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INTRODUCTION 

Under pastoral conditions, such as in New Zealand, there 

are 2 periods of the year when feed demands by livestock are frequently 

greater than that normally produced by pastures, i.e. during the 

summer - early autumn and winter . 

The roughage problem for summer feeding is jus t as important 

as for winter , but it is more commonly neglected. Most cows 

i ::variably decrease in production during the dry season and this can 

be attributed to a numb er of factors. Cows are approaching the end 

of their lactation periods and c an be expected to drop in milk flow, 

but the chief cause for t he drop in pr oduct ion is the feed shortage 

which accompan i es dried pas tures. 

During the last three summer seasons (1 • 69 - 1970 - 1971) 

in the Manawatu area, serious limitations to efficient milk production 

were due principally to the lack of summer pasture . In these drought 

seasons, most of the typical speci es of permanent pasture became semi­

dormant and thus under these conditions, farmers were fo rced either to 

feed hay , silage and/or concentrates or to use a regula r system of 

gr owing supplementary pasture crops in order to provide additional 

gr azing during the season of short per manent pasture. Summer annual 

grasses like Millet and sudangrass are very useful as supplementary 

feed crops because their period of maximum growt h occurs during the 

mid -summer months when many perennial pasture species are in production 

s lumps. 

Still under normal summer condi tions, the verage production 

of a common mixed pasture during the summer time is about 3,000 lb of 

dry matter per acre which is less than¾ of the total annual produc­

tion. Mitchell (1963) suggested that there are some tropical plants 

which could be expected to give under New Zealand conditions a ceiling 

potential for growth of over 40,000 lb of dry matter per acre per year . 

If drought periods occur frequently enough, it would seem 

th.at the i n clusion of summer annual grasses in the pasture programme 

could be considered a standard practice on many farms . However , if 

the season resulted in good pasture growth planning to preserve 



surpluses of summer crops offers the ideal solution . In some years 

this silage may be very useful in helping to overcome a pasture 

shortage later in the season . Summer crops are consldered to be more 

va luable as a mid- summer pasture crop than hay because they tend to 

be succulent and consequently there is difficulty in proper drying. 

Under these conditions , i n the present experiment, an 

evaluation of a summer annual crop (Japanese Millet) was undertaken 

to provide information on whether this forage could supply the 

adequate f oodstuffs for dairy cattle production . 
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CHAPTER ONE 

REVIEW OF LITERATURE 

Under the name Millet is included a number of species which 

are used as summer growing grain and grazing crops. Although they 

belong to different species they have some similarity in field behaviour 

(Hart, 1958). Each of the species is identified under everal differ­

ent names in different parts of the world. T ble 1.1 presents some 

of the principal Millets with their botanical and common names; they 

can be classified according to use into grazing, grain and dual purpose 

types (Hart, 1958). Most of them have been used according to 

tradition, particularly in those countries (Africa and India) which are 

centres of diversification. 

1.1. Species of Millet 

The moat commonly used Millet s pecies will be described 

taking into account plant characteristics which are more related with 

grazing conditions. 

Echinoehloa cruegalli, var. edulia. 

Among grazing t ype Millets Hart (1958) described White 

Panicum as one of the beet, while being less hardy than Japanese 

Millet. In low density stand• White Panicum ha a emi-proatrate 

growth habit which distinguiehe it fro other Mil lets, which have an 

upright habit. Although a coarse stemmed plant , it is well accepted 

by tock (Humphreys, 1965). Seed maturity ie a slow process and 

generally takes 2 to 3 weeks longer than Japanese Millet. 

chinochloa cruegalli, var. trumentacea. 

Although J apanese Millet ha finer leaves and stems than 

ite Panicu, it is not neceaearily ore palatable . Ahlrich et al., 

(1957) indicated that the leaf blades are wider and the steme are 

co raer than the average of the species. It ie a vigorous grower and 
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will tolera te temporary flooding (Humphreys, 1965). The plant can 

reach a height of up to 5 - 6 feet (Ahlrich et al . , 1957) and can mature 

in about 100 - 120 days (Hart, 1958). It is ready for grazing very 

quickly, sometimes ae s oon as 3 weeks after sowing ( Humphreys , 1965), 

however it is usually ready for grazing 4 - 6 weeks after planting 

(Douglas, 1959). Grazing is reco~mended to start (Douglas, 1959) when 

the height of the crop is 12 - 15 in., using the strip grazing method 

which enablea f~llest utilization of the crop. Under conditions of 

adequate soil fertility and weather, growth of Japanese Viillet is 

particularly rapid. During the whole season, under 0ueensland c ondi­

tions about 7 cuttings were r ecorded ( ~art, 1958 ); at Massey University 

Japanese Millet was ~razed 4 - 5 times. Table 1 . 2 i l lustrates the 

composition of the aerial parts of Japanese Mil let according to 

Cra~pton and Harris (1969). 

Japanese Millet is ca pabl e of a yi~ld in excess of 5 tons of 

dry matt0.r per acre, dependin~ on soil fertility and ~ater availability 

( Ahlric h et al., 1)67} , and whe used for silage the yield was reported 

to be clS high 1s 10 tons per acre , at the time the seeds began to fill 

(Squi r e , 1)58). 

Several varieties of Ja anese Mille t were collected in India 

and among t hem two types {25 and 46) were reported as the most promising 

varieties ( Si ngh , 1957 ). Bot~ types take about 70 days f r om sowing to 

maturity , and a re used for grain pur ~oses. Type 25 yielded 600 lb 

of grain and type 46, 1000 lb. Also Ahlrich et al ., {1967) reported 

that Japanese Millet can produce up to 800 lb of grain per acre; 

however if the crop is fertilized and irrigated seed production can 

yield in excess of one ton of grain per acre. Under dry yeare, seed 

production is drastically reduced, sometimes ae little as 100 lb per 

acre. It wne found that under Indian conditions the most suitable 
' 

time to sow Japanese Millet was the third week of June; when eeeding 

wae made 2 weeks earlier or later , the crop yield was reduced (Singh , 

1957) . 

Japanese Millet was reported ae a weed in several cultivee: 

in cotton (Rea, 1953; Swezey and Fisher, 1955); in rice (Kasahara and 

Kinoshita , 1954J Lucero, 1953; Foury, 19541 Dirven and Poerink 1955); 

in sugar beet ( Ririe , 1954; Warren, 1954) and in corn (Vengria, 1955) . 



TABLE 1.1 

Species of Millets 

BOTAN ICAL NAME USE COMMOU ~AME OT!f .. "R CO~MON :iA!'fES RF-FERENCE 

Ecbinochloa crusgalli grazing ,hi te Pa nicum Hart (1 958), Douglas (1959) , 
var . edulis Humphreys (1965) . 

Echinochloa crusgalli grazing J apanese ;·ille t Ba.rnyurd t-4illet, Hart (1 958 ) , Masefield (1955) , 
var. frumentacea and gra.in Chiwapa ~h lrich et al .,(1957) , Douglas 

(1 q59) , Crampton a nd Harris 

l 
(1 969) , Singh (1957 ) , Squire 
(1 953) , Humphreys (1965) . 

Ecbinochloa colona grain I Masefield (1955) . 
l 

Eleusine coracana grain Finger Mi l l e t 1H rican '-fillet, Hart (1 958 ) , Masefield (1955), 
Indian riillet, Ward (1 968 ) , Johnson (1 968). 
Rupoko, Rukweza , 
Nj ena , Rviyo, Ragi 

Eragroetie abyesinica grain Teff Masefield (1 955) . 

Panicum miliaceum grain French Mill e t f-1ille t Panic , Hart ( 1958 ) . 
Proso, Hog , Broom , 
Corn Millet, 
Ital i an , Foxtail, 
Hungarian, 
Siberian Millet, 
Panicum, Common 
Millet, ,':hi te 
French 

Panicum miliare grain Little Millet Nanda et al ., (1 957 , a , b) . 

"' 



TABLE 1.1 Species of Millets , continued 

-
BOTANICAL NAME U3E co:-.•1-10~1 N MF 01''{. T \;;·,,· .. ,n 14-.'~t. .:,t.:F~:;:i~:N~E 

Panicum crusgall i g rain ~asefield {1955 ) . 
--

Y&spalum Gcr obiculatum grain Masefield (1955). 
··- ·-

Pennisetum gl aueum grazing Pearl Mill et King (1947) , ~usoff et al ., 
(1 961) , Padmanabha Reddy Peta 
( 1966), ijeddy et al . , ( 1 ]65) , 
qoark et al ., f1952), Shankar I et al ., (1963) , Cr a~pton & llarrie 
( 1 '169) , Mays I'< fashko ( 1951) , 
Bur ton (1951), Cl ar k et al ., 
(1 965) , Hemken e t al ., (1962), 

I Marshall et al ., (1953) , Hiller 
et al ., (1963 , 1965) . 

-
Pennisetum glaucum grazing Stan r!illet Miller et al., (1958) , Burton & 

hybrid De V~ne (1951) , Miller et al ., 
I (1 958), 3~~kins et al .,l 195S) . 
I 
l 

Pennisetuffl glaucum grazing r· e ·1 rl :,;11 l!!t Beaty et al.,(1 965 ) , Broyles & 
var. Oahi•l I Gahi-1 f ribourg (1 959) , Rusoff et al ., 

I 
( 1 )61) . 

-
Penuis~tum spic atum grain I Bulrush l·' ill e t Masefield (1955) . 

I 

Pennisetwn typhoides grazing ! Bulrush ;,,illet l e a rl ~illet, qart (1 958) , Norman (1962 . 1963, 

I Indian Hil let, 1965) , Norman .:, Stewart ( 1964) , 
I :rorse 'i i l le t Norman ~. Phillips (1968) , Phil -

I I 
lips & fJo rman (1966) , .Burton et 
al.,(1 969) , Burton t Foraton -
TT966) , Bur ton et al ., (1969) , 
i.a.hiri et al ., ( 1965 , 1966) , Murray 
~- Ro:nyn (1 937) , Pokhriyal et al ., 
(1 g67) , Jard (1968 ) , Johnson ,4::-

( 1969) , Humphreys ( 1965) . 



TABLE 1.1. Species of Millets , continued 

BOTANICAL NAME USE CO-' MON NAME OTHER CO MMON NAMES REFERENCE 

Setaria s p hacelata Nandi Setaria Humphreys (1 965 ). 

Setaria italica - var . gr azing Ger man Mil let Broyles & Fribourg (1959), 
Stramineofructa Bail ey Kildee et a l.,(1925). 

Setaria italica grazing Nunbank Hart ( 1958). 
and grain Setaria 

Seta.ria italica grain Korean Setaria Hart (1958). 
var. purpurea 

Setaria italica grain Dwarf Setaria Hart (1958) . 
- dwarf 

Setaria italica grazing Gi ant Seta ri a Italian , Foxt ail , Hart (1 958), Kildee et al., 
- giant and grain Hungarian, (1 925), Crampton & Harris 

Siberian Millet, ( 1969 ). 
Pani cum 

\J1 
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Eleusine coracana . 

Finger Millet ie grown extensiYely in Central Africa , Southern 

India , Malaysia and China (Johnson, 19681 Masefield, 1955). It ie an 

annual plant with a high variation in height (from 10 in. to more than 

4 feet) . It is called Finger Millet because the inflorescence 

appears not unlike a human hand, with the palm upwards and the fingers 

partially contracted (Johnson , 1968) . Generally it is seeded at the 

rate of 6 - 8 lb. per acre, taking a period of 4 - 5 months to mature 

and producing about 1,200 lb . of grain per acre (Masefield, 1955). 
However under dry conditions the crop could mature more rapidly, 

taking about 4 months . Although the crop is fairly drought resistant, 

it needs aa little as ,5 in. well distributed rainfall. Johnson 

(1968) reported several insects and diseases which can produce serious 

damage to the crop. 

fanicum miliaceum. 

The stems and leaves are hardy and fibrous, which make the 

crop virtually useless ae a grazing or hay plant (Hart , 1958) . 

Setaria italica - giant. 

Although Giant Setaria is a dual purpose Millet, it provides 

relatively inferior grazing compared to the grazing typea of Millet . 

The crop takee about 105 days to mature, which provides a sufficient 

time to produce a green material1 heavy and quick grazing was 

suggested (Hart, 1958) . It waa reported as having a quick growth, 

.either with Yery early or very late aee4ing1 under some condition• it 

can be harvested 40 - 50 da1a after seeding (Kildee et al., 1925) 

which is a aborter time than that reported by Hart (1958). lhen 

uaed for grazing purpoaea it can yield from 10 to 14 tone of green 

aaterial (Kild•• et al ., 1925) , which can be obtained with a thicker 

seeding. Aerial part composition of Giant Setaria ia preaented on 

Table 1 . 2. 

Among Setaria Italica varietie• are found Common, German 
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and Hungarian which seem to be the most important . Common Millet 

yields the best quality of feed, while the German variety i coarse 

and not so palatable (Kildee et al ., 1925) . 

Setaria italica - dwarf . 

It is the quickest maturing Millet, and thus produces small 

amounts of aerial parts available as foodstuff (Hart, 1958) . 

Setaria italica, var . purpurea. 

Similar characteristics to those presented for Dwarf setaria 

led Hart (1958) to suggest that Korean Setaria be not used as grazing 

type Millet . 

detaria phacelata . 

Nandi setaria is a native plant from Nandi district of Kenya 

with an average height of 5 feet (Humphreys, 1965) . It is a very 

variable species and a number of different types have been recognised; 

from short and dense plants to tall, erect and coarse growing types . 

It has a long growing season, being more cold tolerant than general 

summer crops. It stays green and succulent well into the winter and 

comes away early in the spring (under Australian conditions). Under 

irrigated conditions Humphreys (1965) reported that yields of up to 

11 tons of dry matter per hectare per year have been recorded . 

Pennisetum glaucum. 

Pearl Millet is a com on Millet crop used under U. S . A. 

conditions. Pearl illet has upright habit growth and will nor ally 

ttain a height ot 6 to 10 feet at atur1ty . Le vea are nor ally 

about one inch wid nd two to thtee feet long (Ru ott et al., 1961) . 

Aerial part compo ition is presented on T ble 1. 2 . 

Perl Millet is described by Mays and Washko (1961) as the 

type of illet moat desirable tor pa ture in that it ia higher 
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TABLE 1.2 

Chemical composition and nutritive value of 

aome important Millets 

(Adapted from Cr mpton and H rria, 1969) 

CHEMICAL COMPOSITION 

(on dry matter basis) Japanese Millet Pearl Millet Giant Setaria 

Dry matter(%) 22.7 (13)• 20.7 (9) 2?.1 (18) 

Ash ( %) 8.4 ( 16) 9.1 ( 12) 9.1 (25) 

Crude fiber( %) 29.9 (?) 31 .2 (8 ) 31.0 (7) 

Ether extract on 2.7 (10) 2.8 (22) 2.7 ( 15) 

N. F.E . ( %) 50 .0 46.9 
I 

47.0 

Crude Protein (%) 9.0 (35) 10.0 (19) 10.2 ( 14) 

DIGESTIBILITY COEFFICIENTS 
t 
I 

(l, ) (cattle) 61.11 62.00 
j 

64~71 Di g . C.protein I 
l 
j 

Dig. C.protein (%) (sheep) • 50.00 63.00 60.78 
' . 
I ' 
' Dig . Energy kcal/kg (cattle) j 2822 2?34 2822 
j 

Dig. Energy kcal/kg (sheep) I 2690 2866 27:,4 

Met . Energy kcal/kg (c ttle) 2314 2242 2,514 

Met. Energy kcal/kg (sheep) 2206 2350 2242 

'1'01'AL DIGESTI LE NUTRIENTS 00 

Cattl 64 62 64 

Shep 61 6,5 62 

• Coefficient of variation(~) 
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yielding and produces more aftermath than other millets. If allowed 

to mature, it is a tall growing, coarse stemmed plant but is relatively 

fine-stemmed and succulent if pastured early. 

Pennisetum glauoum, hybrid. 

Starr Millet is an improved variety of Pearl Millet which is 

leafier, has shorter internodos and matures later than Pearl Millet 

( Burton and De Vane, 1951). 

Pennisetum glaucum, var. Gahi-1. 

Gahi-1 Pearl Millet is another Pennisetum glaucum hybrid; 

4 inbred lines were involved in the production ot this hybrid. It 

is characterized by abundant leaves production and by good seedling 

vigour; it is later maturing and more productive than common Pearl 

Hillet. Gahi-1 Pearl Millet ie quick to establish and drought 

resistant , it recovers rapidly after grazing or clipping and produces 

h i ghl y palatable, ~utritious forage (Russoff et al., 1961, Hart and 

Burton , 1~65) . Gahi-1 Pearl Millet yielded nearly 3 times (21.457 lb 

D. M./acre) than the stabilized synthetic variety , Starr ?earl Millet 

which produced 7 .194 lb D. M./acre (Burton , 1~59). 

Penniaeturu typhoideum. 

Bulrush Mill et is commonly planted i n Africa , India and 

particularly in the south-eastern states of U.S.A. where it ia the 

highest yielding su1111er annual forage orop. In Africa and India it ie 

cultivated on over 35 million acres and ie primarily used for human food 

(Begg, 19651 Burton and Forston, 19661 Hart and Burton, 1965). 
Under dry conditions grain yield ia as low as }00 - 600 kg grain/Ra, 

however under irrigation yield• are relatively higher, 1100 to 1700 kg 

grai.n/Ha (Begg, 1965). Straw production ie aleo reported to be 

extremely low (1100 - 2200 ~« atraw/lla) under drought ••••on, however 

they produce nearly double c,,oo - 4500 kg straw/Ha.) under i rrigated 

condition•. According to B8e8 (1965 ) Bulruah Millet can produce a 
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yield of 62.?00 kg of silage per hectare which is considered very 

good yield. 

Bulrush Millet is described as a tall, succulent, annual 

fodder crop with a very high potential for dry matter production and 

for the uptak of available nitrogen (Norman and Stewart, 1964). It 

is relatively coarse plant with a higher water requirement compared 

with other Millets (Johnson, 1969). It usually reaches a height of 

6 to 10 feet when mature which take about 3 and a half to 5 months 

( Masefield, 1955). However the species is vari ble with respect to 

height, tiller number, pubescence of leaf-blade and sheath, and 

length of inflorescence. 

The maximum leaf are index is reached in about 7 weeks from 

emergence (Norman and Begg, 1968) and the highest growth potential 

falls in the 7 to 14 week period. Antheeie occurs from 8 to 10 weeks 

after plan t ing ; hot, dry weather is needed for flowering and seed-set. 

The optimum ten,perature for net photosynthesis is 86°F to 95°F. 

A variety selected under Australian conditions ( Katherine 

region ) has given an average annual dry matter yield of nearly 12.000 

lb/acre. Crude protein yield varies in accordance with the nitrogen 

status of the soil and when grown after a legume but without N 

fertilizer the average ie approximately 600 lb/ ere, though figures of 

over 1000 lb/acre have been recorded. 

Quality of Bulrush Millet, as it can be described by its 

cb mical composition and digestible coefficient has been improTed by 

i trojucing dwarf g~ne into his genetical mater ial (Burton and Forston, 

1966). The dwarf g ne produced an increase inlet~ by s hortening 

internode length, the content of crude protein, ether xtract and 

nitro en free xtract in the forage (Burton et al., 1969). Aleo the 

introduction of dwarf gene r duced rate of rowth, pl nt height and 

dry matter yields wi thout otherwiee affecting the app arance of the 

plant. Ap rt from theee reduction•, the r eponae of anim 1 fed with 

dwarf plants••• reater than the r apona of ani al fed th t 11 

Millet plants wh n both plants were cut at 74 day tter pl ting. 

Dairy hei~era ate 21 ~ ore dwarf forage, gained 49 • fa ter and 

produced a uch gain per h ctr s heifer• i ilarly fe with tall 

forage . 
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Several diseases were reported to attack Bulrush Millet 

and among them Clavicepe tueiformia was indicated as the more important 

(Johnson, 1969) . 
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Productivity ot Millets 

Among plant characteristics, dry matter and crude protein 

yield are commonly taken as indices ot herbage value in relation to 

livestock. Some authors preter to express crop yield as total 

digestible nutrients (TDN). From the t i ndinge of Faires et al ., 

(1941) , Pearl Millet produced an average of 1420 lb of TDN per acre , 

ranging from 959 to 1950 lb TDN/acre/year; expressing the result on 

D. M. yield, 3,394 lb/acre waa obtained. The grazing period extended 

over 109 days, euppling the bulk of material in mid and late summer 

which permitted 4 grazinga . The crop was uniformly distributed 

throughout the grazing season which produced enough material to main­

tain an average ?8 cows - day per acre for the whole season . 

Chemical composition at the time of grazing tor the 4 cuttings , 

i ndicated an aYerage level for crude protein content ot 10. 14% and 

for crude fibre content of 31 . 24%. On the evidence of Faries et al. , 

(1941) plants were more nutritious in the early periods of seasonal 

growth which agreed with other results reported on secti on 1 . 4 . 

In Mi nnesota, several Millets species were tested during 

the dry season ( Arny et al ., 1946) . Hay yields of Millet had a 

h i gher production than those tor Sudan, Soybean or oats. Among 

Millet species, several varieties within 3 groups (foxtail, proso 

Millet and Japanese Millet) were r ecorded (Table 1 . ,) . 

In general hay yields of all proaos millet were somewhat 

lower than the foxtail Yariet ies; Japanese Millet was among 

the loweat yielde . 
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TABLE 1.} 

Hay Millet Yields 

(Adapted from Arny et al., 1946) 

- - height (in) Variety Group X hay yield ,c 

German foxtail 3.1 tons/acre 3? 
Empire foxtail 3 • .5 38 
Golden foxtail 2.9 36 

Red Siberian foxtail 3.0 :55 

Hungarian foxtail 2.6 33 

Red Turghai Prose millet 2.7 35 

Crown Pr oso millet 2.7 36 
Yellow Mani toba Prose millet 2.7 38 
Black Voronezh Proao millet 2. 5 42 

Japanese Millet Proeo millet 2.6 42 

Roark et a l., (1952), Arnold (1 956) and Blout {1 956) indi­

cated that Starr Pearl ~illet produced more green forage than Tift 

Sudangrasei however Miles et al ., (1956) found that the latter 

produced 15~ more gree~ matter and 5% more dr7 matter than Starr 

Pearl Millet. Roark et al., (1 952) pointed out that Pearl Millet 

produced 1660 lb TDN/acre while Tift audangraaa supplied 490 lb 

1'Dt{/acre. In grazing studies Miles et al., (1956) obtained 56~ more 

TDN/acre and a lower cost per pound of TDN from the eudangraae than 

the Millets al.so audangrua had a higher quality grazing crop than 

Millet tor dairy cowo. The differences between thia experiment and 

t ho•• of Roark et al ., Arnold and Blout were attributed principally 

to differences in the stage at which the two apecl•• were harvested, 

being the earlier etage of growth more fayourable for eudangraas than 
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tor Millet. On the other hand, Ronningen et al., (1955) comparing 

Pearl Millet a.nd Tift Sudangra.ee during the firat experimental year 

found that the former produced nearly 1~ more than the audangrasa, 

howeyer in the second year, the Millet was the lowest producer. 

Gahi-1 Pearl Millet planted in wide rows (24 in - or 36 in) 

yield more than Millet planted in 7 inch rows, particularly in those 

rainy years (Bart and Burton, 1965). During dry years, there were 

only small differences . However, contrary to the above results 

Craigmiles et al. , (1958) reported that Starr Millet produced higher 

yields in 7 inch drill rows than in '6 inch rows, but rainfall was 

adequate or excessive in all experimental years eo the superiority ot 
wide rows in drought periods was not apparent. Decreasing the row 

spacing and increasing the seeding rate, Hart and Burton (196 ~) 
indicated that plants produced more leafy forage because atoms were 

smaller in diameter as the plants became more crowded. There was no 

effect or row spacing on dry matter digestibility; all treatments 

having the same value (61~) . Craigmiles et al. suggested that row 

seeding has some advantages because it is possible to obtain better 

weed control , leas seed is required per acre, and there is less waste 

forage from trampling since animals tend to walk between the rows 

while grazing . 

In Connecticut, Brown (1924) (cited by Jung and Reid, 1966) 

compared yields obtained from Japanese Millet, soybeans, eudangrass 

or mixtures over a 3 year experiment; Japanese Millet yielded more 

than any of the other species or mixtures. Odland et al. , (1942) 

studied the adaptation of Japanese Millet as a supplementary pasture . 

It was planted at 5 dates (from 20th of May to 15th of June) and 

ha"eated when reached a reasonable grasing stage. Japanese Millet 

planted during June proYided the highest grazing period and yield of 

dry matter . 

Onl7 three experiment• under New Zealand condition• on 

Japan••• Millet productiTity baTe been reporte4. The Millet waa 

coapared with other aummer crop• , particularly with audangraas and 

aaiae, and indicated a Yariable reaponae . During the firet 

experiaent (Lynch, 1966) Japan••• Millet wu aee4e4 on 20/ 11/ 65 at 
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the rate of 20 lb/acre. At the firat cut (10/1/66) produced a yield 

of 3430 lb D. M./acre, boweYer it had a poor response after grasing 

and no infol'lllation after the 2nd cutting was obtained. Wh en Japanese 

Millet was fertilised with 2 cwt. of sulphate of ammonia, yield was 

increased until 4320 lb D. M./acre. In the same report, Lynch (1966) 
presented a new approach with Japanese Millet where it was aeeded at 

the same time and rate as previously reported. Although in this 

caae the crop was cut twice (10/11/66 and 11/2/66) produced less 

amount than previouBly wae indicated (2300 and 2500 lb D. M./acre 

respectively for 1st and 2nd cut). Japanese Millet produced a 

higher yield than maize but it was overyield by sudan hybrid which 

obtained near 6000 lb D. H./acre under 3 cuttings during the whole 

season. 

A sec ond report (Lynch, 1968) from Ruakur a was presented 

with a new information on Japanese Millet. Here again the crop was 

compared with sudangrasa hybrid and maize , planted on different areas 

of New Zealand. Dry matter yiald of J~pane~e Millet v~ried from 

2860 lb/acre which was the loweat yield until 8360 lb, depending on 

the type of soil and climate c onditions under the area tested. 

Always firat growth produced a higher yield than regrowth, which 

s ometimes was higher than eudangra~a, however there was not a uniform 

response. From the find i ngs of Lynch (1968) it appears that Japanese 

Millet produces less than sudangrass, however the differences between 

crops were not bigger than 1000 lb dry matter per acre for the whole 

season. In a new research report from New Zealand Department of 

Agriculture (Honore, 1967) Japanese Millet, 5 eudangrassee and maize 

were compared. All crops were seeded on 2/12/66 and first and 
second cut were reported to be made on 28/2/67 and 19/4/67 respeotiYely. 

At the first cutting Japanese Millet produced the highest yield 

(62,0 lb D.M./aore), howeYer the recoYery waa lower, being outyielded 

tor the other sudangraaa at the aecond cutting. Japaneae Millet 

response during regrowth had a sillilar pattern than that previouel1 

reported br Lynch (1968). Sudangraaa produced the higheat yield ot 

dry matter (89,0 lb D. M./acre) being for Japan••• Millet 700 lb leea. 

Bulrush Millet ha• been proye4 the most productive and 

Yeraatile annual forage ot those teated at Katherine (Norman, 1966). 
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The average dry matt r yield over 11 years was 11.540 lb/acre and had 

a mean deviation from the mean of 23•• It wae found correlation ot 
-"' r • 0.76 between dry matter yield and total annual rainfall (Norman 

and Begg , 1968). The first full scale growth and development study 

of Bulrush Millet was made by Begg (1965) using Katherine Pearl Millet. 

The growth and recovery from defoliation wae measured under a first 

harvest aeries of treatments similar to that present in the experim nt 

of Phillipa and Norman (1 96?). Begg (1965) recorded a maximum dry 

matter yield 16 weeks from emergence of 21.735 kg/ha. During weeks 

12 and 13, the crop incre sed in dry matter yield at a rate of 480 

lb/acre/day. On the evidence of Phillips and Norman (196~), maximum 

rate of growth was reached in weeks 9 and 10, but did not exceed 242 

lb/acre/day. According to Begg (1965) full light interc ption waa 

obtained at the 5th week, after that there was a marked increas e in 

dry matter production , internode length and leaf area index (maximum 

value was 9 reached at the 7th week). In the same experiment, 

regrowth yielde were higher when the harvest of firet out was made at 

an early stage (3 - 4 weeks after emergence) when the apical meristem 

was below the cutting height, rather than later. The ame pattern 

during regrowth was reported by Phillips and Norman (1967). From the 

findings of Begg (1965) at all maturity stages the leaves, both green 

and dry, contain d a higher percentage of nitrogen than the stems. 

The nitrogen~ in the green leaves and steme increased during the 4th 

and 5th weeks, then decreased during the following harvests. A peak 

yield for the whole plant of 215 kg nitrogen/ha. was recorded 9 weeks 

after emergence and the yield remained about this level for the 

remainder of the harvesting period. 

Phillips and Norman (1962) reported the effect of} different 

preceding crops (peanuts, cotton and sorghum) on Bulruah Millet 

production. Th• preceding crop did not effect the dry m tter yield 

of ulruah Millet but the nitrogen yield of Millet following peanuts 

wu half aa high again aa that following cotton or orghwa. A 

1m1lar experiment •aa ade the following year (Phillipa and Norman , 

1962)1 dry atter, nitro en content ud nitrogen yield of Millet 

were h1gheat after peanut and loweat after eorgh , with value• cotton 

intermediate. The results troa theae two ezperiaente ten to •how 
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that sequence effects on Bulrush Millet are largely attributable to 

differences in residual aTailable nitrogen. 

The mean growing period of Pennisetum typhoidea waa reported 

to be 21 weeks (Phillipa and Norman, 1966). Dry matter yield waa 

asaociated with differences in soil water storage and presumably the 

reeulte are depending on ploughing treatments. When a primary land 

preparation wae made during the dry season (June) it was found a very 

small effect on dry matter yield, howeTer when the preparation was 

made early in the wet season, a significant effect was obaerTed and also 

more water was stored in the soil. With inter-row cultivation dry 

~atter yield was also increased. As in general high nitrogen content 

waa associated with low dry matter yield, the aboTe treatments no 

increased forage nitrogen content. Thie experiment (Phillipe and 

Norman, 1966) showed that variation in the depth and time of chisel 

ploughing appears to influence crop growth, and that, in the cultiva­

tion of Bulrush Mi l let there was little to be gained by shallow 

ploughing in the dry season or by more than one inter-row cultivation. 

The effect of time of sowing on Millet growth was reported 

by Nanda et al., (1 957 a,b). In the first experiment two millet 

species were considered (Setaria italica and Pa.nicum miliaceum) which 

were sown at 4 and 3 different dates respectively, at intervals of 35 

days one to the other. During the second experiment the latest two 

specie• were again used plus Japanese Millet and two other Millets 

graina1 all species were sown at fiYe different date• ueing the aame 

interTals aa in experiment one. The same reaponeee were obaerTed on 

both experiaentaa the vegetative period of the main ehoot wu 

progreeaiTely reduced with the time of aowing. '?hi• reduotion on the 

TegetatiTe period wae also accompanied with a progreaaive reduction in 

the Tegetative growth as measured by clJ7 weight of plant. From the 

finding• of Manda et al. it appear• that enTironmental condition• 

goYen the•• change• in the growth of the plant . 'l'hua change• in th• 

light and temperature condition• might change aoae plant characteriatioa 

euoh as the growth rate, steam to leaf ratio, leaf ahape, •is• and 

number. It appear• that the complex of enYiro11111ental condition• 

aYailabl• to plants aown on later datei• more favourable for the 

completion ot d•••lopaent at a tuter rate. Aleo it wu obeerTed 
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that stem elongation was determinated by the length of the vegetative 

period. With l te sowing, stem elongation tarted earlier and was 

faster, while delaying the onset of flowering by earlier sowing stem 

elongation •as retarded. Apparently Nanda et al. suggested that no 

stem growth takes place in these Millets as long as the growing points 

remain in vegetative conditions. The stem growth appears to be 

initiated after the growing points have changed from the vegetative to 

the reproductive conditions. 

Two varieties of Pennisetum typhoidea (early and late 

maturity) were studied by Ramond (1968) in relation to tillering, 

heading , flowering, stem height and ear area. In all cases, tillering 

began 13 days after sowing and ended between the 35th and the 40th day. 

Total tiller number was high , 25 - 30 for the early and ,o - 40 for 

the late type, but only about 25~ of the tillers produced ears. 

ith later sowing dates, the interval from sowing to flowering was 

reduced, flowering occurred earl ier and stem height and straw to grain 

ratios were reduced. 
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1. 3. Effect of Climate on Millet Growth. 

Although Millet was r eported as a drought and heat resistant 

plant ( Lahiri and Kumar. 1966; Hart and Burton. 1965; Mays and 

Washko , 1961; Burton and Fortson , 1966) , several experiments have 

reported th at water shortage affects its yield. Duri ng the summer of 

1970 and 19?1 it was observed t ha t Japanese ~ille t seeded a t Massey 

Univer si ty, grown relatively more f ast when abundant water was supplied. 

1art (1958) indicated t ha t at least two times , water mus t be supplied 

in order to obtain a r easonable plant development: one aft er germina­

tion to encourage secondary root development and t he other at heading 

stage of matur i t y . Among Millet, Pennisetum typhoides was reported 

as a crop whl ch needs less total r a i nfall than sorghum , but although 

it can wi thstand drough t, it is less drought -resistant than sorghum 

because it lacks the ability to arres t growth when the soil i s dry and 

t o resume growt h l ~t er (Johnson, 1969) . 

Ar ny et al ., (1 946) workinr durin? the dr y season at Kinneeota 

found th ,1t Millet produc ed reasonably well ( 3 . 6 t ons of hay/acre ) in 

t hose years when r ainfall was average or above ave r age for the season . 

However when Millet was planted during years wbe!'l rainfall was below 

t he average for the season , plant yiel d dec r eased about 50l compared 

with t he normal years. An experiment made under Pensylvanian 

conditions, Mays and .;ashko (1961) r eported t hat D. M. of Common Pearl 

Millet and Gahi-1 Pear l ~ill ~t were also reduced more than 5~ as a 

r esult of a dr y season . Faires e t al ., (1941) indicated that periods 

of dr ought during the gr owing s eason gr eatly reduced the yields of 

Pear l Millet, which seemed t o be very susceptible t o changes i n moisture 

conditions . Sudangrass , anot her summer crop , was also reported to be 

a f fected by drought condi tions, since the dr y matter yield waa 

reduced on 50~ (Jung and Reid , 1966). 

Studies made on plant resistance under acid and semi acid 

conditions {Henkel, 1961), suggest tha t tolerance t o drought ohangee 

with the phyaiologioal age of the pl ant and it was observed that 

maximum effects are produced at the time of generative organs formation 

(critical stage). The magnitude of the effect may be relatively leas 

in other stages in comparison wi t h the critical stage; nevertheless 
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which cannot be fully rectified by the establishment ot an optimum 

moisture regime at the later stages of crop's growth . 
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The effects of soil moisture deficit at different development 

stages (2, 3, 4, 5 and 6 weeks) on Bulrush Millet have been studied by 

Lahiri and Kharabanda (1965) and Lahiri and Kuman (1966). Although 

it is commonly accepted that Bulrush Millet is a drought resistant 

s pecies, it was found that plant mortality can be fairl7 high , 

particularly at the critical stage: 5th and 6th week stage. During 

the early stage (two weeks) drought did not produce any significant 

effect on the height of plants; however during more advanced atagea, 

moisture deficit had an adverse effect, being greatest at the 5 week 

stage. When the drought was applied during the 6th week, as the 

plantswere approaching maturity , the growth was affected relatively 

less in proportion. With respect t o the effect of drought on leaf 

number of the main shoot, Lahiri and Kharabanda (1965) and Lahiri and 

Kuman (1966) reported similar trends u in the case of height growth 

of plants; the maximum effect being produced at the 5th week while 

intermediary effects were produced at the 3rd and 4th week stage. 

Also during the 5th and 6th week have been produced the maximum effect 

of drought with regard to the time taken tor ear-emergence. These 

results are according to Henckel (1961)1 in general susceptibility to 

drought increase with the age of the plant . It seems that climax ot 
sensitivity tor vegetative growth occurs little just before to 

•aturit7 and that for yield at the initiation of the reproductiTe 

phase. Lahirt and Kuman (1966) indicated a parallelism of drought 

sensitivity at different deTelopmental atagee in two other Millet 

Tarietiee, and it was suggested that the mechanism of drought action, 

in general, waa similar to that indicated above and then a common 

mode of action may also be operating in all other Millet Yarietiea. 
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1.4. Effect of Cutting Height and Frequency on Millet Production . 

The effects of cutting height and frequency on perenuial 

grasses have been reviewed by numerous workers (Humphrey, 1966). 

Generally as the frequency of clipping of perennial grasses increases , 

there is a reduction in growth rate and forage yield. On the other 

hand, the effect of differential clipping heights on growth and forage 

production of perennial grasses indicated that in almost every case 

reducing the stubble height resulted in slower recovery rates, lower 

total forage yi lds and reduced root and rhizome growth. It appears 

that the same pattern would occur in Millet (Norman, 1966) . 

The effects of row spacing, height or pl nte before cutting 

and height or stubble remaining after cutting on the growth of Pearl 

Millet were studied by Hoveland and McCloud (1957) . It was found th t 

rows spaced 18 to 20 in. apart produced the highest yields . Although 

the highest total yield was produced when the plants were allowed to 

grow to the height of 54 in. and were cut down to 4 in., thi treatment 

resulted in the lowest protein content . They also indicated that the 

lowest yields were obtained when the plants were allowed to grow to a 

height ot 12 in . and were cut down to a 4 in. stubble. The latter 

cutting treatment resulted in the highest protein content. Hoveland 

and McCloud concluded that the beat combination of production and 

quality was obtained when 30 in. plante were clipped to an 18 in. 

stubble. 

Broyles and Fribourg (1959) studied the r aponae of two 

Millets (German Millet and Gahi-1 Pearl Millet) and two sudangrassea, 

to the following cutting tre tments: (a) out when 20 in . in height 

to a 6 in. stubble, (b) cut t 30 in. to a 6 in . atubbl , (c) cut at 

30 in. to a 10 in . stubble and (d) cut at early bloom to a 4 in . 

stubble . Taking an aver ge for all treatment together, Gahi-1 P arl 

Millet produced the highest dry atter yield (436, lb/aore) and the 

highest crude protein yield (397 lb/acre) , •bile German Millet 

produced the lowest values tor both characteri tica (131, lb D. M. /aore 

and 174 lb crude protein/acre). Qahi-1 under tr ataent (c) produced 

the highest level for either dry atter (5190 lb) or crude protein 

yield (494 lb) per acre , followed by treatment• (d), (b) and (a) with 
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respect to dry matter yield. Crude protein value• followed a reTer•• 

order to that presented above for dry matter. It was found that the 

relationahipa between dry matter and nitrogen• of the forage followed 

a straight line when the logarithm of both variable• were used. 

These relationahipe indicated that as cutting intensities decreased and 

the height ot the graaaee increased, there was a general deoreaae in 

the nitrogen• of the harvested forage. 

Maya (1961) and Haya and Washko (1961) presented aome 

information particularly related to the stubble height remaining after 

cutting on two Millet varieties (Gahi-1 Pearl Millet and Common Pearl 

Millet) and two audangrass varieties. Each time the forage reached a 

height of 18 to 20 inches, it was cut back to 2, 4, 6 or 8 in. above 

the soil eurtaoe. With these treatments it could be possible to 

know the stubble heights at which maximum recovery of plant growth is 

obtained and also which stubble heights allow for maximum production of 

harTestable forage . Under grazing management it ia very important to 

know whether Millet should be moderately or ee•erely defoliated at 

each time to obtain the maximum production of high quality forage per 

season. Because of the drought season during the second year, all 

treatments averaged two cuts less than during the previous year which 

was under normal conditions. The number of harvests per aeaaon was 

greatly influenced by the different cutting heights. During normal 

yeara aa the height of cutting was decreased from 8 to 2 in., tor both 

Millets the number of cuttings decreased from 6 to 3. It sens that 

Common Pearl Millet was little more affected than Gahi-1 Pearl by the 

drought since the former produced one cut lesa at 6 in. heighta. 

Among the 4 species, Maya (1961) and Haya and laahko (1961) ebowed 

evidence that Common Pearl Millet wae the higheat yielding yariet1 and 

Gahi-1 Pearl Millet produced slightly more than the two Yarietiea of 

audangra••• In all varieti••, aa the nuaber of cutting• increaaed 417 
aatter 7ield significantly decreaseda there••• a nesat1Ye relationahip 

between DWlber of cutting• per aeuon and dry aatter yield. !he 

bigheat 4.rJ matter yield waa obtained from tho•• plant• har•••te4 at 

2 in. height (1.4, tone D.K./aore tor Oouon and 1.18 ton• D.M./aore 
tor Gahi•l Pearl Millet)i the loweat wu obtained at 8 in. out. 
Amount ot atem and leaf on herbage haneate4 Yarie4 oona14erabl1 on the 
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height at which it had been cut; those cut at 2 in. contained the 

highest proportion ot stem tissue while those cut at 6 and 8 in. were 

almost entirely leaves. Tiller counts indicated that the number of 

tillers increased more after Millet was cut at 2 in. height than after 

cutting at~. 6 and 8 in. heights. It appears that differences in 
vigour and recovery rate after cutting were related to differences in 

the amount of photosynthetic tissue remaining on plants cut at different 

heights. 

With respect t o chemical composition, Maya (1961) and Mays 

and Washko (1961) reported that lowering the cutting height of forage 

from 8 to 2 in., increased its crude fibre content and decreased its 

content of crude protein and TDN. Protein and TDN value• were higher 

at first cutting than at latter cuttings. The higher value of protein 

at first cutting indicates a decrease in nitrogen availability as the 

season progressed. As a general conclusion the highest dry matter 

yields were obtained when any Millet varieties were cut at the lowest 

height (2 in.) The nutritive value, measured by its crude protein, 

crude fibre and TDN indicated that the highest values were obtained at 

the highest height (8 in.), however the nutritive value ot forage 

removed was not high enough to offset the yield disadvantage of these 

treatments. Although Millet produced smaller amounts of dry matter 

when it wae cut at high heights, forage yield was distributed more uni­

formly and pasturage waa available more often than when the plants were 

cut at lower heights. 

Two experiments related to the effects of frequent defoliation on 

Millet production were presented by Norman (1962). In the first trial, 

Japanese Millet and 7 other Millet varietiee were compared under 3 

different aystema of cutting: (A) Out at 4, 8, 12 and 16 week• after 

aowing; (B) Cut at 6, 12 and 18 weeks after eoring and (C) Cut at 

12 and 18 weeks after •owing. From t hia trial, 2 varietiee were 

•elected (Katherine bulrush Millet and Gahi-1 bulruah Millet) and 

examined in greater detail in experiment two. Cutting treatments on 

experiment two were as follow•• (A) cut at 4, 8 and 12 weeka after 

aowing1 (B) cut at 8 and 12 weeks after aowing1 (C) cut at 4 and 12 

week• after aowing and (D) cut 12 week• after aowing. In experiment 

one the reeulta for Japanese Millet and lhite trench Millet were ao 



TABLE 1.1+ 

Dry aatter yield and nitrogen yield of Millets under three cutting treatments. 

( Adapted from Norman, 1962) 

White Katherine Gahi-1 Starr s . J . Selection 7 
Cutting treatments Panicum Bulrush M. Bulrush M. Balrush M. Bulrush M. Bulrush M. 

Dr, matter 7ield 
(lb/acre} 

~. 8 ud 12 weeks 3540 1~590 5600 4510 4500 4020 

6 &Bel 12 •••k• 3340 6700 8340 6430 4260 1+960 

12 ween 4190 12940 5780 4300 2940 3780 

aYerage 3690 8080 6750 5o80 3900 4250 

Nitrogen yield (lb/acre) 

4, 8 and 12 week• 62.4 80. 6 89. 5 78.0 78.3 75.2 
6 and 12 weeka 48.7 91 . 8 88 . 7 76.8 55. 3 64.6 
12 weeks 41 .1 88. o 62. 4 39.6 44.4 51 . 8 

aYerage 50.7 86.8 80 . 2 64 .8 59.3 63. 9 

N 
~ 



25 

poor that no information was reported. Results for the other 6 Millet 

varieties on Dry matter yield and Nitrogen yield are present•d on 

Table 1.4. 

Table 1.4 indicates a marker interaction in dry matter yield 

between varieties and cutting treatments. According t o the previoue 

experiments, under most frequent cuttings, yields ••re the lowest; 

howeTer there were eome irregular responses. Nitrogen yield showed 

a general increase with increasing frequency of cutting. The different 

responses among Millet vari eties were related to their developmental 

vegetative and reproductive stages . Katherine Bulrush Millet completed 

its developmental phases by 12 • 13 weeks, but the other 4 Millets only 

needed 8 - 9 weeks . Results from the second experiment, Norman (1962) 

indicated a similar pattern as was shown for the tirat experiment: 

there was an interaction between varieties and cutting treatments. 

However, nitrogen yield showed an increase with decreased frequency of 

cutting . It was indicated that dry matter yields were relatively low 

because the experiments were carried out in yeare of below-aTerage 

rainfall. 

Among a group of 6 summer pasture speoiee, Bulrush Millet 

gave the highest average dry matter and crude protein yield over three 

seasons (12.100 and 791 lb/acre respectively) (Norman and Wetselaar, 

1960). During the first experiment (A) the herbages were sampled tor 

yield a t 4, 8, 12, and 16 weeks after sowing. During the following 

experiment (8) plants were subjected under two treatmentar cut at 

8 and 12 weeks and cut again at 16 weeks. A third experiment (0) took 

into account 3 treatmentsr cut at 6, 12 and 18 weekei cut at 9 and 18 
weeks and the last, cut at 12 and 18 weeks. Millet made rapid growth 

between 4 and 12 weeks with a reduction in growth rate between 12 and 

16 weeke, howeyer it showed a steady growth up to 16 week• (11.890 lb 

D. M./aore). A high crude protein content (24~) wu obtained at 4 
weeks after sowing and then tell steadily to 6.5; at 16 weeka. Bow• 

•••r crude protein content showed a decreased pattern u the plant 

matured, the crude protein yield of bulruah Millet continued to increase 

up to 6 week reading a aaxiaWI ot 769 lb/aore. According to Noraan 

and Wetaelaar (1960) Bulruab Millet produced the higheat dry ••tter 

yield• when left uncut, howeYer if the crop wu out twice in the ••••on 



the crop produced the highest yield when the cut was made later (12 

and 16 weeks) rather than earlier in these son (8 and 16 weeke) . 
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The same pattern wae observed during experiment (C) , and also the 

treatment with the highest cut frequency produced the lowest yield. 

With respect to crude protein content. Norman and Weteelaar suggested 

that it decreased as the date of cutting was delayed. Cutting more 

frequently (6 , 12 and 18 weeks) gave forage of a high c. protein con­

tent than cutting at 9 and 18 weeks, which in turn gave higher quality 

material than those at 12 and 18 weeks . Total crude protein yield 

followed a similar but contrary pattern than that shown tor dry matter 

yield, producing a level as high as 1000 lb crude protein/acre. From 

the findings of Norman and etselaar it appear s that the best manage ­

ment for the late-maturing bulrush Millet is to be cut for silage at 

12 ~eeks . From this response under frequent cutting , indicates that 

the crop has a big po tential as a grazing plant. 

In order to test the comportament of two Mill ets. Katherine 

Pearl and Ingrid Pearl . they were compared in two cutting experiments 

where different cutting regimes were included in each (Phillips and 

Norman, 1967) . During the first experiment the three treatments were 

described as follows: (A) plants were cut J times (at 4. 8 and 12 

weeks) plus recovery at 18 weeks; (B) plants were cut twice (at 6 and 

12 weeks) plus recovery at 18 weeks and (C) plants were cut once at 

12 weeks plus recovery at 18 weeks . On the second experim&nt. each 

variety was cut at 4, 6. 8, 10 , 12, 14. 16 and 18 weeks after sowing . 

Total dry matter yield of both varieties was markedly reduced by 

repeated cutting, being the highest yield 18.,10 lb/acre . In view of 

soil water deficiencies Phillip and Norman indicated that it was 

unlikely th t any further dry matter increa e would haYe occurred 

beyond 18 weeka . Regrowth was higher when it was made earlier during 

first growth but recovery yields fell rapidly from the arlieat cut, 

r•aching zero at 14 weeks. Similar trend was reported by egg (1965) 

who indicated that thie reeponae ••• due by the fact that apical 

merietem of Katherine Pearl re ained low until the end of week 5, then 

ri ea steadily at approximately 4 cm/day. Thus with a later date of 

first harvest a progreesiYely greater number of ap1cee are raised aboYe 

cutting height and the tiller denaity and yield of the r covery growth 
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falls. Nitrogen content followed a contrary pattern to that presented 

for dry matter yield in Phillips and Norman 's experiment. During the 

first growth nitrogen content decreased from e rlier cut to maturity 

stages . ut during regrowth nitrogen content roee for the earliest 

cut until the l a test cut. Ingrid Pearl Millet w s reported by 

Phillips and Norman reached maximum dry matter yield a fortnight before 

Katherine Pearl and also the former reached the hi heat nitrogen yield . 

Maximum nitrogen yield was reached at 14 - 16 weeks with the higheet 

yield of 114 lb/acre which had an equivalent of ?14 lb of crude protein/ 

acre. I n Begg 's experiment (1965) nitrogen yield of Katherin Pearl 

reached a maximum at the 11th week and showed only a elight decline 

for the next 6 weeks . 

More recently. Beaty et al., (1965) reported a new approach 

about effect of cutting on Millet productivity . Pennisetum typhoides 

and 2 sudangrasa varieties were harvested at frequencies of 2 , 3, 4 

antl 5 weeh intervals and also treatments were removals of 1/3, 1/2, 

3/4 and 7/8 of existing heights. In Table 1.5 is presented Millet 

results f or dry matter yields; forage production tended to increase as 

h~rvost frequency was extended for 2 to 5 weeks . The highest yield 

reduction resulted when a 2 week frequency was combined with removal 

of 7/8 of the i-'lant. Height at which the crop was clipped had less 

effect on production than did harvest fre quency. Millet produced a 

highest dry matter yield than both sudangrass varieties. Also Millet 

was more resistant to drought than th other two species . Gahi-l 

Millet continued to produce ell late into the sea on and t hen still 

supplied forage in the Autumn, while sudangraas pr cticall1 stopped 

growth 1,9.te in the Summer. The opti um frequency of clipping would 

depend on heth r qu lity or quantity wa the prim ry objective. It 

a hi h qu lit forge is desired t han a 2 or, week clipping frequency 

combined with 1/3 re oval would be more advantaaeou. While 5 weeks 

frequency combined ith 3/4 or ?/8 removal woul4 give the igheat 

Jields. 
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TABLE 1. 5 

Effect of cutting height and frequency on Gahi - 1 Millet 

(Adapted from Beaty et al . , 1965) 

Frequency of 

cutting 
Height 2 3 4 5 
of forage 

removed 

1/3 6040• 5468 5938 5473 
1/2 5698 6011 6974 6654 

3/4 5205 5820 8164 8966 

7/8 4400 5233 6995 8376 

• lb dry matter/acre 

'l'he effect of maturity of Pearl Millet on forage yield and 

quality was reported by Burton et al., (1968) . Early and late bulrush 

Millet were cut at 2 , 4, 6 and 8 week interTala for 24 weeka. Aa the 

cutting interval increased from 2 to 8 week• , total forage yield• 

increased in the same direction . On average cutting eTery 8 week• 

produced 95• more D. M. (7366 kg D. M. /Ha) than those plants out eTery 

2 weeka ( 43:,8 kg D. M. /Ha) 1 late variety produoe4 more than early 

variety on the 4 cutting treatments . Although an 8 week cut interval 

pro4uoe4 the highest D. M. yield, it waa observed that the seasonal 

4iatribution yiel4 waa better for 2 •••k• out . Aleo increaaing the 

cutting from 2 to 8 weeks increaeed the plant height and D.M . ~ , and 

decreased the~ and yield of leaTea. The largest 41fferenoea between 

early and late varietiee were among leaTea • and le•••• yield. Under 

all treatments , late Tariety had a higher leaTea • and produced more 
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leaves/acre being the highest differences when they were cut at 6 week 

intervals. Crude protein content of le ves, stem and heads decreased 

and crude fibre ~ increased as the cutting i nterval increas ed. Crude 

protein content and crude fibre content on leaves are higher and lower 

respectively t han in stems . Dry matter digestibility also showed a 

change according with cutting intervals, it dropped as the cutting 

intervals increased from 2 to 8 weeks. The digestible dry matter in 

late Pearl Millet stems dropped much faster than in leaves . 
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Effect of Stage of Maturity on Nutritive Value of Millet. 

It ia commonly accepted that the primary objective in any study 

of the chemical composition of forage is to obtain an indication of its 

nutritive value. Although the information gained is of the less value 

than that obtained from feeding trials, it is a practical method of 

herbage evaluation. 

correspondingly, its 

of maturity attained 

Beaty et al., (196 j ) 

The chemical composition of pasture herbage and, 

nutritive value depende primarily on the degree 

by the plant at the time of cutting or grazing. 

studying Gahi-1 Millet cut at different stages of 

growth indicated that certain features of plant such as succulence, 

leafiness and younger growth are associated with higher quality , while 

older stemmy and harder material are considered to be of lower quality. 

It is a well known fact that certain progressive changes in 

plant composition are incident to advancement of maturity. This is 

characterized by rapid elongation of the stem during the period 

immediately preceding bloom, and the resulting changes in the leaf to 

stem ratio. As the plant matures, the moisture content decreases and 

the dry matter content increases correspondingly. Of the dry matter 

content, the per cent of crude protein decrease (Philli p et al., 19541 
French, 1957; Cooper , 19561 Featherstone et al., 1951; Norman, 19,9); 
the per cent of lignin and crude fibre increase (Phillips et al., 1954; 
French, 1957; Crampton and Forshaw, 1940; Heinrichs and Carson, 19561 
Kamstra et al., 1958; SulliTan et al ., 1956)1 the per cent of nitrogen 

free extract generally increase (Heinrichs and Caraon, 19561 Phillipe 

et al., 1954) and the per cent of ash and ether extract remain about 

the same leTel, although they may be variable (Heinrich• and Carson, 

1956), as the plant matures. Tropical grasses have a higher crude 

protein• than temperate apectea; French (1957) indicated that thia 

traction ia alao more digestible in tropical gr••••• than in temperate 

paature. 

In the production of a high quality forage, it 1• ver7 

important to know the relative plant change• during growth. Th• upward 

trend• of lignin, crude fibre and oelluloee, and the downward trend• of 

crude protein, ether extract and uh, point the probability of clo•• 

relationahip among th••• oonstituenta. Reeulta fro• Sullivan et ai., 



(1956) have shown highly significant positive correlation among con­

stituents within each group and a significant negative correlation 

between any two constituents of the different above groups . Some values 

obtained by several investigations are summarized in Table 1.6. 

TABLE 1.6 

Relationships between chemical components 

Components 

Protein - Crude Fibre 

Protein - Ether Extract 

Protein - Dry Matter 

Protein - Ash 

Protein - Lignin 

Crude Fibre - Ether Extract 

Crude Fibre - Ash 

Orude Fibre - Dry Matter 

Coefficient of 

correlation 

-0.781 
-0.665 
0.789 

-0.741 
0 .852 
o.84o 

-0.707 
-o.645 

0.581 

Reference 

Phillips et al., (1954) 

Ruso!! et al ., (1961) 

Phillipe et al., (1954) 

Rusoff et al ., (1961) 

Phillips et al ., (1954) 

Watkins and Kearns (1956) 

Phillipe et al., (1954) 

Phillips et al., (1954) 

Rusoff et al., (1961) 

Information about Millet on chemical composition changes as 

the plant matures was reported by Ru ott et 1., (1961). Gahi-1 

Pearl Millet and Common Pearl Millet were cut at 5 succeaaive time• 

indicating a eimilar pattern to t hoee reported previously. Table 1.7 

•hows the chemical composition tor both Millet, . It is evident that 

the greatest relative changes with aging ot plant tiaauea occurred in 

the protein and crude fibre content•. Howeyer in Common Millet crude 

fibre• did not increase continuouely up to the aee4 atag•1 thia 

change was au geated apparently due to the formation of the grain•, 



!'ABLE 1.7 

GABI-1 PEARL MILLET 

Cut tin.gs 

1 - at 30 
2 - 10 days later 

3 - 10 days later 

4 - 10 daye later 

5 - 10 days later 

COMMOK PEARL MILLET 

1 - at 30 
2 - 10 day• later 

} - 10 day• later 

4 - 10 day• later 

5 - 10 daya later 

Chemical composition of two Millet varieties 

(Adapted from Rusof et al., 1961). 

Height Crude Crude Dry 
NFE Protein Fibre Matter 

37.7 11.7 27.6 14.7 43.9 

39.7 8. 3 32.5 15.6 45.6 
61.0 5.7 34.2 16.9 47.2 

69.7 6.o 33.0 23.1 48.8 

73.5 5.4 37.7 25.6 44.9 

31 .5 10.7 27.1 11.6 46 .3 

45.5 8.5 35.6 17.0 41.3 

53.5 6.4 33.3 18.7 48.o 

64.? 4.3 30.4 23.1 53.8 

63.7 4.9 29.6 27.6 54.5 

Ether 
Extract 

1.9 
2.0 

1.9 
1.7 
1.9 

2.1 

1.4 
1.6 
1.7 
2.0 

Ash 

14.9 
11.4 

11.0 

10.5 
10.1 

13.8 
13.2 
10.7 
9.8 
9.0 

"" N 



which reeulted in an increase in the percentage of nitrogen free 

extract. 

33 

Two other varieties of Millet, Bul rush Mi llet and a Millet 

grain were described on their chemical composition by French (1946). 
Both species were out when they were 4 to 6 feet high. Chemical 

composition was similar to that reported previously by Rueoff et al., 

(1961) during the third cutting. A higher crude protein~ and lower 

crude fibre• were obtained by Bul rush Mille? due to a younger stage 

of maturity than grain Millet. Due to the same effect, digestibility 

analyses and S . E. for Bulrush Millet were also higher than grain Millet. 

Under African conditions it is a normal practice to graze 

Millet stubble left standing after the grains have been harvested 

(principally dried stalks and leaves) (French, 1943). The relative 

feeding value was reported, expressed by their chemical composition 

and digestibility analyses results, since this crop represents an 

i mportant source of foodstuffs for livestock. Chemical composition 

indicated tha t Bulrush Millet was more fibrous than grain Millet. 

Di gestibility analyses showed that a bigger selecti on was made in the 

case of Bulrush Millet t han grain Millet since a bigger proportion of 

material offered was remained uneaten. 

Young Gahi-1 Pearl Millet leaves from the top of the pl nt 

nd old leaves from the bottom of the s ame plant were comp~red, and it 

was obserYed that young leaves contained more crude protein % and leas 

lignin % than older leaves (Burton et 1., 1964). The amount of 

cellulose did not differ between both types of leaves, however young 

leavea were more palatable to cattle than old leaves. .Uao young 

1 aves had a higher dry matter digestibility (75.3 ~) than old leave• 

(61.4 •>• When 18 successive leaves fro top to bottom were collected 

in the same pl nt, it was observed that dry matter digestibility 

decre aed from 73.9 • to 58.2 •· 

It is essential to now whether the changes in chemical 

composition or grass at the various stages of growth are reflected in 

the rate of conauaption ot ilk by the dairy cow. Blaser (1962) and 

Burton et al., (196,) indicated that the reduction in feeding value 

with advances in growth stage are attributed tor decreased conaumption 



and decreased digestibility energy and then, thie reduction in digest­

ible energy is associated with : (a) increases in structural carbohy­

drates and lignification , (b) reduction in soluble carbohydrate in 

some forages and (c) a reduction in digestible crude protein when it 

is used for energy . 

For many years digestion data have been used extensively in 

evaluating quality of forage . HoweTer Crampton (1957) , Crampton !1 
!!•• (1961) , Blaxter (1961) and Reid (1961) have showed that neither 

TDN nor the digestibility of calories are as an accurate or complete 

measure of forage nutritive value as might be desir d and that Toluntary 

intake of the forage should be taken into consideration . 
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1.6. Grazing Experiments 

Experiments with dairy and beet cattle in particular have 

been published using different varieties of Millets as a grazing crop. 

In the next section the effect of Millet will be reviewed particularly 

in relation to milk production and live weight gains . 

Millet Affecting Milk Production 

The following experiments with dairy cattle have been done 

principally under U. S. A. c onditions where Millet and sorghum are the 

main summer crops. Under this situation most of them were made with 

the aim of finding which is the best summer crop to supply animal 

requirement principally under grazing c ondition. 

Among the first reports of Pearl Millet (Pennisetum glaucum) 

with dairy cattle, King (1 947) stated that this plant proved to be 

the best temporary grazing pasture tested at the Georgia Research 

Station. Pearl Millet grown on good land, fertilized liberally and 

grazed rotationally, required only 0.3 of an acre to provide all the 

forage a dairy cow would consume during the summer time. In trials 

at the Mississippi station Pearl Millet •as superior to Tift sudan or 

grain sorghum as a summer grazing pasture. Roark, et al., (1952) 

reported that lactating cows grazed 1.261 and 2.056 lb TDN per acre 

from millet pasture while grain sorghum provided 830 lb and 1.480 lb 

respectively for the firat and second year . Pearl Millet was reported 

by Marshall et al., (1953) as the moat commonly used summer temporary 

pasture under Florida conditions. A 3 year experiment was made in 

order to know the nutritive value ot Pearl Millet to produce milk. 

Grazing wae initiated with lactating cowe when the millet waa 14 to 

22 inches tall and approximately 14 daya were required after the laat 

graaing for the new ahoota to obtain gracing height . In the 3 year•, 

Millet planting wae made at different time• (March 28, April 20, May 

16) and it waa obeerYed that the interval from planting until the 

initiation of the first gruing beoaae aborter with the later plantinges 

the interYala ranged from 25 to 4? days. The length of graaing 

aeaaona was alao affected by the time of planting, being 123 daya tor 



the early eowing and 100 days for the latest. Marshall et al., 

indicated that for the whole season during the first two years there 

was an average of 5 lb liveweight gain per animal, however in the third 

year there was a loss of 26 lb per animal; no reasons were suggested 

to explain these differences. Pearl Millet produced an average of 

26.6 lb ot milk yield which contained 4.9 % ot butterfat; the yield 

on FCM was 30.3 lb. Thia level of milk production was obtained as 

result Millet was supplemented with concentrates at the rate of 1 lb 

per 3.5 lb of FCM produced. Estimations of TDN grazed per acre from 

Millet was 2.113 lb as average for the 3 years, which agreed with the 

resul ts reported by Roark et al., (1952). Miller et al., (1 958 ) 

reported as two year experiments with Starr Millet and Tift sudangrasa 

which were compared under Georgia conditions to determine their 

relative values for dairy cows. A 4 week interval between 2 consecu-

tive grazings in the same paddock was adopted as grazing management 

for both species. A concentrate mixture was fed at approximately the 

rate of one pound to each 4 pounds of FCM produced. The same amount 

of mi lk (26.6 lb) was obtained for both Millet and sudangrass herbage, 

however aa the former had a lower fat teat (3.84~) than t he latter 

(4.20%), the FCM for sudangrass was bigger (27.1 lb) than that for 

the Millet (25.6 lb). No explanation for butterfat% differences 

was reported. Although the primary reason to grow summer crops is 

usually to maintain milk production when permanent pasture forage is 

of low quality, this experiment showed a low level of FCM persistency 

for both crops. There were no statistically significant differences 

in the liveweight gains of the cows grazing the two species; 0.52 

lb/cow/day was gain per animals on Millet while 0.74 lb/cow/day for 
t hose on eudangraae. Digeatibility data indicated that both torage 

had ame values (59.8 and 60.4 • reapectively for Millet and sudan­

grase). With respect to intake, cows grazing Millet con umed an 

average of 6 • leaa TDN per unit bo41 weight than tho•• gruing eu4an­

grasa. It wae pointed that considerable ~uantitiea of material were 

left after graaing, however a more intensive grasing system apparentl7 

would have serioualy reduced milk production. TDN yield deterainated 

by the cage clipping method indicated that 1.860 and 1.892 lb TON 

respectively tor Millet and audansr••• were produced per acre and per 

year. 



Three summer annual pasture (Gahi-1 Pearl Millet and two 

sudangrass) varietie were compared b1 Clark et al •• (1965 ) in a 
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three year experiment; two levels of grain were also tested. The 

fir t two years experiments were also reported by Hemken et al •• 

(1962). At the same time, a small plot experiment with the 3 

pastures wae conducted; plants were approximately 24 in. in height 

when cut. and averaged 3 h rveats per season for ach species tested. 

Gahi-1 Pearl Millet produced 1.4 tons of dry matter per acre which was 

an intermediate value between the other 2 species, but produced the 

lowest (2.5 tons dry matter/acre) under green chop conditions. 

Trampling and selective grazing were reported as responsible for the 

highest values under green chop conditions. Millet was the highest 

(2., cows/acr /day) on carrying capacity and then the highest v lues 

of milk yield per acre, because values !or milk yield were the same 

for the 3 species (44 lb). However Millet showed a marked depres­

sion on butterfat % whi ch agreed with the findings of Miller et al •• 

(1958). The three summer crops produced a reduction on live weight, 

being the lowest (-0.33 lb/cow/day) for tillet and the other 2 species 

near the same (-0.47 and -o. 48 lb/cow/day). Chemica analysis 

indicated that Millet had the higheet crude protein content. 

Analysis of rumen sampling showed that cows on Millet had a lower 

molar per cent of rumen aoetic acid (62.4 vs. 64.4 %) and a higher 

molar per cent ot propionic aoid {24 .5 vs. 21.? ~) than thoeo for 

sudangrass. 

Starr Millet wae compared i th audangrase and ,John ongrasa 

by eans of grazing dairy cows, and also they were tested un r fed­

lot conditions, being coneumed by d iry cattle (Hawkin t al •• 1958). 

In addition to the green forages. cow at enough eoncentrat to 

eet nutrient n eds. Millet fro the gruing e riment • used 

when it was at the eta e ot pre•bloo and halt-bloo, while that for 

green chop wa early bloo. TDN tor Millet wa 6, and dige tible 

cPude protein 59•. how Yer sudangraa o tained a low r (58~) and 

higher Yaluee (65-) reepectiY ly. FCM yield from Millet grued cow 

deer a ed fro 25 lb to 19 lb during ate t of 4 weeks long, however 

when Millet was out and dropped it produced the am• l ve (24 l) 

durin 15 daya experiment. Th••• changes o ilk production were 
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found to be according to Millet quality . It was suggested that the 

stage of maturity at which Millet or audangrass was grazed was more 

important than temperate grasses species. 

As previously was mentioned , Miller et al. , (1 958), Clark 

et al., (1965), Hemken et al., (1962) reported tha t milk obtained from 

Pearl Millet pasture had a particularly low butterfat content. A new 

experiment was made in order to find possible causes of milk fat teat 

depression ( Miller et al ., 1965). Some details from the same 

experiment were previously presented by Miller et al ., (1963). 
The problem was related to the feedin g of concentrate ~ixture and also 

to grass tetany (hypomagnesemia), both of which can depress milk fat 

test . Under this situation, if milk fat depression of animals grazing 

Pearl Millet was similar to that when cows fed a high concentrate -

low roughage ration; it was proposed to feed a buffer supplement 

( KHC0
3

). At the same time if milk fat depression was rela ted to 

hypomagnesemia, it was suggested to give MgCO~ also as a supplement. 
; 

Both supplements were given to cows grazing either on Pearl Millet 

or suda.ngraes. The supplements were added to the grain which was fed 

at an average level of 17.1 lb per day. The results indicated that 

milk yield, solid not fat and protein in the milk were not significantly 

different between herbages and among supplement trea t ments. The only 

significant difference was presented on milk fat test; cows on Pearl 

Hillet produced a milk with a fat test of the 2. 83 • while those on 

sudangrass had a value of 3.59 ~- There was a bigger difference 

between fat test of Millet and audangraea than in earlier work of 

Hemken et al., and Clark et al.; no reasons were found to explain 

th••• differences. The feeding of KHCO' and MgCo3 did not preYent 

the depression aaaoc1ated with Pearl Millet; it was auggeeted that•• 

the cowe in Millet had no decrease in saliva flow, the supplement of a 

butter su.betano• did not preTent the depression of milk fat teat. 

Blood analysis indicated no difference• among mineral contents, which 

eliminated the poeaibilit7 of depreaaion milk fat teet aaaociated with 

a mineral deficiency. Analyaia of total uri ne alkalinity showed that 

it wae increaaed by both KHco3 and MgC03 as coapared to the control 

groupa. Rumen VPA data waa reported; there••• no difference in 

total VFA concentration on both pasture• (8.15 and 8.10 meq./100 ml 
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rumen liquor for Millet and sudangrase. However acetic and butyric 

acid concentration on Pearl Millet was significantly lower (4.50 and 

0.66 meq./100 ml rumen liquor respectively) than that on audangraae 

(5.24 and 1.01 meq./100 ml). At the same time propionic acid concen­

tration on Pearl Millet (2.64 meq./100 ml rumen liquor) was significantly 

higher than that on sudangrase (1.68meq./100 ml). Changes on rumen 

VFA were similar to the results reported by Clark et al., (1965) 

and geinken et al ., (1 962). It was suggested that the mechanism by 

which Pearl Millet had a lower milk fat test was due to change• in the 

ratio of acetic and propionic acids. It was indicated tha t any of 

the two suggested ~echanisms to explain milk fat test changes, were 

responsible for fat test depression. 

Padmanabha (1965) conducted three now experiments trying to 

find the association between depression on milk fat test and grazing 

of Pearl Millet by dairy cattle. The same experiment was summarized 

and reported by Reddy et al., (1965). During the first experiment 

both Pea r! Millet and sudangraas were supplemented with soybean oil 

meal (SOM), alfalfa hay or urea. Once again, it wae obaerved that 

cows grazing Pearl Millet showed lower ruminal acetic and butyric acid 

proportion, tigher ruminal propionie acid proportion and lower milk fat 

level, than the animal grazing sudangrasa. Those cowe on Millet 

and supplemented with alfalfa hay showed a higher acetate and propionate 

proportions and higher milk fat test than the control cows. Neither 

SOM nor urea corrected milk fat depression. During the second 

experiment cows were ted with Pearl Millet and audangrass in the form 

of hay or silage. Cows on Millet hay showed a lower milk fat teat, 

a lower acetate a.nd a higher propionate proportion than thoae cow• ted 

on sudangraae. Pearl Millet ailage produced the same change• on 

rumen UJ'A as was mentioned for Millet hay. These reaulta were in 

the same direction as those tor the first experiment. In the third 

experiment, Millet and sudangraae were eupplied 1n the form of puture 

or green chop; two supplement• were alao adrainiateredi aodiua acetate 

or alfalfa hay. Similar result• were again toun4r co•• gruing 

Millet showed a lower tat teat, a lower acetate (52.7 Ta. ,1.1 •> and 
butyrate (?.O Ta. 9.7 •> proportion• and higher propionate ('6.9 Ta. 
30.0 ~ ) proportion• than tho•• co•• grasing eudangl"a••• lhen alfalfa 
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ha7 was euppleaented to Millet, a very small increase on tat test wae 

obeerYed, and higher acetate and propionate rumen proportione. 

Neither supplementations with sodium acetate nor alfalfa hay, nor green 

chop feeding prevented f at depression . Analyaie of milk fat showed 

that saturated ratty acid decreased in the same direction aa milk fat 

teat decreased ; either eodium acetate or alfalfa hay seemed to preYent 

the decrease in aaturated fatty acide . Blood glucoee leYels followed 

a negative relationship with respect to milk fat~; supplements ot 

sodium acetate showed no affect on glucose leYela. Padmanabha con­

cluded that milk fat depression observed in cows gracing Pearl Millet 

seems to be associated with lower acetate and butyrate levels , a higher 

propionat e level, an increaae i n blood glucose level and a decrease in 

non-esterified fatty acide . 

Morgan and Ellze~ (1961) reported the effect of Millet silage 

harvested at two stages of maturity on dairy cattle performance . 

Ground corn was added as a preservative and compared with that Millet 

silage alone . Immatu re stage (seed heads had not emerged) and mature 

stage (seed heads were fully emerged and were i n the eort dought etage) 

were chosen as the time to harYeet the crop . Immature Millet and 

immature Millet pluo corn additive were the treatments which had the 

hi gbeet int~ke , with the latter bi5ser than the former . The highest 

level or milk production (28.7 lb) was provided by the i m~ature Millet 

plus corn, while the lowest wae ~•ture Millet (24.5 lb); valuea tor 

imma ture Millet (25.7 lb) and mature ~illet plus corn (27 . 0 lb) were 

intermediate. There were no differences on bo4y weight . 

Live Weight Gain• Produced b7 Millet 

Noraan (196,) produced some eYidence supporting the beat 

comportaiaent ot beet cattle gru1ng Bulrush Millet rather than 

lucerne. The •••rage gain• tor cattle graaing Millet was 224 lb 
while tho•• on lucerne wa• 201 lb per head. Sillllar re•ult• ••r• 

reported by Norman and Stewar4 (1964) wben beet cattle graaing 

Bulrush Millet waa ooapared with t ho•• graaing nat1Ye pasture and 

luoerne. The highest li••••ight gain per acre waa because the 

atockiilg rate••• increaeed from one aniaal per 10 acre• to 1 animal 
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per acre. 

Bulrush Millet al.so haa the potential of a standing forage 

to be grazed throughout the summer season. Standing, mature Millet 

planted during the summer was maintained in situ until the winter (dry 

season). Beef cattle were stocked at 4 animals per acre during a 

period of 19 weeks {Norman, 1965, Norman and Stewar~ , 1564). There 

was an average gain oi 115 lb/animal during the first 12 weeks and 

the animals held their woi0ht !or a further 7 weeks. On the other 

hand, beet cattle gra~ing native pasture were reported to have lost 

132 lb per head in tho same time. It was observed that during the 

first weeks animals consumed the leaf blQdeo and heads of Millet 

which contains about 25% o! tot~l dry matter and 11 - 12~ of crude 

protein. During the r est of the period c..nimals 0onsut11ed the stem 

and leaf sheaths which contains the r est of dry matter (?5%) and lower 

crude protein contains (5.5~). From the findings of Norman and 

Stewar4 (1965) it appears that during the growing period (summer) of 

Bulrush Millet liveweight gaiile wer~ lo,er than during the dry season 

where the plants gore matured. 

On a new approach , Norman and Phillipa (1968) reported that 

earlier grazing of Sulrush Millet during the late wet season (March) 

produced higher liveweight gains than later in the season {April and 

May). The rate of liveweight gain over the period while the animals 

were gaining weight, declines significantly as the date of starting 

to graze Millet became later. These results are in accordance with 

those reported aboYe by Norman (196-'), as the earlier grazing started, 

the higher were the liYeweight gain•. J'rom all the evidence reported 

for the previous authors the liveweight gain on Bulrush Millet appears 

to be governed by quantit7 and quality of herbage grue4. 

From the findings of Burton and DeVane (1951) it waa found 

that Starr Pearl Millet produced more pounds of steer gain per acre 

thG Cattail Pearl Millet Yariety. Most of thia increaae waa 

acoounted tor by the better daily gains made by steer «ruing Starr 

Millet. It••• suggested that the superior performance• of Starr 
Millet could be due by the fact that it mature• about one aonth later, 

and ia more leafy and auppliea aore daye of gruing than Cattail Millet . 
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According to Marshall et al., (1953) d iry heifere between 

the age of 7 to 10 months gained 1,0 l b pf body weight per day as a 

result of a grazing experi ent with Pearl Millet . The length of the 

grazing season ranged from 80 to 105 days and each Millet paddock was 

rotated about 4 - 5 times per season. The evidence of this trial 

indicated that the yield of TDN per year was 1,660 lb TDN/aore which 

may not hav been a good production since it was gained from a poor 

soil. However among summer crops, Pearl Mi l let can supply reason­

ably high yield of herbage where dairy heifers were able to make 

satisfactory growth . 



Animal Reaponae to Millet Grain 

Millet grain is ueed for animal rations and generally as a 

maize grain replacement. Murray and Romyn (1937) and Ward (1968) 

indicated that Millet grain (Pennisetum typhoidee) wu fully equal to 

maize in either partial or complete replacement when mature steers 

were finished. Where maize or Millet provided the entire grain portion 

of the respective ration•, carcass weights and payout were about equal. 

The main differences in feeding value from the maize ration reflected 

lower carbohydrate and higher protein content •hero Millet is included. 

The use of Millet could well affect some saving in additional protein 

concentrate, a 3/4 replacement of maize by Millet in Ward ' s experiment 

could be expected to reduce the quantity of protein supplement by 

a pproximately 1/10. A similar response was observed when the eame 

grai n Millet replaced the maize in broiler r at i ons (Lloyd, 1964) and in 

pig rations (Calder, 1955) . 

Tommervik and Waldern (1969) re~orted a comparative feeding 

value of Millet grain aad other grains (wheat, corn , barley and oats) 

for l~ctating cows. ?he Millet and other grains were compa red in 

digestion, lactation and acceptability trials. Millet wae not signi­

ficantly different from the other grains in yield of daily milk, fat 

correct milk, solid no fat or milk/protein. Differences in digestible 

dry matter , digestible crude protein and TDN consu~ption did not 

result in differences in milk production. Millet intake and accepta­

bility indicated that it was the most acceptable of the pelleted grains 

ration, however these differences were not sufficiently high to affect 

milk production. 
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CHAPTER TWO 

MATERIALS AID METHODS 

2. , . E!J>erillental Plan 

The experi•ntal work waa organised to provide information on two 

asp c'ia of the uee ot Japanese Millets 

A. A study ot t he productivity of Japanese Millet tirat growth and 

regrowth, following grazing. 

B. An aea•881lent ot the nutritive value of Japanese Killet tor lactatuJa 

cattle. 

Table 2. t indicates the timing of the two parts ot the etudy. 

2.1.1 . Productivity of Japanese Millet 

Productivity na aeaeaaed by aeaaurill& the following paramet ers in 

both tb.e first growth and regrowth after grazing : 

Dry matter yield/ hectare 

Protein yield/ hecu.re 

Dry Etter yield / day 

Protein yield/ day 
_J 

In addition, cbangee in chemical composition were uaeured throughout the 

growing period. The parameter• (dry matter, organic -tter, crude protein, 

crude fibre, ether extract, aoluble carbobJdrate) were aeleeted to yield 

intol'll&tion tor the indirect eetillation ot nutritive nlue. 

2. 1. 2. AD1Ml Swd1ea 

'!he nutritiYe ftlu• or the Japan••• Millet•• inTeati gatecl with 

lac'ta'Ung 4a1ry con uaiDC the tollowinc paraaetera a 

•1llt yiel4 and ooapoaitioa 

Bod7- weigb.t cbangee 

ToluntarJ inUk• in tu cruiDC eiwation 

More intenein atudiea on ipat1Ye cbarecterietica o~ tbe tn4 wre 

•de ueing pen-fed eblep. 'lhe following paraaetera "" aeanred at the .... 
Uae ae the erasing uperiaent wUh cattle, 



'l'ABLE 2. 1 

A - JA:t>ANI::SE Jill.LET t-ROOOCTIVITY 

FIR~T GROWTH 

20 - 11 - 69 

20 - 12 - 69 

26 - 12 - 69 

l - 1 - 70 

8 - l - 70 

15 - l - 70 

22 - 1 -10 

29 - l - 70 

5 - 2 - 70 

12 - 2 - 70 

( oo-.ring ) 

REGROWTH 

8 - 1· - 70 

15 - l - 70 

·22 - 1 - 70 

29 - l - 70 

5 - l - 70 

12 - 1 - 70 

\ ________ ...., r--------/ v 
Date ot sacpling 

'l'.RAillllIG PBRIOD I Con BM obeep 

PSRIOD I I Prol11?!illa17 Period 

Pi.UUOD Il I Firot :Experkontal Period 

f'J;;RlOD II 

Pr.RIOD III 

P 'RIOD IV 

t 6 - 16.1.70 

I 17 - 23.L7Q 

' 24 - 30.1. 70 . 
p llIOD lll I Second xper1montal Period t 31 - 6 . 2.70 

PBRIOD IV l Tb1rd Ezpol"imental eriod l 7 - 13. 2.70 

P&RIOD V l Poat. %perirJental Period I 14 - 20.2.70 



Apparent digeat1•111ty ot 4ry matter ot the teed 
Apparent digestibility of orpnic matter ot the :teed 

Apparent 4igeet1b111ty ot crude protein of the teed 

Apparent d1geetib111t7 of crude fibre of the teed 

Total and indiYidual volatile i"atty acid• (VPA) concentration 

in ruaen liquor 

Volatile fatty acids proportions in rwaen liquor 

Rumen ammonia concentration in rumen liquor 

There wae an introductory period of 10 clays as suggested by Lindahl 
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(1960) before the experiment startea, where both sheep and cattle were selected 

and trained under tbe experimental conditions (see !able 2. 1) . 
A 7 day Preliminar, Period (Period I) preeeeded the first Experi.aental 

Period (Period II). The 6 sheep and members of , pairs ot monosigous twin 

cows were rando ly divided int o 2 groups ot 3 arrl.llala and allotted to one 

o't two treatments : J AP.ARESE MILLE'? or PASTURE. The Experimental Periods 

(Periods II, III, IV) were aoh of 7 daya which corresponded to the interYal 

used to assess the changing state ot maturat ioa of t he Japan e Millet crop. 

A 7 da7a Post- Experimental Period (Period V) was used in an atte p"t t o 

characterise any possible caFcy-over e~tect of the Japanese Mi.llet treatment, 

especially in the lactating cat tle. 

During Periods I and V sheep and cows were fed pasture. 

Animal diatribQtion during experimental periods is illustrated on 

Table 2. 2. 



TABLE 2. 2 DETAILED LAYOUT OF EXP.:.RIZmNT 

PASTURE 

PERIOD 
SHEEP 

1 3 1* 

I 

4 6 8 

II l 3 7 

III l 3 7 

IV 1 3 7 

V l 3 7 

• lhmber of cbeop 

** Uumber 0~ 001J 

JAPAN~S3 

cows S!EEP 

37 76 ** 112 

38 75 111 

38 75 111 4 6 8 

38 75 111 4 6 8 

38 75 111 4 6 8 

37 76 112 

38 75 111 
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!ULLST 

cows 

37 76 112 

37 76 112 

37 76 112 
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2. 2. 1. Climate 

The weekly rainfall and meant ture data (D.S. I . R. Division 
of Plaut Phys1o1ogy - Pallllerston Borth ) for the period covered by the 

experiment and the av.-age tor the last :,> years are presented in fable 2.3. 

A fairly early spring was f'ollowed by dry conditions sta.rtizlg in 

.December an4 eont:lmd.ng until autumn. The drought produced a considerabl 

decrease 1D pasture pl'Od11CtitmJ under these ,conditions it was nee ssary to 

irrigate to provide sufficient pasture tor use in the experiment. 

2. 2. 2. Japanese Millet 

2 . 2 . 2 . 1. 1tanagement 

A 0 . 526 hectare paddock (2.45 acres• 1 hectare), with a previous 

history of permanent pasture treated each autumn with 250 kg superpbosphate 

per hectare, was prepared (ploughed) for the Millet. fhe crop as drilled 

at the rate of 17.9 kg / hectare with a dressing of 250 kg superphosphate 

per hectare on 20. 11 . 69. To control the rate ot maturation of the crop in 

order to have materiel. of adequate quail ty and quantity at the planned time 

of the experiment (see Table 2.1 ), the crop was graz with 72 cows in 2 

half day periods approximately 6 weeks after sowing. An area of 50 m2 chosen 
at random. protected fzom gruing at 6 eks in order to record tho 

turation chsDgea ot th tint growth. 

Folloving the pre-nperimental grasing, th crop topped to 5 -
7 vi no , ttanpt being made to ban t the small amount of cuttings. 
'l'h1a litter in the ragrorih czop lead to, bias in chemical deteminations 

an mater'.Lal banutecl at later elates. 
Appft)Ziaa~ 76.2 mm ot ter 81)1"81-il"rigatecl onto the J paueae 

Rillet cm 5.1.70 (i.e. approxima ly :, wee11a1 bet-ore the first e:sperimental 

Jd.ng • ,o4. II) . 

The crop .,. ,attacbd by a heeYy tnteataticm ot Al'!Q'lrOm {ra,,adal!!\,i! 

IIJIN!lSA) 1n late .JamaaJ'7 ( toth. first growth~ 4 week reg;rowth) . 
o . cal control waa attearptecl ainoe this occm-red dnriDg the uperimental 

period (Period I I} and an1maJa ooul4 not be NlllO from the Cl'Op (eee 

Section 4. 2. for comments an the ettect c4 tbe ttack co crop yielda) . 



w ma,y 

1 - 14 

15 - 21 

22 - 28 

29 - 5 

6 - 12 

13 - 19 

20 - 26 

27 - 2 

3 - 9 

10 - 16 

17 - 23 

24 - 30 

31 - 6 

1 .... .ll 

14 - 20 

20 - 28 

-X 

-X 

-:a 

-

NOV. - C. 1969, J .. - Finl. 1970 

AND AVBRAG& FOR TIIE LAST 30 Y3ARS 

PRSCIPI TATIONS (mm) 
.PJIUOD 

1969 - 70 i 30 YEARS 

NOVEtIDER 0 

0 

l2 · 

NO'VE.MB£R 33 81 

DGC-~MB&R 21 

25 

17 

0 

D CEMBBR 9J 105 

J.Alfil 0 

16 

3 

p OD 1* 8 

p OD II 0 

J TUA.iii' Z1 85 

,11 ,ff III 2 

OD IV 3 

p 0 V 

5 

s - 9 65 

* Experimental period 
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TEMPERATURE ( 0c) 

1969 - 70 i 30 YEARS 

1f 5 

16° 5 

14° 5 

11' 5 14° 

17° 5 

17° 5 

19° 

16° 5 

18° 1€!' 

19° 

19° 

19° 

19° 5 

200; 

19°' 11° 

rt' 
rt' 
17° 5 

19° 

180 17° 5 
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2.2.2.2. Experiment and grazi~ 

~he ti.ai.n& ~ experimental activitiee with the Japanese Killet crop 

are outlined above (aee Section 2.1). 

Pi.ret growth end regrowth •terial wae aaepled once WHltl7. Pitteen 

sub-samples (30 ca x 30 ca) selected at randoa were cut with band aheare to 

a stubble length ot about 2. 5 cm and the green weight obtained. The cr~p 

mean height waa ••ti.mated trcm the height ot each sub-sample and a aubjectiTe 

&88eseaent ot nowering waa made. The 15 aamplea were then bulked, aixed 

and 2 composite 88.lllplea ot 200 g. were taken (Lynch, 1966). One aaaple waa 

immediately trozeo, freeze dried and ground through a Wiley Mill using a 1 mm 
0 aieYe. The second 8811ple waa dried at 100 C in a forced draught oven to 

obtain an estimate ot the dry matter c •mtent. 

2. 2.}. Mixed Pasture 

2.2.3.1. Management 

.Paddocks A,B, C, D, of mixed pasture ot approximately 0.48, 0. 48 

0.53 end 0.57 hectares reapeciively were used. The main paature epeciu 

preeent were Perennial ryegraas (LoliWll perenne L. ), Cockatoot (Dactylie 

glomerata L.) and White clOTer (Tritol1Wll repena L.) 1 boweTer there waa 

a coneiderable TBriation 1n pasture •turit7 and composition aaong the 

4 paddocka. The eeed llixture ueed waa the same tor each paddock ( 5 lb Arild 

Ryegraae , 7 l b llanawa B,yegraaa, 4 lb Apannui Cockatoot and} lb H1na White 

CloTer), boweTer u a result o'! srasin& and paeture aanap•nt, ec:ae other 

apeciea were inttoduced. ill. areaa rece1Yed a topdresain& of 250 kc aupe~ 

phoepbate per hectare duri.nc Jlaroh 1969. .Aa conditions were dr7, three or 
the ~ou pecldocu (B, c, D) receiyed 76.2 • ot water during one irrigation 

cycle between late January and lllid-l'ebru.ary. 

2.2.,.2. Experiaent and g:rasing 

Because o~ poor growing oon41 tiona, the tour paddoou nre grasecl 

onl,Y once duri.D& tba experiaent. Putu.re was aaaple4 only 4ur1ng the 5 

period• (Period• I, II, III, IT, v) uainc the tecl:n1q\le deacribed Nlow 

(aN Section 2.2.4.2). 
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2.2.4. Utilisation of Peed• 

2. 2. 4.1. Cowe 

Both Japanese Millet and Pasture were break-grazed each day using 

an electric fence . The size ot the break was adJuated each day aecordin& 

to the amount ~ aterial left on the previous break and the amount 

available in the new break. The break of J panese Millet waa approximately 

250 m2 
(0.06 acre) per day, but in pasture the size ot the breaks were 

quite Tariable. 

Although the grazing area was rest r icted, the herbage available 

waa more than eutticient to allow tor selective grazing at the expenee of 

incomplete utilization ot both typ a ot teed. Under this type ot grazing 

management, 0. 53 hectare ot Japanese Millet regrowth prOYided ample feed 

tor 3 cows over 21 days. 

'?he mixed pasture grazed during the Preliminary Period (Period I) 

was typical of the pasture conditions prevailing on the rest of the :tarm 

at that time. However the mixed pasture ot'fered, particularly during 

Periods III, IV and V, was ot higher quality than average as a result~ 

the use of irrigation. 

Drinking water was supplied in eve~ break of graas and Millet 

with portable water troughe coupled to the main water BUpply. 

2. 2. 4.2. Sheep 

Japanese llillet and Puture were cut daU, at e. ,o a • • ua1n« a 

power driTen 110Wer claesitied ae ' SICXLB - TYPE' (Lynch, 1966) from the 

break due to be grased by the cowe. (The cut maurial waa traneported 

rapidly to the anillal houee to ain1w1•• wilting o~ee). 

Material tor each ot two teeda waa weigbed in tared plaatic bucket• 

and ottered to the anillala at 9. ,0 a.m. and 5. :,0 p.a. in appron.aate}J' 

equal - ounte. !he afternoon ration waa etored 1n plaatic buckete ill a cool 
0 rooa at 5 C in order to a1.n111ise change• 1n the water content and to avuicl 

baating ot the •terial. ho ... plea, each of 200 g were taken daily troa 

the food otfereda one ot th .. - dried at 100° C tor 24 bra. to proTicle an 

eatiaate ot ry utter content. The other waa trosen an4 bulked o•er tile 7 

clq taeeal collection period. Oace each period•• tiniahed a cotq>Oa1te 
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aample ot each food waa formed and dried in a :treese drier, grouncl ( 1 mm 

sieve) and stored at -5° C. 

The level ot feeding was adjusted, on the bale ot the pre'ri.oua 

day ' s refusals, to prortde tor about 110 ~ o:t ad libitwa intake. Because 

ot considerable nriation in the quality, especially pasture quality, the 

level of feeding was such tilat it allowed anillale a certain degree ot 
selection of the material ottered. 
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2. 3. Animals 

2. :,., . Cowe 

Three ate of lactating 110nozygoua twine (Table 2. 4) were selected 

on the basis of minimal witbia set dilterencea in 111.lk yield, composition 

and cal"f'i.ng date. IndiYiduale within a ta were randomly assigned to one ot 

two treat ent groupa and :titted with leg tap prior to commencing the 

experiment. 

Ten da7s before the Preliminary Period (Period I), a period ot 

trainin« was commenced during which the cowe were managed separately from 

the herd, grazing blocks ot pasture restricted with an electric fence . 

cr2o3 administration waa also commenced in this period (aee Section 2. 5.1 .1 ). 

This period waa used to familiarize t he animals to the experimental routine 

before collecting pr eliminary data to be used in statistical analyses. 

Sheep 

Six adult Romney wethers prepared with large rumen :tistulae 12 months 

prior to use were selected from 8 euch animals J 2 ~Ting been d.iacarded on the 

basie of low feed in-takes . Animals were kept 1n aetaboliem crates with free 

acceae to water in a climate chamber with controlled temperature (13° c) . 

Ten days before digestion etudiea co enced, faecal collection harnesses and 

bags were fitted to the animals . 

ill sheep were treated with the anthelmintic Tb.1.abenzole (Merck 

Sharpe and Dobae) during the tirat feedin& period (Period II). 



TABLS 2.4 

Pil.R I PAIR II PAIR III 

COWS 

37 38 75 76 111 112 

BREBl> JERSEY J ~R~'Y x FRISSIAN J SRSBY x FRliSI.AN 

A.GS ( :,earn ) 5 2 7 

LACTATION NmllIBR 4th l st 6 th 

£ODY W&IGIITS 365 349 269 269 413 402 

( kg ) 

CAL vnm DATES 8.8.69 16.7.69 27.7.69 1. 8 . 69 30. 7.69 27. 7.69 

DIF.~CJ 23 5 7 

( dl;\)'S) 

M.Ia YIELD ( 1'..g ) 11.31 11.09 7. 53 8. 19 12. o8 11.25 

Dm"::P..r;r;cEs 0.22 o.66 o. 83 

FAT 'p 5. 50 5. 37 4.78 4.86 4. 57 4.78 

DIFF~RSNC.ES 0.13 o.oa 0.21 

PROTEIN > 3493 3. 82 3.52 3.53 3.93 4.00 

DIFF.isRimC&s 0.11 0.01 0 . 01 

LJ.CTOSS ~ 5-18 5.02 5.32 5.33 5.22 5.12 

DIFFEUNCES 0.16 0.01 0. 10 
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2. 4. Ani..==l Production 

2 •• 1 Milk 8amplin£ and Analyaea 

Cowa were milked twice daily at 6. 00 a . m. and 4 p. m. with a 

herringbone low line 'double up' plant. During the preli.minary and 

experiaental periods, milk yield were recorded and samples taken at each 

milking using either bucket coll ction or milk etere . Samples were stored 

under refrigeration tor no ore than 3 daye be~ore being analysed tor 

butterfat, protein and lactose conten'ta using a Grubb Parsons MK 1 Intra 

Red 1111k Analyser (Munford, 1968) . A computer programme (Munford, 1970) 

was used to calculate yields ct eO!!lpooents tor each milking intenal and 

yi lda and weighted compositions ot each 24 houra' production. 

2. 4. 2 Body Weights 

Under grazing condition th estimation ot true body weight ia 11ade 

ditticul t by ftriationa 1n 'gut fill'. To minimise this source of error each 

animal waa weighed:, times during each period and the mean weight waa taken 

as the body weight for that period . 

Body weighta were meaaured immediately after aorning 111.lkinge 

between 7. 30 - 8 . 00 a •• • , before the cows were given the new break of ~eed . 

Morning weighings were mad because they have been shown to be more accurate 

than those taken at other tiau during the day (Harritt e, al . , 1959) . The 

wei hinge were considered aoeu.r te to the neare t 1 lb. 



l'ood. intakes were estimated by an indirect technique 911pl071ng 

chromium e equioxide (er2o3) as a referenc marker tor faecal output and 

using sheep fed representat ive herbage eamplee to determine organic matter 

digestibility. 

100 
lliTAKE (kg/day) = weight faeces v-0ided (kg/day) X 100 _ DIG. FORAGE % 

(The eetimation or organic matter digestibility 18 described in Section 2.6). 

2. 5.1. Paecal Output 

The concentration of marker (cr2o3) in a faecal sample from animals 

given repeated Ot;nstant closings of the marker provides an estimate ot total 

faecal output (Lambourne, 1957 (a), Lancaster, et al., 1953). 

FAECAL OUTPUT 

(Jtg/4ay) 
= 

cr2o3 administered per period 

Cr2o3 concentration on faeces over the period 

2. 5.1.1 . Administration of marker 

The rk r was admini tered (by •lm8 of a balling gw:a at milking 

Ume) in uo 10 s doses ~ powder in gelatin capaul..ee. !be 10 to 14 hol.U'8 

intenal was choaen in an attea))t to con:trol the reported diurnal pattern 

of er2o3 excretion (Bardi.aon and Reid., 1953; Lancuter et al, 19531 Saith 

and Reid, 1955) . 'Stea4y etate ' conditions were approxillated ~7 a prepara­

to17 do•ing regiaen commencing 10 4qa Wore the preUa1naey periocl (Period I) 

(ae Seo\ion 2.1 . 2.) . 

2. 5. 1.2~ l'aecal collection 

In order to o.oapare two alternati•• aeane of obw.ining repreeentative 

... plea, botb •grab' NIIJ)l•• ot reoul content. u4 'award' aaaplea o~ paddock 

dune pate•• were ueed!-
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'GRAB' S.AM.Ptm 

' Grab' samples of faeces were obtainod frOD the rectum of ench 

anSmaJ by either natural det'aeeation or by rnamiaJ NIIDO'l'nl (Lancaster. Coup 

and PerciYSl, 1953). '1'he samples nre taken after mUJd~ at the time of 

ma?ker odm1D1etrat1on. 

In acme caaee, u a consequence of tho an:tmal detaecating 1n the · 

paddock or on ctering the holding yud, the rectum was empty. In those 

cases the animal was separated from the group and left 1n the yard (no more 

than hall an hour) and some tme later it vas amnpled • 

' Grab' samples~ about 300 g wet material were stored in polythene 

beas tmtil b11Jk1ng to obtnin 24 hour composite samples (see Section 2. 5.1.:,) . 

' SWARD' SAMPLffi 

As the blocks of pasture and Japanese Millet ottered each ~ to 
the cows were separated from the rost of the paddock (by means ot electric 

fences), the total taeeal outpit (leas any detnecation 1n tho race or ynrd) 

for each COtf dUI"i.llg tho dq was distributed in tho break. A sample of approxi­

mately 50 g of each ' pat ' diotributecl 1n the block for each treatment vaa 

collocted, mixed together and a bulk sm::1ple ot :,00 - 400 g was drawn at random 

and placed in polythene begs. 

2 . 5. 1 . :,. BuJJdng, drying and grinding faecal sm11plea 

•CRAB' SAMPLB5 

Afternoon Allplea were retaine4 1n poqthaine baga until the next 
morn1r.lg. vb.en the NOOD4 aample tor the ... clq 11118 obtained. 1'he aaaplell 

were bulke4 on an equal wight baa1a and the dry 11atter of compoei te 4q 

aampl• tor each in41Tictual cow 11U determined by d.171.n« in an cmm at 100° C 

for 24 houra. fl1e8e a,mplee were bulked tor 7 c1q perioc!a (Laabourne, 1957), 

gNUD4 (1 mm sine), 811b-e•ple4 and stored. tor f'\lture anal.yaee. Preoauti0118 

1f9ft taken to prnent loaaee of er2o, through th8 escape ot fine fucel 4uat. 



A total of :,0 'bulked sampl were prepared duri.ng the whole 

expeJ'iment and wen analysed tor Cr2o3 content (see Section 2. 5. 1 . 4) . 

' SWARD • SAMPLES 

Each bulk sample :representing the total faeces wided for the group 

ot cows tor each day (56 bulked plee) was k pt separately and dried and 

ground in tile same WS¥ 'srab' pl.es. 

2. 5. 1.4. Chranic s quioxide measurement 

er2o3 was assayed 1n the cows ' f'aec using the method descr:Lbed 

by Williams, David and Iiemaa (1962), using an Atomic Absorption Spectro­

photometer (A. A.S.) with a chromium hollow cathode tube (Hansley Glass 

Instrument Ltd., Melbourne, Australia) . Readings were made on the chroru.um 

resonance line at 3578.7 A0
• 'lhe hollow cathode current was 35 mA and the 

modulation frequency 50 eye./ sec •• The acetylene pressure used was 25 cm 

head of water, and the air pressure :,0 lb / 'i:4
2

• 

Samples were prepared using the procedure of Christian and Coup 

(1954) as modified for USO vith the A. A. S . by Williams et al., (1962). 

Samples were read ill th A. A. S . against a blank solution and can.pared with 

a t of tandnrd chromi solutions. Calcium, magneoium and silicate ions 

were added to stand¢ solutions to overcome interf :rences from these ions 

in the detemina tion of cm-omi 1n the unknown aampl (Willi et al, 1962) . 
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2 . 6. uurem.ent of Nutritive Value 

2. 6. 1. Meaaurement of Apparent Digestibility 

All digestion trials were c onducted at the Animal Phyaiology Unit, 

Maaaey University, with the aix sheep described earlier (see Section 2. 3. 2. ) . 

Although it as fully realized that differenee do exist in the respective 

digestive abilitie of different species of riaminante , especially with 

regard to lees digestible roughages (Lancaster, 1950; Cipolloni , et al . , 1951), 

sheep were employP.d in the trials mainly for practical reasons. Th experiment 

was designed to have the dairy cows under grazing ccnditiona and the sheep 

were used simply to proYide additi ·nal information on the feeds used . 

The foodstuff samples fed to the sheep in the digestibility trial 

were collected so as to be as nearly representative as poaeible of what the 

cattle actually consumed during each day through the 5 experimental periods 

(see Section 2. 2. 4. 2. ) . 

Table 2. 5. illustrates the eight digestibility trials made du.ring 

the experimental work. 

Each morning, teed ottered to and refused by all sheep was cardully 

weighed and sampled for dry matter and chemical analyses as described in 

Section 2. 2. 4 . 2. As the refusals ot all sheep consisted mainly of ste11S , 

the refusals fro the 3 sheep on each treatment were mixed and 2 compos ite 
0 sample s of 200 - 400 g . were taken each day. One was dried at 100 C for 

24 hrs to provide a aaurement of the dry aatter content . The other wae 
0 

stored at - 5 c, and sub quently bulked with oth re during the collection 

period, mixed, eampled, tr ese dried and ground ( 1 • sieve) . 
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TABLE 2. 5. 
DI GESTIBILITY TRIALS 

DIGES'fIBILITY S'l'AGE OF PERIOD TYPE OF NUMB.ER OF 

TRIAL RXPERIMFNT FEED SHEEP USED 

1 PRELIMINARY I PAS1'URE 6 

2 EXPERIIIEHTAL II PASTURE 3 

3 EXPERIMENTAL II J. IIILI.ET ' 4 EIPEBDIENTAL III PASTURE 3 

5 EXPERIMEllTAL III J. MILLET 3 

6 EXPERIMENTAL IV PAS.t'URE 3 

7 EXPERIMENTAL IV J. I LLE!' 3 
8 EXPERIMF.NTAL V PASTURE 3 

The total faecal output ot 7 da7 collection periods tor sheep was 
0 stored in covered plastic buckets at -5 C. At the end of the collection 

period the bulked faeces wer thaw d, w ighed, mixed and sampled . Two bulk 
0 samples ot 200 g. were taken, one was dried at 100 C tor 48 hr t or the 

deteraination of dry utter content . The other waa freeze dried, ground 

(1 • eieYe) and stored at -5° C tor future analyses. 

Digeetibility atimatea for dry Mtter, organic •Uer, crude 

prot in and crude :fibre were obtain d for each~ the teede in each period 

during the experiaent (Table 2. 5.) . 

Apparent di tion coet'f :l.cienta were deterained ae tollowa : 

DIG TIO 
OOEPPIC T ( 

WutrieRt in teed OODJI\IIIH - •utrient in taecea 

) = 100 z ------- --- ------ ----
Butrient in teed. oonB\IINCl 
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2. 6. 2. Rumen Sampling 

Samplee o! rwaen oontente of sheep were taken to determine the 

auaonia concentration, total concentration of Tolatile tatty acide (VPA) 

and individual WA concentrations and proportions. 

Sheep were eampled three times daily at 9. 30 a . m. (prior to first 

feeding), 11.30 a.m. and 1.JO p. m •• The 88lllples were obtained during the 

laat 2 days of each experimental period. 

Rumen liquor was aspirated from a mid-rumen location. The 

samples were centrifuged at 2000 x g tor 20 min. and the supernatants \l.eed 

to determine ammonia and VPA concentration ( see Section 2.7. 2) . 
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2. 7. Anal.yticql Jletbodf 

2.7.1. Herbage and Faecal llaterial 

2. 7.1.1. Pronmte analysis 

Moisture in air dry samples, ash, crude p1'0tein, crude fibre, ether 

extracts ond Dibogen tree erl:raots were detemined by A. O. A. C. (1965) methods. 

2.7.f.2. Soluble ~rate analyses 

Soluble carboeydratea of teed samples were extracted usi.ng a modified 

method based on that of Bailey (1962), in vhi.ch the ougars ore liberated by 

the acid hydrolysis of the ethanol - soluble, water - insoluble fraction at 
the plant tissues. Two grams of dried material was 1.UJed and refluxed with 

400 ml 80 ' ethanol for 10 min. 'l'1le material vas filtered and r.r de up to 

100 ml with water. A 10 ml aliquot VDS naporated to dryness in an evaporating 

basin aver a water bath, vater 1f8S added to the contents of the basin and 

filtered into a 100 ml volumetric nas1c. 'rotal wnter - soluble sugar ban 

the latter solution was measured using the sulphuric acid method at Bath (1958) . 

Optical densities were read on a S. P. 500 Specu,opiotometer (Unicam Instrument 

Ltd., Cambrid&e, England) at "2 mu ·8881,nst a water blank and compo.rod vi.th a 

set of etandord. glucose solutions treated vi th sulphuric acid. In order to · 

aYoid interference with the readings on the Speotrophotomet or, great care was 

taken cluriDg sample preparation - bubbl.1ng was avoided during mizi~ of samples 

and cbUlecl aulJimric acid; tilt.. (glase tibn paper - Wbatman GF/B) were 

uaect inatead ot tiasue papu to 4r., tbe top of ailica Cllftttee; silica 
CllftttN were not rJ.nae4 between clitt9ftllt eamplee but euaply c1l'81De4 1v' 
i.DftNian on glaaa tutua. 

'l'O'l'AL VJA COBCEll'l'RATIOlf 

A 5 Ill -.pie ot C111.trJ.fuge4 rmm liquor( ... Section 2.6. 2) vu 
ete.. 41.aUlled ill a 11anb811 (1942) apparatus and aoicla in the diaUllate 



titrated with atmadal"diaed liaOB to a phenolpthalein end point. 

Distillates were cleared ot bicarbonate by bubblifl8 with CO2- tree air 

prior to titration. Diatillationa were duplicated and where titration 

ditterencee ot greater than 1 ~ were obeerYed, the diatillationa were 
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repeated. A further 1 ml. 0.1 M NaCH was added to the neutralized distillates, 
0 the duplicatea bulked and eT'Bporated to dryness at 90 c. Dried eamplee 

were stored :trozen until analyzed tor VFA proportions. 

VFA PROPORTIONS 

The proportions ct ind1T1.dual VPA were determined using a Varian 

Aerograph Series 1200 gas chromatograph. Recordings were made usi118 a Leda 

and Northrup Speedo118X H model 207 S recorder with a strip chart integrator 

(Disc Inatl'Ullente, California, U. S.A.) (see Fig 2.1). The column used was 

ot 6' x 1/8" stainless steel packed with 2~ WAP on 60/80 mesh Chroaosob W 

(Hammaretrand, 1966) . Neutralized VFA (Na salts) were reconstituted with 

distilled water and injected into a carrier gaa stream of dry nitrogen 

saturated with formic acid by passage through a gee-tight tower bubbler 

titted to the gaa sampling ports of the accessory panel of tn chromatograph. 

Standard solutions ot Na acetate, Na propionate and Na butyrate wen uaed to 

devise correction factors tor the ~drogen flame ionization detector (Packett M d 

Mc Cure, 1967). 

Correction Pactor: ( relative to Na butyrate) 

2 0 9. 7 7 0 2 AC?i:rA!E = _________________ _ 

acetate area relatiTe to lNtyrate 100 ~ 

1 1 9. f 8 6 5 
PROPIO ATE=------------------

propionate area relat1Te to INt,rate 100 ~ 

Ieonlerate and Talerate, called c5 , were assigned reepectiTe factors equal 

to 100 ~ tor bu~yrate. 
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Fig. 2.1 Chromatogram of short chain fatty acids obtained from rumen liquor (Sample sheep 3, Period 3, 11 p.m.) 
separated on FFAP at 145° C. 



Chromatograph conditions were as follows s 

ov temp. 

INJECTOR temp. 

DETECTOR temp. 

HYDROGEN flow rat e 

NITROGEN flow rate 

145° C 

170° C 

170° C 

(conditioned at 160° C 

overni ght between runs) 

25 ml. / min. 

2s 1111 . / m1n. 

Samples were analysed in duplicate and if difterencea of greater 

than 1 percentage unit in arq of the major components were obaerYed , further 

replication wae made . 

2. 1. 2. 2. Rumen ammonia concentration 

The ammonia content of 1 ml. of centrifuged rumen liquor was 

determined using the diffusion apparatus ot Conway and O'Malley (1956) . 
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2. a . Statistical Kethode 

2. a. 1. Anal.7eie of Variance 

2. a . 1. 1. One way analysis 

Analysis of Yariance aa outlined by Snedecor and Cochran ( 1968) 

was used to partition and teat e ourcea ot Tariation. I t waa ueed to e:xaainei 

a) differences in body weight between the treatment groups during the 

preliminary period, b) differences in VFA proportions between tbe treatement 

groups during the prelimi.nary period and c) differences in milk yield and 

composition between the treatment groups during the preliminary period. 

The model used wae the followi ng a 

y 11 =,- 11 + Ti+ 8 11 

1 = 1,2 

1 = 1,2, •• • , n 

The c omponents ot Tariance are given in Table 2 . E. 

TABLE 2. 6 . 

One wy analyaia o:t nriance 

SOURCE 

Total ( S ) 

'l'reat•nta ( '? ) 

Residual 

d. t . 

R-1 

1 

2(n-1 ) 

COIIJ)Onent e ot aean equar•• 
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2.s.1.2. Two ways analy i s 

Thia model was used to test differ nces 1n the followi ng ca ea: 

a) dU'ferenc e in ammonia concentrations between treat ments and periods, 

b) differences 1n VFA concentration, proportions and indiTidual concentra­

tion between treat nta and periods. 

The model used was the followir1g : 

y ijl =.1 ijl + T 1 + p j + { i P) i j + e ijl 

1 .,.. 1, 2 

j = ,, 2, ... ,p 

1 = 1, 2 , ••• ,n 

The components of variance are given in Table 2.7 {variables 

ass umed completely fixed ) • 

TABLE 2.7. 

Two ways analysis ot Tarianc 

SOURCE d.f. Component of aean squares 

Total ( S ) I - l 

Treat nta ( T ) l G2 + G2 pn - T 

Periods { ) (p - l) G2 + 2n G2 p 
! X P ( TP ) (p - l) G2 + n G2TP 

Reaidual - - 2J) 
G2 

The atati•tical proced\11'9 outlined abcrre enable• the uetin& ot 
OYerall difference• between treat te and tween periode. In the case where 

the interaction wae a1gn11'1oant, a Dlmcan'a new lllltiple J1U1C9 1ieet ( iieel 

and forrie, 1960) between treatm.ente within perioda wae uaed for caaparing 

pain of aeau. 
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2.a.1 ., . fhree 

Thie l vaa used to teat dif:f'eNme1m in the tollmring caam : 
a) ditterenc 8111!:toru.a coucentrationa etw tl"98. ants, pe-riods an ttmee, 
b) differences in VFA conct111trati011S, proportiom an4 indindual concentrations 
b tv be ts, periods and t · • 

'?he model th f'ollowing : 

i a 1,2 

j = 1 , 2 ... ·--., p 

k = 1,2, •••• ,h 

l = 1,2 ••••.• ._n 

The clasaif"ieati.011 of the c0mponents of variance is given in Table 2.6. 

TABLE 2.8. 

Source d.r. Caaponenta ot quare 

tal ( ) H - l 

!ft& ta (T) 1 c2 + pm c2T 

Perio-u (P) (p - 1) 02 + 2nh ,;2p 
Till• ( ) (h - 1) 02 + 2Jm G2 

'l' X p ('!P) (p - 1) G
2 + Dh 2 

0 TP 
! X B ( ) (h• 1) 02 + Pl G2 

Ps (PR) (p - l) (h - 1) a2 + 2n 
2'm 

G 

TxPx {TPB} (p - 1) (h - 1) 02 + D G2 

02 
fl'II 

Reaiclual a-2 
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2.8.1.4. Three ways analysis - Hierarchal model 

'fhis model was used to test differences in body weight between 

treatments, between periods n sted within treatment groupe and cows n sted 

with.i.n periods x treatments . 

The model used was the followings 

y ijkl =, ijkl + T 1 + p ij + C ijk + e iJkl 

i = 1,2, 

j = 1,2, •••• ,p 

k = 1,2; •••• ,c 

l = 1,2, ••• • ,n 

The analysis ot variance end components of aeana squares are 

presented in Table 2.9. 

TABLE 2.9. 

Analysis of Yariance - Hierarchal model 

SOURCES d. t . Components of mean aqu ,re 

Total N - l 

Treatmenia (T) l 
2 2 2 2 

G + n G C: TP + en G P: T+ pen GT 

Peri 8 (P:T) (p - 1) G2 + n G2Cs 
2 

TP + en G Ps T 
Cows (C: PT) 2p (c- 1) G2 + G2 

11 C: T 
Residual difference G2 

2. a . 2. Analysis ot COTariance 

2.a. 2. 1. One n7 analyeia 

!hia analy ia •• used to teat 4:ltf rencee 1n the tollow1 caaea, 

a) di:tterencea on body weight between treataenta and l>) 41tterencea on llilk 

yield and coapoeition between treataenu. 
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The model uoed was the following, 

y 11 =11 il + T 1 + b n ( X il - i ••) + e 11 

the analysis was performed as outlined by Snedecor and Cochran (1968). 

2.a.2.2. Two way analysis 

Milk data were analysed tor wriatioua arising tram differences 

between treatments and periods using an I B II 1620 computor and a program me 

(Kuntord, 1970) enabling eillultaneoue analyses ot the 7 milk variables to be 

performed. 

2.a.3. St'illdard Analytical Procedures. 

Comparison l!llllong pairs of means were made usi ng the T - teat 

(Snedecor and Cochran, 1968) where only a single comparison was made, and 

t he Duncan new multiple range test (Steele and Torrie, 1960) where multiple 

comparieone were made. Sa'llple statis t ics aaainly standard errors and 

coetticients ot nriation were coaputee by usual procedur6e. 

2. 8 . 4. Linear Regression. 

Relationships between two nriablee were enluated with simple 

correlation and regresaion estimates. The extent ot ooYariation wae indicated 

by the aquared estimated ot the correlation coetticient. 

Coaparieona ot pair ot linear regreeaion ooe!ticienta were aade b7 

analyeia ot cleYiatione rroa reg:reaeion aa in tba analysia ot coTariance 

(Snedecor and Cochran, 1968). 

2.8.5. llw.t1ple Regreeeion. 

llultiple regreaaion techldquee (Snedecor ancl Cochran, 1968) were 

used to exaa:1.De relationabipe between 110re tban ho Tariablea. !he extent ot 

such relationehipe were aeaeeeed by the aul.tiple correlation c~tioient 



analogous to the squared correlation coefficient aboTe. Because all 

analyseo shoved iDteZ'dependence amongst the three YlU"iables, standarised 

partial regression coefficients and partial correlation coeft'iciente were 

cOlllpated to determine the relatiTe importance ot the Tari.able. 'l'hia 

procedure also indicated the ' paths' of casual relationships among the 

..-81'1.ables. 

Comparisons ot pair of multiple regression coetticients were 

made by analyses of deriations tram regression as in the analysis of 

cCffll.l'ianoe (Snedecor and Cochran, 1968) ( see Appendix 22) . 
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CH PTER TH'REE 

R SULTS 

3. 1. Result Methods 

Japanese Millet growth was sampled according to the tech­

nique described in Section 2. 2.2.2. Appendix 1 presente information 

about cut sampling Tariation which indicates that during first 

growth as the plant matured there was a small change in the coeffi­

cient of variation , however during regrowth at early stage there 

was a high coefficient which decreased as the plant matured. 

Milk sampling and analyses as described in Section 2 . 4. 1. , 

are presented in Tables 3 . 10.; 3 . 12 . ; 3 . 14. and 3. 15. where standard 

error of means are given . 

The technique used in order to minimise errors in body 

weight measuring due to Tariation in "gut fill" (see Section 2. 4.2.) 

was successful , since the standard error of mean for each cow was 

relatively low (Table 3. 7. ) . However as there was a big variation 

in body weight between cows , standard error of mean for treatment 

waa higher than those previously mentioned . 

Recovery of cr2o3 on cow faeces by atomic absorption 

method (Section 2.5. 1. 4. ) was tested by mean of 3 standard concen­

trations ( Appendix 33 . ) . RecoTery awerage for all standard•s 

99. 84 i : which indicated the method was suitable for experimental 

requirement a . 

Voluntary intake was• aaured by means of two techniques 

(Section 2. 5 . 1. 2. ) which were compared in order to obeene any 

important differencea. Results are presented on Table }. 8. where 

it is indicated that in both pasture and Japanese Millet , vollllltary 

intake meaaured by "sward" faecal aaaples gave a higher value than 

those est iaated by "grab" faecal aaaplea , boweTer in 8 Period• 

comparisons only 4 were ai.gnificantly ( P~ 0 . 01 ) different . 

Taking into account the whole indirect aethod of measuring 

voluntary iAtake of herbage (Section 2. 5 . ) , it appears that an 

oTer esti•at ion occurred. Section 4. 2. discusses poasible causes of 



this observation. 

Results from digestion analysis are reported in 

Table 3 . 1. where the anim 1 Tariation within group treatment is 

indicated by mean of standard error . 

Rumen sampling results (VFA and ammonia) are both 

described in Table 3.2. and 3.5. where the Tariability between 

animals is expressed by the standard error 0£ mean. 

Reaults from che ical analysis or herbage are illus­

trated on Appendix 2 and 3 with their corresponding standard 

error and coefficient of variation. 

12 
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Japanese Millet Production 

The productivity of Japanese Millet was esess.ed from sam­

ples taken as described in Section 2.2.2.2. and analysed tor the 

content ot dry matter, ash , crude protein, crude fibre, ether 

extract and soluble sugar as in Section 2.7.1. Classification of 

the crop on the basis of a maturity index (Harrie et al., 1969) 
and on height was made to assist in describing the changes obserYed 

in chemical analyses (see Plates A, Band C). 

The yield of dry matter in kg/ hectare (lb/ acre= 

= 0. 8926 x kg/ hectare) for the first growth and for the regrowth 

following cutting is shown in Fig . 3.1. and Appendix 1. To aid 

interpretation the estimated height and maturity index of the crop 

is also indicated. Changes in chemical composition at each of the 

samplings is shown in Fig. 3.2. and Appendix 2. to aid interpreta­

tion of maturation changes. 

The production of dry matter in the first growth was 

closely related ( r a 0.9987; n = 6) to increases in crop 

height from the time measurements were first taken until nine weeks 

after sowing. During this time an increase or 428.6 kg/ hectare 

of dry matter accompanied each one cm increae• in crop height 

(see Fig . 3. 3.). From 10 weeks after sowing, when the crop was in 

early bloom further increases in dry matter yield were not accoapa­

n.ied by increased crop height. 

The chemical nature of the crop changed throughout the 

growing period. A steady increase in dry aatter content was in 

part reapQnsible for increased dry aatter yielda eYen when crop 

height was not increaaillg. Other cheaical chaagea - naael7 a fall 

int e content of crude protein and ether extract, and increasing 

content of crude fibre support the change in. aaturation index 

illustrated in Pig. 3.1. 

The y18l~ of crude protein in kg/ hectare for the first 

growth and regrowth are presented in Fig. 3.1+. The changes in 

crude protein yields showed a different pattern to those of dry 

aatter yield. Crude protein yields for the first growth increased 

UDtil the 10th week after sowing and the 1ielde fro• the regrowth 
did until the 4th week after cutting. Howe-Yer dry aatter yields 
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of Japanese Millet during the first six cuttings. 



!Qr first rowth and regrowth iaereaeed until the 12th and 5th 

week reapectiTel7. 

Gains of dry matter yield and protein yield per day in 

kg/ hectare are presented in Fig. 3. 5. 'l'he maturity index at 

each cutting date is included to aid interpretationaf' change• in 

gai.as. At the • stages of de•elopaent detorained b7 the 

11aturit7 index, the first growth and regrowth follow the sue 

patten of changes. 
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Measurement of Nutr1t1Te Value of Japanese Millet 

3.3.1. Chemical Coapoeition 

The cheaical composition of the aixed pasture and 

Japanese Millet used•• feedstuffa are presented as Treataent x 

Period aeana in Fig. 3.6. and Appenilx 3. There were no distinct 

patterns of changes in pasture coaponenta as a result of using 

different paddocks of •~xed pasture during the experiment 

(see Section 2. 2.3.). With the Japanese Millet the percentage of 

dry aatter, crude fibre, soluble carbohydrates and nitrogen - free 

extract increased. whilst the percentage of crude protein, ether 

extract and ash decreased. These changes have been related to 

maturation of the crop in Section 3.2. and will be related in 

Section 4.2 . 

3.3.2. Sheep Experiments 

3. 3.2.1. Measurement of apparent digestibility 

Throughout this thesis 'digestibility• refers to apparent 

digestibilit7. 

Digestibility 

Digestibility of teedetuffa deterained in feeding experi­

aenta with eheep are preeented aa Treataent x Period aeana in 

Fig. 3.7. Coapa.rison of digestibility coefficient• (aeane of 3 

sheep ! S. E. ) between treataenta tor dry utter, organic aatter , 

crude protein and crude fibre du.ring Period• II, III and IV are 

shown in Fig. 3.7. 

Digestibility of Dry Matter ( D. D. M. % ) 

Pasture D.D. M. " ••• aignificantly ( P ( 0. 05 ) lees than 

Millet D. D. K. " in Period II , not different ( P > 0.10 ) in Period III 

and s1gn1ticantl7 ( P < 0.05 ) greater than Millet D.D. M. • in 
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Period IV (Fi. 3.7. ). Pasture D.D.M. % increased froa Period II 

until the post experimental period (Period V) with all period 

means being significantly ( P < 0 . 05 ) different (Table 3.1.). 

Millet D.D.M. % fell during the 3 experiaental periods (Periods 

II, III and IV) with the last period (Period IV) being significant­

ly ( P < 0. 05 ) less than Periods II and III (Table 3.1.) . 

Digestibility of Organic Matter ( D.O.M. h ) 

Di f ferences on D.O.M. % between Pasture and Japanese 

Millet during Period II, III and IV were the same as• s described 

for D.D.M. % (Fig. 3.7.). Table 3.1 . indicates that pasture 

D. O.M. % increased from Period II until Period V, the 4 periods 

means being significantly ( P < 0.05 ) different; however there 

was no difference ( P ) 0.05) between Period I and Period IV. 

Millet D.O.M. ~ fell from P9riod II to Period IV, the last period 

(Period IV) being significantly ( P < 0.05 ) lower than Periods II 

and III (Table 3.1.). 

Digestibility of Crude Protein ( D. C.P. t ) 

Pastur and Millet D.C . P. % was not significantly 

( P >0. 10) different in Period II and III but pasture D. C. P. % 
was significantly ( P < 0. 05 ) higher than that tor Millet in 

Period IV ( Fig. 3.7. ). Pasture D. C. P. % increased from Period II 

to Period V (Post-experimental period) with all p riod means being 

significantly ( P < 0. 05 ) diff rent (Table 3.1 . ); the coefficient 

for Periods I and III were not significantly ( P > 0.05 ) different . 

Millet D.C . P. ~ decre aed fro• Period II to Period IV , with all 

period mean being ignificantly ( P <:o. 05 ) different (Table 3.1.). 

Digestibility of Crude Fibre ( D. C.F. ~ ) 

Pasture D. C .r. • ••• ignificantl7 ( P < 0. 05 ) less than 

Millet D. c . r. • in Period II,and not ngnificantly ( P > 0. 10 ) 
different in Period• III and IV ( ig. 3. 7. ) . Pasture D.c •• ~ 
increased fro• P riod II to Period IV , all p ira of means except 
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TA.BIB 3.1 

( Co parioon of Periods ithln 'l'reatmen-ts ) 

DI GESTIBILITY OF PASTURE 

"RIOD DRY MATTER ORGANIC KA'rr R CRUDE PROTEIN CRUDE FIBRE 

71.3 (!o. 75) * 72.4 (!o. 70) a 10.0 (!1.52) a 61.3 (!o. 73) ab I a 

II 60. 8 (!1.8o) a 62.2 {:!:1.94) ab 75.8 (!1.81) ab 28. 0 (~-77) ab 

Ill 65.5 (!1. 25) a 67. 2 (!1.09) ab 70. 6 (!1. 34 ) b 52.0 (:!:1.09) a 

IV 69. 5 (:!:1. 21) a 71.3 (!1.05) b 8o. 2 (!1.17) ab 52. 7 (:!:1.44) b 

V 78. 0 (!:o.81) a So.o (:!o. 76) ab 83. 4 {!o. 77) ab 69. 5 (!o. 48) ab 

DlG;'.i;STIBILITY OF JA£'All 'SE MILI£T 

P ' IUOD DRY MA'rl'ER ORGANIC ?,lATTSR CRUIE PROT • n~ CRUDE FIBRE 

II 68. 7 {!1. 64) a,* 10.1 (:!:1.88) o 77.4 (!1.13) a 58.1 (:!:1. 95) 

III 65. 4 (!1. 70) b 67.5 (!1.41) b 71.l (!o. 29) 57.7 (!3.76) 

IV 60.o (!2.67) b 62. 4 (!2.o8) b + 58.8 (-2.93) 50. 4 (z.t. 4) 

dono oomi:!IOn letters ianifio t:13' ( P < 0. 05 ) different • 
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Period• III and IV being aigni ticantl7 ( P < 0.05 ) different. 

'rhere were 110 significant ( P ) 0.05 ) differences aaong period 

means for Millet D.C.F. %. 

3.3.2.2. Rumen Tolatile fatty acids ( VFA) 

A Total luen VFA Concentration ( 11M / 100 ml L.R.) 

Total ruaen VFA concentration means of paeture and 

Japanese Millet during Periods I, II, III and IV for 3 times 

78 

( ! S . E.), 6 sheep and 2 days S&.11pling are presented on Table 3.2. 

Change• in the concentration of VFA in ruaen fluid from 

animals fed mixed pasture and Japanese Millet were coapare by 

analyses of Tariance corresponding to the three way model described 

i.n Section 2.8.1.3. for ruaen characteristics. The analysis of 

Tariance (Appendix 5 ) showed significant ( P < 0. 05 and 

P <: 0.001 ) variation due to differences between treatments, expe­

rimental period•, sampling timea and all interactions. 

Differences between pasture and Millet aeana (each fro• 

3 sampling times on 2 days for 3 sheep) were analysed on a within­

period basis using the 2 way model for ruaen characteristics 

described in Section 2.8.1.2. Results of analysis within periods 

( Fig. 3.8. and Appendix 5 ) indicated that VFA concentrations in 

ruaen liquor of sheep fed pasture were significantl7 ( P < 0 . 001 ) 

higher than in sheep fed Millet in Periods II, III and I V. 
VFA concentrations in paeture fed sheep were sipificantl7 

(P <0.05) higher in Period IV than in Period• 1. II and III. 
Sheep fed Millet ahowed 110 eignificant ( P > 0.05 ) cliffue11cee 111 

VFA coacentratioaa daring Period• II. III and IV . The abaence of 

a ( 'f x H) i11teractioa in Period II. auggeated 1a Fig. 3.9. ia 

confiraed by the aaalyaia of Tariance ( P > 0.10 ) 011 Appendix 5. 
During Period III aad IV the ( T x R) interactions were high17 

eigllificant ( P < 0. 001 ) •• a consequeaoe of cliffereat patteraa of 

change• with ti•• in the two treatMat group• ( Fig. 3. 9. ). 
Theae ( T x B) interaction• for cha.age• in VFA conce11tratioaa 

make 4iff1cult any iaterpretatioa of the clifferencea between 

-pliag tiaea. 
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T 3. 2 

( mM VFA / 100 ml) 

i-'.!!RI01, ,· ·J, a ,.;:i !'!\.S1TU1 ~ J ,u A. , .... ~ ·I1.L31' 
«-

9 a . rn. 7. 56 ( 0. 43 ) 

I 11 a. a . 10. 28 ( 0. 45 ) 

l p. o . 9. 66 { o. 51 ) 

.·!-4~\1~3 9.17 ( 0 . 21 ) 

9 :'.": . m. 7. 65 ( 0. 95) 6. 82 ( o. G6 ) 

II 11 n.. r.: . 9. 75 ( 0 . 81) 7,. 76 ( 0.48) 

l p . r.i . 10.74 ( o. 59 ) 8. 43 ( 0. 45 ) 

~·- "' 'J:J 9. 38 ( 0. 46 ) 7.67 ( o. 31) 

3 n . r.1 . 7.13 ( 0. 48 ) 7.rp ( o. 33 ) 

III 11 :·· . c . 9. 27 ( 0. 41 ) 6. 97 ( 0. 40) 

1 p . n. 10. 78 ( 0. 36 ) 7. 31 ( 0. 40) 

, , ,ANS 9. 06 ( o. ::>4 ) 1. 26 ( o. 22 ) 

) a.. n . 6. 85 ( o. ~ ) 1. 02 ( o. 28 ) 

11 a . m. 10. 91 ( 0. 42 ) 7. 30 ( 0. 24 ) 

1 p. m. 13. 75 { 0. 90 ) 8. 13 ( 0 . 51 ) 

. M.s 10. 50 ( 0. 37) 7. 48 ( 0.21) 

* Standard orror of me no .. 
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Changes 1n VFA concentrations at times of sampling are 

presented as Treatments x Periods x Times subclass means in Fig.3 . 9. 

In nearly all periods, the pattern of changes in VFA concentrations 

did not vary between treatments. VFA concentrations increased 

with time after feeding, being highest 1i hours after feeding for all 

Treatment x Period groups xcept for Millet fed ani als in 

Period III and for pasture fed group in Period I ( Fig. 3.9.). 
Relationships between changes in VFA concentrations and 

changes in: A - digestible organic matter intake on sheep, 

B - sol uble carbohydrates percentage of feed, C - crude fibre 

percent age of feed, D - digestible crude fib r e percentage of feed, 

E - crude fibre percentage or feed , F - digestible crude protein 

percentage of feed, were exmined by linear regression analyses 

( see Section 2.8. 4. ) and presented in Table 3.3. All relation­

ships were weak - e. g. only 17.92 % of the variation in VFA concen­

tration was r elated to varia tion i n crude fibre percentage, thi s 

being the highest 1 2 obtained. 

B Individual VFA Proportions and Concentrations 

VFA PROPORTIONS ( % ) 

Changes in rumen nuid VFA proportions from animals fed 

mixed pasture and Japanese Millet are presented in Fig. 3.10. 

Differences in the proportions of acetic, propionic and butyric 

acids between day 1 and day 2 in the pr li inary period were 

examined by simple analysis of Yariance. Since there were no 

sign.ificant ( P > 0.10 ) differences between a, further an lyse 

were perforsed on samples obtained during one ampling day. 

Variation 1n the proportions of each acid were exaained 

y anal7aes of Yariance sing the model described for analyses or 
total VFA concentrations (aee Section 3.3. 2.2. - A aboY) and are 

pres nted in Fig. 3.10. There were significant Treatment x Period 

x Tim interactions which aake the result di!!icult ·to interpre­

tate. elationshipa between. change in VFA proportions and ch gea 

in digestibility coefficients (dry matter and crude fibre) and 

changes in chellical composition of teed(~ crude fibre and i soluble 



TABLE 3.3 

1e1at'9nphipa betyeen rumon VfA ggpggntrationp NJ4 

chgmca1oomponontsaru14wst1b111v ot tn4. 

VFA COhCENTRAfION RclGRBSSION CORRELATION 
l'REATMENT 

ON: CO~FFICI.;NT CO&FFICI&NT 

D. 0 . :.1. INT.AKE PASTURE - 0.0005 f,o.0018 ) - 0. 0732 

( sheep) J . JIILLST + 0.0024 6(>.0000) + 0. 3544 

SOWBLB .PASTURE - 0.1511 6().4733) - 0 . 0882 

CARBOHYDRAL'ES 'I, J . MILLBT - 0.0793 t().1840) - 0.1607 

CRUDE PASTURE - 0.1389 ~.0830) - 0. 4211 

FIBRE >, J . MI~T - 0. 0192 eo.oas1> - o. o817 

DIG3STIBLE l'ASTURE - 0. 0145 eo.0254> - 0. 1564 

CRUDS FIDRB J . MILLET + 0.0!20 eo.0363) + 0. 0851 

CRUDE PASTUR,3 + 0.1014 eo.0131> + 0.3589 

PROTEIN , J . MII..LE:T + 0. 0223 ~.0592) + 0.1411 

DIGESTIBLE PASTURE + 0.1018 6().0604) + 0. 4233 

CRUDE .dlO'Nm 'I, J MILLET + 0.0014 lc).0012) + 0.0185 

81 
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17.92 'fo 

o.o3 'I, 

( All rosr<3tJa1on coefficionts are no o1gnitioant1J( P > 0.10 ) dUforents) 
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carbohydrate) were examined by linear regression analysis 

(see Section 2.8.4. ); but no meaningful relationships were 

found (Table 3.4.) . 

VF CONCENTR TIONS (IBM/ 100 ml L.R.) 
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Changes in indiwidual VFA concentrations in rumen fluid 

from animals fed mixed p eture and Japanese Millet are illustrated 

in Fig. 3 . 11. (Analys s of variance were made in the same form ae 

described for total VFA concentrations see Section 3. 3.2. 2.) . 

Hyghly significant ( P < 0 . 001 ) Period x Treatment x Time inter­

actions complicates their interpretation and there were no obwious 

relationships with other parameters such as digestibility of the 

components. 

3.3.2.3. Rumen ammonia concentration 

Rumen ammonia concentrations means (pasture and Japanese 

Millet during Period I , II, III and IV !or 3 times ( ! S . E.), 

6 sheep and 2 days sampling) are>pre ented on Table 3.5. 

Chang sin the concentration of ammonia in ru en fluid of 

sheep fed Japanese Millet and mixed pasture were examined by ana­

lysis of variance corre ponding to the 3 way model for rumen 

characteristics described in Section 2.8. 1. 3 . The analysis of 

Tarianc (Appendix 6) indicated that •ariation due to differences 

between treataente , experiaental period•, eaapling tiaes and all 

interactions except ( x P x H) were Yery highly significant 

( P < 0.001 ) . 

Differences between treataent means were tested on a 

with.in-period baai ud are preaented in Fig. 3 . 12. Ruaen -onia 

concentration , ••an• of 18 deteraiutions (3 aaapling tiaea on 2 

days for 3 aheep) were significantl7 ( P < 0 . 05 ) and bigh17 signi­

ficantly ( P < 0 . 001 ) greater i eheep feel llixed pastve than in 

sheep fed Japan••• Millet in Period II and Period• III and IV 
reapecti•ely. Rullea -onia concentr ations in pasture fed sheep 
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191gtiopehi,pe between rumen m Prnwrt1ong 

g.nd ghom1ga1 gompomntg M4 41,wu1p111t,v 0t fged 

ACETIC ACID 1, on 

DIGESTIBLE O. N. % 

ACETIC ACID 'j., on 

DIGESTI13L8 C. F. 'J> 

ACETIC ACID 'f,, on 

CRUDE FI BRE <µ 

AC~TIC ACID % on 

S. CARroHYDRATES jo 

PROPIONIC ACID ~ on 

DIGESTIDLE O. M. ,, 
PROPIONIC ACID i on 

s. CAREOHYDRATBS i 

BOT'f RlC A.CID 1, on 

DIGESTIBLS 0 . 11. ~ 

DU'l'fRIC ACID ~ on 

s. CAROOliYDIA.T S j 
I ~_..G 

BS• P ) 0.10 

TREATf!SNT 
REGRESvlO?i CORRELATION 

CO&r"FI CIENT COBFFICIENT 

PASTURE -o. 2070 to.0957) • -0.5143 

J. MILLET -0.2086 f().1187) BS -0.5533 

PASTURE -0.0429 ~.0365) NS -0.3102 

J . MILLET -0.0904 6:(). 0886) NS -0.3598 

PASTURE +o.1971 ~.1253) NS +o.4000 

J. MIL.LisT +o.2732 ec,.2079) NS +0.4447 

PASTURE -0. 6745 (().6846) NS -0.2636 

J . MILLET +o.6351 ec>.4233) NS +o.4933 

PASTURB ..0.0328 $).0633) NS +o.1424 

J . MILLET +o. 3059 ~-1499) + +0.6108 

PASTURE -0.2634 ~.3998) NS -0.1797 

J. IIILL3T -1. 3464 ~-3987) * -0.7872 

PASTURE +o.1601 e,o.0538) ** +o.6340 

J. 1.II;I,ET -0.1435 fo.0889) lfS -0.5206 

* +o.6583 PASTURE +1.0570 eo.3352> 

J. MILIBT +o.6596 (1).1450) *** 0.9131 

+ • P ( 0.10 

• • P ( 0.05 

** • P< 0 .01 

*** • P ( 0.001 
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were significantly ( P < 0 . 05 ) higher in Period III and IV than 

in Period I or II . The only significant ( P < 0 . 05 ) period 

difference in ruaen ammonia concentration in Millet fed sheep was 

between Period III and IV (see Fig. 3. 12.) . 
Changes in ruaen ammonia concentrations at times of 

sampling are presented as Treataent x Period x Time subclass means 

in Fig. 3. 13. The pattern of changes in ammonia concentrations 

with time of eaapling Yaried between treataents. Treatment x Time 

interaction and• eapecially in pasture fed animals . between periods 

(period x tiae interaction) . In the latter animals in Period I 
and II, highest concentrations were aeasured 2 hours after feeding 

but in Period III and IV, highest concentrations were aeaeured 

4 hours after feeding (Fig. 3.13. B). The concentration of UUDonia 

in the ruaen li4uor of aniaals fed Japanese Millet had risen 

slightly by 2 h after feeding and was at a similar leYel 4 hours 

after feeding for each of the experimental periods (Fig. 3.13. - A~ 

Examination of sources of Yariation on a within-period 

basis were done using the 2 way model described in Section 2 . 8 . 1.2. 

The analyses (Appendix 6) indicated that treatment differences 

were increasingl1 responsible for obaerYed variance aa the experi­

ment progressed. The absence of a ( T x H) interaction in 

lbiod II , suggested in Fig. 3. 13. , is confiraed by the anal1ais 

{ P > 0 . 10 ) {Appendix 6) . The interaction becaae increasingly 

eignifica.Dt in Period III ( P < 0 . 10 ) and Period IV { P < 0 . 01 ) • 

These ( T x H) interactions make difficult any interpretation of 

significant differences between saapling timea. 

The relationship between change• in ruaen amaonia 

concentration aad chana•• in crude protein content of teedatuff• 

•a• emiDed by regreaaion analyaea (Table 3. 6. - A, Fig. 3. 14. 
aacl Appendix 7. ) . l llighly aignificant ( P<0. 001) poaitiYe 

re1reaaion ( ~ : 1.4623 :! 0 . 3603 ) in t he pasture feel aniaal.• 

explained 55. 9 • of the Yariation in ruaen -onia concentration•• 

In aniula feel Millet, the relationship between the two Tariablee 

wae weak aad negatiYe ( ~ • - 0 . 38) (only 14. 7 • of the 

Yariation in ruaea -olda concentrations••• related to •ariation 

in crude protein cOAteat in Millet); the regression coefficient 

( 'b • - 0.2437 ! 0. 2223 ) waa not aignU'icantly ( P > 0. 10 ) 



TABLE 3.5 

khapges in ruraan runmon1a conoontrati2m1 ptter wAAM 

.PERIOD rnms PASTURE J APAlLSE MILLET 

9 a. m. 11.53 ( 1.56 >* 
I 11 a . m. 15. 92 ( 1.40) 

l p. m. 14.51 ( 1~35) 

ur;AN::, 13.99 ( 0.83 ) 

9 a .. m. 13.38 ( 2. 56 ) 8. 83 ( 1.32 ) 

II 11 a. m. 19.70 ( 2.01) 13. 72 ( o. 96 ) 

1 p. m. 13.44 ( 1.13) 13.78 ( 1.10 ) 

ME.AI~s 15.51 ( 1. 14) 12.11 ( o. 66 ) 

9 a. m. 14. 24 ( 1.70) 10.83 ( 1.53 ) 

III 11 a.rn. 23.97 ( 0. 52) 12. 59 ( 1. 57 ) 

l p. m. 26. 36 ( 3. 91 ) 11.61 ( 1.58 ) 

MEANS 21. 52 ( 1.43) 11.68 ( 0.90) 

9 n.m. 18. 96 ( 1.56 ) 10.36 ( 0 .37 ) 

IV 11 a.m. 36.38 ( 1.81) 16- 74 ( 2.29 ) 

1 p.m. 46.97 ( 3.89) 16. 57 ( 2. 80 ) 

DABS 34.11 ( 1.52 ) 14.56 ( 1.21 ) 

• Standard errors o~ moons 
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different from aero. 

When Tariations in ruaen ammonia concentrations were 

related to digestible crude protein contents in the feeds 

{Table 3. 6. B, Fig 3. 14. and Appendix 7. ) the correlation for 

pasture fed animals wae weaker { 
,. 
r 

for Millet fed animals was stronger { 
= o. 6429) and the correlation 

'r = - 6416) than the 

relationship between ammonia concentrations and crude protein 

contents ot feeds. These correlation• are of siailar aagnitude but 

ot different sign, thus in pasture fed animals, rumen ammonia con­

centration increased as digestible crude protein content ot the 

feed increased whereas in Millet fed animals, ruaen ammonia concen­

trations tell as the content of digestible crude protein in Millet 

increased. 

Relationships between r1111en aJllllonia concentration and 

the intake of crude protein ( g / da1) by the sheep were coaputed 

(Table 3.6. C, Fig 3.14. and Appendix 7. ). A highly significant 
A + { P ( 0 . 001) positiYe regression { b = 0.1632 - 0.0412) was 

found with the pasture fed animals and a ccounted for 55.1 % of the 

Tariation in rumen alllllonia concentrations to Yariation in crude 

protein intake. HoweYer, Millet fed sheep showed a weakl1 signi­

ficant ( P <:0.10 ) negatiYe regression ( 'b = - 0.0484 + 0.0223 ) 

and onl1 38. 1 ~ ot the Yariation in ruaen &lllllonia concentrations 

wae associated with Yariations on intake of crude protein. Since 

the significance of these relationships {positiYe for paeture and 

negatiYe tor Millet)••• not ch4D,ged b7 theae anal7aee, the1 

cannot be explained b7 difference• ill •election of herbage eaten 

b7 abeep during these etudiea. 

3.3.J. Daiq Cow Experiaenta 

, . ,.3. 1. LiTe weight• 

In an atteapt to reduce abort tera Yariation in eetiaatea 

of liYe weight , co•• were weighted three tiaea each week (eee 

Section 2.4.2. ) aad the aeaa weight waa taken u the period weight 

(the aTerage coefficieat of Tariatioa of 30 ot theee ••u• were 

0. 7 • ; indiTiduale aeane ! S .E. aad coefficient of •ariation are 



TABLE 3.6 

Relationships botwaen rumen ammonia concentration. crude 

protein %, crude protein digestible % and crude protein intake 

A ) At4HONI A CONCENTRATION on CRUDE f'ROT.SDl "fo 

T AT11S1n' REGRESSION COEFFICIENT CORRELATION CO .t FICIEUT 

PASTURi:!i 

J. LI.ET 

+1.4623 (0.3603) *** 

-0. 2437 (0. 2223) NS 

+o.7476 

-o. 3829 

B ) AM!l(}NI A COl CEI-lTRATION on CRUDE PROTEili DIGESTIBLE 

TREATI~31lT RSGRESSION CO~FFICIENT CORRELATION COEFFICISNT 

PASTURE 

J • . LLET 

+l.0709 (0. 3539) ** 

-0.1953 (0. 0882) + 

+0.6429 

-o.6416 

C ) .ONI A co C NTRATIO.N on CRUD·~ PROTErn I NTAKE 

J. 

REG SS10 CO i'FICIENT 

+o.1632 (0.0412) 
... 

...o.c484 (0.0223} + 

S . , P ) Q.,10 

+ • P ( 0.10 

CORRELATIO CO FFICI T 

+o.7423 

...o.6172 

** • P <0. 0l 

*" .. P< 0.001 

-"" 2 r 

"" 2 r 

8? 
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given in Table 3.7.). Cow period means obtained in this way for 

Period II, III and IV are presented in Fig. 3 .15. 

Differences in live weight (during 3 experimental 

88 

Periods = II , III and IV) were examined by analysis of variance 

using a hierarehial model (see Section 2.8.1.4.) to partition 

variation into that associated with treatments, periods within 

treataents and cows within periods and treatmente (Appendix 8. ) . 
There waa no significant variation due to differences between 

breatment aeans (unadjusted) or periods within treatments means 

( Fig. 3.15. ) . Highly significant ( P < 0 .001 ) variations due to 

differences between cows within periods and treatments were observed 

and resulted from selecting twin sets to bave different body weights 

for use in regression studies with milk production (see Section 

.3.3.3.3.). 
Since 'cow' variation represented the bulk ( 99. 62 % ) 

of total observed variation (see Appendix 8. ), further analyses of 

covariance were made using mean live weight in Period I (Preliminary 

period) as the concomitant variable. To conee"e degrees of free­

dom , an abbreviated model of analyses of covariance was used 

(see Section 2.8.2.1.). Before preliminary data were used as the 

concomitant variable, a simple analysis of variance of live weight 

(see Section 2.8.1.1.) in Period I was made which indicated no 

significant ( P > 0 .10 ) differences between the two treatment 

groups. Analyses of covariance ehowed that the use of the 

regression tera reduced within-treatment variation (99.35 % ) 
when the three experimental periods were anal7sed together 

(.Appendix 9.). Despite this adjustaent, there••• no significant 

( P > 0.10 ) difference between treatment means detected by analyses 

of coTariance. To demonstrate a ,significant ( P < 0.05 ) treataeiit 

differences in 11Y• weight, a difference between adjusted aeans 

ot 8.74 kg would haYe been required. 

Analysea of coTariaace 1a each experiaental period 

(Period• II, Ill and IV) using Period I as the coneoaitaat Tariable 

were aade, uaiag the aaae ao4el as preYiousl7 deacri ed. The uee of 

the regreaaloa tera reduced within traataent variation by 99.4 % , 
78.8 ~ , and 98.8 % for Period• I I, III ud IV reapectivel7 

(Appendix 10, 11 and 12.) Deepite these adjuetaenta, there were no 



TABLE 3.7 

C IGHTS O! COWS ( 1$g ) 

PASTURE 

P !UOD COW 38 co 75 cow 111 t ANS 

* 
I .349 ( 2.26) 269 ( 1.64 ) 413 ( 1.44 ) 344 ( 41.65) 

II 343 ( 8. 27 ) 268 ( 4.03) 401 ( 3.43 ) 331 ( 38. 50 ) 

III 343 ( 4.39 ) 272 ( 1. 71 ', 414 ( 3. 25) 343 ( 40. 99 ) 

IV 334 ( 1.89 ) 269 ( 0. 94 ) 402 ( 1.09) 335 ( 38. 40) 

V 342 ( 1.46) 270 ( 0.99) 407 ( 0. 30 ) 340 ( 39.57 ( 

JAPANESE .M I L L E 'f 

P"'RIOD co 37 cow 76 cow 112 MEANS 

I 365 ( 2.74) 269 ( 2.65 } 402 ( 2.78) 345 ( 39.62) 

II 351 ( 2.28 ) 269 ( 1.64 ) 397 ( 1.53 ) 339 ( 37. 43 ) 

III 348 ( 2. 28 ) 264 ( 0.40 ) 392 ( 2. 92) 335 ( 37.55 ) 

IV 348 ( 0.40) 267 ( 1.14 ) 396 ( 2.23 ) 337 ( 37.,64 ) 

V 352 { 3.41) 263 ( 2.98 ) 392 ( 3 64 ) 336 ( .12 ) 

• ndard e 
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significant ( P > 0. 10 ) differences between treatment means 

adjusted (Fig. 3.15.) in any of the analyses. 

3.3.3.2 . Voluntary intake of herbage 

As a considerable amount of feed was left in each break 

in both treatments after grazing , it was assumed that the amount of 

teed aTailable did not limit the voluntary intake of &nimals. 

Th average intake of digestible organic matter ( D. O. M. ) in 

kg/ cow/ day as determined by the 'grab' sample and •sward' 

sample techniques (see Section 2.5.1.2.) are presented as 

Treatment x Period means in Fig. 3.16. A, 3.16. Band Table 3.S. 
The o.o.M. intake determined from 'grab' samples did not differ 

( P ) 0.10) between treatments during the 5 experimental periods 

(Fig . 3.16. A. ) • There were, however, significant ( P < 0.05 ) 

differences between periods in the pasture group but no significant 

( P>O.1O) differences in the Millet fed group (Table 3. 8.). 
Intakes measured using 'sward' samples during Periods II, III and 

IV ( see Section 2.5.1. 2. ) showed no significant ( P > 0.10 ) 

differences between treatments (Fig. 3.16. B. ) . There were no 

significant ( P > 0.10 ) differences between periods in the Millet 

group but significant ( P < 0. 05 ) differenc s were observed between 

periods in the pasture fed group (Table 3. 8.). 
When D. O. M. intakes were determined using 'grab' 

samples (Tabl 3. 8.), Millet fed cows decreased their intake in 

Period II ( 78.16 % ), in Period III ( 69.52 % ) and in Period IV 

( 68.4? % ) reiatiYe to the intake of mixed pasture in Period I 

( 100 % ). The decreaae 1n D. O. M. intakes occurred aa the Millet 

regrowth aatured progresaiTely (aee Fig. 3.1.) . 
The coefficients of Tariation for eatillatee of pasture 

D. O. M. intakes using 'grab' ... pling ( 7.27 % to 17. 43 ~)area 

consequence of ••*iation between cowa within periode. Eatiaatea 

of Millet intake were 1eaa Tariable ( 6. 08 to 15.66 ~ ) . ea 

•award' ... pl1ng was used to eati-tea intakes, differences 

between cows were reaoYecl by 'bulking<••• Section 2.5.1.2. ) so the 

reduced Tariation in the pasture fed group ( 2.13 • to 10.79 % ) 
and the Millet fed group ( 7. 8s - to 9 .~2 ~) principally renecte 
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TABLE 3. 8 

Comparison botween Digestible Organic l atter Intake 

0£ horbo.go eot1matod b:1 ' grab' and ' sward' sampl ing 

Difference between 

' ' ' ' tochniquea 
P~RIOD GRAB SVARD 

DIF. % ot GRAB PROB-. 

I 14.24 (o. 28) de+ 16.04 (0.59) o 1.79 9. 61 P ( 0 . 0 l 

p II 10.41 (1. 03) oe 10. 58 ( 1. 14) a 0 . 17 1. 59 P ) 0.10 

A 
s 

III 11.92 (1.38) b 11.32 (0.39) a 0. 60 - s . 02 P > O.U> 
T 
u 
R IV 11. 54 (1.38) ad 13.40 (1,.45) a 1. 86 13. 86 P > 0. 10 
E 

V 15.81 (0. 44) abo 17.41 (0.37) B 1. 61 9. 24 P < 0. 001 

J . ll u.13 (1.14) 12. 48 (1. 18) 1.34 10. 76 P ) 0 . 10 

• I 
L Ill 9. 91 (1. 23) 12.47 (1.04) 2. 56 20. 54 P ( 0. 10 
L 
B 
'1' lV 9. 75 (0. 76) 12.05 (0. 95) 2. 29 19.05 P < 0.10 

+ aeBDS da.loted ~ the 981!2• let ter are a1sniftoan.t]3 ( P ( 0. 05 ) ditteNnu. 

Ileana are 1n kg/~. 
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Tariation between days within peri~ds. 

The relationships between intakes determined by the two 

aaapling techniques ('grab' and 'sward' sampling) are shown in 

Fig. 3 . 17. and Appendix 13. Estimates of pasture intake obtained 

from the two methods were highl7 correlated ( 1 , 0. 9481; n = 5) 

but esti~atea of Japanese Millet intakes by the two methods were 

less related ( ~ ~ 0. 5993; n = 3 ). Analyses of regression 

slopes (Appendix 14.) showed non - significant departure from 

parallelism ( P 0.10) so the common regression 

( r • 0. 8899 ; n • 8) (see ~ig . 3.17. and Appendix 13. ) 
describes the r elationships between estimates using the two 

techniq•.les. 

i\'hen intakes (measured by means of 'grab' sample)were 

expressed in term of metabolic size ( D.•) . M. intake g / kg !. . liV . o. 75) 

(Table 3. 9. and 7ig . 3.18. ),cows fed pasture had a significantly 

( P < 0. 05 ) higher intake than cows fed Millet in Periods III and 

IV . There were significant ( P ( 0 . 05) differences among periods 

in both the pasture and Millet treat ents (Tabl~ 3.9. ) . 

When intakes were expressed on the basis of etabolic 

body stze, the variance of eans was reduced (coefficient of 

variation from pooled estimate of vari,~ce = pastur9 4. 62 % and 

Millet 5. 55 ~ ) compared with those expressed on 0. 0 . M. intake 

(kg/ day) (pastur• 6. 39 % and Mille t 6.79 ~ ). Since D. O. M. 

1nta~e
7
;ae related to L. N.

0
• 75 both directly ( ~ (D.O. M. intake_ 

L. W. • ) • 0. 3602) and indire~tl7 thro h fat-corrected ailk 

yield ( ee ailk production resulte 3.3.3.3. ), expressing intakes 

in thia way reduced Tariation arising froa 41fferencea between 

aniaala aa a con equence of different live weights. The reduction 

1.n the Tariance of the means , gay ri e t o eignificant ( P < 0 . 05 ) 

treat• nt differences ia Period III and IV { ig. 3.18.}. 
e relatioAahip between D.O . M. intake 

( g / kg L •• 0•75} and t • chemical coapoaltion of feedstuffs was 

exaained graphically , along with the relationship to the digeatibi-

lit7 of• rious conetituente of th feede. 

( g / kg L •• 0•75) was closely related to 

carbohydrate• in pasture ( ~ • 0 . 9788) 

( r • - o. 9'8, ) • • ... ••• are 

D.O.M. intake 

the content of aolu le 

and in Japanese Millet 

01lll ig. ,.1-9. and 
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'?ABLE 3. 9 

PERIOD 

I 

II 

III 

IV 

V 

COMPARISON OF DIGESTIBLE ORGANIC MATTER 

INTAKE ('grab' sample) - g / kg L. w. 0•75 

93 

PASTURE JAPANESE MILLET Sig. of cliff . 

.f. between 
D.O.M.r . c!s .E. ) c.v.~ D. O. M. I . (_S . E. )C . V.% 

Tre tments 

181(8. 57) ab+ 4. 73 180(5. 29) cde 2. 94 NS 

133(1 . 76) ab 1. 33 140(11 . 35) ch 8. 11 NS 

150(4. 51) a 3. 01 127(5. 36) dg 4. 22 • 

148(5.04) b 3. 41 125(3 . 84) ef 3. 08 • 

199(19. 34) b 9. 72 201(7 . 55) f'gh 3. 76 NS 

+ Means denoted by the same letter are significantly ( P <. 0 . 05 ) 

different . 

NS • P } o . 10 
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Fig. 3.18 Digestible organic matter intake (D.O.M.I.) in g / kg L.W. o.75 estimated from 'grab' sample of faeces. 
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Appendix 15 •• and since the slopes clearl1 differed, no co on 

regression was comput 4. There were no obvious relationships 

between intake nd any of the other t ed constituents. Examination 

of intakes and the digestibility of feed constituents indicated 

u eful r lationship between D. 0 . M. intake ( / kg L . ~.
O

• 75) and 

the digestibility of dry matter and crude fibre . In the first 
A, 

c ae (Fig. 3.20. and Appendix 16. ) corr lations of r • 0.9333 
A 

for pasture and r = o.8561 for J pa.nese Millet w re computed. 

non- significant ( P > 0.10 ) departure from para1leliea 

(Appendix 17.) llowed the data to be combined s shown 

( 'r 0 .9201 ) • D. c . M. int ke ( g / kg L. ·• 0• 75 ) and the 

digestibility of crude fibre wer related for pasture ( 'r a 0. 8994 ) 

and Japanese Millet ( 'r • 0. 6307 ). A non - significant 

( P ..,. 0 . 10 ) departure from parallelism (Appendix 17.) again 

allow d the data to be combined as in fig . 3.20 and Appendix 16. 

( r = o. 7126). 

3.3. 3.3. Milk yield and co position 

A MILK YIELD 

Changee in unadjusted an ilk yields ( cow x treatment 

x period) from cows fed m1xed pasture and Japanese Millet r 

presented in Table , . 10. Treatment x period adjusted ana with 

st ndard errors re illuetrat din 1g. , . 21. 

Differences in llilk yield during Perioda II, III and IV 

t ken together were exo.ain d y an lyaia of Ya.riance usi.ng the 

2 way aodel for •~lk production de cribe4 in 2. 8.1.2. There were 

no 1 nificant ( P > 0 . 10 ) eff ecta of tNat eat, period or the 

reat ent x Period interaction on ailk yield (App dix 18. - .). 

inc• the •resi ual' t ra ccount d for all o ened 

•ariation (••App di.x 3.18. - A. ), analJsis of co•ari ce • a 

ertoraed uaill me ailk yield in eriod I (PNliainary Perio ) 

•• tu concoaitant •ariable. em el ua (2 way with co•ari nee) 

waa de cri eel iD Section 2.8. 2.2. efore prel1Jli arr d ta••• uee 

•• the concoat t Yariable, a one way analysia of• riance 
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TABLE 3.10 

ME>J~ Jmj{ TIELD ( kg / dav } 

P~RIOD PAS'l'URS J APAh'ESE MILLET 

I 10. 67 ( 1. 46 >* 10. 81 ( 1. 18) 

II 10.11 ( 1. 44 ) 10. 33 ( 0. 95 ) 

III 9. 44 ( 1. 28 ) 9.02 ( 1.04 ) 

IV 10. 35 ( 1. 17 ) 8. 34 ( 1. 00 ) 

V 10.88 ( 1. 52 ) 8. 91 ( 0. 90 ) 

* Standard orror of means 

TABLE 3. 11 

Compa;rigop ot adjusted milk Yield C M I w > 

PERIOD PASTURE J APAN6SE IULLST SI GNIFICAUCE 

Il 10. 16 ( 0. 15 )* a• 10. 28 ( 0 . 15 ) od BS ( P >0. 10 ) 

III 9. 50 ( 0 . 15 ) ob 8. 97 ( 0. 15) o s ( P < 0. 01 ) 

n 10.40 ( 0.15 ) b 8. 29 ( 0. 15 ) d s ( P < 0 . 001 } 

* Standard error o~ moans 

+ am denoted ~ the same let ter are sigrdftoentq ( P < 0 . 05 ) 

dif~erenta. 



(see Section 2. 8. 1. 1. ) of ailk yield in Period I was ade 

{Appendix 18. - B.), indicating no significant ( P > 0 . 10) Tariation 

due to differences between the treatment groups . 

Analysis or covariance {Appendix 18. - C.) showed that 

the use of the regression term reduced residual variation by 

98. 30 %. The residual Tariance was reduced from 19. 5852 to 0. 3333 
and tr atment Tariance increased from 11.6434 to 15. 5953 (see 

Appendix 18. - A. and C.) . After a ccounting for differences in the 

preli inary period, there was significant ( P < 0 . 01 ) Tariation 

associated with treatments, periods and the Treatment x Period 

interaction. As the interaction had a significant influence, a 

2 way comparison of adjusted means was aa.d (Table 3.11.). During 

Period II there was no significant ( P > 0.10) difference between 

treatments , but during Period III and IV , pasture fed cattle pro­

duced significantly ( P < 0. 01 and P < 0 . 001 ) more milk than Millet 

fed cows . Differences between Periods in each treatment group were 

tested by Duncan ' s multiple range test (see Section 2. 8. 3.). 
There were significant ( P < 0. 05) differences between Period II 

and Period III , and between Period III and IV in pasture fed cattle. 

There were significant ( P < 0. 05 ) differences between Period II 

and III and between Periods II and IV for Millet fed cattle (aee 

Fig. 3.21.) . 

Differences in milk yield considered on a within-Period 

basis were examined first by analyses of Tariance and then by 

analyses of coYariance using preliminary data as the concomitant 

Tariable. The aodel used (one• y with coTariance) is described 

in Section 2. 8. 2. 1. Analyaea of •ariance for data in each of four 

periods indicated no ignificant ( P > 0. 10 ) differences between 

the treatments (Appendix 19.). The use of cOTariance reduced 

within treatment Tar1at1on by 97.75 ~. 98. 82 ~. 98.11 • and 96. 60 j 

reepectiYely in Period II , III , IV and V. Deepite this adjustaent , 

there was no aignificant ( P > 0.10 ) difference 'between treataent aeaaa in 

eriod II (Appendix 19.). RoweTer duri g Period III , IV and V diffe­

rence• between treatment• were aignificant ( P ~ 0.10 1 P < 0. 001 1 and 

< 0 .01 , for Perioda III , IV and V) . The reeul ta of these analyses 

confiraed the reaulta found lty analysis of coYariance 
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Fig. 3.21 MILK YIELD (Means adjusted for preliminary period differences) . 
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taking the three experimental p rioda together . 

B FAT CORRECTED MILK ( FCM) 

As milk fat percentage differed between pairs of twins , 

the use of FCM yield rathe r than the actual milk yield increases 

the differences between treatments within periods. Changes in FCM 
yield means (unadjusted) ( Cow x tr atment x period) from cows 

fed pasture and Millet are presented in Table 3.12. The tre tment 

x period adjusted means and standard errors are illustrated in 

Fig. 3. 22 . 

Changes in FCM yield in Periods II, III and IV taken 

toge ther were examined by analysis of variance usi ng t he model 

de cribed earlier. There were no significant ( P ) 0 .10 ) effects 

of treatment, period and Treatment x Period interaction on variation 

in FCM yield (Appendix 20. - A.). Since the •resi dual' term 

accounted for all the obse rved variation, analysis of coYariance 

was performed using mean FCM yield in Period I as t he concomitant 

variable. The model used (2 way with covari a nce) was described in 

Section 2.8. 2.2. There were no significant ( P "> 0.10 ) treat ent 

differences in FCM yield in Period I (Appendix 20. - B.) . 

Anal y sis of covariance ( Appendix 2 0 . - C.) showed tha t 

the use of the regression t erm reduced residual variation by 98.34 %. 
After accounting for differences in the preliminary period, there 

were highly significant ( P < 0.01 ) and ( P < 0 . 001 ) differences 

among treatment, periods and the (treatment x period) interaction ­

{Appendix 20. - c.) . Coaparison of adjusted aeans (Table 3. 13.) 

showed no significant ( P > 0 . 05 ) diff rences between tre t ents 

in Period II but in Period III and IV., pasture fed cows produced 
. . 

significantly ( P < 0.05 ) and ( P < 0 . 001 ) r apectively more FCM 

th n Millet fed cows. he only signi f icant ( P < Q. 05 ) difference 

between Periods for pasture fed cows was etween Period III and IV 
(Table 3.13.) . For Millet fed cows, difference• in CM yi ld for 

all period were significantly ( P ~ 0 . 05 ) different; FCM production 

fell progressively during the experiaent (Table 3 . 1~,. and Fig. 3.22. ). 

FCM y~~lds were exuin..ed on• within-period baaia 7 



anal7••• of Yaria.nc• and then by analyse• of co•ariance using preli­

minary data ae the concoaitant Yariable. The model• used were the 

eaae as described tor llilk yield (Section,.,.,.,. - A. ) . Analyaee 

of variance for data in each ot the four experimental periods ( II . 

I I I, IV and V ) indicated no aigniticant ( P > 0.10 ) treatment 

differences (Appendix 21 . ) . The use of analysis of covariance 

reduced within treatment variation by 96. 64 ~. 99.56 ~. 97. 81 ~ 

and 98. 59 ~ reapectiYely in Perioda II , III, IV and V. There was 
no significant ( P ) 0 . 10) d~!!erence between treataente in Period 

II but in the other Periods, significant ( P < 0. 05, P < 0. 001 and 

P < 0. 01 for Periods I I I, IV and V) nataent differences were found. 

C RELATIONSHIP BET~EEN FCH o.o.M. I . L. W.0.75 

Fat corrected ailk yield (kg/ day) , digeatibe organic 

matter intake (kg/ day) and live weight ( kg L. ~. 0• 75 ) were rela ted 

using aultiple regression analysis (aee Section 2.8.5.). Separate 

multiple regressions were titted for each of the two treatments 

(pasture and Millet). Analysis of residuals after fitting the sulti­

ple regression (Appendix 22 - Table A.) indicated that the regression 

relationships were not significantly ( P>0.10) different. Therefore 

new relationships were fitted to the total data (pasture and Millet 

together) (Appendix 23.) giving the following results: 

• 

F.C.H. • - 58. 8421 + 0 . 1714 L.w.0• 75 + 0. ,651 D.O. M.I • 

• REDUCTION in VAttI ATIOI C.M. ~. 

Multiple regreasioa 
On L. r . 0• 75 alone 

On D.O. M. I . alone 

P < 0. 001 

P < 0. 001 

P < 0. 001 

Coefficient of lnlltipl• deteraination 

92. ,0 . 
1,.2, ~ 
51. 20 . 

The coefficient of 11111.tiple d•teraination ( C.M.D. ) 

( 92. ,0 $ ) indicated tbat ·aoat of tbe •ariuce 1D PCM waa aaaoc1ate4 
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PERIOD PASTURE J APA? ESE LLET 

* ( 1.56 ) I 12.84 ( 1. 83 ) 12.79 

II 11.97 ( 1.74) 1 2.00 ( 1.16) 

III 11.46 ( 1.60 ) 10.74 ( 1.44) 

IV 12.67 ( 1.62 ) 9. 83 ( 1.26) 

V 13.17 ( 1.82 ) 11.09 ( 1.29 ) 

* Standard erl"Or of means 

TABLE 3.13 

OD 

II 

III 

IV 

* 

11.95 ( o 19 >* 
1.44 ( 0.19 ) + 

12.65 ( 0.19) a 

12.02 ( 0.19 ) 

10.76 ( O 19) b 

9.85 ( 0.19) b 

SI FlC 

S ( > .,10 ) 

( P < 0.05 ) 

( <0.001 ) 

by th lotter d.gnifi n ly { P < o 05 ) 

LIBRARY 
MASSEY UNIVERSITY, 
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Fig. 3.22 FAT CORRECTED MILK YIELD (FCM) (Means adjusted for preliminary period differences) 

( 0 Pasture, e Japanese Millet ) 

Probability of di fferences between treatment with in periods : 

NS = P)0.10 * = P <0.05 ** = P <0.01 *** = P<0.001 



with variation in liTe weight and D. O. M. I. ; and of these, body 

weight made the biggest contribution. 

Partial. regression co fficients and raw correl tion 

coefficients were computed: 

L. w. 0.75 
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The standardized partial regression and partial correlation 

coefficients were estimated: 

F C M 

( I ) 

D. O. M.I. 

-1> . 
If 

0 
• 
°' '° 00 

"' 

The standardized partial regres ion coefficients indicate 

that variation in live weight was approximately 50 % more 1 portant 

in deter ining FCM yield than was variation in D.O...M. intake. 

D RELATIONSHIP BETWEEN FCM O.M.I. o.o.H. 

Following the same patt r n as in the latter relationship, a 

new multiple regression analysis was made. Fat corrected llilk 

(kg/ day), organic tter intake (kg/ day) and digestible orga­

nic matter ( ~ )were rel ted. S parate ll\ll.tipl• regressions• re 

titted tore ch of the two treatments (pasture and Japana e Millet); 

and both were coaputed into an nalyeie of residual after fitting 

the llultiple regreasion. It• s found that the regreuion rela-

tion ip• were not aignifio t ( P ) 0 . 10 ) different (Appendix 22. -

T ble B.) . Takin into account t e inforaatio for both herbage 

(pasture and Millet) together (App ndix 24.) it••• decided to fit 

a co on IIUl.tiple re reasion. The following aultiple regreeeion 

equatio wae fitted s 

FCM : 5.6122 + 0.5303 O.M . I . - 0. 0108 D. O. M. 
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Multiple regression 

On O.H. I. 

On D. O.M. 

alone 

alone 

REDUCTION in VARIATION C. M.D. 

P <. 0 . 001 

P > 0 . 10 

P < 0 . 001 

51.17 ~ 
50.52 ~ 
o.i.5 ~ 

• 

Only 51 . 17 % of FCM yield Tariation waa associated with Tariation in 

digestib1e organic aatter and organic matter intake; and nearly all 

this relationship waa associated with intake. Partial regreasion 

coefficient• and raw correlation coefficients confira the latter 

suggestion , showing a particular weak relationship ( ~ • 0. 0668) 

between FCM and D. O. M. 

Partial regression coefficient and raw correlation 

coefficients: 

,,,._o't> 

o ·1 -----
r~ .,,, 

O. M. I. 

F C M 
( t ) 

D.O.M. 

~ ) 

I 

0 • 
N 
0 
,t:-
c:» 
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These correlation coefticionts were not uch improved 

by calculation of standardized partial regr 6sion and partial 

correlation coefficients, Standardised partial regression coeffi­

cients and partial correlation coefficients: 

F C M 
( y ) 

O.M.I . 

D. O. M. 

• 
0 
• 
"' "' .r:-.... 

The standardized partial regression coefficient indicates 

that almost the whole variation in FCM for this relationships is 

associa ted with organic matter intake and practically none with 

D. O. l . 

E FAT - PR-oTEIN - LACTOSE YIELD 

Changes in 7ields of butterfat, protein and lactose 

(cows x treatnnts x periods) as ·1 .unadjusted aeans, are presented 

in Table 3.1i.. Fig. 3.23. illustr tea treataent x period adjusted 

aeans and standard errors during the five experiaental periods. 

Yields of the three coaponenta were exallined bJ anal.7sea of variance, 

during Period XI, III and IV together, according to the aodel used 

in the saae circu&Utances for •ilk yield (see Section 3.3.3.3. - A.}. 
1'one of the 3 anal7aes aho•e4 significant ( P ) 0 . 10 ) differencee 

(Appendix 25.) and in each anal7ses 9 the residual tera accounted' tor 

all of the observed Yariat.ion, Analyses of covariance were perforaed, 
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TABLE 3.14 

p51,y n°iav 0t milk eomppnentp C M I w ) 

P.tfflIOD llilK C014PONE?~TS PASTORS J APAll~SE lllLLET 

FAT o. 571 ( o. 086 ) * o. 565 ( 0. 074 ) 

I PROTf.:IN o. 397 ( 0. 065 ) o. 395 ( 0. 054 ) 

LACTOSE o. 541 ( 0. 070 ) 0. 552 ( 0.055) 

FAT 0 . 528 ( 0. 079 ) o. 524 ( 0. 053 ) 

Il PR0T&IB o. 369 ( 0. 065 ) o. 371 ( 0. 046 ) 

LACTOSE o. 513 ( 0 . 010 ) 0. 520 ( 0. 045 ( 

FAT o . 512 ( 0. 076 ) 0 . 475 ( 0. 069 ) 

III PROTEill o . 345 ( 0. 059 ) o. 324 ( 0 . 046 ) 

LACTOSE 0. 478 ( 0. 061) 0. 451 ( 0. 045 ) 

FAT o. 568 ( 0. 078 ) 0. 433 ( 0.059 ) 

IV PROTism o. 397 ( 0. 057 ) o. 308 ( 0. 047) 

LACTOSS o. 519 ( 0. 053 ) 0.416 ( 0. 045 ) 

f'AT o. 587 ( 0 .085 ) o. 502 ( o. 063 ) 

V PROT'SDI 0.435 ( 0. 075 ) 0.356 ( 0 . 052 ) 

LAC'roSS o. 551 ( 0. 075 ) 0.445 ( 0. 039 ) 

• Standartl errors ot moans 



0.60 

0.55 

0.50 

0 .45 

0.40 

0 .45 

0.40 

0.35 

0.30 

0 .25 

0 .55 

0.50 

0.45 

0.40 

FAT ( kg l 

NS NS 

PROTEIN ( kg l 

NS NS NS 

LACTOSE ( kg I 

NS NS 

II Ill IV 

PERIOD 

A,. 3.23 DAILY YIELDS OF MILK COMPONENTS (Means adjusted for prelimina,y period dlffeffl1cnl 

(0Pasture,.Jll)ll'lese Millet l 

Prob•bUity of dlfferenc:fl between treltmlnt within periods : 

NS • P>0.10 • • P<0.06 "" • P<0.01 "''• P<0.001 
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using the mea.Jla for Peri od I as concomitant Yariable; models used 

were described in Section 3.3.3.3. - A. PreYioua analyse• of 

Yariance ( 1 way model) during Period I for the three component 

yields (Appendix 26.) showed no significant (P '> 0 .10 ) Tariation 
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due to differences between the trea tment groups. Analysis of 

coTariance showed that the use of the regression term in reduced 

residual Yariation by 97. 98 S, 97.98 • and 97. 64 S tor fat , protein 

and lactose yield . On the three component•, the effect of treat­

aents, periods and (treataent x period) interaction were significant 

( P < 0 . 01 , P < 0 .05, and P < 0 . 001 respectiYely) different 

( Appendix 27.) . A 2 way comparison of adjusted means between 

treataents and within trea tments are presented for each of the three 

yield components in Appendix 27. During Period II , none of the three 

yield coaponents showed significant ( P > 0.10 ) differences between 

pasture and Millet fed cows . But during Periods III and IV, the fed 

pasture group had a higher significant ( P < 0 . 01 ) and ( P < o.o 01 ) 

1ield than Millet fed cows. 

Fat, protein and lactose yields were computed on a within­

Period basis ( II, I I I, IV and V ) being first analysed by analyses 

of variance and then b1 analyses of coTariance , using the same model 

described for ailk yield on Section 3. 3.3.3. - A. Analysis of 

Yarianoe showed that there were no significant ( P > 0 . 10 ) differen­

ces within periods for any of the three coaponents of yield 

(Appendix 28.). Howeyer when analysis of covariance wa s employed , 

the variation within treataent was considerably reduced and in ailk 

coaponent yield, a significant ( P < 0 . 05, P < 0 . 01, P < 0.001 ) 

difference waa obeened (Appendix 28.). Results of these analyses 

are illustrated on Fig. 3. 23. 

F FAT - PROTED - LACTOSE PERCEtffAGES 

Change• in the percentage of tat, protein and lactoM 

(co•• x treataeat x period• aeaaa) •• uaa4jueted .. ua tor paature 

aad Japan••• Millet fed cowa are presented on Table 3. 15. Variation 

in the adj••t•d treataent x period .. an• aad etud.ard error• are 

illustrated oa Fig. 3. 24. 
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TABLE 3.15 

£f!ANGES IN UilK COMPOSITION ( ;, ) 

PERIOD MilK COMPON&HTS PASTt.JRE JAPANESE f.ULLE."l' 

* ( 0 . 25 ) FAT 5.34 ( 0.35) 5.21 

I PROTJIN 3. 69 ( 0.13 ) 3.63 ( 0.12) 

LACTO&! 5.09 ( o.06) 5.12 ( 0 . 05 ) 

FAT 5. 22 ( o. 27 ) 5. 07 ( 0 . 23 ) 

II PROT.iU N J.61 ( 0. 14 ) 3.57 { 0.13) 

LACTOSE 5. 09 ( 0. 03 ) 5. 04 ( 0 . 05 ) 

FAT 5. 43 ( o. 39 ) s . 23 ( 0 . 25 ) 

III PROTEIN 3. 62 ( 0.15 ) 3. 57 ( 0.11) 

LACTOSE 5. o8 (.0. 05 ) 5. 03 ( 0. 09 ) 

FAT 5. 47 ( 0.25) 5.17 ( 0. 27 ) 

IV PROTEIB }.81 ( 0.15) 3.65 ( 0.14 ) 

LACTOSE 5.04 ( o.o6) 5-01 (.0.07 ) 

FA'l' 5.41 ( 0.39 ) 5.61 ( 0 . 28) 

V PROTEIN 3.96 ( 0.17 ) 3. 96 ( 0.20) 

LACTO 5.08 ( 0.04 ) 5.02 ( o.o8) 

• Standard Gn'Ol" o~ means 
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Changes in the percentage• of the milk coaponente during 

the experimental periods (Periods II, III and IV} were exaained by 

analysis of Tariance using the aodel descr~bed in Section 3.3.3.3- A. 

None of ail.k coaponenta (tat, protein and lactose percentagee} 

showed significant differences among treatments. periods and 

Treat•ont x Period interaction between cows fed pasture and Millet 

(Appendix 29.} As in the three analyses, residual terms accounted 

for all obserTed Tariation (see Appendix 29.), further analysis 

of coYariance were made using aean llil.k coaponente in Period I 

(Preliminary Period) as the concomitant Yariable. The model used 

was the saae aa described in Section 3.3.3.3. - A. Prnious 

analyses of Yariance ( 1 way aodel) during Period I tor the three 

milk components (fat, protein and lactose percentages) showed no 

significant ( P ) 0 . 10 } differences for the three analyses 

(Appendix JO.) due to the differences between the treatment groups. 

Analyses of coTariance (Appendix 31.) showed that only significant 

( P < 0.05) difference between treatment accounted only with 

lactose %. A significant ( P < 0.10) difference between periods was 

obserYed with butterfat ~ and none of the three components showed 

a significant Treatment x Period interaction. 

The use of the regression term reduced within treatment 

Yariation b7 92.?0 • • 93.80 J and 73.07 ~ for fat, protein and 

lactose percentages. Although the Treatment x Period interactions 

were not significant, a 2 way comparison of adjusted means were 

aade in the three 111.lk components (Appendiz 31.). Only Protein % 

in the pasture treatment showed ditferencee between period• aean•i 
Period IV was higher significant ( P ~ 0.05 ) than Period III and. II . 

Analyse• ot. the percentage• at the ailk coaponenta within 

Period• (II, III, IV and V) were firat analysed by &Daly••• of 

Yariance (the aodel used waa the aaae •• de•cribecl for aillt yield -

Section,. ,.,.,. - A.). It •a• found that fat, protein ud lactoae 

percentage, during the 4 period•, were not eipificantly ( P > 0.10 } 

different (Appendix 32.}. Aa in all cuea the residual tera 

accouted tor al1 the ob•ene4 Yariation, an ualysi• of coyariance 

••• coaputecl tor each llil.k coaponeat (aodel used••• described in 

Section,.,.,.,. - A.}. Result• troa anal.7••• of coTariancee are 
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presented in Appendix 32. and are summarized on Fig. 3.24. ~h• 

butterfat % in the Millet group during Period IV••• significantly 

(P <0.05) greater than that in the pasture fed group. Protein• 

in the group fed pasture during Period III was the only case where 

it was significantly ( P < 0.10) different from Millet fed group 

and the lactose ~ in the pasture group was significantly 

( P < 0.10) greater than the Millet only during Period II. 
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CHAPTER FOUR 

DI ~CUSSION 

4. 1. Discussion of Me thods Used. 

Experimental Design. 

Indoor experiment s with dairy cows can be made with changeover 

designs ( Holmes et al . , 1960 ; Castl e et al ., 1960); ho•ever under 

graz i ng condi t ions such des i gns are l ess satisfactory, particula rly 

because pasture comJos ition and nutritive value are changing as the 

experimental progres1es and there may be period x treat ment intera ctions . 

Under this situation , if changeover designs are used t hese interactions 

can be confused with the effect of other va ria bles (Greenhalgh , 1966 ) . 

Under gr azing c Jnditio~s , analvsis of covariance pr ovides a satisfactory 

techni que in that va r i ation associa ted wi th di ff erences between animals 

before the exper i ment started can be elimina t ed . Data from the 

Prelimina r y Per i od whi ch a re cov ~ria tes i n the anal ysis of experimenta l 

periods, a r e used as correction fact ors . In the pr esent experiment , 

observations of live weight, milk yield a nd c omr osi t ion we r e used as 

covariabl es ; in t h i s fo r m variance r esidual to the tre3 tment effect 

was r educed by an a vera~e of 95 , . 

Wh en resul t s are analyzed by covariance, the main limitation 

of the des i gn is the diffi culty of eliminating carry-over effects , but 

if individual periods a re analyzed separately and the previous adjusted 

mean period data used as the covariables , individual period eff ects can 

be detected . However, since as in the present experiment , herbage 

effects were of interest throughout the whole experiment , carry-over 

effect s are considered as real fac tors which are occurring under 

practical conditions and so were analyzed within treat ment effects as 

a whole . 

In the present experiment , although c ovariance analysis wae 

used and then differences before experimental periods started were 

eliminated , the effect of stage of lactation can be suggested ae inter­

fer ing with the results , part icularly on those of mi lk produc tion . 

As the latter effect appears to be particularly highly relat ed with the 



treatment effect, in most cases differences between treatments were 

non significant. 

Voluntary Intake Measurement. 
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Vol untary intakes of grazing cows we re measured by means of 

an indirect method (see Section 2 . 5) whi ch emp loys an indigestible 

marker (Cr2o
3

) to measure faecal output . Cr2o
3 

was used s ince it has 

all the require~ents for a tracer to be used s -- tisfa ctorily as described 

by Raym ond and Mi nson (1 955 ) in their review. 

As the irregular excretion pattern associa ted wi th Cr
2
o

3 
administration precludes the sampling of faeces t o be truly r epresenta­

tive of the mean Cr
2
o

3 
concentra tion over the pe riod, t wo techniques 

were us ed to collect fa eces from gr azing ca ttle: ' grab' and ' sward ' 

samples, and t heir values c ~mpared. As indi cated in Section 3. 1. and 

3. 3. 3.2., volunta r y intake measu red by means of ' award' sampling gave 

a hi h e r va lue than t hat from ' grab' sampling ( Tabl e 3. 8 . ) . Raymond 

and r i nson (1~55) comparing 'sward' sampling wi t h total faecal collec­

tion found t hat t he tot al faecal output estimated from 'sward' samples 

gave on average an estim~tion 4. 6% higher t han that ob tained by 'bag ' 

col lection. Greenhalgh ( 1966) c omparing the total faecal out pu t 

measured by ' grab' and ' sward' s ~~pling foun d t ha t t he l at ter gave a 

value 6. 0% higher than those f rom ' grab ' sampl i ng . In Greenhalgh's 

experimen t as in the pr esent study , 'sward ' sampling correeponded to 

the total group of cows since no ' pats' identification from each cow 

was made . In the present experiment 'sward ' samplings were 9. 96~ 

higher t han the former, which indicated a value a little higher than 

that reported by Greenhalgh (1966) . How ver Lambourn (1957 b) 

working 1th sheep , pointed out th t up to 10~ differences were p r esent 

when faeces amplea from a group of sheep were bulked togeth r . In 

Fig . 3 . 17 and Ap pendix 13., two single regressions tor pa ture and 

J paneee illet betwe n D. O. M. Int e ea ured by •grab' and ' ward ' 

ampling wer computed and a com on regreseion for both h rbages wae 

al o presented. As the analysis ot regre sion elopes (Appendix 14 . ) 

howed non-significant departure fro parallelism (P > 0 . 10) , the 

common r gre ion (see Fig . 17) with a coefficient of correl tion of 
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~ = 0. 8899 (n c 8) describes the relations h i p between es timates using 

t he t wo techniques . It is observed (Appendix 13. ) that in t he case 

of cows fed on pasture, there was a hi~her (~ = 0 . 9481) corr ela tion 

between ' grab' and •swa r d ' techni ques than t hose cows fed on Japanese 

Mille t (9 = 0. 5993). The later value appears not to be representative 

s i nce onl y 3 poin t s we r e used to compute the correla tion coefficient . 

However when all values , either from pasture or Japanese Millet , were 

computed together a higher correla t ion wa s obt a ined as indicated above . 

When intak e is measured by means of ' grab' sa~pling , it 

incl udes within and betNeen day va riation, since the individual period 

- co • mean intake is expressed by the average of two faecal samples 

per day along the experimental period . However wh en in t ake is 

measured by means of 'sward ' sampling not only dail y variation but 

also cow variation is inc luded since fae ces for al l the experimental 

gr oup are bulked together . La~bourne (1 957 b) indicated t hat a sheep 

~ay show variations of at leas t 30 - 50 ~ in fae cal output between 

successive 2 or 3 day ~eriods , thus a s i milar variation c an be assumed 

between a gr oup of sheep . In order to minimise that s 0urce o f error, 

animal faeces sa~ples may be collected a nd analysed separ ately . 

·lowever with ' swar d ' sampling within day variation is controlled by 

t he fact th a t all t he ' pa t s ' excreted during t he day are s ampled 

(Langland et al ., 1963; Raymond and Mi ~son, 1955 ; Hinson et al ., 

1960) . If a c ow has a bigger or smaller Cr 2o
3 

excre tion , t his varia­

tion would affect all t he cows fr om t he grou ps , since 'sward' sampling 

technique used in t his experiment did no t differentiate between 

individual cow' s ' pats ' . On the other hand, when ' grab • samples are 

used , this irregular Cr2o
3 

excretion would only affect tha t particular 

cow, and hence there is less variability . Using coloured polystyrene 

particles ( Raymond and Minson , 1955; Mi nson et al ., 1960; Corbett, 

1960; Houle, 1965) 'pats ' tor each cow could be identified and then 

cow variation could be controlled . Because ot practical circum-

stances, in t his experiment these colour markers were not uaed. Also 

using a large number of animals over a sutticiently long time period , 

it seems that fluctuations in the excretion of Cr2o
3 

c ould be reduced 

(Linkous et al ., 1954) . 

Although it is evident that the ' sward ' technique gave a 
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higher value of voluntary intake than 'grab' sampling , it appears that 

the former is a simpler method for the collection of faeces. Under 

the present experimental conditions. •sward ' sampling was a quicker 

and less troublesome technique than 'grab' sampling, however this finding 

does not agree with previous re ports (Moule, 1965; Corbett et al., 

1960; Langlands et al •• 1963 b) which indicated that ' sward' sampling 

is not as practical a method as 'grab' sair.pling. The present experi-

ment was made during a time of the year where climatic conditions and 

insects had very small effect on a 'pat's' condition, and also 'pat' 

identification was not carried out; all thes e factors seem to be the 

reason why ' sward' sampling ould appea r to be a simpler technique to 

use. 

In the fol l owing discussion, only results obtained by ' grab' 

sampling will be used, since they appear to be more reliable. 

Values of cow's voluntar y int akes r eported in Fig. 3 . 16 and 

Fig. 3.18 seem to be hi gher than t hose generally reported (e. g . 

Corbett, 1969; Greenh al gh , 1970); several rea sons could be suggested 

to explain t his. Cows in the expe riment were a t a stage of lactation 

where intake was presumably at the hi ghest value (Hutton, 1963). 

However it a ppears tha t errors introduced in the indirect method used 

to estimate i ntake wer e amon g the principal factors affecting this high 

intake value. 

The accuracy of faecal output estimates will depend princi­

pally on two factors: per cent Cr
2
o

3 
recovery in faeces and the need 

for the faecal sample to be representative of the tot l faecal output. 

One of the major problems with the Cr2o
3 

marker is th tit does not 

mix uniformly with the feed eaten and is thus not mixed uniformly in 

the excret d faeces. Using powder Cr2o
3 

it was found that faecal 

output of an individual sheep may be estimated with coefficient of 

variation of 12• (Lambourne and Re don, 1963 a) . A value of 10~ was 

reported u ing cattle (Lancaater et al •• 1953). Other investigations 

revealed similar coefficient of v riation (Raymond and Minson , 19551 
Smith and Reid , 1955; Wallace , 1956; Houle , 19651 Pigden and Brisson, 

1957; Coop nd Hill , 1962). However Corbett (1960) sugge ted that 

the coefficient of v ri tion can be reduced to 5~ if paper Cr2o3 is 

used r ther than powder Cr2o
3

• 
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Several authors have reported a diurnal variation in Cr2o
3 

excretion in the faeces (Coup , 1950; Kane et al ., 1952; Hardison and 

Reid, 1953; Lancaster et al., 1953; Mahaffey et al., 1954; Corbett 

et al., 1958, 1959, 1960; Smith and Reid, 1955 ). Then when faeces 

samples a re t aken it could therefore lead t o an under- or over­

estimation of the Cr
2
o

3 
co ncentration of the total faecal output. 

Lambourne (1 957 a) pointed out that the maj or f actor relating to the 

irregularity i n the excretion pattern is the rate of passage of the 

digeata and hence mar ke r concentra tion t hrough the digestive system . 

Corbett et al ., (1 959) pointed out t hat t his vari able marker excretion 

arises mainly from uneven clea rance from the stomach , particularly the 

ret i culo-rumen. Of the pri ncipal factors affecting diurnal varia tion 

of Cr
2
o3 excretion, the fol l owings can be indica ted: 

(a) Frequency of feeding ( Mahaffey et al. , 1954; Moore, 1959 ; 

Bloom et al ., 1957) . 

(b) The level of feed intake ( Raymond and Mi ns·.:m , 1955; Lambourne , 

1957 1; Raymond et al ., 1953 ; Lambourne and Reardon, 1963 a; 

Stevenson , 1962) . 

(c) Time of feedi ng ( Kane e t al . , 1950; Linkous et al ., 1954; 

Hardison and Reid, 1953) . 

(d) Time of mar ke r adm i nis tration ( Raymond and Minson, 1955) . 

(e) Frequency of administration (Kane, et al ., 1952; Hardison and 

Reid, 1953; Lambourne and Reardon, 1963 a; Bloom et al ., 1957; 

Brisson et al., 1957; Lambourne 1957 b; Corbett, 1958 , 1960; 
Pi gden and Brisson, 1957). 

(f) Method of marker administration (Corbett et al., 1958, 1959, 1960; 
Mahaffey et al., 1954; Raymond and Minson, 19551 Corbett and 

Greenhalgh , 1958; Langlands et al., 1963 a, b) . 

(g) Time of faece sampling ( Rardison 

.1.•, 1953; Smith and Reid, 1955; 

nd Reid, 1953; 

Brisson , 1960; 

Lanca ter !l 
Corbett , 1960). 

(h) The quali ty and physical st t of the feed (Lambourne, 195?a ). 

(i) Whether the ani als are grazin or t 11 f d (H rdi on and Reid, 

195,; Raymond and Minson, 1955) . 
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Under grazing situation3, such as in the present experiment only some 

of these factors were controlled and then it appears that Cr2o
3 

recov­

eries in the faeces were less than 100%. 

Generally, powder Cr2o
3 

is used in the for~ of an oil suspen­

sion. However a slow and more regular r elease of Cr2o
3 

was obtained 

by incor( orating the Cr2o
3 

as sheets encased in gelatin capsules, 

shredded paper or as pellets (Corbett and Greenhalgh, 1958; Corbett 

et al., 1960; Langlands et al ., 1963; Pigden and Brisson, 1957). 
Dosing cr

2
o

3 
gelatine capsules in oil suspension causes an uneven 

mixing of the Cr2o
3 

in the digesta due to the sudden release of large 

doses into the alimentary tract. Ho wever using the slow release 

carriers, such as the above mentioned , the variability of diurnal 

excreti on i s reduced and so lowers the level of errors occurring when 

an oi suspension is administered by gelatin capsule. In the present 

experiment the powder Cr2o
3 

was administered in the commerical form 

(no oil suspension) and then it is presumed that bigger errors than 

those produced using oil suspension have been made. 

Other possible causes could be mentioned whic ~ produce a low 

recovery of Cr2o
3 

in the faeces such as regurgitation of gelatine 

capsules (Corbett et al ., 1960), absorbt ion or retention of the ma rker 

in the digestive tract (Deinum et al., 1963; Moore, 1959), or failure 

to obtain repres entative faecal ea~pling . A significant loss of 2.6, 

due to the grinding of faeces has been shown by Stevenson (1962) and 

recognised as a cause of bias ( Wallace, 1961; Coo p and Hill , 1962). 

Bulking faecal samples can introduce a bias of as much as 5 to 10 ~ 

in mark r concentration (Lambourne, 1957 b, Lancaster t al., 1953) 

and ashing of faeces (Steveneon, 1962) are suggested s further causes 

of a low recovery of Cr2o
3

• 

Small errors in digestibility analyses can affect, in a 

bigger manner , the c leulation of intake. Lancaster (1 950) suggested 

th t th rror introduced into calculations of intake by using 

dige tibility dat obtained on the basis of 2 or 3 st 11 fed animals , 

can be of the ord r of ! •5 ~. Corbett (1969) indicted th tan error 

of 5 unite in estimated digestibility would give a bias of 20~ or 

more in the estimated intake. 

Taking into account all the hove f etor it app ars that the 



relatively high volunta ry intakes found in the present experiment could 

be explained. Since t hese high values occurred for both types of 

herbage, it seems likely that t he sources of error were comm on to both 

so that comparisons between t he feeds for nutritive evaluation, is 

pr ob~bly s til l valid . 

Apparent Digestibility Method . 

Digestibility trlals were made with the aim of characterizing 

herbage values and also as a requirement for estimate voluntar y intake 

of the grazing cows. Digestibility analyses associated with parallel 

grazing experiments in the field, as in the present study involve day 

to day variation in the composition and digestibility of the freshly 

cut mat erial which can be accounted for by the methods used here 

(Greenhalgh et al., 1960; Anon , 1961). However since digestibility 

studies we r e made with sheep , it appears that digestibllity data 

obtained in this way might be used ~ith some reservations: (1) the 

effect of animal s electivity; {2) differences in level of intake 

between lactating cows and sheep; (3) differences in animal species 

affecting digestibility. For a lonf time the selectivity exercised by 

grazing animal s has been recognized . This selectivity leads to the 

consumption of more leaves tha~ stem materials which p roduces a higher 

digestibility of the feed eat en along with a higher content of nitrogen, 

ether extract, and sugar and lower fibre, than for the pasture herbage 

as a whole (Fontenot and Blaser, 1965; Hardison et al., 1954) . 

Probably the greatest o~portunity forealection occurs when plant growth 

is most rapid. Norman and Phillips {1968) indicated that beef cattle 

grazing Bulrush Millet in the oature or semi-mature stage showed a 

preference for those plant fractions with a high content ot digestible 

carbohydrate . Because grazing animals selected the herbage, a fall 

in the digestibility of grazed herbage as a consequence of plants 

maturing occurs more slowly under grazing than under stall fed conditions. 

lhen the pasture included a large proportion ot new growth, differences 

in digestibility between grazing and stall fed animals could be only 

slightly higher for the former (Fels et al., 1959). Thie complication 

could haTe occurred in the present study when cows were graaing the 

pasture during Period IV and v. However when the opportunity tor 



116 

selection is large , such as in the case of Japanese Millet, Taylor and 

Deriaz (1963) pointed out that differences in digestibility can be ae 

high as 15 units or more. Information from the present experiment 

indicated that even stall fed sheep showed an ap preciable selectivity 

of the feed offered. During those eriods where either pasture (e . g . 

Period lI) o~ Japanese Millet {e . g . Period III and IV) had a relative 

low quality (as indicated by their chemical composition) the highest 

selectivity was observed {Appendix 4. ). For example during Period II 
where pasture had t he highest maturity among pastures used , sheep 

selected material which was 5 . 2. lower in crude fibre and 3. 15% higher 

in crude protein compared with the total ma teria l offered. Differences 

of 4. 0~ in crude fibre content between Japanese Mill e t offered and 

consumed were found in Periods III and IV. 

Following from the above results , it seems that the chemical 

composition and digestibility data from clipped herbage is not an 

adequate index of the herbageselected by grazing animals. In order to 

overcome this problem, techniques other than clipping mi ght be used to 

avoid pasture selection. Oesophageal sampling techniques and in vitro 

digestibility appear as reasonable methods by which pas tures consumed 

by grazing animals can be evaluated. 

Some studies indicated differences in level of intake between 

grazing and stall fed animals as affecting digestibility (Blaxter, 

1961; Blaxter et al., 1956; Raymond et al . , 1959; Ivins, 1960). 

However Hutton {1962) working with cows receiving pasture a~ lib. and 

60~ of ad . lib . reported no differences in digestibility between the 

two groups of animals. In the present study as both sheep and dairy 

cows received the herbago ad. l ib ., it appears that no differences can 

originate in this way . 

atson et al. , (1948) rized numerous dige tibility 

trial made with different animal op cies and they concluded th t 

steer s c n digest herbage to greater extent than she p , how v r the 

differences were not tati ti cally ignificant . Ho• ver Cipolloni 

et al ., {1951) indicated that dig st1bility values v ry between ehe p 

and cattl e . 
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4.2. Discussion of Experimental Results 

4.2.1. Japanese Millet Froduction. 

4.2.1 .2. Japanese Millet yields . 

Japanese Millet could be an important herbage crop in the 

future, particularly for dairy c~ttle because it produces forage of 

reasonably high nutritive value in a rel3tively short time. The 

present work has s hown that Japanese Millet can provide a high yield of 

forage as a summer crop during December , January and February when per­

manent pastures tend to be less productive, particularly in those years 

when droughts are prevalent . 

The yield of dry matter increased with maturity. The highes t 

yield for first growth was obtained a t the 12th week (16 , 344 kg/Ha.) 

while regrowth at the 6th week yielded 6,001 kg/Ha . Although the 

latest stage of first growth and regrowth produced the highest yield, 

they were not s uitable for grazing purposes because of poor herbage 

quality and poor crop utilization . Begg (1 96 5) working with Bulrush 

Millet ( Pennisetum typhoides) found that the highest crop yield 

(21 ,735 kg/Ha.) was at the 16th week after emergence. This high value 

was obtained at a time of active internode elongation following full 

ligh t interce tion and floral initiation . Also Broyles and Fribourg 

(1959) and Mays and Washko (1961) found that Pearl Millet ( Pe nnisetum 

glaucum) produced the highest yield when the plants were allowed to 

reach maturity. During fir t growth it required 56 days aft r sowing 

to reach the pre bloom stage. However during regrowth this stage was 

re ched only 21 days aft r the crop was cut. During the first growth, 

e ch stage of growth had a length of 2 weeks bile regrowth the length 

• only one week (see Fig. 3. 1) . Alo at the sam stage of maturity, 

regrowth pl nts were shorter than the fir t growth. A simil r pattern 

• a ob erve by Begg (1965) and and t al., (1957 a, b) working with 

Millet; vegetativ st g o! r gr~wth shorter than th t of fir t 

growth . Th l tter authors, working with 6 type of Millet, f ound a 

progressive shortening or th veget tive period with elay from the 

time of so ing . 
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A presum ption can then be made with regard to the above 

observat i ons . The faster maturity of regrowth a ppears to be a eon-

sequence of climatic effects on the crop . This presumption is based 

on the fact tha t climatic conditions during first growth were not optimal 

for plant maturation, consequently the crop exhibited its full potential 

for leafy growth for a longer time than for regrowth. Information from 

Bulrush Millet (Begg, 1966) indicated that flowering occurred in re-

sponse to photoperiodicity and not t o time of sowing . Pl ants sown 

between December to the first week of February showed that all became 

floral in the l as t week of February . From the observations made on 

Japanese Aillet in this study, first growth and regrowth flowered at 

the same time (i . e . mi d- February) which a re high ly suggestive of 

clima tic conditions prevalent during this time of t he season having an 

effect on flo wering . Begg ' s (1 966 ) investigation with the phytotron 

indicated that Bul rush Millet flowered at less than 12 . 5 hrs. of 

pho toperiodicity; and he found that pl ants exposed to 16 hours of light 

were still veset~~e 55 weeks after sowing. These r esults showed that 

the Millet investigated by Begg (1 966 ) was in fact a short - day plant , 

and tha t under Australian condit ions, sowing at the end of Septe~ber, 

the subsequent plants would remain vegetative until the follo wing 

February after which all plants flowered at the same time. Floral 

initation occurred rapidly when sowings were made after February depend­

ing on temperature conditions . This variety took 23 to 44 days to 

flower . Although all this informa tion is about Bulrush Mi llet, there 

ia no evidence regarding factors affecting flowering on Japanese Millet . 

Plant response to cutting as noted by Begg (1965) depends upon 

the height of the apical meristem in the plant . Wh en cutting was made 

below this meristem height , all shoots grew again. However when 

cutting was made during the period when a pical meristem incre sed due 

to internode elongation this resulted in poor plant recov ry by the 

fac t that some proportion of shoot apices were removed by defoliation . 

Begg (1965) i dicated that Bulrush Millet is very susceptible to de ­

foliation once active internode elong tion has commenc ed in the primar y 

shoot and tillers . It u t be pointed out that in the present experi ­

ment, Japanese illet regrowth w a satisfactory si ply bee use t he 

apical meristem w s below the cutting height at the tie of cutting. 

Fig . 3. 3 shows a positive correlation(~ = 0. 9987) between 



119 

height and dry matter yields of J apanese Millet. This could be of 

pr actical signif i cance from the f armer's point of view becaus e he could 

evalua te the cro n production by the hei ght of the plant. This would 

aid in deciding t he time of cutting . Care how ever should be exercised 

in the use of t his general ization for t he following reasons : height 

t here a re differences i n dry matt er 

Genetic al studies of Burton (1951), 

et al., (1967) with Pennisetum 

is r elated to s tage of gro wt h and 

yield at t he same stage of growth. 

Shankar et al ., (1963) and Pokhriya l 

typhoides have shown t hat high yielding plant s ten d to have more s tems 

wh i ch a re y,· ider and l a r ge r, wider l eave s , t al ler plants and heavier 

straw weight t han less pr odu ctive pl ants. A s i gnificant positive 

correlation (+0.34) was observed between yi eld and pl ant hei ght. 

Duri ng first growth 0f Japanese 1ill et, height increased 

until t he 10 t h week after sowing and t hen remained static until t he 12th 

week . Burton et al ., (1 969) work i ng wi t h two varieti es of Pennisetum 

typhoides found the same relationshi p existed; but observed a decrease 

i n heigh t ··uri ng t he follo ,;ing 2 weeks after the 12th week. Results 

cont r a r y t o th e above ~ere ob t ained by Begg (1965). This showed 

t hat t he same ~i llet species exibited a continuous hei ght increas e 

from the time of emergence until the 16th week . However J apanese 

Millet r esults ar e in accord with t hose of Begg (1 965) i n t hat the plant 

height at the 10 t h week was approximately the same (130 cm). 

Daily gains in terms of dry matter yield of Japanese Mille t 

seemed to depend on several factors: increas e i n height, dry matt er 

content, internode length, width nd length and number of s tems and 

leaves ( Begg , 1965; Burton , 1951; Sh~nk r et al., 1963 ; Pokhriyal 

et al ., 1967). During the fi rgt growth, the highest gain of 853 kg 

dry matter per hectare per day wa s obtained uring the l as t week (12th 

week). Th i s value can be coneidered as being hign since perennial 

paeturee under temperate conditions have b en hown to a pproach 200 kg 

incre es in dry atter per hectare and per day (Corbett, 1969) . B gg 

(1 965) working with Pennis etum typho1dea obtained yield of 440 kg dry 

matter per hect re per day with a standard error of !40 a t th peak 

growth rate llioh was t the 9th week a fter mergenc. Thia gain wa 

only 48~ of the potential yield of 920 kg dry tter per h ctare per 
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day that the crop coul d have yielded under the climatic conditions studied . 

When comparing Begg 's r esults with t hose in the present experiment an 

important difference seems to arise . Whereas Begg found the highest 

growth r ate occurred during the vegetative stage, in the present study 

with Japanese Millet, maximum growt h rat e was obtained at an advanced 

stage of maturity. It appears a s if this difference arises fr om 

species differences no t r ul ing out that diffe r ences could have existed 

in ot her factors such as soil type and environmental condi tions . 

Although ti ller counts were not made , visual observations of 

regrowth and first growth of Japanese Millet suggested that the stand 

thickened followin g the first harvest as a result of increases in 

ti ller number. 

A comparison of production was made bet ween first growth and 

r egrowth of Japanese Mi l let at the same stage of growt h and also on the 

same day. Results showed that first growt n produced nearly double 

( 479 kg dry .1at ter/Ha/day ) the dry matter produced by the regrowth 

( 250 kg dry mat t er/ Ha/day). The condi tions (stage of growt h and 

environ~ental) under whi ch thi s comparison was made a re the same . 

Consequently it may be r easonable to s t ate that this comparison is valid . 

In sampling J3panes e Millet pr ecautions were t ak en t o keep all 

va riables cons tant (see section 2 . 2.2.) . In Appendix 1. are presented 

the coeffi cients of variation of sampling . The smaller coeffi cient 

obviously shows that little variati on was found in the fir s t growth 

and t herefore cro p uniformity. In contrast, the picture was different 

for the r egrowth stage. During the early regrowth there was less 

uniformity in plant growth as evidenced by the l arger coefficient of 

variation which subsequently decreased as the plants matured nd attained 

uniformity. Non uniform pl nt growth at the a rly stage of regrowth 

cannot be adequately expl ined, however it appears a if drought condi ­

tions had a greater effect on the early sprouts th n t th lat r 

stage of maturity. 

Yield of crude protein express d ae kg per hectare showed 

imilar values at the 10th week (1063 kg) and 12th week (1072 kg) with 

light declin in between ( ig . 3.6. }. The highest yield of crude 

prot in (?61 kg) for regrowth was however obtained in the 5th week fter 

cutting . But on the ba is of the maturity index, the highest yield of 
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crude protein was obtained at the same tage of growth (early bloom) 

both on first growth and regrowth. Therefore it can be suggested that 

t his index is a satisfactory practical guide in assessing the yield of 

crude p rotein of J apanese Millet. 

The curve of pro tein yield for first gr ow t h and regrowt h 

( Fig . 3.4 . ) followed a different pattern to t hat of dr y matter yield 

shown in Fi g . 3 . 1 . 3ince dry matter content and crude pr otein c ontent 

have a negative relationship with plant mat urity , it is not possible to 

ob tain high yi.elds of both at the same eta 0;e of growth. The decision 

of time of cutting will depend on whe ther one decides a hi gh yield of 

dry matter or crude pr otein is desirable. Whe re crude protein is 

concerned the ma t ur~ t y index could be s uitably a pplied as indicated 

above. J apanese Millet does no t devi a te fro m othe r herbage in protein 

quality in early gro wth. The average yield of crude protein of Bul rush 

Mi l let fr om 16 trials was shown t o be 769 kg/ Ha. with t he maximum value 

of 1337 kg/ Ra. ( Norman and Begg , 1968) . Th e s ame au t hors obtained t he 

lowest yield during Feb ru a r y when the rainfall was l ow and when nitrogen 

uptake by t he pl an t was at its maximum. It a pp ears a s if t he low rain­

fal l p reval ent du ring t h eir tri al had in fact a ffected nitrogen uptake 

by the plant, despite the abili t y of t he plant root to penetrate deep 

i nto t he soil as shown by Norman (1 966). Beg . (1 965) had recorded peak 

yields of 1398 kg crude protein per hectare fr om the 9 t h week after 

emergence and continuing for 7 more weeks a t t he same level. 

Fig . , .5. s hows crude protein gain per day per hectare. 

Negative valu s during pre-and mid-bloom in the first growth and mid­

bloom in the regrowth in fact s howed no gains in crude prot in. It 

mi ght be suggested that a high utilization or transloca tion of crude 

protein by or to other parts of the pl nt such as the root syst m parti­

cularly in the mid- bloom st ge might be contributory cause . This 

tfect was f ound to be bigger in the regrowth than in the first growth 

stage and may be ae a consequ nee of lower a rial to root r tio in the 

regrowth stage which had a bigger crud protein requi re ent . 

ong factors which controlled growth of Jap nee Millet in 

th pr sent study, two can be uggeet d s being i portant: wat r supply 

and in ct tt ck. 
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Experimental evidence obtained by Faires et al ., {1941); Arny 

et al., (1946); Mays and Washko {1961); Jung and Reid (1966); Henkel 

(1961); Lahiri and Kharabanda (1965) and Lahiri and Kuman (1966) (see 

section 1 .~ show conclusively that, on average, dry matter yield of 

Mil let was reduced by 50% as a result of drought conditions. Obviously 

low rainfall and high ambient tempPratures seem to have been contributory 

causes. The crop of Millet in the present experiment received most of 

the rainfall in its first growth (during the end of November and December) . 

Subsequent high temperature conditions and low rainfall, particularly 

during the month of January and February, resulted in a poor rate of 

growth . Table 2. 3 indicates that the precipitation during January and 

February ware 58 mm (2.26 in) and 54 mm (2 . 22 in) below th averages 

obtained during the last 30 years respectively. The temperature 

during this period was also above the average (see Table 2 . 3) . Since 

the experiment was carried out during a period of drought , its effect on 

dry matter yield could not have been assessed simply because a comparison 

could not be made with yields under optimal rainfall conditions. Fig . 

3.1. and . ig. 3 . 5 . do however suggest substantially poor yields between 

8th and 9th week of first growth and also in the 2nd and 3rd week of 

regrowth . In all probability t his must have been due to a reduction in 

the gai~ in dry matter during these periods . Table 2.3. indicates a 

low rainfall during this period . These results are in accord with those 

of the above authors and particularly with those of Henkel (1961) who 

reported that the maximu~ effect of drought was during the formation of 

generative organs . A salient feature of first growth and regrowth of 

Japanese Millet was a reduction in dry atter yield at the flowering 

stage as reported by Henkel (loc. cit.) . 

Plants of both first growth nd regrowth of Jap nese Millet 

were attacked by army-worm {Pseudaletia separata) as mentioned in 

ction 2 . 2 . 2 . 2 . Although evidenc presented by royle nd Fribourg 

(1959), Hart (1 958) , Ahlrich et al ., (1967) , Johnson (1968) , Ha kin 

t al ., (1958) that differ nt Mill t species• re resistant to in ect 

attack, it appears that in the present experiment d creaee in crop 

yield occurred a a r ult of army- wor att ck. It mu t be pointed 

out that ffectiv worm control would r sult in higher crop yield . 

However under the pr eent c i rcumet nee chemicals could not b u ed aa a 
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result of dairy cattle grazing the crop. 

4.2 .1. 2 . Japanese Mille t chemical composition 

Burns and Wedin (1964), Rusoff et al., (1 961) and Sullivan 

(1 961) s howed that the nntritive value of summer pasture, measured by 

its chemical composition declined with age of the plant. Japanese 

Millet does not deviate from other perennial grass s pecies in t his 

property and Fig. 3 . 2. illustrates the latest statement. Curves of 

crude protein , ether extract and solubl e carbohydrate content showed a 

decrease in trend whil e crude fibre and dry matter an i ncrease. 

These are in agreement with results of most authors men tioned above in 

the review (Section 1. 5 .). 

From chemical analysis it could be seen that chemica l compo­

sition of pre bloom stage of the first growth and early bloom of re­

growth i s the same , although the dr y mat ter yield was higher during t he 

first growth as mentioned earlier. It is apparent t hat t he biggest 

yield of green matter of the same nutri tive value could therefore be 

ob t ained in the firs t growth r a t he r t han during regrowth. 

~hereas the first growt h showed a steady i ncreas e in the dry 

mat ter c on tent during t he whole sam pl i ng period (4th to 12t h week) , re­

growt h showed vari a ti ons as evidenced by t h e r elatively high decrease in 

dry matter content at t he 4th week a fter cutting (see Fi g . 3.2.). A 

reasonable sugges tion to make rega rding this variation in regrowth could 

be on the basis of the water condensation on the plant surface, since 

mplinge were m de earl ier in the morning. Regrowth plants being le 

dense in f oliage (as shown by lower dry matter yield) compared with the 

first growth. the condensation of water on the whole pl nt would have 

been gre ter. There ie a possibility that the greater wat r content 

might h ve h d an effect on dry matter determinatione. 

There are i gnificant variation in th crud protein content 

of pa tur herbage. For example Johns (1955 a) gave value in xce a 

of 3~ of crude protein on dry matter basis forte pert pa tures, while 

arvey (1 952) and Milford (1960 ) found valu s as low as}~ in tropical 

pasture. The low v lue ob rved in the early leaf st ge ot Jap n se 

Millet regrowth (se Fig. 3.2.) c n b ccounted for by th ount of 
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dead material accumulated at the base of the plant. This coincides with 

the apparently high crude fibre content at the same stage of growth . 

The crude protein c onten t did not seem to vary during i mmature stages of 

eithe r first growth and regrowth . However variation occurred during 

the pre bloom, early bloom and mid bloom stages, the highes t values 

being recorded in the regrowth stage . It appears as if an increase in 

utilization of available nit rogen 1i th plant maturity particula rly in 

t he regrowth stage gave rise to t his vari a tion. Phillips et al., (1954) 

com paring early and late maturing species at the same stage of maturity 

found a higher crude protein conten t in the early maturing ones . On 

t h is basis of comparison , the crude pr otein content of the regroith was 

higher than in the fir t growt h simply because regroNth matures faster . 

Marshall et al ., (1 953) working wi t h Pearl Miliet found that the crude 

protein content 33 days after planting was 23 .4%, while Japanese Millet 

in the present experiment at t he same time was 22 . 31' and so agreed with 

that of Marshall et al. (lac. cit. ). However crude protein cont ent 

during the sec ond week of regrowth of Japanese Millet was lower than 

that obtained by Marshall et al., (loc.cit. ). Dawson et al ., (1940) 

however were of t he opinion that the day of growth was indeed not a good 

measure of stage of ~aturi t y , at least from t he point of view of crude 

protein content. The total crude pr otein yield for regrowth was higher 

than for first grow t h (see Fig . 3.3 . ) despite a low dry matter yield but 

a higher crude protein c on tent. Begg (1965) and Maya and Washko (1 961) 

working with Bulrush Mi llet and Pearl Millet respectively have shown 

t hat the crude protein c on tent of the leaf was higher than in the stem , 

while Cragmiles et al ., (1958) showed a decline in the crude protein 

content in Millet plant as the le f to at m ratio decreased. Although 

in the present study, no measurement of le f to stem ratio and separate 

chemical analyses on leaves and stems were made, it was pr umed that 

the decline in crude protein content wi t h m turity was due to lower 

let to stem ratio nd therefore a decline in the tot 1 crud protein 

content. This pre umption • s de on the evid nc of the above author 

and it could be reasonable to et te th tit did occur in the present 

e eriment . 

The statue of crude fibre cont nt with r g rd to plant maturity 

wa mentioned in the section wb re crud protein content was discussed 
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and also in section 1. 5. Suffice it to say that as the plant matures 

there is an increase in the crude fibre content. A reciprocal relation-

ship has been shown to exist between crude protein and crude fibre 

content in that a decline in crude protein was associated with an 

increase in crude fibre. M&ys and Washko (1 961) showed t his relation­

ship with Mi llet and demonstrated that t his increase in crude fibre was 

in fact due to a gr eater crude fibre content in the stem and to a lower 

leaf to stem ratio. It is reasonabl e t o assume that Japanese Millet 

does not differ from other sp_cies in t his respect. The crude fibre 

content in the first growth during early leaf, imma ture, pre bloom and 

early bloom s tages was higher than regrowth, while the crude protein 

content follo wed an opposite trend. Thia reciprocal rela tionship 

whi ch was found in other species of Mi l let, is also true for Japanese 

Millet. ~~i llips et al., (1954) observations OH crude pr otein content 

and pl an t maturity rel at i onsl1ips wi th temperate pastures applies to 

Ja~a~ ese ~illet when we cons i der ma turi t y rate. Since in the present 

~tudy regrowth ~atured faster than t he firat growt h t h e crude fibre 

c~ntent wa~ loN a~d crude pr ot ein cont ent higher than first growth . 

Consequently obs ervations mad e on Japanese Millet can be explained in the 

ligh t of t hose of P~ illips et al. , (1954) and then it was necessary 

to t ak e t he differential maturi t y rate of regrowth and first growth of 

Japanese Millet i nto considerat i on. 

The soluble carbohydrate content of J apanese ~illet t hroughout 

the experi~ental pe riod is s hown in Fig . 3 . 2 . There was an increas e in 

soluble carbohydrate content (29 . 7%) up to about the 6th week of first 

growth. decline to 7. 58~ at the 8th week and thereafter a diphasic 

pattern was followed until the last exp rimental week (12th) . Soluble 

c rbohydrate content of regrowth w slower than first growth and showed 

a diphasic pattern throughout the whole period . aite and · oyd (1953) 
have indicated that the proportion of soluble c rbohydrate in herbage 

rises to a peak during arly growth and th n fall a th flower develops 

at the growing point nd as reserv c rbohydrates term in the seed. 

einmann (1952) bowed that these sonal vari tion of soluble c rbohy­

drate is essentially th .s me for all perennial gr4 e . It could 

however b changed by climatic conditions and by rowth b haviour of 

species . eferring back to Fig. 3. 2. , the incre ee in soluble 
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carbohydrate content in the first growth could be attributed to a con­

centration in the leaves in the same direction as the amount of leaves 

increase. The decrease in the pre bloom stage of first growth might 

have been due to a translocation of this accumulated carbohydrat e to 

other parts of the plant presumably to the root system as found by 

Weinmann (1948) in the case of alfalfa. This accumulation in the root 

of alfalfa was associated with maturation of aerial part of the plant . 

The slight increa -e observed in both growths of Japanese Millet at the 

highes t stage of maturi ty was presumably due to mobilization of nutrients 

for seed formation ( einmann, 1952). Organic reserves, particularly 

carbohydrate, are described as being essential for plant life and for 

pla~t r egeneration. ~bere regeneration is concerned Neinmann (1952) 

has shown the importance of stored reserves. The carbohydrate content 

of the aerial ~art of grasses decreased with ste formation, consequent 

to an i ncrease in growth rate and concurrent with synthesis of more 

c omplex polyaacharides from photosynthe tic ~aterial . Present observa ­

tions with Japanese Millet tend to show the possibility of stored 

reserves during first growth governin g the r egrowth stage as evidenced 

by regrowth characteristics. 

Ether extract content decreased linearly as the r lnnts matured 

in both first growth and regrowth stages (Fig. 3.2.). These results 

c onform with the findings of other investigations (see .,ection 1.5.). 

The present experiment is an attempt to obtain a reasonable 

body of data that could be usefully applied to assessing the nutritive 

valu of Japanese Mille t witho~t the use of animal trial. Parameters 

such a dry matter and orude protein yield, growth rate and ch mical 

composition give a good index wi th regard to the nutritive value of 

Japane Millet as the crop atur d. Burton et 1 . , (1969) working 

with ulrush Millet h v al o uggested the applic bility ot the• 

param ter to obtain reasonable assessment of herba equality. Thia 

augg stion has been de on th b sis of xoellent r lation hip between 

nimal p rtormance (voluntary int e , livew i ght gain) and the par eter 

entioned bove . 

In conneet·on with Japane e ill t production, sine the crop 

i produc d to be con um d ~y liv stock , herb e utili tion ari s 

an important t ctor . H rdiaon et al ., (1954) and eston (1959) 
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found a better utilisation ot pasture when grazed at an early stage than 

at late stage of maturity. Similar trends were obserYed in the present 

experiment with Japanese Millet . Apparently such a situation could arise 

consequent to the selective grazing habit of animals aa mentioned before. 

4.2 . 2 . Feed Characteristics . 

4.2.2. 1 . Chemical coapoaition. 

The conduct of animal trials to establish the feeding value of 

forages ie time consuming and expensive. Many workers have attempted to 

deriYe relationships for the prediction of nutriti•e criteria from chem.­

cal composition of the forage . In the present study it waa decided to 

measure chemical composition in order to describe nutritive value of her­

bage and to attempt some type of extrapolation of the plant characterist­

i cs described with animal experiments t o the stage where only chemical 

information was required. 

Changes in chemical com~osition of Japanese Millet during the 

animal experiments are described in Fig . 3. 6. and Appendix 3. where 

values are Yery similar to those reported in Fig. J.2. and Appendix 2 . , 

during the same stage of growth. However some s mall differences are 

obYioue since first gro•tb and regro•th of Japanese Millet was sampled 

once a week and data obtained during the animal experiment are the 

result of a composite sample bulked for each day of the week. It can 

be appreciated that the latter ia a better estimation since it took into 

account day to day Yariation. Changes in chemical composition of 

Japanese Millet as the plant matured were diacuaaed in section 4 . 2 . 1 . 

Changes in chemical coaposition of pa•ture are described in 

Fig. 3.6. and Appendix 3. Considering the chemical composition of each 

pasture paddock separately , it is obaened that these change• followed 

the normal pat tern aa diecuaaed in aection 1 . 5. Pasture at early stages 

of growth such•• those used during Period IV and V contain the highest 

content• of crude protein and the lowest content of crucle fibre . Paat ure 

during Period II had a relatiYely high crude protein content due t o a 

larger proportion of cloYer, howeyer the gruinaea wen nearly all at t he 

••ed stage. Thi• high proportion of cloYer resulted 1n a content ot 
crude fibre which na lower than Period I and III de•pit e Tinal obaena-
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tione indicating a lower pasture quality in Period II. Data f rom Hutton 

(1 961) and Davey (1964) on the chemical composition of mixed pasture during 

summer could be used for comparative purposes. It appears tha t the data 

from Rutton are more useful since chemical composition was obtained during 

periods of equivalent length of those used in the present s tudy. Pasture 

during Period I had a lower crude protein and nitrogen-free extract and 

higher crude fibre, ether extract and ash content than those reported by 

Button (1961) and Davey (1 964 ). Period II, with a high clover content as 

noted above, had a higher content of crude protein, ether extract and ash, 

and lower content of crude fibre and nitrogen-free extract than that repor­

ted by Hutton (1 961) . During the following three Periods (III, IV and V) 

pasture in the present experiment had a higher nutritive value (measured by 

chemical composition) than tha t reported by Hutton (1961). In the later 

case it can be suggested tha t the use of irrigation was the cause of this 

improvement . 

From the later comparison , it appears tha t the pasture had a 

lower nutritive value than those reported by Hut ton (1 961) and Davey 

(1964) during Period I but was of higher quality during the other four 

Periods. Any comparison between Japanese Millet was dependent on the 

quality of pasture available and the r esult obtained here might not be 

typical of comparisons based on non-irrigated pasture . 

4 . 2 . 2 . 2 . Apparent digestibility . 

Some aspects of digestibility atudiea have been discussed in 

aection 4. 1 . 3. Digestibi lity coefficients aa in Table 3 .1. and Fig. 

3.7. seem valuable in eatiaating the general effect of maturity on the 

nutritive value of the herbage, particularly Japanese Millet since it 

waa sampled at different etagea of growth. As aentioned before, 

paature maturity changes are not so erldent, since different standa of 

paature at different atage of maturity were uaed. Since dig .. t1bility 

of herbage determines ite potential feeding value tor the l'Wlinant 

(Araatrong, 1964; Wilson and NcCarrick , 1966) it i• important to know 

the change• occurring with advancing herbage •aturity . Among aingle 

factors, Armstrong (1964) and •aite (196,) pointed out that cligeetibi­

lity 1• the aost iaportant determinant ot herbage nutriti•• value. 

Organic matter digestibility of Japanese Millet decreased from 
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70 . 7J (Period II) to 62. 4~ (Period IV), falling at the rate of 0.8? per-

centage units per day. Similar ch nges in th digestibility of dry 

matter, crude protein and crude fibre were 0.89, 0.89 and 0.37 percent ge 

units per day respectively. These rapid decreases in dige_stibility are 

typical of tropical herbages as they are adapted to a short growing season 

(Corbett 1969); e.g. early vegetative growth fro tropical grasses can 

have a relatively high digestibility (e.g. 75~) and cont in from 15 to 2~ 

of crud protein, but s soon as flowering started ther is a rapid dec­

line in quality. This observation can be applied to the Japanese Millet 

since the crop• s starting to flower when it was used for the ani al 

experi ent. 

Studying temper te pasture, ' ilson and Mccarrick (1967) indi­

cated that the dry matter digestibility decreased by a r nge of 0.39 
to o. 46 percentage units per day, the highest rate occurring at an 

dYanced stage of maturity. Milford and Minson {1966) in their review 

reported that the digestibility of temperate pastures declines with 

maturity at the rate of 0.5 digestibility unit per day; but tropical 

pastures decline at approximately half this rate. These authors 

attributed the difference to the higher digestibility of temperate 

pasture than tropical pastures at early stage of growth. A steady 

fall in the digestibility with incre sing turity or forage has also 

been reported by 1naon et al., (1960 , 1964); Pritchard et al., (196,). 

Variation in leaf to stem ratios and in the crude fibre and 

lignin distribution between these parts of Japanese Mi l let plant could 

cause variation in digestibility (French 1957; Milford and Minson, 1966). 

The latt r authors indicated that thi effect is more obvious in tropical 

fodder where, d spite th high crude fibre content, this fraction is ore 

igeetible than int perate p st re. It was also fond that at s of 

illmature graaaea tend to be ore digestible than l v , but the 4igeati-

1lity ecline with adv ci at rit1 more ra idly t for leaTe 

(Lubour e an ear 011, 1962J rite ar et al.,· 1963; Terry- d Till 1, 

1964). utter,rQrth (1967) world g rith tropical gr in icat that 

digeeti ility can fall ri.th a Y cin turit1 to val es o low that the 

aniaala are unable to 11aintai eir ~ ••i t thoug ab ant f may 

be aYailab1e. French (1946) ha in icate at 11 fication of the ti re 

in au-er .cro occurs at a a r raid rate about th ti.lie of flowering or 

e ergence of the flow r bud. and it • consider 1 ortant to c t d 
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feed the crop before an7 marked lignification of the fibre had made it 

less digestible. The negative association of digestibilit7 with liguin 

or fibre content is well established and eaay to rationalize, since the 

problem involves the nutritive availability of different chemical frac­

tions of forages and factors such as lignification affecting this availa­

bility (Van Soest, 1965). Crampton (1957) had also indicated that the 

rate of digestion of forages coul.d be inhibited by any factor that 

depresses micro-flora activity in the rwnen. This can include excessive 

lignification of the forage as a result of aaturation, and partial 

starvation of flora from nitrogen and/or specific mineral deficiency. As 

mentioned in section 4.2.1 . it was presumed that the stem to leaf ratio 

of Japanese Millet changed with advanced maturity and it appears that as 

the plant had a higher proportion of stems, there was an expected decrease 

in the digestibility. Although the digestibility of soluble carbohydrate 

was not determined in the present study, evidence produced by Ely et al •• 

(1953) supported that t his parameter decl ines with advancing stages of 

growth baBed on digestibility data of orchard grass. Japanese Millet 

during Period II, which was the youngest of the stages compared, had the 

highest nutritive value. 

Table 3. 1. contains the digestibility means for pasture and 

Japanese Millet with their standard errors. The highest coefficient 

of Yariation for Japanese Millet was obtained i n crude fibre digesti­

bility during Period IV (9.80~) and that for pasture was also on crude 

fibre digestibility but during Period II (1 7 .04~ ). The latter high 

Yalu• was also accompanied by high coefficients of variation for dry 

matter, organic 11&tter and crude protein digestibility. It ee ... that 

these highest values were a consequence of graminaes du.ring Period II 

being at the aost mature stage of growth compared with other periods. 

Taking into account the &Yerage coefficient of Yariation tor the S 
Periods tor each digestibility coefficient, it ie obaerYed that all 

indices other than crude fibre bad a aiail.ar Yariation (1 . 9~%, 1. 6~ 

and 1.7.,. for dry matter, organic aatter and crude protein reapectiYely) . 

Forbes et al., (1946) reported a coefficient of Yarlation of 1 . ~ 

resulting troa anillal Tariation 1A 4igeatib1lity; a higher yalue 

(3.°') was indicated by Hinson et a1 •• (1964) . HoseTer Minson and 

Milford (1963) noted that for those paature• low in protein it 1a 

poeeible to obtain a coefficient of Yariation aa high u '°"· 
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The latter report could be applied t o try to explain the high coeffi­

cient for J apanese Millet during Period IV whi ch had a relatively low 

c o :1 tent of crude 1Jrotein (., . 81 %); however it does not explain the high 

coef ri c ient f 0u nd on pas ture fed steep d~~i 1g I eriod II , since th Rt 

pasture 'f~R r el· ti velJ high in crud e _pro ':-ein (1?.65%). 

I n general, variati~n betNeen sheep (standa rd e rro r of means) 

i n the diges tibility of J apanese Mille t was higher t an for pasture . 

Tllis variation ~ould have r esulted from differences among sheep in 

selectivity; e. g . sheep 8 from Japanese Millet fed group consumed 

n ear l y all t he fora r, e offered whil e s h ee~ 2 and 4 for the sa~e group 

made a hlgh selection . Th e effect of aelection dur ing di gestibil ity 

tria ls was discussed in section 4.1.3. Va riabil ity between the 3 sheep 

fed Japanese Millet ( Table 3 .1. ) i ncreased ~s t he exverimen t progressed ; 

partic1Jl arly i n the case of dr y matter and crude fibre di gestibility . 

Dry mat ter digestibilit ~ of Japanese ~ill dt had a coefficien t of varia­

tion of 2 .39% i n Period II and i ncreased until 4 .45~ i n Period IV . 

Cr ude fibre diges ti bility showed a hi gher vari at lon , it had a value of 

3. 35 t at pe riod 11 and increased until 9 . 50% in period IV . Or ganic 

matter aad crude protein diges ti bil ity showed a small drop in the 

coefficient of vari a ti on during Period III , howe ver t he highes t val ue 

was ob tained on Period IV. l ilson and McCarrlck (1 967) worki ng with 

tem perate pasture at different stages of growth report ed simila r r ee~l ts; 

t hey fou nd t ha t t he det er mination of a mean diges tibilit y , with the same 

standard error of gr asses which were 70 , 60 and 50 percent digested 

would require 2 , 7 and 20 wether sheep r espectively. As the plant 

matured the sheep los t sensitivity in detecting di ges t ibility differences. 

· ith reepeot t o pa ture di gestibil i t y data in the present 

experiment it aa found that thy were hi5hly related to the pas ture 

paddock used (see section 2.2.3.1.). During period I, reason bly high 

qu lity p ture was available aa indicated by its dr y matter digesti­

bility (71.~~). In th fol l owing Period (II), as the cows were grazing 

a new p stur paddock cont ining tur gr inae and a high proportion 

of clove, dry m tter, org ic m tter and crude fibre digestibilities 

decreas d but crude fibre digestibility incr ed; the latter could b 

explained a ff ct of the high proportion o! olov r. During eriod III, 

IV and V, paatur q ntity wa much improved since irrig t i on had been 
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used. The values for dry matter, organic matter, crude protein and 

crude fibre dige~tibllities (Ta~la 3 . 1 and Fig. 3.7. ) sho# taat during 

the last Period (V ) the paoture attained the highest quality, nftor 

steadily i~creasin ~ from Feriod III. This assumption ie supported by 

the fact that variation in digestibility between sheep within the pasture 

group decreased from Peri~d III to Period V. fhis io i n accord with 

t~e r~sult found for Japa~ese Mil l et but in a revers~ way, since as the 

quality of pasture increaaed there wa~ less variability among sheep . 

4. 2 . 2 . 3. Volatile fatty acids. 

r uantitatively, the ,ost im portRnt end :r oducts of rumen 

digesti~n are the steam-volatile fatty acids - acotic, propionic and 

butyric. '.\arn <> r (1 964) :1as suggested th rtt some 70 to 80~ of the energy 

supoly of the ru~i ~3 nt en ~ormal f~eds is provided by VFA. The 

effic ienc y d t l-t which the ener~Y of VFA is utilized by the animal 

appears to varv with the molar proportion o f the acids in the mix ture and 

the pnr"'ose for which they are used ( Blaxter 1962). The decrease in 

efficiency of use of metabolizable energy as feeds beco~e less diges tible 

mirrht be due, nt least in oart to the associated shift in rumen fermen­

tation products from propionate plus butyrate in highl:· di ~e~ti~le 

foeds to predomi nantly acetate in feeds of low digootibility. For 

exa~ple, the efficiency of milk synthesis increased aa the proportion 

f acetic acid fell unless the fall is very l a r ~a , and, if the propionic 

acid levels are high , milk fat production th en decreasee markedly due 

to a change in the suppl , of acetate and ~ - hydroxybutyrate precursors 

(Rook 1961 a) . 

V.F.A . proporti ons change between herbage species, and they 

ebow somewhat smaller changes with increasing maturity of pasture than 

those changes reported for digestibilities values (B th and Rook , 1965) . 
Changes from lower to hisher proportions of acetic acid , and a corres­

ponding reduction in the proportion of propionic plus butyric acids, 

have been r&ported to accompany increasing maturity and fibre content 

and decreasing digestibility of the feed (Bath and Rook 1965) . Generally , 

tropical pastures yield higher proportions of acetic acid then temperate 

feeds (Topps et al . , 1965) as a result of higher contents of crude fibre 

in the former herbages . 
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T~e V.F.A . concentrations are a r eflection of microbial activity 

and of absorption or passage out of the rumen . Fol ' owing the ingestion 

of r eadily ferment able feed, ~ic~cbial activity incroa s ea r apidly , 

resultin~ in an increase in V. F. A. c oncen trations . In f ig. 3.8. 
chdngos i n total J .F. A. c~~centra tion are uot very marked during the 

firs: three e icperimantal !?orio;is (I , II a n;i II::, Zor ?asture :eci oheep; 

hooev er there wa3 a Hu d1 o ~ increase Juring Period IV. This incre ~s e 

could be relat ed to p2,turc quality since it i m, roved , particularly during 

Peri od IV c?mo~red Nith t ho previous periods . TTowe ver other factors 

such as chan~es in thE pattern of feedi ~g could a ffect t~i s r esul t. 

Va:i.ues of tot -:11 V . F . i', . con:::entrat .:ons reported b}' DavoJ (1 qS 4) and Johns 

(1 955 b ) for c ixed suc mer pasture had a hi~her value t ~an t ho3e found in 

t he present ex,eri mcnt during Period I, II and III , to~ever v~luR s for 

~erind I1, where quali~J of ~a9ture was im roved h~d aimilar valu Ps to 

t ... o.,.e nrevi".>uRlv re orted. !Jere again is observed the effect of the 

<tr011;,-ht C')!ldi ti'Jne on ~as ture nutri tive value . ,Uso i n Fi g . 3. 8 . are 

ahown ch a n~es in total V.F.A . CJr centra tion in Japanese Mill~t fed 

sheep; durin~ the t hree Periods ( I I, III and IV) there we re no m~rked 

chan~es . It seems that the ~arked difference in Japanese Millet 

qualitv dcril"g these Jerioris did n".>t affect t he tota l '/ . F . A. couce:1tra-

tion. It could be suggested t hat as an ef f ect of sheep selectio~ , the 

ration consumed was maintained at the same quality, however as described 

a bove, there were mar ked differences in Jar~nes e Millet in digestibility 

during the 3 experimental periods a nd even after sheep selection was 

accounted for (Appendix 4. ), there were differences bet ween Periods in 

c hemical composition of Japanese Millet. Miller et al., (1963, 1965) 
indicated t hat total V.F.A. concentration in Millet fed sheep had a level 

of 8.1 5 mm/100 Ml of rumen liquor which is a higher level than observed 

here . It could be suggested that the highest level reported by Miller 

et ai., (loc. cit) was due to the fact that younger Uillet of a higher 

qualit~ vas employed. 

There was a consistent effect of time of sampling on the total 

V. F.A . concentration (Fig. 3.9.), these changes being greater for 

pasture fed sheep than thoee on Japaneae Millet . Thie varia tion between 

timea of sampling c:in indicate that the intake of feed throughout the 

sampling period was also variable. As noted in section 3.3.2 . 2. there 
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was a highly significant interaction between periods and sampling times 

which makes difficult any interpretation of the diff~rences between 

sampli"lg times. 

Chan~es in V.F . A. proportions are illustrated i n Fi g . 3.10 . 

Proportions of acetic acid were higher and proportions of propionic and 

butyric acid were lower than those reported b y Johns (1955 b) using sheep 

fed summer pasture; then it mieht appear that the pa~cured used in the 

present experiment had a higher content of fibre ( 3alch, 1960) than those 

rep•l rted by Johns ( 1955 b). However tlle V . F . A. proportions r eported by 

Davey (1964) using summer pas ture, sowed '1igher acetate and butyrate 

proportiona and lower propionate proportions than those in the present 

experiment. V. F. A. proportions for sheep fed Japanese Mill~t, a ~ore 

fibrous material (Table 3.10) than the Pasture , differed from tho pasture 

values, since a higher acetate proportion wao found in Period II, III 

and IV. fhere was a high variation in propionate concentration between 

both herbages, but nutyrat~ co, centration was a lways higher for Pasture 

than for Japanese Millet. In accord with the reou!ts presented in 

s ection 3 . 3. 2 . 2 . there waa also a highly significant Treatment x Period 

x Time interaction for V.F.A . concentration which makes the results 

difficult to interpret . Pro portions of acetic acid reported by Cla rk 

et al., (1965) and by Henken et al ., (1962) ueing Qahi-1 Pearl Millet 

i--nd those of Padmanabha (1 965) studying Pearl Mlllet , were higher than 

t ~ose for Japanese ~illet in the present experiment, which indicated that 

the material uRed in the present experimen t was younger and so of 

higher qualit ~ than those used in the above studies . At the eame time 

propionate concentrations found by Clar~ et al., (loc. cit.) and Henken 

et al • • (loc. cit . ) were lower than those presented in Table 3.10. 

Individual concentrations of the V.F.A . a are shown in Fig . 3.11. 

and again there was highly aignifioant interaction between treatment 

and period which complicates their interpretation. The values of acetic 

and butyric concentrations for pasture fed sheep were lower and propionic 

concentration higher than those reported by Davey (1964). This is in 

agreement with the previous comparieon for total concentration and the 

V.F.A. proportions . Data from Miller et al ., (1963, 1965) indicated 

that acetic and propionio acid concentration~ from animale ted Pearl 

Millet were lower and butyric acid concentration wu higher than those 

for Japanese Millet here . 
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Rook (1964) , Bath and Rook (1965) have reported that the pro­

portion of acetic acid was inversely related to the content of soluble 

carbohydrate which promotes the formation of propionic acid and so 

there was a positive correlation between the proportion of the latter 

and sugar (~erry and Tilley , 1962). Relationships between the compo-

sition or digestibilit· of the feed and the proportions of the propionic 

or butyric acids have generally not been so precise as those with acetic 

acid . In the present study, rel~tionships between V. F . A. concentrations 

and c~emical components and di gestibility of feed, and also between V. F . A. 

pronortions and chemical components and digestibility of the feeds were 

examined. ? ~r the first r elationshiµs, Table 3. 3 shows that none of 

thes e we re ~ighly correlated, none of the regression coefficients being 

si gnifieantly {P>0 .1 0) different from zero . In pasture fed sheep, 

the correlation between acetic acid proportion and c a rbohydrate was 

negative e.nd weak which does not agree with the results of Rook (1964) 

and Ra th and Pook (1965). I n the ca se of J apa~ese Millet there was 

also a wea.1< but positive rela tionship based on only 3 pairs of data . 

All rel ati onahi ps between the pro?ortions of propionic and butyric with 

c hemical c cmponents and di gestibility were weak (Table 3. 4) except buty ­

ric pro portions and the c on tent of s 0luble carbohydrates. Both 

relationships (pastures and Japanese Millet) were positive and that for 

J apanese Mil l et had a part icularly hi gh correlation coefficient(~ = 

0 . 9131) . However as forages with the same di gestibility can have 

different co~tents of soluble carbohydrates, the latter correlation can 

be used for feed evaluation only with questionable validity (Raymond , 

196 ~) . 

Annison (1954) ha.a shown some correlation between the c5 
fraction of the V. F. A. and the quantity of prot in fed . In the present 

study no attempt was made to examine relation hip b tweeu the c
5 

cid 

fraction ann pl~nt eharacta~istics . 

During the last decad many authors h ve attempted to u 

V. F . A. concentrations and proportion to expl in animal pr oduction 

variations; however these explan tions contain sever l anom lies nd 

re difficult to gen r lize from (Ry ond , 19b9). This ide is con­

firmed in the present experi ent . where no u eful rel tionshipa were 

found . Raymond (19~9) conolud d th t the level of teed diges t ibility 



instead of r umen a cid pattern ie better emphasised in determining the 

efficiency wi t h which the diges t ible and metabolizable energy in feeds 

are utilized by the ruminant . This does not rnean tha t rume, acid 

natterns are not important, but since t he latter can not be readily 

used in the interpretation of animal pr oJuction results, they mu s t be 

used only with some reservations . 

4 . 2 . 2 . 4. Ammonia. 

Most of the n ~trogenous co1stituents of the feed consumed by 

the ruminant are digested and tra~oforrned by t he r umen microbial 

population such that there is little r elationship bet~eon the form of 

these co~stituents and those nitrogenous co ·s tituente absorbed from the 

di gestive tract. Ammonia produced in the rumen is one of the main 

nitrogen substrates, which can be utilized by the rumen microbin~ popu­

lation or it can be absorbed from the rumen. The ~icrobial proteins are 

then subjected to oroteolytic attac:: in t he abomaaum and the aminoacids 

a re absorbed and used as the main sourc e of a~ino acids to the r uminant . 

(McDo~ald, 1968 ). ~umen metabolism of nitrogenous compounds ~q3 been 

reviewed by Blackburn ( 1965) , ,aldo ( 1168) and .·;:ith ( 19t;9) who r; i ve an 

exhauRtive literature on this subjec t . 

Ammonia c on centration in the rume~ increas ed a fter feeding as 

a co nsequence of degradation of nitrogenous ccmpounds . As th e r Ja, en 

rr:.1 crobial populatL,n can not use ull the ammonia released, there is 

so~e absorption into the olood (McDonald, 1968). Protein utilization 

by the ruminant will depend on these two mechanisms: rate oi' u.nmonia 

release from nitrogenous feed constituents and amoonia aaaimilativu into 

bacterial protein. When ingested food produces an exc~as of free 

ammonia in the rumen there il!I a relative waste of nitrogen t.:> the animal . 

When the material consumed nad a high level of protein, ouch as high 

quality pasture, there is an exceae over animal protein requirement; 

however with food of low protein content it c ~uld be that the amount ot 

protein ingested would not be sufficient and then thi• loas of a.m~onia 

becomes of greater importance . 

Anniaon et al . , (1954) described several tactora which affect 

the level ot ammonia in the rumen, euch as the solubility o! the protein , 
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the amount of protein in the ration the level of dry matter intake and 

other unknown variables . As noted before, with low levels of protein 

intake , it could be poasible that ru.te of ammonia production could be 

low and so could limit the growth of the microbial population leading to 

a decrease in food digestibility and voluntarv intake . However Graham 

(1 967) indicated that the assessment of a protein deficiency could be 

difficult owing to the fact that a l ow protein content in pasture is 

usually , thoug h not invariably, accom ~anied by a low content of di -

gestible organic matter as well as other nutrients . In the present 

study t he high rotein levels in pasture her bage are reflected by the 

highest ammonia le·1rels in r u:ne.1 contents ( Fig . 3 . 12 . and Fig . 3. 13.), 

and particularly so during Period IV where the h.i.ghest crude protein 

contents were found . However thelevel of crude protein in herbage 

did not always coincide ~ith ammonia coucentra ti nns in the rumen . 

T~is is clea r i n the case of Japanese Millet, where ammonia was found 

to have a higher c oncentration J uring Period IV th~n in Period II or III 

the l a tter having a higher l evel of crude protein than the former . 

rhis relationship between ammonia concentration and crude protein con­

tent of bot h herbages is illustra ted i n Fig . 3 . 14. It is bserved that 

run:en .rn 
3 

and feed crude pr otein cont en ts for pasture and Ja panese ·.rill et 

were r e lated in an opposite ma nner ; as crude protein content of pas­

ture i~creased there was a hi gher ammonia level, however the reverse 

wa s observed for J~panese Millet. No exol .111ation is offered for this 

difference . Johns (1955 b) working with summer p~sture found a higher 

ammonia level than those in this study, ho-ever he also reported that 

highest levels of ammonia did not coincide with those of protein sug­

gesting that selectivity of pas ture consumed could be the reason for 

t~ase Jifferences. 

Two other relationshi~a are pr esent ed on Fig. 3.14. Ammonia 

concentration was related wi th digeatible crude protein ~ and crude 

protein intake of sheep. Both relationship• differed between pasture 

and Japan••• Millet, in the same way•• in the case of relationships 

between ammonia and cr~de protein content. In the case of Japanese 

Mill.et fed sheep there was no consiatent effect of time of sampling on 

the concentration of rumen ammonia . In each period . amaoni a conc en­

tration was near the same 2 hour• or 4 hours after feeding . Thie 
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could suggest that i ntake of teed throughout this tiae ••• also the same. 

HoweYer this explanation is not in accord with that given tor total 

v.r.A. concentration, since the latter parameter increased with time 

after feeding. The sign1ficaot traatment x time interactions found in 

analyses 0! HR-. and Y.f.A. data compllcatea interpretation of differences 
.:I 

between herbages and times ot sampling ao the inconsistency of rumen 

changes noted above are to be expeeted. 

4.2.}. Dairy cftttle. 

4 . 2.3.1. Voluntary intake. 

Under conditions or incomplete pasture utilization, such ao in 

the grazing of tropical pastures, it 1s Y&ry important to distinguish 

betwe~n that material offered to the aniaal and that forqe selectively 

consumed b1 animals. Moir {1 960) and Ar nold (1 960) report~d that tor 

animals under these condition•, forage consumed when grazing was sub­

stantially superior to the avera.,:e vnlue of the total teed offered. In 

the present experi• ent, as mentioned before, Japanese Millet was grazed 

under conditions allowing selectivity, so it ie possible to suggest that 

herbage consumed by grazing dairy cows had a higher nutritive value 

than that aaeess•d by chuical analysis of the 1Hterial consumed by stall 

fed sheep. It could be assu•ed tbat if the dairy co•• conaumed forage 

with the nutritive value as determined with the abeep , milk production 

would have been inferior to th•t report•d• 

Feed intake has bHn uaed aa an excellent indei for eYaluating 

feeding value of forages {Crampton 1957). Diftereucea betw"n the 

feeding valuea of tropical graaaea •ere 4ue principally to cliff•rencea 

in intake (Milford, 1960 b). 

Th• effect of maturit1 of Japanese 1Ullet on the intake of 
digestible organic matter by dairy co•• 1a illuatrated in Fig. 3.16. an4 

Fig. ,.18. Wilson and Mccarrick (1967) toed that either digest1bi11t7 

or intake of herbage tro aized puture diainiahe4 with a4Yancing herbage 

aaturity. Minon and Milford (1966) and Milford and tu.uon (196?) 

showed that the tHcli.Dg Yalue, 4efine4 b7 intake ot cligeatible 4rJ 
matter, Yar1e4 w14ely and that the aost tmport&Dt factor 4ete.r11inJng tb.e 

intake or digeat1b1• energy troa a tropical fOJ"age wu ita atage ot 

maturity. 
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In the present experiment animals fed with Japanese Millet at 

an early stage of maturity (Period II) howed a decrease in intake 

compared with the consumption of pasture during Period I, however there 

was no difference from the intake of cows fed on pasture at the ame 

time ( Period II). The pasture during Period II, as described in 

section 4.2.2. could be classified as atypical of summer pasture, having 

a nutritive value higher than an average mixed pasture at this time of 

the year (Hut ton, 1961). Al though Japanese Millet during Period II 

started to flower and nutrit ive value was decreasing, voluntary intake 

was comparable to that of pasture . Then it appears that Japanese 

Millet at the early bloom stage oight have had a higher quality than 

avera~e summer pasture . During Period III and IV the level of intake 

of Japanese Millet continued to decrease paralleling the decrease in 

nutritive value of the crop. At the same time, intake of pasture in-

creased along with the increase in pasture quality . The pasture used 

during Period V was of the highest quality, and the voluntary intakes of 

both groups increased to such a level where treatment differences disap­

peared. During Period IV cows grazing pasture had an intake 1.79 kg higher 

than those on Japanese Millet, but during Period V, the former was only 0.02 

kg higher than the latter. This pattern shows that, although cowe on 

Japanese Millet decreased herbage consumption, when they were returned to 

better quality pasture they had the potential to restore intake to the 

level of cows grazing pasture throughout. Then it could be suggested 

that if it is necessary to use a summer crop during a short period (as 

in the present experiment: 3 weeks), there is no carry over effect of 

such herbage on the intake when animals are returned to pasture. 

It was previou ly shown {s ction 4.2.1.) th t as Japanese 

Millet matur d, it quality (asse s d by che ical co position) decreased. 

It is not then urprising to note th t cow grazing this crop decre s d 

their daily int e they were shift d fr the younge t to the most 

ture stage of growth. 8-0 it i ot surprising to note the increas 

in th ir i take h nth y were hift d fr the atur Jap nee 11et 

to a high u lit-y iz.ed p tur. ges in intak of p sture t cow 

can also be related to ch 1n c e ic co po ition. It i reasonable 

to think that for voluntary intak of cows grazing eith r stur or 

Jap 8 illet, type of relationship with dig tibility d t or 
with the che ical co ponent could h Te exit d. In both herb g s, -
<li tibility and int e di.mini hed s the pl t adv nc din aturity, 
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the effect for pasture being more obvious than that for Japanese Hillet. 

When voluntary intake is compared with chemica1 composition, 

expected relationships are more difficult to rationalize than the 

relationshi ps between digestibility and chemical component. There could 

be factors that affect intake but have no direct or reliable effect on 

digestibility; e.g. toxic or inhibitory materials or substances that 

impart undesirable tastes or those that alter the metabolism of t he 

animal (Van Soest , 1965}. Milford and Mineon (1 966) have pointed out 

that the main factor whicn determines the level of animal production is 

the amount of digestible nutrient s consumed per day, and then, the latter 

is dependant upon the digestibility of that pasture and its voluntary 

intake. Norking wit~ tropical pastures, Milford and Minson (1966) 

found tha t the intake of digestible nutrients was more related with intake 

than with dry matter digestibility - separate correlation coefficients 

were reported to be r = +0.916 and ~ = +0.546 respectively. IIowever 

Minson et al., (1 964) have shown that t he digestibility is '?lore impor­

tant in temperate pastur e than intake in determining the intake of 

digestible nutrients. Mil ford (1 967) working with tropical legumes and 

Lucerne , found a gene~al relationship between voluntary int ake and dry 

matter digestibility (1 = +0. 696) ; however the prediction error assoc­

iated with the regressi on equation wao high and voluntary intake could 

not be estimated accurately from dry matter digestibility data. For 

tropical foraRes Milford (1 960 a) also concluded that intake was not 

closely related to digestibility. However Jung and Reid (1966) 

determining the nutritive value of sudangrass found a positive corre­

lation(~• +0.811) between ad. lib. intake (g/kg L.I. 0 • 75 ) and dry 

matter digestibility. Also Milford and Hinson (1968) found a positive 

relationship(~ • 0. 73) for tropical pasture (chloris gayana). Several 

authors working with temperate pasture (Crampton et al., 1960 b; 

Blaxter et al ., 1961; Campling et al . , 1963; Balch and Campling, 1962; 
Campling, 1964; ilaon and MeCarrick, 1966, 1967; Minson et al. , 1964; 

Blaxter and Wilson, 1963, 1962; Van Soeat, 1965) have shown that the 

voluntary intake or a feed by ruainanta ia Tery dependent on food 

digestibility . Thie would iaply that the leYel or •oluntary consumption 

of forages aight be consistently predicted from a knowledge or the dry 

matter digestibilit7. liowever Hutton (1962) tom1d no relationship 

between the two Tariablee when he was working with good quality pasture 

ha•ing over 7~ apparent organic matter digestibility. On the other 
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hand, Conrad (1966) reported a negative relationship when a feed of high 

digestibility was used. If t his relationship exists, it has been 

suggested that this association occurs because foods of high digestibi­

lity are cleared from the digestive tract by absorption and by expulsion 

of indigested residues, at a faster rate than are foods of low digesti­

bility (Blaxter et al., 1961) . Then t his material of lower digestibility 

can affect further intake since the volume occupied b v this lower 

digesting fracti on becomes large in relation to the volume of the diges­

tive tract thereby limiting further intake. A process like this could 

have been occurring with the Japanese Paillet; as the olant matured, 

crude fibre content increased, digeatihilitv decreased and then intake 

decreased. ~Lis r elationship has been demonstrated in coarse forages 

of high fibre content (Balch and Campling, 1962; Campling, 1964). 

Foods which differ from one another i n digestibility also differ in such 

other r espects as chemical composition and physical structure, and the 

associa tion between intake and digeetibilit v (or rate of digestion) may 

not be entirely a causative one. In particular , differences in chemica l 

physical composition may affect the tas te and texture of the food and 

thus its palatabili ty (Greenhalgh and Reid , 1967). In the present 

experiment regr essions of the estimates of digestible organic matter 

intake (g/kg L. ~. 0 •75 ) on soluble ca rbohydrates con tent, dry ma tter 

1igestibilitv and crude fibre digestibility were studied and the results 

are plotted in Fig . 3.19. and Fig . 3.20. l'he r egressions between intake 

and soluble carbohydrates content were different for pasture and Japanese 

Millet; however it appears that the relationship in the case of pasture 

would be more realistic than for Japanese Millet since the latter regre­

ssion was computed using only 3 pairs of data. Relationships between 

intake and dry ~atter digestibility for Japanese Millet and pasture were 

found to be relativel1 high (i = 0.8561 and r = 0. 9333 respectively} . 

When both sources of data were taken together (as a comparison of regre­

ssion slopes for pasture and Japanese Millet were not significantly 

different (Appendix 17.}; a correlation of ~ = 0. 9201 was found 

(Appendix 16) . This strong correlation is in accord with the above 

mentioned authors . Under these conditions voluntary intake of cows 

grazing either pasture or Japanese Millet could be predicted from dry 

matter digestibility. l ilson and Mccarrick (1966) found that the rela­

tionship between intake and crude fibre content was stronger than that 

between intake and dry matter digestibility and then crude fibre was 



suggested as a better indicator of voluntary intake than dry matter diges­

tibility. From these results, it appears that crude fibre content plays 

an important r ole in governing both digestibility and intake, and then the 

indigestible fraction of h erbage consumed would be an important factor in 

determining its nutritive value. In the present s tudy it was found that 

i ntake of Japanese ~illet was related to crudo fibre digestibility having 

a correlation of 0.6307, however pasture had a higher value(~= 0.8999 ). 

The latter relationship could be more reliable s ince more data were avail­

able for the c omputa tions (Appendix 16. ) . Since the comparison bet ween 

both regression slopes (pasture and Japanese Millet, Appendix 17 . ) indica­

ted no significant differences between slopes a common relationship was 

computed which had a correlation of 0 . 7126. I n t he case of Japanese ~illet 

the digestibility of crude fibre decreased as the content of crude fibre 

i nc r eased with roaturation, however there as not the same pattern in the 

case of pasture . Thus for Japanese Mi llet a similar relationship to 

that reported by Nilson and Mccarrick (1966) Nas demonstrated. 

Minson and Mil ford (1 967) found that voluntary intake of mature 

Pangola grass was low , but it was increased when a legume was included 

in the diet. They suggested that t his increase was due to an eli mina­

tion of a crude protein deficiency, since Pangola grass had a relatively 

low (4%) prot ein content. Similar results were re 0orted by Milford and 

Min son (1965); int ke o two tropical grusses fell rapidly when the 

crude protein content fell below 7%. Intake of temperate pastures was 

limited hen herbage had less than 8.5% content of crude protein (Elaxter 

and ¥i l son, 1963). Feeding area or increasing the crude protein content 

of th gr s by applying a nitrogenou fertilizer has r esul t din 

incre s ed volunt ry int ke (Ca pling, 1964). In th present study it 

wa found that asture crude protein content and i ntake were highly co­

rrelated (f = 0.9434) however an gative d we rel tion hip waa found 

in t h c of Japanes Millet(~= -0.0532). In ccord with the bove 

infor tion, the ~rud prot 1n cont nt ot J p nese llet during eriod 

IV which was th lo t levEtl during t whol e:xperi ent (9.81J) 

appears not to h ve li ited intake - it ight have h d the crop b en 

te t ta or advanced tage of m turity wh n cru prot in h d 

crea e to low r l vel. For ex pl J ill t during th first 

growth t the 12th we k after owin crude protein cont nt to 
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6.56%; at this level it is presumed tha t voluntary intake would have been 

limited. At early stages of growth it appears tha t the l evel of protein 

is adequate ( Milford and Minson, 1966). However at an advanced stage of 

mat urity animal production is gener ally poor as a consequence of the low 

level of crude protein . This r esponse can be due to a low level of dry 

matter intake caus ed by._ the factors discussed and/or insufficien t dietary 

protein for ~ain tenance and production. On the other hand, the i ntake 

of tropical pas tures grown with high nitrogen applications ma ~· be advers ely 

affected; wh en Chloris gayana was heavily fertilized t he c ontent of 

crude protein was increased from 8 to 13% and i nt ake was depressed by 33~ 

(Milford and Min son, 1966). The same au t hors re Jorted similar effects 

in other tropical gr asses; Milford and Mi nson (1 966) wo r king with 7 

tropical gr asses and 3 legumes, found t ha t intake and crude pr otein were 

not correla ted for most s uecies studied . They suggested that the crude 

pro tein content s of t hose he rbages were pr obably adequate to satisfy the 

nitrogen r equi rement of an active rumen flora. Those he r bages wh ere 

high positive correla tions were f ound had much lower levels of crude 

pr otein in the plant. 

Volun t a r y intake from a group of an imals can be measured wi th 

a coefficient of vari a tion r angi ng from 7 to 14% (Corbett, 1969) . 

Heaney et al., (1968) not ed that a larger number of animals could be used 

t o reduce this va riat ion. I n t he pres ent s tudy in takes of pasture fed 

cows were estimated with a coefficient of variation of 6.39% and 6. 79% 
for Japanese Millet fed animals whi ch are s imilar t o va ri a t ions reported 

b y Corbett et al., (1 963). In the case of Japanese Millet fed cows, t he 

coefficient of va riation decreas ed from Period II to Period IV so 

variation between cows i n intake decreased as the crop became more mature . 

Among pasture fed cows there was a small variation and coefficients of 

variation changed without any obvious patt rn among experimental 

periods, Period I and V had the lowest v riation and Period II , III and 

IV the highest . In the case of Japane e Millet differ nces in int e 

ppe red to be due to differences in body weight nd this effect dimini ­

shed s i n take decre sed s a c onsequence of a drop in herbage quality . 

As expected there wa considerable between ani al vari bility which was 

reduced when i ntak was expressed s g/kg L. W. 0 •75 instead of kg/ day 

(Corbett, 1969). As con equence, th coefficient of v riation was 

reduced (pasture was reduced from 6. 39 to 4. 62~ nd Jap nese Millet f r om 
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6.79 to 5.55%) and then during two periods (III and IV) differences in 

volunt ary intake between pasture and Japanese Millet appeared aa signifi­

c antly different. Then as a r esult of higher between cow variability , 

the intake data expressed in kg . D. O. M./day illustrated in Fig . 3. 16. were 

not significantly different between treat ments. 

4. 2 . 3.2 . Live weight changes . 

Changes in milk yield and com-osition c ~n result from several 

factors, among which fo od intake , foodstuff quality and chan~es in body 

weight can be described as the mo ~t important. From this s tatement 

changes in body wei ght were studied in an attemp t t o explain some of the 

changes in milk cr oduction. 

I n general, cows ' body neig~ts decr ease early in lactation 

particularlv in h i gh producing animals . As t he amount of food consumed 

is not suf icient to supply production req1irements , any difference is 

me t by transformation of body weigh t (1utton , 1]63) . Later in the 

lactation (about 5 - 6 months after calving) , cows i~creaae body weight 

as intake is higher t han r equire.~ents for milk production after which 

body weight re ains more or less co~stant u~til the end of lactation . 

Cows e~ployed in th e present experiment were at about the fifth 

or sixth month of lactation, and had passed the peak of milk production . 

It is assumed that cows were at the stage of maximum voluntary in take and , 

as there was an excess of nutrient intake , body weight could have reached 

t he highest lactation value . The latter suggestion ie supported since 

t here were no significant differences i n body weigh t bet ween periods or 

between trea t ment groups . Al t hough tropical pastures haYe been described 

as having a l ower nutritive value t han the temperate pastures , the former 

have been attributed with producing high body weight gains (Norman and 

Begg, 1968 ). Howeve r in none of the experimental periods were there 

s ignificant differences in body wei ghts of cows on the two treat ments. 

It appear• that food intake was sufficient to maintain body weight, but 

not milk yield ae the results indicated• decrease from Period I to III 

and from I t o IV for pasture and Japanese Millet respectively . Multiple 

regression relationships among milk yield , body weight and intake are 

discussed in section 4.2.3. 3. 



4.2.3.3. Milk yield. 

Although plant characteristics can give a good indication of 

nutritive value of the herbage concerned , a more useful measure would 

seem to be the final production such as milk , meat and wool. The aim 

of pasture production in relation to animal production lies in the fact 

that the pasture produced mu t essentially be utilized with the maximum 

efficiency through the production of produc ts ultimately desired. 

Humphreys (1966) contended that the maximum output of animal products was 

governed by a number of factors such as adequacy of the amount of pasture 

presented , the continuity of pasture presentation, the nutritive value of 

the pasture which influences its intake and its digestibility and its 

efficient consumption and conversion. 

Huber and Boman (1966) pointe ] out that as the plane of energy 

nutrition rises, the yield of milk increases, although at an ever 

diminishing rate due to an association with an i ncrease in live weight 

gains . The increase in milk yield that occurs with increase in plane 

of nutrition is probably associated with increases in the amounts of 

precursors fQr milk synthesis reaching the mammary gland (Rook and Line , 

19(1). On the other hand under conditior.s of constant levels of energy, 

increases in the level of protein fed above normal levels have little 

effect on milk yield or composition (Kirchgessner et al., 1967, cited by 

Arms trong, 1968); levels of dietary protein considerably below require­

ment lead to a decline in milk yield and protein content (Rook and Line, 

1962). 

Tropical pas ture species are characterised by their low feeding 

value for milk production (Holder, 1967; Dale and Holder, 1968; 

Hamilton et al. , 1970) . These authors have shown that the low intak of 

digestible energy by cows grazing tropical pastures result din a low 

lev 1 of milk production, a contributory cause being th ir low dige ti­

bility. The figures of Dale and Holder (1968) tor FCH yield showed a 

mark d decline from 11.6/kg/day to 6. 3 kg/day s the plants dv need in 

age. Cows grazing kikuyu grasa (Pennisetum clande tinum) at tocking 

rat of 1 . 65 to 3 . 29 cows/Ha. produced 336 kg of butterf t/Ha (Col an 

and older, 1968), however butterfat production per cow wa rel tively 

low r nging from 99 kg to 118 kg . With dry m tter digestibility at 
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60. 8%, the daily milk yield decreased by o. 4 - 0. 5 kg/week (Hamilton et al ., 

1970) . The above data clearly indicated that tropical herbages do not 

generally meet the demand for digestible energy r equired to sustain an 

adequate leve l of milk production . ~ben tropical grasses were supple-

mented with protei~ the response in milk production was still lower than 

when supplemented with energy . The maximum response however was obtained 

wi th the supplement of both protein and energy (Hamilton et al., 1970) 

concluded that energy was significantly more important than protein ae 

a supplement to tropic~l pasture feed . ~rmstrong (1964) studying the 

effect of maturity on several grasses found that as plants advanced in 

maturity there was a highly significant incr ease in the losses of energy 

in the faeces. High faecal energv loss, consequent to a decrease in 

digestibility , has been attributed to low efficiency of energy utiliza­

tion b y lactating cows ( Rook and Balch , 1 '.161) . l'he effect of changes 

in herbage quality on res ponses in milk production have been reviewed by 

Burt (1957) and Rook (1 961 a) . 

The variation in response between treatment groups and between 

periods withi~ tre atment groups in the present ex Jeriment using nasture 

3.!'ld Jauanese Millet are shown in Fig . 3. 21. The variation between cows 

grazing the same pasture in the initial period of the experiment ( Period 

I) was very small as shown by the differences in their means indicated 

in 11able 3.1c, which confirmed that there was va.riation in intake and 

body weight durin g the same period . 

The responses in intake , milk yield and body weight changes 

during Period II between treatment groups , ere not significant , however 

J panes& Millet fed cows sno~ed a slightly higher value for milk yield 

and body weight when compared with those grazing pasture . Wilson (1969) 

orking with 3 ryegra varieties on the performanc of dairy cowe under 

indoor conditions only found sm 11 differences in dige tibiliti s but no 

difference in tot l concentration and proportions ot VFA. On these 

findings he concluded th t diff rences in ilk yield could be explained 

by differ noes in intake. Since the ch ical composition of both 

herb ge during P riod II in the present experiment• re not different 

(Appendix 3.), the higher production by the group r zing Jap nese Millet 

could be expl&in d by th slightly higher intakes (Fig . } . 16.). In 
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conclusion, it mi gh t be stated that the response in milk yield of cows 

grazing Japanese Millet was t he same as for those grazing p~sture, show­

ir.g that there was no variation between herbages in nutritive value 

1uring Period II. 

Durin~ ?e riod III s i gnificant di fferences i n milk yield were 

observed bet~een the two groups of cows; a higher milk yield was pro­

duced by cows grazing pasture. N~tritive value assessed by c~emical 

compositi on , of pasture was comparatively higher than Millet , while the 

dry matter, organic matter and crude pr ; tein digestibilities of both 

herbages were the ~ame . The intake of digestible organic matter for 

pasture fed cows was higher than for ~illet fed cows, then as a conse­

qu ence t he i ntake of energy by the cows grazing pasture was greater . 

This grea ter energ~ intake was hoNever more efficientl ~ u tilized for 

gai~ e in > rty wei~ht rather tha ·· for an increase in milk production 

(se e rable 5.7 and f i g . 3 . 21.) pr obably as a r esul t of advancing lacta­

tion as shown by qutton (1 963) . rhiA is apparent from the fact th a t 

milk y ield co~ tinued to decline des ~ite an increase in their int ake 

wherea~ bo~y wei gh t gains occurred. In contrast , cows gr azing Japanese 

Millet s ·1owed a continued decline in milk ~ield and body ~eight , conse­

quent to~ decre3se i n both intake and t he nutrit ive value of the crop . 

At t h i s stage of growth, Japanese r ill e t is less useful t o sustain milk 

production especially when cows are at an advanced stage of l acta tion 

when compared with pasture. 

Highly significant differences in milk yield were observed 

during Period IV; cows grazing pasture produced significantly more 

milk than t hose grazing Millet. The nutritive value of pasture in­

creased during thja period but i ntake decreased slightly compared with 

Period III . The increasing milk yield of paeture fed cows despite a 

decrease in intake appeared to be poseibly due to a compensatory increase 

in its nutritive value . Cows grazing Millet declined in their milk 

yield possibly as a result of both a decrease in intake and to a 

decrease in nutritive value . The improvement in pasture quality was 

obviously due to irrigation as mentioned earlier . If a c omparison waa 

to bo made between unirrigated pasture and Millet , such a difference 

might not be expected which would then imply , that differences betwe en 

Millet and pasture might not be significant. 
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During the las t Period (post experimental period) both groups 

of cows grazed the same pasture which was the one with highest nutritive 

value ( measured by its chemical compos ition). This appears to be the 

reason why both groups of cows showed an increase in milk yi eld. The 

response in milk yield of cows which grazed Japanese Millet appears to 

be the same as t hos e cows grazing pasture during the whole e xperiment, 

s i nce the former increased by 0.57 kg of milk/day and the l a tter by 

0.53 kg of milk/day between Period IV and V. Whereas the r esponse to 

milk product ion remained the same for both groups of cows when they were 

grazing together during Period V, their actual milk yield c ontinued to 

differ simply because cows that grazed Japanese Millet produced less 

probably as a result of a carry-over affect from Period IV. Apparently 

t his carry -over effect i s a consequence of quali t y differences between 

the two herbages r ather than to differences in intake, since i n takes were 

simil ar during ?eriod V (see section 4. 2.3.1 . ) , From the point of view 

of recovery of mi lk yield it appea r s t hat cows graz ing more mature Millet 

do not r espond wi t h a subseque~t increase in production when changed over 

to hig~ quality pas ture. It doee not however mean that such a refrac-

tory r esponse woul d be obtain ed with Mi llet at an earlie r stav. e of growth . 

Resul t s ob tei ned in this experiment for the response in milk 

yield of lacta ting cows changed from pas ture to Mill et a re in accordance 

with the findings of Hamilton et al . , 1970 and Dale and Holder, 1968, 

where milk yi eld decreased due to t he effect of grazing tropical pastures . 

Body weight changes do not however conform to t he findings of the above 

authors. Previous reports (section 1.6) have shown tha t beef cattle 

grazing Mi llet respond by significantly i ncreasing body weight . 

FCM yield (Fig . 3.22.) followed the same pattern a milk yield 

due to only slight dift rences in the fat content . In Period V th 

fat content of milk from cows th t grazed Japanese Millet wa i gnific ntly 

great r than tho eon p eture. This difference in fat content was not 

reflected in the FCH yield in Period V probably due to the larg differ­

ence in milk yield. 

In light of th p res nt experiment 1 result it can be stated 

th t the cow grazing Japane illet were unable to utilize the crop 

fully t the ace ler ted stage of growth which means th t p rt of the 

crop was allowed tom ture; also it can bee i d tha t with maturity there 
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wa ~ a decline in intake pr obably resulting from cha nges in palatability . 

1ilson and McDowall (1966) stated that differences in palatability could 

explain those differences found in milk and butterfat yield of cows 

grazing Ruanu i and Ariki ryegrass. It appears that i n the present study 

the decline in intake therefore, resulted in a decline in milk yield. 

A more meaningfull relationship ~etween these fact ors and body weight 

changes are dealt with the analyses of multiple regressions. 

Values for FCM yield in the present experiment were lower than 

those reported by Ma rshall, Sanchez, ~0mers and Arnold (1953) using 

Pearl Millet, ~oNever the latter reported a lower value for butterfat%. 

It a ppears that these differences arise simply because Marshall et al. 

supplemented with concentrates and the crop was used at an early s tage 

of gro wth t han tha t used in the present study. Mill er, Beaty and Unde~­

wood (1158) also obtained a higher l evel of milk production and a lower 

butterfat~ compa red with t hose reported here; a similar exp~anation to 

t ha t offered for Marshall e t al.'s re sults appears t o hold true in the 

latter s tudy. Near t wice the milK yi el d :>b talned with Japanese !'-fillet 

was re norted by Clark, Hemken and Vande rsal l (1 965) and Hemken, Va~dersall 

and Cla.r k (1 962 ) grazing Gahi-1 :· e arl Millet supplemented with c on centr­

ates. As in the pr eviously discussed experiments , butterfat % showed a 

marked depression. The differences in butterfa t i bet • een the presen t 

experiment and those r e ported by Clark et al . and Hemken et al. migh t be 

due to the higher proportions of rumen acetic acid obtained here with 

Japanese Millet. Hawkins , Smith and Ke lley (1 958) reported that cows 

grazing Star Millet decreased their FCM yield from 25 lb to 19 lb during 

a teet period of 4 weeks. Similar results were obtained in the present 

experiment since FCM yield decreased from 26.4 lb to 21 . 7 lb during the 

3 weeks . 

As i ndicated ins ction 1. 6., there is a gener lly reported 

decreas in fat~ as ociated ith the grazing of Millet; however in the 

present xperiment thi feature was not ob erved. Sever 1 hypotheses 

were offered to explain thia response , however as discu sed e rlier, none 

of them were entirely e tisfactory . 

allac (1956, 1961), Hutton (1962), Corbett (1960) , pres nt 

infor ation in the form of a multiple regression where int ke w related 

to et bolie body wight, CM and gain in body weight; however it was 
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noted that there waa not agreement in the coefficients of these variabl es 

among the authors mentioned above. On the other hand Ingalls et al ., 

1965, indicated tha t 70~ of the va riation in production potential 

between forages can be accounted for in terms of differences in volun­

tarv intake , compared wi th 30% by differences in digestibility . Wilson 

(1q66) concluded that differences in intake largely accounted for 

differences in milk production. 

The mult i ple regrPSsion anal ysis where variation of FCM yields 

were related ~ith variat ionn on D.O. r1. intuke and metabolic body ~eight 

a re presented ,)n Rection 3.3.3. 3 . A highl y significant oultiple re­

gr eesion was fitted ~ 1ich indicated that 92 . 30~ of FCM yield variation 

was associated vith varia tions of D.O.M. i"ltake together with metabol i c 

bod;v- wele;hts. ~~en the t~o v&ribbleR were analysed separately with 

FCM yield, it was found t hat the associati , n between FCM yielJ and 

metabolic body ·ueight was c;rei:l.ter ( C. ,.J. D. = 73 . 25~) than be t ween FCM 

yiel d and D. O.M. intake {:. ',LD . = 51 . 20%) . l'he latter results indicated 

that the us e of multiple regr~ss i on analysis improved the relationship 

a r• ong these three variables and there is evidence of a D.O . M. intake x 

metabolic body weight interaction affecting c~angee in FCM yield . 

~hen standardized partial r egres sion and partial correla tion coeffi-

cients were used , it ~,·, s found that 3/5 of the variation on FCM wus 

associated with body weight and about 2/5 with intake . 

Changes on FCM yield were also r elated with ch~nee~ in organic 

matter intake and organic matter digestibility%; a highly s ignificant 

multiple regression was found. In accord with the previous results , 

it was observed that 51 . 3~ of changes on FCM yield were aesociated with 

changes on orga.~ic matter intake and organic matter digestibility to­

gether. Wh~n analysed separately, h owever it was observed that nearly 

all the variation previously explained was due to changes in organic 

matter intake (98 . 73~) and only a small proportion due to changes in 

organic matter digestibility (1 . 27i) . This result is in accord with 

those reported by Ivins (1960) who indicated that there waa no apparent 

association between digestibility and lGvel ot milk product ion . Other 

report s (Hamilton et al., 1970) also indicated that milk production was 

highly relat ed to dry matter intake (~ • 0. 89) . However Brundage 

(1960) explained that changes in daily milk produc tion of grazing cowe 
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were due t o vari a tion in herbage intake, digestibility or som combina­

tion of these two variables. The present study shows that as there waa 

no association between FCM yield and organic matter digestibility, the 

use of the multiple regression did not improve the existent relationship 

between FCM yield and organic matter intake . When standardized partial 

regression and partial correlation coefficients were estimated, they 

c o firmed the previous results . 

Taking int o a ccount bot t multiple regressi _ns fitted, it is 

observed th ~t among t hos e variabl es associated with changes in FCM yield, 

body weight appears to be the main factor, followed by changes in 

digestible organic matter intake , organic xatter i ~take and organi c 

m~tter digestibility i n t ha t order of i~portance. . . ince the three sets 

of t wins ~ere selected to have widely dif fer ing liveweigh ts, the conclu­

sions drawn from the multivariate a ~alys es were to be expected . 

4 . 2 . 3 .4. Milk c om position. 

It is generally established tha t the level and type of feeding 

affect mil~ com 0osition . Changes enc ountered in milk composit i on have 

been related particularly to the levels ~f energy and protein intake and 

also assac iated with changes in the amounts and relative proportions of 

VFA in the rumen. Evidence from experiments where infusion of VFA have 

been employed, provide further information on the r elationships between 

VFA and milk production (Rook and Balch, 1961; Rook , Bale ~ and Johnson , 

1965; Storry and Rook , 1965, 1966; Wilso~1, Davey and Dolby, 1967; 

Balch and Rowland , 1959; Balch, 1955; Rook , 1961 a; ~rskov, Flatt , 

Moe , Munson , Hemken and Katz, 1969). 

The synthesis and secretion of milk fat has been reviewed 

r cently by Jones (1969) and Storry (1970) and it is now accepted that 

s hort chain f tty acid (4 - 10 carbons atoms) are synthe ized by the 

ma mary gland u ing acetic and ,-hydroxybutyric acid; th lon chain 

fatty aoid (18 ca rbon atoms) ar derived from pl am triglyc rides and 

intermedi te chain fatty acids (12 - 16 c rbona atoms) are derived from 

oth of thee fori:ie. Gener lly low milk fat can be s oci t d with 

high level of n r intak , 1th high olar proportion of propionic 

cid nd a low proportion of cetic acid in the rumen ( alch and Rowland 
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1957; Balch, 1960; qook and Line, 1961; Bath and Qook, 1963). Using 

a ration containing rou~hages, this depression in rume~ acetate was 

rel ted to a decr ea·e in the crude fibre content of the diet . 

~hanges in ~Nr content ure r el a ted t o ~tage of lactation, they 

are relatively hi gh in the first month after calvi~g , drops to a low 

leqel in the second month and then rise as lactation progr~sses 

(Legates, 1962). The sane pattern of chang e with stage of l Rctation 

wa3 indicated for pr~ tein content ( J l~ck, Mather and ~fau, 1962 ). At the 

beginning of lactation the l a ctose content is comparatively low; within 

a fe w days ho Never, values a re attalned wh ich remained re:na ri<ably con­

stant for th~ greater part of lacta tion ( !?o ok and Ca ,r. plin ~, 1965) . ~t 

the point where the decra~da in the milk yield is accelerated due to 

advanced ~re guancy , there was a progres sive decrease in the lactose 

con tent of milk . 

Rook and Line (1961), Burt (1 957) and Rook (1961 a) snowed that 

i ncreases in t he plane of energy i ncra~s ed the yield of mil k , decr eased 

t he fat ~ , i ncre ~sed SNF content and yield, and increased the yields of 

bot h pr0te in an d l a ctos e. Chan g •s in SNF c Jntent were almost e~tirely 

accounted for by changes i n the cvncentrati o~s of all three of the maj or 

milk proteins, casein, o<-l a.ct albumin and 9-1 actoglobulin ( Rook and Line , 

1961). Expe rimental evidence has s hown an i n crease in propionic acid 

in the rumen, ~s a result of eith ~r dietary factors or intra ruminal 

infusions , have resulted in an iocre3s e in t he c ontent of the ~1F 

fraction. Rook (1961 a) has indicated tha t severe underfeedin3 of 

protein bus produced a reduction of SNF content while moderate und r­

feedin g apparently has little ffect on SNF . Rook ~nd Line (1962) 

presented evidence that feeding protein at levels above fe ding standhrde 

does not increas SNF con tent; however levels below t hose r•ecom nded 

decrea sed SNF . 

It has been shown that milk protein content was increaaed by an 

incre se i n the l vel of energy intake , and this ff ot we kno n to be 

dependent on an increase in the uptak of propionic cid from the rumen 

( Rook nd Balch, 1961) or by infusions of propionic ci into the rumen 

( il on et 1 ., 1967). These ri es in protein content could due to 

an incre se in microbi 1 protein synthesis in the r 11 en re ulting in an 

increase in the relativ amounts ot mino acid nitrogen absorbed from 
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the small i ntestine, and therefore an increase in the protein content of 

the milk secret ed ( Rook and Line , 1961). 

Lactose content is little affected under conditions of a low 

level of energy int ake , however it i s more affected when the ener gy 

level i s considerably r estricted ( Rook and Line , 1961) . When the level 

of feedi ng was changed f rom low-energy r a ti on to a high - energy r a tion 

lactose was only slightly inc r eased ( Rook and Li n e , 1961) . 

Changes in the yields of milk com ponents in the present study 

are s hown i ~ Fig . 3. 23 . It can be observed t hat changes bet ween treat -

ment and wi t hin treatments groups are clos ely related to changes on 

:;; ilk yield ( Fig . 3 . 2 1.) . rhese responses a rose from the fa.ct tha t 

the contents in milk of fat, protein and lactos e showed very small 

changes during the whole experiment (se e Fig . 3.24.) . 

Chanees i n butterfat% are illust r ated i n Fig . 3 . 24 . where a 

significantly higher content wa s only observed in pas ture fed cows during 

Pe riod V. Duri~g the previous Periods (I, II, III and IV ) however 

pasture fed cows s howed higher contents of butterfat than t hose fed 

Japanese Millet alt '-1ou1:,h these differences were not signifi cant. The 

c ows grazing pas ture iuring Period V s 1owed a decrease in butterfat ~ 

w~ile t hose grazing Japanese Millet an increase. The l a tter decrease 

in butterf at% in pas ture fed cows wa~ probably a resul t of an inc r ease 

in the nutritive value of pas ture, an i nc rease in voluntary i n take and 

to an overall increas e in the intake of energy ( Rook and Line , 1961) . 

Tilley , Deriaz and Terry (1960) obtained a posi tive correla tion between 

the soluble carbohydr ate content of pasture and the pr oportion of 

propionic acid in the rumen . Storry and Sutton (1 969) and Sterry and 

Rook (1 966 ) have shown t hat the feeding of milk fat de pressing diets is 

ssocia ted with changes in rumen VFA, charact erized by a decreas in 

a cetate and ometimes o f butyrate and an increase in the proportion of 

propionate and valerate . In Period V t he soluble carbohydr a te c ontent 

of the pasture increased when c ompared wi th pa tur in earlier periods . 

I n vi ew ot t he fi nding of Tilley et al., (1 960); Sterry and utton 

(1 969 ) and tarry and Rook (1 966), t he decreas inf t % observed in 

Period V could therefore be ttributed to an increase in t he intake of 

oluble carbohydrate nd associ ted changes in th r umen fermentation 

pattern. Rum n charact ristics of sh ep f d pasture showed an increase 
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Period IV. Although VFA measuremen ts were not t aken in Period V, the 

quality of pas ture was high er in Period V, and s o it mi ght be reasonable 

to suppose t ha t t hese changes in rumen f e r ment a tion were a l s o present in 

- eriod V. In c onc l us ion, a declining fa t test of pasture fed cows 

c ould be explained by an increas e i n t he i n t ake of energy and an i ncrease 

in t he intake of sol uble c a rbohydrates with con current chan ges in rumen 

fermen t a ti ons . A s i mi l a r patt e r n w s r eported by Nilson (1969) working 

with 3 dif fe ren t r yegr a s s varieties. D·~ ta ob t ained fro m experiments 

where VFA infusions were made , support this view . 

The c c~tent of but terfat in mil k fro:n J apanese Mi l let fed c ows 

du ring Period V shows a sur prising increBs e , whi ch is not in accord with 

the above mentioned fact ors a ffect ing fat~ chang es . It could be 

r ossible tha t this level of butterfa t is a c onsequence of confounded 

treatmen t and s t a~ e of lacta tion effects. Thi s increase mi gh t be 

explained by the fact tha t a con t inued low leve! of nu tri tion had a cul­

mulative effect on l a cta ti 0n persist ency and subsequently t hese cows 

manifes ted dr ying-off effect s ea rlier t han p3sture gr azed cows . 

An earli er discussion showed that an increase i n the level of 

energy can increase the yield and cont ent of protein and l actose (Rook 

and Line , 1961 ) . Underfeeding expe riments by Flux and Patchell (1 954) 

and Pa tchell (1 956) showe d a decline in the percentage of SNF in cows 

fed at a level below t heir requirements after ca l ving . In the prese nt 

experimen t signi f i can t treat men t difference i n protein % of milk was 

only observed i n Peri od IV ( Fi g . 3 . 24.) . A per iod effect in t he protein 

% of pasture fed cows was also observed in Period IV where it was greater 

than Period II and III ( Ap endix 31.). Such variation was not apparent 

in Japanese Millet fed cows . 

The increase i n protein% of pasture fed cows in Period IV 

appears to have resulted from an increase in energy intake and protein 

intake and t he utilization of that en rgy for prot in synthesis . The 

results of Rook and Line (1961) and Gordon and Forbes (1970) suggested 

an inter c tion between protein and energy i n the subsequent utilization 

of nutrients for the s ynthesis of milk constituents . Pott er , rser 

and Cli ne (1 968 ) demon trated a po itive r l a tionship between gluco e 



infusion and a change in the amino acid composition of sheep muscle. 

This implied that with specific metabolic energy sources there is some 

variation in the utilization of protein precursors. In Period V protein 

% of both groups of cows was the same . It could be suggested that 

Japanese Millet fed cows showed a greater response than pasture fed cows, 

possibly as a result of greater microbial protein synthesis in the rumen 

when compared with those cows fed on pasture throughout. The increase 

in protein% of pasture fed cows appears to r esult from an increase i n 

the nutritive value of pasture and an increase in the overall intake of 

both protein and energy . 

Lactose content did not vary markedly in cows grazing 

pasture ( Fi g . 3 . 24 .). A slight decline was ho ever observed in cows 

grazing Japanese Millet. From the other observations it appears that 

the differences in l actose % were due to stage of lactation effects, as 

discussed earlier for fat contents, rather tha ~ treatment effects, 

which were i n accord with the previous results of Rook and Line (1961) . 
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Summary and Conclusions . 

Japanese Millet , a summer crop, was examined to obtain primary 

information on its value for dairy purposes, since no such information 

was available under New ~ealand conditions. The value of herbage 

depends on its capacity to support milk production which is a function 

of both quality and quantity of forage grown; hence aspects of plant 

growth as well as animal production were studied . 

From the results reported in the present study it appears 

that Japanese Millet at an early stage of maturity had a marked super-

iority over the more mature stages. The crlterion used to reach t •1is 

conclusion was principally milk yield , since animal production provides 

the ultimate evaluation of herbage quality . However other criteria 

have oee ~ used such as dry matter and crude protein yield, gains per 

day and per hectare of dry ~atter and crude protein, chemical composi­

tion, digestibility analyses, rumen fermentation cha racteri ~tics, 

voluntary intake and body weight, since these are probably the main 

attributes necessary to determine the nutritive value of a feedstuff. 

The experiment indicated that bot ~ first growth and regrowth 

of Japanese Millet produced the highest yield of dry matter at the last 

stage of growth examined (see Section 4.2 .1. ). Although the highest 

crude protein content of the crop was obtained at an early stage of 

maturity , the highest crude protein yield was obtained once the plant 

started to flower. 'rhe first growth produced the highest gain of dry 

matter per day and per hectare while regrowth provided the highest crude 

prot in yield per day and per hect re. As the regrowth atured, 

increase w observed in dry tter %, crude fibre•• and decrease in 

crude protein , ether extract and soluble carbohydrates•· All 

dig stibility coefficients (dry matter, organic atter , crude protein 

and crud fibr) decre ed { e ection 4 .2.2.) d chang in ru n 

char ct ri tics (VFA d onia) indicated that ther progre ive 

lo in nutritiv v u the crop tured. h ff ct oft eding 

Japan e illet on ilk yi ld wa gre ter than on ilk co ~oaition; 

the crop dv ced in turity, ilk yield d ere ed principally a 

a result of deere d vol try intake re lting fro continu d 

decreases in herbage quality {s s~ction 4.2 . 3 . ). Quantitative 
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estimates of intake obtained here appear unreliable (see Section 4.1.2.) 

but the data appears suitable for comparative purposes especially when 

the expected decline with crop maturation was observed. 

It may be pointed out that, in terms of both the supply of 

digestible nutrients and milk production, there is a marked advantage 

in the early harvesting of Japanese Millet; however if drv matter 

yield is the crit ria of harvesting, late cutting is the mo~e promising 

management. Thus if the primary objective of producing a summer crop 

such as Japanese Millet is to maintain a number of animals over an 

extended period of time, it might be advantageous to harvest late and 

to compensate for the reduced unit nutritive value of the forage by 

the increase in yield obtained. On the other hand, if the primary 

?Urpose is to maintain a high level of milk production during a 

relative short time it would appear useful to cut earlier and more 

frequently in order to exploit herbage with a high nutritive value . 

Supporting the latest conclusion it could e added that better crop 

utilization is also obtained at an earlier stage of growth rather than 

later . In grazing at an advanced stage of growth, a relatively high 

pro~ortion of plant growth will be ~asted. 

It can be concluded that under the drought summer c onditions 

that were e~countered here, Japanese illet proved to be a satisfactory 

summer crop for milk production , particularly when perennial pastures 

tend to decrease in their nutritive value. Results of the present 

experiment also indicated the need for further studies to ascertain 

the effects of using J p nese Millet at different stages of growth for 

milk production , ince the present study coy rd period of only 3 

we ks when the crop was at relatively advanc d stage of m turity. 
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APPE?IDIX 1. 

Cha.Dees in dry matter yields and heights ot 

Japanaoo IU.llet at various stages of sro•th 

STAGE OF MATURITY DRY JU.'I'l'BR IlELD HEIGHT 

ks/ IBCrARE c.v ~· AV6RAGE 

FIRST GROWTH 

EARJ.Y LEAF 664 (49.17) 7.39 27.5 

EARLY LS.Al' 1920 (101.11) 5. 30 43. 0 

DIMATUU 3344 (245. 26) 7.33 66. o 

I UA'l'CJRE 4822 (1.34. 72) 2.79 86. o 

PRE Bl.001t 6081 (407.50) 6.70 107.0 

PRE BU>Cll 6561 (623. 89) 9.51 117.0 

SABLY BUXJI 9917 (72. 22) 0.73 127.0 

llD BWOI ID372 (770.56) 7.43 127.0 

FULL BIOOM 16344 (403.06) 2.47 127.0 

~GIOWTB 

BARIi' LEAP 947 (105.83) 11.57 15.0 

DOlil'tJRE 1581 (151.94) 9.61 38.o 
PBBUXII 1667 (176.94} 10.61 43.5 

BilU BUlCII 3420 (313.61) 9.17 sa., 
.&ILY BID01I 5889 (391.94) . 6.66 68.5 

JIID BL0(JI 6001 (255-26) 4.25 68.5 
-

+ Coetttciem ot nrtaUon 

(om) 

RANG.S 

25 - 30 

40 - 46 

60 - 72 

81 - 91 

102 - 112 

112 - 122 

122 - 132 

122 - 132 

122 - 132 

10 - 20 

36 - 40 

41 - 46 

56- 61 

66 - 71 

66 - 71 



C 

FI 

DRY ORGANIC ' C. PROT CRUD 
AFTEB R ( N X 6.25) FI13RE 

SOVlliG c •• j c.v.,; 
4 10.14 31. 34 * 0.22 17.66 0.74 7.04 1.63 17.82 1.07 

(0.07) . (0.13) (0.11) (0.1 9) 

5 10.06 84 • .38 22. 28 o.36 21.46 2.00 4.54 3.19 20.3:, 2.11 
(o.08) (0.43) (0.14) (0.43) 

6 11.61 85.04 19.19 0. 63 23.97 0.92 3.85 2.46 29.69 1.67 
(0.12) (0.22) (0. 09) (0.50) 

7 11.74 85. 59 17.33 o.26 24.65 0.71 3.76 3.46 25.43 2.79 
(0.04) (0.17) (0.13) (0.71) 

8 14. 81 86.72 15.30 0.59 26. 65 1.01 3.35 2.99 7-58 3.23 
(0.09) (o. 27) (0.10) (0.24) 

9 16.77 87.31 14.45 0. 38 27.15 0 . 20 3.16 2. 53 8.22 3.10 
(0.05) (0.05) (o.08) {0.25) 

10 17.52 87.89 10.72 2. 80 33.96 o.60 2. 95 2. 88 6. 50 3.46 
(0.30) (0.20) (o. 08) (0. 22) 

11 19.46 89. 26 9. 60 1.30 34. 08 0. 81 2.65 2. 45 8. O 3.64 
{0.12) (0.27) (0.06) (0.32) 

12 21. 40 89. 43 6.56 1.22 39.70 0. 39 2.28 2. 43 8. 02 1.37 
(0.08) (0.15) (0.07) (0.11) 

13.98 83.56 28.70 1.20 2.90 2.58 2.56 7.22 

2 
(0.34) ( .07) (o.18) 

17_. 2 86.80 18.44 0.65 20.70 
(0.12) (0.15) 

0.72 ~33 2.53 7.47 1.61 
0 13) (0.12) 

3 16 53 87.55 16.9() 
(0 14) 

o.86 23.30 
(0.31) 

1.33 3 43 2.62 5.89 1.70 
(o. 9) (0.10} 

4 14.68 88.17 13.57 O 88 27.62 O 91 3 .. 21. 1.a1 4. 23 2.95 
(0.,12) (0 ~ (0.06) (0.12) 

5 19~73 ·" 12.93 1.43 31.19 0.45 2.81 3.37 6.59 5.92 
(0.18) (0.14) (0.09) (0.39) 

6 18 90 88.58 10 39 1.68 34.31 0.44 2.46 1.63 9.44 .03 
(0 .. 17) (0.15) (0 04) (0.38) 

• Standai-de 



'PDDIX 3. 

Ohellical composition of pasture and Japanese Millet during the animal trial 

PED PERIOD D. M. ASH C. PROTEilf CRUDE FIBRE E. EXTRACTS S. CARBOBYD . NITR.-FREE- EXT . 

" • ,; c.v.~ ~ c.v.~ % C.V.% • c., .• % c.v.~ 
-

I .37.52 7.25 12.15. o.41 31.92 0. 08 3.97 2.77 10.40 3.34 ,.4.71 0.29 
(0.05) (0.02) (0.11) (0.35) ( 0.13) 

p 
II 23..63 8.98 19.65 0.07 27.21 2.21 5.12 2.54 8.74 1.,, 39.40 1.24 

A (0.01) (0.60) (0.1.:,) (0.17) (o.48) 
s III 2a.1, 8.99 16.62 0 . 03 30.03 0.52 4.68 0. 85 9.27 1.62 39.&8 o.48 
T (0.01) (0.15) (0.04) (0.15) (0.19) 

u IV 21.15 11.63 22.71 0.15 22 • .50 1.42 5.89 3.74 9.56 o.84 37.27 1.,, 
(0.03) (0.32) (0.22) (0.08) (0.,50) 

a 

' 22.1t1 10.06 22.95 0. 31 21 .22 o.40 5.94 3. 87 11.87 1. 89 39.83 0.61 
s (0.07) (0.08) (0.23) (0. 22) ( 0 .2ft) 

-
J. II 13.01 13.00 19. 32 0.16 27.85 0. 65 3.91+ o. 88 ... ,., 1.13 35.89 0.57 
M (0.03) (0.18) (0.03) (0.05) (0.20) 

I Ill 16.06 12.05 11t. 05 0.50 31.03 0 .27 3.79 3.96 6.33 1.90 39.08 o.42 
L (0.07) (0.08) co.15> (0.12) {0.16) 
L IY 16 •. l, 10.8,. 9. 81 0.71 34. 25 2.13 2.78 2.16 7.45 3 . 22 42. 32 1.70 E (0.07) (0.73) (0.06) (0.24) (0.72) 
T 

~ 

• Staadar4 error ot mean . 



APPENDIX 4. 

Chem1oal composition of material offeNd and consumed ey sheep. 

p 
A 
s 
• u 
R 
E 

J . 
M 
I 
1, 
L 

T 

ORGA.l~IC '!1TER % 

OFFBRED CONSU?d&D 

1+ 92.8 92.8 

II 91.0 90.3 

III 91.0 92.0 

IV 88.4 88.5 

V 89.9 89. 9 

II 87.0 87.3 

III 88.0 88.1 

IV 89.2 89.4 

+ Experimental Periods. 

CRUDE FROTSIN 711 CRUDE FIBRE % 

OFFERE:D CO.NS OFFERED CONSUMED 

12.2 12.2 31.9 31.,9 

19.7 22.8 21.2 22.0 

16.6 17.6 30. 0 28.6 

22.1 23.2 22.5 22'.l 

23.0 23.3 21.2 20.7 

19.3 19.9 27.9 21.2 

14.1 16.5 31.0 28.6 

9.8 10.9 34.2 30.5 



.APPENDIX 5. 

SOURCE d.f'. M. s. PROBABI LIT! VARIANC 
STIKAT S % ot 'l'OTA.L 

Periods (P) 3 7.4931 P <. 0.05 1. 3728 1. 56 
T atmente (T) 1 107. 1570 P < o.co1 52.5775 59. 56 
Tim (B) 2 82.3453 P < 0 . 001 26. 7811 30.34 
p z '1' 3 10. 4302 P < 0. 01 1. 0535 1.19 
PxH 6 5.4684 P < 0.05 0. 2889 0. 33 
T H 2 26.5564 P < 0.001 4.0924 4. 64 
P x TzH 6 4.5517 P < 0 . 05 0.1062 0.12 
Residual 121 2. 0021 2. 0021 2. 21 
1rotal 143 4.7629 

Anelxoes 2& vananoe gt rumen m congantrations wi thi.n periogs 

SOURC'S d.f. P~RIOD I Pimi oD II P~RIOD Ill p~ OD IV 

Trea nt('l') l 1. 3225 NS 26.1462 *'** 29.0165 .... 81. 9628 *** 
~e(H) 2 24, 4204 *** 17.0542 ** :1.0025 ~* 48.2735 *** 
TxH 2 1. 5555 NS 1. 8310 NS 11. 6107 *** 28.9740 *** 

idu 1 30 2. 6582 2. 7785 0.9630 l . 4246 
Tot l 35 3.8oo6 4.2078 2.8324 7. 9770 

• ) 0. 10 .. P < 0.01 

•**. P <o. 001 



Anal,yeis of variance of rumen ammonia concentrations 

URC.S d. f . ..s. PROBABlLl'lY VP.RIANCE 
.e.S'l'l A'l'ES % of TOT.AL 

Periods() 3 676. 6548 P < 0 . 001 23. 64 16.7 
Treatments(T) l 2536.71,72 P < 0.001 34.88 24.7 
Times(H) 2 804.4254 P < 0.001 16. 23 11.5 
p :x T 3 628.0614 P < 0,001 16. 74 11.a 
p X H 6 200.0836 P < 0 . 001 14.56 10.3 

TxH 2 l . 6417 P <. 0 . 001 6.47 4.6 
p lx H 6 45.5529 P > 0.10 3.36 2.4 
Residual 121 25. 4114 25. 41 18. 0 

Total 143 94.8923 

n1a ooneen.trations within Periods 

( UBAN SQUARES ) 

ORCE$ d.t. PEPJO:D I r1..:.RIOD II PJtIOD III Pc,RlOD IV 

atmonts(T) l 5.5775 NS 103.8700 * 872. 2178 *** 3439. 2360 *** 
(H) 2 60,1267 NS 94 6912 * 190.2471 • 922.7967 *** 

2 2.7411 32.9413 s 101.8717 + 356.5587 ** 
30 26.9451 15.7561 25.6939 34.0977 
35 26.8477 23 7663 61,3506 000 5965 

• P >0 lO 
+ • < .10 
• • <0.05 - P < 0.01 

• <. O 001 



AP.PmDll 7 .. 

Analysis or l'u{3rcooion of :rumGn llouor ammonia ----....... ----------------oonc&ntrat-ioti on erwia protein content, digostibl e 

crudo protein content and i ntako of orude protein 

on sboop_. 

;,.. A 
Ind.opondont OOURCE d . ~. u. s. Frati o PllOBAB. r b !$.~ 

v~riablo 

CRUDE Linear 
r~"'TeGeion 1 553.1:Y/7 16.,4758 P < a.col ~. 7!.,7£. l.4623 

PRO'l\"L": Residual 13 33. 5722 (!o. 3603) CONT.1i.P.r 

Total 14 10.6833 

DIG~S'l'IBW Linoar 

CRU.u~ regraccion 1 409.0018 9. 158~ P ( C. Ol c. t429 1.0709 
Residual 13 44. 6588 (+o. 3539) PROT.J;IN T'Otal 14 70.6833 

Li~~·a.:: Linoar 
cm,~..; regrecsion l 660.6o33 26.1057 P < c.co1 c . 8110 0. 1797 

Reeiduol 13 25. 3049 (!o.1268) l'ROT'~:W Total 14 70.6833 

CRUDE Linea.r 
PROT&IN regroeoion 1 8.0911 1.2023 P > 0.10 - 0. 3829 -0. 2437 

Residual 7 6. 7295 (!o.2223) COlllT&N'l' Total 8 6.8997 

D.IGES'l'IBLE L1Mar 
CBUDE r egression l 22. 7254 4.8998 P ) 0.10 - o. 6416 -0. 1953 
PROTEil! Residuel 7 4. 6!8~ (!o.0882) Total 8 6.8997 

In'l'AKS L1neu 

CROD:J reereosioa 1 18. 3841 3.4957 P ) 0. 10 - 0. 5771 -0. 0454 
Residual 7 5. 2590 (!o.0640) FRO'I'illli Total 8 ,.am 



APPENDIX 8. 

ANALYSIS OF VARIANCE OF COW LIVE WEIGHTS 

SOURCE D. F. s. PROBABILifi VARLU~CES 

ESTDlA'l'B ~ OF 'roT.lL 

TOTAL+ 53 14821.4231 

TIIBA'l'U~lTS l 115.5740 P ) 0 .10 1. 2988 o.006 
Pc.RIODS 4 64. 7269 P > 0.10 o. o. 
cows 12 64786.7800 P ( 0 . 001 21568.7580 99. 62 

REsIDUAL 36 80.5<>60 80.5060 0.37 

+ .Anaqsis was made using individual weighings in lb. 



Analyoio of Covariance of bo~ wo1ght-s odjuotod tor d1tferono00 

duri118 the Preliminary Period - Tota.! e2;1>0rimental porion. 

SOURCE d.f. ! y 2 i DEVI.A TION S FROM RJGRSS.:>ION 
d. f. <" c:, ,:,e v e • s. 

'l'raatcento l 12. 8480 

Error 4 86410. 6e79 0. 9417 3 422. 4084 140.8028 

TOTAL+ 5 86423. 5359 0. 9413 4 489. 2194 122. 3049 

Ditteroncoo cotwGGn rGeiduale l 66.8110 66. 8110 

Between trcc.toonts Fl, 3 • 0.47 P > 0 .10 

Adjust~d mo, ns (ke;) after analyeic of cov~rianoo 

J aponeso Millet 

Paat\11"0 

336 (! 4. 37) 

339 (! 4. 37) 
?9.35 ~ raduation of variance 

~ois nf error of vsriance 

( Regresoion ot bo~ woight dm'ing 3 c:;,c:-iocr.te.J. par1od on boct,.y 

woieht during Preliminary Poriod) 

SOURCE d. t . s. • • s. •r U o PROBABILiff 

J>uo to • -...--sol on l 85988. 2795 85988. 2795 611.3353 P< 0. 001 

ReDidual 3 422. 4084 140. 8028 
'l'ota1• 4 86410. 6879 

+ Data ueed tor oovarianoe o.naqe1e were 001f menna ( during 3 periods) 

lij)1:'000o4 1n lbs. 



APPENDIX 10. 

AJ'lal,ysis of Covar1a.noo ot bod.v woight during Period 

II adjusted for dittoronoes during Prol1mina.ry Period 

~ y2 
,'\ DSVIATIONS FROI R.EG~SSION 

SOURCE d. f . b d. f . s. s. M. s. 

Treatments l 29. 6148 

Error 4 84042.1059 0.9289 3 376. 5415 125. 5138 

TOTALt- 5 84071.7207 0. 928-9 4 380.0298 95. 0075 

D1.ffor oncee betwoon rooidualo l 3.4883 3. 4883 

Botwoen treatmento F1, 3 • 0. 0278 P > 0 . 10 

Adjust od means {kg) o.ftor analysio of oovnrianoo 

J apa.naoe Jlillot 

Pasture 

338 (! 4. 13) 

338 (! 4. 13) 
99.40 % reduction of va.rianoe 

Annl_vsis ot error of variance 

( Rogroeoioo ot bo(\V woight during Period II on bod3 vei8ht 

during Prolim1!UU1' Poriod) 

SOUllCS d. t . s. s. 1. s. F ratio PROBABILITY 

Due to "6NS!'l On 1 83665. 5644 8)665. 5644 665. 5262 P <. 0. 001 
Residual 3 376. 5415 125. 5138 
Totn1• 4 84042. 1059 

• Data uoed tor covariance anal.1s1a were cow means e%,P:reoeed in lbo. 



APP Nl>IX 11. 

AnaJ.v is of Covariance of boc\v weight during P riod 

Ill edjua d for differoncos during Pr lim1na17 P riod 

L 72 ·I\ DEVIATIONS FROK !Li:GRESSIO 
SOUBC d. t . b d.t. s.s. 11.s. 

'l"roatmonta l 474. 1926 

Error 

'roTil+ 

• a 

4 90766.6630 0.8873 3 14429.5696 4809. 8565 

5 91240.8556 0.8859 4 15123.9142 3780. 9786 

Di:fferenoes betwoen rosiduale 1 694.3446 694.3446 

Between treatments "1, 3 • o.14 P "> 0.10 

djustod means (kg) after ano.l3ois of oovariance 

J opanaoe illet 

PaetuJ."e 

4.t. 

ion 1 

3 

4 

334 (!25. 62) 

343 (! 25.62) 
78.80 reduction of 'l'erianoa 

t dur1l'l8 rlocl Ill on ~ • 1 t 
lim1 P iod) 

• • • • • 

76337 0934 76337 0934 ( 0 05 
14429.5696 4809.8565 
901U 6630 

in 1 



APPBNDIX 12. 

SOURCE 

'l'roatmGnta 

.Snor 

Total+ 

Anal301o of Covnl"ionoe ot body waisht during Period 

IV cdjusted tor ditforenoee dUl'ing hellminar.y Poriod 

I '32 
A DEVIATIONS FROJI R.Amz. SION 

d.t. b 
d.t. s.s. r!. s. 

l 31. 1448 

4 84769.7185 0. 9309 3 739.8355 246.6118 

5 848oo.8633 0. 9310 4 735.1001 183.7750 

Dif'feronoes botweon rooiduals l 4.7354 4. 7354 

Botweon troatmonto Fl , 3 • 0 . 02 P > 0. 10 

Adjusted means {kg) af'tor a.nal,yaie of oova.ria.nee 

Japanese ?!illot 

Pnoture 

336 (! 5.79) 

336 (! 5. 79) 
98.84 % roduot1on of variMCe 

~de of error of variance 

(Reer soion of bo~ weight durine Period IV on boc\Y weisht 

durine Prol1minary Period) 

SOURCE 4.t. s. s. ..s. •ratio PRODABILI'ff 

Due to resreoston 1 84029.8830 84029. 8830 342.1624 P < 0. 001 
Residual 3 739.8355 246.6118 
'l'otal+ 4 84769.7185 

+ Data uaed tor covr.ariaooe ana]3alo were oow means ezpresoed in lbe. 



APPENDIX 13. 

Com~1aon ot n.o.n-. Intako a.s doto1"£'1i.md 

A + 
b • 0.7047 - 0.1098 Y • o. 7047 z + 3.0940 

SOURCE d.i". s. ll. s. Fntlo PROBAB. 

Linear 1 17.2528 17.2528 26.6494 P < 0.05 regracsion 

Reoidual 3 1.9423 o.6474 
Total 4 19.1951 

~ 

r - 0.5993 
,,.. + 
b - o.1843 - 2. 4629 Y - o.1843 z + 1.9909 

SOURCi! d.f. s. s. M. S. 'ratio PROBAB. 

Linea:r 
resroooion 1 0. 4107 0. 4107 l. 7872 P ) o.:io 
Rosi.dual l 0.7340 o. 7340 

Total 2 1.1447 

m -
r. o.ea99 ;,. + 

b a o.8129 -0.2603 Y. 0.8129 x + 1.0943 

ORC3 d.f'. s. a. s. F PROBAB. 
raM-

-

Limar 
N>greadon 1 25.5367 25.5367 11.6863 

P < 0. 05 
Residual 6 13.1090 2.1848 

Total 1 )8.6457 



A.: ll 14. 

Regreesions of 'grab' sampling on 'sward' sampling 

Comparison of regressions for pasture and Japanese Millet . 

SOU~C£ Z x2 [_ X'/ I. 1 
2 ·"-

b RSS d.f. RMS 

Japan••• Millet 0.1210 0.22,0 1.4 .. 47 1.8430 1.0340 1 1.0340 

Paetu-• 31t.7451 24.4837 19.1951 0.?04? 1.9423 :, o.6474 

POOL~D RESIDU;\LS 2.9763 4 0.7441 

Pooled ri.thia :,lt.8661 24.?067 20.6398 0.7086 3.1322 5 

BETWEEN SLOPES 0.1559 1 0.1559 

'1,4 • 0.2095 P > 0.10 



PA RE 

!iOURC d. :f'. 

Linear 
regression l 

Residual 3 

Total 4 

"' r • -o. 9683 

1 

l 

e{g/kg 

on solubl.a earbo.b;ydrat • 

A • 2l.M>74 ! 2a595l y • 21. 4874 lC - 52.444) 

s. s. Fratio PROBABILITI 

27 .7627 2788. 7627 68.5552 P < 0 . 0l 

122.0373 40.6791 
2910.Sooo 

A + 
b • - 5.1656 - 1.3326 Y • 162.0219 - 5. 1656 X 

• 

. 21 9 

132.6667 

JI ., t1o ABILITr 

lS.0247 P > l 



SOURC& d. f . H.~. Fratio rROBA.1311.ITY 

L1.noe.r 
1'06~sion 1 2535. 6554 ro. 2774 P < 0 . 05 
iieoidual j 125. QMl2 

'!°\)teal • c+ 73C. 20C-O 
/\ + 
b ~ 3.9181 - 0 . 8700 

wun~~ d. t . ?1. s. Frotio .POODABlLITY 

T.imnr 
~-raoa.ton l 2357. 1945 12. 7737 l> < c . 01 
Rooiduol ) 184. 5352 
Total 4 730. 2000 

/\ + 
b D 1.5620 - 0. 4370 

J/, • .. ...IT ·i 4 .,, , ,.>u I~L .._._d 

::.ounc:& d.f'. ,. ,.. 
F 11ROEADILI'I'r ... "'. ntio 

DIC~ L1noor 

DRl TT.at •1,,, roeroao1cm l 97. 2226 2. 7430 P ) 0 . 10 

lea1dual l 35.,4439 
Tot.al 2 66. 3333 

"' r - o. 0561 

oounec 4.~. (" 

Fratlo ~ bilii:1' 

LlMD.r 
~:Jicm 1 52. Tl14 0. 6605 P '>0. lD 

Go.lduol 1 79. 8953 
Total 2 66. 3333 

; • 0.6301 



J.PPlffll>IX 16. 

(continuation) 

DIG ... STIBL& 

DIGEST1B1~ 

SOUBCE 

Linear 
rogression 

Residual. 

Total 

SOURCE 

Linear 
N>STe-ss1on 

Reoiduol 

Tot.:a.1 

r . 0.1126 

d.f'. s. J.i' 
ratio 

PRODABILlff 

1 6521. 9224 44. 1238 P ( 0 .001 

8 147.8097 

9 856.04-00 

A + 
b • 4.3455 - 0.6542 

d.f. x.s. Fratio Ph"OBABILITY 

1 3912. 4248 8. 2541 P < 0 . 05 

8 473.9969 

9 856. 0400 

" + b. 1.7557 - o.6lll 



APPENDIX 17. 

Regreeeioaa of D. O. M. intake on digest i ble D. M. ~ and D. O. M. intake on 

digestible crude fibre ~ . Comparison of regressions of pasture and Japanese Millet. 

A • D. O. M.I. («/kcL. l .o. 75) on Dig. D. H. ~ . 

SOURCE: 2x 2 2 xy ~ 72 A 
b RSS d.f. RIIS 

Japaa••• Millet 38.4488 61.14<>0 1:,2.6667 1.5902 :,5.4439 1 35.4439 

Pasture 165.1789 647.1760 2910.8000 3.9180 375.1446 3 125.0482 

POOLED RES IDUAL 410.5885 4 102.6471 

Pooled Within 203.6271 708.3160 3043.4667 3.1+785 579.5998 5 115.9200 

BET\VEEN SLOPES 169.0113 1 169.0113 

F 1,4 • 1.6568 P) 0.10 

B ~ D. O. M.I. ( L. w. 0 •75) on Dig. Crude Fibre ~ . 

Japanese Millet 37.5981 44.5433 132.6667 1.181+7 79.8953 1 79.8953 

Pa•ture 966.1223 1509.0860 2910.8000 1.5620 553.6030 3 184.5343 

POOLED Ri SIDUAL 633.4983 4 158.3746 

Pooled Within 1003.7204 1553.6293 3043.4667 1.5479 638.6496 5 127.7299 

BETWEEN SLOPES 5.1513 1 5.1513 

F1, 4 • 0. 0325 P > 0.10 



APPENDIX 18. 

* A) w ix, 1, gt Yviruwe 0t nlk x1e14 during fqripdg n, III, NMilJ. 

SOURC£ d.t. M. s. PROBADILITI VARIANCES 
BSTIMATE 5o OF TOT.AL 

Treatment (T) l 11.6434 NS 0 0 

Poriod (P) 2 8. 5468 NS 0 0 

T x P (TP) 2 9. 5800 NS 0 0 

Rosidual 12 19. 5852 19. 5852 100 

Total 17 16.6423 

• B) Ann1.ye1a 0t YAEiVAAt tor Jilk J1914 during Period I < fmliJAApar;v fmo4l. 

SOlJtCE d. f'. M. S. PROBABILlTY VARIANClS 
&STlllATE -;, OF TOTAL 

Treatments (T) 1 0. 1293 NS 0 0 

Residual 4 25.7258 25. 7258 100 

Total 5 20.6065 

C) Analysio of Ros1duale of Y (PeriodsII, III and IV) o.fter fitting 

Rogression on Preliminat7 Poriod. 

SOUBGB d.f. s. F 
rat.lo 

PROBABILITY 

Treatclent (T) l 15. 5953 46. 783 P ( 0 . 001 

Period (P) 2 8. 5469 25.639 P < 0 . 001 

p % 'l' 2 9.5803 26.739 P <.0. 001 

Reel.dual 11 0. 3333 
ToW 16 3. 4698 ( Reduction 1n Variance) 

QR_ V\ C 

• l.na~o1e wo.e mttde us1fl8 mea.n (oow z period z troaaent) milk yields i n lb. 

NS = P ') 0 .10 



APPENDIX 19. 

Aualyaea ot •ilk yield within periods 

SOURCES PiBIOD II PEIUOD III P£RIOD IV P ., RIOD V 
4.t. MS • tot.Var. d.f. MS % tot.Var. d.f. MS " tot.Var. d.t. MS • tot.Var. 

Treataenta 1 O.3711 JfS 0 1 1.2476 NS 0 1 29.1853 NS 25.96 1 28.4186 NS 11.16 

Residual• ~ 21.6996 100 4 19.8989 100 4 17.1570 74.04 4 22.1116 88.84 
total , 11.1+,,9 5 16.1687 5 19.5627 5 23.8530 

NB • P) 0.10 

SOUROIS d.t. MS PROBA.B . d.t. MS PROBAB . d.t. MS PROBAB. d.r. MS PROBAB . 

Treataeata 1 0.0792 P)O,.10 1 2.0478 P < 0.10 1 32.,807 P < o.oo~ 1 32.0463 P ( 0.01 

Reei4ua1 :, o.4876 3 0 . 2.}42 3 0.3248 ' 0.1121+ 

'lotal ' o.,s,, 4 o.6876 4 8.3387 .. 8.5909 



APP DIX 20. 

A ) 

sounce d.f. PROBADILI'fi 
VAR!ANCr; 

EST J..TJi. jJ OF TOTAL 

Treatment(T) 1 30. 2170 NS 0 0 

Period(P) 2 6. 4990 NS 0 0 

T x P (TP) 2 16.0775 l1S 0 0 

Residual 12 32. 0183 )?. 018 "3 100 

Total 17 27. 0346 

* B ) An .ysis of Varianoa for FCM during Period I ( aliminary p ,.., riod ) • 

SOURG.S d.f. M. s. PROBABILITY VARIAI~c.:: 
t.iSTi ftATlli ~ 01', TO L'AL 

Troatment (T) l 0. 0157 xS 0 0 

Residual 4 42.2675 42.2675 100 

Total 5 33.8171 

C ) 

fi 

UR d.f' .. s. p 
tio PJ!'Obabill\V 

1 28.189 52.964 P < 0.001 

Period (P) 2 6.4990 12 .. 210 P < 0.01 

X (1' ) 2 16. 0771 .206 P < 0.001 

ssid l u 0.5322 ( eduction in ) 
Total 16 4.94 98.34 

• is made usllJa (001J X tre riod.) in lb. 
NS • P>0.,10 



' U>PENDIX 21. 

ANALYSIS OF FCM YIELD WITHIN PERIODS 

ANALYSIS OF VA RIA NCE 

SOURCES 
PERIOD II PERIOD III PERIOD IV PERIOD V 

ct. t. M. S. ~ Tot.Var. d.f. M. S . % Tot . Var. d.f. M. S. % Tot . Var. Id . f . M. S. %Tot .Var. 

Treataent l 0.0071 NS - 1 3.8161 NS - l 58.5499 NS - 1 31.5197 NS -
Residual 4 :,1.6083 100 4 33.7584 100 4 :,0.6880 100 4 36.2021 100 

Total , 25.2881 5 27.7699 5 36.2604 5 35.2656 

ANALYSIS OF RBGRESSION Y AFT~R FITTING REGRESS ION ON X 

PERIOD II PERIOD III PBRIOD IV PERIOD V 
SOURCES 

D.t. M. S. PROB. d.f. M. S. PROB . d. t. M. S . PROB . d . f . M. S . PROB . 
~:~ 

Treatment a 1 0.0365 NS l 3. 3915 • l 56.9348 ••• 1 30.2348 •• 

Reeidual , 1.0611 3 0.1482 3 0.6716 3 0.5112 

Total 4 o.8049 4 0. 9590 4 14.7374 4 7.9421 

NS • P > O.lo • • P <. 0. 05 •• • P <. 0.01 ••• • P ( 0.001 



APPENDIX 22. 

Comparison of nltiple regression relationships 

for pasture and Japanese Millet fed aniaale. 

~o teat it there were significant di f ferences in the relationships 

between the dependant and independant variables for the two sets of data 

(one from each treatment) , a comparison of Yaria.ncee residual to t hat 

explaaed by t he regressions , wa a performed. the procedure is analogous 

to comparisons of two o mor ~ linea r regressions as used earlier (intake , 

di estibilit1 , chemical components; see Section 3. 3 . 3. 2) and a s part ot 

an anal1eis or co•arl ance ( Currie , 2er s • .£2!:!• ) • 

For each treatment group , total Yar i ance ( n - 1 d.f. ) was 

partitioned into th 4 t associa ted with regression on x1 and x2 (2 d.f. ) 

and the residual ( n - 3 d. t . ) . Residual sums of s quares and their 

cor responding d . f . we r e added (Pooled Residuals) . Sums o f squares and 

2-2 -2 - 1 2: products ( Z y , '2. x1 , l x
2 

, l. 1x1 , µ 2 , x1x
2 

) and total d . f . were 

added for the 2 trea tment groups giving statis tics tor coaputing the 

Pooled within regression. Devia tion BWIS ot s quar es atter fit t ing this 

eultiple regreasion were coapared with the Pooled Residuals abo••• 

Oi f fe r enc•a betweon regressions were tested using the P rationof 

Pooled within Residual. NS • 'l'heae analyses are ahown in the following 
Pooled ieaidual MS 

Table A and a . 



TABLI A. 

Ooapar~eon of multiple regressions tor pasture and Japanese Millet 

( t • ,CM t x1 • L. w. 0 • 75 , x2 • D. O. M.I. ) 

SOURCE L ,a l ·~ ~ x~ ~ x11 L x2y ~ X1X2 Reg.SS 

Paature 94.8:, 11t,o.,2 140.60 338.57 90.25 ,12.59 a,.10 
Japan.••• Mlll,et J?.11 788.27 ,4.20 142.13 27.86 143.32 26.13 

POOLED RES I DUALS 

Pooled within 131.9, 22,s.ao 174.80 480.70 118.12 455.92 103.16 
BET ;vEEN SLOPES 

Dev.ss d..r. 

11.72 12 

10.99 6 

22.71 18 

28.79 20 
6.08 2 

r. 2.1+097 P ) 0.10 

ABLI B. 

Paatve 

Coapariaon of aultiple r egressions f or paotur e and J apanese Mi l let 

( t • FCM , x1 • o.M.I. , x, • o.o.M.~ ) 

9Jt.8J 152.06 520.22 92.95 45. 09 163.02 65.1+3 

Japa.a••• Millet ,1.11 ,,.68 10J.96 28.49 26.44 15.44 2.5.94 
POOLED RES I DUALS 

Pooled witlia 1,1.,, 185.71+ 624.18 121.43 71 • .53 178.46 8:,.89 
BETWt; .!:N SLOPES 

29.40 12 
11.17 ' i.o.,1 18 
48.05 .20 

7.~8 2 

Dev. MS 

0.97 

1.83 

1.26 
1.44 
3.04 

2.1+5 
1.86 
7.81 
240 
• 

3.74 

r • o.1+192 P ) 0.10 



APPmDIX 23. 

KULTIPL& REGRSSSION AN.&LYSIS 

F c • - L. V. o. 75 - D.o.x.1. 

Total data from Pasture and Japanese Millet. 
~ A 

bl• 0. 1714 b2 ~ 0. 3651 

ANALYSIS Of VA&JANC~ 

OOURCS d. f . s. s. •• s. Fratio PROB.AB. c. D.+ 

Totnl 29 174.6751 
; and x2 2 161.~202 Bo. 6101 161.7702 P < 0.001 92. 30 ~ 
Rosi.dual 27 13.4549 0. 4983 

SOURCE d.f. s. s. 1-I. s. Frstio PRC.BABILITY 

~ and x2 2 161. 2202 

Xi alone l 1~ . 9511 

x2 after x1 1 33.2691 33. 2691 66. 7652 P < 0 . 001 

;, and %2 2 161. 2202 

x2 alone l 89. 4309 

;. aftor ~ l 71.7893 71.7893 144.0684 P (.0.001 

DBVIATIOB 27 13.4549 0. 4983 

+ Coettio1en1 ot mul Uple daterminaU on 



SOURCE d.. £. s. s. M. S. F .PROBAB. + 
ratio C •• D. 

Total 29 174.6751 

;_ and lt2 2 89.3855 44 . 6828 14.1482 P<0 . 01 51.17 'I, 

Residual 27 85. 2896 3.1589 

SOURCE; d.f. s. s. .s. F ratio 
PROBABILITY 

;_ and %2 2 89. 3855 
;_ alone l 88.2479 

%2 l 1.1376 1.1376 0. 3601 P ) 0 .10 

x,_ z2 2 89. 3855 

%2 1 0 7792 

Xi X 2 l 88 .. 63 88.6063 ( 0 . 001· 

27 85 2896 

t1pl t1on. 



APP <'NDIX 25. 

FAT YIELD 

Analysis of Variance of fat, protein and lactose 

* yields during Periods II, III and IV. 

SOURCE d.f. s. PROBABILITY VARIAl C&S 

BSTlrlA.TE 1'i OF TOTAL 

Treatment (T) l 7.5869 P > 0 .10 0. 2634 3. 60 . 
Period (P) 2 O 8502 P > 0.10 0 0 . 
T x P (TP) 2 3.4159 P ) 0.10 0 0 

Residual 12 7.0602 7.0602 96. 40 

Total 17 5-9318 

PROTJ.1.Ill YI~LD 

Treatment (T) l 2. 8968 P ) 0 .10 0 0 

Period (P) 2 0. 9314 P ) 0 .10 0 0 

T x P (TP) 2 1.6822 P ) 0 .10 0 0 

Residual 12 4. 2358 4. 2358 100 

Total 17 3.4679 

LACTO YIELD 

(T) l 3.6622 P ) O 10 0 0 

Period (P) 2 2.4475 , 0 . 10 0 0 

T x P ('l'P) 2 2.2967 P ) O.lo 0 

eBid 12 4. 2678 4. 2678 100 

Total 17 3 7 61 

• Anal.yoia an{ iod X nt) 1~ n l 



APPEBDIX 26. 

Anal.¥sis of Variance of Fat_ Protein and Lacto 

FAT IlSLDS 

Total 

Troabren.t 

Residual 

PROTEIN ~LDS 

Total 

Trsatment 

Resi dual 

LACTO " Yli:LDS 

Total 

• Yields during Prolim11UU'7 Period. 

5 37.5935 

1 0 . 0321 

4 37.5614 

5 20.8255 

l 0. 0034 

4 20. 8221 

5 23.4915 

l 0.0852 

4 23.4063 

M.s. 

7.5187 

0 .0321 

9.3904 

4.1651 

0.0034 

5.2055 

4.6983 

0.0852 

5.8516 

F 

0 . 0034 

0.0006 

0.0146 

• ( co x poriod x treatment) y1 

. rROBABILI'fi 

P > 0.10 

P ) 0 . 10 

P ;>0.10 

1n lb • 



Analysis 0£ Residual of Y ( f'at,protein and lactose yield) 

afte.r fitting r · ssion on L Arml;yois of periods II, 

FAT Il LD 

SOURCE 

Total+ 
Treatment 

Period 
T X p 
R Di.dual 

PERIOD 

URCS 

II 
III 
IV 

II 
III 

d. f . 

16 
l 

2 
2 
11 

d.t. 

16 
1 
2 
2 
11 

lim1Da.Z7 Por1od as covari hle. 

.s. F ratio PROBABILlTi 

1.017588 
6.183678 43.450 P < 0.001 

0.851>186 5.973 P < 0.05 
3..415950 24.002 P ( 0 . 001 
0.142314 

0 
0. 530 !o.099l * 0.527 !o.099l be: 0.509 o.oj9 a 0.478 0.099 b 
0. 566 0. 099 a 0.436 0. 099 C 

P > 0.10 
P<o.05 
P ( 0 . 001 

0.547970 
2.598991 
O.931529 
1 682021 
0. 085585 

o • . 368 ·10.011i• . 0.344 0.071 a 
0.397 0.077 a 

io 
PROBABILI'l'Y 

r 

30.367 
10. 
19.653 

0.372 io.onl be 
0.325 0.077 b 
o.308 0 . 071 o 

< 0.001 
< 0-.01 
( 0 . 01 

P ) 0 .05 
(0.05 

P <. 0.001 



APP lIDI 27. 

(Contmuotion) 

LAC'l'O •LD 

SOURCE d.f. 

Total+ 16 

Treatment l 

Period 2 

T % p 2 

Residual 11 

P2P.IOD 

ln lb. 

II 

III 

IV 

M. s. F ratio 
.PROBA.BILI'rY 

1.003557 

5.459329 54.135 P < 0 .001 

2.447400 24.268 P < 0.001 

2.296749 22.775 P < 0 .001 

0.100845 

Cgmpm:ifiPP 0t e41Y@:tt4 roeooe C kg 1ast,oo1L da:v ) 

/i.STURE 

0.518 (0.083) 0.515 (0.083) bo 

0.483 (0.083) a* 0.447 (0.083) b 

PROBA.BILITI 

P >0.10 

P< 0 . 01 

0. 524 (0. 083) a. 0. 412 (0.083) c F < OeOOl 

* ans d not d by comDIOn 



APPENDIX 28. 
balyee• of Yariance and analyses of residuals ot Y after regression on 

FA't YI 

SOU.HO 

reataent• 
Rea14ual 
!otal 

NS = P > 0.10 

SOURCE d.t. 
Tt-eataente 1 
Residual 3 
Total .. 

PROJBIK 'flZLD 

reataenta 
••1dual 

Total 

HS 
0.0015 
o .2a.11 
0 .1812 

NS = P )0.10 

d.t. MS 

' 0.1511 .. 0.1169 

within per iod bas)4 tat, protein and lactose Jield. 

ANALYSIS OF VARIANCE 

III PERIO IV 
tot.Var. d.t. MS ~ tot.Var. d.t. MS % tot.Var. 

s 0 1 1.009 NS 0 1 1J.J9 2 NS 31. 5 
100 ,. 7.6341 100 4 6.9247 68 .15 

5 6.3092 5 8.2191+ 

ANALYSIS OF RESIDUAL A.f TER COV A. i IANCE 

PROBAB d.t. MS} ' PR OBAB . d.f. MS P ROBA.8 . 

P)0.10 1 0.7105 P<0.01 1 12.29~2 P <0.01 
3 0. 0176 ' o.228o ,. 0.1908 4 3.2455 

A~ALYSI •' OF VAR I ANCE 

4.f. MS % tot.Var. d. f . MS :¥ tot.Var, 
1 1 5.91 3 S 1 .90 
4 100 4 4.0370 81.10 
5 5 4.4133 

ANALYSIS OF RESIDUAL AFTER COV AR IANCE 

PROBAB. 1 d . r. MS PROBAB . d . f . MS i?ROBAB . 

1 o .2s19 P > 0.10 1 5.6737 P< 0.001 

I ' 0. 0536 , ().0942 
4 0.1106 4 1.4891 

PE IOD V 
d.f. MS ~ tot.Var 

1 5.3 5 NS 0 
~ 8.13.52 100 
.5 7 • .5855 

d.f. MS PROBAB. 

1 4.6392 P < 0 . 0 1 ., 0.0924 ,. 1.2291 

d.f. MS ,; tot.Var • 
1 • 597-' MS 0 .. 6.0595 100 
.5 5.7671 

d.f. HS Pr!OBAB . 

1 

' 4 



A DIX 2ue 

(Ccmtiauatioa) 

OURCS I PBRlOI> ll 
4.t. MS • tot.Var. 

Treataeatal 1 o.oo" Ma 
••idual ,. ... ,,o:, 

t otal S- ,.10,1 
IS ·• P >0.10 

SOURC 4.t. 

Treataenta t 1 0 .0085 

· Reaidu_al J 0 .1,21 

It 0.1012 

0 

100 

)0.10 

I 

ANALTSII 01 VARIANOI 

P RIOD III 
d.f. MS ~ tot.Var. 

1 0. 5087 MS 0 

4 4.1825 100 

' ,.4477 

d . f • MSr. PROBAB . 

1 0. 9159 P (0.05 

3 0. 0570 

4 0.2717 

PERIOD IV P~RIOD V 
d. f . MS i tot.Var. d. f . MS " tot.Var. 

1 7.7157 NS 36.95 1 8.14.57 NS 22.14 

4 3. 552.5 63 . 0.5 4 5.1928 17.86 

5 4.385:, I 5 5.78J4 

d.t. NS PROB~. d.t. MS PROBA~ . 

1 8. 981+9 P < 0. 0011 1 9. 7223 P ( 0 . 01 

3 0. 0927 

4 2.,157 

3 0.264; 

4 2. 6290 



APPaIDIX 29. 

SOURCE 

.Analysis of vorianoe and toot of significance ot 

treat.cont fM" fat , protein and lactose '1, oeano 

durillg II, III and IV Periods together 

d. t . • . s. PROBABILI'l'r VARIANCE 

ES'l'DtATE ~ OJ' TOTAL 

F 

A 

T 

p 
R 
0 
T 
E 
I 

• 

L 
A 
C 
T 
0 
s 
& 

-

TREAmENT (T) 

PSRIODS (P) 

T s P (TP) 

Ri:SlDUAL 

TOTAL+ 

TREATlm'iT ( T) 

PERIODS {P) 

T s P (TP) 

RESIDUAI, 

'rOTAL+ 

'l'DA'l'MEli'l' (T) 

P llODS (P) 

T z J> (TP) 

RESIDUAL 

TOT.II,+ 

-

1 

2 

2 

12 

17 

1 

2 

2 

12 

17 

1 

2 

2 

12 

17 

0.20182 P >0. 10 0 0 

0. 06431 P > 0.10 0 0 

0. 00841 P ') 0 . 10 0 0 

0.23916 0.23916 100 

0. 18924 

0 . 03362 P > 0. 10 0 0 

0 . 0)887 P ) 0 . 10 0 0 

0. 00636 P ) 0 . 10 0 0 

0 . 05617 0. 05617 100 

0 . 04695 

0 . 00852 · P >0 .10 0 0 

0. 00259 P > 0 . 10 0 0 

0 .00038 P >0 . 10 0 0 

0 . 01097 0 . 01097 100 

0 . 00859 



APPENDU 30. 

F 
A 
T 

p 
R 
0 
T 
g 
I 
N 
% 

L 
A 
C 
T 
0 
s 
E 

'/, 

SOURCE 

TOTAL 

TREA'l'al!.'NT 

RESIDUAL 

TOTAL 

TREATIOOlT 

RSSIDU.lL 

'IOTAL 

TREATMENT 

RESIDUAL 

~Bio of varianco and test ot oignifioancc, of treatment 

for tat, pl'Otain, lactose '1, cioans during Preliminary Period. 

d.t. m. s. PROBA.BILITI VARIANCE 
ESTIJUTE "1 OF TOTAL 

5 0.22208 

l 0.02842 P > 0.10 0 0 

4 0.27050 0 . 27050 100 

5 0.0)813 

1 0.00551 P ) 0 . 10 0 0 

4 0.04629 0.04629 100 

5 0.00842 

1 0.00187 P ) 0 .10 0 0 

4 0.01006 0.01006 100 



APPrlliDIX 31. 

Analyoie of Reoiduol of Y ( fot,protein and lactose ~ ) 

after :fitting regroooion on x. Anll.lyeie of periods II, 

III and IV corrooted using Preliminary Poriod as eovariable. 

FAT '° 

SOURCE d . f . 

Total 16 
Trontment l 
Period 2 
T :x P 2 
Reaidual 11 

M. s. 

0 . 0 23158 
0. 032974 
0. 064299 
0 . 008420 
0. 017465 

'ratio 

1.888 
3.681 
0. 482 

Comparison of adjuptad means{%} 

P~RIOD PASTURE 

II 
Ill 
IV 

5.15 (o.oar· 
5. 36 (o. o8) 
5. 40 (o.08) 

SOURCS d. t. 

Total 16 
Treatment l 
Poriod 2 
T x P 2 
Residual 11 

M. S. 

o. 008176 
0 . 002036 
0 .038870 
o.006)60 
0.003484 

5.13 (0. 08) 
5. 29 {o. o8) 
5. 34 {o . o6) 

0. 584 
11.155 
1.825 

cgmpnrtqpn ot adjusted mgang Cf> 

PERIOD 

II 
III 
IV 

PROBABILITY 

P >0.10 
P < 0 . 10 
P ) 0 .10 

PROBABILITY 

P "> 0.10 
P <0 .10 
P ~ 0 .10 

PROBABILITY 

P > 0 .10 
P < 0 . 01 
P > 0.10 

PROBABILITf 

P> O.J.O 
P.) 0.10 
P <._0 .05 



APPEMDIX 31. 

(Continuation} 

SOURC~ 

Total 

Treatment 

Period 
T x p 

Reoidual 

d. f. 

16 
1 

2 

2 

11 

PBRIOD 

II 

Ill 

IV 

s. F ratio 

0. 003938 

0. 024539 8.300 
0 . 002590 0. 876 

0 . 000384 0 . 129 

0 . 002956 

coopmpon or adjuat04 aean.C%> 

PAS'l'URS J APAN~SE ?alJ.J?:T 

5. 10 (0 . 03)@ 5. 02 (0. 03) 

5. 10 (0. 03) 5. 01 (0. 03) 

5. 05 (0. 03) 4 . 99 (0. 03) 

O Standard error of adjuoted monn. 

PROBABILITY 

P < 0. 05 

P > 0. 10 

P ) 0. 10 

PROBABILITY 

P ~0. 05 

P <0. 05 

P { 0 . 10 

* Ileana! denotod by common l ettoru a.ro oi8nificantly ( P <0 . 0 5 ) dittoront~. 



APPENDIX ,2. 
Analyses of var i ance a nd a nalyses of r esiduals of Y after regression on 

within period baai e, Cat, protein and l actose percent ages. 

IA'l ! 
ANALY~TS OF VARIANCE 

SOURCi d.f. PERIOD II P1:RIOD I I I PERIOD IV PE.RI CI> V 
MS $ tot. Var. HS , tot.Var. MS ~ tot.Var. ~1S ~ tot.Var. 

Treataenta 1 0.0320 NS 0 0.0576 NS 0 0.1291 NS 0 0 . 0602 NS 0 
Residual 4 0.1915 100 0.3247 100 0.2013 100 0. 346.} 100 
Total ' 0 .1596 0.2713 0 .1 868 0.2891 

MS • P > 0.10 
ANALYSIS OF RESI DUAL AFTiR COVA, IANCE 

SOURCE 4.t. M.s PROBAB . MS PR OBAB . MS PROBAB . HS PROBAB . 

Treataenta 1 0.0015 P > 0 .10 0 . 0031 P > 0.10 0.048? P > 0.10 o.1 8~ P <. 0 .05 
Reaidual ' 0.0058 0.0039 0. 031+8 0 . 0075 
Total .. 0.0058 0.0037 0.0383 c.0516 

PRO'rEilf • 

ANALY~I s or VA RI ANCE 

SOURCE d.f. PERIOD II P~RI0D III PlRIOD IV PERIOD V 
MS ~ tot.Var. MS % tot.Var. MS '.¥ tot.Var. MS " to t .Var. 

Treataente 1 0.002, NS 0 0. 0050 NS 0 0.0389 NS 0 0. 00001 NS 0 
Residual 4 0.0547 100 0. 0512 100 0.0627 100 0.1027 100 
Total 5 0.0443 0.0420 0.0578 0.0822 

NS = P > 0 . 10 



APPENDIX :,2. 

(Continuation> 

SOURCE 

treataen,a 
Ree14ual 
fotal 

reataenta 
eai4ual 
otal 

d.t. 

1 

' ,. 

. t. 

1 .. 
' NS • P > 0.10 

d.t. 

reataent 1 
eaidual , 

, ... otu 
' ... 

.. 

PERI OD II 
MS PROB.AB . 

0 . 0008 P > 0.10 
0 .00 .. 9 
0.00,9 

MS " tot .Var . 

0 . 0038 NS 0 
0.0050 100 
0.001+7 

MS PROB.AB . 

0.001, P < 0 .10 
0 . 0012 
0.0028 

ANALYSIS OF RES IDUAL AFTER COVARI ANCE 

PERIOD III PERIOD IV PERIOD V 
MS PROBAB . MS PROB.AB . MS PBOBAB . 

0 . 00002 P ) 0 .10 0 . 0122 P <. 0 .10 0 .0107 P )0.10 
0 .0052 0 .0021 0 .0029 
0 . 0039 0 . 0046 0 . 0048 

ANALYSI S OF VARIANC 

MS • tot.Var . MS • tot.Var. MS ~ tot.Var • 

0. 0045 NS 0 0 . 0010 NS 0 0. 001+7 NS 0 
0 . 0 154 100 0 .01 26 100 0 . 0112 100 
0 . 0132 0 .0103 0. 0099 

ANALYSIS OF aESI DUAL AP'T ER COVARI~NCE 

MS FROBAB. MS PROBAi . MS PROBAB . 

0.0125 P > 0.10 0. 0053 P < o. 10 0 . 0117 P ) 0 .1 
0 . 0046 0 . 0035 0.0023 
0 . 0066 0 . 0040 0 . 0466 



APPENDIX 3). 

lt8coVe1'$' of Chl'olllio deter ·ma by Atomic 
. -

Amount Applied Recovery 

1 3.95 mg Ci- / g ash l.94 mg er I s ash 99.87 

2 3.95 3.92 99.a5 

.) 3.95 3.97 100.42 

4 3.95 3.94 99.88 
-
X + 99.86 - 0.24 

II STANDARD 

If' Sample Amount Appliod Amount Found Recovery % 

1 19.70 mg Cr/gash 19. 91 mg Cr / g a.eh 101.05 

2 19.70 19.48 98.91 

l 19.70 19.65 99. 75 

4 19.10 19.51 99.05 
..... 

99.69 t 0.49 X IIX ST.ANDARJ> 

Sample Amount- Appl!- . d Amount var., 1, 

l 30.4!6 Cp I ash 29.6'7 Cr/gash 91.42 

2 30~,$6 30.87 101.35 

l 30.46 30_.'70 100.ao 
4 J0 .• 46 30.57 l,00, 36 - 99..,96 ! o 88 X 




