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ABSTRACT

Introduction: Bread wheat (Triticum aestivum L.) is one of the world's key cereal crops, playing a fundamental role in ensuring food
security. In this context, achieving sustainable yield increases, especially in rainfed and stressed environments, is a primary objective of
wheat breeding programs. Assessing genetic diversity and selecting superior lines based on yield-related traits are essential first steps in
developing high-yielding and adapted cultivars.

Materials and methods: In this study, 50 lines derived from a cross between MX120-21 and MTESTIGOSBW were evaluated. The
experiment was conducted using an alpha-lattice design over two growing seasons (2021-2022 and 2022-2023) at the Baie'kola Agricultural
Research Station in Neka, under rainfed conditions. Traits measured included days to heading, plant height, days to physiological maturity,
thousand-kernel weight, and grain yield. The combined analysis of the data showed significant effects of year and the line x year interaction
for all traits. The line effect was significant for plant height and thousand-grain weight, but was not significant for days to heading, days to
maturity, and grain yield. Data were analyzed using analysis of variance, Pearson correlation, radar and heatmap charts, cluster analysis,
genotype-by-trait (GT) biplot, and the mixed linear model based on the REML/BLUP method.

Results: The results indicated significant differences among the lines for grain yield and other morphological traits, confirming substantial
genetic diversity within the studied population. Analysis of trait relationships revealed the existence of compensatory mechanisms among
yield components and the prominent influence of phenological traits on yield variability under rainfed conditions. The application of the
REML/BLUP method demonstrated the predominant share of genetic variance in controlling grain yield and the high accuracy in estimating
true genotypic values. This enabled the identification of lines with superior genetic potential. Overall, the findings of this research indicate
that integrating multi-trait graphical methods with advanced statistical models provides an effective framework for selecting superior
genotypes and enhancing yield stability of wheat under rainfed conditions.

Conclusion: Based on the findings, the integration of graphical methods and advanced statistical models was identified as an effective
strategy for selecting superior genotypes and improving yield stability of wheat under rainfed conditions.
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Table 1- Meteorological data for Neka County, 2021-2022 cropping year
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Table 2- Meteorological data for Neka County, 2022-2023 cropping year
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Table 3- Some physical and chemical properties of the soil at the experimental site in Bayekola

Agricultural Research Station
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Table 4- Combined analysis of variance of traits obtained from an alpha lattice design for bread

wheat lines.
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Line - -
oY 49 15.28"s 115.12 37.40"s 38.55 877560"
Year x Line - - - - -
) 49 9.64 50.06 28.06 9.30 755216
Error
s 90 1.38 2.21 2.48 1.59 59681
C.V%
- 1.24 1.47 1.19 2.83 9.10

AR JOUES OV

ns **.
’

a0, S Jlais ] mhaw jo ls e gl S ué o Sy
: non-significant and significant at the 1% probability level, respectively

#x NS
9
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e abayly el aaS le | asls sl relS anslys
9 Soideid - Sy Casgase I AL wlgs e
sl (Source=Sink limitation) 35 = auce oo,
Ble b gruwsd Codgaze balil o a5 sba
Slge 5l ails yo ppw als olaws iuliél e
039 I3 Ll oSl 5 eo e 205 1, (s5itg
Gl Slaws S ol 4 ,0l8 y?"-‘“ &ls

(Fischer, 2011; Aisawi et al., 2015)

Sladigs a5 g Oyl 10y (Fwnod & 3
Slao (Ko coyd e @l elul
TKW) als e 359 L als o Shee (Y &)
ahl, S oszy Sy a5 ol ol hte (Siean
olai L (Compensatory relationship)  Jl,.>
2 aS Sl el 5 Slee gly>! o (Trade-off)
Slafer et al., ) cool ool st 954 b puS
o e olad (2014, Wirschum et al., 2018
GaS ails olasd 5 Ylazst YL wls o3 b sloy

als 59 GRIP g wledgy Jloye gl wxly o
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Table 5 - Comparison of mean traits evaluated in bread wheat lines using Duncan test

DHE DHE
Line 5 i) PLH DMA TKW GY Line 5 ) PLH DMA TKW GY
o odlis Sy )| G 59, alojla oj wlo 3 Shee o il Gy gl G 59, als jle o590 als o Shee
’ i cm) (39,) (&5 S @n (kg/ha) : ' (cm) (59) (5 ) @n (kg/ha)
Gs)) Ga))
1 94,5 cde 93,5 o 131.75 df 40.45 s 3275 ac 26 90.5 i 105.0 o 1350 49.25 ® 13125°
2 94,0 cde 105.25 ¢fo 130.75 ©ff 38.025V 1566.25 ' 27 91.01 97.5m 132.5 bed 47.3 bed 3070 bed
3 95,75 bed 109.25 be 131.25%f  43325Km 30437 bed 28 92.5 hi 97.5m 134.0 3¢ 39.6 s 2427.5 mno
4 95,0 cde 102.0 M 129.5 i 41.15 por 2820 fon 29 93.5 ¢fg 92.5°P 134.0 3¢ 47525 ac 2710 ik
5 93.75 f9 106.25 df 130.0 ohi 384V 2855 €1y 30 95,0 cde 97.5m 134.0 @ 38.55 w 2217 o
6 95,75 bed 96.0 M 131.0 €9 43.2 Kim 2737.5 fon 31 95,0 cde 95,0 o 1350 44,55 hii 2495 Imn
7 93.25 foh 101.5 " 132.5 bed 44,575 N 2767.5 foh 32 94.0 cde 95.0 no 135.0 % 43.275 Kim 2930 def
8 94.25 cde 109.5 be 129.5 i 46.05 ©f9 3066.6 bed 33 945 cde 100.0 @ 12751 41.55 nop 2040 P
9 99,52 100.5 iik 136.0 42.325 0 3958 75 abe 34 92.5 hi 100.0 12751 42 45 Imn 2503.8 Imn
10 93.75 f9 101.5 " 133.0 bed 41.125 Par 27775 foh 35 93.5 ¢fy 100.0 116.51 42.75 Kim 2870 ©f
11 9475 cde 94,75 nop 135.0 % 48.175 @ 2907.8 ¢f 36 95,5 bed 97.5m 131.0 €fo 49.0 @ 3055 bed
12 95,25 cde 98.75 i 132.5 bed 46.475 df 1920.3 P 37 945 cde 875" 135.0 % 47.525 ac 2887.5 ©f0
13 97.0° 105.5 ¢f9 131.5 def 47.1 cde 2901.3 ¢f 38 945 cde 90.0 ¢ 135.0 % 43.35 Kim 2740 fon
14 93.75 ¢fo 101.25 i 129.5 i 48.075 ac 2712.5 ohi 39 97.0° 102.5 " 132.5 bed 39.4 w 2775 fon
15 88.0' 108.25 ¢ 131.75 df 485 ac 2790 fon 40 93.0 0" 102.5 i 131.5 df 42 .45 Imn 1800 o
16 94,5 cde 111.25° 135.0 % 49,5754 27425 foh 41 92.5 hi 102.5 i 130.5 fon 41.25 P4 2867.5 ©f0
17 94, cde 101.5 " 136.0 2 46.075 9 2785 fon 42 92.5 hi 105.0 ¢ 133.5 bed 43,0 Kim 2707.5 Ni
18 89.25 98.5 K 130.25 ¢ 49552 14438 43 945 cde 97.5m 132.0 df 43.8 1 3185 bed
19 93.75 ¢fo 94.5 nop 131.5 def 45.725 dhi 2672.5 ik 44 95,5 bed 107.5 cde 133.5 bed 46.475 def 3002.5 bed
20 93.5 ¢f 103.5 9" 131.75 df 43.65 2982.5 cde 45 95,0 cde 100.0 ik 134.0 @ 43.65 K 2869.8 ©f0
21 94, cde 100.0 131.0 €0 43.975 ik 3534.5¢ 46 93.5 ¢fy 102.5 i 131.0 € 47.05 cde 2907.5 ©f0
22 94.75 cde 100.0 132.0 df 45.7 i 2626 i 47 97.0°P 102.5 i 133.5 bed 47.05 cde 24225 M
23 95.25 cde 101.0 N 133.0 bed 40.375 't 2697.8 iik 48 92.5 hi 97.5m 133.5 bed 46.3 ©fy 2005 P
24 93.0 9" 94.75 nop 134.0 3¢ 45975 fh  3340.78 49 97.0° 115.0 2 133.5 bed 44,7 N 2535 kim
25 95,75 bed 105.25 ¢fo 135.0 % 46.2 °f9 2995 cde 50 96.0 b° 102.5 " 134.5 ac 44,7 i 2637.5 1
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30 A5 aed oo olid Coxsg (pl ol cdalie dils e
Gl e ig ey 990 slagnY dcgere
Slyxs g alilad o, Slee 0l o lodisS s
ohg o Shee izl plo b cov i o Slee
aS ol ool plas gwypm SO G0 ol 8 il slaws
Slrz bl S pasS )3 als slaws g &l G55 o
L UL wls o3s Gldl s o)ls 325 (Trade-off)
aod a5 GligS A el ol jen aily slaws rals
dboo Sb o aie b s ails o Slae L wls (5
WS o ool Weazsly, ol .(Xie and Sparkes, 2021)
S e b &8, Wlgee als e 59 oS
Ohles 5 ols ragh gubs sl asls (S5 o Slee
5 s 5l (g ke a5 Sl oLis (Tillett et al., 2022)
el slizl 5l it als (35 2 Fhe Slapuilse
Jdo e 4 g WS (e Joe 0 Sdes 0aliS (s
wls 5 Shae il & yie lagsl ails Jlim 59 G138
(Vicentin et al., 2024) |, Ken 5 iy Dgdb so3
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G5, olaw Jols S5eed Slaw L als o Shae
OMA) Sojglgid Soww, 3 (DHE) asalin
Fe $xSoyp )l S oS ol plas Sute (Saen
e Lulps 5l 5 Vb L wsy 0y90 L (slacny
ol oad U ol b el Sas oole pazs el
0)99 oMb F Yok wad oo plis g 09 Lawsie Ly,
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5 sy Jolpe (Foles Kby DMA 5 DHE (o
ladss 4y o (V JS8) Ol loly loges slaaidly
opiodiz mhw 0 ) (Saaes slagsdl (V1 S2)
s Sl 59 lagas Yo o Shos b slagn¥ i3, ub
039 boslagny Sl je il ol b gt
g Wl olas S o Skes W YL ails e
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! Bl 5o ails 59 9 0 0599 Jobo leren (38l
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(al., 2015
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(Alshaharni et al., 2025) wols ;lis 045 5| Jae
Gy ol b paS o ails o Slas cggezms jo
Lils g Sgded Slio o Slee izl o
el glma ab e 5wl e
e Jgazon sy GinS @lp Slaebl LB
oo abaly fhass o Sles Gl e aee Jo5
GlS Jalge (o (oyo95 g calls 0 g olass
osle sarass oIS aie YU o Slee 4 Sl
Coedl Byo glug, A, 4 Cows ally 4 S5
Sl sl alis wiilgs e il ) SIS (6 i
L Byl dnnss cqr (Pl sloo pal,) (b 5 il
sl Jad sl sl b5k 5 el o Shee

(Reynolds et al., 2015)

obias ails o Slee 5l Jas L) ails o 59 oY

el o0ls
2 Gl 4kl e i g Ward g 4 gladiss 4520
Ly i 0590 slagny oV D) (ol Slao ol
Sl a5 (F US2) 0,5 ol Tz 095 Jlez 50
Sysba e wle et Sglite glas el
5 oml U hagie alls (455 9 Vb 0 Shes b slagnY
9 ) YN GlagnY alexr 5D g0, Sles i loeg S
9 YL b (55 b sbanY S Jlo o s 15 (A
SIS opl - adsls LSS Trzme sladss by 0 Sles
A ey ple d9zge (k) el eaimaplad
Pl @l b basl ol cwl adlas sy clio
wlie glasllas )5 a5 (g b ©0)l> Slsan o jings
SSE a4 e )bl slaay, cwen 5l el
lagsll Sle a5 23,5 09,5 aw & paiS slacads
(El-Esawi et al., 2023) 55 o5 Slaw 3l coie

LB olpen 4 laded wim o e agh
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Correlation Heat map
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Figure 1. Heatmap of correlation coefficients among the measured traits in bread wheat lines.
DHE: Days to heading, PLH: Plant height, DMA: Days to Maturity, TKW: Thousand kernel
weight, GY: Grian yield
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Figure 2. Radar Chart among the measured traits in bread wheat lines.
DHE: Days to heading, PLH: Plant height, DMA: Days to Maturity, TKW: Thousand kernel
weight, GY: Grian yield
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Cluster Heatmap of Genotypes (Ward Method)
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Figure 3. Heatmap with cluster analysis showing the interrelationships among bread wheat lines
based on grain yield and agrophenological traits, as well as the relationships among the traits.
DHE: Days to heading, PLH: Plant height, DMA: Days to Maturity, TKW: Thousand kernel

weight, GY: Grian yield
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Elbow Method for Determining Optimal Clusters
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Figure 4. Chart for determining the number of groups of bread wheat lines using the Elbow

method.
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Polygon View of Genotype—Trait Biplot

Based on Grain Yield and Agro-phenological Traits
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Figure 5. Polygon view of the genotype—trait biplot for 50 bread wheat lines based on grain yield

and agro-phenological traits under rainfed conditions

DHE: Days to heading, PLH: Plant height, DMA: Days to Maturity, TKW: Thousand kernel
weight, GY: Grian yield
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(Bishwas et al., 2021)

Genotype—Trait Biplot

50 Bread Wheat Lines Under Rainfed Conditions
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Figure 6. Genotype—trait biplot illustrating the relationships among the measured traits in 50

bread wheat lines under rainfed conditions

DHE: Days to heading, PLH: Plant height, DMA: Days to Maturity, TKW: Thousand kernel

weight, GY: Grian yield
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Table 6- Genetic selection indices using best linear unbiased prediction (BLUP) analysis

Index

Interpretation

BLUP variation range

BLUP &l asels

BLUP average
BLUP .Sl
BLUP standard deviation
BLUP Lxe Gl >l
Genetic variation coefficient

S Sleds

High genetic diversity
b (S5 95
zero (logical)

High dispersion
YL Sasly,
High

Y

Pl Fmotn S8 wes FA s slacs )

Ipekesen ) ws 3,5 REML/BLUP o b S

2Ulss o BLUP 35, &0 JLulul (& Bicer, 2025
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Table 7- Genetic values using best linear unbiased prediction (BLUP) analysis

BLUP BLUP
Rank Line Genotype  Average Yield Rank Line Genotype  Average Yield
e value deviation  group Oirde value deviation  group
SHSR Wi bl egS SEE L he el e
<o,lb co,lb
& oY 0 =] Silee &9,5kes 4, oY '") PS5 OeSiles 63, Skes
b b
1 21  569.39  3253.43 569.39+ Elit 26 39 60.91+  2744.95 60.91 Average

2 24 439.68 3123.72 439.68+ Elit 27 7 55.88+ 2739.92 55.88 Average
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