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Abstract

Introduction: Millet species are among the earliest plants to be domesticated and have historically
served as staple foods in Central and Western Asia (particularly in China, India, and Russia), Europe,
and parts of Africa. Millets belong to the tribe Paniceae within the grass family (Poaceae). Finger
millet (Eleusine coracana L.) is one of the economically important species. This species belongs to
the tribe Chlorideae and is cultivated mainly in parts of India and Africa, where it is used both as grain
and fodder. Compared to other millet species, finger millet requires moderate climatic conditions and
adequate rainfall. The tribe Paniceae, on the other hand, is considered one of the largest tribes in the
Poaceae family, comprising 71 genera and approximately 1400 species distributed mainly in tropical
and temperate regions. Panicum is one of the largest genera, including about 400 species that are
mostly distributed in subtropical and temperate zones. Most recent studies have focused on
understanding the correlations between grain yield and its contributing components to determine
which traits should be prioritized when selecting superior cultivars. Therefore, this study was
conducted in Birjand to develop a preliminary strategy for identifying high-performing cultivars.

Materials and Methods: In this experiment, various morphological, phenological, and quantitative
traits were measured, including plant height, stem diameter, number of leaves, number of tillers,
number of fertile tillers, 1000-seed weight, leaf-to-stem ratio, fresh and dry weight of stems and leaves,
fresh and dry forage yield, grain yield, reaction to rust disease, and days to flowering. To assess
resistance to rust disease, a scale from 1 to 5 was used, where 1 indicated susceptibility and 5 indicated
high tolerance to the disease. For determining grain yield, panicles from the two middle rows were
harvested after removing 0.5 meters from each end of the plot at physiological maturity. After
threshing and cleaning, the grain yield was calculated. After collecting the data, statistical analysis
was performed using the MSTAT-C software. To compare the means, Duncan's multiple range test
was employed at the 5% probability level. Simple correlation coefficients between traits were
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calculated based on the results of the first and second years using SPSS software. Environmental and
genetic variance components were also estimated based on the expected mean squares. Principal
component analysis was conducted using SPSS software to reduce data dimensionality and interpret
the existing variation among genotypes.

Results and Discussion: The results of the combined analysis of variance over three experimental
years showed that all studied cultivars significantly differed (p < 0.01) for all measured traits,
indicating substantial genetic variability among them. The genotype x year interaction was statistically
significant (p < 0.01) for grain yield and dry forage yield, and significant at the 5% level for fresh
forage yield, while no significant interaction was observed for other traits. Mean comparisons using
Duncan’s multiple range test revealed that cultivars KCM19, KCM6, KCMS5, and KCM1 produced
the highest number of tillers, whereas KCM8 had the lowest. In terms of fertile tiller count, KCM2
and KCM5 had the highest, while KCM14 had the lowest. Regarding leaf number, KCM1, KCMS5,
and KCM6 had the highest values, while KCM8 and KCM20 had the lowest. For plant height, KCM3,
KCM6, and KCM10 showed the maximum heights with averages of 87.4, 87.2, and 88.9 cm
respectively, while KCM12 had the minimum height at 61.9 cm. In terms of stem diameter, KCM2
had the maximum value (4.5 mm), while KCM1 had the smallest (3.2 mm).

Conclusion: Combined ANOVA of morphological and quantitative traits indicated significant
differences among cultivars in terms of yield performance. Among the tested cultivars, KCM1,
KCM8, KCM14, KCM18 were identified as the most promising. Correlation analysis between grain
yield and other traits showed that dry forage yield (r = 0.59™), number of leaves (r = 0.32"), plant
height (r = 0.65™), panicle length (r = 0.51™), and number of tillers (r = 0.34™) had positive and
significant correlations with grain yield. Genetic variation coefficients were higher for fresh and dry
forage yield and leaf number compared to other traits, indicating considerable diversity among the
studied lines. Given the genetic diversity among genotypes, principal component analysis (PCA) was
carried out to determine the role and contribution of each trait. PCA explained the existing variability
through five main components. Based on the eigenvalues and eigenvectors within each component,
these findings can be effectively utilized in breeding programs to exploit trait relationships and
improve selection efficiency.
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Table 2- Mean comparison of studied traits among different genotypes of Common Millet in Birjand
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Table 3- Mean comparison of genotype and year Interaction for yield among different genotypes of Common Millet in Birjand

&l 3 Slos Sins adgle s Sloc  ddgle 8 Slac
Lt Grain yield (t ha) Dry forage yield (t ha'®) Wet forage yield (t ha™)
Genotype Jol Jl pedJlw  pewJlo Jol Jle P Jlw e Jlw  JolJlw  pgd Jle pew Jle
Firstyear 2" year 39year  Firstyear 2" year 39year  Firstyear 2" year 3" year

KCM1 3.57 b-d 2.6 h-p 3.1ck 3.7 a-f 3.6af 3.7 a-f 164 a 134a 149a
KCM2 3.39b-g 28fp 3.1ck 2.8 b-f 42 a-e 35af 112a 148a 129a
KCM3 2.75fp 24Kk-q 26i-q 3a-f 4.4 a-c 3.7 a-f 12.1a 114a 118a
KCM4 26i-p 25jq 25iq 3.2af 3.7 af 3.4 af 123a 116a 119a
KCM5 3.1lcl 2.7fp 29d-n 4 a-f 3.8 af 3.9a-f 18a 11la 145a
KCM6 3.03d-m 2.2n-s 26i-p 4.1a-e 35af 3.8a-f 17.1a 105a 13.8a
KCM7 3.6 b-d 2.7fp 3.1lc 42 a-e 3.4 a-f 3.8a-f 16.7 a 10a 134a
KCM8 39ab 29d-m 3.4 b-f 3af 49a 4 a-f 131a 145a 138a
KCM9 28e-p 199-t 231q 2.6 b-f 4.3a-d 3.5a-f 118a 12.4a 12.1a
KCM10 2.8d-0 2.7fp 2.7 fp 2.4 c-f 3.7 af 3a-f 94a 10.7 a 10a
KCM11 3.3 b-i 1.90-t 2.6i-q 3af 2f 2.5b-f 126a 55a 9a
KCM12 3.4b-h 24j-q 2.9d-n 3.4 a-f 4.5 ab 39a-f 136a 115a 126a
KCM13 0.84u 0.7u 0.8u 22¢f 2.3 def 2.2 ¢ef 72a 53a 6.3a
KCM14 43a 3.3b-i 3.8a-c 3af 4.3 ad 3.6 a-f 119a 12.3a 121a
KCM15 3.4 b-f 2.1p-s 2.7 fp 3.4 a-f 3.7 af 3.5a-f 139a 109a 124a
KCM16 3.5b-e 2.7fp 3.1lck 3.8af 3.7 af 3.7 a-f 15.7a 109a 13.3a
KCM17 1.6r-t 1.4 tu 1.5st 3a-f 3a-f 3a-f 12a 76a 9.8a
KCM18 26i-p 2.7fp 2.6 h-p 35af 45ab 4 a-f 139a 146a 14.3a
KCM19 2.4 j-q 2.10-s 231q 3af 3.7a-f 33af 12.2a 10.7 a 115a
KCM20 2.6 h-p 25]-q 2.6 h-p 34af 4.4 abc 39af 131a 118a 125a

ol Hlo goe Dglis pas poghe 4 gt yo 50 alive By >
Means followed by the same letter(s) within each column are not significantly different
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Table 4- Simple Correlation Coeficients of agronomic traits in Common millet genotypes
Traits o | 2 3 4 5 6 7 8 9 10 1 12 13
adgle o Slac-)
. 1
Sis ie=Y
e 055% 1
Sy
s 062 08" 1
adlo
als o ,Slos-¥
0.59™ 0.65™ 0.7 1
Grain vield
Sy olass -0
0.32 0.33" 0.36™ 0.32" 1
Leaf number
Sp s o
) 001 043 017 014 012 1
alw 4
aL:f eLé.‘;)l—V - - - -, -
] 0.48 0.57 0.65 0.65 0.56 0.02 1
Plant heiaht
5L -A
ISt i 0.22 0.36™ 037" 051" 0.14 0.03 0.54™ 1
Panicle lenath
Colts -1
i -0.16 -0.02 0.03 0.04 0.44™ 0.01 0377 -.03 1
aslo
]A . _\ . - -
i 008  -006 007 021 -0.08 008 025 1
ails 0.18 0.18
A oo -V ) -
o 0.15 0.2 0.22 0.34™ 0.18 0.34™  0.397 -0.03 1
Tiller number 0.06 0.18
5 ,Shes -VY - -
. 0.94™ 0.62™ 058 0.27* -0.03 0.49™ 0277 0.1 0.52™ 1
3 abgle 0.06 0.11
39, Slass VY - - - - - - 1
_ 0.43 0.52 0.52 0.23 0.06 0.07 0.58 0.43 0.18 -0.23 0.13 0.54
Y

ROW A RPN PCES R PSPPI+ I VPIVE P VRO S IR

*, and ™ indicate non-significant and significant at 5% and 1% probability levels, respectively
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Table 5- Estimation of Variance Components, Coefficients of Variation, and Heritability in Common Millet Genotypes in Birjand

olsle sl 8yel 2 (CV) g5 ups &5 bl
Slio Estimation of variance components Coefficient of Variation oses
Traits o9 S e R T General
Phenotypical Genetical Environmental Genetical Phenotypical heritability
LU TS 50.97 45.5 55 0.152 0.161 0.89
Days to flowering
o9 0.149 0.03 0.119 0.04 0.09 0.2
lodging
Aty olass 11.13 5.23 5.9 0.26 0.37 0.47
Tiller number
o9k azy sl 0.897 0.752 0.145 0.14 0.15 0.84
Fertile
Tiller number
Sy olas 12.7 4.8 7.9 0.27 0.43 0.38
Leaf number
oS elas)| 195.8 1325 63.3 0.148 0.18 0.68
Plant height
als 2 0 0.53 0.39 0.14 0.113 0.132 0.73
1000-
Kernel weiaht
7 adgle s Slee 28.5 20 8.5 0.31 0.37 0.7
Wet forage vield
Seas adgle 5 Slos 251 1.69 0.81 0.249 0.3 0.68
Dry forage vield
als 5 ,Sles 0.523 0.223 0.3 0.166 0.25 0.43
Grain yield

SISl o digr jo am slaws a5 sl lis (B0 pol ados

b 39y 55 0 adar g alls o Slas (g9 (sopinme § Cuio
(Sen and Hamid, 1986) s oL5" glas )| 5 20l
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Table 6 - Eigenvalues, Relative Variances, and Cumulative Proportions of Principal Components Resulting from Principal
Component Analysis for the Studied Traits in Common Millet Genotypes

wlis Jol addge pgo 4ilgo pow adlgo Pl 4dlge 7y adlgo
Traits First Component  2nd Component  3rd Component 4th Component  5th Component
ol gl 0.680 -0.10115 0.07453 0.40076 0.093
Plant height
S ol 0.06565 0.29352 -0.47487 0.47057 0.030
Leaf number
Ay ol 0.15120 0.15259 -0.39357 -0.13681 0.978
Tiller number
JsSsly Jsbo 0.30503 0.21658 0.11862 0.70632 -0.027
Panicle lengh
als e 59 0.47851 -0.24438 0.58773 -0.05924 -0.224
1000- Kernel weight
5 asle o Sloe 0.82143 0.22114 -0.22055 -0.25062 0.25
Wet forage yield
S adgle s Shoe 0.53630 0.46091 -0.51034 -0.27244 0.089
Dry forage yield
als o ,Slos 0.68526 -0.17667 0.19460 -0.19860 0.050
Grain yield
pzn S p ool 0.65998 -0.29829 0.09665 0.02594 0.116
Flag leaf area
S 5, -0.00767 0.68718 0.51697 -0.12648 0.064
Days to flowering
JsSly 5l U 59, slass -0.03749 0.75567 0.41932 -0.00477 -0.072
Days to panicle emergence
oSy lade 2.680 1.65 1.54 1.096 0.943
Eigenvalue
odl axrgi i)y 0.24 0.15 0.14 0.10 0.09
Explained variance
5 bl 0.24 0.39 0.53 0.63 0.72

Cumulative variance
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