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Diallel Cross Design

m Diallel cross is an experiment in which two
treatments are crossed each other to have a
new treatment which will be consider to be a
promising variety of crop. If you are interested to
find a new variety of best crop, we will go for an
experimentation by crossing the two new cross
of different types and then testing the
experiment which cross yields best and
promising variety of crop.

m Grifind has introduced the concept of diallel
Cross experiment.
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1x1 1x2 1x3 ...1xV
2X1 2X2 2X3 ...2XV

3X1 3x2 3Xx3...3XV

_vxl VX2 VX3 ... VXV

m Here there are v treatments and two
treatment will be crossed together which
gives total v2 crosses.
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m Here there are v crosses in the diagonal
which are called self crossed experiment.

m There are v(v-1)/2 crosses of ix] where I<]
These crosses are called f1 crosses.

m There are also v(v-1)/2 crosses of Ix]
where 1>]

These crosses are called reciprocals of f1
Crosses.
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So, the total crosses are

v(v-1) v(v-1)

v self + f1+

resiprocal of f1

N v(v—1)+ v(v-1)
2 2
=V+V(v-1)

=V

= V+V°=2V+V

=V2
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m Curnow(1943) discussed the construction
of diallel crossed experiment using RBD.

m Since RBD yields a large no. of crosses so
later on various other authors develop the
construction and use of diallel crossed
experiment using BIBD,PBIBD and so on.

m After getting the cross one has to test and
verify the best or promising variety of crop.

m There are two types of diallel crosses plan
1)Complete diallel cross plan. (CDC)
2)Partial diallel cross plan. (PDC)
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CDC Plan

m A dialler crosses experiment is said to be
complete dialled crosses plan if all the crosses
occur an equal no. of times in experiments.
Further the variances of all the lines of the
dialled crosses are same that is all the lines are
estimated with the same variances.

m CDC are always balanced design



" S
PDC Plan

m A dialled crossed experiment is said to be
PDC plan if some of the crosses occur n,
times and remaining occur n, times.

m Here the variance of the treatment
contrast are not same that is lines will be
estimated two types of variances.
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General combining ability

m GCA effect is a effect of combining it" and
jh two lines to give the best yield these
effect Is estimated using least square
method of estimation from linear model.

m Griffing classified the dialled crosses
experiment into 4 systems namely,

system 1,system 2,system 3, system 4.
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CDC system 1

1) p self crossess

2) p(pz— D £1 crossess

3) p(pz— 1) reciprocal of f1 crossess

p(p—1) pP(pP—-1)
2 2

=p+p(p—1)
=p2

Total : p +
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CDC system 2

1) p self crossess

2) p(p2— D £1 crossess
p(p—1)
2
2p+p° —p
- 2
pP°+p
2

_pb(p+1)
2

Total : p +
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CDC system 3
1) p(p—1)

2

f1 crossess

2) p(p — 1) resiprocal of f1 crossess

p(p—1)  p(p—1)
2

Total :

=p(P—1)
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CDC system 4

1) p(pz— D £1 crosses

Total :

. p(Pp—1)
2

m This is the simplest plan among all plan as

It contains only f1 distinct crosses of type
1<].
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Construction of CDC Plan
Method 1

Ex. Consider a BIBD with,
m V=4 b=6,r=3 k=2, A\=1

1x2 (1)
1x3 (2)
x4 (3)
2X3 (4)
2x4  (5)

3x4 (6)
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Consider another BIBD with,
mV1=6,b1=6,r1=k1=5, A\1=4

N P PR R

LW W N DD NN

~ B W W W

or o1 o1 01 &~ B~
o O OO OO O O

1X2
1Xx2
1X2
1X2
1X2
1x3

1x3
1x3
1x3
1%3
1x4
1x4

1x4
1x4
1x4
2X3
2X3
2X3

2X3
2X3
2X4
2X4
2X4
2X4

2X4
3x4
3x4
3x4
3x4
3x4
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m Each line will occur rrl1 times
m Each cross will occur k1 times

m Total no. of crosses will be blkl.
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m Each line will occur rrl1 times
m Each cross will occur k1 times

m Total no. of crosses will be blkl.
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m Each line will occur rrl1 times
m Each cross will occur k1 times

m Total no. of crosses will be blkl.
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Method 2
Ex. Consider a BIBD with,

m V=5,b=5,=4k=4, A=3

N B P

LW W N DD

>~ D B WO W
o1 o1 o1 01 b~

1X2
1Xx2
1Xx2
1x3
2X3

1x3
1x3
1x4
1x4
2X4

1x4
1X5
1X5
1X5
2X5

2X3
2X3
2x4
3x4
3x4

2X4
2X5
2X5
3X5
3X5

3x4
3X5
4X5
4X5
4X5
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m Each line will occur r(k-1) times
m Each cross will occur A times

m Total no. of crosses will be bk(k-1)/2 times



Tr.

1 2 3 4 5]
1/3 3 3 3 012
213 3 3 0 3:12

BlL3|3 3 0 3 3:12
4/3 0 3 3 3:12
5/0 3 3 3 312
12 12 12 12 120

dNni=36Vi=12
Y nn, =27 Vizm=12.5



Method 3

Ghosh and Biswas(2003)

Ex. Consider a BIBD with,

m V=b=7,r=k=3, A=1
3 Is premetive elementof GF(7)
3 3¢ 3¢ 3t 3 3

2 4 6 5

~N O O B W DN P
R N O 01 b W
W N P N O O
N PN OO O B W
o ~ W DN PN
A~ W NN PN O
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1x3
2x4
3X5
4X6
oX /[
1x6
2X T

Y ni=6

2X6
3X7
1x4
2X5
3X6
4x(
1X5

4X5
5X6
o6X7
1x7
1x2
2X3
3x4

> nn, =5

This 1s binary design.

Tr.

1234567
1111111106
2101111116
10111116
BL.4/1101111:6
5/1110111:6
611110116
7111111016
|6 666666
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m Each line will occur 2r times
m Each cross will occur A times

m Total no. of crosses will be bk times
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Analysis of CDC plan

m Consider a complete diallel cross plan
Involving p lines with b blocks, each of
block size k.

m The linear model for the CDC system is
defined as,

B Y;=h+Q;+tg;+s;te;
where u Is general effect,

0;,9; are i and j™ lines which are
unknown and called general combining
ability of it" and | line
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m S; Is called specific combining ability of
ith,jth cross

m ¢; are random error and e;~N(0,0?)

Now, In matrix notation, model can be
written as,

Y= pintA,g+ AB+€ (2)

Where Y=nx1 vector of observed responses,
U= general mean
In=ldentity matrix
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m g and [3 are vector of p and gca and b block
effect respectively
m A, A, are corresponding design materials.

m € denotes vector of independent random
error~N(0, 0?)

m It can be easily seen that (s,w)" element of
A,=1 ;If the cross in the st experiment unit

as one parent say, w
=0: otherwise
s=1,2...n; w=1,2...p
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m Let r;=No. of replication of the cross ixj(i<J)
IN the experiment

m G=A,A=G;

m Ns=AA,

m Using the definition of the A, it can be
verify that,

m G;=r; and G;=2r;

m [t can also verify that, Ng=(n;)

where n;=No. of times parent | appear
In block |
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The ¢ matrix can be obtained,
NN,
k
Where G, Is symmetric matrix of order pxp

W. d..
and Gd=[ d \?v" }
.

’Cd=Gd_

Where w, = No. of timesi™ line occur in CDC plan.
d.. = No. of timesthe cross ixi* appear in the plan.
Vi£i1'=12..p
o N, = (ndij )pxb
where ng = No. of timesi" line occur in the block b.
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Ex. Consider a BIBD with,
m V=b=7r=k=3, A=1

3 is premetive elementof GF(7)

0 2 4 1 3 5
S 5 33 1x3 2Xx6 4x5
L 2 4 5 605 2x4 3X7 5x6
2 33 d 00 3x5 1x4 6x7
5 40 > L7 4x6 2x5 1x7
b0 6 2 1 5x7 3x6 1x2
> 0 1 rs e 1x6 4x7 2x3
o 7 2 L 43 2X7 1x5 3x4
/7 1 3 2 5 4
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1x3
2x4
3X5
4X6
oX /[
1x6
2X T

dni=6=v-1

2X6
3X7
1x4
2X5
3X6
4x(
1X5

4X5
5X6
o6X7
1x7
1x2
2X3
3x4

Y nn, =5=v-2
This is binary design.

Tr.

1234567
1111111106
2101111116
10111116
BL.4/1101111:6
5/1110111:6
611110116
7111111016
|6 666666




Ci=064 ———

where G, =

W, =(v-1)

Oii =

QG)
Il

v—1 A
A v-=1..
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NN =

) Ny D Nyny; 2 nyn,, _

anj'”lj 2”212 anjnpj
2
anjnljznpjna an,-

Z J _(V 1) Znu mj_(v_2)

NN*

_v—2v—2mv—1

vV—1lv—2..v—2
v—2v-1..v—-2




(

v—1)
A
A

A
(v—-1)
A

v—1v-2..

v—2v-1...

_v—2v—2m

A

A
(v-1).

V-2

V-2

v-—-1
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(v-1) O...
c=| 0 (v-1)
0 0

(v—1) 0...

0
0

(v-1)
0

0
0
(v-1)

0
0

A 2.4l [4 0
A A A|-10 A

(v-1)

A A..A] |0 0.4

V—2V—-2...Vv=2]
V=-2V-2...V=2

_v—2 v—2...v—2_

=[(v=-DI, +AE - Al |-

K

[((v=DI, +(v-2)E - (v-2)I ]

K
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=[(v-1)—All, + AE
[(V—1)—(v=2)]I +(v—2)E,

k
I 1 I v—2)
= (v—l—/l)—E I, +| 4 ( ” ) E_
_ k(iv—1)—-kaA-1 | AK—Vv + 2 =
! K 1" L ko

In this design each cross occur 1 time
so,A =1
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_ k(v—ll)<—k—1 |+ k—l\(/+2 E
k(v—-2)—-1 v—2—-k

- K L, % E

_ k(v—kZ)—l |p—%Epp

For any balanced design,
C,=06(,-vE,)

Then @ is called non zero eigrn value of
matrix c



" o

g [k(" _k2) - 1} with multiplicity (v — 1)

. h .. . 1
The estimateof i line is obtained from 5

o1 [k
99T k(v=2)-1
The general combined ability can given by,

Ca = =
A= Kv=2)-1

Variance of gca effectis given by,

g -9) =500 =| o
9 — 9, —90' = k(V—2)—1O-
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Efficiency

0 Singn and Hinkallman(1990) showed that for CDC
plan in RBD, Variance of the gca effect is given by,

u'u
O
a(p —2)

V(U'g) =

Where U’g=the contrasts among gca.
P:I\}. of lines

q= No. of block in RBD with U’l ;=0
o’=Error mean square
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For, CDC plan we know that,

, 2
V(U g)=50'2

where, @ 1s non — zero eigen value of ¢ — matrix
of CDC plan.

m Now, efficiency factor of the CDC plan is
define as the ratio of gca effect in RBD. to
the variance of gca effect of concerned CDC
plan.

m That is efficiency factor is a factor to
compare the CDC plan of the new plan with
the CDC plan taken in a RBD.
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E _ V(U'g)under RBD
V(Ulg)NeWplan
U'u ,
o
_q(p-2)
2 o
6
20°° 6
= X >
aP-2) 20
3 6  k(v-2)-1
ap-2) kap-2)
_3(7r-2)-1 14
- 3*1(7-2) 15
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m CDC plan with,

m V=b=7,r=k=3, A=1

~N O O &~ W DD -

O N & 01T &~ W0 DN

(GO L R U ©> I O b I b N

1x2 1x4 2x4

2%X3
3x4
4X5
5X06
oX7
/X1

2X5
3X6
AX(
5x1
o6X?2
X3

3X5
4X6
5X 7
ox1
X2
1x3



Blocks

12 34567

112 2 02 000 |6
T202202006
FI;'300220206

410 002 20 2 |6
_?520002206

6(0 2 0002 2 |6

712020002 |6

6 6 6 6 6 66

Y n,®=12=r(k-1)’
Y nny =4=A(k-1)°
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C,=6G6
d di k
"W g,
where G, =| ° i
- Wdi'_
Wy =Wy =r(k-1)
g; =4

m Since any block for | ! line will occur (k-1) time
in ixj " cross. Again there are r lines in a plan
so, each line will occur r(k-1) times.
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NN "=

Z”ij2

_ anjz 2NNy 2Ny,
2NN, anjz 2NN,

_anjnlj DN,y 2ony’

= r(k —1)?

> nin, =A(k-1)°

k(k —1)

k =

2
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r(k —1) A A
A r(k —1) A
A A r(k—-1)

r(k-1% A(k-1) A(k-1)
Ak =1) r(k-1)° A(k-1)
A(k-1) Ak-1) r(k-1)]

k(k —1)
2




'—
=[r(k-1)1, +AE — Al ]
2[r(k —1)21 + Ak —1)2E,, — A(k —1)?1 ]

k(k — 1)
2[r(k —1)° — A(k = 2)]!I
~[r(k—1)— Al — 2 l)((k_i) )1l
- 2A(k-1)%E,,
+

k(k —1)



" o

2{r(k —=1)—A(k-1)}

-{r(k -1)- A4}
N _/1 2A(k —=1)
K

PP

K

rk(k —1)— Ak = 2r(k = 1) + 2A(k - 1)}

+

Ak —2A(k-1)

K

K

E

PP
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r(k—1)(k—2)— Ak + 24k — 24

+

Ak -2k +2)

K

K

E

PP

_r(k-— 1)(k — 2) + /;,(k ~2)

(k=2){r(k=1)+ 4}

K

K

PP
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(k=2){r(k-1)+ A}

A(k—2) |

I E
i k | P i k | PP
(k=2)r(k-1] _[Ak=-2)] _[Ak-2)
L K | -k " | Kk
A(k—=2) | 1 _E ]+_(k—2)l(v—l)_|
i k | P PP i k | P

PP
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" A(k

_2)'

kK _
Av(k=2)

Apk-2)

E

PP

k P

So, 8 =

Y
E

PP

k P

Apk-2)

K

P

[, —vl, —1]

A(k-2)

PP



2 >
~ Ap(k—2) 7
Kk
_ 2K o2
Ap(K — 2)
with multiplicity(v — 1)
Design i1s balanced
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Robustness of CDC Plan

m Consider a CDC plan with line p arrange In
b blocks of size k. Let delete s
observations from the block where
s=1,2...K

m Cd denote C matrix of original CDC plan.
m Cd* denote C matrix of residual CDC plan.

m Robustness criteria against the loss of s
observation is A efficiency, defined as ,
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_ sumof the resiprocal of the non zero eigen value of c,

~ sum of the resiprocal of the non zero eigen value of c.

m Let delete one block from the CDC plan.

m S0, here each crosses will not repeated
same times. Some crosses repeated Al
times and remaining will repeated A2
times.

mEAI=A
mE A2 = A-1
m Which iIs nothing but g.
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Now, w Is no. of times ith line occur

In CDC plan.
| line will occur r, times

I'ine will occurr, times.
r=r(k-1)
r'=(r-1(k-1)

> ni=r(k-1)°

> ni=(r-1)(k-1)°



Cd :Gdi

where G, =

NN'=

_ DNy
2 N2y,

2 Ny,
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(r-1)(k-1) A, Ay Ay
A, (r=1)(k-1) 2, Ay
Ay Ay r(k-1)... &,
] Ay A Ay r(k=1)
(r=1)(k=1)2 (A =1)(k =1)? Mk =1)? ... Mk — 1)?
(A=1)(k-1)* (r-1(k-1)° Mk -1)*... Mk -1)°
Mk —1)° Mk-1)° rk-1)°..uMk-1)°
- Mk-1)° k(k;l)z k(k;l)z...r(k.—l)z

k(k—1)
2
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o (F— )k —1)— 2(r —1)(k —1)?

k(k —1)

r— D)k —1)— 2(r—1l)((k—1)

_k(r=1)(k=1)=2(r —=1)(k — 1)
k

C(r=1)(k-1)(k-2)
- k




] 2
> (a-p- 24

2(4 —1)(k 1)

= (1-1)
_k(A-1)-2(A-1)(k-1)

K

_(A-1)(k-2k+2)
k

—(A-1(k-2)

- K




" o
- 2A(k —1)°
k(k —1)
2A(k —1)
k
AK — 24K + 24

= A

K
24 — Ak
- Kk
— A(k = 2)
Kk




. 2
ok —1)_ 2r(=D)
k(k —1)

2r(k — 1)

= r(k — 1)

_ kr(k—1)—2r(k —1)

k
r(k —1)(k — 2)
- k
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C, =

(r-Dk-1)k=-2) -A-Dk=2) | -Ak=-2) ..
—(A-Dk=-2) (r-DK-Jk-2) -Ak-2) ..
—(A- nm 7)) -zm 2) Nk nm 2)...

—ﬂm—Z) —zm—z) 5 —zm—z)

_Ak=2) ]
—Ak-2)
C_Ak=2)

:uk—nm—zl
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9, = (r-1)(k-1)(k-2)+ (1 -1)(k-2)
_ (kK=2)[(r=1)(k —kl) +(4-1)]
_ (k—2)[(r(k—ll()—(k—1)+(/1—1)]
_ (k- 2)[(ﬁ»(V—l)Ii(k—1)+ (4-1)]
_ (k—2)[(ﬂv—ﬂ—kk+1+ﬂ—1]
_(k=2)(Av - k)k

Kk
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o _ F(k=1)(k =2)+ A(k - 2)

_ (k=2)[r(k —k1) +A]
_ (k- 2)[/12(v— 1)+ A]
_ (k—2)(ﬂ\ll(—/1+/1)
_ (k—2)(ﬂl\</)

Kk




r——

YT T k—2)Av—K)

AN

Here g, are those lines which are deleted

INn the blocks.

A 1 Kk

Y8 T k=2

Here g; are those lines which are not deleted
INn the blocks.

Variance Is,

V@ -9 =| e 2
ST kT yav—Kk) [°

V@ ~8)=| s |o?
ST k-2 |7




Efficiency
- _ V(U'9)C,
V(U'g)C..
_ sum of resiprocal of eigenvalue of C,
~ sum of resiprocal of eigen value of C.,

2k

V(U'9)C = 5y (V=D
V(U'g)C,. = a (k —1)+ a
e = (Av —k)(k = 2) Av(k = 2)

- Avk(k=1)+ k(v —K)(Av - k)
- (Av = k)(K — 2)Av

(v-=K)
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- K[AV(k —1) + (v = K)(Av — k)]
B (Av — k) (k = 2)Av

k(v—-1)
_ AV(k — 2)
~ k[Av(k —=1) + (v = k)(Av — k)]
(Av—-K)(k —2)Av

E

_ k(v-1) (Av —K) (K — 2)Av
" Av(k—=2)  K[AV(K —1) + (V — K)(AV — K)]
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(Vv —1)(Av = K)

T AVK — AV + AVZ — AVK — Kv— K2

- (v=1)(Av-k)
~ Av(v=1)—k(v-k)

~>Loss=1-E

(v—-1)(Av - k)
AV(V—-1)-Kk(v-Kk)

. Loss=1
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_ Av(v=1)=k(v—K) = (v=1)(Av k)

Av(v—-1)—-k(v-Kk)

~(v=D[Av—Av + Kk]-k(v-k)
- Av(v—=1)—k(v=Kk)

- k(v-1)—k(v-k)
~ Av(v=1)—k(v=k)
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kK(v—1-vVv+Kk)
Av(v-1)-k(v-k)

0SS =

We can write,

c_1_ k(v—1-v+k)

AV(V—1) — k(v —k)



