establishment of a pepulation high n
symbiotic individuals toxic to cattle may involve years. In areas where there
are no pressures from herbivory, there should be a mixture of ccotypes,
jnciuding individuals totally devoid of insect and mammalien toxins.
Therefore, in experiments of short duration, it is imponant when studies of
specific deterring or toxic mechanisms of symbiota are being conducted to
consider this, and to define and use appropriate pastures. The: major groups
of toxins chemically identified with antiquality factors of symbiotic forage
grasses are the ergot alkaloids and tremorgenic neurotaxins and these may
be monitored 10 determine the percent disiribution within a Jocation.

The degree of chemical expression by the fungal mutualist depends not

only on the biochemical competence of the fungus (Bacom et al, 1975;
Bacon, 1988), but also upon the genotype of each plant (Hill et al., 1991b}).
‘The environmemal factors of soil N {Gaynor and Huny, 1983; Arechavaleta
et al., 1989; Lyons et al, 1950b) and moisture (Arechavaleta et al., 1991) also
interact to affect the accumulation of ergot alkaloids. Further, there is a
fungus-grass penotype interaction since ergovaline content of one genotype
of symbiotic tall fescue increases with increased leaf area while this
retationship is rot observed in other genotypes (Hill ecal, 1990). This raises
the jssue as to whether the controlling mechanism s associated with the
plant, the endophyte, or an interaction between the wo, By insening
endophytes into 2 common tall fescue genotype and by conducting genctic
studies between high- and low-ergovaline producing symbiotic plant genotypes
(Johnson =1 al, 1986; Agee and Hill, 1991}, it has been documented that at
least the plant can regulate the expression of ergovaline production by the
endophyte. In this repard, reguiation may weli reflect the individual variation
of toxic precursors and primary metabolites released i the apoplasm from
the plant. The spoplasm is the source of nutrients which are wilized by the
fungi for growth and synthesis of secondary meabolites, many of which are
taxic.

Ergot alkaloids  The ergot alkaloids (Table 2) have been shown 1o be
produced directly by the fungus as in wll fescue endophyte (Yates et al,
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1985; Lyons ¢t al, 1986} and the balarsioid enduphytes (Bace 't et al,, 19861,
of indirectly in the case of perennial ryegrass since they are isolated only
from symbiotic grasses (Rowan et al,, 1986).

The ergot alkaloids found in symbiotic grasses consist of both the
ergopeptine and clavime ypes (Parter e al, 1979b; Porter et al, 1981; Yates
et al., 1985; Lyons et al, 1986). These two groups differ from cach other in
the presence (ergopepride bond) or absence (clavine) of a peptide bond and
attached amino acids. Thers is considerable controversy over the biological
activity of each ergot alkaloid, but it is generally agreed that the ergopeptine
alkaloids are more active than the clavine alkaloids.

The predominant engot alkaloids found in the Balansia-infected grasses
are of the clavine types, while the ergopeptide ergot alkaloids are found as
the dominant ergot alkaleid in the Acremonium-infecied grasses (Table 2).
Both types of ergot alkslnids are biosynthetically derived from the same
precursors, usually the smple clavine alkaloids (Floss, 1976), and there are
biotypes of endophytes which reflect this varistion (Bacon, 1988). Ergot
alkaloids vary in concensation from 0.01 16 3.0 ug/p of plant (dry weight)
(Gallager et al, 1984 Yawes et al, 1985; Lyons et al, 1986) whose
concentrations depend omibe season, and the in planfa physiological status
(Bacon, 1988; Belesky e1al, 1988), and grass-fungus interaction (Hill e1 al.,
1991b; Agee and Hill, i9%). Livestock toxicity and possible mechanisms of
action resulting from comuming toxic forages and specific ergoc alkaloids
have been reported im ealier reviews (Yates, 1983; Hemken e al, 1984
Poster and Thompson, 1992) and will not be repeated here.

Tremorgenic toxins  “The tremorgenic peurstoxins, commonty called the
lolitrems, have been isoimed only from the perenmial ryegrass symbiotum.
This group of toxins is apgarently absent in symbiotic tall fescue and has not
beer examined for in the Bafonsia-infecied grasses. This class of compounds
iz considered responsible for ryeprass staggers of sheep (Gallagher et al,
1982; Galtagher et ak, 1984), and consists of four biologically active
compounds, all containmg 2 compiex indole isoprenoid ring system
{Gallagher et al,, 1984). The major lotiteem is lolitrem B which ranges from
3 1 25 ugfg dry wedghe in perennial ryegrass herbage, and a smalier
concentration also owers in ryegrass seed {Gallagher et al, 1987 The
lotitrems, unlike the exgoealkaloids, have not been isolated from cultures of
the fungus A. Joli, an its indole isoprenoid precursor, paxilline, has,
indicating that it is symthesized by the fungus in culture {Christopher and
Mantle, 1987; Weedon and Mantle, 1987). In addition 1o finding paxilline in
fungus cultures, it has beee detecied in ryegrass seed (Weedon and Mantle,
1987}, Thus, it is wnkmosn if the (unges only produces paxiliine which is
converted o the lolikrems by the plant, or i under culture or other
conditions, there is an &ncempleie synthesic by the fungus. The latter mipht
be the case, as other Bungs can make remorgenic neurcloxins, structugally
related to the loliremns, imcolture {Lanigan et al, 197} and otherwise (di
Manna et al, 1976}, whih suggests that the A. fofii might be capable of
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syr r:sizing the {iitem moleculc in vivo but not in dro,

Mi:+Haneous toxins There are 1 variety of chemicaly diverse composinds
(Tzlis 2) in symbicie geasses wiich, as indicated abive, were possibly one
of ti: driving forces in evolution *hat led o the succersfal establishmeant of
the associations. Wih the exception of the ¢lass of exgou alkaloids, thepe is
prescitly no identified consistent and specific chemicd which would suggest
that ilicre are other evolutionary biochemical relatiorships within the twa
broad types of symbiota.

The loline atkaloids are pyrrolizidine bases thatare found in the tall
fescue symbiotum in conesntrations as high as 0.8% ofthee dry weight of tatl
fescue plants (Bush et al, 1982). These alkaloids hwve not been isobated
from cultures of the fungus, and the production of simiar pyrrolizidine bases
by higher plams in peneral (McLean, 1970) imply thatthey may be products
of the plant responding to infection from the endophye. “This implication is
strengthened by the report of Belesky ¢t al. (1987b), wiich indicates that the
concentration of loline alkalowds refiects the extent of infection within the
population. A limited number of studies supgests that tie koline alkaloids are
ooly mildly toxic (Bush 2t al,, 1979; Strahan et al., 1988; Eichenseer ex al,
1991} especially when that toxicity is compared wifh that of the usual
pyrrolizidine alkatokis (McLean, 1970} Tweo of the forms presemt in
symbiotic tall fescue, N-acetyl and N-formy! lolines, are mnsidered more toxic
than the other forms reponed in this grass. However, tese compounds may
act synergistically or potentiate the attivity of other txing in symbiotic wll
fescue, as suggested from their effects on insect herhivory (Siegel et al,
1991} ,

Other compounds reported in symbiotic grasses which may impose
toxicity problems to livestock include 3-indoie acetic acid, indole ethanol and
related simple indoles (Porter et al, 1978), peramine (Rowan et al, 1986),
the tetraenone steroid (Porter et al, 1975), the ergoserols (Davis ¢t al,
1986), phenolic acid derivatives (Koshino et al,, 1988}, and sesquiterpenes
{Yshihara et al, 1985), The effects of some of these oo insects, laboratory
animals, and fungi suggest toxicity (Vshihara et al,, 198%; Davis et al,, 1985;
Dowd ot al., 1983), while the toxicities of athers have oot been established.

FART IE. MYCOTOXINS IN GRASSES FROM
NONENDOPHYTIC FUNGI

Nomendophytic {nonmutualistic] fungi produce a wide diversity of
mycotoxins {Cole and Cox, 1981) on many different substrates. Howewver, the
major focus of research on these toxins has  been conducied on food
commadities, although some emphasis has been placed ox mixed animal feed.
Thus, a complete listing of the presence or absence of mycotogicoses, and
(or) woxins oceurring naturally on forage grasses is unavalabie. The following
discussion is based on information from the literature which indicates that the
occurrence of a specific fungus taxon is found on grasses, although in coriain
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Tabke 4. Mycotonins produced by soacncophyue fungi on of assocuied wih growany of
dricd forage prusses.

Animuals
Speeies Myeoloxing wilecied Futuge type
Aspesgifing: Fumigsclavines, Caue ilay, grass
A. fumigans fumigaliin, femgatin, {iicr
- fumittiaing, ghotom,
fumaremorgens,
vertucuiogen,
ririditonin,
wypioquivalincs, and
spinulosin
A, wrray Chtrovirdin, citrinia, Cattle Hay, icaves,
gliowoxia, patelin, siefns
wrreic acid,
izerelonin, terriaems,
cytochalasin E, and
terrdicant .
Claviceps: Ergot alkalokls, and Canle, pig, Seed,
C. purpurea, €. paspalinine sheep, horses  seedhoads,
. pagal, C
cymodontis
Dplodia maydis Diplodiatoxin Canle
Fusarizm: Buienaiice, Catile Decaying
F. spovopichivides, F. poae,  wichothecenes, feaves,
F. equiscutt zearalenone, and kaves
- moniliforme
Miyrotkecian: Yerucarins, and Sheep fleeaying
XM roridun, roriding kaves, 1y
8 iencomichum, M. stubble, hay
veyrucona
Pewiciliicm: . Penitrem A, and Catke Litigr
F. crusrosumn, P. cancsceny,  penitiom B
P janczewski
Phomopsis paspaks Cyrochalssin H Canle Liser
Pikowpces chareram Sporidesmins Sheep Ryeptass
ity
Swachyborrys Eporyuichothecene Horses, pig, Hay, straw
charium {=girm ) {Satextoning) cuitle, sheep

cases the presence of its toxin has been inferred from either livesiock
behavior or demaonstration of toxia produckion in culture by a fungus isolated
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m grasses “fuble 4). | | cver, there are severalivestotk mycotoxicoses
glssmcxaied with forage proe - muny uf which are &considerable economic
dnperance.  ucluided Lovony these are erpotim, paspalum staggers,
:;.tnc:ﬁ%fbmc;)xwmm, fctal ¢ uma and geeldikiop, myrotheciatoxicosis,
fusaniosoxicoses, and toxice: - induced by Penicillium and Aspergillus species.

- Grasses serving as subz.i - 1es for noneadophytidhingi include most of the
maor ljorage: species throy: <ut the world, and thee grasses may become
toxie either duning their puerod of active growth Geld fungi} or while in
storage {storage fungi). Myco xin accumulation gecrs during or after fungal
growth; therefore, the factor. which favor growth mdirectly or directly are
also thqse thut favor mycooxin synihesss.  Myotoxins are secondary
mﬁtab.amss whose  synthesis appeats to depeni on gqualitative and
quaniative autritional factors Juring growth, the geetics of an isolate, and
an interaction with one or morce environmental factos. Detailed discussions
of these factors as well as ot mycotoxicoses op fwage plants other than
grasses are contained in earlier reviews (Ciegler eral,, 197%; Kadis et al,

1971; Kadis-ct al, 1972; Purchase, 1974; Wyllic and Morehouse, 1977 Smith
and Henderson, 1991).

Grass Mycotoxicoses

Ergotism

The genus Claviceps Tulasne is almost excluseely found on grasses
throughout most of the temperate and tropical areas of the world. Species
of Claviceps are field fungi and are phylogenetically rebted to the endophytes
of grasses but differ in the absence of the endophytic habit. This fungus is
a localized ovarian repizcement disease in which the individual ovaries of
ﬁt}reg are usually destroyed by the fungus  The funsus then accupies this
location within the Norets where it intercepis nmriz:ms- sormaily translocated

. 10 the ovary. There is also an indication that the sclerotiom also competes

for nutrients with noninfected florets, reducing the fingk yield of seed direcily
by replacement and by nutrient intervention (Bacox and Lutirelf, 1982).
J{}ur:t}g 1ha§ very brief parasitic phase, the imitial infectie hyphae enlarges to
ten times its initial size, often outweighing (wet weight) normal seed of a
noninfe: k< grass three-fold, The resulting mass of mycelium produced is
referred 10 as a sclerotium. The sclerotivm & the magor location of toxins
rcfcn_-cd o a5 ergot alkaloids. These ergot alkaloids are similar, if not
identical wo thuse produced and described for the Acremonium endophytes.
?‘”}’“’?"‘"- since species of Claviceps are localized 1o the flowering stage
oxicity from this group can occur only by ingesting sclerotia, Leaves and
stems of Claviceps-infected grasses are not toxic,
Al E:; g;mus Claviceps includes 26 species according to Langdon (1954).
Qur more specics have been pamed since this compilation,

- tcreasing this number 0 30 | Walker, 1957 ; Pantidou, 1959, Kulkarni et al.,

1976; Frederickson and Mamle, 1991). Species of Claviceps show ihree

.
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morphofogical kevels of host assiations. The lo _t level resembies the
balansioid endophytes described above, while the 5. 2 advanced type is the
typical dark-colored slongated sclerotinl parasite, sd is typified by C
purpurea {(Fr.) Tul. The intermediate is typified by €. »aspali Stev. and Hall,
and is characterized by straw-golored globose-shaped  dzrota. Most of these
species are associated wilh specific grasses, some of s/iuch are major forage
species and they include: several species of fescue, bermudagrass (CQviodon
daciylon (L.} Pers.), several species of Paspalum L., and 2 varied assortment
of valuable rangetand species of perennial and annual grasses. Claviceps
Ppurpurea is one the most cosmopolitan species, occurring on well over 250
hasts of primarily temperate annual and perennial grasses. Three species (C
nigricans Tul, C grokii Groves, and C junci Adams) are associated only with
the closely related relatives of grasses, the Juncaceae and Cyperaceae. The
species of some grasses have developed physiological races with a wide host
fange; other species have narrow host ranges and also are characterized by
a variable sclerotial size and morphology.

The species of Claviceps show considerable variation refative 1o atkaloid
content and there i no corelation beiween grass host species and the
capacity ta produce ergot alkaloids neither quantitatively nor gualitatively.
Individual sclerotia may or may not contain ergot alkaloids which may reflect
cither a fungal genelic or host and environmental inleraction.  The ergot
alkaloids include many of those produced by the endophytes (Table 2) as well
as several others.

The basic animal disorder of ergotism is usually characterized as
gangrene of the exiremities resuiting from an impsirment of peripheral
circulation by the ergot alkaloids. Other aspects of ergotism inchude
reproductive disfunction, and a nervous syndrome characterized by muscle
tremors and uncoordinated movements when excited.

Paspalum Staggers

The dallisgrasses {Paspalen spp.) are found primarily in the tropicaj
sections of the warld, These grasses are parasitized specifically by C paspaii.
In addition to producing the ergot alkaloids, this species also produces the
tremorgenic substances collectively referred to as the paspalitrems (A, B, and
(), and paspaiinine {Table 4} These substances are produced in the
scleratia; thus, fivestock toxicity results from ingesting infected seed heads.
Ingested seed htads produce a neurological disease called paspalum staggers
i caitle and sheep with chinical signs including tremors, incoordination, and
ataxia. This disease occurs in Australia, laly, New Zealand, Portugal, South
Africa, and the United States. The neuralogical disease s not caused by and
i distinct from sinilar appearing conditions caused by ingesting 2rgot
alkaloids {Mantie ey al, 1977). Paspalum stagger: is caused by one of several
diterpene indole-type compoands referred 10 88 puspalining and paspalitrems,
of which paspalitrem B is the most biologically acuve {Cole et al, 1977,
Gallagher et al, 1930)
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Stachybotrynioxicosis

Stachylotryotoxicoss primarily u Jisease of 3orses, but sheep, poultry,
catt§§, pigs, and mian alse  ay become affected. Apimals show chinical signs
ranging from death to moath necrosis, salivation, adera, and inflammation
of the head. It is caused v the cellulose saprophye Siachyborrys chartarum
{E[treub. and Link} Huges | =5. atra, or §. alteriransy which colonizes straw of
vanious grasses, although it also occurs on hay, andsilage. Thus, this species
should be considered a storage fungus. Sporadic oubreaks of this discase has
been reported in Hungary, France, South Africa, Romania, Russia, Finland,
the United States, and Czechosiovakia and it ocoms primarily in the fall of
the year. The toxins were identified by Epplr (1977) as macrocyclic
trichothecenes, commonly referred to as satramxi:;s F, G, and H.

Facial Eczema amd Geeldilkop

Eoth facial eczema and geeldikkop are types of a pholodermatitis
reaction aggravaied by sunlight and are distinguished from other forms of
photodermatitis diseases in that the liver is damaged by the mycotoxin which
prevents the detoxification of one of the porphyrin pigments formed by
dccempf;siu'en of chlorophyll (Mortimer and Ronaldson, 1983). The two
pgiasenssﬂmiions are caused by toxins from spores of the same fungi but on
d{ffercnt grasses under field conditions. Facial eczema is caused by
Puhqm}*ﬁes <hartanim (Berk. and Curt.) Elfis that colonize accumulated
debris from perennial ryegrass during the aummn with subsequent
sporulation and production of toxins occurring under iow temperatures from
Februaty to May (Smith and Crawley, 1964; Brooks, 1969). Geeldikkop is
associated with P. chartarum growing on debris of species of Panicum,
although this disease is classically associated with tiis fungus on Zribulus
femrestris L., an annuat herb. It is considered that the host plants contribute
to the i?asic differences of the wo diseases. The identity of the mycotoxin in
both discases has been established as sporidesmin, a diketopiperazine.
Almost all the 1oxin’is contained within the spores whith is taken in by
livestock consuming Pithomyces-infected pasture litter. The major distinction
f:w:rwccn the twe diseases is the degree of liver pathology which in geeldikkoy
i characterized by crystalloid substances in bile ducss {Coetzer et at., 1985).
Facial eczema occurs muainly in sheep, although camle and deer also are
affected, Geeldikkop has been reported only in sheep and occurs maijnly in
South Africa (Coetzer «t al, 1985) ang southwestern United States (Sperry
etal, 1933; Taber et al, 196%) where it occurs on Paicum species. On this
lanier grass species the mycotosicoses then is referred 10 as dikoor.
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Myriotheciotoxicosis

Two feld fung of the genus Myrodhecisent Kunze ex Fries, M. ronidum
and M. werrucang, ate associnied with grasses, primarily perennial ryegrass,
where they produce the toxic trichothecenes reriding {rondin A, D, E, and
H) and werrecaring (Verrucarin A, B, and J) {Vertinskii e1 al, 1967, di
Menna et al,, 1973} These toxins were considered aptibiotics by those who
first isolated and determined their shemical structures {Brian e al, 1948,
Harri et al.,, 1562). Both the roriding and the verrucaring are acutely toxie to
a wide range of animals when administered orally, and can cawse severe
dermatitis if applied topically. These toxe fungi occur workd wide in soll and
are commonly found on the leaves of pasture grasses (di Menna et al,, 1973).
There is considerable variation in the abidity of isolates to produce these
mycotoxins and there are considerable toxicological variations that each
isolate produces in experimental animals.  Myrotheciowaxicasis is very similar
to poisosing of cattle by kikuyu grass (Permniserum clandesinm 1)
{Martinovich et al.,, 1972) which suggests that the etiologic agent of this toxin
is also a species of Myrathecium. Information on the patural outbreaks of this
1oxicoses are limited 1o New Zealand {(di Menna et al, 1973; Mortimer gt al,
1971). However, the widespread occurrence of these fungi, the ease with
which it can colonize dead grass residues, and the potency of their toxins
suggest that this tmon @n play an important role in deteriorating the quality
of prasses.

Fusariotexicoses

The genus Fusarium Link consists of several species that produce toxing
on grasses. Of the fme most imporwnt toxigenic species (Marasas et al,
1984), three are considered impartant producers of woxins in pastures. These
species are F. sporatahioides Sherb., £ poac (Peck) Wollenw., and F.
equisetii (Corda) Gordas. All three are cosmopolitan saprophytes that occur
in soils and in grass debeis. They are distributed from temperate o tropical
and subtropical areas & the world. OF the three, £ sporotrichivides appears
o be restricted © emperate and cold areas (Marasas et al, 1984}, The
toxins from these spenis produce problems in cattle, pigs, and horses.

The compilation o the fusariotoxins (Table 4) by the three Fusarin
species of grasses indkates considerable diversity in chemical structure, yet
these toxins o their madifications all are produced by the three taxons.
Thus, the reason for cmmbining the three species into one livestock disease
complex as fusariotaxkises. However, this presents a problem of actually
assigning the correct fmepus to the woxin and Lvestock disease. Appropriste
identification can be achieved by isolating and identifying the fungus,
although this too mightpresent even yreater problems since the wentification
of these fungi is difficak For 2 more definitive description of these fungi and
their toadcology the wark of Murasus et al. (1984] should be consulted. A
fourth speeies of the e, F. mouitiforme, might become impartan, especially
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in the wopical a4 5 of the woinl if the extent of a smple report of finding
ane of its loxins. vinonisin By 1 o grass sample is aroborated 1o include
other pastore ae0 5 of the world {Mirecha et al, 192} Fumonisin B, is
caycitgenic am onsidered responsble for swins  pulmonary edema,
Jev epeephaion . sia in borses {Bezuidenhout et al, 1988; Marasas et al.,
1985 Colven and | arrison, 1992}, This mycotoxin is wually produced by this
specizs OR corn aiil corn products. This fungus also groduces several other

toxins {Bacon and Williomson, [992), as well as ather unkpown ioxins
{Marasas e1 sl 1984)

Pepicilfium Toxicuses

The genus Peniciflium Link consists of a large assortment of species
found growing on & wide vuriety of food, feed, and plam residues. Members
of this species, like those of the Fusariam, also are @heult to identify and
several species have been reduced o syponymy. Thos, i1 s very difficult 10
correctly associaie a known animal toxicoses with 2 specific Penicillium
species with certainly. This large genus produce a wife wariety of 1oxins but
an forage grasses the aumber is greatly eeduced. Table 4 Hsis three species
and their major toxins isolated from prasses. These metabolites are
neurotoxins and cattle wxicities from ingesting prasses infected with these
species or their toxin have been reported {Gallagher €1 al, 1980; Wilson 21
al, 193%; di Menna and Mantle, 1978). The woxidty signs of lvestock
ingesting these toxing on grasses resemble those of ether tremorgenic and
staggers syndromes mentionad above, Indeed, isolation of the toxin might be
necessaty before a correct euplogic agent can be dentified.  Other
tremorgenic toxins produced by these species are paxilfine, verruculogen,
verucosidin, and the janthitrems {Ciegler and Pitt, 13705, Documemation
that these toxins are related to field casss of livestock wxcity is sporadic or
lacking. Since P. crustosim Thom is very cosmopolitas and most isolates of
it produce penitrem A (Pin, 1979a), it smight be the mapr species of concern
for livestock 1oxicity from Penicilfium-infected grasses.

Aspergiftuy Toxicoses

The genus Asperpillus Micheli was erected {o destribe those fungi that
produce spores in chains which originate from a spore-bearing structure
called a head. Fungi in this genus are primarily saprophytic and have the
ability Lo grow on many ditferent substrates under a ramge of environmental

- conditions (Pitt, 1979b). Two species, 4. fimigatus Fresenius and 4. terrews

Thom, have been associated with livestock perfornance problems on
wspergitli-infecied grasses. However, the significance aad natural frequency
of occerrence of problems in livestock from these twa aspergilli on grasses
have not been well documented. Nevertheless, among the substrates which
favor the growth of these Aspergilfes species is decaying plant material, e.g
grasses. Further, both fungi are soil-borne and frequest colonizers of siloge
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and hay. The important toxic asper:illi are Bisted in Table 4, and these toxing
are 'main}y tremorgenie toxins.  The important toxips nclude the
fumitremagens A, B, and C produced by A. fusrr. | vus (Yamazidi et al, 1971
Cole et al,, 1977), and the territrems A, B, ana C produced by A, terreus
{Styne and Vieggaar, 1985). Other tozins produced by A, fion: satus inchude
the clavime alkaloids fumigactavines A and C, and the ergat alkaloids
agroclavine, erymoclivine, festuclaving, and chanoclavine (Yiinazaki et al,,
1“3’?1), Both fungi are cosmopelitan and are frequent colonizers of hay,
s;iagc, and grass liner, especially under damp conditions {Cole et al, 1977).
Toxicoses in livestock caused by A, fumigaues on grasses include abortions,
tremors, and ncurotoxicosis (Wilson et al, 1981), and liver und kidney
damage (Thornton et al, 1968). Deaths and a protein deficiency syndrome
also were attributed 10 A. fumigaties {Cole et al, 1977).

In ad-dition to these two genera of aspergilli, an osmiophilic toxic species
A, chevalieri (Mangin) Thom & Church is also found on several types of hay
(Forgacs and Carll, 1962). Isolates of this species have been shown to
produce physcion and other toxic anthraquinones (Bachmann et al, 1979).
However, this axon is not considered a s¢rious problem since {ts toxins are
not effective when they are administered orally,

SUMMARY

Several forage and rangeland grass species either formed a completely
compatible association with a group of closely related fungi which are
referred ta collectively as endophytes, or they served as hosts o pathogenic
or saprophytic fungal species. In both types of fungi, mycotoxins aceumulate
in forage and rangekind grasses. Mycotoxins are extrinsic antiquality factors
in grass species. Mycotoxin accumulation oceurs after and during fungal
growth which may take place either during the growth phase of grasses or
w.hcn grasses have been processed into hay or undergoing natural decay.
Since mycotoxins are secondary rither than primary metabolites, their
synthesis depends on qualitative and guantitative nutrilional factors during
and after growth, 1the genetic potential of the isolate, and an interaction with
ont or more environmental factors. These factors affect the accumulation
pattern of toxins from both endophytic and nonendophytic fung on grasses.

Control of the nonendophyte should be directed towards the removal of
the fungus or conditions responsible for mycotoxin accumulation. Comtrol of
cndqphy;m i« complex.  Control measures designed to prevent the growth
of either endophytic or nonendophytic fungi must consider the specific
ecological niche of a fupgus,  Successful prevention of myeotoxin
actumulation implies not only 2 safe grazing product but also that all the
agronomic aspects of foroge quality have pot been affected. Since
endophytes increase the agronomic performance of prusses, eg, by
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preventi,. <wergrazing tad increased resstolerance they must be controbied
differenti (rom sapro-ivtic and patho renic fungal species,

Symi - sic associz: .ns of fungul endophytes with several grasses are
defensive utualisms.  The consequence of this type of symbiosis is the
production of a variety of chemical, candomly distributed among forage
grasses which are defvosive chemicals to grazing ungolates, lagomorphs,
rodents, zs well as insects and several other invertebrates. While not all
antiquality components irave been analyzed in symbiotic grasses, thase that
have appedr to serve both as deterrents and 10xns and are considered to be
affected by severa! physical environmentai factors. Current concepts suggest
that symbiotic grasses are natural deterrences to destructive grazing of forage
and rangetand grasses.  Additionally, drought tolerance, N efficiency,
ificfeased rooting and herbage yield also are annbuted 10 this sytnbiotic
association. However, relative 10 livestock farming, symbiotic grasses are
egregious, and pose serious economic threats to grazing livestock. These
economically important concerns include reduced repioductive efficiency,
reduced weight gains, and often death of grazing livestock. The removal of
mutualistic fungi from grasses may relieve one specific class of antiquality
factors, mycotoxins, but the agronomic propertics of the grass may be
considerably impaired. This enigma can be solved by a recognition of the
gvolutionary significance of the mutualistic association, then genetically
defining and partitioning desirable traits into single components, along with
a concerted grass breeding effort designed at incorporating desirable penetic
components into ponsymbiotic individuals and, il necessary, molecular
modification of the desired forage if only by, for example, using transformed
endophytes (Murray et al., 1992; Tsai et al., 1992}
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APPENDIX I. TOXICITY IN BRACHIARIA

Summary statement

A number of researchers in Africa, SE Asia and tropical America have reported cases
of toxicity (i.e. joundice, photosensitization, liver damage) 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 the
years, despite a [avourable initial establishment of approximately 80-100 plants m™*.
The plant count declined with time. It is most likely that the pattern of autumn and
spting rainfall determined flowering and seed set and subsequent regeneration of the
clover. The rainfall pattern over the 5 years was such that only minimal flowering and
seeding occurred. Often the germinating rains were too late to permit flowering before
the scorching summer heat. Sufficient seed must have been produced and/or there was
sufficient bard seed carry-over in the drought season of 1982 to establish a nucleus
colony in the following season.

Since clustered clover acts as an annual in south-east Queensiand. a build up of
seed is n prerequisite for regeneration and thickening of the stand. No evidence was
obtained to suggest that poor persistence of the nodule bacteria was responsible for the
slow build up of the clover stand. The dominant factor, therefore, appears to be the
guantity and timing of the germinating rains which need to be adequate in either
April/May or August/September to permit timely flowering and seeding in the cooler
months of the growing season. This applied particularly in 1978 when seed was sown
too late to gain advantage from good autumn and winter rain. Seed reserves may nate
been reduced also by “false strikes” in cool wet periods during summer because the
young seedlings may not survive subsequent periods of high temperatures, Seedling
mortality was seen in the district, particularly in January [97¢ w20 o
inspected at that time.

Perbaps our initial seeding rate was below the threshold level for such a rigorous
environment, Further investigations should examine whether speedier establishment
may result [rom heavier seeding rates and/or resowing after an unsatisfertorefi-tonr
seed setting.

Another limitation to seed build up may have been our failure o apply
maintenance fertilizer and thereby promoting heavier seeding when climatic
conditions were favourable.

ACKNOWLEDGEMENTS

We acknowledge the interest and assistance given by Messrs J. & G. Smith of
“Alum Rock™ on whose property the experiment was done.

REFERENUES

frocxkwitr, 1. ScpwivinamEr, £, AL zod Oault, B R, (1977~ FBoological siudies of roolnodule baciera iniroduced inio fie’d
envirgmments 5 A critical sxaminution of the stability et antigenic and sireptomyain-resisiange markers tor idennfication of Razebum
arfoin Sod Bology Rivchemestey 91 19-24,

(unaan, W F and Brockwied, 1 (1968)- -Ecolopival studies of rost-nodule bacienn introduged into flehd envirenmems—b A survey ol fie'd
performance of clover inoculants by gel immune dilusion serology. fusreafian Journal af Agewnhivral Besearch 19 739-747

Reminson, A, C (19671 -The inDuence of host soil amd rhizozphere populations of clover and lugtene root nodule bacieria in the feld frr
tir Austrabian Instinde of Agricuitirnd Science 33 207-9.

Swann, | F{1772)--Swunthorpe Shire Hundbook, Department of Primary Indusines, Srisbane,

{Accepled for publication July 17, 1985)

TECHNICAL NOTE

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

B. A, Oprasina
International Livestock Centre for Africa (ILCAY, ¢/o HTA, P.M.B. 5320, Ibadan, Nigeria

ABSTRACT

In a dry season grazing trial with Brachiaria decumbens cv, Basilisk ar Ibadan in
southwest Nigeria, 14 from a group of 36 West African Dwarf sheep, and I from a group
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of 16 goats, died. The main clinical and posi-mortem findings were signs of
*!!9:’05@1!531‘1 zatfon and jaundlee. Further investigation of the effect of the grass on
nmnumn production in Nigeria would be required.

INTRODUCTION

Photosensitization has been observed among caitle and sheep grazed on
Brachiaria decumbens, especially in South America (Andrade eral. 1978; Oliverraeral.
1979; CIAT 1980). It has not been reported amongst sheep and goats in Nigeria. In this
paper. the author reports clinical and post-mortem findings in West African Dwarf
sheep and goats grazed on pastures of B. decumbens in southwest Migeria.

MATERIALS AND METHODS

Between late December 1981 and April 1982, 36 sheep (2 males and 34 females)
and 16 female goats aged 6 to |5 months were grazed on pure pastures of B. decumbens
cv, Basilisk, established in June 1981 on the JLCA farm at Ibadan in southwest
Nigeria, The pastwc was established from seed imported from Australia. The animals,
savamm bc§t in the souihwesl were given prophylactic measures against Peste des
Petits Ruwminants (PPR) and enterotoxaemia. They were also dewormed, treated
against bicod protozoa, and dipped against ectoparasites.

Three groups of sheep, containing approximately equal numbers, were grazed on
pastures of B. decimbens located in dillerent paddocks, whilst the fourth grous was fed
indoors (zero-grazed}. Animals were allowed to roam in the open run attached to the
sh 12 The 16 goats were grazed separately from the sheep on pasture of B, decumbens.
All animals were provided with mineral salt licks and fresh drinkipng water.

RESULTS

Penlays alicr the animals were introduced to the B, decumbens pastures, 58.3% of
the s*wep in the 4 paddocks showed some of the following symptoms: yel low
exicuration of the conjunctivae (38.9%) (sign of jaundice), conjunctivitis and bilateral
corneal opacuy (8.3%), exudatzvc dermatitis with facial and body alopecia (27.8%),
ataxia (13.9%), and paralysis of forelegs (8.3%) (Table 1).

Corneal opacily, exudative dermatitis, and paralysis were absent amongst the
zare-grazed animals. Sheep in this paddock were relatively unexposed to sunshine as

ey were fed indoors. Exudative dermatitis, the overt sign of photosensitization, later

TABLE |
Main sympioms observed among sheep in different paddocks of Brachiaria decumbens
Paddock
Symptoms Pasture ~ Fed Total
. grazed indoors observation
{ 1 i v n “

Yellow colouration of conjuncswac

{jpundice) 3 4 3 2 14 189
Conjunctivitis and cornea! opacity 2 i — — 3 g3
Exvdative dermatitis (including facial .

and body alopecia) 5 3 2 e 10 278
Ataxia - | 2 2 5 119
Paralysis (forelegs) - I i i e 3 8.3
\le showing sympioms 10 5 4 2 21
% showing symptoms » 100 55.8 44 4 2590 58.3
No. in each paddock 10 9 4 8 36 100
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developed into longitudinal facial, spinal and leg alopecia in most cases. Alopecia of
the periorbital area and roots of the ears were also observed in some of the animals.

Of the 16 goats exposed to the pasture, only 1 manifested toxicity symptoms,
which appeared as periorbital alopecia, and yellow colouration of all the external
mucous membranes (eyes, mouth and vulvovaginal area).

Amongst the sheep showing symptoms, the mean rectal temperature was 38.7 +
0.7°C and mean packed red cell volume (PCV} was 26.2 + 4.7%,. The only goat
showing symptoms had a temperature of 38.8°C and the PCV 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 {rom the zcro-
grazing group (Table 2).

TABLE 2 :
Post-mortem findings among sheep in different paddocks of Brachiaria decumbens 1
3
Paddock Total altection :
- {
o Pasture Fed L " i
Findings grazed indoors n of ol i
Affected Total
I 11 A1l v animals  animals 1
Dehydration p 3 2 — 7 333 ey
Yellow eolouration of organs
and tissues 5 4 3 2 14 60.7 KLY
Fuatly liver 3 4 2 2 11 524 0.6
No, of sheep dead 3 5 4 2 14
2 death of total showing
symptoms 30 100 180 100 6.6
v death of total sheep 30 556 444 250 W

The gross patholegical findings at post-mortem examination were gen=r:!sul
yellow colouration of organs and tissues (66.7%), fatty livers (52.43)). and dehydration
(33.3%7). The zero-grazed animals did not appear to be dehydrated. The only goat |
affected died showing marked generalised yellow colouration of the organs and tissues, |
fatty liver, and enlargement of the gall bladder. :

DISCUSSION

The cause of the photosensitization jaundice syndrome is not known. Andrade ¢t
al. (1978) reported Pithomyces chartarum, a fungus cultured from pastures ol B,
decumbens, as the agent causing photosensitization among cattle and sheep exposed 1o
the pasture. Fungal culture from B. decumbens pastures in this siudy did not yield P.
chartarum, but yielded Fusarium monilifornme, another saprophytic fungus. Dosing
sheep with F. moniliforme at a rate of 40 mg kg™ ! body weight daily for 3 weeks failed 1o
elicit the photosensitization jaundice syndrome observed under grazing conditisns

Neither exogenous nor endogenous sources of poisoning were observed in ne
pastures, although some of the symptoms resembled those of chronic copper poisoning

obscrved by Edelsten (1980) umong s government sheep floek al Mgrgu?a‘, iu
northenstern Nigeria. The only suspeeied source of poisoning wus through the'salt lie

supplementation. but the same salt lick blocks were supplied to other sheep and goats |
grazed on Panicum maximum on the same station with no untoward eftects.

- In this observation, neither bacterial nor protozoal infections were reported from |
blood and tissues submitted to the laboratory. Clinically, the animals did not show
fever or anaemia and the mean packed cell volumes (PCV) were normal (Oduye 1976).

Since the syndrome observed was common to the animals in different paddocks.
the causative agent is presumed to be associated with B, decumbens itself. Among the |
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list of plants documented as the cause of photosensitization in domestic animals is a
different species, Brachiaria brizantha (Clarke and Clarke 1975). In the trials reported
here. with Brachiaria decumbens, photosensitization and jaundice were the main
‘catures. However, in Nigeria, these symptoms have not been reported tn cattle.
Although Brachiaria decumbens has been demonstrated to be the most promising grass
in pure swards in northern Nigeria (Foster and Mundy 1961), further investigation
would be required of its effects on cattle, sheep and goats,
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PROCEEDINGS
PERTILIZERS FOR PASTURES—THEIR USE OR ABUSE

Canungra Field Meeting, May 10, 1985

The first field day of the Tropical Grasslands Society in 1985 was held on 10th
rMay on the property of Mr., and Mrs. H. G. Benstead at Canungra. Talks were
presented on the theme “Fertilizers for Pastures—their use or abuse™ by various
speakers, and then followed an inspection of irrigated river flats which had
ryegrass/clover pastures oversown into kikuyu. These pastures had been treated with
Roundup while one area was also deep ripped to alleviate soil compaction. Another
area had been fertilized with nitrogen and sulphur, while another had received only
nitrogen to demonstrate the sulphur problem on the farm.

INTRODUCTION-—NEED FOR NUTRIENTS

B. WALKER

Department of Primury Indusiries, Brisbune

Twenty-five years or more of work has gone into fertilizer research for tropical
pastures by CSIRQ, DPI, Queensland University and commercial firms. By this time,
we should have solved many of the problems, but unfortunately there is still a lot
unknown and a lot of problems remain to be solved.

What has highlighted the concern about fertilizer use is that, of the 3.7 million
hectares of improved gasmra in Queensland (of which | million ha are legume/grass
pastures), only 150 000 ha of this are being fertilized. This represents less than 109 of
the total acreage.
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DELETERIOUS EFFECTS OF BRACHIARIA DECUMBENS
{SIGNAL GRASS) ON RUMINANTS

. ADBAS MAZNI and H. SHARIF
RINGKASAN

" Shedeoin penyskit kuning dan sensitif kepada eabayve adalah kesan daripada kerazunan hati pads
ernakar reatingn, Keracunan hati iné berlske apabiia ternnkan banya diberi maken rumpat Brachiaria
decimbens. Ciri-ciri penyakit ini islab kerosaken hati don seterusnya penurunan berat budas, penyskit
kuning, sensitii kep: da cahaya dan kematian. Kejadian penyukit ini pada lembu dan biri-biri dilsporkan
berlaku di Colombia dan Brazil, Amerika Selatan, sememtara +f Mataysia penyakit ini ditsporkan hanys
pada kambing dan biri-bith. Kesan keracunan pada kambing dan biri-biti adalah tinggi hingge
menyetmbkan kadar kematian mencapai 50% sementara kesan pada lembu di paringkat klinikal hanya
setinggi 4.7 peratus. Sclalunya in berlaku pada lembu yang berumur antara seenbilan hingga 24 belam,
Terdupat jugs keoracunan di peringkat subklinikal yang menychobkan lembu kurus, Walaupun prinsip
keragunan yang sebenar masib belum diketahwui, gombaran mengennt poayukit fni adalsh semakin jelas.

Kerias kerja ini mctaporkan kejadian dan penyclidikan yang dijalonkan mengenai sindrom
penyakit kuning dan sensitif kepada cahaya yang dischabkan oleh keracunan hati berhubung dengan
peniberian tumput 8. decumbens sepenuhnya, Tanda-tands penyakit, kejian' patologi klinikal,
postmotiom dan histopatologi dibincangkan,

INTRODUCTION

The rearing of sheep and goals especially on small farmhoidings in tropical and
subtropical countries plays an important role in the production of meat. There is considerable
potential in increasing the production of meat of these animals. Research on the nuirition and
management of these aninmals is actively being carried out on large farms and among
smaoltholders in Malaysia to increase the efficiency and productivity of these animals.

Availability of suitable pasture B a prerequisite towards achieving this goal. Brachiaria
decanmbens (Signal grass) which showed 1o be of agronomic potential as a pasturc grass
{WaonaG, 1980 has beén extensiveiy planted in all the livestock farms in Malaysia. It is one of
the most productive and nutritive pastures for cattle in Colombia [TerGas, PaLabings and
KLetrtzISTERKAMP. 1983). This high vielding stoloniferous grass can adapt to a wide range of
well-drained soils, grows well even with substandard management and during drought:

Cases of jaundice and photosensitization in cattle and sheep grazing on 8. decumbens
were reporicd tn Colombia (ANON., 1978) and Brazil, South America {CARMAGC, WALTER,
Nison and REGNA, 1976, DOBEREINER, TOKARNIA, MONTEIRO, CRUZ, CARVALHO and
Pursic, 1976, Nosne and ANDRADE, 1976; ANDRADE, LOPES, BArros, LETE, Dias,
Sausnrssia, Nosre and Teseeriny, 1978; Ouivema, Novags, CoOSTA and ANDRADE, 1979),
fndonesia (Trisupi, HewMy, Van Evs, Witson, Panert and Stovz, 1983) and Malaysia
{ABAS Mazm, Morn, Knysannry and SHeikH OMaRr, 1983, Anas MAZNI, SHARIF, MoND,
Krusanry and Moo, Zamri, 1983). This paper reports on the jaundice and photosensiti-
zation svndrome associsted with B, decumbens with refcrence 1o literature as well as the
authors” observations and triais.

THE PLANT —~ BRACHIARIA DECYMBENS

The genus Brachiuia includes a number of specics used by pastoralists in the tropics. In
addition to several snnual species withely distributad in tropical Alfrica, six porenniol species ~
B. hrizantha, B. decummibens, B, disiveseura, B, hamidicola, B. mutica and B. ruziziensiz hove
been used in tropical pastures witl varying degrees of success. Brachigria deannhens (Plate 1)
is widely spread both in open grasslands and partial shade on Great Lakes Plateau in Uganda



and adjoining countries of east and central Aliica {(Catrorp, 1952 DouGaLL and BoGoaw,
1938; Rarrray, 19603, It is one of the more widely used and of reeent years, increasing
interest has been shown by a number of tropicsl countries especially Brazil, India (Juoo,
1975), Colombia {BLasco and BonorQuEz, 1967}, Jamaica (Ricnarps, 197C), Venezucla
{(MILLER, 1574}, Peru (SANTHIRASECARAM, D182, PETERSEN and TRIGUERDS, 1974}, Northern
Australia (MacCkay; 1974; STurtz, Harmson and FaLvey, 19750 WiNter, 1976) and
Malagsia (Wong, 1980}, Its high productivity, tolerance 1o low seil fertility conditions,
drought resistance and refative freedom from pests and discases account for much of the
current interest {LOCH, 1577).

Plate 1. The plamt — Brachiaria decumbens {Signal grass)

INCIDENCES OF JAUNDICE AND PHOTOSENSITIZATION IN OTHER COUNTRIES

Brachiaria decumbens and 8. brizansha were introduced into Australia in the 19805 from
centrnl East Africa. In the 1940s botanist recognized 8. brizantha as a s¢parate species but
some taxonomists considered it ax only one end of the continuun with B. decienbens as the
other end was proven very promising in CSIRQ, Lawes, Gueensland (WooLcock, pers
comm., 1983}, According to BroTon and PALTRIDGE (1940), sheep showed photosensitization
when they grazed on pure stand of B. brizantha. This grass was then listed as a eause of liver
thsorder in sheep which was accompuanied by hepatic dystunclion, phiotosensitization and
icterus (CLARE, 1932}, The work on this grass ceased abruptly after the incidence and sowing
of this grass for pature was discouraged (WOOLCOCK, pers comm., 1983).

Brachiaria decumbens was widely found in nerth coast wel tropic of Australia
puriicularly around the south Johnstone, Tully and Mareeba arens {WOOLCOCK, pers comem.,
1983). alost of the pasture were planted commercially for the production of seed for
exportation. In Gueensland, there were cases of jaundice and photosensilization occurring in
cattle grazing B. deciornbens. The grass could not be conclusively said to cause the syndrome as
ilie stock (cattle} had also access to lantana which gave similar syndrome (HOPKINSON, é;r.s
comm., 1983). In Jamnica, continuous grazing of pure awards of B, drewmbens bad cavsed a
form of scouring. resubting in poor aninal perfornrance (Riciarps, 1970). N _j

A snnilar syndrome occurring in sheep and cattle grazing on B, decwonbens had been
described in tropical arcas of Latin America, The first report of photosensitivity To South
America was made in Colombia in 19750 In 1977, in the incidences gt Cartmagua, Colombia
two heifers (Tess than 24 moanths) aut of 2 group of 20 grazing on this pasture showed marked



photysensitization lesions on the skin, The lesions started to recede after the animals were

remon ed from the pasture. At the same place, 16 oul of 123 sheep died with signs of swollen

frces. ocdents, weskness and anaemia within three weeks after they were introduced into 8

dectmbens pasture. No mote deuath occurred with (hese clinical signs once the animals were

removed from the pasture. Many larms in Carimagua snd other farms in the Llanos Orientales

of Colombia with . decumbens reporied cases of photosensitivity (Anon,, 1978; 1979], In
Brazil, similar incidences occurred in catlle and sheep grazing on this grass and the fungus,
Pithomyces chartariom had becn mentioned to be related to the syndrome. (CARMAGO et al.,
1976: DOBEREINER ¢f of,, 1976; NOBRE and ANDRADE, 1976; ANDRADE #f al., 1978; OLIVEIRA

d al.. 1979). In both countries, it appeared that the intoxicntion produced by this forage
alfected only a small proportion of the cattle (19 (0 $%2). It occurred primarily on cattie below
14 munths of age and the affected animals grodualiy recover if they were moved to other
pastures soon after showing signs of photosensitivity (Anon., 1980), Due to photosensitization
in young cattle ahich oceurred between nine and 23 months of age, the use of this pasture
declined, Cases in cattle in 1981 had two commonly scen chinical manifestations. The animuls ~A
developed vedema in the lower neck, dewlap and ears. This oedematous form is spparcnily ——
more scute and usually terminates in death of affected animals. In the skin necrosis form, the

unimals deveioped severe necrosis in severai areas of the skin, but most frequently in_the”

perineal region, abdomen and lewer part of the neck. In all these coses, there was obvious

liver involvement detected by gross lesions and high levels of gamma-—ghutamyl transferase

(GGT) and serum glutamate oxaloacetate iransaminase (SGOT) enzyme. Animals develdped

generalized icterus and enlarged liver which is the clinical and pathological changes of hcpatic/

e

damage moanifestations. Clinical cases were commaon in only 4.7% of affected cattle (Garcia, -
AvYCanrpl, ZULuaca, Rvers and Henao, 1982).

When hepatic damage was evident in animals grazing B. decumbens, 2 significant
proportion fost weight before developing external photosensitization (Avon., 1981}, A close
association was shown to exist between underaverage weight gaio animals and the presence of
-subclinical photosensitization. Thus the economic importance of this syndrome might be larger
thun previously expected. On the other band, there swere some evidence that photo- >
sensilization n¥ght also be related to very low levels of zing in 8. decumbens [ANDN,, 1982

INCIDENCES OF JAUNDICE AND PHOTOSENSITIZATION IN MALAYSIA

MARDI Farm, Serdang

The first incidence of jaundice and photosensitization was observed in 1975 oceurring in
six. Kedah-Kelantan cattle grazing on pure stund of B. decumbens in the Malavsian
Agriculteral Resgarch and Development Institute (MARDI) farm {(Crgn, pers comm., 1982).
in-the incident. it was obscrved that the photosensitization appeared to be of hepatogenous
origin as evident by toxic damage of the liver ceill. Field investigation revealed that the pasture
consisted of only B. decumbens. [t wos then postulated that the hepatotoxic matcrial
originated likely from the plant. Since then, therc werc other suspected ¢ases occurring in
Sahiwal-Friesian, Hereford and Locat Tndian Dairy (LID) cattle, Similar incidence involving
six Kedah-Kelanisn cattle was alse observed in MARDI Station, Kluang. The chinical signs
observed were icterus and extensive skin sloughing on the dorsal part of the body indicating,
photosensitization (Plate 2). (DANLAN, pers comm., 1987).

Shecp and goats grazing on B. decumbens were also observed showing simitar signs. The
first two incidences occurred in 1979 in the goat and sheep farm, MARDI Station, Serdang
{Surario and Aapul Wannp, 19801, Another incidence ocecurred in 1980 in which sheep
showed the above clinical signs ten days afler continuous grazing. Thore were ng now cuses
once the aaimals were taken out of the pusture,

Pusat Pembinkan Kambing dan Biri-bivt, Gajah Mati, Kedah .
Incidences of jaundice and photosensitization were observed in goats and sheep as carly

a5 1979 on this farm, There were high mortalities throughout the yuears sinee 1976, avesuging
40% per vear, Out of 70 postmoriems submilied between 1979 and 1982 o the diugnostic



f’lﬂ‘f%‘f 2. Phorosensitization (skin n’megf;mg) i Kedali-Kelantan
cattie grazing on Hrachiaria decunibens,

labeoratory, 58.5% werc seen with juundice, huemolytic crisis and 'photoses}sitizaimn. In the
year 1979 when incidences of jaundice were high, the mortaiity rate was as high as 56.6%
{Anas Mazni and Snawr, 1983). Postmortem was nof done in most of the cases since they
showed simitar signs (HANIFAH, pers corm,, 1981}, The cases persisted until 1981, Aher the
1981 incidence, the animals were not Ted this grass totally but instead rotalional grazing on
different pastures were carried out. Since then few cases occurred sporadically bug the snimals
recovered due to carly detection and treatment, In January 1983 similar cases ocourred in a
group of 40 indigenous sheep of Mataysin (ISM) belonging 1o Department of Vﬁfulﬂ“f‘«*
Services. Kednh after 29 days of grazing ff, decumbens (Cng Az ners comes 77

The incidence in Gajah Mati occurred mainly in newly bought goats and sheep. Newly
Gouglt Dorset Horn were also aflected. Sheep guve eardier and more severe signs usuaily two
weeks alter prazing. Postmoriem revealed acule toxic hepatitis with hepatolobular necrosis.
This was swwnmed to be the predisposing factor to the jaundice and photoseasitization
syidrome [ somie of the animals, there were signs of huemelytic crisiz and glomerulonephrosis
which vecuired concurrently. The eticlogical agent of this toxicity was not {ully determined.

Pusat Persbiakan Kamblug, Kuala Pah, Jelebu, Negeri Sembilan

In Barcle 1981, ten out of 39 goats died in this newly established goat farm and they werz
reporied showing signs of jaundice (ABDUL MANAF, pers comm., 1983). Brechiaria decumbens
was thea the major pasture available, Such cases were Tess frequently seen once the animais
were fel o graze on other pasture grosses. In lale 1983, few incidences occurred when goats
were fed B dectumbens due to tuck of grass. No new cases were observed cnee the animals
were removed from this pisture,

Smaliholder Sheep fotegration Rescarch, Daghok, Kelantan

A smnallholder sheep fntegration rescurch under coconul was ¢arried out by MARD] in
Bachok, Kelamian ia May 1982, Thirty-two ISM were given (o two smullholders where 16
untmals were et to grime on natural grass while the rest grazed on B, decionbens. Within a
martl, cight sheop which were grazing on B, decumbens showed signs of jaundice and
photoscusitization as indicaied by shedding of wool and skin sloughing around the body | eve,
muzzle and ears (Plate 3) (LM, pers comm., 1982). These animals died while the other seven
from this proup showed high lovels of GGT and SGOT enzrme levels reflecting liver damage.
The condition of these mumals improved onee they were romoved from the pusture. None of
the animals graziog on nntaeul grass showed signs of liver dunnge.
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Pusat Ternakan Kambing, Batu Arang, Selangor

A sudden outbreak of this syndrome occurred in August 1982 in different breeds of goats
on this farm, Tt occurred only after animals were let to graze continucusiy on the newly
established B. decumbens which covered 80% of the totl pasture land. Oul of the 165 goat
carcasses submitted (June 1982 10 June 1983) 1o Makmal Diagnosa Veterinar, Petaling Jaya,
60% of them were jaundiced carcasses (SHanirRupIn, TaN and Rajenoram, 1983). Copper
tovicity was suggested 1o be the possible cause of this syndrome. However, in this case only 11
oul of 79 or 13.9% of the liver samples submitied showed high level of copper above 500 parts
per million. This indicated, that only a small fraction of the jaundice cases could be associated
with copper toxicity. The copper toxicity in this case was possibly secondary to the liver
damage, caused by B. decumbens.

There was an indication that Saancn was very susceptible to this intoxication, since 80%
of these animals that were imported from Australia died within five months, a majority of
which showed jaundice and liver damage.

Kemasin Semerak Sheep Farm (IADP), Pasir Puteh, Kelastan

In Junuary 1984, 35 out of 160 local sheep in the newly established Kemasin Semerak
bategrated Agriculture Development Project (JADP), Pasir Putels, Kelantan died with signs of
jaunckice and photosensitization. These animals grazed on 8. decronbens totally. The other
affected sheep recovered once they were stallfed with Searia sphacelata ov. Kazungula. No
new cases were observed once feeding of 8. decumbens was stopped (MEOR, pers comm.,

1984).
Other Tockdences

- Similar coses were seen in JOMIS sheep farm, Sungai Rengit Johore (DarzeLl, poss
conmny., 1982) and in Universiti Pertanian Malaysis goat [arm, Serdang (ANDREW, pers

e, J983).

RESEARCIH FINDINGS 1IN MARDL

The fscidesces i the varous farms suggest that there is a close association of this
ssndrome with geazing of A, decambens.

[ . . ' s M

An observation on 12 ISM grazing on 8, decumbens showed that five of them died with

signs of janundice wrd photosensitization. There was nrarked increase in SGOT and total
biliruhin vadues raaging from 330§ 891 unitfitre and 53713 86 mpd 100 ml respectively. The



five carcasses showed ulceration on the skin particulurly around the evelids, muzzie, both
upper and lower lips, tips of ear and vulva. There were also varying degrees of jaundice (Anas

Maznt et al., 1983).

Trinls were conducted to determine the causative agent/s having recognized that {otal
grazing of 8. decumbens is the predisposing fuctor 10 liver dumage in sheep. In another study,
scven of the 12 ISM conflined to a heclare of B. decurnbens exhibited jaundice and
photasensitization, an indication of fiver dunliige ninc days alter grazing on purc stund of lesfy
regrowth 48 doys after burning. Liver damage was conlirmed by elevated levels of GGT (60 —
151 unitilitre} SGOT (250 — 742 univflitre) und bilirubin values {Anas Mazni er al., 1983}, In
another trial, 18 female ISM were randomly assigned to three treutment groups of six animals
each. They were stalifed wotally B. decumbens hay, green leafy 8. decumbens or litter of this
grass mixed with copra cake and mollasses ad libirem. The trial showed that ten of the 18sheep
showed varying degrees of jaundice as early as two weeks, five from the group fed on hay and’
five from those fed on green leafy B, decumbens. There was marked elevation of SGOT levels,
varying from 208 10 628 unitfiitre in five animals, two 1o four weeks after they fed hay while the
values in those fed green grass were between 194 and 529 univlitee, after the soventh week.
Concurrently, the GGT values were between 107 and 2335 unititre. None of the shesp fed on
Hitier of this grass showed any obvious clinical signs. As shown by previous trialy, no spore of
Pithomyces chortarton was isolated. The trial indicated that total feeding of B. decurnbens
gither in the form of green or hay ctaused liver damage and cventually jaundice. It was
suggested that the unknown factor thal was present in the plant could neither be destroyed nor
its activity be reduced in the process of sun drying. 1t was bypothesized that the toxic agent
could be in the plant itself with a direct mode of uction or it could be in the form of i3
metabolites (Asas Mazni and Stanir, 1984).

i Anas Mazni, Starie, Moup. Knusaunry and Vance (1985 in a trial involving 12 goats
grazing on B decumbens contineously showed that the jpundice and photosensitization
syndrome was observed in only three goats alter 30 days of grazing. The chinical manifestations
were similar to those observed in sheep grazing on this grass. The GGT ievels in the alfected
goats were between 80 and 138 univlitre, while the bilirubin values of these animals were
between 5.4 and 13.7 mp/100 ml and a considerable [raction of total bilirubin was direct
bilirubin, ranging {rom 71% to 90 per cent. Thus, goats on comtinuous grazing produced
similar hepatotoxic syndrome but the effect was less severe.

In general, the lindings from the trialt conducted in MARDI are as follows:

a) Continuous grazing on pure stand of Teafy regrowth of B. decumbens resulted in liver
damage. Liver damage was confirmed by elevated levels of GGT, SGOT and bitirubin

values.

b) Clinical signs observed were jaundice and photosensitization.

¢) Necropsy indicated jaundiced carcass with slightly cnlarged, firmer than normal liver and

* extended gail bladder,

d} Histopathology indicated hepatolobutar necrosis suggesting that liver damage was of toxic
in origin,

e) The saprophytic fungus, P. chartarum was not isolated and that the necropsy findings did
ot suggest Pithomycosis. .

f} Haemolytic anaemia and hacmoglobinuria were not a consistent {inding in this toxicity.

g} This syndrome was nat duc to copper toxicity.

i} Goats on continuous grazing on B. decumibens produced similar hepatotoxic syndrome as
in sheep. However, goats took o longer time o be alfected and the offect was loss severe,

i) The plamt 7. decumnbens would cavse hepatotoxicity o sheep and goats ou total {eeding,
i} Hay from B. dectombens would give a much faster hepatotoxic effeet.

k} Recovered antmals would be among the lirst 1o show the 1oxic effect if they were allowed
Wy graze on Uhs pasidre s,
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CLINICAL SiGNS

The clinical signs of juundice and photosensitization were observed in sheep as early as
nine days, ranging between nine and 80 davs (Piate 3}

On the onset of photosensitization, affecied sheep preferred 1o stay under shade with
-both eyes closcd by ocular lacrimation and conjuctivitis. Concurrently, jaundice was also
abserved. The yelow discolouration was usualiy observed on the conjunciiva, third eyelids

and aucus membranes of the eye aond vulvg,

Fellowing this, photosensitive dermatitis occarred. The skin lesions showed 2 charac-
teristics distribution which were restricted to the unpigmented areas of the skin and those parts
which were exposed to solar rays. Predilection siles for lesions were the ears, eyelids, muzzie,
vislva and o lesser extent the perineum. The first sign was erythema, followed by cedema.
Irritation in this area was intense and animals rubbed the affected parts often lacerating the
faze by rubbing it on the poles of the shed. The ocdema was often severe and might cause
droaping of the sars, and dysphagia due 1o swelling of the lips and tongue.

With prolonged exposure to sunlight the areas around the eyelids, lips, muzzle, =ars and
vulva became vlcerated. Exudation gecurred especially around the eyelids and muzzie, and
resuiting in maolting of the hair, and in severe cases, closure of the eyelids and nostril. Finally,
it became thickened and leathery. As the condition of the sheep worsen due to progressive
disturbanice in the circulation of the subcutaneous tissue, the superficial layer of the skin
degenernted and eventualiy sloughed off, leaving raw areas covered with dry exudales. The
demarcation of lesion and normal skin wos oflen very clear-cut particularly in animals with
white patches, With the onset of symptoms of photosensitization, anorexia deveioped and the
sheep would refuse to drink or eat resulting in dehydration and rapid loss of condition with

marked decrease in body weight,

Nesrvoos signs occurred in some animals and could be seen as head shaking, stamping of

forclegs, duliness, incoordination and stargazing as accompaniments of liver dysfunction and
L]

jaundice.
Other signs observed were bilateral opacily, haemolytic anacmia and hacmogiobincriz,
This however was not a consistent finding. Only two out of 42 sheep showed these signs.

In goat, the days of onset of clinical signs ranged from 30 to 49 days. The clinical
manifestations were similar to those observed in sheep grazing on 5. decumbens. However,
ulcerative dermatitis around the gyelids, muzzle, lips and ears were not as severe as those
observed in sheep (Plate 4). The signs were observed to be more severe in the Seanen and their
crosses. Clinical signs were ebserved much earlier in sheep when compared to goats. The
syndrome in sheep was observed within 20 days after grazing while in goat, the days of onsgt
ranged from 30 to 4% days. Within a period of 60 days, more than 50% of the sheep grazing B.
decrmbens showed the clinical signs whereas in goat oniy 25 per cent. This indicated that, the
effect of grazing B. decumbens was more severe in sheep than in goats,

CLINICAL PATHOLOGY

Haematelogical Plctures and plasma Protein

There were no sipnificant changes in all these cases in the total erythrocyle count,
haemoglobin concentration and packed ceil volume (PCV) in sheep and goat. All these
parnmeters appeared (o be within the normai range even in those sheep and goat with fiver
tesions. In the experimental group, only two out of 42 sheep grazed on pure regrowth of 8.
deciynbeas showed hacmolytic avaemia. Haemolysis was observed 12 and 22 days alter
grozing. In these animals the PCV deercased rapidiy frem 20% 10 7.9% und 36% to 10%
within two 1o four days. Haemoglobinuria was observed in both cases. These findings were

inconsistent.

It
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4d. Ulcerative dermatitis on the gum and lips.

The plusma protein increased gradually with increase in severity of jaundice and
photoseasitization, possibly because affected saimals preferred to stay under the shed most of
the times without cating or drinking, thus, causing dehydration. Furthermore, dysphagia

accurred in animals due to the swollen tongue and lips.

Serum Glutamate Oxaloacetate Transaminase (SGOT) and Gammua-plutainy] Transferase
(GG

Nearly all affected animals showing signs of juundice and photosensitization showed a
marked elevation of the SGOT and GGT enzyme levels. The increase ranged from 200 ©
1 800 unitfitre and 107 to 345 unitfitre for SGOT and GOT respectively. Extremely high
values of SGOT enzyme approaching 2 000 unitllitre, an increase of about 100 fold over
normal values, were eacountered in some sheep. 5GOT values in permal sheep had been
recorded by varicus authers and they ranged from 31 upivitre (CorNeLIUS, 1960} to 56 unit/
litre {KutrLeERr ond MagrseLe, 1958) dnd to 60-160 vaitlitre {MavLHerss, 1960). The normal
tevei of GOT is between 50 and 60 unitfitre. The increase indicated the presence of liver
damage. In most eases, GGT was elevated first belore any increase in SGOT. The elevation of
GOT enzyme level was found to be a better indication of liver damage campared with SGOT.

Bilirubin

Jaundice cases were confirmed by icterus index and bilirubin values. Severe jaundice
oecurred in most of these animals with total bilirubin values ranging from 3.47 10 22.0 mg/100
millilitres, The sormal bilirubin values are between 0 and 0.4 mg/100 ml (BLoop, HENDERSON
and RapostiTs, 1979). In most of the animals, about 80% of the total bilirubin was conjugated
bifirubin, indicating hepatocellular jaundice whereas in the two animals which had haemolytic
anacona, the indireet bilirubin values were much higher,

Serum, Liver und Kidney Copper Level

There wus ne marked increase in rorum, liver and kiduey copper lgvals in ali the
experimental apimals. The copper levels in the liver and kidney ranged from 18%.3 to 430.2
ppm, und 15.1 10 64,2 ppmy, respectively, These are within the normal range. Results of copper
analyses of the grasses showed that Braciaria grass has the lowest copper fevel (4,65 ppm)
compared with three other grasses namely Digiteria setivelva, (10.9 ppm) Setaria sphacelata
var. splendider (112 ppm) and Panicent aaximum (7.12 ppm).



GROSS AND HISTOPATHOLOGY

All alfected carcasses showed ulceration on the skin purticubarly around the evelids, lips,
muzzle. vurs and vulva indicaling photosensitization, Varying degrees of icterus especially of
the mucous and serous membranes were also observed {Plate 5). Liver pathology was further
confirmed by the presence of necropsy where evidence of liver changes were observed. The
Hver was consistently slightly enlarged, firmer than normal and had pale motiling, Gall
bladder was consistently enlarged, containing murkedly thickened bile (Plate 6). There was no
bile ebstruction and no other signilicantly observable ¢hanges except in arimals with
aemolytic anaemia where the kidney was darker than uormal

Mate 6. Mouling of Hiver with murkedly distended gaif bladder.

*

Most of the lver seetion indieated varying degree of hepatoneerosis, gither diffuse or
centrolobular. MMost of which were ncute bepatancerasis. Chelangits aod mild bile retention
were also obaerved in oo annoals, o the tve ammuads witly baemogholunuria, a lew tubules in
the Kidnev woere seen with hacmoglobin cast, this is probibly due to the hucmolysis,



CAUSE AND PATHOGENESIS

The speeific causes of this syndrome remained unknown but the probable pathogenesis is
deseribed {Figure 1), Findings indicated that the onset of this syndrome correlated with the
ingestion of this grass, which could cause hepatotoxicity, When the liver was damaged,
phatloeryihrn, the metabolic by-product of chiorophyll and bilirutin, the red biood cell
breakdown products were retained in the blood stream. Phylloerythrin, which was a
photodynamic agent when activated by ultraviolel radiation of sunlight to sensitive tissue
capsed liberation of histumine, local cell death und tssue ccdema. As the condition of the
sheep worsened due (0 progressive disturbunce in the circulation of the subcutaneous tissue,
the superficial layer of the skin degeneruicd and eventually sloughed off, leaving raw argas
covered with dry exudates. This manifested as ulcerative dermatitis of the exposed area on the
muzzle, ears, lips and vulva as observed in the affected sieep. The circulating bilirubin caused
the veilowish colour or jaundice 2s seen on the mucous membrane of the eyes and mouth.
There was 2 variation in the hepatic lesions as seen by diffuse and centrolobular necrosis and
cholangitis in few cases. In some of the cases, the kesion was scen only in parts of the liver, This
was probably due to deposition of toxin in purticular part of the liver duc to pertal streaming
on its first passage through the hepatic sinusoids. Although in some sheep the liver wag
invariably damaged, indicated by marked elevation of GGT and SGOT, they failed to develop
skin lesion and jaundice because ‘the liver has considerable functiona!l teserve. It must be
severely damaged beflore its capacity 1o remove circulating photadynamic agent or bilirubin
was significantly impaired. It appeared that at the initial stages of liver damage, corresponding
changes in weight began to appear. However, as liver damage became miore pronounced,
weight was significantly altered. The decercase in weight of sheep with liver damage was
probably due 1o nuiritional stress. This might have been a simple reduction of intake since
severely alfected animals were normally observed to have abandoned grazing or it might have
heen due o lowered capacity o ulilize ingested feed (CAmPBELL and WeSSELINK, 1873}, As
soon as Hiver damage  was repaired weight gain returned to nornial,
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DISCUSSION

There s o similurity in the clinical signs of pholosensitivity in sheep grazing [
decumbens with those of facial eczema which i caused by the saprophytic fungus, Pithomyces
chartarum (Berk and Curt} M.B. Ellis as described in New Zeasland (CUNMINGHAM,
Horkimk and Fumer, 1942), in Austrolia (Hore, 1960) and in South Africa (Manrasas,
AUELAAR, KELLERMAN, MINNE, VAN RENSBURG and BorpoucHs, 1972). Facial eczema is
caused by ingestisn of spores of P chartarum containing the hepatotoxiz mycotloxin
sporidesmin {(Broox and WrITE, 1966; Tavion, 1967; CeigcLer and Luaipnol, 1968,
Wi, 1968, Brook, 1969). Similar observations were E’ﬂ.ldt. in siieep und cattle in tropical
arcus of Colombia and Brazil, South Amaerica,

Several workers have suggesied this sapropbytic fungus as the primary etiological entity,
however the primary cause of the syndrome has not been clearly defined (CARMAGO ¢ af.,
1978: Noure and ANDRADE, 1976, DOBEREINER ef al., 1978; ANDRADE ef al, 1978; DLivEIRa
ef ol 1979). It was suggested that the nature of growth of 8. decumbens praovided a good
substrate for the fungus to grow. However, the level of the fungus or its spore on the pasture in
these z2reas was found Lo be low, ene to three spores per gramme of leaf dry weight (AnonN.,
1980}. Furthermore, the conceatration of toxin extructed from the fungus that was isglated in
Colombiz was much lower than that in Australia and New Zealand. In New Zealand,
Australia and Uruguay there was a direct correlation between number of spores on the pasture
and presence of the animals with symptoms (RIET ALvariza, PeErposo, Coreo, Beriag, DE
LA PEna, PARADA, MICHELENA, Quabrerl: and ALZUGARAY, 1977) For instance in New
Zealand, facial cczema cases occurred only when spare counls on the grass were over 10° per
gramme of feafl dry weight (BrooK, 1969). Workers in South America had not found similar
correlation. Hence, it was concluded that other factors might be invelved in the edoiogy of the
syndrome {Anon., 1981). Corncurrently there hus been several groups that have tried to
incriminate the plant, 8. dectenbens as wo cause the toxicity dircetly, however, the evidence is

meager (Avcanrpt, pers comm., 1983}

No isolation of this saprophytic fungus was made from the grass and suspecled pasiurs
litter in cur studies. Fungal isolation techniques used were as those recommended by the
Ministry of Agriculture and Fishery, New Zealand (Charmar and Dt Menna, 1981) and
TuorNTON ANE SINCLAIR (1960). However, there ware Cladosporin, Penicillium, Nigrospora

and Spepazzinig spp.

If P. chartarum is the ctiolegical agent that causes the syndrome, then the process of
burning. removal of pasture litter (substrate for fungal growth) and disc ploughing would have
minimuzed the presehce of fungus or its spores. Surprisingly, sheep grazed on pure leafy regrowth
of tiis pasture after the above processes were carried out, showed a much faster eHect (ABAS
Maznret al., 1983). Similar group of sheep gramnng on adjacent plat of other grasses under exactly
the same smanagement were nok affected. The feeding trial where sheep were stallfed green, hay
and litter of this pasture furnther supparted the elimination of this fungus involvement, None of the

sheep fed with litter of this grass which is u substrate for fungal growth, showed any indication of

fiver domage. Whereas, sheep fed green and hay of [, decionbens showed murked clevations of
SGOT and GOT cnzyme levels, with varying degrees of jaundice and photoscmzuzazxon (Anas
Mazri and Sitamir, 1984),

The necropsy findings of B. decimbens tosicity in sheep and goat do not conform 1o that of

facial cczema, (Fithomycosis), thus not suggestive of sporidesmin poisoning. In sporidesmin
“poisoning the essential lesion is an acute chofangitis whick progresses to obliteration of bile ducts
by flibrous tissues leading to ductual hyperplasia, canalicular infarction and hepatocellular
necrosis. Hepatocyte injury was not marked and developed largely as a consequence of bile duct
occlusion and biliary stasiz, Le. it was largely a sscondary change in hepatocytes (MeFARLANE,
Bvans st Reur, 1939 Monnmen, pgery cospi, 1983), In shaep snd goats fed whb A
decumnbens, the hepatocyte lesion appeared 1o be the primary change and biliary stasis probably
emanaied from i desion of the hepatocyte/canaliculur interface or from bilirubin/phylioervthrin
conjugation fatlure or failure of transport across the hepmiocyte (MORTIMER, pers comm., 1983}
Seclions of fiver of all affected sheep showed a consistent picture of diffuse hcpawcciluiur necrosis

lesion. There was little or na reaction in portal tracts and po evidence of bile duct injury. Wilh the
sbove Tnddings the possbildy of tungal involvemint 1s clininated.
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Liver damuge which was shown by murked clevation of GGT and SGOT was consisiently
pbgerved i ulf the alfected aninls, Juundice which s sccondury to the liver damage wus
indicuted by high bilirubin values. VAN den Burait tesi indicated that a considerable fraction of
the total bilirubin was conjugated or indirect bilirubin. Thus, hyperbilirubinemia is due to hepatic
or obstructive joundice. Ulceration due to photosensitization and emaciation can also give rise to
an increase in SGOT fevel, In some cases, animaly not showing elinical signs with low SGOT level
showed obvious increase in GUT level, indicating liver damage. The liver damage in these
aninwls was nol accomparicd by clinical signs of juundice and photosensitization probably due to
liver functonal reserve. This is clearly observed in goals where fiver dumage ocewrred without
obvious clinical signs. Elevation of GGT fevel was found 10 be 5 better indication of liver damage
compared to SGOT. Boib SGOT and GOT enzyme levels deercase once an affected apimal is
removed from 8. decumbens pasture,

Haemolylic ansemia and haemoglobinuria were observed in 2 small proportion of the
animals with clinical signs in the field incidences. In this study, only two out of 42 sheep and 12
goats showed the above signs. This is not a consistent finding ir Brechiaria toxicity and was
thought 1o be due to copper toxicity. In our [indings, there was no Increase in the serum copper
lavet in all the affected animals even in the two animals with haesmolytic snaemia and
haemoglobinuria, The liver and kidney copper levels of all the affected sheep including those with
hiaemolytic anacmia were within the normal range (fess than 400 ppm for liver). It is impossibie to
define normal values for levels of copper in the liver, but for present purposes it is a reasonable
gruecalization thal levels up to 500 ppm dry weight pose no threat of untoward effect. In levels
increasing above BOG ppmy, there is a corresponding increase in the Kabilily to sudden release and
haemolysis {Juso and Kensepy, 1970), For instance, in chronic copper poisoning, i*: copper
level in the liver of Nubian goats ranged frem 823 to 2 054 ppm {ADAaM and Wass, 1977).
Furthermare, in our studies the animals were fed solely on 8, decumbens with no concentrate zag
mineral supplement. The copper level in the Brachinria was 4,65 ppm, which is much lower when
comipared to other pasture grass such as Digitaria, Setaria and Grinea. These grasses have copper
values ranging rom 9.0 to 110 ppm, {(CiieN, Anr and Evans 1981; Anas Mazni et, al., 1983).
Neeropsy and histopathology of kidneys of sffected sheep and goats did not indicate sign of toxic
nephirosis as in copper poisoning. Hence our findings indicate that copper is not the primary cause
of the syndrowe. If it plays a par as observed in copper toxicity due to hepatotexic plants, it only
plays a secondary role to the liver demags. In sheep, this is 2 common phenpomenon sinze sheep
accumulate copper in the Hiver and sudden refcase of this mineral occurred when the hver is
damaged, The haemolytic anaemis and baemoglobinuria which sometimes occur in this
Brachiaria intoxication is probably not due to cepper but some other causes.

No other plants except for few legumes, Centrosema pubescens and Calopegonium
mucunoides were found growing in the B, decarnbens pasture plot. The possibality of another
primary plaat causing the photosensitization is therefore climinated,

CONCLUSION

Evidence of the incidences in the fickd and research findings indicated thar the jaundice
and pholosensitization syandrome observed in the sheep und gonls grazing on Brochioria
decthens wis due 1o biver damage (hepatolobular necrasis}, The 8. deemnhens toxicity
causes actie bepatic necrosis resulting in hepatic insafficiency manifested by joss of cendition,
hepatic jeundice, photosensitization and deith, Liver damage oceurred niuch carlier when
aninsals were fed bay compared with those fod green Brachisria, Thus towl fecding of 8.
dectondens cither in the form of green gruss or dry hay is not advisable for sheep und goats.

RECOMMUENDATIONS AND RESEARCH NEEDS

Tiwre is no specific treatment for 8. decumbens toxicity, Only the seeondary svmpions
can be treated while the sheep or goats Jiver heals itsell. Al aflected animals should be
removed frons the pasture or hay into the shade away from direct sunlight and fed with high
griality feed. Preventive meusures should be undertuken wgainst secondary infection especlly
mazpot infostitions on the ulccrative fesian as s result of photoseasitization un the skia. Skin
lesion may veeur if the lver s stll damaged on relense. Animals that have recovered will be

1



amang the carliest 1o show the syndrome as soon as they are allowed 1o gruze on this pasture,
Therefore sheep which apparentty recovercd should be culled when suleable as they will be
susceptible to subsequent stresses. The farmers should be aware of the discase and at the
appearance of symptoms follow necessary recommendutions 10 avoid a higher number of
animabs being alfected.

It is nol wise 1o eliminate this grass us il s bighly praductive and valuable in the tropical
arcns. Furthermore this grass bas been extensively planied in our country, Utilization of this
grass as o 10tal feed 1w sheep and goats should be avoided. Since this syndrome abso eccurred
sporadically fo cattie as reported in other countiics, we should be aware of s oreurrence. In
arder 1o be yrepared apainst possible snd upespected ovcurrences in cattle, i1 is accessary (o
robitionatly graze the animals on different Tomges.

Researcl shauld be conducted (o deterpiine methods of ulilizing this pusture so as 1o
prevent and minimize the adverse effect. Since there is an indicution of differcnt breed
susceplible to Brachiaria toxicity in goat. further studics should be carried out,

However, a number of questions still remain ununswered particularly the question of the
hepatotosicity of the unknown hepatotoxic fuctor. The toxic agent could be in the plant itself,
and acts directly or it can be inthe form of its metabolites. Further work is needed to identify
the toxic principle and their mode of actions.
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ABSTRACT

Jaundice and pholosensilization syndrome is a hepalotesic discase of ruminans caused by 1otal
feeding of Brechioria decionbens. 1t s characterized mainly by loxic liver damage (hepatolobular
neerotis) which icads to weight loss, jaundice, photosensitization and death. Incidonses of the discase
were reporied in cattle and sheep in Colombia and Brasil, South Americn, whibe in Malavsia it securred

matly {6 shouvp aod gosts. The toxwity iy remerkably {x}icm for shoep and g,cm;s £ausmg a4 mortality rate
o g o M whily i catthe clongal Susos appeer in only 4. 74 of pifacted cantle, Caitle Datwaen nine sl

21 miontla are esprecinbly involved and padielinigal uuieily in uheer Blwezvad Brnging shout luss nf body
conditen. While the actual (oxi¢ prngiple romams unknown, the circumstanees of posoning and the
patheprenesis of the disease are becoming Slearer,

This paper reports the mcidenees nngd research conducted oa jaundice and photosensitization
ssodrome due o hepatotogiciy celaied to ol feeding of 7 decienbiens, The climeal signs. clinient
pathotegy, pottmaoriem and hisioparhology are also described,
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that il health was the cause. Work cleardy precipinicd the sittation as the
buffaioes became progressively weaker over the three days work. 1t is suggested
that the decline in work owiput was associated with 2 parasitic or diseuse
infection. Fusrther studies will be carried out to venfy and quanufy these effects.
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BOOK REVIEW

World Dictionary of Livesiock Breeds. 3rd edn. I L. Mason. C-A-B lmterna-
vonal, Wallingford. 1988, 348 pp. £23.63 UK. £25.95 elsewhere. 1S347.5¢0
Americas. ISBN 0-85198617-X.

The third edition of this dassic book of reference contains 3,000 new entries
and revisions of many of the old ones. The dictionary lists names and salient
physical features of breeds, lypes and common commercial crosses of cattle,
sheep, horses, pigs, goats, affaloes and asses throughout the world; there are
also references 10 Breed Sooeties and Handbooks. The book is wholely a work of
reference and is recomwmended for purchase by lbraries rather than by
individuals.

It is difficult to keep a compilation of this nature up-to-date and the reviewer
noted sore omissions of developments occurring during the past 13 years n
tropical breeds he has been involved with: eg. no menition of the admix of Bos
seurus (Friesian) blood o the Mpwapwa during the mid-seventies. However,
these are criticisms of wnimor importance and the book remains a standaid,
autharitative reference work on livesiock breed nomenclatme throughout the
world,
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Short Communication

PHOTOSENSITISATION: A MOTE OF CAUTION IN THE
USE OF BRACHIARIA PASTURES—A REVIEW

R. Baagr’

Animnal Production end Healih Divoien, FAOQ, Vie delle Terme di Coraodia, (010G Rome, ltoly

Photosensitisation in raminants is not a recently discovered probicm and
reference (0 facial eczema, which is a form of photosensitisadon. was made at the
end of the ninetesnth century. Since then & considerable amount of research has
been carried owt on photosensitisation, 3 imal

i A _comprehensive review of heparggenpus
phoiosernsitivity, i »g;j_tl?%g;crs not 6% y the principal causes o?pr?‘i?sen-
sitvity but also its disgnosis Ras Be¢imade by Keflerman asd Coetzer (1984).

Thetauss 6 photosensitisation can be prmary or secondary. A primary agent
is normally a photodynamic pigment which is absorbed from the gastro-intestnal
iract, enters the penpheral circulation via an unimpaired bver and reacts with
light at the surface of the skin. Secondary or hepatogenous photosensitisation
oceurs indirectly a3 a result of damage 10 the liver. When this occurs
phyfloerythrin, a break-down product of chlorophyil produced by put micro-
ofganisms, is retained and enters the penpheral crculation. When phylloerythrin
comes info contact with sunlight in exposed unpigmented parts of the body it
causes oxidative changes in the calls of the skin and adjacent issues, Visible signs
include the wndency by affected animals 1o avoid direat sumdight, pruritis.
erythema and swelling of the affzcted pants; this is then followed by loss of skin
and potentialty, death,

Primary photosensitisation is not as common as the secondary form. Kings-
bury (1964}, Kellermann and Coetzer (1984) and Cheeke and Shuil (1985)
mention that fagopyrin, hyperica and faranocoumanns, which are found in such
common plants as Fagopyrim sagittatum (buckwheat), Hypeoricum perforaum (St
Johns wort), Ammi muajus {bishops weed) and Cymoprerus warsonu (spring
parsley} respectively, are all primary photosensitising agents. Secondary photo-
sensitisation i caused by a wide variety of different plants as well as by two fungi
and by an aigae (Kellerman and Coerzer, 1984). Of the plants that cause
sceondary photosensitisation, Lantana camare s probably the most ubiquitous.
However, Kingsbury {1964}, Kellermas and Coetzer (1984) and Cheeke and
Shull {1985} menation other planis such as Tetradymia spp. {horsebrush} and
Tribulus terreswris which are also mmportant. Of more mmediate concem,
however, is photosensitisation cansed as 2 resuit of the ingestion of toxins
produced by fungi that are associated with pastures. Brock {(1969) poinsed out
shat facial eczema in New Zealand is caused as the result of the ingestion of the
toxin sporidesmin producsd by the saprophytic fungus, Pithomyces chariarum,
associated with pastures,

During the past five 1o 10 years there has besn 2 large incipase in the use of
~sown pastures ja the. deyeloping couninies. In Latin America as well as in Africa
and Asia. the Brgfhiaria group of prasses has proved 1o be very successful, 8,
decumbens in particuldr; s 3 reult of its tolerance 1o low lentility and acid soils.

o, o——
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ease of establishment, aggressive growth habit and high productivity, bas hecome
widely used. However, there is increasing evidence fo suggest that caution should
be excrcised in the use of Brachioria pastures. In Asia (hthman, Yusud and
Abdul Rahman (1983} reponed 41% moriality and 100% morbidity in a group of
12 ewes grazing 8. decumbens in Malaysia, while Murdiati and Lowry (1983)
noted problems of photosemsitisation in sheep grazing or being fed silage from
Brochioria pastures in Indomesta. In Africa Picrre (1984) reported an outbraak of
photosensitisation in the Ivory Coast in 20 flocs of sheep grazing mixed pastures
mclauding B, ruziziensis, The problem was overcome by replacing Brachiaria with
Panicum or Chioris.

{n South America there ate various reports of the problem of photosensitisa-
tion in association with Bmchiarie pastures, onty some of which are reported
nere. CIAT (1984) reported 12% morbidity and 27% mortality in a contrel group
of cattle grazing a 5. decwnbens pasture in a trial 1o determing the efficacy of zine
in the comrol of photosensisation. Garcia, Aycardi, Zulvaga, Rivera and Henao
(1982) reporied 4-7% mosbidity and 2-7% mortality in 961 caitle grazing 8.
decumbens and 13% mortaly in a group of 123 lambs of three to five months of
age. Temperini and Barros (1977) in a review of the problem of photosensitisa-
tion mengoned its importmce in young cattle grazing B, decumbens pastures.
Tokarniz, Dobereiner and & Silva (1979) stated that three species of Brachiaria,
pamely B. radicans, B. dcumbens and 8. brizanthz, are known 1o ¢ause
photosensitisation in cattle & Brazil. Garcia (pers. comm.) commented that in
Brazil problems of photosmsitisation have slso occurred on B. humidicola
pastures. Various workers have reported the presence of P, chenarum in
Brechiaria pastures (Lau wd Singh, 1985; CIAT, 1984; Tokarnia, ef al., 1979).
CIAT (1984) alse reported the presence of P charwrum in the lepume P
phaseoloides grown in assodation with 8. decumbens.

The aforementioned observations dearly show that many of the Brachiaria
grasses cam be associated witk the problem of photosensitisation. It should not be
thought that they are the ouly grasses involved as the problem in New Zealand
occurs on predominantly Leliwn perenne swards and Dolizhite, Younger and
Jones (1977) and Muchim, Bridges, Veckert, and Bailey (1980} reported the
problem on Panicum colewturs pastures, It therefore needs to be firmly
established whether the gk of photosensitisation is gecater on Brachiaria
pastures than it is on other pastarss.

In comsideration of the potential that the Brochiaria spp. offer to animal
production this issue deseywes further attention. While it seems likely that P,
chartgrum is an important agent in causing photosenSilisation i animals grazng

Brachiarie pasiare, 1 15 wol iown i1 i 5§ the only agert. Othman, Haron, Yusuff
ang Saag !§'§E§§ Wit UDRDR 16 150laTe Spores of 1. chariarum from a Brachigria

ad ¢a ms of photosensitisation and Murdiafi and Lowry
mﬂf‘ jerrice in New and_add g personal communication
il and Menna of the Ruakura Amimal Resgarch Centre,
Wpﬁ%@bﬁsﬁﬁﬁsﬁan they lound on Brackicria
pastures is due to P. charuwwn. They commenied that (he chemical properiics of
"SpoTIOESTin woull Hol Giggest thal this 15X & responsible for photosensitisation

—HeITOmeal cases 1 thardat frofi SoME America d6 ot conciusively show (hist

the problem encountered there is facial eczema.
Outbreaks of photosewstisation are sporadic and considerable areas of
Brachiarie pastores are bewg grazed without any problem; the reason for this has

CHOTOSENSITISATION e

1t as yet beer . fermined. While the most dramatic effect of photosensitisation,
el s often - octed there ' Tar less inferination on its effect on the liveweight
¢ 1 ofamimals . ng these pustures. Thig latrer question & potentially far more
stouns and Cl -7 (1984) reported weight losses of [-2kg/day in cattde that
subsequently dev ~rop clinical siens of photosensitisation.

‘There are m -ay issues which need to be clarified because reaction to the
provlem of phot sensitisation in amimals grazing Brachiariz pastures has ofien
bece one of two oxtrames. In some couninies Brechioria spp. have been almost
compietely disrepirded due to fzars about photosensitisation, whilst in others
Brachiaria s used without any knowledge of this potential problem. Action based
on fact is required and it is suggested that the following key questions should be
arwered:

1. Is the prevalence of photosensitisation on Brachiaria pastures greater than
that on other pasiures?

2. Can the problem of photosensitisation be reduced by plasting mixed
pasiuces or by adopting diffcrent pasture management practices?

3. Are we sure that the problem is due only to the toxin sporidesmin
produced by the fungus P. chartanwm; the presence of a co-factor would explain
the sporadic occurrence of outbreaks of photosensitisation. Indeed is the problem
itself caused by 2 wesd or other plant commonly found in association with
Brachiaria pastures?

4, Is there any difference o animal  species’  susceptitility 1o
photosensitisation?

5. What is the real prevatence rae of photosensitisation?

4. How serious is sub-clinical photosensitisation on Brachiaria pastures which
results in redueed weight gains and is this the reason for the general disappointing
level of animal performance on many tropical pastores?

Arnswers 10 these questions would allow a more rational assessenent of the risk
to be eacounsered in the use of Brachigria pastures. It is particularly important to
decide if the problem of photesensitisation is one to be lived with, in which cas¢
control measures such as those used in New Zealand and described by Brook
{1969) wre required, or whether it is a problem to avold by not growing
Brachiaria,

Aeepeed for publication Ceiober 1988
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Research Note

GROWTH PATTERN OF DESI (INDIGENOUS) AND
CROSSERED CHICKS UNDER RURAL
SCAVENGING CONDITIONS

M. H. Sazzan, 3. M. H. Mamovazol and M. U, AsADUZZAMAR
Livermh Research instinote, Sqvar, Dhaka, Heagladesh

In Bangladesh poulry are generally raised in rural areas as scavengers and as
a consequence they arcook very praductive, In a previous study it was found tha
the average body weght of adult desi bens 15 890g 2 134 and annual egg
production per hen is & (Sarzad, 1986).

Various crossbreedily programmes have been undertaken to improve the
performances of poults under rurat conditions. The current study was upder-
taken to ascertain thecflectiveness of one of these programmes. Sixty smal
houstholds were seicend in two viliages near Savar, Dhaka, an area where local
desi binds have been ossed with White Leghorns, Rhode lsland Reds and
Fayoumi. Male and fesale birds were weighed each week. The average weight of
the desi males af sightweeks was 205 g + 46 and that of the femaies 189 + 78,
The crosshreds achreed similar weighis and the differences in growth cate
between desi and crosskeds were not significant.

According to Mukirjee (1987) non-genetic influgnces such as poor nutrition
have a much higher fect on production parameters of poultry than genesic
influences. From the zsulss of this investigation it is confirmed that crossbred
chicks wunder scavengg conditions do not have higher growth rates and
productivity than desipultry.

Accegred for publiCation Fobruary 1989
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BOOK REVIEW

Newcastie Disease. Ed. D, J. Alexander. Developments i Vererinary Viroko

gy
{series). Muartinus Nijhoff Publishing, The Metheriands. 1988, 378 pp. £N.35,
US$12G. ISBN 0-89838-352-7.

The preface indicates that the purpose of the book i 1w give a comprehensive
account of the wres, the disease and jes controd. |t is aimed at those interested in
research and in the application of disgnosuc and control methods,

For this objective, 22 international experts have contributed 1o this volume of
19 chapters each of which 5 followed by numerous references. Imitially there is. 2
succinet account of the history of the disease and then i chapter on taxonomy
with the classification of the vifus within the genus parsmwxovires. Four chaplers
foliow descnbing the molecular basis of strucrurs, replwation, gene cloning and
auclectide sequencing, and infectivity and pathogematy. The heterogeneity
within strains of the virus and its significance for vines survival is considered and
then the value of monocional antibodies in research, diagnosis and epizoctiology,
The next three chapiers deal with discase: the fist desenbes the pathogenesis,
signs and gross and histoiogical lesions in the fowl, markey, duck, goose and
pigecon: the second considers paszootic ND in pigeoss and the third ND o
{ree-living pet birds with 2 comprehensive lable of the species of birds involved.
A chapier on geographicai distribution of the virus is follewed by one on methouds
of spread and an account of the disease in topical and deveioping countries. The
final four chapters consider control including policies, vaccination and vaccines
and their quality control. A detailed index follows.

This book achicves its purpose amd the subject matter is well prescnted
throughout. However there are several minor cnticisas, for aastance, there s
cxeessive repetition particwdariy in some of the eardiee chapters, additional
crosy-referencing would have been beneficial, the quality of some of the black and
white photographs is not in keeping with the high standard of the ext and there is
ro meation of food peller vaccination in the control of disease. Nevertheless this
book is of inestimabie value to all involved with this subject and is a fitting 1oken
of remembrance to the 1ate Professor R. P. Hanson 0 whom & is dedicated.

F.T. W. Jordin



APPENDIX IIl. ENDOPHYTES IN CASSAVA

Preliminary results

The existence of detrimental endophytes affecting cassava was demonstrated in 1990
(Annual Report 1991), and a system was developed to evaluate the effect of
endophytes on cassava plantlets under control conditions in 1992 (Annual Report
1992). By following this system to test around 213 fungal strains isolated from the
rhizosphere of different cassava clones planted in different ecological areas, three
straing belonging to different fungal species had a beneficial effect on cassava plantlets
inoculated by three inoculation methods. Their effect on root weight increase in three
clones (CG 1141-1; M col 1468 and M col 1505) was significant (0.05 Tukey’ test) for
the three inoculation methods used when compared with controls (Fig. 1.1) as well as
when three cassava clones were inoculated with each of three strains used (Fig, 1.2).
However, strain El induced the highest root-yield both for all inoculation methods
used (Fig. 1.1) and in all inoculated clones (Fig. 1.2). The existence of beneficial
endophytes parasitizing cassava is important as this opens the possibility of increasing
biomass production by direct application of these endophytes to plantations or by
inducing indirect plant protection against detrimental parasites after applying
transformed beneficial endophyte strains,
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Source: Cassava Pathology/CIAT; Cagsava Program Annual Report (22 Nov. 1993, Draft)
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