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ABSTRACT

This study examines the relationship between precison farming information sources and

precision farming adoption. The anadys's accounts for the fact that not dl farmers are awvare of
precision farming techniques and that those who are aware may not be arandom sample. Results
indicate that many information sources increase adoption relative to information only from the
media, but contact with crop consultants has had the grestest impact on the adoption of precison
farming technologies.
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Information and the Adoption of Precison Farming Technologies

INTRODUCTION

Precison farming (PF) technologies offer away to manage the sub-field variahility of soils,

pests, landscapes, and microclimates by spatidly adjusting input use to maximize profits and
potentialy reduce environmentd risks. Examples of PF technologies include varigble rate
applicators for seed, fertilizer and pesticides; yield monitors; guidance systems; and soil and

plant attribute sensors. These monitoring and input gpplication technologies often involve geo-
referencing which alows producers to micro-manage soil and plant processes within small areas
of asnglefidd. PF technologies have been commercidly avaladle snce the early 1990's.
However, not only has the pace of adoption in the U.S. been rdatively modest, but alarge
number of producers are gpparently not familiar with these technologies. A 1998 nationwide
survey of over 8,400 U.S. farms indicated that nearly 70 percent of farmers were not aware of PF
technologies, while less than 5 percent had adopted some aspect of PF (Daberkow and McBride,
2000).

A number of public policy issues have surfaced about the potentia impact of PF adoption on

farm income, farm Structure, and environmenta quaity (Pierce and Nowak, 1999; NRC, 1997).
Questions have been raised about 1) the leve of public funding of PF research, education, and
extension activities, and 2) gppropriate public-private rolesin asssting producersin gaining

access to PF technologies (Cowan, 2000). Inlight of these concerns, the generd objective of this
study isto examine the factors that influence PF adoption among U.S. farmers and specificdly to
examine the hypothesis that different sources of PF information have different impacts on the
probability of PF adoption. These results provide insight about the impact that various providers
of PF information or “agents of change’ are having on PF adoption, and suggest how public
policy could be used to influence PF adoption.

RELATED LITERATURE

The technology adoption literature, especidly from rura sociologists, often aludes to different
stages in the adoption process and the role that information plays in each sage. Bede and Bolen
(1955) were among the first to synthesize research that suggested awareness was the critica first
stage of the agricultura technology diffusion process®. They defined awareness asthe stage
where an individud learns of the existence of atechnology or practice but has little knowledge
about it. Mogt individuas were thought to become aware of new ideas through the mass
communications media. Carlson and Dillman (1986) note that “ - - - different sources of
information become important at different stages of adoption.” The usud assumption isthet the
mediais important in the early awareness stage; neighbors, crop consultants, and agricultura
professonds provide input during the testing and evauation stage; and persond experienceis
critica during the adoption, intensfication, and/or retention stage (Kromm and White, 1991).

® The awareness stage was hypothesized to be followed, over time, by the interest, evauation,
trid and, findly, the adoption stages.



Rallins (1993) found that most potentia adopters of new technology rely on severd information
sources and that preferred information sources change during the various stages of adoption.
Hence, he suggests that certain information sources can be more “ effective change agents’ than
others and that different information sources can influence the probability of adoption.

Similarly, research by Rogers (1995) and Korsching and Hoban (1990) indicated that different
sources of information are influentia during different stages of the adoption process with mass
media (i.e,, radio, newspapers, tdevison, and magazines) most important during the initia

gtages and information about the specific technology criticd in the latter sages. McBride, et al.
(1999) suggested that the mass media is a more passve form of information about PF relative to
more active or “how-t0” technical sources.

Longo (1990) categorizes the ddivery of information to potentid adopters under two different
labdls 1) mass mediaand 2) interpersona communication (i.e., crop consultants, extension
agents, demongrations, input suppliers, etc.). Shetested the traditional assumption that mass
mediaisimportant in cregting awareness of the existence of agriculturd innovations (but such
information sources seldom led to adoption) wheress interpersona communication typicaly
involves contacts in face-to-face situaions and is the basic means of transferring more technica
(and adogption promoting) information. While Longo notes that the effects of mass media and
interpersonal communication are likely inter-related, she cites several studies which did not find
any relaionship between mass media, interpersona communication and agriculturad technology
adoption. However, she found that in Brazil, mass media channds were more important in
explaining the adoption of cropping innovations than the interpersond channdl's of
communication.

Severd adoption sudiesimply that perceptions and attitudes about emerging technologies are
aso influenced by different sources of information. Empirica andyses by Adesnaand Zinnah
(1993) found that farmer’ s perceptions about characteristics of rice varieties affected the
adoption decison, while Lynne, et d. (1988) concluded that attitudes about conservation
influenced the adoption of soil conservation practices. McBride, et a. (1999) reported that
different information sources influenced producer atitudes about PF with crop consultants more
influentid rdlaive to media sources. Thomeas, et d. (1990) found that information from persona
contacts was mogt likely to influence attitudes about |PM adoption. Feather and Amacher (1994)
noted that producer perceptions play an important role in the adoption decision and that
providing information to producers can change their perceptions by reducing uncertainty about
the technology. Other research has suggested that awareness, and the formation of attitudes, is
aso influenced by agricultural producers socio-economic characteristics (e.g., Rogers, 1995).

The nature of the agriculturd technology or practice, dong with farm and operator
characterigtics, aso interacts with information sources to influence adoption. For example,
Sdftier, et d.(1994) found that access to information “-- - plays a stronger role in the adoption of
management-intensve practices than it does for low-input methods.” Furthermore, they found
that the adoption of management intengve technologies was closdy linked to large, less
diversfied farms. Feder and Sade (1984) noted that farm size influences both the access to

* For adiscussion of other key farm and operator characteristics that have been found to
influence agricultura technology adoption in previous studies see Daberkow et d., 2000.



information and the adoption decison. Rather than rely on passive forms of information, some
research has suggested that producers may actively seek information about innovations and that
the effort to gain information about atechnology is related to the expected gain from that
knowledge (Feder and Slade (1984); Feder, Just and Zilberman (1985).

In summary, information gppears to influence adoption via severa pathways and different
sources of information are expected to be more influential during each phase of the adoption
process. One pathway is through creating the avareness of the existence of an innovation;
another is by influencing attitudes and perceptions of an innovation; and athird pathway is by
providing technica (or how-to) information to the potential adopter.

DATA

Daafor the andyss comes from USDA’s 1998 Agricultura Resource Management Study
(ARMYS). Each farm sampled in the ARM S represents a known number of farmswith smilar
attributes so that weighting the data for each farm by the number of farms it represents provides
abagsfor cdculating estimates for the U.S. farm population. The definition of afarm, and thus
the target population of the ARMS, is any business that produced $1,000 worth of agricultural
production during the calendar year. Because the development of PF technologies has been
mainly for field crop production, this analysis assessed the impact of information on adoption for
the population of U.S. corn and soybean producers. Corn and soybean farms were defined as
those harvesting one or more acres of corn or soybeans during 1998.

The ARMS survey collected data to measure the financia condition and operating characteristics
of farm businesses. The PF component of the ARM S was structured to dlicit information from
producers about their awareness of PF techniques, sources of information about PF, and adoption
of various PF technologies. Producers were asked whether or not they were aware of PF
techniques’. Those reported as aware of PF technologies were asked about their primary source
of information about PF. These producers were also asked about their use of various PF
technologies for crop production in 1998. Farmers reporting the use of one or more PF
technology, including grid soil sampling, input gpplications a variable rates, yield monitoring,

yield mapping, and remote sensing (aerid or satdlite), were classfied as adopters.

Respondents to the ARMS survey included nearly 3,200 corn and soybean producers
representing a population of over a haf-million farms (table 1). About 40 percent of the farmers,
or roughly 230,000, indicated that they were not aware of PF technologies. Among these
farmers, 29 percent produced less than $10,000 worth of agricultura productsin 1998, while
more than 77 percent produced less than $40,000. Farmers aware of PF included about 68,000,
roughly 20 percent, who had adopted one or more of the technologies. About 15 percent of these
farmers produced $250,000 or more worth of agriculture productsin 1998, compared to only 5
percent of the farmers who were aware of PF but had not adopted a PF technol ogy.

®> The question was phased as follows: Precision farming techniques are rdatively new
innovations in production agriculture. Are you aware of various precison farming techniques?



MODELING PF AWARENESS AND ADOPTION

The approach used to modeling PF technology adoption in this study is conceptudly smilar to
that of Saha, et d. (1994) and Klotz, et d. (1995) who anadyzed the adoption of rBst among dairy
producers. The modd developed in this study utilizes atwo-stage logit approach where PF
awareness ismodeled in the first- stage and used to correct for self-sdection in a second-stage
modd of PF adoption. Of primary interest is how changesin the various information source
variables affect the adoption of PF technologies. The various information sources include the
extension service, crop consultants, input suppliers, special events/project demonstrations, other
growers/grower associations, and the news media.

Previous studies of technology adoption have assumed that the entire population under study is
aware of the technology being studied (e.g., Adesinaand Zinnah, 1993; Gould, et d., 1989; and
Norrisand Batie, 1987). Based on this awareness and other factors, producers make a choice
whether or not to adopt the technology. However, PF techniques are relatively recent and
complex innovations of which many farmers may not be aware, and those awvare are not likely to
be arandom sample of al farm operators. This presents the problem of sdf-sdection. If this sdlf-
selection problem isleft uncorrected, results from the adoption modd could be biased. Heckman
(1979) proposed a two-stage estimation method to test and to correct for salf-sdectivity in
regresson modds. Applying Heckman' s technique in this study involves the estimation of PF
awarenessin alogit andys's, and using the estimated parameters to esimate the inverse Mills
ratio (IMR). In applying the second stage of Heckman's technique, the IMR isused asa
regressor in the logit modd for PF adoption. The significance of the IMR can be interpreted asa
test for sHlectivity bias, and itsincluson dlows for the consstent estimation of the parametersin
the PF adoption moddl.

The dependent variable of the firgt-stage logit awareness modd was specified as binary, equd to
1if the producer was aware of PF techniques, and equd to O otherwise. Only the portion of the
population that was aware of PF wasincluded in the second-stage adoption modd. The
dependent variable of the logit adoption model was equal to 1 if the producer used one or more
PF technique in 1998, and O otherwise. Severd regressors were used in both the awareness and
adoption models, including operator and farm demographics. (See Maddda (1992) for a
discussion of the theory, estimation, and interpretation of the logit model.) PF information
sources and other management attributes were added to the adoption modd. Table 2 includes
mean vaues of the variablesincluded in the logit modds.

| ndependent variablesincluded farm and operator variables. Size was measured asthe totd
harvested crop acres, and was specified with a quadratic term. Specidization in corn and
soybean production was specified as the percent of harvested crop acreage in corn and soybeans.
The importance of livestock to the farm operation was indicated by the percent of farm product
vaue from livestock products. Operator age was measured in years. Operator education was the
number of years of forma education including high-school, college, and any post-graduate work.

® Therole of farm size in the adoption of precison farming technologiesis explored in detail by
Fernandez- Corngjo, Daberkow, and McBride.



The mgjor occupation of the operator was specified with binary variables for retired and off-farm
employment that were based on a self-assessment by the survey respondent. Farming occupation
was the omitted group, thus estimates for the other occupations indicate differences from the
primary occupation of farming. Use of ardated or complementary technology was indicated by
the use of computer records for farm income and expense accounting, measured as abinary
varigble. A regiond identifier was included to account for spatia variation in the diffuson of PF
and availability of PF vendors. The Heartland (fig. 1) was used to identify the mgor corn and
soybean region, and thus the region where PF vendors would be most likely to concentrate.

The mgor source of information about PF was specified as a series of binary variablesin the
adoption modd that represented “how-to” information sources. These variables indicated the
mgor information source as the extenson service, crop consultants, input suppliers, specid
events/demondtration projects, or other growers/grower associations. The news mediawas
assumed to be a passive source of PF information relative to the other more active information
sources. Media sources were omitted during estimation to determine if adoption differed for the
various how-to information sources, compared to Smple awareness information most often
obtained viathe media. In fact, among farmers who were aware of PF but had not adopted any
PF technologies, 53 percent indicated that media was their mgor source of PF information (table
2). However, among PF adopters, only 24 percent listed media as a PF information source.

Measures of risk management and credit availability were aso included in the adoption modd.

A risk management score was devel oped from a series of 10 self-assessment questions about risk
management practices (Bard and Berry, 1998) to determine if producers who more actively
managed risk would be more likely to adopt PF techniques. A variable indicating maximum
borrowing capacity (Ryan, 1999) was included to examine whether the capita investment
required for PF technologies posed a Sgnificant barrier to adoption. Also included was a
measure of land tenure as the percent of operated acreage that was owned.

Parameters of the logit modd s were estimated using the ARM S survey weightsin aweighted
least squares version of the maximum likelihood method. Due to the complex design of the
ARMS sample, sandard errors were estimated using a jackknife replication gpproach (Dubman,
2000).

RESULTS

The multivariate logit regresson modd is useful for Smultaneoudy assessing the impacts of
gpecific variables on the probability of afarm operator belonging to a given group, while
accounting for the impact of other variables. Human capitd atributes of the farm operator, size
and specidization of the operation, operator occupation, and use of a complementary technology
were found to have a sgnificant effect on the probability of being aware of PF technologies
(table 3). PF awareness did not vary sgnificantly by operator age, but greater education and the
use of acomputer record-keeping system for farm financia management increased the likelihood
of PF awareness. Retired farm operators and operators whose major occupation was off-farm
employment were sgnificantly lesslikely to be aware of PF technologies. Operators dependent
on farming as the primary income source and those with a greater investment in human capita



tend to seek out information on new farming techniques and are thus more likely to be exposed

to PF technologies. Increasing farm sSize dso led to a greater likelihood of PF awareness, with the
probability increasing at a decreasing rate’. Specidization in corn and soybean production aso
increased the likelihood that the farm operator was aware of PF technologies. More crop acreage
and greater specidization in corn and soybeans are likely to enhance the information exposure to
PF technol ogies because most PF technol ogies have agpplications to corn and soybean

production.

The second stage of the anadlysi's examined the PF adoption decision, given that afarm operator
was identified as being aware of PF. Farm size, specidization of the operation, and computer
familiarity were found to positively affect the probakility of adoption (table 3). Increesing farm
size increased the probability of PF adoption at a decressing rate®. These resuilts are consistent
with previous PF adoption research where farm size and computer records use increased the
likelihood of adoption (Daberkow and McBride, 1998). Increasing operator age was found to
decrease the likelihood of PF adoption, while greater education made adoption more likely.

Y ounger and more educated farm operators have alonger planning horizon and more of the
skills required to experiment with PF technologies. Location in the Heartland, the leading corn
and soybean production region, aso increased the probability of PF adoption. This could be due
to the presence of more PF vendorsin the area. Also, the likelihood of PF adoption incressed
with the proportion of acreage owned. PF information is Ste specific and long-term in nature,
and thusis likely to be more vauable to the land-owner than to the tenet-farmer. Previous
research had identified risk attitudes and capitd availability as factorsinfluencing technology
adoption, but these factors were not Satigticaly sgnificant in this andysis. However, the
sdection variable was significant in the andyssindicating thet failure to account for the
differences between the aware and unaware respondents would have biased the results.

PF information sources were included in the andysis to assess the relative importance of various
sources to the PF adoption decison. The variadle identifying the news media as the primary PF
information source was the deleted group in the estimation so that the coefficients on the other
information sources indicate differences from the news media. For example, the Sgnificant and
positive coefficient on the extension service variable indicates that operators thet had the
extenson sarvice asther primary PF information source were more likely to adopt PF

technol ogies than were those with the mediaas their primary source of informetion (table 3).
Obtaining the mgor source of PF information from the extension service, crop consultants, input
suppliers, or growers or grower associations al increased the likelihood that, relative to
information from the media, a producer would adopt one or more PF technology. Only when the
magor source of information was from specia events or product demonstrations was the
probability of adoption not Satisticaly different from the media source.

The relative impact of the various information sources on the probability of adoption is shownin
table 4. The changein probability of PF adoption from each information source indicates the

"Thelikdlihood of PF awareness increased with farm size up to a size of more than 8,500
harvested crop acres.
8 The likelihood of PF adoption increased with farm size up to a size of more than 11,000
harvested crop acres.



impact each had rdative to information from the media. For example, the probability of
adoption goes up by 0.106, or about 11 percent, when the extenson service provides the mgor
source of PF information relative to the media. Information from crop consultants had the
largest impact on PF adoption, increasing the adoption probability by nearly one-third.
Information from input suppliers increased the PF adoption probability by nearly 20 percert
while the extension service and other growers or grower associations each had about a10-12

percent impact.

CONCLUSIONS/IMPLICATIONS

PF technologies are relatively new technologies that typicaly require a Sgnificant investment in
human capitd and currently have an uncertain payoff. Hence, farm operator attributes, including
operator age, educetion, and familiarity with computer uses, are particularly important in
explaining PF adoption. This study did not find financid capita to be limiting PF adoption. A
growing service sector for PF technol ogies means that custom operators can be used to apply PF
methods, limiting the capital requirement. However, the significant human capita investment
likely makes PF more attractive to larger and specidized operations where this investment can be
Spread over more units of production.

The information sources utilized by farm operators about PF have had a significant influence on
adoption. Results of this study suggest that the adoption of PF has been driven primarily by
private sector agents. Commercia crop consultants appear to be the agents that are having the
greatest influence on adoption. Crop consultants are specidists who most likely have the
greatest technical expertise about PF, and are thus more able to ease the human capita burden
confronted by farm operators. Input suppliers have aso impacted adoption at a greater rate than
other agents. Input suppliers have an incentive to provide support services for the inputs they
supply (eg. fertilizer, pesticides). PF services may be seen as amethod for devel oping a closer
and longer-term relationship with customers. The extenson service and grower associations dedl
with awide variety of issues that affect crop producers. Thislack of specidization in issues
addressed by PF means that they may not provide the level of technica support as the other
agents, and thus have had less of an impact on adoption.

The survey results dso give credence to severd earlier studies that found the mediato be
important during the awareness stage of the technology adoption process but that more active or
“how-to” information sources are critica to the later stages. Producers who were aware of PF
but not yet adopters were more likely to identify the media as their source of information
whereas the PF adopters were heavily dependent on the more active or technica information
Sources.

An implication from the role that information sources have had in the adoption of PF
technologiesisthat persondized technicd support, like that provided by crop consultants,
appears to have the greatest impact on adoption. If public policy pursues agod of expanding PF
adoption, programs providing persondized technica assistance would likely be the most
effective drategy. However, this type of technical support would be much more expensive than
generic information programs. A smilar, but less direct avenue to enhanced PF adoption gppears



to be by training producersin the use of complementary technologies, such as computers, in
order to enhance their stock of human capitd.

The results of this study dso imply that analytica studies of agricultura technology adoption
need to carefully assess any assumption about the extent of technology awareness by potentia
adopters. Significant and systematic differences were found between farm operators who were
aware of PF technologies and those who were unaware. Left uncorrected, these differences
would have introduced biasinto the analysis of PF adoption.
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Table 1. Distribution of the ARM S sample of corn and soybean farms?, population
estimates, and the distribution of farm by production value, 1998

All faams
Item Not aware of PF Aware of PF Totd

SampleN 1,025 2,168 3,193
Number of farms 229,370 325,674 555,044
Percent of farms 41 59 100
Percent by production value

Less than $10,000 29 13 20

$10,000-$39,999 48 35 41

$40,000-$99,999 15 29 23

$100,000-$249,999 5 16 11

$250,000 or more 3 7 5

Farms aware of PF
Item Not adopting PF Adopting PF° Total

Sample N 1,607 561 2,168
Number of farms 258,008 67,666 325,674
Percent of farms 79 21 100
Percent by production vaue

Less than $10,000 13 13 13

$10,000-$39,999 38 25 35

$40,000-$99,999 29 26 29

$100,000-$249,999 14 22 16

$250,000 or more 5 15 7

Corn and soybean farms were defined as operations producing at least $1,000 worth of

agricultura products and harvesting one or more acres of corn or soybeansin 1998.

%A doption was defined as the reported use of any one of the following precision farming
technologies: grid soil sampling, input gpplications a varidble rates, yield monitoring, yied

mapping, or remote sensing.
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Table 2. Means of variables used in the precision farming awar eness and adoption models

for corn and soybean farms?, 1998

All fams Farms aware of PF
Not aware Aware Not Adopting
ltem of PF of PF adopting PF?
PF
Harvested crop acres (acres) 251 544 483 778
Specidization (percent acres in corn/soy) 59 67 63 78
Livestock (percent of farm product vaue) 48 32 36 25
Operator age (years) 52 49 49 438
Operator education (years of school) 12 13 13 14
Farming occupation (percent of farms) 54 68 68 70
Retired (percent of farms) 7 2 3 1
Off-farm occupation (percent of farms) 39 29 30 29
Heartland region (percent of farms) 47 59 55 74
Computer records used (percent of farms) 6 19 16 35
Risk management (score) 31 32 32 33
Credit availability (1,000 dallars) 166 261 249 308
Acreage owned (percent of acreage) 54 36 37 32
PA information from: (percent of farms)
Extenson sarvice 0 12 11 17
Crop consultant 0 5 3 10
Input supplier 0 25 22 38
Demondration 0 3 3 3
Grower association 0 7 7 7
Media 0 47 53 24

*Corn and soybean farms were defined as operations producing at least $1,000 worth of
agricultura products and harvesting one or more acres of corn or soybeansin 1998.
2Adoption was defined as the reported use of any one of the following precision farming
technologies: grid soil sampling, input gpplicaions a varidble rates, yield monitoring, yield

mapping, and remote sensing.
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Table 3. Regression resultsfor precision agriculture awar eness and adoption modelsfor
corn and soybean farms, 1998

Awareness Adoption
Vaidble Description Parameter | Std. Error | Parameter | Std. Error

I ntercept - -2.44221* 1.29858 | -4.89247** | 1.28468
Crop acres Acres harvested (X100) 0.12701** | 0.02378 | 0.12664** | 0.04508
Crop acres squared - -0.00149** | 0.00051 | -0.00115** | 0.00048
Specidizaion Percent of acres corn/soy 0.01240** | 0.00380 | 0.01623** | 0.00508
Livestock vaue Percent of product value 0.00092 0.00276 | -0.00425 0.00242
Age Years -0.01173 0.00761 | -0.01949** | 0.00847
Education Y ears of school 0.16164** | 0.06408 | 0.10822** | 0.03385
Occupatiort: Retired -0.67134* 0.36710 | -0.26970 0.17326

Off farm employment -0.39978* 0.21319 | -0.21506 0.12688
Region Located in Heartland 0.23622 0.20103 | 0.73956** | 0.32042
Like technology Computer record use 0.91109* 0.43678 | 1.31487** | 0.44202
Risk management Risk assessment score na na 0.00149 0.00104
Credit availability Repay ability (X$1,000) na na -0.00003 0.00002
Land tenure Percent of acres owned na na 0.66059* | 0.36510
Informatiorr: Extenson sarvice na na 0.71964* | 0.39957

Crop consultant na na 1.87695** | 0.25506

Input supplier na na 1.31854** | 0.25149

Demondtration na na 0.50556 0.28931

Grower association na na 0.82448** | 0.32927
Sdection variable Inverse Millsratio (IMR) na na -0.51849* | 0.28766
Overdl modd: Samplesw/ dtribute 2,168 561

Samples w/o attribute 1,025 1,607

Totd samples 3,193 2,168

Likdihood retio 101,027 61,113

McFadden R° 0.13 0.18

Percent predicted (=1) 80 31

Percent correct prediction 71 83

*Indludes only those farms aware of precision farming technologies.

*Coefficients interpreted relative to the deleted group, farming occupation.
3Coefficients interpreted relative to the deleted group, media
Single and double asterisks (*) denote significance at the 10% and 5% leves, respectively.
Using the jackknife variance estimator with 15 replicates means that the critica t-vaues are
2.145 at the 5% leve, and 1.761 and the 10% level. na=not applicable
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Table 4. Changein the probability of adopting precision farming (PF) technologies
associated with variousinformation sour ces, 1998

Adoption Adoption Changein
probability probability probability
Information source without with from
information information information
source source source'
Extension sarvice 0.195 0.301 0.106
Crop consultant 0.194 0.513 0.319
Input supplier 0.160 0.354 0.194
Product demonstration 0.206 0.279 0.073¢
Grower or grower association 0.201 0.324 0.123

'Change in the PF adoption probability compared to the media being the major source of PF
information.
Underlying coefficient not significantly different from zero.
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