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ABSTRACT: This study was carried out during the two successive
seasons of 2006-2007 in matural conditions at lath greenhouse of
National Research Centre, to study the effects of different
progesterone (prog.) concentrations (10, 20, and 30 ppm), gamma (y)
rays doses (100,150 and 250 rad), helium neon laser (He-Ne)exposure
time (1, 5.5 and 11.5 min) and argon laser rays (Ar) exposure time (1,
7.5 and 15.5 min) or some interaction treatments between those
treatments on vegetative growth parameters and photosynthetic
pigments (Total chlorophyll and carotinoids contents in leaves) in
small offshoots from healthy mother plants of Gerbera jamesonii cv
Superba. The obtained data showed that all the single treatments of
progesterone, gamma rays, laser irradiation and their interaction
significantly increased vegetative growth, in most cases compared
with untreated plants. The highest values in vegetative growth
parameters (plant height, leaf area, fresh and dry weight of leaves,
number of leaves...ect.), and (carotenoids & total chlorophyil) were
obtained from treated plants with, the single treatments of
progesterone at 30 and 20 ppm, as well as gamma irradiation at 150
rad, argon rays at 7.5 min and the interaction treatments (gamma
ray at 150 rad + prog. at 20 ppm), (Ar at exposure time 15.5 min
combined with both of prog. at 10 and/or 20 ppm) and the combined
treatment (He-Ne at 5.5 min + prog. at 30 ppm).

Key words: Gerbera, growth parameters, chemical constituents,
Gamma irradiation, laser rays, progesterone.
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INTRODUCTION

Gerbera plant belongs to family
Asteraceae, which is the largest
family of flowering plants. Hansen
(1985) mentioned that Gebera
Jjamsonii flower is one of the most
important cut flower and highly
recommended for exportation.
Nesom (2004) recorded that
Gerbera is the fifth most used cut
flower in the world (after rose,
carnation, chrysanthemum, and
tulip).

Steroidal sex hormones, which
include androgens, estrogens and
progesterone play an important role
in the reproductive development of
mammals. The presence of these
substances in plants is a matter for
debate, but it has been observed
that selected steroids applied
exogenously to plants have
stimulated cell division (Geuns,
1978). The occurrence of steroid sex
hormones in higher plants and its role
in growth and sex expression was
early ~mentioncd by  several
investigators (Love and Love, 1945,
Gawienowski et al, 1971;
Kopcewicz, 1971 and 1972 ;
Geuns, 1978). In vitro El-shamy
(2002) on bougainvillea recorded
that progesterone increased the
vegetative growth.

Gamma rays belong to ionizing
radiation and interact to atoms or
molecules to produce free radicals
in cells. These radicals can damage

or modify important components
of plant cells and have been
reported to affect differentially the
morphology and biochemistry of
plant depending on the irradiation
level. Although no conclusive
explanations for the stimulatory
cffects of low dose of gamma
radiation are available until now,
papers support a hypothesis that
low dose irradiation will induce
the growth stimulation (Kim et al.,
2004).

As for laser, the term laser is an
acronym for light amplification by
stimulated emission of radiation. It
18 -a device that emits energy in
electromagnet spectrum in the form
of non-ionizing radiation which can
be delivered in different modes
Ievine (1963). Laser was used
widely as pre-sowing seed treatments
to increase seed germinations and
seedling growth (Govil ef af., 1991;
Cai et al., 1994 and 2000).The aim
of this work was to study the effect
of gamma and laser irradiation and
some bioregulators treatments on
the growth.

MATERIALS AND
METHODS

This study was carried out
during the two successive seasons
of 2006-2007 wunder natural
conditions at lath greenhouse of
National Research Centre, to study
the effect of different progesterone
(prog.) concentrations (10, 20, and
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30 ppm), gamma (y) rays doses
(100,150 and 250 rad), helium
necon laser (He-Ne) exposure time
(I, 5.5 and 11.5 min) and argon
laser rays (Ar) exposure time (1,
7.5 and 155 min) or some
interaction  treatments between
those treatments as follows; Prog.
at 10ppm + He-Ne for 1 min, Prog.
at 10ppm + He-Ne for 5.5 min,
Prog. at 10ppm +He-Ne for 11.5
min, Prog. at 20ppm + He-Ne for
1 min, Prog. at 20ppm + He-Ne
for 5.5 min, Prog. at 20ppm+He-
Ne for 11.5 min, Prog. at 30ppm +
He-Ne for 1 min,Prog. at 30ppm +
He-Ne for 5.5 min, Prog. at
30ppm+ He-Ne for 11.5 min ,
Prog. at 10ppm + Ar for 1 min,
Prog. at 10ppm + Ar for 7.5 min,
Prog. at 10ppm + Ar for 15.5 min,
Prog. at 20ppm + Ar for 1 min,
Prog. at 20ppm + Ar for7.5 min,
Prog. at 20ppm + Ar for 15.5 min,
Prog. at 30ppm + Ar for 1 min,
Prog. at 30ppm + Ar for 7.5 min
and Prog. at 30ppm + Ar for 15.5
min, Prog. at 10ppm + v at 100 rad,
Prog. at 10ppm + y at 150 rad,
Prog. at 10ppm + y at 250 rad,
Prog. at 20ppm + y at 100 rad ,
Prog. at 20ppm + y at 150 rad ,
Prog. at 20ppm + y at 250 rad,
Prog. at 30ppm + vy at 100 rad,
Prog. at 30ppm + v at 150 rad and
Prog. at 30ppm + y at 250 rad on
vegetative growth characters of
Gerbera jamesonii cv Superba.

During both seasons, similar
offshoots of gerbera plants with 2-
3 leaves were obtained from
healthy mother plants. One
offshoot was cultivated in each pot
(30 cm diameter and 50 cm depth)
contained a mixture of sand and
clay  (1:1,v/v).  Progesterone
solution was  prepared Dby
dissolving it in Tween 20 then
diluted with water to obtain the
required  concentrations.  The
offshoots were subjected to gamma
irradiation treatments (y) at Middle
Eastern Regional Radia Isotop
Centre for Arab Countries, Dokki
Cairo,. Egypt by using a Co*
source on 23 Marsh during both
saesons. Laser irradiation
treatments emitted from the
slandered device was generally
characterized in terms of power in
units of watts (w) and milli Watts
(Mw).Helium-neon lasers  of
power was 20 Mw while argon
(Ar )laser of power was 15 Mw
were used for red and green light
irradiation respectively.

The offshoots which exposed to
gamma radiation and progesterone
treatments werc transplanted on 23
March in both seasons, the
solutions of growth regulators
progesterone in distilled water
were sprayed twice, the first was
15 days after transplanting and the
other four weeks later. While the
shoots which exposed to laser
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treatments, were transplanted on
26 March. All plants received the
- same irrigation  rate and
fertilization doses. At flowering
stage plant sample were collected
to estimate growth parameters.

The  following  vegetative
growth parameters were recorded
gviz., plant height (cm), number of
leaves/plant, number of offshoots/
plant, leaf area (cm?), leaves fresh
weight (g) and leaves dry weight
(g). Also, total chlorophyll and
carotenoids concentrations were
determined according to Saric ef
al. (1976).

The statistical layout of this

experiment ~ was  completely
randomized block design. Each
treatment contained three
replicates and each replicate
contained three pots. The recorded
data were statistically analyzed,
and the means were compared
using Duncan multiple rang test at
5% according to Duncan (1955).

RESULTS AND
DISCUSSION

Effect of  Progesterone,
Gamma and Laser Irradiation
and Some of Their Interaction
Treatments.

Plant height
Tt could be observed from data

presented in Table 1 that,
progesterone treatments at 10, 20
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and 30 ppm significantly increased
plant height as compared to the
untreated plants. Progesteronc at
10 ppm induced increases of
39.80% and 11.09% over the
control, 20ppm recorded 41.88%
and 12.71% increases over the
control, whereas, 30 ppm achieved
50.03 and 7.14 % increases over
the control, during both seasons,
respectively. There were no
significant differences between the
three progesterone concentrations.
In this respect, Hagagy et al
(1999) on papaya seeds found that
soaking of seeds in 5.0 mg/

progesterone - -resulted in
enhancement of plant height.
Concerning to gamma  rays
treatments treated plants with

gamma rays at (150 and 250 rad
significantly increased in both
seasons compared with control
plants. As for the effect of Ar rays
treatments on plant height, the
obtained results showed that the
higher mean values was obtained
from treated plants with Arp, Arsin
the first and the second season,
respectively. However, He-Ne
trcatments tended to record in
general significant higher values in
the first season with one exception
of He-Ne, and a lower value was
recorded in the second season as
compared with the control and
other treatments. As for the
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Table 1. Effect of progesterone, gamma radiation, helium neon,
argon, and some of their interaction between progesterone
and irradiation treatments on plant height, number of
leaves and leaf area of Gerbera iamasonii plants during the
two seasons of 2006 and 2007

Plant height (cm)  Number of leaves/ plant Leaf area cin"’)
Treatments 1" season 27 season  1' seasom  2'C seasom 1" season  2'° season

Cont 1633 ij 2100 1q 5.66f 6.66de 6421 m-0  66.60 ki
prog; 22.83af 2333ej 8.00a-e 8.00a-d 6663Fn 94.09b
Prog, 2317 ae  23.67 d-i 9.00 ab 9.00a 5448p  56.72 mn
Prog; 2450a-e 2250 h-1 7.33b-f 8.00 a-d 74.42k 75.48gh
Y1 1600 21500 6.66d-f B.00ad 7627jk  7LI98ij
Y3 2000 e-j 2400 c-h 6.33 ef 800a-d 80.66hi 9539ab
¥ 226781 21L17k-p  8.66a-c 733b-e 67.18kn  5432n
Ary 2200 c-h  22.67 g- 8.00a-¢ 833ac 67.42Im  69.09jk
Ars 2233 bg 218330  B.66a-c 8.66 ab 103.5b 75.84 gh
Ar; 2017 e} 2300fk 733 bA 7 .66a-¢ 69.231 81671
He-Ne 24,17 a-e 16.33r 6.66 d-f 6.66 de 9585d 56.13 mn
He-Ne, 1833 f-j 2067m-q 7.00c-f 7.33b-e 60.97 0 53.39n
He-Ne 2400 a-e 1967pq  7.66 a-¢ 633 ¢ 8521fg 57.70m
v 1+ Prog, 1750 h-j 2217imn 733 b 8.00a-d 68.451 75.77gh
© 7yt Prog, 16,00 j 1933q"  833a-d- -866ab ~63.Tne 69.48 j
¥ 3 + Prog, 2033 ej 2033n-q 7.66a-e 7.66a-¢ 83.88 fg 76,69 ¢
Ari+ Prog, 21.67d-b  20.67m-q 733bf 8.00ad 9510de  85.dlde
Ar,+ Prog, 27.08 a 25.67 be 8.66 a-c 8.00 a-d 106.5b 8834 ¢
Ars+Prog; 2200c-h 2133k-p  B.00a-e 8.00a-d 9337 de 9736a

HeNef+ Prog, 2567a-d  2533bd  9.33a 866ab 7373k 82.43f
He-Ne,+ Prog, 24.33 a-e  22.67 gl 7.66a-¢ 6.66 de 9933 ¢ 87.64 cd
He-Ney+ Prog, 26.67ab  25.67 be 9.00 ab 7.00¢c-e 9212e 83.57ef

v 1+ Prog; 21.83ck  20170q 7.66a-¢ 6.66 de 75.62§k  75.40 gh
¥ 2+ Prog;, 2000 ej 19.67 p-q 7.33bA 800ad 74925k 71.54ij
¥ 3+ Prog 2333 ae 2133 kp 6.33e-f 7.00ce 8392fh 88.14cd
Ar,+ prog, 16.00 j 2167jo0  7.33bf 733 b-e 86.25f 70.14 j
Ar;t+ Prog, 2033 e 20.67m-g 933a 8.66 ab 7382k 64.771
Aryt Prog, 2233 b-g” 2233 hb-m 8.00a-¢ 8.33 a-¢ 87.19f 86.95 cd

He-Ne,+ Prog, 2633ac 2500 be 7.66a-e 7.66 a-e 1034 b 92.89b
He-Ne,+ Prog, 2000 ej 2167j0 833 ad 833ac 8395fh 8339ef
He-Ne;+ Prog,  21.67 d-h 2467bf  7.33b-f 7.33 b-¢ 124.7a 97.80 a

¥ 1+ Prog 2283 af 231714 733b-f 8.00a-d 68.691 71.45 ij
¥t Prog 3 22.83 af 2283g- 6.66 d-f 8.66 ab 69.011 69.44 )
¥ 3+ Prog 5 1800 g-j 2433bg 733bf 8.66ab 78.08 ij 77.80 g
Aryt Prog 4 23.67 a-e  28400a 633 ef 633e 80.63hi 8697 cd
Ar;t+ Prog » 2533 a-d 236704 6.66df 6.667de 6633ln  73.66 hi
Arst Prog 5 25.67 a-d 25.00b-e 6333 ef 6.333 ¢ 57.00 p 64,001

He-Ne,+ Prog, 2050 e-i  21.001-q 7.333b-f 6.66 de 8688 f B6.00 c-e
He-Ne;+ Progy, 2517 a-d 2600 b 7.667a-e 8.00a.d 84.85fg 8533 de
He-Ne;+ Prgg;., 21.74 e-h 2333 ej 7.333 b-f 6.66 de 82.08 gh 81911
Prog.: Progesterone , prog.;:10 ppm , prog 2:20 ppm, prog 1:30 ppm, v: Garmina radiation , v ;160
tad, v 150 rad , y;:250rad , He-Ne : helium-ncon , He-Ne ;1 min He-Ne 2:5.5 min , He-Ne 4
11.5min , Ar : Argon , Ar ;:1 min, Ar ;7.5 min , Ar 5: 15.5 min

Data with the same letter vertically are not significant according to Duncan's multiple
range test at 5 % level.
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interactions between progesterone
and gamma or laser irradiations.
Ar laser (green light) at 7.5 min
combined with progesterone at 10
ppm and Ar laser at 1 min
combined with progesterone at 30
ppm  induced the  highest
significant increases in plant
height. Also the treatments, He-
Ne; + prog.;, He- Nes + prog.,
showed significant increase as
compared to the control but there
was no significant effect in
between. He-Ne laser (red light) at
11.5 min. combined with
progesterone at 10 ppm caused
significant increases in plant

height, The increases were 63.31 -

and 2233 % over the control.
Whercas He-Ne laser at 1 min.
followed by progesterone at 20
ppm caused also significance
increase, it was slightly lower.The
increases reached 61.23 and 19.04
% over the control during both
seasons, respectively. But
insignificant effect in between

The interaction between argon
laser and progesterone treatments
were slightly lower. Argon laser at
155 min combined  with
progesterone at 30 ppm set off
increases of 57.19 % and 19.04 %
over the control during both
seasons, respectively.

Finally, helium neon laser at
55 min combined  with
progesterone at 30ppm caused
increases by 54.13% and 23.80 %

Metwally, ef al.

over the control
seasons, respectively.

during both

Number of leaves

The effect of progesterone,
gamma, helium neon and argon
laser rays treatments on number of
leaves/piant arc presented in Table
1 spraying plants with Progesterone
significantly increased the number
of leaves/plant progesterone at 20
ppm showed the highest significant
increase, it caused 59.01% and
35.13 % increases over the control
during both seasons, respectively.
This finding was in accordance
with El-Shamy (2002) he found
that addition of progesterone to shoot
tips culture medium containing 2.0
mg/l BA increased axillary leaves
number/shoot especially with high
progesterone concentrations (5 or
10 mg/l) and Hagagy et al. (1999)
on papaya seeds found that
soaking of seeds in 5.0 mgl
progesterone resulted in
enhancement of leaves number.
Gamma rays in general especially
at 250 rad induced the higher
increases, as it caused 52.93 % and
24,98 % increases over the control
during both seasons, respectively.
Similar effect was also noticed by
Youssef and Zeinab (1998) on
Chamomilla recutita, Singh et al.
(1999) on carnation, Dilta et al.
{2006) on Chrysanthemum
morefolium and Khalaf (2008) on
Amaranthus caudatus.
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Argon laser rays at exposure
time of | min enhanced the
increases in leaf number / plant as
it recorded 41.34 % and 25.07 %
increase over the control during
both seasons, respectively. In this
regards it was mentioned by
Wessam (2005) on sage plants.

Helium neon laser ray mostly
increased the number of
leaves/plant with insignificant
differences  between  exposure
time. The highest increament over
the control plants was recorded by
the medium time exposure (5.5
min), it created 23.67 % and 10.06
% increases over the control
during both seasons, respectively.
The previous results are agree with
that of Afanasova (1983) and
Hassan (2000) on wheat plants.

As for the interaction between
argon laser at time exposure of 7.5
min combined with progesterone at
medium concentration (20ppm)
effectuated increase number of
leaves/plant, as it induced 64.84
and 30.03 % over the control
during both seasons, respectively.
Helium neon laser at 1 min.
followed by spraying with
progesterone at 10 ppm treatment
resulted in increasing the number
of leaf/plant, it recorded 64.84 %
and 30.03 % over the control.
Whereas, helium neon laser at 5.5
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min. exposure  followed by
spraying with progesterone at 20
ppm resulted in 47.17 % and
25.07 % increases over the control -
in two seasons respectively. Argon

rays laser at time exposure 7.5 min

combined with progesterone at 10

ppm showed significant increases

in number of leaves/plant. It gave

53.00 % and 20.12 % over the
control. The treatments

Ar+progi,As+prog,, He-Ne,+prog;

and He-Ne;+prog; showed similar
effect but without insignificant in

between.

Leaf area

Data in Table 1 show that
progesterone at 30 ppm
superinduced increases in leaf area
as compared to control. It recorded
15.90and 13.33 % over the control
during both seasons, respectively.
This result hold true with the
finding of El-Shamy (2006) who
mentioned that stimulatory effect
of using progesterone up to 20 mg/1
enhanced leaf length. Gamma rays
at 150 rad gave the highest leaf
area compared with control and the
other doses of pgamma. The
recorded increments were 25.61 %
and 43.22 % over the control
during both seasons, respectively.
The recorded data are in harmony
with those obtained by Singh et af
(1999} in vitro on camation plants.
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The obtained data also revealted
that all Ar rays laser showed
significant increases in both
seasons in comparison with the
control. The highest values were
obtained from treated plants with
Ar; (7.5 min).On the contrary, He-
Ne rays laser at 5.5 min. recorded
decrease compared to the control
in both seasons. As for the
interaction treatments between
progesterone spray and laser rays
treatments, Helium neon laser at
115 min. combined  with
progesterone at 20ppm superinduced
the highest significant increases in
leaf area. It recorded 94.20 % and
46.84 % increase over the control
during both seasons, respectively,
followed by the lowest dose of
helium neon laser at 1 min
combined with progesterone at 20
ppm. The seedlings subjected to
He-Ne laser at 5.5 min and sprayed
with progesterone at- 10 ppm
showed significant increases in
leaf area. It recorded 54.69 % and
31.59 % increases over the control
during both seasons, respectively.
Ar laser rays at 15.5 min. when
combined with spraying with
progesterone at 10 ppm gave the
highest leaf area compared with
control and the others exposure
time treatments. It generated 45.41
% and 46.18 % increases over the

control during both
respectively.

seasons,

Number of offshoots/plant

It is evident from the Table 2
that, in general, spraying secedling
with  progesterone solution
enhanced branching. This increase
was reached to the significant
value with 20 ppm. It inspired
increases 200 % and 100 % over
the control during both seasons,
respectively. Concerning the effect
of progesterone, it was found that
addition of progestcrone o shoot tips
culture medium containing 2.0 mg/l
BA increased axillary shoots
number, especially with high
progesterone concentrations {5 or
10 mg/1). Similar trend was
recorded with single node pieces
(El-Shamy, 2002). Also, Hagagy
et al. (1999) on papaya seceds
found that soaking of seeds in 5.0
mg/l progesterone resulted in
enhancement of branches number.

Gamma ray at 150 rad radiation
came to pass increases of 166%
and 50.37 % over the control
during both seasons, respectively.
These results are in agreement
with those reported by
Venkatachalan and  Jayabalon

(1997) on Zinnia, Datta et al. (1985)

on chrysanthemum, Dilta et al
(2006} on Chrysanthemum
morifolium and Dubey et al. (2007)
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Table 2. Effect of progesterone, gamma radiation, helium neon,
argon, and some of their interaction between progesterone
and irradiation treatments on number of offshoofs, leaves
fresh weight and leaves dry weight. of Gerbera iamasonii

lants, during the two seasons of 2006 and 2007

Number of Leaves Fresh Weight  Leaves Dry Weight
offshoots/plant {g) (ELE
Treatmenlts T season 20 season 1 season 2 season 1 seasom 2'° season
Cont 100 fg 133 df  40.73 o-p 43.36st  9.767mn 9817 rs
prog, 2.00 c-f 200 b-e 5363lm 10672d 12325k 25.7d
Prog, 3.00 a-c 266ad 6592eh 111872b 1542eg 28.75Db
Prog 4 1.66 d-f 333 ab 96,48 a 12437a 23.06a 3035 a
1 3.33 ab 133 d-f T73.58 c¢d 64.29 I-n 17.17cd  15.07Im
v, 2.66 a-d 2.00 b-e 76.53 ¢ 67.40 kl 1814¢ 1584 kt
Y3 133 ef 233 a-e 7517 ¢ 64.67 l-n 1777¢  15161m
Ar, 1.00 fg 133 d-f 38.72 py 47.08 rs 8.6900 10.79qr
Ar, 2,80 f 1.66 c-e 68.57 ef 8685¢g 16.14ef 2068 ¢
Ar, 1.66 d-f 233 ae  67.22eg 81.53hi 1570 eg 1945hi
He-Ne 0.00g 133df 5687j-m 3618uv  13.2ti-k 8.033 uv
He-Ne , 133 ef 133 df 4752 n 66.49 Im 10981 1541 Im
He-Ne ;5 0.06 g 0.00 4495 n 3278 v 10.27lm  7.16 v
¥ o+ Prog, 2,00 cf 166 c-e  5690j-m S50.60qr 13.22i-k 11.64pg
Y o+ Prog, 1.66 d-f 3.00 a-¢ 36.75 pq 37.73u_  8183c¢ 8423t
¥ 3+ Prog; 2.00 cf 200 be 73.13 cd 79.70 i 1745¢d 18911
Ary+ Prog, 233 b-e 3.667 a 96.98 a 83.92 gh 23.24a 1995 g-i
Ary+ Prog, 1.66df 2.00 be 6198k 61.07 np 14.82gh 14.24 mo
Aryt Prog, 3.00 a-¢ 333 a-b 8480 b 8621 ¢ 20.20b 2055 gh
He-Ne,+ Prog; 1.33 el 3.66 a 54.78 Im 99.06 e 12.67jk 23.78e
He-Ne,+ Prog, 0.00g 233 a-e 68.1def 6257m-0 1607 ef 14.62 mn
He-Ne;+ Preg, 100 1g 233 a-¢ 44.20 no 4435st  10.07Im  1035rs
¥ + Prog, 233 b-e 1.00 ef 65.88 eh 8757g 1545eg 2090¢
v+ Prog, 1.00 fg 333ab 5262m 75.22 § 1214k 1774
¥ 5t Prog, 1.66 d-f 133 d-f 69.95 de 7097k 1649de 16.73 jk
Artprog; 2.00¢-f 233a-¢ 5313 Im S743p 1227k 13320
Ary+Prog, 1.33 ef 2.66 a-d 39.90 pq 65231ln 8.987no 1529 Im
Aryt+Prog, 233 b-e 333 ab 59.60 ik 93.65f 13.90hi  22.31°f
He-Ne,+ Prog, 0.00 g 2.33 a-e 55.25 km 5190 g 1278k 1196 p
He-Ney+ Prog, 3.66a 2,00 b-e 6433 fh 85.53¢ 15.13fg  20.45gh
He-Neyt+ Prog, 166 d-f 2,00 b-e 63.40 gi 93.15f 1521 fg  2227¢
¥+ Progs 1.0 fg 166 c-e 26685 7953 i  5.687q 18.84i
T o+ Prog 5 1.66 d-f 233 a-e 66.33¢h 11275 ¢ 1557e¢g 2718 ¢
Y 3+ Prog ; 1.33 ef 233 a-e 3612 gr 45.10 st 86170 1027 rs
Ar,+ Prog 5 2.66 a-d 2,66 a-d 66.65 e-g 46.46 s 15.68 e-g 10.90 p-r
Aryt+Prog 5 0.00g 0.00 f 3225r 41.75t 7.060p 9.433st
Aryt Prog 3 0.00g 2.00 b-e 574051 595%0p 13381 13.8%91n0

He-Nej+ Prog, 3.00 a-¢ 100 ef 46.95 n 43.72 st 11651 9917 rs

He-Ne,+ Prog, 233 b-e 2.66 a-d 46.78 n 58.790p 10.69Im 13.68 no
He-Ney+ Prog, 1.66 d-f 3.80 a-c 59.91 ij 64331n  1398hi 1538Im
Prog, : Progesterone , prog;:10 ppm , prog,:20 , progs:30 ppm , y: Gamma radiation
,ylzlg{)O rad , y3150 » Y3:250rad , He-Ne : helium-neon , He-Ne 1 min , He-Ne
:5.5min ,He-Nes: 11.5min, Ar: Argon , Ar 21 min, , Ar ;7.5 min. , Ars; 155 min.,
ata with the same letter vertically are not significant according to Duncan's multiple
range test at 5 % level
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on okra using gamma ray. Both
laser types did not show
. significant increase in offshoot
production compared with control.
Generally, it could be observed
that the highest number of
offshoots/plant were recorded
when plants were exposed to laser
irradiation followed by spraying
with progesterone.

Conceming the combined effect
between gamma ray and
progesterone, it was found that
spraying plants with progesterone
slightly enhancing the production
of offshoots which suppressed by
gamma irradiation.

Leaves fresh and dry weights

It could be observed from data
presented in Table 2 that
progesterone treatments significantly
increase the leaves fresh weight and
dry weights of gerbera plants.
Leaves fresh and dry weights were

significantly  increased  with
increasing progesterone
concentration. the highest

concentration up to (30 ppm). It
recorded 136.87 % and 186.83 %
increases over the control during
both seasons, respectively. This
results hold true with the finding of
El- Shamy (2006) who mentioned
that stimulatory effect of a foliar
spray of progesterone on
Amaryllis bulblet fresh weight was
increased significantly as

Metwally, et al.

progesterone concentration
increased, being its maximum at 5 or
10 mg/1 progesterone.

As for the interaction treatments
it could observed that the highest
values were recorded with
Artprog; treatment during the
first seasons, while the treatment
of y» + prog; gave the highest
value during the second season.

Total chlorophyll (mg/g fw)

It could be observed from data
presented in Table 3 that, the
treatments of progesterone and
gamma irradiation resulted in
decreasing the total chlorophyll
concentration in both seasons.

On the other hand, argon laser
irradiation showed slight increase
when compared to the data of
progesterone or gamma r1ay
treatments. Whereas, He-Ne at dose
exposure time at 11.5 min created
significant increases. It reached
24.56 and 31.20 % over the control
during both seasons, respectively.
This finding was in accordance
with Sebanek er al (1989) on
sunflower, Yi Ping Chen et al
(2005) on Isatis indogotica and
Wessam (2005) on Salvia fficinalis
using laser rays.

As for the interaction
trcatments, Ar at 1 min combined
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Table 3. Effect of progesterone, gamma radiation, helium ncon,
argon, and some of their interaction between progesteronc
and irradiation treatments on total chlorophyll and
carotenoids concentrations in Gerbera iamasonit leaves,
during the two seasons of 2006 and 2007

Total C-hlurophy]-] Carotenoides concentration
] concentration (rﬁg!g. fw.) (mg/g fw.)
Treatments 1¥scason 2""season lmsgason Tscason
Cont - 1.079ij 1.035 jk 1.270 cd 1.2001
prog, 1.039 ki 1.116 f 1.013 Im 1053 r
Prog, 0.607A 0.621v 0.7267 p 0.7300 y
Prog 3 0.671y 0.687¢ 0.8033 no 0.8067 w
' 0732 x 0.737 s 0.8767 n 0.7933 x
¥ 0.7947 v 0.817q 0.9767 m 0.9600 t
Y3 0.65367 0.668 u 0.74670p 07367y
Ary 1.025 k-m 1.020 kI 1.447b 1417 e
Ar, 1.037k-m 1.080 g 1.297 ¢ 1.283 gh
Ary 1.0E4 mn 0.959 ¢ 1.343 g L127n
He-Ne , 1.021mn 1.018 jk 1.087 j-1 1.693 p
He-Ne, 0.905 st 0.903 p L1531 1.087 py
He-Ne 4 1344 b 1.358 b 1433 b 1.463 d
v 1+ Prog, - 7619w -0.742 s 0.8367 n 0.8933 v
¥ 2+ Prog; 1.047 k 1.074 gh 1.197 d-h 1.277h
v 3+ Prog, i 0.919 rs 0.903 p 1.053 ki 1.077 g
Art Prog; 1.451a 1.450 a 1.580 a 1.670 a
Ary+ Prog; 1.250 d 131 ¢ 1.283 cd 1417 ¢
Ar;tProg, 0.924 g 0.889p 0.9567 m 0.9900 s
He-Ne;+ Prog; 0.836u 0.824¢q 0.8567 n 0.8833 v
He-Ney+ Prog, 1.138 h 1116f 1.283 c-d 03467 z
He-Nes+ Prog, 1.270 ¢ 1.313 ¢ 1540 a 1.523 ¢
¥+ Prog, 0.974 p 0.966 0 1.107 i-k 1.097 p
¥ ++ Prog; 0.895 ¢ 6.886 p 1153 £ 1110 o
v 5+ Prog; 1.157 g 1.106 f 1.253 c-e 1.2371
Ar+ Prog,; 12291 1.253 4 1.553 a 1.827¢
Ar;+ Prog; 1.157 g Li55¢ 1.277 ed 1.293 fg
Ary+ Prog, 1.806 no 0.990 mn 1.210 ¢-g 1163 m
He-Ne+ Prog, 0.794 v 0.756 s 1,123 h-k 1.093 p
He-Neyt Prog, 0,998 0 G.998 lm 1.213 c-g 1.243 i
He-Ne,y+ Prog, 1.064 j 1.058 hi 1.267 c-¢ 1.230 j
¥+ Progy 1.084i 1.068 g-i 1.227c-g 1.157m
¥ 2+ Prog 3 0.786 v 0.796 r 0.71233 p 09433 u
¥ s+ Prog, 0953 g 0.996 mn 1.183 e-i 1.220 jk
Ar+ Prog s 1.089i 1.068 g-i 1.077 j-1 1.300
Ary+Prog 4 1.041 ki 0.993 mn 1.403 b 1213 k
Aryt Prog 1.157g 1.0766 gh 1.237 of 1.230 j
He-Ne,+ Prog, 1.0823 i 1112 f 1.197 d¢-h 1.243 i
He-Ne,+ Prog, 1322 ¢ 1333 ¢ 1.567a 1.647 b
He-Ney+ Prog, 1.034 k-m 1.049 ij 1,253 c-e 1.150 m

Prog, : Progesterone , progy: 10 ppm , prog.20 ppm_, progs30 . ¥ Gamma radiation ,
1:1_0% rad , v2150rad , y3250 rad , He-Ne: helum-neon , He-Ne :1 min , He-Ne 2:5;
min. ,He-Nes: 11.5 min, , Ar: Argon, Ar ;] min. , Ar 7.5 min , Ar3: 15.5 min.

Data with the same letter vertically are not significant according 1o Duncan's multiple range test at 5% level
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with progesterone at 10 ppm
increased the total chlorophyll
concentration. The offered
increases reached 34.47 % and
40.09 % over the control during
both seasons, respectively. That
was followed by argen at 7.5 min
combined with progesterone at 10
ppm, which induced increases of
19.55 and 26.66 % over the control
during both seasons, respectively.

In the same time He-Ne at 11.5
min combined with progesterone at
10 ppm gave rise to the increases

of 17.70 and 26.85% over the
control during both seasons,
respectively.

The interaction between Ar at 1
min combined with 20 ppm
concentration progesterone induced
the increases to 13.90 % and 21.06
% over the control, However, Ar at
1.5 min combined with
progesterone at 20 ppm induced
the increases to 7.22 % and 11.59
% over the control during both
seasons, respectively. On the other
hand, the treatment of
progesterone at 30 ppm exhibited
decreases of 37.81 % and 33.62 %
below the control during both
seasons, respectively.

Carotenoids

Data in Table 3 show that,
spraying plants with progesterone
alone  significantly  decreased
carotenoides  concentration in

Metwally, ef al.

gerbera leaves. Gamma irradiation
treatments showed significantly
similar decreases alone or when
combined with progesterone at 10
ppm. This finding was in
accordance with those obtained by
Garg et al (1977) who treated
Brassica juncea seeds by gamma
rays alone.

Argon laser irradiation at dose
of 1 min time exposure significant
increased carotenoids
concentrations. It recorded 13.93
and 18.08 % increases over control
during both seasons, rcspectively.
The highest doses of He-Ne
irradiation treatment significantly
increased the carotenoids
concentrations. The same effect
was also noticed by Wessam
(2005) on Salvia fficinalis using
laser rays.

As for the interaction treatments,
argon laser irradiation at 1 min when
combined progesterone at 10 ppm

showed the highest significant
augmentation in carotenoids
concentration.  The  overmuch

reached 24.40 % and 39.16 % over
the control during both scasons,
respectively. This increment was
reduced gradually as Ar laser
exposure time increased, but it stiil
significantly higher than control.
The interaction between He-Ne at
exposure time 11.5 min combined
with progesterone at 10 ppm



Zagazig J. Agric. Res., Vol. 37 No. (1) 2010 53

significantly raised the carotenoides
concentration. It reached 21.25 %
and 26.91 over the control during
both seasons, respectively. Also,
He-Ne at 5.5 min time exposure
when combined -with progesterone
at 30 ppm showed increases to
reach 23.38 % and 37.25 % over
the control dunng both seasons,
respectively.
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