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ABSTRACT

Seventy seven plants regenerated from embryogenic calli of teaf culture of Sorghum
bicolor LMnch (var. Tracy) were morphologically evaluated at dough ripening stage. The first -
generation seifed lines drived from 37 selected plarts were compared with the original genotype
to select superior pients to control for performing 2 ™ generation which their progenies (nine
clones) were grown in two different locations (Sabhia and Nubaria) for two different successive
seasons. Morphological and technological characlers were measured in comparison with their
control (donor explant). Peroxidase zymorgram of selected superior clones with their comtrol,
cytological examination for them and statistical analysis were performed. The results have shown
observable genetic variants due to a wide range of recorded values for each measured character
through the two cycles of selection in two seasons. The final selected clones (nine clones and
their control) revealed that some studied characters have no significant differences in both
locations (sucrose % and stem diameter), while the following characters: plant height, juice
weight, number of nods , spikes length , fresh and dry weights of leave manifested superiority in
the field of Nubaria. On the contrary, the following characters showed significant superiofity in the
locations of Sabhia; T.S.S %, leaf area, chiorophyil, total weight and stalk we'cit. Due to improved
yield and genetic changes obtained by zymogram patterns (number of bands, their distribution,
and light density) in clones and their control, hence, tissue culture technique can be used to creat
superior varieties for agriculture use. However, the effect of culture media on chromosome
number was not observable.

INTRODUCTION

Genetic variability due to the tissue culture process are greater than that
of created by convential mutagensis (Edallo et a/; 1981). This variability has
been shown to be genetically distinct from the original source of the plant. In
some cases, this variability has been heritable over one or more generations of
sexual reproduction (Larkin, 1987).

The production of a genetically improved variety of a plant species with
superior disease resistance and / or agronomic yield is a difficult and need long
time consuming process. However, tissue culture technique has provided a new
tool for plant breading programs. (Linacero and Vazquez, 1993; Seliskar and
Gallagher, 2000 and Tregear et al., 2002). Ouf et al. (1996) performed an
efficient regeneration system for Sorghum bicolor L.Monch. (Var Tracy) in order
to produce a somaclonal variation required for selection. The present work
sought to assess the highest productive cell lines among regenerated
populations of Sorghum bicolor L. Manch for several generations required for
such breeding programs at two different locations (Sabahia and Nubaria) in two
seasons 2001 and 2002.
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MATERIALS AND METHODS
1. Establishment of somaciones:

Somghum bicolor L., Monch (Var. Tracy) was used as an explant donnor
for the in vitro culture. Production of embryogenic calli, plant regeneration and
transplanting into soil were designed as early described by Ouf ef al. (1996).
These clones were grown in the field of sabaheia research station.

2. Measurement of morphological characters on somaclones (R0):

The selection was based on the high productivity of the given clones,
which is affected the following characters: plant height, (m), number of nods,
stem diameter (cm) and ieaf area (m?) per plant.

3. Progenies of selected clones: A

Each selected clones (R1) were sown in determined lines in the same filed
as mentioned above to be evaluated at the dough ripening stage. Seeds of
selected R1 were finally considered as a new population (R2) which were
morphologically and technologically assessed at two locetions in different areas
(the first at Sabahia station and the other one at Nubaria station) for two
successive generations where their physical and chemical proprties at 2001 and
2002 seasons were analyzed according to Piper, 1850 (Table 1). The following
characters were measured on such a new population (Rz) for two successive
seasons (2001 and 2002) at Sabahia and Nubaria areas. a.) Morphlogical
caharaters: plant weight (kg); number of nods; plant height (m) with and without
spike; stalk weight (kg); stem diameter (cm), Leaf area (m?) was calculated by
Montogomery, 1911, spike hight (m) and chlorophyll (mg/gm dry weight), which
was directly measured by using a hand chlorophyll meter model Spad- §02. b.)
Technological characters: Juice yield (Kg), Total soluble solids (T.S.S%) and
sucrose percentge.

4. Acrylamid gel electrophoresis for peroxidase:

In order to detect genetic variation in some clones, the progeny of
selected clones were examined in comparison with their mother explant donor
(control) according to the method of Laemmli (1970) as modified by Studier
(1973).

A gram of new initiated leaves was homogenized in peroxidase extraction
buffer (tris 1.21 g, boric acid 0.62 g, Triton x 100 2 ml, mercaptoethanol 1 m! at
PH 7). Samples were diluted in tris- HClI buffer 6.8,15%sucrose
mercaptoethanol and bromophenol. Samples were placed on the vertical
electrophoresis wells in 12 % acrylamid separating gel. In order to determine
enzymatic activity, the approeriate-stain mixture of H,O, and benzidine 0.1 %
solution were used.
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Table (1a and b). Physical and chemical properties of the soil surface
layer (0-30 cm) for Sabahia and Nubaria areas
during 2001 and 2002 seasons.

Table 1 a. At Sabahia station.

Characters Field 1: Sabahia station
2001 2002
Ca‘‘meqfl 17.25 16.31
Mg?* meg/l 4.3 10.2
Na' meq/l 14.6 13.9
K' meg/t 1.25 0.96
CO;?meq/l 0.00 .01
Heo? meq/i 25 2.62
CI'meq/l 27.12 25.0
SO 2meqg/ 13.5 14.5
EC dSm™' 475 462
pH: soil:water (1:2.5) 7.78 8.02
Total N % .10 A3
Organic matter 1.38 1.25
Clay % 423 43.1
Silt % 43.1 428
Sand % 146 14.1
Text .class Clay loam Clay loam
CaCO,; % 5.8 6.9
Table 1 b. At Nubaria station.
Characters Field 2: Nubaria station
2001 2002
Soil PH (1:2,soil:water) 7.8 7.9
E.C.,ds/m(soil paste extract) 2.00 1.68
CaCo3 % 33.00 31.0
Organic matter % 0.52 0.56
DEC,mg/100g soil 14.18 13.57
Na Hco3 - ext. pg/g 2.4 2.5
DTPA-ext., p/g soil 26 26
DTPA-ext. Mn, /g soil 2.2 24
DTPA-ext. Zn, u/g soil 1.00 1.3
DTPA —ext. Cu, p/g soil 0.3 0.3
Sand % 52.00 49.00
Clay % 10.00 12.00
Silt % 38.00 39.00
Texture Sandy clay loam
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5.Cytological examination:

Seeds were thoroughly washed with running tap water for 3 hours and
soaked in water for 24 hours. Germenating seeds were kept in petri dishes until
roots had reached 1cm length. Root-tips were removed and fixed in 3.1
(ethanal: glacial acetic acid) solution for 3 hours and stored in 70 % thanal.

Stalning: Root-tips were stained in vial samples containing aceto-orcein for 15
min., washed, transferred to 45% acetic acid and 1000 cells at both prophase
and metaphase stages were examined,

6. Statistical estimations of somaclonal variation:

The mean, range and number of clones superior to control for each
characters were analyzed by using least significant differences (L.S.D.)
according to Steel and Torrie (1881).

RESULTS AND DISCUSSION
1-Morphological variability Induced by tissue culture:

The growth of plantlets transferred into soil (into clay pots) have shown a
varied variability before transferring them into the field (Fig. 1). The recorded
values estimated on somaclones at the dough ripening stage in the field
indicated that the Sorghum bicolor L., Monch can reported to be excellent
material for induction of somaclones (Table, 2 and Figs. 2a & b and 3 a & b).
The results obtained from this part of investigation indictated that there was a
wide range of variations in all characters under study. These results are in
accordance with those obtained in maize (Edallo et al.,1981) and in sugar cane
( Liu & Chen; 1978, 1980 and 1982; Ramos leal ef al., 1996 and Sharaf et al.,
2000). The variability could be explained as a resuit of cell exposuriall to cuture
media containing phytohormones, especially cytokinins (Jones, 1979, Smith and
Nightingsle, 1979).

in adduition, the influence of culture age on variation has been recognized
(Karp, 1989).

Lee and Phillips (1987) demonstrated that the inherited variation tend to
the increment with cuiture age.

Table 2. Range of variability in Ro and number of clones superior to
control mean for their important characters of 77 regenerants

{Rg).
Themean Noofclones % Lines
Character Range of control superior to sup. To
control cont.
Plant hight (cm) 1.40-4.33 1.9 20 26
Stem diameter (cm) 1.0-3.7 225 24 31
Leaf area (cm?) 0.28-0.33 0.37 22 28.5
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2-Selection in Ry progenies:

Each clone in RO manifested superiority to control in one or more
characters were involves in the next selection cycle (R,) and the others were
eleminated seeds of 2625 resulting from 37 selected RO were sown in lines
(there lines for progeny of each somacione). The evaluations of these plants are
reported in (Table 3).

The wide range of variability observed in Table (3) is due to the
segregation occurred during meiotic cycle (Sharaf et a/. 2000).

Table 3. Evaluation of somaclonal progenies (R1).

N’ of cell
Characters Range Mean of fines % of cell lines
control  superior to sup.to cont.
cont.
Plant height(cm) 1.05-4.33 2.30 29 78
Stem diameter(cm) 1.3-3.0 22 15 * 40.5
Leaf area (cm?) 0.27-0.25  0.17 9 24.3

3-Comparative assessment of selected clones in two different areas:

The nine clones were selected for their superiority in R2 (Table, 3), their
progenies were sown in two different areas (Sabahia and Nubaria Res. Station)
for two successive seasons. Finally, the analysis of mauiphological and
technological characters were measured as reported in (Table, 4).

Table 4. Evaluation of selection R2.

No superior

% superlor
Characters Range Control clones to p o?\ees
control
Plant height (m) 1.36-2.80 240 5 55
Stem diameter (cm) 1.3-31 2.29 6 66
Leaf area (m?) 0.45-0.70  0.23 1 11

These results could explain the stability of new genetic mutations through
several generations and the effect of location could be reacted with genes of
some characters as shown in (Table, 4). Also, differences between progeny of
each clone may due to segregation and new recombinants occurred during
meiotic division (Ramos leal et al., 1996 and Sharaf et &/., 2000).

Some clones possessed one or more superior characters to control the
evaluation of selected clons at the two different areas in two successive
seasons were reported in Tables (5 to 9).
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Table 5. Evaluation of selected clones for the characters of chiorophyll ,
plant weight and stalk weight.

ChiorophyH Plant weight Stalk weight
G (mg/gm dry wt.) (Kg) _ (Kg)
2 Sabahia Nubaria Sabahla Nubaria Sabahia Nubaria
™ ol FolE - B Fd Pl ™
Year year Year year Year year Year year Year year Year year
1 372 428 335 299 4.4 53 36 34 26 KX} 26 21
2 312 563 303 359 3.2 36 29 3.1 22 27 1.8 1.5
3 401 423 403 33 51 49 32 a5 22 7 26 2
4 317 486 202 364 32 49 36 a5 23 3 23 24
5 §3.2 415 372 384 37 49 36 34 22 23 26 24
8 v4 511 7 38 26 4.6 4.2 46 12 25 29 3
7 485 503 38.1 31 33 56 as 4 28 37 22 26
8 475 442 342 38 54 5.6 36 4.1 35 2.9 24 29
] 451 539 375 87 403 403 35 34 38 38 25 26
10 478 442 MNM7 383 31 46 35 4 22 21 24 27
P LSDo.os 0.68 0.06 0.15
Y LSDoos 0.90 0.07 0.17
P = place Y = year

Table 6. Evaluation of some selected clones for the characters of total plant
height , plant height without spike and spike length.

38 2.7 32 32 34 23 29 28 256 413 30 40
36 22 26 27 34 2 23 24 226 19.6 30 30
3.4 2.6 38 38 31 23 3.2 3.2 246 343 40 40

. Total plant height Plant height with out Splke length

2 {m) spike (m) (Cm)

-g Sabahia Nubaria Sabahia Nubaria Sabahia Nubaria
™ Pl ™ Pl 1™ Pl ™ 2" ™ ™ 1™ Pl

° Year year VYear vyear Year year Yesr year Year year Year year

1 34 29 38 32 31 24 33 29 27 253 30 30

2 1.7 26 LR | 3.1 1.6 23 28 2.7 18 30 30 40

3 36 24 37 37 34 24 34 35 23 20.3 30 20

4 3.2 27 403 43 3 24 36 37 165 30 40 60

5

6

7

[

)

10

32 25 18 21 3 29 17 18 17 30 10 30
25 34 29 28 23 26 286 25 198 366 30 30
27 21 314 32 25 17 28 29 203 35 30 30
P LSDoos 0.12 0.15 0.04
Y LSDpos 0.17 0.19 N.S
P = place Y = year

Table (5 and 8) represent the evaluation of selected colnes for the
characters of chiorophyil, plant weight, stalk weight, total plant height, plant
height without spik and spik length. The obtained data revealed that, there were
a manifested superiority in Nubaria location for plant height, spik length, while a
significant superiority in clorophyll, total weight and stalk weight was observed at
Sababhia location.
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Table 7. Evaluation of some selected clones for the characters of fresh
and dry weight _of leaves and leaf area.

Fresh welght of leaves Dry weight of leaves Leaf area
§ {gm) {gm) {m®)
Sabahia Nubaria Sabahia Nubaria Sabahia Nubath
™ Fal ™ Fad Bl ol o N
Year _yesar Year Jyoar  Year yesr Year yeer Yur yoar Year u
1 829 798 668 665 390 379 303 301 039 045
2 698 67.6 683 681 350 331 295 328 057 043 o 57 o 42
3 748 75.0 826 819 470 434 403 392 065 063 065 054
4 1002 907 1061 1083 543 D96 494 515 049 045 048 039
5 794 74.4 924 818 360 349 421 431 047 050 047 043
6 530 607 1178 1172 207 223 523 542 084 090 049 0.54
7 885 820 9406 946 420 412 434 425 051 054 051 046
8 1079 1035 865 868 560 535 424 476 055 048 055 050
9 879 903 668 672 432 447 308 331 046 042 0486 042
W 825 831 1004 9504 403 381 518 525 059 050 059 051
P LSDoes 4.84 2.88 0.40
Y 150008 187 0.82 0.19
P = place Y = year

It is well known that the leaf is the organ in which sugar processed. The
breeders always select plants of families with beg blade and long petiole to get
more photosynthesis. Also, large number of yields more photosynthesis (Spiller,
1980; Smith & Hadley, 1989 ;Patel ef al. 1992 and Attalah, 1997). In the preent

study Sabahia area showed significant differences in fresh anJd dry weight of

leaves and leaf area (Table, 7)

The data obtained from Tables (8 and 9) revealed that some studied
characters have no significanr difference in the two areas of culture (sucrose
percentage and stem diameter), while the following characters showed
superiority in the area of Nubaria; juice weight and number of nods. In contrast,
T.5.8% showed a significant superiority in Sabahia location.

Concerning the foliowing characters; plant weight, stalk weight, fresh and
dry weight of leaves, chiorophyil, number of nods and total plant height, there
were significant differences between the two year of culture in both locations.
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Table 8. Evaluation of some selected clones for the characters of
number of nods and stem diameter.

No. of Stem diameter
nods {cm)
Sabahia Nubaria Sabahia Nubaria
8 ™ Pl L ™ il 2™

Year vyear Year year Year year Year year

1 0.6 19 226 253 23 26 24 23
2 14 166 236 216 29 2 21 2.8
3 13 16 226 206 19 2.2 26 25
4 13 19 256 22 1.7 23 25 24
] 12 17 23 21 28 24 25 25
6 12 17 14 123 19 23 23 24
7 12 17 17 243 42 2 22 22
8 13 17 173 15 26 2.2 25 21
9 13 16 193 163 23 28 22 22
10 14 18 13 136 203 2 25 26

P LSDoos 0.47 0.143

Y LSDgos 0.82 0.061

P = place Y = year

Table 9. Evaluation of some selected clones for the characters of sucrose
% , total soluble solids (T.S.S%) and juice yield.

Sucrose % T.8.5% Juice yield (kg)

$
Sabahia Nubaria Sabahia Nubaria Sabahia Nubaria
g ™ P ™ 7 ™ Fiad [l ¥ ™ P ™ >
Year Year year Yesr year Year ysar Year Year Year

'gu

1 82 56 34 36 17 18 123 16 05 045 15 12
2 1003 84 54 51 17 16 12 14 03 02 23 21
3 53 83 44 46 15 18 12 13 05 045 21 19
4 55 55 62 53 14 16 14 12 035 045 12 12
$ 8686 6 61 54 14 14 123 11 04 0166 32 29
6 83 74 69 63 16 14 13 13 03 0183 18 186
7 10 87 67 58 18 14 14 12 05 07 26 22
8 99 7 54 46 18 18 12 13 05 033 12 19
9 62 89 63 61 18 18 12 14 08 048 12 17
10 75 85 54 5 17 18 15 12 08 03 12 12

P LSDoos 4.84 2,86 0.40

Y LSDgos 7.67 0.82 0.19
P = place Y = year
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Figure (1): Variants plants due to somaclones grown in clay pots under
condition of greenhouse
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Morphological variation in some somaclones

Figure (2)

a) General view in the field.

b) Spike size.

220
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Figure (3): Superiority of selected clones in:
a) plant height and stem diameter.
b) spike size and leaf area.
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Figure (4): (a) Peroxidase isozyme and (b) Zymogram banding patterns
of selected clones {1-9) and their explant donner (control 10).
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Figure (5): Photomicrographs showing normal metaphases in selected
clones (1-9) and their explanted donner (Tracy).
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4- Electrophoresis:

Peroxidase isozyme zymogram patterns showed three loci migrated to the
cathode which designated Px1, Px2 and Px3 (Fig. 4 a & b). In general, it can be
observed that the patterns are highly variable, therefore, all differences in
enzymatic activities between clones and their control are modified because of
tissue culture process. Such a result is in harmony with those obtained by Abd
El-Hamid (1997) in sugar beet and Sharaf et al., (2000) in sugar cane.

Kaeppler 6t al., (2000) found that the modifications in DNA are less in vitro
cutture than in seed grown plants.

§-Cytological examination:

This part of study revealed that all clones possessed 2n=20 (fig. 5) and
showed no differsnces between each other conceming chromosome number.

Finally, it can be concluded that tissue culture technique can be used to
creat superior varieties for agriculture use and the obtained results can help the
sourghum producer to chose which one of clones suitable for him. In addition to
that, the breader could utilize such a result in select genotype with some
parameters have good effect on sucrose percentage and / or juice yield.
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