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ABSTRACT 

Agricultural crop diversity in the Southwest has diminished significantly over the 

past hundred years. A local nonprofit in Tucson by the name of Native Seeds/SEARCH 

(NS/S) aims to conserve Southwestern crop diversity for the sake of keeping indigenous 

culture alive, improving food security, and to nourish a changing world. One way NS/S 

works towards these goals is to freely distribute seeds through their Community Seed 

Grant (CSG) program. The CSG program supports educational, food security, and 

community development projects in the Greater Southwest region. These seed 

donations are meant to serve underprivileged groups, including but not limited to Native 

American and Hispanic individuals as well as areas with high poverty rates. These 

populations are among some of the most food insecure in the region. This study 

analyzes the successfulness of the CSG program by measuring if intended audiences 

are being awarded CSGs. Summary statistics suggests that CSGs are in areas with 

higher than average Hispanic and Native American individuals as well as individuals 

living below the poverty line. A logistic regression was also done to spot correlations 

between target areas and where the seeds were sent. This analysis suggests that seed 

grants favor areas with higher percentages of Hispanic and Black or African American 

individuals as well as areas with higher poverty rates. This study will help NS/S perform 

more targeted marketing and assistance about the program as well as show potential 

and current funders the outcomes of the CSG program. 
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INTRODUCTION 

Agricultural diversity is key to food security, and that is one of many reasons why 

organizations like NS/S are important. NS/S has been in operation for over thirty-five 

years. It all started when four individuals had a vision of preserving the culture and 

agricultural diversity of the arid Southwest and Northwest Mexico. They began collecting 

seed donations from Southwestern farmers in order to keep a diverse range of arid 

adapted seeds alive through actively growing and distributing. Most of these farmers 

were indigenous, and the seeds donated had been passed on through their family or 

tribe for hundreds, some thousands of years. Figure 1 shows exact locations using 

latitude and longitude of where the seeds in NS/S’s collection were collected from. 

Today, NS/S still aims to make these seeds freely available for Native American 

individuals in the Southwest region or at little cost to Native Americans residing outside 

of the Southwest region. All other gardeners or farmers interested in growing arid-

adapted heirloom crops have access as well, some at little to no cost depending on the 

program.  

NS/S currently has three physical locations: a retail store, a Conservation Center, 

and a Conservation Farm. The retail store in Tucson contains the seed library as well as 

other seeds from the NS/S seed bank collection that are available for purchase or 

donation. The conservation center is located in Tucson as well, and it contains a seed 

bank for long-term storage and preservation purposes. The conservation farm is located 

in Patagonia, Arizona, where seeds are continuously grown out to be distributed and 

provide fresh seed samples for long-term seed storage. Seed distribution programs at 
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NS/S include retail sales, a seed library, bulk seed exchange for farmers, Native 

American free seed requests, and Community Seed Grants.  

  

Figure 1: NS/S collection seed original locations (Credit: Melissa Kruse-Peeples) 
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The CSG program officially began in 2011 and has successfully been in 

operation ever since. This seed distribution program exists so that various organizations 

in underprivileged areas of the Greater Southwest region can have access to arid-

adapted crops in order to enhance nutritional, social, economic, or environmental 

health.  The CSG program also allows for locally-adapted crop varieties to be kept alive 

through active use in farms and gardens. Programs eligible for these seed grants 

include but are not limited to schools, community gardens, demonstration or historical 

interpretation gardens, gardens for rehabilitation purposes, and seed libraries or seed 

banks. Figure 2 shows the count of project types since the beginning of the CSG 

program. The grant recipients must be located in the Greater Southwest region of the 

United States or in Northwestern Mexico, because NS/S collection seeds are arid-

adapted. These crop varieties would most likely not do well in other locations due to 

their climate specific needs.  

Figure 2: Total CSGs given by project type 
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Potential grantees have the opportunity to apply three times in a calendar year with a 

January, May, and September deadline. NS/S has met their goal to increase the 

number of applicants over the years, but it is unclear whether NS/S has reached their 

goal of increasing projects that primarily serve Hispanic and Native American 

communities, as well as increasing projects in high poverty areas. The current internal 

demographic data about the funded projects is self reported by applicants or inferred 

from project descriptions. Applications only ask if a project works with Native 

Americans. Race data is uncertain, and poverty data is not reported from applicants. 

Figure 3 shows the total number of applicants per year as well as total number of 

Hispanic and Native American projects according to NS/S records.  An assessment of 

this program using GIS has yet to be done, and it is important to make sure NS/S is 

reaching their goals in order to align with their mission and for general self-evaluation 

purposes. It is also helpful to show current and potential funders the positive impact 

they are making. The CSG program is completely grant funded, so it is important that 

NS/S has this data to share.  

This study will gather census and school district data in order to see the 

demographic information of areas that the seed grants are reaching. Demographic data 

used includes percentages of race, ethnicity and economic status. This will provide 

more accurate demographic information in order to help NS/S evaluate the 

successfulness of the CSG program in terms of reaching underrepresented groups. 

Two methods will be used to attempt to find if NS/S is reaching their target audience. 

First, summary statistics will take averages of the demographic information of the 

census tracts and school districts that the CSG projects are in and compare the 
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numbers to Arizona averages. Second, a logistic regression will be performed to find 

correlations between the CSG project points and specific demographics.  

 

 

 

 

 

 

  

Figure 3: Total CSGs given by Year including target demographics 
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Study Area 

Although seed grants are sent out all over the Southwest region, this study will 

only focus on grants sent out in Arizona. This is because there have only been 

approximately 600 grants sent out since the beginning of the program in 2011, and 400 

of them are in Arizona. This analysis would not be significant with that few points over 

that much land. Figure 4 shows where the projects have gone since the program’s start, 

and gives a count of the number of grants that have gone to major cities. Figure 5 

shows the actual study area for this project, with the CSG points over AZ census tracts.  

Figure 4: Locations where CSGs have been sent since 2011(US only)  
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METHODS 

Data 

This analysis was done using the following software: Google Earth Pro, ESRI 

ArcGIS 10.3.1, and IBM SPSS. Since the study area is the state of Arizona alone, all 

data have the common projection of Universal Transverse Mercator with the coordinate 

system being NAD 1983 UTM Zone 12N.  

Figure 5: Study area with census tracts  
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Vector Data 

Vector data was obtained from the US Census Bureau. TIGER/Line Shapefiles 

from the 2010 census were downloaded to obtain census tracts for Arizona. The same 

method was used to download school districts in Arizona.  

Other Data 

Each CSG applicant had listed their site address on the application, and this 

information was transferred to a spreadsheet. Other information from the applicants on 

this spreadsheet  included application date, name of organization, and project type. The 

addresses and information on this spreadsheet were geocoded using Google Earth Pro 

and then transferred into ArcMap. Census data was found through American Fact 

Finder, a program by the US Census. Ethnicity (Hispanic or Non-Hispanic), race (Black 

or African American, White, and Native American), and economic data (percent below 

poverty, percent on food stamps, and percent unemployed) for Arizona’s census tracts 

were found from American Fact Finder on the Census Bureau’s website. This data was 

then joined with the census tracts. School district poverty data from 2015 was found 

through a Census program called Small Area Income and Poverty Estimates Program, 

and was then joined with the school district layer. Because race data was needed for 

school districts but could not be found, a geometric normalization had to be done to 

obtain native American and Hispanic population percentages.  
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Summary Statistics 

CSG pointes were divided into two groups. One for school garden projects, and 

the other for all other gardening projects. This is so that the schools can have the 

correct data from their assigned school districts. All other gardening projects worked 

with census data. The first step was to use the identity tool to intersect the school 

district data with school garden project points and census data with all other gardening 

project points. Then, summary statistics could be performed on desired variables 

(Figure 6).  

 

M = (∑ 𝑋𝑖)/𝑛 

where: 

 M = mean 
∑ = sum of 

 Xi = all numbers in data set 
 n = number of items in data set  
 

 

 

Logistic Regression 

For 400 points, 1000 random points were generated across the state of Arizona 

using the Create Random Points tool. The identity tool was then used to intersect the 

seed grant points with the census tracts and then the random points with the census 

tracts. A new integer field was created in the study group, with all values calculated to 

be 1. The same was done for the control group, with all values equaling 0. This is 

preparing for the regression to compare the actual points to that of the control group. 

Figure 6: Formula used in summary statistics  



16 
 

For the regression, the tables needed to be combined into one, so the merge tables tool 

was used to do so. The merged table was then exported as a dbase table to prepare for 

SPSS. Once in SPSS, the Binary Logistic Regression option was chosen to begin the 

regression. The dependent variable was the field with the ones and zeros in it. The 

seven independent variables were percent below poverty, percent using food stamps, 

percent unemployed, percent Native American, percent black or African American, 

percent non-Hispanic white, and percent Hispanic. A standard regression will run with 

the method as “Enter”. Once the results came in, the important values examined were 

the R2 values and the significance of the coefficients. Given some of these variables 

were insignificant, it was found that the best method was the backward stepwise option. 

Once the results came in, the table was exported into excel and the beta coefficients 

were identified to create the model equation. The study groups and the control group 

were different sizes, so the constant had to be corrected (Figure 7).   

 

𝛼′ =  𝛼 + ln (
𝑛2

𝑛1
)  

where: 

𝛼′ = the corrected intercept 
𝛼 = the Y intercept in the equation 
ln = natural logarithm 

 n2 = number of items in the control group (1000) 
 n1 = number of items in the study group (399) 

 
 
 

 
 

 

Figure 7: Formula used to correct the constant 
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The following equation was used to create the model: 

(constant + ln(1000/399)) + (variable 1 * coefficient 1) + (variable 2 * coefficient 2) + … 

(variable n * coefficient n) 

 

Then, a probability model was made so the areas most likely and least likely to 

contain CSGs could be seen. The values needed to be scaled between 0 and 1 with 

values above 0.5 being most likely, and values below 0.5 least likely.  

 

The following logistic transformation was applied to the model:  

1 / (1 + exp(- model)) 

 

Lastly, the model was evaluated. This was done by determining the percentage of CSG 

points that fell into the most likely category. The appropriate percentages were plugged 

into the following equation: 

 

Efficiency = 1 – (% of total area within most likely category/ % of total sites within most 

likely category) 

 

 

 

  



18 
 

RESULTS AND DISCUSSION 

Summary Statistics 

 Arizona Average School Gardens Other Gardens 

% Hispanic 30.9 33 31.9 

% Native American 5.9 10.9 18.5 

% In Poverty 16.4 26.5 27.4 

Table 1: Average demographic percentages for CSGs and Arizona for comparison. Arizona 

averages come from US Census 2016 quick facts.  

The results from summary statistics (Table 1) suggest that CSGs are reaching 

areas with higher than average Hispanic and Native American individuals as well as 

areas with higher poverty rates. The most significant difference is the percent Native 

American field.  
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Logistic Regression 
 
 

Variables in the Equation 
 

  B S.E. Wald df Sig. Exp(B) 

       

Step 1a Pctblwpov .018 .007 6.035 1 .014 1.018 

pct_SNAP_1 -.007 .010 .514 1 .473 .993 

pct_unemployed -.028 .014 3.976 1 .046 .973 

pct_native .001 .006 .056 1 .812 1.001 

pct_black .122 .020 38.894 1 .000 1.130 

pct_NH_white -.001 .005 .034 1 .853 .999 

pct_hispanic .028 .006 23.749 1 .000 1.028 

Constant -1.844 .444 17.279 1 .000 .158 

Step 2a Pctblwpov .018 .007 6.012 1 .014 1.018 

pct_SNAP_1 -.007 .010 .520 1 .471 .993 

pct_unemployed -.028 .014 4.145 1 .042 .973 

pct_native .002 .004 .391 1 .532 1.002 

pct_black .123 .019 41.179 1 .000 1.131 

pct_hispanic .029 .004 51.016 1 .000 1.029 

Constant -1.922 .157 149.364 1 .000 .146 

Step 3a Pctblwpov .018 .007 6.022 1 .014 1.018 

pct_SNAP_1 -.005 .009 .245 1 .621 .995 

pct_unemployed -.025 .013 3.729 1 .053 .975 

pct_black .122 .019 40.812 1 .000 1.129 

pct_hispanic .027 .003 69.407 1 .000 1.028 

Constant -1.922 .157 149.572 1 .000 .146 

Step 4a Pctblwpov .016 .006 6.936 1 .008 1.016 

pct_unemployed -.029 .011 6.217 1 .013 .972 

pct_black .122 .019 41.194 1 .000 1.130 

pct_hispanic .027 .003 69.861 1 .000 1.028 

Constant -1.911 .156 150.848 1 .000 .148 

a. Variable(s) entered on step 1: Pctblwpov, pct_SNAP_1, pct_unemployed, pct_native, pct_black, 
pct_NH_white, pct_hispanic. 
 

Table 2: Results from the backward stepwise logistic regression  
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Table 2 shows the results exported from the backward stepwise regression. 

There are multiple steps because in stepwise regression, variables are added and 

subtracted until the best fit is determined. The results are showing the three steps it took 

before it reached the best fit. The B field stands for beta coefficient, or the coefficients 

for each variable that suggests if it is favored or not. Negative values suggest that the 

field is not favored, and positive values suggest that it is favored. So, the B field in this 

table suggests that CSGs favor areas with higher percentages of Hispanic and Black or 

African American individuals as well as areas with higher poverty rates. All other fields 

(percent of people using food stamps, percent Native American, and percent Non-

Hispanic white) were determined to be not significant. The Sig. field tells the level of 

significance, so values closer to zero are highly significant, and values above 0.05 will 

be determined not significant. Once the beta coefficients were plugged into the model 

equation and then adjusted to fit the probability model, the maps were created. Figure 6 

shows the entire study area, with light blue being areas least likely to contain CSGs and 

dark blue being areas most likely to contain CSGs based on the regression. Census 

tracts that are dark blue will have higher numbers of Hispanic and Black or African 

American individuals as well as high poverty rates. These maps allow for a visual 

accuracy assessment. It is safe to assume that the points in Northeast Arizona are 

mostly Native American projects, but are in light blue because that field came to be 

insignificant in the regression. Figures 7 and 8 are zoomed in on Tucson and Phoenix 

respectfully, and these clusters most likely had a heavy influence on the regression. 

Visually, these major city areas look more accurate than the entire state.  
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Figure 8: Probability Model 
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  Figure 9: Probability Model Tucson 
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Figure 10: Probability Model Phoenix 
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Now, the efficiency of the model can be tested by dividing the percentage of the 

project area that falls into the most likely category (27%) by the percentage of CSG 

points that fall into the most likely category (63%) and then subtracting that number from 

1. The result came to be 57% efficiency, which is moderately efficient.  

 

 

CONCLUSIONS 

 

In this study, the successfulness of the CSG program was evaluated by 

measuring if intended audiences are being reached.  The first analysis, summary 

statistics, suggests that on average CSGs are reaching areas with higher than average 

Native American and Hispanic populations and individuals living below the poverty line. 

The second analysis, a logistic regression, explores if there is a correlation between 

CSG points and areas of interest. Areas of interest include census tracts with high 

populations of underprivileged groups, including Hispanic, Native American, and Black 

or African American individuals as well as high poverty and unemployment rates, and 

high percentages of food stamp users. Another independent variable was Non-Hispanic 

white individuals, to see if CSGs were favoring those populations as well. The 

regression suggested CSGs favored areas with more Hispanic and Black or African 

American individuals, and areas with high poverty rates. It also suggested that CSGs do 

not favor areas with high unemployment rates, and all other independent variables were 

declared to be insignificant. Although Hispanic and Native American individuals are 

among some of the most food insecure groups in the region, the CSG program still aims 

to support all other underprivileged groups needing assistance. The CSG program is 
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still working towards the same goals today, and although this study provides some 

positive feedback to NS/S, there are still a lot of room for improvement. As the CSG 

program expands, more areas can be considered for evaluation and more factors can 

be considered in a regression analysis.   
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