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~ Chapter 3

Diallel Analysis for
an Additive-Dominance Model
with Genotype-by-Environment

Interaction Effects
lun Zhu

Purpose

To analyze balanced or unbalanced data of an additive x dominance
(AD) genetic model for estimating components of variance, covariance,
heritability, and selection response.

Definitions

Mating Design

A set of inbred lines are sampled from a reference population. These
parents are used to produce Fl crosses. If it is difficult to use F 1 crosses for
some crops, F2 crosses can be used as an alternative. Experiments with
parents and F 1 s (or F2S) are conducted in multiple environments using a
randomized complete block design.

Genetic Model

The genetic model for a genetic entry derived from parents i andj in the
kth block within the hth environment is

Yhijk =1.1 +Eh +G;j +GEhij +Bhk +ehijk
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where ~ = population mean, Eh = environment effect, Gij = total genotypic
effect, GEhij = genotype x environment interaction effect, Bhk = block ef-
fect, and ehijk = residual effect.

For parent (PJ:

G.. +GE hi ' =2A, +D., + 2AE i , +DE h "

/I I I /I /I /I

1III For Fl (Pi x Pfl:

Gij +GEhij =Ai +Aj +Dij +AEhi +AEJ.!i +DEhij

For F2 (Fl/8)):

G,. +GE hi =A +A. +-41 D., +-41 D" +- 21 D..
!/. g I J !/. /I D

+AEhi +AEhj +tDEhii +tDEhii +tDEhij

where A = additive effect, D = dominance effect, AE = additive by environ-
ment interaction effect, DE = dominance by environment interaction ef-
fect.

Analysis Methodology

Mixed Linear Model

The phenotypic mean of the genetic model can be expressed by a mixed
linear model as

y =Xb+ U AeA +U OeD +U AEeAE +U OEeOE +U BeB + e,
6

=Xb+LU ueu
u

with variance-covariance matrix

var(y)=O"~U AU: +O";U oU; +O"~EU AEU:E +O";EU OEU;E

+O";U BU: +O"~I
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Variance Components

Unbiased estimation of variances can be obtained by the following
MINQUE(l) equations (Zhu, 1992; Zhu and Weir, 1996):

[tr(Q(I)VuQ(I)VII )][ 6~] =[yT Q(I)VuQ(I)Y]

where

Q V -I V -I X(X TV -I X) + X TV -I(1)= (I) - (I) (I) (I)

V(I) =LVu =LUuU~
u u

When experimental variances (0";) are estimated, genetic variance com-

ponents can be obtained by VA = 2cr~, V D = cr~, V AE = 2cr~E' V DE = cr~E' and
v, =cr;. The total phenotypic variance isvp =VA +VD +VAE +VDE +Ve.

Covariance Components and Correlation

Unbiased estimation of co variances 0" ulu between two traits (yl and Y2)
can be obtained by MINQUE(l) approaches (Zhu, 1992; Zhu and Weir,
1996):

[tr(Q(I)VIIQ(I)VII )][6ulu ]=[YITQ(I)VuQ(I)Y2]

When experimental covariances (cr ulll ) are estimated, genetic covariance
components can be obtained by CA =2crAIA' CD =crDID' CAE =2crAEIAE'
CDE =crDEIDE' and Ce =crele. The total phenotypic covariance is
Cp =CA +CD + CAE +CDE +Ce. For trait 1 and trait 2, correlation coefficient
of genetic components can be estimated by rA =CA / A(I)VA(2) ,

TD =CD / VD(I)VD(2) , rAE =CAE /.JVAE(I)VAE(2)' rDE =CDE / DE(I)VDE(2)' and
re =Ce / e(I)Ve(2).

Heritability Components

For the genetic model with GE interaction effects, the total heritability
(h2) can be partitioned into two components (h2 =h~ +h~E)' where
h~ =VA /Vp is general heritability and h~E =VAEVp is interaction heritability
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(Zhu, 1997). General heritability is applicable to multiple environments
whereas interaction heritability is applicable only to specific environ-
ments.

Selection Response

The total selection response (R=ih 2.fti-;) can be partitioned into two
components (Zhu, 1997):

R=RG +RGE

where RG =ih~.fti-; is general response and RGE =ih~E.fti-; is interaction re-
sponse.

Heterosis Components

Prediction of genetic merits can be obtained by using the linear unbi-
ased prediction (LUP) method (Zhu, 1992; Zhu and Weir, 1996) or ad-
justed unbiased prediction (AUP) method (Zhu, 1993; Zhu and Weir,
1996). Predicted genotypic effects and GE interaction effects can be fur-
ther used in analyzing heterosis of different generations (Zhu, 1997).
Heterosis in specific environments consists of two components. General
heterosis is due to genotypic effects and can be expected in overall envi-
ronments, and interaction heterosis is a deviant of GE interaction relative
to specific environments. The two components of heterosis based on
rnidparent or better parent can be calculated as

General heterosis ofFn relative to rnidparent: HM(Fn)=(t)n-l llD
Interaction heterosis of Fn relative to midparent: H ME (Fn) =(t)n-l llDE

General heterosis of Fn relative to better parent (PJ:
H (F ) =(L) n-1 II -Lm

Bn 2 D2G

Interaction heterosis of Fn relative to better parent (PJ:

HBE(Fn)=(t)n-l llDE -tmGE !
where llD =Dij -+CDjj +Dii) is dominance heterosis, llDE =DEhij -+CDEhjj
+DEhii) is DE interaction heterosis, mG =jG(Pj)-G(Pj)1 is parental genotypic
difference, and m GE =ICE(Pj) -CE(P j)1 is parental interaction difference.

J~
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Heterosis based on population mean (HpM =}HM, HPME =}HME'

H PB =} H B' or H PBE =} H BE) can be used to compare proportion of heterosis
among different traits.

Originators

Zhu, J. (1992). Mixed model approaches for estimating genetic variances and covariances.
Journal of Biomathematics 7(1): I-II.

Zhu, J. (1993). Methods of predicting genotype value and heterosis for offspring of hy-
brids (Chinese). Journal of Biomathematics 8(1):32-44.

Zhu, J. (1997). Analysis Methodsfor Genetic Models. Agricultural Publication House of
China, Beijing.

Zhu, J. and ~eir, B.S. (1996). Diallel analysis for sex-linked and maternal effects. Theo-
retical and Applied Genetics 92(1): 1-9.

Software Available

Zhu, J. (1997). GENAD.EXE for constructing AD model, GENV ARI.EXE for estimating
components of variance and heritability, GENCOV I.EXE for estimating components
of covariance and correlation, GENHET 1.EXE for predicting genetic effects and com-

, ponents of heterosis. Analysis Methods for Genetic Models (pp. 278-285), Agricultural
Publication House of China, Beijing (program free of charge). Contact: Dr. Jun Zhu,
Department of Agronomy, Zhejiang University, Hangzhou, China. E-mail: <jzhu
@zju. edu.cn>.

EXAMPLE

Unbalanced data (COTDATA. TXT) to be analyzed (Parent = 4, Year = 2,
Blk = 2):

Env Fern Male Cross Blk Bolls Fiber Yield
1 1 1 0 1 14.5 54.4
1 1 1 0 2 11.2 29.7
1 1 2 1 1 10.9 54.3
1 1 2 1 2 12.4 55.1
1 1 3 1 1 12.7 43.7
1 1 3 1 2 10.4 51.2
1 1 4 1 1 15.5 58.3
1 1 4 1 2 14.3 38.5
1 2 1 1 1 15.9 62.5
1 2 1 1 2 14.0 56.8
1 2 2 0 1 14.0 34..8
1 2 2 0 2 14.9 35.0
1 2 3 1 1 12.7 34.3
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1 2 3 1 2 10.0 24.1
1- 2 4 L 1 14.7 34.9
1 2 4 1 2 18.2 34.1
1 3 1 1 1 10.0 26.9
1 3 1 1 2 11.4 28.1
1 3 2 1 1 13.9 23.9
1 3 2 1 2 11.1 33.5
1 3 3 0 1 6.3 12.5
1 3 3 0 2 9.1 22.3
1 3 4 1 1 11.4 19.8
1 3 4 1 2 11.0 21.4
1 4 1 1 1 13.3 43.8
1 4 1 1 2 12.0 42.0
1 4 2 1 1 15.9 31.5
1 4 2 1 2 16.7 40.2
1 4 3 1 1 13.6 39.9
1 4 3 1 2 14.9 19.6
1 4 4 0 ~1 10.0 28.5
1 4 4 0 2 15.0 28.1
2 1 1 0 1 19.4 55.1
2 1 1 0 2 24.1 56.3
2 1 2 1 1 21.7 69.2
2 1 2 1 2 25.1 79.5
2 1 3 1 1 15.1 76.8
2 1 3 1 2 16.6 42.7
2 1 4 1 1" 22.9 72.7
2 1 4 1 2 19.2 62.7
2 2 2 0 1 17.2 60.6
2 2 2 0 2 19.6 71.6
2 2 3 1 1 18.9 36.8
2 2 3 1 2 17.2 47.8
2 2 4 1 1 32.8 61.9
2 2 4 1 2 30.7 78.3
2 3 3 0 1 13.6 27.8
2 3 3 0 2 8.4 19.1
2 3 4 1 1 16.8 37.9
2 3 4 1 2 17.0 34.2
2 4 4 0 1 21.5 49.5
2 4 4 0 2 19.9 57.1

1.. Run GENAD.EXE to create mating design matrix files and data files
for additive-dominance (AD) model. Before running this program,
you should create a file for your analysis with five design columns
followed by trait columns. The first five columns are: (1.) environment,
(2) maternal, (3) paternal, (4) generation, and (5) replication. There is
a limitation «1. 00 traits) for the number of trait columns. An example
of a data file is provided with the name COTDATA..TXT.

2. Run programs for variance and covariance analyses. Standard errors of
estimates are calculated using jackknife procedures. If you have multi-
ple blocks for your experiments, you can use GENVAR1.R.EXE or
GENCOV 1. R.EXE for jackknifing over blocks. Otherwise you can use
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GENVARIC.EXE or GENCOVIC.EXE for jackknifing over cell
means.

3. Run GENVAR 1 R.EXE or GENVARIC.EXE for estimating variance
components and predicting genetic effects before estimating co-
variance and correlation. These two programs will allow you to
choose the parental type (inbred or outbred) and the prediction meth-
ods (LUP or AUP). You also need to input coefficients (1, 0, or -1)
for conducting linear contrasts for genetic effects of parents.

4. After you finish variance analysis, you can run GENCOV 1 R.EXE or
GEN COY 1 C.EXE for estimating covariance components and coeffi-
cients of correlation among all the traits analyzed.

5. If you want to predict heterosis and genotypic value for each F}
or F2 cross by an AD model, you can run GENHETIR.EXE or
GENHET 1 C.EXE.

6. The results from the analyses will be automatically stored in text files
for later use or printing. Examples of result files are provided with the
names COTDATA. VAR for analysis of variance and genetic effects,
CafDATA.PRE for heterosis, and CafOATA.COR for analysis of
covariances and correlation.

Output 1 for Variance Analysis

Traits =, 2
Variance components = , 6
Degree of freedom = , 3
File name is cotdata.VAR
Date and Time for Analysis: Thu Jun 22 21:43:19 2000

variance Components Estimated by MINQUE(l) with GENVAR1R.EXE.
Jackknifing Over Block Conducted for Estimating S.E.
Predicting Genetic Effects by Adjusted Unbiased Prediction (AUP)

Method.

NS = Not significant; S+ = Significant at 0.10 level.
S* = Significant at 0.05 level; S** = Significant at 0.01 level.

Linear Contrasts:
+ <1> + <2> - <3> + <4>

Diallel Analysis of Trait 'Bolls' for Public Users

Var Comp Estimate S. E. P-value
(1): Additive Var 7.30438 1.4425 0.00743 S**
(2): Dominance Var 3.29038 0.935764 '0.0195 S*
(3): Add. * Env. Var 0.866547 0.683906 0.147 NS
(4): Dom. * Env. Var 4.82384 1.71492 0.0336 S*
(6): Residual Var 4.18772 0.555651 0.00242 S**
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(7): Var(Pheno.) 20.4729 2.79941 0.00264 S**
~

Proportion of Var(G)/Var(T)Estimate S. E. p-value
l(1).: Additive Var/Vp 0.356783 0.0888328 0.0139 S* 2'

(2): Dominance Var/Vp 0.160719 0.0275068 0.005 S**;
(3): Add. * Env. Var/Vp 0.0423266 0.0244 0.0906 S+
(4): Dom. * Env. Var/Vp 0.235621 0.0667933 0.0194 S*

I(6): Residual Var/Vp 0.20455 0.0209314 0.00114 S**
"

Heritability Estimate S. E. p-value i

(7): Heritability(N) 0.356783 0.0888328 0.0139 S* ~

(8): Heritability (B) 0.517502 0.066151'5 0.00217 S**
(9): Heritability(NE) 0.0423266 0.0244 0.0906 s+
(10): Heritability (BE) 0.277948 0.0575567 0.00846 S**.I

Genetic Predictor, ,S. E. " ,P-value for Two-tail t-test 1

(1): Random Effect ~s Add~t~ve Effect
Al 0.392019 0.632218 0.579 NS
A2 1.326158 0.211643 0.0082 S**
A3 -2.917664 0.353084 0.00371 S**
A4 1.199422 0.548514 0.117 NS
Linear Contrast 3.05342 0.470211 0.00741 S**

(2): Random Effect is Dominance Effect
D1*1 0.263665 0.437706 0.589 NS
D2*2 -2.176718 0.509854 0.0236 S*
D3*3 -1.244060 0.786988 0.212 NS
D4*4 -1.836773 0.495630 0.0341 S*
D1*2 0.388935 0.399988 0.403 NS
D1*3 -0.349309 0.311425 0.344 NS
D1*4 -0.273600 0.915662 0.785 NS
D2*3 0.210065 0.829160 0.816 NS
D2*4 4.888072 0.707825 0.00622 S**
D3*4 0.129694 0.666849 0.858 NS
Heterosis <Delta> 1.37653 0.337286 0.0266 s*

(3): Random Effect is Add. * Env. Effect .,i

AE1 in E1 0.089686 0.496245 0.868 NS ~

AE2 in E1 0.242420 0.070750 0.0416 S* 1
AE3 in E1 -0.079016 0.182773 0.695 NS ,I,
AE4 in E1 -0.253113 0.407134 0.578 NS j
AE1 in E2 -0.136729 0.705758 0.859 NS j
AE2 in E2 0.342004 0.648600 0.634 NS,1
AE3 in E2 -1.257717 1.654640 0.502' NS ~

AE4 in E2 1.052433 0.508793 0.13 NS ~

Linear Contrast -1.76747e-005 6.70577e-0060.0779 S+ i

~(4): Random Effect is Dom. * Env. Effect j
DEll in E1 -0.349740 0.559982 0~577 NS 1

DE22 in E1 2.063640 0.515148 O.027g S* ~

DE33 in E1 -0.889553 1.186821 0.508 NS ~

DE44 in E1 -0.318622 1.006553 0.772 NS J

DE12 in E1 -1.294414 0.520453 0.0887 S+ ~
.,

DE13 in E1 0.562069 0.405746 0.26 NS":
DE14 in E1 1.114442 1.050572 0.367 NS]
DE23 in E1 -0.217579 1.660683 0.904 NS '.
DE24 in E1 -2.368299 0.651167 0.0358 S*

~
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DE34 in E1 1.698Q30 0.881687 0.15 NS
DE11-.i11 E2 0.751202 0.780806 0.407 NS
DE22 in E2 -4.653504 1.121175 0.0254 S*
DE33 in E2 -0.744776 1.086469 0.542 NS
DE44 in E2 -1.890872 0.107435 0.0755 S+
DE12 in E2 1.815819 0.552480 0.0462 S*
DE13 in E2 -0.926615 0.698261 0.276 NS.
DE14 in E2 -1.611676 1.678116 0.408 NS
DE23 in E2 0.437429 0.800245 0.623 NS
DE24 in .E2 8.238749 1.841553 0.0208 S*
DE34 in E2 -1.415766 1.261023 0.343 NS
Heterosis <Delta> 0.971038 0.40929 0.0983 S+

Fixed Effect, 12.8719
Fixed Effect, 19.885

Results of Fiber Yield are not presented.

Time Used (Hour) = 0.001389

Output 2 for Covariance Analysis

Traits =, 2
Variance components = , 6
Degree of freedom = , 3
File name is cotdata.COV
Date and Time for Analysis: Thu Jun 22 22:00:24 2000

Variance Components Estimated by MINQUE(l) with GENVAR1R.EXE.
Jackknifing Over Block Conducted for Estimating S.E.

NS = Not significant; S+ = Significant at 0.10 level.
S* = Significant at 0.05 level; S** = Significant at 0.01 level.

Covariances and Correlations Between Bolls & FibYield, for Public
Users:

Covariances Estimates S.E. P-value
Additive Cov 26.4031 15'.0422 0.177 NS
Dominance Cov 3.68996 4.09328 0.434 NS
Add. * Env. Cov 5.2684 5.4782 0.407 NS
Dom. * Env. Cov 0.725936 6.15727 0.914 NS
Residual Cov 5.74197 4.7088 0.31 NS

Cov l=Genotypic
Cov2=Phenotypic Estimates S.E. P-value
Cov 2 41.8294 20.9549 0.14 NS
Cov 1 36.0874 21.3383 0.189 NS

Correlation Estimates S.E. P-value
Additive Cor 0.905414 0.326942 0.0696 S+
Dominance Cor 0.275228 0.243147 0.34 NS
Add. * Env. Cor 1.000000 0.288675 0.0405 S*
Dom. * Env. Cor 0.000000 0 1 NS
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Residual Cor 0.318575 0.229826 0.26 NS
1

Cor l=Genotypic 1

Cor2=Phenotypic Estimates s. E. P-value 'I; Cor 2 0.556778 0.215421 0.0815 S+!

Cor 1 0.635333 0.26869 0.099 S+!)
!
,

Time Used (Hour) = 0.000000
i'
1.:

Output 3 for Heterosis Analysis ;:

,

!
!

Traits =, 2
1::.11 Variance components = , 6

II ~iiiir:f D7gree of ~reedom = , 3
' I 1 11!1 FJ.le name J.S cot8185.
111:i !': Date and Time for Analysis: Thu Jun 22 22:15:40 2000
, r

"i1

11111.' Variance Components Estimated by MINQUE(l) with GENVAR1R.EXE.
!J,ilii. Jackknifing Over Block Conducted for Estimating S. E.

), Genetic Effects by Adjusted Unbiased Prediction (AUP) Method.

.I NS = Not significant; s+ = Significant at 0.10 level.
S* = Significant at 0.05 level; S** = Significant at 0.01 level.

Dia11el Analy~is of Trait, Bolls, for Public Users.

Var Comp Estimate S. E. p-value
Additive Var 7.30429 1.4425 0.00743 S**
Dominance Var 3.29035 0.935764 0.0195 S*Add. * Env. Var 0.866537 0.683909 0.147 ' NS

Dom. * Env. Var 4.82386 1.71492 0.0336 S*
Residual Var 4.18772 0.555651 0.00242 S**

Heterosis Analysis of Trait, Bolls, for F2 Seeds with total mean =,

15.312341
P- Sig- (F2) P- Sig-

No. Cro (F.) (GE) S.E. value nif. (GE) S.E. value nif.
Cro 1 <E1> <1 * 2> -0.962 0.471 0.134 NS 0.1130.578 0.857 NS
Cro 2 <E1> <1 * 3> 0.573 0.406 0,~3 NS -0.0180.213 0.938 NS
Cro 3 <E1> <1 * 4> 0.951 1.020 0:420 NS 0.227 0.~6 0.579 NS
Cro 4 <E1> <2 * 3> -0.054 1.673 0.976 NS 0.3480.530 0.558 NS
Cro 5 <E1> <2 * 4> -2.379 0.984 0.094 S+ -0.7590.930 0..474 NS
Cro 6 <E1> <3 * 4> 1.366 0.489 0.068 S+ 0.2150.630 0.756 NS

Cro 7 <E2> <1 * 2> 2.021 1.222 0.197 NS 0.1381.488 0.932 NS
Cro 8 <E2> <1 * 3> -2.321 0.646 0.037 S* -1.8560.366 0.015 S*
Cro 9 <E2> <1 * 4> -0.696 1.562 0.686 NS -0.1750.708 0,821 NS
Cro 10 <E2> <2 * 3> -0.478 1.110 0.696 NS -2.047 ~.629 0.047 S*
Cro 11 <E2> <2 * 4> 9.633 1.556 0.008 S** 3.8780.469 0.004 S**
Cro 12 <E2> <3 * 4> -1.621 0.806 0.138 NS -1.5720.610 0.082 s+

Significance of F1 or F2 is over Population Mean 15.312341
P- Sig- (F2) P- Sig-

No. Cro (Fl) (G) S.E. value nif. (G) S.E. value nif.
Cro 1 <1 * 2> 17.420 1.118 0.156 NS 16.7471.233 0.329 NS
Cro 2 <1 * 3> 12.437 0.868 0.045 S* 12.3670.732 0.028 S*
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Cro 3 <1 * 4> 16.630 1.075 0.308 NS 16.3740.748 0.251 NS
Cro 4 <2 * 3> 13.931 1.064 0.285 NS 12.9710.832 0.067 S+
Cro 5 <2 * 4> 22.726 0.625 0.001 S** 19.2790.832 0.018 S*
Cro 6 <3 * 4> 13.724 0.814 0.146 NS 12.8891.033 0.101 NS

P- Sig- P- Sig-
No. Cro Hpm(Fl) S.E. value nif. Hpm(F2) S.E. value nif. ICro 1 <E1> <1 * 2> -0.140 0.034 0.027 S* -0.0700.017 0.027 S*
Cro 2 <El> <1 * 3> 0.077 0.030 0.079 S+ 0.0390.015 0.079 S+
Cro 3 <El> <1 * 4> 0.095 0.087' 0.355 NS 0.0470.043 0.355 NS
Cro 4 <E1> <2 * 3> -0.053 0.140 0.733 NS -0.0260.070 0.733 NS
Cro 5 <E1> <2 * 4> -0.212 0.059 0.038 S* -0.1060.030 0.038 S*
Cro 6 <E1> <3 * 4> 0.150 0.115 0.283 NS 0.0750.058 0.283 NS
Mean for -0.014 0.059 0.830 NS -0.0070.029 0.830 NS
Env. Cro No. = 6

Cro 7 <E2> <1 * 2> 0.246 0.052 0.018 S* 0.1230.026 0.018 S*
Cro 8 <E2> <1 * 3> -0.061 0.056 0.361 NS -0.0300.028 0.361 NS
Cro 9 <E2> <1 * 4> -0.068 0.153 0.686 NS -0.0340.076 0.686 NS
Cro 10 <E2> <2 * 3> 0.205 0.074 0.071 S+ 0.1020.037 0.071 S+
Cro 11 <E2> <2 * 4> 0.752 0.200 0.033 S* 0.3760.100 0.033 S*
Cro 12 <E2> <3 * 4> -0.006 0.113 0.958 NS -0.0030.057 0.958 NS

Significance of F1 or F2 is over Population Mean 15.312341
Hpm(F,) P- Sig- Hpm(F2) P- Sig-

No. Cro (G) S.E. value nif. (G) S.E. value nif.
Cro 1 <1 * 2> 0.088 0.031 0.067 S+ 0.044 0.016 0.067 S+
Cro 2 <1 * 3> 0.009 0.027 0.754 NS 0.005 0.013 0.754 NS
Cro 3 <1 * 4> 0.033 0.078 0.696 NS 0.017 0.039 0.696 NS
Cro 4 <2 * 3> 0.125 0.072 0.181 NS 0.063 0.036 0.181 NS
Cro 5 <2 * 4> 0.450 0.083 0.012 S* 0.225 0.042 0.012 S*
Cro 6 <3 * 4> 0.109 0.075 0.241 NS 0.055 0.037 0.241 NS

P- Sig- P- Sig-
No. Cro Hpb(F,) S.E. value nif. Hpb(F2) S.E. value nif.
Cro 1 <El> <1 * 2> -0.229 0.003 0.000 S** -0.1590.019 0.004 S**
Cro 2 <E1> <1 * 3> 0.049 0.012 0.025 S* 0.0100.017 0.595 NS
Cro 3 <E1> <1 * 4> 0.073 0.107 0.542 NS 0.0260.069 0.732 NS
Cro 4 <E1> <2 * 3> -0.170 0.128 0.277 NS -0.1440.068 0.123 NS
Cro 5 <El> <2 * 4> -0.322 0.077 0.025 S* -0.2160.054 0.029 S*
Cro 6 <E1> <3 * 4> 0.143 0.114 0.297 NS 0.0680.056 0.315 NS

Cro 7 <E2> <1 * 2> 0.101 0.048 0.128 NS -0.0220.034 0.563 NS
Cro 8 <E2> <1 * 3> -0.183 0.118 0.219 NS -0.1520.095 0.206 NS
Cro 9 <E2> <1 * 4> -0.077 0.163 0.670 NS -0.0430.087 0.657 NS
Cro 10 <E2> <2 * 3> 0.182 0.116 0.215 NS 0.0790.126 0.573 NS
Cro 11 <E2> <2 * 4> 0.615 0.151 0.027 S* 0.2390.055 0.023 S*
Cro 12 <E2><3 * 4> -0.120 0.165 0.520 NS -0.1170.111 0.369 NS

Significance of F1 or F2 is over Population Mean 15.312341
Hpb(F,) P- Sig- Hpb(F2) P- Sig-

No. Cro (G) S.E. value nif. (G) S.E. value nif.
Cro 1 <1 * 2> 0.069 0.040 0.183 NS 0.0250.029 0.445 NS
Cro 2 <1 * 3> -0.256 0.081 0.050 S+ -0.2610.091 0.064 S+
Cro 3 <1 * 4> 0.018 0.088 0.854 NS 0.0010.049 0.987 NS
Cro 4 <2 * 3> -0.121 0.092 0.278 NS -0.1840.071 0.081 S+
Cro 5 <2 * 4> 0.447 0.076 0.010 S** 0.2220.036 0.008 S**
Cro 6 <3 * 4> -0.140 0.082 0.184 NS -0.1950.050 0.030 S*

Significance of Heterosis is over Population Mean 15.312341
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I, Pre (F1) 16.4871 0.580926 0.136 NS
il Pre(F2) 15.4467 0.665146 0.853 NS
!ii Hpm(Fl) 0.135267 0.030647 0.0216 S*

!llillic Hpm(F2) 0.067634 0.015324 0.0216 S*
,1,1 Hpb(Fl) -0.04533 0.042593 0.365 NS
i~I" Hpb(F2) -0.11297 0.035282 0.0493 S*

II 1.1 I!

!: Results of Fiber yield are not presented.

""I1!li~ Time Used (Hour) = 0.000278
I,

r

, ' '"


