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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 fungi 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 Loliwm, Hordewum, Aegilops, Secdle, Triticum, Aveng 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 in 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 IT). 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 IIT).

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.
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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 International 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.
II. RESEARCH OBJECTIVES AND ACTIVITIES
The research objectives are:

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

(ii) 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

Activities

Figure 1 Work Breakdown Structure

Project Goal

To explore the use of bio-control agents in management of pests and diseases.

Project Purpose
To survey and identify endophytes in tropical forages and determine their role in plant protection and effect on animal performance.

-

Component 1: Survey and identification of
endophytes.

Component 2: Determine rols in
discase and pest control and agronomic
performance.

Component 3: Determine role for
endophytes in animal toxicity.

Component 4: Project Management.

» Fungal endophytes of tropical grasses

» Knowledge of specific effects of

» Relation estahlished between

» Woell managed project and results

» Survey occurrence in other countries in
tropical America.

» Histopathological studies.
» Isolation and identification of endophytes.

» Extend survey to Asia and Afica.

Examine role in disease control.

Examine role in pest control in
collaboration with entomologist.

Field inoculation studies.

Studies of agronomic performance
of forage grasses.

Studies of agronomic performance
Ofl CASSAVA.

» Identification of endophytes and
other fungi.

» Controlled feeding trials with sheep
to simulate effect of specific
endophytes on animal performance
(Monitor intake, digestibility, visual
sympioms, blood analysis).

» Post-mortem examination of dead
animals for organ damage.

» Identification of toxic agent.

+ Devise management strategy to
*  minimize risk of toxicity.

idenitified. endophytes on pests and disease, endophyte and toxicity. disseminatad widely.
» Survey occwrence in different ecoregions in Plant inoculation studies in » Survey of aroas where toxicity » Appoint personnel.
" Colombia. greenhouse. reported.

» Monitor project and prepare annual
report.

» Financial management and
feporting.

» Liaison with different laboratories
working on endophytes,

» Publish research reports.
» Hold intemational conference.

» Final report.




II. 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 International 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

Laboratory materials

Office supplies and services

Indirect costs to CIAT (10%).



Figure 2. Project Activity Schedule - Endophyte Project

Component/Activity

'Year | Year2 Year 3 Year 4 Year 5
1 Q2 Q3 Q4 QI Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 QI Q2 Q3 4

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

Component 2. Role in disease 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

3.6 devise management strategy to minimise toxicity

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




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

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 personmel 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 as 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 funds received from the
Government 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
funds 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 out 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.



APPENDIX I. REVIEW OF ENDOPHYTES



Source: Forage Quality, Evaluation, and Utilization. 1994,
(Ed.) George C. Fahey, Jr. American Society of
Agronomy, Inc. Madison, Wisconsin, USA.
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CHAPTER 8

FUNGAL ENDOPHYTLS, OTHER FUNGI, AND THEIR METABOLITES
AS EXTRINSIC FACTORS OF GRASS QUALITY

C. W. Bacon
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INTRODUCTION

Ty

Considerable improvements in forage quality of grasses have been made
within the past two decades. These improvements are consequences of
genetic manipulations of grass cultivars and improsed management strategies
which guarantee that there is more than an adequate amount of grasses for
grazing. These improvements are integral factors in the concept of forage
quality. Nevertheless, animals grazed on certain properly managed grasses
may still have reduced performance. Reduced animal performance is
characterized by low gains, reproduction difficulties, low acceptability, and
toxicity syndromes. The factors in forage grasses responsible for reduced
animal performance are called antiquality components, and consist of a large
diverse group of chemical constituents which may be divided into constitutive
and extrinsic or exogenous antiquality components  Constitutive antiquality
components are those that are produced direcdy by and are, therefore,
inherent factors of grass species. Extrinsic antiquality components are those
that are produced on a grass species but by another biological entity and are
exogenous to the normal metabolism of that grass species.

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

The primary focus of this chapter is 1o 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 the cultivated forage grasses are descendants of
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cither wild or ancestral species that are natur:.y infected v endophyi .

Further, a considerable discussion pertaining (o positive irteractions o
endophytes with grasses will be presented which should pioove heipful 1
understanding the symbiotic operation of these organisms in .. lural systenr.
Thas latter discussion is warranted since the association of endophytic fun.
with most of the major forage grasses is natural and ecolopically significam
and their removal from grasses may, in certain instances, rzsult in poor
forage productivity which might indirectly affect forage quality.

In this chapter, information from basic and applied sources has been
assembled to illustrate unique characteristics of the endophyte-grass-livestock
interaction, which has an cvolutionary basis and is fundamental 1o the
disastrous effects on a trophic interaction, referred to here as grazing.
Because of space limitations, this review emphasizes antiquality factors and
toxins related 1o fungal endophytes. However, there is another large group
of fungi that alsa affects grass quality. These fungi, discussed in pan two, are
referred 10 here as mycotoxic sonendophytic fungi. Mycotoxic nonendophytic
fungi include nonmutualistic saprophytes living on dead matter, endophytic
latent fungi, and Jocalized systemic pathogens of grasses. Nonendophytic
fungi will be discussed very bricfly since it is this group that has been recently
reviewed extensively (see Smith and Henderson, 1991), and historically the
numerous early studies of this group formed the basis for our understanding
of toxic fungi in general.

PART I: GRASS ENDOPHYTES
Biological Concepts
Eandophytic Species of Fungi

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

A recent consideration of the phylogeny of the clavicipitaceous fungi as
expressed in Figure 1 indicates two major features of this family, ane group
parasitic on insects (Cordycepitoideae typified by species of Cordyceps), the
other two groups parasitic on grasses (Bacon and Hill, 1994). This phylogeny
is based on a series of studies which, in addition to the host-fungus
refationships of Dich! (1950), also include fungal merphology, conidiation,
biochemisiry, and molecular biology (Sarnpson, 1933; Diehl, 1950, Luttrel},
1979; Luttrell and Bacon, 1977, Latch et al, 1984; Rykard et al, 1934,
Rykard et al,, 1985; Bacon et al,, 1986; White, 1987, White, 1988).
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Acremonivem spp.

Balansia spp. Epichlae spp.

"

RN

/
i
Myriogenospora atrementosa

Atkinsonelia hypoxylon

Balansiae Clavicipiteae

Cordycipitoideae Clavicipitoideae

I

9
Clavicipitaceae

Figure. 1. Possible evolutionary lines of taxa among grass endophytes of the
tribe Balansiae within the family Clavicipitaceae, subfamily Clavicipitaideae,
beginning with an unknown (?) ancestor. The tribe Clavicipiteae and the
subfazmily Cordycipitoideae are illustrated for pessible relationships within
the family, although no cladistics is implied.



Considered from the above viewpoint, i :re are four major tendencies
within the Clavicipitoideae: 1) a line indicat: .¢ localized parasites of grass
ovarics as shown by the Claviceps (Ciavicipit:: ¥) and also characterized by
having a stage independent of the grass, the :erotium; 2) the change from
a strictly ovarian pathogen and location, to also include the foliage parasiuc
habit (systemic) with varying degrees of the encophytic habit, and the loss of
an independent stage from the grass (presently shown by the monotypic
species (Atkinsonella hypoxylon}; 3) development of an endophytic habit but
stightly pathogenic (Myriogenospora atrementosa) which culminates with
species of Balansia characterized by a completely endophytic habit; and 4)
the loss of sexuality, they are nonpathagenic, 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 most advanced group of grass endophytes.

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

The first group include the fungi Aikinsonella, Balansia, Epichloe, and
Myriogenospora which form external primary anamorphic stromata within or
around stems, leaves, or florets of grasses from which cither effuse, pulvinate,
or stalked perithecial stromata 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
related and have been placed in the tribe Balansiae of the family
Clavicipitaceae (Diehl, 1950), and referred to here as the balansioid
endophytes. Other essential distinguishing characteristics of species of this
tribe are included in early studies (Luureil and Bacon, 1977; Rykard et al,,
1984; Bacon and De Battista, 1991).

The species in the second category include the genera Acremonium,
Glociadium, Phialophora, and Pseudocercosporefla. Also included in this
laner category are those endophytes that have been observed in a variety of

anmual ryegrasses (Latch et al,, 1988; Neison and Read, 1990). Most of these.

endophytic species are associated with important forage species and therefore
represent the greatest economic concern to forage quality (Table 1). Since
these species reproduce asexually by conidia, they belong to the form-class
Deuteromycetes, and are, for the sake of convenience, separated from the
balansioid endophytes and referred to here as the acremonioid endophytes.
As presently defined, the genus Acremonium consists of A. coenophiahim
(Motgan-Jones and Gams, 1982) from two cultivars of tall fescue (Festuca

[
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Tabte 1. Distribution of endepivies among the worlds major forage
grasses.”

Tribe/fspecies Common name Endophyte genus

AGROSTIDEAE
Agrostis alba, and other spp. Bent grasses Acremonium
Alopecurnus pratensis Meadow foxtail  Acremonium™**
Phelum pratense Timothy "
Sporobolus Dropseed Balansia
Stipa comata Needle grass Acremonium

AVENEAE L
Arrhenatherum elatium Tall oatgrass 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 dactylon Bermudagrass :

FESTUCEAE o
Daciylis glomerata Orchard grass Acremonuemy
Elymus spp. Wildryes "
Eragrostis spp. Lovegrasses Balau.w?
Festuca spp. Fescue grasses Acremonium
Lolium spp. Ryegrasses oL
Poa spp. Biuegrasses Acremonium

PANICEAE ]
Axonapus offinis Carpet grass Balmm:a spp.
Panicum spp. Panic grasses Baiarpsix:r.'spp.

Paspaiin spp.
Setania alica

Dallisgrasses
Foxtail millet

"The major forage grasses are compilations from Hoover et al,, 1948; Bula
et al, 1977, and Crowder, 1477, The distribution of endophytes is pascd on
the work of Diehl, 1950; Kohlmeyer and Kohlmeyer, 1974; and White, 1987

“Indicates that this endophyiic species is Epichioe typhina (A. typhinum).

- arundinacea Schreb.) and from Poa autumnalis Muht. ex Ell. (White and

Buliman, 1987), A. typhinten from F. rubra L. (Morgan-Jones and Gams,



1982), A. uncinawm from F. pratensis L. (Gams et : .. -990), and A. fofii from
Lolium perenne L (Latch et al., 1988).

Since the Acremomium species are so agronon.cally impartant, much
effort is being made toincorporate molecular data to Jlarify species relations.
The cssential premise is that Epichloe fphina wiich also produces an
Acremonium state might be related to other Acremonium species,
Ribosomal DNA was used to characterize nucleotide sequences among
several species of endophytic fungi of grasses, including the Aercinonium
species {Schardl and Siegel, 1993). The results sugpested a remarkable
similarity of ribosemal DNA among all Acremonium cryanisms and that they
were phylogenetically related to, and evolved from £ typhing (Schardl and
Siegel, 1993). They ako found that fungal mutualists did not necessarily
coevolve with their grass hosts. In fact, as much dissimilarity occurred among
A. coenophialum isolates from F. arundinacea as existed between A.
coenophialum and A. bolii or A. typhinum. These findings raise doubts as 10
the true taxonomic derivation among species of Acremonium within sect.
Albo-lanosa. Further, the ability of both the acremanicid and balansioid

fungi to produce ergot alkaloids indicates at least a biachemical affinity
among members of the Clavicipitaceae.

The Endophytic Habit

Symbiosis  Endophync fungi are those fungi which live their entire life cycle
within the aerial portions of grasses and sedges by forming nonpathogenic
and completely intercellular associations (Sampson, 1933; Dichi, 1950). The
grass and fungus are symbiotically associated as a single ecological entity.
Thus, in the discussions to follow, symbiotum (plura) symbiota) or symbiotic
will be used 10 refer to the traditional endophyte-infected grass terminology
(Schard! et al,, 1991) and nonsymbiotum to refer to noninfected grasses. The
use of these terms will serve not only to emphasize the naturalness and
importance of this association, but also 10 indicate potential problems which
might occur if it is dismantled 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 symbioses are suggestive of incomplete, pathogenic
relationships as shows by some of the Balansia species. The balansioid
endophytes exist as free entities only very briefly during the spore stage and
there is some questionas 10 the significance of this spore as a dispersal unit.
Unlike the balansioid endophytes, the acremoniocid endophytes, as well as
other forms of symbiotic associations (Ahmadjian and Paracer, 1986), do not
live apart not even briefly, i.e., once a tall fescue or ryegrass symbiosis is
established, the assocation is constant. The Acremonium symbioses are seed
disseminated (Sampson, 1933), their association with the grass begins after
permination of infecied seed where upon the fungus infects developing
seedlings, and symbiotic perennatios: is puarantced by infecting  the
meristematic areas and all young vegetative organs except the roots.
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lutmalism  Degardless . <he degree <1 the assagation, all ?“dOPhY“C
‘ungi of prassts form biotic, nic associations in whidithere is Tittle of no
lestruction of cither grass .. fungus and as will be pesented Iatf:r, certain
nembers expiort the bioche :.weal properties of the atier, indicating that in
pecific cases the relations.p is mutualisticc.  Muwalisms are SPCFIﬁC
assaciations of two or mare « «ganisms that are charaeerized as inn(:rzflc_uons
netween individual organisn tn which the genetic fitnas of each participant
15 increased by the action of 112 other. This definition:gecisely c‘iescnbes the
ecological nature of the symbiota and components of tie mutualism are aptly
referred 10 as plant or fungal mutualists. o
Mutualisms are polymorphic in nature; thus, within a mutualistic
population, there exists successful symbionts or true matualists, unsg:cgcssful
symbionts whose fitness is not increased, amt nonsyfntflouc or
noncohabitating individuals (Keeler, 1985). Most afthe symbiotic grasses
are of this first category and will be treated in this mmtext. E.xamplcs of
unsuccessful symbiotic grasses might refiect our inabity to determine the
survival value of specific traits under a precise enviramental f:qndmon. . It
is rather doubtful that the third category of noncohabitaing individuals exist,
at least completely, since the fungi are only found in asnciatiqn with grasses.
However, noninfected grasses of an infected species sist which may cnhcfr
occur naturally or they may be agricultural artifacts ressing from agronomic
uses and practices, as for example, endophyte-free it fescue (Bacon and
Hill, 1994). - )
The tall fescue and perennial ryegrass symbiota aredefensive mutualisms
(Clay, 1988) because the overall competitive benefits {Hill et al., 1991a) are
due to specific characteristics such as enhanced droughttolerance (Read and
Camp, 1986; Arechavaleta et al., 1989), increased tillerag and growth (Laich
et al., 1985b; Hill et al, 1990), and increased resistane to heybwory _from
matnmals and insects (Cheplick and Clay, 1988). The information avad?blc
on Balansia-associated grasses suggest that they too aredefensive mutualisms
(Clay, 1984; Clay ex al., 1985; Clay 1986). ) .
The present data provide overwhelming evideme that interactions
between the grass and fungus, as well as envircament, increase the
phenotypic variation amang symbiotic plants (Clay, 1584; Kelley and (_?lay,
1987; Bradshaw, 1988; Hill et al,, 1990). They also saggest that symbiotic
plants do not have all mechanisms of fitness imparted upon them by the
endophyie, but it is the sum of all the plants in the popalation which cxp_rc§s
the fitness characteristies {Bacon and Hill, 1994). Therefore, symb!ot!c
populations of grasses are far more plastic and adaptalie than nops;_(mb:oue
populations. How fast symbiotic plants encroach upoz nonsy:pbnouc plants
in a mixed community will depend upen the types ard severity of stresses
imposed upon the plants in their environment. Umndoubtedly, severe or
repeated cattle grazing and other severe environmentalstresses will eliminate
nonsymbiotic grasses, while reduced grazing will have minimal cfcht on the
competitiveness of a nonsymbiotic plant. Generally, the more ideal the
grawing conditions, the beter the ability of the nansymbiotic plant to
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compete with its symbiotic counterpart.

The endophytic habit is important not only from the st -point that it
is where the fungus resides but also because it is here that 1. - fungus and
(or) grass produce antiquality factors referred to as mycotoxinz. Further, the
nature of the endaphysic habit is important because understanuing will assist
in formulating any possible control measures 1o remove the tungus. The
endophytic habit was recognized as early as 1837 (De Bary, 1887) and
described in the fungus Epichioe typhina (Pers. ex Fr.) Tul. The endophytic
habit was subsequently established as a perennial feature of several grasses
(Diehl, 1950), and this was followed by studies on the distribution of the
endophyte within grasses (Sampson, 1933; Diehl, 1950). Most endophytes
produce an exiernal aed transient sporulation structure (conidial stroma)
upon which spores are produced which infect grasses.

Within an infected grass, the endophyte is intercellutar and there is no
evidence of any endoplytic species producing mass destruction of host cells.
However, this is not to imply that an endaphyte does not ‘create’ a niche for
itself within the grass. The intercellular spaces occupied by the fungus are
hot vacant spaces but spaces normally occupied by the middle lamellae of
each cell. The endoplyte apparently has the necessary enzymes to dissolve
the middle lamellae as it grows between each layer of cells. There is no
nutrient absorbing stracture, typical of other parasitic fungi. Nutrient
exchange takes place within this location, which consists of an external
ceflular plant matrix referred 10 as the apoplasm. The nutrients within the
apoplasm may either b derived from the host due to normal cytoplasmic
leakage and (or) from products derived from the digestion of the middie
lamellae as the fungm grows between cells. This suggests that added
nutrients will be available 10 the endophyte during periods of rapid plant
growth, which would infleence, and cenainly correlates with, increased fungal
growth and biochemical activities as evidenced by the periods of high ergot
alkaloid content and hetbivore toxicities (Belesky et al., 1987b; Belesky et al.,
1988; Hill et al,, 1990}

The extent of host colonization by an endaphyle is endophyte-specific.
Thus, species of Balamsia and A. hypoxylon are found throughout all organs
of the grass, except e roots. The specics Epichloe, Acremonium, and
Mynogenospora are fomnd only within the sheath of leaves, meristemnatic
areas, and inflorescence structures. Further, some endophytes appear 1o have
a quantitative expression of hyphae within a host, e.g., the endophyte of the
annual ryegrass while found in the sheath as discontinuous sparse fragments
is found in much higher density within the seed (Latch et al,, 1988; Nelson
and Read, 1990). A sagle plant is usually not infected by more than one
endophyie, but a grass species can serve as a hast for sceveral different
endophytic species. However, double infection of a single grass plant by
different genera has been reported, as in Punicum anceps infected by M.
airameniosa and B. hemuingsiana (Luttrell and Bacon, 1977; Rykard, 1943).
This may reflect occupation of different in situ locations. Balunsia species
are generalized and eadophytic, whereas the infection by M. atramentisa is

localized nd systemic. Nevertheless, Latch et al, (1984) reported the
co-occurreace of two endophytic fungi, Gliocladium-like and Phinlophora-like,
coloniziny :dentical tissucs along with A. lolii and A. cocnophialum in plants
of perenntl ryegrass (L. perenne) and tall fescue, respectivehy.

Coevolution  The reciprocal potential for genetic fitness derived from a
mutualism serves as the driving force for the coevolution of endophytes anx
grasses. FPlant-fungus associations appeared to have entered close
relationships very early in their evolution. The Gramineac probabily
criginated in the upper Cretaceous Period of the Mesozoic Exa, much lat.r:_r
than dicotyledonous plants. The fossil records of the first authentic species
of grasses, fruits of Stipa (Cockerell, 1956) and Phalaris (Beetle, 1958), were
obtained from the late Tertiary deposits, approximately 40 to 50 million years
ago. The oldest fossil Festuca species was reported in the Miocene epoch of
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 million
years ago.

To understand the need for a mutwalistic relationship to develop
between grasses and fungal endophytes, a complete understanding of thjc
systematics and evolution of both the endophyte and species, their
biochemical relatedness and requirements must be known. For more
detailed discussions of this evolutionary aspect, as well 2s a model for fitness
and other salient but theoretical evolutionary events within these mutualisms,
the reader is referred to earlier reviews {White, 1988; Bacon and Hill, 1994).
Briefly, the major impetus considered responsible for extending the
adaptability of symbiotic grasses are the variety of secondary metabolites,
most of which are produced by the fungus within the association. )

Fungi are rated as highly adaptable because they have biochemical
abilities to utilize a wide variety of substrates and produce precursors from
intermediary metabolism for use in primary and secondary mewabolism. On
the other hand, grasses are one of the few groups of plants that lack the
ability to produce excessive secondary metabolites (Zahner et al, 1983). In
theory cohabitation and the establishment of a completely compatible
association, although pradual, were based partially on the need for secondary
meiabolites that were lacking in the grass but were contributed by the fungya
The evolutionary events which resulted in the cohabitation of grasses with
this group of fungi will probably remain unknown. It is clear, however, that

" the clavicipitaceous fungal mutualists meet the criterion that Law (1985)

proposed for mutualisni: 1) the inhabitants are genetically similar while their
hosts are genetically diverse, 2) the inhabitants rarely or never undergo sexual
reproduction, and 3} the inhabitants lack strong specificity 10 a parnticular hosk
species,



Distribution of Endophytes Among Gz :ses

Endophytic fungi kave been reported 1o infect grass .pecies belonging to
six subfamilies of the Gramineae as delincated by Gould and Shaw {1Y83)
and several of these are considered important forage grasses throughout the
temperate and tropical grazing zones of the world (Hoover et al,, 1948; Bula
et al, 1977; Crowder, 1977). Of the North American species of grasses, this
Tepresents a total of 22 assaciations (Bacon and De Battista, 1991). Thus,
only 15% of all the New World's grass species are hosts for endophytes but
whose distribution ranges from temperate to tropical zones. The distribution
of symbiotic grasses appears to be limited to host habitat and climatic
conditions. However, sveral grass species with widely different geographic
distribution are infecied with the same fungus at each end of theijr geographic
extremes (Diehl, 1956

Host-specific endophytes have not been demonstrated, although ng
comparehensive study of this phenomenon has been attempted. in natural
grass communities, seserzl host species may be found growing sympatrically
but it is wsually obsereed that only one species is infected by a particular
fungal endophyte, sgeesting that there is a compatibility facior.
Experimental infectsomaf grasses and sedges with Atkinsonella hypoxylon and

B. cyperi established wat these two fungi were broadly cross-compatible

within a specific hos1 population, but 8. cyperi was less host-specific than A.
hypexylon (Leuchtmana and Clay, 1988).

As indicated abouse, the Balansioid endophytes are probably related 10
the Aeremonium endoghytes, so their distribution among the grasses will be
discussed together (Table 1). Endaphytes of this type are found associated
with more grass spets than any other endophyte (Latch et al, 1984;
Williams et al., 1984; Halisky et al., 1985; White and Cole, 1985; White and
Cole, 1986; Morgan-Jmes et al., 1990; White et al, 1992). However, the
distribution of this spegies within the subfamilies of the Gramineae is very
narrow as 50% of the £ fyphina is associated with the Festucoideae, mainty
the Festuca species ambother cool season grasses. This percentage includes
the retated Acremomimm anamorphs. Both E. typhina and Acremonium 3p.
are the endophytes asmciated with major forage grasses. On the other hand,
Balamsia species are mimarily associated with over 102 warm season grass
and sedge species Smm all subfamilies except Bambusoideae. This
distribution appears w favor two subfamilies since 97% of the Balansia-
assocxated prasses mxlude species of the Panicoideae (64%) and
Eragrostoideae (33%) (Bacon and De Batiinta, 1991).

Endophytic fumgj are found in approxtmately 15% of the North and
South American specis of grasses, many of which are used as forages (Bacon
and De Bautista, 1993y However, this percentage is probably much higher
as it does not reflect awide scale sampling of .ll the forape grass species tor
endophytes. The Balmsia-associated grasses uce not necessanly major fouoge
species; they are, hovever, major North Amvy.:.can rangel.and species (Table
1). Balansia cpichboe i the most cosmopuln o of the Balansia specic., us
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-tause and effect rel:iionships are eminent.

hes: range varie: 'rom cool-szison grasses of the Fesacoideac to "grhm'
seasea grasses of e Panicoide v, Eragrostoideae and Amndinoideae. Other
Buleista species liove been renorted from only one artwo grass "i]bes ?I:
speetis. Thus, 8. aunbiens, B. «.,zue, and B. pallida amsocm}ed on 3; wi o
gras:cs of the tribe Oryzeae, hile other species of Balansia are _O']-“;r‘m
infecuing only panicoid or eragrosioid grass species. Tugrfpccnes,_ﬂ. an}ﬂ I
and 8. hemicrypia, are reswricted to the grass genus Amsida, while Ba “'“‘l"
oryzae is one of two species found in association with e, which is the onz
known association of an endophyte with a forage crop sed for human foo
(Mohanty, 1964). Two minor genera, Atkinsonella andMyriogenaspora, are
even more  restrictive in their associations with gmsses (Diehl, 1950).
Nevertheless, M. atrementosa is ussociated with the Pagmlum species Whl(jgh
are used as forage grasses. Arkinsonella hypoxylon, B.pilulaeformis and o
cyperi are associated with a variety of native grasses .'ul nongraminaceo g
hosts that are found throughout the major grasslands o the temperate an
cooler tropicat regions of the world,

Positive- Bene(its Derived from Symbiutic Grass

Natural populations of symbiotic grasses persist imger and Comll)e‘lc
better than nonsymbiotic populations (Clay, 1986; Clay, 887, Presudge et a %
1982; West et al,, 1989). However, as discussed earlicz. the comP‘?“eml5 0
impraved fitness of symbiotic populations are multifacsted and difficult lOf
access. Most research on symbiotic grasses has emphasized vanation o
fitness at the population level, with relatively few studes pﬂrfﬂfom']‘g _‘h‘l“
variation into its penetic and environmental components. Thus, it 15 r_:) auvt‘-ly
difficult or impossible to interpret which symbiotic component comnhul?slh(;
the phenotypic expression and any evolutionary significance of much o v
fitness variation from such natural systems. The altanative approac Cll
using symbiotic and nonsymbiotic clones (Arechavaleta exal., 1989 Hill et al-,
1990; Hill et al,, 1991a; Hill et al., 1991b; Agee and HB, 1991) has greatly
facilitated our approach and understanding of several asgects of the variation
of mutualistic responses within a population. This apprsach should allow U?
to extrapolate to the effects of such variation on trophic interactions, one Dd
which is measured as an antiquality factor. Examples o variation obtaine
from using clonal lines are indicated below. d tiller

In summary improved fitness includes increased growth rate an ; -
density (Bradshaw, 198%; Hill et al., 1990; Hill et al., 19915.1).. Changcz'rlm
morphology (Diehl, 195; Hill et al., 1990}, resistance asd toxicity 10 gra s:: o
animals (Byford, 1979, Wallner et al., 1983; Read and Camp, 1935){ m .
deterrence (Prestidge et al, 1982; Clay, 1988), n:fnamdc ‘;;:s!siancd
(Kimmons et al,, 1990, West et al,, 1990a,b), disease resistance (White an
Cole, 198S; Yoshihara et al,, 1985). and drought tolerane: (Read and Carnr_’t
1986; Arechavaleta et al, 1989; Elni and West, 1989). The chemical bqsm
for each component ot fitness is nat completely understood, but data dt:fm_llf.‘:’
There may be a chemical
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similarity between compounds which is responsisie for each aspedt of
improved fitness akhough the compounds may be found in very distinet
symbiota (Table 2). However, this information is far from complete as there
are only a few orperiments which document positive benefits from
endophytes within ather associations, particularly the balansioid symbiota.

All the positive benefits derived from the symbiota are expressed, or
measured when the association is subjected to stresses. Characteristics which
are associated with drought tolerance are not expressed unless the plant is
exposed to prolonged drought conditions. For example, roots of symbiotic
plants will grow faser and deeper into a soil profile under drought stress
than its claned nomsymbiotic ramet.  However, there is no difference when
both are grown at field capacity (Richardson et al., 1990). Further, total
reserve carbohydrate “content and structures are similar among plants,
regardless of endopyte content, when soil water content is at field capacity
(-0.1 bars), but suga monomers increase and polymers decrease in symbiotic
tall fescue once dmght stress conditions are imposed (Richardson e al.,
1992). Mareover, there is variation among symbiota, as for example, plant
morphological chagges are not constant among tall fescue genotypes (Hill et
al, 1990). This wriation is expressed specifically by tillering capacity,
specific leaf weighss, and crown weight which may increase, decrease, or
remain the same depending upon the genotype of the infected plans. All of
these faclors may explain the basis of variation under stress.

Insect and Nematade Defense

The accumuistion of antiquality components (Table 2) in symbiotic
grasses is a clear emmple of a defensive mutualism derived from endophytic
fungi. Detailed data expressing this are based on specific and generalized
charactenistics from insect feeding experiments, which suggest that at keast
antibiosis may be e functional defense mechanism. Since most insects are
grazers, data obtaimed on insects may be appropriate for mammalian grazers,
Thus, it is this category of mutualism which is directly related to the livestock
toxicity symdromes discussed below. En the use of endophytes for forage
improvements, we are dealing with a double edge sword: 1) a munmlism
which is essential for the competitiveness of pasture and rangeland prasses,
and 2) an antiquality component. The complex interaction described above
must be considered if there are any attempis at removing the mammalian
toxicity from the msect toxicity. This removal also may result in the wual
removal of all toxicity and related stress-sparing mechanisms.

There are nwnerous effects of symbiotic grasses on insect herbivory
(Gaynor and Huny, 1983; Barker, 1988; West et al., 1989; Siegel et al, 1991),
and they suggest some specificity (Hardy et al., 1986; Siegel et aL, 1991).
The list of insecis reported as being deterred or poisoned by symbiotic
grasses includes several species of aphids (Laich et al., 1985a; Siegel et al,,
1991), sod webwonmns (Funk ¢t al., 1983), leathoppers (Pottinger.et al,, 1985),
chinch bugs (Funk ct aL, 1985), crickets (Asoy et al., 1975; Ahmad et al,
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‘Table 2. Toxins and SUSpo loxins ass -d withwmbiotit grasses.

Acremonioid symbiotn Balansid svmbiota
"Ergovaline Elymclavine
Ergonovine ’ Ermaovine
Ergosine Erpaine
Chanoclavine | Chanclavine |
Peramine Isodanoclavine 1
Indele acetic acid Agmiavine
Ergosterol Dihdroelymociavine
Erposinine 6,7 &eoagroclavine
Cyclopentanoid Pemclavine

sesquiterpenoids* Erviin 1-(3-indoly)pro-

Ergonovine pmne-1,2.3-triol
Caffeic acid* Threx §-(3-indoly)pro-
p-Coumaric acid poe-1,2,3-triol
p-Hydroxybenzoic acid 3-Ipie acetic acid
Loline 3-Inside ethanol
N-acetylloline 3-inmble acctamide
N-formylloline Metd-3-indolecarboxylate
N-acetyinorloline Ergdilansine
Paxilline Ergaialansinine
Lolitrem A
Lolitrem B
Lolitrem C
Lolitrem D

'Tht':sc compounds were isolated from Epichloe gphina (Acremonium
yphinum) and are grouped with the acremonioid symbiota. Hormane,
norharmane, and halostachine were isolated from taBfescue {Yates, 1983),

but the infection status of the grasses was not reportek therefore, they have
been excluded from the Jist,
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1985), corn flea beetle (Kirfman et al,, 1986), black beetle (Sieyci t al.
1987), !Jlucgmss billbug (Ahmad et al,, 1986), flour beetles (Clay 17)5-;8} and‘
A.rgcr':llr.ic stem weevil (Prestidge et al, 1982; Pottinger ct, al., 1;)85)
Symbiotic grasses also are wxic 10 the lepidopieran larvae of fajl urmyworrns;
(Hardy et al., 1985) and species of Crambis (Clay et ul., 1985). Acremonioid
frasses are reported as being nematicidal (Pedersen et al, 1988; Kimmons
et al., 1990; West et al., 1990a), but this effect may be nulled if the symbiotic
grasses alsq are associated with mycorrhizal infections (Barker, 1988).
.Peramtlml: is the chemical considered responsible for deterring the
feeding activity of several insects, specifically the Argentine stem weevil
(Rykalzd et al,, 1985) and some species of aphids (Siegel et al, 1991)
Pcramlpc 15 a very simple alkaloid which has been reported in s;mbiotir:
perennial Iyegrass and tall fescue (Rowan and Gaynor, 1986; Siegel et al.
199]). It is not l_(nown if the fungus makes this compound or if its symhcsis:
fequires a combination of fungus and grass. In addition to peramine, the
loline al'k?lmds (N-formyl and N-acetyl loline) also have been implicau::d 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
crgopcpudc_alkaloids, peramine, and (or) the folitrems) (Siegel et al. 1991)
Several environmental factors also may be responsible for the ﬁna’l cffeci
(Mcbcarf, 1?70; Lyons et al, 1990a), and the co-occurrence of simple indoles
and terpinoids (Table 2) ako may influence the toxicity. '

Abiotic Stress Tolerances

Drought tolerance  Mast of the research conducted on the effects of

cpd(_:lphytc infection on abietic stress tolerances has been done on tali fescue
Simitar fncc}'\anisms might exist for ather Acremonium-infected grass of thc-
same tnhf., ic., the perenmial ryegrass symbiotum. However, it might be
mappropnate 10 use infecwed tall fescue as a model for the warm-season
Balmma-_mfeclcd. prasses. Newvertheless, the occurrence of insect and
mammalian h;rl?lvorc deterrences and disease resistance mechanisms in both
ryPe}?tof '_syn?bmnc Erasses swggest that similar abiotic stress mechanisms also
::1):% cﬁ;};m s:; ;:—l:t:a;zsmd syn_lbima. _Again, it is impqrtam in this concept
fangus fr;u-n o o'f e recognize the important contributions made by the
o il _ grass. On]y-when thl'S separation is made can the
genetic potcnuql of forage quality or antiquality be assessed.

o sm:l;::g:;;?zncc for the occurrence of a drought stress mechanism

n outgrowth of the initial observation of Read and

Camp (1986) that two of three populations of symbiotic tall fescue werce

‘1;‘1::1: drough: resistant tham tall fescue plants with a low kevel of infection.
ki %t?srcg:;.:!zlr]::;icdhas been ir;ic ntified as a major mechanism through which
ctal, 1990; Richers rought (West e1 al,, 1989), but root growth {De Barusta
1987-‘ Ridlz'll’dsnn C'S(}n etal, 1990, and stgm:.ta] responses (Belesky et al.,
mcc};anismsf " al., 1992) also.an: considervd important. While control

or drought talerance in the tall fescue symbiotum are unknown,
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"5 been deterinined that only specific tis ¢ types, young meristernatic and
¢ agating leaf. irom the tall 1escue symbio.am were capable of developing
. osmotic peaeatial in response to water otress {West et al., 1989). This
5. susts that the busic mechiiusm centers wround the ability of grasses to
d. .clop low ose. Jlic potentini (West et al, [990b). Further, since asmotic
ac*ustment exists primarily in young and immature leaf blades, it may be the
mechanism of persistence and tilier survival in the tall fescue symbiotum but
onlv under internnttent drought (West et al, 1989; Wesi et al,, 1990b). The
universal occurrence of this inechanism throughout populations of the
acremonioid symbiota might vary. White et al. (1989) studied the expression
of osmotic adjustment in two clones of the tall fescue symbiotum and
concluded that cell wall elasticity appeared to explain the differences in
turgor maintenance among the two clones.

The nature of the osmoticum responsible for this effectis unknown, but
polyols, sugars, and amino acids are considered by many as likely candidates
(Morgan, 1984). In addition to being non-metabolizable under stress, the
essential substance or substances also must be osmoticily acive and
compatible (nontaxic) with the normal plant physiological processes. Polyols
were considered fikely candidates since they are normai 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 genotype of symbiotic tall fescue,
mannitol and arabitol were present (Richardson et al., 1992). However, the
concentration of these polyols was not high enough 1o affect the overall
osmotic pool in this genotype. It was further shown that in symbiotic grasses
grown under drought stress, arabitol, glucose, and fructose were the only
compounds which accumulated in sufficient quantities to affect the averall
osmotic pool (Richardson et al.,, 1992).

Nitrogen Efficiency Acremonitim-infected grasses appear i¢ 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 low
N (11 mg/pot) were the same as the amount of dry mauer produced by
nonsymbiotic tall fescue at high (220 mg/pot), medium (73 mg/pot), and low
(11 mg/pot; *-vels of N (Arechavaleta et al.,, 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 tall fescue
symbiotum was compared to the activity in the uninfected plants grown under
low N, it was discovered that gluamine synthetase was higher in the
symbiotum. The high level of this enzyme in symbiota grown under low sail
levels was considered an efficient means of utilizing N (Lyons et al,, 1990b).
The ability to efficiently utilize low N apparently is not present in seedlings
of this symbiotum, but develops with grass maturity (Clay, 1987).

High levels of N not only increase the amount of dry matter produced
in the wil fescue symbuotum (Arechavaleta et al., 1989; De Battista et al,,
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1990; Hill et al., 1990), but also the amounts : ae ergot &0 - id {Lyons .-
al, 1986; Arechuvaleta et al, 198%; Hill etal, ) Thus, augh there
an increase in growth from N, the correspona.. _mcrease - t.e amount ¢
toxins in the foliage should reduce herbivory. " e effects © _oil N on i

accurnulation pattern of other herbivore toxins :re unknow:., Hut since the:
contain N, they may also be affected by high soil N, as is ohscrved for th-
accumulation patiern of the erpot alkaldids produced by Claviceps sp of ryc.

As in the case of high soil N, fungal toxins might also interact with lov
soil N to deter herbivory. This is based on the concept that the total I
content of plants affects the degree of insect herbivory (Mattson, 1980)
Therefore, herbivore feeding on grasses is increascd when grown at low soi,
N as compared to high soil N. Lyons et al. (1990b) determined that the
total free N concentration of leaves of tall fescue was decreased significantly
by endophyte infection although the plants were fertilized with high rates of
N (10 Mim total N/pot). Under high N, increased herbivory is prevented due
to the combined action of increased amounts of toxins and jow total N
content of herbage. In a mixed population of grasses, herbivory of symbiota
would be less than herbivory of uninfecied grasses. Thus, under a wide range
of so0il N levels, toxins and N content would offset any tendency to overgraze
infected grasses.

Effects of Endophytes on Forage Quality
Quality-Antiquality Evaluation of Endophyte-Infected Grasses

The concept of grazing implies a very large category of trophic
interactions but from the standpoint of livestock herbivory, it describes a
trophic interaction with plants that results in both low lethality and intimacy
of a forage grass. Of course, this is complicaied by the fact that we are
dealing with a natural phenomenon within the context of a man made and
managed system. Grasses comprise most of a ruminant’s diet and the
selection of a grass species is based on its nuiritive effects on livestock
production. Analyses of several symbiotic and nonsymbiotic pasture ar
potential pasiure grasses of tall fescue cultivars for nutritive values for
livestock, as well as actual grazing trials, indicate that there are decided
differences in actual livestock performance (Table 3) (Schmidt et al, 1982;
Hoveland et al, 1983; Aldrich et al., 1990; Chestnut et al,, 1992; Porter et al,,
1993). However, laboratory analyses of symbiotic and nonsymbiotic 1all
fescue indicalc that the two are identical in terms of protein, in vitro dry
matter disappearance (IVDMD), fiber and lignin (Table 3), as well as
minera) contents {Chestnut et al,, 1991b).

The greatest impact of symbiotic prasses is on the low productivity of
livestock, particularly ruminant livestock (Table 3). However, most of the
symbiotic grasses also are used as conservation/recreational species and are
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Table & Forage charactenistics and cattle performance on
symbioi.. and nonsy:izbiotic tall fou. ue.

Hem Symbiotic MNonsymbiotic  Rel
Grass:

1IVDMD, % 65.8 62.6 i
Crude protein, 9.2 8.2 2
Neutral detergent fiber, % 74.5 72.0 2
Acid deterpent fiber , 3 40.7 40.0 2
Ash, % 5.6 6.72 2
Cattle:

Grazing days 768.0 593.0° 3
Beef gain (ha) 384.0¢ 492.00 3
Average daily gain (Kg) 0.50 0.83 3
Gains per tester steer (Kg) 84.0¢ 144.0° 3
Rectal temperature (C) 40.1* 9.3 1
Average feed intake (Kg/d) 4.40 4.79 1
Respiration rate, breath/min 55.00 53.00 1
Skin vaporization, kcal/m¥h 91.3 113.7 4
Prolactin, ng/ml 1.5 1.5 4
Triiodothyronine, ng/ml 572 60.6 4
Cortisol, ng/ml 57.2 60.6 4

Plasma melatonin, mean
day-night difference, ng/mi 78.36 48.100 5

o TR T & N TR TE A B B FTRTN At v et e o e N s

‘References: 'Schmidt et al., 1982; 2Chestnut et al.,, 1991a; *Hoveland et al..
1983, 4 years means; ‘Aldrich et al., 1990; *Borter et al., 1993,

“Means in a row with the same letter are not significantly different at the P<
0.05 Jeve).
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grazed by wildlife. The effect of these grasses on .ildlife resources is
expected to mimic those observed in livestock product: 1 and small animal
experiments. Thus, preliminary studies indicate that populations of small
insectivorous and herbivorous mammals such as shrews, voizs, and cotton rats
were four to five-fold higher in pastures of nonsymbiotic tall fescue {Pelton
et al, 1991). The effects of symbiotic grasses on deer, rabbits and other
wildiife 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.

Acremonium Toxicity: Tall Fescue Historically, tall fescue and perennial
ryegrass symbiola were associated with poor animal performance problems
and toxicities. The most common of these are fescue toxicosis and ryegrass
staggers (Cunningham, 1943; Yates, 1962; Fletcher 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 to
reflect the amount of toxin contained within grasses. The amount of toxin
within a plant at a given location varies both qualitatively ( Yates et al., 1985,
Lyons et al, 1986, Arechavaleta et al,, 1991), and quantitatively (Bacon et
al,,1986; Rowan and Shaw, 1987; Belesky et al., 1987b; Hill et al, 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 content (Hill et al., 1990; Hill et al., 1991b; Kearney et al,,
1991).  The variation and fluctuation of endophyte-infected tall fescue
(Thompson et al., 1989a) within a location is expected to affect animal
periormance similarly (Crawford et al,, 1989; Thompson et al, 1989b;
Chestnut et al, 1991b).

Cattle consuming A4. coenophialum-infected tall fescue may show either
severe or mild symptoms. Cawle showing severe tall fescue toxicosis
resemble those showing classical ergotism and include gangrene of the
extremitics, and a slight nervousness or palsy in the flank region. These
symptoms, commonly referred to as fescue foot, are usually observed under
ool temperatures. During the early studies of toxicity on this prass, these
were the only signs recognized (Yates, 1962). Fescue foot was observed to
affect only a few animals within the herd, and toxicity from tall fescue was
not considered a serious economic threat, especially since it was sa sporadic.

When the endophyte and the recognition of mild or subclinical effects
on cattle were revealed (Schmidt et al,, 1982), it became apparent that
symbiotic tall fescue affected all animals within a herd and imposed severe
economic losses (Stuedemann and Hoveland, 1988). The syndronie resulting
from the subclinical effects often is referred to as fescue summer toxicosis or
the summer slump, since it is more evident in the warm periods of the year.
Cautle with the mild or subclinical symptoms exhibited reduced weight gains
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2= ! feed intake, reduced reproductive efficiency, redmed milk production,
leen heat tolerance or hyperthermia, increased respirassn rates, and reduced
cir “Liating prolactin and serum cholesteral (Yates, 198 Porter et al,, 1990).
“attle affected with fescue summer toxicosis aretbrther characterized
as ~.ving low plasma melatorin (Porter and Thompem, 1992), rough and
lor 1 hair coats which last well into the spring-summerperiod (Yates, 1983),
an i decreased tolerance 10 light (Hemken et al., 198; Bond et al., 1984).
Ca i prazing symbiotic tall fuscue seck shade or stadk in water, and graze
in «he cooler periods of the day or at night. Anotheraspect of tail fescue
summer toxicosis in cattle is the idiosyncratic develagment Of fat necrasis
which has been associated with high biood cholestend of animals grazing
symbiotic tall fescue (Stuedemann et al,, 1985). Tall fesue summer l.oxu:o‘ms
can be alleviated when the feed of cattle is changed, st average daily gains
are still depressed if catile are moved from symbioticaall fescue 10 feedlots
for finishing during warm weather. ) .
Data showing that the greatest economic loss 1othe caitie industry is
from the fescue summer toxicosis was estimated Ty Stu_edc.man.n N}d
Hoveland (1988) to be $793 million annually in the LSA which is primarily
due to reduced reproduction rates and poor weight gains. Accord:ngfto
Crawford et al. (1989), average daily gain of cattle waszeduced by 45.5 g for
each 10% increase in endophyte infestation level, Themxicity effects can be
reduced by diluting the overall pasture infestation lexd with another forage
such as clover (species of Trifolium) (Chestnut et al., 991ab). In anather
study (Chestnut et al., 1991b), the average daily gainswere deprcs:ed ufht::-n
the percentage of endophyte infestation levels was afjusied to 2-% W\l_ mn
by the addition of clover. This depression continued ugto the 35% mfect!on
level, but no further reductions in average daily gainand beef production
were observed when the infection was increased to &%, the highest level
used (Chestnut et al., 1991b). .
I-(Iorses grazing on 4. coe)nophialum-infcclcd tall fexue have very SP_F;:lfIC
symptoms, particularly reproductive and neuroendoine CffCCtS-I - CS;
symptoms are, as in caitle, related to toxicity induced by ergot alkaloi hmt"
can be prevented by the daily administration of perphenazine, 3 Symffhlc
dopamine antagonist (Ireland et al,, 1989). There hasbeen no report of the
gangrenous aspect, fescue foot, occurring in horses. The endOPhyte lohwers
circulating progesterone and prolactin levels in brood mares which also have
extended gestation periods, retained, mineralized and th!ckcned placentas,
agalactia, and deliver foals that are dysmature, weak, arstillborn (Monroe et
al., 1992; Putnam et al.,, 1991; McCann et al,, 1992). These symptoms are,
as in cattle, related to toxicity induced by ergot akaloids a.md can .bc
prevented by the daily administration of perphenazine,a synthetic dopamine
antagonist (Porter and Thompson, 1992).  Culating
Sheep prazing on Acremonium-infected tall fescue kave lower circulaung
prolactin, cholesterol, and as much as a 59% reductian in milk PT_OduC"Oﬂ
(Henson et al., 1987; Bonu 2t al., 1988). Ewes have lowered concepuon rates,
but unlike sheep grazed an perennial ryegrass, the gowth rate and feed
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intake are nat reduced (Bond et a., 1984; Bund ¢ al, 1988)

..Acremom‘m.n Toxicity: Perennial Ryegrass Tu izity from perennial :
infected with A. lofii affects mainly sheep (Ke -5, 1973; Byford la;9%egrt;i5.:;
cattle, horses, an_d deer also are affected (Bytul I, 19793. This ziiscasll i Ll-t
fll_t;llérg_r:c;lsgular disorder and_ is referred 10 as ryegruss staggers {Keogh 19'1183 ;l
Aus";“nr clrto_cc:{s sporadically and primarily in New Zealand and sc;uxhc.-r;
inducedl; : :s. isting from_the grass staggers (tetany)} disease which s
sheen dcv:lo n;dgncsmm deficiency, It has been shown experimentally that
o e oo Lllarexs(r?ggm (:f ;)grt;%r)as;itqggers within 710 14 d of being place
- } ) . 1s true of tise symbiotic tal] fesc
. zﬁ?;;)lmc in sheep is manifested fn a variety of symptoms, including :il«:-.}::
Symptoms of head nodding, trembling of the neck and sh
muscles, swaying while standing, P

T - staggering, and a stilted gait with colla
lgfr ::ienr proddcd' (Keogh, 1973). Similar tetanic spasms are observed in mﬂ:
g perennial ryegrass; however, they may either collapse or assume g

sitting posture if excited. Th
€SE€ severe symptoms are associ i
level of endophyte (Hannah e: al,, e s o s e

. 1990), increased amo '

p 3 unts of dead Yas:

; ;3-(’ ;au%‘ n ryegrass stands, slow plant growth rate, or overgrazing (Kcoz:i
. ere is a 2-10% loss of animals to ryegrass staggers which czm,

:g;ﬁ:;‘:é ;c:r at Icasl: hajf. of the totai profits.  Subclinical effects include
erage daily weight gains, depressed prolactin blood levels jn ewes

(Stilham et al., 1982; Fletcher a
! . nd Barrel, 1984
levels in rams (Henson et al,, 1987). b and teduced testosterone

ff)i':;‘lp;r(::’na;i‘t:: B_ah;mm tnxicity The Balansia species are mainly associated
Andropogen Adrr]a ! rangeland grass speciels, €.0., species of Sporobolis,
Detatooro sgofi:; ‘ Clamogrosiis, Chloru-, Eragrostis, and Panicum,
ROt been condumten ir cgff:cts Dtrl': grz:)sslqualny and cattle performance have
“en cot ince the balansioid endophytes produce erp
::k::mc]lsg ;lgl’:lll)i.ll' Pto those produced by the acremonjoid):':ndol;)hytcs (Porbt:'
19875, i éf% orter et al,, 1981; L_yons et al,, 1986; Rowan and Shaw,
el ,(Winers :lcl;lar;%?od;s :f aclc]iog gr:dgra;ing animals should be the
. + Ber 'e and Schild, 1978) . Indeed, ergotism i
(clzf;;lscc!ja:mbg.cr;q ;E?r:ir:;,d]% 4aném_:;ls c?;g;)mugx Bﬂlmuria-infecteg gmsse!;
culture medium of ope spc'ciczsl,l Cé.- e icl;{oe P;T;T:cnéﬂltfeﬁdlﬂg . i
Si;rslczn(;;‘u:ns in lacrating l-_{o]slcin cows FWullnt’:r etal, 1‘)83[;.131415:),0]:;1?::
. cffccatsznm llll: malk-induced rise in serum prolactin, although there
only the fin o c;l;ubljprt:aducuon (Wallner et al,, 1983). This work was not
catlle coprto aa sh t'ha_t serum pmlqcun concentration was affected in
kaloits & 2 symbiotic grass but it also established that the crgot
produced by the fungus were the active toxins. .

kXy)

Toxins ; sunciated with Symbiotic Crasses

The varicty of defensive compeinds (Table 2) found within symbiotic
individuais of a populuuon of endu. hiyte-infected forage grasses will vary

herbivory, and specific types of herbivory (insect or mammalian), will lead to
sub-popuiations of toxic grasses, each: chemically defined and based on its
specific mixture of deterring 4nd toxi : compounds. Since most endophytes
are maternally transmitted, seed-sown pastures will reflect this diversity. This
may serve to confound any potential catile toxicities initially, but as cattle
grazing within a location continues, th: seed of toxic and detetring individual
plants will be consumed the least, resulting in these individuads self-seeding.
producing more of the toxic types.

The time required for the establishment of a population high in
symbiotic individuals toxic to cattle may involve years. In areas where there
arc no pressures from herbivory, there should be a mixture of ecotypes,
including individuals totally devoid of insect and mammalian toxins.
Therefore, in experiments of short duration, it is important when studies of
specific deterring or toxic mechanisms of symbiota are being conducted 1o
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 neurotoxins and these may
be monitored 1o determine the percent distribution within a location.

The degree of chemical expression by the fungal mutualist depends not

only on the biochemical competence of the fungus (Bacon et al., 1973;
Bacon, 1938), but also upon the genotype of each plant (Hill et al., 1991b).
The environmental factors of soil N (Gaynor and Hunt, 1983; Arechavaleta
et al,, 1989; Lyons et al., 1990b) and moisture {Arechavaleta et al., 1991) also
interact to affect the accumulation of ergot alkaloids. Further, there is a
fungus-grass genotype interaction since ergovaline content of one genatype
of symbiotic tall fescue increases with increased leaf area while this
relationship is not observed in ather genotypes (Hill et al, 1990). This raises
the issue as to whether the controlling mechanism is associated with the
plant, the endophyte, or an interaction between the two. By inserting
endophytes into a common tall fescue genotype and by conducting genetic
studies between high- and low-ergavaline producing symbiotic plant genotypes
(Johnson et 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 regard, regulation may well reflect the individual variation
of toxic precursors and primary metabolites released in the apoplasm from
the plant. The apoplasm is the source of nutrients which are utilized by the
fungi for growth and synthesis of secondary metabolites, many of which are
toxic.

Ergot alkaloids The ergot alkaloids (Table 2) have been shown to be
produced directly by the fungus as in tali fescue endophyte (Yates et al.,

TUMII™ 4T T RITAIYODII VY 1"C © " DACC MYITAT ITY 338



1985; Lyons et al,, 1986), and the balansioid endaphytes (Bacot et al, 1988),
or indirectly in the case of perennial ryegrass since they arc isolated only
from symbiotic grasses (Rowan et al., 1986).

The ergot alkaloids found in symbiotic grasses consist of both the
ergopeptine and clavime ypes (Porter et al., 1979b; Porter et al., 1981; Yates
et al, 1985; Lyons et al, 1986). These wo groups differ from cach other in
the presence (ergopepeide bond) or absence (clavine) of a peptide bond and
attached amino acids. There 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 ergot alkaloids found in the Balansiz-infected prasses
are of the clavine types, while the ergopeptide ergot alkaloids are found as
the dominant ergot alkalnid in the Acremonium-infected grasses (Table 2).
Both types of ergot atkslnids are biosynthetically derived from the same
precursors, usually the sample clavine alkaloids (Floss, 1976), and there are
biotypes of endophytes which reflect this variation (Bacon, 1988). Ergot
alkaloids vary in concenmation from 0.01 to 3.0 up/g of plant (dry weight)
(Gallager et al, 198%; Yaes et al, [985; Lyons et al, 1986) whose
concentrations depend om the season, and the in planta physiclogical status
(Bacon, 1988; Belesky etal., 1988), and grass-fungus interaction (Hill et al.,
1991b; Agee and Hill, 1991). Livestock toxicity and possible mechanisms of
action resulting from cossuming toxic forages and specific ergot alkaloids
have been reported im carlier reviews (Yates, 1983, Hemken et al., 1984:
Porier and Thompson, 1992) and wili not be repeated here.

Tremorgenic toxins T tremorgenic neurotoxins, commonly called the
lolitrems, have been isoled only from the perennial ryegrass symbiotum.
This group of toxins is apgrently absent in symbiotic tall fescue and has not
been examined for in the Balansia-infected grasses. This class of compounds
is considered responsible for ryegrass staggers of sheep (Gallagher et al,
1982; Gallagher et al, 1984), and consists of four biologically active
compounds, all containmg a complex indale isoprenoid ring system
(Galiagher et al., 1984). The major lolitrem is Iolitrem B which ranges from
3 to 25 ug/g dry weighe in perennial ryegrass herbage, and a smaller
concentration also ocouss in ryegrass seed (Gallagher et al., 1987). The
lolitrems, unlike the ergar alkaloids, have not been isolated from cultures of
the fungus A. lolii, bt its indole isoprencid precursor, paxilline, has,
indicating that it is symthesized by the fungus in culture (Christopher and
Mantle, 1987; Weedon and Mantle, 1987). In addition 10 finding paxilline in
fungus cultures, it has beem detected in ryegrass seed (Weedon and Mantle,
1987). Thus, it is unkonomn if the fungus only produces paxiliine which is
converied to the lolitrems by the plant, or if under culture or other
conditions, there is an inamplete synthesis by the fungus. The latter might
be the case, as other Bungk can make tremorgenic neurotoxins, structuraily
related to the lolitrems, i culture (Lanigan et al,, 1979) and otherwise (di
Manna eu al,, 1976), which suggests that the A. lofii might be capable of
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sy wsizing the loiitrem molecul: in vivo but not in vtra.

Mi:z!lanepus toxins There are o variety of chemicaly diverse compominds
(Tawiz 2) in symbiotic grasses wihuch, as indicated above, were possibly one
of tli: Uriving forces in evolution *hat led to the succesfinl establishment of
the associations. Wuh the exception of the class of emoun alkaloids, there is
prescntly no identified consistent and specific chemicd which would suggest
that :iiere are other evolutionary biochemical relaticaskdps within the two
broad types of symbiota.

The loline alkaloids are pyrrolizidine bases that are found in the tall
fescuc symbiotum in concentrations as high as 0.8% of tiee dry weight of tall
fescue plants (Bush et al, 1982). These alkaloids have not been isokated
from cultures of the fungus, and the produciion of simiar pyrrolizidine bxases
by higher plants in general (McLean, 1970) imply that they may be products
of the plant responding to infection from the endophyee. This implication is
strengthened by the report of Belesky et al. (1987b), wiich indicates that the
concentration of loline alkaloids reflects the extent of infection within the
population. A limited number of studies suggests that e doline alkaloids are
only mildly toxic (Bush et al, 1979; Strahan et al, 198; Eichenseer ex al,
1991) especially when that toxicity is compared wih that of the usual
pyrrolizidine alkaloids (McLean, 1970). Two of te forms present in
symbiotic tali fescue, N-acetyl and N-formyl lolines, are mnsidered more toxic
than the other forms reported in this grass. However, tese compounds may
act synergistically or potentiate the activity of other toxins in symbiotic tall
fescue, as suggested from their effects on insect heravory (Siegel et al,,
1991). ,

Other compounds reported in symbiotic grasses which may impose
toxicity problems to livestack include 3-indole acetic acid, indole ethanol and
related simple indoles (Porter et al., 1978), peramine (Rowan et al., 1986),
the tetraencne steroid (Porter et al, 1975), the ergoserols (Davis et al.,
1986), phenalic acid derivatives (Koshino et al., 1988), and sesquiterpences
(Yshihara et al,, 1985). The effects of some of these oo insects, laboratory
animals, and fungi suggest toxicity (Yshihara et al., 1983; Davis et al, 1986;
Dowd et al.,, 1988), while the toxicities of others have not been established.

PART II. MYCOTOXINS IN GRASSES FROM
NONENDOPHYTIC FUNG!

Nonendophytic (nonmutualistic) fungi produce a wide diversity of
mycotoxins (Cole and Cox, 1981) on many different substrates. However, the
major focus of research on these toxins has been conducted on food
commaodities, although some emphasis has been placed ox mixed animal feed.
Thus, a complete listing of the presence or absence of mycotoxicoses, and
(or) toxins oceurring naturaily on forage grasses is unavallable. 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 certain

FUNGAL ENDOPHYTES & GRASS QUALITY 340



Table 4. Mycotoxins produced by noncndophyuc fungi on or assoctated with growiny o7
dricd forage prasses.

Animals
Species Mycotoxins ulfected Furage 1ype
Aspergillus: Fumigaclavines, Caule Hay, grass
A. fumigatus fumigallin, fumigatie, liter
. fumiloxins, gliotoxin,
fumitremorgens,
verruculogen,
ririditorin,
wrypioquivalines, and
spinulosin
A. wrruy Citrovirdin, citrinin, Callle Hay, leaves,
glioloxia, patulin, stems
terteic acid,
terretonin, territrems,
cytochalasin E, and
terrdionot ’
Claviceps: Ergot alkaloids, and Catule, pig, Seed,
C purpurca, C. paspalinine sheep, horses  seedheads,
paspati, C
cpnodontis
Dplodia maydis Diplodiaicxin Cattle
Fysarium: Buicnolide, Catile Decaying
F. sporowrichioides, F. poae, rrichothecenes, feaves,
F. equisetti zcaralenone, and lkeaves
- maniliforme
Adyrathecirim: Verucarins, and Sheep Decaying
M roridum, roridins leaves, ryc
M. keucorrichum, M. stubble, hay
vemicana
Penicillivm: . Penitrem A, and Catile Litier
P. crustosum, P. cancscens, penitrem B
P, janczewskii
Phomopsis paspabi Cytochalusin H Cattie Litter
Pishomyyces charsarun Sporidesmins Sheep Rycgrass
linter
Suachyborrys Epoxytrichothecene Horses, pig, Hay, straw
charigrum (=arrm) {Satratoxins) cattle, sheep

cases the presence of its toxin has been inferred from either livestock
behavior or demonstration of toxin production in culture by 4 fungus isolated
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m grasses “Table 4). § . .ever, there are severalivestock mycotoxicases
flssocmlcd wiih {orage gro. .o many of which are &@considerable economic
importance.  lncluded ooy these are ergotimn, paspalum staggers,
s.mch.ybotc‘ux:cmns, facial . ma and geeldikkg, myrotheciotoxicosis,
fusariotoxicoscs, and toxice: - induced by Penicillium and Aspergillus species.

~ Grasses serving as subs: - ies for nonendophytidhingi include most of the
major forage species throu: -t the world, and thae grasses may become
toxic either during their peid of active growth field fungi) or while in
storage {storage fungi). Myce xin accumulation occrs during or after fungal
growth; therefore, the factor. which favor growth mdirectly or directly are
also those that favor mycotoxin synihesis. Mymtoxins are secondary
metab.oln_es whose synthesis appears 10 depenf on qualitative and
quantitative nutritional factors during growth, the geetics of an isolate, and
an interaction with one or more environmental factas. Detailed discussions
of these factors as well as othe. mycotoxicoses on frage plants other than
grasses are contained in earlicr reviews {Ciegler e1al, 1971; Kadis et al,

1971; Kadis et al,, 1972; Purchase, 1974; Wyllie and Morehouse, 1977; Smith
and Henderson, 1991).

Grass Mycotoxicoses

Ergotism

The genus Claviceps Tulasne is almost exclusiely found on grasses
|hroug}!out most of the temperate and tropical areasof the world. Species
of Claviceps are field fungi and are phylogenetically relted to the endophytes
of grasses but differ in the absence of the endophytic habit. This fungus is
a localized ovarian replacement disease in which the individual ovaries of
ﬂoret_s are_ usually destroyed by the fungus. The funms then occupies this
location within the florets where it intercepts nulricnls-normally translocated

. 1o the ovary. There is also an indication that the sclerotium also competes

for nutrients with noninfected florets, reducing the find yield of seed directly
by r.cplacchnt and by nutrient intervention (Bacox and Luttrell, 1982).
During this very brief parasitic phase, the initial infectie hyphae enlarges to
ten himes its initial size, often Outweighing (wer weight) normal seed of a
noninfe: v & grass three-fold, The resulting mass of .;lyce[ium 'produced is
referred 10 as a sclerolium. The sclerotivm is the major location of toxins
referred to as ergot alkaloids. These ergot alkaioids are similar, if not
genllcal 10 lthosc produced and described for the Acremonium endophytes.
t owever, Since species of Claviceps are localized 1o the flowering stage
oxicity from this group cun occur only by ingesting sclerotia. Leaves and

stems of Claviceps-infecied grasses are not toxic,
Al II:; g;:nus Claviceps includes 26 species according to Langdon (1954).
St lour more specics have been pamed since this compilation,
197;-as];ng this number 10 30 (Walker, 1957 ; Pantidou, 1959; Kulkarni et al,,
» Frederickson and Mantle, 1991). Species of Claviceps show three



morphological levels of host assoziations. The 1o .t level resembles the
balansioid endophytes described abave, while the n. . : advanced type is the
typical dark-colored elongated sclerotial parasite, .:d is typified by C
purpurea (Fr.) Tul. The intermediate is 1ypified by C. »uspali Stev, and Hall,
and is characterized by straw-colored globose-shaped .icrotia. Most of these
species are associated with specific grasses, some of v/hich are major forage
species and they inciude: several species of fescue, bermudagrass (Cynodon
dactyion (1.) Pers.}, several species of Paspalum L., a1l a varied assortment
of valuable rangeland species of perennial and annuul grasses. Claviceps
purpurea is one the most cosmopolitan species, occurring on well over 250
hosts of primarily temperate annual and perennial grasses. Three species (C.
nigricans Tul., C. grohii 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
range; 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 to alkaloid
content and there is no correlation between grass host species and the
capacity to produce ergot alkaloids neither quantitatively nor qualitatively.
Individual sclerotia may or may not contain ergot alkaloids which may reflect
cither a fungal genetic or host and environmental interaction. The ergot
atkaloids include many of those produced by the endophytes (Table 2) as well
as several others.

The basic animal disorder of ergotism is uwsually characterized as
gangrene of the extremities resulting from an impairment of peripheral
circulation by the ergot alkaloids. Other aspects of ergotism include
repreductive disfunction, and a nervous syndrome characterized by muscle
tremors and uncoordinated movements when excited.

Paspaium Staggers

The dallisgrasses (Paspalum spp.) are found primarily in the tropical
sections of the world. These grasses are parasitized specifically by C. paspali.
In addition 10 producing the ergot alkaloids, this species also produces the
tremorgenic substances collectively referred (o as the paspalitrems (A, B, and
C), and paspalinine (Table 4). These substances are produced in the
sclerotia; thus, livestock toxicity results from ingesting infected seed heads.
Ingested seed heads produce a neurological disease called paspalum staggers
in cattle and sheep with clinical signs including tremors, incoordination, and
ataxia. This disease occurs in Australia, taly, New Zealand, Portugal, South
Africa, and the United States. The neurological disease is not caused by and
is distinct from similar appearing conditions caused by ingesting ergot
alkaloids (Mantle e1 al, 1977). Paspalum staggers is caused by one of several
diterpene indole-type compounds referred 10 as paspalinine and paspalitrems,
of which paspalitrem B is the most biologicully acuve (Cole er al, 1977,
Gallagher et al, 1980).
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Stachybotryotoxicosis

Slas_:hyimtryoloxicml" » primarily a disease of Iorses, but sheep, pouliry,
caul;, pigs, «nd man also .ay become affected. Animals show clinica) signs
ranging from death to moath necrosis, salivation, edema, and inflammation
of the head. It is caused i the cellulose saprophye Stachybotrys chanarum
(Eh.renb. and Link} Huges ; =S. atra, or S. altemansy which colonizes straw of
various grasses, although it also occurs on hay, andsilage. Thus, this species
should be considered a storage fungus. Sporadic oubreaks of this disease has
been reported in Hungary, France, South Africa, Romania, Russia, Finland,
the United States, and Czechosiovakia and it occws primarily in the fall of
the year. The toxins were identified by Epple (1977) as macrocyclic
trichothecenes, commonly referred 10 as satratoxim F, G, and H.

Facial Eczema and Geeldikkop

Both facial eczema and geeldikkop are typss of a photodermatitis
reaction aggravated 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 porphytin pigments farmed by
decomposition of chlorophyll (Mortimer and Ronadson, 1983). The two
phosensitizations are caused by toxins from spores of the same fungi but on
dliffcrem grasses under field conditions. Facial eczema is caused by
Puhgmyces chartarum (Berk. and Curt.) Ellis tha colonize accumulated
debris fmm .Pperenmial ryegrass during the auvmmn with subsequent
sporulation and production of toxins occurring undes low temperatures from
Febn..mry 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 this fungus on Tribuius
ferrestris L., an annual herb. It is considered that the host plants contribute
to the basic differences of the two diseases. The identity of the mycotoxin in
bath diseases has been established as sporidesmin, a diketopiperazine.
Almost all the toxin is Contained within the spores which is taken in by
livestock consuming Pithomyces-infected pasture litter. The major distinction
'betwccn the two diseases is the degree of liver pathoiegy which in geeldikkop
is ct_mracxerized by crystalloid substances in bile ducts (Coetzer er al,, 1985).
Facial eczema occurs mainly in sheep, although cattle and deer also are
affected. Geeldikkop has been reported only in sheep and occurs mainly in
South Africa (Coetzer ei al, 1985) and southwestern United States {Sperry
etal, 1955; Taber et al.,, 1968) where' it occurs on Pawictim species. On this
latter prass species the mycotoxicoses then is referred to as dikoor.
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Myriotheciotoxicosis

Two held fungi of the genus Myrotheciun Kunze ex Frics, M. ronidiim
and M. verrucarig, are associated with prasses, pnimarily perennial ryegrass,
where they produce the toxic trichothecenes roridins (roridin A, D, E, and
H) and wverrucarins (Verrucarin A, B, and I) (Verunskii et at, 1967, di
Menna et al,, 1973). These toxins were considered antibiotics by those who
first isolated and determined their chemical structures (Brian et al, 1948;
Harri et al, 1962). Both the rondins and the verrucarins are acutely toxic te
a wide range of animals when administered orally, and can cause severe
dermatitis if applied 1opically. These toxic fungi occur world wide in soil and
are commonly found on the leaves of pasture grasses (di Menna et al,, 1973).
There is considerable variation in the ability of isolates to produce these
mycataxins and there are considerable toxicological variations that each
isolate produces in experimental animals. Myrotheciotoxicosis is very similar
to poisoning of camle by kikuyu grass (Pennisemm clandestinm 1)
{Martinovich et al., 1972) which suggests that the etiologic agent of this toxin
is also a species of Mymthecium. Information on the natural outbreaks of this
toxicoses are limited to New Zealand {di Menna et al., 1973; Montimer et al,,
1971). However, the widespread occurrence of these fungi, the ease with
which it ean colonize dead grass residues, and the potency of their toxins
suggest that this taxon can play an important role in deteriorating the quality
of grasses.

Fusariotoxicoses

The genus Fusarimm Link consists of several species that produce toxins
on grasses. Of the fmc most important toxigenic species (Marasas et al,,
1984), three are considered important producers of toxins in pastures. These
species are F. sporomhioides Sherb., F. poac (Peck) Wollenw., and F.
equisetii (Corda) Gordas. Al three are cosmopalitan saprophytes that occur
in soils and in grass debris. They are distributed from temperate to tropical
and subwropical areas af the warld. OF the three, F. sporotrichioides appears
to be restricted to temperate and cold areas (Marasas et al, 1984). The
toxins from these speme< produce problems in cattle, pigs, and horses.

The compilation s the fusariotoxins (Table 4) by the three Fusarium
species of grasses indmates considerable diversity in chemical structure, yet
these toxins or their modifications all are produced by the three taxons,
Thus, the reason for aambining the three species into one livestock discase
complex as fusariotom#oses. However, this presents a problem of actually
assigning the correct bmgus to the toxin and livestock disease. Approprie
identification can be achieved by isolating and identifying the fungus,
although this 100 mightpresent even greater problems since the identification
of these fungi is difficsk For a more definitive description of these fungi and
their tamicology the waek of Murasas et al. (1984) should be consulted. A
fourth species of the fm, F. moniliforme, might become impartant, especially
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in -.hc_tf'opicn! a: s of the workd, if the extent of a single report of finding
ons of is loxins, umonisin By 1 a grass sample is esrrmborated to include
mhc‘r pasture ar: of the world (Mirecha et al, 192). Fumonisin B, is
carvinogemc ane considered responsble for swie pulmonary edema,
lew vencephadon: . sia in horses (Bezoudenhout et al, 1988; Marasas et al.,
1985: Colven and - arrison, 1992). This mycotoxin is wually produced by this
$pecis On corn aii corn products. This fungus also groduces several other

toxins (Bacon and Williamson, 1992), as well as atheer unknown toxins
{(Muarasas et al, 1984)

Penicitlium Toxicoses

The genus Penicillium Link consists of a large assortment of species
found growing on a wide variety of food, feed, and pimt residues. Members
of this species, like those of the Fusarium, also are dTecult to identify and
several species have been reduced to synonymy. Thus, it is very difficult to
correctly associate 4 known animal taxicoses with a specific Penicillium
species with certainty. This large genus produce a wide variety of toxins but
on forage grasses the number is greatly reduced. Tabie 4 lists three species
and their major toxins isolated from prasses. These metabolites are
neurotoxins and cattle toxicities from ingesting grasses infected with these
species or their toxin have been reported (Gallagher et al, 1980; Wilson et
al, 1981; di Menna and Mantle, 1978). The taxidty signs of livestack
ingesting these toxins on grasses resemble those of other remorgenic and
staggers syndromes mentioned above. Indeed, isolation of the toxin might be
necessary before a correct etiologic agent can bx aentified. Other
tremorgenic toxins produced by these species are paxilline, verruculogen,
verucosidin, and the janthitrems (Ciegler and Pitt, 1970%. Documentation
that these toxins are related to field cases of livestock toxicity is sporadic or
lacking. Since P. crustosum Thom is very cosmopolitas and most isolates of
it produce penitrem A (Pitt, 1979a), it might be the mapr species of concern
for livestock toxicity from Penicillium-infected grasses.

Aspergillus Toxicoses

The genus Aspergillus Micheli was erected to desaribe 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 to grow on many different substrates under a raage of environmental

- conditions (Pitt, 1979b). Two species, 4. firnigaius Fresenius and A. terreus

Thom, have been associated with livestock performance problems on
aspergilli-infecied grasses. However, the significance and natura) frequency
of occurrence of problems in livestock from these wo aspergilli on grasses
have not been well documented. Nevertheless, among the substrates which
favor the growth of these Asperzillus species is decaying plant material, X
grasses. Further, both fungi are soil-borne and frequeat colonizers of silage



and hay._ The imponant toxic asper-illi are listei! in Table 4, and these toxing
are mainly tremorgenic toxins. The Jdmportant toxins  include  the
fumitremogens A, B, and C produced by A. fum. rus (Yamazi i et al, 1971,
Cole et al,, 1977), and the territrems A, B, ana C produce:! y A, :eneusl
(Styne and Vieggaar, 1985). Other toxins produced by A. frer: watus include
the clavfm: alkaloids fumigaclavines A and C, and the eruat alkaloids
agroclavine, erymoclavine, festuclavine, and chanoclavine (Y:l:ﬁ:nzaki et al.
1971). Both fungi are cosmopolitan and are frequent colonizers of hay,
salagc. and grass litier, especially under damp conditions {Cole et al, 1977)_!
Toxicoses in livestock caused by A. fumigaitss on grasses include abortions
tremors, and neurotoxicosis (Wilson et al, 1981), and liver und kidnc;'
damage (Thornton et al., 1968). Deaths and a protein deficiency syndrome
also were attributed 1o A. fumigans (Cole et al., 1977).

In aqdilion to these two genera of aspergilli, an osmiophilic toxic species
A. clevalieri (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 taxon is not considered a serious problem since its 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 to pathogenic
or saprophytic fungal species. In both types of fungi, mycotloxins accumulate
in forage and rangeland grasses. Mycotoxins are extrinsic antiquality factors
In grass species. Mycotoxin accumulation occurs after and during fungal
growth which may take place either during the growth phase of grasses or
w.hen grasses have been processed into hay or undergoing natural decay.
Since mycotoxins are secondary rather than primary metabolites, their
synthesis depends on qualitative and quantitative nutritional factors during
and after growth, the genetic potential of the isolate, and an interaction with
ene or more environmental factors. These factors affect the accumulation
pattern of toxins from both endophytic and nonendophytic fungi on grasses.

Control of the nonendophyte should be directed towards the removal of
the fungus or conditions responsible for mycotoxin accumulation. Control of
endophytes is complex. Control measures designed to prevent the growth
of either endophytic or nonendophytic fungi must comsider the specific
ecological niche of a fungus.  Successful prevention of mycotoxin
accumulation implies not only a safe grazing product but also that all the
agronomic aspects of forage quality have not been affected.  Since
endophytes increase the agronomic performance of prasses, eg, by
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preventi.. overgrazing t.ad increascd r'resstolerance they must be controtied
differentl irom sapro::iytic and patho enic fungal species.

Symi - tic associi: ons of fungul endophytes with several grasses are
defensive nautualisms. The consequence of this type of symbiosis is the
production: of a variety of chemicai:, randomly distributed among forage
grasses which are defleusive chemicals to grazing ungulates, lagomorphs,
rodents, us well as tnsects and several other invertebrates. 'While not all
antiquality components have been analyzed in symbiotic grasses, those that
have appear to serve bath as deterrents and toxins and are considered to be
affected by severa! physicat environmental factors. Current concepts suggest
that symbiotic grasses are natural detcrrences to destructive grazing of forage
and rangeland grasses. Additionally, drought tolerance, N efficiency,
inicreased rooting and herbage yield also are attributed to this symbiotic
association. However, relative to livesiock farming, symbiotic grasses are
egregious, and pose serious economic threats to grazing livestock. These
economically important concerns include reduced reproductive 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 properties of the grass may be
considerably impaired. This enigma can be solved by a recognition of the
evolutionary 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 nansymbiotic individuals and, if 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 II. 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. charfarum 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 & favourable initial establishment of approximately 80-100 plants m™2.
The plant count declined with time. It is most likely that the pattern of autumn and
spring 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 hard 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 Queenstand. 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
quantity and timing of the germinating rains which need to be adequate in either
April/May or August/September to permit timely lowering 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 hate
been reduced also by “‘false strikes” in cool wet periods during summer because the
young seedlings may not survive subsequent periods of high temperatures, Seerdling

mortalily was seen in the district, particularly in January {970 b= 20 7
inspected at that time.

Perhaps our initial seeding rate was below the threshold level for such a rigorous
environment. Further investigations should examine whether speedier establishment
may result from heavier seeding rates and/or resowing after an unsotisferters fioter
seed setting.

Another limitation to seed build up may have been our failure to apply
maintenance fertilizer and thereby promoting heavier seeding when climatic
conditions were favourable.
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PHOTOSENSITIZATION JAUNDICE SYNDROME IN WEST AFRICAN -
DWARF SHEEP AND GOATS GRAZED ON BRACHIARIA DECUMBENS

B. A. OPrAsINA
International Livestock Centre lor Africa (ILCA), c¢/o 1ITA, P.M.B. 5320, Ibadan, Nigeria
ABSTRACT

In a dry season grazing Irial 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 post-mortem Sfindings were signs of
photosensitization and faundice. Further investigation of the effect of the grass on
ruminant production in Nigeria would be required.

INTRODUCTION

Photosensitization has been observed among cattle and sheep grazed on
Brachiaria decumbens, especially in South America (Andrade eral. 1978; Oliverra er al.
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 Nigeria.

MATERIALS AND METHODS

Between late December 1981 and April 1982, 36 sheep (2 males and 34 females)
and 16 female goats aged 6 to 15 months were grazed on pure pastures of B. decumbens
cv. Basilisk, established in June 1981 on the ILCA farm at Ibadan in southwest
Nigerid The pasture was established {from seed imported from Australia. The animals,

hich hod been previously grazed on natural pastures at Fasola in Nigeria’s derived
savanna belt in the southwest, were given prophylactic measures against Peste des
Petits Ruminants (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. decumbens located in dillerent paddocks, whilst the fourth groun was fed
indoors (zero-grazed). Animals were allowed to roam in the open run attached to the
ch 2 The 16 goats were grazed separately from the sheep on pasture of B. decumbens.
All antmals were provided with minera! salt licks and fresh drinking water.

RESULTS

fonaoysaiicr the animals were introduced to the B. decumbens pastures, 58.39 of
the sheep in the 4 paddocks showed some of the following symptoms: yellow
cricuration of the conjunctivae (38.9%) (sign of jaundice), conjunctivitis and bilateral
corneat opac:ty (8.3%), exudative dermatitis with facial and body alopecia (27.8%),
ataxia (13.9%), and paralysis of forelegs (8.3%) (Table 1).

Corneul opacity, exudative dermatitis, and paralysis were absent amongst the
z2re-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 symptoms observed among sheep in different paddocks of Brachiaria decumbens
Paddock
Symptoms Pasture ~ Fed Total
. grazed indoors observation
I It I11 v n Y

Yellow colouration of conjunctivae

(Jaundice) 5 4 3 2 14 18.9
Conjunctivitis and corneal opacity 2 1 — — 3 83
Exudative dermatitis (including facial .

and body alopecia) 5 3 2 -— 10 278
Ataxia — I 2 2 5 139
Paralysis (forelegs) 1 J ] — 3 83
\Jo showing symptoms 10 5 4 2 21

% showing symptoms _ 100 55.6 44.4 25.0 58.3
No n each paddock 10 9 9 8 35 100
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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 periorbilal 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 from the zero-
grazing group (Table 2).

TABLE 2
Post-mortem findings among sheep in different paddocks of Brachiaria decumbens
Paddock Total atfection
. Pasture Fed i '{.
Findings grazed indoors n of ol
Alfected Total
I I1 111 v animals  animals
Dehydration 2 3 2 — 7 3313 e
Yeilow colouration of organs
and tissues 5 4 3 2 ld 60.7 KhRY
Fatty liver 3 4 2 2 11 52.4 i0.6
No. of sheep dead 3 5 4 2 4
% death of total showing
symptoms 30 100 100 100 66.6
% death of total sheep 30 55.6 44 4 25.0 89

The gross pathological findings at post-mortem examination were gener:tiza !
yellow colouration of organs and tissues (66.7%,), fatty livers (52.4%). and dehydration |
(33.3%). The zero-grazed animals did not appear to be dehydrated. The only goat I'
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 5.
decumbens, as the agent causing photosensitization among cattle and sheep exposed to
the pasture. Fungal culture from B. decumbens pastures in this study did not yield P.
chartarum, but yielded Fusarium moniliforme, another saprophytic fungus. Dosing
sheep with F. moniliforme at arate of 40 mg kg™ ! body weight daily for 3 weeks failed to
elicit the photosensitization jaundice syndrome observed under grazing conditicr:.

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 u government sheep flock at Mgrgu?a‘,lu
northensternt Migeria, The only suspecied source of poisoning was through the'sait 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 _norrpal (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
‘eatures. However, in Nigeria, these symptoms have not been reported in 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,

ACKNOWLEDGEMENTS

I thank the Small Ruminant Programme of the International Livestock Centre for
Africa, Ibadan, Nigeria, for permission to publish this paper.

REFERENCES

Asonant. 5.0 . Das. S Banwos. M AL L, GG, Dias. SO ML CoSatbressii, M, Nowke, 10 and Teseering, oA (HT78) Aspects of
photosenstizition i cattle on pasiure of Bracinar decimbeny inlected by Pithontvees chartarunm. Argunos do Isivtnta Bedogo 45

117-136.

CIAT 11980)-- Ceniro Internationul de Agniculture Tropweal {CIAT) Annual Report: Tropical Pastures Programme.

Crwent . E G Coand Crarks, M. L, ¢1975)- - Veierinary Toxtcology™ (Bmlhiere Tindall: Loadon), p. 270

s, ROM O (19R0F Chronie copper poisomang of sheep in Nigena, Tropical Asimal Health and Production |2 69-76.

Famtrn, WL and Moesoy, E. J (19610 - Forage species in Nosthern Nipena. Tropwal Agreewfture {Toimdad) 38: 311- 318,

Outan, Q. 0. (1976)- - Huematological valugs of Nigerian gouts and sheep Tropical Anunal Heolth and Producion 8: 131 -136.

Orntira. G P Noavis. A P oConra. ALl and Axbirabe, O (1979)--Photosensiization in sheep caused by Pirhomiyees chartarion o pastures
o Bracharia decambens in Sao Carlos region. Cientihoa T (Special): 17-22,

tAccepted for publication 25 March, 1983)

PROCEEDINGS
UERTILIZERS FOR PASTURES—THEIR USE OR ABUSE

Canungra Field Meeting, May 10, 1985

The first field day of the Tropical Grasslands Society in 1985 was heid on 10th
May 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
arca 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 Primary Industries, Brisbane

Twenty-five years or more of work has gone into fertilizer research for tropical
pastures by CSIRO, 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 gasturc in Queensland (of which | million ha are legume/grass
pastures), only 150 000 ha of this are being fertilized. This represents less than 10% of
the total acreage.
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DELETERIQUS EFFECTS OF BRACHIARIA DECUMBENS
(SIGNAL GRASS) ON RUMINANTS

0. ABAS MAZNI und FH. SHARIF
RINGKASAN

" Sindrom penyakit kuning dan sensitif kepada cabaya adalah kesan daripada keracunan hati pada
ternakan tuminan. Keracunan hati ini berlaku apabila ternakan hanya diberi makan rumput Brachiaria
decumbens. Ciri-ciri penyakit ini ialah kerosakan hati dan seterusnya penurunan berat badan, penyakit
kuning, scrsitil kep: da cahaya dan kematian. Kejadian penyukit ini pada lembu dan biri-biri dilsporkan
berlaku di Colombia dan Brazil, Amerika Sclatan, sementara di Malaysia penyakit ini dilaporkan hanya
pada kambing dan biri-biri. Kesan keracunan pada kambing dan biri-biri adalah tinggi hingga
menychabkan kadar kematian mencapai 50% sementara kesan pada iembu di peringkat klinikal hanya
setinggi 4.7 peratus. Sclalunya ia berlaku pada lembu yang berumur antara sembilan hingga 24 bulan.
Terdapat juga keracunan di peringkat subklinikal yang menycbabkan lembu kurus. Walaupun prinsip
keracunan yang sebenar masih belum diketahui, gambaran mengenai penyakit ini adalsh semakin jelas.

Kertas kerja ini mclaporkan kejadian dan penyclidikan yang dijalankan mengenai sindrom
penyakit kuning dan sensilif kepada cahaya yang discbabkan oleh keracunan hati berhubung dengan
peniberian rumput 8. decumbens scpenuhnya. Tanda-tanda penyakit, kajian’ patologi klinikal,
postmoricm dan histopatologi dibincangkan.

INTRODUCTION

The rcaring of sheep and goats especially on small farmholdings 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 animats. Research on the nutrition and
management of these animals is actively being carried out on large farms and umong
smallbolders in Malaysia to increase the efficiency and productivity of these animals.

Availability of suitable pasture is a prerequisite towards achieving this goal. Brachiaria
decuntbens (Signal grass) which showed to be of agronomic potential as a pasture grass
(Wong, 1980) has beén extensively planted in all the livestock farms in Malaysia. It is one of
the most productive and nutritive pastures for cattie in Colombia (TERGAS, PALADINES and
KLEINHEISTERKAMP, 1983). This high yielding stoloniferous grass can adapt to a wide range of
well-drained soils, grows well even with substandard management and during drought.

Cusces of jaundice and photosensitization in cattle and sheep grazing on 8. decumbens
were reported in Colombia (Anon., 1978) and Brazil, South America (CARMAGO, WALTER,
NELson und REGINA, 1976; DONREREINER, TOKARNIA, MONTEIRO, CRUZ, CARVALHO and
Privo, 1976; Nonre and ANDRADE, 1976; ANDRADE, Lores, Barros, LbiTe, Dias,
SautressiG, Noure and TEMPERINT, 1978; OLIVEIRA, NOVAES, COSTA and ANDRADE, 1979),
Indonesia (Trisuniti, Hewmy, Van Evs, WiLson, Papert and Storz, 1983) and Malaysia
{ABAS Maznt, MoHD. KHusaHRY and SHEIKH OMAR, 1983; ABAs MAzNI, SHARIF, MOHD,
KHusanry and Monw. Zamri, 1983), This paper reports on the jaundice and photosensiti-
zation syndrome associated with B. decurnbens with reference to literature as well as the
authors’ observations and trials.

THE PLANT — BRACHIARIA DECUMBENS

The genus Brachiaria includes a number of species used by pastoralists in the tropics. In
addition to several annual species widely distributed in tropical Alrica, six perennial species -
B. brizantha, B. decumbens, B. distvoneura, B, humidicola, B. mutica and B. ruziziensis have
been used in tropieal pnstures with varying degrees of success. Srachiaria deciunbens (Plate 1)

is widely spread both in open grasslands and partial shade on Great Lakes Plateau in Uganda



and adjoining countries of cast and central Africa (CaTroRDp, 1952: DOUGALL and Bogbax,
1938; RATTRAY, 1960). [t is one of the more widely used and of recent years, increasing
interest has been shown by a number of tropical countries especially Brazil, India (Jupn,
1975), Colombia (BLasCo and Bonoroucz, 1967), Jamaica (RICHARDS, 1970), Venezucla
(MILLER, 1974), Peru (SANTHIRASEGARAM, D1EZ, PETERSEN and TRIGUERODS, 1974), Northern
Australia (MACKAY, 1974; STurTz, HaRRrison and FaLvey, 1975; WINTER, 1976) and

Malaysia (WonG, 1980). Its high productivity, tolerance 1o low soil fentility conditions,
drought resistance and relative freedom from pests and diseases account for much of the
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current interest (LocH, 1977).
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Plate 1. The plant — Brachiaria decumbens (Signal grass)

INCIDENCES OF JAUNDICE AND PHOTOSENSITIZATION IN OTHER COUNTRIES

Brachiaria decumbens and B. brizantha were introduced into Australia in the 1980s from
central East Africa. In the 1940s botanist recognized B. brizantha as a separate species but
some taxonomists considered it as only one end of the continuum with B. decusnbens as the
other end was proven very promising in CSIRO, Lawes, Queensland (WooLcock, pers
comm., 1983). According to BRITON and PALTRIDGE (1940}, shecp showed photosensitization
when thev grazed on pure stand of B. brizantha. This grass was then listed as a cause of liver
disorder in sheep which was accompanied by hepatic dysfunclion, photosensitization and
icterus (CLARE, 1952}, The work on this grass ceased abruptly after the incidence and sowing
of this grass for pature was discouraged (WOOLCQCK, pers comm., 1983).

Brachiaria decumbens was widely found in north coast wet tropic of Australia
particularly around the south Johnstone, Tully and Marecba areas (WooLCOCK, pers comm.,
1981) Most of the pasturc were plantcd commcrcially for the produc!ion of secd for
caulc gmzmg B. decmnbcm The grass could’ not be conciu"s-i\-ray s.ud to cause the syndrome as
ihie stock (catile) had also access to lantana which gave similar syndrome (FlOPKINSON, pers
comm., 1983). 1n Jumaica, continuous grazing of pure sawards of B. drecwnbens bhad caused a
fornt of scouring, resulting in poor dmmal pcrfounancc (RiciiarDS, 1970). ) _}

A similar syndrome occurring in sheep and cattle grazing on . decumbens had been
described in tropical arcas of Latin America. The first report of photosensitivity in South
America was made in Colombia in 1975, In 1977, in the incidences at Carimagua, Colombia
two heifers (Tess than 24 months) out of a group of 20 grazing on this pasture showed marked



phatosemsitization fesions on the skin. The lesions started 1o reccde after the animals were
removed from the pasture. At the same place, 16 out of 123 sheep died with signs of swollen
faces. vedema. weakness and anaemia within three wecks after they were introduced into 8.
decumbens pasture. No more death occurred with these clinical signs once the animals were
removed from the pasture. Many farms in Carimagua and other farms in the Llanos Orientales
of Colombia with A. decumbens reported cases of photlosensitivity (ANON., 1978; 1979). In
Brazil. similar incidences occurred in cattle and sheep grazing on this grass and the fungus,
Pithomyces chartarum had becn mentioned 1o be related to ihe syndrome. (CARMAGO ef al.,
1976: DOBEREINER ¢f al., 1976; NOBRE and ANDRADE, 1976; ANDRADE ef al., 1978; OLIVEIRA
t al., 1979). In both countries, it appeared that the intoxication produced by this forage
atfected only a small proportion of the cattle (1% to 5%). It occurred primarily on cattle below
14 months of age and the affected animals gradually recover if they were moved to other
pastures soon after showing signs of photosensitivity (ANON., 1980). Due to photosensitization
in voung cattle which occurred between nine and 24 months of age, the use of this pasture
declined. Cuses in catide in 1981 had two commonly seen clinical manifestations. The animals
developed vedema in the lower ncck, dewlap and ears. This oedematous form is apparcnily
more acute and usually terminates in death of affccted animals. In the skin necrosis form, the

animals developed severe necrosis in _several areas of the skin, but most frequently in_the”

perineal region, abdomen and lower part of the neck. In ali these cases, there was obvious
liver involvement detected by gross lesions and high levels of gamma—glutamyl transferase
(GGT) and serum glutamate oxaloacetate transaminase (SGOT) enzyrie. Animals developed
generalized icterus and enlarged liver which is the clinical and pathological changes of hepatic
damage manifestations. Clinical cases were commaon in only 4.7% of affected cattle (GarcCia,
AYCARDI, ZULUAGA, Rivers and HENnAO, 1982). .

When hepatic damage was evident in animals grazing B. decumbens, a significant
proportion lost weight before developing external photosensitization (Anon., 1981). A close
association was shown to exist between underaverage weight gain animals and the presence of
-subclinical photosensitization. Thus the economic importance of this syndrome might be larger
than previously cxpected. On the other hand, therc were some evidence that photo-
sensitization might also be related to very low levels of zinc in B. decumbens (ANON., 1982).

INCIDENCES OF JAUNDICE AND PHOTOSENSITIZATION IN MALAYSIA

MARDI Farm, Serdang

The first incidence of jaundice and photosensitization was observed in 1975 occurring in
six Kedoh-Kelantan cattle grazing on pure stand of B. decumbens in the Malaysian
Agricultural Research and Development Institute (MARDT) farm (CHEN, 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 cell. Field investigation revealed that the pasture
consisted of only B. decumbens. It was then postulated that the hepatotoxic material
originated likely from the plant. Since then, therc were other suspected cases occurring in
Sahiwal-Friesian, Herelord and Local Indian Dairy (LID) cattle. Similar incidence involving
six Kedah-Keiantan cattle was also observed in MARDI Station, Kluang. The clinical signs
observed were icterus and extensive skin sloughing on the dorsal part of the body indicating
photosensitization (Plate 2). (DA1ILAN, pers comm., 1982),

Shecp and goats grazing on B. decumbens were also observed showing similar signs. The
first two incidences occurred in 1979 in the goat and sheep farm, MARDI Station, Serdang
(Surario and AnpuL Warnp, 1980). Another incidence occurred in 1930 in which sheep
showed the above clinical signs ten days aflter continuous grazing. There were no new cases
once the animals were taken out of the pasture.

Pusat Pembiakan Kambing dan Biri-biri, Gajah Mati, Kedah .
Incidences of jaundice and photosensitization were observed in goats and sheep as early

as }'07‘) on this farm. Theie were high mortalities throughout the years since 1976, averaging
40% per vear. Out of 70 postmortems submitted between 1979 and 1982 to the diugnostic
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Plate 2. Photosensitization (skin sloughing) in Kedah-Kelantan
cattle grazing on Brachiaria decumbens.

laboratory, 58.5% were seen with juundice, hacmolytic crisis and photosensitization. In the
year 1979 when incidences of jaundice were high, the mortality rate was as high as 56.6%
(Anas Mazni and Suanr, 1983). Postmortem was not done in most of the cases since they
showed similar signs (IHANIFAR, pers comm., 1981). The cases persisted until 1981, After the
1981 incidence, the animals were not fed this grass totally but instead rotational grazing on
different pastures were carried out. Since then few cases occurred sporadically but the animals
recovered due to carly detection and treatment. In January 1983 similar cases occurred in a
group of 40 indigenous sheep of Malaysin (ISM} belonging to Department of Veterinery
Services. Kedah after 29 davs of grazing 8. dectunbens (Che Az sers convs 7

The incidence in Gajah Mati accurred mainly in newly bought goats and sheep. Newly
bought Dorsct Horn were also affected. Sheep gave carlier and more severe signs usually two
wecks after grazing, Postmortem revealed acute toxic hepatitis with hepatolobular necrosis.
This was assumed to be the predisposing lactor to the jaundice and photosensitization
syndiome  In some of the animals, there were signs of haemolytic crisis and glomerulonephrosis
which ocennted concurrently. The etiological agent of this toxicity was not fully determined.

Pusat Pembiakan Kambing, Kuala Pah, Jelebu, Negeri Sembilan

In March 1981, ten out of 39 goats died in this newly established goat farm and they wers
reperted showing signs of jaundice (AvDUL MANAF, pers comum., 1983). Brachiaria decumbens
was then the major pasture available. Such cases werc less [requently seen once the animals
were let to graze on other pasture grasses. In lale 1983, few incidences occurred when goats
were fed B. dectunbens due to lack of grass. No new cases were observed once the animals
were removed from this pasture,

Smalthalder Sheep Integration Rescarch, Bachok, Kelantan

A smallholder sheep imtegrition rescirch under coconut was carried out by MARDI in
Bachok, Kelantan in May 1982, Thirty-two 1SM were given to two smallholders where 16
animals were el to graze on natural grass while the rest grazed on B. decimbens. Within a
manih, cight sheep which were grazing on B. decumbens showed signs of jaundice and
phatosensitization as indicated by shedding of wool and skin sloughing around the body, eve,
muzzle and cars (Plate 3} (LiM, pers comm., 1982). These animals died while the other seven
from this group showed high fevels of GGT and SGOT enzvme levels reflecting liver damage.
The condition of these anunals improved once they were removed [rom the pasture. None of
the animals grazing on oural grass showed signs of Yiver dumage.



Plate 3 Chnedd signs of Brachiaria decumbens woxiciy in mdigenous sheep of Malaysia
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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. It occurred only after animals werce let to graze continuously on the newly
established B. decunbens which covered 80% of the total pasture land. Out of the 165 goat
carcasses submitted (June 1982 to June 1983) to Makmal Diagnosa Veterinar, Petaling Jaya,
60% of them were jaundiced carcasses (SHAHIRUDIN, TaN and RAJENDRAM, 1983). Copper
toxicity was suggested to be the possible cause of this syndrome. However, in this case only 11
out of 79 or 13.9% of the liver samples submitted 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 Saanen 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 Putch, Kelantan

In January 1984, 35 out of 160 local sheep in the newly established Kemasin Semerak
Integrated Agriculture Development Project {IADP), Pasir Puteh, Kelantan died with signs of
jaundice and photosensitization. These animals grazed on B. decumbens totally. The other
allected sheep recovered once they were stallfed with Seraria sphacelara ev. Kazungula. No
new cases were observed once leeding of B. decumnbens was stopped (MEOR, pers comm.,

1984).
Other Incidences

. Similar cases were secn in JOMIS sheep farm, Sungai Rengit Johore (DaLzELL, pers
comm., 1982) and in Universiti Perlanian Malaysia goat farm, Serdang (ANDREW, pers
comm., 1983).

RESEARCH FINDINGS IN MARDI

The incidences in the vartous larms suggest that there is a close association of this
syndrome with grazing of B. decurnibens.

) . . . .
An observation on [2 ISM prazing on 8. decunmibens showed that five of them died with

signs of jaundice and photosensitization, There was marked increase in SGOT and total
bititubin values ranging from 330—1 8§91 unitditre mnd 3,47 13 06 mg 100 ml respectively. The



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

Maznt et al., 1983),

‘I'rials were conducted to determine the causative agent/s having recognized that (otal
grazing of B. decumbens is the predisposing fuctor 10 liver damage in sheep. In another study,
seven of the 12 ISM confined to a heclare of B. decwnbens cxhibited jaundice and
photosensitization, an indication of liver damage nine days alter grazing on pure stind of ledly
regrowth 48 days after burning. Liver damage was confirmed by elevated levels of GGT (60 —
151 unit/litre}) SGOT (250 — 742 unit/litre) and bilirubin values (ABas MazNt et al., 1983). In
another trial, 18 female ISM were randomly ussigned to three treatment groups of six animals
each. They were stallfed totally B. decumbens hay, green leafy B. decumbens or litter of this
grass mixed with copra cake and mollasses ad libitum. The trial showed that ten of the 18 sheep
showed varying degrees of jaundice as early as two weeks, live from the group fed on hay and’
five from those fcd on green leafy B. decumbens. There was marked elevation of SGOT levels,
varying from 208 to 628 unit/litre in five animals, (wo 1o four weeks alter they fed hay while the
values in those fed green grass were between 194 and 529 unit/litre, after Lhe seventh week.
Concurrently, the GGT values were between 107 and 235 unit/litre. None of the sheep fed on
litter of this grass showed any obvious clinical signs. As shown by previous trials, no spore of
Pithomyces chartarum was isolated. The trial indicated that total feeding of B. decumbens
cither in the form of green or hay caused liver damage and eventually jaundice. It was
suggested that the unknown factor that was present in the plant could neither be destroyed por
its activity be reduced in the process of sun drying. It was hypothesized that the Loxic agent
could be in the plant itself with a direct mode of action or it could be in the form of its
metabolites (Anas MAZNI and Snarir, 1984).

. ARAS MAZNI, SHARIF, MoHD. KrHusaHry and VANCE (1985) in a trial involving 12 goals
grazing on B. decumbens continuously showed that the jaundice and photosensitization
syndrome was obscrved in only three goals alter 30 days of grazing. The clinical manifestations
were similar to those observed in sheep grazing on this grass. The GGT levels in the affected
goats were between 80 and 138 unit/litre, while the bilirubin values of these animals were
between 5.4 and 13.7 mg/100 ml and a considerable fraction of total bilirubin was direct
bilirubin, ranging {rom 71% to 90 per cent. Thus, goats on continuous grazing produced
similar hepatotoxic syndrome but the effcct was less severe.

In general, the findings from the trials conducted in MARDI are as [ollows:

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

values.

b) Clinical signs observed were jaundice and photosensitization.

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

+ extended gall bladder.

d) Histopathology indicated hepatolobular 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
not suggest Pithomycosis. o

f} Haemolytic anaemia and haemoglobinuria were not a consistent finding in this toxicity.

g) This syndrome was not duc to copper toxicity.

h) Goats on continuous grazing on B. decunibens produced similar hepatotoxic syndrome as
in shcep, Howcever, goats took a longer time to be aflected and the effect was less severe,

i) The plant 1. decumbens would cause hepatotoxicity to sheep and goats on total {eeding.
P Hay Irom B. decumbens would give a much luaster hepatotoxic effect.

k) Recovered animals would be among the first Lo show the toxic effect il they were allowed
o graze on this pasture agiin.

L



CLINICAL SIGNS

The clinical signs of juundice and photosensitization were observed in sheep as early as
nine days, ranging between nine and 60 days (Plaie 3).

On the onset of photosensitization, affccted sheep preferred to stay under shade with
~both eyes closcd by ocular lacrimation and conjuctivitis. Concurrently, jaundice was also
observed, The yellow discolouration was usually observed on the conjunctiva, third eyelids

and mucus membranes of the eye and vulva.

Following this, photosensitive dermatitis occurred. The skin lesions showed a charac-
teristics distribution which were restricted to the unpigmented areas of the skin and those parts
which were exposed to solar rays. Predilection sites for lesions were the ears, eyelids, muzzle,
vulva and Lo lesser extent the perineum. The first sign was erythema, {ollowed by oedema.
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 oedema was often severe and might cause
drooping of the ears, and dysphagia due to swelling of the lips and tongue.

With prolonged exposure to sunlight the areas around the eyelids, lips, muzzle, =ars and
vulva became ulcerated. Exudation occurred especinily around the eyelids and muzzie, and
resulting in matting 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
disturbance in the circulation of the subcutaneous tissue, the superficial layer of the skin
degenerated and eventually sloughed off, leaving raw areas covered with dry exudates. The
demarcation of lesion and normal skin was often very clear-cut particularly in animals with
white patches. With the onsct of symptoms of photosensitization, anorexia developed and the
shecp would refuse to drink or eat resulting in dehydration and rapid loss of condition with

marked decrease in body weight.

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

forelegs, duliness, incoordination and stargazing as accompaniments of liver dysfunction and
]

jaundice.
Other signs observed werce bilateral opacity, haemalylic anaemia and hacmoglobineris,
This however was not a consistent finding. Only two out of 42 slieep 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 eyelids, 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 Saanen and their
crosses. Clinical signs were observed 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 onset
ranged [rom 30 to 49 days. Within a period of 60 days, more than 50% of the sheep grazing B.
decumbens showed the clinical signs whereas in goat only 25 per cent. This indicated that, the
clfect of grazing B. decurnbens was more severe in sheep than in goats.

CLINICAL PATHOLOGY

Ilaenatological Pictures and plasma Protein

There were no significant changes in all these cascs in the total erythrocyle count,
hacmoglobin concentration and packed cell volume (PCV) in sheep and goat. All these
parameters appcared to be within the normal range even in those sheep and goat with fiver
tesions. In the cxperimental group, only two cut of 42 sheep grazed on pure regrowth of 5.
decumbens showed hacmolytic anacmia. Haemolysis was observed 12 and 22 days afler
grazing. In these animais the PCV dcercased rapidly from 20% to 7.9% und 26% to 10%
within two to four days. Haemoglobinuria was observed in both cases. Thesc (indings werc

inconsistent.
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Plate 4. Clinical signs of Brachiaria decumbens toxicity in goats,

de. Qedemaions vulva, Blue discolouration is because of the applicanan of fly repellants.



4d. Ulcerative dermatitis on the gum and lips.

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

occurred in animals due to the swollen tongue and lips.

Serum Glutamate Oxaloacetate Transaminase (SGOT) and Gamma-glutamyl Transferase
(GG

Nearly all affected animals showing signs of jaundice and photosensitization showed a
marked elevation of the SGOT and GGT enzyme levels. The increase ranged from 200 w0
1 800 unit/itre and 107 to 345 unitflitre for SGOT and GGT respectively. Extremely high
values of SGOT enzyme approaching 2 000 unitflitre, an increase of about 100 fold over
normal values, were encountered in some sheep. SGOT values in normai sheep had been
recorded by various authors and they ranged from 31 unit/litre (CoRNELIUS, 1960) to 56 unit/
litre (KutTLERr and MarpLE, 1958) dnd to 60-160 unit/litre (MALHERBE, 1960). The normal
level of GGT iy between 50 and 60 unit/litre. The increase indicated the presence of liver
damage. In most cascs, GGT was elevated first before any increase in $SGOT. The elevation of
GGT enzyme level was found to be a better indication of liver damage compared with SGOT.

Bilirubin

Jaundice cases were confirmed by icterus index and bilirubin values. Severe jaundice
occurred in most of these animals with total bilirubin valucs ranging from 5.47 to 22.0 mg/100
millilitres. The normal bilirubin values are between 0 and 0.4 mg/100 ml {(BLooD, HENDERSON
and RAposTiTs, 1979). In most of the animals, about 80% of the total bilirubin was conjugated
bilirubin, indicuting hepatocellular jaundice whereas in the two animals which had haemolytic
anacmia, the indirect bilirubin values were much higher.

Scrum, Liver and Kidney Copper Level

There wis no marked increase in serum, liver and kiduey copper levals in all the
experimental animals. The copper levels in the liver and kidney ranged from 189.3 10 430.2
ppin, and 15,1 to 64,2 ppm, respectively. These are within the normal range. Results of copper
analyses of the grasses showed that Brachiaria grass has the lowest copper level (4.65 ppm)
compared with three other grasses namely Digitaria setivalva, (10.9 ppim) Setaria sphacelata
var. splendida (11.2 ppm) and Panicin maximan (7,12 ppm).



GROSS AND HISTOPATHOLOGY

All alfected carcasses showed ulceration on the skin purticularly around the evelids, lips.,
muzzle. ars 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 ol necropsy witere evidence of liver changes were observed. The
liver was consistently slightly enlarged, firmer than normal and had pale motiling. Gall
bladder was consistently enlarged, containing markedly thickened bile (Plate 6). There was no
bile obstruction and no other significantly observable changes except in animals with
hacmolytic anaemia where the kidney was duarker than normal.
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Plate 6. Mouling of liver with markedly distended gall bladder.

Most of the liver seetion indicated varying degree of hepatonccrosis, either diffuse or
centrolebular. Most of which were acute hepatoncerosis. Cholangitis and mild bile retention
were also observed in two anmmals, 1o the two wmals with hacmoglobinuria, a tew tubules in

the Kidney were seen with hacmoglobin east, this is probably due o the haemolysis,



CAUSE AND PATHOGENESIS

The specific causes of this syndrome remained unknown but the probable pathogenesis is
described (Figure 1). Findings indicated that the onset of this syndrome correlated with the
ingestion of this grass, which could cause hepalotoxicity. When the liver was damaged,
phylloerythrin, the metabolic by-product of chlorophyll and bilirubin, the red blood cell
breakdown products were retained in the blood stream. Phylloerythrin, which was a
photodynamic agent when activated by ultraviolet radiation of sunlight 10 sensitive tissue
caused liberation of histamine, Jocal cell death and tissue ocdema. As the condition of the
sheep worsened due (o progressive disturbunce in the circulation of the subcutaneous tissue,
the superficial layer of the skin degenerated and eventually sloughed off, leaving raw argas
covered with dry exudates. This manifested as ulcerative dermatitis of the exposed area on the
muzzie, ears, lips and vulva as observed in the affected sheep. The circulating bilirubin caused
the yellowish colour or jaundice as seen on the mucous membrane of the eyes and mouth,
There was a variation in the hepatic lesions as seen by diffuse and centrolobular necrosis and
cholangitis in few cases. In some of the cases, the lesion was scen only in parts of the liver. This
was probably due to deposition of toxin in particular part of the liver due to portal streaming
on its first passage through the hepatic sinusoids. Although in some sheep the liver was
invariably damaged, indicated by marked elevation of GGT and SGOT, they failed to develop
skin lesion and jaundice because 'the liver has considerable functional reserve. It must be
severely damaged before its capacity to remove circulating photodynamic agent or bifirubin
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 mare pronounced,
weight was significantly altered. The decrease in weight of sheep with liver damage was
probably due to nutritional stress. This might have been a simple reduction of intake since
severely affected animals were normally observed to have abandoned grazing or it might have
been due to lowered capacity to utilize ingested feed (CAMPBELL and WESSELINK, 1973). As
soon as liver damage was repaired weight gain returned to normal.
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Figure 1. The probable pathogenesis of Brachiaria decumbens toxicity.



DISCUSSION

There is a similurity in the clinical signs of pholosensitivity in shecep grazing 3.
decumbens with those of facial eczema which is caused by the saprophytic fungus, Pithomyces
chartarum (Berk and Curt) M.B. Ellis as described in New Zealand (CUNNINGHAM,
Horkirk und FILMER, 1942), in Australia (Hore, 1960) and in South Africa (MARASAS,
ADELAAR, KELLERMAN, MINNE, VAN RENSBURG and BorroucHs, 1972). Faciat eczema is
caused by ingestion of spores of P. chartartan containing the hepatotoxic mycotoxin
sporidesmin (Brook and WinTg, 1966; Tavior, 1967; CeicoLer and LILLEHOJ, 1968;
WriGHT, [968; Brook, 196Y). Similar observations were made in shecp and cattle in tropical
arcas of Colombia and Brazil, South America.

Several workers have suggested this saprophytic fungus as the primary etiological entity,
however Lthe primary cause of the syndrome has not been clearly defined (CARMAGO er al.,
1976; Nosre and ANDRADE, 1976; DOBEREINER ef al., 1976; ANDRADE ef al., 1978; OLIVEIRA
et al,, 1979}, It was suggested that the nature of growth of B. decumbens provided a good
substrate for the fungus to grow. However, the level of the fungus or its spore on the pasture in
these areas was found to be low, one to three spores per gramme of leaf dry weight (ANON.,
1980). Furthermore, the concentration of toxin extracted from the fungus that was isolated in
Colombia 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 ALvaRriza, PERDOMO, CORBO, BERIAD, DE
La Pena, PARADA, MICHELENA, QUADRELLI and ALZUGARAY, 1977). For instance in New
Zealand, facial eczema cases occurred only when spore counts on the grass were over 107 per
gramme of leaf dry weight (BrOOK, 1969). Workers in South America had not found similar
correlation. Hence, it was concluded that other factors might be involved in the etiology of the
syndrome (ANoN., 1981). Concurrently there has been several groups that have tried to
incriminate the plunt, 8. decumbens as to cause the toxicity directly, however, the evidence is
meager (AvCARDI, pers comm., 1983}

No isolation of this saprophytic fungus was made {rom the grass and suspected pasture
litter in our studies. Fungal isolation techniques used were as those recommended by the
Ministry of Agriculture and Fishery, New Zealand (CHaPmaN and D1 MeNNA, 1981} and
THORNTON AND SINCLAIR (1960}, However, there were Cladosporium, Penicillium, Nigrospora

and Spegazzinia spp.

If P. chartarum is the ctiological agent that causes the syndrome, then the process of
burning, removal of pasture litter (substrate for fungal growth) and disc ploughing would have
minimized the presence of fungus or its spores. Surprisingly, sheep grazed on pure leafy regrowth
of this pasture after the above processes were carried out, showed a much faster effect (ABAS
Mazni et al., 1983). Similar group of sheep grazing on adjacent plot of other grasses under exactly
the same management were not afiected. The feeding trial where sheep were stallfed green, hay
and litter of this pasture further supported the elimination of this fungus involvement. None of the

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

liver damage. Whereas, sheep fed green and hay of 8. decumbens showed marked clevations of
SGOT and GGT cnzyme levels, with varying deprees of juundice and photoscmluzauon {ABas
Maznt and Sitarir, 1984).

Ihe necropsy {indings of B. decurmbens toxicity in sheep and goat do not conform to that of

facial cczema, (Pithomycosis), thus not suggestive of sporidesmin poisoning. In sporidesmin
“poisoning the esscntial lesion is an acute cholangitis which progrésses to obliteration of bile ducts
by fibrous tissues lcading 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 stasis, i.e, it was largely a secondary change in hepatocytes { McFARLANE,
Evans und Ruy, 1959, Mowrimnu, pers conun,, 1983), In ahacp and gonts fed with A,

decumbens, the hepatocyte lesion appeared Lo be the primary change and biliary stasis probably
emanated from a lesion of the hepatocyte/canalicular interface or from bilirubin/phylioerythrin
conjugation failure or failure of transport across the hepatocyle (MORTIMER, pers comm,, 1983},

Sections of liver of all affected sheep shawed a consistent picture of diffusc hcpﬂoccllul.xr necrosis
lesion. There was little or na reaction in portal tracts and no evidence of bile duct injury. With the

above findings the possibility ol tungal involvemént s eliminated.

)
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Liver damage which was shown by murked clevation of GGT and SGOT was consistemly
observed in all the affected animals. Juundice which is secondary to the liver damage was
indicatcd by high bilirubin values. VAN den Btra test indicated that a considerable fraction of
the total bilirubin was conjugated or indirect bilirubin. Thus, hyperbilirubinemia is due to hepatic
or abstructive jaundice. Ulceration duc to photoscnsitization and emaciation can also give rise 10
an increase in SGOT level. In some cases, animuls not showing clinical signs with fow SGOT level
showed obvious increase in GGT level, indicating liver damage. The liver damage in these
animals was nol accampanicd by clinical signs of juundice and photosensitization probably due to
liver functional reserve. This is clearly obscrved in goats where Jiver damage occurred without
obvious clinical signs. Elevation of GGT level was found to be a better indication of liver damage
compared to SGOT. Both SGOT and GGT enzyme levels decrease once an affected animal is
removed from B. decumbens pasture.

Haemolytic anaemia and haemoglobinuria were observed in a 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 [inding ir. Brachiaria toxicity and was
thought to be due to copper toxicity. In our findings, there was no increase in the serum copper
level in all the affected animals even in the two animals with haemolytic anaemia and
hacmoglobinuna. The liver and kidney copper levels of all the aflected sheep including those with
haemolylic anaemia were within the normal range {less than 400 ppm for liver). It is impossible to
define normal values for ievels of copper in the liver, but for present purposes it is a reasonable
geueralization thal levels up to 500 ppm dry weight pose no threat of untoward efflect. In levels
increasing above 800 ppm, there is a cortesponding increase in the hability to sudden release and
haemolysis (Juss and KENNEDY, 1970). For instance, in chronic copper poisoning, :.*= copper
level in the liver of Nubian goats ranged from 823 to 2 054 ppm (ADam and WasFr, 1977).
Furthermore, in our studies the animals were {ed solely on B, decumbens with no concentrate ang
mincral supplement. The copper level in the Brachiaria was 4.65 ppm, which is much lower when
compared 10 other pasture grass such as Digitaria, Setaria and Guinea. These grasses have copper |
vatues ranging from 9.0 to 11.0 ppm, (CiEeN, AJir and Evans 1981; Auas Mazniet. al., 1983).
Necropsy and histopathology of kidneys of affected sheep and goats did not indicate sign of toxic
neplirosis as in copper poisoning. Hence our findings indicate that copper is not the primary cause
of the syndrome. If it plays a part as observed in copper toxicity due to hepatotoxic plants, it enly
plays a secondary role to the liver damage. In sheep, this is a common phenomenon since sheep
accumutate copper in the liver and sudden release of this mineral occurred when the liver is
damaged. The haemolytic anaemia and haemoglobinuria which sometimes occur in this
Brachiaria intoxication is probably not due to copper but some other causes.

No other plants except for few legumes, Centroserma pubescens and Calopogonium
mncunaides were found growing in the B. decumbens pasture plot, The possibility of another
primary plant causing the photosensitization is thercfore eliminated,

CONCLUSION

Evidence of the incidences in the field and research findings indicated that the jaundice
and photosensitization syndrome observed in the sheep und goats grazing on Brachiaria
decnthens was due to liver damage (hepatolobular neciosis). The B. decimbens toxicity
causes acute hepatic necrosis resulting in heputic insufficiency manifested by loss of condition,
hepatic juundice, photosensitization and death. Liver damage occurred much earlier when
animals were fed hay compared with those led green Brachiaria. Thus total feeding of 8.
deciunbens cither in the form of green grass or dry hay is not advisable for sheep und goats,

RECOMMUNDATIONS AND RESEARCH NEEDS

There is no specific treatment for B. decumbens tosicity. Only the secondary sympioms
can he treated while the sheep or goats liver heals itself, All affected animals should be
removed (rom the pasture or hay into the shade away from direct sunlight and fed with high
quality feed. Preventive measures should be undertaken against sccondary infection especiatly
migpot infestiions on the uleerative fesion as o result of photosensitization on the skin. Skin
lesion may recur il the liver is still damaged on release. Animals that ave recovered will be
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amang the carlicst to show the syndrome us soon as they are allowed to graze on this pasiure,
Therefore sheep which apparentty recovered should be culled when saleable as they will be
susceptible to subsequent stresses. The farmers should be aware of the disease and at the
appearunce of symptoms follow necessary rccommendations to avoid a higher number of

animals being affected.

It is not wise 1o eliminate this grass us it is highly productive and valuable in the tropical
arcas. Furthermaore this grass has been extensively planted in our country. Utilization of this
grass as o (otal feed to sheep and goats should be avoided. Since this syndrome also oceurred
sporadically in catte as reported in other countries. we should be aware of its occurrence. In
oter 1o be prepared against possible and unexpected occurrences in cattle, it is necessary to
rotationally graze the animuls on different forages.

Research should be conducted to determine methods of utilizing this pasture so as lo
prevent and minimize the adverse effect. Since there is an indication of differcnt breed
susceplible to Brachiaria toxicity in goat. further studics should be carried out.

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

Jaundice and photosensitization syndrome is a hepatotesic discase of ruminants caused by total
feeding of frachiaria decumbens. 1t is characterized mainly by loxic liver damage (hcpatolobular
necrosis) which leads to weight loss, jaundice, photosensitization and death. Incidences of the discase
were reporied in cattle and sheep in Colombia and Brazil, South America, while in Malaysia it occurred

matnly in shep ond goats. The toxwcity Is remarkubly polent lor sheep and goaws causing a mortality rate
of i o 80 while i cattle clungal easas appear in ondy 4,786 of atfected cantle. Cattle batwean nine and

24 months are espreclably involved and sabellnienl toxigity Is ulae bbaerved bringing sboul Tuss nl body
condinon. While the actual taxic principle remains unknown, the circumstances of poisoning and the
pathogenesis of the disease are becoming clearcer.

This paper reparts the incidences and sesearch conducted an jaundice and photoscnsitization
sundrome due to hepatotoxicity related to towd {eeding of B decumbiens. The climeal signs, elinicat
patholegy. postmortem and hisiopathology are also described.
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276 PEARSON

that ill health was the cause. Work clearly precipitated the sitation as the
buffaioes became progressively weaker over the three days work. It is sugpested
that the decline in work output was associated with 2 parasitic or discuse
infection. Further studies will be carried out to verify and quantify these effects.
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BOOK REVIEW

World Dictionary of Livestock Breeds. 3rd edn. 1. L. Mason. C-A-B lnterna-
tional, Wallingford. 1988. 348 pp. £23.63 UK. £25.95 elsewhere. US347.50
Americas. ISBN 0-85198-617-X.

The third cdition 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 breexds, types and common commercial crosses of cattle,
shecp, horses, pigs, goats, buffaioes and asses throughout the worid; there are
also references 10 Breed Soceties and Handbooks. The book is wholely a work of
reference and is recomwmended for purchase by libranics rather than by
individuals.

1t is difficult to keep a compilation of this nature up-to-date and the reviewer
noted some omissions of developments occurring during the past 15 years in
tropical breeds he has been involved with: eg. no mention of the admix of Bos
teurus {Friesian) blood %o e Mpwapwa during the mid-seventies. However,
these are criticisms of wnisor importance and the book remains a standard,

authoritative reference work on livestock breed nomenclatuie throughout the
world.

3. 5. Macfar.une
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Short Comiumication

PHOTOSENSITISATION: A MN3TE OF CAUTION IN THE
USE OF BRACHIARIA FPASTURES—A REVIEW

R. Baser'

Anisnal Producnon and Health Divsion, FAC, Via delle Terme di Caracalia, 0I0) Rome, ftalv

Photosensitisation in ruminants is not a recently discovered problem and
reference to facial eczema, which is a form of photosensitisagon, was made at the
end of the nineteenth century. Since then a considerable amouat of research has
been carried out on photosensitisation,

imal
—Research Stazign, New Zeajand. A comprehensive review of hepatogenous

_photosensitivity_diseases_which covers not only the principal causes of photosen-

sitivity but also its diagnosis has beeh made by Kellerman and Coetzer (1984).

Thetaiisé 6f photosensitisation can be primary or secondary. A primary agent
is normally a photodynamic pigment which is absorbed from the gastro-intestinal
tract, enters the peripheral circulation via an unimpaired liver and reacts with
light at the surface of the skin. Secondary or hepatogenous photosensitisation
occurs indirectly as a result of damage to the liver. When this occurs
phylloerythrin, a break-down product of chlorophyil produced by gut micro-
organisms, is retained and cnters the peripheral circulation. When phytloerythrin
comes into contact with sunlight in exposed unpigmented parts of the body it
causes oxidative changes in the cells of the skin and adjacent tissues. Visible signs
include the tendency by affected animals to avoid diret sumlight, pruritis,
erythema and swelting of the affected parts; this is then followed by loss of skin
and potentially, death.

Primary photosensitisation is not as common as the secondary form. Kings-
bury (1964), Kellermann and Coctzer (1984) and Cheeke and Shuil (1985)
mention that fagopyrin, hypericin and furanocoumarins, which are found in such’
common plants as Fagopyrum sagittarum (buckwheat), Hypeaicum perforaium (St
Johns wort), Ammi majus (bishops weed) and Cymopiaus watsonu (spring
parsiey)} respectively, are all primary photosensitising agems. Secondary photo-
sensitisation is caused by a wide variety of different plants as well as by two fungi
and by an aigae (Kellerman and Coetzer, 1984). Of the plants that cause
secondary photosensitisalion, Lantana camara is probably the most ubiquitous
However, Kingsbury (1964}, Kellerman and Coetzer (1984) and Cheeke and
Shull (1985) mention other plants such as Tetradymio spp. (horscbrush) and
Tribulus terresiris which are also important. Of more mmmediate concemn,
however, is photosensitisation caused as a result of the ingestion of toxins
produced by fungi that are associated with pastures. Brook (1969) pointed out
that facial eczema in New Zealand is caused as the result of the ingestion of the
toxin sporidesmin produced by the saprophytic fungus, Pithomyces chararum,
associated with pastures.

During the past five tq_10 years there has been a large incrsase in the use of

in_the developing countries. In Latin Amernica as well as in Africa
and_Asia. the Brachiaria group of pgrasses has proved to be very successful. 8.
decumbens in particulir; as a result of its tolerance 10 lgw fertility and acid soils,

e
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ease of establishment, aggressive growth habit and bigh productivity, has become
widely used. However, there is increasing evidence to suggest that caution should
be exercised in the use of Brachiarie pastures. In Asia Othman, Yusuf and
Abdul Rahman (1983) reporned 41% mortality and 100% morbidity in a group of
12 ewes grazing B. decumbens in Malaysia. while Murdiati and Lowry (1983)
noted problems of photosemsitisation in sheep grazing or being fed silage from
Brachiaria pastures in Indomesta. In Africa Pierre (1984) reported an outbrrak of
photosensitisation in the Ivory Coast in 20 floc'ss of sheep grazing mixed pastures
including B. ruziziensis. The problem was overcome by replacing Brachiaria with
Panicum ot Chloris.

In South America there are various reports of the problem of photosensitisa-
tion in association with Bmchiaria pastures, only some of which are reporied
here. CIAT (1984) reported 32% morbidity and 27% mortality in a control group
of cattle grazing a B. decumdens pasture in a trial to determine the efficacy of zinc
in the comrol of photosensitisation. Garcia, Aycardi, Zuluaga, Rivera and Henao
(1982) reporied 4-7% mosbidity and 2-7% mortality in 961 cattle grazing B.
decumbens and 13% mortality 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 mentioned its importace in young cattle grazing B. decumbens pastures.
Tokarnia, Dobereiner and da Silva (1979) stated that three species of Brachiaria,
namely B. radicans, B. decumbens and 8. brizantha, are known to cause
photosensitisation in cattle in Brazil. Garcia (pers. comm.) commented that in
Brazil problems of photamsitisation have also occurred on B. humidicola
pastures. Various workers have reported the presence of P. chararum in
Brachiaria pastures (Lau amd Singh, 1985; CIAT, 1984; Tokarnia, et al., 1979).
CIAT (1984) also reported the presence of P. chartarum in the legume P.
phaseoloides grown in assodation with B. decumbens.

The aforementioned observations clearly show that many of the Brachiaria
grasses cam be associated with the problem of photosensitisation. It should not be
thought that they are the oaly grasses involved as the problem in New Zeatand
occurs on predominantly Lelium perenne swards and Doliahite, Younger and
Jones (1977) and Muchiri, Bridges, Veckert, and Bailey (1980} reporied the
problem on Panicum colemtum pastures. It therefore needs to be firmly
established whether the dsk of photosensitisation is greater on Brachiaria
pastures than it is on other pastures.

In comsideration of the potential that the Brachiaria spp. offer to animal
production this issue deseywes further attention. While it seems likely that P.

charigrum is an important agent in callis‘iﬂig;ﬂg‘t_ggm fisation_in_animals grazing
Brachiarie pasture, 1t 1s moi iown 11 it 15 the only agent. Qthman, Haron, Yusuff
and Saad 15533) were uRabie 10_1501a%e Spoics ol F. chartarum from a Brachiaria

ZETOTE Which had caused preblems of photosensitisation and Murdiati and Lowry
a mmmmr_e%@ggfme_dzmmwal communication
with 7._Maorgmer_and b Menna of the Ruakura Animal Research Centre,
New son_wheiher | thT_ﬁﬁbﬁs‘e‘i'iﬁtisihon they found on Brachiaria
pastures is due to P. charswwn. They commenied that the chemical propertics of
sporidesmmam would not Suggest thal this toxin is respoasible for photosensitisation
—trIFomcal cases and thar-data frofi Soull America do not conclusively show That

the problem encountéred there js facial eczema.
Qutbreaks of photosessitisation are sporadic and considerable areas of
Brachiaria pastures are beimg grazed without any problem; the reason for this has
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1t as yet beer . 1ermined. While the most dramatic effect of photosensitisation,
<L -th, is often .- orted there  {ar less information on its effect on the liveweight
¢ nof amimals . ng these pastures. This latter question is potentialty far more
snoous and ClT (1984) reported weight losses of 1-2kg/day in cattle that
subsequently dev 'op clinical signs of photosensitisation.

There are m -y issues which need to be clarified berause reaction to the
problem of phot ensitisation in animals grazing Brachiaria pastures has often
becn one of two cxtremes. In some countries Brachiaria spp. have been almost
completely distepirded due to fears about photosensitisation, whilst in others
Brachiaria is 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
answered:

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

2. Can the problem of photosensitisation be reduced by planting mixed
pastures of by adopting different pasture management practices”?

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

4. Is there any difference in  animal species’ susceptibility to
photosensitisation?

5. What is the real prevalence rate of photosensitisation?

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

Answers to these questions would allow a2 more rational assessment of the risk
to be encountered in the use of Brachiaria pastures. It is particularly important to
decide if the problem of photosensitisation is one to be lived with, in which case
control measures such as those used in New Zealand and described by Brook

(1969) ‘are -required, or whether it is a problem to avoid by not growing
Brachiaria.
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Research Note

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

M. H. Sazzap, 5. M. H. MamorazuL and M. U. ASADUZZAMAN

Livessek Research insttute, Savar, Dhaka, Bangiodesh

In Bangiadesh pouiry are generally raised in rural areas as scavengers and as
a consequence they arcaot very productive. In a previous study it was found that
the average body weeht of adult desi hens is 890g+ 134 and annual egg
production per hen is 4 (Sazzad, 1986).

Various crossbrecdeg programmes have been undertaken to improve the
performances of poulty under rurat conditions. The current study was under-
taken to ascertain thecffectiveness of one of these programmes. Sixty smail
households were selecad in two villages near Savar, Dhaka, an area where local
desi birds have been xossed with White Leghorns, Rhode lsland Reds and
Fayoumi. Male and femle birds were weighed each week. The average weight of
the desi males at eightweeks was 205 g 346 and that of the ferales 189 g + 78.
The crossbreds achreed similar weights and the differences in growth rate
between desi and crosseeds were not significant.

According to Mukljee (1987) non-genetic influences such as poor autrition
have a much higher gect on production parameters of poullry than genetic
influences. From the @subis of this investigation it is confirmed that crossbred
chicks under scavengsg conditons do not have higher growth rates and
producrivity than desi pultry.
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BOOK REVIEW

Newcastle Disease. Ed. D. J. Alexander. Developments in Vererinary Virology

{series). Martinus Nijhoff Publishing, The Netheriands. 1988. 378 pp. £71.25.
US$120. ISBN 0-89838-392-7.

The preface indicates that the purpose of the book is w give a comprehensive
account of the virus, the disease and its controf. 1t is aimed at those interested in
research and in the application of diagnostic and control methods.

For this objective, 22 international experts have contnbuted to this volume of
19 chapters each of which is followed by numerous references. Enitially there is a
succinct account of the history of the disease and then a chapter on taxonomy
with the classification of the virus within the genus paramyxovirus. Four chaplers
follow descnbing the motecular basis of structure, replication, gene cloning and
nucleotide sequencing, and infectivity and pathogemadty. The heterogeneity
within strains of the virus and its significance for virus survival is considered and
then the value of monoclonal antibodies in research, diagnosis and epizootiology.
The next three chapters deal with disease: the first describes the pathogencsis,
signs and gross and histological lesions in the fowl, mrkey, duck. goose and
pigeon; the second considers panzootic ND in pigeoms and the third ND in
free-living pet birds with a comprehensive table of the species of birds involved.
A chapter on geographical distribution of the virus is followed by one on methods
of spread and an account of the disease in tropical and deveioping countries. The
final four chapters consider control including policies, vaccination and vaccines
and their quality control. A detailed index follows.

This book achieves its purpose and the subject matter is well presented
throughout. However there are several minor crticisms, for instance, there is
cxcessive repetition particularly in some of the eardier chapiers, additional
cross-referencing would have been beneficial, the quaiity of some of the black and
white photographs is not in keeping with the high standard of the text and there is
no mention of food pellet vaccination in the control of disease. Nevertheless this
book is of inestimable value to all involved with this subject and is a fitting token
of remembrance to the late Professor R. P. Hanson 10 whom it is dedicated.

F. T. W. Jordan
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APPENDIX III. 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
strains 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 E1 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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Figure 1.1, Effect of three endophyte species on root weight of one-me-old plants

of three different clones (CG 1141-1, M Col 1418 and M Co) 1505)
inoculated by stem puncturing, soil infestation and in

1 um_spray
with a mycelia suspension equivalent to 2 petri d1shes?gﬁ6 ml of
distilled water.

Source: Cassava Pathology/CIAT; Cassava Program Annual Report (22 Nov. 1993, Draft)
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cassava clones inoculated by three inoculation methods (stem puncturing,

Effect of three endopnyte species on root weight of plantlets of three
soil infestation and inoculum spray).
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