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1 2 1 2 1 2 Abstract: Six generations P , P , F , F , BC and BC (established during summer 2002 and 2003) of the

two intra-specific cotton  crosses namely Mc-Naire 235 x Nazilli-m55 (cross I) which derived from a
hirsutum  parent, Giza 70 x Uzbek. zero branching variety i.e.S.8017 (cross ÉÉ) which derived from a

barbadense parent ,were raised in a randomized complete block design with three replicates during 2004.
The means of the six generations recorded for days to first flower, boll number ,boll weight, seed cotton

yield, lint yield and lint percentage, were subjected to scaling test, Joint scaling test and  six parameters
method  to detect epistasis  and estimates of m, d, h, i, j and L parameters. Results revealed the epistatic

gene effect cannot be ignored when establish a new breeding programe to improve cotton populations for
economic traits. The inheritance of all traits studied was controlled by additive and non-additive genetic

effects, with greater values of dominance gene effect than the additive one in most cases. Among the non-
additive effect, the other fixable component, i.e., additive x additive (i) type of interaction, was also

significant and constituted a major portion of the gene effects. The signs of (h) and (L) were opposite in
the case of days to first flower , boll number, seed cotton yield and lint yield per plant in the intra-

barbadense cross suggesting duplicate type of non-allelic interaction in these traits. The coincidence of
sign and magnitude of heterosis and inbreeding depression was detected for most traits in the two cotton

crosses. Heritability estimates in each of broad and narrow sense were generally found to be high in
magnitudes in the hirsutum  cross comparative to barbadense one except for days to first flower and lint

percentage.

Key words: Gossypium  babadense L, G. hisutum L, generation mean analysis, gene effects, heterosis,
heritability,  genetic advance

INTRODUCTION

Cotton is a warm climate crop grown in

approximately 60 countries worldwide. It is cultivated
from 45 North latitude to 32 South latitude by over 20

million Farmers. Over 90 percent of cotton grown in
the world is Gossypium hisutumL or upland cotton,

while about ten percent of cotton in the world is
related the species G. barabadense L. Mechanical

cotton pickers, pick locks of seed cotton yield from
open cotton bolls and leave the empty burs and

unopened bolls on the plant. Mechanical cotton
strippers remove open and unopened bolls, along with

burs leaves and stems from cotton plants, leaving only
bare branches. Egyptian agricultural engineering

scientists try now to use mechanical harvesting in
cotton production. The choice of selection and breeding

procedures for genetic improvement of cotton or any
other crop is largely depends on the knowledge of

type and  relative amount of genetic component and
the presence of non-allelic inter-action for different

characters in the plant materials under investigations.
The genetic control of a given trait cannot be

definitively characterized because it depends on the

genetic material, the test system (generation means or
triple test cross) and the environmental conditions,

Goldringer et al..,  Plant breeders and geneticists[11]

frequently use generation mean analysis to obtain

information of gene action controlling the economic
traits in cotton . [14 ,9 ,12 ,10 ,4 ,3]

Therefore, the present study was carried out to
obtain information about gene action on yield and its

components in the two intra-specific cotton crosses.
Introgression of desirable genes into Egyptian cotton

from exotic intra-specific hybridizations. Broaden the
genetic germplasm base in cotton and select the

superior combinations (as pre-breeding materials) for
developing new varieties adapted to mechanical

harvesting.

MATERIALS AND METHODS

The experimental materials comprised two intra-
specific cotton  crosses namely Mc-Naire 235 x

Nazilli-m55 (cross I) which derived from a hirsutum
parent,  Giza  70  x  Uzbek.  Zero branching variety
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i.e.S.8017 (cross ÉÉ) which derived from a barbadense

parent. In the summer 2002 the four parental lines

were crossed to produce two F1 crosses. In 2003

season, F1 plants of each cross were selfed and

1 backcrossed to the two parents to obtain F2, BC and

2BC .  generations, respectively. Hand emasculation and

pollination  techniques  were  applied to obtain a

hybrid seeds. 

1 2 1 2 1 2 Six generations P , P , F , F , BC and  BC of the

two  crosses were planted during 2004 in a randomized

complete block design with three replicates in rows

with 3m long and 60 cm width. Sowing was done in

hills spaced 25cm apart and two plants were left per

1  hills after thinning. Each parent and F were

represented by three rows, F2 and the two back cross

1 2generations  (BC and  BC  ) 20 rows.

All field experiments carried out at the

Experimental Farm of The National Research Center at

Shalakan El-Kalyoubia Governorate, Egypt. Ordinary

cultural practices for cotton production were applied.

The data were recorded on guarded plants, 10 for the

1 1  2two parents and F s & 60 for (BC and  BC  ) and 70,

in F2 generation from each replicate for the following

traits:

Days  to first flower, boll number, boll weight,

seed  cotton  yield,  lint  yield and lint percentage.

The  data  were  first  subjected  to test the

differences between parental genotypes  by applied “t”

test  for  the  studied  characters before considering

the biometrical analysis, as well as,  the scaling test

(A,  B  and  C)  were applied to detect the presence

of  epistasis  according  to  Mather  and  Jinks .[15]

Joint  scaling  test proposed by Cavalli  as indicated[8 ]

(÷ )was applied to test the adequacy of the genetic2

model controlling the studied characters. The simple

genetic model (m, d, and h) were applied when

epistasis was absent, whereas in the presence of non-

allelic interaction the analysis was proceeded to

estimate the inter-action types involved using the six

parameters genetic  model i.e., (m, d, h, i, j, and l ) m

= the origin of the scale, which reflects the

contribution due to the overall mean plus the locus

effects and the interaction of fixed loci ,d = sum of the

additive effects of the genes ,h =  sum of the

dominance  effects of the genes, i = sum of the

additive x additive effects of the genes, j = sum of the

additive x dominance effects of the genes and l = sum

of the dominance x dominance effects of the genes

according to Hayman .  Heterosis, inbreeding[13]

depression (%), potency ratio (%), F2 deviation (E1),

backcross deviation (E2) heritability and genetic

advance under selection were also estimated according

to Miller et al. . [16]

RESULTS AND DISCUSSIONS

Table (1) shows the means (X¯), variance (ó ),” t2

test and F test of the two  crosses under study. The“ 

range of performance of the two parents was large of

1the various characters except boll weight, P  excelled

2P  in most cases. Genetic variance among F2 plants

were found to be significant for all traits studied except

boll weight in the cross ÉÉ. Therefore, other parameters

needed were estimated for all traits studied except boll

weight in the cross ÉÉ. 

Results of the scaling tests (A, B and C) and joint

scaling test (÷ ) reveled the presence of non-allelic gene2

interaction for all traits studied in both crosses except

boll weight in the cross I, Table (2). Abdel-Hafez et

al.  found similar results for lint yield and lint[3]

percentage.

Estimates of genetic effects in six parameter model

are presented in Table (2). Highly significant for the

estimated values of mean effects (m) indicated that all

the studied characters were quantitatively inherited. The

additive gene effects (d) were significant for all traits

in both crosses suggesting the potential for obtaining

further improvement of these traits. Dominance gene

effects (h) were found to be highly significant for most

studied traits except boll weight in the cross I.  The

magnitude of additive gene effects (d) were small

relative to the corresponding dominance effects (h) in

most cases ,suggesting  pedigree selection method is a

useful breeding program to improving these

populations. However, the negative value of (h)

observed for all traits studied in the hirsutum  cross

(Mc Naire 235xNazilli-m55) indicated that the alleles

responsible for less value of the trait were dominant

over the alleles controlling high value.        

Significantly positive of additive x additive

epistatic type of gene effects (i) was detected for boll

number, seed cotton yield and lint yield per plant in

cross ÉÉ, while it was negative in cross I for all traits

under investigation. Additive x dominance epistatic

type of gene effects (j) was found to be significant for

days to first flower and lint percentage in cross ÉÉ, boll

number, seed cotton yield and lint yield per plant in

cross I. The dominance x dominance epistatic effect

(L) played major role in the inheritance of days to first

flower, boll number, seed cotton yield and lint yield in

cross ÉÉ, lint percentage and earliness in cross I. These

results are in agreement with those obtained by

Bhardwaj and Kapoor , Esmail et al. , Ahmad et[7] [10]

al.  Abdel- Hafez et al.  and El-Hiety et al. The[4] [3]

signs of (h) and (L) were opposite in the case of days

to first flower , boll number, seed cotton yield and

lint  yield  per  plant  in  the intra-barbadense cross
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Table 1: M eans, variances,” t  test and F test in the two cotton crosses for all traits studied.  “

Cross I Cross ÉÉ

Characters statistics --------------------------------------------------- F, test ---------------------------------------------- F, test

P1     P2     F1    F2     BC1   BC2 /t, test P1     P2      F1     F2    BC1   BC2 / t, test 

Days to first flower X 74.23- 77.1 -71.60 -75.91 -72.32- 77.54 ** 89.31 -69.77 -75.36 -78.51 -80.34 -73.03 **¯

---------------------------------------------------------------------------------------------------------------------------------------------------------

ó 4.81 -  3.14  - 3.19 - 10.68 - 4.46 - 7.07 ** 4.43 -3.21 -2.98 -10.98 -5.37 -6.35 **2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

13.91-12.70-10.50-14.84-15.33-12.60 Boll number per plant X ** 20.5- 13.17- 22.4- 15.53- 22.82 -18.32 **¯

---------------------------------------------------------------------------------------------------------------------------------------------------------

ó 3.89-3.56-3.95-35.68-24.57-26.55 ** 6.47-5.77-6.42-50.12-38.99-43.56 **2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Boll weight (g) X 4.81-5.72-4.86-4.92 -4.85 -5.20  * 2.86-3.04-2.81-2.79- 2.93 -2.85 N.S.¯

---------------------------------------------------------------------------------------------------------------------------------------------------------

ó 0.309-0.237-0.341-0.692-0.409-0.416 ** 0.095-0.319-0.082-0.176 -0.175 - 0.182 N.S.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seed cotton yield X 66.87-72.64-51.98-72.65-74.66-65.62 ** 58.94-40.06-64.07 -43.34-64.81 -52.21 **¯

---------------------------------------------------------------------------------------------------------------------------------------------------------

per plant (g) ó 96.6-95.5-98.8-759.4-739.4-620.3 ** 69.36-83.32 -65.49-248.3-230.8 -260.3 **2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lint yield per plant(g)  X 24.42-28.33-20.26-27.25-27.16-24.29 ** 20.72-13.01-22.63-14.82-23.46 -.17.49 *¯

---------------------------------------------------------------------------------------------------------------------------------------------------------

ó 20.1 - 19.3 - 17.6- 99.7- 114.1 - 102.4 ** 49.9-38.6-46.7-98.13-76.3-88.7 **2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lint percentage (%) X 36.61-38.84-36.03-37.55-36.37-37.31 * 35.18-32.46-35.22-34.52-36.01-33.50 **¯

---------------------------------------------------------------------------------------------------------------------------------------------------------

ó 4.51- 0.69  -4.18 -7.43 -3.19 -3.8 ** 0.87-0.702-0.709-4.5-3.7-3.33 **2

Cross I= M c- Naire 235 x Nazilli-m55, Cross ÉÉ= Giza 70 x S.8017 

* Significant at 0.05, ** Significant at 0.01, N.S.= Insignificant.

Table 2: Estimates of the scaling tests and joint scaling test (÷ ) and six parameter genetic model for all traits studied of the two cotton2

crosses.

Characters Cross Scaling test Gene effects

-------------------------------------------- ------------------------------------------------------------------------------------------------

A B C ÷ m d h i j l2

Days to I -1.19 6.37 9.1** ** 75.91** -5.22** -7.99** -3.92** -3.78 -1.26*

first  flower II -3.99** 0.93 4.24** ** 78.51** 7.31* -11.5** -3.70** -2.46** 10.4**

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Boll I 6.25** 2.0 11.7** ** 14.84** 2.7** -6.31* -3.5 2.13** -4.75

number II 2.74 1.07 -16.35** ** 15.53** 4.5** 25.73** 20.16** 0.84 -23.9**

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Boll weight I 0.03 -0.18 -0.57** NS 4.92** -0.35** 0.02 -- -- --

(g) II -- -- -- -- -- -- -- -- -- --

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seed cotton I 30.47** 6.62 47.13** ** 72.55** 9.06* -27.8* -10.04 11.9** -27.1

yield per II 6.61 0.29 -53.78** ** 43.34** 12.6** 75.25** 60.68** 3.16 -67.6**

plant (g)

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lint yield I 9.64** -0.01 15.73** ** 27.25** 2.87* -12.22* -6.10 4.83** -3.53

II 3.57 -0.66 -19.71** ** 14.82** 5.97** 28.38** 22.62** 2.12 -25.6**

Cross I= M c Naire 235 x Nazilli-m55, Cross II= Giza 70 x S.8017

* Significant at 0.05, ** Significant at 0.01.

suggesting duplicate type of non-allelic interaction in

these traits. While, complementary epistasis was

revealed by similar signs of (h) and (L) for all traits

except lint percentage in the intra-hirsutum  cross. 

It is clear that from the results obtained here,

epistasis cannot be ignored when establish a new

breeding program to improve cotton populations for

economic traits. The inheritance of all traits studied

was controlled by additive and non-additive genetic

effects, with greater values of dominance gene effect

than the additive one in most cases. Among the non-

additive effect, the other fixable component, i.e.,

additive x additive (i) type of interaction, was also

significant and constituted a major portion of the gene

effects,  therefore,  it  may  be  possible  to  exploit

it.  However, the presence of duplicate epistasis of

these  characters in the cross derived from a

barbadense  parent  would  tend  to  hinder  progress

and  make  it  difficult  to  fix  them at increased

level of manifestation. The  same  findings  was  also

reported by  Tandon et al., . Ahuja and Dhayal[18] [5]

found preponderance of non-additive gene action in the
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inheritance of seed cotton yield per plant and majority

of its components. Jagtab , stated that when additive[14]

effects are larger than the non-additive, it is suggested

that selection in early segregating generations would be
effective, while, if the non-additive portion are larger

than additive, the improvement of the characters need
intensive selection through later generation, when

epistatic effects were significant for traits, the
possibility of obtaining desirable segregates through

inter-mating in early generations by breaking
undesirable linkage or it is suggested to adopt recurrent

selection for handling the above crosses for rapid
improvement. Abo El-Zahab and Amein  reported the[2 ]

same conclusion. However, Ramalingam and
Sivasamy  stated that the predominance of additive x[17]

dominance epistatic effect (highest magnitude) for the
trait suggesting delayed selection and inter-mating the

segregants followed by recurrent selection for
improvement of this trait. 

Heterosis,  inbreeding  depression (%), potence
ratio  (%),  F2  deviation  (E1) and backcross

deviation  (E2) of  the  two  cotton crosses for all
traits  studied  are  presented  in  Table  (3).

Heterosis  relative  to  mid-parent and better parent
was  found  to  be significantly positive for boll

number  per  plant,  seed  cotton yield and lint yield
per  plant  in  the  intra-barbadense cross, while, it

was negative in the intra-hirsutum cross. Significant
negative heterosis relative to mid-parent and better

parent was obtained for boll weight in the intra-
hirsutum cross.

Concerning inbreeding depression, positive and

highly significant values was obtained for boll
number,seed cotton yield and lint yield per plant in the

cross ÉÉ, which derived from a barbadense parent ,
however, it was significantly negative in the cross I,

which derived  from a hirsutum  parent for the same
traits. The coincidence of sign and magnitude of

heterosis and inbreeding depression was detected for
most traits in the two cotton crosses. This is logic and

expected since the expression of heterosis in F1 will be
followed by a considerable reduction in F2 due to

homozygosity. The contradiction between heterosis and
inbreeding depression for lint percentage and days to

first flower could be due to the presence of linkage
between genes in these plant materials. Cotton has a

relatively low inbreeding depression, Abdalla .[1]

F2 deviation (E1) (from the average F1 and mid-

parent values) , and backcross deviations (E2) were
found to be significant for boll number per plant ,seed

cotton  and lint yield per plant in the two crosses
indicating that the epistatic gene effects have a major

contribution in the inheritance of these attributes.
Insignificant of (E1and E2) was found for lint

percentage and days to first flower indicate minor
contribution of epistatic effects in the inheritance of

these traits. 
The average degree of dominance as indicated by

the potence ratio revealed existence of over-dominance
towards the better parent for boll number ,seed cotton

and lint yield per plant and lint percentage in the cross
ÉÉ,  while it was towards the lower parent in the first

Table 3: Heterosis, inbreeding depression (%), potency ratio (%), F2 deviation (E1) and back- cross deviation (E2) in the two cotton crosses

for all studied traits.

Heterosis

character Cross ----------------------------

M .P B.P Inbreeding depression (%) Potency ratio(%) (E1) (E2)

Days to first flower I -5.4 -5.3 -6.01** 2.82 2.27 2.59

-------------------------------------------------------------------------------------------------------------------------------------------------------

ÉÉ -3.5 8.01 -3.15* 0.43 1.06 -1.53

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Boll number per plant I -21.08** -24.52** -41.33** -4.64 2.94** 4.13**

-------------------------------------------------------------------------------------------------------------------------------------------------------

ÉÉ 33.06** 9.27** 30.67** 1.46 -4.09** 1.91

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Boll weight (g) I -7.69** -15.03** -1.24 -0.89 -0.14 -0.075

-------------------------------------------------------------------------------------------------------------------------------------------------------

ÉÉ -- -- -- -- -- --

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seed cotton yield I -25.48** -28.44** -39.76** -6.16* 11.78** 18.54**

per plant (g) -------------------------------------------------------------------------------------------------------------------------------------------------------

ÉÉ 29.43** 8.7** 32.35** 1.49 -13.44** 3.45**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lint yield per plant(g) I -23.18** -28.48** -34.50** -3.13 3.93** 4.81**

-------------------------------------------------------------------------------------------------------------------------------------------------------

ÉÉ 34.18** 9.22** 34.51** 1.49 -4.92** 1.45

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lint percentage (%) I -4.49 –7.23 -4.22** -1.53 0.67 -0.075

-------------------------------------------------------------------------------------------------------------------------------------------------------

ÉÉ 4.14 -3.54 1.98 1.03 0.00 0.47

M .P = m id parent    B.P = Better parent, Cross I= M c Naire 235 x Nazilli-m55, Cross ÉÉ= Giza 70 x S.8017

* Significant at 0.05, ** significant at 0.01.
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Table 4: Heritability estimates in broad (h  b) and narrow ( h  n) sense and genetic advance under selection for all traits studied in the two2 2

cotton crosses. 

character Cross Heritability Genetic advance

------------------------------------------------- ----------------------------------------------

h  b % h  n % Äg Äg %2 2

Days to first flower I 65.0 92.0 6.19 8.15

------------------------------------------------------------------------------------------------------------------------------------------------

ÉÉ 67.0 93.0 6.35 8.08

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Boll number per plant I 89.0 88.0 6.89 46.43

------------------------------------------------------------------------------------------------------------------------------------------------

ÉÉ 56.0 35.0 5.1 32.86

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Boll weight (g) I 45.0 81.0 1.39 28.21

------------------------------------------------------------------------------------------------------------------------------------------------

ÉÉ -- -- -- --

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seed cotton yield I 87.0 7.8 4.43 6.09

per plant (g) ------------------------------------------------------------------------------------------------------------------------------------------------

ÉÉ 30.49 2.27 0.74 1.70

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lint yield per plant(g) I 63.0 46.0 9.46 34.72

------------------------------------------------------------------------------------------------------------------------------------------------

ÉÉ 48.81 12.83 1.02 6.86

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lint percentage (%) I 58.0 86.0 4.83 12.86

------------------------------------------------------------------------------------------------------------------------------------------------

ÉÉ 83.10 44.0 1.92 5.57

cross. For days to first flower, partial dominance

towards the high parent was found in the second cross,

but exhibited over- dominance in the first one. El-

Okkia , EL-Helw and Esmail et al.,  found the same[9] [10 ]

results.

Heritability estimates in each of broad and narrow

sense were generally found to be high in magnitudes in

the hirsutum  cross comparative to barbadense one

except for days to first flower and lint percentage

(Table-4).The differences between the genetic

backgrounds of the two crosses may be explain these

ambiguous results.  The highest estimates of narrow

sense heritability associated with highest genetic

advance for days to first flower in the two crosses, boll

weight  and  lint  percentage  in  the hirsutum cross

indicated sufficient improvement of their variability

traits. However, moderate estimates of heritability and

high genetic gain was found for lint yield per plant

(46.0 and 34.72) in the hirsutum  cross as well as, for

boll number (35.0 and 32.86)  in the barbadense cross.

Low heritabilty with low genetic gain was found for

seed cotton yield per plant in the barbadense cross

(2.27 and 1.7), indicating slow progress through

selection for this trait. Esmail et al., , Ahmad et al.[10] [4]

and Basbag and Gencer  found high value of narrow[6]

sense heritability for bolls per plant and seed cotton

yield. The information on the relative amount of

additivity and additive x additive epistasis combined

with heritability can now be used to optimize recurrent

selection strategies. The more epistatic a trait and the

lower of heritability, the more efficient  selection  on

highly  inbred  families  is  (S2 families or doubled-

haploid lines), Goldringer et al. . Our results is[11]

agreement with this conclusion for seed cotton yield in

both crosses and lint yield in the barbadense cross. 

These information of great importance for cotton

breeder to improve yield potential and release a new

cotton genotypes adapted to mechanical harvesting

according to visual selection by the author and

enhancement of cotton germplasm.
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