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Abstract 
Nearly 21% of U.S. organic farmers are women, compared with 9% of all U.S. farmers. Little research has isolated the factors influencing adoption of organic farming practices by male and female organic farmers. Male organic farmers adopt more weed control practices than female organic farmers and use a different portfolio of techniques. Results from a count data model and a national survey of U.S. organic farmers were used to decompose observed gender differences in technology adoption into a characteristics effect and a coefficient effect. The analysis shows that 40% of the adoption differential is due to differences in characteristics of male and female organic farmers.  Education, experience, information sources, and institutional support are key factors causing the gender gap in number and type of adopted practices.
Introduction 

Organic agriculture offers special opportunities for enhancing support for female farmrers because women account for 21% of all U.S. organic farmers but only 9% of all U.S. farmers (Walz). To provide effective programming, causes of differential management decisions based on gender must be identified. More than 75% of both male and female U.S organic farmers in a national survey by the Organic Farming Research Foundation (OFRF) (Walz) ranked weed management as the highest research priority. More than 70% of both males and females used five or more practices for weed control while only 6% required that many strategies for disease/nematode management. Our objective is to determine the factors that cause gender differences in adoption of weed management practices by organic farmers.  
Materials and methods 

Our method is an extension of the Blinder-Oaxaca (BO) decomposition (Oaxaca) to a count data model. The technique decomposes observed differences in the adoption of weed management techniques across male and female farmers into two components.  The first component, called the characteristic effect, represents the adoption differential attributable to the characteristics of male and female farmers. This component reveals how a disparity in adoption rates is driven by a characteristic (such as education) that differs between male and female farmers. The second component, called the coefficient effect, measures the relative strength of a characteristic (such as years of experience) on male and. female decisions to use weed management practices.  We extended Fairlie’s model for binary outcomes.
We hypothesized that the selection of a given technology is related to other weed management strategies already used, and others that are available but not yet adopted, which enables us to analyze the complementarity effect of technology on adoption. Our hypothesis explicitly recognizes that the total technology package, rather than individual practices, maximizes a farmer’s utility. To account for the interrelationships of weed control strategies with other management decisions, we used a count data model for the portfolio of weed management technologies.    

Analysis on a scale broad enough to accurately reflect the production conditions must be drawn from a national survey that is representative of all organic farmers.  Of the 1,192 responses to the 1997 national OFRF survey, 716 contained enough data for model analysis. The survey and results are available from the OFRF (Walz).  A comparison of organic farms in the survey with data for all U.S. farms shows that the sample of organic farmers is representative of the size categories, farm income categories, and crop mixes for all U.S. farms (Lohr and Park).  
In the survey, organic farmers who described themselves as using a given weed management practice on an occasional or regular basis during a year were defined as “adopters” while farmers who rarely or never used a strategy were classified as “non-adopters.” The dependent variable was the number of adopted practices for weed control selected.  On average, both men and women adopted six weed control practices, but men were most likely to adopt mechanical tillage while women were most likely to adopt hand weeding.  Fewer than 40% of all U.S. farmers use crop rotations (39%), tillage methods (35%) and adjustments to planting dates (8%) compared with 70% to 90% of organic farmers using these methods (Walz, USDA).  
The independent variables in the model included farm structure variables for sole proprietorships (male=74%, female=71%), corporation (m=7%, f=3%), managing organic and conventional systems on the same farm (m=25%, f=14%), percent of acreage allocated to vegetables and herbs (m=33%, f=47%), percent of acreage in field crops  (m=44%, f=28%), average farm size (m=149 ac, f=40 ac), and farm income (m=42% <$15,000, f=70% <$15,000).  Farmer demographics measured were completion of a college degree or higher educational level (m=55%, f=67%), part-time farming (m=64%, f=58%), experience as organic farmer (m=10.0 yrs, f=9.9 yrs), and number of different sources contacted for organic information weighted by the frequency of contact with that source (m=14.8, f=15.3).  Regional variation in institutional support was captured by dummy variables for the federal administration of grants and support for sustainable agriculture including four regions – West, North Central, Northeast, and South.  South was omitted in the regression.  

We estimated the count data regression model of the weed management portfolio separately for male (n=562) and female (n=154) using Poisson estimation. We decomposed each variable’s contribution to the difference between male and female farmers’ weed management portfolios using the characteristic and coefficient effects.  
Results
In this model, characteristics shares are positive if they contribute to males adopting more practices and negative if they contribute to females adopting more practices.  The sum of the characteristics shares is the total effect of male vs. female differences in the variables on weed management portfolio choice. The decomposition analysis shown in Table 1 indicates that 40% of the technology adoption differential was explained by differences in characteristics of male and female farmers.

Tab. 1:  Decomposition analysis of weed management practices adopted – male vs. females

	
	Characteristics Effect
	Coefficient Effect

	Variable
	Estimate
	Share
	Estimate
	Share

	Sole Proprietorship
	-0.010
	2.6
	-0.087
	-2.5

	Corporate
	-0.015 
	-3.7
	-0.016
	-4.2

	Mixed farming
	-0.036
	-9.1
	-0.029
	-7.5

	Percent Vegetables
	0.089*
	22.9
	0.552*
	141.9

	Percent Field Crops
	0.229*
	58.8
	0.053
	13.6

	Organic Acreage
	-0.021
	-5.4
	0.174
	44.6

	Organic Income
	-0.024
	6.3
	-0.647
	166.2

	Part time Farmer
	 0.022
	5.5
	-0.115
	29.7

	Years Organic Experience
	0.004*
	0.9
	-0.410*
	-105.2

	Education
	-0.045*
	-11.6
	-0.029
	-7.4 

	Information Sources
	-0.019*
	-4.9
	0.197
	50.7

	West Region
	0.017*
	4.3
	-0.878*
	-225.7

	North Central Region 
	-0.105*
	-27.1
	-0.569*
	-146.1

	Northeast Region
	0.072
	18.5
	-0.733*
	-188.3

	SUM
	0.156
	40.2
	0.233
	59.8


* Asymptotic t-value significant at α = 0.10 level. 

The variable with the largest effect influencing choice of weed management practices was percent of acreage allocated to field crops (59% characteristics share) followed by the percentage of acreage in vegetables (23% characteristics share).  While men allocated 44% of acreage to field crops and 33% to vegetables, women allocated 28% to field crops and 47% to vegetables.  Although experience in organic farming averaged 10 years for both, male farmers’ choice of weed management practices influenced by education (4% characteristics share).  Education had the largest impact for female farmers in narrowing the gap in number of practices adopted compared with male farmers (-12% characteristics share), while the use of information sources had a smaller but statistically significant impact on female weed management adoption (-5% characteristics share).   Both variables’ mean values were nearly the same for male and female farmers, with both having at least some college education on average, and about 15 information sources contacted, weighted by frequency of contacts.
The decomposition illustrates the potentially misleading implications of looking at unconditional differences in mean values of variables across males and females to try to determine causes of gender differences.  For example, average farm size was 149 acres for male farmers and only 40 acres for female farmers, but the size of the organic farm operation was not a statistically significant factor contributing to gender gaps in weed management adoption rates.  Similarly, despite and average income difference of $85,000 in favor of male farmers, income from organic farming is not a significant determinant of the number of practices chosen by men vs. women. A qualitative analysis alone would not correctly identify the reasons for differences.
The coefficient shares show the degree to which individual variables affect the gap between number of practices adopted by men and women.  Positive coefficient shares are associated with variables that increase the gap and negative coefficient shares show variables that narrow the gap. The sum of the coefficient shares was 60%. The percentage of vegetable acreage widened the difference between men and women (142% coefficient share).  The coefficient associated with acreage in field crops showed this variable did not significantly influence the adoption decision across gender.  The coefficient effect for experience in organic farming resulted in a narrowing of the adoption gender gap (105% coefficient share). 
The coefficient effect for information sources was positive, indicating that the technology adoption decisions of male farmers were more responsive to information than were the decisions of females.  The sign of this coefficient effect reversed the characteristics effect. Women sought more information sources than men, but the number of contacts was less likely to influence their weed management decisions. 
Discussion
Female farmers are concerned about weed problems but do not add more practices to address them, a response that is different from that observed for males. The survey reveals that male farmers have a proclivity to supplement mechanical tillage with crop rotations, cover cropping, and hand weeding methods when expanding their portfolios of practices.  Female farmers follow a different pattern when considering additional weed control methods, with hand weeding, crop rotations, cover cropping, and mulching as the preferred techniques.  

The percentage of acreage in vegetable crops should favor these practices, but the factors that influenced women’s decisions to add more weed control techniques were education and frequency-weighted number of information contacts.  Women seem to be selecting their portfolio based on knowledge-seeking, while men select their weed management strategies based on crop mix and organic farming experience.  This suggests that men are passing along knowledge through shared or observed learning, while women conduct information seeking to obtain the same information.

The coefficient shares indicated that the gender gap in number of weed management practices is narrowed by farm experience and widened by percentage of vegetable acreage and number of information sources consulted. 

Conclusions
Weed management remains the most difficult problem faced by U.S. organic crop farmers.  Women’s weed management decisions rely on knowledge-seeking, while men rely on past experience.  Educational efforts to improve the success of female farmers should account for this difference.
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