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P R O L O O U I. 

It 1s a simple and yet fundamental biological concept that one of the 

essential differences between plants and animals lies in their mode of 

nutrition. 

The plant is able to 1188 soil nutrienta and synthesize its nutritional 

requiramente in the presence of li~t b7 the process of oarbon assimilation., 

The animal is entirel7 dependent on thoee a;-ntheehed plant products for its 

11.utri tion. 
,. 

In this v•rT essential. difference ruminants and herbage plants assume 

a oommensal relationship. becoming increasingl,- interdepend.ent as systems 

of pasture and anlmal production inten1if¥• 

This relationship has become a well accepted principle in. herba,;e 

acrot1.0U1¥ as to appea1;" almost a. statement of the obvious. lievertheleae 

thw writer nr1ur:E"sli! in field tlle t two decades 

the ioal of plaa t p.:ro-

duc tion<» 

of for ,..,.,,,..,,. •• ,, , with 

of an extended l!;ddll,l'J ... .uf11!. greater herba,;e 

bulk per acre, are ac.n.,1v1,mtm of the plant which have been making 

an. 

studies of the 

the advances b7 the 

us exclus as measure of 

t nn,11, fHl in o:r t,\! contl.'Ollable 

puz·pose of .roi'.llnEtn conditions 

'llpi)n individual plant apecios o:i: communities. 1947 (1). 
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He suggests that it is perhaps the most important faotor requiring 

investigation 1f a full utilization of improved paaturee 1a to be ob·tained. 

McMeekan 1947 (86) states that it i8 a proJ:alem which uphuiees the 

complent1 of these anim&l-puture 1nieractione and considers that of all 

of them 1 t 11 perhaps the moB t complex. 

So tar failure to produce 'Ute eondition 1n the field has def1e4 

the more orthodox methods of experimentation. An.:}/ solut1oa however reats 

mere probabq upon the integrated efforts of workers 1n allied rather than 

1n q one field. The crowin€ need for this t~pe ot approach 1n biological 

11tud1ee is keen!¥ appreciated b¥ the writer. 

How•Ter, the opinion is supported that ul t1matel.y mtu1sures tor the 

prevention of bloat will take an agronomic form. lurther, the acroat­

ologiat sho\lld brin« that though~ to bear upoJ1 the problem which integrates 

those maJQ' aspects of his work de11gned to meet the needs of the cimal9 

Ml attempt w1ll be made to follow that recommendation 1n this 

diecouree. Should this dissertation provide also & r8ferenoe baae for 

constructive thought whaiev$r manner of iuvestigation is adopted for the 

bloat probl01, its purpose will be well served. 

Broad.17 the subJect ma\ter will b• treated as follOWtJ:-

AJ., 1'he bloat problem, its manifestations and 1no1denoe. 

13:S.1. The 1n ei tu. 1nteract1ona of past,ue and ani?Ral as phenomena 

a.sBociated. wi ·th acute bl.oat. fart l • l'laut-oond1 tioned 

interaot1on!I • 

. BB .• 2. 'l'he 1n si\u interactions of pasture and animal a.a phenomena 

aseoc1ated. with acute bloat. Part II • a.1mal•oondit1oaed 

in. terac tions • 

CC... Bwninant digestion and bloat. 'lhe pb,feiologioal proceuee 

1nvolTed, part1oul&l'l¥ as influena•d b¥ plant bioohemioal 

and :ph,ysical f'o.cto:-a, 

-------------
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months of 1949 was instanced as being so severe bl some areas that prod­

uction fell rapidl;y, and paddocks ourTing what should have been ideal 

pasture for d.&117 stock were barred from grazing. 

Thers is a pauoitj' of. informa~on in the li'\eratue oonceming 11Ulc 

production loa••• from bloat, but such losses a.re in evidence. In 

l:o.glan4, fooldri48e 1947 (21) refera to the lowei-ing of milk production 

in individual cows for several wtw after recov•rT from bloat. In one 

dair¥ herd in lib.gland known to the writer, total milk ¥i•lds dropped from 

a dail7 average of 200 gal.lone before the severe outbreak: of acute bloat 

to 110 gallons dail¥ aTerage ilulediatel;y after and in. the ten clqa following 

the attack. Longman (personal.. oomnmication). 

Cole et al. (9) comment on the fact that Ver-Ji few 1urve7e of ihe 

losses attributable to bloat hB.'Ye been made. fhq quote 1'eloht Mareh, 

and Ttmclitfe. 1929 (22) who state that on the b&eilll of a aurv17 in 

Montana, cattlemen ma;r e%pect a lose from bloat ~n sweet clover paature 

of less than l per cent, and sheepmem about 0.5 per cent. 

Mo Candlish (13) reports bloat on 34 per c~t ot the daiey farma 

in the South 'feet of Scotland, th.ie figure being obtained in replies 

from 152 livestock producere. 

Baneon and Bo¥d 1943 (23) $ made a 1u.rve,y of l, 106 herds with nea.rq 

30 000 head of cattle 1n Minneaota. A. total ot 11,205 head ware pastured 

on sweet clover and alfalfa in. appro:d.mate]¥ equal numbers. Yrom Mq 

to October 182 oases of bloat were reported. ant of these 50 were fatal. 

Alfalfa caused 28 deaths. eweet clover 20. Six cues of non. fatal 

bloat were :reported on non-legume puture. 

In California, :Bell and :Britton (16) · made a. surve,- over seven weea 

during Jul,- and .A.ugust of losses on ladino oloTer pasture. '!hese observ• 

ationa were coafined to six ranches with a livestock population ot 47,000 

lambs and 3,200 cattle,. Twenv lambs, repreeenting about 50 per cent 

ot the total losses during the period, died of bloat. fwo ete•r• died 

from this cause.more death• from bloat occurred 1n pastures with a stand 

of pure clover. or with a veq high percentage of clover, and bloat was 

not a problem 1n certain putures covered with more than 50 per cent 

grasses. Bathe 1948 (24) investigated the occurrence of bloat OTer 53 

dair¥ farms totalling 1.160 animals. 1n the South fest of Bngland. during 

the epring and s'W:llller months of 1944 and 1945. Loaaee amounted io onl,-

3 and 4 eou respeativeq 1n each 1ear, bu:\ a:aimal aud pasture aanacement 
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practices were seriously haapered bl" the incidence and risk of bloat. 

!here are a n:m1ber of reports which indica:lie the incidence ot 

bloat oocurr:1:ag 1a particular districts associated with envirGJ.U11.eatal 

conditions conduo1Te to rapid and lu■h herbace growth. (24), (13). 

la 5n Zeal.ad, Hawkes :Bq, Bai' of Plenv, and Maawatu districts a.re 

.l!W.mm; as particula.r]¥ troublesome areas, (19). (18), (93)111 Similar]¥, 

irrigated pasture areas especial]¥ where luoerne is cultivated are kn.own 

to stimulate pasturiag conditiens concluoiTe to bleat. Cole, Head, ad 

Began 1943 (25). Beruldsea ad Morcan 1936 (26). 

It is in the ,ra.rious mana,;eraat aspects of pasturi:ag uillals that 

the most serious inoonTeniaoe can reaul t when a.cute bloat occurs. 

Da.e to its in1idious nature it is difficult to predict the onset of bloat111 

G,lh 1943 (27), whilst accord:1:ag to Ferga.son 1950 (28), there is no wrq 

emept b7 grasi:ag to tell 1f a punre will cause bloat. !his un.oer­

t&int7 neceesitates constant Tigilance of auillale at pasture which 

wholl.7 uneconomic practice is reported b¥ Kolntosh 1937 {29), to be res• 

po:asible for some stockownsrs sell:1:ag their herds due to bloat trouble. 

I». South Africa, Qµ.in (14L refers to the fact that stockowae:rs are com­

pelled to use luoerne i:a hq fel"ll with reau:ltant nutritiTe losses and 

increased productie c::u,1·1a1. 

The risk of bloat on lucerne pastures in Fru.ce 1~ a particular 

hasa.rd. to :aight grazi:ac. Davis 1950 (30). This will be appreciated 

when it is realised 'ihat such pastures are usual]¥ unf eaced. and free 

grazing is practised. Similar difficulties will be expected to preTail 

whe cattle are extensivel7 grazed i:a ranch:1:ag ooun.tries. (86). 

!he feed:1:ag of hq to aaimals prior to g.rasill.c pastures on. which 

there ia a bloat risk is a preTeatiTe measure generall7 reoomMeaded9 

Olson 1940 (31). and practiced Oanq 1947 (32). .Apart from 'beiag un.economio, 

pa.rtioularly und.er all pasture s7steu of farming, there ia no conclusiTe 

evide•c• that such a practice is effective, although it has been olaiaed 

on the baeia of experimental t1Ddill.gs that feedinc hq will reduce bloat. (25 

ReoomMedations are compilation of seeds mixtures in 

which ... vii.-,v species are reduced or excluded to leHen risk: of bl•at 

Butler 1949 (33). Jones, :Ba.rle a:ad Brown 1942 {34), Mead, Britton a:ad Oole. 

Geaeral.]¥ the 1aclusion of a =r••u•.·•·•••· percentage of grasa species 
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1a reeommended; ~ie 1a an u.tirel7 eiapirical agronomic approach for 

which there is a. need to invea tigate experbtentalq. Legume paa ture 

plant, &J:I uauall~ iaplicaied in the etiology of bloat, and it ia reporte4 

that bloat will not occur or is reduced on pae,.ure in which graae species 

8.2:'e oYe.r .50 per cent dominaat (16}. 

1'his is not '\he experience of the m-iter who bu obaerTed under le• Zeal~d 

oonclitiona the onaet of bloat 1D dair7 cows eeTer•lT rationed on pasture 

ooniaining over 80 per cent grass apee1iea. 

i.eports from daiqm•n in lngland indicate that 1u,vere bloat 1 incidence 

with fatalities has occurre4 on pasture with oooksfoot dollinam.t,loung 

1947 (36), Shook 1947 (37). 

'ftle exclusion ot legumes from puturee would be a practice 4etrimen~al 

both to herbqe production and 1011 fertilit;, and ia a reconmendation 

to be queatiolled, on the buie of pr•aen.t knowl•d&• concerning the incid­

eJlOe ot bloat. 

A number of Q'bsenere repor" the 1nc14enoe of bloat as being hid>, 

dlu'in« nu.sh•• of clover growth in pastures (12), {13), (14), (22), (44). 

Paa tu.re management to maintain. a balance between. grua and l•«um• apecies 

is considered to reduce bloat risk (93). ht even ,mder con.atant weather 

conditioJlS, this requires such hi~ skilled gru1n.g managem.en\, of'\en 

at difference with animal production, as to throw doubt on it■ economic 

value Wld.er farm oondUiou" 

Measure■ han been adopte4 for dai17 oow ~a•in& to re11trict pasture 

available at a herba&• growth stage when bloat 1s anticipated (19) and. 

Adams 1950 (38), tor which some aucc•ss is claimed. The s¥stem of 

rationed grazing to preTent bloat t"em.aina to be proved. however, an4 its 

effect■ on &llil!al production, and pasture composition Deed to be assessed 

before this s¥stea can be oonfi4entl.T reoomum4ed for general practice. 

It• adoption is strictl1 limit•d to intensive s~etems of pasture and 

manacemot. 

(b) ... ~ Al tW Nl,UIW ...... :..::~au, ... ~r,lKilil A:i'i'W 611 t , --

According to Muir (3) it is evident that bowel inhibito17 aubetanoea 

1n forage plan.ts reach threshold lnela for the appearance of clinical 

e~ptome only under certain conditions of soil, weather. stage of growth, 

and botanical coapoai'\ion of pasture. Aoeordingl.¥ intenei•.-e eiud,y of 

th.ea• factors ia cons14ered even more neceat&J:¥ for the prevention of 
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bloat than the identification of the toxic ag.nte whioh m&l' be involved. 

It ia important then to be familiar with the teed and environmental 

oonditiona UDder which bloat occurs., 

O&"tle and sheep a.t puwr• were reported to snd'fer from bloa, 

over eight 4eca.dea ago. Large 1863 (99)~ .Aeute bloat 414 not become 

a ••rioua problem according to Biborg 1795 (39). until the niddle of 

the eighteenth centur,. when the pasturing of cloTer aat lu.cerne becae 

a common practice. !rhe con.di tion is now known as a common ••4'91 to 

gra11:ing on. clover or o~er leguminous cropa when 111 is of\en termed. 

11clo.,er 'blon" Phillipson 1942 (~. The following legominou.e crop■ 

baY• bee reporte4 as promoting bleat: lucerne (25) white clover (26) 

red cloTer ( 15) 1&41.no clover (16) sweet oloTtr (44) peae (42) an4 

\refoil. (90) 

Other green feeds e.re know to give rise to bloat; the writer has 

o'b1HrTed bloat ~ daiq ca.tU• feeding Xale, g:raes law tr11111iAill&S in which 

legume speciee were &been'\, pasture oompriaec\ of over 80 per cent grua 

speciea, and in sheep grazing rape, tumip tops ,grow1ng wheat &Dd barl.,.. 

Shanita 1946 (41) eta.tee that bloat mq occur in eh•ep duriJlg the winter 

1f tbtQ" have aoces1 ·to the gr•en o•r•al• wheat and barlq; rapid.17 growing 

green oereals are reported b7 Ohman 1938 (42) in .Australia to ca'Wle bloat 

1n cattle. In the same c01D1tq Veeoh 1937 (43) retere to tr&velltng 

cattle becoming blown when e~eea green fee4 1a available, such as varie­

ga'\ed thistle ud ·the leavea of the KurraJong and willow treea. 
\ . 

The rate md et~ of growth at which herbage planis are paatured 

11 reported wideq aa being u. impor'8nt contributory factor 1D the onset 

of bloat. Ool•.et. al. (25) claim ,o produce bloat on luoerne paa~Ul'e 

1D aDl" season ot the 'J'ea:r and under T&J7ing enTirOna9Jlt&1. oon.41 tions 

provided the paature is in the pre-bloom stage of growth, succulent, 

and thick enough to allow for rapid ingesti®• 

Kephart 1929 (44) survqing the occurrence of bloa.t on sweet clover 

concluded that incidence was highest when the clover was succulent. 

llapid. auooulent growth of sufficient quantity would aeen io be the 

general pasture conditions for inducing bloat,. :Dixon 1938 (45), 1939 (46) 

a.nd others (41), (42). (35), (13)& 

i.efereno• to particular :parts of the pla».l 1s made bJ 'inin (27) who 

sta\es that bloa, in aheep was aaaooiated with the ravenous conaumpiion 

ot tlie green 1Nif¥ top~ ot luoerne. In thia connection it 1s worth noting 



a dairJlnan 1s observation on d&ir;y cows grazing a dominant}¥ cooke:t'oot 

paa·liure on which severe attacks of acute bloat were experienced: "th• 
cattle were curling their tongues around the top of the cocksfoot (which 

included \he flower). The tug then given to seTer each mouth£ul caused 

the cocksf oot stem to break off some wq below, with the reeul t that the 

unbleached oentx-e stalk was pulle4 out of its sheath, and this was con­

sumed as well as that _which the cattle had al.read¥ taken into their souths'. 

Young (36)41 

fhe stall feeding of lucerne top• has induced severe bloat 1n cattle (15) 

al thOU&h lucerne tops sampled from the same putve at the 1uune time a:nd. 

fed in the same dr7 matter proportiou did not cause bloat. writer 

under New Zealand bu induced bloat in cows cutting 

and feeding random samples a mixed and clover species. 

cm. which bloat regularl~ occurred. In this manner it ia poeeible to 

determine the amounts of pasture oons'Ulled causing the onset of bloai. 

SimilarJ.i· more controlled atudiee regarding the time interTal to the oneet 

of the condition can be ll&de, as well as certain reactions of the rumen 

mo~il1t¥ qcles. 

The feeding of cattle on grain alone is reported. as oauaing bloat) 

Mead and Goss 1935 (47). In this cue continuous feeding on the saa• 

ration gaTe rise to the condition which could not be considered the same 

as acute bloat a:rbing from legume putving., 

Where soil conditions are conducive to lush pasture growth the risk 

of bloat is generall7 considered to be increased (20) (13) and it is not 

uncommon for the top dressing of putur•s to be implicated (8) (93). 

In this respect Molntoeh 1941(48) in Canada mu:e, th• oontrar7 statement 

that bloat is less frequently encountered on lucerne pastures where fertil• 

iaation and irrigation have been well maintained, than 1a the cue on 

neglected pastures growing on poor soil,. !hie b not in accord with the 

report o:f' :Be.ruldsen and Morgan (26) 1n Australia who insta:nce bloat as one 

of the problems associated with lush clover growth under irrigated oonditiou. 

Similarl1 Cole et al (25) state ~hat irrigation of luceme is necessaz1 to 

promote the sucoulent growth oonduci,re to the experimental production of 

bloat. Alwq 1927 (49) reports a wide variation in the Sulphur content of 

leguaes depending upon the sulphur content o! the soil .. 

Doak 1929 (100) 1n Bew Zeala:n.d has found that the sulphur content ot luceme 

is decidedl1 increased in maDl" cases b7 soil treatment with sulphur or 
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Sulphur oompolD148. He found that untreated lucern.e on aual7si1 showed 

a range in sulphur of o.26 per cent to o. 3 per cent. l.uceme leaves 

contained a higher percsntage of sulphur than the steu,. It what extent 

soil factors affect the chemical. composition of the plant aub•equentl7 
of 

influencing the leTel/h,fdrogen sulphide gas production in the r,men is 

a matter for conjecture at our present state of knowledge. 

feather factors no doubt. have a ver1 i11portant if aom.-.hat 1nd1r♦ot 

influence on bloat b7 affecting thoae pasture conditions aaeooiated with a 

incidence" Ba.inf all and temperature variations ma.y haTe the 

following pria&r¥ .tfecte on a pasture. 

a) luoreaeH quanti t, of herb8€e per acre(! 

b) Conditions palatabilit¥ of the herbage. 

o) lnfluenoes the dominant production of Rn¥ one or group of herbace 

species in a pasture • 

Su;perimpoaed on and accentuating the influences of o) will be those in• 

fiuenoee resulting from the defoliation effected b¥ the grasing animal. 

It will follow ~at those quantit&ti.w etiological factors in bloat 

will operate as a) and b) reach optimum conditions in respect of the graz• 

ing aniraal. 'fhe qualitative f aotore will be determined by the nature 

of the epeoiea 4.011.inance inc) all other factors being eq:ul. 

Thie teatpsrature, rain:t&l.lt and pasture growth relationship as it 

mq be contribu'tor;;r to the incidence of bloat will be developed further 

in the following a•ction. 

At this stage it ie pertinent to not• that Oole et al (25) claim 

to procluce bloat at will in a:rq season on lucerne pastures where plant 

water requiruienta are under control b1" irrigation. :Bathe (24) in lngland . 
reports ihat weather favouring bureta of euoculent non fibrous herbage 

seems liable to cause risk of bloat during the seasous of op\unm plant 

growth. High rainfall effecting exoeseive growth of sweet oloTer in 

Iowa was considered b¥ Pamm.el 1930 (50) to giv• riae to an unusual.]J 

high incidence of bloat. 

Thie role of h'Ullidity as it mq IU'feot bloat in grazing animala 1s 

fa:.r from being under1tood. !he writer submits however that sevtu.•e bloat 

1n dai:r¥ aattle rarely occurs in much less than one hour after pasftriJ:I& 

proT:l.lid. thq have not been pre fed on a bloat proToking feed. Thie 

is in. accord with the findings of Ool& et al (25) ad referred to~ othera. 

(6), (51). In view of thi.a fact 1 t is not llJU"eaaonable to assume iihat 
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primarilJ & herbage quantitative factor.operates to promote the onset 

of acute bloat whatever the aub•eqUGn.t qualitative reaction. Given 

\his ueumptiou, plant palata'bili'fi¥ insofar as it inf'lwmoes herbage 

oons'QllJ)tion 1a at:1. important factor for ooneideration. fhe role of 

humidit¥ then 11q 'be implicated. in its influence upon plant palatabili't¥ 

at thoee times when riak of bloat incidence 1s hic}l. 

Al.r•&dl" the oomplexit7 of those interactions in.volved in the bloat 

problem beoom.e apparent, hence brief reoapitula\icn wUl lend perapectiv.a 

to further development of the 1ubJeot. 

a) It is evident that acute bloat as a problem of grazing ruminants 

is world wid•. 

b) lconomio loseae fros bloat whilst difficult to measure are 1D. 

Such loesee are primaril¥ 

concerned with bloat aa & managerial problu. 

c) !he legume ap,ciee of herbage plant■ are those most stron~ 

.m,D•·~Y1,~~1~ u •~•~~,,.wi~ bloat 1u ~ It is 

UJlOommon for other gree !odder plate to give rise to the·aondition. 

d) 'l!hat de•elopment stage attaiD.ed 9f herb-«9 plants which presents 

conditions for opt~ conaumption ~ the animal is implicated 

1n acute bloat. 

Under conditiona of active growth. that st&€• of plant development will be 

expected to fluctuate according to vu1.ations in natural and induced 

environaent. 

It will be no\ed that thi■ section has been concerned with the 
/ 

more general upacta of bloat 1n rum.inants. This approach hu enabled 

the rHolvin.g of scattered infomation into the above generalisatione. 

A more particular e:ra:rnina·tion of the quHtiona poe-4. in c) and d) will 

:follcn,. 
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