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THE ADOPTION OF LUPINS IN WESTERN AUSTRALIA: DID
EXTENSION MAKE A DIFFERENCE?

Sally P. Marsh, David J. Pannell and Robert K. Lindner*

The growth of the sweet white lupin industry in Western Australia is a classic case of
the adoption and diffusion of a new innovation in agriculture. In 1979, following the
release of the cultivar Illyarrie, and the development of effective agronomic practices,
the Western Australian Department of Agriculture (DAWA) commenced a major
extension campaign to promote lupins. Between 1978 and 1992 the area of lupins
grown increased from 39,000 to 822,000 hectares. However, the pattern of adoption
varied widely betvwcen regions, with differences in starting time, rate and ceiling
levels of adoptioir. In whis naper we examine regional differences in the adoption
process, and estimate the impact of various factors using multivariate regression
analysis. Results suggest that both DAWA extension activities and the presence of
private consult.mts contributed to earlier start times of the adoption process.

1. INTRODUCTION

The adoptio 1 and diffusion of innovations has an extensive literature history, Lindner
(1987) classified the literature into studies principally concerned with adopter
characteristics (adoption studies) and those concerned principally with innovation
characterisdcs (diffusion studies), with each category having both cross-sectional and
temporal studies. While the literature has expanded considerably in the intervening
years, as reviewed by Feder and Umali (1993), the essential dichotomy described by
Lindner (1987) still exists, albeit assisted by an increasingly sophisticated set of
mathematical and econometric techniques. Lindner (1987) described the
contradictory results typically associated with adoption studies, and pointed to
methodological problems associated with these studies. He considered the most
powerful method of empirical research for adoption/diffusion was a temporal study of
the diffusion process, as it addresses "both the static issue of ultimate adoption levels
as well as the determinants of the dynamic rate of adjustment to this new equilibrium
state" (p 147).

Griliches's (1957) study of the diffusion of hybrid corn is the classic agricultural
temporal diffusion study. By fitting logistic functions to curves which plotted the area
planted to hybrid corn over time in different states of the U.S., he was able to estimate
parameters which described the start time, rate and ceiling level of the adoption

* Marsh is Research Officer, Agricultural dand Resource Economics, Unjversity of Western Australm, G

Pannell is Senior Lecturer, Agricultural and Resource Economics, University of Western Auatraha‘ et

Lindner is Executive Dean, Faculty of Agriculture, Umvers:ty of Western Australia,
“The authors appreciate contributions tothe-work discussed in:this paper by various people: notably
Bryan Gorddard, who conceived the original project, Russel John, and Mike Perry.




process. His methodology has since been used for many studics of this. 1ype, althéllgli ‘
in recent years dynamic models have been used in an attempt to adjust for the limiting
assumptions of the logistic model.! As noted by Feder and Umali (1993):

Diffusion has been modelled to account for changing equilibrium
populations, changing technologies, changing rates of adoption, spatial
differences, and the rate of abandonment. However it is apparent that no
general model perfectly fits all situations and that in some cases different
diffusion models can describe a single event effectively (p 226).

Griliches's (1957) results have been re-worked? using refinements of the general
logistic model, but have generally stood the test of time. His results emphasised the
overriding importance of profitability, determined in his work by yield and acreages
planted, in accounting for differing rates and ceiling levels of adoption. Results which
have represented for a long time a convincing win for the economists at the expense
of the sociologists.

This paper discusses some of the results obtained from a temporal diffusion study of a
crop innovation that has been rapidly and successfully adopted in Western Australia.
The particular brief of this RIRDC-funded study was to investigate the impact of
agricultural extension on the adoption process. Few empirical studies of this nature
have been attempted, because of the time-consuming and difficult nature of the data
collection involved. The study involves district-level comparisons of the adoption.of
sweet white lupins (Lupinus angustifoliys) by farmers in W.A., using a methodology
similar to that pioneered by Griliches (1957) to estimate start times, rates and ceiling
levels of adoption in different districts. These estimates were then used as dependent
variables in multivariate regression analysis in an attempt to determine factors
influencing the adoption process.

Using data provided by the Australian Bureau of Statistics, production data for lupins,
including total area sown to lupins, percentage of crop sown to lupins, and tonnes
produced, has been collated on a shire-level basis over time. Additionally, the number
of farmers growing lupins has been collated by shire and by year. An effort has been
made to quantify and classify soil types suitable for lupins on a shire basis, as the
availability of suitable soil types affects both the maximum area of lupins that can be
grown and the profitability of the lupin enterprise. Yields and yield variance for
individual shires have been ascertained. These factors, as well as the profitability of
competing enterprises, can be expected to influence adoption rates of lupins, Rather
than the usual aggregate data on national or state-level extension expendltures, the
study has attempted to disaggregate extension activities related to lupins to.a lire
level, in both physical and financial terms. Data on detailed extension a
research activities undertaken by the Department of Agricilture W.A. (DA
been collated for 43 shires in the northern and central wheatbelt3 ‘ S
extension activities undertaken by private sector agencies operatmg in these areas ‘has -
been incorporated into the data set. ' "

! For an explanation of thesc assumptxons see Mahajan-and Peterson 1985)
2 e.g. Dixon (1980) and Valente (1993), S
3 Geraldton, Three Spnngs Moora, Northam, Merredin-and L’!ke Gmce DAWA advnsory distric




2. BACKGROUND

Few new industries have been taken up so rapidly and successfully as the ]upm.
industry in Western Australia. The area planted to sweet narrow-leafed lug
(Lupinus angustifolius) in W.A. has grown from-less than 100,000 hectares in ‘
a peak of 877,000 hectares in 1987, and plantings in 1992 of 822,000 hectares, The»
first sweet white lupin (cultivar Uniwhite) was released in 19674, and promoted-as a
legume crop especially suitable for sandplain soils in the heavier rainfall areas of the
northern wheatbelt. By 1973 the area planted to lupins was 120,000 hectares, but a
combination of poor management practices by farmers and droughts in 1976 and 1977 :
saw lupins lose favour. By 1978 the area planted had fallen to 40,000 hectares. In
1979, a higher yielding cultivar (lilyarrie) was released and a major extension ¢
commenced in the northern wheatbelt area by DAWA's Geraldton district office S
contributed to the rejuvenation of the lupin industry during the 1980s as described -

above, and this story has been documented by Nelson (1987). :

The uptake of the new crop varied widely between regions. TFigure 1 shoxvs thc :
percentage of farmers in the shire growxng, lupins over time for five shires in the WA,
wheatbelt, from Chapman Valley in the north, then progressively southeast through
Wongan-Ballidu, Wyalkatchem, Corrigin and Lake Grace. All the shires muqtrated :

Figure 1
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sludy was to attempt to qegmgﬂte and quantx. ¥ e
rate of adoption.

of the majm ehtensxon effort in the Gcraldton: reglon (n I them
bc seen in the dam fm Chapm'm Valley shlre, whlch ‘

that 1upms could play a \ralmbie role in farmmg systems in- drler areas,
thought "unsultable" for lupm producuom Consxdemble mtercst in these trlals

grown to any great ektentS The data suggests that shxres sucli ‘
wheatbelt) were influenced by the cxtcnsxon program. conductev o
Merredin office, whereas the earlier program in the northern whcatbclt Aa, ha ‘In,tle, S
impact in this region. f H

Figure 1 illustrates the one to two year earlier adoption of lupins 4
northern wheatbelt shire, Chapman, over a similar rainfall central
Wongan Hills. TFigure 2 then illustrates how this situation is reversed

Figure 2
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behmd castem wheatbelt "dry" shires wlxere lupms wcr,, e\ctend
profitable farming system from 1981, * ‘ :

The impact of DAWA's Merredin office extension effort of p;
may also be reflected in figures such as the following ¢
wheatbelt shires Koorda (Merredin DAWA. district) an
dxstnct) Wnngan is m‘.)w one of ﬂlb largest lupm pros 10]

1.06T/ha, Koords 0.68T/ha), However, in 1982 and 1983 Koord
that were approximately 20% and §5% of peak 1987 plantings
Wongan were approximately 10% and 27%.

Qualitative evidence such as the above encouraged us to use the lu
see if some quaniitative support could be obtained for the
activities on adoption.

3. METHODOLOGY
31 E"stimaﬁ()n:oﬁ:paramete’rs' d’escr‘i.bing*{thfcr»ﬁ'iffusiﬁ;n:sﬂam :

The cumulative adoption pattems for individual shires approx
shaped curve associated with diffusion data, with parametet
using a logistic model. A standard logistic function, Gom
funetion were fitled to the data for individual shires
-esﬁmaxes of ahe ceﬂmg ’level of' adoptxon attamcd the in




study ama; The ﬁmumn clcscrxbas ihe number. of‘ i‘armcr :

t :
y = A + Ol e "bE=m)y

with parameters delined as -

o C-theseiling (or maximum ) level of adoption. atl'um,d

. b - the intringic yite- adabtmn, fnd

0 1 - the time at which the maximum rate (ie. the point c;f“ mﬂct:_‘ il
adoption is reached,

» A - the residunl pumber of farmers growing luping’ bcfara ihe emmné
diffirsion process

These various cstmmte.s ni‘ :,mrt rate and ccilmg were used 4
(m tum) f‘nr mulu‘mnam regresswns thm cxprc.s%d f‘a {

IDAWA a\tensmu, ma,
made as follows:

S§G10 The time in years when 10% of the ceiling csumate (us calcul” e
the parameters of the Gompertz function) of percent farmers i I
lupins was reached. Calculated by substituting y = 1*(Aﬂi~(f;f) in the «,GOm“_
function and selving for 1.6 ‘

SA10 The time in years when the pcrccntage of farmers in the shire gr
lupins was equal to a level calculated as the minimum percentage of farmets grov
lupins? plus 10% of the difference between that minimum and the 1
percentage of farmers that grew lupins. This was caleulated by substxtmm’
caleulated, in the function describing the bmug,ht line between two knowr
each describing the percentage of farmers growing lupins in a given year,

All start times are expressed in year fractions (e.g, a start time of 804
between 1980 and 1981). This was done partly because the rang
differences in the study region were only a matter of three |
fractional expression of start times enabled a greater dnff‘cremmno
Technically speaking, the actual planting of a crop oce :
but a start time expressed as a continuous variable coulc
information gathering and decision making processes that occur
planting decision is carried out.

.

33  Explanation of independent variables
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l
apemhc lm‘c)rmauom I was su‘»pected ‘ha&f"l‘hadﬁétjlmt!t:sfd priva

also bea significant factor in some regions.

Variables described in sections i and ii are intendeﬁ 0 Lapt:ure fh
profitability of the new crop in the region. The results obtained by Gri
illustrating the importance of profitability on the rate and ceilin
have becn supported by other work (mr mample Ruuan’s

in areas w ;erc lhey were mm‘e pmf wble &mehﬂy lcdexf andi
that recent studies of complete adoption patterns for high ym[dmg i
indicate that the production environment was the most importan{ factoj g
differential adoption patterns. Variables pertaining to the yield elmactensucs of
lupins in different arcas were not used in the adoption start time analyses, as. thesc
variables were caleulated over time (e.g. average yields and.associated variances). It
was considered that these varfables would impaet on rate and cexlmg level of
adoption, rather than start times.

Variables considered at various times in the multwmmte regressmn amlyses:
conducted were:

i) Estimates of percentage of soils suitable for lupins in the shire

S§4  Estimate of percentage of suitable Jupmt, soils?,
Expeected sign - nepative,

ii) Measures of climatic variability
RM  Estimate of shire rainfall inmm. T

as some shires (e.g. Mullewa) have widely varying
Expected sign - negative,




years 1980 m 1984
Expected sign - negative.

iv) Variable to capture farmer experience with gi

managemem pmblcms lcd lc) dmdnpnon nf lu in ,
intended to capture the mpcmncc and knowledge gained by fho
Slade (19843 bmﬂy rmcw studm xhut support the aonc'

emphasise the bexieﬁt of the accmnuldﬁon ‘of ﬁvourab’le expe
generally the case for farmers who grew the early Iupin var :
tlmt ex;)anence gmned would shorten the re-ddopnon dt*c;smn; onee

early h;pm varnetws had atre.ady aacumulatcd muah oi’ ihe
needed, and only needed to be convineed of the superiority of 'the new
alternative management techniques,

LF  The percentage of farmers in the shire growing !upms in 1978
the release of higher yielding varieties).
Expected sign - negative.

.

V) Measures of distance from information sourees.

Distance from information sources has been shown
influencing adoption. In their study of the adopti
Lindner ar al. (1982) concluded that dlstancc to the
barrier to adoption, T s d
wauld make dxstance 1rrelcvant,

latter bcmg s the l ) auon of




fhlnre belongs Inmiost c'lse;s th:sf< msab en meum an
the shire except where there is reason to do oth ]
Yilgarn where much of the shire is oumdc the 'x;,nculmm wea),
Expected sign - positive. o

the uud» ! 9808}
Expected sign - positive.

vi) Measures of DAWA extension activities

These variables capture a range of aclivities conducted by DAW,

Research Station trials and on-farm trials? {more technically i
sources - hut used as a focus for field days and field walks]
meetings, and Agmemol? informatxom Additionally, some varia
number of advisers working in different areas, both as related to.
farmers in that area and the distances thay have to-travel to s
district.

*

T h1s is in recogmuon that adopuon is
descrnbed by Lmdner (1987) As an mdlvx

a ccrtam cnﬁcal lewl of cumulatwe mformahon m ]
takes place.




\measure the qmmy of u\tcnsmn pcrsonnel by g :
concluded that there was benefit in investing in he human capm
workers, ,

The impact on adoption of farmers' participation in trials and field days is-le
established. Harper ef al. (1990) concluded that farmers' attcndancem sp
days was significant in the adoption of insect mzmagemenl (Lchnolog' ‘
(1992) were unable to say whether farmers' artimp*xuon in field tr
on adoption of new technologies in Swaziland, although Grimsley (1994)
that on-farm trials may be an effective, but limited method for diffusing new varie
in Uganda. : -

Varjables used in the start time analyses were:

ADR79 This is a measure of DAWA adviser density in the shire for t
year 1979, It has heen calculated by simply dividing the number of farmers i
DAWA district by the number of advisers working in the district office. Office
Charge and advisers, but not Research Officers, veterinarians and technical sup
staff, have been counted as advisers for this purpose. :
Expected sign - positive.

A’l)VD?‘! Thns is 2 measure mat attcmpts to account for the mtbra(;lmn e ‘

s}ure ﬁmm the dzs..umt cfﬁcc by the numbﬁ:r ol'~ adwse.rs wor.kx,ug in that d,rstm,e
years 1979).
Expected sign - positive,

'F80 Thxs isa cumu]atwe measure cf ﬁeld days, meetmgs ;md serm‘ rs

start time analys'ls. Rcscm ch Statxon he
Research. Station is located plus all
analyses, this varjable has been squared (S
have had more than a few extension a
information opportunities has pot,cnllal to have
Expected sign - negative.

TN78 This is a cun
trials in the shire conducted k



value of 1in the sl;nre in wh”‘* the
adwmmg shxrc&, This is to nltcmpt m ﬂccmm\ for
iire boundaries,

ted sign - negative,

TNSO A cumulative count by year of the uumber cyf on-hmy
conducted by DAWA for the year 1980, '
Expeoted sign - negative. :

RST78 A cumulative count of the number of Research Station
the year 1978, The trials are counted for the shire in which the Re: earch St
located plus adjoining shires, -
Expected sign - negative.

RST80 A cumulative count of the number of Research ‘S’ijat'io’,tj rials
the year 1980. For
Expected sign - negative,

*

RSN A dummy variable for shires with, or adjacent to a shm: Wlﬁl a
Research Station within their boundaries. ‘
Bxpected sign - negative,

GER A dummy variable intended to capture the major extension effort by
DAWA in the Gemldton district‘ All shires i’n the ‘DAWA ’Geraldtdri

sinfall, and were not cOnSxdercd sui table for lupm pm;luetmn in the. mma
the extension effort in the Geraldton district.
Expected sign - negative,

DAWA in the Mcrredm dxsmct All slures in the DA:
Tammin and Wyalkatchem (from the Northam district), are score
from interviews with DAWA personnel who worled in Mer
frequently mentioned that farmers from Tammin and Wyalk fehet
field days in the Merredin area and were visited (unofficially) by DA
research officers based in the Meyredin area,
Expected sign - negative.

vii) Measures of private extension ».activity: ,

In the late 19705 and early 1980s a number of private :‘fmm managem it
were active in some shires (far fewer than are opc 1 L
dam mdxcai:ed 1hat they were actlvely . ,,j;

employmg pmvate consultams adopt ncw varict;cs
who do not use consultants,



A dummy variable, Shires with mo
consultant (in the late 1970s/early 1980s) are. scorcd 1§ 1
Expected sign - negative.

mentmuc (m Mpcd imemows) hat (hl‘} ]’)*11‘ xcul'n' con@ultan
with them with regard to information about lupins,
Expected sign - negative,

4. RESULTS

.

The data was analysed by multivariate regression analysis using MICROFIT®.

Both SG10 and SA10 were used as dependent variables. Considerably better v'xltm
for R2 were obtained using SA10. Althgugh a cursory glance at the start times
estimated by the two methods suggests that they are quite similar, some Gompertz
estimates are considerably earlier, This usually occurred when the estimate for A (i.e
the residual number of farmers growing lupins before the start of the diffusion
process) was negative. Only results using SA10 as the dependent variable are
reported here.

Variables which appear in a number of final models are LF, CLD1, F80, ADVD,
ADR79, GER, KS, MER, CON. The most consistently appearing significant
variables (not including dummy variables) are LF, F80 and ADVD, Real data values
for F80 were very small (ranging from 0 in many shires to a maximum of 3 in 1980),
so to give more weight to the impact in shires where a number of extension activities
had occurred, this variable was squared and called SQF80, The degision to include
F80 or SQI80 was subjected to non-nested tests. Results for some final models are
given in Table 1.

Models 1 and 2 compare models with F80 and SQF8O 1cspectwely A[l variables
except CLD1 are significant at 10% or lower, and coefficient sngns are as expected,
Noen-nested tests show that Model 2 (with SQF80 replacing F80) is preferred to Model
"ested tests indicate that CLDI1, despite it being an insignificant variable, should -
dropped from Model 2. Model 4 shows results for this model without the three
.y variables included. Values for R2 are only 0.1 lower, and the coeffi c;ents;
appear to have behaved as might be expected, taking on more impact 10 ¢ -
for the absence of the dummy variables, CLD1 bec:()mes significant at
model. ‘

Model 3 shows results when a different approach was 1ake , S0
variable with ADR79, the variable that describes the ratio o
advisers working in the area, These two variables have, as mig

i

" Smne ;,uesswork lms becn uwolvcd here s somc;z_pmmmm(; cansnllant v
refused to give details on um loc“hon af thelr clle SRR .




Table 1 - Sample size 40

Regressors Coefficient  T-Ratio Regressors Cocfficient TRatio |
Model I: R4=0.84 R-bar{=0.80 Model 2: R%4=0.85 R-bart=082
CLD! -1.4684 -1.5260 CLDI -1.5452 -1.6822
LF -3.7991 ~34776 ¥** LF -4.5024 -4.2265 *¥+
F80 -0.2251 -1.9614 * SQF80 -0.11179 -2,7009 **
ADVD 0.017679 22091 ** ADVD 0.017340 22816 **
GER -1.4585 -5.4475 ¥¥* GER -1.2784 -4.6471 *¥**
KS -0.67502 -2,1929 ** KS -0.70137 ~2,3828 **
MER -0.43980 -2.4407 ** MER -0.43609 -2.561G **
Model3: RZ=0.82 R-bar?:=0.79

LF -2.8338 -2.7313 *

ADVD 0.01462 22625 **

GER -1.05%4 -6.8837 *+*

KS -0.78760 ~2.5421 **

MER -0.73366 -3.2680 ***

ADR79 0.0023756 17313 *

Model 4: R4 =0.72 R-bart = 0.68 Model 5: RZ =042 R-bar? =0.37

CLDI1 -3.8539 -3.7319 ¥+ LF -4.2067 -2.3986 **
LF -6.5301 -5.5142 *¥¥ ADVD 0.015736 1.2557
SQFS§0 -0.21283 -5.3186 *** ADR79 0.0025423 1.6337
ADVD 0.021370 2.1708 **

wEx Significant at 1%

A Significant at 5%

* Significant at 10%

Table 2 - Sample size 33

Regressors Coefficient T-Ratio T-Ratio (White's Adjusted)

Model 6: RZ=0.54 R-bar?=0.4] '

CLDI -1.6128 -0.9430 -1.0837

LF -5.5216 -1.1201 -1.0204

SQF80 -0.13676 -0.91796 -1.4468

ADVD 2.1652 0.80136 0.55675

GER -0.56141 -0.49697 -0.71414

KS ~1.0229 22,1478 ** -4.5684 ***

MER -0.73247 -2.4321 ** -2.4899 **

Model 7: R4=038 R-bart=029

CLDI -3.4247 -2.0845 **

LF -2.4026 -0.48828

SQF80 -0.1816 -2.8956 ***

ADVD 1.6457 0.56334

Model 8 R¢=0.57 R-bar?=0.51

ADR79 0.00464 22513 ** 2.1443 **

SQF80 -0.20176 =3.6020 *** ~4.9208 ***

CON -1.0632 ~3.4790 *** =3.7910 %+

MER -1,5457 -4.3893 #4% 38713 %¥*

¥k Significant at 1%
*x Significant at 5%




negative co-variance. This model was first run with CLD1 included, but nestec
indicated that it should be dropped from the function. Non-nested tests indicate
Model 3 is actually a preferred model to Model 2, despite a slightly Iowcr val
R2. However, when this model is run without the three dummy variables {see Mc :
5 in Table 1), the value for RZ drops considerably, and both ADVD and ADR79 ‘
become insignificant variables. Model 2 seems to be the most stable description of
factars that impact on the start times of the adoption of lupins in different areas.
Diagnostic test indicted that heteroscedasticity and functional form'2 were not
problems for any of the models described in Table 1.

The estimations highlight the importance of prior experience in influencing the start
time of adoption. The value for LF (i.c. the percentage of farmers in the shire
growing lupins in 1978) has a big impact for shires where it is high. Itis consistently
the most significant variable (in the sense of having the highest T-ratio). To further
test the stability of the model, it was estimated with a data set in which shires with
large values for LF had been removed. Seven shires had values for LF greater than
0.1'3, and an additional 10 had values for LF greater than 0.05. The scven shires with
LF greater than 0.1 were removed from the data set and the analysis conducted on the
remaining 33 shires. Results are given in Table 2.

Models 6 and 7 correspond with Models 2 and 4 in Table 1 respectively. Values for
R2 have fallen considerably. This is to be expected because much of the variation in
the data set that the model was explaining has been removed. The earliest start times
were associated with shires that had previously grown considerable areas of lupins in
the 1970s and so had the highest values for LF. Looking at Model 7, with dummy
variables excluded, coefficients remained correctly signed and, except for ADVD and
LF, of comparable magnitude. CLD1 and SQF80 remained significant variables. It
could be expected that LF would no longer be a significant variable, as the shires
where this varjable was high have been removed from the data set. ADVD becoming
insignificant was unexpected, and this must cast some doubt on the validity of the
statistical significance of this variable. When dummy variables were added to the
regression, KS and MER became the only significant variables, indicating the
importance of the Merredin extension effort for the shires which had not grown lupins
in the 1970s.

Model 8 is a different approach, to try and account for the different information
sources in these shires. This approach should be valid as diagnostic tests show a
structural break between the two data sets, but sample sizes are possibly too small 10
test this. As LF and GER could be expected to have less impact on th IengSSIOn
(three of the five shires in the GER dummy have been excluded from i '
these were omnted as vanables anate consultants were achve m :




th_at 1hc.y c,ouid be drupped. As shown in Tab,lc 2, all other vana"blcs were slgmf cant«; ”
in Model 8 were significant, .

Models 6 and 8 had significant heteroscedasticity at 10%. The 'I-ratms were
recalculated using White's heteroscedasticity-consistent Standard Errors4, and- arg
also shown in Table 2. For Model 6, T-ratios associated with SQF80 and KS
increased substantially, although SQF80 was still not significant. For Model 8, 'here‘
was some change in T-ratios but the level of significance of the variables remained
unchanged.

5. DISCUSSION

Did extension make a difference? Our work suggests that there is evidence to suggest
that extension did make a difference, of ubout 1 to 2 years, in the start time of the
adoption of lupins. Approximately 70% of the variability in start time has been
accounted for by four variables, two of which (SQF80 and ADVD) are measures of
extension activity. A third variable, LF, describes the percentage of farmers witl, -
previous experience of the iechno!ogv The remaining variable, CLD1, is a measum
of the profitability of cropping in the area compared to alternative grazing enter:
All vamab]es are s:gmﬁcant ‘at 3%. I‘he addmon of thme dummy vm,:;bl«es W

vanabxhty in start time. I‘hc sxgmﬂcance of these vzmablcs suggests ‘ ha(con‘ﬁ ‘rted
extension activity from either the public or private sector, as occurred in these :areas,
does influence adoption start times.

extensxon agents, seems to bc Jmportant in mﬂumcmg the Start tlm
process This supports prekus f ndmf,s, as outlmed in Sectxon :u ,

remains a barrmr to carly adoptxon. Thls could have Imphca,,
funding and restructuring of State Departments of Agnculture occur
Australia.

No evidence was found to suggest that on-farm or researct ﬁsta
the start time of the adoption process. A study of the data
that many trials take place in areas, not especially s
production problems (e.g. potash rates required on poor.coasta

¥ This still uses OLS to estimate the coefficient
estimator.of the variance-covariance matrix, -



w::re those descnbmg ylelds i
all variables which measure the il ,‘
These ﬁndm;,s are also suppm(ed by prwqu ['eﬁ,ﬂl'c« W
adoption is currently in pmgrcss

The study has some major limitations, The questmn ot how to 'measure' '
intrinsically difficult. Records of extension activi ‘
offices are often incomplete, and activities such as field w ks, wk
one of their most effective for extending information, have been

Data for field days in the early 1980s has been difficult to.
adequate records. The breakdown of data by shire is cssen al, f
expect that there would be significant information leakages ac*.ross these.
bound'mes, We havc major rcscrv;ltmns abont the vahdnty of the so‘dsésuma

qu‘ormnatcly itis the only clﬂsmhcaﬁon ooveung, the cuurc area of the s udy
be broken down quanititatively on a shire basis.

The sample size (43 shires) is small, and this must cast some doubt on the va
the statistical analysxs Collmeamty betwecn mdc.pendcnt Vamables

power, Statistical diffi Gultl% aIso arise when esumdtcs (thh assocxated '
errors) are used as dependent variables.
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\earxable pmmt d@temnnc,d by th¢ mterfwtmn of
tends to the' Gompertz, 15

In all cases y is the percent of farmers growing lupms in year 1, *l‘be ou‘
described-as:

. C - the ceiling, (or maximum ) level of adoptmn auamed
. b - the intrinsic rate of adapt:on, and :
. m - the time at which the maximuin rate (ie. the pomt] f

adoption is reached. ,

Because many shires had a residual number of § rmers still
release, adoption and then disadoption of early - ]
estimate a fourth parameter:
. A - the residual number of farmers grow:ng lux

diffusion process

Without this parameter the fitted curve was canstramed to ‘_ass
in poor fits for many shires.

Getting a good fit to the data depeuded l‘or many shires 0
to be analysed, For years prior to 1979 the p
\actually declmm& followmg ﬂm 1d0ptlon» a

results Selccnng ad 3 he
the data should be runthrough toth




