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Abstract

Introduction

Bird’s-foot trefoil (Lotus corniculatus L.; Persian: Yonjeh pa’kalaghi) is a salt-tolerant, nitrogen-fixing
forage legume from the Fabaceae family, valued for its adaptability to diverse environments and its role in
sustainable agriculture. The species exhibits considerable polymorphism and morphological variation
across its natural range, with the Mediterranean region recognized as a center of genetic diversity. Despite
its ecological and agronomic significance, morphological diversity in natural habitats of Iran remains
understudied, especially in the southwest, where no comprehensive evaluation has been conducted. This
study addresses this gap by assessing morphological traits in accessions collected from multiple areas of
the region to better understand variation under natural conditions.

Material and Methods

This study investigated the morphological diversity of bird’s-foot trefoil by collecting 126 genotypes from
nine distinct accessions across Khuzestan province. The accessions included Ahvaz, Sheyban, Mollasani,
Hamidiyeh, Susangerd, Karun, Minoo Island, Hendijan, and Shavoor. Sample collection was conducted
from March 2023 to January 2024 in natural habitats to capture the full range of phenotypic variation. A
total of 18 morphological traits were evaluated-14 qualitative and 4 quantitative-selected based on the
guidelines of the International Board for Plant Genetic Resources (IBPGR) and previous research findings.
The qualitative traits included growth habit, vegetative form, relative size of the three leaflets, leaflet
shape, leaflet indumentum, leaflets thickness, leaflet apex, stem firmness, stem cross-sectional shape, stem
color, stem indumentum, corolla color, calyx teeth shape, and calyx indumentum. The quantitative traits
measured were central leaflet length, central leaflet width, the ratio of calyx teeth to calyx tube length, and
plant height. Data were analyzed using multivariate statistical methods. Cluster analysis was performed
using Ward’s method and the Euclidean distance coefficient to group accessions. The accuracy of
clustering was validated through discriminant function analysis using SPSS software. In addition, principal
component analysis (PCA) was conducted in R software to identify the key traits contributing to
morphological variability and to visualize the relationships among genotypes.
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Results and Discussion

Analysis of vegetative form among the studied genotypes revealed that 88.10% of the genotypes were
herbaceous, while 11.90% exhibited woody structure. Regarding growth habit, 65.87% of genotypes were
decumbent, 22.22% were erect or ascending, and 11.90% were like procumbent or prostrate. The Minoo
Island accession was distinct in both vegetative form (woody) and growth habit (similar to procumbent or
prostrate plants), setting it apart from the other accessions. Considerable variation was observed in several
qualitative traits, including leaflet size (three leaflets per leaf, same or different sizes), leaflet apex, leaflet
shape, and corolla color within the accessions, demonstrating high variation even on a single plant.
Conversely, certain traits, such as stem color and cross-sectional shape, exhibited no variation. Analysis of
variance (ANOVA) indicated that the three of the four quantitative traits were statistically significant at the
5% level. Duncan's multiple range test effectively distinguished homogeneous groups and identified
similarities and differences among accessions. Cluster analysis grouped the accessions based on
morphological traits, with Minoo Island forming a distinct cluster due to its unique vegetative form and
growth habit. These results were further supported by principal component analysis (PCA), which helped
visualize trait contributions and genotype relationships. Discriminant function analysis confirmed the
accuracy of the cluster groupings. Interestingly, some accessions from geographically distant locations
clustered together, suggesting that similar ecological conditions may influence morphological traits. To
isolate genetic variation from environmental effects, future evaluations should be conducted under uniform
cultivation conditions.

Conclusion

The observed morphological diversity among bird’s-foot trefoil accessions highlights the species’
adaptability to varying environmental conditions. This variability is particularly valuable for conservation
and breeding programs. The unique characteristics of the Minoo Island accession, especially its vegetative
form and growth habit, make it a promising candidate for targeted germplasm conservation and further
agronomic evaluation.

Keywords: Cluster analysis, Morphological markers, Principal components analysis,
Quantitative and qualitative traits
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Figure 1. Lotus corniculatus L., and its parts;
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Table 1- Geographical locations of the studied accessions

Accession Accession code  Genotype number Latitude (N)  Longitude (E)
6 31°21'14.6"  48°44'03.7"
6 31°20'06.0"  48°37'50.8"
Ahvaz A 5 31°18'15.3"  48°39'26.9"
10 31°16'44.6"  48°36'32.3"
Sheyban S 8 31°2329.5"  48°47'14.9"
. 6 31°34'03.1"  48°52'58.6"
Mollasani M 9 31°35'59.9"  48°53'32.3"
. 10 31°28'38.5"  48°26'23.4"
Hamidiych H 9 31°28'37.4"  48°26'52.3"
Susangerd S 10 31°32'46.9"  48°11'57.4"
10 31°3246.2"  48°11'58.7"
Karun < 10 31°13'13.4"  48°38'49.9"
4 31°13'37.6"  48°39'09.7"
Minoo Island Mi 15 30°20'18.9"  48°12'07.9"
Hendijan Hen 3 30°13'392"  49°43'35.8"
Shavoor Sh 5 32°03'12.1"  48°18'03.7"
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Table 2. Investigated quantitative and qualitative traits in accessions of bird’s-foot trefoil

Character Character states (Codes) Observations from this study

Whole plant

Growth habit” 1. Decumbent 2. Ascending or erect 3. Other Decumbent, ascending, or erect, and like procumbent or prostrate
Plant height” 1. More than mean 2. Less than mean 8-35 cm

Vegetative form” 1. Herbaceous 2. Woody Herbaceous, woody

Leaflets

Size (on one leaf) 1. The same size 2. Different size Usually, the different sizes

Shape 1. Oblanceolate, lanceolate, obovate to ovate 2. Other Oblanceolate, lanceolate, obovate to ovate
Indumentum 1. Glabrous 2. Hairy 3. Bristled 4. Ciliated Glabrous (with dispersed hairs)

Central leaflet length” 1. More than mean 2. Less than mean 5-17 mm

Central leaflet width” 1. More than mean 2. Less than mean 2-6 mm

Thickness 1. Thin 2. Fleshy Thin

Apex 1. Acute-acuminate-obtuse 2. Other Acute-acuminate-obtuse

Stem

Firmness 1. Solid, Hollow 3. Other Solid in apex and hollow in the base of a stem
The cross-sectional shape 1. Round 2. Quadrangular Round

Color 1. Green 2. Other Green

Indumentum 1. Glabrous 2. Medium 3. Dense Glabrous

Flower

Corolla color 1. Yellow-orange-red spectrum 2. Other Yellow, orange, and red spectrum

Calyx teeth/calyx tube length 1. Less than 1.5 mm 2. More than 1.5 mm 0.71-1.31 mm* (Less than 1.5 mm), calyx teeth +as long as calyx tube
Calyx teeth shape 1. Awl shaped 2. Lanceolate 3. Triangular Lanceolate

Calyx indumentum 1. Glabrous 2. Ciliate 3. Hairy Glabrous (with dispersed hairy teeth)

* . . .
Traits used in grouping
¥Measurements have been made in 7 accessions out of the 9 accessions
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Figure 3. Some morphological traits of bird’s-foot trefoil; growth habit A) erect or ascending, B)
decumbent; C) leaflets indumentum; D) stem indumentum and color; E) shape of calyx teeth and
its indumentum; F) size, shape, and apex variations in some leaflets; G) solid stem in base and H)
hollow stem in apex in a plant; I) corolla color variations

Table 3. The descriptive statistics results of quantitative traits

Traits Minimum  Maximum Mean Std deviation
Plant height (cm) 8 35 16.44 4.01
Central leaflet length (mm) 5 17 11.13 2.88
Central leaflet width (mm) 2 6 3.70 0.83
*Calyx teeth/tube length (mm) 0.71 1.31 0.95 0.18

*Measurements have been made in 7 accessions out of the 9 accessions.
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Figure 4. Comparison of A) central leaflet length (mm), B) central leaflet width (mm), and C) plant
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height (cm) among accessions (The error bars correspond to the standard error)

Table 4. ANOVA analysis of variance results

Traits Source df SS MS F P CV%
Between groups 8 547.53 68.44 545 0.000

Plant height (cm) Within groups 117  1468.54 12.55 19.64
Total 125  2016.07
Between groups 8 209.37  26.17 3.70 0.001

Central leaflet length (mm) Within groups 117 828.59 7.08 23.13
Total 125  1037.97
Between groups 8 14.47 1.81 297 0.005

Central leaflet width (mm) Within groups 117 71.24 0.61 18.19

Total 125 85.71

Table 5. Post hoc test of Dunkan’s test result in bird’s-foot trefoil

Plant height Central leaflet length Central leaflet width

Accessions (cm) (mm) (mm)
Ahvaz 17.50P 11.81B¢ 3.73B
Sheyban 14.0048 9.5048 3.6348
Mollasani 15.318¢ 11.0748 3.6748
Hamidiyeh 17.29¢P 11.538¢ 3.718
Susangerd 12.894 9.254 3.204
Karun 18.50P 12.50P 4.38C
Minoo Island 18.20P 12.40P 4.13¢
Hendijan 17.67P 12.00¢P 3.858C
Shavoor 12.00~ 8.004 3.154

The same letters indicate homogeneous groupings for each trait
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Figure 5. Cluster analysis of 126 genotypes based on morphological traits using Ward method
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Table 6. Results of discrimination function analysis for
grouping 9 accessions

Predicted groups

Main groups A B Percent
Group A 111 108 973
Group B 15 15 100
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Figure 6. Principal components analysis of the studied accessions

Table 7. Eigenvalue, variance, and cumulative variance percentage for
main factors of bird’s-foot trefoil morphological traits

Factor Eigenvalue  Variance % Cumulative variance %

1 1.85 36.92 36.92

2 1.42 28.44 65.36

3 0.98 19.60 84.96

4 0.60 11.91 96.87

5 0.16 3.13 100.00
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