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ABSTRACT

Genotypes used in present investigation consisted of five cotton varieties belong to (Gossypium

barbadense, L.). Three of these varieties were long staple, BBB (big black boll) (P1), Australian (P2) and G97
(Ps) while the other two varieties were extra-long staple, Giza 92 (P4) and G96 (Ps). Hybrids produced from
these parents and evaluated with their parents in Sakha Agricultural Research Station, Egypt. Studied traits

were; first fruiting node, days to first flower appearance, duration of the boll maturation, upper half mean

(U.H.M), fiber strength and micronaire value. Highly significant differences among parents were detected for
all traits, excluding days to opening first boll and upper half mean . Difference between single crosses was
highly significant for all traits, except for days to first flower and upper half mean . Significant differences
between double crosses were detected for all traits, excluding upper half mean .
exhibited more efficiency than randomized complete block design at analyzing all of studied traits except for
first fruiting node. Lowest values of (CV%) and SE were recorded for all traits excluding micronaire reading
in Reml analysis which indicates high experimental precision

Alpha lattice analysis

Keywords: Gossypium barbadense, Single crosses, double crosses, alpha lattice design, ordinary Reml, mid-
parent heterosis, earliness and quality traits

INTRODUCTION

The cotton is a strategic crop grown in different
regions of the world (Mahdi et al., 2020). Egyptian cotton
(Gossypium barbadense L.) is a favor as an extra-long
staple and is excellent in the whole world for its good fiber
properties. Improving fiber quality with increasing the
yield potential is considered a big challenge.

Cotton breeders have a special interest in developing
promising early varieties. The progress of any breeding
program for earliness improvement depends on the available
genetic variation to produce new early varieties that can
replace the existing ones. Earliness measures of (such as
days to first flower, first sympodium node) Egyptian cotton
are very important in breeding programs to evaluate and
select early varieties. Earliness traits in cotton are
complicated to measure because the flowering in cotton
plants and opening bolls done on over long periods.

(Randhawa and Singh, 1994) reported heterosis in
cotton. Modern concept of heterosis has been formed by
Shull1908. Improvement of yield and other quality traits
over mid parents is known as hybrid vigor. (Ranganatha et
al., 2013) mentioned that cotton is accessible to development
of homozygous genotypes as varieties as well as amenable
for commercial exploitation of heterosis by utilization of
additive as well as non-additive genetic variance.
(Naquibullah et al., 2000) reported that with the use of
heterosis, seed cotton yield and quality traits can be
developed significantly. Therefore, heterosis study is useful
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in finding out high degree of heterotic response by hybrids
and parents for yield and other yield contributing traits.

Loden and Richmond (1951) studied heterosis in
cotton and pointed out findings ranging from zero heterosis in
certain crosses to valuable amounts in other crosses. Today,
higher lint yield and improved fiber properties exist in hybrids
results from economically important heterosis. Thus, plant
breeder's utilized heterosis for crop productivity improvement.

Balcha et al. (2019) studied heterosis for fiber traits
among 16 parents, 32 hybrids and 4 check varieties and
reported that 12 and 15 hybrids exhibited positive and
negative mid and bp heterosis, respectively, and ranged from
-22.08 (L3 x T2) to 17.16% (L11 x T2) for micronaire.
Minimum negative mid parent heterosis was detected for
hybrids L2 x T2, L1 x T1 and L3 x T for micronaire, while
the top highly significant hybrids were L6 x T1 and L11 x
T2 which is undesirable traits in cotton breeding.

Hamed and Said (2021) studied six Egyptian cotton
varieties as lines i.e, Giza 80, Giza 86, Giza 90, Giza 93, Giza
94 and Giza 95 and results showed that the following crosses
showed the best heterosis relative to mid- and better-parent,
i.e, the crosses Giza 93 x Karashenky and Giza 93 x Ustraly
13 for most fiber quality traits. Soomro et al., (2021)
evaluated 10 parents and 45 hybrids and found that MNH-
886 x CIM-602 was the best for bolls open, and CRIS-129 x
MNH-886 for days to 1% flower and uniformity index.

The main target of this study were evaluating mean
performance and heterosis for five Gossypium barbadense
L., genotypes, which were used to develop 10 F;
populations following double cross breeding method of
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hybridization in order to improve the populations for
earliness and fiber quality traits.

MATERIALS AND METHODS

Present study was performed during three seasons
2016, 2017 and 2018. The experiments were conducted at
the Agricultural Experiments and Research Station,
Faculty of Agriculture, Cairo University, Egypt (30.02°N
31.13°E, 118 m) at first and second season and conducted
at Sakha Agricultural Research Station (31°W 31°N, 36
m), Agriculture Research Center, Egypt, in third season.
Five Gossypium barbadense L., genotypes, were used. The
description of these genotypes is presented in Table 1.
First season:

In first season 2016, the five parents were planted
and mated in a diallel mating design excluding reciprocals
to obtain 10 single crosses. Seeds from each parental
genotype were sown in two rows for each parent. The row
was 7 meters long and 60 cm apart and distance between
hills 70 cm, the hills were thinned to one plant. Crossing
process was made between the parents at flowering stage.

Second season:

In the second season 2017, F; single crosses were
grown to mate in a diallel mating design to produce double
cross seeds with the restriction that no parent should appear
twice in the same double cross combination to obtain 15
double crosses (number of double crosses = P (P-1) (P-2)
(P-3)/8 where, P: is equal to number of parental
genotypes).

Third season:

In the third season 2018, the genetic material were
used in these experiments consisted of 30 genotypes (the
five parental genotypes, 10 F1's single crosses and 15
double crosses). RCBD was used in first and second
season while alpha lattice design (5 x 6) was used in third
season. Each plot consisted of two rows. The rows were 4
meters long and 65 cm apart. Hills were spaced at 20 cm
within rows and seedlings were thinned at two plants/hill.
Throughout the growing season usual practices were
followed as done with ordinary recommendations for
cotton culture.

Table 1. Names, pedigree, origins and Characteristics of the studied genotypes.

Genotypes Pedigree Origin Characteristics

Australian Not available Australian It characterized by high yielding earliness and good fiber traits

BBB BBB Australian The long staple characterized by big boll and black

G97 ((G89 x G86 x Karshenky) xG94) Egyptian It characterized by high early maturity and leaves drop at the end of season.

G92
G96

G84 x (G74 x G68)

G84 x PimaS6 Egyptian

Egyptian An extra long staple characterized by lint length (35.2 m) and Pressley (11.3)
Long staple germplasm. It is characterized by earliness, high yield and
outstanding component traits.

* Source: Cotton Res. Dept., Agric. Res. Center (ARC), Egypt, G: Giza.

The studied traits:

a. Earliness traits:

1. First fruiting node of first sympodium (F.F.N.):

Estimated as number of nodes below first fruiting branch.

2. Days to first flower appearance (D.F.F.): Expressed as a

number of days from planting date to first flower

appearance.

3. Duration of the boll maturation (day) recorded on 10

plants as number of days from flower opening to the boll

opening.

b. Fiber properties:

The fiber properties were measured using HVI

according to (ASTM D- 4605 - 86)

1. Upper half mean (U.H.M): Measured by HVI in (mm).

2. Fiber strength (F.S): Measured by HVI.

3. Micronaire value (Mic): Fiber fineness was expressed as
micronaire reading. The characters were measured with
micromat instrument. ASTM D-3818-98.

Statistical analysis:

a. Alpha lattice analysis of variance

Analysis of variance for alpha lattice design (ALD)
were carried as outlined by Cochran and Cox (1957). The

analysis of variance form is presented in Table 2.

Table 2. Form of the analysis of variance for alpha

lattice
S.V. Df SS MS F
Replications r-1 SS: MS
Blocks (within replications) rs-r SSy MSy
Treatments (adjusted for blocks) t-1 SSt MS: Fo
Error rt-rs-t+1  SSe  MSe

Where t=treatment, r=replicates, s= blocks within replications,
ignoring treatments, Fy= calculated F

The relative efficiency of (ALD) compared with a
randomized complete block design (RCBD) was done by
using the MSe from each analysis according to the

following equation:
Error mean squares in RCBD

Relative efficiency = - - -
y Error mean square in alpha lattice design

The genotypes were partitioned to main effects
parent, single crosses and double crosses and its
interactions, P versus SCH (single cross hybrid), P versus
DCH (double cross hybrid)

b. single crosses analysis:

In this study, five parental varieties were utilized in
a half diallel crosses mating design to produce 10 F;
hybrids (single crosses) to estimate the different genotypic
parameters in terms of additive and dominance genetic
variances. The procedures of this analysis was described by
Griffing (1956) based on method 2, model | (fixed model)
as outlined by Singh and Chaudhary (1985).

Estimates of heterosis:

Heterosis was estimated as increased percentage of
means of the Fi hybrids over parents average (M.P)
according to Fehr (1987) as follows:

H(F1, M.P) % = FL-M-P , 1090
M.P

c- Double crosses analysis (qudriallel):

A double cross or a quadriallel is a product of four
parents, for instance (A x B) (C x D). All possible double
crosses would be equal P (P — 1) (P — 2) (P — 3) /8 where
‘P’ as the number of parents. The theoretical aspect of
quadriallel analysis has been dealt. Analysis of double
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cross data (Table 3) is carried out according to the
procedure outlined by Singh and Chaudhary (1985).
Estimates of heterosis:

The heterotic effects were determined for double
crosses hybrids (DCH) by comparing its value versus mid-
parents (4P.). Also heterotic effect was estimated for DCH
versus the average mean of 2 F; hybrids involved in each
DCH. Therefore, heterosis values could be estimated as
follows:

H (DCH, M.P) % = % x 100

The significance of heterosis was determined using
(LSD) at 0.05 and 0.01 levels of probability, according to
the following equation, which was calculated as suggested
by Steel and Torrie (1980).

L.S.D. (5%) = .05, £ X Sy L.S.D. (196) = too1

Edn X Sg

3MSe
2r

Where: MSe = error mean square, E.df = Error degrees of
freedom, r=number of replications.
4- Ordinary Reml model analysis

Several models of residual maximum likelihood
(Reml) are described by Piepho et al., (2012). Ordinary
Reml model is designed to estimate the probability of
errors, treatment effects and variance components in a
linear mixed model with fixed and random effects. Reml
model taking into account trend effect is presented below:
y=Bnt To+tRTP +e
Where,
y: an n - vector of plot yields
a: b- vector of block effects within incidence matrix B.
T: corresponding design matrix
8:T- vector o treatment effects
R: neibghour incidence matrix

PB: T- vector o treatment effects
e: n vector whose elements represent local errors.

Sg for mid-parents heterosis =

Table 3. Form of the analysis of variance of the double crosses and expectation of mean squares

SOV. dF SS

Replications (R) r-1 [ G — f)(% _Yézj(p = 3)] - [ G i "Zz"Xp -3
Total (M) (3 r cf{)— 1 = &G rm — [mp—j%%m]
Hybrids (H) (3cp)-1 e (e IS e
Error (E) (r—13cs-1) M-R -H

L-1ine general (G) p1 (Fo—o=)- (B =)
2- line specific (S2) w [3 ré;&; - S)J —[G(ff__ 42)%§’ — 53)) e _Sl%,ixp - 3)] —[3(?__ 53))‘3)
2- line arrangement(T2) w [%Y{g‘ﬁ] + [ﬁ%%) - [W%J
3- line arrangement (T3) w 232 :‘Zi_j’;k > ] - [%;;sz] - (%(f%e,zy) RE

RESULTS AND DISCUSSION

a. Earliness traits
1- Analysis of variance

Results in Table 4 showed highly significant
differences between genotypes (P<0.01), except for days to
opening first boll which was significant only (P<0.05).
Genotypes variance was partitioned into basic effects of
parents (P), single crosses (C), double crosses (D), P vs. C
and P vs. D. Highly significant differences for mean squares
of P, C, D, P vs. C and P vs. D (P<0.01) for all earliness
traits, except for days to opening first boll which was
insignificant for P and C, also position of first fruiting node
was insignificant for P vs. C and P vs. D. similar results
found by many researchers. Variances due to genotypes,
parents, crosses and parents vs crosses exhibited significant
differences for fiber traits as recorded by Yehia and El-
Hashash, (2019). Sultan et al., (2018) found that the analysis
of variance indicated that the mean squares of genotypes for
all studied characters were significant and highly significant,
indicating the present of considerable amount of genetic
variability among genotypes, parents and hybrids.

Table 5 showed that highly significant differences
(P<0.01) among hybrids were for all earliness traits. Results
also showed that line general was highly significant (P<
0.01) for all traits suggesting the presence of the additive
variance in the inheritance of these traits subsequently

selection would be efficient in improvement these traits.
Also result in Table 5 showed that 2- line arrangement was
highly significant (P< 0.01) for all traits, excluding days to
opening 1% boll which was significant only (P< 0.05)
suggesting the presence of the non-additive variance in the
inheritance of these traits. Also, 3- Line arrangement was
highly significant (P< 0.01) for all traits excluding for days
to opening first boll which was significant only (P< 0.05)
indicating the contribution of the additive by dominance
interaction including all three factors or higher order
interaction except all dominance types.

Table 4. Mean squares of analysis of variance for
earliness traits.

Position of Days  Daysto

1% fruiting  to Opening
V. df " node  1%flower 1% boll

MS

Replication 2 0.60 0.576 0.30
Block/rep 12 0.52 2157  0.84
Genotypes (G) 29 131%*  34.79**  1.24*
Parents (P) 4 157%*  3399** 1.1
Single crosses C) 9 1.79%*  38.30** 0.87
Double crosses (D) 14 153**  54.20%* 1.80**
PVsC 1 0.04 0.47** 2.84**
P VsD 1 0.27 59.28 4.36**
Error 46 0.701 2.03 0.86

*, ** Significant at 5% and 1% level of probability, respectively
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Table 5. Analysis of variance of double cross hybrids
for earliness traits
Position of 1%

Days to Days to

S.V. d.f. fruiting node 1% flower opening 1% boll
MS

Hybrid 14 1.53** 54.19** 1.80**

1-lineg 4 1.60** 14.52** 2.31**

2-Linearra. 5 0.74** 62.23** 1.58*

3-Linearra. 5 2.27** 77.92** 1.62*

Error 28 0.26 0.37

*, ** Significant at 5% and 1% level of probability, , respectively

Similar trend of results was detected by El-Feki et
al. (2012) who found highly significant 2- line
arrangement and 3- Line arrangement for earliness traits
and indicated that the order in which the parents were
involved in double crosses was important.

2. Mean performance and heterosis

Results in Table 6 showed that the earliest parent
for both traits position of first fruiting node and days to first
flower was Australian (P1), which exhabited significant
different from G96 (Ps) for first fruiting node and from
G97 (P3), G92 (P4) and G96 (Ps) for days to first flower.
Regarding days to opening first boll, G96 (Ps) was the
earliest, moreover, results in Table 6 revealed insignificant
differences between G 96 (Ps) and parents Australian (P1),
BBB (P;) and G92 (P4) for days to opening first boll.
Results also revealed that single hybrid (G97*G96) was the
earliest for all earliness traits with significant difference
from single hybrid (BBB* G96), which exhabited the latest
for earliness traits. Conserning double crosses
[(BBB*G97)*(G92*G96)] was the earliest for position of
first fruiting node and days to first flower with significant
different from [(Australian*G96)*(BBB*G97)].

Regarding days to opening first boll, three double
Crosses [(Australian*G97)*(BBB*G92)],
[(Australian*G97)*(BBB*G96)] and [(Australian*G96) *
(BBB*G97) ] were the earliest with significant differences
from [(Australian*BBB) * (G97*G92)],
[(Australian*G92)* (BBB*G97)], and
[(Australian*G92)*(BBB*G96)].

Table 6 indicated that single cross G97* G96
showed negative and significant mid parent heterosis for
first fruiting node with amount of heterosis -23.08 while in
double crosses [ (Australian* G92)*( BBB* G96) ] and [
(BBB* G97)* (G92* G96) ] showed negative and
significant mid parent heterosis for first fruiting node with
amount of heterosis -12.33 and -15.79%, respectively. Also
Table 6 showed that single crosses [Australian* G92],
[G97* G96] and [G92* G96] showed negative and
significant mid parent heterosis with amount of heterosis -
492, -2.35 and -14.07%, respectively while in double
crosses [ (Australian*BBB)*( G97* G92) ], [ (Australian*
GI7)*( G92* G96) ] and [ (BBB* G97)* (G92* G96) ]
showed negative and significant mid parent heterosis with
amount of heterosis -2.49, -3.16 and -4.20%, respectively.
Regarding days to opening first boll, no hybrids showed
negative and significant mid parent heterosis. These results
agreed with El-Feki et al., (2012) revealed that 1-general
and 2-line specific and arrangement effects were
significant indicating the importance of additive gene
effects and all additive type of epistatic interaction.

Table 6. Mean performance of parents, F1 hybrids,
double cross hybrids and its heterosis for
earliness traits.

Position of Dte:)ys Days to

Genotypes 1% fruiting node 1% flower  OPENINg 1% boll

Mean H% Mean H% Mean H%
Australian (P1)  5.70 65.10 56.33
BBB (P2) 6.30 65.50 56.00
G97 (P3) 6.00 67.70 57.00
G92 (P4) 6.00 69.60 56.33
G96 (P5) 7.00 67.40 55.33
Mean 6.10 67.00 56.20

Single crosses
P1xP2 570 001 6680 284* 5633 030
P1xP3 5.70 303 6590 -149 5733 118
P1xP4 6.00 909 6610 -492* 5633 000
P1xP5 6.00 000 6960 954> 5633 090
P2xP3 6.30 270 6720 081 5767 206*
P2 x P4 600 -270 6740 079 5633 030
P2 xP5 800 2000~ 7010 754** 5700 240**
P3xP4 630 556 6870 -078 5700 059
P3xP5 500 -2308** 6510 -235* 5580 148
P4 x P5 630 -256 6610 -1407** 5600 0.30
Mean 6.10 67.50 56.70
Double crosses

(PIxP2)(P3xP4) 630 857 6640 -249* 5867 399*
(PIXP2)(P3xP5) 600 -137 6870 249* 5700 148
(PIxP2)(P4xP5) 700 1507* 6850 029 5667 119
(PLxP3)(P2xP4) 580 000 6900 143 5600 -0.74
(PIxP3)(P2xP5) 580 411 6800 156 5600 -0.30
(PLxP3)(P4xP5) 620 278 6690 -316™ 5633 0.5
(PIxP4)(P2®P3) 570 -286 6750 -0.78 5800 2.81**
(PIXP4)(P2xP5) 530 -1233* 6880 078 57.67 298**
(PIXP4)(P3xP5) 7.70 27.78** 6930 026 5633 015
(PIxP5)(P2xP3) 750 23.29** 69.70 4.00** 56.00 -0.30
(PLxP5)(P2xP4) 600 -137 6750 -122 5700 1.79*
(PIXP5)(P3xP4) 670 1111 6930 036 5667 074
(P2xP3)(P4xP5) 530 -15.79** 6610 -420** 5667 0.89
(P2xP4)(P3xP5) 570 -1053 6790 -159 5700 148
(P2xP5)(P3xP4) 630 000 6830 -096 5633 0.30
Mean 6.20 68.10 56.80
LSD 5% 0.80 0.69 142 124 105 091
LSD 1% 115 1.00 207 18 152 132

*,** Significant at 5% and 1% level of probability, , respectively

b. Quality traits
1- Analysis of variance

Table 7 showed highly significant (P<0.01)
differences between genotypes, parents, single crosses and
double crosses for all quality traits excluding for upper half
mean which showed insignificance for all of them, except
parents versus double crossess (P vs D) which was
significant (P<0.05). Parent versus single crosses (P vs C)
was insignificant for fiber strength. Same trend of results
were found by El-hoseiny (2009) who found that Parents
vs F1 hybrids, F1,s vs double crosses and double crosses
were highly significant.

Results in Table 8 showed highly significant
differences among hybrids for all quality traits excluding
upper half mean. Morover, mean square of hybrids were
partitioned into line general, 2-line arrangement and 3- line
arregements, all the parts exhabited highly significant
difference upper half mean. El-Fesheikawy et al., (2018)
found highly significant mean squares of genotypes for all
traits, the partition of crosses mean square to its

1402


https://www.cabdirect.org/cabdirect/search/?q=au%3a%22El-Kadi%2c+D.+A.%22

J. of Plant Production, Mansoura Univ., Vol. 12 (12), December, 2021

components showed that the mean square due to 1-line
general, 2-line specific, 2-line arrangement, 3-line
arrangement and 4-line arrangement were either significant
or highly significant for all studied characters.This result
suggesting the presence of the additive and non-additive
genetic variance in the inheritance of these traits.

Table 7. Mean squares of analysis of variance for

guality traits

U.H.M. F.S. MIC
S.V. d.f. MS
Replication 2 0.71 0.009 0.025
Block/rep 12 1.15 0.305**  0.073**
Genotypes (G) 29 0.63 1.017%*  0.294**
Parents (P) 4 0.73 0.97** 0.04**
Single crosses C) 9 0.37 1.31*%* 0.25**
Double crosses (D) 14 0.42 1.35%* 0.46**
PVsC 1 0.11 0.01 0.03**
PVsD 1 1.98* 0.43** 0.03**
Error 46 0.73 0.029 0.013

*, ** Significant at 5% and 1% level of probability, respectively,

U.H.M = upper half mean, F.S = fiber strength, Mic =micronaire

value

Table 8. Analysis of variance of double cross hybrids
for quality traits

U.H.M. F.S. MIC
S.V. d.f. MS
Hybrids 14 0.42 1.351** 0.455**
1-line g 4 0.38 1.559** 0.766**
2- line arra 5 0.48 0.386** 0.570**
3- line arr 5 0.40 2.150** 0.091**
Error 28 0.92 0.008 0.004

** Significant at1%o level of probability, respectively, U.H.M = upper
half mean, F.S = fiber strength, Mic =micronaire value

2. Mean performance and heterosis

Results in Table 9 showed that BBB (P,) recorded the
highest mean performance with significant difference from
Awustralian (P1) in upper half mean. Single crosses [BBB*
G97] and [BBB* G96] showed the highest mean
performance with significant difference from [Australian*
G92]. Double cross [(Australian* G96)* (G97* G92)]
recorded the highest mean performance with significant
difference from [(BBB* G96)*(G97* G92)]. Regarding fiber
strength, BBB and G97 recorded the highest mean
performance with significant difference from other parents.
Single cross [Australian* G92] showed the highest mean
performance with significant difference from other crosses.
Double cross [(Australian* G92)*(G97* G96)] showed the
highest mean performance with significant difference from
other crosses. With respect to fiber fineness (micronaire
reading), values varied from 2.73 to 3.50 for P, and Ps ,
respectively. In single crosses values varied from 2.6 to 3.6
for G92* G96 and G97* G92 , respectively. Double crosses
values ranged from 2.47 (for two crosses [(Australian*
G97)*(BBB* G96)] and [(Australian* G97)*(G92* G96)] to
3.60 for [(Australian* G97)*(BBB* G96)] and [(Australian*
G97)*(G92* G96)], respectively. Also Table 9 showed that
in fiber length, single crosses Australian*BBB and
Awustralian* G96 showed positive and significant mid parent
heterosis with amount of heterosis 1.14 and 1.68%,
respectively while in double crosses eight crosses [
(Australian*BBB)*( G97* G92) ], [ (Australian*BBB)*(
G97* G96) ], [ (Australian*BBB)*( G92* G96) ], [

(Australian* G97)*( BBB* G96) ] , [ (Australian* G97)*(
G92* G96) ], [ (Australian* G96)*( BBB* G97) ], [
(Australian* G96)*( BBB* G92) Jand [ (Australian* G96)*
( G97* G92) ] showed positive and significant mid parent
heterosis with amount of heterosis 2.18, 1.47, 2.37, 1.85,
2.64,1.18, 2.27 and 2.73%, respectively. Similar results were
detected by Hamed and Said (2021) found that the best
heterosis relative to mid- and better-parent crosses for most
fiber quality traits were, Giza 93 x Karashenky and Giza 93 x
Ustraly 13.

Table 9. Mean performance of parents, F1 hybrids and
double cross hybrids and its heterosis for

quality traits.

Genotypes U.H.M. (mm) FS MIC.

Mean H% Mean H% Mean H%
Australian (P1) 3443 1140 2.80
BBB (P2) 35.77 12.40 290
G97 (P3) 3540 1240 313
G92 (P4) 35.33 11.60 273
G96 (P5) 35.13 11.10 350
Mean 35.20 11.80 301

Single crosses
P1xP2 3550 114* 119 042 320 12.28**
P1xP3 3510 053 109 -856** 283 -449*
P1xP4 3437 091 126 943 300 843**
P1xP5 3537 168** 120 680 317 053
P2 xP3 3570 033 125 135 293 -276*
P2 x P4 3547 -023 113 -H57** 283 0.59
P2 xP5 3570 071 116 -128** 340 6.25**
P3x P4 3500 -104 112 -613** 360 2273**
P3xP5 3523 -009 124 5537 263 -20.60**
P4 x P5 3553 085 108 -455** 260 -160
Mean 35.30 11.70 3.02
Double crosses

(PIxP2)(P3xP4) 3600 2.18** 121 122* 293 144
(PIxP2)(P3xP5) 35.70 147* 112 -522** 283 -822**
(PLxP2)(P4xP5) 36.00 237** 114 -158** 343 1497**
(PLxP3)(P2xP4) 3550 076 121 147 307 617
(PLxP3)(P2xP5) 3583 185** 121 265** 247 -19.89**
(PLxP3)(P4xP5) 36.00 264** 122 528** 247 -18.79**
(PIxP4)(P2xP3) 3550 0.76 116 -247** 327 13.08**
(PIxP4)(P2xP5) 3543 076 106 -9.01** 297 -045
(PIxP4)(P3xP5) 3510 007 127 958> 303 -0.38
(PIxP5)(P2xP3) 3560 1.18* 110 -691** 303 -1.73
(PIXP5)(P2xP4) 3597 227 120 330** 360 2067*
(PIXP5)(P3xP4) 3603 273 112 -333** 223 -2668**
(P2xP3)(P4xP5) 3550 026 113 -471** 310 109
(P2xP4)(P3xP5) 3563 064 102 -13.73** 340 10.87*
(P2xP5)(P3xP4) 34.70 -2.00** 117 -134* 307 -15.22**
Mean 35.60 11.60 2.99
LSD 5% 124 107 014 012 008 008
LSD 1% 180 155 020 018 0128 012

*,** Significant at 5% and 1% level of probability, respectively, U.H.M =
upper half mean, F.S =fiber strength, Mic =micronaire value

In fiber strength four single crosses Australian®
G92, Australian* G96, BBB* G97 and G97* G96 showed
positive and significant mid parent heterosis with amount
of heterosis 9.43, 6.80, 1.35 and 5.53%, respectively.
While double crosses [ (Australian*BBB)*( G97* G92) |, [
(Australian* G97)*( BBB* G92) ], [ (Australian* G97)*(
BBB* G96) ], [ (Australian* G97)*( G92* G96) |, [
(Australian* G92)*( G97* G96) ] and [ (Australian*
G96)*( BBB* G92) ] showed positive and significant mid
parent heterosis with amount of heterosis 1.22, 1.47, 265,
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5.28, 9.58, and 3.30, respectively. With respect to fiber
fineness (Micronaire reading), three single crosses
Australian* G97, BBB* G97 and G97* G96 showed
negative and significant mid parent heterosis with amount
of heterosis -4.49, -2.76 and -20.60%, respectively. While
double crosses [ (Australian*BBB)*( G97* G96) ], [
(Australian* G97)*( BBB* G96) ], [ (Australian* G97)*(
G92* G96) |, [ (Australian* G96)* ( G97* G92) ] and [
(BBB* G96)*( G97* G92) ] exhibited negative and
significant mid parent heterosis with amount of heterosis
14.97, 6.17, 13.08, 20.67 and 10.87 , respectively. Similar
results were detected by Hamed and Said (2021) who
found that combinations : [(P1 x P3) x (P2 x P4)], [(P1 x
P3) x (P5 x P6 )] and [(P2 x P4 ) x (P5 x P6 )] appeared to
be the best promising double crosses for breeding toward
improvment most studied fiber quality traits .

c. Efficiency of RCBD and Alpha Lattice Design
1- Earliness traits

Results in Table 10 showed more efficiency for
alpha lattice analysis compared with RCBD at analyzing
all of the earliness traits except for first fruiting node.
Smaller values of SE difference for alpha lattice design
helps to detect smaller differences for the comparisons of
mean. The effectiveness of the alpha lattice analysis at
reducing experimental error was most evident in all traits.
Moreover, the coefficients of variation (CV %) of alpha
lattice design were low as compared to RCBD for all traits.
Lowest values of the coefficients of variation (CV %) and
standard error were recorded for all traits in reml analysis
which indicates high experimental precision. _.

Table 10. Estimates of error mean squares (EMS), coefficient of variations (CV %) and standard errors (SE) of
alpha lattice design, RCBD and REML analysis in earliness traits

Trait EMS RE CV% SE

RCBD ALPHA % RCBD RCBD ALPHA RCBD REML
Position of 1% fruiting node 0.33 0.38 0.87 1293 10.10 9.77 080 0.62 0.54
Days to 1% flower 3.08 2.02 152 575 212 2.08 3.86 142 114
Days to Opening 1% boll 0.97 0.86 0.66  3.01 1.46 1.36 0.76  0.83 0.63

2- Quality traits

Results in Table 11 showed that alpha lattice
analysis was more efficient than the randomized complete
block design at analyzing all of the fiber quality traits.
Smaller values of SE difference for alpha lattice design
helps to detect smaller differences for the comparisons of
mean. The effectiveness of the alpha lattice analysis at
reducing experimental error was most evident in fiber
length and fiber fineness. Moreover, the coefficients of

variation (CV%) of alpha lattice design were low as
compared to RCBD for fiber length and fiber strength.
Lowest values of the coefficients of variation (CV%) for
all traits and lowest standard error were recorded for reml
analysis in fiber length and fiber fineness which indicates
high experimental precision. Carvalho et al. (2015)
mentined that coefficient of experimental variation (CVe)
was 3.20%  which is lower than those of other studies
carried out with the cotton crop.

Table 11. Estimates of error mean squares (EMS), coefficient of variations (CV %) and standard errors (SE) of
alpha lattice design, RCBD and REML analysis for fiber quality traits.

Trait EMS RE% CV% SE
RCBD  ALPHA ALPHA RCBD ALPHA REML RCBD ALPHA REML
UHM. 0.80 0.73 1.10 2.29 212 1.58 0.81 0.79 0.73
F.S. 0.04 0.03 1.38 3.06 147 1.50 0.09 0.17 0.14
MIC. 0.014 0.01 1.14 2.04 3.74 1.94 0.32 0.11 0.10
U.H.M = upper half mean, F.S = fiber strength, Mic =micronaire value
CONCLUSION Carvalho, L.P., Farias, F.J.C., Morelo, C.L., Rodrigues,

Genotypes, single crosses, and double crosses
under study showed Significant or highly significant
differences. Mean square due to double crosses showed
that line general, 2-line arrangement and 3-line
arrangement were either significant or highly for most of
studied traits excluding upper half mean which was
insignificant. Lowest values for CV and SE for traits were
calculated by ordinary REML reflecting the accuracy and
precision of this method compared to ANOVA for
estimating variance components.
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