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ABSTRACT

An experiment was conducted at Giza Research Station during 2002,
2005 and 2004 to study some morphological & anatomical features of eight
parental genotypes and twelve of their partial digllel F, crosses. Five Egyptian
cotton cultivars (Giza 91, Giza 90, Giza 70, Giza88 and Suvin) of the species
barbadense and three lines belonging to the species hirsutum (Frego bract, Okra
leaf and Nectariless) were applied. The Egyptian parents surpassed those of the
supland cotion with respect to main stem length, main stem diameter and the leaf
thickness. Highest values of lobing index & central leaf lobe shape recorded for
the Okra leaf and Nectariless lines. Leaves of both varied morphologically
(drasticaily lobated & narrower lobes) from the wider leaves of the other parents.
No sperific anmtomical variations were noted between both leaf types. Crossing
between Ohra l-af type with three Egyptian cultivars resulted F; hybrids with
Okra lenf shape. Considerably, kigher values of leaf nectaries length were
recorded for Giza 99 and all of its crosses. Morphological study showed that
most of the imter-specific Rybrids performed betfer over parents and intra-
specific ones whick may be interpreted by Rybrid vigour.
] Wider anmiomical differemces were detected between the parental
genotypes rather than that was noled between (he resultant hybrids, especially
regarding the petiole snuiomy. Transverse sections made in the median leaf
petiole of the muin stem revenled three major anatomical types. The first was
characterized by the presence of completely separated vascular bundles, thick
walled cortical collenchyma cells, wider cortex and narrower pith. Cultivar Giza
83 and the upland lines (Frego bract, Okra leaf and Nectariless) belong to the
Jirst fype. The second type, Egyptian cultivars (Giza 91, Giza 70 and Suvin} was
characterized by nearly complete vascular cylinder, narrower cortex and wider
pith. The third type exhibited by the parent Giza 90, in which collenchyma with
thicker walled and radialy elongated cells were observed in cortex. The vascular
bundles were scparaied by rays of thick walled parenchyma cells.

Transverse sections made in the laming of all studied genotypes showed
two main enmiossicel diffevences. Firstly, the palisade tissue extended beneath
the adaxial lraf epidermis to be adjacent to adaxial collenchyma in the midrib.
Giza 91 awd s crosses with Suvin & Frego bract were free of this character,



while the others possessed it. Secondly, the presence of one or two small reverse
oriented bundles (phloem towards the adaxial leaf sidej. The Egyptian parent
Giza 70 and the uplarnd lines are free of these bundles. Half-amphicribral main
vascular bundle was exhibited by all genotypes under study.

Secondary thickening induced by the interfascicular cambium promotion
was noted in most of the resultant hybrids. It could be considered as a sign of
hybrid vigour. Most of studied hybrids exhibited petioles of nearly square shape.
Leaf blades of most of them possessed extended palisade tissue and/or smoll
reverse oriented collateral bundles.

Anatomical resemblance was detected beiween the upland cotton lines,
as their petioles exhibited the first structural type, with completely separated
viascular bundies. Their leaves showed palisade tissue extension. The midrib was
Jree of small reverse oriented collateral bundles.

Specific anatomical features were detected in petioles and leaves of all
studied genotypes. Idioblasis (varying in size, colour density and distribution)
were observed across the transections made. Also, stellate crystals were noted.

Key words: Cotfon, G. Barbadense, G. hirsutum, Hybrids, Anatomy and
morphology
INTRODUCTION

Cotton, Gossypium spp., is the most important fiber crop of the
world cultivated between 40° and 45° North & South of the equator,
respectively (Kakani er al., 2003). Worldwide cotton production was 120.4
million bales (218.2 kg/bale) in the 2004/2005 marketing year, the largest is
record (FAS, 2005). it is considered as major source of national income of
Egypt. Several commercial species belonged to the genus. The species
barbadense is the most important represented in Egypt. It has a worldwide
reputation because of its fiber length, fiber fineness and high yield. The
species hirsutum is one of the most important species represented in the
United States (Hayward 1938). Many investigations were done to explore
new varieties by selection or crossing between the two species, Hayward
(1938) and Chee et al. (2005). Davis (1978), from India, reported greatest
degree of heterosis in net yield (138 %) of an intra-hirsutum F, hybrid over
a commercial check. Davis (1979b) reported significant heterosis for yield
of seed & fint cotton over the upland parent in two inter-specific hybrids
between G. Airsutum and G. barbadense. When the two species are grown
side-by-side in the field, G. hirswum has higher photosynthetic and
transpiration rates. (Lu et ai., 1997). Wise et al. (2000), by using scanning
electron microscope, reported that the mature leaves of G. barbadense are
larger and thinner with narrower palisade layer compared to the hirsutum
ones. The authors reported also that the G. harbadense leaves exhibited
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significant curling which allow more absorption of insolation and much
more light penetration into the canopy.

Senft (1986) reported that cotton plants having leaves with deeper
indentation, than the normal, between the lobes are known as Okra-leaf
type. He reported partial success in incorporation of this as a resistance
factor into commercial cultivars. Ulloa (2006) pointed out that the genetic
potential for improving agronomic and fiber traits may exist in populations
with this alternative leaf morphology.

The current investigation was conducted 1) to study some
morphological characters of eight parental genotypes belonging to two
species of the genus Gossypium as well as some of their intra- & inter-
specific F; hybrids, and 2 to identify possible anatomical variations
between the parental genotypes. Possiblc anatomical relations between
parents and some of their partial diaflel F; hybrids.

MATERIALS AND METHODS

The present investigation was carried out at Giza Research Station,
Agricultural Research Center, Giza, Egypt during 2002, 2003 and 2004
growing seasons to study some morphological & anatomical features of
eight parental cotton genotypes & twelve of their F; hybrids. Five Egyptian
cotton cultivars belonging to the species barbadense (Giza 91, 90, 70, 88
and Suvin) were used as well as three upland cotton lines of the species
hirsutum (Frego bract, Okra leaf and Nectariless). Crosses were made in
2002 using a partial dialle]l mating design including the eight parents. In
2003 season, crossing was repeated to produce more F, seeds. In 2004,
twelve Fi’s & eight parental sceds were sown in a randomized complete
block design with three replicates. The ridges were 4 m long and 60 cm
apart. Hills were spaced 20 cm within ridges. At seedling stage, plants were
thinned at two plants/hill. The agricultural practices were applied according
to the recommendations in vicinity. The measurements were taken on ten
guarded individual plants in each plot for morphological study. Three
characters; lobing index (length of middle lobe in cm/leaf length in cm),
length of leaf nectaries (mm) and central leaf lobe shapes (middle lobe
length in co/leaf width in cm) were measured at the age of 90 days, while
main stem length was at picking.

Anatomical study .

Specimens of the median leaf petiole (nearest part to the blade) and
blade (the middle part) as well as the first apical intemnode (1 cm long) of
the main stem were taken at the age of 79 days. Samples were killed and
fixed for at least 48 hrs. in F.A.A. (10 ml. formalin, § ml. glacial acetic acid
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and 85 mi. ethyl alcohol 70 %). Fixed materials were washed in 50 % ethyl
alcohol, dehydrated in a normal butyle alcohol series and embedded in
paraffin wax, melting point 52-54 °C. Sections, 15 to 20 p thick were cut.
Safranin & fast green combination method (Sass, 1961) was used for
staining. Stained sections were cleared in xylene and mounted in Canada
balsam (Willey, 1971). Slides were examined and measurements were
taken. Averages of 3 readings from 3 slides were calculated.
Photomicrographs were taken.
RESULTS AND DISCUSSION

Morphological study _

Table (1) represents the mean performance of four morphological
traits of eight parental genotypes and F, hybrids at the age of 90 days. The
local parents significantly surpassed those belonging to the upland cotton
with respect to main stem length. The same observation was recorded in
main stem diameter and laminar thickness measured at 79 days (Table 2).
The highest values of lobing index and central leaf lobe shape were
recorded for parents Okra-leaf and Nectariless. They differed significantly
from all parents under study, while recording the lowest vaiues of main
stem length and length of leaf nectaries. Max (2004) reported lower leaf
area of Nectariless and Okra-leaf parents compared to Egyptian genotype
Giza 83. Line Frego bract, recorded the lowest values of all morphological
traits and stem diameters. Regarding the lobing index & central leaf lobe
shape, no significant differences were detected between the five Egyptian
cultivars. The highest values of leaf nectaries length were recorded on Giza
70 and Giza 90 (2.72 and 2.41 mm, respectively). Crosses of Giza 90
exhibited relatively higher values of such trait.

Table (1) showed that the inter-specific hybrids performed better
than the intra-specific ones, as the means of lobing index, main stem length
and central leaf lobe shape surpassed those of the intra-specific ones & vice
versa with the mean length of {eaf nectaries. Furthermore, they increased
over the parents. It is worthy to note that the main stem diameter measured
at 79-day old plants, of most inter-specific F; hybrids surpassed the
cortesponding parents ot one of them. Increase recorded for F; hybrids over
parents could be interpreted by the hybrid vigour. This result is in
agreement with Davis (1974, 1979a, 1979b) and Davis and Palomo (1980)
who stated that the hybrid vigour in G. hirsutum x G. barbadense is usually
associated with excessive vegetative growth, Abo-Sen (1995) found
insignificant differences between cotton genotypes, parents and F; hybrids

in dry matter % of leaves at two growth stages (60 and 120 day-old).
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Table 1. Mean performance of four morphological traits of cight parents &

twelve of their parentsal disllel crosses.

Trait

Main stem

Length of leaf

Sl e

Genotype (cm) (wmm)

G.91 175.67 7561 1.81 1.73
G.90 160.33 75.50 241 1.83
G.70 171.67 76.86 272 1.85
G. 88 176.67 - 76.49 1.65 1.74
Suvin 148.33 78.83 1.62 1.79
Frego bract 111.67 6791 1.61 135
Okra leaf 121.50 94.02 1.48 436
Nectariless 114.67 93.63 1.00 3.82
G.91xG38 163.33 76.81 175 1.82
G. 91 x Suivin 108.60 7497 211 1.82
G. 91 x Frego 149.33 73.81 1.51 1.56
G. 90 x Suivin 123.77 75.59 2.04 1.89
G. 90 x Frego 174.67 3.07 2.15 1.68
G. 90 x Okra 147.00 $1.17 1.64 2.13
G. 70 x Frego 174.00 75.88 1.47 1.66
G. 70 x Okra 178.50 86.92 1.53 2.53
G. 70 x Nect, 165.17 86.00 1.54 2.34
G. 88 x Okra 177.00 £4.04 1.60 221
G. 88 x Nect. 166.50 84.98 1.47 228
Suvin x Nect. 168.00 85.44 1.50 222
LSD gps 11.20 346 0.25 036
Mean of parents 147.56 T9.836 1.79 231
Mean of crosses 157.99 79.89 1.69 2.01

Blades of lines Okra-leaf & Nectariless exhibited specific
morphological feature compared to wider blades of the other parents. As the
leaves are drastically lobated and the leaf lobes appeared narrower. Wise et
al. (2000) pointed out that the mature leaves of G. barbadense are larger
than those of G. hirsutum. Crossing three Egyptian parents (Giza 90, 70 and
88) with Okra-leaf type resulted in hybrids with Okra leaf shape.
Gunaseelan and Krishnaswami (1987) crossed seven . hirsutum cultivars
with an Okra-leaf strain. They stated that Okra-leaf shape was dominant in
F,. This is confirmed in our crosses as shown in (Fig.1) where the hybrid G.
90 x Okra leaf possessed the Okra leaf type.




Fig. (1). Leaf shape:
a, b & D:- drastically lobated shape c- wider leaf

Anatomical study
(1) Anatomy of the petiole
General description

The epidermis underlay by layers of chlorenchyma, collenchyma
and parenchyma, collectively termed the cortex. Collenchyma andfor
chlorenchyma layers intercepted by severally distanced lysigenous glands.
Hayward (1938) stated the presence of such lysigenous glands in cotton
stem, developing in chlorenchyma. The cortex is followed by collateral
vascular bundles in varying sizes. The central part of the petiole occupied
by pith, composed of parenchymatous cells. Idioblasts in varying sizes,
density of colour and distribution were observed. Stellate crystals scattered
across the petiole section, rarely noted in cortex & pith in most cases.
Crystals were observed mainly around the vascular bundles as well as
contained in the phloem tissue. Neither idioblasts nor crystals were
previously described in cotton anatomy.



Genotypes' characteristics

Transverse sections made in petioles of the studied genotypes at the
age of 79 days revealed some differences. The mature petiole could be
described as nearly oval, triangular, square or heart-shaped in cross sections.
Slightly ridged outline was observed. Four major vascular bundles located
in the angles of the square petiole. Each of the parents Giza 70, Giza 88,
Frego bract, Okra leaf and the inter-specific hybrid Suvin x Nectariless were
with nearly oval shaped petiole. The parent Giza 90 exhibited nearly
triangular petiole. The parents Giza 91, Suvin and the majority of resultant
hybrids are characterized by petioles with nearly square shape. Nectariless
is the sole genotype possessed nearly heart shape petiole (Fig. 2).

Fig. (2). Petiole shapes of studied genotypes
a- Oval shape b- Triangular shape
¢- Square shape d- Heart shape

Hayward (1938) pointed out that the petiole of cotton leaf is circular
to oval in shape. Three major intemal structures could be recognized to
differentiate between petioles of the studied penotypes. The first is
characterized by more extended cortex, narrower pith and the presence of
completely separated wvascular bundles (Fig.3a). As the bundles were
separated by wider rays (wider parenchyma regions). It is worthy to note
those collenchyma layers which composed of thick-walled cells, the bundles
contain poorly lignified secondary xylem vessels. Crystals & numerous of
dense colour idioblasts distributed mainly around the bundles and included
by the phloem.




> L
Fig. (3). T.5. of the median leaf petiole at the age of 79 days.
a- Apggregated photographs for the first type with separated vascular bundles in
Nectariless line.
b- Magnified portion of Suvin x Nectariless showing
id . idiohlasts . Pix. Poorly lignified secondary xylem vessels
¢. thick-walled collenchyma cells

X 100
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Petioles of Giza 88, the three lines belonging to the species hirsutum
exhibited the structure described. The hybrid Suvin x Nectariless is the sole
possessed separated vascular bundles’ type. This may be interpreted by
male parent effect. The later showed specific feature of poorly lignified
wider secondary xylem wvessels, thicker walled collenchyma and dark
stained idioblasts spread across the petiole section (Fig.3b). Idioblasts were
found occasionally between xylem rows as observed in Okra leaf petiole
(Fig. 3 cont.a). The outer cortical layers of Giza 88 petiole contained higher
density of stellate crystals compared to other genotypes (Fig. 3 cont.b).

Fig.3 (Cont).
¢ idioblasts (id) between xylem rows in Okra leaf line. X 100
outer cortical layers with stellate crystals (cr) in Giza 88. X 160
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T socond type oadibited ncarly a complete vascular cylinder,
newlly dewcioped baniics were obsorvod betwoen the major ones as a result
off ssteaifingciculer caivium prossation. Thevefore, the mterfascicular region
mmod 3 smell bundics aadfor ligmificd cclls. Fascicular cambium
acliwslise gave vise 1o scoondery growth, adding secondary phloem &
xylcm clossonts within the bundics. Strands of highly lignified fiberous cells
waoodod the philoem of both major & mincr bundles characterized this type.

ﬁ-&lwﬂswymdhehndks Theuppennost
c-mll parcachyma lsycrs waderwent tamgential compression (cells
appoarod  tengeatislly dongated and radisly comprised) as a result of
socondwry growth inductien. Furthermoee, the cortex appearcd narrower
whille the pith was wider compered to the type previously described.

Colloachyma layer composed of thinner watied cells. Crystals were
rosirictied msinly ssaongst the phloem tissues of both major & newly
w:m.-cmwiﬂuheﬁxsttypcmdwednumbersof
hﬁh of #hwor perental gemotypes belonging to the species
Savibaileie Gixa 9, Giza 70 and Suvin & the majority of the resultant F
Tohids exliibised the second anatomical type (Fig4 a&b). Tangentially
clengeiod paecachyass gave an appearance of a complete ring in most cases
osmpened 1 interoopied sirmads shown by the parents (Fig. 5). The cortex
appeared thimner and compect referring to the amount of secondary growth
m F, hybrids. Induced secondary growth in petioles of the majority of F
inylxids {(cven those Tesulting from crosses between parents of completely
- sopecstod vesculsr bundles ic. Giza 88 x Okra leaf type (Fig. 5¢) &

w-,&w;r,afm«fwwm

Lo MWW%”uﬁcsﬂcmmwme
ﬁwwﬁ_sa&b) Higher deasity of dark stained
ulivblasts and sicllste crystals were noticed across the petiole- section,
mmm-#wwﬁh&uwm radialy
ehq.ioﬂhmmmmmmtamedmmsof
“ponrly Eigaifiedl seoendary xylom vesscls. The bundies appeared separated

by woduliary ays; scossiousity thick walled paroachyma. It is worthy to
- motc thet types coniain sopmrsted vasculsr ‘bandies and/or their bundles
induoe poorly ligaified sccondery xylem vessels ended to be reinforced by
fhicker wallod collenchyma cells instead of secondary thickening induction.

Hayward (1938) poimted out thet the petiole of cotton leaf had a ring of four
ar five large: bundies snd scveral saller ones.
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I ligmified fibers
ple. poorly lignified cells

in Savin cultivar.
ion of Savin petiole. (X 40)
tamgential compressed cortical parenchyma and thinner walled

b- Magmified
Motice:

a- Aggregated photograph for the second type with complete vascular cylinder

Fig. (4). T.S. of the median leal petiole at the age of 79 days.



Fig. (5). T.S. of some hybrids at the age of 79 days. Aggregated photograph for:
a- Giza 91 x Frego bract.
b- Giza 90 x Okra leaf type.
¢- Giza 88 x Okra leaf. Magnified portion of Suvin x Nectariless showing
Motice thinner & compact cortex and tangentially elongated parenchyma.
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Measurements taken for petioles of studied genotypes (Table 2)
revealed that most of the resaitant hybrids did not surpass the corresponding
parents. An exception was recorded by Giza 90 x Suvin cross with respect
to mean petiole diameter. Incressent over parents was mainly due to
fundamental tissues, i.c thickness of cortex and pith, as the mean bundie
dimensions did not surpass its parcals.

The highest mean petiole dismeter was recorded by the parent Giza
88 (28175 y) while the lowest was recorded by Giza 90 (15225 p). It is
Worthy to note that the inter-specific kybrid Giza 91 x Suvin recorded
considerably higher measurements taken for the petiole compared to the
other F; hybrids, as the two pareats isvolved in crossing belonged 1o the
petioles of intra-specific hybrids (Giza 91 x both 88, Suvin and Giza 90 x
Suvin) were sarrowey than those between the infer-specific ones.

Tabie 1. Semar snatumnical weaseemenis () fax stems, petisles & leaves of cight
parests & twelve of their paviisl divliel crosses st 79 day-old. .

< ) - RS VI  Adtmagy mivR Pallisnde Mideile Aversge arca
atom ofpetinie | Lo | e o€ suid vein
ety | T | o ] T | gy | WAARE | i
| Geumiype
Gan %2 | DTS 63T5 1750 s 8575 49000
e 164500 | 15250 o » 750 s T35.0 375
cm 100 | 16362 e e 0 6300 376.25
cm | muwm | mise ™ s s 6300 37625
Suvin mw | w0 0875 1575 o5 | 1000 3500
Freoowa | 2% | 2730 -0 Moo 875 700.0 376.25
Otrn lenf 15000 | 28500 o 100 s 7350 A20.00
Notmlles | 150000 | 2am75 me 1m0 s 6745 37625
Ganxcm |- | 2w Errr ) 1400 s 700.0 38500
G.9lafwivia | 1MS80 | 2107 nxs was s 7000 367,50
GRx¥regs | 67125 | 1A e 108 s 7000 300
G.WuSevia | 16500 | 002m | 1M 0 s sa1s | 36450
G.%xBrge | U | wors0 WETS 1 s 7000 3STS
Cwxoers | mse | e | s 1575 s 560.0 31500
G.7xFgs | 19250 | 205625 P [ s 5950 367.50
C. 71 0hrn %875 N6 7S . e L] 6475 3%625
GMINet | 180125 | 1me62s m¥ s s 6475 33250
G®rOles | 1R75 | RIS wn | s 1050 6475 3875
GC.®xNet | 150580 | 1w mrs -y 1050 7S 38500
SevinzNeet. | WIS | 170305 wm» ms 0 5600 20000




(2) Amatomy of the blade
General descrints

Upper and lower epidermis inclsde the mesophyll in the flattened
area of the biade, ic. the laminar Mesophyll composes of the palisade
region, which comprises approximately one-half of the laminar thickness.
The second part composes of loosely areanged cells with numerous
intercellular spaces in between. Mesophyll is adjacent to enlarged mid vein.
The upper & lower epidermis of the midrib was underlay by collenchyma,
thicker walled collenchyma cells are present towards the abaxial leaf
epidermis. The adaxial surface of the midvein gives an appearance of rib-
like projection. :
Genotypes' characieristics

Studied genotypes cxhibited - the presence of half-amphicribral
vascular bundles in which the phloem tissue bounded partially xylem
clements (Fig. 7). Stellate crystals, idioblasts in varying sizes were
observed, especially sround the main bundle and within the phloem tissue.

Table (2) represcois the measarements taken for mature leaf
transactions of all stadied genotypes at the age of 79-days. Most of the
resultant hiybrids did not sarpass the commesponding parents. The parents
Giza 91 (Fig. 8) recorded the maximum blade measurements compared to
the others. Funthermore, its crosses with Giza 88, Suvin (Fig. 8 cont.} and
Frego bract recorded relatively higher measwrements. The Egyptian
cultivars reconded relatively thicker blades compared to the upland lines.
Wise et al. (2000) reported that mature leaves of G. barbadesne were
thinner with thin palisade: tissue compared to those of G- hirsutum. Parental
genotype Giza 88, #s palisade tissue comprised approximately 3/4 the
laminar thickness (87/122.5) (Fig. 9) Biades of its crosses with Okra leaf as
well as Nectariless exhibiied the same character.

As described for the petiole (Fig.6), the parent Giza 90 exhibited
thicker walled collenchyma celis underlying the upper & lower epidermis of
the mideib (Fig. 7). The samc featore showed by ifs crosses with Suvin and
Frego bract. The ssme observation recorded for the parent Nectariless (Fig.
10 a) & its crosses with Giza 70 (Fig. 10b), Giza 88 and Suvin. Leaves of
those hybrids scemed %0 be reinforced by such thick-walled collenchyma
cells. As the secondary thickeaing induced in the main bundle give rise to
numbers of immature secondary xylem vessels.



Fig. (7). T.S. of the lamina of Giza 90 at the age of 79 days
showing half-amphicribral main vascular bundle (ha)

-ue . upper epidermis - le. Lower epidermis
- p- palisade tissue - 5. spongy tissue

- ¢. collenchyma

Fig. (8). Giza 91 leafl with 2 small reverse oriented collateral bundles (rb).
X40



Fig. (9). Cultivar Giza 88 with palisade tissue % of the laminar thickness.
Notice: 2 reverse bundles
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Fig. (10). a. T.5. of the Nectariless leafl with extended palisade tissue (exp)
& no reverse bundles
b- Hybrid 70 x Nectariless.
MNotice thick walled collenchyma (c), reverse bundles (rb) & p-norl]l' lignified secondary
xylem vessels (plx) in (b)
X 40
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Specific anatomical features were observed. Firstly, the extension of
the palisade tissue, beneath the upper epidermis, 1o be adjacent to the
adaxial collenchyma and parenchyma in the midvein. Most of studied
genotypes exhibited palisade tissuwe extension except the parent Giza 91
(Fig. 8) & its crosses with Suvin and Frego bract (Fig- 8 cont.). Secondly,
the presence of one or two small reverse collateral bundles, phloem towards
the adaxial side, adjacent or separated from the main largest one. Genotypes
of the species Hirsutum (Figs. 10a and 11 b) as well as Giza 70 (Fig. 11 a),
their blades were free of this character. Reverse oriented bundles were noted
in most of F, crosses even in cases resulting from parents-free of this
character, e.g. crosses of Giza 70 with both Nectariless & Okra leaf (Figs.
10 b & 11 c¢.). This may be attributed to complementary or modified genes
in parental genotype(s) resulted in the appearance of such character. No
explanation could be given to the presence of the reverse oriented bundles.

Although, they varied morphologically (Fig.1), no detectable
differences were noted between the structural anatomy of Okra-leaf blades &
Nectariless with those of the other parental genotypes. This is true also
concerning the crosses including both lines. Generally, the upland cotton lines
showed resemblance in their anatomical structure, as their petioles exhibited
the first type with completely separated vascular bundles. Their leaves
exhibited the extension of palisade tissue vowards the midvein. The midrib is
free of small reverse oriented collateral bundles (Figs. 10 a & 11 b).

From the previous anatomical results, it is worthy to conclude that the
differences recorded between the parental genotypes were wider than those
between the F; hybrids. This is in agreement with the results obtained by Harb
et al. (2006). He estimated that the genetic relationship between the parental
varieties were larger than its in F; generation by using cluster analysis
method. He reported that the parental genotypes were distinct to two clusters
while F; were not distinct to determined cluster. =

11



Fig. (11). a- Cultivar Giza 70.
b- Line Okra leal
¢- Hybrid Giza 70 x Okra leaf
Motice: mo reverse oriented bundles in a & b and the presence of them in c.
X 40
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