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Abstract: Research was conducted at three locations during the Rabi seasons of 2022-2023 and 2023—
2024 with objective to find out the effects of General Combining Ability (GCA), Specific Combining
Ability (SCA), and heterotic response on various yield and yield component traits in wheat. In Phase
I, forty-five (45) hybrids were generated by the cross of fifteen lines with three testers. Phase II,
Randomized Complete Block Design was used with three replications, data were analyzed. Best lines
for GCA were DH-3086, PBW-757 and tester PBW ZN1. Thus, GCA results can be used to improve
yield; parent selection, and broad adaptability. High estimates of SCA found in genotypes PBW-677
X PBW-343, PBW-822 X PBW ZN1 and DH-3086 X PBW-343. This indicates SCA results can be used
for identification of best crosses. Heterosis over better parent and standard varieties were identified
(best genotypes were PBW-822 X PBW ZN1 and DH-3086 X PBW ZN1) can be used exploitation of
heterosis for wheat improvement. Thus, research provide valuable insights into inheritance patterns
for yield-related traits that underpin the development of advanced breeding techniques, including
hybrid breeding and selection of superior parent that aimed at improvement of wheat production to
ensure resilience against environmental stresses.

Keywords: Combining ability; Heterotic response; wheat; yield and yield component

1.0. Introduction

Wheat (Triticum aestivum L.), a member of the Poaceae family, is an allohexaploid species with
21 chromosome pairs arranged into three sub-genomes; A, B, and D. It has a BBAADD genome
composition and a chromosome number of 2n = 6x = 42 [1]. It was developed through natural
hybridization between Emmer wheat (AABB) (Triticum dicoccon), also known as "farro," and Goat
grass (DD) (Aegilops tauschii), and commonly referred to as hard grass [2]. Wheat is a self-pollinating
plant with spike type of inflorescences that contains three anthers connected to the base by slender
filaments, enclosed within bract-like structures called the lemma and palea that enclosed its fruit
called caryopsis [3].

Productivity of Wheat in India and Nigeria

The data (2021-22) from the Farmers Welfare unit, Ministry of Agriculture and, of Indian
Government and Federal Ministry of Agriculture and Rural Development (FMARD) of Nigeria,
reveals a significant difference in wheat productivity per hectare between India's and Nigeria's top
wheat-producing states. In India, states like Punjab and Haryana achieve much higher productivity,
with yields ranging from 4.8-5.2 tons/ha and 4.5-4.9 tons/ha, respectively. Other Indian states, like
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Western Uttar Pradesh and Gujarat, also produce more than 3 tons/ha. In contrast, Nigeria’'s leading
wheat-producing states, such as Borno and Kano, have considerably lower productivity, with yields
ranging from 1.5-2.0 tons/ha. The lowest yields in India, like in Jharkhand (1.5-1.8 tons/ha), are
comparable to some of the highest yields in Nigeria [4]. Thus, India's wheat productivity per hectare
is significantly higher than Nigeria's across most states, indicating more advanced agricultural
practices for wheat cultivation in India (Table 1).

1.2. Concept of Genetic Variance

The line in to tester is a powerful mating design to find the best combiner to be used for further
crop improvement. Thus, study of gene action that controls the expression of different characters
could aid selection of good parents. When a genotype exhibits high mean yield and little variability
over a range of environmental conditions, it is said to be stable genotype [5]. Choice of consistent
genotypes that are suited for wider environmental conditions required sufficient knowledge of
component of genetic variance [6, 9 and 7], reported that, knowledge on correlation between yields
and yield influencers aids the selection of desirable/superior parents and best cross combinations for
the commercial exploitation of high yielding parent in conventional breeding programme. Therefore,
understanding that relationship between the two is essential for yield improvement in wheat.
According to [8] stated that” degree of genetic determination (DGD) which considered as ratio of
genetic variance over phenotypic variance, this can be used to estimate potentially high yielding
population in relation with yield influencing traits is useful for any successful breeding programme.
Thus, breeder must understand some behavior on how gene expressed in the inheritance of all traits
under studies. Thus, crop yield is the sum of all individual yield components operating together with
small and cumulative effects to the final yield. Yield is polygenically controlled and breeding for high
yielding genotypes required knowledge of mode of gene expression [9]. The study of heterosis has
become essential, not optional, due to the challenges involved in developing commercial hybrid seeds
in wheat. Exploiting heterosis economically effective in wheat breeding programme [10, 9].

Sprague and Tatum [11] this concept described general and specific combining abilities. GCA
reflects mean yield/performance of a line across different cross combinations, while SCA represents
the deviation from GCA, showing whether the performance exceeds or falls short of expectations. It
was noted that genes with additive effects play more significant role in GCA, whereas SCA is
influenced by dominance genes and epistatic effects (inter-allelic interactions). Combining ability
serves as effective tool for selecting desirable parents capable of producing crosses with high genetic
value. The level of hybrid vigor depends on combining ability of the genotypes used in the
hybridization. Genotype capable of transmitting favorable traits or hybrid vigor to their offspring are
considered to have high combining ability (good combiners). Combining ability helps in identifying
parental lines that contribute favorable traits to their offspring. This allow researcher to choose the
best parental genotype of wheat, leading to development of high-yielding and stress-tolerant
varieties. For developing countries, where resources for extensive breeding programs may be limited,
this approach can be used to maximize the chances of success with fewer inputs [12].

1.3. Constraint and Study’s Outcome

Despite the fast and steady increase in population of India and Nigeria (being ranked as 55t
among wheat producing countries), wheat production currently encounters many constraints that
affect its yield and quality like salinity, heat stress and insufficient breeding information such as
genetic variances, GCA, SCA, adaptability, and exploitation of heterosis. Previous studies used very
limited number of genotypes for their experiments that can lead to inconsistency of research findings
due experimental errors. The present studies used 67 wheat genotypes that are enough to increase
precision and reduces experimental errors. Most of existing studies were conducted either on India
or Nigeria but not both, leaving a serious gap between these two diverse agro ecological zones. Thus
by including Nigerian locations, the present study adds valuable data on how wheat genotypes
perform in African climates, contributing to relatively under-researched region with sufficient
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breeding information such as genetic variances, GCA, SCA, adaptability, and exploitation of heterosis
that will be used for yield optimization and provides breeders greater opportunity for further wheat
improvement. The present investigation also provides valuable insights into inheritance patterns of
yield-related traits that underpin the development of advanced breeding techniques, including
hybrid breeding and selection of superior parent that aimed at improvement of wheat production to
ensure resilience against different environmental stresses that ultimately contributes to sustainable
agricultural practices that aimed at wheat improvement to mitigate food insecurity for the growing
population.

To boost wheat yield, plant breeders have explored commercial hybrid seed production through
genetic/cytoplasmic male sterility, and the use of some chemicals that induce sterility in wheat.
However, due to the polyploidy of wheat and the technical difficulties involved in producing hybrid
seeds on a commercial scale, these efforts have little to no practical significance. Therefore, an
amicable remedies to this scenarios is the exploitation of heterosis and identification of superior
parent, high yield potential crosses and effective selection is quite necessary for wheat improvement
[13]. Heterosis breeding is one of key option for wheat improvement due to challenges associated
with the introduction of large scale hybrid seeds in Wheat production, hybrid breeding is rewarded.
[9]. Reif et al. [14], reported that, heterosis breeding is an eco-friendly and non-transgenic method of
breeding programme.

1.4. Some Limitations of the Study

The limitations of the current study are as follows; it did not incorporate molecular markers or
genomic tools to explore the genetic basis of the observed traits. To address this challenge, future
research could integrate marker-assisted/accelerated selection (MAS) or genome/genomic selection
(GS) to identify or track beneficial alleles associated with high yield and stress tolerance. This strategy
would streamline the breeding process and increase the precision in selecting desirable traits.

2.0. Material and Methods

2.1 Material and Experimental Site

Experimental materials consisted of 67 wheat genotypes, including fifteen lines, three testers,
four checks, and forty-five (45) Fis crosses/hybrids were generated through the hybridization of
fifteen female lines with three male testers to conduct stability analyses for yield and yield
components. The planting material comprised fifteen lines. BHU 25, WB-02, BHU 31, HD 3721, PBW
725, CRD GEHNU1, PBW 550, PBW 677, PBW 822, HD 3117, DBW 173, HD 3086, DBW 222, CSW 18,
and PBW 757. The three testers were PBW ZN1, PBW 343, and HD 3326, with four checks HD 2967,
DBW 187, Norman, and Borlaug-100. Other materials included Breeder's kit. SPAD (Soil Plant
Analysis Development) handheld meter, meter rule, electric balance (Compax-Cx-600), seed counting
machine, digestion apparatus, sodium hydroxide, hydrochloric acid, and more.

Table 1. List of parents and four checks (Sources and Status (released var/advanced line etc.).

Sr. Status (released variety/advanced line
No. Genotype Source of genotypes etc.)

1 BHU25 Banaras Hindu University (BHU) Released Variety

2 WB-02 Private Sector (West Bengal) Released Variety

3 BHU31 Banaras Hindu University (BHU) Released Variety

4 HD 3721 ICAR-ITWBR Released Variety

Punjab Agricultural University
5 PBW 725 (PAU) Released Variety
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ICAR-IIWBR/Collaborator
6 CRD GEHNU1 Institute Released Variety
Punjab Agricultural University
7 PBW 550 (PAU) Released Variety
Punjab Agricultural University
8 PBW 677 (PAU) Released Variety
Punjab Agricultural University
9 PBW 822 (PAU) Released Variety
10 HD 3117 ICAR-IIWBR Released Variety
11 DBW 173 ICAR-ITWBR Released Variety
12 HD 3086 ICAR-IIWBR Released Variety
13 DBW 222 ICAR-ITWBR Released Variety
14 CSW 18 ICAR-ITWBR Released Variety
Punjab Agricultural University
15 PBW 757 (PAU) Released Variety
Punjab Agricultural University
16 PBW ZN1 (testerl) (PAU) Released Variety
Punjab Agricultural University
17 PBW 343 (tester2)  (PAU) Released Variety
18 HD 3326(tester3) ICAR-IIWBR Released Variety
19 HD 2967 (checkl) ICAR-IWBR Released Variety
20 DBW 187 (check2) ICAR-IIWBR Released Variety
21 Norman (check3)  CIMMYT/ICAR Collaborations Released Variety
Borlaug-
22 100(check4) CIMMYT/ICAR Collaborations Released Variety
Table 2. Pedigree of parents and four checks.
S
N Genotype Pedigree of genotypes
1 BHU25 -
T.DICOCCONC19309/AE.SQUARROSA (409)/3/MILAN/S87230// BAV92/4/2*
2 WB-02 MILAN/S8732/ 0//BAV92
3 BHU31 -
4 HD3721 ND/VG 9144//KALYANSONA/BLUEBIRD/3/YACO/4/VEE#5
5 PBW 725 PBW621//GLUPR 0/3* PBW 568/3/ PBW 621
CRD
6 GEHNU1 -
7 PBW550  WH 594/RAJ 3856//W 485
8 PBW677  PFAU/MILAN/5/CHEN/Ae, squarrosa// BCN/32/VEE#7 /BOW/4/PASTOR
9 PBWS822 -
10 HD 3117 HD 2733/ HD 2824 // DW 1278
11 DBW 173 KAUZ/AA//KAUZ/P BW602
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12 HD 3086 DBW14/HD2733//HUW468
KACHU/SAUAL/8/ATTILA*2/PBW65/6/PVN//CAR422/ANA/5/BOW/C ROW//
13 DBW?222  BUC/PVN/3/YR/4/TRAP#1/7/ATTILA/2*PASTOR
14 CSW 18 -
15 PBW 757 PBW550/YR15/6* AVOCET/3/2*PBW550/4/PBW568+YR36/3* PBW550
T. dicoccon C19309/Ae. sauarrosa (409)/3/
16 PBW ZN1 MILAN/S87230//BAV92/4/2*MILAN/S87230/BAV92
17 PBW 343 ND/VG 144//KAL/BB/3/YACO’S’/4/VEE#5’S
18 HD 3326 -
19 HD 2967 ALONDRA/CUCKOO//URES81/HD-2160-M/ HD-2278
20 DBW 187 NAC/THAC//3*PVN/3/MIRLO/BUC/4/2*PASTOR/5/KACHU/6/ KACHU
21 Norman -
Borlaug-
22 100 BABAX/Lr//BABAX
Table 3. Salient feature of Selected Parents (parents and four checks).
S Genot Durati
enotyp Source uration Eco-system Salient Features
N e (Days)
| BHU25 ~ DanarasHindu 050 rigated High yield, resistance to lodgin
University (BHU) & 1 y1eld, sihe:
Private B West
2 WB-02 VA reeder (Wes ~130-140 Irrigated Early maturity, disease resistance.
Bengal)
3 BHU 31 B;?nara.s Hindu 140150 Irrigated Adaptable Varlet.y with moderate rust
University (BHU) resistance.
4 HD 3721 ICAR-IIWBR ~145 Irrigated High grain quality, rust resistance.
5PBW 725 Pun]’ab Agrlcultural ~140-145  Irrigated  Rust resistance, higher protein content.
University (PAU)
CRDGE Conservation . . . .
HNU1 ICAR-TIWBR ~140-150 Agriculture Suitable for zero tillage, high yield.
Punjab Agricultural . . . .
7 PBW 550 . . ~140-145 Irrigated Suitable for chapati, rust resistant.
University (PAU)
Punjab Agricultural
8 PBW 677 Brr?iiersigt;li; Alllj)a ~140 Irrigated Early sowing, rust resistance.
9 PBW 822 Pun].ab Agrlcultural 140 Trrigated High yielding, st%ltable for timely
University (PAU) sowing.
1
0 HD 3117 ICAR-IIWBR ~135-145 Irrigated High tillering ability, rust resistant.
1 DBW [CAR-ITWBR 140 Irrigated High y1e1<.i potentlalf suitable for
1 173 timely sowing.
1 High yieldi t K 1 t
HD3086  ICARIWBR  ~135-140 Irrigated igh ylelding, rust and Karnal bun
2 resistance.
1 DBW ICAR-ITWBR 140145 Irrigated Excellent chaPatl quality, rust
3 222 resistant.
1 t Earl i itable f till
CSW 18 ICAR-ITWBR 140 Cons.erva ion Early sowing, sui al? e for zero tillage,
4 Agriculture rust resistant.
1 PBW 757 Pun]'ab Agrlcultural 135-140 Advanced Line Testing phase for }'u.gh yield and
5 University (PAU) adaptability.
1 PBW  Punjab Agricultural . Testing phase with improved disease
~140-145 A L
6 ZN1  University (PAU) 0-145 Advanced Line resistance.


https://doi.org/10.20944/preprints202501.0839.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 January 2025 d0i:10.20944/preprints202501.0839.v1

6 of 36
1 Punjab Agricultural . . . .
PBW 34 ~135-14 I t High yiel 1 ted.
- 343 University (PAU) 35-140 rrigated igh yield, widely adopted
1 HD 3326 [CAR-ITWBR 140-145  Trrigated Resistant to rust and foot rot,. suitable
8 for bread and chapati.
1 High yiel istant to stri leaf
HD2967  ICAR-ITWBR ~140 Irrigated igh yield, resistant to stripe and lea
9 rust.
2 DBW . . . .
0 187 ICAR-IIWBR ~140-145 Irrigated High protein content, rust resistant.
2 IMMYT/ICAR High yiel t resistant, f
Norman CIM / C 135140 Trrigated igh yield, rus re51s.an , good for
1 Collaborations bread quality.
2 Borlaug-  CIMMYT/ICAR . Rust resistant to improve centenary of
2 100 Collaborations 140-145  Irrigated Norman Borlaug's birth.
2.2. Methods

In Phase I (2022-23 Rabi season), an Augmented Design was employed to generate forty-five F1
hybrids through the hybridization of fifteen lines/females with three testers/males, through line X
tester mating design as described by [15]. In Phase II, during the Rabi season of 2023-24, Randomized
Complete Block Design (RCBD) with three replications was used. Standard agronomic practices were
followed as recommended. The research took place at three locations; Lovely Professional University,
India; Kebbi State University of Science and Technology, Aliero, Nigeria; and the Lake Chad Wheat
Research Institute, Nigeria. Emasculation and pollination procedures were performed, and
quantitative data were collected based on guidelines from the International Board for Plant Genetic
Resources (IBPGR) and the International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT) [16] for wheat descriptors. Qualitative data, such as chlorophyll/green pigment content,
were measured using a SPAD (Soil Plant Analysis Development) meter, and protein/crude content
was assessed using the micro Kjeldahl method. Data were analyzed using ANOVA [17], line x tester
analysis, combining ability [15], and heterosis estimation [18].

2.2.1. Experimental Sites

The environmental conditions at the three experimental sites were as follows; location one was
the Teaching and Research Farm, Department of Genetics and Plant Breeding, Lovely Professional
University, Phagwara, Punjab, India, located at a latitude of 31.2245° N and longitude of 75.7711° E,
at an altitude of approximately 243 m above sea level, with an annual rainfall of 527.1 mm. Location
two was the Teaching and Research Farm of Kebbi State University of Science and Technology Aliero,
Kebbi State (KSUSTA), Nigeria, situated in the Sudan Savanna agro-ecological zone at latitude 13°08'
N and longitude 50°15' E, with an altitude of around 250 m above sea level and annual rainfall
ranging from 1500 to 1700 mm. The third location was the Lake Chad Wheat Research Institute in
Borno State, Nigeria, located at latitude 11.8467° N and longitude 13.1571° E, at an altitude of
approximately 325 m above sea level, with annual rainfall between 900 and 1500 mm. In Punjab,
India, temperatures ranged from 19°C (January) to 36°C (April), with lows between 8°C (January)
and 21°C (April). In Kebbi State, Nigeria, temperatures varied from 17.1°C (January) to 27°C (April),
and in Borno State, Nigeria, temperatures ranged from 14°C (January) to 24°C (April). Regarding soil
types, Location I (India) has fertile, alluvial soils with low organic matter content. Location II (Kebbi
State) features generally sandy or loamy soils with lower organic matter content, while Location III
(Borno State) has sandy or loamy soils (entisols or aridisols) that are nutrient-depleted. Punjab
experiences cooler winters during the two Rabi seasons, while Kebbi and Borno States have drier
climates, with Borno being the driest site out of the three locations. Weather report 2023-2024 Rabi
seasons across three locations on climate variability during evaluation period as per below:

Table 4. Weather report 2023-2024 seasons across three locations.

Borno state Nigeria 2023 Kebbi state Nigeria 2023 Phagwara Punjab state India
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Mont THelfl}; TL:;;VP Rainfall R. H. THQIEI}; Tl‘ec;vl‘; Rainfall R. H. iﬁi TLe‘I’;Vp R. H. Rainfall
h mm % mm % % mm
(oC) (oC) ( ) ( 0) (oC) (oC) ( ) ( 0) (oC) (oC) ( 0) ( )
i\
O‘;r‘)b 3 23 15 45 374 255 363 58 32 20 54 14
Nove
3 18 0 25 371 224 0o 29 27 15 52 30
mber
Dece o 15 0 20 344 181 0 20 21 10 58 25
mber
Rabi season 2024
]a:;a 31 14 0 15 347 171 0 20 19 8 60 75
Febru
ary 3 17 02 14 378 198 053 18 23 10 57 6l
March 38 20 1 17 408 233 49 24 29 15 52 51
April 41 24 3 21 423 27 242 36 36 21 45 39
May 40 27 135 35 413 298 755 49 40 26 38 27
June 37 26 63 50 388 288 949 58 41 29 50 50
July 33 24 115 65 354 263 1702 70 36 2 73 211
Alsltgu 31 23 198 75 328 244 1791 79 34 26 67 150
SePte o3 o4 80 68 347 249 1511 76 34 24 60 101
mber

Source: Nigerian Meteorological Agency (Nimet) report for the two State Source: Punjab Agricultural University

of Agric.

2.2.2. Statistical Analysis

Analysis of Variance was one of the statistical methods employed to analyze the data [17], line
x tester analysis [15], and Analysis of Variance for Combining Ability [15], and heterosis estimation
[18].

2.2.2.1. Estimation of CGA and SCA variances and their effects

The estimate of GCA and SCA variances and their effects were carried out by line x tester method
using data sourced from F1 generation and its parents.

The method for analysis were described below:

Xijk = is the submission of u + gi + gj + sij + eijk

Where:

1 =Mean

gi= for estimation of GCA effectsoni® T,i=12,...T.

gi= GCA effect estimation, jt=T, j=1,2,...L.

sij= submission the effect of SCA with it=T and j* = L crosses

eik= total error in relation with ijkth data, where k = stand for 1,2,...replications

Individual estimated effects as follows:

X

(i) For individual estimation: mfr
Where:
X... = stand as submission of cross combinations

X... X..

(i) gi= Also stand as _1
fr mfr

Where:
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Xi = submission of it T across all L with their replicates.
X.o.. X..
(iii) gj = stand as submission of .
mr mfr
Where:
X.,j. = submission of jtL divided by T and their replicates.
o Xij' X. . XJ X...
sij =submission of - fl - + .
(iv) r r mr mfr
Where:
Xij. = Submission of ijth in all crosses like (L and T) divided by replicates.
Standard of error on GCA was found through:
Standard error for GCA of F =(Me + rm)
Standard error GCA in T = \(Me + rf)
Standard error for SCA =(Me + rf)
Standard Error (gm— gf) line =V(2Me + rm)
Standard Error (gm—gs) tester = V(2Me = rf)
Standard Error (Sj- Su) =V(2Me + 1)
Where:
Me = Error MS
gm=genotype of male
gi-genotype of male
Critical Differences Calculation:
Critical Differences (C.D) =t at 5% x SED; 1% probability levels at error d.f.
Table 5. ANOVA for estimation of SCA and GCA variances and their effects is given below.
SV df SS MS
Rep. (r-1) x2..K x?
> mt B mtr
Trt (Hybrids) (It-1) X2%j  x2...
T mfr
T (t-1) X% x%... Mm
fr mfr
L (1-1) X% x2... Mf
mr mfr
LxT (t-1) (I-1) X2ij  _x%..  _x%..
> —-X >
r fr mr
x2..
Mfr
E. var. (It-1) (r-1) By d.
Total (mfr-1) X% x2..
i]7 m fr

Where, L=female (f), T=male (m), r=replication, SV=source of variation and E=error
x..k = total of LXT in kt rep.

Xij = total of ijt combination of crosses for all replicates,

xi = submission of j* T across lines with replicates,

x2j. = lines submission divided by L and replicates,


https://doi.org/10.20944/preprints202501.0839.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 January 2025 d0i:10.20944/preprints202501.0839.v1

9 of 36
Xij... = total number of all LXT crosses over replicates,
o02%e = sum of error variation,
R = sum replicates,
M = tester,
F =lines,
Mm = Mean square as a result of tester .S. due to males,
Mf = Mean square as a result of lines,
Mmf = Mean square as a result of LXT,
Me = Mean square as a result of error' submission
2.2.2.2. Genetic Components
M,.-M
Covarianceof half -sib (F) = _f fm
rxm
M -M
Covariance of half -sib (T) = —m__ fm
rxf
1 (m-H)M_+(f-1)M
Covariance of half - sib (mean) = m f M
r[2(f x m)-f - m] m+f-2 fxm

M -M)H)+M. -M)H)+(M.-M )
Covariance of full - sib (mean) = —1—€ fm e f ey

rx3

6 x r Covariance of half -sib (mean) - (r x f) + (r x m) Covariance half - sib (mean)

rx3

Where:

Mt = Females mean squares

Mn = Males mean squares

Minm = Females x Males mean squares
M. = Mean squares error

r = Replications number

f = Females number

m = Males number

] ) 1+F 2
o?gca = Covariance of half-sib (mean) = T c°A

Therefore:
02A =2 Covariance of half-sib (mean); if F =1 and
02A =4 Covariance of half-sib (mean); If F =0

_ (Mfm i Me)
o?sca r
2
1+F
[—} GZD
o2sca = 2
Therefore:

02D (sca) = 0% if F=1, and
02D (sca) =4 x 0% if F=0
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Where:

F = Inbreeding coefficient

Mean degree of dominance

Calculated using formula given by Kempthorne and Curnow (1961).

. 2 2 2 2
Averagedegree of dominance = \/ (c”sca)/(26 " gca) or \/ (c"D)/(c"A)
Where, o2sca = Estimation of variance due to sca.
o?gca = Estimation of variance due to gca

2.2.2.3. Heterosis over Better Parent and Standard Variety
Heterosis was calculated based on an increase or decrease in mean values of the crosses (F1’s)
compared to better parent (Heterobeltiosis) and standard variety (Standard Heterosis) (%).

F1 -BP

The heterosis over better parent (Heterobeltiosis) = IT x 100

1. BP
. . . F1-SV

The heterosis over standard variety (Standard heterosis) =——— x 100
2. SV
Where:
Fl = Mean of Fl

BP = Better - parent mean

SV =Standard variety mean

The test of significance was determined by using the following formulae:

F1-BP

't' (The heterobeltiosis) = bl ke
S.E

F1-SV

't'(Standard heterosis) = LA
S.E

Standard error of the hybrid vigor over better - parent and the standard variety = +/2Me/r
Where:
Me = Variance of mean error
r = Replications numbers
Critical Differences (C.D) =t x SE; 5 or 1% p-value at error d.f.

3.0. Results and Discussion

3.1. Analysis of variance for combining ability and estimates of components of genetic variance

Analysis of variance (ANOVA) recorded significant different (p < 0.001) among female, male
and female x male reported that, no single genotype was significant for all traits across three locations,
however, some genotypes that consistently exhibit high GCA values across different environments
were PBW-757 and DBW-222. Some crosses that consistently exhibit high SCA like PBW-677XPBW-
343, PBW-757X PBW ZN1, CRDGEHNUIXPBW ZN1 and HD-3721XHD-3326 (Table 6). Since no
single genotype was significant for all traits, selection of individual traits might overlook the
importance of combined traits. Thus, breeder can develop selection indices that combine multiple
prioritized traits, adjusting their weights based on the breeding objective(s) and environmental
conditions. This method enables the simultaneous improvement of multiple traits and genotypes by
focusing on critical traits that directly affect yield. The result was commemorated research conducted
by Barot et al. [19] and Gami et al. [13], who noted that none of the genotypes showed significant
differences across all traits studied. Estimates of genetic variance components revealed that certain
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characters, such as "GYP" (374.5) and "BY" (219.8) (Table 6), had high genotypic variance, suggesting
strong gene action over these traits. As mentioned by Barot et al. [19] and Kumar et al. [21], genetic
variance was highly related to additive gene effect. The relative contributions of additive and non-
additive gene effects for yield and its components showed that the additively of gene for most of
yield related traits accounted for relatively low proportions of the total genetic variance. In contrast,
non-additive gene action made the largest contribution to the overall genetic variation. As a result,
heterosis breeding is highly effective for improving yield. For instance, the additive contribution to
protein content was 0.0%, while non-additive 8.8% in spikelets number per main spike, additive
contribution was 0.74%, and the non-additive contribution was 1.78%; while for productive' tillers
number additive contribution recorded 1.78%, while non-additive was 2.17%. The additive
contribution for biological yield was 1.76%, while non-additive was 1.34%; for harvest index, the
additive contribution was 2.83%, and non-additive was 1.34%; and the relative contributions of grain
yield per plant were 1.43% for additive and 5.51% for non-additive (Table ). Certain traits, such as
"CLC" and "GYP," exhibited moderate additive variance (10.57 and 5.35, respectively), indicating that
these traits can be selected for breeding programs since they are influenced by additive genetic effects
(Table 7). These findings was in conformity with results of Hajer et al. [5] and Fellahi et al. [12],
reported additivity gene effects can be leveraged for genotype improvement in wheat.

Table 6. Analysis of variance for combining ability for 16 characters in L x T mating design in wheat.

Source of variation
Characters
LINE TESTER LINE X Error
d.f. TESTER
14 2 28 218

Number of productive tiller 3.83* 1.76 1.54 1.61
(NPT)
Biomass yield (BY) 2.31* 1.08 0.94 32.39
Harvest index (%) 6.22** 0.75 143 15.23
Grain yield/plant (GY/P) 11.53* 4.31* 5.43** 10.47

Grain weight/spike (GW/S) 1.16 1.21 0.93 0.17
1000-grain weight (g) (1000-GW)  1.25 5.33* 131 352

Spike length (cm) (SL), 2.41* 5.64* 2.89** 0.63
Number of grains/spike (NG/S) 4.03** 0.52 1.59 14.55
Flag leaf area (FLA) 180.45** 210.07** 79.13* 3.82
Plant height (cm) (PH) 2.85% 1.38 3.66% 63.97

Days to 50% heading (DH) 5.87** 0.58 5.92** 61.82
Days to maturity (DM) 7.85%* 32.03** 7.95%* 42.52
Chlorophyll content 4.04** 1.18 0.81 37.32
Protein content 1.46* 0.978* 3.94 0.37
Grain-filling period (GFP) 4.01 8.23** 1.67** 51.8
Number of spikelets/spike (NS/S) ~ 3.55** 1.16 2.23* 0.84

“*” and “**” for 5% and 1% Level of Significance.

Table 7. Estimates of components of genetic variance for various yield contributing traits in wheat.

Traits

Variance components | CLC  PC NSS NPT NGS GWS TGW BY HI GYP
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Female Variance 4.45 0.0 0.04 0.13 1.31 0.00 0.0 1.63 2.70 2.35
(*fm)
Male Variance (¢?m) 0.10 0.0 0.0 0.00 0.0 0.00 0.1 0.03 0.0 0.0
Female x male 0.0 0.12 0.11 0.09 0.95 0.0 0.12 0.0 0.73 5.15

Variance (e?fmxm)

Genotype Variance 3394 557 10.82 1796 1651 0.89 2542 219.8 218.04 3745

(%)

Additive Variance 1057 0.0 0.08 032 28 000 015 387 618 5.35

(@A)

Dominance Variance 0.0 049 046 039 382 00 049 00 2.93 20.63

(e°D)

Degree of dominance (.0 0.0 5.48 122 132 0.0 32 0.0 047 3.85

(02D/e?A)

Narrow Heritability =~ 045 0.0 0.10 025 024 006 008 026 043 0.18

5
Chlorophyll content (CLC), Protein content (PC), Number of spikelet/spike (NS/S), Number of productive tiller
(NPT), Number of grain per spike (NGS), Grain weight/spike (GW/S), 1000-grain weight (g) (TGW), Biomass
yield (BY), Harvest index (HI %) and Grain yield/plant (GY/P).3.2. Estimates of general and specific combining ability
(GCA and SCA) effects.

For general combining ability (GCA), WB-02 was identified as the best line for grain filling
period (GFP 2.33, Rank 1). Gami et al. [13] also noted that some male parents showed significant
differences in their GCA values for traits such as days to 50% heading and grain filling period. PBW
ZN1 was the top tester for nearly all yield-related traits, including the number of productive tillers
(0.02, Rank 1), grain yield per plant (0.53, Rank 1), and the number of spikelets per spike (0.06, Rank
1) (Table 8).

Four parents were identified as promising combiners for GCA in relation with yield related
characters in wheat, suggesting the parent could serve as potential promising candidates for further
breeding programs, such as the development of synthetic varieties or for enhancing grain yield. These
parents are listed hierarchically as follows: PBW ZN1, PBW-757, PBW-822, and DBW-173.

The best identified parents with high-GCA (like DH-3086 and PBW-757) could be cross with
other genotypes with high-GCA to combine favorable traits using pedigree breeding (to develop
synthetic variety) and pure line selection. Can also can be used for recurrent parent selection using
backcross breeding programs to improve the performance (consistent performance) of other lines.
High GCA parents can serve as ideal foundation parents for large-scale breeding programs (table 8).
It is suggested that additive gene actions predominated in the observed traits, implying that the
environment had little to no impact on these characters. Gupta et al. [20], Kumar ef al. [21], and Kumar
et al. [9], also reported that environmental factors have minimal or no effect on additive gene action.
No single genotype recorded high GCA and SCA values across different environments. However,
some genotypes that consistently exhibit high GCA values across different environments were PBW-
757 and DBW-222. Some crosses that consistently exhibit high SCA like PBW-677XPBW-343, PBW-
757X PBW ZN1, CRDGEHNUI1XPBW ZN1 and HD-3721XHD-3326. Due some mechanisms
naturally possessed by wheat, some genotypes like BHU-25, PBW-550, BHU-31, HD-3721 and PWB-
725 recorded high tolerance for multiple environmental stresses as evidenced showed by their
relatively higher GCA estimates across the most of their traits and environments.

For specific combining ability (SCA), the positive values indicates better than expected, while
negative values indicates lower than expected [11]. Highest SCA value (ranked 1%) recorded in DBW-
222 X PBW ZN1 (0.49) for NPT (number of productive tiller); PBW-822 X PBW ZN1 for GYP (Grain
Yield per Plant) (3.79); DH-3086 X PBW-343 for HI (Harvest Index) (0.67). However, poor SCA
recorded in CRD GEHNU 1 X HD-3326 (ranked 45th for spike length) (Table 7). According to
Askander et al. [22] and Fellahi et al. [12] stated that, high SCA is used for hybrid vigor and superior
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performance in specific crosses while low-SCA crosses can be stably inherited and improved over
time. Six crosses revealed significant positive SCA effects for yield and yield related characters, listed
hierarchically as follows: DBW-222 x PBWZN1, DH-3086 x PBWZN1, PBW-677 x PBW-343, HD-3721
x HD-3326, and CRD GEHNU1 x PBWZNI.

Conclusively for GCA and SCA, the information on GCA effect could be used in selection of
superior parents; estimation of half-sib families; and for pure line selection method. While
information for SCA could be used useful in selection of superior cross combinations for heterosis
breeding; an estimation of full sib families and the information on both GCA and SCA can be applied
for reciprocal recurrent selection.

The magnitude of GCA varies across different traits due to additively effects while SCA also
varies due to non-additive effects. Thus, GCA is typically more stable across environments because
the additive genetic effects are less influenced by environmental variability. However, SCA being
non-additive, is more susceptible to environmental changes, making it more variable across the traits
that are sensitive to environmental conditions [8].

Table 8. Estimates of general combining ability (GCA) effects of 15 lines of different characters for combined

locations.
GENOTYPES NPT RA FLA RA GFP RA GYP RA HI RA NSS RA SL RA
NK NK NK NK NK NK NK
BHU-25 (LINE1) -071 15 -0.02 8 227 2 215 15 -3.02 15 -0.07 10 -019 12
WB-02 (LINE2) 042 14 -091 13 2.33 1 -1.09 14 -1.30 13 -007 11 -0.30 14
BHU-31 (LINE4) -0.10 12 <726 15 0.97 5 -1.06 13 -050 10 -0.14 14 0.08 7
HD-3721 (LINES5) -0.10 11 -035 10 212 4 -059 11 -1.69 14 -0.06 9 -027 13
PWB-725 (LINE1) -0.00 10 0.88 5 2.25 3 -059 10 -056 11 -018 15 -017 11
CRD GEHNU1 018 4 315 14 -085 11 -0.44 8 -0.19 8 -0.10 13 0.13 5
(LINES6)
PBW-550 (LINE?) 0.12 7 0.14 7 -085 10 0.44 6 -0.18 7 -0.02 8 0.10 6
PBW-677 (LINES) 016 5 1.03 4 -1.84 14 -0.65 12 0.57 5 0.08 4 -0.01 8
PBW-822 (LINE9) 032 1 0.30 6 -0.40 8 1.14 3 116 4 010 3 -0.03 9
HD-3117 (LINE10) 015 6 1.66 3 -1.60 13 -0.51 9 -0.58 12 -0.09 12 0.14 4
DBW-173 (LINE11) 027 2 -048 12 0.31 6 0.60 5 232 1 -0.01 7 -0.36 15
DH-3086 (LINE12) -024 13 -0.22 9 -0.27 7 1.96 1 -0.38 9 0.08 5 0.45 1
DBW-222 (LINE13) 026 3 -041 11 223 15 1.09 4 0.49 6 0.19 2 0.27 2
CSW-18 (LINE14) 0.07 8 5.98 1 -0.81 9 0.39 7 2.05 2 006 6 -0.06 10
PBW-757 (LINE15) 0.01 9 2.83 2 -1.39 12 147 2 1.81 3 0.27 1 0.22 3
SE(gca for line) 0.25 0.31 0.35 0.56 1.02 0.25 0.21
SE(gi-gj) for line) 0.35 043 050 0.80 145 036 0.29

Estimates of general combining ability (GCA) effects of 3 testers of different characters for combined locations

PBW ZN1 (TESTER 002 1 -0.10 2 027 2 0.53 1 0.00 2 006 1 -0.11 3
1

PBW-343 (TESTER2) -0.00 2 1.56 1 -1.53 3 0.08 2 0.28 1 003 2 0.18 1
HD-3326 (TESTER 3) -0.01 3 -1.46 3 125 1 -0.61 3 -0.29 3 -0.09 3 -0.06 2

SE(gca for tester) 0.11 0.13 0.15 0.25 045 0.11 0.09
SE(gi-gj) for tester 0.15 0.19 0.22 0.35 0.64 0.16 013
SE(sij-skl) for tester  0.61 0.76 0.86 139 251 0.62 051

Estimates of specific combining ability (SCA) effects of 45 crosses of different characters for combined locations

BHU-25XPBW ZN1 -0.08 34 -545 38 160 3 -0.75 27 -1.04 45 -001 22 019 12
BHU-25XPBW-343 -0.26 42 190 17 -048 32 250 42 021 12 -0.00 19 014 15
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BHU-25XHD-3326 -0.16 39 349 11 085 14 -1.31 33 0.09 21 -0.17 35 -033 38
WB-02XPBW ZN1 -0.04 27 -5.60 40 012 24 055 18 016 19 -001 21 -0.23 35
WB-02XPBW-343 -0.09 36 348 12 1.01 12 -1.06 30 003 24 006 17 -0.14 29
WB-02XHD-3326 -0.16 40 -0.00 24 1.14 7 -1.81 36 -051 40 -024 39 0.37 7
BHU-31XPBW ZN1 -0.1 37 -536 37 127 5 126 32 -0.00 28 022 8 0.09 17
BHU-31XPBW-343 -0.02 24 -1.55 28 1.11 10 254 43 -0.18 33 -021 37 -0.70 44
BHU-31XHD-3326 0.05 15 9.88 45 -1.53 40 153 11 0.06 23 -037 45 0.61 2

HD-3721XPBW ZN1  0.08 12 422 8 171 1 -0.05 23 001 25 018 12 038 41
HD-3721XPBW-343 -0.32 4 519 36 0.06 21 235 41 014 20 -028 41 007 18
HD-3721XHD-3326 0.17 5 014 23 006 22 1133 12 -056 41 -007 26 030 10
PWB-725X PBW ZN1  -0.08 32 291 15 018 19 000 22 006 22 -033 4 047 43
PWB-725X PBW-343  -0.01 23 192 16 1.09 11 210 40 066 43 018 11 015 14
PWB-725X HD-3326 0.09 11 -280 32 068 17 082 13 0.46 3 -032 43 0.32 9
CRDGEHNUIXPBW  0.26 3 9.31 3 022 25 068 16 -002 30 -004 23 0.77 1

ZN1
CRDGEHNUI1XPBW  0.05 18 839 4 065 33 034 19 028 10 -015 32 018 13
343
CRDGEHNU1XHD-  -0.19 41 -822 43 014 20 -1.97 39 030 37 -0.08 28 095 45
3326

PBW-550X PBW ZN1 -0.08 33 424 33 076 15 073 14 0.33 9 007 16 -012 28
PBW-550X PBW-343 0.14 9 340 13 -146 39 -037 25 -031 38 -013 30 021 34
PBW-550X HD-3326 0.03 20 116 21 -0.03 23 058 17 -005 31 -0.00 20 0.34 8
PBW-677XPBW ZN1  -0.06 30 512 35 -040 30 -2.87 45 0.00 27 -028 42 038 42
PBW-677XPBW-343 0.11 10 333 14 232 45 2.81 5 043 5 0.58 1 0.39 6
PBW-677XPBW-343 0.07 13 419 9 112 9 133 34 029 35 -007 27 000 25
PBW-822XPBW ZN1  0.16 6 -120 27 170 2 3.79 1 0.47 2 001 18 -015 31
PBW-822X PBW-343 0.06 14 7.39 4 -l64 42 -1.05 29 040 39 -0.06 25 0.50 5
PBW-822X HD-3326 0.00 2 549 39 -039 29 030 24 021 13 0.30 5 03 39
HD-3117XPBW ZN1  0.15 7 1074 1 225 44 -0.75 28 059 42 0.24 7 007 26
HD-3117XPBW-343 0.00 21 015 22 031 28 017 21 -000 29 -023 38 000 24
HD-3117XHD-3326  -0.04 28 705 42 116 6 -0.50 26 0.46 4 -025 40 007 19
DBW-173XPBW ZN1 -0.07 31 -485 34 087 36 282 44 018 17 021 10 033 37
DBW-173XPBW-343 031 2 -002 25 -045 31 168 10 019 14 -009 29 027 11
DBW-173XHD-3326  -0.03 26 375 10 160 4 242 8 017 18 -016 34 005 20
DH-3086X PBW ZN1  -0.03 25 643 41 -028 27 3.15 3 0.01 26 -015 33 011 16
DH-3086XPBW-343  -0.29 43 145 20 094 13 295 4 0.67 1 011 15 -014 30
DH-3086X HD-3326 0.14 8 4.45 7 08 37 193 38 -077 44 0.25 6 002 23
DBW-222XPBW ZN1 049 1 172 30 -083 35 340 2 018 16 0.21 9 0.53 4
DBW-222XPBW-343  0.05 17 174 18 0704 16 069 15 023 11 0.40 2 020 33

DBW-222XHD-3326  -0.36 45 09 26 -181 43 177 35 030 36 -013 31 032 36
CSW-18XPBW ZN1 -0.04 29 161 19 024 26 024 20 0.39 6 019 36 -009 27

CSW-18XPBW-343 0.05 16 6.07 6 -108 38 175 9 0.37 8 -005 24 005 21
CSW-18XHD-3326 0.05 19 6.15 5 0.61 18 -1.16 31 -027 34 0.40 4 003 22
PBW-757XPBW ZN1 ~ 0.23 4 1025 2 -157 41 243 7 014 32 0.40 3 0.54 3

PBW-757XPBW-343  -0.13 38 -167 29 112 8 2.58 019 15 013 14 -036 40
PBW-757X HD-3326 -0.09 35 202 31 -0.76 34 -1.88 37 0.39 7 016 13 -017 32
SE (sca effect) 043 0.53 0.61 0.98 177 0.44 0.36

[e)}
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Note: Ranking is in ascending order (i.e. 1 is the best followed by 2 on and on). Number of productive tiller (NPT),
Flag leaf area (FLA), Grain-filling period (GFP), Grain yield/plant (GY/P), Harvest index (HI %), Number of
spikelet/spike (NS/S) and Spike length (cm) (SL).

Table 9. Estimates of general combining ability effects of 15 lines of different characters for combined locations.

GENOTYPES 1000GW  RANK DM RANK GWS RANK PH RANKPC  RANK CLCRANK BY RANK
BHU-25 (LINE1) 0.12 6 707 1 807 10 -223 14 016 12 -446 15 206 13
WB-02 (LINE2) 0.38 7 266 5 -013 14 349 3 013 6 068 6 006 8
BHU-31 (LINE4) 0.04 9 177 9 -007 13 38 2 010 8 234 14 277 2
HD-3721 (LINES5) -0.64 15 437 15 008 2 460 1 010 7 048 7 197 4
PWB-725 (LINE1) 0.26 1 -203 11 018 1 -035 7 0 _1 4 1 206 4 377 1
CRD GEHNUI (LINE6) 0.26 2 270 12 002 6 175 4 0_2 4 9 260 2 009 7
PBW-550 (LINE?) 0.58 12 125 8 002 5 170 5 018 13 078 9 041 10
PBW-677 (LINES) 0.08 10 -040 7 002 7 002 6 007 10 -161 12 1 ;1 0 12
PBW-822 (LINE9) -0.00 14 440 2 005 4 -148 11 005 4 222 13 4 ;1 0 15
HD-3117 (LINE10) -0.68 3 429 3 002 9 -058 8 007 2 -1.05 10 143 5
DBW-173 (LINE11) -0.12 8§ 337 4 005 11 -135 10 02 5 077 8 1 ;’ 9 11
DH-3086 (LINE12) 0.54 13 -003 6 -006 12 -1.08 9 002 3 476 1 0 _22 9
DBW-222 (LINE13) -0.14 5 -181 10 002 8 -48 15 0 _1 6 1 151 5 133 6
CSW-18 (LINE14) -0.06 4 322 13 -014 15 -173 13 002 15 -1.08 11 3 _95 14
PBW-757 (LINE15) -0.64 1 418 14 007 3 -169 12 010 14 223 3 238 3
SE(gca for line) 0.33 0.20 0.09 0.88 0.17 0.57 1.23
SE(gi-gj)for line) 0.46 0.28 0.13 124 0.25 0.81 1.74
Estimates of general combining ability effects of 3 testers of different characters for combined locations
PBW ZN1 (TESTER 1) -0.21 3 -003 2 004 1 055 1 -462 3 -058 3 040 1
PBW-343 (TESTER 2) 032 1 315 3 -000 2 -092 3 413 1 05 1 0 _3 3 3
HD-3326 (TESTER 3) -0.10 2 319 1 -003 3 037 2 48 2002 2 0 ;) 6 2
SE(gca for tester) 0.14 0.09 0.04 0.39 0.07 0.25 0.55
SE(gi-gj)tester 0.20 0.12 0.06 0.55 0.11 0.36 0.77
SE(sij-skl)tester 0.80 0.49 0.23 2.16 0.43 141 3.01
Estimates of general combining ability effects of 45 crosses of different characters for combined locations
BHU-25XPBW ZN1 0.00 25 251 16 -016 43 106 19 004 14 130 7 1 ;)7 32
BHU-25XPBW-343 0.02 23 08 24 009 11 092 29 -017 33 -1.03 33 2 _6 0 39
BHU-25XHD-3326 0.05 16 -337 33 007 13 -013 23 -021 36 -026 26 367 3
WB-02XPBW ZN1 -0.02 30 -366 34 007 34 122 18 -003 22 052 14 398 2
WB-02XPBW-343 0.02 21 311 13 -008 35 -503 42 040 3 108 10 3 ;) 0 42
WB-02XHD-3326 0.05 15 054 26 016 4 381 6 -021 38 -161 40 -098 31
BHU-31XPBW ZN1 0.07 12 162 21 000 25 665 3 -024 41 -169 41 242 6
BHU-31XPBW-343 -0.00 27 363 10 013 6 356 7 039 4 -145 35 -070 29
BHU-31XHD-3326 -0.06 33 -526 39 -013 39 1 0_22 45 005 23 314 3 -171 35
HD-3721XPBW ZN1 -0.16 4 503 36 014 5 226 33 030 7 031 19 -028 26
HD-3721XPBW-343 -0.16 42 352 11 -001 27 234 14 007 12 -013 24 -031 27
HD-3721XHD-3326 -0.13 39 151 22 -013 38 -007 22 022 39 -017 25 059 19
PWB-725X PBW ZN1 0.03 19 988 43 016 3 295 11 -006 24 -098 32 059 20
PWB-725X PBW-343 -0.10 37 800 2 -022 45 -613 44 074 1 022 21 -047 28
PWB-725X HD-3326 -0.01 28 18 20 005 15 317 10 -024 40 076 12 -011 25
CRDGEHNU1XPBWZN1 0.33 2 851 1 -006 32 070 20 -015 32 112 9 102 15
CRDGEHNUIXPBW343 0.13 7 1 O_ 69 4 004 16 033 24 000 18 045 18 196 7
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CRDGEHNU1XHD-3326 -0.08 36 217 19 002 21 -036 25 0.19 10 -157 38 -298 41
PBW-550X PBW ZN1 -0.16 40 696 4 007 33 1.66 15 011 28 -1.75 42 -3.18 43
PBW-550X PBW-343 0.08 11 1 0_.8 0 45 003 17 -115 31 002 20 -151 36 265 5
PBW-550X HD-3326 -0.01 29 384 9 003 18 -051 27 019 35 326 1 052 21
PBW-677XPBW ZN1 0.02 22 28 32 -004 31 152 16 018 34 -197 44 -222 37
PBW-677XPBW-343 0.05 17 015 27 007 12 322 9 024 42 114 8 -248 38
PBW-677XPBW-343 -0.11 38 269 15 -003 29 -475 39 047 2 08 11 471 1
PBW-822X PBW ZN1 -0.63 45 -144 30 000 23 -472 38 0.05 13 050 28 149 9
PBW-822X PBW-343 0.04 18 -554 40 0.12 8 1.47 17 0.02 17 204 5 -194 36
PBW-822X HD-3326 0.14 5 6.99 3 -013 36 325 8 0.12 11 -153 37 045 22
HD-3117X PBW ZN1 0.33 1 -507 375 005 14 -046 26 0.21 9 -159 39 072 18
HD-3117X PBW-343 -0.02 31 5.48 5 -016 42 -462 37 021 37 145 6 081 16
HD-3117X HD-3326 -0.04 32 -041 29 010 10 5.08 5 0.26 8 013 22 -153 34
DBW-173X PBW ZN1 0.10 8§ -507 375 0.18 1 -500 41 014 31 -083 30 -277 40
DBW-173X PBW-343 -0.00 26 282 14 -000 26 842 2 001 19 057 13 143 11
DBW-173X HD-3326 -0.07 34 225 18 -017 44 -341 35 0.36 6 026 20 134 12
DH-3086X PBW ZN1 -0.30 4 074 25 -013 40 -403 36 0.36 5 050 16 028 23
DH-3086X PBW-343 0.06 13 202 31 -002 28 -562 43 012 29 045 17 115 14
DH-3086X HD-3326 -0.20 43 128 23 016 2 9.66 1 -0.02 21 -095 31 -143 33
DBW-222X PBW ZN1 -0.08 35 440 6 003 19 289 12 024 43 319 2 -077 30
DBW-222X PBW-343 0.03 20 436 35 0.11 9 328 34 0.03 15 270 45 073 17
DBW-222X HD-3326  0.22 3 004 28 -015 41 039 21 -008 26 -048 27 0.03 24
CSW-18XPBW ZN1 0.06 14 3.96 8 000 24 -074 28 026 4 -055 29 -321 44
CSW-18XPBW-343 0.09 10 352 12 -013 37 562 4 007 25 051 15 148 10
CSW-18XHD-3326 0.02 24 -748 42 012 7 -487 40 -0.14 30 004 23 172 8
PBW-757X PBW ZN1 0.15 4 4.29 7 -003 30 -145 32 -008 27 293 4 299 4
PBW-757XPBW-343  0.10 9 230 17 002 20 246 13 032 45 -1.09 34 129 13
PBW-757XHD-3326  0.14 6 66 41 000 22 -1.01 30 0.03 16 -1.83 43 -4.29 45
SE (sca effect) 0.57 0.35 0.16 1.53 0.30 1.00 213

Note: Ranking is in ascending order (i.e. 1 is the best followed by 2 on and on). 1000-grain weight (g) (1000-GW),
Days to maturity (DM), Grain weight/spike (GW/S), Plant height (cm) (PH), Protein content (PC),
chlorophyll content (CLC) and Biomass yield (BY).

3.3. Estimation of heterosis over better parent and four standard varieties in wheat across three locations

Heterosis is highly preponderance in cross-pollinated crops whereas, very limited in self-
pollinated species like wheat Thus, progeny showing additive effects indicated that, the plants cannot
take advantage of heterosis, however, dominance and over dominance gene action is essential for
heterosis [22]. Therefore, standard heterosis (SV1-SV4) (standard variety) for grain yield per plant
recorded across four varieties and three locations revealed the highest and positive BP (better parent)
heterosis in PBW-822X PBW ZN1 with 51.51 while lowest and negative BP heterosis WB-02XHD-3326
with -8.09. Highest standard heterosis recorded in DH-3086X PBW ZN1 with 62.86 in SV2 while the
lowest standard heterosis recorded in BHU-25XPBW-343 with -7.65 in SV3 (Table 8) this indicate the
present of both additive and dominance genetic variances. Askander's et al. [22] study showed that,
the tested attributes had both positive and negative heterosis for all the traits, therefore, dominant
genetic variance is more preponderance than additive genetic variance. PBW-677XPBW-343 shows
the highest BP heterosis (26.12%) indicating that this cross exceeds its better parent in terms of harvest
index. While PBW-822X PBW ZN1 Shows very high values across standard heterosis (61.99%) in SV1
and (30.56%) in SV3. This cross is likely very adaptable across multiple environments or standards
(Table 10). Summarily, the results can be used to improve yield; parent selection, broad adaptability
and identification of best crosses. Heterosis for inferior and superior better parent and standard
varieties were identified. For number of productive tillers PBW-822 X PBW ZN1 and PBW-757 X PBW
ZN1 outweighed the performers of SV1 (118.53), SV2 (78.08 ), SV3 (57.75 ), and SV4 (73.58) while WB-
02 X HD-3326 and BHU-25 X HD-3326 show the least heterosis for both in better parent and standard
heterosis (SV2 -8.34, SV3 -18.8) (Table 10). It is therefore proved that, heterosis in cross-pollinated
crops is highly preponderance, whereas, very limited in self-pollinated species like wheat [18]. Days
to 50% Heading for various wheat crosses across three locations (Table 12). "Days to 50% heading"
measures the time from the emergence of heads to 50% of the plants produces heads, it is also an
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indicator of length of days to reach maturity level. Different wheat crosses, represented by
combinations of plant varieties, were tested under various environments in three distinct locations.
The dataset includes different types of crosses ( BHU-25XPBW ZN1, PBW-757X PBW ZN1) tested
against standard checks, labeled BP, SV1, SV2, SV3, and SV4, with maturity times varied significantly
across locations. For example, the cross PBW-757X PBW ZN1 took an additional 35.85 to 52.38 days
to reach 50% heading at location 2 compared to other crosses. At location 1, very few crosses showed
delayed heading than in location 3, suggesting that location 3 may have had conditions that either
delayed or varied maturation times more than the other locations, as reported by Gami et al. [13] that
maturity period had been influenced by environmental factors. While some crosses showed large
variation for grain' number per spike across location (Table 14). For example, the cross "BHU-
25XPBW ZN1" shows a relatively low grains' number per spike in location 1 (ranging from 9.4 to
27.05 across the lines) compared to location 2, where the number of grains per spike ranges much
higher (from 31.78 to 68.96). This suggests that certain crosses may be better adapted to specific
locations like SV4 in cross "BHU-31XPBW ZN1" at location 1 has a high grain count per spike of 38.05,
indicating that SV4 contributes positively to grain number in this cross. This is also seen across other
crosses where SV4 consistently produces higher counts compared to BP and other lines. The results
was supported by Askander et al. [22] reported that some wheat genotypes reproduced their yield
faithfully across different environmental conditions. The hybrids that recorded significant positive
hybrid vigor yield components recorded the top six (6) hybrids namely; PBW-822X PBW ZN1, DH-
3086X PBW-343, PBW-757X PBW ZN1, DBW-173X PBW-343, WB-02XPBW ZN1 and DH-3086X HD-
3326.

The observed level of heterosis in certain crosses served as potential parents to generate high-
yielding/performance and resilient wheat couple with incorporating complementary traits, such as
stress tolerance, into these high-yielding crosses through methods like heterosis breeding, backcross
breeding, or marker-assisted selection. Followed by conducting multi-location trials to assess the
stability of heterosis across environments and can be used as genome editing tools to identify and
select favorable alleles for hybrid development [6].

Some physiological and biochemical mechanisms underlying heterosis in wheat includes;
physiological factors like photosynthetic efficiency, resource use efficiency (efficiency in nutrient and
water utilization), resistance to environmental stresses (high resistant increase high heterosis), and
rate of growth and biomass accumulation rate (high rate increase high heterosis). While biochemical
mechanisms of heterosis involves enzymes activities like nitrogen assimilation, carbohydrate
metabolism, and antioxidant defense (often more active in hybrids compared to the parents). Also
heterosis expressed in genes of hybrids compared to the parents [5].

The magnitude of heterosis varies across different traits and environments due to several factors.
According to Shull [23] there are several factors that affect the variation in heterosis such as presence
of additive effect (low heterosis) and non-additive effect (high heterosis), mode of pollination of
parents (wheat is self-pollinated, thus, heterosis will be low).

The potential advantages of hybrid breeding in wheat offers several advantages over traditional
breeding methods, in that, hybrid breeding allowed systematic improvement of population by
application of pure line selection and exploitation of heterosis simultaneously. Hybrid breeding can
lead to faster genetic improvements by effectively utilization of mode of gene action with greater
precision and efficiency. Additionally, it allows for the simultaneous combination of complementary
traits from various parental lines.

The genetic diversity of the parental lines can be maintained through the prevention of
inbreeding depression (breeding within closely related parental line), secondly to perform wide
crosses and the use of backcrossing judiciously, and creation of populations with broad genetic
variability. Other methods are polyploid or double haploid breeding and asexual or apomictic seed
production [5].

Some natural mechanisms in wheat includes; Wheat naturally genetic, biochemical and
physiological mechanisms that makes it thrive and produce reasonable yield wunder different
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environmental stresses such mechanisms includes; heat shock proteins, superoxide dismutase and
homeostasis for example, osmotic adjustment [2].
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Table 10. Estimation of heterosis over better parent and four standard varieties in wheat across three locations.
Grain yield per plant
Location 1 Location 2 Location 3
SN  Cross BP Svi Sv2 Sv3 SVv4 BP Svi1 Sv2 VS3 Sv4 BP Svi1 SV2 SV3 Sv4
1 BHU-25XPBW ZN1 10.19* 14.88** 13.41 % -2.55 791 40.78 ** -6.72%* 45.30 ** 42.94* 37.60* 10.94 ** 13.58 ** 14.35 ** -17.58 ** 8.53**
2 BHU-25XPBW-343 8.36 8.86 747 -7.65% 226 30.64 ** 16.15* 38.79 ** 36.53 ** 3143** 1.77 7.13% 7.86 ** -22.26* 237
3 BHU-25XHD-3326 3.57 17.83* 16.33 ** -0.04 10.68 * 11.78 ** 8.39* 26.89 ** 24.83* 20.16** 8.75 ** 22.02%* 22.85** -11.45% 16.59 **
4 WB-02XPBW ZN1 25.33 ** 30.67** 29.00 ** 10.85* 2.74% 31.66 ** 11.88* 35.89 ** 33.68 ** 28.69** 26.61 ** 29.62** 30.51 ** 5.93% 23.86**
5 WB-02XPBW-343 11.64* 1216* 10.73 * -4.86 535 34.96 ** 1147 % 43.38 %  41.05* 35.78** 17.92 ** 24.12%* 24.97 ** 9.92% 18.61**
6  WB-02XHD-3326 -8.09 * 457 3.23 -11.29** -1.78 18.75 ** 24.17* 34.80 ** 3261* 27.66** 17.78 ** 32.15* 33.05 ** -4.10* 26.27 %
7  BHU-31XPBW ZN1 20.48 ** 2561 24.01 ** 6.56 17.99* 22.41** 1578 ** 26.34 ** 24.29* 19.64** 21.73 ** 24.63* 25.48 ** -9.56** 19.09**
8 BHU-31XPBW-343 13.02 ** 16.84** 15.36 ** -0.88 9.76* 19.58 ** 7.37 % 27.04 ** 24.98* 20.31* 13.29 ** 19.25* 20.06 ** -13.46** 13.95**
9 BHU-31XHD-3326 3 17.19* 15.70 ** -0.58 10.08 * 30.21 ** 28.56 ** 47.81 % 4541* 39.98** 27.38 ** £292% 43.89 ** 371* 36.56 **
10 HD-3721XPBW ZN1 21.30 ** 2646 ** 24.85 ** 728 18.78 * 23.30 ** 5.26* 27.26 ** 2519* 2051** 36.75 ** 40.00 ** 40.96 ** 1.6 33.78*
11 HD-3721XPBW-343 19.21 ** 19.76 ** 18.24 ** 1.6 12.50 * 21.60 ** 26.65** 29.18 ** 27.08 ** 22.33** 14.30 ** 20.32%* 21.14** -12.69 * 14.97 %
12 HD-3721XHD-3326 18.94 ** 35.33* 33.60 ** 14.80** 27.12% 20.56 ** 13.28** 36.86 ** 34.64* 29.61* 19.81 ** 3443% 35.35 ** -245 28.45*
13 PWB-725X PBW ZN1 8.3 1291* 11.47 % -4.22 6.06 37.73 ** 24.27* 42.15** 39.84* 3462 37.18 ** 4044 41.40 ** 1.92 34.20*
14 PWB-725X PBW-343 16.96 ** 17.50** 16.01 ** -0.32 10.37* 30.81 ** 17.84** 38.97 ** 36.71* 31.60* 10.24 ** 16.04 ** 16.84 ** -15.79** 10.89**
15 PWB-725X HD-3326 15.52 ** 3143* 29.75 ** 11.49 % 23.45* 24.93 ** 20.86 ** 41.82 ** 39.51* 3430** 16.23 ** 3041% 31.30 ** -5.36 % 24.61*
16 CRDGEHNUI1XPBWZN1 6.1 25,07 ** 23.48 ** 6.1 1748 % 50.49 ** 2053 ** 55.33 % 5280* 47.09** -10.12 ** 23.85** 24.70 ** -10.12* 18.35**
17 CRDGEHNU1XPBW343 7.16 26.32** 24.71** 7.16 18.65** 35.95 ** 21.81* 4444 409 36.78** -6.14 ** 29.34 ** 30.22 ** -6.14* 2359 *
18 CRDGEHNU1XHD-3326 -2 1553 ** 14.05 ** 2 8.52* 28.62 ** 14.64** 46.01 ** 43.64* 38.27* -17.27 ** 14.00** 14.78 ** -17.27* 8.94
19 PBW-550X PBW ZN1 19.74 ** 2747 25.85 ** 8.14* 19.74** 21.55 ** 20.26 ** 28.36 ** 26.27* 21.55* 48.55 ** 55.46** 56.53 ** 12.82* 48.55*
20 PBW-550X PBW-343 24.97 ** 33.04* 31.34 ** 12.86** 24.97 % 26.49 ** 20.46 ** 34.38 ** 3220* 27.26* 25.46 ** 32,07 * 32.97 ** -4.16* 26.20 **
21 PBW-550X HD-3326 19.84 ** 36.34* 34.61 ** 15.66 ** 28.07* 21.53 ** 21.52* 37.96 ** 35.72* 30.65* 20.82 ** 35.55* 36.48 ** -1.63 29.53**
22 PBW-677XPBW ZN1 6.37 10.89* 9.48* -5.93 417 36.60 ** 2324 % 40.99 ** 38.70* 33.52%* 9.53 ** 1214* 12.91 ** -18.62 ** 7.15%
23  PBW-677XPBW-343 33.49 ** 3521* 33.49 ** 14.70 27.01% 31.90 ** 21.17* 40.13 ** 37.86* 3271% 41.50 ** 48.95** 49.97 ** 8.09** 42.33%*
24 PBW-677XPBW-343 6.01 20.61* 19.07 ** 232 1329* 23.59 ** 18.86 ** 40.30 ** 38.02* 32.86* 6.28 ** 19.25* 20.06 ** -13.46** 13.95**
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25 PBW-822X PBW ZN1 51.51 ** 57.96 ** 55.95 ** 34.00 ** 48.38 ** 13.28 ** 2593 ** 32.82 ** 30.67 ** 25.78 ** 37.14 ** 58.75 ** 59.83 ** 1520 ** 51.69 **
26 PBW-822X PBW-343 24.53 ** 25.10** 23.51 ** 6.13 17.51* 23.80 ** 32.76** 45.16 ** 42.80** 3747 11.22 ** 28.74 ** 29.62 ** -6.58 ** 23.01*
27  PBW-822X HD-3326 18.87 ** 35.24 % 33.52 ** 14.73** 27.04 ** 16.64 ** 3593 ** 36.77 ** 34.55** 29.52** 16.06 ** 34.34 % 35.26 ** -2.51 28.37 **
28 HD-3117X PBW ZN1 14.71 ** 19.59 ** 18.07 ** 145 1234 % 28.35 ** 26.14 ** 48.37 ** 4596 ** 40.51* 5.22% 20.14 ** 20.96 ** -12.81* 14.80 **
29 HD-3117X PBW-343 22.28 ** 22.84** 21.28 ** 421 15.39 ** 33.16 ** 33.28* 53.93 ** 5143* 45.77** 6.46 ** 21.55* 22.38 ** -11.79* 16.15**
30 HD-3117X HD-3326 5.93 20.53** 18.99 ** 224 13.21 % 30.99 ** 2422 % 51.42 ** 4896 ** 43.40** 4.15 18.92 ** 19.73 ** -13.70 ** 13.63 **
31 DBW-173X PBW ZN1 18.97 ** 2403 ** 22.45 ** 522 16.50 ** 23.71 ** 35.62** 27.68 ** 25.61** 2092 ** 19.92 ** 22.77 ¥ 23.61 ** -10.90 ** 17.32**
32 DBW-173X PBW-343 43.13 ** 43.79 % 41.96 ** 21.98 ** 35.07 ** 18.26 ** 31.99 ** 25.63 ** 23.59 ** 18.97** 45.23 ** 52.87 ** 53.92 ** 10.94 ** 46.07 **
33 DBW-173X HD-3326 20.64 ** 37.26* 35.51 ** 16.44** 28.93 ** 18.81 ** 32.89** 34.87 ** 32.68** 27.72% 41.50 ** 58.75 ** 59.84 ** 1521 * 51.70 **
34 DH-3086X PBW ZN1 25.74 ** 31.09 ** 29.42 ** 11.21* 23.14 57.79 ** 11.32* 62.86 ** 60.22 ** 54.23 % 29.52 ** 58.22 % 59.30 ** 14.82** 51.19**
35 DH-3086X PBW-343 47.24 ** 47.92 % 46.04 ** 25.49 ** 38.95 ** 41.72 ** 22.08 ** 50.57 ** 48.12** 42.58 ** 23.09 ** 50.36 ** 51.39 ** 9.12* 43.68 **
36 DH-3086X HD-3326 8.52* 2346** 21.89 ** 474 15.97 ** 33.50 ** 14.21* 51.54 ** 49.08 ** 4351* 0.02 22.19* 23.03 ** -11.33* 16.76 **
37 DBW-222X PBW ZN1 17.21 ** 4468 ** 42.83 ** 2273 ** 35.90 ** 50.47 ** 33.65** 55.31 ** 52.78 ** 47.07 ** 11.52 ** 46.33 ** 47.34 ** 6.19 ** 39.83 %
38 DBW-222X PBW-343 12.27 ** 38.57 % 36.81 ** 17.56 ** 30.17 3213 ** 2451 40.38 ** 38.10** 32.94 % 5.00 * 37.78 % 38.72 ** -0.01 31.65 **
39 DBW-222X HD-3326 -0.72 22.55** 20.99 ** 3.96 15.11** 31.73 ** 31.68 ** 49.54 ** 47.11% 41.61* -9.31 ** 19.01** 19.82 ** -13.64 13.72**
40 CSW-18XPBW ZN1 29.53 ** 35.04 ** 33.32 ** 14.56 ** 26.85 ** 32.31** 31.34** 36.56 ** 34.34 % 29.32 % 7.87 ** 3414 35.05 ** -2.66 28.17 %
41 CSW-18XPBW-343 37.75** 38.39 % 36.62 ** 17.40** 29.99 ** 21.38 ** 33.69 ** 28.96 ** 26.86 ** 22.12% 23.92 ** 54.09 ** 55.15 ** 11.83* 47.24 %
42  CSW-18XHD-3326 10.53 ** 25.76 ** 24.16 ** 6.69 18.13 * 26.70 ** 2557 ** 43.84 ** 41.50** 36.21* -2.17 21.65* 22.48 ** -11.72% 16.24 **
43  PBW-757X PBW ZN1 38.73 ** 46.00 ** 44.14 ** 23.86 ** 37.15* 39.40 ** 2221 45.37 ** 43.00** 37.66 ** 42.54 ** 47.38 ** 48.39 ** 6.96 ** 40.83 **
44 PBW-757X PBW-343 27.01 ** 33.67 % 31.97 ** 13.39** 25.56 ** 46.33 ** 29.90 ** 55.46 ** 52.93 ** 4722 4453 ** 52.14 % 53.18 ** 10.41* 45.38 **
45 PBW-757X HD-3326 15.69 ** 31.63* 29.95 ** 11.66 ** 23.64 ** 16.13 ** 3147 31.83 ** 29.69 ** 24.85** 14.68 ** 28.67 ** 29.55 ** -6.62 ** 22.95**

“*” and “**” for 5% and 1% Level of Significance, BP stand for better parent and SV stand for standard variety, SV1=HD 2967, SV2= DBW 187, SV3= ORMAN and SV4= BORLAUG 100

Table 11. Estimation of heterosis over better parent and four standard varieties in wheat across three locations.

Harvest index

Location 1 Location 2 Location 3
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SN Crosses BP SVv1 sv2 SV3 Sv4 BP SVvi1 sv2 SV3 Sv4 BP Ssvi SVv2 SV3 Sv4
11.70 10.37
1 BHU-25XPBW ZN1 10.70 * 875 12.75* 517 11 -3.34 3470*  -3.29 -2.25 -7.37%% % 8.78 ** ** 21.65*  570*
17.38 20.43 16.14 20.27
2 BHU-25XPBW-343 8.47 6.57 10.49*  3.06 -0.93 ** 38.36% ¥ 21.72%  1535%  ** 18.54 % ** 32.56*  1519*
11.65 12.39 23.83 27.37
3 BHU-25XHD-3326 -1.72 391 7.73 0.49 341 * 3484 13.59*  7.64* * 2554 % ** 40.40*  21.99 *
16.53 14.57 16.00 39.58 27.64
4 WB-02XPBW ZN1 9.99 % 1241* > 8.7 449 ** 33.36% ¥ 17.24*  1110%  ** 25.80% ¥ 40.69*  2225*
13.99 12.65 15.58 2341 27.79
5 WB-02XPBW-343 7.59 9.95* > 6.33 221 ** 34.84 % 16.81* 1070  ** 25.96* ¥ 40.86 % 22.40*
27.15 28.74 12.89
6 WB-02XHD-3326 -4.39 1.09 4.81 -2.24 -6.03 * 47.95%  ** 30.12%  2331%  9.76*  1127%  * 24.44%  812%
15.14 15.21 20.04 27.78 26.80
7 BHU-31XPBW ZN1 6.77 11.06 * > 7.4 324 ** 53.31% ¥ 21.32% 1497% ¥ 24.97% ¥ 39.76 % 21.44*
18.38 11.32 22.68 27.04
8 BHU-31XPBW-343 9.78 % 14.19 % ** 10.42°* 6.15 6.84 %  o446%  ** 1251 6.62* > 2521% % 40.03*  21.67*
17.99 27.93 33.29 10.53 13.69
9 BHU-31XHD-3326 7.63 13.81 %  ** 10.05 * 579 * 55.08 **  ** 3472%  27.67%  ** 12060  ** 2532%  889*
17.22 13.08 32.04 27.20
10 HD-3721XPBW ZN1 9.94 % 13.06%  ** 9.33 51 ** 50.35* 913 **  1030*  453* > 25.37% % 40.20%  21.83*
27.98 31.31 12.61 16.62
11 HD-3721XPBW-343 4.24 7.2 11.14*  3.67 -0.35 ** 3547 % ** 32.72% 2577 ¥ 14.94 % ** 28.54*  11.69*
23.19 16.68 17.45
12 HD-3721XHD-3326 12.39**  1883*  ** 1491  1046*  ** 4457% ¥ 1871 1250*%  -2.19 -0.84 0.6 10.89*  -3.23
24.27 28.85 27.01 28.87
13 PWB-725X PBW ZN1 2.76 2.76 6.53 -0.63 -4.48 ** 55.99 % ** 30.22%  2341% ¥ 27.01% 42.05%  2343*
15.10 17.84 22.18

14 PWB-725X PBW-343 11.02* 11.02* > 7.36 32 ** 65.02%  ** 23.49*  17.02*%  5.84*  8.02* 9.60 **  2081*  497*
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23.90 20.86 25.31 20.02 23.45
15 PWB-725X HD-3326 13.03 **  19.51*  ** 1557*  11.09*  ** 6023 % ** 26.65*  20.02*  ** 21.67%  ** 36.07*  18.23*
16.03 26.31 24 .97 34.47 22.97
16 CRDGEHNU1XPBWZN1 8.23 11.92* o 8.23 403 ** 92.60 **  ** 2631%  19.70*%  ** 21.20% 35.54*  17.78*
16.98 23.10 26.30 23.48 27.87
17 CRDGEHNU1XPBW343 9.11 12.83* o 9.11 4.89 ** 7010 % ** 27.65% 2097  ** 26.03 % 4095*  2247*
18.08 18.86 23.32 26.84
18 CRDGEHNU1XHD-3326 1.54 7.36 11.31*  3.82 0.2 ** 7017 % ** 20.13*  13.84*  ** 2501%  ** 39.81*  2148*
20.63 19.43 24.69 21.41 26.76
19 PBW-550X PBW ZN1 8.16 16.35%  ** 1251*% 816 ** 79.13%  ** 26.03*  1943*%  ** 2494 39.72%  2141%
19.61 19.62 24.89 12.89
20 PBW-550X PBW-343 7.25 15.37%  ** 11.57* 7.25 ** 57.97 % ** 2623*  19.62*  8.12*  1126%  ** 2443%  812%*
21.28 20.68 26.00 11.19 16.10
21 PBW-550X HD-3326 8.75 16.99**  ** 13.13* 875 ** 4831%  ** 27.35*  20.68*  ** 14.42%  ** 2797*  11.19*
14.90 27.78 27.78 27.18 27.18
22 PBW-677XPBW ZN1 13.14*  10.83* o 7.18 3.03 ** 6347 % 29.15%  2239%  ** 2535 % 40.18*  21.81*
26.12 2245 25.63 23.05 27.42
23  PBW-677XPBW-343 26.12**  2165% 17.64*  13.08*  ** 70.80 % ** 2698* 2033  ** 2559 % 4045*  22.04*
22.43 23.24 23.57 27.11
24 PBW-677XPBW-343 2.33 82 12.17*  4.63 0.58 ** 69.96 % ** 2456*  18.04*  ** 2528*  ** 40.10*  21.74*
26.20 30.27 30.56 36.57 27.63
25 PBW-822X PBW ZN1 2427 % 2L73* 17.72%  1316% ** 61.99*  ** 3196*  25.05%  ** 2580 %  ** 40.68*  22.24*
16.31 34.16 37.65 11.42
26 PBW-822X PBW-343 21.39*  1219* o 8.49 429 ** 82.09 % 39.13*  31.84*  7.60*  981* ** 2281*  671*
21.99 40.01 40.94 13.59 16.83
27 PBW-822X HD-3326 11.29* 17.67*  ** 13.79*  9.38* ** 60.37 %  ** 4245*  3499*  ** 1515%  ** 28.78*  11.90*
34.65 30.79 24.67 14.36

28 HD-3117X PBW ZN1 271 0.61 4.31 271 -6.48 * 89.63 % ** 3219*  2527% 1271 ** 2605*  953*
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14.90 34.68 38.19 10.39
29 HD-3117X PBW-343 13.25 ** 10.82* ** 7.17 3.02 ** 65.80**  ** 39.66* 3235  6.61**  880* ** 21.68*  573*
16.79 27.95 28.79 23.85 27.39
30 HD-3117X HD-3326 6.54 12.65* o 8.94 472 ** 7786  ** 3017*  2335% ** 2555 % 4041%  22.01*
18.63 40.94 40.61 33.02 27.23
31 DBW-173X PBW ZN1 13.89 **  1443%  ** 10.66 * 6.37 ** 6093 **  ** 4212%  34.68*  ** 2539 % 4024*  21.85*
22.01 33.38 36.85 23.01 27.38
32 DBW-173X PBW-343 17.13**  17.68*  ** 13.80*  940* ** 7151%  ** 3831*  31.07*% 2555%  ** 4041*  22.00*
21.28 36.88 37.79 23.36 26.89
33 DBW-173X HD-3326 10.64 * 1698 % ** 1312 874 ** 58.53 **  ** 39.26%  31.97*%  ** 25.06 % ** 39.86*  21.53**
19.57 15.71 15.42 35.58 27.47
34 DH-3086X PBW ZN1 14.14 ** 1533 % ** 11.53* 721 ** 60.08 **  ** 16.65*  1055*  ** 25.64 % 4051% 22,09 *
24.81 23.37 26.58 22.83 27.20
35 DH-3086X PBW-343 19.14*  2038*  ** 1l641*  1191*  ** -2.89 ** 27.93*  21.24% 2537% % 4020*  21.83*
17.64 18.42 10.16 13.31
36 DH-3086X HD-3326 3.39 9.32 13.33* 571 1.62 ** 7694 % ** 19.68*  13.42% 11.68*  ** 2489*  852*
22.49 38.08 38.57 14.64 13.64
37 DBW-222X PBW ZN1 11.71* 18.15%  ** 1426*  9.83* ** 98.31 % ** 40.05*  32.72%  ** 1201%  ** 2527%  884*
22.44 25.82 29.09 18.89 23.12
38 DBW-222X PBW-343 11.67 * 1811% 1421 979* ** 51.06*  ** 3047*  23.64* 21.35%  ** 3B71* 17.92%
35.64 36.53 15.34 18.64
39 DBW-222X HD-3326 -1.23 446 8.3 1.02 29 ** 41.04%  ** 37.99*  30.77*  ** 1693 % ** 3077 % 13.63**
25.78 43.41 36.17 37.24 26.99
40 CSW-18XPBW ZN1 23.86 **  21.33* 17.33*  12.78*  ** 46.05* 37.63% 3043  ** 2517 39.98*  21.63**
22.38 35.10 38.62 23.42 27.81
41 CSW-18XPBW-343 26.90 ** 18.05%  ** 1415*  973* ** 6453 %  ** 40.10*  32.76*  ** 2597 % ** 40.88*  2241*
15.51 29.34 30.19 23.82 27.36

42  CSW-18XHD-3326 5.37 1141*% * 7.74 3.57 * 60.65*  ** 31.58*  2470%  ** 2553 % ** 4038 21.98 *
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27.84
26.00%  ** 4092*  22.44*
27.77
25.93 % ¥ 40.84*  2238*
27.72
25.88 % ** 40.78*  22.32**

“*” and “**” for 5% and 1% Level of Significance, BP stand for better parent and SV stand for standard variety, SV1=HD 2967, SV2= DBW 187, SV3= NORMAN and SV4= BORLAUG 100

Table 12. Estimation of heterosis over better parent and four standard varieties in wheat across three locations..

Number of spikelet per spike

Location 1 Location 2 Location 3

SN  Cross BP SVi1 Sv2 SV3 sv4 BP svi A VS3 Sv4 BP SVvi SV2 SV3 SV4
1 BHU-25XPBW ZN1 6.18* 5.31* 495* 5.99* 373 12.00 * 13.76 * 7.02 1544 * 2147 % 11.23 ** 12,98 ** 1.78 -1291* 20.63**
2  BHU-25XPBW-343 4.88 5.62% 5.25* 6.30* 403 -17.04 ** 3.13 -2.99 4.65 10.12 -4.68 * 26.64** 14.08 ** -2.38 35.22%
3 BHU-25XHD-3326 -0.13 2.79 243 3.45 124 11.31 0.61 -5.35 2.1 743 33.53 ** 24.12% 11.82 ** -4.32% 3253*
4  WB-02XPBW ZN1 3.01 2.16 1.81 2.82 0.63 5.44 7.1 0.75 8.68 14.36* 30.06 ** 32.11% 19.01 ** 1.84 41.06**
5 WB-02XPBW-343 2.89 3.62 3.26 4.29 2.06 -9.88 * 12.03 5.39 13.69 * 19.62 ** 0.84 3397* 20.69 ** 3.27 43.05**
6  WB-02XHD-3326 -2.35 0.51 0.17 1.16 -1 16.55* 12.93* 6.24 14.60 * 20.58 ** 29.58 ** 28.60** 15.86 ** -0.86 37.32%
7 BHU-31XPBW ZN1 3.99 3.14 2.78 3.8 159 -14.72 % -9.18 -14.57 * -7.84 -3.03 19.44 ** 30.00** 17.11** 0.21 38.81*
8 BHU-31XPBW-343 0.25 0.96 0.61 1.61 -0.56 -23.97 ** -5.49 -11.09 -4.1 091 0.63 33.69** 20.44 ** 3.06 42.75*
9 BHU-31XHD-3326 -4 -1.19 -1.53 -0.56 -2.68 8.16 15.18* 8.35 16.88 ** 2299 ** 25.98 ** 37.12% 23.53 ** 5.70 ** 4641%
10 HD-3721XPBW ZN1 7.66 ** 7.85** 7.48 ** 8.55** 6.23* -0.9 0.66 -5.31 215 748 45.39 ** 47.68** 33.04 ** 13.84** 57.69**
11 HD-3721XPBW-343 -1.86 -1.17 -1.51 -0.53 -2.65 -10.63 * 111 451 12.74* 18.63 ** 1.32 34.61% 21.26 ** 3.76 4373 %
12 HD-3721XHD-3326 0.77 372 3.36 4.38 2.16 19.00 * 0.85 -5.13 2.34 7.68 59.07 ** 47.86** 33.21 ** 13.98 ** 57.89**
13  PWB-725X PBW ZN1 -1.73 -1.73 -2.07 -11 -3.21 0.19 1.77 -4.26 3.28 8.67 41.08 ** 43.30** 29.10 ** 1047 ** 53.02**
14 PWB-725X PBW-343 4.93* 5.67% 5.31* 6.35* 409 2.51 2743 % 19.87 ** 29.31* 36.06 ** -3.49 2821* 15.50 ** -1.17 36.90**
15 PWB-725X HD-3326 -1.85 1.03 0.68 1.68 -0.49 3.9 39 -2.26 544 10.94 50.92 ** 50.92** 35.96 ** 16.34** 61.15*
16 CRDGEHNUIXPBWZN1 2.15 15 1.15 2.15 -0.03 43.05 ** 45.30** 36.69 ** 47.45* 55.15* 12.01 ** 4530 ** 30.90 ** 12.01* 55.15**
17 CRDGEHNU1XPBW343 242 3.15 2.79 3.81 1.6 13.24 ** 40.77** 32.43 ** 42.85* 50.31** 17.17 ** 55.66 ** 40.23 ** 20.00** 66.21**
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18 CRDGEHNU1XHD-3326  -2.02 0.85 0.5 149 -0.67 33.21** 31.27* 23.49 ** 33.21% 40.16** 12.67 ** 46.16* 31.67 ** 12.67** 56.06 **
19 PBW-550X PBW ZN1 2.08 3.63 3.28 43 2.08 1.45 3.05 -3.06 4.57 10.03 32.31 ** 3439 21.07 ** 3.6 43.50 **
20 PBW-550X PBW-343 0.05 1.58 1.23 223 0.05 0.61 25.06** 17.65 ** 2691 * 33.54** -5.86 ** 25.06** 12.67 ** -3.59 33.54*
21 PBW-550X HD-3326 2.61 5.62* 525*% 6.30* 4.03 48.62 ** 39.19* 30.94 ** 41.25* 48.62** 48.62 ** 39.19* 25.39 ** 7.30** 48.62*
22 PBW-677XPBW ZN1 -1.33 -0.99 -1.33 -0.35 247 -19.85 ** -14.80* -19.85 ** -13.54* -9.03 33.23 ** 47.89** 33.23 ** 14.00** 57.91*
23 PBW-677XPBW-343 8.82 ** 9.59 ** 9.21 ** 10.29 * 7.94%* 1.87 26.64** 19.13 ** 28.51** 35.22** -4.68 * 26.64** 14.08 ** -2.38 35.22**
24 PBW-677XPBW-343 -1.99 0.87 0.53 152 -0.64 -1.61 4.58 -1.61 6.13 11.67 36.58 ** 51.60 ** 36.58 ** 16.87** 61.88**
25 PBW-822X PBW ZN1 6.73 ** 5.85* 5.49* 6.53* 426 6.97 8.65 221 10.26 16.02* 30.11 ** 3216 19.06 ** 1.88 41.12%
26 PBW-822X PBW-343 3.28 401 3.65 4.68 245 7.55 33.70* 25.77 ** 35.67 ** 42.76** 13.61 ** 50.94 ** 35.98 ** 16.35** 61.17**
27 PBW-822X HD-3326 6.01* 9.11* 8.74 ** 9.82** 747% 29.47 ** 23.63* 16.30 ** 2546 ** 32.01** 29.47 ** 23.63* 11.37 ** -4.70* 32.01*
28 HD-3117X PBW ZN1 7.94 ** 7.34% 6.97 ** 8.03** 5.73* 23.12 ** 25.06** 17.65 ** 2691 * 33.54** 23.12 ** 25.06** 12.67 ** -3.59 33.54*
29 HD-3117X PBW-343 0.94 1.65 1.3 2.3 0.12 7.58 33.74** 25.81 ** 35.71* 42.80** 4.80* 39.22** 25.42 ** 7.32%* 48.66**
30 HD-3117X HD-3326 -2.64 021 -0.14 0.85 -13 12.41 8.15 1.74 9.75 1548* 62.71 ** 51.25** 36.26 ** 16.59 ** 61.50 **
31 DBW-173X PBW ZN1 2.46 5.84* 5.47* 6.52* 425 -9.98 -8.56 -13.98 * 72 -2.36 36.31 ** 38.46* 24.74 ** 6.74** 47.85*
32 DBW-173X PBW-343 -4.89 % -175 -2.09 -1.12 322 -24.55 ** -6.21 -11.77 % -4.82 0.15 6.58 ** 41.60* 27.56 ** 9.15* 51.19**
33 DBW-173X HD-3326 0.27 3.58 322 424 2.02 14.63 * 0.78 -5.2 227 761 44.66 ** 3447 21.14 ** 3.66 4359 *
34 DH-3086X PBW ZN1 -3.61 029 -0.64 0.35 -1.79 9.68 1141 481 13.06 18.96 ** 45.94 ** 4824 33.55 ** 14.27** 58.29**
35 DH-3086X PBW-343 0.43 3.88 3.53 4.55 232 -6.37 16.39* 9.49 18.11* 2427 ** 1.76 35.19** 21.79 ** 422* 44.36*
36 DH-3086X HD-3326 241 5.94* 5.57* 6.62** 435 36.69 ** 9.92 341 11.55 17.37* 51.87 ** 42.83* 28.68 ** 10.11** 52.51**
37 DBW-222X PBW ZN1 7.33 ** 7.84% 7.47 ** 8.53** 6.22* 21.64 ** 37.68** 29.52 ** 39.71% 47.01** 5.53 ** 38.46* 24.74 ** 6.74** 47.85*
38 DBW-222X PBW-343 8.11 ** 8.88** 8.50 ** 9.58 ** 7.24** 3.03 2807 * 20.48 ** 29.96 ** 36.75** -3.6 2807 * 15.38 ** -1.27 36.75*
39 DBW-222X HD-3326 -0.26 2.66 231 3.32 112 18.26 ** 33.85* 25.92 ** 35.83 ** 42.93** 2.02 33.85* 20.59 ** 3.18 42.93*
40 CSW-18XPBW ZN1 -0.19 05 -0.84 0.14 2 12.64 * 18.57* 11.54* 20.33 ** 26.61 ** 29.92 ** 42.86* 28.70 ** 10.13** 52.55**
41 CSW-18XPBW-343 3.03 376 34 443 22 6.54 3244 24.59 ** 34.40 * 41.42% -0.31 3244 19.32 ** 2.1 4142%
42  CSW-18XHD-3326 5.42* 8.50 ** 8.13 ** 9.20** 6.87** 24.43 ** 30.99 * 2322 ** 32.92% 39.86 ** 19.11 ** 30.99 * 18.00 ** 0.97 39.86*
43 PBW-757X PBW ZN1 11.68 ** 10.77** 10.38 ** 1148 * 9.10** 10.92 * 2433 16.96 ** 2617 * 32.76 ** 7.17 ** 2433 12.01 ** -4.16* 32.76*
44 PBW-757X PBW-343 5.39* 6.13* 5.77*% 6.81** 454 -18.66 ** 111 -4.88 2.61 797 5.60 ** 4029 * 26.39 ** 8.15* 49.80*
45 PBW-757X HD-3326 4.15 7.20** 6.83 ** 7.89** 5.59* -7.6 3.57 -2.57 5.11 10.59 16.30 ** 34.92% 21.55 ** 4.01 44.06*

“*” and “**” for 5% and 1% Level of Significance, BP stand for better parent and SV stand for standard variety, SV1=HD 2967, SV2= DBW 187, SV3= NORMAN and SV4= BORLAUG 100
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Table 12. Estimation of heterosis over better parent and four standard varieties in wheat across three locations
Days to 50% heading
Location 1 Location 2 Location 3
S/N | Crosses BP SVvi1 A SVv3 Sv4 BP SVv1 SVv2 SVv3 Sv4 BP Svi Sv2 SV3 Sv4

1 BHU-25XPBW ZN1 7.8 114 941* 526 1064 1435% 437 1794 868*  39.15% 612 1255% 2150 845%™ 9.70*

2 BHU-25XPBW-343 1738%  -1141%  -1882* 567 -0.85 565 <1389 269 2465%  1481% 271 693% 047 2430 9.28*

3 BHU-25XHD-3326 -8.16 -1.52 9.76* 486 10.21 696  -2.38 103%™ -1458*  3016*  1227*  693*  1542*  -1303% 422

4 WB-02XPBW ZN1 -1083*  -6.08 -13.94*  0.00 5.11 -1581% 1548 -4.48 2604 1270 9.39%  390%  374*  2183%  633%

5 WB-02XPBW-343 2383%  1977* 2648 1457 1021 2095 2063 -1031** 3056 582 830%™ 433%™ 327% 2218 675

6 WB-02XHD-3326 -3.61 152 -6.97 8.1 13.62* 474 516*  1883%  7.99%  4021* 581  1039%  19.16*  -1021%  7.59*

7  BHU-31XPBW ZN1 3.19 10.65* 139 17.81%  2383*  1805*  -3.97 852%  1597*  2804*  571%  0.00 794% 1866  -2.53%

8 BHU-31XPBW-343 3.9 3.04 -5.57 9.72 15327 1261 -2024* 987 3021 635 493% 823" 093 25357 -1055*

9  BHU-31XHD-3326 -1383% 76 1533 -1.62 34 4.27 1270%  -1.35 2361% 1640 -493% 823" 093 2535 -1055*
10 HD-3721XPBW ZN1 941* 114 941* 526 1064 1707 476 762 1667 2698*  0.82 693  1542% 1303  422*
11 HD-3721XPBW-343 A115% 3.04 AL15% 324 851 1130 159 1480  -ILI1™  3545*  10.76™  693* 1542  -13.03%  422%
12 HD-3721XHD-3326 -35.19% 2928 3519%  2470*  2085% 3175%  1032% 2466 347 47.00% 2063  1645*  2570* 528  13.50*
13 PWB-725X PBW ZN1 114 114 941* 526 1064  913% 913" 269 2049%  2116*  -1020*  -476* 280 2254  717%
14 PWB-725X PBW-343 -3.04 -3.04 AL15* 324 8.51 1270 1270 2735%  -1.39 5026% 2381 2381  3364% 07 20.68 **
15 PWB-725X HD-3326 -4.56 -4.56 -1254% 162 6.81 3.17 3.17 1659 972%  3757*  1255*  1255% 2150 845%™  9.70*
16 CRDGEHNUIXPBWZNI 121 4.94 1289 121 6.38 590 754 2152 500 4339 246* 2597 3508% 246%™  2278*
17 CRDGEHNUIXPBW343  7.03 418 453 1093*  16.60*  -28.82**  -1865%  -8.07*  -2882* 847  -1972% 13 654 19727 380
18 CRDGEHNUIXHD-3326 1457* 7.6 -1.39 1457%  2043*  3611%  2698%  -1749*  3611** 265 1761% 13 935%  -17.61* 127
19 PBW-550X PBW ZN1 1673% 875 -0.35 1579%  2L70% 585 2341%  -1345% 3299 212 6127 043 748% 19017 295%
20 PBW-550X PBW-343 -8.98 A141% (18827 567 -0.85 1478%  2222% 12017 31M4% 37 -1055% 823 093 2535 -10.55**
21 PBW-550X HD-3326 1830* 57 -3.14 1255 1830*  2986*  873**  22.87*  -486*  4497* 1139  1429*  2336*  7.04*  1139*
22 PBW-677XPBW ZN1 -4.53 4.18 453 1093*  1660** 448 754%™ 448 -19.10%  2328* 1184  -649* 093 23.94%  8.86**
23 PBW-677XPBW-343 -0.7 8.37 -0.7 1538 2128*  1087* 119 1435 -1146*  3492*  1176™  693* 1542  -13.03%  422%
24 PBW-677XPBW-343 -0.35 8.75 -0.35 1579%  2170%  -1749%  2698%  -1749*  3611**  -2.65 374 390  374% 2183 633
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25 PBW-822X PBW ZN1 -4.56 3.42 -5.23 10.12* 15.74 ** -4.39 -2222%  -1211* -31.94* 37 -3.27 ** 2.60 ** 10.75 ** -16.55**  0.00
26 PBW-822X PBW-343 -8.77 % -1.14 -9.41*% 5.26 10.64 * 23.04 ** 12.30 ** 26.91 ** -1.74 49.74 ** 23.53 ** 18.18 ** 27.57 ** -3.87 ** 15.19 **
27  PBW-822X HD-3326 -1.75 6.46 -2.44 13.36 * 19.15 ** 29.86 ** 8.73 ** 22.87 ** -4.86* 44.97 ** 22.90 ** 13.85 ** 22.90 ** -7.39 ** 10.97 **
28 HD-3117XPBW ZN1 -0.36 4.18 -4.53 10.93 * 16.60 ** 5.62* 11.90 ** 26.46 ** -2.08 49.21 ** 12.65 ** 19.48 ** 28.97 ** -2.82 % 16.46 **
29 HD-3117X PBW-343 -2.91 1.52 -6.97 8.1 13.62 * 6.37 ** 12.70 ** 27.35 ** -1.39 50.26 ** 26.43 ** 24.24 ** 34.11** 1.06 21.10 **
30 HD-3117X HD-3326 -1.45 3.04 -5.57 9.72 15.32 ** -19.85**  -15.08**  -4.04 -25.69**  13.23** 3.08 ** 1.3 9.35 ** -17.61 % -1.27
31 DBW-173X PBW ZN1 -8.3 0.76 -7.67 7.29 12.77 * -1529**  -18.65*  -8.07** -28.82 %% 847** -7.14 % 1.3 9.35 ** -17.61*  -1.27
32 DBW-173X PBW-343 -4.84 4.56 -4.18 11.34* 17.02 ** -2.48 -6.35 ** 5.83* -18.06 **  24.87 ** -10.71 % -2.60 ** 5.14 ** -20.77 % -5.06 **
33 DBW-173X HD-3326 2.08 1217 * 2.79 19.43 ** 25.53 ** -11.16 % -14.68*  -3.59 -2535*  13.76 ** -9.52 ** -1.3 6.54 ** -19.72*  -3.80 **
34 DH-3086X PBW ZN1 13.06 * 532 -3.48 12.15* 17.87 ** 3.11 -7.94 % 4.04 -19.44 %% 22.75%** -9.39 ** -3.90 ** 3.74** -21.83*  -6.33*
35 DH-3086X PBW-343 2.34 -0.38 -8.71% 6.07 11.49* -13.91 % -21.43*  -11.21*  -31.25* 476 533 ** 2.60 ** 10.75 ** -16.55*  0.04
36 DH-3086X HD-3326 21.24 ** 4.18 -4.53 10.93 * 16.60 ** 11.56 ** -0.4 12.56 ** -12.85*  32.80 ** 5.78 ** 3.03 ** 11.21 ** -16.20* 042
37 DBW-222X PBW ZN1 6.53 -0.76 -9.06 * 5.67 11.06 * 35.12 ** 9.92 ** 2422 ** -3.82 46.56 ** 7.76 ** 14.29 ** 23.36 ** -7.04** 11.39**
38 DBW-222X PBW-343 7.42 4.56 -4.18 11.34* 17.02 ** 10.87 ** 1.19 14.35 ** -11.46 %% 34.92** 5.26** 3.90 ** 12.15** -1549 % 1.27
39 DBW-222X HD-3326 28.44 ** 3.04 -5.57 9.72 15.32 ** 32.70 ** 11.11** 25.56 ** -2.78 48.15 ** 22.37 ** 20.78 ** 30.37 ** -1.76 ** 17.72**
40 CSW-18XPBW ZN1 -7.93 1.52 -6.97 8.1 13.62 * 12.24 ** 5.56* 19.28 ** -7.64 % 40.74 ** 2.45** 8.66 ** 17.29 ** -11.62*  5.91*
41 CSW-18XPBW-343 -3.45 6.46 -2.44 13.36 * 19.15** 15.19 ** 8.33 ** 22.42 ** -5.21*% 44.44 ** 25.43 ** 25.97 ** 35.98 ** 246 ** 22.78**
42  CSW-18XHD-3326 -1.03 9.13 0.09 16.19 ** 22.13 ** -7.17 ** -12.70**  -1.35 -23.61* 1640 ** -9.48 ** -9.09 ** -1.87 % -26.06**  -11.39
43 PBW-757X PBW ZN1 531 -1.9 -10.10 * 4.45 9.79 35.85 ** 14.29 ** 29.15 ** 0.00 52.38 ** 16.73 ** 23.81 ** 33.64 ** 0.7 20.68**
44 PBW-757X PBW-343 9.77 % 6.84 -2.09 13.77 ** 19.57 ** 11.74 ** 1.98 15.25 ** -10.76 **  35.98 ** 5.65 ** 5.19 ** 13.55 ** -14.44**  2.53**
45 PBW-757X HD-3326 11.89 * -3.42 -11.50 * 2.83 8.09 23.11** 3.57 17.04 ** -9.38 ** 38.10 ** 6.52 ** 6.06 ** 14.49 ** -13.73 % 3.38**

“*” and “**” for 5% and 1% Level of Significance, BP stand for better parent and SV stand for standard variety, SV1=HD 2967, SV2= DBW 187, SV3= NORMAN and SV4= BORLAUG 100
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Table 13. Estimation of heterosis over better parent and four standard varieties in wheat across three locations.
Chlorophyll content
Location 1 Location 2 Location 3
SN Crosses BP SVl SV2 SV3 SVv4 BP SV1 Sv2 Sv3 SVv4 BP Svi SV2 Sv3 Sv4
1064  12.10 15.52 11.27
1 BHU-25XPBW ZN1 5.53 ** ** 5.05 9.15* * 1210%  6.32*  657* ** 4.65*  -074% -0.74% -074* 098*
10.43
2 BHU-25XPBW-343 -0.47 0.61 1.94 -4.47 074 * 7.16* 1.64 1.88 6.37*  439*  098* -098* 098* -122*
3 BHU-25XHD-3326 -0.64 648%  7.88% 1.1 5.05 2.8 8.64* 3.04%  329* 7.84 % 3.10*  -221%  -221% 221 244
1249  13.96
4 WB-02XPBW ZN1 729% 0% ** 6.80%  1097* 29 519 * -0.23 0.0 441% -0.25 -L72% -1.72% 0 172 196 %
15.79 1706 18.60 11.14
5 WB-02XPBW-343 * ** ** * 1548*  -1.93 0.25 -4.92% 469" -0.49 -1.24* 270" -270* 270" -2.93*
10.29
6 WB-02XHD-3326 -5.67 1.09 242 -4.02 027 514* 1111*  539*  563* * -4.48** -588* -588* 588" -611*
1119 12.65
7 BHU-31XPBW ZN1 6.05* ¥ ** 5.57 9.69 ** 8.21*  741* 1.87 211 6.62*  0.25 0.00 -5.04*%*  0.00 -0.24
10.30 1324 14.72
8 BHU-31XPBW-343 * ** ** 751* 1171 1.74 0.99 -4.22% 399  0.25 -0.25 -049  -0.49 -0.49 -0.73*
1726 18.80 11.34
9 BHU-31XHD-3326 9.42 % ¥ * * 1568  3.04*  889* 3.28*  352*% 8.09*  -1.97* 221* -221* 221% -244*
10 HD-3721XPBW ZN1 1.76 6.69%  8.09* 1.3 5.25 3.95*  1037*  4.68* 493* 9.56* 1.49* 0.0 0.0 0.0 -0.24
12.01 1324 14.72
11 HD-3721XPBW-343 * ** ** 751% 1171 3.95*  1037*  4.68** 493 9.56*  -299* 441%™ -441%  -441%  -465*
10.05
12 HD-3721XHD-3326 -0.06 710 8.50**  1.68 5.65 4.42* 1086*  5.15*  540* ** 0.0 -l47% 0 -1.47 % -147% 171

13 PWB-725X PBW ZN1 -1.5 328 4.63 -1.94 188 -2.96 -2.96 -7.96 % -775%  -368* -711% 71 711 711 733
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244 %

-0.24

-1L71%

-12.71%

-0.24

0.00

-14.18 **

-0.49
-7.09**

-8.07 **
-4.65**

-3.91%

-13.45*

-0.24

-0.24
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45 PBW-757X HD-3326 0.32 751*% 8.92** 2,07 6.06 * -5.37* 0.00 515 493 -0.74 0.00 1.07** 0.00 2.05**  -0.24
“*” and “**” for 5% and 1% Level of Significance, BP stand for better parent and SV stand for standard variety, SV1=HD 2967, SV2= DBW 187, SV3= NORMAN and SV4= BORLAUG 100

Table 14. Estimation of heterosis over better parent and four standard varieties in wheat across three locations.

Number of grain per spike

Location 1 Location 2 Location 3

SN  Crosses BP SV1 SV2 SV3  SV4 | BP SV1 SV2 SV3 Sv4 |BP SV1 SV2  SV3  Sv4
9.40 27.05 43.47 68.96 33.29 196

1 BHU-25XPBW ZN1 1874%  * 016 26027 * 36554  * 6896*  3178* 1632  3120% ** 1217 *
10.35 25.65 56.53 84.33 3528

2 BHU-25XPBW-343 1743%  * 20824  2463%  * 48974 w 8433% 4377 1712 2415*  26.13* 614 *
14.62 30.52 38.02 62.54 43.19 56.10 67.43

3 BHU-25XHD-3326 2098%  * BHOH 2946%  ** 31367 654%  2678%  ** 53664 31367
14.28 32.71 43.79 77.91 3855

4 WB-02XPBW ZN1 2034 2760 3163 * 379%  w 7791%  3877% 1273 27.15%  29.18% 871 *
15.96 30.07 37.39 70.00 32.10 4168

5 WB-02XPBW-343 57w BOTH 29024 * 3739% 7000%  3260%  22.66* 3003*  ** 11.16  *
15.64 31.37 44.27 78.51 43.19 56.10 67.43

6 WB-02XHD-3326 078w 26324 3031%  * 4070w 7851 3003%  * 5366%  ** 31364
19.85 39.17 41.71 78.51 29.86 4881 59.60

7 BHU-31XPBW ZN1 30074 33824 3805%  * 47w 7851 3923%  * 4648%  ** BN M
24.04 38.30 40.88 77.46 40.97 61.54 7326

8 BHU-31XPBW-343 2926%  ** 3098%  3718%  * B4z T746% 384 59.01 % ** 3594%  #
13.76 29.24 46.33 84.33 35.08

9 BHU-31XHD-3326 20794 ** 2427%  2819%  * 48974 w 8433% 4377 1007  2415*  26.13* 614 *
7.10 24.37 71.34 71.34 4132 61.94 73.68

10 HD-3721XPBW ZN1 16.24 ** > 19.59 % 2337*  ** 3848 ¥ 7134 33.64%  ** 59.40 % ** 36.27 % ¥
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24.84 39.19 78.96 78.96 37.27 47.23

11 HD-3721XPBW-343 3009% 3384 307w 4e3H 7896%  3958%  27.46% 3B12%  * 1551  *
17.16 33.09 60.27 74.63 3570

12 HD-3721XHD-3326 U39 MITH RO 41137 463" 3620% 1606  2454*  2653* 647
13.14 31.39 41.86 75.52 35.07 54.77 66.00

13 PWB-725X PBW ZN1 080% 2634% 3033 % 41867 TEH 3690% % 52350 3025%
101 31.85 63.13 35.70

14 PWB-725X PBW-343 5.6 12.63* 83 172+ 31850 6313%  2724% 1749  2454*  2653* 647 *
19.53 35.79 48.97 84.33 31.70 4125

15 PWB-725X HD-3326 26914 3057%  3469% 48977 8433%  4377% 208 2963*  ** 1083  *
CRDGEHNU1XPBWZN 1048 28.29 74.03 74.03 37.67 4765

16 1 1990%  * 2336% 27267 * 40657 7T403%  3574% 1585  3B51% * 1585  *
22.04 36.08 62.39 62.39 4775 58.46

17 CRDGEHNUIXPBW343 2718% 3084%  3498% % 324w 6239%  2666*  24.33% 4543% % U}l
CRDGEHNU1XHD- 1410 29.62 55.48 69.40 44.69 55.19

18 3326 IRV U4 857w 3691% 6040%  3213%  2176* 4243% % 276%
11.09 29.00 32.48 69.85 32.18 51.46 6245

19 PBW-550X PBW ZN1 057 UOAF 2796% 7274 69.85%  3248% 49.09%  * 7der
13.62 26.68 32.13 69.40 4433 55.44 66.71

20 PBW-550X PBW-343 1840%  ** AASLH 2566 36914 ** 6940% 3213 53.00%  * 3080%  *
11.67 26.86 27.94 64.03 45.26 58.36 69.84

21 PBW-550X HD-3326 18564 ** 2198%  2583% A 6L03%  27.94% 5587H  * 33267
17.70 36.69 74.48 74.48 37.27 4723

22 PBW-677XPBW ZN1 775w 3143% 35580 % 4017 7448%  3609% 1979 3B12% 1551 *
17.06 30.53 73.13 73.13 37.27 4703

23 PBW-677XPBW-343 2099%  # B 947 % 3993%  #* 73I3% 304 27.46% 3B % 1551  *
12.55 28.31 46.30 59.40 32.49 011

24 PBW-677XPBW-343 19.92 ** * 2338*  27.28% ¥ 28.83* * 59.40*  2433*  21.53* 3042* @ ** 11.5 **
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8.84 26.39 49.19 78.36 37.67 4765
25 PBW-822X PBW ZN1 18124 AU 2537w 415% 7836%  39.12% 2014 3B51% * 1585  *
8.16 21.67 59.18 90.30 34.11 44.43 5491
26 PBW-822X PBW-343 1371 1699%  2069%  ** 53807 9030%  d843* IRVAE 2054%
16.47 32.31 38.96 43.80 56.76 68.14
27 PBW-822X HD-3326 2366% W23 3124% 1623 123 3896 838 * 5431% 3L
14.09 32.49 59.05 88.96 33.82 1353
28 HD-3117X PBW ZN1 23834 740% 3l ¥ 8896*  4738* 1427 3L 1261 *
10.34 25.37 4537 35.81 45.66
29 HD-3117X PBW-343 VAVAES 2054% 2435 2236 1749 537 1339 1597  3368% 1429  #
l6.74 32.64 37.31 63.13 31.82 54.38 65.58
30 HD-3117X HD-3326 B 54 3157w 31854 6313%  74r ™ 5196%  * 2991%  *
4.96 22.34 61.56 91.94 44.69 55.19
31 DBW-173X PBW ZN1 U3 17.63%  2135% I3 9194%  971%  2627% 4243% * 276%
13.38 32.16 52.09 33.82 1353
32 DBW-173X PBW-343 B5LH .07 3109%  28.02% 292* 5209% 1863 24.26% 3172 % 1261 *
13.34 32.11 37.69 63.58
33 DBW-173X HD-3326 BT 27.03%  3L04%  * 021w 6358*  2759*  12.04 2023 2215 279 3101*
9.37 27.01 26.56 78.51 29.40 4828 59.03
34 DH-3086X PBW ZN1 1870%  * DI 2598 H 7% 7851 3923% 4595%  ** UT8* M
23.25 38.69 26.46 78.36 34.24 44.56 55.05
35 DH-3086X PBW-343 0627 3336%  3757M w 4154 7836%  3912%  ** £030% 2065%
19.55 35.81 33.97 88.96 41.61 54.38 65.58
36 DH-3086X HD-3326 26934 3059% 371w DY 8896+  4738% 5196%  * 2991%
1449 32.95 61.41 63.58 49.77 71.62 84.07
37 DBW-222X PBW ZN1 U2H 784%  3188% R 6358%  2759% 6893+  ** TR R
16.21 31.85 86.16 88.66 37.29 54.77 66.00

38 DBW-222X PBW-343 23.23 % > 2678 % 3079 ** 5247 % ** 88.00*  47.15%  ** 52.35% ¥ 30.25 %  *
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10.27 25.27 63.42 78.06 30.47 47.08 5775

39 DBW-222X HD-3326 17.08% 2045%  2425% BIIH 78064 3888% 4478%  * BT
10.49 28.31 58.17 57.46 32.29 51.59 6259

40 CSW-18XPBW ZN1 19924 ** 2338 2728% 27264 5746% 08¢ 49204  * prA A
24.79 39.14 73.55 69.40 32.10 4168

41 CSW-18XPBW-343 30047 3378 3801 % 36917 6040%  3213%  22.66% 3003*  ** 11.16  *
18.11 34.17 68.36 83.43 43.19 56.10 67.43

42 CSW-18XHD-3326 BAOH 2001%  33.09% % 48257 83437 4307 * 53664 31367
16.02 34.73 64.32 63.58 34.72 54.38 65.58

43 PBW-757X PBW ZN1 BRH 2955%  33e4r * 021w 6358%  2759%  ** 51964 2991%  #
19.79 33.56 69.42 65.37 44.46 55.57 66.86

44 PBW-757X PBW-343 UKH PLERA VT R 3366H 65374 2899% 5313%  * 3092%
0.85 24.80 46.44 59.55 32.48 44.43 5491

45 PBW-757X HD-3326 16634 ** 2000%  2379% 28954 ** 5955%  2445% IRVAE 2054%

“*” and “**” for 5% and 1% Level of Significance, BP stand for better parent and SV stand for standard variety, SV1=HD 2967, SV2= DBW 187, SV3= NORMAN and SV4= BORLAUG 100
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4. Conclusion

Analysis of variance (ANOVA) recorded significant differences (p < 0.001), for the best lines and
testers with high general combining ability (GCA) were DH-3086, PBW-757, and PBW ZN1. The top
line x tester crosses with high SCA for yield components characters like total grain yield per plant,
harvest index, and spike length were PBW-677 x PBW-343, PBW-822 x PBW ZN1, and DH-3086 x
PBW-343. These lines and testers show potential for improving traits controlled by additive genes
and can be used for selecting superior parents, developing inbred lines, and ensuring broad
adaptability in wheat for GCA. For SCA, the findings can help for identify superior crosses and
leverage the mode of gene actions for wheat improvement. With regards to the total grain yield per
plant across the genotypes and locations, the highest positive better parent heterosis recorded in
PBW-822 x PBW ZN1, while the lowest and negative better parent heterosis was observed in WB-02
x HD-3326, with a value of -8.09. The highest standard heterosis was recorded in DH-3086 x PBW
ZN1, while the lowest standard heterosis was seen in BHU-25 x PBW-343.
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