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ABSTRACT 
Dry seeds of two lentil cultivars Sinai 1 and Giza 370 were treated with three wave 

lengths of Diode Laser 408 (UV), 650 (VIS) and 980 (IR) nm at the Lab of Laser 

Applications in Agriculture and Biotechnology, National Institute of Laser Enhanced 

Sciences (NILES), Cairo University during September and October, 2011. Each diode 

laser type was used with 6 exposure periods. The UV and VIS were used for 1, 5, 10, 15 

and 20 minutes as well as untreated control check. However, IR irradiation was applied 

for 0.5, 2, 3, 4, 5 min and control check. 

Laser irradiated M1 lentil plants were evaluated in plastic pots at Giza, Egypt, 

during 2011/2012 season. Two pot experiments with peat moss and clay mixtures were 

used. The peat-vermiculite (1:1) and sand- clay (1:1) mixtures as soil-borne disease free 

and infected one, respectively. 

Both lentil cultivars (CVS) varied significantly for all traits under both trials. 

Laser types (L) affected highly significantly both emerged seedlings and survived plants 

percentages under the two investigated trials. Exposure periods (EP) affected 

significantly all traits in both trials, except survived plants % under clay pots conditions. 

Lentil cultivars performed differently from laser type to another for emerged plants% 

after one or four weeks under both pots trials in addition to survived plants% in peat 

experiment. Both lentil cultivars responded variably from exposure period to another of 

the three investigated laser types. However, Laser types x EP interaction was significant 

for emerged plants% after 4 weeks in both trials in addition to emerged seedlings and 

survived plants percentages in peat experiment. Sinai 1 irradiated seeds with the three 

investigated laser types produced higher growing and survived plants than untreated 

ones. This was true in cultivar Giza 370 only on survived plants with UV and VIS. The 

seed yields of both cultivars were greatly improved by all laser treatments, except IR in 

Giza 370. The direct effects of laser powers on different lentil traits varied due to 

cultivars and the period of exposure of irradiation types. 

The high yielded 20 M2 families represented each cultivar x laser type x exposure 

period combinations (except Giza 370 with IR) along to untreated checks were evaluated 

in plastic pots filled with peat vermiculite during 2012/2013 season. Different 

performances and variations were recorded among the tested groups of selected M2 lentil 

families. The indirect effects of laser irradiation, as mutation agent varied greatly from 

lentil genotype to another and also to investigated traits. The promising M2 families need 

further progeny test. 

 

Key words: Lentil, Lens culinaris, Laser irradiation, Diode laser, M1 performance, M2 

selections. 

INTRODUCTION 

Lentil (Lens culinaris Med.) is among the important pulse crops in the 

world and Egypt. Its importance is not only due to seed richness in protein 

(27.5-31.7%) and human consumption but also to its role in soil fertility. 
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The statistics of FAO, proved that the cultivated area in Egypt, decreased 

from 5885 ha (1992) to 1100 ha (2012) corresponded to 12000 and 1800 

tons of national production of lentil seeds, respectively. Such reduction 

reached to about 85% of both acreage and production with increasing the 

imported lentil seed from 77181 MT to 93313 MT which was equal to about 

34 and 100 Million $ annually, respectively. The production of this crop in 

most countries falls short of the demand and in Egypt the self-sufficient 

equal 1.5%.  

The most important constraints facing lentil are wilt diseases, 

Orobanche parasitizm, narrow adaptability (because lentils are long-day 

sensitive plants) and susceptibility to less favorable environments (Erskine 

and Saxena 1993 and Bayaa et al 1994). Therefore, the proper goals of lentil 

improvement programs not only are high yielding potential, tolerance to 

various abiotic stress conditions, resistance to wilt diseases and Orobanche 

but also wide adaptability and stability. 

The breeding of lentil suffer from narrow genetic variation that limited 

genetic advance. Different conventional procedures (as crossing, chemical 

and physical irradiation) were applied to broaden lentil genetic variability 

(Ismail et al 1994, Sarker et al 2009 and Tullu et al 2013). Mutation 

breeding was adopted in lentil using chemical mutagenesis like EMS, 

physical irradiation as X-rays, microwaves and gamma rays (Lal and Tomer 

2008 and Aladjadjiyan 2010). The effects of such mutagenic agents depend 

on genotype, treated organ or plant part, duration of exposure, the used 

power of irradiation and environmental conditions. 
Laser is numbered among the most miraculous gifts of nature and has 

marvelous applications (scientific, military, medical, industrial, commercial and 

agriculture), which greatly developed since the invention of the laser in 1958 

(Witteman 1987). The coherency, high monochromaticity, and ability to reach 

extremely high powers are properties for these specialized applications. 

The agricultural applications of laser technology comprised numerous 

purposes as land leveling, improvement of production, sorting and grading 

fruits, colour spectators and monitoring the pollutants. The nature of the 

interaction between laser light and biological tissue can be described in 

terms of reflection, scattering, transmission and absorption. (Absten 1992). 

Generally, low doses of laser activate biological process in treated 

plant, while higher doses may induce mutations.   So, laser irradiations was 

suggested and used in various crops for different purposes. For instances, 

these crops comprised barley (Rybinski 2000), faba bean (Podlesny 2002), 

wheat and maize (Dinoev et al 2004), alfalfa (Wilczek et al 2005), 

sunflower (Perveen et al 2010) and canola (Mohammadi et al. 2012). 

Induced genetic variability using laser is of  less damaging the genetic 

structure compared to other physical irradiations as X-rays in lathyrus 

(Shukla and Kumar 2011) and gamma rays in faba bean (Unnikrishna-Pillai 

https://en.wikipedia.org/wiki/Laser
http://link.springer.com/search?facet-author=%22W.+J.+Witteman%22
https://en.wikipedia.org/wiki/Coherence_%28physics%29
https://en.wikipedia.org/wiki/Monochromaticity
https://en.wikipedia.org/wiki/Radiant_flux
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et al 1997) and chemical mutagens as chemomutagen (MNU) in barley 

(Rybinski 2001). 

The utilization of laser may improve yield performance of growing 

lentil plants such as in other crops and/or may be considered as a promising 

and safe measure for creating useful variation.Therefore, the objectives of 

the present investigation were to explore the effects of different laser types 

and exposure periods on growth and yield attributes of two distinct lentil 

cultivars.  

MATERIALS AND METHODS 

Lentil cultivars and irradiation treatments 

Dry seeds of two lentil cultivars, Sinai 1 (macrosperma ; bold-seeded 

) and Giza 370  (microsperma; small-seeded) were used. Lentil seeds were 

kindly provided by the Food Legumes Section, Field Crops Research 

Institute, Agricultural Research Center, Giza, Egypt.  

The homogeneously seeds represented each cultivar were treated with three 

wave length of Diode Laser 408 nm as UV (in a range of ultra-violet 

irradiation), 650 nm (visible irradiation) and 980 nm as IR (in a range of 

infra-red irradiation). Each diode laser type was used with 6 exposure 

periods. UV and visible lasers were used for 1, 5, 10, 15 and 20 minutes as 

well as untreated control check. However, IR irradiation was applied for 0.5, 

2, 3, 4; 5 min and control check (Profs. Yehia Badr and Mona Abdel 

Aziz).The laser irradiation was conducted at the Lab of Laser Applications 

in Agriculture and Biotechnology, Laser Biotechnology Lab at National 

Institute of Laser Enhanced Sciences (NILES), Cairo University during 

September and October, 2011.  

Diode laser devices 
Commercial laser diodes that emit at wavelengths from 375 nm to 3500 nm 

with power up to 10 kW (70dBm)are used in industry for cutting and 

welding. External-cavity semiconductor lasers have a semiconductor active 

medium in a larger cavity. These devices can generate high power outputs 

with good beam quality, wavelength-tunable narrow line width radiation, or 

ultra-short laser pulses. Three types of diode laser were used as follows: 
1. Blue diode laser (408 nm) in ultraviolet range (UV) with power 10 

mw.  

2. Red diode laser (650 nm) in visible range (VIS) with power 50 mw. 

3. Invisible diode laser (980 nm) in infra-red range (IR) with power 1w. 

Evaluation of M1 lentil plants 

Laser irradiated M1 lentil plants were evaluated in plastic pots under 

the screen house at Agronomy Department, Faculty of Agriculture, Cairo 

University, Giza, Egypt, during 2011/2012 season. 
Two pot experiments with peat moss and clay mixtures were used. The peat-

vermiculite (1:1) and sand- clay (1:1) mixtures were considered presumably as 

soil-borne disease free and infected one, respectively. The diagnosis of random soil 

https://en.wikipedia.org/wiki/Laser_diode
https://en.wikipedia.org/wiki/Linewidth
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samples represented the two trials by the legumes Diseases Section, ARC, 

supported this hypothesis. In each trial, the completely randomized design (CRD) 

of three factors (2 cultivars, 3 laser types and 6 exposure periods) with four 

replicates was conducted. Each replicate was represented by one pot, of 30 cm in 

diameter, which sown with five seeds. 

The emerged plants were counted twice, after one and four weeks and the 

percentages of both were calculated relative to the number of sown seeds. At 

maturity the podded plants were determined and considered as survived plants and 

the percentages of survived plants relative to the number of emerged seedlings 

were estimated. The seed yield of all survived plants/pot was recorded individually 

and the mean seed yield/plant was estimated. The regular analysis of the variance 

of the CRD with three factors arrangement (2 cultivars, 3 laser types and 6 

exposure periods) was performed on the obtained data. 

 

Evaluation of M2 lentil selected families 

The high yielded 1-2 M1 plants in each cultivar x laser type x 

exposure period combinations except Giza 370 with IR (not represented due 

to that all plants were poddless) were selected. The progenies of selected 

families (individually) along to untreated checks seed were evaluated in 

plastic pots filled with peat vermiculite mixture at Agronomy Department, 

Faculty of Agriculture, Cairo University, Giza, Egypt, during 2012/2013 

season. These selections summed 20 families in each cultivar in addition to 

check untreated seed of corresponding cultivar.  
The completely randomized design with three replicates was conducted. Each 

replicate was represented by one pot, of 30 cm in diameter, which sown with five 

seeds. The sampling and traits measuring were conducted like the first season. The 

regular analysis of variance of the CRD with three replicates was carried out on the 

obtained data of each cultivar families and corresponding control. The genotypic 

and phenotypic variances were estimated among the families of each cultivar, by 

partition the variances considered as random model. The broad sense heritability 

(hb
2
), phenotypic (PCV) and genotypic (GCV) coefficients of variation and 

expected genetic advance (GA) of selecting the best 10% of families in each 

cultivar were calculated as follows: GA= hb
2
. k. sp  , where k and sp are constant of 

selection intensity and phenotypic standard deviation, respectively.  

RESULTS AND DISCUSSIONS 

Significance of variances in M1 

The significance of variances due to the effects of three laser types 

and 6 exposure periods on performance of M1 plants of two lentil cultivars 

for some traits are presented in Table (1). Both lentil cultivars (CVS) varied 

highly significantly (or significantly) for all studied traits under both trials. 

Laser types (L) affected highly significantly both emerged seedlings and 

survived plants percentages under the two investigated media conditions. 

Exposure periods (EP) affected significantly all traits in both trials, except 

survived plants % under clay pots conditions.  
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Table 1. Significance of mean squares due to different sources of 

variation of evaluation the 2 lentil cultivars with laser 

treatments in both pot experiments during 2011/2012. 

Trait Expt. 
Cultivars 

(CVS) 
Laser (L) CVS x L 

Exposure 

period 

(EP) 

CVS x EP L x EP 
CVS x L 

x EP 

Emerged 

seedlings 

% (1week) 

Peat 11466.8 ** 20716.1 ** 1663.5 ** 585.7 * 641.0 * 1756.6 ** 970.2 * 

Clay 2296.0 * 6967.2 ** 10557.5 ** 998.6 ** 4855.6 ** 662.4 ns 786.4 * 

Emerged 

seedlings

% 

 (4 weeks) 

Peat 26406.3 ** 24609.6 ** 13514.1 ** 1487.4 ** 470.8 ** 1289.5 ** 794.9 ** 

Clay 26677.8 ** 18025.0 ** 10729.9 ** 1470.4 ** 3169.0 ** 1396.5 ** 266.0 ** 

Survived 

plants % 

Peat 40501.6 ** 10591.8 ** 12597.4 ** 728.1 * 356.1 ns 1238.1 ** 1048.2 ** 

Clay 3258.5 ** 545.0 * 212.7 ns 145.6 ns 50.6 * 114.6 ns 98.5 * 

Seed yield / 

plant, g 

Peat 13.50 * 16.00 ns 8.27 ns 15.37 * 4.91 * 11.42 ns 6.70* 

Clay 6.89 ** 0.30 ns 0.39 ns 0.67 * 0.29 * 0.50 ns 0.18 * 

ns, * and ** indicate insignificant, significant at 0.05 and significant at 0.01, 

respectively. 

 

Lentil cultivars performed differently from laser type to another for 

emerged plants% after one or four weeks under both pot trials, in addition to 

survived plants% in peat experiment. This is proved by the highly 

significance of CVS x L interaction for aforementioned traits. Similarly, 

significant variation due to CVS x EP were recorded for all traits in both 

trials, except survived plants% under peat conditions. Thus, both lentil 

cultivars responded variably from exposure period to another of the three 

investigated laser types. However, laser types x EP interaction was 

significant for emerged plants% after 4 weeks in both trials, in addition to 

emerged seedlings and survived plants percentages in peat experiment. The 

second order interaction, CVS x L x EP, is significant for all traits under 

both investigated conditions. Therefore, it could be concluded that each 

lentil cultivar affected differently by various laser types and their exposure 

periods. On other words, the effects of laser powers on different lentil 

cultivars varied according to the period of exposure.  

 

Performance of M1 plants affected by lentil cultivars and laser types 

The mean performance of lentil cultivars under both experimental 

trials affected by different laser types compared to corresponding check 

untreated seed-plants is presented in Table (2). Under soil-borne diseases 

free conditions (peat trial), the percentages of survived plants and mean seed 

yield of check treatment recorded about 10 fold as higher as in clay pots. 

This proved by comparing the obtained 10% and 5% of survived lentil 

plants under clay trial due to wilt diseases compared to 95 and 60% in peat 

pots, in Sinai 1 and Giza 370, respectively. The lentil plants of clay pots not 

only showed huge loss of survived plants, but also the yield of remainder 

plants was drastically decreased. 
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Table 2. Performance of lentil cultivars affected by different laser types 

under peat and clay pot experiments during 2011/2012 season. 

Expt. CVS. Laser 

Emerged 

seedlings %    

(1 week) 

Emerged 

seedlings %    

(4 weeks ) 

Survived 

plants% 

Seed 

yield/plant, g 

Peat 

Sinai 1 

control 95 (100.0) 99.3 (100.0) 95 (100.0) 1.07 (100.0) 

UV 80.4 (84.6) 99 (99.7) 78.3 (82.4) 2.05 (191.6) 

VIS 88.8 (93.5) 100 (100.7) 95 (100.0) 1.92 (179.4) 

IR 81.7 (86.0) 91.7 (92.4) 88.3 (93.0) 1.39 (129.9) 

LSD  0.05 11.7 
 

5.6 
 

11.7 
 

ns 
 

Giza 370 

control 70 (100.0) 85 (100.0) 60 (100.0) 0.33 (100.0) 

UV 83.5 (119.3) 91.3 (107.4) 72.5 (120.8) 0.81 (245.5) 

VIS 92.9 (132.7) 96.5 (113.5) 69.4 (115.7) 2.25 (681.8) 

IR 20.8 (29.7) 25.8 (30.4) 19.2 (32.0) 0.47 (142.4) 

LSD  0.05 11.7 
 

5.6 
 

11.7 
 

ns 
 

Clay 

Sinai 1 

control 15 (100.0) 70 (100.0) 10 (100.0) 0.18 (100.0) 

UV 43.1 (287.3) 87.7 (125.3) 17.3 (173.0) 0.71 (394.4) 

VIS 33.8 (225.3) 91.9 (131.3) 18.3 (183.0) 0.56 (311.1) 

IR 43.3 (288.7) 82.5 (117.9) 15 (150.0) 0.68 (377.8) 

LSD  0.05 11.7 
 

9.3 
 

ns 
 

ns 
 

Giza 370 

control 80 (100.0) 85 (100.0) 5 (100.0) 0.05 (100.0) 

UV 63.3 (79.1) 75.6 (88.9) 12.3 (246.0) 0.33 (660.0) 

VIS 63.3 (79.1) 84 (98.8) 8.1 (162.0) 0.27 (540.0) 

IR 17.5 (21.9) 20.8 (24.5) 1.7 (34.0) 0.05 (100.0) 

LSD  0.05 11.7 
 

9.3 
 

ns 
 

ns 
 

Values between brackets are percentages to corresponding check control (as 100.0%). 

The utilization of different laser types with Sinai 1 lentil plants 

grown in peat improved seed yield rather than the percentages of emerged or 

survived plants. Under this condition, the irradiated Giza 370 seeds by UV 

and VIS increased the percentages of growing and survived plants by more 

than 10% with corresponding 245 and 681%  seed yield increase over 

control plants, respectively. However, IR irradiation decreased these 

percentages to less than 33% with higher increase in seed yield by more 

than 42% of check treatment. Under clay pot conditions, contradicting 

effects of laser types could be observed in both lentil cultivars for 

percentages of emerged and survived plants. In other words, Sinai 1 

irradiated seeds with the three investigated laser types produced higher 

growing and survived plants than untreated ones. This effect was true in 

cultivar Giza 370 only on survived plants with UV and VIS. The seed yields 

of both cultivars were greatly improved by all laser treatments except IR in 

Giza 370. The increase percentages in seed yield of laser treated plants 

under clay pots ranged 311 to 394 in Sinai 1 and from 100 to 660% in Giza 

370. 
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The investigated laser irradiations positively improved seed yield of both 

lentil varieties either infested or not by wilt diseases. However, these effects 

on the percentages of emerged and survived plants differed due to the level 

of infestation and resistance of host variety. These findings could be 

supported by comparing the performance of both lentil cultivars under both 

conditions of investigations for different traits. Moreover, such effects of 

laser types on lentil traits may be greatly varied by the periods of exposure 

as proved by the significance of mean squares due to EP for all tabulated 

traits under both experiments except survived plants% under clay 

conditions. This may be due to that the effect of exposure periods was 

hampered by the level of wilt infestation, which reflected in lacking of 

significance between periods of exposure of different laser types (Table 1). 

The above mentioned results proved that low doses of laser may enhance 

biological processes and lentil plants, which reflected on positive reactions 

to wilt disease and yield potential. This in agreements of the findings in 

other crops such as barley (Rybinski 2000), faba bean (Podlesny 2002), 

wheat and maize (Dinoev et al 2004), alfalfa (Wilczek et al 2005), 

sunflower (Perveen et al 2010) and canola (Mohammadi et al 2012).This 

encourages the scientists to discover economic technologies for utilizing 

laser in the seed field crops such as lentil. 

 

Significance of mean squares and extent of variations among M2 

selected families 

The significance of variances of evaluation the selected families 

descended of each lentil cultivar during 2012/2013 season for some of 

studied traits are presented in Table (3). Sinai 1 families differed highly 

significantly only for emerged plants percentage after 4 weeks. However, 

Giza 370 lentil selected families varied highly significantly for all traits, 

except emerged seedlings% at first week. 

 

Table 3. Significance of mean squares due to selected lentil families and 

errors of both cultivars for different traits evaluated during 

2012/2013 season.  

Trait 
Sinai 1 Giza 370 

Families Error Families Error 

Emerged plants % (1week) 326.35ns 298.41 339.68ns 317.46 

Emerged plants % (4weeks) 191.11** 107.94 221.59** 69.84 

Survived plants% 77.14ns 166.67 598.81** 131.35 

Seed yield / plant, g 0.77ns 0.50 0.11** 0.03 

ns and ** indicate in significant and significant at 0.01 level of probability, respectively. 

The mean performance of selected families belonged to both 

cultivars, and the nature of variation measured by ranges and coefficients of 

variation and broad sense heritability as well as expected gain from 
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selecting the top 10% of families are presented in Table (4). Both cultivar 

families show similar means and ranges for emerged plants either at 1 week 

or 4 weeks. However, for survived plants% and seed yield, the selected 

families from Giza 370 recorded lower mean in both traits and wider range 

for survived plants than those of Sinai 1. The selected families of Sinai 1 

produced mean seed yield 3 fold as higher as those of Giza 370 with range 

wider than Giza 370 by about 4 folds.  

The phenotypic coefficients of variation are similar in both cultivars 

for emerged plants% after 4 weeks and seed yield, in spite of different 

ranges between them. However, the phenotypic coefficients of variation are 

contradicting to ranges of families for emerged plants% after 1 week. 

Parallel trend between PCV and ranges could be observed for survived 

plants%. The genotypic coefficients of variation are consistent to the values 

of broad sense heritability (h
2

b) for all traits. Emerged seedlings% at 1 week 

in both cultivars, exhibited the lowest h
2 

b (less than 10%) and consequently 

lower expected gain (GA). The h
2

b in selected families from Giza 370 are 

higher than those of Sinai 1 for all other traits, with lacking genotypic 

variation among Sinai1 families for survived plants%. These higher h
2

b of 

Giza 370 are coupled with higher expected gain (GA) for emerged plants% 

at 4 weeks and survived plants%. This may be an indication of 

predominance of additive gene action among Giza 370 families for 

emergence and survived plants %. On the other hands, lower GA of Giza 

370 families (0.18) for seed yield with higher h
2

b than those of Sinai 1, may 

suggest the existence of non-additive gene action in the inheritance of seed 

yield in these families. 

 

Table 4. Mean, ranges, broad sense heritability (h
2

b), phenotypic (PCV) 

and genotypic (GCV) coefficients of variation and expected 

gain in lentil families of both cultivars during 2012/2013. 

Trait Cultivar Mean Range h2
b PCV GCV GA RGA 

Emerged 

plants%(1weeks) 

Sinai 1 10.79 0.0-33.3 0.086 96.63 28.27 1.25 11.6 

Giza 370 13.02 0.0-35.3 0.065 81.75 20.91 0.97 7.5 

Emerged 

plants%(4weeks) 

Sinai 1 95.56 73.3-100.0 0.435 8.35 5.51 4.86 5.1 

Giza 370 94.60 80.0-100.0 0.685 9.08 7.52 8.24 8.7 

Survived plants% 
Sinai 1 94.88 81.8-100.0 0.000 7.86 0.00 0.00 0.0 

Giza 370 83.79 40.0-100.0 0.781 16.86 14.90 15.44 18.4 

Seed yield / plant, g 
Sinai 1 0.88 0.19-2.83 0.355 57.77 34.42 0.25 28.7 

Giza 370 0.29 0.03-0.76 0.695 64.20 53.53 0.18 62.5 

 

Laser irradiation could be directly used for improving lentil 

performance particularly under soil born diseased conditions. The indirect 

effects of laser irradiation, as mutation agent varied greatly from lentil 
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genotype to another and also to investigate traits. The promising M2 families 

need further progeny test. 

The obtained variation in M2 selected families suggested that laser 

may recommended as mutagenic agent for widening variation in lentil 

cultivars. Similar results were obtained in faba bean by Unnikrishna-Pillai et 

al (1997), barley by Rybinski (2001) and lathyrus by Shukla and Kumar ( 

2011). 
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