

  On-Farm Diversity of Date Palm (Phoenix dactylifera L) in Sudan: A Potential Genetic Resources Conservation Strategy




On-Farm Diversity of Date Palm (Phoenix dactylifera L) in Sudan: A Potential Genetic Resources Conservation Strategy







Sustainability 2013, 5(1), 338-356; doi:10.3390/su5010338




Article



On-Farm Diversity of Date Palm (Phoenix dactylifera L) in Sudan: A Potential Genetic Resources Conservation Strategy



Eugene E. Ezebilo 1,*, Mohammed Elsafi 2 and Larisa Garkava-Gustavsson 2





1



Southern Swedish Forest Research Centre, Swedish University of Agricultural Sciences, Box 49, 23053 Alnarp, Sweden






2



Department of Plant Breeding and Biotechnology, Swedish University of Agricultural Sciences, Balsgård, Fjälkestadsvägen 459, 29194 Kristianstad, Sweden









*



Author to whom correspondence should be addressed; Tel.: +46-40415197; Fax: +46-40462325.







Received: 17 December 2012; in revised form: 16 January 2013 / Accepted: 17 January 2013 / Published: 22 January 2013



Abstract:

 Although the main goal of traditional farming is to produce food, it can play an important role in conservation of genetic resources. This paper reports a study, which explored the diversity of date palm (Phoenix dactylifera L.) cultivars grown by farmers and their preferences for different cultivars. The possibilities of using farms as sites for conserving genetic resources are discussed. The data for the study were collected from personal interviews that involved randomly selected date palm farmers in the Northern State and River Nile State, Sudan. Ordered and binary logit models were used to account for possible factors influencing the diversity of cultivars grown by farmers and preferences for different cultivars, respectively. The results showed that the cultivars grown by the respondents vary widely. On average, the Northern State respondents grew twice the number of cultivars as those in the River Nile State. Of all the date palm cultivars, the Barakawi was the most preferred. The diversity of the cultivars grown by the respondents and their preferences were mainly influenced by factors, such as farm location, drought, uses of date palm, years of farming experience, education, income from date palm and household size. The findings will help in designing a more sustainable date palm breeding program, as well as a genetic resources conservation strategy.
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1. Introduction

Date palm (Phoenix dactylifera L.) is one of the most important tree crops in desert areas of Northern Africa, Southern Asia and the Middle East [1]. It is a multipurpose tree that provides food, materials for shelter, fuel and timber products in a harsh environment, where only few plants can grow [2]. Date palm fruit is a good source of carbohydrates, fiber, minerals and vitamins, as well as having anti-mutagenic and anti-carcinogenic properties [3,4,5]. Date palm has varied medicinal uses. For example, the fruit is a good astringent remedy for intestinal problems. Syrups and pastes produced from date palm fruits are administered against colds, sore throat and bronchial cough, as well as to help relieve fever and abdominal aches; the roots are used for treating toothache [6]. Date palms often contribute in creating a microclimate in the desert environment that encourages the growth of cover crops and vegetables to sustain local people and their livestock. Its leaves are used for making mats, hats, trays and baskets, as well as fencing and livestock feeds [7]. Considering the multipurpose uses of date palm, it suffices to say that it has the potential to contribute in several ways to the sustainability of integrated farming systems and food security [8].

Plant breeders often face problems associated with developing viable crop varieties acceptable to farmers, partly because of inadequate understanding concerning the reasons farmers choose the varieties they grow [9]. It is important to have knowledge of farmer varietal choice, because it can help plant breeders and agricultural extension services to better serve the needs of farmers, as well as contribute to collaboration between farmers and plant breeders [10]. Farmer varietal choice is often based on the performance of different varieties in various environmental conditions [11]. Most small-scale farmers often grow more than one crop variety as a way of reducing risks associated with unpredictable weather and the incidence of pests and diseases [12]. There are several published studies regarding farmers’ choice of crop varieties. For example, in a study of the adoption and impact of dual-purpose cowpea among farmers in semi-arid region of Nigeria, Abdullahi [13] found that cowpea farmers grow both short-cycle and long-cycle cowpea varieties. In a study of Malian farmers choice of traditional sorghum varieties in terms of one and more than one variety and short-cycle or long-cycle varieties, [10] found that farmers grow a combination of short-cycle and long-cycle varieties to optimize yield, yield stability and post-harvest traits, such as taste. In a review of farmer genetic resources Jarvis [14] and others found that farmers who have more wealth were more likely to cultivate more varieties than farmers who have less wealth. Friis-Hansen [15] and Sthapit studied the choice of sorghum varieties among migrant Gogo farmers in Tanzania and found that choice of varieties is influenced by ethnicity. In a study of Mexican maize farmers Louette [16] and others found that choice of varieties is influenced by household seed source.

The loss of biodiversity has serious consequences for species, ecosystem services and people who depend on environmental and natural resources for their livelihoods [17,18]. For example, 12% of bird species, 25% of the mammals and 32% of the amphibians living in tropical forests are threatened with extinction over the next century [19]. Thus, biodiversity conservation has become an important global issue [20]. Although the main goal of traditional agricultural farms is to produce foods to meet the demands of the teeming population, it can also play an important role in conserving genetic resources on farms [21]. Thus, it is important to have knowledge of the diversity of crop varieties grown by farmers. The effectiveness of a genetic resources conservation strategy, especially over the long-term, depends on how agricultural environment is managed. For example, if date palm farmers choose to grow only one cultivar over time, it may lead to the extinction of other cultivars. This implies that the cooperation of farmers is required for genetic resources conservation efforts to be more effective, because their livelihood activities often have impacts on genetic resources [22,23]. Thus, it is important to have knowledge about a genetic resources conservation strategy that can sustain the livelihoods of farmers, as well as help conserve genetic resources.

Historically, there have been many date palm cultivars in northern Sudan, but some are either threatened or are on the verge of extinction [24,25]. Date palm is the most important fruit tree in northern Sudan, where it has been grown for more than 3000 years [26]. Although most of the date palm farms are located around the Nile River bank, some are found in oasis areas in northern parts of Kordofan and Darfur, respectively [27]. The number of date palm trees in northern Sudan is estimated to be between five and six million [28], and many date palm cultivars abound in the region [29,30]. Date palm fruits are often eaten fresh, and they can be fermented to produce alcohol or vinegar. Date palm contributes to the livelihoods of some people in northern Sudan, as well as playing an important role in the cultural heritage of the people. Although plant breeding programs and agricultural extension services are in place, the opinions of farmers are rarely sought. The knowledge of farmers’ preferences and demand for different date palm cultivars are important for designing a sustainable genetic resources conservation strategy, but do not often receive much attention in Sudan. The farmers’ preferences and demand for different cultivars should provide plant breeders with more understanding of the date palm cultivars that are more acceptable to farmers, as well as help in decisions concerning date palm cultivars that should be improved. This study has two major aims. The first is to examine the diversity of date palm cultivars on farms and possible factors influencing the number of different cultivars grown by farmers. The second aim is to explore the farmers’ preferences for the different cultivars and factors influencing their preferences. The study involves date palm farmers in the Northern State and River Nile State, Sudan.



2. Materials and Methods


2.1. Survey Design and Data Collection

The data collection was made by means of personal interviews. The questionnaire used for the interview was designed through group discussions and pre-testing. The group consisted of scientists whose works were relevant to date palm production in Sudan, survey design and agricultural extension services in Sudan. After the initial group discussions, a questionnaire was drafted and was sent to each member of the group. They were asked to comment on any difficulty encountered in interpreting the questions and to suggest ways of improving the draft. Some issues were raised, which led to further discussions with members of the group. The questionnaire drafts were sent to some officials of the Ministry of Agriculture in Sudan, who were asked to comment and suggest ways of improving the questionnaire. Their comments and suggestions led to the modification of the questionnaire draft. To test the questionnaire, 10 date palm farmers were interviewed, and the questionnaire was further modified to capture the concerns raised by the farmers during the pre-test survey. The final questionnaire used for the interviews comprised of closed-ended and open-ended questions. The main survey was conducted in June and July 2010 in two states, namely the River Nile State and the Northern State (see Figure 1). The two states were chosen because most date palm farms are found there. The states were divided into localities that are officially recognized in Sudan. One hundred and thirty-one date palm farmers in the Northern State were randomly selected, while 84 farmers were randomly selected in the River Nile State. In total, 215 date palm farmers were interviewed. The number of farmers that were interviewed in the Northern State was more than that of the River Nile State, because there are more date palm farms in the Northern State.

Figure 1. Map of Sudan showing location of River Nile State and Northern State.
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2.2. The Diversity of Date Palm Cultivars and Preferences Questions

After explaining the motives behind the survey and assuring the selected farmers about the confidentiality of their responses, the respondents were asked to give the names and number of different date palm cultivars they grow on their farms and to mention the cultivar they most prefer. They were asked a series of socio-economic questions (education, income from date palm, household size, farmland size and number of years they have been involved in date farming). The respondents were asked about the main threat (e.g., pests and diseases and drought) to date palm on their farms and whether the date palm harvested from their farms is mainly for family use.



2.3. Conceptual Framework

The Northern State and River Nile State in Sudan are typical examples where the welfare of people is based on a mixture of market priced goods from date palm (e.g., fruits, timber, fuel wood and animal feed) and non-market priced goods and services from date palm, such as microclimate regulation, biodiversity and cultural identity. There are different date palm cultivars, and each has its own specific traits and potentials. Some might have the potential of producing many fruits in a short time period, while it might take a longer time for others to produce fruit. Furthermore, some cultivars might have the potential of withstanding biotic stress, such as pests and diseases, as well as abiotic stress, such as soil acidity and drought. Fruit from some cultivars might have better taste and better storage capacity than fruit from other cultivars. This implies that the choice of date palm cultivars by a farmer reflects the benefits that he or she expects to get from the cultivar. A risk-neutral farmer is more likely to grow only one date palm cultivar that gives the greatest benefits [31]. However, many small-scale farmers especially in Africa are risk-averse and tend to grow many cultivars on their farms as a way of reducing costs associated with crop failures [32]. The utility U that the respondent gets from a date palm cultivar will depend on the yield y, which is often influenced by both biotic and abiotic factors; locality l (i.e., location of the farm), quality of produce from the cultivar, q, and personal attributes of the respondent, s:
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(1)




The numbers of different date palm cultivars that the respondent grows in his or her farm was explored in this study. Overall, the respondents grew between one to six different cultivars. Assuming that the respondent chooses to grow only one date palm cultivar on the farm, this implies that:
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(2)




where Uc is the utility the respondent gets for growing one cultivar and Ud is the utility for growing more than one cultivar. If the number of date palm cultivars (1, 2, 3, 4, 5 and 6) grown on the farm is considered as a possible choice by the respondent, it is expected that he or she will choose the alternative that has the maximum expected utility among the alternatives. The respondent’s expected utility for growing one cultivar can be expressed as:
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(3)




where E(Uc) is the expected utility of the alternative c, (i.e., one date palm cultivar) to the respondent.


2.4. Econometric Model


2.4.1. The Ordered Logit Model

In this study, the respondent was asked about the number of date palm cultivars he or she grows. For the analysis of the factors influencing the number of different cultivars grown on the farm, the number was classified as:


	One or two cultivars was classified as ‘1–2’ cultivars and coded 0.


	Three or four cultivars was classified as ‘3–4’ cultivars and coded 1.


	Five or six cultivars was classified as ‘5–6’ and coded 2.




The new classification should not have statistically significant effects on the results. This is because eight percent of all the respondents reported that they grew one cultivar, and it was eight percent for those who grew six cultivars. In other words, these subsamples seem to be too small to be used independently for the analysis. The number of date palm cultivars that the respondent grew is discrete and has more than two outcomes (dependent variables). This implies that the binary choice model is not suitable for the analysis of the data. An extension of the binary model, such as multinomial and ordered choice models that allow for more than two dependent variables, can be used for the analysis [33,34]. The multinomial model is often used for modeling unordered dependent variables, while the ordered choice model is more suitable for ordered dependent variables. In this study, it is assumed that the dependent variables are ordered; thus, the ordered choice model was used for the analysis of data. The ordered regression model has a restrictive assumption called the Parallel Regression Assumption (PRA). This suggests that the relationship between each pair of the dependent variable is the same [35], i.e., the coefficients of the independent variable that describe the relationship between the lowest and all the higher classes of the dependent variable are the same as those that describe the relationship between the next lowest class and all higher classes. The Brant test can be used to evaluate whether the estimated model is in line with the PRA [36]. The null hypothesis is that there is no difference in the coefficients between the models. Thus, a not statistically significant result implies that the PRA has not been violated. In this study, the result of the Brant test shows that the chi-squared statistic is 6.64 and the p value is 0.675. This implies that the PRA has not been violated; thus, the use of the ordered regression model for the data analysis in this study is justified.

To explore whether the ordered probit model is more suitable for the analysis of the data, the Lagrange multiplier test was conducted [37]. The Lagrange multiplier statistic (test statistic) was greater than the critical value of chi-squared. Thus, the hypothesis regarding the existence of normal distribution in the error term of the probit model was rejected at the one percent statistically significant level. This implies that the assumption required to use the probit could not be satisfied; thus, the ordered logit model was used in the analysis. Let the number of cultivars, CULTIVARn, grown by the respondent be an ordered response, taking on values of {0, 1, 2}. The ordered model for CULTIVARn can be derived from a latent variable [36]. Assuming that a latent (unobservable) variable,  [image: Sustainability 05 00338 i010], is determined by:
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(4)




where m is a vector of independent variable, β is the vector of the parameter to be estimated and ε is the error term, which is assumed to be independently and identically distributed according to the logistic function [36]. Let μ0 < μ1 < μ2 be unknown cut-off points (threshold parameters), and the latent variable,  [image: Sustainability 05 00338 i010], can be censored as:
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(5)




where CULTIVARn is the observed counterpart to  [image: Sustainability 05 00338 i010] and μ0, μ1, μ2 are estimated cut-off points. The probability that the respondent grows a number of cultivars j on his or her farm is:
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(6)




where F is the cumulative distribution function of the logistic random variable.
The variance inflation factors for each independent variable included in this study did not exceed 6. This indicates that multicollinearity [38] is not a serious problem in the estimated models. The ordered logit regression model was estimated using LIMDEP NLOGIT version 4.0.1 statistical package (Econometric Software Inc., New York, USA), and the factors influencing the number of different date palm cultivars grown by the respondents were analyzed. The following effects (in parenthesis) of independent variables (see Table 1) on the number of different cultivars grown are expected:

Table 1. Description of variables used in statistical analysis.











	Variable
	Description
	%
	Mean
	SD
	Min
	Max





	CULTIVARn
	Number of date palm cultivars grown by the respondent
	
	
	
	
	



	
	1 – 2 = 0
	34.9
	
	
	
	



	
	3 – 4 = 1
	47.9
	
	
	
	



	
	5 – 6 = 2
	17.2
	
	
	
	



	BARKAWIp
	Barakawi is the most preferred cultivar
	
	
	
	
	



	
	yes = 1
	
	0.59
	0.49
	0
	1



	
	no = 0
	
	
	
	
	



	YEARS
	Number of years the respondent has been growing dates
	
	30.9
	14.0
	5
	68



	INCOME
	Disposable income from date palm (in x 1,000 SDG)
	
	19.5
	78.4
	0
	1000



	PESTS
	Diseases and pests threaten the respondent’s date farm
	
	
	
	
	



	
	yes = 1
	
	0.52
	0.50
	0
	1



	
	no = 0
	
	
	
	
	



	LOCATION
	The respondent farm is located in the River Nile State
	
	
	
	
	



	
	yes = 1
	
	0.37
	0.48
	0
	1



	
	no = 0
	
	
	
	
	



	USES
	Date palm products are mainly for household consumption
	
	
	
	
	



	
	yes = 1
	
	0.62
	0.49
	0
	1



	
	no = 0
	
	
	
	
	



	DROUGHT
	Drought threatens the respondent’s date farm
	
	
	
	
	



	
	yes = 1
	
	0.44
	0.50
	0
	1



	
	no = 0
	
	
	
	
	



	EDU
	The respondent has at least a high school education
	
	0.63
	0.48
	0
	1



	
	yes = 1
	
	
	
	
	



	
	no = 0
	
	
	
	
	



	HH_SIZE
	The respondent’s household size is ≥ the average (7 persons) of the whole sample
	
	
	
	
	



	
	yes = 1
	
	0.53
	0.50
	0
	1



	
	no = 0
	
	
	
	
	



	FARM SIZE
	The respondent’s farmland size is ≥ the median (4 hectares) of the whole sample
	
	
	
	
	



	
	yes = 1
	
	0.58
	0.49
	0
	1



	
	no = 0
	
	
	
	
	





SGD is Sudanese Pound. 1 US Dollars = 4.40 SGD.




Number of years in farming (+)

People who have many years in date palm farming should be more experienced and familiar with farming in the face of an unpredictable environment [39]. Thus, they are likely to grow different cultivars as a measure of reducing the risks of crop failures.

Income from date palm (+)

Date palm fruit varies with regard to quality, such as taste and color; so does market demand. To meet the ever changing market demand, farmers who have more money from date palm are likely to grow different cultivars to help sustain the revenue they get from date palm [40].

Pests and diseases (+)

Pests and diseases comprise one of the main constraints threatening date palm production [41]. Farmers threatened by pests and diseases are likely to grow different cultivars that are resistant to both field and storage pests to help reduce losses.

Farm location (–)

Many crop varieties are often found in areas where the growing of the crop has been the tradition of the people [42]. The growing of date palm is a tradition to the people of the Northern State in comparison to those of the River Nile State. Thus, farmers from the River Nile State are not likely to grow many different cultivars.



Uses of date palm produce (+)

Date palm fruits are of varied tastes [30]. People who mainly grow fruit trees for their own consumption often like to explore different tastes of the fruit and are likely to grow different cultivars.

Drought (+)

Inadequate water threatens food security [43]; thus, date palm farmers threatened by drought are likely to grow different cultivars, such as early and late maturing cultivars, to help sustain their livelihoods.

Education (+)

People who have more formal education should be more informed about the potential benefits associated with the growing of different cultivars of crop [44]. Thus, they are likely to grow different date palm cultivars.

Household size (+)

The more persons there are in a household, the more likely they are to collect seeds from different sources, which should encourage the growing of different date palm cultivars [16]

Farmland size (–)

Larger farmland encourages large-scale farming in which monoculture (i.e., growing of only one crop type) is often practiced to maximize revenue [31]. This implies that date palm farmers who have larger farmland are not likely to grow different cultivars.



2.4.2. The Binary Logit Model

Of all the date palm cultivars grown by the farmers, about 60% of the respondents reported that the Barakawi is the most preferred cultivar. Thus, it becomes interesting to explore the factors influencing the respondent’s preferences for the Barakawi. As in equation (1), the utility the respondent gets from Barakawi will depend on yield, locality, quality of produce from the cultivar and the personal attributes of the respondent. Assuming that 1 is Barakawi and 0 is other date palm cultivars, this implies that:
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(7)




where U1 is the utility that the respondent gets from Barakawi and U0 is the utility from other cultivars. Considering the binary nature of this arrangement, (i.e., Barakawi = 1, 0 = other cultivars), the respondent’s preferences can be explored using the binary choice model. Because the respondent preference for Barakawi, BARAKAWIp, is latent (i.e., not observable), therefore, let I be the indicator variable, so that:


 [image: Sustainability 05 00338 i008]



(8)




The probability P that the Barakawi is the most preferred cultivar is:
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(9)




where t = mβ.
Using the Lagrange multiplier test, the hypothesis regarding the existence of normal distribution in the error term of the probit model was rejected at the 0.01% statistically significant level. Thus, the binary logit model was applied in the analysis. The binary logit model was estimated using LIMDEP NLOGIT version 4.0.1 statistical package (Econometric Software Inc., New York, USA), and the factors influencing the respondent’s preference for Barakawi cultivar were analyzed (see Table 4). The variables that were used in the analysis are presented in Table 1.

Table 4. Binary logit model result of factors influencing preferences for Barakawi cultivar.







	Variable
	Coefficient
	Marginal effect





	Constant
	2.467
	



	
	(1.679)
	[1.469]



	YEARS
	−0.078
	−0.018



	
	(0.024)
	[−3.451]****



	INCOME
	−0.004
	−0.0009



	
	(0.0009)
	[−4.857]****



	PESTS
	0.526
	0.114



	
	(0.970)
	[0.542]



	LOCATION
	−3.111
	−0.649



	
	(0.626)
	[−4.969]****



	USES
	0.388
	0.085



	
	(0.519)
	[0.747]



	DROUGHT
	0.415
	0.096



	
	(1.034)
	[0.401]



	EDU
	0.515
	0.109



	
	(0.632)
	[0.815]



	HH_SIZE
	1.477
	0.292



	
	(0.596)
	[2.479]**



	FARM SIZE
	0.200
	0.043



	
	(0.955)
	[0.210]



	LogL
	−71.865
	



	Restricted LogL
	−136.537
	



	McFadden Pseudo R2
	0.474
	



	Chi-squared statistic
	129.344
	



	Prob[Chi-squared > value]
	0.0000000
	



	% correctly predicted
	76.733
	



	Number of observations
	202
	





**,**** represent 0.05, and 0.001 levels of statistical significance, respectively. Standard error is in parenthesis, while t-value is in square bracket. Marginal effects for discrete independent variables were calculated as the difference in the expected value of the dependent variable when the independent variable of interest takes the value zero and when it takes the value one, while marginal effects for continuous independent variables were calculated at the mean of the independent variable of interest [37]. 








3. Results


3.1. Diversity of Date Palm Cultivars Grown on Farms

All the people selected for the survey agreed to be interviewed. However, of all the 215 respondents, only 202 (94%) answered all the questions that are relevant to the present paper. Thus, the 202 observations were used for the analyses. Approximately 48% of the respondents grew between three to four different date palm cultivars, while 17% grew five to six cultivars. On average, date palm contributes SDG 19,500 (US$ 4,431.8) to household income annually. Approximately 52% and 44% of the respondents reported that pests and diseases and drought, respectively, threaten their date palm production (see Table 1). The respondents in the Northern State grew between one to six cultivars, while it was one to five for those in the River Nile State (see Figure 2). On average, the respondents in the River Nile State grew 2.2 cultivars, while it was 3.9 for those in the Northern State.

Figure 2. Number of date palm cultivars grown by the respondents.
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To examine the factors that might have influenced the number of cultivars grown by the respondent, an ordered logit model was estimated (see, Table 2). The result of the log likelihood ratio test is statistically significant. This shows that the model has a relatively good fit. The median farmland size and average household size were used in the model, because there is a high correlation between farmland size and income, as well as between household size and the number of years in farming. The coefficients associated with the number of years in date palm farming, income from date palm, uses of date palm produce, drought and education had positive and statistically significant effects on the number of cultivars grown. The coefficients associated with farm location and household size had negative and statistically significant effects. The results imply that the respondents who have many years in date palm farming, earn more money from date palm, use date palm produce for household consumption, perceive drought as the main threat to date palm and have at least a high school education were more likely to grow different date palm cultivars. The respondents whose date palm farms are located in the River Nile State and have seven or more persons in their households were less likely to grow many different cultivars. In terms of marginal effect, the coefficients associated with farm location, uses of date palm produce, education and drought had the highest marginal effects (-0.21, 0.17, 0.09 and 0.09, respectively). In other words, the respondents whose farms are in the River Nile State were 21% less likely to grow many different date palm cultivars. The respondents who mainly use date palm for family consumption, have at least high school education and perceived drought as threat were 9 to 17% more likely to grow many different date palm cultivars. The results of the marginal effects show that farm location, uses of date palm, education and drought are the most important variables in predicting the number of date palm cultivars grown by farmers. The coefficients associated with diseases and pests and farmland size were not statistically significant.


Table 2. Ordered logit model result for factors influencing diversity of cultivars grown.



	
Variable

	
Coefficient

	
Marginal effect






	
Constant

	
−2.292

	
[−1.601]




	
(1.432)




	
YEARS

	
0.048

	
0.003




	
(0.017)

	
[2.755]***




	
INCOME

	
0.001

	
0.0001




	
(0.0005)

	
[2.264]**




	
PESTS

	
1.392

	
0.095




	
(0.915)

	
[1.522]




	
LOCATION

	
−2.084

	
−0.209




	
(0.481)

	
[−4.332]****




	
USES

	
1.848

	
0.173




	
(0.443)

	
[4.175]****




	
DROUGHT

	
1.854

	
0.086




	
(0.959)

	
[1.934]**




	
EDU

	
1.051

	
0.089




	
(0.545)

	
[1.930]**




	
HH_SIZE

	
−0.837

	
−0.052




	
(0.452)

	
[−1.851]*




	
FARM SIZE

	
0.555

	
0.040




	
(0.817)

	
[0.679]




	
Cut-point 1

	
4.234

	




	
(0.353)

	
[11.988]****




	
LogL

	
−140.551

	




	
Restricted LogL

	
−206.229

	




	
McFadden Pseudo R2

	
0.318

	




	
Chi-squared statistic

	
131.356

	




	
Prob[Chi-squared > value]

	
0.0000000

	




	
Number of observations

	
202

	






*,**,***,**** represent 0.1, 0.05, 0.01 and 0.001 levels of statistical significance, respectively. Standard error is in parenthesis, while t-value is in square bracket. Marginal effects for discrete independent variables were calculated as the difference in the expected value of the dependent variable when the independent variable of interest takes the value zero and when it takes the value one, while marginal effects for continuous independent variables were calculated at the mean of the independent variable of interest [37]. The marginal effects presented are for j = 1. 








3.2. Preferences for the Date Palm Cultivars

Of all the date palm cultivars, the Barakawi was the most preferred by the Northern State respondents, followed by Gondaila, while Kulma was the least preferred. For the case of the River Nile State respondents, Wad Khateeb was the most preferred, followed by Wad Laggai, while Amdokan-Skot and Barri-Sagaai were the least preferred; see Table 3. To examine the factors that might have influenced the respondent’s preferences for the Barakawi cultivar, a binary logit model was estimated (see, Table 4). The result of the log likelihood ratio test is statistically significant, and approximately 77% of the respondents were correctly predicted to be in the group to which they actually belonged by the estimated model. This shows that the model has a good fit. The coefficients associated with the number of years in date palm farming, income from date palm and farm location had negative and statistically significant effects on preferences for the Barakawi.


Table 3. Respondent’s preferences for different cultivars.



	

	
Respondent %




	
Most preferred cultivar

	
Northern State

	
River Nile State






	
Barakawi

	
82.4

	
17.8




	
Wad Khateeb

	
-

	
39.3




	
Amdokan-Skot

	
-

	
1.2




	
Barri-Sagaai

	
-

	
1.2




	
Kulma

	
0.8

	
-




	
Wad Laggi

	
2.3

	
27.4




	
Abdel Rahim

	
-

	
3.6




	
Gondaila

	
14.5

	
3.6




	
Jaw

	
-

	
5.9











The coefficient associated with household size had positive and statistically significant effect. The results imply that the respondents who have many years in date palm farming, have more money from date palm and whose date palm farms are located in the River Nile State were less likely to choose the Barakawi cultivar. The respondents who have seven or more persons in their households were more likely to choose the Barakawi. In terms of marginal effect, the coefficients associated with farm location and household size had the highest marginal effects (–0.65 and 0.29, respectively). In other words, the respondents whose farm is in the River Nile State were 65% less likely to choose the Barakawi cultivar, while the respondents who have seven or more persons in their households were 29% more likely to choose the Barakawi. This reveals that farm location and household size are the most important variables in predicting farmers’ preferences for the Barakawi cultivar. The coefficients associated with diseases and pests, date palm uses, drought, education and farmland size were not statistically significant.






4. Discussion and Conclusions

The findings of this study revealed that the date palm cultivar grown by date palm farmers in northern Sudan is diverse. This implies that date palm farms in Sudan can serve as sites for conserving genetic resources along with fulfilling the primary aim of food production. The respondents in the Northern State generally grew more different cultivars than those in the River Nile State. This reflects the relative importance of the diversity of cultivars to the two groups and suggests that if farmers in the Northern State are motivated, they may be willing to participate in genetic resources conservation. However, it is important to be more cautious in designing such a strategy. Because having different cultivars on a farm can help lower the risks of total crop failure in the event of natural disasters, the farmers have a greater incentive to grow many different cultivars. Similar findings have been reported in other study by Asrat [21] and others. In their study of farmers’ preferences and the driving forces behind crop varieties choices, they found that farmers are willing to forgo extra income or yield to obtain a more stable and environmentally adaptable crop variety. It is not surprising that most of the Northern State respondents preferred the Barakawi cultivar, while most of the River Nile State respondents preferred the Wad Khateeb cultivar. This is because the Barakawi originated from the Northern State, while the Wad Khateeb is traditionally grown in the River Nile State [25]. This reflects the importance of farm location and tradition with regards to the preferences for cultivars. Similar findings have been reported in another study by Friis-Hansen and Sthapit [15]. They found that in Tanzania, the Gogo farmers, from an originally sorghum growing region, grow more than two times the number of varieties in comparison with the farmers from maize growing regions. On the other hand, it is not surprising that, on average, the Barakawi cultivar was the most preferred by all the respondents. This may be because the cultivar is more tolerant to some diseases in comparison with other date palm cultivars grown. It also has the potential for longer time storage, and it is traditionally used as food in the event of a long distance journey.

The findings of the study show that the most important factors to be considered in designing a genetic resources conservation strategy include farm location, uses of date palm produce, drought and education. Since the respondents in the River Nile State were less likely to grow many different cultivars, it may be that the cultivars available to the farmers in this State are not as diverse as those in the Northern State. Thus, farmers in the River Nile State have lesser incentive to grow many different cultivars. This suggests the importance of making more cultivars adapted to the environmental condition of the State more available to the farmers. Availability of more cultivars should motivate more farmers to grow different cultivars. People who grow date palm mainly for family consumption often have different tastes and are likely to grow different cultivars to meet their demand. Similar findings have been reported in another study by Lacy and others [10]. They found that subsistence farmers grow varieties of crops that have different tastes. This implies that if people who mainly grow date palm for family consumption get access to different cultivars with marked differences in quality attributes, they are likely to grow diverse date palm cultivars. Thus, these group of people need to be considered in designing a genetic resource conservation strategy.

The results of the study further support the proposition that the growing of different cultivars in drought prone areas could help farmers lower the risks of losing the whole crop. This is not surprising, because drought is one of the problems faced by date palm farmers in Sudan. Similar results have been reported in other studies by Elshibli and Korpelainen [24,25]; Elsafi. In their study of the population genetics of date palms in Sudan, Elshibli and Korpelainen [24] found that drought is a major constraint for date palm production in Sudan. Elsafi [25] studied the status of conservation of date palm genetic resources in Northern Sudan and found that drought often leads to economic losses to date palm farmers. This indicates the importance of drought in motivating farmers to grow diverse cultivars and suggests that, if more drought tolerant cultivars that have varied quality attributes are accessible to farmers, they would be willing to grow different cultivars. This implies that drought tolerance requires special attention in a future plant breeding program. Formal education provides people with more understanding regarding the future benefits of any activity they delve into and increases their awareness. Furthermore, date palm farmers with formal education stand a better chance in understanding the importance of growing different cultivars. Thus, they were more likely to grow different date palm cultivars on their farms. The finding collaborates with previous studies [44,45]. In a study of local perceptions of community forestry near a national park in southern Nigeria, Ezebilo [44] found that people who have formal education were more willing to participate in community forest activities; Layton and Siikamäki [45] found that landowners with some forestry education are more likely to participate in a conservation program. This suggests that if date palm farmers get more access to formal education that focuses more on agriculture, they may be more willing to grow different cultivars.

The findings of this study reflect the importance of years of experience with regards to growing different date palm cultivars. This indicates that the more experience one has regarding risks and benefits associated with farming, the more one would be willing to grow different cultivars. A similar result has been reported in other studies by [21,39]. Asrat and others found that years of farming experience is one of the major factors influencing household preferences for crop varieties; [39] Wossink and Van Wenum found that the past experience people had in a conservation program influences their willingness to participate in other conservation related programs. This suggests that the more the benefits date palm farmers get from growing different cultivars for the past years, the more they would be willing to grow different cultivars. This implies that in the course of introducing an on-farm genetic resources conservation strategy, it is important to target farmers who have many years of experience, because they often serve as a role model for other farmers. Thus, if they adopt the conservation strategy, other farmers are likely to adopt it. The findings further support the proposition that people often engage in livelihood activities that benefits them. It reveals that respondents who have more money from date palm may be getting more benefits in growing different cultivars. Similar results have been reported in other studies [14,46]. In their study of social, cultural and economic factors and crop genetic diversity, Jarvis and others [14] found that richer farmers are more likely to grow many crop varieties. Ezebilo [46] found that forest owning hunters were more involved in improving game habitat in Sweden, because they expect to get more benefits in the forest environment than other stakeholders. This indicates that farmers who have more money from date palm may be willing to participate in on-farm genetic resources conservation, because this group of farmers often likes trying new ideas. Unexpectedly, the respondents who have seven or more persons in their households were less likely to grow many date palm cultivars. This is contrary to the findings of Louette and others [16]. It could be that the benefits that households get from growing different cultivars increases at a decreasing rate (i.e., decreasing marginal value) [47]. This implies that the more the diversity of the date palm cultivars grown by a household, the lesser the unit value, and consequently, the household that has at least seven persons (i.e., the average household size of all the respondents) will less likely grow different cultivars.

For the case of the respondents preferences for the Barakawi cultivar, farm location and household size are the most important factors to be considered, since the cultivar originated from the Northern State and, thus, should thrive better in the state. This suggests that the respondents from the River Nile State may not expect to get much benefit from Barakawi. On the other hand, the products from Barakawi have good storage quality, which means that it is often available throughout the year for use by households. This explains the reason larger households prefer the Barakawi. It could be that the Barakawi cultivar does not produce fruits as much as other cultivars; thus, the respondents who have many years in farming and those who have more money from date palm were less likely to choose the cultivar. This may be that they do not expect to get much benefit from growing the Barakawi cultivar.

The findings of the present study suggest that the success of an on-farm genetic resources conservation strategy will depend on the ability of the strategy to promote food production, as well as conservation of genetic resources. Thus, the collaboration of farmers is required for the conservation strategy to be effective and sustainable. The farmers, especially those in the Northern State of Sudan, have been growing many different date palm cultivars on their farms, which show that they are aware about the benefits associated with the growing of diverse cultivars. Thus, their experiences in managing many different cultivars on farms are central to developing a strategy that integrates food production and conservation of genetic resources. Farmers differ with regards to their needs and aspirations. This implies that for the strategy to be very effective, it should have the potential to meet the expectations of the different farmers and other stakeholders, such as plant breeders and agricultural extension agents. To motivate farmers in growing different date palm cultivars, one could provide facilities that give farmers more access to different cultivars that have the potential to adapt to varying environmental conditions. More drought resistant cultivars should be provided, as well as cultivars with varied distinct qualities. It is important that farmers get more knowledge regarding the importance of the conservation of genetic resources. The findings should help in the planning and designing of a more sustainable genetic resources conservation strategy, which is more acceptable to farmers, as well as helping in promoting collaboration between farmers and plant breeders.
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