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THE MAINTENANCE REQUIREMENTS OF 
NEW ZEALAND DAIRY CATTLE 

J. B. HUTTOS 
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MAINTENANCE iwp1mhmhw3 of farm livestock are generally ex- 
pressed in terms of energy and protein, but since, in New 
Zealand, pasture herbage contains an abundance of protein, 
interest is generally restricted to the energy fraction of the 
diet. The energy cost of maintenance is simply defined as the 
nllml,er of calories reqilired to maintain the animal in energy 
ecl~~ililwilun, and implies that the animal is in carlX3n and 
nitrogen Muice. 

h4ost of the basic information on the maintenance require- 
ments of farm livestock has been derived from animal calori- 
metry studies most of which were carried out by Kellner and his 
nssocintes at Mijckern, Armsby and co-workers at Pennsylvania 
State College, Benedict ancl Ritzman at New Hampshire, and 
MIIijllgnard at Copenhagen. These experiments, together with 
the practical feeding trials of Hnecker, Hill and F&es in the 
U.S.A. and Hansson and Frederiksen in Scandinavia, provided 
milch of the data from which both the American, total digestible 
nutrients (T.D.N.), and European, starch equivalent (S.E.), 
feeding systems were cleri\recl. 

In addition to supplyin, 0 information on the maintenance 
and production requirements of different classes of livestock, 
these experiments were designed to determine the extent to 
which animal requirements co~llcl be met by different feedstufl‘s. 
The classes of feeding stufl’s which most interested these workers 
were concentrates and, to a lesser extent, roughages, and the 
number of direct calorimetric determinations carried out on 
pasture herbage were strictly limited. 

Despite the many limitations of tables of feed values and 
requirements, which have been admirably summarized by 
Blaxter (1950, 1956), they have proved extremely useful for feeds 
;111 d systems of feeding employed in Continental countries 
where rationing and stall feeding of animals is economically 
essential. Information derived from the original calorimetric 
studies has been aclcled to by numerous indoor feeding trials 
in which adequate control of feed intake and animals was pos- 
sible. Feed requirements h;*ve been assessed by statistical 
procedures such as those employed by Armsby and Moulton 
(192.5), Gaines (1945) and Brody and Proctor (1933), but always 
there has been available the basic calorimetric information 
ngainst which these results could be checked. 

In New Zealand, the livestock industry is almost entirely 
dependent upon pasture as a source of feed. In trying to 
evaluate the quality of pasture in terms of animal response, 
it is found that very little basic experimental work is available 
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from which to obtain an acclwate measure ,of the quantitntive 
needs of farm animals for :maintenance or production from 
pasture. It hns been customary to carry out chemical analyses 
of herbage samples, to determine herbage digestibilities, and 
by reference to the National YResearch Council (1956) tables ‘01 
those of the Ministry of Agriculture, Fisheries and Food (Rutions 
for Liwstock, 1960) to calcLUe T.D.N. or S.E. values. This, 
together with an assessed herbnge dry matter yield, provides a 
theoretical measure of the l)otential prodllctivity of pastnrc 
herbnge. Srich ii procedure involves the following assumptions : 
(1) The net availability of energy from pasture herbage is 

similar at all levels of intake to that for the concentrate 
diets of like gross chemical composition from which the 
standurds were derived. 

(2) The intake and feed reql]irements of pastllre-fed stock are 
similar to those which obtained under the experimental con- 
ditions iii which the standa.rcl estimates of feed reqllirenients 
were derived. 

With regal-cl to the first of these points, there is no\v ;Lwil- 
able considerable evidence to show that, at least in the cast 
of the fattening animal, the proportions of the different short- 
chain volatile fatty acids produced in the rumen from the 
hreakclown of different feedstuffs affect the net availability of 
the metnbolizable energy. Rlunen liquor obtained from psture- 
fed ruminants is consistently higher in the proportion of acetic 
acid and lower in propionic and hutyric acids than is the case 
where animals have been fed on concentrate diets, and Arm- 
strong and Blaxter (1957) have clearly demonstrated that the 
addition of acetic acid to fattening rations reduces the net avail- 
ability of the metabolizable energy. 

The problem of obtaining information on the relative intakes 
and reqnirements of free grazing, pasture-fed cattle and animals 
stall-fed on wncentrates is an extremely difficult one. Dr L. R. 
Wallace has been actively working at Ruakura for several years 
on methods for estimating the herbage intakes of free grazing 
animals. By means of the chromium oxide and nitrogen marker 
method, he has collected a large amount of information ‘on the 
digestible organic matter (D.O.M.) intakes of pasture-fed cattle: 
and in an attempt to estimate the nutrient requirements of these 
animals subsequently subjected the data to multiple regression 
analysis. This method of partitioning the variance of D.O.M. 
intake between the yield of fat-corrected milk (F.C.M.), live- 
weight raised to the 0.73 power (L.W.n.i:c) and liveweight change 
(L.W.C.) was essentially the same as that employed by Brady 
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and Proctor (1935) den analysing lactation records ohtainecl 
from several U.S. experimental station herds. This latter analy- 
sis proclucecl coefficients for F.C.M., L.W.“,” and liveweight 
change which agreed closely with values listed in standard feecl- 
ing tables. This is rather unclerstanclahle, since the cows were 
fed according to recognizecl feeding systems. On the ntliei 
hnncl. the equations developed hy Wallace (19,56) and presented 
in his paper to the ‘it11 International Grassland Congress were 
~~iiiwd since the coefficient associated with L.W.“,“’ was almost 
d011ble what might have heen expected from the information 
contained in stanclard feeding taldes. The interpretation placed 
r:n this large coeficient was that the maintenance requirements 
of pasture-fed, lactating dairy cattle under conditions of free 
grazing were very much larger than for similar animals stnll- 
fed on a concentrate ration. The data from which Wallace de- 
rived his equation have subsequently heen criticized by Corbett 
(1960), Greenhalgh and Corl>ett (1960), Minson and Kemp (1961) 
and Cohett (1961). All of these workers point to seasonal biases 
which esist in the estimation of liehage cligestibilities from 
faecal nitrogen, and sllggest that these will cause overestimation 
of intakes and will prohldy account for the high maintenance 
estimate. 

In reply to these criticisms, Wallace (1961) presented some 
residts of more recent pasture feeclin, CT trials carried out :tt Run- 
kura. In all this work feed intakes had been measurecl indoors, 
and conseq~~ently the majol criticism previously raised coulcl 
not be applied to this prtic~dar case. Analysis of these results 
showed that the coefficient associated with L.W.“.‘:‘, while lower 
than the comparalde value previously published, yielded an 
estimate for maintenance which was approximately 30 to 40% 
above accepted standards. 

Corhett (1961), while apparently unaware of this work, re- 
cently presented a piper in which lie repeated his criticism of 
Wallace’s earlier work and proposed an alternative equation 
which lie had derived from the results of outdoor grazing trials 
and which gave an estimate of the maintenance requirement of 
lactating dairy cattle which was consistent with values provided 
in the stanclarcl feeding tables. 

In view of the conflicting nature of these various results 
it would seem appropriate at this stage to present some aclcli- 
tional data which have been obtained in feecling trials with dairy 
cattle at No. 5 Dairy, Ruakura, since these may help to clarify 
the problem. 
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TRIAL 1 : ESTIMATION OF THE MAINTIZSANCE REQUIREMIENT OF 
Dnu CA-I-I-LIZ WHERE CHANGE IS LIVEWEIGHT IS MINIMAL 

Consider the first and simplest of these three trials. This has 
been concerned with measuring the quantities of D.O.M. from 
fresh pasture which are required to maintain non-lactating dairy 
cattle at constant weight during n complete clairying season. 

Withollt the aid of animal calorimeters, this represents the only 
way in which maintenance requirements coiiipar~~l~le with those 
listed in overseas feeding tables can be assessed for pasture herb 
ilge grown under New Zealancl conditions. 

For this purpose 12 non-lactating, Jersey, crossbred cattlc, 
consisting of two S-year-old, three S-year-nlcl and seven mature 
cows, ranging in hotly weight from 530 lb to 1,001 lb, and in 
body condition from moderately fat to moclerately thin, have 
been llsed. These cattle have been fed sufficient fresh pasture 
each day to maintain their mean weekly body weights constnnt. 
This trial was initiated in September, 1961, and is still in pro- 
gress. The part of this trial which will be dealt with in the 
present paper, however, covers the period of 1.5 weeks from 
September 21, 1961, to Jamwy 4, 1962. 

R4ean body weights of inc:liviclual cows recorded during the 
week immediately before the trial commenced were accepted 
as the values to be maintained. Animals were weighed at the 
same time each day and the amounts of pasture required to 
maintain body weight constant were then adjusted according to 
the measured liveweight change. All animals were fed in stalls? 
receiving their daily ration us-tially as one feed. On completion 
of this they were either muzzlecl and turned out ou to a bare 
paddock or housecl in an open barn when it became imperative 
to reduce depreciation of the muzzles. As a result, during most 
of the section of the trial which will be considered here, cows 
restricted to maintenance were indoors for apl)roximately 6 
hours each clay, and exposed to environmental conditions com- 
parable with those experienced 11) 7 grazing cattle for the remain- 
ing 18 hours. 

TO calculate the digestibility of the herbage consumed, 
individual total faeces outputs from three of the cows were 
determined each week. These groups of three cows remained 
on digestibility trial for three successive weeks, after which 
they were replaced by a further three animals from the total 
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gmup of twelve. Faeces were collected in bags especially~cle~ 
signed for the purpose hy J, W. Hughes of the nutrition section, 
anal urine contamination of faeces was prevented by the use of 
urinary catheters. Unfortwiately, the development of this 
aluipment wu delayed, and it was not possible to use it Imtil 
approximately half-way through the experimental period. 111 
calculating D.O.M. intakes clurin, 0 the first eight weeks it was 
therefore found necessary to use the digestibility data derived 
from a second group of experimental animals which were being 
feel the same pasture herbage. As will he seen Inter, this ad- 

justment liacl very little eRect on t-he general nature of the results. 

TI~IAL 2: E~~IMATIO.~ OF THE MAINTENANCE REQUIREMIST OF 

FIJLLY-FED Dnu CATTLX Urwel~ CONI~TONS OF FATTENING 

It is clearly recognizecl that, in aclclition to its effect on feed 
digestibility, plane of nutrition also mu+eclly influences the net 
a\dability of metal~olizal~le energy. It wks therefore con- 
sidered desirable to compare the estimated maintenance re- 
(luireineii ts of pwture-fed animals mnkin, cr no weight gains with 
estimates obtained for essentially similar animals under concli- 
tions of maximum intake. Data for fully-fed dry cows derived 
f],om a series of comparative intake trials were therefore analysecl 
for the same calendar period of 15 weeks as was considered for 
the cows on restricted intake. This information had been col- 
lected during the 1960-61 and 1961-62 seasons primarily for 
obtaining a measure of the ef%ec.t of lactation, within iclentical- 
twin sets, on levels of intake m3cl feed utjlization uucler concli- 
tions of full-feeding. Data for 13 sets of identical twins were 
availal3le from 130th seasons. Those relating to the lactating 
members will be considered in connection with Trial 3. 

Of the 13 dry cows, two were %year-old, four were S-year- 
old and the remaining seven were mature animals. The mean 
liveweight of these cattle within one meek of their twin mate’s 
date of calving was 755 lb, compared with 760 113 for the lactat- 
ing twin members. By mid-September, however, when it be- 
came possible to start the present comparison, the mean value 
hncl increased to 845 lb. At this stage the range in liveweights 
for individual animals was ,531 11) to 1,015 113. 

The same feed was supplied, and the same system of feecl- 
ing practised for fully-fed dry and milking cows. Fresh pasture 
was cut ,once daily, carted indoors, sampled and weighed usually 

jnto three main portions for each cow, to provide her f&xl*-re- 
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quiretnents during the subsequetlt 24 hOLtrS. Feed which was 
weighed but ‘not immediately required was stored in 20’ gal milk 
c:~ns until needed. The cattle were stall-fed at 5 a.m., 10 a.m. and 
4 pm. and, when required, s-ttpplementary amounts of feed were 
provided. This meant that individual cows could receive 4 to 5 
feeds per 24 hours. This system of feeding determined that all 
cows, except those on digestibility trials, spent approximately 
12 of the 24 hours indoors. The remaining period was spent 
outside, when the cattle were muzzled and allowed access to n 
bnre p~lclock adjacent to the dairy. Ench morning the feed 
refusals were weighed and sampled, and from these data intakes 
for the previous 24 hours were assessed. This information was 
used to compute the current clay’s requirements and an allow- 
ance for refusals of qq>rosimntely IS% of the green material 
eaten \vns generally made. 

To determine the digestibility of the herhnge, :I continttoils 
series of trials \v;is rttn in which groups of three of the fully-fed 
dry cows were placed in the metabolism stalls, to provide data 
cti total faeces and urine 0lItpLits. These groups remained in 
the tnetabolistn stalls for two weeks. and \vere then replaced by 
a second group, which provicl ccl clata for the alternate fortnights. 
For the weeks that cows were not on metabolism trial, D.O.M. 
intakes were calclllated 17~ applying the tnenti digestibility 
coefficients, clerivecl from cows 011 trial 2t that stage, to tire 
measured O.M. intakes. 

The third group of cattle for which detailed intake and 
output itifortnntioti had been obtained consisted of 23 stall-fed 
lnctating Jersey crossbred cows. Thirteen of these were lwecl 
in experiments in the 1960-61 and 1961-62 dairying seasons and, 
as indicated in the previous section, were the twin mates of the 
fully-fed dry cattle described there. In aclclition, data ol,tained 
froIn ten cows during the 1959-66 season were also inclr.tcled. 

Wallace (1961) pointed out that TiO% of the animals which 
pr?viclecl the intake and output data used by him had various 
degrees of restriction itnposetf on their intakes. Because of the 
importance of level of intake on feed utilization, and since con- 
ditions of free grazing impose virtually no restrictions 011 intake 
for much of the year, it was cnn:;irle:ecl desirable to estimate 
feed requirements foI milking cattle ltnder conditions of fIllI- 
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feeding. Consequently, all of the results considered in this 
section refer to animals which were nllowecl to eat sufficient 
pasture dry matter to satisfy their appetites. 

To render this information comparable with that oldined 
from both groups of dry cattle, consideration of this has been 
confined to the same 15 calendar weeks. 

The feed ~mcl method of feeding used for the milking COWS 

was the same IIS described for the fully-fed dry cattle. Herbage 
cligestibilities were cleterminecl in exactly the same \vay, except 
that lactating cows were used in the metal)olism stalls. The 
cows were milked twice daily at lo- and l4-lio1lr intervals, the 
sane machine being used for cows in and out of tile metnbolism 
stalls. Samples of milk were taken at each milking anti com- 
posited for three- and four-clay periods before being andyzed 
for fat percentage by the Gerber method. Total fat-corrected 
milk was estimated by weeks for individual co\vs. 

In nclclition to the thirteen milking cows whose age composi- 
tion was as for the fully-fed dry cattle, the remaining ten animals 
consisted of four Z-year-old, three 3-year-old and three mature 
cows. The mean Lilly weight for the full group of 2:‘s cows 
was 760 lb for the first week after calving, hut had fallen to 
718 lb by the start of the present trial period. At this stage the 
range in l&y weights was 534 lb to 992 lb. 

The intervnls from time of calving to the start of the present 
trial period were 11 weeks, 12 weeks hind 7 weeks for cows in 
the 1959-60, 1960-61 and 1961-M seasons respectively. The 
I~KXI~ F.C.M. yield at this stage was 35.1 ll~/cow/dny ad the 
prodlrcticm l’illlge ccwcw~l \v;ls 17.2 11, to 49.2 lb for inrli\~iclual 
co\vs. 

In ndclition to similarities already mentioned, die folln\ving 
features were common to all : 

(1) 

C-3) 

Herbage was supplied continuously from the sane pastures 
both within and between seasons. Species present were 
short-rotation and perennial ryegrasses, white clover, some 
cocksfoot, Yorkshire fog, p~spalum and various weeds. 

Dry matter intakes and the amount of faeces dry matter 
produced by each cow were obtained bv weighine all feed 
offered and refused, and 
Estimates of dry matter 
propriate samples for 24 
to these, 

the total quanti’ty of &ec& voided. 
percentage obtained by drying :ip- 
hol~rs at 100’ C were then alqdiecl 
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(3) Organic matter intakes and faecal outputs were calculated 
using ash values obtained after samples of feed and faeces 
hxl been subjected to bomb calorimetry. 

(3) All cattle were weighed each day and mean liveweights 
dllring successive weeks \vere averages of the daily vallles. 
Weight changes for individual weeks were obtained by 
lialving the difference between the mean values of the pre- 
ceding and succeeding weeks. The overall weight change 
was estimated by, averaging the weights obtained in the 
week immediately before and after the days 011 which the 
trial commenced and subtracting this from a value similarly 
determined at the end of the trial. 

(5) Feed intake, faeces output, and hence herbage digestibility, 
were determined for periods of one week. 

(6) In the analysis of the data, the comparisons which have 
been made relate almost entirely to data derived from the 
full 15week period. 

RESULTS 

THIAL 1 

Figure 1 shows the week-to-week changes in herbage dry 
matter required to maintain these 12 cows at constant weight. 
On average it appears that apLxoximately 8 lb of dry matter has 
bten needed for cows averaging 744 lb liveweight, and the 
digestibility data contained in Fig. 2 provide a measure of the 
quality of the herhage. A steady clecline in herbage cligestibility 
occurs between spring and mid-summer and, between Novem- 
ber and Januxy, a measure is obtained of the effect of plane 
,of nutrition on herbage clige:;tibility. The violent fluctuations 
xsociated with data from the maintenance group are due to the 
inevitable carry-over eflects of variations in gut fill which are 
associated with this system of feecling. 

Figure 3 provides a measure of the success achieved in 
maintaining a group of cows varying in both size and condi- 
tion at constant weight. Mean weekly liveweights at no stage 
varied by more than 2?i lb from the mean. 

Figure 4 records the mean daily D.O.R4. intakes of these 
restricted cattle for each of the 15 weeks. By simple regression 
analysis the relationship between D.O.M. intake and L.W.“,‘” 
was calculated. This regression passed through the origin and 
was of the form D.O.M. (lb/cow/day) = 0.048 L.W.O.iJ. The 
maintenance requirement calculated for 21 1,000 lb cow from 
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this coefficient is equal to 7.4 11~ D.O.M./clay. If 1 lb D.O.M. is 
xceptecl as equivalent to 0.92 lb S.E. and 1.04 lb T.D.N., this 
represents 3 maintenance requirement calculatecl in these terms 
of 6.8 lb and 7.7 lb respectively These figures agree closely with 
those pblishecl for co~vs of this size in Ratioiz~~ for Lizlestoclc 
(1960) (6.5 lb S.E.) and in the National Hesearch Council’s (1936) 
tables (7.0 lb T.D.N.) This result may be considered in line 
with the findings of Armstrong et a?. (193i), who showet:l with 
sheep that, \vhen the energy of mixture.5 of steam-volatile fatty 
acids is used to prevent energy loss from the tissues, the compo- 
sition of the mixture has very little effect, and the efficiency of 
1ltilization is high. 

A further point of interest arises as a result of the trend in 
the D.O.M. intake of the maintenance fed cattle shown in Fig. 4. 
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It will be noted that there appears to be a steady fall ill the 
requirement of D.O.R4. from September to January, even al- 
though body weight is maintained constant. This possibly in- 
dicates a change in lxdy comI)osition in response to the restricted 
feed intake and the conversion of fat reserves to protein, with 
a consequent reduction in the energy cost of maintenance. If 
this is in fact happening, it would be in accord with the findings 
of CnlToll et (12. (1961) 1 f w 10 ountl with niatrlre rats fed for pro- 
l(:ngecl periods on ;I ration sui-licieiit to maintain body weight 
tllat the pqortions of flesh and ash increased and that of fat 
dccwasecl as the trial p~~g~~wd However, regular subjective 
xscmmeilts which linve hen made of the bocly condition of the 
12 maintenance cfxvs lia\re failed to show any change in clegrec 
of fatness. 

------ Fully-fed Milkers (23) 

-- Fully-fed (13) 

- Maintenance (12) 
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The results <.,f Trial 2 C;IIL be seen by i~~ference to the “1’1”‘0- 
piate lines in Figures 1, 2 and 3. The mea~l dry matter intake 
of the fully-fed dry cattle is approximately 2.5 times higher than 
for the restricted cows. The mean hehage cligestibilities are 
slightly but cmsistcntiy higher for the former than fr:r tl:c 
lactating cows. ad, whereas the weight of the restricted cows 
remained constant for 1.5 weeks, the fully-fed cattle increased 
in body weight at a mean rate of 1.3 lb per clay. From Fig. 3 it 
is also apparent that the mean weight of the fully-fed dry co\vs 
\vas consiclerihly higher in mid-September than that for the 
restricted animals. This WIS clue to the different starting dates 
for each experiment, the delay in regard to the restrictecl group 
being necessitated by feed shortages. The comparison of fdly- 
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fed drys \vith their lactating twin mates commenced some 10 to 

12 weeks earlier and, as reported previously, the mean weights 
of the latter two groups were at that stage 753 and 760 lb re- 
spectively. 

The results contained in Fig. 4 sl~ow that, for the fully-fed 
dry co\vs, volwntary intake of D.O.M. remained consistently high 
during September to early December. This occurred despite 
the marked fall in digestibility during this period, and was clue 
to a steady increase in dry matter intake (Fig. 1). Thus a maxi- 
mum dry matter intake for these cattle of 21 lb/clay was re- 
corcled in late November wlien the mean digestibility of the 
herbage organic matter had fallen from 81,.5X to 768 and when 
the group mean body weight wiis 923 lb. 
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TABLE 1 : COMPARISON OF ACTUAL ANI) ESTIMATED DAILY D.O.M. 
~-TARES (LB) OF FULL-FED STALLEII DRY Cows 

(September-December, 1960-61, 1961-62) 

Act& Estimcited D’iffererlce 

15.0 
15.1 
14.3 
14.3 
14.5 
14.3 
14.0 
14.0 
13.9 
13.4 
13.4 
13.2 
11.1 

14.4 
1.4.5 
1.4.8 
lz3.7 
14.0 
13.9 
15.9 
13.4 
12.9 
14.i 
12.9 
L3.F 
12.5 

-1.2 
-0.8 
+ 0.3 
-0.8 
-0.3 
--0.3 
+ 1.9 
--OS3 
-1.0 
+ 1.:3 
-0.5 
+0.4 
+1.4 -___ 

D.O.M. (ll,/co\~~/cla,~) = 0.070 L.W.“.;:’ + 2.92 L.W.G. 

To try to meilsure the fractions of the feed ingested which 
were required for liveweight gain and for maintenance sepr- 
ately, the relationship of daily D.O.M. intake to L.W.“,“’ a1~1 
daily liveweight change WIIS determined by the method of least 
sclures. Roth the equation derived and a cornprison ,of actua! 
intakes with those ohtainecl by using this equation are presented 
in Table 1. The two partial regression coefficients were highly 
significant, and when tested the eqIWioi7 was found to p21s.s 
through the origin. As might have been anticipated in view of 
problc~i~s associuted with the accurate meansurement ,of live- 
\veight gain, the standard error of the coefficient derjvecl for 
this term was quite high (0.80) but the coefficient of \wiation 
of prediction for the overall eqution (7.isW) was reasonable. 
Conversion to S.E. of the value of 2.9 lb D.O.M. per 1 lb live- 
weight gpiil, derived from this equ”tioii, provides a value for 
fattening cattle of this size which , according to Rations for Lioe- 
stock (1960), is very close to the theoretical requirement. 

On the other himcl, if it IIe accepted that, IIy adjusting 
l)ody weight to its 0.73 power an expression is obtained of an 
anim:J’s maintenance requirement, the coefficient associatecl 
with this term in the above eqution will provide estimates con- 
side&ly in excess of those contained in standard feeding tal~les. 
For example, application of this eqwtion to ii 1,000 lb co\v 
yields :I value of 9.7 lb D.O.M. for the maintenance require- 
ment; this is approxiitutely SO% higher than that obtained using 
the wine psture helbage hut employing the tladitionally, ac- 
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ceptecl method of estimating an animal’s maintenance require- 

ment. The data contained in Table 1 show that there is no 
1~ws01i to doubt the validity cd this equation as applied t0 the 
results from the current experiments, and the methods employed 

preclude any biases iii the nie;w~rement of feed intake. 

TRIAL d 
The lJOO]ing of data from 195980, 19GO-GI ;111d 1961-62 \VM 

~OIIIIC~ iiecessuy because of the numbers of animals reqidrecl fol 
statistical analysis. Mean calving dates were almost identical 
~II 1939-60 and 1980-61 IlIlt, because of breeding prol)lems, in 
1.96;1-62 the a\wage date was approximately one month later. 
This WIS reflected in ;I small pochlction difference, but the treld 
in milk production \vas similar for each season. There was also 
a slightly higher mean body weight recordecl in 1981-G2 owing 
to the pkseiice of a higher proportion of mature co\vs in this 
pwticiilar year. 

Between-season similarities in the cluality of the 11erl~tge 
eaten were reflected in the digestibility coefiicients calciilatc-:cl 
for each year, and, hy cnmpwisan with the overall changes in 
digestibility during the E-week trial period, inter-season difkr- 

ewes were small. 
For tlrese reasons, the bulking of data from seprate S~~LSOIIS 

q~pe;ired reasonal~le, particularly in view of the precautions 
talien to ensiu’e the accurate measilrement of intake. 

Figure 1 sl~ows that the mean dry matter intake of the milk- 
ing cows ilICl%itX!d steadily from mid-September and continued 
its upvarcl trciid for three to dour weeks longer than was noted 
for the dry cattle. Tl ie maximum mean daily intake of 29 117 
of dry matter was recorded during the third week iii December. 
At this stage the digestibility of the herbage organic mutter had 
f~lllen helow vali.~es recorded at the start of the trial by ;lp- 
proximately G..5 digestibility units. 

At this stage, clrc matter consumption of the lactating cattIc 
was npproximately -3.S times that of the gr0~1p lyzing fed 21 1n;lin- 
tennnce ration and 2.5 times that measured for the fully-fed, non- 
lactating group. 

In spite of Such large intake differences, which also applied 
to D.O.M., the average rate of liveweight pin for the milking 
COWS (0.70 lb/&y) was coilsideral~ly lower than for the dry 
cattle. In addition, the average yield of F.C.M. fell steaclily 
tlirwghout this period, from iipprosimately 34 lb in Septeml,el 
to 28 lb in late December - early January (Fig. 5). 

Least squares analysis was again employed to partition the 
variance of D.O.R?./cow/day, between the mean daily yield 



of F.C.M., mean L.\Y.“.7z’ and mean L.W.C. The Inltl tiplc IX- 
gression equation &rived from the inform~~tion for the 2.3 CO\VS 
is presented in Table 2 together with a comparison of the 
D.O.M. intakes estimated from it mid actual values for the in- 
tliviclunl cows. It will be noted that the deviations are all 
relntively small. 

The regression equation was found to pass through the 
origin, l,oth the coefficients for F.C.M. and L.W.“,‘:’ were shown 
to be very highly significant, and the coefficient for L.W.C. was 
significant at the rj% level. 

Again the point of greatest interest is the size of tliesc 
cotfficients, and if it is accepted that the metliocl usecl is ;L 
reasonable one for makin,g assessments of wimal requirements 
~mcler conditions of full feeding then the following points nre 
of considerable importance : 



TABLE 2 : COMPARISON OF ACTUAL AND ESTIMATEI) DAILY D.O.h?. 

INTAKES (LB) OF STALL-FED MILKING, Cows 

(September-December, 1959-60, 1960-61, 1961-62) 

Actucll Estiwrted Difierewe Acttml Estinucted Difference 

22.9 24.4 1-1.5 19.7 10.2 -0.5 
22.8 29.4 -0.4 19.6 20.1 $0.5 
22.7 22.3 -0.4 18.8 20.1 $1.3 
22.6 21.8 -O.i! 18.6 18.2 -0.4 
22.5 20.7 -1.6 18.2 18.5 f0.3 
21.2 21.7 + 0.5 17.8 18.4 + 0.6 
21.1 19.9 -1.2 17.6 17.9 + 0.3 
“0.7 21.9 11.2 17.2 16.8 -0.4 
20.7 19.4 -1.:3 17.1 17.2 t-o.1 
20.5 19.4 -1.1 16.5 lF.2 -0.s 
20.1 1S.G -0.5 15.8 16.6 +O.S 
19.9 21.6 +1.7 

D.O.M. (Il~/co~/day) = 0.21 F.C.M. + 0.095 L.W.“.i:’ + 1.64 L.W.G. 

(1) The feed requirement for fat correctecl milk is consicler- 
ably lower than that generally considered necessary for cow.5 

producing milk containing fat at the 4% level. It is also 
consiclerably lcwer than dues previoidy reprtecl by Wal- 
lace (1956) and (1961) using essentially the same technique 
as has been applied here. However, figures available in the 
literature mainly refer to complete or very large parts of 
lactations, ancl Wallace (1939) has presented some indirect 
evidence that the net efikiency of milk production declines 
as lactation advances. 

(2) 

The present experiment deals with a period of apl>roxi- 
mately four months when the cows are in very high pro- 
duction, with a process which, energetically, is highly effici- 

ent in the conversion of protein (h46llgaard, 1923) and with 
a process which, as has heen sl~own bv the work of Folley 
(1956), is dependent on the provision oi acetic acicl. Uncle1 
these conditions the conversion of approximately 420 
calories of digestible energy to 360 calories of net energy ap- 
pears to he pliysiologically reasonable. 

The coefficient 0.09.5 associated with the term L.W.“,“’ is 
extremely high. If it be accepted that this is a true measure 
of the main~eiiance requirement of milking cows fed to ap- 
petite on pasture, then a 1,000 lb cow at this particular stage 
of her lactation and on feed of the type provided in this 
experiment will require lZ1.8 lb of D.O.h4. for this purpose. 
This sl~o~~lcl be compared with the values of 9.7 ancl 7.4 lb 
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D.O.R4. listed earlier in this paper as comparable reqnire- 
ments for fully-fed flncl restricted dry cattle, respe+vely. 

The particularly high value for milking ccws is roughly 
in agreement with that cdcd~tecl hy Wallace (19S6) for cattle 
grazing outdoors, but the latter work was criticized because 
of a seasonal bias il~troclucecl when tile p creneral regression 
equation was applied to individual weeks. 

FigIre 6 clemonstrates the result of npplving a general re- 
(rression equation derived from the present &ta to each of the 
&I weeks, and, as was shown by Wallace (1961) with an ex- 
ample which was in many ways similar, there is a reasonable 
distribution of estimatecl values ahoIlt the actual intake line. It 
\vill be noted that the equation used in Fig. 6 does not include 

23- 

& Actual Intake 

- Predicted Intake 

Predicted 0. 0. M. (lb/cow/day) = 

0.16 F CM. + 0.118 L.Wt.0’73 

SEP OCT NOV DEC 
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the liveweight change term. The reason for deleting this is the 
same as uus advanced by Wallace (1961), namely that much of 
the week-to-week variation in L.W.C. is due to fluctuations in 
gut fill. In estimating diferences in intake for short periods, 
therefore, it is probably more accurate to neglect this term 

entirely. 
At the 8th International Gr~usland Congress (1960) Corbett 

strongly criticized the maintenance requirement proposecl by 
W&~ce in 1956 for pasture-fed cattle. Subsequently, Wallace 
(1961) presented data which discounted certain of Corbett’s 
objections. More recently, however, the latter as part of :I 
paper read to the 8th International Congress on Animal Proclnc- 
tion at Hamburg has proposed an alternative equation, which 
he considers most satisfactorily describes the feecl-intake-animnl- 
oiitp~t relationships applying to dairy cattle at pasture. 

,4pirt from the rather vexed qllestion of the manner in 
which this eclwition was derived, it may be considered reason- 
able to compare the estimates of D.O.M. intake derived by 
applying this relationship to the latest Ruakura data, with those 
cbtained by using both Wallace’s (1956) equation and the erIu;l- 
tion which applies specifically to the current results. 

This comparison is smrmwrizecl in Table 3 and it is quite 
clear that, hy applving Corbett’s relationship, 3 considelable 
lmderestimation of -feed intake will be made. On the other 
hnnd, Wallace’s equation overestimates intake, bllt this is nlmnst 
solely clrle to a higher allowalwe for F.C.M. In this regt\rd, it 
shc:rdcl be recalled that the latter equation is calculated from ;I 
series of virtually complete lactations. Both Corbett’s data :mtl 
those presented in this paper refer to imited periods totalliqg 
approximately four months. 

TABLE 8 : COMPARISON OF ACXJAL ANI) ESTIMATE]) GIioup hTilzA~ 

DAILY D.O.M. INTAKES OF MILKING Cows 

(September-December, 1959-60, 1960-61, 1961-62) 
__-. 

Ih/D.O.RI./Co21;IDcr!/ 
A&d Estimc&d Differe,tce 

(1) (3 (9) (I\$ (2)-A (3)---A 
19.8 19.8 28.1 15.6 
(1) D.O.M. = 0.21 F.C.M. _I- 0.095 L.W.;‘.‘” ++f;! ~$1 

(Hutton, 1962). 
(2) 13.0.M. = 0.35 F.C.M. + 0.08 L.W.0.i” + 3.0 L.\v.C. 

(Wallace, 1956). 
(S) D.O.M. = 0.30 F.C.M. $- 0.046 L.W.“.‘” + 0.56 L.w.C. 

(Cohett, 1961). 
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The coefficient of variation of prediction (4.8%) which is 
applical,le to the present equation shows that the coefficient 
0.035 describes the relationship of D.O.M. intake to L.W.“~‘” fol 
Rwklua cattle under the local conditions of pastilre growth 
and feeding, with a high degree of accuracy. 

Why, then, is there sucli a large discrepancy between the 
results reported from Ruakura and those reported overseas? It 
is pr0hahly largely clue to intake differences. For example, 
Corbett (1961), while not provicling specific informalioil on 
xtlul intakes, suggests that the eq~~ation previously sl-10wn in 
Table 3 acleqwtely fits his clata. Using this, it mai he cnlcu- 
Intecl that a 1,COO lb cow proclucing three gdlons of F.C.M. pet 
day and increasing in liveweight at the rate of 0.5 lb/day will 
ccmsr~me 16.4 lb of D.O.M., whereas New Zealancl experience 
sllggests that approximntely 22 111 of D.O.h/l. will be reqGrec1. 
Forir possible explnnutions win be slqgestecl for this discrepancy : 

(1) T11e co\vs used by Corbett were mnre efficient converters 
of grass tliun were those used in the local trials. 

(2) The herbage produced in the north-east of Scotland has :I 
mods higher Ilutritive due than that available at Ruakurn. 

(3) A severe restriction was being imposed upon the intake of 
Corhett’s grazing cattle by the svstem of pstlwe maiqe- 
ment employed. In such circr;nistances the decline in 
F.C.M. procl~wtion woirlcl linve been mlicli fnstcr than oc- 
curred with the Rlukura cattle. 

(4) There may hnve been certain errors inherent in tllc indirect 
metliotl used by Corhett for estimating intake. 

Since both (1) ant1 (%) are rather lmlikely, the discrepancy 
between the results ohtainecl at the Rowett and Ruakura Re- 
search Stations is pr0bahly c111t: to a combination of (3) and (4). 

If, however, it is accepted that the large coefficients as- 
sociated with L.W.“.” are appropriate ta New Zealand feeding 
ccnclitions and tn this particular form of analysis, how can these 
large increasts in what is termed the maintenance requirement 
he explained pliysiologically? :It may perhaps he justifiably said 
that application of the method of least squares to these data is 
scarcely appropriate, since we are attempting to partition the 
variance of D.O.h/l. between two or three terms which are each, 
f~lnctions of net energy. This may be perfectly true, but the 
size of the coeificients of variation of prediction previously pre- 
sentecl for fullv-fed dry and lactating cattle, sliows tllat re:i,son- 
iLl)ly nccurnte kstimates of intake c:ln he made ill this way, 
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The answer to this probably lies in differences between 
what in the past has been largelj r m empirical definition of 
maintenance, and what under conditions of full-feeding and 
lactation can legitimately be included in this term. The main- 
tenance req7iirements listed in feeding tables have been de- 
rived largely from experiment s with fasting animals and the 
maintenance values have si~bsequently been calcl&ted as func- 
tions of basal metabolism. This provides the link with the 
term L W u.i:: . . . 

Considering the mnintenance requirement of nn individunl 
as the sum of the basal metabolic rates of all the indiviclual 
organs and parts, then it wou.lcl seem logical that, as certain 
of the former increase in size with plane of nutrition and lacta- 
tion, their increased energy costs should constitute a maintenance 
charge. 

The experiments of Ritzman and Benedict (1938), Marston 
(1948) and Mitchell et al. (194.1) have all shonrn that prevjow 
plane of nutrition will affect estimates of fasting heat procluc- 
tion. Ritzman and Benedict (1938) have also described trials in 
which they founcl that the fasting heat production of cows which 
had temporarily ceasecl lactation was considerably higher than 
when the animals were dry. 

The conditions of these experiments are scarcely compr- 
able with those described here, but they point to probable errors 
in existing feeding standards when these are applied to animals 
both eating to appetite and lactating. 

From theoretical considerations, one of the greatest clis- 
;~dv:~nt;~ges associated with the term L.W.“,“’ is thilt, through 
its relationship to body surfa.ce area, it not only provides 8 
me:lsure of basal metabolism, but it is also related to the heat 
(lisposing capacity of the animal at all feeding levels. It is 
quite probable, therefore, that where increasecl heat incre- 
ments of feeding associated with high intake levels are ob- 
tained, these will be found included in the term L.W.“,‘” in 
t:quations of the type presented in this paper. This is likely 
to be particularly important where pasture herbage of low 
digestibility, yielding rumen breakdown products high in acetic 
:lCl 'd is fed in large amounts to fattening and lactating stock. 
Such an additional heat increment would be indistinguishable 
from the legitimate energy costs of mainenance and coulcl 
markedly increase the size of the coefficient associated with 
I,.W,O.‘“, 
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For this reason, and until this particular question has been 
resolved, it may prove wiser in future when partitioning D.O.M. 
in the way that has 13een clone here, to refer to the fraction of 
the D.O.M. associated with L.W.“.” rather than to the D.O.M. 
required for maintenance. 

It will be apparent from the results presented here that 
more possibilities have been raised hy these experiments than 
problems fully answered. There is an obvious need for correlat- 
ing the results of stall-fee&n g trials of this type with calorimetry 
studies conducted on the same animals and feeds. There is 
an obvious need to extend these trials to larger groups of animals 
and to wider ranges of feecling. Ultimately, the results milst be 
translated into a form which can be usecl on the Farm aid, to 
this end, methods for measluing intake in the field must he 
improved. 

This stepwise procedure alqears to be ‘1 logical appronch 
towards an unclerstancling of the feed requirements of pstiire- 
fed stock and the feeding value of pasture lielbages. 




