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Extended Abstract

Background: Lathyrus sativus L. is an annual plant from the legume family, which is used as a very
valuable protein source for livestock and poultry, as well as for human nutrition. This genus has
several useful agronomic traits, such as high grain yield capacity and high protein content of its grains.
Legumes produce an economic yield in different environmental conditions and have a high potential
for use in marginal areas with low rainfall, making the plant a popular crop in subsistence agriculture,
especially in developing countries. The greatest importance of grass pea is related to the high
resistance of this plant to harsh environmental conditions, such as drought, low soil fertility, and
resistance to pests and plant diseases, making its production and cultivation economical. Salinity
stress is an important abiotic stress that adversely affects plant yield and product quality and is a
limiting factor for plant growth. Although salinity stress can occur in all growth stages of the plant,
the initial establishment of the plant has a great impact on the final yield. Salinity stress in the seedling
stage can be one of the most harmful stages for the plant. To improve salinity tolerance in crops,
genetic diversity between and within species can be used through selection and breeding. This
experiment aimed to investigate the response of early-maturing grass pea genotypes to different levels
of salinity by evaluating some agronomic traits and identifying salinity-tolerant genotypes.
Methods: To evaluate the response of grass pea early-maturing genotypes to salinity stress, 26
genotypes were studied in a factorial experiment based on a randomized complete block design with
two replications at the Research Farm of Plant Production and Genetics Department, Faculty of
Agriculture, University of Maragheh. The salinity treatments were applied at four levels (0, 40, 80,
and 120 mM) of NaCl. Different seedling and agronomic traits, such as shoot fresh weight, shoot dry
weight, fruit fresh weight, fruit dry weight, the number of grains, the number of grains per pod, plant
height, leaf angle to the stem, leaf length, leaf width, the number of leaves, the number of shoots,
location of the first shoot from the soil surface, and root length, were evaluated in the genotypes.
During the experiment, the date of flowering, the date of pod formation, the date of pod filling, and
the date of grain maturity were recorded for each pot. Before data analysis, the assumptions of data
variance analysis were examined with tests of normality and homogeneity of variances. Mean
comparisons were made using Duncan's method at the 1% probability level. The genotypes were
grouped using cluster analysis by Ward's method and Euclidean distance measure using standardized
variables. Principal component analysis (PCA) was used to determine the contribution of each trait
to the total variation, reduce the amount of data, and better interpret the relationships.

Results: The difference between genotypes and salinity levels was significant in most seedling traits,
and the dry forage yield was decreased with increasing salinity. Genotypes 19, 14, 13, 21, 10, 7, 25,
15, 24, and 12 were the best genotypes in terms of dry forage yield in the seedling stage. In the
agronomic traits, differences between genotypes and salinity levels were significant in most traits. In
general, the yield trait decreased with increasing salinity. In cluster analysis with Ward’s algorithm,
the genotypes were divided into three clusters. The first cluster contained the best genotypes (8, 23,
11,21,7, 20, 2,22, 3, 10, and 26) for yield improvement. In PCA, the first four principal components
explained 82.08% of the total variation. Based on the results, the first and second components could
be identified as biological yield and forage yield components, respectively. Thus, the shoot length,
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root length, seedling length, and the ratio of shoot length to root length traits were significant for the
effect of genotypes, salinity, and the interaction of genotype x salinity at the probability level of 1%.
The shoot dry weight, root dry weight, and seedling dry weight traits showed a significant effect of
salinity at the probability level of 1%. The ratio of shoot dry weight to root dry weight trait showed
no significant difference for all effects. Genotypes 19, 14, 13, 21, 10, 7, 25, 15, 24, and 12 were the
best genotypes in terms of dry forage yield in the seedling stage. In field traits, the difference between
genotypes and salinity levels was also significant in most of the traits. In cluster analysis by Ward's
method, the genotypes were divided into three clusters. The first cluster contained the best genotypes
(8, 23, 11, 21, 7, 20, 2, 22, 3, 10, and 26) for yield improvement. In PCA, the first three main
components explained 82.08% of the total variation. The first, second, and third components
accounted for 38.31%, 25.31%, and 19.74% of the total variation, respectively. Based on the results,
the first and second components can be named as the biological yield and forage yield components,
respectively.

The difference between genotypes and salinity levels was significant in most seedling traits, and dry
forage yield decreased with increasing salinity. Thus, the shoot length, root length, seedling length,
and the ratio of shoot length to root length traits were significant for the effect of genotypes, salinity,
and the interaction of genotype x salinity at the probability level of 1%. Shoot dry weight, rhizome
dry weight, and seedling dry weight traits showed a significant effect of salinity at the probability
level of 1%. The ratio of dry weight of shoot to root trait showed no significant difference for all
effects. The results of the seedling stage showed that genotypes 2, 6, 10, 13, and 26 (local) had high
yields, and genotypes 1, 3, and 5 produced the lowest forage yield. The field results showed a decrease
in yield with the increase of salinity levels.

Conclusion: Generally, forage yield decreased with increasing salinity. Genotypes 10, 20, 22, and 23
were the most tolerant genotypes, and genotypes 16, 17, and 18 were identified as the most sensitive
genotypes.
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Table 2. Analysis of variance seedling traits of grass pea genotypes

(MS) &y (S0
) 7 2 g o &
he} P % & 8¢ X 2 T =g E\ ol s s
5S¢ By iy N Y st 85 4 3%, .7 ) g
S st H 2€ & FIE SEs ¢ 2s5Y¥ s o SRS Source of
& ¢ o & a3t =5 g Es ee’t o 2% ER RS df variation
[yl B gl g-%g < g m& ol oDg@a- £ ¢
g gF ¥ 27 5 o6 T [
5 B ES § as S EX- N
= =1 .
- «
15.41** 9.1** 43.96** 0.0000542 0.0000642 01 0.48** 3.45 25 595
Genotype
28.97** 25.3*%* 96.44** 0.0001891** 0.0003857** 0.001** 1.17** 11 3 Sal‘isn)ii;
12.37** 6.72%* 32.46** 0.0000822 0.000664 0.00015 0.39** 3.7 75 d)ﬁx%’f‘:{ﬁjj
GenotypexSalinity
3.45 1.65 8.69 0.00007079 0.0000765 0.00016 0.21 3.34 104 Error s
1 . wE
** Probability level of significantly in 0.01. 22> S5 )lal a3l e
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Table 3. Mean comparison of the genotype effect with Duncan’s method at 1% significance level for seedling traits of grass
pea genotypes

. axals axddy apails Cigs oylesd
Plumﬁﬁg:gﬁj;gd?liz;tength ..(Cm‘)bb _ (C'#)bb (Cmfﬁé Gé:c))t;/pe
Seedling Length Radicle Length Plumule Length number

0.68¢ 5.07h 2.86] 2.211 1
1.06ce 6.5eh 2.93gj 3.57i 2
0.71de 5.57gh 2.93hj 2.61i 3
0.95ce 5.8eh 2.72hj 3.07i 4
0.88be 9.25bf 4.55ch 4.69dh 5
1.08de 8.98bg 4fj 4.98cg 6
1.02ce 11.83ac 5.61ae 6.22ad 7
1.42ac 6.71eh 3.01ij 3.7ei 8
171a 7.77dh 3.17hj 4.59dh 9
1.09be 12.17ca 5.71ae 4.45ad 10
0.89ce 9.14bf 4.88ag 4.26di 11
1.3ac 10.96ad 4.94ab 6.02ad 12
1.21ae 13.49a 6.1af 7.3%ab 13
1.08de 13.25ab 6.31a 6.94ac 14
1.13de 11.13ad 5.23af 5.9ae 15
1.21ae 9.6ad 4.42di 5.17cg 16
0.87ce 8.95ag 4.52bh 4.43dh 17
0.99ce 10.96ad 5.06ag 5.16¢g 18
1.63ab 12.41ab 4.72bg 7.69a 19
1.07be 9.34be 4.6bh 4.73ch 20
1.02ce 11.83ac 6.04ac 5.79af 21
1.36ac 8.92bg 3.680j 5.24bg 22
1.26ad 9.39be 4.15¢j 5.24bg 23
1.25ad 10.97ad 4.92ag 6.04ad 24
1.35ac 11.4ac 5.1ag 6.3ad 25
1.17ae 8.8cg 4.57bh 4.23di 26

In each column, the means with at least one common letter have not statistical difference. I el BT Side B> Sy Pl G oSl gt 2 2



odljule dgitd g glle jrol e wazeygy Lo e LS g0 drows

FA 89 s alises golaw & (Lathyrus sativus) ely; J5 wyd95 (sbcuss; gl

W slacdis laals Clas gy 690 5l (SSle awglio —F Joun

Table 4. Maean comparison of the salinity effect on seedling traits of early-maturing grass pea genotypes

& apdls Job o SS9 dpady, SUS S 09 aals Jsb arady) Job ) X
5 5 dls Jsb Srpd
apady (9) LS () (9) axedls (cm) (cm) ~ s
Plumule Length/ Dry Seedling Rootlet Dry Plumule Seedling Radicle (cm) (mM) Salinity
Radicle Length Weight Weight Dry Weight Length Length
0.91b 0.123a 0.085a 0.0103a 10.36a 5.15a 5.21a 0
1.2a 0.092c 0.054b 0.0058a 9.95a 4.69a 5.25a
4
1.24a 0.109ab 0.062b 0.0083ab 10.45a 4.62a 5.86a
8
1.16a 0.098bc 0.057b 0.0069ab 7.58b 3.5b 4.07b 12

Y d)LoT NS oS yitie B> S JBlas glyly (lo 1 Slo ¢ g o 4>

In each column, the means with at least one common letter have not statistical difference.
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Table 5. Principal components analysis of seedling traits
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Principal component 4dl3e
Trait
3 2 1

0.977 0.056 0.977 dp il Job
Plumule Length
0.891 0117 0.891 drddy; Job
Radicle Length
LS Job

0.984 0.086 0.984 AT
Seedling Length
0.094 0.891 0.094 dpadle SS9
Plumule Dry Weight
-0.239 0.331 0.239 apady) SIS s
Rootlet Dry Weight
LS P
-0.119 0.888 -0.119 omals Sis o)
Dry Weight Seedling
0.446 0.023 0.446 iy 4 drdils Job Coms
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-0.265 0.579 -0.265 drdiy) 4 dpdbl SIS )y

Plumule Dry Wéight/RootIet Dry Weight
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Figure 1. Dendrogram of cluster analysis of early maturing grass pea genotypes based on the mean of the seedling traits
using Ward’s algorithm
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Table 6. Mean and deviation from the grand mean of three clusters obtained from cluster analysis for the seedling traits in
early maturing grass pea genotypes
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2
8.84 -4.65 11.01 8.73 13.95 -3.48 -1.03 5.63 ol 100
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Table 7. The principal component analysis based on agronomic traits

Principal component 4al3e

4 3 2 1 Trait
-0.089 0.023 0.659 0.708 Shoot fresh weight o,lusls 5 e
-0.138 0.122 0.496 0.822 Shoot dry weight o lusLs Sis 059
0.100 -0.006 0.207 0.922 Fruit fresh weight og.e )5 (59
0.126 0.066 0.034 0.934 Fruit dry weight g s 34
0.161 0.041 -0.122 0.936 Pod Number éMe sluss
0.138 0.020 -0.015 0.942 Grain number per pod M (3 &ils slas
-0.232 -0.096 0.320 0.846 Plant height 55 gl
-0.111 -0.084 -0.227 0.880 Leaf angle 5y, 44l;
-0.156 0.016 -0.004 0.923 Leaf length S, Jobo
0.318 -0.710 0.265 0.212 Leaf width Sy, o,
0.021 0.220 0.887 -0.038 Leaf number 5y, sl
0.069 -0.367 0.355 -0.476 Rhizome number ¢y, , slass
-0.255 0.365 -0.064 0.613 Root length 4.y, Jsb
0.274 0.174 0.405 -0.782 Shoot number a5l slass
0.550 0.622 -0.120 -0.372 (cm) Jsl 45Ls Joce
0.002 0.197 -0.333 0.867 Flowering date _».5 gl
0.035 0.042 0.329 0.865 Podding date _»> M 4o,
0.364 -0.115 -0.273 0.812 BN yady b g, G )b
-0.107 -0.171 -0.849 0.061 Maturating date S go,b
0.498 -0.116 0.010 0.731 Germination speed _jjalss s yus
-0.030 -0.061 0.230 0722 Germination percent _jjdile duoyd
0.004 0.073 0.147
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Figure 2. Dendrogram of cluster analysis of early maturing grass pea genotypes based on the mean of the traits using
Ward’s algorithm
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Table 8. Mean and deviation from the grand mean of three clusters obtained from cluster analysis for the agronomic traits
in early maturing grass pea genotypes
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sy ; 5 a5 | ; L ot ) s s
5 ol Jf‘” 29 8— ) )3. «lb M sl S s .u&)B okl 5 s Cluster yodls
S S S S e S Pod 090 Fruit olsld Shoot fresh
Leaf Leaf  Leaf  Leaf  Plant  Grain  Noumber Fruit fresh ~ Shootdry weight
number width  length  angle  height  number dry weight weight
per pod weight
34.23 0.41 4.63 48.31 42.06 3.54 1.72 0.36 0.79 1.03 3.28 ke
. . . . . . . . . . . oo
Gl 1
2.92 -84.81  19.79 4.95 21.27 45.02 44.70 -86.86 61.59 62.40 19.16 L
Deviation
36.52 0.40 2.74 41.36 26.15 0.95 0.43 0.06 0.14 0.64 2.36 ﬁ':;h"
Gl 2
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28.98 10.13 Deviation
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