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In Morocco, lentil (Lens culinaris Medikus subsp. culinaris) 
is grown as a rainfed crop mainly in moisture-deficient 

soils. It is an important annual food legume grown in rota-
tion with cereals. Lentil occupies around 14% of the area 
cultivated for food legumes in the country and ranks third, 
after faba bean (42%) and chickpea (20%). Lentil plays an 
important role in cereal-based cropping systems by improv-
ing soil fertility through biological nitrogen fixation.

Lentil has a special place in the diets of people of 
Morocco and the Middle East, Mediterranean Europe, and 
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the Indian subcontinent (Erskine et al., 2009). Lentil seeds 
are rich in protein, potassium, phosphorus, iron, zinc, 
fiber, b-carotene, and some vitamins, thereby playing an 
important role in human diets and their improvement 
(Muehlbauer and Tullu, 1997; Sarker et al., 2002; Grusak, 
2009; Grusak and Coyne, 2009; Thavarajah et al., 2009). 
Lentil straw is also valued as animal feed (Erskine et al., 
2009).

Drought tolerance, nonlodging, good seed quality, 
earliness, disease resistance to wilt (caused by Fusarium 
oxysporum Schlecht. emend. Snyder & Hansen f. sp. lentis 
Vasudeva and Srinivasan), rust [caused by Uromyces viciae-
fabae (Pers.) J. Schröt], and Ascochyta blight (caused by 
Ascochyta fabae Speg. f. sp. lentis), and high and stable seed 
yields are the most important traits of lentil cultivars for 
Moroccan farmers. The lentil cultivar Chakkouf (Reg. No. 
CV-34, PI 663991) has several of these beneficial agronomic 
characteristics in addition to wide adaptation to Moroccan 
lentil-growing environments. Chakkouf lentil was 
developed using both modified pedigree and bulk methods 
by the Institut National de la Recherche Agronomique 
(INRA), Morocco, in collaboration with the International 
Center for Agricultural Research in the Dry Areas (ICARDA). 
Tested as ILL 6001-81, Chakkouf was approved for release 
in 2009 by the Office National de Sécurité Sanitaire des 
Produits Alimentaires (ONSSA), Morocco (MAPM, 2009). 
Chakkouf is a selection from an advanced line FLIP 86-15L, 
which was developed from a cross of Precoz (ILL 4605; PI 
515969) with Laird (ILL 4349; PI 471916).
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ABSTRACT
Lentil (Lens culinaris Medikus subsp. culinaris) is one of the oldest food legumes and is the third most important one in 
Morocco. It provides a valuable and balanced protein source in the human diet and plays an important role in cropping 
systems because of its ability to fix nitrogen. The productivity of the crop suffers because of numerous biotic and abiotic 
factors. High-yielding cultivars with improved characteristics are needed to increase lentil production and profitability. 
‘Chakkouf’ (Reg. No. CV-34, PI 663991) lentil was developed using both modified pedigree and bulk methods by the 
Institut National de la Recherche Agronomique, Morocco in collaboration with the International Center for Agricultural 
Research in the Dry Areas. Tested as ILL 6001-81, Chakkouf was approved for release in 2009 by the Office National 
de Sécurité Sanitaire des Produits Alimentaires, Morocco. Chakkouf is a selection from an advanced F6 line, FLIP 86-
15L, which was derived from a cross of ‘Precoz’ (ILL 4605; PI 515969) with ‘Laird’ (ILL 4349; PI 471916). Chakkouf is an 
early-flowering (~88 d), early-maturing (~139 d), and high-yielding (~40% over the local check variety ‘L24’) lentil cultivar 
with high zinc (62 mg kg-1) and iron (76.7 mg kg-1) in the seeds. Chakkouf showed good agronomic performance under 
drought conditions and wide adaptation for the Moroccan semiarid environments. Chakkouf showed field resistance 
for rust [caused by Uromyces viciae-fabae (Pers.) J. Schröt] and Ascochyta blight (caused by Ascochyta fabae Speg. f. sp. 
lentis) during the years of evaluation in replicated yield trials in all experimental stations. Chakkouf offers the producer 
an economic advantage in cropping systems where it is planted as a rainfed crop in moisture-deficient soils, usually in 
rotation with cereals.
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Methods
Parentage, Breeding History, 

and Line Selection
The cross was made at ICARDA, Aleppo, Syria, between Pre-
coz (ILL 4605; PI 515969) and Laird (ILL 4349; PI 471916). 
Precoz is an early-flowering and rust-resistant cultivar from 
Argentina. Laird is a Canadian cultivar with high vigor 
and high resistance to Ascochyta blight. An advanced line, 
FLIP 86-15L, derived from the cross was introduced as an 
F6 breeding line to INRA, Morocco, from ICARDA, Aleppo, 
Syria, through its international nursery trials in 1991. The 
screening and generation advancements from the F6 were 
made at INRA, Settat, Morocco. The line was tested at the 
Jemaât Shaim, Sidi El Aidi, and Marchouche Experimental 
Stations of INRA, Morocco, for its adaptation to Moroccan 
environments.

In 1999–2000, 100 single plants were selected from 
the line (FLIP 86-15L) for higher podding intensity 
(number of pods per plant), early flowering and maturity, 
and nonlodging characters. Progeny from the selected 
single plants were planted in single rows at the Sidi El 
Aidi Experimental Research Station. Plants of the 81st 
row showed good adaptation traits and was identified 
as a promising line. After seed multiplication of this 
selected line, it was advanced to preliminary yield trials 
as ILL 6001-81.

Experimental Design, Rainfed Experimental 
Sites, and Statistical Analysis

ILL 6001-81 was tested in replicated yield trials with 
30–45 genotypes (depending on the year) for 10 yr. The 
design adopted was a randomized complete block with 
two, three, and four replications for preliminary yield 
trials, advanced yield trials, and the national yield trials, 
respectively. Each line was planted in four rows of 4-m 
length with 0.30–0.35 m between the rows. The planting 
density was 110–120 plants m-2.

ILL 6001-81 was tested at three experimental research 
stations of INRA in Morocco: Sidi El Aidi (a relatively dry 
site with an annual average rainfall of 300 mm and Vertic 
Calcixeroll soil; altitude 230 m, 33.17° N, 7.40° W), Jemaât 
Shaim (a relatively dry site with an annual average rainfall 
of 330 mm and Typic Chromoxerert soil; altitude 180 m,  
32.35° N, 8.85° W; usually high temperatures at flowering 
and pod developmental stages of lentil), and Marchouche 
(favorable environment with annual average rainfall of 
about 400 mm and deep Vertisols soil; altitude 410 m, 
33.99° N, 6.50° W). The lentil crop was affected by drought 
in the three experimental research stations during the 
2006–2007 cropping season. Precipitation at each location 
was 260 mm at Sidi El Aidi, 169.5 mm at Jemaât Shaim, and 
180.4 mm at Marchouche which was less than the annual 
average rainfall of these locations.

Analysis of variance and the Dunnett test (Steel and 
Torrie, 1980) were performed using SAS (SAS Institute, 
2004) and SPSS for Windows 11.5 (SPSS, 2004). In the 
varietal trial, Dunnett’s test (Dunnett, 1955) was used to 

compare the mean of the every experimental line with that 
of the same local check.

Seed protein content was determined by multiplication 
of total nitrogen in whole seeds as measured with the 
Kjeldahl technique (AOAC, 2003) using the conversion 
factor of 6.25 (FAO, 2003). In cooperation with Waite 
Analytical Services (University of Adelaide, Glen Osmond, 
Australia), the concentrations of iron and zinc in the seed 
were measured (Jones, 1989; Blair et al., 2009; Joshi et al., 
2010; Waite Analytical Services, 2011). The nitric-perchloric 
acid digestion (open vessel) method was used for iron and 
zinc analysis (Waite Analytical Services, 2011).

Resistance to rust and Ascochyta blight was scored 
(Hussain et al., 2008) under field conditions at Jemaât 
Shaim and Sidi El Aidi during 2008–2009 and 2009–
2010. The weather conditions during lentil flowering and 
early-pod developmental stages were highly favorable 
for development of rust and Ascochyta blight diseases at 
Jemaât Shaim (2008–2009: daily mean minimum = 6.0°C, 
mean maximum temperature = 31.5°C, mean temperature = 
15.3°C and mean relative humidity = 85%; 2009–2010: daily 
mean minimum = 3.7°C, mean maximum temperature 
= 28.8°C, mean temperature = 14.7°C and mean relative 
humidity = 86%) and Sidi El Aidi (2008–2009: daily mean 
minimum = 4.2°C, mean maximum temperature = 31.4°C, 
mean temperature = 14.6°C and mean relative humidity 
= 88%; 2009–2010: daily mean minimum = 1.2°C, mean 
maximum temperature = 30.5°C, mean temperature = 
14.2°C and mean relative humidity = 88%).

Results
Evaluation in Replicated Yield Trials

During the 2005–2006 cropping season, ILL 6001-81 per-
formed well in the national trials and produced seed yields 
of 1535 kg ha-1 at Jemaât Shaim, 1445 kg ha-1 at Sidi El 
Aidi, and 2104 kg ha-1 at Marchouche (Idrissi, 2007; Table 
1). During the 2006–2007 cropping season (which was 
affected by severe drought) in the national trial, ILL 6001-
81 produced a seed yield of 650 kg ha-1 at Jemaât Shaim 
station, which was superior to that of the other tested lines, 
including the local check L24 (Idrissi, 2007). The increase 
in yield of ILL 6001-81 above that of the local check was 
about 40%. The yield of ILL 6001-81 at Jemaât Shaim in 
the 2007–2008 and 2008–2009 cropping seasons was 1282 
kg ha-1 and 1442 kg ha-1 (Idrissi, 2008, 2009). The line 
ILL6001-81 was approved for release in 2009 as Chakkouf 
lentil cultivar. 

The seed yield of Chakkouf was greater than that of the 
two late-maturing cultivars L24 and ‘Bichette’ in Jemaât 
Shaim and Sidi El Aidi, both relatively dry sites (Table 1). 
The early-maturing cultivar ‘Bakria’ had a similar yield 
as Chakkouf in 2006–2007 and 2007–2008. However, at 
the Marchouche location, an environmentally favorable 
site, there was no significant difference between the four 
cultivars for seed yield in 2005–2006 and 2007–2008. In 
2008–2009, Chakkouf had a greater seed yield than Bakria 
and Bichette.
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of the local check L24. It has larger seeds 
(4.8 g 100 seeds-1) than L24 (3.5 g 100 
seeds-1; Table 2), and also has high and 
stable seed yield (Table 1). The seeds have 
light-brown testa and yellow cotyledons.

The whole-seed protein content of 
Chakkouf was 21% (Idrissi, 2008). Seeds of 
Chakkouf had the highest concentration 
of zinc (62 mg kg-1) and iron (76.7 mg 
kg-1) among the 32 advanced lines 
tested (Fig. 1), or 31.5 and 39.6% greater 
accumulation compared with the mean of 
the lines tested, (Idrissi, 2008).

In addition to early maturity, the 
roots of Chakkouf had characteristics 
of rapid growth with a large number of 
lateral roots (unpublished data) giving the 
plants a good level of drought tolerance, 
better adaptation, and stable yields 
under Moroccan dry land conditions 
(Table 1). The reaction of Chakkouf to 
rust and Ascochyta blight diseases (1–9, 
where 1 = highly resistant and 9 = highly 
susceptible; Hussain et al., 2008) was 
evaluated at Jemaât Shaim and Sidi El Aidi 
by comparison with the susceptible check 

L24 under natural inoculations. Based on field evaluations 
for resistance to rust in the trials of 2008–2009 and 
2009–2010 in two environments (Jemaât Shaim and Sidi 
El Aidi), Chakkouf was resistant (1–3) to rust throughout 
plant growth, whereas the susceptible check L24 showed 
a susceptible (7) reaction. Field evaluation of Chakkouf 
during the 2008–2009 and 2009–2010 cropping seasons 
also revealed resistance (1) to Ascochyta blight, whereas the 
susceptible check L24 showed susceptible (7) and moderate 

Characteristics
Chakkouf has a pigmented stem at the seedling stage, 
slightly pigmented leaves with a rudimentary tendril, and 
white flowers and develops up to three primary branches 
per plant. It has good early vigor and an average plant 
height of 45 cm. It is an early-flowering and early-maturing 
variety with average days to flower and maturity of 89 d 
and 140 d after sowing, respectively (Table 2). The time to 
maturity of Chakkouf was significantly shorter than that 

Table 1. Comparison of grain yield of Chakkouf and two or three other cultivars tested on three locations in Morocco 
from 2006 to 2010.

Years
Cultivars†/Rainfall Location 2005–2006 2006–2007 2007–2008 2008–2009 2009–2010 Average

———————————————————————————  kg ha-1———————————————————————————

Chakkouf Jemaât Shaim 1535 a‡ 650 a 1282 a 1442 a 2065 a 1395 a

Bichette 1995 b 295 b 345 b 810 b — 861 b

Bakria 2177 c 677 a 1255 a 1090 c 1270 b 1294 a

L24 — 369 b — — 1058 c 713 b

Rainfall (mm) 298 169 241 451 366 298

Chakkouf Sidi El Aidi 1445 a 678 a — 1126 a 1340 a 1147 a

Bichette 1080 b 294 b — 947 b — 778 b

Bakria 1312 a 648 a — 898 b 874 b 933 b

L24 802 c 209 b — — 704 b 572 c

Rainfall (mm) 339 260 168 390 393 345

Chakkouf Marchouche 2104 a — 597 a 1664 a — 1455 a

Bichette 2280 a — 571 a 1347 b — 1399 a

Bakria 1910 a — 588 a 1488 ab — 1328 a

Rainfall (mm) 429 180 280 531 570 398
†The trials include many experimental lines not shown in the table.
‡Cultivars with the same letters are not significantly different based on the Dunnett test at p < 0.05.

Table 2. Agronomic characteristics of Chakkouf lentil and local check cultivars 
L24 and Bakria at Jemaât Shaim Experimental Station in Morocco.

Cultivar† Year
Days to 

flowering
Days to 
maturity

100-seed 
weight

Pods/
peduncle

Plant 
height

g no. cm

Chakkouf 2005–2006 82 135 5.0 2 —

2006–2007 79 138 4.5 2 —

2007–2008 89 132 4.8 2 46

2008–2009 93 144 4.8 2 47

2009–2010 101 149 4.9 2 45

Mean‡ 89 a 140 a 4.8 a 2 46 a

L24 2007–2008 110 153 3.3 2 —

2008–2009 128 163 3.6 2 42

2009–2010 145 193 3.6 2 40

Mean‡ 128 b 170 b 3.5 b 2 41 a

Bakria 2005–2006 88 132 4.4 2 —

2006–2007 92 142 4.7 2 —

2007–2008 91 134 4.5 2 44

2008–2009 89 144 4.6 2 44

2009–2010 111 157 5.0 2 42

Mean‡ 94 c 142 a 4.6 a 2 43 a
†The trials include many experimental lines not shown in the table.
‡Cultivars with the same letters are not significantly different based on the Dunnett test at p < 0.05.
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Ministre de l’Agriculture et de la Pêche Martime (MAPM). 2009. Arrêté 

du ministre de l’agriculture de la pêche maritime n°2529-09 du 15 
chaoual 1430 (5 octobre 2009) autorisant l’inscription de nouvelles 
variétés de pomme de terre de saison, de tomate indéterminée, de 
tomate déterminée de marché de frais, de tomate industrielle, de 
laitue, de pois potager, de lentilles, de pois chiche, de luzerne, de blé 
dur, d’orge, de triticale, de colza et de mais au catalogue officiel des 
espèces et des variétés de plantes cultivables au Maroc. p. 1499–1501. 
In: Bulletin officiel, edition de traduction officielle, No. 5784, 5 Nov. 
2009, Royaume du Maroc, Rabat, Morocco. http://www.sgg.gov.ma/

resistance (5) reactions during the 2008–2009 and 2009–
2010 seasons, respectively.

Taking into consideration the beneficial characteristics, 
Chakkouf has been recommended for cultivation in all the 
lentil-growing regions of Morocco.

Availability
Chakkouf has been registered under the Moroccan Plant 
Variety Protection Act and seed has been deposited with 
INRA-Morocco. Seed of Chakkouf has also been deposited 
in the National Plant Germplasm System, where it will 
become available for distribution 20 yr after the date of 
publication. Before termination of the Moroccan plant 
breeder’s rights and distribution by NPGS, all seed requests 
should be sent to the corresponding author. If this cultivar 
is used as a parent in the development of new cultivars, it is 
requested that recognition be made of its use.
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