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BALANC MANURI NG _AND BALANCED STOCK FEEDI NG

BY H.E,ANNETT, Chi ef Advisory Officer,
| mperial Chemical Industries, N.Z.

Those of us whoare working on grassland problenms fully realise
that manuringis only one factor in production., Sit John Russell sat
when he was in New Zealand t hat in considering the manurial scheme for
any farm one’has first to decide what manure shoul d be used, and then
vvhen ‘it should be used. | disagree with this view | first want to |ook
at the farmer and then at hisfarm In other words,a great deal of money
can be wasted by inefficient managenent.

In. this short .paper, | am 'going to assune that we are considering
t he manuring schemeon farns ose managenent is such that the grassis
kept under close control and -giways fed at the right stage of grow h.

. Further, | propose to deal with the question of feeding al nost
entirely from thewholly grass farm point of view

It is quite impossible in a short paper to deal fully with the
whol e subject of "balanced manuring and bal anced stock feeding". One
could write a book on this subject.

_ We, in this country, are faced wth& fact that during the
spring period we have. agreat flush of growth. During the sumer and
during the winter we get far less growth. In some autumms we also get
plentiful feed. The problem we have to solve is the distribution of the
amount of growth nore evenly throughout the year. The difficulty is being
conbated to some extent by conserving excess #feed produced in the flush
periods as ensilage and hay.

_ qite apart, however, fromthe quantity of fed, we have to
consider particularly its quality. In this respect there are a number of

consi der ati ons.

(#) Is it likely that such a highly nitrogenous diet as young grass is
likely to have any ill effect on the health of the animal.

Many | oose statements have been made to the effect that stock
troubles, ,e.g. kidney trouble s, have arisen as a result of feeding hiphly
manured short grass.” The evidexice to this effect is very slight. = On n%/
own farm where feeding of short intensively treated grass is pushed to the
limt, no ouch ill effects have been observed. The stock carried include
ewes and | anbs, as-11 as cows, ete. In the case of mlking animals, the
act of mlk secretion provides a neans of elimnating some of the nitrogen
whi ch is not available to fattening st ocKk.

Cases ‘have meen reported where animals have behaved abnormally

m pastubestreatedwi th nitrogen. In one case, at Castle Douglas, cattle
appeared to be passing blood and "red water was suspected. Investigation,
however, showed no parasites, and the presence of conplete blood corpuscles
ith particles of cell wal |l detritus. This phenonenon occurred fairly
re(tzjularly abput five hours after grazing had comenced. Chem cal investi-
gation of the grass showed a verK high content of non-protein nitrogen.
amounting to 50 per cent: and the trouble was undoubtedly due to this.
This led to an investigation being initiated on the nitrogen content in
young grass. Normally, nhitrogen-treated grass at three to five week's
grlowtlh cont ai ns azhaut é&per cent., of its nitrogen in the protein form
his investigation is taking place at Jealout's H Il but sufficient data
are not available to come to definite conclusions. It would appear,
however, that a cerfain tine is necessary for the nitrogen of the manure
to become el aborated into protein., This period seens to vary with the
tine taken to achieve a certain growth, and it would appear that the

nore rapid the growh the higher Is the soluble or new protein nitrogen.
Thus, from the practical side, due care should be taken not to stock im
mediately after a rspid period of growth. Two other cases of supposed ni-
trate poisoning with sheep were reported followng an application of
nitrochalk. To test this a lanb wasfed wiih 100z. of nitrochalk in nine
days andits healthwasin no way i npared.
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The wuprine contained large quantities of nitrate nitrogen but'there - re .
no traces of bloodi Part of the nitrochalk was fédin one dose of 3 oz.
with no disturbance of health. Another |anb was fed with % oez. of nitro-
chal k daily for 14,days. It ate its ration containing thi s and showed

no signs of” ill-health.' It would appear from this that nitrochalk is in
| oo way harmful to sheep;

(2) Theextent to which topdressing may influence the quality of our
product ; Thus: there are frequent.references by practical nmen which
indicate that troubles in cheese making have increased by topdressing.
There aretwo points which occurto nme in this connection:

(a) Increase of manuring has led to nore intesive stocking and
probably, therefore, to an increase in nmastitis. There can be no doubt
regarding the deleterious effect on quality of cheese of the use of mlk
from infected quarters.

(b) The | arge devel opment in the use of phosphatic manures has
certainly encouraged clover developnent. This is a case of unbalanced
manur i ng. | have made prelimnary observations of the effect of clover
on mlk but so far no one has seen fit to make an exhaustive study of the
enzyme content of our pasture .plants with the particular object of tracing
the effect of suchenzymesonthe quality of the mlk, | would like to see
| ar ge scale experinments in, which cows are fed wholly on rye grass; also
it would be easy to feedlarge quantities of ferments such as |ipase or
rennet.

(3) The Mneral conposition of the pasture.

High per acre production is the solution of our economicills.
in New Zealand. There can be no question that because of our high pro-
duction it is of prinme inportance that we pay particular attention to the
m neral requirements of ourcattle in New Zeal and.

W have cases in New Zealand of diseases due to phosphate
deficiency (e.g. Wiihi disease). Fortunately, the value of phosphatic
manures is pretty generally realised. However, nuch of our land is near
the border line asregardsits |ine content. There is a body of opinjon
which holds that because application of |linme gives no visible effect in
a certain area that it is not neeessary. This is a dangerous assumption,
and it i&ore than likely that an increase of stock troubles is occurring
on land which areonthe bordcr line for lime requirenent, and yet give
no, visible response to |inme.

New Zeal and offers a splendid field for the worker in mneral
defici.ncy diseases, and fortunately M. Aston and his co-workers as
wel |l as Messrs. Rigg and Askew, have been doing excellent work in this
connection for many years past.

. Regarding the question-of the inportance of mnerals in animal
feeding this has beca well sumarised by Or in his book "Mnerals in
Pastures". Mich work on the mneral conposition of pastures has recently
been' published both in England and in New Zeal and. .B. Wood, in review
I Nng Orrls book in Nature raises the question as to whether the failure
of animals to thrive on nmineral deficient pastoral areas mght not sonetines
be dueasmuchtothe energy-deficient character of the herbage as to its
defici ency inminerals. ~"The starch vglue of such herbage nmay be so | ow
that animal’s even when consumng it to the limt of their appetite: may
not be able to secure sufficient net energy to allow of normal devel opnent.

~The further question also arises as to the method whereby m neral
deficiencies oause the sunptoms of malnutrition. These may arise ‘con-
cei vably from four causes::

(1) The digestibility of the organic constituents of the her-
bage may be depressed in the absence of any adequate supply of

m neral s.

(2) The lack of sufficient mneral matter of proper quality may
confer an unpal atable character on the herbage, a circunmstance
which mght react adversely on the appetite of animals sub-
sisting on such herbage;
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(3) The physiological utilisation of the digested nutrients
may :not proceed nornally if the. amount of minerals in the
herbage Is deficient; ..

(4) The mineral deficiency may prevent the normal devel opnent

of the; "skeletal structure., 0f "this, there can, of course, be

No doubt, the question at issue bei ng solely the extent to

which the firgt thrée factors may al SO operdte: in the prddudtion

of physiological di sturbances in animls subsistingon mineral-
deficient Kerbage.
. . Woodman carried out, a series of investigation iN aeder to obtain
information onthese pojnts. HsS min coniclusion Was as fol | ows: -

_ - The results led to the belief that the failure of stock to
thrive in minerel-deficiént pastoral areas ¢mmnot be explained by assum ng
that the low mineral contént i's responsiblé¢ for a | ack of palatability
in the herb'age and a consgquent depression 6f appetite in the grazing
animals.. Ngi ther is there any evidence that the shortage of minerals
cause's the herbgge to be_diiﬁested any |less efficiently than “"normasl"
cultivated hervage of sinifar maturity and organic conposition. The
amount of net energywhi ch rum nant animals are able to derive from any
formof herbgge seens to be i ndependent of thé mineral content and to
depend solely on the ampunt and character of the organic conktituents.

. , Malhutrition on padturage of subnormal mineral content is due
directly to the failure of the diet to supply the necessary inorganic
material s for.¢onstructional pirposes, and for,maintaining the normal

bal ance, of mnerals in the bl ooé‘ and tissues gnd iS not, even ih part,

to be gscrived to'an indirect effect such as ig enbodi ed in the sug%est I dn
t hat t%e m neral deficiency | eads to under-nutrition of the gnimal Dy
causi ng a depression of itg appetite and its chépacity to digest the
organic constituents af t he herbage.'

Greenhill and Page at Jealott's Hi &ave recently published
sonme interesting work on mirietal content of padtures. They confirmed |
the fact noted by other workers that in periddd of drought the phosphate
content of pastures diministes. They established, however, the very
nteresting fact also recorded by ot her workerg: that in intensively
treated pasture. therve i s a definite positive tbrrelation between the
nitrogen and phos;)ﬁate sontent., The correldtish IS much less and perhaps

. absent N new pasture;. |t would seem. that these results provige sone

basis for the view that it is better to _supp‘lgi hit -ogen atid phHosphate;
together, rather than at different tineshof the year., |,

Mg experimenks | N Northumberland, dt.Cockle Park, provide
interesting data on the effect of phosphatic saturing Wth giag 6n the
miheral compogition of the pasture produced, dnd incidentsally, al so, on
thk proteincontent of the herbage.

_ The unmanured pasture onlr)]/ contains froma third to half as
much line and phosphoric acid as the pasture regularly receiving slag
and would rank as a mneral deficient pasture.

_ Wth these prelimnaries let ne take a few statements from
various authorities on animl nutrition.

A 12cwt. cow will require.for maintenance about

I b. of starch equivalent
and 075 1b. of digestible protein. _
For each gallon of mlk produced she will further require

2% Ib. of starch equivalent,
and 0.6 "™ of digestible protein.

Larsen and Putney (Dairy Cattle Feeding and Managenent) state that the
best pasture will only maintain a cow and produce two gallons of mlk.
Thlelr_staterrent applies only to American conditions where pasture as a
rule is poor,
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y T, B.Wood in MRations for Livestock" - (M nistry of Agriculture
blication No.32? states that the ration of a cow on average grass wll
contain approximately 27 Ib. of dry matter containing 9 |b. of starch
equivalent and 2% 1b. of digestible protein. Subtracting the requirements
for maintenance (7 Ib. of starch equival ent and 0.75 Ib. of digestible
protein) leaves sufficient protein for three gallons of mlk, but only
sufficient starch. equivalent for about one gall on. A four gallon cow
would ttas require an extra 7 Ib. of starch equivalent and about 0.75
of digestible protein, ,i.e,, a starchy supplenentary ration.

Wood., in “Animal Nutrition”, states that a deep mlking cow
weighing say 12 cwt. would eat per day an anmount of good pasture which would
contain say 30 Ib.of drymatter. This amount of dry matter would sup-
ply her with 45 Ib. of starch equi¥alent and 3 |Db. of digestible protein
which is approximately the ration for a 12 cwt. cow giving 4 gallons Of
mlk p¢rday. The great palatikility of suc'hherbage would prowbly induce
her to eat even more than 30 Ib. of dry matter per day in which case it
would certainly provide an “abundant ration. Jven heavier mlkers, there-
fore, require no extra food when they are on good well managed pasture.

Cows_on_ Poor_ Pasture: |f, however,the pasture is poor by
nature, or ifitis badly managed and al | owed to grow | onﬁ and benty, or
for any other reason fits qua it?/ falls off as is often the case towards
August and September in England, the case is verydifferent. Under these
circunst ances the dry matter of the pasture nmay well/contain only 30 per
cent. of starch equivalent and 5 per cent. of digestible protein. The
30 Ib. of dry matter consumed by a cow per. day woul d i n this case yield
only 9 Ib. of starch equivalent and 1.5 I'b. of digestible protein. Sub -
tracting the mai ntenance ration of a 12 cwt, cow which is approximtely
7 b, starch equivalent and .8 Ib. of digestible protein fhe remaining
2 |b. of starch equivalent and .7 |b. of digestible protein 4is barely
sufficient for the production of 4 gallon of milk.

Pasture, however, seldom beconmes as poor as this. A more
usual condition wouldbethatthe dry matter of the pasture as eaten woul d
contain 40 per. cent. of starch equi valent and 7 per cent. of digestible
protein which corresponds to a daily consunption per cow of about 12 I|Db.
of starch equivalent to 2.1 of digestible protein. After subtracting
mai nt enance requirements there would remain 5 |b, of starch equivalent
and 1.3 of digestible protein, which would suffice for the production 'of
2 gallons of milk. This is a frequent occurrencein the |ate summer and
autugn when it often happens that a supplement IS necessary for cows
yielding more than 2 gallons per day.

However, Woodman's work at Canbridge, (See Jour.Agri. Science,
April, 1928, p284, for discussion of feeding standards for cows of various
yields and of other animals) that of Watson at the I.C,I,Laboratories,
Jealott's Hill, and wor k in New Zealand att he Cawt hr on Ingitute show t hat
on prolgerly managed pasture 30 |b. of drc¥ matter wll produce 24 Ib. of
starch equivalent and 6 Ib. or nore of digestible protein. Thlsfwould
provide, aration dra 12 cw. cow and also enable her to produce %% gatlons
of mlk, andtherewould still be an excess of digestible protein which
woul d produce more milk if a starchy supplenent could be added to the feed.

7atson (I,C,I. private publication) raises the point of the require~
ment of nutrients for’ the production of the foetus. He status that the
actual magnitude of this extra demand is not known a‘cmratel%/, though it is
often taken as being equivalent to the nutrients necessary for the pro-
duction of half a gallon of mlk per day.

The foregoing are some of the theoretical considerations. In
actual practice we-find cases of cows which are giving more mlk on grass
alone than theoretical considerations apparently ad&. Thus | have
records of two cows inlreland which were giving 8 to 9 gallons of mlk
per day on grass alCne for certainly the first six nonths of their lactation
period. |In New Zeal and we have thecase of M. J.M.Ranstead's cow
Muiomgi Elizabeth 3rd.- an account of whose production was _given by ne
in detail in the "Dairyfarmer" for Novenber 20th, 19390, This cow was fed
entirely on intensively produced grass throughout t he 365 days, except.
for a period of two ™ months when she received grass ensilage’ Under C.0.R.
test she produced on twice a day machine mlking, 731,98 Ib. of fat.
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She also gave 17074.5 |b. of mlk or an average of 4.68 gallons of mlk,
per day. Her maxinum daily production wgs 78 |lb. of mlk per day, and
this was at a time when no ensilage was being fed. The explanation
nust be that this cow was eating considerably nmore than 30 |b, of dry .
matter per day. That this is so is indicated by the quantity of ensil age
eaten. Ensilage was fed from the 5th July to the 5th September and
careful recordsof' the amount eaten daily werekept. On one day she
ate 119 Ib. of ensilage, However, there was no relation between the
anmount of ensilage eaten and her mlk yield. Thus on three successive
days she ate 449, 68 and 54 |b. of ensilage and her mlk yields on these
days were 29.4, 30.1, and 30.1 |b. She was also consumng quite good
grass at the time she was eating ensilage.

_ In experiments at Jealott's H Il and also at the Manawaru farm
in New Zealand,trials werenmade of suppl enmentary concentrated feeds. _

In neither case was the feeding of concentrates justified by the financial
returns,

It must be agreed,, however; that where a supplementary feed is
fed to animals on good grassit should beof a starchy nature.

A point which is of considerable interest is to determne how
far the measurenent of growth, as obtained by grass cutting experiments,
corresponds with the feed which could be obtained from the same area by
grazing animals. It is difficult to get any exact conparison. However,
't will be ofinterest to take the results of . Hudson's trials at
Ruakura where he has data show ng the grass preduction peracre in his
mw ng trials.

In the year 1929-30, the plots receiving super in June and
Decenmber 'and sulphate of ammonia in Jyne and March gave a total vyield of
green grass of 33,800 Ib, per acre. Taking the dry matter content as
0 per cent,. (high fo Régg's figures) this is equal to a total dryr .
matter production of %_ or 6,760 | b. of dary matter per acre. ur ni ng
to ny own farm "“Grassldnds", the followi ng gives the stocking and the
quantity of dry matter required to feed the stock:

Area 36% acres available to stock.
Total “theoretical production = 36} X 6760 = 246,740 1b.dry matter.

34 cows at 25 | b. dry nmatter per head
= 7751 b. for 365days = 282,875 1b.as dry matter.

3 horses)say . )
1 bU|| 100 1] 1 " 1 - 36’500 1t "o 1
17 yearl I ngS 10 " 4] 1 50 " - 25,500 " 1 11} " .
161" ewes (180 lambs not included) at 'say 7ewestoa cow to Jan.3rd.
for 70 days.
= 23 cows at 25 |bh. ger dag/.
for 70 gays = 70 x 575 = 40,20 " " " M

it

Total = 5853125 tenoro

In the calculation forny farml have |eft out%or_xsideration
cal ves and lambs, and have been very conservative regarding dry matter
theoretically required by the cattle. Yet in spite of this the dry
matter requirenents of the stock | hawe carried are 50 per cent. in
excess of the dry matter produced on the intensively manured grass cut-
ti ng pl ot s at Ruakura. The production at Ruskura IS considerably above
that at Marton. It would be interesting to work out the drK natter
requirements for the very large number of sheep carried on the grazing
trials" at Marton.

~ One mght '"say ny cattle have been starved, bwt this is not the
opinion of visitors, neither is it borne out by the production figure of
nearly 240 fat per acre which makes no allowance for "sheep carried. It
may be, of course, that ny system of manuring is resulting in a nuch
| arger production of dry matter per acre than IS being obtained at Rua-
kKura.
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' Mr..Hayward, at Ngrua, has milked 84 cows on 100 acres with a
per acre prdduction of 2641b. of fat - a high producing herd.

H s balancesheet fordry tiatter is as follows:-
81 cows ‘at 25 1b. for 365 days = 739,125,

. MP., Hayward carried at |east %0 head of young stock as well,
which mirht require 10 Ib, per head ‘for 365 days.

30 young stock at 3,6501b. each = 409,500,
Bulls end-horses carried would .

require say = 30,000
Total | 078,625,

The Ruakura grass cutting trials would
gl ve 100 6760 = 676,000.

These figures would indicate that the grass cutting experinents
are on the | ow sideasa nmeasure of the food available to the grazing
ani mal . This conclusion, however, is only arrived at by assumng that
the cows at "“Grasslands®and at M. Hayward's farm have eaten 25 | b. of
dry matter per day. Let us see how far this assunption is justified.
We shal | be verynear themark if we take the average yield per cow both
on M. Hayward's farm and on ny own as 700 gallons per year. This is
nearly equal to two gallons percowpczday for the whole year.

Now both M. H\?\Zward's grass and ny own were fed at the maxinum
stage of nutrition. rk already referred to earlier id the paper shows
that we require the following nutrients for a tw gallon cow for mainten-
ance i -

g) |'b. starch equivalent, and
| b. digestible protein.

for two gallons of mlk
5 1b, starch equivalent, and
1.2 |Ib. digestible protein.
atotalo ¢ _ ;
42 |b. starch equivalent and
2. digestible protein.

On properly managed pasture the 12 Ib. of starch equivalent would be
supplied by 49 |b,. of d'r%/ matter, and this dry matter would have an ex-
cess of 4'1b. of digestible protein over and above that required for the
production of two gallons of milk. It would thus seem that 20 Ib. of
dry matter of the intensively treated grass produced by M. Hayward and
nmysel f would be sufficient for each cow.

This woul d alterthe figures already given to the following:-

"G assl ands”: _ 20 »
theoretical requirenments 35 x 285,125 = 308,100,
grass cutting trials = 246,740.
M, Hayward's f.anm. 0
theoretical requirements ¢ x 878,625 = 702,900.
grass cutting trials > = 676,000.

In the case of M. Hayward's farm the figures show fairly close
agreement. In& case of nmy own farm there is'not such a close agreenent.
My own inpression is that the grass on my own farmhas been fed at a
much shorter stage than that on M. Haywards.

It would seem fairly clear, however, that both M. Hayward and |

nust have fed an excess of protein. Neither he nor | have had any breeding

troubles with our stock. An indirect result nust be that the dung pro-
duced on our own farns nust be very rich in view of the: feeding of such
a. highly nitrogenous diet.

To this nmust partly wo due the undoubted fact that here has been
a wonderful inprovement in the pastures on both farns.
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The foregoing remarks are of a speculative nature and have been
put forward nerely to indicate that there is a field for checking up
feeding standards by meens of actual grazing records.

The above feeding standards have dealt only with the requirements
of the animal for dry matter, starch equivalent and digestible protein.
It will be of interestto see how far the mneral requirenents of cows
are satisfied on such pastures. For this purpose we will take Mr.Hay-
ward’ s farmat Ngarua on which he m| ks 81 cows on400 acres and onwhi ch.
we ystimate his theoretical requirenments for dry matter for the total
stock carried at about 700,000 I b.

Orr gives the followng figures for the lime and phosphoric acid
content of the dry. matter of good pasture « those being the average of
twenty-four samples-

| ine 4 per cent; phosphoric acid 0,74 per cent.

Riggand Askew show t hat conpl etely manired pastures at the
Cawt hron Research Institute are rather above this standard. Taking Or's
figures, ho-ever, the 700,000 Ib, of dry matter produced “nMr.Hayward's
farm will provide the animals wth:

700,000 x %&% or.5,180 1 b. of Line.
and 700,000 xq%g or 7,000 |b. phosphoric acid.

Allowing for the fact that Woodman's digestibility trial6 show
that only about 45 per cent. of the mneral matter is digestible by the
animal, the actual quantities digested by the animal could be 2,330 |b.
of lime and 3,1%0. | b, of. phosphoric aci d.

[}

Milk contain6 .161 per cent. of linme' and 0.189 per cent. of phos-
phoricacid. .-The cow, however, need6 wminerale-for herself and for the
developing calf. In.order to digest the anount of minemls required it
Is generally held that the cow must consune at |east tw ce the anount
of l'ime and phosphoric acid which is present in her mlk.

wemay therefore assume that forevery 100 | b. of milk produced
the cow need6 ,322 Ib. of lime and 0.378 I'b. of phosphoric acid.

The mlk production of Mr. Hayward's may be taken as
81 x 7,000 = 567,000 Ib.

The following amount6 of mnerals are required for this production.

Li me . .33%2 x 5,670 = 1,825 | b.
Phosphori ¢ aci d 43?758 X 31650 =  2.1431b.

It would thus appear that on the intensively managed pasture the
cows are abte to obtain anple supplies of mnerals since the pasture
apparent|y squoIies i nadequate anounts of mnerals. The feeding of
steaned bone flour and salt | am sure, is an excellent practice, but the
recent work on the chemcal conmposition of pasturegrass shows how |argely

the food value of pasture can be inproved by intelligent managenent
of intensively manured pastures.



