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Abstract

Alfalfa (Medicago sativa L.), one of the most productive and nutritious forage crops, is grown worldwide
for hay, silage and pasture. In order to study the phenotypic variation, an experiment was conducted on 40
alfalfa population in a randomized complete block design with three replications during 2018 in a research
farm of Urmia University. Traits including plant height, re-growth rate, No. of node, node length, No. of
stem, No. of floret per racemes, racemes length, No. of pod per racemes, leaf fresh weight, leaf dry weight,
stem fresh weight, stem dry weight, total fresh weight, total dry weight, leaf dry weight/stem dry weight,
and total dry weight/total fresh weight were measured. The results showed a significant variation in alfalfa
populations, so that for most of the traits, significant difference was observed. The results showed that
graphical analysis of the genotype x trait biplot, explaining 53.43% of the total standardized data variation,
could greatly facilitate the study of genetic variation and relationships between traits. The positive
correlation between two important traits of total dry weight and leaf to stem ratio led to a nearly identical
ranking of the populations based on these traits, which is important for simultaneous breeding of these two
traits. Further, the studied populations were clustered in two main groups, each of them in two subgroups
based on cluster analysis, the first subgroup containing foreign and Ghareh-Yonjeh populations, and in
terms of forage yield and leaf to stem ratio The situation was favorable. Therefore, the populations in the
first cluster can be used in alfalfa cultivation development programs and the future breeding program of
this plant.
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Introduction

Alfalfa (Medicago sativa L.) is known as the most valuable fodder plant in the world due to its high yield,
good fodder quality, tolerance to environmental stress and positive role in soil fertility and structure (Biazzi et
al., 2017). The local populations of alfalfa in Iran have higher genetic diversity and are a valuable source for
alfalfa germplasm conservation and breeding programs in the future (Rameshknia et al., 2024). Knowledge of
diversity is the main condition of plant breeding. So far, a wide range of researches have reported phenotypic
variation among different domestic and foreign alfalfa populations (Abdollahi Mandoulakani, 2013; Hazegh
Jafarietal., 2014, Benabderrahim et al., 2015; Sayed et al., 2022). The purpose of this research was to evaluate
alfalfa populations with different origins in terms of phenotypic traits, compare populations in terms of
important traits, and analyze the correlation between traits using the genotype x trait (GT) and genotype group
x trait (GGT) biplots.

Materials and Methods

An experiment with 40 alfalfa populations of different origin in the form of randomized complete block
design (RCBD) with three replications was conducted in a research farm of Urmia University in 2018. Each
population was cultivated in a two-meter line with a distance of 20 cm between two plants. Traits including
plant height, re-growth rate, No. of node, node length, No. of stem, No. of floret per racemes, racemes length,
No. of pod per racemes, leaf fresh weight, leaf dry weight, stem fresh weight, stem dry weight, total fresh
weight, total dry weight, leaf dry weight/stem dry weight, and total dry weight/total fresh weight were
measured. Analysis of variance (ANOVA) was done in SAS 9.4 software. The cluster dendrogram was drawn
by calculating Euclidean square distances and Ward's method in Minitab 18. Finally, the standardized data of
two-way table of genotypextrait and genotype groupxtrait were analyzed using GT and GGT biplots in
GGEBiIplotsGUI R-package.

Research Findings

The results of ANOVA showed that there was a statistically significant difference between the alfalfa
populations studied in terms of all the measured traits except the racemes length. This difference indicates the
existence of diversity among alfalfa populations in terms of fodder yield and some morphological and
physiological characteristics, the basis of which can be well deciphered with GT biplots. The results showed
that graphical analysis of the genotype x trait biplot, explaining 53.43% of the total standardized data variation,
could greatly facilitate the study of genetic variation and relationships between traits. Population No. 32 had
the highest amount in terms of leaf dry weight, stem dry weight, and number of nodes. Population No. 2 had
the highest amount of fresh and dry weight of leaves, fresh and dry weight of stem, and total fresh and dry
weight. Also, population No. 16 had the highest number of floret per racemes and the plant height. In the end,
population No. 6 was suitable in terms of total dry weight/total wet weight, number of pods per racemes,
racemes length, inter-node distance, number of stems, and re-growth rate. The number of nodes, leaf dry
weight/stem dry weight, fresh and dry weight of leaf, fresh and dry weight of stem, and total fresh and dry
weight were positively correlated with each other. One of the strongest negative correlations is the correlation
between leaf dry weight/stem dry weight with the number of stems and re-growth rate. The results of the cluster
analysis showed that the studied populations were divided into two main groups, each with two subgroups,
based on the studied traits. The first subgroup had 9 populations, half of which were of Gareh-Yonjeh origin.
The second subgroup had 8 populations, which had the highest fodder yield after the first subgroup. The third
subgroup included 15 populations and in the fourth subgroup, like the other three subgroups, populations with
different origins were placed in one cluster and had 8 populations.
Discussion of Results and Conclusion
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According to our findings, considerable diversity in terms of phenotypic traits has been observed in
different alfalfa populations (Bagavathiannan et al., 2010; Moawed, 2016; Abdollahi Mandoulakani, 2013;
Khodarahmpour & Motamedi, 2016; dos Santos et al., 2020). Iran is one of the centers of origin and diversity
of alfalfa. Such diversity is very important to face the increasing climatic changes that significantly affect the
yield of alfalfa (Pourshirazi et al., 2022). The GT biplot technique is a suitable statistical method that can
correctly show the relationship between traits (Akcura et al., 2016). Based on the results, the first component
was identified as fodder production component and the second component as reproductive component.
Populations with high fodder yield and leaf-to-stem ratio were related to Gareh-Yonjeh and foreign
populations. While, except for one case, populations with Hamadani origin had average and low performance,
and tropical populations were the most unfavorable. The positive correlation between two important traits of
total dry weight and leaf to stem ratio led to a nearly identical ranking of the populations based on these traits,
which is important for simultaneous breeding of these two traits. Further, the studied populations were
clustered in two main groups, each of them in two subgroups based on cluster analysis. Paying attention to the
higher value of the first subgroup in terms of important traits will be of particular importance in breeding
programs, and if the goal is to increase yield and improve leaf-to-stem ratio, the populations in this subgroup,
especially the Gareh-Yonjeh populations, are preferred over others and are suitable for the Azerbaijan region.
Finally, considering the positive features of GT biplot, it is recommended to use it in the evaluation of
phenotypic diversity.
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Table 1- Characteristics of studied alfalfa populations
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Table 2- Analysis of variance of different traits in 40 alfalfa populations

Ol ale G351 458 Mean squares  Ola yo (ko
Sources of variation Degrees of freedom PH RGR NN NL NS NFPR RL NPPR
Block oS 4 2 67.2 071 987"  2.76™ 155 264"  0.04™ 812"
Populations  .xex 39 116.6™ 6.67™ 699 232 161" 1411° 007 117"
Error st 78 56.1 1.69 3.15 1.11 1.67 8.15 0.69 6.01
Coefficient of variation ()i <s,» 1071 1810 1125 2091 1969 1885 1842  18.10
D5l = 35 55 D25 00T 0.090™ 0.135™ 0,108 0.058™ 0.112" 0.100™ 0.117" 0.089"

Tests of Normality Kolmogorov-Smirnova

Aol :NL 6 8 slaw NN saes i, oo . (RGR msﬁ&u:,l:PH .c,_u\.\_a)g_&w@Jublch_mﬁ@u@m,@u@mf;g,::;m_**,*‘ns
53TJE 55 ¥ slaws :NPPR (3T 8 J b (RL ¢ ,3T € 55 8 slaxi NFPR sl slaxi :NS 0 S0l
ns, * and **: non-significant, significant at 5% and 1% probability level, respectively. PH: plant height, RGR: regrowth rate,

NN: number of nodes, NL: node length, NS: number of stems, NFPR: number of floret per racemes, RL: racemes length, NPPR:
number of pods per racemes
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Continuation of Table 2- Analysis of variance of different traits in 40 alfalfa stands

O i alio GOT 4 ya Mean squares Ol 0 puSlo
Sources of variation Degrees of freedom LF LD SF SD TF TD LD/SD  TD/TF
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o5 el = B3 8 5l 5 03 2l 5 05057
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Tests of Normality Kolmogorov-Smirnova

Sas 05 :SD sl ;Q;,:SF@?,{&:M,';U}:LD@?J{,:;U',:LF.g;,dlw);&”@m,.:,lcb 35 Sl ime 5 (Sol3 e e o S FF 4 NS
0 50554 JS SKast 055 TDITF 5 6l oSt 059 4 o5, 6SKast 035 :LDISD ¢ JS et 035 TD (S 5 059 :TF il
ns, * and **: non-significant, significant at 5% and 1% probability level, respectively. LF: leaf fresh weight, LD: leaf dry weight,

SF: stem fresh weight, SD: stem dry weight, TF: total fresh weight, TD: total dry weight, LD/SD: leaf dry weight/stem dry
weight, and TD/TF: total dry weight/total fresh weight
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Figure 1- The results of GT biplot analysis. Polygon display (A), Ranking of populations based on total dry weight (B), Ranking
of genotypes based on leaf dry weight/stem dry weight (C), and vector representation of trait relationships (D). PH: plant height,

RGR: regrowth rate, NN: number of nodes, NL: node length, NS: number of stems, NFPR: number of floret per racemes, RL:

racemes length, NPPR: number of pods per racemes, LF: leaf fresh weight, LD: leaf dry weight, SF: stem fresh weight, SD:
stem dry weight, TF: total fresh weight, TD: total dry weight, LD/SD: leaf dry weight/stem dry weight, and TD/TF: total dry
weight/total fresh weight
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Figure 2- Dendrogram obtained from cluster analysis (A) and polygon representation of GGT biplot of different alfalfa

populations based on different traits (B). PH: plant height, RGR: regrowth rate, NN: number of nodes, NL: node length, NS:
number of stems, NFPR: number of floret per racemes, RL: racemes length, NPPR: number of pods per racemes, LF: leaf fresh
weight, LD: leaf dry weight, SF: stem fresh weight, SD: stem dry weight, TF: total fresh weight, TD: total dry weight, LD/SD:
leaf dry weight/stem dry weight, and TD/TF: total dry weight/total fresh weight (refer to Table 1 for the number and origin of
genotypes).
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