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Abstract: In Algeria, forage crops face significant limitations, posing a challenge to the 
development of intensive livestock production. This study aims to understand the status, 
determinants, and constraints to the adoption of improved forage crops in mixed crop-livestock 
family farms in the province of Bordj Bou Arreridj, located in the semi-arid zone of eastern 
Algeria.  We conducted a survey on 98 farms using a semi-structured questionnaire in two 
different ago-pedoclimatic zones, and our analysis included the description of forage cropping 
modalities and the empirical modelling of the factors influencing the adopted patterns of forage 
crops. Our results showed that fodder crops cover almost 20% of the total arable land. However, 
the allocation of land to forage crops varied considerably between farms and zones. Cultivated 
forage crops included barley, oats, corn, sorghum, and alfalfa. The adoption of improved fodder 
crops was influenced by several structural and socio-economic factors, such as exploited 
farmland size, size of sheep livestock, family labor size, access and permanent availability of 
irrigation water, farming equipment, social network involvement, and agricultural training. The 
development of forage crops encountered various constraints, including issues of seed 
availability and cost, limited farmland, and insufficient irrigation water. To boost forage 
incorporation in local farming systems, it is imperative to raise farmers' awareness of the 
agronomic benefits of cultivating fodder crops. In addition, supporting farmers to improve their 
knowledge, farm structures, and equipment and providing seeds and fertilizers are crucial for the 
successful promotion of fodder crops. 
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Introduction 

In underdeveloped regions, forage is the principal source of nutrition for most ruminant livestock 
(Capstaff & Miller, 2018; Fuglie et al., 2021) and forage availability plays an important role in 
livestock development and sustainable livestock farming (Guyader et al., 2016; Ramesh et al., 2021; 
Tulu et al., 2023). Adequate quantities of high-quality forage are necessary for profitable livestock 
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production (Turinawe et al., 2012; Makkar, 2016), and low incorporation of forage into livestock 
feed leads to low productivity, low product quality, and poor health (Devendra & Leng, 2011; Davis 
et al., 2020; Harris‐Coble et al., 2022).   

Forage generally has two main sources: natural forage and cultivated forage. These forages can 
be utilized directly through grazing or conserved as hay or silage (Finch et al. 2014, Collins et al., 
2017; Bybee-Finley et al., 2018). However, across arid, semi-arid, and Mediterranean regions, 
natural forage is subject to seasonal variability. Its availability is increasingly affected by climate 
change and land degradation (Abusuwar & Ahmed, 2010; Gilhaus et al., 2016; Ergon et al., 2018; 
Mutimura et al., 2019; Giridhar & Samireddypalle, 2015; Dagar et al., 2017; Cheng et al., 
2022).Which become a significant challenge for livestock development in these regions (Makkar, 
2012; Mengistu et al., 2017; Amad & Zentek, 2023). Therefore, Forage production is one of the 
greatest challenges faced by livestock farmers (Gunasekaran et al., 2019; Shit, 2019)  based on the 
role that can play in supporting livestock farms during periods of feed scarcity (Paul et al., 2020; 
Junca Paredes et al., 2023). Cultivated forage reduces livestock production costs, enhances 
profitability, and supports the production of high-quality, affordable animal-derived food (Grover 
& Kumar, 2012; Makkar, 2016; Vinita et al., 2023; Henzell, 2019; Junca Paredes et al., 2023). 
Improved forage cropping is vital for enhancing livestock productivity and resilience. Achieving 
sustainable livestock production requires overcoming key challenges in forage crop development 
(Birhanu et al., 2017; Fenetahun et al., 2019; Tlahig et al., 2024; Singh et al., 2022). 

In mixed crop-livestock farming systems, forage crops plays a central role in agronomic 
sustainability (Ates et al., 2018). Diversifying forage crop rotations with annual crops provides 
many benefits and ecosystem services (Rao et al., 2015; Annicchiarico et al., 2017; Franzluebbers 
& Martin, 2022; Picasso et al., 2022). Forage crops can reduce pressure on degraded pastureland 
(Mengistu et al., 2016; Fuglie et al., 2021) and are considered a low-cost method for soil 
conservation and improvement of soil properties (Koudahe et al., 2022; Pushpanjali et al., 2022). It 
help to increase carbon sequestration, managing root diseases and increasing biodiversity, (Entz et 
al., 2002; dos Santos et al., 2011; Martens et al., 2015; Notenbaert et al., 2021). It can further 
contribute into reducing nitrogen fertilizer and energy costs associated with applying nutrients 
(Singh et al., 2012).  Moreover, improved forage legumes have been identified as particularly 
valuable for reducing environmental trade-offs, such as greenhouse gas emissions from livestock 
systems (Peters et al., 2013; Boddey et al., 2020). 

Forage production varies significantly across regions, influenced by factors such as cropping 
patterns, climate, socioeconomic conditions, and livestock types (Dagar, 2017). Understanding the 
status of forage production within farming systems is essential to identify regional needs and 
implement tailored policies (Díaz de Otálora et al., 2022). On crop-livestock farms, forage 
production reflects complex interactions between agriculture and livestock, necessitating a whole-
farm approach to study these dynamics. Therefore, farming systems approaches play an important 
role in exploring the integration of forage crops and their interactions with various farm components 
(Paul, 2019) and systemic thinking is crucial for understanding farms' adaptation to forage 
technologies (Paul et al., 2020; Morrison et al., 2023). Understanding farm structures and 
socioeconomic characteristics is equally important, as it helps identify effective strategies to 
enhance forage production (Cevher & Altunkaynak, 2020). Furthermore, analysing the factors 
influencing the form of adoption reveals their dual benefits: providing livestock feed while 
promoting soil conservation (Lapar & Ehui, 2004). 

Livestock production is an important component of farming systems in Algeria as many 
developing countries. However, livestock feed production remains limited.  Livestock feeding relies 
mostly on grazing natural forage resources and crop residue after harvest (Abbas & Abdelguerfi, 
2005; Mebarkia et al., 2020; Mahmah et al., 2023). Land involved in forage production accounts 
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for 40 million hectares, and Algeria’s forage area represents 2.6% of the area used for agriculture, 
but cultivated forage represents less than 2 % of the country's total forage area (Senoussi & Behir, 
2010; Zirmi-Zembri & Kadi, 2016). Livestock needs cannot be met by the current forage supply, 
and forage availability is considered by many researchers and agro-economists as an obstacle to the 
development of intensive livestock farming (Bir, 2019; Sofia et al., 2023).  Despite the efforts of 
several researchers in forage breeding (Abbas et al., 2014; Mefti et al., 2016; Achir et al., 2020; 
Mebarkia et al., 2020; Mahmah et al., 2023), limited attention has been given to the actual status of 
cultivated forage at the farm level. Only a few studies have specifically addressed this issue on dairy 
cattle farms (Kadi & Djellal, 2009; Ghozlane et al., 2021; Sofia et al., 2023). Moreover, in Algeria, 
no research has yet explored the status of forage production within smallholder mixed farming 
systems, nor its systemic drivers and barriers to adoption. 

This study aims to explore forage cops production status and highlight the socio-economic and 
structural factors that affect improved forage adoption in family farms in the semi-arid region of 
eastern Algeria. This also includes constraints encountered in developing an intensive forage 
production activity.  This serves as a means of understanding the elements that influence farmers' 
choices and the obstacles that hinder the expansion of cultivated forage in order to develop efficient 
strategies for intervention, technology transfer, and support. In addition, this can be a means of 
identifying the levers of livestock farm feed autonomy, and one of the most important factors that 
control the resilience of local farming systems, especially under the increasingly observed impacts 
of climate change in this region. 

 

Materiel and methods   

Study area  

The present study was carried out in the province of Bodj Bou Arreridj in northeast Algeria. Its 
geographical coordinates were 36°04'23″ N and 4°45'39″ E with a total area of 81.10 km². This 
region is characterized by hilly and rugged terrain, with elevations ranging from 600 to 1,500 m 
above sea level, and an average elevation of 928 m. The area is characterized by a variety of agro-
pedo-climatic zones. The northern zone is formed by a mountain range, while the southern part of 
the area is a sub-steppe and is mainly used for agro-pastoral purposes. In the center, the land consists 
of high plains, making the region excellent for agriculture. The climate is semi-arid continental, 
with harsh, very cold winters, and hot, dry summers. Rainfall ranges between 300 and 600 mm, and 
there are differences in rainfall with altitude between different areas of the province (Figure 1). 

Data collection 

A cross-sectional survey was conducted on 98 randomly selected family farms in the Bordj Bou 
Arreridj Province, which incorporated forage crops into their crop systems. Surveys were conducted 
between February 15 and March 20, 2023. Farm selection was based on the guidance provided by 
the managers of agricultural services. The surveyed farms were located within two distinct agro-
pedo-climatic zones defined by their pedoclimatic characteristics (Figure 01). The high agronomic 
potential (HAP) zone is characterized by relatively high rainfall (>500 mm/year) and fertile clay 
loam soils, making it highly suitable for agricultural activities. In contrast, the low agronomic 
potential (LAP) zone receives less rainfall (<500 mm/year) and features less fertile silty-sandy 
calcareous soils. Face-to-face interviews were conducted with the head of the household or farm 
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manager using a semi-structured questionnaire. The questionnaire, developed in collaboration with 
experts in livestock and farming systems, included sections covering household characteristics, farm 
structure and equipment, land use and cropping patterns, cultivated forage species, herd composition 
and size, and overall farming practices. 

 

 
Figure 1: Study area localization and zones 

Statistical Analysis 

Descriptive statistics were calculated first then statistical modelling was applied to determine the 
factors influencing the incorporation of forage crops into cropping systems in the Bordj Bou Arreridj 
region. The independent variables examined as potential determinants included regional 
characteristics, variables describing the profiles of households and household heads, structural and 
equipment-related attributes of farms, livestock size expressed in livestock units (LU)-where 1 LU 
equals one adult dairy cow or 0.15 sheep/goats (Benoit and Veysset, 2021)- and the farming system 
(variables detailed in Tables 01 and 02).  

In the first model, multivariate linear regression was used to highlight the factors influencing 
variation in the size of the forage area on the farm.   

 
𝑌	 = 	𝛽0	 + ∑ 𝛽𝑖𝑋𝑖!

"#        Where, Y is a dependent variable that represents the size of the forage 
area.   

 
In the second model, ordinal regression (ordered logistic regression) was used to highlight the 

factors of variation in the share of land allocated to forage in the total cultivable area.    
 
𝑙𝑜𝑔𝑖𝑡	(𝑃	(𝑌 ≤ 	𝐽) = 	𝛽0	 + ∑ 𝛽𝑖𝑋𝑖!

"#    
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 Where; P is event probability, and Y is the ordinary outcome of the share of land allocated to 
forage in the total cultivable area. j∈ [1, J−1] are the levels of the ordinal outcome variable (1= Low 
(≤ 25%), 2= edium (25%-50%), 3= High (> 50%))  

 
In the third model, a binary logistic regression model was used to demonstrate the factors that 

determine the choice made by farmers between forage crops based only on grasses or forage crops 
that combine grasses and legumes.    

  
𝑙𝑛	(𝑃/1 − 𝑃) 	= 	𝛽0	 + ∑ 𝛽𝑖𝑋𝑖!

"#   
 
Where; P is the vent probability of binary choices (0 or 1) between forage crops based only on 

grasses (0) or that combine grasses and legumes (1).   
 
In these three models,  ∑βiXi = β1X1 +…+ βkXk,    where X1…Xk are independent variables, 

β0 is the intercept, and βi is the slope associated with the ith independent variable.  To improve the 
precision of regression coefficient estimation, a multicollinearity test was performed by assessing 
variance inflation factors (VIFs). Predictors with large VIFs ( > 5) were excluded from the analysis 
(Akinwande et al., 2015). All independent variables were tested at 1% and 5% significance levels 
to determine the significance of each variable. However, variables at the 10% significance level are 
also reported in the result. All statistics were performed with IBM SPSS 27 statistical software.  

 

Results   

Household and farms characteristics  

In the Bordj Bou Arreridj region, the average age of forage producers was 57.5±13.3 years. The 
average age of the farm managers was very similar between the two study areas. These heads have 
considerable farming experience, with an average of more than 30 years. On average, three family 
members were involved in agricultural activities per household, with a slight advantage for 
households located in the high agronomic potential (HAP) zone. The exploited farmland is relatively 
vast, averaging 55 hectares per farm, but with a notable disparity between households. Farms in the 
HAP zone have a relatively larger farmland (66.0±71.7 ha). As regards livestock, agricultural 
households in the Bordj Bou Arreridj region have on average 10.5±11.9 livestock unite (LU) of 
cattle and 12.7±14.7 LU of sheep ( 01 LU = 01 adult dairy cow or 0,15 sheep/goat (Benoit and 
Veysset, 2021)). Farms in the HAP zone had a relatively higher number of cattle (12.0±13.2 LU) 
compared to the LAP zone (8.6±9.8 LU). Goats and horses made up a significant proportion of the 
surveyed farms, but their numbers were still relatively small compared to sheep and cattle (Table 
1). Over 40% of the surveyed farmers were illiterate, and the frequency of farmers with no access 
to formal education was more pronounced in farming households located in HAP (50.0% of 
illiterates in the HAP zone vs. 35.7% in the LAP). More than 20% of the farmers generate off-farm 
income, with slightly higher numbers in the high agronomic potential zone. Less than 20% of 
farmers have received agricultural training, but over 50% have access to agricultural extensions. 
More than 20% of farm managers use social networks, and access to extension services and social 
networks differentiates farmers in the LAP zone. 

Approximately 15% of farmers had no access to irrigation water, with a significantly higher 
incidence in the LPA zone (23.8%). Almost 60% of the farmers have water storage ponds, although 
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they are slightly less common on farms in the LAP zone. While more than 60% of farms in the study 
area have permanent access to irrigation water, only 33% of farms in the LAP region enjoy this 
privilege, in contrast to 85.7% of the households in the HAP region.  Similarly, 80% of the farms 
were equipped with irrigation equipment, with a higher frequency of farms in the HAP region 
(89.3%). More than 90% of farmers have tillage and seeding equipment, and over 60% possess 
forage-harvesting machinery. Fertilization and crop protection equipment are present on 
approximately 35% of farms, with HAP farms generally having better equipment than those in the 
LAP region. Forage transport equipment is present in more than 70% of farms. Salaried employees 
were employed on 25% of the farms surveyed, and this type of employment was more common on 
farms in the HAP zone (30.8% compared to 15.4% of farms in the LAP region). In addition, more 
than 40% of holdings in the region have a strategy of renting out agricultural land, and this practice 
is slightly more pronounced in the HAP zone (Table 2). 

 
Table 1. Quantitative households and farms characteristics 

HOUSEHOLD AND FARMS 
CHARACTERISTICS 

HAP 
ZONE 
N= 56 

LAP 
ZONE 
N=42 

 OVERALL  
 

N=98 
Household head age (Years) 58.0 ±13.4 56.7 ±13.3 57.5 ±13.3 
Farming experience (Years) 32.4 ±14.7 33.1 ±12.5 32.7 ±13.7 
Family labor size (Person) 3.2 ±1.8 2.6 ±1.4 2.9 ±1.6 
Exploited farmland size (ha) 66.0 ±71.7 39.4 ±39.4 54.6 ±61.2 
Cattle livestock size (LU) 12.0 ±13.2 8.6 ±9.8 10.5 ±11.9 
Sheep livestock size (LU) 12.9 ±13.7 12.4 ±16.1 12.7 ±14.7 
Goats livestock size (LU) 1.4 ±2.3 1.0 ±1.7 1.2 ±2.0 
Equine livestock size (LU) 0.9 ±1.6 0.1 ±0.4 0.5 ±1.3 

Values represent mean± SE. HAP: high agronomic potential, LAP : Low  agronomic potential , LU : livestock 
unite 
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Table 2. Qualitative households and farms characteristic 

HOUSEHOLDS AND FARMS 
CHARACTERISTICS 

MODALITIES 
 

HAP ZONE 
N= 56 

LAP ZONE 
N=42 

OVERALL 
N=98 

Household head education level 

Illiterate 50.0% 35.7% 43.9% 
Basic 3.6% 19.0% 10.2% 
Secondary 39.3% 33.3% 36.7% 
University 7.1% 11.9% 9.2% 

Extra-agricultural income Yes 23.2% 19.0% 21.4% 
No 76.8% 81.0% 78.6% 

Agricultural training Yes 17.9% 16.7% 17.3% 
No 82.1% 83.3% 82.7% 

Access to extension Yes 46.4% 64.3% 54.1% 
No 53.6% 35.7% 45.9% 

Access to social network Yes 19.6% 26.2% 22.4% 
No 80.4% 73.8% 77.6% 

Access to irrigation water 

Without irrigation 8.9% 23.8% 15.3% 
Dam 1.8% 4.8% 3.1% 
River 0.0% 4.8% 2.0% 
Drilled well 67.9% 54.8% 62.2% 
Traditional well 21.4% 11.9% 17.3% 

Water storage pond Yes 67.9% 47.6% 59.2% 
No 32.1% 52.4% 40.8% 

Permanent availability of irrigation 
water 

Yes 85.7% 33.3% 63.3% 
No 14.3% 66.7% 36.7% 

Irrigation equipment Yes 89.3% 69.0% 80.6% 
No 10.7% 31.0% 19.4% 

Tillage and seeding equipment Yes 94.6% 88.1% 91.8% 
No 5.4% 11.9% 8.2% 

Harvesting equipment Yes 58.9% 61.9% 60.2% 
No 41.1% 38.1% 39.8% 

Fertilization equipment Yes 44.6% 26.2% 36.7% 
No 55.4% 73.8% 63.3% 

Crop protection equipment Yes 
No 

44.6% 
55.4% 

23.8% 
76.2% 

35.7% 
64.3% 

Transport equipment Yes 76.8% 66.7% 72.4% 
No 23.2% 33.3% 27.6% 

Salaried labor Yes 
No 

30.8% 
69.2% 

15.4% 
84.6% 

24.2% 
75.8% 

Farmland rent-in Yes 
No 

62.5% 
37.5% 

54.8% 
45.2% 

40.8% 
59.2% 
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Forage crops status 

Area under forage crops and share of land allocated to forage 

In the cropping systems of the Bordj Bou Arreridj region, farmers cultivated forage plots with 
an average size of 4.9 ± 4.2 ha. Compared to the farms in the LAP region, which have an average 
of 3.9 ± 3.8 ha, the farms in the HAP region have larger forage areas, with an average of 5.7 ± 4.4 
ha. In the entire research area, approximately 40% of the surveyed farms cultivated more than 05 
ha of improved forage. In the LAP region, 28.6% of farms did not cultivated more than 01 ha of 
improved forage (Table 3). In terms of the proportion of the arable area devoted to forage, the 
surveyed farmers use approximately 1/5 of their arable area. The allocation of arable land to forage 
was slightly lower in the LAP region (18% of arable land) than in the HAP region (23% of arable 
land). More than 70% of farmers use a maximum of 25% of their arable land for forage crops, 
whereas less than 10% use more than 1/2 of their arable land for forage crops. This category of 
farmers was even smaller in the LAP region (4.8%) than in the HAP region (10.7%) (Table 3). 

 

Table 3. Area under forage crops and share of land allocated to forage 

Cultivated improved forage species  

More than 70% of farmers cultivate barley, and nearly 55% grow oats for livestock feed. The 
incidence of farmers growing sorghum was approximately 21.5%. Notably, this percentage was 
higher in the HAP zone (30.4%) than among farmers in the LAP zone (9.5%). Corn grew as forage 
in 20.4% of the farms surveyed, with a frequency of 26.8% in the HAP region and almost 12% in 
the LAP region. Triticale is grown on one farm, whereas barley-oats are intercropped approximately 
on 7% of the farms.  Almost 84% of farms did not include any forage legume species in their 
cropping systems. Approximately 13% of farms grow multi-year alfalfa, and this proportion is 
slightly higher in LAP (16.7%). A small proportion of the farmers grew vetches (2%) and beans 
(1%) (Table 4). Notably, during the crop year, farmers usually grow one forage grass in monoculture 
or many forage grasses in successive, mixed, and intercropping, but no more than one forage legume 
species in annual or perennial mixed cropping. Intercropping between grass and legumes was not 
recorded among the farmers in the study area. 
 

 

 

FORGE CROPS 
VARIABLES MODALITIES HAP ZONE 

N= 56 
LAP ZONE 

N=42 
OVERALL 

N=98 

Area under forage crops (ha) 

≤ 1 ha 1.8% 28.6% 13,3% 
1-5 ha 51.8% 38.1% 45,9% 
> 5 ha 46.4% 33.3% 40,8% 

Mean± SE 5.7 ±4.4 ha 3.9 ±3.8 ha 4.9 ±4.2 ha 

Share of land allocated to forage in 
the total cultivable area (%) 

≤ 25% 73.2% 71.4% 72,4% 
25%-50% 16.1% 23.8% 19,4% 

> 50% 10.7% 4.8% 8,2% 
Total % 23.0 % 18.0 % 21.0 % 

HAP: High agronomic potential, LAP: Low agronomic potential 
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Table 4. Cultivated forage crops species 

FORAGE CROP   FORAGE SPECIES  HAP ZONE 
N= 56 

LAP ZONE 
N=42 

OVERALL 
N=98 

Forage grass 

Without forage grasses 0.0% 2.4% 0.0% 
Barly (Hordeum vulgare L.) 73.2% 71.4% 72.4% 
Oats (Avena sativa L.) 51.8% 57.1% 54.1% 

 Sorghum (Sorghum bicolor L.)  30.4% 9.5% 21.4% 
Corn (Zea mays L.) 26.8% 11.9% 20.4% 
Triticale (×Triticosecale Wittmack) 1.8% 0.0% 1.0% 
Barly-Oats intercropping mixture 10.7% 2.4% 7.1% 

Forage legumes 

Without legumes forages 85.7% 81.0% 83.7% 
Alfalfa (Medicago sativa L.) 10.7% 16.7% 13.3% 
Vetch (Vicia sativa L.), 1.8% 2.4% 2.0% 
Faba bean (Vicia faba L.) 1.8% 0.0% 1.0% 

 

Determinants of pattern of improved forages adoption 

Determinants of area under forage crops 

The analysis of the factors determining the area under forage crops on farms in the Bordj Bou 
Arreridj region indicates that exploited farmland size and the size of the sheep flock are the most 
significant determinants (p < 0.001) of farmers' decisions. Access to irrigation water also emerged 
as a significant factor (p ≤ 0.05), whereas the educational level of the household head demonstrates 
a potentially significant impact (p ≤ 0.1). All the significant variables exhibited a positive effect on 
the area allocated to forage crops. Other factors introduced in the model (variables in Tables 01 and 
02) were not statistically significant and were consequently excluded from the final model. The 
resulting model was highly significant (p <0.001), with a high adjusted coefficient of determination 
(R2) of 0.77 (Table 5).  

 
Table 5. Significant determinants of the area under forage crops 

FACTOR B ES WALD P-VALUE  
Exploited farmland size 0.02 0.006 4.11 <0.001 
Sheep livestock size 0.11 0.02 4.33 <0.001 
Access to irrigation water 0.48 0.19 2.48    0.015 
Household head education level 0.46 0.24 1.88    0.063 

Model signification : ≤0.001, R2=0.78 , Adjusted R2=0.77  

Determinants of share of land allocated to forage in the cultivable area 

The size of exploited farmland exhibited a significant and negative influence on the allocation 
of forage land within the total cultivated area (p ≤ 0.01). The size of the family labor force, the 
presence or absence of a water storage pond on the farm, the involvement of the head of the 
household in a social network, and the utilization of rented farmland all demonstrated a significant 
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influence (p ≤ 0.05) on the management strategy regarding the proportion of land devoted to forage 
crops. The availability of permanent irrigation water also appeared to have a potentially significant 
influence (p ≤ 0.1). The other variables tested (Tables 1 and 2) were not significant and were 
excluded from the final model. The resulting model is highly significant, with a well-accepted 
coefficient of determination (Cox and Snell R2 = 0.41 and Nagelkerke R2 = 0.54) (Table 6). 

 
Table 6. Significant determinants of the share of land allocated to forage in the cultivable area 

FACTOR B   ES WALD P-VALUE 
Exploited farmland size -0.05 0.02 7.03 0.008 
Family labor size -0.72 0.28 6.34 0.011 
Water storage pond 2.62 1.01 5.68 0.017 
Access to social network 2.85 1.31 4.76 0.029 
Farmland rent-in 2.14 1.09 3.83 0.049 
Permanent availability of irrigation water 2.58 1.49 2.99 0.084 

Model signification: ≤0,001, Cox and Snell R2 =0.41, Nagelkerke R2 =0.54 

Determinants of cultivated forage crops 

 Regarding the decision made by farmers in the study area between selecting a forage system 
comprised exclusively of improved grasses or a forage system that combines improved grasses with 
forage legumes, the empirical model demonstrates that this choice is multifaceted, influenced by 
various contributing factors. The most significant determinant was access to social networks by 
household heads (p ≤ 0.01). Other factors, such as the size of the sheep herd, the presence of 
transport and phytosanitary equipment on the farm, the permanent availability of irrigation water, 
and access of the head of the household to agricultural training, all had a significant impact on 
farmers' choices (p ≤ 0.05). Additional factors may also have a significant influence on these 
technical decisions (p ≤ 0.1). These include the presence of tillage and seeding equipment, farmers' 
access to current agricultural techniques through agricultural extension services, the presence of 
irrigation equipment, and the size of cattle livestock. Other factors did not significantly affect the 
types of forage crops chosen by farmers. The resulting model is highly significant and widely 
accepted. The resulting model is highly significant, with a well-accepted coefficient of 
determination (Cox and Snell R2 = 0.38 and Nagelkerke R2 = 0.58). (Table 7). 

 
Table 7.  Significant determinants of cultivated forage crops 

FACTOR        B ES WALD P-VALUE 
 Access to social network 3.07 1.12 7.53 0.006 
 Sheep livestock size 0.07 0.03 5.32 0.021 
 Transport equipment 3.25 1.50 4.69 0.030 
 Permanent availability of irrigation water 3.06 1.48 4.29 0.038 
 Agricultural training 2.34 1.14 4.20 0.040 
Crop protection equipment 3.75 1.91 3.87 0.049 
Tillage and seeding equipment 4.01 2.08 3.71 0.054 

Access to extension 2.05 1.14 3.23 0.072 

Irrigation equipment 4.50 2.58 3.04 0.081 

 Cattle livestock size 0.07 0.04 3.00 0.083 
Model signification : ≤0.001,Cox and Snell R2 =0.34, Nagelkerke R2 =0.58 



Journal of Agriculture and Environment for International Development - JAEID 2025, 119 (1): 65 – 84  
DOI: 10.36253/jaeid-15942 

 

 
75 

 

Constraints related to improved forage development 

Farmers have reported several constraints to the development of improved forages crops. In the 
LAP zone, which is characterized by less precipitation, the availability of irrigation water is a major 
constraint to the cultivation of improved forage crops, whereas in the HAP zone, this is less of a 
concern for farmers. Farmland size is also a significant constraint for a substantial proportion of 
farmers, particularly those who rent or have limited agricultural land, especially in the HAP zone. 
For many farmers, particularly in the HAP region, the cost of electricity, which is utilized as energy 
for irrigation, is a source of difficulty in establishing irrigated forage crops. Conversely, in the LAP, 
farmers note that the cost of using chemical fertilizers to improve forage is relatively high, which 
impedes the integration of forage into their farming systems. A small number of farmers indicated 
that farm equipment was also an obstacle to forage development, especially given the depreciation 
of old farm equipment and the cost of acquiring new equipment (Figure 2). 

 
Figure 2: Constraints related to the development of improved forage 

Discussion 

The average forage area found in our study is around 05 ha/farm, with over 50% of farmers 
having forage areas between 02 and 05 ha. The relative superiority of forage areas in the HAP zone 
compared to the LAP zone is partly due to the agro-pedoclimatics characteristics (soil quality and 
rainfall) of this zone.  In the Setif region, adjacent to our study area, forage areas vary from 01 to 
02 ha on livestock farms (Semara et al., 2013). In the province of Blida in central Algeria, dairy 
cattle farmers allocated an average of 05 ha to forage production (Sofia et al., 2023) and in Tizi 
Ouzou region in northern Algeria, dairy cattle farms cultivate an average of 09 ha of forage per farm 
(Bouzida et al, 2010). In Tunisian dairy farms, forage area varies from 0.5 ha to 230 ha, depending 
on the production system (Amamou et al., 2018). In the Ethiopian highlands, about 50% of farms 
produced forage on an average area of 0.2 ha per farm (Gebremedhin et al., 2003) and in the arid 
and semi-arid lands of Tharaka Nithi County, Kenya, The results further indicated that only 1% of 
farmers  grew forage on a piece of land between 0.4 and 1.2 ha (Musalia et al., 2016). Tis 
underscores the significant influence of agro-pedoclimatic conditions, such as soil quality and 
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rainfall, on the allocation of forage crop areas. In regions with higher agronomic potential, forage 
areas are larger, reflecting better environmental conditions that support agricultural development. 
Additionally, comparisons across regional and international contexts highlight the variability in 
forage land use, shaped by both ecological and socio-economic factors. These findings suggest that 
targeted interventions and region-specific strategies are crucial to optimizing forage crop 
integration, particularly in areas with limited agronomic potential. 

On average, 20% of farmland is used to grow forage crops. However, less than 10% of farmers 
reserve more than 50% of their farmland for forage crops. Abdeldjelil et al., (2013) found that 60% 
of farms in the Constantine region (more advantageous region for agriculture) allocated less than 
50% of their farmland to forage production. Equivalent of 65 % of the exploited farmland is allocate 
to forges crops in in dairy cattle of central of Algeria (Ghozlane et al., 2021). In the irrigated 
perimeter of Tadla in Morocco and in dairy cattle farms, the share of forage in the total farmed area 
varies from 6 to 46% and can be explained by the production system (Sraïri et al., 2008). In India, 
in the states of Haryana and Rajasthan, forage occupies 30% of the cultivated area and in Pakistan, 
forage accounts for 15% of the cultivated area in the province of Punjab (Devendra & Thomas, 
2002). In our context, the main forage crops grown are green barley, oats, maize, sorghum and 
alfalfa. Barley and oats are the forage crops most integrated into the cropping system, reflecting the 
cereal vocation of the region. These species are the same forage species grown in dairy cattle of 
central of Algeria (Ghozlane et al., 2021),  in the semi-arid regions of Tunisia (Mechri et al., 2016) 
and Morocco (Sidikou et al., 2023). In the north of Italy, the most cultivated forages by livestock 
farmer are, Alfalfa , corn silage , Ryegrass , Sorghum ( Bellingeri et al., 2019). Alfalfa, sainfoin, 
corn and vetch are the most commonly produced forages in Turkey (Cevher & Altunkaynak, 2020; 
Mustafa & Yolcu, 2021). In Asian countries such as India and Pakistan;  maize, sorghum, bersim, 
alfalfa, rapeseed and oats are cultivated as improved forages (Devendra & Thomas 2002; Ul-Allah 
et al., 2014). However, in temperate and tropical countries, the diversity of plant species used as 
forages is very high (Klein et al., 2014). The allocation of farmland to forage crops is shaped by 
agro-ecological conditions, livestock's role within production systems, and farmers' agro-economic 
priorities. In our study area, the proportion of land allocated to forage crops is influenced by the 
higher profitability of other agricultural activities such commercial cereal crop. In some cases, when 
water resources are available, farmers may prefer activities like market gardening and arboriculture. 
This underscores the need for integrated farming strategies that balance crop and livestock 
production to ensure sustainability and diversification. The first key observation in our context is 
that improved forage species such as maize, alfalfa, and sorghum are consistently cultivated across 
regions, demonstrating high adaptability of this forages species to different environments. These 
species satisfy the yield requirements of livestock farmers in various parts of the world, from Algeria 
and Morocco to Pakistan and India. 

The integration of improved forages into cropping systems is influenced by a complex interplay 
of structural, resource-based, and socio-economic factors that vary across regions. Structural factors 
such as farmland size, livestock size, access to irrigation, and labor availability significantly impact 
the feasibility and scale of forage adoption. For example, in Turkey, the size of the land and 
livestock positively influenced the production of forage crops (Cevher & Altunkaynak, 2020), while 
in Ethiopia and Kenya, factors like land tenure, market access, and farm size shaped the adoption 
process (Zekarias, 2016; Fenetahun et al., 2019). In addition to these structural factors, socio-
economic elements such as education, agricultural training, and access to extension services are 
critical in enabling farmers to effectively adopt improved forages. These factors provide farmers 
with the necessary skills and knowledge, while social networks foster the exchange of resources 
and innovative practices, further promoting adoption. In Philippines and Kenya, farmers with access 
to social networks were more likely to adopt forages, as these networks facilitated the exchange of 
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ideas and resources (Lapar & Ehui, 2004; Omollo et al., 2018). Moreover, institutional support, 
including policy interventions and infrastructure improvements, plays a key role in overcoming 
adoption barriers. In regions like Pakistan, where irrigation water shortages and high input costs 
hinder the widespread adoption of forages, addressing these systemic issues is essential for fostering 
sustainable practices (Ul-Allah et al., 2014). Therefore, the successful integration of improved 
forages requires a comprehensive approach that not only addresses farm-level constraints but also 
strengthens education, infrastructure, and institutional frameworks to ensure long-term 
sustainability and resilience in agricultural systems. 

The constraints to expanding forage crop areas are multifaceted, and our study reflects several 
key challenges observed globally. Farmers identified issues such as the high cost and unavailability 
of seeds, lack of arable land, and limited irrigation water, along with the high input costs (electricity 
and fertilizers). These challenges align with those reported in other regions, including Ethiopia, 
where farmers face land scarcity, limited seed access, and lack of awareness (Desta, 2022; Mengistu 
et al., 2021), and the Philippines, where similar difficulties in seed availability and the high mortality 
of planted forages hinder adoption (Lapar & Ehui, 2004). Structural barriers, like inadequate 
irrigation infrastructure and high input costs, exacerbate the situation in Turkey and Pakistan 
(Balabanli et al., 2016; Ul-Allah et al., 2014). These findings point to the need for integrated 
strategies that can address these barriers holistically. Investments in seed distribution networks, 
irrigation infrastructure, and extension services are essential for overcoming these constraints. 
Additionally, improving farmer awareness and developing supportive policies are crucial for 
enhancing forage adoption.  

Conclusion 

This study attempts to analyze the status, determinants, and constraints of forage production on 
family farms in the Bordj Bou Arreridj region, revealing a diverse farmer profile and significant 
regional variation in farm structures. The area dedicated to fodder remains relatively small in 
comparison to both total farmland and livestock size. The primary forage species are grasses (green 
barley, oats, maize, and sorghum) and legumes (mainly alfalfa, with occasional vetches and faba 
beans). A variety of structural and socio-economic factors play key roles in determining the 
adoption of improved forage species. These include farm size, livestock size, access to irrigation, 
availability of family labor, and the accessibility of farm equipment. Socio-economic 
characteristics, such as the education level of farm managers and their access to agricultural training, 
extension services and socials networks, significantly influence the adoption process. This study 
underscores the importance of a comprehensive, region-specific approach to overcome forage 
adoption challenges, including high seed costs, land scarcity, limited irrigation, and high input costs.  

To promote forage cultivation in semi-arid farming systems, it is critical to raise farmer 
awareness about its benefits such as improving livestock feed autonomy, enhancing soil 
productivity, promoting biodiversity, and mitigating soil erosion. Policymakers should support 
these practices by offering subsidies for seeds and equipment. Focusing on both the farm-level and 
systemic issues, targeted interventions can foster more sustainable and resilient farming systems 
that better cope with the challenges posed by climate change and resource limitations.  
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