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ABSTRACT 
 
Background: Lentil (Lens culinaris) is an important legume with a total production of 4 million tonnes/year globally. However, 

Algeria imports almost all of its lentil needs. Objective: To measure the rate of loss in mechanical harvest and compare it with manual 
harvesting. To evaluate the adaptation of varieties to mechanical harvest. The two modes of harvesting were investigated (manual 

harvesting and the mechanical harvest) in order to assess the losses in harvesting three varieties that are locally cultivated. Results: The 

average yields of the varieties studied remain low for both harvesting methods. Syria 229 produced an average yield of 11.16 for 
manual harvesting and 7.88 quintals / hectare for mechanical harvesting, while the Balkan variety yield was 7.60 quintals / hectare for 

manual harvesting and 6.38 for mechanical harvesting and the Metropole variety yield was 9.38 quintals / hectare for manual 

harvesting and 7.21 quintals / hectare for manual harvesting. The mechanical harvesting of lentil causes significant losses especially for 
the varieties, Syria 229 (29%) and Balkan 23.13% while the loss in Metropole variety is only 16.16% which makes it best suitable for 

mechanical harvesting. Conclusion: The mechanical harvesting of lens incur heavy loss. Though the manual harvesting represents the 

mode of harvest without loss, this mode of harvest is less preferred due to its high costs and lack of labor. The harvest losses are very 
high exceeding threshold. This leads to reduced area of lentil cultivation in the said geographical area. 
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INTRODUCTION 

 

Lentil (Lens culinaris, M) is one of the most important crops in the legume family [1], [2]. Lens is one of 

the oldest plants cultivated by humans. Its origin is from the fertile region of crescent of the Middle East [3]. 

Being cultivated in several countries across the world [4], Canada, India, Turkey, Australia, United States of 

America, Nepal, China, and Ethiopia are the major players in global lentil production [4]. It is a nutritious food 

legume, cultivated for its seeds and mostly consumed split [5]. Lentils are protein-rich and good source of 

vitamins thus possess high nutritional value [4] [6] [7]. The lentils are essential to be rotated in cultivation 

because it increases the fertility of the soil and it provides other environmental services in the production [7]. 

Lentil enriches soil nutrient status by adding nitrogen, carbon and organic matter which promotes sustainable 

cereal-based systems of crop production [8]. In addition, lentils are good precedent crops for the cereals [9]. In 
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semi-arid areas, lentils are one of the most important crops [10]. Below 350 mm of precipitation and colder 

climates, the lens replaces all other crops [11]. 

The main problem which abstracts this crop development is the difficulty in harvesting, especially in North 

African countries [12]. Indeed, lens is a short plant that rarely exceeds 40 or 45 cm. It has short pods close to the 

soil and angular stems due to which it should be cut near the surface of the soil [13]. The heterogeneity in 

maturity of the plant is also a factor in delaying harvest and thus increasing the loss [8]. This problem can be 

reduced by rolling the soil post-seeding, in order to smooth away the ridges, and to bury the small stones with 

the help of mechanical equipment in order to lift the plants in front of the cutter bar[13]. However, the 

mechanization problems in lentils production are more acute and it is during the harvest period factors such as 

lack of manpower and high cost restrict its production [14]. The major problem in this scenario is the very short 

period of time during which the crop needs to be harvested; if the harvest is too early, a high percentage of seeds 

get shriveled due to an incomplete filling, while if the harvest is late, there will be huge losses due to fall of pods 

and dehiscence. Determining the time of harvest is normally a compromise among the factors that increase 

profits [15]. 

Among the whole agricultural land set-aside i.e., 3.5 million hectares, only a few thousands of hectares are 

assigned for legume production in which the lens occupies only a few thousands of hectares (an average of 

3,779 ha between 2004/2014) and its yield rarely does exceeds 10 quintals/ha. There are two techniques of 

folding crop harvest (pulling followed by the manual hyping) in which the losses are limited to only 5% of the 

yield. Manual harvesting of lentils is becoming increasingly nonviable due to rising labor cost and shortage of 

labor at peak harvest time [16]. While mechanized harvesting of lentil crop is followed in the developed world, 

the developing countries still largely follow hand harvesting method due to lack of improved varieties amenable 

to machine harvesting. The use of a combined harvester with a header of 3 meters has limited the rate of loss to 

10-15%. The objectives of this research work are 

1. To value the rate of loss to the mechanical harvest by comparing it to the manual harvesting 

2. To evaluate the study adaptation of varieties to the mechanical harvest 

3. To explore and develop the mode of harvest (by hand or with the help of a combine harvester) and a 

comparison will be applied to three varieties of lentils (Syria 229, Metropole and Balcony755). 

 

MATERIALS AND METHODS 

 

Study Area: 

The experiments were conducted in agricultural campaigns during the years, 2014-15 and 2015-16, at a 

pilot farm, Tiaret. It is a semi-arid zone with high number of plateaus, situated in the West of Algeria, where the 

rainfall was recorded as 280 and 278 mm during the two campaigns respectively. This area was chosen because 

of its traditional popularity in lens cultivation. The climate data of the study area is represented in the figure 1.  
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Fig. 1: Minimum and Maximum temperatures (0C) and total monthly rainfall (mm) during the agricultural 

campaigns, (a): 2014 / 2015; (b): 2015/2016 [22]. 

 

The maximum and minimum monthly average temperatures and monthly precipitation for the two seasons 

of the lentil growth cycle are shown in the figure 1 (a and b). The cumulative rainfall that was recorded during 

two agricultural harvesting times are 280 and 278 mm respectively for the years, 2014 / 2015 and 2015 / 2016. 

The amount of rainfall remains lower than the usual rainfall in this region (i.e., usually between 300 and 400 

mm). The highest amount of rainfall is measured in the months of November and February during the harvesting 
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time, 2014/2015 whereas during 2015/2016, the amount of rainfall is distributed from the month of November 

till May with December as exception during which no rainfall is recorded (Figure 1. a and b).  

 

Material plants: 

Three varieties of lens which are introduced by ICARDA such as Syria 229, Metropole and Balkan are used 

in this experiment. These varieties have been chosen because of their importance in terms of the cultivated area. 

 

Experimental design: 

The tests were conducted according to an experimental design in total randomization of three repeats. Two 

factors have been mainly studied such as the mode of crop harvesting (by hand and mechanized harvest) and the 

variety (Syria229, Metropole and Balkan). The area of the elementary plot is (6*100) = 600 sq. m. One more 

character has been measured which is the crop’s actual grain. 

 

Technical Itinerary: 

The tests of the two different campaigns have undergone the same itinerary technique. Preceded by the 

durum wheat cultivation, the land has been plowed to a depth of 25cm after the earliest autumn rains (on 

October 20) using disk harrow followed by a recovery operation of plowing using a cover crop and finally, the 

seed bed is prepared using a harrow. The seeds were sown on 15th November for the year 2014 / 2015 campaign 

and on 25th November for the 2015/2016 campaign. The operation of seedlings is carried out using a seed drill 

in which the settings were preset. The seeding dose rate is 120kg/ha for all varieties. A passage of smooth roll is 

realized just after the plantation in order to improve the contact between soil and the seeds. Further the soil is 

flattened so as to facilitate harvesting with the combine harvester. The weed control operation is exercised using 

post sowing weed killer. During flowering stage, plants were treated with insecticides. Except deep placement 

fertilizers which was used with a dose of 1qx/ha, no fertilization operation was achieved. The experiments 

conducted in the yield were rainfed for all the development cycles of the crop. 

 

Harvesting: 

The crops were harvested in a staggered manner according to each variety’s maturity stages. The 

mechanical harvesting, using a combine harvester, is related when the yellowing period of the yield is 

generalized. To avoid the ginning phenomenon, crops were harvested during mornings and evenings. The 

adjustments of the combine harvester were preset referring to the manufacturer’s recommendations and the tests 

were made in the fields. The crops were harvesting with hands since the pods were half-dried and half-green. 

The plans of each parcel were manually cut into windrows and left to ripen in fields. After five (05) days, 

threshing was performed by means of a combine harvester. 

 

Statistical analysis: 

All statistical analyses were performed with Statistica (version10). The data are presented as means ± 

standard deviation. Statistical significance was defined as p<0.05 (Newman-Keuls test). 

 

RESULTS AND DISCUSSION 

 

The recorded differences of the yields during two campaigns may be explained by the weather conditions. 

In fact, the quantity of the rainfall during both the campaigns is almost (278 and 280) similar, but the bad 

distribution in time influenced the crop development. In contrast, the lowest and highest temperatures recorded 

favoured crop growth. As a result, the low yield may be explained by the rainfall and productive potential of the 

cultivated varieties (Table. 1). This results are confirmed in literature [11] in which the researchers found an 

increase in lentil yield and production under supplemental irrigation conditions (Biomass and grain yields were 

50% and more than 75% greater, respectively, under full SI than under rainfed conditions). A similar ratio was 

reported by another study [17]. If rainfall is favorably distributed during the growing season (Fig. 1). 

 
Table 1: Yield average by variety and by year for the manual harvesting (U: quintals/hectare) 

 Syrie 229 Balkan Metropole 

2014/2015 12,06 8.07 10.19 

2015/2016 10.27 7.14 8.57 
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Table 2: Average yields by variety and harvesting modes 

 Syrie 229 Metropole Balkan Average 

Manual harvesting 11,16 A 7,61 C 9,38 B 9,38 A 

Mechanical harvesting 7,88 C 6,38 D 7,21 C 7,16 B 

Average 9,52 A 6,99 B 8,30 A  

Effect of harvesting mode : THS (p<0,001) Effect variety : THS (p<0,001) Effect of interaction variety-mode of harvesting : THS 
(p<0,001) ; CV=4,74% 

 

The analysis of the variance (ANOVA) reveals that high significant difference (p<0,001) is found between 

the varieties, harvesting modes, interaction of varieties and modes of the crop. The LSD test of Fisher has 

distinguished two homogenous groups for the variety factor, two homogeneous groups for the harvesting modes 

and four homogeneous groups for the interaction between variety and modes of harvesting. A significant 

interaction is identified among the three varieties (Syrie 229, Metropole, Balkan) and the two different modes of 

harvesting (i.e., mechanical, manual) which denotes that all the three varieties do not conduct in the same way 

with regards to the two modes of harvesting. So, it is noticed from the table 1 that Syrie 229 variety and to a 

lesser extent, Balkan variety are not suitable for mechanical harvesting since there is a significant gap in yield 

between the parcels that were manually harvested and those parcels that were harvested using combine harvester 

which is equal to losses due to the combine harvester. However, the loss incurred due to mechanical harvesting 

in Metropole variety is not very high or otherwise low gap in the yield between the two modes of harvesting.  

This difference in conduct (i.e., adaptability to the mechanical harvesting) among the varieties is related to 

the difference of their height i.e., Lentil plants are typically short that ranges from 20 to 75cm in height, 

depending on growth conditions [18]. However, lentil varieties that are cultivated in the Mediterranean region 

are short [19]. The tallest lentil variety (Metropole) is more suitable for harvesting by means of combine 

harvester compared to dwarf varieties such as Syrie 229 and Balkan. The total loss rate in mechanical harvesting 

compared with manual harvesting seems to be 23.66 %. Nonetheless, this rate fluctuates from one variety to 

another. Indeed, Syrie 229 variety is less adapted to mechanical harvesting with a loss rate of 29.39% compared 

to manual harvesting whereas the Balkan variety had a loss rate of 23.13% and finally Metropole Variety is the 

most suitable for mechanical harvesting when compared with two other varieties (Syrie 229 et Balkan) with a 

loss rate of 16.16%.Silim et al (1993) [20] showed that the yield is more important when mowing made near the 

soil surface (5cm) than when it is made near 10 cm from the soil surface and the study results are in 

concordance with ours.  

The differences of yield in case of mechanized harvesting are caused by the morphological character of 

each variety. The stem height and the homogeneity during the maturity stage are the criteria to consider while 

evaluating the varieties’ adaptation to machine harvesting (combine harvester). The Syrie 229 variety has the 

highest yield when manually harvested but it has the highest loss rate when mechanically harvested. The Balkan 

variety show less yield but better adapted with mechanized harvesting whereas the Metropole variety is more 

suitable for mechanized harvesting with the lowest loss rate among the tested varieties because of its rigid stem. 

Erskine et al (1991) [21] showed significant differences between hand harvesting and two methods of 

mechanical harvesting (cutting by mower and cutting with angled blades) on two cultivars of lentils and they 

found that when harvested through hand, the yield was 18, 09 quintals/hectare and 13, 49 quintals/hectare in the 

first and the second year, respectively. However, when harvested using mower cutting the yield was 17, 24 

quintals/hectare and 11, 85 quintals/hectare only in the first and the second year, respectively. 

 

Conclusion: 

To conclude, it can be argued that the productive potential of these varieties remains low (-13 quintals / 

hectare) and in the case of mechanical harvesting, the loss rate is very high exceeding 25% for one variety 

(Syria 229) and less than 20% for all local-grown varieties on total yield which does not encourage farmers to 

opt this strategic crop in the Algerian cropping system which is characterized by monoculture (cereals on 

cereals). Adding to that, the crop production costs are already high and unbearable by farmers. This work allows 

to characterize and quantify the problem in lentil harvesting by evaluating the rate of loss and the productive 

potential of the varieties studied which are cultivated in the zone where the crop is grown in Algeria.  

It is better to design a new mechanical harvesting method that incur fewer losses, either by adapting 

combine to the crop or by adapting crop to the machine that can be the solutions available in solving the 

problem of crop losses during lentil harvesting. The design of a cutting deck by modifying the reel could be a 

solution to this problem or through searching for new varieties that are better adapted to the machine (combine 

harvester). The majority of the losses are at the cutting deck because the reel exerts a shaking force on the crop 

which causes the pelleting of the pods causing losses. The varietal improvement of locally grown lentil varieties, 

focusing on the morphological characteristics of the plant, in particular, the creation of a variety of rigid rod 

lenses and aggregated maturity, may also be one of the solutions to this problem. Finally, in order to promote 

lentil culture, it is imperative to solve this problem and to initiate research on the mechanization of the 

harvesting and improvement of varieties through genetic methods. 
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