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Introduction 

Agriculture is a major sector of the economy in southern Mediterranean countries. Nowadays, in many of these countries, agriculture accounts for no less than 12% of the total GDP (FAO, 2006). The increase in production in the region however cannot always meet the food requirement of the southern Mediterranean population, which is expected to rise by more than 65% between 1990 and 2020 (Mediterra, 2008). Indeed, today, the cereal imports of southern Mediterranean countries are estimated at 12% of global cereal imports, while these countries merely account for 4% of the world population. Similarly, since the beginning of the sixties, cereal imports have increased by 21 fold in Algeria, 20 fold in Morocco, 13 fold in Tunisia and 4 fold in Egypt (Fao, 2006). These trends should continue to increase in the years to come in order to meet the food requirements of their respective populations. In this context, states are will need to further intensify agricultural production so as to meet the food needs of populations. Nevertheless, this intensification ought to be moderate and carried out without increasing the pressure on natural resources. The current state of water and land resources in the Mediterranean region shows, in several cases, an alarming and irrational use of resources. The Mediterranean area presents fragile and limited water resources, and agriculture constitutes the biggest share (64%) in total water demand, 82% of which is concentrated in the southern and eastern shores of the Mediterranean (Ait Kadi  et al., 2008).

Recently, several national and international projects have been launched to assess the efficacy of different strategies that build the resilience and enhance sustainable intensification in agricultural production systems in the dry land areas (Robinson et al., 2015). However, these projects are handicapped by the lack of any thorough characterization of current cereals farming systems diversity, their productivity and their eco-efficiency in using resources for production (Robinson et al., 2015). Such characterization is necessary in order to identify main drivers of farmers’ decision making processes depending on the main production factors, the ecosystems they live in and their production objectives.

To understand production systems including performance, efficiency, opportunities, challenges, vulnerability to climate change and other social, economic and biophysical shocks of different farm households and the impacts of their collective actions, different modelling frameworks including bio-economic and multi-agent modelling can be used. A successful systems model requires, the establishment of farm typologies where farm households with similar, production target and biophysical and resource endowments characteristics are grouped together with clear description of their relative sizes is essential (Bidogeza et al., 2009, Chenoune et al., 2015). Typological studies can therefore be of great importance not only to target agricultural innovations, but also for exploring factors explaining farm strategies for resource allocations (Kostrowicki, 1997, Tittonell, 2013). 

In the literature, the multivariate household clustering technique is often used to enable more homogenous household categories to be defined in relation to the criteria adopted (Manly, 2005). In this case, for each household category, the analysis of the potential relationship between the environment and the resources available for the quantity of factors of production is mobilized to understand the farmers’ choices with regard to the target production quantities (Soto Arriagada, 2005). However, the implications of the different farm typologies on efficiencies of the production systems, defined as farmers’ success in producing as large output (such as crop production) as possible from given set of inputs (Keating et al., 2010), is often missing from such analysis.

The purpose of the current article is to develop a consistent typology of farm households to assess and categorize the diversity of the farmers’ strategies in the Saïs plain, Morocco. Its aim is to show how farmers in the Saïs  plain make their choices depending not only on the ecosystems cultivated, the main production factors and the objectives of their production (market oriented vs. self-consumption oriented), but also their implications on water, nitrate and labour production system efficiencies. This study was carried out as part of the CRP-DS programme aimed at developing a decision-support tool to help boost sustainable intensification in the dray land areas (CGIAR, 2013).

2. Materials and methods

2.1 Case study : The plains of Saiss, Morocco
The plain of Saiss spreads over an area of 2200 km2. It is one of the largest agricultural perimeters in Morocco, known for the richness and diversity of its agriculture. From an administrative point of view, it overlaps with the provinces of Meknès, El Hajeb, Séfrou, Khémisset and Ifrane (Belhadj, 2010).  

In the Saiss plain, where surface water sources are rare, individual access to groundwater has supported the rise of agriculture and improved the life of many farmers (IRD, 2014). However, these activities have rapidly led to an overexploitation of groundwater with more than 9000 water extraction points on the Saiss perimeter and a drop of around 90m of the deep aquifer level has been noted over 32 years (Fadlaoui et al., 2013). Studies have also shown that water access is not widespread and that around 50% of the population do not benefit from it for technical (aquifer level drop), economic (cost of sinking installations) or institutional (restrictive access conditions) reasons.

The resources in the Saiss plain are not only being threatened by overexploitation but also by nitric pollution of agricultural origin. The Saiss plain is characterized by a strong development of the cereal and orchards sectors, particularly soft wheat which takes up a significant part of the irrigated area of the region. Indeed, the significant quantities of nitrogen supplied to this crop pollute underground resources with a quantity of nitrogen of around 20 kg/ha, that is to say an average concentration of 35 mg/l in winter and 90 mg/l in summer (Belhadj, 2012). Similarly to other Moroccan agricultural watersheds, the intensification of the agricultural development of soils has generated a deterioration of the quality of soils in the Saiss plain, following a pronounced degradation of their physical properties (pressure of agricultural machinery, overexploitation…) and a significant loss of organic matter in agricultural soil, with a rate of organic matter lower than 2.5% (Project CRP D.S, 2014).
 
The Saiss plain is characterized by a great diversity in terms of production systems, crops farmed, rotations, farm sizes, etc. Indeed, the region is dominated by small scale farms (Project CRP-D.S, 2014); that is to say around 70% of farmers cultivate areas smaller than 5 ha in the Meknès province and 60% in the El Hajeb province.
Small scale farms often choose market gardening, cereal cultivation and low intensive livestock farming, and use most of their production for self-consumption. The agricultural income of these farms comes from the part of cereals (straw and seed) and market gardening (onion and potato) sold. As for the larger farms that benefit from financial reserves, orchards is the most widespread activity given the sector's profitability and the support it receives as part of the Plan Maroc Vert, in terms of land and irrigation (DPA Meknès, 2014). This unequal access to resources contributes to the impoverishment of part of the population and has repercussions in terms of pressure – economic as well as physical – on the land.         

In addition to the high pressure on resources ( land, water)  and the dominance of small-scale farms, agriculture in the Saiss plain still faces the problem of low efficiency in the use of resources (water, nitrogen, labour … ), which explains why the Plan Maroc Vert shows such interest in irrigation system conversion plans. Therefore, increasing production without increasing nutrient inputs seems to be the best solution today, and would not only make it possible to lower the pressure on the plain's natural resources but also to increase the farmers' income, especially in a region where populations remain particularly poor (Rural.Struc, 2009). 

2.2 Database
The study was carried out as part of the CRP-DS project to develop decision-support tools and frameworks to propose and assess technological innovations and policies to promote sustainable intensification in dry land areas (CIGAR, 2013). The database used was compiled from surveys of cereals subsistence household farms conducted in 2014 by the ICARDA and the INRA-Morocco. Two main related criteria were taken into consideration in defining the sample size. First, the sample needed to be sufficiently inclusive, so that most common types of farm households engaged in the different ecosystems could be integrated. This is particularly relevant, as in the Saïs study area, agricultural production practices are widespread. Second, the sample had to be large enough to lend itself to statistical inferences. Both purposive and stratified random sampling techniques were employed to select the farming households to interview (to be confirmed with ICARDA). Thus, the total sample size of farm households is 300 farmers that will serve for the CRP-DS program as a basis, before expanding the study for other farms, to identify and test technical and socio-economic levers and options in order to promote sustainable agricultural production and consumption. The description of the 300 surveyed farms in terms of dominant crop and ecosystems is described in table 1.

Face to face interviews were conducted using multiple choice questionnaires. Three questionnaires were presented to the heads of the farming households. The first questionnaire investigated the socio-economic characteristics of the household (composition, age of its members, farming activities, sources of income, etc.). The Second one considered the farms already surveyed by the first questionnaire and looked in more detail at each household’s farming activities. The aim was to describe the crop cycles of dominant crops by ecosystem/soil. A second aim was to identify the main tasks involved in growing those crops as well as the breakdown of labour (for men and women) by type of task.

The third questionnaire sought structural data to describe surveyed farms: usable agricultural area, land use (crops grown), amount of time per agricultural task, proportion of family labour, proportion of hired labour, proportion of each task performed by labour type, and yields per soil type and by farm.

2.3 Elaboration of household farm typology 
· General concept for farm typology
Multivariate statistical techniques offer the means of creating farming systems typology, such as principal components analysis (PCA) and cluster analysis (CA), for identifying farm household, methodology applied before by Hardiman et al (1990) Usai et al (2006), Madry et al. (2010). However, before using this classification, a question must be answered concerning the factors/criteria to be considered during the analysis. For agricultural production activities, three important factors should be considered, as suggested by Norman (1995) and Chenoune et al., (2015):
· Factors explaining resource endowment: represented at farm level by:
· The environmental potential: this criteria is often associated to the initial soil fertility which, in dry land area, is often associated to the level of nitrogen fertilization and the type of crop rotation. Two additional criteria, namely the farm size and the area reserved for the more profitable crops, are also often considered to specify the environmental potential of the studied household farms. 
· The availability of financial resources from non-farming income or the presence of a cash crop on the farm (e.g.: vegetables, cereals, etc.). This financial resource can contribute to obtaining factors of production (e.g. purchasing seeds, hiring labour, etc.) (Chenoune et al., 2015).
· Factors explaining production goals: these are the factors which reflect the destination of the agricultural production (market vs. consumption). In a dry area the agricultural production at farm level could be used either for self-consumption or to be sold at market.  This production for sale or self-consumption is primarily expressed through the quantity and the type of products which them self-depend on the total area of each crop per farm and the average crop yield per farm on the one hand and on the size of the household (number of people per household) on the other (Chenoune et al., 2015). 
· Factors explaining production intensification levels: the first two structural criteria can have a considerable impact on the quantities of the non-substitutable (seed, fertiliser, irrigation) or substitutable (labour) factors of production (inputs) to be called on per household (Bossa et al., 2012). 

· Application to the Saïss case study
To help us understand and explain household production strategy in the study area, 44 variables depending on three types of criteria as suggested by Norman (1995) and Chenoune (2015) are specified (table 1): 1- the resource endowment represented in our study by: i) the potential production of the location expressed by the altitude (it is assumed that some crops are only possible from a given altitude, e.g. Cereals are only possible on the plains and the olive trees are rather cultivated on uplands), and the percentage of organic matter by soil type, and ii) the total farm size and the cropped area, 2) the  production goal expressed by the crop yield, the ratios of each  crop receipt to the total crops receipt,  the ratios of total crops receipt and livestock receipt  to total farm receipts, and the own consumption per product, 3) the farm production intensification level represented by costs and quantities of inputs used to ensure  crops production. Here, this means the quantity and the cost of labor, water and nitrogen.

Concretely, the farm household typology was constructed by using two multivariate statistical techniques, respectively Principal Component Analysis (PCA) and the Hierarchical Ascendant Classification (HAC). The first step of this analysis (PCA) was applied to transform linearly the original set of variables, into a substantially smaller set of uncorrelated variables that represents most of the information in the original set (Bidogeza et al., 2009). 

Table 1: Example of variables used for household farm typology. 

	Class of variable
	Variables
	Source

	Variables  Characterizing the potential production of the location
	Altitude (m) 
	Completed from a topographic map based on the location of each surveyed farm 

	
	Soil type  (% of organic matter)
	Completed from soil map based on the location of each farm. Three main soil types are identified based on their fertility: S1 (high fertility), S2 (medium fertility) and S3 low fertility. 

	
	Total area (ha) 
	Calculated by summing cropped area from the survey. 

	
	Cropped area ( ha) 
	from the survey. 

	
	Irrigated area (ha) 
	from the survey and specified by crop. 

	Variables  Characterizing production goals
	Ratio of the livestock revenue to the total farm revenue
	Calculated from the survey based on the total cost and production and specified by animal type: goat, sheep, etc. 

	
	Ratio of the crop production to the total farm production 
	Calculated from the survey based on the total cost and crop production and specified by crop type. 

	
	Yield per crop (ton/ha)
	From the survey

	
	Own consumption per crop ( kg/farm. ) 
	From the survey. This variable is also expressed by kg and capita by dividing by the total number of persons by family. 

	Variables  Characterizing farm production intensification level
	Total quantity of nitrogen/ farm  (kg/ha)
	From survey. It is also expressed by crop by dividing by the area reserved for each crop.

	
	Total quantity of irrigation water/farm  (m3/ha)
	From survey. It is also expressed by crop by dividing by the area reserved for each crop.

	
	Total quantity of labor/farm (person day /ha)
	From survey. It is also expressed by crop by dividing by the area reserved for each crop.

	
	 Total cost of nitrogen/farm (dh/ha)
	From survey. It is also expressed by crop by dividing by the area reserved for each crop.

	
	Total cost of irrigation water/farm (dh/ha)
	From survey. It is also expressed by crop by dividing by the area reserved for each crop.

	
	Total cost of labor/farm (dh/ha)
	From survey. It is also expressed by crop by dividing by the area reserved for each crop.




3. Results
3.1 Crop production and socio-economic diversities between household farms
3.1.1 Inputs and crop production
Figure 1 shows that irrespective of the variable analysed (yield, amount of work invested and applied irrigation water and nitrogen fertilization), there is for each crop considerable variability in both the average and the median values of these variables, demonstrating the wide diversity in the practices of the crop production in the Saïs plain. The highest amounts of nitrogen, water and irrigation are observed for the vegetable crops. For example, the average irrigation, nitrogen and labour applied to grow onion are 1800 m3/ha, 148 kg/ha and 100 d/ha respectively. For wheat crop, those variables are only 200 m3/ha, 75 kg/ha and 8 d/ha respectively for irrigation, nitrogen fertilization and labour. The same variability is found for yields of cereals and vegetables. For example, the standard deviations of yields for wheat and onion are 1.4 t/ha and 14 t/ha respectively for average yields of 3.3 t/ha and 47 t/ha (data not shown).  The variability either in inputs use and crop production led in a large variability of crop production efficiency. This finding is a very common in a dry land area as mentioned by several authors (Belhouchette et al., 2012). 
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Figure 1. Box plots for nitrogen fertilization, irrigation, labour and yields per crop in the Saïss study area. 



3.1.2 Socio-economic and self-consumption.
The average farm size in the Saïs study area is 7.7 ha/farm, but with a high variability as shown in table 2 (a median of 3 and a third quartile of 189).  The frequency analysis shows that more than 80% of farms have a surface area of less than 10 ha (and 40% have less than 2 ha) (figure 2). By the way, only almost 7% of farms have a big surface area of higher than 50 ha.
The same variability is observed concerning the family size which varies greatly from 0 to 27 members by family. 

Farm income also varies greatly among different farms. If at some farms that income is extremely high (+ 1078964 dh/ha), other farms can registered zero income (table 1).
The quantities of products reserved for self-consumption per capita are very low (table 1). This surprising result can be explained by the fact that the study area is very close to the big city of Meekness, thereby promoting the sale of products at the expense of their consumption. 

Figure 2. Frequency and cumulative frequency of the 300 household surveyed farms in the Saïs study area. 



Table 2. Variation of the median, maximum (max) and minimum (min) values, first quartile (q1) and third quartile (q3) for farm size, family size, farm income and self-consumption per capita for the 300 surveyed household farms. 
	Variables
	q1
	min
	median
	max
	q3

	Farm size (ha)
	2
	0.5
	3
	7
	189

	Family size (members)
	4
	1
	6
	27
	8

	Farm income (dh/ha)
	15294
	0
	34027
	1078964
	77900

	Self-consumption per product (kg/capita)

	Wheat
	2
	0
	3
	75
	6

	Barley
	0
	0
	1
	13
	3

	Fababean
	0
	0
	0
	9
	0

	Chickpea
	0
	0
	0
	5
	1

	Onion
	0
	0
	0
	60
	1

	Potato
	0
	0
	0
	2
	1





3.2 Farm typology: household categories and production strategy
Principal component analysis results
The PCA analysis was undertaken on the 44 variables as shown in table 1 and the 300 surveyed farms. 5 principal components, absolute values of the loading expressed as (%), with eigenvalues greater than 1 (Bidogeza et al., 2009) have been retained for cluster analysis (Table 3). These new variables explaining 89% of total variability in the original data set. 

For each of the 5 principal components identified, it is possible to define each component according to the variables with which it is most strongly associated. To make it easier to identify relatively large loadings, correlations above 50% are in bold-yellow (Table 3). The analysis of the absolute percentage value of the loadings of the factors of production with respect to the two principal components shows that the variables describing intensification levels (water, nitrate, labour, etc.)  have the greatest loading with the first principal component (PC1). The second principal component (PC2) is associated with vegetables (onion, potatoes, etc.) and revenue from legumes (particularly faba-beans). In the final analysis, the two axes (PC1 and PC2) explained 56% of the variance.

Table 3. Absolute values of the loadings of the classification variables with respect to the 5 principal components.  
[image: ]

· Cluster analysis results
First, the five components were analysed using Ward’s technique (Ward, 1963). The dendogram, resulting from this technique, illustrated the sequence in which farm households were merged into the clusters and including four cutting lines. A key issue in generating such diagrams is where to “cut” the tree in order to arrive at an appropriate number of clusters which best fit the data set. The number of retained clusters must be realistic with respect to empirical situation in order to be accepted as meaningful classification. Following that line of reasoning, 4 categories based on the partitioning method were defined as appropriate as this seem to be most representative of farm household within the Saïs study area (data not shown). These categories, based on the data presented in Table 4 are described qualitatively as follows:
1. Households with small intensive vegetable farms: Class 1 contains the farms with the highest inputs use (e.g. average water cost: 8285 dh/ha), high soil fertility (76% of soils have high fertility), fairly low cereals production and a high vegetables consumption (potatoes and onions). This class is mostly made up of farms growing vegetables crops on hill sides (altitude of 673 m).
2. Households with big cereal/legume farms: Class 2 mostly contains farms cultivating rainfed cereal and legumes in the plains of Saise (with average altitude of 390 m.a.s.l.). This class has fairly high labour use (228 dh/ha), low nitrate use for fertilization (7 dh/ha), and the highest level of cereals and legume for consumption.  The fertility levels of soils in this class are medium to high. 
3. Households with small less intensive mixed farms: Class 3 contains farms located in the hills (with average altitude of 723 m.a.s.l.), with fairly high soil fertility, low nitrate fertilization but high water and labour use. They cultivate and consume cereals, legumes and vegetables. 
4. Households with small and low-input cereal farms: Class 4 contains farms located in the plain with the lowest water, nitrate and labour costs. The farms in this class cultivate mainly rainfed cereals in farms with medium to high soil fertility. 




Table 4. Typical households according to 44 variables based on PCA and HAC analysis. (n= number of farms per category)

	Variables 
	Households with small intensive vegetable farms  (n= 39)
	Households with big cereal/legume farms (n= 30)
	Households with small less intensive mixed farms (n= 56)
	Households with small and low-input cereal farms (n= 175)

	Household/farm level

	Family size 
	7
	7
	6
	6

	Farm size (ha)
	3.5
	27.7
	4.3
	6.79

	% of irrigated area (%)
	70
	1
	49
	1

	Altitude (m)
	673
	389
	723
	564

	% by soil fertility (%)
	high 
	77
	57
	81
	60

	
	medium 
	21
	12
	16
	35

	
	low 
	-
	-
	1.8
	0.1

	Crop level

	Crop pattern (ha)

	Wheat
	2.3
	11.8
	3
	5

	
	Barley
	0
	5.8
	1.5
	2.5

	
	Fababean
	3.8
	4.2
	6.2
	4.2

	
	Chickpea
	0
	4.6
	0
	6.8

	
	Onion
	1.5
	0
	1.8
	2

	
	Potato
	2.2
	0
	1.8
	4.2

	Yield (t/ha)

	Wheat
	3.5
	3.8
	3.3
	3.2

	
	Barley
	0
	3.7
	3.6
	3.6

	
	Fababean
	2.3
	2.0
	2.1
	2.0

	
	Chickpea
	0
	1.9
	0
	0.6

	
	Onion
	48.3
	0
	45.3
	47.8

	
	Potato
	33.9
	33.0
	31.8
	0

	Irrigation (m3/ha)

	Wheat
	152
	485
	231
	401

	
	Barley
	0
	0
	1.8
	3.5

	
	Fababean
	663.9
	0
	110.6
	161.8

	
	Chickpea
	0
	0
	0
	0

	
	Onion
	669
	0
	470.4
	441.9

	
	Potato
	2132.8
	0
	1575.4
	2710

	Nitrogen (kg/ha)

	Wheat
	95.5
	83.9
	83.9
	78.7

	
	Barley
	0
	32.8
	56.4
	45

	
	Fababean
	65.6
	28.5
	49.4
	18

	
	Chickpea
	0
	14.7
	0
	15.67

	
	Onion
	182.2
	0
	132.7
	127.7

	
	Potato
	175
	0
	173.1
	164.2

	Labour (d/ha)

	Wheat
	18
	5
	13.4
	7.1

	
	Barley
	8.4
	5
	13.1
	7.3

	
	Fababean
	21.4
	3.5
	9
	8.4

	
	Chickpea
	0
	12.4
	0
	6

	
	Onion
	137.5
	0
	88
	100.9

	
	Potato
	133.7
	0
	108.8
	62.69

	Self-consumption (kg/capita)
	Wheat
	2.7
	6.8
	5.4
	4.7

	
	Barley
	0
	2
	2
	2.4

	
	Fababean
	0.2
	1
	0.7
	0.6

	
	Chickpea
	0
	0.2
	0
	0.7

	
	Onion
	3.5
	0
	0.2
	0

	
	Potato
	0.3
	0
	0.5
	0




Conclusions 

The purpose of the current study was to elaborate a household farm typology in order to identify and characterize the main factors affecting farming systems performance and efficiency. This study shows that the use and magnitudes of production inputs and hence yield levels are highly variable among farms and crop types. The study found also that four distinct types of farms could be identified depending on the potential of the location, intensity of use of input (labour, water, nitrogen), types of crops cultivated, and farms’ objective/goal of production (market vs. subsistence).

The first two classes of households are composed of traditional households which are widespread, in the relatively fertile and deep soils in the plain. These farms cultivate rainfed cereal crops (mainly wheat and barley) in rotation with legumes (faba beans and chickpeas). They are mainly located in the plains with soils of medium to high fertility. Depending on the type of crops and the goal of the production, technical efficiency is variable with regard to the production factors of nitrogen, irrigation water and total labour.. 
	The second two groups of farms are made up of those cultivating mainly irrigated vegetable crops dominated by onion and potato. They are mainly located in relatively hilly topographies in the study area. These types of households are traditionally marginal in the study area. However, due to their recent access to irrigation, and the initial fertility of the soils, these types of farms combine performance, but with a large mobilisation of resources (water, labour, etc.). Given their high level of input utilization, especially of irrigation water, these types of households, are believed to be poorly resilient and highly vulnerable especially to overexploitation of the water table. 
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