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ABSTRACT

The current research aimed to assess the 179 BC, population of alfalfa (Medicago sativa L. cv. Huaiyin) and PL34HQ
multifoliate leaves and their parents to select genotypes based on morphological traits for future alfalfa breeding
programs. A backcross breeding was carried out between the recurrent male parent and alfalfa PL34HQ as the non-
recurrent female parent of alfalfa. In the pod setting stage, morphological traits were measured in the BC, populations.
Data were analyzed for descriptive statistics, correlation, principal component (PCA), and agglomerative hierarchical
cluster analyses. The result of descriptive statistics revealed high variation in the means, minimum, and maximum values
for most of the morphological traits. Therefore, high variability was observed in plant height (PH) 26-98 cm, number of
branches per plant (NBP) 6-74, stem diameter (SD) 1.46-5.46 mm, second branch length SBL 0-62 cm, number of
multifoliate leaves per plant (NMFLP) 0-95.7%, number of multifoliate leaves on the main branch (NMFLMB) 0-90.6%,
number of nodes (NN) 12-24, fresh shoot weight (FSW) 3.10-359.4 g, and dry shoot weight (DSW) 0.40-108.6 g. The
results showed that the comprehensive traits of the BC, population tended to the recurrent parent, about 32.40% of the
total population. However, many plants tended to the non-recurrent parent, about 67.40% of the total population, with a
high multifoliate rate. Correlation analysis revealed a significant positive association of plant height with stem diameter,
fresh shoot weight, dry shoot weight, second branch length, number of nodes, and branch number. Principal component
analysis (PCA) discovered the first three components with an eigenvalue greater than one, contributing 78.98% of total
variability for different traits. The PC1 showed favorable factor loading for all morphological traits. The contribution of
dry shoot weight, fresh shoot weight, stem diameter, and plant height was highest in principal component 1. The average
hierarchical cluster analysis method grouped all the genotypes into four main clusters. Alfalfa multifoliate leaf genotype
clustering based on morphological traits would help identify potential genotypes for future breeding research and
programs.
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INTRODUCTION enhance yield and stress tolerance. However, new
breeding methods and innovative breeding approaches
Alfalfa (Medicago sativa L.) is a globally have been used lately (Li and Brummer, 2012; Biazzi et

important leguminous fodder crop because of its high al.,2017).

production and nutritional value (Adhikari et al., 2018). Alfalfa is a perennial plant that is mainly cross-
Alfalfa has a high protein content, making it excellent pollinated; several variables influence self-fertility. The
hay and pasture crop for animals, particularly dairy cows natural rate of cross-pollination for alfalfa ranges from
(Riday and Brummer, 2002; Li and Brummer, 2009). 25% to 75%. Physiological and morphological traits limit
Alfalfa is autotetraploid (2n = 4x = 32), long selection alfalfa self-poll.ination., pro@ucing low sel.ﬁng rates. As an
cycles, tetrasomic inheritance, significant inbreeding autote.traplmd, it requires .dlff.erent breedmg methods and
depression, and genotype-environment interaction have offspring selection than diploid plant species. Because of
hampered alfalfa yield improvement (Brummer, 1999; these factors, the use of some new breeding technology in
Annicchiarico et al, 2010). Recurrent behavioral alfalfa for majqr food crops h?S been delayed. )
selection is used in most alfalfa breeding projects to Selective breeding is the process of selecting
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cultivars and genotypes with desirable traits to develop
new cultivars. It's important to improve existing varieties
and breed new cultivars from germplasm collections or
other sources. In China, alfalfa is grown through selective
breeding, backcrossing, breeding of male-sterile lines,
breeding in space, and breeding with the help of
biotechnology (Shi et al., 2017).

Cross-pollination is used for breeding varieties
by choosing hybrid progeny. It may recombine the
parents' genes to produce different varieties and provide
selection material. Genetic recombination lets parents
with different major characteristics contribute desirable
alleles. Selecting the right parents and making the right
combinations during crossbreeding is critical. Currently,
the majority of alfalfa varieties recognized in China were
developed through the use of traditional breeding
techniques. These simple approaches take advantage of
excellent germplasm resources in various ecological
regions to develop new varieties adapted for regional
conditions. However, these procedures take a long time to
develop farm varieties. The application of genetic
engineering and other modern biotechnology in alfalfa
breeding has been put in place in China for only 20 years.

Multifoliate (MF) alfalfa cultivars characterized
by four or more leaflets per leaf than three have been
marketed for greater nutritional value and intake potential
than standard trifoliate (TF) alfalfa cultivars. Increasing
the ratio of leaves to stems is one of the ways to improve
the quality of forage in alfalfa, and multifoliate genotypes
are considered potential in this respect. Breeding for high
expression of multifoliate character effectively reduces
neutral and acid detergent fiber concentrations in green
mass by increasing the number of leaves without
decreasing dry matter yield (Juan ef al., 1993). Leaves are
essential for photosynthesis, thermoregulation, and gas
exchange. Plant leaf shapes are amazingly different and
can be classified into simple and compound leaves. A
morphogenetic process gives compound leaves greater
variation than simple leaves. Therefore, one of the goals
of alfalfa breeding is the establishment of multifoliate
cultivars, which enhance the quality of alfalfa fodder
mass, foliage, and other essential forage indicators
(Bingham and Murphy, 1965).

Multivariate statistical methods are required for
classifying germplasm and investigating genetic
correlations among breeding programs. Among
multivariate approaches, cluster and principal component
analysis are desirable tools for the morphological
characterization of genotypes and their clustering
according to similarity (Khalid ef al., 2022). Cluster and
principal component analysis (PCA) help identify
genotypes from distant clusters and select essential
characteristics contributing to the total variance. The
principal component analysis was used to compare
classification factors before cluster analysis. Cluster
analysis is a useful technique for determining familial
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relationships, i.e., calculating the genetic affinity or
distance between genotypes (Mishra et al.,, 2015). In
addition, cluster Analysis helps breeders select parents by
grouping genotypes based on weighted means (Dangi et
al., 2018).

The study of genetic differences can help choose
which genotypes to use in breeding programs to make
new populations because it measures the level of
diversity among the selected genotypes (Khan et al,
2020). Many genetic divergence studies have been done
on different crop species based on qualitative and
quantitative traits to find genetically different parents to
use in hybridization (Khalid and Hammed, 2021).

This investigation was aimed to evaluate genetic
diversity among alfalfa multifoliate leaves to select
genotypes based on the best morphological traits for
further alfalfa breeding programs.

MATERIALS AND METHODS

Plant material: Alfalfa (Medicago sativa L. cv. Huaiyin)
and (PL34HQ) were used as the recurrent male and non-
recurrent female parent, respectively (Figure 1). A field
trial was established in February 2020 at the grassland
field to assess the multifoliate leaf populations at
Yangzhou University, China.

Hybridization Development: Huaiyin alfalfa trifoliate
leaves as the non-recurrent male parent and BC; with
high multi-foliate leaves as the recurrent female parent
were crossed to produce a BC, hybrid plant during 2018-
2019. Seeds were harvested after maturity and sown in
season 2020. Seeds of the BC, hybrids were sown in the
field in PVC pipes 16¢cm in diameter and 50cm in height
and placed concentrically on the soil surface (Figure 2).
Pipes were placed 10 cm deep into the ground. The
experimental unit was 26 meters long and 7 meters wide;
all genotypes were planted in 7 rows; the distance
between each row was 1 m, and the distance between the
plants within the row was 1 meter (26 plants per row). In
this study, 179 BC; populations (named BC,-1 to BCs-
179) and their parents were used to evaluate genetic
diversity among alfalfa multifoliate leaves.

Morphological Traits: During the study period, nine
morphological traits were recorded in 179 BC;
populations and two parents. These were; plant height
(PH), number of branches per plant (NBP), stem diameter
(SD), second branch length (SBL), number of
multifoliate leaves per plant (NMFLP), number of
multifoliate leaves on the main branch (NMFLMB),
number of nodes (NN), fresh shoot weight (FSW), and
dry shoot weight (DSW). Plant height was measured
using a ruler (cm). A vernier caliper was used to measure
the stem diameter 5 cm (mm) above the ground. The
number of MF leaves per plant was calculated by
dividing the number of branches with MF leaves by the



Olom et al., J. Anim. Plant Sci., 33 (6) 2023

total number of branches on that plant. The number of each plant were chosen. The fresh shoot weight (g) was
MF leaves on the main branch was determined by calculated using a digital balance; the shoot dry weight (g)
dividing the MF leaves on the branches by the total was calculated after oven-drying at 80°C for 48 hours
number of leaves in a single branch. To calculate the until the plant reached a constant weight for biomass
average value of MF leaves, five random branches from production.
PL34HQ alfalfa Huaiyin alfalfa
Multifoliate > Trfoliate leaves
| ]
4 ) . l
Selected offsprings with Fi
a high multif oliate rate
and good comprehensive

traits as the female parent
.
BC,
r

Selected off springs with a

high multifoliate rate and -
good comprehensive b4
traits as the female parent BC,
) l
Determination of Morphological Traits
s 7 2 -:________?
pa || ~ee [|sD [ ssL || T rsw | | Dsw
\

Fig 1. Hybridization scheme for backcrossing

F-igure 2.BCzpopulutions of alfalfa multifoliate leaves
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Data analyses: The data recorded and then subjected to
determine basic statistics (descriptive), and correlation
coefficient (Anderson and Boyes, 1957).Data were
further analyzed by principal component analysis (PCA)
(Khodadadi et al., 2011) and cluster analysis (Everitt et
al., 2001). The average hierarchical clustering method
was used to construct the dendrogram based on
morphological data. Data were performed with the R
software version 4.1.0.

RESULTS

Statistical variation in the BC, population and
two parents; PL34HQ and Huaiyin, is presented in Table
1. The range of the plant height of the BC, population of
alfalfa was (26 — 98 cm) and the mean was 59.77 cm.
Additionally, it was observed that 6.15% of the plant’s
height was higher than the high parent value, 29.05%
was between two parents, and 64.80% was less than
parental values. Moreover, genotype BC»-72 recorded
the greatest plant height (98.0 cm), while genotype BC,.
105 recorded the minimum plant height (26.0 cm). The
range of the number of branches per plant of the 179
BC, population was (6.0- 74), and the average was
(27.59). Furthermore, 42.45% of the number of branches
per plant of the BC, population was higher than both
parents, 19.55% of the number of branches per plant was
between two parents, and 38% of the number of
branches per plant was less than parental values. BC,-
105 had the lowest number of branches per plant (6.0),
while BC»-142 had the highest number of branches per
plant (74). Our study showed that the minimum and
maximum stem diameter of the 179 BC, population was
1.46 — 5.46 mm, with an average value of 2.76 mm. In
addition, 3.91% of the BC, population had stem
diameter as higher than the two-parent values, while
22.91% of the stem diameter was between the two-
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parent values, and 73.18% of the stem diameter was the
lowest than the parental values. Moreover, genotype
BC»-19 showed a maximum stem diameter (5.46 mm),
while the genotype BC>-52 showed a minimum stem
diameter (1.46mm). The range of the number of
multifoliate leaves per plant of the179 BC, population
was 0.00-90% and the mean value was 26.94%. The
genotype BC,-77 showed the highest number of
multifoliate leaves per plant (90%), while the genotype
BC»-159 showed the lowest number of multifoliate
leaves per plant, (1.8%). The number of multifoliate
leaves on the main branch of the BC, population was
distributed between 0.00 — 79.50%, and the mean value
was12.29%. Furthermore, the range of the number of
nodes of thel79 BC, population was (12.00 - 24), and
the average was (18.16). Among the population, 19% of
the number of nodes was higher than the parental values,
77.65% was between parent values, and 3.35% was less
than two parents. The minimum and maximum number
of nodes (12.00 — 24.00) was observed in the genotype
BC»-155 and BC»-40, respectively. Moreover, the
minimum and maximum fresh shoot weight of the 179
BC; population were 3.10 — 359.4 g, and the mean value
was 76.74 g. However, 30.73% of the fresh shoot weight
of the BC, population was higher than both parents,
7.26% was between parents, and 62.01 was the lowest
than the parental values. Lastly, the range of dry shoot
weight of the BC, population was (0.40-108.60g), with
an average value of 26.44 g. Among the population,
30.73% of the shoot dry weight was higher than the two-
parent values, 7.26% was between two parents, and
62.01% was less than the parental values. The genotype
BC>-142 had the highest shoot fresh and dry weight
(3594 g — 108.6 g), whereas the genotype BC»-92
showed the lowest shoot fresh and dry weight (3.10g —
0.40g).

Table 1.Statistical summary of nine morphological traits in two parentsandthe BC: populations.

Traits Parents 179 BC2 population
Huaiyin PL34HQ Range Minimum  Maximum Mean + Std. Error
PH 85.00 70.00 26.0-98.0 26.00 98.00 59.77 £ 1.26
NBP 27.00 23.00 6.0-74.0 6.00 74.00 27.59 +0.84
SD 431 3.34 1.46-5.46 1.46 5.46 2.76 + 0.059
SBL 35.00 15.00 0.0-62.0 0.00 62.00 1522+ 1.02
NMFLP 0.00 95.70 0.0-90.0 0.00 90.00 26.94 +2.27
NMFLMB 0.00 90.60 0.00-79.5 0.00 79.50 12.29+1.21
NN 20.00 13.00 12.0-24.0 12.00 24.00 18.16 £ 0.21
FSW 76.40 92.40 3.1-359.4 3.10 359.40 76.74 + 5.83
DSW 24.20 32.10 0.4-108.6 0.40 108.60 26.44 +2.01

PH: plant height (cm), NBP: number of branches per plant, SD: stem diameter (mm), SBL: second branch length (cm), NMFLP:
number of multifoliate leaves per plant, NMFLMB: number of multifoliate on the main branch, NN: number of nodes, FSW: fresh
shoot weight (g), DSW: dry shoot weight (g).

Analysis of the correlation coefficient of the BC:
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of 179 genotypes of the BC, population and their parents
is presented in Table 2. The result showed different
degrees of correlation among plant height, number of
branches per plant, stem diameter, second branch length,
number of MF leaves per plant, number of MF on the
main branch, number of nodes, fresh shoot and dry
weight. Plant height was highly positively correlated with
the stem diameter (r=0.787), followed by fresh shoot
weight (r=0.669), dry shoot weight (r=0.668), second
branch length (r=0.592), number of nodes (r=0.534), and
number of branches per plant (r=0.323). There was a
significant positive correlation between the number of
branches per plant with fresh shoot weight (r=0.687), dry
shoot weight (r=0.682), stem diameter (r=0.324), second
branch length (r=0.225), and the number of nodes
(r=0.183). Stem diameter and second branch length were
in a significant relationship with dry shoot weight
(r=0.727), fresh shoot weight (r=0.726), second branch
length (r=0.641), number of nodes (r=0.409), and number
of multifoliate leaves per plant (r=0.174). The number of
MF leaves on the main branch and number of MF leaved
per plant showed a positive correlation but not a
statistically significant correlation with the plant height,
number of branches per plant, nodes number, fresh shoot
and dry weight. There was a highly significant positive
correlation between the number of MF leaves per plant
and the number of MF leaves on the main branch
(r=0.673).

Principal component analysis (PCA): Principal

component analysis (PCA) showed high genetic variation.

The variation studied with principal components analysis
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showed that three main components with more than 1
eigenvalues higher accounted for 78.98% of the
cumulative of the total variance among nine
morphological traits (Table 3). The contribution rate of
PC1 was the highest variability (48.8 %), followed by
PC2 and PC3, which contributed 18.3% and 11.88%
variability, respectively. Dry shoot weight, fresh shoot
weight, stem diameter, plant height, second branch length,
and node number were the main contributors to PC1. On
the contrary, the main contributor to PC2 was the number
of multifoliate leaves per plant and a number of
multifoliate leaves on the main branch but contributed
negatively. The number of branches per plant was a
negative contribution to the PC3 (Table 4). The
cumulative variance of 78.98% by the first three principal
components with an eigenvalue of more than 1 indicated
that the identified traits within the PCs significantly
influenced the genotype and could be effectively used for
selection. In this investigation, the first three eigenvalues
correspond to the whole variance.

The correlation between groups was examined
by plotting the first two principal components (PC1 x-
axis and PC2 y-axis), which accounted for 67.1% of the
total variance (Fig.4). It can be seen that the number
multifoliate leaves on the main branch was significantly
positively correlated with the number of multifoliate
leaves per plant. In contrast, branch number was
positively correlated with plant height, stem diameter,
second branch length, number of nodes, shoot fresh
weight and shoot dry weight.

Table 2.Correlation coefficient among nine morphological traits in BCz populations.

Traits PH NBP SD SBL NMFLP NMFLMB NN FSW DSW
PH 1

NBP 0.323™ 1

SD 0.787" 0.324™ 1

SBL 0.592™ 0.225™ 0.641™ 1

NMFLP 0.120 0.002 0.174" 0.167" 1

NMFLMB 0.020 0.060 0.041 0.097 0.673™ 1

NN 0.534™ 0.183" 0.409™ 0.271™ 0.108 0.010 1

FSW 0.669™ 0.687" 0.726™ 0.518"™ 0.107 0.016 0.352™ 1

DSW 0.668"" 0.682™ 0.727" 0.528"™ 0.112 0.028 0.358"™" 0.983™ 1

*, Significant at P< 0.05; **, Significant at P< 0.01, PH: plant height (cm), NBP: number of branches per plant, SD: stem diameter
(mm), SBL: second branch length (cm), NMFLP: number of multifoliate leaves per plant, NMFLMB: number of multifoliate leaves
on the main branch, NN: number of nodes, FSW: fresh shoot weight (g), DSW: dry shoot weight (g).

Table 3. Principal component analysis eigenvalues, variability rate percentage and cumulative values.

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
Eigenvalues 4.36 1.66 1.07 0.76 0.41 0.32 0.23 0.18 0.02
Variability rate % 48.8 18.3 11.88 8.24 4.64 3.46 2.54 1.95 0.18
Cumulative rate % 48.8 67.1 78.98 87.23 91.86 95.32 97.86 99.81 100.00
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Table 4.The principal component analysis among nine morphological traits of the BC: populations.

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
PH 0.844 0.039 0.327 0.006 0.123 0.240 0.266 0.190 0.002
NBP 0.617 0.146 -0.661 0.208 -0.225 0.007 0.229 -0.120 0.001
SD 0.865 -0.001 0.234 -0.190 0.220 0.094 -0.025 -0.321 0.000
SBL 0.698 -0.088 0.286 -0.463 -0.436 -0.138 -0.006 0.024 0.002
NMFLP 0.207 -0.891 -0.015 0.034 0.185 -0.325 0.143 0.009 0.001
NMFLMB 0.102 -0.899 -0.176 0.045 -0.143 0.331 -0.137 0.005 0.002
NN 0.531 0.002 0.464 0.679 -0.164 -0.080 -0.087 -0.036 0.001
FSW 0.921 0.122 -0.272 -0.010 0.121 -0.063 -0.161 0.103 0.093
DSW 0.923 0.111 - 0.265 -0.011 0.109 -0.063 -0.175 0.105 0.092

PH: plant height (cm), NBP: number of branches per plant, SD: stem diameter (mm), SBL: second branch length (cm), NMFLP:
number of multifoliate leaves per plant, NMFLMB: number of multifoliate leaves on the main branch, NN: number of nodes, FSW:

fresh shoot weight (g), DSW: dry shoot weight (g).

Cluster analysis: Clustering analysis was used to
determine genetically related genotypes and which
genotypes would be suitable for future breeding programs.
Based on nine agronomic traits for 179 genotypes and
their parents, cluster analysis grouped them into four
discrete and well-defined clusters (Table 5 and Fig 5).
Cluster II included 135 different genotypes, followed by
40, 4 and 2 genotypes in clusters III, IV, and I,
respectively. The variability of 179 genotypes and their
parents was also reflected in the cluster means for the
nine traits evaluated (Table 6). Cluster I had two
genotypes constitutingl.1% of the total population. They
were both characterized by genotypes with a high number
of multifoliate leaves per plant (92.85%) and number of

Cluster II had 135 genotypes, which made up 74.59% of
the total population. Genotypes in Cluster II were
distinguished by their low plant height (54.67 cm), the
number of branches per plant (23.58), stem diameter
(2.48 mm), second branch length (11.61 cm), multifoliate
leaves per plant (23.87%), fresh shoot weight (37.39 g),
and dry shoot weight (12.91 g). Cluster III comprised 40
genotypes, accounting for 22.1% of the total population
with high plant height (76.1 cm). Cluster IV had four
genotypes that made up 2.21% of the total population,
characterized by increased number of branches per plant
(45), stem diameter (3.89mm), second branch length (30
cm), number of nodes (20.5), fresh shoot weight (314.15
g) and dry shoot weight (107.08 g).

multifoliate leaves

on the main branch (85.05%).

Table 5.Distribution of the two parents and the BC: populations of alfalfa multifoliate leaves in various clusters.

Cluster No. of

genotypes

Name of genotypes

I 2
II 135

I 40

BC,-77, non-recurrent parent (PL34HQ)

BC»-41, BC»-46, BC»-15, BC2-94, BC»-69, BC»-77, BC»-14, BC»-30, BC»-72, BC2-22, BC»-98,
BC»-101, BC»-31, BC,-127, BC2-59, BC»-11, BC,-58, BC,-42, BC,-53, BC,-44, recurrent parent
(Hyaiyin), BCz-21, BC,-122, BC,-2, BCz-34, BC:-13, BCx-125, BCr-12, BC»-129, BC»-169,
BC»-104, BC;-57, BCx-111, BC2-105, BC»-131, BC,-164, BC»-170, BC»-87, BC,-166, BC»-146,
BC,-148, BC,-147, BC»-27, BC»-133, BC,-137, BC,-174, BC»-151, BC,-167, BC»-89, BC»-149,
BC»,-17, BC»-79, BC;-150, BC»-172, BC»-54, BC»-56, BC,-66, BC»-24, BC»-28, BC;-102, BC;-
135, BC»-154, BC,-155, BC,-136, BC»-9, BC,-10, BC,-138, BC»-156, BC,-25, BC»-65, BC»-50,
BC,-82, BC,-168, BC,-84, BC,-132, BC»-51, BC,-134, BC»-119, BC,-83, BC,-86, BC, -80,
BC,-81, BC,-113, BC,-153, BC,-158, BC,-157, BC,-71, BCx-1, BC»-118, BC,-156, BC»-160,
BC,-173, BC,-130, BC;-36, BC,-61, BC;-23, BC»-107, BC,-109, BC,-117, BC»-38, BC»-37,
BC»-55, BC;-63, BC»-152, BC»-93, BC»-106, BC,-52, BC;-110, BC»-29, BC,-178, BC»-67, BC;-
78, BC,-39, BC»-108, BC,-62, BC,-26, BC»-163, BC;-35, BC»-92, BC,-90, BC,-112, BC»-85,
B(C;-88, BC»-91, BC,-175, BCz-64, BCs-116, BCy-115, BC,-114, BC»-123, BC»-45, BC,-179,
BC»-60, BC,-40, BC,-176.

B(C»-95, BC,-18, BC»y-161, BC,-141, BC»-8, BC,-48, BC»,-75, BC-74, BC,-76, BC,-143, BC»-
139, BC,-7, BCs-16, BCy-4, BC»-47, BC»-70, BC»-3, BC,-6, BC»-19, BC»-121, BC,-140, BC;-
177, BC-159, BC,-33, BC; -144, BC,-43, BC,-100, BC»-99, BC>-96, BCy-17, BCx-49, B(C,-5,
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BC»-3, BC>-128, BCs-145, BCx-68, BC»-73, BC2-120, BC»-103, BC>-124.
1\ 4 BCx-142, BC,-162, BC>-20, BC»-126.

Table 6. Mean values of nine morphologicaltraits of the BC: population in cluster analysis.

Custer PH NBP SD SBL NMFLP NMFLMB NN FSW DSW
I 67.5 31.5 3.28 23 92.85 85.05 16 86.75 29.75
II 54.67 23.58 2.48 11.61 23.87 11.2 17.7 37.39 12.91
I 76.1 39.05 3.59 26.03 35.29 14.86 19.4 185 63.95
v 74 45 3.89 30 24.32 3.75 20.5 314.15  107.1

PH: plant height (cm), NBP: number of branches per plant, SD: stem diameter (mm), SBL: second branch length (cm),
NMFLP: number of multifoliate leaves per plant, NMFLMB: number of multifoliate leaves on the main branch, NN:
number of nodes, FSW: fresh shoot weight (g), DSW: dry shoot weight (g).

Biplot (axes PC1 and PC2: 67.1)

142

standardized PC2 (18.3% explained var.)

%
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standardized PC1 (48.8% explained var.)
Fig 3.Biplot of morphological traits of the two parents and the BC: populations for principal components PC1 and
PC2.
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Fig 5.Cluster dendrogram analysis of nine morphological traits of the two parents and the BC: populations.

DISCUSSION

Alfalfa is considered "the queen of forage crops"
because of it is biomass, biological nitrogen fixation,
different nutritional profiles, stress resistance, and
consistent protein and mineral supplies for -cattle.
Backcross breeding was done between the PL34HQ
(multifoliate leaves) and Medicago sativa L. cv. Huaiyin
(trifoliate leaves). It is possible to transfer the high yield
and good genes of Huaiyin alfalfa into the genetic
background of alfalfa MF leaves with no change in its
leaflet characteristics of Huaiyin intact. The combination
of high yield and multifoliate traits of PL34HQ creates a
high-yielding, and high-quality new alfalfa material with
MF characteristics.

In this study, Huaiyin alfalfa was used as the
recurrent parent, and alfalfa PL34HQ multifoliate was
used as the non-recurrent parent. At the pod setting stage,
we obtained the BC, population,which hada 66.85%
multifoliate rate. Nine morphological traits of the BC,
population were studied to select genotypes based on the
best morphological traits for future breeding programs
through descriptive statistics, correlation coefficient,
principal component analysis, and cluster analysis. The
fresh shoot weight, number of multifoliate leaves per
plant, dry shoot weight, number of multifoliate leaves
on the main branch, plant height, second branch length,
and the number of branches per plant showed high
variation.

The alfalfa yield was determined by the plant
height, the number of branches per plant, and shoot fresh
and dry weight. The correlation coefficient is a statistical
measurement used to evaluate the relationship between
the examined morphological traits. The current study
showed a strong positive correlation between plant height
and number of branches per plant, stem diameter, fresh
shoot weight, dry shoot weight, second branch length,
and the number of nodes. It means that an increase in one
trait would increase another. The study showed that the
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shoot fresh weight had a high positive correlation with
the dry shoot weight. On the contrary, a negative
correlation of shoot fresh weight with dry matter was
reported by (Munir ef al., 2021).This result may indicate
that the different populations have different
morphological traits. Additionally, the environment may
impact the differences between these traits. Yield-related
traits such as branch number, second branch length, node
number, and stem diameter will increase accordingly,
effectively improving yield.

Meanwhile, alfalfa stem diameter and number of
nodes will increase with alfalfa plant height. Stem
diameter and second branch length positively correlated
with fresh shoot weight, dry shoot weight, number of
nodes and number of multifoliate leaves per plant.
Number of branches per plant positively correlated with
fresh shoot weight, dry shoot weight, stem diameter, plant
height, second branch length and number of nodes.
Similar findings were reported by Petkova (2010), who
observed positive correlation of green mass yield with
plant height and the number of stems in MF 23 plants.
However, the number of MF leaves on the main branch
showed no significant correlation with all morphological
traits except the number of MF leaves per plant.
Moreover, our results showed that the MF traits could
perform better in the BC;, population. The MF traits of the

backcross population showed a specific positive
correlation with the yield-related traits. Still, it was not
significant.

The principal component analysis is an effective
tool for obtaining parental lines for successful breeding
programs (Amna et al., 2013). The principal component
analysis is widely used to evaluate genotypes based on
morphological traits and their grouping ( Rizwana et al.,
2010; Sajjad et al., 2011; Janmohammadi et al., 2014).
Eigenvalue helps select principal components that have
the highest contribution in variation. Variation is one of
the essential requirements for the selection phase in plant
breeding (Canci and Toker, 2014; Benlioglu and Ozkan,
2022). The first three components had an eigenvalue



Olom et al.,

above 1.0. These three main components accounted for
78.98% of the total variation. The first principal
component is more related to yield traits Benlioglu and
Ozkan (2022) reported that the principal components
with an eigenvalue greater than 1 accounted for 80.57%
of the total variation and that the first principal
component was more related to the biomass per plot and
plant height. Also, Saleem et al. (2023) observed that the
first two main components made up 80.82% of the total
variation. The first principal components in this study
included dry shoot weight, fresh shoot weight, stem
diameter, plant height, second branch length, and number
of branches per plant. Similar findings were reported by
Saleem et al. (2023), who noted that the first principal
component was more closely related to plant height, leaf
number of plant, and stem diameter. Another study
revealed 62.83% of genotype variability in the first two
principal components. The PC1 showed positive factor
loadings for all characteristics exclusively related to yield
and yield-related components (Khalid et al., 2022). The
scree plot explains the percentage variation linked with
each of the components. The eigenvalue significance
criterion (Kaiser, 1960) was used to select statistically
significant principal components. Based on the principal
component analysis, genotypes with the highest score and
desirable characters can be selected for further breeding
programs.

Cluster analysis could be considered an effective
tool to classify germplasm, which provides a consistent
foundation for selecting base material to design breeding
tactics in the future (Susi¢ et al., 1999; Jin et al., 2006;
Mohan et al., 2021; Benlioglu and Ozkan, 2022). Cluster
analysis grouped the 179 BC, population of alfalfa
multifoliate leaves and their parents into four clusters
with some distinct traits. The heterotic effect in cross
progenies can be increased by grouping the lines into
separate, distinct clusters. The lines with desired traits
can used in crossbreeding programs to obtain higher
hybrid vigor and improved segregants. The genotypes
grouped under clusters I and IV had the highest
morphological traits, such as NMFLP and NMFLMB in
cluster I, and NBP, SD, SBL, NN, FSW, and DSW in
cluster IV. They can be utilized as potential donors in the
future crossing program for improving high multifoliate
leaves and yield traits.

Conclusion: Plants get their genetic diversity by picking
and backcrossing parents with desirable traits. This study
showed a significant and wide variation in most
morphological traits studied in BC, populations, which
could be used to improve hybrid breeding programs. In
principal component analysis, it was shown that three
principal components (PC1, PC2, and PC3) accounted for
78.98% of the total variation. It was an excellent method
to find out which traits differed most between genotypes
and which variables to use to group genotypes. The
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cluster analysis method grouped the genotype into four
main clusters based on different morphological traits.
Cluster I and IV have genotypes with highest
morphological traits, such as BC,-77 and non-recurrent
parent (PL34HQ), which had the highest NMFLP and
NMFLMB in cluster I, and (BC,-142, BC»-162, BC»-20,
BC»-126), which had the highest NBP, SD, SBL, NN,
FSW, and DSW in cluster I'V. It was suggested that these
genotypes can be chosen for hybridization to establish
future hybrids having multifoliate characteristics.
Acknowledgements: This study was funded by the
Jiangsu Students Innovation and Entrepreneurship
Training Program (grand number: 202211117098Y).
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