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ABSTRACT

Six diverse strains were used to produce 45 possible double crosses. F2 of
these hybrids were raised in randomized block design with 3 replications. The data
were analyzed, according to Rawling and Cockerham (1962) model. The most
important aspects of the double-cross hybrid was relative importance of the
arrangement of parents i.e the order effect in these hybrids.

The Suvin (Ps), Australian (P1) and BBB (P2) were the best as one parent for
seed cotton and lint yield, lint percentage and upper half mean respectively. The
highest 2-lines of general effect were exhibited by (P2 x P3), (P1 x P3) and (P1 x P2) for
seed cotton and lint yield, lint percentage and fiber length respectively. The highest
specific effect of 2-lines interaction with arrangement were (P1 X P4) (- -),(P1 X P3) (- -)
and (P2 x Ps) (- -) for the same traits respectively, while its irrespective arrangement
was (P1-) (Ps -) for seed cotton and lint yield and lint percentage and it was (P1 -)
(P4 -) for fiber length.

For 3-line interaction with arrangement were (P4 x Ps)(P1-) (P1 x P2) (Ps x -)
and (P1 x P4)(Ps-) for the same traits respectively. While irrespective of order were (P1
X P4)(Ps -), (P1 x P3)(P4-) and (P3 X Pg)(Ps-).

For the best 4-lines interaction with arrangement and irrespective were (P2 X
P4) (Ps x P2) for seed cotton and lint yield, and for lint percentage (P1 x Ps) (P2 x P3)
were the best in case the arrangement, while the best irrespective arrangement were
(P2 x P4)(Ps x Pe). With respect fiber length the best 4-lines interaction with
arrangement were (P1 x P3) (P2 x Ps) and (P2 x Ps) (Pa x Pe) while the best
irrespective arrangement were (P1 x P2) (P4 X Pe).

INTRODUCTION

The understudying of genetic architecture of each breeding materials is
a matter of great interest for selecting the parents and crosses in order to
establish the most efficient breeding programme for attaining quick and
maximum genetic improvement. Combining ability analysis among selected
parents depends mainly on both type of gene action and the amount of
potential genetic variability involved. The most important aspect of double-
cross hybrids is the relative importance of arrangement of parents to form the
double crosses. El-Tabbakh and EI-Nakhlawy (1995) investigated inter-
specific crosses of G.barbadense x G. hirsutum. They observed that the
general combining ability variance was found to be significant for boll weight,
while specific combining ability was detected to be significant for lint
percentage. In the same time, both GCA and SCA variances were found to be
significant for seed cotton yield/plant. Abou El-Yazied (2004) indicated that the
comparison of parental varieties for their combining ability revealed that the
varieties; Giza 88, Suvin and Pima exhibited higher percentages than (P.H.P)
and were the best combiners for yield and yield component traits. While the
most pronounced SCA effects were found in the crosses; (P.H.P x BBB),
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(P.H.P x TNB1), (P.H.P x 24022), (P.H.P x Suvin) P.H.P, (P.H.P x Giza 88),
(P.H.P x 24022), (TNB1 x Suvin), (TNB1 x Giza 88), (24022 x Suvin), (24022
X Giza 88) and (Suvin x Giza 88) for yield and yield component traits. El-
Hoseiny (2004) found that yield and its of all components exhibited
insignificant GCA and SCA except lint percentage which exhibited significant
GCA and SCA. The high ratio of GCA / SCA indicting more important additive
gene effect in inheritance. ElI-Hoseiny (2009) found that Parent Australian (P1)
and BBB (P2), P2 and P4 had highest and negative value of 2-line general
effect which were good specific combination of (P1 x P2)(--) and (P2 x Pa)(--)
when they go into another arrangement i.e. (P1x -)(Pz x -) and (P2 x -)(Pa Xx-)
showed the positive 2-line specific for most earliness traits as undesirable
direction. Said (2011) found that moderate narrow sense heritability estimates
from (30 -50) for yield and yield components while high narrow sense of
heritability for upper half mean (over 50%) was obtained. Potdukh and Parmar
(2006) indicated that yield and yield components exhibited low value of
heritability. They added that, high estimates (101.28) were observed for seed
index followed by seed cotton yield (30.04). This study was conducted to
giving the information on order effect of parent to form double crosses and
estimated the genetic component for double crosses.

MATERIALS AND METHODS

Six parents belonging to Gossypium barbadense, L. i.e.; Australian
(P1), BBB (big black boll) (Pz2), Karshenky (Pz) and Suvin (Ps), as well as, two
varieties of extra-long staple, Giza 70 (P4), Giza 77 x Pima Ss (Ps). F2 Were
used to produce 45 possible double cross. F2 double crosses were sown in
season 2010 in randomized complete block design experiment with three
replications at Sakha Agricultural Research Station. Each plot consisted of
three rows. The row was 4 meter long and 65 cm apart. Hill spacings were 20
cms. within rows and two seedlings were left / hill. Conventional cultural
practices were followed through the growing season. The measurements
were recorded on ten individual guarded plants from the middle row of each
plot.
The studied traits:
1- Seed cotton yield estimated as the weight of seed cotton yield in
kentar/Feddan (k/fed).
2- Lint yield, estimated as the weight of lint cotton yield in kentar/Feddan
(k/fed)
3- lint percentage: Ratio of lint cotton yield to seed cotton yield sample
expressed as  percentage using the formula

Lop— weight of lint in sample

weight of seed cottonin the same sample
4- Fiber length (Upper half mean): measured by HVI in (mm).
Statistical analysis: The analysis of variance of the quadriallel crosses was
made for all studied traits according to the procedures outlined by Singh and
Chudhary (1985). as follows:

x100
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Combining Ability Effects:
1- Average effectof linei=gi=[Vi../ (r p1 pz ps/2)]- u

Where, y=Y..../ (p1 p2 p3/8) Check: 2gi=0
2- The two line interaction effect of lines i and j appearing together
irrespective of arrangement. = S = [Y;./(3r p2p3/2)] - Y — g =g

Check: X S%; =0
3- The three line interaction effect of lines i, j and k appearing together
irrespective of arrangement. = S3jk = (Yik.../ 3r p3) - 4 — gi —Gj- gk —Sij- Sik
—Sjk Check: 283 iijO
4- The 4-line interaction effect of lines i, j, k and | appearing together
irrespective of arrangement. = S%k) = Six = [(Yik ../ (3r)] - 4 — i —0j- Ok —
g1 -Sij- Sik —=Sii - Sik - Sji - Sk - Sijk =Siji - Sjki - Siki
Check: ZS”‘H =0
5- The 2- line interaction effect of lines i and j due to particular
arrangement.(ij) (--)
L) - = Baiey = [Yae. /(1 p2psl2)] - p - gi—gj - Sij Check: 2 ti)(.)=0
6- The 2- line interaction effect of lines i and | due to particular
arrangement.(i -) (j -)
ti9G9=t%969=[Yi)6)./rpzps] - 4 —gi—g; - Si Check: £ t%; =0
7- The 3- line interaction effect of lines i, j and k due to particular
arrangement.(i j) (kK -) Sk = i) - = [Yapw)./ r p3]- M — 9i —Gi- gk —Sij- Sik
—Sik —Sijk— t%j - t3k- 3«
8- The 4- line interaction effect of lines i, j, k and | due to particular
arrangement.(i j) (k) t%x = ta) «n=[Yaky. / - M — gi —gj- gk — g1 -Sij- Sik —
Sii- Sik - Sji - Sk - Sik =Siji— Siki - Siki - Sijki — 1% - t2a- 3k - 3 - gk - 41—
3. k— 3.1 — % i - % j Check: X t4 =0
9- Check:
a)tdj+ 2. =0
b)t3j k + t3ikj + t3ki =0
C)tdij ki + thikj + thik =0
10- Narrow sense heritability was estimated by the following equations

. LA+ L AA+ 1/ AAA
ns LA+ aa+ L Aaa+ LD+ L AD+ 1, DD+E]

Where, A = Additive, D= Dominance and E= Error variance

RESULTS AND DISCUSSION

The analysis of variance show that the 1-line general, 2- line specific
and 2,3and 4line arrangement effects were significant (Tablel). The effects
arising owing to arrangements of lines are exclusively the results of
dominance and interaction involving dominance components (Rawling and
Cockerham1962). Obviously, there seemed to be the predominance of non-
additive gene effects in the present material. The significance of 1-line
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general effects however indicated the importance of additive gene effects
also.

Table (1): Analysis of variance of double cross hybrids for yield

characters
Seed cotton | Lint cotton . Fiber
Source df | Vield kifed. | yield kifed. | "% length
Replications 2 0.337 0.694 0.585 0.004
Hybrid 44 6.362** 9.580** 10.710** 1.215*
1-line general 5 9.161** 12.029** 4.300** 3.177**
2- line specific 9 6.342** 9.488** 18.743** 1.151*
2- line arrangement | 9 8.957** 14.151** 8.048* 1.699**
3- line arrangement | 16 5.253** 8.777* 10.124* 0.579
4- line arrangement | 5 2.478** 1.637* 9.330** 0.526
Error 88 0.542 0.700 1.024 0.378
Total 134 2.450 3.616 4.198 0.647

*** significantly different at the 0.05 and 0.01 levels of probability, respectively

Genetic parameters of F, double hybrids and heritability.

The components of genetic variance are presented in Table (2). For
seed cotton and lint yield, the data indicated that the additive, dominance and
epistasis of additive x additive variances were negative; these variances can
be neglected and equivalent zero. The other types of epistasis as additive x
dominance were significant for seed cotton yield and lint yield. These
variances were considerable amount for determing inheritance of seed cotton
and lint yield. The heritabilities were 42.33% and 55.34% for seed cotton and
lint yield respectively. Same results were obtained by Patel et al 2005 using
triallel analysis for six diverse they found that the estimates of genetic
components showed predominance of additive x dominance type of epistatic
interaction followed by additive, dominance x dominance and dominance
gene action for seed cotton yield. El-Hoseiny 2009 and Said 2011, with
respect to lint percentage the considerable amount of genetic components
were dominance, additive x additive, dominance x dominance and additive x
additive x additive.

Table (2): The estimates of genetic variance to its components and

genetic ratio for

ield characters in double cross hybrids

Seed cotton Lint cotton . .

Source vield kifed. vield kifed. Lint % Fiber length
Additive (A) |-13.590 £ 0.408]| -22.902 + 0.505 | -41.858 + 0.756 | -2.022 + 0.158
Dominance (D)| -1.790 £ 0.150 | -13.89 £ 0.223 | 13.157 £ 0.262 | 0.726 + 0.082
AXA 11.853 £ 0.207 | 30.006 + 0.255 | 14.702 + 0.369 | 3.429 + 0.084
AXD 0.503 £ 0.087 | 21.637 £0.125 | -39.654 + 0.127 | 0.276 + 0.035
DXD 37.451 £ 0.097 | 15.001 £ 0.111 |169.916 + 0.166| 0.480 + 0.034
AXAXA -1.340 £ 0.104 | -57.698 + 0.128 | 105.745 + 0.183 | -0.184 + 0.043

Heritability 42.33 55.34 50.28 63.25
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The heritability was 50.28% for lint percentage. With regard to the
upper half mean the genetic components were dominance, additive x additive,
additive x dominance and dominance x dominance. These component were
considerable amount for inheritance this trait. The heritability for upper half
mean was 63.25% Same results were obtained by Said 2011.

Line general effects:

The 1-line general effects are given in Table (3). Data indicated that
seed cotton and lint yield, in case of the parent (Ps), must be used as one
parent, because it provides the highest effect. As four line are needed to
produce a double crosses hybrid, all lines can be used with same efficiency
except parent (Ps), which gave negative values of the general effect, however,
these values were high. With respect the lint percentage the data indicated
that parent (P1) must be used as one parent, because it provides the highest
effects. As four lines needed to produce a double crosses hybrids all parent
can be used with same efficiency except parents (Pz) and (P4), because they
have general effects, not only negative but also highest. Patel et al 2005 using
triallel analysis for six diverse they found that the general line effects indicted
AKH — 9302 and AKH — 081 to be the best general combiners as grand
parents as well as immediate parents.

With respect to upper half mean, the data in Table (3) indicated that
the parent P2 must be used as one parent, because it provides the highest
effect. As four parents are needed to produce a double-cross hybrid, all lines
can be used with same efficiency except parent Ps, which its general effect is
not only negative but also highest

Table (3): Estimates of 1-line general combining ability effects of double
cross hybrids for yield characters and fiber length

Parents S(_eed cotton L.int cotton Lint % Fiber

yield k/fed. yield k/fed. length

IAustralian (p1) -0.044 0,020 0,228 -0.022
BBB (p2) 0.174 0,176 -0,039 0.192
Karshenky (ps) -0.026 -0,057 -0,121 0.068
Giza 70 (pa) 0.027 -0,015 -0,144 -0.072
Suvin (ps) 0.219 0,273 0,081 -0.152
Giza 77 x Pima Ss (ps) -0.350 -0,397 -0,006 -0.013

*** significantly different at the 0.05 and 0.01 levels of probability, respectively

Il. The 2-line general and 2-line arrangement effects

As regard 2-line general effect parents (P2) and (P3) in various
combination did the best followed parent (P1) and (Ps) and parent (P2) and
(Ps) for seed cotton and lint yield.

The data of 2-line specific effects indicated that the combination of (P1
x P4) (- -) had the highest 2-line specific effects of (ij) (--) type, followed by (P3
x Ps) (--) for seed cotton and lint yield while the 2-line specific effects of (i -)(j )
was the highest in case of (P1 -)(Ps -) type followed by (P4 -)(Ps -). It is obvious
that parents (P1), (P2),(P3),(Ps) which did well in 2-line general effects were
also included in the best 2-line specific combination. Obviously the order in
which the parents were involved in double-crosses was important. This
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means that due to consideration should be given to this parameters while
attempting multiple crosses. Patel et al 2005 with respect the two-lines
specific effects they identified some combinations to be used for exploitation
of heterosis.

For lint percentage, as regard 2-line general effects, the parent P1 and
Ps in various combinations did the best followed by parent P4 and Ps. in most
cases the 2-line general effects were small and negative in most cases.

The specific combination (P2 x Ps) had the highest 2-line specific effect
of (ij) (--) type followed by (P1 x Ps)(--) and (P1 x Ps)(--) while specific effect of
(i-)(j-) type was highest in the case of (1 -)(3 -). Same conclusion of
importance of the order in which parent was involved in double crosses was
noted for lint percentage.

For Fiber length, the results of 2-line general effect in Table (4) show
that P1 and P2 in various combinations did the best, followed by (P2 x P4) and
(P2 x Ps). The specific combination (P1 x P2)(--) and (P4 x Ps)(--) had the
highest 2-line specific effect of (i -)(j -) type. The 2-line specific effect of (i -)(j )
type was the highest in cases of (P1 -)(P4 -) followed by (P:1 -)(Ps -) and
(P2 -)(Ps -). It is obvious that lines P1,P2,P4 and Ps which did well in 2 line
general effect, were also included in the best specific combination. The order
in which the parents were involved in double crosses was important (Singh
and Chaudhary 1977).

Table (4): 2-line interaction effect of lines i and j due to particular
arrangement (ij)(..) i.e. t ij , ij. and specific effects
correspond to s ij effect i.e. effect of i and j irrespective of
arrangement for yield characters and Fiber length.

2-line | Seed cotton yield kffad. | Lint cotton yield k/fad. Lint % Fiber length
interaction| ij (i) | ()G) i (M) 100 [ i L] ] GHE) |30
P1xP; |-0.095]| 0.322 | -0.161 | -0,134 | 0,084 | -0,042 |-0,111]-0,9740,487|0.086|0.580|-0.290
P1xPs |-0.163|-1.288 | 0.644 | -0,086 | -1,650 | 0,825 |0,336/-0,694|0,347|-0.041]-0.169| 0.084
P.xPs | 0.078 | 1.028 | -0.514 | 0,128 | 1,256 |-0,628|0,139]0,387|-0,194]0.010-0.363(0.181
P1xPs | 0.222 | -0.083 | 0.041 | 0,258 | 0,108 | -0,054 |-0,009|0,670|-0,335/-0.075/0.219-0.109
P1xPs |-0.086 | 0.020 | -0.010 | -0,147 | 0,201 |-0,100 |-0,128]0,611 |-0,306|-0.001]-0.267|0.133
PoxPs | 0.260 | 0.209 | -0.105 | 0,304 | 0,339 |-0,1690,040|0,352|-0,176|0.055|-0.207/0.104
P2xPs |-0.085]-0.272 | 0.136 | -0,108 | -0,308 | 0,154 |-0,003/-0,004]0,002|0.069 |-0.059|0.030
P2xPs | 0144 | 0.354 | -0.177 | 0,155 | 0,634 |-0,317 |-0,016]0,817 |-0,408]-0.079]-0.165| 0.082
P2xPs | -0.051 | -0.613 | 0.307 | -0,042 | -0,749 | 0,374 {0,051]-0,191/0,095|0.060|-0.148| 0.074
PsxPs | 0.006 | 0.203 | -0.102 | -0,152 | 0,248 | -0,124 |-0,566|0,052|-0,026/0.010|0.091 |-0.045
PsxPs |-0.015| 0546 | -0.273 | -0,019 | 0,587 | -0,293 |0,000|-0,022/0,011]0.057|0.146|-0.073
PsxPs |-0.114 ] 0.330 | -0.165 | -0,105 | 0,476 | -0,238 |0,069|0,313]-0,156/-0.013]0.139|-0.069
PsxPs |-0.003 | -1.019 | 0.510 | 0,050 |-1,299 | 0,649 |0,195|-0,583|0,292|-0.079-0.0720.036
PsxPs | 0.031 | 0.061 | -0.030 | 0,067 | 0,103 | -0,051 [0,090|0,148|-0,074]-0.083]0.404 |-0.202
Psx Ps | -0.130 | 0.203 | -0.101 | -0,171 [ -0,031 | 0,015 |-0,089]-0,881|0,441|0.023]-0.128/0.064
Australian (p1), BBB (p2), Karshenky (pz), Giza 70 (pas), Suvin (ps) and (Giza 77 x Pima Se ) (ps)

Ill. The specific order of three out of four parents
Considering (ij)(k -) type particular arrangement in double crosses for
seed cotton and lint yield we found that (P4 x Ps) (P1-) , (P4 X Ps)(Pz2-), (P4 x
Ps)(Ps -) and (P2 x Ps)(Ps -) combinations were the best (Table 5). However,
on the basis of the overall performance of any three parents in all possible
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combinations, without to respect of arrangement (Sijk), the best triplet was P2
X P3 x Ps followed by P1 x P4 x Ps and P2 x P3 X Ps. How the order of these
parents in cross matters can be seen by showing in arrangement of parents
of particular cross.

Particular arrangement in double crosses for lint percentage was
shown in Table (5). The data showed that (P1 x P2)(Ps -), (P1 X P3)(Ps -), (P3 x
P4)(Ps -), (Ps x Ps)(P1 -) and (P4 x Ps)(P2 -) were the best. Considering the
specific order effects of three out of four parents without respect to
arrangement the best triplet was (P1 X P4 x Ps) followed by P1 x P2 X Ps and P1
X P3 x Ps. The data show that another combination in which the same three
parents were involved but in same other order had differed a specific
combination effect. Patel et al 2005 with respect the three lines specific
effects they identified some combinations to be used for exploitation of
heterosis.

Table (5): Three-line interaction effect of lines I, j and k due to the
particular arrangement (ij)(k-) i.e. t ijk and specific effect
irrespective s ijk i.e. 3-line effect irrespective of the

arrangement for yield characters and Fiber length of cotton
Seed cotton Lint cotton . )
3Hine interaction yield kffed. vield k/fed. Lint % Fiber length
() ijandk [ (k) [ijandk | (k) [ijandk |Gk [i,jandk
(P1xP2) (P3.). -0.069 -0,033  [-0480] 0,039 | 0,769 | 0,243 [-0.123| 0.020
(PxP2) (P4.). 0.124 0154 [0972] -0174 | 0,418 | 0,010 [-0.383] 0.132
(P1xP2) (Ps.). 0.089 0,155 [-0141] 0,123 | 1,006 | -0,226 | 0.040 | -0.074
(PxP2) (Ps.). 0.044 0158 [-0434] -0,255 | -1,219 | -0,249 |-0.113] 0.093
(P1xP3) (P2.). -0.052 -0,065 [ 0,081 [ -0093 | -0,617 | -0,078 [-0.068| -0.013
(PxP3) (P4.). 0.167 -0006  [0,776 | 0,075 | 0,751 | 0,264 |0.262 | -0.024
(P1xP3) (Ps.). 0.004 -0223  [-0,386] 0,193 | -0,285 | 0,243 [-0.023| -0.067
(PxP3) (Ps.). -0.052 1,178 0,845 -0.003
(P1xP4) (P2.). 0.052 -0,724 -0,591 0.397
(PxPa) (Ps.). -0.122 -1,003 0,449 -0.213
(P1xP4) (Ps.). 0.120 0,229 0,646 | 0,343 | 0,306 | 0,271 |0.003 | -0.062
(PxP4) (Ps.). 0.106 0145 [-0175] 0,179 | 0959 | 0,076 |0.176 | -0.038
(P1xPs) (P2.). -0.117 0,297 -0,116 -0.274
(PxPs) (Ps.). 0.248 0,404 0,599 0274
(P1xPs) (P4.). -0.235 -0,341 0,324 -0.025
(P1xPs) (Ps.). 0111 -0,469 0,280 -0.194
(P1xPe) (P2.). 0.022 0,388 0,836 0.234
(P1xPs) (P3.). -0.091 0,255 0,069 -0.022
(P1xPe) (P4.). -0.133 -0,779 -1,299 -0.035
(P1xPs) (Ps.). -0.217 -0,064 0,080 0.090
(P2xP3) (P1.). 0.120 0,399 -0,153 0.191
(P2xP3) (Pa4.). -0.398 0,064 [-0897| -0,025 | -0535 | -0,327 [-0.014] 0.010
(P2xP3) (Ps.). -0.056 0,123 0,546 | 0,010 | -0,006 | -0,428 | 0.028 | 0.072
(P2xP3) (Ps.). 0233 0267 [-0388] 05310 | 05343 | 0,050 |0.003 | -0.002
(P2xPa) (P1.). -0.176 -0,247 0,173 -0.014
(P2xPa) (Ps.). 0.269 0,883 0,231 0.086
(P2xP4) (Ps.). 0.209 0,162 [-0,850] 0,250 | -0,720 | 0,216 [-0.004 | 0.020
(P2xP4) (Ps.). -0.106 -0083 [0524 | -0048 | 0319 | 0210 [-0.009| -0.077
(P2xPs) (P.). 0.028 -0,156 -0,891 0.234
(P2xPs) (Ps.). -0.061 -0,333 0,370 -0.181

Australian (p1), BBB (p2), Karshenky (ps), Giza 70 (p4), Suvin (ps) and (Giza 77 x Pima
Se)(ps)
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Cont. Table (5)

. Seed cotton Lint cotton P .

intg;!gﬁon vield k/f yield k/f Lint % Fiber length
(iD(k-) |i,jand k | (if)(k-) |ijand k| (ij)(k-) |ijandk | (ij)(k-) |ijandk

(P2xPs) (P4.). | -0,077 | -0,056 | -0,069 | -0,004 -0,018 0,201 0.066 0.011

(P2xPs) (Ps.). | -0,178 | -0,051 | -0,076 | -0,076 0,462 -0,066 0.045 -0.004

(P2xPs) (P1.). | -0,049 0,046 0,383 -0.121

(P2xPs) (P3.). | 0,190 0,100 -0,455 0.114

(P2xPs) (P4.). | -0,163 -0,161 0,133 0.302

(P2xPs) (Ps.). | 0,635 0,763 0,129 -0.146

(PaxP4) (P1.). | 0,288 0,227 -0,302 -0.049

(P3xPa) (P2.). | -0,072 0,014 0,304 -0.072

(P3xP4) (Ps.). | -0,003 | -0,085 0,201 -0,188 0,753 -0,310 0.020 0.041

(P3xP4) (Ps.). | -0,416 | 0,039 -0,690 | -0,033 -0,806 -0,316 0.010 -0.080

(P3xPs) (P1.). | -0,262 -0,018 0,884 -0.251

(P3xPs) (P2.). | -0,265 -0,213 0,377 0.153

(P3xPs) (P4.). | -0,175 -0,493 -1,014 -0.107

(P3xPs) (Ps.). | 0,156 | -0,206 0,137 -0,234 -0,225 -0,005 0.059 0.100

(PsxPs) (1.). |-1,070 -1,433 -0,777 0.025

(P3xPs) (2.). | 0,209 0,287 0,112 -0.117

(P3xPs) (P4.). | 0,457 0,738 0,824 -0.095

(P3xPs) (Ps.). | 0,074 -0,068 -0,472 0.048

(P4xPs) (P1.). | -0,247 -0,305 -0,018 0.022

(P4xPs) (P2.). | 0,626 0,919 0,738 -0.062

(P4xPs) (P3.). | 0,178 0,292 0,261 0.087

(P4xPs) (Ps.). | 0,462 | -0,067 | 0,393 | -0,008 | -0,398 0,220 0.025 | -0.059

(P4xPs) (P1.). | 0,755 0,954 0,340 -0.141

(P4xPs) (P2.). | -0,202 -0,363 -0,453 -0.293

(P4xPs) (P3.). | -0,041 -0,048 -0,018 0.085

(P4xPs) (Ps.). | -0,572 -0,646 -0,018 -0.056

(PsxPs) (P1.). | 0,374 0,533 0,359 0.104

(PsxPs) (P2.). | -0,457 -0,687 -0,591 0.101

(PsxPs) (P3.). | -0,230 -0,069 0,697 -0.107

(PsxPs) (P4.). | 0,110 0,253 0,416 0.031

Australian (p1), BBB (p2), Karshenky (ps), Giza 70 (p4), Suvin (ps) and (Giza 77 x Pima Se )
(pe)

With regard to Fiber length the specific order effect of three out of four
parents i.e (ij)(k-) type was showed in the Table (5). The data showed that (P1
X P3)(P4 -), (P1 X P4)(P2 -), (P1 x Ps)(Ps -), (P1 x Ps)(P2 -) and (P2 x Ps)(P1 -)
were the best. On the basis of the overall performance of any three parents in
all possible combinations, without respect to arrangement S(ijk), the best
triplet was Pz x Ps x Ps followed by P1 x P2 x P4 and P2 x Pz x Ps. This
observation clearly shows the significance of the order in which the parents
are involved in multiple crosses
IV. The four-line interaction:

The 4-line interaction with and without respect to particular arrangements
of the parents in double crosses are given in Table (6). The data in this table
show that involvement of the parents in crosses in particular arrangements
such as (P1 x P3)(P2 x Pe), (P1 x P3)(P4 X P5), (P1 X P4)(P2 X P3), (P1 x P4)(Ps X
Ps) and (P2 x P3)(Ps x Pg) provided the maximum interaction effect.
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Table (6): Four-line interaction effect of lines I, j, k and | due to the
particular arrangement (ij) (kl) i.e. t ijkl and 4-lin effect
irrespective of their arrangement for yield characters and
Fiber length of cotton.

Seed cotton Lint cotton . .
4dine yield kffed. yield k/fed. Lint % Fiber length
interaction | () () | Ukl [ GG [ ik | @) [ ik [ &) [ ik
(PxP2) (PxPs)| 0,008 | 0,258 | 0,039 | -0,389 | 0,587 | -0,342 | -0.031 | 0.236
(PixP2) (PxPs)| 0,029 | 0,414 | 0.126 | 0,614 | 0.254 | 0,421 | -0.139 | -0.162
(PixP2) (PxPe)| _0.068 | -0,254 | 0,166 | -0,109 | 0,841 | 0,648 | 0.169 | -0.012
(PixP2) (PaxPs)] _0.068 | 0,034 | -0.166 | 0,140 | -0.841 | 0.334 | 0.169 | -0.094
(PxP2) (PaxPe)| 0029 | -0,237 | 0,126 |-0,273 | 0,254 | 0.038 | -0.139 | 0.256
(PxP2) (PexPe)| 0,098 | 0,017 | 0,039 | -0.384 | 0,587 | -1,432 | -0.031 | 0.036
(P1xP3) (PxPs)| 0,449 0,382 0,334 0111
(PxPs) (PxPs)|-0.019 20,107 20,101 0.272
(PxPs) (PxPg)| 0,468 0,489 0.144 0.161
(PixPs) (PaxPs)| 0468 | 0,023 | 0.489 | 0,095 | -0.144 | 0,199 | -0.161
(PxPs) (PaxPe)] 0,019 | 0,041 | 0,107 | 0.015 | 0,191 [-0,091 | 0.272 | 0.002
(PxPs) (PsxPe)|-0.449 | -0,455 | -0.382 | -0,484 | 0,334 | 0,173 | -0.111 |-0.276
(PxPa) (PxP3)| 0,547 0,343 20,021 0.142 [ 0.088
(PxPa) (PxPs)|-0,155 20,086 0,234 -0.261
(P1xPa) (P2xPe)|-0.392 20,258 0.687 0.119
(P1xPa) (PaxPs)|-0.392 -0.258 0.687 0.119
(P1xPa) (PxPe)| _-0.155 20,086 0.234 0.261
(P1xPa) (PsxPs)| 0,547 | 0,631 | 0,343 | 0,794 | 0,021 | 0,279 | 0.142 | -0.094
(PxPs) (P2xP3)|_-0,010 20,020 -0.063 0.133
(PxPs) (PxPs)| 0,087 0,251 0,606 0.092
(PxPs) (P2xPe)|_-0,076 0,232 0,544 0.042
(PxPs) (PaxPs)| -0.076 0.232 20,544 0.042
(PxPs) (PxPg)| 0,087 0,251 0,606 0.092
(P1xPs) (PaxPs)|_-0,010 20,020 20,063 20133
(PxPs) (PxP3)| 0,537 0,323 0,084 20.008
(P1xPs) (PxPs)| 0,363 0,131 20,941 0.019
(PxPs) (PxPs)| 0,174 0.192 -0.044 0.011
(PixPs) (PaxPs)|  0.174 0,192 20,044 20.011
(PxPs) (PxPs)| 0,363 0.131 0,941 0.019
(PxPs) (PaxPs)| _-0,537 0,323 0,084 -0.008
(P2xPs) (PaxPs)] 0,537 | 0,136 | 0,323 | -0,062 | 0,984 | -0,606 | -0.008 | 0.032
(P2xP3) (PaxPs)| 0,010 | 0,490 | -0.020 | 0,482 | -0,063 | -0,335 | -0.133 | -0.051
(P2xPs) (PexPe)| 0,547 | 0,251 | 0,343 | 0.378 | 0.921 | 0,334 | 0.142 | 0.123
(P2xPa) (PaxPs)| 0,363 0.131 20,941 0.019
(P2xPa) (PxPg)| 0,087 0.251 0,606 0.092
(P2xPa) (PsxPs)| 0,449 | -0,419 | 0,382 | -0,221 | 0,334 | 0,001 | -0.111 |-0.170
(P2xPs) (PaxPs)| 0,174 0,102 20,044 0.011
(P2xPs) (PsxPs)|-0.155 20,086 0,234 20.261
(P2xPs) (PaxPe)|_-0.019 20,107 20,101 0.272
(P2xPe) (PaxPa)| -0.076 0.232 20,544 0.042
(P2xPs) (PaxPs)| 0,392 20,258 0,687 0.119
(P2xPs) (PaxPs)| 0,468 0,489 20,144 0.161
(PaxPa) (PexPe)| 0,008 | 0,414 | 0,039 | -0,596 | 0,587 | -0,522 | -0.031 | 0.088
(PaxPs) (PaxPs)| 0,029 0.126 0.254 20139
(PaxPs) (PaxPs)| 0,068 20,166 20,841 0.169

Australian (p1), BBB (p2), Karshenky (ps), Giza 70 (pa), Suvin (ps) and (Giza 77 x Pima Se)
(s)
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The results again confirm that the order in which the parents go into a double
hybrid is deciding factor for its high or low performance. Considering the
general effect of set of anyfour parents in various combinations, irrespective
of the order its obvious that parents Pi1, P4, Ps and Ps followed P2, Ps, P4 and
Ps

For lint percentage the data in Table (6) show that the combination (P1 x
Ps)(P2 x P3) and (P2 x P3)(P4 x Ps)was the best. With respect to particular
arrangement. While the four parents P2 , P4, Psand Ps were formed the best
combination with irrespective of order.

For Fiber length, the data in Table (6) showed that involvement of the
parents in crosses in particular arrangements such as (P1 x P3)(P2 x Ps), (P1 X
P3)(P4 x Pe), (P1 x P2)(Ps x Ps) and (P1 x P2)(P4 x Ps) provided the maximum
interaction effect. The best 4-line combination (P1 x P3)(P2 x Ps) in this order
when combined in another order such as (P1 x Ps)(P2x P3) produced negative
effect (-0.133). These results confirm that the order in which the parents go
into a double crosses in deciding factor for its higher or low performance.
Considering the general effect of set of any four parents in various
combination, irrespective of the order it is obvious that the parents P1,P2,P4
and Ps followed by P1, P2,Ps and P4 formed the best combinations.
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