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The Determinsnts of Grassland Preductivi

An Analvsis of Dairy Farms in Cheghire

Introduction

This paper reports an anlysis of the determinants of grassland
output for a sample of 64 Cheshire deiry farms in 1961*., Data from
456 fields was used to establish the relationship existing between a
set of seven explanatory variables (fertilizer inputs, stocking rate,

hay and silage conserved and concentrate feed fed) and the dependent

variable (milk output per acre) by menns of least squares rogression.

Two basic approaches to messuring the determinants of srassland
productivity have been followed - the experimental method and the survey
method. The first approach offers a controlled environment where the
impsct of varying the levels of one input, all others held constant,
can be sfudied. The results have the virtue of presision but lack
generality. They apply only to a well defined set of conditions which
may not be typical of commercia1 farming conditions. The survey approach,
on the other hend, has inherent in it the problem of isolating specific
relationships in en uncontrolled environment. This paper uses the
technique of multiple regression and includes & wide variety of factors
thought to be related to milk output from grazing. By including,
simulteneously, a large group of factors, it is hoped to moke estimates
of the net relationship existing between each foctor and the dependent

variable (milk output).

% The data has been extracted from the records of the H.AL.4.5. (Cheshire)
Gragssland Recordine Scheme 1Y61.




The Model

Recent studies of grasnland productivity have used utilized starch
equivalent as the messure of éutput. This procedure involves assuming that
various types of output from gfass (e.g. milk; meintensncej conserved
products) have some constant value in terms of starch equivalent. It
is also assumed thoat each unit of supplementary feed provides a certein
constant value of starch equivelent. This psper adovts the more flexible
anproach of méasuring output in terms of milk production and then including
alternative forms of output, and altern~tive sourcez of mutrients, as
veriables in the model. Thus the reduction in milk outvut associsted with
increases in slternstive outputs is estimated as is the contribution of
supplementary feed to milk output.

On dairy farms the interest of the farmer is with factors related to
milk output. This anvroach focusses directly on the relevant variable and
imposes no a-priori assumptions about the relationship between starch
equivelent and milk production.

In broad outline milk output per grassland ecre during the grazing
period my be said to be determined by:-

(1) grasslend output per scre

(2) utilizaetion of grasslend output

(3) proportion of grasslond output in alternative uses

(4) level of supplementory feed.

Itens (1), (2), and (3) camnot be mersured direct. Instead, variables

thought to be importsnt in determinirg them will be included.
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(1) Grassland ouatput ver acre_: the Quantity of dry matter produced will

be determined by the soil end microclimatic conditions, thensupply of
additional plant nutrients and'fhé type and ege of the sward., o data

is available on soil or microclimate. The current dosage of I, P and K

is kmown as is the type and oge of the sward. The &ata on the swards

can be incorporzted into the regression analysis either by classifying

by type of swerd end estimnting sevarste relstionships for esch type,

or, alternatively, by including sward type £s explanstory variables. This
is done by the use of dumm& br zero—-one verishles - a technique useful for
hahdling qualitetive as opposed to quentitative variables. Twenty-six per
cent of the fields in the sample were in permanent grass. Of the remainder
28% were in ryegrase leys, 17% in timothy-fescue, 147 in "Cockle~Ferk"

type and 154 in Ttalian ryegrass. ZE%IOf the leys were in their seeding

year, 13% 2nd year, 27% 3rd year, 13% 4th yesr, with 22% in their 5th yeer

or above, To use all the informafion on the swards would mean specifying
» minimum of eleven variables. A survey of the evidence by Hudd and
HMeadoweroft (l) would sugrest little difference in productivity as between
permanent grass and leys, when account is taken of the differert intensity
of fertilizer use on the two types. Baker and Baker (2) show little
evidence of any difference in productivity of different types of ley. On
the basis of this érevious research it wos decided to exclude sward type
from consideration.

(2) Utilizetion of ercsclsnd output ¢ we sre here concerned with the

efficiency of conversion of grasclend output into livestock output, specifically

milk. There is o lot of experimenntal and survey evidence for a strong
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relationship betwesn efficiency of utilization and stdcking rate. Holmes
and Sykes (3) simply cdmpared milk output per acre with stocking rate
for over 500 farms in the Milk Cost sample and showed a strong positive
relationship., This observation could be challenged due to the omission
of other variables which would bz expected to influence milk output. In
this paper we will include cow days per acre along with other relevent
veriables to %ry and establish the net effect of stocking rate.

It might be thought thst the breed of cow should be included ot this
point. Either we could assume that substituting Friesians for Jerseys is

FR}

in effect increasing the stockine rate, in which csse we should weight

cow days by some appropriate breed constaht,»or,_alternatively, we could

put in breed separately as dunmy variables. 427 of the herds were Friesiecn
with 35% Ayrshire and 230> Mixed, but it is not clesr ﬁhy erd how they should

enter the relation, and therefore this information wes not included in the

regression.

(3) Proportion of ercssland output in alternstive uses : the fields in the

semple were in some cases put into uses other then milk production from
azing. Some grass wes conserved as hay and silage, some was used for
the growth and maintensnce of young stock. Some hay and silsge was fed to
the grazing animals but the amount was generally insigmificant. It should
also be mentioned here that the gress slso provides maintenance for the
cows. This will be tolen into account in the stocking rate variable where
increasing cow days per acre may mean better utilization of grassland output
but will also mean an incressing meintenance burden. There is a2lso the

problem of the intske of grass above meintensnce by cows which is not used
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for milk, or, alternctively, the insufficient provision for maintenance,
both situetions resulting in liveweight changes which remain unrecorded
in the survey.

The hay and silege conserved will be included as explanatory vnriasbles.
Generelly we con interpret their coefficients os the opportunity cost of
conserving sumrer grazing (bresumably for winter mill- production) in terms
of the summer mill: production lost. In the case of hay this chould be a
fairly straightforwerd relationship in which hay is directly competitive
with summer mil} for grossland output. In the case of silage there is
the possibility of complementarity or sunplementsrity - it may be possible
to heve silage without sacrificing summer millk where silage forms an
integrel pert of grosslond mensgenent.

The density of young stock is so low =s to be insignificant and
therefore youngstoclt days per acre will not be included in the regression.
In situations where alternative livestock ore important it would be
possible to get a more relevont measure than the ususl A U.D.'s - the
coefficient would indicate the amount of sunmer millr lost for every increase

in youngstock grazing days.

The general relationshin to be estimeted is set out in symbolic form

below (equation (1)). The estimsting procedure was single equatior least-
squeres regression. The Hanchester University Ltlas computer was used

in the computation of the regression constants,

’




(1) x
o

where:-
millr output (gallons per grazing acre)
current dosage N (units_ner grozing nere)
current dossge P (units per grazing acre)
current dosage K (units per grazing acre)
stocking rate (cow days per grazing 1cre)
hay conserved (tons per grezing acre)
silage conserved (tons per arezing acre)
cow éoncentfates fad (cwts. per grazing acre)

The functional relationship between the dependent verisble (XO) and the

1 ?

This moy appear to be unduly restrictive -~ a non-linear form being more

explanatory variables (%, ; X2 3 e e e ey X7) was 2ssumed to be linear.

realistic. This chorge may be countered in the case of I by citing the

Wi,
paper of Green (4) who stotes that the relationship between imtrogen input

and drypotter output for grass is linear up to 2C0 1bs, of W. The mesn
doscge in the sample is only 91 lbs. (see Table I) so it seems reasonable
to assume linesrity for this verisble. This orgument mey be generalized
by assuming that where non-linerr relations exist we =ore ap~roximating
them in the somple where in fact we do not have extreme vslues so that the
resulting bias will be wminimal. The difficulty with non-linenrr relotions
is the difficulty associated’with genersting lorge numbers of variables.
Forms such as the double-logerithmic get round this problem but force us
o

to accept constant elasticities of production (i.e. a 19 incresse in'Xl

e . o] . < 1. .. . .
will always give an Xjo change in KO), which again may be unrealistic.




The linear relationshiv to be cstimsted is set out below, together
with the expectzd signs of the coefficients.(Table I gives ths nean
volues of the v&riables)

(2) X o=a +ol ok + £, + oo oKt a7X7

*0; o, >0 o, 0;

g p)

Teble I Tean Vnlues of the Voriables

Hilk Outpﬁt (XO) 1 22ils. per acre
units per =2cre

P u;its peﬁ acre

X 2 units per ~cre

Stocking

cow days ver acre
rate <

Hay

0.29 tcre per ncre
conserved =

1
27 tons per acre

Silage (x.)
conserved 6

Concentrates(K7) 4 cwts. per acre
Results

The seven explhnatory varinbles were found to explain gighty-eight
per cent of the verietion in milk output ver acre (Xo) for the 456
cbhservations (fields). The regression coefficients and their associated

standard errors (in p@rentheses) sre reported in Table II.
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Table II : Regression Coefficients and Associated Standard Errors

(al) 0,222 *%
(0.080)

(aé) 0.008
| (0.110)

(a.) 0.165
3 (0.097)

Stockingrate (a4) 1,868 **
. (0.059)

' Hay conserved (a_) 1.71 *
0

.05)

-1
2 (5

Silage conserved (a6) -~ (3,39)**
1.05

Cow concentrates (a7) 14,232 *%
(1.081)

*% Significant at the 1% level.

*  Significant at the 5% level.

From Teble II it can be seen that all the coefficients are of the expected
sign and 5 out of the 7 variables have coefficients which are statistically
significant at an acceptable probability level. The two exceptions are

the coefficients for P and K, Insignificant relationships between current
dosage of these nutrients and grassland output has been previously observed,
lore would need to berknown about the stock of P and K available to the
grass before one could say anthing definitive about the reletionships,

K gives some indication of having a significant impact on output.
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Hitrogen (Xl) : a statistically significant linesr relationship seems to

exist between nitrogen input and milk output. The coefficient of 0,222
indicates that the marginal productivify of 1 unit of N applied to grasslend
ig 0,222 gallons of milk. dissuming the current price for ammonium sulphate
(7.6d per unit 1) summer milk price would have to be 34.23d per gallon to
break even. Looking at recent finel summer milk prices it would apwear’

that the breckeven point wili not be resched. This result conflicts with
Bessel (5) who found nitrogen to be a very profitable investment on grasslmnd'
dniry forms. Before snymore cen be said about the economics of nitrogen

the relationship between nitrogen use'and the gqusntity of forage conserved
would have to be established. Another possibility is thst the extra forege
produced may'not be fully ufilized ot the existing levels of stocking, in
which case we would expect the response to nitrogen to fe dependent on ?he
level of stoclking and to be positively nssociated with it. In addition there
remoins the question of response‘vafying with the type of weather exper?enced
in a particuler year. 41l these questions are important and could be |
fruitfully Qxamined with data from grassland recording schenes.,

Stocking rate (X4) : this wvarishle apnears extremely significent in

determining milk output per acre. The coefficient G14) indicates thet
an increase in stoclking rate of 5&%, from the present average of 120 cow
days per acre to 180 cow doys per acre, will increase milk output by 112

gollons per acre, from 301 to 413 gallons, thnt is by more than one third.

Aay and Silage conserved (XS and X6) : coefficients for both hay and

silage are statistically significrnt but the coefficients

are vexry small., It would appesr that for every extra ton of
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silage conserved milk output from grazing is only reduced by about 3%
gellons and for every ton'of hay conserved there is a reduction of only
12 gailons. The opportunity cost of hay and silage, at least at the
.level that it is made on these greping fields, is‘very low in terms of
the summer milk which is sacrificed.

Cow concontrates (a7) : the coefficient indicates thet the marginal

productivity of a cwt. of concentrates per acre fed to grazing cows

is just over 14 gallons of milk. It is to be noted that this is a

rate per acre and may be fed to a variable number of cows, The result
conflicts with previous observations (e.g. Holmes) which suggested that,
in general, concentretes hed zero, productivity when fed to cows at grass.b

Assuming a price of £30 per ton for concentrates the price of milk would

have to be 25.30d per gallon to breek even. This would suggest concentrate

feeding was worthwhile ~ the average price of milk for the period April
through September 1963 was about BOd per gellon., It would also be
realistic to assume a lower price for feed as it is cheap starch
that is required and it would be reasonzble to suggest using most of
the feed in the earlier and later periods when milk prices are at
their highest.
Conclusions

The results serve to emphasize the overriding importence of high
stocking rates for high productivity. UNitrogen fertilizer gives a

statistically significent response whereas current additions of phosphate
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and potash give no indication of incrensing milk output. At the seme
time the response to nitrogen is not as big as some previous research
would suggest. digain controry to previous findings, concentrates fed

tc cows on grass appenr to give ¢ worthwhile response — at least at

the rates used in the sample. Lastly we hove some evidence that siloge-

moking in Cheshire is an integral part of grazing management and scarcely

detracts from summer milk production.

Keith Cowling

Manchester University
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