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INTRODUCTION.

The world shortage of food is the most serious crisis which faces
mankind today. It is a crisis which has no earlier precedent and one fof
which remedial meagures will be hard to find. The problem, first mentioned
by Mslthus in 1798, is one of limited food resources combined with an increasg-
ing world population, The bagsis of food production lies in the soil mantle
of the world which is limited in extent and decresses yearly both in quantity
and quality through the use of bad farming practices which lead to soil erosim.

The present level of human nutrition throughout the world is far from
adequate. In North Americs and Australasis, the average daily consumption of
calories per head is above 3000 but in the Middle Bast it is omnly 2400 while
in the Far Bast it varies between 1700 and 2100, which is well below require- .
ments (Fawcett (1948)). ©Not only are these pecple in need of more food en-
ergy but they also require more protein, minerals and vitamins., Livestock
products are, of course, rich in these 'protective'foods and the expansion of
livestock px;odiction will play an important part in raising the level of nut-
rition of the world's population.

Non-ruminant farm snimals, pigs and poultry gemerally regquire food which
can be used for direct human consumption - wheat, barley, maize etc. = so that
it seems unlikely that they will be used to increase livestpck production,
However, the ruminant, because of its capacity to deal with fibrous foed, is
well adapted to utilizing grass. Gressland farming is often extensive as on
the prairie, range or veldt, while in areas most suited to arable cropping,
pasture may play only a secondary but nevertheless important part in returning
the soil to a level of fertility suitable for further cropping through the
Judicious use of the legume and the grazing anfimal, However, where the cli-

mate is suitable for high pasture preduction, well spread throughout the year,
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intengive livestock produection csn be attained. 2

So it is with New Z;aland farming where grass, because of its predom-
inant part in stock feeding, is treated as a crop capable of high production
and improvable by cultivation, manuring and mansgement. An important feat-
ure of this intensive grassland farming is the low labour requirement per unit
of production, leading to low costs, From a study of the New Zealand dairy
industry, Hamilton (1944) has shown that over the years the area of land used
for growing mangolds has decreased while the area made into hsgy and silage
has increased, (See Figure !W)., The early dairy farmers grew root crops
partly because they helped in preparing the land for sowing down grass, and
partly because they clung to the traditional methods of the 0ld Country.

Although the climate in Great Britain is not as well suited generally
for grassland production as that of the North Island of New Zealand, there is
no doubt that pasture could be used more extensively for stock feeding, es-
pecially for dairy cows, Before World War II the production rations of dairy :
cows were based mainly on the use of chesp imported concentrates, Pagture
and pasture products were mainly used for providing for maintenance require-
ments. HEven though the work of Woodman (1926-32) and others showed that pro- ;
perly msnaged pasture had a high feeding value and could meet the requirement
of high producing animals, no reliance was placed on it for milk production,

If more reliance was placed on grass as a food and if the methods of
pasture establishment and management used by the New Zealand farmer were adopt-
ed by farmers in other countries, they too would obtain high production of
livestock products from pasturse,

The level of livestock production from intensively managed pasture
depends uponi-

(a) the level of pasture production, Increasing pasture production is
dependent upon the use of improved strains of grasses and clovers, judicious

manuring and management,



3
(b) the efficiency with which pasture is utilized., Efficient pasture

utilization involves the Eomplste removal of grass from the paddock by grazing
or cutting at a time when the quality of the pasture is most suited to the
needs of the animal using it.

(c) the efficiency of the animal in turning grass feed consumed into
the product required.

In this thesis, pasture utilization will be discussed in relation to
New Zealand dairy farming. There is no evidence to show the magnitude of
the losses of feed which occur through pasture utilization under dairy farm-
ing conditions, However the fact that not all the pasture food produced is
actually consumed is illustrated below.

Various New Zealand workers have measured pasture production under a
system of sheep rotational grazing with complete utilization, Elliot and
lynch (1943) have measured yield by using a grazing and cage technique simul-
ating fairly closely practical farm conditions, During a good season (from
Oct.lst 1940 to Oct.lst 1941) they obtained a yiseld of 11,787 1b of dry matter
per acre in the Walkado, 4,734 1b of dry matter per acre at Stratford in Tara~ f
naki and 11,071 1b of dry matter per acre at Marton in the Rangeitiki plains,
Hudson (1933) found yields of 4,638 1b to 8,806 1b at Marton using a mowing
and grazing technique. Sears and Newbold (1942) obtained a yield of 13,700
1b of dry matter per acre on very exten;ivply managed pasture at the Grassland
Research station in the Manawatu. Mclieekan (1947) estimates that the yield
of dry matter per acre on a typical New Zealand sheep or dairy farm is between
6,000 and 8,000 1b.

However the butterfat production per acre for New Zealand dairy farms,
which is determined by multiplying the number of cows milked by the average
butterfat per cow and dividing by the area of the farm, is given in a report
of survey work carried out by the Department of Agriculture for the Dairy In-

dustry Commission (1934). A study was made of 550 high selected sample farms



on a district basis., The average figures were:-

Northland.. .. 93 1b Auckland.. .. 144 1b
Taranaki .. .. 122 1b Manswatu.. .. 132 1b,

Now theoretically 6,000 to 8,000 1b of dry matter should produce spproximate=-
ly 240 to 330 1b of butterfat which is well above the figures found in practice.
The difference is by no means an accurate estimate of the loss which occurs through
pasture utilization, for the average pasture production is merely a rough estimate
and the output of butterfat per acre is difficult to-calculata in practice. By
using a method of measuring intake, it should be possible to measure pasture util=-
ization losses under f;;m conditions, and such work is urgently required,

The general theme throughout this dissertation is the pasture utilization
loss. As a fundamental backgrouhd, pasture quality and grazing behaviour of
dairy cows are discussed. The losses that occur through utilization by grazing
are enumerated, and this is followed by a discussion of the factors which prohibit
utilization and the solution of pasture utilization problems, The effect which
pasture utilization has on production of pasture and the utilization of the grass
feed consumed is considered.

Further experimentation in this field demands a knowledge of the intake of
feed from pasture by the animal, and there is therefore a final section dealing
with\}he methods which have been developed to measure intake.

The object of this work is to outline the subject of pasture utilization in
relation to New Zealand dairy farming, illustrated by the evid?nce which is avail-
able. It is hoped that this dissertation will act as an impetus to further ine-

vestigation,
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THE VARIATION IN FEEDING VALUE OF PASTURE.

To provide & background for this thegis, it is necessary fo outline
in brief the variations which occur in the feeding value of pasture, This
discussion will be limitoq_to the major constituents of grass - protein,
nitrogen-free-extract, crude fibre, fat and ash. Details of the mineral
content of pasture in New Zealand can be found elsewhere while such details
as the biological value of the proteins, the vitamins and the lhiromonss pre-
sent in pasture are not considered relevant to the general theme,

While it is generally recognised that high-quality pasture is an ade-
quate food for all clagsses of stock, it is surprising that grass has not been
subject to more investigation when one considers that it is the most import-
ant gingle food used for farm animals,

Factorg which influence the nutritive value of pasture.

The botanical composition of the sward plays an important role in de-
termining the nutritive value of pasture, Williams and Davies (1932) in
Wales have shown that clovers, in comparison with grasses, are high in crude f
protein and calcium while they have a lower crude fibre content, In New
Zealand, Sears (1947) has found similar results, There is but little diff-
erence in chemical composition between grass species when compared at the
same stage of growth under the same soil conditions (Fagan and Williams (1924))
Weeds, the other components of the sward, generally have a’high protein and
mineral content but are low in dry matter (Fagen and Walkins (1932), (Milten
(1933)), (Shapter (1935)). Although weeds are often palstable, especially
during the winter, (Milton (1943)), they probably compare unfavourably with
other pasture species in total preoduction under high fertility conditions,

Broadly spesking, the nutrient content of a plant tends to be directly

related to the level of nutrients in the soil (Richardson et al (1931)).
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For instance, it is well known that the addition of nitrogenous fertilizers

raiges the protein content of grass (Fagesn, Miltog and Proven (193€)), while
Sears (1947) has shown that high soil fertility gives pasture with a high
nutritive value. The addition of phosphatic fertilizers to the soil raises
the proportion of clover in the sward. The presence of clover itself im-
Proves the quality of the "grass while added symbiotic nitrogen synthesis
raises the nutritive value of the sward.

The stage of maturity at which the plant is utilized often overrides
the effects which the botanical compoesition and the soil fertility play in |
determining the nutritive value of pasture. The rate of carben assimilation
of a plant is proportional to the leaf surface which increases up to the pre-
flowering period. Again, the rate of uptzke of nitrogen and minerals is most
rapid in the early vegetative staéos after which it decresses (Richardson et
al, (1932)). As the plant matures, the nitrogen and minersl content decreases
while there is an increase in structural tissue which leads to a lowered di-
gestibility of all nutrients. This variation in pasture composition with
stage of growth is related to the ratio of leaf to stem. Fagan and Jones
(1924) have shown that the proportion of lesf to stem decreases with an in-
crease in maturity. The leaf is richer in nitrogen and minerals than the
stem, The crude fibre content is lower in the leaf and this leads to a higher
digestibility of all nutrients.

Stapledon (1924), Woodman (1926, 1923, 1932, 1933) amd Woodward (1939)
ghow that as pasture matures the dry matter percentage increases but the di-
gestible proteins, ash and fats diminish., [Lowered digestibility of these
nutrients is probably due to an increase of lignin content (Norman (1937)).
Also the high content of readily digestible fructosan in immature herbage
accounts for its high feeding value rather than its richness in protein,

If pasture is cut frequently in order to obtain grass of a high quality,

the total yield of digestible nutrients will be depressed. Woodman's work



showed that the longer.the interval between cuts, the higher the yield &f
dry matter. A compromis‘e between quality and quantity is made if -the max=
imum yield of total digestible nutrients is required. Watson (1939) has re-
commended cutting pasture at an early stage in order to obtain kigh food with
a high protein eguivalent. But when a maintenance feed is required, early
cutting may not be economical,

Theoretically a greater yield of nutrients can be obtasined by rotational
grazing, Under continuous grazing with efficient utilization the qusality of
the feed may be expected to be high but the total yield of nutrients will be
depressed. Under rotationsl grazing the feed can be utilized when the qual-
ity is best suited for milk production so that the largest yield of total di-
gestible nutrients will be obtained,

Sears and Goodall (1942) have sﬁown that 8 - 10 inch spring pasture
under high fertility conditions in New Zealand still has a protein content and
digestibility pomparable with the immature pasture studied by Weodman. It is
" unlikely that such long grass would have such a high feeding value during the
summer or sutumn and in any case such herbage would be difficult to utilize
efficiently. One may conclude that the intervals between grazings should be
as long as possible provided that the guality of the herbage does net fall be-
low a level suitable for milk preduction. Also the pagture itself must not
be too long or its utilization will be difficult.

Seagsonal vsriations in pasture composition,

»

The soaspnal variations in pasture composition depend on climatic fact-
ors such as the distribution of rain, but these are manifested mainly in
changes in the stage of maturity of the pasture. Thus the proportion of leaf
to stem is highest in the spring, lowest in the summer, rising again in the
sutumn (Fagan and Jones (1934)) and this leads to a lowering of the digest-
ibility of nutrients during the summer, a depressed protein content and an

increased percentage of fibre (Woodman (1926)). The extent of the depression



during the summer is modified by the botanicsl composition, for if there is
in the sward a high percentage of clover which will make most of its growth
during the summer, the depression of feeding value during the summer will
not be so great.

Hudson (1933) at Marton, New Zealand, analysed pasture which was ro-
tationally grazed by sheep. He found that the spring flush growth was
characterigsed by & high pretein content of approximately 34 per cent and a
low fibre content percentage. During the summer the protein content was
depressed (27 per cent), while the fibre content rose. The autumn growth
had a higher protein content but the protein content of the winter pasture
was low, Thus Hudson's work bears out the results of overseas workers.

We may conclude that botanical composition, soil fertility and stage
of maturity all plsy a part in determining the €fomposition of pasture, The
quality of pasture varies throughout the year, being manifested in changes
in the stage of maturity of the _pasture plants. The quality is highest in

the spring and autumn and lowest during the summer and winter,



THE GRAZING HABITS OF DAIRY COWS.

The larger part of pasture output on dairy farms in New Zealand
is qtilized by grazing. Therefore it seems logical to make a study of
the grazing behaviour of the animals that consume it,

Unfortunately, there is remarkably little knowledge readily avail-
able about the behaviour pattern of grazing animals, but some reforonces.
to the relevant literature will be given below.

Ruminants have the ability to make uge of more in the way of
fibrous feeds than do other grazing animalg, and furthermore, they are
much less selective in their grazing habits than are non-ruminants,

(See Beruldsen and Morgan (1938)). It is quite possible that the
ability to take in feed rapidly and then to remasticate it later on is
of some gselective advantage in wild life.

A general survey of the behaviour of the grazing animal should
help to throw some light on many of the pasture and animal management
problems with which the farmer is vitally concerned,

Thus James Anderson (1797), a Scots farmer, after making some
observations on the grazing behaviour of his fattening beasts, decided
to adopt a system of rotational grazing. He noticed that his stock
appeared to relish fresh clean feed, and also that they thrived on it,

and he therefore adopted the system which todsy we consider an efficient
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method of pasture utilization,

The grazing pattern of a cow appears to be governed by its gemetical
make-up, its fee& requirements, the climate, ani the pasture environment,
Before the limited data on these factors is Adiscussed, a picture will be
given of the normal habits of Adairy cows,

Johnstone-Wallace (1944) Aiscussed the foraging habits of beef cattle
and states that "the mechanical process of grazing involves the severing of
" the leaves and stems of grasses, legumes and weeds with the two jaws of the
animal measuring on an average,about 2% inches across, and having one row of
teeth in the front on the lower jaw. A muscular pad on the upper jaw presses
against these teeth and enables the tearing action to take place... The tongue
is in constant action Auring grazing usually being protruded with great rap-
idity, alternately from either side of the mouth. Its function appears to be
to simplify the collecting process, as well as the swallowing process,

The head of the cow moves from side to side as she moves forward, the neck
being flexed within an arc of about 90 Aegrees”.

{ndershot jaw may prevent a cow from collecting sufficient food to meet
its requirements, especially under poor conAitions, Hancock (1948) gquotes
the case of a set of twins at Ruakura. One gave 3501b of butterfat on ajegquate
pas'turo supplemented with concentrates while the other only gave 1001b of
butterfat on an area of pasture which was 40% smaller. However this differ-
ence was very much greater than the average treatment differerdces. The reason
wags that both had an undershot jaw but the latter was unable to forage effic-
iently under poorer conditions,.

Hancock and Wallace (1947) at Euskura, New Zealand, find that the average
number of bites per day for four cows that they obsewved is 23,500, The
average number of bites pet minute is 51. If it is assume? that the cows cone
sumed 150 1b of green grass per day, then each bite weighs about one tenth of

an ounce, 4As a cow takes in such small quantities at once it can be appreciated
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that potentially she is a very selective animal, Selectivity will be dealt

with later,

The samé workers observed the grazing behaviour of six sete of monozy-
gotic twins (first calvers) for six twenty-four hour periods at monthly ine
tervals through the main lactation season. 7 hours in each 24 were spent in
grazing, while 10 were spent in lying dowmn, The remainder of the day was spent
loafing,i,e.standing and walking arcund but not grazing, Similar results
have been found by Southcombe (1947) from observations of the dsiry herds at
Massey College, The most obvious feature of the behaviowr pattern is its
cyclic nature, Southcombe obsexrved three regular graszing periods during
the day snd two at night, A similar pattern was noticed by Corbett (1943)
from his 24 hour watch on calves, Observations by the present writer (1948)
showed how the whole herd tended to act as a unit and also that the intemnsity
of grazing, as measured by the bites taken per minute, decreased Auring each
grazing period,

It was believed by Cory (1927) sn? Ellingboe (1924) that no grazing takes
place at night, but Hencock and Wallace (1947) found that 42 per cent of the
grazing took place between 5 p,m. and 4.45 a.m., and 58 per cent between ] a.m,
and 3 pemle
However, comparatively little grazing is Adone between midnight and milking
time (Levy 1935). Southcembe (1947) has confirmed these results,

The Ruskure workers measured the distance their twins walked,finding it to be
spproximately 2 miles, Similar distamces were found by Johnstone-Wallace and
Kennedy (1944) in America,and Anon,(1948) at the Grasslend Improvement Station
England, with beef cattle,

These English workers find that nearly 9 hours are spent in cudding,

Cne observation for a 24 hour period by the American workers showed a cudding
time of 7 hours. Hancock (1948) states that the twins he has studied usually

spend about three qusrters of the time they take to graze in cudding., However,
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Southcombe (1947) states that the times Adevoted to chewing the cud show much
varistion, His obgervations did not take account of cudding either in the
yard or in the night paddocks, It was noticed, nevertheless, that when a cow
began ruminating, she persisted for some 15--2C minutes, before abruptly stop=
ping. This feature has been noted by Corbett (1949) in calves.

Johnstone- Wallace an? Kemnedy (1944) found that the aversge number of
defecations ard urinations made by beef cows on pasture was 8.5 amd 12,75 res-
pectively, Hancock (1948) states that of the total time spent im grazing, 60
per cent of the menure falls between the morning and the afternoon milkking, and
the remainder, or 40% (per cent) between the afternoon and morning milking,

It is widely held that more stock manure falls atrmight than during the dsy.
This has been clearly proved in the case of sheep (Davies (1937) ) and it was
generally sccepted that the same held good for dairy cows == hence the build~
up of fertility in night paddocks. However, Hancock believes this to be
due to their comparatively small size giving them & larger shower of manure
rer acre than the day paddocks.

This work requires confirmation in terms of actual weights,

Hgving obtained a pictiu'e of the grazing pattern of dairy cows, it is now
necessary to discuss the limited informationm concerning the variations that
occur and the factors which cause them,

Hancock snd Wallsce (1947) foun? that the identical twin heifers they
studied spent from 26 to 32 percent of their time graszing but that the pattern
of grazing was strikingly similer within sete of twins, Thus the "within sets
of twins" intra-class correlation was 0,9038 for grazing, However, the correl-
ation for time spent loafing and lying down was neglgible,

The grszing pattern appears therefore to be determined to a considersble extent
by the genotype of the animal concerned,

In consequence, one might expect to find some differences between breeds

in grazing behaviour, Indeed Southcombe found that Jerseys grazed for a longer
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time than Friesiasns, especially during the night and they also walked further,

As he found that the rate of eating, as measured by the bites taken per minute,
was gimilar in both breeds, he concluded that the Jersey mt-be & more select-
ive grager, These facts probably show that the Jersey takes in less feed per
mouthful but this does not necessarily kske her more selective,

A low correlation has been found between the theoretical T.D.N.require-
ments and the grazing time ( Hancock and Wallace (1947) ). Now if there is
& strong relationship between the amount of food consumed and the grazing time--
this has yet to be shown but would seem probable --, then the low producing
cows in the herd consume a larger amount of feed than they require to meet
production and maintenance requirements, This reveals = possible weaskness
connected with fres-grazing conditions, for unless the requirements of the
cow play a large part in determining the intake from pasture, the low proa.ucors‘
consum; more than their share,

Seasonal and climatic conditions may affect the grazing pattern,
Southcombe (1947) found a definite tren? towards shorter grazing hours during
the Winter. Hsncock (1948) reports that cows walked further on ccld and
blustery or extremely warm days and emphasized the need for alequate shelter
on pasture,

Seath and Miller (1946) studied the effect of warm weather on the grazing
performance of three Jersey and three Holstein cows in Louisisma, They
found that high day temperatures decreased the portion of the time spent zx
grazing during the day and increased night grazing, Thus on the warmest Adays
23 per cent of the grazing s was done during the day while on cooler days
the daytime grazing increased to 44 per cent, The day temperatures are
lower in New Zealan3d and both Southcombe and Hancock have found that about
60 per cent of the grazing takes place during the day. Climatic conditioms
seem to alter the grazing pattern comsiderably,

The condition of the pasture may almo affect the changes in grazing
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behaviour, Hodson (1933) compared the grazing pattern of Holsteins grazed
continuously and rotationally. He found that less time was spent foraging
under rotational grezing conditions but that grazing time increased after
the cows had been on & paldock for some days. Although his data was scanty
and he only made observations Aduring dgylight hours, he concluded that less
energy :deqnndod by cows under rotational grazing, His results are supported
by Shepperdts (1921) observation that the larger the paddock the further the
snimal travels,

Atkeson et al, (1942) found that although cows on poor pasture received
supplementary food they were forced by the sparse condition of the herbage

to graze for a longer time thsn on good paddocks, Hsncock (1948) states that
cows will put in up to 10 hours grazing in a day on scanty pasture which is
contrary to the conclusion reached by Johnstone-Wallace and Kemnedy (1944),

who maintainéd that cows have not the capacity to graze more than seven hours,

It is obvious that there is & limit to the number of hours a cow.put in,

Hancock (1948) states that a hard working cow could put in 10 hours grazing,

9 hours rumination,3 hours off the psddock being milked and2 hours complete
rest, which appears to be their minimum requirement.

A cow that has to eat for a long time may be so enforced to reduce her cudding
time, utilizing her food poorly.

As a conclusion, Hammond (1944) may be quoted;---

" The study of animal behaviour should have a great influence in meking a

science of what was now known as the stockmants art. A good stockman was

one who knew exactly what his animal wanted snd how it was feeling,

The development of a science for this subject would be of great use to

snimel husbandry"
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THE LOSS®ES THROUGH UTILIZATION BY GRAZING,

The byreman aims to provide his stall-fed cows with sufficient food
tc meet their requirements; no more or the food will be wasted, and no less
or preduction will suffer, The situation is more complex when feeding cows
on pasture becsuse the amount the animal consumes is difficult to control
and becsuse of the fluctuating rate of pasture production through the sesason,

In Figure 1 there is shown in diagrammatic form the curve of pasture
production in New Zealand. Pasture starts to grow vigorously in the spring,
rising to a peak in November. In December-January the growth rate falls
with the onset of dry summer weather, There is another smaller flush of
pasture growth in the autumn but pasture production falls to & low level
during the winter,

The requirements of a diary cow rise sharply after calving with the
initiation of lactation about six weeks to a month before active pasture
growth starts, These requirements reach a peak about two months after calv-
ing, and then drop steadily to the maintenance level when the cows are dried
off,

There are two periods when there is a surplus of pasture available;
in the spring snd early summer, and in the autumn, If the spring surplus
is not utilized, it will continue growing, run to seed, and its nutritive
value will decline, Eventually the leaves will drop off ahd the herbage
will die and rot back into the soil, If this happens, feed will be wasted
and maximum production will not be obtained, The sutumn flush is less
likely to be wasted, for the onset of winter retards the rate of growth,
and the herbage will continue to produce vegetatively. In fact the surplus
from the autumn flush can be conserved in situ for consumption during the
winter without undue loss. Often there is no surplus autumn pasture, de-

pending on the rate of stocking, the number of cows in production during
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that period, and the season.

This is the basic éroblem of pasture utilization. The losses that
may occur can be avoided by various practices such as conservation, adjust-
ment of stock numbers, cropping snd the use of special-purpose pa.stures.

By these methods the requirements of the herd for pasture msy be squated
with the preduction of grass. The details of these practices will be out-
lined later.

The most common method of equating herd requirements with pasture
production in New Zealand is the making of hay and ensilage, In the spring
the whole farm will be grazed but as the grass comes away and there is a
surplus above herd requirements, pastures are closed for cohscrva.tion. By
this method it is possible to reduce the losses which would otherwise occur,
However if too much land is closed, the herd may be on a sub-optimum ration
during the early summer. If too little is conserved, there will be a sur-
plus of food which will go to waste, The adjustment of this is very diffi-
cult in practice for seasonal conditions plsy a large part in determining
the surplus there will be. However, with rcotational grazing and close sub-
division of the farm, a fine balance may be struck between the amount of
feed offered and the amount the herd requires, Rotational grazing and
close sub=-division give the flexibility that is required to strike this
balance,

Silage-making is more flexible than the making of hay, for it is more
independent of the prevailing weather conditions, It takes about six weeks
to grow a crop of grass for conservation in the New Zealand dairying areas,
Now during the month of November the weather is ususally unsettled and not
suitable for haymaking, Thus if a paddock igs closed for hay at the be-
ginning of the pasture season in order to reduce grazing utilization losses,
its date of cutting will coiﬁcido with the unsettled November weather unless

the crop is allowed to grow to a later stage of maturity when its guality
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will detericrate. Hay paddocks are often closed up later in the season

than is consistent with efficient pasture utilization, so that cutting coin-
cides with the finer December weather., By making silage these ‘pre-closing!
losses may be eliminated.

The diary farmer who has a stack of hay or silage in hand at the end
of the winter is able to adjust the amount of feed offered to the herd more
easily, for if the grass production during that period is lower than normal
he will not have to underfeed his herd in order to conserve emough feed for
the winter,

_Thus in some years on New Zealand dairy farms pasture will be wasted
through poor utilization. The amount wasted will depend on the season
and the flexibility of management,

Pagture clumps.

During the summer, clumps of neglected pasture are a common sight on
dairy pastures, They represent a loss which occurs when pasture is utile-
ized by grazing and are mainly the result of unpalatableness of that part
of the sward but a surplus of pasture will increase thassfrequency, These
neglected clumps are the direct result of the selective grazing habits of
dairy cows about which we know very little,

It is generally assumed that horses are the most fastidious grazers
and cows the least. However the fact that about one tenth of an ounce of
grass is consumed per bite and that some parts of a paddock:are preferred
to others shows that the dairy cow is capable of selection,

Grazing animals avoid their own excreta. Horses for instance dung
and urinate in the same ares or areas of the paddock each tide and in con-
gsequence these aress are neglected. Beruldsen and Morgan (1938) working
in Anstralia on irrigated pasture charted a one-acre sample from a horse
paddock over 3 years at various intervals. They divided the pasture into

heavily grazed moderately grazed and lightly grazed or neglected areas,
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Figure 3., SELECTIVE GRAZING.

Cattle prefer the unsoiled herbage beneath the elsctric
fence when grass 1s being rationed out by break-feeding,




SELECTIVE GRAZING.

Cattle refuse to eat luxuriant pasture where droppings

have fallen, but they will eat the herbage if it is
handed to them or placed on the ground a short distance
from the place on which it grew., The odour associated

with the droppings sppears to be the cause of this,
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Figure 5, CHARTS SHOWING THE RESULT OF PASTURE SURVEYS IN
A COW PADDOCK STUDIED BY BERULDSEN AND MORGAN (1938),
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marking these areas in on ‘a map and estimating the extent of each, Al-

though this subjective method is open to biassed error, it did show that the
neglected areas of pasture had a constant position in the field., (See Figure 2 |
Never more than 50 per cent of the paddock was effectively grazed.

Dairy cows on bresk-feeding often prefer to eat beneath the electric
fence (see Figure 3 ), We may presume that this is because of their pre-
ference for clean feed. Clumps in cow-pastures are associated with the pre-
sence of excreta. Johnstone-Wallace (1939) has observed that cows refuse to
graze luxuriant herbage where droppings have fallen but will eat the herbage
if it is handed to them on the ground a short distance from the place on
which it grew. (See Figure 4 ). The odour associated with the droppings
appears to be the cause of this. Beruldsen and Morgan noticed an unpleasant
odour emanating from the neglected areas in a horse paddock and that even
after grazing the herbage off with sheep, the paddocks reverted to their orig-
inal clump pattern after some months of exclusive horse grazing, This ob-
servation shows that it is the smell of the excreta which causes the unpal-
atableness rather than the contamination of the herbage with excreta. It
also demonstrates the persistent effect that horse excreta has on the palat-
ability of herbage.

Cows appear to excrete at random in the paddock and the effect of the
dung and urine seems to be less persistent on the palatability of the herb-
age, Beruldsen and Morgan surveyed cow-paddocks in & manner similar to
that used for horse-paddocks. The charts in Figure 5 demonstrate that there
ig little permanency in the relative positions of the short and long patches
in the pasture grazed by cows. However by comparing survey 3 which was made
in the spring with the summer survey 4, it will be seen that patches which
were lightly grazed or neglected in the spring developed clumps during the
summer,

Beruldsen and Morgan also demonstrated the well known fact that clumps
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tend to disappear during the winter when herd requirements for pasture ex-

ceed its production, and develop during the summer when there tends to be a
surplus, (See Figures § and 6 ),During the winter clumps are chewed out.
In order that a cow may obtain sufficient pasture to meet her own require-
ments for high production it may be necessary for a surplugs of pasture to be
present, This point will remain in doubt until such time as an adequate
method of measuring intake has been evolved. However Johnstone-Wallace (1944)
reports that the height of the pasture influences the intake of feed by the
dairy cow., He measured the intake by the 'difference' method which will be
criticised later on and failed to replicate his experiments so that statist-
ical analysis was impossible, His results are summarized in the following
table,

Table | , The effect of pasture height on intake of dairy cows ompasture.

i1 Available erbd

Condition of Herbage ] S gonsgﬁzd

Green Dry Gresn Dry

1b 1b 1b. 1b

Sward 4 to 5 inches in height | 4500 1000 150 e

Sward after a few days grazing| 2200 500 90 20
) t furth iod

Yard aftern & ZWFILan s % einbo 250 45 10

Sward 10-12 inches in height 5000 1200 70 20

Thus if a paddock is grazed bare to give complete utilization the feed
intake may be reduced giving a consegquent lossﬁ;Ei;ro&uction. The effect of
reducing the debsity of the pasture on intake will have a different effect
with individual cows. The efficient grazers will be more able to maintain
their intake even under sparser pasture conditions.

From this scanty evidence and practical obssrvations it may be tentat-
ively postulated that a balance must be struck between good utilization of
pasture including the avoidance of clumps and providing the cow with the op-

timum conditions for consuming sufficient feed to meet her requirements dur-

ing her limited daily feeding period. It is well known that if clumps are
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chewsd out by concentrating stock on a small area the butterfat production
will fall,

The size of the paddock may affect clumpiness, If the herd is grazed
over a large area for a long period, the cows will have adequate 'room! for
selection at the beginning of that period and some parts of the sward will be
neglected, especially where dung and urine have been dropped. These areas
will probably grow at a more rapid rate than the rest of the pasture because
of the effect of the nutrients contained in the excreta and will be unpalat-
able, not only because of the presence of the excreta but also because they
are relatively more mature than the surrounding pasture. Several workers
including Davies (1925), Beaumont et al. (1938), Archibald (1943) and Rogler
(1944) have shown that stage of maxurity markedly affects palatability of
pasture herbage. As the feed supply becomes limited the herd may be forced
to eat these clumps but in doing so their production will fall, In order to
avoid clumpiness it is mnecessary to subdivide the farm and practise rotation-
al grazing so that an area csn be cleaned up quickly before clumps can devel-
op. This is probably the essence of rotational grazing.

In the original Hohenheim system of rotational grazing a clean paddock
was first grazed by the milking herd and afterwards cleaned up by dry stock
(Donald (194%)). Complete utilization of the paddock was thus effected.
Unfortunately this system camnot be fully adopted on the New Zealand dairy
farm for it is only in the autumn that dry cows are available, These can be
used to clean up pastures before the winter. Usually there is not suffic-
ient young stock on the farm to clean up behind the milking cows, It is
probably not desirable to use either calves or yearlings for this purpose.

Ag Beruldsen and Morgan have shown that sheep will eat the mneglscted
herbage on a horse-paddock, it seems reasonable to assume that grazing anim=-
als are not averse to eating the herbage contaminated with the excrsta of

other species. Clumpiness of a pasture can therefore be reduced by mixed



stocking, There may be a strong case for having sheep on dairy farms in
order to utilize more efficiently the available pasture. This point needs
investigating,

Harrowing the pasture to spread droppings should in theory reduce

clumpiness and in practice it has been reasonably successful. (Syme (1946)).

Harrowing distributes the fertility in the dung so that the whole pasture

benefits from the returned nutrients rather than a small area which is not
grazed because of its unpalatableness. It is most important to harrow out
the droppings that have accumulated during the winter before active pasture

growth commences. Harrowing may not be so important later in the season, as
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the fresh green herbage is a laxative and droppings are more readily scattered

and so tend to break up and become incorporated in the soil. It may be
argued that harrowing only increases the area of pasture which becomes unpal-
atable because of soiling but dung which has been broken down will not have
such a lasting effect on the unpalatableness of the herbage.

It is often pointed out that harrowing will not spread the urine which.
also may cause the pasture to become unpalatable. However Southcombe (1947)
and Beruldsen and Morgan have noticed that after heavy rain the pasture tends
to sweeten up and clumps which formerly were negiected are now eaten, These
clumps were possibly rendered unpalatable by urine which id washed away by
the rain, Probably urine does not markedly affect clumping to any serious
degree, as long as there is sufficient rainfall, However this point needs
supporting by experimental evidence.

Clumping may be caused by differential palatability of the species
within a swarxd. A weed ‘such as a strong growing thistle may prevent an
area being grazed. TFast growing species quickly mature and conseguently
lose their palatability and may form an ungrazed tuft which is wasted. The
effect of urine and of species differences in palatability may account for

the fact that harrowing is not universally successful in redueing clumping,
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The topping of pastures is usually recommended as a desirasble practice

for eliminating clumps and seed heads so that young grazable herbage is pro-
duced from below, The effective grazing area is increased and one would
expect higher productivity. OFten the cut material is eaten by stock, 4n
increasged yield of butterfat must be obtained in order to mske the practice
economic, ‘

ling 1 .

Trampling losses are independént of the seasonal production of grass
and the selectivity of the cow. Soil moisture content will be the major
fastor which affects them and the biggest losses are likely to cccur during
the winter when herbage will be trodden into the soil where it will rot and
waste., Trampling losses are not likely to be great, though we have no evi=-
dence to demonstrate their magnitude, but they occur at an important time of
the year when feed is short.

Breskfeeding will reduce trampling losses. If the herd is folded on
winter-saved pasture after each milking long enough to obtain a 'belly=-full’
of grass and then turned back onto a bare paddock on which hay or silage is
fed out, the pasture losses will be reduced, It has been suggested that
the best practice is to feed out on one paddock which will be puddled badly
rather than to puddle the complete farm. This paddock can be ploughed and
resown,

Pearson Hughes (1948) at Stratford-on-Avon, England, reports that very
little trampling occurred when bullocks were grazed on cocksfoot drilled in
rows. (See Figure 7 ). The beasts puddled the soil between the rows but
although the soil was of a heavy texture the puddling was less severe than
expected. The damage could be remedied by inter=row cultivation in the
spring, Such a method of reducing trampling losses would hardly be econ=-

omic in New Zesaland.
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Conclusion,

No figures are available either to indicate the wastage of feed that
occurs on pasture grazéd by dairy cows in New Zealand or to show the relative
importance of clumping and treading losses, There is a reel need for such
an investigation and a suitable technique for measuring the losses, The
relative efficiency of pasture utilization would be indicated by the degree
of clumping, and the latter could be measured subdjectively by a method sim-
ilar to that used by Beruldsen and Morgan in their study of the selective
grazing habits of various grazing snimals, Such a measurement could be
used in survey work and be related to output per acre, output per cow, amount
of hay and silage made, in order to find the importance of efficient pasture

utilization in contributing to high per acre production of butterfat,
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FAO WHICHE PROHIBIT THE UTILIZATION OF P .

On the following pages, the factors which prevent pasture being utilized
will be discussed, but only those which cause damage to dairy products or to
the cow and which are concermed with pasture per se. Thus farm management
factors which prevent pasture being grazed - inaccessability, lack of an
adequate water supply, imperfect farm subdivision = will not be dealt with.
Again, such hazards of grazing as parasitic infections - worms, foot-rot,
contagious sbortion - or physiological dysfunctions = milk fever, ketosis,
grass staggers = will be left out of the discussion, for in these cases the
seat of the trouble does not sppear to be simply in the plant nor are they
likely to debar the pasture from utilizationm.

During the spring and summer, taints in the cream caused by pasture
may prevent certain paddocks being used for feeding. The two main sources
of trouble are clover which gives rise to feedy flavour, and taints produced
by weeds of which landecress is the worst offeander. It is a problem to find
& suitable method of utilizing such pastures especially on dairy farms where
there are few dry stock to eat them off and they may waste.

There are no figures for the number of stock ﬁ??i?a by bloat or poison-
ous weeds in New Zealand, However, after there has been some such trouble on
a paddock, a farmer hesitates to put his stock back into it and the feed will
be wasted.

Mineral deficiencies of pasture may completely prevent utilization in
some areag of New Zealand., However a better umderstanding of cobalt and
copper deficiency has led to the opening up of large areas of dairying on
bush-gick sand peat-sour land.

These topies will be discussed in detail.

Although pasture is believed to be the most adequate food it can cause
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certain troubles, In countries where pasture plays only a small part in

feeding livestock, such problems are not serious, for slternative foods may
be used, In New Zealand, where almost complete reliance is placed on grass,
it goes hard with the dairy farmer when these troubles arise,
£BED FLAVOUR,

Levy (1935), conducted a survey in the Waikato on feed flavour in cream,
The creams produced from various farm types were tested for !'feediness'luring
the Spring and Summer months, He concluded that clover dominant swards were
the main source of this feed flawour, especially when in a soft luscious con-
dition, After the clover had hardened there was very little trouble,

Riddet and his colleagues (1937) confirmed these results in both grazing
and stall feed@ing experiments, though they found enomalies due possibly to
the stage of growth of the hex‘bagel or the time before milking that the material
was eaten. They identified broad red clover,subterranean clover, white
clover, Montgomery red clover and suckling clover with feediness, but that mno
serious tainting is camsed by the ryegrasses. Campbell (1938) showed that
the amount of clover in the ration was important; in stall fesding experiments
he fed cows for a 24 day period comparing two rations, ome containing 30 per
cent white clover which caused no trouble and another of 7O per cent clover
that gave a 'feedy! cream, Repeating the trial for 12 days with ratioms of
30 per cent and 70 per cent lucerne he found that the former gave a mild
taint while the latter gave a strong one,

Levy (1935), observed that the morning milk was comparatively free
from 'feediness', As several overseas workers had found that if taint produce
ing feeds were fed several hours before milking no taint was produced, Levy
thought it possible that the feeding habits of the herd might be responsible
for the lack of taints in the morning milk, In consequence he made observe
ations through a night on the grazing behaviour of a Waikato herd, The cows

_ rested prior to the morming milking and very little grazing took place,
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Thus the habits of the cows accoumted for the lack of taints in the morning
nilk,

This was confirmed by Riddet et al. (1937) in a stall feeding experiment,
They showed that feed flavour was reduced by witholding the tainting feed for
four hours prior to milking,

Cows should therefore be removed from feedy paddocks several hours before the
evening milking, or better still, such paddocks should be grazed at night for
here the cows ration themselves,

Levy (1937) continuing his survey work, presents evidence that high
producing gras‘sy paldocks do not give rise to feed flavour in the cream and
that the trouble was associated largely with farms of low per acre production

with clover dominant swards,
He suggested nitrogenous msnuring and management methods, to increase the
"eragsiness" of the sward and so decrease the feed flavour,

It has been shown that feed flavour can be removed from the cream in
the factory. Riddet et al. (1940) compared the results of treating clover
taintéd cream in a vacreator and in a flash pasteurizer, They found that .
butter from strongly clover tainted cream treated in the vacreator was markedly
superior to the cream treated in the flash pasteuriser although in the former
the butter was not entirely free from taint,
4s feed flavour can now be removed to some degree in the factory, pastures
which cause tainting may be utilized with impunity in most cases,

LANDCRESS TAINT,

Landcress,Coronopus didymus, is a common weed of dairy pastures in New
Zealani, It is an annual plant with trailing stems, highly dissected leaves
and small white flowers which are hardly visible., It flowers over a long
period and is constantly producing seeds which drop off as they ripen, The
seeds are in a kidney shaped pod divided into two valves, each of which contains

a seed,
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The weed appsars in the esrly Spring in pastures which have been opened
up furing the winger by hesvy stocking., 4lso it may cemse trouble in new
paddiocks which have been sown in the Spring, Allew (1947) has observed wup
to 502 cress plantes in one sgquere yard of spring sown pasture, the averags
being 106 plants psr sguare yard,

When this weed is consumed by milking cows a strong flaveour may be ime
perted to the manufsctured dairy product. The flaveour is not readily dstectsble
in the raw cream but 1% is sccentuated by hesting.

Allow (1946) guotes & case where two o three gallens of tainted cream added
30 & 3,000 gallon vat tainted the whole resultant product.

Riddet snd Velentine (1932) have describsd the taint in cheese but McDowall
points out that lamderess taint is much more serious in butter them in cheess
for the flavour iz more spparent.

MeDowall (1941) reports that the immature plants cause tainting more
resdily than those that have hardened off, Campbell (1937) fed landecress
Juice extract from one pound of meterizl which he found %o be sufficient fo
cense tsinting in the milk one hour after siminigitration,

MeDowall (19476} from stall feeding and grazing trials, reports that
the cresm taint sppesrs in milk within half an hour of ingestion of thse wesd,
¥ith some cows the taint is not completely eleminsbted in four hovrs snd when
large: emounts of cress are fed the taint may persist through to the next
milking, There appears to be a difference of intensity in the taint with
individual cows fed over the same peried and individual cows vary in their
z‘e&c%iaz; to the weed, Thus Anon,(1944) reports that 40 cows on a badly
infested landcress paddock produced good cresm over a period of 6 weeks,
Posgibly these varistions in the passage of the taint to the cresm are dus to
the condition of the cow,

Verious attempts have been mads by the Dairy Research Institute to

identify the prineiple in lendoress that causes the tainting, Benzyl isothio-



-~cyanate that occur in both landcress amnd garden cress and water cress was shown
not to be responsible,

Allow (1946) and Allow and McDowall (1941) discuss the problem of taint
in relation to farm msnagement, They suggest that cress can be eliminated from
pastures by encoursging a grass dominant sward in the Spring, This is attained
by spelling in the late winter., Cressy paddoeks are best utilised with dry
stock but if this cannot be done, they suggest that the herd be removed from a
tainting paddock at least four hours before milking,

In their experiments, this method did not always give taint-free cream but our
present knowledge points to it as the most satisfactory practice,

Other weeds that cesmse tainting are pennyroyal, camomiles, sweet vernal
and water cress, Allow (1946) advocates the same masnagerial contro} methods
for these weeds as for la_ndcress.

Lendcress taint can be removed to some extent in a vacreator, McDowall
(1946) reports that a vacreator with new improvements iso:;artially successful,
g0 that it is important that measure be taken on the farm against producing

tainted cream which msy mean that a pasture cannot bs used,

PO1SONO PL

If a paddock is infested with poisonous plants, it may be Adangerous to
utilize the feed in that paddock, Those plants which are poisonous to stock

in New Zealand are not reaiily consumed unless the animel is hungry, Thus
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where there is an abundance of feed which is in danger of wasting if not utiliszed,

it is usually safe to turn stock into that pasture although poisonous plants
may be present, Also as Connor (1945) points out, New Zealand is fortunate
in having so large a native flora with so few toxic plants,

Of these,Tutu, Corcaria aborea, i.#probably the most serious and has since

early times been responsible for the majority of stock losses through poisoning
in New Zealand,
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Barly records show that colonists lost up %o 25 percent of their stock from
Tutu poisoning. In Spring it produces a luscious young growth and poisonings
are common, The égmgzsﬁa sre ezZgessive exclitement, exhausition and death.
The polisenous principle is Tutin which is present in the leaves and the seeds
of the plants, |

Ragwort, Senecis Jjacobea, is the most importent exotic weed causing
poisoning of cattle in New Zealand, Gilruth (1903) was the first to show
. that the hepatic csrrhosis cccwrring in horses and cattle could be reprojuced
by fesding enimals on fresh or Aried ragwortd.
Hosking and Brandt ((72¢) igolated the alkaloid toxin from ragwort which was
found to produce the symptoms of Wintonts disesse.

Other sxomplds of exotiec weeds causing poisoning in cattle are pennyreyel,
Menths pugelium and the sorrels, Bumex spp. Cunningham (1948) describes
the digsease known g leme foet'ar 1fascunsd? foot, which is csused by cattle

eating tall fescue, Festuca elatiecr, ' Previougly this disesse was
ballisved %o be caused by ergoets parassitie on tall fesscue, for ergois give
similar sgmp%omse

Poiscnous plenits may prevent utilizetlen of pasture zs well as causing

lcages of stock,

BLOAT,

Determining the actusl loss of sice and sitock products stiribuiable te
bloat is not a satisfactory mesns of evaluating the sericusness of the bloat
problem, Bloat involves loss of time by the farmer spent in watching his
herd when they are grazing on pasture that is likely to cause bloating,
Algo, if o pasture is causing bloat, it mey be necessary %o remove cows from
it and its utilization prevenied.

Bloat is essociated with vigorous growth of clovers which often crowd
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out the gresses and present the animal with a predominantly clover ration,

This makes the problem seriocus in New Zealand,for it is through the use of
the clover plant as a synthesizer of nitrogen that pasture improvement is
effected, There are no figures published on the incidence of bloat in New
Zesland but opinion holds that it is associated with higher production pas-
tures and its occurrence has increased over the past years, It may well
be that the percentsge incidence has remsined kkxxzama constant but owing te
the increase in cow population its occurrence has been more obvious,
Seberal theories have been put forwsrd on the cause of bloat, It is
difficult to study as no satisfactory method has yet been found for prod-
- ucing bloat experimentally, Ferguson (1948) makes the general critisism
of the work done so far that it has been directed mainly towards determining

the cause of death rather than the csuse of bloat,

EXCESSIVE GAS FORMATION THEEORY,
The excessive gas formation theory postulates that whenm ruminants ingest

succulent and readily fermenteble feeds, large gquantities of gas are formed,
Palliatives, turpentine and formeldehydé, have a sterilizing effect inhibiting
further gas formation, However, these might equally well stimulate the
eruction reflex,

But Washburn and Brody (1937) and Jacobsen et al, (1942) have shown that
green legumes 4o not produce more gas than other feeds, Cole and his co-
workers (1942) have shown that the animal has the ability to eliminste far
more gas through eruction than is produced in the rumen, The evidence
therefore points against excessive gas formation as being the cause of bloat

per se,

PHYSICAL DEFICIENCY THEORY,
Cole et al, (1942) put forwerd the lack=-of =coarge-roughage theory as
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a cause of bloat, According to this notion, there is an absnce of the stimuli

vhich causes bélchi.ng in bloat-producing fooés. Clovers are known to be low
ir fibre while bloat can be prevented by feeding coarse roughages.

Schalk and Amadon (1923) have shown that rumination Adepends upon the stimul-
ation of the nerve fibres in the rumen by coarse roughage, indicating that
involuntary muscles are involved, However, it is yet to be shown that
stimulo;tion of the nerve fibres in the oesophagus or the rumen elicits the

act of eruction,

SAPONIN THEORY.

McClandish (1933) eand Quin (1943) have noted that the saponins in
lucerne and clover promote the formation of a very stable foam in the rumen,
They believe that this foam prevents the escape of the rumen gasses,

There may well be two types of 'bloat,- frothy and non-frothy,

Substences such as tufpentine, which increase the surface tension, release
the ges held as a foam and cure bloat (Clark (1948)). Quin and his collea~
gues report the successful use of a new drug=- a prepa.r‘ation containing a

highly polymerized methyl silicone= for treatment of bloat. (Quin et al,,

(1949)).

I 1 C_MAT
Ferguson (1948) at Jealotts Hill observed that certain legume juices

( clover amnd lucerne) are capable of parslysing isolated rabbit intestine,
whilst those of grasses rarely have this property. This work develpps the
possibility that there are substences in legumes that have an inhibitory
effect on ruminal movement which prevents the normal eruction of gas,

At Aberystwyth, Bvans and Evans (1948a) found similer inhibitien

effects of clover juice and Hyirocysnic acid on isolated rabbit intestine,



They alsc found that as little as 1 litre of clover juice-- from four pounds
of clover -- which contained 200 m.g.m. of hydroccyanic acid was sufficient
to cause bloating and death in sheep. The same workers #54%%5) starved a
bullock and two heifers for twelve hours prior to grazing them on to a clover
dominant pasture. After 15 minutes the heifers had stopped grazing but the
bullock continued for a further 5 minutes. The bullock showed the usual sym-
ptoms of bloat while the heifers, though they appeared uncomfortable showed
none. Blood samples from the bullock were higher in hydrocyanic acid than
those of the heifers. The high content in the blood from the bullock may
not cause bloat but may be the result of bloat.

However, these workers believe that one of the aetiological factors of bloat
is the absorption of hydrocyanic acid formed by the hydrolysis of cyanogenetic
glucosides present in clover,

South Africen workers, Quin and Van der Wath (1938) showe? that complete
stasis of ruminal movement in sheep is caused by small doses of K.C. N,
However, Clark and Quin (1945) showed that the quantity necessary varied with
the amount of lucerne hay fed. Thus there was sm increased tolerance when
the rumen was full.

As it is well known that roughage can prevent bloat,Phillipson (1948) of the
Rowett Research Institute repeated this experiment with freshly cut pasture
and obtained similar results. Further, Clark and Quin found that a sheep,
suffering from paralysis of the rumen camsed by K.C.N.feeding, was able to
eruct gas which had beer introduced through a fistula,at the rate of two litres
a minute., Phillipson confirmed these results. It was concluded that cyano=
-genetic glucosides were not associated with bloat.

Ferguson (1949) finds that flavones,present in clover, cause inhibition in
isolated rabbit intestine and suggests that they may cause bloat, Kerr and

Lamont (1946) suggest that a spasm of the cardisc sphincter mmecle is caused

32
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by an allergic shock, The contraction of the cardiac sphincter prevents the

escape of gas produced in the rumen, This suggestion is supported by the
fact that adrenalin will relieve bloat.,

The results of the resesrch work briefly outlined above have not clearly shown
the aetiological factors of bloat. Were these known, it might be possible to
formulate a method of prevention, Cole et al. (1944) after extemsively re-
viewing the relevant literature on bloat, only suggest one well known prevent-
=itive measure -- the feeding of roughage prior to grazing,

It is widely held that pastures Aominated by clover, especially the im=
proved vigorous types --- New Zealand No, 1, or its English equivalent,S 100 ==
are Aangercus bloat-producing feeds. Doak (1933) has shown that there is a
fairly close relationship between H.C-N content and type in New Zealand white
clovers, the best and highest producing types having the highest H.C-N content,
If the conclusions of the Aberystwyth workers are shown to be correct by future
research, it will be necessary to breed clovers with a low H,C.N content com=
bined with the normal properties of vigour. However, until suck time as this
is done and until the aetiological factors are clearly known, it would be in=
advisable to proceed to breed "bloat proocf" pasture strains,

The evidence points to clover as being a bloat-producing feed. Marryatt
(1947) suggests that bloat mey be avoided by encoursging a grass Adominant
sward, This can be done by leniently grazing in the Winter, There is a real
need for survey research work to be carried out in New Zealand to find the
incidence of bloat under various conditions and to provide a basis on which

to build further work,

BUSE_SICKNESS.
Askew sn? Rigg (1932) find that the principal bush sick areas are those

soils derived from volcanic showers ,though not all these volcanic soils are
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bush sick, Mc Nanght (1938) reports the occurrence of the disease in North

Auckland and the Waikato -- two important dairying areas.

The diseagse occurs in both cattle and sheep and has been described by
Reid (1923), The symptoms are emaciation and anasmia, loss of energy foll=
-owed by dsath, The symptoms appear within five months of pasturing on
deficient pasture though cattle are less susceptabls than sheep, FPost-lMortem
examinations show a condition of chronie starvation ani extreme emaciation,
Hopkirk and Crimett (1928) state that milk yield is ‘advorsel,y affected
which they suggest is probably due to loss of appetite,

Askew and Rigg (1932) found that the administration of certain iron salts
prevented the onset of the Jdisease. e.g. ferrie ammonium citrate., Rigg and
Askew (1934) found that limonite was both a cheap and effective curative

with both sheep snd cattle, However, all deposits of limonits were not found
t be equally effective, (Rige and Askew (1934) (1936) and Grimmett and
Shorland (1934)) nor was the curative effect related to the iron content,

At Nelson, Rigg and Askew (1936) found that soil which prevented bush sicke
ness was low in iron but high in cobalt, copper and nickel,

As a result of contemporary work in Australia, Askew and Dixon (1936)
found that bush sickness in sheep was cured by a cobalt chloridé drsnch but
nickel and copper sulphate were found to be ineffective,

Analysis of the limonites which had previously been used, showed that they
contained small quantities of cobalt. This was confirmed by Becker and
Goddum (1937) using spectrogrophical snalysis,

Several workers including Hopkirk (1937) showed the effectivensss of
drenching bushsick sheep with cobalt, Askew and Josland (1937) found that
most of the cobalt was excreted after drenching,demonstrating the need for
frequent dosing,

Studies relating to the cobalt content of soil have shown that bush

sick areas are located on soils deficient in cobalt, McNaught (1937) foumd
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that healthy soils ranged from 0,33 to 0,94 p.p.m. while bushsick soils ranged

from 0,05 to 0,23 p.pem. However, Kidson (1937) found some eoils #a kmown Vo™~
bushsick areas that wers abmormally low in cobalt,

Aston § 1924) found that red clover from bushsick areas was deficient
in iron as cémparod with plants from heslthy areas. These results wers not
confirmed by Askew snd Rigg (1932), Pasture herbage snalysed by Askew and
Dixon (1937b), Askew and Maunsell (1937), Askew (1938) and Mc Naught (1938),
showed that bushsick pastures were generally cobalt=deficient,

The seasonal variation in cobalt content of pastures was studied by
McNamght (1938) and McNasught and Paul (1939). Low cobalt contents were
recordsd in Summer when bushsickness is at its worst, In Winter the content
tended to bes higher, Close grazing was also found to increase the cobalt
content, Stanton snd Kidd (1937) found that although the cobalt content of
pasture was usually relaged to that of the soil, some snomalies occurred,
However,ass McNaught and Paml (1939) point out, the relationship between the
cobalt content of the soil, the pasture, and bush sickness is complicated
by the fact that animals may consume soil direct,

Askew and Mannsell (1937a), found that an amnual application of two
pounds of cobalt chloridé to a bush sick pasture raised the cobalt content
of the pasture sufficiently to prevent the disease,. Several workers ine=~

cluding Taylor et al, (1938) showed that even smaller quantities may suffice,

SGEEER DEFICIENCY,

Among the hazards of ‘drying on peat swamps in New Zealand, there was
an outstanding problem unsolved until a few years ago.
The peat swamp srea extends over 200,000 acres,much of which is closely settled
and intensively farmed, Cumningham (1944) reports that the main areas are

in Northland, Waikato,Hawkes Bay, Christchurch and some parts of Southland,
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Cunningham (1947) described the symptoms of peat scours in dairy cattle

which are characteristically persistent, sévere, debilitating scouring.

Its occurrence coincides chiefly with the flush period of growth. i.e.
Spring. and to a lesser extent in Autumn, Cows 4o not winter well and with
the advent of Spring there is a further noticable loss of condition. Scouring
clears up when the feed 'hardems off'. Milk and butterfat production are
reduced.Young stock develop poorly and are more susceptible to parasitic

worm infection,

Cunningham presents evidence that this Adisease is caused by a Aeficiency
of copper,which element is shown to be low in the herbage from peat lands
comparsd with that collected from non peat areas.

Analysis of the animal tissues revealed that the blood and liver of animals
on peat lands were low in copper. ( Further well known evidence showed that
scouring could be cured by aiministering copper. This cure was found when
copper sulphate had been used as a prevention against internal parasites

and had been shown to cure scouring.)

Cunningham tried supplyimg copper to deficisnt animals by various methods—-=-
by dArenching, by adding copper to the Arinking water, by spraying copper
sulphate solution on hay,by supplying copper licks and by top-dressinge-

all of which were successful in curing the scours.

Cunningham snd Perrin (1946) founAd that the most suitable rate of
spplication of commercial bluestone to raise the copper content of the her-
bage to & safe level, was five pounds per annum, and that an autumn Aressing
was more effective than a Spring application. After the first year the
copper content Aropped to a level slightly above that of the untreated pas-
ture, which remained at that level for two years or more, They also found
that copper sulphate encouraged better pasture species on deficient land,

Ferguson and his colleagues (1943) investigated the Teart pastures in
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Somerset and found that the symptoms of copper deficiency in cattle can be
cauged by an excess of molybdenum, and they can be counteracted by dosing
with copper. Cunningham, influenced by this work, sugzgests that unthrifti-
negs of cattle with anaemia is caused by uncomplicated copper deficiency but
that the scauring is due to copper deficiency plus some other factor.
His reasons for suspecting this are as follows:=- (a) On certain areas, al though
the pasture is very low in copper, scouring symptoms do not occur, (b) Scour-
ing coincides with flush growth periods, (c) Scouring is quickly corrected
by transferring a sick beast to healthy country and re-sppears immediately it
is moved back,

Further work will probably reveal the nature and action of this factor,



THE, SOLUTICON OF THE PROBLEM OF PASTURE UTILIZATION.

Previocusly it wes shown that the basic factor which caunges poor util-
ization of pasture is the poor fitting of herd reguirements with pasture
production (figure 1). In order to get better utilizstion it is necessary
to meke the curves of herd requirements snd pasture output coincide as nesrly
ag posgible. There sre three lineg of approach o the preblem.

Ao To conserve pasiure surpluses.

B, To alter ths reguirements of the herd te fit curve of pasture pro-

duction,

Cos To slter the pasture profuction so that it fits the regquirements of

the herd.

It is vnusuel for one of these methods to be used with the exclusion
of the others on dlary ferms, but for simplification they will be dsalt with

separately below,

A, CONSERVATION OF PASTURE _SURPLUSES.

The conservation of surplue grass is of fundamental lmportance for the
efficient utilizstion of pasture. In order %o eguate the reguirsments of
the herd with the feed svailable, it is necessary to 4iminish the grazing
ares ﬁa 2 size that can be utilized with the minlwum waste during times of
high pasture production, The remaining srez will be cloged up for hay anéfcx
silage. Suvch stored pesture is used to provide fesd during periods of in-
adequacy of pasture production.

The sree of gresslsnd made inte hey and silage esch yser in Few Zealand

iz given in the following table:-



~ Iable? : The area of grassland in thousan@s of acres made into
hay and silage.

Season Hay Silage
1930-31 295 114
1931-32 318 114
1932-33 40 116
1933-34 378 92
1934-35 404 81
1935-36 453 83
1936=37 425 19
1937-38 319 65
1938-39 450 68
1939-40 481 12
1940-41 463 £}
1941-42 445 68
1942-43 390 57
1943-44 475 53
1944-45 498 56
1945-46 403 39
1946-47 500 40

These figures refer to sheep, diary and mixed farms. They show that
there has been a marked decrease in the area male into silage since the years
of the depression (1930-1933). This may be partly due to an increasing shorte
age of labour,

. Making hay and silage involves losses. The main loss is in the feeling
value and the causes of these losses and the methods used to decrease them are
outlined below. 1t may well be that these are not the only losses, for the
production of a paddock may be lowered by closing it up for hay or silage.

But firstly hay and silage feeding value losses will be considered,
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In meking hey the main changs that occurs is the evaporsiion of water
o ausafs level for storage. When the crop is cut the cells cerry on their
netsbolic precesses until they are killed by desiccation. Then sgain the
rate of drying hass a considerable effect on the losses concerned in hay meking.

The rate of 4rying dspends on the temperature, ths humidity of the air,
and the rate &bt wvhich the surrowmdéing air is removed with iite lozd of molsbure.
Unéer artificisl conditions -~ grass and mow drying - the rate of evaporation
can be controlled to an extent that iz impossible in the field,

Bvaporation tekes up heat frow the surrcunding slr and csuses & drop in
the drying temperature, Gasrdmand (1975) measursd the temperature of the
2ir in cocks and rackes , finding that the evapcration was often so rapid that
the materisl wes seversl degress lower than the surrouwnding sir.

The evaporation of water at first will be aided by the process of trans-
piration which continues sfter the herbage has been cut, The rate of evap-
cration will therefore decresse during the drying process as transpirstion
cessen, Mogt workers sgres that drying is more rapid in the swath than in
the windrow but in the former the lesaves snd stems dry ovit at & differsntial
rate (Cox 1927). The Gifference in moisture content may be of the order of
10 per cent. The leaves ars therefore more liable $o mechanicsl loss whils
the wet stems msy cause trouble in the stack.

As the living processes continue during hay meking, respiration cone
tinues to use up the material in the cell, Fleischmann (1912) found that
the chief lozms wss in the anltrogen-free-exbract, while thers was no changs
in the crude fibre or ash ccﬁstituanés, Thus the more digsstible material
ig utilized and lost.,  Although Fleigchmann found ne loss in nitregen, but
only a degradation of true pretein to non-protein forms, Grosemanna (1925)
states thal the crude protein due to enzymatic changes may lose some 15 per

cent, This is supported by Howcllamp's work (1915),



Wet weather during hay msking lowers the rate of evaporation from the
plant and in consequence the losses concerned with regpiraxion increase.

Logses due to leaching do not affect the crop until it is partially
dried, for while the cell is still alive the protoplasm prevents the loss of
its nutrients. Wallace (1930), Mead (1931) and Weigner (1932) have shown
that the feeding value of hay deceeases with increasing exposure to rain,
Minerals are removed and digestibility is seriously reduced.

When the crop is fit for leading, the leaves will generally be dryer
than the stem. In consequence they will be more brittle and liable to mech-
anical loss during harvesting, Their loss is made more serious by the fact
that the leaves are richest in dry matter, proteins and vitamins, If poss-
ible, rough handling during harvest and over, or diffewrential Arying should
be avoided if mechanical losses are to be reduced.

Changes in hay are not limited to the field but occur in the stack as
well, When stacked, the moisture content of the material will be approx-
imately 25 per cent, and many of the cells will still be respiring. A4t
first respiration will be aercbic but will change to anaerobic when the
available oxygen in the stack is used up. Heat will be liberated, raising
the temperature of the stack to about 120° ¥,  Gaardmand (1935) working in
Denmark found a linear relationship between the moisture content of the hay
and the maximum temperature attained in the stack. As in the field, the
losses will fall mainly on the most digestible fractioms.

Not all the changes are undesirable. The heated hay allows the sugars
to burn slightly, rendering the hey more palatable. Ovérhoating will reduce
digestibility considerably, Kellner (1915) found that the digestibility of
the crude protein of light brown hay was 86:3 $ that of dark brown hay 75°1 %,
but black hay was only 2+6 % digestible.

Wet patches in the hay may result in focal points of undesirable bact-

erial activity. If the material is stacked with too high a moisture con-

4



tent, temperature may rise sufficiently to cause ignition,
Th that h .

Having outlined the hay making process, some figures for the estimation
of losses involved will be quoted. Unfortunately there are no reliable re-
ports in the litersture of the losses that occur in making hay in New Zealand.
The figures quoted here have been found by workers in Europe where the clim-
atic conditions are not unlike those found in New Zealand, though the methods
of curing may not be identical,

Watson (1933) ., working at Jealott's Hill, England, measured the losses
in hay msking over a period of 5 years, His averagze results are given in
table 3,

Table 3. LOSSES OF FEED CONSTITUENTS THAT TAKE PLACE IN CURING HAY.

LOSSES
Constituent In field In stack Total
EBarly | Ordinary! Early { Ordinary | Barly | Ordinary
Hay % Hay % | Hay % Hay ¢ | Hay % Hay %
Dry matter 18-0 14+3 5e2 5e7 23.2 20+0
Crude Proteid 143 18+5 2:2 2.7 165 217
st 34 867 ldges 543 a3 32.0
N Raet| 230 33.7 9:0 2203 Y | 32,0 29.11
(1) - gain

Duaring favourable years the losses of &ry matter and of starch equi-
valent in ordinary hay averaged 8% and 10% respectively; in bad years 34
and 47 %. VWith early hay respective losses were 13% and 25% in good years
and 23% and 44% in bad seasons.

Al though Watsdn properly replicated his experiments and applied stat;st-
ical tests of significance, his work can be- criticised from the following view-
point, He placed plots of hay after they had been cured in the field in
open. mesh hessian which was then built into a large stack of hay, His losses

in the stack are probably underestimated, for there are losses at the bottom,
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sides and roof of a stack,
A very complete study of losses has been made in Switzerland by Wiegner
(1932) covering a period of ten years., His results are summarized in table 4.

Table k. PERCENTAGE LOSSES IN HAY MAKING, BASED ON THE NUTRIENTS
IN THE FRESH CROP.

Details of treat-

ment and weather Dry matter S.E. D.P.E.

No rain, no mech=

anical loss B.7 22+6 16°5

No rain, mechan-

ical loss 14°7 38-6 22:3

Rain 23-7 49°7 347

1 -2 showers,

(1 - 26 am) 18-9 4346 22.9

5 -6 ghowers, : 3 :

(12-63 mm) b 54+2 38:3

Average of all ? : :
trials £023 44-1 30-4

The losses vary from 20 per cent of the starch equivalent under excellent
conditions to as much as 54 per cent under poor conditions, As Wiegner's
original paper was not available, it is impossible to comment on his tech-
nique of experimentation,

Some unpublished data from the New Zealand Grasslands Division (1949)
of losses occurring in beling hay from the result of one season's work are

given below.

Percentage loss of dry matter between cutting and baling - 40 %
. [ e "  baling and feeding - 6 %

Total loss of dry matter - 46 %

This figure of loss in dry matter does not indicate the total loss.
No work was done on the digestibility, but the losses of starch equivalent
and digestible protein egquivalent are likely to be far greater.

Great reliance should not be placed on this one set of figures. More



work should be carried out, for hay is the principal method of conserving

surplus feed in New Zealand.

Im i £ i .

These aim at reducing the losses incumbent on the traditional methods,
and do so in the following ways:i-

1, Making hay from younger material.

2, Protecting the hay in the field by reducing the area expoged.

3. Using methods whereby the hay can be stacked with a higher moisture
content without risk of undue heating,

1o Making hay from younger material. Although a more nutritious product
should result and this method is more desirable from a pasture management
point of view, it has three grave disadvantages:- (a) the early summer weather
is less dependable; (b) as it is more succulent it takes lomger to dry;

(c) there is a larger proportion of leaf to stem. The former may become
brittle and the resultant losses greater,

2, Protecting the hay from exposure in the field. In Scandinavia and parts of
Northern Burope stakes, tripods, hurdles and wire or wooden fences are commonly
used for drying hay, reducing the mechanical loss and the leaching by rain in
wet years. Watson (1939) reviews experimentz carried out under favourable
conditions showing this advantage to be slight.

In Scotland and Northern England, the hay is built when sufficiently d4ry
into pikes which usually hold somewhere between 6 and 10 cwt., If built care-
fully, being well trodden and a good slope being given, the pike sheds the
rain, Later it is led from the field to the stack. Recently a machine has
been evolved which builds pikes automatically, reducing considerably the work
involved.

These methods are of great value when the conditions for curing hay are so

undependable that unless such procedures were used the material would never be
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cured.
Metho i i t - The moisture content at

which it is safe to leach hay is sbout 20 - 23 %, If however by any means
the hay could be gathere@ at a higher moisture content, say about 30 per
cent, congiderable advantages would be gained, The drier the hay the more
rapid does it absorb moisture from a humid atmosphere. This is & further
reason why the rate of drying is considerably reduced at lower moisture con-
tents. Another advantage is that by handling the hay at a higher moistﬁro
content, the losses from leaf shattering would be redueed.

Recently considerable interest has been centred on baling., The method
is gaining popularity in New Zealand,

Caghmore (1938) finds a relationship between bale density, moisture
content, and the maximum temperature reached in the bale, (See figure 8 )e

It is generally considered that if losses are to be reduced to a min-
imuym in stored ha&, 90° ¥, is a desirable temperature limit. The formula
suggested by Cashmore to achieve this ist= D= 30 = 2/}&, where D is the
safe bale density in pounds per cubic foot and M is the moisture content as a
percentsge. From the figure it will be seen that using a demsity of § - 12 1bs
per cubic foot, it would be possible to bale safely at almost 30 per cent
moigture content - a factor of greast assistamce. Risk of mould growth pre-
vents higher moisture contents being used,

The addition of salt to hay during stacking hag been a common practice
since early times. By this method it is possible to stack hay when it has 2
higher than normal moisture content. It is generslly agreed that the func-
tion of salt is to keep the temperature down by contrclling bacterial ferm-
entation, Marre (1528) recommends the addition of 1 = 3 1b of salt per
100 1b of hay to a crop at the thrﬁe-quarter dry stage.

These methods of reducing losses in making hay have at the present

very little application to New Zealand dairy farming conditions for usually
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the labour requirements are high. Bven earlier baling as suggested by
Cashmore is unlikely to reduce losses in hay making, for baling in New Zea-
land is usually carried out by contractors, so that it is difficult to get
the work done at the right time. Consequently losses in making hay are not
likely to be reduced, and will probably remain somewhere between 30 per cent

and 60 per cent of the starch equivalent,

MAKING ENSILAGE.
Al though the majority of eonserved forage in New Zealand is made into

hay, ensilage plays quite a large part in conservation. Here we will con-
sider the changes that occur in the silo, the methods of making ensilage in
New Zealand, and the losses involved, and the improved methods which reduce
these losses.

Changes that take place in the gilo.

Watson (1939) divides the changes into three classes:- the respiration
of the living cells; the activity of plant enzymes; and the action of bact-
eria and fungi,

When green plants are ensiled, the plant cells continue to function,
that is to respire, producing carbon dioxide with the gradual exhsustion of
any oxygen that may be present in the silo, In this oxidative process the
more available carbohydrates are used up first and hest is produced. Thus
the temperature attained in the silage will depend largely on the quantity
of air present, which in turn depends on the tightness of packing and the
imperviousness to air of the silo walls, After the oxygen in the air has
been consumed, any available oxygen compounds will be used up with the pro-
duction of further heat and carbon dioxide.

After the plant cells die, enzymes within the cell bring about the
breakdown of complex constituents, Proteins are broken down into amino

acids and even ammonia,
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The third change in this process i bacterial, On its leaves and stems

the crop carries large numbers of bacteria, which now begin to multiply rap-
idly and it is upon these bacterial changes that the quality of the preduct
is decided. The types of bacteria present depend on the nature of the mat-
erial and the temperature in the silo, and they are known by the type of acid
they preoduce, namely acetic, butyric or lactic. Among the acids formed,
lactic and acetic appear to have a favourable effect on the quality of the
silage, while butyric acid, which is the result of putrifactive processes,
injures the silage as a feed. The art of silage making is to encoursage the

right type of bacterial fermentation.

Lypes of silage.

The best type of silage is made when the air has been excluded from the
material by compaction and acidification has been rapid. The temperature
reached is to a large extent influenced by the degree of compaction, and the
ordinery methods of silage making can be divided into:-

(a) Warm Fermentation process:- mature or wilted herbage is packed in layers,
each layer being allowed to heat to the required temperature before the next
layer is built on, In stack silace, due to the difficulties in achieving
sufficient compaction to eliminate air, high temperatures are often registered
with resultant losses in carbohydrates and digestibility.

(b) Cold Fermentation process:- practised in Northern Burope. The material
is chaffed and packed down to eliminate air. However if the mass does not
contain sufficient readily available carbohydrates, the rate of acidification
may be too low to promote lactic fermentation.

(¢) Low Temperature process:- This method is found to be most suitable for
grass, The silage is made in layers, having an interval between each filling
to allow the temperature to rise to about 90° F, Conseécutive layers consol-

idate the layer underneath and limit further temperature rise.
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Silage making in New Zealand.

Stacking silage is the most common method of making ensilage in New
Zealand, though pits are also used. These two methods will be dealt with in
this order.

Stack gilage. The main practical advantage of stack silage lies in its sim-
plicity. No capital outlay for the silo is necessary and the material can
be stacked in any part of the farm, either nesr where it is to be fed or near
the site of harvesting operations. The amount of surplus grass cannot be
determined beforehand and stacking provides a method whereby a variable guant-
ity of material can be conserved from year to year. Dibble (1925) states
that it is the most suitable method for New Zealand conditions.

Watson (1939) points out that the greatest disadvantage of the stack is
the difficulty of compression of the mass and the resultant wastage at the
sides. Temperatures are given to reaching relatively high points and the
warm fermentation process is usually applied to this type of silage. This
rise in temperature causes a depression in digestibility of the resultant
product. Woodman and Hanley (1926) found that a temperature of 165° F. in a
stack of legume and grass silage gave a predyct of low digestibility, the pro-
tein fraction being most seriously affected.

Coup and his co-workers (1941) made a survey of stack silages in Tara=
naki, Waikato and Manawatu, finding that one half of the stacks examined
showed serious signs of overheating, while 25 % were badly burnt, Not only
was the protein content low but its digestibility was seriously depressed.,
They used the in vitro pepsin scluble method of determining protein digest-
ibility which is rather a dubious method, though Woodman (1930) and other
workers have used it with fair success,

Pit gsilage., Pit silage is also made in New Zealand but there are no figures
available to show how much grass is emnsiled by the two methods. ©Pit silos

are less common however. The pit is excavated to a depth that is above the
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water table and is then filled with the green material. The bottom mey be

sloped in order to allow for drainage though pits are probably limited to
farms where the soil is firm and well drained.

Deem (1925) describes pit silos which are dug into the side of a
15 Lk The topography of the area can be used sc that filling can take place
at the high end, and lesding away from the lower end, Such pits are most
satisfactory when lined with concrete., The main disadvantagd of the pit is
that it may not be possible tolocate it in the most advantageous place for
filling and emptying.

In comparison with the stack, the pit is more efficient in excluding the
air; there is less wastage at the sides, and the maximum temperature is lower,
so that the food value can be expected to be higher and the total wastage less.
8111 and Sears (1942) made an investigation into the losses in pits. These
losses renged from 20 to 30 per cent of the dry matter. However, small ex-
perimental pits holding only two tons were used so that these figures may be
overestimates.

A comparison between pit and stack silage was made by Sears (1947).

The average losses recorded after 800 tons of material had been ensiled was as

follows i=
Table 5 @#. Tot Matt
Stack Bit
As wastage 108 dog
As exudate 3.2 6.1
Invisible 27+4

l o
N
®
N

Total 1.4 347
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Table > b, $ L £ 7 i Nutzi :
Stack Pit

Dry Matter 502 419

Crude Protein 72-8 ’ 613

Crude Fibre 33+5 183

N-free Extract 5848 550

Total org. Matter 60.0 46.8

Ash 492 471

As the current methods of silage making involve such high losses of
feeding value, it is necessary to examine in some detail the improved methods
of meking silage which reduce these losses, to see if they have any applica-

tion to New Zealand dairy farming conditions.

I ved met f nsi .

Several methods have been used for improving ensilage making especially
to meet the requirements of conserving young Brass without undue loss., The
methods can be divided into three groupsi- physical and mechanical devices,
fermentation, and direct acidification,

Compressing by mechanical devices has not been very successful, but it
is used to a limited extent in making cold fermentation silage. Steriliz-
ation by the use of carbon dioxide, carbon disulphide, sulphur dioxide, formic
acid, formaldehyde, common salt or steam requires special equipment involving
expense, and results have shown very little improvement over the usual methods.

Stimulation of lactic acid production has been attempt;d by inoculation
with bacterial cultures, Howsver, normally the fresh crop has an extensive
microflora, and in consequence inoculation with bacterial cultures has never
really been successful,

While it is pexrfectly feasible to ensile high carbohydrate crops suc-
cessfully because the acids produced at the expense of the sugars and starch

act ags a preservative agent, it is more difficult to ensile a proteinerich,

high moisture content crop by the same method, without undue loss, In the
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cage of crops with low starch and sugar content, the development of the organic
acids in sufficient amount to act as a preservative agent is prevented. Thus
some fermentable material should be added to ensiled young grass.

Molasses has been used with much success (Watson (1939)), while potatoes
have been tried. Unless the latter are thoroughly mixed with the material
the lactic acid fermentation may only be stimulated in patches, Ordinary
whey can be added as & substitute for molasses. Excellent silage can be
made by the use of dry or concentrated whey either alone or inoculated with
lactic acid bacteria. Allen and his coworkers (1937) found no greater losses
in silages made with whey than silages made with either molasses or by the
A.1.V. method.

The reason for a dominance of a lactic acid fermentation under optimum
conditions is that these organisms can withstand and continue their activities
under more’acid conditions than the other types. If the acidity of the mass
can be raised rapidly by external means, then only lactic acid fermentation
can progress. A.l. Virtanen in Finland has patented the so-called A.1.V,
solution consisting of five parts concentrated hydrochloric acid mixed with
one part of concentrated sulphuric acid and diluted with five parts of water.
(Virtanen (1933)). Watson (1937) conducted seven accurate trials at Jealott's
Hill with silage made by different methods. The dry matter losses for the
A.I.V. method, the ordinary method, and the molasses method were 17-7, 18+2,

- and 161 respectively, while the losses of protein were 3.8, 5.7, and 54 re-
spedtively. These results were at variance with those obtained by Virtanen
(1937), whose work indicated that A.I.V, silage does not suffer a loss greater
than 8 % of the dry matter, and in most cases the loss is nearer 3 %.

The successful improved methods of silage msking offer possibilities of
lreducing losses in feeding value of conserved pasture and producing a result-
ant product which is capable of supporting high butterfat production. Sears

and Si1l (1941) show that the feeding value of ordinary New Zealand silage is



low, having a starch equivalent of about 40 to 45 and a crude protein content
of from 10 to 12 per cent. Such feed iz only suitsble a3 2 maintenance
ration for dairy cows but there iz a great need in New Zealand for a milk-
producing fesd for summer fesding,

Therefore these improved methods of silage making should have some

4 GO DAL
application on dairy farms. Sears (1947), in New Zealsnd, used acid in pit
silos and lowersd the lossesm. However, the resultant product was so unpale
atable to dairy ceittle that they refused to sat it., This difficuliy has
been also found by English workers (Watson (1939)), and the labour involved
in applying acid, neutralizing the silage hefore feeding, and the high cost
of acid in New Zealand, would probably prevent the adoption of this method,
howaver effective it was in.xsdacing losses. The A.L.V. process has fomé
but little support in either Eﬁ%lzzgfzgsers (1942)) or America {(Le Clure (1937))
but it is used guite extensively in Northern Burope.

The sddition of cerbohydraite to immaturs grazs so that lesses, espec-
iglly protein logses, sre reduced would appear to have pozsibilitiss in New
Zeglend, Whey, a by-product of the Dalry Industry, could be utilized for
this purpose, bul 1t would be necessary te dry it first, which would 2dd to
its cost. Sl<Sears (1942) added molasses to 2-ton siles, finding that it had
no effect in reducing losses. Thiz gppears at first to be contrary to the
results found by Watson {1939) in Bngland, but the material that Sears used
wag relatively mabure and probably had a high csrbohydrate ccﬁ%eat already.
In other experiments with very immature material only 30 1b of molasses were
added per ton of green matter, while 50 to 60 1b are usually considered ade
equate to reduce the losses (Whyte (1939)).

The use of carbohydraie materisls has not been properly tesited under
Hew Zesland conditionz, Fuorther work should be carried osut in which whey

paste, molassss, acid and the ordinsry methods of gilage making should be

compared under properly controlled conditions,
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Grass drying has recently hecome quite popular in Britain, It is
being organised on a co-operative basis by the Milk Marketing Board. It pro-
vides the most efficient method we know for conserving surplus pasture; the
only possible loss, given proper drying, is medhanical during the actual pro-
cess., Watson (1939) has shown that the loss in dry mattoi does not exceed
5 per cent while Woodman, Bee and Griffith (1936) have shown that there is no
depression in digestibility,. Although technically an efficient process, it
is doubtful if it would prove economical under New Zealand dairy farming con=-
ditions,

Mow drying, a process of mechanically blowing cold air through partially
field-cured grass, is not likely to have much application in New Zealand, as
the apparatus requires extensive buildings, the labour requirements are high,
the nutritive value of the resultant material is only of the same quality as
excellent hay, and mould growth is common., The method is still being devel-
oped and may have application on the small farm in Europs. (For a review of

the work on this method, see Grinstead (1947)).

The effect of conservation on pasture production.

It is well known that a pasture deteriorates if it is cut year after
year for hay or silage. This may often happen when a paddock is inaccess-
ible to the herd because of faulty farm layout. By closing a paddock for
conservation, the return of nutrients, so important in the soil fertility
cycle, is prevented. The nufrionts lie idle in the stack or pit and are
of ten not returned to the paddock from whence they came. Clover, which is
the basis of high production pasture, will tend to be suppressed, for it is a
plant demanding light. It would be relevant to mention here that the im-
proved strain of clover, New Zealand no.,l white clover, is more shade-endur-

ing and it is not so likely to be suppressed. Pastures tend to be opened up
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after cutting, which leads to the ingress of weeds, Although these factors

tend to lower the future production of pasture, it must be borne ih mind
that the output of dry matter will be higher when cut for hay or silage
than when grazed, though the qual ity may deteriorate somewhat. This may be
unimportent however when only maintenance feed is required for winter feeding,
Silage-msking hags the advantage in that it is usually cut at an earlier
stage of growth than hay so that the pasture is less likely to be opened up
and the clovers are unlikely to be suppressed to any marked degree. Also,
ags silage is cut early, the paddock has more time in which to recover before
the dry summer months. Paddocks closed for hay and cured after mid-Decem-
ber when the crop is in an advanced stage of maturity will not be able to
recover rapidly because of the onset of dry weather. It is well known that
once a pasture plant has accomplished flowering it does not return quickly
to the vigorous production of vegetative growth, and this process will not
be assisted by a low incidence of rain, However, in areas where paspalum
contributes to a large extent to the production of & pasture, hay-making is
more successful in this respect, as paspalum is a more drought-resisting
plant than ryegrass.
Silage has a less deleterious effect on pasture productivity than hay
and the fact that the area made into silage each year has been declining may

be looked upon with some concern,

We may conclude that although the losses involved in making hay and
silige are considerable there are methods by which we can reduce these losses
but they may not be economically efficient., However in order to obtain eff-
icient utilization of pasture it is necessary to conserve pasture until such

time as other methods are developed sufficiently to taske its place.



B, ALTERING THE REQUIREMENTS OF THE HERD TO FIT MORE CLOSELY
THE CURVE OF PASTURE GROWTH,

We ghall disecuss below the ways in which it is §@gs£§i@ to alter the
requiremenis of the herd for pasture so that these reguirements mere clossly
the curve of pasiure production,

On dairy farms where sgeasonal Tactory supply is practised, the highesgt
reguirenents of the herd simost colncids with the flush of pesture zrowkth -
(See Figure 1), The higher the leval of ocuitput of the herd, the mors nearly
do the herd reguiremenits it the curve of pssture production, On town milk
supply farms however the reguirements of the herd remain relatively consiant

thrgugnout the year becsuse of alle=the=ysareround-calving, In conseguence,

the surplus of pasture during the gspring will be greater so that the pasture
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on problem becomss more difficult, In Britein, the highest rsquire-
mentg of the dairy herd fall during the winter perisd whish makes the use of

grags Tor milk production complex and emphasis is b@iﬁg placed on reducing
the losses in conservation by making silage and srtificislly drying grass,

the sbecking rats of a dsixy farm ig raised, pasture whilization

cen be szpscted to bes mors efficisnt as the surplus in the spring iz reduced.

[y

This may account for the relabionship betwsen high stocking rate znd high oute

put of butterfat per acre found by Fawcett (1929)., However, if no specisl

£

rovision iz wnade for feeding the herd during periods of deficisnt pssture

tej

growth = winber snd the late summer = the yield of bubtierfat per cow may be
gso reduced that the ocuiput psr acre of butterfsat mey be lowsred.

The probable importance of proper fesding during the winter and its re-
lationship to output of butterfat in NHew Zealand hss been pointed out by Hame

ilton (1944) who finds & positive correlation (r & + <77) between the area

by

cut for hay and silage in one yesr snd dalry productlion in the following
sesgon (ses Pigure '),

Further work in New Zeslend, at Ruskurs and in the Manawatu (Less,



McMeekan and Wallace (1948)), and Campbell and Flux (1948) shows that
widely different levels of nutrition during the dry period affect the
production of cows during their subsequent lactation, Thus at Ruskurs
the difference in butterfat production between two groups of cows fed at
high and low plsnes of nutrition prior to calving were 26 1b, 63 1b and
60 1b per cow in the first, second and third years of the experiment, re-
spectively, The corresponding differences in the Manawatu experiment
were 23 1b, 28 1b and 25 1b, The differences in the two levels of feed-
ing were probably greater than is foumd in practice.

Another trial conducted in the Manawatu (Riddet et al, (1942)),
showed that a subnormal plane of hutrition during the summer months
depressed both the milk yield amd the content of solids-=not=fat in the
milk, This latter constituent is important from the cheese-manufacture
point of view, Thus a high stocking rate would tend to give a lower
plane of feeding during the periods of pasture deficit - winter and late
summer, Thus it is important that, in raising the stofking rate, there
should be some practice of providing feed during these periods so that
the output of butterfat per cow is not depressed to the extent that total
production is reduced.

The practice of making hay and silege has been discussed in the
preceding pages. In this section we shall give some consideration to
the practice of adjustment of the stocking rate and cropping as methods
of providing feed for stock during the periods when there is a shortage

of pasture,

55D
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STMENT OF $TOCK .

In some localities it is possible to winter stock off the farm and so
obtain & better utilization of the flush pasture growth. The Romney Marsh
sheep-fattening pastures are a good example of how adjustment of stock num-
bers can aid in giving efficient utilization. Wethers to be fattened are
run on surrcunding downland country during the winter and are brought down
onto the Marsh pastures in the spring. As these wethers fatten they are
removed from the pasture so that the numbers of stock are adjusted to fit
the fluctuating growth of the pasture,

The practice of wintering dairy cows off the farm is a common one in
New Zealand, The applicability of the method depends on the availability
of run-off land and the cost of such winter grazing, The system not only
allows more efficient utilization but prevents overgrazing and pugging in
the winter so that pastuee deterioration from these causes is prevented.
CROPPING.

By growing arable crops for feeding to the herd during periods of de-
ficit, the demands of the herd for pasture during these times may be reduced
so that sufficient stock may be carried to utilize more efficiently the
flushes of pasture growth., On many New Zealand dairy farms this method is
combined with congervetion practices.

Another example from English farming may be cited here to illustrate
this point., On the bullock-fattening pastures on the East coast of North-
umberland store bullocks are brought in to feed off the autumn flush of
grass. They are stall-fed during the winter on mainly arable crops, viz.,
turnips, swedes, aot-straw and oats, together with a certain amount of ‘'seeds’
hay. They are tupned out in the early summer on the flush of pasture and
are removed as they fatten, Thus the requirements for pasture are equated
with pasture growth, giving efficient utilization.

The crops grewn in New Zesland for dairy cows are soft turnips, rape,
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chou moellier, kale, cabbage, maize, and Japanese millet which are used for
summer feeding, while crops suitable for winter feeding are swedes, mangels,
sugar beet and pumpkins,

There is a considerable area of grassland on dairy faerms which needs
renovating and often it is convenient to plough and sow an arable crop be-
fore reseeding. Usually it is undesirsble to attempt to sow down grass in
the spring because of weed competition and severe checks imposed by the dry
summer weather. Thus a piece of land sown for a winter arable crop may be
out of pasture for two seasons, However, a pasture ploughed in the spring
and sown for a summer crop will only be up for one season, for it can be re-
sowy in the autumn,

Now this has considerable bearing on the comparative yields per acre
of crops and pastures. Such a comparison is shown in table O .

Table G, The comparative yields in terms of starch eguivalent
per acre of crops and pastures.

Feed. Green matter per acre. S.E., Value. 1b S.E,
(in tons) per acre.
(excellent 30 13 8736
Pasture (very good 20 13 <) 5824
(poor 10 59 - 2016
Soft turnips 20 1971)
Green maize 30 8 5376) Summer
Chou Moellier 15 12 4032)_
Swedes (good) 45 7 7056)
Mangels (good) 60 1 9408)Winter
Sugar beet (good) 30 15 10080)

Al though the winter arsble crops outyield pasture, it is doubtful if
this would be the case when considered over two seasons.

Cropping requires additional labour and capital. The crops are sub-
ject to disease and weed infestation which may make them unreliable. Their
full utilization is often difficult, especially winter crops on soils wheres
pugging is a serious problem. These disadvantages must be balanced against

the advantagze of obtaining a fuller utilization of pasture.
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C. ALTERING THE CURVE OF PASTURE PRODUCTION
TO FIT THE REQUIREMENTS OF THE HERD.

Although New Zealand has a climate eminently suitable for all-the-year-
round production, there are two periods of low preductivity, - winter and
late summer. If these two gaps can be bridged, not only may we expect a
higher produc}ion of grass but, becsuse the requirements of th§ dairy herd
will follow more closely the production of grass, we shall obtain more eff-
icient utilization of pasture.

Seasonal variation in productivity of pssture is largely dependent
upon the plant's external envircnmental conditions over which the dairy farm-
er has very little control. However, it is possible to alter the moisture
content of the soil by irrigation and so maintain pasture production through
the summer dry period. Irrigation has proved valuable in Central Otago
(Calder (1940)), but it has not yet been tried on the dairy farms of the
North Island of New Zealand. Experiments are now in progress at the Soil
Fertility Research Station at Hamilton on overhead irrigation of pasture but
no results have yet been published,

To obtain a seasonal spread of production in conformity with herd re-
guirements, advantage can be tsken of the different seasonal charscteristics
of the various pasture species and strasins, These characteristics can be
brought to the fullest expression by proper pasture management,

It is also possible to store in the field pasture which has grown in
one period, for donsumption during another, It is not possible to store
the early summer flush in this manner as the pasture tends to continue grow-
ing and its quality will deteriorate. However, the autumn flush of pasture
mey be stored in situ, where it will continue to grew only slowly, and will
not tend to deteriorate in quality, as growth will be vegetative. Mcllroy
and Bartrum (1940) have shown that the nutritive value of this autumn saved

pasture is high. This aspect will be discussed after dealing with the use
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of various species and streins to obtain a better spread of pasture produc-
tion,
Ihe Ryecrasses.

The ryegrasses have probably contributed more to the high grassland
productivity of New Zealand pasture than any other imported grass species.
Among the economically important characteristics of the ryegrasses is the
ability to produce during the winter and early spring, It is this charact-
eristic which is exploited in order to assist in spreading the seasonal pro-
duction of pasture.

There are four ryegrasses of agronomic importance in New Zealand:-
perennial, Italian, short-rotation and Western Wolths, from which pedigree
straing have been produced. A comparison of the seasonal production of per-
ennial, short-rotation and Italian ryegrasses during the first 18 months
after autumn sowing is shown in table / , The figures refer to the dry
matter production of ryegrass only in a ryegrass/white clover pasture.
(Corkill 1949).

Table [ . Perennial, Italian and short-rotation ryegrass preduction.
(in 1b dry matter per acre of ryegrass).

Species Winter Spring | Summer | Autumn | Winter !
Perennial 369 2283 2150 1774 853
Short-rotation 953 2881 2450 1374 1545
Italian 1206 2984 1760 515 1074

x = 2 months only.

Although perennial ryegrass has a high winter yield in comparison
with other permsnent pasture species, its yield is much lower than that of
the shorter lived ryegrasses. Under the high fertility conditions at Palm-
erston North, its winter production is about 25 per cent of the maximum
spring production, whilst the relative figure for short-rotation ryegrass is

about 50 per cent. Italian ryegrass shows a seasonal spread of production



similar to short-rotation ryegrass except that it produces less in the autumn,
Short-rotation ryegrass and Italian ryegrass can be used for increasing
the winter productivity of permanent pastures though their persistency is low
and only with careful management can these useful species be maintained in
the sward. They are of more use in temporary pastures with red clover to
provide summer feeding as well. Corkill (1949) in trials at Palmerston
North presents evidence that the pedigree strains of Italian ryegrass are
more persistent than the certified commercial strain, Survival counts made
on these two strains in replicated plots of individual plants show that in
the second year 83 per cent of the plants of the pedigree strain survived
while only 5 per cent of the commercial strain remained, Thus it is import-
ant that the pedigree strains are used in temporary pasture seed mixtures.
Short-rotation ryegrass is intermediate between Italian and perennial ryegrass
in persistency but its persistency can be altered by management. Under con~
tinuous grazing, short-rotation ryegrass may be little better than an annual
but under a lenient system of grazing combined with high soil fertility it
approximates to a perennial., Levy and Sears (1949) subjected s complex mix-
ture containing short-rotation ryegrass to different grazings:-

1. Close and continuous (at 1 in. continuously)
2. Sheep rotationally grazing (up to 3 = 4 in., down to 1 in.)
3. Dairy rotationally grazing (up to 8 = 10 in., down to 2 in.)

The botanical analysis on a dry weight basis is shown in table A
The tabls shows "the failure of the short-rotation ryegrass under close and
continuous grazing, and its dominant position in the sward (at that time of

year) when under rotational grazing with long spells betwsen grazings."

6



Table & « The Botanical composition of a pasture after being subject
to three different grazings as at 1:10:47.

1 e 3
Contimwous  pocit POt 2ORE oL
Grazing Grazing Grazing
Perennial IyesrasS... ««. 433 4146 31-1
Short-rotation ryegrass.. 2.9 217 40.2
MO o e e R 6.8 1.2 -
COBRBTODE oos oo sas wos 1-0 3.2 =
Other gresses «c. ccec o:s - 440 0.7
White ClOVer: eec eee ocs 424 24-3 23+3
Red 0LOVEYyei ase soa svs 2-8 2-8 42
Other Species «e. eee oo 0-8 12 05

Western Wolths ryegrass is an annual varisty of Italian ryegrass char-
acterised by an even greater winter production than other ryegrasses. The
object of using this strain is to obtain a flush of pasture growth for the
firet six months after amtmmn sowing. The present strains of Western Wolths
are not persistent enough to carry production into the spring. More persis-
tent strains should be developed.

The Clovers.

The clovers are principally summer growing pasture plants. The strain-
investigational work of Levy and Davies (1929) produced lines of white clover
bagsed on Type 1 ecotype which have been selected for extended seasonal growth,
However the red clovers are most suited to late summer producyian. There are
two varieties of red clover used in seeds mixtur;s in New Zealand: broad red
clover which is a double cut variety, and Montgzomery red clover, which is a
single cut variety. The pedigree strain of Montgomery red clover is more
persistent than the strain which was imported 20 years ago. Montgomery red
clover is used in conjunction with short-rotation ryegrass for a special-pur-

poss pasture providing winter and late summer feed,

bl
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Special-purpose pastures.

A special-purpose pasture is a pasture that is designed to supply feed
at a certain time of the year. To do this, a planned seeds mixture must be
sown and the pasture must be correctly grazed and managed. Levy and Sears
(1948) recommend the inclusion of short-rotation ryegrass and Montgomery red
clover in permanent pasture mixtures, which under lax grazing mamagement }
should provide feed in both winter and late summer, thus extending the pro-
ductive period of the paddock. The importa;ce of lax long-spell rotational
grazing in order to give maximum yield over the dry summer period is illus-
trated by the following table.

Table 1 , Showing the effect of three different grazings on the

botanical composition and the yield of a pasture,
during the period 8th Dec. 1947 to 22nd March 1948

-3
} Short spell Long39poll
Continuous Ro&atiggal Boaatipnal
Graging ___ Grazing ____ Grazing

i Composition

Ryezrasses 373 488 204
Timothy - 0<5 Trace
Cocksfoot 0+6 1.0 0-8
Other grasses 1:6 3.5 Trace
White clover 547 318 214
Red clover 51 12-1 553
Other species 0.7 2+3 21
e 3400 5100

matter per acre)

Under close and continuous grazing the sward is stabilized at perenn-
ial ryegrass and white clover which yields relatively poorly through the dry
summer period. However long-spell rotational grazing encoursges the red
clover which produces abundantly during that period,

Levy and Sears (1948) also suggest seeds mixtures for ultraespecial-
purpose pastures of & semi-permanent naturs, Such s sdeds mixture contains
. short-rotation ryegrass, perennial ryegrass, Montgomery red, brosd red and

white clover. This pasture should be leniently grazed during Navember and



December to give the red clover en opportunity to grow end s chance for the
ghort=rotation rysgress to seed., There will be o feed of red clover mixzed
with ryegrass roughegze for the hard during the summer unitil mide-Masreh, when
it should be clsaned up to give the shorterctation ryeszrass seedlings a
chance to sstablish,  After thiz the pasture iz gpsiled for winter grazing
and early spring feed which will be produced mainly by the ryegrasses.

These writers also suggest & simller mixture containing paspaium for
use in the Northern diarying areas which requires similar mensgement, An- ;
other mixture of & temporsry nsiure consisting of Western %olthé ryegrass,
perennisl xy@gSasg end brosd red clover is suggested. During its first
winter it would provide a bulk of fesd, due to the Western Wolths ryegrass;
an esrly crop of silage could bs tazken during the esrly spring, followed by
2 spell to allow the developmant of the red clover which comes awey for the
late summer zrazing.

Davies (1944) gives exsmples of seeds mixturss for both summer and
winter profduction for English conditions., Like Levy and Sears he hasss
miztures on late flowering red clover to provide feed for the summer gap,
but susgests Aberystwyth strains of Timothy and meadow fescus for winter
growth. Thege spscises sre slso summer producers.

& methoed of providing pasture during the summer which is gaining
favour in England iz the sa@ing of new pastures in the spring, The young
gress provides nutritious fsed during the monthe of July and fugust. This
nethod of sowing ig unpopuler in New Zealand beczuse of serious weed come
petition,

Pampas grass.

Pampas gress mey be cited zs an exsmpie of & spscialepurposs pasture,
for it provides feed for both winter and summer. Lynch and Osborn (1948),
from the resulis of 2 surveyr, consider that Lt grows sstisfactorily in a1l

the main deirying areas but is only of minor importance in the Manawatu,



¥ith a few exseptions, the warmer, higher rainfall districts of the Horth
Izland of New Zsalend are the areas where pampas is considered a ussful
plant,

The young plantation is ¢%te§ difficult to establish and iz not ready
for grazing usually until 18 months afterwards. Unfortunstely it has =2 low
nutritive value (Shorland and Brooker (1935) and Coup ané,ﬁugiéy (1945)) but
it is very palatsble. The fact ithat it is obly = maintensnces food is not
important when 1t is reguired for wintsr feeding prior io cslving though it

iz unsuitable for summer milk production uvnlessz supplemenied,

fatumn- or winter-gaved pasiture is grass which iz grown during ths
avtumn flush period and held in ‘cold storsge' in the fisld during the wine-
ter for use in the late winter and esrly spring period, It can be seen
from Figure 1 that the herd calves down about 2 month to six weeks befors
active pasture growth commencss in the spring. This interval depends upon
the ssason, Although the geps can be filled by using hay and silage, ususlly
these feeds are not adeguate production rations and we need to look else-
where %o find 2 ration guitaeble for supporting high butierfat production
during this periocd. Reguiremsntez czm be mel by the use of sutumnesaved
grese in conjunction with hay and silsgs.

The time of closing veriss, = with the time &t which it is %o be used,
the conditicn of the pasture, =nd the districs, The aim is to have & leafy
sward of sbout § inches high (Lees (1948}). If the herbage is allowed to
grow too long it will rot at the base, becoms wnpslstable snd waste,  Alao
long winter-geved pasture tends to sncourage prairvie grass, cocksfoot and
Yorkshire fog whils it suppresses clover.

CORCLUSION,

The use of specisl-purpcss pestures combined with suitable mansgementd

ractlices appesrs to hove the greatest possibilities in the squation of pro=
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duction of grass with herd requirements. Making hay and silage involves

considerable losses and the improved methods of conservation hold out but
little hope of reducing these losses and increasing the quality of the pro-
duct., Algc the closing of paddocks for conservation probably csuses de-
terioration of the sward and loss of future production, Making hay and
gilage and feeding it out accounts for a considerable proportion of the
labour required to prcduce butterfat, while cropping is known to be costly,
but this last may fit into a general scheme of pasture renovation.

Ad justment of stocking rate is a satisfactory method of equating re-
quirements and pasture production for the individual farmer, From a nat-
ional point of view it is undesirable, for it is hoped that the 1;nd now
used for off-wintering cows may be utilized to better advahtage in the future,

The species used in specisl-putpose pastures demand high fertility
conditions. Until the level of fertility of a farm has been raised by
judicial management and manuring to a level high enmough to support these
strains and to produce out-of-season grass, it will be necessary for farmers
to continue to make hay and silage, to crop, and to winter cattle off the
farm, Even then these practices are likely tc continue, but to & more lim-
ited extent. The first step in equating herd requirements and pasture

production is to raise the level of fertility of the soil.
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THE UTILIZATION OF PASTURE
LN _RELATION TO
LTS FUTURE PRODUCTION.

Up to now the discussion has been centred round the losses
that are expsrienced when a pasture is subjected to grazing. The
utilization of a pasture will have a profound effect on its future
rate of production, seeing that a pasture is a biotic climax, an
equilibrium that is evolved betwesn the plant community on the one
hand snd the animal grazing it on the other, .

An alteration in the grazing factor will bring about an alt-
eration in the structure of the plant community.

Throughout this thesis the effect that utilization has on
the future production of the pasture is considered, but there are
three important points that will be discussed in the following
pages, They are:i-

(a) The effect of overgrazing the pasture in the winter, and
undergrazing it in the summer., This is the direct result of an
inefficient pasture utilization.

(b) The severity or closeness of grazing to which the pasture
is gubjected. In order that complete pasture utilization might be
obtained, a paddock should be grazed down hard, This will have an
effect on its production which will be discussed,

(c) Te effect that efficiency of utilization has on that of



SHOWING THE INFLUENCE OF METHOD OF GRAZING TOGETHER

WITH MANURING ONTHE BOTANICAL COMPOSITION OF A
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Figure 9, THE BOTANICAL COMPOSITION OF A PREVIQUSLY UNIFORM

SWARD AFTER THREE YEARS OF DIFFERENTIAL TREATMENT,




rotational grazing as a method of increassing pasture producitivity.

(a) The effect of overgrazing in the winiter and undergrazing in the summer,

If messures are not taken to equate the preduction of pasture with herd
reguirements, then the pasturs will be undsrgrazed during the summer snd over-
grezed during the winter. Jones (1933) at Jealott's Hill, Englend, cerried
gut the following experiment in which he subjected 2 newly sown clover sward
to the following treatments among which was the treatment mentioned above.

1, Hard spring grezing in order to punish the ryegzrasses,

2, Lenient spring grazing to encourage ryegrass which then had a2 shading
effect on the light-demanding clovers.

%e Hotational grazing, where the s tock numbers were sdiusied %o the
feed supply. The pasture was given about a month betwsen grazings.

4, Undergrazing in the summer snd overgrazing in the winber,

The trial was carried out over a period of three years. In Figure &
the effect of these treatments on the botanical composition is shown diagremm=
atically,

Hard spring grazing suppressed ryegrass and encourasged a clover-dominant
award. With = spring rest, the ryegrass was encouraged and it suppressed
the clovers. Rotational grazing with adjustment of stock numbers gave a
well-balanced ryegrass/white clover sward, while undergrezing in the summer
snd overgrazing in the winter showed a dscresse in both ryegrasses smd white
clover with an incresse in weeds and weed grasses,

4 peremnisl plant is most suvesceptible to the influence of dsfoliation
in the egrly stage of its active growth period (Donsld (1946)).  Thus hexd
‘ winter and early spring grazing weakens the esarly grovwing ryegrsasses. The
light=demending clovers are suppressed during the summer by undergrazing as
they cannot compete with the shade=demanding planis such as Yorkshire fog
or bent.

Levy (1940) reports that overgrazing during the winter in New Zealand
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tends to open up the pasture which leads to & crop of Ranunculus species,
Cirsium lanceolatum or Menthe pulegium in the fslleﬁing spring. There is a
weakening effect on the sward as a result of shading when a paddock ils closed
uwp for censervation, or undergrazed. The light—denanding white clover and
persnnisl ryegrass tend to be eliminated at the sxpense of shade-demanding
plants = cocksfoot, timothy, Yorkshire fog and paspalum. After cutting a
paddock, the pasture is opened up and weeds msy invade the sward., Undergrag-
ing in the summer or summer congervation tends o reduce those planits which
contribute most to the spresd and yield of gsétura. Thus inefficient pasture
utilization so affects the botanicdl composition of the sward that the prodblem
of utilization becomes progressively more difficult ag the spread of producte
ion is reduced, Solving utilization prodblems by msking hay mnd silage has
the gams effect. |

The NHew Zessland dairy farmer tends to have a high stocking rate so that
the flush gpring pasturs iz utilized more efficiently. On most farme, this
involves heavy overszitocking in the winter, An incresse in vpasturs weeds may
be expecitsd spd s decresss in the rysgrass content of the sward which will low-
er wintsr pasiture produciion zo that uitilization problems may be expected to
become mors serious,

Understocking during the summer results in a ‘clumpy' pasturs. Thess
clumps contain the minersl nubtrienits which would have been reburmsd to the
goil in the form of stock mamurs if the herbsze had besen grezed. How farm
animals only retain = smell proportion of the nutrients they consums. Levy
and Sears (1948) give some figures on the percentage retention of nubrients by
vericus clesses of sitock.  Although the milking cow retains more then other
classes of stock, as shown in the following table, 75 per cent of the niitrogen

and 90 per cent of the ash constituenis are returned e ths soil.
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Teble . Percentage of nutrients retained by animals,

. Nitrogen Ash constituents
Retained Dung TUrine Retained Dung & Urine
Milking cow 25 18 57 10 90
Fattening sheep 4 17 79 4 76
Fattening pig 15 21 64 5 96

Levy and Sears also demonstrated the value of returned nutrients by con-
verting them into equivalents of artificial menure. Thus when a pasture pro-
ducing 14,000 1b of dry matter per acre annually is fully utilized by sheep,
the equivalent of 24 cwt of sulphate of ammonia, 163 cwt of potash, 2% cwt of
calcium carbonate and 6 cwt of superphosphate are returned to the soil in one
year,

Stock manure contains plant nutrients in a very readily available form.

On reaching the soil they can be used immediately for further pasture product-
ion, Thus in a grazed paddock there is a constant turnover of nutrients and
it becomes necessary to think of fertility in terms of rate of turnover a.s well
as in terms of the inherent fertility of the soil.

Levy (1942) points out that the more feed that is produced, the greater
will be the residues that are returmed. As we must think of fertility in
terms of rate of turnover of nutrients, it is important that the herbage grown
shovld be fully utilized so that the nutrients contained in it can be used
again. Roughage that has been neglected by stock msay take months or even
years to rot down and become incorporated in the soil, "The nutrients in
herbage which is eaten re-enter the soil fertility cycle within 24 hours, and
it is this quick turn-round of fertility that explains the high production
possible under an efficiently controlled grazing and full utilization plan.'

Nutrients removed in hay and silage will be idle in the stack for a period
before they are returned to the soil, Conservation as well as poor utilizat-
ion will have the effect of lowering the rate of turn-over of nutrients and may

be expeéted to lower the yield of pasture.



70

Undergrazing in the summer is likely to have a deleterious effect on-
both yield and spread of pasture production, On the other hand, it may be
that pasture yield is reduced by overgrazing during the summer,

(b) The severity or closeness of srazing.

Previously it was pointed out that if the dairy herd was forced to clean
up each paddock before moving to the next the pasture would be efficiently util-
ized but because the cow would have difficulty in meeting her feed requirements
under such conditions the butterfat production would fall. To this we may add
that if a pasture is grazed too closely the yield of herbage may be redueed also,

Stapledon (1926) cut cocksfoot plants seven times during the pasture season
at ground level and at two inches above ground level. In comparing the yields
of these two treatments, he found that the latter out-yielded the former by
20 per cent. Further work at Aberystwyth (Stapledon and Milton (1934)) showed
that when cocksfoot was cut at six inches and at ground level, the mors lemient
treatment out-yielded the xontrol by 30 per cent, Similar results have been
obtained by several workers including Graber and Deem (1931) Harrisson (1931),
Roberts and Hunt (1936), Tortensson (1938), snd Edmunds (1949), working with
different species under varying climatic conditions. Broadly speaking, within
the range of cutting treatments applied, it appears that the yield of pasture
varies inversely with the severity of defoliationm,

The reason for this is clear, The succesding crop of herbage is synthes-
igsed by the leaves of the plant, If these leaves are completely removed be-
tween each grazing, new leaves have to be produced at the expense of under-
ground reserves before synthesis can proceed., By severe defoliation, root
reserves are diminished, weaskening the plant and reducing the yield,

In these experiments, the plants were defoliated by cutting which may dbe
mich more severe than grazing. A plant with a prostrate habit of growth will
have leaves lying so close to the ground that they will be inaccessible to the ®

grazing animal. Hard grazing may not reduce the yield as much as these sxper-
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iments would indicate,

Over the past two decades, the trend in pasture management in New Zea~

land has been towards closer farm subdivision and rotational grazing,. It
has been advocated by various New Zealand agricultural authorities including
Wild (1928), Woodeock (1929), Connell (1931) and Hudson (1933) on the basis
of two main advantages. TFirstly the pasture is more efficiently utilized,
and secondly & greater yield of nutrients is obtained per acre.

The work of Woodman and Colleagues (1926) (1928) (1931) (1932) showed
that pasture cut frequently provided a highly digestible protein-rich concen-
trate. 4As the interval between cuts lengthened, the yield of pasture in-
creased but it had a wider nutritive ratio and a slightly lower digestibility,
Such feed they considered was better balanced in respect of carbohydrates and
protein to meet the requirements of dairy cows,

Barlier, Stapledon and his co-workers (1924) at Aberystwyth found that
yield of pasture was decreassed by increased frequency of cutting, but that
the more frequent cutting yielded a more lsafy herbage with a higher nutritive
valus. They considered that a balance should be struck between yield and
nutritive value which would be attained by rotationsal grazing,

The work of Jones (1933) (already described), showed that by rotational
grazing the botanicel composition of the pasture is stabilized at a mixture
of ryegrass and white clover in desirable proportions,

Theoretically rotational grazing should provide an increased yield of
nutrients. Woodman and Norman (1932) stressed the point that the results
of their mowing trials were only applicable in practice if, at each grazing,
the herbage was efficiently and uniformly utilized. The work of Moors,
Barrie and Kipps (1946) at Canberra, Australia, emphasises the fact that

unless there is reasonably efficient utilization of pasture, no increased
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yields can be expected from rotational grazing. Richardson, Trumble and

Shapter (1932) in Australia had found similar results to those of Stapledon
with Phalaris tubercsa so that theoretically rotational grazing should incresse
pasture yield. Moore and his co-workers compared continuous, four-weekly and
eight-weekly rotational grazing with sheep on a pasture mixture containing
Phalaris tubercsa, subterranesn clover, lucerne and cocksfoot. There was no
difference in yield either in terms of herbage produced, live-weight gain, or
wool produced.

Under the conditions of study, the sheep requirements far exceeded the
producticn of the pasture through most of the yesr, whatever system of grazing
was practised. Unless the sheep numbers are adjusted in the spring flush
(which is not possible under practical sheep farming conditions in Anstralia)
the percentage of that grown which is eaten by the sheep is very small (between
9 and 35 per cent), so that the effect which the animal camn have on the pasture
output is insppreciable. They conclude that unless the stock requirements
can be adjusted so that the rate of consumption of the pasture is of the same
order as its rate of growth (e.g. efficient utilization), no increases can be
expected from rotational as compared with continuous grazing.

It is probably for this resson that disappointing results have been ob-
tained by Sprague (1929), Hodgson et al (1934), Hein and Cook ( 1937), Wood-
ward et al (1938), Black and Clark (1942) and Ahlgren (1944) in the U.S.A.,
when comparing rotational and continuous grazing. The failure of rotational
to increase production in the U.S.A. and Australia is due to the poor utiliz-
ation which is intensified by extreme fluctuations of pasture production.

Al though pasture production does not fluctuate so widely in New Zealand,
utilization is often not as efficient as it could be, Thus rotational graz-
ing ss a method of incressing the yield of nutrients under fgrm conditions
mey not be as successful as some overseas experimentsl work would indicate.

It is surprising that there are no reports of replicated comparisons in New
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Zealand between continuous snd rotational grazing, yet the practice is
widely advocated., When such an experiment is carried out, it would be
interesting to compare rotational with efficient utilization, with rotational

grazing with inefficient utilization,

We may conclude that inefficient utilization of pasture leads to a
reduced yield and a reduced seasonal spread of production, Complete util=-
ization obtained by very close grazing may also reduce the yield, though
érobably not as much as defoliation experiments would indicate, The effic-

DoTATIONAL GRAZ(NG

iency of utilizatiow as a method of increasing the yield of pasture is re-

duced by inefficient pasture utilization,
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THE UTILIZATION OF THE FEED CONSUMED FROM PASTURE

- BY THE DAIRY COW. =

The output of butterfat, cheese or merket milk from a New Zealand dairy
farm depends mainly upon the production of pasiure, the efficlency with which
that pasture is uviilized and the efficiency of foeod utilization for production
by the herd. It is this latter aspect which will be discussed here, Obe
viously it will be impossible to discuss, in any detall, all the fatcors which
affeact food converslion, tuit those which sre closely associated with pasture
utilization and pastorsl dairying will be noted in some detail,

The efficiency of food utilization for milk production depends upon the
dairy merit of the cow, Brody (1945) defines dairy merit as "the biological
efficlency of milk production as measurad by the percentaze of T.0.H. energy
which is converted inte milk (F.C.M.) emergy, This definition mEy be reprege
ented by the sgustionie

Milk ensrgy production 240 x 1b FPOM preoduced

Dairy merit = - L
TDN energy consumption 1814 x 1b TDY consumed

Dairy merit depends largely on the level of production. Az the output
of milk rises, the dairy merit increases but at a decreasing rate in accord-
ance with the law of diminishing retwns, (See Figure 1o,) Therefore there
ig & theorsticel maximun dairy merit whith Brody congiders to be approximately
50 per cent.

Broadly, the three main ways of increasing the cow's level of production
sre breeding, feeding and monagement.

BREEDING,

Space does not permit s detailed discussion of the methods which are
uged Yo ralse the average genetic level of the herds throughout New Zealsand,
Two aspects of breeding in relation to dairy merit will be dizcussed. {a) The

gffect which leow producers have on the aversge dalryy merit of the herd, and
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{b) the best breed for utilizing grass feed.

(a) The effect which low producers have on the sversge dairy merit of the herd,
It may well be that the low predueing cows of s herd eat meore than they
need to meet thelr regquirements for maintenance and producition under frse-
intske grazing conditicnsz, thus lowering the average dairy merit of the hexd,
Hancock's (1949) obssrvations ou the grazing habits of dairy cows tend to
confirm this view, but watil expsrimenters can evelve an efficlent method
of determining intake, this point remsing plausible but net proven. Under
the original Hoehnhsim system azn sttempt was made to ration stock on p&stﬁxe
by giving the milkers first access to s clsan peddock while the dry stock
followed on behind %o clesr up that which remsined., A similar systen of
diviszion of the milking herd into high and low producsrg mizht be fessible
on Hew Besland daizy farms if the labour supply was nore abundant. However,
before this sytem could be asdvocated, a measurement of pasturs intske with
cows producing ab different levels under fres grazipg conditionsg would bs
necsssary to determine the possible guantitative valus of such = system.

(v) The best breed for utilizing grags fsed,

There iz often considersble speculation and debate on the brssd of
dsiry e&%s mogt suited to utilize grass efficiently. Let us consider two
extreme breeds of cattle = the Jersey, with 2 low body weight but zecreiing
mill with = high test, and ths Friesian, & heavy cow with 2 low fest,

Let us first consider the effect that body size msy have on the dairy

that both maintenance cogt and milk energy pro-

Pely
ot
=
5;”:

merit, Brody (1945)
Auotion vary with WO'!, where W is the body weisht, Thus the dsiry merit
of a cow is independent of body size,  Although resting mainisnance nseds
vary with §G°?$ the energy cost of moving the body during grazing varliss
directly with body weight, gleﬁs However Brody argusg that the voluntary
activities of animsle decline with increasing body weight so that the fotal

mgintenance varies with %Q%?s This is supporited by the work of Southcombs
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(1947) who observed that Jerseys grazed longer and walked further than Friesians

Small cows may have a higher dairy merit than large ones. The breeder
tends to evaluate the performance of his individual cows by their absolute
production rather than by dairy merit. It is only those small cows which
produce as much as larger ones that are retained in the herd. But if a small
cow produce as much as a large one, her maintenance requirement will be lower
and in consequence she will have a higher dairy merit. (Brody (1945)).

Al though this unintentional gselection may be true within a breed, it is unlike-
ly to have a large bearing between breeds.

In New Zealand, the average production of butterfat in Jersey and Fries-
ian herds containing at least 75 per cent of pedigree cows under the group
herd-testing schéme was 298 and 295 1b respectively during the 1946-47 season
(Ward (1948)). The awerage butterfat tests of the two groups were 5.3 and
3+6 per cent respectively. Assuming the average Jersey weighed 900 1b and
the Friesian 1250 1b, it was possible to estimate the average dairy merit of
these two breeds by converting the productions to 4 per cent fat-corrected
milks using Brody's table (p.861), The dairy merits of the Jerspys and Fries-
ians were 25 and 26 per cent respectively. In view of this and Brody's work
it would appear that the dairy merits of the two breeds are approximately
egual. Thus the output of emergy from a given amount of feed would be the
same whether it was consumed by Jerseys or Friesians.

In New Zealand, milk is used for three main purposes, viz, market milk,
butter and cheese. Now the relative economies of the Jersey and the Friesian
for utilizing grass consumed depend upon the use to which the milk is puat.

In table /° , the yield of markei-milk milk, butterfat and cheese from milks of
varying tests but having the equivalent energy content of 10,000 1b of 4 per
cent milk is demonstrated, and in this table the conversion of butterfat to

cheese was performed by using McDowall's (1948) conversion fattors:-



Table 1© . Yields from milks of varying tests.

Tast Market milk Butterfat Chesse
ib ik ib
3-0 11750 352 990
Ze5 10820 378 1000
40 10000 400 1016
45 9300 48 1017
5.0 8700 435 1023
5.5 160 448 1037
640 7670 462 1054
Fream Tabls it will De geen that the hign testing milkes yield the

‘grsaﬁegt guantity of tubterfat, Thus the Jersey is more efficient inm utilize
ing pastures fesd for butierfal production than the Frisgisen, sasssuming that the
aversge Galry merits of the two brseds srs the ssme. This is supporisd by
Fawcettls survey work (1932) in the Waikato and Tarsnaki districts, He found
& close relationship bebween high herd test and high oufput of %&t%sffa% par
aCTe,. The Friegisn will be mors efficient when the milk iz sold for town
milk svpply, where the peyment iz on a galgéﬁag@ basis, The Jerssy may have
a slight adwsntage over the Friesisn for the production of milk for cheese
manufanture.

These conclusions ars born out by practice, The Jersey predominates in
tutterfat producing areas while both Jersseys and Friesisns are feund in Ters-
naki where milk is used mainly for cheese production. TFriesians are the most
popular breed for town milk supply.

An srgument often raissd in Tavour of the Jergey is that it is belisvsd
that the smallser animal iz beitter sdapted to sparss grazing conditions,

The Friesian breed wss evolved under the high plane of nutrition condit-
iongof the lush lowland pastures of North Friesland and requirses the very best
nutrition in order to express its potential performance,(McMeskan (1943)). By
contrast the Jersey was evolved as a peassnt's breed and by reason of its small

size is specislly adspted to sparse grazing conditions, This assumes that
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pasture conditions are such that s cow is Just sble to consume enocugh grass
to meet the maintensnce and @Eeé&stisﬁ requirsmente of a Jerssy cow, This
congumption will not be sufficient to meet the higher maintenance and pro-
duction requirements of a Frissisn, The Friegisn, unsbls to obiazin her re-
quiremsntg, will not express her potentisl performance,

Further evidence of the sdapisbility of small znimals to l@%yﬁﬁiﬁigi?é
conditions comeg from the ecology of sheep breeds in Britain, On the rough
grazing land of the Welsh mountaing, the small, hardy Velsh Mountain breed is
found, In the foot=hills we Tind the larger Kerry, Hadnor Forest and Clun
breeds, whnile the hsavy Shropshire iz located on the lowland pasbures, A
similar scologlesl guccession of shesp brseds is found in Scotland, In the
mountaing there is the Black Face, in ths foot-hills the Chevict and in ths
lowlands the Border-Liecester-Cheviot cross, 4n explanation of this adapb-
ability phenomenon is given by Hagedoorne (1946) who states that "while one
sheep welghing & hundred pounds has only one hsad snd one gat of legs, twe
ashesep, welghing a hundred pounds together, have two heads and two sets of
legs, =0 that they can be in two different places to hunt the scanty herbs,

4 for this reason, in conditions where the shesep of fifty pounds cen jJust

%

live, a hundred-pound sheep must necessarily starvs."

Thers can be little doubt that under sparse grazing conditions, the
small Jersey will bs able B0 gsurvive and produce mors sfficiently, but vhether
the degree of sparsensss on New Zealand dsiry farms is such that the Jersey
has this advantage over the Friesian is unknown. During pericds of pasture
scarcity supplementary feeds arve usunally fed to the herd so that the Friesian
sheuld be asble to maintain her consumption rate, It may well be that under
sparse grazing conditions the Friesisn incresges her grazing time and so msets
her requiremenis, Grazing behaviouwr and intske studies are needed to throw

light on this hypothesis of adsptability.

b=

EEDING.

The efficlency with which grass is converted to milk is affected by
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feeding as well as by the genetical mske-up of the dairy cow consuming that

faad, In thiz gection, we will discuse the relstionship betwesn plans of

feeding and grass feed utilization, and later this will be relatsd to rate of
1

gtocking which is important from the point of view of pasture utilization,

Food uiilization =nd plans of nutrition.

Armsby (1930) reviews the literature up %o that date on the effect of
plane of nutrition on digestibility. These dats show that as the level of
feeding rises, the digestibility of the fesd dscrsases. More Eéﬁ%&% work by
¥atgon (1935-40) in Canada, with steers fed at 5 different levels %it@ various

/
feeds, shows similar results. However the differsnceg in digestibility st
different planes of fseding were not very great, while in some casges, %s§e@i§l2§
with roughsgss, these differsnces did not occour, in several cases the digeste
ivility was actuslly depressed by fseding st low levele but thiz he belleved was
not due to plane of feeding psr se, but to ths sbnormal fesding habits of the
snimals under starvation conditions (i.e., these steers bolted their food),
Generally one would expect that digestibility decresses wiih incrsssing plane

of putritlon becaves of 2 relatively more rapid transit of food through the

;:2;

igestive tract snd in part to the conseguent lessened extent of bacterial

&

tion,

The work of Forbes (1928 and 1930), and Mitchell (1932} has shown that
the net snsrgy of a fsed for stesrs decrssses with incressing ﬁiaﬁ& of muirite-
ion, Hot only was the digestibility depressed bub hest producticn dus to

specific dynanmic action increased, Weigner and Ghonium found sinilar resulis

with rebbits, Brody and Proctor (193%3), investigating mathematically these
data mentioned abeve, found that ineressing the plzne of nutrition tends to

reduce the net energy value per uwnit of food in sccardance with the law of
diminishing reburns.
&lthough the dedreasing efficiency of feeding value with increasing plane

still unknown whether this

t;a

of nutrition has been shown with dry snimals, 1% i
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decrease would ocour with animals having a high feed requirement.

The energetic efficiency of the entire milk producing mechanism may alsc
decline with incressing lactation rate sbove a certain level. Brody (1945)
illustrates this point by anaslogy with a motor car. Thus there is a decline
in energetic efficiency of a car with increaged driving speeds above 30 m,p.h,

Jensen et al. (1942) recorded the yields of milk and the consumption of
feed of 346 individual cows over a period of three yesrs, fed on roughage and
concentrates at six levels, There was a constant stepping up of preduction
with every increase in grain allowance but the additional milk produced for
each additional unit of feed decreased, Previously, . in the absence of exper-
imentsl evidence, it had been widely held that milk production incressed in pro-
portion to the incressed production ration fed until the level set by the feed-
ing standard was reached, after which there was only a slight incresse, The
two concepts, the dimihishing returns concept, and the feeding standard concept
are shown in Figure il ,

Jengen et al fitted to these data the experimental curve given by the
Spillmen diminishing returns equation, (Spillman (1933), which had been used
to describe the law of diminishing returns as it applies to the use of fertil=-
izers on crops. Brody (1945) points out that the satisfactory fit of this
curve proves nothing as the range of data is sc narrow that a linear or para-
bolic equation would probably fit equally as well., However as the theory is
probably sound, the fitting of the equation of the principle of diminishing
increments is reasonable,

In summery we msy conclude that it is probable that as the level of feed-
ing increagses, the net emergetic efficiencyi of milk production decreases.

This point will be discussed in relation to stocking rate.

Energy in milk preduced
Energy required for milk production

* Vet energcetic efficiency =




One of the main preblems that a dairy fermer hﬁg'ié solve iz ths number

of stock his fearm will carry in order Ho yiéld the mazimunm in Butterfal,

Moy
chesse or market milk per acre, If he overstocks, not only wild he obiain .
a low per cow productlon through underfeeding, tut dus to overgreszing his
pasture production may dscline. By undergrazing he may obtain a higher cute
put per cow, but the zation §f his pastures will %end %o be less effic-
ient and the sward may detericrate.

Fawcett (1929}, in a survey of dairy farms in the ¥aikato and Taranski,
found & cloge reladionship between high stocking rate and high butterfat pro-
duction psr scre. A lese clozs relationship was found beltween high produection
per cow and high butiterfat production per acre. Alse Hancock {E%é%}, at Rus=
fura, Hew Zesland, corrisd ount an sxperiment vhers idsnticsl twin:pairs of
cows ware split three ways over the following treatmentsi-

(1) one acre per cow

(2) one acre per cow plus concentrate feeding

!

PEN

tnd

Lo
(]

:iz-tenthe of an scre per cow.
In the first year of this experiement, the cows under treatment (3) yislded

ess pér cow than those under treatments (1) and (2) but they produced approz-

ot

imstely 100 1b more butterfat per acre than those on trestment (1) and approz-

imately the same amount as those on treatment (2}, Therefore it would asppesr

L.

from the work of Fawcett and Haneock that h stecking rate i sssociatsd

with high per-scre production on the New Zeslend dalry farm,

There are three possible reascns for this relationship.

T,

a) The grass consumed is mors efficiently utilized for production

P
o
W

A high stocking rate leads %o 2 grester pasturs vroduction

]

¢} Tha pasture is better utilized undsr a high stocking rate.
High stocking rate leads %o = lower plane of feeding which may give a

better uwiilization of the grass fsed consumed and this sspect will be dige
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cussed below.

Mitehell (1949) recalculated Jensen's data for cows typical of those

[}

in New Zesland, He agsumed that the dairy merit of the asversge New Zesland
Galiry cow was ths same ag those used by Jensen, Ag ths rabtlon of the Hew
Zenland cow is not divided into maintensnce and production, he mede hig cal-
culationg on the basis of gress efficisency szpressed ss T.D.N. per 1b of
bubterfat rather than net ensrgetic efficiency ss was used by Jenszen, i)
meke this calenlation he used Brody's (1945) figures for maintensnce reguire=
ment, output of energy in relation 4o body weight, and for the conversion of
4 per cent milk to milk with tests of 3% per cent, 4.5 per cent, 5°0 per
cent and 5°5 per cent which are representative of those found in New Zealand,

The results of Mitchell's calculstion can be seen in table I e

Table 'l . Estimates for dairy cows of Gross Bfficiency of feed
utilization per pound of bubterfat produced.
{(T,B.H. per 1B of bubterfat)

Annual butterfat 800 1% 900 1b 1,150 1%
preduction live weight live weight live weight
pex cow 45 50 5.5 4-0 35
test test test tast tast
180 2036 26.0%3 19:78 2181 24483
200 19.2¢ 18.92 18-64 2060 2%.28
220 18:50 18.00 1778 1970 22.07
240 1795 1751 1714 18.98 2113
260 1772 17-14 16.72 1867 20.44
280 17-70 17-02 1650 1853 19.96
300 1800 17-12 16449 18.63 1967
320 1878 17-56 16.62 19.12 19-54
340 2046 18.53 1734 20-18 19-68
From table it will be szeen thad as the totsl productiocn of bubtterfat

riseg, due to the incrsassd level of feeding, the guantity of total digesie
ibls nutrients required to produce sn exira pound of butterfat is such that
the oversall benefit gained from the greater spread of none-productive mainten-

snceé is progressively reduced and fimally eliminated, Above this point svery

extra pound of butterfat becomes incressingly expensive in terms of total



digestible nutrisnts required,

Mitchell concludes that the level of maximum efficient production of
the average New Zealand Jersey cow, assuming that the cow has approximately
the same dairy merit as those cows studied by Jensen, is about 280 1b of bubtter~
fat per lactation. As the Dominion averags stands at about 220 1b of butter-
fat, 1t would appesr that on may farms there is too low & stocking rate which
leads to overfesding and & conseguent poor utilization of the grass consumed,

Although it geems likely that the principle of diminishing relurnd does
operate for level of feeding in relstlon %o btutterfat production, it iz uncer-
tain that the slope or shaps of the curve found by Jensen represenites that which
would be obtained from s representative gample of New Zezsland cowés Thus,
although there iz probebly 2 point of maximum gross efficlency, there iz notd
gufficient evidence to indicate the location of that point.  Further, by
raiging the dairy merit, the level of production, at which meximum gross effice-
lency is attzined, iz raised,

The main criticism of the applicaticn of the law of diminishing returns
in relation to feeding level to New Zssland dairy farming conditions ie that
there are pariods of high and low levels of feeding threughoult the yesr on
nearly 21l farms while Jensen obizinsd his dets under feseding conditions which
were level throughout lactation zo that his resulis sre hardly spplicable ie
Hew Zealand sﬁnéi%i@nsg

Although better uviilization of the feed comsumed mey play 2 part in
giving & high output of buitterfat per acre under s high stecking rate, it iz
more iikely that the relaticnship is due %o 2 belter uiiliszation of pasture,
though a higher pasture production may be & factor, but this would seem fo be
doubtful,

MANAGENERT,
Finally there sre many management factors which affect the production of

the dairy cow and se in turn affect the efficiency with which pasture Teed is
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utilized,

Recently considerabie interest has been focussed on the shed management
of the herd during milking, Gentleness of handling, udder massaging, order
of'milking and spesd of milking have been stressed but these effects on pro-
duction will not be enlarged upon. New Zealand dairy farming is character-
ised by low labour requirements and so it is of some significence that Ward
(1948) has found that non-stripping does not lower production of btutterfat.
Higher production can be obtained by ﬁilking three times a day but this would
not be economicsl in New Zealand,.

Calving date probably affects production. Herds are usually calved
four to six weeks prior to beginning of rapid pasture production so that early
production is maintained by post-calving lactational stimulus using body'ref
serves while the later production is supported by the flush of pasture growth,
It is widely held that later calving reduces the herd productien, .

Under pastoral dairying conditions, the dairy cow is moxre prone to the
effects of climatic conditions than when stall-fed, It is very noticeable
that many New Zealand dairy farms are devoid of shade and shelter and the hot
sunmer weather may lower butterfat production,. Thus the summer drop in pro-
duction may be partially due to direct climatic effects.

Disease accounts for a considerable loss of production each year. Per-
haps Magtitis and contagious abortion are the most serious although metabolic
diseagses associated with flush pasture growth and the onset pf lactation -
milk fever hetosis and grass staggers - cause loss of p;o&uction, while Dbloat

is a serious problem.

CONCLUSION.
We may conclude that under free-intake grazing conditions, the low

producers of the herd may consume more grass them is required to meet their .
requirements and in consequence lower the average dairy merit of the herd.

In terms of deiry merit there sppears to be no difference between the Jersey
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and the Friesian, but the efficiency with which food is converted to product
depends upon the use to which the milk is put, Theoretically the Jersey is
better adapted to sparse grazing conditions but whether the conditions are
guch in New Zezaland to give the Jersey this advantage over the Friesian
remains open to speculation, unsupported by any data,

The efficiency of food conversion varies inversely with the plane of
feeding but because of the fluctuating nature of pasture growth and the con-
sequent periods of pasture surplus and deficit, it is doubtful if it is the
proximate cause of the relationship between high stocking rate and high

output of butterfat per acre.
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METHODS OF MEASURING INTAKE
OF GRAZING DAIRY COWS.

A better understanding of the question of the beast utilization
of a pasture and a given pasture feed would be obtained if a more
satisfaotory method could be developed for estimating the amount of
the intake of both dry matter and specific nutrients by the grazing
animal,

Various techniques have been evolved, but they are still only
in the developmental stage at the present time, However, the pro-
gress that has already been made will be discussed in the following
pages.

A knowledge of the amount of intake of dairy cows would make it
possible to estimate the losses which occur on the pasture during util-
ization, At present no accurate data are available which give any
indication of the extent of these losses, but by making some compar-
isons between pasture production, when it is measured by accepted
agronomic methods, and the gquantity of grass which is consumed by the
herd during grazing, s reagonable estimate of the losses would be
obtained,

Unfortunately we know very little about the various factors
which may have an effect on the intake of dairy cows on pasture.

A study of the various effects of different climates, different pas-

ture conditions, the grazing pattern of the cow or the herd, and

the vadlying requirements of the herd would be extremely interesting.

Thus a low solids-not-fat content of the milk during the dry summer period
may be dué to a low plane of nutrition, The lowered intake may not be

due solely to the inadequacy of pasture production but the depressing effect
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of hot weather on intake or the low palatability of the herbage at that time,

Although overseas research work on the physiological efficiency of milk
gecretion can be applied to New Zealand free-intake grazing conditions, defin-
ite conclusiong cannot be drewn until the consumption of pasture can be meas-
ured.

Further, in experiments concerning high and low plane feeding on pasture,
the intake of the dairy cows can only be altered by grazing cows on different
areas of pasture. One group of cows may be on half the area of the other
group but this does not mesn that they are obtaining half the feed, for the
group of cows on the smaller area will utilize the pasture more efficiently,
Also the fact of a different stocking rate will cause a reaction in the plant
community which will affect the pasture production. Under sparse grazing con-
ditions some cows may eat more than their fiar share of feed, Thus some will
be grossly underfed while others may be quite well fed. Under all experiments
with dairy cows on pasture, the use of a2 method of measuring intake will add

greatly to the value of the results that can be obtained,

CLIPPING METHOD.

The clipping method of determining the intake of grazing enimals depends
on estimating the grass present in a paddock, and subtracting from this the
amount present after the stock have grazed it, Woodward (1936) used this
method to estimate the intake of two dairy cows. He divided a small paddock
into two halves, One half was grazed for 2 to 4 days, while the other re-
mained uncut until the grazing period was completed. Then both were cut with
a mower, the difference between the two cuttings being the amount which the
cows consumed. Dry matter determinations and chemical analysis give estimates
of the intake of nutrients.

Garrigus and Rusk (1939) compared the clipping method with the method
they developed for estimating the intake of a grazing steer. The steer's

average daily consumption on good pasture was only 83 per cent of the calcu-
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lated maintenance requirement as estimated by the clipping method. Their new

method was used simultaneously with the old method, on the same steer, grazing
the same pasture, during the same period. By this method the calculated con-
sumption was 192 per cent of the maintenance requirement of the steer. They
listed a number of sources of error which they considered tended to depress
the estimate of intake by the clipping method:i-

1. Lawn mowers, which are normally used for clipping, will cut closer to
the ground on the grazed plots than on the ungrazed plots, causing sn under-
estigating of the intake,

2, Animals often graze below the level at which the mower will cut,

3« The method takes no account of the growth of grass during the grazing,
4e In Woodward's method the conditionms under which the animals grazed
were far from normal for there was no shade, shelter or company. The grazing

pattern mgy have been upset.

5« The determination of the forage not grazed is hindered by the droppings
of the experimental animals and the trampling down of grass.

We may conclude that the clipping method is open to large experimental

errors which tend to lower the estimate of intake,

PLUCKING METHOD.

The plucking method of estimating intake has been developed by the Grass-
lands Division, Palmerstoﬁ North, New Zealand (unpublished data). Sample
areas are protected from grazing in the paddock and plucked by hend to sigu-
late grazing so that after the stock have been removed the areas cannot be
distinguished from the remszinder of the paddock. The amount plucked repres-
ents that which has been consumed, Not only is this method subject to biassed

errors, but it involves a considerable amount of manual work,

ERIZIAN METHOD.

This method is also somewhat laborious. It was developed by Erizian

(1932) working in Germany, The grazing animsl is weighed before and after a
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grazing period. During grazing the excrements sre collected and weighed

by attendants using buckets. The insensible loss during the grazing per-
iod is calculated from pre-determined constants. From these data the
weight of green food consumed can be calculated,

The accuracy of the method largely depends on the accurgcy of these
constants for estimating insensible loss. They are determined by weighing
an animal before and after it hags performed some activity of grazing, i.e,,
grazing, walking or lying down, The loss due to grazing is detexrmined by
placing the animal in a crate with a piece of sod and allowing it to graze
for a definite period. It is doubtful if such a method actually measures
the insensible loss under grazing conditions,

Another disadvantage of Erizian's method is that it only measures the
weight of green material consumed.

In order to find the intake of dry matter, a representative sample of
the pasture which the animal grazes would have to be found. . This would be
difficult as the animal is selective in its grazing habits and the dry matt-
er content of the herbage varies from plant to plant and from time to time

during the day,

DIGESTIBILITY METHOD,

The digestibility method was developed by Garrigus (1933) at Illinois
to determine the dry matter intske of grazing steers, The weight of dry
matter defecated and the digestibility of the feed is ascertained and from
these data the intake of dry matter is calculated., Thus if the weight of
dry matter defecated is x 1b and the digestibility coefficient of the dry .
matter of the grass is d, the intake of dry matter is x(100 - d). The e
problem therefqre divides itself info determining the output of faecal dry
matter and calculatimg the digestibility of the grass consumed.

The determination of the amount of fascal dry matter over a given period.
The simplest method is for attendants to catch the dung in a bucket. This



Figure 12, AN APPARATUS FOR COLLECTING DUNG EXCRETED BY A BULLOCK.

Figure 13, AN APPARATUS FOR COLLECTING DUNG EXCRETED BY A COW.
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is weighed and sampled for dry matter analysis. Garrigus and Rusk (1939)

harnessed steers with waterproof bags to collect the faeces. See Figure 12,
In some cases these bags caused soreness of the tail but in the aunthors!
opinion the grazing pattern of the animals was not upset, Woodman and his
colleagues (1937) used a similar method with sheep. Ballinger and Dunlop
(1946) héve developed an apparatus which can be fitted to a cow so that the
dung falls into a bag but the urine is separsted from the dung and falls to
the ground. See Figure 13, This apparatus caused soreness unless consid-
erable care was taken to keep the cow clean,

These methods are laborious and the presence of attendants or the har-
nessing of the animal may upset the grazing pattern. In consequence a ref-
erence-substance technique for determining faecal dry matter output has been
developed,

Lancaster (1949) has measured the dry matter excreted over a given per-
iod by using chiomium sesquioxide as a reference substance. Twice é‘day at
milking time each cow is dosed with a gelatin capsule containing 10 grams of
chromium sesquioxide. At the same time a sample of faeces is taken by hand
from the rectum of the cow, Bach 'grab! sample is kept separately and is
dried at 100 Centigrade, milled and analysed for Chromium sesquioxide. The
dry matter excretion for each half daily period is calculated from its con-
centration in the ‘'grab' samples., Lancaster in an experiment with stall-
fed animals fed on fixed rations of freshly cut pasture foynd that faecal dry
matter excreted, calculated from the chromium sesguioxide in the grsb samples,
was in the order of 8% higher than the faecal dry matter found by direct
measurement,

Barnicoat (1945) compared the use of chromium sesguioxide used as an
inert reference substance for determining digestibility with the standard
method. He found that the recoveiy of chromium sesquioxide in the faeces

is lower than empeted and this affords an explanation of Lancaster's high
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results. Thus animals fed for ten-day periods showed that only about 80 per

cent of the amount ingested appeared during the appropriate ten-day collection
period, Barnicoat did not consider that the substance had been absorbed for
if this had happened acute poisoning would have resulted. He suggests that
chromium sesquioxide is held up in the folds of the intestine, Similar results
have been found by Gallup and Kulhman (1931) and Druce and Willcox (1949).
Before this method could be used to estimate faecal output accurately, some
method of correction for the holding up of chromium in the alimentary tract
would have to be devised.

Barnicoat also points out that there are large day to day fluctuations in
the ratio of chromium sesquioxide to faecal dry matter. Thus this reference-
substance method would only be applicabie for estimating the intake over long
periods, However the method offers great possibilities for simplifying the
technique of determination of faeces output.

DETERMINING THE DIGESTIBILITY.

Garrigus and Rusk (1939) carried out digestion trials prior to estimating
the intake from the weight of faesces excreted and the digestibility. Freshly
cut pasture was fed to stalled-steers over an eight-dsy digestion period to
determine the digestibility of ‘the 4ry matter, After a five-day preliminary
period on pasture, thess same steers were harnessed for faeces collection over
an eight-day consumption period, The digestibilities, determined over the
stall-feeding period, are used to calculate the intake from the faeces dry
natter excreted during the following consumption period. There are two main
criticisms of this method.

(a) The material which is cut and fed to the steers during the digestion
period may not be representative of that which the animal consumes. As the
digestion period takes place before the consumption period, it may well be that
the herbage fed during the digestion period has a higher digestibility than the

more mature herbage that is grazed some dsys later.
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(b} In the 27 experiments, the sisers consumed on the average only 65 per
cent as much dry matier during the digestion period zs they d4id when on ths
grazing trial, Now it has been shown that digestibility is affected by leval
of feeding, Honchamp and Koch {1920) fed sheep a ration of clover hay at three
levels, finding that as the level of fesding incrssssd the digestibility of the
dry matter decreased, VWatzson et &l (1935) fed four stesrs with hay at four
levels of feeding but the differences in digestibility between the highest sd
lowest level was only «5 per sent, The differences in plane of nubrition of
the stesrs during the digesiion and the comsumption perieds may be 2 source of
error, but it iz unlikely %o be very large.

Woodman and his colleaguss (1937) determined the dry matter intake of graz-
ing sheep by a method similar to that developed by Garrigus. However they dive
idad the expearimentsl shsep into two groups. Yhile one group was grazing the
other group was undergoing a digestlion trial. Although this method aveids
errores dus to 4iffersnces in digeetibility cavsed by differences in stage of mate
urity,. it asssunes that the ghsesp on the digesition triszl digest the dry mabter te
the same sxbent ag theze zraszing, In order to aveld such errors, lnert refere
ence substances can be used to estimate digestibility.

THE USE OF INERT REFERENCE SUBSTANCES.

Gallup, Hobbe and Briges (1945) sugzested that digestion coefficients could
be caleulated and feed intake determineé for grazing snimsls if some ‘tracer’
material could be found, Such & substence mugt cccur nsbturally in the fsad yei
be nsither digested nor absorbed by the animal, These workers tested the spplic-
ability of the siliczersatic methdd to digestion irials conducted with siesrs on
pasturs. and sissers and shesp in stalls, %g finding the percentage rscovery in
the fasces of ingested zilics, The average excretion of feed gilica in the
fasces was 10 per cent, 36 per cent and 7 per cent higher than the calculated
intake with ztall-fed steers, grazing s%éarg and gtall=Fed ghsep respectively.

These findings were explained by the probable contamination of the fasces with



dirt under stall fesding conditions and by the ingestion of dirt by grazing
steers, Thus silieca doss not sppsar to be of much velue for determining ths
digestibillity under grazing conditions.

Ellis, Maynard and Matrone (1946) find that lignin in a ration of timothy
hey, best pulp snd concentrates is not digested by steers when sgtimated by
the method they developsd. The same finding has been rsported with & nmized
ration fed to sheep (Swift (1947)), clover-timothy hay (Forbes (1946)) and
Korean lespedeza hay cut at four steges of maturity (Corbin (1947)).

Forbes (1948) carried out grazing triasls with six Hereford steers on
Eentucky bluegrass. The sitsers were divided into iwo groups. ¥hile ons
grovp way confined %o digestion stalls whers freshly clipped bluegrass was
fed, the other group was permitted to graze but was harnessed with apparatus
for dung collection., A paddock wag divided into thres sedtlons - &, B and G,
Sections A and B were grazed alternately by the steers while ssction C was
clipped for pasturs to feed to the stecrs on the digestion trial, The re-
sulds of four $rials sre published. The stesrs which wers in the digestion
stalls during the first trial were on the pagture during the second drial
while in the third they returned fo the sialls, =nd so om,

From the digestion trials it was found that the sversge %e@@@%@y of lige

¥ "if

nin was 102 per cent w-f. it iz sgsumed that the lignin in the fasces
represents o1l the lignin in the fopags, the feed intske can be calomulaised.
For ezzmple, if thres pounds of lignin sre excrated during s collection pere
ied, and the aversge ligpin content of the forasze for that psried is 3 per
cent, the dry matter intske for the peried will be 100 1b,"

Forbes caloulated the intske of the gf&zi&g steers by three methodsi-

(a) The lignin ratio method {Jjust described)

(b) The Garrigus method., The digestibility of the clipped féed is de-
termined prior to the grazing trizl with the same animals as sre used during

the congumpiicn perioed.
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c) The simulteneous digestion trial method. A digestion trial and s
grazing itrial are run concurrently.
The comparison of the three methods is shown in tabls 2,

Teble 't , Comparison of dry matter intakes (1b./day)
calconlated by thres methdds for steers grazing on bluegrass,

A B c
Trialj Lignin Garrigug method Simltaneous

ratio digestion trisl

method method

1 14-9 114 14+6

2 14+C 16-0% 12.8° 14+6

3 12.2 - 19-82 14+0° 155

4 133 15-8% 12.1° 139

& indicateg comparison with preceding digestion trisl
b indicstes comparison with following digestion trial
The tabls shows a good sgresment of the simulienecvs digestion trisl
methad with the lignin ratio method in three cases out of feur. This would
gsesm t¢ indicate that the former method gives dspendable resulis. However
the results by the Garrigus method do not agree with the results estimated by
the other two methods because of the differences in stage of maturity of the
grass when grazed and when fed in the digestion stalls.
The lignin rstic method may be considsred se feirly satisfactory for
sgtimating dry matter intakes butl perhszps its chiefl advantage is that it is
pozglible to estimate the digestibility of any gpecific nutrient under grazing

conditiong., Thus if 3 is ths vercentage digegstidbiliily of & specific nuitrient B,

¥ = 100 - 100§ . £nin fasces

“n in Teed

thean

where = znd 2 are the percsnt-

ages of lignin in the feed and fasces respectively.

]

However by using the lignin ratio mathod the herbage sampled is sssumed
%o be gimilar in componition to that saten by the grazing method, It is

well known that animals ave selective in their grazing habits,  Stspledon



and Jones (1927) have shown that sheep prefer leaf to stem, This is well

illustrated by Table .

Table . Percentage of leaf to total stem and leaf.
Clovers Perennial Other
ryegress grasses
Before grazing 58+ 4 273 60-0
After grazing 54+5 141 490
Actually eaten 60.0 Hle2 73-8

This source of error msy not be great when a passture is fully utilized
but under practical pasture management conditions the giazing animal probably
selects a more digestible feed than samples of the pasture would indicate,

A method of determining digestibility is needed which does not require the
analysis of the feed.
FECAL NITROGEN .

Lancaster (1947) finds that the indigestible protein per 100 grams of
pasture dry matter ingested is constant at 4-5, from the results of 85 pas-
ture digestibility trials conducted at three research centres in New Zealand,
The output of dry matter can be calculated from the cromium sesquioxide
method while the intake of dry matter can be calculated from the nitrogen
percentage in the faeces, Lancaster's work is supported by Gallup and ¥
Briggs (1948) who find that the fecal nitrogen excreted per 100 gram; of dry
matter inteke is relatively constant when steers were fed on prairie hay
with a low protein content, Forbes (19459) finds that the fecal nitrogen
exereted per 100 grams of dry matter intake rises as the protein content of
the ration increzses and considers that the total fecal nitrogen varies too
widely to be of practical use in determining intake. However Lamcaster finds
that his method gives an estimate of intake of a single animal over a periecd

of 14 days to within 15 per cent,

95

There ig a paucity of data on the digestibility studies with grass fed to
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dairy cows., As more data becomes available the accuracy of Lancaster's
- method under different pasture conditions may be shown, The use of fecal
‘nitrogen offers great possibilities for estimating intake,

We may conclude that the reference substance technique for measuring
output of fecal dry matter and the use of the lignin ratio, or the fecal
nitrogen, hold out great possibilities for estimating indirectly the intake
of dairy cows on passtures. TFurther work will show the relative accuracies
of the methods., Although absolute results may not be obtained, these

estimstes of intake may be useful for comparative work,
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RECAPITULATION.

1. In attempiing to raiss the level of humap mubtrition throughout the
world, emphasis will be placed on increasing livesiock producis which are
sxcallent sourcses of protective foeods, Intesngive livestock production

from grass is practised in New Zealand and the approach to grasslend farming
of the ¥ew Zealsnd dalry farmsr might well be coplsd in other countries
wherse the climate iz svitable for high pasture growth, sspecially in CGreat
Britain, High output of butterfat per acre in New Zsaland depends upon
high pasture production, efficient pesiture uiilization and sfficient utile
ization of the fesd consumed by the dairy cow. Pagture utilization may be

z wesgk link in the chsin of

e

roduction on the Hew Zenland dairy farmz, and
evidence is vregented that large lozses of fead may ocour through uviiliz-
atlon,

2e Some of the main factors which affect the guallity of pasturs sre dige
cussed in beief to act ss s fundesmental background to the thesis, Specigl
swphasis iz placed on the relstion of stasge of maturity of the herbage and
its fesding valus which is Llmportant for oblfaining the grestest yisid of

nutrients from pasture

2e Another fundamental sspect which is discussed is the grazing bshavicur
of daliry cows. A picture iz given of the general behavisur patitern while

«»3

variotions in this patiern dus to the geneiic make-up of the cow, seasonal

and climatic factors and condition of the pasture are digcussed.
de Lossas through pasture uwbilization by grazing sre dus to thers being

.

surplus pasbure sbove herd reguirements which, bscause Lt ip not eaten, cons

tinuez o grow, losing both iis nutritive value and palatability. Clumps

4]

in pagsturs are svidence of poor wiilization, but these mey also develon a9 =
result of impalaiability caused by ﬁzﬁg and urine or other factors under cone

ditionz of efficisent uiilization. On the dsiry ferm closer subdivision,
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giving greater flexibility in grazing management, enables paddocks to be cut

out of & system of rotational zrazing for comservation. Under wet conditions
there may also be losses through trampling, which may be reduced by draining
and grazing management.

Be Several factors are deseribed which may prohibit utilization of pasture
because of damage either to the cows themselves or to their products. Taints
in cream due to clover amnd weeds, especially landcress, are discussed. Poig=-
onous weeds in the sward, and bloat, may also prevent utilization. Cobalt
and copper deficiencies are also discussed for they have prevented the utiliz-
ation of huge areas of grassland in New Zealand.

6. Basically, the solution of the problem of pasture utilization lies in
the equation of pasture production and herd requirements. Conservation, the
method practised most commonly for using pesture efficiently in New Zealand,
involves losses in feeding value to the extent of 40 - 60 per cent of the dry
matter, Improved methods of making hay and silage reduce these losses but
their added costs are likely to prove uneconomic. Further, conservation ad-
versely affects both the production and seasonal spread of pasture. Thusg

the adapted adage, "the more you make hay, the more you may."

The adjustment of stock numbers to balance the pasture production is
practised by New Zealand dairy farmers, by wintering the herd off the farm on
second=clags country. Al though the pastures are more efficiently utilized,
the winter grazed country will deteriorate, which is undesirable from a land-
utilization point of view., Cropping is an aid in egquating herd requirements
and pasture production but it may be uneconomical due to the machinery and
labour required, Special=purpose pastures combined with the use of autumn-
saved grass probably provide the best line of approach to the solution of the
problem of pasture utilization,

Te The utilization of pasture affects its future production, Both ineff-

icient utilization and over-efficient utilization may reduce pasture production.
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The efficiency of rotational grazing as a method of increasing the yield of

pasture is reduced when herd requirements and pasture production are not
equated.
84 In discussion of the conversion of gréss feed consumed by the cow into
milk, it was shown that the efficiency of conversion in terms of energy was
the same for the Jersey and the Friesian, The efficiency of the breeds
depended on the use to which the milk was put. Thus the Friesian was more
efficient when the milk was sold as market milk on a gallonage basis, while
the Jersey was more efficient when the milk was used for butter-mseking,
There was but little difference between the two breeds when the milk was used
for chesse-malkking, Again, the Jersey is theoretically better adapted to
sparse grazing conditions than the Friesian, but there is no data available to
show that the Jersey has this advantage under grazing conditions in New Zealand.
The evidence that decreased food utilization resulted from increased
levels of feeding was discussed in relation to stocking rate. It was conclud-
ed that there was not sufficient evidence to show that this phenomenon account-
ed for the relationship between high stocking rate amd high output per acre.
% Further experimental work on pasture utilization demands a knowledge of
the intake from pasture by grazing animals, The methods of measuring intake
which have been developed were discussed. The indirect digestibility method -
holds out possibilities, using the inert-refereance-substance-technigue for
determining the dry matter excreted and either the lignin ratio method, whers
the feed is fully utilized, or the fecal nitrogen method for determining the
digestibility,
10, In conclusion the writer wishes to emphasize the importance of pasture
utilization in obtaining a high output per acre from dairy farms, and the need
for further ressarch to find out the losses which occur through utilization
on the New Zealand dairy farm, and the efficiency of the various methods for

overcoming them,
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