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Determination of salinity tolerance of some lentil (Lens culinaris M.) varieties
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Abgract
Thesat (NaCl) tolerance of 5 lentil genotypeswasinvestigated. Plantswere grown at 5 different NaCl concentrations. Germination percentage, shoot
and root length, shoot and root dry weight and salt tol erance percentage in the shoots and roots were evaluated. The salt toleranceindex (STI) of the
genotypes, expressed as the ratio of dry matter yield produced under the NaCl treatments compared to the control treatment, was found to be a
reliablecriterion for ranking genotypesfor their toleranceto NaCl. Altin Toprak and Cagil showed high levelsof tolerance, and Yerli Kirmizi and Firat-
87 showed medium levels. Seyran-96 was the most susceptible genotype to NaCl.
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Introduction

Soil sdlinity isamajor abiotic stressin plant production worldwide.
This has led to research into salt tolerance with the aim of

improving crop plants or soil reclamation . However, soil

reclamation isavery expensive process, and hencethe cultivation
of tolerant species and varieties is the most practical solution
whenthesalinity islow. Itiswell known that there are significant
genotypic differenceswith respect to salt tolerance between and
within plant species?”.

Duetoincreasing salinity problemsboth in Turkey andin many
other countries around the world, breeding for salinity needs
more attention. Besides genetic resources, the use of efficient
selection criteriawould help breeders. However, itisdifficult to
say that the breeders have efficient selection criteria and tools
for improvement of salt tolerant varieties. Rather than along-
term breeding program, the determination of moretolerant varieties
to grow in saline soils may be a short-term solution &°.

Lentil (LensculinarisM.) isconsidered astrategic crop under
agronomic and food point of view, because of itsroleaspossible
component of the cropping systems in the Mediterranean areas
and as aprotein source for human and animal consumption %12,
The species is classified as salt sensitive * like many other
leguminous crops. Selection for salinity resistance appearsas a
laborious and hazardous task and plant breeders are, therefore,
seeking for quick, cheap and reliable ways to assess the salt-
resistance of selected material. Determination of germination
potential of seedsin saline conditions could appear asasimple
and useful parameter for several reasons 4.

The research on varieties started with cool-season grain
legumes: lentil (Lens culinaris M.), chickpea (Cicer arietinum
L.) and faba bean (Vicia faba). These crops show little genetic
diversity to salt tolerance, and thereforeno informationisavailable
onvarietal differencein sat tolerance®. Greenhouse experiments
with nutrient solutions cannot be generalized to field conditions
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as was shown in a previous paper on lentils 2. Grain legumes
have multiple functionsin the traditional farming systems as a
source of human and animal food, and in the maintenance of soil
fertility, particularly in dry rainfed areas 6. Since grain legumes
are salt sensitive, farmers do not consider growing them in a
salineenvironment.

The first crop was lentil, for which no information on salt
tolerancewas availablein literature. Lentil appeared to be very
sdt sensitive. Atan EC_of 2dS/m, theyield reduction was about
20% and at an EC_ of 3 dS/m, 90-100%. The variety with the
largest leaf area gave the highest yield. This crop should not
even be grown under slightly saline conditions 2.

In this study, the effects of different NaCl concentration on
seed germination and seedling growth of five lentil genotypes
were studied.

Materialsand Methods
Five lentil genotypes (Yerli Kirmizi, Seyran-96, Firat-87, Altin
Toprak and Cagil) were grown in laboratory at the Cukurova
University, Agriculture Faculty, Field Crops Department inAdana
In this study, distilled water (control) and four salt (NaCl)
concentrations, 50, 100, 150 and 200 mg I, were used.

Germination conditions: Seeds of each lentil genotype usedin
the experiment were surface-sterilized. Twenty five representative
seeds per cultivar were placed on afilter paper in 9 cm Petri dish
containing 3 cm?® of distilled water (control) or 50, 100, 150 and
200 mg I"*NaCl. The Petri disheswere hermetically sealed with
Parafilm to prevent evaporation and then carefully kept in a
humidity chamber at a temperature of 25+1°C under 8-h day
length. The seeds were considered germinated when there was
radicle protrusion through the seed coat.
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Traitsmeasured:

Germination percentage: Seven days after seeds were put into
the Petri dishes, germinated seeds were counted and the
germination percentage was cal culated. Then 5 seedlings were
left in each Petri dish to be evaluated for other traits.

Shoot and root length: Fifteen days after planting, the plants
were separated into shoots and roots. The distancesfrom crown
to leaf tip and root tip were measured as shoot length and root
length, respectively. The mean values in each replication were
used for statistical analysis.

Shoot and root dry weight: The roots and shoots of plantsin
each replication were dried at 70°Cuntil a constant weight was
reached. Then root and shoot dry weights were measured and
the dry weight of root and shoot per plant was calculated by
dividing the total weight by the number of plants.

Shoot/root ratio was calculated for both length and weight by
dividing shoot values by root values.

Salt tolerance index was calcul ated astotal plant (shoot + root)
dry weight obtained from 5 seeds grown on different salt
concentrations compared to total plant dry weight obtained on
normal concentration {[STI = (TDW at S/TDW at S)) x 100], STI
= salt tolerance index, TDW = total dry weight, S, = control
treatment, S_= X treatment} .

Experimental design and statistical analysis. The experimental
design wasasplit plot with 4 replications; genotypesinthe main
plots and salt concentrationsin the sub-plots. Datawere analyzed
SAS packet program.

Results

Germination percentage: Germination percentages declined with
150 and 200 mg It NaCl treatments. At these NaCl concentrations,
differences among the genotypeswere significant. Yerli Kirmizi
and Cagil had germination percentage higher than 60% even with
the 150 mg It NaCl treatment, while only Seyran-96 had lower
germination percentage with the same NaCl treatment. The
germination percentage of Seyran-96 was also low with the 150
mg | treatment. These results showed that 150 and 200 mg I
treatments can be used effectively to identify moderately and
highly resistant genotypes, respectively (Table 1, Fig. 1).

Shoot and root length and shoot/root ratio: There were
significant differences between genotypesin terms of shoot and
root lengths. Increasing NaCl treatmentsresulted in asignificant
decreasein shoot elongation. Compared to the control (distilled
water) plants, longer root lengths were recorded at higher salt
concentrations except with the 200 mg | * treatment (Table 2). The
shoot/root ratio of the more salt tolerant genotypes was 1.39-
2.03 at the highest NaCl concentration. The decrease in root
elongation starting from the 50 mg |- treatment was considered
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Figure 1. Germination percentage of 5 lentil genotypesin different salt
concentrations.
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Table 1. Germination percentage of 5 lentil genotypes germinated under different NaCl

treatments.
Germination percentage (%)

Genotype Control 50 mg I 100 mg I 150 mg 1" 200 mg I
Yerli Kirmizi 98.0 95.0 81.0 69.0 63.0
Seyran-96 97.0 91.0 86.0 34.0 26.0
Firat-87 95.0 90.0 85.0 78.0 54.0
Altin Toprak 94.0 93.0 87.0 80.0 50.0
Cagil 98.0 97.0 90.0 79.0 74.0
Mean 96.4 93.2 85.8 68.0 534

LSD N.S N.S. 22.10%* 33.25%%

*significant at P = 0.05 Tevel; ** significant at P= 0.01 level; N.S.= Not significant.

Table 2. Shoot and root lengths and shoot/root ratios of 5 lentil genotypes grown with different NaCl treatmentsfor 15 days.

Control 50 mg 1" 100 mg I’ 150 mg I’ 200 mg I
Genotype Shoot Root S/R Shoot Root S/R Shoot Root S/R Shoot Root S/R Shoot  Root S/R
(mm)
Yerli Kirmizi 70.05 78.45 0.92 62.10 4995 1.25 4435 36.55 1.30 35.50 16.05 222 16.20 11.90 1.39
Seyran-96 50.65 4990 1.24 3590 37.70 1.05 33.55 2825 1.22 11.95 10.00 1.20 9.40 9.95 0.97
Firat-87 74.70 67.05 1.12 51.45 62.80 0.82 36.55 40.60 1.02 25.00 16.90 1.48 18.80 11.80 1.59
Altin Toprak 55.25 4930 1.13 5220 44.05 1.28 36.25 29.15 1.26 24.35 14.55 1.68 20.75 10.15 2.03
Cagil 60.50 70.25 0.86 56.75 57.60 1.01 42.15 5395 0.78 30.20 1990 1.54 1520 11.10 1.39
Mean 61.44 62.99 1.05 51.68 504 1.08 38.57 37.70 1.12 25.40 1548 1.62 16.07 10.98 1.48
LSD(1%) 11.9** 28.8% N.S. 16.0¥* 21.6* N.S. 7.9%* 23.1* 0.5* 13.4%*  57%% () 8** 7.0%* N.S. 0.5%*

*significant at P = 0.05 level; ** significant at P= 0.01 level; N.S. = Not significant.
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anindicator that root growth was affected more quickly compared
with the shoots.

Shoot and root weight and shoot/root ratio: Similar to the shoot
elongation, shoot weight also decreased, starting from the 50 mg
It treatment. In accordance with the root elongation, average
root dry matter production was significantly higher with the 50
and 100 mg I* treatments compared with 150 and 200 mg | but
was dramatically decreased by the 200 mg I treatment. The
average shoot/root ratio was 1.34 with control and gradually
decreased to 1.20 and 1.17 with 50 and 100 mg It NaCl treatments,
respectively. The average shoot/root ratio wasincreased to 1.27
and 1.35 with 150 and 200 mg | NaCl treatments, respectively
(Table3).

Salt tolerance index: Although genotypes responded similarly
during thefirst 3 salt treatments, significant differences among
the genotypes were obvious with the 150 and 200 mg |
treatments, concerning the salt tolerance index of genotypes

(Tabled). The salt toleranceindex varied between 9 and 37% with
150 mg | and between 7 and 23% with 200 mg 1. Cagil (23%) and
Altin Toprak (20%) werethe best performing genotypeswith the
200 mg I* treatment; the other genotypes did not perform well,

their salt toleranceindices ranged from 7 to 15%. Thetolerance
indices of genotypeswith lower performancesthan Altin Toprak
and Cagl, except for Seyran-96, were above 20% with the 150 mg
I treatment. Among these, with the 200 mg I treatment, Yerli

Kirmizi and Firat-87 resulted in lower indices (15%), and so these
genotypes were evaluated as moderately tolerant. Seyran-96

resulted in the lowest indices (7%) and was evaluated as the
|east tolerant genotype.

Discussion
The results obtained in this study are consistent with previous
findings that have indicated significant differences in the salt

tolerance of lentil genotypes and their different responses to
increasing salt concentrations® 8121435, Eventhough salt tolerance
during germination differs from that at later stages of plant
development 1”18 good germination under saline conditionsis
essential because it isthe first stage of plant growth. From this
perspective, it is clear that Yerli Kirmizi and Cagil with high
germination percentages would have more advantages than the
other genotypesthat significantly lost their ability to germinate
better.

Shoot and root lengths did not always relate to shoot and root
weights. Although some genotypes had long shoots and roots,
thin and unbranched, they could not produce sufficient dry
weight. When length and dry weight are considered as selection
criteria, we advisethat dry weight isthe primary selection criterion.
Itisanticipated that in addition to higher dry weight, longer and
stronger root and shoot development will allow more successful
selection for high salt tolerance. However, as selection criteria,
the length and weight measurements taken from single plants
can be considered appropriate only when there is a high
germination percentage. For these reasons, the salt tolerance
index, which is afunction of both germination percentage and
total dry weight, was amorereliable selection criterion in this
studly.

Lentil isconsidered avery sensitive speciesto salinity, much
more than other legumes such as broadbean and soybean 4.
However, therewere variations between lentil genotypesin regard
to STI under saline conditions. The highest STI at higher salt
level (200 mg|) wasgiven by ‘Cagil’ and thelowest belonged to
‘Seyran-96'. It appearsthat the lentil genotypes Cagil and Altin
Toprak can perform well on saline treatments. These genotypes
could be utilized not only in breeding programs to improve the
salineresistance of the speciesbut they could al so be cultivated
inenvironmentswheresalinity of the soilsisafrequent constraint.

Table 3. Shoot and root dry matter production and shoot/root ratios of 5 lentil genotypes grown with different NaCl treatmentsfor

15days.
Control 50 mg I 100 mg I 150 mg 1" 200 mg I’
Genotype Shoot Root S/R Shoot Root S/R Shoot Root S/R Shoot Root S/R Shoot Root S/R
(mg plant™)
Yerli Kirmizi 8.01 544 148 5.78 631 092 449 525 089 257 212 1.20 1.81 133 1.39
Seyran-96 598 480 1.32 4.89 420 1.21 4.08 4.06 1.02 142 141 1.02 1.39 1.37  1.03
Firat-87 8.00 6.08 1.37 7.33 539 137 358 248 144 243  1.64 153 2.41 1.37  1.75
Altin Toprak 588  4.02 143 5.67 4.00 148 4.05 3.00 137 259 173 148 2.27 148 1.56
Cagil 7.56 7.01 1.10 6.77 653 1.04 548 491 1.12 294 262 1.12 2.24 2.15  1.04
Mean 7.09 547 134 6.09 529 1.20 434 394 117 239 190 1.27 2.02 1.54 135
LSD(1%) 1L.6*¥* 23*% N.S. LO¥*  2.1%*  0.4%** L1¥*  1.7%%  1.0%* L1¥*  0.7%%  0.4** 0.7** N.S. 0.5%*

*significant at P = 0.05 level; ** significant at P= 0.01 level; N.S .= Not significant.

Table 4. The mean total (shoot and root) dry weight (TDW) and salt toleranceindex (ST1) values of 5 lentil genotypes

grownwith different NaCl treatments.

TDW (mg) STI (%)

Genotype Control 50mgl’ 100mgl" 150 mgl’ 200 mgl?’ Control 50mgl’T 100mglT 150 mgl’ 200 mg 1’
Y .Kirmizi 13.18 11.49 7.89 3.24 1.97 100 87 60 25 15
Seyran-96 10.46 8.27 7.00 0.96 0.72 100 79 67 9 7
Firat-87 13.38 11.45 5.15 3.17 2.04 100 86 39 24 15
A.Toprak 9.31 8.99 6.13 3.46 1.88 100 97 66 37 20

Cagil 14.28 12.90 9.35 4.39 3.25 100 90 65 31 23

Mean 12.12 10.62 7.11 3.04 1.97 100 88 59 25 16
LSD(1%) 3.5%*  3.01%* 2.5%* 1.6%* 1.0* N.S. N.S. 22.3* 14.2%* 9.3*

*significant at P = 0.05 level; ** significant at P= 0.01 level; N.S. = Not significant.
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