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ABSTRACT

The present study was carried out at Giza Re-
search Station during 2002, 2003 and 2004. A
partial diallel cross system among cight parents
were used 1o estimate, hybrid vigor, inbreceding
depression, potence ratio, gencral and specific
combining ability for morphological traits as well
as, anatomical traits of bolls. Multivariate analysis
was used to determine the intercorrelation between
these traits and infestation percent of bollworms
and to clear importance of these traits. The results
suggested presence ol additive and non additive
gene elfects in genetic control of these traits. The
heritabilities were high for lobbing index, ceniral
leal lobe shape, moderate for plant height and No.
ol locules per boll in F, while it was low for size
of nectarics. No appreciable amount of heterosis
for any character was obscerved except plant
height. Inbreeding depression and potence ratio
indicated that there was mostly Partial dominance
for the characters. The parent Okra-leaf and Nec-
lariless were good combiners for all morphologi-
cal traits. The best combination was (G.70 x Okra
leal) for most of traits in two generations. Factor
analysis grouped [l traits in four axes, which to-
gether were responsible of 82.6% of total variabil-
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ity in the dependence structure, first axis ac-
counted for 41.7% of (otal variance including lob-
bing index, bract index, size of nectarics, central
leaf lobe shape, No. of locules/boll, infestation
percent and placenta thickness. The sccond axis
accounted for 18.5% of the total variance includ-
ing infestation percent, placenta thickness and the
radial diameter of locule cavity. Third axis ac-
counted for 11.4% including lobbing index, braci
index and the locule wall thickness. The fourth
axis was less importance, including plant height
and locule wall thickness. The communality index
indicated that the traits lobbing index, central leaf
lobe shape, bract index and placenta thickness
were more important for phenotypic variance. The
results suggested that traits of lobbing index, cen-
tral leaf lobe shape, bract index and placenta
thickness have interrelationship with infestation
percent due to these traits have higher cocfficient
on first axis as well as the infestation percent and
radial diameter of locule cavity have high coeffi-
cicnt at second axis. It could concluded that traits
lobbing index ,bract index , central leaf lobe shape
as well as placenta thickness and radial diameter
of locule cavity have interrelationship with infes-
tation pereentage. The results of genetic relation-
ship indicated the difference between the parental
varieties were larger than it's in Fy and [%; genera-
tions. The parental genotypes were distinct 1o iwo
cluster and F, genotypes distincied to three clus-
ters while F, did not distinct to determined clus-
ters.
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INTRODUCTION

Breeding lor insect resistance are necded in
cotton cultivacs  for  maintaining  plant  health
through out the growing scason and for profitable
cotton production. The associations of several
morphological traits with resistance to insects
have been reviewed by many investigators, Wil-
son and George (1982) reported Okra-leaf to be
Pink boll-worms resistance trait. Jones (1982)
found that the Okra-shape leaf cotton is usually
associated with accelerated fruiting rates and early
maturity when evaluated under an carly season
inscct central program. Jones (1972) staled that
the frego bract trail is associated with a high level
of resistance to the boll weevil.

Jenkins  (1976) reported that frego bract
caused a 50 % reduction in boll weevil damaged
squares compared with normal bract. Henneberry
et al (1977) found that the nectariless trait pro-
vides resistance 1o the pink boll warm.

Hemaida et al (2001) cvaluate gencral and

specific combining ability (GCA), (SCA) in hall

diallel crosses among three Egyptian cotton culti-
vars and two inscect- resistant upland cotton lines
they found that the best general combiners were
two upland cotton lines for carliness, however, the
interspevific cross (F.B x G.83) showed high spe-
cific combinng ability effect for earliness.

Mariz, S. Max (2004) studicd characters re-
lated 10 insect resistance in cotton, she found that
multivariie technique use principal components
revealed that leaf arca and leaf shape index were
important cowrponents among the morphological
characters related to resistance in cotton.

The primary objective of this study is to de-
termine gene action and other genetic paramelers
for morphological traits related to inscct resistance
as well as determine the superior genotypes. Scc-
ond objective to use the muluvariate analysis to
show interrelationship of morphological and boll
anatomical traits which related to insect resistance
as well as calculate taxonomic distance between
different genotypes.

MATERIALS AND METIIODS

Five Egyplian cotton cultivars of G. bar-
badense L (G.91, G.90, G70, G. 88 and Suvin) as
well as three upland cotton lines insect resistant
involving to G. Airsutum namely; Okra leal, Frego
bract and Nectariless. The crosses were made in
2002 wt Giza Experiment Station using a partial
diallel mating design including the cight parents,

In 2003, FI| plants were grown to produce sclfed
seed of F2 progeny and crossing was repeated to
produce more FI sceds in 2004 scason, cight pa-
rental with the 12 FI and 2 hybrids were grown
in a randomized complelte blocks design with three
replicates. The parcnts were treated as random
effect. The rows were 4 m long and 60 cin be-
tween rows. Hill was spaced 20 cim within rows
and at seedling stage, plants werc thinned at two
plants/hill. Standard cultural methods and proc-
esses for Giza Experiment Stations were used. The
mcasurements were taken on ten guarded individ-
ual plants in each plot for morphological charac-
ters; Jobbing index, bract index, central leaf lobe
shape (cm), size leaf nectaries (The measurement
with mm and transformed to its. Log ), number
of locules / boll, plant height( cm ) at picking tune
and infestation percent = ((No. of infested locules
/ plant) / (Total No. of locules/plant ).

Trans
Anatomical traits

Transverse section was made in boll after fer-
tilization at first week for eight parents and twelve
hybrids (F)),to measurc somec anatomical traits;
boll wall thickness, radial diameter locule cavity ;
locule wall thickness and. placenta thickness

Statistical and genetical analyses

1- The analysis of variance was calculated accord-
ing to F-tests by Cochran and Cox (1957).

2- Estimation of general and specific combining
ability effects for partial diallel by Chauudhary
etal (1977).

3- Helterosis percentages were calculated relative
1o mid-parent (M.P) and better parcm (B.P).

HM.P)=F1-M.P/M.P x 100
HB.P)=F1-B.P/B.Px100

4- Inbreeding depression (1.D) =

FIl -F2/F 1 x 100
5- Potence ratio =

Pr+pP2 -2F1/P2- P1
The significance of heterosis and imbreeding
depression were T-tested by the appropriate least
sigaificant difference L.S.D as follows. - L.S D,

for

Mid - Parent heterosis =tax J3 Mse 120

Better Parent and inbreeding depression = ta x
——
v2 MSE [/«
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6- Heritability estimated, in broad sense (W2 b, %)
and narrow senses (h2 ns %) were calculated by
Verhalen and Murray (1969).

Full'b,% = (V2 A+D)/ (%A +D +E))x 100
Hn, % =(%Al(%A+D+E)x 100
Fao. H b, % =((% A +% D)/ (% A+Y2 D+ E)) x 100
IPn, % =(%Al (Y%A +%D+ E)x 100
Where: A=Additive gene cffect

D= Dominance gene effect.

E= Enviromental effect

7-Multivariate analysis

A- The factor analysis methods, discussed by
Cattle (1965) consist of the reduction of
farge number of correlated variables 1o
much smaller numbers of clusters of vari-
ables called (Factor). After loading ol the
first factor was calculated the process was
repeated on the residual matrix o find fur-
ther factors. The means were npormalized
prior 1o multivariate analysis by dividing
standard deviation and subtracting the mean
for cach trait.

B- Cluster analysis was perforined on geno-
types (r) matrix using measure of square
cuclidean distance and genotypes are clus-
tered. The genotypes group scquent clus-
tered based on similarity of genotypes, the
distance between clusters was measured us-
ing the original quantitative characters after

" calculate the standard units.

RESULTS AND DISCUSSION

The analysis of variance of eight parents and
their Fy and F; partial diallel hybrids for morpho-
logical characters are presented in Table (1). The
data in Table (1) showed that mean squares of
genotypes (parents, Fl and F,) were highly signifi-
cant indicating that genotypic variability and ge-
netic material were valid to proceed for further
analysis. Also the results in Table (1) showed
significant interaction for mean squares of parents’
vs. crosses (between Fy and Fp) indicating that the
average of heterosis and inbreeding depression
over all crosses, were significant for these charac-
ters, same results were obtained by Wilson and
George ( 1980).

Table 1. Mean squares of morphological characters for cight parenis, F; and F» partial diallel hybrids in

cotton

Central ]
Size of leal No. of
) Plant height leaf lobe
SOV d.f Lobbingindex  Bract index nectarics locules
T - {cm) shape
{mm) /boll
(cm)
Rephate 2 9.14 10.08 2.0 0.15 0.08 0.03
GENOTYPES 31 110.30** 184.49++ 1360.52** 0.25*+* 1.1Y** 0.83**
P 7 253.43** 545.62%* 2327.78%* 0.53** 3.76** 2.04**
F 1 85.63%+ 107.55*+* 1466.04** 0.200** 0.29* 0.56**
F; I 57.99** 44.01** 620.48** 0.15** 0.48** 0.47**
P. vs. Fl hy-
1 1520.601** 455.524** 1565.418** 2.066** 1.284**  0.152**
brids
F2 hybrids | 66.066** 30.380%* 1364.344** 2.050** 0.887**  0.102**
Error 62 4.49 4.43 47.02 0.02 0.05 0.03

Annals Agric. Sci., 51(2), 2006
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Combining ability and gene action

The variance of Fy, and F, hybrids were par-
tioned into main effects, general combining ability
(GCA) which equal half additive genetic variance
and specific combining ability (SCA) which equal
the dominance gene cffects.

The data in Table(2) revealed that both GCA
and SCA variances were significant for all studied
characters 1n both gencrations except SCA for,
central leaf lobe shape in both generations and No.
of locules / boll and lobbing index in F, genera-
uon. These results suggesied the presence of addi-
uve and non additive in genetic control of these
characters, thus the method of recurrent selection
can be used to discard the unfavorable alleles and
improve these characters. These results are in
harmony's with those obtained by Wilson and
George (1980) and (1982). The estimates of the
narrow sense henitability in Table (2) showed that
these estimates were high (>50%) for lobbing in-
dex and central leaf lobe shape in both generations
and No of locules/boll exhibited high estimates of
narrow sense heritability in Fl and were moderate
(30-.50%) for plant height and No of locules/boll
in F3, while low heritability values (< 30%) were
found for plant height in Fy and bract index in F2,
While size of leal nectanes in both generations
exhibited lower narrow sense heritability (< 30%).
Different results were obtained by Bowman and
Jones, (1982) who indicated that the bract size

Harb; El-Feki and Aziza Sultan

was controlled by additive gene action although
dominance gene effect contributed significantly,
Bowman and Jones, (1984) found that narrow
sense heritability estimates were ranged from 20%
to 92% for bract surface area, Rashad (2005)
stated that moderate heritability values were de-
tected for frego bract, bract width and bract arca
traits.

Performance of parents and general combining
ability effects

Table (3) showed mean perforinance and GCA
effects for cight parents. The mean values of par-
ents showed differences with range of 67.91 -
94.02, 39.31 -76.92, 111.67 -176.67, I- 2.72,
1.73-4.36 and 3.00 — 4.70 for lobbing index, bract
index, plant height, size of nectaries, central leaf
lobe shape and number of locules per boll respec-
tively. The results in Table (3) showed GCA el-
fect for each parents, the results suggested that
Okra leaf was good combiner for lobbing index
due to it had positive and higher GCA effects in F,
and F2 generation .While Nectariless exhibited
positive and significant general effcct in F1 which
indicated that this parent was good combiner in
FI. Concerning bract index, the parental line
"Nectariless” braved (o be good combiner for this
trait in both generations, while Okra leaf and
Frego bract were good combiners in F, due to that
these parents exhibited negative and significant
general effects.

Table 2. Combining ability and heritability for partial diallel hybrids in cotton

Central No. of
SOV df Lobbing in- Bract index Plant height Size of leaf  leal lobe loc .l“
e ) dex (cm) nectaries(mm)  shape (;;u ITS
(cm) 0
F, G.C.A. 7 132.5]** 155.99** 1807.72%* 0.23*x* 0.43** 0.86**
F, S.C.A. 4 3.57 22.77%* 868.10** 0.15%* 0.04 0.02
F; G.CA. 7 84.47*%* 54 .87** 844.02** 0.16** 0.69** 0.64**
F,S.C.A. 4 11.63* 25.00%* 226.11** 0.14** 0.12 0.17**
h'b, F, 91.64 94.06 96.19 88.95 73.98 9143
h’b, F, 81.07 78.41 81.58 76.40 74.26 84.44
h’n, F, 93.35 69.46 29.62 15.85 80.15 93.49
h’n, K 59.71 28.30 47.08 292 57.03 47..15

*, %% gionificant at 0.05 and 0.01% , respectively.,

Annals Agric. Sci., 51(2), 2006
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For plant height, the parental G.91 and G.90 werd
good combiners in ) generation, while parental
Nectariless was good combiner in F, genceration,
duc to that these parents exhibited negative and
significant general effects. Regarding size of nec-
tarics the results suggested that Okra-leaf parental
was good combiner in both generations and Nec-
tariless was good combiner in F). The parental
line Okra-lcal was good combiner for central
leaves shape in both generations. Concerning No.
ol locules / boll the parents Frego bract, Okra leaf
and Nectariless were good combiners for this trait
as these parems exhibited positive and significant
general effects. The previous results suggested that
the parental Nectariless and Okra leaf were the
best parents considered important for insect resis-
tance.

The performance Fy generation, heterosis and
potence ratio

Table (4) presems percentage heterosis over
mid-parent, heterosis over better parents and po-
tence ratio. Significant positive heterosis over mid
parent was recorded for lobbing index only in
crosses (P x P7) and (P5 x Pg). Heterosis over bet-
ter parcnt was negative significant in all crosses
except for crosses of (P x Py), (P x Pg), (P2 x Ps)
and (P> x Pg) these results were confirmed from
the values of potence ratio duc 1o that potence
ratios were positive and less than unity for all
crosses exeept for two crosses (Py x Py) and (P x
Ps). These results suggested that in these crosses
there were partial dominance of high lobbing in-
dex, however the potence ratios were 1.38 and -
1.67 Yor crosses of (P x Ps) and (Py x Py), respec-
tively, indicating that these crosses exhibited over
dominance ol high lobbing index in the {irst cross
and of low tobbing index for second cross. Con-
cerning bract index, the results in Table (4)
showed that three crosses (P x Py), (P2 x Pq) and
(P, x Py) out of 12 crosses exhibited negative het-
erosis over mid parent and better parent and their
potence ratio suggesling over dominance or com-
plete dominance [or low bract index. In opposite
of these results the data showed that four crosses
cxhibited positive heterosis and partial dominance
except for the crosses (Py x Ps) exhibited over
dominance for high bract index. Same resulls were
obtained by Rashad (2005). Concerning the plant
height there are three crosses exhibited negative
leterosis over inid-parent and better parent as well
as their potence ratio suggesting over dominance
for shon plant. The other crosses exhibited posi-

live heterosis with partial dominance or over
dominance for increasing plant height.

For size of leaf necaries, the data in Table (4)
showed that six crosses out ol 12 crosses exhib-
ited negative heterosis over mid-parent and the
polence ratio indicated over dominance for crosses
(Py x Pg) and (5 x Pg) and it was partial domi-
nance for crosses (P, x P;), (P53 x P3) and (P3 x Py)
for decreasing size of leaf nectaries, while two
crosses of (P4 x Pg) and (Ps x Pg) exhibited partial
dominance for enlargement size of leal nectaries.
The most of hybrids exhibited positive heterosis
over better parent for size of leal nectavies. Re-
garding the central leal lobe shape, three crosses
(P x Py), (P4 x Pg) and (P5 x Pg) exhibited hetero-
sis over mid parent was positive and their potence
ratio were also positive and less than unity. These
observations suggest that the genes for longest
central lobe were partially dominant to genes for
shortest central lobe. The results also indicated
that the three hybrids exhibited negative heterosis
over mid parent with partial dowminance for gene
of longest central lobe. Regarding 10 number of
locules per boll, four crosses exhibited positive
significant heterosis relative to mid parent with
negative polence ratio less than unity suggesting
that partial dominance for decrcasing nuinber of
tocules per boll. All crosses exhibited negative
significant heterosis relative 1o better parent.

F; performance and inbreceding depression

Table (5) presents, means ol F; performance
and inbreeding depression. The data showed posi-
tive valtues ol inbreeding depressions were 8.84,
13.18 and 10.30 percent in cross (P x Pyg), (Py x
Pg) and (Ps x Pg) respectively,for lobbing index
indicating that dominance and genc interaction
controlled this character. While the other crosses
exhibited insignificant inbreeding depression sug-
gesting that these crosses had additive effect and it
was major component of variance of these crosses.
Estimates of bract index i F; were lightly higher
than those in F, therelore, the dominance and
epitasis were not important in bract index and that
this character was controtled by additive elfects.
Insignificant  differences were noted in other
crosscs.

For plant height five crosses exhibited signifi-
cant decrease in F, perforinance in crosses (P; x
Pg). (P3 x P7), (P, x Py), (P x Pg) and (Ps x Py) in-
dicating that dominant genes and gene interaction
controlled this character in these crosses. While
negative values ol inbreeding depression for the

Annals Agric. Sci., 51(2), 2006
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Table 4. Mean performance of F; hybrids, heterosis % relative to mid - parent (M.P), better parent (B.P)
and potence ratio (P.R) for morphological characters in partial diallel hybrids

Lobbing index Bract index Plant height (cm)
CROSSES

Mean M.P B.P PR Mean M.p B.P P.R Mean M.P B.P P.R

PixPe 7681 099 039 -167 6526 694  -510 -3.58 16333  -7.32¢ -7.06* 2538
PoxPs 7497 285 -482% 138 7461 1284% 1755 320 10860 -32.96% -2677% -3.90
PixPs 7381 286 -238 053 6343 1682% 6000 062 14933 390  33.66* 0.8
PxPs 7559 201 -406 094 6870 213  824* 022 12377 -1977* -1652% -5.08
PixPs 7307 195 308 037 59.68. 269 . SL.82* 008 17467  28.46* 56.40% 1.59
PxPr 8117  4.09% -13.62 038 SLO7T -2361% -10.07* -1.57 14700 433  2099* 031
PixPs 7588 4.83* -130 078 6626 21.08* 68.56* 075 17400 2279  S5577*  1.08
PxP, 8692 170 -7.55% 0.7 5692 -1031* 023  -1.0 17850  21.76* 4691* 127
PyxP; 8600 0.8 -8.12* -009 6003 474 3493 021  165.17 1536* 44.03* 077
PaxP; 8404 147 -106* 014 969 -694%  SI1  -061 17700 1871* 4568* 1.0l
PoxPy 8498 006 -9.19* 001 6173  645%  3875¢ 028 16650  14.28* 45.16* 067
PsxP, 8544 093 -876* Ol 6072 1249% 3648* 071 16800 20.76* 4647 217

LSDes 346 30 346 - 344 298 344 . 1120 970 1120 -

Table 4. Cont.

Size of leaf nectaries (mm) Central leaf lobe shape (cm) No. of locules /boll
CROSSES

Mean MP BP PR Men MP BP PR Mean MP BP PR
PixPe 175 116 606 025 182 490 460 17 31 333 333 0
PixP, 211 2303 %% 416 182 341 168 2 31 313 882 05
PixPs 151 <117 620 -20 156 130 983 011 397 489 -13.13* 024
PxPs 204 124 59 006 189 442 328 40 307 406 9715 065

33.54

P2xPg 2,15 6.97 . 035 1.68 5.66 -8.20 038 3.90 3.04 -1466* -0.15
P.x P, 1.64 15.6-8" 10.81 066 2.13  -31.18* -51.15* 0.76 313 <312 -2064* 014
Pyx P 147 -21.18* -8.7 -1.55 1.66 3.75 -10.27 0.24 4.00 526 -1247*  -0.26
Pyx Py 153 -15.00* 338 -084 253 -18.52* 4197 046 4.10 6.08 -1277* -0.28
Pix Py 1.54 -27.87* S54.0* -0.04 234 32,58* -38.74* 0.0 4.17  2035*% -11.28* -0.37
Pex Py 1.60 224 8.11 041 221 -21.54* -49.31 0.64 4.03 468 -14.26* -021
Pix Py 147  -22,63* 47.0* 045 228 33.33* -4031* 048 4.00 1594* -1489* .0.18

Psx Py 1.50 -2042* 50.0* 061 222 27.95* -41.88* 060 4.17  1425* -11.28* -0.18

L.S.Doos 0.24 0.22 0.24 - 0.36 0.32 0.36 - 0.28 0.24 0.28 -
P, =Giza 91 Py= Giza 90 Py=G.70 P4. Giza 88
Ps= Suvin Po= Frego bract P; = Okra leaf Py= Nectariless

Annals Agric. Sci., 51(2), 2006
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Table 5. Mean performance of F2 hybrids and inbreeding depression (1.D) for morphological characters
in partial diallel hybrids in cotton

Lobbing index

Bract index

Plant height (cm)

Size of leaf nectar- Central leaf lobe

No. of locules

CROSSES ies (mm) shape (cm) /boll
Mean 1D Mean 1D Mean LD Mean LD Mean LD Mean 1D
PyxP, 77.35 -0.65 69.60 -6.65* 17433 -6.74 1.78 -L71 1.76 330 3.10 0
PixPs 76.71 -2.27 73.30 1.76 17520 -61.33* 1.68 20.38* 1,73 495 3.03 2.26
Pix P 73.55 041 65.55 -3.83 18050 -20.90* 1,63 <795 148 513 4,17 -5.04
P2 x Py 76.97 -1.85 6726 210 164,10 -32.55* 1.84 9.80 1.87 1.06 3.7 3.2
P2xPs 75.45 -3.15 6495 8.83* 156.67 10.30* 2.32 9.30 1.71 1.19 3.50 -2.56*
P:x Py 81.94 -0.86 63.27 -23.89* 15567 -5.92 1.59 3.05 237 -11.27 370 0.80
PyxPs 74.62 1.71 63.89 358 16600 4.60 1.57 680 148 1084 413  -325
PyxPy 86.85 0 65.07 -14.32 16687 6.50* 1.62 -5.88 286 -13.04 367 1049*
Pyx Py 78.42 8.84% 6239 -393 1710 -3.51 1.50 2.60 1.90 18.80* 377  9.59*
Pex Py 85.67 -2.02 6289 -536 1582 10.62 1.50 6.25 233 543 4.00 0.74
Pyx Py 73.85 13.18*  65.03 -535 13550 18.62 1.55 -544 180 21.05* 377 575*
Psx Py 76.60 10.30** 5790 464 13567 19.23* 1.57 -4.67 1.89 1409 403 3.36*
LSDges 346 346 3.44 344 1120 1120 0.24 0.24 036 036 0.28 0.28
P, =Giza 91 P;= Giza 90 P,=G.70 P+ Giza 88
Ps= Suvin Ps= Frego bract P; Okra leaf Ps= Nectariless

crosses of (P, x Ps), (Py x Pg) and (P2xPs) were
noted indicating that the dominance was unimpor-
tant. Regarding size of leaf nectaries the cross of
(P\x Ps) showed positive inbreeding depression
indicating that dominant genes controlled this
character in this hybrid, while the rest of values
were insignificant. The two crosses of (P; x Pg)
and (P4 x Pg) exhibited positive inbreeding depres-
sion indicating that dominant genes controlled this
character in these crosses, while the rest of crosses
exhibited insignificant inbreeding depression. The
dominant gene and gene interaction controlling the
number of locules/boll in crosses (P3xP7),
(P3xP8), (P4xP8) due to positive inbreeding de-
pression for these hybrids. While (P, x Pg ) exhib-
ited negative inbreeding depression indicated that
this hybrid was controlled by additive genes.

Boll anatomy

The microscopic parameters of transverse sec-
tion of boll representing both F;s and their paren-
tal varieties are shown in Table (6). It is evident
that the F;s showed reduced boll wall thickness

when compared with parents. The parental Suvin
and F, of (G.90 x Okra leaf), (G.70 x Okra leaf)
and (G.88 X Nectariless) exhibited lowest boll
wall thickness (560 p) for suvin and (525 p) for
the obivious hybrids. While the parental G.90 ex-
hibited highest boll wall thickness (787.5 p). Also
the F1 hybrid (G. 91 x G. 88) exhibited highest
boll wall thickness (735 p). The radial diameter of
locule cavity is shown in Table (6). The data indi-
cated that F1 hybrids were smaller than parents
regarding radial diameter of locule cavity .The
parental suvin and F1 (G.90 x Frego bract) exhib-
ited highest radial diameter of locule cavity (2275,
1977.5 p) respectively, while the parental Frego
bract and F1 (G.70 x Okra leaf) exhibited lowest
radial diameter of locule cavity (1512, 1312.5 p)
respectively, The locule wall thickness in Table
(6) showed differences among parents, the culti-
vars G.70 and Okra leaf exhibited highest locule
wall thickness (262.5 p) , while the parental G.90
and G.88 exhibited lowest locule wall thickness
(157.51) However the F1 hybrids exhibited high-
est locule wall thickness of parents. Concerning
the placenta thickness the range of differences
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between parents was (1050 p) for Okra leaf and
Nectariless and Suvin (875 y) .Also the results
showed difference in placenta thickness of F1 hy-
brids were reduced compared with parents (525 p)
for (G.91 xG.88) ,(875 p) for (G.90 x Okra leaf )
L could be concluded that the differences between
Fy's were lower than the differences between the
parents for all boll measurements .

Table 6. Mcasurcments of anatomical and infesta-
tion percent in cotton bolls for eight par-
cnts and Fy hybrids of parnal diallel hy-

brids.
Radial
Boll walt Locule Placenta
dameter In{esia-
Genotypes thichnes wall  thickness
of locule tion%
(). tuchness (p
(p)cavity
G YL () 752.5 20423 178 525 22.50
G 90 P2 787.5 2100 1575 700 17.04
G. 70y §77.5 19548 2625 700 23.26
G Ry )y 700.0 221713 157.5 6125 12.34 .
Suvinity) 560.0 2275 192.5 875.0 18.01
Frego biactitPe) - 6120 1512 210.0 700 12.84

Ohra leattPy 595.0 2030 262.5 1050 9.13

Nectanless (Py) 700 1540 1925 1050 N
Pia by 735 1750 250 525 2346
Pia Py 560 1855 262.5 787.5 19.94
Pyx Py 6475 1838.5 210 787.5 29.25
Paa Py 47,5 1802.5 175 815 20.20
Pix Py 0125 1977.5 175 781.5 18.34
Pix Py 525 1470 175 875 13.03
Pyx by, 577.5 1610 175 6125 2571
Pia by 525 13125 510 041.5 22.85
Pyx Py 6125 1715 175 700 14.33
Paa by 612.5 1750 210 612.5 26.89
Pyx by 525 1435 297.5 700 2144
Pya Py 6129 1557 § 245 647.5 2289

Multivariate analysis
A- Factor analysis

The relative magnitude of the coefficient of
each trait relating it to the first four principle com-
ponent from the principal component analysis can
often provide an interpretation for cach component
axes Table (7). The sign of the coclficient is ir-
relevant, and is in fact arbitrary, though negatively
correlated traits will gencrally have opposile signs
on given axes Brown (1991). Each character
proved 10 be an important source of variation in at
least one P, axes. However because cach of P,
axes was given equal weight in the multivariae
analysis some characters might posses greater im-
portant in determining plant phenotypes than oth-
ers (Hair et al 1987) .The results suggest that the
first four principal componenl axes were ac-
counted for 82.6% of 1otal variance of all charac-
ters,

Table 7. Principle factor and communalities of
each morphological and boll anatomi-
cal traits in partial dialiel hybrids.

Communal- PC Ares
Faclor Variabk:

ity Pl P2 Pl Ped

Infestution percentage of boll worms

The dawa in Table (6) revealed that the parental
caltivies G.88 exhibited lowest infestation percent
comparing with uther Egyptian cultivars, the data
showed that best hybrids For infestation percent
were Py x Py and Py x Py,

Lobbing index ** 0.952 -0.752 0.028 -0.522 -0.335

Bract index** 0.898 0.783 -0.156 -0.510 0.018

Size of keaf nec-
. 0.772 0.748 -0.298 -0.070 0344
taries

Ceanal feal lobe
0.901 0809 -0.248 -0.-60 -0.187
1 shape

No. of Locules/

boll

0847 0860 0231 0206 -0.108

Infesttion%® 0.781 0.554 0664 -0.170 0.000

Placenta thick-
0.853 -0.698 -0.532 -0.062 0.282
ness*

Radial dianwter of
2 0770 0.498 -0.672 -0.256 -0.067
locule cavity

Locule wall
3 0.79% -0.21} 0.401 -0.573 0511
***thickncss
4 Plant heiglt 0.841 0476 0482 -0.195 -0.587
Varsance 9.08 459 203 126 21
Var % 0 826 0417 0185 0114 0 L0

*lnportani a1 both first and second axes.
**haportant at borks (irst and hird axes.
*** lmpostat at both third and lorth axcs.
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The tirst (P¢,) axis account for about 41.7%,
Pc, has its higher coefficients for lobbing index,
bract index, size of leal nectaries, central leaf lobe
shape, No. of locules / boll, infestation percentage
and placenta thickness. These results suggested
that in intercorrelation is implied among these
traits with high coefficients on the same axis
(Brown, 1991) these results suggested that the
leaves traits and placenta thickness have essen-
tially a component of resistance for bollworms.
The second principle component account for
18.5% of total variance of all traits, the larger co-
clficients are on infestation percentage, placenta
thickness and radial diameter of locule cavity.

These results indicated that placenta thickness
and radial diameter of locule cavity have impor-
tant component of resistance for bollworm.. The
third principle was less important as this compo-
nent account for 11.4% of total variance of all
trants. The higher coefficients are lobbing index,
bract index and locule wall thickness with these
axis. The forth principal component account for
1%, the traits plant height and locule  wall
thickness were higher coefficient with the forth
axis.

Lobbing index, central leaf lobe shape, bract
index and placenta thickness exhibited the higher
communality values (h? 0.952, 0.961, 0.898 and
0.853) suggesting that these traits were important
for phenotype variance. The PCI showed that the
lobbing index, bract index, size of leaf nectarics,
central leaf lobe shape, No. of locules / boll as
well as placenta thickness and infestation percent-
age were primary source of variation having the
largest cocfficient in the {irst axis. However infes-
tation percentage, placenta thickness and radial
diameter of locule cavity appeared to have the
sccond largest cocefficients. The results showed
that infestation percentage and placenta thickness
have equal importance at both first and second
axes.

These results indicated that tobbing index,
bract index, size of leal nectaries, central leal lobe
shape and No. ol locules/boll, placenta thickness
and radial diameter of locule cavity were more
important in principal component analysis among
studied characters related to bollworm resistance
in cotton duc to that first axis account lor 41.7%
and second account for 18.5% for all variance. It
could concoluded that these traits have essentially
of resistance for bolworm. These results  were
in agrecement  with those obtained by Mariz
(2004).

B- Taxonomijc distance between genotypes

Measure of dissimilarity is taxonomic distance
bascd on large numnber of stble morphological and
boll anatomy characters. Fig. (1) and Table (8)
showed that the parental genotypes; Okra lcal and
Nectariless consist a cluster at within taxonomic
distance 12.64 with level similarity of 71.57% and
at taxonomic between other parents 30.00 with
level similarity of 32.29% .The other parents were
divided at taxonomic distance 27.73 with level
similarity of 37.62 for parents I'rego bract and rest
of parents which represents G. barbadense while
the obivious parcnts represents G. hirsutim. The
parents [(G.70, G.91), (G.88,G 90, Suvin)] exhib-
ited a range of similarity between 74.1% for par-
cnt Suvin at taxonomic distance of 11.26 for
G.70,G91 which consist cluster by within dis-
tance 5.24 and similarity ol 88.21%.

Concerning Fy Table (8) and Fig. (2) showed
that the diversity between Fy genotypes were
ranged between distance taxonomic of 3.10 with
similarity level 89.21 for cluster (G.88 x Nectari-
less),(Suvin x Nectariless)and taxonomic of 11.78
with similarity level 59.01 for F)( G.90 x Frego
bract). These results indicated that diversity be-
tween Fs were less than that between parents in-
dicating that the heterosis ceffect due to additive
gene effects and dominance varince were less im-
portant for determing FI varinces .The dendro-
gram in Fig. (2) showed that the intraspecific hy-
brids (G91 x Suvin), (G90 x Suvin) were exhibited
highly distance and more similarity level however
the hybrids (G91x Suvin),(G90 x Suvin) consist a
cluster with level similarity 76.67 with distant
taxonomic 6.71. The interspecific hybrids (G.90 x
Frego bract),(G.90 x Okra leaf) exhibited taxo-
nomic distance and dissimilarity .The Dendrogram
in Fig. (2) showed the smallest distance between
two genotypes (G.88 x Nectariless),(Suvin x Nec-
tariless) is 3.1 with similarity level of 89.21, at the
range of distances between 4.96 to 9.30 there are
four groups (G.88 x Okra feaf ),(G70 x Okra lcaf)
LG.70  x Nectariless) and (G.9ix Frego
bract),(G.70 x Frego bract) with level similarity
ranged between 82.75% to 72.47%. These results
suggested that the diversity between the hybrids
did not depend upon the distance between parents,
this finding is in harmony with that obtained by
El-Hoseiny (2004).

Regarding F,, the dendrogram showed in Fig,
(3) F; genotypes lirst clusters were divided into
three subgroups [(G.91 xG88), (G.90x Suvin)],
(G.91 x Suvin)and (G.90 x Frego bract) within
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Distance
30.00 —
|
20,00 —
10.00 — L
0.00
1 3 4 2 5 6 7 8
Observations
Fig 1. Dendrogram of taxonomic distance of parents for morphological and boll anatomical traits.
I-Giza 91 5-Suvin
2-Giza 90 6-Frego bract
3-Giza 70 7-Okra leaf
4-Giza 88 8-Nectariless
Table 8. Euclidean distance and similarity level for parented, Fy and F; of partial diallel crosses
PARENTAL VARIABLES F F
Cluster juined Cluster joined Cluster joined
Noof , Simili No of ———0 —_— Noof Sinular-
Clusters Group  Group Distance Similarity Clusters Group Group istance Similarity Clusters Group  Group Distance ity
I 2 ] 2 ] 2
7 I 3 524 8821 " n 12 310 8921 1 i 4 351 822
6 l 4 9.54 78.55 10 10 1 4.96 82.75 10 3 7 4.20 787
5 ] 2 974 7810 9 8 10 523 8179 9 1 2 531 730
4 ] 5 1126 74.69 8 2 4 671 7667 8 6 10 569 910
3 7 8 12.64 7157 7 8 9 7.56 73.72 7 6 9 6.22 68.4
2 ! 6 2774 37.62 6 3 7 791 72.47 6 3 6 6.33 67.9
| i 7 3000 3254 5 3 8 983 65.80 5 3 8 650 619
4 3 6 il 6137 4 1 5 74 632
3 1 3 1160 5966 3 1] 12 816 585
2 ] 2 1176 59.00 2 3 1" 957 51S
| | N 1178 59.01 | | 3 9.85 50.0
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Distance

11.78 1
]

7.86 —

3.93 —

0.00

5 2 4 1 6 3 7T 9% 6 10 1 12

F1 generations

Fig 2. Dendrogram of taxonomic distance of F1 crosses for morphological and boll anatomical traits.

Distance

9.85

6.56 —
|

3.28 —

0.00
11 12

4 2 5 3 7 6 10 9 8
F2 generations

Fig 3. Dendogram ol taxonomic distance for F2 crosses from morphological traits
1- Giza 91 xGiza88 5- Giza 90xFrego braci 9. Giza 70x Neciariless
2- Giza 91xSuvin 6- Giza 90xOkra leal 10- Giza 88xOkra leaf
3- Giza 91xFrego bract 7- Giza 70xFrego bract-  11-Giza 88xNectariless
4- Giza 90xSuvin 8- Giza 70xOkra Leaf 12-Suvin x Nectariless
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distunce 3.51, 5.31 and 7.24 respectively; with
similarly level of 82.16, 73.02 and 66.96 respec-
tively. Three of these hybrids (G.9( x G88), (G.91
x Suvin) and (G990 x Suvin) were intraspecific
while the bybrid (G.90 x Frego bract) was inter-
specific. The second cluster was divided to two
sub cluster at 9.57 with similarity level 51.38. The
first sub cluster consist of [(G.88 x Neclari-
less),(Suvin x Nectariless)) hybrids with within
distance 8.16 with similarity level 58.84, the sec-
ond sub cluster consist of sub groups [(G.91 x
[Frego bract), (G.70 x Frego bract)] [( G.90 x Okra
leal), (G 88 x Okra leaf )] (G.70 x Necuariless)
and (G.70 x Okra leaf) with within distance of
4.20, 5.69, 6.21 and 6.50 respectively, with simi-
larity level 78.67%, 71.09, 68.4} and 66.96 re-
spectively. It could be concluded that the Fys
genotypes were distnicted to three groups' .The
first cluster represents the barbadense intraspecific
hybrids and the other two cluster represent the
interspectlic crosses.
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