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ABSTRACT

The effect of some factors, namely BA concentration (5 and 10 mg/),
sucrose concentration (8, 10, 12, 13, 14 and 15%) and presence of active
charcoal in medium (0 and 5 g/) on microtuber formation of six potato
genotypes, four tetraploid, viz. Diamant, Picasso, Santa and Forella and two
dihapliod, namely 805 and 808, was studied in two experiments. Potato
genotypes responded differently to such factors, where Forella cv. showed
the best performance regarding microtuber number per jar, average weight of
microtuber, and microtuber yield per jar. Increasing sucrose concentration up
to 12% and adding active charcoal at concentration of § g/l in medium having
10 mg/l BA caused a remarkable increase in microtuberization parameters in
all cultivars. On the other hand, increasing sucrose concentration or adding 5
g/l active charcoal to MS medium having 5 mg BA /1 promoted microtuber
formation in some cultivars, and inhibited this process in others.

INTRODUCTION

The production of microtubers has got significant importance in many
countries of the world for the purpose of the production of disease-free seed
tubers, germplasm exchange, and conservation (Roca et al.1979; Ranalli et
al. 1994). Mass production system of potato microtuber can revolutionize the
world potato agriculture in the near future. Moreover, many laboratories are
producing microtubers commercially for their own national programs as well
as for export. In South Korea, they are producing millions of microtubers
annually (Hyouk et al. 1994). In the Philippines, the national breeding project
on conservation and multiplication hag a strong microtuber production
programme in order to produce millions of minitubers every year (Paet and
Zamora 1994). Baoquing et ai, (1991) harvested at least ten usable size
microtubers per flask after 30 days of culture. They tried to give a picture of a
large scale and economic production of microtubers for the national
programme with a comprehensive research outline. In USA, some
commercial laboratories are producing millions of microtubers, which are sold
with 15 cent each, while in Indonesia and China it costs only 5 cent due to
cheap labor cost.

In vitro microtuberization is a complex process regulated by different
factors. However, work on micro tuberization in potato has mainly focused on
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the use of growth regulators, such as benzyl amino purine (Wang and Hu
1982; Hussey and Stacey 1984; Abbott and Belchel 1986), 2-chloroethyl
trimethyl ammonium chioride (CCC) (Tovar et al. 1985), coumarin (Dodds et
al. 1988), and jasmonoid (Pelacho et al. 1993), etc. Cytokinins are commonly
included in media for in vitro tuberization of potatoes (Wang and Hu 1982),
but their role is still obscure (Ewing 1985). Doubts have been raised whether
cytokinins are directly responsible for tuber initiation (Ewing 1987). Addition of
cytokinin to the agar medium promoted tuberization of stolons subcultured in
darkness (Palmer and Smith 1970) and cytokinin like activity was nearly twice
as high in induced as in non-induced tissues (Forsline and Langille 1976;
Mauk and Langille 1978). Generaily, the response to growth regulators
depended upon a rang of factors including sucrose concentration and
cultivars (Hussey and Stacay 1984; Ortiz- Montiel and Lozoya-Saldana 1987,
Garner and Blake 1989). Conceming the effect of sucrose cocentration, Yan-
Zheng and Guo-Dezhang (2004) found that the best medium for inducing
microtuber production consisted of MS, 8% sucrose, 0.1% Active carbon, 30
mg I coumarin and 3 mg I' 6-BA. Also Gopal et al. (2004) reported that
higher concentration of sucrose (60-80 g/liter) promoted biomass production,
microtuber production and microtuber dry matter content. Tariq et al. (2004)
reported that MS medium supplemented with higher concentration of sucrose
(6%) and 1 M of BA recorded the maximum number of micro tubers. Sidikou
et al. (2003) studied the effect of sucrose level at 2-12% and BA at 0 - 5 mg/
liter on tuberization and found that tuberization increased with increasing
concentration of BA and sucrose. Islam et al.(1999) investigated the effect of
sucrose level (6, 8, 10 and 12%) and BA (4, 5 and 6 mg /liter) on the
tuberization, and they observed that the highest number of tubers per flask
and average tuber weight were upon treatment with 6% sucrose, 5 mg/liter
BA. Alix et al. (2001) studied the effect of sucrose level (1, 2, 4 and 8%) on
potato microtuber initiation, and found that microtuber initiation was 100% at
8% sucrose falling to 40-50% at 4% sucrose and was absent at 1 or 2%
sucrose. Regarding cultivar response, Hossain and Sultana (1994) reported
that the preliminary studies on microtuberisation showed that the potato
cultivars differed widely in this respect, i.e. the cuitivar Patrones produced
about 11 tubers per plant as against one - two for Heera, Dheera or Chamak.
Medium containing activated charcoal gave the highest rate of tuberization
and the largest microtubers in potato. It thus played a role in optimizing
conditions for rapid, mass tuberization of these cultivars, and produced large
microtubers for field planting (Bizarri. et al. 1995; Wang et al. 2006). Bulblet
growth was also improved in lilium. by supplement medium of AC. The
medium with 2 g/lL AC was most effective for bulblet growth (Bong et al.
2005). As it was reported by Hossain (2005), most of the studies were based
on a few genotypes only. Thus, the present experiment was aimed at
investigating the effect of different factors, namely, BA concentration, sucrose
concentration, and presence of active charcoal on microtuberization over a w
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MATERIAL AND METHODS

These experiments were carried out during the period from 2005-
2006 in Plant Biotechnology Research Lab, Faculty of Agriculture, Cairo
University, Giza, Egypt.
Six potato genotypes, namely Santa, Picasso, Diamant, Foreila, 808, and 805
were used in the present experiments. The cultivars Santa, Picasso, and
Diamant were received from Agriculture Research Center, Giza, Egypt, while
Forella cv. and the dihaploid genotypes 805 and 808 were received from IPK
Gene bank, Aussenstelle Nord, Gross Lusewitz, Germany.
Experiment treatments:
This work included two experiments as follows:
1- Effect of sucrose and active charcoal concentrations on microtubers

production in six different genotypes.

This experiment consisted of 96 treatments, ie., 8 sucrose
concentrations (8, 9, 10, 11, 12, 13, 14 and 15%) X 2 active charcoal levels
(0 and 5 g/) X 6 potato genotypes (4 tertraploid, namely Diamant, Picasso,
Santa, Forella, and 2 dihaploid, namely 808 and 805).

2- Effect of BA, sucrose concentration and active charcoal level on
microtuber production in three different potato cultivars.

This experiment included 12 treatments which was a combination of 3
sucrose concentrations (8, 10 and 12%), 2 active charcoal levels (0 and 5 g/l)
X 2 BA (benzyl adenine) concentrations (5 and 10 mg/l). This experiment was
conducted separately on 3 different potato cultivars, namely Diamant,
Picasso and Santa.

Plant material

Potato tubers (Solanum tuberosum L. cvs Diamant, Picasso, and Santa)
were established from apical meristemns of sprouted tubers on MS medium
(Murashlge and Skoog, 1962) with 3% sucrose, 100mgi”’ myo-inositol,
0.1mgi" BA and solidified with 0.7% agar. pH was adjusted to 5.8 before
autoclaving at 121°C for 25 min. Sprouts were grown under 16h photoperiod
at 2500 lux of white cool light and Incubated at 24°C for 4 weeks in growth
chambers. Forella, 805 and 808 genotypes were produced from Gen bank,
Germany as plantliets in tubes. Thereafter, Shoot of all genotypes, i.e., Santa,
Picasso, Diamant, Forella, 808 and 805 were subcultured every 28 days in
baby gars (250 ml capacity) containing 40 mi of the same previously
described culture medium via nodel cuttings as described by Espinoza et al.
(1985). Subcultures were repeated for 4 times before cultured on tuberization
medium.
Tuberization medium and incubation condition

Tuberization medium consisted of MS macro and micro elements

salts, 0.7% agar and the additives mentioned in the experiments, i.e., 6
sucrose concentrations (8, 9, 10, 11, 12, 13, 14 and 15%) as well as two
active charcoal levels (0 and 5 g/) in the first experiment and two BA
concentrations (5 and 10 mg/)", 3 sucrose concentration ( 8, 10 and 12% )
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and two active charcoal levels ( 0 and § g/l ) in the second experiment. pH
was adjusted to 5.8 before autoclaving at 121°C for 25 min,

Three shoots, each shoot containing 6 nodel, were cultured on different
media cultures which were kept at 17°C in continuous dark.

Recording data

Data were recorded after 3 months from culture in the two
experiments as follows:

1-  Number of microtubers per jar.

2-  Average weight of microtuber.

3-  Yield of microtubers per jar.
The experimental design ‘

The experiments were set in a three factors completely randomized
design (CRD) in four replicates, each replicate consisted of 3 jars, each jar
contained 3 plants. The three factors of the first experiment were 6 cultivars X
8 sucrose concentrations X 2 active charcoal levels, while in the second
experiment, they were 2 BA concentrations, 3 sucrose concentration X 2
active charcoal levels. The data on different parameters were collected and
statically analyzed. Thereafter, the significant differences between means of
treatments were recorded at 5% level using L.S.D as described by Steel and
Torrie (1960).

RESULTS

Experiment 1: Effect of sucrose concentration and active charcoal on
microtubers production in six potato genotypes.

There were significant differences in microtuber number, microtuber
average weight and yield per jar among the different genotypes. In this
respect, Forella cultivar showed the best performance in all tuber characters
and followed by genotype 808 in respect of microtuber number and followed
by cv. Picasso regarding average weight of microtubers, and jar yield of
microtubers. On contrast, genotype 805 showed the lowest value of
microtuber number per jar, average microtuber weight and jar yield of
microtubers, were recorded by genotypes Santa, 808 and 805, respectively.
Increasing sucrose concentration from 80 to 120 g/l significantly increased
number of microtubers, microtuber average weight and jar yield per jar. This
was true in all genotypes (Table 1, 2 and 3). Further increase in sucrose
concentration up to 13% led to death of all genotypes, except Forella cultivar
(Data are not shown). Data presented in the same table reveal that adding
active charcoal to the tuberization medium led to production of higher
microtuber number per jar, and markedly increased both of average
microtuber weight and microtuber yield per jar, as compared with medium
without active charcoal. These results were true in all genotypes and at all
sucrose coricentrations of 80, 80, 100, 110 and 120 g/.

The highest values of average microtuber weight (1.933 g) and
microtuber yield per jar (18.027 g) were noticed in cv. Forella by using 12%
sucrose in presence of active charcoal. Meanwhile, the highest number of
microtubers per jar (11.3) was produced in genotype 808 in medium
containing 12% sucrose + 5 g/l active charcoal.
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Table. 1: Effect of concentrations of active charcoal (A.C), and sucrose
on number of tuber / Jar of some potato genotypes.

Genotypes  AC (@ Sucross level (g Mean
"c: 1.7 §§r i 131g 12 3 25
. . 2 : . .
Diamont 5 33 3 53 5.6 7 5.1
Average 25 35 38 g.g 456 3 .g
Picasso 5 33 4 4 4 48 4
Average 0 21'7 ?3} 133 gg gg ?%
Santa 5 27 3 26 26 36 2.9
Average 0 ;g §3 § gg 733 §?
Forelia 5 37 4 586 6.6 93 58
Average 35 34 5.3 85 83 55
805 0 Y 23 23 28 1.6 22
5 2 2 28 33 56 31
Average 2 2.2 25 3 3.7 26
808 0 23 2 28 4 6 34
5 23 23 4 4 113 48
Average 23 286 33 4 8.7 4.1
0 21 25 25 36 38 29
5 29 32 4 44 14 4.4
Mean 35 20 331 ) LX)

L.S.D. at 0.05 for " Factor A (genotypes) 0.7
Factor B (A.C)=0.4 Factor C (sucrose) = 0.7
AXB=11 BXC=09 ~AXCs1Y AXBXCw=24

Table. 2: Effect of concentrations of active charcoal (A.C) and sucrose
on tuber average weight (g) of some potato genotypes.

Genotypes AC(gfl) Sucrose level (gN) Mean
80 90 100 110 120
. 0 o001 .04 VA RZL e oive
Diamont 5 oY o YAY oty RETY VY. . Ao
Avm 108 VY I S o +,400 s, 88y o Tov
- 0 R X RS} LY 100 ., Tou S YVA
ICasso 5 ETH < AT LAY otV A e
Avgrage ., 841 ALY ., TY0 ' YYVY ., 0AT DR
0 VA .oy VAV o Ay LYY
Santa 5 oY YT I . tov 7Y ..rov
Average LT 2, AVY 0, o 87 o, 1A4 . Ty
0 VAL ., YTY % A K 0t . ASY o bty
Forella 5 . v it ATy L AYT y,ary ' AYe
AW o Yt ., 7T »,0FF o, IAY V, e AT
805 0 AL ATY VY VY YYA AN
5 V00 o, VOA o YAY ., Y80 oty . e, YtY
X LY GYEA e, ve YA . Yo oYt
808 0 o0 NA e ¥Y AYY LV E S AN
5 YR «N0A Ve Yoo A YAT
Average oVt o GYEA - LYY LYY L 4,088
. DK d ., 181 o rar o TYe . £V o YYY
° ., 1Y GYAT YA - L vt 4.t [NELVY
Mean Y] Ve 7Y o PV T
)
L.S.D. at 0.05 for Factor A (genotypes) = 0.07A

Factor B (A.C) = 0.22¢ Factor C (sucrose) = 0.038
AXB=0055 BXC=003 AXC=0087 AXBXC=0.123
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Table. 3: Effect of concentrations of active charcoal (A.C), and sucrose
on jar yield (g) of some potato genotypes.

Genotypes AC Sucrose level (g/l) Mean
80 90 100 110 120

. 0 LA SR AT AEY Y, . ray <, TVA

Diamont 5 < A0 78 W Yeo Y v,0nt Y,0A4

Average L EAY ,0v1 AL 1,07y 1,441 o AAY

N 0 oY et ., ¥%0 t V,e0. ., 070

Picasso 5 Y,v34 Y.av. VLAY, 1,01 YLALY Y, tor

Average 1,678 V,EA0 Vet 1,.7Y Y.t 61 1,644

0 et YA ey 1,.Y0 1,vYY AL

Santa 5 LYy oot ..0A0 1,91, Y.V yaar

Average i R AR ST T gen 1,Y0A Y, veY o ary

0 Ty ALA Y, tA r,rYo a,vre Y,01A

Forella 5 1,01 1,V r,o.r 5,811 VATV o ,%0¢

Average ALY \,r.o0 Y,vvo ¢£,vY. 11,AAY 'Rag!

0 LYy T .y AT TS AT

805 5 LT GYTA L t%0 GATY Y Tvy LA

Average At O rrY g LA 1,riy V1A

0 .\ %0 LA LrYY NI «,AAY L EEY

808 5 o res .Yy YY1 LAY LAVY 1,vr.

Average ., Y00 A AN .0t YAY r,ove 1, A%

0 DR 34 ., For .,0ve 1,10¢0 1,Y.4 L AYA

5 < AVY + AVY 1,.¥Y R2Y} 3,007 Y,Y0
Mean +,01Y +,YAY YR 1,37Y ¥.AN .

L.S.D. at 0.05 for Factor A (genotypes) = 0.580

Factor B (A.C) =0.335 Factor C (sucrose) =0.530
AXB=0821 BXC=0.749
AXC=1298 AXBXC=1.836

Experiment 2: Effect of BA concentration, sucrose concentration and
active charcoal level on microtubers production in three different potato
cultivars.

BA at 10 mg/l significantly increased number of microtubers per jar
and microtubers yield per jar in cv. Picasso and Diamant as well as average
microtubers weight in cv. Diamant as compared with the concentration of BA
at 5 mg/l. On the contrary, in cv. Santa the reverse was true, where number
of microtubers /jar, average microtubers weight and jar yield of microtubers
were greater when BA was used at 5 mg/l, as compared with the
concentration of 10 mg/l. Adding active charcoal to medium in presence of
BA at 10 mg/l significantly increased number of microtubers /jar, average
microtubers weight and jar yield of microtubers. This was true in all cultivars.
In contrast, adding active charcoal to MS medium having 5 mg BA/ led to
significant reduction in number of microtubers fjar in cv. Santa and Picasso
and jar yield of microtubers in cv. Santa. Meanwhile, cv. Diamante responded
differently to active charcoal in presence of BA at the concentration of 5 mg/,
where active charcoal promoted greater number of microtubers /jar, average
microtubers weight and jar yield of microtubers. Increasing sucrose
concentration significantly increased number of microtubers per jar in cv.
Picasso at both concentrations of BA; i.e., 5 and 10 mg/l. Meanwhile,
increasing sucrose concentration in the medium of the cultivars Diamante
and Santa had a different effect, depending on BA concentration. Whereas
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the increase in sucrose concentration led to an increase in the number of
microtuber in presence of 10 mg BAJ, it caused a decrease in microtuber
numbers in presence of 5 mg BA/. Conceming effect of sucrose
concentration on average micratubers weight and microtubers yield per jar,
data in the same Tables reveal that both of average microtubers weight and
microtubers yield per jar were promoted by raising sucrose concentration in
presence of BA at 10 mg/l in medium. These resuits were true in all cultivars.
On the other hand, in presence of BA at 5 mg/l medium increasing sucrose
concentration from 80 to 120 g/l increased average tuber weight in the three
cultivars. Meanwhile, such increase in sucrose cancentration at the
concentration of 5 mg/l BA led to increment, reduction and no effect in
microtubers yield per jar in cv. Picasso, Santa and Diamant, respectively. The
highest values of number of microtubers per jar, average microtubers weight
and microtubers per jar were recorded by using 12% sucrose + 10 mg BA/ |
in presence of active charcoal in #v. Diamant and Picasso.

On the other hand, in cv. Santa the highest values of microtubers number per
jar, average microtubers weight and microtubers per jar were produced by
the utilization of 5 mg BA/l +8% sucrose without active charcoal, 5 mg BA +
12% sucrose + 5 g active charcoal and 10 mg BA+ 12% sucrose + 5 g active
charcoal, respectively.

Tabie. 4: Effect of concentrations of benzyl adenine (BA), active
charcoal (A.C) and sucrose on tuber number per jar, average
tuber weight (g) and jar yield (g) of Santa cultivar.

BA /1 Tuber number/ V. weight ryi
)
10 24 ~,(797"— .,oTY
5 Y. oYYy AL
..S.D ot o, e ¥ A
AC(/l)
. v,V < VAY .33y
o Yy ., ¥y « YEA
—1LSDat00s ____  ..f e £ t T
Sucrose (g/l)
A : T 7] .0,
Voo AP oY v, 000
1Y, Y,y A i ) oYY
L.S.D at0.05 ., ., . TY <, AVA
BA X AC
10 0 V,A LAY . Nay
5 Yy YA « AYY
5 0 Y,y .,Yot L ATY
5 Y,¥ YA .,\Vo
_L.8.Dat0.05 .1 ., Ty EEY:
BA X Sucrose ‘
V. A R AT YV
Yo A S 2. X1 2 SAY
‘Y. LA AT S S AEY
A £, Y] ., At
Voo T, A GAY.

7621



El-Sayed, S.F. et al.

Table. 5: Effect of concentration of benzyl adenine (BA), active charcoal
{A.C) and sucrose on tuber number per jar, average tuber

weight (g} and jar yield (g) of Diamant cultivar.
BA(mg/l) Tuber number/ jar Average tuber Jar yield (g)

weight
10 48 .rr 1,40 ¢
5 vt oYY Y1 4
LSD +,0 Y ATA
AC(gll) ‘
. v, YR .. Flo
° o,v AL Y,YA.
L.S.D at 0.05 .,0 e ITA
Sucrose (g /1)
A t,7 o Yar V0.
Yoo r.A MR AR 1,Yo04
VY. £,) T V,l0
L.S.D at 0.05 .1 1) NEET
BA X AC
10 0 Y, VA o, VY
5 W .08V v,ToA
0 Y, T .,You
5 o,Y YAV 1YY
L.S.D at 0.05 Y Y NEXT)
BA X Sucrose
Y. A $,0 ., TYY y,001
Yoo ¢,¢ ., TEY 1,VrY
VY. °,1 ., TYo Y,t40
Ao ” £, YL YT
Voo v,0 AL «,YAo
Y. Y,0 v LY
L.S.D at 0.05 oA Ve « YTA
A.C X Sucrose
. Ao r,¢ V10 . 70
Yoo Y T S SN
'Y, r.. AT . T
A °,v o, Y,00¢
Voo o,r .,rar YNV
‘Y. o,\ +,00 ¢ Y AV,
L.S.D at 0.05 ) Vet L YTA
BAX AC X Sucrose
10 0 80 r,o Y EN LYY
100 r,r AL At e
120 AT 0,01
5 80 0,0 0.t Y,y
100 0,0 oY, Y,A0%
120 v,r YA t,EAL
5 0 80 U o, AY O TOA

7622



J. Agric. Sci. Mansoura Univ., 32 (9), September, 2007

Table. 6: Effect of concentration of benzyl adenine (BA), active charcoal
(A.C) and sucrose on tuber number per jar, average tuber
weight (g) and jar yield (g) of Picasso cultivar

BA (mg /1) Tuber number/ jar Average tuber Jar yield (g)

weight
10 v,y ., Yor V,YYA
5 \vA 0.367 -, TAY
L,S,D o ¢ v,e YO LYY
“AC @D
. Y,¢ Y4y LTAY
° .1 ‘ otvY ), TYY
L.S.Dato.os oy +,°Yo AAM
Sucrose (g /1)
A Y,V ., YYQ .08
Yoo \',\’ - n,“i o,V--
‘Y. Yy DA V,YYY
LSDatOOS ot v, o £Y AM
BA X AC
10 0 Y,Y ,YAY L EAY
5 Y,4 oY Y, VY.
5 0 Y,Y »,7ayY LAY
5 VY +, Yot y,YYY
L.S.D at 0.05 *0 o0 9 AL
BA X Sucrose
A A Y,4 Y4 DAAN
Yoo Y,V +,YYY o, AAY
'Y Y, ., 07 Y,Y€
A LD LY. o TYY
Yoo Y,A W YYA 0Ny
Y. Q,. N4 V,Y1
L.S.D at 005 o1 TN AL
A.C X Sucrose
. A Y,¢ o YAR ,ETY
Yoo Y, oYy 084
VY. Y,A o EYY V, Y4
e Ao Y,v Y14 »,loY
Yoo Y,t o, 7YY ' ,A0)
VY. v,V DRAL! Y,e1vY
L.SD at 005 1 oy e AN
BAX AC X Sucrose
10 0 80 Y,A o, VAN A4
100 Y,¥v OV EY VY E
120 Y L, YYY +,1e
5 80 Y . Yo V, .07
100 Y,A [ o Y- V,€6¢€0
120 [ LA £,0V0
5 0 80 Y o, V4Y ,TAE
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DISCUSSION

In the present investigation, there were significant differences among
the different genotypes in the number of microtubers per jar, average
microtubers weight and microtubers vield per jar (Table 1, 2 and 3). The
average microtubers number per jar ranged from 1 in cv. Santa to 11.3 in the
genotype 808. Meanwhile, the average microtubers weight ranged from
0.056g in cv. Diamant to 1.933 g in cv. Forella. On the other hand,
microtubers yield per jar ranged from 0.109 g in cv. Santa to 18.027 g in cv.
Forella. Such levels were produced from culturing- 3 shoots per jar. The
previous studies revealed that Zakaria (2003) harvested 8.12 microtubers per
Erlenmeyer flask of cv. Diamant. Hossain (2005) Obtained from 0.5 to 4
microtubers per test tube having three micro plants and found that the
average microtubers weight ranged from 0.066 g to 0.105 g and the yield of
each tube ranged from 0.103 g to 0.407 g, depending on genotype. The
differences in genotype response are due to the varietal differences and their
interaction to the different environmental condition. The highest values of the
number of microtubers per jar, average microtubers weight and microtubers
yield per jar in the present work was obtained in all cultivars, except in cv.
Santa, in medium contented 10 mg BA / | + 12% sucrose and 5g/l active
charcoal. Hossain (2005) used in his study MS medium containing 5 mg BA/I
+ 500 mg CCC/l + 8% sucrose in absence of active charcoal. The resuilt in
respective of average microtubers weight indicated obtaining high value up to
1.933 g (in cv. Forella). Simko (1990), Hossain and Sultan (1998), Zakaria
(2003) and Yassmin (2005) obtained a mean microtubers weight of about 100
mg from culturing their cultivars in the dark. In contrast, Randhawa and
Chamder (1990) obtained much higher microtubers weight ranging from
0.850 to 2.060 g in MS +10 mg BA/I + 8% sucrose in six Indian potato
cultivars, which is contradictory to the findings of the present investigation.
Probably, varietal differences and their response are main reasons for such a
good performance for some genotypes (Tovar et al. 1985).

The present study proved that increasing sucrose concentration up to
12% in medium containing BA at concentration of 10 mg/l led to improving of
microtuberization. This concentration of sucrose caused a significant increase
in number of microtubers per jar, microtubers average weight and
microtubers yield per jar. These results were achieved in all tested genotypes
in the two conducted experiments (Table1-6). On the other hand, in medium
containing 5 mg BA/l, increasing sucrose concentration increased number of
microtubers in cv. Picasso, whereas this concentration of sucrose decreased
number of microtubers in cv. Diamant and Santa. The previous study
indicated that the highest microtubers per flask were obtained by using 6%
sucrose in presence of 5 mg BA/l as compared with sucrose level at 8, 10
and 12 % (Islam et al. 1999). In other studies, the best medium for inducing
microtubers production contained 8% sucrose + 3 mg BAA (Yan-Zhong and
Guo -Dezhang, 2004; Gopal et al. 2004), 6% sucrose + 1 uM BA (Tariq et al.
2004). Also, Sidikuo et al. (2003) studied the effect of sucrose level at 2 -12%
and BA at 0-5 mg /1 on tuberization and found that tuberization increased with
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increasing concentration of BA and sucrose. The results indicated the
importance of the interaction between sucrose level and BA concentration.
The present investigation also indicated that BA at 10 mg/l increased
microtuberization in cv. Picasso and Diamant, as compared with BA at 5 mg/i,
whereas the reverse was achieved in cv. Santa. As it was mentioned before
addition of cytokinin to agar medium promoted tuberization in the darkness
(Palmer and Swith 1970). The optimum concentration of BA for
microtuberization was 10 mg for some cultivers (Randhawa and Chamder
1990) and S mg/ | for other (Randhawa and Chamder 1990; Sidikuo et al.
2003). This clearly indicates that different genotypes are mainly responsible
for such a wide variation. Adding active charcoal to medium in presence of
BA at 10 mg/l significantly increased number of microtubers fjar, average
tuber weight and jar yield of microtubers per jar. This was true in all cultivars.
In contrast, active charcoal adding to MS medium having 5 mg BA/l led to
significant reduction of number of microtubers /jar and jar yield of microtubers
in cv. Santa and Picasso. Meanwhile, cv. Diamante responded differently to
active charcoal in presence of BA at the concentration of 5 mg/l, where active
charcoal promoted greater number of microtubers /jar, average microtubers
weight and jar yield of microtubers. The previous investigations indicated that
medium containing activated charcoal gave the highest rate of tuberisation
and the largest microtubers in potato. It thus played a role in optimizing
conditions for rapid, mass tuberization of potato cultivars, and produced large
microtubers for field planting (Bizarri. et al. 1995, Wang et al. 2006).
Generally, it was previously proved that media with charcoal had substantially
lower levels of phenylacetic and O-OH benzoic acids, compounds that may
inhibit tuberization (Fridborg et al. 1978). Activated charcoal also has been
shown to absorb 5- hydroxymethyl furfural, an inhibitor formed by sucrose
degradation during autoclaving, as well as substantial amounts of auxin and
cytokinins. Thus it may absorb inhibitors that would prevent growth as well as
reduce the level of growth promoters that would cause continued
proliferation.
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