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Abstract  Lentil (Lens culinaris Medik.) landrace of Zaer 
had been on-farm conserved thanks to ingenious farmers’ 
practices. Farmers had selected, produced and maintained 
their landrace to satisfy their food security, ecological and 
economical needs. However, the increase of drought 
incidence had encouraged farmers to gradual abandonment 
of their landrace for L56 improved variety to increase 
productivity and incomes. The landrace is therefore 
threatened for genetic drift by climatic change, varieties 
innovation and economic development. The main objective 
of this study is to strengthen the on farm conservation of 
lentil landrace of Zaer through its promotion under a 
distinctive sign of origin and quality in accordance with 
national agricultural policy. Thus, the investigation is 
focused on analyzing (i) farmers’ knowledge through field 
survey of 41 farmers randomly chosen across Zaer region, (ii) 
genetic structure of landrace as meta-population and by four 
geographical locations using biochemical markers 
(SDS-PAGE), and (iii) genetic relationship between the 
landrace and L56 improved variety cultivated in Zaer. Data 
analysis had provide us with valuable information’s on seed 
management according to climate and farmers’ category, 
genetic structure of landrace as meta-population which was 
shaped by both natural pressures and human practices, and 
on seeds flow between landrace and L56 variety that might be 
linked to seed acquisition, spatial organization of production 
field or to post-harvest seed management. 
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1. Introduction
Legumes crop provide many ecosystem services towards a 

sustainable farming system thanks to their ability to fix 
symbiotic nitrogen and to improve soil health and 
functionality through improving soil texture. Grain legumes 
are also an important source of dietary protein and essential 
minerals. They may contribute to food security thanks to 

their highly nutritious seed products. 
Lentil (Lens culinaris Medik) is one of the main food 

legumes produced widely in the world for its agro-ecological 
and nutritional interest [1]. It is usually grown in rainfall and 
semi-arid areas receiving an annual average of 300-400 mm 
[2]. In Morocco, lentils are mainly produced by landraces 
through traditional farming system in low potential lands 
mainly by smallholder farming. Landraces had been selected 
by farmers through generations for grain quality and for 
production stability under traditional low input agricultural 
system, diverse and adverse environments [3-4]. Landraces 
specific and dynamic adaptation potential might be linked to 
their genetic diversity and agricultural practices interaction. 
Many studies suggested that landraces are composed of a 
large amount of allelic variation [5-6]. They are composed of 
several genotypes able to yield in varying biotic and 
environmental constraints. Therefore, they are maintained to 
minimize risk of crop failure thanks to their resilience under 
less optimal growing conditions. Landraces satisfy farmer’s 
food and socio-economical needs, and they are appreciated 
for their tasty quality and cooking ability. 

Indeed, many studies showed that modern varieties 
provide a lower significant yield advantage than landraces in 
unfavorable environment [7-8]; whereas landraces 
productivity might increase in favorable environment 
according to Pecetti et al, [9] study on durum wheat and to 
Ceccarelli et al, [8] study on barley. Thereby, landraces 
potential value is evident in conserving plant genetic 
diversity for improving human food security and enhancing 
livelihoods of small farmers. Furthermore, landraces are 
potential and valuable genetic sources of beneficial traits that 
can be used to confer pest and disease resistance and yield 
stability [6]. There might provide breeders with available 
genes or elite genotypes to be used in breeding programs. 

Feeding population with safe and nutritional food, 
improve farmers’ income to reduce rural-urban migration, 
protect and conserve natural resources and integrate 
agriculture in national and international markets were the 
greatest challenge of Moroccan agricultural strategy “Green 
Moroccan Plan (GMP)” [10]. GMP is based on two pillars; 
Pillar-I concerning development of modern agriculture and 
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pillar-II concerning strategies to provide support to farming 
family that concern a several thousand farms. GMP 
expectations is to increase food legumes production by 40 to 
80% at 2020 horizon through technology transfer, 
optimization and sustainable seed management, labelling 
high quality product and integration of worldwide markets. 

In this context, the following study was based on lentils of 
Zaer region in Morocco, produced from both a landrace and 
L56 variety. It focused on (i) farmer’s knowledge related to 
seed management system as an effective support for the 
on-farm conservation, farmers’ decisions according to 
socio-economic factors and seed exchange, (ii) genetic 
structure of Zaer lentils using biochemical markers 
(SDS-PAGE), and (iii) assessing the effect of climate change 
and variety innovation on on-farm conservation of the 
landrace. 

2. Material and Methods 
The current study was carried on lentil landrace of Zaer. It 

was based on a survey during 2012 season from 41 farmers 
randomly chosen across lentil production area in Zaer region. 
Four localities had been concerned by the survey: Ain Sbit 
(O6°48, N33°52), Jamaât Moulblad (O6°43, N33°58), 
Aghbal (O6°52, N33°60) and Brachoua (O6°62, N33°65) 
(Figure 1). Zaer rainfall data had been collected from 
meteorological station located in Merchouch (Zaer) 
experimental station of National Institute of Agronomic 
Research (INRA). The analysis of those data had informed 
on climate variability in this region (Figure 3). 

2.1. Field Survey 

The questionnaire generates data on farming system, 
agricultural practices, farmers’ agricultural equipment’s, 
lands crops, varieties used, seed acquisition, main biotic and 
abiotic stresses, lentil productivity, post-harvest seed 
management, seed sell, seed stock, seed sanitary quality and 
lentil incomes. Data analyses of 30 variables were grouped 
together using clusters according to farmers’ categories or to 
agricultural practices. 

 

Figure 1.  Zaer lentil geographical production area 
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Figure 2.  Diagram of USDA Soil texture triangle 

2.2. Field Experimentations 

During 2012/13 season, 24 farmers' field (accessions) was 
randomly selected across the four target localities of Zaer 
region. At field level, ten plants were randomly collected at 
90% of seed maturity along field diagonal at regular intervals 
according to the standards reference in the practice guide of 
Marchenal [11]. In addition, samples of soil collected in 
prospected fields from 5 to 15 cm deep were analyzed for 
soil granulometry, minerals and organic composition and for 
soil acidity. Soil granulometry analysis has concerned the 
fine soil particle size (0 - 2 mm). This is divided into three 
particles size classes related to clay (0-2µm), silt (2-20µm) 
and sand (20-2000µm). Soil texture of Zaer was determined 
using the USDA soil texture diagram (Figure 2). It is based 
on sand, silt and clay fractions present in each sample of Zaer 
soil and on particles size of sand and clay according to Soil 
Survey Manual [12]. The USDA soil texture diagram leads 
to twelve major soil texture classes related to sand and clay 
proportion (Figure 2).  

2.3. Genetic Diversity Analysis 

Three plants randomly chosen from the ten plants 
collected was assessed using sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) as 
described by Laemmli [13]. One grain per plant was chosen 
and was analyzed individually. Total proteins were extracted 
using buffer of 0.3 M Tris / HCl (pH 6.8), 1% SDS, 0.3% of 
2-mercapto-ethanol and 8% glycerol (weight/volume ratio of 
1:20). Seed protein extracts were analyzed by a vertical slab 
gel in a discontinuous buffer system [13], and to which 10μL 
protein extract solution in 14% polyacrylamide gel was 
loaded. Proteins in gels were stained with 0.1% Coomassie 
blue, 50% methanol and 10% acetic acid. Molecular weights 
of the dissociated polypeptides were evaluated with 
molecular weight protein marker (8KDa-220KDa). Proteins 
bands were scored 1 or 0 depending on their presence or 
absence in the electrophoretic profile. The scoring was based 
on 23 bands reproducible in the high-protein variation area 
of the electrophoretic profile between 65 KDa and 30 KDa. 

2.4. Statistical Analysis 

The analysis of molecular variance (AMOVA) was used 
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to assess the genetic diversity within the meta-population 
and between populations by spatial scale (site) [14]. Genetic 
diversity was calculated including number of different alleles 
(Na), number of effective alleles (Ne = 1/ (p2 + q2)), 
Shannon-Weaver's Index (SWI = −1(p Ln(p)+q Ln(q)) [15], 
expected heterozygosity (He = 2pq), unbiased expected 
heterozygosity (UHe = (2N/(2N−1))He), and the percentage 
of polymorphic loci (%P). All the measurements were 
assessed and represented as mean and standard error (SE) 
over loci within the meta-population and over loci between 
populations. The genetic difference (PhiPT), Nei genetic 
identity index (NeiGI) and Nei genetic distance index 
(NeiGD) [16] were calculated between pairwise populations 
(site) as the proportion of the variance among populations 
relative to the total variance. The SDS-PAGE data were also 
subjected to a hierarchical cluster (Cluster) built on the basis 
of genetic distances calculated by GenStat using Jaccard 
similarity and dissimilarity index among accessions [17]. 

3. Results and Discussion 

3.1. Agro-ecological Environment of Zaer Region 

Zaer is the second important lentil production region in 
Morocco which provides 32% of lentil national production 
[18]. Zaer lentil geographical area is delimited by lentil 
agronomic skills including four rural communities: Ain Sbit 
(ASb), Aghbal (Agh), Brachoua (Bch) and Jamâat Moulblad 
(JMB) [19]. 

3.1.1. Soil Characteristics 
Lentil Zaer area is characterized by an ecological diversity 

including soil texture and topography. Data analysis of Zaer 

soil confirms soil variability according to its texture and 
mineral composition (Table 1). Soil texture is mainly Clay 
and Clay loam by location at Asb, JMB and Bch. It is also 
Clay loam to Loam and Loam at Asb, and Clay loam to Clay 
at Bch. Whereas at Agh, soil texture is Silty clay or Silty clay 
loam or Silty clay to Clay. 

Three types of soil were observed at Zaer region according 
to their colors. Soil color of lentil fields is mainly red or 
brown and white by location. Red color indicates the 
presence of iron oxides, brown color indicates that soil 
contain a high level of organic matter (OM) while white 
color indicates that the soil is rich on calcite. Brown and red 
soils are more frequent than white soil. Brown soils are 
mainly frequent at Agh and Bch, while red soils are frequent 
at Asb and JMB. White soils are rare and mainly located at 
Bch and Asb that is approved by high level of CaCO3 in 
some locations. Red and brown soils are well drained and 
rich on oxygen while white soils are low drained and poor in 
oxygen. There are less sustainable to lentil crop.  

The amount of organic matter in Zaer soil varied from less 
than 1% to 3.4%. The low content of organic matter by 
locations makes lentil crop more susceptible to climatic 
variations. Phosphorus content in Zaer soil varied from 8.4 to 
45.4 ppm. It might be related to the input of phosphate 
fertilizer which is linked to farmers’ category. The low 
amount of phosphorus in the soil impacts root development, 
photosynthesis and therefore lentil seed production potential. 
Potassium amount of Zaer soil is also significantly variable 
across Zaer region (147-708 ppm). Soil analysis of Agh 
region shows a silty texture, an acidic soil which contains a 
low amount of organic matter and potassium (Table 1). Thus, 
Agh region is less suitable for lentil production compared to 
others sites of Zaer that is in accordance with farmers’ 
statements. 

Table 1.  Soil characteristics of Zaer lentil area  
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3.1.2. Climate characteristics 
Zaer region is characterized by annual rainfall variability 

within and among growing seasons. Dry periods are 
frequently associated to heat mainly during flowering and 
pod filling period. The mean annual rainfall in Zaer is 407 
mm with a maximum of 664 mm recorded in 1978/79 and a 
minimum of 181 mm recorded in 2006/07 (Figure 3). The 
characterization of normal rainfall year, wet or dry year is 
defined by the index of Lamb “I (i)” which represents the 
deviation from the average normalized by the standard 
deviation using the following formula: 

 
P(i): annual average accumulated during the year (i) 
Pm: average of annual average accumulated during the 

reporting period  
σ: standard deviation annual average accumulated during 

the reporting period 
The analysis of annual Zaer rainfall variability from 1966 

to 2010 illustrated in figure 3 may elucidate the 
circumstances of both lentil landrace and the improved 
variety (L56) introduction in Zaer area. The landrace had 
been cultivated at Zaer region since about five decades to 
meet food, environmental and economic farmers’ needs. 
Whereas, L56 variety, thanks to its earliness, was introduced 
and cropped since 1995 to address the recurrence of the end 

growing season drought from 1991 to 1995. 

3.2. Zaer farmers’ Agricultural Practices 

Agricultural area of Zaer represents an average of 58.6% 
of total Zaer area which is mainly located in rainfall 
conditions [19]. The cropping system is dominated by 
cereals (73%) primarily represented by soft wheat (68%) and 
legumes (14.4%) mainly represented by lentil (79%) (Table 
2) [19]. Zaer region represents an average of 26% of national 
lentil harvest area. The average of lentil part in legumes 
harvest area varies from 71% in Agh to 87% in JMB [18]. 
Farming crop system is highly correlated with the average of 
cultivated area. According to survey data, farming system is 
usually biennial in small scale farmers (cereals/legumes) and 
triennial in medium and large scale farmers 
(cereals/fallow/legumes).  

Table 2.  Farming crop system in Zaer region 

 

 

 

Figure 3.  Inter-annual rainfall variability from 1966 to 2010 at Zaer region 
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Zaer lentil is produced from two genetic resources. 
According to survey data, the landrace had been maintained 
by Zaer farmers through generations for its typical (dynamic 
adaptation, cooking ability and tasty quality) and 
heterogeneous phenotypic traits (agro-morphological and 
genetic diversity).  

Farming practices according to survey data, depend on 
farmers’ categories (size of cropped area) and on ecological 
and socio-economic environment (Figure 4). Annual average 
of lentil cropped area is conditioned by farmers’ category 
and by the availability of seeds related to the previous year 
productivity. Seeds are always provided through informal 
supply system from seed exchange or local markets. Farmers 
produce lentil with low-input farming and the renewal seeds 
for the next growing season, is based on a randomized seed 
lot from the harvest. This practice contributes to on-farm 
conservation of local genetic diversity and allows dynamic 
adaptation to the environment constraint.  

Lentil is sown between late November and early January 
after cereals according to the first significant rains. The 
sowing seed rate varies between 40 to 90kg/ha depending on 
soil texture, seed sanitary quality, seed size and sowing 
techniques as manual seeding or mechanical. Most of 
farmers supply phosphate fertilizer as Di-ammonium 
phosphate (DAP) mainly in fields cultivated with L56 variety. 

Manual weed control is the only field management used by 
small scale farmers. While for medium and large scale 
farmers; it is usually semi-mechanical and most of them use 
chemical control against monocots (Figure 5). According to 
[20] study, weeds might reduce lentil productivity from 20% 
to 80%. The most common fungal diseases of lentil are 
fusarium, rust and powdery mildew. According to survey 
data, chemical control is related to farmers’ category, 
climatic growing season and yield potential. Zaer lentil is 
also affected by parasitic plant as broomrape and by pest as 
Bruchus that affect lentil production and seed quality mainly 
in Bch and Agh areas.  

Lentils are harvested manually; one lentil harvest hectare 
needs in lack of appropriate mechanical harvesting, an 
average of nine hands’ work per day which can reach up to 
fifteen depending on lentil productivity and weeds density. 
Plants uprooted are torn beaten using stationary thresher. 
Seeds are packaged in bags and stored in a store-part of the 
house generally for six months to be used for the next 
planting season. Seeds might be stored for two years at latest 
because of seed coat oxidation which reduces their market 
and quality value. Traditional seed storage is practiced 
mainly by small scale farmers to insure their food security or 
by some of medium scale farmers that look for increasing 
their incomes.  

 
Figure 4.  Farmers’ groups related to farming practices 
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Figure 5.  Zaer agricultural system according to data survey 

3.3. On-farm Conservation of Lentil Landrace 

Lentil landrace of Zaer had been maintained over 
generations to cope with heterogeneous agro-ecological 
systems and unpredictable climatic variation, to insure 
sustainable food need to Zaer community. According to 
survey data, Zaer landrace had been on-farm conserved since 
1969 for its nutritional and tasty quality in addition of its 
ability to manage unpredictable risk of climate change. 
However, it is threatened because of the increase of drought 
incidence during flowering and pods filling period and the 
adoption of L56 variety thanks to its earliness to enhance 
productivity and incomes. 

In order to strengthen Zaer landrace conservation, current 
study underscore farmers’ knowledge on traditional 
practices related to on-farm seed management and on 
landrace genetic diversity as suggested by [21-22]. The 
analysis of survey data showed that farmers generate at every 
growing season, landrace seeds from the harvest. They 
practice an empirical selection which provides them with an 
appropriate genetic diversity that ensures a dynamic and 
evolutionary adaptation to the specific environmental 
constraints of Zaer. This practice combines over time the 
effects of both natural and human selection as mentioned 
also by [23-28]. Thereby, the environment and farmers are 
the main actors of on farm conservation of the landrace. 
They influence its genetic diversity by promoting the most 
adapted lines and penalizing the sensitive ones. Landrace 
specific adaptation on the basis of the yield response is 
therefore the result of genetic diversity and environment 
interaction. The genetic structure of the landrace as a 
meta-population is shaped by both ecological environment 
and traditional cropping system. Moreover, many studies 
emphasize that genetic diversity of the accession is 
depending on both field size and growing season climate 
[29-30]. Indeed, landrace genetic diversity renewed from 
small-scale is less performed than landrace renewed from 
large-scale according to survey data. Small farmers change 
their seeds every two years to regenerate landrace 
performance which is depending on the preservation of 
specific genes that are involved in dynamic adaptation to 
stress conditions. 

Otherwise, the environment such as drought and heat 
incidence in addition to soil degradation mainly at Agh 

location has decrease landrace productivity. Consequently, 
farmers decide gradually to adopt an improved variety (L56) 
in addition or instead of their landrace thanks to its earliness. 
Farmers’ decision may contribute therefore to gradually 
on-farm genetic erosion of a valuable local plant genetic 
resource. According to survey data, the landrace is cropped 
by 61% of small farmers (< 10 ha of lentil) which account 
three-quarters of Zaer farmers (76%), 52% of medium scales 
farmers (10-20 ha of lentil) and by 46% of large scales 
farmers (>20 ha of lentil). Thus, the landrace is on-farm 
conserved mainly by small and medium farmers through 
informal seed system management which is associated to 
social knowledge basis in accordance with [31-32]. 
Otherwise, the persistent cropping landrace by farmers 
attests to its agro-economic advantages than L56 introduced 
variety. The social value of Zaer lentil landrace according to 
survey data is related, to its low input requirement, its ability 
to reduce risk of crop failure in unfavorable climatic growing 
year and to its high tasty quality and cooking ability.  

In this context, Moroccan’s agricultural strategy (Pillar-II) 
had been interested on the on-farm conservation of farmers’ 
varieties to insure food security, social and economic 
development mainly for smallholder farmers in changing 
climate [10]. 

3.4. Evolutionary Processes of Zaer Lentil Diversity 

Traditional farming system has contributed for ages to 
evolutionary process of on-farm conservation of landraces. 
Developing efficient seeds system management ensures a 
dynamic adaptation under both environmental and farmers’ 
practices pressures. This process allows continuously 
interaction with Zaer agro-ecological and socio-economic 
environment. Farmers are therefore the main actors in this 
process through varieties choice according to their yield 
potential and to consumers’ preferences, seed production and 
farming practices. The informal seed system appears to be 
rational, dynamic and have ability to meet farmers’ needs in 
response to stresses and consumers preferences. Seeds’ 
dynamic involve seed supply, seed production, selection and 
storage taking in account farmers practices and genetic 
diversity of landrace at farmers’ level. Traditional seed 
system provides farmers, at every growing season, with 
seeds need with potential adaptation to environment 
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constraints. Farmers practice over generations a “Mass 
selection” as most common form of human selection. 
Cleveland et al. [33] reported that farmers’ selection 
achieves significant genetic gain over generations for 
agronomic traits such as seed yield and yield components. 
This practice allows maintaining or even improving genetic 
diversity within accessions of the landrace depending on the 
genotype x environment interaction, the heritability of 
selected traits, the proportion of selection seed and seed 
exchange. The renewal of genetic diversity is based on the 
size of seed lot randomized from the lentil seed harvest. So, 
diversity level is depending on farmer’s category and on 
growing year climate (Figure 6). Thus, large scale farmers 
produce their own seeds every year whatever the climate. 
They might conserve the genetic pool of the landrace. While, 
medium farmers produce their own seeds every year except 
when at least two consecutives dry years happened. They 
might conserve the core of landrace diversity. However, 
small farmers produce their own seeds only on none climatic 
stressed growing year playing then an important role in 
increasing the dynamic of genetic diversity within and 
between sites when the incidence of drought increases 
(Figure 7). 

Dynamic adaptation of the landrace is depending on both 

its inherent genetic and biological characteristics; add to 
farmers’ agricultural practices which maintain on-farm lentil 
landrace despite of L56 variety competition. Otherwise, the 
adopting of improved varieties may requires high inputs, 
farmers’ dependence to seed supplies at each growing season 
and may do not meet consumer needs of grains cooking 
ability and tasty quality.  

 
Figure 6.  Seeds dynamic and evolutionary process of landrace genetic 
diversity 

 
Figure 7.  Seeds exchange within and between sites according to genetic analysis 
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Table 3. Genetic diversity among landrace meta-population and within populations by site according to genetic parameters  

 

 
3.5. Impact of Climate Change and the Adoption of 

Improved Variety (L56) on on-farm Conservation of 
Zaer Lentil Landrace 

Genetic structure of lentil landrace, as meta-population 
[34], results of both natural selection pressures such as 
ecological conditions and biotic stresses, and human 
selection through farmers’ decisions and practices such as 
adopting L56 variety within informal seed production. The 
adaptation ability of the landrace is therefore the result of 
genetic diversity, environment and farming practices 
interaction. Thus, the on-farm conservation through 
generations is a dynamic form of continuous interaction and 
adaptation of genetic variation by natural and human 
selection. This process allows an evolutionary adaptation of 
the landrace to deal with continuing changing environmental 
factors (climate change and soil degradation) coupled with 
human selection for particularly traits in accordance with [35, 
36, 5, 37, 38].  

3.5.1. Natural Selection 
The increase of drought frequency at the end of growing 

season had a great impact on yield potential of lentil landrace 
related to its late flowering. Thus, climate selection had been 
rigorously done at mature stage for earliness lines. That 
might adversely affect adaptive ability of landrace and then 
its on-farm conservation as mentioned also by [39]. Frankel 
et al, [5] explains that the ability of landraces to deal with 
climate variability and their capacity to evolve and adapt to 
changing climate is related to their genetic diversity. The 
decrease of genetic variation within population (loss of 
heterozygosity) might lead to genetic drift more frequently 
as population size decrease [40, 29]. Furthermore, genetic 
population variability is correlated with seed production area 
size of self-pollinating species as reported by [29-30]. Indeed, 
the survey data and biochemical markers (SDS-PAGE) 
(Table 2) were efficient to confirm that evolutionary 
potential of lentil landrace may be limited in both small-scale 
farmers and high constraints environments; while great 
farmers might conserve the genetic pool of the landrace. 

Indeed, the limited soil ability at Agh site might be behind 
the low productivity of the landrace. Genetic analysis using 
biochemical markers underline the low genetic diversity 
within Agh population supported by low polymorphism 

(21.7%), allele frequency (1.043), level of heterozygosis 
(0.085) and Shannon index (0.124) (Table 3). The efficiency 
of genetic diversity in Agh population might be limited for 
adapted alleles or genes leading to its low adaptability and 
therefore to the risk of its genetic drift. 

In conclusion, the genetic diversity of lentil landrace is 
continuously and significantly affected by the specific 
environment conditions of Zaer. Thus, genetic diversity of 
local genetic resources is among primary factors of the 
on-farm conservation. 

3.5.2. Farmer’s Decisions 
The survey has provided basic information on farmers’ 

knowledge and decision to maintain or discard their landrace. 
Farmers had reported their preference of local lentil variety 
thanks to its ability to spread crop failure, its tasty quality and 
cooking ability. However, yield potential is an important 
selection criterion for farmers leading them, in context of the 
end growing season drought, to adopt L56 variety for its 
earliness and higher yield potentials in favorable growing 
season. Indeed, the low productivity of the landrace due to 
drought or soil degradation mainly at Agh location, leads 
farmers to adopt L56 variety in addition or instead of their 
landrace to increase the sustainability of lentil production in 
growing environment deterioration. They contribute 
therefore to further genetic erosion of a valuable local 
genetic resource. In this context, Borromeo et al, [41]; 
Cleveland et al, [33]; Jarvis et al, [39] and Maxted et al, [42] 
had reported that the adoption of modern varieties within 
traditional agro-systems is the primary cause of genetic 
erosion of farmers’ varieties. The low productivity may be 
related to low genetic diversity within farmers’ accessions of 
the landrace or to a decrease of adaptive allele’s frequency 
mainly for small farmers’ accessions in unfavorable climate 
growing season [36]. The biochemical markers using seed 
storage proteins electrophoresis (SDS-PAGE) was efficient 
to evaluate genetic diversity among the landrace as 
meta-population (P=78%) and within population by site with 
polymorphism level varying from 21.7% recorded at Agh 
population (PS4) to 91.3% recorded at Bch population (PS2). 
Low genetic diversity within Agh population (PS4) threats it 
to genetic drift. However, the analysis showed a strong seeds 
exchange between Agh population (PS4) and JMB 
population (PS3) according to inter-population genetic 
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diversification index (0.023ns) confirmed by Nei similarity 
index (0.959) and by Nei genetic index (0.042) (Table 4). 
Seed exchange between Agh and JMB populations (Figure 7) 
might allow seeds renewal by increasing genetic diversity at 
Agh population (PS4). Seed flow intra-meta-population is 
often beneficial in small size populations; it could prevent 
the loss of genetic variability and therefore the adaptedness 
in agreement with [40, 43] studies. 

Table 4.  Evaluation of genetic diversity structure using pairwise 
population genetic differentiation index (PhiPT) and pairwise population 
Nei Genetic Distance (DG) 

 

Otherwise, some of large and medium scale farmers, 
taking in account economic interest, lead to adopt, in 
addition of their landrace, L56 variety as insurance of 
productivity whatever the climate. Farmers use a similar 
seed production technology for both improved and local 
varieties. Planting the two genetic bases in close proximity 
can foster seed flow during harvesting or post-harvest 
management. Indeed, the results showed a seed flow 
between the landrace and L56 variety according to genetic 
parameters (Table 5). High genetic diversity was recorded 
for lentil landrace of Zaer with a polymorphism level of 94%, 

with allele frequency (1.938), level of heterozygosis (0.338) 
and Shannon index (0.499). The L56 variety was also 
diversified (P=70%) as a consequent of informal seed 
production and seed exchange with landrace related to 
spatial organization of fields’ production of the two genetic 
resources and/or to post-harvest management of seeds 
(Figures 8-9). Seed supply and seed management on-farm 
practices were effective to increase both landrace and L56 
diversity. Moreover, Nei genetic distance between the 
landrace and L56 variety was low (0.096) that approved the 
exchange between landrace and L56 variety.  

Table 5.  Genetic diversity among and within landrace and improved 
variety (L56) according to genetic parameters  

 

 

Figure 8.  Zaer lentil genetic diversity landrace by site and L56 variety  

 
Figure 9.  Seed flow between landrace and L56 variety  
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4. Conclusions 
In Morocco, farmers continue using and on-farm 

conserving landraces as common practices for most of lentils 
crop farming. Landraces are produced with low input in less 
favorable areas and mainly in smaller scale lands. Needless 
to say that dynamic adaptation of landraces depends on their 
genetic variability that buffer the environment stresses and 
optimizes therefore yield stability in those stressed 
environments. Most of farmers cultivate landrace to insure 
home-consumption and livelihood security particularly in 
unfavorable areas. The on-farm conservation of landraces is 
considerate as an approach to lead to a continued evolution 
of crop genetic diversity and adaptation in specific 
environment constraints. Otherwise, landraces represent a 
local gene pool which involves alleles with potential of 
specific adaptation and nutritional quality. They contain a 
large amount of useful allelic variation that might be 
valuable in breeding program as source of optional value of 
biotic or environmental stresses resilience add to potential 
nutritional traits. However, taking in account economic 
interest, the adoption of improved varieties for their superior 
production performance, has contribute to the loss of farmers’ 
local varieties. Indeed, landraces are the most neglected 
genetic resources of human food crops. 

Zaer landrace of lentil represents a cultural heritage with a 
significant value to local communities. It provides farmers of 
lentil production security with high tasty quality. The 
landrace had been on farm conserved as continued cropping 
of genetic base in traditional farming system where it has 
evolved. Its specific adaptation may result of the increase 
frequency of adaptive alleles linked to informal seed supply 
system. According to the survey data, genetic diversity 
within the landrace is one of farmers’ researched factors to 
the on-farm conservation of the landrace. 

The synthesis of survey data reveals that farmer’ local 
variety, genetic diversity, seed production system and seed 
exchanges are the main components of dynamic adaptation 
in spatial and temporal levels. These provide farmers at 
every planting season, with seeds of lentil with evolutionary 
adaptation to variable and stressed environment of Zaer. 
However, in the last few years, it had been threatened to drift 
because of drought incidence increases and the widespread 
adoption of L56 variety in the landrace traditional farming 
areas add to the loss of indigenous knowledge. In this context, 
the national agricultural policy through Pillar-II of Green 
Moroccan’s Plan (GMP), has recognized the importance of 
farmers’ varieties in changing and stressed environments to 
ensure food security of local communities, improve farmers’ 
income, and integrate small-farmers into agricultural 
production chain. Pillar-II proposes measures to enhance the 
on-farm conservation of local biodiversity within labelling 
local products. Present study has delighted the traditional 
seed system role on on-farm conservation of landraces. 

The results gathered from this study were useful to suggest 
effective strategy to strengthen the on farm conservation of 
Zaer lentil landrace through optimizing (i) seed system 

management, (ii) seed production and seed storage 
conditions especially in unfavorable climates, (iii) yield 
stability, (iv) organization of farmers’ seed exchange, and (v) 
valorization of Zaer lentil as high quality product. The label 
might enhance local product value, increase consumers’ 
demand and marketing channels. Consequently, that 
encourages farmers to continue growing the lentil landrace. 
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