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DETERMINANTS OF THE ADOPTION OF IRRIGATION TECHNOLOGIES BY CITRUS 

GROWERS OF THE STATE OF SÃO PAULO-BRAZIL 

Authors: Fabiana Ribeiro Rossi, Hildo Meirelles de Souza Filho & Marcelo José Carrer 

The objective of this paper is to identify and analyze the factors determining the adoption of 

irrigation technologies by citrus growers located in the state of São Paulo, Brazil. Data was 

collected among a representative sample of 98 producers of four of the state’s regions, 

comprising 34 adopters and 64 non-adopters of irrigation systems. The data were analyzed by 

using descriptive statistics and a logit model. The results showed that the factors that increase the 

likelihood of adoption of irrigation systems are the number of varieties of citrus grown, the 

composition of the agricultural income, technical assistance, and education level. Based on these 

results, public and private strategies were presented, aiming towards an increase in the use of 

irrigation systems in Brazilian citrus orchards.  

Keywords: Technology adoption; irrigation; citrus producers.  

1. Introduction 

Brazil is the world´s largest producer of fresh orange and orange juice, and the state of 

São Paulo concentrates about 80% of the national production of both products (NEVES et al., 

2010). In 2014, Brazil produced more than 11 tons of fresh orange and about 1.0 million tons of 

orange juice (IEA, 2014; USDA, 2014). Thus, this sector is very important to the economy of the 

country because more than 90% of the orange juice produced is exported, and the main 

destinations include the European Union (EU) and the United States of America (USA) 

(CITRUSBR, 2013).   

Since the mid 90´s there has been a significant reduction in the number of citrus growers 

in the state. According to Lupa (2008) and Conab (2013), the number of citrus growers fell from 

35.883 in 1995/1996 to 10.100 in 2013, respectively. Many factors can be pointed as the cause of 

this significant reduction in the Brazilian citrus belt (São Paulo and Minas Gerais Triangle 

region), but it was mainly the increase in production costs associated with the low prices paid per 

orange box that reduced the grower’s profitability, leading to the abandonment of the activity by 

many producers.  

Given this situation, some factors have become very important for the permanence of the 

citrus producers in the activity. Among these is the need to increase production factor yields, 

which can reduce the production costs per orange box, thus increasing the grower’s profitability. 

Adoption of irrigation systems is supposed to improve factor yields. This technology has 
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presented positive results related to the increase of orange productivity (KOO & SMAJSTRLA, 

1984; ZANINI et al., 1998; SILVA et al., 2009), which can reduce production costs and augment 

the profits of the citrus growers. Moreover, the use of irrigation can also improve the size, weight 

and juice content of the fruits (BARREDA et al., 1984; PRADO et al., 2007).  

Providing water is very important for citrus plants in all stages of their development, but 

the most critical period happens during the flowering, until the fruit reaches one inch in diameter. 

The water stress at this stage can be very damaging to the production (COELHO et al., 2004). In 

general, citrus fruits need from 600 to 1200 mm of well distributed water per year (BEM 

MECHLIA & CARROL, 1989). In Brazilian citrus orchards, the most common irrigation 

systems are sprinklers and drip irrigation. The latter is the most adopted among producers, since 

it is more efficient in the use of water (NEVES et al., 2010). 

In spite of the benefits of using irrigation systems, the adoption of such technologies is 

still very low among the citrus growers. It is estimated that, in 2010, 130.000 hectares of orange 

groves were irrigated in the Brazilian Citrus Belt (NEVES et al., 2010), corresponding to 

approximately 21% of the total planted area of orange in the belt (IBGE, 2011).  

Thus, considering that the percentage of diffusion of such systems is still low among the 

producers and that increasing the diffusion of these systems is desirable, due to its benefits to the 

crop and its profitability, the following research question can be raised: which are the factors 

that could increase the diffusion of the irrigation systems in the citrus orchards? 

Considering the context exposed, the main objective of this study was to identify and 

analyze the determinants of the adoption of irrigation systems by citrus growers of the state of 

São Paulo, Brazil. In order to achieve this purpose, an empirical investigation was held among 

producers located within four of the state’s meso-regions. The present study is relevant because, 

despite the importance of the adoption of irrigation systems in the citrus orchards, so far no study 

has been conducted regarding this subject in Brazil. Efforts towards understanding why some 

producers adopt irrigation systems, while many others do not, will help in the formulation of 

public policies and private strategies for the sector.  
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2. Conceptual Framework 

2.1. Models of technology adoption in agriculture 

Several empirical studies have analyzed the adoption of technology in agriculture, 

especially in developing countries, in which the majority of the population makes a living from 

agriculture. Adopting a new technology aims to increase the productivity of the crops, but they 

are rarely immediately adopted by all of the potential adopters, and a lot of effort has been made 

in order to understand this phenomena.  

In this section, some of the technology adoption models found in the literature will be 

briefly described. Griliches (1957) conducted one of the first studies involving the adoption of 

innovation in agriculture. In his work, he analyzed the adoption of hybrid corn in the United 

States of America by using the epidemic model. The epidemic model considers technology 

diffusion as a process very similar to the spread of a disease, in which the frequency of contacts 

between adopters and potential adopters of the technology can affect the time and speed of its 

diffusion (GEROSKI, 2000).  

Over time, the number of adopters increase as well as the information on the use of the 

new technology, reducing the risk associated with the adoption. This situation leads to an 

increase in the number of adopters and a decrease in the number of potential adopters. The 

cumulative frequency of adopters over time creates a technology diffusion curve with a sigmoid 

shape, called the “S” curve. However, this model has limitations, since there exists only one 

explanatory variable (the cumulative adoption) that works as a proxy for the internal mechanism 

of diffusion of word-of-mouth information, and it is based on aggregate data rather than 

individual data, which could best explain the adoption decision process (GEROSKI, 2000).  

The probit model has a different approach. The individuals’ decisions are at the center of 

the analysis. The adoption of a new technology by the potential adopters occurs when a set of 

explanatory variables reaches a certain threshold level that can vary over time because of 

changes in the price of the technology and its technical parameters (SOUZA FILHO, 1997). 

Compared to the epidemic model, this model made a significant advance because the 

information about the technology, such as its characteristics and profitability, are widespread, 

and the heterogeneity among the potential adopters determines the differences in adoption, being 

it a key element of this process (BOCQUET et al., 2007). In agriculture, this model was used by 

David (1966) e Davies (1979) to analyze the adoption of a mechanical harvester in the USA.   
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The model considers the heterogeneity among potential adopters as a factor that impacts 

the decision of adopting a new technology, by calculating the probability of an individual to 

adopt. The outputs of the probit models are very similar logit models (which assumes a logistic 

distribution instead of a normal distribution), but the data from the logit model can be easier to 

interpret. In agriculture, these models have been widely used to study technology adoption.  

2.2. Determinants of adoption of irrigation systems in agriculture  

 The review of the literature shows three groups of variables as determinants for the 

adoption of irrigation systems in agriculture. Most of the studies are concerned with the adoption 

of more efficient irrigation technology instead of less efficient ones, but they offer important 

information. The first group is based on the characteristics of the farmers and comprises 

variables such as educational level, farming experience, participation in farmers’ organizations 

(cooperatives and/or associations), and agricultural income.  

 According to Bagheri & Ghorbani (2011), in Iran, the behavior of adopting 

microsprinkler irrigation was positively influenced by producers with higher education levels. 

The same result was obtained by Namara et al (2007), in India, in which the more highly 

schooled producers of leguminous plants and oilseeds had a greater probability to adopt drip and 

micro sprinkler irrigation, which are considered more efficient technologies in water saving. In 

general, it is expected for producers with higher education levels to be better informed about the 

existence and performance of different irrigation technologies (ABDULAI et al., 2011).  

Farming experience can be measured by the number of years that farmers work in 

agriculture or their age. Younger farmers in Iran are more willing to accept new irrigation 

technologies and more capable of seeing advantages in such systems (KALANTARI et al., 

2010). On the other hand, according to Abdulai et al. (2011), in Ghana, although the eldest 

vegetable producers seems to be more conscious about the adoption of new irrigation 

technologies, this only occurs until up to 33 years, when they begin to have less awareness on 

adoption. In Greece, the younger producers of olives as well as those with the higher levels of 

education are more likely to adopt new irrigation technologies (KOUNDOURI et al., 2006). 

Participation in farming organizations constitutes an important social network in which 

the producer can obtain information on new technologies. Vegetable producers in Ghana who 

participate in such organizations are more likely to adopt efficient irrigation systems (ABDULAI 

et al., 2011). 
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 The income of producers is also an important variable regarding the adoption of irrigation 

systems. Off-farm income, especially from non-agricultural activities, can stimulate the adoption 

of irrigation, as additional source of capital is available. However, the likelihood of adoption 

decreases when off-farm income becomes the main source of living (NAMARA et al., 2007).  

The second group of variables is based on characteristics of the farms and the agricultural 

production, such as the size of the farm, the diversification of the production, and the availability 

of water. According to Mohammadzadeh et al. (2014), apple producers from Iran with larger 

farm areas have more financial resources to install drip irrigation within their properties, instead 

of other types of systems. In this same country, the adopters of microsprinkler irrigation possess 

larger properties in comparison to non-adopters and producers who abandoned the use of 

irrigation (BAGHERI & GHORBANI, 2011). 

Diversifying the production increased the likelihood of adopting integrated technologies 

of supplementary irrigation and water harvesting for producers of potatoes, wheat, and other 

commercial crops in China (HE et al., 2007). 

The third group of variables is related to systemic factors, such as access to rural credit 

and diffusion of information. When more credit is available for producers, the speed of adoption 

of drip irrigation by fruit and other crops producers in Spain is higher (ALCON et al., 2011). In 

the same direction, according to He et al. (2007), in China, the higher the credit availability, the 

greater the probability of adoption of irrigation by farmers.   

Adoption of irrigation systems is also affected by the availability of information, since it 

contributes to increasing the knowledge on new technology. In Spain, producers who obtain 

knowledge of the technology through specialized people in agriculture are more likely to adopt 

irrigation than those who obtain their information from other producers (ALCON et al., 2011). In 

Ghana, the number of yearly extension visits was crucial for the adoption of irrigation 

technologies (ADEOTI, 2009). 

3. Research Methodology  

 The information used in this study to identify the determinants of the adoption of 

irrigation technology by citrus producers was obtained by means of a structured questionnaire. 

Data collection was undertaken from January to October 2014 from a representative sample of 

98 citrus growers, including 34 adopters of irrigation systems and 64 non-adopters. In total, the 
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producers possessed 263 properties with citrus, mainly located in four regions of São Paulo: 

Araraquara, Campinas, Piracicaba and Ribeirão Preto.  

 Personal interviews were held, providing information on farmers and farm characteristics, 

as well as on the citrus production of 2013/14 crop season. 

Descriptive statistics (mean, standard deviation and frequency) was used to discriminate 

the group of producers who adopted irrigation systems from the group of non-adopters.  Since 

the two groups are considered independent, test of hypotheses were carried out by using 

Student's t-test for quantitative variables (continuous) and Chi-square test for qualitative 

variables (nominal).  

Table 1 describes the hypothesis test performed for the quantitative and qualitative 

variables. All hypotheses were tested at a 5% and 10% level of significance, in which H0 is 

rejected when p-value ≤ 0.05 and ≤ 0.10, respectively.   

Table 1. Description of the hypothesis test performed for the quantitative and qualitative variables 

analyzed.  

Type of 

variable 

Hypothesis 
Description of the parameters 

H0 H1 

Quantitative 

continuous 
μ1 = μ2 μ1 ≠ μ2 

μ1: mean of the continuous variables for the sample of farmers 

who adopted irrigation systems. 

μ2: mean of the continuous variables for the sample of farmers 

who did not adopt irrigation systems. 

Qualitative 

nominal  
ρ1 = ρ2 ρ1 ≠ ρ2 

ρ1: frequency of the nominal variables for the sample of 

farmers who adopted irrigation systems. 

 ρ2: frequency of the nominal variables for the sample of 

farmers who did not adopt irrigation systems. 

 

The literature review on adoption of irrigation systems as well as the results from these 

analyses were important to indicate some hypotheses on the determinants of the adoption of 

irrigation systems. The description of the variables, as well as the hypotheses on its impact on the 

adoption of irrigation systems, is described in Table 2. 
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Table 2. Description of the variables used to discriminate the group of adopters of irrigation 

systems from the non-adopters, and the hypotheses concerning the impact of the variables on the 

adoption of irrigation. 

Variable Description 

Expected Signal of 

the impact on 

adoption 

Citrus varieties grown 

(VARIET) 

Number of varieties of citrus grown by the producers in 

the properties 
(+) 

Income (INCOCITR) 
Percentage of the agricultural income obtained through 

citrus activities 
(+) 

Technical assistance 

(TECHASSIST)  

The dummy (Yes/No) variable assumes value 1 for 

farmers who pay technical assistance; and 0 if otherwise 
(+) 

Education level (EDUC) Number of years of formal education of the farmer (+) 

Citrus area (CITRAREA) Percentage of the citrus area in the total area of the farm (+) 

Price received (PRICE) 
Average price received per box of orange in the crop 

season of 2013/2014 
(+) 

Participation in farming 

cooperatives and/or 

associations (PARTIORG) 

The dummy (Yes/No) variable assumes value 1 for 

farmers who participate in farming cooperatives and/or 

associations; and 0 if otherwise 

(+) 

Rural credit  

(CREDRUR)  

The dummy variable assumes value 1 for farmers who 

obtained rural credit in crop season 2013/2014; and 0 if 

otherwise 

(+) 

Commercialization channels 

(COMMERCHAN) 

The dummy variable assumes value 1 for farmers who 

sell 50% or more of the production to juice processor 

companies; and 0 if otherwise 

(+) 

Source: the authors (2015).  

The second step consists of testing hypotheses on the determinant factors of the use of 

irrigation systems in citrus orchards. This logit model was chosen because it has been widely 

used to study technology adoption and it allows for the identification of the individual decision 

behavior.  

In this model, it is necessary to find the probability of an individual to adopt a 

technology. The dependent variable (Y) is qualitative binary, that is, it assumes only two values 

(0 = non-adoption of technologies; 1 = adoption). The explanatory variables (X) are represented 

by a vector x which explains the decision between adopting and not adopting a technology. 

These models provide adoption probabilities for individuals. The proposed econometric model 

can be described by the following general form (GUAJARATI, 2011):  

Li = ln (Pi/(1-Pi)) = β1+β2Xi+ui   

The descriptive statistics, the statistical hypothesis testing, as well as the econometric 

analysis were conducted using SPSS 20.0 software.  

 



 
 

9 
 

4. Results 

 Table 3 presents the results obtained with the descriptive statistics and the statistical test 

of hypotheses. It can be observed that for the continuous variables the t-test for comparison of 

means was statistically significant (at a 5% significance level) for citrus varieties grown 

(VARIET) as well as for income (INCOCITR), and was statistically significant (at a 10% 

significance level) for the education level (EDUC). The average of the number of citrus varieties 

grown in the properties, the percentage of income derived from the citrus activities, and the 

number of years of formal education are greater for the producers who use irrigation systems.  

For the dummy variables, the Chi-square for comparison of frequencies was statistically 

significant (at a 10% significance level) only for technical assistance (TECHASSIST). Among 

the producers who are not adopters of irrigation systems, 57.14% do not pay for technical 

assistance while 42.85% pay for it; among the adopters of irrigation, 63.63% pay for technical 

assistance while 36.36% do not pay for it. 

Table 3. Descriptive statistics and statistical hypotheses of the variables analyzed for the two 

groups of citrus producers. 

Variables 

(continuous) 

Group 1: adopt irrigation 

systems 

34 citrus producers 

Group 2: do not adopt 

irrigation systems 

64 citrus producers 

Decision 

H0 

Mean 
Standard 

Deviation 
Mean 

Standard 

Deviation 

p 

value 

Hypothesis 

 

VARIET 3.56 1.28 2.81 1.50 0.016 Reject* 

INCOCITR 60.62 34.12 44.03 33.48 0.023 Reject* 

EDUC 13.88 5.30 11.81 4.90 0.056 Reject** 

CITRAREA 62.30 33.36 61.16 28.25 0.858 Accept 

PRICE 9.53 3.27 9.59 5.20 0.952 Accept 

Variables 

(nominal) 

Freq. (n) 

(1) 

Freq. (n) 

(0) 

Freq. (n) 

(1) 

Freq. (n) 

(0) 

p 

value 

Hypothesis 

 

CREDRUR 24 10 25 38 0,315 Accept 

TECHASSIST 21 12 27 36 0,053  Reject** 

PARTIORG 29 5 56 8 0,759 Accept 

COMMERCHAN 17 17 35 29 0,658 Accept 

Note: Asterisks * indicate that the p-value is statistically signficant at the 5% level;** indicate that the p-value is 

statistically signficant at the 10% level. For the variable TECHASSIST it was considered 63 non-adopters and 33 

adopters of irrigation systems; for the variables CREDRUR it was considered 63 non-adopters and 34 adopters of 

irrigation systems.  

Table 4 presents the results obtained with the logit model. It can be inferred that the 

coefficients of four of the nine explanatory variables used in the model were statistically 

significant, namely: citrus varieties grown (VARIET), income (INCOCITR), technical assistance 

(TECHASSIST), and education level (EDUC). Low correlation between the explanatory 
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variables controls for multicollinearity. The predicted overall percentage was 72.1%. Thus, the 

model has a good prediction. .  

Table 4. Coefficient estimates of the logit model for analysis of the determinants of adoption of 

feedlot systems by the beef cattle farmers interviewed.  

Variable Coefficient Wald Statistic P-value 

Constant** -2,466 3,222 0,073 

VARIET** 0,311 3,060 0,080 

INCOCITR* 0,024 7,584 0,006 

TECHASSIST** 0,877 2,892 0,089 

EDUC** 0,088 2,778 0,096 

CITRAREA -0,014 2,221 0,136 

PRICE -0,079 1,705 0,192 

PARTIORG -0,481 0,461 0,497 

CREDRUR 0,647 1,326 0,249 

COMMERCHAN -0,825 2,292 0,130 

Predicted Overall Percentage: 72,1 % 

Nagelkerke R
2
: 0,281 

LR Statistic (8gl): 101,02 

Source: the authors (2015). Note: Asterisks * indicate that the coefficient is statistically significant at 5% level; ** 

indicate that the coefficients are statistically signficant at 10% level. 

 

5. Discussion 

 In this section, the four determinants of adoption found in the previous section will be 

discussed. The results showed that the level of education (EDUC) has a positive impact on the 

adoption of irrigation, that is, the greater the level of education of the producer, the greater the 

chance of adoption of an irrigation system, such as hypothesized and observed in other empirical 

studies. Producers with more years of schooling probably have more information concerning the 

use of irrigation systems and more capacity to process information related to new technologies. 

In the same direction, the most schooled producers perhaps have more management skills, which 

can lead to better resource allocation.  

 The technical assistance (TECHASSIST) also showed a positive effect in the adoption of 

irrigation, as hypothesized. The probability of the producers of adopting an irrigation system 

increases with technical assistance from specialists, since this can be a source of information on 

new technologies. In this study, this variable takes into account the producers that pay for this 

service, which can indicate a gap in rural public policies as well as a greater capacity of these 

producers to contracting specialized rural assistance. In the state of São Paulo there are 

agriculture consulting group/firms specialized in citrus production and irrigation.   
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 Another variable that presented positive effect on the adoption of irrigation was income 

(INCOCITR), which corroborates with the hypothesis initially raised. It was observed that the 

producer whose income comes mainly from citrus production has more probability of adopting 

irrigation. Since these producers are more dependent on this activity, they probably need to be 

more efficient by adopting new technologies.    

Finally, the variable varieties grown (VARIET) also presented a positive impact on the 

adoption, as expected. The greater the number of citrus varieties grown in the farm, the greater 

the probability of the producer adopting an irrigation system. Farmers with more varieties of 

citrus are able to sell not only to juice processors but also to the fresh fruit market where better 

prices are obtained.   

The variables price received (PRICE) and commercialization channels 

(COMMERCHAN) did not show statistically significant parameters. However, as can be seen in 

Table 3, a larger number of the producers who do not adopt irrigation sell 50% or more of their 

production to juice processor. This does not happen in the group of adopters, as they sell 

relatively more to the fresh fruit market, retail, and institutional markets. Since the average price 

received by the two groups is almost the same, diversifying the citrus production and the 

commercialization channels can also be a mechanism of reducing risks associated with whether 

conditions and default in payments.  

One factor to be considered in the adoption of irrigation systems is the fixed cost, which 

can be an expensive investment to some producers. According to the farmers, the cost associated 

with the installation of an irrigation system can range from $ 1.200/ha to $ 1.600/ha depending 

on the type of irrigation: sprinkler or drip, respectively.  

6. Conclusions  

 Technological intensification of citrus production has become very important to ensure 

the economic viability of the activity. The objective of this paper was to identify and analyze the 

determinants of the adoption of irrigation technologies by Brazilian citrus growers. As seen, the 

greater the number of varieties of citrus grown, the education level, the receipt of technical 

assistance from specialists and the income obtained from citrus activities, the greater is the 

likelihood of adoption of irrigation by the producers.  
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 Other factors such as the percentage of the citrus area in the total area of the farm, the 

price received per box of orange, the participation in farming organizations, the receipt of rural 

credit and the type of commercialization channels did not show to be significant factors in the 

adoption decision process.  

This empirical investigation brought results that are not found in the literature regarding 

the citrus sector, which represents an innovative aspect of the study. In this sense, it would be 

important to formulate public policies that could provide, especially, technical assistance to 

producers. The information provided by these services could enhance the efficiency in the use of 

the production factors, improving the investments and allowing farmers to adopt irrigation in the 

orchards. In the same direction, the design of rural credit policies for farmers who want to adopt 

irrigation in their orchards could speed up the diffusion of this technology.  

7. References 

ABDULAI, A.; OWUSU, V.; BAKANG, J.A. Adoption of safer irrigation technologies and 

cropping patterns: Evidence from Southern Ghana. Ecological Economics, v.70, pp. 1415 – 

1423, 2011.  

ADEOTI, A. I. Factors Influencing Irrigation Technology Adoption and its Impact on Household 

Poverty in Ghana. Journal of Agriculture and Rural Development in the Tropics and 

Subtropics, v.109, n.1, pp. 51–63, 2009. 

ALCON, F.; MIGUEL, M. D.; BURTON, M. Duration analysis of adoption of drip irrigation 

technology in southeastern Spain. Technological Forecasting & Social Change, v.78, n.6, pp. 

991–1001, 2011. 

BAGHERI, A.; GHORBANI, A. Adoption and non-adoption of sprinkler irrigation technology 

in Ardabil Province of Iran. African Journal of Agricultural Research, v. 6, n.5, pp. 1085-

1089, 4 March, 2011 

BARREDA, F. G.; LEGAZ, F.; PRIMO, E.; LORENZO, E.; IBAÑEZ, R.; TORRES, V. 

Irrigation of Young W. navel cv. Frost Trees. Proceedings of the International Society of 

Citriculture, São Paulo, v.1, p.121-124, 1984.   

BEM MECHLIA, N.; CARROL, J. J. Agroclimatic modeling for the simulation of phenology, 

yield and quality of crop production. International Journal of Biometeorology, v. 33, pp. 52-

65, 1989.   

BOCQUET, R.; BROSSAD, O.; SABATIER, M. Complementarities in organizational design 

and the diffusion of information technologies: An empirical analysis. Research Policy, v.36, n.3, 

pp. 367-386, 2007. 



 
 

13 
 

CITRUSBR - ASSOCIAÇÃO NACIONAL DOS EXPORTADORES DE SUCOS CÍTRICOS. 

2013. Available in <http://www.citrusbr.com/>. Accessed December 12, 2013.   

COELHO, E. F.; MAGALHÃES, A. F. J. COELHO FILHO, A. M. A. Irrigação e fertirrigação 

em citros. Cruz das Almas: EMBRAPA: CNPMF. Circular Técnica, 16 p., 2004.  

CONAB - COMPANHIA NACIONAL DE ABASTECIMENTO. Acompanhamento da safra 

brasileira de laranja, safra 2013/2014. Available in: 

<http://www.conab.gov.br/OlalaCMS/uploads/arquivos/13_12_12_09_53_25_boletim_de_lar 

anja.pdf>. Accessed May 12, 2014.   

DAVID, P. The Mechanization of reaping in the ante-bellum Midwest. In H.Rosovsky (Ed.), 

Industrialization in Two Systems: Essays in Honor of Alexander Gerschenkron (pp.3-39). 

New York: John Wiley and Sons, 1966.  

DAVIES, S. The diffusion of process innovation. Cambrige University Press: Cambrige, 1979. 

193 p.  

GEROSKI, P. A. Models of technology diffusion. Research Policy, vol. 29, n. 4-5, pp.603– 625, 

2000. 

GRILICHES, Z. Hybrid Corn: An Exploration in the Economics of Technological Change. 

Econometrica, v. 25, n.4, pp. 501-522, out., 1957.  

GUAJARATI, D. N.; PORTER, D. C. Econometria Básica. 5° ed. Porto Alegre: McGrawHill, 

2011, 924 p. 

HE, X-F.; CAO, H.; LI, F-M. Econometric analysis of the determinants of adoption of rainwater 

harvesting and supplementary irrigation technology (RHSIT) in the semiarid Loess Plateau of 

China. Agricultural water management, v. 89, n.3, pp. 243-250, 2007.  

IBGE (INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATÍSTICA). Produção Agrícola 

Municipal (PAM), 2011. Available in: 

<http://www.ibge.gov.br/home/estatistica/economia/pam/2013>. Accessed April 15, 2014.   

IEA (INSTITUTO DE ECONOMIA AGRÍCOLA). Available in: 

<http://ciagri.iea.sp.gov.br/nia1/subjetiva.aspx?cod_sis=1&idioma=1>. Accessed February 12, 

2014.   

KALANTARI, K.; RAHIMIAN, M.; MOHAMMADI, Y.; ASADI, A.; ARDALI, A. A. 

Investigation of effective factors on admission and refusing of sprinkler irrigation system of 

Ardal township, Iran. Journal of Food, Agriculture & Environment, vol.8, n.2, pp. 1218 - 

1224, 2010.  

KOO, R. C. J.; SMAJSTRLA, A. G. Effects of trickle irrigation methods and amount of water 

applied on citrus yields. Proceeding of the Florida State Horticultural Society, v. 97, p. 3-7, 

1984. 

http://www.ibge.gov.br/home/estatistica/economia/pam/2013


 
 

14 
 

KOUNDOURI, P.; NAUGES, C.; TZOUVELEKAS, V. Technology adoption under production 

uncertainty: theory and application to irrigation technology. Amer. J. Agr. Econ., vol. 88, n.3, 

pp. 657–670, 2006.   

LUPA (LEVANTAMENTO CENSITÁRIO DAS UNIDADES DE PRODUÇÃO 

AGROPECUÁRIA DO ESTADO DE SÃO PAULO). 2007/08. Available in < 

http://www.cati.sp.gov.br/projetolupa>. Accessed February 24, 2014.   

MOHAMMADZADEH, S.; SADIGHI, H.; RAD, G. P. Modeling the Process of Drip Irrigation 

System Adoption by Apple Orchardists in the Barandooz River Basin of Urmia Lake Catchment, 

Iran. J. Agr. Sci. Tech., vol. 16, pp.1253-1266, 2014.  

NAMARA, R. E.; NAGAR, E. R. K.; UPADHYAY, E. B. Economics, adoption determinants, 

and impacts of micro-irrigation technologies: empirical results from India. Irrig Sci, v.25, n.3, 

pp. 283–297, 2007. 

NEVES, M. F. (Coord); TROMBIN, V. G.; MILAN, P.; LOPES, F. F.; CRESSONI, F.; 

KALAKI, R. O Retrato da Citricultura Brasileira. Ribeirão Preto, SP: Editora: Marcos Fava 

Neves, 2010, 137p.  

PRADO, A. K. S.; MACHADO, E. C.; MEDINA, C. L.; MACHADO, D. F. S. P.; 

MAZZAFERA, P. Florescimento e frutificação em laranjeiras “Valência” com diferentes cargas 

de frutos e submetidas ou não à irrigação. Bragantina, Campinas, v.66, n.2, p. 173-182, 2007.  

SILVA, G. O.; FERNANDES, E. J.; LAURINDO, V. T. Respostas da laranjeira valência a 

diferentes níveis de água e sistemas de irrigação localizada. Laranja, Cordeirópolis, v.30, n.1-2, 

p.105-116, 2009.  

SOUZA FILHO, H. M. The adoption of sustainable agricultural Technologies: a case study 

in the state of Espirito Santo, Brazil. Ed: Ashgate Publishing Lts. 1997, 176 p. 

UNITED STATES DEPARTMENT OF AGRICULTURE (USDA). Available in: 

<http://www.indexmundi.com/agriculture/?country=us&commodity=orange-

juice&graph=production>.  Accessed December 12, 2014.   

ZANINI, J. R.; PAVANI, L C.; SILVA, J. A. A. Irrigação em citros. Boletim citrícola, UNESP/ 

FUNEP/ EECB, n.7, dez., 1998. 35 p.  

8. Acknowledgments 

 This study was funded by São Paulo Research Foundation (FAPESP), in the form of 

Research Assistance (2013/06169-7) and by The Brazilian Federal Agency for Support and 

Evaluation of Graduate Education (CAPES), in the form of PhD Scholarship (PDSE program – 

process 99999.010859/2014-04).  


