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ABSTRACT

A pot experiment was conducted during the two successive seasons 2001
and 2002 to study the effect of benzyladenine at the concentrations of 0, 100, 200
and 400 mg/1 and/or decapitation on growth, yield and its components, anatomical
structure and chemical constituents of roselle plants. The results showed that,
application of benzyladinine at all concentrations used in the study in both intact
and decapitated plants greatly increased growth characters ie plant height,
number of branches / plant as well as leaf area. The maximum values in this
respect was obtained by treatment of benzyladenine at 400 mg/l in decapitated
plants as compared to the control,

In both intact and decapitated plants all benzyladenine concentrations used
in the study significantly increased number of fruits/plant as well as fresh and dry
weights of sepals/plant The highest increase in this concern was aftained by
benzyladenine at 400 mg/l in decapitated plants as compared to control intact plants,

Benzyladenine application at all concentrations used in the study in both
intact and decapitated plants greatly increased the section diameter of stem and
leaf petiole as well as the thickness of leaf blade and fruits sepals. This may be
due (o the increase in parenchymatous tissues in both cortex and pith as well as
vascular lissues. Also, leaf pigments concentration such as chlorophyll a, b,
carotenoids, sepals pigments such as anthocyanin, total carbohydrates and crude
protein were significantly increased due to application of benzyladenine at all
concentrations used in this study in both intact and decapitated plants specially
the later one. The beneficial effects of benzyleadenine on growth parameters,
anatomical character and chemical constituents were reflected on yield and its
component mainly the fresh and dry weights of sepals/plant which increased by
333.3 and 411.5%, respectively due to the treatment of benzyladenine at 400 mg/1
in decapilated plants in comparison to the control intact plants,

INTRODUCTION

Roselle (Hibiscus sabdariffa L.) is an annual plant known in Egypt as
karkadeh, and cultivated for its dried sepals which are used for preparing cold and
hot drinks. Also, roselle is used in therapeutic purpose due to its effect in
reducing huperviscosity, arterial pressure and relaxing the plain muscles of the
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ureters and intestines (Sharaf 1962). Roselle coloring material showed an
inhibiting effect on Mycobactc=iunr tuberculosis. (Sharal and Geneidy, 1963).
Red pigment of roselle sepais are used in food industrics and cosmelics.

Fruits of roselle are borme on both monopodial main stem and (he
sympodial lateral branches which arise from the development of on¢ or two buds
in each leaf axile (Rhem and Espig, 1976). Thus, increasing he sprouting of these
buds which is desirable for increasing roselle yield.

Many workers emphasized the importance of decreasing auxin:
cytokinin ratio for enhancing the inhibited lateral buds (Hall, 1973; Davies 1987
and Tomkins and Hall, 1991).

Several investigators used cytokinin and/or decapitation for releasing the
lateral buds from inhibition and consequently increasing the yield of various
plants e. g., Zayed et al., (1985a) on roselle; Khfaga, (1982), Umarov, et al.,
(1986}, Hedin et al., (1988); Hofmann and Else (1989} and Oosterhuis et al.,
(1998) on cotton plant.

The objectrive of this study was to assess the role of exogenously
applied beneyladenine (as acytokinin} and/or decapitation in eliciting enhanced
growth of the lateral buds, yield, chemical constituents and anatomical structure
of roselle plants.

MATERIALS AD METHODS

This work was carricd out at the Faculty of Agricultural, Fayoum, Cairo
University, during the two sucessive seasons 2001 and 2002. Seeds of roselle
plants, (/fibiscus subdariffa 1.. var. sabdariffa) were secured from the
Experimental farm Medicinal and Aromalic plants, Faculty of Pharmacy, Cairo
University. Seeds were sown on Apri! 15" in both seasons in clay pots, 50 cm in
diameter, cach was filled with 12 kg clay soil. Five secds were sown in each pot
and were thinned to 2 plants after 2| days. Irrigation and fertilization were carried
out as recommended by the Ministry of Agricultural.

Benzyladenine (6-b-nzylaminopurine) or BA was obtained as a pure
powder from Sigma Compai:;, Germany and was used at the concentrations of 0,
100, 200 and 400 mg/L.

Decapitation was uade directly before benzyladenine applicalion by
cutting the terminal bud (about 3 cm from the top) by a sterilized razor blade. The
concentrations of benzyadenine were sprayed at both intact »nd decapitated plants
at the ages of 90 and 120 days from sowing. Plants were well sprayed in the
moming until dripping. Tween 20 was adrled as a surfactant at the rate of 1 ml/L.
Control plants were sprayed with distilled water in addition to the surfaciant.

The experiment was in a complete randomized block design with 8
treatments and 3 replicates, each replicate was represented by 3 pots.
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1-Merphological characters:
At the age of 150 days (at both seasons) the following morphological
data were recorded:
¢ Plant height (cm) was measured from the lower node to plant top in intact
plants and to the apex of the tallest branch in decapitated plants.
s Leaf area (cm?): the first fully expanded leaf from the top was measured by a
LI Core area meter model L1 3000.
¢  Number of branches/plant.

2- yield and yield components:
At the age of 160 days (at both seasons) plants were harvested and the
following data were recorded:
«  Number of fruits/plant.
« Sepals fresh weight/plant (g).
s  Sepals dry weight/plant(g).

Sepals were dried in an electric oven at 80 ¢® + 2 till conslant weight .

3- Chemical analysis:
At the age of 150 days (at both seasons), samples of leaves were taken

for the determination of:

s  Chlorophyll a, b, and carotenoids (mg/100 g fresh leaves) were extracted and
determined as mentioned by Fadeel (1962).

* Total carbohydrates (%) in dry matter of leaves were determined using the
phenol-sulphoric acid reagent method as outlined by Dubois et al., (1965).

e N (%) in dry matter of leaves was determined, using the Orange G dye
clorimeteric method (Hafez and Hikkelsen 1981). Crude protein calculated
by the formule N % x 6.25.

+« Anthocyanin (mg/g) was determined according to the method described by
Fahmy (1970).

4- Anatomical study:

At the age of 150 days from sowing samples from the fourth intemode
from the apex of the tallest branch and its feaf (petiole and blade) as well as
scpals from fruits of the tallest branch were taken during the second season for
anatomical study. Samples were killed and fixed in F. A. A solution (50 ml 95%
ethy/alcohol + 10 ml formalin + 5 ml glacial acetic acid + 35 ml distilled water)
for 48 hours. Thereafter, samles were washed in 50% ethylalcohol, dehydrates
and cleared in tertiary butyle alcohol series, embedded in paraffin wax of 54-56
¢® m. p. Cross section, 20 p thick, were cut by a rotary microtome, adhesived by
Haupt's adhesive and stained with the crystal violet-erythrosine combination
(Sass, 1961), cleared in carbol xylene and mounted in Canada balsam,

Measurments were done, using a micrometer eyepiece and average of
readings were calculated.
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Data were statistically analyzed according to Snedecor and Cochran
(1982).

As no significant differences were observed between results of the two
seasons of the study , the average of the two season were presented and discussed.

RESULTS AND DISCUSSION

Morpholoegical characters

Data in Table (1) show that, the morphological characlers were
significantly increased by increasing the concentraticn of benzyladenine in both
intact and decapitated plants. However, in intact plants benzyladeninc at 400 mg/]
significantly increased plant height, leaf area and number of branches/plant by
354, 21.3 and 66.9%, respectively in comparison to the control, In decapitated
plants trcated with benzyladeninc showed similar trend but with less extend. The
highest significant increase in munber of branches/plant was obtained by
beneyladenine at 400 mg/l in decapitated plants, which recorded an increase
reaching 89.3% as compared to the control intact plants.

The beneficial effect of benzyladenine (as a cytokinin) on morphological
characters i. e plant height and Icaf arca may be attrituted to its stimulating effect
on cell division, elongation and expansion as reported by Hofmann and Else
(1989).

The increase of nunber of branches/plant by benzyladenine application
could be due to the effect of exogenous application of cytokinin in reducing auxin:
cytokinin ratic which encouraged the lateral buds to be released from inhibition.
Also, decapitation alone increased number of brarches/plant. This could be due to
the role of decapitation in reducing auxir: cytokinin ratio by lowering the natural
auxin (Indole-3-acetic acid). Situilar resulis were obtained by Zayed ef a/., (19835a)
who reported that, benzyladeninc at 300 mg/1 induced sprouting of reproductive
svinpodi::l branchies of rosellc piants. Also, Talaat and Yorzief (1998) showed
that ben: yladenine at 40 mg/l significanly promoted growih characters of roselle
plants.

Yicld and its components,

In both intact and decapitated plants benzyladenine at all conceutrations
ts2d i the study significantly increaced yicld and its coinponents as compared to
the control (Table 1), The highest increase was obtaincd by benzyladenine at 400
mg/l in decapitated plants, the increments attained 152.0 % in number of
fruits/plant, 333.3 % and 411.5% in fresh and dry weight of sepals, respectively
as cownpared to the control intact plant. 1n intact plants using benzyladenine at the
same concentration gave a siinilar trend but with less extend. The stimulating
effect of benzyladenine and/or decapilation on number of branches/plant as
mentioned before was reflected on the increase in nnmber fruits/plant and
consequently fresh and dry weights of sepals/plant. The present resuits are similar
to those obtained by Zayved et al., (1985a) on rosclle plants.
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Anatomical studies:
The stem:

Table (2) and Fig (1) show that, application of benzyladenine at all
concentrations used in the study had a stimulating effect on stem tissues of both
intact and decapitated plants specially the late one. However, in intact plants
benzvladenine application at 400 mg/l greatly increased stem section diameter by
43.0%. this was mainly due to 35.6% increase in thickmess of the vascular
cylinder which was accompanied by by 13.3% increase in diameter of xylem
vessels, 25.8% increase in thickness of cortex through 18.5 and 6.1% increase
the nuinber of cell rows and average diameter of cell respectively as well as
50.4% increase in pith diameter by increasing its cell rows and diameter by 17.0
and 28.6% respectively in comparison to the control. Decapitation alone slightly
increased stem section diamneter by 5.9% but this increase was mainly due to the
increase in pith diameter (5.0%) by increasing its cell rows and diameter. In
decapitated plants application of benzyladenine at all concentrations greatly
increased stem section diameter, this was due to the increase in stem tissues as
conipared to the control. It is clear that the response of decapitated plants was
higher than that of intact plants.

Leaf petiole

Data in Table (3) and Fig (2) show that, in both intact and decapitated plants
application of benzyladenine at all concentrations used in the study greatly increased
section diameter of leaf peitole. However, in intact plants using benzyladenine at 400
m/1 increased section diameter of leaf peitole by 11.7%. This was mainly due to the
increase in length and width of the vascular bundies by 19.3 and 18.5%, respectively
and pith diameter by 20% by increasing its rows and average cell diameter over the
control. In decapitated plants benzyladenine at 100 mg/l showed the maximum
ircrease in petiole diameter (17.9%) this was due fo the great increase in
parenchymatous cells in cortex and pith and dimension of vascular bundles as
compared to the control. Decapitation alone showed a similar trend.

Leaf biade

It is clear from Table (4) and Fig. (3) that application of benzyladenine
in both mtact and decapitated plants had a stimulating effect on leaf blade, as
there was an increase in midvein and blade thickness. In intact plants application
of benzyladenine at 400 mgA showed the maximum increase in midvein and
blade thickness by 8.3 and 23.1%, respectively. TLe increase in blade thickness
included an increase in both spongy and palisade tissues mainly the former, the
increase in midvein thickness was accompanied by an increase in dimensions of
the vascular bundle, which have inore number of vessels/bundle as compared to
the control. Decapitation alone increased blade thickness due to the increase in
both spongy and palisade tissues specially the farmer, also there was an increase
in dimension of vascular bundles, which have more number of vessels/bundle as
compared to the control. In decapitated plants benzyladenine application showed
a similar trend.



Table (1): Effect of benzyladenine at different concentrations an d/ or decapitation on some morphological
characters as well as yield and its components of roselle plants,

[ Treatments Characters
! Decapitation Benzylladenine Plant height| Leaf area No. of T T:Io. of S.cpals fresh Sepals dry
conceniraions {meg/l.) (em} {cm®) branches/plant | fruits/plant | weight/plant (g} | weight/plant (g)
| Intact 0 122.3 63.8 10.3 12.5 22.1 2.6
Imtact 100 132.8 67.2 12.8 16.3 45.5 5.3
Intact 200 148.7 72.9 15.6 23.8 59.4 7.3
Intact 400 165.6 774 17.2 259 85.5 11.2
Decapitated 0 115.4 59.1 13.9 16.3 30.8 3.8
| Decapitated ! 100 120.8 63.5 15.7 22.8 55.5 6.8
Decapitaied 200 136.7 69.8 18.1 21.2 73.1 9.1
Decapitated 400 155.8 734 19.5 31.5 95.8 13.3
L. 8 10 a 50 6.5 2.9 1.3 2.5 2.8 1.1

Tabl: (1) iif2¢. of bonzyladenine at different concentrations and/or decapitation on the structure of roselle siem,

i Treatments Characters |
r [ Renzvladan; Secti Cortex Thickness |Av. xylem Pith |
T & &A =me | Section . No. of | Average |of vascular| vessels |... Av, cell
Decapnat:on. concentrations | diameter | Thickness cell cell cviinder | diameter Diameter |No, oq diamet

(mg/L) ) () , g (0 | rows | DETEr
i : rows diameter () (1) () (1)
Intact 0 5287.5 622.5 13.5 46.1 562.5 47.5 2075.0 1440 | 676
- Intset ~'no 5537.5 626.7 15.7 39.9 616.7 48.8 3400.0 | 54.0 | 629
intact 200 57250 603.3 14.3 42.2 443.3 48.8 35000 | 50.0F 70.0
Intact 400 7562.5 783.3 16.0 48.9 762.5 53.8 44750 | 51.5| 86.9
Decapitated 0 5600.0 565.0 12.5 452 547.5 42.5 3125.0 {4357 71.8
Decapitated 100 6937.5 633.0 13.0 48.7 583.3 56.3 3375.0 |45.0 ] 75.0
Decapitated 200 6387.5 607.5 15.3 39.7 575.0 56.3 37500 [ 60.5| 61.9
Decapitated 400 7562.5 555.0 13.8 40.2 660.0 51.3 3650.0 | 4051 90.1
L.S. Dat5% r
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Table (3): Effect of benzyladenine at different concentrations and/or decapitation on the structure of roselle leaf petiole.

T

Treatments 1 Characters
B Tap TavizAla '
Benzyledenine Section 1— Ssrzix' Av. cell yaseuliy bindi Npolt}:)f Av. cell
Decapitation | Concentrations diamet ‘“ di ’ ; Length | Width | Diameter .H e '
(m g/L) 1ameter ce lameter (l—l) (!J) (}l) ce lameter
rows (W rOWS (W
Intact | 0 2450.0 130 ] 385 (285049801 9750 | 18.0 | 542
Intact | 100 26625 | 4867 | 11.7 41.6 375.0 | 625.0 | 1060.0 | 195 | 544
intact 200 2662.5 | 4467 | 11.0 40.6 390.0 1 6333 [ 1125.0 | 85 60.8
Intact 400 27375 | 4633 | 12.7 36.5 340.0 [ 590.0 | 11700 | 190 | 615
Decapitated 0 2662.5 | 366.7 | 10.3 35.6 395.0 | 575.0 | 1150.0 | 195 | 3589
Decapitated 100 28875 | 5100 | 13.0 39.2 350.0 | 500.0 | 1000.0 | 195 | 513
Decapitated 200 2550.0 | 4133 | (03 40.1 406.6 | 606.7 | 975.0 | 16.5 59.1
Decapitated 400 27125 | 3867 | 11.3 342 [ 393.0 | 626.7 [ 1375.0 [ 20.5 67.1

Table (4); Effect of benzyladenine at different concentrations and/or decapitation on the structure of roselle leaf blade.

Treatments Characters Av |
Benzyledenine | Midvein Blade LP_I( d MZSOPMJI N Vascular %uncge F Diameter of
Decapitation | Concentrations | thickness | thickness aisade) Spongy © Length | Width o0 xylem
& (mg/L) (W W tissue | tissue of W a vessels vessels (1)
thick (Y thick () | layer bundle
0 i500.0 260.0 90.0 80.0 | 5.0 [ 420.0 | 850.0 66.0 41.3
Intact 100 1500.0 2590.0 100.0 | 320.0 | 5.0 | 460.0 | 820.0 115.0 338
Intact 200 1600.0 330.0 120.0 | 150.0 | 5.0 ! 400.0 ; 860.0 105.0 41.3
Intact 400 1625.0 320.0 110.0 | 170.0 | 6.0 | 450.0 | 950.0 115.0 38.0
| Decapitated 0 1400.0 310.0 110.0 | 150.0 | 5.0 | 470.0 | 800.0 | 1250 35.0
Decapitated 100 1525.0 320.0 130.0 | 140.06 | 5.0 { 450.0 | 870.0 | 128.0 43.8
Decapitated 200 1500.0 270.0 110.0 | 110.0 | 5.0 | 450.0 | 850.0 | 104.0 38.8
Decapitated 400 1350.0 280.0 100.0 | 120.0 | 5.0 | 400.0 | 800.0 105.0 37.5

oAy parraffy Sy SHuDId 21250y U() SPIPMS [PIUDIOF
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zyladenine and / or decapitation
b~ Decapitated conirol plant.

Fig. (1)
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a- intact conirol p
c- Intact plant + 400 mg benzyladenmne/L.
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d- Decapitated plant + 400 mg Benzyladenine
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Imm
Fig. (2): Transaction of roselle leaf peticle as affected by benzyladenine and / or
decapitation treatments. a- intact control plant
b- Decapitated control plant. c- Intact plant + 400 mg benzyladenme/L.

d- Decapitated plant + 400 mg Benzyladenine
{Cx= Cotrex, pi= pith and vc = vascular cylinder)

-
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Ilmm
Fig. (3): Transaction of roselle leaf blade as affected by benzyladenine and / or
decapitation treatments. a- intact control plant
b- Decapitated control plant. ¢- Intact plant + 400 mg benzyladenine/L.

d- Decapitated plant + 400 mg Benzyladenine
(mv = midevine, pa= palisade tissue, sp= spongy tissue , vb = vascular bundle)
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Sepals of fruits

Data in Table (5) and Fig. (4) show that application of benzyladenine at
all concentrations used in the study in both intact and decapitated plants increased
sepals thickness by increasing its cell rows and diameter as well as dimension of
vascular bundles in comparison to the control. The maximum increase in sepals
thickness (46.7%) was noticed in intact plants sprayed with benzyladenine
application at 200 mg/l, this was mainly due to increasing average cell diameter
by 52.4% and length of vascular bundle by 57.1% as compared to the control.

Decapitation alone or the combination between decapitation and
benzyladenine showed a similar trend but was less extend in some cases in
comparison to the control.

The increase in stem and leaf petiole diameter, as well as leaf blade and
sepal thickmess due to benzyladenine application (as a cytokimin} could be
attributed to its stimulating effect on cell division and cell elongation (Arteca,
1996). Benzyladenine application to decapitated plants was more efficient than
that in intact plants in increasing stem and leaf blade diameter as well as sepals
thickness. This was due to the stimulating cunmlative effect of both the
benzyladenine and decaptation.

In cotton plants, Abed, (2001) showed that, benzyladenine at 300 mg/l
increased stem and leaf petiole diameter as well as blade thickness.

3- Chemical constituents:

Data in Table (6) show that increasing benzyladenmine concentrations
caused a significant increase in the chemical constituents of both intact and
decapitated plants reaching its maximum in decapitated ones which recorded the
highest values. However, in intact plants benzyladenine applicationat 400 mg/
significantly increased chlorophyll a, b, carotenoids, total carbohydrates, crude
protein in leaves and anthocyanin in dry scpals by 89.3, 87,2, 134.6, 46.1 30.9
and 54.8%, respectively as cotnpared to the control.

Decapitation alone gave a similar trend but with less extend. The
maximum significant increase in cltiemical constituents was obtained by applying
benzyladenine at 400 mg/l in decapitated plants, which led to an increase of 122.1,
110.0, 1573, 63.7,32.6 and 84.9%for chlorophyll a, b, cartenoids, total
carbohydrates crude protein in leaves and anthocyanin in sepals, respectivelv as
compared to the control.

The stinulating effect of benzyladenine in increasing leaf and sepals
pigments might be attributed to its role in increasing pigments synthesis (Arteca,
1996). The stiansaling role of benmyiadenine and decapitation on total carbohydrates
in Icaves could be due to their role in increasing chlorophyll content mentioned before.
Zayed et al, (1985b) reported that using benzyladenine at 300 mg/l imcreased
chlorophyll a, b, and carotenoids contents in leaves ol roselie plan's Talaat and
Youssef (1998] showed that benzyladenine at 40img/l increased leaf phvtosvnthetic
pigmenis, totai carboliydrates and crude protein in roselle plants, Abed, (20061}
showed that the use of benzyladcnine at 300mgfl increased leaf pigments, total
carbohydrates and cnude protein in leaves of cotion plaats.



Table (5): Effect of benzyladenine at different concentrations and/or decapitation on the
structure of roselle sepals.

Treatments Characters

Benzyledenine Sepals Vascular bundle

Decapitation Concentrations Thickness | No. of cell Av. cell Length | Width

(/L) ®) rows | diameter ) | (W | ()

Intact 0 1125.0 26.0 43.3 350.0 350.0
Intact 100 1525.0 23.0 66.3 350.0 480.0
Intact 200 1650.0 25.0 66.0 550.0 530.0
Intact 400 1175.0 21.0 55.9 340.0 280.0
Decapitated 0 1550.0 25.0 62.0 650.0 520.0
Decapitated 160 1300.0 24.0 54.2 350.0 290.0
Decapitated 200 1155.0 24.0 45.8 300.0 300.0
Decapitated 400 1225.0 23.0 533 490.0 | 440.0

Table (6): Effect of benzyladenine at different concentrations and/or decapitation on chemical constituents of roselle plants.

Treatments Characters
Benzyladenine | Chlorophyll a | Chlorophyllb | Carotenoids Total Crud.e Anthocyanin
Decapitation | concentrations | (mg/100 fresh | (mg/100 fresh (mg/100 g | carbohydrates protem {mg/g) in dry
(mg/L) [eaves) leaves) fresh leaves) | in dry leaves % 1 i dr{ sepals
eaves %
Intact 0 92.8 83.7 28.6 10.2 24.2 7.3
Intact 100 115.8 97.5 36.8 12.9 26.8 8.5
Intact 200 160.5 137.8 46.3 13.3 28.1 9.8
Intact 400 175.7 156.7 67.1 i4.9 31.7 11.3
Decapitated 0 59.3 85.8 33.2 11.3 28.2 8.5
Decapitated 100 136.3 121.8 47.8 13.5 29.3 10.9
Decapitated 200 181.7 156.5 68.4 14.2 318 11.7
Decapitated 400 206.1 175.8 73.8 16.7 32.1 13.5
L. 5. Dat
59, 3.1 29 1.8 1.1 1.8 0.9
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" N

Imm
Fig. {(4): Transaction of roselle sepal as affected by benzyladenine and / or decapitation
treatments. a- intact control plant

b- Decapitated control plant. ¢~ Intact plant + 400 mg benzyladenine/L.

d- Decapitated plant + 400 mg Benzyladenine.
(vb = vascular bundle)



624 Annals Of Agric. Sc., Moshtohor, Vol. 43(2), 2005

REFERENCES

Abed, A. M. (2001): Growth and Yield of cotton plant as affected by Pix, BA,
Prep and their combinations. Annals of Agric. Sc. Moshtohor Vol
39(3): 1551-1569.

Arteca, R. N. (1996); Plant Growth Substances. Principals and Applications.
Chapman and Hall, New York. USA,

Davies, P. J, (1987). plant hormones and their role in plant growth and
development. Martin Nijhoff Publ., New York.

Dubois, M.; Smith, F.; Gillers, K. A.; Hamilton, J. K. and Roberts, P. A. (1965):
Colorimeteric methods for determination of sugar and related
substances. Analytical Chem. 28-530,

Fadeel, A. A. (1962); Location and properties of chloroplasts and pigments
determinations in roots.Physiol. plant. 15: 130-147.

Fahmy, R. (1970): Different quantitative ¢stimation of some organic compound in
plant. Pp. 72-73.

Hafez, A. and Hikkelsen, D. S. (1981): Colorimeteric determination of nitrogen
for evaluating the nutritional status of rice. Comm. Soil. Sci. and Plant
analysis. 12(1): 16-69.

Hall, R. H. (1973): Cytokinins as a probe of developmental processes. An. Rev.
Plant physiol, 24: 415444,

Hedin, P. A_; Jenkins, J. J.; Thompson, A. C.; Smith, D. H.; Parrott, W. L. and
Shepherd, R. L. (1988): Effects of bioregulators on flavonoids, insect
resistance and yield of seed cotton. J. Agric. and Food Chemist 36, (5):
1055-1061.

Hofmann, W. C. and Else, P. T. (1989): The response of cotton lo foliar
application of a cytokinin containing compound, Appl. Agric. Res. 4,
(1): 25-29,

Khafaga, E. R. (1982). Modification of the branching system of cotton
{Gossypium L spp.) for yield improvement 11I-Effect of benzyladenine
(BA) on the release of axillary buds from inhibition in cofton plants. A
ngew. Botanik 56: 355-363.

Qosterhuis, D.; Zaho, D. and Zaho, D. L. (1998): Growth, yield and physiological
responses of fiber-grown cotton to plant growth regulators. Special
Report. Arkansas Agric. Eper. Stat, 1888; 140-144,

Rhem, S. andl Espig, G. (1976): Die Kulturpflanzen der Tropen und subtropen
(cultivated plants in the tropics and subtropics). Stuttgart, Ulame,
Germany.

Sass, J. A. (1961): Botanical Microtechnique. Third ed. The lowa State Univ,
Press. Aincs, Iowa, USA.

Sendecor, W. C. and Cochran, W. G. (1982): Statistical Methods. 7" ed., 2™
printing. The lowa State. Univ. Press, Ames, Towa, USA.

Sharaf, A. (1962); The pharmalogical characteristics of Hibiscus sabdariffa .
Plant Medica, 10: 48-52.

Sharaf, A. and Gencidy, A. (1963} The antibacterial effect of Hibiscus
sabdariffa on Mycobacterium tuberculosis, Plant Medica, 11, 109-112,



Botanical Studies On Roselle Plants As Affected By....... 625

Talaat, I. M. and Youssef, A. A. (1998): Response of roselle plants (Hibiscus
sabdarifla L.) to some growth regulating substances. Egyptian-
Journal-of Physiological-Sciences 22: 3, 327-338.

Tomkins, J. P. and Hall, M. H. (1991); Stimulative of alfalfa bud and shoot
development with cytokinin. Agron. J. 38: 577-581.

Umarov, A; Kariev, A. and Galust, Yon, G. (1986): Tetranil and cotton
productivity Khlookovodstvo 11: 37. (c. f. Field Crops Abs. 1988,
041-00651).

Zayed, E. A, Nofal, E. and El-Afry, M. (1985a): Effect of benzyladenine on
different strains of roselle plant (Hibiscus sabdariffa L.) L effect on
growth characters and yield. J. Agric. Sci. Mansoura Univ-10, (1):
154-159.

Zayed, E. A.; Nofal, E. and Hassan, M. (1985b). Effects of benzyladenine (BA)
on different strains of roselle plant (Hibiscus sabdariffa L.) 11. Effects
on endogenous hormones and photosynthetic pigments contents, J.
Agric. Sci. Mansoura Univ. J0(I): 160-165.

gl y Gl gy ity Alabaall 48 Sl Gl Ao At e
e pliall 28 (luiaa )
Al Anala - ppilly Aot ) M A~ ety 3 il

Ll XY Yood Lo sullfie Cpage (DA panal 3 a0 &y sal
(=Y pmalle o Yoo Vo i i3S ) cuindd ol Al il
Sl Sl y o sl S il g AU pSay Jprnaally gaill Gliea o (S ydailly
L dphadly b el gl dlias of potll @ edah 408 580 iRl Al
¢S 805 Sgan M eal Aol a3 b Leadioed) 48558 5 IS canat (Bl
Gl el LS i s Al datiey Al gl B il Cliia i
el Sigan Y il e £o 0 38 55 il Jp il A hadl Ll Altes
A S8 B paill s sl

S oAl L8 et 4538 5 IS cawal o jadt dldbaddt o
Sl oS Al sae g D siae 30 Spaa Y Al gl ) Sl (e
Jpeanal Sliia ool Jeb cat€ e ol JU Ol Galally 2 5Uall o540
gl Rl g gl alle €00 38 50 Gainlb Uy Sl Aaladd) S AiLD
Albs pall el & .

Sl e JS e A pall 640 38 5 S okl Ul et e
L, Bie s Sl Slellad HhE i 558 305 e N Al iy Lol
3 2l Bgas e A28 BaL I 038 S g 8 AN Dy A a Jead Wy
A Labaalt il L itle gl A iUy gLl y 3 AR e JS et Jll gl
Lials Dy 3 hadly Lol Sl (e JS o 433858 JSs il Jadly
o § 2 IS0 B (315 Y1 Gl &y pine B gt ) A gl il



626 Annals Of Agric. Sc., Moshtohor, Vol 43(2), 2005

Al 05 5l s RIS 2 p2a g S e B9 6 siae g iaa Saly ) Sigaa

Gl elacl gl S iy gaill Sl o Aty ol 800
Aiayy 4L gSay Jymandl o dasaly 1o )0y uladl @3N Aasl 5 siadl
Sal i A ilS G Sl JS3 0! Galaldly CjLLJI Olsl Jdyrana dials
bl i Al ciflal Jy S G lie caipih e % £V Vo TYYLY
A gkl il & el ale €00 38 5 il il





