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The imterpretation of response data from biologleal experiments and the resulting proviston of
recommendations for input usage to farm decision makers s an important part of the research and
development process. In this paper an analysis of a set of experimental results is undertaken, Partieular
attenition iy foeused on the variability of these results over the period of experimentation and on dealing
with the faes that the data are relatively searee. Two methods of analysis are undertaken to indieate the
impact of different manipulations of the raw data to specifically allow for the sparseness of the data,
Recommended levels of input usage are determined for a produetion-maximising, a profit-maximising
and a utility-maximising decision maker,

* Acknowledpment is made to Des K Helyar and J Ayres for providing the experimental data
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Determining optimal farim input levels using stochastie experimental response dida
I Introduetion

The interpretation of response dati from blological experiments and the provision of recommendations
for input usage to farmers based on that interpretation is an important part of the research and
development (R & D) process, The proper formulation of recommendations from analyses of
experimental data is vital in avoiding unrealistic advice which may cause failure by farmers to aceept a
new technology and embarrassment for the adviser,

In this paper an analysis of a set of experimental results Is undertaken, Particular attention is focysed
on the varfahility of these results over the period of experimentation and in dealing with the faet that the
data are relatively 'searce’. The recommended level of input usage Is adjusted for the variation in
experimental output and aeeounty for a typically risk averse farmer, A comparison is made of
recommendations with two alternative methods of data analysis,

2. Experimental results

The instability of the legume component has been a major problem of pasture development in the
substropieal region of porth-castern NSW, Australin, Temperate legumes, such as white clover, will
persist when the growth of associated warm climate grasses is controlled by hiph grazing pressure,
However, under farm conditions it is not alwitys possible to control grass growth in summer over large
areas with the result that white elover fails to persist.

Kenya white clover (Trifb/ium semipilosum) Is persistent in association with kikuyu grass because of its
ability to produce vertical stems from runners. To test persistence and productivity, grazing areas of
two cultivars of Kenya white clover and two cultiviies of white elover were sown, The experiment
reported here was comducted in a reglon of high rainfall on a red soil plateau near Wollongbar in the
North Coust region of NSW, It consisted of a cattle grazing trial where Hereford weaner steers were
grazed for 12 months on pastures of Kikuyu and the legume Tritolium semipilosum (Kenya clover, ev.
Safarf). The experiment investigated steer liveweight gain (LWG) from pastures treated with four
levels of superphosphate () stocked at "low' and "high' stocking rates (SR) over 8 years and the results
of the trial are presented in Table 1,
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SR differed for each Jevel of P, so it was not included In any factorial o fractional factoriu)
experimental design, InTable | the figures on LWG are presented on a per head (/hd) and a per
heetare (/ha) basis, The LWG/ha figures have: been derived us LWG/Ahd multiplied by SR (stecrs/a),

This experiment was conducted after an initial threg-year pilot study in which the pastures wers
established. Therefore the figures in Table 1 are steady-state equilibria after 4 pastare development
phase, The analysis in this paper is essentially a comparison of these equilibria rather than sn
assessment of eash flow patterns in moving towaeds these equilibeia,

There is considerable variation in LWG over the eight years of the trial. ‘This is due to climatic patterns
but will also have been i result of agronomic or management factors, The effect of these factors will be
referred tw later, Although no analysis could be undertaken i o multi-<disciplinary context. It s the
variation in LWG over time that is of primary importance in teems of making recommendations (o
farmers Trom these data.

From Tuble | an inerease in SR reduges mean LWGM at each level of P, whereas mean WG/
increases with SR for each level of P except the highest. In making recommendations to farmers for
whom the land resourse is probably most limiting and who must decide on SR (Le. eattle numbers are a
management tool), an analysis on o /ha basis Is probably the most worthwhile if each kilogram of live
steer weight Is valued at the same prive. However, il ment quality is important tin determining price
recelved) and it differs aceording (o steer weight then LW¢/Ma may not be the most important factor.
The approach followed in this paper Is to assume no price changes for different steer welghts and to
coneentrate on LW/

The average response and distribution of LWG/ha to inereased P Is shown in Figures | and 2, where
LWGrha is plotted against P for Tow' and *high’ SR, Generally there Is a LWG/ha response to
incresing levels of P but this is not large compared to some other soil types (Dr P.T, Mears, personal
cammunication). 'The particulur soil type in this experiment has a relatively high capazity to hold estra
Pand only release it stowly to plants. The levels of LWG/ha at zero P are relatively large compared to
those at higher P, This has imphications for the optimum input levels derived in this analysis.



4

The degres of varkation in LWG/Aa over time can be seen in Table 1 (from the coefficient of variation)
and Figures 1 and 2 (from Inspection), This varfation generally increuses with higher levels of P and
higher SR within levels of P, For farmers who are typically risk averse such behaviour conld e
important in considering approprinte levels of Inputs, The next section of the paper outlines the
thearetical basis for Incorporating this variation into recommendations for visk averse farmers, and 8
later section contains results of two different approaches to estimating the effect of such variation on the
aptiinal fevel of Input for risk-averse facmers,

3. Theoretien) approach

In considering the information presented in Table 1, the first step undertiken was to briefly investigate
the hiological respanse of LWG to changes in P and SR, Jones and Sundland (1974) examinzd the
relutivnship between animal gain and stoeking rate frony the results of a number of grazing tials. They
found that o simple Hogar model hest related gain per animal and stoeking rate . Using their
nomenglatire gam per animal (Y,) was relited to stocking rate (8 by.

Y, a-hx
Produgtion /ha (Y ,) was related to stocking rate by:
Yo o ax-ho

These types of funetional forms were tested In this analysis as o first step in guining an understanding of
the biological responses. Than econumie coneepts were introduged.

The basie approach usesd by economists in dealing with the question of "how much” of an inpit o use in
a prodiction progess involves assessing the exten or margingl revenues (MR) from incraments in the
input and compuring them with the margingl costs (MC) of the Inerement. As Jang as the MR Is greater
than the MC, the input level should be ruised by that amount. 17 there e decreasing returns fo seule
then MR eventually declines with Inereasing Input, und when the point is teached where MR « MC the
level of input is optimal, The use of marginal analysis of changes i diserete input levels has been
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outlined in SIMMYT (1988), Tn the approach followed here & response surtace approsch 1§ used where
the Jevel of MR is adjusted to account for variabllity freowtput Tor a farmer who 18 averse 1o risk,

To aceount for revenues and costs a profit function fs specified after Anderson, Ditfon and Harduker
(1977) (ALHY sueh that profit 7 Is a function of LWG uver 12 months valued ut Py (price of heef), less
applied P (superphosphate in kg/a) multiplied by unit price of P (1), less other costs (OC). Other
costs will include pasture muiotenance, animal health, marketing, transport and overhead costs, The
profit function is:

7 o LW« PPy - OC (y

LWG in kg s given by LWG in kghd multiptied by SR In hd/ha. SR is an important management
factor in the produetion progess shich must be deelded in conjunction with the deeision on the level of
.

The deigion-maker 1s axsumed to éxhibit risk aversion and his or her preferences for risky profits are
expressed in a wility funetion L which relates i sume manner to o The optinal decision Includes the
values of Pand SR that maximse expected utility where expeetations are taken over the distributions of
LG and Py (ADH p 161

This problem of determining maximum U ean be approached theoagh speeitying expected utility i
terms of the probability distribution of 7. The moment method (ADH p. 96) wssumes that output
{LWGof the individual firm and Py are stochastieally independent. Therefore the mean and varlance
of profit are given by:

By« lf:’fX,WC.iJ?g =Py - OC)

© BILWCGLED - PP, - OC @)
V('R") s VILWQJ’H ® p-’/"g" » Q(!)
= {EPF VW) + [ELWGIE VR + V(P VILWE) (3

In (2) and (3), funetions for ECLWG) and VILWG) need to be speeified in terms of the input vartables,

The expeeted wility of the decisionsmaker for the risky prospeet 7 can be assessed a8 the utility level at
the mean of & plus a series of products of moments of #, corresponding derivitives of the utllity
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function und inverse factoriuls, other than that involving the first derivative (ADH p.97), A Taylor
series approximation which fgnorcs terms beyond the second derivative is:

U = Ul )] 4+ UJB(e)] Vix)2 “
Then, fotlowing ADH (p. 163), the first-order condition for maximising utility bs:

0 = BIPAELWGYIP « By REDOUIEPDE + V) AVLWE)AIP
+ 2 VIR ECLWGLIE LW AR (5)

Here REDQ is the risk evalaation differential quotient which measures the rate of utiiity substitution
between the expected value and variance of profits:

REDQ = [dEorMdVirY, = - [dUAVIr U AdE R (6

Eyuation 151 can be further simplified hy assuming the price of beef () is fixed, so that By = Py
and Ve = O, and (57 can he written as:

Py = Py dECLWGHAP - RENQIPY dVILWGMIN )]

Equation (7) indicates that the uility-masimising level of P oceurs when the marginal factor eost (ie
price of Py equals e value of the marginal expected profit Tess o marginal risk reduetion that is
derermined by the wtility funetion and the margingl varianee of the revenue (ADH p. 163). The
corresponding profit-maximising level of input is given by deleting the fast term of {7,

This farmutation is based on the ussumption that the mean and varianee of profits provide all the

necessary informition about the disteibution of . However, it could be that the disteibution of LWG 1
skewed, in which cuse the thind moment (M,(7)) hecomes important, ‘To incorporate this in the
optimising proeess M) needs to be specified in terms of profits us in (2) and (3). 1f this is done,
ADH (p. 170) provide the first-order condition for maximising utility as:

Py = Py dELWEIAP « REDQIPFAVILWGIAIP) - MSOIP, . dM(LWG)HIP] (t]



Here MSQ = UMW) URWLG)), ™

MSQ Is the marginat skewness quotlent which measures the rute of utility sulbstitution hetween expeeted
vafue and skewness of profits,

Finally, Tn many cases when vutpat is expressed on o /i hasis it may be necessary to agpregite the
Progess to find the impact on a firm of any given size. 1Fa firm I A ha o size, then the first-order
condition (7) becomes (from ADH, p. 167);

APy = APUELLWEP - REDOIAPY INLWGIIR) {10y
4, Utility funetions

ADH disenss several non-linear forms of utility funetion ineluding quadratic, cuble, logarithmic, power
wndl negative exponential. In this anulysis the negative exponential funetion is used. "This funetion Is
eharacterised hy constant (absolute) risk aversion (coeffigient ¢). "Fhis function Is of the form:

Lo - paplon) (i)

The ahselute and relative risk aversion eoefficients fur Australian farmers have been considered by
researchers. Bardsley and Harris (1987) estimated some of these eoefficents, "The absolute risk
aversion coefficient is the relutive risk aversion eoeflicient divided by level of wealth, From Burdsley
and Harris" (1987) estimates the absolute risk aversion eoefficient in the high rainfall zone In Australia
was 1 x 10 The purpose of this analysls is to illustrate the fmpact of sllowing fo. 1+ fn deriving
reeommendations to groups of Tarmers and the risk coeffgient ean not be used with great precision.
The target audience for the purticulur experiment considered here i likely to consist of relatively
smaller sized heel properties In the NSW north coustal region, 1t was assumed that those producers
may therefore have inerensed risk aversion and a figure of ¢ = 0,001 was used in this analysis. ‘This
figure must be considered & ballspark for illustration only,

P it i wecepted that gross marging are approximately normal then the wxpected ntility funetion of (1)
I a simple function of ECr) and Ver) which ean be maximised by maximising Bor) « e Vo). This
meuns thit REDQ is (4)e, which s 4 wonstant, The implication of using a funetion such as this i that



risk aversion does not chinge s wenlth chunges and heneg equation (7) can be used to solve for P
rather than equation (10).

8 Alternative nnalytical approaches
5.1 Accounting for vaciation In mnny variables

The approach outlined above investigates the decision on a single risky input. T practive there will be
a Targe nunshior of risky factors nfluencing the production function, How e analysts assess the
influenee of vther fagtors which might be observable and inflience the deelsionsmaker?

Two broad approaches are identified by ADH. One approach Is to relate omput to & wider group of
variatles than just those tested in the experiment. In this "analytical” approsch farmer-contzolled input
varianles ean be related to other variables outside the eontral of the deeisionsmaker. These variubles
may be stochastic and ey may be known or unknewn at the time of the deeision.

This approach invalvaes deseribing the effect of the controlluble and uncontrollable input viriahles in the
produstion provess arsd then assessing joint probability disteibutions associated with these variables. A
partientar problem with this approach is knowing und specifying all of the stochastic proeusses that
influenee production. Analyses of particular ficsors ean be undenaken in g multi-disciplinary context,
althaugh no such analysis is attempted here.

An alternative approach is to compound wll of the variation into o *gross' relationship without
identifying the effect of individual risk sources and quantifying the composite probability distributions
sor that they might be tunetionally related (o the decision varfables. ‘This type of annlysis generally
invalves using the first two or threg moments to undertake o decision analysis, “This approach is
followed here.

In this cuse there are two important management deelsions to be made. They are the Jevel of P and the
fevel of SR, ‘The unalysis here will incorporage decisions on levels of inputs for both variables,



5,2 Working with sparse data

When there are suffielent data, moment-estimation formulas can be used for estimation. When data are
sparse (say, o< 105 1t s more difficult to make good estimates of moments beyond the mean, A
sparse-data smoothing rule ean be spplied to derive cumulative density funstions (COFS) from which
moments may be caleulated, Qnee the moments hiave been astimated for partieular comblnations of the
deision variablis, lenst-squares regressions ean he fitted which relate these moments o the declsion
variables.

Anderson (1973) used a sis-step procedure to accomplish this task for a set of sparse experimental data.
These steps were:

£V 3

For each set of data on yleld Y in relation to inputs X, § = 1, 2, ... m), find u lenst-yquures
response function that best deseribes the relationship, i.e. for ¢ach of = 1, 2, .., 0 dits sets
(yenrs) estinmate,

Y, o X Xy

U'se gich of the n selected "hest” response functions to predict output levels for the design points of
f eonvenient and adequite expermental design for each of the vantrolled Inputs;

For ¢ach design point rank the n predicted outputs, apply the sparse<data rule and handssmooth g
graphisal CDF ingorporating any additional information available;

Lise gach empirical CDF to estimate the first few moments or the yield distribution at ench design
point;

Use least-seuargs regression to 13t the derived moments and any other pertinent distribution
funtures as funetions of the controlled inputs or deeision variuhles, Le. estimite;
he BEY) = X 0 X))
VIY)Y =~ WXy oo X
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G, "The final step consists of obtaining the producer's preference funetion for tisk defined in terms of
the fiest fow montents of net profits and wsing this to determine the Inpet rates tat maximise his or
her preference or utilily,

In this paper swo mpthods of analysing the data inTable 1 will be compiared to determine what
recommendations arlse on Inpug fevels, The first methad fnvolves estimating means and varlanees
direetly from Table 1 (s If the data were not sparse) and deriving funetions using ordinary least squares
(OLS) for ECLWG) and VILWG) In terms of the deelsion varlahlas, $n addition the distributions ean be
testedd for skewness by estimating MyCr). 11 skewness s shown fo be gignificant, u function for My(m)
ean be estimated and the problem solved using equation (8), "These fanctions are combined with the
utility funtion (HL) o derive the aptimal input levels using equation (7),

The seeond method fivolves using the six steps of Andirson (1973) to estimate the optimal Tevel of P to
recommend given that the data are sparse.

The esseotial difierenves between these methods lig in the manipulation of the raw data and the effects
of spegifieally allowing for sparseness of the data. [Lis of Imerest to know how mueh Impact these
differences have on the reeomntended fevels of P and SR

6, Results
6.1 Blologienl relationships

The mean responses of LWCHsteer and LWGHa are shown In Table 1. Beeuse of the levels of P used
in the experiment, a wansformed variable PL < P** was tested In the models as well as P, The nityeal
fog of P eould not be used bevause zero 1* was ong treatment. Jones and Sandland (1974 showed that o
stnple Tinear model explained LWCi/steer In terms of stogking rate.  In this dataset, mean LWG/steer is
expected to be positively velated 1o Por PL, and negatively related (o SR There also appears to e
some irteraction between P or PL and SR.
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Results from the best two fitled regressions for LWG/steer are presented InTable 2, The first Ineludes
ol three of the explanators (PL, SR and SR.PL), and the second has the SR variable removed, Both
equations explain a substantial amonnt of the variation In LWG/steer and have the expected signs of
soeffielonts, but the seeond equaton I slightly preferred,

I LWG/ha equals LWGisteer miltiplicd by SR, then the resulting equation for LWG/ha should fnelude
SR, PL.SR and PL.SR? as explanatory variables. ‘The results of that regression are also shown in Table
2. I this ease SR and PL.SR have positive coeffielents and PL.SR® Is negatively related, Al these
cocffiewents are highly significant and the overall regresston explatns u high proportion of the variation
in LWG/ha.

From these results the influenee of SR Is negative on production/steer aut positive on produetion/ha, In
hoth eases there is an interaction between PL and SR « production/ha Initially increases with higher
levals of superphosphate and stocking rate but at some point production decregses,

The point of maximum produstion of LWCG/ha ean be derived from the equation In Table 2 by taking
the first derivative of LWGha with respeet to SR and equating 1 to zero. As the level of
superphosphate applivation inereases the stocking rate assoctated with maximum produetion decranses
This is shown in Figure 3. The optimam lovels of SR are 8 5, 5.2 and 3.9 steers/ha at P levels of 35,
220 and 660 kghasyear respectively. This trend is the result of the negative interaction between these
viiriahles at higher levels of input.

6:2 Faonomic analysis » Method |

As well as estimates of BCry and V0 3, Table | eontains an estimate of relntive skewness (e,) Tor gach
set of data (reatment). The estimares of ary were derived using @

- 5 § B Xy * 3
w1 @ gepleg b |

To test whether the o, valugs are significant the variange of the skewness statlstic Is utilised. The
virfance of skewniess, Vo, o Is ghven by (Kendall and Stuart 1969):
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T (11715 where n = number of observations,
(=2) (b 1) (0 3)

Hore, noes 8 and V, © 0,57, The standurd davintion of ey Is 0.75 and to test “or signifiennce of sach
oy the ratlo of ey /S I tested 18 o normal ¢ statlstie, None of the e, figures In Table 1 are significant
i 5o the disteibutions of predieted LWG/ha are assumad to be not skewed, Therefore the anulysls

using Method 1 will proceed without needing to aeeount for skewness,

LS regressions were fitted to expluta the estimited ECLWE) (mean) and VALWG) 0 riance) figures
shown in Table §. Explanatory variubles tested were Py PL and SR and the Intersetion terms of
superphosphate applied with SB and SR® from the results In Table 2, "It results of the preforred
equations are presented In the first part of Table 3.

From Table 3 In explaining F(LWEG), the levels of SR and the Internetion terms were hoth very
slgnificant. SR and PL.SR were positively related to BECLWEG) but the othier interaetion (erm (PL.SRY
was negatively related. “This implies that in explaining nereased BCOLWG), SR and P were generally
posftively related but at highar levels of P und SR the effeet was to reduce ELWG). In explaining
V(LWG) the interept twem and SR were significant factors but the Internetion terms were loss
significant.
To estimate equation (7), dECLWEAIP was dertved us:

dECLWOAIP < [dEQLWE/APLY.|[dPLIP)

and AVILWE)AP was derived uy:
AVILWGYIP = [dVILWGIPLLAPLAR,

The esthmate for REDQ was combined with these other assumptions:

Py = 1157k livewelght, and
Py = $0.23/kp Superphosphate applied,
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From Table 3, equation (7) hecomes:
0023 2= !l\ ls 12\8 SR PM L 0-7 SR” pdh] - .0005ll¢153(28»5 SR PM » 10 SR"‘ PM)‘]:

This equation is plotted in Figure 4 showing the level of P that maximises utility for vach level of SR,
For each level of SR, the level of P indicates the point where marginal factor cost equals the marginal
utility. As stocking rate increases up to 2 steers/ha the optimal level of P increases to nearly 200 kg/ha
but at higher levels of SR the optimal level of P reduces sharply to zero at 5 steers/ha,

The corresponding profit-maximising levels of P for each SR are also shown in Figure 4, At lower
levels of SR the profit-amaximising optimum level of P is slightly higher than the utility-maximising
level, but at higher levels of SR the reverse Is the case. 'This result may be interpreted as implying that
there is more variability in output associated with the level of P than with the level of SR, However the
differenves do not appear to be very large.

6«3 Economic analysis - Method 2

Anderson (1973) used this procedure to analyse sparse response data when conventional procedures of
obtaining probabllity distributions fail. His example was of a fractional factorial trial concerning the
response of wheat to Nitrogen and Phosphorus fertiliser ut one site in the red=brown earths of the
eastern Darling Downs area of Queenslund, Australia, He estimated response funetions for each data
set and used these to prediet outputs for the design points of a complete factorial design, He then
plotted CDFs and estimated moments of these distributions for fitting further functional relationships,

In this second analysis OLS regressions for each data set (year) in Table | were estimated and the
results are presented in Table 4 (step 1 from Section 5.2), In most years SR and the Interaction terms
(PL.SR and PL.SR®) were significant explanatory factors of LWG/ha, In all cases the first two Factors
were positively related and the last negatively related to LWG/ha,

These regressions were then used to prediet LWG/ha for a convenlent experimental design eovering
the range of input levels for the Important varfubles in the experiment (step 2). This experimental
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dlesign inchdzw each of the four levels of P and five levels of SR (SR = 1,2, 3, 4 and § steers/ha),
These predictions were made for the eight year period of the experiment,

The next step involved (for euch design point) ranking the efght predicted outputy in increasing order of
magnitude and applying the sparse-data rule, This rule (ADH p, 42) is that if N observations are
availuble on 4 continuous random variable and are ranked in aseending order of size, the Kth
observation Is a reasonable estimate of the KAN + 1) fractile. The fractile estimates so derived were
then plotted and a CDF smoothed subjectively through the coordinates, The CDF of a unimodal
twostailed distribution has an § shape (ADH p, 43),

Step 4 of Muthod 2 Involves using the emplrical COFs to estimate the fitst two moments of the yield
distribution at each design point. The 0,05, 0.15, ..., 0.95 fractiles (predicted vatues of LWGiha)
were read from each of the twenty plotted CDFs and the mean and variance of the disteibutions were
estimated for each dusign point, These values are shown in Table 5,

The final step in Method 2 involves estimating the E(LWG) and VLWG) functions in terms of the
input decision variables and then determining the optimal input levels s in Method 1, The estimated
E(LWG) and VILWG) funetions are shown in Table 3. A comparison of the regression results hetween
Muthods | and 2 shows that the E(LWG) equations are very similar, However, the V(LWG) eqtrations
differ In that the signs of the interuction terms are interposed and the Methad 2 equation explains fess of
the variation in VCLWG). The magnitude of the coufficients are also broadly similar to the results for
Method 1,

The utility- and profit-maximising levels of P for each level of SR are plotted for Method 2 in Figure 5,
A similar shape and pattern to Figure 4 (Method 1) is seen, However, the effect of the different
interactions hetween P and SR from the second set of regressions meant that the utility-maximising
levels of P at each SR were higher than the profit-maximising levels, although only by a small smount.
I hroud terms the results from both methods of analysis are that the optimum level of P inereases to
Just under 200 kg/ha/year at 2 steers/ha and then deelines sharply to zero P ut around 5 steets/ha,



7, Discussion and conclusions

The initial examination of the expetimental data in this paper involved explaining the biologieal
response (LWG/MR) in terms of Pand SR, The maximum level of production with respest to SR was
derived as a function of P and o broudly inverse relationshijy was indicated between these factors, For
Instance at a P level of 260 ka/halyear production was maximised at a SR of 5.4 steerstha, At 100
keg/halyear the relevant SR was 6.8 steers/ha, These results are due to the negative inferaction betwe. o
P and SR at higher fevels of inputs. This outeome is influenced in part by the soil type and the resuiting
ability to release Phosphorus to plants. Different results might be expected from other soil types,

The focas then shifted to the main point of the paper which was to estimate economle optima for levels
of inputs. Two sub-issues were addressed, The first was to aecount for the increased variability in
output observed at higher input levels by ealeulating profit-maximising and wtility-maximising optimal
levels of inputs. The second was to test o method which attempted 10 overcome the relative sparseness
of the dataset in terms of numbers of abservations (eight years in total).

The aptimal eeonomiv input levels derived are shown in Table 6. Examination of the figures thers
confirms firstly, that in terms of making broag recommendations to groups of farmers from these duta
there Is relatively little to be gained in ageounting for inereased variability In output for the luvels of
risk aversion gssumed in this analysis. Fyven though inereased variability was observed at nigher levels
of Inputs, the negative interaction between inputs at these levels was the most important factor in
estimating economic optima.

The seeond point from Table 6 is that there seems to be only relatively small differences in
recommendations in using Anderson's (1973) method of aceounting for sparseness of data. Although
he states that sparseness may be characterised by n <0 10, it seems that the eight years of infarmation
availuble here have provided a reasonable picture of the response surface.

Perhaps the major point to come from this analysis Is of the importance of recounting for the interaction
between inputs in conjunetion with an analysis of the marginal costs and benefits in deriving
recommendations for farmars. “The optimal level of I varies substantially aceording to the level of SR.
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However , these refationships may vary with soil types having different capacities to allow plants to
respond to added P and therefore o provide production responses, and hienge further analyses of this
Type iy be valuable.
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Table il
Experimental data

Stocki fng » , Yeur Mean Varanee  Coefficient  Skewness
rate 1 2 3 4 5 & 7 -2 of vadation  coefficient

stsha  kgivr kg kgye keyr kgwe kewr kewr kpsr ke
& 1.7 e 17 176 142 19D 129 130 1 152 604 B2

EH 235 I 12 1% 127 185 158 i35 i 133 72 Bs

55 e 3 03 IS 1% 13w M2 185 130 1 148 G62 2]

55 35 108 102 194 133 208 w3 I35 o7 i4f 1,686 2% 4
220 F 2 162 223 133 188 1 1m2 s i34 1.387 ns
220 &7 40 110 17F 0 138 2 3% 8B 35 23 1,355 30.2
&850 3.3 142 = 215 127 1B 205 i a2 it 1507 243
5540 3 78 & 26 83 e 133 99 36 27 1,197 35.7

Livewiight sain per hectare

o 4 202 288 2 21 3I‘m e I38 i 58 1.746 6.7 8.36
i 25 2% 303 388 MS 413 35 338 2i5 332 684 206 243
35 Z3 237 333 a0 315 485 3FS 19 a2 330 54050 23 45
55 35 3% 37 67 9 T SR 4T3 40 483 20656 291 047
220 3 363 485 &% 39% 564 552 Si6 345 487 3486 28 L.3%
20 4.3 H38 51T 823 639 667 638 414 259 578 s ki RS .73
660 3.3 459 s4: TG 41 s01 &37 4% 357 522 16,415 232 887
650 > 396 445 635 415 WO 663 «’IS@; 5o 423 29017 387 3%

A B G A e e e e s o

SRR AR




oo Tabez
Regresston results for blologieal relationships

« -vnri:milw

 LWGrsteer 151 4,6 4.9 .2 0.87
(10 {+0.8) 4.5) (+3.7)

140 5;3 “’lwd 00 38
(31.8) (6.0) («6,9)

LWH/ha 9.9 134 5.6 14 0.97

t Statistics m brackets, n = 8§,

Tuhle 3
Feonomic anulysls; Preferred regression resulls for estination
of first two momentsof LWG/ha distribution

Dependent — Interoept SR PLSR PL.SRE Adjusted
viriahle R
Method §

(LW 9.9 143 5.6 A4 097
. 0.3 (10.3) (8.4) (-9,2)

VILWGY  <19280.2  HLIB0G 57,0 490 005

‘ (-4.4) (0.3) (0.6) ¢0.9)

Melhod 2
BILWEG) 2.6 138.8 5.7 |5 0,99
(0.4) 740 @A) (30.2)
V{lL.WG) ~B761.6 10857.8  -88.2 0.8 0.82
CLY G805

t Statistics in brackets,



’l"nblcz 4
Estimated m:spme funciions for LWG/HA o ench data set: Methad 2

(‘* ; :Q) (2;3) n t4) ‘(" l 8)
2 NS 837 (’5 4 12 0.78
3 484 2332 9 0 2.4 0.94
1.7 (7.0) (5.3) (-6.0)
4 1213 189.4 2.5 “Lid 084
P N 0.82
(0.5) (.7 (1.8) (=2.1)
6 8.2 145,48 7.8 L7 0.96
+0.1) (6.3) (6.6) (+0.0)
(0.9) (2.0 (2.6 (v 2 5)
& 173.5 3.7 4.9 1.3 0.74
N N

t Statistios in brackets,

Table §
Predicted moments of LWG/ha for each experimental design point « Method 2

Tevel  Estmted . Predicied LWGIm
Cooeb o mement T ~ Stocking rate
buperhosghate s 4 s
0 Mean 146 278,9 419 547 71,5
0 Variance 6,310 5,278 10,962 36,107 55,8341
55 Mean 1719 3184 442.6 5354 638.5
55 Variance 6,956 5,296 (1,989 A0 52,188
220 Mean 208,9 7 485.3 50,8 571.2|
220 Varinnee 8,442 7,433 15,452 29,591 4,522
660 Mean 25719 423,90 516 5337 481.5

60 vawee 102 U909 s 4l




Comparison of optimal cconomic input levels

| Stacking Rate
0

100 11 I
194 184 !
138 83 88
12 8 6
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Level of P at each SR to maximise Utility and Profit -
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