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Abstract

This study aimed to evaluate 20 lentil genotypes for their perfor-
mance and yield potential in the new reclaimed lands at Abu-Simbel and
to estimate the genetic parameters, which help for further selection in
this location. The genotypes were planted in November at three seasons
(1999/2000, 2000/2001, 2001/2002). Significant differences oc-
curred among seasons due to the wide variation in maximum and mini-
mum air temperatures and relative humidity, which affected accumula-
tion of plant dry matter and yield performance of genotypes. Three
genotypes FLIP 95-68L, FLIP 86-7L and FLIP 89-71L out yielded the
check cultivar Giza 9 by 32.3, 24.6 and 19%, respectively. In addition
they had high harvest index values of 38.4, 31.3 and 29.8%, respective-
ly. These genotypes also had higher seed yield/plant, number of pods
and seeds/plant, and hence being promising and could be recommended
for planting at Abu-Simbel after verification and large-scale on-farm
trials. High estimates of phenotypic coefficient of variation, broad sense
heritability together with genetic advance for seed yield/plant and har-
vest index, suggesting that pronounced progress should be expected
from selection among genotypes for these characters at Abu-Simbel.

INTRODUCTION

Lentil (Lens culinaris Medikus) is a traditional crop in south Egypt, where 87% of

its total acreage grown (Anonymous, 2002). Recently, large desert areas have been re-

claimed in south region in Abu-Simbel, East Owinat, and Toshka, and it is aimed to plant

these areas by field and horticultural crops. The crop rotation systems in such regions

should include legume crops, because they can fix a considerable amount of nitrogen in

the soil. In particular, lentil is one of the highest soil nitrogen-supplier food legume

crops (Saxena, 1988). In addition lentil is a short duration legume crop and hence it re-

quires lesser amounts of water during its life cycle. Therefore, growing lentil in such

new land areas will save water, supply nitrogen to following crops, improve soil fertility

and produce considerable straw yield to be used as a rich-protein feed.
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Abu-Simbel is located 300km south Aswan City. It is a hot and dry region with
sandy soil. High air temperature is a factor, with water stress and light intensity, lead
to yield reduction in lentil due to flower drop and seed abortion (Summerfield, 1981).
The number of pods set per inflorescence is reported to decrease with the increase in
air temperature (Chandra and Asthana, 1988). In India, five out of 14 lentil genotypes
screened for terminal heat tolerance were identified as heat-tolerant (Chandra and As-

thana, 1993).

Effective selection depends on the existence of genetic variability. Several au-
thors have emphasized the utility of estimates of variance components, as a basis for
predicting the response of quantitative characters for selection in lentil (Hamdi, 1987;
Ismail et al., 1994). In addition knowledge of heritability of quantitative attributes has
been useful as a tool for improving selection efficiency. Progress under selection in
breeding programs depends on the magnitude of heritability for traits under selection.
In lentil widely varying estimates of heritability, variability and genetic advance from se-
lection for various lentil characters have been reported (Ismail et al, 1994; Selim,

2000; Ibrahim, 2001; Hamdi et al., 2002-a).

To grow lentil successfully in Abu-Simbel, as a hot region, evaluation of lentil
genotypes should be made to identify the adapted genotypes to be grown in this re-
gion. Therefore this study aimed to evaluate various lentil genotypes for their perfor-
mance and yield potential under heat stress conditions at Abu-Simbel and to estimate

the genetic parameters, which help for further selection in this location.

MATERIALS AND METHODS

Twenty lentil genotypes varied in their origin and characteristics were grown at
the Experimental Farm of Abu-Simbel Research Station, Aswan Governorate in the
three-winter seasons 1999/2000, 2000/2001, and 2001/2002. Dates of planting
were 19, 19, and 11 November in the three seasons, respectively. The results of the
soil chemical analysis in the experimental site were: PH = 9.1, Organic matter = 0.1%,
Calcium Carbonate (Ca Coz) = 14%, total N = 18 ppm, total phosphorus = 5.3 ppm,
and total potassium = 146 ppm. Fertilizer application was made according to soil analy-

sis, where 15kg N and 25kg P,Os/feddan were applied to the soil before planting.
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Seeds were inoculated with rhizobium culture (2 packets 200 g each/feddan). A ran-
domized complete block design was used with 4 replicates. Each experimental plot con-
sisted of 4 rows, 3 m long and 30 cm apart with plant density of 300 plants/mz.
Sprinkler irrigation system was used. Irrigation was applied daily, after planting till com-
plete seedling emergence, then maintained every 20 days till the complete pod-filing
stage. Three plant-samples (10 plants/each) were randomly taken from each experi-
mental plot at vegetative, post-flowering and maturity growth stages to estimate fresh
and dry weight/plant. Days to 50% flowering and days to 90% maturity were recorded.
At harvesting, 10 individual plants were randomly chosen from the central area of each
plot to estimate seed yield/plant, number of pods and seeds/plant, number of seeds/
pod, plant height, and number of branches/plant. The remaining plants in each plot
were hand-pulled, air dried, weighed, then threshed by hand. Seed yield/fed, biological
yield/fed, straw yield/fed, harvest index (seed yield/biological yield) and 100-seed

weight were estimated.

The meteorological data during the three growing seasons were obtained. Analy-
sis of variance was made separately for each season then a combined analysis for the
three seasons was calculated (Gomez and Gomez 1984). Estimates of phenotypic
(P.C.V) and genotypic (G.C.V.) coefficient of variation were calculated by the formula
suggested by Burton (1952). Heritability in broad sense was calculated according to
Allard (1960). Expected genetic advance was estimated by the method suggested by
Johnson et al. (1955).

RESULTS AND DISCUSSION

Weather conditions and seasonal effects:

The analysis of variance revealed that highly significant differences detected
among seasons for all studied characters, indicating the importance of seasonal effects
on the performance of lentil genotypes at Abu-Simbel. The maximum and minimum air
temperatures varied widely between seasons (Figures 1 and 2). The first season
(1999/2000) was the warmest in December, during vegetative growth stage, where
the maximum temperature reached 33 °C, (Fig. 1), while it was the coldest almost all

the season from January to end-March, during flowering and pod-filling stages (Fig. 2).
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Both second and third seasons were near in temperature, except a warm weather oc-
curred during vegetative growth stage in the second season (Fig. 1). Another impor-
tant climatic factor affecting lentil yield potential is relative humidity (RH%) especially
during pod development stage. The RH during pod formation and pod-filling stages
were 39.7, 37.95 and 50.55% in the three seasons, respectively (Table, 1). Summer-
field (1981) stated that relative humidity below 50% affected seed yield in lentil due
to occurrence of empty pods and abortive seeds. Several researchers have reported

seasonal effects on lentil characters (Hamdi, 1987; Selim, 2000).

Table 1. Average air relative humidity (%) during pod formation (15-28 Feb.) and Pod
filling (1-31 March) stages in three seasons at Aswan.

Period 1999/2000 2000/2001 2001/2002 Average
February 15-28 43.4 38.9 43.1 41.8
March 1-31 36.0 37.0 58.0 43.7
Average 39.70 37.95 50.55 42.74

Mean number of days to flowering and maturity in the first season were 8 and
10 days shorter than the third season (Table, 2), because of a fast plant vegetative
growth and early onset of flowering associated with hot winter in 1999/2000 season.
The rapid growth also caused relatively short plants with few branches. Plant height av-
erages in the three seasons were 33.3, 34.7, and 49.3 cm, respectively (Table 2). Sim-
ilarly, branches/plant in the same seasons were 2.5, 2.7, and 3.7, respectively. High
temperature and low RH in the first season also affected both seed yield/plant and
seed yield/fed. The average seed yields/fed in the three seasons were 3.90, 4.07, and
5.23 ardab (one ardab = 160 kg), respectively (Table 2). It seems that seed yield
ranked according to the ranks of temperature and RH. Seed yield in the third season
was the highest, partially because of the long and cooler winter-season. The rise in air
temperature beyond 17°C (average maximum and minimum values) is a limiting factor
in achieving full yield potential (Chandra and Asthana, 1988). The average harvest in-

dex value in the first season was 23.2 % and 34% in the third season.
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Fresh and dry weight of plants at various growth stages:

Average fresh and dry weight of lentil plants, plant height and number of branch-
es/plant for all genotypes at vegetative, flowering and pod-filling stages in the three
seasons are presented in Figures (3-5). The total plant fresh and dry weights (Fig. 3)
reflect mainly changes in development of plant height and number of branches/plant at
various growth stages. Plant height and number of branches/plant values were higher
in the third season compared to the first and the second seasons (Figs. 4 and 5).
Hence the total fresh and dry weight of lentil plants were higher in the third season.
Accumulation of dry matter was much higher in pod-filling stage in the third season
comparing with the other two seasons, reflecting the higher number of pods formed
per plant in the third season. These results indicated that the environmental condition
in the third season was more favorable to plant growth than in other seasons. The veg-
etative period of the third season was longer as indicated by days to flowering (Table

2).
Performance of genotypes:

The combined analysis of variance indicated highly significant differences among
genotypes for all studied characters, except biological yield and straw yield/fed. Also
the genotype x season interaction had a significant effect on all studied characters, ex-
cept number of branches/plant, seed yield, biological yield and straw yield/fed and har-

vest index.

Large genotype x season interaction is common in varietal trials. As an example,
Hamdi (1987) found the genotype x year component was more than three times as
large as the genotype x location component in lentil, because year effect includes fluc-
tuation in weather condition. Therefore it is important to test a set of genotypes in a

series of seasons.

Phenological and morphological characters:

The average performance of days to flowering and maturity, plant height and
number of branches/plant for all genotypes over seasons are given in Table (3). Narrow
ranges between genotypes was obtained for both days to flowering and maturity, how-

ever it is clear that the genotype Sinai 1 was the earliest in flowering and maturity with
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over all means of 56 and 117.9 days, respectively. Earliness in flowering and maturity
of Sinai 1 was previously reported (Hamdi et al, 2002-b). Plant height ranged from
31.11 cm for ILL 7163 to 48.33 cm for FLIP 86-7L, and number of branches/plant
ranged from 2.01 branches for FLIP 84-1L to 3.96 branches for Giza 9.

Seed yield/plant and yield component characters:

The genotypes FLIP 86-7L, FLIP 89-71L, FLIP 95-68L and FLIP 94-1L showed
the highest average seed yield/plant of 1.01, 0.91, 0.85 and 0.84 g, respectively with
insignificant differenceé between them (Table, 4). Yield increases of these genotypes
over the check variety Giza 9 were 48.8, 34.2, 25.2 and 23.3%, respectively. High
seed yield/plant of these genotypes was mainly due to their high number of pods and
seeds/plant. Amongst, the genotypes FLIP 86-7L, FLIP 89-71L and FLIP 94-1L had also

large seed size (100-seed weight above 3 g).

Seed, biological and straw yield/feddan and harvest index:

The genotypes FLIP 95-68L, FLIP 86-7L, FLIP 89-71L, FLIP 95-50L, Giza 51 and
FLIP 94-1L gave the highest average seed yield that ranged from 5.75 to 4.84 kg/fed
with insignificant differences between them (Table, 5). The first three genotypes
showed the highest percentages of yield increase of 32.3, 24.6 and 19% over the yield
of Giza 9, respectively and had high harvest index values of 38.4, 31.3 and 29.8%, re-
spectively. These genotypes also had high seed yield/plant, number of pods and seeds/
plant as mentioned before. Hence these genotypes are promising and could be recom-

mended for planting at Abu-Simbel after verification and large-scale trials.

There are some genotypes showing superiority in some characters and should be
exploited in breeding programs. For example, the early genotype Sinai 1 could be rec-
ommended for planting in case the earliness in flowering and maturity is more impor-
tant than seed yield. On the other hand, hybridization between Sinai 1 and each of the
high yielding genotypes FLIP 95-68L, FLIP 86-7L and FLIP 89-71L could be useful to
produce early and high yielding populations and selection for earliness in flowering and

maturity in these populations might be useful.
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Genetic parameters of the studied characters:

Estimates of means, ranges, phenotypic coefficients of variation (PCV), genotyp-
ic coefficients of variation (GCV), broad sense heritability (h? ,.¢) and genetic advance
as percentage of the mean for studied characters are presented in Table (6). The high-
est magnitude of (PCV) was observed for number of seeds and pods /plant, seed yield/
plant and harvest index, indicating the possibility for effective selection for these traits.
Days to flowering had a high heritability estimate (75.68 %). Seed yield/plant, seed
yield/fed and harvest index showed moderate heritability estimates of 52.17, 52.24
and 55%, respectively. Ezzat and Ashmawy (1999) also reported high broad sense he-
ritability for days to flowering in lentil. The expected genetic advance was relatively
high for seed yield/plant (23.22%) and harvest index (22.99%).

Johnson et al. (1955) stated that heritability estimates together with genetic
advance are more important than heritability alone to predict the effect of selecting
the best individuals. Therefore, pronounced progress should be expected from selection
between genotypes for seed yield/plant and harvest index. Moderate progress would

be expected from selection for seed yield/fed and number of pods/plant.

Table 2. Average performance of the studied characters at Abu-Simbel in 1999/2000,
2000/2001, and 2001/2002 seasons.

Character Seaish LSD at 0.05
1999/2000 |2000/2001 |2001/2002
Days to 50% flowering |58.88 64.7 67.2 1.107
Days to 90% maturity [116.88 128.58 127.32 1.658
Plant height (cm) 33.25 34.73 49.28 3.330
No. of branches/plant |2.52 2.72 3.65 0.300
Seed yield/plant (g) 0.54 0.548 1.02 0.069
No. of pods/plant 12.75 13.28 30.15 2.235
No. of seeds/plant 16.12 15.47 42.21 3.820
No. of seeds/pod 1.27 1.18 1.38 0.061
100-seed weight (g) 2.93 3.03 2.83 0.156
Seed yield (ardab/fed) |3.9 4.07 5.23 0.379
Biological yield (t/fed) |3.54 4.31 3.41 0.314
Straw yield (t/fed) 2.91 3.66 2.58 0.306
Harvest index (%) 23.17 20.5 34.04 3.662
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Table 3. Average days to 50% flowering and 90% maturity, plant height and number of
branches at harvest for 20 lentil genotypes evaluated at Abu-Simbel in 2000/
2001and 2001/2002 seasons.

Days to 50% | Days to 90% Plant No. of

Genotype flowering* maturity height branches/
i (cm) plant

FLIP 84-112L 62.89°f 127 lggeyciel 1o gqt
FLIP 86-7L 65.11°°%  [119.6'9 48.33% B yedst
FLIP 88-34L 67.33%0 126.92°¢ 37.89%¢%8 |3 o7abed
FLIP 88-37L  |67.56° 125 7%0od < “lay g 498t |3 ghode
FLIP 89-71L 63.789%f 121.3°9 39.00P¢%¢ |3 ogabede
FLIP 94-1L 65.8930°¢ 129.62 agu17°% | lagrPee
FLIP 95-50L 64.33%% 124.67%9¢ 42,4480 |5 gzbode
FLIP 95-68L 66.4430°¢ 124.1°%9¢  |3g.78P%%¢ |5 47e!
FLIP 96-48L 67.112b¢ 127.5°P 39.89%%%% _ |o.epdst
1LL 558x Precoz |62.89°f 127.3%° 42.89%%°  |2.5gd¢f
Fam.300x Precoz |g4.33°%¢ 127.00%° 39.00°°%° |5 ggPoede
X 95 S 115 62.33°9 126.82%¢ 38.89°°% 3510
ILL 7163 68.562 12579bed . bijgngqef 3.1gbede
L138 61.33'" 1251420998 . lag 1 1Pode ... |2, 50def
JL 61.22'" 124.6°°% |28 67' 3.13P¢de
Giza 4 61.009" 12169919 ' [ap/ppabed |5 godef
Giza 51 59.22" 122.39¢f 43.91%%° | giqgebe
Giza 370 59.569" 119.7'9 41447968 __Jo.ggbode
Sinai 1 56.00' 117.99 40.67°P  |2:g7b0d%e
Giza 9 65.00°°% _ J105.38bcde’ |44 7gab 3.96°
Over all mean 63.594 124.26 39.09 2.97

* Means followed by same letter (s) are not statistically different.
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Table 4. Average seed yield/plant, number of pods/plant, number of seeds/plant, num-
ber of seeds/pod and 100-seed weight for 20 lentil genotypes

Abu-Simbel in 1999/2000, 2000/2001and 2001/2002 seasons.

evaluated at

Seed No. of No. of No. of 100-seed

Genotype yield/ pods/plant | seeds/plant | Seeds/ weight

plant (g) Pod (9)
FLIP 84-112L 0.513"9 12.80M 15.239 117" [5 7gfeh
FLIP 86-7L 1.010° 25.48° 34.06% 1.302b¢def |3 4gabede
FLIP 88-34L 0.6529¢" |19 0pbcdefg |54 q7bedefg |y gpabede [, gpefg
FLIP 88-37L 0.633°" 14.009"  [1g.04%9 [ gqabedef [5 £ 4fgh
FLIP 89-71L 0.9112P 25.012 32.78%° 1.323bcdef |5 ggbedef
FLIP 94-1L 0.837%%¢ 24,3120 30.9825¢ 1.4230 {3 g7cdef
FLIP 95-50L 0.813%°%  [03.1g2%%d |97 7gabede [y gai 2.85%¢19
FLIP 95-68L 0.850%°°  |23.713%°  |og.5gafcd |4 ogbedets |, godefg
FLIP 96-48L 0.55119 12.191 16.14'9 1.249¢fgh (5 37abe
1LL 658x Precoz [0.770°°%¢ [15.0afohi |39 gqabe 1.393b¢d [ 3ghi
Fam.300x Precoz |0.6529°"  [16.66°/9" [1g.719ef8  |{ pzabodef (5 sra
X 95 S 115 0.4219 10.32) 15.109 1.273bcdef [ 4gab
ILL 7163 0.767°¢9¢  |{7.gpdefohi [5g ppabede [ 4oa 2.ggdefs
L138 0.658%¢"  [1g.720¢defa |50 gqdefg |4 qqoni [, sgefg
JLi 0.674°%"  16.1g%a" |50 ogdefs (4 pghi |5 5pgh
Giza 4 0.759°°%¢ o1 763000 |34 ggabe 1.413%¢ [ 7ofoh
Giza 51 0.747°¢9¢ |17 g70defh |55 goodefg |4 aefgh |4 5pabed
Giza 370 0.734%°9¢ |17 godefehi |54 4pabedefg |4 4 abede |4 soabe
Sinai 1 0.4189 19.8230¢0el |55 47abodel |4 goabedef |, i
Giza 9 0.679%%" [0 44300 |57 7gabede |4 pgodefg |, gicdet
Over all mean 0.778 21.717 28.839 1.38 3.03

* Means followed by same letter (s) are not statistically different.
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Table 5. Average seed yield (ardab/fed), biological yield (t/fed), straw yield (t/fed)
and harvest index for 20lentil genotypes evaluated at Abu-Simbel in 1999/
2000, 2000/2001and 2001/2002 seasons.

Seed yield Biological Straw Harvest

Genotype (ardab/fed) yield (t/fed) index
(t/fed) yield (%)

FLIP 84-112L 3.508' 3.907 3.345 17.47'
ELIP 86-7L 5.4142° 4.024 3.157 31.33%°
FLIP 88-34L 4.565°°%  [3.264 2.533 32.69%°
FLIP 88-37L 3.700° 3.464 2.376 24.2gPcde
FLIP 89-71L 5.1702b¢ 3.985 3.157 29.7820°d
FLIP 94-1L 4.837%%¢  |3.687 2.912 27.89°%
FLIP 95-50L 4.982%%° 4.317 3.519 24,8609
FLIP 95-68L 5.745% 3.707 2.788 38.35%
FLIP 96-48L 3.728° 3.868 3.297 19.74°
1LL 558x Precoz |4.311°%  |3.858 3.167 58 7gbedef
Fam.300x Precoz |4.409°%"  |3.298 2.592 28.85°°%¢
X 95 S 115 3.670° 4.179 3.592 17.42"
ILL 7163 4.254%%"  [3.640 2.959 23, 71bodef
L138 3.909%¢ 3.917 3.291 20.64%f
JLA 4.002%" 3.515 2.875 g4 oy
Giza 4 4.535°°%  [3.305 2.579 30.253b¢
Giza 51 4.845%%°°  [3.827 3.051 26.220Pcde
Giza 370 4.224%%"  |4.039 3.363 20 p10def
Sinai 1 3.887%' 3.803 3.181 24.20°%%"
Giza 9 4.344%%"  |3.445 2.750 28.35°°4¢
Over all mean 4.402 3.752 3.049 25.90

« No significant differences observed between genotypes for biological and
straw yield/fed.
* Means followed by same letter (s) are not statistically different.
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Table 6. Mean, range, phenotypic (PCV) and genotypic (GCV) coefficient of variations,
heritability in broad sense (h%,), and genetic advance as percentage of the
mean (GA %) for studied characters of lentil genotypes evaluated at Abu-
Simbel in 1999/2000, 2000/2001, and 2001/2002 seasons.

Character Mean |Range PCV  |aov M2 GA
%o % %
Days to 50% flowering |63.6 [56-68.6 5.08 [4.44 |75.68 |7.93
Days to 90% maturity [124.3 |117.9-129.6 |2.48 1.02 17.04 10.87
Plant height (cm) 39.1 28.7-48.3 11.74 [6.41 29.48 |7.17
No. of branches/plant [2.97 |2-4 14.85 19.69 42.62 [13.04
Seed yield/plant (g) 0.70 |0.42-1.01 [21.6 |15.61 |52.17 [23.22
No. of pods/plant 18.7 10.3-25.5 23.97 |[14.78 |38.05 [18.79
No. of seeds/plant 24.6 15.1-34.1 24.51 [13.66 |31.05 [15.68
No. of seeds/pod 1.28 1.03-1.42 8.55 [2.19 |6.54 |3.64
100-seed weight (g) 2.93 [2.07-3.55 12.64 [5.04 15.88 |4.14
Seed yield (ardab/fed) |4.4 3.51-5.75 13.99 |10.11 [52.24 [15.05
Biological yield (t/fed) |3.75 3.26-4.23 7.95 [-4.84 |0.0 6.07
Straw yield (t/fed) 3.05 |2.53-3.59 10.16 |-3.74 |0.0 2.84
Harvest index (%) 25.9 17.17-38.35 |20.29 |58.64 |55.0 22.99
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Fig. 1. Daily maximum and minimum air temperature (°C) from planting to the end of

vegetative growth stage (19/11-22/1) in three seasons at Aswan.
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Fig. 2. Daily maximum and minimum air temperature (°C) from flowering (25/1-14/2)

to pod formation and pod-filling stages (15/2-25/3) in three seasons at Aswan.
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(stage 2), and pod-filling (stage 3) growth stages of all genotypes evaluated at
Abu-Simbel in 1999/2000, 2000/2001 and 2001/2002 seasons.
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