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ABSTRACT 

An experiment is described in which the n ut ritive value 

of greenfeed maize as a supplement to lactating dairy cows during 

the Summer dry period was investigated. 

F orty Spring calving Friesian cows were allocated to one of 

hio treatments in a randomised block design experimen t. On e group 

of 20 cows was fed on grazed pasture alone ( control) on a separate 

7.96 ha farmlet while the other group of 20 cows was fed a supplement 

of greenfeed maize in addition to the pasture from a 7.75 ha farmlet. 

The farmlets of both groups were divided in to 7 paddocks and the 

cow8 were rotationally grazed. A 1 week standardisation period was 

followed by a 5 week experimental period. 

The herbage present on both farmlets was estimated at the 

beginning of the experiment and1during the experiment, estimates of 

of the pasture remain ing after grazing were made which gave an 

indication of the grazing intensity. 

Tvro crops of greenfeed maize vrere fed, Crop A and Crop B. 

Crop A had a low· yield of D M , poor plant den sity and a high weed 

po:pulation. Crop B had a high plant population with thin stalks 

and fevr weeds. 

Mean daily milk, milk fat, milk protein yields and liveweights 

were �ot significan tly differen t between groups. There were 

sit�nificant differen ces between the slopes of the regression 

l:i.nJs relating pretrial to expe rimenta l  milk yields (P < 0 .0 1)  and 

m ilk protein yield (P< 0.05 ) of the two groups. There were 

s its:1ificant differences (P < 0 . 1  0 )  between the slopes of the 

regression lines of milk yield against time of the two groups and 

behreen the lovr yielders. of each group but no significant difference 

behmcn the high yielders of e ach group. 

The con trol group maintained their liveweight during the first 

half of the trial and lost weight in the second half of the t rial. 

The naize group lost weight initially then increased steadily in 

live\veight . However, the differences in mean liveweight between 

groups were not statistically significant. 



The hich yie lde rs lost more we ight in the se cond half of the 

trial than the low yie lde rs in the con trol group. 

iii 

It \'l"Ould appear that, while the ove rall diffe rence s in the 

me:1n daily milk yields between groups were too small to be 

statistically significan t, the milk yie ld of the con trol group 

decline d at a faste r rate than the maize group with the low yie lde rs 

in the control group de clin ing at the faste st rate. The we ight 

los·: by the high yielde rs in the control group was slightly greater 

tha:1 that of the l Oi'l yi e lJ.e rs in the same group. The high 

yielde rs in the control group maintained the ir rate of de cline in 

milk yield similar to that of the supple men te d group an d this vras 

prob9.bly achieve d by a greater re duction in liveweight re lative to 

t�e low yie lde rs. 

The yie ld of Crop B vlas 1 1  , 008 kg D M /ha and the digestibility 

va.ried from 7 1  . 2  - 75 .4 % of the 0 M . Maize intake was 3 . 0  and ).� 
ke/nMicow/day and utilisation 76.5 and 82 . 1 % of the D M for 

Crops A and B re spective ly. 

The control group comple te d two rotations on the ir farmlet 

witit rotation lengths of 1 9  and12 days, At the end of the e xpe riment 

they we re very short of p9.sture. The maize group had c omplete d one 

rot:-;.tion in 26 days and had grazed 1. 1  ha for a second time. They 

had ade quate supplie s of he rbage at the end of the expe riment. 

Supplementation with greenfe ed m9.ize pe rmitte d the adoption 

of a longe r rotation length, a better distribution of the available 

pasture ove r the Summe r pe riod and slowe d t he rate of decline in 

milx yield in the suppleme nte d  group. 

\ 
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CHAPTER ONE 

The Supplementary Fcedinr; of Lacta tinr: Dairy Cmvs -

-A Review of Literature 

1 • 1 INTRODUCTION 

A supplementary feed is usually offered to lactating cow s when 

it is believed that a shortage of a nutrient or nutrients is 

limiting milk production. The su�plements offered can range from 

high energy concentrates if the basal ration is a low energy 

roughage, to a roughage such as hay or grass silage if the actual 

supply of feed is restricted. The supplement offered then will 

depend both on the qua�ty available and the nutrient quality of 

the basal ration and on such factors as the stage of lactation, 

the expected yield potential of the cows, milk prices to the farmer 

and the costs of alternate fee�s. Aspects of this subject have been 

covered in reviews by Leaver et al. (1968) and in the comprehensive 

revie-v;s of Bros ter ( 1 971 ) and ( 1 972). 
In New Zealand covrs are normally fed on pasture as the basal 

diet with sup plements of hay, silage or fresh forage such as 
greenfeed maize or marrowstem kale being offered when pasture supply 

or quality is deficient. Concentrates, while they are fed to some 

extent to tovm supply herds or in droughts, are not uned on the oamo 

scale as many other countries. This review will deal mainly with 

the supplementation of cows fed basal rations of grass, hay or silage. 

1 .2 SUPPLEMENTARY FEEDING OF GRAZING DAIRY COVlS 

In very many temperate areas of the world dairy cows are fed 

entirely on pasture herbage for at least part of the yearo However, 

herbage production and quality varies throughout the year and the 

requirements of the cow vary with the stage of lactation and milk 

yield. Thus supplementation may be necessary at certain times. 



2 .  

Pasture may be supplemented when herbage supply is plentiful or  when 
the supply of  herbage is obviously i nade�uate to meet  the re�uirements 
of the grazing co vl. 

1 • 2 . 1  SUPPLEME;,TT.A.RY FE:SDING \'l"P.EN THE SUPPLY OF GRAZING 
HERBAGE IS LDEQUATE 

In many countries it  has been  the practice to feed supplements, 
mainly of high energy concentrates, to high yieldi ng dairy cows 
who are grazi ng pasture ad lib. Leaver, �al. ( 1 968) reported 
that the practice  was still widespread in the United Kingdom at the 
time of their review and Boxem ( 1976 ) reported that the feeding of 
concentrates during the grazing season had increased considerably 
in the Nethe rlands in  recent yearso 

When conc entrates are fed to  lactating cows who have access to 
ade�uate high �uality pasture, the increase in milk yield is generally 
small . Wallace ( 1 957 ) fed 2. 7 kg concentrates to freshly calved 
cOi-rs re ceivi ng ade�uate supplies of pasture for e ight weeks after 
calving and c ompared their milk yields with cows that were not 
supplemented; afterwards both groups were rotationally grazed o n  
good pastures vri th abundant feed. The cows in  the supplemente d 
group yielded 70 kg milk more than the unsupplemented group duri ng the 
8 wed: period and 19G kg mri.lk more over the full lnctn tion. The 

response was e�uivalent to 0.45 kg of additional milk for each 1 kg 
of c oncentrate fed.  Castle e t  al. ( 1 960 ) in Scotland, whe n  feeding 
2. 7 kg of concentrates per c ow p er day over the Summer and Autumn 
periods found that in no month was there a significant difference 
in milk yield between groups whi ch received supplements and tho se 
which did not although the group fed c oncentrates from 1st July 
to 30th October had the highest total yield. Their response was 
1kg additional milk for 3.4 kg of  conc entrate fed. In a second 
change-over trial Castle et  al.  (1960 ) also reported that where 
three groups of c ows were fed for nine weeks 

( a )  pasture only 
(b ) pasture + 0 . 73 kg hay/day 
(c ) pasture + 2.6 kg c once ntrates which was made 

up o f  undecorticated c otton cake , bruised  oats and 
locust beans 



and where the pasture being offered had a low fibre (21 .5% Crude 

Fibre) and dry matter content (17.6% D M ), that the hay had no 

significant effect on milk yielda but the croup fed concentrates 
yielded 0. 6 kg extra milk/cow/day. However, the feeding of hay 

over the period did increase milk fat content significantly from 

). 

3.77 to 3.91%. Shepherd (1962), in trials over 4 seasons, when 
grazing was supplemented with 3.2 kg of barley or balanced concentrates ,  

obtained a response of 0.9 kg and 1 . 4  kg extra milk from the barley 
and concentrate supplementation respectively. 

Laird and \.falker-Love ( 1 962) fed concentrates to high yielding 

Spring calving cows, at grass in early Summer, accordinG to milk 
yieldo The amount of concentrate fed was increased from 4o0 kcr 

per 10 kg milk produced over 18.2 kg at the beginning of the 
experiment to 4o0 kg concentrates per 10 kg milk produced over 4.5 kg 

towards the end of the experiment. During the first 11 week period 

the additional milk yield attributable to the concentrates was 

2 kg per cow per day or 1 53 kg per cow over the 11 week periodo 

Over the 21 week season the milk yield vras increased by 14 3 kg 
per cow, although the amount of concentrates fed had increased over 
the season. Thus 2. 2 kg concentrates were required to produce 

1 kg extra milk over a 21 week season as co-,pared to 1 .0 kg over the 
initial 11 week period. Milk composition was not affected and no 
residual effects were observedo 

C:.totlo et nl. ( 19G4) nl::;o attempted to feed concentrates according 

to milk yield to cows at grass over two seasons. They fed 4 kg 
concentrates/10kg milk produced over 20. 5  kg in early Summer and 
reduced this threshold yield by 1. 1  kg per week as the season 

progressed so that by mid-Autumn the cows were receiving 4 kg 
concentrates for every 10 kg milk produced. A group of cows fed 
pasture only acted as controls. There were no significant differences 
in total milk yields between the two groups although small but non­
significant differences in yield between the two groups were recorded 

during the season, the maximum difference of 2.3 kg per cow occurring 
in mid-October. Wood (1966) fed grazing cows 3.7 5 kg concentrates/ 
10kg milk produced over 20.5, 13.6 and 6.8 kg per cow and obtained 
milk yields of 16.8, 17 and 17.5 kg/cow respectively. 



Hutt on and Parker ( 1 967 )  fed re latively low levels of c once ntrates 

(1 kg and 2 kg ) to groups of cows on pasture during short term 
trials at two different stocking rates.  The response to feeding 
the co ncentrates was higher at the higher stocking rate in terms of 
milk yield ,  but the feeding of  c oncentrates w·as accompanied by a 
decrease in the fat content of the milk. Thus they conc luded that 

the feeding of concentrates to cows on grass vras not generally 
worthwhile . They also reported that in long-term trials the 
feeding of c oncentrates t o  c ows stocked at 4.8 cows per hectare was 
worthwhile compared vri th cows not fed suppleme nts stocked at 3. 7 

4 .  

cows pe r hectare . Concentrate feedinc here increased the efficiency 
of pasture utilisation at the high stocking rate .  It  is also possible 

that the higher stocked  cows did not have adequate pasture at all 

timeso 
Bryant ( 1970 ) reported that when concentrates vrere fed to grazing 

cmrs with ample supplies of pasture herbage tho. t the response was 
1 kg of  extra milk for 7 kg of meal fedo Gordon ( 1974 ) i n  Northern 
Ireland fed three levels of concentrates ( 0.45, 2 . 25 and 4.05 kg 
per day) to cows calved 0-6 weeks before turnout to pasture and 
yie lding 28 kg milk/day, in a changeover trial lasting 14 weeks. 
The response is summarized in Table 1 . 1 .  

TABLE 1 o 1 Effect o f  level of concentrate feeding on  
milk yield of Spring calving c ows at 
pasture (GORDON 1 974 ) .  

Concentrate intake ( kg/day) 
Milk yield ( kg/cow ) 

0 . 45 
23 . 6  

2 . 25 
23 .6  

4 . 05 
24 .8  

Pres et alo ( 1 976 ) reported an experiment in  which three groups of 
cmvs ( yielding 10, 16 , 18 kg milk/cow/day) were fed on pasture 
fertilized with 200 kg nitrogen per hec tareo Half of each group 
were fed concentrates at the rate of 0 . 3kg per kg of mi lk produced .. 
above 8 kg. The supplementary feedi ng i nc reased the daily milk 

yield of the low and medium groups by 1 . 5- 2.0 kg per c ow per day but 
had no effect on the high yielding group and had no effect on milk 
composition. 
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Boxem ( 1 976) in the Netherlands concluded that supplementary 

fP.edinc of cows kept on good grass day and night was not justified 

economically and that yields of 25 kg/cow/day were possible on 

Spcing grass alone and 1 8  kg/cow/day were possible on good Autumn 

pasture alone. The lower nutritive value of Autumn pasture for 

milk production has also been demonstrated by Corbett and Boyne 

( 1 958) who obtained greater responses from supplementing Autumn 

pasture with concentrates, the response being 1 .3 kg increase in 

milk yield when 4 . 5  kg concentrates were fed in the Autumn against 

0.6 kg increase in milk yield when 3.6 kg concentrates were fed in 

the Spring. 

A summary of the results of the eA�erimcnts reviewed in which 

cm,;s with adequate supplies of h erbage ivere fed concentrate 

supplements is presented in Table 1 .2. The responses are given in 

kg of extra milk/kg concentrate fed ( assuming th at the difference 

between the mean milk yields of the cows rece1v1ng and not receiving 

supplements was complete ly attributable to the supplementary feed) . 

Many of the results are not directly comparable as there were differences 

in stages of lactation and yield/ cow behreen and within experiments. 

The response ranged from 0.1 4 to 1 .0 (omitting the very h igh value 

of Pres et alo ( 1 976) when only a very small quantity of concentrates 

was actually fed) with a mean of 0.4 kg milk/kg concentrate fed. 

From the literature review in this section it is obvious that 

the response to supplementary feeding with concentrates is small and 

often non-significant statistically when the cows have access to 

adequate supplies of good quality pasture. 

Supplementing cows, which have adequate supplies of pasture, with 

roughages has had little effect on milk yield ( Castle et al. ( 1 960)) • 

Cole et al. ( 1957) fed three groups of cows either pasture alone, 

pasture and hay or pasture and silage over the Summer months. 

The hay and s ilage suppleme ntation had no significant effect on 

milk yield but there was a small but significant increase in fat 

contento Hutton and Parker ( 1 966)  offered hay to freshly calved 

cmvs who had access to grazing for 20 hours daily. The cows 

intake of hay dry matter was 1.4 kg and milk, milk fat and solids ­

not fat yields were all slighly increased but the increase was not 

significantly statistical. Feeding roughages to cows with access 

to adequate good quality pasture may increase the fat content of 



TABLE 1 .2 SUMMARY OF EXPERIMENTS IN lifHICH CO\ifS , vliTH ADEQUATE 
SU?PLIES OF PASTURE HERBAGE WERE FED SUPPLEMENTARY 

CONCENTRA TE FEEDS. 

REFERENCE SUPPLEMENT/COW/DAY RESPONSE-kg extra 
milk/1kg conco fed 

WALLACE ( 1 957) 2.7 kg Concentrates for 
8 weeks post calving 0.45 

CAS·I'LE et  al 
( 1 960) 2.7 kg Concentrates, 

Summer and Autumn Oo3 

2 .6 kg Concentrates, Summer 0.22  

S I1EPHERD ( 1 962) 3.  3 kc Barley 0.25 

3.2 kg Balanced co ncentrates 0.42 
LAIRD AND 1tTALKER-
LO.VE 4 kg Balanced Concentrates/ 
(-1 962) 10 kg milk over 18.2kg- 1 1  wk period 1.0 

6 .  

Reducing over experiment 21 wk period 0.45 

CASTLE et al --

( 1 964) 
WOOD ( 1966) 

HUTTON AND PARKER 
( 19G 7) 

BRYANT ( 1970) 
GORDON ( 1974) 
PRES et al ( 1976) 

Balanced Concentrates to yield 
- on average 1kg conc/4.5 kg milk 
Balanced Concentrates 1.7 kg ' 

conc/4.5 kg milk produced over 
13.5 kg 
Balanced concentrates  

1 kg/ COiv; 3.7 c ows/hectare 
1 ke/cow; 4.8 cows/hectare 
2 kg/cow; 3.7 cows/hectare 
2 kg/cow; 4.8 cows/hectare 

4o 05 kg/cow/day 
0 . 3  kg cone/kg milk above 8 kg 
to cows yielding 10 kg/day 
16 kg/day 
18 kg/day 

CORBETT AND BOYNE 4 . 5 kg conc, Autumn pasture 
(1958) 3 . 6  kg concf Spring pasture 

0.56 

0.15 

0.5 6 
0.45 
0.48 
0 . 63 
Oo 14 
0.3 

2.5 - 3 . 3  
0.6 - 0.8 

0 
0.29  
0.17 



milk slightly but this increase is likely to be  non-significant 
statistically in most experime nts . 

7. 

1. 2 . 2  SUPPLE'VIENTARY FEEDING 11lHEN T'"dE SUPPLY OF GRAZING HERBA@-E 

IS INADEQUATE 

1 .2 . 2. 1 CONCENTRATES AS THE SUPPLEMENTARY FEED 

Grass supply may be insuffi cient to meet the requireme nts o f  
lactating cm-rs at any time o f  the year due t o  overstocking o r  poor 
grovring c onditions. Wallace ( 1957 ) in the first year of the 
experiment already referred to in 1 . 2 . 1 fed one member o f  each of 
22 sets of monozygotic twins 2 . 7  kg concentrates for the first eight 
weeks post calving. Both members of each t1-rin pair were grazed 
together on a limited supply of grass in a rotational grazing system. 
At the end of  the 8th week the feedine of c oncentrates was stopped 
anJ all o f  the c ows were grazed together on pasture with abundant 
feed available. The intakes of  grass by both groups during the 
8 week period after calving were similar. The suppleme nted group 
of raembers of  the twin pairs gave 1 87 kg more milk during the first 
8 weeks and this increased to 6 93 kg additional milk over the full 
lactation. The response during the initial 8 week period was 
1.2 kg milk/kg concentrate fed while this increased to 4.6 kg milk/ 
kG concent rate fed when the response was measured over the full 
lactati on . Hancock ( 1958)  examined the e ffects of sto cking rate  
and the fee ding of c once ntrates on  the milk production o f  Jersey 
cows over a three year period. 
three treatments were 

Monozygotic twins were used and the 

(a ) concentrates fed at the rate of 1kg/5kg milk produced; 
stocking rate  2.47 cows/ha . 

( b )  no  concentrates fed; stocking rate 2 .4 7  cows/ha . 
(c ) no concentrates fed; stocking rate 4.12 c ows/ha . 

A rotational grazi ng system was used in whi ch the cows e ntered a 
fresh paddock each day. The use of concentrates was associated 
with 24% greater production/cow and/hectare than those achieved at 
an equal stocking rate, and production/cow was 16% greater with 
( b )  than at the higher stocking rate in ( c ) . However, production 
of  FCM/hec tare was greatest with ( c ) .  The results show the 
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importance of  stocking rate in determining output/hectare. 

The resp onse to  concentrate feeding in this experiment was about 

1.25 kg extra milk/ke of concentrate fed. Holmes et al. (1966 )  

coJtpared normal strip-grazing without concentrates with strip­

grazing in which the cows were allowed only half the area o f  

pa.-;-'cure alloca ted daily t o  the o ther group but they were fed 5 kg 

of barley daily. The stocking rate for the unsupplemented group 

was 4.2 cows per hectare and 8 . 4 cows per hectare for the supplemented group . 

While the milk yield per cow was highest in the supplemented group 

the fat content of the milk was l ower so that there was no 

sic-nificant difference in the yields of fat corrected milk ( FCM). 

Supplementation with barley more than doubled the milk yield/ 

ha and c:Jtimo.tes of the intakes of diges tible orennic matter nhowcd 

tha. t there was little difference beh1een the treatments . Holmes 

and Curran ( 1 967 ) repeated the experiment with minor modifications 

and again found that the group on restricted pasture,beine fed 

concentrates and with only half the daily area of pasture alo ttod t o  

the normal strip erazed group , produced about urice the amount of 

millc/ha . In the trial of Hutton and Parker (1967 ) referred to in 

1 . 2.1 the effect of  stocking rate on the responses of cows fed 

co�centrates at pasture was very evident.  Concentrate feeding 

gave the greatest response at the highest stocking rates although 

t�e fat content of the milk was depressed by concentrate feeding. 

In the long term trial reported by them in the same paper , the 

in-:e-cdependance of concentrate feeding on stocking rate and date 

or calving were demonstrated as shown in Table 1.3. 
The increased response in treatment C was due to the fact that by 

calving later an improved relationship was achieved between pasture 

growth and animal requirements. This resulted in increased 

production despite the fact that the same quantity of meal (250 kg 

in 1965/66 season) was fed to Groups B and c. Bryant (1970 ) 

states that where grazing is inadequate in supply that the response 

to meal feeding is about 1 kg extra milk/kg meal fed . Table 1.4 

SUJ:Bnarises the results obtained-in experiments in which cows, with 

inadequate supplies of pasture herbage were fed supplementary 

concentrates .  



TABLE 1 .3 RESPONSE TO CONCENTRATE FEEDING, STOCKING 
RATE MTD CALVING DATE (ADAPTED FROM HUTTON 

AND PARKER 1 967) 

GROUP 

A B c 
Cows/hectare 3.7 4.9 4.9 
Feedstuff Grass alone Grass + Grass + 

Concer.trates Concentrates 

CALVING EA._'R.LY EARLY LATE 

1 965 - 1 966 Results 
Butterfat/cm.; (kg) 1 25 1 23 1 27 
Butterfet/ha (kg) 464 607 630 

1 966 - 1 967 Results 
Butterfat/cow (kg) 1 6 1 1 47 1 6 1  
Butterfat/ha (kg) 5 98 7 26 7 96 

9. 



1 0 .  

TAB LE 1 .4 SUMMARY O P  EXPERIMENTS IN WHICH COWS, WITH 

INADEQUATE SUPPLIES OF PASTURE IIERDACE,WERE 

FED SUPPLEMENTARY CONCENTRATES 

REFERENCE SUPPLEl\!ENT/COW/DAY RESP ONSES - kg 
extra milk/1 kg cone . 

WALLACE ( 1 957 ) 2 . 7  kg conc./day, grazed 0- 8 weeks 1 . 2 
on limited pasture for 
8 'lveeks Full lactation 4.  6 

HANCOCK ( 1 958)  1 kg c onc/5kg milk 
produced 

HOLMES et al ( 1 966 )  
1 .2 5  

-- , 5 kg bar�ey +2 normal s trip No difference in yei ld 

HOLMES AND CURRAN 

grazing allm·m.nce  co:�pared 
with normal s trip grazing 

( 1 967 ) Simi lar experiment 

BUTTON A1m PARKER Compared cows s tocked at 

of F . C . M .  per c ow, Barley 
Supply doubled F . C . M .  
yield/ha . 

Similar result . 

( 1 967 ) A ) 3. 7 cows/ha, No concentrates 

Milk Fat yield/cow 

Reduced in ( B ) 
B )  4 .  9 11 11 concentrates 

c) 4 . 9 1 1  11 concentrates 

later  calving 

BRYANT ( 1 970 ) 

despite concentrates 

but maintained in ( c 
Milk Fat yield/hectare 
increased in ( B ) 

and ( C ) 
1 .o 
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1.2.2.2 ROUCITAGES AS THE SUPPLEMENTARY FEED 

Hutton and Parker ( 1966) and Parker ( 1 966),  in a split-plot 

latin square design trial over a three week period,allocated 
individual members of each of 12 sets of identical twins either to 

one group which was fed hay as a supplement or to a second group 
fed on grass alone. Grazing times of 4, 8 or 12  hours were allocated 

to cows of the same set according to a 3 x 3 latin square arrangement 
of which there were 4 replicates. Both grazing time and the feeding 
of hay as a supplement had large and statistically significant effects 
on milk yield, milk composition and liveweight. The feeding of hay 

as a supplement significantly increased milk yield/cow in the three 

gr�zing times, the increases being greatest for those with the 

shortest grazing times. 
Hutton ( 1 974a ) reports on the use of maize and pasture silages as 

supplements to restricted grazing when fed to Autumn calving cows over 
t:1e Winter period. During the day an area of pasture was allowed 

fo1' eo.ch cow sufficient to provide either one-third or two-thirdn 

of the dry matter requirements of the sep9rate groups of cows. 
Wi -c:1:::..n each group the remainder of the ration for one-half of the cows 

was maize silage and pasture silage for the other half. Feeding 

either silage vras accompanied by an increase in grass utilization 
from 46 - 47% to 64% when fed as two-thirds of the ration as the 
stocking intensity was higher but decreased milk yield by 1 . 5 -
1 . 6  kg FCM per cow· and reduced the milk protein content, though to 

a lesser extent when maize silace was fed than grass silace. 

Brynnt and Donnelly ( 1974) fed groups of cows rations consisting of 
freshly cut pasture herbage and maize silage in the ratios 1 :0, 

3:1, 1 : 3  and 0: 1 on a dry matter basis in two experiments; one with 

co·.-r3 in Spring in early lactation, the other in Summer with cows in 

m:i_d-lacta tion. An additional ration of pasture silage and pasture 
herb�ge ( 1 : 3) was included in the Summer feeding experiment. When 

mai7.e silage was fed as the sole ration, feed intake and milk yield 
declined as the experiment progressed. However in the Spring trial 
with freshly calved cowes, the inclusion of 25% maize silage 

resulted in a higher intake of digestible energy and higher milk 
yield than did pasture also. In the Summer feeding trial, while the 

inclusion of 25% maize silage in the ration decreased the intake of 

digestible energy (DE), the yield of fat corrected milk was similar. 
Feed intake and milk yield decreased with increasing proportions of 
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maize silage in both experiments. Pasture silage, when comprising 
2S% of the intakq reduced DM intake, DE intake and yield of FCM 

si01ificantly . Bryant and Cook·( 1 977) compared c ows which had 

access to  sufficien t  areas of grass to  provide near full feeding with 

gro·,lps which were offered sa{o, 6Ci{o and 4o% of the area and provided 

with mai z e  silage t o  appetite . Milk and fat yields declined an 

the proportion of maize  silage in the diet increa sed . 

1 . 2  o3 RESPONSES OF GRAZING COl-TS TO SUPPLEMENTARY FEEDING 

1 o2.:'). 1 SUBSTITUTION 

The response t o  supplementary feeding depends mainly on whether 

tot.::.l feed intake is increased by feeding the supplement or whether 

the supplement simply replaces s ome of the o ther feeds or p oss ibly 

results in a depre ssion of total feed intake. Supplementary feeding 
of the grazing anima l may yield a response in terms of additional 

roil� produc ed, less body weight loss  or  improvement in the compositional 
c�racteristic s  of the milk. The size  of the response will depend 

on the amount of herbage available, the digestibility of the herbage 

eaton, the type of s upplement and its dige s tibility, the s tage of 

lactation of the c ows, their sy stem of management and the s eason of 
the year (Leaver et al . 1968) 

1 .2 .3 . 2  RESPONSES TO SUPPLEMENTARY FEEDING WJlliN GRAZING IS ADEQUATE 

In Section 1 . 2 . 2 the reoponae3 to  c oncentrate feed ine when the 

supply of gra ss is adequate was generally very small and uneconomic . 

Holmes and Jones ( 1964 ) calculat ed that the effect on "to tal feed 

intake" (I) of a supplement of 1 kg c oncentrates depended on the 

Or�J.:-:mi c  matter diges tibility (D ) of the herbage, the two being 
rel�ted by the equation 

I = 2 .8 - 0 . 034D 

Then if  the pasture has an so% digestibility of the organi c  matter 

a supplement of 1 kg would increase in take by only about 0. 1 kg as  
there is  a reduction in  the grass consumption.  If the pasture has 

a dige s tibility of the organic matter of only 6o%, feeding a supplemnt 
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of 1 kg concentrate would increase intake by about 0.8kg and cause a 

reduction of only about 0.2 kg in herbaee intake. Taparia and 

Da7ey (1970) found that supplementation of Jersey cows, fed pasture 

to appetite indoors, with 2.7 kg and 4.0kg concentrates/cow/day, 

decreased the voluntary intake of pasture dry matter by 0.63 and 

0.(,6 kg/kg concentrate dry matter respectively. The supplementation 

had little effect on milk yield and no significant differences 
we�e recorded behleen milk composition and liveweights of supplemented 
and ·;·.nsupplemented groups. 
Hibbs and Conrad (197 5 )  state that the intake response to 
supplementation depends on the digestibility of the ration. Below 
67�0 digestibility feed intake is limited by the indigestible residue 
in the digestive tract. Above this level factors other than ration 

dieestibility and rate of digestion limit intake. 
Boxem (1 976) suggests that the reason for the poor response to 

supplementary feeding on adequate good quality grass is that for each 
kg DM provided by the concentrates there is a drop of about 0.6 ke DM  

in grass intake and t:r.a t grass intake and milk yield depend largely 
on grass quality. Concentrate feeding to cows on abundant high 
quality grass results then in substitution of the nutrients in the 
concentrates for the reduced intake of nutrients from grass to a very 
large extent. Wallace (1957) noted that the cows fed concentrates 
in early lactation did not lose weight as rapidly or for as long as 
their unsupplemented mateso This would indicate that some of the 
additional nutrients in the additional feed intake were used to prevent 

loss of body condition. Roughage supplementation to cows with 
adequate grazing has little effect on milk production as it increases 
total feed only slightly and the actual intake of roughage is small 
(Ar�old and Holmes 195 8, C�stle et al. 1960, Hutton and Parker 1966).  
Ho�ever, Cole et al. (195 7),  Castle et al. (1960) showed small but 
significant increases in fat content when roughages were fed with 
Spring pasture to freshly calved cows. 

' 



1 . 2 . 3 . 3 RESP ONSES TO SUPPLEMENTARY FEEDING WHEN GRAZ I NG SUPPLY 

IS INADEQUA'l'E 

An increase in nutrient intake wi ll o c cur if concen trate are 

eaten in addition to he rbage >vhich is inadequa te in quantity 

1 4. 

ins tead of partly or comp letely s ub s tituted for it , and provid ing the 

c m-r has n o t  reached i ts po tentia l  this c ould r e sul t in an increase 

in mi lk yie ldo 

The respon s e s  to feeding conc entrates when gra z ing i s  inadequate 

havo gene rally b een more favourable (Y.Tallace 1 957 ; Hancock 1 958 ; 
H o l me s  e t  a l . 1 966 ; Boxen 1 976 ) .  This i s  b ecause the suppl emen t s  

t end ed to inc rease t o ta l  feed intake whe n gra s s  supply w a s  inad equate 

anu �id n o t  depress herbage intake to the same ext ent , a l though s ome 

dep re s s i on has b een found to o c c ur ( Leave r et al . 1 968). The re sponses 

to 3upp lemen ta ti on when he rbage was inadequate gaine d  by Wal lace 

( 1 957 ) and Hanc ock ( 1 958)  were of such a magnitude that it w ould 

app:=:ar that the cows which did not receive c onc entrates in the i r  

exp erimen t s  were underfed in the c ri tical pe riod during early 

lactat ion and thi s may have b ee n  resp ons ib l e  for the large di ffe ren ces 

be"b.ve en the s upplement e d  and unsupplemented group s .  

The reduc t i on in m i lk and but t erfat yi e l ds when roughages are 

us ed to suppl emen t inadequate pas t ure supp ly , partic ularly at leve l s  

gre::at:; r than ab out 2 5% o f  the t o ta l  rat i on , are due no t s o  much t o  a 

reduction i n  t o tal feed intake as this may n o t  o c c ur  but t o  a reduct i on 

i� the intake of D E s ince the D E cont en t  of roughage supp lements 

is usually l ower than tha t  o f  pas t ure . 

1 o 3 SUPPLEMENTARY FEEDING OF COWS FED HAY AND S ILAGE AS BASAL 

RA:riON 

Dai ry c ows are fed ba sal rati ons of hay or pas ture s i lage f o r  

l o ng peri o d s  o f  the year i n  many coun tries . Supplementa tion of the 

b�sal diet is often necessary , part icularly for lactating c ows 

but also f o r  c ows in the pre calving period in many ins tanc e s . 

Broster ( 1 971 ) in a c omprehensive review o f  the l i te ra ture on the 

e ffect on milk yie ld of t he c ow o f  the leve l o f  fe eding b e fore calving 
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concluded that for the cow in mo derat e conditi on t owards the end of 

lactat i on a rate of gai n of 0 . 5  kg/day i n  the dry pe ri od appeared t o  

be  adequat e .  Good qua l i ty r oughage fed a d  lib woul d  b e  adequat e to 

meet the cows requi reme nt s bef ore calving while up t o  1 50 kg of 

c oncentrates would nee d to be fed ov er the last 5 w eeks before calving 

w hen poor quality roughage is used.  

The degree of suppleme nt ation required when lactating cow s  are being 

fed  basal di e t s  of co nserved pasture wi ll dep end on 

( i ) the qual i ty of the forage and t he amount consumed 

(i i ) t he stage of lact ation of t he cows 

( iii ) the mi lk yi eld potenti al of t he cows 

( iv) the expe cted lengt h of t he feeding pe ri od 

(v ) the r elative costs of suppleme nt s ,  t he basal 

forage and t he value of any increas e d  production . 

Bros ter ( 1 972 ) revi ewed the lit erature on the e ff ect of milk yield of 

t he cow of the level of feedi ng during la ctation.  The importance of 

adequate  feeding in early la ctat i on when the cows appetite may be 

d epressed i s  stres sed,  a s  underfeeding at thi s  stage may re sult i n  

l o s s  of pot ent ial yi eld throughout t he remainder of the lactat i on .  

1 • 3 .  1 TYPES OF SUPPLEMENT S FED TO COWS ON BASAL RAT I ONS OF 

CONSERVED PASTURE HERBAGE AND RESPONSES FROM FEEDI NG 

Hutton et al . ( 1 971 ) fed si l ages made from direct cut pas ture 

herbage as sole feeding stuffs for milking cows in two series of 

expe riment s .  Volunatry i n take s  of silage DM ranged between 2 . 2 
and 3 . o%  of liveweight . Both milk yi eld s  and S. N . F. content of the 

milk were seri ously depressed on a sole di et of pasture si lage . 

Gleeson ( 1 971 and 1 973 )  compared the milk produ c t i on of groups of 

cows fed v ari ous levels of concentrates after calvi ng , al ong with 

pasture s i lage ad lib . Table 1 . 5 sets out the experimental de sign 

mi lk yi elds and DM i ntakes rep orted by Gle eson ( 1 971 ) when fre s hly 

calved cows were fed vari ous l evels of co ncentrates for periods 

i ndoors wi th si lage ad lib , and graz ed outdoors af ter the indoor 

feeding p eriod.  
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TABLE 1 .  5 FEEDING LEVELS , MILK YIELDS AND D M INTAKES 

OF COWS FED CONCENTRATES AS SUPPLEMENTS TO 

PASTURE SILAGE AD LIB ( GLEESON 1 971 )  

Treat::::ent 
vleeks After Calving 

0 - 6 7 - 1 2  1 3  -'eo end 
of lactation 

H* H* on pasture 
H L If 

1 H 11 

L L 11 

�1ilk yield/ cow 
(kg ) at different 
periods . 

6 vrks 1 2  wks Lactation 

61 3 1 272 2846 

669 1 1 1  2 2730 

378 897 2463 

364 675 21 2 1  

H = Ad lib silage + 5 .4 kg concentrates/cow/day 
L = Ad lib silage 

Mean daily D M 
in take during 
1 2  weeks indoors 

1 - 6 7 - 1 2  

1 2 . 0  1 3 . 7  

1 2 .  1 7 . 5  

6 . 1  1 4 . 0  

6 .  1 6 . 5  
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Slll)p lementation with conc entra t es i ncreased the total in take and 

al s o  increase d the s ilage D M in take s during the f eeding p e ri o d o  

The re sp onse t o  s upp lementation was great e s t  i n  te rms o f  addit ional 

milk produced when it was fed during the ent ire 1 2  week peri o d  but 

the 0reates t p o rt i on of the addi ti ona l resp ons e o c c urred when the 

c on cen trate s were fed during the initia l  s ix weeks post calving . 

Ther8 wa s a c onside rable carry- over effe ct when c oncen trat es w e re 

f ed throughout the silage fe eding period c ompared to s i lage on ly b eing 

f ed .  Bro s t e r  e t  a l .  ( 1 969 ) i n  a large and c omp licated tria l f ound 

an even greater carry-over e ffe ct when they compared two levels o f  

feed. .l.:1g of Fre s ian heifers i n  t h e  f i r s t  n ine weeks afte r calvingo 

The residual e ff e c t  in this cas e was 3o% of the earlier e ffe c t . 

Glo oson ( 1 973 ) c omp ared three l evels of c oncen trate suppleme ntation 

to freshly calved cows during the firs t eieht weeks o f  lac ta t i on 

fed s ilage ad lib . After the e ight week period th e c ows were 

rotationally gra z e d  outdo ors on pas ture a l one . He m easured s ilage 

D r�I intake during the supplementary feeding peri od ,  milk yie ld/ c ow/ 

day , for eight 1veeks on grass and for the full lactation and l ive­

we ight change s during the feeding perio d  and the firs t eight we eks 

on gra ss . He re lated the re sponse of add iti ona l  mi lk produc e d  to kg 

concentrat e fe d ,  both during the supplementary fe eding period and 

over "';he full lactation . Tabl e  1 . 6 p re s ents the res ul ts ob tained 

in 1 972 .  

Increas ing concentrat e s upplementati on from 1 . 8  t o  3 . 6  kg/ cow/day 

incrc:� .sed s l ightly . s i lage D M intake a l s o  and in creased milk 

yield substantially over the feeding p e riod and during the full 

lactation . Increas ing concentrate s upp lement a ti on from 3 . 6  -
7 . 3  kg/ cow/day reduced s i lage D . M intake but in crea sed milk yi eld 

during the fee d ing period and duri ng the full lactat ion . L ive-

weight changes were greatest at the l ower leve l s  of c once nt rate 

feeding wi th the lowe s t  group lo sing a lmo s t  1 . 4 kg l iveweight/ c ow/ 

day during the init ial p eriod but when gra z ed outd o o rs at the end 

of the feeding peri o d  they gained liveweight a t  a faste r rat e  than 

the other groups a nd at t he expense o f  s ome milk yield. The 

respons e t o  concen trate supplemen ta t i on was highe s t  when the level 



TABLE 1 . 6  POST CALVING CONCENTRATE FEEDING,  SILAGE D M 

INTAKE , MILK YIELDS , LIVKwEIGHT CHANGES AND 

RESPONSES TO SUPPLEMEN'l'ATION PER COW OF COWS 

FED SILAGE AD LIB . (Adapted from Gleeson 1 973 ) 

1 8 . 

Concentrate Silage D M - MILK YIELD LIVEWEIGHT 
Fed (kg/day ) Intake (kg/day) (kg) Changes (kg/day ) 

kg/day % L .W . 1 -8 9-1 2 Lactation 
wks wks 0-Swks 9-1 6wks 

7 . 3  6 . 2  1 .4 1  1 8 .0  1 5 . 6  3209 -0 . 65 0 . 05 

3 . 6  7 . 7  1 . 7 1  1 5 . 3 1 4 . 9 2 942 -0 . 92 0 . 1 5  

1 .8 7 . 2 1 . 72 1 2 . 9 1 3 . 9  2685 -1 . 37 0 . 49 

RESPONSE TO 1 .8 vs 3 . 6  kc/day 3 . 6  VS 7 . 3  ke/day 

SUPPLEMENTATION :  0-8 wks 0 . 73 0-8 wks 1 . 33 

(kg cone/kg extra milk ) Lactation 0 . 38 Lactation 0 . 74 
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of  feeding was raised from 1 . 8 to  3. 6 k.g/cow/day and there was a 
co�siderable carry-over effect .  Whether the highest level of 

concentrate supplementation is economically justified on the basis 

of these fir;ures depends entire ly on the costs  of the supplement and 

the v·:tlue o f  the additional milk produced . 

Ca rry-over effects may be c onsiderably less  when the c ows are 

fed basal rations of hay or silage and c oncentrate supplementation 

over long periods . Gleeson ( 1 973 ) also reports on a se ries of 

trials in whi ch an Autumn calving herd of cows was divided in to groups 

fod various levels of concentrate supplementation with silage ad }ib 

over the Winter period.  The c ows had a three month calving period 

wi '�h a mean calving date around September 1 5th (Northe rn Hemisphere 

da ta ) . Concentrates were fed t o  all calved c ows from October 1 st 

un�il 20th March. The covrs were grazed outdoors until about 

1 st Oct ober ,  depending on grass supply , and were again grazed out-

doors from about 20th March onwards o Each group was grazed on a 

self con tained farmlet at sto cking rates of 2 .8 and 3 . 5  c ows per 

hec tare . Table 1 .7 contains details of the lactation yields of the 

three groups fed either 1 . 8 ,  3 . 6  or  5 . 4  k.g c oncentrate daily. 

Increasing concentrate supplementation over the Winter period from 

1 . 8 - 3 . 6  kg/cow/day increased milk yield substantially while the 

incr2ase gained by increasing supplementation from 3 . 6 to 5 . 4  kg/cow/ 

day was very small . This is  probably due to  the fact  that when the 

c o·N·s were grazed on pasture after March 20th they 1-rere in the second 

half of lactation and it  was possibly too late f or the carry-over 

effect to express itself signifi cant ly o  Increasing the stocking 

ra�e from 2 . 8  to  3 . 5 cows per hectare on the farmlets decreased 

yielJ. per cow from 3660 to 3356  kg but increased yield pe r  hectare 

fro� 1 0 , 397 to 1 1 , 843 kg. 

The resp onse to supplementation obtained by Gleeson ( 1 973 ) above 

going from 1 . 8 to 3 . 6  kg o f  supplement/cow/day was abo ut 0 . 9 kg extra 

milk/kg c oncentrate while that obtained by feeding 5 . 4 kg/cow/day over  

3 . 6  kg/cow/day was only 0 .03 kg  extra milk/kg extra concentrate . 

Wood. and Newc omb ( 1 976 ) fed an Autumn calving herd o f  1 40 friesian cows 

pas ture silage reinforced wi th brewers grains ad lib and supplemented 

wL:h mineralised barley cubes at  two level s  from 8th September to  

3 1 st January, (Northern Hemisphere ) .  The higher l evel of supplementation 

was approximately 5o% higher than the lower level .  The C OWS which 



TABLE 1 .  7 MILK YIELDS OF AUTUMN CALVING C OWS FED THREE LEVELS 

OF CONCENTRATE SUPPLEMENTATION AND SILAGE AD L IB 

( FROM GLEESON 1 973 ) 

Level of Concentrate 

Supplementation (kg/cow/day) 

Milk Yield-mean of 2 years 

(kg/cow/year ) 

1 .8 

3 . 6  

5 o4 

3323 

3 594 

3604 

20 . 
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rec eived 5o% more s uppleme nt showed an improvement in t o ta l  lac tati on 

m i D: yield of 248 kg/ c ovr whi l e  the add i ti onal supplement fed wa s 

235 kg/cow ,  repre senting a respons e o f  1 . 1 kg extra milk/kg extra 

s upplemen t. 

Ca8 t l e  and Wat s on ( 1 975 )  fed goo d  qua l i ty ,  ( 70 . 4% DOMD ) gra s s  silage 

ad lib as c ontrol and supplemente d  it with ( i ) b arley and ( ii ) high 

qual ity dri ed gra s s  cubes at the rate of 2 ,  3 , 4 kg/1 0 kg milk . 

Dai ly s ilage D . M.  in take was 1 1 . 6 kg/cow in the c ontro l gro up and 

signj_ ficant ly l e s s  in the supplemented groups . Howeve r, s i la ge 

intc..�..:·a s were highe r in the dried gra s s  than in the barley t reatment s .  

Mi lk y: . .  a lds per c ow were - Cont rol 1 4 . 5 kg , Barley 1 5 . 7 , 1 6 . 6 , 

1 7 . 0 kg and dried gra s s  1 7 . 8 ,  20 o 2 ,  1 9 .8 kg for the three rat e s  o f  

s upp lementa ti on re spec tively. Fat c ontent was highe s t  wi th barley 

n ur ·p lcmontati on wh i l e  S . N . F .  co ntent was lowon t  in tho con trol and 

h igl188 t in the drie d gra s s  trea tment .  The supplements tended to 

sub:3 ti tute to s ome e xtent for the s i l age a s  it was of very high quali ty o 

Dri e d  gra s s  substituted to a le s s e r  extent than barley and thi s  i s  

r e f lected in the higher mi lk yi elds . 

FA C TOR S vnfi CH A FFECT THE R ESP ONSE S OF COWS FED C ONSERVED 

PA SICIJRE HERBAGE AD LIB TO SUPPLEMENTARY FEED ING 

The general re lati onship b e twee n the e ffe ct of s upplementary 

fee ll.:.ng and the qua li ty of bulk feed found by Holmes and Jones ( 1 964 ) 

has been di s cus sed in Se ction 1 . 2 . 3 .  

Holmes .£i al . ( 1 965 ) ,  working w i th cows and fe eding hay and s i lage 

as the basal rati on , found a l s o  that when addi ti onal c oncentrates 

we re given the result ing inc re a s e  in tota l  di gestible o rgan i c  mat te r  

intake was greater when the b ulk feed was of l ow dige s tib ili t y  than 

when it was o f  high d igestib i li t y .  The b eneficial e ffect o f  c onc entra t e  

fee d ing decreased a s  the qua l i ty o f  the b ulk feed offered in creas e d o  

Blax � er and Wi lson ( 1 963 ) working with sheep and Holmes and J ones ( 1 965 ) 
w orking wi th c ows have s hown that the addi tion o f  fixed amounts of 

c oncentrate s  t o  hay ad lib increa sed t o tal fe ed intake much m o re than 

w ould be expec ted from the imp rovement in to tal d i e t  a lone , particularly 

with hay of l ow dige s tibility ( about 62%) . 1-lhi l e  the feeding o f  

concentrat e s  as supplements t o  goo d  quality roughage then , r e sul ts in 

a c ons id-arable amount of sub s t i t ut i on o f  c oncentrate nut rient s  f o r  

rouehage nutrients , whe n  the c onc entrate s  a re f e d  w i th roughages o f  
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l o¥ d iges tibi l i ty the degree o f  substitution is  much smaller and the 

co�centrate fee ds increase total digestible organi c ma tter intake and 

the t ota l diges tibi lity of the rati on.  Raymond ( 1 969 )  states that 

when the forage is of l ow diges tibili ty then the intake is dete rmined 

mainly by rumen fill s o  that when supplements of high di ge s t ibility 

are fed intake o f  low diges tib i lity forage is reduced t thus al lowing 

:m o :.-:·e ::Jf the s upplement s  t o  be ea ten as rumen fill wil l  no l onge r be 

tbe li.!lliting factor on intake . Hibbs and Conrad ( 1 975 ) state tha t 

be le:,-· ab out 67% ration diges t ib i l i ty t feed intake is limited by the 

ind2.c,�s tible residue in the d ige s tive tract . Thus , bo th dige st ibility 

and rat e o f  d iges ti on are imp ortant fac tors in det ermining feed 

int'.".kG on roughage rat i ons . The first few kg of a balanced grain 

c oncentrate added to an all rouchage ration whi ch is be low 67% 

dig·2 stibility can be eXJ>ected t o  increase mi lk produc tion as a re sult 

of to ·ch its s timulat ing e ffect on rat e  of d igestion in the rumen and 

increas ed rat ion diges t ibili ty whi ch resul t s  in increased digestib l e  

D . I·� . intake . Additional amounts of grain vrill furt her 

i ncreas e digestible D M int ake until d ice s tibili ty of the rat i on 

is raised to about 67%. Above about 67% diges t ibility , fac tors 

other than rat ion digest ibility and rate of digestion limit intake 

( see review by Bnile and Forbes 1 974 ) o  The e xperiments o f  Glee son 

( 1 9'1 1 )  and ( 1 973 ) h ighlight t he ab ili ty o f  cows to uti lise b ody 

re served in e arly lac tation for milk production when f eed intake is 

inae!.equate , and the ir ab ility to recover the weigh t  los t 

w hen given suffici ent feed later in the lactation .  Thi s ability may 

b e  profitably exploited for short periods of early lactati on , 

p;u l; i .:; ularly as it  has b een s hown tha t  the efficien cy of utilisation 

o f  body t is sue loss for milk production is very high and , p rovided the 

body tis sue is  deposited dur ing the p revious lactation , the overal l  

ef�i eiency of utilisation o f  body t i s sue depos ited during previous 

lacta tion for mi lk production in early lactation is almost as hieh 

as that fo r mi lk product i on from di etary energy (Mo e e t  al . 1 970 ,  Moe 

and Tyrrell 1 975 ) .  The d egree t o  whi ch this can be d one wi thout 

serious harming future product i on will of course d epend on the body 

condition of the c ows at  calving and the actual b ody res erves availab le 

for mob il isation. 



1 o 4  MAIZE A S  A SUPPLEMENTARY FEED FOR LACTATING C01vS 
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Maize , in the fo rm of maize  silage or grcenfeed maize , is 

fre .;_uen tly used as a supplementary feed for dairy cows . · In many 

part.:> of Central and Eastern Europe and America maize  silage may 

form the basal roughage in the rations of fattening cattle and cairy 

C O'i-1'8 . However ,  in New Zealand i ts main application is as a supplement 

for scarce pasture herbage during the Summer or Winter months . 

1 .4 . 1 SUPPLEMENTARY FEEDING IHTH MAIZE SILAGE 

One of the most serious limitations of the maize  plant f or 

anir.1n.l feeding is its l ow protein and mineral contents . However , 

thi3 limi tati on is not so  serious when the mai ze is being fed as a 

su:r,plementary feed. Ensiling I<J"hole-crop maize  has the effect of  

convert ing the water-soluble carbohydrates to  short-chain organic 

acid:3 and the degradation of plant protein to non-protein nitroeenous 

co�pounds ( Johnson � al . ,  1 967 ; Bergen � al .  1 974 ) .  The 

recluc tion in voluntary intake due to ensiling maize  varies from 

5 - 2�� (Wilkinson 1 976 ) ,  the degree of reduction in voluntary intake 

varying with the dry mat ter content of the s ilage and reaching a 

min)_mUID at about 30 - 35% D M content . 

Rc::1rdon ( 1 971 ) fed maize  s ilage as a Summer supplement to  grass 

to 1 8  month old Angus and Friesian X Angus s teers . Intake measurements 

sho�r,;d that for most levels of  maize supplementati on, s ilage was 

replacing about so% of the equivalent amount of D M from grass . 

Bryant and Donnelly ( 1 974 ) in two experiments already referred to 

in S0d;ion 1 o 2 .  fed maize  s ilage at two levels  as  a supplement to 

pas ture herbage . One experiment , in Spring, 1 970 was with cows in 

early lactation , the other  in SUIDmer ,  1 972 was with cows in mid 

lactation. Treatment effects were assessed over a 3-week pe riod. 

Table 1 . 8  contains details  of the intakes of D M , D E and the 

milk yields of the cows fed pasture alone , maize silage as 25% 
of the ration , maize s ilage as 75% of the rati on and pasture s ilage 

as 25% of the ration ( second experiment only) o 

In the Spring feeding trial the inclusion of 25% maize sila ge 

ref:'.llted in higher D M .  and D E intakes , a lthough the differences in 



TABLE 1 . 8  INTAKES OF D M _ , D E AND MILK YIELDS OVER A 

3 WEEK PERI OD OF GROUPS OF COWS FED PASTURE 

SUPPLEMENTED \HTH MAIZE SILAGE AND PASTURE 

SILAGE (Adapted from Bryant and Donnelly 1 974 ) 

l.\1! IZE SILAGE : PASTURE SILAGE : 

24 .  

PASTURE HERBAGE PASTURE HERBAGE 

0 : 1 00 25 : 75 75 : 1 00 25 : 1 00 

DM INTAKE (kg )  23 1  264 238 

1 970 DE INTAKE ( MJ)  306 1 3257 2688 

( Spring )MILK YIELD 
(kg FCM) 3 1 3  328 29 1  

1 972 DM INTAKE (kg)  279 262 2 1 6 239  

( Summer)  DE INTAKE ( MJ )  3379 31 02 2667 3052 

MILK YIELD 
(kg FCl.\1 ) 279 281 205 249 
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milk yields were not statistically significant . The inclusion of 

75;6 l�t: t ize silage in the ration reduc ed the in takes of D E and 

m "i'.l (· yi e J rl .  Th e nppnront d i cos tibili ty of the mn ize  was 60% 

and of pasture 75%. The result from the inclus ion of 25% maize 

silnge in the ration is difficult to  explain . The ruthors suggest  

tha.t it  could be  due to  the relationship between D M diges tibili ties  

and intakes for  rations greater than about 6 5% diges tibility. 

Baungardt ( 1 970 ) suggested that there was an inverse relationship 

bet· . .-e en D E . intake and diges tibility and the ration D M digest­

ibil� ties  in this case were 69% for the 25% maize silage and 75% 
for the pasture herbage alone rat ions .  However , as this was an 

indoor feeding experiment with the pasture herbage cut and fed once 

daiJ.y the results may not be entirely applicable to grazing animals . 

The results of the Summer feeding experiment show that the inclusion 

of rr.aize silage in the ration at that stage of lactation reduced 

D r-1 and D E intakes and milk yield although the digestib ility of 

tho pasture ( 67%) was lower than the maize sila ge ( 73%) . Bryant 

and Cook ( 1 977 ) reported on an outdoo r feeding experiment in which 

mai.zr.: s ilage was fed to supplement various grs.zing herbage allowanc es . 

One group of cows in early lactation was grazed on a fresh area of 

pas tare each day,  sufficient to provide near full feeding. Three 

other groups were offered 80 , 60 or 40% of this area and provided 

wi ·i:;h maize s ilage to appetite . Supplementation continued for 5 
week:> and for 1 1  weeks afterwards equal numbers of cows were s to cked 

at ) . 7  and 4 . 9 cows/ha . Mai ze  silage intake increased with increasing 

pas ture restriction so  that t otal D . M . intakes were actually higher 

with ::naize supplementation . The s ize of  the area offered to  the 

era :� ine only eroup may have been in3ufficient to en sure maximum 
intol:c o Milk and fat yields declined as the proportion of  maize 

silR.ge in the diet increased but t he effects on liveweight were not 

sig�ificant . Cow performance after supplementation ceased was not 

af:� cted by previous treatment . 

Maize silage then would appear to  be a reasonabl e  supplement to 
pasture herbage particularly at  l evels of  less half the t otal ration 
and when grazing herbage is scarce .  
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SUP PLEMENTARY FEEDING WITH GREENFEED MAIZE 

The use of greenfeed maize as the basal ration or as a 

supplementary feed for lactating cows has been r eported from parts 

of �,_:rope, (Berke 1 954 ; Gotlib 1 958 ; Seidler and Tobolsha 1 968 ;  

Cucu et al. 1 969  and Beyrich 1 975 ) ,  .America (Brickbauer 1 962 ) 

and Ne1-r Zealand (Davies 1 961 ; Bartlett 1 97 1 ; Bartlett et al. 1 97 1  
and 1 974 and Hutton 1 973 and 1 975 ) o  
Berl-:e ( 1 954 ) reported that milk yield increased when, in the diet 

of cows in mid-lactation, sunflowe r  l eaves were replaced by green 

m!li:;;e and luc erne o Gotlib ( 1 958)  showed that fe eding 1 5  - 1 8  kg 

head/day of gr eenmaize + fodder pea/oats mixture increased butterfat, 

prote in and phosphorus cont ent while at 30 kg/h ead/day or great er it 

de-p:cessed butterfat and calcium content. 

Davies ( 1 96 1 ) reported th1.t milk production -vras well maintained by 

C 01JC feeding on greenfeed maize during dry pe riods in Canterbury. 

Bri ckbauer ( 1 962 ) recor ded high yi elds of succu lent feed when maize 

was plant ed at very h igh plant densities ( 600, 000 plants/hectare or 

h igher) . The maize had low D M content ( 1 0%) but 1 4% crude protein 

content. It was regarded as an excellent supplement to Lucerne 

hay and fur us e during emergency situations . Se idler and Tobolsha 

( 1 968 ) reported that there was no differenc e in milk yield or m ilk 

fat c Jntent 1-rh en maize, maize + sunflower or maize + field peas 

for�ed th e basal ration. Cucu � al. ( 1 969 ) reported that the 

feeding of concentrat es with green maize increased milk yield. 

Bar"Clett ( 1 971 ) and Bartlett et al. ( 1 971 and 1 974 ) fed greenfeed 

mai�;e as a supplement to irrigat ed pasture during Summer drought. 

Mai se directly replac ed pasture intake with no diff erence in milk 

yie ld �etween the group supplemented with greenfeed maize and the 

gr oup fed irrigated pastur e alone. Reardon ( 1 974 ) offered supplements 

of greenfeed maize, direct cut silage, formic and treated silage 

or 1-ril ted s ilage to Angus steers stoc ked at 8. 65/ha. both nd Ub 
and t ad lib .  Weight gains were h igher in th e steers r ec eiving 

th e greenfeed maize and wilted silage than th e direct cut or formic 

sila�es - the high e r  we ight gains being largely due to intake 

diff�renc es. Groups eating less supplem ent ate most pasture with 

severe defolitation of paddocks during the dry period. Part of 

tte bette r performance of the supplem ented cattle was attributable 

to t�e acc elerated grass growth on the ir areas after lat e Summer 
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rnin . Hut ton ( 1 973 and 1 975 ) compared c ows receiving supplements 

of greenfeed maize , greenfeed millet and no supplement , grazed at 

vnrio 1m intensities .  Intake of supplement replaced pasture intake 

at h:�gher grazing in tensi  ties and while milk fat yield decreased 
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with .:.ncreasing grazing intensity , supplementing with both greenfeed 

mai�c �nd millet did increase milk fat yield w ithin grazing intensity 

treatments . Beyrich ( 1 975 ) c ompared greenfeed maize and maize  

silage as the basal ration for lactating cows .  The cows ate more 

of the green maize  than the maize  silage the maize siJa ge D M 

intc.ke being about 40% less than greenfeed mai ze intake . 

Greenfeed maize  then would appear to be  a suitable supplement 

for dairy cows , particularly if grass is the basal diet . It does 

not appear to  have intake limitations similar to maize silage , at  

least at  the l evels  fed in the experiments reviewed ,  and can readily 

replace s ome pasture herbage in the diet while  maintaining milk 

yiel 1ls o 

1 . 5 OB.TECTI V"RS OF 'T':m ExPP.TUMETfl' AND CHOTCP. OF DESTGN 

�Le typical grass  growth rate  curve , Figure 1 . 1 ,  for soils  in 

many parts of New Zealand graphically illustrates the way the rate 

of p�1.sture growth varies throughout the year and also in different  

yee::.·�-:, due t o  the effects of  climatic variati ons ( Cumberland 1 974 ) .  
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Figure 1 . 1 Rat e  of pasture growth ( Cumberland 1 974) 
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Fro;n t:1is i t  is appare n t  that t here are two p e riods of the yea r  in 

whi ch ·3"ra s s  growth rat e s  can be very l ow ,  t he W int e r  months of June ,  

July and Augus t and t he Summer months of Janua ry ,  February and 

Marc!1 . In fact in some drough t years Summer growth ra t e s  may be 

almos t zero for qui te long peri o ds . Animal requirements may be 

high during the Summe r  m onths , part i c ularly in the cas e  of Spring 

c a lved. da iry c ows at h igh s t ocking ra tes and growth ra tes are 

frcc� <l<mt ly t o o  low to a l l ow full fe e ding from pasture al one (Hut t on 

1 974b ) . One method o f  ove rc oming th is feed d efic i t  is t o  p rovide 

a supp lementary fe e d .  

Supplemen tary fee ding may have two ob j e c t ives : 

( i ) t o  increase p roduc t i o n  t o  a high l ev e l , 

( i i ) t o  ma i ntain the fee d  s upply when pasture availab i li t y  

i s  below re qu i remen ts . 

W i Lh :.l llllme r suppl ement a t ion the lat ter obje dive is us ually the m o � t  

imp ortant and the aim i s  t o  maintain milk yie l d s  ra the r  than inc rease 

t hem . An additional e ff e c t  o f  Summer supplementation is .to spare 

the pas t ure that i s  ava i l able as the supplement wi l l  generally d ir e c t ly 

repL1.ce pasture herbage parti cularly if it i s  dry and o f  fairly l ow 

d i ge s t ib il i t y .  This sparing e ffe c t  is fre quen t ly very de s i rab l e , 

p.s.rt :.cularly when growth ra t e s  are ve ry low ,  and the re i s  s ome 

evidence that , by leaving more c over after or during gra z ing , 

rec uver after the dry p e riod is improved (Brougham 1 970 ) . 
The s uppl ementary feeds n o rma lly fe d t o  l a c tat ing c ows over 

the S umme r months in New Z ealand are 

( a )  C ons erved pas t ure in the form o f  hay o r  s ila ge 

(b ) maize si lage 

( c ) Greenfeeds such as greenfeed mai z e  or 

marrow stem kal e .  

Some authors (Matthews 1 975 ) regard the pa s ture dry ma tter b uilt up 

by a l ong rotation as the same as a s upplement of c ons e rved pasture 

s uch as hay or silage as the ob j ec tive in bui lding up the pas ture 

dry matter is the same as that of c onserving pas ture he rb age - namely 

the provisi on of a feed s t ore to be used in time of s c ar c i ty. 



Of the Summer fodder crops , mai z e  consi stent ly produces the 

grantest bulk of dry mat t e r  ( Cumberland 1 974 ) .  It provides large 

amo��ts of hiehly diee s t ib l e  feed at all staees of growth and may 
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b e  u�ed either a s  a greenfeed in eme rgency or drought si tuations o r  

may b e  cons e rved as mai z e  silage for feeding during e ither t h e  Winter 

or SF.'l".ner p erio d .  

There is re lative ly l i t tle expe rimental da ta on the feeding o f  

grecnfeed mai z e  a s  a supplement to  pasture herbage t o  dairy c ows 

ove r the dry Summer period . The ob j ec tives o f  t he expe riment 

carried out for this thes i s  were 

1 o T� assess the nut ritive value of greenfee d maize  for 

lactating covrs as indicated by i ts chemical comp o s i tion , 

diges t ibility and voluntary intake s achi eved . 

2 .  T o  examine the effec t s  o f  fe eding gree nfeed mai z e  on milk 

yi eld , milk compositi on and liveweieht of t he c ows o 

3 .  �o measure the yi eld and degree of utilisation of t he crop . 

4o 'J:o est imate the like ly pas ture saving effe c t s  of fee ding 

tr:e crop during a period of poor pasture growth . 

It was de cided t ha t  t o  achieve these obje c t ives an experiment 
should be set  up in whi ch two groups of Spr ing calving c ows would 

be gTazed at similar s t ocking rates on separate farmle ts , one 

group to rec eive gre enfeed maize as a portion of the ir ration , the 

o the r group to re ce ive only the pas ture availabl e  from its  farmle t ,  

the experiment t o  b e  carrie d out during the Summe r o f  1 976 . 



CHAPTER TWO 

MA�ERI ALS AND METHODS 

2 o  1 EX:PERH1ENTAL ANIMALS 

Spring calving Fries ian c ows from the No . 1 Mas sey Universi ty 

DairJ Herd (Tmm Milk Supply herd ) were sele c ted for the s t udy. 

30. 

As far as p ossible animals of various ages were included in the 

e)�8 rimen ta l groups t o  give age distributi ons similar to those of 

c ommercial herds . 

Calving dates ranged from 23/7/75 to 8/1 0/7 5 ,  nlthoueh the 

rna j o :r·Hy ( 34 out of a t o ta l  of 40 ) calved between 2 3/7/75 and 1 7/9/75 . 
The official milk yie ld records as p rovided by the Lives tock Improvement 

As 2 o ciation 1-;ere availab le for all the covrs up to 2 5/1 1 /75  and for t he 1 974/75 

se ason for all excep t the he ifers in the group s , and formed one of the 

b�s�s for se lec tion.  

The cows were identifi ed by means of numbered plas tic ear tags , 

c o l onrGd plas t i c  neckbands with a di fferent colour for each of the gro ups 

and by pain t on the rear of each c o1-1 , which corresp onded with the 

co l o tL:.' of the neckband , for easy identifi cation in the milking shed . 

The 8.x:perime n
.
tal cows were milked in a 1 0  a side low line herringbon e 

she·i .  Milking commenced at ab out 05-00 and 1 5-00 hours each day . 

One c o;v from the control group had to be removed during the 

e xperiment as she ab orted . Her place was taken by anothe r animal t o  

muLo up the stocking intens i ty and data for the removed anima l  o r  her 

repla C!,;ment has not been used in the analys is . Furthe r details of 

t he experimental c ows a re conta ined in Append ix I I o  

2 .  2 GENER.AL OUTLINE OF THE EXPERIMENT 

A randomised block des ign was chos en a s  t he nature of the work 

r e quired the use of a d e s ign approp riate to a relat ive ly short c ontinuous 

e xperi me nt . The exp e riment was divided into two peri o ds of observation ; 

a s tandardisation pe ri o d  for obtaining informa t ion on concomitant 
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v�iables and a comparis on p eriod in which to compare the treatments . 

Tho cows  were blocke d on the basis of their milk yields during 

the previous lactation and their current lactation to  date ,  age and 

date  of calving ( see  Appendix I I ) . The members of each block 

( or pair as there were two cows per block) were allocated at random 

on a within block basis . Twenty covrs were allocated to  each 

trc:J. i;;-:1ent making a total of  40 cows . Table 2 . 1  presents a short 

p la.n of the experiment . 

The one week standardisati on period began on 26/ 1 /76 and the 

expe�imental period began on 3/2/76 and concluded on 4/3/76 o  
TABii�� 2 . 1  PLAN OF THE EXPERIMENT 

1 o STJ:PPLEMSNTARY FEED ING TRIAL : 

S'rANDARDI SATI ON PERI OD - 1 WEEK 

EXPERIMENTAL PER I OD - 5 WEEKS 

(a )  F EED - CONTROL GROUI; PASTURE ONLY 

- MAIZE GROUP , PASTURE + GREENFEED NAIZE 

Ali''.rER EVENING MILKIN G .  

( b ) HE CORD - MILK YIELD 

- MILK FAT CONTENT 

- MILK PROTEIN CONTENT 

( c )  �EI GH COWS WEEKLY . 

2 .  GRASS SAMPLING 

3 o MAIZE 

- ES'l'IMATE TOTAL HERBAGE ON EACH FARMLET 

AT BEGINNIN G  OF EXPERIMENT ( see section 2 . 3 . 1 ) 
- ESTIMATE GRAZING INTENSITY DURING EXPERIMENT 

- SAMPLE GRASS HERBAGE FOR CHEMICAL C OMP OSITION 

AND DIGESTIBIL I TY . 

- RECORD OBSERVATI ONS ON STAGE OF GROWTH 

- E STIMATE YIELD/ha as fed .  

- &U1PLE FOR CHENI CAL C OMP OSITION AND D I GESTIBILITY 

- ESTIMATE UTI L I SATION OF CROP AT FEEDING 

4 o  TN VIVO D IGESTIBILITY OF MAIZE 

- PRELIMINARY FEEDING PER I OD OF 1 0  DAYS 

- BALANCE 1 , A T  MIDDLE OF EXPERIMENT 

- BALANCE 2 ,  T OWARDS END OF EXPERIMENT . 



2 . 3  EXPERIMENTAL FEED S  AND FEED ING 
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Pas t1h'e herbage grazed in s i t u  was the so le feed of the c ontro l  

(1T01 �}; during the experiment and repreoented the ma j o r  prop ortion o f  

t�a diet o f  the experimental group ( the "ma i ze " group ) . The mai z e  

grGL,lJ had access t o  greenfeed mai z e  be tween the evening and morning 

mill::�ngs and -vre re on pasture b e twe en the mo rn ing and evening 

milkings o Both groups were ro tationa lly grazed wi th the main No . 1 

Dai ry Farm herd during the s tandardisation peri o d o  

GR4Z ING SYSTEM 

Duri.i1g the e xpe rimen tal p eri od the t-vro groups were rota t i onally 

gre.z<::d on separate farmle ts o f  unirrigated pas ture on the No . 

Dai�r Fa rm . B o th groups had 7 padd o cks ea ch . The padd o cks were 

pn. iJ:>r: d a c cording to the i r  ge ographi c l o cat i on , s o i l  type and amo1mt of 

pas ture herbage present on them . They w·ere al located to the eroup ::: 

o.t r;�tld om . The c ontro l gro up re ce ived 7 .  9G hec tar e s  o.nd the ma i z e  

gro�.rp 7 .  7 5  hectares of pas ture . The area of greenfe e d  mai z e  was 

add:L �_i_ .)nal to t he area of pas t ure . Sin c e  the mai z e  gr oup de pended 

on t�e pas ture herbage for only a port ion of their feed it wa s de cided 

to ro tate them a t  a s l ower ra t e  aro und the fa rml et . The c o ntrol group 

gr�� �d the ir farmlet in 1 9  days on the first rotation and had just 

c omp l e ted a se c ond ro ta tion in 1 2  days at the end o f  the experiment o 

The mai z e  group c ompleted i t s  firs t  rota t i on in 26 days and had grazed 

1 . 1 2  ha for a s e c ond t ime a t  the end of the experiment .  Fi gure 2 o 1  

sho �.r3 a map o f  the No . 1 Dairy Farm and the lo cation and areas o f  the 

exp erimental paddo cks . 

r-REENFEED MAIZE 

�To c rops of greenfeed mai z e  w ere use d o  The first crop -

Crop A - had been severely at tacke d by ducks and Arge nt ine Stem 

Weevi l . The area in whi ch i t  had been s own had stony areas of low 

fert i l i ty and a peri od of c o ld weather followed sowing . These fac t o rs 

re s ul t ed in a crop that was uneven , had a low p lant dens i ty and yi e ld 

and a high we ed p op ulat i on o  The mai z e  was cut wi th a s ingle chop 
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forage harve ster and fed in a hayra ck in a feeding pad on the farm . 

The tra ile rs of mai z e  w·ere weighed aft er cutting each day and 

t:-1·� :refusals were colle cted and weighed each morning. From 1 2/2/76 
to 1 3/2/76 inclusive the mai ze was cut wi th a si ckle bar mower ,  l oaded 

on to a trai ler and fed in the hay rack in t he feeding pad . 

The s e c ond crop - Crop B - ,  although grown in an ad jacent 

p3.d�.o ck had largely es caped attack from the duck and Argent ine Stem 

We evil and was a thick dense crop with thin s talk and satisfa c t ory 

yiel� . I t  was fed from 1 9/2/76 in s i tu in the paddock . A 

s tr�p of mai z e  was cut each day with a sickl e bar mower along the width 

of t?J.e paddo ck and a t emporary e l e ctri c  fence vms e re c t ed along the 

centre of the s t rip . The width of the s t rip varied b etw·een 1 . 5 and 

1 o8 metre s  approximately. Appendix I contains details of the s owing 

and treatment of the two maize crops . 

The 1 ovel of feeding wi th greenfeed ma i z e  had been ca l culat ed 

to rep lace about a third of the e xpec ted daily dry mat t er intake 

from gra z ed herbage . 



PLATE 2 . 1 : 

PLATE 2 . 2 : 

Greenfe ed Maize C rop B . 

Greenfeed Maize  Strip,  Cut with Mower Prior to 
Feeding. 

3 5 . 
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PLATE 2 . 3 :  Feeding of Greenfeed Maize . 

PLATE 2 . 4 :  Refusals o f  Greenfeed Maize . 



2 . 4 EXPERH1ENTAL PROCEDURES 
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Since it was expected that the main treatment response  would be  

in t:-w milk yield , milk c omposition and changes in  livewoight of  the 

cm.;s , these were the main measurements taken. However ,  a numbe r o f  

otlu�:� '.neasurements were taken where i t  was considered that they would 

assi3t in the interpretation of the response data and contribute 
info.c"..lation on the nutritive value of the greenfeed maize under study. 
These included the yield and stage of  grow·th of the maize  crop , 
chE:mical c omposition and in vitro digestibility of the maize and pasture 
her1..�t g-a fed , in vivo digestibility of the maize , pasture availability 
and naize intake and utilisation . 

2 . 4 . 1  YIELD AND STAGE OF MATUR ITY OF THE MJ_IZE CROP S 

The stage of maturity and height of both crops were re corded 

regularly throughout the feeding period o Dry matter determinations 
vrero carried out on the material as feed by sampling from the cut 

maiz:'! and drying the samples in a forced draught oven at about 1 00°C 

for 24 hours . The yield of Crop B was estimated on three occasions 

by s�mpling areas 1 .83 x 1 .83m across the width of the paddock ,  cutting 
the areas by hand , weighing and taking a subsample for DM determination. 
Tne yie ld of Crop A was not measured as the crop was generally poor and 
very variable o 

CHEMI CAL COMP OSITION OF MAIZE AND PA STURE 

Maize  samples ( 200 g wet weight ) were taken at intervals from 

t:lil G being feel , dried , ground through a 1 mm sieve (Wiloy Mi ll ) and 

s tor-:;cl in airtight glass jars o Samples ( 300 g "\ve t  weight ) of  the fresh 
chopped maize used in the in vivo digestibility trials as outlined in 

Section 2 . 4 . 3 . 2  were composited over the feeding period and stored in 

a cold room at 3°C .  At  the end of  each feeding period the composite  

sampl e was thoroughly mixed and a 200 g sub sample dried,  ground and 
s tored in an airtight glass jar. The pasture herbage on offer to  
both groups of  c ows was sampled ( 200 g wet weight ) on a number of  



o ccasi ons pri or to gra z ing and the samples were dried , ground and 

s t ored in airtight glass j ars o 
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A cid dete rgent f ibre , crude prot e in , e ther extract and ash 

determinations were carried out in dup l i cate on the samples (AOAC 1 975 ) . 

DIGESTIBILITY OF r!lA IZE AND PASTURE 

IN VI TRO DIGESTIB IL ITY OF l-1A IZE AND PASTimE 

In vi t ro diges t ibilities ( Ti lley and Terry 1 963 ) were carri ed out 

in t:�ipl i ca t e  on port ions o f  the samples of mai z e  and pasture which 

ha� b een retained f or use in Sec t i on 2 . 4 o 2 .  

2 .4 . 3 . 2  IN VIVO DIGESTIBIL ITY OF �1AI ZE CROP B .  

The in vivo digestibility \oJ"as determined twi ce ( Balanc e 1 and 

Dn J�J IC0 2) usinG three wether cheep f i t ted with harnoooe s  and hncs 
to collect the faec es and housed in individual pens at the Animal 

Phys iol ogy Uni t  at Mas sey . The d eterminat ions were prec eeded by a 

1 0 d�y preliminary period in whi ch the sheep were fed mai z e  to  

appe b te . During each balance the sheep we re fed clone to appetite 

to mi:1imise sele c t i on and refusals . A supply o f  maize sufficient for 

2 days was c o llected each alternate day , from that be ing fed to the 

cmrs , chopped by means of an Atlas Chaff Cutt er so supplied by D . S . I . R. 

Ruminant Nutri ti on Centre , Palmers t on North .  The mai z e  was chopped 

t o  2-3cm lengths . A 200 g sample was taken each day for D M 

det:er 1inati on. In addition a 300 g sample was taken each day of the 

actual balan c e  and composi ted o The chopped maize was s tored in a c ol d  
0 . room at 3 C between fee ds as we re the compos1te samp les . The 

she ep were fed a we ighed amount of chopped mai z e  onc e  da i ly and any 

re fusals were weighe d ,  dried and DM c onte nt determined . The fae cea 

was removed dai ly from the col l e ct i on bags and s tored in 25  l . p la s t i c  

buckets i n  the c old roomo The she ep had access to  c le an water a t  

a l l  time s .  They were we ighed a t  the beginning and end o f  each balan c e  

on an Avery S cales , accurate to  ± 250 g G  
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PASTURE AVAILABILITY AND G��ZING INTENS ITY 

The total amount of pas ture herbage pre s ent on each paddoCk 

was e3timated at the beginning of the experiment by cut t ing 1 3 - 1 5 

rando:n q_uadrat s 0 . 3  x 0 . 6m in each paddock . The herbage was cut 

t o  g.round level , using a shearing handpiece powered by a p ortable 

p etrol engine . The herbage was washed and ove n dri ed at  1 00
°

C for 

24 hon r s o  A representative samp l e  was also  taken prio r  t o  washing 

and 200 g of i t  dri ed in the oven f or DM de te rminationo 

TI1e �raz ing intensi ty during the experiment was e s timated by 

measl�ing the herbage remaining in s ome paddocks after graz ing by 

b oth groups o This was done by cutt ing 1 3  - 1 5 random q_uadra ts 

0 . 6  x 0 . 6  m. The herbage was cut to ground leve l ,  washed , oven 

dri ed for 24 hours and DM determinati ons also carried o ut o  

�I[AIZE INTAKE AND UTILI SATION 

The amoun t  of mai ze o ffered t o  the cows when crop A was fed 

w�s estimat ed by weighing each trailer l oad after cut ting on Avery 

S cales ( supplied by D . S . I .R .  Palmers ton No rth ) and s ub tracting 

the ;;eight of the empty trailer . The refusals were collected and 

we iGhed us ing a Salter Spring Ba lance s et-up on a tri po d .  DM 

d eJc; ,::rminat i ons were made on both the f re sh ma ize and refusals o 

Fr 8m these the weight of fresh mai ze fed/c ow/day , t he mai z e  DM 

intake/ c ow/day , wastage at feeding and degree of util isation could be 

calculated for Crop A .  

The amount o f  mai z e  offered t o  the c ows vlhen Crop B was being 

fed was e s timated by measuring the area o ffered and , us ing the yi eld 

e stirntes described in 2 . 4 o 1 ,  calculating the total maize  on offer in 

tho area . The refusals were we ighed and DM determinati ons carried 

out on both the fresh maize  and refusals o From the s e  the we igh t  of 

frc;1h mai ze fed/c ow/day, the mai z e  intake/c ow/day , wastage at feeding 

and d.{)gree of utilisation could be calculat ed for Crop B o  
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2 .4 . 6  MILK YIELD C OMP OSITI ON AND LIVEWEIGHT CHANGES 

Milk yie ld was measured at morning and evening milkings us ing 

TRU-TEST milk meters ( Tru-test Distribut ors L td ,  Panmure , Auckland ) . 

'l'he proporti on of the milk from each cow whi ch entered the measuring 

fJ.a�1 '( w-as reta ined o.t each even in[; milkine , p la c ed in a cla s s  bottle  

and :::;tored in a refrige rator ove rnight o The milk in the mea suring 

flask from each cows morning milking was added t o  the respe ctive 

bot tle and the total analysed fo r fat c on ten t us ing a MILKOTESTER 

Mk I I I  ( A/s N .  FOSS ELECTR IC , HI LLEROD , DENr-1ARK ) . The protein 

c on �ent wa s al so dete rmine d  on every second sampling day us ing a 

PRO-liiiLK Analyse r ( A/s N . FOSS ELECTR:JC , HILLEROD , DE!'H.fARK ) . 

Milk yield  p er c ow was then determined 4 t ime s ,  fat content 

4 t L:-�:; s and protein c ontent twi ce each week during the s tandardi sation 

and exp erimental periods o 

The cows were we ighed on the Wedne sday morning of each week 

imrrH�<iiately after mo rnine milking us ine a D onald vleichinr, mac hine 

(DONALD PRESSES ,  MASTERTON ) . The s cales were che cked and ad j us t ed 

each morning pri or t o  the s tart of we ighingo 
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2 . 5  STATISTI C AL AN ALYSIS 

2. 5 . 1  PREL IMIN ARY ANALYSIS OF THE DATA 

M i lk yield , milk fat yield and mi lk pro te in yield were calculat e d  

on a/c ow/day basis for each week o f  the experiment . The milk yie l d  

and milk fat content were the mean o f  4 re cordings whi l e  t h e  milk 

pro �oin content was the mean of 2 re cordines o Milk yield and 

composi tion dat e  for b o th groups during the 1 s t wee k  of the experimen tal 

perioJ was omit ted from the cove riance analysi s  as a change o f  diet 

had o c curred in the mai z e  group . Data for the l iveweight s of the 

cont�o l group during the 4 th week of the exper imental p e riod was 

omit ted as it had b een unduly influenced by gut-fi l l .  

S'rATI STICAL AN ALYSIS OF MILK, MILK FAT, MILK PROTEIN 

YIELD fi.ND L I\i'E\VEIGHT CHAN GES 

AnaJ.y.1is o f  c overiance ( Snede c o r  and Cochran 1 967 ) wan used 

for tes ting the s ignifi can ce of difference s b e tween group means and 

t o  eY.�mine relationships b etween variates . Linear re gres s i on analysi s  

( Sneiecor and Cochran 1 967 ) of milk yield and l iveweight against t ime 

wer(:l used to indi cat e  difference s  in the rate of change in milk yie ld 

and liveweight in the two groups and analysi s  of varianc e ( Snedecor 

a n� Cochran 1 967 ) was us ed to test the s igni ficance o f  the diffe rences 

behreen the regressi on c o e fficie nt s  o 



C HAPTER T HREE 

RESULTS 

3 . 1  GE����L DESCRIPT I ON OF T HE  MAI ZE CROPS 

Crop A was 1 - 1 . 4m high at the beginning of the experiment . 

It  was at the leafy stage of growth wi th s talk of varying diameter 

due t o  variations in the plant density. By the end of the feeding 

pe riod , 1 8/2/76 , the crop was up to 1 . 5m high and tassle s had not 

yet appeared. 

Table 3 . 1 contains details  of the physical characteristics 

of Crop B as fed during the experiment . 

from one end of the paddock . 

The crop was fed in si tu 

42 . 

The yield of Crop B was estimated as fed on three occasions and 

was found to be 1 1 , 008 kgDM/ha , SE = ±  882 . 

3 . 2 C HEMI CAL ANALYSI S  OF HAI ZE AND PASTURE 

The chemical composition of the greenfeed maize fed on various 

dates during the experiment is presented in Table 3 . 2 .  

The chemical c omposi tion of samples o f  pasture herbage taken 

from the paddocks prior to grazing is presented in Table 3 . 3 .  

The results were influenced t o  some degree by variations i n  the stage 

of growth between paddo cks . 

3 . 3  DI GESTI BILITY OF MAI ZE AND PASTURE 

3 . 3 .  1 I N  VITRO DI GESTIBILI TY OF THE MAIZE AND PASTURE 

The in vitro dige stibility (Tilley and Terry 1 963 )  of the 

greenfeed maize  was determined for samples from the maize  fed on 

various dates during the experiment and the results are presented 

in Table 3 . 4 .  and expressed as a percentage of the organic matt er .  
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TABLE 3 . 1  PHYSI CAL CHARACTERISTICS OF MAIZE CROP B a s  fed 

DATE HEIGHT (m)  STAGE O F  MATURITY Dr-1 % 

1 9 . 2 .76 1 . 6 - 1 .8 Tas s l e s  Appearing 1 3 . 0  

24 . 2 .76 1 .8 - 2 .0 Tassles throuchout , 

Silking Beginning 1 7 . 2  

3 . 3 . 76 2 .0 - 2 . 1  Silking Throughout 

the Crop 1 6 . 2  



TABLE 3 o 2  CHEMICAL COMP OSITI ON OF MAIZE (D M BASIS ) 
CHEMICAL FRACTI ON 

DATE 
SAMPLED DRY ACID DETERGENT CRUDE ETHER 

MATTER % FIBRE % P ROTEIN % EXTRAC T  % 

1 ) . 2 .76 1 ' 1 6  .o  3 5 . 7  1 0 . 6  

1 9 . 2 . 76 1 7 . 1  38 .3  9 .4  

25 . 2 . 76 1 3 .7 32 .8 8 . 5  

C omposite r2 

1 5  .o 37 . 6  9 .4 

2 . 3 . 76 1 5  .o 30 .8  7 . 6  

8 . 3 . 76 1 8 .8 32 . 9  7 . 2 

C ompo site rr3 

1 6 . 6  32 . 4 8 . 3  

1 .  CROP A .  All othe r samp l es from C rop B .  

2 .  Composi te o f  mai ze :k'ed from 1 9 - 27 . 2 . 76 

4 . 5  

2 . 0  

2 . 5  

3 - 5 

3 . 8  

2 . 5 

3 . 2  

3 . C omposi t e  of mai z e -f'e d  from 29. 2 .76 - 9 . 3 . 76  

44 . 

ASH % 

9 . 0  

8 .4 

9 . 2 

8 . 6  

6 . 0 

5 . 2  

6 . 2  
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TABLE 3 . 3 CHEMICAL COMP OSI T I ON OF PA STURE (D M BASI S ) 
CHEMICAL FRACTION 

DATE 
SAMPLED DRY A C ID DETERGENT CRUDE ETHER ASH % 

MATTER % FI BRE % PROTEIN % EXTRACT % 

GR�ZED BY CONTROL GROUP 

29 . 1  • 76 20 .0  29 .8  1 8 .8  4 . 6  1 1 • 5 
1 1 . 2 . 76 1 5 . 3  26 . 6  22 .4 6 . 5  1 1 • 3 
2 0 . 2 . 76 24 . 9  31 . 6 1 6 . 9  6 . 0  1 o .  6 
27 . 2 .76 33 . 5  30 . 3  1 7 . 8  6 . 3  9 . 3  
1 • 3 .  76 20 . 9  29 . 3 20 . 9  6 . 6 1 1 . 1 

GRAZED BY MAIZE GROUP 

29 . 1 .76 21 .o 26 . 3  21  . 3  5 o 6 1 0 . 5 
20 .2 .76 24 .7  29 . 6  1 7 . 0  5 . 2  1 0 .0 
23 . :� . 76 24 . 9 2 9 . 5 1 9 . 4  6 .7 1 0 . 1  



TABLE 3 . 4  IN VITRO DIGESTIBI LITY OF MAIZE ( 0 r� BASI S ) 

DATE SAMPLED DIGESTIBILITY % 

1 3 . 2 . 7 6 1 • 77. 1 SE = ± 1 . 6  

1 9 . 2 .76  70. 1  SE = ± 1 . 8  

2 5 . 2 .7 6  68 .8 SE = ±  0 . 9  

CGr'IP OSI TE I2 74 . 9  SE = ± 1 . 3 

2 . 3 . 7 6  74 . 9  SE = ± 1 .4 

8 . 3 . 76 71 . 6 SE = ± 1 .8  

COMPOSITE I I3 75 . 7  SE = ± 1 . 3  

1 • CROP A .  All other samples are from CROP B .  

2 .  Composite Sample of maize fed from 1 9  - 27 . 2 .76  

3 .  Composite Sample of maize fed from 29 . 2 . 76- 9 . 3 . 76 

46 .  



Table 3 . 5  contains details of the in vi tro digestibility 

( Tilley and Terry 1 963 ) of various samples of pasture herbage 

taken prior to grazi ng by the respective groups of cows and the 

results are expressed as a percentage of the organi c matter . 
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The results were influenced by variations in the stage of 

growth between paddo cks .  The sample taken on 27/2/76 was from a 

paddo ck which had dri ed out considerably and had li ttle fresh growth 

apparent . The sample s taken on 23/2/76 and 1 /3/76 were of fresh 

aftermath as a hay crop had been cut from these paddocks at the end 

of January . 

3 . 3 . 2 IN VIVO DIGESTIBI LITY OF MA I Z E  CROP B .  

Result s of the i n  vivo determinati ons carri ed out o n  Crop B 

over two periods ( Balance and Balance 2 )  and with three sheep are 

presented in Tabl e 3 . 6 .  
The difference between the values re corded for sheep 3 in 

Balance 1 and those for the o ther two sheep in that Balanc e could 

be due to the fact that this she ep scoured during the fi rst balance .  

Further detai ls of these determinati ons are contained in 

Appendix III . 

The in  vi tro digestibility det erminations were carried out to  

monitor changes in the digestibili ty of  the pasture and maize  during 

the experiment . Tilley and Terry ( 1 963) and Drew ( 1 966 ) have 

demons trated the value of in  vi tro diges tibi li ty as an indicator of 

the nutri tive value of pas ture . As the sample si ze is small ( 0 . 5g) 
i t  may be difficult t o  obtain a representative sample of pas ture in 

a paddo ck or a crop such as greenf eed maiz e  which tends to s eparate 

out whon bei ng chopped on ground me chani cally . Diffi cul t i es in 

sampling m ay be compensated for by carrying out multiple determina ti ons . 

The in vivo diges tibili ty determination i s  carri ed out over an 

extended period (usually 1 0  days ) and so large samples of material are 

required . About 3 sheep mus t  be us ed at each determinati on to over-

come differences between s heep . It  is  not feasible to c arry out 

determinations on grazed herbage in si tu as intake must  be measured 

accurately. I t  is pos sible to carry out large numbers of in vitro 

determinati ons in a short period and, for pas ture herbage , it has 



TABLE 3 o 5  IN VITRO DIGESTIBILITY OF PASTURE ( 0 - M - BASIS) 

DATE SAMPLED 

Glli\ZED BY CONTROL GROUP 

29 . 1 .76  

1 1 . 2 .76  

20 o 2 .76  

27 . 2 .76  

1 . 3 . 76
1 . 

GRAZED BY MAIZE GROUP 

29 . 1  • 76 

20 . 2 .7 6 

23 . 2 . 76 
I 

I HAY AFTERMATHS 

DIGESTIBILITY % 

70 . 0  SE = ± 2 .4 

72 o4  SE = ± 0 . 5  

68. 1  SE = ± 0 .03 

63 . 5 SE = ± 2 . 1  

70 . 1  SE = ± 0 .8 

7 5 . 3  SE = ± 1 .2 

69 . 3  SE = ± 2 o 3  

74 . 6  SE = ± 3 . 5 

48. 
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TABLE 3 o 6  IN VIVO D IGESTIBILITY OF MAIZE CROP B ( 0 M BASIS ) 

BALANCE SHEEP DIGESTIBILITY % 

77 .7 

Fr::lm 1 9 . 2 .76  2 7 7 . 9  

t o  27 . 2 . 76 3 70 .7  

Mean 75 .4  

S .E . of mean + 2 . 37 

2 73 . 6  

From 29 . 2  .. 76 2 69 .8  

t o  9 . 3 . 76 3 70 . 1  

Mean 71 . 2  

S . E .  o f  mean ± 1 . 22 



lJeen shown that the relati onship between i n  vi tro and i n  vivo 
det erminations is highly correlated ( Tilley and Terry ( 1 963 ) . 

3 . 4  PASTURE AVAILABI LITY AND GRAZI NG I NTENSI TY 

The total pa sture dry matter pres ent on each farmle t  for 

50 .  

both groups o f  cows i s  presented i n  Table 3 . 7 .  The area closed for 

hay vras grazed at the end of the first rotation by each group and 

for a second time at the end of the s econd rotation by the control 

group . I t  was not possible to estimate the pasture dry matter 

pres ent on each farml et at the end of the experiment as one paddo ck 

on the control group and three paddocks on t he maize  group had be en 

topped aft er grazing by the Farm Manager as part of the normal grazing 

management of the farm . 

Evid ence of the grazing intensity of the two groups is  provided 

by the e s timates of pasture remaini ng after grazing by the two groups 

and these  are presented in Table 3 . 8 . 

It  would appear that the control group were required to graze  

their farmlet  more i ntensively t han the maiz e  group despite t he 

fact that they had more grass at  the begi nning of the experiment,  

grazed a greater area (as they grazed the hay paddock twi ce ) and had 

a much short er rotation length. 

3 . 5  MAI ZE INTAKE AND UTILISATION 

The intake of greenfeed maize  and its utilisation were estima ted 

for both crops and the re sult s are pres ented in Table 3 . 9 . 

The greater intake wi th Crop B could possibly be  account ed for 

by the fact that the amount of maiz e  offered was greater ,  while 

this  may also be t he reason why the utilisation was lower wi th 

Crop B .  However , the refusals were collected and weighe d  aft er 

feeding each day and had the cows been allowed access t o  the maize  

refu sals (mainly stalk) at  subsequent feeds the utilis ati on may have 

been higher and intake of fresh maize  lower . 
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TABLE 3 .  7 PASTURE AVAILABILITY AT THE BEGINNING OF THE EXPERH'IENT 

GRAZING AREA CLOSED FOR HAY 

TOTAL GRASS mf AREA (ha)  
on  2.2.7 6  (kg) 

YIELD/ha YIELD/ha AREA(h 

CONTROL 1 8787 7 . 08 26 54 373 1 0 .88 

MAIZE 1 5222  6 .84 2225 3785 o .  91 

a )  

I I 



52 . 

TAli!JE 3 . 8  PASTURE REMAINING AFTER GRAZING BY THE TWO GROUP S OF C O\ifS 

POS'l' GRAZING D M . YIELD RO'I'ATION LENGT 

kg/ha S E - of mean 

FIRST ROTATION 

CONTROL 1 71 5
1 

+ 1 20 

MA IZ2 1 91 8
2 

+ 62 

SECv'�D ROTATI ON 

CONTROL 1 7363 ± 89 

MAIZE 1 958 

ESTIMATE IS MEAN OF FIVE PADD OCKS . ONE PADDOCK 

��QUIRED TOPP ING AFTER GRAZING .  

1 • 1 

2 ESTIMATE IS MEAN OF FOUR PADDOCKS . THREE PADDOCKS 

REQUIRED TOPPING AFTER GRAZING . 

3 ESTIMATE IS MEAN OF FIVE PADDOCKS . 

Days 

1 9  

26 

1 2  

hn grazed 

H 
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. TABLE 3 .  9 MAIZE INTAKE AND UTILISATI ON 

CROP A CROP B 

Fresh maize  offered (kg) 42 2 . 2  SE = ±  1 9 .  2 567 . 0  SE = ± 39 . 3  

Maize  D M offered ( kg) 73 . 7 + 3 . 1  91 . 7  + 7 . 3  

Fresh Refusals (kg )  83 . 1  ± 1 2 . 8  1 1  9 .  9 ± 1 6 . 1  

Refusals D . M  (kg )  1 3 . 2  + 2 . 3  21 • 9 + 4 . 6  

INTAKE (kg D M ) 60 . 5 + 3 . 6  69 . 7  + 3 . 2 

P�TAKE PER COW (kg D - Tii 3 . 0  + 0 . 2  3 - 5  + 0 . 2  

UTILIS ATION (%) 82 . 1  + 2 . 9 76 . 5 + 3 . 4  



3 . 6  MILK YIELD COMPOSITION A ND  LIVE WEIGHT CHANGES 

3 .  6 .  1 rULK YIELD 

54 . 

The mean v alues for daily milk yield ( l ) of the two groups of 

cows are presented in Tables 3 . 1 0  and Figure 3 . 1 .  

Week 1 of the experimental period was omitted from the calculation 

of the experimental mean in the covarianc e analysis as  it was felt 

that the change of diet for the mai ze group may have unduly influenced 

i t .  The differences between the pretrial and experimental means 

were t ested using covariance analysis and found to be not significant . 

The differences between  experimental means adjusted by covariance 

techniques ,  were also not significant .  It  was found that there was 

a signifi cant difference ( p � . 01 ) in the regression relat ionship 

between the pretrial and experimental yields between g roups (Figure 

3 . 2 ) . Linear regressi ons of milk yield against time were calculated 

and are shown in Figure 3 . 3 .  Analysi s of variance ( Snedecor and 

Coc hra� 1 967 ) showed that the regression coefficients were signifi cantly 

different ( p < 0 . 1 0) .  

of milk yield data . 

Appendix IV contai ns details of the analyses 

It was decided to inves tigate the relati onships further by 

dividing the groups into high yielders and low yielders . Nine of 

the control cows had milk yields of 1 4 . 0  1 /day or greater in the 

pretrial peri od.  These and their corresponding pair member in the 

maize group were designated as  the high yielders and the recaining 

1 0 pairs were designated as the low yielders in each group . The 

milk yie lds/day of the hiGh and low yielders are presented in Table 

3 . 1 1  and Figure 3 . 4 . The differences between pretrial ,  experimental 

and adjusted mean yields of the high yielders and the low yielders 

were found to be not signifi cant using covariance analysis .  

The regressi on coefficients  for milk yield against time for the high 

yielders were not significantly different but were signi fi cantly 

different ( p<:0 . 1 0 ) for the l ow yielders ( Fi gure 3 . 5 ) . 

The l ow yielders in the control  group declined in milk yield at  a 

faster rate than the low yielders in the maize  group.  
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TABLE 3 . 1 0  MEAN VALUES FOR DAILY MILK YIELD ( 1 )  OF 

TWO GROUPS OF COWS 

P 8�.J:OD (WEEKS ) CONTROL MAIZE SIGNIFI CANCE 
OF DIFFERENCE 

PRE TRIAL 1 3 . 7  SE ± 0 . 40 1 3 .2 SE ± 0 . 59 N . S . 

Ex?erimental 

1 3 . 3  1 2 . 0  

2 1 2 .4 1 1 • 6 

3 1 0 . 8  1 1 • 1 

4 1 0 . 3  1 0 o4  

5 1 0 . 3  1 o .  7 

EXP�RIMENTAL MEAN 1 1 1 • 0 SE ± 0 . 41 1 0 o 9  SE ± 0 . 32 N . S .  

ADJ USTED MEAN 2 1 o .  9 1 1 .0 N .  S .  

MEAN OF WEEKS 2 , 3 ,4 and 5 

2 EXPERIMENTAL MEAN ADJUSTED BY COVARIANCE 
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e-o -----Gs CONTROL Group 

o O M A IZE Group 

4 5 

Fig ure 3· 1 :  Mean d ai ly  mi lk yei ld during pretrial  and 
experi mental periods 



1 7  

.-. 15 � 
ro 

u 
........... 

� 13 
u 

........... 

"'� 
............. 

u 11 -<.1J 
>= 
_\(. 

2 9 

<1J 
-t-J 
c 
Q; 7 
E 
L 
OJ 
Cl 
X 5 LlJ 

57 . 

---:�t CONTROL Group 
- - - -) MA IZE Group 

r: ____ �. ----�.----�------�----�----�----�----�---...,v- I I I I I I 
5 7 9 11 13 15 17 19 

Pretria l  M i lk Yi eld (.l!cow /day) 

Fi gure 3-2 : The relat ionship b etween pretrial and experimental 
m i lk yiel ds 
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1gu re 3·3 : The relations h i p  betvveen experi mental mi lk yield 
and time 



TABLE 3 . 1 1 MEAN VALUES FOR DAIRY MI LK YIELD ( l )  OF HIGH YIELDERS AND LO:·l YI ELDERS 

OF 2 GROUP S  OF C OWS 

PERI OD 
CONTROL (v/E"SKS ) HIGH LOvl 

P� rR IAL 1 5 . 3  SE = ± 0 . 3  1 2 . 3  SE = ± 0 . 27 
.r.;zperlmental 

1 1 4 . 3  1 2 . 4  

2 1 3 . 9 1 1 . 1 
3 1 2 . 2  9 . 6  

4 1 1 • 6 9 . 1  

5 1 1 • 7 9 . 1  

- -· 

EXP "8�H1ENTAL 

MEA.H 1 2 . 4 SE = ± 0 .49  9 .8  SE = ± 0 . 29 

HIGH 
MA IZE 

LOW 

1 4 • 3 SE = ± 0 .  67 

1 2 .  6 

1 2 . 7  
1 1 . 7 

1 1 . 2 
1 1 . 4 

1 1  • 7 SE = ± 0 .  48 
-

1 2 • 1 SE = ± 0 • 9 1 

1 1 • 5 

1 o .  5 
1 0 . 5  

9 . 6  

1 o .o 

1 0 .  2 SE = ± 0 .  32 

S I GNIFICANCE 
D I FFERENC 3 

N . S .  

N . S .  

O F 

\Jl 
\..() . 
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Fig u re 3 . 4 : M ea n  dai ly milk yei ld  d u ring pretrial and 
experi men t a l  periods of high and low 
yiel d ing cows in each g rou p  
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Figure 3·5 : Relat ionship between m i lk yie ld  and time for high and 
low yielders in two g roups 



3 . 6 . 2  MILK C OMPOSI T I ON 

The mean values for daily milk fat yield and milk fat cont ent 

of the two groups of cows are present ed in  Table 3 . 1 2 .  and 

Figure 3 . 6 .  
The differences between t he pretrial means , experiment al means and 

adjusted means of the two groups were not signifi cant and there 

was no signifi cant difference in the regressi on relati onship of 

pretrial and experimental fat yi elds between groups . 

Table 3 . 1 3  and Figure 3 . 7  contain the mean values for dai ly 

milk pro tein yield and prot ein content of the two groups .  

The weekly protein values are the mean of two det crminati ons 

only and the values for the co ntrol group in experimental week 4 

were unduly influenced by high milk yields on one day that week . 

As the milk yield and milk fat figures are means of sample s  taken 

on four days of the week, they were affected by this hieh yi eld 

on one day to a much smaller ext ent . The differences between the 

pretri al ,  experimental and adjust ed means of the protein yie lds of 

t he two groups were found to be not signifi cant . There was a 

significant difference (p �0 . 05 ) in the regressi on relati onshi p  of 

pretrial and experimental protein yields between the two groups . 

62 . 

Analysi s  of variance of the differences between the regres si on 

coeffi cients of milk protein yield aeains t time for the two groups shm.,r ed 

that there was no sienificant difference in the regression coeffi cients of 

prot ein yield against t ime for the experimental pe ri od . Both group s 

declined  in protein yie ld at about the same rat e .  

From the anulysis o f  the result s i t  appears that t he milk 

yields  of the two groups de clined at different rates , wi th the 

decline in the lower yi elding cows in  the control group bei ng 

signifi cantly different (p <:0 . 1 0 ) from that of the lower yi elding 

cows in the maize  group . Yields of milk fat would not appear to  

have been signi fi cantly affected by t reatment and whi l e  the 

yields of milk protein were affected it i s  not possible to s ay 

vrhe ther this was confi ned to high or  l ow yielding cows in e ach group ­

as the differences  were too small t o  be  signifi cant . 



TABLE 3 . 1 2 

--

PEfGOD 

MEAN VALUES FOR DAIRY MILK FAT YIELDS (g )  AND 
FAT C ONTENT OF TWO GROUP S OF C OWS 

6 3 .  

SIGN IFICAN CE 
CONTROL MAI ZE 

(�rEEKS ) OF D I FFEREN CES 

�\ T  YIELD (f!)F� FAT YIELD FAT N . S .  

PRE TRIAL 6 1 5  SE = ±1 9 . 2  4 .49 578 SE = ±22 .0 4 . 38 

Expe rimental 

1 583 4 � 38 5 1 6 4 .30  

2 550 4 .44 505 4 . 35 

3 508 4 . 70 485 4 . 37 
4 483 4 .6 9  475 4 . 57 

5 491 4 . 77 489 4 . 57 

EX1)ER IMENTAL 
MEAN 508 SE = ±,1 5 . 7  4 . 62  489 SE = ±1 3.7 4 .47 N . S .  

-

A'JJ. iTST�D 
MRAN 498 499 N . S .  

MEAN OF WEEKS 2 , 3 , 4  and 5 

2 
EXPERIMENTJ_L MEAN ADJUSTED BY C OVARIANCE 
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TABLE 3 . 1 3  MEAN VALUES FOR DAILY MILK PROTEIN YIELD ( g )  

AND PROTEIN CONTENT OF TWO GROUPS OF COWS 

PERIOD CONTROL MAIZE 
(WEEZS ) PROTEIN YIELD (e ) PROTEIN% PROTEIN YIELD (g ) 
PI-G TRIAL 432 SE = ±  1 4 . 2 3 . 1 5 408 SE = ± 1 8 . 2  

--

EXP:S.:UMENTAL 

1 422 3 . 1 7 364 
2 392 3 . 1 6  378 

3 355 3 . 29 338 
4 372 3 . 6 1 354 
5 35 1  3 . 41 353 

EX?EpMENTAL 
MEAN 368 SE = ± 1 3 .  1 3 . 35  356 SE = ±  1 0 . 7  

- - - · 

ADJ" JSTED 
MEi\..'J 2 3 G 2  362 

MEAN OF WEEKS 2 , 3 ,4 and 5 

2 EXPERIMENTAL MEAN ADJUSTED BY COVERIANCE 

65 . 

SIGH IF ICANCE 
OP PROTEIN% DT G'FE RENCE 

3 . 1 1 N . S . 

3 .06 

3 . 05 

3 . 1 6 

3 . 28 

3 . 30 

3 . 27 N . S . 

I N . S .  
I 
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Figu re 3.7 : M ean dai ly  m i l k  p rot ein yiel d (g) an d p rotein  
0/o d u ring pretrial and experiment periods 



From Figures 3 . 1  i t  can be s een t hat , whi le t he co ntro l group 

had a higher milk yi eld i n  the pretrial peri od , from week three of 

t he experimental peri od onwards the yi eld of the mai ze  group was 

higher than the control group . These diff e rences howeve r ,  were t o o  

small to b e  stati s ti cal ly signifi cant . 

The maiz e  group would appear t o  have mai ntai ned t heir yi e l ds of 

milk fat and pro tein slightly b et t er than the c o ntrol group in t he 

latter half of t he experiment al t hough again the differences were 

no t s tatisti cally signi fi cant . 

3 . 6 . 3  LIVEWEIGHT C HANGES 

67 . 

The mean value s for liveweight of t he two groups of cows are 

pres ent ed in Table 3 . 1 4 and Figure 3 . 8 . The values for t he cows i n  

t he control group during t he fourth week o f  t he experimental period 

were very hich due to exces sive gutfill . Duri nc the day pri or to 

weighi ng , t he groups had grazed a paddo ck wi t h  little feed available , 

and were changed to a fresh paddo ck wi t h  ampl e pasture o n  t he night 

before wei ghing. 

The differences betwe en t he pretrial and experimental mean 

liveweights of the two groups were not signific ant and t here was no 

signifi cant difference in t he regression re lationship of pretrial 

and experimental livewei ght behveen groups . The li near re gressi ons 

of livewei ght against time were not signi fi c antly differe nt . 

The mean liveweight s of the hi gh and low yielders i n  b o t h  

groups are also pre s ent ed i n  Figure 3 . 8 .  The high yi e lders i n  t he 

control group appeared to  have suffered a greater de cline i n  

liveweight than t he l ow yi elders i n  t he s ame group from t he t hi rd 

week of t he experimental peri od onwards . However , the differences 

were not large enough to be stat i s t i cally signifi cant . 

The l iveweight of t he cont rol group declined from t he t hird 

week of t he experimental period onwards while that of t he mai z e  

group decli ned sharply i ni t ially but rec overed lat er in t he experiment . 
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TABLE 3 . 1 4  MEAN VALUES FOR LIVBNEIGHTS (kg)  OF TWO GROUPS OF COWS 

P ri:RIOD CONTROL JV"lAIZE 
(vr I·:E�(S ) ( kg )  (kg) 

P u� TRIAL 437 SE = .± 1 4 . 0 43 1 SE = .± 1 1 . 9 

Experimental 
1 438 SE = ± 1 4 .4 409 SE = ± 1 1 . 6 

2 440 3E = .:!: 1 3 . 8  41 7 SE = ±  1 1 . 5 

3 423 SE = ± 1 3 .8 4 1 4 SE = .±  1 1 . 6 

4 * 41 9  SE = .:!: 1 1  .1 
5 429 SE = ±  1 3 . 6  424 SE = ± 1 1 . 1 

EXP�RIMENTAL MEAN 4 34 1 SE = ± 1 3 • 7 4 1 72 SE = ± 1 1  • 4 

* VERY HIGH VALUE RECORDED DUE TO INCREASED GUT FILL 

1 
Mean of weeks 1 , 2 , 3  and 5 only 

2 r·�ean of weeks 1 , 2 ,  3 , 4 and 5 
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CHAPTER 4 

D ISCUSSION 

AJ. '. the animals appeared to be in good health except one cow 

which aborted as reported in Secti on 2 . 1 

70.  

Tne experimental design chosen was satisfactory. Other factors 

vrhi ch were outside the c ontrol of the Author had important effects  

on t:�1e ro sul ts . The se were the length of the experimental period 

and the weather c onditions during the experiment . It  was not 

po3�;ible to continue the experiment for a longer period as the 
No . 1 herd is a Town Supply herd with a supply quota to maintain . 
The 1.;reather conditions during Summer 1 975/76 were seasonably favourable 

for grass growth with rainfall higher than the 30 year average and 
much higher than the 5 year average ( Table 4 . 1 ) .  The need for 

S-urrcner supplenentary feeding was not as great as i t  had been over 
tt 1c previous five dry Summers . 

4 . 1  YIELD OF MAIZE CR OP B . 

The yield of maize Crop B ,  estimated as fed , is presented in 
Sed-l. on 3 . 1 . Bn ckbauer  ( 1 96 2 )  sugges ts that yields of over 1 0 , 000 

kg/D:'-1/ha are common in s olid stand maize grown at very high seeding 
rate '.:l g_fter eight vreeks growth in U. S .A .  Mat thm-rs ( 1 975 ) reports 
that yields of 1 0 , 000 kg DM/ha are likely under New Zealand condi tions 

and Buxton ( 1 975 ) reported that a yie ld of 7 , 000 kg digestible dry 
matter could be expe cted from greenfeed maize .  The es timated 

yi eJ.d in this experiment , 1 1  , 003 kg/ha , was slightly higher than the 
expected yield of greenfeed maize , based on available data o 



TABLE 4 . 1  

MONTH 

DECE�1BER 

JANUARY 
FEBRUARY 

MARCH 

TOTAL 4 
MONTHS 

MONTHLY RAINFALL (mm) DURING SUMMER 1 975/76 AND 
COMPARI SONS WITH 5 YEAR AlVD 30 YEAR AVERAGES ( DATA 

SurPLIED BY D . S . I . R .  PALMERSTON NORTH ) 

1 975/76 5 YEAR AVERAGE 30 YEAR AVERAGE 

1 03 . 3 53 . 9 98 . 3 

88 . 9 6) . 7 80 . 1 
6 1 . 5  48 . 1 68 .0  

79 . 2  68 .7 65 .4 

332 . 9  1 1 6 . 8 3 1 1 . 8 

7 1 . 
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4 ') . c.. NUTR I TIVE VALUE OF MA IZE 

4 .  2 . 1 CHEl'HCAL COJVIPOSITI ON 

The chemical c omp o sition o f  fre sh maize varies considerably wi th 

the s tage of growth (Morrison 1 95 9 ) .  The dry ma t ter c o ntent is 

l o';T :about 1 Cffo) in immature plan t s  grown at high p lan t dens i t ie s . 

This increases t o  abo ut 1 5% when the tas sels appe ar and the D M 

cor.tent s t eadily increases up to maximum values o f  about 35% for 

haTI'0sting as maize s i l age or 45% for harvest ing as maize gra in .  

Gr(�e ntoed mai ze is usua lly fed a t  about 1 3  - 1 fJ{o D M in New Zealand 

The ether extra c t  or fat c ontent of t he ma iz e p lan t is l ow thro ugho ut 

the life of the p lant while the protein content i s  highe s t  in l eafy 

immature p lants . The nit rogen-fre e extra c t  c onten t  ( mainly s o lub le 

c'lrbohydrates ) increases s ignificantly with ma turity and the crud e 

prc i.;,Jin decreases (Nehring and Laude ( 1 95 9 ) . The chemical 

coJI..positi on values re corded in Tabl e  3 . 2 are very s imilar to values 

recorded by o ther w o rkers (Morrison 1 959 ;  Nehring and Laude 1 95 9 ;  
Bart lett 1 971 ) • 

4 . 2 . 2  D I GESTI BILI TY OF GREENFEED MA IZE 

The in vivo d ige s t ibility of greenfeed maiz e measured in thi s 

s t udy was over 70% ( Table 3 . 6 ) .  While the l i tera ture on the 

dig� s t ib i l i ty of greenfeed mai z e  i s  rather l imit e d ,  Table 4 . 2  

c orr.pares the values obtained >-Ti th tho s e  availab le from in vivo 

feeding s tudies in the literature . 

She Gp are most c ommonly used in dige s tib ility t rials as they are 

s;nall e r  and more c o nveni ent animals to w o rk wi th than cattl e .  

Dig•: s t ib i l i  t y  values de termined us ing Sheep may b e  applied t o  ea t t l e  

as B laxter ( 1 962 ) ,  after an examinati on of the l i t e rature o n  the 

dif�erences b etwee n sheep and cat tle in their abi l i ty to dige s t  fo od , 

concluded tha t there were negl igib l e  differences . 



TABLE 4 . 2  DIGESTIBILITY OF GREENFESD MA IZE ( 0 N BASIS ) : 

COMPARISONS BETWEEN THIS STUDY AND PUBLISHED 
VALUES 

DIGESTIB I L I TY % STAGE OF GR01tJ"TH REFEREN CE 

68.0 - 75 . 5 Unspecifi ed ,  1 3-23% D N Nehring and Laude 
67 .7 Intassel , 1 5% D M Morris on ( 1 959 ) 

70 . 7 In milk corn stage , 
1 9 . 9% D M  Morris on ( 1 959 ) 

81 . 99 SE ± 1 . 24 About 1 m. high Bartlett  ( 1 971 ) 

6 1 . 1 7  SE + 1 0 .4 7 1 - 2 m hich Bartlctt  ( 1 971 ) 

66 . 1 7  SE ± 1 . 42 About 2m high Bartlett ( 1 971 ) 

75 .4 SE ± 2 . 37 1 . 6 - 2 . 0  m high , In 
tassels This Study 

71 . 2  SE + 1 . 22 Over 2 . 0 m high ,In silk This Study 

7 3 . 

( 1 95 9 ) 



The results of in vit ro diges t ibi l i ty ( Til ley and Terry 1 963 ) 

de L::rminat i ons of the mai z e  ( Tab l e  3 . 4 ) were s omewhat variable . 

Com_;)osite 1 should have compared very c lo s e ly wi th the in vivo 

de t;:::rminati on of Balanc e  1 and c omp os it e  2 vli th the in vivo deter­

mi nation o f  Balan c e  2 .  The dige s t ib i li ty d e t e rm ined in Balanc e 

was higher than Ba lance 2 b ut the d ige s tibi lity determined in 

C o;T,po s i  t e  1 <vas lower than C omp o s ite 2 . Whi le s o:ne o f  this 

differenc e  may have been due to s amp ling pro bl ems , othe r worke rs 

74 . 

have noted poor agreement b e twee n i n  vitro and in vivo de te rmina t ions 

on mai z e . Dent ( 1 96 3 ) , working with mai z e  s ilage has noted that 

the reproduc ibility of in yi t ro d e t e rmina ti ons carrie d out on a 

large number o f  samp les was very p o or . D i ge s t ibi lity tended t o  

rise w i th s to rage o f  the mi lled sample s .  · Harris ( 1 963 ) rep o rts 

the results of c ompari sons b e tween in vivo and in vitro di ge s tibili ti e s  

of 'Jlai z e  s ilage and they a re reproduc ed in Table 4 . 3 .  

The r�ate rial vras produced a t  the Natio :wl Ins t itute o f  Agricul tural 

Botany ,  Cambridge , England , were in vit ro dete rminations w e re carrie d 

out 2.nd t rans ported t o  the Gra s slands Res earch Institut e , Hur ley , 

Eng;} ; ,nd , and stored in a c old s t ore where the in vivo and ano ther 

in vit ro dete rminat ion vl'ere carried out . 

The rea s ons why the relat ionship betvreen in yi tro and in vivo 

determina ti o ns is variable for mai z e  are n o t  very c lear . It has 

been shown both in vivo and in vitro by Brooks e t  al . ( 1 954 ) and 

in yivo by Grainger e t  al . ( 1 96 1 ) that corn o il may depre s s  the 

di gsstib ility of a feed . Rumen liquo rs appear to vary in their 

abil i ty to d eal with fee ds con taining appreciable amounts o f  s tarch 

(Dent 1 963 ) .  This c ould acco un t  f o r  the lack o f  reproduc t ib i lity 

in the resul t s  when the s tarch c ontent changed. Warner ( 1 95 6 )  

obs erved tha t  the rat e  o f  starch d igest ion d epends on the p rov.i ouo 

di e t  of the she ep and whi l e  the sheep in the in vivo s t udy had a 

1 0  day prel iminary period to adj us t  t o  the diet o f  greenfeed 

mai z e , the rumen liquor used for the in v i t ro d e t e rminati ons was 

from c ows graz ing pasture only. Weinmann ( 1 947 ) suggested the us e 

o f  dias tase eithe r  b e twee n  o r  aft e r  t he rumen l iquor and pep s in 

s tages in the in v i t ro t e s t  and , us ing this treatment , Dent ( 1 96 3 )  

has found that in many cases i t  increas ed the dige s t ible-dry-mat te r  

p e rcentage . 



TABLE 4 . 3  

MAIZE SILAGE 

EARLY SOWN 

MEDIUM SOWN 

COJ'IIPARISON OF IN VIVO AND IN  VITRO MEASUREMENTS OF - -- -
MAIZE SILAGE (HARRIS  1 963 ) 

DRY MATTER DIGESTIBILITY , PERCENT • 

IN VIVO IN VITR O 

69. 8 

68 . 5 

GRI N IAB 

72 . 5 

72 .4 

70. 9 

75 . 3  

75 . 
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The in vivo determinations then are probably better indicators 

of t�1e digestibility of the greenfeed maize than the in vi tro 

dct.::rmina tions and the digestibility of the Illilize  was probably hieher 

than that of the pasture grazed during some pe�iods of the trial 

( Ta'Jle 3 . 5 ) . 

4 . 3  I N TAKE OF GREENFEED MAIZE 

The intake of greenfeed maiz e  was slightly higher fo r Crop B 
thnn Crop A ( 3 . 5  kr,- D N /cow/dny Va 3 . 0  ke D M /cow/d n.y) . Thi s 
conH be  expected as the quality of the grass being fed to the mai ze  
grou:p was deteriorat ing when Crop B was fed . Also the fact that 

the amount offered was greater with Crop B probably influenced the 

intake . 

Unfortunately it was not possible to estimate the total  feed 

in Lakes of both groups of c ows , s o  it is not possible to  say what 

prcportion of total feed intake the maize  constituted . However , 

using the values for the metabolisable energy (M  E ) requirements 

for maintenance and produc tion , published in M . A . F . F .  ( 1 975 ) ,  and 
M E  valu� fur the pasture also  published by them it is possible t o  

cal8ulate the intake requirements of the c ows . Figure 4 . 1  contains 
the calculated D M intake of the maize group of cows during the 

ex:t>·3rimen tal period based on their mean livm.,reight , milk yield and 

milk fat c ontent during the entire experime nt . 



Liveweight of c ows 4 1 9 kg 

Yi eld/cow 1 1 . 2 kg milk , 4 . 4 1%  fat 

assuming no real weight change ove r  the 

experiment al period then requirement s ( inc luding safe ty 

margin) are : 

MAI NTENANCE ( M  ) 
m 

= 8 . 3  + 0 . 09 1  w 
M = ME Required for maintenance 

m 
W = wei ght in kg. 

M = 46 . 4  MJ ME/cow/day 
m 

PRODUCTION ( M1 ) : -

M1 = 5 . 3  MJ ME/kg milk at 4 . 4 1 % Fat and 

8 . 87% SNF 

M1 = 59 . 4  MJ HE/cow/day 

TOTAL REQUIREMENTS • Mm + M1 at constant liveweight 

= 1 05 . 8  MJ ME/cow/day 

Pasture quality deteriorating during s umme r peri od . 

Assume ME content 1 0 . 5  �1J ME/kg Divl 

1 05 . 8 
INTAKE REQUIRED = 1 0 . 5 = 1 0 . 1  kg Pasture DM 

per cow per day 

FIGURE -4 . 1  DM INTAKE REQUIRED BY MAIZE GROUP OF COWS DURING 
THE EXPERIMENTS ( CALCULATI ONS BASED ON MAFF 1 975 )  

7 7 .  



On this basis then the intake of greenfeed maize was about 2 9. 7  � 
of total D . M .  intake with Crop A and 34 . 7% of total D . M .  intake 
with Crop B . However ,  the liveweights of  the maize group did not 

rem�in s tatic during the experiment , they dropped initially and then 
increased slighfi.y as the exp·2riment progressed.  The diffi culty 

he1·o is that it  is impossible to  say how much of the weight change 
w�s due to real liveweight change and how much was due to changes 

in gut-fill . It would appear however ,  that the greenfeed maize 
pro::.ably replaced 30 - 35% of the pasture dry matter intake . This 

is � reasonable intake of  maiz e particularly as pasture was never 

re .�lly limited in supply for the maize group during the day and it  
wa s observed during the exp2riment that the c ows tended t o  have 

one large feed of the maize when they were put in after the evening 

milking and then rested until they were removed at about 04-30 hours 
for the morning milking. 

4 . 4  RESPONSE TO SUPPLBT1ENTARY FEEDING OF GREE'JFEED MA IZE 

78 . 

Al t�ough the pasture was deteriorating in quali ty as the experiment 
proGressed ( Tables 3 . 2 ,  3 . 3  and 3 . 5 ) the control group had acces s  
t o  adequate pasture supplies during their first rotation but were 

forc:ed to graze  fairly hard during their second rotation . Had 
the experiment been c ontinued longer ,  the control group would have 

beert quite short of feed as the pas ture growth rates during the 

sec ond half of the experiment were very low and the intensi ty of  

grr-� :�ing had been reas onably severe in the second rotation . The 

estLnated post grazing D M yields for the c ontrol group were 

lovrGr than thos e  for the maiz e  group ( Tables 3 . 7  and 3 . 8 ) . 

Ther•:: was no significant  difference in milk , milk fat and milk 

pro tein yields between groups . This result agrees with the result 

of Bartlett  ( 1 97 1 ) who supplemented irrigated pasture with greenfeed 

maise and found no significant difference in the milk yield or milk 
composition between groups . However , there were s ignificant 
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differences i n  the regressi on relati onships between pre trial and 

experimental yi elds of the t wo groups and t he differenc es were 

signifi cant at the 1 %  level f or milk yi eld at t he 5% level for 

prot ein yie lds . In additi on the regressi on c oefficients of  

experimental mi lk yie ld agai ns t time for both groups were 

signifi cantly different at t he 1 0% level . Thus it  would appear 

that  t he maiz e group had maintained their milk yield better t han t he 

control  group as the supplementation with greenfeed mai z e  apparently 

slmved the rate  of decline in milk yield. The differenc es in  

experimental milk yields could possibly have been signifi cant had 

the expe rime nt been c ontinued for a l onger p eriod or c arri ed out 

during a season when grass supply was less avai lable . 

Further analysis o f  the results by dividing each group into high 

yi elding and l ower yiel ding cows in e ach group showed t hat  the re 

was no signifi cant differe nc e between the milk yields or re gression 

relati onships between pretrial and experime ntal yi elds for either 

the high yi elding or l ow yi elding c mvs but t hat for t he l ow yielders 

only , the regressi on of milk yie ld agains t time over t he full 

experimental peri od were s i gnifi cantly different at the 1 0% l evel . 

The relati onship between milk yield , intake and liveweight 

however , is  a complex one . Bro ster ( 1 976 ) summarises t he 

relati onship in Figure 4 . 2  when he relates changes in  milk yield and 

liveweight to plane of nutrition.  
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FIGURE 4 . 2  SIMPLIFIED MODEL T O  DESCRIBE THE RELATI ONSHIPS OF FOOD 

80 . 

TO MILK AND LIVEWEIGHT IN DAIRY CO'\t-TS ACCORDING TO RESPONSES 
TO LEVEL OF INTAKE ( FROM BROSTER 1 976 ) . 

FiGUre 4 . 2 is a mode l  of how the cows yie ld and rate of liveweight 

change respond direc t ly and jointly to plane of nut ri tion . Food 

i s  the independent factor and is e xpressed in absolute amounts . 

Fam i l i es of curves describe the responses of cows of d ifferent 

gen e t ic charac ter. A d iminishing re turns e ffect of increasing 

int 'lke on milk yi eld is apparent al though be ing less pronounced for 

the high yiel ding cow than the lo-tler yield ing cow.  The reverse 

p a t -te rn  occ urs for livewe ight change . From e xaminat ion of the 

r e s :<lt :::; of milk yield o.nd livcwc icht chance :::: of c-roup::.; of c o•r:::; in 

this study it is apparent that , in te rms of their changes in milk 

yie l d  and l ive'lveight , they conformed generally to the model of 

Bro3 te r ' s  above , even if many of the ove rall diffe rences b e twe en 

gr :::mps were not statist ically si gnificant . The con trol group 

wer''.l forc ed to g ra z e  harder than the maize group and the i r  pasture 

was dete riorating in quality as the expe riment proeresse d . Daily 

milk yield decline d and when the rest rictions became great est , from 

the 3rd week of the e xp e riment onwards ( close to t he b eginning of 

the s econd rotation ) , l iveweight d eclined a lso . The mai z e  group , 

on tbe other hand , were not forced to gra z e  as intensive l y  and had 

a S ".J.b s tantial port ion of the ir total intake as highly d igestible 

greanfeed mai z e .  The ir mi lk yi e l d  declined , b ut a t  a slower rate 

th.J.n the control group ,over the experimenta l p eriod and 1 after the 

ini t ial loss of liveweight during the fi rst week of the trial 

(Nhich may have b e en d ue to a change in gut fi l l  following the change 

of d.ie t ) , ma intained or slightly increased the ir l iveweight . 

I t  seems like ly that the total intakes were highe r in the mai z e  
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group than the control group as the experiment progressed . 

Red u.ction in intake has the effect of reducing milk yield although 

the reduc tion may not  be very dramatic as liveweight may fall and 
thus buffer s ome o f  the effects of an inadequate food allowance , 
at least  over the short term.  

Although digestibility c oefficients are not  available for all 

t:·te pas ture grazed the ma jority of the values measured were over 

7��. In the second half of the expe rimental period , with the 
exception of one paddock of hay aftermath in each group , the 

digestibility coefficients  re corded were below 70%, the l owest  

val�e being 63 . 5%.W hile the amount of pas ture available may have 
limited feed intake � the digestibility of the pasture herbage and 

the rate of movement of digesta in the diges tive tract c ould have 
be�n responsible for limiting feed  intake also (Hibbs and Conrad 
1 975 ) .  Hm.;ever , since the digestibility of  the greenfeed maize 

w9.s 1' 1 - 75% ( in vivo determinati ons ) its intake would have been 

b1fluenced by factors o ther than gut fill and rate of movement of 
diGesta in the digestive tract ( Baile and Forbes 1 074 ) . 

SuFplementation with the maize could be expected to result  mainly 

in substitutio� of the greenfeed maiz e  for grass herbage intake as 

long as the grass quality remained above 67% and the quantity 
available was adequat e  Leaver et al . 1 968 ) . However ,  as the grass 

quality deteriorated , supplementation with greenfeed maize  should 
have resulted in an increase in nutrient intake . 

The poorer response to supplementary feeding in mid-lac tation 

than in early lactation has been noted by many authors ( Danasoury 
1 954 ; Balch et  al . 1 961 ; and Broster e t  al . 1 969 ) . Hut ton 
( 1 962 ) concluded that for c ows in mid-lactation the limiting factors 

t o  milk production were immediate post calving feeding and inherent 
potential . However line and Westgarth ( 1 971 ) found tha t ,  when they 
reduced the rations of groups of cows in mid-lactation for 20 weeks , 

t�� t the ereator the rate  of reduction the lower were the milk 

yield and liveweight gain over the experimenta l period  and that 
the 1)ercentage de cline in yield was linearly and positively related 
to the percentage reduc tion in fo od intake . Homb et al .  ( 1 965 ) 

reported that high yielding cows could be  underfed for long periods 

without a fall in milk yield , at  low levels of intake however c onsiderable 
losses in weight would occur. The relatively poor response to  
supplementary feeding of c ows in mid-lactation and their tendancy 

to increase in liveweight rather  than milk yield may partly account 
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for the . fact that the maize group , over the relatively short peri od 

of this expe riment , did not respond more favourably and main ta in milk 

yield better even though they appeared to be increasing in li ve1veight . 

The c ontrol group however may have used the apparent losses in 

live:reight to help maintain milk yield when feed supply became les s 

p1.e ;1tiful in the second half of the experiment , t o  the extent tha t 

tte highest yielders in the control group maintained their milk 

yield as  well as the high yielders in the maize  group . 

4 .  5 PllAC'L'ICAL CON SIDEHATI O NS 

No difficulties were encountered in the feeding of the greenfeed 

maize in the paddock. It app eared to be ac ceptable to all  the c ows 

in the herd . Utilisatio:t1 in the p8.ddock was satisfac tory at 

76 . 5% and if necessary could have been improved by reduc ing the 

alJ.c>·tlance somewhat and allmving acce ss  to the refused mai z e  in future 

feeds rather than collecting and weighing it . Howeve r ,  the intenti on 

in "c'h is expe riment was to permit maximum intake of greenfe ed r:�aize  

r11 t:18r than maximise utilisation . During the experiment it was 

ot3orved that the best me thod of feeding the maize  in the paddock 

was to place an ele ctrified vrire down the centre of the narrow strip 

of cut mai ze . This allowed the c ows to  feed eas ily wi th the 

minimum of trampling and fouling of the fresh maize . 

At the end of the experiment the cont rol  group had completed two 

rotations on their farmlet , the first in 1 9  days and the second in 

1 2  days . Weather conditions were generally dry and fine and grass 

gro ;-rth was very slow. Continuing the experiment would have meant 

ei t]1·� � a substantial loss in mi lk yie ld and/or l iveweight in the 

co�trol group unless a supplement was introduced or i t  would have 

required some o f  the cows to have been dried off and removed from 

the experime nt . The maize  group, however , had only s tarted their  

second rotation and had a c onsiderable  amount of  herbage on  their 

farmlet . The introduction of  a supplement then permitted an increase 

in the rotation length leading to a better distribution of the 

available  p"ls ture herbage over the period when growth was reduced 

by Summer drought o 



4 . 6  CONCLUSIONS : 
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The results of this experiment are in close agreement with the 

reported results of Davies ( 1 96 1  ) , Bartlett ( 1 971 ) and Hut ton ( 1 973 ) 

and ( 1 975 ) .  

The value of greenfeed maize  as a Summer supplement is thnt 
( i ) It provides a high yield o f  D M at a time when 

grazing herbage supply may be inadequate . 
( i i )  It is highly digestible . 

( ii i_ ) It  is readily acceptable t o  d�iry cows and intake 
does not appear to be l imited . 

( iv ) It will help maintain milk yield and liveweight when 

pasture supply is limited  in quantity and deteriorating 
in q w l i ty . 

( v ) Supplementation allo'irs a better distribution of s carc e  

p.::.sture herbage over the Summer dry period with the 

po3slbility of less overgrazing. This may aid the 
roco·,r·'?ry of pasture when Autum.>1 rains come . The 

evidence presented in this thesis  supports all these 
poi.nt:J . 



CROP A .  

CROP B .  
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APPENDIX I 

De b1i l s  of Green feed Mni 7. e Crops 

Date of sowing 

Seciinc Rate 

Fc�tilizer applied 

Insecticides 

He:::-bicides 

Rmr Width 

Date of s owing 

Seeding rate  
Fertilizer applied  

Insocticides 

Ro-,_,. Width 

5th November 1 975 

1 70 ke/ha 

1 25 kc;/ha " Cropmaster" 

co:n:pound ( 6N : 6P : 4K) 

"Lannate "  to control 

Arsentine Stem Weevil 

MCPA at 1 . 41/ha 

1 5  cm 

25th November 1 975 

1 70 kg/ha 

200 kg/ha of  B% Superphosphate 

Lannate to control Argentine 
S ten \ve evil 

30 cm 



APPEND IX I I  
--

EXPE:?. U'!Eli 'l'AL C O\vS 

CONTROL r·iAIZE 

eo·�� N O .  AGE DATE OF COvl N O .  AGE DATE OF YI ELD l YIELD l 

CALVIN G  CALVING to 2 5L1 1 L1 5  1 211[12 
1 58 5 6/8/75 2 26 6  1 77 5 6/8/7 5 ?341 4 5 0 1  

1 92 5 26/7/75 1 9 1 9  375 1  93 7 2 6/7175 2208 401 1 

67 3 1 0/8/75 2 1 06 23 50 (mrc ) 1 23 3 1 /8/75 2046 21 58 

1 27 6 2 6/7/75 2603 485 6 1 29 6 23/7/75 2576 4067 

1 0 3 1 /8/75 1 772 24 1 5 1 5 9 3 28/7/75 1 78 3  2344 

1 20 7 6/8/75 2679 5 1 28 5 7 7/8/75 2608 4 701 

2 1  8 3/8/75 2 6 98 5549 99 8 31 /7/7 5 2526 5727 

1 1 1  1 0  9/8/7 5 1 95 6  3640 1 24 1 0  1 0/8/75 2033 3892 

1 80 4 1 0/8/7 5 2 1 5 6  473 1 1 6 5 5 2 1 /8/75 21 37 5024 

39 7 1 5/8/75 2049 404 5 70 7 5/8/7 5 1 960 5 336 

94 7 24/8/7 5  2366 441 9 95 7 1 1 /8/75 2342 3607 

58 5 28/8/75 1 902 4 68 1  1 6 6  3 1 5/8/75 1 888 1 696 (mrc ) 
1 1 7  7 1 4/9/7 5 1 6 1 2  376 1 48 9 1 /9/75 1 744 3931 

8 5  8 1 9/8/75 2 1 80 4 6 60 80 7 2 9/8/75 1 5 1 4  3073 
1 1 2 3 1 7/9/75 1 270 1 880 1 54 3 1 6/9/75 1 29 1  2 251  

7 7  3 26/9/75 985 1 544 1 8 6 3 26/9/7 5 1 070 2 1 92 ( RWC ) 

1 1 0 4 6/1 0/75 682 3489 1 9  3 7/1 0/7 5 75 9 344 5 

1 49 4 8/1 0/75 900 3279 1 60 4 28/9/7 5 1 093 281 7 

56 2 1 3/7/75 2 2 98 - 37 2 1 8/7/75 2298 
9/9/7 5 1 4/8/75 

(X) 
87 2 1 1 26 - 225 2 1 42 7  - \Jl 

. 

TOTAL 3 7 5 2 5  6 1 828 ( 1 6 )  37644 60885 ( 1 6 )  
YIELD/COil'i 1 876 3864 ( 1 6 ) 1 882 380 5 ( 1 6 )  
RWC - Rill\ \VITH CALVES PRI OR TO END OF LACTATION ,  S O  RECORD INCOMPLETE 



BALA..�CE I 

DATE SHEEP MAI ZE 
OFFERED ( g) 

1 9/2/76 1 2 , 800 
2 3 , 000 
3 3 , 000 

20/2/76 1 2 , 800 
2 3 , 000 
3 3 , 000 

21 /2/76 1 2 , 800 

2 3 , 000 
3 3 , 000 

22/2/7 6  1 2 , 800 
2 3 , 000 
3 3 , 000 

23/2/7 6 1 2 , 800 
2 3 , 000 
3 3 , 000 

24/2/76 1 2 , 800 

2 3 , 000 
3 3 , 000 

2 5/2/7 6 1 2 , 800 
2 3 , 000 
3 3 , 000 

AP�DI X  I II 

I N  VIVO D I GE STI BI LITY OF GREENFEED f•:A IZE 

DM C ONTENT REFUSALS Di'I C ONTENT DH 
OF HAI ZE (%) ( g) OF REFUSALS ( g) OFFERED ( g )  

1 7 . 1  200 1 5  . o  478 . 8 
1 1  0 0 5 1 3 
1 1  0 0 5 1 3 

1 6 . 3  87 1 6 . 1  4 5 6 . 4  
11 0 0 489 
11  0 0 489 

1 5 . 2 1 64 1 6 . 5  425 . 6 
1 1  0 0 4 5 6  
11  0 0 456 

1 3 . 4  1 1 6  1 5 .  5 375 . 2  
1 1  0 0 402 
11  0 0 402 

21 . 9  67 1 7 . 9 6 1 3 . 2 
11 0 0 6 57 
1 1  0 0 657 

9 . 2 1 64 1 5 .  9 2 57 . 6  
1 1  0 0 276 
1 1  0 0 276 

1 3 . 7 1 87 1 3 . 9 383 . 6 
1 1  0 0 41 1 
1 1  0 0 41 1 

DM DM 
REFUSED ( g )  INTAKE ( g ) 

30 448 . 8  
0 51 3 
0 51 3  

1 4  442 . 4  
0 489 
0 489 

27 398 . 6  
0 456 
0 456 

1 8  357 . 2  
0 402 
0 402 

1 2  601 . 2 
0 6 57 
0 657 

26 231 . 6  
0 276 
0 276 

26 3 57 . 6  
0 4 1 1 CO m 

. 

0 41 1 



APPEND I X  I I I ( contd . )  

26/2/76 1 2 , 800 1 3 . 5 78 
2 3 , 000 " 0 
3 3 , 000 " 0 

27/2/76 1 2 , 800 1 5  . o  1 27 
2 3 , 000 " 0 
3 3 , 000 " 0 

1 7 . 9  3 78 
0 405 
0 405 

1 6 . 5 420 
0 4 50 
0 4 50 

1 4  
0 
0 

2 1  
0 
0 

364 
405 
405 
3 9 9  
4 50 
450 

(X) 
-.J 
. 



Fae ces C olle ction 

Sheep 1tlt . of \vt . of Bucket \H.  of 

I 
DM % 

Bucket (g ) and Faeces ( g )  Fae ces (Fet ) ( g )  A B 

1 1 079 31 07 2028 42 . 1 42 .0 

2 1 1 6 5 5045 3880 25 . 3  24 . 9  

3 1 1 66 9577 841 1 1 5 . 0  1 5 . 3 

Fae ces D M Determinati ons ( 2 samples/sheep ) 

Sheep Tray Wt • . (g) Tray + Fae ces (We t ) (g) Tray + Fae c e s  ( D ry ) ( g )  
A B A B A B 

1 1 35 1 42 31 8  404 2 1 2 2 5 2  

2 1 43 1 42 586 623 255 262  

3 1 28 1 51 1 227 1 278 293 323 

·· -

Mem1 

Fae ce s  DM (g) 
852 .8 

973 . 9  

1 274 . 3  

Fae ces 1tlet ( g ) 
A B 

1 83 262 

443 481 

1 099 1 1 2 7  

Fae c e s  Dry (g) 
A 

77  
1 1 2  

1 65 

... _, . 

B 

1 1 0 

1 20 

1 72 

(X) 
(X) 

. 



Faeces Ash Determinations ( 2  samples/sheep ) 

Sheep 

2 

3 

Sheep 1 

Sheep 2 

Sheep 3 

Crucible No o Crucible Crucible + Crucib le + 
vlt .  ( g )  Faeces , Wet ( g) Faeces , Dry ( g ) 

1 25 .722 1 28 . 321 0 26 . 8240 

2 24 . 8954 27 . 8445 26 . 1 4 58 

3 23 .7642  2 9 . 3 1 2 3  2 5 . 1 842  

4 23 .81 36 28 . 9525 2 5 . 1 291  

5 25 . 4503 32 . 9496 26 . 7327 

6 25 . 9845 32 . 55 23 27 . 1 076  

D M intake = 3600 .4 g .  0 M intake = 3290 g. 

0 M in Faeces = 733 .4 go 
Diges tibility of the 0 M 

D M intake = 4059 .0  g 

0 M in Faec e s  = 81 8 . 1  

Digestibility of the 0 M 

= 2220.8  - 7d2•4 1 00 
3290 . 8 X -1-

0 M intake = 3709 . 9g 

= 2102. 2 - 81 8 . 1  1 00 
3709 . 9 X 1 

= 

= 

D M intake = 4059 . 0  g .  0 M intake = 3709 . 9 g . 

77 . 7% 

77 .C]%  

0 M in Faeces 1 088 . 3  g. 

Digestibility of the 0 M = 2709.9 - 1 038 .3 1 00 
3709 . 9 x -1 = 70 . 7% 

After Ash Ash 
Ashing ( g )  (%) % of D M 

2 5 . 8781 6 .0 1 4 . 0  

2 5 . 0681 5 .86 

23 . 99 1 8 4 . 1 1 6. 0  

24 .0269 4 . 1 5 

2 5 . 6340 2 . 45 1 4 . 6 

26 . 1 504 2 . 53 

Hean Diges tibility of OM in Greenfeed i•Iaize Duri ng Balance I =  75 . 4% SE = .±  2 . 37 

en 
\.0 . 



BALANCE I I  

DATE SHEEP MAIZE DM CONTENT REFUSALS DM CONTENT DM DM DM 
OFFERED (g )  OF I•1AIZE (%) (g)  OF REFUSALS (%) OFFER�D (g )  REFUSED (g )  INTAKE ( g )  

29/2/76 1 3 , 560 1 6 . 7% 4 1 9 1 6 .  7 594 . 5  70 524 . 5  

2 4 , 000 11  29 24 . 1  668 7 66 1 

3 4 , 000 1 1  74 24 . 3  668 1 8  6 50 

1 /3/76 1 3 , 560 1 6 . 3% 508 1 3 .8 580 . 3 70 51 0 . 3  
2 4 , 000 11 3 95 1 3 . 9  652 55 597 

3 4 , 000 11 474 1 3 . 5  6 52 64 588 

2/3/76 1 3 , 5 60 1 5 . o% 300 1 6 . 7  534 50 484 

2 4 , 000 1 1  223 1 2 . 6  600 28 572 

3 4 , 000 1 1  1 4 1 2  1 3 . 9  600 1 96 404 
3/3/76 1 3 , 560 1 6 . 1 %  308 1 4 . 9  573 . 2  46 527 . 2  

2 4 , 000 11  435 1 4 . 7  644 64 580 

3 4 , 000 1 1  1 222 1 3 . 6 644 1 66 478 

4/3/76 1 3 , 560 1 6 . 2% 1 1 8 1 9 . 5  576 . 7  23 553 . 7  

2 4 , 000 11  349 1 6 . 9  648 59 589 

3 4 , 000 1 1  781 1 6 .4 648 1 28 520 

5/3/76 1 3 , 560 1 5 . 9% 545 1 6 . 1 566 88 478 

2 4 , 000 " 7 28 . 6 636 2 634 

3 4 , 000 1 1  659 1 5 . 6  636 1 03 533 

6/3/76 1 3 , 560 1 6 .8% 1 045 1 5 . 7  598 . 1  1 64 434 . 1  

2 4 , 000 1 1  21 3 1 6 . 9  672 36 636 

3 4 , 000 " 1 1 51 1 5 . 3  672 1 76 496 \..0 

7/3/76 1 6 . 7% 
0 

1 3 , 560 571 1 6 . 3  5 94 . 5 93 501 . 5  . 



BALANCE I I  ( contd . )  

7/3/76 2 4 , 000 1 6 . 7% 1 75 1 6  . o  6 68 28 640 

3 4 , 000 " 1 1 08 1 5 . 1 668 1 67 501 

8/3/76 1 3 , 5 60 1 8 . 8% 323 1 8 . 6  669 . 3  60 609 . 3  

2 4 , 000 " 587 1 7 . 6  752 1 00 652 

3 4 , 000 " 997 1 7  . o  7 52 1 76 576 

9/3/76 1 3 , 560 1 8 . 1 % 558 1 8 . 6  644 . 4  1 04 540 . 4  

2 4 , 000 " 562 1 7 . 6  724 99 625 

3 4 , 000 " 1 024 1 8 . 5  7 24 1 89 535 

\.0 -'" 



Faeces Colle ction 

Sheep ut . of  Wt . of  Bucket Wt . of  D r� .  % Nean 
B'.lcket (g )  + Faeces ( g )  Faeces , \<let ( g )  A B Faeces D fl[ ( g )  

1 1 82 5396 421 4 3 5 . 3  3 5 . 3  1 487 0 5 

2 1 1 76 9500 8324 24 . 2  24 . 2  201 4 o 4  

3 1 1 42 8096 6954 24 . 8  24 . 9  1 728 . 0  

Faeces D r� Determine.tions ( 2 samples/sheep ) 

Sheep Tray 1-lt . ( g) Tray + Faece s ,  1-le t ( g )  Tray + Faece s ,  Dry( g )  Faeces ,Wet (g )  Fe.eces , Dry ( g) 
A B A B A B A B A B 

1 1 52 1 39 552 524 293 275 400 385 ; ..;. 1 1 36 

2 1 42 1 35 738 788 286 293 596 653 1 44 1 53 

3 1 33 1 30 757 781 288 292 624 6 51 1 55 1 6 2 

- - -- · -

Faeces Ash Deteroinations ( 2 samples/sheep ) 

Sheep Crucibl e  No . Crucible Crucible + Crucible + After Ash Ash 
Wt o (g)  Faeces , \ve t  (g)  Faece s ,  Dry ( g) Ashint; % % of D r.: 

7 26 . 8208 29 . 1 655  27 . 6086 26 . 9234 4 . 4 1 4 . 0 

8 22 . 3254 25 . 1 728 23 . 2321 22 .4657 4 . 9  

2 9 22 . 4802 26 . 5 1 90 23 . 5 666 22 . 6350 3 .83 1 3 . 0  

1 0  27 . 9606 3 1 . 365 1  28 . 8766 28 . 0683 3 . 1 6 
I.D 

3 1 1  2 5 . 8631  3 1  . 3777 27 . 401 7 26 .0799 3 . 93 1 4 . 3  
f'0 . 

1 2  27 . 3 1 45  31 . 81 1 7  28 . 5692 27 .4948 4 .00 



Sh9ep 1 . D M intake = 51 62 .8 g . 0 T·1 intake = 4842 .7 go 

Faeces 0 M = 1 2 79 o 3  g o 

D iges tibi l i ty of the O , M .  = 4842 o7  - 1 279.3 1 00 
4842 • 7 X 1 

= 73 . 6% 

Sheep 2 .  D l\L in take = 61 86 • 0 g .  0 1·1 in take = 5802 . 5  g. 

Fae ces 0 M = 1 7 52 . 5  

D i ge st ibi lity of the 0 M = 2802 , 5 - 1 752 .5  
X 

1 00 
5802 . 5 1 

= 69 .8% 

Sheep 3 .  D M .  intake = 5281 g .  

0 M in fae ces 1 480 . 9  
Dig e s tibi l i ty of the 0 M = 

0 :!11 in take = 4953 . 6 g . 

4 9 53 • 6 - 1 4 80 • 9 
4-953 . 6 

1 00 
x -1 = 70 . 1 

Mean Dig-B stibility of 0 M in Greenfeed Jl1ai z e  During Balance 2 = 71 . -;do, SE = +  1 . 22 

LIVEWEIGHT S C? SHEEP (kg) 
Sheep 1 She ep 2 Sheep 3 

· -

Beginning of Balance I 33 . 5  31 . o 35 . 0  

End o f  Bal anc e I 32 . 5 31 . 25 34 . 25 

Beginning o f  Ba lance II 32 . 5  3 1  • 25 34 . 25 

End o f  Balance I I  32 o 7 5  3 3 . 0  34 . 75 

\..0 
\>l 
. 
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APPENDIX :J: 
ANALYSIS OF MILK YIELD DA'l'A 

Covn.ri o.n c e  Ana lys i s  o f  Milk Yi e l d  
X - Pretrio.l yield ( litres ) 

Y - Experimental  yield (litres ) 

( mean of weeks 2 , 3 , 4 and 5 )  

Control Group Maize Group 

Cow No . X y Co 'IT No . X y 

1 0  1 2 . 3  8 . 7  5 1 3 . 5  1 0 . 5  

21  1 7 . 2  1 5 . 2 1 9  1 6 . 4 1 1 . 2 

39 1 2 . 9  1 0 . 5  37 1 3 . 1  1 0 . 3  

56 1 1 . 0 8 . 8  48 1 3 . 2 1 2 . 5 
58 1 5 . 3  1 2 . 1  70 1 0 . 3 1 1 . 1 

67 1 2 0 1  9 . 6  80 1 1  • 2 1 1  . o  
77 1 1 . 3 8 . 8  9 3  1 3 . 1  1 1 . 8 

85 1 5 .7 1 3 . 0 95 1 4 . 3  1 1  .5 
87 1 1 . 6 8 .8  99 1 7 . 5  1 2 .8  

1 1  0 1 3 . 9  1 0 . 4  1 23 1 4 . 0  1 0 . 8  
1 1 1  1 4 . 2  9 . 7  1 24 1 4 .4 1 o .  6 
1 1  2 1 2 . 9  1 0 . 5  1 29 1 3 . 9  1 0 . 7  
1 1 7 1 4 . 9  1 2 .4 1 54 1 2 . 6 9 . 6  
1 20 1 4 . 9 1 3  . o  1 5 9 1 1  • 5 9 . 1  
1 27 1 4 . 9  1 1 . 4 1 60 1 5 . 5 1 2 . 9  

H 9  1 5 . 9  1 2 .  7 1 6 5 1 6 .8 1 4 . 4  
1 58 1 2 . 7  1 0 . 4  1 66 1 2 . 6  1 0 . 3  
1 80 1 4 . 5 1 1  . 8  1 77 5 . 5  9 . 7  
1 92 1 2 . 5  1 1  • 0 1 86 1 3 . 1  8 .8 

225 1 0 . 9 9 . 3  
sx 260 . 7  263 . 4  
S'.{ 208 .8  2 1 8 . 9 

:< , y 1 3 .7 1 1 . 0 1 3 .2  1 0 . 9  

sx2 3631 . 7  3600 . 4  

SY2 2351  .8 2433 . 9  

SXY 291 6 . 3 2925 .8 



OVEllALL TOTALS 

SX = 524 . 1  , SY = 427 . 7 ,  n = 39 

5842 . 1 

5747 . 6  

2 2 SX = 7232 . 1 SY = 4785 . 7 SXY = 

Less c = 7043. 1 

Sx
2 

= 1 89 

HffiiVIDUAL GR OUPS 

2 Sx 
? 

Sy-

Sxy 

S�y = b 
Sx2 

ANALYST S OF VAR IANCE 

c = 4690 .4 

Sy2 -- 95 3 0 

CONTROL 

54 . 6  

57 . 2  

5 1 . 3  

0 . 94 

9 . 0  

( 1 ) OF X the PRETRIAL YIELDS 

�1AIZE 

1 3 1 . 4  

38 . 0 

42 . 9 

0. 33 

24 .0  

Source of variance d . f . 
TOTAL 38 

BETltiEEN TREATMENT GROUP MEANS 

1-Tir.:'HIN TREATMENT GROUPS 37 

c = 

Sxy = 94 . 5  

s . s o  

1 89 

2 . 4  

1 86 . 6  

m . s .  

4 . 97 

2 .4 

5 . 04 

F = 
2 .4 

5 . 04 = 0 .48 F0 • 05 37 , 1 d. f. = 250 

difference between pretrial milk yields not s ignificant 

95 . 



( I I )  OF Y the experimental yields 

Source of variance 

Total 
BETVJEEN TRE..4.TMENT 

WI�:i:CN TREATMENT 

F = 

0 .0975 
2 . 5730 0 . 04 

GROUPS MEANS 
GROUP S 

96 . 

d . f. s . s .  m . s o  

38 95 . 3  2 . 5 

0 .0975 0 . 0975 

37 95 . 2025 2 . 5730 

F0 • 05 37 , 1 df = 2 50 

differences beh;een experimental milk yields not significant 

COMPARISONS 0� ��E R��B�SSION LINES 

DeYiations from Regre ssion 

Group d . f . si Sxy 2 b d . f . Sy s . s .  m . s .  

Control 1 8  54 . 6  5 1 . 3  57 . 2 0 . 94 1 7  9 . 0  0 . 53 

Muize 1 9 1 3 1 . 4 42 . 9 38 .0 0 . 33  1 8  24 . 0  1 . 33 

Deviations from Individual 
Rc,s·.t·'3ssions 35  33 . 0 0 .  9tJ-

Total 37 1 86 .0 94 . 2 95 . 2 0 . 5 1  

Deviations from Common 
Regression 36 47.49 1 . 32 

Differences among groups 1 4 . 49 1 4 .49 

F = 1 4 .49 = 1 5  4 0 . 94 • F0 • 0 5  1 ,  35 d . f . 4 . 1 2 

F0 . 0 1  1 ' 35 d . f o  = 7 . 39 

significant differences between the slopes of the 

reerossion linos P � 0 . 01 



" 
Ad jus ted means y 

-
Or::i_[;".�nal means X y 

Control Group 1 3 . 7  1 1  . o  
Maize Group 1 3 . 2  1 o .  9 

Overall means 1 3 . 45 1 o .  95 
A (x - � Ad j us ted mean y = y -

C ontrol 
.... 

Group y = 1 1 . 0 - o .  5 1 ( 1 3 . 7 - 1 3 . 45 ) 

= 1 1 • 0 - 0 • 1 3 = 1 0 .  87 

Mai :;; c Group 
/" 1 0 . 9 - 0 . 51 ( 1 3 . 2 - 1 3 . 45 )  Y = 

= 1 0 . 9 + 0 . 1 3 = 1 1 . 03 

AJjus ted means then for c ontrol group = 1 0 . 9  

and for maiz e  group 1 1 . 0 

Ar) ·:· i vs i s  of C overianc e  o f  Groups Us in,r; Ad.4 us ted Means 

97 . 

Devia ti on s  f rom Reere s s i on 

SJl l:'C C  d . f .  

38 

Sxy Sy2 
d . f . s . s o  m. s o  

Tota l  

Be hreen Treatment 

me3.ns 

Wi thin groups 

F = �:�� = 0 .42 

94 . 5 95 . 3 

3 . 0  0 .3 0 . 1  

37 1 86 . 0  94 • 2 95 . 2 

Be b'B'9n Groups 

37 48 . 05 

36 47 . 49  

0 . 56 

F0 •05  36 , 1 d . f .  = 250 

D if ference be tween adjus ted means n o t  signifi cant 

1 . )0 

1 . 32 

0 . 56 
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LI:��_AR REGRESSION OF EXPERir�F,N'rATJ MILK YIELD AGAINST TIME 

CmT'l'HOL GROUP 

X y y = a +  b:;c 

1 3 . 3 a = 1 3 .85  

2 1 2 . 4 b = -0 .8 1  

3 1 0 . 8  "( =  -0 . 94 

4 1 o .  3 t = -4 . 772 , t0 . 05 3 d . f .  = 3 . 1 82 

J 1 0 . 3 . correlation s ignificant . .  

Y = 1 3 .85 - 0 . 81 X 

Mai ze Group 
X y y = a + b x  

1 2 . 0 a = 1 2 . 3 

2 1 1 . 6 b = -0 . 38 

3 1 1  • 1 -r- = -0 . 92 

4 1 0 . 4 t = -4 . 1 79 t0 . 0 5  3 d .f .  = 3 . 1 82 

5 1 o .  7 • � · cor:rc la tion s ignifi cant 

y = 1 2 . 3 - 0 . 38 x 

Analys i s  of Variance 

Deviati ons from Regression 

Group 

Control 

Mai :>; e  

Total 

2 
d . f. Sx2 Sxy Sy b d . f .  

4 1 0  -8 . 1  7 .4 -0 .8 1  

4 1 0  -3 .8 1 o 7 -0 . 38 

Devia tions from Individual 
Ret;·::.·8s sions 

8 20 -1 1 • 9 9 . 1  -0 . 60 

3 

3 

6 

Deviations due t o  Common Regressions 
7 

D if��eren ces Among group Regre ss ion 
lines 

0 .84 
0 . 26 

1 • 1 0 

2 . 02 

0 . 92 

m . s .  

0 . 28 

0 . 087 

o. 1 8  

0 . 29 

0 . 92 

F -
o .  92 

- 0 . 1 8 = 5 • 1 F0 • 05 1 , 6 d . f .  = 5 . 99 

FO . I O  1 , 6  d . f. = 3 . 78 

signi ficant differences be tween 

regrGss ion l ines (P< 0 . 1 0 )  
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