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greater economic yield and take advantage of the maximum production potential by local
germplasms. Therefore, this study aimed to evaluate the phenological, morphological
characteristics, yield, and yield components of 15 lentil genotypes in the Research Field,
Faculty of Agriculture, Ferdowsi University of Mashhad, Iran, in February 2019. The
experiment was carried out based on completely randomized blocks with three
replications. According to the results, the MLC47 genotype was superior to other
genotypes with a plant height of 44.7 cm and 4.4 branches per plant. In addition, the
MLC33 genotype had the most filled pods with 79.4% fertility, and no significant
difference was observed between this genotype and 60% of the entire genotypes in this
regard. Moreover, the MLC454 and MLC47 genotypes had the highest seed yield with
133.8 and 125 g seeds per plant, respectively. Cluster grouping and comparison of means
of the groups with the total mean showed that the MLC33 and MLC454 genotypes had a
higher mean, compared to other genotypes in 69% of the studied traits. So that these two
genotypes could be used in future research projects to identify and select the superior

lentil genotypes.

INTRODUCTION

Lentil (Lens culinaris Medik.) is one of the most
important sources of protein, carbohydrates, calcium,
phosphorus, iron and B vitamins, and widely cultivated
around the world and its consumption has increased
substantially in the human diet, especially in the
developing countries (Giannakoula et al., 2012; Sarker
et al., 2018). According to the latest FAO data, the area
sown to lentil was more than 6.5 million hectares, and
more than 7.5 tons of lentil were produced in 2017
(FAOSTAT, 2019). In 2017, the major producers of
lentil were Canada (3.7 million tons), India (1.2 million
tons), Turkey (0.43 million tons), producing about 75%
of the world's lentil grain (FAOSTAT, 2019). The
Iranian Agricultural Statistics revealed that the highest
level of grain harvest in the crop year 2016-2017 was
related to lentil (17.1%) after chickpeas (Cicer
arietinum L.) and beans (Phaseolus spp.). Ardabil, East
Azerbaijan, and Lorestan provinces are the largest
producers of lentil in Iran (Iran Agriculture Statistics,
2017), and it is forecasted that the potential of the level
of harvesting and production of this plant will increase
with the improvement of factors related to production.

Given the growing population of the world, one of
the most important challenges facing human beings is
food production (Hall et al., 2017). In other words, it is
essential to achieve new cultivars with more
quantitative and qualitative production to ensure food
safety in the world, especially in developing countries
(Porter et al., 2014; Sehgal et al., 2019). In this respect,
legumes including lentil can play a special role in
providing food safety for low-income groups as a source
of protein. Lentil is a cool-season legume in South and
West Asia, North Africa, North and South America and
Eastern Europe, and similar to other crops, its growth,
fertility and yield is affected by environmental factors.
As such, it is crucial to use the genetic diversity of wild
relatives of legumes such as lentil to select high-yield
genotypes to improve the efficiency of ecosystems of
agricultural systems and the production of cultivars
tolerating environmental stresses to increase crop yield
and improve farm productivity (Sehgal et al., 2019).
Moreover, mechanized harvesting of lentil, especially in
North Africa and West Asia, is one of the most
important causes of the limitation of production
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(Erskine et al., 1991; Sarker and Kumar, 2011). In fact,
in addition to the increase in harvest costs, manual
harvesting leads to a slow harvesting process and waste
of products. According to the FAOSTAT (2019), the
low yield of lentil in countries such as Iran (536 kg.ha™
in 2018) is among the important issues regarding the
production of this product, which requires more
attention to the production factors. In this context,
genetic diversity is the basis of selection in breeding
programs to improve traits to produce new and
consistent cultivars.

Various studies have evaluated the phenological,
morphological, functional properties and yield of
legumes such as lentil and chickpea to determine
germplasm diversity to increase the genetic potential of
these products (Tsanakas et al., 2018; Upadhyaya et al.,
2002). Toklu et al. (2009) evaluated the
agromorphological characteristics of lentil masses
collected from the southeastern Anatolia region of
Turkey to select and develop cultivars resistant to
environmental stresses and suitable for high-yield and
suitable mechanical harvesting operations (Toklu et al.,
2009). Gathering information from various study works
has led to the existence of documents on agricultural
and descriptive traits in lentil gene treasure in more than
half of world lentil collection in the International Lentil
Information System (ILIS) (Smykal et al., 2015). In
order to study on the selection of chickpeas (Desi type)
genotypes, Alemu et al. (2018) marked a positive and
significant correlation between seed yield and the
variables of plant height, number of branches and 100-
seed weight. Meanwhile, there was a negative,
significant correlation between seed yield and flowering
and maturing days.

It is crucial to carry out plant selection to evaluate
and identify top traits for adaptation to environmental
factors and ultimately higher production of valuable
plants such as legumes. Therefore, evaluation of the
characteristics of important plants such as lentil plays a
fundamental role in the selection of top genotypes for

Table 1. Lentil genotypes used in this study and their origins

different purposes of selection and increase of yield in
different climatic conditions of each region (Gaad et al.,
2018). On the other hand, stability in productivity and
important economic characteristics (e.g., yield) are
among the main reasons for the selection of plants such
as lentil (Wanare, 2015), which lays the foundation for
sustainable development of products in different areas.
With this background in mind, this study aimed to
evaluate the phenological, morphological
characteristics, yield, and yield components of 15 cold-
tolerant lentil genotypes (Nabati et al., 2020) selected
from the Mashhad Lentil Collection in the Research
Centre for Plant Sciences of Ferdowsi University of
Mashhad, Iran.

MATERIALS AND METHODS

Site Description and Experimental Design

This experiment was performed in the research field of
Ferdowsi University of Mashhad, Iran (36°15” N,
56°28° E, 985 m altitude). Following seedbed
preparation by ridge tillage in February 2019, 15 lentil
genotypes (Table 1) collected from Mashhad Lentil
Collection (MLC) were sown with the density of 100
plant m? (0.5mx0.02m in and on row plant spacing,
respectively). Soil samples collected from the different
field sites were analyzed for their physical and chemical
characteristics by adopting standard procedures and
depicted in Table 2. The experiment was carried out
based on complete randomized blocks with three
replications. Irrigation was done immediately after
sowing and during the growing season according to the
need of the field by furrow method. In addition, the
hand weeding method was used for weed control during
March and April 2019. The trend of the air temperature
during the experiment is shown in Fig.1.

No. Seed bank ID Origin No. Seed bank ID Origin
1 MLC'11 Iran 9 MLC286 Iran
2 MLC13 Iran 10 MLC303 Iran
3 MLC17 Iran 11 MLC334 Iran
4 MLC33 Iran 12 MLC407 Iran
5 MLC38 Iran 13 MLC454 Iran
6 MLC47 Iran 14 MLC469 Iran
7 MLC70 ILL"7679 15 MLC472 Iran
8 MLC84 1LL7723 -
+FILL: International Legume Lentil
Table 2. The characteristics of soil samples were examined.
Texture class pH EC (dS m™") O.M (%) N (%) P (mg kg K (mgkg™")
Silt loam 7.34 2.38 0.64 0.068 16.83 112
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Fig. 1. Maximum and minimum air temperatures during the experiment in Mashhad, Iran

Measurements

The traits considered in this experiment were evaluated
based on the lentil descriptor as follows:

Phenological Traits

Phenological traits throughout the growing season, the
state of emergence and flowering of plants of each
genotype were regularly evaluated and recorded,
followed by the estimation of the time to reach 50% of
the mentioned stages via interpolation.

Morphological Traits

Morphological traits include plant height; the average
height of five plants at the end of the growing season,
flower length; the average length of five plants for each
genotype, length, and width of leaflets; the length and
width of five leaflets from five plants at the location of
the third lower leaf axis of the fifth leaf from the tip of
the plant, leaf length; five leaves were selected from
five plants and the average length of their leaf axis
without considering the end petiole was recorded as leaf
length. Notably, the JMicroVision software was applied
for accurate recording of flower length, length, and
width of leaflets and leaf length after imaging. To
measure the leaf area, the leaf area of five plants was
measured immediately after sampling by the leaf
surface measurement device, and the mean was
calculated as the leaf area to estimate the leaf area index
(LAI) through the total leaf surface area to the ground
surface unit.

Yield and Yield Components

The number of sub-branches was determined by
counting the branches of five plants by the stage of
ripening. The lowest pod height from the soil surface;
the mean lowest pod height of five plants at the plant
harvest stage. The number of pods; the mean number of
pods of five plants at the plant harvest stage. The
percentage of filled pods: estimated by counting the full
and empty pods of five plants at the plant harvest time

and dividing the number of full pods into the total
number of pods multiplied by 100. In addition, the 100-
seed weight of each genotype was measured with three
replications. At the end of the growing season, seed and
biological yield were determined by removing marginal
effects and harvesting the middle plants of each plot
from the level of four square meters after drying in the
open air. The harvest index (HI) was measured using
equation (1).

_sY
HI==x100 (1)

Where HI is the harvest index (percentage), SY is
seed yield (g m?) and BY is biological yield (g m™).

Statistical Analysis

Data analysis was performed in Minitab v17, and the
means were compared by Duncan's Multiple Range Test
(DMRT) at a 95% confidence interval. Furthermore, the
correlation and cluster analysis of data was carried out
applying the JMP8 software and Ward method that
divided the genotypes into four main groups.

RESULTS AND DISCUSSION

Days to 50% Emergence (Dsq.)

According to the results, a significant difference was
observed among the genotypes in terms of Dsy. (Table
3). In this regard, the Dsq. of the plants varied from 25
to 31 days. In addition, the lowest Dso. was related to
genotypes of MLC469, MLC286, MLC472, and
MLCI13, whereas the highest level of the mentioned
variable was observed in genotypes of MLC33,
MLC303, MLC38 and MLC454 (Table 3). A lower
Dsge, or in other words, the faster establishment of
plants on the farm, was defined as “a more efficient use
of water and nutrition element resources”. On the other
hand, the same favorable feature is involved in the quick
closing of the canopy, which increases the power in
weed/crop competition for light and the ability to
photosynthesize, which ultimately improves yield in the
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plant (Hasanfard et al., 2021). Despite the effectiveness
of other factors in the improvement of a plant’s growth,
it could be predicted that the lentil genotypes that have
the ability for faster emergence and establishment are
more likely to be in a better position than other
genotypes at other stages of development. A previous
study has demonstrated that seed yields of both
chickpea and dry pea in a semiarid environment can be
enhanced by management practices that promote early
seedling emergence, prolonged reproductive period, and
increased pod fertility (Gan et al., 2002).

Days to 50% Flowering (Ds¢y)

According to Table 3, there was a significant difference
between the genotypes in terms of Dso. In this regard,
the lowest Dsor was related to the genotypes of
MLC472, MLC286, and MLC11 while the highest level
of the mentioned variable was observed in the
genotypes of MLC38, MLC13, MLC47, and MLC70
(Table 3). Moreover, the range of Dsq¢ varied from 66 to
75 days, and this diversity in the time of flowering was
indicative of variety in the time of reaching the
reproductive phase by lentil genotypes. Drought scape
by lentil plants is possible with less Dsor or faster

flowing in areas with a potential for drought stress. In
this context, the plant completes its growth process
before the onset of drought stress, which prevents yield
reduction considering the sensitivity of lentil to drought
stress, especially at the flowing stage (Barnabas et al.,
2008; Sehgal et al., 2017). In other words, rapid flowing
in areas affected by drought stress leads to the lack of
interference of this stage with drought stress, which
prevents fertility and fertilization reduction, thereby
inhibiting yield decrease (Sehgal et al., 2019). The
present study showed a negative, significant correlation
(r=-0.53%*) between Dso¢ and harvest index (HI) (Table
4). According to the results, the faster the flowering
stage or less Dsgp, resulted the higher the HI.

Plant Height

According to the results of the study, there was a
significant difference between lentil genotypes in terms
of plant height (Table 3). The results revealed that the
highest plant height was related to the MLC47 genotype
(44.7 cm), whereas the lowest height was observed in
genotypes of MLC334, MLC472, MLC13, and MLC17
(Table 3).

Table 3. Comparison of mean, significance levels and coefficient of variation of phenological, morphological, yield and yield

components of 15 lentil genotypes in field conditions

P
M ML ML ML ML ML ML ML ML M
Traits “25L4C LC Nggc Ngf M%C Cl C2 C4 C4& C3 Cl C4 C30 l‘%f e (CD/V)
47 1 8 72 07 8 7 69 3 13e°
0,
D:rynsetr‘;:r?cf 297 29.1% 31.1°  29.0™ 29.2™ 284" 254" 26.6° 27.8°° 29.9® 292> 2537 31.1° 285" 26.8% ** 3380
0,
D;f)swt;’rfn? 71.3° 74.6° 704° 71.3°  753° 66.7° 66.2° 65.7% 71.4° 742® 70.6° 72.2% 72.3% 713° 746 ** 180
Height (cm)  31.8% 44.7* 32.5% 332% 39.7° 332% 323% 287" 36.2° 31.7% 31.0°% 34.7% 32.0% 272" 28.8™ ** 510
Leaflength ) j50r 3 605 6600 640  2.100 4.0% 3.60™ 3.50™ 4.60% 320® 5.80° 4405 380 490° 2.90° ** 104
(cm)
Le(’:gf)”ength 1105 1.40° 1.50° 0.60% 0.68 1.20° 0.67 0.70% 1.10° 0.80° 1.20° 0.58% 0.66 0.548 1.20° ** 7.00
Lewaif(lif}tl(cm) 029 031 025 032 023 030 028 025 038 026 032 022 025 029 027 ns 189
Fl("cvrvne)”ength 0.51¢ 0.60™ 0.61% 0.82° 0.50%" 0.51% 0.56%° 0.49%" 0.62° 045" 0.61™ 0420 0.61° 043 0.56* ** 470
L?ﬁg:;e(aml) 1.80° 1.30¢ 0.80° 0.80 1.30% 1.10% 0.70°¢ 0.90° 0.60™ 3.80° 0.70° 0.30" 0.60™ 1.50% 0.408" ** 203
No. of
branches 3.10%¢ 4.40° 270 2.40°  3.10™¢ 2.50% 2.90™¢ 3.10¢ 2.70™¢ 3.10™¢ 2.90"¢ 3.30° 3.20° 2.50°° 2.30° ** 129
(plant™)
Flﬁ:g}id(cm) 110" 12.4° 9.50%° 970 11.8" 10.2%° 7.60 8.20° 10.3*° 10.1** 7.10° 8.70° 8.30%" 11.1°° 840" * [7.]
P?;iN"'(plam’ 583 100 921 622 688 446 495 782 759 790 60.7 279 658 191 265 ns 477
Filled pod (%) 71.6® 43.7° 79.4* 752% 73.1° 759 61.9™¢ 72.3" 76.9* 58.8% 57.0¢ 68.6*° 36.2° 762" 755 ** 990
lggéisgftd(g) 4.0° 240 3.60° 2.60° 2.50° 2.70° 3.0¢ 3.0¢ 3.30% 2.70¢ 2.50% 2.60¢ 3.92° 240° 3.0¢ ** 120
B;(i):glfglm 2 696 563° 394°  318%  417° 272 2567 237% 2537 430° 295% 1988 2427 147" 118" **  7.40
Se(zdnf_iild 1348 125% 116>  88.8° 77.5¢ 72.5% 66.0° 57.5¢ 55.0 50.57 47.57 253% 16.0° 13.88 11.58 ** 132
H?n/r")e“ Index 19 i 2y 30 2970 270%  18.6% 267" 258" 243% 21.99 11.8% 162 129% 660" 940 990 ** 129
0

MLC: Mashhad Lentil Collection.

In each row, means with similar letters do not have a significant difference in the probability level of 0.05 based on the Duncan's

Multiple Range Test (DMRT).

ns: no significant at probability level 5%, *: Significant at probability level 5%, **: Significant at probability level 1%
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The difference between the highest and lowest

plant heights in the genotypes evaluated was 17.5 cm,
which demonstrated a significant difference between the
genotypes in this regard. One of the most important
limitations of mechanized harvesting of lentil is the low
height of its plants. In fact, the existing machinery is
unable to harvest short lentil plants, which will lead to
manual harvesting and increased production costs.
As such, this limitation can be eliminated by choosing
genotypes with high plant heights. Moreover, the lentil
has indeterminate growth (Delahunty et al., 2018), and
according to the positive, significant correlation
observed in the present study (Table 4), an increase of
plant height led to an increase in the height of the first
pod from the soil surface (r=0.58%), increase in the
number of branches (r=0.68*), and increase in the
number of pods (r=0.52%), which raised the importance
of plant height from the perspective of economic yield.

Leaf Length

According to Table 3, there was a significant difference
between lentil genotypes in terms of leaf length, in a
way that the highest leaf lengths (6.6 and 6.4 cm,) were
observed in the genotypes of MLC33 and MLC84,
respectively, and the lowest leaf length (2.1 cm) in the
MLC70 genotype. The excessive increase in leaf length
leads to possible shading and a higher respiration rate in
dense cultivations, the excessive leaf length (taking into
account other factors such as leaf area index) will
reduce light loss by increasing the desired canopy
formation rate (Barisic et al., 2000).

Length and Width of Leaflets

According to the results, there was a significant and
insignificant difference between lentil genotypes in
terms of the length and width of leaflets, respectively
(Table 3). In this respect, the highest leaflet length (1.5
cm) was observed in the MLC33 genotype, compared to
the other genotypes (Table 3). As mentioned above, the
MLC33 genotype had the longest leaf length, compared
to other genotypes. In addition, the positive, significant
correlation (r=0.51%) between leaflet length and seed
yield demonstrated that the former influenced on the
latter (Table 4). In fact, seed yield increased with an
increase in leaflet length. It is possible that by
increasing the length of the leaflet or source, the
production capacity of the grown material and its
transfer to the reservoir will be done more favorably,
which increase the seed yield (White et al., 2015).

Flower Length

According to the results, there was a significant
difference between lentil genotypes in terms of flower
length (Table 3). In this regard, the highest and lowest
flower lengths were observed in genotypes of MLC84
(0.82 cm), and MLC469, MLC334 and MLC38 (0.42,
0.43, and 0.45), respectively (Table 3). Flower length
ranged from 0.9 to 1.2 cm in a similar test on chickpea
germplasm collections (Nezami et al., 2010).

Table 4. Correlation coefficients of phenological, morphological, yield and yield components of 15 lentil genotypes used in this

study in the field condition.

Traits 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Days to 50%
emergence
0,
o Daw 0 350% 3o
flowering
3 Height 0.12" 0.42™ 1
4 Leaflength 027" -0.26™ -0.21™ 1
5 Leafletlength 0.37" 0.09® 0.27" 0.20™ 1
6 Leaflet width 0.12" -0.12" 0.05™ 0.46™ 0.28™ 1
7  Flowerlength 0.22™ 0.08™ 0.15™ 047" 0.15® 0.49™ 1
g Leal ardagm g96n L0.017-027" -0.06 -0.10% -0.40% 1
index
9 No. of 0.10™ 0.28™ 0.68™ -0.30™ 0.16™ -0.19™ -0.17" 0.16™ 1
branches
10 FHSt. pod 0.38™ 0.46™ 0.58" -0.21™ 0.14™  0.09™ -0.17™ 0.42™ 0.32™ 1
height
11 Pod No. 0.50™ 0.10™ 0.52° 0.06™ 0.44™ 0.16™ 0.31™ 026™ 0.54" 026" 1
12 Filledpod % -0.26™ -0.24™ -0.30™ 023" 0.02"™ 0.13"™ -0.10™ -0.12™ -0.68™ 0.11™ -0.30™ 1
13 100-. seed 0.16"™ -0.12" -0.26™ 0.14™ 0.26™  0.30™ 0.15™ -0.31™ -0.12™ -0.26™ 0.03" -0.02™ 1
weight
14 B‘y"igiglcal 0.50™ 026™ 0.50™ -0.06™ 040"  0.03™ -0.01™ 0.50™ 0.52° 0.57° 059" -0.19" 0.16" 1
15 Seedyield 037" -0.04™ 0.51™ 0.19® 051  0.14™ 021™ 0.19" 035 049 0.63° 008 0.13* 086" 1
16 Harvest Index -0.02™ -0.53" 0.28™ 037" 0.33™ 025" 0.36™ -0.17™ -0.04™ 0.09™ 047 038" -0.03™ 029™ 0.72" 1
ns: no significant at probability level 5%, *: Significant at probability level 5%, **: Significant at probability level 1%
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Leaf Area Index (LAI)

According to the results, a significant difference was
found between lentil genotypes in terms of leaf area
index (LAI) (Table 3). In this respect, the highest LAI
(3.8) was observed in the MLC38 genotype, whereas the
lowest LAI (0.3, 0.4, 0.6, and 0.6) was reported in
genotypes of MLC469, MLCI13, MLC303, and
MLC407, respectively) (Table 3). The MLC38 genotype
had more light absorption capacity and ultimately
higher photosynthesis level.

The Number of Branches per Plant

In this study, there was a significant difference between the
genotypes assessed in terms of the number of branches per
plant (Table 3). In this regard, about 55% of the genotypes
had 2.3-2.9 branches per plant on average (Table 3).
Meanwhile, the MLC47 genotype had 4.4 branches per
plant, which showed the highest branch production ability
of the genotype, compared to the other genotypes. In a
similar study on 12 lentil genotypes, the number of
branches per plant was reported in the range of 4.25-6.25
(Colkesen et al., 2014). As mentioned before, the MLC47
genotype had the highest height among the samples, which
justified the higher number of branches per plant in this
genotype. Overall, an increased number of branches is a
positive factor for the selection of legumes such as lentil,
and the positive, significant correlation (r=0.54*) with the
number of pods is indicative of the significant importance
of branching in lentil. Moreover, the changes in branching
were in line with changes in the biological yield of the
product in the current study (r=0.52%). In other words,
increased branching along with a higher biological yield of
lentil can be recognized as an important factor for the
selection of genotypes.

First Pod Height (FPH)

There was a significant difference between the genotypes
in terms of the first pod height (FPH) from the soil surface
(Table 3). The FPH of 55% of the genotypes was more
than 10 cm. However, the highest FPH (12.4 c¢cm) was
related to the MLC47 genotype, compared to the other
types (Table 3), which could create a suitable condition for
mechanized harvesting of the product. In this context,
researchers reported the FPH of 14.5-22.2 cm (Colkesen et
al., 2014), 5.6-14.2 cm (Gupta et al., 2012), and 8-24 cm
(Kayan et al., 2008) for lentil genotypes. The current test
demonstrated a positive, significant correlation between
FPH (r=0.58*) and biological yield (r=0.57*). In a similar
test by Karadavut (2009), the results were indicative of a
positive, significant correlation between FPH and plant
height in lentil cultivars (1=0.52%). Therefore, selecting
genotypes with a higher FPH would significantly reduce
harvest costs in case of an acceptable yield.

Number of Pods and Percentage of Fertile Pods

According to the results, there was a nonsignificant and
significant difference between the genotypes in terms of
the number of pods and the percentage of fertile pods,
respectively (Table 3). In this regard, the highest
percentage of fertile pods (79.4%) was observed in the

MLC33 genotype. However, no significant difference
was observed between the mentioned genotype and 60%
of all genotypes (Table 3). This showed high fertility in
a wide range of genotypes assessed. Moreover, the
highest number of infertile pods (empty pods) was
observed in genotypes of MLC303 and MLC47 (36.2%
and 43.7%, respectively). According to the results, there
was a negative, significant correlation between fertile
pods and the number of branches per plant (r=-0.68%),
which demonstrated that more branching leads to the
allocation of less photosynthetic material from the
source to seeds. As mentioned above, the MLC47
genotype had the highest branching ability while a low
percentage of fertile pods was detected in this genotype.
Therefore, by producing more branches or pods, the
source is likely to face a limited supply of nutrients for
each of the vegetative and reproductive organs (Smith et
al., 2018). As such, concerning the importance of more
branching in legumes (e.g., lentil), a genotype can be
selected if it has the ability of more branching and
producing more fertile pods.

100-Seed Weight

A significant difference was observed between the
genotypes in terms of 100-seed weight (Table 3), in a way
that the highest 100-seed weight (4.0, 3.9, and 3.6 gr) was
observed in MLC454, MLC303, and MLC33 genotypes,
respectively. On the other hand, the lowest 100-seed
weight (2.4-3.0 gr) was observed in 60% of the genotypes
assessed (Table 3). A higher 100-seed weight is one of the
most important components of plant yield, which is an
important factor in the capacity of the sink to receive
photosynthetic material in the plant. Therefore, the source-
sink relationship is extremely important in seed weight
during the filling of the seeds (Ballesteros-Rodriguez et al.,
2019). Given the lack of non-biological stresses (e.g.,
drought stress) at the time of grain filling and equal
conditions for all genotypes, the significant difference in
the 100-seed weight of genotypes might be related to their
type. In a similar test, the 100-seed weight of lentil was
reported in the range of 2.8-6.1 gr, which demonstrated a
difference between the samples evaluated in this regard
(Akdeniz et al., 2019).

Biological Yield

In this research, a significant difference between lentil
genotypes regarding the biological yield was observed
(Table 3). The difference between the highest and
lowest biological yield in genotypes was 578 g m~,
which showed a significant difference in the biomass of
the genotypes. In this regard, the highest biological
yield (696 g m?) was observed in the MLC454
genotype, whereas the lowest biological yield (118 and
147 g m™) was related to the genotypes of MLC13 and
MLC334,, respectively) (Table 3). According to Table
4, there was a positive, significant correlation between
biological yield and the number of pods (r=0.59%).

Seed Yield

In this study, there was a significant difference between
lentil genotypes in terms of seed yield (Table 3). In
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addition, the difference between the highest and lowest
seed yield was 122 g m?, which demonstrated a high
difference in this trait (Table 3). The highest level of
seed yield (133.8 and 125 g m?) was observed in
genotypes of MLC454 and MLC47, respectively, while
the lowest level of seed yield (11.5, 13.8, 16, and 25.3 g
m?) was related to the genotypes of MLC13, MLC334,
MLC303, and MLC469, respectively (Table 3).
Moreover, the positive, significant correlation between
biological and seed yield (r=0.86%¥*) was observed
(Table 4) which demonstrated that the changes in seed
yield and biological yield are in line with each other. A
similar test reported a positive, significant correlation
(r=0.83**) between seed and biological yield in lentil
cultivars (Karadavut, 2009). Therefore, since one of the
most important factors for lentil selection is seed yield.
It is vital to select genotypes with high seed yield,
especially in unfavorable environmental situations.

Harvest Index (HI)

There was a significant difference between lentil
genotypes in terms of HI (Table 1). In this regard, the
highest HI (29.7%, 27.9%, 26.7%, and 25.8%) was
observed in genotypes of MLC33, MLC84, MLCI1,
and MLC286, respectively, whereas the lowest HI
(6.6%, 9.4%, and 9.9%) was related to genotypes of
MLC303, MLC334, and MLC13, respectively (Table
3). Some studies have reported the HI range of lentil to
be 6-51% (Unkovich et al., 2010), which is likely to
change under the influence of environmental stress
conditions. The higher HI in the four superior genotypes
is indicative of their greater ability to allocate more
photosynthetic material to seeds, which is an important

factor in the superiority of a genotype over other
genotypes (Sandana and Calderini, 2019). In other
words, the distribution of nutrients to the plant's
economic sector is the distinguishing feature of a
superior genotype from that of other genotypes.
According to Table 4, there was a positive, significant
correlation between HI and seed yield (r=0.72%*). In
this regard, Karadavut (2009) also found a positive,
significant correlation between HI and lentil’s seed
yield (r=0.69**). Therefore, the increase in seed yield
plays a vital role in the increase of HI. In other words,
genotypes with a higher HI have a lower sink limitation
and a greater ability to receive photosynthetic material
in seeds. On the other hand, a low HI in genotypes
shows that most of the photosynthetic material remains
in the vegetative structure of the plant, which is
probably due to sink limitation to receive cultivated
materials.

Genotype Grouping

In this research, cluster analysis was applied for the
lentil genotype group (Fig. 2). Thus, the genotypes
tested were divided into four groups, according to which
six genotypes were classified in the first group, two
genotypes in the second group, four genotypes in the
third group, and three genotypes in the fourth group
(Fig. 2). According to Table 5, the comparison of the
mean of each group with the total mean showed that the
mean branch number and plant height were higher in the
fourth group. On the other hand, the fertility percentage
of full pod percentage was higher in the first and second
groups, compared to the total mean.
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Fig. 2. Dendrogram of 15 lentil genotypes revealed by WARD cluster analysis based on Jaccard's similarity coefficients.
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Table 5. Mean and deviation from mean of groups in cluster analysis for traits in Lentil genotypes in field conditions

Groups
' 1 3 4
Lentil genotypes MLCI11, MLC17, MLC33, MLC454 MLCI13, MLC334, MLC38, MLC70, MLC47
MLC286, MLC407, MLC469, MLC303
MLC472, MLC84

Traits Group mean DFM Group mean DFM Group mean DFM Group mean DFM
Days to 50% emergence 27.7 -0.8 30.5 2.0 27.9 -0.6 29.4 0.9
Days to 50% flowering 68.7 -2.5 70.8 -0.4 72.5 1.3 74.7 35
Height (cm) 32.6 -0.7 323 -1.0 30.8 -2.5 38.7 5.4
Leaf length (cm) 4.7 0.5 53 1.1 4.0 -0.2 2.9 -1.3
Leaflet length(cm) 0.9 0.0 1.3 0.4 0.8 -0.1 1.0 0.1
Leaflet width(cm) 0.32 0.03 0.28 -0.01 0.27 -0.02 0.27 -0.02
Flower length (cm) 0.6 0.0 0.6 0.0 0.5 -0.1 0.5 -0.1
Leaf area index 0.8 -0.3 13 0.2 0.7 -0.4 22 1.1
No. of branches (plant™) 2.8 -0.1 2.9 0.0 2.8 -0.1 35 0.6
Lowest pod height (cm) 8.8 -0.8 10.3 0.7 9.1 -0.5 11.4 1.8
Pod No. (plant™) 61.8 12 75.2 14.6 34.8 -25.8 82.7 22.1
Filled pod (%) 69.8 3.0 75.3 8.5 64 -2.8 58.6 -8.2
100- seed weight (g) 2.9 -0.1 4.0 1.0 32 0.2 2.3 -0.7
Biological yield (g.m?) 272 -50.6 545 223 176 -146 470 148
Seed yield (g.m?) 64.7 0.9 125 61.2 16.6 -47.2 84.3 20.5
Harvest Index (%) 23.9 4.9 24.5 5.5 9.8 -9.2 17.6 -1.4

Abbreviation: MLC: Mashhad lentil collection; DFM: Deviation from mean

CONCLUSIONS

According to the results of the present study, the
genotypes in the second group (MLC33 and MLC454)
had a higher mean in 69% of the traits evaluated,
However, if the main criteria for selection is
considered to be the higher height of genotypes for
mechanical harvesting, the genotypes MLC3S8,
MLC70, and MLC47 which located in the fourth
group of genotype grouping (Fig. 2) will be proper
choices. Moreover, the mean seed yield was higher in
the first, second and fourth groups, compared to the
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