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ABSTRACT

The present investigation was carried out at the Experimental Farm of Etai El-
Baroud Agricultural Research Station, El-Beheira Governorate (Agricultural Research
Center) during the two successive seasons of 2016-2017 and 2017-2018. Eight bread
wheat cultivars and lines representing a wide range of diversity for several agronomic
characters were selected for the study in a half diallel mating design which were
analyzed by using Griffing’s method and GGE biplot graph. The genetic analysis
(variance, combining ability, heterosis, and Biplot) of grain yield per plant and some
agronomic traits were evaluated. Genotypes were randomly distributed using RCBD
design with three replications. Results revealed highly significant variations within
parents and F1 genotypes indicating a wide genetic variability for the studied characters
and the possibility of genetic improvement using such genetic pools of wheat. Both
general (GCA) and specific (SCA) combining abilities were significant for all studied
characters revealing the important role of both additive and dominant components in the
inheritance of the studied characters. Gemmeiza9 was good general combiner for grain
yield/plant, biological yield, spike length, number of spikes per plant, number of kernels
per spike and chlorophyll content. Several crosses exhibited highly significantly positive
SCA effects for studied characters especially Gemmeiza9 x Line2 for grain yield/plant
and most attributes. Highly significant heterosis was detected in two crosses (Gemmeiza9
x Line2) and (Sids13 x Line2) for grain yield/plant and some agronomic traits. Biplot
graph is considered quickly and effective tool for assessing the genetic interrelationship
among the genotypes.
Key words: Triticum aestivum, Combining ability, Heterobeltiosis, Diallel analysis,

Biplot.
INTRODUCTION

Wheat crop (Triticum aestivum L.) is considered the most important
cereal crop for urban and rural societies as well as the major source of straw
for animals feeding in Egypt. The efforts of wheat breeders and genetics
must be continue to improve wheat varieties and increase the productivity of
unit area in order to minimize the gap between production and consumption.

Diallel cross technique is a good tool for identification of hybrid
combinations that have the potentiality of producing maximum
improvement and identifying superior lines among the progeny in early
segregation generations (Soheir, M.H. Abd Allah and EL-Gammaal 2009).
During breeding programs, it is necessary to select pure lines of high
general combining ability (GCA) indicating the additive gene effect (Samier
2015).

Combining ability estimates provide information useful for the
selection of parents and also provides information regarding the nature
and magnitude of gene action involved. The knowledge of genetic structure



and mode of inheritance of different characters helps breeders to select
appropriate breeding methodology (Kiani et al 2007).

Diallel crossing was usually done by using Griffing’s methods
(1956). These methods are less interpretative, difficult to understand
without the aid of some graphical display (Dehghani et al 2010). Yan and
Hunt (2002) have developed a quick evaluation method called GGE biplot
model for analyzing the diallel data. This technique enhances the capability
of interpreting the phenotypic variation to obtain combining ability and
interrelationships of parents based on graphical presentation using PC1
and PC2 which are derived through PC analysis of environment-centered
yield data. Genotype main effects and Genotype x Environment interaction
effects (GGE biplot) model is a recent method and has been widely used to
determine combining ability and heterotic responses (Shang et al 2006 and
Darvishzadeh et al 2009). The GGE biplot methodology was developed for
multi-environments trial (MET) data (Yan and Hunt 2002), in which,
genotypes are entries and environments are testers. GGE biplot is also
preferred to interpret the conventional diallel approach because it gives
jointly GCA and SCA effects of the population and the preferences of the
crosses as well as grouping pattern of similar genotypes, (Bertoia et al
2006).

The possible heterosis exploitation in wheat crop continues to be a
critical question. The choice of parental material used in the hybridization
scheme does contribute significantly for the development of a suitable
genotype. The parents which are genetically superior and diverse in the
traits of interest are utilized for varietal development programme (Rasul et
al 2002).

Knowledge of the relative importance of additive and non-additive
gene action is essential to plant breeder for the development of efficient
hybridization programme. The value of an inbred line depends on its ability
to produce superior hybrids in combination with other inbreds. Combining
ability analysis helps in the evaluation of inbreds in terms of their genetic
value, and in the selection of suitable parents for hybridization (Singh and
Narayanan 1993). During breeding programs, it is necessary to select pure
lines of high general combining ability (GCA) that indicates the additive
gene effect (Samier 2015). Knowledge about genetic mechanism, involved
in the expression of yield-related traits, is helpful in developing superior
genotypes. The information about the relative contribution of components
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of variation i.e., additive, non-additive and epistasis, is essential for
effective plant-improvement exercise (Azhar and Ajmal 1999).

The objectives of the present investigation were to: 1) identify good
combining parents to be use in future breeding program. 2) Determine
general combining ability (GCA) as well as specific combining ability
(SCA) for genotypes. 3) Estimate heterosis in the experimental hybrids for
grain yield and contributing traits. 4) Analyze diallel data using GGE biplot
model to gather information about genetic interrelationships among parents,
general and specific combining ability for grain yield, chlorophyll content
and number of kernels/spike in wheat.

MATERIALS AND METHODS

Field experiments were conducted at the experimental farm of Etai
EL-Baroud Agricultural Research Station, El-Beheira Governorate, Egypt,
during 2016/2017 and 2017/2018 wheat growing seasons. The experimental
materials consists of eight genotypes comprised of four cultivars namely,
Gemmeiza 9 (P1), Sids 13 (P2), Shandweel 1 (P3), Giza 171 (P4), and four
lines of bread wheat one Linel (P5), Line2 (P6), Line3 (P7) and Line4 (P8)
as shown in Table (1). In 2015/2016 growing season, grains for each of the
parental genotypes were sown and all possible cross combinations
excluding reciprocals were made among all the eight parental genotypes to
produce their twenty eight F1 crosses. During 2016/2017 season, the
experimental materials comprising 36 genotypes (8 parents in addition to
their 28 F1’s) were evaluated, using a randomized complete block design
(RCBD) with three replicates. One row plot was used with 3.0 m long and
0.30 m apart. The grains were sown at a spacing of 20 cm within one row.
All the recommended cultural practices of wheat production were done
properly at the required time. Data for heading date, physiological maturity
date, plant height, flag leaf area, chlorophyll content were recorded in the
field. At harvesting time, the aimed characters were recorded as follow:
number of spikes per plant, spike length, number of kernels/spike, 1000-
kernel weigh, biological yield and grain yield, and harvest index (%). The
chlorophyll content was quickly recorded using SPAD 502 meter in the
field to assess the need for N- top dressing during pre panicle initiation and
panicle differentiation growth stages of wheat.

Statistical analysis

The plant material was evaluated by analyzing the data on heterosis
and combining ability for the studied traits at the Fi1 generation. The
genotypes are then analyzed according to Griffing’s (1956) model I method
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Il (half-diallel set), fixed model to estimate the effects for general and
specific combining ability for studied traits.

Table 1. Names and pedigree of the studied wheat parental genotypes.

No. Name |Pedigree
P1 |Gemmeiza 9 ALD'S'/HUAC'S'//CMH74.630/5X CGM 4583-5GM-1GM-0GM

ALMAZ.19=KAUZ"S"// TSI/ SNB"'S" ICSBW 1-0375-4AP-2AP-
030AP-0APS-3AP-0APS-050AP-0AP--0SD

Site//Mo/4/Nac/Th.Ac./3*Pvn/3/Mirlo/Buc CMSS93B00567S-72Y -
010M-010Y-010M-OHTY

P4 | Gizal7l |SAKHA 93/GEMMEZA 9 Gz2003-101-1Gz-4Gz-1Gz-2Gz-0Gz

PFAU/MILAN/S/WEAVER/4/NAC/TH.AC//3*PVN/3/MIRLO/BU
CS.16258-021S-012S5-1S-0S

CROC-1/AE.SQUARROSA(213)/ /IPGO/3/SODAT/
4/Gemmeiza#7GM9247-5GM-5GM-1GM-1GM2GM-0GM

P2 Sids 13

P3 [Shandweel 1

P5 Line 1

P6 Line 2

PF74354//LD/ALD/4/*BR12*2/3/JUP//PAR214*6/FB6631/7/BUC//7
P7 Line3 |C/ALD/5/MAYA74/0ON//1160.147/3/BBGLL/4/CHAT”S”/6/MAYA
VUL//CMHT74A.630/4*SX. GM-9659-1GM-2GM-2GM-0GM.

SAKHAB80/6/SAKHA3/5/CNO79/4/BBSYG/3/RA/2F2/OM/7/SAKH

P8 | Line4 |\73/51AS58/4/KAL/BB//CI”S”/3/ALD”S”. SD9240-7SD-1SD-0SD.

In Genotype main effects and Genotype X Environment interaction
effects (GGE biplot) model, mean and stability genotypes referred to GCA
and SCA parents, respectively. The mean values for hybrids and parental
populations across environments are used to form a symmetrical diallel data
matrix from which the first two principle components (PC1 and PC2) were
extracted. Each population corresponded to one row and one column of
data, after obtaining the first two principle components of the adjusted data.
The model for data analysis is:

Yij— Bj = Aasir i + Aasio N2t &j

Where Yij is genotypic values of the combination between two entries i and
j for a given trait; fj is an average value of all combinations with entry j, A1
and A2 are singular values for PC1 and PC2. ¢il and &i2 are PC1 and PC2
eigenvectors for entry i, respectively; mjz and n jo are PC1 and PC2
eigenvectors for entry j, respectively; €ij is the residual of model for entries 1
and j. This statistical method has been described by Yan and Hunt (2002)
and Yan and Kang (2003). This analysis is done using GGE biplot software
(Yan 2001).
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The polygon view of the biplot is drawn by connecting the entries.
The perpendicular line to each side drawn from the origin of the plot divides
the biplot into several sectors. Entries falling in a sector shares the best
mating partner with another entry present at the vertex of the polygon in that
sector. Entries located near the biplot origin are less responsive to change of
the entries.

Percentages of heterosis as proposed by Mather and Jinks (1982)
were determined as the deviation of F1 mean performance from better parent
(BP) values and expressed as percentages as follows:

Better parent heterosis (%) = (F1-BP)/BP x 100.

RESULTS AND DISCUSSION
Analysis of variance

Mean squares of the analysis of variance for the studied characters
of 36 wheat genotypes (8 parents and 28 F1 hybrids) are shown in Table (2).
Results illustrated that differences among genotypes as well as parents and
crosses are significant, except parent's vs. crosses for heading date, maturity
date, and chlorophyll content. Rasul et al (2002) reported that, the analysis
of variance for spike length, number of grains per spike, 1000-grain weight
and grain yield per plant manifested highly significant differences among
genotypes. Inamullah et al (2006) showed that, highly significant
differences among the genotypes for all the traits studied. Akinci (2009)
mentioned that, the analysis of variance showed significant differences
among genotypes for heading time, thousand kernel weights and grain
yield/plant traits.

Mean squares of both general (GCA) and specific (SCA) combining
ability were significant for all studied characters (Table 2). Thus, both
additive and non-additive gene effects were important in controlling the
inheritance of all characters studied. Genetic component of variances is
assessed through the estimates of GCA and SCA variances. The additive
genetic variance is equal to GCA variance and dominance variance is equal
to SCA variance. The ratio of GCA/SCA was more than unity for all studied
characters except grain yield per plant, indicating that additive gene effects
were more important than non-additive for these characters. The higher
importance of GCA than SCA variance for studied characters was also
reported by Abdel Nour (2006) , Salem and Abdel Dayem (2006), Kumar et
al (2011), Singh et al (2013) and Rahul and Kandalkar (2018).
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Table 2. Mean squares from analysis of variance and general and
specific combining ability analysis for all studied characters
in eight parent half diallel crosses of wheat.

SOV df Heading | Days to Flag Chlorophy Plant Spike
date maturity | leafarea | Il content | height (cm) | length (cm)
Replication | 2 23.51 16.67 7.15 2.10 1.99 0.01

Genotypes | 35 | 26.42** | 22.37** 105.72** 48.65*%* 81.36** 7.21%*

Parents (P) | 7 51.14** | 43.69** 195.23** 76.53** | 221.09** 18.87**

Crosses (C) | 27 | 20.97** | 17.66** 84.52** 43.22%* 46.88** 4.28**

PvsC 1| 03 0.28 51.46%* 0.19 34.42%* 4.44%*
GCA 7 | 26.28%* | 5325%% | 31.07** | 1530% | 34.95% | 82.28%*
SCA 28 | 6.72%* | 1056%* | 1437** | 7.01** | 1318% | 14.46%*
Error 70 | 0.357 0.44 291 2.73 211 0.09
GCA/SCA 3.91 5.04 2.16 2.18 2.65 5.69

No. of |Number of . . Grain Harvest
SOV | df | spikes/ | Kernels/ | 1000 Kernel | Bologicall gy index
plant spike g yielaip (@) (%)

Replication | 2 | 141 45.65 0.11 156.7%* 7.10 16.76

Genotypes | 35 | 61.92** | 417.07** 64.48** 2378.9* | 247.35** 27.36%*

Parents (P) | 7 | 48.93** | 713.91** | 125.79** 2240.9* | 230.13** 49.83**

Crosses (C) | 27 | 60.13** | 341.30** 50.82** 2150.2* | 231.25** 19.34**

PvsC 1 | 201.34** | 385.08** 4.42%* 9520.5* 802.66** 86.52**
GCA 7 48.39** | 31.32** 62.57** 1671.1* 148.87** 19.19**
SCA 28 | 29.02** | 14.56** 18.04** 1302.6* 160.31** 15.01*
Error 70 1.47 11.36 1.271 74.66 22.97 8.44
GCA/SCA 1.28 2.15 3.47 1.28 0.93 1.28

Performance of wheat genotypes

Mean values of different studied characters of the eight wheat
parental genotypes and their 28 half diallel F1's are presented in Table (3).
Days to heading for parents ranged from 89.67 for P8 to 101.00 for P5 with
an average of 96.67 while the F1 crosses ranged from 90.33 for cross P5xP8
to 102.33 for cross P1xP7 with an average of 96.54 days.
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Table 3. Mean performance of eight Parents and their F1 crosses for all
studied characters in bread wheat.

Parents and Heading Daysto |Flag leaf| Chlorophyll Plant Spike
Crosses date maturity area content height(cm) | length(cm)

P1 100.00 145.33 42.61 53.43 105.00 14.52

P2 99.00 142.33 36.56 48.20 82.45 10.69

P3 95.00 141.67 50.49 51.87 107.11 15.17

P4 95.00 143.33 51.98 54.30 104.89 13.29

P5 101.00 142.33 41.99 53.30 88.56 8.35

P6 93.00 136.33 42.07 46.63 99.17 9.47

P7 100.67 149.00 58.85 60.90 97.39 12.94

P8 89.67 139.00 57.23 58.40 99.89 14.12

Mean parent 96.67 142.42 47.72 52.75 98.06 12.32

P2 98.33 143.33 46.78 41.43 98.30 13.04

P3 97.33 143.67 39.15 49.53 100.69 14.21

P4 98.00 145.00 52.55 53.33 99.32 14.20

P1 P5 97.67 141.67 47.47 47.93 97.00 12.61

P6 101.67 145.67 47.86 52.43 102.33 12.99

P7 102.33 146.67 49.25 56.73 97.67 13.90

P8 98.00 142.67 49.59 53.67 101.78 13.53

P3 93.00 140.67 42.64 52.10 95.00 13.46

P4 95.67 142.67 46.44 52.37 99.53 12.99

P2 P5 94.00 138.67 41.35 49.47 90.67 10.51

P6 95.00 131.67 4291 50.17 99.77 12.86

P7 97.00 132.00 45.81 53.97 92.42 12.03

P8 95.67 141.00 47.29 49.67 100.22 13.74

P4 95.00 142.67 54.30 53.57 105.00 14.52

P5 95.33 147.33 42.84 51.43 94.92 11.60

P3 P6 96.00 141.00 46.61 54.10 101.50 11.64

P7 99.33 144.00 48.16 57.67 102.33 13.78

P8 94.00 142.33 47.89 55.10 106.50 15.02

P5 95.33 144.67 47.25 50.77 97.67 11.30

p4 P6 97.67 143.33 55.03 52.30 104.55 12.75

P7 100.67 143.67 54.52 54.80 98.00 13.08

P8 93.67 145.00 53.13 51.83 100.67 13.83

P6 96.33 141.67 49.45 48.83 97.65 10.76

P5 P7 95.33 145.67 58.77 62.50 92.33 11.01

P8 90.33 146.67 57.01 52.10 104.22 12.45

P6 P7 99.33 142.67 59.08 55.70 97.89 11.08

P8 95.33 140.67 54.25 54.00 103.48 12.65

P7 P8 95.67 142.67 55.38 56.90 102.17 13.03

Mean 96.54 143.19 49.38 52.66 99.41 12.81

L.S.D5% 0.97 1.07 2.76 2.67 2.35 0.49

L.S.D1% 1.26 1.39 3.59 3.48 3.06 0.64
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Table 3. Cont.

Parentsand| No. of No. of 1000- Biological | Grain I—ﬁgg(st
crosses  [spikes/plantKernels/spikekernelsweight|yield/plant|yield/plant (%)
P1 17.00 98.89 47.22 145.22 52.29 36.00
P2 11.42 86.03 37.58 70.31 29.84 42.44
P3 9.78 89.45 49.27 100.00 35.62 35.61
P4 9.78 83.00 53.82 102.89 35.91 34.96
P5 13.67 84.78 38.57 86.78 38.08 43.96
P6 11.25 68.42 46.88 86.00 29.17 33.92
P7 5.44 121.72 50.50 77.22 29.38 38.02
P8 4.67 95.44 55.43 53.44 23.14 43.26
Mean parent| 10.38 90.97 47.41 90.23 34.18 38.52
P2 16.72 88.12 44.77 127.26 46.06 36.20
P3 16.28 102.00 42.20 124.58 44.34 35.54
P4 16.02 94.20 45.52 124.95 43.76 34.97
PL | P5 24.56 98.11 42.92 173.89 59.12 34.02
P6 21.67 88.66 47.38 181.67 63.90 35.17
P7 16.00 108.00 51.83 136.67 47.04 34.44
P8 10.67 93.55 48.13 102.44 35.93 35.14
P3 12.22 89.58 41.95 112.33 39.26 34.97
P4 13.00 92.33 46.43 105.40 40.79 38.69
py | P5 15.00 91.00 39.52 95.27 36.57 38.39
P6 17.04 81.04 47.70 121.10 39.92 32.96
P7 10.00 103.42 46.40 104.67 38.75 37.05
P8 11.45 101.56 49.38 110.56 49.01 43.85
P4 17.00 103.44 46.75 144.11 50.53 35.10
P5 14.25 93.75 42.93 94.08 35.13 37.33
P3 | P6 14.58 81.75 48.95 115.58 42.80 37.15
P7 12.00 102.00 50.42 114.50 40.30 35.23
P8 12.67 98.00 53.28 115.00 41.78 36.36
P5 19.00 85.17 44.37 116.83 41.78 35.60
py | P6 14.63 90.88 48.07 117.25 36.75 31.35
P7 11.67 107.83 49.98 105.00 40.93 39.00
P8 13.00 100.23 49.65 110.00 42.40 38.60
P6 16.77 83.80 45.38 120.50 39.73 32.93
P5 | P7 414 127.85 50.67 63.61 25.23 39.52
P8 7.33 106.78 53.05 84.89 33.57 39.50
pe |P7 8.22 90.78 52.93 81.11 29.19 36.02
P8 10.58 74.37 54.93 100.62 35.04 34.92
P7 | P8 6.00 96.00 55.57 55.00 21.00 38.31
Mean 13.66 95.51 47.90 112.82 40.74 36.37
L.S.D5% 1.96 5.45 1.82 13.97 7.75 4.70
L.S.D1% 2.56 7.10 2.37 18.19 10.09 6.11
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For maturity date, P6 was the earliest one with value of 136.33 and
P5 was the latest one with value of 145.33 days, with an average of 142.42
days, also cross P2xP6 and P2xP7 were the earliest with value of 131.67
and 132.00 and P3xP5 was the latest one with value of 147.33 days,
respectively, with an average of 143.19 days. Regarding flag leaf area, mean
values for parents ranged from 36.56 for P2 to 58.85 cm? for P7 with an
average of 47.72 cm? while the F1 crosses ranged from 39.15 cm? for cross
P1xP3 to 59.08 cm? for cross P6xP7 with an average of 49.38 cm?.
Concerning Chlorophyll content, the mean values for parents developed
differences with range of 46.63 (P6) — 60.90 (P7) with an average equal to
52.75 while the mean values of F1 hybrids displayed significantly differed
and varied from 41.43 (P1xP2) to 62.50 (P5xP7) with an average of 52.66.

The results revealed that, the mean values of parents showed
differences with range of 82.45 (P2) to 107.11 (P3), mean while crosses
ranged from 92.42 (P2xP7) to 106.52 (P3xP8) with an average of 99.41 for
plant height. Regarding spike length ranged from 8.35 (P5) to 15.17 (P3)
with an average equal to 12.32 while the F1 crosses ranged from 10.51
(P2xP5) to 15.02 (P3xP8), with an average equal to 12.81. Concerning
number of spikes/plant ranged from 4.67 (P8) to 17.00 (P1) with an average
10.38 while the crosses ranged from 4.14 (P5xP7) to 24.56 (P1xP5) with an
average 13.66. Number of kernels/spike for 68.42 (P6) to 121.72 (P7) with
an average 90.97, while the F1 crosses ranged from 74.37 (P6xP8) to
127.85 (P5xP7) with an average 95.51, 1000-grain weight for, 37.58 (P2) to
55.43 (P8) with an average 47.41 while the F1 crosses ranged from 39.52
(P2xP5) to 55.57 (P7xP8) with an average 47.90. Biological yield/plant for,
53.44 (P8) to 145.22 (P1) with an average 8.10 while the F1 crosses ranged
from 10.51 (P2xP5) to 15.02 (P3xP8), with an average 112.82. Harvest
index 33.92% (P6) to 43.96% (P5) with an average 38.52 while the crosses
ranged from 31.55 (P4xP6) to 43.85 (P2xP8) with an average 36.37. Grain
yield/plant for 23.14 (P8) to 52.29 (P1) with an average 34.18 while the
crosses ranged from 21 (P7xP8) to 63.90 (P1xP6), with an average 40.74,
respectively.

The parental genotype (P1) recorded the highest number of spikes
per plant, biological and grain yield/plant. However, P3 recorded the highest
values of plant height and spike length (cm). Parents no. 6 and 8 were the
earliest heading date and maturity date, Parent no. 5 recorded the highest
harvest index. Parent no. 7 had the maximum values of flag leaf area,
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chlorophyll content and number of kernels per spikes. P8 recorded the
highest 1000 kernels weight and was the earliest for heading date.

The crosses of (P2xP3) and (P2xP6) were the latest in heading date
and maturity, respectively. The crosses registered the highest values of flag
leaf area, (P6xP7), (P5xP7) chlorophyll content and number of kernels per
spikes, P3xP8 plant height and spike length, respectively. The maximum
values for number of spikes per plant, 1000 kernels weight, biological yield,
grain yield per plant and harvest index were recorded by crosses (P1xP5,
P7xP8, P1xP6 and P2xP8), respectively.

In general, there were magnitudes of increases toward the cross
averages over the parent averages for the characters of number of
spikes/plant (13.66 and 10.38), number of kernels/spike (95.51 and 90.97),
biological yield (112.82 and 90.23 g), and (grain yield (40.74 and 34.1 g)
indicating positive heterotic effect. It could be concluded that the above
mentioned parents and crosses would be valuable for improving grain yield
via its component characters.

General combining ability (GCA) effects.

Combining ability plays a major role in the evaluation of inbred in
terms of their breeding values; and this will help to decide efficient breeding
method to be applied in segregating generations. It is primarily a function of
additive genetic variance; it helps in the selection of suitable good general
combining parents for hybridization. The (GCA) effects are presented in
Table (4).

Data presented in Table (4) revealed that two parents viz P5 and P8
reported significant and negative GCA effects for heading and maturity
date, suggesting good general combiner for improvement of earliness in the
breeding program. Results showed that the three parents P4, P7 and P8,
were good combiners for flag leaf area and P1, P7 and P8 for chlorophyll
content while parents, P2 and P5 had good (negative) GCA effects for short
plant height and P1, P3, P4 and P8 had good (positive) GCA effects for tall
plant height. However, P1 was good general combiner for grain yield,
biological yield, spike length, number of spikes per plant and number of
kernels per spikes. For yield attributes, the largest positive GCA effect was
exhibited by P3, P4 and P8 for spike length (cm) P5 and P6 for number of
spikes per plant, P8 for number of kernels per spikes, P4, P7 and P8 for
1000 kernels weight, and P2, P5 and P8 for harvest index (%). Accordingly,
these parents are considered good genotypes for breeding programs to
increase and develop yield and yield components in bread wheat.
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Table 4. Estimates of general (GCA) and specific (SCA) combining
ability effects for studied characters.

Character | Heading | Daysto | Flag leaf \Chlorophyll ~ Plant Spike

date maturity area I content | height length

P1 2.43** 1.68** -2.33* 3.22** 1.51* 0.92**

P2 -0.24 -0.79 -5.48** -2.85** -5.12** -0.43**

P3 -0.91* -0.56 -1.86* 0.31 2.82** 1.03**

P4 -0.31 1.14* 2.61** 0.35 2.25** 0.50**

P5 -1.88** -2.66** -1.30 -0.45 -4.04** -1.73**

P6 1.43** 0.01 -0.18 -1.33 1.35 -1.06**
P7 2.19%* 2.71%* 4.75%* 4.60** -1.44 -0.05

P8 -2.71%* -1.53** 3.79** 1.60* 2.68** 0.82**
LSD ai 5% 0.20 0.22 0.58 0.56 0.50 0.10
LSD ai 1% 0.27 0.30 0.77 0.75 0.66 0.14
LSD di-0i 5% 0.62 0.69 1.78 1.72 1.52 0.32
LSD di-0i 1% 0.83 0.92 2.36 2.29 2.01 0.42
P> -0.42 -0.06 5.57*%* -6.17** 2.80** -0.16

P3 -0.75* 0.04 -5.68** -1.24 -2.74** -0.44*
P4 -0.68* -0.33 3.26* 2.53** -3.65%* 0.08

P1 Ps 0.55 0.14 2.08* -2.08** 0.42 0.72**
Ps 1.25%* 1.47** 1.35 3.30** 0.36 0.43*
P7 1.15** -0.23 -2.20* 1.68 -1.61** 0.33

Pg 1.72%* 0.01 -0.88 1.61 -1.62** -0.91**
P3 -2.41** -0.49 0.96 1.96 -1.81 0.16
P4 -0.35 -0.19 0.30 2.20** 3.29** 0.22
P, Ps -0.45 -0.39 -0.88 0.09 0.72 -0.03

Pg 2.75** -0.06 -0.45 1.67* 4.43** 1.65**
Ps -1.51** 2.43** -2.48 -0.45 -0.13 -0.19

Pg 2.05** 0.81* -0.03 -1.75 3.55** 0.64**
P4 -0.35 -0.43 4.54** 0.23 0.82 0.30

Ps 1.55** 1.37** -3.02** -1.11 -2.97** 0.39**

Ps Pg -1.08** -1.63** -0.37 2.44** -1.78 -1.02**
P7 1.49** 1.34** -3.76** 0.08 1.85** 0.10

Pg 1.05** -0.76 -3.05** 0.51 1.89** 0.47*
Ps 0.95** 3.01** -3.07** -1.81 0.35 -0.16

Pa Ps -0.01 -0.33 3.59** 0.61 1.84** 0.61**
P7 2.22** 0.97 -1.85% -2.82** -1.92 -0.06
Pg 0.12 0.21 2.28** -2.79** -3.38** -0.18

Pg 0.22 0.81 1.92* -2.07 1.23 0.85**
Ps Pz -1.55** -1.56** 6.31** 5.67** -1.29 0.09

Pg -1.65** -1.66** 5.51** -1.73 6.47** 0.67**

Ps P7 -0.85** -1.23** 5.49** -0.24 -1.13 -0.51*
Pg 0.05 1.34** 1.63 1.06 0.34 0.19

P7 Pg -0.38 0.97 =2 17** -1.97 1.82** -0.44*
LSD Sij 5% 0.54 0.60 1.55 1.50 1.32 0.28
LSD Sij 1% 0.72 0.80 2.06 1.99 1.75 0.37
LSD sii-sik 5% 0.92 1.02 2.63 2.55 2.25 0.47
LSD sij-sik 1% 1.23 1.35 3.50 3.39 2.98 0.63
LSD sii-skl 5% 0.87 0.96 2.48 2.41 2.12 0.44
LSD sij-skl 1%|  1.16 1.28 3.30 3.19 2.81 0.59
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Table 4. Cont.

No. of 1000- . . .
No. of Biological Grain Harvest
Character | osiplant K:;i”fe'y kg;ri‘lfés’ yield/plant | yieldiplant |index (%)
P1 3.95** 1.99** -1.29* 29.17** 9.12** -1.42*
P2 0.19 -3.14* -3.88** -5.30 -0.35 1.54*
P3 0.22 -1.11 -0.51 5.00* 1.19 -0.87
P4 0.75 -1.04 0.83* 5.91* 1.53 -0.84
P5 1.20* 0.55 -3.4** -4.76* -0.62 1.36*
P6 0.96* -12.24** 0.90 3.96* -0.78 -2.33*
P7 -3.75** 2.10** 2.87** -15.652** -5.23** 0.40
P8 -3.53** 12.88** 4.48** -18.48** -4.85** 2.16*
LSD ai 5% 0.41 1.15 0.38 2.94 1.63 0.99
LSD ai 1% 0.55 1.52 0.51 3.91 2.17 1.31
LSD gi-gj 5% 1.26 3.52 1.18 9.02 5.00 3.03
LSD qi-aj 1% 1.67 4.67 1.56 11.98 6.64 4.03
P2 -0.35 -5.23** 2.15** -4.41 -1.99 -0.77
Ps -0.83 5.61** -3.79** -17.39** -5.25* 0.98
P4 -1.62** -1.25 -1.81** -17.93** -6.16** 0.37
P1 Ps 6.47** 1.07 -0.17 41.68** 11.34** -2.77*
Ps 3.82** 4.41** -0.02 40.73** 16.28** 2.06*
Pz 2.86** -1.38 2.46** 15.22** 3.87 -1.39
Ps -2.68** -4.03* -2.84** -16.05** -7.62** -2.45
Ps3 -1.12* -1.67 -1.45 4.83 -0.86 -2.55
P4 -0.87 2.01 1.69** -3.01 0.33 1.14
P, Ps 0.68 -0.91 -0.98 -2.48 -1.74 -1.35
Ps 2.96** 1.92 2.89** 14.64** 1.77 -3.09*
Pz 0.63 -0.83 -0.38 17.69** 5.05* -1.74
Ps -1.48** 9.11** 0.99 26.54** 14.93** 3.31*
P4 3.10** 10.09** -1.36 25.40** 8.54** -0.04
Ps -0.10 -1.19 -0.94 -13.96** -4.72* 0.00
Ps Ps 0.47 -0.41 0.77 -1.18 3.12 3.51**
Pz 2.60** -5.28** 0.26 17.22** 5.07* -1.15
Ps 3.05** 2.52 1.52 20.68** 6.17** -1.77
Ps 4.12** -8.84** -0.84 7.88** 1.60 -1.77
P. Ps -0.01 9.66** -1.46 -0.43 -3.27 -2.33
Pz 1.73** 1.49 -1.51 6.81 5.36* 2.60
Ps 2.85** 5.69** -3.45** 14.77** 6.44** 0.43
Ps 1.67** 0.99 0.10 13.49** 1.86 -2.94**
Ps Pz -6.25** 19.92** 3.42** -23.91** -8.19** 0.92
Ps -3.27** 10.64** 4.20** 0.33 -0.24 -0.87
Ps Pz -1.93** -4.37** 1.37** -15.13** -4.07 1.10
Ps 0.22 -8.98** 1.76* 7.33 1.40 -1.75
Pz Ps 0.35 -12.47** 0.43 -18.80** -8.20** -1.10
LSD Sij 5% 1.10 3.06 1.02 7.85 4.35 2.64
LSD Sij 1% 1.45 4.07 1.36 10.42 5.78 3.50
LSD sij-sik 1.86 5.21 1.74 13.35 7.40 4.49
LSD sij-sik 2.47 6.91 2.31 17.72 9.83 5.96
LSD sij-skl 1.76 4.91 1.64 12.59 6.98 4.23
LSD sij-skl 2.33 6.52 2.18 16.71 9.27 5.62
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These genotypes can be used in the development of high yielding
varieties through the pedigree selection and progeny selection or mass
selection in later generations in promising segregating generations in wheat.
Present findings are in confirmation with those Kapoor et al (2011), Kumar
et al (2011), Singh et al (2013), Aslam et al (2014), Raj and Kandalkar
(2013), Samier (2015), Kalhoro et al (2015), Kandil et al (2016) and Rahul
and Kandalkar (2018).

Specific combining ability (SCA) effects

It is mainly a function of dominance variances; it helps in the
identification of superior cross combination for commercial exploitation of
heterosis. In self—pollinated crops like wheat, SCA effects are not much
important as they are mostly related to non-additive gene effects excluding
those of arising from complementary gene action or linkage effects .They
cannot be fixed in pure lines. Further superiority of the hybrids might not
indicate their ability to create transgressive segregates, rather SCA would
provide satisfactory criteria. However, if a cross combination exhibiting
high SCA as well as high per se performance having at least one parent
as good general combiner for a specific trait, it is expected to throw
desirable transgressive segregants in later generations.

Specific combining ability (SCA) effects of the Fi crosses for
studied characters are presented in Table (4). The results showed that the
best SCA effects for days to heading were obtained from crosses (P1xP3),
(P1xP4), (P2xP3), (P2xP6), (P2xP7), (P3xP6), (P5xP7), (P5xP8) and
(P6xP7). On the other hand, crosses (P2xP7), (P3xP6), (P5xP7), (P5xP8),
and (P6xP7) had good SCA effects for maturity date. So these crosses could
be used for earliness breeding program for wheat.

For short plant, crosses (P1xP3), (P1xP4), (P1xP7), (P1xP8),
(P3xP5) and (P4xP8), and for tall plants crosses (P1xP2),P2xP4), (P2xP6),
(P2xP8), (P3xP7),(P3xP8), (P4xP6) and (P5xP8) had significant SCA
effects for short or tall plant height, respectively. Maximum positive SCA
effects were recorded by (P1xP4), (P1xP6), (P2xP4), (P3xP6) and (P5xP7)
for Chlorophyll content. Crosses (P1xP5), (P1xP6), (P2xP6), (P3xP8) ,
(P4xP6) , (P5x6) and( P5xP8) for spike length (cm), (P1xP5), (P1xP6),
(P1xP7), (P2xP8), (P3xP4), (P3xP8), (P4xP5), and (P4xP8) number of
spikes per plant, crosses (P1xP3), (P1xP6), (P2xP8), (P3xP4), (P4xP6),
(P4xP8), (P5xP7) and (P5xP8) for number of kernels per spike, crosses
(P1xP2), (P1xP7), (P2xP4) , (P2xP6), (P5xP7), (P5xP8) and (P6xP8) for
1000 kernel weight and crosses (P1xP5), (P1xP6), (P2xP7) , (P2xP8),
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(P3xP4), (P3xP7), (P4xP7) and (P4xP8) for grain yield per plant, and
crosses (P3xP6) and (P2xP8). These crosses had significant SCA effects for
grain yield and yield components. Present findings are in confirmation with
those Kumar et al (2011), Kapoor et al (2011), Singh et al (2013), Raj and
Kandalkar (2013), Aslam et al (2014), Desale et al (2014), Kalhoro et al
(2015) and Kandil et al (2016) .
Heterosis effects

The heterosis plays an important role for increasing the productivity
of crop without much increase in the cost of production. Grain yield is a
complex character rely on many traits. Yield potential accompanied with
desirable combination of traits has always been the major objective of wheat
breeding program (Kumar, 2013). Thus, the phenomenon of heterosis has
revolutions the production in many crops including wheat in commercial
basis. Percentages of heterosis relative to better (BP) parent for studied
wheat crosses are presented in Table (5). Values of heterosis percentage
relative to (BP) were significant and negative in (4) and (2) for better
parents in heading and maturity date, respectively. Meanuelile, only (3)
crosses exhibited significant positive hetrosis relative to better parent for
plant height trait. Value of hetrosis percentage relative to better parent
were significant and positive in 6,2,8, 17, 6, 3,12 and 14 with a range of
(4.46 to 17.54),(4.09 to 4.30), (13.62 to 32.83), (4.24 to 73.82), (5.78 to
15.64), (1. 75 to 4.81) , (12.33 to 40.81) and (10.22 to 64.24) for flag leaf
area, Chlorophyll content, spike length, number of spikes, number of
kernels, 1000 kernel weight, biological yield and grain yields, respectively,
(Table 5). The best heterobeltiosis was recorded by (P2xP6) (-4.04%), (-
7.85) and (P2xP7 (-2.02%) and (-7.25) for days to heading and day to
maturity. P5xP6 (17.54%), P3xP6 (4.30%), P5xP8 (4.33%), P1xP4
(32.83%), P3xP4 (73.82%), P3xP4 (15.64%), P6xP7 (4.81%) ,P2xP6
(40.81%) and P2xP8 (64.24%) for flag leaf area, chlorophyll content, plant
height, spike length, number of spikes, number of kernels, 1000 kernel
weight ,biological yield and grain yield. Pronounced and favorable heterosis
has been obtained by several researchers for wheat characters among them
are Munir et al (1999), Rasul et al (2002) and Motawea (2006).
Biplot analysis

Biplot graph is considered quickly and effective tool for assessing
the genetic interrelationship among the genotypes.

596



Table 5. Heterosis over better parent (BP) for studied characters.

Character Heading Days to Flag leaf | Chlorophyll Pl_ant Spike
date maturity |area (FLA) content height length

P> -0.68 0.70 9.79** -22.46%* -6.38** | 21.98**

P3 2.45** 1.41* -22.46%* -7.30%* -5.99%* | -6.33**

P4 3.16** 1.17* 1.10 -1.79** -5.41%* | 32.83**

Pir | Ps 5.02** 3.92%* 11.41%* -10.29** -7.62** | 17.96**
Ps 1.67** 2.35%* 12.32%* -1.87 -2.54** | 21.52**

P7 2.33** 0.92 -16.31** -6.85%* -6.98** | 30.03**

Ps 9.29** 2.64** -13.35** -8.10** -3.07* | 26.57**

Ps -2.11%* -0.71 -15.55** 0.44 -11.31*%* | -11.27**

P4 0.71 0.24 -10.66** -3.55* -5.11** -2.26

Py Ps 1.08* 1.72%* -1.52 -7.19** 2.38* -1.68
Ps -4,04** -7.85%* 2.00 4.09%* 0.61 20.30**

P7 -2.02** -7.25** -22.16%* -11.38** -5.10%* | -7.03**

Ps 6.69** 1.44** -17.37** -14.95** 0.33 -2.69*

P4 0.00 0.71 4.46** -1.34 -1.97 -4.28**

Ps 2.51** 8.07** -15.15** -3.51** -11.38**| -23.53**
Ps | Pe 1.05* -0.47 -7.68** 4.30** -5.24** | -23.27**
P7 4.56%* 1.64** -18.16** -5.30%* -4.46%* | -9.16**
Ps 4.83** 2.40%* -16.32** -5.65%* -0.57 -0.99
Ps 2.51** 6.12** -9.10** -6.50** -6.88** | -14.97**
P Ps 2.81** 0.70 5.87** -3.68** -0.32%* | -4.06**
P7 5.97** 0.24 -7.36** -10.02** -6.57** -1.58
Ps 4.46%* 4.32*%* -7.16** -11.25%* -4,02** -2.05
Ps 3.58** 3.92** 17.54** -8.39%* -1.53 13.62**
Ps | Py 2.51** 6.85** -0.14 2.63 -5.20** | -14.91**
Ps 0.74 7.58** -0.38 -10.79** 4.33%* | -11.83**
Pe P7 -1.33** 0.24 0.39 -8.54** -1.29 | -14.37**
Ps 6.31** 1.20* -5.21** -7.563** 3.59** | -10.41**

Pz | Ps 6.69** 2.64** -3.23* -2.57 2.28 -7.72%*
L.S.D5% 0.97 1.08 2.78 2.69 2.37 2.50
L.S.D1% 1.29 1.43 3.69 3.57 3.14 3.66
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Table 5. Cont.

No.of | No.of "1 1000- | pi\oical Grain yield/| Harvest

Characte | spikes/ | Kernely | kernely | bt PR e
P, | -1.65 | -1089%* | 519%* | -1237 | -11.91%* | -14.70*

Py | -424%* | 314 | -1435% | -1421* | -1520% | -1.8

P. | -5.76** | -474 | -1542%% | -13.96 | -1631%* | -2.86

o [ Ps | 2447%% | 079 | 911%* | 10.74%* | 13.06** | -22.61**
Po | 27.47** | -1034%* | 034 | 2510% | 2220~ | -231

P, | -5.88%* | -11.27%* | 2.63* 589 | -1004% | -9.42%

Po | -37.24%% | -1.08 | -13.A7%* | -2046%* | -31.20%* | -18.77**

Py | 7.0 015 | -1486%* | 1233 | 1020% | -17.60%

P. | 1384* | 732%% | -13.73* | 244 1350% | -8.84**

Ps | 31.35%* | 5.78* 246 9.78 397 | -1267%*

P The | 29217 | 580 | 175¢ | 4081 | 3378 | 22.34%
P, | -1243% | -15.03** | -8.12** | 3555%% | 2086%% | -12.70%*

Pe | 026 6.41% | -10.91%* | 36.89%* | 64.24%* | 136

P. | 7382%% | 15.64%* | -13.14%* | 4006** | 40.71%* | -143

Ps | 4.24% 481 | 12877 | 592 775 | -15.08%*

Py | Ps | 2060 | -861** | -065 | 1558% | 20.16** | 430
P, | 2270 | 1620 | 016 | 1450 | 13.14** | -7.34

Ps | 2055%* | 268 | -3.88%* | 1500% | 17.20%% | -15.95%

Ps | 3899%* | 046 | -17.56** | 1355 972 | -19.02%*

o, [ Pe | 3004 | 949~ | 1068 | 139 234 | -1033%
P, | 19.33%* | -1141%* | 713** | 205 | 1398 | 258

Po | 3202%% | 502 | -1043* | 691 | 1807 | -10.77*

Po | 2268 | -116 | -3.20** | 38.86** | 433 | -25.00%

ps | Py | 6971 | 504 034 | 2670 | -33.74% | -10.10%*
Po | -46.38%* | 11.88%* | -420%* | 218 | -10.84** | -10.15%*

o, | Pr | 2693 | 2542+ | 481~ | 569 20.65 5,26
Po | 5.06% | 2208 | -090 | 17.00% | 1026 | -19.28**

P, | Ps | 1020 | 21.13** | 025 2877 | -2852 | -11.44
LSD5% | 1.98 5.49 184 14.07 7.80 473
LSD1% | 262 7.29 244 18.68 10.36 6.28
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Grain yield

The principal component explained 73.23% (41.00 and 32.23 % by
PC1 and PC2, respectively) of the variation for grain yield. The average
tester coordinate biplot indicates that genotypes G1, G5, G6,( G2,G3
and G4) had positive GCA effects. Where- as genotypes G7 and G8 had
negative GCA effects (Fig.1) biplot the best way to demonstrate the
interaction patterns between entries and testers as mentioned by Yan et al.,
(2000) and Yan and Hunt (2002). Five entries are on the vertex on which
they have the largest distances from the origin. The polygon view provides a
way to group testers based on their best mating partners. Testers falling in
the same sector share the same best mating partner and those falling in
different sectors have different best mating partners.Subsequently, the entry
G1 is the best mating partner for g7, g5, and g6. G1 had the highest GCA,
because three of the other eight testers were located in this sector.
Therefore, heterosis between G1 and any of the other parents is not
possible. Two well differentiated and opposite groups can be observed, G7
and G8. The entry G8 is the best mating partner for g2, g4, and g3.
Genotypes G7 and G8 produced the worst combinations with themselves,
since testers' g7 and g8 fell into opposite sectors. Testers g1 and g8 fell into
sector G2, indicating that their crosses with G2, generated good hybrid
combinations. The combination (G2) x (g8) would be the best among all
crosses involved and therefore heterosis between G1 and any of the other
parents is not possible. Moreover, the parent G1 as a tester was found in this
sector. In the same manner, G2 was in the second arranging for GCA,
because one tester (g 8) was located in this sector. The parent G2 as a tester
was not found in sector g 2 as entry, so heterosis was suggested in the
hybrids of G2 with the tester (g 8). On the other hand, G7 and G 8 was in
the third arrange for GCA, because 3 testers (g2, g 3 and g 4) were located
in this sector. The parents g7 and g 8 as tester were not found in sector (G7
and G 8) as entry, so heterosis was suggested in the hybrids of (G7 and
G 8) with the testers (g7 and g 8). Rastogi, et al (2011) reported that all
the heterotic crosses obtained through biplot analysis showed similar
heterotic effects for same crosses analyzed manually.

Heterosis occurred between G1 and G 8 and between G5, G6 and G
7, suggesting different dominant genes in G1 and G8 as one group and G5,
G6 and G7 as another. Entry G4 and G3, located near the plot origin, was
intermediate between these two heterotic groups. Therefore, Entry G4 and
G3 might carry two genes, one being the same asthat in G7 and G 8,
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which caused heterosis when crossed with G1 and the other being the
same as that in G5, G6 and G1. This explains the fact that G4 and G3 had
better GCA effects than G5, G6 and G7 and showed no large heterosis
with any of the testers except G1.

Chlorophyll content

The biplot in figure 2 provided the best way to demonstrate the
interaction patterns between entries and testers as mentioned by Yan et al
(2000) and (Yan and Hunt, 2002). The first two principal components
explained 75.63% (44.27 and 31.36 % by PC1 and PC2, respectively) of the
variation for Chlorophyll. A polygon view is shown in the biplot such that
five entries are on the vertices while three are inside the polygon. Since the
vertex entries have the largest distances from the origin, they are most
responsive to the change of testers relative to other entries within respective
groups. The biplot was divided into three sectors.

The testers g4, g8, g5, g3 and g7 fell in the sectors that have the
partner G7 and G8 which represents the best mating partner. Moreover, the
parents g8 and g7 as a tester was found in this sector, so heterosis was
suggested rids G8 and G7 with the testers (g4, g2 and g3).The biplot clearly
shows why G7 had the highest GCA, since it was the vertex entry in a
sector in which five of the other eight testers. Entries and testers in the same
sector represent good hybrid combinations and potential heterotic groups
(Krishnamoorthy 2005). In sector G7, g8 was predicted to be the best
mating partner for G7, while in sector g7, is the best partner for G8. Both
G7 and G 8 were therefore, identified to be the best partners for each other.
Meanwhile, the only tester G1 is located in the sector that has the vertex g 6
which represents the best mating partner. For the other sectors including G2,
G3, G5 and G4 there is no testers fell in, indicating that these parents were
not the best partner with any of the other parents. The distance between the
X axis and a genotype in the biplot is an estimation of its SCA effect
(analogous to stability in GGE biplots). Some genotype clustered near the x
axis, indicating that SCA effects were not important for Chlorophyll. Two
heterotic groups are suggested by Fig. 1A: Geno- types G7 and G1 = G2 as
one group, and Genotypes G5, G4 and G6 as the other. Therefore, eight
crosses, that is, [G7, G1, G2] [G5, G4, G6] are expected to show heterosis
defined as better than both parents. Entry G3 and G8 located near the origin
abscissa, and did not seem to belong to any of the groups.

Number of kernels per spike
Both principal components 1 and 2 explained 76.34% (42.29 and
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34.05 % by PC1 and PC2, respectively) of the variation for number of
kernels per spike. Polygon view in biplot as shown in Fig. 3 provided the
best way to demonstrate the interaction patterns between entries and testers
as mentioned by Yan et al (2000) and Yan and hunt (2002). Five entries are
on the vertices while three are inside the polygon. Since the vertex entries
have the largest distance from the origin; they are the most responsive to the
change of testers relative to other entries within respective groups. The
sector that has the vertex G8 contains three testers, i.e. g4, g2 and g1 .The
biplot clearly shows why entry G8 had the highest GCA effect because it
was the vertex entry in a sector in which three testers from eight fell. Also,
G4 contains three testers sectors (g8, g3 and g6). Only a single tester that is,
G7 and G5 can be seen. These represent the one best mating partners
including g5 and g7 respectively. Genotypes G2, G3 did not fit in a well-
defined sector, since it could be assigned to sector G8 and G4. In sector G8,
g4 was predicted to be the best mating partner for G8, while in sector G5, a
is the best partner for G7. Both (G8 and G4) and (G5 and G7) were,
therefore, identified to be the best partners for each other. This combination
significantly out yielded all commercial hybrids.

Advantages of the Biplot Approach for Diallel Data Analysis:

Compared with conventional methods of diallel analysis, the biplot
approach has two advantages. The first advantage of the biplot is its
graphical presentation of the data, which greatly enhances our ability to
understand the patterns of the data. The second advantage of the biplot
approach is that it is more interpretative. While the conventional method of
diallel analysis was designed to describe the phenotypic performance of the
crosses, the biplot approach tries to interpret the phenotypic variation of the
crosses by understanding the parents.

A potential constraint of the biplot method is that it may fail to
explain most of the variation and therefore fail to display all patterns of the
data. Another constraint of the biplot approach is lack of a measure of
uncertainty. However, we suggest that the significance of the difference
between two entries can be visually assessed from their plot distance
relative. Biplot graph is considered quickly and effective tool for assessing
the genetic interrelationship among the genotypes.
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Fig.1. Biplot basaed on diallal dats of sight wheat genotypes for grain yield, (Total - 73.23%,)

P2-023%

PeY - 41.00%,

Fig. 2. Biplot based on diallel dato of eight wheat genotypes for Chlorophyll content (756.63%)

PC2-31.36%

PC1 -44.27%
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Fig. 3. Miplot based on diallel data of eight whoeat gonotypes for Number of Kernels por spik (76.43%)

PC2 - 34.05%

PC1 -42.29%
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