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MISSING PLOT TECHNIQUE FOR DIALLEL ANALYSIS
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ABSTRACT

The method of analysis of diallel crosses when one or two observations are missing has
been developed for Griffing Method I, II and III. The formulae for obtaining estimates of
various parameters involving the missing line or otherwise along with their estimates of
variances are given. The ANOVA tables for combining ability analysis for all the three
methods are also presented. It has been observed that extension of the technique for more
than two missing observations is quite simple and straightforward.

Key words: Diallel crosses, gca, sea, reciprocal differences, Bartlett missing plot h.'Chnique.

Diallel analysis is very commonly used in plant and animal breeding for identifying the
best selection potential of the crosses in an early generation. Griffing [1) proposed four
methods of analysis depending on the inclusion of parents and/or reciprocals along with
F1S. The breeders are unable to perform combining ability analysis of diallel crosses when
some observations are missing which sometimes happens in field experiments due to
several natural hazards.

The use of missing plot technique has been quite common in environmental designs but
its use in mating designs, like diallel crosses has been very limited. Kaushik & Puri [2, 3]
suggested a missing plot technique for diallel crosses based on Topham model (4). Manocha
(5] proposed a missing plot technique in diallel crosses for Method-IV of Griffing (1]. In the
present paper, the methods of analysis of remaining three methods, i.e. Methods I, II and
III ofGriffing [l], when one or two observations are missing, based on the Bartlett (6] missing
plot technique have been presented. In case of one missing observation it may pertain to a
cross or to a parent in Method I and Method II, while in Method III it will pertain to a cross
only. These cases will be discussed together.

MODEL AND ANALYSIS WHEN ONE OBSERVATION IS MISSING

Consider n possible crosses of v inbred lines laid out in randomized block design with
r replications.
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Let the observation yi'j'k' in a cross (i' x j') involving i'-th female mated to y-tl'l male in
k'-th block be missing. If i' = j', the missing observation pertains to the i'-th parent. The model
to be considered for combining ability analysis in Method I will be as under:

Yijk = I-l + gi + gj + Sij + rij + ~(Xijk - x) + eijk
(i, j = 1,2,3 ... v; k = 1,2 ...r)

(1)

where yijk is the observation on (i xj)th cross, Le. i-th female mated to j-th male in k-th block;
I-l is the average effect; gi (gj) is the gca effect of i-th (j-th) line; sij is the sea effect of (i x j)th
cross; rij is the reciprocal effect; bk is the k-th block effect; Xijk is the corresponding
observation of concomitant variable; ~ is the regression coefficient of y on x; and eijk is the
random error associated with the observation yijk assumed to be normally and
independently distributed with mean 0 and constant variance ci. Xijk will have the value 1
if only one observation is missing and 0 otherwise and xis the overall mean of concomitant
variable. The corresponding value of y for the missing case will be taken as zero.

Using the notation of Griffing [1], the estimates of parameters are obtained by the
method of least square~as given below:

Method I

A _ 2
I-l - y .. ./rv

gi = (n. + Y.i)/2vr - y.. ./rv2- ai (g)~/rv2

~j = (Yij. + Yji)/2r - (Yi.. + y'i. + Yj.. + y'j)/2vr + y.. ./rv
2

- aij (8) ~/rv2

~i = Yii./ r - (n. + Y.i)/vr + y.. ./rv
2

- aii (8) ~/r~

A
rij = (Yij. - Yji)/2r - aij (r) ~/2r

Method II

A
I-l = 2y... /rv (v + 1)

gi = [v(Yi.. + Yii) - 2y... - ai (g)~]/rv(v + 2)

t· = [(v+1) (v+2)y" - (v+1) (y. +y" +y. +y.. ) + 2y... - a·· (s)~l/r(v+ 1) (v+2)I) I).... II. ).. JJ. I) P .
(i"# j)

(2)

A
Sii [(v+1) (V+2)Yii. - 2(v+1) (Yi.. + Yii) + 2y ... - aii (s)~l/r(v+1) (v+2) (3)
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A
Il = y.. ./rv (v-I)

ffi = [V(Yi.. + Y.i) - 2y... - ai (g) ~/2rv (v-2)

'~j = (Yij.+Yji)/2r- (Yi..+Y.i.+Yj..+Y·j.)/2r(v-2) + y... /r(v-I) (v-2)- aij (s)~ /2r(v-I) (v-2)

(i * j)

~j = (Yij. - Yji)/2r - aij (r)~ /2r (4)

In the above formulae ai (g), aij (s), ajj (s) and aij (r) are the constants which will have the
values as specified in Table 1. The estimate of regression coefficient is obtained as under:

(5)

whereExy =(y... -ry ..k,-nYi'j')/nr. and Exx = (r-l) (n-I)/nr. The estimates of block effects
are not given as they are of no interest to a geneticist or breeder.

From the above estimates, one has to pick up the corresponding applicable estimates
depending on the method used and whether the observation on a cross or a parent is
missing. Now let us consider the case when the observation on (i' xnth cross or a parent in
Method I is missing. Here ai (g) will have only two values, (v-2) /2 and -1, depending on the
involvement or no involvement of i-th line in missing cross. Consequently, the estimate of
gi will be:

8i = (Yi.. + Y.i)/2vr - y... /rv2 - (v-2) ~/2rv2 if i = i'

8i = (n. + Y.i)/2vr - y... /rv2 + ~/rv2 if i * i'

For estimating Sij, aij (s) will have all ~alues mentioned in the table except -(v-I)
depending on whether both i-th lines or only one or none of them is involved in missing
observation. Similarly aij (r) will have three values and, consequently, there will be three
possible estimates of rij.

Now let us consider the case when an observation on i'-th parent in k'-th block is
missing. For estimating gi, ai (g) will have values v-I and 1; for estimating s~ aij (S) will have
the values -(v-I) and 1; for estimating Sii, ajj (S) will have the values (v-I) and 1; and for
estimating rij, aij (r) will have only zero value. Similarly, the estimates of parameters are
obtained in the remaining two methods also. For instance, in Method II, in case of missing
observation ona cross, there will be two estimates each of gi and Sjj depending upon whether
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the i-th line is involved or not in a missing cross; and three estimates of Sij when both of the
parents are involved in the missing cross. Similarly, if an observation on a parent is missing,
there will be two estimates each of gi, Sij and Sii. Likewise in Method III, there will be two
possible estimates of gi and three of Sij as well as rij'

The sums of squares (SS) obtained by usual method of fitting constants given by
Coons[7], are presented in Tables 2, 3 and 4 for Method I, Method II and Method III,
respectively. The notations in the tables used are as under.

Table 1. Values of ai (s), aii (s), aii (s) and aii (r) in three different diallel methods

Parameter Method I Method II Method III Explanation

ai 19) (v-I) 2(v-I) N.A. If i-th line is involved in the missing observation
on a parent (i = i' = j')

(v-2)/2 (v-2) (v-2) If i-th line is involved in the missing observation on
a cross (i = i' or j', i';to j')

-1 -2 -2 Otherwise

aij lsl (v2-2v+2)/2 (v2+v+2) (v-2)(v-3) If both i-th and j-th lines are involved in the missing
observation (i = i', j = i' or i = j' , j = i' i';to j')

-(v-2)/2 -(v-I) -(v-3) If either i-th or j-th line is involved in the missing
observation (i or j = i' or j' ) or (i' ;to i')

-(v-I) -2v N.A. If observation on i-th or j-th parent is missing
(i = i' = j' or j = i = j')

-1 2 2 Otherwise

au <s) (v_1)2 v(v-1) N.A. If missing observation pertains to i-th parent (i =i' =j' )
-(v-l) -2v N.A. If missing observation involves i-th line as male or

female parent (j = i' or j' ,i' ;to i')
2 N.A. Otherwise

aij lr) 1 N.A. 1 If observation on (i x j}th cross is missing (i = i', j = j')
-1 N.A. -1 If observation on (j x i) cross is missing
a N.A. a Otherwise

N.A. - Not applicable.

Method I

Ryy

Gyy

2 1 2 2 2= Iy ..k v - y ...1rv ,

21 2 2I (Yi.. + Y.i) 2vr - 2y .. ./rv ,

Cyy = Iy\/r -l .../rv2

ryy = I (Yij. - Yjill 2r

Syy = I (Yij. + yjii12r + I Yii. 2/r _ I (Yi" + Y. ii12vr + l .../rv
2

E - ",2 2 1 2 2 2 2yy - ...y ijk - I Y ij. r - I Y ..k/v + Y .. ./rv (6)
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Table 2 ANOVA table for Method I when observation on a cross is missing

Source dJ.

Replications r-1

Crosses v2_1

Gca
.

v-1

Sea
.

v(v-1)/2

Reciprocals" v(v-1)/2

Error (r-1) (v2-1H

Adjusted sum of squares

Ryy + ~Exv - i i' (. /r(r-1)

Cyy + BExy - y2 ..k' /v2(v2_1)

G + /\E - [v(y" . + y" + y" . + Y",) - 2ry , .k' - 2v2y".,Yv P Xv I , .1 . ) . .J I I .
- 2y . .f /4v2r[(v-2) + (r-1) (v2_1)]

S +~E -lv2(y ....-y.... )-v(y. +y" +y.. +y .. )
YY xy I J , ,~ . 2 I "2 .1 . 1" .). 2

-2rYk' +4y ...) /2v r lev -2v+2) + 2(1'-1) (v -1))

ryv + BExv + 12y...i 2ry .. k' - V
2(Yi'j'. - Yi'i,.>f /2v2r(rv2-r+1)

Evv - ~Exy

"When observation on a parent is missing.
/\. 2 2 2 [ 2 )Gca55=Gyy +PExy-[V(yl'.. +Y'i'rry .x-v Yi'j'.-2y ...J /v r 2(v-1) + (r-1) (v-1)

Sea 55 = Syy + 6Exy - !2y ... - V (Yi'.. + Y.i:.l - ry ..k'J2/v2r!(rv2- 2v - r + 2)

Reciprocal 55 = ryy

Table 3. ANOVA table for Method II when observation on a cross is missing

Source dJ. Adjusted sum of squares

Replications r-1 Ryy + BExy - i i' j'. / r(r-I)

Crosses v(v+1)/2-1 Cyy + BExy - 4/, .. k' /v(v+1) (v
2 + v - 2)

Gca" v-1 Gyy + BExy - !v(v+1) (Yi'" + Yi·i'. + yj'.. + yj'j)-v(v+1) (V+2)Yi'j' - 2(v+2)r y. ,k'
- 2vy . , .]2 /vr(v+1) (v+2) Iv\r-1) + v2(3r-1)-2v-4rJ

Sea' v(v-1)/2 SYV + BExy - [4(v+1)y... - v(v+1) (Yi', + Yi';'. + Yj' .. + j;:)
-"2r(v+2)Y .. k'f /vr (v+1) (v+2) [rv3 + v2 (3r-2) + 2v - 4(r-l)]

Error lv(v+1) /2-1](r-1)-1 Eyy - ~Exy

'When observation on a parenl is missing.

Gca 55 = G yy + BExy - [2v(v+1) (Yr. + Yi'i) - v(v+1) (v+2) Yi'i' - 2(v+2) ry ..k·

- 2vy J /vr(v+ l) (v+2)[4(v2-1) + (1'-1) (v+2) (v2 + v-2»)

Sea SS = Syy + BExy -14(v+1)y - 2v(v+1) (Yi'., + Yi'i') - 2r(v+2)y .xf/vr(v+1) (v+2) lrv) + v2(3r-4)-4(r-l))
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Table 4. ANOVA table for Method III when observation on a cross is missins

Source dJ.

Replications r-l

Crosses v2-v-l

Cca v-I

Sea v(v-3)/2

Reciprocals v(v-l)/2

Error (r-l) (v2-v-1H

Adjusted sum of squares

Ryy + ~E.y - y2 iT /r(r-l)

Cyy + ~Exy-l ..k' /v(v-I) (v2-v-l)

Cyy + ~E.y - [v(v-l) 7i". + Y.i', + Y.j',. +Y,j')-2v(v-l) (V-2)Yi'j', - 2r(v-2)y ..k'

-v y ...) /4(v-2)2[(v-l) + (r-l) (v2-v-l))

Syy + ~E"y -[v(v-l) (v-2) (yj'i'. - ~i'j') - v(v-l) (Yi'.. + Y.i', + Yi'., + Yr)
-2r(v-2)y. .k' +4(v-!;y .. .J /[2rv(v-l) v-2) Iv2-3v+2 (r-l) (v2-v-l»)

A . . 2
ry~+ pExy + 12y...-2ry ..k' - v(v-l) (Yi'j'. - Yj'i») /2rv(v-l) «v(v-l) + 2(r-l)
(v -v-I))

Eyy - ~E.y

Method II

R - y2 . k k/ ) 2 / _ 2 2YY - 2~ ,. v(v+l -2y ... rv(v+1), Cyy - ~y ij.lr-2y .. '/rv(v+1)

2 2
G yy = [~(Yi.' + YH') - 4y "./v]/r (v+2),

2 2 2
Syy = ~y ij./r - ~(Yi. ' + Yii.) /r(v+2) + 2y .. ./rv(v+1) (v+2)

2 2 2 2 (Eyy = ~Y ijk - ~Y ij.lr -2 ~Y ..k/V(v+1) + 2y .. ./rv v+1)

Method III

(7)

Ryy ~l ..k/V(V-1) -'l· ,./rv(v-1), C - 2 2yy - ~y ij./r - y .. ./rv(v-l)

2 2 / 2Gyy = ~(Yi.. + Y.i) /2r(v-2) - 2y .,. rv(v-2), r yy = ~(Yij, - Yji) /2r

2 2/ 2 /Syy = ~ (Yij' + Yji) /2r - ~ (n. + Y.j) r (v-2) + Y , .. r(v-1) (v-2)

E 2 2/ 2 2yy = ~ Y ijk - ~ Y ij. r - ~ Y ..k/V(v-l) + Y .' ./rv(v-l) (8)

The terms like Ryy, Cyy, G yy, Syy' etc. are same as used for computing sums of squares
in the analysis of variance model and the terms other than these are adjustment terms. The
additional adjustment terms can easily be obtained by simply putting the totals from the

diallel table.
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Table 5. ANOVA table when two observations are missing

75

Source

Blocks

Crosses

Parental effects (Gca)

Parental interactions (sea)"

Reciprocal effects'"

Error

dJ.

r-l

n'-1

v-I

v(v-l)/2

v(v-l)/2

(r-1)(n-1)-2

Adjusted sum of squares

Cyy + 61 Exy + ~ Ezy - ~1 (0 (Exy + Cxy) - ~2 (C) (Ezy + Czy)

pyy +61 Exy+62 Ezy -61 (P) (Exy+Pxy)-62 (P) (Ezy + Pzy)

Gyy + 6
1

Exy + 6
2

Ezy- 6
1

(PI) (Exy + Gxy) - 6
2

(PI) (Ezy + Gzy)

ryy + ~1 Exy + ~2 Ezy- 61 (r) (Exy + rxy) - 62 (r) (Ezy + rzy)

'n is v2 for Method I, v(v+l)/2 for Method 11, and (v2_v) for Method III.

"Sca dJ. will be v(v-3)/2 for Method III.

"'Not applicable for Method 11.

Table 6. Values of To, T•• and Txy for Method I

Component When observation on a cross
is missing

Txx IT••) Tvy

When observation on a parent
is missing

Crosses

Parental effects (gca)

Parental interactions (sea)

Reciprocal effects

Error.

(V2_l)/rv2

(v-2)rv2

1/2r

(r-l)(v2_l)/rv2

Yi'j,./r-y ... /rv2

(Yi' ..+yj'.+Yj'..+Y.j')/2vr
-2y.../rv2

(Yi'j'+Yj'i.,l2r
-(Yi'..+yj'.+Yj'..+Y.j')2vr
+y.../rv2

(Yi'j'.-Yj'i')/2r

(y...-ry..k_v2Yi'j')rv2

(V2_l)/rv2

2(v-l)/rv2

()

(r-l)(v2_l)/rv2

Yn,./r-y ... /rv2

(Yi'.+Y.i)/vr
_2y... /rv2

yj'i,jr
-(Yr..+Yj)/vr
+y.../rv2

o

(y..._ry..k_v2Yj'j) /rv2

The variances due to the estimates for various parameters are given below:

Method I

var (~j) = [(v2 - 2v +2 +2 (aij (S» 2/(v
2
-1) (r-1)] ci/2rv2
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var (~i) = [(v - 1)2 + (ajj (s»2/(v2-1) (r -1)] (i /2rv2

var (~j) = [vI + (ajj (r»2 /2 (r - 1) (v2 - 1)] (i /2rv2

Method II

(9)

1\
var (gj)

1\
var (Sjj)

[(v -1) + (aj (g»2 (v+1)/(v+2) (r-1) (v2 + v-2)] (llrv(v+2)

[(v2 + v + 2) + v(ajj (s »2 / (v+2) (r-1) (v2 + v-2)] 02 /r(v+1) (v+2)

var (~i) = v[(v -1) + (ajj (s) )21(v+2) (r-l) (v2+ v-2}]02 Ir(v+1) (v+2)

Method III

var (gi) = [(v-I) 12rv (v-2) + (aj (g»2 (v-1) / 4r (r-l) v (v-2)2 (v2-v-I)]02

var (~j) = [v-3) /2r (v-I) + (ajj (s»2 v I 4r (r-l) (v-I) (v_2)2 (v2 - v-l)] ~

var (~j) = [l/2r + (ajj (r»2 (v2 - v) / 4r (r-I) (v2-v-1)] 02

(0)

(11)

The variance of differences between effects may also be computed in a similar manner.
The values of aj (g), ajj (s), ajj (S) and aij (r) are to be substituted from Table 1 depending on the

applicability in a particular case.

MODEL AND ANALYSIS WHEN TWO OBSERVATIONS ARE MISSING

The covariance technique for handling of missing data can be easily extended to the
case when two or more observations are missing by introducing one new concomitant
variate for each missing observation and then using the multiple covariance technique for
analysis. In case of two missing observations, assume additional covariate z apart from x in
the model under consideration. The z takes value 0 or 1 similar to x. The observation y
corresponding to both the missing values are taken to be zero. For example, the model for
Method I can be written as:

Yijk = Jl + gi + gj + Sij + rij + bk + ~1 (Xijk - x) + ~2 (Zijk - z) + eijk
(i, j = 1,2, 3 ... v; k = 1,2 ... r) (2)

where the parameters of the model are same as in equation (I) and ~1, ~2, are the regression
coefficients of y on x and z, respectively. The model for other two methods can be written
in the same way.
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Table 7. Values of Txx, Tzz and Txy for Method II

77

Component When observation on a cross

is missing
When observation on a parent

is missing

Parental interactions (sea) (v2+v+2)
/r(v+1)(v+2)

Crosses

Parental effects (gca)

Error

[v(v+1)-21/
rv(v+1)

2(v-2)/rv(v+2)

(r-'-1)(v2+v-2) /

rv(v+1)

[v(v+1)Yi'j'.-2y...1/
rv(v+1)

[V(Yi'.+Yi'i'.+Yj'..+Yj'j.)
-4y...l/rv(v+2)

Yi'j,.!r

-(Yi'..+Yi'i'·+Yj'..+Yj'j'·)
/r(v+2) + 2y.../r(v+1)

(v+2)

[2y...-2rY..k-v(V+1)

Yi'j)]/rv(v+1)

[v(v+1}-21/
rv(v+1)

4(v-1)/rv(v+2)

v(v-1)/r(v+1)

(v+2)

(r-1)(v2+v-2) /
rv(v+1)

[v(v+1)Yi'j'i,.-2y...1/
rv(v+1)

[2v(Yi'+Yi'i,)-4y···l
/rv(v+2)

YiTjr-2(yi' ..+Yi'i')/
r(v+2) + 2y.../r(v+1)
(v+2)

[2y...-2rY..k'-v(V+1)

Yi'i)l/rv(V+1)

When two observations are missing, they may belong to two crosses, two parents, or
one to a parent and the other to a cross in Methods I and II, while in Method III, they will
belong only to crosses as there are no parents in this case. In general, let us assume yi'j'k'
and yutm be the two missing observations on (i' xnth and (u x t)th crosses in k'-th and m-th
blocks, respectively.

Table 8. Values of Txx(Tzz) and Txy for Method III

Component When observation on a cross is missing

TxxITzz) Txy

Crosses

Parental effects (gca)

Parental interactions (sca)

Reciprocal effects

Error

(v2_v_1)/(v2_v)r

1/vr

(v-3) /2r(v-l))

1/2r

(r-1)(v2-v-1) /rv(v-1)

Yi'j'.!r-y.. '/rv(v-1)

[V(Yi'..+Y.i'.+yj'..+y.j:)-4y... /2rv(v-2)

(Yi'j'.+yjT)/2r-(Yi'..+y.i'.+yj'..+y.j')/2r(v-2)
+y.. '/r(v-1)(v-2)

(Yi'j'.-yj'i')2r

(y...-ry..k'-V(v-1)2Yi'j')/rv(v-l)

The estimates of parameters are obtained by the least squares method. For example, the
least square estimates in Method I are obtained as under:

1\ 2
J.1 y . .. /rv

gj = [v(Yi.. + Y.i) - 2y ... - 2 (ai (g) ~1 + Ci (g) ~2 )l/2rv2
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~j =. [v
2

(Yij. + Yji) - V(Yi.. + Y.i. + Yj.. + Y.j) + 2y ... - (aij (5) B1 + Cij (5) B2)l/2rv2

.
S~i = [v2Yij. - V(Yi.. + Y.i) + Y... - (ajj (S) B1 + cii (5) B2)] / rv2

~j = [(Yij. - Yji) - (aij (r) B1 + Cij (r) B2)l/2r (13)

where Ci (g), Cij (s), Cii (s) and Cij (r) will have the same respective values as aj (g), aij (5),

ajj (S) and aij (r) given in last section. The a's are concerned with Yi' j' k' -th missing observation
while c's are concerned with Yutm-th missing observation. The estimates of parameters in
the remaining two methods are also obtained in a similar manner.

The values taken by the combination of a's and c's on substituting in the respective
formula (13) will give required estimates of various parameters. For instance, when Yi'j'k' -th
and Yutm-th observations on two different crosses in k'-th and m-th blocks are missing in
Method I, each ofai (g) and Ci (g) will take two values and we will have four possible estimates
of gi corresponding to the four possible combinations of ai (g) and Cj (g). For example,

gi = (Yi..+y.i.)/2vr-y.. '/rv2- (v-2) (~1 +B2)/2rv2

= (Yi..+Y.i)/2vr - y.../rv2- (v-2)61 /2v~ r +62/rv2

= (Yi..+Y.i)/2vr - y.../rv2 + 61 /v2r +(v-2)62/2rv2

= (Yi.. + Y.i)/2vr + y... /rv2+(~1 + 62)/rv2

if both missing crosses pertain to

the i-th line (i=i'=u)

if i-th line is involved in first

missing observation (i=i'* u)

if i-th line is involved in second

missing observation (j=u* i')

otherwise

For estimating Sij, aij (5) and Cij (S) each will take all values except-(v-l) which will form
9 combinations and will thus give 9 possible estimates of Sij' Similarly there will be four
estimates of Sjj and 9 of rij'

When Yi'j'k' -th and Yutm th observations are missing in Method II, each ai (g) and Cj (g)

will have two values, which will make four combinations, and on substituting in extended
form of formula (3) they will have four estimates of gj. Similarly, there will be nine estimates
of Sij and four of Sii. The estimates for Method III can also be enumerated in a similar manner.

Now let us consider the case where two observations on parents, say yi'j'k' and Yutm (i'
* u) are missing. In Method I, each of aj (g) and Ci (g) will have the values v-I and -1; aij (5)

and Cij (5) will have the values -(v-I) and -1; ajj (S) and Cij (5) will have the values (v_l)2 and



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 6
1.

24
7.

22
8.

21
7 

o
n

 d
at

ed
 2

7-
Ju

n
-2

01
7

February/1997] Missing Plot Technique in Diallel Analysis 79

1 and aij (r) and Cij (r) will have the values zero. The combinations of a's and c's will give four
estimates each of gi, Sijl Sij and one estimate of rij. In Method 11/ there will be four estimates
each of gi, Sij and Sii.

The estimates of ~1 and ~2 for observations missing on two different crosses Le. (i' xnth
and (u x t)th in k'-th and m-th blocks are obtained, in general, as:

~1 = (EzzExy - ExzEzy)/ (ExxE7.7. - E
2

xz)

and

(14)

Where Ezz and Exx are error sums of squares for z and X; Ezy and Exz as error sums of
products of z with y and x/ respectively; and Exy is the error sum of the produCts
of x with y.

Here Exx = En: =(r-1) (n-1}/rn, Exy = (y... - ry.. k' - nYi'j')/rn and Ezy =(y... - ry..m­

nYul.) / rn. The values of Ezx is to be obtained from bottom of Table (9).

The sums of squares obtained by the method of fitting constants are presented in Table
(5). In this table Cyy/ Syy, Gyy and Ryy are computed by the formulae (6) or (7) or (8)
depending on the method used and 61 and ~2 are obtained by using the equation (14).
~1 (C)/ ~1 (Pl/ ~1 (PD, ~1 (r) and ~2 (C)/ 62 (P)/ 62 (po/ ~2 (r) are also obtained using equation (14)

by replacing the error sum of squares and sum of products term with T (treatment) + error,
where T is C (cross effect), or P (parental effect), or PI (Parental interaction effect), or r
(reciprocal effect). While computing these the values of Ws/ Txx, Tzz, Txy are to be obtained
from Tables 6/7 or 8/ depending on their applicability. The value of Tzy will also be same as
of Txy with i' replaced by u/ j' by t/ and k' by m. The value of Txz is to be obtained from
Tables 9/ 10 or 11/ depending on the applicability of the case.

The variance of the estimates obtained here can be seen to be a simple extension of the
case of one missing observation, Le. in the formulae (9) - (11)/ a term due to the second
missing observation will get introduced in a manner similar to that of the first.

For example in Method 1/ the variance of estimates are obtained as under:

var (~) = ci /rv2
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Table 9. Values of Tn for Method I

Component When two observations are pertaining to

same reciprocal crosses cross .same parent and •••
cross crosses with any with no parent a cross

common common with common
parent parent parent

Crosses (C..) (v2_l)/rv2 _1/rv2 _1/rv2 ...;1/rv2 (v2_l)/rv2 _1/rv2 -1/rv2

Gca (Gx.) (v-2)/rv2 (v_2)/rv2 (v-4)/2rv2 _2!rv2 2(v-l)/rv2 (v-2)/rv2 _2/rv2

Sea (5..) (v2-2v+2)/2rv2 (v2-2v+2)/2rv2 (2-v)/2~ 1/ /rv2 (v_l)2/rv2 (l-v)/rv2 1/ /rv2

Reciprocals (rx.) l/2r -l/2r 0 0 0 0 0

--'Two different parents or crosses or parent and a cross with no common parent.

Notes: Exz = ~r-l) / m if two observations missing in the same replication.
Exz = ~n-l)/m if two observations missing on the same cross or parent.
Exz . = 1/m otherwise (i.e. none of above).

Table 10. Values of Tx• for Method II

Component
same parent

When two observations are pertaining to

a parent and a two different
cross with parents or crosses,

common parent or a parent and
a cross with no
common parent

same cross

Crosses (Cx.)'

Gca (G..)

Sea (5.,)

Rt.'Ciprocals (r,,)

(v2+v-2)/rv(v+l)

4(v-l)/rv(v+2)

v(v-l)/r(v+ l)(v+2)

Not applicable

-2!rv(v+l)

2(v-2)/rv(v+2)

-2v/r(v+l)(v+2)

Not applicable

-2/rv(v+l)

-4/rv(v+2)

2/r(v+l)(v+2)

Not applicable

(v2+v-2)/rv(v+l)

(v-4)/rv(v+2)

(v2+2v+3)/r(v+l)(v+2)

Not applicable

Table 11. Values ofT.. for Method III

Component
same cross

When two observations are pertaining to

reciprocal crosses crosses with any
one common parent

crosses with no
common parent

Crosses (Cx.) (v2-v-l)/rv(v-l) -I/rv(v-l) -l/rv(v-l)

Gca (G..) l/rv l/rv (v-4) /2rv(v-2)

Sea (5..) (v-3) /2r(v-l) (v-3) /2r(v-l) (3-v) /2r(v-l)(v-2)

Reciprocals (rx.) 1/2r -1/2r 0

-l/rv(v-l)

-2/rv(v-2)

l/r(v-l)(v-2)

o
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var (~j) = [(v2 + 2v + 2) + 2 «aij (5})2 + (Cij (5})2 )/(v2_1) (r-1)]cr2 /2rv2

var (~i) = [(v _1)2 + «ajj (5})2 + (cjj (5 })2 )/(v2_1) (r-1)]cr2 /rv2

The values ofa's and C's are substituted depending on the applicability of the case. Variances
of the differences between estimates can also be derived in a similar manner. The variances
of the estimates for Method 2 and Method 3 can also be obtained in a similar manner.
Moreover, they can be easily obtained by symmetry. Even for more than two missing
observations, the extension of the technique is quite simple and straight forward by
introducing one new concomitant variate for such missing observation and then using the
multiple covarianc;e technique for analysis.
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