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t.a. ezpcll"t or ....,_ta or tbe U.veatook �. 
Wldle tbae baa Jate�N aa ila n ,_,. 
Sldtaaa7. a blalo leek ot m.� aid obaap 
labOur OUJI'taSla ... Zea'•m' a ald.UQ' t:e 
eoo.-��ea� dtb otber OGiliDtlf.U a -lltaiOt.JdiiiS 
.u.. It .. ._. ......... poat.tia ot tbe 

MAIIYUIK �l§r<liLVULAtuJial· UJ ... t:eJ'IJ U be -tnt­

&IDBd e ezpaJ'derd tbeD S.l:"fi· it&UHIQ � � 
-.at be acldeved .  

IQS417 pcaiiJB � popa]atf.GD. 
�- ..... � taoton-......... tbe 

P1'0b1ea ot J.IJIOsealdas llveatook -.:dDBtJLGD u �-w...a. . 
1 • aatl'.lUGa 
2. 
'· DS. 8114 hate 

'Ble � fill tile 8\ltber uu dtb ...t:! .. U. taut 
� tM rao .... olearl7 -OI'tliD't u aa1-.1 
..,.sue .Js to • ..._. .. 

...... ,. 
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Peata alld U lStdt 8J'd•l Pftd.uotsca.. 
�at ldah atea# .. .. -

ot ••••I•• ..a tbe ...u.oau � u-..,. 
aa tooaot# � -t 

be u. ... � pai'8U84. 
At a UIIDOldtla 

Us .-.�a.p J'lltodllctf...a• • bald J.a �IIIJ!IUIIIDPV tg64 .. tbe 

ZN'an' . letJ' ot AJd•J PRitl.ua� it -

ed4811e that tbe .at efteotbe tiiW:.t:·-tea •tbcd � 

� &JdNl tlGil wou14 b7 iaDNa.UIB 

atooJdlls ate. !td.8 s.ten l�Mlftuee ia both •Jd•1 

....... aDl tbe toad to� tbell. '1'tma to IDll-....a 

ttae � it7 or tbe t ru-..:• 

D'ftdaiMCI. Dda eaD aeb.t.e9ed apt 
tuN aid 

t.���GINid atalaa ot ,..tuN p •· 1t .at alao 
----tcl tbat 0 ..,.. be tat,.., 
td.tb or ezlstSas aa.s.- · tutuN 

pJaata . 
lvtlle .. at� 

tmee cd1'AIP.II& to atiaftad s. .-.:�111& S4eal 

1 .  

ftiiiiDaDI�I 

Ideal- tile putae ebeul4 
ft411W-at• ot ..... 

C&IUJia ot l!d!lllll'll_.,._ 

tt r. BI!IIIIJtall� 



2 .  I' 8beu34 ud oea__, 
8UJII8tlmD4ta wlcb ue eueatla1 to atd•J Maltb 

ia aurn.o.lsDt .. et ... la •. 8tate dtldD 

tbe teed. 

'· 
OGIIPOIBila at a left1 whleb 

wU1 ou• entM1 41Mid ... • a deoU. Sa tt 
'l'll8ll8 ed.teJU aun 1¥ u.":ae lllftiiKir' ... 

.ale aa ... tlab atate.et 

f, tbe ..... ,.. .. ...tuR neoat.a . 
tile -- •t;&l.ulLC clittGideN ..-10 U t, 
�M��met m-tbd.n aat ..,.._.. • •- llbJ.oh ua 

NPSdl¥ J8,1Jt11ft, 

• 

•leet ..Snl;r r. ......-. obaftoten aa. peater 

....-.u.ntJ". or PJNICiae•t��-. ae.111a·t-
. 7• ....Sa·tal.e to dt••••• 

n .. .-•. 

81'.!1ltadaa aa to 
.. re be a tal.a 

D.ll-f 
la • 'l'be plant breeder t 

14ed w1tb a Nlatt � .utple SQCiex ot tbe 
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Suob 

_.. PftCUe t.Df_._tlaD la •vaSJabl OD tbe te--=• 

t1oa ft&OtS.oraa tbat tb8 1Dil1YWual o ta � a 
plaat llldeZ'gO 1D tbe • aad tbe tftoleJ:lc,-
1d.tb wbloh tbe •po4uota ot aueh re..m&tloaa ue 

utllSzed b7 tbe ald•l fl p&'Oduot.t a. 

'!be aPGUDt ot paatuN - aat•l oaa t aD1 

tbe ettlc1eJ1187 � •tSllutl ot tbla putuN wlll 

cleteftdae tbe tl'ltl .. J ..u.n - ant•l • 
ta.otora auob u ata • .t.lltectUou.a u ...... •taboU.C 

41 OJ.Idera aDd WSDf'"ll tab&Jaaeea DOt lJ.Id.UDs. 
Dd.a aanllzati.OD la tbe b&a1 of tbe wCD'k PN ated 
la tbla ttbea1 • 

lioN apec1.tlca117 • tJ:ae preaeat •ork waa c-'���c �� 

to t17 aDd lu1date tbe reaulta ot 

ezpei"Jamta. 1lbere a oCIIIIIflrl � tbe 

lllltrlti.Gial value to abeep ot abert-I'OtatioD (S) aD1 

peNmtal (P) J781PU • wJ.tb with t white clcwer 

(C) (Bae. Oleada;r aut Butler• 196,1 BartGD 
ud UlJ&tt. 196'• Jca�uaa. Ulptt aid o�. 196'>· 

w-. � theft weN dltf'e • ia tbe 11• 

wejpt p tlae 
S+C• P+ C ald , b --·-

PIII�Iate}J' equal. wld-J.e P 1 at pt•• • 

..,...�. 1d. tfta aw-a. •• lt 

t a1 � wndsbt � .... ··J!- .&:i�ten 
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s + c* w.a •n.u• a 

Purtber* tl'OII s + c &beep ba4 peater develop-
.at � the 1110 papillae aid contaSDed Jd.Sber 

cOIIOeDtl'at1.cm ot volatl t tty 14 (VPA) tban raJMD8 

trca tbe P a p. i'beJI8 a loer � ot 

acetto aid bJ.8b-er proport;t of prop&Gido am butiftc 

acs.da 1D 11quoJ- frc. the S + c e!d•la. WwJa 

r.. tbe P + c aD1 s tuNa 1Dte�late Sa 

tbe bove obu&Dten.attca. 

1. 

"'"ft1J'AA poaalble eauaea of the obaewed cl1tter-
• lieN CtGUid 11Jre�1 

'l!lat tile · -PNCluota ot tbe Z��Jlllaal f�a•at-
atlOD of S + c ut1Uze4 by tb ant•'• 

utc.teatq tbaa tboee � P. 

2 .  \'bat th lDtake or s + c waa bt,per tbaD tbat 
P. !'b1a •01114 later tuter ot t� ot cUse• 

tb.ftJu&b tb8 cU.paU taota ot s + c udNla .  
} • A OO'ibtMtl ot 1 ud 2 • 

� •sob -· ..... -r:JIJAC§UI:� to te t tbe bove 

elb1l.lt1ea UD1 r pazt.ras oODU.tl 
iD Cbapt81' 2 e t ot tbe I'I&I ..... INI'Ii:M hJdQQea tor 

IBIUIUI"D:W .l'l�fll •flU• aad tbe l'a ot tl 

c 

au t .... �1"'.&;Uiilllllll'.& •wtiiWWa·· 
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aJ.Jool ( 
a UBI 8J'8IdQs ooraUU.GDS t.s eGaaaaeftCI 

iD Cbapter 1. !be poaalblllt7 tbat tbe DAa ablaOI'IbeCI 
hcB tbe n.a could a c:bel..-1� 

ot toad atudlecl 111 etaapter J. 
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CJIAft.Bil 1 

!BB USB OF POLDliMJBIIB CJL1COL AB A JIABKBR 
IIBAS1JBDII VA!'D. ¥ dD 'fBB U QlP 
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Alup�ca ot 

� ,..,... .u 4er.l'Y ,... te•••tatt• lD tbe 

...... ( Caftol1 ud te. 1954J Balcb. t958J 

Blaxter. 1962). �. tbe JaJ 4elq tbe -

amt ot cUae•ta t:bi!GM�rtt tbe � taut oooun 

at tbe Jlg881 or 4JaHta Sa tbe 1DteatSaea 

s. abdlar la ta (Teakalt. 

19}0. 1�J tJaualU. ,,,J Col.JWbua. 19.'6J Balob. 

1950 J Jllaztft. 1962). 'lbere1'01N tbe ..tabol1aa 
ot tbe r-'MDt; arat . ol.oee]¥ to .._a 

vol' &D1 tb8 - of 4S&e ttaouab 

1. 

t td.1l 

U WS4 •t to S-'Joate .... -..wrw 

--'ilolllO·N- oai'IUJ.t7. t tide !beda 
..... ... � .. tba JLIUI ... 

...... ........ .._ .. la ·-�lallld u. 
S.artuat ftll.ct.t�--� ........... t7 ia • cU.pat-

_.._. .. ._ U I tb1a OGI ... I.-UI IIC.ud 
lai1:.D U  �m.a•ftll•. 
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..... rnl. - cllvSdecl Sato ....... r: ... :w� 1ddoh 
U1oall¥ ldltiD -�IMJP'Yt tbe 

JUpat ,..� la •tar 1dd.eh ........... apJIIJIIGEIE:bate� 
851' . .tUl • • 

........ •tU 

eatfMl. 

( ) 

be d&dded _._ 

IIMIQSh'telt ot tlae 

·cw- iD Uv; 

DSJNCt or •rm• t e:1iate17 
an- lllausbter ball tor ._,. 7eaft 
( e •S. l1. 1956J leJt • 1959J Jobaa tt al. • 196.}). 

_.a.Mio• ( 1956) deacr.Lbed a tbOd 

J!eendlNCJ. to tm aa S.olated � to 
a taDt •ter • A var.lation tbU 

rlbad _. ., natt Looall ( 1956) · 

tile ...... 

). !ld.a ... 
.......... ( 1 �) Ulll.t ta. \181Rl .... 



.. 1 1  .. 

J.a po�tdli»J.e to .. _. tbe J!UIIBil MlltelDta 
to Wl8t!UIIIIl 'r.:n.l- an. wellflb:IDS (e. • uv ... ..-

'•'•· 19181 Cal'lliW. l'fter aalcb. ' 1 ). 

u. (1959) tlae 

tt•e Sa Np1d tbe EIIB 81-lt � -1� 

�to be 

(e) 
.... ·�· b� .. � 

( ) �DGGDa .. U watAIJr Y�ldm· .. 
••1*atld 1d.tll • �-.. .... _. 
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� •ater vol • 

waya• SDtl• 1a uaua117 vsa tbe .......... ill tOOd. 

clr1aldas •ter aauva. but tJato tbe :ru. 

ft88 tbe l'WIBB 

(1) 

(111) 

(SY) 

ol 

J"ltedar-
It .. t be s.n. t. • • DOt abiND"lDecl r... 

tabolleed la tbe �. or a tbe 
� ep1tbellu.. 

toxsc to botb tbe boat ud•l 
aid QllbloU.c 
It -.t tbe 

the suba 
-ter. tbe ..... 

........ t 

!'be .. 
ID 

cilatftl:lutloa Y01 U 
-.uswNd .  ID of 

cc.IDlete� •ter eo1uble. 

aaal7da · 
•1t��a•ttS�&�cac.�allJ. nlatloaald.pa 

ba • --...... 
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(1) !'bat tbe YO� ot •ter Sn tbe � J.'!8MSDB 
oc.ataat 4l11'1Da tbe ape..S..Dt. 

(11) !b&t tbe n• or •ter tbJIGU&b tbe nt1oulo­

' r r aal OJ!'i.ftce S.a c.catSialou aid tba ate ot 

1'la la o-.taat. 
H,fia ( 1961 ) oaaa1deNCI tbat U tbe •ldMla bad 

MDt . .__. uo••• to 1'ood aid •••• 1t tbe aped-
•• o1' 1 c:laatS.e. tbeD tbe ----�-- 1lou1d 

YalSd .  
!be prooedlana uaecl 1D ..U..tlal w.a •te• 

VOlU88 WJ.tb -*eft wm be OU.tliJte<l bel.• • A ...... 
qtlalltj.t,- ot .n.r Uuol.vec:i ill a la:lanl quaaU tJ' of 

•ter la aclded to tbe ru.za coateata vSa tbe raen 

f1atula. ""did tatioa 1r7 .utb or atGBiob tube baa 

tr1ecl (Sid.th. 1959). but tbel'e 18 alwa7a � 

4oabt aa to 

Atter tbe· r 1a adde4. sutt1cieDt u.e �· all-.4 
1'01' �t to ldz 0 17 ld.tb tbe .oeteata 
(alaout 1 .5 br 1dtb abee ) . ot �m 

tel.s.J.a ts. Satu¥Ua. 
ta- de11ialdiiM. 

aDl a ......_. clU1&ttca o OCII.tlNO .. Mcl .  rt 

o•Ret tbla elDI!.. .MU!ll4 
ts&lJ tbua u taal l opft  

lift.U.C: . ... p1otte4 .......... 
- t. 
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zero u.a (uauallJ- by Jtnear wurre·ed ) pnduoea aD 

eattate ot arirer 
au.a water vol (V) caa tbua 

tbe Nlat1aublp p v • (!" - c• 
Wbeft p ta tbe uwat or ...-. . ateftd &Id c• 

ud c- an ..-. a tat1GDa barON aid attar 

4 • llbeD a alpd'loaat IIWiiiJUDt ot a.ter 1a 6 
wltb tbe ..... tbe ,._.. Rter ftlt!M (V') 08D 

O&loulateci r.... v• • 5w- If - i -
•beN L la tbe vol ot wate• a4decl .  

It baa beeD 4Utteult to ftDl a bataaoe IN1t• 

able a arirer tor eatsattag •ter voll a; 

Deei&Wie ot tbe rJs1d criteria llwolved . A pol.Jetb.Tl-

eD8 al70ol (PBG) .nar w1tb a ave 

weJ.abt ot 4.000 waa 1at�·DIIIl1A 
'Den (1"') 

tlatactOI'llJ'. PBG l• water aolllble aid J.ta 
Uatft�Ntt• SD teq 

� ot tbe total --· (� 1961 ) . ... d 

•rw.• .-. Sa 

ta no ruJ.ftla tb8 a.1 ... tsl� 

.-:liiiJ.-IIIlt* ot a w""''w tor utta-tSJts J!llaiBD •tar 
Y I lt la 

t&MlS.ecl 

t 
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195}J � 195&») .  la a ... � �N�iM&..a.u a1111te 

....... ..-Jt .s JaoOIJII-. Boab' 

&Id PoJidtaa ( ,., ) fi tbat .-.vo�-· ot 

118· aJisbU7 hSp• · · •tw � detemnpd 

- t e $ 9lJ ..... ta of rBfl .UUIIIA 

to 

dtll -ter. 108- 1a taeoa1 ........, 

� 1J7 lfld6D (1956b) aDl C· 

a., ... Vallm .. ( 1958). Jlpl8n ( 1956a) baa d 1o 
a a1d,d &Id uate �uto •tbeel ot eats-tbltl 
PEG •ldob baa � 'b¥ Sld.tb ( 1959). 

2 .  

ciSaeata tbJI!OIIIdl tbe 41patlve taut iD tll WQ8 . 
JUL11:..a1111a u 

p�, 

tile 

a t 
.... 1 .... tbe • ID 

tbe - at 

te4 

' 

••• atau a 

aJd 4o t 
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u tbe 4Spata ,... 1:bl!lfJWIEb 
ttut at � lfbSotl delleJJI 
iat a aueb aelnbtllt¥. tartlele 8S:ae aid BEtciJriO 

:vt.Q7 (Balch. 1950- 1960J Coltlet't, Gni8JIIl&lt. 

�e. 19591 a.a.JIDS ad ,._, 19601 

Balob' ( 1960) def':lldU.. .. t t:ba'Rd'8I!B 
llvd&L. 1960). 
...... iild to 

JIIA.ft:ttl or IUJaalllB aat n. ot ...a.oua 
CI.J.IN1:&. la • tbe .., aSte 

ot cie� tbe ot cllpata u at tbe ..--. 
t.t u GeaSJabJ.e to obt&Sa or dlpata .U'a.:ltD 

ttaroua11 both tbe w.m &Id the .-au(JU 
...,..._..taJ7 tact. 

( ) 
A teJl •tb of ..u.t te of 

ne. of 'IU'10WI t tJurGusb tba .ftlllm alii 

tbe Nat tbe tact _.. 
ftmd.B· WO'Itllft ( - 1952J 

............ -.. 1956J JIJeJI,. 1959J 
1960). ea.· ..... � r-

1il to 15 clap, tb.ea UllfiSIItelle'l 
olu. ot vaftcua 



- 17-

tbe 
CIIJII!II8 'IIID.rcll!. ftJGCUq. (1.) lat to 

( ) 

la tba tallllt:lla& 

SS.Biate (1961) ---� 

• 
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tiaD ot tbe au�a S.t 
Sta tlli-.�.Jt. 

t 
td.tb VU'l'SIR d4�Ete8 

.....,._ lldt,. 1874),. .rem. �-

(BDott. Dl1� 8ld lfiOCIIKBGIL 11'6) • ( 

1181�·-··· 1952J Coft�Jl &ld  • 1951 ). Rdlo 

JJIC)'to]L'ea ( • .Jao Bl7 &Ill • 195)). BAft·P..Cft. 

( ,. 1947),. tl.t.a:D.t.u. (LloJd. Bu.tbel!'rGIL'd 
c.a..m-. 1955 ) ,. I'Ublaer ob1ps ( IIDCIN,. 1959 ),. 

Ball-d alii 
Rldmaa,. 1960 ),. ebftiii.O GJWia 
1944). 

.· atSatSas total �] 
ext8DS1vel;v tor 

1a cUaeeUld.U.tJ' 

A tbod or 4eteftdrdqg tbe • tJ� 

1811�;& o£ a.seata 1D sa a+atpdng a 

WStb 

��a����r or J.ea-.s� ud 

Babaek (1 ) . t (1!UO. 1!Da). U8UilUI. (1!D') 

• 

CalniiJua ( 1!JJ6) .  ID bu .._.. 

ate 
_. .. ._ fJI U. RI�· -���la 
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tbe raeoea ua DlGCtEMI 
&II;IIOliiA ml1'VR Sa Ob'tUJW.I. 

f'h!NIIt ..... ta tbU 

-- (1950) 

.. 1881� tbat tbe tiE .lUll... � tbe 

nti.SDEIMI IIU't&o • a -l.IAII:. 
ot tbe u.a NGUS..Id r. tae r to tbftmP 

� 

'· � tilt at ot tbe 
ata1zwct -.1 la t aid 'fbaellar ( 1958) 

.,.,,_ QStea. C:Utlo (1956) lllader. 
1111&1- ( 1956) ts. tbe u. 

Nteatltm ataSJWI pa:rtlclea a d.lgeetJ.ve tRot. 

a1er ( 1961 ) OGIIIPIN4 tbe vadGU 

Gr J11811ieDUclD •EDB •J.SsbtJ.7 .a!!!& Zl�IJ.U&WI.ct • 

IIIJOt,.,m ( 19fi0. 1961 ) IIINMDMCI 
te of tlcll ot tar tbe ...-m OCIIIUA 

eatSa.tecl 11«13118 
Rlat£:0BIIId.l• J:.JIVO]LftCI 
d1.aJa�d.1 
1d11 
.... ... ,. 

atiJI �1.¥. ..-. u IDt:nclla.d to tba --

S.t td.U M· I&Y8 da tb8 IWtU'IUO� ..... -�·-
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..n:er dUuUGD ouw reaultills (ftg. 1) caa 

deaol'lbed b7 tbe ecauatt.•• 

181 

et • c0e·kt (1) 

ObaDP 1D or �8al11De auUtaDc ID tbe JIUIIBD 

4 (CY) • - CdP • - CUdt (2) 

water vo� at 

1a tbe ate of tlw. .aa,-wwe •ter vol•z- Jlei&Uaa 
UDOballpcl c:lur.l.a8 tbe �. --..-.t1QD (2) 718148 
OD Satepat.laD 

Loa c • - ·· · e v- C 
1lben t • o. C • C aid tbwl A • Los C • aid La8 _:t. e e � 
. - ,. 

(1) 
et 

• 

be wrtttea -ut 
c e V 

0 

S.tDo tbe aMUDt or watu 1eav1as 
Uld.t ot u.. k • utr. tbe ate ot t� la p D 

u • kV (}) 

lqr;ad�r.u plot ot �rtm• o-...atatS.OD _ ...... 
the at tt.a 

., • ;t •ktV 
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eat!atecl hall tbe a.uat 
tna t:be � 4ur1Ds tbe exputwat aDI tile a....-
...-. o tt... &· ...-.te •  taiiH 
ll'lto &CRI�5 �"��• water vo1 at tbe llei�111118 
u. ..a tbe � . It tt�e lld.tlal aDII r1aa1 
......u or u. ....ar 1a tbe .. a a. c0v0 ctvt 
Na 0�1M}J'. tbeD tlMt •Jd.e leafta tba .._.. 

dulas tbe eqeraeat la slve 1Q' 

tbe f'olladDS Nl.H1Gubip b t;atwt41 
. . n • 

•beN ea 18 tbe •• o�ttOD ot ..srer Sa ...... 
ter cl'U'J.as tbe -...s-at. 

Total f'l• •J.U tbeJa be 

• !; 
ftla toaula la lleahle to aaw tbe 

..nw clllutloD ..... ... ..... t;b1a u .... aeated -
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c 

• 

--ter 

hcata. 

.. 
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.aLSWPellllmt or J.IIIDIRI!l 1m.1� v·o11� 

U..t 8UCb -IIIUI-a.tllta 

(b) 
lfld6a'• _.._ f, !la¥ -t 

or tbe •u:aae� .. • ... .. � ... -- �--- ..t 
c r... <lrlnlrlas ..... 

tile ... t ... s atudle 

putuN whloh btpe. �p;J-U.!d.U.t7 8ld 

..... •• .... var.lati 

•• �. tb8 t.e 

tbe .... of 
1ft �·. &Dial� • 

... betMM118 tbe DNtMIIfi atldilt 
� OC.ID!:ILbUted to tbe giN&t;etJI' &:l\!I!NI• 

SIBNd:!Md. lD _ __. VOI-

tlat ....... at 

to 

a 

tR ( ) . ... tUal 
• ID a.pte• a tbNe -

.... • ot t� , 
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t t.at WOtll4 qu1JI8d tor Nault a to 

be a tathtloally a1pU'Soaat. 

It 1a d.lf'tlolllt to ecauate tbe te ot tl 

•tv troa tbe WS.tb tbe t ot cU&nta �llf.IIWI!tl 

tbe dipat tve t. tb8 aubata.acEaa llll.,....,.. 
tbJtousb tba t 1ou.lo-cu aal or.lt wm •tar 

so.l.ui)JLe• but tbe n � aol14 �· l a ct eDt 
oa tbPlcal ter.t.at t.ea auch part1ole a1H aD1 

peo1ftc pavlty (l&lch. 1960). A c ot tbe 

n.tea or IJIUliiiU!r;U ot cm-c.& oxide alii PBG tbJiougb tbe 

cUpaUv tfteta 

1959) • '1'ba7 t 

- Conett • ( 1958. 

tbaD ou-t oz1de aid eoacl.uded 

... IMNiated � •1tb tbe liquid 

-w.. a ta  &Id ollrom.ua oxide •l tb · tbe ao1Sd 9aeti 
B.'VdA'm ( 1 961 ) t toed t1oD 

abcluld iD:tlunrle tbe ate 

11111!1!1!11Nd1:!la - 1ear 

J.a NJatl .. D&p be · tbe atea 

aid U7 •t tu. tbe cU.pa t t  

Ildual -.tPirtl• 01DM:ea1�'t2.GD 
tbe ...-..r cU.Iw. �u 

a 

t. 
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UGWd=e I a ta 
·taJ:17 tbelre sa 

JIG.J&tiGIUibap bet.eES laotb -MJIIIU 

• 

thelatiCal 

-t"A· ne.-

'l'beliiG ,. ...... �. � 
����---... -� ... eat to Get .... -�· tba7 ... 
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��er SWJSti!UIC� t eauat­

zu.m SD paz1llg 
te of ne. ot ter 

AltbOQSb PSG UIIMIGlftld to tu1ft1 tbe ftCII'WNt-
taDoe tbe ita 

aaaooiated dtb tt.eal aapecta of tba 

ter vo1u. 

Rllflft'!IIM!tatal IDHJP!la.GD. 

'· fttb tsnl�l& SltJM9 tbe -1ogadf;h!lto plot of 
� -..Jiarocate��ta 

80 ftttecl - QUa"Ja' 
SD:JII&aaed tbe PI'E�Id.Gil ot eaQIIa�urg 

'flda g&IC)08£bl1"" 
tkl ... ka&' 

4. !be IIUlta � _.,._ IJbeep weN C(lllliUEd tdtb 

�'m ( 1961 ) ted Gl:leliODEd 
't.IDiLer ca:Mitilmt emru.-mt oatta • lfbe 

wu.JWU 1181illa -ID..JtRJtacl to 

.. .a eav·lft-IDtiLl t1uc lllgbeP tbaD UDlaa. 
tlGaa ot llldtm (1961 ) • 

s. .vu• .. � 1dtb WJjl.aB 



A CCIIPARISOB OP '1'IIB IIU!Rl'llVB V.&LUB '1'0 
GBAZDIJ SBBlU 

SIIOM'-BO'IA�IOB RDCIBASSRS 



bJe 6.. 'fl'eataeat lie - .. SUDtald .... 
-. lll!Aid Dece.,.. 1960 (a • 8 a/tnat8eat). 
UlJaM ( t96,) ud JebDe t1i ��� ( 196,)). 

-

Dea • P+C a 

Lt....a&bt at� (lb) 91 .• , t24.6 120., 

P.NHD Cateua .  
.... .. ..,, (l 
J'Utfeiabt (D) 
... teia .. ,., • � 

' --

Aell ..._ .. �, (U.) 

ttJe.tsb' -

llbt 
) 

(D) 

-

Vola:'! - • .,. �r c 
� • mlt/'tOO Ill 

(lb) 

(U.) 
tSoa ... 8!•1•18 

l'lfo;wt;lcee � lbllvldva' Vol&t&le JtatQ Acid•• 
Acetic AcJ4 
JJ:osdGDte . � --- -· "- ' 

- BtltJ&'ic Ae1cl ,, 
(• • • • < .01) ' 

-·' 59.2 61.2 
21.-45 n.ea 26.� 
11.21 21.21 as.e 
6.44 1·59 7.56 
1.?0 . . , a .as 

11 .1 to.s 8.1 

11.8 13.4 t2.J 

-,4.5 
ao.T 

4.8 

0.. .... -...& 
a + C  8 ----. . Level 

·"·' '·" • • 

69 .• 1 2 • .lla • • 

''·'' o.M • .. 

26.01 1.41 • • 

9.14 0.24 • • 

2.54 o.os • •  

8.1 o.6 • • 

14.T o.6 • • 

61.1l 2.1 • .. 

25.� 1 ... • • 

12., 1.6 • • 



f • • 
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n.GCIOCk 16• llaa•7 UlltvenJ.tJ' • tbe IIUtfttbe value to 

p ot -I'Otadca (S) aa1 (P) 179-

1d.tboat 

BII.Pt:GD aal 017&tt. 1961J J - 1961). 

pNduced iD 81184fl0 S118z:UIB tbe 

tmea 1D tbe • s + e > s � P + c ) r. 
�t was tbat .m en t • 
a 41tt s PJ 8111 a � eau..:� 
b7 tbe adcU.tt.GD � c to each or tbe pu•• (Ulptt. 

1960J 1$ al. • 196}). !be we dUteNDcea 
O&I�Ht weight. 8ld a1ao tfta&tl.ulat 

.-..� curcaaa �tt s + e ud•la 

w tbe b'8Mat tat. -.. aas 
ud p ant• la tbe UlJatt. 196)). 

NINlta aN · hca Ba.rtc:ID 
J«.u• ., al. (196)) �le 6. 

tbeft • 

...... ·tS.ll·. 
p Jet 

c•DeJla.•taaaa � vn.a m 

IIDI!! ... -- cle1tuiiii.S at eJIAIJillltetl' ID 
etatleP ttem t 

....... I!;U"• 1. • • + c > • + c > > p. 
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1'b.e c1over eft t cm VPA o:CJDiltea1tat1CJD 1D l\lllml Uquor 
ter tbaD 

S + C  

b, ... . .... ms, 

papillae abe 
tie&� Gl.'deJt ae ill Uve wv.�w 

IID•l&Cif� of' tbe 0 

wblte ol . .DVIE!t.P 

1. 

( ) 

••lieat& 

ar'\d Iverse�t 
.Jaguacb,Hii- 'A ( 1--) at 

able to ..nna tbe a 

s .  

�l'Jrad U t;be UV<IIM&U.,._,_ din ... DIIIIi8 • 

'lbliiN ... DO INIPM�;&JIJOIJIV d.;lf1:'Q .. � 1Je1tMIIell f Uld S 



- � -

peotm. e a1ao bad 1 ...a.-
oelluloee aid UG.i...,..;6UII,. hac tbaD tbe .,.._.. 

tea. 'Diu tba atto or aoluble to atftaotlll'&l 

�te Sa ..m bS.,._ 1a c tbaD 1D eJ.tber P or s. 

ID the ...... plaDt � • ue ta•ated 
b7 �-�- at ate• wb1ob ciepeud � 
tbeb aoJ\ib.tllt7. ID m1. cie&ftldatiGil ot ttae 

iuol1lble � p&'Oducea pt'edcwt••tq aoetlc 

leada to �J.01Btel7 PI'OPS.Gid.c aDi IK&t7fte 

ac1da ( OEtOJ.'d (1958) ttR- a�). Dlue ue 
1)0fte4 IDataiiiDee WbelN dlft-.acEra ia the �te 

hutJ. 
cU.fteNDDEltl 

• Sea .  

e1i al.. 
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(b) I4WP 

BaSJ.Q ( 1964) t •'Sidftoal't ciJ..tteft!dmA· 

ill ltpta be s P. LtgnSa la .t aterl to 

_, ateJat b;y tbe Pe!IPDt t bi8b JSe:attioat� r4 

� or tbe• o..Utueata. 
(o) 

Jd.tropaaua t1 ot tbe plaDt be 
divided lDto DOD-PJ'OWllD Jd.tnseft ( ) allll pNte!D 
haetlODa. 11111 la haotS ot 

C&J:ace to tbe • such pept.Sdes. ac14 • 

..... aad Jd.t te., fbe lfPB haotS ot .. MVCI ..... N 

� var.teUea 

Sa alatlca to 18a*IIIIU ud envSro�llULl 
1an tobell. 1958J 

... mt. ot the 

IIPI1 hac • putloularl.J' ._ tade 

eft ta - a'Uiaaam;a 1flti8D Pft ... lt Ja bilb CGDIIl8111tatlOD8 

( (196') � a ) . 
IIJ'tt1e ,.... • ·-·)  t 

piiiiOteJa ID .,.._...., aa de1i811IIJIIIMI 
eleo.tJIOpbaiJ!8 ......... Yal'.latl • 
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...... liquor le 
tab011• 1D 

beUHtea DI'GCl'Ue 

Slll.-1taDt p14e to Jd..tNRea 

...,... l:t smtcatea tbe ......... * 

NIIIDVI!Ll.J pJIOCluottcall bf' tbe 

d aid • -

Sllc.,..u.. J.Dto ld.ei'Oida1 - � 

8111 bg caat ot • ID f. t Jlei)GJDIUd 

( 1962) tbat tbe lllltRU value of � tar.v 

Id �- tbe 

Gr ld.tll'QR8D8118 CGIIIMJIIIDII 
- aoluld.U.ty QP8 ot DI."CCttet� aD4 oal'b�te 
Dle�llellC 1ll ( • 1960). • tbe 

aauaT.e ao18l.e eaJ!'DOimGJste GIIUft.a 

a&lte .... .... .. tel.N aid -- to 

-.:la. Ir aolu'ble CU.,_Ddll&;te levela 1.- Wite 
� a04�talate the aid 

D&GII� � tb1a 

2. 

(1958) 



• 

tbe .. ot 
tb8 attic tbe aeua �·'• tbe � .  

1'b8 cU.trueacea SD Uve wei&bt saiD ob&lefti 

lD aa tbe � tad.D trJ.ala eeuld be 
expla'aed OD th1a • D1patlGD Gr S + C DJNdw .. 

btp:p Pwt•l c U Gt VP&a aDS bSgbep 
� ot tbe ... efftc U;v uttl1zed c 

aBl bu� acid tbaD 4Sd 4Sae tS«a � p ( Ta 6).  

'· 

tM a&tat.lcal dsrdt ot Ra.a · �· u 

DOt � UDientoocl t .tUl. la ... to va771d.thl 
� t (J "' 11·� 196,),. 7 ( - lA� 
1956� Grabaa au1 1111-. 1962). elsbt ot ��I'.Bl. 
rat • ( li. 1956J 1ao. 1959). d1et (mazter 
et &1.. 1956J Platt u 11.. 15J5gJ 

1961t J tal.,. 196') aJd lac..-. ....... � atNM 

(111ptt &Id 1964) • 

• 

'ftw poastblltt7 tbat tile ll&i!iQer U.v wetgbt 

l§laool.... et clue to ;tar latalle 

ot t IY'W .... 

by tile 

CCIIIIIS�Nd • .l IU(i5]� t 

tapl7 a hater � 4Spata t:hll!au!'h .,.._.. 

cUaeatS ta.. -...._..iM ......... ( 1964) oou;14 
ft'4!1N11108 iD IDtak8 Det ... tD al'li88D Sft!IDI8 p 
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tboda tor � the t 1DtaJie ot pazSag 
raal....ma bave beea rev to- BeSd 8114 X.M<l� 
(1956) am �. lltDaoa aDd Baft1a (1956) &Id ue 

ua.IIIIVY OJl tJle Nlat1aaab1pl 

nrta�re • Faecal Production x 106 - raJW:nanti J 
Faeoa1 PJ"'(luotl eaa 1.Je dlftotl7 11¥ Dai:&UIII 

tbe aJt1• or lt O&D .. tiated 1Jd1Not17 ....-.� 

b u ou-t oz14 (Beld u tmtae tsble anar 
aDI 7 • 1956) . n. ... t · a a C'll� uaecl •thod 

dete tbe at.lld.lltJ' ot pued putue s.a tbe 

faecal lldez •tbod . DigeaUb111t7 la au.&ted tJIIC8 
tbe cbelld.oal ca.podtloa ot tbe faeces wdDS N&ftaalODa 

derived trca lllloor cU.p UbU1t7 experiEata . Faeoa1 
llltztoseD ('*neuter. 1954) aDd c� (BeS.d. 
Vooltolk. BuU J1art1D. BI'Ul.._Pl 
1952) wre4 plarq tor tb1a D'Wl!DOtae . 
� raeou ....,._ JNu� .�,..., ba 

allelml tbat t:.bf!lW8 cU.tf\81'8Bae8 Id. tb1D 
tbe .S.SS•l Nlatl p cau..s 

1957 ) .  

ott.-. VIU:'2&D&It• ( 8114 ---���. 
��CB (1"') enia 

..�.. 1a to eGia.UliOt a CIIIII81�UI.t7 
...,., ts. la to la 
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u tbat tor tbe 
paztas atd•l 1a DOt 11lral7 to lup u the 
8ftiiOil 1Dvolved J.D ..U..Uns 41patild11t7 r... a 

t. ecal lrdex re aat • 

1t la tbouSbt 

tbat �our poadld.U.t1ea cou.l4 aocouat tor tbe ob I'V'8d 
cU.tt •• 11a productS. or p pulaag s aa1 •• 

(a) 'fbat theft waa a peater 1Dtaka � s tbaD PJ 

(b) !bat s a utiUzed ett1o1ellt17 tbaa PJ 

(o ) A 0-ldMti.GD ot ( ) aDl (b)J 

(d ) !'bat P cGUld bave cODtalDed tozlc or pattb 
1Did.b1tol7 au'bataaoea.  

1'be latter poe81.bllley 1JD1tkaq aa apaSma 
pis .. ted botb pauea b;J �tt ( 1962) ud tbe7 

e.ed 11e1Sbt pi• ea tbaa OD • PI'Ca 
tbla NIAilt it Ulil8&lrecl tbat tbe ob8efte4 dUf< a 

iD p PJ'C',duoti .... aaaooiatecl w1tb tbe ..,.. ...... "' 

ot cU.patt • 

Aa atatecl .-.rnowals'.. tbe 01MI8fted ditr'eRmea 

aJ er� taa a _.... • .rr.ot a t .  

It - o..Sd...S Ulat tile do 4Ut aua 

�· - P S t C - ba  

addJ.�ve e.treot to · h pua . '1'bHet tbe 

UJ.-.11-.Ilta to cl dbed tbe tlve to 
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meep ot ODly P ad s 1la8 atud1ecl .  an attellpt waa -se 

Hft due to t'ood iDtaD aJd aacb 1I8Jie due to � .... 

ea 1a tbe etttcieJIQ' or attltaau. ot tbe pa••• .  



Fig. 5 Experi mental Area , K Block 

+ + + + + + + + + + + + +  + + + 
+ + � + Shel te r  Belt + + + + + � + + 

+ + + + + + + + + + + + + + + + + + + + \ 
Plot 3 Plot 6 N 

s p 

Plot 2 Plot 5 

p s 

P l ot 1 Plot 41 
s p I 

I 

� - - - - -,- --� 

:�� 
Direct ion Of Plot Sub - d ivis io n s , Spring 196 2 
Direct ion Of Pl ot Sub-: d iv is ions , Autum n 1963 



••• .. . ......, ___ ._ 

p Speclea 

.a'l'lta 

Otber �·· 

- , ... Date -.., 

K k l'alltu.'lrea 
,...U&"'S b tbe .... 

� 1  - ·--t 2  --
s p s p 

94 .8 97.0 ,.,_, 98.0 
4.6 2.5 1 .8 1 .7 

0 . 1  o.s 0 0 
o.s .._.. __ 0.} o., 

16  Oct.-. 196Q ' llq' 1963 
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Die � ot �re.. Wblcb -
et a NC8Dt alluvial ..U. eyp.. waa dtuatecl at 

D.S.I.R • •  Pa� llorth. Uld knolnl aa  J[ Block. 
oultlvated 1D Ja•aer.v 1962 _,D 1D 

lllueb 1962 . Prior to a. tbe wu tepciN aaect 

1d.tb .utuN • 2 C1rt te. 1 t 

blood aid &Id 1 owt •alpbate of amllll.a . 'me 
a1z 1a:U.vi411al plot a 117 cm 1 g b 1962 

8 ... 1D na. 5 s plot a 1.  , aid 5 •ltb s at '0 lb 

per &ON• plo 2. 4 aid 6 1d.tb P at 40 lb per &ON 

aad tbe CeJltZial NO w1tb P. Sllbcl1vls1• r a we 

eNCted oa after tbe a bad geNbated .  A 

ODi ot laid adJae to 1t Block - ued aa 
e. .. pa.z1ag 4� tbe • 'l'bla laDS 

• • p aad c.  
'DMI putu.Na Jt B1 k ..... pue4 

wltb a .. ,.. WJaern 

te - . .,...,__ .. 

,.._ betfteteal aalpea tsauN• t'able 1· Aa 

..... led 
........... lt waa .-c�-., to �  D&t;aq•oua 

� tala 
( 1-9) 0 tbat Cl.cMMN 



� 8. 

26 
26 

' 

18  1"962 

28 July 1962 

29 Aupat 1962 

14 -·�llbltr 

• • • 

• • • 

4 te of ..... La 
9 19&1 

11  .1aaua17 196' ati'Ols. 
28 llluaJ.7 1963 DD! ..... te 

2 ewt 

1 owt 

2 at 
1 CMt 

1 cat 

1 t 

1 ftt 

2 Ollt 

1 .25 t 

2 . t 

1 1  Apr.tl 1 96, SUlpbate or • !Mda 1 ewt 

I 

. I 

I 
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�.-- .,_ &Ill- SD a �.... DJPOdiiCSIIB • ID tba 
Jn1881lt •DII'k At - dec�lld t . app1y telJ' 
1 nt ..... �- et lle. equt,,....ll:lll(; 

tbe S..-taa:te ot Dl1�.-.. 
tel"t.t1.lzeft tbe NSUlte ot tbeit11e ame��mta. 
m a applicaU. t botb ezs.ar.!IEJilta 

ID !'able 8. 

la late Daclai11Mtr 1962 

Sat tGd •1tb ........ 

aDJB..v.ll!Mr 1d.tb Lbdal• 

eoati'Olled tbo mh81i8-.;;M�D &Id all tbe • plot ' 
baU tbat 5 WO,ed. s 

p1ota 1"' 

- . 

2. 

41ae, dftl1 8ld 
........... tecl 

....�lUl�*� c- � 
tbe 

7).  

ot 60 1b 

... t ' ..... wtben dtb ftatula8 

....... - Jaftlnt (1 ) - .._ 

'tnii&IMII'I to ..... -�-· � �ted _ _, 
� tb8 ds,lN1Wa:W 

11b8Jie 8Jl.aep .... -�181 to ... LP ........ ,. 



. '· 
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• wllloh at.Ulze4 tbe plot sa • Usbt badle 

ted . tbe cei$R� 

� Blook (fta. 6).  
It to 18 lD Jdall 
ataDt tbe tu ot  

to tile tlatuJa � -
..... 
tbe eleotfttlad -

wJ.tb a l t1Ds bU1d.e (DroD 
Ltd . ). to at tba .... 1. r, tb 

ftJ!'8 8UCI�GeaNlf'liiJ 
..... tel¥ .U.a.J•tecl tb8 1eu 

'· 
(a) 

27 et 1962 dz n.atuJate4 'lfGt:baJ� -� 

YOl;lll. 

•JdMJ• --

p 

a rw a paa.au 

DGJ:nti:�- ld9aGI. ( ) _ ... 
dz aDii .... : 
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1 .. t1CJI81� Ani� aNUid tbe 

E Block Wi.tbia tlaeSr t1ve tN&t-
-:ata. After 2 ot tbla dod,. plot lt 

IIUbcU.vtded 1d.th a teiiDOIRU!7 
tbe .... , .... ot tb8 ........ �LJ. pedod 

plot le tbe ·otba' balt 

to sa"'• betsbt w.ttb a �· ae1 ..... tbe 

lut ' t4 tbe ezputwental peftod tbe thtulaterl 

at tbe ts- dipatildlS.t)r trJa1 c tod 
Sat ,._ tiMt � J[ D,M;�. 

2} ud 25 ae� tbe rtatuJated • atawed 
onnl&bt ad put oat to tbe �Oll�Lm 

I'WI .. UC�t.ICII' ..,. .. c--tod t t� 
atudi • ·  J7ca -·- 40884 
1d.tll aa:l &-UIIm -IDJ.tte CC�tc1iA� tl 

ud n.  

a 
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IJUI....,,u.av to OCIIdllet a .,..ue1 
Deet&Wie tbe Ulil&r.S.DtiLl ..... -

-�� to DftdlMae aJ.ftoS.at at tb1 ta.a ot 

tbe ,.r. ..,.lee et ... _ .u.c�._.. ... eo.lleoted �­

-.-,.. detullbaU 1 1  Decl�._. 12 to 14 

Deo.-.. tbe ..._,. wue cloaecl 1d.tb JlBG aJd ._ .. 

·uv.a...ute4 �- ne. ate 

cleteadNU... Lt:n Hl&bt• ...,. --..ec1 1¥ 
41dltar tbe ..... -- . ftnttlbeCI 

'1'be tlatalated ._. pued a wlzact 

..,....... Ull ........ ,.... 16 Dectelll-. tgCie ........... 

12 AprJ.1 1 _, .  ' to 1 1  AIIIIMii ... 

aDS J!IIUI ... ---• eolleotect r •tut 
aad ne. ate • ssz ot tbel• .... ..... 

· K 1 Apdl.a • P 

autltll ol K - ... ga � 

aubUdded• iD tbe tbe 

ftftt ........ (fta. 5) .  

_... 
a:q-.t;-� ........ A tJ" 

WJa1 - .. .a.rt.ecl la'lleGIN - atau r._ 

_._. ,._ T to 11 

IIU .. ... ..  �Aed 

._.._ 15 17 
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fti .. Ba:ttcm nuae.a 

latter date -�- ... 

t<eecut��B.. 
.. tben 

�,. 1"118011� �N.JAIO!i:Laa aai USIIIB U­
OCIII.:IUO·ted f'fta ' to 19 tober 

1962. .... ... IQ) -- ...... eed ��� -tb 

- -· ·t ........ ..... 

... --� a 

--�-1 .. , 
.... .. t'satQiatAG .... ... 

• M 8. M 



- 59 -

Aftelt cuttiaS. 

SDto tued plaatS.c 
18becl fiNa tld.a u � � tbe dq. A 
-ple ot Oft paae • · dfted Sa a r.oect 

at fJ0°C r . 24 ta. dfteci ..,.lea 

.....u�:.. �- both tile !Id .. .... 
tbJMa ts-a da''7 • at 8 .30 u_ 

4 .:50 ... 8111 8.:30 ... aJd 

8111-.J. ..... � t tM -. 

as.� at go c r 24 .. 
tbe 10 "-

& � 10 dQ De� v�� 

-- --· 28 ..... to 1 Decl...aller 
.. out-

A ..... dlilH1tlblUQ tda1. �- 11:1.81 tbft8 
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F IG. 8 ESTIMATES OF RUMEN " Flll• AND THE F LOW RAT E  

OF WATER F ROM THE RUMEN , SPR I N G  1962 . 
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FIG. 9 ESTIMATES OF RUME N "FILL., AND THE 

FLOW RATE OF WATER F ROM THE 

RUtv1E:N, AUTUMN 1 96 3 . 
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FIG. 10 A SCHEME OF METABOLISM OF THE VOLATILE FATT Y  AC I DS 

AND GLUCOSE IN RUMINANTS 
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i'able 32 • .  Some Charaetenstics of the Metabolism of the Volatile Fatty ACids and 
G:tucose in Sheep. .  (Referenc�s are G:lven in PeenthesaiJ ) • .  
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(8., g, 10, 't8, 25, 48) ? Glue.ogerdc (9,. 14, ' 16, 18, 

25.t 28; 29 .. 32, 36,. 45. 41) 

0-16$ of VFA (1 - 8, 41) O•� ,of VFA {8, 41 ) 
6-33% of VFA (8 .. 26) 0-10% of VFA (8 .. 26} 
Rumen epithellum and Uver Rumen epi.thel:l:iun and Uver 
(4, .a,. 9, 25, 26, 29, 35. 36 .. (9; 19, 26, 29 .. 31. 35"' 39) 
39. 45) 

2.8-3 ·1 ms/min/Irs (4) o.5-0 .7 ugfmtn/kg (4) 

0.7-0.9 mg� (4) 0 mgf=bt/kg (4) 

' 

. .  -
' 

sr,g 84% 
5$ 62% 

Glucose 
. 

5•20 g ( 19•75 lmal) 
(8, 17,. 43, 44) -- ·· 

Glucogen:lc 
(5 .. 6,. 30) 

18-85 mg/100 ml (5, 8, 41 ) 
48-78 mg/1 00 m1 (8, 4J, 44) 

All tilil.sues 
(JO� 40) . 

.. 

1 .8-3 .2 ms/min.lkg (5 .. 6 ... 27) 

1 .2-1 .5 mg/mtn/ks (5p 6, 27) 

5 .6•8.1 g (27) 

22-30% (5) 
11-19% (5) 

94% 

Cdorimetric Ei'i'J.ciene;v of Utll1zat1.on 
of Mixtures of VFAs: 

(a) Maintenance { 12) 
91?t Prop1.on1e:Blatyr.tc (60:40) 

Acet1ctl3ut;yr.tc (9o:10) 
Mixtures where acetic varied from 

I 

(b) 
Acetic :Prop:lonic tBu.tyric (75: 15 *10) 

Aeet1ciProp1on1ctBilty%>1e (25i45:30) 

Lieogenesis (13 
32% 

65% 

25•95% and
.· 

.
. 

th

. 

e proportion of . approx .. 85% 
Prop1on1c:Biltyrlo. was constant at 3 :2 

* Fol"JJd.e a.ctd constitutes approxiJIIatel;v 10% of jugular venous VFA (1" 8 ) .  
Formate ia mainly of endogenous orig;ln and only contr.ibutes about 0.1% to total. old.dat!.ve metabolism ( 1 .  7) . 
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Fig.15 Effects Of lntrorumlnal Infusions Of Propionic Ac id ( P )  On Food Intake ( Shaded Areas Indicate 

First Hour Intakes : Dose Rates In lu:al ) . 1962 . 
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