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Abstract

The study aimed to find out a high yielding genotypes
adapted to local environments and to study the genetic variability
and relationships among yield, yield components and seed quality
characters of 20 lentil genotypes. Growing season significantly
affected all characters except seed yield/fed. Seed yield averaged
494.31 kg/fed (3.09 ardab/fed). The genotype FLIP 95-67L had
the maximum seed yield of 678.99 kg/fed (4.24 ardéb/fed) and
exceeded the yield of Giza 9 by about 29%. The genotypes FLIP
96-98L and XG 98/2/3 had the highest content of seed protein
being 23.8% followed by Giza 9, Sinai 1 and FLIP 89-34L, with
insignificant  differences among them. Seed vield/fed was
correlated positively and significantly with plant height, seed
yield/plant, and number of pods and seeds/plant and hydration
coefficient after cooking. Seed protein content was positively and
significantly correlated with each of total soluble solids (r =
0.339), hydration coefficients before cooking (r = 0.301) and after
cooking (r = 0.357). Despite no significant relationship occurred
between seed protein content and seed yield, selection for high
seed yield will indirectly increase seed protein yield. The highest
magnitude of phenotypic coefficient of variation was observed for
number of seeds/plant (30.23), seed yield /plant (26.69), seed
yield/fed (24.04) and number of pods /plant (24.00) and 100-seed
weight (20.18) indicating the possibility for effective selection for
these traits.

INTRODUCTION

Lentil (Lens culinaris Medikus) is an important food legume in Egypt. Since the

crop is traditional dietary item throughout the country, protein content and cooking
quality are the most important quality characters. Lentil seeds are rich in protein with
an average of 25% and (66%) carbohydrates (Hamdi and El-Emery, 1996). Hence
yield and quality evaluation are considered important objectives in lentil breeding

program.
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Several researchers have conducted testing variety experiments to evaluate yield
and seed quality characters and they found wide variability for yield, yield components
and seed quality characters among lentil genotypes. For example, a range of seed
protein of 22.1 to 26.9% was found by Hamdi et al(1991). Seed cookability varied
among lentil genotypes and ranged from 53.3% to 71.7% (Hamdi et ai., 2002-a).
Hamdi (1987) reported highly significant differences among genotypes for seed
protein content (22.1-26.9%), and cooking time (25.2-48.6 min). He also found
significant differences between genotypes and environment effects on seed protein
quality using SDS-acrylamide gel electrophoresis. Erskine et al (1985) found
differences between locations in cooking time, but the range in cooking time was
greater between genotypes than locations. Hamdi (1987) reported significant effects
of seasons, environments, irrigation and locations on cooking time of lentil seeds.

Evaluation of lentil germplasm is an important part in lentil improvement program
at ARC, since the local landraces have a narrow genetic base (Hamdi and Rabeia,
1990), introducing exotic genotypes has been a matter of great importance to
increase the genetic variability of lentil germplasm in Egypt. Therefore, the present
study aimed, through testing a large number of exotic genotypes under Egyptian
conditions, to find out high yielding genotypes adapted to local environments, and to
study the genetic variability of lentil genotypes with respect to the important
characteristics.

MATERIALS AND METHODS

A total of 18 lentil accessions randomly chosen from the germplasm collection of
Agricultural Research Center (ARC) in Egypt were grown at Gemmiza Research
Station. The local cultivar Giza 9 and the early maturing variety Sinai 1 were also
grown for comparison (Table 1). Two field experiments were carried out during the
two winter seasons of 2001/2002 and 2002/2003. Sowing was done on 20 November
in both seasons. The genotypes were grown in randomized complete block design
with four replications. Plots were 3.5 x 1.8m and consisted of 6 rows spaced 30 cm
apart. Fertilizer was applied at the rate of 30kg P,Os and 15kg N/fed prior to planting.
The following plant characters were measured: (1) Number of days from sowing to
50% flowering, (2) days from sowing to 90% maturity, (3) plant height (cm), (4)
Number of branches per plant, (5) seed weight /plant, (6) Number of pods /plant, and
(7) Number of seeds/plant. The characters from 3 to 7 were recorded on random
sample of 20 guarded plants from each plot, while 100- seed weight was averaged
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over four 100 -seed count samples from each plot. Seed yield/ plot was determined
from the middle four rows of the plot then seed yield/feddan was calculated.

The following seed quality characters were evaluated (1) percentage of seed
protein content (calculated by multiplying the total nitrogen by 6.25 according to the
method of A.0.A.C, 1990), (2) Hydration coefficient of seeds before cooking (H.C.B):
10 g of dry seeds from each experimental plot were soaked in tap water for 8h, then
was calculated as [(weight of soaked seeds-weight of dry seeds)/weight of dry seeds]
x 100, (3) Hydration coefficient of seeds after cooking (H.C.A) was estimated by
placing 10 g of dry seeds from each experimental plot in glass tubes (100 cm )
containing enough water. The tubes were put in oven for 2 h at 100°C. The hydration
coefficient after cooking (H.C.A) was determined in cooked seeds according to the
method of Fahmy et al (1996) as follows: H.C.A % = [(weight of cooked seeds -
weight of dry seeds)/weight of dry seeds] x 100, (4) seed cookability (Coc %): the
cookabillty of lentil seeds was measured by using the normal press of fingers to test
the seed consistency. When 5 seeds were soft, more seeds were tested for softness
until it had been verified that 80% of seeds were cooked, (5) The total soluble solids
(7.S.S %) was determined by putting the cooking water left after cooking the seeds in
an empty pot then dried on 60°C over night. T.S.S was calculated as follows: T.5.5%
= [(weight of pot after drying-weight of empty pot)/ Initial weight] x 100 (Fahmy et
al., 1996).

The statistical analysis of variance was made in every year as a randomized
complete block design, then the combined analysis of variance for the two seasons
was performed according to Gomez and Gomez (1984). Simple correlation coefficient
among all studied characters was caiculated. Phenotypic and genotypic coefficient of
variation, heritability in broad sense and expected genetic advance were calculated as
suggested by Allard (1960).

RESULTS AND DISCUSSION

Data of morphological, phenological, yield and related characters and seed quaiity
traits as affected by seasons and lentil genotypes are presented in Tables (2-5).
Seasonal effects:

The effect of seasons on phenological, morphological, yield and its component
characters is shown in Table (2). Growing season significantly affected all characters
except seed yield/fed. Most characters gave higher values in the second season. For
example, plant height was 29.4 cm in the first season, while it increased to 34.5 cm in
the second season. Seed yield/plant also increased from 0.7g in first season to 1.5g in
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second season. It seems that the growth conditions in the second season were more
favorable than in the first season. The minimum and maximum average air
temperature in January (beginning of flowering period) in the first season was 9.3 and
18.4 °C, while the corresponding degrees in the second season were 12.0 and 22.3
°C. In addition, some cold days were encountered in January and February in the first
season, where the minimum temperature reached 4.5 to 6°C. Variation in air
temperature between seasons in Egypt and their effects on lentil growth was
previously reported by Hamdi et a/. (2003).

Genotype effects:

Days to flowering and maturity:

Mean days to 50% flowering of all genotypes was 81.95 with a range of 72.1—
86.8 days (Table 2). Sinai 1 was the earliest followed by genotypes: FLIP 89-51L, ILL
7163 and FLIP 96-98L comparing with the control variety Giza 9. Sinai 1 flowered 9
days earlier than Giza 9. Days to maturity ranged from 131.4 days for Sinai 1 to 144.5
days for Family 29 with a mean of 140.1 days. Most tested genotypes matured earlier
than Giza 9, which is desirable since earliness is a major objective in variety screening
program in lentil (Hamdi, 1998). The earliness of Sinai 1 in both flowering and
maturity was also reported by Hamdi et a/. (2002-b).

Plant height and number of branches/plant:

Results in Table (3) indicate that the genotypes significantly varied in plant
height and number of branches/plant. The range of plant height was 27.0 to 37.7 with
a mean of 31.95 cm. Number of branches/plant ranged from 3.0 branches for XG
9/3/3 to 5.3 branches for XG 88-17 (Table 3). Plant height and number of
branches/plant are important characters since they reflect plant vigor, which leads to
high yield (Erskine and Goodrich, 1988) and their variability would be helpful for
selecting parents to be used in crossing programs. The data showed that the
genotype XG 88-17 combined high plant height and the highest number of
branches/plant. Therefore this genotype could be used as a source of these
characters in crossing program. Wide variability in plant height and number of
branches/plant among lentil genotypes were reported by Ezzat and Ashmawy (1999),
Ibrahim (2001) and Hamdi et a/. (2003).

Seed yield and yield component characters:

The data of seed yield/plant, numbers of pods and seeds/plant and 100-seed
weight as yield component characters and seed yield/feddan are presented in Table
(4). There was a wide range of seed yield/piant. FLIP 95-67 L gave the maximum
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seed yield/plant (1.68g) and outyielded the check cultivar Giza 9 by 44.83%. Number
of pods/plant also varied widely among the tested genotypes. It ranged from 49.18
pods for FLIP 95-67L to 17.45 pods for XG 98/2/2. Similar wide variability was also
occurred in number of seeds/plant as shown in Table (4). The genotype FLIP 95-67L
had 71.10 seeds/plant and exceeded Giza 9 by 39.99%. These genotypes combined
the highest number of pods and seeds/plant and hence the highest seed yield/plant
as indicated in table (4). Weight of 100 seeds showed a range of 3.59-1.66 g with
overall average of 2.18g indicating that most of the tested genotypes are small
seeded. In comparison, the average 100-seed weight of international lentil germplasm
at ICARDA is 3.4 g (Hamdi ef al, 1991). The results in Table (4) indicated that only
one genotype (Sinai 1) had 100-seed weight above 3.4 g.

Importing large seeded ientil has become common in the Egyptian market,
Therefore, large seeded lentil genotypes should be introduced to our germplasm and
more attention should be given to selection of large seeded types. Seed yield
averaged 494.31 kg/fed (3.09 ardab/fed) and ranged from 273.07 kg/fed (1.71
ardab/fed) for XG 98/2/2 to 678.99 kg/fed (4.24 ardab/fed) for FLIP 95-67L. This
genotype had the maximum yield and yield component characters as indicated above.
Its seed yield/fed exceeded the yield of Giza 9 by about 29%. The superiority of this
genotype in seed yield could be attributed to the high numbers of pods and
seeds/plant. This promising genotype will be re-tested in advanced yield trials of the
lentil program.

Seed quality characters:

The means of seed protein content, total soluble solids (T.S.S), hydration
coefficient before cooking (H.C.B) and after cooking (H.C.A) and cookability for all
studied genotypes are given in Table (5). The data showed that T.S.S, H.C.B and
H.C.A characters had the widest ranges of 1.16 to 2.06, 111.0 to 124.0 and 109.0 to
122.8, respectively, followed by seed cookability character with a range of 77.8 to
97.8 and seed protein content with a range of 17.0 to 23.8. The genotypes FLIP 96-
98L and XG 98/2/3 had the highest content of seed protein being 23.8% followed by
Giza 9, Sinai 1 and FLIP 89-34L but with insignificant differences among them. The
range of seed protein content found in the present study was close to that previously
reborted. For example, Hamdi and EI-Emery (1996) reported a range of 22-28% and
Hamdi et al. (1991) found a range of 24-26%. The data of T.S.S showed narrow
variation among the tested genotype. FLIP 99-23L gave the highest T.S.S. value being
2.06 while Giza 9 gave a value of 1.73 %.
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The means of H.C.B for all genotypes ranged from 111% for ILL 7163 to 124%
for ILL 7723. Giza 9 gave value of 123%. The variation in H.C.B indicated that the
tested genotypes differed in imbibing water potential. A high capacity to absorb water
indicated good seed quality. Several factors have been identified to influence seed
hydration. These include the age and composition of dry seeds, storage conditions,
moisture contents and production factors. The values of H.C.B obtained in this study
were similar to those reported by Hamdi et a/. (2002-a). The overall means of H.C.A.
for all genotypes showed significant differences among genotypes. The range of this
character was from 109.0% for FLIP 95-67L to 122.8% for x G 98/2/3 (Table 5). Giza
9 had value of 114.0%. Although the range of the H.C.A values was narrow, the
differences between genotypes may allow selection among them. In fact the soaking
process, in which seed imbibes water, is greatly dependent on the inherent physical-
chemical composition’ of the seed. The results of seed cookability presented in Table
(5) showed significant differences among lentil genotypes. The local check variety
Giza 9 had 96.8% cookability value. The values of this character for all genotypes
ranged from 77.8% for FLIP 89-34L to 97.8 for FLIP94-1L, XG 98/1/1and XG 98/2/3.
Correlation analysis:

The simple correlation coefficients among all tested characters were calculated
and presented in Table (6). The results showed that seed yield/fed was correlated
positively and significantly with each of plant height, seed yield/plant, number of peds
and seeds/plant and H.C.A. Positive correlation between seed yield and yield
component suggesting that high seed yield could be improved by selection for number
of peds/ plant.

Seed protein content was positively and significantly correlated with each of
T.S.S. (r = 0.339), H.CA (r = 0.357) and H.CB. (r = 0.301). These relationships
indicate that high seed protein content is also an indication of good seed quality and
selection for one quality character is sufficient to maintain high level of other quality
characters. No significant relationships occurred among seed protein content in one
side and vyield and its component on the other side. These relations suggest that
selection for high seed yield will indirectly increase seed protein yield. Similar relations

_among seed protein content and yield and yield component characters were reported
in lentil (Hamdi, 1987).
Genetic parameters of the studied characters:

The estimates of phenotypic coefficients of variation (P.C.V), genotypic

coefficients of variation (G.C.V), broad sense heritablity (h%.s), genetic advance (GA)
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and genetic advance as percentage of the mean (GA%) for studied characters are
presented in Table (7).

The highest magnitude of (P.C.V) was observed for number of seeds/plant
(30.23), seed yield /plant (26.69), seed yield/fed (24.04) and number of pods /plant
(24.00) and 100-seed weight (20.18) indicating the possibility for effective selection
for these traits. However, number of seeds/plant and seed yield /plant combined the
highest estimates of both P.C.V and G.C.V. High heritability estimates were obtained
for seed yield/fed (84.59%) seed yield /plant (73.62), number of pods /plant (73.04)
and number of seeds/plant (58.73%). All seed quality characters gave high heritability
estimates, which ranged from 89.43 for cookability to 99.324 for T.S.S.

Ezzat and Ashmawy (1999) also reported high broad sense heritability for T.S.S
in seed lentil. The highest values of expected genetic advance were found for seed
yield/fed. (41.9%), number of seeds /plant (36.6%), number of pods /plant (35.6%),
seed yield/ plant (34.7%) 100-seed weight (34.1%) and T.S.S (32.1%). However,
Johanson e al. (1955) stated that heritability estimates together with genetic advance
are more important than heritability alone to predict the effect of selecting the best
genotypes. Therefore, pronounced progress should be expected from selection
between genotypes for T.S.S and seed yield /fed.
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Table 1. Name and source of lentil germplasm evaluated in Egypt
in 2001/2000 and 2002/20003 seasons.

Genotype

Source

FLIP 88-34L
FLIP 88-37L
FLIP 89-34L
FLIP 89-51L
FLIP94-1L
FLIP 95-67L
FLIP 96-98 L
FLIP 99-23 L
ILL 7163

ILL 7715

ILL 7723

X G 88-17

X G98/1/1
XG 98/2/2
XG 98/2/3
XG 98/3/3
XG 98/9/1
Family 29
Sinai 1

Giza 9

Selection from hybrid introduced from ICARDA
Selection from hybrid introduced from ICARDA
Selection from hybrid introduced from ICARDA
Selection from hybrid introduced from ICARDA
Selection from hybrid introduced from ICARDA
Selection from hybrid introduced from ICARDA
Selection from hybrid introduced from ICARDA
Selection from hybrid introduced from ICARDA
Selection from hybrid introduced from ICARDA
Selection from hybrid introduced from ICARDA
Selection from hybrid introduced from ICARDA
Selection from hybrid from Egypt

Selection from hybrid from Egypt

Selection from hybrid from Egypt

Selection from hybrid from Egypt

Selection from hybrid from Egypt

Selection from hybrid from Egypt

Land race from Egypt

An Egyptian variety from Argentinean precoz, early maturing

An Egyptian cultivar

Table 2. Overall means of all studied characters in 2001/2002 and 2002/2003

seasons.
Character NERS L.S.D 5%
2001/2002 2002/2003
Days to 50% flowering 794 84.5 1.1
Days to 90% Maturity 1415 138.7 1.0
Plant height (cm) 294 345 4.6
No. of Branches/ plant 33 4.9 1.0
Seed yield /plan (g) 0.7 1.5 0.3
No.of pods/ plant 28.0 46.7 5.6
No.fo seeds / plant 30.1 64.7 4.0
100- seed weight (g) 2.0 23 0.1
Seed yield (kg/fed.) 420.4 568.2 NS

185
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Table 3. The Overall means of days to 50% ﬂowering{ for 90% maturity,plant height
and number of branches /plant of tested lentil genotypes (combined data of
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2001/2002 and 2002/2003 seasons).

Days to 50% Days to 90% Plant height { No. of branches
Genotypes

flowering maturity (cm) /plant
FLIP 98-34L 84.5 140.9 30.0 4.0
FLIP 88-37L 824 139.6 27.0 3.6
FLIP 89-34L 84.1 140.1 28.1 4.5
FLIP 89-51L 77.0 138.4 283 4.8
FUP 94-1 L 80.6 138.1 308 4.0
FLIP 95-67L 85.5 140.5 315 5.1
FLIP 96-98 L 79.6 139.3 354 4.7
FLIP 99-23L 83.8 140.5 279 3.8
ILL 7163 79.1 137.9 36.6 4.0
ILL 7715 82.5 141.5 311 5.0
L7723 80.6 140.5 339 4.7
X G 88-17 81.3 141.5 36.7 5.3
X G 98/1/1 82.9 141.4 323 3.9
XG 98/2/2 86.8 138.8 29.7 34
XG 98/2/3 82.8 140.0 314 3.6
XG 9/3/3 84.1 142.6 31.4 3.0
XG 98/9/1 86.8 143.0 33.4 3.2
Family 29 81.6 144.5 37.7 4.6
Sinai 1 721 131.4 285 34
Giza 9 81.0 142.0 375 3.6

Range 72.1-86.8 131.4-144.5 27.0-37.7 3.0-5.3
Mean 81.95 140.12 31.95 4.10

LS.D.5% 1.394 1.147 3.781 1.037
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Table 4. The Overall. means of seed yield and yield component characters for tested
lentil genotypes (combined data of 2001/2002 and 2002/2003 seasons).

" Seed yield | ‘No. of pods | No.ofseeds | 100-seed Seed yield
: /plant (@) |  /plant /plant weight (g) (kg/fed)
FLIP 98-34L 1.1 38.04 47.50 2.28 476.95
FLIP 88-37L 1.16 39.88 51.65 218 503.59
FLIP89-34L 111 38.83 49.73 2.03 500.14
FLIP 89-51L 0.76 30.79 33.60 2.83 361.18
FLIP94-1 L 1.6 40.70. 51.75 1.80 503.58
FLIP 95-67L 1.68 49.18 71,10 2.16 678.99
FLIP 96-98 L 1.09 38.30 49.30 215 482.76
FLIP 99-23L. 0.72 22,83 25.45 2.38 335.00
ILL 7163 0.86 33.35 38.15 220 408.94
ILL 7715 1.33 46.89 60,75 2.14 648.15
1LL 7723 147 47.29 62.60 2.08 657.29
X G 8817 1.32 46.50 61.00 1.98 645.25
XG98f1/1 1.32 42.90 56.55 2.23 614.89
XG 98/2/2 0.63 17.45 21.05 1.94 273.07
XG98/2/3 0.94 33.81 40.40 1.95 447.24
XG 9/3/3 1.23 41.40 52.60 2.08 551.28
XG98/9/1 1.00 34.86 45.20 1.81 432.35
Family 29 1.10 36.83 46,21 1.66 467.05
Sinai 1 0.80 25.69 32.25 359 371.38
Giza 9 1.16 40,66 50.79 2.14 527.25
Range 0.36-1.68 | 17.4549.18 | 21.05-71.10 | 1,66:3.59 | 273.07:678.99
Mean 1.10 37231 47.38 2.18 494.31
LSD.5% 0421 13.018 14.261 0.118 130.627
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Table 5. Overall means of seed protein content, total of soluble solids (T.S.S),
hydration coefficient before (H.C.B) and after (H.C.A) cooking and
cookability characters of tested al lentil genotypes (combined data of

2001/2002 and 2002/2003  seasons).
Genotypes Seed T:S:S H.C.B H.CA Cookability
protein %
content (%)

FLIP 98-34L 20.8 1.88 116.0 114.0 90.0
FLIP 88-37L 22.0 1.67 115.8 111.8 87.8
FLIP 89-34L 23.0 1.86 119.0 112.8 77.8
FLIP 89-51L 18.8 1.84 116.0 113.0 82.8
FLIP94-1L 20.8 1.87 112.0 114.0 97.8
FLIP 95-67L 20.8 1.96 119.0 109.0 92.8
FLIP 96-98 L 23.8 2.05 120.8 110.8 95.0
FLIP 99-23L 19.8 2.06 113.8 110.8 95.0
ILL 7163 19.8 1.89 111.0 116.0 87.8
ILL 7715 21.8 1.92 122.0 113.8 82.8
ILL 7723 19.0 1.95 124.0 114.0 92.8
X G 88-17 20.8 1.80 120.8 112.0 S2.8
X G98/1/1 21.0 1.27 121.0 120.0 97.8
XG 98/2/2 22.0 1.36 122.0 122.0 95.0
XG 98/2/3 23.8 1.21 122.8 122.8 97.8
XG 9/3/3 17.0 1.81 120.8 112.0 91.8
XG 98/9/1 18.8 1.69 119.0 112.0 92.8
Family 29 22.0 1.74 122.0 114.0 93.0
Sinai 1 23.0 1.16 119.8 118.0 92.8
Giza 9 23.0 1.73 123.0 114.0 96.8
Range 17.0-23.8 1.16-2.06 111.0-124.0 | 109.0-122.8 77.8-97.8
Mean 21.063 1.735 119.013 114.325 91.613
L.S.D.5% 0.828 0.059 0.727 0.955 5.016
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Table 7. Estimates of phenotypic (P.C.V) and genotypic (G.C.V) coefficients of
variation, broad sense heritability (h%) genetic advance (GA) and genetic
advance as percentage of mean (GA %) of studied characters.

Character PCV% GCV% h*% GA GA%
Plant height 13.393 8.563 40.872 3.603 11.277
50% flowering 6.065 3.207 27.959 2.863 3.493
90% maturity 3.181 1.170 13.543 1.243 0.887
No. branches 19.086 13.113 47.208 0.760 18.56
Seed yield/plant 26.694 22.903 73.62 0.381 34.73
No. pods/plant 24.002 20.513 73.042 13.289 35.620
No. seeds/plant 30.23 23.167 58.733 17.329 36.575
100-seed weight 20.177 18.272 82.006 0.742 34.086
Seed yield/fed 24.038 22.108 84.587 207.049 41.886
Seed protein % 8.721 8.610 97.466 3.688 17.510
T.S.S 15.679 15.626 99.324 0.557 32.080
H.CA 3.237 3.224 99.170 7.561 6.614
H.C.B 3.138 3.130 99.528 7.656 6.433
Cookability % 5.947 5.624 89.428 10.036 10.955

* Expected genetic advance from selecting the to 5% of tested genotypes.
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