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ABSTRACT

To increase the regeneration ability in sunflower, different explants of
seven genotypes were cultured under different environmental conditions.
Callus induction from immature embryos, cotyledons and hypocotyls was
100% on media with sucrese less than 12% and tended to initiate somatic
embryos. High sucrose concentration of 12% caused reduction in number of
regenerated plants/immature embryo. The data indicated that the dark
conditions at the first steps of culture is very important for regencration, since
it resulted in higher number of regenerated plants than light conditions. For
plant regeneration protocol 2 was the best (3.7 plants/immature embryo)
followed by protocol 1 (2.7 plants) and pretocol 3 (2.6 plants) under dark
conditions. Mean number of regenerated plants/immature embryo varied
from one genotype to another. The highest number of regenerated plants was
achieved by the synthetic population (2.4 plants/immature embryo) followed
by HEL 226 (1.9 plants) and Line B (1.8 plants). While the lowest number of
regenerated plants/immature embryo (0.6) was produced by the genotype
HEL 179. These data suggest that plant regeneration from immature embryos
of sunflower is dependent on the genotype.

Total number of regenerated plants induced from callus or somatic
embryo derived from each cotyleden was generally higher under dark (9.3
plants) than under light conditions (7.9 plants) with all tested protocols except
protocol No. 8. The highest number or regenerated plants/ cotyledon was
produced with protocol 3 under both dark and light conditions (3.9 and 2.9
plants, respectively), followed by protocol 6 (1.9 and 1.6 plants, respectively).
This suggests that high regeneration frequency could be obtained from calli
derived from cotyledons cultured on MS medium supplemented by ¢xcess of
KNO; (5 g L"), Generally, Syn. Pop.showed the highest regeneration (1.3
plants/ cotyledon) whilc HEL 179 was the lowest one (0.8 plants).

Protocol Ne. 3 was also the best for giving the highest number of
regencrated plants/young hypocotyl under dark and light conditions (2.9 and



2.0 plants, respectively). The regeneration from hypocotyls under light was
better than that under dark conditions using protocols 1, 2, 4, 7 and 8, while
the opposite was true using protocols 3, 5 and 6. Syn. Pop. showed the highest
number (2.2 plants), while HEL 226 showed the iowest (0.9 plants). Protocol 3
{consisted of HaR, HaR2, M1, § and R media) and hypocoty! explant are the
best in obtaining the highest regeneration ability of calli. The synthetic
population was the best genotype in regeneration ability from immature
embryos, cotyledons and young hypocotyls.

Keywords: Sunflower, Helianthus annuus, Young hypocotyl, Cotyledon,
Immature embryo, Dark and Hght conditions, Callus, Regeneration.

INTRODUCTION

Sunflower (Helianthus annuus L.) is one of the most important oil
crops of the world because its oil has a high unsaturated fatty acid and
vitamin E {Gosal er al 1988). Its seed oil can be used for human
consumption, as well as raw material for oleochemistry. It also can
substitute mineral oil in various applications, such as fuels, lubricants or oils
for hydraulic systems (Friedt 1996).

Tissue culture should be considered complementary to the classical
breeding methods. The use of tissue culture technique by plant breeders is
very valuable because the breeder is able to deal with the plants in a manner
similar to that of microorganisms, the explant is converted to a large number
of cells, which can be treated in vifro by different ways. Each cell in the
callus or in the liquid media has a very good genetical potential if it is
allowed to regenerate a new plantlet. Some of plantlets could have a new
genetic make up although they all came from the same tissue; this what is
called somaclonal variation. Such variation could be valuable to offer new
genotypes with a quality or agronomic characteristic (Freyssinet and
Freyssinet 1988). In many field crops such variation has been investigated
and differences between plants were reported as indicated previously.

The ability to regenerate large numbers of plants from tissues
cultures is a prerequisite for the successful application of this technology to
crop improvement. Over the last years, a vanety of techniques for
regenerating sunflower by organogenesis (Greco er al 1984, Power 1987,
Witrzens et al 1988, Espinasse er a/ 1989 and Azzam 2000) or somatic
embryogenesis (Paterson and Everett 1985, Fmer 1987, Freyssinet and
Freyssinet 1988, Pelissier ef al 1990 and Azzam 2000) has been reported.
Plant regeneration by organogenesis from tissues of Helianthus annuus
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remains, however, problematic. The regeneration frequency and the number
of shoots produced per callus are highly variable, depending mainly on the
genotype. For example, Greco ef alf (1984) reported callus induction and
plant regeneration from only a single variety of sunflower, while Paterson
and Everett (1985) described a method of regeneration limited to one
cultivar of sunflower among hundred genotypes tested. Regeneration
capacity is influenced by cultural conditions, genotype and their interactions
(Sarrafi et al 1996)

Callus formation, shoot organogenesis of callus, and direct shoot
production (embryogenesis) were dependent on the explant (shoot tips, stem
nodes, hypocotyl segments, leaves, or cotyledon) as well as the medium
composition and genotype (Greco et al 1984 and Paterson 1984).

Fertile plants can be regenerated from diverse explants through
eithet organogenesis or somatic embiryogenesis. Both morphogenic avents
can occur either directly from the explant or indirectly from a callus induced
on the explant. Immature zygotic embryo often possesses a high
morphogenic potenttal and it is frequently used for plant regeneration in
species where regeneration from other explants is difficult. Somatic
embryos or shoots can be induced /n vitro on immature zygotic embryos of
sunflower depending on the sucrose concentration of the culture medium
(Charriere and Hahne, 1998).

Therefore, the experiments of this study were carried through
culturing different immature zygotic parts of various genotypes on different
media under various cultural conditions in order to maximize sunflower
plant regeneration.

MATERIALS AND METHODS

The experiments of this investigation were carried out in the
Molecular Cell biology Department, Institute of Plant Genetics and Crop
Plant Research (IPK), Gatersleben, Germany.

Sunflower seeds of the commercial cuitivar Miak (an open
pollinated cultivar obtained from Qil Crops Research Section, Agricultural
Research Center (ARC), Egypt), a synthetic population (Syn. Pop.) which is
an open-pollinated population developed by the Agronomy Department,
Faculty of Agriculture, Cairo University (Shabana 1990), B601022V (line
B) which is a female line for the hybrid Hysun 333, and was obtained from
Danton Company, Cairo, Egypt., the inbred Iime HA 300B (male fertile)
which was obtained from Sun Gene company, Gatersleben, Germany, and
different 3 accessions from Genebank of the Institute of Plant Genetics and
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Crop Plant Research (IPK), Gatersleben, Germany i.e., HEL 179, HEL 212,
HEL 226 were used as experimental materials.

Seeds of the above seven genotypes were planted and grown in an
open field in the (IPK). The immature seeds of two different ages from
pollination were discreted from heads and then were surface sterilized.

Immature zygotic embryos were dissected from immature seeds of
the seven genotypes, 12 days after pollination (Fig. 1- Type A). While the
immature seeds 15-21 days after pollination were used to dissect cotyledons
and young hypocotyls (Fig. 1- Type B). The explants were cultured on 8
different kinds of media (Table 1) followed by transferring the tissue
through a sequence of defined media using a specified timetable, i.e. eight
pratocols were used (Table 2).

The used explants were placed on the surface of different 8 solidified
media in plastic petri dishes containing 25 ml medium (Table 2). Either
from the immature embryos, cotyledons or young hypocotyls, 10 explants
were placed per plastic petri dish using 8 replicates. Four replicates were
incubated in the dark while the rest were kept under cool-white fluorescent
light (35 w Em? s™) 16/8h light (1500 lux) /dark cycle at a temperature of
25°C £1°C for 3 weeks. Then the calli in the case of organogenesis pathway,
with protocol No. 1 to 6 were transferred to the next media and kept under
light conditions (16/8h).

Type A Type B

(W1

h

Fig. 1. The two types of immature embryos used in this experiment: Type A is the
whole immature embryo dissected 12 days after pollination and Type B is the
immature embryo dissected 15-21 days after pollination which was divided
into 2 sections, i.e. immature cotyledon (co) and immature hypocotyl (h).

198



Table 1. Combinations of different culture media are used in this study (mg/)

Cantenls Mi_| M7 | MI0 | HaR |HaRZ | EI E2 B ¥4 ES ] R
Salts MS [ *MS *MS | *MS _
MS | Ms | MS | MS | MS | basal | basal | M5 | basal | basal | MS | uMs
Vitamins Ms [ M5 | Ms | M5 | Ms BS BS Ms | BS BS MS | ¥MS
KNO, - - - 5000 | %000 - . - - - - .
My inosttel 100 { 100 | 100 [ 100 | 100 - . - -
Adenine solfate - - - 0 a0 - - - - - -
Casamino scid - - - 300 500 1000 - - . 1000 -
MES - - - - - 500 - - - 500 -
24D - - - - - . 10 - 1.0 - .
NAA - 01 05 10 . - B - . . 05
6-BAP 05 20 1.0 1.0 10 1.0 10 - 1.0 -
GAs - - - 0l . - . - - . . _
Sucrese  (g) 0 0 0 30 30 30 60 %0 ]i120 | 120 30 ]30
) 8 3 3 3 8 3 8 3 3 3 8 3
PR { 58 | 58 | 5% | 55 ] 56 | 58 | 57 | 50 | 57 | 58 | 58 | 58 |

* MS Basal medham used was MS half-strengih for the macro-nutrients and full-strength for the micro-nutrients.

On the other hand, in the embryogenesis case (high sucrose
concentration), with protocol nos.7 and 8, the somatic embryos were formed
after approximately 3 weeks. After that the somatic embryos were
transferred to the next fresh media and kept under the same dark conditions
for 3 weeks to form the secondary somatic embryos. After that the
secondary somatic embryos were transferred to the next medium to get
shoots (shoots proliferation) under light conditions (16/8h).

Table 2. Experimental protocols of plantlet regeneration from different sunflower explants.

Main steps of the regeneration Experimental protocols

process 1 {23456 (7]8
Callus induction + somatic embryos initiation | M7 | M10 | HaR | F1 E2 E3 E4 ES
Callus developraent + Secondary somatic
em M7 | M10 |Harz] E1 | E2 | E3 | E4 | £S5
Shoot proliferation M1 | ML [ M1 M) va oM oM | oM
Shoot development 8 8 s § S S s ]
Rooting R | R | R R | R | R ]| R

The initiated shoots were transferred to S-medium, elongated shoots
were then transferred to R-medium, and then they were allowed to grow up
to plant maturity. The data were collected on no. of calli /explant, no. of
somatic embryos/explant and no. of regenerated plants/explant.
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RESULTS AND DISCUSSION

This experiment included different factors: 7 genotypes, 8 protocols,
3 explants and 2 lights conditions (dark and light). The main difference
between the used protocols is the supplemented sucrose amount which was
3% in HaR, HaR2 and E1 media, 6% in E2 medium; 9% in E3 medium and
12% in E4 and E5 media.

Immature embryo explant

The data of Table (3) indicated that protocol 7 and protocol 8 (high
sucrose concentration of 12 %) produced somatic embryos, while protocols
from 1 to 6 which contain less than 120g L™ sucrose initiated callus. On the
other hand, high sucrose concentration of 12% in protocol 7 and 8 caused
reduction in number of regenerated plants/immature embryo. Many
investigators found also that 12% sucrose in media initiated the best somatic
embryogenesis on immature embryos of sunflower (Chandler and Beard
1983, Finer 1987, Li et al 1988, Jeannin ef af 1995 and Charriere and Hahne
1998). However, others produced somatic embryos on immature embryos
by using high concentration of cytokinin (Encheva ef a/ 1993 and Charriere
and Hahne 1998).

The callus formation from 6 protocols (Nos.1-6) was 100% in all
cases, but plant regeneration from protocol 2 was the best (3.7
plants/immature embryo) followed by protocol 1(2.7 plants / immature
embryo) and protocol 3 (2.6 plants / immature embryo) under dark condition
(Fig. 2). The callus induction and callus maintenance media of protocol 2
contained 0.5 mg L™ NAA + 1.0 mg L' 6-BAP, protocol 1 contained 0.1mg
L! NAA + 2.0mg L™ 6—BAP while protocol 3 contamed MS supplemented
by 5g L' KNO; +100mg L” Myo inositol + 1mg L NAA and 6-BAP. With
regard to genotype x medium interaction, Syn. Pop. showed the highest
frequency of plant regeneration with protocol 4 (in the dark) which contained
BS vitamins +1g L™ casamino acids + Img L' 6-BAP (Table 3) and healthy
mature plants were recovered as shown in Fig. (3).
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Table 3. Mean number of caili (or somatic embryes) and regenerated plants (+ SE) from
each immature embryo of different sunflower genotypes, using protocols of
different media compositions and light conditions.

Experimental protocols*
1 2 3 4 5 6 7

enotypel — 8

plrLlpfL{D[L]ID|]L|DJL[D|L{D]|L{D L
No. of calli or somatic embryos (S} /immature embryo + SE
P 10 10 10 10 10 10 10 10 10 L0 10 10 308 285 235 258
YO EOP1 100 +0.0 +00 400 400 +00 +00 +00 +00 +00 +00 400 +13 =32 +15 +2.8
iak 10 10 10 10 16 10 10 10 10 10 1¢ L0 308 308 238 28S
1 00 0.0 +00 +00 +0.0 .0 00 00 +00 200 00 +00 +33 £ 26 £ 05 +1.5
ieB |10 10 L0 L0 10 10 10 10 10 10 10 10 28§ 258 285 308
me +0.0 00 00 00 +00 +00 +00 0.0 00 +00 00 +00 +21 120 +26 +28
spopl 10 0 10 10 1o Lo 10 1o 10 10 10 10 308 308 30S 308
a H0 0.0 00 +00 00 00 00 100 00 HO 00 H0 +22 +id +06 +14
EL{79| 10 10 10 10 10 10 10 1o 10 10 10 10 208 195 235 248
H00 00 00 00 0 00 00 H0 00 00 +00 00 +15 £12 £19 +20
EL212| 1® 10 10 10 10 10 10 L0 10 10 10 10 308 27§ 305 308
100 +00 00 +00 +00 100 100 0 00 +00 400 400 +18 +22 =35 +26
EL226| 10 10 10 10 10 10 10 10 10 10 10 10 30§ 29§ 305 245
A0 00 00 00 00 00 00 100 00 +00 00 +0.0 11 +07 £20 +06
Experimental protocols*

enoty 1 2 3 4 5 6 7 3

PP TL|DJL|[D]L[D|L|D]L[DIL|{DJL[D]L
No. of regenerated plants / immature embryo + SE

P 26 26 48 23 30 26 61 53 00 00 34 27 27 00 04 02
YLFOP-1 197 428 432 24 435 421 11 +46 +00 +00 30 26 +25 +00 +03 +03
iak 22 20 21 17 32 26 04 04 00 00 05 02 00 00 07 01
1 +14 +12 +16 405 +13 +18 +01 +03 +00 +00 +04 +04 +0.0 +00 +03 +03
meB |42 23 53 16 27 15 09 30 00 00 35 00 00 00 i3 13
ne £32 $12 +40 +08 +20 +13 +02 +19 00 +00 16 0 00 +00 +11 +09
s00B| 47 06 53 11 08 03 01 03 00 00 08 05 05 03 07 04
& +33 403 +38 108 105 +04 +03 £035 100 0 +12 +08 406 + 08 +10 +09
EL170]23 03 08 05 31 10 05 02 03 00 00 01 00 00 02 0O
£12 +07 +13 106 +13 00 +09 +06 +06 +00 00 +04 300 00 +08 +00
EL212] 13 00 39 00 14 16 19 51 00 00 22 00 00 00 17 30
+23 100 +£27 400 +05 +09 +23 +36 0.0 00 +16 +00 +00 +.0 +03 +52
FL226| '3 17 33 335 35 23 28 00 03 00 20 41 00 01 18 00
+22 309 +41 +15 05 +1.2 33 100 +08 +00 +13 +58 +00 +05 +2.8 +00

* =For details of experimental protocols, see materials and methods (Tables 1 and 2).
D = Dark conditions before shoot proliferation.
L = Light (1500 Lux) before shoot proliferation.
S = Somatic embryos.
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Fig. 2. Effects of Protocols of different media composition on callus or embryoid Initiation
from immature embryos and on plant regeneration under two light conditions over
ail the used sunflower genctypes.

A: callus induction. B: Shoot proliferation. C: Shoot elongation
D: Root formation. E: Sunflower plantlets, F: Mature regenerated plant.

Fig 3. Main steps of the plant regeneration process from sunflower immature embryos.
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Mean number of regenerated plants/immature embryo varied from
one genotype to another (Table 3). The highest number of regenerated
plants was achieved Syn. Pop. (2.4 plants/immature embryo) followed by
HEL 226 (1.9 plants/immature embryo) and Line B (1.8 plants/immature
embryo). The lowest number of regenerated plants/immature embryo (0.6)
was produced by the genotype HEL 179. The data in Fig. (2) indicated that
the dark conditions are very important for regeneration, since higher number
of regenerated plants were obtained under dark than under light conditions.

These data suggest that plant regeneration from immature embryos
of sunflower is dependent on the genotype. This conclusion is in agreement
with that reported by Pelissier et al (1990), Power (1987), Espinasse and
Lay (1989} and Jeannin and Hahne (1990).

Cotyledon explant

Effect of applying different protocols under two light conditions for
culturing cotyledon on callus or embryoid initiation and plant regeneration
of sunflower genotypes are illustrated in Table (4) and Fig. (4).

The callus induction from cotyledons for the all genotypes was 100% in the
6 protocols (Nos. 1- 6). However, protocol 7 and 8, which included media
containing 12% sucrose initiated somatic embryos either under dark or light
conditions. Frequency of somatic embryos, over all genotypes, was
approximately equal in protocol 7 and 8. Meanwhile, the highest frequency
(2.1 somatic embryos / explant) was noticed in protocol 8 (light) with HEL
226 (Table 4).

Also, Jeannin et al/ (1995) found that organogenesis occurred on
media containing 120mM sucrose, while at 350 mM sucrose somatic
embryos were observed. They added that the frequency of somatic embryos
was increased with increasing sucrose concentration and vice versa for
organogenesis from calli.

The data in Table (4) showed that the total number of plants
regenerated from callus or somatic embryo derived from each cotyledon
was generally higher under dark (9.3 plants) than under light conditions (7.9
plants) in all tested protocols except for protocol number 8, as shown in Fig.
(4). Particulary contrast to our resuits, Paterson and Everret (1985) reported
that hypocoty! and cotyledon explants grown in light were more responsive
than those grown in dark. Development of embryos occured if cultures were
exposed to light during the initial stages (Pelissier ef al 1990).
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Fig. 4. Effects of protocols of different media compositions on callus or embryoid
initiation from cotyledon and on plant regeneration under two light
cenditions over all the used sunflower genotypes

N Cald Somatic ambryos Il Regenerated piants
Dark conditions Light conditions

Caili, som. embryos and reg. plantsfyoung hypocoty!

Fig. 5. Effects of protocols of different media compesitions on callus or embryoid
initiation from young hypocotyl and on plant regeneration under two light
conditions over all the used sunflower genotypes
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{able 4. Mean number of calli {or somatic embryos) and regenerated plants (+ SE) from
each cotyledon of different genotypes, using protocols of different media
compaosition and light conditions.

Experimental protocols*
1 2 3 4 5 6 7 8
enotype
D|L D]L DrL D]L Dﬁ. D{L|DJL{D]JL
No. of calli or somatic embryos (8) immature embryo + SE
P 16 10 10 10 10 10 16 10 10 10 L0 10 095 10S105 108
YLEOD 00 400 +00 400 400 400 +H0 +00 00 +00 +00 00 + 1.6 +25 c28 +0.0
Miak 10 10 10 10 10 10 L0 10 10 186 10 10 105095025 098
1 00 100 0.0 400 00 400 00 100 +00 +00 100 00 +03 203 +04 :12

LineB | '° 10 10 10 10 10 10 10 10 10 10 10 1.0809S 108 098

ne 100 106 00 00 100 100 00 00 00 100 00 00 +05 +L1 +00 +0.5

HEL179] 1 1¢ 1o 10 10 10 10 10 10 10 10 10 095095088 098
+00 400 00 00 00 +00 00 00 00 +00 00 +00 +12 +05 +13 +0.6

HEL212| 10 10 10 10 10 10 1o 10 10 10 10 L0 1.0S08S098 098§
00 100 +0.0 00 100 H.O +00 +0.0 +00 HO0 +00 00 +04 +1.1 +07 +03

HEL 226} 19 10 10 10 10 10 10 16 10 10 10 10 105 08S10S 218
+00 0.0 0.0 0.0 006 +00 0.0 00 00 +00 00 100 +00 +15 +08 +23

Experimental protocols*
1 2 4 5 6 7 3

enotype

DjL{D[{L{D]JL|{D|L{D]JLID|L DLL DJL
No. of regenerated plants / immature embryo + SE

P 14 00 08 01 49 41 04 00 00 00 40 40 03 00 01 00
YRFOPl 08 400 +16 +04 +23 +33 +05 200 +00 +00 +34 +21 +05 +0.0 +03 +0.0
Miak 10 16 22 20 17 15 12 24 00 00 19 23 00 00 06 05
! +03 421 £13 +18 £25 +06 +08 +1.5 400 +00 +12 +20 +00 +00 +08 07
LineB |30 19 02 00 39 29 00 08 00 00 16 00 00 00 07 11
! #13 +09 +04 400 +18 +16 +0.0 +06 100 +0.0 +24 100 +00 +0 +0% +08

HEL179| 00 ©5 23 15 18 25 13 00 03 00 15 00 00 00 00 07
#00 +12 17 *13 +23 +08 +09 +00 +04 +.0 +069 +.0 +00 +06 100 +1.5

HEL212{ 00 20 00 00 17 13 61 14 02 00 26 t7 14 00 00 05
+00 +13 00 +00 +12 +25 +26 +07 +03 00 +2%1 +08 +09 00 +00 +03

HEL226] 12 14 07 13 07 20 01 34 01 00 00 13 10 00 17 09
#21 +11 +06 +09 +12 +15 +02 +28 +03 00 +00 +04 +12 +00 =15 +06

* =For details of experimental protocols, sec materials and methods (Tablesland 2). .

D = Dark conditions before shoot proliferation.

L = Light (1500 Lux) before shoot proliferation.

§ = Somatic embryos.

The highest number of regenerated plants/ cotyledon was produced
with protocol 3 under dark and light conditions (3.9 and 2.9 plants,
respectively) followed by protocol 6 (1.9 and 1.6 plants, respectively). This
indicated that high frequency of promoting shoots through organogenesis
pathway were obtained from calli cultured on MS media supplemented by
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excess of KNO;, (5g L™). Also, Paterson and Everett 1985, Lupi ef af 1987
noticed that a combination of nitrogen sources such as NH;', NOs', and
amino acids proved the optimal regeneration and cytokimin and auxin are
generally required for shoot organogenesis.

On the other hand, protocol § showed no regeneration in dark and
very low number of regenerated plants in light for HEL 179, HEL 212 and
HEL 226 genotypes only (Table 4).

Genotypes exhibited differences in nos. of regenerated plants/
cotyledon. Generally, Syn. Pop.showed the highest regeneration (1.3 plants/
cotyledon), while HEL 179 was the lowest (0.8 plants/ cotyledon), as shown
in Table (4).

Young hypocotyls explant

Effect of applying different protocols under dark and light conditions
for culturing young hypocotyls on callus or somatic embryoid initiation and
plant regeneration of different sunflower genotypes are presented i Table
(5) and illustrated in Fig. (5).

The young hypocotyls of all used genotypes exhibited 100% callus
induction for the protocols from 1 to 6 under both dark and light conditions.
Protoco! 7 and 8 which contained high sucrose concentration ( 12 % )
across genotypes as well as protocal 6 for Syn. Pop., Miak and Line B
under light conditions produced somatic embryos.These results are in
agreement with those obtained by Pelissier ef af (1990). The Syn. Pop.
Genotype with protocol 7 under hght conditions produced the highest
number of somatic embryos/voung hypocotyl ( 2.6 ) followed by Miak
using protocol Paterson and Everett (1985) stated that hypocotyl and
cotyledon explants grown in light were more responsive than those grown in
darkness and Pelissier ¢ al (1990) reported that development of somatic
embryos occured if cultures were exposed to light during the initial stages.

The highest regeneration frequency derived from young hypocotyls
was produced from cv. Miak using protocol number 3 under dark conditions
(4.4 plantlets’'young hypocotyl), followed by Syn. Pop.using protocol
number 1 under the dark conditions (4.1 regenerated plants/young
hypocotyl) and Line B using protoco! number 4 under hight conditions (4.1
regenerated plants/young hypocotyl explant), as shown in Table (5).

Protocol number 3 (which consist of HaR, HaR2, MI1, S and R-
media), produced the highest number of regenerated plants/young hypocotyl
(2.9 and 2.0 plants under dark and light conditions, respectively) (Fig.5).
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This may be due to the high nitrate concentration and presence of myo-
inositol, casaminoc acids and adenine sulfate in media of this protocol. Also
Paterson (1984) added 5g KNO; L to MS medium for increasing the
regeneration capacity of calli derived from sunflower hypocotyls.

The regeneration under light conditions was better than that under
dark conditions using protocols nos. 1, 2, 4, 7, 8 and vise versa for protocols
nos. 2, 3 and 6 which suggest some specific interaction between the
protocols and light conditions (Fig. 5).

The tested genotypes showed differences in number of regenerated
plants/young hypocotyl. In this regard, Syn. Pop. showed the highest
number (2.2 plants), while HEL 226 exhibited the lowest (0.9 plants) as
shown in Table (5). Lupi et o/ (1987) and Mohammad & Hassan (1988)
obtained callus from hypocotyl cultured on medium containing different
combinations of NAA and BA. While, Zezul et al (1995) induced
embryoids from young hypocotyl and Freyssinet and Freyssinet (1988)
regenerated plants from cultured young hypocotyls on MS or BS media. On
the other hand, Robinson and Adams (1987) found that ethylene production
was not correlated with light conditions ( light - dark ) but seemed to be due
to a difference in sensitivity to ethylene at a specific time during the growth
of sunflower hypocotyl. From these findings, it is suggested that response
genotype differences in response may be due to different endogenous
hormone levels and/or different sensitivities to hormones (Robinson ef al
1987).

From this investigation, it is concluded that protoco! 3 was able to
give the highest plant regeneration frequency from all tested explants, i.e_,
immature embryos, cotyledons and hypocotyls. Therefore, the best
procedure for plant regeneration from immature embryos, cotyledon and
hypocotyl explants of sunflower would be as follows: callus induction on
HaR medium, catlus propagation on HaR2 medium, shoot proliferation on
M1 medium, shoot development on S-medium and rooting on R-medium
(the composition of each medium is illustrated in Materials and Methods).
Moreover, Syn. Pop. was the best in showing the highest regeneration
capacity from calli derived from all tested explants. The best results of plant
regeneration were generally obtained from calli derived from hypocotyls.
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Table 5. Mean number of calli (or somatic embryoes) and regenerated plants
(+ SE) from each young hypocotyl of different genotypes, using
protocols of different media composition and light conditions.

Experimental protocols*

eno 2 3 4 5 6 7 8

BT L] D] L DL B LD L B[] BIL] DL
No. of calli or somatic embryos (8) immature embryo +SE
P 10 L6 10 L0 10 16 10 10 10 10 10 02S 195 265 L8S 258
YO POP-1 .00 100 +00 100 +00 +00 +0.0 +00 +00 +0.0 +00 +08 +14 +2.1 +25 +22
Miak 12 10 10 10 10 10 10 10 L0 10 1.0 068185 235 14S 26§
! 0.0 0 100 200 .0 200 00 +00 200 HO 400 +14+11 +07 +05 +11
LineB |10 10 10 10 10 10 10 10 10 L0 10 03§ 13§ 13§ 125 128
D0 00 00 +00 00 00 00 00 00 +00 00 <04+09 +05 +10 + 07
HEL179| 1¢ 10 10 10 10 10 10 10 10 10 10 10 LIS 118 0.7S 148
00 400 +00 200 100 00 +0.0 +00 00 +00 +00 00 +08 +0.4 +13 +0.7
HEL212| 1® 10 10 10 10 10 10 10 10 L0 10 10 095 085 03§ 098
H0 00 00 HO O 00 00 00 +00 00 +00 00 +06 +02 +02 =04
HEL226) 1¢ 10 10 10 10 10 10 10 10 10 10 10 085 09§ L0S 1.0S
0 0 00 00 +00 00 00 +00 +00 00 +00 +00 +02 +05 +106 +0.7
Experimental protocols*

enotype|__1 z 3 4 5 6 7 8

DIL|DJL|D]JL|DJLIDILID][LC|D[L|[D]L
No. of regenerated plants / immature embryo + SE

Pop| #L 40 19 18 39 39 25 26 00 00 33 20 05 14 LS 18
Y EOP-},38 431 +15 £21 +25 +24 +31 +32 00 +00 +32 124 +07 +11 +08 +10
Miak 39 09 15 20 44 14 04 08 00 00 13 04 08 19 12 18
T . 14014 +03 +06 +13 +03 +09 105 +06 +00 +00 +08 +0.7 103 +15 +08 +09
LineB |0 35 09 28 18 21 14 41 00 00 24 00 10 12 03 07
i 100 +23 +04 +135 +06 +16 +09 +24 +00 400 +13 +0.0 +04 +09 +04 +13
HEL179| 00 28 22 00 23 23 15 28 01 00 00 22 06 09 03 12
400 403 +02 00 +07 +02 +04 +04 401 +0.0 00 +01 +02 +02 +03 +0.5
HEL212{ 0¢ 12 00 22 19 00 39 18 17 00 27 26 00 00 00 06
400 +0.5 00 +09 +04 00 +13 +03 +12 +00 +03 +07 +0.0 +00 400 +1.1
HEL226| 12 09 00 02 29 25 12 09 00 00 00 06 00 01 14 17
£06 £02 00 402 +07 +04 03 +03 +00 +00 400 +05 00 +03 +03 +10

* =For details of experimental protocols, see materials and methods (Tablesland 2).
D = Dark conditions before shoot proliferation.
L = Light (1500 Lux) before shoot proliferation.
S = Somatic embryos.
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