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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 just as important
as for winter, but it is more commonly neglected. Most cows
invariably decrease in production during the dry season and this can
be attributed to a number of factors. Cows are approaching the end
of their lactation periods and can be expected to drop in milk flow,
but the chief cause for the drop in production is the feed shortage

which accompanies dried pastures.

During the last three summer seasons (1769 - 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 species of permanent pasture became semi-
dormant and thus under these conditions, farmers were forced either to
feed hay, silage and/or concentrates or to use a regular system of
growing supplementary pasture crops in order to provide additional
grazing during the season of short permanent pasture. Summer annual
grasses like Millet and sudangrass are very useful as supplementary
feed crops because their period of maximum growth occurs during the
mid-summer months when many perennial pasture species are in production

slumps.,

Still under normal summer conditions, the average production
of a common mixed pasture during the summer time is about 3,000 1lb of
dry matter per acre which is less than § 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 1lb of dry matter per acre per year.

If drought periods occur frequently enough, it would seem
that the inclusion 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 considered to be more
valuable 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, in the present experiment, an
evaluation of a summer annual crop (Japanese Hillet) was undertaken
to provide information on whether this forage could supply the

adequate foodstuffs for dairy cattle production.



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 hehaviour
(Hart, 1958). Each of the species is identified under several differ-
ent names in different parts of the world. Table 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.

Tele Species of Millet

The most commonly used Millet species will be described
taking into account plant characteristics which are more related with
grazing conditions.

Echinochloa crusgalli, var. edulis.

Among grazing type Millets Hart (1958) described White
Panicum as one of the best, while being less hardy than Japanese
Millet. In low density stands White Panicum has a semi-prostrate
growth habit which distinguishes it from other Millets, which have an
upright habit. Although a coarse stemmed plant, it is well accepted
by stock (Humphreys, 1965). Seed maturity is a slow process and
generally takes 2 to 3 weeks longer than Japanese Millet.

Echinochloa crusgalli, var. trunqgtldoa.

Although Japanese Millet has finer leaves and stems than
White Panicum, it is not necessarily more palatable. Ahlrich et al.,
(1957) indicated that the leaf blades are wider and the stems are
coarser than the average of the species. It is a vigorous grower and



will tolerate 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 as soon as 3 weeks after sowing (Humphreys, 1965),
however it is usually ready for grazing 4% - 6 weeks after planting
(Douglas, 1959). Grazing is recommended to start (Douglas, 1359) when
the height of the crop is 12 = 15 in., using the strip grazing method
which enables fullest utilization of the crop. Under conditions of
adequate soil fertility and weather, growth of Japanese Millet is
particularly rapid. During the whole season, under Oueensland condi-
tions about 7 cuttings were recorded (Hart, 1258); at Massey University
Japanese Millet was grazed & - 5 timea. Table 1.2 illustrates the
composition of the amerial parts of Japanese Millet according to

Crampton and Harris (1369).

Japanese Millet is capable of a yield in excess of 5 tons of
dry matter per acre, depending on soil fertility and water availability
(Ahlrich et al., 1967), and whe- used for silage the yield was reported
to be as high as 10 tons per acre, at the time the seeds began to fill
(Squire, 1958).

Several varieties of Ju anese Millet were collected in India
and among them two types (25 and 46) were reported as the most promising
varieties (Singh, 1957). Both types take about 70 days from sowing to
maturity, and are used for grain puryoses. Type 25 yielded 600 1b
of grain and type 46, 1000 1b. Also Ahlrich et al., (1967) reported
that Japanese Millet can produce up to 800 1lb 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 years, seed
production is drastically reduced, sometimes as little as 100 1b per
acre. It was found that under Indian conditions the most suitable
time to sow Japanese Millet was the third week of Junej when soediﬁg
was made 2 weeks earlier or later, the crop yield was reduced (Singh,
1957).

Japanese Millet was reported as a weed in several cultives:
in cotton (Rea, 1953; Swezey and Fisher, 1955); in rice (Kasahara and
Kinoshita, 1954; Lucero, 1953; Foury, 19543 Dirven and Poerink 1955);
in sugar beet (Ririe, 1954; Warren, 1954) and in corn (Vengris, 1953).



TABLE 1.1

Species of Millets

BOTANICAL NAME USE COMMON NAME OTHER CCMMON NAMES REFERENCE
Echinochloa crusgalli grazing | thite Panicum Hart (1958), Douglas (1959),
var. edulis Humphreys (1965).
Echinochloa crusgalli grazing Japanese "illet| Barnyard Millet, Hart (1958), Masefield (1955),

var. frumentacea

and grain

Chiwapa

Ahlrich et al.,(1957), Douglas
(1959), Crampton and Harris
(1969), Singh (1957), Saquire
(1953), Humphreys (1965).

Echinochloa colona grain Masefield (1955).
Eleusine coracana grain Finger Millet African Millet, Hart (1958), HMasefield (1955),
Indian Millet, ward (1968), Johnson (1968).
Rupoko, Rukweza,
Njena, Rviyo, Ragi
Eragrostis abyssinica grain Teff Hasefield (1955).
Panicum miliaceum grain French Hillet Millet Panic, Hart (1958).
Proso, Hog, Broom,
Corn Millet,
Italian, Foxtail,
Hungarian,
Siberian Millet,
Panicum, Common
Millet, #hite
French
Panicum miliare grain Little Millet Nanda et al.,(1957, a, b).




TABLE 1.1 -

Species

of Millets, continued

BOTANICAL NAME USE COMMOMN HNAMT OTYIE h REFRRERNCE
Panicum crusgalli grain Masefield (1955).
Paspalum scrobiculatum grain lasefield (1955).
Pennisetum glaucum grazing Fearl Millet King (1947), Rusoff et al.,
(1961), fadmanabha Reddy Feta
(1966), Reddy et al., (1365),
Zoark et al., (1052), Shankar
et al., (1963), Crampton & Harris
{(1389), Hays % Wwashko (19561),
Burton {1951), Clark et al.,
(1965), Hemken et al., (1962),
Marshall et al.,(1953), Miller
et al.,(1363, 1965).
Fennisetum glaucum grazing Stan iillet Miller et al.,(1958), Burtonm &
hybrid De Vane (1951), Miller et al.,
| (1958)‘ :Eaﬂkins et 310‘119583.
|
.
Pennisetum glaucum grazing Fearl Millet Beaty et al.,(1965), Broyles &
var. Gahi-l |Gahi-l Fribourg (1959), Rusoff et al.,
: (1961). —
Pennisetum spicatum grain | Bulrush villet Masefield (1955).
Pennisetum typhoides grazing j_aulrush ¥Yillet | Pearl Millet, Sart (1558), Norman (1962, 1963,

Indian #Hillet,
orse Millet

1965), Korman " Stewart (1964),
Norman ° Phillips (1968), Phil-
lips % Norman (1966), Burton et
al.,(1969), Burton % Forston
T7966), Burton et al.,(1969),
fahiri et al.,(7945,1966),Murray
% Rouyn-77537). Fokhriyal et al.,
(1967), #ard (1968), Johnson
(1969), Humphreys (1365).




TABLE 1.1. ~ Species of Millets, continued

BOTANICAL NAME USE CU“MON NAME OTHER COMMON NAMES REFERENCE
Setaria sphacelata Nandi Setaria Humphreys (1965).
Setaria italica - var. grazing | German Millet Broyles & Fribourg (1959),
Stramineofructa Bailey Kildee et al.,(1925).
Setaria italica grazing | Nunbank Hart (1958).
and grain| Setaria
Setaria italica grain Korean Setaria Hart (1958).
var. purpurea
Setaria italica grain Dwarf Setaria Hart (1958).
= dwarf
Setaria italica grazing Giant Setaria Italian, Foxtail, Hart (1958), Kildee et al.,
- giant and grain Hungarian, (1925), Crampton % Harris
Siberian Millet, (1969).

Panicum




Eleusine coracana.

Finger Millet is grown extensively in Central Africa, Southern
India, Malaysia and China (Johnson, 1968; Masefield, 1955). It is an
annual plant with a high variation in height (from 10 in. to more than
L 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 1b. per acre, taking a period of 4 -~ 5 months to mature
and producing about 1,200 1lb. 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 as little as 'S5 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 as 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 types of Millet.
The crop takes about 105 days to mature, which provides a sufficient
time to produce a green material; heavy and quick grazing was
suggested (Hart, 1958). It was reported as having a quick growth,
either with very early or very late seeding; under some conditions it
can be harvested 40 - 50 days after seeding (Kildee et al., 1925)
which is a shorter time than that reported by Hart (1958). When
used for grazing purposes it can yield from 10 to 14 tons of green
material (Kildee et al., 1925), which can be obtained with a thicker
seeding. Aerial part composition of Giant Setaria is presented on
Table 1.2.

Among Setaria Italica varieties are found Common, German



and Hungarian which seem to be the most important. Common Millet
yields the best quality of feed, while the German variety is coarse
and not so palatable (Kildee et al., 1925).

Setaria italica - dwarf.

It ie 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.

SJetaria sphacelata.

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.
1t 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 common Millet crop used under U.S.A.
conditions, Pearl Millet has upright habit growth and will normally
attain a height of 6 to 10 feet at maturity. Leaves are normally
about one inch wide and two to three feet long (Russoff et al., 1961).
Aerial part composition is presented on Table 1.2.

Pearl Millet is described by Mays and Washko (1961) as the
type of millet most desirable for pasture in that it is higher



TABLE 1.2

Chemical composition and nutritive value of

some important Millets

(Adapted from Crampton and Harris, 19€69)

CHEMICAL COMPOSITION

(on dry matter basis) Japanese Millet | Pearl Millet | Giant Setaria
Dry matter (%) 22:7 (13)* 20.7 (9) 27.1 (18)
Ash (%) 8.5 (16) 9.1 (12) 9.1 (25)
Crude fiber (%) 29.9 (7) 3.2 (8) 31.0 (7)
Ether extract (%) | 2.7 (10) 2.8 (22) 2.7 (15)
N.F.E, (%) 50.0 46,9 47.0
Crude Protein (%) 9.0 (35) 10.0 (19) 10.2 (14)
[

DIGESTIBILITY COEFFICIENTS i

| T
Dig. C.protein (%) (cattle) | 61,11 62.00 | 64.71
Dig. C.protein (%) (sheep) i 50.00 63.00 60,78
Dig. Energy kcal/kg (cattle) ! 2822 2734 2822
Dig. Energy kcal/kg (sheep) | 2690 2866 2734
Met. Energy kcal/kg (cattle) 2314 2242 2314
Met. Energy kecal/kg (sheep) 2206 2350 2242
TOTAL DIGESTIBLE NUTRIENTS (%)
Cattle 64 62 64
Sheep 61 65 62

* Coefficient of variation (%)




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 glaucum, hybrid,

Starr HMillet is an improved variety of Fearl Millet which is
leafier, has shorter internodes and matures later than Pearl Millet
(Burton and De Vane, 1951).

Pennisetum glaucum, var. Gahi-l.

Gahi-1l Pearl Millet is another Pennisetum glaucum hybrid;
4 inbred lines were involved in the production of this hybrid. It
1s characterized by abundant leaves production and by good seedling

vigour; it is later maturing and more productive than common Pearl
Millet. Gahi~]l Fearl Millet is quick to establish and drought
resistant, it recovers rapidly after grazing or clipping and produces
highly palatable, nutritious forage (Russoff et al., 19671; Hart and
Burton, 1%65). Gahi~l Pearl Millet yielded nearly 3 times (21,457 1b
D.M./acre) than the stabilized synthetic variety, Starr Pearl Millet
which produced 7.194 1lb D.M./acre (Burton, 1359).

Fennisetun tlghoideum.

Bulrush Millet is commonly planted in Africa, India and
particularly in the south-eastern statesz of U.5.A. where it is the
highest yielding summer annual forage crop. In Africa and India it is
cultivated on over 35 million acres and is primarily used for human food
(Begg, 1965; Burton and Forston, 1966; Hart and Burton, 1965).

Under dry conditions grain yield is as low as 300 - 600 kg grain/Ha,
however under irrigation yields are relatively higher, 1100 to 1700 kg
grain/Ea (Begg, 1965). Straw production is also reported to be
extremely low (1100 = 2200 ky straw/Ha) under drought season, however
they produce nearly double (3300 - 4500 kg straw/Ha.) under irrigated
conditions. According to Besa (1955) Bulrush Millet can produce a
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yield of 62.700 kg of silage per hectare which is considered a 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 uptake of available nitrogen (Norman and Stewart, 1964). It
is a 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 variable with respect to
height, tiller number, pubescence of leaf-blade and sheath, and

length of inflorescence.

The maximum leaf area 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. Anthesis occurs from 8 to 10 weeks
after plantingj hot, dry weather is needed for flowering and seed-set.

The optimum temperature 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
1b/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 is approximately 600 lb/acre, though figures of
over 1000 1lb/acre have been recorded.

Quality of Bulrush Millet, as it can be described by its
chemical composition and digestible coefficients has been improved by
introducing dwarf gene into his genetical material (Burton and Forston,
1966). The dwarf gene produced an increase in leaf % by shortening
internode length, the content of crude protein, ether extract and
nitrogen free extract in the forage (Burton et al., 1969). Also the
introduction of dwarf gene reduced rate of growth, plant height and
dry matter ylelds without otherwise affecting the appearance of the
plant. Apart from these reductions, the response of animals fed with
dwarf plants was greater than the response of animals fed with tall
Millet plants when both plants were cut at 74 days after planting.
Dairy heifers ate 21 % more dwarf forage, gained 49 ¥ faster and
produced as much gain per hectare as heifers similarly fed with tall

forage.



1

Several diseases were reported to attack Bulrush Millet
and among them Claviceps fusiformis was indicated as the more important
(Johnson, 1969).
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1.2 Productivity of Millets

Among plant characteristics, dry matter and crude protein
vield are commonly taken as indices of herbage value in relation to
livestock. Some authors prefer to express crop yield as total
digestible nutrients (TDN). From the findings of Faires et al.,
(1941), Pearl Millet produced an average of 1420 1b of TDK per acre,
ranging from 359 to 1950 1lb TDN/acre/year; expressing the result on
D.M. yield, 3.394% lb/acre was obtained. The grazing period extended
over 109 days, suppling the bulk of material in mid and late summer
which permitted 4 grazings. The crop was uniformly distributed
throughout the grazing season which produced encugh material to main-
tain an average 78 cows - day per acre for the whole season.

Chemical composition at the time of grazing for the & cuttings,
indicated an average level for crude protein content of 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 section 1.k,

In Minnesota, several Millets speciea were tested during
the dry season (Arny et al., 1946). Hay yields of Millet had a
higher production than those for Sudan, Soybean or oats. Among
Millet species, several varieties within 3 groups (foxtail, proso
Millet and Japanese Millet) were recorded (Table 1.3).

In general hay yields of all prosos millet were somewhat
lower than the foxtail varieties; Japanese Millet was among
the lowest yields.
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TABLE 1.3
Hay Millet Yields
(Adapted from Arny et al., 1946)

Variety Group X hay yield X height (in)
German foxtail 3.1 tons/acre 37
Empire foxtail 3.5 38
Golden foxtail 2.9 %6
ked Siberian foxtail 3.0 35
Hungarian foxtail 2.6 33
Red Turghai Proso millet 2.7 35
Crown Proso millet 247 36
Yellow Manitoba Proso millet 2.7 38
Black Voronezh Proso millet 2.5 L2
Japanese Millet Proso millet 2.6 b2

Roark et &l., (1952), Arnold (1956) and Blout (1956) indi-
cated that Starr Pearl lMillet produced more green forage than Tift
Sudangrass; however Miles et al., (1956) found that the latter
produced 15% more greer matter and 53% more dry matter than Starr
Pearl ¥illet. Roark et al., (1952) pointed out that Pearl Millet
produced 1660 1b TDN/acre while Tift sudangrass supplied 490 1b
TDN/acre. In grazing studies Miles et al., (1956) obtained 56% more
TDN/acre and a lower cost per pound of TDN from the sudangrass than
the Millet; also sudangrass had a higher quality graszing erop than
Millet for dairy cows. The differences between this experiment and
those of Roark et al., Arnold and Blout were attributed prinecipally
to differences in the stage at which the two species were harvested,
being the earlier stage of growth more favourable for sudangrass than
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for Millet. On the other hand, Ronningen et al., (1955) comparing
Pearl Millet and Tift Sudangrass during the first oxporimentai year
found that the former produced nearly 100% more than the sudangrass,
however in the second year, the Millet was the lowest producer.

Gahi-l Pearl Millet planted in wide rows (24 in - or 36 in)
vield more than Millet planted in 7 inch rows, particularly in those
rainy years (Hart and Burton, 1965). During dry years, there were
only small differences. However, contrary toc the above results
Craigmiles et al., (1958) reported that Starr Millet produced higher
yields in 7 inch drill rows than in 36 inch rows, but rainfall was
adequate or excessive in all experimental years so the superiority of
wide rows in drought periods was not apparent. Decreasing the row
spacing and increasing the seeding rate, Hart and Byrton (196%)
indicated that plants produced more leafy forage because stems were
smaller in diameter as the plants became more crowded. There was no
effect of 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, less 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 Jespanese Millet, soybeans, sudangrass
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
harvested when reached a reasonable grazing stage. Japanese Millet
planted during June provided the highest grazing period and yield of
dry matter.

Only three experiments under New Zealand conditions on
Japanese Millet productivity have been reported. The Millet was
compared with other summer crops, particularly with sudangrass and
maize, and indicated a variable response. During the first
experiment (Lynch, 1966) Japanese Millet was seeded on 20/11/65 at
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the rate of 20 lb/acre. At the first cut (10/1/66) produced a yield
of 3430 1b D.M./acre, however it had a poor response after grazing
and no information after the an cutting was obtained. #hen Japanese
Millet was fertilized with 2 cwt. of sulphate of ammonia, yield was
increased until 4320 1b D.M./acre. In the same report, Lynch (1966)
presented a new approach with Japanese Millet where it was seeded at
the same time and rate as previously reported. Although in this

case the crop was cut twice (10/11/66 and 11/2/66) produced less
amount than previously was indicated (2300 and 2500 1lb D.M,/acre

nd cut). Japanese Millet produced a

respectively for =% and 2
higher yield than maize but it was overyield by sudan hybrid which
obtained near 6000 1b D.M,/acre under 3 cuttings during the whole

season.

A second report (Lynch, 1968) from Ruakura was presented
with a new information on Japanese Millet. Here again the crop was
compared with sudangrass hybrid and maize, planted on different areas
of New Zealand. Dry matter yield of Japanese Millet varied fronm
2860 1b/acre which was the lowest yield until 8360 1b, depending on
the type of soil and c¢limate conditions under the area tested,

Always first growth produced a higher yield than regrowth, which
sometimes was higher than sudangrass} however there was not a uniform
response. From the findings of Lynch (1968) it appears that Japanese
Millet produces less than sudangrass, however the differences between
crops were not bigger than 1000 1b dry matter per acre for the whole
season. In a new research report from New Zealand Department cof
Agriculture (Honore, 1967) Japanese Millet, 5 sudangrasses 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 respectively.
At the first cutting Japanese Millet produced the highest yield

(6230 1b D.M./acre), however the recovery was lower, being outyielded
for the other sudangrass at the second cutting. Japanese Millet
response during regrowth had a similar pattern than that previously
reported by Lynch (1968). Sudangrass produced the highest yield of
dry matter (8930 1b D.H./acre) being for Japanese Millet 700 1b less.

Bulrush Millet has been proved the most productive and
versatile annual forage of those tested at Katherine (Norman, 1966).
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The average dry matter yield over 11 years was 11,540 lb/acre and had
a mean deviation from the mean of 23%. It was found a correlation of
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 was measured under a first
harvest series of treatments similar to that present in the experiment
of Phillips and Norman (1967). Begg (1965) recorded a maximum dry
matter yield 16 weeks from emergence of 21.735 kg/ha. During weeks
12 and 13, the crop increased 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
1b/acre/day. According to Begg (1965) full light interception was
obtained at the 5th week, after that there was a marked increasze in
dry matter production, internode length and leaf area index (maximum
value was 9 reached at the 7th week). In the same experiment,
regrowth yields were higher when the harvest of first cut was made at
an early stage (3 - 4 weeks after emergence) when the apical meristem
was below the cutting height, rather than later. The same 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, contained a higher percentage of nitrogen than the stems.

The nitrogen % in the green leaves and stems 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 3 different
preceding crops (peanuts, cotton and sorghum) on Bulrush Millet
production, The preceding crop did not effect the dry matter yield
of Bulrush Millet but the nitrogen yield of Millet following peanuts
was half as high again as that following cotton or sorghum., A
similar experiment was made the following year (Phillips and Norman,
1962); dry matter, nitrogen content and nitrogen yield of Millet
were highest after peanuts and lowest after sorghum, with values cotton
intermediate. The results from these two experiments tend to show
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that sequence effects on Bulrush Millet are largely attributable to
differences in residual available nitrogen.

The mean growing period of Pennisetum typhoides was reported
to be 21 weeks (Phillips and Norman, 1966). Dry matter yield was
associated with differences in soil water storage and presumably the

results are depending on ploughing treatments. When a primary land
preparation was made during the dry season (June) it was found a very
small effect on dry matter yield, however when the preparation was
made early in the wet season, a significant effect was observed and also
more water was stored in the soil. With inter-row cultivation dry
matter yield was also increased. As in general high nitrogen content
was associated with low dry matter yield, the above treatments no
increased forage nitrogen content. This experiment (Phillips 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 Millet 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., (1957 a,b). In the first experiment two millet
species were considered (Setaria italica and Panicum 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
species were again used plus Japanese Millet and two other Millets
grains; all species were sown at five different dates using the same
intervals as in experiment one. The same responses were observed on
both experiments: the vegetative period of the main shoot was
progressively reduced with the time of sowing. This reduction on the
vegetative period was also accompanied with a progressive reduction in
the vegetative growth as measured by dry weight of plant. From the
findings of Nanda et al. it appears that environmental conditions
gévorn these changes in the growth of the plant. Thus changes in the
light and temperature conditions might change some plant characteristics
such as the growth rate, steam to leaf ratio, leaf shape, size and
number. It appears that the complex of environmental conditions
available to plants sown on later dateis more favourable for the
completion of development at a faster rate. Also it was observed
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that stem elongation was determinated by the length of the vegetative
period. With late sowing, stem elongation started earlier and was
faster, while delaying the onset of flowering by earlier sowing stem
elongation was 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 typhoides (early and late
maturity) were studied by Ramond (1968) in relation to tillering,
heading, flowering, stem height and ear erea. 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 30 - 40 for
the late type, but only about 25% of the tillers produced ears.

With later sowing dates, the interval from sowing to flowering was
reduced, flowering occurred earlier and stem height and straw to grain

ratios were reduced.
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Te3 Effect of Climate on Millet Growth.

Although Millet was reported as a drought and heat resistant
plant (Lahiri and Kumar, 19663 Hart and Burton, 1965; Mays and
Wwashko, 1961; Burton and Fortson, 1966), several experiments have
reported that water shortage affects its yield. During the summer of
1370 and 1971 it was cobserved that Japanese Villet seeded at Massey
University, grown relatively more fast when abundant water was supplied.
dart (1958) indicated that at least two times, water must be supplied
in order to obtain a reasonable plant development: one after germina-
tion to encourage secondary root development and the other at heading

stage of maturity. Among Millet, Pennisetum typhoides was reported

as a crop which needs less total rainfall than sorghum, but although
it can withstand drought, it is less drought-resistant than sorghum
because it lscks the ability to arrest growth when the soil is dry and

to resume growth later (Johnson, 1963).

Arny et al., (1946) working durinz the dry season at Minnesota
found that Millet produced reasonably well (3.6 tons of hay/acre) in
those years when rainfall was average or above average for the season.
fowever when Millet was planted during years when rainfall was below
the average for the season, plant yield decreased about 50% compared
with the normal years. An experiment made under Pensylvanian
conditions, Mays and #ashko (1961) reported that D.M., of Common Pearl
Millet and Gahi-l Fearl ¥Millet were also reduced more than 50% as a
result of a dry season. Faires et al., (1941) indicated that periods
of drought during the growing season greatly reduced the yields of
Pearl Millet, which seemed to be very susceptible to changes in moisture
conditions. Sudangrass, another summer crop, was also reported to be
affected by drought conditions, since the dry matter yield was
reduced on 50% (Jung and Reid, 1966).

Studies made on plant resistance under acid and semi acid
conditions (lenkel, 1961), suggest that tolerance to drought changes
with the physiological age of the plant and it was observed that
maximum effects are produced at the time of generative organs formation
(eritical stage). The magnitude of the effect may be relatively less
in other stages in comparison with the critical stage; nevertheless
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it indicates that moisture stress induces some changes in the cell
which cannot be fully rectified by the establishment of an optimum
moisture regime at the later stages of crop's growth.

The effects of soill 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
species, it was found that plant mortality can be fairly 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 stages,
moisture deficit had an adverse effect, being greatest at the 5 week
stage. #¥hen the drought was applied during the 6th week, as the
plants were approaching maturity, the growth was affected relatively
less in proportion. With respect to the effect of drought on leaf
number of the main shoot, Lahiri and Kharabanda (1965) and Lahiri and
Kuman (1966) reported similar trends as 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 for ear-emergence. These
results are according to Henckel (1961); 4in general susceptibility to
drought increase with the age of the plant. It seems that climax of
sensitivity for vegetative growth occurs little just before to
maturity and that for yield at the initiation of the reproductive
phase. Lahiri and Kuman (1966) indicated a parallelism of drought
sensitivity at different developmental stages in two other HMillet
varieties, and it was suggested that the mechanism of drought action,
in general, was similar to that indicated above and then a common
mode of action may alsc be operating in all other Millet varieties.
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1.4, Effect of Cutting Height and Frequency on Millet Production.

The effects of cutting height and frequency on perennial
grasses have been reviewed by numerous workers (Humphreys, 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 yields and reduced root and rhizome growth. It appears
that the same pattern would occur in Millet (Norman, 1966).

The effects of row spacing, height of plants before cutting
and height of stubble remaining after cutting on the growth of Pearl
Millet were studied by Hoveland and McCloud (1957). It was found that
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., this 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 of 12 in. and were cut down to a 4 in. stubble. The latter
cutting treatment resulted in the highest protein content. Hoveland
and MceCloud concluded that the best combination of production and
quality was obtained when 30 in. plants were clipped to an 18 in.
stubble.

Broyles and Fribourg (1959) studied the response of two
Millets (German Millet and Gahi-l Pearl Millet) and two sudangrasses,
to the following cutting treatments: (a) cut when 20 in, in height
to a 6 in. stubble, (b) cut at 30 in. to a 6 in, stubble, (ec) cut at
30 in. to a 10 in. stubble and (d) cut at early bloom to a 4 in,.
stubble. Taking an average for all treatment together, Gahi-l Pearl
Millet produced the highest dry matter yield (4363 lb/acre) and the
highest crude protein yield (397 lb/acre), while German Millet
produced the lowest values for both characteristiecs (1313 1b D.M./acre
and 174 1b crude protein/acre). Gahi-l under treatment (¢) produced
the highest level for either dry matter (5190 1lb) or crude protein
yield (494 1b) per acre, followed by treatments (d), (b) and (a) with
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respect to dry matter yield. Crude protein values followed a reverse
order to that presented above for dry matter. It was found that the
relationships between dry matter and nitrogen % of the forage followed
a straight line when the logarithm of both variables were used.

These relationships indicated that as cutting intensities decreased and
the height of the grasses increased, there was a general decrease in
the nitrogen % of the harvested forage.

Mays (1961) and Mays and Washko (1961) presented some
information particularly related to the stubble height remaining after
cutting on two Millet varieties (Gahi-l Pearl Millet and Common Pearl
Millet) and two sudangrass 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 surface. 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
harvestable forage. Under grazing management it is very important to
know whether Millet should be moderately or severely 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 season was
greatly influenced by the different cutting heights. During normal
years as the height of cutting was decreased from 8 to 2 in., for both
Millets the number of cuttings decreased from 6 to 3. It seems that
Common Pearl Millet was little more affected than Gahi-l Pearl by the
drought since the former produced one cut less at 6 in. heights.

Among the 4 species, Mays (1961) and Mays and Washko (1961) showed
evidence that Common Pearl Millet was the highest yielding variety and
Gahi-l Pearl Millet produced slightly more than the two varieties of
sudangrass. In all varieties, as the number of cuttings increased dry

matter yield significantly decreased; there was a negative relationship

between number of cuttings per season and dry matter yield. The
highest dry matter yield was obtained from those plants harvested at

2 in. height (1.45 tons D.M,/acre for Common and 1.18 tons D.M./acre
for Gahiel Pearl Millet); the lowest was obtained at 8 in. ecut.

Amount of stem and leaf on herbage harvested varied considerably on the
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height at which it had been cut; those cut at 2 in. contained the
highest proportion of 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 4, 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 to chemical composition, Mays (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 values 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 of forage
removed was not high enough to offset the yield disadvantage of these
treatments. Although Millet produced smaller amounts of dry matter
when it was cut at high heights, forage yield was distributed more uni-
formly and pasturage was 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 varieties were compared under 3
different systems of cutting: (A) Cut at 4, 8, 12 and 16 weeks after
sowing; (B) Cut at 6, 12 and 18 weeks after sowing and (C) Cut at
12 and 18 weeks after sowing. From this trial, 2 varieties were
selected (Katherine bulrush Millet and Gahi-l bulrush Millet) and
examined in greater detail in experiment two. Cutting treatments on
experiment two were as follows: (A) cut at 4, 8 and 12 weeks after
sowing; (B) cut at 8 and 12 weeks after sowing; (C) cut at & and 12
weeks after sowing and (D) cut 12 weeks after sowing. In experiment
one the results for Japanese Millet and White french Millet were so



TABLE 1.4

DEI matter yield and nitrogen yield of Millets under three cutting treatments.

(Adapted from Norman, 1962)

White Katherine Gahi-1 Starr S. J. Selection 7
Cutiing Srestaente Panicum Bulrush M. Bulrush M. Bulrush H. Bulrush M.  Bulrush M.
Dry matter yield
(1b/acre)

4, 8 and 12 weeks 3540 4590 5600 4510 4500 4020
6 and 12 weeks 3340 6700 8340 6430 4260 4960
12 weeks 4190 12940 5780 4300 2940 3780
average 3690 8080 6750 5080 3900 4250
Nitrogen yield (1lb/acre)
4, 8 and 12 weeks 62.4 80.6 89.5 78.0 78.3 75.2
6 and 12 weeks 48.7 91.8 88.7 76.8 55.3 64.6
12 weeks 1.1 88.0 62.4 39.6 Ly & 51.8
average 50.7 86.8 80.2 64.8 59.3 63.9

w2
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poor that no information was reported. Results for the other 6 Millet
varieties on Dry matter yield and Nitrogen yield are presented on
Table 1.4,

Table 1.4 indicates a marker interaction in dry matter yield
between varieties and cutting treatments. According to the previous
experiments, under most frequent cuttings, yields were the lowest;
however there were some irregular responses. NHitrogen yield showed
a general increase with increasing fregquency of cutting. The different
responses among Millet varieties 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 first 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 yeares of below-average
rainfall.

Among a group of 6 summer pasture species, Bulrush Millet
gave the highest average dry matter and crude protein yield over three
seasons (12,100 and 791 1lb/acre respectively) (Norman and Wetselaar,
1960). During the first experiment (A) the herbages were sampled for
yield at 4, 8, 12, and 16 weeks after sowing. During the following
experiment (B) plants were subjected under two treatments: cut at
8 and 12 weeks and cut again at 16 weeks. A third experiment (C) took
into account 3 treatments: cut at 6, 12 and 18 weeks; 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 weeks, however it showed a steady growth up to 16 weeks (11.890 1b
D.M./acre). A high crude protein content (24%) was obtained at &
weeks after sowing and then fell steadily to 6.5% at 16 weeks. How=-
ever crude protein content showed a decreased pattern as the plant
matured, the crude protein yield of bulrush Millet continued to increase
up to 6 week reading a maximum of 769 lb/acre. According to Norman
and Wetselaar (1960) Bulrush Millet produced the highest dry matter
yields when left uncut, however if the crop was cut twice in the season
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the crop produced the highest yield when the cut was made later (12
and 16 weeks) rather than earlier in the season (8 and 16 weeks).

The same pattern was observed during experiment (C), and also the
treatment with the highest cut freguency produced the lowest yield.
With respect to crude protein content, Norman and Wetselaar suggested
that it decreased as the date of cutting was delayed. Cutting more
frequently (6, 12 and 18 weeks) gave forage of a high ¢. 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 for dry matter
yield, producing a level as high as 1000 1lb crude protein/acre. From
the findings of Norman and Wetselaar it appears that the best manage-
ment for the late-maturing bulrush Millet is to be cut for silage at
12 weeks. From this response under frequent cutting, indicates that

the crop has a big potential as a grazing plant.

In order to test the comportament of two Millets, Katherine
Pearl and Ingrid Pearl, they were compared in two cutting experiments
where different cutting regimes were incliuded in each (Phillips and
Norman, 1967). During the first experiment the three trcatments were
described as follows: (A) plants were cut 3 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 13 weeks and (C) plants were cut once at
12 weeks plus recovery at 18 weeks. On the second experiment, 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 18.310 1b/acre. In view of
soil water deficiencies Phillip and Norman indicated that it was
unlikely that any further dry matter increase would have occurred
beyond 18 weeks. Regrowth was higher when it was made earlier during
first growth but recovery yields fell rapidly from the earliest cut,
reaching zero at 14 weeks., Similar trend was reported by Begg (1965)
who indicated that this response was due by the fact that apical
meristem of Katherine Pearl remained low until the end of week 5, then
rises steadily at approximately 4 cm/day. Thus with a later date of
first harvest a progressively greater number of apices are raised above
cutting height and the tiller density and yield of the recovery 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 earlier cut to maturity
stages. But during regrowth nitrogen content rose for the earliest
cut until the latest cut. Ingrid Pearl Millet was reported by
Phillips and Norman reached maximum dry matter yield a fortnight before
Katherine Pearl and also the former reached the highest nitrogen yield.
Maximum nitrogen yield was reached at 14 - 16 weeks with the highest
yield of 114 1lb/acre which had an equivalent of 714 1b of crude protein/
acre. In Begg's experiment (1965) nitrogen yield of Katherine Pearl
reached a maximum at the 11th week and showed only a slight 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 sudangrass varieties were harvested at frequencies of 2, 3, 4
and 5 wees intervesls and also treatments were removals of 1/3, 1/2,
3/L and 7/8 of existing heights. In Table 1.5 is presented Millet
results for dry matter yields; forage production tended to increase as
harvest freguency was extended for 2 to 5 weeks. The higheat yield
reduction resulted when & 2 week frequency was combined with removal
of 7/8 of the clant. Height at which the crop was clipped had less
effect on production than did harvest frequency. Millet produced a
highest dry matter yield than both sudangrass varieties. Alsoc Millet
was more resistant to drought than the other two species. Gahi-1
Millet continued to produce well late into the season and then still
supplied forage in the Autumn, while sudangrass practically stopped
growth late in the Summer. The optimum frequency of clipping would
depend on whether gquality or gquantity was the primary objective. If
a high quality forage is desired then a 2 or 3 week clipping frequency
combined with 1/3 removal would be more advantageous. While 5 weeks
frequency combined with a 3/4 or 7/8 removal would give the highest
yields,
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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 b 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

* 1b dry matter/acre

The 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 intervals for 24 weeks. As the
cutting interval increased from 2 to 8 weeks, total forage yields
increased in the same direction. On average cutting every 8 weeks
produced 95% more D.M., (7366 kg D.M./Ha) than those plants cut every
2 weeks (4338 kg D.M./Ha); late variety produced more than early
variety on the 4 cutting treatments. Although an 8 week cut interval
produced the highest D.M. yield, it was observed that the seasonal
distribution yield was better for 2 weeks cut. Also increasing the
cutting from 2 to 8 weeks increased the plant height and D.M. %, and
decreased the % and yield of leaves. The largest differences between
early and late varieties were among leaves % and leaves yield. Under
all treatments, late variety had a higher leaves % 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 leaves, stem and heads decreased
and crude fibre % increased as the cutting interval increased. Crude
protein content and crude fibre content on leaves are higher and lower
respectively than 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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1.5. Effect of Stage of Maturity on Nutritive Value of Millet.

It is 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. The chemical composition of pasture herbage and,
correspondingly, its nutritive value depends primarily on the degree
of maturity attained by the plant at the time of cutting or grazing.
Beaty et al., (196%5) 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 (Phillip et al., 195k
French, 1957; Cooper, 1956; Featherstone et al., 1951; Norman, 1939);
the per cent of lignin and crude fibre increase (Phillips et al., 1954
French, 1957; Crampton and Forshaw, 1340; Heinrichs and Carson, 1956
Kamstra et al., 1958; Sullivan et al., 1956); the per cent of nitrogen
free extract generally increase (Heinrichs and Carson, 1956; Phillips
et al., 1954) and the per cent of ash and ether extract remain about
the same level, although they may be variable (Heinrichs and Carson,
1956), as the plant matures. Tropical grasses have a higher crude
protein % than temperate species; French (1957) indicated that this
fraction is also more digestible in tropical grasses than in temperate
pasture.

In the production of a high quality forage, it is very
important to know the relative plant changes during growth. The upward
trends of lignin, crude fibre and cellulose, and the downward trends of
erude protein, ether extract and ash, point the probability of close
relationship among these constituents. Results from Sullivan et al.,
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(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 Cosfficient of Reference
correlation

Protein - Crude Fibre -0.781 Phillips et al., (1954)
-0.665 Rusoff et al., (1961)

Protein - Ether Extract 0.789 Phillips et al., (1954)

Protein - Dry Matter -0, 741 Rusoff et al., (1961)

Protein - Ash 0.852 Phillips et al., (1954)

Protein - Lignin 0.840 Watkins and Kearns (1956)

Crude Fibre - Ether Extract -0,707 Phillips et al., (1954)

Crude Fibre - Ash -0.645 Phillips et al., (1954)

Crude Fibre - Dry Matter 0.581 Rusoff et al., (1961)

Information about Millet on chemical composition changes as
the plant matures was reported by Rusoff et al., (1961). Gahi-l
Pearl Millet and Common Pearl Millet were cut at 5 successive times
indicating a similar pattern to those reported previously. Table 1.7
shows the chemical composition for both Millets. It is evident that
the greatest relative changes with aging of plant tissues occurred in
the protein and crude fibre contents. However in Common Millet crude
fibre % did not increase continuously up to the seed stage; this
change was suggested apparently due to the formation of the grains,




TABLE 1.7

Chemical composition of two Millet varieties

(Adapted from Rusof et al., 1961).

GAHI-1 PEARL MILLET
Crude Crude Dry Ether
Cuttings Height . . tein Fibre Matter Krs Extract Ash
1 - at 30 37.7 11.7 27.6 14,7 k3,9 1.9 14,9
2 - 10 m' later 39-7 8.3 32.5 15.6 !*5.6 2.0 110"
3 - 10 d“' l.t.r 61 .O 5.? 34.2 16.9 47.2 109 11-0
4 - 10 days later 69.7 6.0 33.0 23.1 48.8 1.7 10.5
5 = 10 days later 73.5 5.4 377 25.6 by, 9 1.9 10.1
COMMON PEARL MILLET
1 - at 30 31.5 10.7 271 11.6 46.3 2.1 13.8
2 - 10 days later k5.5 8.5 35.6 17.0 b1.3 1.4 13.2
3 - 10 days later 53.5 6.4 33.3 18.7 48.0 1.6 10.7
4 « 10 days later 64,7 4,3 30.4 23.1 53.8 %2 9.8

44
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which resulted in an increase in the percentage of nitrogen free
extract.

Two other varieties of Millet, Bulrush Millet and a Millet
grain were described on their chemical composition by French (1946).
Both species were cut when they were 4 to 6 feet high. Chemical
composition was similar to that reported previously by Rusoff et al.,
(1961) during the third cutting. A higher crude protein % and lower
crude fibre % were obtained by Bulrush Miller 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
important source of foodstuffs for livestock. Chemical composition
indicated that Bulrush Millet was more fibrous than grain Millet.
Digestibility analyses showed that a bigger selection was made in the
case of Bulrush Millet than grain Millet since a bigger proportion of

material offered was remained uneaten.

Young Gahi-l Pearl Millet leaves from the top of the plant
and old leaves from the bottom of the same plant were compared, and it
was observed that young leaves contained more crude protein % and less
lignin % than older leaves (Burton et al., 1964). The amount of
cellulose did not differ between both types of leaves, however young
leaves were more palatable to cattle than old leaves. Also young
leaves had a higher dry matter digestibility (75.3 #) than old leaves
(61.4 %). When 18 successive leaves from top to bottom were collected
in the same plant, it was observed that dry matter digestibility
decreased from 73.9 % to 58.2 %.

It is essential to know whether the changes in chemical
composition of grass at the various stages of growth are reflected in
the rate of consumption of milk by the dairy cow. Blaser (1962) and
Burton et al., (1963) indicated that the reduction in feeding value
with advances in growth stage are attributed to: decreased consumption
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and decreased digestibility energy and then, this 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. However Crampton (1957), Crampton et
al., (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 desired and that voluntary
intake of the forage should be taken into consideration.
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1.6. Grazing Experiments

Experiments with dairy and beef 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.3.A. conditions 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 condition.

Among the first reports of Pearl Millet (Pennisetum glaucum)
with dairy cattle, King (1547) 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 was 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 1b TDN per acre
from millet pasture while grain sorghum provided 830 1lb and 1.480 1b
respectively for the first and second year. Pearl Millet was reported
by Marshall et al., (1953) as the most commonly used summer temporary
pasture under Florida conditions. A 5 year experiment was made in
order to know the nutritive value of Pearl Millet to produce milk.
Grazing was initiated with lactating cows when the millet was 14 to

22 inches tall and approximately 14 days were required after the last
grazing for the new shoots to obtain grazing height. In the 3 years,
Millet planting was made at different times (March 28, April 20, May
16) and it was observed that the interval from planting until the
initiation of the first grazing became shorter with the later plantings;
the intervals ranged from 25 to 47 days. The length of grazing
seasons was also affected by the time of planting, being 123 days for
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the early sowing 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 1lb liveweight gain per animal, however in the third
year there was a loss of 26 1b per animal; no reasons were suggested
to explain these differences. Pearl Millet produced an average of
26.6 1b of milk yield which contained 4.9 % of butterfat; the yield
on FCM was 30.3 1lb. This level of milk production was obtained as
result Millet was supplemented with concentrates at the rate of 1 1b
per 3.5 1lb of FCM produced. Estimations of TDN grazed per acre from
Millet was 2,113 1b as average for the 3 years, which agreed with the
results reported by Roark et al., (1952). Miller et al., (1958)
reported as twc year experiments with Starr Millet and Tift sudangrass
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 milk (26.6 1b) was obtained for both Millet and sudangrass herbage,
however as the former had a lower fat test (3.84%) than the latter
(4,20%), the FCM for sudangrass was bigger (27.1 1lb) than that for

the Millet (25.6 1b). 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 guality, 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
1b/cow/day was gain per animals on Millet while 0.74% lb/cow/day for
those on sudangrass. Digestibility data indicated that both forage
had same values (59.8 and 60.4 % respectively for Millet and sudan-
grass). With respect to intake, cows grazing Millet consumed an
average of 6 % less TDN per unit body weight than those grazing sudan-
grass., It was pointed that considerable quantities of material were
left after grazing, however a more intensive grazing system apparently
would have seriously reduced milk production. TDN yield determinated
by the cage clipping method indicated that 1.860 and 1.892 1b TDN
respectively for Millet and sudangrass were produced per acre and per

year.
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Three summer annual pasture (Gahi-l Pearl Millet and two
sudangrass) varieties were compared by Clark et al., (1965) in a
three year experiment; two levels of grain were also tested. The
first two years experiments were also reported by Hemken et al.,
(1962). At the same time, a small plot experiment with the 3
pastures was conducted; plants were approximately 24 in. in height
when cut, and averaged 3 harvests per season for each 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 counditicns.
Trampling and selective grazing were reported as responsible for the
highest values under green chop conditions., Millet was the highest
(2.3 cows/acre/day) on carrying capacity and then the highest values
of milk yield per acre, because values for milk yield were the same
for the 3 species (44 1lb), However Millet showed a marked depres-
sion on butterfat % which agreed with the findings of Miller et al.,
(1958). The three summer crops produced a reduction on live weight,
being the lowest (=0.33 1b/cow/day) for Millet and the other 2 species
near the same (-0.47 and ~0.48 1b/cow/day). Chemical analysis
indicated that Millet had the highest crude protein content.

Analysis of rumen sampling showed that cows on Millst had a lower
molar per cent of rumen acetic acid (62.4 vs, 64.4 %) and a higher
molar per cent of propionic acid (24.5 vs. 21.7 %) than those for

sudangrass.

Starr Millet was compared with sudangrass and Johnsongrass
by means of grazing dairy cows, and also they were tested under fed-
lot conditions, being consumed by dairy cattle (Hawkins et al., 1958).
In addition to the green forages, cows ate enough concentrate to
meet nutrient needs. Millet from the grazing experiment was used
when it was at the stage of pre-bloom and half-bloom, while that for
green chop was early bloom. TDN for Millet was 63% and digestible
erude protein 59%, however sudangrass obtained a lower (58%) and
higher values (65%) respectively. FCM yield from Millet grazed cows
decreased from 25 1b to 19 1b during a test of 4 weeks long, however
when Millet was cut and dropped it produced the same level (24 1b)
during 15 days experiment. These changes on milk production were
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found to be according to Millet guality. It was suggested that the
stage of maturity at which Millet or sudangrass was grazed was more
important than temperate grasses species.

As previously was mentioned, Miller et al., (1958), Clark
et al., (1965), Henken et al., (1962) reported that 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 test
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 feeding of concentrate mixture 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
(KHCOB). At the same time if milk fat depression was related to
hypomagnesemia, it was suggested to give MgCO, also as a supplement.
Both supplements were given to cows grazing either on Pearl Millet

or sudangrass. The supplements were added to the grain which was fed
at an average level of 17,1 1b 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 treatments. The only
significant difference was presented on milk fat test; cows on Pearl
Millet 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 sudangrass than in earlier work of
Hemken et al., and Clark et al.; no reasons were found to explain
these differences. The feeding of KHCOB and cho3 did not prevent
the depression associated with Pearl Millet; it was suggested that as
the cows in Millet had no decrease in saliva flow, the supplement of a
buffer dubstance did not prevent the depression of milk fat test.
Blood analysis indicated no differences among mineral contents, which
eliminated the possibility of depression milk fat test associated with
a mineral deficiency. Analysis of total urine alkalinity showed that
it was increased by both KBCO3 and H5003 as compared to the control
groups. Rumen VFA data was reported; there was no difference in
total VFA concentration on both pastures (8.15 and 8.10 meq./100 ml
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rumen ligquor for Millet and sudangrass. 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 sudangrass
(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 sudangrass (1.68meq./100 ml). Changes on rumen
VFA were similar to the results reported by Clark et al., (1965)

and Hemken et al., (1962). It was suggested that the mechanism by
which Pearl Millet had a lower milk fat test was due to changee in the
ratio of acetic and propionic acids. It was indicated that any of
the two suggested mechanisms to explain milk fat test changes, were
reaponsible for fat test depression.

Padmanabha (1965) conducted three new experiments trying to
find the association between depressicn on milk fat test and grazing
of Pearl HMillet by dairy cattle. The same experiment was summarized
and reported by Reddy et al., (1965). During the first experiment
both Pearl Millet and sudangrass were supplemented with soybean oil
meal (SOM), alfalfa hay or urea. Once again, it was observed that
cows grazing Pearl Millet showed lower ruminal acetic and butyric acid
proportion, higher ruminal propionic acid proportion and lower milk fat
level, than the animal grazing sudangrass. Those cows 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 fed with Pearl Millet and sudangrass in the form
of hay or silage. Cows on Millet hay showed a lower milk fat test,
a lower acetate and a higher propionate proportion than those cows fed
on sudangrass. Pearl Millet silage produced the same changes on
rumen UFA as was mentioned for Millet hay. These results were in
the same direction as those for the first experiment. In the third
experiment, Millet and sudangrass were supplied in the form of pasture
or green chop; two supplements were also administered: sodium acetate
or alfalfa hay. Similar results were again found: cows grazing
Millet showed a lower fat test, a lower acetate (52.7 vs. 57.1 %) and
butyrate (7.0 vs. 9.7 %) proportions and higher propionate (36.9 vs.
30.0 %) proportions than those cows grazing sudangrass. When alfalfa



hay was supplemented to Millet, a very small increase on fat test was
observed, and higher acetate and propionate rumem proportions.

Neither supplementations with sodium acetate nor alfalfa hay, nor green
chop feeding prevented fat depression. Analysis of milk fat showed
that saturated fatty acid decreased in the same direction as milk fat
test decreased; either sodium acetate or alfalfa hay seemed to prevent
the decresse in saturated fatty acids. Blood glucose levels followed
a negative relationship with re=spect to wilk fat ¥; supplements of
sodium acetate showed no affect on glucose levels. Fadmanabha con-
cluded that milk fat depression observed in cows grazing Pearl Millet
seems to be associated with lower acetate and butyrate levels, a higher
propionate level, an increase in blood glucose level and a decrease in

non-esterified fatty acids.

Morgan and Ellzez (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. Immature stage (seed heads had not emerged) and mature
stage (seed heads were fully emerged and were in the soft dought stage)
were chosen as the time to harvest the crop. Immature Millet and
immature Millet plus corn additive were the treatments which had the
highest intake, with the latter bigzer than the former. The highest
level of milk production (28,7 1b) was provided by the immature Millet
plus corn, while the lowest was mature Millet (24.5 1lb); values for
immature Millet (25.7 1b) and mature Millet plus coram (27.0 1b) were
intermediate. There were no differences on body weight.

Live Weight Gains Produced by Millet

Norman (1963) produced some evidence supporting the best
comportaiment of beef cattle grazing Bulrush Millet rather than
lucerne, The average gains for cattle grazing Millet was 224 1b
while those on lucerne was 201 1lb per head. Similar results were
reported by Norman and Steward (1964) when beef cattle grazing
Bulrush Millet was compared with those grazing native pasture and
lucerne. The highest liveweight gain per acre was bdecause the
stocking rate was increased from one animal per 10 acres to 1 animal
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per acre.

Bulrush Millet also has 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 Stewari, 1564), There
was an average gain of 115 1lb/animal during the first 12 weeks and
the animals held their weight for a further 7 weeks. On the other
hand, beef cattle grazing native pasture were reported to have lost
132 1b per head in the same time. it was observed that during the
first weeks animals consumed the leaf blades and heads of Millet
which contains about 25% of total dry matter and 11 - 12% of crude
protein, During the rest of the period animals consumed the stem
and leaf sheaths which contains the rest of dry matter (75%) and lower
crude protein contains (5.5%). From the findings of Norman and
Steward (1965) it appears that during the growing period {summer) of
Bulrush Millet liveweight guins were lower than during the dry season
where the plants were matured.

On a new approach, Norman and Phillips (1968) reported that
earlier grazing of Bulrush 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 wnile 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 above by Norman (1963), as the earlier grazing started,
the higher were the liveweight gains. From all the evidence reported
for the previous authors the liveweight gain on Bulrush Millet appears
to be governed by quantity and quality of herbage grazed.

From the findings of Burton and DeVane (1951) it was found
that Starr Pearl Millet produced more pounds of steer gain per acre
thar Cattail Pearl Millet variety. iMost of this increase was
accounted for by the better daily gains made by steer graszing Starr
Millet. It was suggested that the superior performances of Starr
Millet could be due by the fact that it matures about one month later,
and is more leafy and supplies more days of grazing than Cattail Millet.
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According to Marshall et al., (1953) dairy heifers between
the age of 7 to 10 months gained 1.0 1b pf body weight per day as a
result of a grazing experiment 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/acre which
may not have been a good production since it was gained from a poor
soil. However among summer crops, Pearl Millet can supply a reason=-
ably high yield of herbage where dairy heifers were able to make
satisfactory growth.
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1.7, Animal Response to Millet Grain

Millet grain is used for animal rations and generally as a
maize grain replacement. Murray and Romyn (193%7) and Ward (1968)
indicated that Millet grain (FPennisetum tzghoides) was 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 rations, carcass weights and payout were about equal.
The main differences in feeding value from the maize ration reflected
lower carbohydrate and higher protein content where 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 guantity of protein supplement by
approximately 1/10. A similar response was observed when the same
grain Millet replaced the maize in broiler rations (Lloyd, 1964) and in
pig rations (Calder, 1955).

Tommervik and Waldern (1969) reported a comparative feeding
value of Millet grain and other grains {wheat, corn, barley and oats)
for lactating cows. The Millet and other grains were compared in
digestion, lactation and acceptability trials. Millet was 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 consumption 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 AND METHODS

2. 1. Experimental Plan

The experimental work was organised to provide information om two
agpects of the use of Japanese Millet :

A, A study of the productivity of Japanese Millet first growth and
regrowth, following grazing.

B. An assessment of the nutritive value of Japanese Millet for lactating
cattle.

Table 2.1 indicates the timing of the two parts of the study.
2,1.,1, Productivity of Japanese Millet

Productivity was assessed by measuring the following parameters in

both the first growth and regrowth after grazing :

Dry matter yield / hectare

Protein yield / hectare

Dry matter yield / day

Protein yield / day :
In addition, changes in chemical composition were measured throughout the
growing period, The parameters (dry matter, organic matter, crude protein,
crude fibre, ether extract, soluble carbohydrate) were selected to yield
information for the indirect estimation of nutritive value.

2.1.2, Animal Studies

The nutritive value of the Japanese Millet was investigated with
lactating dairy cows using the following parameters @
Milk yield and composition
Body-weight changes
Voluntary intake in the grasing situation
More intensive studies on digestive characteristics of the feed were
made using pen-fed sheep. The following parameters were measured at the same
time as the grazing experiment with cattle @
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TABLE 2,1 GEEERAL OUTLINE OF THE BSXPSRIMERT

A - JAPANSSE MNILLSET FPRODUCTIVITY

FIRST CGROWTH REGROWTH

20 - 11 = 69 ( sowing )

20 - 12 - 69

26 - 12 -~ 69

i1 »% =70

8§ -1 =70 8 <170

15«1 - T0 ' 15-1-~T70

22 =1 - 7O 22 = 1 =« TO

29 « 1 - TO 29 == 1 - 7O FERIOD 11

ANIHAL
5 =2 «T0 E = 3-70 PERICD I1I
ZXPERIEENT
12 -2 - TG 12 -1-T0 PZRIOD IV
X =
\V4
Date of sampling
B . ARINAL SXPERIMERT

TRAINING PERIOD 8 Cows and sheep $ 6 « 16,1.70
PERIOD I 3 Prelininary Period 1 17 - 23.1.70
PERIOD IX ¢ Piret Experimental Perdod : 24 - 30.1.70
PERICD IIXI ¢t Second Experimental Period ¢t 31 -« 6. 2.T0
PERIOD IV s Third Experimental Period t 7 ~ 13.2.70
PERIOD V¥ t Post Experimental Perdod ¢ 14 - 20.2.T70




Apparent digestibility of dry matter of the feed

Apparent digestibility of organic matter of the feed
Apparent digestibility of crude protein of the feed

Apparent digestibility of crude fibre of the feed

Total and individual volatile fatty acids (VFA) concentration
in rumen liquor

Volatile fatty acids proportions in rumen ligquor

Rumen ammonia concentration in rumen liquor

There was an introductory period of 10 days as suggested by Lindahl
(1960) before the experiment started, where both sheep and cattle were selected
and trained under the experimental conditions (lu Table 2.1).

A 7 day Preliminary Period (Period I) preceeded the first Experimental
Period (Period II). The 6 sheep and members of 3 pairs of monozigous twin
cows were randomly divided into 2 groups of 3 animals and allotted to one
of two treatments : JAPANESE MILLET or PASTURE. The Experimental Periods
(Periods II, III, IV) were each of 7 days which corresponded to the interval
used to assess the changing state of maturation of the Japanese Millet crop.
A 7 days Post-Experimental Period (Period V) was used in an attempt to
characterise any possible carry-over effect of the Japanese Millet treatment,
especially in the lactating cattle,

During Periods I and V sheep and cows were fed pasture.

Animal distribution during experimental periods is illustrated on
Table 2.2.
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TABLE 2,2 DETAILED LAYOUT OF SXPERINMENT
PASTURE JAPANZSE  HILLE?T
FERIOD
SHESP COWS SHESP CoHsS
1 3 7| 31 16 12"
:
4 6 8 38 75 111
II 1 3 7 38 75 111 6 8 37 76 112
111 1 3 T 38 75 111 6 8 37 76 112
Iv 1 3 7 38 75 111 G 8 37 76 112
37 76 112
v 1l 3 7
38 75 111
# Nunmber of shecp

5

Fumber of cow




2424 Food Supply and Feeding

2e2414 Climate

The weekly rainfall and mean temperature data (D.S.I.R. Division
of Plant Physiology - Palmerston North ) for the period covered by the
experiment and the average for the last 30 years are presented in Table 2.3.

A fairly early spring was followed by dry conditions starting in
December and continuing until autumm. The drought produced a considerable
decrease in pasture production; under these conditions it was necessary to
irrigate to provide sufficient pasture for use in the experiment.

2+2.24 Japanese Millet

2.242.1. Hanagement

A 0.526 hectare paddock (2.45 acres = 1 hectare), with a previous
history of permanent pasture treated each sutumn with 250 kg superphosphate
per hectare, was prepared (ploughed) for the Millet. The crop was 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 of maturation of the crop in
order to have material of adequate quality and quantity at the planned time
of the experiment (see Table 2.1), the crop was grased with 72 cows in 2
half day periods approximately 6 weeks after sowing, An area of 50 m- chosen
at random, was protected from grasing at 6 weeks in order to record the
maturation changes of the first growth.

Following the pre-experimental grazing, the crop was topped to 5 =
7 cm with no attempt being made to harvest the small amount of cuttings.
This litter in the regrowth crop lead to some bias in chemical determinations
made on material harvested at later dates.

Approximately 76.2 mm of water was spray-irrigated onto the Japanese
Hillet om 5.1.70 (i.e. approximately 3 weeks before the first experimental
graging = Period II).

The crop was attacked by a heavy infestation of Armyworm (Pseudaletia
seperata) in late Jamuary (10th. week first growth, 4th. week regrowth).

Ho chemical control was attempted since this occurred during the experimental
period (Period II) and animals could not be removed from the crop (see
Section 4.2. for comments on the effect of the attack on crop yields).
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TABLE 2.3 RAINFALL AND MEAN TSNPSRATURE DURING
BOV. - DEC. 1969 , JAN, - FEB, 1970
AND AVSRAGE FOR THE LAST 30 YSARS
PRECIPITATIONS ( mm ) TeRpERaATURE ( °C )
WEBKLY  PSRIOD
1969 - 70 | X 30 YEARS||1969 - 70 | X 30 YBARS
1 - 1 NOVEMBER 0 15° 5
15 - 21 0 16° 5
22 - 28 32 14° 5
¥ NOVEMBSR 13 81 15° 5 7 4
29 - § DECEHBER 27 17° 5
6 - 12 25 17° 5
13 - 19 17 19°
20 - 26 0 18° 5
¥ DBECEMBER 93 105 18° 16°
A - 2 JANUARY 0 19°
3 - 9 16 19°
0 = 16 19°
17 - 23 PERIOD I 8 19° 5
24 - 0 PERIOD II o 2° 5
¥ JANUARY 77 8s 19° 5 17°
O FEBRUARY IXI 2 17°
7 - 13 PERIOD IV 3 17°
U - 20 PERIOD V 0 17° 5
20 - 28 5 19°
S FEBRUARY 9 65 18° 17° 5

*

Experimental period



2.2.2.2., Experiment and grazing

The timing of experimental activities with the Japanese Millet ecrop
are outlined above (see Seection 2.1).

First growth and regrowth material was sampled once weekly. Fifteen
sub-samples (30 cm x 30 cm) selected at random were cut with hand shears to
a stubble length of about 2.5 ecm and the green weight obtained. The crop
mean height was estimated from the height of each sub-sample and a subjective
agsessment of flowering was made. The 15 samples were then bulked, mixed
and 2 composite samples of 200 g. were taken (Lynch, 1966). One sample was
immediately frogen, freeze dried and ground through a Wiley Mill using a 1 mm
sieve. The second sample was dried at 100° C in a forced draught ovem to
obtain an estimate of the dry matter content.

2e2+5. Mixed Pasture
2¢2¢3.1. Management

Paddocks /,B, Cy D, of mixed pasture of approximately 0.48, 0.48
0.53 and 0.57 hectares respectively were used. The main pasture species
present were Perennial ryegrass (Lolium perenne 1.), Cocksfoot (Dactylis
glomerata L.) and White clover (Trifolium repens L.) j however there was
a considerable variaticn in pasture maturity and composition among the
4 paddocks. The seed mixture used was the same for each paddock (5 1b Ariki
Ryegrass, 7 1lb Manawa Ryegrass, 4 1b Apannui Cocksfoot and 3 1b Hina White
Clover), however as a result of grasing and pasture management, some other
species were introduced. All areas received a topdreesing of 250 kg super-
phosphate per hectare during March 1969. As conditions were dry, three of
the four paddocks (B, C, D) received 76.2 mm of water during cne irrigation
cycle between late January and mid-February.

2.2.3.2. Experiment and graszing

Because of poor growing conditions, the four paddocks were graszed
only once during the experiment. Pasture was sampled only during the 5
periods (Periods I, II, ITI, IV, V) using the tecimique described below
(see Section 2.2.4.2).
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2.2.4, Utilization of Peeds
2.2.4.1. Cows

Both Japanese Millet and Pasture were break-grazed each day using
an electric fence, The size of the break was adjusted each day according
to the amount of material left on the previous break and the amount
available in the new break. The break of Japanese Millet was approximately
250 m° (0.06 acre) per day, but in pasture the size of the breaks were
quite wvariable.

Although the grazing area was restriected, the herbage available
was more than sufficient to allow for selective grazing at the expense of
incomplete utilization of both types of feed. Under this type of graging
management, 0.53 hectare of Japanese Millet regrowth provided ample feed
for 3 cows over 21 days.

The mixed pasture grazed during the Preliminary Period (Period I)
was typical of the pasture conditions prevailing on the rest of the farm
at that time, However the mixed pasture offered, particularly during
Periods III, IV and V, was of higher quality than average as a result of
the use of irrigation,

Drinking water was supplied in every break of grass and Millet
with portable water troughe coupled to the main water supply.

2.2.4.2. Sheep

Japanese Millet and Pasture were cut daily at 8.30 a.m. using a
power driven mower classified as 'SICKLE - TYPE' (Lynch, 1966) from the
break due to be grazed by the cows. (The cut material was transported
rapidly to the animal house to minimize wilting changes).

Material for each of two feeds was weighed in tared plastic buckets
and offered to the animals at 9.30 a.m. and 5.30 p.m. in approximately
equal amounts. The afternoon ration was stored in plastic buckets in a cool
room at 50 C in order to minimige changes in the water content and to avuid
heating of the material. Two samples, each of 200 g were taken daily from
the food offered; one of them was dried at 100° C for 24 hrs. to provide an
estimate of dry matter content. The other was frogsen and bulked over the 7
day faecal collection period. Once each period was finished a composite
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sample of each food was formed and dried in a freeze drier, ground (1 mm
siavc) and stored at -50 C.

The level of feeding was adjusted, on the bsis of the previous
day's refusals, to provide for about 110 % of ad libitum intake, Because
of considerable variation in the quality, especially pasture quality, the
level of feeding was such that it allowed animals a certain degree of
selection of the material offered.
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2.3, Animals
2.3.1. Cows

Three sets of lactating monozygous twins (Table 2.4) were selected
on the basis of minimal within set differences in milk yield, composition
and calving date. Individuals within sets were randomly assigned to one of
two treatment groups and fitted with leg tags prior to commencing the
experiment.

Ten days before the Preliminary Period (Poriod I), a period of
training was commenced during which the cows were managed separately from
the herd, grazing blocks of pasture restricted with an electric fence,
Cr,0; administration was also commenced in this period (see Section 2.5.1.1).
This period was used to familiarige the animals to the experimental routine
before collecting preliminary data to be used in statistical analyses.

24342 Sheep

Six adult Romney wethers prepared with large rumen fistulas 12 months
prior to use were selected from 8 such animals; 2 having been discarded on the
basis of low feed intakes. Animals were kept in metabolism crates with free
access to water in a climate chamber with controlled temperature (13° C).

Ten days before digestion studies commenced, faecal collection harnesses and
bags were fitted to the animals.

All sheep were treated with the anthelmintic Thiabenzole (Merck
Sharpe and Dohme) during the first feeding period (Period II).



TABLE 2,4 CHARACTERISTICS OF THE ANIMALS USED
PAIR I PAIR II PAIR iII
COWS
37 38 75 76 111 112

BREBD JERSEY JERSEY x FRISSIAN | JERSEY x FRISSIAN
AGE ( yoars ) 5 2 7
LACTATION NUMBER 4 th 1 st 6 th
BOIY WEIGHTS 365 349 269 269 413 402

(kg )
CALVING DATES 8.8.69 16.T+69 | 27769 1.8.69 | 330.7.69 27.7.69
DIF.RENCS 23 5 E§

( days )
MILK YIELD ( kg )|l 11.31 11,09 7.53 8.19 12,08 11.25
DIFFSRERCES 0.22 0.66 0.83
FAT % 5. 50 5e¢ 37 4.78 4.86 4457 4.78
DIFFLRENCES 0.13 0.08 0.21
PROTEIN &% 3.93 3.82 3.52 353 3.93 4,00
DIFFERENCES 0.11 0.01 0.07
LACTOSE % 5,18 5.02 5e 32 533 S5e22 5e12
DIFFERENCES 0.16 0.01 .10
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2.4. Animal Production
2.441 Milk Sampling and Analyses

Cows were milked twice daily at 6.00 a.m. and 4 p.m. with a
herringbone low line 'double up' plant. During the preliminary and
experimental periods, milk yielde were recorded and samples taken at each
milking using either bucket collection or milk meters., Samples were stored
under refrigeration for no more than 3 days before being analysed for
butterfat, protein and lactose contents using a Grubb Parsons MK 1 Infra
Red Milk Analyser (Munford, 1968). A computer programme (Munford, 1970)
was used to ealculate yields cf pomponents for each milking interval and
yields and weighted compositions of each 24 hours' production.

2.4.2  Body Weights

Under grazing conditions the estimation of true body weight is made
difficult by variations in 'gut £i111'., To minimise this source of error each
animal was weighed 3 times during each periocd and the mean weight was taken
as the body weight for that period.

Body weights were measured immediately after morning milkings
between 7.30 - 8.00 a,m., before the cows were given the new break of feed.
Morning weighings were made because they have been shown to be more accurate
than those taken at other times during the day (Harris et al., 1959). The
weighings were considered accurate to the nearest 1 lb.



2.5. Voluntary Intake of Herbage

Pood intakes were estimated by an indirect techmique employing
chromium sesquioxide (Gr203) as a reference marker for faecal output and
using sheep fed representative herbage samples to determine organic matter
digestibility.

100
INTAKE (kg/day) = weight faeces voided (kg/day) X 55— Fio FoRAGE %

(The estimation of organic matter digestibility is described in Section 2.6).
2.5.1. Faecal Ontput
The concentration of marker (Cr203) in a faecal sample from animals

given repeated c.nstant dosings of the marker provides an estimate of total
faecal output (Lambourne, 1957 (a), Lancaster, et al., 1953).

cr'z,O3 administered per period
FAECAL OUTPUT

(xg/dey) )

Cr203 concentration on faeces over the period

2¢5¢1.1,. Administration of marker

The marker was administeréd (by means of a balling gun at milking
time) in two 10 g doses of powder in gelatin capsules. The 10 to 14 hours
interval was chosen in an attempt to control the reported diurnal pattern
of Cr,0; excretion (Hardison and Reid, 1953; lLancaster et al, 1953; Smith
and Reid, 1955). 'Steady state' conditions were approximated by a prepara-
tory dosing regimen commencing 10 days before the preliminary period (Period I)
(see Seetion 2.1.2.).

2.5.1.2, Faecal collection
In oxder to compare two alternative means of obtaining representative

samples, both 'grab' samples of rectal contents and "sward' samples of paddock
dung patches were used,
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'GRAB' SAMPLES

'Grab' samples of faeces were obtained from the rectum of each
animal by either natural defaecation or by manual removal (Lancaster, Coup
and Percival, 1953). The samples were token after milking at the time of
marker administration.

In some cases, as a consequence of the animal defascating in the -
paddock or on entering the holding yard, the rectum was empty. In those
cases the animal was separated from the group and left in the yard (no more
than half an hour) and some time later it was sampled .

*Grab' samples of about 300 g wet material were stored in polytheme
bags until bulking to obtain 24 hour composite samples (see Section 2.5.1.3).

'SWARD' SAMPLES

As the blocks of pasture and Japanese Millet offered each day to
the cows were separated from the rest of the paddock (by means of electric
fences), the total faecal output (less any defmecation in the race or yard)
for each cow during the day was distributed in the break. A sample of approxie
mately 50 g of each 'pat' distributed in the block for each treatment was
collected, mixed together and a bulk sample of 300 - 400 g was drawn at random
and placed in polythene bags.

2e5.1.3. Bulking, drying and grinding faecal samples
'GRAB' SAMPLES

Afternoon samples were retained in polythene bags until the next
morning, when the second semple for the same day was obtained. The samples
were bulked on an equal weight basis and the dry matter of composite day
samples for each individual cow was determined by drying in an oven at 100° €
for 24 hours, These samples were bulked for 7 day periods (Lembourne, 1957),
ground (1 mm sieve), sube-sampled and stored for future amalyses. Precautions
mmamtmwmzo,wmmnammm



A total of 30 bulked samples were prepared during the whole
experinent and vere amalysed for Cr,0, content (see Section 2.5.1.4).

'SWARD' SAMPLES

Each bulk sample representing the total faeces wvoided for the group
of cows for each day (56 bulked samples) was kept separately and dried and
ground in the same way as ‘grab' samples.

2:541+4, Chromic sesquioxide measurement

Crzosmusayedinthem' faeces using the method described
by Williams, David and Iismea (1962), using an Atomic Absorption Spectro-
photometer (A.A.S.) with a chromium hollow cathode tube (Ransley Glass
Instrument Ltd., Melbourne, Australia). Readings were made on the chromium
resonznce line at 3578.7 A°. The hollow cathode current was 35 mA and the
modulation frequency 50 cyc. / sec. . The acetylene pressure used was 25 cm
head of water, and the air pressure 30 1b / in°.

Samples were prepared using the procedure of Christian and Coup
(1954) as modified for use with the A.A.S. by Williams et al., (1962).
Samples were read in the A.A.5. against a blank solution and compared with
a set of standard chromium solutions., Calcium, magnesium and silicate ions
were added to standard solutions to overcome interferences from these ions
in the determination of chromium in the umkmown samples (Villiams et al, 1962).
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2.6, Measurement of Nutritive Value
2.641, Measurement of Apparent Digestibility

All digestion trials were conducted at the Animal Physiology Unit,
Massey University, with the six sheep described earlier (see Section 2.3.2.).
Although it was fully realized that differences do exist in the respective
digestive abilities of different species of ruminants, especially with
regard to less digestible roughages (Lancaster, 1950; Cipolloni, et al., 1951),
sheep were employed in the trials mainly for practical reasons. The experiment
was designed to have the dairy cows under grazing ¢ nditions and the sheep
were used simply to provide additi nal information on the feeds used.

The foodstuff samples fed to the sheep in the digestibility trial
were collected 80 as to be as nearly representative as possible 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 during
the experimental work.

Each morning, feed cffered to and refused by all sheep was carefully
weighed and sampled for dry matter and chemical analyses as described in
Section 2.2.,4.2, As the refusals of all sheep consisted mainly of stems,
the refusals from the 3 sheep on each treatment were mixed and 2 composite
samples of 200 - 400 g. were taken each day. One was dried at 100° ¢ for
24 hrs to provide a measurement of the dry matter content. The other was
stored at -5° Cy, and subsequently bulked with others during the collection
period, mixed, sampled, freeze dried and ground (1 mm. sieve).



TABLE 2.5.
DIGESTIBILITY TRIALS
DIGESTIBILITY STAGE OF PERIOD TYPE OF NUMBER OF
TRIAL EXPERIMFNT FEED SHEEP USFD
1 PRELIMINARY I PASTURE €
2 EXPERIMENTAL IT PASTURE 3
3 EXPERIMENTAL II Jo MILLET 3
4 EXPERTMENTAL III PASTURE 3
5 EXPERIMENTAL III J. MILLET 3
6 EXPERIMENTAL IV PASI'UKRE 3
T EXPERIMENTAL IV J. MILLET 3
8 EXPIRIMENTAL v PASTURE 3

The total faecal output of 7 day collection periods for sheep was
stored in covered plastic buckets at -50 Ce At the end of the collection
period the bulked faeces were thawed, weighed, mixed and sampled, Two bulk
samples of 200 g. were taken, one was dried at 1000 C for 48 hrs for the
determination of dry matter content, The other was freeze dried, ground
(1 mm. sieve) and stored at 52 ¢ for future analyses.

Digestibility estimates for dry matter, organic matter, crude
protein and crude fibre were obtained for each of the feeds in each period
during the experiment (Table 2,5.).

Apparent digestion coefficients were determined as follows @

DIGESTION _— Nutrient in feed consumed - Nutrient in faeces
x

coErFICIENT ( % ) Nutrient in feed consumed
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246420 Rumen Sampling

Samples of rumen contents of sheep were taken to determine the
ammonia concentration, total concentration of volatile fatty acids (vPa)
and individual VFPA concentrations and proportions.

Sheep were sampled three times daily at 9.30 a.m. (prior to first
feeding), 11.30 a.m, and 1,30 p.m. . The samples were obtained during the
last 2 days of each experimental period.

Rumen liquor was aspirated from a mid-rumen location. The
samples were centrifuged at 2000 x g for 20 min., and the supernatants used
to determine ammonia and VPA concentration ( see Section 2.7.2).



2.7.

2:71s Herbage and Faecal Material
2.7.1.1- Proximate m‘i’

Hoisture in air dry samples, ash, crude protein, crude fibre, ether
extracts and nitrogen free extracts were determined by A.0.A.C. (1965) methods.

2.7.1.2. Soluble carbohydrate analyses

Soluble carbohydrates of feed samples were extracted using a modified
method based on that of Bailey (1962), in which the sugars are liberated by
the acid hydrolysis of the ethanol - soluble, water - insoluble fraction of
the plant tissues. Two grams of dried material was used and refluxed with
400 m1 80  ethanol for 10 min. The material was filtered and m~de up to
100 ml with water. A 10 ml aliquot was evaporated to drymess in an evaporating
basin over a water bath, water was added to the contents of the basin and
filtered into a 100 ml volumetric flask. Total water - soluble sugar from
the latter solution was measured using the sulphuric acid method of Bath (1958).
Optical densities were read on a S.P. 500 Spectrophotometer (Unicam Instrument
Ltd., Cambridge, Fngland) at 332 mu against a water blank and compared with a
set of standard glucose solutions treated with sulphuric acid. In order to
avoid interferemce with the readings on the Spectrophotometer, great care was
taken during sample preparation - bubbling was avoided during mixing of samples
and chilled sulphuric acid; filters (glass fibre paper - Whatman GF/B) were
used instead of tissue paper to dry the top of silica cuvettes ; silica
cuvettes were not rinsed between different samples but simply drained by
inversion on glass filters.

2.7+24 Rumen Ligquor
2.7.2.1. Total VFA concentration and proportions

TOTAL VFA CONCENTRATION

A 5 ml sample of cemtrifuged rumen liquor (see Section 2.6.2) was
steam distilled in a NMaxkham (1942) apparatus and acids in the distillate
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titrated with standardised NaOH to a phenolpthalein emd point.

Distillates were cleared of bicarbonate by bubbling with 002- free air

prior to titration. Distillations were duplicated and where titration
differences of greater than 1 ¥ were observed, the distillations were

repeated. A further 1 ml. 0.1 M NaCH was added to the neutralized distillates,
the duplicates bulked and evaporated to dryness at 900 C. Dried samples

were stored frozen until analyzed for VFA proportions,.

VFA PROPORTIONS

The proportions € individual VFA were determined using a Varian
Aerograph Series 1200 gas chromatograph. Recordings were made using a Leeds
and Northrup Speedomax H model 207 S recorder with a strip chert integrator
(Pisc Instruments, California, U.S.A.) (see Pig 2.1). The column used was
of 6' x 1/8" stainless steel packed with 20% FPAP on 70/80 mesh Chromosob W
(Hammarstrand, 1966). Neutralized VFA (Na salts) were reconstituted with
distilled water and injected into a carrier gas stream of dry nitrogen
saturated with formic acid by passage through a gas-tight tower bubbler
fitted to the gas sampling ports of the accessory panel of the chromatograph.
Standard solutions of Na acetate, Na propionate and Na butyrate were used to
devise correction factors for the hydrogen flame ionization detector (Packett and
McCure, 1967).

Correction Factor : ( relative to Na butyrate )

209. 7702
ACETATE =

acetate area relative to butyrate 100 %

119. 865
PROPIONATE =

propionate area relative to butyrate 100 %

Isovalerate and valerate, called 05 s were assigned respective factors equal
to 100 # for butyrate.
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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 :

OVEN temp. 145° ¢ (conditioned at 160° €
overnight between runs)

INJECTOR temp. 170° ¢

DETECTOR temp. 170° ¢

HYDROGEN flow rate 25 ml. / min.
NITROGEN flow rate 25 ml. / min.

Samples were anslysed in duplicate and if differences of greater
than 1 percentage unit in any of the major components were observed, further
replication was made.

2,7.2.2. Rumen ammonia concentration

The ammonia content of 1 ml. of centrifuged rumen liquor was
determined using the diffusion apparatus of Conway and O'Malley (195¢).
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2.8, Statistical Methods
2.8.1, Analysis of Variance
2,8.1.1. One way mlyﬂi'

Analysis of variance as outlined by Snedecor and Cochran (1968)
was used to partition and test sources of variation. It was used to examine:
a) differences in body weight between the treatment groups during the
preliminsry period, b) differences in VFA proportions between the treatement
groups during the preliminary period and ¢) differences in milk yield and
composition between the treatment groups during the preliminary period.

The model used was the following @

Tg*pggttsdey

i=1,2

1 - 1,2,.-0’[1

The components of variance are given in Table 2.€.

TABLE 2.6.
One way analysis of variance
SOURCE d.r. Components of mean sguares
Total ( 8 ) N-1
Treatments ( T ) 1 6 + nG:
Residual 2(n-1) ¢®




2.8.1.2. Two ways analysis

~ This model was used to test differences in the following cases:
a) differences in ammonia concentrations between treatments and periods,
b) differences in VFA concentration, proportions and individual concentra-
tion between treatments and periods.
The model used was the following :

Y i =Pt ¥, w2 g * (TP ) i3t € an

1‘1'-.).

[}

T92500ayP
l = 1,2,--0,“

The components of variance are given in Table 2.7 (variables
assumed completely fixed ).

TABLE 2.7.
Two ] sis of variance
SOURCE d.f. Components of mean squares
Total { S ) N-1
!‘rutmtl(!) 1 32+pn02T
Periods ( P ) (p - 1) 62 + 2m 62 .
rx? () (p - 1) ¢® +n 6’y
Residual ¥ - 2p 62

The statistical procedure outlined above enables the testing of
overall differences between treatments and between periods. In the case where
the interaction was significant, a Duncan's new multiple range test (Steel
and Torrie, 1960) between treatments within periods was used for comparing
pairs of means,
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2.8.1.3. Three ways analysis,

This model was used to test differences in the following cases :
a) differences in ammonia concentrations between treatments, periods and times,

b) differences in VFA concentrations, proportions and individual concentrations
between treatments, periods and times.

The model used was the following :

Y im-}: 1t TP 5* H o+ (TP) 13" () ot (ru) et (TPH) it © g

i= 1’2 k= 1,2.oo.o'h
3 = 1,2'¢-no’p le= 1,2,...0.“-

The classification of the components of variance is given in Tgble 2.8.

TABLE 2.8.
Source d.f. Components of mean squares
Total (5) N-1
Treatments (T) 1 ¢® + pob 6%,
Periods (F) (p = 1) ¢ + 2on 6%,
Times (I) (n=1) ¢ + 2p 6%
Tx P (TP°) (p=1) & +mh Gz,ﬂ,
?xH (m) (h - 1) ¢* 4 0%y
PxE (7H) (p=1) (h=1) ¢®+2n 0%
rxPxHE(tPH) (p-1) (h=1) 4+ sz
Résidual N - 2ph ¢®




2.8.1.4, Three ways analyeis - Hierarchal model

This model was used tc test differences in body weight between
treatments, between periods nested within treatment groups and cows nested
within periods x treatmsnts,

The model used was the following 3

+ P + C + e

Tspa = Papa*Ta* P4y %uptam

1'2, ....'c

i=1,2 k
j = 1,2,..-.,[9 1
The analysis of wvariance and components of means squares are
presented in Table 2.9.

1,2,0....]‘1

TABLE 2.9.
Analysis of variance - llierarchal model
SOURCES d.f. Components of mean squ.re
Total N-1
Treatments (T) 1 62 +n6° + en @2, ¢ pon G°
. ,Ct TP p: ¢ PR T g
Pericds (P:T) (p - 1) 02 +n Gzc' pp * 00 65 o
Cows (C: PT) 2p (e- 1) 6" +n 6%, 4
Residual difference 02

2.8,2. Analysis of Covariance
2.8.2.1, One way analysis
This analysis was used to test differences in the tbllo-ing.calo- H

a) differences on body weight between treatments and b) differences on milk
yield and composition between treatments.
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The model used was the following :

Yﬂa)xﬂ-l—'!i-tbn(xn-x..)+eil
Yhe analysis was performed as outlined by Snedecor and Cochran (1968).
2.8.2.2. Two way analysis

Milk data were analysed for variations arising from differences
between treatments and periods using an I B M 1620 computor and a programme
(Munford, 1970) enabling simultanecus analyses of the 7 milk variables to be

performed,
2.8.3. Standard analytical Procedures.

Comparison among pairs of means were made using the T - test
(Snedecor and Cochran, 1968) where only a single comparison was made, and
the Duncan new multiple range test (Steele and Torrie, 1960) where multiple
comparisons were made. Sauple statistics mainly standard errors and

coefficients of variation were computed by usual procedures,.
2.8.4. Linear Regression.

Relationships between two variables werc evaluated with simple
correlation and regresesion estimates. The extent of covariation was indicated
by the squared estimated of the correlation coefficient.

Comparisons of pair of linear regression coefficients were made by
analysis of deviations from regression as in the analysis of covariance
(Snedecor and Cochran, 1968).

2.8.5. Multiple Regression,
Multiple regression techmniques (Snedecor and Cochran, 1968) were

used to examine relationships between more than two variables. The extent of
such relationships were assessed by the multiple correlation coefficient



analogous to the sguared correlation coefficient above. Because all
enalyses showed interdependence amongst the three variables, standarised
partial regression coefficients and partial correlation coefficients were
computed to determine the relative importance of the variable. This
procedure also indicated the 'paths' of casual relationships among the
variables.

Comparisons of pair of multiple regression coefficients were
made by analyses of deviations from regression as in the analysis of
covariance (Snedecor and Cochran, 1968) ( see Appendix 22).
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CHAPTER THREE

HESULTS
Bele Result Methods

Japanese Millet growth was sampled according to the tech-
nique described in Section 2.2.2.2. Appendix 1 presents information
about cut sampling variation 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 variation 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.). lHowever as there was a big variation
in body weight between cows, standard error of mean for treatment
was higher than those previously mentioned.

Recovery of Crzo3 on cow faeces by atomic absorption
method (Section 2.5.1.4.) was tested by mean of 3 standard concen-
trations (Appendix 33.,). Recovery average for all standard vas
99,84 % + which indicated the method was suitable for experimental
requirements,

Voluntary intake was measured by means of two techniques
(Section 2.5.1.2.) which were compared in order to observe any
important differences. Results are presented on Table 3.8. where
it is indicated that in both pasture and Japanese Millet, voluntary
intake measured by "sward" faecal samples gave a higher value than
those estimated by "grab" faecal samples, however in 8 Periods
comparisons only 4 were significantly ( PL 0.01 ) different,

Taking into account the whole indirect method of measuring
voluntary intake of herbage (Section 2.5.), it appears that an
overestimation occurred. Section 4.2, discusses possible causes of



this observation.

Results from digestion analysis are reported in
Table 3.1, where the animal variation 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 variability between
animals is expressed by the standard error of mean.

Results from chemical analysis of herbage are illus-
trated on Appendix 2 and 3 with their corresponding standard

error and coefficient of variation,

72
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326 Japanese Millet Production

The productivity of Japanese Millet was assessed from sam-
ples taken as described in Section 2.2.2.2. and analysed for the
content of dry matter, ash, crude protein, crude fibre, ether
extract and socluble sugar as in Sectiom 2.7.1. Classification of
the crop on the basis of a maturity index (Harris et al., 1969)
and on height was made to assist in describing the changes observed
in chemical analyses (see Plates A, B and C).

The yield of dry matter in kg / hectare ( 1b / 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 = 0.9987 3 n = 6 ) to increases in crop
height from the time measurements were first taken until nine weeks
after sowing. During this time an increase of 428.6 kg / hectare
of dry matter accompanied each one cm increase in crop height
(see Fig. 3.3.)e. From 10 weeks after sowing, when the crop was in
early bloom further increases in dry matter yield were not accompa-
nied by increased crop height.

The chemical nature of the crop changed throughout the
growing period. A steady increase in dry matter content was in
part responsible for increased dry matter yields even when crop
height was not increasing. Other chemical changes - namely a fall
in the content of crude protein and ether extract, and increasing
content of crude fibre support the change in maturation index
illustrated in Fig. 3.1.

The yield of crude protein in kg / hectare for the first
growth and regrowth are presented in Fig. 3.4. The changes in
crude protein yields showed a different pattern to those of dry
matter yield. Crude protein yields for the first growth increased

until the 10th week after sowing and the yields from the regrowth
did until the 4th week after cutting. However dry matter yields
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PLATE A. Samples from 4th. to 9th. week after sowing.

PLATE B, Samples from 10th. to 12th. weck after sowing,
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for first growth and regrowth increased until the 12th and 5th
week respectively.

Gains of dry matter yield and protein yield per day in
kg / hectare are presented in Fig. 3.5. The maturity index at
each cutting date is included to aid interpretationof changes in
gains. At the same stages of development detormined by the
maturity index, the first growth and regrowth feollow the same
pattern of changes,
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Je3e Measurement of Nutritive Value of Japanese Millet

30310 Chemical Composition

The chemical composition of the mixed pasture and
Japanese Millet used as feedstuffs are presented as Treatment x
Period means in Fig. 3.6. and Appendix 3. There were no distinct
patterns of changes in pasture components as a result of using
different paddocks of mixed pasture during the experiment
(see Section 2.2.3.)s With the Japanese Millet the percentage of
dry matter, 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,

3e3.2¢ Sheep Experiments
3e3e2.1. Measurement of apparent digestibility

Throughout this thesis 'digestibility' refers to apparent
digestibility.

Digestibility

Digestibility of feedstuffs determined in feeding experi-
ments with sheep are presented as Treatment x Period means in
Fige. 3.7. Comparison of digestibility coefficients (means of 3
sheep Z 5.E. ) between treatments for dry matter, organic matter,
crude protein and crude fibre during Periods II, III and IV are
shown in Fig. 3.7.

Digestibility of Dry Matter ( D.D.M. % )
Pasture D.D.M. % was significantly ( P<0.05 ) less than

Millet D.D.M. % in Period II, not different ( P) 0.10 ) in Period III
and significantly ( P< 0.05 ) greater than Millet D.D.M. % in
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Period IV (Fig. 3.7.). Pasture D.D.M. ¥ increased from 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 experimental periods (Periods

IT, III and IV) with the last period (Period IV) being significant-
ly ( P<0.05 ) less than Periode II and III (Table 3.1.).

Digestibility of Organic Matter ( D.0.M. % )

Differences on D.0.M. % between Pasture and Japanese
Millet during Period II, III and IV were the same as was described
for D.D.M. % (Fig. 3.7.)« Table 3.1. indicates that pasture
D.0.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 Period 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. #% )

Pasture 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 for Millet in
Period IV ( Fige. 3.7.). Pasture D.C.P. ¥ increased from Period II
to Period V (Post-experimental period) with all periods means being
significantly ( P <0.05 ) different (Table 3.1.); the coefficient
for Periods I and I1I were not significantly ( P> 0,05 ) different.
Millet D.C.P. ¥ decreased from Period II to Period IV, with all
period means being significantly ( P<0.05 ) different (Table 3.1.).

Digestibility of Crude Fibre ( D.C.F. % )

Pasture D.C.F. ¥ was significantly ( P<0.05 ) less than
Millet D.C.F. ¥ in Period II,and not significantly ( P> 0.10 )
different in Periods III and IV ( Fig. 3.7.). Pasture D.C.F. %
increased from Period II to Period IV, all pairs of means except



TABLE 3.1

DIGESTIBILITY OF FPASTURE

APPARENT

DIGESTIBILITY

( Comparison of Periods within Treatments )

PERIOD DRY MATTER ORGANIC HATTZR CRUDE PROTEIN CRUDE PFIBRE
I | 71.3 (20.75) a | 72.4 (}0.70) & | 70.0 (}1.52) & |61.3 (20.73) ab
1T | 60.8 (21.80) & | 62.2 (¥1.94) ab| 75.8 (31.81) ab | 28.0 (¥2.77) ab
111 | 65.5 (21.25) 2 | 67.2 (¥1.09) ab | 70.6 (¥1.34) b | 52.0 (31.09) =
1w |69.5 (}1.21) a | 72.3 (}2.05) b | 80.2 (}1.17) ab|52.7 (21.44) b
v 78.0 (20.81) a | 80.0 (20.76) ab | 83.4 (¥0.77) ab | 69.5 (F0.48) ab

DIGESSTIBILITY OF JAFAIISSE MILLET

PERIOD

DRY MATTER

ORGANIC MATTER

CRUDE PROTEIN

CRUDE FIDRE

III

68.7 (11.64) a.
65.4 (¥1.70) ®
60,0 (¥2.67) ab

70.7 (¥1.88) a
67.5 (¥1.41)
62.4 (22,08) ab

T7.4 (31.13) a
71.1 (20029) a
58,8 (£2.93) a

58.1 (¥1.95)
57.7 (£3.76)
504 (T4.94)

* Moans denoted by common letters are significantly ( P<0.,05 ) different .
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Periods IIT and IV being significantly ( P<0.,05 ) different.
There were no significant ( P> 0,05 ) differences among periocd

3.3.2.2. Rumen volatile fatty acids ( VFA )
A - Total Rumen VFA Concentration ( mM / 100 ml L.R.)

Total rumen VFA concentration means of pasture and
Japanese Millet during Periods I, II, III and IV for 3 times
( ¥ s5.8.), 6 sheep and 2 days sampling are presented on Table 3.2.

Changes in the concentration of VFA in rumen fluid from
animals fed mixed pasture and Japanese Millet were compare by
analyses of variance corresponding to the three way model described
in Section 2.8.1.3. for rumen characteristics. The analysis of
variance (Appendix 5 ) showed significant ( P<0.05 and
P<£0,001 ) variation due to differences between treatments, expe-
rimental periods, sampling times and all interactions.

Differences between pasture and Millet means (each from

3 sampling times on 2 days for 3 sheep) were analysed on a within-
period basis using the 2 way model for rumen characteristics
described in Section 2.8.1.2. Results of analysis within periods
(Fig. 3.8. and Appendix 5 ) indiecated that VFA concentrations in
rumen liquor of sheep fed pasture were significantly ( P0.001 )
higher than in sheep fed Millet in Periods II, III and IV.
VFA concentrations in pasture fed sheep were significantly
(P <0.,05 ) higher in Period IV than im Periods I, II and III.
Sheep fed Millet showed mo significant ( P> 0.05 ) differences in
VFA concentrations during Periods II, III and IV. The absence of
a ( T xH ) interaction in Period II, suggested in Fig. 3.9. is
confirmed by the anslysis of variance { P >0.10 ) on Appendix S.
During Period III and IV the ( T x H ) interactions were highly
significant ( P ¢0.001 ) as a consequence of different patterns of
changes with time in the two treatment groups ( Fig. 3.9. ).
These ( T x H ) interactions for changes in VFA concentratioms
make difficult any interpretation of the differences between
sampling times.



TADLE 3.2

O 1\__1..

Ruts. VA COLCHLTRATIONS

( mM VFA / 100 ml )

FSRIOL | TIi.S \STLR JAFAL % (ILLST
9 a.me 7.56 ( 0.43)
1 11 2em. | 10.28 ( 0.45 )
1 peme 9666 ( 0.51 )
AUS 9217 ( 0.27 )

) Cefle 765 ( 0.95 ) 6.82 ( 0.66 )

11 11 a.ma 2.75 ( 0.61 ) TeT6 ( 0448 )

1 peme 10.74 ( 0.59 ) 8.43 ( 0ed5 )

5 9.36 ( Ce.46 ) T7.67 ( C.31)

9 Aol 713 ( 0.48 ) 7.50 ( 0.33)

‘ % 8 11 cens 927 ( 0.41 ) 6.97 ( C.40 )

1 pemie 1078 ( 0436 ) 7«31 ( 0440 )

JANS 9.06 ( 0.24 ) Te26 ( 0.22 )

9 aene 6.85 ( 0.5 ) 7.02 ( 0.28 )

11 a.m. 10,91 ( 0«42 ) T¢30 ( 0.24 )

1 peme 13.75 ( 020 ) 8,13 ( 0.51 )

MEANS 10.50 ( 037 ) T.48 ( 0.21 )

* Standard errors of meoans,
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Fig. 3.8 Rumen volatile fatty acids (VFA) concentrations and standard errors.
(O Pasture, @ Japanese Millet )
Probability of differences between treatment within periods:

NS = P2 0.10 *** = P <0.001



Changes in 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 4 hours after feeding for all
Treatment x Period groups except for Millet fed animals in
Period III and for pasture fed group in Period I ( Fige 3.9.).

Relationships between changes in VFA concentrations and
changes in : A - digestible organic matter intake on sheep,

B - soluble carbohydrates percentage of feed, C - crude fibre
percentage of feed, D - digestible crude fibre percentage of feed,
E = crude fibre percentage of feed, FF - 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 related to variation in crude fibre percentage, this
being the highest £ & obtained,

B - Individual VFA Proportions and Concentrations
VFA PROPORTIONS ( % )

Changes in rumen fluid 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 preliminary period were
examined by simple analysis of variance. Since there were no
significant ( P> 0.10 ) differences between days, further analyses
were performed on samples obtained during one sampling day.

Variation in the proportions of each acid were examined
by analyses of variance using the model described for analyses of
total VFA concentrations (see Section 3.3.2.2. - A above) and are
presented in Fig. 3.10. There were significant Treatment x Period
x Time interactions which make the results difficult to interpre-
tate. Relationships between changes in VFA proportions and changes
in digestibility coefficients (dry matter and crude fibre) and
changes in chemical composition of feed (% crude fibre and ¥ soluble



TABLE 3,3
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VFA CONCENTRATION REGRESSION CORRELATION A2
TREATMENT "
OK 3 COBFFICISHT COEFFICIERT

DeOo iy INTAKE PASTURE - 0,0005 €0,0018) - 0,0732 0.54 %

(sheep) Jo HILLET + 0,0024 &0,0000) + 0.3544 12,56 %
SCLUBLE PASTURE - 0.1511 £0.4733) - 0,0882 0.78 %
CARBOHYDRATES % Je MILLET = 0.0793 €0.1840) - 0.1607 2,58 %
So—— S—— - 0.1389 £0.,0830) - 0.4211 17.73 §
FIBRE % Ju HILLep = 0+0192 €0.0887) - 0.0817 0.67 %
DIGESTIBLE PASTURE - 0.0145 60.0254) = 0.1564 2.44 %
CRUDZ FIBRE Jo urnigr * 0.0820 €0,0363) + 0.0851 0.72 %
CRUDE PASTURE + 0.1014 £0.0731)  + 0.3589 12,88 %
PROTEIN % J. urpier * 0.0223 £0.0592) + 0.1411 1.99 %
DIGESTIBLE PASTURE + 0,1018 §0.0604) + 0.4233 17.92 %
CRUDE ¢ROTEBIN % J HILLET  + 0.0014 .0012) + 0.0185 0.03 %

( 411 regression coefficients are no significantly( P>0.10 ) differents)




RUMEN VFA CONCENTRATION ( mM / 100 ml )

[= A)  JAPANESE MILLET

B) PASTURE

HOURS AFTER FEEDING

Fig. 3.9  Rumen changes in volatile fatty acids (VFA) jon after fi
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carbohydrates) were examined by linear regression analysis
(see Section 2.8.4.); but no meaningful relationships were
found (Table 3.%.).

VFA CONCENTRATIONS ( mM / 100 ml L.R.)

Changes in individual VFA concentrations in rumen fluid
from animals fed mixed pasture and Japanese Millet are illustrated
in Fig. 3.11. (Analyses of variance were made in the same form as
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 obvious
relationships with other parameters such as digestibility of the

components.
3e3e2e3s Rumen ammonia concentration

Rumen ammonia concentrations means (pasture and Japanese
Millet during Period I, II, III and IV for 3 times ( : S+Ei),
6 sheep and 2 days annpling)aro}proscntod on Table 3.5.

Changes in the concentration of ammonia in rumen fluid of
sheep fed Japanese Millet and mixed pasture were examined by ana-
lysis of variance corresponding to the 3 way model for rumen
characteristics described in Section 2.8.1.3. The analysis of
variance (Appendix 6 ) indicated that variation due to differences
between treatments, experimental periods, sampling times and all
interactions except ( T x P x H ) were very highly significant
( P<0,001 ).

Differences between treatment means were tested om a
within-period basis and are presemted in Fig. 3.12. Rumen ammonia
concentration, means of 18 determinations (3 sampling times on 2
days for 3 sheep) were significantly ( P<0.05 ) and highly signi-
ficantly ( P <0.001 ) greater in sheep fed mixed pasture than in
sheep fed Japanese Millet in Period II and Periods III and IV
respectively. Rumen ammonia concentrations in pasture fed sheep
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TABLE 3.4
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REGRESCIOR CORRELATION

TREATHSHT AP
COBFFICIBNT COBFFICIENT
ACBTIC ACID % omn PASTURE «0.,2070 §0.0957) = ~0.5143 0.26 %
DIGESTIBLE O.ie % J. HMILLET «0.2086 £0.1187) Ws =0.5533 0.31 %
ACETIC ACID ¥ on PASTURE  -0.0429 §0.0365) NS -0.3102 0.10 %
DIGESTIBLE C.F. % Je MILLET 0,0904 60,0886) NS 04 3598 Oel3 %
ACETIC ACID % on PASTURE +0.1971 §0.1253) NS +0.4000 0.16 %
CRUDE FIBRE % Je MILLET +0.2732 €0.2079) NS +0.4447 0.28 %
ACETIC ACID % on  piqmmE  <0.6745 60.6846) NS -0.2636 0.07 %
S. CARBOHYDRATES %  J. MILLET +0.6351 £0.4233) BS +0.4933 0.24 %
PROPIONIC ACID % on  PASTURE +0.0328 €0.0633) Es +0.1424 0.02 %
DIGSSTIBLE OuMe %  J. MILLET 40,3059 €0.1499) * +0.6108 0.37 %
PROPIONIC ACID % on  PASTURE ~0.2634 (0.3998) Es -0.1797 0.03 %
S, CARBOEYDRATES %  J. MILLET -1.3464 (0.3987) " -0.7872 0.62 %
BUTTRIC ACID % on PASTURE  40.1601 §0,0538) 40,6340 0.40 %
DIGESTIBLE O.M. % J. MILLET -0.1435 @0.0889) Ns 045206 0.27 %
BUTYRIC ACID % on  PASTURE  41.0570 (0.3352) © 40,6583 0,43 %
Se CARBOHYDRATES ¢  J. MILIET 40,859 0.1450) - 0.9131 0,83 &
E‘ »
HS = P)0.10 Qu’(O‘m % = P¢ 0,01

* = P¢ 0,05

b P( Oam
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Fig. 3.12 Rumen ammonia concéntrations and standard errors.
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NS = P>0.10 * = P<0.05 *** = 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 rumen ammonia concentration in Millet fed sheep was
between Period III and IV (see Fig. 3.12.).

Changes in rumen ammonia concentrations at times of
sampling are presented as Treatment x Period x Time subclass means
in Fig. 3.13. The pattern of changes in ammonia concentrations
with time of sampling varied between treatments, Treatment x Time
interaction and, especially in pasture fed animals, between periods
(period x time interaction). In the latter animals in Period I
and II, highest concentrations were measured 2 hours after feeding
but in Period III and IV, highest concentrations were measured
4 hours after feeding (Fig. 3.13. B). The concentration of ammonia
in the rumen liquor of animals fed Japanese Millet had risen
slightly by 2 h after feeding and was at a similar level 4 hours
after feeding for each of the experimental periods (Fig. 3.13. - Al

Examination of sources of variation 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 increasingly responsible for observed variance as the experi-
ment progressed. The absence of a ( T x H ) interaction in
Period II, suggested in Fig. 3.13. , is confirmed by the analysis
( P»0,10 ) (Appendix 6). The interaction became increasingly
significant 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 sampling times.

The relationship between changes in rumen ammonia
concentration and changes in crude protein content of feedstuffs
was examined by regression analyses (Table 3.6. - A, Fig. 3.14.
and Appendix 7.). A highly significant ( P<0.,001 ) positive
regression (P = 1.4623 £ 0.3603 ) in the pasture fed animals
explained 55.9 ¥ of the variation in rumen ammonia concentrationms,
In animals fed Millet, the relationship between the two variables
was weak and negative ( ¥ = - 0.38 ) (only 14,7 ¥ of the
variation in rumen ammonia concentrations was related to variation
in crude protein content in Millet); the regression coefficient
(%= -0.2437 % 0.2223 ) was not significantly ( P>0,10 )



TABLE 3,5

{ mg HH3.K / 100 ml1 )

PERIOD T1HES PASTURE JAPAN.SE RILLET
9 Bem. 11.53 (.56 )"
I 11 a.m, 15.92 ( 1.40 )
1 pem. 14.51 ( 1.35 )
HEANS 13.99 ( 0.83 )
9 a.m. 13.38 ( 2.56 ) 8.83 ( 1.32)
11 11 a.m. 19.70 ( 2.01 ) 13.72 ( 0.96 )
1 peme 13.44 ( 1.13) 13,78 { 1.10 )
MBALS 15.51 ( 1.14 ) 12,11 ( 0.66 )
9 a.m. 14.24 ( 1.70 ) 10,83 ( 1.53 )
111 11 a.m. 23.97 (0.52) 12.59 ( 1.57 )
1 p.m. 26.36 ( 3.91) 11.61 ( 1.58 )
UEAKS 21.52 ( 1.43) 11.68 ( 0.90 )
9 a.m. 18.96 ( 1.56 ) 10.36 ( 0.37 )
v 11 a.m. 36.38 ( 1.81) 16.74 ( 2.29 )
1 peme 46,57 ( 3.89 ) 16.57 ( 2.80 )
HEANS 34.11 ( 1.52) 14,5 ( 1.21)

#* Standard errors of means
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different from zero.

“hen variations in rumen 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 was weaker ( * = 0,6429 ) and the correlation
for Millet fed animals was stronger ( T = - 6416 ) than the
relationship between ammonia concentrations and crude protein
contents of feeds, These correlations are of similar magnitude but
of different sign, thus in pasture fed animals, rumen ammonia con-
centration increased as digestible crude protein content of the
feed increased whereas in Millet fed animals, rumen ammonia concen-
trations fell as the content of digestible crude protein in Millet
increased.

Relationships between rumen ammonia concentration and
the intake of crude protein ( g / day ) by the sheep were computed
(Table 3.6. C, Fig 3.14. and Appendix 7. ). A highly significant
( P ¢0.001 ) positive regression (D =0.1632 ¥ 0.0412 ) was
found with the pasture fed animals and accounted for 55.1 % of the
variation in rumen ammonia concentrations to variation in crude
protein intake. However, Millet fed sheep showed a weakly signi-
ficant ( P <0.10 ) negative regression (B = - o0.0484 2 0.0223 )
and only 38.1 ¥ of the variation in rumen ammonia concentrations
was associated with variations on intake of crude protein. Since
the significance of these relationships (positive for pasture and
negative for Millet ) was not chagnged by these analyses, they
cannot be explained by differences in selection of herbage eaten
by sheep during these studies.

3:3e3 Dairy Cow Experiments
B3e3e3e1« Live '.mt.

In an attempt to reduce short term variation in estimates
of live weight, cows were weighted three times each week (see
Section 2.4.2.) and the mean weight was taken as the period weight
(the average coefficient of variation of 30 of these means were
0.7 % ; individuals means = S.E. and coefficient of variation are



TABLE 3,6

Relationships between rumen ammonia concentration, crude

protein %, crude protein digestible % and crude protein intake

A ) AMHONIA CONCENTRATION on CRUDE PROTEIN %

TREATHENT RSGRESSION COSFFICIENT CORRSLATION COE:FICIENT 2
k2.2 ] >
PASTURS +1.4623 (0.3603) +0.7476 559 %
Je MILLET  -0.2437 (0.2223) Ns -0, 3829 1.7 %
B )  AMMONIA CONCENTRATION on CRUDE PROTEIN DIGESTIBLE
TREATHEET RSGRESSION COEFFICIENT CORRELATION CCEFFICIENT ? 2
i i
PASTURS +1.0709 (0.3539) 40,6429 41.3 %
Jo MILLET -0,1953 (0.0882) * ~0.6416 41.2 %
C ) AMMONIA CONCENTRATION on CRUDE PROTSIN INTAKE
TREATHENT RSGRESSION COEFFICIENT CORRELATION COEFFICIENT 2
MR
PASTURE 40,1632 (0.0412) +0.7423 55.1 %
J. MILLET  -0,0484 (0.0223) * 0.6172 38,1 %

NS = PY0.10 % - P(0.0l
+ = P<010 "% - P<0,001
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given in Table 3.7.). Cow period mesns obtained in this way for
Period II, III and IV are presented in Fig. 3.15.

Differences in live weizht (during 3 experimental
Periods = II, III and IV ) were examined by analysis of variance
using a hierarchial model (see Section 2.8.1.4.) to partition
variation into that associated with treatments, periods within
treatments and cows within periods and treatments (Appendix 8.).
There was no significant variation due to differences between
breatment means (unadjusted) or periods within treatments means
(Fige 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 have different body weights
for use in regression studies with milk production (see Section
3¢3e3e3.)0

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 Pericd I (Preliminary
period) as the concomitant variable. To conserve 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 showed that the use of the
regression term reduced within-treatment variation (99.35 % )
when the three experimental periods were analysed together
(Appendix 9.). Despite this adjustment, there was no significant
( P>0.10 ) difference between treatment means detected by analyses
of covariance. To demonstrate a significant ( P<0.05 ) treatment
differences in live weight, a difference between adjusted means
of 8.74 kg would have been required.

Analyses of covariance in each experimental period
(Periods II, III and IV ) using Period I as the concomitant variable
were made, using the same model as previously described., The use of
the regression term reduced within treatment variation by 99.4% % ,
78.8 ¥ , and 98.8 ¥ for Periods II, III and IV respectively
(Appendix 10, 11 and 12.) Despite these adjustments, there were no



89

TABLE 3,7
PASTURE

PERIOD Co¥ 238 CoOH 175 COoH 111 HEANS
1 349 ( 2.26 )” 269 (1.64 ) 413 ( 1l.44 ) 344 ( 41.65)
11 343 (8.,27) 268 (4.03) 401 (3.43) 337 ( 38.%0)
111 43 (4.39) 2715 € 1.1k ) 414 ( 3.25 ) 343 ( 40.99 )
v 33 ( 1.89) 269 ( 0.94 ) 402 ( 1.09 ) 335 ( 38.40 )
v 342 ( 1.46 ) 270 ( 0499 ) 407 ( 0.30 ) 340 ( 39.57 (

JAPANEGSE HILLET

PSRIOD COW 137 COWH 176 COW 112 MBANS
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)
111 M8 (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 ) 33 ( 38.12)

# Standard error of means
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significant ( P> 0,10 ) differences between treatment means
adjusted (Fig. 3.15.) in any of the analyses.

2e3.3¢2s 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
feed available did not limit the voluntary intake of animals.

The average intake of digestible organic matter ( D.0O.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. B and Table 3.8.
The D.0.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>0.10 ) differences in the Millet fed group (Table 3.8.).
Intakes measured using 'sward' samples during Periocds 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 ) differences were observed between
periods in the pasture fed group (Table 3.8.).

When D.C.M, intakes were determined using ‘'grab’
samples (Table 3.8.), Millet fed cows decreased their intake in
Period II ( 78.16 # ), in Period III ( 69.52 ¥ ) and in Period IV
( 68.47 % ) relative to the intake of mixed pasture in Period I
( 100 ¥ )« The decrease im D.0.M. intakes occurred as the Millet
regrowth matured progressively (see Fig. 3.1.).

The coefficients of variation for estimates of pasture
D.0.M. intakes using 'grab' sampling ( 7.27 % to 17.43 % ) are a
consequence of vatiation between cows within periods. Estimates
of Millet intake were less variable ( 6.08 ¥ to 15.66 ¥ ), When
‘sward' sampling was used to estimates intakes, differences
between cows were removed by bulking (see Section 2.5.1.2.) so the
reduced variation in the pasture fed group ( 2.13 ¥ to 10.79 % )
and the Millet fed group ( 7.85 % to 9.42 % ) principally reflects
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TABLE 3,8
Comparison botween Digestible Organic Matter Intake
of herbage estimated bY "grab' and 'sward' sampling
Difference botween
' 2 N . techniques
PERIOD GRAB SWARD
DIF, | % of GRAB| PROB,

I 14.24 (0.28) ae* | 16.04 (0.59) 2 | 1.79 9,67 |P<0.01
P II 10.41 (1.03) ce 10.58 (1.14) a | C.17 1.59 P>0.,10
A
5| I 11.92 (1.38) b 11.32 (0.39) a | 0.60 | =5.02 |[P>0.10
1]
| 11.54 (1.38) ad | 13.40 (1.45) a | 1.86 | 13.86 [P >0.10

v 15.81 (0.44) abe | 17.41 (0.37) a | 1.61 9e24 P < 0,001
Jeol 11 11.13 (1.74) 12,48 (1.18) | 1.3 | 10.76 |P>0.10
K
1
g 11X 9.91 (1.23) 12.47 (1.04) 2,56 | 20,54 |P<0.10
B
T| IV 9.75 (0.76) 12,05 (0.95) 2,29 19.05 |P<0.10

+ MNoans denoted by the same letter are significantly ( PC0.05 ) differents.
Means are in kg/day.
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variation between days within periads.

The relationships between intakes determined by the two
sampling techniques ('grab' and 'sward' sampling) are shown in
Fig. 3.17. and Appendix 13. Estimates of pasture intake obtained
from the two methods were highly correlated ( T = 0.9481 ; n = 5)
but estinates of Japanese Millet intakes by the two methoda were
less related ( T =0,5993 ; n = 3 ). Analyses of regression
slopes (Appendix 14,) showed non - significant departure from
parallelism ( P 0,10 ) so the common regression
( T =0.,8899 ; n =8 ) (see Tig, 3.17. and Appendix 13.)
describes the relationships between estimates using the two
technigues.

When intakes (measured by means of 'grab' sample)were
expressed in term of metabolic size ( 2.0.M. intake g / kg L.w.o'?s)
(Table 3.9. and Tig. 3.13.),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 treatments (Table 3.9.).

When intakes were expressed on the basis of metabolic
body size, the variance of means was reduced (coefficient of
variation from pooled estimate of variance = pasture 4.62 % and
Millet 5.55 # ) compared with those expressed on D.0.M. intake
( kg / day ) (pasture 6.39 % and Millet 6.79 ¥ ). Since D.N.M.
intake was related to L.ﬂ.0'75 both directly ( T (D.0.H. i

0.75 D.0.M. intake -
L.W, ) = 0,3602 ) and indirectly throuzh fat-corrected milk
yield (see milk production results 3.3.3.3.), expressing intakes
in this way reduced variation arising from differences between
animals as a consequence of different live weights. The reduction
in the variance of the means, gave rise to significant ( P <0.05 )
treatment differences in Period III amd IV (Fig. 3.18.).

The relationship between D.O.M. intake
(g/ kg L.I.°'75) and the chemical composition of feedstuffs was
examined graphically, along with the relationship to the digestibi-
lity of various constituents of the feeds. D.0.M. intake
(g / kg L.W.°'75) was closely related to the content of soluble
carbohydrates in pasture ( ¥ = 0,9788 ) and in Japanese Millet
( T = - 0,9685 ). The regressions are shown in Fig. 3.19. and
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TABLE 3.9
COMPARISON OF DIGESTIBLE ORGANIC MATTER
INTAKE ('grab' sample) - g / kg L.w, 07
PASTURE JAPANESE MILLET Sig. of aiff.
PERIOD » s _ between
DQO-M.I.(-bCEO) CQvn% D.O.H.I.(-S.E.)c.“.% Tr.lt.ents
1 181(8.57) ab*  4.73 [180(5.29) cde 2.9% NS
I1 133(1.76) ab 1.33 140(11.35) ch 8.11 NS
v 148(5.04) b 3.41 |125(3.84) ef 3.08 .
Vv 199(19.34)ab 9.72 |201(7.55) fgh 3.76 NS

+ Means denoted by the same letter are significantly ( P 0.05 )

different.
NS = P>0.1°

* = P(0.05
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Appendix 15., and since the slopes clearly differed, no common
regression was computed. There were no obvious relationships
between intake and any of the other feed constituents. Examination
of intakes and the digestibility of feed constituents indicated
useful relationships between D.0.M. intake ( g / kg L.5.2°7%) ana
the digestibility of dry matter and crude fibre. In the first
case (Fig. 3.20. and Appendix 16.) correlations of T = 0.9333
for pasture and '? = 0.8561 for J:panese Millet were computed.

A non- significant ( P> 0,10 ) departure from parallelism

(Appendix 17.) allowed the data to be combined as shown

( T = 0.9201 )e D.C.H. intake ( g / kg L.J.0'75) and the
digestibility of crude fibre were related for pasture ( T = 0.899%4 )
and Japanese Millet ( T = 0.6307 ). A non - significant

( PY0,10 ) departure from parallelism (Appendix 17.) again

allowed the data to be combined as in Fig. 3.20 and Appendix 16,

( T =0.7126).

3.3.3.3. Milk yield and composition
A = MILK YIELD

Changes in unadjusted mean milk yields ( cow x treatment
x period) from cows fed mixed pasture and Japanese Millet are
presented in Table 3,10, Treatment x period adjusted means with
standard errors are illustrated in Fig. 3.21.

Differences in milk yield during Periods II, III and IV
taken together were examined by analysis of variance using the
2 way model for milk production described in 2.8.1.2. There were
no significant ( P>0.10 ) effects of treatment, period or the
Treatment x Period interaction on milk yield (Appemdix 18. - A.).

Since the 'residual' term accounted for all observed
variation (see Appendix 3.18. - A.), analysis of covariance was
performed using mean milk yield in Period I (Preliminary Period)
as the concomitant variable. The model used (2 way with covariance)
was described in Section 2.8.2.2. Before preliminary data was used
as the concomtant variable, a one way analysis of variance
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TABLE 3,10
PERICOD FASTURE JAPARESE MILLET
I 10.67 ( 1.46 )" 10.81 ( 1,18 )
11 10,11 ( 1.44 ) 10,33 ( 0.9% )
III 9.44 ( 1.28) 9.02 ( 1.04 )
'y} 10,35 ( 1.17) 8.34 ( 1.00)

# Standard error of means

TABLE 3,11
PERIOD PASTURE JAPANESE MILLET SIGHIFICANCE

I 10,16 ( 0.15 )" a* 10.28 ( 0.15 ) od §s ( P>0.10 )

III 9.50 ( .15 ) ad 8.97T ( 0.15 ) o s (PpP<o0.01)

v 10,40 (0.15) b 8.29 (0,15 ) @ s ( Pco,001 )

# Standard error of means ‘
+ Neans denoted by the same letter are significantly ( P<0.05 )
differenta,
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(see Section 2.8.1.1.) of milk yield in Period I was made
(Appendix 18. ~ B.), indicating no significant ( P> 0.10 ) variation
due to differences between the treatment groups.

Analysis of covariance (Appendix 18, - C.) showed that
the use of the regression term reduced residual variation by
98.30 %. The residual variance was reduced from 19.5852 to 0.3333
and treatment variance increased from 11.6434 to 15.5953 (see
Appendix 18. - A. and C.). After accounting for differences in the
preliminary period, there was significant ( P 0,01 ) variation
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 made (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 Periond II
and III and between Periods II and IV for Millet fed cattle (see
Fige 3.21.).

Differences in milk yield considered on a within-Period
basis were examined first by analyses of variance and then by
analyses of covariance using preliminary data as the concomitant
variable. The model used (one way with covariance) is described
in Section 2.8.2.1. Analyses of variance for data in each of four
periods indicated no significant ( P> 0,10 ) differences between
the treatments (Appendix 19.). The use of covariance reduced
within treatment variation by 97.75 %, 98.82 %, 98.11 ¥ and 96.60 %
respectively in Period II, III, IV and V. Despite this adjustment,
there was no significant ( P> 0,10 ) difference between treatment means in
Period II (Appendix 19.). However during Period III, IV and V diffe-
rences between treatments were significant ( P<0,10, P <0.001, and
F<0.01 . for Periods 1II, IV and V). The results of these analyses
confirmed the results found by analysis of covariance
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Fig. 3.21 MILK YIELD (Means adjusted for preliminary period differences).
(Q Pasture, @ Japanese Millet )
Probability of differences between treatment within periods :

NS = P»0.10 + =P (010 **=pP<£001 *** = P<0.001
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taking the three experimental periods together.

B - FAT CORRECTED MILK ( FCM )

As milk fat percentage differed between pairs of twins,
the use of FCM yield rather than the actual milk yield increases
the differences between treatments within periods. Changes in FCM
yield means ( unadjusted ) ( Cow x treatment x period ) from cows
fed pasture and Millet are presented in Table 3.12. The treatment
x period adjusted means and standard errors are illustrated in
Fig. 3.22.

Changes in FCHM yield in Periods II, III and IV taken
together were examined by analysis of variance using the model
described 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 'residual' term
accounted for all the observed variation, analysis of covariance
was performed using mean FCM yield in Period I as the concomitant
variable. The model used (2 way with covariance) was described in
Section 2.8.2.2. There were no significant ( P 0,10 ) treatment
differences in FCM yield in Period I (Appendix 20. - B.).

Analysis of covariance (Appendix 20. - C.) showed that
the use of the regression term 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.). Comparison of adjusted means (Table 3.13.)
showed no significant ( P>0.05 ) differences between treatments
in Period II but in Period III and IV, pasture fed cows produced
significantly ( P<0.,05 ) and ( P < 0,001 ) respectively more FCM
than Millet fed cows. The only significant ( P 0.05 ) difference
between Periods for pasture fed cows was between Period III and IV
(Table 3.13.). For Millet fed cows, differences in FCM yield for
all periods were significantly ( P< 0,05 ) different; FCM production
fell progressively during the experiment (Table 3.13. and Fig. 3.22.).

FCM yields were examined omn a within-period basis by
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analyses of variance and then by analyses of covariance using preli-
minary data as the concomitant variable. The models used were the
same as described for milk yield (Sectiom 3.3.3.3. - A. ). Analyses
of variance for data in each of the four experimental periods ( II,
III, IV and V ) indicated no eignificant ( 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 % respectively in Periods II, III, IV and V. There was

no significant ( P >0,10 ) difference between treatments in Period
II but in the other Periods, significant ( P 0.05, P 0,001 and

F < 0,01 for Periods ITI, IV and V) treatment differences were found.

C - RELATIONSHIP BETWEEN FCM = D.0.M.I. - L.w.0°7

Fat corrected milk yield ( kg / day ), digestibe organic
matter intake ( kg / day ) and live weight ( kg L.ﬁ.0'75) were related
using multiple regression analysis (see Section 2.8.5.). Separate
multiple regressions were fitted for each of the two treatments
(pasture and Millet). Analysis of residuals after fitting the multi-
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.Me = - 58.8421 + 0.1714% L.%.2*7% 4 0.3651 D.0.M.I.

REDUCTION im VARIATION C.M.Du

Multiple regression - P < 0,001 92.30 %
oa 1.5.9°72 s10me - P < 0,001 73.25 %
Oll D.O.I.I. ‘1“‘ - P(G.OOT 51.20 ’

* Coefficient of multiple determination

The coefficient of multiple determination ( C.M.D. )
{ 92.30 % ) indicated that most of the variance in FCM was associated



TABLE 3,12
FCM YIELS
PERIOD PASTURE JAPANESE  MILLET
1 12.84 ( 1.83 )" 12,79 ( 1.56 )
II 11.97 ( 1.74 ) 12,00 ( 1.16 )
1II 11,46 ( 1.60 ) 10.74 ( 1.44 )
Iv 12,67 ( 1.62) 983 ( 1.26 )
v 13.17 ( 1.82) 11.09 ( 1.29 )

# Standard error of means

JAPANESE MILLST

SIGRIFICANCE

TABLE 3.13
FPERICD PASTURE
11 11.95 ( 0,29 )"
111 11.44 ( 0.19 ) a*
iy 12065 ( 0,19 ) a

12,02 (0,19 ) b
10.76 ( 0,19 ) b
9.85 (0,19 ) b

s ( P>0.,10 )
s (P<0.05)
s ( P<o.001)

* Standard error of means

+ leans denoted by the same letter are significantly ( P< 0,05 )

differents.

LIBRARY
MASSEY UNIVERSITY,
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with variation in live weight and D.0.M.I. ; and of these, body
weight made the biggest contribution.

Partial regression coefficients and raw correlation
coefficients were computed :

7

I

209¢°*0 =
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The standardized partial regression and partial correlation
coefficients were estimated :

d

2869°0 =

" D.O.M.I.
( 12 )

The standardized partial regression coefficients indicate
that variation in live weight was approximately 50 ¥ more important
in determining FCM yield than was variation im D.0O.M. intake.

D « RELATIONSHIP BETWEEN FCM -~ O.M.I. <« D.C.M,

Following the same pattern as in the latter relatiomnship, a
new multiple regression analysis was made. Fat corrected milk
( kg / day ), organic matter intgke ( kg / day ) and digestible orga-
nic matter ( ¥ ) were related. Separate multiple regressions were
fitted for each of the two treatments (pasture and Japanese Millet);
and both were computed into an analysis of residuals after fitting
the multiple regression. It was found that the regression rela-
tionships were not significant ( P> 0,10 ) different (Appendix 22, -
Table B.). Taking into account the information for both herbage
(pasture and Millet) together (Appendix 24.) it was decided to fit
a common multiple regression. The following multiple regression
equation was fitted :

FCH = 5-6122 + 005303 OOHII. - 000108 D.OIHI
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L ]
REDUCTION inm VARIATION C.M.D.

Multiple regression - P ¢ 0,001 51.17 %
Cn 0.M.I. alone - P >0.,10 50.52 %
On D.0.M. alone - P < 0,001 0.45 %

Only 51.17 % of FCM yield variation was associated with variatiom in
digestible organic matter and organic matter intake; and nearly all
this relationship was associated with intake, Partial regression
coefficients and raw correlation coefficients confirm the latter
suggestion, showing a particular weak relatiomship ( T = 0,0668 )
between FCM and D.O.H.

Partial regression coefficient and raw correlation
coefficients :

o
a0
0:‘

0.M.I.
‘( x, )

FCH

D.,0O.M.
( x, )

g4o2°0 = 3
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These correlation coefficients were not much improved
by calculation of standardized partial regression and partial
correlation coefficients, Standardized partial regression coeffi-
cients and partial correlation coefficients :

Lhee*o = &

The standardized partial regression coefficient indicates
that almost the whole variation in FCM for this relationships is
associated with organic matter intake and practically none with
D.0.M,

E « FAT - PROTEIN - LACTOSE YIELD

Changes in yields of butterfat, protein and lactose
(cows x treatments x periods) as unadjusted means, are presented
in Table 3.14. Fig. 3.23. illustrates treatment x period adjusted
means and standard errors during the five experimental periods.
Yields of the three components were examined by analyses of variance,
during Period II, III and IV together, according to the model used
in the same circumstances for milk yield (see Section 3.3.3.3. - A.).
None of the 3 analyses showed significant ( P> 0,10 ) differences
(Appendix 25.) and in each analyses, the residual term accounted for
all of the observed variation: Analyses of covariance were performed,



TABLE 3.14

PERIOD

MILK COMPONENTS

PASTURS

JAPANESE MILLET

FAT
PROTSEIN

LACTCSE

0.571 ( 0.086 )
0.397 ( 0.065 )
0.541 ( ©.070 )

0565 ( 0,074 )
0395 ( 0,054 )
0.552 ( 0.055 )

FAT
PROTEIE

LACTOSE

0.528 ( 0,079 )
0.369 ( 0,065 )

0.513 ( 0,070 )

0.524 ( 0.053 )
0371 ( 0,046 )
0.520 ( 0.045 (
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FAT
PRCTEIN

LACTOSE

0.512 ( 0.076 )
0.345 ( 0.059 )
0.478 ( 0,061 )

04475 ( 04069 )
0s324 ( 0,046 )
0.451 ( 0.045 )

FAT
PROTEIR

LACTOSE

0.568 ( 0.078 )
0.397 ( 0.057 )
0.519 ( 04053 )

0.433 ( 0.059 )
0.308 ( 0.047 )
0.416 ( 0,045 )

FAT
PROTEIR

LACTOSS

0.587 ( 0.085 )
0.435 ( 0,075 )
0.551 ( 04075 )

0.502 ( 0,063 )
0.445 ( 0,039 )

# Standard errors of means
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Fig. 3.23 DAILY YIELDS OF MILK COMPONENTS (Means adjusted for preliminary period differences)
(Q Pasture, @ Japanese Millet )
Probability of differences between treatment within periods :

NS = P30.10 * = P<005 *"=P<001 *** =P<0.001
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using the means for Period I as concomitant variable; models used
were described in Section 3.3.3.3. = A, Previous analyses of
variance ( 1 way model) during Period I for the three component
yields (Appendix 26.) showed no significant (P> 0,10 ) variation
due to differences between the treatment groups. Analysis of
covariance showed that the use of the regression term in reduced
residual variation by 97.98 %, 97.98 ¥ and 97.64 ¥ for fat, protein
and lactose yield. On the three components, the effect of treat-
ments, periods and (treatment x period) interaction were significant
( P<0,01, P <0.,05, and P (0,001 respectively) different
(Appendix 27.). A 2 way comparison of adjusted means between
treatments and within treatments are presented for each of the three
yield components in Appendix 27. During Period II, none of the three
yield components 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 <0.,C01)
yield than Millet fed cows.

Fat, protein and lactose yields were computed on a within-
Period basis ( II, ITI, IV and V ) being first analysed by analyses
of variance and then by analyses of covariance, using the same model
described for milk yield on Section 3.3.3.3. - A. Analysis of
variance showed that there were no significant ( P> 0.10 ) differen-
ces within periods for any of the three components of yield
(Appendix 28.). However when analysis of covariance was employed,
the variation within treatment was considerably reduced and in milk
component yield, a significant ( P< 0,05, P <0.01, P 0,001 )
difference was observed (Appendix 28.). Results of these analyses
are illustrated on Fig. 3.23.

F -« FAT - PROTEIN - LACTOSE PERCENTAGES

Changes in the percentage of fat, protein and lactose
(cows x treatment x periods means) as unadjusted means for pasture
and Japanese Millet fed cows are presented on Table 3.15. Variation
in the adjusted treatment x period means and standard errors are
illustrated on Fig. 3.24,



106

TABLE 3,15

PERIOD MILK COMPONENTS PASTURE JAPANESE HILLET
FAT 5.3 ( 0.35)" 5,21 ( 0.25 )

I PROTEIN 3.69 (0,13 ) 3.63 ( 0.12)
LACTOSE 5.09 ( 0.06 ) 5«12 ( 0.0% )

FAT .22 {0.27 ) 5,07 ( 0.23 )

11 PROTSIN 3.61 (0.14 ) 3.57 ( 013 )
LACTOSE 5,09 ( 0.03 ) 5604 ( 0.05 )

FAT 5«43 ( 0.39 ) 5¢23 ( 0.25 )

I1I PROTSIN 3.62 (0,15 ) 3.57 ( 0.11 )
LACTOSE 5.08 (.0.05 ) 503 ( 0.09 )

FAT 547 ( 0.25 ) 5«17 ( 0.27 )

Iv PROTEIN 3.81 ( 0.15) 3.65 ( 0.14 )
LACTOSE 5.04 ( 0.06) 5001 (20407 )

PAT Sedl ( 0439 ) 5«61 ( 0.28 )

v PROTEIN 3.96 ( 0,17 ) 3.96 ( 0.20 )
LACTOSE 5,08 5.02 ( 0,08 )

( 0.04 )

L sw'm of means
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Changes in the percentages of the milk components during
the experimental periods (Periods II, III and IV) were examined by
analysis of variance using the model described in Section 3.3.3.5- A.
None of milk components (fat, protein and lactose percentages)
showed significant differences among treatments, periods and
Treatment x Period interaction between cows fed pasture and Millet
(Appendix 29,) As in the three analyses, residual terms accounted
for all observed variation (see Appendix 29.), further analysis
of covariance were made using mean milk components in Period I
(Preliminary Period) as the concomitant variable. The model used
wvas the same as described in Section 3.3.3.3. - A. Previous
analyses of variance ( 1 way model) during Period I for the three
milk components (fat, protein and lactose percentages) showed no
significant ( P 20,10 ) differences for the three analyses
(Appendix 30.) due to the differences between the treatment groups.
Analyses of covariance (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
observed with butterfat ¥ and none of the three components showed
a significant Treatment x Period interaction.

The use of the regression term reduced within treatment
variation by 92.70 %, 93.80 % and 73.07 ¥ for fat, protein and
lactose percentages. Although the Treatment x Period interactions
were not significant, a 2 way comparisen of adjusted means were
made in the three milk components (Appendix 31.). Only Protein ¥
in the pasture treatment showed differences between periods means;
Period IV was higher significant ( PL 0,05 ) thaen Period III and II.

Analyses of the percentages ef the milk components within
Periods (II, III, IV and V ) were first analysed by analyses of
variance (the model used was the same as described for milk yield -
Section 3.3.3.3. - A.). It was found that fat, protein and lactose
percentage, during the 4 periods, were not significantly ( P> 0.10 )
different (Appendix 32.). As in all cases the residual term '
accounted for all the observed variation, an analysis of covariance
was computed for each milk component (model used was described in
Section 3.3.3.3. - A.). Results from analyses of covariances are
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presented in Appendix 32. and are summarized on Fig. 3.24. The
butterfat ¥ in the Millet group during Period IV was 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

DISCUSSION

.1, Discussion of Methods Used.

e Tete Experimental Design.

Indoor experiments with dairy cows can be made with changeover
designs (Holmes et al., 1960; Castle et al., 1960); however under
grazing conditions such designs are less satisfactory, particularly
because pasture composition and nutritive value are changing as the
experimental progresses and there may be period x treatment interactions.
Under this situation, if changeover designs are used these interactions
can be confused with the effect of other variables (Greenhalgh, 1966).
Under grazing conditions, analysis of covariance provides a satisfactory
technique in that variation associated with differences between animals
before the experiment started can be eliminated. Data from the
Preliminary Period which are covariates in the analysis of experimental
periods, are used as correction factors. In the present experiment,
observations of live weight, milk wvield and composition were used as
covariables; in this form variance residual to the treatment effect

was reduced by an average of 95%.

When results are analyzed by covariance, the main limitation
of the design is the difficulty of eliminating carry-over effects, but
if individual periods are analyzed separately and the previous adjusted
mean period data used as the covariables, individual period effects can
be detected. However, since as in the present experiment, herbage
effects were of interest throughout the whole experiment, carry-over
effects are considered as real factors which are occurring under
practical conditions and so were analyzed within treatment effects as
a whole.

In the present experiment, although covariance analysis was
used and then differences before experimental periods started were
eliminated, the effect of stage of lactation can be suggested as inter-
fering with the results, particularly on those of milk production.

As the latter effect appears to be particularly highly related with the
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treatment effect, in most cases differences between treatments were

non significant.
k,1.2. Voluntary Intake Measurement.

Voluntary intakes of grazing cows were measured by means of
an indirect method (see Section 2.5) which employs an indigestible
marker (Cr203) to measure faecal output, Cr203 was used since it has
all the requirements for a tracer to be used sztisfactorily as described

by Raymond and Minson (1355) in their review.

As the irregular excretion pattern associated with Cr203
administration precludes the sampling of faeces to be truly representa-
tive of the mean Crao3 concentration over the period, two techniques
were used to collect faeces from grazing cattle: ‘'grab' and 'sward'
samples, and their values compared. As indicated in Section 3.7. and
2e3¢3+24, voluntary intake measured by means of 'sward' sampling gave
a higher value than that from 'grab' sampling (Table 3.8.). Raymond
and Minson (1955) comparing 'sward' sampling with total faecal collec-
tion found that the total faecal output estimated from 'sward' samples
gave on average an estimation 4.6% higher than that obtained by 'bag!
collection, Greenhalgh (1966) comparing the total faecal output
measured by 'grab' and 'sward' sampling found that the latter gave a
value £,0% higher than those from 'grab' sampling. In Greenhalgh's
experiment as in the present study, 'sward' sampling corresponded 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 than the former, which indicated a value a little higher than
that rerorted by Greenhalgh (1966). However Lambourne (1957 b)
working with sheep, pointed out that up to 10% differences were present
when faeces samples from a group of sheep were bulked together. In
Fig. 3.17 and Appendix 13., two single regressions for pasture and
Japanese Millet between D.0.M. Intakes measured by 'grab' and 'sward'
sampling were computed and a common regression for both herbages was
also presented. As the analysis of regression slopes (Appendix 14.)
showed non-significant departure from parallelism (P ) 0.10), the

common regression (see Fig. 17) with a coefficient of correlation of
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T = 0.8899 (n = 8) describes the relationship between estimates using

the two techniques. It is observed (Appendix 13.) that in the case

of cows fed on pasture, there was a higher C? = 0.9481) correlation
between 'grab' and 'sward' techniques than those cows fed on Japanese
Millet (¥ = 0.5993). The later value appears not to be representative
since only 3 points were used to compute the correlation coefficient.
However when all values, either from pasture or Japanese Millet, were

computed together a higher correlation was obtained as indicated above.

When intake is measured by means of 'grab' sampling, it
includes within and between day variation, since the individual period
- cow mean intake is expressed by the average of two faecal samples
per day along the experimental period. However when intake is
measured by means of 'sward' sampling not only daily variation but
also cow variation is included since faeces for all the experimental
group are bulked together, Lambourne (1957 b) indicated that a sheep
may show variations of at least 30 - 50 # in faecal outpgut between
successive 2 or 3 day reriods, thus a similar variation can be assumed
between a group of sheep. In order tc minimise that source of error,
animal faeces samples may be collected and analysed separately.
However with 'sward' sampling within day variation is controlled by
the fact that all the 'pats' excreted during the day are sampled
(Langland et al., 1963; Raymond and Minson, 1955; Minson et al.,

1960). If a cow has a bigger or smaller Cr excretion, this varia=-

B
tion would affect all the cows from the grou;s? since 'sward' sampling
technique used in this experiment did not differentiate between
individual cow's 'pats', On the other hand, when 'grab' samples are
used, this irregular CraO3 excretion would only affect that particular
cow, and hence there is less variability. Using coloured polystyrene
particles (Raymond and Minson, 1955; Minson et al., 1960; Corbett,
1960; Moule, 1965) 'pats' for each cow could be identified and then
cow variation could be controlled. Because of practical circum-
stances, in this experiment these colour markers were not used. Also
using a large number of animals over a sufficiently long time period,
it seems that fluctuations in the excretion of Crzo3 could be reduced

(Linkous et al., 1954).

Although it is evident that the 'sward' technigue 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 regcorts (Moule, 1965; Corbett et al.,
1960; Langlands et al., 1963 b) which indicated that 'sward' sampling
is not as practical a method as 'grab' sampling. 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 alsc 'pat!
identification was not carried out; all these factors seem to be the
reason why 'sward' sampling would appear to be a simpler technique to

use.

In the following discussion, only results obtained by ‘'grab'

sanpling will be used, since they appear to be more reliable.

Values of cow's voluntary intakes reported in Fig. 3.16 and
Fig. 3.78 seem to be higher than those generally reported (e.g.
Corbett, 19693 Greenhalgh, 1970); several reasons could be suggested
to explain this. Cows in the experiment were at a stage of lactation
where intake was presumably at the hirhest value (Hutton, 1963).
However it appears that errors introduced in the indirect method used
to estimate intake were among the principal factors affecting this high

intake value.

The accuracy of faecal output estimates will depend princi-
pally on two factors: per cent Crao3 recovery in faeces and the need
for the faecal sample to be representative of the total faecal output.
One of the major problems with the Crao3 marker is that it does not
mix uniformly with the feed eaten and is thus not mixed uniformly in
the excreted faeces. Using powder crzo3 it was found that faecal
output of an individual sheep may be estimated with a coefficient of
variation of 12% (Lambourne and Reardon, 1963 a). A value of 10% was
reported using cattle (Lancaster et al., 1953). Other investigations
revealed similar coefficients of variation (Raymond and Minson, 1955%
Smith and Reid, 1955; Wallace, 1956; Moule, 1965; Pigden and Brisson,
1957; Coop and Hill, 1962). However Corbett (1960) suggested that
the coefficient of variation can be reduced to 5% if paper Cr_ 0, is

-
used rather than powder Cr203.
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Several authors have reported a diurnal variation in Cr203
excretion in the faeces (Coup, 1950; Kane et al., 1952; Hardison and
Reid, 1953; Lancaster gj_gi,. 1953; HMahaffey et al., 19543 Corbett
et al., 1958, 1959, 1960; Smith and Reid, 1955). Then when faeces
samples are taken it could therefore lead tc an under- or over=-
estimation of the Cr203 concentration of the total faecal output.
Lambourne (1957 a) pointed out that the major factor relating to the
irregularity in the excretion pattern is the rate of passage of the
digesta and hence marker concentration through the digestive system.
Corbett et al., (1359) pointed out that this variable marker excretion
arises mainly from uneven clearance from the stomach, particularly the
reticulo~-rumen. Of the principal factors affecting diurnal variation

of Cr'203 excretion, the followings can be indicated:

(a) Frequency of feeding (Mahaffey et al., 1954; Moore, 1959;
Bloom et al., 1357).

(b) The level of feed intake (Raymond and Minson, 1955; Lambourne,
1957 a; Raymond et al., 1953; Lambourne and Reardon, 1363 aj

Stevenson, 1962).

(¢) Time of feeding (Kene et al., 1950; Linkous et al., 1954;
Hardison and Reid, 1953).

(d) Time of marker administration (Raymond and Minson, 1955).

(e) Frequency of administration (Kane, et al., 1952; Hardison and
Reid, 1953; Lambourne and Reardon, 1963 aj; Bloom et al., 19573
Brisson et al., 1957; Lambourne 1957 b; Cordett, 1958, 1960;
Pigden and Brisson, 1957).

(f) Method of marker administration (Corbett et al., 1958, 1959, 1960;
Mahaffey et al., 1954; Raymond and Minson, 1955; Corbett and
Greenhalgh, 1958; Langlands et al., 1963 a, b).

(g) Time of faeces sampling (Hardison and Reid, 1953; Lancaster et
al., 1953; Smith and Reid, 1955; Brisson, 1960; Corbett, 1960).

(h) The quality and physical state of the feed (Lambourne, 1957a).

(i) Whether the animals are grazing or stall fed (Hardison and Reid,
1953; Raymond and Minson, 1955).
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Under grazing situations, such as in the present experiment only some
of these factors were controlled and then it appecars that Crzo3 recov=-
eries in the faeces were less than 100%.

Generally, powder Cr,0, is used in the form of an oil suspen=-
sion. However a slow and more regular release of Cr203 was obtained

by incor; orating the Cr as sheets encased in gelatin capsules,

0
shredded paper or as peilzts (Corbett and Greenhalgh, 1958; Corbett
et al., 1960; Langlands et al., 1963; Pigden and Brisson, 1957).
Dosing Cr_ 0, gelatine capsules in oil suspension causes an uneven
mixing ofwthe Cr203 in the digesta due to the sudden release of large
doses into the alimentary tract. However using the slow release
carriers, such as the above mentioned, the variability of diurnal
excretion is reduced and so lowers the level of errors occurring when
an oil suspension is administered by gelatin capsule. In the present
experiment the powder Cr205 was administered in the commerical form
(no oil suspension) and then it is presumed that biggzer errors than

those produced using oil suspension have been made.

Other possible causes could be mentioned which produce a low

recovery of Cr in the faeces such as regurgitation of gelatine

0
caosules (Gorbitz et al., 1960), absorbtion or retention of the marker
in the digestive tract (Deinum et al., 1963; Moore, 1959), or failure
to obtain representative faecal sampling. 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, 1951; Coop and Hill, 1962).
Bulking faecal samples can introduce a bias of as much as 5 to 10 %
in marker concentration (Lambourne, 1957 b, Lancaster et al., 1953)
and ashing of faeces (Stevenson, 1962) are suggested as further causes
of a low recovery of Craoj.

Small errors in digestibility analyses can affect, in a
bigger manner, the calculation of intake. Lancaster (1950) suggested
that the error introduced into calculations of intake by using
digestibility data obtained on the basis of 2 or 3 stall fed animals,
can be of the order of =5 %. Corbett (1969) indicated that an error
of 5 units in estimated digestibility would give a bias of 20% or

more in the estimated intake.

Taking into account all the above factors it appears that the
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relatively high voluntary intakes found in the present experiment could
be explained. Since these high values occurred for both types of
herbage, it seems likely that the sources of error were common to both
so that comparisons between the feeds for nutritive evaluation, is
probably still valid.

bels3e Apparent Digestibility Hethod.

Digestibility trlals were made with the aim of characterizing
herbage values and also as a requirement for estimate voluntary 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 material which can be accounted for by the methods used here
(Greenhalgh et al., 1960; Aaon, 1361). However since digestibility
studies were made with sheep, it appears that digestibility data
obtained in this way might be used with some reservations: (1) the
effect of animal selectivity; (2) differences in level of intake
between lactating cows and sheep; (3) differences in animal species
affecting digestibility. For a long time the selectivity exercised by
grazing animals has been recognized. This selectivity leads to the
consumption of more leaves than stem materials which produces a higher
digestibility of the feed eaten 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 opportunity forselection occurs when plant growth
is most rapid. Norman and Phillips (1968) indicated that beef cattle
grazing Bulrush Millet in the mature or semi-mature stage showed a
preference for those plant fractions with a high content of 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 conditionms.
When the pasture included a large proportion of new growth, differences
in digestibility between grazing and stall fed animals could be only
slightly higher for the former (Fels et al., 1959)., This complication
could have occurred in the present study when cows were grasing the
pasture during Period IV and V. However when the opportunity for
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selection is large, such as in the case of Japanese Millet, Taylor and
Deriaz (1963) nointed out that differences in digestibility can be as
high as 15 units or more. Information from the present experiment
indicated that even stall fed sheep showed an appreciable selectivity
of the feed offered. During those Periods where either pasture (e.g.
Period II) or 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 the highest maturity among pastures used, sheep
selected material which was 5.2% lower in crude fibre and 3.75% higher
in crude protein compared with the total material offered. Differences
of 4.0% in crude fibre content between Japanese Millet offered and

consumed were found in Periods III and IV.

Following from the above results, it seems that the chemical
compositicn and digestibility data from clipped herbage is not an
adequate index of the herbagesslected by grazing animals. In order to
overcome this problem, techniques other than clipping might be used to
avoid pasture selecticon. Oesophageal sampling technigues and in vitro
digestibility appear as reasonable methods by which pastures 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., 19593 Ivins, 1960).
However Hutton (1962) working with cows receiving pasture ad. 1ib. 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 herbage ad. lib., it appears that no differences can
originate in this way.

Watson et al., (1948) summarized numerous digestibility
trials made with different animal species and they concluded that
steers can digest herbage to a greater extent than sheep, however the
differences were not statistically significant., However Cipolloni
et al., (1951) indicated that digestibility values vary between sheep
and cattle.
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4,2, Discussion of Experimental Results

k,2.1. Japanese Millet Production.

L,2,1,2., Japanese Millet yields.

Japanese Millet could be an important herbage crcp in the
future, particularly for dairy cattle because it produces forage of
reasonably high nutritive value in a relatively short time. The
present work has shown that Japanese Millet can provide a high yield of
forage as a summer crop during Pecember, January and February when per-
manent pastures tend to be less productive, particularly in those years

when drcughts are prevalent.

The yield of dry matter increased with maturity. The highest
yield for first growth was obtained at 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 suitable for grazing purposes because of poor herbage
quality and poor crop utilization. Beggz (1965) working with Bulrush
Millet (Pemnisetum 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

light interception and floral initiation. Alsoc Broyles and Fribourg
(1959) and Mays and Washko (1961) found that Pearl Millet (Pennisetum
glaucum) produced the highest yield when the plants were allowed to
reach maturity. During first growth it required 56 days after sowing
to reach the pre bloom stage. However during regrowth this stage was
reached only 21 days after the crop was cut. During the first growth,
each stage of growth had a length of 2 weeks while regrowth the length
was only one week (see Fig. 3.1). Also at the same stage of maturity,
regrowth plants were shorter than the first growth. A similar pattern
was observed by Begg (1965) and Nanda et al., (1957 a, b) working with
Millet; vegetative stage of regrowth was shorter than that of first
growth. The latter authors, working with 6 types of Millet, found a
progressive shortening of the vegetative period with a delay from the
time of sowing.
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A presumption can then be made with regard to the above
observations. The faster maturity of regrowth appears to be a con-
sequence of climatic effects on the crop. This presumption is based
on the fact that 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 photopericdicity and not to time of sowing. Plants sown
between December to the first week of February showed that all became
floral in the last week of February. From the observations made on
Japanese Millet in this study, first growth and regrowth flowered at
the same time (i.e. mid-February) which are nighly suggestive of
climatic conditions prevalent during this time of the season having an
effect on flowering. Begg's (1966) investigation with the phytotron
indicated that Bulrush Millet flowered at less than 12.5 hrs. of
photoperiodicity; and he found that plants exposed to 16 hours of light
were still vegetative 55 weeks after sowing. These results showed that
the Millet investigated by Begg (1966) was in fact a short-day plant,
and that under Australian conditions, sowing at the end of September,
the subsequent plants would remain vegetative until the following
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 information is about Bulrush Millet, there

is 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. ¥hen cutting was made
below this meristem height, all shoots grew again. However when
cutting was made during the period when apical meristem increased due
to internode elongation this resulted in poor plant recovery by the
fact that some proportion of shoot apices were removed by defoliation.
Begg (1965) indicated that Bulrush Millet is very susceptible to de-
foliation once active internode elongation has commenced in the primary
shoot and tillers. It must be pointed out that in the present experi-
ment, Japanese Millet regrowth was satisfactory simply because the
apical meristem was below the cutting height at the time of cutting.

Fig. 3.3 shows a positive correlation (¥ = 0.9987) between
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height and dry matter yields of Japanese Millet. This could be of
practical significance from the farmer's point of view because he could
evaluate the cron production by the height of the plant. This would
aid in deciding the time of cutting. Care however should be exercised
in the use of this generalization for the following reasscns: height

is related to stage of growth and there are differences in dry matter
yileld at the same stage of growth. Genetical studies of Burton (1951),
Shankar et al., (1963) and Vokhriyal et al., (1967) with Pennisetum
typhoides have shown that hipgh yielding plants tend to have more stems
which are wider and larger, wider leaves, taller p»lants and heavier
straw weight than less productive pnlants. A significant positive

correlation (+0.34) was observed between yvield and plant height.

During first growth of Japanese Millet, height increased
until the 10th week after sowing and then remained static until the 12th
week. Burton et al., (1969) working with two varieties of Pennisetum
typhoides found the same relationship existed; but observed a decrease
in height during the following 2 weeks after the 12th week. tesults
contrary to the above were obtained by Bezg (1965). This showed
that the same Millet species exibited 2 continuous heigit increase
from the time of emergence until the 16th week. However Japanese
Millet results are in accord with those of Begg (1965) in that the plant
height at the 10th week was approximately the same (130 cm).

DPaily gains in terms of dry matter yield of Japanese Millet
seemed to depend on several factors: increase in height, dry matter
content, interrode length, width and length and number of stems and
leaves (Begg, 1965; Burton, 1951; Shankar et al., 1963; FPokhriyal
et al., 1967). During the first growth, the highest gain of 853 kg
dry matter per hectare per day was obtained during the last week (12th
week). This value can be considered as being high since perennial
pastures under temperate conditions have been shown to approach 200 kg
increases in dry matter per hectare and per day (Corbett, 1969). Begg
(1965) working with Pennisetum typhoides obtained a yield of 440 kg dry
matter per hectare per day with a standard error of 40 at the peak
growth rate which was at the 9th week after emergence. This gain was
only 48% of the potential yield of 920 kg dry matter per hectare per
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day that the crop could have yielded under the climatic conditions studied.
When comparing Begg's results with those in the present experiment an
important difference seems to arise. Whereas Begg found the highest
growth rate occurred during the vegetative stage, in the present study

with Japanese Millet, maximum growth rate was obtained at an advanced
stage of maturity. It appears as if this difference arises from

species differences not ruling out that differences could have existed

in other factors such as soil type and environmental conditions.

Although tiller counts were not made, visual observations of
regrowth and first growth of Japanese Millet suggested that the stand
thickened following the first harvest as a result of increases in

tiller number.

A comparison of production was made between first growth and
regrowth of Japanese Millet at the same stage of growth and also on the
same day. Results showed that first growtih produced nearly double
(479 kg dry atter/Ha/day) the dry matter produced by the regrowth
(250 kg dry matter/Ha/day). The conditions (stage of growth and
environmental) under which this comparison was made are the same.

Consequently it may be reasonable tc state that this comparison is valid.

In sampling Japanese Millet precautions were taken to keep all
variables constant (see section 2.2.2.). In Appendix 1. are presented
the coefficients of variation of sampling., The smaller coefficient
obviously shows that little variation was found in the first growth
and therefore crop uniformity. In contrast, the picture was different
for the regrowth stage. During the early regrowth there was less
uniformity in plant growth as evidenced by the larger coefficient of
variation which subsequently decreased as the plants matured and attained
uniformity. Non uniform plant growth at the early stage of regrowth
cannot be adequately explained, however it appears as if drought condi-
tions had a greater effect on the early sprouts than at the later
stage of maturity.

Yields of crude protein expressed as kg per hectare showed
similar values at the 10th week (1063 kg) and 12th week (1072 kg) with
a slight decline in between (Fig. 3.6.). The highest yield of crude
protein (761 kg) for regrowth was however obtained in the 5th week after
cutting. But on the basis of the maturity index, the highest yield of
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crude protein was obtained at the same stage of growth (early bloom)
both on first growth and regrowth. Therefore it can be suggested that
this index is a satisfactory practical guide in assessing the yield of

crude protein of Japanese Millet.

The curve of protein yield for first growth and regrowth
(Fig. 3.4.) followed a different pattern to that of dry matter yield
shown in Fige. 3.1, since dry matter content and crude protein content
have a negative relationship with plant maturity, it is not possible to
obtain high yields of both at the same sta e of growth. The decision
of time of cutting will depend on whether one decides a high yield of
dry matter or crude protein is desirable. Where crude protein is
concerned the maturity index could be suitably applied as indicated
above. Japanese Millet does not deviate from other herbage in protein
gquality in early growth. The average yield of crude protein of Bulrush
Millet from 16 trials was shown to be 769 kg/Ha. with the maximum value
of 1337 kg/Ha. (Norman and 3egs, 1963). The same authors obtained the
lowest yield during February when the rainfall was low and when nitrogen
uptake by the plant was at its maximum. It appears as if the low rain-
fall prevalent during their triasl had in fact affected nitrogen uptake
by the plant, despite the ability of the plant root to penetrate deep
into the soil as shown by Norman (1966). Beg: (1965) had recorded peak
yields of 1398 kg crude protein per hectare from the 9th week after

emergence and continuing for 7 more weeks at the same level.

Fig. 3.5. shows crude protein gain per day per hectare.
Negative values during pre-and mid-bloom in the first growth and mid-
bloom in the regrowth in fact showed no gains in crude protein. It
might be suggested that a high utilization or translocation of crude
protein by or to other parts of the plant such as the root system parti-
cularly in the mid-bloom stage might be a contributory cause. This
effect was found to be bigger in the regrowth than in the first growth
stage and may be as a consequence of a lower aerial to root ratio in the
regrowth stage which had a bigger crude protein requirement.

Among factors which controlled growth of Japanese Millet in
the present study, two can be suggested as being important: water supply
and insect attack.



122

Experimental evidence obtained by Faires et al., (1941); Arny
et al., (1946); Mays and Washko (1961); Jung and Reid (1966); Henkel
(1961)3 Lahiri and Kharabanda (1965) and Lahiri and Kuman (1966) (see
section 1.3) show conclusively that, on average, dry matter yield of
Millet was reduced by 50% as a result of drought conditions. Obviously
low rainfall and high ambient temperatures 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 were 58 mm (2.26 in) and 54 mm (2.22 in) below the 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.
3.17. and Tig. 3.5. do however suggest substantially poor yields between
8th and 9th week of first growth and alsoc in the 2nd and 3rd week of
regrowth. Ia all probability this must have been due to a reduction in
the gain in dry matter during these periods. Table 2.3. indicates a
low rainfall during this periocd. These results are in accord with those
of the above authors and particularly with those of Henkel (1961) who
reported that the maximum effect of drought was during the formation of
generative organs, A salient feature of first growth and regrowth of
Japanese lMillet was a reduction in dry matter yield at the flowering
stage as reported by Henkel (loc. cit.).

Plants of both first growth and regrowth of Japanese Millet
were attacked by army-worm (Pseudaletia aegnrata) as mentioned in
section 2.2.2.2. Although evidence presented by Broyles and Fribourg
(1959), Hart (1958), Anlrich et al., (1967), Johnson (1968), Hawkins
et al., (1958) that different Millet species were resistant to insect
attack, it appears that in the present experiment a decrease in crop
yield occurred as a result of army-worm attack. It must be pointed
out that effective worm control would result in higher crop yield.

However under the present circumstances chemicals could not be used as a
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result of dairy cattle grazing the crop.
k,2,1.2, Japanese Millet chemical composition

Burns and Wedin (1964), Rusoff et al., (1961) and Sullivan
(1561) showed that the nutritive value of summer pasture, measured by
its chemical composition declined with age of the plant. Japanese
Millet does not deviate from other perennial grass species in this
property and Fig. 3.2. illustrates the latest statement. Curves of
crude protein, ether extract and soluble carbohydrate content showed a
decrease in trend while crude fibre and dry matter an increase.
These are in agreement with results of most authors mentioned above in
the review (Section 1.5.).

From chemical analysis it could be seen that chemical compo-
sition of pre bloom stage of the first growth and early bloom of re-
growth is the same, although the dry matter yield was higher during the
first growth as menticned earlier, It is apparent that the biggest
yield of preen matter of the same nutritive value could therefore be

obtained in the first growth rather than during regrowth.

hereas the first growth showed a steady increase in the dry
matter content during the whole sampling period (4th to 12th week), re-
growth showed variations as evidenced by the relatively high decrease in
dry matter content at the 4th week after cutting (see Fig. 3.2.). A
reasonable suggestion to make regarding this variation in regrowth could
be on the basis of the water condensation on the plant surface, since
samplings were made earlier in the morning. Regrowth plants being less
dense in foliage (as shown by lower dry matter yields) compared with the
first growth, the condensation of water on the whole plant would have
been greater. There is a possibility that the greater water content
might have had an effect on dry matter determinations.

There are significant variations in the crude protein content
of pasture herbage. For example Johns (1955 a) gave values in excess
of 30% of crude protein on dry matter basis for temperate pastures, while
Harvey (1952) and Milford (1960 a) found values as low as 3% in tropical
pastures, The low value observed in the early leaf stage of Japanese
Millet regrowth (see Fig. 3.2.) can be accounted for by the amount of
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dead material accumulated at the base of the »nlant. This coincides with
the apparently high crude fibre content at the same stage of growth.

The crude protein content did not seem to vary during immature stages of
either first growth and regrowth. However variation occurred during
the pre bloom, early bloom and mid bloom stages, the highest values
being recorded in the regrowth stage. It appears as if an increase in
utilization of available nitrogen with plant maturity particularly in
the regrowth stage gave rise to this variation. Phillips et al., (1954)
comparing early and late maturing species at the same stage of maturity
found a higher crude protein content in the early maturing ones, On
this basis of comparison, the crude protein content of the regrowth was
higher than in the first growth simply because regrowth matures faster.
Marshall et al., (1953) working with Pearl Millet found that the crude
protein content 33 days after planting was 23.4%, while Japanese Millet
in the present experiment at the same time was 22.3% and so agreed with

that of Marshall et al. (loc. cit.). THowever crude protein content

during the second week of regrowth of Japanese Millet was lower than
that obtained by Marshall et al., (loc.cit.). Dawson et al., (1940)
however were of the opinion that the dav of growth was indeed not a good

measure of stage of maturity, at least from the point of view of crude
vrotein content. The total crude protein yield for regrowth was higher
than for first growth (see Fig. 3.3.) despite a low dry matter yield but
a higher crude protein content. Begg (1965) and Mays and Washko (1961)
working with Bulrush Millet and Fearl Millet respectively have shown
that the crude protein content 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 leaf to stem ratio decreased. Although
in the present study, no measurement of leaf to stem ratio and separate
chemical analyses on leaves and stems were made, it was presumed that
the decline in crude protein content with maturity was due to a lower
leaf to stem ratio and therefore a decline in the total crude protein
content. This presumption was made on the evidence of the above authors
and it could be reasonable to state that it did occur in the present
experiment.

The status of crude fibre content with regard to plant maturity
was mentioned in the section where crude 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. Mays and Washko (1961) showed this relation-
ship with Millet and demonstrated that this increase in crude fibre was
in fact due to a greater crude fibre content in the stem and to a lower
leaf to stem ratio. It is reasonable to assume that Japanese Millet
does not differ from other species in this respect. The crude fibre
content in the first growth during early leaf, immature, pre bloom and
early bloom stages was higher than regrowth, while the crude protein
content followed an opposite trend. This reciprocal relationship
whieh was found in other species of Millet, is also true for Japanese
Millet. "hillips et al., (1954) observations or crude protein content
and plant maturity relatiouships with temperate vastures applies to
Jaranese Millet when we consider maturity rate. Since in the present
study regrowth natured faster than the first growth the crude fibre
content was low and crude protein content higher than first growth.
Conseyuently observations made on Japanese Millet can be explained in the
light of those of Phillips et al., (1954) and then it was necessary

to take the differentiel maturity rate of regrowth and first growth of

Japanese Millet into consideration.

The soluble carbohydrate content of Japanese Millet throughout
the experimental period is shown in Fig. 3.2. There was an increase 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 experimental week (12th). Soluble
carbohydrate content of regrowth was lower than first growth and showed
a diphasic pattern throughout the whole period. Waite and Boyd (1953)
have indicated that the proportion of scluble carbohydrate in herbage
rises to a peak during early growth and then falls as the flower develops
at the growing point and as reserve carbohydrates form in the seed.
Weinmann (1952) showed that the seasonal variation of soluble carbohy-
drates is essentially the same for all perennial grasses. It coulﬁ
however be changed by climatic conditions and by growth behaviour of
species, Referring back to Fig. 3.,2., the increase 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 carbohydrate to
other parts of the plant presumably to the root system as found by
#einmann (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 increase observed in both growths of Japanese Millet at the
highest stage of maturity was presumably due to mobilization of nutrients
for seed formation (¥einmann, 1952). OCrganic reserves, particularly
carbohydrate, are described as being essential for plant life and for
nlant regeneration. Where regeneration is concerned Weinmann (1352)
has shown the importance of stored reserves. The carbohydrate content
of the aerial part of grasses decreased with ste: formation, conseguent
to an increase in growth rate and concurrent with synthesis of more
complex polysacharides from photosynthetic material. Present cbserva-
tions with Japanese Millet tend to show the possibility of stored
reserves during first growth governing the regrowth stage zas evidenced

by regrowth characteristics.

Ether extract content decreased linearly as the plants matured
in both first growth and regrowth stages (Fig. 3.2.). These results

conform with the findings of other investigations (see Section 1.5.).

The present experiment is an attempt to obtain a reasonable
body of data that could be usefully applied to assessing the nutritive
value of Japanese Millet without the use of animal trials. Parameters
such as dry matter and crude protein yield, growth rate and chemical
composition give a good index with regard to the nutritive value of
Japanese Millet as the crop matured. Burton et al., (1969) working
with Bulrush Millet have also suggested the applicability of these
parameters to obtain a reasonable assessment of herbage quality. This
suggestion has been made on the basis of excellent relationships between
animal performance (voluntary intake, liveweight gain) and the parameter
mentioned above.

Irn connection with Japanese Millet production, since the crop
is prcduced to be consumed by livestock, herbage utilization arises as
an important factor. Hardison et al., (1954) and Weston (1959)
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found a better utilization of pasture when grazed at an early stage than
at late stage of maturity. Similar trends were observed in the present

experiment with Japanese Millet. Apparently such a situation could arise
consequent to the selective grazing habit of animals as mentioned before.

Re2ads Feed Characteristics.

4.,2.2.1. Chemical composition.

The conduct of animal trials to establish the feeding value of
forages is time consuming and expensive. Many workers have attempted to
derive relationships for the prediction of nutritive criteria from chemi~
cal composition of the forage. In the present study it was 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-
ics described with animal experiments to the stage where only chemical

information was required.

Changes in cheamical composition of Japanese Millet during the
animal experiments are described in Fig. 3.6. and Appendix 3. where
values are very similar to those reported in Fig. 3.2. and Appendix 2.,
during the same stage of growth. However some small differences are
obvious since first growth and regrowth 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 is a better estimation since it took into
account day to day variation. Changes in chemical composition of
Japanese Millet as the plant matured were discussed in section 4.2.1.

Changes in chemical composition of pasture are described in

Fig. 3.6. and Appendix 3. Considering the chemical composition of each
pasture paddock separately, it is observed that these changes followed
the normal pattern as discussed in section 1.5. Pasture at early stages
of growth such as those used during Period IV and V contain the highest
contents of crude protein and the lowest content of crude fibre. Pasture
during Period II had a relatively high crude protein content due to a
larger proportion of clover, however the graminaes were nearly all at the
seed stage. This high proportion of clover resulted in a content of
crude fibre which was lower than Period I and III despite visual observa-
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tions indicating a lower pasture quality in Period II. Data from Hutton
(1961) and Davey (1964) on the chemical composition of mixed pasture during
summer could be used for comparative purposes. It appears that the data
from Hutton are more useful since chemical composition was obtained during
periods of equivalent length of those used in the present study. 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 (1964). 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 (1961). During the following three Periods (III, IV and V)
pasture in the present experiment had a higher nutritive value (measured by
chemical composition) than that reported by Hutton (1961). In the later
case it can be suggested that the use of irrigation was the cause of this
improvement.

From the later comparison, it appears that the pasture had a
lower nutritive value than those reported by Hutton (1961) 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 result obtained here might not be

typical of comparisons based on non-irrigated pasture.

h.E.E.Z. A.pparent digestibility.

Some aspects of digestibility studies have been discussed in
section 4.1.3. Digestibility coefficients as in Table 3.1. and Fig.
3.7+ seem valuable in estimating the general effect of maturity on the
nutritive value of the herbage, particularly Japanese Millet since it
was sampled at different stages of growth. As mentioned before,
pasture maturity changes are not so evident, since different stands of
pasture at different stage of maturity were used. Since digestibility
of herbage deternines its potential feeding value for the ruminant
(Armstrong, 1964; Wilson and McCarrick, 1966) it is important to know
the changes occurring with advancing herbage maturity. Among single
factors, Armstrong (1964) and Waite (1963) pointed out that digestibi-
lity is the most important determinant of herbage nutritive value.

Organic matter digestibility of Japanese Millet decreased from
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70.7% (Period II) to 62.4% (Period IV), falling at the rate of 0.87 per-
centage units per day. Similar changes in the digestibility of dry
matter, crude protein and crude fibre were 0.89, 0.89 and 0.37 percentage
units per day respectively. These rapid decreases in digestibility are
typical of tropical herbages as they are adapted to a short growing season
(Corbett 1969); e.g. early vegetative growth from tropical grasses can
have a relatively high digestibility (e.g. 75%) and contain from 15 to 20%
of crude protein, but as soon as flowering started there is a rapid dec-
line in gquality. This observation can be applied to the Japanese Millet
since the crop was starting to flower when it was used for the animal
experiments.

Studying temperate pasture, Wilson and McCarrick (1967) indi-
cated that the dry matter digestibility decreased by a range of 0.39
to 0.46 percentage units per day, the highest rate occurring at an
advanced 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 increasing maturity of forage has also
been reported by Minson et al., (1960, 1964); Pritchard et al., (1963).

Variation in leaf to stem ratios and in the crude fibre and
lignin distribution between these parts of Japanese Millet plant could
cause variation in digestibility (French 1957; Milford and Minson, 1966).
The latter authors indicated that this effect is more obvious in tropieal
fodders where, despite the high crude fibre content, this fraction is more
digestible than in temperate pasture. It was also found that stems of
immature grasses tend to be more digestible than leaves, but the digesti-
bility declines with advancing maturity more rapidly than for leaves
(Lambourne and Reardon, 1962; Pritchard et al., 1963; Terry and Tilley,
1964). Butterworth (1967) working with tropical grasses indicated that
digestibility can fall with advancing maturity to values so low that the
animals are unable to maintain their body weight though abundant feed may
be available. French (1946) has indicated that lignification of the fibre
in summer crop occurs at a more rapid rate about the time of flowering or
emergence of the flower bud, and it was considered important to cut and
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feed the crop before any marked lignification of the fibre had made it
less digestible. The negative association of digestibility with lignin
or fibre content is well established and easy 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 could be inhibited by any factor that
depresses micro-flora activity in the rumen. This can include excessive
lignification of the forage as a result of maturation, and partial
starvation of flora from nitrogen and/or specific mineral deficiency. A4s
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 this parameter declines with advancing stages of
growth based 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 variation for Japanese Millet was obtained in crude fibre digesti-
bility during Period IV (9.80%) and that for pasture was also on crude
fibre digestibility but during Period II (17.04%). The latter high
value was also accompanied by high coefficients of variation for dry
matter, organic matter and crude protein digestibility. It seems that
these highest values were a consequence of graminaes during Period II
being at the most mature stage of growth compared with other periods.
Taking into account the average coefficient of variation for the 5
Periods for each digestibility coefficient, it is observed that all
indices other than crude fibre had a similar variation (1.94%, 1.62%
and 1.77% for dry matter, organic matter and crude protein respectively).
Forbes et al., (1946) reported a coefficient of variation of 1.9%
resulting from animal variation in digestibility; a higher value
(3.0%) was indicated by Minson et al., (1964). However Minson and
Milford (1963) noted that for those pastures low in protein it is
possible to obtain a coefficient of variation as high as 30%.
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The latter report could be applied to try to explain the high coeffi-
cient for Japanese Millet during Period IV which had a relatively low
content of crude protein (2.81%4); however it does not explain the high
coeficient found on pasture fed sheep durisg l'eried II, since that

pasture sas relatively high in crude sro*ein (13.65%).

In general, variation between sheep (standard error of means)
in the digestibility of Japanese Hillet was higher than for pasture.
This veriation could have resulted from differences among sheep in
selectivity; e.g. sheep 3 from Japanese Millet fed group consumed
nearly all tae foraze offered while sheep 2 and 4 for the same group
made a high selection. The effect of selection during digestibility
trials was discussed in section 4.1.3. Variability between the 3 sheep
fed Japanese Millet (Table 3.7.) increased as the experiment progressed;
particularly in the case of dry matter and crude fibre digestibility.
Dry matter digestibilitvy of Japanese rMillelt had a coefficient of varia-
tion of 2,39% in Period II and increased until 4,45% in Period IV.

Crude fibre digestibility showed a nigher variatlon, it had a wvalue of
3.35% at period 1I and increased until 9.80% in period 1V. Urganic
matter and crude protein digestibility showed a small drop in the
coefficient of variation during Period III, however the highest value

was chtained on P'eriod IV. %ilson and McCerrick (1967) working with
tenperate pasture at different stages of growth resorted similer results;
they found that the determination of a mean digestibility, with the same
standard error cf grasses which were 70, 60 and 50 percent digested

would require 2, 7 and 20 wether sheep respectively. As the plant
matured the sheep lost sensitivity in detécting cdigestibility differences.

#ith respect to pasture digestibility data in the present
experiment it was found that they were highly related to the pasture
paddock used (see section 2.2.3.1.). During period I, reasonably high
guality pasture was avallable as indicated by its dry matter digesti-
bility (71.3¥). 1In the following Period (II), as the cows were grazing
a new pasture paddock containing mature graminse and a high proportion
of clover, dry matter, organic matter and crude fibre digestibilities
decreased but crude fibre digestibility increased; the latter could be
explained as effect of the high proportion of clover. During Period III,

IV and V, pasture quantity was much improved since irrigation had been
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used. The values for dry matter, organic matter, crude protein and
ecrude fibre digestibilities (Table 3.1 and Fig. 3.7.) show that during
the last Feriod (V) the pasture attained the highest quality, after
steadily increasinzg from Feriod III. This assumption is supported by
the fact that variation in digestibility between sheep within the pasture
group decreszsed from Fericd III to Period V. This is in accord with

the result found for Japanese Millet but in a reverse way, since as the

quality of pasture increased there wa= less variability among sheep.
b,2.2.3, Volatile fatty acids.

fuantitatively, the most important end jproducts of rumen
digestion are the steam-volatile fatty acids - acetic, propionic and
butyric. ¥arner (1364) has suggested that some 70 to 80% of the energy
supply of the ruminant cn normal feeds is provided by VFA. The
efficiency with which the enerzy of VFA is utilized by the animal
appears to varv with the molar proportion of the acids in the mixture and
the pnrrose for which they are used (Blaxter 1362). The decrease in
efficiency of use of metabolizable energy as feeds become less digestible
mirht be due, at least in part to the associated shift in rumen fermen-
tation products from propionate plus butyrate in highly digestible
feeds to predominantly acetate in feeds of low digestibility. For
example, the efficiency of milk synthesis increased as the proportion
sf acetic acid fell unless the fall is very larce, and, if the propionic
acid levels are high, milk fat production then decreases markedly due
to a change in the supplv of acetate and 9-— hydroxybutyrate precursors
(Rook 1961 a).

V.F.A, proportions change between herbage species, and they
show somewhat smaller changes with increasing maturity of pasture than
those changes reported for digestibilities values (Bath and Rook, 1965).
Changes from lower to higher proportions of acetic acid, and a corres-
ponding reduction in the proportion of propionic plus butyric acids,
have been reported 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 than temperate
feeds (Topps et al., 1965) as a result of higher contents of crude fibre
in the former herbages.
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The V.F.A. concentrations are a reflection of micreobial activity
and of absorption or passage out of the rumen. Fol owing the ingestion
of readily fermentable feed, micrcbial activity increases rapidly,
resulting in an increase in V.F.A, concentrations. Ian Fig. 3.8.
changes in total V.F.A. concentration are uot very murked during the
firsi three experimental Periods (I, II and IIX) for pazture fed sheepj
however there was a suddesn increase during Period IV. This increase
could be related to pzsture gquality since it improved, particularly during
Period IV compared with the previous periods. However other factors
such as changes in the pattern of feeding could affect this result.
Values of total V.F.A. concentrations reported by Davey (1954) and Johns
(1955 b} for mixed summer pasture had a higher value than those found in
the present experiment during Period I, II and III, Lowever values for
Feriod IV, where gquality of pasture was imyroved had similar values to
thoze previously rerorted. Here again is observed the effect of the
dronght econditions on Tasture nutritive value. Also in Fig. 3.8. are
shown changes in total V.F.A., cuncentration in Japanese Millet fed
sheepy during the three Feriods (1I, III and IV) there were no marked
changes. It seems that the marked difference in Japanese Millet
guality during these periods did not affect the total V.F.A. concentra-
tion. It could be suggested that as an effect of sheep selection, the
ration consumed was maintained at the same quality, hcwever as described
above, there were marked differences in Japanese Millet in digestibility
during the 3 experimental periods and even after sheep selection was
accounted for (Appendix 4.), there were differences between Periods in
chemical composition of Japanese Millet. Miller et al., (1963, 1965)
indicated that total V.F.A. concentration in Millet fed sheep had a level
of 8.15 mm/100 ml of rumen liguor which is a higher level than observed
here. It could be suggested that the highest level reported by Miller
et al., (loc. cit) was due to the fact that younger Millet of a higher
quality was 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
prasture fed sheep than those on Japanese Millet. This variation between
times of sampling can 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 differences between
sampling times.

Changes in V.F.A, proportions are illustrated in Fig. 3.10.
Proportions of acetic acid were higher and proportions of propionic and
butyric acid were lower than those reported by Jouns (1955 b) using sheep
fed summer pasturej then it might appear that the pastures used in the
present experiment had a higher conteat of fibre (3alch, 1360) than those
reported by Johns (1355 b). However the V.F.A. proportions reported by
Davey (1964) using summer pasture, showed higher acetate and butyrate
proportions and lower proplonate proportions than those in the present
experiment. V.F.A. proportions for sheep fed Japanese Millet, a more
fibrous material (Table 3.10) than the Fasture, differed from the pasture
values, since a higher acetate proportion was found in Period II, IIIX
and IV, There was & high variation in propionate concentration between
both herbages, but nutyrate concentration was always higher for Pasture
than for Japanese Millet. In accord with the results presented in
section 3.3.2.2. there was also a highly significant Treatment x Period
x Time interaction for V.F.A. concentration which makes the results
difficult to interpret. Froportions of acetic acid reported by Clark
et al., (1965) and by Henken et al., (1962) using Gahi-l Pearl HMillet
and those of Padmanabha (1965) studying Pearl Millet, were higher than
those for Japanese Millet in the present experiment, which indicated that
the material used in the present experiment was younger and so of
higher quality than those used in the above studies. At the same time
propionate concentrations found by Clark et al., (loec. cit.) and Henken

et al., (loc. cit.) were lower than those presented in Table 3.10.

Individual concentrations of the V.F.A.s are shown in Fig. 3.11.
and again there was highly significant 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 comparison for total concentration and the
V.F.A. proportions, Data from Miller et al., (1963, 1965) indicated
that acetic and propionic acid concentrations from animals fed Pearl
Millet were lower and butyric acid concentration was 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 (Terry and Tilley, 1962). Relaticnships between the compo-
sition or digestibility of the feed and the proportions of the propionic
or butyric acids nave generally not been so precise as those with acetic
acid, In the prcsent study, relationships between V.F.A. concentrations
and chemical components and digestibility of feed, and also between V.F.A.
proportions and chemical components and digestibility of the feeds were
examined, For the first relaticnships, Table 3.3 shows that none of
these were highly correlated, none of the regression coefficients being
significantly (£>0.10) different from zero. In pasture fed sheep,
the correlation between acetic acid proportion and carbohydrate was
negative and weak which doces not agree with the results of Rook (1964)
and Bath and Fook (1965). In the case of Japanese Millet there was
alsc a wesk but positive relationship based on only 3 pairs of data.

All relationships between the prorortions of propionic and butyric with
chemical ccmponents and digestibility were weak (Table 3.4) except buty-
ric proportions and the content of s.luble carbonydrates. 3oth
relationshivs (pastures and Japanese Millet) were positive and that for
Japanese Millet had a particularly high correlation coefficient (% =
0.9131). However as forages with the same digestibility can have
different contents of soluble carbohydrates, the latter correlation can
be used for feed evaluation only with questionable validity (Raymond,
1969

Annison (1254) has shown some correlation between the 05
fraction of the V.F.A. and the quantity of protein feed. In the present

study no attempt was made to examine relationships between the C_. acid

5
fraction and plant characteristics.

During the last decade many authors have attempted to use
V.F.A. concentrations and proportions to explain animal production
variations; however these explanations contain several anomalies and
are difficult to generalize from (Raymond, 19%9). This idea is con~-
firmed in the present experiment, where no useful relationships were
found. Raymond (1969) concluded that the level of feed digestibility
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instead of rumen acid pattern is better emphasised in determining the
efficiency with which the digestible and mestabolizable energy in feeds
are utilized by the ruminant. This does not mean that rumen acid
patterns are not important, but since the latter can not be readily
used in the interpretation of animal production results, they must be

used only with some reservations,
4,2.2.,4, Ammonia.

Most of the nitrogenous constituents of the feed consumed by
the ruminant are digested and transformed by the rumen microbial
population such that there is little relationship between the form of
these constituents and thoese nitrogencus constituents absorbed from the
digestive tract. Ammonia produced in the rumen ie one of the main
nitrogen substrates, which can be utilized by the rumen microbia! popu=-
lation or it can be absorbed from the rumen. The microbial proteins are
then subjected to proteolytiec attaci: in the abomasum and the aminocacids
are absorbed and used as the main source of amino acids to the ruminant.
(McDonald, 19638). Zumen metabolism of nitrogenous compounds has been
reviewed by Blackburn (1965}, 4alde (1368} and imith (1969) who pive an

exhaustive literature on this subject.

Ammonia concentration in the rumen increased after feeding as
a consequence of degradation of nitrogenous ccmpounds. As the rumen
microbial population can not use all the ammonia released, there is
some absorption into the blood (McDonald, 1968). Protein utilization
by the ruminant will depend on these two mechanisms: rate ol asnmonia
release from nitrogenous feed constituents and ammonia assimilaticn into
bacterial protein. #hen ingested food produces an excess of fraee
ammonia in the rumen there is a relative waste of nitrogen to the animal.
When the material consumed had a high level of protein, such as high
quality pasture, there is an excess over animal protein requirementj
however with food of low protein content it cculd be that the amount of
protein ingested would not be sufficient and then this loss of ammonia

becomes of greater importance.

Annison et al., (1954) described several factors which affect
the level of ammonia in the rumen, such as the solubility of 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 possible that rate of ammonia production could bde
low and so could limit the growth of the microbial population leading to
a decrease in food digestibility and voluntary intake. However Graham
(1967) indicated that the assessment of a protein deficiency could be
difficult owing to the fact that a low protein content in pasture is
usually, though not invariably, accompanied by a low content of di-
gestible organic matter as well as other nutrients. In the present
study the high protein levels in pasture herbage are reflected by the
highest ammonia levels in rumen contents (Fig. 3.12., and Fig. 3.13.),
and particularly so during Period IV where the highest crude protein
contents were found. However thelevel of crude protein in herbage

did not alwaye coincide with ammonia concentrations in the rumen.

This is clear in the case of Japanese Millet, where ammonia was found

to have a higher concentration during Period IV than in Periocd II or III
the latter having a higher level of crude protein than the former.

This relationship between ammonia concentration and crude protein con-
tent of both herbages is illustrated in Fig. 3.14. It is observed that
rumen NHB and feed crude protein contents for pasture and Japanese Hillet
were related in an opposite manneri as crude protein content of pas-
ture increased there was a higher ammonia level, however the reverse

was observed for Japanese Millet. No explanation is offered for this
difference. Johns (1955 b) working with summer pasture found a higher
ammonia level than those in this study, however he also reported that
nighest levels of ammonia did not coincide with those of protein sug-
gesting that selectivity of pasture consumed could be the reason for

these differences.

Two other relationships are presented on Fig. 3.14. Anmonia
concentration was related with digestible crude protein ¥ and crude
protein intake of sheep. Both relationships @iffered between pasture
and Japanese Millet, in the same way as in the case of relationships
between ammonia and e¢rude protein content. In the case of Japanese
Millet fed sheep there was no consistent effect of time of sampling on
the concentration of rumen ammonia. In each period, ammonia concen=-

tration was near the same 2 hours or 4 hours after feeding. This
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could suggest that intake of feed throughout this time was also the same.
However this explanation is not in accord with that given for total
V.F.A. concentration, since the latter parameter increased with time
after feeding. The significant treatment x time interactions found in
analyses of 353 and V.F.A. data complicates interpretation of differences
between herbages and times of sampling so the inconsistency of rumen
changes noted above are to be expected.

k.2.3. Dairy cattle.
k.2.3.1, Voluntary intake.

Under conditions of incomplete pasture utilization, such as in
the grazing of tropical pastures, it is very important to distinguish
between that material offered tc the animal and that forage selectively
consumed by animals. Moir (1960) and Aranold (1960) reported that for
animals under these conditions, forage consumed when grazing was sub-
stantially superior to the averase value of the total feed offered. In
the present experiment, as mentioned before, Japanese Millet was grazed
under conditions allowing selectivity, so it is possible to suggest that
herbage consumed by grazing dairy cows had a higher nutritive value
than that assessed by chemical analysis of the material consumed by stall
fed sheep. It could be assumed that if the dairy cows consumed forage
with the nutritive value as determined with the sheep, milk production
would have been inferior te that reported.

Feed intake has heen used as an excellent index for evaluating
feeding value of forages (Crampton 1957). Differences between the
feeding values of tropical grasses were due principally to differences
in intake (Milford, 1960 b).

The effect of meaturity of Japanese Millet on the intake of
digestible organic matter by dairy cows is illustrated in Fig. 3.16. and
Fig. 3.18. Wilson and McCarrick (1967) found that either digestibility
or intake of herbage from mixed pasture diminished with advancing herbage
maturity. Minson and Milford (1566) and Milford and Minson (1967)
showed that the feeding value, defined by intake of digestible dry
matter, varied widely and that the most important factor determining the
intake of digestible energy from a tropical forage was its stage of
maturity.
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In the present experiment animals fed with Japanese Millet at
an early stage of maturity (Period II) showed 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 same
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 (Hutton, 1961). Although Japanese Millet during Period II
started to flower and nutritive value was decreasing, voluntary intake
was comparable to that of pasture. Then it appears that Japanese
Millet at the early bloom stage might have had a higher quality than
averarse 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 tc 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 cows on
Japanese lMillet 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 previously shown (uoction 4.2.1.) that as Japanese
Millet matured, its guality (assessed by chemical composition) decreased.
It is not then surprising to note that cows grazing this crop decreased
their daily intake as they were shifted from the youngest to the most
mature stage of growth. Also it is not surprising to note the increase
in their intake when they were shifted from the mature Japanese Millet
to a high quality mixed pasture. Changes in intake of pasture fed cows
can also be related to changing chemical composition. It is reasonable
to think that for voluntary intake of cows grazing either pasture or
Japanese Millet, some type of relationship with digestibility data or
with the chemical components could have existed. In both herbages,
digestibility and intake diminished as the plant advanced in maturity,
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the effect for pasture being more obvious than that for Japanese lillet.

W#hen voluntary intake is compared with chemical composition,
expected relationships are more difficult to rationalize than the
relationships 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 the
animal (Van Soest, 1965). Milford and Minson (1966) have pointed out
that the main factor which determines the level of animal production is
the amount of digestible nutrients consumed per day, and then, the latter
is dependant upon the digestibility of that pasture and its voluntary
intake. Working with: tropical pastures, Milford and Minson (1966)
found that the intake of digestible nutrients was more related with intake
than with dry matter digestibility - separate correlation coefficients
were reported to be T = +0.916 and T = +0.546 respectively. Iilowever
Minson et al., (1964) have shown that the digestibility is more impor-
tant in temperate pasture than intake in determining the intake of
digestible nutrients. Milford (1967) working with tropical legumes and
Lucerne, found a general relationship between voluntary intake and dry
matter digestibility (¥ = +40.696); however the prediction error assoc-
jated with the regression equation was high and voluntary intake could
not be estimated accurately from dry matter digestibility data. For
tropical forages Milford (1960 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.¥. 0'75) and dry
matter digestibility. Also Milford and Minson (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; Wilson and McCarrick, 1966, 1967; Minson et al., 19643
Blaxter and Wilson, 1963, 1962; Van Soest, 1965) have shown that the
voluntary intake of a feed by ruminmants is very dependent on food
digestibility. This would imply that the level of voluntary consumption
of forages might be consistently predicted from a knowledge of the dry
matter digestibility. However Hutton (1962) fenud no relaticmship
between the two variables when he was working with good guality pasture
having over 70% 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 this 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 this material of lower digestibility
can affect further intake since the volume occupied by this lower
digesting fraction 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 Millet; as the plant matured,
crude fibre content increased, digestibility decreased and then intake
decreased. This relationship has been demonstrated in coarse forages
of high fibre content (Balch and Campling, 1962; Campling, 1964).

Foods which differ from one another in digestibility also differ in such
other respects as chemical composition and physical structure, and the
association between intake and digestibility (or rate of digestion) may
not be entirely a causative one. In particular, differences in chemical
physical composition may affect the taste and texture of the food and
thus its palatability (Greenhalgh and Reid, 1967). In the present
experiment regressions of the estimates of digestible corganic matter
intake (g/kg L.#.O'75) on soluble carbohydrates content, dry matter
digestibility and crude fibre digestibility were studied and the results
are plotted in Fig. 3.19. and Fig. 3.20. The regressions 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 matter digestibility for Japanese Millet and pasture were
found to be relatively high (¥ = 0.8561 and = 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 T = 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. Wilson 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
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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 role in governing both digestibility and intake, and then the
indigestible fraction of herbage consumed would be an important factor in
determsining its nutritive value. In the present study it was found that
intake of Japanese Millet was related to crude fibre digestibility having
a correlation of 0.6307, however pasture had a higher value (f = 0.8999).
The latter relationship could be more reliable since more data were avail-
able for the computations (Appendix 16.). Since the comparison between
both regression slopes (pasture and Japanese Millet, Aprendix 17.) indica-
ted no significant differences between slopes a common relationship was
computed which had a correlation of 0.7126. In the case of Japanese Millet
the digestibility of crude fibre decreased as the content of crude fibre
increased with waturation, however there was not the same pattern in the
case of pasture. Thus for Japanese Millet a similar relationship to

that reported by Yilson and McCarrick (1966) was demonstrated.

Minson and Milford (1967) 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 this increase was due to an elimina-
tion of a crude protein deficiency, since Pangola grass had a relatively
low (4%) protein content. Similar results were rerorted by Milford and
Minson (1965); intake of two tropical grasses fell rapidly when the
crude protein content fell below 7%. Intake of temperate pastures was
limited when herbage had less than 8.5¥% content of crude protein (Blaxter
and ¥ilsomn, 1963). Feeding area or increasing the crude protein content
of the grass by applying a nitrogenous fertilizer has resulted in
increased voluntary intake (Campling, 1964). In the present study it
was found that pasture crude protein content and intake were highly co-
rrelated (f = 0.9434) however a negative and weak relationship was found
in the case of Japanese Millet (? = -0.0532). In accord with the above
information, the c¢rude protein content of Japanese Millet during period
IV which was the lowest level during the whole experiment (9.81%)
appears not to have limited intake - it might have had the crop been
tested at a more advanced stage of maturity when crude protein had
decreased to a lower level. For example Japanese Millet during the first
growth at the 12th week after sowing decreased in crude protein content to
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6.56%; at this level it is presumed that voluntary intake would have been
limited. At early stages of growth it appears that the level of protein
is adequate (Milford and Minson, 1966). However at an advanced stage of
maturity animal production is generally poor as a consequence of the low
level of crude protein. This response can be due to a low level of dry
matter intake caused by. the factors discussed and/or insufficient dietary
protein for maintenance and production. On the other hand, the intake

of tropical pastures grown with high nitrogen applications mar be adversely
affected; when Chloris gayana was heavily fertilized the content of

crude protein was increased from 8 to 13% and intake was depressed by 33%
(Milford and Minson, 1966). The same authors resorted similar effects
in other tropical grasses; Milford and Minson (1966) working with 7
tropical grasses and 3 legumes, found that intake and crude protein were
not correlated for most svecies studied. They suggested that the crude
protein contents of those herbages were probably adequate to satisfy the
nitrogen reyuirement of an active rumen flora. Those herbages where
high positive correlations were found had much lower levels of crude

protein in the plant.

Voluntary intake from a group of animals can be measured with
a coefficient of variation ranging from 7 to 14% (Corbett, 1969).
Heaney et al., (1968) noted that a larger number of animals could be used
to reduce this variation. In the present study intakes of pasture fed
cows were estimated with a coefficient of variation of 6.39% and 6.79%
for Japanese Millet fed animals which are similar to variations reported
by Corbett et al., (1963). In the case of Japanese Millet fed cows, the
coefficient of variation decreased from Period II to Period IV so
variation between cows in 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 pattern among experimental
periods, Period I and V had the lowest variation and Period II, III and
IV the highest. In the case of Japanese Millet differences in intake
appeared to be due to differences in body weight and this effect dimini-
shed as intake decreased as a consequence of a drop in herbage quality.
As expected there was considerable between animal variability which was
reduced when intake was expressed as g/kg L.W. 0475 jnstead of kg/day
(Corbett, 1969). As a consequence, the coefficient of variation was
reduced (pasture was reduced from 6.39 to 4.62% and Japanese Millet from
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6.79 to 5.55%) and then during two periods (III and IV) differences in
voluntary intake between pasture and Japanese Millet appeared as signifi-
cantly different. Then as a result of hicher between cow variability,
the intake data expressed in kg. D.0.M./day illustrated in Fig. 3.76. were
not significantly different between treatments.

4e2¢3.2« Live weight changes.

Changes in milk yield and composition can result from several
factors, among which food intake, foodstuff quality and changes in body
weight can be described as the most important. From this statement
changes in body weight were studied in an attempt to explain some of the
changes in milk production.

In general, cows' body weights decrease early in lactation
particularly in high producing animals. As the amount of food consumed
is not sufficient to supply production requirements, any difference is
met by transformation of body weight (Hutton, 1963). Later in the
lactation (about 5 = 6 months after calving), cows increase body weight
as intake is higher than requirements for milk production after which

body weight rewains more or less constant until the end of laetation.

Cows employed in the 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 intake and,
as there was an excess of nutrient intake, body weight could have reached
the highest lactation value. The latter suggestion is supported since
there were no significant differences in body weight between periods or
between treatment groups,. Although tropical pastures have been described
as having a lewer nutritive value than the temperate pastures, the former
have been attributed with producing high body weight gains (Norman and
Begg, 1968). However in none of the experimental periods were there
significant differences in body weights of cows on the two treatments.

It appears that food intake was sufficient to maintain body weight, but
not milk yield as the results indicated a decrease from Period I to III
and from I to 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.
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J-l.2.3. 3. Milk yieldo

Although plant characteristics can give a good indication of
nutritive value of the herbage concerned, a more useful measure would
seen 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 must essentially be utilized with the maximum
efficiency through the production of products 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) pointed 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 increase 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 for milk synthesis reaching the mammary gland (Rook and Line,
1961). On the other hand under conditions of constant 1evelspof 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
Armstrong, 1968); 1levels of dietary protein considerably below require=-
ment lead to a decline in milk yield and protein content (Rook and Line,
1962).

Tropical pasture 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 intake of
digestible energy by cows grazing tropical pastures resulted in a low
level of milk production, a contributory cause being their low digesti=-
bility. The figures of Dale and Holder (1968) for FCM yield showed a
marked decline from 11.6/kg/day to 6.3 kg/day as the plants advanced in
age. Cows grazing kikuyu grass (Pennisetum clandestinum) at stocking
rates of 1.65 to 3.29 cows/Ha. produced 336 kg of butterfat/Ha (Colman
and Holder, 1968), however butterfat production per cow was relatively
low ranging from 99 kg to 118 kg. With dry matter digestibility at
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60.8%, the daily milk yield decreased by O.4 - 0.5 kg/week (Hamilton et al.,
1870). The above data clearly indicated that tropical herbages do not
generally meet the demand for digestible energy required to sustain an
adequate level of milk production. ¥hen tropical grasses were supple=-
mented with protein the response in milk production was still lower than
when supplemented with energy. The maximum response however was obtained
with the supplement of both protein and energy (Hamilton et al., 1970)
concluded that energy was significantly more important than protein as

a supplement to tropical pasture feed. Armstrong (1964) studying the
effect of maturity on several grasses found that as plants advanced in
maturity there wzs a highly significant increase in the losses of energy
in the faeces. High faecal energv loss, conseguent to a decrease in
digestibility, has been attributed to low efficiency of energy utiliza-
tion by lactating cows (Rook and Balch, 1361). The effect of changes

in herbage quality on responses in milk productiocn have been reviewed by
Burt (1357) and Rook (1961 a).

The variation in response between treatment groups and between
periods within treatment groups in the present exieriment using vasture
and Japanese Millet are shown in Fig. 3.21. The variation between cows
grazing the same pasture in the initial period of the experiment (Period
1) was very small as shown by the differences in their means indicated
in Table 3.1C, which confirmed that there was variation in intake and
body weight during the same period.

The responses in intake, milk yield and body weight changes
during Period II between treatment groups, were not significant, however
Japanese Millet fed cows snowed a slightly higher value for milk yield
and body weight when compared with those grazing pasture. Wilson (1969)
working with 3 ryegrass varieties on the performance of dairy cows under
indoor conditions only found small differences in digestibilities but no
differences in total concentration and proportions of VFAs. On these
findings he concluded that differences in milk yield could be explained
by differences in intake. Since the chemical composition of both
herbages during Period II in the present experiment were not different
(Appendix 3.), the higher production by the group grazing Japanese Millet
could be explained by the slightly higher intakes (Fig. 3.16.). In
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conclusion, it might be stated that the response in milk yield of cows
grazing Japanese Millet was the same as for those grazing pasture, show-
ing that there was no variation between herbages in nutritive value

during Period II.

During Period III significant differences in milk yield were
observed between the two groups of cowsi; a higher milk yield was pro-
duced by cows grazing pasture. Nutritive value assessed by chemical
composition, of pasture was comparatively higher than Millet, while the
dry matter, organic matter and crude pr:otein digestibilities of both
herbages were the same. The intzke of digestible organic matter for
pasture fed cows was higher than for H4illet fed cows, then as a conse=-
quence the intake of energy by the cows grazing pasture was greater.
This grester energv intake was however more efficiently utilized for
gains in body weight rather thas for an increase in milk production
(see Table 3.7 and Fig. 3.21.) probably as a result of advancing lacta-
tion as shown by Hutton (1963). This is apparent from the fact that
milk yield continued to decline despite an increase in their intake
whereas body weight gains occurred. In contrast, cows grazing Japanese
Millet shiowed a continued decline in milk yield and body weight, conse-
quent to a decrease in both intake and the nutritive value of the crop.
At this staze of growth, Japanese Millet is less useful to sustain milk
production especially when cows are at an advanced stage of lactation

when compared with pasture.

Highly significant differences in milk yield were observed
during Period IV; cows grazing pasture produced significantly more
milk than those grazing Millet. The nutritive value of pasture in-
creased during this period but intake decreased slightly compared with
Period III. The increasing milk yield of pasture fed cows despite a
decrease in intake appeared to be possibly due to a compensatory increase
in its nutritive value, Cows grazing Millet declined in their milk
vield 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 comparison was
to be made between unirrigated pasture and Millet, such a difference
might not be expected which would then imply, that differences between
Millet and pasture might not be significant.
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During the last Period (post experimental period) both groups
of cows grazed the same pasture which was the one with highest nutritive
value (measured by its chemical composition). This appears to hHe the
reason why both groups of cows showed an increase in milk yield. The
response in milk yvield of cows which grazed Japanese Millet appears to
be the same as those cows grazing pasture during the whole experiment,
since the former increased by 0.57 kg of milk/day and the latter by
0.5% kg of milk/day between Period IV and V. W#hereas the response to
milk production remained the same for both groups of cows when they were
grazing together during Period V, their actual milk yield continued to
differ simply because cows that grazed Japanese Millet produced less
probably as a result of a carry-over affect from Period IV. Apparently
this carry-over effect is a consequence of quality differences between
the two herbages rather than to differences in intake, since intakes were
similar during Period V (see section 4.2.3.1.). From the point of view
of recovary of milk yield it appears that cows grazing more mature Millet
do not respond with a subsequent increase in production when changed over
to high cuality pasture. It does not however mean that such a refrac-

tory response would be obtained with Millet at an earlier stage of growth.

Results obtained in this experiment for the response in milk
vield of lactating cows changed from pasture to Millet are in accordance
with the findings of Hamilton et al., 1970 and Dale and Holder, 1968,
where milk yield decreased due to the effect of grazing tropical pastures.
Body weight changes do not however conform to the findings of the above
authors. Previous reports (section 1.6) have shown that beef cattle

grazing Millet respond by significantly increasing body weight.

FCM yield (Fig. 3.22.) followed the same pattern as milk yield
due to only slight differences in the fat content. In Period V the
fat content of milk from cows that grazed Japanese Millet was significantly
greater than those on pasture. This difference in fat content was not
reflected in the FCM yield in Period V probably due to the large differ-
ence in milk yield.

In light of the present experimental results it can be stated
that the cows grazing Japanese Millet were unable to utilize the crop
fully at the accelerated stage of growth which means that a part of the
crop was allowed to mature; also it can be said that with maturity there
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was a decline in intake probably resulting from changes in palatability.
¥ilson and McDowall (1966) stated that differences in palatability could
explain those differences found in milk and butterfat yield of cows
grazing Ruanui and Ariki ryegrass, It appears that in the present study
the decline in intake therefore, resulted in a decline in milk yield.

A more meaningfull relationship between these factors and body weight

changes are dealt with the analyses of multiple regressions.

Values for FCM yield in the present exseriment were lower than
those reported by Marshall, Sanchez, Somers and Arnold (1953) using
Fearl Millet, however the latter reported a lower value for butterfat %.
It appears that these differences arise simply because Marshall et al.
supplemented with concentrates and the crop was used at an early stage
of growth than that used in the present study. Miller, Beaty and Under-
wood (1358) also obtained a higher level of milk production and a lower
butterfat % compared with those reported here; a similar explanation to
that offered for Marshall et al.'s results appears to hold true in the
latter study. Near twice the milk yield obtained with Japanese Millet
was renorted by Clark, Hemken and Vandersall (1965) and Hemken, Vandersall
and Clark (1362) grazing Gahi-l Tearl Millet supplemented with concentr-
ates. As in the previously discussed experiments, butterfat % showed a
marked depression. The differences in butterfat ¥ between the present
experiment and those reported by Clark et al. and Hemken et al. might be
due to the higher proportions of rumen acetic acid obtained here with
Japanese Millet. Hawkins, Smith and Kelley (1958) reported that cows
grazing Star Millet decreased their FCHM yield from 25 1lb to 19 1lb during
a test period of 4 weeks. Similar results were obtained in the present
experiment since FCM yield decreased from 26.4 1b to 21.7 1lb during the
5 weeks,

As indicated in section 1.6,.,, there is a generally reported
decrease in fat ¥ associated with the grazing of Millet; however in the
present experiment this feature was not observed. Several hypotheses
were offered to explain this response, however as discussed earlier, none
of them were entirely satisfactory.

Wallace (1956, 1961), Hutton (1962), Corbett (1960), present
information in the form of a multiple regression where intake was related
to metabolic body weight, FCM and gains in body weight; however it was
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noted that there was not agreement in the coefficients of these variables
among the authors mentioned above. On the other hand Ingalls et al.,
1965, indicated that 70% of the variation in production potential

between forages can be accounted for in terms of differences in volun=-
tarv intake, compared with 30% by differences in digestibility. Wilson
(1966) concluded that differences in intake largely accounted for
differences in milk production.

The multiple regression analysis where variation of FCM yields
were related with variations on D.0.M. intuke and metabolic body weight
are presented on section 3.3.3.3. A highly significant multiple re-
gression was fitted which indicated that 92.30% of FCM yield variation
was associated with variations of D.0.H. intake together with metabolic
body weights. “hen the two variasbles were analysed separately with
FCM vield, it was found that the associatiosn bhetween ¥CH yield and
metabolic body weight was greater (C.M.D, = 73.25%) than between FCM
yield and D.0.M. intake (C.M.D. = 51.20%). The latter results indicated
that the use of multiple regression analysis improved the relationship
among these three variables and there is evidence of a D.0.M. intake x
metabolic body weight interaction affecting changes in FCM vield.

#hen standardized partial regression and partial correlation coeffi-
cients were used, it was found that 3/5 of the variation on FCM was
associated with body weight and about 2/5 with intake.,

Changes on FCM yield were also related with changes in organic
matter intake and organic matter digestibility %; a highly significant
multiple regression was found. In accord with the previous results,
it was observed that 51.30% of changes on FCM yield were associated with
changes on organic matter intake and organic matter digestibility to~
gether. When analysed separately, however 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 (1.27%). This result is in accord with
those reported by Ivins (1960) who indicated that there was no apparent
association between digestibility and level of milk production. Other
reports (Hamilton et al., 1970) also indicated that milk production was
highly related to dry matter intake (£ = 0,89). However Brundage
(1960) explained that changes in daily milk production of grazing cows
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were due to variation in herbage intake, digestibility or some combina=-
tion of these two variables. The present study shows that as there was
no association between FCM yield and organic matter digestibility, the
use of the multiple regression did not improve the existent relsationship
between FCH yield and organic matter intake. “nen standardized partial
regression and partial correlation coefficients were estimated, they

cenfirmed the previous results.

Taking into account both multiple regressions fitted, it is
observed that among those variables asscciated with changes in FCH yield,
body weight appears to be the main factor, followed by changes in
digestible organic matter intake, organic matter intake and organic
matter digestibility in that order of importance. ince the three sets
uf twins were selected Lo heve widely differing liveweights, the conclu-

sions drawn from the multivariate analyses were to be expected.
Lo2.3.b, Milk composition.

It is generzlly established that the level and type of feeding
affect milk composition. Changes encountered in milk composition have
been related particularly to the levels of energy and protein intake and
also asscciated 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 relationships between
VFA and milk production (Rook and Balch, 19613 Rook, Balch and Johnson,
1965; Storry and Rook, 1965, 1966; Wwilson, Davey and Dolby, 1967;
Balch and Rowland, 19593 Balch, 19553 Rook, 1961 aj pPrskov, Flatt,
Moe, Muneon, Hemken and Katz, 1969).

The synthesis and secretion of milk fat has been reviewed
recently by Jones (1969) and Storry (1970) and it is now accepted that
short chain fatty acid (4 - 10 carbons atoms) are synthesized by the
mammary gland using acetic and 9—hydroxybutyric acid; the long chain
fatty acid (13 carbons atoms) are derived from plasma triglycerides and
intermediate chain fatty acids (12 - 16 carbons atoms) are derived from
both of these forms. Generally a low milk fat % can be associated with
a high level of energy intake, with a high molar proportion of propionic
acid and a low proportion of acetic acid in the rumen (Balch and Rowland
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1957; Balch, 1960; <ook and Line, 19613 Bath and Rook, 1963). Using
a ration containing roughagzes, this depression in rumen acetate was

related to a decrease in the crude fibre content of the diet.

changes in 30F content are related to stage of lactation, they
are relatively high in the first month after calving, drops to a low
level in the second month and then rise as lactation progresses
(Legates, 1962). The same pattern of change with stage of lactation
was indicated for protein content (3lack, Mather and Pfau, 1962). At the
beginning of lactation the lactose content is compuratively low; within
a few days however, values are attained which remained remarkably con=-
stant for the greater part of lactation (Rook and Canplineg, 1965). At
the point where the decrcase in the milk yield is accelerated due to
advanced pregnancy, there was a progressive decrease in the lactose

content of milk.

Rook and Line (1261), Burt (1957) and Rook (1961 a) showed that
increases in the plane of energy increased the yield of milk, decreased
the fat %, increased ONF content and yield, and increased the yields of
both protein and lactose. Changz-s in 3NF c¢ontent were almost eantirely
acccunted for by changes in the concentrations of all three of the major
milk proteins, casein, o -lactalbumin and 9-1actoglobulin (Rook and Line,
1961). Experimental evidence has shown an increase in propionic acid
in the rumen, as a result of either dietary factors or intra ruminal
infusions, have resulted in an increase in the content of the 3NF
fraction. Rook (1961 a) has indicated that severe underfeedinz of
protein has produced a reduction of SHF content while moderate under-
feeding apparently has little effect on SNF. Rook and Line (1962)
presented evidence that feeding proteir at levels above feeding standurds
does not increase SNF content; however levels below those recommended
decreased SNF.

It has been shown that milk protein content was increased by an
increase in the level of energy intake, and this effect was known to be
dependent on an increase in the uptake of propionic acid from the rumen
(Rook and Balch, 1961) or by infusions of propionic acid into the rumen
(Wilson et al., 1967). These rises in protein content could be due to
an increase in microbial protein synthesis in the rumen resulting in an
increase in the relative amounts of amino acid nitrogen absorbed from
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the small intestine, and therefore an increase in the protein content of
the milk secreted (Rook and Line, 1961).

Lactose content is little affected under conditions of a low
level of energy intake, however it is more affected when the energy
level is considerably restricted (Rook and Line, 1961). ‘Yhen the level
of feeding was changed from low-energy ration to a high-energy ration
lactose was only slightly increased (Rook and Line, 1961).

Changes in the yields of milk components in the present study
are shown in Fig. 3.23. It can be cbserved that changes between treat-
ment and within treatments groups zre closely related to changes on
=ilk yield (Fig. 3.21.). These responses arose from the fact that
the contents in milk of fat, protein and lactose showed very small

changes during the whole experiment (see Fig. 3.24.).

Changes in butterfat ¥ are illustrated in Fig. 3.24. where a
significantly higher content was only observed in pasture fed cows during
Period V. During the previous Periods (I, II, III and 1IV) however
pasture fed cows showed higher contents of butterfat than those fed
Japanese Millet although these differences were not significant. The
cows grazing pasture during Period V sicwed a decrease in butterfat »%
whiile those grazing Japanese Millet an increase. The latter decrecase
in butterfat % in pasture fed cows was probably a result of an increase
in the nutritive value of pasture, an increase in voluntary intake and
to an overall increase in the intake of energy (Rook and Line, 1361).
Tilley, Deriaz and Terry (1960) obtained a positive correlation between
the scluble carbohydrate content of pasture and the proportion of
propionic acid in the rumen. Storry and Sutton (1969) and Storry and
Rook (1966) have shown that the feeding of milk fat depressing diets is
associated with changes in rumen VFA, characterized by a decrease in
acetate and sometimes of butyrate and an increase in the proportion of
propionate and valerate. In Period V the soluble carbohydrate content
of the pasture increazsed when compared with pasture in earlier periods.
In view of the findings of Tilley et al., (1960); Storry and Sutton
(1969) and Storry and Rook (1966), the decrease in fat ¥ observed in
Period V could therefore be attributed to an increase in the intake of
soluble carbohydrate and associated changes in the rumen fermentation
pattern. Rumen characteristics of sheep fed pasture showed an increase
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in the proportion of propionic acid and a decrease in acetic acid in
Period 1IV. Although VFA measurements were not taken in Period V, the
quality of pasture was higher in Period V, and so it might be reasonable
to suppose that these changes in rumen fermentation were also present in
feriod V. In conciusion, a declining fat test of pasture fed cows

could be explained by an increase in the intake of energy and an increase
in the intake of soluble carbohydrates with concurrent changes in rumen
fermentations., A similar pattern was reported by tilson (1369) working
with 3 different ryegrass varieties. Data obtained from experiments

where VFA infusions were made, support this view.

The content of butterfat in milk from Japanese Millet fed cows
during Period V shows a surgrising increase, which is not in accord with
the above mentioned factors affecting fat ¥ changes. It could be
rossible that this level of butterfat is a conseguence of confounded
treatment and stase of lactation effects. This increase might be
explained by the fact that a continued low level of nutrition had a cul-
mulative effect on lactation persistency and subsequently these cows

mnanifested drying-off effects earlier than pasture grazed cows.

An earlier discussion showed that an increase in the level of
energy can increase the vield and content of protein and lactose (Rook
and Line, 1961). Underfeeding experiments by Flux and Patchell (1954)
and Patchell (1956) showed a decline in the percentage of SNF in cows
fed at a level below their requirements after calving. In the present
experiment a significant treatment difference in protein % of milk was
only observed in Period IV (Fig. 3.24.). A period effect in the 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 in protein % of pasture fed cows in Period IV
appears to have resulted from an increase in energy intake and protein
intake and the utilization of that energy for protein synthesis. The
results of Rook and Line (1961) and Gordon and Forbes (1970) suggested
an interaction between protein and energy in the subsequent utilization
of nutrients for the synthesis of milk constituents. Potter, Purser
and Cline (1968) demonstrated a positive relationship between glucose
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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 hoth 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 result from an increase in
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 (Fig. 3.24.). A slight decline was however observed in cows
grazing Japanese Millet. From the other observations it appears that
the differences in lactose # were due to stage of lactation effects, as
discussed earlier for fat contents, rather tha: treatment effects,

which were in accord with the previous results of Rook and Line (1361).



156

k.3, 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 Jealand 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 criterion used to reach this
conclusion was principally milk yield, since animal production provides
the ultimate evaluation of herbage quality. lowever other criteria
have bee~ used such as dry matter and crude protein yield, gains per
day and per hectare of drvy matter and crude protein, chemical composi-
tion, digestibility analyses, rumen fermentation characteristics,
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 both first growth and regrowth
of Japanese Millet produced the highent 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 stapge of
maturity, the highest crude protein yield was obtained once the plant
started to flower. The first growth produced the highest gain of dry
matter per day and per hectare while regrowth provided the highest crude
protein yield per day and per hectare. As the regrowth matured, an
increase was observed in dry matter ¥, crude fibre %, and a decrease in
crude protein ¥, ether extract % and soluble carbohydrates %. All
digestibility coefficients (dry matter, organic matter, crude protein
and crude fibre) decreased (see Section 4.2.2.) and changes in rumen
characteristics (VFA and ammonia) indicated that there was a progressive
loss in nutritive value as the crop matured. The effect of feeding
Japanese Millet on milk yield was greater than on milk compositionj
as the crop advanced in maturity, milk yield decreased principally as
a result of a decreased voluntary intake resulting from continued
decreases in herbage quality (see Section 4.2.3.). OQuantitative
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estimates of intake obtained here appear unreliable (see Section %.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 dry matter
yield is the criteria of harvesting, late cutting is the more promising
managemnent. 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
rurpose 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 be 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

prozortion of plant growth will be wasted.

It can be concluded that under the drought summer conditions
that were encountered here, Japanese Millet 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 Japanese Millet at different stages of growth for
milk production, since the present study covered a period of only 3
weeks when the crop was at relatively advanced stage of maturity.
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APPEEDIX 1,
Changes in dry matter yields and heights of

Japanese Millet at various stages of growth

STAGE OF MATURITY DRY MATTER YIZSLD HBIGHT (om)

kg / HECTARE C.V %% | avaERaGs RANGE
FIRST GROWTH
EARLY LEAF 664 (49.17) 7439 27.5 25 - 30
EARLY LSAP 1920 (101.11) 530 43.0 40 - 46
THMATURE 3344 (245.28)  7.33 66.0 60 - T2
IMMATURE 4822 (134.72) 2.79 86.0 81 - 91
PRE BLOOH 6081 (407.50) 6.70 | 107.0 102 - 112
PRE BLOOM 6561 (623.89) 9.51 | 117.0 112 - 122
EARLY BLOOK 9917 (72.22) 0.73 | 127.0 122 - 132
MID BLOOM 10372 (770.56)  7.43 | 127.9 122 - 132
FULL BLOOM 16344 (403.06) 2,47 | 127.0 122 - 132
REGROWTH
EARLY LEAF 947 (105.83) 11.57 15.0 10 - 20
IMHATURL 1581 (151.94) 9.61 8.0 36 - 40
PRE BLOOM 1667 (176.94) 10.61 43.5 41 ~ 45
EARLY BLOGH 3420 (313.61)  9.17 5845 56 - 61
EARLY BLOOM 5889 (391.94) 6.66 68.5 66 - T
NID BLOOM 6001 (255.28)  4.25 | 68,5 66 - T2

+ Coefficient of variation




APPENDIX 2,

CHEMICAL COMPOSITIOR OF JAPANESE MILLET

EIRST GROWTH
WERK DRY  ORGANIC' Ce. PROTBIN CRUDE ETHER SOLUBLE
AFTER KATTER MATTER ( B x 6.25) F1BRE EX®RACTS CARBOHID.
SCOWING i s 0.?.$ % CQY.? % CQVo'ﬁ- » clov.$
) 10,14 02,66 31.34 , 0.22 17,66 0.74 7.04 1.63 17.82 1,07
(0.07) (0.13) (0.11) (0.19)
5 10,06 84.38 22,28 0,36 21,46 2,00 4.54 3.19 20.39 2.11
(0.08) (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) (0e22) (0.09) (0.50)
7 11.74 85059 17+33 0,26 24,65 0,71 3,76 3,46 25,43 2,79
(0.04) (Ce17) (0e13) (0.T1)
8 14.81 86.T2 15.30 0,59 26,65 1.01 3.35 2.99 7T.58 3.23
(0.09) (0.27) (0.10) (0.24)
9 16.7T 87.31 14.45 0,38 27.15 0,20 3,16 2.53 &.22 3,10
(0.05) (0.05) (0.08) (0.25)
(0. 30) (0.20) (0.08) (0.22)
11 19.46 89.26 9.60 1.30 34.08 0.81 2,65 2.45 08.80 3.64
(0.12) (0.27) (0.06) (0.32)
12 21.40 89.43 6.5 1,22 39.70 0,39 2.28 2,43 8.02 1.37
(0.,08) (0.15) (0.07) (0e11)
WEBK
AFTER
e UL ING
1 13.98  83.56 1789 0.59 20.70 1,20 2.90 2.58 2.56 7«22
2 (0.10 (0.34) (0.07) (0.18)
17.02 36.&) 18;“ 0065 20.?0 0.12 ? 3 2.53 - 7 1061
(0.12) (0.15) 0.13 0.12)
3 16.53 87.55 16.90 0,86 23.30 1.33 3 2.62 89 1.70
(0.14) (0.31) 0.09) 0.10)
4 14.68 88,17 13.57 0,88 27.62 0.9 %.21 1.87 4.23 2.95
(0.12) (0.25 0.06) (0.12)
9 19.73 88,33 12,93 1.43 31.19 0.45 2,81 3.37 ?.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 4,03
(0.17) (0.15) (0.04) (0.38)

# Standard error of means.




APPENDIX 3.

Chemical composition of pasture and Japanese Millet during the animal trial

C.PROTEIN CRUDE FIBRE E. EXTRACTS | S. CARBOHYD.| NITR.-FREE-EXT.

FEED | FERIGD D;"' ‘;' % cv.¥l % c.v.%| % c.v.% % C.V.% % C.V.%

I 37.52 | 7.25| 12.15 , O.41 | 31.92 0.08 3.97 2.77 | 10.40 3.34 | 44,71 0.29
(0.05) (0.02) (0.11) (0.35) (0.13)

F II | 23.63 | 8.98| 19.65 0.07 | 27.21 2.21 | 5.12 2,54 | 8.7h 1.95 [39.40 1.2k
A (0.01) (0.60) (0.13) (0.17) (0.48)

s IIXI | 28.14 | 8.99| 16.62 0.03 | 30,03 0.52 4,68 0.85 9.27 1.62 [39.68 0.48
? (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 3.7% | 9.56 0.8k | 37.27 1.35
(0.03) (0.32) (0.22) (0.08) (0.50)

s v | 22.41 | 10.06| 22.95 0.31 | 21.22 0.40 | 5.9% 3.87 [11.87 1.89 | 39.83 0.61
B (0.07) (0.08) (0.23) (0.22) (0.2h)

Je II 13.01 | 13.00| 19.32 0.16 | 27.85 0.65 | 3.94 0.88 b3 1,13 |35.89 0.57
" (0.03) (0.18) (0.03) (0.05) (0.20)

I III | 16.06 | 12.05| 14.05 0.50 | 31.03 0.27 | 3.79 3.96 6.33 1.90 [39.08 o0.42
L (0.07) (0.08) (0.15) (0.12) (0.16)
! (0.07) (0.73) (0.06) (0.2H4) (0.72)

* Standard error of mean .



APPENDIX 4.

Chemical composition of material offered and consumed by sheep.

ORGANIC MATTER % CRUDE PROTEIN % CRUDE FIBRE %
OFFERED COHSUMED OFFERED COHSUKED OFFERED COHSUMED
¥ 92.8 92.8 12,2 12,2 31.9 31.9
1l 910 90.3 19.7 22.8 2742 22.0
o| 111 91.0 92,0 16.6 17.6 30.0 28.6
2|1V 88.4 88.5 22,7 23.2 22.5 22,1
Elv 89.9 89.9 23,0 23.3 21.2 20.7
34
1|11 87.0 87.3 19.3 19.9 27.9 27.2
o | 111 88.0 68.1 14.1 16.5 31.0 28.6
2| v e9.2 89.4 9.8 10.9 34.2 30.5

+ BExperimental Periods.



APPENDIX S,

SOURCE defe MeSe PROBABILITY VARIARCE
ESTIMATES % of TOTAL

Periods (P) 3 7+4931 P <0405 1,3726 1.56
Treatmente (T) 1 107.1570 P { CeC01 5245775 59 56
Time (H) 2 82,3453 P¢0.001 | 26,7811 30.34
Px? 3 10.4302 P<¢04,01 1,0535 1.19
PxH 6 504684 P( 0.05 0.2889 Qe 33
TxH 2 26,5564 P < 0,001 4.,0924 4.64
Residual 121 2,0021 2.0021 2.27
Total 143 4,7629

( HBAN sSWUARES )

SOURCES defe PERIOD 1 PERICD 1I P<RIOD II1 PSRICD IV
Treatment(T) 1 1.3225 &S 26,1462 ma% 29,0165 %%% B1,0608 sww
Time (H) 2 24,4204 wan 17,0542 =+ 7.0025 =2 48,2735 s
Tx H 2 1,5555 NS 1,8310 ES 11,6107 % 26,9740 ##w
Residual 30 2.6562 2.7785 049630 1.,4246
Total 35  3.8006 4,2078 2.8324 T«9770

BS w P>0s10
#% . P<L<0L01

sse . P<0,001




APPERDIX 6,

Analysis of variance of rumen ammonia concentrations

SOURCE defs Mo Se PROBABILITY VARIANCE
uSTIMATES # of TOTAL
Poriods(P) 3 876.6548 P ¢ 0,001 23464 1647
Treatments(T) 1 2536.7172 P< 0,001 34.88 24,7
Times (H) 2 804.4254 P < 0,001 16,23 11.5
PxT 3 628,0614 P ¢ 0,001 16.74 11.8
PxH 6 200,0836 P< 0,001 14.56 10,3
TxH 2 180.6417 P ¢ 0001 6447 4.6
Px®xH 6 45,5529 P>0,10 3,36 2.4
Residual 121 25.4114 25,41 18,0
Total 143 94.8923

( MBAH SQUARSS )

SCURCES 4&,.f. PERIOD I PERICD IX PiRICD III  PERIOD IV
Treatmonts(T) 1  5.5775 NS  103.,8700 872,2178 ®w%  3439,2360 W
Time (H) 2 60,1287 Ns 94,6912 = 15042471 922,7967 ##=
Txh 2 2,7411 &8s 32,9413 N5  101,8717 + 356, 5587 #%
Total 35 26,8477 23,7663 61, 3506 200, 5965

S = P>0,10
0 = P<¢ 0.10
* = P £ 0.05
= P¢0,01
m = P (0,001



AFPERDIX T,

Analysis of regroocsion of mumen licuor ammonia

T P AT

concentration on crude protein content, digestible

crude protein content and intake of orude protein

Total

on shoop.
ZASIVES
A A
Indepandent SOURCE de?e H.2 F PROBAB, T b s*SE
variable ratio
Linoar
G regression 1 553.1277 16,4758 P<¢0.CC1 0. TATE6 1.4623
PROTEIN
cgé;mz‘ Residual 13 33.5722 (20. 3603)
Total 14 T70.6833
DIGESTIBLE Linear
CRUDE regrescion 1 403,0018 9,1584 P¢C.01 C.E429 1.C0709
Residual 13 44.6588 (:0 3539)
PRCTSIN | Total 14 70.6833 -
IATAXD Linear
cnUnL rogrecoion } 660.6033 26,1057 P ¢C.C01 GC.8170 01797
i Residual 3 25.3049 +,
PROTSIY | Total 1 70,6833 (Z0.2268)
JAPANESE HILLET
CRUDE Linear
PROTEIN regression 1 8.0911 1.,2023 P>0.10 |- 0,3029 | =0.2437
Residual 7T  6.7295 (%0.2223)
COETERT Total 8 6.8997 .
JIGESTIBLE | Linear
CRUDE regre mnsi.on ; 23.;2324 4.8998 P >0,10 |- 0.,6416 | -0,1953
Resid 6389 | +
PROTEIE e O - (%0.0882)
INTAEE Linoar
CRUDE regression 1 18.3841 3.4957 P)0.10 |- C.5T71 | -0.0454
PROTEIN 8 6.8997




APPENDIX 8.

ANALYSIS OF VARIANCE OF COW LIVE WEIGHTS

SOURCE D.Fe M. S.  PROBABILITY TAREandRS
ESTIMATE % OF TOTAL
TorAL* 53 14821.4231
TREATHERTS 1 115.5740 P>0.10 1,2988 0.006
PERIODS 4 64.7269  P>0.10 . 0.
COHS 12  64786.T7800 P 0.001 21568, 7580 99.62
RESIDUAL 36 80. 5060 80, 5060 037

+ Analysis was made

uging individual weighings in 1b .




APPENDIX 9,

Analyeis of Covariance of body weights adjusted for differences

during the Preliminary Period - Totzl experimental period,

SOURCE defe P ® DEVIATIONS FROK REGRSSSION
a2, Se B ¥.2,

Treatments 1 12,8480
Brror 4 86410.,6879 | 0.9417 3 422,4084 140.8028
roraL 5  86423.5359 | 0.9413 4 489.2194 122,3049
Differences Letwoen residuale 1 66,8110 66,8110

Betwoen trectments F 0.47 P> 0.10

1,3 "

Adjusted ma-ns (kg) after anslysic of covarianoe

+
Japanece Hillet 336 (- 4-37) 99.35 :.,

+ roduction of variance
Pagture 339 (= 4.37)

Analyeis of error of variarce

(Regression of body weight during 3 cxperimental period on body
woight during Preliminary Feriod)

SCURCE defe Se5e b S Pﬂm PROBABILITY

Due to regression 1 85908,2795 85988,2795  611,3353 P 0,001

Residual 3 422.4084 140,8028

L:om" 4 86410,6879

+ Data used for covariance analysis were cow means (during 3 periods)
expressed in lbse,




AFPENDIX 10,

Analysis of Covariance of body weight during Period

II adjusted for differences during Preliminary Period

‘ Z 2 A DEVIATIONS FROM REGRESSION
SOURCE Gl y b ao T R NG
Treatments 1 29,6148
Error 4 84042,1059 | 0.9289 3 37645415 125,5138
TOT AL+ 5 B4071,7207 | 00269 4 380,0298 95,0075
Differcnces betwoen rosiduals 1 3.4883 3.4683
Between treatments Il'l’3 = 0.,0278 P>0.10

Adjusted means (kg) after analysis of covariance

Japanese Millet 338 (2 4.13)
. 99.40 % reduction of variance
Pasture 338 (= 4.13)

Analyeis of error of variance

(Regressiog of body weight during Period II on body weight
during Preliminary Period)

SOURCE d.f. Se e i, 8, me PROBABILITY
Due to regroscion 1 83665.5644 83665,5644 665,5262 P {0,001
Residual 3 3760 5415 1250 51w
Total* 4  84042,1059

+ Data used for covariance analysis were cow means expressed in lbs,



APPENDIX 11,

Analysis of Covariance of body weight during Period

III adjusted for differcnces during Prelinminary Period

5 2 A | DEVIATIONS FROM RSGRESSIORN
SOURCE do £, y b de e Se Se Me Se
Treatments 1 474,1926
Error 4 90766,6630 0.8873 3 14429,5696  4809.8565
roraL* 5 91240,8556 | 0.8859 4  15123,9142  3780.9786
Differences between rosiduals 1 6943446 694.3446
Between troatments FI.B = 0.14 P>0.,10
Adjueted means (kg) after analysis of covariance
Japanese Millet 334 (225,62)
78.680 % reduction of wariance
Pasture 343 (¥25,62)
Analysis of error of variance
(Regression of body weight during Period III on body weight
during Prelinminary Period)
SOURCE d.7, 5480 N, 8. l'“m PROBABILITY
Due to regression 1 T76337.0934 76337.0934 15.8670 P (0,05
Residual 3 14429.5696 4809.8565
Total® 4  90766.6630

+ Data used for covariance analysis were cow means expressed in lbs,



AFPPENDIX 12,

Analyeis of Covariance of body weight during Period
v adjusted for differences during Preliminary Poriod

s 5 - DEVIATIOES FROM R:GRESSION
SOURCE d.f. 2 y b
dof Sele HeBe

Treatnents 1 31,1448
Srror 4 B84769.7185 0.9309 3 739.8355 246.6118
Total® 5  84800,8633 | 0.9310 4  735.1001 183,77%0
Differences between residuals 1 447354 4.7354
Betwoen troatments F1.3 = 0,02 PY0.10

Japaneess HMillet

Pagture

Adjusted means (kg) after analysis of covariance

336 (X 5.79)
336 (2 5.79)

98,84 ¢ reduction of variance

Analysis of error of variance

(Regreesion of body weight during Period IV on body woight
during Prolininary Period)

SOURCE d.f. SeSe Mo S ”.‘H.O PROEABILITY
Due to regression 1 84029,8830 84029,8630 342,1624 P¢ 0,001
Rosidual 3 739.8355 246,6118
Total* 4 84769.7185

+ Data used for covariance analyesis were cow means expressed in lbs,



APPENDIX 13,

Comparison of D.C.M. Intake as determined

Yy the two fascal sampling methods

# = 0.9481 P « 0.7047 £ 0.1098 Y = 0.7047 x 4+ 3.0940
SOURCE d.f. S Se M. S. . PROBAB,
Lipear

i | 17.2528 17.2%28 26.6494 P< 0,05
Residual 3 1.9423  0.6474
(5 a8

$ = 0.5993 D - 0.1843 % 2,4629 Y = 0.1843 x + 7.9909

SOURCE d.f. S Se M. S, . PROEAB.

Linear

regression 1 0+4107 0.4107 1.7872 P) 0.10

Residual 1 0e 7340 07340

Total 2 1.1447

$ = 0.8899 D - 08129 % suaies Y = G.8129 z + 1.0943

SOURCE dufs S4Se HoSe F PROBAB,
_L_ - . —w— Dy
Linesy
regreseion 1 25.5367  25.5367 11.6863 < 0,05
Residual 6 13,1090 2.1848
Total 7 38,6457
A R B RS PR, B 2 e s N e




APPENDIX 14,

Regressions of 'grab' sampling on 'sward' sampling

Comparison of regressions for pasture and Japanese Millet.

SOURCE L ? RSS d.f. RMS
Japanese Millet | 0.1210 0.2230  1.4447 1.8430 1.0340 1 1.0340
Pasture 34,7451 24,4837 19.1951 0.7047 1.9423 3 0.6474
POOL&D RESIDUALS 2.9763 b 0. 7441
Pooled within 34,8661 2h,7067 20.6398 0.7086 3.1322 5
BETWEEN SLOPES 0.1559 1 0.1559

l‘,‘.h = 0.2095 P>0.10




APPENDIX 15,
Regressions of D.Ceds Intake { & / ke Lo 075 )

on soluble carbohydrates.

PASTURS
? < 0.9788 Pe 21,4874 £ 2,5951 Y = 21.4874 x - 52,4443
SOURCE d.f, Se Se Ko Se Footio  PROBABILITY
Linear
rogression 1 2788.7627 2788.7627 68,5552 P< 0,01
Residual 3 122,0373 4C.6791
Total 4 2910.8000

T = =0,9683 D a - 5165 ¥ 1,332 Y = 162.0219 - 5,1656 x

SOURCE d.f. Se Se HeSe rﬂﬁc PROBABILITY
Linsar

regression | 1 124,3878 124.3878  15.0247 P> 0.10
Residual i 8.2789  8.2789

Total 2 132,6667




APPEEDIX 16,

PASTURS

DICESTIBLE
I}RY HATTER "/2

TL S T e

ilad b ke
CRUDE FIBRS %

DIGESTIBLE
LRY BATTER ‘4

DIGASTIBLE
CRUDE FIBRE ¢,

Relationships between D.C.l.Intake ( g / kg L.s.°'75)

and éigactibllitios.

SOURCE Guls e Se me FROBABILITY
Linoer
rogression| 1 25356554 202774 P< C.0%
Reoidual 3 125,04862
Tﬁ ﬁd»l d TE. pL e a Y
T 0.9333 D= 3.9181 ¥ 0.8700
SCURCS d.r. HeSe Fm o FRODABILITY
Linonr
Residual 3 184.5352
Total 4 730. 2000
P 0.8999 D a 1.5620 ¥ 0.4370

SOURCE 2T e Se T tlo PROZABILITY
limoeoy
regression| 1 Fle2228 2. 7430 PS> 010
Residual | 35.4439
Total 2 66,3333
Te0.85%1 b 15002 0,9601
SCURCE Gt HaSe ?nﬂ.o Probability
Lincar
sograssion| 1 S2.TT4 0.560%5 P>0.,10
Residual 1 79.8953
Total 2 66,3333

;- 0.6307

S « 2.2847 £ 14577




AFPENDIX 16.
{contimuation)

DIGLSTIBLE

DRY MATTER 9

DIGESTIBLE

CRUD: FIBRE %,

SQURCE d. 4. He 8. F!'a tio PROBABILITY

Linear

regression 1 6521,9224 44.1238 F< 0,001

Resgidual 8 147.8097

Total 9 856.0400

A o 3

r = 0.9201 b = 4.3455 = 0.6542

SOURCE Ao fa HeSe F PROBABILITY
ratio

Linear

regression 1 3912,4248 8,2541 P ¢ C.05

Residual & 473,9969

Total 9 856,0400

- o +

= °07126 be 1.7557 - 0,6111




APPENDIX 17.

Regressions of D.O.M. intake on digestible D.M. ¥ and D.0O.M. intake on

digestible crude fibre % .

Comparison of regressions of pasture and Japanese Millet.

A - D.0.K.I. (g/kgh.#.2°7?) on Dig.D.M.% .

SOURCE 2 x* Z xy b > RSS dof. RMS
Japanese Millet| 38,4488 61.1500 132.6667 1.5902 | 35.4439 1 35.4439
Pasture 165.1789 647.1760 2910.8000 3.9180 | 375.1446 3 125.0482
POOLED RESIDUAL 410.5885 4 102.6471
Pooled Within [203.6271 708.3160 3043.4667 3.4785 | 579.5998 5  115.9200
BETWEEN SLOPES 169.0113 1 169.0113

'1.# = 1,6568 P> 0.10

B - D.0.M.I. (g/kg L.5.2°7%) on Dig.Crude Fibre % .

Japanese Millet| 37.5981 L4 ,5433 132,6667 1.1847 | 79.8953 1 79.8953
Pasture 966.1223 1509.0860 2910.8000 1.5620 | 553.6030 3 184.5343
POOLZD R:SIDUAL 633.4983 4 158.3746
Pooled Within [1003.7204 1553.6293 3043.4667 1.5479 | 638.6496 5  127.7299
BETWEEN SLOP:S 5.1513 1 5.1513

P> 0.10

F1.4 = 0.0325




SOURCE .1, H, S, PROBABILITY VARIANCES
ESTIMATE % OF TOTAL

Treatment (T) 1 11,6434 NS 5] 0

Pariod (P) 2 8.5468 NS 0 0

T x P (TP) 2 9. 5800 NS 0 )

Residual 12 19,5852 19,5852 100

Total 17 16.6423

S0 UrCE defe He Se PROBABILITY VARIANCES
ESTIMATE % OF TOTAL
Treatments (T)| 1 C.1293 NS o 0
Regidual 4 25,7258 25,7258 100
Total 5 20,6065
C) Analysis of Residuals of Y (PeriodsII, III and IV) after fitting

Regressio, on Preliminary Period,

SOURCE d.f. M. S, i PROBABILITY
Treatment (T) 1 15.5953 46,783 P 0,001
Poriod (P) 2 8.5469 25.639 P< 0,001
PxT 2 9.5803 28,739 P < 0,001
Residual 11 0.3333
Total 16 3.469%8 ( Reduction in Variance)

# Analysis was made using mean (cow x period x treatment) milk yields in 1b,.

NS P>0.10



APPENDIX 19.

Analyses of milk yield within periods

ANALYSIS OF VARIANCE

SOURCES PERIOD II PERIOD 1I1II PERICD IV P.RIOD V
d.f. MS % tot-'fl.r. dofi M3 :‘ tot.Var. d.f. Ms }‘tot .Y“o de £ M8 % tot."tr.

Treatments | 1 0.3711 N8 O 1 1.2476 NS 0 1 29.1853 NS 25.96| 1 28.4186 NS 11.16
Residuals b 21,6996 100 4 19,8989 100 b 17.1570 74,0k & 22,7116 88.84
Total 5 17.4339 5 16,1687 5 19.5627 5 23,8530
NS = P) 0,10
ANALYSIS OF RESIDUALS AFTER COVARIANCE

SQURCES d.f. M3 PROBAB. def. MS PROBAB, | doef. MS PROBAB, |d.f. M8 PROBAB.
Treatments | 1 0.0792 Ppyp.10 12,0478 P¢0.10| 1 32,3807 P (0,001 1 32,0463 P¢ 0.01
Residual 3 0,4876 ) ] Oe2342 3 0.3248 3 0.772h4

Total L 0.3555 4 0.,6876 L 8.3}8? b 8.5909




SOURCE defe  MaSe PROBABILITY asq'm:;ggmﬁdw AL
Troatment(T) | 1 30.2170 NS 2 0
Period(P) 2 6.49% NS 0 0
T x P (TP) 2 16.0775 §s 0 0
Residual 12 32.0183 15.¢ 100
Total 17 27.0346

B

)

Analysis of Variance for ch'durmg Poriod I ( Preliminary Poriod ).

SOURCS Gefe  HeSe PROBABILITY VARIANCS
GSTIMATE % OF TOIAL
Troatment (T) 1 0.0157 NS ¢ o
Residual 4 42.2675 42.2675 100
Total 5 33.8171
c )

SOURCE dats Mo Se P Probability
Troatunent (T) 1 28.18% 52.964 P <0,001
Period (P) 2 6.49590 12,210 P< 0,01
T x P (TP) 2 16,0771 30. 206 P £ 0.001
Residual 1 0.5322 (Reduction in Variance)

Total 16 4.9498 98.34 %

# Analysis was made using mean (cow x treatment ®m period) FCHM yields in 1b,

S = P2.10




'APPENDIX 21.

ANALYSIS OF FCM YIELD WITHIN PERIODS

ANALYSIS OF VARIANCE

SOURCES PERIOD 1II PERIOD III PERIOD IV PERIOD V
d.f. M.8. % Tot.Var.|d.f. M.S. % Tot.Var. defe M.S. % Tot.Var. d.f. M.S. %’l‘ot.‘\fnr.
Treatment| 1 0.0071 NS - X 3.8161 NS - 1 58.5499 NS = g 31.5197 NS -
Residual 4 31,6083 100 kL 33,7584 100 L 30,6880 100 4 36,2021 100
Total 5 25.2881 5 27.7699 5 36,2604 5 35.2656
ANALYSIS OF REGRESSION Y AFT<R FITTING REGRESSION ON X
PERIOD II PERIOD 1III PERIOD IV PERIOD V¥
SOURCES
D.f. M.S. PROB. do.f. M.,3., PROB., jd.f. M.S. PRCB,| d.f. M.S. PROB.
Treatments| 1 0.0365 NS p§ 3.3915 . 1 56.9348 L L 1l 30,2348 e
Residual 3 1.0611 > 0.1482 3 0.6716 3 0.5112
Total i 0.8049 i 0.9590 4 14,7374 b 7.9421
NS = P> 0ulo * s P<0.,05 ** =2 P 0,0 *es = P {0,001




APPENDIX 22.

Comparison of multiple regression relationships

for pasture and Japanese Millet fed animals.

To test if there were significant differences in the relationships
between the dependant and independant variables for the two sets of data
(one from each treatment), a comparison of variances residual to that
expla ned by the regressions, was performed. The procedure is analogous
to comparisons of two o0 mor- linear regressions as used earlier (intake,
di estibility, chemical components; see Section 3.3.3.2 ) and as part of

an analysis of covariance ( Currie, pers. comm.).

For each treatment group, total variance ( n - 1 d.f.) was
partitioned into th-t associated with regression on Xy and Xy (2 d.f.)
and the residual ( mn - 3 d.f.). Residual sums of squares and their
corresponding d.f. were added (FPooled Residuals). Sums of squares and
products {4 yz.izf .Exg .2311 .i yx, ,z X%, ) and total d.f. were
added for the 2 treatment groups giving statistics for computing the
Pooled within regression. Deviation sums of squares after fitting this
multiple regression were compared with the Pooled Residuals above.

Differences between regressions were tested using the F rationof

Pgo;g% within Ef'id“'ﬁ M5 + These analyses are shown in the following
oole sidu 3

Table A and B ,



TABLE A.

Comparison of multiple regressions for pasture and Japanese

Millet

( r = ?GH " x1 = L.Woo.?s 0 Iz = DCO.MCI‘ )
SCURCE z ,2 Z xﬁ Z xg Z X,y —Z_ Xy Z XX, Reg.55 | Dev.SS d.f. Dev.MS
Pasture |[94.83 1450.52 140,60 338.57 90.25 312,59 83.10 11.72 12 0,97
Japanese Millet 37.11 788,27 34,20 142,13 27.86 143,32 26.13 10,99 6 1.83
POOLED RESIDUALS 22.71 18 1.26
Pooled within [131.95 2238.80 174,80 480.70 118.12 455,92 103.16 28.79 20 1.44
BET4EEN SLOPES 6.08 2 3,04
!' = 2.“’09? P) 0.10
TABLE B.
Comparison of multiple regressions for pasture and Japanese Millet
( ¥ =FCM x, = O.M.I. , x, = D.0.M.% )
Pasture | 94.83 152.06 520,22 92.95 45.09 163.02 65,43 29.40 12 2.45
Napanese Millet| 37.11 33.68 103.96 28.49 26, 4h 15,44 25.94 11.17 6 1.86
POOLED RESIDUALS 40.57 18 7.81
Pooled within [131.95 185.74 624,18 121.43 71.53 178.46 83,89 48,05 20 g}o
BETWE N SLOPES 7.48 2 3.74




APPERDIX 23.
MULTIPLE REGRESSSION ANALYSIS

FCHNwLi? . D,0.KI,

Total data from Pasture and Japanese Millot.

Vel A
b, = 0.1714 b, = 03651
» ? E
- _ . ¥

mURcb d..f. S.sﬁ HOS. quo PmBABt CCH.n.
Total 29 174.6751
x, and x, 2 161,2202 80,6101 161.7702 P<0.001| 92,30 %
Residual 27 13.4549 0.4583

SOURCE d.f. Se e H.5 Frﬂ tio PRCBABILITY
x, alone 1 127.9511
xy and x, 2 161.2202
<, alone 1 89.4309

x after x, | 1 71.7893 T1.7893 144.0684 P (0.001
DEVIATION 27 13.4549 0.4983

+ Coefficient of multiple determination



AFPPERDIX 24,

MULTIPLE REGRESSION ANALYSIS

FCH.OJleIls = DeOuils

Total data from Pasture and Japanese Millet.

A A

b, = 0.5303 b, = - 0.0108
ABALISIS OF VARIANCE

o o +
SCURCE defe Se Se Me Se Fratio PROBAB, Coliela
Total 29 174.6751

SCURCE d.f. De Se Mo Se Fratio PROBABILITY
X and x, 2 89.3855

x, alone 1 88.2479

!2 after !1 ¢ 1.1376 1.1376 0. 3601 P>0.10

X and 12 2 89,3855

!2 alone 1 0.7792

+ Coefficient multiple determination.



APPSNDIX 25,

Analysis of Variance of fat, protein and lactose

yields curing Periods II, IIT and IV.

FAT YIGLD

SOURCE d.£. MeSe  PROBABILITY RETEPR

BSTIMATE % OF TOTAL

Treatment (T)| 1 7.5865 PY»0.,10 0.2634 3,60
Period (P) 2 0 8502 P>0.,10 0 0
T x P (TP) 2 3.4159 P 0,10 o 0
Residual 12 1.0602 7.0602 96,40
Total 17 59318

PROTSIN YISLD

Treatment (T)| 1 2.5968 P »0.10 0 o}
Period (P) 2 0.9314 PY0.10 0 0
T x P (TP) 2 1,6822 P Y0.10 0 0
Residual 12 442358 4.2358 100
Total 17 3.4679

LACTOSE  YIELD

Treatment (T) | 1 3.6622 P )0.10 0 o
Period (P) 2 2.4475 P 70.10 0 0
T xP (TP) 2 2.2967 P>0.10 o 0
Residual 12 4,2678 4.2678 10C
Total 17 3786

#* Analysis was made using mean{cow x period x trestment) yields in 1b,



APPERDIX 26.

Analysis of Variance of Fat, Protein and Lactose

Yioldn' during Proliminary Period.

FAT YISLDS
SOURCE defe Se Se Mae Se F FROBABILITY
ralde

Total 5 37.5935 T« 5187

Residual 4 37.5614 93904
PROTSIN YISLDS

Total 5  20.8255 4.1651

Troeatuent 1 0.0034 0.0034 0.C0C6 P>0.,10
LACTOSE YISLDS

Total 5 23.4915 4,6983

Residual 4 23.4063 5.8516

# MNean (cow x period x treatment) yields were in 1b,



APPENDIX 27,

Analysis of Residual of Y ( fat,protein and lactose yield )

after fitting regression on x. Analysis of periods 1II,

II1I and IV corrected using Preliminary Period as covariable.

FAT YIELD
SOURCE defe He Se PROBABILITY
Total® 16 1.017588
Treatment 1 6.183678 43.450 P < 0,001
Poriod 2 0.850186 5.973 P ¢ 0,05
TxP 2 3.415950 24,002 P (0,001
Residual 11 0.142314

PERIOD PASTURE JAPANESE KILLST PROBABILITY
1I 0.530 0.099 0.527 (0.093) be P>0.10
111 0.509 (0.099)a 0,478 (0.099 P<0.05
Iv 0.566 (0.099)a 0,436 (0.099 P < 0.001

PROTEIN YIELD
SOURCE d.f, e Se _ e PROBABILITY
Total® 16 0.547970
Treatment 1 2.598991 30.367 P ¢ 0,001
Period 2 0.931529 10,884 P< 0,01
TxP 2 1,682021 19.653 P ¢ 0,01
Residual 11 0.085585

PERIOD PASTURE JAPANESE MILLET PROBABILITY
i1 0,368 o.o'n 0.372 bu P>0.05
III 0.344 (0.077 0.3 o.on P{0.05
v 0.397 (0.077 P <0.001




AFPENDIX 27,

(Continuation)

LACTOSE YIGSLD

SOURCE  d,f, NeSe . PROBABILITY
Total* 16 1,003557
Treatment 1 54459329 54.135 P < 0,001
Period 2 2.447400 24268 P< 0,001
T x P 2 2. 296749 22.775 P <0,001
Ropidual 11 0.100845

PLRIOD PASTURE JAPANSSS MILLST  PROBABILITY
11 0.518 (0.083)®  0.515 (0.083) be P 30410
111 0,483 (0,083) a " 0.447 (0.083) b P< 0401
Iv 0,524 (0.083) & ©€.412 (C.083) o P < 0,001

+ Analyses were made using means ( cows x treatmen = x period ) yiels

in 1b,
# joans denoted by common letters are significantly ( P<0.05 ) differents.
@ Standard error of adjusted moan.



APPENDIX 28,
Analyses of variance and analyses of residuals of Y after regression on

within period basig fat, protein and lactose yield.

FAT YIELD
—— ANALYSIS OF VARIANCE
[ SOURCE | PERIOD 11 PERIOD 111 PERIOD IV TERIOD V J
d.f. MS % tﬂt.vuo d.f. MS % tot.\‘lr. de.f. MS % tot.Var. d.f. MS ‘ tot.vlr
[Treatments| 1 0.0071 N8 O 11,009k NS 0 1 13.3982 N8 31.85| 1 5.3065 N3 O
Residual & 31,6083 100 b 7,.6341 100 b  6.9247 68.15| &4 8.1352 100
Total 5 25.2881 5 6.3092 5  8.2194 5 7.5855
NS = P20:,10 )
ANALYSIS OF R&SIDUAL AFTER COVA :IANCE
Treatments | 1 0.0018 Py0,10 10,7105 P<0.01 1 12,2982 P <0.01| 1 h.5392 P ¢ 0.01
Residual 3 0.2411 3 0.,0176 3 0.2280 3 0.0924
Total b 0.,1812 b 0,1908 b 33,2455 b 1,2291

PROTEIN YIELD
ANALYSI® OF VARIANCE

d.f. M8 % tot.var, |d.f. M5 0 tot.Var, |d.f. MS ® tot.Var,| def. MS % tot.var.
reatments| 1 0.0112 N8 O 7 0.35385 RS 0O 1 5.9183 NS 18.90 1 L4.,5973 N8 O

Residual | & 6.6217 100 & &4,0402 100 | & 4.0370 81.10 | & 6.0595 100
Total 5 5.2996 5 3.2999 S5 44133 5 5.7671
NS = P>0.10

ANALYSIS OF RESIDUAL AFTER COVARIANCE

SOURCE |d.f. NS  PROBAB. d.f. M5  TROBAB,. d.f. MS PROBAB,. d.f. M3  P-OBAB.

Treatments| 1 0.0145 P >0.10 | 1 0.2819 P >0.10 1 5.6737 P<0.001 1 8.3338 P 0,01
Residual 3 0.1511 3 0.,0536 3 0.0942 3 0.0954
Total b 0.1169 bk 0.1106 b 1.4891 b 1.1550




APPENDIX 28.

(Continuation)
LACTOSE YIELD
ANALYSIS OF VARIANCE
SOURCE PERICD 1II P RIOD 1III PERIOD IV PERIOD V

d.f. MS ’ t’t.v“. d.f. M8 % tﬂtonr. d.f. MS % totovlr. d.f. M8 ’ tot.\'ar.
Treatments| 1 0,004k N8 0 1 0.5087 N8 o |1 7.7157 Ns 36.95 1 8.1457 N8 22,1k
Residual | & 4&,6303 100 b b,1825 100 (& 3.5525 63.05 b 5.1928 77.86
Total 5. 3.7051 5 3.4477 5 4,3853 5 5.7834
NE = P >0,10

ANALYEIS OF RESIDUAL AFTER COVARIANCE

Treatments| 9 0.0085 P >0.10 1 0.9159 P <0.05 1 8.9849 P (0,001 1 9.7223 P 0.01
Residual 3 0.1321 3 0.0570 3 0.,0927 3  0.2645
Total & 0.1012 bk 0,277 bk 2.,3157 L 2.6290




APPEEDIX 29,

Analysis of variance and test of significance of

treatnent for fat, protein and lactose % means

during II, III and IV Pericds together

SOURCE  |d.f. M. S.  PROBABILITY VARLANGE
ESTIMATE % OF TOTAL

P | TreamEERT (T)| 1 0.20182 P >0,10 0 0
Al psriops (P) | 2 0.06431 P >0.10 0 0
: T x P (TP) 2 0.00841 P >0.10 o 0
“1 mestouar 12 0.23916 0. 23916 100

TOTALY 17 0.18924
P
R
0 | TREATHENT (T)| 21 0.03362 P>0.10 0 0
: PERICDS (P) 2 0.03887 P>0,10 0 (+]
i T x P (TP) 2 0.00636 P »0.,10 0 0
% | RESIDUAL 12 0.05617 0.05617 100

roraL* 17  0.04695

K 4
L
A | TREATHERT (T)| 1 0.,00852  P>0.,10 0 0
: PERIODS (P) | 2 0.00259 P> 0,10 v} 0
g T x P (TP) 2 0.00038 P >0,10 0 °
v RESIDUAL 12 0.01097 0.01097 100
’ torar* 17  0.00859
S SES— - -




AFPENDIX 30,

Analysis of variance and test of significance of treatment

for fat, protein, lactose % means during Preliminary Period.

SOURCE dof.  M.S. PROBABILITY VARIANCE
SSTIMATE % OF TOTAL

p | TOTAL 5  0.22208

; TREATHENT 1 0.02842 P50.10 0 0
4 | mestouaL 4 0.27050 027050 100
P

g TOTAL 5 0.03813

g TREATHSNT 1 0.00551 P>0.10 0 0
I | mestouas 4 0.04629 0.04629 100
2

L

A TOTAL 5 0.00842

¢

T | TREATMENT 1 0.00187 P>0.10 o o
0

5 RESIDUAL 4  0.01006 0.01006 100
B

%




APPERDIX 31,

Analysis of Residual of Y ( fat,protein and lactose % )

after fitting regression on x . Analysis of pericds II,

III and IV corrected using Prelininary Poriod as covariable.

FAT %
SOURCE 8.1 e Se B PROBABILITY
ratio
Total 16 0.023158
Treatment 1 0.032974 1,888 P )0.10
PeriOd 2 GQG64299 3.681 P <0. 10
Tx?P 2 0.008420 0.482 P>0.10
Residual 11 0.017465
PERIOD PASTURS JAPARESE MILLET PROBABILITY
1 5.15 (0.08)° 5.13 (0.08) P> 0.10
111 536 (0.08) 5¢29 (0.08) P ¢ 0,10
IV 5¢40 (0.08) 5«34 (0.08) P¢C.10
PROTEIN %
SOURCE defe HeSe Fra Fom PROBABILITY
Total 16 0.,008176
Treatment 1 0.002036 0.584 P> 0,10
T=xP 2 0.006360 1.825 P>»0.10
Regidual 11 0.003484
PERICD PASTURE JAPANESE MILLET PROBABILITY
I 3.58 (0.03)% . 3.61 (0,03 P> 0.10
11X 3. 59 0.03 b 3.& 0-03 P > 0.10
v 3.78 (0.03) b 3.69 (0.03) P ( 0.05




APPEEDIX 31.

(Continuation)
LACTOSE %
SOURCE Aot M. S, F PROBABILITY
ratio
Total 16 0.003938
Period 2 0.002590 0.876 P> 0.10
TxP 2 0.000384 0.129 P 50,10
Recidual % 0.002956
PERICD PASTURS JAPARSSE MILLET  PROBABILITY
11 5410 (0.03)@ 5402 (0+03) P <0405
I1I 5.10 (0.03) 5.01 (0.03) P £0.0%
Iv 5.05 (0.03) 2.99 (0.03) P ¢0.10

@ Standard error of adjusted mean.
* Means denoted by common letters are significantly ( P <0.05 ) differents.




APPENDIX 32,

Analyses of variance and analyses of residuals of Y after regression on

within period basis, fat, protein and lactose percentages.

FAT %
ANALYSIS OF VARIANCE
SOURCE def. PERIOD 1II PERIOD 1III PERIOD IV PERIOD V¥
MS % tot.Var. MS % tot.Var. M3 % tot.Var, M8 % tot.Var.
Treatments 1 0.0320 NS 0 0.0576 NS 0 0.1291 N8 0 0.0602 NS O
Residual " 0.1915 100 0.3247 100 0.2013 100 0.3463% 100
Total 5 0.1596 0.2713 0.1868 0.2891
NS = P>0.,10
ANALYSIS OF RESIDUAL AFTZiR COVA:IANCE
SOURCE .2, M3 PROBAB. MS PROBAB. MS PROBAB, MS PROBAB.
Treatments 1 0.0015 P> 0.10 0.,0031 P >0.10 0.,0487 P >0.10 0.1840 P < 0,05
Residual 3 0,0058 0.0039 0.0348 0.0075%
Total 4 0.0058 0.0037 0.0383 0.0516
PROTEIN #
ANALYSIS OF VARIANCE
SOURCE def, PERIOD 1II PERIOD 1III PERIOD IV PERIOD V
MS % tot.Var. MS % tot.Var. M3 % tot.Vare. M5 % tot.Var.
Treatments 1 0.0025 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 32,

(Continuation)
PROTEIN &% ANALYSIS OF RESIDUAL AFTER COVARIANCE
SOURCE d.f. PERIOD 1II PERIOD III PERIOD IV PERIOD V
M5 PROBAB. MS PROBAB. MS  PROBAB. MS PROBAB.
Treatments 1 0.0008 P>0.10 0.00002 P> 0,10| 0.0122 P < 0,10 | 0,0107 P >0,10
Residual 3 0.0049 0,0052 00021 0.0029
Total k4 0.0039 0.0039 0.0046 0.0048
LACTOSE %
ANALYSIS OF VARIANCE
SOURCE defe MS % tot.Var. MS % tot.Var. MS % tot.Var, MS % tot.Var.
Treatments 1 0.0038 NS 0 0.0045 NS O 0.0010 NS O 0.,0047 NS O
Residual L 0.0050 100 0.0154 100 0.0126 100 | 0.0112 100
Total 5 0.0047 0.0132 0.0103 0.0099
NS = P>0.10
ANALYSIS OF RESIDUAL AFPTER COVARIANCE
SOURCE defs M8 PROBASB. M3 PROBAB., M5 PROBAB, MS PROBAB.
Treatment 1 0.007% P <0.10 0.0125 P>0.,10| 0.0053 P <0.10 | 0,0117 P) 0.10
Residual 3 0.0012 0.0046 0.0035 0.,0023
-Total b | 0.0028 0.0066 0.0040 0.0466




APPERDIX 33.

Recovery of Chromio determined by Atomic

Absorption Spectrophotometer lHNethod.

I  STANDARD

¥° sample Amount Applied

1 3.95 mg Cr / g ash
2 3.95

3 3.95

4 3.95

x

Amount Found

3.94 mg Cr / g ash

3.92
3.97
3.94

II  STANDARD

n° Sample Amount Applied

Amount Found

Recovery %

99.87
99.85
100.42
99.88
99.86 X 0.24

Recovery 7

19.91 mg Cr / g ash 101,05

19.48
19.65
19.51

III  STANDARD

1 19.70 mg Cr / g ash
2 19,70
3 19.70
4 19.70
X
l° Sample

1

2 30.46
3 30.46
4 30.46
x

Amount Applied Amount Found

30.87
30.70
30.57

98.91
99.75
99.05

99.69 ¥ 0.49

Recovery %

0.6 mg Cr / g ash  29.67 mg Cr / g ash 97.42
101.35

100.80

100. 36

99.98 X 0,88





