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1% is & gimple and yet fundsmental blolsogical concept that one of the
sgsential differences Dbetween plants and apimels lies in their mode of
nubrition,

The plant ig able to use soil nutrients and synthesize its nutritionsl
requirements in the presence of light by the process of carbon assimilation,
The animal is entirely dependent on those synthesized plant products for its
nubrition,

In this very essential difference rmminan%s and herbage plants assume
& commensal relationship, becoming incressingly interdependent as systems
of pasture and snimal produvection intengify,

Thig relationship has become a well sccepied prineciple in herbage
agronemy as to appear almost & statement of the obvious, Hevertheless
the writer submits that progress in this field during the past two decades
has been concerned almost solely with the botsnical aspects of plant pro-
duction,

The develepment of giraing of plants for grazing conditions, with
the additional benefits of an extended grazing seasom, and greater herbage
bulk per acre, are schievements of the plent breeder which have been making
an immeagursble contribution te snimal production.

In spite of the wltimate use of herbage plants however, studies of the
interaction of snimal and plact have lageged behind the advences made by the
plant breeder, V

The animal has besen used almost exclusively either as a measure of
plant production ln terms of liveweight incresse, or as the controllsble
facter for the purpuse of imposing particular environmental conditions

wpen individual plant species or commanities, Bathe 1947 (1).
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With this criticism in mind, Stapledon 1948 (2) discussing the

subject of grasslend management for animal production states that " the

scheel to which I h@i@%@‘hax been soevsed and net withoud s messure of
Justice, of paying insufficlent attention to the needs of the smimal.

it de difficult to-day for any y&x%&s@l&r @@&@@1 of thought to march in
step with all ka@x sehoolgew bmk in wrwym&%iwm as knovledge ascoumulates,
8o does the need to do so begome imcressingly wrgent, Flant nuilrition
is not Just = matter of Ca, P, &, W, and emima) mubrition involves much
more than starch equivalent and protein equivalent.”

Finslly, Ytapledon (2) rominds the sgronomist that when he advises
the farmer either by what he writes or what he says as tu seeds mizbures
md grassland mmnmgmma&%* in effect he wears the mentle of the nubtritionist.
for he prescribes the diet o which slone the animal may be fed fer weeks
or months on ead,

Therein lies the trend of thought whieh has stimulated the subject
of the ﬁi@ﬁ@@&@@ %o follow,

The writer subnits thet any biological practice which is aimed ab
stimlating & preferred metabolic process will advance towards a state
of imbalance in relatlion to other processes with an increasing inbensity
of stimulation,

Muir 1948 {3) subscribes to the widely held opinion that physiclogieal
disorders such ag bloat,and grass tetany, sre more common on lsye than on
permanent passture, The difference cleimed for the ley se against permenent
pasture ds one of relstively higher incldence of physiologicsl disorders
in snimals @%&tﬁm@& on lays, it being recognlsed that both types of
pasture are capsble at bimes of disturbing the physiclogical egquilibriumm
of the grasing amiwal,

The implication is, therefore, that the temporary eward must bend
to possgess, ab a high level of metivity, the factors respousible for
rhysiological aberrations in snimals at pasturs.

The principle of intenslive gresslend fazgming is not necesssrily
attacked bat the present design of pasbures under certain conditions of
soil and mansgement mey be less zble to provide a diet for heslth as well
ag produetivity. R

This is borne out by the many reports from those countries of intensive

grassland production which indicate an incresse in physiologicsl disorders
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srising from the lubslsuce of animel ﬁm&yiﬁi@m vesulting from luntensive
pestoral management practices. (3). Bemnettd 1946 (4), ﬁiim%r 1947 (B),
and others, (14). (29). |
The peculisr sesmsonal nature of these &1$wwé®x$$&nﬂ the limdtabtions
of our km@wlwﬁg@ in yregpect of sessonel changes ln the cheuwistyy of the
growing plant. particularly in relation to the grazing snimal, have resulied
go far in bub slow progress towards evelving measures of preventive tresatment,
fn awareness of the consequences vwhich need to be anticipated from
jntensive @wmwalamﬁ production in Vew Yealand is expressed by Meleekan, 1947
(86). ¥He considers that it is more than e coincidence that such stock
’ digorders seem %o cccur at periods of repid change in pasture growth,
HolMeekan implicates changes from poverty Yo plenmty, frem high fibre to
low fibre, from slow growing to repid growing feed, aud suggests thab the

need for adequate management technigues in this connection is an obvigus

line of attack,

An approach by mesns of perfecting our grasing nanagement to overe
come graging disorders is suggested by Johustone-Wallace 1950,(6), in
VX@@%&W&&% %o the %1@%% problem, At the same %ime he gives the opinion
that the real solution 1$é$‘ywrh&pm ag wuch with the agvonomist %@%f%ﬁ&mﬁ
breeder as with the grasier,

The concept of Lreeding plants for bloateprosf pastures is entertained,
and already recent literature refers to pasture geeds mixbures ww@m@mm&&w&
for reducing the bloat risk. (33), (34), (38),

It is interesting %o note that an agronomic approach, bﬁaﬁ&ﬁ~*

use of pegture having a wider species couposition ie r&&@wmwn&&&a" :@x%
oome & physiolegical diseorder causing sericus losges in sheep &w&w&&@:li
subterrsnean clover in Avstralis, (4). | J

4 new departure then bhecomes evident, ss to those Ffactores which sve
desirable in pastures and gmmm plants, The writer subscribes to the
view that thes herbage agronomist will be aided in hie approach %o this new
agpect of his work when possessed of an eppreciation of the integral
relationship between the x&&mﬁ &na\§wr®@$n snimal physiological processes,

For this reason an exposition of suimal pusture intersctions will be
attenpbted uvsing bloat in rominembs as the specific example,

Bloat in grazing ruminants is referred to by Johnstone- ¥allase 1948 (7)

ag a problem erising wmore freguently with lmproved pasture production methods,
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He suggests that it is perhaps the most important factor requiring
investigation if a full utilization of improved pastures is to be obbtained,
Melieekan 1947 (86) states that it is a problem which emphasises the
complexity of these animalepssture interactions and considers that of all
of them it is perhaps the most complex,

8o far failure %o produce the condition in the fleld has defied
the more orthedox methods of experimentation, Aany solution however rests
more probably upon the integrated efforts of workers in sllied rather than
in sny one field, The growing need for this type of appreach in bioclogical
studies 1is keenly appreclated by the writer,

Howaver, the opinion is supported that ultimately measures for the
prevention of biost will take sn sgronomic form, JFurther, the agrost~
ologigt should bring that thought %o bear uwpon the problem which integrates
thoge many aspects of his work designed tb neet the needs of the apimal,

dn abtempt will be made %o follow that recommendatbtion in this
discourse, Should this digsertabion provide alse o reference base for
cons tructive thought whatever menner of invesbigetion is adopted for the
bleat preblem, its purpose will be well served,

Broadly the subJect matter will be treated as followsi-

As, 'The bloat preblem, its nsnifegtations and incidence.

BB,1. The in sitv interactions of pasture and snimal as phéﬁnmen&
associated with acute bloat, Part I - Plant-conditioned
interactions,

BB.2. The in situ intersctions of pasture snd snimel as phenomens
asscciated with soute bleat, Part Il - snimal-conditioned
interactions,

CC. EBuminant digestion and bleat. The physiclogical processes
invelved, particulaerly as influenced by plant biochemiocal

snd physical factors,
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AA, THE HLOAT PRORLEM, 178 MANIFESTATIONS AWD INCIDENCE,

Bloat or hoven ie a digestive disorder in ruminsmt enimals to
which cattle, sheep, and goats, are particuvlerly eubject. The condition
sriseg from an sbnormsl distensicn of the rumen with gas, The essentisl
syupbon ls & distenslien of the flank in the left lumber trisngle, although
the whele abdomen wmay distend according to the severity of the condition,

It gshould be noted that bleoat is & very common pathelogical conditon
to which Begg 1912 (8) refers as the outstanding eymptom of functiomal
and orgonie dissased condibtions,

Bloat is most freguently classified as "chronic" and "acute”. In
gaparal, soube bloat veuslly depends wpon the nsture of the feed wheress
chronic bloat is due to an sbnormality in the physiological stale of the
snimal. Cole, Huffman. Kleiber, Olson and Sehalk 1945. (9).

Chronde bloat wsuslly extends over a considerable period, suvch as
that cansed by obstruction of the cesophagus due to enlarged wedimstinsl
lymph glands Ascost 1946 (10). or that associated with rumenal atony,
Stusrt and Oross 1946 (11)a

Acute bloat vsually refers to that condition which ecccurs within &
few hours'of pasturing: bloat in runinants feeding green legumes is
termed seube,

Dalry catile grazing legume pastures in New Zeslsnd have been
roporied %m remain in o tympsmic state for several menths in certain
seasens, Lyoms. 1928 (12),

Hevertheless this discowwse is prissrily concerned with scobe blost
as accepied in the genefal gense and manifest as a tympasnic state g@&u&ti&g
from abnormal feeding conditions, in particular as &%&B@&%t%ﬁ wish pasburing
legumesn,

Me Intosh 1941 (48) refers to two types of acute bloatee

a}  in which gas is superimposed on the ruminal mass, its escepe being
impedad by obstruction in the cesephagus and

b)  where gas remains admixed in the ruminal ingeste as noted after the
engorgenent with succulent food.

Whilaet published experimental evidence is lacking of the relative
susceeptibility of the different ruminsnt spscies to scubte bloat, Melendlish

and 0'Brien 1933 (13) report from & survey that dairy cows are more suscep-
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tible then beef smimalm or sheep. Quin 1942 (14) suggeste that dairy cows
snd lacteting ewes sye particularly susceptible owing %o an inefeaned
appetite, snd for the same reason Mead, Cole end Regmn, 1944 {15) censider
that lactating cows are more suscepbtible than dry cows.  Accerding to
Boll and Britten 1939 (16) fat lambs are more susceptible than unfinished
lembe on lasdino clover postures.

(2) BLOAT: 4 PROBLEN

QF ANDMAL AND GRAJSLAND HUSBANDRY.

A et

Bloat in ruminsnts ab pestors is a common disorder reported over a
wide disperssl of countries such as New Zemland (12) JAustralias (42)
South Africa (14) England (24) Secotlsmd (13) Framce (30) Sweden (97)
Germany (168) Canads (48) The United States of America (9) Spain (98)
snd the Avgentine (87).

In all reports referred %o, particular mention is made of the page
ture compossed either entiyely of leguminsus plants or as forming the bulk
af the contalned speciss,

Losses ave reported in dairy and beef cattle. in mutton and wool
ghaep,whilst Berg 1950 (17) reports that milking goats are not &xéap%@a@

In Great Britain stepe have been $aken to implement a national
survey to obtein field data on the bloat problem {ﬁ@)f?@ﬂ.@ﬂ@ @conomic
jmportance of bleat, as with other disorders of gresing animslsg, is nod
apparent when losses snd incidence unly are considered.

| Ward 1945 (18) indicates that wastage fyem bloat in dairy herds of
the North lsland of New Zealand amoumts to an average of «28% of all cows,
or 1,3% of enimale culled anmually during the period 193843,
&lthough the eulling rabe is comparatively low, it is the general experience
that incidence is m&gﬁ~§@m%zaux&x1y‘@u individual farms characterised by
¢lover-dominant pastures. Tyrer 1951 (20), (12), (93).
Losgses recorded ss dus to bloat in the Massey Uollege dalyy herd in lew

Zoaland, totalled 30 animals between 1940 and 1949.  Although the actual

milk production and Wsiszement time losses are a matter of conjecture.

Thay were none the less ezperienced., 4 genersl report of production
losses in Hew Zeamlend was received from Johmeon (personal commaniestion),
Referring to the Kairangs ares this observer reports that throughout the
district bloat csuses an apprecisble loss in production in individual
hepds, and caumes the delxy farmers and cccasionally the sheep farmer

some concern., The incidence of bloat in daiyy herds during the spring



N

months of 1949 was instanced as being so severe in some areas that prode
uction fell rapidly, and paddocks carrying what ghould have been ideal
pasture for dalry stock were barred from grazing.

There is a paucity of information in the literature concerning milk
production losses from bleat, bub such losses are in gvidence, In
Ingland, Wooldridge 1947 (21) refers %o the lowering of milk production
in individual cows for several weeks after recovary from bloat. In ous
dairy herd in Ingland known to the writer, total milk yields dropped from
& daily average of 200 gallons before the severe outbreak of acube bloat
to 110 gallens daily average immediately after and in the ten days following
the attack. ILongman (personal commmication).

Cole et al, (9) comment on the fact that very few sufvays of the
losses attributable to bloat have been made. They quote Welch, Marsh,
and Tuncliffe. 1929 (22) who state that on the basis of a survey in
lMontana, cattlemen may expect a loss from bloal on sweet clover pasture
of less than 1 per cent, and sheepmem about 0.5 per cent.

Mc Candlish (13) reports bleat on 34 per cent of the dairy farms
in the South West of Scotland, this figure being obtained in replies
from 152 livestock producers,

Kansqn and Boyd 1943 (23). made a survey of 1,106 herds with nearly
30 000 head of cattle in Minnesota. A total of 11,205 head were pastured
on sweet clover and alfalfa in approximately equal numbers., From May
to October 182 cases of bloat were reported, end of these 50 were fatal,
Alfalfa caused 28 deaths, sweet clover 20.  Six cases of non fatal
bloat were reported on non-legume pasture.

In California, Bell and Britton (16) made a survey over seven weeks
during July and August of losses on ladino clover pasturs. These apsarVa
ations were confined v six ranches with a livestock population of 47,000
lambs and 3,200 cattle, Twenty 1ambs,kreprssenting about 50 per osﬁt
Qf the total logsses during the period, died of bloat. Two steérs died
from this cauvse.more deaths from bloat ccourred in pastures with a stand
of pure clover, or with a very high percenbtazs of clover, and bleat was
not a problem in certain pastures covered with more than HO per cent
grasses, Bathe 1948 (24) investigated the occurrence of bloat over 53
dairy farms totalling 1.160 animals, in the South VWest of England during
the spring and summer months of 1944 and 1945. Losses amounted to only

3 and 4 cows respectively in each year, but animal and pasture management
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practices were seriously hampered by the incidence. and risk of bleat.

There are a number of reporits which indicate the incidemce of
bleat ocourring in particular districts asscciated with environmental
conditions conducive to rapid and lush herbage growth, (24), (13).
in New Zealand, Hawkes Bay, Bay of Pleanty, and Menawatu districts are
known as particularly troublesome areas, (19), (18), (93). Similarly,
irrigated pasture areas aspaeially where lucerns is cultivated are kmown
to stimulate pasturing conditions conducive to bloat, Cole, Mead, and
Regan 1943 (25), Beruldsen and Morgan 1936 (26),

It is in the wvarious management aspects of pasturing animals that

the most seriocus inconvenience can result when acute bloat cccurs,

Dae b0 its ingidious nature it is difficult %o predict the onset of bloatb,
Quin 1943 (27), whilst according to Ferguson 1950 (28), there is no way
except by grazing to tell if a pasture will cause bloat. This uncer-
tainty‘necasaitates constant vigilance of animals at pasture which
wholly uneconomic praciice is reported by Mclntosh 1937 (29), to be rese
ponsidle for some siockowners selling their herds due to bloat trouble,
In South Africa, quin (14), refers to the fact that stockewners are com-
p@ll@a to use lucerne in hay ferm with resultant nutritive losses and
increased production costs, |

The risk of bloat on lucerne pastures in France i% a particular
hagard to night grazing, Davis 1950k(30). This will be appreciated
when it is realised that such pastures are usually unfenced and free
graging is practiged. Similar difficultises will be expected to prevail
when cattle are extensively grazed in ramching countries, (86},

The feeding of hay to animals prier to grazing pastures on which
there is a bleat rxisk is a preventive measure generally rea&mﬁ@m&e&.
Olsen 1940 (31), and practiced Candy 1947 (32). Apart from being umeconomic,
particularly under all pasture systems of farming, there is no cenclusive
evidence that such a prgﬁti&@ is @ffective,‘although it has been claimed
on the basis of experimental findings that feeding hay will reduce bleat. (25

Recémmandatians are made for the compilation of seeds mixtures in
which legume specles are reduced or excluded to lessen the risk of bloat
Butler 1949 (33), Jones, Burle and Brown 1942 (34), Mead, Britton and Cole,

Generally the inclusion of a greater percentage of grass species
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is recommended; This is an entirely empiricel agronomic approach for

which there is a need to investizate experimentally. Legume pasture
planbs are usumslly lmplicated in the eticlogy of Bleoab, and it is reported
that bloat will not ccour or ls reduced on pagture in which grass species
are over 50 per cent dominant (16},

This is not the experiemce of the writer who has observed under New Zealand
conditions the ounget of bloat in dairy cows severely raticned on pasture
containing over 80 per cent grass species.

Eeports from dairymen in England indicate that severe bloabrincidence
with fatalities has occurred on pasbure with cocksfoot dominent,Young
1947 (36), Shook 1947 (37).

The exclusion of legumes from pastures would be a practice detrimental
both to herbage production and soil fertility, and is a recommendabion

o be questioned, on the basis of present lkmowledge concerning the incid-
ence of bloat.

A number of observers report the incidence of bloat as being hizgh
during flushes of clover gwowth in pasturss (12), (13), (14), (22), (44).
Pagture management to maintain & balance between grass and legume species
is congidered to reduce bloat risk (93). Bub even under constant weather
conditions, this requires such highly skilled grazing management, often
at difference with animel production, as to throw doubt on its economic.
value undexr farm conditions,

Heasures have heen adopted for dairy cow grazing to restrict pasiure
available at a herbage growth stage when bleat is anticipated (19) and
Adams 1950 (38), for which soms success is claimed, The system of
rationed grazing to prevent bloat remains to be proved howsver, and its
gffects on animal preduction, and peas bure composiiion meed to be azsessed
before this system can be counfidently recommended for gemeral practice,

Its adoption is strictly limited to intensive sysitems of pasture and

(b) EFEER

According to Muir (3) it is evident that bowel imhibitery substances
in forage plants reach thresheld levels for the appsarance of clinical
a&mp%wm& suly wder ceriain aonﬁi%imns of @soil, weather, stage of growth,
and botanical composition of pasﬁwr@w A&ear&ingly intensive study of

these factors is considered sven meore necessary for the prevention of
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bloat than the identificabtion of the toxic agents which msy be invelved.
It is important them to be familiar with the feed and envircumentel
conditions under which El@at COoArs .

Gattle and shesp at pasbure were reporbed to suffer from Hoab
over eight decades ago. Large 1863 (99).  Acute bloat did not become
& serious problem according to Fiborg 1795 (39}, until the middle of
th@k@igh%e@nth sentury vhen the pasturing of clever samd lucsrne became
& comumon practice, The c&n&i%iom is now known as a ca&m@n sequel to
; grazing on ¢lever or other legumincus ctapg when it is often berumed
"eclover blown" Phillipson 1942 (404, The f@llowing leguminous crops
have been r@p@wﬁﬁﬁ as premoting bloat: lucerne (25) white clever (26)
red &1@V®i (-19) 1adine clover (16) sweet ciévar (44) peas (42) and
trefoil, (90,

Qther green feeds =re known fto give rise to bleat; the writer has
observed bloat in dairy cabile feeding Kale, grass lawn trimmings in which
legume species were sbsent, pasture comprised of over 80 per cent grass
species, and in sheep gragzing rape, %@&nxp tops ,growing wheat and barley,
Shanks 1946 (41) states that Dloat may ocour in sheep during the winter
if they have access to the green cereals wheat and barley: repidly growing
green ceresls sre rmpmf%&d by th&ﬁ 1938 Cﬁg) in Australis to cguge bloab
in cattle. In the same coumtry Veech 1937 (43) refers to travelling
cattle b@éwmi&g blown when excess green feed is available, such as variee
g@&@& thistle and the leaves of the Ruwrrajong snd willow trees.

The rate and stage of growth at which herbage plants are pastured
is reported widely as being an lmpordant contributory factor in the onset
of bloat. Cole.st. al. (25) claim t& produce bloat on lucerne pasture
in any season of the year and under varying envirommental conditions
provided the pasture is in the pre-bleoom stage of growbh, succulent,
and thick enough 4o allow for rapid ingestion,

Eephart 1929 (44) surveying the cccurrence of bloat on sweet clover
concluded that inaid@&wé was highest when the clover was succulent.,

Rapid, suveculent growth of sufficient guantity would seem o be the
genersl pasture conditions for inducing blost. Dixon 1938 (45), 1939 (46)
and others (41}, (42), (35), (13).

Reference to particular parts of the plant is made by Quin (27) who
states that bleoat in sheep was sssociated with the ravenous consumpbion

of the green lesfy tvps of lucerne, In this connection it is worth noting



a dairyman's observation on dairy cows grazing a dominantly cnakaféﬁt
pas ture on which severe attacks of acute bloat were experienced: "the
cattle were curling their tongues around the top of the cocksfoot (which
included the flower). | The tug then given to sever each mouthful caused
the cocksfoot stem to\braak off goma‘way below, with the resvlt that the
unblesched centre stalk was pulled oub of its shesath, and this was cune
sumed as well as that which the cattle had slready taken into their mouths”,
Toung (36).

The stall feedins of lucerne tops has induced severe bloat in cattle (15)
al though lucerne tops sampled from the same pasture at the some time and
fed in the same dry matiter proportions did net cause bloab. The writer
under Hew Zealand conditions has induvced bloat in twoe dsiry cows by cubtting
and feeding random samples from a pasture of mived grass and c¢lover species,
on which bloat regularly ocourred., In this manner it is possible %o
determine the amounts of pasture consumed caus ing the onset of bloak,
Similarly more controlled studies regerding the time inberval te the onset
of the condition can be made, as well as certain reactions of the zrumen
motility cycles.

The feeding of caitle on grain alone is reported as cavsing bl@at}
Miead and Goss 1935 (47). In this case continuous feeding on the same
ration gave rise to the condition which could not be considered the same

as acute bloat arising from legume pasturing.

Where soil conditions sre conducive to lush pasture growth the risk
of bloat is generally considered to be increased (20) (13) and it is not
uncommon for the top dressing of pastures to be implicated (8) (93).
in this respect McIntosh 1941(48) in Canada mekes the contrary statement
that bleat is less frequently encountered on lucerne pasﬁures where fertile
isation and irrigation have been well maintained, than is the case on
neglected pastures growing on poor soil, This ig not in accord with the
rqport of Boruldsen and Morgan (26) in Australia who instance bloat as one
of the problems associated with lush clover growth under irrigated conditions,
Similarly Cole et al (25) state that irrigation of lucerne is necessary to
promote the succulent growith conducive to the experimental pro@uctipn of
bloat. Alway 1927 (49) reports a wide variation in the Sulphur content of
legumes depending upon the sulphur content of the soil.
Doalk 1929 (100) in New Zealand has found that the sulphur content of lucerne

igs decidedly increased in mény cases by soil treatment with sulphur or



Sulphur compounds. He found that unireated lucerne on analysis showed
a range in sulphur of 0,26 per cent to 0.3 per cént, Thé lucerne leaves
c@ntains& a higher percentage of sulphur than the stems, i what extent
soil factors affect thg chemical composition of the plant subﬁaénﬁntly
influencing the levgl?gydxcgen sulphide gas production in the rumen is

a matter for conjecturs at our pr@san% state of knowledge.

Weather factors no doubt have a very important if somewhat lndiréct
influence on bloat by affecting those pasture conditions aasociaxe& with a
high incidence.  Rainfall end temperasture variations msy have the
following priwmary effects on s pasturs.

a) Increases quantiﬁy of herbage per acre.
b) Conditions palatability of the herbage.
¢l inflnanc@s‘th@ ddminaut production nf any one or group of herbage
gpecles in a pasture.
Superimposed on and accentuating the influences of ¢) will be those in-
fluences resulting from the defoliation effected by the grazing animal.

It will follow that those quentitative etiological factors in bYloab
will 0p&§&@@ as a) and b) reach optimum conditions in respect of the graze
ing avinmal. The gualitative factors will be determined by the nature
of the species dominance in c) ali other fastors being equal,

This temperature, rainfall, and pasture zrowth relastionship as it
may be ceontributory to the incidence of bloat will be developed further
in the following section,

At this stage it is pertinent te note that Cole et al (25) claim
te preduce bloat at will in any season on lucerne pastures where plant
water reguirements are under control by irrigation. Bathe (24) in England
raﬁ&rks that weather fawouring bursts of succulent non fibrous herbage
seems liable to cause risk of bleat during the geasons of optimum plant
growth, High rainfall effecting excessive growth of gweet clover in
Iowa was considered by Pammel 1930 (50) to give rise to an unusuelly
high incidence of bloat,

This role of hmumidity as it may effect bleat in grazing animals is
far from being nunderstood, The writer submids however that severe bloat
in dairy cattle rarely ccours in much less than ons hour after pasturing
pravia&& they have not been pre fed on a bloab provoking feed. This
is in sccord with the findings of Cols et al (25) and referred to by others.

(6), (51}, In view of this fact it is mot unreasonable o smssume that
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primarily a herbage qnantitaﬁiva faﬂ%&r,aparatas’to promote the onset

of acube bloat whatever the subseguent guslitative reaction, Given
this assumption, plant palatebility insofar as it influences herbage
consumption is an important factor for consideration. The role of
hﬁmi&iuy then may be implicated in its influence upon plant palatability
at those times when risk &f bloat incidence ls high,

Already %h&;complamity of those interactions involved in the bloat
problem baaam@ apparent, hence hri@f recapifulation will lend perspective
to further development of the subject.

a) It is evident that acute bloat as & problem of grazing ruminants
is world widé@ |
b) Econamic losses from bloat whilst difficult %o measure are in
evidence from the many reports cited, 3&@& losses are primarily
concerned with bleat as a managerial problem.
¢l The X@gum@ species of herbage plants are those mos$ strongly
implicated ss inducing bloat in grazing animals, It is not
unconmon for athar green fodder plgnts to give rise to the condition,
a) That development stage attained ?y‘harbage‘plants which presents
‘candit;ans far optimgm,consﬁmptian by the animal is implicated
in acute bloat. ,
Uhd@r conditions of active growth, that stage of plant development will be
expected to fluctuate according to variations in natural and induced
environment,
it will be noted that this section has been concerned with the
more genersl aspects of bloat ih ruminants, This approach hag enabled
the resolving of scattered information inte the abeve‘ganeralisaxions,
A more particular examination of the questions posed in ¢) and d) will
follow,




The many complex plant animal interactions expressed in acute bloat
pose numercus problems for research, But one of thé greatest deterrents
to puxsuing & vlose shudy of the etivlogy of bloat is presented by the
difficulty of producing the condition with feeding procedures.

As & resgult, the literature is seriocusly limited in gpecific reference,
to the interastions in the micro-environment existent between pasture plants
and the grazing animal, as they may be assocclated with blieab,

The importance of such interactionms should not be overloocked for bloat in
grazing ruminants fellows upon the inltisl sst of herbage ingestion,

It is further associated with pasture plants at a particular stage of growth
and development, ‘

The writer submibs that according to the efficiency of grazing in
terme of pasture inteke, so will be determined the awdunt of herbage entering
the rumen in any one perlod of grasing.

There is eovidente that gas production in the rumen is proportionately
related to the amount of food consumed Cole, Klaibaf snd Mead, 1942 (51),
Vashburn and Brodie 1937 (52), and that the rate of gas formation varies
with different foods (52), (53). It follows then that those differences
which bring to bear on the type and amount of pasture herbage consumed in
a given unit of time, should come under examination when considering the
ebtioclogy of bloat.

Heasurement of in situ herbage consumpiion, selectivity,snd knowledge
of food inteke r@gulat@ry faa?m#g in grazing smimalg, are highly controversial
fields still in the sarly stages of invastigation.

Better known is the effect on pastures of the grazing asnimal as a
fastor of induced enviremment, in go far as it influences the seelisgl ordex
of herbage species and therehy pa%hly‘contmibmﬁﬁs to the conditlioning of
its own diet.

Whilst an attempt will be made %o examine such evidence in those
fields as are mlw&nt to this section, ths lf‘i.mim“t;iam seb by the availability

of conelusive experimental data should be borne in mind when conjectural
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agpects are considere de

Ao PASTURE GROWTH AND DEVELORMENT AS IT UAT INFLUSNOR FEUD CONSWMPTION.

The acmaaﬁt‘@f pasture as & biotic community Davies 1948 (54)
immedistely suggests variation im the manner whereby both the communiby
and different gpecies within it r@spﬁmd to environmental conditions,
Pasture quantidty and quality will be expected to vary considerably through-
out the geasons of active growth, Consequent upon such changes will be
the diet of the grazing animal,

Azainst that background pasture will probably influence the quentit-
ative level of ruﬁinant h@rhag@ consumption in a given perisd of grazing
as it varies in the follewing characteristicsi- |

| a) Herbage density and length per unit area grazed.
b) Palatability of the herbage. |
¢) Herbage quantity and type per unit area gr&zed‘

a)  EBEBAGE DENSITY AND LENGTH,

Saasanai variation in quantitative pasture production is a charact-
@ristic:af temperate grassland regions, In New Zealand for example the
twe pericds of lowest production are dm;ing the winter and late gummer
months, Hﬁdson et al, 1933 (55),g3p$@ﬁﬁ”@f gseasonal production being largely
determined by climatic influences,

Varimua pasture plant gpaai@@ however reach their peak production
at different times within the seasonal flmctnatiang of tatal productions
in turn wide quantitative differences occurring betwesen species varieties,
Corkill 1950 (56), A combination then of conditions cornducive %o optimum
growth, end herbage plants having a camp&r&tivaly high grm&hh rate and
vegetative development sﬁ@ul& proevide a micro-environment having herbage
density favourable to mptimum intake by the grazing animal,

This point is best illustrated by am extreme situation referred to
by Du Toit et al, 1940 (57) under free range conditions in Seuth Africa,
?hege workers cite Pole~Evans 1936 (122) describing desert regions where
pasture plants are widely spaoéd in bare soilj un&ar such cqn&itians of
low pasture d@ﬁgity animélskmay starve, bu@ will snrviva in areas having
a ﬁnifmrm gward evén though excessively deficient in essential miﬁ@ral

and nutrient requirements.

Under intensive pasture conditions Johnstone-Wallace 1944 (58) has
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indicated that variations in density and height of a pasture probably
influence the quantitative level of herbage intake in nursing beef cows.

This is illustrated in his data summarised in Table 1,

Zable 1. ‘
The influence of pasbure height and density on daily herbage
consumpbion,
Cordition of Available herbage Jetimabted daily
. herbage. herbage consumption
Green Pr, Gresn Dy
- 1b 1% 1b §%
Denge sward 4 - B inches ; ,
high 4,500 1,000 156G 2
Sward after few days 2.200 500 90 20
grazing '
Sward after further 1.100 280 ‘ 10
period of grazing 1 5 5
Open sward 10 = 12 5,000 1,200 70 20

inches high

The amount of herbage comsumed was detsrmin@d by meaguring the
difference between herbage from atrips MOWH immedi&taly prior to grazing
end gimilar parallel strips mown ai im%arvalsiof 1 to 4 days after grazing
commenced. The data quoted is therefore subject to the limitations of
the method ag well as failure to replicate the experiment, Jobngtnmaw
W&llace further noted that the cows observed showed no inclinatian o oxe
tend their graszing pericd beyond 8 hours even when the amoum£ of herbage
recorded as consumed fell to 45 pounds per day.

& mechanical factor was conceived in grazing management, and it was
submitted that pastures should be in a aenditiéni%o permid 1iv®m§@ak to
gather the optimum amount of food within a marmal:8 hwux\pwriea of grazing,
~ According to Woodward 1936 (59) stock were able to gather maximum
amount of herbage when the sward was abnutkﬁ ;nahas high, with a yield of
915 pounds of dry matter per acre. Consumption f@@@tmff’wh@m the
amcuntkof herbage was less thau this; and it also décreamed when the
herbage wes allowed o reach a height @f‘Selo inches, |

Commenting on the influence of pasture conditions on the g&azing
behavicur of dairy cows Hancook 195Q~£60) states that it seems clear that
cows most and do work longer howrs wnder sdverse grazing conditions, in

that the %ime periods spent in grazing, ruminating, or both, are longerg
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than when the pasture quantity and quality are optimal.

There are indicatioms then that pasture reaches & stage of develop-
ment most conducive to opbimm intske by the grazing ampimal, It is net
necessarlly a stage where pastur@ abitaing its meximum production petembial,
For that resson, quantitative pasture production in terms of dry matter
available for grazing purposes, mesns very litile withgut reference %o
the vegetative state of the herbage, perticularly in relstion te ground
cover,

Both the 1&&@&& and density of pasture are probably of importance,

in se far as those factors conbtribute to accessability fer grazing.

vl PALATABILITY.

Buminant animals are known %o show preferemce for different types
of graan’harb&g@ and fodder when given & cholce,

Evidence of this is to be found in the work of Schalk and Amaden 1928
(61) whe weighed food boli collected through & rumen fistula at the cw&ia{
or point of entry from the oesophagus into the bovine ruminant stomach,
The greater mumber and weight ef bell ingested in a given time being
recorded when eating palatible foods, Complete refusal of unpalatable
feeds being instanced in some cows even after being without food fer
24 hours. D

According to Stapledon 1947 (62), in one sense palatability is clearly
more important than nutritive value, for unless a plant is eaten abundantly
and with something akin to relish, ids nutritive value is of little avail,
Stapledon further considers that palatability and mutritive value in plants
ave influenced proféundly by the conditions under which 2 plamt grows, and
by the actual stage of growth at which a plant or pards of a plant is
eaten,

It is necessary to distinguish between two dgp@sta of palatability,
One is a standard of«ayﬁeal gufficient te hold animels %o the grazing ef
perhaps a single species, or a very limited number of species or straias
of plante for days or weeks on end.

The other is a standard of tastineés that will attract amimals %o
particulsr plents when the scope for s@lecﬁiwn is comparatively wide,

Palatability then is both intrinsic and relative. Pasture conditions
. can mow be readily conceived whereby palatability influences quantitative
food intake levels, owing to d&ff@ren&es in intrinsic palatability between

component species of different pastures. and as relative nalstahilitv



- 18 «

ahang&s @ither within or between pasturss, as the result of changes in
herbage deveélopmentb.
Humerous factors influence palatability and these present extreme difficulty
for study with pradisi@n and accuracy in the case of in situ pasture.

Stapledon (62) eaﬁaid@r@ the only safe eriterion for pasture palata
bility is the proportion of the amount saten to that actually offering,
in this respect he stabes that it is almost impossible to get sccurate
evidence by sny method of sempling,

Hevertheless, attempts have been made to measure palatability,
Devies et al, 1950 (63) in experiments to determine the productivity of
different pasture plots gwmxm& by sheep, aléa gave resuvlts which they
eongidered indicated relabtive levels of palatability between pastures,
Palatability was measured hy the wmean guantities of uneaten grass in grams
per square ya&& ieft at the end of the gr&zing;periwd@.‘
On improved pasture in which peremnial ryegrass, cocksfoot, and white
clover were dominant a mean quantity of 7O grams of herbage remained,
with 184 grams and 165 grams respectively on manured and uvamanured permanent
pastares, These workers concludsd that the sheep found regé@&ad,grass
more palatable and grazed it more thoroughly than permanent pasbure,

Earlier work which attempts %o obtain information on the relative
palatability of miscellansouvs herbage plant species is described by
Milton 1938 (64) in Wales. 4 method of subjective observation was aduvpted,
10 maris being given to those species which were hardest grazed in &
gward by differemt types of stock, It was considered that certain species
were definitely palatable to stock and they colncided very closely with
the species mentioned by Cockayne 1919 (65) in New Zealsmd investigabions,
Grasses sud clovers in their early growith stages during Spring were found
to be most palatable to free gr@zing stock,
The relative palatablility of the miscellansous species was spproximately
the same ovex different types of land, Grasses showed v&ri&tién chiefly
due to stage, and type of growth and the presence of burn. These finde
ings being generally in accord with those of other workers. Besumont et al,
1933 (66). Davies 1925 (67) Stapledon and Jonmes 1927 (68), Stapleden
end Milton 1932 (69), Sheshy 1932 (70).

Latexr ‘work by Milton 1934 (71), using the same method arrived ab an
invaskiggﬁian of the relative palatability of aimpl@ sé@d&ymix@ur@@ in

conjunction with single species plots under sheep grazing, It was found
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that of the grasses, Timothy formed the basis of the most palatable mixtures
al though it was not the hardest grazed species among the pure plots,
There was an indication that grazing was increased in wuniformity llulc
contrasting migtures in proportion to the addition of species to their
composition: sheep on the mixture plots selected mixtures as such rather
: than individual species from mixtures. Red and White clover were found to
be more highly palatable than the grasses, red clover being the most highly '
palatable, Similar conclusions were arrived at by Davies (67) concerning
the relatively high palatability of red and white clovers. This worker
states that one reason why clover maintains a much more uniform palatability
than the grasses is probably that umder more or less constant grazing they
never produce much stemmy growth, but continue all the time to produce a
relative abundance of fresh and succulent leaves,

Cockayne 1920 (123) found that the palatability of White clover in
Hew Zealand varies with the season, most being eaten by sheep in September,
Davies (67) comcluded that the chief factors influencing palatability would
geem to be the relative succulency of the herbage offered by any particular
species at any particular time, this being largely due to the stage of
growth of the plants. :

Shaw and Athesom 1942 (72) recognise the importance of palatability
in pasture crops as contributing to maximum food intake for high producing
cows, but they admit that the effect palatable food has on the level of
food consumption is not known, These workers used the time spent grazing
by dairy cows to assess the comparative palatability of green cereal
pastures, Fully fed cows were used, kept from pasture and stall fed
during the grazing trial, as it was assumed their behaviour would then
better reflect the true palatability of each plot,
The following results were obtainediee=

Averese Gragzing Time over 6 days.
Balbo Rye Pasgture 45 52
Common Rye Pasture 21 24
Turkey Wheat Pasture 15 18
Reno Barley Pasture 5 6

The four plots were laid down in the same five acre field; all plots

wers stated to be ideal for grazing averaging 4=-6 inches in height with



good stands,

Mkhtm ¢h Balbo rye was the longest. this factor was not wnﬁmsm&
the measure of @&mm&miﬁy, as barley ranked second in height and appeared
~ the most uniformly gma pasture. It should be noted that the dste were
vrocured over 6 days only, m:ui can only refer to @mpmaﬁiw palabability
at o gwmwﬂ.m‘ growbh m%@ a’f‘ the pastures, which ars subjeet %o wi&@
vwwtiw in that regpect arising from «mviwnmmmi :Lnflwmem Further
1% mkem open gues blon g bo kmw :ﬁ'&x‘ the time spent grazing by sn animel
on a particular plot reflechs the palatability of the herbage. wmhmt

asome ilndicabtion of the comparstive grazing setivity., which influences the

proportion of the food esten to that offering.(6l), Nome ess these
workers suggest a comparatively higher pelatability for Palbo Hye t¢ that
mf Reno Barley. |

Watson et al, 1933 (73) suggest that palatable foods will increase
the dry matter intske of sheep from the estimated optimum average figure
of 2,5 pounds to 3 pounds per 100 pounds live welght.

Wooduan et 21,1937 (74) comsider that any abttempts to measure the
80 &Mle&dmm@ﬂ, sppetite of sheep at different live-weights are Mg@tmlly
arbitrary having no absolute significance. They state that the appetite
of any glven maividm on & constanb ﬂi:@t mey vary very widely from
day to day. Changes in nature of diet, "balance" é{f ration, Wmmbilmy
and di&@&%ﬂ‘filmﬁ and the pm;parmm of coarse or succulent fodder in a
ration may cause abrupt changes in the &ppé@;i’e@ ¢f the in&ividmal&

1t would b@‘ expscted then that changes of that nature eatering into

the seasonal production of herbage would influence the level of gquantitative
intake by the grazing snimal, ‘

Woodmen et al, (74)} demons trated thet changes from a diet of chaffed
lucerne hay to one of the same W in a long aonai’@i&n occasioned & depression
of appetite in sheep. The average depression of 0,42 pounag of dry
matter per day amounting to 1ll.4 pexr cent af the mean daily dxy @a%w
consumption, Improved hay quality (fed mcﬁaﬁ‘aa) in all cases led to
ineressed consumption,  Further work by Weodmen et 21,1937 (75) implicates
increassed palatability values in gwwm increases in the food consumption
of sheep when changed from typical English winter fodder rations %o spring
grazing,

They present the following dataje---
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GRAZING TRIAL ( MAY 1934) ~  ON TYPICAL WINTER RATION (MARCH 1934)

‘ ligan live waight ‘ Mesn live welght
Sheep Ho: of sheep, of sheep,
1-20 Harch
1b,B.M, 1b,
i, 3.36 ‘ 125
2, 3.83 120
8. 3. 70 157
e 4,39 181
Digestion 81,7% 80. 4%
asgefficient
of organic

mabtbter of grass.

The f@md consumpbion of grasing sheep was caleoulated on the baaié
of the digestion cawffici@nt nf the Qrganio‘mattax in tha harbageg
These workers stateiee “The observed increase in appetite could not be
attriboted to the stimulating influvence of being in the open air after a
perind of indoor confinement, since the sheep had been kept in pens on the
same field throughout the entire duration of the winter f@a&img trials.
Heither could it have been induced by the tonic effect of passing suddenly
from winber feadimgkta gr&zingt for the sheep had become well accusitomed
to the grass having been grazing the plots for more than 3 wmeks §@fara
the sctual me&sﬁramént of appetite was bepun. It must bé aseribed in
the writers opinion %é the high pelatsbility of %hskyoung épring herbage,
The results support the contention that farm sznimels in general tend %o
over eat when firsmkpux out to grass in spring... "

It was furbher found that a depressed dry matter intake of sheep
at pasture followed upon s marked increase in stemminess of pas ture.. herbage
and reduction in pasture quality as the gesson ﬁﬁ?&&ﬁ@&« The imflu@ne@Vof
thesse facturs as they lowered herbsge palatebility were implicated in
depressing herbags intake,

There is evidence from Percival 1950 (76) in New Zealand that seasonal
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changeg in pasture may influence the daily dry matter intake of graszing
animals.  Three methods of meagurement compared, show@d & progressive
increase in dry matter in%ak@,bgtw@@nyﬂngusﬁ aﬁd Qec@mbér corrésp@nding
with the seasonal incie&aes in\qnamﬁity énd quality of pasture, |
( Ses ¥1G: 2 PAGE 308,

Any assumption that an inereasing dry matter intake of gr@zingmamxma&a
on the same pasture is related to an incresse in herbage palatahility
needs to take into account the work of Smuts et al. 1940 (77) in South
Africa, These workaré 6ﬁm@ns£rated that the average daily &aigh% of
sheep increases or decreases accordivg to the protein content of +the pasture
and the geason of the year,

The dry matter exretion in faeces voided ayp&&r@ﬁ to bear no relate
ionship o growth and seasonal fluctuations in the protein conmbent of
pasture § in fact the lowest values were attained when the grazing was
pregumably most palatable, These findings belng in cantr&diwtiﬁction
to those in dairy cows demonstrated by Percival (76). Furthering their
investigations Smuts et al. calculated the dry matier consumption of sheep,
§rom'the daily dry matter of the fasces and the &ig@sﬁibiiity of the dry
matter. On this‘basis they clalm a s%xong°xa1aﬁiqnsh;p betwesn dry
matter consumption and live weight of snimals, & decrease in ﬁ@ighﬁ
resulting in a decrease in dry matier consumption.

Using Kleibers 1932 (78) equation for relating dry matber consumption
to body weight they fmuna,thax while the average deily dry matier congump=
tion veries with the season of the year, and a%ga@éu&n%ly with the protein
content of the pasture, it is extremely constant when expressed per unit
of weight per & power fgnetian of the weight or square metre of body surface;
In the light of this finding they stabei--" The capacity for dry mabtier
~consumpbion then would appear related as in the same manner as the baaal
metabolism, to the surface area or i power function of the weight.  This
would mean that there is no Jjustification o assume that sheep eat propor-
tionately more per unit of weight of the gummer graszing than of the winter
grazing, In faet it appears as if the welght of the animal is the
dominating factor and not the condition of the grasing."

From this statement it would follow that the ﬁ@eﬁing capacity of a grasing
animal is regulated by the 7 power fumebion of body weight., If, as

according to the experiment quoted , the nutritive value of the pasture
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herbage determines body welght, then as these facters increase or decresse,
so dry ‘Msmz? consumption will vary accordinmzly,

Under the same pasture conditions then an increased nuiritive value
of the herbags would provide a live-weight inerease, uwpon which weuld
follow mmmmadw matter intake, The same pasbure, comprised of
m&ég,;sp@é@s intrinsically pmé’mm@, as conceived by Stapleden (62), as
’i‘h increased in mutritive velus would thereby increase in palatability,
Accomding to this reasoning palatability snd mutritive value weuld be
related where palatability in this case is recognised as the gtandard of
appeal holding animals to the grasing that same pasiture postulated.
This would accord with the widely held view that pssture is mosit palatable
when rapidly growimg, particularly in its early mm of develépment
when mutritive value is high, (67), (64}, (71), (75).

It is

emphasiged that this sectlon is concerned with herbage palata~
bility as an imterasting factor between plant and mimal in so fa%r as it

may influence guantitative herbage consumption, That there may be no
foundation for assuming that sheep ami cattle ealt proporticnately nmore

per wnit of weight on youmg as sgainst mature pasture is of mo significance
te the discussien,

Of the utmost importamce where bloat is concermed is the pémhabil&ty of an
increase of dvy mather intake occurrime relative to the potentisl capaecity
or velume of the rumen in the mature animal, as the level of herbage palata~
bility increases. In this respee’, the evidence presemted so far (75), (77).
gives good reason for considering the prebability of a clese relatiomship
existing between palatability of pesture and the amount saben by the

grazing sninal.

To this stage the cuestion of herbage palatability has been without
perticular reference to those plant changes sssociated with sdvancing
maturity generally implicated ss depressing both palatability amd herbage
indake, (7). (76). (124).

According to Forbes amd Gerrigus 1948, (79). palatebility as judged
by dry matter intake of = wide spegles range of grasses amd clover by sheep
snd cattle, tended to decremse as maturity end lignin content of the forage
incressed, I% should he noted that large veriation was found in intakes
betwesn forages that was net gpparently releted to lignin content,

Heverthelegs, this werk finds genersl accord with the resulis of a number
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of imvestigators (77), (75), and would sccount for the seasonal depression
in herbage consumption in cattle amd sheep (76), (77), (75), asscciated
with the inmcressing ligno - cellulese percentage Baskett 1948 (80),

Patton 1943 (82), (58),and depression in protein (77), (80), in pasture
herbage as it advances towards maturity.

It would not be unreascmable to expect that an inmcreasing fibre content
of pasture with a consequent lewered digestibility value would depress
appetite and herbage intake in grazsing smimgls when the effects of mabture
herbage on ruminant digestion are examined.

Yormen and Fuller 1942 (81), have indicated that the presence of lignin in the
cell wall of plants markedly affects the availability of cellulese for
digestion, The lignification process in herbage plants is ene of mabture
abtion, associated also with a redection in protein content and water soluble
constituents, Jven allowing for thls reductien in available nutrients,

i &s found that the @@11&1&5@ of maberisl contasining a low percentage of
lignin, is more readily decomposed by rumen digestive precesses thanm the

cellulose of mabure herbage with a high percentage of lignin, Loun et al, 1%383
3l

That highly lignified plant material requires & longer time for cellulose
digestion in the rumen of sheep has been shown by Hoflund et al, 1948 (84),
These workers concluded from in vitro and in vivo studies that the rate of
cellulose digestion was markedly influenced by the diet, The appetite
for either lucerne or grass hsy being directly affected by the rate of
cellulese digested, Of particular imterest in this work was the fast
that on a basic diet of peor quaiity grass hay both cellulose digestion
and appetite were stimulated by smaell amoumts of sugar, but merkedly depressed
by excessive amounts, lMore suger being tolerated if protein was alse given;
optimal cellulose digestion necessitating a balence between readily
available carbohydrate and protein, |

In conjunction with i&véstigaﬁioms of the effect of diet on ruminal
gas formation in dairy cows Cole- and Kleiber (53), attempted to determine
if p&iatahility'varied in different fields of lucerne, ' The influence eof
maturity on p&laxahility was & further objective, Thilst ne conclusive
results were obtained, these workers indicated that alfalfa increamsed in
palatability with maturity. The ocovrrence of bloat in the animals used
depressed herbage consurmption so making & true estimate of palabability

impussible,
The writer submits that the extent o which ruminsl distension
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follewing feeding is likely to affect gquantitsetive intake and thersby
confuse palatability studies should not be overlooked in experimsntal
work endeavouring to determine the comparative palatability of pasbures
. &nd herbage species.

One other aspect of palatability asscciated with advanced herbage
m@tarity and likely to influence dry mebter intake is referxrred to by
 Johnstone-Wallace (58). Atteantion is drawn tthhevfaﬁk that immature

herbage low in lignin, requires less effert in eoll@cti@a.than gldar
lignified ma&ariai, and this may influence selective grazing in cattle.
\Trib@ 1949 (85), mskeés a similar observation with sheep, noting that small
eagily torn plants,or parts of plants, will temd to be preferred by the
gr&mi&g animal for merely mechanical reasons, physiological and psychological
- factors being recognised as slways potentially limiting factors in selection
of herbage for grazing,

Herbage palatability, whilst a somewhat intengible plant end animal
interacting facter, ls none the less apparent when the evidence is
summariged in the following mamner,

a). It is certain that foods differ in palatability fer ruminsnts,

b). Upper and lower palatability limits doubtless exist, bounded
reap@ctivaly by exn@ésive‘consﬁmptian or complete fefuaa& of food
hy the animal,

c). There are indications thaet certaim pastures having differ@ﬁt
constituent species are preferred to oth@fs under free grezing,
and that preference is marked by a greatsr consumption of the
preferred pasture.

a)e Iav&stigati@né of an emyiric&l nature mtrangayksugg@st diffarancaa
in palatability existent betwesn pasture herbage species, the high
palatabiiity of clover apéci@s b@ing particularly noted at
certain stages of growth.

e). The available means of invesbtigation, (and subject to their
limitations), support the gén@ral observation that young and
active growing pasture is particularly palaxabla;

£}, It would seem that increasing lignificatién of herbage planmt cells
dﬁpr@ssag palatability and @ccasa&biliﬁy for consumption,

g)le There is good reasen to believe that the level of gquantitative
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herbege intske In grazing animals will be ralsed or lowered sceordingly
as conditions in @) smd f) obtain,

The writer would draw &@t@mti&mﬁ%w an interssting parsllel exisbtent
between those @mm&&%ammm when pasbure is considered to be highly palatsble
and pesture conditions sgsociated with acute bloab.

1t is known thet pesture having different constituent gy@n%@ﬁ VALY
in their bloat producing effects {25}, bloat being mosht often associated
with elover dominmsnt pastures (40).

Different pastures of the same apwﬂi@$ somponition alge vary in their
bloat producing effects. (53).

The seme pastures sre known to very in the incidence and severily with
which acute bloat ocours upoh them during the same season of growth (24).

Bloat is rarely associated with pastures at a mature sitage of growth,
amd most often with youwng sctively growing pasture,

There is then reasorn to suppose that where a pasture will induse

bloat so also will conditions obiein for optimum herbags intake,

The role of herbage density, lemgth, and palatability, in so far
as these factors influence consumption by the grazing animal, has been
in&ic&taﬁ,;Vkig turn, the degree of that influence ig likely to be con-
segbent upon the guantity of herbage available for grazing,

&11 of these factors are the ultimate expression of the pasture type ns
ldentified with its constituent species. Under intensive grasslamd
conditions the everall type of herbsge made available is largely undex
control. Thue the nubtritional envirommend is conditional wupom thoss
species solected for a pasauxa soeds mixmn{?* The gimpler that mixbure
the more mearly will the sward type repmesent the averags vegetabive
character of its consitituents.

1t will be appreciated that in terms of quantity the vegetative habit

of different pasture plands species will wary, and at different times

of the year Corkill (56). Intereapecific competition in a mixed pasture
nay alse result ip dominance of the most stromgly compebitive speclies
and the pasture itype would be charscherised ma@mrdin@ay&

However, the guantity of herbage that pasture species will produce

relative to esach other, or as between particular pasture types,is beyond
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the scope of this section,

The primary consideration is theé more general aspects of pasturé
qu&@%iky and type as they may f@l&t& to h@rb&gakconsmmptian by the animal
under conditions conducive to bloab.

Our knowledge is seriously limited in respect of the precise pasture cone
ditions nnﬁ@r which bloat becomes manifest, and it will remain so wnbil
detailed field studies are availabla,

The amamaiatian of pasture quantity and type with bleat can be cons
sidered therefore only from a circumstantial aspect, That they may be
conbributory facstors is borne out by the often reported seasonsl incidence
of bloat (24), (13), (16), (19), its association with lush pasture herbage
(45), (46), {41}, (42), (35) and with herbage type conducive to opbimum
herbage consumption Jacobsen. Hspe, and Gannon 1942 (89).

The guantitative level of herbage available is implicated in the
etiology of bloat by Viljoems 1922 (90), who suggests that the condition
arises from Yoo rapid and %oo large & consumption of lucerne or kaffir corn,
Bape et 21,1946 (91), imply that the type of herbage consumed is not of
guch import as the rate of ingestion, coupled with quantity of herbage
consumed, whilst Secales 1946 (92}, states that bi&ax in‘cé%ﬁlé‘is couged
by sating too much oo f&%%m

Detailed observations made by the writer, illustrated graphically
in the following section, indicate that the time to onset of bloat in dairy
cattle is incressed as the quantity of herbage available becomes less.
Similarly, the wriﬁeﬁ nas controlled both the onset of bloat and its degree
of aevwri%y'umémr'pagtﬁr@ conditions conducive to optimum intake in daizry
catble, by intermittent pasturing throughout the day, thersby restricting
the guantity of herbage a&ailabla for consumption at sny one time, The
pasture condibions prevailing were conducive to the onset of bloat i_n
m&wa shortly after pasturing where free grasing was permitted,

It will be noted in FIGII0 day 21 and iﬁ ¥iG:13 asy 22 in the
following section that where grazing on a pasture cohduelve to bloat was
r@gﬁrie%@d within a certain time Limit , bloat did not ccour in thwé%gggﬁ
exsmple and was reduced in the égggﬁﬁlexamplﬁ. It would not be un-reasone
able to assume that s reduction in the guantitative level of herbage intake
was effected, relative to those éﬁh@r grazing pericds in which bloat

scourred,
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1% is of imtersst to further record, that striking differences in
bleat incidence in dairy cews associated with a largs differencs in srea
of the same pasbure available for grazing, were observed by the writer
wnder the conditiens of &alaxpeximaaﬁ at the New Zealand Dairy Research
lnstitute ferm during the spring ef 1950,
Two groups of lactating Momozygobic Twin cabitle were restrigﬁ@ﬁ by an
electric fence to a2 high and lew plane grazing area on the same pasture.
The area of the high plane growp was adjusted after morning and evening
milking to allew that amount of grass #&i&h\w&ula‘xeaa@nably suffice
without waste between each nmew pasture bresk, .
The low plane group grazing area was similarly adjusted to spproximagely
40 per cent of that of the high plane area, G@n@#ally ingufficient grass
wms‘awailahla to prevent intense competition heyw@@n;e@ws for the gxaaimg,
in some cases the herbage was gwaae&«to‘aail level within the heour af
first grasing.

A4 munber of differemt paddocks were grazed in this manner and periedic
observations wers made by %ﬁe writere Varying degrees of bléa& on different
vagbures wers frequently observed in the high plans group; ne bleat was
ebserved in the low plane group. |
Alight bloat was freguently rscorded during Mmgust in the high plame group
on & pasture earlier top-dressed with nitrogen and having the following

species compositien I--

~ Per Cent

Species ‘ Dry Weight.
Ryegrass - 42
k&@cksfmaé | 3
Poa trivialis 26
Exa@m«@mp -9
Yorkshire Fog )
White clever 13
Sweet Vernal 1

During September ene very severs abback of bleat was recorded in 81l ‘ows

of the high plame group with ne sign of bloat in the low plame group.



The area grazed was composed of the following speciesieam=

SPECIES PER CENT
Dry weight
?@rénmi&l Bysgrass 11
Gocksfooth 33
Goosegrass 1
Prairie CGrass | 5
Poa Amnm&‘ 1
@hite clover 49

These conditiens of restricted pasturing were conducive %o rapid ingestion
by the cows on receiving the new break of passture, this behavisur as
&&maﬂr@& by bites per minube, being particularly apparent in the low plane
SLOUD Az rapid ingestion is so widely reported as being the characte
eristic behaviour associated with the emset of bleat. (8), (14), (15), (16},
(42), (45), (46),(90), (92}, (120), (121), i% would sesm that pasture
quantity was the limiting factor in the cases cited.  The very high
percentage of grass species in the first example guoted is of interest in
view of bloat incidence bsing generally associated with legume dominant
pegtures., Bloat has been previcusly reported in New Zealand in cattle
grazing pastures which were mainly rysgress in composition, and sbimulated
to active growth by nitrogenous mamuring Taylor 1940 (93).

The reduction in gquantity of herbage available for consumption is
the primary difference from free grazlng whiech underliss the sysbem of
rationed graging, recoumended as a meagure for reducing the incidence of
bloat, but as yet to be proved. (19), (38).

If the guantity of pasture available per unit of area grazed should
be an ebiologieal facter in bloat, tﬁ@m a high incidence would be sxpecied
during the seasonal grand period of herbage growth.

Taylor (93) in Hew Zaalam& kepar%a that the Sepbtemberew-(Qctober pericd is
probably the most anxious time in the year for bleat incidence in the Bay
of Pianty region, In the same cowntry Johusom 1950 (94). indicates that
the first outbresk of bleat in the Kairanga area cccurs with the spring

flush ﬁg grass during mid- August and continues through September, Octeber,
o ‘ :
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Graph 2. Ryegrass and white clover. Semsonal changes in growth rate
and percentage in herbage. Trial O, Marton.

Fig.I. Note production peaks Sept/Oct.period.
After Lynch (95).

Intake Measurements (Figure 3).
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Figure 5 shows the intake of dry matter in pounds per cow per day

Fig.2. After Percival(76).
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and sometimes Hevember,

Hudson (55) and Lynch 1949 (95), demenstrate that in general herbage
production in Hew Zealaud rises sharply to a peak in the mouths of September,
Qetober, end Novewber, declining in mém}&m and January o rise less
sharply in February and March before a steady decline in the fellowing
months, variation within this depending of course on pasture type. Jo

~example of "khia seasonal growth pattern is illustrated in m(}z 1. Opposite.
Partinent to &h&g association of phenomena are those New Zealand findings
which indicate & rising level of dry mabtter intake for rusinsats at pasture
during the momths of September, Octeber, amd November (76). See (PIGs 2),
Jeagenal veristions in pasture guesntity available at amy ome time, in so far
as such variatioms are dependent en the congbituent species, is demenstrated
by Iymch .§95}m The evidence presenied in the previcus section on herbage
palabability would sugzest that as pastures varieé, in sessenal grewth,
and where sueh vardiatisn induced the fﬁ@mmmm of palatable a@éci’ea, 80
cenditions conducive to optimum herbage intake would obtain for the graging
anlmel, |
1t could reasonsbly be expected then that these very coenditions would be
provided by pasture contaiming species having & comparsbively large and
rapid vegetative growth afp&ﬁ.&table herbage, Legume deminant pastures
V‘ wwm&& be likaly o prw iﬂ@ these m@&&itiana, a8 aoc@xﬁing 128 ﬁawiea (6?)
t&@y maiuﬁ&im~a‘mnsh more mnif&rm palatability than %h& geasses and conbinue
&11 the time to pm&ma a relative sbundance of fresh and succulent leaves
“\m‘ma@r congtant grazing, ‘
|  This discussion m‘ xmr}fmge quantity snd type per unit of grazing a.ma,
(88 it nay affsct the q&mtmaﬁw 3.&9%1 of herbage intake, is. ;macmasarny
&f mm.jwmal mwmmu 1t seems %o mphmiw further need of mxfwting
f@a @@ahﬁ@qu@ for measuring the herbage intaks of grazing andmals.
Vﬁ,»j{ﬁawa‘mr.: in qumm&ris}ég this discussien, no attempt w.’t.ll ‘be made to criticise
amher pes ture yrwﬁmmw o mx’baga intake measurement 'mmiqmam
&#&mm are w}.,fvmwmgé& problems which would detract from the main
digeussion; Thelr ;mmmW in s fw as they affect this summary should

' be borne in mind,
| a) © There will be little meed for failure to acknowledge that

sture gww%h the qﬁm%iw of her’b‘&gm available

( v*mmer @mmm cscmdimm of pas
w&ll d@md o the vsg@ta‘bwa habit of the coﬁ‘kaime& speciles.

B) Bl@wh .‘La most often mpartad as occurring under optimum /
mnﬁi‘?;iom
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of vegetative herbege production and consumption,

¢) TWhers the quantity of herbage available for comsumption hass been
redused by mansgement factors such ag pasture rationing, or restricted
grezing time, there have bLeen ceases of a reduction in bloat incidencs
and severity,

d4) There is evidence that sessonal peaks exist for the preduction
af héﬁb&g®$ which vary with the vegelative growth of the spaties components
of a pesture.

¢) The meascnal incidence of bloat in New Zealand is reporied as
‘h@img high@g%k&mrim@ the months of peak pasture production, Qyineiﬁamt
with this is evidemce of rising pasture consumption by ruminants in the

same months,

kTo this gtage pa&%ﬁr@ has been considered in so far as ids verious
characteristics are likely to be im@ort&n% imtsruauzing factors with the
gxazing animal, For this reason an exemination has been made of pasture
herbage density, coupled with lwn%%h,i%é‘pal&t&biiity& and the type and
qw&mti%ykmf pasture aﬁm&lah}@% |

In the micro-environment existent betwesn herbage plants and the
grazing animal, the most important a&ngﬁ@ wwmaaqmém&w of these interactions
iz resolved inte the &mmmmm of hmrh@@@ removed and ammsmmsd by hh@ émimal
in a gi?@h~y&mtmximg time. |
Ividence of absolute a&gmiXiaaa@m is not availsble to peimit a conelusive
statement th@% either of the &f&w&m@mt&@m@& p&&%ﬁra conditioned interactions
inhibit or stimulate a particulsr %@antit&tﬁv@ level of herbage intake,
%@V@&%h@l@wm such evidance pr@w@nt@&‘ig o@nvimaiﬁg in th@ impx@@ai@m that
where optimum conditions of herbage palatsbility and quantity obtain,
compatible with the fully efficient mechanical ach of ingssbion,then
opbdmom h@x%&gw'&m%@k@ in the wormal gramingkaaimma will mest Llikely resuli,

Hext, g@& formabion in the romen of the @xamim@ animel is & normal
biochemical reaction consequent upon the miaxwhial disintegration of the
herbage consumed. Guin 1943 (96).

ﬁcamr&&ngly then, under the same pasture conditions,those inberactions
conditioned by the pasture which imhibit or stimilate the opbimm Level

of herbage cousumed would he expected to indivectly inhibit or stimilate
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both the opbimum rate and volume of gas produced inm the rumen of the normal
graging animal.

In this connection it should be borne in mind that there is sitrong
evidence o indicate that the quantitative level of food consumed in sheep
Quin (96), and cattle Cole et al, (51), Washburn and Brodie, (52), is
proportionately related to the rate amd volume of gas produced in the
rumen of the normal stall-fed animal,

Cole et al, (51) have demonsirated that a higher quantitative level of
feeding results in & greabter rate and volume of rumen gzas prodvction than
& lower level of feeding,

Such being the case an incressing eructation of gas would be nécessary
o prevent the building uwp of gas pwéswm in the rumen. It would be
expected that the onset of bloat wopld be consequent wupon a failure of
gruchtation to cope with ges formatlon,

Should herbage from different pastures vary in 1%s gas producing potency,
then it would be expected that different rates and volumes of rumen ges
would be produced in a given time, following the comnsumption of the ganme
emounts of herbage. That these conditions mey prevail is indicated in
the work of Quin (96), and Cole and Kleiber {53): These latter workers
have found that the same volume of rumen gas, produced by & cerbaln
guantity of grass in a given time, is prodused by one~third the quanbity
of lucerne in the same bims,

Agsuming this phenomenon %o be general for all legume and grass speciles
then the same consumption level of herbage on legume dominant pastures,
would result im & greater build uwp of rumen ges pressure in & given hime
than on a grass dominant pasture.

A situation can therefore be concelived whereby any failure in
ervctation %o kesp pace with the remeval of rumen gas formed wowld result
in the cnset of bloab @@ the msmm@@m of its greater lacidence with
legume pagbures. o

}é‘mmw; let it be assumed that those pastures whether grass or
legume dominant, having high potency for rumen gas production, attsined
@timn conditions of palabability, density, and kqlnami%;{, compatible
with the fully efficient mmhanﬁ.dw. act of ingestion, On such pastures
it would then be @;x;pm;%& for the optimuvm level of herbage intake %o
obbain for the gresing animal, with & minimum time approsch to optimum

rumen gas production,



o 33w

The time in which rumen gas production would reach its pesk would depend
on either the rate or duration of herbage img&&kian»im so far as these
factors determine the quantity of herbage intake under the conditiocns
asgumed, F&@im&a of eructation to remove ruuen gas under such conditions
would conceivably result in the onset of bloat.

The rumen g&&‘pr@&&ﬁ?@ would determine the severity of the condition
(25), (115), which would vary from slight to severe bloat, depending on
how far the gquantity of herbage consumed approachcd the optimum level,

An examination will follow of the exbent to which those interactions
conditioned by the grasing animal will be iik@ly to contribube to scute

bloat @




Cattle and sheep are the ruminant enimals most widely used wmder
intengive systems of grassland management,  Bach of these @ymms has
habits of grazing pecmlim e %,

The differsnce between and within ruminant speclies, which constitutes
the most important in situ interaction of animal and pmw@. lies in Vtm
performance of the ingestion act, -

It is not uwnreassonable %o assume that the funotional nature, eificiency
end duration of the lngestion act will determine the guambtitabive, and in
part gualitative level of herbage intake ln graszsing ruminents,

Ir turn the intensity of the ingestion act or grasing will determine the
degree of defelistion of the pssture or herbage. Thereby an environment
will De imposed to which the pasture species may react soclzlly or vegebae
tively in such menner as to cowpletely change the mutritionsl envirenment
of the grazing enimal,

This is bebter visuelised in the following description of the ingestion
gt in grasing cattle by Johnstone-Wallsse (58),...." It is & mechsmiocsl
process invelving the severimg of the lesves mnd steme of Rrasses, legumes,
and weeds, with the two jawe of the animel messuring on an sverage shout
24 inches acroes and having one row of teeth in the fromt on the lower
Jaw, A moseuler pad on the upper Jaw pressing against these teeth
enables the tearing action to take place, The tongue is in constant sciion
during grazing uvsuslly belng protyuded with great rapidity alternately
from either side of the mmx%h, Its Dunetion would seem o simplify the
collecting process as well as the swallowing process. The procedure
differs between short snd tall herbage: in the latter case it is much
glower because of the pechsnicsl 4ifficuities sssoclisbed with esllection,
the time being increased by selection and manipulation®,

According to Tribe (85) the ingestion act in sheep invelves less
of s tongue and more of & biting sction by the jaws which together work
very close to the ground, providimz & functionsl aperture of 1% inches
in dismeter.

Under constant pasture and vnrestricted grasing conditions, differences
elther of duration or rate of the ingestion asct performed by the normsel
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ruminant may be mmy attributed to varisble underlying physiclogical
cemses, .

Mcmt important to *hhm&iwmwim are the variatioms in the ingestion
act arising from the systems of animal grazing menagement imposed,
particularly as those variatians nay mfluemm the q;umtim’eim wwl
of herbw immkm The dmplications of harhag@ qumtity m aon-
’hri‘mﬁng w rate and mlmme of rwmen gas production have besn prekusly
mtimateﬁa

A further factor which needs mow to be cmaidarmi ig that the
gr%ing mminam; nay also mflumm the gualitative level of pasture
intake by mamﬁ Mf herbm wlmm@m In acmitmm. dominance in a
pmmm m:f sne or & punber m‘? h@rbm apaoim varymg in @w’h@m&rme
m& mmm @mwm nay be m&ussﬁ. W gm&img«

’Xhis qualitatim fw’tmr arising fmm mlma yasme interaction
is of considerable mgmmanw.fw, ag will be shom 1&%@:&‘, %&m earbo=
hydrate and protein level of the diet most probably stimulates the
fermentation astivity of rumen micro-organisms, ;

Therafore those animal pasture ﬁ,mmrwtiw@ sonditioned by the
aninal and pertinent to this discussion will be trested i the following
REANEY deweee

V’B, B&minmt grazing b@haviemr as it may mﬁmwse f@@&
| mmump’&i«»m

€. The grazing ruminant's influence on pasture,composition,

At the outset it will be as well %o reiterate thet no knowmn

technique is available whereby an exact measurement of herbage intake
by the grazing animal can be made.

Hevertheless Hancock (50) congiders that while feed intake
pmbably provides the best singla index of a graszing animal's reaction
to its enviromment, it seems certain thad studies of the graszing behaviour
‘of an animal can help %o explain in rabional t@m@ its health smd prode
uctive mr;t’m-mae.'

Although there is a pamcity of literature dealing with grazing behawliour
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particularly of detailed nature, the importanes of such studiss is
strassed by & nunber of animal and grasslsnd authorities,  Stapledon (62),
end (101), Hammond (102), MoMeeksn (103),

Generally the technigue adopted for grazing behaviour studies ine
volves the recording of the various activities of the animal over a ceve
tain tims period,

The main concern in this discussion are those aspeets of behaviour
nost closely assocliated with herbage intake and lisble %o bs predisposing
fantors in the onsel of dleats They will be considered as followsie

a}l  Grazing activiky, ite duration ad rabe.

Bb)  Herbage selsction by the grazing unimal,

el Grezing aobivity end the onget of scute bloah, with an exsmple.

4)  Jeasonal grazing achiviby.

a)  GRAZING ACTIVITY,
fretas e e o e Eet e

The grazing actlvity of ruminants ab pasture ls expressed in the
ingestion act, which mnay be measured as time cmployed in the aect, or grag-
ing time, ag well as in berms of Dites per time unit,

Tdmited studiss have beon concerned with the first measurement, sund
laess with the sescond, Moatd of ﬁh@ invgstigntlons have besn carrled out
with grazine cattle,

Hedgson, 1933 (105) resorted that Holsiszin catbtle under 2 system of
rotational graszing grazed for 6% to 7 hours daily, vwheress under continuons
pasturing they spent 7 to T# hours grazing., His ohservabions were msde

only durwmeg daylight frem £ s.m, onwards,

Atkeson et al, 1942 (104) used & limited number of dsiry cows snd
made their observations only duripg the 12 daylight hours, They foumd
that milking cows on good pastures grazed for a shorter time than cows

on ooy or madium pastures; dry cows and heifers graszed for 7 hours,

Johnstona-VUallace et 21, (58) observed in detail 4 mursing cows
of 2 beef breed on four 24 hour psricds and cencludsd that they grazed
on an average for spproximately 7% hours,

Seath and Miller 1946 (106) investigated the influence of temperature
on the grazing habits of diary cows and comeluded that hot weather
(85 « 867 T maximam) lowered the grazing time by one hour compared with
cool weatber (72° ¥ maximan).  Such conditions alsc sltered the ratio

of day zrazine from soproximately 1 during the ceol days %o aspproximately
night gragzing
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1/3 during the hot dayse.
Hencock and Wallace 1947 (107) observed the grasing behavieur of 6 sets.
of Honozygotie Twing for six ecomplete 24 hour periocds at monthly intervals,
through the mein lsetation sesson and fowmd thas an swersge 34 per cent
of the available time was gspent in grazing, or T hoursg in each perisd of
24 hours. Eanecock 1950 (60), more recently states that given a fresh
pagture each day l‘w‘%mm@ dairy cows graze if necessary up o 10 hours
as an average for a herd while individual animals may reach 12 hours
per day.

Referring to the Wm distrivution of gragine aetivity Hemeock (108),
{ in press) found that slightly less than 60 per cent of the grazing time
wag spent between T.&.m, and 3,p.m, and slightly more than 40 per cent
between S.p.m. and 4.45.2.m. This ratic being fairly coaatant wder
all weather conditions, Grasing time was measured as s minute im whaich
15 or more bites were talken, md mw data was &b‘emm m six mm of
monozyzotic twins over 8 days ab mpmx&mﬁe&y mmy intervale,

When availsble ti.ma wes divided mw da.y and night perieds, 85 per
cent of the total grmim time was spm in daylight and 15 ;mr cm’a
4n darkness. It was m*&fmm that cows \wm mnditmmﬁ to stop gwing
soon after darkness foll. This habit was Dbroken whm the hours of dw-
11@% ‘bacmw 8o sh&m '%hafa th@ cows am, mtz hm@ m.m o satisfy their
up&titsﬁ during the period, md. *bhereforc mxtendod thoir of ternoon grazing
beyond nightfall,
Hancook (603, concluded that poor Vpaéstw\m? mﬁdiﬁiém: induce longer grazing
and runinating *kimon in aowa than whm conditions are ap‘aimal fm' qumti.ty
and quality of har“bm@ " When' gcows are grazing good pas%mra in the same
enclosure during the day and night, the dsy / night gxwm ratio meragos
60: 40; on a quantitatively poor pasture the ratio becomes 75: 25,
Varn weather { temperature of 75° F or over ) cmused discomfort to the
cows mﬁ: was considered to é:f‘fé’a% s bresk in afternoen vgra?si% "pm‘i.ads
before milking, ,
Tine stulles for grazing sotivity in sheep are very limited. Tribe (85)
maidwm 'ﬁha bahaviwr of one sheep 'wiw te;pmsom‘atim o:i‘f a group,
From & series of 24 hour aﬁgmmm‘ over a year it was found tha.t ieas
time m the summer was smt in grazing in the 7.00 a= 19,00 hmxr period
than during ‘fsfha, mm,mmg. For the 19.500-»7.00 hour period. the
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opposite was the case, The resson was considered due %o the longer
daylight peried and emessive swmer heat,

1% is interesting to note that the findings of wm@w dispersed
workers place the duration of grasing activity in cattle between 63 « T&
hours, It has been suzgested that there is experimental basie for
wﬁw%mg & strong relatisnship to exist beltween the time an anlmael spends
grawing and intake of herbage dry mabter wnder constsnt pasture mmmi@mm
Hemoook 1948 (109}, There is no publighed evidence te suppert this

suggestion, and the experimental application of this concept would

- require conbrol of the lngestlon rate as well ss guantitative and
gualitative control of pasture,

Hevertheless, it can readily be conceived thab redusthion in grazimg time
of sufficient proporticn, under the seme eonditicns of pasiure, would
This wonld be
expeoted to apply even where the quantiity of herbage avallable was at

lower the guantitabive leval of total hefbage

ag opbimen level compatible with maximom

efficiency of ingestion in
teyms of gquantilative ceunsumpbien, Similarly so incorecage in grasing
time under the same conditions would be expected te raise the guantitative
level of total herbage inteke provided the officienmcy of ingestion
remained cunstand,
The gyelic nature of grasing setivity is & striking characteristic

of ruminant behgviour at pagture.
Atkeson et al, (104), noted that the grasing habits of catile from day
to day were quite wniform, there belng 4 prinavy grazing perieds durisg
the day, and twe during the aight, the latter periods being less prengunced,
This cyclic grazing patbern is reported in beef cattle (58), =nd sheep (85).
For dairy cows Hemcock (108), recerdsd 6 cycles of grasing, 4 between
morning and aftermoom milkimgs, 1 lmmediately after B p.m, pesturiang,
and 1 (sometimes 2 ) during the night, Durimg an cbservatien peried
when all the cows were dry, il was found that this oycle was still maine
tained, A finding of particular interest iz that the twe perieds of
grazing following the enforced pericds of loafing durimg milking were
generally the longest.

By experiment it hag been shown that a time faetor cperates for the
consumpticn of a given weight of a given food, Schallk and Amaden (61),
Haxshbarger 1949 (110),
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Fig.3. Distribution of Dairy cow grazing behaviour.
Grazing (black),loafing(white),lying(diagonal lines).
Note cyclic nature of grazing and longest
periods after a.m. and p.m. milking.
Cows were dry during the period 2956/47.
After Hancock(IO9).
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The foresgoing discussion on grezing time would thersfore suggest that
the longest grazing periods after milking would be those in which a
relatively higher herbage intake would obtain on the same day of grasing
the pans M&t&rm
The durabion snd distribution of gresing sctivity is dllustrated in FIG: 5,

Before any value can be attached %o conclusions based on studies of
grazing activity, the range of varistions botween cows on the same days
gshould be known, Jmong thoss studies gunted no date of that nature is
prosented sxcept by Hanceck (108), This worker showed that the differences
within 6 sets of monosygotic cattle twins for the time spemt in Mrasing
averaged only 4 minutes over seven 24-hour cbservation periods at menthly
intervals,

The difference between sets of twins for grasing time was very greas,
mounting to a range of 138 minutes, &n enslysis of variance for
graging time showed the differences between twin sets to be significant
at the 1% level,and of the totel varisnces for grasing time, mearly 90%
were due to Mtwmnw% differences,

It was considersd that as far as the cow's behaviour pattern on
pasture depends on her individuality, this is mainly reflected in the
time she requires to spend grasing,

4 further neasure of ruminent grasing sotivity is %o be found in
the number of bites per time unit, Johmstonme=¥allace (58), reperts that
nursing beef cows were observed o btate on @ average from 50«70 bites
per minute bub cocasionelly under very favoursble conditions as many as
90 bites per minute were recarded,

Cochrane 1948 (111) ms%mﬁw the possibility of veriation in grasing
rabes belween cabttle, snd reporis an observation of one ecow grasing ab
80 vites per minute whilet others grazed abt half that rate,

Haneock (60), gives a caution for guoting grazing rates if they have
1ot been made over long periods in the day, as gmaé variations oceouyr
throughout the 24 hours, the grazing rate being highest at the beginning

of a grazing cycle follewed by a conbtinuous sbeep drop bowards the end,

Data obtained for the speed of grazing is given by Hancock (108)
for two sets of Monozygotic twins cbgerved over a 2i-hour peried, The
total bites averaged 23,966, and the average bites per minute 51, for

the 24 hours, *
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Shows the distribution of the rate at which
deiry cows graze(bites per minute).Note that
the rate was highest immediately after the
morning and evening milking.i.e.7a.m. and
5p.m. respectively.

After Hancoeck(IO09).
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& oow grazing at this rate obitained only 3 grams per bite assuming a
daily inteke of 70 kgn of grass, which figure accords with findings at
Rw::ﬁm. Hew ﬁmﬂm& On this wmﬁiwxﬁ; it was supgested that a cow
can not omly select & specific area for grazing, but particular pasture
plwzw in an aw@m. The highest @mmm rate was most pronouneed at m
M@mﬁ.m: M ‘those grozing cycles immediately follewing milking, Fig, 4.

: %@m was & large &M’.ﬁ‘;’m@m&: Detween twin sets for totsl bites per
day, but %Mafw due to the time gpemd grazing, snd nob in vade of graving
which was similar for all cows,

It has been previsusly indicated (58) that the inbeke efficienay of
the ingestion act may be impsired ‘%W Mmg pagture of low &ma:my. xmam
in fewer Mt@m per ninube, | o

The need for pasture conditions to mew mi inbalke per bi‘m is re-
eo@im&“w Stepledon 1948 (101) who states thet if the smimal is limited
in its inbake by the mumber of bibes it is good for in 24 hours, it is obe
vious that the average intalce per bite wust not drop below s certaly min-
imum weight or it will go short,

More recently Jolmsbene-¥allace 1950 (125) poiuts out that o cow can
@iﬁh&f ‘blﬁ.w into k’lw sward from the Mm to a &@gﬂm of &%ﬁ% 4 dnches, in
which case the lack of demsity at the helght results in & very smell intske
per bite, or she may put her mose well inte the bottom of the sward and
with the aid of her tongue Gear off 2 large bite of $all herbage,

Unfortunately, such large bites cannot be swallowed without conside
ereble manipulation, The head is raised and @ period of sbout 30 seconds
may be taken %o complete the nanipulating end swallowing processes,

In the meantime, a cow on a 4-inch sward may gather 30 bites contain-
ing more herbage then one largs bite, and this vsuslly consists of herbage
Hancoclk (60) has slso indicated that grasing

of a higher feeding valus.
efficiency may be lowered by s smslley intske per bite on pasture of low
quantity end quality, This worker points out that s variety of snabomical
features suoch as narrowness and shoriness of the lower Jow way result in &
low grasing affiéimww

dn example of this may be evidensed in those obsprvationsg made by the
writer in the spring of 1950 referred %6 on page 28,

A group of lactabting monosygobtic twin cows were undeyr observation for

bloat incidence at the New Zesland Deiry Resesrch Institute faym, The
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grazing activily of each cow was measured by the number of bites per half
rinute at 6 minute intervsls over s ome houwr psried, The sversge number
of bites per half ﬁimmﬁa recorded for each cow during the pwrimdea@ as
followg =

Cow mumber 90 726 4 e 25 B3

kverage bites 29 36 34 17 34 33

The graging activity of cow 772, salthough steady, sppesved to be less
than the other cows in the group, marked selective preference béing shown
for tﬁ@ longer herbage, 4n exsmination of the cow's mouth at the end of
the period revesled two deformed firet incisers and & severely abscessed
gomy the twin to T72 was found to be similarly deformed,

Thers would be every reason to believe that under gueniitatively
poor pesiture cenditions the grazing efficiency of T72 in tsrms of herbage
consumption weuld be sericusly iumpaired, slthough to outward eppmarsnces
the gragsing sctivity 4id not sppesr sbuormel,

. Mthough the probsbility that veristions in grezing duration snd
rate influence totel inteke levels is generally acknowledged, there is no
suyp@rting experimentel evidence. The prebability is strengithened
however by the findings of Schalk snd Anaden (61), with stall fed fistulated
cattle, These workers removed food beli at the cardia as they were
projected into the stomach, and welghts were recorded, It was reporied
that a rapld ingestion rate resulted in a greater weight of food entering
the rumen in & given time than with & slow ingestion rabe,

After a 24-hour fast one cow was evidenced as ingesting 30 beli
ef lucerne in the first 5 minules, snd 19 boli in the suaa@sﬁing B mivutes
of feeding, The rate of ingestion was depressed by increasing satiety,
wnpalatable food, and an incresse in rumen velumey the latiter factor alse

reduced the time period of ingestion,

To epitomise then, the grasing sctivity of ruminants as an animale
conditioned interaction which maey influence the level of feed consumption.
2) FRuminsnt grazing studies contribute to & fuller understanding of
in situ amiﬁmlnpmstmré interactions, of which grazing activity

ig the primery interaction conditioned by the animel,
b)  There is gemeral agreement that 6% = T4 hours daily is the average
duration of graszing activity of free grazing caktle, Individual

arimgl anéd herd varisbtion occcurs.
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¢) There is strong evidence which indicates that as far as the
behaviocur pattern of & cow ab pasture depends en her individuwality,
this is reflected in the time she spends grazinvg,

d4) ' There is evidence that grazing is primarily a diuwrnal activity
in eattle, | )

o) Grasing activity forms a cyclic pattern throughout s 24 hour day
in cattle and sheep. ‘

£} Wide variation in the rate of grazing has beer found to cccur in

dairy catile thr

cughout a 24=hour day.

2) Differences in grazing rate (bites / mint) oceur between individual
sows at pasture,.

h) The rate of graszing in dairy catile is evidenced as being highest

at the beginning of & grazing cycle, : |

i) In dsiry cows there is evideénce that the rate of grazing i highest
at the beginning of the grazing ¢yeles following milking,

3} There is no absolute evidence that the rate and mmim of .
ingestion in ruminamts at pasture influence the quanbitative
level of herbage intake,

k) There is evidence in stall fed cattle that the time period of
ingestion varies with the same weight of different foods,

Further, that & high rate md low rate of ingestion results

in the intake of greater and lesser weighis respectively of

the same food,

ble

The extent to which selective habis emter into grasing activity
is mcokéa&ﬂy a conjectural a;spidt of ruminant behaviour at pasture,
1% is none the less one which is imporitant, as it may readily be conceived
that variations ocour between and within ruminant species in the degree

of selectivity and preference for plants selected which varistions would

be expected o influence both the gqu mwl,m‘»quuxw of herbage intalke.
 iocording to Stapledon 1948 (101) the sheep is more refined in its

ility to select then the hovime;  the sheep selecte both individual

plants and patches of pasture wailst the bovine selecis in patches.

dssuming an intake of 3 gme. per bite Hancock (108) suggests that the cow
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ecen be highly s@iwmm both in respect of a specifie srazing area and
pw%;imﬁ.w ﬁxmtm

Tribe 1949 (112), invesbigated the influence of the sense csf gmell
on foud selection by sheep using Cheviot lambs deprived cf‘ th_a sense of
smell by remsval of the olfactory lobes. It was found that when different
herbm speciss or mixbures of specles mmfed. to normal and smql;-mio‘imt
lambs in the absence of accompanying smells, no difference between th@ix;
selection of different species was recorded, bub the normal sheep abe
greater quantities of eath species. The normal group showed greaber initial
diserimination in sslectien for fresh cut as against 2 day old herbage
samples. This resction was shown vhen s standard herbage sample was
fed in the presence of a variety of wery characteristic smells, Iij. was
concluded that sense of smell was only of supplementary importence in
food selection by grazing sheep. | |

Davies (67), reperts that shesp prefer to eat plants in a young
stage of growth and suggests that 1t was merely :mm@mmw mw;‘ the
young herbage was more mubritious, %@ succilence of a plam was cone
sidered important for its selection vhich accords with the @pimem of
other workers (58), (25).

It has been ingdmebed that herbags selection habits of sheep (85)
and cattle (58), may be conditioned in largs part by the mech

anical
funetioning of the ingestion asch.

The fach that some Honozygotic cattle twing select the grass they
sat to & greater degres than others is conmsidered by Hancock (60) %o
contribute o low grasing efficiecncy sausing a lower iniake per grasing .
time wmit, Supporting MW« is based on subjective ebservation
and the fact that a) aiffevences in speed of grwm { bites /: wing)
~have been demonsirated to occur between sels of twine ad b) the
runinsting grazing time valus is a c@@wtwistie spécific to each set
of twins, |
| The labter piece of evidence is open to qmstigﬁn as it is probable
that other factors such as differences in digestion can c@ée aifferences
in the ruminebing grazing time values even if the twin sets have Gonsuned
grass of similar guantity and quality. Tl worker discusses the
conjectural consequences of selective ,grwmg md considers that under

‘umixed pasture conditions the unselective ,gx'a,zer will amm a mm food
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intake in & shorber time then the selective grazer,

B Arising from this gupposition the writer would gugzest that the
intervention of selective habits in grasing sctivity may bs contributory

to a longer time onset to asute bloate The unselective grazer on & bloat
provoking pesture would be sxpscted to congume & greater smomnt of hmm
in & shorter time as well as te displey s rapdd grazime sctivity, which
‘latter factor is eften reported as ssseciated with soute blost incidence,
(443, (51), (15), (27). |

In this connesction, Gould 1948 (113), cites an interesting case of
the onset of bleat in a dairy herd in Fngland, % formed the view that
& peychological factor had srisen in consequence of gradually rednoed
grasiug time, which mansgement had dicteted as essentisl to control bloat
and states ie-- " Starting with an hour and a hslf,=-=clovers pwpwd.@mtm&g
in the sward -=- by the time opportunity of selective graszing had passed
cows were becoming blown in 20 minutes of grazing, Removal %o another
pasture conteining somewhat less clover of the same type $ 100 = did
not suvcceed for more than a few Wm Te time for which the stock
could safely grase, rapidly came down to 20 minutes, and even then some
¢ows became blown, Observation of behaviour showed that directly the
cows entered the ley they ,grw@& as hard ss they could moving the shortest
possible distance and never lifting their heads to swallow or belch',
Changes in hm*ﬁ; nanagenent resulting in a retwrn to selective grasing
behaviour, prevented further fplm% incidence slthough the sane pastures
were grazed day end night." '

The implication is then that selective behaviour was inhibited by
restrictive pasturing practices resulting in a more rapld unselective
grazing activity and reduced time onset to bloat; this is m‘mcor&
with & similar observation by Bathe 1948 (24), It would sppear that
any account of selective graszing thimr‘ in dairy cattle needs %o be
related to the mamsgement practices imposed,

Ferguson 1943 (114) in ingland, implicates a high degree of qualite
ative herbugs gselection a%mmmm contributing to bloat caveing death
in 2 Jersey cows grazing & new spring pasture,

The herbage consisted almost entirely of § 100 white clover " the grasses
having been esten out’, Ferguson suspected that the cows graged little
clover wntil the grass was finished and the clover ingestion brought on
bloat, 1% is difficult Yo conceive such & high degree of selesction by
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cows between grasses and clovers at the dense stage of pasture growth
usually assooliated with the syring manthn in mngla&dw | |

Johngon (94), rmp@rta th&% dsiry cows br@akafwﬁ.pasture highly
canduciv@ o bloat never at any time graz@& clover in prafar@nae to
grass, In contrast Cole st aly {25), attribute a reduction in bleat
incidence to the tendency of cattle o select considersble amaﬁnta of
a coarse seeningly ﬁﬂp&i&tabla wesd ( Fmiygonum aviculare Jon fﬁrat
graging sn abundamt pasture of succulent lucerne, Bloat incidence
followed upon = reducticn of the weed by sraszing., Ho indication was
given of the cows' grazing sctivity or the extent to which lucerne was
cohsumsd dering the grazing peried,

In the absence of specific work dealing with the selective habits
of grasing ruminankm. the writer submits th@ fallmwin& t@ntaxive sugges i~
iong assuming such habits existe

a)  Selective grazimg habits in so far as they influsnce thé qu&nkity
and qnality of herbaga;intaké will probably be subgastkt@kwi&a variation
depending on pasture conditiona. |

b)  The unaolaativa grazer would be expected tn obtain a fmll harbago
intake in a sh@rtwr time than the selectivs graszer. |

c) The dagree of selection exercised will prabahly be eaaaitioned
by animal mana@mmwnt practiceﬁv Whera they rashri@t or delay @raarug‘
selective b@haviuux wonld prehahly‘b@ inhibited,

d) Bloat is most often asaacia%@d with rapid ingestion or unselect-
ive grazing activity,

e) Under pasture and m@nagement conditions conducive to bloat it
would not be improbsble for the time onset to bloat to be shortest for

the unselective grazer, accentuated where conditions in o) obhain,

The wiitér guhmi&g tha& the wnaaﬁk&f mcﬁ%% bloat is menifest in
ruminant% zmms&i&xaly ﬁallawia& & mertm&m graming tim@ zmd is & airect
outcomo of a certain quamtitaxiva intake of that herbage conduelve to
bloat.

As both durabion and rate of the ingestion act sre kncwn to determine
the quantibative intake éf the same food in cattle {61). it is necessary

to examine the time and rate of grazing as those aspects of behaviour
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mosgt clogely sassoclated with acube bloat,

That the behaviewr of the snimsl may censtitute & determining
fasbor is suggested by Quin (27),who refers to the fact thab certaln
individuals are more subject to ﬁmm than are others feeding the same
maberial,  Dikewise he notes that ravenous feeding in hungry snimals
freguently precipitetes the conditicn,

An examination of the wmw@; time associated with the onset of
‘acute bloab is of parbiculsr importamce in view of that evidence which
indicates o phenomensl rise in gas produwctien in cattle (51), (53), (52),
and sheep (96) in the first 30 minutes.after commencing %o. feed grass
and incerne, { See Fi€8317% to 212 PAGES: 121 te 125. )

Cole et al, {25) studied the production and preventionm of bloat
in deivy eatile graszing thick stands of lmmature lucerne § %6 14 inmches
highe They recorded bleoabt by visusl iuspectlon and palpation of the
irisnguler svea in the left flamk, Thures degrees were-Tecorded, slight,
mayked, and severe. In one aw“ N@é‘x&@& & markedly bloated, the rumen
pressure was determined by comnecting & manomeber to a cannula inserded
in the rumen apd found to be 20 m.m, Hg, = " $1ight " bloat was never
_racorded unless gas could be palpated, Bevere bloat ‘Mim marked by
digtress, frequent urination, defecation, and a ruminal pressurs of
45 = 70 mem, Hge (115},

These workers give 2 hours 20 ming as the average grazing time after first
pasturing, recorded over 6 days on which severs bloat ccourred in 16 cows’
on each day, The average grazing time was 2 hours 32 ming, for all
degress of bloat over 9 days on which b:‘ww was recorded in 42 cows.

The case is instanced fn which 10 of 17 cows bloated after 2 hours 45 mins
on pasbure, It should be noted that these figures are for average
grazing time and do not necessarily indicate the time at which bleat was
firet manifest.

In the experience of Gole et al, no cow bloated until having been at
pesture st least 13 hours; occasionally some did after 7 hours,

Genersl obgervation io Fnglend gives soms indication of ths tine
onget to bloat,  Johngtons-Wallace (6) refers to the onset of severs
bloat in a dairy herd 1 hour after commencing te grase a pasturs of

Aberystwyth §,23, peremnial ryegrass and Hew Zealand white clever.
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Bathe (24) cites the case of a dairy herd restricted to 1 hour of grazing
a pasture conducive to bleat, in which bloat occurred within i;he heurs
the operatien of a similar time factor has been observed by the same
writer in a Now Zealand dairy herd, ( See Appendix )

Gould { 113 } reports enly 20 minutes of grazing on § 100, white
clover dominant pasture as being the safety margin in one cage in which
dairy cows could be permitted o graze, and even in this %ime bloat occurred.

One observer mwrw (36) 25 out of 80 heifers being blown, two
of which died ‘wi‘hhin half an hour of grazing e cockefoot and 100 'whita
clever sward, Bloat causing the dsath of 7 dalry animals in approximately
& half ex hour after pasturing is wo%ed by Hall 1945 (116).

Mead et al, (15) in America, found that feeding grain 1 hour before
pasturing lucerne induced the cnset of btloat tn m average of 1 hour 6‘mius.
for 9 cows over 2 days, as compared %o sn average time onset %o bloat of
3 hours 12 mins, over the preceding 11 days during which bleat occurred
in the same cows, without supplementary feed on the game pasture,.

‘Hvens and Bvans 1948 (117) attompted to produce bloat in 3 Welsh
Black cattle (2 heifers and 1 bullodk) by Mwﬁmg for 12 hours prior to
graging a predeminantly white clover pasture.  They st.&ta that the
animals grazed the clover avidly fm? the first 15 minutes ignoring all
other herbage offered; the bwo heifers them stopped sbruptly, stood
listlessly for a while befors searching for rough herbage which they
selectively grazed, Vithin a peried of 30 minmubes (i.e. 1 hour after
commencenent of grazing ) the bulleck showed definite distress sympioms,
was breathing rapidly, and was slightly bloated. The heifers were not
blown and showed no such definlte signs of &lsconforts

In miew of the preceding discussion on selective grazing it is inter-
esting to note that the heifers continued grasing selectively,but these
workers do not dndicate the nature of that grazing,

Seversl observers report the enset of bleat in dairy catile within
a half an hour after depasturing (37) (118),

In the experience of Cole and his co-workers,(cited by Cole et al.(9) )
rarely does bloat develop later than 1 hour after removal of cows from
alfalfa pasture,

! :
Oole ot al. (51) give data en the ime omset to bleatduring gas formation
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ss%m in a ruominal fistula cow, They state ﬁ'@m’k the ges meter wes
connscted at 6 a,m. On the x}rwﬁ,m dsy the cow had rsceived 71 pounds
of green alfalfa, A% B a.m, she was given 37 pounds of green alfalfa
and at 8,50 a.m. had comsumed 15 pounds,  Between 8,30 and 8,50 a.m,
the glass tube leading to fé:ha rumen became partially plugeed and atb
8.50 acm, the cow was distinctly bloaked and wiconforsable,

Quin (96) mmrwa; definite evidence of ingreased intra-ruminal
pressure in fisimlated sheep immediatsly after a meal of lucerme, which
pressure was m@;ﬁ.%wm%:wwrfﬂzﬁmm after the consumpbion of lucerne,

Observations w }ig wade ly the writer ( See Appendix) on a dairy

herd in which bleat m}gmmm was high when grezing the ssme mixed
pasturs of ryegrass,cocksfoot, red snd walte clever. One lactating
8airy cow was selected for close study; the animel was usually the first,
but not the only animal im the herd to become blewn, ;

Over 12 days on vhich blost was recorded durimg 12 grazing oycles, the
average time cnset %o bleoat to the 3 stages of bleat recognised { 25)

is svmmarised in TABLE, 3., |

Zable 3.

AR DS

DEGRER OF BLOAT,

SLIGHT. |  MABKED, |  SEVEEE.

8. | 64, 7.

Each of the 12 grawing cycles wag bhe f,:ixsis cycle to follew morning
and evening wilking,

It would seem that the duration of grasing those pastures conduvive
to bloat has some bearing en the onget of the econdition, The writer
submits that the most probable euxplanation is that the duratien of
grazing is associated with a certain quantitabive level of herbage intake,



« 49 -

Cole et al. (9) draw attenbien %o the relation between cabing
and gas production in the ruvmen which they comslider of great practicsal
“importsnce, They suggest that it affords an explanation as to why cows
ususlly blost while on slfslfs pasture or shortly theveafber,

If the duration of grasing should be am imporsent factor asseciabed
with the omset of bleat, how much were so would be the rate of grasing?
%&sk guestion is ralsed since an inersasse in rate of ingestion of the
sawe food w%m@m e inerease in the quantitative level of intske in
& given unit of time, (61).  There ere no studies knmowz %o the writer
whieh are %ﬁow% with the rate of grazing during the onset of blead,

Worthy of note howsver are the widely dispersed and numercus reports
vhich asseciate repid grazing with the inecidence of bvloat,

Bege (8) considers ove of the efhiclogical factors in bleat is
excessive ﬁw&a’wg follewing a peried of starvadtlion and sugrests care in
feeding clover and lucerns. Kephart (44) concluded from a bloab survey

that the condition ogcurs most resdlly when the animal is hungry.

Quin (14) recommends keeping hungry enimals from gaining access to lucerne
and sugeests @Mﬁ lambing ewes snd dairy cows may be more prons o bloat
due %o & higher level of appetite. The same werker (27) notes that bloat
in fat lambs on lucerne was associated with ravencus eonsunption, being
nore evident iu ewes showing s keen gppetite than ameng others m@mﬁg
less greedily.

Mead et al, (15) state that greedy feeders sre mors susceptible to
bleat then less greedy, this fact doubtless explaining the greater
sugceptibility of lactating as compared with dry cows. A1 clagses of
cattle are susceptible %o bleat however, and deaths are reported in dry
as well as lactating deiry shock (24) and veef catile. (86). (87),

Support to the view that dry cows seldom bloat is given by Jacobsen,
Tspe, et 81, (89) who consider it is really the milkinmg cow, or growing
animels with lerge appetites, that gorge themselves and bloat,

. The remson given for using lactating cows in the ges formabion
studies of Cole et al. (51) was that they had greater appetites which
would allew maximom food censweption, sinee it is wnder this condition
that bleat iz most frequently encountered,
losses in dairy cabile from bleeb end not in Wis and young stock grasing

the same pesture ave reported by Candy (32), This observer associales
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$uch losces with the time bresk sway from pasture during the milking
period, Suggesting & poseible explenation for this observation, Filmer (5)
states that the cows msy eat faster when they go 'hmk:( o pasture than

they nopmally do, This sugeestion is interssting in the 1light of that
evidence which shows the rate of grasing as being highest at the beglming
of the grazing oycles following milking. (108),

Bathe (24) records the evening peried of grasing following milking
s belng the most dangerous for lactating cows on pastures conducive to
bloat, Whilst genersl observabtion would suggest that bloat in deixy
cattle cccurs most frequently iz the first grasing oyele following milking,
on pastures conducive to bloat, it does occur freguently at other grasing
periods during the day when s lower rate of graszing would be expected,
This seeming distribution of incidence throughout certain times of the day
however can only be established from a detailed investigation or survey,
The practicsl implicetions of such infeormation for evelving preventive
nanagenent are ebvious.

Molntosh (48) notes that if cows are kept too long in barms after
milking they may eat much wmm being returned hungry to lucerne and
will be lisble to blast, Olsem (31) in America reports frem & wide survey
that among the causes of bleal is the turning of hungry cattle en to
legumes %o gorge, resuvltimg in too rapid and too large o consumption of
green food, He states that bloant was most freguent in May and June,
and between 4 pem, and ToDels

it is interesting o speculate on the effects on grazing activity
of t@mmrmm-@ (106) and 1ight (108) under the cbserved conditionms,

Ravenous graszing on first passturing, followed by w diminishing rate,
is recorded in the experiments of Evens and Evams (117). Of the three
animels observed however, only that snimsl became blown which contimued
graging at & steady rate for a short peried longer than the others.

Jacobsen et al. (89) unsuccessfully attempted to induce blest by
turning daizy cows into a field of young aifalfe, They state that the
- cows refused to eat alfwlfs for any exbended time with the result that the
conditions favoursble for bloat could not be obtained, They me od
however that the cows were eating the fresh slfalfe at the rate of one
pound per minubte, whilst the best rate at which they ate good bluegrass
pasture was ome third of & pound per mimute, They sxplained this differenss
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in ingestion rate as being dus to the fact that fresh alfslfa is BnOTS

or less pinched off by the cow in grasing while bluegrass must be gripped
firmly and the grass cut off against the sharp edges of the lewsr Sesth,
Whilst thess workers consider this type of behavicur underlies the cause
of bloat on alfalfa pasbture, no expsrimentsl dats with bloat cases ave
pregentad to support this mmx% nor are many of the supvorting staotements
documented,

The need for herbage te be at that stage of development which permits
aptimum intake is sugzgested by Cols et al, (25), who recommend » thick
sband of mxm&» suiteble for rapid ingestion, as being smong the conditions
necessary for producing blost experimendally.

Differences &n the rate of grazing between snimals have been shown

to occur (108) but although bloab is more common among fast eaters it has
| been observed smeng slow ones, (15), (119).

Apart from the reports cited there sve many others which meke
particuler reference to rapid grazing ss belng the most charscteristic
featurs of behavieour in those enimels suffering from scute bleast, (16), (42},
(45), (46), (90, (92), (121}, (x20),

S much for the evidsnce svailsble giving some indiscstion of the
anisals’ grasing sctivity under conditions conducive to bloab,

To the writer who bhss cheerved the condition under widely differing

systems of pasture mandg

ement in Bugland, France, Switserland, Australis,
and New Zesland, there would sppesr bo be more than coincidencs in the
emergence from the reports f:mm of & common pabtern in pwmw conditions
and mm@ behaviour, lmplemenbary to bleab.

More than @ pattern ig necessary hewevey upon which %o base critiesl and
senstruciive thought, |

At the present stage of our knowledge comflicting opinions exist
as to the precise mamner im which bloab in grasing ruminents is manifest.
Farkher amwx:s is added by the difficulties of producing the cendition
experimentally in grasing snimals,

Doak 1950 (private communication} besrs out this variance of views
fellowing recent discussion of the problem with British workers. Referring
to the opiniong of those workers on physiological phenomens implicsted
in bloat, Posk states that few woskers believe the trouble to be camsed

by excsssive gas formalbion, s animels should be able %o get rid of gas by
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belohing, The writer comsiders 4% pértinent to pose the questions

Is it kuown that the eructabion mechaniss can ach ab sufficiently high
frequency to efficiently remove agsinst mekive oesophagesi peristaleis,
the excess gas formed during repid grazing?

Doslc further states that differences of opinion exist as to waen (or if)
ruminal ‘immmx stop during the cnset of bloab, bubt some workers are
quibe Wm that these movements Mm plage for some comsiderable time
after pressure is spparent,

Now the investigation of these facts elene is vitally importemt, for,

as will be shown laber, the dysfunction of the aforementioned phémtmens
during the onset of blost is implicated in certain me whieh form

| the basis of resent reseavch projects by Fergusom (114), Hvens snd Fvems (117
and Phillipson. (126},

That such hypotheses may be ille-cenmceived, assuming as they do the existence
of conditiens which may not obtain, is questioned by Andersem 1948 (127)

from his clinieal observatioms in the field,

The m'i%x considers that close ﬁ‘&mw&%im of grazing avidmals nﬁw
assist in small pars, to lend oxder Yo the confusion of thought that existe,
For example, sleng with detailed efudies of grasing astivity, the existence
 or ptherwise of rumen movements Wm the ounset of ;acute bloab may be
established, This cen be done visually, by palpation, or by susculbation,
the importance of this latter method being emphasised by Hofluad 1940 (128),

s on ald Bo diagnosis,

The relationship bebwesn grasing sctivity end the omset of bloas,
if sny, can also be investigated, which is virtuslly a time study of
romingl gas formabion as each degree of bloat represents certain rumen
ges pressures. (25), (115),

Altheough of siwple concepition the application of grazing studies
%6 blosted ruminants is solely dependent upon the cowexistense of the
slmost entively fortuitous circumstances which give rise %o the conditien,
Studies are hindered by the varisble ineidence of bloat, which may be
higher one day emd fail to occour the nexbt day on the same pasture.

L OF GRAZING ACTIVITY AND THE QNSET OF ACUTE ELOAT,

MWMMWWWm IR T R R RN NN N N Y R T R TR RN N

As far az is known ne detalled studies exist eof grasing sotivily
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-concomitent with the onset of acute bloat, ’iﬁmwm@mw the individual
behaviour of the snimsl is considered to be important, Phillipson 1946,
(121), has stated that greedy feedsrs eating more rapidly might well
produce & mure mwﬁxw »fww&sw@ then enimals which grazed steadily
but slowly, and had a better chance of keeping pace with the products
of digestion,

Gole st al, 1943 (25) state that if blost can be prevented in
suseeptible snimals the less susceptible may else be mw@mm and
the former should be used as o measure in preventstive studiss,

Fergusen 1950 (120) suppordé this view and recommends using
bloatesusceptible enimals as & measure of the bleah propensities of
a pasture, snd suggests thal sush aninale are generslly greedy feeders.

Relovant to this discourse is an ascount of graging sctivity
studies and the onset of acube bloab, mede by the writer using & bloalke
susceptible dalry cow. |

Daring Jamuary 1950 a report was investigated of bleat incidence
in a dairy herd located in the Hughine Streebt ares of P&ﬁm&xgtw Horth
in the Memamatu Gowaty, Conditiens were favoursble for & detailed
study to be made and the following record reswlted.

The herd coupriged 17 lastabing Jdersey cows, which
with ene exveptien had sll been subject to bleat during 1949 in the
months of Octeber, November, and vewy cceasicnally in December.
Pagbicoular wmaw*@mimw of individusl animels had been mobed,

1 e 3 acres in area, Pasture wss grazed as i% besame availsble and herd

nent of the herd was prastised in paddecks of

pasturing time was restricted on those pastures condusive o bloab,
dpproxinately 4 » 6 1bs of brewers' zrains were fed o each snimsl
whilet nilking,

48 & rule the herd was peetured cach day at spprozimately | a.m,
and 6,30 p.m, following morning and evening milking,

The pastures which overlsy zecent alluvial river deposits veried

in quantity of herbage availshle ascording to the grasing mansgement
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saghout these studies weather comditions generally wexe

favourable for active herbage growth,

" A preliminary observation was made on the 15th end 16th of

[ ]

:i MM

Commencing with pasturing after the morning milking, the herd
was undeyr general observation each of those days wntil it ceased
grazing at nightfall,

Detailed observations were made en Cow X which by reputation
hed been most susceptible o bloat during the seasen, The
cow's rate of grazing was messured in Dbites per mimute, the

cendition of ite flemk and romen movements being noted,

During this preliminary peried mexked bloat cases ocecurred ¢n
Pasture.Ho. 1, and the subject observed was the first cow to
bevome blown, slsoe shewing the severest degree of bloat,

It was decided to use Cow X for further detalled studies.

Degeription of Gow X,

EECH 4 years,

Milk yield, 2% gallens daily average.
Previous lactation, 379 1b fatb.
Sexrvics date, 23/ 12/ 49,

Cow X hed gilven congiderdhle trouble with bleat en certain
pastures during the season, and hed been used as a bleet indicator

in the normal course of daily herd mensgement,

The cow was very easily handled snd not readily disturbed when
grazing, it beling possible for the writer to kneel at the sids
of the snimalls head for close cbservation without disturbing

grazing activity.

From gubjective obgerxvation Uow X was a comparstively greedy
feeder, e wide mwuzzle was o distinet characteristio amd the
dental palate was nosmel.
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Postures,
[ B ’

The grazing sctivity of Jow X was recorded on 3 pastures,

numbare 1, 2 and 3,

The preliminary observations indicated that conditions en
Pasture 1, were highly conducive to the onset of severe bloat
within 1 hour after pasburing,

Keoasurements of grazing eobivity were therefore largely confined
to that pasture in order %o obtailn a repeated record of behavieur
assoclated with bloat,

Gonditions on Pasture 2, had not been known to give rige %o
bl@ﬁxﬁ

Gonditions on Pasture 3, were occasionally condusive to bloak,
wsually after 3 hours of pasturing; severe bloab was not known
te voceny within the first hour of pasbuaring,

Pasture Hot 1,
Calariiiarie
Aren, 1 dore. ;
Sesds mixbure, | LB,
Gertified Perennial Bysgrass 20,
Certified H.l. 4 10,
Cocksfoot b
@&mw« éa#
Bed Clover Je
White Clover e
42 LB,
Sowne Mareh 1949 m’&hmt fertiliser after potatoes,
Hanagoment,

The pasturs was moderately graved éuving September, Oclober,
and November, vhen bloat incidence was high,
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After topping the herbage with a mower during November 1949 the pasture
was not grased until 15th January, 1950, when marked bloat was recorded
in a sumber of cows shortly after paturing during the pralimmm peried.

of obgervation,

Pagture Conposition,

At the commencement of these studies the sward was
very demse with an average height of 4"-«6" ; on the last day
the average height of sward was 1 - 2 inches,

Broad red clover iz the pre-bloem stage y&a the dominant herbage
with a strong supporting growth of white clover,

Of the grasses, peremnial ryegrass at the geeding stage was
mt@repwwd among the clever, some cocksfoot and timothy beiung
in evidence, Unless highly selective grazing for grass
gpecies was practised, clover speties formed the h*mik of

herbage available for consumpition,

Faature Noi 2
teetaceucnctee Aron. 1 sore.
Being near the milking shed this pasture was used
for helding purposes and wag frequently grazed,
It was not kmown to have been resown; the herbage was
dominantly perennial ryegrass and white clever, sparse
inv grovnd cover snd averaging 1 <= 2 inches high,
Partuas Boy 3,
S S 1
Area 3% acres.
Seeds mixture, LB,
Cortified Perennial Ryegrass 20
Gertified H. 1, um
Cocksfoot 6
Timothy 2
Red Clover 3
White Clover 3

S
B
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Sown, September 1948 with 3 ewt supexrphosphate of ter being arable
éf@r 20 ywxm

1 Ton per acre of ground limestone sown during the spring

ef 1949.

Menagement, |
This pasture wes & § mile digtant from the milking shed and
was aspproached by a public road. In consequence it was
pagtured by the dairy herd enly after morning milking, to be
returned for the afternoon milking: it was not pastured at
night,

Pagture. Cprposition,

Porieg Jamuary 1950 miw clover was dominant in the
sward, the vegstation belwg wneven, coarge, and with leose thick
runners comprising most of the grownd cover.

&&xtia@; areas of the peldsck were thickly p@pn}.am& with docks
and most of the grass specles were at a coarse stemmy - stage of
growth,  White clover formed the bulk of herbage grased,but tall

coarse herbage necessitated selective grazing of the favoured areas,

Technigque and Data recorded.

1).

| Records were made over 15 days in the period
17/1/50 o 25/2/50.
The following data wore rmorémmmm
1), Grazing M%ivityu
2)e  PRumen Movemeuts,
3o Degree o¢f Bloab,
4).  Incidental Data,

Using stop watch and counter, grazing aslivity

of Cow X was recorded by the number of bites taken le~e
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Fig.5. Jersey Cow X, flank below rib level stage.
Note depression in left lumbar. triangle
between hook bone and last rib.

Fig;6. Jersey Cow X,at slight bloat stage.
Note distension in lateral left lumbar
region and right lateral abdominal region.
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Per 5 mixmms on January 17 == 18,
Per 1 mixmte on Jmmm 20 == 210
Per % mimute en Jmum'y 24 == 27,
Pex* % mixmte on Februsry 2

Per % mimite on Februaxy 19 == 25,

Bumen Movementds,
SRS SRR F R R EREY

‘Eﬁh.e recording of graszing activity at % minute
intervals was betiter for accurately locating the eccurrence of
rumen motility cycles relative to the time emset of bleat,

The cycles ef rumen motility occur approximately abt 1 minute
intervals, mem@mg in frequency on graszing.

They were detected visuwally and by palpn@im, it being necessary

to resort to amscultation whan the body wall was severely distended,
thus meking vigual detection ¢f rumen movements difficult.

The ocourrence af rumen movements during the time onset %o bleat

were noted,

Bloat wes detected visually snd by palpation
of the flank im the left lumbar triangle,
Record was ns

le sceording to the position of the left flank in
relation to the last rib, and hook bone “w tuber coxa of the
pelviec girdle, FIG: 5,

Thres degrees of bloabl were rscordsdiees

a), Slight bloab,

b), Marked bloatb.

¢). Severs bloat.

a)e §lighp bloay,  (FIG: 6.)
Where the flank was distended over the last

" rib and level with the hook bone. Slight bloat was only recorded

where gas could be palpabed, otherwise the flank was only congidered
to be full, ‘
b). Merked bloat,  (FIG: 7.)

[EE RS TS EEENER)

there the flank was well distended over the last
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Fig.7. Jersey Cow X at marked bloat stage;
Flank taut and strongly distended in left
lumbar region.

Fig.8. Jersey Cow X, at severe bloat stage.
Usually accompanied by frequent urination
and rapid respiration.



rib and hook bone, marksd gas pressure being svident,

4

¢)e Sovere Mloat, £ Fif: 8,)

Where the flamk sad whole body wall was severely
digtendsd, the skim being tight and difficult to depress by palpation: )
Increased respiration, urination, defascation, and general distress
being evident,

Time @mmwmqm wag recorded from the commencement of a grazing
cyeles Uyele 1. being the first grazing cycle after morning and
evening milking,

agiiontal Pata, .
; Pasture conditiond and behaviour of Cew X
were xwmd in mlmiﬁ;n o k}m asnm;@i&l ragw&a. herd behaviour,
and the veried ngmm@ nanggemént, |
Data obbained mk subject %o -the effects of diﬁ‘wmﬁt grazing
managenent impoged, whieh w&é limdted by $wows

a)e ?&ﬂw& to predict bloat ocourrence,

b). Risk of production and animal losses,
¢)e Hormslity being disturbed for several hours by the

¢ bloated econditiou,
d). Deterioration of pasture conditions condusive to bloat
as the herbage was removed by grwiﬁg« o
These conditions restricted the number of measurements and
induced repebitions of behaviour aifferences,
Fesulis,

These findings sre summarised (Appendix) and presented in

graphical form in Figures 9 te 15 & l  Each figure will be discussed

under the appropiate days and in relation to the incidental data, This

discussion follows in the follewing pages.
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E_i_._gnro 9. Pasture, Fo; 1. Jamuary.

Striking behaviour generally was
gshown by the herd during the first 2 weeks of grazing Pasture 1,
On being relessed from milking the cows would gallop towards the paddock
gate and on entering immediately commence active grazing.
Bven if gome distence awgy and grazing actively in an sdjoining pasture,
the ssme behaviour was evident as soon as 2 move was made to open the
pa&dwlg gabe.

It sppeared that stromg preference was shown for the grasing in this pasture,.

Day Fumber, 17, 8ei.

Object, % test the effect on graszing astivity of feeding 9 1lbsg
of brewers' gralns and fresh lucerme hay ad 1ib prier
to pasturing,

Cow released frem milking abt 7 a,m,

Pastured. At 8 a.m, ’

Grsoing, Was slow and deliberste, consisting largely of biting
off mé elover stenm and leal Sops.

Bructation, Ocourred occasionally bedween slight and marked bloat.

Bumen ; V
Movementa. Were strongly evident beitwsen glight and marked bloat,

Depastured, 9015 aem,

- Dgy Fumber, 18. pem.

Object,  To investigate the knamq of graging activity without
suppimwtw fmdmgﬁrier to pasﬁaxmg;

Pastured. 6,45 p.m, immedistely after milking,

Grazing, Rate was excessive, broken only by occcasional short
waliging, and drisking 20 minutss after grazing
commenced,

Ho attempt was made %o select herbage.

Eructation., Wag sccasionslly recorded afier 15 minutes of grasing,

Bonen ;
Movensnts, Were strong between slight and marked bloat,

Depastured. T.43 pem, Gow X, ceased grazing voluntarily and
' walked out of paddoci,
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H Humber, 20, P.M.

Object, ‘To test bloat potency of pasture by unrestricted
grazing.

Pastured,  5.48.p.m. immadiately after milking,

Gragzing, Rapid and steady, bdroken Yy oeccasional walking.

Eructation, Noted intermittently 14 minmates after grasing

commenced,

Movements, Detected by smscultation, were noiay, strong, and
frequent 28 minubes after grazing commenced,
Very strong spasmodic rumen novements detected
visuelly 30 minutes after the onset of slight bloat
during the severe bloat conditien, ’
Depastured, 7.12,p.m. after grazing had veluntarily cessed,

&m-m.
It will be noted that the shortest time onset to slight
bloat and lowest grasing rabe occurred dey No! 17 where supplementary
feed was received prior to grasing,
<m'mttmmttqmn‘smonmmm
on Day Not 18 where grazing rate was highest in the first 20 minutes
of grasing,

'm severest case of bloat occurred on Day No: 20 when the
duration of grazing was longest, severe distress symptoms, high respiration
rate,groaning, urinasting, and defascating were evident, It is to be
noted that grazing continued even when strong distemsion was evident,

]
Bumen movements were in evidence well after the omset of bloat,
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Figars 10, Pasture No: 1 Jamuary,

Doy Bumber. &l. Peite

Cbjeet.  To test the effeet of reduced grasging time on the
degree of bloast,

Pastured, 5. 39 peie lnmediately after milking,

Grazing, Vns aztm@& and seme apparent selection for the taps
of red ¢lover shems and leaves, spperently conditiomed
by tall herbage.

Bructation, was noted 16 mm@s, after grazing commenced,

Buusen
Huvepsnis, Tere regelar,

Depustured., 6,27 peu, end ne m%&w graging pornitited on

Pasture 1o

W M.bwu - % »PQMQ,

Object, To test the effeet on the degree of bleat and grasing
time, of reducing grazing time on Pasture 1, and
continuing grasing én & nomebloateproveking Pasture Ne2,

Pastured, 6,18 Pol. immedistely after milking,

Grazing, @MW, W&n by walking, selective grasing for
red slever being wmm where herbage was m&l, |

Hructation, occvrred intermittently,

Bumen
Movenents, Vere regoler sod stromg vhen elightly blowm 44 minules

sfter grasing commensed,
Depastured. 7.6 P.H,
Pagbured, Hor 2, ab 7.8 B,

Grasing, Following a drink was slower and broken,

Somen :
Movements, Very strong and regular during the slow stealdy onset

to parked m&m

Grazing Ueased veluntarily st 8 Pl

Day Fumber, 25 Pl

Object, Po test the effect of wnresiricted pustering on
grasing sctivity, degree snd time onget to bleat
compared with Day 24, and te confirm the bleabt potency

of the pasture.
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Pastured. 5. 44 PoM. immediately after milking,

Grazing, was broken by walking; selective behaviour and
browsing of grass seed heads apparent, including
gome browsing of the boundary hedge.

Bate of graging falrly regular througheut,

Bructation, Hoted acoaslionally when browsing.

Bumen
Hovements. Begular and vigorous.

Depastured, 6.53 P.M, al though browsing slowly = when removed.

Dlscussion,

Grazing rate and time onset to slight bloat were similar
for Days 21, 24, and 25,

Where grazing time was restricted on Day 21 bloat occurred but
merked bloat was mot recorded; this degree was reached however atb
6:57 P, after depasturing, aspproximately 10 minutes later than merked
bleat on Dey 25,

Feducing 't:he grazing time on Pasture 1. and extending the total
grazing time on a none-bloat-provoking Pasture 2, delayed the time onset
to mearkdd bloat as compared te a shorter total grazing time on Pasture 1.

The graging time was the ksam for Day 25 and Day 20, ( 716: 9,)

4 Tagster gr-zing rate on Day 20 was agsociated with a shorter timwe

onset to bleat and a more gevers coundidien,

Figure 11, Pasture No: 1, Jaruary.

Day Fumber 26 A.M.

Object. To compare the time ocnset and degree of bloat
congsquent upon a low and high graszing rate induced
by pre-graging and starving respectively,

Pagtured. T1:15 a.me immediately after nilking, on Pagture 2,

Grazing, Steady between 7,30 a.m. and 8,30 a.m,.
Jastured | 8:43 a.m.om Pasture 1.
Grazing. Very casual, broken by walking and browsing long

gseed heads of grass.

Eruetation, frequent,

§
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Rumen ~
Movenents, Reguler but not vigorous,

Grazing, Ceased volumbarily at 9.47.8.m, and Cow X laid down
Flenk was full but mot blown, No furbher grasing
@cwﬂ*m and Cow X was removed frompasture snd

penned st 11,15 a.m,

w Hueber a&q P,

Pastureds 6 == 7 M; immediately af ber milking having been
without foed sinee 9.33 @.m.

Graging, m&mmm@a ab o fast rate,

Eructation, Not neted.

Fomen
Movements, Strong amd rapid between slight and maried bloat.

Depastursd, 746 pome

Day Humber 27 a.m,

Objeet. To jmpese & control treatment of Day 26 @.m, end Peme

by uwnrestricted grazing, |
Pastured. 7.7 @.m. imiiediately after milling, |
Graging, &mm at first, later broken by amwm@ selection
and browsing of tall grass,
Bructation, Yot recorded.

Homen
 Movements, Deep and vigorous when markedly blown noted 20 and 26

minvtes after recording slight bloat,

Depastured. 9,20 a.m, after grazing hed ceased veluntarily,

Discussion,

It will be noted that the highest rate of graszing wes
goncomitant with the shortest time onset to bloat and the severest degree
of bloat, DPloat did not sceur in the same Sime w}wm the grasing rate
was low, .
Bumen movements occurred well after the onset of bloat and *&wﬁé&

¢ increase in vigouyr,
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Object, To find if differences in grazing activity and time ensetd

to bloat cccurred between Pastures 1 and 3,

Pasbured,

oo m;@w

Rumen
Hovoments,

Pravive.bueleds

Bructation,

Bomen
ovensnis.

Depastured,

Ted5 aems immedistely after milking,
Casual, breken by tounsiderable walking and selective
groaging, Lald down at 9,10 s.w. flenk beling level.

Strong and regular abt 9.24 when the aninsl was lylng,
The movements coinecided with eructation; this was readily

detectod usually by palpation and auscultabion,

Commenced at 10,55 s.m, flsok being below rib, Graging
was very casval, being broken by welking and selective
grazing,

Qesurred vhen blown,

Were regular snd incrensed when blown,

18«*2@ Doy

Day Number 24, a.m, January,

Object.
Pagtured, |
Graging,
Bructation,

Bumen
Hovements,

Grazing,

Buomen
Hovements,

To repeat Day 18,
7o 38 @em, immediately after milking,
Broken by walking, clover sress belng selected.

Uoourred freguently.

Maw and regular, became vigoreus toward end of
grasing cycle.

Ceonged 9,29 flank heing slightly blown, Cow X remained
standing, then lay dewn st 9.48, A% 10,1 it rose and

urinabed,

=gt this tine were very strong, asseclsted with eruvctabion,
snd contractions followed in rapld succession,
4% 11,2 the flank wes reduced in distension and CowX lay

to commence cudding,



WINS/ TIME ONSET T0 BLO
10 o M

40 50 8o 100
+
f*fP T I | | | | T T T T 0 T
- ‘ r DEGREE OF BLOAT AND STATE
& OF FLANK 1IN LEFT LUMBAR
S - TRTIANCLE OP JERSEY COW X.
= 4444 SEVERE BLOAT
S 4+ 444  MARKED BLOAT
- 44+  SLIGHT BLOAT
a2 + PLANK FULL
= O— et = o FLANK LEVEL WITH RIB
= = -1 FLANK BELOW RIB LEVEL
- -1
%
700——
- PASTURE No:3}  JAN/PEB 1950,
P -
o 600—— RATE OF GRAZING ON
FIRST PASTURING AFTER GRAZING
L MILKING. CYCLE No:2
— DAY No:
500 a.m. p-m.
JAN:
B 18 -~ BETWEEN CYCLE REST.1hrA5min.
- - 24 - BETWEEN CYCLE REST.2hr38min.

RATE OF GRALING/BITES PER 10 MINUTES.
w
8 8

8

100

FEB:

- 171b.CUT GREEN LUCERNE
PRE*FED FIRST GRAZING GYCLE

*380Tq puB £9TAT308 FUuTzBID

GKAZING TIME.MINUTES.

=*¥°99-



e b6 =
FLGURBE, 124,

Grazing Gyele 2, Commenced 11,36 &.m. when flank was below

vib level,
Grazing, Was slow, deliberabte and broken by walking,
Eructation, Frequent, |
Sumen ‘ o S ‘
Movenents. Heguler but not vigorous,
zapaatmrédm 13;59 PeMe |
Dgy Wumber 2, LM, Fehruaxy,

Object, To observe the time recovery from bloat, and subsequent
grasing behaviour,
T.10 A, Penned. Immediately af ter milking,
71.30, ® Cut Green lucerne approximately 8" high at the pree
' bloom @tage.
Ted6 Fed gresn lucerne.
8.45 1 Feeding ceased, 17 lbs lucerne consumed,
8.50 *® ~ Slight bloat,
g,0 ® Kariked blost sssoveiated with vexy strong vigorous
ropingl G@Kﬁfﬁﬂ&&&ﬁﬁ aﬁé.@ruatmtian%
9 30 * Bloat still marked, but distension slightly relieved,
10,5 # Pagtured, \
Greging, very 1ight browsing of tall herbage,
Eructation. very freguent,
gggggQuugﬂ very frequent, snd streng,
11,43 AM, ZLay éawm@,amm%mg reminal movements and eructation
whilst lying,
12,7 P.Y, Standing, flsmk belew rib lsvel,
Gm)?*m: mﬁﬁ : Cormanced,
Grasing, Improved over cycle, but slow nd &@lib@xaﬁw.
Bruetstion, Not noted,
famen
Hovoments. Regular,
1.6.P. M,
Depastured. 3 ether cows in the herd were markedly blown, having

been pestured since T.40 a.m,
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A marked dlfferemce whs spparent when comparing the grasing
sebivity of the firsi,greving cycles after merning and evening milking
on pastures 3 and 1 respectively. { Seo slse FIGS: 15 and 154,)
Graging rate was generally highest on Pasture 1 particularly st the
commencement of the oyele,
Time onset to blost wes much lenger on Pasture 3 then on Pasture 1,
Time recovery frown mw&m& blost was between 70 <= 75 minutes,

Bumen movements increased in freguency and vigour towards the markedly

bleated condition,

Day Sumber 21 Pyl

3

%ﬁwm To test bleoat potency of pasture by wrestricted
grasing, (Pasture hed net been grazed sinee 25th

Janwary. ) .

Penned, 5ed54Fol. immediately after miliing,

Pastured, Te3eFolis == delayed bto induce repid grasing,

Graged, At an excessive rate; very little broken grasing,
Pagsbure short 1L =« 3 inches over whels paddeck, axeept
around dung patehes,

Broetation, Mot reserdesd,

Banen :

Movements, Increased in vigour toward end of grasing,

Depastured., 8,20 P.M. grasing ceased veluntarily,

w Mb@r« . QQQ R,

Objeat, To test restricted grazing time on degree of bleoat,
Penned, 5,50 Pols immedisbely after milking,
Pagtured, %1&? Palle
@rmam A% &m@m&m rabe == pagture shord.
Eroctation, et noted,
Rumen
Hovements, Steady mand regulay.
7.50 P.M, and prevented from grasing,

Depastured,



Dgy VWumber, 23, P.i.

Object, To repeat Day &1,

\ Berd had been pre-passtured for 35 minules prior to
milking on hay aftermath Pasture Hoi 4, which they
grazed sobively, The hmrb@gm was fresh snd 2 « 3 inches
high, ﬁﬁ&i@ %r@w@ra"grminw were deposited on the
paddock in patches,

Gas could be palpated in the flanks of Cow X end other
Cows on being depsstured for milking,

Cow X was milked first and pastured without the herd as
declining light was limiting full observation towards
the end of the graszing period.

Pastured. 5.37 P.M, immediately afiter milking,

Gragzing, Very reluctant, disturbed by agitated menner in sbsence
of herd, Settled to steady rapid grazing on being
joined by herd, |

Eructation, Not noted.

Fumen

Movemente . Increased in vigour towards end of graming,

Depastured, 6,50 P.M, grasing cessed voluntarily.

The left flank was being swollen, both flanks being

severely distended but no distress evident,

It should be noted that the guantity of herbage had
been congsidersbly reduced, Vhere the herbsge was an average of 4 =6
inches high in FIG: 9, it was now an average of 1 =« 3 inches high and
badly soiled,

The Pasture contimued to be bloatepotent,

Relative to Figst: 9 and 10. a higher grasing rate was maintained
for a longer time with an incressed time onset in Day 21, and reduced
severity of bloat. By restrieting grasing time bleat did net oceur,

Fumen movements were in evidense during the onset of bloab,
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Figore 14,

Pagbure Mot 1,

w 69 =
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Object, To repeat Day 21, & lbs of brewers® grains fed at
milking, Herbage was very short, and red clever formed
the bulk of species available,

Pastured. 6,40 P.M. immedistely after milking,

Grazed, In broken ﬁw&r. walking, drinking, and urinating in

| ﬁmt 10 ninute peried, 'ﬁ&w of k‘g:mmg incressed
’aww@s end of period,

Eructation, Hot mémrdmi.

Bumen

Kovemsnts, Hegular and lncressing towerds end of oycle but not
vigorous,

Depostured.  7.47 P.M. as declining light limited further cbservationg
6QW‘X slightly blown, distension incressing to the
mwm& stege af ber removal,

Day Humber, 25,4k,

Objeet, Ty repeat Day 21,

Prior to milking cows wers grazing Pasture £, the
herbage of which had frechened considerasbly, OCow X
and others came in to milking showing full sigps snd
ges could be palpated in the flank,

Relesased from milking 7.10, A

Pagtured. 8,10 Al

Grazed, At excessive rate == being maintained without bresk,

Bructation, Not aoted,

EFamen

Hovemanta, At 9.17 8.m, were very rapid end stronge~ increassing
in strength as distension increased,

Depastureds 9.€3%.m.m. having volunterily ceased grazing,

Discuagion,

largely of leafy red clover,

The herbage was very short for grasing belng composed

The Pastured continued %o be bleat-poient,

Helative to Figs: 9 and 10, & higher grazing rate was maintained for a

longer time, with sn increassed time onset %o bloat and reduced severity.
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Fumen movements were repeated and vigorous when marked bloat was spperent,

[

@ & @ @ &% & @ & ] % & @

Figures 15 snd 154, Pasture Fo: 3, Februsry.

Day aumber. 19. AWM.

ObJject,

Pagtured,

Grazed,

Bructation,

Fmen
Hovemeniae

Fruetation,

Depastured,

Te find if differences in grazing activity and time
onset to bloat vecurred Yetwesn Pasbtures 1 snd 3,

Tod] AMe iumedistely after milkiag,

Steady rabe at flret bub pregressivsly slower,broken by
regoler walking end apparent selection, herbage belng
coarse and pabehy, |

Frequent,

Not distinet after 50 minutes of gracing, became apparent

inereasing in strength towards end of graszing oyecle 1.

&t Y29 vheon cow weas stending gaseous sounds were

debected by sumeouliabion,

Folivwed posterior wave of rumen contraction and tightening
of flank, Ireguent sractaltion whilst lying between grazing
cycles,

3. 38 Poi.

Doy Number. &1 Al

Object,

Penned,
Pagtured,
Grazing,
Eructation,

Buonen
Movements,

To repeat Dgy 19 snd attempt to incresse rate of grazing
by delayed pasturisg,

From & A.M.

10,5 AoM.

Broken by walking snd general disinterest in herbage,

Frequent,

Faint but regular at end of cycles 1 and 2,

Day Bumber, 24. A.M.

Object.
Pastured,

Graged,

fo répeat Day 19.

155 A,

In broken manner by fregquent walking snd restlessness,
due to = combination of very hot weather, flies, end

coaree herboge,
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Eructation, Frequent,
Rumen ‘ ‘ : :
Movenents. Very faint but regular,
Depagtured, %15, P,

Discussion,

The pasture herbege in Pasture 3 had freshened in patches,
but was generally very coarss. - Vhile clover was the dominsnt herbage
available, and most frequently grazed in patches, which vcourred between
rank, seeded grass speclies and docks, Ho bloat was ra@nr&@d in the
period of observation,

& marked difference in grazing sctivity was spparent between
the firgt graging cycéles after morning and evening milking on Pastures 3
snd 1 respectively. The same type of difference m’ spparent when 3

morning grasing cycles on Pasture 3, and 1 mornive srazing eycle on

Pasture 1 are compared,

I1lustrates the time recovery from marked

‘bloat induced by fesding 17 1bs of fresh green lucerne,
It is of interest %o note that st the same time together with Cow X, the
same time onset (64 minutes) and degree of bloat was recorded for one
other lactating animal, Cow Y, which comsumed 11 lbs of lucerne,

This obésrv&%ion wvas repeated on 8/2/50 when very wet fresh green
lucerne cut from the same paddock was fed to the same two animals,
Cow X beceme blown in 2 hours after cousuming 18 1lbs of lucerne, whilst

16 1bs of lucerne faliled to csuse bloat in Cow Y,

Similar obgeorvations were made follewing grasing inie

Figore 8, Day 27, A.M. Jenuary, \
After being penned for 3% hours harbage

was cut from Pasture 1., and immediately fed to Cow X mich becans markedly
blowa in 90 minutes after consuming 24 lbs of herbags.
Cow ¥ was fed similarly after being pemned 6% hours, and became slightly
blown in 60 minutes after consuming 30 lbs of herbage.

This observation was repested on 1/2/50 vhen Cows X smd ¥
consumed 17 1bs and 18 Lbs respectively of fresh graem herbage from

Pegbure 1, but bloast wes not recorded,
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The value of these observations lies in the fa@t that
bloat was induced by feedinmg herbsge from pasture conducive to bloat
in¢idence,  The implications of this finding shovld be obvious in view
of the difficulties experienced in bloat studies by failure to yi@ﬁﬁea

the condition &xperimanﬁ&113¢

Discussion of Hesults,.

The operdtion of a herbage qm&@ﬁita%iva factor
in the ,onset of bloat is iwplied in these studies,
it is likely that a decrease in herbage available would rednce the
incidence and severity ef bloat,

The behaviour of the animal on pastures haviang a high blest polency
would slse sppesr to be lmplicated,

Thiz is mest likely %o Ve ewpressed in duration and rate of grazing as
these factsrs may iaxrmwm@&k%ﬁﬁal harbags lutuke in 2 glven veit of time,

There is insufficient dota upen which %o support the a@m@ayt of a
difference in the %1@%% poteney of herbags,

It is suggested that this facter could be usefelly investigated by feeding
rarinos wwig%&s‘wf harbage against herbvage frem pastures ﬁ@mducivm te Bloat
in conjonction with In vidtre apd iz vive gay productien studies.

The implicabion of ruman ishibitery factors im bloat-preoveking
pasture, and their incrimination in the etlelegy of Dleat dees meot find
suppert in thege studies, Cn the conbrary, rumer mevenenis tended te
imeresse in vigeur durisg the oaset of bleat,

Whilst appreciating the limitations éf these ﬁﬁuﬁ&mw'%h@kwri%ar
would draw particular sttenbivn te the purp&ﬁ@Maf this digesuorss, namely,
#he stimulation of comstructive theught as well as providimg & basis fer
reference,

For that purpose these studies are presemted, for with some
knewledge of conditioms pertaimimg in the field, then better comstructien
is given to werking hypsthesss wper which o base well contrelled
imv&@zigatimag. Thare can be ne doubt of the inadequncy of the litere

aturs for sssisting the latter purpess,
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A number of interesting and provecative features arise frem this

gtudy, debtalls of which sre in the dppendix,

a)s & bloat susceptible lactabting Jersey cow was used for studies
relating to grasimg activity, amaﬁblwat incidence,

bl Over 12 days em which bleat oocurred on the same pasture, the
average time omset te bleat was 48 mimutes,

¢)e The sverage rate of grazimg (bites/min:) was 50, im the first

| 40 mimubes of pasturing,

d)e The average grasing time was 693 mimutes.

e)s Fumen mevements were evidemt durimg the onset of bleat and were
recorded when severely blewn, 30 minutes &fﬁ@r the enset of the
condition,

£), Bumen movements tended teo imcrease im vigour as distension imoreased,
being rarely detected at the height of distemsien,

2). Generally, under similar pasture conditiems amd in the absence of
supplementary f@@ain%, the shortest time onset te bleat tended teo
be sssotiasted with the highest grazing rate.

h). Severest comditions of bleat obtained where a high grazing rate
was combined with the longest graging tinme,

i)e A restricted grazing time was associated with a reduced severity
of bleat, |

Jle Over sl1l observations the aversge time enset to marked bloat was
64 mimutes, One case is evidenced where time onset to marked
bloat was approximately 70 e- 75 minu%@a,aadf&xvnﬁ(y Zaéyeibﬁnaﬁﬁz

k). There was o #ifferemce in time omset amd incidemce of bleat between

pastures concomitsnt with s difference in grazing asctivity.

SUMMARY OF SEOTION (c).

To summerise then the grasing scetivity of ruminsnis
and the omset of acute bleat,
ale Where herbage conditions are cemducive te acute bleoat its incidence
is widely reported,as eccurring nmet less than 30 mimutes after
commencing to graze, and mest often withim 135 howrs eof pasturing,

Bloat incidence is often asseciated with longer perieds of pasturing.
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Seasonal distribution of grazing time
for dairy cows.

After Hancock(IO09).
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Ble That the rate of grasing may be an etiologlcsl fsctor in the enset
of acube bloat is sm@mm@. by meny reports, tabt is not known te
have been investigabed experimentally,

ele Evidence is presented which suggests that grazing activity as an
animgleconditionsd intersction with pasture may be implicated

in the time onsed %o bLloat snd severilyy of the condition,

al, SEASOHAL GRAZING AQTIVITYE,

Sengonal influences sre implicated in the distribution of herbage

preduction peaks, and appear evident in the seasonal incidence of bloat,

It ig 28 well to exnmine very brlefly the pessibility of ruminant
grazing astivity alse being influensed by seasensl factors.

There is evidemee that hot weather lowers the ﬁa‘lly grazing time
of cattle (106), (60},

and it is sugrested thab this facd sccounts
for shesp (85) extending their night grazing time during summer months,

Qf paptieviar interest s the pregressive decrease in afterncom
grazing time conditioned by esrlisr nightfzll due o decressing day
lemgth,  (208), Fig. 3.

Hancock (109}, in New Zesiand hes shown that the periocd of longest
graving time for dalry eows cocours in December, Fig, 44. This pesk is
followed by o sharp declinme in the swmmer with a rise again in the
satomm,  Hameook cma&%m that thig trend ghows that the %time spent
;g;ﬁ&%mmg iz mainly determined by the gqualiiy of grass, which penserally
deteriorates during the dry spell in the summer. |

How if gas productiom in the rumen is proportionately related
to the amount of food consumed (51}, (52), it would bs expected thab
aam&mm remen gas formaticn would ¢btain whers conditions provide fox
the opbtimum consumption of food, Further, where these ceandibtions ‘
‘prevail it may be conceived that a lower feeding time would be necessary.
%@ peak snd total volume of gas production would therefore be reached
: in the minimum time interval afier feeding commences,

Shovld the freguency of eructalioy be coincident with and dependent

Cupon the minutely cyeles of rumen welility, as sugeesied by some
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workers, the optimum formatleon of rumen gas in the miniwmum time inberval
af ter fesding may conceivably sxceed the gas remeved by oructatien,

and increased ges pressures im the rumen weuld be expected to follow.
These conditiens are mest likely to obiain in the monthg of lowest
grazing time which ceineide with these of inoreasing pasture comsumpbion
(76), the pesk of pasture gr@duc@i@m (55), (95), and the seagenal

incidence of bleat, (19), (93), (94).

& .8 B i

8¢ much thesn fer the graging behavigur of the rumi&a&t as it may influence
foed consumption, These animal pasture interactivas have been congide
ered which mest prebsbly determine the gquantitative level of herbage intake.
The impertamce of this aspect camnet be d@nbted particularly vwhere pasture
eonditions are conducive to bloatb, What cemprises the quad;&tative factors
in pasturé conducive to bleat remaing an unyieldimg prehlem, f

However, an earlier intimation was given that the grazing snimsl may conditien
the individual level of its envirenment by imfluencing the secial order of
the species components of a pasture,

A sufficient weight of svidence exists te give reason for believing thatb
bloat incidence is highest en all legume or legume dominated pastures.

We know that the envirenment induced by the grazing animal is faveurable

to the growth habit ef these legume species most widsly(used in iﬁtemsive
grassland practice, Xt'ia therefore necessary to very briefly examine
thease interactions conditiemed by the animal which influemce the species
composition of a pasture and thereby the quality of herbage available for

congumpbion,

Ce THE GRAZING BUMINANTS INFLUENCE OF PASTURE COMPOSITION,

il AR

Within pastures compesed of mere than one herbage species, a comstant
state of inter specific competition exists (132), with the result that a
very umstable and dynamic commumity prevails, (54),
Of the three fundamentals, seil, climate, and animal,which constituie enviren-
ment, the twe latter are the mest variable and would be expected to have

‘greatest interplay upen the pasture plant community, It will fellow
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that the pasture will becems charascherised by these plambs best adapted
e spviresmental cenditivus.
Whilst the resspective envireumental facbors eof climste and grazing animsl
must sseume an order of lnfluvence ss tu be almest lmgeperabie under
imtengive groselend ceunditlens, the snimsl is the centrellable facter amd
ite influence capsble of sualysis.
The degree of imflusnce exerted upen & pasture by the grazing smimal in
ao far ag it faveurs ceriasin spscles o the exclusien of eothers, will be
conditioned in large part by the cemplexity ef the pasture cempesitieon,

Davis et al, (1946) (132), demenstrate that a greater degree of
stability will be meintained in a simple mixture pasture, for example,
of rysgrass, and white clover,vhen compared he a pasture havisg & cemplex
nixzture of ltalism ryegrass, peremnisl ryegrass, Cocksfoet, Timothy, red
cl&ver,k&n& white cleover.

Having that &g@x@@&@%&w& of the factore liasble to medify the influence
of graging en the paasture w@mmmmiﬁy w@ may bebtter examine the work which
illustrates %&wga overall effecis,

The claseic studies of Martin Jomes 1933 (129) in England, were
the first te sheow the r@%ﬁﬁi@w @thﬁ#bwg@ gpecies to different desgrees
of grazing intensity.

Using thres wiéﬁl&‘v&xyiﬁg species of grasses he demonstrated that
in an adwmixture the success of a species depended largely on the aggresse
1vgmaaa of the sother gragses snd thesse in turm wers strengly influsnced
by the times of stocking, Mertin Jomes 1933 {130), further shewed
that grazing nansgement differing in time of grazing and intensity of
stocking affacted the bodaniesl cempesitiom of pasture in relabtion dbeth
to the proportien of grasses to clevers and the inread of pasture weeds,
Martin Jones cenclnded that the method of stocking is the governing
facter in determining the beltenicel nalture of the sward, This w@ﬁkA
has been widely confirmed und is an geoepted primciple in grasslamd
practice,
| It is well demesstratsd in the findimgs of Davis and
 Williams 1946 (132) in a seriss of trials to assess the comparative
developnent and sward forming stbttributes of various grass and clover
speclies under different grazing management over the widest pessible
range of counlyy in Brivaln,

The principle expoundsd by Martin Jeones is shown to apply in Hew Zeslamd
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where Levy aud Sesrs 1948 (131), using a sward containing a cemplex
mixtare ef herbsge species sewa in 1946 subjected the sward te the folleowing
aystems of graginglews
1) Cless and contimusus (st 1 inmch centimueusly)
2)e - Sheep, rotstismal grazing ( up te 3 -4 imches dewn te 1 imeh),
3)e  Dairy, rotabionel grazing { up te § =« 10 imches, dewn te 2 inches)

in smalysis of the sward compesitien as ab Octeber lat 1947 is shewn in

Table 4,
Table A October lst 1947,
Compesition, % Dy weighb.
1. Za 3.
Gontimuons Short=Spall Tongedpall
Grasing Rotativnal Hotebtional
Grazing Grazing
Peremnial ryegrass 4363 4.6 L1
Shert retabion ryegrass 2.9 2le 7 40,2
Timothy 6.8 1.2 .
Gocksfoot. 1.0 Ze o
Other grasses i 40 0.7
White clever, 42,4 2443 2363
Red elever 2,8 _ 2.8 4.2
Other sy&wiaww ' 0.8 1.2 0.5

fears gend Levy comment that the main featurs of the sbeve &&%&y@i@ is the
failure of the shert rotatien ryegrass under clese and continuevs grazing
sud its demingmt pesition in the sward (at that time of the year) when
under the retatiensl grazing with long spwlls in between grazings,

It will be moted that the red clover content was low as the time of
analysis correspended te the early vegetetive development of that species;
red clover became domimsnt under the dslry cew grazing system as the

season sdvemced ss shows im Table Be
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Table 5,
: December 1947 .. Harch 1948,
Gomposition ¢ Dry weight.
&q g;m ?)n
Contimaous Short-8pell Long=apell,
Grasing retatienal rotabional
praning grazing,
| Zﬁﬁ%@mﬁm
Shext rotation sad , ;
paresnial, ) 313 48.8 20.4
Timeothy S 0.5 trace
Cocksfoot 0.6 1.0 0.8
Other grasses 1.6 365 trace
White clever 5467 1.8 2h.4
Red. clover 5ol 12,1 563
Other species 0e 7 | 2¢3 %
Tield fer peried
( in 1be dry matter 2900 3400 5100
per asye)
Crude pretein
$ dry matter 28,4 2%,8 20,4
Gruds Fibre
¢ dry matter 15,5 17.3 19.9
e, of grasings. Continveous, 5 2

The writer would draw @@&%i&ﬂl&x atbtention to the faect of herbsge quantity
available in this case being influenced by the grazing system impesed,
whilet there can be no doubt of the marked influence of grazing in cone
ditlening the guality ef herbege svailable, snd this largely through the
dominancs of the clever svecies,

This peint iz further ewphasised in the studiss of Jehmetene Wallaes 1950
(125}, w&@ refers %6 the vesults of srazing treastment of pasture st Cormell,
The pasture was laid dewn with s seeds mixbture of grass gpecies and Kent
wild white clever, Deing umiformly treated for ssveral years te develep

2 demgs sward censisting of sbout 507 grass and 50% wild vhite clever,
Beplicabed artificial grasing troatwent was applisd with the fallewing

rosulds.
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Artificial Graszing Treatment, % Gompesitien of Pagture,

Intensity, Interval,  Glover, Grosse

Al

Sward to within £

inch of ground surfacs 7 - 8o 20
= do = 28 50 50
“ 3o = 56 0 90
- do = C o 84 | 1 99

Johus tone~ Yallace concluded that periodical cleose grasing tends to imcresse
the percentage of clover in s sward, He further reports that the mpmimm
algo showed that periodical mawm@; %o & inch from the &rmd gurfnee
resulted in s higher yield of dry mebter and protein than when artificial
groasing was restricted te & inches from the gmm& surface,

| From the sforementioned work it becomes sppevent that this particular
sspect of animal conditiored intersctions may be of importance in the |
stiology of Yloat in so far as they contribute to the qm&lwmim fe&mmm
invelved, Support for this reasoning is given by the general observabion
mﬁ, recommendations for menagement practice tv aveid bleat deseribed by

Iyons (12) in New Zealand,
Beferring to the mansgement pmmmm considered

gonducive to m@mﬂm states that hard winter grasing of pmmmm in certain
lucalities is actuaily the factor most responsible for the bleating of
dadry cows during the esrly spring Byegress In particulsr but M&ww
grass species as well to some exitent ere so severely punished in the winter
months thet they cemnet possibly afford effective competitien { contrel)

to the spring growth of vhite clover, snd the outcome is a vitally
wnbalaneed diet of sappy bloatepreducing h@x‘”ﬁ%@ for several weeks,

Lyons congidersg thet in genersl s grasing pesture which has growm
glowly witheub fereing over geveral of the winter meaths will be found
free frem any bleabing tendency.

Aso in New Zealand Merryat 1947 (133), gives as his opinion fhat
¢tlose and contimvcus winter graging will ivorease the danger of spring
ﬁmm ingidence by encouraging aloves dominance,

The seme principle is implied by Schalk in Americe (cited by Cole et al, (9) )
who refers %o blest becemingz a sericus preblem in rormally grass domimant
pastures which have given way to cleover species, to be sllevisted vhen

the balance of grass specles wes restored,
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in Emgland,Bathe (24), refers to the influence of climate snd graszing
animal as asseclisted facters in @@ﬁﬁ&ﬁ&@mi&g herbage growth cenducive
te bleat incidence, He refers to conditions unfaveurable te pasture
growth, whem herbasge was guickly remeved by grazing, grass species were
gxam&& very clese, and subsequent ecceurrence of climatic cenditiens
faveurable to herbsge grewth resulted in the deminance of rapidly growing
clover, with a conceomitant h@gh bleat incidence,
Similar conditions where grazing influenced the dominance of legume species
were implicated iu cow falalitles from blosd §®p®rha& in England by

Fergusen, (114).

Foow the manner in which the grasing animal influences the bebmmieal
composition of the sward, there emerges geod reason for considering the
asgronemic sppreach te the bleat preblewm, For if there is to be foumd
valid basis for asseciating high bleat incidence with éammmtially legume
dominant pagture, then both grazing manmagement snd censequent pasture
composition moust of necessity deserve prier comsideratien in evelving
pr@v&m@%vé“mm&aurmsm

To summarise the general effeocts of the grazing animal as s facbor
of induced pasture envirovmentlwe-

"a)e The grasing animal stremgly influences the soeisl order of
species in & pasture, the extent of that influence b&iﬁg
gubject to the degres of grasing intensity imposed and
complexity of the &iwtur@a

b)e An increasing degree ef grazing intensity compatible with
vegetative growth generally faveurs the legume spaaiag‘im a
prebturo,

¢)o & nmumber of reperts implicate the intemsity of grazing as

Being an sccessary factor te ﬁl@&k incidence in so far as the
degres of grazing encoursges legume deminance,
it is aot waressensble to asseciate specific gualitative factors with
particular herbage species, In this event the above summary indicates
that the graging animel is a facter of interactien vitally affecting .

the quality of a pasture.

S AR



COROLLARY,  PART 11,

Onee pasture has beem made availsble for the snimel sm optimum comsumption
of herbage in s given pusturing time is primerily dependent on the efficient
mechanical functiening of the inmgestion act,

The mamner of Dumction and varistions in performance of ilungestien will
doubltless nfluence the guantity of herbage inteke in any one %ime,

This has necessitated a full consideratien of nmommal grazing astivity, and
the variations occurring daily, seasenally, sad as a result of selective
grasing . Yith that knewledgs 1t has been the bebtter to examine the
manner ip which bleat becomes menifest in grasing ruminants,

There is evidence which afferds seme credence fer the genersl state-
ment that free pasturing catile graze on an average 6 « 7 hours daily with
& range which may extend to 10 heurs,

The nature of this grasging sssumes s oyclic pattern for ruminants during
a 2& hour dey wost of the oycles belng distributed throughout the daylight
hours, A high rate of grazinmg occurs at the begimning of each cydie,
being highest for dairy catile im the cycles following mﬁkmg;

1% follows that where pasturs, grazing management, and climate are net
subject to wide vn@i&&ima, a certain level of herbage censumptien wonld be
expscted to oscur at falrly well defined perieds ef the day.

Heow there is relisble evidence that ingestien btime and rate sre clesely
ssgocisted with feod gué&tity consuned,

@mxhhwx, that an increassed intake of the ssme food féll@ws an increassed
ingestion rabe,

In the light of that experimentsl evidence and under the same pasturisg
conditions, it would reassonsbly be expected thal the largest quantity ef
herbage would be consumed during these cycles when grazing time and rate
are higheat, The velume snd rabe of ruminal gas produced ascerding

te experiment (51), (52), would increase to reach a pesk follewing each
grezing cycle, { See Fige:172192 ) and be lowersd by eructationm whilst
regting between oycles. (Bl),

Tolume and rate of ruminal gas production being proportisnal %o feed
gonsumed (51), (52}, (96), optimel levels would reasomably be reached:
when grezing time and rate were highest, which for dairy cattle would
colincide with those first grazing cycles following milking,

At the same time a carry eover of & certain velume of rumen gas from one
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cyele to the mext could well be cemeeived. ( See Figs?172-212) and

al volume of rumen gas relabive to the same grazing cenditions may

well be reached follewing grazing cyeles subsequent fo the first after

milking, The moximal velume of rumen ges probably being influ@a@@a by

the fregquency and extent of eructation in the between cyecle rest peried.
there the rate of formation snd velume of rumen gas contributes to

incressing ruminsl pressure bloat would be expected to occur failing

ervetation Yo remwve the gas fermed,

%hm,&wu&i&iwm would most probebly be first manifest during or at the end

of the first grasing cycle after milking, being accentuated where pasture

conditions are conducive te opbimom herbage intake,

Under the same pasturisg conditioms differences lin time and rate of grazing

with subseguent differences in herbsge guantity entering the rumen, weuld

be reflected in differences of incidence, time onset, amd‘d@@xgﬁ of bloab,
The m&miﬁagtaﬁi@n of such grasing sctivity differences may well

coentribute to differemces in blout incldence between vastures.

Some indicstior has héam given of the manner in which the in situ inbere

actions of plant and animal msy influence these quantitative and qualitative

fa@%@t% probably implicated in the etielegy of bloat,

Te develop the concept of interastien, s loglcsl pursuit ef this discourse

requires consideration of ths intermal envireament of the ruwmen, for

vltimately i% is there that the nowmal plemt and snimal relatienghip

breaks down resulting in the dysfanmetion mamifest as bloat,
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Co FUMINANT DIGEGTION AND BLOAL, THE PHYSIOLOGICAL PROCHSSES INVOLVED,

PARTICULARLY A8 INFLUBNCED BY BIOOHEMICAL AND PHYSICAL PROPERTIES OF

HERBAGE PLANTS.

Bach physiclegicsl shage of digestien in the ruminant progressing frem
the purely mechaniecal act of ingestien to the passage of imgawta from
the rumen, will be exsmined with reference %o current theeries of bleat
and relevent experimentel findingg, The subject matter will be trested
in the fellowing srderieesw
Ay The huminant Stomach, its anabtomy and arrangement of contents,
B, Ingestion, and subsequent Alimentary function,
Ge Hotility of Homen snd Retloulum,

D, Broctation mmd Attendant Phenonena,

Z, Fumen Gases,their composition and rate of foermation.

Hp

THE EUMINANT STOMACH, ITS ANATOMY AND ARRANGEMENT CF CONTEWTS,

4 brief description of the anstemy of the ruminsnt stomach and the
manper in which its combents are erramged, is a necessary imbtredvcotion
to an undergtanding of the fumctional phensmena te be discussed.

The four stemachs ef the ruminsnt are the rumem, reticulum, onasum,
and abemasumi it is only the first two, the rumen mmd reticulum which are
prinarily concerned in bleat, amd will be cemsidered in detail.

dcoerding to Schelk and Amaden (61), the feur stomsch compartments
of the bovine animal held 20 == 40 gallens, the smeunt depending on the
gize of the sunimal, The yumen is the largest of the four compartments
occupying 80% of the total capmoitys its left side lies against the left
abdeminal wall in which reglon gas pressure first becomes spparent &ﬁriﬁg
the ongat of blast The right gide of the rumen is adjacent to the smasum
shomasun and ather abdeminal visceva,

Divisien of the rumen inte dersal and ventrsl sacs, by left and right



Fig.I6. Stomach of sheep. Left view.
From specimen hardened in situ.
The reticulum is somewhat contracted.

After Sisson(234).

Fig.I7. Stomach of sheep.Right view.
From specimen hardened in situ.
Dotted line indicates position
of spleen. After Sisson(234)
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mﬁggwamm grooves is o marked sunabemicsl festure, bub less distinet
is its divisien inte posterier, middle, and anterier regioms, by dersal

and ventral pesterier coremary grooves. (See Figs. 16 and 17).

The reticulum is composed of & small blind sac asterior te.the rumen,
and seperated by a rumemo-reticular feld, apart from which the rebticular
cevity communicates freely with the rumen via the rumencereticular orifice,
The medial wall of the reticulum designated the atrium ventriculi blends
with that »f the rumen, in the dorssl portien of which is lecated the
oesophagus or cardia, Descending spirally from the cardia on the
medisl wall of the retienlum ig the ceseophagesl groove terminating st the
&pm&ng connecting reticular omasal esvities, which m clesed By a sphincher

like arvangement of muscles, (%@ Fig. 18).

fryaogementlof Oentemba.

The physical nature of the rumeno~reticular contents
and their srramgement are all impertant, in so far ss they msy both inhibit
and stimilste rumenal motility (61). |

1t is in this covnection that Uole et al. (51) postulate their
theory that blost fm due to au sbsénce of fidbrous materiml, which they
congidey necessary for initiating the resurgitation reflex esgential to
‘hh;émalmm of rumen fermentation products,

i

speoyding $o Schall mnd &

wden, the rumeno-reticular contents vary
in physicsl nature characteristically between the venbtral ‘m& Mmal‘mgwnm
Liguids ocoupy the ventysl portion of the rumencereticular cavities, semi-
saturated food material the intermediste region of the rumen cavity, above
which lies the freshly ingested forage materisl of low moisture content,
The spate between the latter maberisl asnd the dorsal wall of the rumen V
being occeoupied by ges. This spaee varies in cspacity accerding to the
degree of filling of the rumen with ligquid and solid ingesta, and
according to the tone of rumenal museulature, (51), |

The arrsngement of liguids and solids is most clearly defined within the
rumen, whilet the reticular contents under normal conditions comsist of a
semi liguid, wniform in congisbency throughout, ALl the liguids are
heavily loaded with completely saturated lngesta, or with cencentrate food

substances. (Scr. Jic. lﬂ
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Fig.I8. Reticulum of Ox.

The specimen was cut along the greated&t curvature
and laid open by reflecting the anterior wall.

C.is the cardia.The arrow points to the reticulo-
—-omasal orifice.The spiral twist of the oesophageal
groove was of necessity partly undone by reflecting
the walls,its lips are drawn apart showing some of
the peculiar birdelaw-like papillae in the ventral
part.

After Sisson(234).

air space

ighter freshly
ingested food
material

Eosophagus
cardi
orifice
pproximate
luid level
reticul
omasal eavier food
orifice articles suspended

in fluid

cular
fold
Diagrammatic sketch of the mid-longitudinal

{ section of the rumen adapted from Schalk and
Amadon(6I) and Cole et.al.(5I).The opening
of the oesophagus into tho rumen(cardiac orifice)
is on the right side of the rumen,as is the
opening of the reticulum into the omasum
(reticulo-omasal).Note that the rumen and
reticulum,are only pu'tials seperated by
the rumeno-reticular fold;also that the
reticulo-omasal orifice is submerged in
liquid,whereaes the cardiac orifice is not.
A syringe like action of the reticulum tends
to force freshly swallowed food into the
posterior rumen.

Fig.I9.
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Baleh 1950 (134), has shown that when cows eat diets containming roughages
guch as hay, the mesn dry matber content in the dorsel and ventral regions
of the yumen may vary as much as 10%, but varies much less when a1l the
hay in the diet is ground, With such hay the proportion of dry mabtter in
the contents of the ventral sac was often double that with diets of
ungyound hay,

According to Nevems 1928 (135), there may be little or ne free
liguid in the rumen of full fed cabtile, whilst much free liguids may be
present in fasted animels, these findings having simllar spplicatien o
sheep. Hoss 1934, (136), (137).

In the mature bovine asnimel all golids end liguids are deposited
in the antericr dorsal sac of the yrumen to be immedistely tramsporited
enteriorly or posteriorly accerding to their W%ma& nabure, m&er the
impulse of flows of liquid ingests srising from reticulo- rumensl
contractions, As these contractions increase in activity during
ingestion, snd may be conditionsd by nervous stimuli in the oral cavity,
Guin 1938, (139), it is important %o first exsmine the physiological

processes during the ingestion period,

B,  INGESTION. AND SUBSEGUENT ALIMENTARY FUNCTION,

Aty

Variations in the functional phenomena in this period, due both to
the individuality of the animsl and its reaction relative to the physical
and chemical nature of the ingested food materisl, will determins in pard
the extent of the physiclogicsl setivities which follow in the sequence
of digestive processes, t

Using stall fed fistulated cows Schelk and imadon (61), removed
food boli a:if‘ the cardis szs they were projected inte the sbtomach,
w%mm@rabla varigtion was observed in the form,; weight and consistency
‘@f the bolus depending on the typs of food ingested,

The fellowing date were obitainediees

weamwfnllowg on next page,
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SAMFLE WBIGHTS QF FOOD BOLI REMOVED AT CARDIA,

Weights in CGrams,

Food, ; Mint Max: e,
Hay, 40 140 85
Wnole Oats. 70 240 140
Ground Feed, 40 191 101
Thole Corn, a1 147 81

Porage materisl was moulded into a firm oblong mass retsining its shape
af ter reémoval, Cured hsy boli had a low moisture content, floating in
woter, but their weight rapidly inereases and identity is lost due o
liguid absorption and maceration in the ruwen,

| Concentrate bolli ars much heavier than those composed of forage
material due to the density of food maberial and more rapid molsture
abssrption, whllst ground feed boli are doughy and dry in the cenbre
if rapidly m,gmwm Whols oats and corn were furmed into loossly
wouldsd bolie | '

The brief spase of time devobed to the initiznl mastication process
of the feeding pericd renders possible the ingestion of great quaniities
of food during a brief intervel of time, "

Furthering their investigations Schalk and Amadon observed the
in@m*ﬁim rabs of 5 1b allowances of the sfeorementionsd foods, their finds
ings being sumarised in Table T, ’

DIGESTION RATES,

Food, Weight L3S, Hot of Boli, Ingestion rate,
- ( Minutes,)
Hay, 5 ® 15
Whole Oaks, 5 23 10
Ground Feed, 5 45 14
Wihole Corn, 5 25 18

A"

The figure for hay wae an estimabe based on the nuwber and average weight

of boli gver & certain intervel ag the guantity of hay which can be
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consumed during a certain interval of steady eating is difficult of determination,
This is due to the fact that hay ingestion is quite irregular wnder normal
feeding conditions, it being impossible to feed a definite guantity and have

this amount saten in toto,

The rate of ingestion was affected most by the degree of hunger, there
being & decrease in the number of boli ingested as the animal becomes partislly
satiated, This was clesrly shown in ome animal fed mn lucerne after
being penned 24 hours off feed, it was observed that 30 boli wers ingested
in the first 5 minutes and 19 in the succeeding 5 minutes,

Considering the feeding data in connection with this work as = whole
Schalk and Amadon failed to note any marked differemce in size between boli
ingested at the beginning and end of feeding,

A combination of hunger and desirable food material resulted in the
ingestion of large boli throughout the eating period, this applied particularly
in the case of whele oats,

Unpalatable food exerted a pronounced depressant effect upon the ingestion

act, This was evidenced by the feeding of prairie hay :huh. was unpalatable
to all animals observed, Some animals refused to eat it after a 24 hour fast;
one cow ate in a very deliberate and uninterested manner and after passing _
16 boli in to the rumen ingestion ceased, 15 minutes being required to prepare
the boli having an average weight of 25 grams, the total weight of the meal
being far below normal,

In regard to the time period required for cows %o ingest a given weight
of different foods, it is of interest to mote the findings of Harshbarger (110),
This worker fed 1 LB lots of grain, silage, and hay to five different breeds
of dairy cows and obtained the following average rates of ingestion leewwe

Silage per L3, 1.75 == 2,75 ninutes,

For avery type of feed, rate of sating was highest for the Friesian cows,

Manual removal of rumen comtents by Schalk and Amadon (61) in a number of
- animals whilst feeding gsave them cause to consider that judging by the work
done on the bolus the act of ingestion sppeared to comtribute %o satiationm,
In one snimal ingestion ceased after the consumption of 38 1bs of lucerne,
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in gpite of removal of rumen contents ss fasb sz they were ingested,
Likewise the ingestion period was shortened by sdding ingests to the rumen,

it wag further observed in the mormel subject that the desire for food
slways ocourred s few minubes after evacuation of the rumen ingesta so that
abgence of volume wndoubitedly created unger,
Parallel findings of the co-operation of the ingestion aet in tramsforming
& state of hunger to one of satisty is evidenced in the simple stomssh
animal by the more recent wwk of Jenowitz and Grossman 1949 (138},
Using a dog with cesophageal and gastple fistulae, they concluded from their
findings that ersl and gestric refliexes cowbine to regulate foesd intske and

the gagtrie reflex sppesrs Lo be purely wmechanical,

As the literature is sinmgularly lecking in the fisld of regulatien of food
intake in the buvine, this aspect of Uchalk and Amadon's work has been
treated fully, |

From the evidence presented earlier in this discourse there
is every reason to believe that initially bloab in grazing ruminants ig a
food invake problem, whatever mgy be the subsequent cause,
Therefore an widers tanding of the functional phonomena and their variations
assoclated with ingestion is fundamental to investigations of both canes
and control of bloat,

It is often reported that only certain animals out of a herd are
affected by bloat, Phillipson (121), &mappet ale 1943 (140}, Cols et &1, (51},
Kephart (44), Quin (96), added to this the writer has observed over a number
of sets of Monozygotle twin cattle that ‘&m time onget and dsgree of bloab

shows little variation within twin sets, but marked veriation between sets,

How this individusl susceptibility has stimulated considerable
speculation as to the underlying comses, Attention is drawn to the faot
that the ingestion act is that expression of individuslity mest often
commented ﬁpw during the incidence of bloat.

If the ingestion act contributes to satiation (61), variatiens between
grasing snimals in the expression of the act (108}, may well sacount for
individusl susceptibility wnder the a&m@ pasture conditions conducive to

bloat,
Purtbher voaristions in this expression of individuality weunld be

expected to oecur owing to veristioms between snimals in wunien eige, should

the ingestion act be sn orsl reflex subject to changes in rumen volume,



Figs 20.
After Schalk and
Amadon (6I).

PLATE 1.—The progressive course of the lighter forage boli from the cardia
into the rumen where their identity is finally lost.

Fig 1

Fig.2I.
After Schalk.and
Amadon.(6I).

Prate 2.—The course of the heavier concentrate boli illustrated in three
figures. Note that only a minimal portion of such boli enters the rumen. The
major portion remains in the reticulum.
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The writer submits that s closer study of fecd inteke regulatory fuctors
as well as ingestlion rates in the bovine animel, chould agselst in en
vnderstanding of the physiclogicsl dysfunctiong which may occcur sube

gecusnt o ingestlon,

Following in sequence upon the ingestion act are the physiological
activities involved in the dispossl of the feed bolus within the stomach,
These activities in cows ars described as follows by Schalk and Amaden, (61),
"Following ingestion and mastication the bolus ig aon@ay@& by peristaltic
vegophageal contractions to be deposited just within the cardis in the
snterior part of the rumen,

Inmediately after the entrance of one or sometimes several boll the
reticulum undergoes contraction, Twe contractions clesely epaced sve
executed by this division of the stomach, the first being less powerful
than the second, Two flows of reticular ingesta éra foroed posteriorly
inte the rumen cawiﬁy«

During the feeding pericd, these flows of semi liquid from the reticular
cavity play the important role of transporting newly arrived food materisl
away from the cardis region into the more distant parts of the rumen or
into the reticular cavity itself,

Boli consigting of 1light weight food material such as hay, are
sasily carried posteriorly and stored in the depths of the rumen cavity.

Concentrate boli follew this route in part, but thelr weight results
in the msjor portion remasining in the reticulum.” (See Figs. 20 and 21).
In lambs taken from grass the ingests in the rwman‘axa seen radiclogically
to be heaped up, and a fluid level sppears only in the later stages of
digestion, McAnally snd Phillipson, 1944 (141},  (See Pig. 214).

The constant flushing of the anterior rumen reglon maintains a clesr space
for the deposit of the incoming ingests and yrévmnta sny obstruction of
the sardiae orifice.

The rumsnoerebicular fold which forms the boﬂndary line between
the rumen snd rebticulum, s2ids indirectly the flows from the reticulum
uver the cardis region, This fold being located upon the ventral and
latersl mavging of the rumenc~reticular orifice diverts the posterier A
rush of liguids end solids in a medial direction and slso serves o elevate
the direction of this current thus ensuring a thorough saturation of the

dorsal sace During the period of reticular contraction, the fold is
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The stomach of a lamb filled with barium by stomach-tube. The animal
grazed for 5 hours between feeding with barium and exposure.  The reticulum
(A) ix partially contracted and contains a blob of barium.  The anterior blind
sae of the ramen () is relaxing.  The ant r and posterior longitudinal pillars
of the ramen are contracting and can be seen as shadowless areas penetrating
the shadow of the rumen, The grass in the rumen is arranged inoa_cireular
manner. The omasum is not visible, A deposit of barium is seen on the Hoor

of the abomasum (D).

Fig.2IA. After MecAnally and Phillipson.(I4I)
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also in a state of contraction,

The functional phenomena described at this stege with particulsar
reference to the disposal of the food bolus in the cow, are essentislly
the same in the sheep and gost, OCzepa and Stigler 1926, (142), (143),
Krgywenelk and Quast 1937, (144), Quin and Van der Wath, (139),

Phillipson, 1939. (145} and (146),
I% is suggested by the writer that any variations departing from the normal
ab this early stage of the digestive process which may result in reticular
dysfunction snd consequent obstruction of the cardia, will be contributory
factors to the tympanic condition,
The food bolus may cause sbnormal physiclogical variatioms in so far as
it varies in respect ¢of the factorgiese

ale Density of food bolus,

b}, Hate of boli ingested in a given time period.
Gonjointly these factors being resolved into food mass entering the rumen
in a given time,

From Schalk and Amadon's findings it would appear that light food
boli are readily dispersed posteriorly on first being projected inte the
rumen, but heavier concentrate boli will in part remaln in ths reticulum
or in the anterior region of the ﬁbrsa& gac of the rumen for failure to be
moved further by the reticular contractions,

& particular food may be concedved, for example, pasture grasses and legumes,
intermedisnte in density, between hay and s concentrate food, which as

a) and b) sbove remsined normsl, would not csuse variations likely to result
in reticular dysfunection, Where subenormal conditions of these two
factors preveil pathogenie variations coniributing ﬁ& the tympanic condition
would be even less likely to occur,

With progressive veriations inm excess o¢f the normal of a) and b) in the

same food, conditions could be expected whereby the two consecutive reticular
contractions occurring in cycles of ome minute in cows (61) and sheep (145)
are unsble to efficliently dispose of the incoming boli, in apite of any
increases occurring (139) in reticular contractions.

A piling vp effect dependent on the animals degres of satiety may be
conceived and the expulsion of products of fermentation prevented by
obgbruction of the cardiac orifice.

Iarthermore, it is submitted that in pastured ruminsnts progressive
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variations in excess of the normal variations of a) snd b) ave highly
provable belng conditioned by fluetunbions in enviroument,
Such fluctuations as would occur between the growth and yalmtaﬁiliﬁy of
erasses end clovers, their respective dominsnce in a pasture, and the
snimals relative degree of satiety, could well cause variations &a dengity
and rate of food bolli ingested,

This would raaaﬁn&hly accord with the postulations of Jacobsen and
Gspe (89), concerning the excessive consumption of dense feed resulting
in bloat and would account for the ineidence of bloat in those animals
sonfined to the sume pasture during %ﬁa previous grasing of which no bloat
occurred, (24). 1t may apply slse to the difference in bloat incidence
of the same snimels on different pastures.

These studies of function in the ingestion pericd may be reduced to

t

summery form.
ale
Differences in weights between different foods ingested by cows
- in a given time are largely determined by food palatability, physical
composition, and rate of ingestion,
b).

A1 other fastors beinmg equsl, an incresse in the rate of
ingestion of the same food will result in en increased weight of food
congumed in a given time,

e}, 'There is evidence which suggests that the ingestion set
c@ntriﬁuﬁaﬁ to satiation, and is an oral reflex inhibited and stimulated
by sn lncrease and decrease respectively in rumen volume.

d)a ‘
Depending on its densiby, the food bolus is disposed in the

anterior or posterior region of the rumen by reticulo « rumenal amﬁtr&m&ien&;

Gs MOTILITY OF RUMER AND RETICULUK,

s

Of the verious aspects of rumenal function, that concermed with the
movenents of the forestomachs is of primaery significance, seeing that the
normal process of food fermentation, including the control of pH, and the
eructation of gas is in%imw&@iy associated with it

lioreover the rumen is extremely susceptible to a wide varliety of factors,
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gach of which mey influence the wobtility in a specific manner, and hence
also the chemical changes ovccurring within this organ, Guin et al, (139),
Laeck of rumenal and rebicular motility is now suthoritatively scoupted
8s the primary etiologicsl factor in bloat Phillipson, (40). Gas is
expelled for the most part by eructation Wild, 1913 (147), which is
gsynchronigsed with rumensl contractien, If the cycles of mobility typical
of the rebiculum and ruwmen sre disturbed Phillipson 1946 (148) states
that tympenites is boumd to oceur, supporid being given to this wview by
Gole et al, (25),

Forther smphesis is given %o this peint by Zmaden, ( cited by Cole et &
(9) ) who submits that rumenel comtrection is essentisl iu eructation in

order to move the air pocket enteriorly to the cardiac orifice,

Sueh findings determine the necessity of bringing wnder review those relevent
gtudies cencerned with the normal movements of the retioulum snd rumen,
ineluding the various conditions inhibiting and sctivating the tone of the
reticulo~rumensl mescularis, They will be considered as followsie

2} Reticulo~rumenal movements,

b) Factors influencing Bumenal movemsnts

¢) Rumensl movements snd the cmset of bloat

d) The relationship of rumenal movements to regurgitabtion smd

gructation,
ﬁiym . Retioulo-Rumenal Movements,

Az this asspect of ruminant physioclogy is fundemental to the whols
subject under discussion, 1t will be as well to quote verbatim the most
r@c@ﬁﬁ‘fin&xngﬁ of Meinnally and Phillipson (141).  These workers from
vadislogleal studies and pressure tracings in sheep give a moest exact
&a¢&nnﬁ. disgrammatically illusbrated, of the seguence of events in
reticuloerunensl wotility which ie¢ essentially the seme in all ruminsmts
studied (142) (143} (144), slthough the sheep (139) (145) (146) is subject
to grester noymel variability thsn the cow (61),

"Pigurs &@ﬁ&é@r@a@uﬁ& the eycle of movement found in the reticplum
snd rumen of sheep, The whole cyele represents 1 minute and is ¢1via@@
up into Sesecond intervals,

The degree of contraction is shown by the depth of shading; thus

the height of contraction is represented by the regions shaded black,



The cuter cirele illustrabas the movemenig of the reticulum, the middle
circle those of the dorsal sac of the rumen, amnd the inner circle those

of the ventrsl asac of the rumen,

Different sheep yield tracings sometimes more complicated, sometimes less
80, 3nt they may be reduced o a common type of which the mors complicated
rythms may be regarded as derivatives.

The type is illustrated in Fig, 165 it involves thres principal
localities i~ the reticulum, the dorsal part of the rumen, and the ventral
part of the rumen, The whole cycle tekes about one minute, (2) We may
commence with the reticulum because it is the pace maker. . The contraction
of the reticulum which takes about 5 seconds is & double contraction,
having therefore two pesks of which the later one is the higher, (b) Be-
fore the end of the fifth second the contraction of the dorssl part of the
rumen commences and lasts spproximately 15 seconds, rising gradvelly to a
maximal gtrength and'fading at the sems speed.

(c) The contraction of the ventral sac followe that of the dorsal
sac immediately and gives 2 similar curve lasting the same tims, (d) The
whole organ, reticulum, and rumen, remains at resh from approxinstely the
35th second until the next conitraction of the rsbiculum, Irregularities
in this cycle are seen at two places! a pause may occur belween the two
contractions of the rumen (b) snd (e}, and the period of rest at the end
of the ¢ycle varies in length,

Although in the cow an aporeciables time interval hetween the two
reticular contractions is not recorded by Schalk and Amadon (61), two dise

tinet contractions separated bf complete relaxation are noted by Phillipson



Figure 13.—Graph 27, Ox III, shows the relationship of the anterior pillar
to the reticular motility. The upper tracing shows the first and second reticular
contractions and the lower tracing typical contractions
of the anterior pillar of the rumen.

Graph 28, Ox III, shows the relationship of the inferior coronary pillar
motility in the upper tracing to that of the motility of the anterior pillar in the
lower tracing.

Fige22 After Schalk and Amadon (6I).
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Fig.22.A. (a~b) Normal rumen movements of shkep before
food; 7 per 5 minutes at pressures from -6
to —94mm water. After Quin(I39).
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end Wednally (141), but in the sheep they find the sscond reticular cone
trsction is superimpoged upon the first snd relaxation %mtwaaﬁ the two
stages is mx@@pﬁi@nalﬁ’

The movements of the rumen are siow and susbained compared with those
of the reticulum and the pressure variatiocns are consgiderable, verying in
the sheep from -6 %0 94 mm of waber, %niﬁ {139)., In the cow a second
wave of cam%i&m%ian involving the museularis of the rumen only has been
obsexved (61), It is insugurated by the anterior piller and completed by
8 vén%ral soronary movemend, slwultenseusly with s forceful contrection of
the ventral well of the zumen, This wave sppears at approximately 30-second
intervals establighing a rather congtant 1 ~ 2 rythm between the primary
peristalbic wave over the reticulun and the runen, and the sscondsry perie
staltic weve which is confined to the rumen only, ‘(S@a Fig. 22).

Referring to the rumineersticulsar moveuents ass a vhole, Phillipsen
(145) nsserts that they are tobtal conbractions and not perisisltie waves,
The movementbs of the reticuloeyumen zec keep the ingests in continual motion,
The mass of ingesta of the rebiouium prasents radiclogleally a £lsid levels
when the orgen conbracts the liguid ingesta sre thrown backwards from the
#&%&c&&um to the snterior region of the rumen snd theyspread over the selid
ingesta in the dorsal sae, The smberior gxtrenity of the dorsal sac of
the yumen relares as the rebticulum conbracts, and Ozepa snd Stigler (142)
emphasize this alternaie movement between the two organs resulting in an
interchange of ingesta: they state that there is no correlation hebween these
movenonts wnd those of the posterier sac of the rumen, with which sbeervations
Fhillipson and Mcinally (141) do net conenr, These latter workers find a
tlenr ao;ar&&nmxi&n of movements between reticulum and posterior part of the
rumen in both the cow snd sheep.

Using rumen fistulated sheep Gnin (139) hos shown that normal rumenal
movenent may wderge very considersble variations from sny pattern tempor-
arily established, It is essentislly the etrength of the inﬁiv&du@& COf-
tractions sg well as the spacing of the movements which may wndergo a sudden
change, rather than the rate snd the tonus of the rumen, both of which re-
main far mors constand.  (See Figs, 224, 25y;2¢)“

To summarigs thenie

&) A number of workers implicsbe lack of rumen motility in the
agticlogy of blost,

b) Contractions of the reticuloe-rumenal muscularis follew & common



Fige 23 The Influence
of

Feéding

on

Rumenal Hovements &

After Quin(139)

a) Normal rumenal movements"\b) At b.allowed to feed J) At c.feeding stopped and
before feeding:;8 per 300 grams of lucerne hay; movements decreased to 13 per
5 minutes with pressures movements accelerated 5 minutes with pressures between
from -5 to +4O0Omm.water. to 22 per 5 minutes with =5 and +L40mm. watere.

pressures from -10 to
+20mm. water,

. OV 0@6..
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eyelic pattern in cattle, sheep, and goats,
e} The contractions sre initiated in the reticulum and subssgusntly
follow s dorsoeventral course in the rumen retwrning to the cardis, |
#) Whether the rebticuloe-rumenal wobilily oycles ars of veristaltic,
nature or are total contraciions is controversial, l
) Retioulo-rumenal conbractions serve to dispose sud nix incoming
ingegta., | :
£) The @kran@ﬁh and spacing of ruomenal contracbions wmay valy bwﬁsi

the rabte and tonus remain sbeady.

géﬁ Fagtors Influencing Rumenal Movements.

Farther findings af’Qgiu {139) demonstrate that feeding causes & very |
significant anaelara%ion in the movement of the rumen, the opinion being
ventured that this was in all probability due %o vagus reflexes initiated
in the pharynx and oesophagus end closely associated with mastication and
deglutition, (See Pig., 23).

In some avimals the sight of food may initiate weak reflex acceler-
abion of rumenal ;aéém@nﬁs@

The type of food exerts little if any effect on rumenal rythm, although
contractions tend to become small on zn exclusive &1§t of concentrates,

Complete starvation causes no definite changs in the rate of rumenal
movement up to thé 3rd or Ath day, although the excursions may becoms pro-
gressively smaller, After this peried all movements may dismppesr com-
pletely, there being a deley in their return on renewed feeding,

| lleither the sight or sctual drinking of water causes my epprecishle
chenge in rumenal motilidy,

Schalk snd &maﬁank(él} demnnstrate clearly that the phases of sctivity
of the cow influence rumenal motilily which incresses in freguency through
the resting and rumination phases to reach a peak in the feeding period,
They further emphasise the sigrificance of complete exhsustion of the rumen
miscularis snd feeble motility under prolonged conditions of water depriv-
abion,

@uin et al (139) ascertained the influence of different minersl salts
on rumensi moblility in shesp, It was foumd that copper sulphate doses on
the back of the tongue acceleralsd rumenal motility in some znimals %o a

rate similar %o that during feeding; in others primary inhibition of ruwenal



Fig.24 The Influence

of g
Copper Sulphate K
on '
Rumenal Movements T 16a.m. 10.58a.m,
After Quin(139) &)Normal rumenal b)Dosed 2.5ce. 10% copper sulphate
movements before on back of tongue,Note immediate
food,7per 5 minutes acceleration to 18 movements per
at pressures -7 5 minutes.
to +58mm.water,
Fig.24A. sy | / ' /| ( / |
! 1 o=y ‘ ‘ ; Aol e : ‘ \O
The Influence of o P i e s N A = Ottt bt e it i o
K.C.N, on s =
Rumenal Movements. T Sa.m. 9.5a.m, I 2p. M, . [
After Quin(139) a) Normal rumenag b) Dosed into rumen 180mg.K.C.N. ) Return of normal rumenal
movements before Note rapid decrease in movements 4hrs. after K.C.N. dose.
food at 5per 5 movements followed by
minutes at pressures complete paralysis.

-5 to +75mm. water.
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movenent followed by acceleration was affected, (See Pig, 24).
Gilver nitrabte and niam;m@ sulphats solutlons similarly accslarated
rumensl motility, ALl other minsrsl salts tested falled %o provoks this
characheristic response from the runen,
Potassiom oyanide in small doses per os csused a rapid although transitory
paralysis of sll rumenal movements as did acebyl choline, (See Fig. 244A). .
Adrensline exerted 1ittls change in rumenal motllity: other workers however
have noted slowing and weakening of reticular contrections following
adrenaline injestion, Mages, 1932 (149), Dougherty, 1942 (150), Quin (&}9).‘*
further found that Lentin (Merck), Femodil (Bayer) pilocarpins, end
arecoline significantly stimelebed mobtility.
letorgenin, a poisonous pringiple from the plant Lippia rhemanni effected

complete and prolonged inhibitien of rumen movements,

Clark and Quin, 1945 (151), determined the guantities of @yamma reguired
%o produce rumenal parelysis in shesp under different conditlons of feed,
In sheep given 300 «w 500 gramg of iwema hay, an average dose of 500 mg
of E 0N (340 m g ¥ C H } wes reguirved to stop rumenal movements, wheress
after 14 hours fast this effect was coused by 175 m g (70 m g H S W ).

The increased tolsrance after fesding was dus to sccelsrated slimination
of H,0ol, from the lungg, resulting from incrsassd vegpirsbory exchangs,
vhich in turn was caused by the shsorption of G2 from the rumen &win,g
fermentation,

The writer would draw attentien %o the fact that the aninmals used
were fed on hay, and it is clainmed that roughage feeding is @fﬁwmm in
facilitating eructation (25), (51),

It was further shown by these workers thet sheep with paralysis of the
rumen csused by K.C.lW. are sble to sructate gas, introduced thraveh a
 rumen fistula at the rate of 2 litres ver minuts, Thers can be 1ittle
doubt however that such sructation wonld be conditioned by the rumsn volume
occupied by ingesta, of which me scoount is given,  Olark and Quin
conclude that their observations afferd no evidence for ineriminating
cyanogenetic factors in plants ag belng involved in the etivlogy of acouls
bleat in ruminants, |

This work has since been confirmed by Phillipson (126}, whe fed out grass

to sheep, ( instead of hay owing o its eructation stimlatory effects) with

cyanide, H.G.H. poisoning symptoms and inhibition of rumensl movements
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Fic. 1.

I'he effects of legume juices on isolated rabbit ileum

-

Fig.25. Shows that isolated rabbit ileum
muscle movements are inhibited
in varying degrees by different
samples and dose rates of legume
juices."It should be noted that
only inhibitory effects were produced
and no spasm or contraction of
the muscle was recorded".

After Ferguson(II4). Punctuations
and enclosed are the writer's.
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resulted but no serious distension of the rumen was produced,

Ferguson 1948, (152), first divected attention to the muscie
inhibitery powezr of clover Jjuice aud has since demonsbrabed Yerguson,
1948, (114}, the influence of o facbor in grassss and clovers affecting
the acbivity of the ilsvlated smooth muscls of the rabbit ilews,

Clover Julces were found to have & stronger inhibitory effect than grasses;
Jukoes exbracted from pastures won which the incldence mﬁ bloat was high
2lgo had & very strung inhibitery mcbion.  (See Fig, 25).

Isolation of the active principle from lucerne and Quhsequant eXame-
ination has been shown by Fergusom 1949 (1%53), to be a flavene which group
of compounds osgcurs widely in plant materisl., More recently ¥ergusen
1950 (4), hes identified the flavome in lucerne ss TRIGIN, slthough it
cannot be assumed to be Fhe only flavons cccurring in lucerns; certain
lucerne flavone preparvatlons possess greater activisy on smooth musele
movements than the purified iselated iricin,
secording do Perguson, (153), it seems that all natural flavones possess
the power in varying degrees of inhibiting smooth muscle movements,

Tne fesding of a flavene bo sheep with and without potaseiom eyanide
has hewover, acshisved nothing of note,

 Klthough this worle foousss abtantion on the Pharmacologlesl effects

of sertain constituents of grazing vlants no evidence is provided that
there is sny direct connection with bloat.

Fevertheless, it is censidsred by Pergusen, {114), that there is a
persllielism betwesn the musels lohibiting activity of plant julces zmd the
sxpectsd power of the plants to preduce bloat, However, this same worker
has induced bloat in a bovine snimel with 3 gallons of julce from gpring
grown lucerne, but esuld not do se with later cuts, Deak, (Perscnal
commanieation),

That clover julece possesses smooth muscle inhiblitery properties has been
confirmed by Hvans and Fvang, (117), (155), vwho have demonstrated the
parelysia of rumen motility and d@@&h in sheep by the introduction of

1 litre of white clover juice directly into the rumen, (See Fig. 26),
The symptoms and P.i. findings being 6@&@@@%@&% with E,C.H, poisoning,
Grude juice from white clover had the ssase effect on isolated rabbit
inYestine ag H.C.H, These workers conclude that gince cysnogenetic

glucesides arve known to be present in cartsln legumes, thess findiogs wre
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Fic. 15. A, Normal rumen activity.
X. Point of introduction of 1 litre of clover juice,
B.  Arrows draw attention to the spasmodic deep respiration.
C. Traoing after one hour had elapsed since recording B, Arrows here indicate occasional rumen: contractions reappearing,

D.  Denotes a violent convulsive state (increase in pressure) shortly before the animal suceumbed.

Fig.26. The inhibitory effect of white clover
juice on rumen motility of the sheep.
After Evans and Evans(IIT7).
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of considerable significance in slueidating the etiology of bloat,
The suggestion that hydrocyasnic 8cid as & mcn inkibitory factor present
in clovers as cyanogenetic glucosides is implicated in the sticlogy of bloat
does not sccord with the findings of Clark and Quin (151). Further it is
advanced \r:'.thout evidence of the extent of the contribution to rumenal
atony, made by musele inhibitory substances in pasture plants under normsl
grazing conditions,

It dves mot account for the reported incidence of bloat on ladine
clover pagtures Dougherty 1940 (156), and others (16), in which legume
no hydrocyanic acid has been found, or for the high incidence generally
assocliated with the grazing of red clover which according to Eige et al,
1933 (157), contains a megligidle percentage of H,C.N.

Rige gives an sverage figure of 0.0003% H.C.N., as the average
content in a number of different grasses used in improved pastures, amd
according to Doak (psrsomal communication) it is questionable if even
this amount exists, Hevertheless bloat occurs on ryegrass dominant
pastures (93), and the writer has noted earlier in this discourse the
ingidaste of bloat on a pasturs containing 87% grass species, under which
conditions it is very doubtful if sufficient H.C.H, would be ingested
for toxie levels to prevail,

It must not be overlooked however that high bloat incidence is gemerally

associated with legume dominant pasture and as Doak 1933 (158) has -‘lmn)

the highest content of H,.C.H, is found in the highest producing strains

of white elover,

Using a rumen fistulated sheep Coop and Blakley 1949 (159), have
domonstrated that the rumenal micreflora can hydrolyse cyanogemetic
glucosides very rapidly and the absorption of il.ﬂ.l. is equally as rapid,
On an average 75% of dosed H,0.lN. being absorbed within 15 minutes.

Coop and Blakley state that the peak production, conecentration amd
abgorption in the rumem of H.C.U., under most ecircumstamnces takes place
within a few minutes ( less than 10 minutes) of dosing fres glucoside and
within 10 -« 20 minutes of sheeop eating cysnogenetic plant material,

It iy interesting to speculate on a similar rapidity of H.C.H, prode
uction in the rumen of the cow used for bloat studies by the writer, when
mitenal motility cycles were noted to inecrease in vigour with the cnset
of bloat,
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If H,0.N. is & factor in herbage planbs likely o inhibit rumen movements
then as Coop and Blakley 1950 (160), point out rapid ingestion of cyano-
genetic herbage will more probably be conitribubtory to émsaing dangerous
condibions in the rumen thas slow ingestion as in the latter case H.C.H.
formation would be balanced by absorpiion and dstoxication, |

Although Goop =nd Blakley (159), { 160), (161}, ( 162}, used varying
doso rates of both L,C.H, and Loteustralin ( the cysnogenetic slucoside
6:‘3 white clover ) in their experiments on the metabolism and toxicity of
cyanldes sud cyanogenetic glucesides in sheep, no reference was made of
thelr effects being manifest in the Lympanie condition,

Hegarding the presence of musele inhibitory factors other than H.C.N,
in herbage plants,Ferguson (114), finds that grasses contain opposing
fTactors, one inhibiting and snother stimulsting musele action, and that
ugually the ladier is stronger,

It remsing for further work to confirm whether the inhibitory action
of olover juises as demonstrated with rabbit musele, would be effective
on rumen mosgels in the intact animel,

The number of factors vhich may influence reticulo-rumenal movements are
many aud varied, those of primavy lmportance to this discussion nay be
summaxisad ag, fallaw § e

a). Under normsl stall feeding condibtions there iz constant eyelic
motility of the ruwen mugcularis which rises to 2 height of setivity
during feeding,

b)s Eumensl rythm is not strongly influenced by different foods
tut excess concentrate feeding snd water deprivation tend to reduce
contractile strength,

e). Certain mimeral salts, notsably copper sulphate,and some
plant extracts, accelerate rumensl motility to a degree compareble to
the motility rate during fmding«

d). Potsssium cyanide and certsin plant extracts msy effect
complete inhibition of rumenal movemenis,

e)a There iz evidence thal complete inhibitlon of rumen movements
in sheep by K.0.M. dosing does nm; inhibit eructation of insufflsted gas,

£)e There is evidence that certain clover and grass principles |
identified as flavonss inhibit isclated smooth muscle movements of

rabhit 11 S, MASBEY AGRICULTUR
EERRARY PALY
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g). Hvidence exists indicating that white clover Jjuice which
inhibits isolated smooth muscle mmv%amw%. slso ivhibits rumen movements
‘in sheep.

'h), There is no known published evidence of the extent to which
Tumen movemenbs very in grazing ruminemts, |

i).There is no known published evidence which identifies the smooth
misele inhibitory prin@ipw in mlww smci gmw with tha tympanic condition
in the rumen,

i)e The implication of H.C.H, ‘mg & rumen inhiﬁitwy principle in
herbage plants which may jpmc‘ipiww bioa;’s w M§uppert®ﬂ by experimental
evidence, |

k). Bloat is known to occur in ruminsnts grazing clover in which

H.Coll, has not beea found,

When considered in the sbove mamner an open field of enquiry suggests
itself; that is to investigate the differences which pasture plmw of
imown mineral content may display in their respective influence wpon
rumen. mwwmw. Hot only would this provide a logical perallel to
those studies cmgemi;;,gmala zﬁhibiwry factors in pasbure plants,
but considerable addition to owr knowledge would be probable, the

agronomic application of which is readily foreseen.

An understanding of the cyelic motility of the rumen serves
to ssglst a more criticel exmmination of the aforementioned postulate
that the primary eticlogical factor inm bloat is lack of reticulo-rumenal

motility (40) (148),
The writer would guggest that this concept is also img;lwéi in

the working hypotheses underlying the investigabions of those fectors
iﬁ‘ymawux@ plants inhibiting activity (152), (154), (148), (117), (155),
There can be little doubt that the work im this field at Jeslotts Hill
was prompted by the association of bloat with disturbed musels activity.
(120), (114). |

| The incrimination of disturbed rumen motility in bloat is a
centroversial point concerning which Dosk (personal wmmwmn)
states that some workers are quite emphatic that these movemenis teks

place for some considerable time after pressure is apparent in the rumen,
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Cole and Kleiber ( unpublished, cited by COole et al, (9) ) have evidence
that rumenal atony is not involved in the first stages of bloat on green
legumes, Using a tympanometer devised by Kleiber (unpublished) for the
direct determination of rumenal pressure they found pericdic changes in
presgure due to romensl movements in snimals mildly bloated,  After
bloat becomes severe however rumenszl atony msy devslop resulting in little
thange in rumensl pressure,

Wester 1926 (163) states that rather than rumenal atony thers is
an increase in rumenal contrastions in the sarly phases of acute bloat,
whilat Gould (113), supporis this by observing that marked rumenszl activity
vocourg when bleoat is arising, rumen paralysis being the end phase rather
than the beginning, Further eupportlag evidence obleined by the writer
was presented esylier in this digcourse, the definite increasse in rumene
el contraction cycles being observed after the onset of bloat, The fre-
gquency and strength of the contractions &nar@aé@& with presgure and severe
ity of the condition for periods up to 20 minutes after marked bloat was
spparent and feeding hed ceased,

These findings are in setord with those of Amadon end Detweiler
(unpublished, cited by Cole et al (9)) « nemely that increased intresrume
enal pressure couses a greaber frequency of reticulo~rumenal contraction
¢ycles and a greater strength of contraction, They conclude that this

resction to the distending effect of accumulated gas is ¥

Cimportant,
since it renders the wuseular actions more effective in the process of
gas removale °

Accelerated rumenal activity is undoubtedly an important factor in
spontaneous resovery from mild bleat (9) as borme out alse by the writer's
obaervations, Severe cases of bleal in dairxy cows closely observed
from the a) commencement of ingestion during b) the onset of the condiition
at ¢} the peak of rumensl pressure snd d) on return to normal, exhibit
an accsleration in rumensl movements into phase b) which were not sppsrent
in phage ¢) if pressure was severe, If pressvre is only marked in c¢)
rumenal movements were characterised by vexy mﬁrmng;psgteriar mmémmenta
in the laterel dorso lumbaer region followed by snterior movements of
similar strength in the lateral ventro sbdominal region,

Passing into phase d) rumenal movements were sgsin very strong and

agsociated with frequent eructation, although the fregquency of motility
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cycles was lower than in phase a), 4 similar w%hm;m patbern of rumensl
movements associsted with apperent preasurs incressss =mnd decrosses in
the left lumbar region hag been noted in the normel graszing sainal, the
height of activity coinciding with esch grasing cyele,

On the basis of She writer's studies earlier described, and failing
evidencs to the contrery, the view i¢ supported that in the bloated snimal
the phases leading up to the pesk ¢f gas produsction in the rumen ave
occupled by acscelerated rumensl astivity which activily sccording teo
Schalk and Amedon,{(61l), and Guin, (139}, is initiated in the feeding peried,
The phases returning to normsl gas pregsures being cecupied by rumenal
activity which scaording to Cole ot al, (9), Wester (163), mnd Oole et al.(51]
ig associated with the eructation of gas,

Only during the phase of pesk pressures would atony of rumenal movements
appear prebable,

ir memal stony does in faet ocewr, whether %o abiribute the
cause to excessive ges pressures, btoxde gases, or inhibitory plant substances
is & watter for some conjecture,

Whabever nay be the reason, m@&l insstivity at such & labte phase
in the onset of bloat would be of little consequencs as fer as the patho-
gonesis of the tympanle condition ls concerned,

Finally on this point Phillipson (148}, confirming the work of Clark and
Quin (151), states that there can be no doubt that paralysis of the rumen
does not inhibit belching and dves net necessarily produce bloat,.
It would sppear then that the primary eause of scube bloat in the gragsing
animal is concerned with the facility whereby rumen gages ave able to gain
ascess to the oesophagus through &m gardiac sphincter, and not with
rumengl abeny,
To Summariseleemeas
al, There is evidencs which sugzgests that rumensl movements me
and ineresse in vigeur during the omest of bloat in graszing
ruminants, although 4% is the uncubstuntiated opinion of some
workerxs that rumensl Mamy gbtaing,

b). There is evidence m&ﬁ ‘dnsufflated gus mey be readily removed

by eructation from the rumen of sheep in vhich wovement is

inhibited, without bloat becoming manifesth,
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Fig;27. Tracings to show the mechanism
of regurgitation in rumination.
Thecwriting points were vertically

F a | V\[\
W NA placed.The cow regurgitated at X.
(I.Movements of air in the nostrils.

g R
, Note closure of the glottis
from a to b.(2.Movements of
e the jaw in mastication.Note
il ls the pause,cd.(3.lMovements of
3 ‘ bolus in the cervical part
R O of the oesophagus:e,the masti-

-cated bolus f,the regurgitated

& > bolus;g,h, the swallowed liquid
A WA pressed out of the regurgitated
bolus. (4.Time tracing showing

I second intervals.(5.Movements

of the thoracic wall.(6.Rectal
pressure.Note that it is not
elevated during regurgitation.
(7.Pressure changes in the trachea.
Note the sharp fall coincident

with regurgitation.The rise in
pressure at 1 is due in part to

the momentum of the liquid(bromoform)
used in the recording manometer

and doubtless in part to an increase
in intrapulmonic pressure due to
rebound of the thoracic wall.

After Dukes(I65).

iy it /VV
/‘/\/"/(//\/" /Vlf

Fig.28.Tracings from a calf to
m show the temporal relation

of the first reticular
| contraction(R) to regurgitation
(X)«The upper curve shows
contractions of the reticulum
and the anterior part of the
rumen; the lower curve shows
intratracheal pressure.
The calf regurgitated at x,
but it is evident that the
reticulum had already
contracted. The writing
points were vertically placed.
After Dukes(I65).
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_@_). The Relationship of Rumenal Movements to Regurgitation and Fructationm,

Begurgitation is that reticulo-rumensl function whereby ingesta is
returned from the rumenthrough the cardiac orifice into the ocesophagus,
where it is conveyed by reverse peristalsis to the oral cavity for rumine
atien, (See Fig. 27).

Eructation involves the removal of gas from the stomach through the cardiac
orifice into the oesophagus for expulsion from the oral cavity,

Ascording to Cels et al, (51), similar physiological phenomena underlies
both these functions which are reflexly controlied by a commen stimulant,
Row whilst exact imowledge exists of the functional mechanism involved

in the regurgitation act according te Bourme 1950 (164), the eructation
mechanism has not been eritically snalysed.

As it wes previously inferred that the primary cause of bloat is
concerned with the facility of eructation, it is therefore necessary to
examine the extent te which the details of the regurgitation mechanism
mgy be common te that of eructation,

Reticular motility studies by Schalk amd Amadon (61), and Dukes
1947 (165), indicate that the regurgitation mechanism functions in the
following mannerie--<-

An extra reticular contraction cccurs as rumination
activity begins and according to Dukes (165), the reticulum contracts just
before but not simulteneously with regurgitation. (See Figs, 28, 29).

An elevation of reticular liguid ingesta to the dorsally situated cardia
floods the vesophageal orifice just before regurgitation,

It iz at the seme time that a stromg inspiratory movement drawing air

into the lungs reduces the pressure within the thorax and therefore within
the oesophsgus, This reduced pressure results in the liquid ingesta
being drawn through the cardisc orifice into the oesophagus where a
reverse peristaltic wave carries the food into the mouth,

Quoting thege findings Cole et al, (51), comelude that regurgitation
involves the co-ordinated activity of the muscles of the reticulum,
diaphragm and oesophagus, They state that the musecles of the reticulum
are entirely inveluntary, those of the oesophagus partly so, and they infer
that regurgitation represents a finely adjusted reflex act,

These conclusions are mot in accord with the findings of Flourens 1844 (166),
who has shown that the reticulum is probably not essential in regurgitation
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Tracing from a cow to show the condition of intraruminal pressure during
rumination: «, regurgitation; b, contraction of the rumen. The other waves arc
caused by the respiratory movements. Note that contraction of the rumen follows
regurgitation but does not coincide with it. The time tracing shows intervals of 2
=cconds. (Bergman and Dukes.)

Fig.29. After Dukes(I65).
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By an experiment with a sheep in which the bottom of the reticulun was

cub away and the resuiting rim sutured o the figoxr of the abdomen,

The mnimal ruminated afterwseds,

Hester 1926 (163}, and 1930 (167}, indicates that contractions of

the disphragm in ruminsmts ares not sbsolutely necessary snd states that

on geverance of sll the phrenic reods suminablon is sbill possible,

This worker ﬁwr%ha#@@@@aa that the conbrastion of the rebicuium, normelly
in ruminants slways a prepading rejection, is not sbselubely necessayy

for the carrying out of the runinabion mcts; 47 afber stropin injection
the reticulvm csn no longer centract, ruminstion is gbill possible,

This same worker cousiders the lowering of intrs thoraeic pressure is of
non esgentisl sigmificance in yuminants, snd rmmimmﬁi@n‘ig effacted by
oegsophageel contraction sucking ingesta from the stomach,

Dukes (165), congiders the part played by the reticulum in regurgitation

'im not fully known snd states that the engrance of food inbe the ossophagus
from the rumen is brought about by intra cesophagesl negative pressure,

due to an inspiratery effort with a closed glottis, ﬁh@yaaamphmgwal groove,
sbdominal muselss, and reticvlum playing noe direct part in the proceass,

In contrast to thie mocount Schalk snd Amadon (61) .have moted in rumen
fistulated cattle that slthough disphregmetic contraction appesred, the
fsilure of reticular wovements to colincide resulted in the non regurgiiation
of the belus., They state that & peprfect coeordination of the motility

ig @&a@nﬁim& to 2 successiul %raasﬁw& of the gestriec conbenbs to the mouth,
and the abgsence of any one of a nunbsy of imp@wﬁﬁmt favtors will hold

the set in abeyancs,

it would seem that congidersble difference of opinion axists az to

the precise factors involved in the regurgitation act, Whilst there is
gbvicusly place for further snalysis of this fonetion, it would sppear

that o cowordination of the veluatary sud inveluntery muscularis ig invelved,

The stimulation of regurzitation may be preducsd by the spplication
of friction stimali %o the anbericr wall of the reticulum, such as the
finger tip, (113} snd hay, or straw drawn over the rumen and reticulvm

mucosa. (61).

4 diet composed exclusively of c¢oncentrates will abolish the aset of )

rumination although the animsls will remsin in & condition of health,(61).



- 105 -
Haifers reared from birth to 18 menths by Mead and tGoss {(47), on a diet

without roughage showed lack of rsgulsr mminabion and frequent bloating,

Cole et 21.(51), seek #o explain the fact that the feeding of grain
a2lone is not scconpanisd by a normal period of rumination, by the absence
of an adequate amount of fibrous materisl contacting the well of the rumen
and initisting the regurgitation reflex, They wmake the inference that
the seratching sotion of ingested roughage, on the anterior wall of the
reen normally initiates ruminstion,

On this basis these workers further state that the belching mechsnism
is controlled in a similar memner to that of the regurgimmon mechanism,
In other words gse is removed from the stomach by a reflex opening of the
cardiaec sphincter initisted by frictlon stimuli.

Cole et al. extend this inference to postulate that bloat is due to
a dietary lack of sufficlent fibre of proper type to initiate eructation,

' The implication is, that the physiological urge to ruminate is
compelled by the fibre content of the rumen ingesta, and that the same
mahwﬁ.m is ldentified with eructation and the expulsion of gas is similarly
controlled,

Such reasoning does not make sufficlent allowance for voluntary
nervous mteﬁéﬁtwn in the regurgitation act and subsequent rumination,
The strength of voluntary control over regurgitation is suggested by the
field studies of Hancock (108), in that the height of ruminating activity
in grezing monozygotic twin dalry cattle, occurs soon after ni,ghtf&ll’
after which a gradual contimuous decline takes plé.ee until merning milking,
The decline in mmiﬁa’cing activity is associabted with shorwniﬁg peii@ds
of rumination, The enforced period of loafing at morning milking is
largely occupied by rumination, butbt if milking is delayed and the cows
remain on pasture they will graze instead, If cows are disturbed during
ruminating periods they may stop ruminating and revert to grazing.

It thus appears that the physiological urge to ruminate is not always
compelling, and further more illustrates the animals ability to delay or
promete rumination. -
Thus the writer suggests that the measure of vuluntary control over the
regurgitation mechanism would seem to be greater than is implied by the

limits imposed by the fibre content of the ingesta.
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Be sugzest that concentrate foods imhibit rumination owing to lack of
fﬁ&m is to ignore the passage of cuch foods through the stomach,

Owing %o the demsity and physical stabe of concentrate focds, on ingestion
they pass in large part directly inte the reticulum and as Schall and
inaden (61) have shown, palpatien of the reticule omasel orifice during
ingestion will eften rw@m"'ﬁm pagsage of gquantities of the demse ingesta
or of the

into the omesum and abomasum, Vhole corn gravitates to the £169
reticulum, escapes 'hfw regurgitation flow ¢f ingesta over the cebdis, and
passes into the third amd :ﬁ*&mﬁ‘m compariments of the stomach,

Baleh 1950 (134), using rumen fistulated cows has shown that grousnd hay
given as a small addition to a diet of unground hay was ianvariably sxzoreted
more rapidly than unground hay, Oround hay in diets in which 2ll hay was
ground ma ugually mcm‘&mci over & longer period than hay in a similar -
diet in which the hay was not ground, Both of these differences were
considered due to changes in the movements of the foods in the reticuloe
rumen,

It will be readily cunceived that the frequency of ruminstion snd
therefove mmx,gimmm will be lower en & diet of foods which pass repldly
into the omagum, This would ssemingly depend nmot so much en the fibrous
nature of the foed as wpon ite physicel state, Therefors it does nod
follow that the actusl regurgitation act ls sctively inhibited by lack of
fibre only, Differences in the physical state of a dlet containing
similar fibre ave asgocisted with differences im bloab incidence by lead
et al, (15),

These workers report 21 cases of bleab in stall fed ground hay, as against
1 case in the same group of cabtle which consumed 2 greater sverage @mgm
of food at each meal, composed of a similar sample of unground hay m@

congentrates,

in addition to friction stimuli Schalk and fmadon (61), demonstrate:
that pressure uwpon the reticular mucoss is alse productive of the regurgite
ation act, bub not to the same degres ss friction, This finds support
in & report fyom Stuart amd Cress (11), who note that palyatien of the
reticvlum in & cow with chronic rumensl tympany, eanged rumination which
incressed when the hand was withdrawn, |

Anderson (127) reports that stimlation of the oesophageal groove will
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ssuse belching and bringing up of ges in cows with complate rumensl shasig,
However, regurgitation and exuctablon would appear $o coour abt diffsrent
phases of rumen motility and intra-rvmenal pressurss, as according te
Schalk smd Amadon opening of the cardiae orifice and regurgliation takes
rlace when the rumen is gquiescent, and in ervetation when the rumen ig in
an active state of contrechien and intre- rumensl pressures are highest,
This is in sccord with the work of Wester (167), who stabes that eructation
arises as & resvlt of an antl peristaliic wave gebting past the cardis,
To accommndate this the cardis opens r@gulaxlﬁ in cattle once in a coniracte
ion perisd, =3 = resuld of the crossing over of ths cardia by the anti
peristaliic wave of the yumen, These findings would guggest thab
regurgitatien and sruetabion are not dependent upen = common physielogical
mechanism, if it is accepted that regurgltabtion is a finely adjusted reflex
act stimvlsted by fibrous ingesta |
i the light of VWester's findings, and the minutely cycles of rumenal
motility reported by a number of workers (61), (141}, it is interesting to
note Hamcock'ls (108) record of b@lusma regurgitated per minute of ruﬁia&tion

time for 2 sets of momozyzotic twin csitle over one 24 hour pericd. (Table 8)

TABLE, 8
| Boluses per Minute of Bumination time,
| TIME PERIOD. T, 2, 7 018 AVERAGEH.
i‘w?sa,m,w§ Pell. 1426 1,22 .9? 1.09 1.17
[ OB pame= 7 aem 127 1,18 i98 .93 1.09

| Averags 1.27 1.19 .98 <95 1610

Whilst thers would seem to bs some rmla&i&hehi@ between reticuloe :umanal‘
BeEELity, armataxiag, and regurgitation, the evidence is made the more
conflicting when thé findings of Quin (151) are wxamined, Using rumen
figtulated sheep with complete rumenal paralysis effected by K.C.N. dosage
6 1litres of insufflated air wers readily expelled by eructation even when
the rumen was fleooded with water.,  Although this work awaits confirmation
it serves to make 1@53 benable the coneept of frictien stimli bheing
essential for eructation, Pregssure would conceivably act sas a gtimdant
in the aferementioned case, and in this conmection Cole et al. (51 ) give

evidence that eructation coincides with rumenal contraction ( although
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not with every contraction) and resultant increased intra rumenal Progsure,

The relationship of rumenal movements to regurgitation and eruet atien
mey be assessed in the following summaryie--

ale The evidencs is conflicting as to the part, if any, of reticulo=
rumenal mweme.nta in regurgitabion, |

b)e There is evidence that regurgitation and eructation may be
effected during complete paralysis of reticulum and rumen,

ele The physielogical urge to ruminate does not appear to be
compelling,

d)e  Regurgitation may be effected by the application of friction
and pressure sbtimuli,

&)e Fructation mgy be effected by the application of pressure
stimuli,

£)e There is evidence that sruectation and regurgitation occur

during rumen contraction and relaxation respectively.

In view of this suvnmary the writer submits that there is insufficient
evidence whereby eructation and regurgitation mey be identified with the
same physielogical mechanisms,

Thereby the postulate that bloat is due %o a
dietary lack of sufficient fibre to initiate emétation would seem to be
wtenable, Iven assuming this postulate, it is necessary to concede
a minor role in the initiation of eructation of insufficient consequence
to alleviate excess rumen gas pressures, to factors other than fibrous

ingesta, which is untenable in view of ges ingufflation studies,

e

. EHUCTATION AND ATTENDANT PHENOMENA.

_ Gag may be expelled from the rumen in the following ways: by
eructabion with subseguent escspe throuogh the cesophagus, by diffusion
inte tﬁ@ blood strean to hé eliminabted by exhalation; spd it is possible
for some to be removed by bacteris in their metsbelic processes.

Most of the rumen gas is expelled by eruwetation Wild 1913 (168),
through the cardiac orifice and oesophagus, and if expulsion in this menmner
ig pmmm@a the other means of gas removal are inadequate to prevent
death from bloat, (9).

The function of eructation then and those factors contributing %o
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its sctivation would seem te be of primary imperience in relieving gas
pregsures in the rumen, Hither im&ibi%@xy funetionsl variations, or
fasbors impedeble toc the onward passage ¢f gas during the course of
eructation will become pathogenic in the onset of tympsnis condition,

For nopmal and wnmimpeded fupotiening of eructetion it is necessary
for the oesophagus t6 be clear of food obstrustion, or that avising frem
¢linicel ceuses, The muscular tonus of the cardiac sphimcber should be
mormal, snd the cavdiasc orifice fres from obstruction, in sdditien 1%
is upheld by some wegliers that those rumenal movements synehromised with
the eructe’ion act should be fully co-ordinated, (61)

Ascott (10), in the course of post mortem work has shown that chronic
bloat is symptomatic where dysfunction of elther of the above facters ocour,

It is alse a point not to be overlocked that the cesophagus commune
icates with the rumen cavily at a much lower level than the upper limids
of the dorsal sac of the rumen, This anatomical srrangement would appear
to impede rather than facilitate the removal of gas particalarly under
conditions of rapid ingestion, although it has bean(in&icéto& that eructation
is unimpeded oven when the cardia is submerged. (148), (139).

In the final analysis eructation is dependent on the moscular activity
of the cardiac sphincter muscle controlling the entry from rumen to
cesophagus, V |

Therefore it will be necessary to examine the role of the cardiac

‘sphincter in eructation by considering! e—--

a)e Fanction of the Cardiac Sphincter,
ble Control of the Cardiac Sphincter,
ele Response of the Cardiac Sphineter,

a)e Function of the Cardiac Sphincter.

The cardisc gphincter, s band of smeoth muscle, sncireles and
esndtrols by its action, the cardla or orifice at the junohure of cessphasus
and stomach. Its function ig to inhibit the passage of food from the
stomach inte the ossophagus,

Except during awa&law;mg.'waguxgx%&kiawg and eruetation, the cardias
sphincter is nermally closed,Stigler 1931 (169}, Ademonsirates this fact
by palpaetion of the cardiasc orifice through a rumen fistula, A8 the

cardiac sphincter is composed of smooth musele it ia‘dagb%laas capable of
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independent activity varying with changing conditions on the cesophageal
and stomach sides,

The sphineter is however also under the centrol of the central
nervous system being innervated by the vagus in the dog and rabbit, and
in part by the splanchnic (sympathetic) in the eat, Carlsen et al, (170).
Spasm of the cardia in dogs has been reproduced experimentally by bielateral
‘vagotomy, combined with an encircling incision through the outer coats of
the ocesophagus - Jjust above the disphragm, Since neither procedure
alone is sufficient to produce the condition it may be conceived that
there are fibres coursing within the wall of the oesophagus which are
‘related in some way to relaxationm of the cardiac sphincter, Grondahl
and Harvey 1940 (171).

That stimulation of the cervical vagus in the dog causes relaxation
of the cardia followed by contraction was demonsirated im the work of
Lehmenn 1945 (172), By cutting the vagus nerves in the neck he also
found the lewer end of the cesophagus contracted, the cardiospasm resulting
was pi-omod to be due to tho unopposed action of the sympathetic nerves,
since atropine is ineffective whilst ergotamine causes a relaxation,

The fibres producing contraction were found to be cholinergic and they
travel in the main trumks of the vagi, the inhibitory mechanism being
within the wall of the lower cesophagus,

Mann et al, 1947 (173), carried this work further by double vagotomy
at different levels in trained adult dogs, Section of the nerves at or
above the hilum of the lungs produced paralysis and dilatation of the
distal moiety of the oesophagus, There was no impairment of appetite
but the animals showed a proncunced tendency to emesis,

Swallowing thrust the meal into the dilated cesophagus but tomic con-
traction of the smooth muscle forced the beolus inte the pharynx from which it
was vomited, In half the amimals used the cardia was distinetly patulous.
After supra~diaphragmatic vagptomy a normal oesophageal activity to the
swallowing of the bolus was observed but after a brief interval was
regurgitated into the oesophagus, This was attributed to an impairmemnt
of the receptive relaxatiom of the stomach associated with a hypotoniec
cardia, It is important to note in relation to the present discussion
that similar results were obtained when vagotomy was performed on sympath-

ectomised animals,
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Memn et &) stabe thet whilst the extrinsic innervation of the muscle fibres
of the lower part of fhe oesophagus is entirely from thé vegus the sympathetic
supply is limited to ﬁlw& vegsels,

& member of workers comeur theb the vegsl supply to the cordis is chiefly
of motor fumetion in simple etomsch seimals, (174}, (175).  Neverihsless,
Hillemand et 2l 1943 (176), clsim to heve trssted cesoghsgesl dilatation
and cardiospssm by imjection of the splamchniz nerves =nd splanchnicectomy.
Aceording to Templeten, (177), wesk parisvslsis in ths lower sesophagus fails
to producs relaxatien of the cardia and resulis in cardicspasm in human
gubjoets.

Palpating the cardia through a ramen fistula at the moments of erusisbion
Amadon and ’fmtmiier 1945 (178), found it to be widely dilated which they
concladed invelved muscular contracbion and is therefore s active rather
than a passive change, They noted however that at dimes the cardis may not
sctively dilate, bub relaxzabion cccurs so that gas may escape through the
orifice, In this connection it is pm“é;imimly interssbing to note the
work of Pennington et al, 1946 (179}, with dogs who examined the relastien

of pressure chns

ges in a Jjejungl Thiry fistula %o tone chemges in the cardis
and its relaxatiecn followinz peristalsis induced by swallowing or distension,
Slight incresses in pressure were ineffective, but repeated moderabe distension
caused some relsxation without nsuses or distress, there was no effect on the
typical relsxation centraction pattern after peristalsis,
Reviewing this woxk Ingram 1947 (180), states that the paths of this

reflex have oot been worked out but it is mot lntrinsie,

The svidence then implies that the cardisc sphinster fumetions by astive
motor inmervation having origin in the vogus, other movements arising from

the facility of smooth muscle for spontanscus contraction,

Ble Gontrol of the Gardisc Sphincher,

To what extent the cardiazc sphinecter may be centrelled by veluntary er
reflex sction in eructation, and if a reflex the identity of the sbimviug, is
& matter for conjecture,

Dukes 1947 (181), states that the cardisc sphimcier is probebly:
controlled reflexly, whilst Cole et &1, @09). congider that the cardiae orifice

is opened reflexly in eructation not simply forced open by imcreased rumenal
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Fig. 6.—Tracing of portion of ruminal pressure eurve of eow 557 on full ration
of alfalfa hay and corn silage, using mereury manometer (January 29, 1937). The
bottom line is the time interval in minutes. The points on the middle line indieate
when audible belching occurred. The vertieal seale represents pressure, 0.5 mm on the
graph eorresponding with 1.0 mm mereury of pressure. Note that after each belching
a drop in ruminal pressure occurred and that this drop in pressure follows a ruminal
contraction. The highest pressure point is due to stretching. Stretching, eoughing,
and so forth, cause greater changes in ruminal pressure than does the eontraction of
the rumen musculature itself.

Fig. 7.—Tracing of portion of ruminal pressure curve of cow 557 while oxygen is
being added at the rate of 3.6 liters per minute, using mereury manometer (April 13,
1937). As in figure 6, the bottom line is the time interval in minutes, the points on the
middle line indicate when audible belching oecurred, and the vertieal scale represents
pressure, 0.5 mm on the graph corresponding with 1.0 mm mereury of pressure, Though
the ruminal pressure, during ruminal relaxation, is 8 mm mereury above the pressure
before oxygen was introduced, belching still oecurs only at the peak of ruminal eon-

traction.
1

Fig. 30.
After Cole et.al.(5I).
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pressure, and Cole, Mead, snd Kleiber (51) postulate a reflex opening of
the cardisc orifice stimulated by the contact of roughage with the walls
of the rumen, |
Wester (163) considers that the opening of the ocesophagus depends en the
strength of thé rumenal contraction usuelly associated with sructation,
Of particuler impertance is the opening of the cardiac orifice with
consequent eructation and no seriocus distension during complete rumenal
stasis and gas ingufflation with hay, Quin (151),snd grass,Phillipson (148)
in the rumen, This suszgests either stronger voluntary intervention
than has heen implied te date, or the implication of nerveous pathways not
directly terminating within the rumen walls, and of greater complexity than

the simple reflex conceived by Cole, liead, and Kieiber. {(51),

As the factors postulated in opening the cardise orifice for gas
removal are not substantiated by ex@@ximmm}. evidence they would best
be examined in the Light of the functieonal phenomena associabed with erucie
ation, Wew eructation of ges from the mouth veuvally coincides with
2 strong rumenal contraciien and incresged rumenal pressure in sheep %ain
(139), and cabtle, Cole et al. (51). (See Figz. 20).
Qecourring during the backward wave of contraciien in the zrumen, eructation
wes considered by %at@ (\»167),} to be of regular occurrencoe since mmwwmon

of the rumen and reticulum scours approximately once a minute,

Irregularities do result according to Gole et al (51), ond eructation does
net occur at each m&m contractien, w&ﬁh miah other w@m@;é kmnmro
(128), (163). | Nevertheless, sructation wg&s is conpidered to depend
on reticulo-rumenal movements; Phillipson (403 esserts that gas will not
&emmwm if they are not inhibited provided tlw cegophagus is not
obstructed, | |

This worker gives as evidemce the &w;;mpmmt of bloat resulting from
retioulo-rumenal paralysis by section of branches of the abdominal vagi
demonstrated by Hoflund (128),

Barxlisr mentien was made in those studies hy the writer of streng
runsnal movements being observed during the onset of bloet which questions
this agserticn ¢f Phillipeon (40), vho has since withdram that view on
the basis of gos insvfflation stmdies (148),

The impordence of pressure in activating the cardiac sphincter for eructation

was indicated by Cole et al. (51), who prevented a pressure increase
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during romenal contrastisn by aspirating gas froem the rumern and maintaining
a slightly negative pressure, when eructebion did net ecour,
The influsnce of pressurve is furthsr illustrvated by the freoguenck of
sruckstion belng dependent upon the fermentatian actividy in ths rumen,
@uin {151). The exructabion fregquency slso inoresses soon after foeding
the inereased rote being meintained for 2 =~ 4 hours Oole (51),
These facts are in seceord with the ineresze pask in rabe of gar formabion
ir thsvromen follewing feeding. (51}, (52), It should also be noted however
that rumen motility incrssses afder fesding sommemess, (61), (139), and may
acgount for incressed eruotebien frequency if the anterior wave of contract-
ion im the rumen m%wmmss the opening of the cardise orifice as conceived
by Wester (167).

Pressure alone is not responsible for eructatiscn according te Cole et
al. (51), which thgy demonstrated by incrsasing the pressure through forcing
~gas inte the rumen., when sruchtation oscurred only durinz rumenal contraction,
even though the pressure was greaber during mmmﬂ inactivity than the
pressure associated wiﬁh eructation under nermal conditions, They further
consider that this fact proves that the cardiac orifice ie not sutomatically
forced vpen whenever the pressure is increased %o a certain point; therefore,
in their opinion the abvious faster in eructation is the reflex epening
of the cardise orifice by fibre stimulation of the walls of the reticulum
and runen,

These conclugions fail to explain the facility with which sheep (151),
and cattle (156), expel largs volumss of efr rushed into the rumen, even
when the rumen is flooded or psralysed. Neither do they account for gas
expulsion from the commenly experienced ges dis ‘kéndad yomen of milk fed
ealves Corbett 1940 (181) in the diet of which roughage is usually absent,
The writer has observed that certain pastures will ceuse acute bloat whilst
othors fail to do so in the same herd of cows, altheugh the herbage in the
pastures concermad were at similar stoeges of grewth,  Likewise, asute
tloat can oecur in snimsls grazing the same pasture cenbtimucusly, Bathe (24),
Dougherty 1941 (182), the previous grazing of which did net cause trouble

The conolusions of Cele et al. (51) would not explain such variations
in incidence withoul ssswning & failure in atbeivment of the necessary
threshold level for stimulating the sxuctation reflex, Under similar
conditions of pesture growth and gspeciss compozition such av assumption

would be barely tenable.



Consideration needs to be given to the fact that a reflex s sn lnvelunbary
act shich precluvdes the probebility of voluntary control intervening in

srucbebion, Sheuld the capdisg

vphinoeber open v wmanper by thab sugessted
by Dukkes (165), fer reguvgltation, invelving golely an inspiretory act,
then the lnveluntary mwﬁ.m‘w of the rebiculum is pot involved, mmd
the exercise of part velunitaxy conitzrvl or a reflsx having erxbtrinsie
pathways must be considered, |

It has yet to be proved thad lagk of ewlflcient rovghege in the rumen
rosulte in insufficlent shimulwe to elicdt the eructation reflex,
Reference %o FIGURE, 12, Day.2, illusiyates recovery from merked rumensl
distension, which could enly have been effected in the time By eructation,
and this en = roughage free diet,

Thatevey the fectors controlling the opening of the cardiae sphincter the

aifachs of pressure on the cardia sre net to be underestimated.

Pregsure can stimulate the regurgitation act with conseguent openling of the
eardioc gphineter; W@ shmple stomech snimel the cardin is opened for

Faa ‘:&*@MM@ under inopeased pressure., The frequeney of eructation is
colneident with pressure inereuses i the normel snimel, whilsd mpmimml
incresses in rumen prosesurs sre med by an mwmmm freguency ¢f ervetabion,
Furthernore, erustation in the mormel eanimal is synchronised mm Maml
contraction at which time rumen pregsures avs normelly highest,

‘ %Mm the cardise sphineter sobion be active or pessive 1% is
suffielent bo permld of pas vemovel wnder incressing pmmwea in animals
with compleds rumenal sitasis, It is of interest bo nobe thab Dukes (165),
comenting on nepve m‘mﬁma in the Mmmmg whieh only give rise to pain
i reception of an adequabe stiwclus, refers o distension ss belng an

axmmple of sush o sblomiue,

¢le Besponse ef the Uardisc Sphineier,

The &nﬁumm of chemidal Tagbors on the movemembs of the cardisc

. sphineter hes been indicated by Lehmenn (172), who induced relsxation of

the ghhincter in dogs by chemicsl stimlation with ergotamine,

1% wes suggested by Kerr and Lemont 1946 (183), that =n sliergic
shock may ceuse gpasm of the cepdize gphincter in runinsnts, se preventing
the expulsion of gas with resultant bleoat. .
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Their sugzestion is gupported by having effected recovery in a aumber of
bloat cases with the subcubsneous injec%ioﬁ of adrenalin which is usually
used bo relieve anaphylactic conditions,. Whilat prm%aia gsensitization of
the cardiac éphiaaﬁ@x is net untenable, the pregsence of fachors in paglure
plants causing contrastion of the smooth muscle hag yet o be proved.
Muscle movement inhibibory subsbances have been shown to exist, (117}, (153),
(154), (155), tut this does nob support the conception of an allergic sheck
in which smooth muscle cemtraction would be expected.
Mair (3), states that it does not follow that such sensitizing protein is
~present in the herbage, it could well be evolved from the flews or fsuna
of the &igasti%a traet, The spparent individual susceptibility of animals
to bleat would need to he sceounted for &acarﬁtﬁg to the depletion of
provein ressyves, |

The wrilter submibs theb if by the uge of adrenalin in effecting
recovery from bloabt, an snaphylectic shock is implied repgard should be given
to the nabturs of acule bloat incidence,
Ths onget of the comdition withln en heur of grazing pasture for the fived
time commenly oceurs in snimals not previeusly affected, Lt is aifficuld
to sccount for these clreumstences either in termg of the presence of a
sensitizing plant protein, or as evelved from ruvmen micreflers witheub
first explaining the sbsence of & previcus pericd of exposurs for sensitizabio
which is the prerequisite of =n svaphylectic reaction.
Ihe pessibility of protein pagsing from the dipestive ftract inﬁm the blood
circulation, slthough net zensrally Qﬁbﬁﬂfiﬁ@ﬁ‘ﬁﬁy iz mn apen guestion,
and the mechanism of snaphylaxis is considered by Q@rt&&r 1949 (184), to be
far from being completely understood. 1t s%ill remains however, %o reconcile
the conception of an asllergic shock with the aaﬁtinm$& ococurrence of bloat
over long perieds in animsle grazing the same pasture or similar herbage,
as reporited by Lyoms, (12), Cole, Mead, and Regan 1944(185), or with such
conditions as prevail in th@y&xgwm%ia@ where animals graze permanently on
aifalfa but losses from bloat scour. Mzﬁ:&@k&n (86).

Amsdon snd Detweiler, (178), transferred the rumen ingeats from cne rumen
figtula ecow teo smother, then sealed off the Tistuls of the excegeively
filied rumen with a pneumatic plug. Belching was not prevented by this
procedure. There was no indicabicn however, of the type of food fed, the

amount and rate of gas pro&nmﬁiﬁ&,'@x‘whathar diskenai@apaf ény kind was
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apparent,
Hevertheless, mechanical cbstruction of the oesophagus whether from clinical
or physical cauvses is generally accepled as bamg contributory to the
| tympamic condition, Obstruction of the cardisc orifice having similar
congequences is without experimental evidence bult is suggested by Jacebsen
et al, (89),  They sgres %o the necessity of eructation for removal of
gag which ls tm rapidly generated to be absorbed. Their posbulate is
that rapld ingestion of & dense food mass would tend to force the stomach
down againgt the abdeminal floor, depress the cardia below the level of the
fluid in the forestomachs and trap the gag. The condition belng aggravated
by the duoying up of the freshly ingested mass by the generated gas.
‘Im@:rfmtemm with the raticular flow by the food mass is suggested,
These workers &i:aw abbention %o the fact that danger of bloabt ig gx@a‘hest
af.'i;w m&%iﬁg, & phenomens giving emphasis to their postulabion.
This hypothesis does not account for eructation from the apparenily
obsbtructed cardia in the rumen packed with imgesta, (178), or flooded
with water, (126), (151),

dn additional clainm is made, although not subé‘e&n‘ma%&, that legumes
are more r@iﬁly ingested than gragses, henos sccounting for the noén
ocourrence of bloat in grasses. This view is held %o be untenable by
Gole and Kleiber, (eited by Uole et al (9) ), on the bagis of their
wnpublished {indings that one cow under observation to determine the
relationship betweeh feed consumpbion and bloat, bloated regularly upon
consunming as little as 12 = 18 pounds of alfalfa pasture, This ssme
cow ate A7 pounds of sudan gress over & similar pericd without bleating,
No details however, are given of the previcus meal, time interval following,
or rate of gas famaﬁiﬁn; 411 of these facters belng importsat in deter-

minlng the volume of gas pregent in the ruwen in & given time,

Evidence of actusl inhibition of eructation comes from Dougherty (182),
who effected cessation of rumenal movemenids and inhibited eructation by
ingufflations of carbon-mone cxide through o rumen fistulaped cow,

The same worker csused complete cesgation of eructation aftber introducing
adr and wolter into the rumen snd eleveting the positerior of ithe apimal
- g0 that the water level was above the cardies,

This is not in accord with the findings of Quin, (151), and

Phillipson, (126), with sheep who found that flooding of the rumen with
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water made no difference to the expulsion of ingufflated sir, although
no gpocific refersnce was made to the cayrdis belng evbmerged,

Although respongse of the kc&w&mﬁ gphineter is not sctively ianvelved
It will be wlwmﬁ to comment on the prevention of gas esdape in what
& number of workers refer te as "fosmy" Vlest, This condition arises
from the intimate miximg of romen zag with ingeste and is abtribubed by
Quim, (96), to the high saponin conmbent of ingested plents which mecording
to Olark, 1948 (185), forms an intractsble emulsien of the ingesta,
Bybbles of geas ere fermed which are nét sufficlently large to burst and
esoape by cructation. Welght is given to this theory by successful
bloat treatment with turpentine and tympanol which probably bresks the
swulsion by dissolving the saponins Gnin et al, 1949 (186),
The cardias sphincter fails to open for normal eructation and tympany
regults following section of varicus combinsgtions of the branches of the
shdominal vagi,Hoflund, (128), Ellenbergzeri883 (187),Hangeld and Klein,
1927 (188), 'These findings further implicate the nervous systém in the
asbivation of the cardiac sphincter, t¢ which support is given by the
work of Jefferson snd Hecheles 1948 (189); these workers have noted
merked, gasoous, distension in the stomech and indestine of vagotomised
dogs which was relieved sumewhat by left phrenicobony.

The writer would draw particular abttention however to that evidence
which indicades that paralysis of the rumen does nmot inhibit belching,
(126}, (151): this sugzests norveus sctivation of the mr&m in erushbsation
kxm*mg origin in those brenches of the vagi more directly concerned with
the lower vesephagus, which is kuoown to contract following electrical
stimlus of the vagi in the calf, Wise, Anderson and Miller 1942 (190),
and ¢hemical stimwlus of the buceal mucous mewbrane in the calf, Wester (167)
and sheep, Clunies~Boss 1936 (191).

Hlectrical stimulation of the vagus also causes contraction of the eescphagus
in dogs, further contraction results reflexly from stimuli originating in
the up@ar sbdominal viseera, Dey et al, 1946 (192), Whilst these

findings Vm;wngly suggest kha%h@ sructation ‘mﬂex is setiwted fyrom a

- centrs of xw@%&m located in the immediate area of the cardia, it should
be noted that ﬁwmy‘aie of the mmw@&m@t necessarily be of neurogenic
origin,  This is borne out by Clark 1950 (193), following the parelysis

of rumen movemenks by histamine treabment and m;m with anti histemine

drogs. It was shown that the hisbamine paralysed rumen was still



“ 118 =
capable of respouding te FARADIC stimolation of the vagus Bervd, This respons

ghowed that ixhépw‘a:lww caused by the histemine wag of nyogenic origin,

The possibility of the cardiac sphincter responding to nervous reflex
control needs 46 be &ri%iw&lly examined in r@l&ti@m %o the nermal frequency
of eruvetabion, sud the siate of the rumen contents in the normal and experie
mental animel, “

Beference is made to spasm of the cavdia in the human gubject by Weise 1944 (1
in tarmg of & psychosomatic disorder, =« combination of physical snd psychologe
ical treatument bheing suggested, which implicates nervous centrol of a more

complex nature than a simple reflex,

Baprlier comment was mede to the effect thet the primsry cesuse of bleat in the
graging animsl would sppear bto be concernad with the facility whereby rumen
gas was asble o galn access to lhe osgeophagus through the cardiae gphincter,
Due to the absence of a eritical analysis of the sructation reflex (164,
an abbtempt has bsen made in this sectlon to examins thal evidence which will
pexmit a more critieal treatment of the current theorises as to the cause of
bloat, as well as to assemble evidence upen which to develop further ﬁh&ught.
To better serve this twofold purpese, «nd as an aid Yo clarity, the fellowing

gummery is presented.

a). Most of the rumen gas is expelled by ervctation through the cardi
orifice and oesophagus, obstruction of which is pathogenie to bloat

b)e The caddise sphincter is normally clesed; it is opened in the
deglutition, regurgitation, and eructation; dyzfuncticn in this respect would
be contributory to the pathogenesis of bloat, |

c)e Relaxzation and conitraction of the cardia normally follows the
peristaltic wave of deglutition: there is svidence that wesk peristalsis
fails to sctivabte the movement of the cardiss sphincter,

» a)e Being composed of smooth muscle, the cardise sphincter is capabl

¢f automatic movement,

al). It is the authoritative opinion that the vagel supply to the
aardis is chiefly of motor funchion,

f}.  Brgotemine csuses relsxatiod of the cardis,

2. &n inersase in eructation freguency in ruminants is normally

coincident with increasing intras-rumenal pressure, snd asccelsrated rumen

motility,
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hie There is evidence thatlt eruchtation vnormally synchronises with

romensal contrachtion, bulb not sach contraction,

ile Bructation can funchion efficientiy when the rumen is
varalyseds
Jle There is evidence that constant expsrimental distension of the

simple stomach causes relaxation of the cardia.

k). Eructabion can be elicited by stimulabion of the ocesophsgesl
greooveld oral snd vagus sbimulation cavses reflex contraction of the oeso-
wvhageal groove,

e There is evidence of normal eructation being imhibited by
vagotomy with resultent tympany.

m), There iz no known publishad evidsnce which indicates that
lack of roughage inhibits eructation,

Ble Rumen insufflated carbon monoxide has been found to inhibit
eructation.

o). Experimental findings are at variance in respect of water
submergence of the dardia inhibiting erustation.

Ple Spagsm of the cardiz and subsaquent inhibition of eructation
may concelvably result from an snaphbylactic shock, Should the gensgitising
agent ba of plawnt origlin, thern the concepitlion of such & shock would be in-

compatible with the menner in which acute bloat is commonly manifest,

{Section B follows overleaf -



E. RUMEN GASES:
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THE INI'ERNAL ENVIRONMENT,
P ———— e

Those physiological phenomens associsted with digestion of direct
consequence o this exposition have been comsidered. In the course of
trestment of the subject matter it has become increasingly evident that
the many functions of the digestive traect are influenced more or less,
;nd are inextricable from those varisble factors comprising the internal
envivonment,

Not Igst of these is the nature of the rumen gases, their rate of
formation, volume, and compesition, all of which in the grazing enimal
are directly comseguent upon the mature of the plent materiel ingested.

Now the ruminant is peculiar in that fermentation is an important
part of digestion; in fact the expression "gastric digestion" in either
cattle, sheep or goats,; end probably in all other species of ruminents,
infers fermentation followed by peptic digestion. Phillipson (195) 1950.

The internsl environment then, and its w riations in so far as it
influences fermsmtstion, is of immediate importance to this discourse,
being that physiological aspect of digestion which logically follows the
more mechanical comsiderations,

Now the volume of all gases present in the rumen at any ome time
will be determined in the first instance by the metsabolic activity con-
sequent upon the type of micro-organisms present.

Gas production will be expected to proceed at & fast or slow rate
according to the degree of stimilus given to the fermentative processes;
provided other conditions of the nutritional medium are favéurasble.

Throughout a tweniy-four hour period then, gas production and
pressure in the rumen will fluctuate to an extent conditiomed by the
smount of food entering the rumen, its nutrient value, and availability
for becterial synthesis., »

hccording to the progress of fermentation so will the pesks of ges
formation be sttained, their distribution throughout the dsy being related
to the time at which the mutritional stimulus is received.

By separste examination of the influences csusing fluctuation in
rumenal ges formstion, a more corvect perspective will be given to those
complexities of plent snd enimal inter-action se they msy contribute to

bloat end its incidence. The nsbure of the rumen geses and those factors
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which may influence esch phase of fermentation activity will be exam-
ined under the following captions:-

a) Composition of Rumen Gases.

b) Influence of Feed Type on Fermentation and Rumen Geses.

¢} Influence of Nubtrient Level on Fermentation,

d) Time Intervel after Feeding end Rumen Gas Formation.

¢) Influence of Rumen Miero-orgenisms.

£) Other Factors Influenceing Rumen Gas Production.

8), Composition of Rumen Gases.

eb———

The gases present in the rumen are prineipelly methene and
carbon~dioxide; but treces of other gases are ofben found,  Average

figures given by Kleiber 1943 (196) for cows feeding on alfalfa pasture

0y 67
CHy, a8
N, 7
HoS -1
0, | 1

These figures agree closely with those fownd by earlier workers.
Weshburn end Brodie 1957 (152) found thet as digestion proceeded the
percentage of nitrogen and oxygen rose but that the ratio of these
two elements wes preater than that of atmosgpheric sir, in sgreement
with the figures given shove; the percentsge of methans remeined fairly
congtant.

The composiblon of rumen gases wes found to be little influenced
by the type of food @aﬁ@m the greatest vardiabtion ocourwed with the
time interval after feeding, which is in asccord with similer findings

by Cole et al. (51). (See Figs, 17, 18, and 19)9
Olson (1) gives deta on the composition of gas from the rumen of

bloated cows, The aversge of nine samgples taken from cows Lloated on

sweet clover was— %
€0 61.97
0g 361
CHy, 18.42

Evidently these figures from bloated cows do mot differ strikingly

from those obbteined in normal animels (196) (51); the high oxygen figuxe
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was accounted for by the seampling method used.

Dougherty (182), (197), has suggested that en incressc in the smount
of rumen @érbmm monoxide mey be a contributory factor in causing death from
bloab. He demonstrabted that both e&fbmn monoxide and hydrogen sulphids
inhibit rumenel movements when introduced into the rumen in sufficlent
quantity, they are highly toxie, producing a syndrome rw&thlimg neturelly
cocurying bloat,

Dougherty found thet cerbon monoxide was present in normal endmels in
only smell amounts (not exceeding 0-17 volumes per cent) while hydrogen
sulphide was present 1@rg@l§ in solution in conecenbtrations up to 0309 cc
in 100 ¢e of ingesta. He Purther demmmstreted that the amownt of carbon
monoxide and hydrogen sulphide required to produce blost symptoms wes much
less when the inbre~rumensl pressure wes incressed by insuffletions of air,
methene sand cerbon dioxide.

Criticel examination of Douglerty's evidence a@ﬁewmmin@ carhomn mone
oxide is not convineing ss no ineresse could be detecbed when the cow used
was fed clover from a pasture lnown to produce bloak; in faet; no corye~
lation betwsen feed and the content of carbon momoxide could be detected.
The concentrabtion of gas needed to produce sympboms wes in excess of that
found in the ruen, |

The data regerding hydrogen sulphide were more convinecing; the con~
centration increased when clover was fed, while sympboms were produced
experimentally by éwmﬁﬁmtrﬁ%iwna which did not exceed that found in a
naturally occurring case.

Attempts to produce experimentel bloat however by feeding cystine or
sulplur f&il@ﬁ sy elthough the hydrogen sulphide coneentration increased,
no gymptoms occurred, in spite of feeding in eddition cultures of Hﬁ&»@ro%
dueing bacteria from the rumen,

There is furthér evidence that the percentege of hydrogen sulphide jis
high in bloated bovines. Dougherty (150) gound momawm%réﬁimm& as high as
0+7 per cent of hydrogen sulphide in ruwen ges from steers that hed died
from bloat § - 12 hours before the swples were taken, whilst Olson 1942 (198)
reported in blosted animels the hydrogen sulphide concentration in the rumen
mgy be ten to twenby times that in snimels on dry feed.

Olson 1944 (199) later weported that cerbon monoxide snd hydrogen sul=

phide are present in rumen gas of normel enimals snd thet hydrogen sulphide
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is greatly incressed in ceses of bloat.

These findings are nob mﬁmmmm with those of Kleiber (196) who
studied the hydrogen sulphide content of rumensl ges immedistely it left
the rumen; Trom two blosted cows and three morwal swimels on alfslfe past-
ure., There wes no significant difference in the hydrogen sulphide conbent
- of these semples, end no relgtion bebtwsen the hydrogen sulphide concen-

tration in the rumen end bloabt,

To epitomize then, there is ne known published experimentsl evidence
of abmlute significance, which supports the concept of an incresse ocourT-
ing in those geses heving boxic effecty, as the result of a pavticular feed
type, On the contrary therve is ggreement for the mest coamplete evidence
procured in vivo (197), (51), thet the composition of rumen geses is similer
for different feeds and such vardistion in conposition as occurs is lexgely
due to time interval after feeding

end besrs o koown relabion to bloab

b).

Influence of Peed Type on Fermentatlon Gages.

Wailst ﬁm incidence of bloat in gx‘@mm mﬁ.zm;es is generslly sssoc-
iated with a legume diet, evidence exists thabt no wore gas is produced on o
bloat-provoking diet, such as green alfelfs tops, then on a non-blogb-pro-
voling zﬁi@% such &m plfelfe hey and grein (51), (89), (52).

Although mmy snelyses m@ been m&«fm on the principal constituents of
legumes snd m—-ﬁl@gumsa no essential product for backerial metsbolism has -
ever been :‘z,&olme&&! from legumes which are not present in non-legumes, Jacob-
sen {89).

There is evidence however that slthough the total volume of ges pro-
duced on different foods may be similar, the rate of produchion will vexy
in striking menner,

Washburn snd Brodie (52) demonstrated the repid incresse of cerbon
dioxide percentage affter fméﬁng& the pesk of \mﬁ.@h was r eached more rap-
idly on an all gress diet then when alfelfa hgy, or alfalfs hey and graein
were fed, The relative amount of cerbon dioxide in the rumen gas varied
from 80 per cent shortly after grass wes fed to 10 per cent 23 homrs later.
The percentages of methene for the same period were 20 snd 9 respectively.
Contamination with air apperently caused these marked decresses as the per-

centage of nitrogen and oxygen present rose from zero in both cases to 68
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and 13 pm: cent vespechbively., By messuring the amaunt of methene in the
cxpired alr and celovlating from the above ratics the percentage of COp due
to fermentation, it was shown thet o dry cow shortly after belng fed 4.5
kilos DM of grass produced (0o end CHy et the wrate of 32 and 10 litres
respectively per hour, Five hours later the rates had drvopped to 13 end
6 litres per hour, snd 22 hours leter the yates were 1.5 snd 1.2 litres
per hour,

On dry bay or on hay md grein the rate of methene production wes
almost the swme m the figures Just cited slthough the diw mebter inbske wes
only helf as lerge; the rebe of pyvduction of carben dloxide wes sbout bwo-
thirds es large wnder these conditions.  (See Pigs. 17, 18, 19)2

Deta on lactabing cowe show o meximum rete of production of methsne of
1€ litres per hour shortly efter feeding; the feed inbeke was not glven.

Parallel findings of the decline in the ratio of C0y/CH, weve obteined
from the rumen of a goab.

Weshbura exnd Brodie {52) on the basis of thelr findings stete that
grass appears to be not oply more wopldly dlgested bub ites digestion involves
less CHy formetion. They could not sccount for the wwsuelly high level of
Tunen {0, following grass feeding.

Support 1le given to this work by similer findings of Cole et al, (51)
whe £ail to find ressom for ablribullog bloal on green elfalfa $0 excessive
gas produciion. They state “hab the tendengy is for less ges to be Formed
from greew olfeldfn then from &1lf21fe hay ond coucenbrotes., They demonsge

»

trated the repid rise in ges foxmabtlion afler feeding wirlcoh they consider shows

©

why blosting mey ccour soon afber snimsls ave btwmed on to alfslfs pasture.
{See Plg. f«”.('?}?

Quin (96) irvestigeted the influence of dict on ges yroduction in sheep
with rumen fistulee.

fheep on & besic diet of lucerne enly, fed elbher green or ss dry hay,

¢

were able to cause repid fermentetion of welghed test meals of lucerne con-

guned In the early movalng before roubine feeding book plsce. The amound of

gas produced varised over a perdod of 20 miaubes Trom more than ® litres to
approwimetely 4.5 litres. This difference in tobel gas yield when identicel
test meals were fed to individuel spimels was a festure vonstantly noted mmd

wes gscribed selely to the condivions present within the fore-stomachs.

This fect is of Zwporience when vonsidering the varieble nebure of bloat

incidence within a group of amimals, CGas production in these studies veached
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2 pesgk 0 mm:m after feeding comenced (See Fig. :QBIL@T}Z
The feeding of wheab straw, or melge semp, to snimels scousbomed to
& lucerne diet failed to provoke suy ges production, within 90 wimibes.

Subsecuent geas lormablon wes very slow compared with that noted on lucerne.

This indicetes tlat neither cellulose {whest straw) por stavch (meize samp)

is cepeble of the sewe rapld fermentation ss vndevgone by certain coustit-

uents presevt in lucerne.

The dosing of elther cane suger or glucome in swmounks of B0 grewms
directly dnto the rugen of snimels on a basiec diet of Juveerne caused prompt
fermentation end gas evolution similer to that noted with lucerne itself.
As sccording Vo Quin similer fermentation wes oblained with Juice expressed
from green lucernme or with a watery extract from lucerns bhay, it was evi-
dent thet the suger in the lucerne wes the factor responsible for the very
vepid fermentabtion.

It was further demonsitreted thel when sheep eve elther completely
shozved or kept on a ration consisting of poor quality hay or straw the
power to ferment glucose in the fore-stomachs is resdily suppressed in
most animals,; these findings being at varisnce with those of Cole et ol. (51).

More recently however Cole end Kleiber (53) have coupared the rate of
formation of rumensl gas in cabtle on a diet of gress with thet of alfelfa,
and between glucose end sterch introduced into the rumen, As to date
theire would eppesr to be the only published date eompering in vivo the
gee production rates in cabile of a specific lepume and grass thelr figures
are presented in Teble 9; as it is generally held that bloat rarely occurs

OnL Gresses.

(Table © follows overleaf).
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Table 8§, Comperison of rumenal ges formetlon following feeding of
- of suden gress snd alfalfa tops., Cows fed ad libitum

throughout » 4d-hour experinentel pericd,

Cubido feet of Gus formed.

SUDAN GRASS.

— A-hour Z=hour Pirst 4 hours
Gow To. Ibe cousumed before feeding after feeding sfter feeding
7€0 89.7 0.08 C.48 4+ Q%

FH0 e d 0.38 047 5445
TEE 7.5 0 84 Qe &7 G 7T

TE0 G50 ISP TN Os 58 890

Iverags LTl , 0o 2B el &3

ATFATEA,

TEO %0 My eSS Ge LV
iy e A4 Ge 34 Qe 48 5439

766 19.7 030 0.73 5,82

854 180 Ge 54 ek w600
hverage 15.8 0.28 0.49 bre 52
A N SR R IS AT AL SAIATD

In sddiblon to the tops cow 760 reeceived 4 1bs of = concentrabe mix the
night before the trial. Cows 757 and 852 received 4 lbs of concentrates
the night before snd the morning of the trigl.

The cows were prepestured for 2 days on the pasture from which the
tops were taken. Gas production wes meesuved ps described by Cole et al.
(51). eructation snd subsequent ges loss being prevented by the use of
aspirating bottles.

Cole and Kleiber sumsarize their work in the following marmer:-

"y four 4-hour test periods there was =n avereage consunphion of
47+6 1b of Sudan grass tops fed ad Libitum in the bewm with sn aversge
rumsnal gas production of 4.7 ouble fect for the period.

To four tests with alfelfa tops in the pre-bloom stage fed ad 1ibitum
there was an sverage consumpiion of 16:5 Ib end en eversze of 4.3 cuble
Feet of rumensl ges prodused over a similsr period.

Gas formabtion during the first 4 hours after the begimning of feeding
wes approximebely the same for three of the feeds, bubt the average con-
sumption of Suden grass was J times thab of 2a1fulfn.  Consequently i%
appears that the rate of gas production would be gresler with elfelfa than

with Buden gress if equal quentities were fod,

It should be noted thet in the figures quoted cow 757 was distressed
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by discomfort from the cermula. No sccount is givem for the discrep-
ancy betwsen the welghts of a particular food consumed end the volumes
of gas formed, when the seme workers earlier indicsted (51) that there
is & direct relation betwsen these factors, leesuvement was not mede
of the food consumed 24 hours prior to the experimentel period; the

presence of which in the rumen could well affect the resulbs obtained.

It is on open bulb nome the less imporbent question as to vhat may
account for the degree of satiation which determines the marked differ-
ences between welghts of elfelfls snd Buden grass congumed by the sene
snimel over the same time period.

Aocording to the gas measurenent btechnigue used, rumensl disben-
sion (which mey be an dmportent factor controlling inteke) would be pre-
vented., It is considered that alfalfs is more palatable than grass (89),
hence greaber intake would be expected;, whilst the differvences in weight
of slfelfa snd gress consumed indicabte thet sabistion is wot spproached
in the weighte of elfalfa consumed in the same animal.

The writer submits that en important omission in this work concerns
the lack of deta relabtive to the cuanbities of grsss end 21falfsa con-
sumed et specific intervels shortly after commencement of feeding, end
which would ewbrace the pesk period of ges production, This is necess-
ary before any mgm'o&m be given to Cole end Kleiber's claim, unsup-
ported by evidence, theb incressed gas production on lepgumes does not
in itself provide an aflequate explemation of blost. Further that eows
will bloat on mmmm of alfelfa eomparsble to those consumed in the
experiment described, bubt bloat did not ovcur when normal snimals were
given an anount of Suden grass producing sn equivalent volume of gas.

Attention is drewn to the fact thet Jacobsen et zl. (89) have
shown that similer emounts of bluegress snd 21€21fs, when pertially sub-
merged in sliquoet samples of rumen £fluid, produced almost the same mmm‘&;
of gas, The rates of gas production tended bto follow the dxy matter
content of the materials used even when the grass was dried before im-
mersion in the rumen fluid. It will be recslled thet earlier in this
discourse differences in dry mebbter inteke in 2 given time due to ver—
iations in ingestion rabe, eccessebility, end W&m&nmﬁﬁj of herbage
were considered likely to obbtain, VWhere the gpproach to the opbimal
levels for these conditions varies, intre~rumensl gas PIESSUDsSs %@1@1

also be expected to very, reaching the highest pesks in a given time
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where the optimal levels were atteined, This would be accentuated by
él:ii’fewmcm in the rumen ges production potential of herbege as demon-~
strated by Cole and Kleiber (53).

It is pertinent to note %;‘ém"%; the sppetite end coincident dry matber
inteke of sheep on & hgy diet is increased by %;};@ addition of suger
Quin 1948 (201) which stimulates rumen gas production {(98), the accuwmil~
ation of which is menifest as bloat in sheep grezing lucerme heving a
suger content increasing from 2.5% to 6% (dry weight besis) on the day of
bloat incidence (27).

The rate of ges formation following the introduction of glucose into
the rumen compared with that of starch was also measured by Cole and
Kleiber (53).

When the cow used was fed 9 1b of glfalfa hey and 6 .l}:} of barley
20 hours before the experimental period, glucose coused a more repid
increase in ges formation than did stareh, although the total gas produced
within 4.5 hours after the introduction of either of the 2 substences was
approximately the seme, thet is .4 end -1 cubic feet respectively.

In vitro studies by MeAmnaly 1943 (200) have slso shown that suger
stimulates ges production when edded to rumen ingesta,  Similer studles
by Jeccbsen (89) indicated thet molasses end sugers tended to temporarily
inhibit ges production although rumen contents becems more frothy vhen
molesses wes fed regulerly; no data were given as to the weights mmﬁ;@
These sare workers found ‘kh{&t ingesta after silage was added to a hay end
grain reatlon produced le:m“g&s per grem of dry metter than ingesta from a
hey end grain diet &lqm@, - It waes not clear however as to the precise
effect silage produced as .‘M: wes not clearly mf:%mm;ﬁ.mmﬁ from the éffect
of total food consumed,

Carbon menoxide was found on a hey diet to the extent of 0.02 per
cent in rumenal ges, and 0°02 to 0.03 per cent on a fresh cut clover diet
(197), although the amounts produced on dry end green fesd appesr to be
cwrzg;w&”fz)m (182).

& purber of workers. mywr&: high concentrations of hydreogen sulphids
in romen ges on all legume diets (197), (198), (199), which has nob %@m
confirmed by enalyses of rumenal ges lmmedietely on withdrawal from bleabed
and normel cows on alfalfe pasture.

It is of interest to note the early work of Iumgwitz 1892 (202),

who analysed ox rumen gas seoured through a permenent cennuls. He found
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the 00, to GH, ratios varied from 2.1 to 8.5; Oy cantent, O - 3 %3
Ny 2 - 19 %, GOg 40 ~ 50 % from cebbage leaf feeding, snd G0y 70 - 80 %
for alfalfa clover end grass; CHy 16 % after bucdkwhest, end 34 % after
veboh feeding.

The following summery gives very good reason for believing that 4iff-
erent foods heave separete md merled offects dn thelr influence on the
roke of rumensl gss formabion.

2} Although there is evidence vwhich suggests that the rate of
rumenal gas formation ls similer for bleat and non-blosk pravoking feeds,
strong evidence to the combrary exists,

b} There is evidence which demonstretes thab rumenal ges s formed
ab 8 greater rehe on o fresh grass end lucerne diet then on hay, hey and
grain, vwheat strew, and meize Semp diebs.

o} Variation occours bebween sheep in the wvate of rumensl gas form-
ahiorn in the seme Lime on the same weight of lucerne feed.

a) Cene suger dosed into the rumen of sheep induces o similear rabe
of rumensl ges formation to theb of exbtrected lucerne hilce,

e) Fermenbebion activity is inhibited in the rumen of sheep by
sterving or feeding on poer hey end straw dish,

£Y There is evidence from in vive sbudies thet the same rate and
voluwe of rumenal gas Tormelion produced by e given guanbity of Suden
gross in a given time, is produced by + the guantity of lucemne in the
same bline.

g} Tn vitro studisz indicste that the rate of ges formstion from
mngengl ingesta tends to follow the dry matter content of the immersed
food msberials. |

h}y There is evidence from in vive and in vitro studies that glucose

and staveh added to rumon ingeste stinmlate rumensl ges formabion, vwhich

procecds at a greaber rabe with glucose sbimulabion.

Cle Influence of Nutrient Level on Fermentation,

The totel volume of gas evolved &s a i‘e&ﬁ:ﬁtx@n:ﬁ;mzimz preduch in the
rusen will be debermined loxgely by the ampunt of carbolydrste svellsable
for microbisl disinbegrabion. According to the concenmbretion of those
carbohydrates which ave readily decompesed, so will the rate of gas form-

ation be detersined,



ul%m

The inbensity of femmentation as far as cen be Jjudged by the
congertration of voletile acids in the digesta wes shown by Fhillip-
son 1942 (208) to very in divect rslation to ingestion of feod and
o the nature of the diet, Higher values were found in sheep grazing
young summer gress theu in those feeding hay, or hey supplemented by
bren end oebs, o by mengolds end cebbage.  VWashburn and Brodie (52)
indicate in their debe thet & & nedntensuce level of gress inbeke
vesulbed in a roke of gos formeblon in the first hour after feseding
greecter then that om elfelfe hay, and alfelfe hay and grain diebs fed
gt mainbensnee level, the incressed rete of ges formebion being due
largely to a percentege incresse in (0g., Cole et gl. (51) determined
the relgbion bebween the smount of feed consumed snd the amount of gos
forwed in the yunen. PFeoding st a level of 4 1bs daily of 208slfa hey;
11.08 litres of ges were forfed over the 4+ hour experimental period as
compared with 77.04 litres over the same period for two previous trials
on 2 25 1b yation of alfalfa hay, Indicabing that a reduction in hey
congumed from 25 1b to 4 1bs resulted in a reduetion in the awount of
ges formed to one-seventh, these workers concluded that amount of feed
consunmed has a direct relation to ges formed,

There is evidence which questions the sssgocisblion of bleosb with
en incresse in quanklty ingested, of a given food, This fact wes
indicated by Mead et sl. (15) who investigated the effects of the
phvsical condidion of feed on the incidence of bleat in stall fé&\aoww.
There ware two experimenbel perdods - Inm pericd I the cows received
finely ground alfa2lfa hey end concentretes., In period IT the seame
cows received wngrovnd bey end concentrates.

The average consunpblon in peried IY was €.9 1lbs per day per
animal grester than in period I {which was considered due to the greater
peletability of unground hay); 21 ceses of slight blost occurred during
period I, one case of slight bloab in period II.

These workers vefer to the fact thab bleoat most often ccours
after ecablug large amwunts aud state that on the besis of food con~
sumell & greater blost incidence would have been expected in perdod IT
than in perded I.  They account for the lower incidence of bloat on
the lavger quantity of food ration on the basis that the physical
shake of the unground hay wes sufficient to a%imul&ﬁ@ the erustabion

reflex.
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Ho date were given for the rabte of food comsumption in the 2 periods,
although these workers in the smme investigation évidence repid ingestion

as belng contyibubtory to the tyupanic conditlion, Hemce it is suggested

by the writer that ground hay would be ingested in less time then unground

hey, emnd there is evidence that = given weight of hay requires greater
length of time for ingestion then other foods of the same weight (m),, (110}.
Should eructation of ges from the rumen be coordinated with rumensl motility
gycles then eny chemical or physical factor of the feed likely to reduce
ingestion rate will a) ensble eructation to keep pace with fermentation

end b) reduce the rate of gas formation. These facte meed to be consid-
ersd before much regard is given to the findings of Mead eb al., The sems
workers (15) report a greater bloat incidence in stall fed cabtle on a
ration of greem alfslfa tops then on a retion of alfalfs tops cut coineid~
entally and dehydrated, The total dry mebber consumed wes the seme in
each case.

A point of primexy interest is '&h@e smount of alfalfs conswned before
bloating occurs, Meed et al. (15) state that m a yule bloat did not
oocur unblil more then 50 Ibe hed been consumed, but oow bloaked alber
consuming 8 lbs., The varisble time at which blost cccurs after cows are
pastured indicates thet there is a considersble letitude in the amount
consumed before blosting is memifest.

in (27) dmplicates ingestion of excessive amownts of luceme in a

single meal with acute bloat end comsequent incveased ges f’@mﬁ:}.@n and.
suggests that smell vrepeabed intekes will lessen the rigk of rapid ges
formation, The same worker (98) associates loss of &W}%M@ end hence
“lowered food consumption with a decresse in the ability of ingesta to
ferment glucose snd stimulste consequent ges Tormeltion.

MoAnally (200) demonstrates with in vitro studies thabt the addition
of glucose to ingesta £iltrete results in repld ges formation, vhich afber
reaching a pegk falls away when the sugar is ezhmusted. With increasing
guleose conbtent the mmm& of gas evolution is prolomged, there being a
maximun rate of gas evolution which is not exceeded even if the eriginal
sugar content is incressed in smount. There is a tendency for the rate
of gas evolubion o be diminished if the retio of welight of glueose to
ingeste volume is incressed sbove a value which is spproximetely 0.2 gn/B ce.
These findings ave in agreement with those of Quin (96) who hes alse shown

that starvation causes a ropid emnd practically complete suppression in the
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fermenting erﬁf rumen ingesta.
Gole et sle (®) refer to the umpublished work of Olson emnd Bresesle
who found the hydrogen sulphide percentsge in rumenal ges to be grestest in

the saimels thab ate mm.

To summarise the influence that the level of mubrients msy have upon

a) There is strong evidence which indicates that the rate of ferment-
ebion in the rumen is related to the quantity of food consumed.

) In vitro studies indicabe thet meximm ges formetion from rumen
ingesta is induced by a certein glucese value, which if exceeded tends to
inhibit rether then ineresse gas Tormebion.

4)e Time Intervel after Peeding

proeier fessiatenibinsb tistantRanncarE Sttt et

and Iwzmﬁ Gas Formebion,
WWW

By the use of a permonent rumen wwu&@ in a non~lactabing Jersey cow
Weshbbuwrn and Brodie (52) drew gas samples for amm},y&w from the rumen st
very short inmfbervels end constructed accurate tims curves of the composition
of rumen ges and for the 00z end CHy ratlos vhich were parelleled with sim-
iler cweves for expired gese This wes the first published workc of :izm kind.

5 was shown thst the 00g /CHy rstic in vumen ges is not 2 constent
but declives with time intervel after feeding, The peak in rete of %m
formation was resched scon afber feading to decline grefually until litile
ges was being formed 24 hours later. (See Pigs. 17, 18, 190).2

This genersl statement has been confirmed by other workers, Cole et al.
(51), Jneobsen {91}, Quin (96).

The writer submits that a point of parbienler significence inm the time
curves of Washburn and Brodie (52) is to be found in the fact that on mein-
tenence diets of glfalfs hay and elfelfs hey snd grein, over aei A~hour feed-
ing period the pesk gas formation rate was reached in 4 and 4% hours respect-
ively after feeding ammm@& On a twice modntensnce diet of gress owver a
Z=hour feeding perdiod *Z;f}m peak was reached in 3 houvs.

The precise time tsken by the snimal for esting in each instence was
not specified; although Weshburm smd Brodie do not vemture sm explanstion
of thet phencienon it iz not woressonsble o assume that both smount @:ﬁ* mak-
erial and wmmzmmmy of carbohydrate for microbisl &,g&mmﬁ gontribubted

to @& more rapid ges formatiom in a shorber time intervsl on a gress rabtion.

Cole et al. (51) esbimated that the volume of rumen gos produced by
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eabile on diets of olfelfa hey and green alfelfa vespeetively was fn the

region of S.1 and .1 in the half hour beforxe feeding. The peok was
reached one hour after feeding commenced for the alfelfs hay vhan the
volume increesed 0 over 991, spd inm 1 hours for the gween gifelfs with

& 201 volums fnoresse. (Ses Fig, 90),

w was pepdd in the pext 3 howws,

The subsequent du

aspirated through a wide bove cmiaila apd 1t wes oleimed that wo lospes
oocurred via the cesophagus.

Quin {96) using fistulated sheep recerded & pesk in rumen Ges pro-

duotion 30 mimabes after feeding commenced, followed Wy a repld decline

dlets of lucemne hay @d green lucere wepe fed. Theve was no ges.

formation in 90 mimtes affer comencing to feod vheat styew or meize s

4 be mobed that in theee dn vive studies wo precation

taken to prevent ges losses by eruecbation,  Guim (27) also wepowted def

inite evidence of an incresse in inbra rumen pressure immedisbe

meaal of green lucerns, wideh was not gpperent some hours afbers nor vhen
snimels were kopd on & died of gress hey supplewented with ground medne.

Gole oud Kleiber (63) give eviderge of mexked differences in m%w& of

rurengl ges formation in cattle on sepsrabe diste of gress and legums heibe
age; the latter feed Induaced the most repld ges formebion in the first
% hour after feeding commenced,  (See Toble 9.)

In view of these studies it is imbtewesting Yo ressll earlier refer-

enges in thip discourse to those meny reports of bloeb becowing mam

Legt

in 60 ~ 50 wminutes after the commencement of feeding.

a) In vivo studies give evidence of ges formation in the av

resching o peak @mmw aftor the ¢

sy formation veries with different fooda,

bedng shortest on diety vhich stimilete repid fermentation,

it

Pursuing the overall oomeept of plent amd animel intersetion, a

logical comclusion to this discourss rests in o considerstion of the miovo-

flora end foune of the rumen.

It was noted earlier thet fermentation is en indegrel part of rumdwe.
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amt digestion; the gaseous products of fermenbation, their volume and
rate ‘M“‘ Pormation are the divect result of mim*@'bﬁ.ﬁmmem sctivity.
The stimletion of this seobivity may be concelved as a trigger process
setting off the physical phenemens which when oub of centrol give rise |
to acute bloab.

T4 is egzential then that consideration be given to those facbors
which condition the ectivity of rumen micro-organdsms.

Whilet rumen wicrobiolegy ie an extensive fleld which msy only be
treated all too briefly here, excellent reviews sre recommended concexn~
ing the role of microflora of the alimentery tract (205), and in rumin-
amd digestion (206), ‘

The greatest pewgcenbege of mmm gases is cempriged of earbon
dioxide emd methene, '@mw products of dlgestion deviving from the act-
ivity of mdero-organisms the Tumen. I is ressonable to assume that
increases iu the geweous profducts of fexmentation will be o direct indic-
ation thet active proliferation of the orgasisms ds ocowrwing., Further
it is wost probeble thet wardations in the degree of such sotivity will
be influenced by those factors which:-

&) gmse chenges in the pm@mlmzim of the mumen m:im*ﬁ:mmgm’x:ﬁmw

as a whole

B) influemce the mm&”émm%m of individval orgenisms.

Considering those factors jointly there is evidence which chows

the neture of the diet conditions, the size of the rumen populabion mmd
the sobivity of the individusl xgjgmam& gontained,

Mowry end Becker 1930 (207) found theb vwhen hay was fed slome the
population of protozos in the rumen was in the region of 200,000 per mel.
The addition of sbtarch to the diet caused an increase %o 700,000 per mel.,
while the addition of protein raised the mubers to 2,000,000 per mele

Similer vesults were obbained by Van der Wath 1942 (208) (cited
by Phillipson (121))

who found that sheep fed on wheat straw alone
havboured 500,000 mm;m per m.l., The addition of maize mesl Ho the
straw produced a sherp incresse in the mubers present which rose %o the
region of 500,000 m.1. Tlebs of melze and lucerne hsy produced & pop~
ulation of between 1,400,000 and 2,600,000 per m.l.

Sessonal fluetustion in sheep grazing fresly was alse noted, and
this was correlated with the smount of dvy mabier consumed, the peraent-

age of nitrogen present and the digestibility of both nitrogen and dzy



metber. The muwbers present were leost in July (mddewintor) and greab-
ash in Jumexy, heing 08,000 pey m L. in w

It is clear that the mober of cilistes pien

bar and 466,000 per md. in
s %ﬁ%ﬁ%%& L4 e

Goame Pibyous food does nob

food ewveilsble for them fv
pupport B lerge population, bub sharwh and elso protedn allew & much

higher rate of mﬁ%}g&%ﬁm’&ﬁw%
| In the Mght of these Pindin
between those faghors %m@mm wiih the ineddend
ke and Wm@% vhengss in the pop
the influences of season end syailability of herbage
high in avallsble caxbolydrste smd protein being eammon
That the gom

i

sosition of the dded influemcws $he componition of the
of & nunber of vorkers, Hareie smd Mitehell 1941 (309) showed that em o
et of the veliulose ws &lgested;

populebion of rumen micvo-orgenisme fs stye

exved that supplemsnting the dlet with ures
rp of vitaming, Wollassés ov starch sdded 40 the
d the digestibility of cellwlese (Zad), (ZA2)s (203).

vamen. $love of =

syntheais of the B an

quelity hey wes slowg
clover hay (314), the
elated with a o
wsan et sl 1904 (316) evidenced o progrsssive deoling in
Jvo weh sn ineresse fn &

3 wumen orgenises were yod

found ot the end of the £

igation useldl o
sarobiesily, o
thet e yedther the medium nor the wmethnd of insubeld
ditions In the rums ‘

Thewe in

igance can be attadhed Yo these vesults,

@ m “&\ st o

sther infication thet mubers of micro-organisms vavy aces
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to the time after feeding, Bortres ot al, 1946 {217) by microscopie
m«:mmm of ingesta direet from the rumen of dairy cows found en incresse
in the murber of orgenisws within 2 hours sfter feeding, high coumbs being
meintained or incressed for seversl houvs, graduslly returning to the
range before feeding, The quality of the roughsge fed, and changes in
diet from hsy to pasture slightly effected an incresse in mubers. Glucose
added 4o hey produced micro-orgenism counts 100 per cent greaber than on
hay slons. Starch fed under similer conditions brought little change over
a diet of hey slone. Similar £findings heve more recently been made by
Bortree et al, 1948 (218) who report the time to vesch a pezk in the rumen
bacteriel populetion is decressed by the addibion of readily fermentsble
carbohydrabe to the diet. It appears them that the microflora of the
rumen can sssindlete a wide range of earbobydrates, Ven der Wath 1948 {219
The fact thet the rabe mmd exbtent of sssimilabion is in some messurs
determined by the complexity of the molecule suggests thet e veristion in

roate of rumen gas formebion bebween different Ffoods wowl

d be expected,
Thet inevessing smounbs of cearbohydrete dn o vabtion yvesulis in en

increese in fast growing

micro-orgenisms hog been indicated by Gell et al.
1949 (220).
A yesst~like organism develops in the rumen of sheep when lucerne (96),

mangolds (215) or a high quelity clover hay is fed (219), 1 (96) first

dvew abbention to these orgenisms end reporbed their sbundant ocourrence in
the digesta of rumen of gheep parbicularly on a dieb of lucerne, diminishing

in nurbers on e dlet of coarse hay. He oclessified and nemed the orgeanism

*Schizosacch:

romyces ovis®, the essenbisl charecteristic of the ovganism
being 1) wepid ges production in the presence of glucose, and 2) the depos-
ition of glycogen in its cyboplasm, Quin (96) stiributes the omwurrence

of bloat in sheep fed on green lucerne to the presence of these organisms,
which by in vitro tests were fownd to produce a much more wepid evolution of
gas in the presence of glucose thaw the bacteris of the rumen. This orgen—
ism has not been isolated in pure oulbture, and some doubt as to ibs being a
yeast is indicated im the work of Elsden (221}, (222), whe has not detected
the formation of aleohol frem its fermentation either im vitro or in vivo,
The formation of alechol is typical of fermenting yesst. Recent atbempbs to
isolate the "Schizosaccharomyces ovis? have failed, Vsm der Westhuizen 1950

( 223} slthough other yeast-like orgenisms have been isolated from rumen in-

gesta, but none of these orgenisms ha

v,\

¥ the charscteristic propevties of



Yan dey Westhuizen eb &l, concluded thab

ivivy of rumen micro-orgenisms

Tn thds commeotion it should be bowns in ming
enttle has been veported Ly Fnupp et al. (140) as being

£amily lines on the besis of & stebisticsl enalysis of cbsexved ai
wnay of bloat.

botween Sire groups the freq

lished in the mwmen is en open quesbion, the un

et al, 1949 (224) indicetes that no protozon are

of new boxn csives, whilst FPounden et el 1949 (225) evidence thelr entwy
a8 being ”&w way of the mouth.

taining Yo the astivity of the rumen microfiora snd fmuma
amined in velation %o the infiuences of fesd, and time intexval afber
ges formation.
a) There is evi

dence thab the
bility of sssimilsble caxbolydrate,
al fluctuations coour in the population of m

Lsus, & dncresse dn mulber being evidenovd
seapons of pasture growth, snd correlated with the pen
present, its digestibility, end the
o) Evid

i

inoresses with the avall

indicating thet compositfonsl changes in the
en miere-orgenisms is accompenied by chenges in ddet.
d) There is evidence (subject to confirmstion) thet rumerdosily
ing, the tims inbervel being

opulation of ru

the fapility for W%}Mww Pormenting g

present in the runen of calves ab birth.



In addition to providing t
progess,; the chemiecal
in so far an 4t effects the optimsl pH aéa itdon for bagterial
the fiuid media, |

aposition of the aleb mey dnfinence gos formatiorn

The physiologionl ellects of the ply

and the labter as 1% infiuences the rabe of pussege of fugeat:
the rumen ave further £

atovs for consideyebion,

Monroe end Pexidins 1930 (22¢) determine

ingests on AifPerent rodions and obtalved o rompe

pasture o pH V.01 ¢n & ddeb of hey plus grad Wyurgh end Quin 1943 (
gave o renge of m‘,@%ﬁ*sﬁ 40 pi 6.8 for the yunensl ingesia of sheep depending

on the carbohydrate content of the dlets

nge of 6.35 to 7-00 resulied £

om the in vitre fementation of glucose.
Thepe writers stabe that normal

slight fluctustion only during

digestion of a single mesl, the
wrds inoressed acidity within the fivet 4 - 6 houwrs

1% stesdily reverbs to its previous level,

thet e chenge in pH due rumensl £luid rediced its fer-

. wee pdded to reduce the @#ﬁ teo

6e5y uk the end of 20 mﬁmﬁma, there was & 1 eveen

mentative

on the emount of gas evolved,  The addition of sufficien
cuman, incressing the pH to é}m&% ab the ond of 20 mdwuben refoed the vate
of fermentstion o one third below
at al. (%} gorgluded from in vitre &m&@m of rumem dngeste Termen
thet chenges dn dilution, m

the renges norwally occourring in the sbtomech hed iiﬁm:&@ effeot on the yake

the rete of untrented ingesh

of Formentobion,

The composdtion end propertiss of mumen salive sve considered 40 exert
Its pesciion snd

sotivity as & buffer on the slkaline side of a gl of 4 axe be
lavgely vespensible for the meintensnce of a medium which o

timel for micvobial

an dnfluence oo “&M“mﬁﬁwﬂw of wanen flore mid fama,

aobivity md for the chewmlesl changes otcurwing |

affman 1949 (228), This is emplained by the seevetion of

K0 - 350 gm of sodium bicerbonate estimeted ss being conbtained

in the total
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selive seeretion of a m&"mm snimel in 24 hours, Golin 1886 (229}, The
alkalinity of deiry cetile selive further offers the possibility thab
certain amounts of G0g produced on fermentation in the rwmen msy be' db-
sorbed: (6), Markoff 1911 (230). If such is the cese it may be conceived
that the excess sslive secreted on eabing offsebs rapid fermenbation of

COg &b this bime,

The property of low &M@w@ tension of %mm& eultursl media is
¥nomn to influence the growth of certain bacteria, Lavsen et sl. 1922 (251),
end the low surface tension of deiyy cattle seliva may be a sonbributory
faotor in the ﬁ@m}é@wﬁ% of certain micro~orgenisms, & cow secrating
m%:m seld by

56 litres of salive daily excretes spproximabtely 86 mg of
this route, In such memner selive may m@wmm or stimlebe fermentobion
by those mﬁ,mmm@rgﬁmﬁmm Immm ko w&é vitemin ¢ in their m&%&w&%&m; m&m
snd Huffmen (228), | |

Owing to its physical sbabe food mey be dslgyed dn iks wete of POSEAgE
through the rumen, and according o Schellk and smedon (61) dwmpection inber-

fering with rumenal moti

ity may bring sboub bleak., The Yynpanic state

vesulbings vhilst not meute bloat ss defined in this discourss; is likely

5, 4o

%0 be the outcome of impeded Mwmwm progésses vhich gy be comne
both stebes, An example is given by Mesd and Goss (47) in dairy asttle
reared on s roughage frec diek videh showed ne 111l gymphoms ofhsr then

- occasional bloab.

Gole and Mead (unpublished, cited by Cole et al. (9)) however using a
similer diet reported only one mﬁ.m, case of bloab ww & T~week M@& even
though the @@W amum& 40 m& of W o mmm ﬂwm a level mﬁ‘ f@e Lng

exceeding thet w&a&z@ W mm m& Gﬁmw«

ﬁ%%; interpretation of this differcnee sccording to Cole et al. (9) is
that w@ & long period of time akony of the rumen develops; food remains
in the rumen longeyr end ﬁm result is greeter ges formation, The implic-
ation is thersfore that the formastion end volume of rumenal gas ﬁmmww
to a 1%’@3. not fully removed by eructation before yumenel distension is
apparvent, and this due to the incressed hime food remains in the rumen,

This mﬁmm%mmﬁ is difficult to vegoncile with the sharp rise and steady

fall in rumen ges production following feeding gemewally veported, (53), (55) (9
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A finely ground lucerne hay diet was reported by Mead et al. (15) teo

csuse slight blost over a certain Wﬁm vhilst io the same time unground

hay was without wﬁ“ﬁm’k. 4 gontrary situstion wonld be expected in the light
of Baleh's (154) end 1950 (252) evidence that a diet consisting solely of
ground hay ﬁ.xmmmmés the é’h’y mebber of the fluid n&mﬁémm of the rumen dorsal
sac, and the breskdown of crude fibre in the retiowlo~rumen Iz more repid

whan the gontents wore fluid then vhen less fluid,

It is interesting to speculafe on the extent to vhich the physicel mass
of ingesta contributes to the ineresse inm volume of rumen ges by impeding its
removal from the rumen as Baleh (134) gives evidence of ground hay as a sole
mm remaining mich longer im the rumen thean wagrownd hay, The incrimination
of digesta mess in Dopeding ges removal would also be expecbed to m&ly when
highly @&m:mm herbage was fed,

In this comnnection Balch end Kelly 1950 (253) find no merked difference
. between the specific grevily of pavbticles of dizests im the dorsal snd venbral

sacs of the i

e of cows, On mea mam of sxperimentsl mﬁmm%mw workers
consider it Likely that the positden of the mess of fibrous maevial Pound in
the dorsal sac during the feeding of certain diets is maintained largely by

the contractions of the reticulo-rumen.

Since howsver this mass of digesta @apmmly ﬁmwm slthough few single
particles lighter then rumen ligquid were found, it is Llikely thel a mess hes &
lower specific grovity then its individusl particles. Balch nd Relly suggest
%M‘t‘: this could wesult from the entreapping of bubbles of the gases produced

during microbisal fermentation among the fibres, of the digesta ,

The writer submits thet the situation may well be conceived where a
gradusal accumilebion of finely ground slowly fermentable digesta would m@ﬁw

the forwsod movement of rumen gas to the cardis

To summarise:-
2) Changes in pH of rumen &igg@mm are gvidenced as being essoclated with
different foods and time intervel sfber fﬁ’%&im};,,
b) Inereeming the acidity snd alkelinity of rumen ingesta inhibits the
rete of fermentation. o L
¢) There is evidence from fn vitwo studies thet bhe movmal chamges in

PH vhich may be expected to occur in the rumen have little effect on the mate
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off fermentation.

d} There is evidence ko:f“ é& higher bloat imcidenes being assocism
with a diet of ground hay ss compared with wnground hay.

e) Evidence exists (subjeck %o confirmation) that a diet of ground
‘hay, compered with unground hay, increases the dry matter of rumensl £luids,
and :z:*mm:m% longer in the rumen.

£) There is evidence {subject to confirmstion) of there beimg no
marked difference in specific gravity bebween digeste in the dorsal amd

vepnbral saos of the muven,

ered particulexly as thay were likely 49 offect the querdity end mality

of hesbage oongumsd,

Following ingestion of pesture thome sams herbege factors have been

d in this section slong with, end ss they wgy influence the physiol-
ogy of ruminent digestion.

evident thet plet and eminad interections o

abribute
0 the quantity of food entering the meen in a given feeding time

in point being food palatshllity snd rate of Ingostion.

The dimposal of the food ia the rumem iz scoomplished by e

aycles vhich ecour in frequencies of approximebsly owne minmabe, no:

in excess of this froguency bedng chavecteristic of the feeding

m mobility has been fvhibited experimentelly with white clover

Juice, snd grandde cospounds knowe to ogour in cerbain legumes; its stim

uletion mey slso be

indnced with covper conprmds. I6 should be noted tb
iy 1949 (238) hes veported the use of serbela "weed® plunts for comotn

trabing eopper in lay pesbures.
Whilet vumen wobdlity may be Snhibited by oremide compoumds the

dmplication of HON in the ebiclogy of bLiloat is dAfficdd o reconcilie with

the dncidence of bloak on lem

me pasbure vhich has wot been found to gond

that toxic principle, Purbther, there 4o every resson for beliering thab

whility is not inhibdbed during the onset of scube bloaty whilst ges

vemoval has been evidended even when the ruwen is parslysed,

Albbhough the

physislegics]l mecheniom scbivesing exuctebion smd

runen ges removel is net known, 4% de evident thed most of the rw

e SaBes

I3
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ave removed in this wemner, and its &r&mmﬁim will probsbly contribute

to the pathogenesis of acute bloat.
The effecting of such o ﬁy&%&%m& by sensitizetion of the cardia
%*ﬁm a ulant protein is incompatible with the common incidence of bloat

" if en smephylactic resebion is implicated,

Whilst it is highly improbsble that f’m& type Ml&mam the ocompos
ition of rumen geses, theve iz good resson for believing that czefxmmmmbw
variation ccours in the rumen ges producing pobentiel of different foods,

o difference in this respect being evidenced bebween gress end legume

plant &i)@w&@&. The differences in gas producing potentiel between diff-
erent types of fodder ave mob kmown to have been conclusively attributed
to the type of carbohydrate esvailsble; nevertheless glucose is more rapidly
fermented in the mumen then stereh, mnd Jucerne Julce :ﬁ,:m‘fhmws a similer
rate of ges formetion to that of glucese.

Added 4o t’ma the quantity of food in the rumen is knowmn to infiuence
the rate of rumen ges formebion, which reaches o pesk shortly after feeding,
the time interval prebebly being inflvenced by both rumen ges producing
potential and guenbity &:E” the feed,

This scecords with the metsbolic sctivity of the yumen nlcro~organd.sus
which is knom o increase with en incressing availsbility of essimilehle
carbohydrate, with some suggestion of a pesk in sctivity belnpg reached
shortly efter feeding, ’

It msy reasonably be expected thet those chemical end physical
cha ges in the rumen fluld media vhich detract from the condlbtions favour-

eble to optimsl Wlﬁf@mﬁ:&m of micro~orgenisms will inhiblt rumen ges

formation. Purther, it is pertinent to m&'ﬁ@ thet if the pH of the maen

exceeds spproximately 7+5 as the vesult of sdministered alkeli (sodium
parbonabe, or sodium hydvexide), rumemsel paresis results, This recent
finding of ¢lerk and Tembard 1951 (236), not previously known to those
aunthors, mey heve considereble significa

se dn the eblolegy of rumenel

stasis.




w 148 - ‘

DISCUSSION.

In this discanrse pesturs and animel intersction is the essential
theme which has been developed sand illustrated by considering the complex
problem of scube bloat in ruminents,.

A dysfunction of plant-snimel intersction is implied by the condition

the cause of which is unknown, end it is with that concept :m mind rather
then the clinical sspects of bleabt that this expesibtion has been attempted.

In considering the problem it should be noted thet bloat is nob m@
single entity; it mey arise as the result of free gas on teop of the rumen
ingesta or as a frotly mixture of both.

For the purpose of discussion it is necessary to consider a specific
example and this will be met by the writer's field study of the condition
on pp.52-74 (and Appendixz), being the only deteiled study known concerned |
with the gresming sndmel.

There is evexy reason for believing that the concomitant occurrence
of certain pesture conditions and animel behaviour will precipitate scute
bloat, VWhat are those conditions?

As acute bleat is an sbnormel distension of the rumen with ges, then
the first question msy be posed in the following manner:-

Vhat are those pasture, and snimsl behsviour conditions which con~
tribute to rTumen gas formation? |

I% i known by experiment that the difference between a large and
small quantity of the same food consumed is expressed as the difference
between a high and low rate respectively of rumen ges formation, Therefore
the quentity of pasture aveilable for consumption is imporbent.

It is Ikmown that s difference between o high eand low ingestion rate
of an enimal eabting the ssme food iz expressed by a corrvesponding difference
in the quentity of food entering the rumen in a given time.

The ingestion rate may be influenced by- o) food pelatability,

b) p@g@mﬁm&l condition of the food, ¢) food appetite of the animal.

Therefore the palatebility of pasture, end its physicsl stabte, must
determine in part the quantity of herbage consumed in a given time, being
limited by wﬁmimm in the degree of satiastion and feeding hebits of the
animal.

It is known thet in sddition to feed quantity, r@ewﬁ;ma gqualitative

factors are conducive to rumen gas formebion.
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Flant materiel of a low lignin content is conducive to a higher
rate of fermentation in the rumen then materlal of a high lignin content.
That differenfs existent bebtween mature end lmmebure pastures will there-
fore be expected to centribute to a relatively low and high rate respect-
ively of rumen gas formation.

There is evidence from in vivo studies thal a certain quanbity of
lucerne csuses a higher rate of rumen gas formation in a given time than &
larger quentity of gress, and that the juice of lucerne stimuilates rumen
gas formetion at & similar rebe to that induced by glucose.

This suggests the possibility of differences in rumen gas producing
potential of herbage species, which msy result in a higher rumen gas for-
metlon on those pastures in which legume species sre dominant, Those con-
ditions would be sccenbusted where bthe opbimun concentrabtlion 6:&“ that qual~
itative factor in peshure causing repid fermentation corresponds with veg-
MMM*@ development conducive to opblmum herbage consumption.

How mgy this ressoning be reconciled with the onset of bloab?

There is undisputed agreement bebtween widely dispersed workers thet
the pesk in rumen gas formatlon is resched in a cerfain time interval

o

shortly after feeding commences. (See Figs, 172, 182, 192, 209, 212).

The Hime at which the pesk is reached varies with differences in type snd
quantity of food consumed,

Assuming, (A) = pasture havirg a constent rumen gas producing potent-
ial it would be reesonsble to expect thet in s glven btime an ineresse in
the quantitabive intake of that pesture resulting from sen incressed rabte of
ingestion (X), would stimmlate an *mammm in rumen ges formation.

Therefore the shortest time interval to the pesk of rumen gas formebion
would be concomitent with the largest quanbiby of pesture conspumed, Rate
of ingestion then will be a contributing factor in determining thet time
dnterval within the limits of the sssumpbtion.

Again sssume (B) differences in vumen gas producing potential between
pastures, and a constant img@mﬁﬁ.m rete for a given feeding time. Then the
time interval to the pesk of rumen gas production would be shortest on thab
herbage (Y), most rapidly fermented in the rumen.

The shorbtest time interval %o the pesk of rumen gas formetion would
obtain where (X) and (Y) coincide under conditions conducive to opbimum con-

sunption.
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Of what relevence to bleoat is this time interval to the peak of
Tumen gas formebion?

The volume of the rumen is the limiting fabbor te sn sccumilation
of gas.

Pailing its removel the volume of ges accumileted would reach its
pesk shortly after feeding; te accommodate the gas the rumen will distend,

The degree of distension snd time at which it is menifest will be
determined by the quantity of food consumed (being related by experiment
to g&s produced) and the fermentative power of the food (known to vary
between foods: grass and lucerne).

The varying degrees of severiby with vwhich acubte bloat is menifest is
indicative of en scouwmilating volume of rumen ges.

Therefore the time interval to the condition in the seme snimsel will
- be determined by one or both of two factors:-

| &) The rate of formetion of rumen gas in excess of the volume removed.
b) Direct inhibition of the mechanism for gas removal, ineluding ob-
struckion of the escepe pathway, the degree of inhibition end time
at which 1% is elfected.

Reference to Figs. 172 - 202 gives a renge of % hour - 2% hours as
the time interval from the commencement of feeding to the pesk of rumen gas
production.

Now there is en sccuwmlabtion of empirical evidence which indicates
thet under pasture conditions conducive to blost the onset of the condition
way occur in 30 minmotes after gomm@noimg to graze and most often within 13
hours of pasturing.

Bearing in mind sssumption (A), reference to the Appendix, Pigs. 9 -
154, pp.58-74, and in perticuler Fig.ll, p.63A, cindicabes thab uwnder similsr
pasture conditions conducive to bloat, snd in the sbsence of supplementary
feeding, the seversst degree, and &homﬁm&k‘%im@ interval to bloat after
feeding wommenced, tended to be assoclabted with the longest grazing time snd
highest grazing rabte vespectively. Further, a decrease in the quantity of
pasture svailable even when assccisbed with an incressed grazing rabte resulbed
in a longer time intervel and s reduced severity of blost, A restriction of
grazing time to less than 50 mimutes incressed the time interval te bleoat and
reduced its severity (See Fig .10, p.624) whilst bloat did not occur when
grazing wes vestricted to less than 40 minutes (Ses Fig.l13, DPe674).

An acceptance of those experimentael findings relating rate of ingestion
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to quantity of food consumed will concede en incressed quantity of herb-
age entering the rumen with en incresse in ingestion rate,

Therefore pasture quantity is implicsted in the abeove {indings.

If there is a further sccepbence of those in vive experiments
(51) (52) which find thet an incresse in rete of gas formabion and products
of fermentation (203) is relsbed to an incresse in the quentity of food
consuned, A“%;‘mm the writerts Pindings suggest that the onset of blogt is
asssoclabed with a repld rete of rumen ges ﬁ’wmmmﬁ.

It iz not within the bounds of the wrdiber's studies to suggest that
diffevences in the fermentabive potentiel of psstures mey be expected, as
marked differences in grazing activity were sssocisbed with different past~
ures. This peint would be well worth investigation beth for different
pashure mixbures and herbage species »ith in vive and in vitro studies,

It may be sought to dispube the impliocation of excessive gas formebion
with the onset of blost on the grounds of those findings relabing teo ges
ingufflstion studies,

The writer would submit however thaet rumen ges which during feeding
conslsts largely of 00y , must be removed sgeinst grevity.

This may be effected in the following masnner:-~

) Iowered intra~oesophagesl pressure as the result of an inspirstory

mervement.

carvying the gas to

b) A veverse peristelilc wave of the oesophagu

the mouth.

¢) Pressure of the ges within the rumen.

Where rapid ingestion tekes plage and is susbained for a considersble
period, the sctive peristaltic action of the oesophagus would be most cer—
tainly opposed to the frequency of &) and b) end would most probebly impede
gas removal by o). There is evidence that increasing intre-zvmensl press- |
ure is not elene responsible for ges removal,

That rapid ingestion in itself mey impede gas removael would be a con~
tributory factor to acute bloat in common with the clinical and physical
obstruction of the oesophagus well known as the ceuses of chronic bloak.

There is no evidence kmown to the writer clearly indicating that gas
insufflation studikes have been carried out under conditions of rapid food
ingestion end subsequent ective peristaltic action of the oesophagus.

It may be thet generel failure to produce bloat by gas insufflation

is due to not taking intc account the aforementioned fackors,  Abttention
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is else dvawn to those findings (51) that distension contributes to inteke
regulation, snd it is concelwvsble thet during ges insufflation ingestion
is inhibited; subscquent oesophagesl activity end ebstruction weuld nob
then be oppesed bto gas vemoval.

In view of the hypothesis submitted thet bleoak i= a comsequence of
rapld ges formation in the vamen, the vremeval of which is impeded by sctive
ingestion, 1% may well be questioned if a herbage inhibitexry fackor might
nob be involved in prevenmbing gas removel.

To entertain this concepl, the memmer in vwhich a herbage toxic factor

affects the eructabion mechenism needs to be explained.

Bhould such a fector woeken the mechsmical e ans of ges expulsion by
inhibiting rwoen mebility es conceived by Evans snd Evens (117) eccount must
be given f"éws:* these findings of the writer that rumen contraction gyeles erve
increased in vigour during the omset of bloak., It is poesible thet a herb-
age toxic factor mey directly inhibit the cardisc sphincter without influenc-
ing rumen motility. |

An explsmebion would then be necessexy for these findings of the
writer thet the average time intervel to slight bloak wes 48 mimutes over
12 periods of incidence,

In this cese inhibition of the cardisc sphincher mmd eructation would
need to be effective soon after the commencement of feeding, to permib suPfic-
ient sccumulation of ges %o csuse distension in 48 minubes; this sssumes that
normel eructebion is net impeded during ingestion,

Toe effect such inhibition of eructetion repid sbsorption of the hoxic
focter ds inplied,

Whilst sccording to the findings of Coop (158) this is possible, inhib-

ition of eructabtion early in the ingestion period by e herbage toxlic factor

ild need to spoeunt for the Laclh thet blost 414 vob vcour in Wig,‘ 11,
Deay 26, p.63A, JIn that example 1 hour of grazing a non-blost-provoking
pagture was immedistd v fellowed by 1 hour of grazing herbage highly con~
ducive to blost,

Whilst a reduced Ingestion rate wes effected the tobtel grezing sctivity
shown would most probshbly heave repulted in a2 quentitative consumption come
parsble to the first 20-20 mimutes in those ceses when bloab occurred.
Although normel distension was noted bleat did not oceur as would have been
expected after the consumpbion of toxic herbage at & sufficlent level to in-

hibdt erucbebion.
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Alternabely it may be suggested thet the time intervel is greater
than 20~25 minubes for the assumed inhiblbory principle to become effect-
ive., There would then be good reason for doubt as to whebher sufficlent
gas would sccumilate o ceuse distension in the time remeining to the
48 minubes mmxy&@& ass bhe srversge bime Inbterval do slight bloet,

Tt should be berme in mind *%;Em*k furing the pericd vhen toxic inhib-
ition of the cerdisc sphincter ls sssumed, the epening of the cerdiac
orifices mm&:ﬁmm&g to be achiveted from the oesophagesl side to permit
entry of the food bolus,

Further, the toxic effect would need to be of transitory nature, es
in all cases observed by the writer bloat recovery was effected by eruci-
ation sssociabed with vigoreous rumensd contractions after grezing had
coased,

Such a trensitory btoxiec effect would be incompabible with the quant-
ity of herbsge in the rumen st the end of graszing snd toxic levels likely
te exist wnless detoxlcation was taking place.

Disgosrding toxic inhibitlon of eructation, what explamebion would
secount for the feilure of the mecheand sm to remove rumen ges?

ds Tar gs is known the eructetion mechsnism hes not been anslysed.
The folleowing widely divergent schools of thought sre dmplied:-

8} Truchation is coincident with rumen conbraction cycles bub not

every ordle.

b} Bructebion is a reflex sot initiated by friction stimmli.

¢) Eructation proceeds under incressing inbtra-rumensl pressure

without either a) or b) being imvolved.

Thers is no known evidence for b), end o) vwhich results from find-
ings with sheep, wemaing to be substantieted in the literabure.

A muiber of workers subseribe ke a) and there is some supporting
evidence for that school of thought. (See Pig. 30, p.1124.).

Eruckation frequency in catile is evidonced (Bl) as incressing after
feeding (in some cases to 10 eructations per hour).

From sublective evidence the witer hes nobted su aversge eructation
frequency of 1 per 2 minutes in cattle after grazing, and evidence of re-
gurgitation for rumination (See Tsble 8), implies thet the cardisc sphinc~
ter may welax for thet purpose on sn sverage once per minuke,

Now it is generslly agreed thalt the cyoles of metility in the normel

rumen have a frequency of spproximetdy one per minute increassing on feed-
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ing., Assuming thaet in the normel rumen the cycle of motility is the
primary factor effecting ges removal, certain Llimite are then set by %m
frequency of contraction,

Is it mot conceivsble then, thet inm s given time, by increasing the
inteke of a highly fermentaeble herbage, the velume of ruwen gss formed .
between mobility oycles mey exoeed the volume removed by ervuctabion?

Tt is of inberest to note thet insbence of bleabt recorded, (Fig.12,
Day 2, p«654.), in which the time interval to zzm@gm bloat was spproxime
ately 70-75 minutes, with a similer time interwval for recovery.

The gquestion of scute bloat incidence now becomes perbinent.

Certain empiricel evidence exists, (requiring investigation), suggest-
ing that the incidence of blest in didry cabtle is highest in the feeding

perded afber morming and evening wilking,  Throughoud s Zb-hour day dairy

cows show a strong tendengy to graze for the longest time, snd at the highest

rabe, after morning end evening milking (See Fig.3, p.304, and Fig.4, yw&&’m}m

The greatest herbage intsake would be expected during those perlods;
with & yise %o a pesk in rumen ges fermabtion VM%M feeding, snd the rabte of
gaz formation being proportionsl to feed consumed, it would be loglesl to
assume that a fellure in ges removal would most frequently be expressed by
distension and bloab during these grazing cycles immediabely after milking.

Acube bloat may quite well occur at other periocds of the day; in that
sase it should be noted thet grezing behaviour is of a gyelic nabure, well
é’)@@ﬁ*mmﬁ. periods of Intake occurring throughout the dsy. The seme principle
of rumen ges production would apply however, with the differvence that a
lower grazing acbivity mesy give wvise to the condition, owing %o conbimed
fermentation end sn accummletbtion of gas from the previous grazing oycle.

This manifestation weuld accord with observations made by the writer.
It has repeatedly been observed that eruchkation is frequent in the rest
period between grazing cvoles, snd even normel disbension is relieved before
&mm&m&m:@ngg to greze. (See Plg.15, p.704, md Fig,15A, p.714.).

¥nown differences bebween snimels whlch msy scoount for such differ-
ences :m bloak ﬁmmmmmm mey result frem differences in grazing sctivity
(time snd rate), rumen cepacity, and rate and volume of mmen gas produced.

Whilst the same patbern of grazing time and rote mey be mainteined
for long periods 1t is readily conceived that when p%m&m abteins optimum

conditions of gquenbity, palatdbility, and quelity in terms of readily assim-
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ileble matrients, so also will optimmm conditions obtain for rumen
gas formation.
In the finsd smaelysis the preductz of fermentebtion will be related
to the activity of rumen micro-orgenisms. Such acbiviky is known to be

stimilated after fesding, end to displsy sessonal pesks in accord with

the mutrient sbizulus mmi‘w&.
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EPILGGUE

By msking a shudy of pestuve snd smiuvsl interactien the purpose of
this disserbtation, the stimalabion of e growing twend of thought in gen-
ersl and in pavticuvler ie Implied,

In genersl the purpece has been to pm&e@@ 2 reelisabion of the
need to sprreciste en emevgence of a cerbein scheol of thought evelving
in conjunction with the expanding effort towsrds eﬁaémﬁ;ive progress in
the bloleogieal sclences, |

The @mmm concepbion of that scheol of thought concerns the
necessity of en inbegrated spproach te problems in the bicloglcel field.

Ag spplied to agricultural science this is expressed by Stapledon
1948 {257) in Englend who considers "that there is no greaber danger to
agricutbure then too meany bits and pleces of specisiised knowledge bhlowing
eround befors either science itsell ovr the famer lmows how to £it oll the
pieces together in e way iV csn be safely used... Inbegration of the high-
ent owder must kewp pave with specializebion; fov sgriculture snd fayming
pre integrstion ~ Teobs witboub inlegretion lesd firel to cheog %zmi then ‘
to dissster finel snd ivveparable,”

The increasing trend towsrds specislizebion is censidered by Bronk
1981 (2388) in Americs as serving only o a6l unrelabed incoherent data %o
the ilitersbure of science which slveady Ifrustrabes cowprehension. A mob-
ive for scientis®s is conceived which ewbraces a hmm@r function then the
meye ecollection of Iachks. It is the need to bring ordsr out of cheos
multiplied in the growing literabure of science, the nesd to interpret
thelr dismcoveries asccoxding to the best braditiens of ii‘t;emmws to syn-~

thesize end inbtegrate a vast mess of daba,

From the generel %o the pavbicular: Stapleden (2) expresses a dis-
sabtisfaction with the present trend in grassland reseswvch owing to the
apparent mg}.m‘tk of this concept of integration,

It is evident when considering the work on the problem of bloab
thet "specialized” thought has resulted in e confusion of findings in the
literature ofben at verisnce with the principles of sclentific investig-
ation.

For exsmple, on hiz own admigsion Phillipsen (148) at the Rowett
Reseavch IHstitube in Secotlend stabes thab en srmchair hypethesds was
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adopted in the physiclogical spproach to the problem, fleld knowledge of
which msy heve led more directly to findings of value not necessitabing
withdrawal, whilst the chemical spproach of Perguson (114) st Jealobt's
HA1l in Fnglend would heve been better founded with a knevwledge of grasing
behaviour end rumen motility.

The writer shares the gpprehension of Stapledon (2) snd is poss-
essed of a growing convietion from impressions geined ak nome of the
principle centres of grasslend research in Britain, Australia snd New
Zealand, thet a sbage hes been reached when, If new facks sve %o be

formed inbo concepbual schemes (238), then studies with plant mmd and

magt go hand in hend,
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APPENDIX

1.

GRAZING ACTIVITY AND TIME ONSET TO BLOAT FOR JERSEY COW X.

GRAZING OCYCLE 1I.
Date Grazing Total | Length |Total bites| Time onset |qpy4q1
commenced | Number of bites per 10-minute period bites in |(in first to bloat cowse
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APPENDIX

II.

GRAZING ACTIVITY AND TIME ONSET TO BLOAT FOR JERSEY COW X.

GRAZING CYCLE 1I.
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GRAZING ACTIVITY AND TIME ORSET TO BLOAT FOR JERSEY COW X.

GRAZING CYCLE II.
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