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lK'J"llOlll::CTION. 

\\~otn\ ou the feeding of KI to sheep was beg·un at this Institute in 
1929, mainly with the object of collecting information on the advis
ability of incorporating iodine in lids- a custom which was then 
being practised on a fairly extensive scale both in this country and 
abroad by stockmen. The results of the first investigation (1932) 
sngg·estecl : -

(1) That the administration of ·02 gnu. KI <laily to sheep 
affeeted their "·eight increase adversely when the diet contained in
sufficient phosphorus . 

(2) 'l'hat on an adequate ration the iodine supplement \Yas 
without effect on body weight. 

(0) That reproduction was apparently interfered with and became 
n bnormal in regard to both the g-estation period and the health an<l 
Yitality of the offspring, when iodine was given, irreRpective of the 
presence or absence of sufficient phosphorus in the diet. 'L'he•e results 
might obviously have been influ enced by the quantity of potassium 
iodide given and hence in a subsequent experiment (19a5) · 002 gr!tl. 
KI per head per day 11·as gi ,-en to a group of sheep, · 02 gmt. to a 
second group nncl ·06 grm. to a third, \Yhile complete records wen) 
kept of the oestrous cycle of all the animals. The phosphorus intake 
was aclequate nncl the same in all the groups. It was further realised 
that the results of the first investigation were probably complicated 
by the low Yitnmin A content of the diet which was rectified in the 
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lOIJINE IN THE NUTRITION OF SHEEP. 

subsequent work. 1'he results of this experiment showed that oestrum 
was nmmal in all the groups and that the KI was without effed 
on the bodyweight of the sheep . In regard to reproduction, however, 
the results, although by no means as unsatisfactory as in the first 
investigation, left much to be desired and suggested that the protein 
of the basal ration of maize and hay was apparently either ina dequate 
or too poor in quality for normal reproduction and lactation. Hence 
the present experiment was planned to determine the effect of iodine 
in the ration of sheep when only poor quality protein was available 
and secondly when in alldition the supply of vitamin A was low or 
inadequate as might and often does occur under conditions ·of prac
tical farming in this l:ountry. 

DETAILS OF ExrERJ~m~T. 

The remaining 28 e\\-es used in the previou::; experiment ou iodine 
feeding mentioned above \Yere re-divided into four groups eaeh con
sisting of seven approximately eYen and uniform animals . The 
number of animals in each group was increased to 10 with ewes of 
the same age and conformation as those already available. 

The four gToups of 10 sheep "-ere placed on the following 
rations:-

Gmups. Rations. 

1 Hay ad lib, 225 gnn samp and ·O;J grm Kl 

2 Ration of group 1 plus 200 grm green feed. 
:3 Ration of group 2 plus 50 g1·m blood mca.l. 

4 Ration of group 3 but omitting t he' K [ 

10 gnn. bonemeal were al1ded l1aily to the ration of eaeh sh eep. 

The management anll individual fee(_liug oi th~ sl1eep \\-ere e::;~-;e u
tiHlly the same as in the earlier work of \Yhich the details were given 
in the first publication (1934). The samp (maize endosperm )wa:-; 
almost always completely consumed and this ensured the 1·egular 
i. ng·estion of the KI whieh \\-as adrled in wlution to thE' maize after 
the latter harl been weigher] and placed in the feeding boxes. 'l'he 
green feed in groups 1, 2 and 3 \\-as given in separate feeding boxes 
in the individual feeding pens iu which all the sheep \\-ere pbcerl 
daily at 2 p.m. anrl left until 8.30 a.m. the following morning. Hay 
\YaR available in racks in the oommon run to which the sheep harl 
free access \vhen they v,-ere not in the feeding' boxes. vVater was 
ahvays availa hle in the common gravelled paddock. The experiment 
,,-as continued long enough for full observations on one period of 
1·eprod uction and lactation; it was started in February, 1905, an ll 
concluded at the end of February, 1986. 

As in the previolls work ohserYahons \Yei·e made on \Yeight in
rrea;;;e, food consumption . \\-ool prorluction and reprorluction. In 
view of the regularity of oestrum, previ.ously observed, further obser
Yations were not made in reiarrl · to this matter but the ewes werr 
<>erved in l\fay, 1935, when all except one became pregnant. 
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RESULTS. 

(1) B odywe'ight . 

The sheep were weighed at mon thly interva ls an d the aver age 
weights per gr oup are given in figure 1 below. 'fhe " ·eight of the 
non-pregnant ewe in group 4 is not includerl in the cu rve for that 
group . 
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In orrl.er to compar e t he effects of lambing ou bodyweight in tlll' 

differen t groups the weigh ts of .111 the sheep j ust prior to lamh ill g
were aver aged for the separate gr·oups a nd the averages plottecl on 
the sa me ordinate. By th is means t he curveR are more cl irer·tl)· com
par able as the gestation periods of all the sh eep but one, " ·11ic·h 11·as 
not pr egn ant , and th e lactation periorh of t hose t hat r earecl land ,;; 
are made to synchronize. 1' he effeet of shearing is indicatecl hy a 
perpendicu la r drop in the cnrYes of October, 1935. 
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A glance at Figure 1 indicates that gToups 3 and 4 rece1nng a 
protein supplement o£ 50 grms. bloodmeal daily differed significantly 
from the other two groups in weight. As no difference in body" ·eight 
existed between these two groups prior to lambing, however, their 
more rapid increase in weight cannot be associated with the Kl 
supplement which only one of the two groups was receiving but with 
the greater nutritive value o£ the blood 1neal diet. Group 4 was 
apparently more adversely affected by lmnhing and lactation than 
group 3 but this iR readily explained by the fact that the former 
group reared 8 lambs and the latter only 5, which woul<l naturall~r 
favour weight increase in group 3 ~uhsequent to lambing. When 
groups 1 and 2 are compared it would seem that the presence of 
greenfeed in the latter group han no noticeable effect ou "·eight in
crease at any stage ,of the experiment. vVhen the post parturition 
periods of all four groups are (;omparerl it is seen that the weights of 
the animals in group 4, ''"hich reared the largest number of lambs , 
continued to rlrop , vYhile the others showed an earlier recovery. 

(2) W ei.g ht of Lambs . 

vVeeldy body weights of the lambs were taken as these migh1 
serve to indicate the milk production of the ewes. The weights are 
g1ven in Table 1 below:-

'J.'ABLE ] . 

Gestation Sex I Weights of Lambs. 

Period. of Remarks . 
Ewe. Days. La mb. I Birth Wt. l ~~th Day . I 21st Day. I 50th Day. 

lb. lb. tb. lb. 

32900. 153 Ewe 7 - - - Died two days aft<-r 
birth. 

417!)5. 154 Ram 6 - - - Died 011<' clay after 
birth. 

;{2917. l49 Twin f 5 - - - Died one day after 
Ewes l 3-5 - - - birth. 

329Hi. 14!) Ewe 6 !)· i\ 10·5 Iii -

41825 . 147 R a m 5·8 - - - Died one day after 
birth. 

:l2888. 151 Ewe 7·5 - - - Died one dfty after 
birth. 

41787. 150 Ewe 7 l5 17 :2:2·i) -

:~288:-i. 149 Ram 
I 

6 - - - Died three days after 
birth. 

3:2H05. 146 Ram t) - - - Died three days after 
bir·th. 

!J:!RS!). - - - - - - Ewe died a t begin-
·ning of experiment. 

TOTAL .. . . . .. - . . - . . - 38·8 

I 
24-5 27-5 

I 
37 · ;) 

AVERAGE . .. . .... . .. 5·9 12 · 3 13·8 . 18-i 
I \ 

-
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Oro up 11 

No. Gestation Sex 
of Period. of 

Ewe. Days. Lamb. 

:{2887 . 149 I Ram 
:32902. 150 Ram 
41693. 151 Ewe 

41868. 147 ltam 

32911 . 151 Ra1n 
32896. 151 Ewe 
31817. H\1 Ewe 
:12893 . 153 Ewe 
:{289.1 . 

I 

152 Ram 
:lz906. - Ewe 

TOTAL ...... . . . . . . 

I 
AVERAGE .. .... 

nrou.p Ill 

32904. 148 Ram 
32895 . 150 Ram 

32907 . 153 E\\·e 

41698. l oll 
41789. l5z Ewe 
41881 . 167 Ewe 
32903. 150 Ram 
32894. 149 Ram 
32894. 149 R a n1 
:l2908. 156 Ram 

--- -- - ----
'I.'O'l'AT. .. 
.-\ VERA(:£ . .. 

Gmup ll' 
---

32886 . 1.54 Ewe I 
:l2898. IDa Ram 
3z883 . - -

4:W20 . 15 1 Twin f 
Rams'\_ 

:U90l. 128 Ewe 
41798. - -
32910. 152 Ewe 
32914. 150 Ewe 
41754. I_ 15:) _ __ 

-
32897. Ram 

TOTAL .... . . .. . ... .. 
A VERA(: I~ . . . ... .. . .. 

.\. I . .\LI LA:\, P •. ]. JJU TOIT, .\ Nll ;r. II'. <atO E::\1-: W AI. IJ. 

Weights of Lambs. 

Birth Wt . J 14th Day. I 21st Day. I !iOth Day. 

I h. 11> . to . I l b. 

6·5 9·5 11 16 
6·5 16·5 16 ;) 22·5 
;) · 5 - - -

6 5 - - - -

!! - - -

7 ·5 13·5 15 ~:2 
6 ·8 13 ·5 Hi Hl 
7 13 15·5 22 
7 ·5 9·8 10·5 15 0 
7·2 15 ·5 16· 5 21·5 

- ----
70 

I 
!Jl · 3 100·0 138·0 

7 13 ·0 14·;{ 19·7 
-

7 . ;) 17·0 19·0 :?2· !) 
8 ·4 

7·0 

8·5 
8·5 15 ·0 18·5 235· 
6 ·5 8 ·0 8·5 
7·5 l;) · ll l7 ·0 23 · ;) 
8·0 13·0 14· 5 18·0 
8·0 13 ·0 14· 5 18·0 
8·5 

70 ·4 68·0 77 5 8;) ·5 
7·8 13·6 15 5 2J ·8 

---

7 ·5 22·0 

I 
22· !) 

I 

27 5 
6·5 15 ·5 17 · 5 19 5 
- -

I 
- -

;) 0 - - -
5 5 10 ·5 13 · :) I 16·0 
6 5 13·0 15 · {) 21 ·0 
- - - -

7-0 15·0 16 ;) 2:5 ·0 
7·5 10· 0 

I 

13 () 21·0 
- l7 ·0 20 ·0 28·0 
8 ·5 10 ·0 13· 0 

I 
21·0 

M·O 113 ·0 

I 
131· 0 

I 

177 ·0 
6·7 14· 1 16 ·4 22·1 
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'rhe number of lamb;; rearerl in this experiment is too small to 
justify conclusions being drawn; in group 1 for instance only two 
lambs remained alive. One point is remarkable, however, viz . that 
in group 4, where 8 lambs were 1·eared, all were strong and showed 
an increaRe which is perhap::; just suggestive of better feeding condi
tions in this group than in group 2, for instance, where at least two 
lambs were below normal weight seYen weeks after birth. Although 
milk production is admittedly important the available information, 
due mainly to the comparatively l arge number of lambs that did not 
survive the lactation period, is insufficient to justify definite eon
elusions in Tegard to t he milk yield of the ewes as judgecl b.'· the 
weight increase of the lambs. 

Food C onsumrption. 

The food com;umption of the indiYidual a uimahi was recordea 
hy weighing back aJl the feed left over in the feeding boxes at weekly 
intervals. From the following figures which represent the per
('entages of food eaten per group for the full period it is obYious that 
no significant clifferenre exists between the groups . 

Orrmp.s. Maize Raten. Green Peed Eaten. 

I... . . . . . . . . . . 86 per cent.......... No green feed given. 
2. . . . . . . . . . . . . . . . . 86 per cent. . . . . . . . . \l8 · 3 per cent. 
;~. . . . . . . . . . . . . . . . . 90 per cent... .. . . . . 99 per cent . 
.J, . . . . . . • . . . . . . . . . . 92 pe1· cent. . . . . . . . . 98 pe1· cent. 

'rhe absence of significant rlifference::; in tJ1e f!Uantities of maize 
<mrl g-reen feed consumed by the respective groups indicates that 
g-roups a :ctnd 4 were daily consuming the additional protein con
tained in the 50 g-rn1. of blood meal given, over and above that eon
taine<l in the rest of the ration, . Although this additional protein 
effected a more rapicl inerease in '"eight during pTegnuncy it wa,; 
apparently without effect on the weight during lactation, during the 
first month of which all the groups showecl r emarkable dec1·eases in 
weig-ht. Hay was cons1tmerl at the rate of approximately 1· 5 lb. 
per head per day. 

TVool Prod11ction. 

The \\·eig-hts of wool produced are gtYen 1n T.-ble 2 . 

A glance at Table 2 reYen ls that groups 3 a n<l 4 reeet vmg the 
extra protein iu their ration produced significantly more ·wool per 
head than groups 1 m· 2 on mai~:e anrl hay. This r esult confirms the 
ohsen-ation marle in regard to bocl~- wei~.rht that half a pound of 
mai7,e, and hay of the quality usuall~- available i·n this !'ountry, PVeJI 
if giYen ad lib, do not supply sufficient protein for wool production 
and reprorl udion. 
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T.-~.nLE 2. 

W wights of 1iVool in Kgs. 

I I 

I 

Gt'oup l. Gt'oup 2. Group 3. I Group 4. 

Wt. \Vt. vvt. \\"L. 

I 
::'lros. of Xos. of Nos. of Xos. 

I 
of 

Wool. Wool. Wool. 
I 

Wool. 

32900 . ... :{ ·6 32887 ... 3·8 32904 ... -!. 1 32886 ... 

I 
4·3 

41795 . ... 2·9 32902 .. . 2·7 32895 ... 3·6 32898 .. . 5·0 
32917 .... Sl, 41693 ... 3·2 32·07 . .. 3·8 32883 . .. Sl, 
32916 . . . . 3·4 41868 ... 3·6 41698 ... 4·3 42020 . .. 

I 
3·6 

41825 .... 3·2 32911 . . . 4 ·3 41789 . .. 3·6 :32901. . . 4·6 
32888 .... 4·1 32896 .. . 4·1 41881. .. 5·5 41798 ... ;) . () 
41787 .... 3·2 41817 . .. 3·4 :~2903 ... 5·0 :n91o ... 4·:) 
32885 ... . 4·3 :32893 . . . 4· 1 32894 .. . 

! 
4 · 5 32914 . .. ;) ·0 

32905 . . .. Sl, 32891 . .. 3·6 :~2908 .. 4·3 +l754 ... :{ ·4 
32889 ... . Sl, 32906 ... - - - :{:!897 ... 4· f 

TOTALS . • .... . . 24·7 36·4 34·6 40 · () 
AVERAGES . .. .. 3·5 3·6 4 · 3 4·4 

-

---

It must be pointed out, however , that the " ·eights of t he grea:;e 
11·ool are given in Table 2 and that the increased wool produetion in 
groups 3 and 4 must be regarded as tentatiYe until further st u <lies on 
the fleeces have been completed. 

The KI supplement given to all the groups excevt -+ ''"a ~ d early 
without effed on the weights of the wool produced . 

R eprod11rtion. 

Details in regard to r epro<lnetion are g·1Yen in Table 1. 

1'able 1 reveals several interesting points : "With the exception 
of group 4 where no KI was given r-eproduction 1Yaii Yery un satis
factory . In group I where greenfeed was omitted and Yitarnin A 
deficient only 2 lambs of the nine born surYived. In groups 2 and 8 
receiving greenfeed and greenfeed plus bloodmeal respectively repro
duction \Ya s not normal. In gronp 4 where 8 ewes lambe<l , 9 lamb~ 
were born , \\·hile one of the twin lambs died 3 days after birth . It 
is r emal'lmble that reprocluetion was poor only in the three groups 
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receiYing supplements of KI inespective of othe1· factors such as for 
instance absence of greenfeecl in group 1, m supplementary protein 
feeding in group 3. The results have heen summarized as follows:-

Groups. 

l. ........ . 

2 ..... 

:; ..... .. . .. 

4 ......... . 

Remarks on Treatment. 

Hay, maize and KI given. Vita
min A verv low ; protein poor in 
quality " 

Hay, maize, grcenfeed and KI. 
Vitamin A adequate but protein 
still poor in quality 

Hay, maize, greenfeed, bloodmeal 
and KI ; quantity ancl quality of 
protein improved 

Hay, maize, greenfeed and blood
meal. The ration is the same as 
that of Group :~, except that J([ 
was omitted 

Discvssiun. 

Remarks on Production. 

All the ewes lambed; 7 lambs died 
within 3 days and 2 lambs reached 
the age of 7 weeks when they were 
discharged. 

All the ewes lambed; 3 lambs 
died within 3 days and 7 reached 
age of 7 weeks (discharged). 

All the ewes lambed; 4 lambs died 
within 3 days and 5 were dis
charged at 7 weeks. 

One ewe not pregnant and one died 
in the course of t he experiment. 
All the other ewes lambed. Of the 
!) lambs born (1 pair of twins), 
1 of the twins died, 3 clavs after 
birth. All the other were dis
dlarged when 7 weeks old. 

The body weights and da tn on food consumption can justifiably 
be dismissed without further discussion as the difference in body
weights between groups 3 and 4 on the one hand and 1 and 2 on the 
other was not associated with the KI supplements, as alrea(ly stated. 

In regard to reproduction, ho\\·ever, the best group, as judged 
by the number of lambs reared was the one which dir1 not receive KI 
in its ration. In the poorest group, viz. group 1, the vitamin A 
intake was too low for normal reproduction (Malan et al 1932) and 
it would again appear as in the earlier work just quoted that the 
vitamin A deficiency intensified the deleterious effect on reproduction 
of the KI in the ration. It is clear, hovrever, from the result;;; 
obtained in group 2, as waR also concluded from the 1935 experiment, 
that the supply of 200 grm. greenfeed per animal per day, which 
provided adequate vitamin A, as reference to the vitamin A content 
of the liver will verify, improvt>(l hut did not remoYe the 
eause of poor reproduetion. The addition of blood meal to the ration, 
as was done in group 0, brought about no further improvement until 
the KI was omitted from the ration (group 4), " -hen reproduction 
was signifieantly henefittecl. Although the ration of group 4 con
tained bloodmeal it eould probably easily be improved upon both in 
quality and palatability. Still. reproduction in this group was very 
satisfactory in spite of the one lamb of twins dying a- few days after 
birth. On the addition of KI to this ration, however (group 3), 
reprorludion was decirlerlly abnormal with 4 lamhr; living less than 0 
clays. As a matter of fact the efft>d of the hlooclmel supplement 
seems to have been entirely masked by the deleterious effects of the 
KI supplement in group 3. 
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In t h e <Jbsence of <1 11 i <leal mti·on it i~ impossi ble to ;;ta te frou1 a 
consid eration of the aY<Jila hle dnta tlwt ·();) gTnl. KI <Hl mini stered 
cl aily to sh eep ''ill produ('P delPteri o11s effPcts on 1eproclu ct.ion under 
all conditions , but there C<l ll Le no do ubt t ha t the onl.1· co 1nmou fa etor 
in all three groups, c;llO\Yi ng unsati sb c:tm·_,. r e1uoclndion 11·as t he KI 
DUpplement , whi('h on bei ng omitted in tpro,·ecl reproduction ver y 
consicle rabh and sio·ni fican th· . The nmuber o f aninwb in t h<· <liHe
r e nt group~ is snwll for <I II . ex periment of thi,; nature ,,·h ere many 
incidental factors m ight inflnt' llCe t hP re<JriiJ g of bmbs, especially 
,,·hen <lelete t iou,; fadors lw1·e heen in trotlucerl. Xo final con('hlRion 
ca n lw clrawn in reganl to the pffe..t of 1\'T on m ilk prorhtction. 

1 '/l'run/n _-1 ( '()nfenl uf Lire1·s . 

'l'b re vitam in A c·o nten l of lh e Ji,·er s of ;.;o me of thP lanth.~ ih:tt 
<lied, 11·:us rl PtPnnin ecl :t c·conl ing- lo t hP met horl of Ho.~enthal & l•: nlPh·i 
(1934) with relJ I:II'bblP 1es ul ts . 'l' lt re li YPr;; of four l:1mhs in g roup ·1 
sh o,,·ed no Yitainin "\ or onlY sl i.!.rhl lr<J('Ps. 

'Y 
1()(1 K.JlnU, .solu t io n 11·as userl :1.s thP :; ta JJ danl colour agai nst 

,,.lt ich Lhe colour clue to iii P pn•sew· p of YitaJni n A ,,·as r eacl iu n ;)() 
mm. L eitz colorimeter, t h e standard being pb('ecl at 10 on th e mi ll i
meter seale . Headiug,.; to abou t 40 on th e lllJIJ. seale could easily be 
t a ken ancl <1 tmc·p i:s intenclecl io mean a :-:light ('Oloration but too ill
c] pfi ne<l to h<-' r:on1 parecl \Y ith the K 'Jin0 1 sol u tion. 

I t s houl<l be reme tnberP rl t hnt t lw qu<tl ttity of Yitalllin A pr e.-;ent 
is invpn;ely proportio nnl to th e ('Olori metri r: r e;Hl ing; a tr<Jce incl ic:d e,; 
a r eading greate r thn n 40 agai nst t he Stancl.anl at ·10 '"hile stronger 
,.;olut ions ca n lw ex prPs:secl in t erm s of their ('Olorirnet ric readin gs. 
70 g nn. of l i1·er 11·ere userl for ea('h clPt erminaii on <Jncl t h e <·ompar<J t ive 
quauti t i e~ of Yi Lnnin : I.. \\·Pre t hen <·<JJc.ul:llecl fo r the total \Yeight of 
liver <1:< follmYs: -

(r ea rli ng· of slan cl:tnl 
(r eading· of uu kno\\·ll 

X 
tot.d \\·Pigbt of liwr ) 

----
75 

'l' he Y: tlue;; .~o obtain ed a n-' oll\·ioush no11· rl i n··C'ily proporh on:tl 
lo il1 e vi tamin A ('On tent of the li,-e r. . 

ln g r o up,; :l ancl 4 '"here gTeenfeed was g·JvPn to th e ( ' \H~/S th e 
aYerage Y::tl ues of the lin' rs of t he nnim<Jb killed "'~' <1 JlJlro xinl:d el~· 
200 " ·hile th e r·omparatiw YalnP of thosP killPcl in group 1 11·a s not 
more than 10, suggPs tin g that tlw ,·ihl ntin A of ih f' li vers of the 
sheep in t he lattc~ r g roup 11·as onl,· ahon t. :1 hi·P nty-fifth of th a t of tlw 
two former groups . ' l'hP ]i,-en; of tlw lanths of th e <' Wes in t h e groups 
m entioned shon· similnr rl iftPre Tt <' P'i . :t.s >nntl rl l1e ant i(' ip:dPcl f rom t li P 
fad t ha t t·hp intake of onP group \\ a ,; p r;1dir:ally devoi<l of carotene 
while t he ol her gToups reC"eiYed rl<lil~· appro:-;:in1<1tely 20 m g m . carot Pne 
]WI' lwad in tlw grPenfeerl, :1s <lPtPrlll in erl h~- ('h em i(';d <lllcth.-;i .s. 
Vitamin A ic; appare ntl~- suppliecl h~· t l1P 11 10ther to foet u s as was also 
ohser w cl a THl YP ri fi.ecl in the casP of r <Jts II\· D<lTIIl (1934). Th e lin, ,· ~ 
of tlte lamhs in group 1 conbined l ittl P, or no v itamin A <lncl I he 
li vers of the motl1ers " ·e1·e pradiralh cl PYoi rl of it. 
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SuJVDlAltY AKD CoNCJ.USlONS. 

vVhen the daily 1'<1 tion of )Jerino e\Yes contained · 00 gm. E.l 
tOl" a period of about twelve n10nths no effects 'IYere observed in body
weight and food consuntption. Ueproductiou \Yas, however, abnormal 
in all the groups recei,ing· the K.f supplement , i.he effects of whi.("h 
were more pronounceclly deleterious in sheep on a carotene lo"· diet 
thau when 200 grn1. greenfeecl were supplied <.laily. The response to 
incTeased protein fee(ling in the fonu of bloodmeal was marked by 
the (letrimen tal efl'ed of KI on 1 eprod udiott. As a 11 the rations r~an 
easil.\- he improved both in quality and palatabilit.\· it eanuot be in
ferre(l that t.he quantity of KI given will affeet reproduct.iou iu 
sheep adversely under ideal feeding conditions. The conclusio11 is 
justified, however, that when greenfeell is absent or inade(lltate a,; 
frequently happeu s in practice good quality protein is not available 
nnrl the ineotporniion of KI in s heep lic k ~ is distinctly dangerous 
and may e,·en cause losses clue to nhnormal reproduction. 
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