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Abstract — The precision agriculture (PA) aims to increase production and protect the environment,
preserving soil and water resources, due to the rational use of agricultural inputs. One of tools of
PA is the application of fertilizer at variable rate (VRT). The study aims to analyze the perceptions of
farmers on the use VRT, identifying the determining factors for the adoption, its difficulties and the
expected and perceived benefits on the use of VRT in subtropical environments. The study was done
with farmers that use PA techniques in the soybean crop in the State of Rio Grande do Sul - Brazil.
Although this study sampled farmers with a higher education than the average of producers in the
region, issues related to knowledge and cost are factors that hinder the adoption of VRT. On the other
hand, the benefits perceived by farmers were lower than expected. In sub-tropical environments the
perception of the reduction of fertilizer is related to the number of crops on which farmers use VRT.
All adopters of VRT had reduced the amount of fertilizer used in the soybean crop, with the greatest
reductions been noticeable from the third crop of continue use of VRT.
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Adocao da agricultura de precisao em ambientes subtropicais

Resumo — A agricultura de precisao (AP) visa aumentar a produgao e proteger o meio ambiente, pre-
servando os recursos hidricos e do solo pelo uso racional de insumos agricolas. Uma das ferramen-
tas da AP é a aplicacao de fertilizante em taxa variavel (ATV). O objetivo deste estudo é analisar as
percepcdes dos agricultores sobre o uso da ATV, para identificar os fatores determinantes da adogao,
suas dificuldades e os beneficios esperados e percebidos. O estudo foi feito com agricultores que
adotam a ATV na cultura da soja no Rio Grande do Sul, Brasil. Embora o estudo tenha amostrado
agricultores de nivel superior, questdes relacionadas ao conhecimento e ao custo sao fatores que
dificultam a adog¢ao da ATV. Além disso, os beneficios percebidos pelos agricultores foram inferiores
ao esperado. Em ambientes subtropicais, a percepcao da reducao de fertilizantes esta relacionada
ao nimero de safras nas quais os agricultores adotam a tecnologia. Todos os que adotaram a ATV
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reduziram a quantidade de fertilizante usada na safra de soja, com as maiores reducdes observadas

na terceira safra de uso continuo da tecnologia.

Palavras-chave: agronegécio, tecnologia, glycine max, Brasil.

Introduction

Soybean is one of the greatest economic
importance crops of Brazilian agribusiness,
accounting for about 50% of the area planted in
grain (Brasil, 2015). This has been attributed to the
development and structuring of the international
market, the consolidation of soybean as a
source of vegetable protein, and the generation
of new technologies that made the expansion
of exploration in various regions of the world
possible (Hirakuri & Lazzarotto, 2014).

In Brazil, soybean was introduced in
1914 in the southern State of Rio Grande do
Sul (RS), but it was from the 1960s that soybean
acquired economic importance in the country,
initially in the southern region, were the cultivars
introduced showed better adaptation (Priolli et
al., 2004). The area devoted to soybeans in the
state currently represents 16% of the total area
devoted to soybean in Brazil (Conab, 2014). In
these environments, soybeans are sown in spring
is preceded by another culture, in winter, such
as wheat, barley or oats. The properties are
medium to small in size, and soybean is seeded
on the same day of the harvest of winter crops;
also, all producers use no-till (directly without
plowing the soil). The subtropical environments
are characterized by the wide variation in the
types of soil, soil fertility, and rainfall, with
large variations season to season and year to
year, higher night temperatures and always high
humidity, which is ideal for the growth of fungi,
bacteria, insects and weeds (Paterniani, 1990;
Gallup & Sachs, 2000).

The management of soil fertility variability
and crop conditions to improve agricultural
production and minimize the environmental
impact are crucial points of the innovative
technologies as precision agriculture (PA). The PA
has the ability to increase production and protect
the environment, preserving soil and water
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resources, due to the rational use of agricultural
inputs. From this premise, Berry et al. (2003)
developed the idea of “precision conservation”,
which was defined as the use of technology and
precision procedures by spatial and temporal
variability, to achieve conservation goals. Among
the PA tools, in tropical environments, emphases
have been given to the application of VRT. Some
studies have shown that VRT is being adopted
in a greater proportion than other precision
agriculture tools (Khannaet al., 1999; Batte &
Arnholt, 2003). This is a technology that makes
it possible to vary the dose of the applied input
according to the specific needs of each point
within the plot (Tschiedel & Ferreira, 2002).
Therefore, taking into account the variability of
soil and topography of farms in the state, this
favors optimization in the application of fertilizers
and the reduction of costs and environmental
impacts of agriculture.

The technology has been adopted
intensely in European countries, especially in
Germany (Reichardt & Jiirgens, 2009; Reichardt
et al., 2009), Denmark (Pedersen et al., 2003,
2004), and in North America, in the United States
(Torbett et al., 2008) and Canada (Aubert et al.,
2012). In addition, farmers who plant large areas
tend to be more prone to risk than small farmers,
as they are the first to adopt new technologies
(Walton et al., 2010).

Younger farmers have longer planning and
therefore have greater incentives to invest in new
equipment and technologies compared to older
farmers (Isgin et al., 2008; Roberts et al., 2004).
Besides, they have a greater understanding of
more complex technologies, such as precision
agriculture, thereby increasing the probability of
adoption (Batte et al., 1990; Roberts et al., 2004).

The adoption of AP technology can be
analyzed in two points: before and after the
adoption. Analysis after the adoption allows the
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motives or reasons that encouraged the adoption
to be demonstrated; these are possibly the
potential factors for the adoption of technology
by farmers. Already, the analysis before adoption
provides a preliminary analysis of acceptance
and introduction of innovative technology.

One of the conditions that determines the
time of adoption of a technology is the realization
of gains (mainly economic) by farmers (Aubert et
al., 2012). Identifying, evaluating and analyzing
the determining factors for the adoption of
technology, from the perceptions of producers,
enables actions to encourage its spread to be
created and implemented.

Given the importance of technological
innovation in food production and its impact
on agriculture and natural resources, the article
aims to analyze the perceptions of farmers on
the use VRT, identifying the determining factors
for the adoption, its difficulties and the expected
and perceived benefits on the use of VRT in
subtropical environments.

Methodological approach
of the study

Description of the study

In this study, the term AP refers to the
different techniques of precision agriculture and
VRT, exclusively the use of fertilizer application
at a variable rate. A survey was conducted with
farmers in the State of Rio Grande do Sul - RS.
The study involved primary data through a
questionnaire. The questionnaire was designed
with open and closed questions related to the
perceptions of farmers related to the adoption
of VRT on the following topics: (a) difficulties in
adopting; (b) barriers to expansion; (c) prevention
barriers; (d) expected benefits; and (e) perceived
benefits.

The pre-test questionnaire was applied to
five farmers, in June 2014, who were not part of
the final sample analyzed. The collection period
of the definitive questionnaire was from June to
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September 2014. In this period, the preliminary
contacts were made and the questionnaire was
sent by e-mail to the largest possible number
of farmers, with a total of 388 questionnaires
sent. The rate of return obtained, measured by
the number of returned questionnaires, was
20.9%, i.e. 81 questionnaires were considered
valid (those who used VRT in soybean). The
questionnaires were made available through a
link, using the Google Docs software service. All
respondents were aware of the study and agreed
to participate.

Description and characterization
of the sample

Farmers are located in 30 counties in the
northernregion of Rio Grande do Sul-RS (Figure 1),
which are between longitude 54°39'32,262"W
to 51°33'5,297"W and latitude 27°19°13.412"S
to 28°52'18,302”S. The high representation
of producers from these regions is due to the
high availability of machinery and agricultural
implement industries and the fact that it is the
main grain producing region, mainly soybean
(IBGE, 2015b). The sample is typical of local
producers, small and medium soybean growing
areas, which adopt VRT. The average area
planted with soybeans in the last crop study was
192.81 hectares and VRT was used in 164.53
hectares (Table 1). Respondents were owners or
those responsible for managing the property.

Regarding the area intended for soybeans
and soybean VRT use, the lowest acreage
used by adopters was 50 ha in 2009/2010 and
the highest was 1100 ha in 2013/2014. In the
2013/2014 season, all of the surveyed properties
used VRT (Table 1), agreeing with Bernardi et al.
(2011), who claimed that the adoption of VRT
occurred in various sectors of agribusiness, but
at a slower pace than planned.

Processing and analysis of data

Data regarding perceptions on the use
of fertilizers were subjected to analysis of
variance, followed by average Scheffe test at 5%
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Figure 1. Location of the municipalities where soybean farmers using VRF were shown.

Note: 1 = /\gua Santa; 2 = Ajuricaba; 3 = Aurea; 4 = Boa Vista do Burica; 5 = Carazinho; 6 = Condor; 7 = Coxilha; 8 = Cruz Alta; 9 = Erechim; 10 = Estagao;
11 = Fortaleza dos Vales; 12 = Getlio Vargas; 13 = Girua; 14 = ljui; 15 = Ipiranga do Sul; 16 = Itatiba do Sul; 17 = Lagoa Vermelha; 18 = Nao-Me-Toque;
19 = Palmeira das Missdes; 20 = Panambi; 21 = Passo Fundo; 22 = Pejugara; 23 = Porto Maug; 24 = Quatro Irmao; 25 = Santa Bérbara do Sul; 26 = Santo

Augusto; 27 = Sarandi; 28 = Sertao; 29 = Tapejara; 30 =Vila Langaro.

probability. Analysis of variance was performed
using the number of crops on which farmers use
VRT as the factor and the perceived percentage
reduction of fertilizer applied in soybean as a
variable. Position measurements and dispersion
and correlation were adopted for analysis of the
expected benefits and perceived in the adoption
of VRT and the difficulties in adopting VRT and
the barriers to expansion and/or prevention
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technology. For data analysis, we used SPSS
(Statistical Package for Social Sciences) and
Assistat (Statistical Assistance).

Results and discussion

The age of farmers using VRT ranged from
22 to 63 years, with a mean age of 40.2 years
(standard deviation 9.95) (Table 2). This age is
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Table 1. Number of producers, minimum, maximum, average and standard deviation of soy acreage and

soybean VRF in the 2009 to 2014 vintages.

Area for soybeans without the adoption of VRF

Year n? Minimum® Maximum® Mean® Standard deviation
2009/2010 81 50,00 800,00 164,99 105,069
2010/2011 81 63,00 900,00 175,09 112,943
2011/2012 81 68,00 890,00 179,62 112,099
2012/2013 81 68,00 850,00 185,63 109,662
2013/2014 81 70,00 1100,00 192,81 130,219

Area for soybeans with the adoption of VRF
Year n? Minimum® Maximum® Mean® Standard deviation
2009/2010 81 0 382,00 30,99 69,152
2010/2011 81 0 420,00 67,05 87,609
2011/2012 81 0 500,00 106,95 97,068
2012/2013 81 0 454,00 139,84 90,049
2013/2014 81 45,00 600,00 164,53 93,229
a Number of respondents. ? Values hectare.
Table 2. Education (degree) and age of adopters of VRF on soybean in RS state.
Frequency % % accumulative

Complete Primary Education Degree 3 3.7 3.7
Incomplete high school 5 6.2 9.9

High school 36 44 4 54.3
Incomplete higher 16 19.8 74.1
Graduated 20 247 98.8
Master and / or Ph.D. 1 1.2 100.0

Total 81 100.0

n Minimum Maximum Mean Standard deviation
Age 81 22 63 40.20 9.96
similar to Danish and American adopters, with AP differs from other technologies

average ages of 43 and 46 years, respectively
(Fountas et al., 2005). In 90.1% of cases, the
VRT adopters have an education above the state
average, with most having finished high school.
According to the IBGE (2015a), the level of
education for the RS population aged 25 years or
more is 7.5 years of education, while the national
average is 7.1; this is equivalent to “completing
elementary school.”
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introduced in agricultural production because
it consists of a complex set of tools, each with a
specific purpose (Khanna et al.,, 1999; Khanna,
2001) and require more educated farmers. In this
sense, the farmers of this study have more years of
formal education than most farmers, which would
be likely to adopt an innovation more quickly,
unlike those with a lower education level, which
corroborates the the findings of Rogers (2003),
Roberts et al. (2004) and Isgin et al. (2008).
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Difficulties in adopting and the
barriers for expansion of VRT

The adoption of technological innovations
in agriculture is of fundamental importance for
the economic and environmental sustainability of
agricultural production, especially in subtropical
environments.

For the RS soybean producers, the main
difficulties for the adoption of VRT and with
equal importance are: a) lack of information on
VRT technology; b) lack of qualified personnel; )
VRT technology costs and d) high cost of service
providers. These can be divided into two main
items: related to knowledge (a and b) and related
to costs (c and d). The least important factors are:
a) lack of service providers; b) lack of funding;
c) operational difficulty and d) VRT not always
generating profit. (Table 3). The complexity
of VRT technology could point to operational
difficulties being a problem for adoption of the
technology, which did not materialize, probably
due to the presence of service providers and also
the education of farmers sampled in this study
(Table 3).

Farmers ranked the possible barriers to
adoption of VRT in their properties. As can
be seen in Table 4, the main barriers to the
adoption of the VRT were: (i) difficulties in
training employees for programs and equipment
handling; (k) acquisition costs of equipment and
software being high; (m) difficulties in hiring
skilled labor; (j) amounts charged by technology
companies being excessive. Again they can be
grouped into two main factors: a) labor and b)
technology costs. On the other hand, farmers
realize (1) the benefits of adopting VRT and (j) do
not consider the costs to outweigh the benefits
generated. Despite producing crops in highly
variable environments, producers think that
the topography is not a barrier to expansion of
the area with VRT (c) or the climatic variations
that are characteristic of tropical environments
interfere with the collection of reliable data (b)
(Table 4).

Even if the cost of the technology is a
barrier which inhibits its diffusion, the benefits
generated by the VRT are considered higher than
the cost. This fact was also reported for German
farmers, stating that the adoption of technology
could impact on financial benefits (Reichardt &

Table 3. Potential problems, number of respondents, mode, mean and standard deviation of the adoption

of VRF by RS soybean producers.

Difficulties for the adoption of VRF RN n® Me Me* SDe
1 2 3 4 5

a) Cost of VRF technology 0 0 16 41 24 81 4 4.10 0.70
b) Lack of funding 10 51 13 7 0 81 2 2.21 0.77
c) Lack of qualified personnel 3 42 36 81 4 4.41 0.56
d) Lack of information on VRF technology 0 0 39 42 81 5 452 0.50
e) Lack of service providers 24 48 9 0 0 81 2 1.81 0.61
f) High Cost of service providers 0 5 9 45 22 81 4 4.04 0.79
g) Operational difficulty 0 68 0 13 0 81 2 2.32 0.73
h) Not always the system generates profit 6 57 3 15 0 81 2 2.33 0.86
a2 Respondent number by scale, Scale of 1 to 5, where 1 = strongly disagree and 5 = strongly agree

>Total number of respondents

°Mode

9Mean
¢ Standard Deviation
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Table 4. Mean and standard deviation as possible barriers to the spread of the VRF by the RS soybean

producers.

Barriers to the spread of VRF

a) VRF costs are greater than the benefits generated by
technology.

b) Data collection on interference (climate, operational
etc.) that hinder its implementation

c) Topography of soil prevents use

d) The AP service providers require a minimum of ha to
meet the producer.

e) Precision equipment change rapidly and increase costs

f) It is difficult to assess the gain in production with the use
of AP

g) Delay between the collection of soil samples to the
generation of maps

h) Soil quality in the area limits the profitability of AP

i) Difficulties in training employee for programs handling
and equipment

j) Amounts charged for the technology are not excessive
k) Acquisition costs of equipment and software are high
1) I can observe the benefits of VRF in my business

m) Difficulty of hiring skilled labor

RN?

n® Me Me¢ SDe
1 2 3 4 5
47 32 2 0 0 81 1 144 0.548
42 35 3 1 0 81 1 1.54 0.633
41 32 6 2 0 81 1 1.61 0.734
27 49 5 0 0 81 2 1.72 0.570
25 50 6 0 0 81 2 1.76 0.576
22 47 5 7 0 81 2 1.96 0.828
20 48 2 4 7 81 2 213 1.602
18 46 4 13 0 81 2 2.14 0.950
0 1 4 44 32 81 4 432 0.629
0 8 5 41 27 81 4 4.07 1.140
0 0 10 48 23 81 4 416 0.622
0 9 0 40 32 81 4 417 0.905
2 2 12 38 27 81 4 4.06 0.899

aRespondent number by scale, Scale of 1 to 5, where 1 = strongly disagree and 5 = very agree.

bTotal number of respondents.
°Mode.
4Mean.

¢ Standard Deviation.

Jurgens, 2009). Another important factor which
hinders the diffusion of technology is skilled
labor. This factor tends to be related to the
technical knowledge of VRT, which corroborates
the reports of Pedersen et al. (2004) and Fountas
et al. (2005). Thus, it is important that the benefits
generated by technology are measured and used
as an information base for other producer’s
non-adopters.

Expected and perceived benefits
in the adoption of VRT

When comparing the expected benefits
and perceived by farmers after the adoption
of VRT, the greatest expectation was with: (d)
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increased yield of soybean (100% of producers)
followed by (b) rapid decision-making (82.7%),
(f) rational use of fertilizers (79.0%) and (a) reduc-
tion of production cost (69.1%). The smaller ex-
pectations were: (g) to improve the quality of soil
(16.0%) and (h) prioritization of investments in
areas where the yield potential is higher (16.0%).
On the other hand, the perceived benefits were:
(d) the increased yield of the crop (86.6% of the
producers), (f) rational use of fertilizers (70.4%)
and (b) rapid decision-making (62.3%). Therefore,
the farmers realized lower benefits than expec-
ted. The lower perceived benefits were: (e) the
improvement of the environment (17.3%) and (h)
prioritization of investments in areas where the
yield potential is higher (24.7%) (Table 5).
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Table 5. Perception of the expected and perceived
benefits of VRF (%) of soybean producers in RS —
Brazil, 2014 (n = 81).

Expected Perceived
Benefits

No Yes No Yes
a) Reduction in production 309 691 59.3 407
costs
b) Rapid decision-making 17.3 82.7 37.7 623

c¢) Control of the property by
the use of information

d) Increased yield of the crop - 100 13.6 86.4

e) Environmental
improvement

71.6 284 61.7 38.3

58.0 42.0 82.7 17.3

f) Rational use of fertilizers 21.0 79.0 29.6 704
g) Improvement of soil quality 84.0 16.0 60.5 39.5

h) Prioritization of
investments in areas where 84.0 16.0 753 24.7
the yield potential is higher

The results of the empirical study show
that the difference between the expected and
observed may be related to the number of
crops (years) that the farmer uses the technology
(Table 6). There is a positive correlation between
all of the variables that express the expected use
of the VRT and the number of crops that farmers
adopt the technology. Thus, farmers tend to
visualize the benefits of VRT, but to do this, they
need to continue to adopt the technology.

The variation of soil type and rainfall
patterns in subtropical environments directly
and indirectly influence agricultural production
(Zhang et al., 2002). Allied to this, the lack of
technical knowledge regarding VRT tends to
hinder the realization of the benefits in the
early adoption of crops. Reports and studies in
Denmark and the USA (Sgrensen et al., 2002;
Fountas et al., 2005) found that farmers had
difficulties using the data collected for decision
making in the application of the variable rate
fertilizer, which could not generate benefits
perceived by farmers. This may be occurring
in RS, due to a lack of technical knowledge on
VRT (Table 3) and the lack of skilled labor (Table
4), which would impact on the efficient use of
technology and, consequently, its results. Thus,
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Table 6. Correlation of variables that express the
expectation of the use of VRF with the number
of crops (years) that adopters use technology in
soybean RS — Brazil, in 2014.

Variables that express the expectation CCP?
of use of VRF harvests
Reducing the cost of production 0.573*
Rapid decision-making 0.541*
Control of the property by the use of .
. : 0.616
information

Increased productivity of the crop 0.571*
Environmental improvement 0.582*
Rational use of fertilizers 0.655*
Soil quality improvement 0.638*
Prioritization of investments in areas 0.536*

where the yield potential is higher

aPearson’s correlation coefficient, significant at p < 0.01.

while farmers are continuing the use of VRT,
they acquire knowledge about the technology
and how to use it efficiently in their properties,
increasing the benefits generated by technology.

Perceptions of farmers:
optimizing the use of fertilizers
with the adoption of VRT

The rational use of fertilizers is one of
the major benefits provided by the adoption of
VRT; thus, an important question is: What are
the results perceived by farmers regarding the
impact on the use of fertilizers from the adoption
of the VRT?

In this sense, Table 7 shows the number
of farmers who obtained a reduction in the use
of fertilizers in the number of crops by adopting
VRT. All farmers who adopt the VRT to four or
more crops, realized a reduction in the use of
fertilizer on soybean at a rate of 11 to 20%. This
result differs from the study by Dellamea (2008),
which found an average reduction of fertilizers
by 33.1%. This difference may be related to the
experimental data used by Dellamea (2008) and
the number of crops where farmers adopt the
technology and the previous history of the area.
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Table 7. Number of producers who have reduced
the use of fertilizer as the number of crops with VRF
increases. RS — Brazil, in 2014.

Number of producers by%

Number reduction in fertilizer use .
ofCrops  Less 114500y donot

than 10% know
1 0 0 6 6
2 5 8 14
3 8 1 1 20
4 0 23 0 23
5 0 10 0 10
6 0 5 0 5
7 0 3 0 3
Total 13 53 15 81

Pearson correlation
Variable coefficient
Number of Crops
Fertilizers 0,745*

*Significant at p < 0.01.

The perception of the reduction of fertilizer
is related to the number of crops on which
farmers use VRT. With the increased number
of crop-adopting technology, farmers tend to
perceive a reduction in fertilizer use. This fact is
explained by the better distribution of fertilizers
in the management in the application of inputs
(Reyes et al., 2015). With succeeding crops, there
is a more efficient use of fertilizer.

The analysis of variance for the reduced
amount of fertilizer, and as a factor the number of
crops on which farmers use VRT, was significant,
demonstrating that there is a difference between
farmers, depending on the number of harvests
using VRT. The farmers were classified in two
homogeneous groups. The first group is formed
of farmers who adopted VRT in one or two
crops. The second group is formed by farmers
who adopted the VRT for three or more crops.
Thus, from the third crop adoption, the reduced
amount of fertilizer remains constant, with minor
variations which do not differ significantly, in all
producers who adopt the technology for more
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than three harvests realize the same percentage
of fertilizer reduction (10 to 15%) when compared
with traditional systems (Table 8).

Table 8. Mean values of the reduced use of
fertilizers (%), number of VRF crops and number of
producers of each crop.

Number Number of _ Group of farmers?
of crops producers 1 2
1 6 o° -
2 14 2.86 -
3 20 - 10.25
4 23 - 15.00
5 10 - 15.00
6 5 - 15.00
7 3 - 15.00
Sig. 0.84 0.29

@ Groups formed by Scheffe test (p < 0.05).

®The reduction of average values for fertilizer use / number of crops.

These results are important globally, given
that one of the key challenges for humanity in the
coming years is to offer food without harming the
integrity of the environment (Foley et al., 2011).
Therefore, technologies aimed at reducing and/
or rationality in the application of agricultural
inputs should be intensified. In this sense, the
use of VRT technology to reduce the excessive
application of agricultural fertilizers is highlighted
on both the national and international scene.

Conclusion

Even in subtropical environments, large
variations in soil and climate, and farmers with
small and medium areas of cultivation, precision
agriculture can bring benefits to farmers and
improve grain production. Although this study
sampled farmers with a higher education than
the average of producers in the region, issues
related to knowledge and cost are factors that
hinder the adoption of VRT. In addition, the
main barriers are a lack of qualified personnel
and technology costs. On the other hand, the
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benefits perceived by farmers were lower than
expected. All adopters of VRT had reduced
the amount of fertilizer used, with the greatest
reductions seen from the third VRT use.

The difficulty in adopting VRT is related
to knowledge and technology cost. Spread
measures of the knowledge of precision tools,
either through public or private agencies, become
important in view of the benefits of technology,
especially in environmental aspects. Moreover,
the cost of technology is an initial barrier to the
adoption of VRT. After this phase, the benefits
generated become visible to farmers, and are
higher than the cost of its implementation. Thus,
credit line mechanism for investment in early
adoption tends to benefit its dissemination.

Expectations regarding the benefits of VRT
are not always implemented in the first year of
adoption. The trend is to adopt the technology
by a sequence of crops; the farmer can realize
its benefits. Some become visible in the first
harvests, while others only become apparent
after a sequence. In this regard, the reduction
in fertilizer use is noticeable to farmers after the
third year of VRT adoption.

Therefore, the adoption of VRT can be
disseminated as an alternative in optimizing
natural resources and reducing the environmental
impact (caused by overestimated use of
agricultural fertilizers). Therefore, it is necessary
to create mechanisms that encourage the
adoption and dissemination by farmers based on
the factors “cost” and “knowledge.”
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