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ABSTRACT

A factorial experiment was camed out in tissue culture laboratory,
Horticulture Research Institute, Agriculture Research center during the two successive
2002 and 2003 seascons to find out an ideal method of propagation through tissue
culture technique. In this concemn, shoot tips and nodal segments of .8 - 1.0 cm in
length were prepared from mature Mulberry trees. After sterilization, the explants were
initiated on Bs, MS and WPM media at the strength of full; half and quarter The three
media were supplemented with 0.1 mg/L IBA; 1.0 mg/L BA. After four weeks, MS
medium gave the best survival percentage and growth parameters, full sirength media
proved to be the more suitable for the three measurements (survival %, shoot length
and number of leaflets). Shoot tips surpassed nodal explants during two seasons of
study. On the other hand, nodal cuttings which cultured in quarter WPM medium had
the lowest value in this concem. The newly formed shoots were transferred to the
same media supplemented with either BAP; Kinetin or 2ip at the concentration of 2, 4
or 6 mg/L through proiiferation stage. Full strength MS medium supplemented with 2
mg/L. BAP was the superior and had the greatest number of shoots. While the reverse
was true with kinetin at 6 mg/L to full strength of B5, MS and WPM media. Micro-
shoots were rooted in the same half strength media with or without activated charcoal
and supplemented with either |IBA at the concentrations of 2, 4, 8 mg/L or NAA at the
concentration of 1, 2, 3 mg/L or combination of both at 4 mg/L |BA and 2 mg/L NAA.
The plantlet grown on MS medium with activated charcoal supplemented with 6 mg/L
IBA gave the highest value of rooting % and number of roots. Meanwhile, adding 4
mg/L IBA to haif strength MS medium with activated charcoal proved to be the most
effective in increasing the root length. On the other hand, the least value of rooting %
were coupled to the charcoat omitted WPM suppiemented with 1 mg/L NAA. While,
the least number of roots/plantlet was found by charcoal omitted half strength WPM
provided with {BA at 2 mg/L. In addition, the haif strength MS rooting medium
supplemented with IBA 2 mg/ IBA without activated charcoal showed the shortest
rootlet. The plantlet produced from the hest treatment of each media during the
rooting stage were transpianted in (300 ml) plastic pots containing autoclaved
vermiculite, peatmoss and sand mixture by voiume (1:1:1} as transplanting medium.
The plantlets produced from MS medium with activated charcoal suppiemented with 6
mg/L 1BA recorded the highest survival %, shoot length and number of leaves during
two seasons of study. While plantiets cultured in half strength WPM with activated
charcoal supplemented with 6 mg/L IBA had the lowest value in this respect the least
value of rooting % were coupled to the charcoal omitted WPM supplemented with 1
mo/l. NAA. While the least number of roots /plantlet was found by half strength WPM
suppiemented with IBA at 2 mg/L. In addition, the half strength MS rooting medium
supplemented with 1IBA 2 mg/L without activated charcoal showed the shortest
rootlets.
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INTRODUCTION

Muiberry (Morus alba, L.} is one of the important economic species
belonging to the family Moraceae. Mulberry is a fast growing deciduous tree
grows successfully in sub — tropical, tropical and temperate climates. It is
growing digenously in the north and west Asia, Thailand, Malayo, Burma,
Bangiadesh, india, Pakistan, Turkey, north iran and Armenia.

No one can deny the economic importance of mulberry; its fruit is
eaten, besides the importance in wood industry as well as sericulture
industry; the leaves being used to feed silkworms. Sericulture industry is
starting to progress in our country and hence, it deserved our interest and
study.

Mulberry cultivation is the agricultural part of sericulture industry which
constitutes not only the rearing of silkworm but also silk reeling. Cultivation of
mulberry plays a significant role in determining the production cost of
cocoons and silk as it is estimated that 60 % of the cultivation total cost of
cocoons goes to mulberry.

One of the most promising advanced tissue culture technologies is the
in vitro cloning or asexual propagation of plants. Therefore, an efficient
praocedure micropropagation of the selected cultivars in a short peried of time
is required (Sharma and Thorpe, 1990). We propose for this study to provide
mulberry transplants to grow on a large scale, especially those are used for
sericuiture industry as Morus alba (mulberry) cultivars.

MATERIALS AND METHODS

The present study was conducted in the Tissue Culture Laboratory,
Horticuiture Research Institute, Agriculture Res. Center during two seasons
of 2002 and 2003. Generally, the following experiments were carried out:

I. Establishment stage:

In this stage, it was aimed to determine the suitable explant type (shoot
tip & nodal cutting); kind of media (MS Murashige and Skoog, (1962); B5
Gamborg, et al., {1968) and WPM Lloyd and McCown {1880)) and media
strength (fuil; half and quarter) by which more success could be achieved
through the direct regeneration.

New mulberry growing shoois were taken at the beginning of the
growing season (early March), washed with running water, and cut into either
shoot tips or nodai cutting with about 16 mm fength for each. Then explants
were washed with tap water for one) at 20 % with two drops of tween-20 for
20 minutes, then in mercuric chloride at hour and soaked in a commercial
bleach “Clorox™ (5.25 % sodium hypochliorite the concentration of 0.1 % for
10 minutes, and then rinsed three times in sterilized distilled water for ten
minutes to remove any residues of Clorox or mercuric chloride.

The sterilized explants were cuitured on the three used nutrient media
{(MS, Bs or WP) each suppiemented with 3 % sucrose; 0.1 mg/L IBA; 1.0
mg/L BA; (6- benzyl adenine) and purified agar (Bacto-Difco agar) at 0.7 %.
The pH of the media was adjusted to (5.6 to 5.8). Then, the media dispended
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into 100 ml glass jar each contained 25 ml medium then wrapped with plastic
screw cap and sterilized. The media were autoclaved at (15 Ibfin? } and 121°C
for 20 minutes. All cultures were incubated under conditions of 25% £ 2 and
16 hours (fluorescent light at 30 uM/ hz /s¢) and 8 hours darkness. After 4
weeks, data on survival % of cuitured explants; browning; shoot length and
No. of leaflets per shoot in response to investigated treatments were
recorded.

2- Proliferation “shoot multiplication” stage:

Plant materials needed for this stage were provided from those
profiferated shoots newly emerged throughout the previcus stage i.e.
establishment “ 1 stage ” Hence, regenerated shoots of both shoot tip and
nodal cutting were collected and cultured preliminary on the solid (MS), (Bs)
and (WP) media supplemented with several growth regulators ie.,
combinations of the cytokinin with auxin, (0.1mg/L) IBA, (30 g/L} sucrose and
one of 3 cytokinins i.e., kinetin; BA (8- benzyl adenine) or 2ip (isopentel
adenine) at concentration of (2,4,6 mg/L) for each . Each medium (MS, Bs
and WP) was supplemented with (100 mg/L) myo-inositol, 3 % sucrose, pH
was adjusted at 0.7 %. Media were autoclaved at (1.5 kg / cm?) and 121°C for
20 min, then left to cool 24 hrs, before using all cultures were incubated
under culture condition.

A factorial experiment using the complete randomized design with
three replications was conducted for arranging the 27 investigated
treatments i.e, various combinations between 2 media types x3 cytokinin
kinds x 3 concentrations of growth regulators (6, 4 and 2mg) treatments.
Every replicate was represented by five jars, each contained (40 ml) medium
and 2 cultured expilants. The number of proliferated shootlets per each
original one through three subculiures treatment were recorded.

3- Rooting stage:

Proliferated shoots. were taken and separated from each other under
aseptic conditions and sub-cultured on haif-strength (MS), (Bs) and (WP)
media supplemented with (30 g/L) sucrose and (7 g/l.) purified Bacto - Difico
agar with activated charcoal (1 g/L) or without, media were also varied
pertaining the investigated auxin treatments (Kind & fevel} i.e., IBAat2, 4,86
mg/L; NAA at the 1, 2, 3 mg/L or combination of both 4 mg/L IBA and 2 mg/L
NAA. pH was adjusted at {5.6-5.8) and the media were autoclaved and
cultures were incubated under culture condition. Elongated shoots were
transferred (cultured) in jars containing (40 mi) of the abovementioned rooting
media, then incubated for one week in the dark followed by 3 weeks in light.

After four weeks from incubation; rooting %; number of rootlets/ plantlet
and average length (cm.} of each were recorded.

4-Acclimatization stage:

Produced Muitberry plantlets were washed with tap water (Ebida, 1991
and Fassuliotis and Nelson, 1992) then dipped in Rhizolix solution (1.0 g/L)
as a fungicide for (10 min) just before transpianting in (300ml) plastic pots
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containing autoclaved transplanting medium (vermiculite: peat moss: sand) at
{1:1:1} and maintained in green house for four weeks.

Pots were arranged then covered with polyethylene bags to maintain
high relative humidity percentage around the planis in green house
(Fassuliotis and Nelson, 1992). After two weeks, the polyethylene bags were
partially removed to allow air circulation (Ali et al., 1990), and later removed
after other two weeks from those plantlets (Smith, 1981). Plantlets were
irrigated with half strength (MS, B: and WP} maintenance medium (free
hormone medium) during the period of hardening (Ebida, 1991). The
irrigation was applied depending on the requirement of plantlets. Pests and
disease control program was controlled as recommendations.

Data were recorded after one month of transplanting as follow:
1- Survival percentage.

2- Plant length {cm).

3- Number of ieaves / piant.

Statistical analysis:

Data obtained were statistically analysed according to (Snedecor and
Cochran, 1980) and significant differences among means were determined
by using Duncan's muttiple range test at 5% level of probability(Duncan,
1955). '

RESULTS AND DISCUSSION

1-Establishment stage:
1- Browning percentage:

With regard to the date of specific effect of the different factors
involved in this study i.e., expiant type, media strength and media type on
browning percentage, are presented in Table (1). It could be noticed that
each factor affected significantly browning %. Herein, the quarter strength
media exhibited the highest value of browning, followed in a decreasing order
by half strength media then full strength media which showed the least value
during the two seasons of the study.

With respect to the specific effect of media type on browning
percentage. Results in table (1); Gamborg (Bs) medium showed a significant
increase browning percentage followed in a decreasing order by woody piant
(WP) medium and MS medium which showed the least value during both
seasons. As for the specific effect of explant type, Table (1) showed that
browning % was significantly lower with nodal cuttings heiow shoot tips.

Concerning the interaction effect, data revealed that, browning
percentage was significantty responded to interaction effect of various
combinations. Whereas, the least value of browning was observed with nodal
cutting which cuitured on full strength media (MS) medium. The reverse was
true with cuituring both explant types on the quarter strength Bs medium. In
addition, other combinations were in between the aforementioed two
exiremes (Table 1),

6966



1969

Tabie (1): Specific effect of explant type, media strength, media type and interaction effect of their
combinations on survival % and browning % of mulberry Morus alba during establishment
stage {2002 & 2003 seasons).

Media strength| Browning {%) . Survival {%) "
Explant type IMedia type . Full |  Half lf Quarter Mean Full | Half | Quarter Mean
2002
BS 8.50fg [ 10.20cd | 11.10a 70.67h | 61.67de | 58.67g
Shoot tip MS 8.00h 9.50e 10.00d 9.63A 75.33a 68,67¢ 62.33d 64.74A
WP 8.33g | 967de 10.50c 68.67c | 59.33f 57.33g
B§ 8.25gh 9.33ef 10.83b 70.33b | 61.00e §8.00g |
Nodal cutting MS 7.671 9.00f 8.25d 8.90B 75.00a | 68.63.c | 61.67de 64.07B
wp 7.83hi B8.67{g a31ef 67.67c | 58.33g 56.33h
Mean ** 8.10C 9.408 10.17A 71.28A | 62.88B 59.06C
Mean *** BS§ MS WP B5 MS wp
9.70A 8.90C 9.068 63.398 | 63.56A 61.28C
2003
BS 930f | 10.55de | 11.25a 71.00b | 61.33e | 58.83gh
Shoot tip MS 8.66gh 10.25e 10.83¢ 16.11A 76.33a | 68.33d 62.00e 64.83A
WP 8.83g 10,30e 11.00b 68.33d | 60.00f | 57.67hi
BS 9.67ef 9.83ef 10.67d 63.67¢ 60.33f 58.33gh
Nodal cutting MS 8.15hi 9.20fg 10.25¢ 8.41B 75.67a | 68.33d 62.33e 64.15B
WP 8.83h 9.28f 10.33de 67.33d | 58.67g9 56.67i
Mean ** 8.66C 9.908 10.72A 71.39A | €2.78B | 59.31C
Mean *** BS MS WP 85 MS WP
10.21A 9.56C 9.68B 63.258 | 68.78A 61.45C

", Refer to specific effect of explant type, media strength and media type , respectively. Capital and small leiter / s were used
for distinguishing between values of specific and interaction effects, respectively whereas means followed by the same letter/s
were not significantly different at § % level.
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2-Survival percentage:

Regarding the specific effect of explant type, Table (1) clearly
showed that, shoot tips had greater value of survivai percentage, than nodal
cutting during 2002 & 2003 experimental seasons.

Referring the specific effect of media strength on survival %, The
highest significant % was found by full media strength followed in a
decreasing order by half media and guarter media strength during the two
seasons of siudy.

As for the specific effect of media type, it is guite evident to be
noticed that (MS) medium was the superior i.e, showed the highest value of
survival percentage followed in a Jecreasing order by (Bs) medium while,
(WP) medium was the inferior during 2002 and 2003 seasons.

Concerning the interaction effect; data presented in Table (1) and
photo {1& 2) displayed obviously that, the both shaot tip and nodal cutting
which cultured on full strength MS medium had the highest value. However,
the reverse was found with nodal cutting cuitured on quarter media strength,
especiaily (WP) medium during 2002 and 2003 sesasons. in addition, other
combinations were in between the aforementioned two extremes during the
study. . -

Photo. (2)
Photos. (1&2): Effect of explant type, media type and media strength on
some measurements during establishment stage of
muiberry (Morus alba, L.)
1- Shoot tip in full strength media (A: MS ,B:Bs,C: WP)
2- Nodal cutting in full strength media ( A: MS, B: Bs, C : WP)

3-Shoot length (cm.} and number of leaflets/shoot:
Concerning the specific effect of the different factors involved in this
study i.e., explant type, media strength and media type on shoot length (cm)
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and number of leaflets/shoot Table (2) shows that, the taillest shootlets and
number of leaflets were those of shoot tip explants of mulberry (Morus alba,
L.).While nodal cutting induced shorter shootlets of lower number of leaflets
per each during the two seasons of study.

Referring the specific effect of media strength on shoot length and
number of leaflets for mulberry, data revealed that, full strength media
resulted significantly in the tallest mulberry shoot of higher and number of
leaflets followed in a decreasing order by half media strength and quarter
media strength during 2002 & 2003 seasons.

As for the specific effect of media type, Murashige and Skoog (MS)
medium proved to be the best medium for the growth of mutberry, followed in
a decreasing order by Gamborg (Bs} medium which ranked second, however
woody plant (WP) medium significantly exhibited the shortest shoot length
and lowest number of leaflets during 2002 & 2003 seasons.

Concerning the interaction effect; data obtained as shown from Table
(2) and photo (1&2) displayed obviously that, shoot tip of muiberry {Morus
alba), cuitured on full strength media (MS) medium exhibited statistically the
tailest shoot and highest number or leaflet/shoot. The reverse was true with
the nodal cutting on quarter strength of (WP} medium during 2002 and 2003
experimental seasons. in addition other combinations were in between the
above mentioned two extremes. it is easy to say that, during establishment
stage results of this investigation indicated that cuituring shoot tips on full
strength (MS)} medium enhanced survival %, shoot length, number of |eaflets
per shoot. In the same time stem nodal cutling was significantly more
resistant to browning on full strength of (MS) medium. These resuits were in
agreement with those reported by Kim et al, (1985), Menard et af,, {1985);
ivanicka {1987) and Zaman &t al., {1998), on mulbemry Saker et al., (1999),
Schuch et af., (2003) and Saliman (2004) on different fruit trees.
lI-Muitiplication stage:

in this concem, specific effect of three studied factors i.e., media type
(MS, Bs and WP}, concentration of growth regulators (2, 4 and 6mg/L); growth
regulators type (BA, 2ip and Kinetin} and their pessible combinations were
investigated pertaining the response on number of proliferated shoots
through 3 subcuitures of muitiplication stage data obtained are Presented in
Table (3).

Concerning the specific effect of media type, it is quite clear as
shown from Table (3) that Murashige & Skoog {MS) medium was the superior
through three subcultures where the greatest number ¢f shoots was induced
followed statisticaily by Gamborg (Bs) medium, while woody plant (WP)
medium was the inferior, during two seasons of study.

Regarding the specific effect of growth regulator concentrations,
added to multiplication media Tsbile (3) shows that the least concentration
(2mg AL} resulted significanity in the highest values of number of shoots,
followed in a decreasing order by the intermediate concentration of growth
regulators at (4mg/i}, while the reverse was detected with (6mg /L) during
2002 & 2003 seasons.
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Table (2): Specific and interaction effects of expiant type, media strength, media type and their combinaions on
shoot length (cm.) and No. of leaflets/shoot of mulberry Morus alba during establishment stage
{ 2002 & 2003 seasons).

0.69

Media strength Shoot length {cm.} . No. of leafletsishoot "
Explant type 1M edia type | Fall [ Hail [ Guarter | 'ean Full | Walf | GQuarier | "oam
2002
Shoot tip B5 2.01b 1.72ce 1.36i] 3.25bc 2.83d 2.25e-g |
MS 2.34a 1.76¢d 1.48gh 1.68A 3.75a 3.08¢cd 2.5¢e 2.61A
wp 1.73c-e 1.51gh 1.18k 2.20e-g 2.15g 1.50h
B5 1.82¢ 1.591g 1,301 3.00cd 2.42¢f 2.16fg | '
Nodal cuiting MS 1.97b 1.67d-f 1.43hi 1.54B 3.50ab 2.80d 2.40ef 2438
wP 1.63ef 1.41h 1.05 2.18e-g 2.10g 1.33h
Mean ** 1.92A 1.61B 1.30C 2.98A 2.56B 2.02C
% Mean as MS WP BS MS WP
1.63B 1.78A 1.42C 2.66B 3.01A 1.81C
2003
B5 1.90b 1.40fg 1.25i 3.17c 2.75d 217fh
Shoot tip MS 2.35a 1.76¢ 1.49f 161A 3.50b 3.08¢ 2.33f 2.50A
wp 1.72cd 1.45f 1.15] 2.16f-h 2.00h 1.35
B 1.80c 1.61e 1,264 3.16¢c 2.15¢ 208gh |
Nodal cutting MS 1.93b 1.63de 1.35gh 1.538 3.67a 2.38e 2.30f 240B
WP 1.81e 1.44fg 1.08j 2.18fg 213h 1.58i
Mean ** 1.89A 1.55B 1.27C 2.89A 2428 1.97C
Mean " B5 M5 WP B85 MS WP
1.648 1.75A 141C 2.698 2.88A 1.90C

¥ “Hefer to specific effect of explant type, media strength and media type , respectively. Capital and small letter / s were used for
distinguishing between values of specific and interaction effects, respectively whereas means followed by the same letter/s were not
significantly different at 5 % level.

e 18 Y W ‘siueyy



L.69

Table (3) : Specific effect of media type, concentration of growth regulators, kind of growth regulators and
interactioneffect of their combinations on number of shootis (4 weeks later} during multiplication
stage of jojoba (Simmondsia shinensis) (2002 & 2003 seasons).-

Number of shoots Frist Sub. Secound Sub. Thnd Sub.
Concentrations of growth Concentrations of growth Concentrations of growth
Media type |Growth regulators Means* regulators Means™ regulators Means”
regulators type Y& ] & T 1L & ] © p 2 Y
002
BA 467d | 366g | 216k 630c | 4.867F | 2.209k 7.00c 467f 2.90
BS 2iP 4.47ef | 3659 | 200k | 292B | 466f | 333h | 216im | 3.308 | 464f | 4.00g 2.58l 3708
Kinetin 2.48i 210k | 1.42mn 270i { 210m | 1.50n 3.46i | 266K | 1.67p
BA 766a | 567c | 250i 767a ] 567d 2,750 7.67a | 567d 3.33i
Ms 2iP 6.67b | 433e | 225 1 393A | 667b ] 500e | 250k | 4.09A | 733b | 5.00e | 297 4.44A
Kinetin 258 | 217kl | 1.58tm 260§ | 231k | 1.67n 3300 | 283k | 1.830p
BA 4.00f | 3.00h | 1.98k 545d | 330h | 2.08m 560d | 3.67h | 2.33m
wp 2iP 3609 | 260 1721 | 248C | 433g | 3.28h | 2.00m | 295C | 500e | 3.33i [217mn| 3.29C
Kinetin 2.45i 1.69 1.26n 253 | 208m | 1.48n 2.87) | 2751 | 195n0
Mean™ 4.25A | 3.21B | 1.87C 4.77A | 3.63B | 2.05C 5.17A | 3.85B | 2.41C
Mean* BA 2iP | Kinetin BA 2iP | Kinetin BA 2iP | Kinetin
3.92A | 344B | 1.98C 4.46A | 3.778B | 2.11C 476A | 4.11B | 2.56C
2003
BA 500c | 355¢ | 2.33Fh 6.00bc | 4.00hi [2.32k-m 6.67¢c | 4.66f | 3.00k
Bb 2iP 4.31d | 350e ] 2.15g- | 3.008 | 460ifg | 3.67i | 215l-n {3.2418 | 4.60f | 3.67gh |267k-m| 3.66B
Kinetin 266fg | 218g-1 ] 133 2.83fk  2.171-n | 1.420 3.26h-j |2.66k-m| 1.750
BA 767a | 517c | 2420y 766a § 566cd | 287k 833a | 5834 | 3.17ik
Ms 2iP 666b | 450d | 2.20g-i | 3.88A | £.33b | 510ef |233k-m|4.037A | 766b | 533e | 281j1 | 4.62A
Kinetin 267fg | 210g-i {1 158 2.66i-1 |2.30k-m} 1.66no 3.50g- | 2.80j-m | 2.00no
BA 4.30d | 3.67e | 1.83h 533de | 367 [1.92m-o 5.50de | 3.83g | 2.42-n
wp 2ip 3620 | 275 { 1.71if |2.600C | 430gh | 300i | 2.12l-n | 2.972C | 455f | 3.509-l | 2.30mn | 3.313C
Kinetin 2.68fh { 1.87i 1.33) 265 | 225kn| 1.420 2881 [2.70k-m| 2.08n0
Mean** 4.38A | 3.23B | 1.87C 4.71A | 3.53B | 2.00C 5.22A | 3.90B | 2.48C
Mean** BA 2iP 1| Kinetin BA 2iP | Kinetin BA 2iP | Kinetin
] 3.98A | 3488 | 2.01C | { 4.36A | 3.73B | 2.150 | 482a | 4138 | 2.63C |

*"*“* Refer to specific effect of media type, concentrafion of growth regulators and kind of growth regulators, respectively.Capital letter / s
and small letter/s were used for distinguishing between values of specific and interaction effects, respectively whereas means
followed by the same letter/s were not significantly different at & % level.
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With respect to the specific effect of growth reguiators kind, it is also clear
that, the B~ supplemented medium, had the greatest values of proliferated
shoots during the 2002 & 2003 seasons. On the contrary, kinetin was the
inferior as it induced significantly the least number of shoots.

Concerning the Interaction effect, Table (3} and photo (3) display that
the greatest number of proliferated shoots was always in concomitant to the
Murashige & Skoog (MS) medium supplemented with (BA) at the
concentration of 2 mg /L during 2002 & 2003 seasons.

Photo. (3)
Photo. (3): Effect of growth regulators added to three media through the
3“ subculture within multiplication stage of muiberry (Morus
alba, L.)
A: Cultured explant in MS medium supplemented with (2mg /L) BA
B: Cultured explant in Bs medium supplemented with (2mg /L) BA
C: Cultured explant in WP medium supplemented with (2mg /L) BA

The reverse was found with combinations of culturing on (WP)
medium supplemented with 6 mg /L Kinetin. In addition other combinations
were in between the aforesaid two extremes during the three subculture in
the two seasons of study. These resuits go in line with those found by Chang
(1985), Zaman ef al., (1998), on mulberry; Sun ef ai (2000); Erig and Schugh
(2003) and Sciiman (2004) on some fruit species.

lil- Rooting stage:

In with respect adding two auxins (IBA or NAA) each either solely at
three levels (2, 4, and 6 mg/L for IBA and 1, 2, and 3 for NAA, or combined
together (IBA at 4 mg/L + NAA at 2 mg/L) to one half strength of the three B,
MS and WP media supplemented with 1.0 gm/L. activated charcoal or not in
combination were investigated after 4 weeks from incubation through rooting
stage regarding the influence on rooting percentage, number of root per
plantlet and average root length of mulberry (Morus nigra), Data obtained are
presented in Tables (4 & 5) and illustrated by Photo. (4).
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Photo. (4)
Photo. (4): Effect of media type and auxin treatments on some
measurements during rooting stage of mulberry (Morus
alba, L.)
A: Cultured shootlets in 1/ 2 strength MS + IBA (6mg/L) without
activated charcoal
B: Cultured shootlets in 1/ 2 strength B; + IBA (6mg/L) without
activated charcoal
C: Cultured shootlets in 1/ 2 strength WP + IBA (6mg/L} without
activated charcoal

1- Roocting percentage:

Referring the specific effect of media type on the rooting percentage,
data revealed that, Murashige and Skoog (MS) medium gave the highest
value of rooting percentage, followed in a decreasing order by Gamberg (Bs)
medium, while Woody plant (WP) medium was the inferior during 2002 &
2003 seasons.

Regarding the specific effect of activated charcoal added to half
strength media, Table (4) shows that, the presence of activated charcoal
exhibited higher rooting % during 12 and 2™ seasons.

Concemning the specific effect of auxin treatments (kind and rate)

added to media, obtained data displayed that adding IBA at (6 mg/L) was the
superior, statistically followed in a decreasing by adding NAA at (3 mg/L} and
IBA at 4 mg/L which ranked second and third, respectively. While adding IBA
at 2 mg/L was the inferior and ranked last during 2002 and 2003 seasons.
Differences between these 7 treatments were significant when comparing
each other during the study.
From the obtained resuits, it was so worthy to be noticed that the effect of
adding auxin (kind and rate) to half strength-rooting medium varied not only
from one supplemented auxin to another, but also depended upon the
concentration of added auxin itself. Accerdingly, the highest levels (6 mg/lL)
IBA and (3mg/L) NAA) were more effective. While the reverse was true with
the lowest level IBA at (2ma/L), NAA at (1mg/L), while mixture of IBA at
{4mg/L) + NAA at (2mg/L) was intermediate during the study .
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Table (4): Specific and interaction effects of media type; activated charcoal; auxin treatments (kind &
concentration) added to one half strength rooting medium and their combinations on rooting
percentage during rooting stage of mulberry (Morus alba, L.) after 4 weeks incubation during (2002 &
2003 seasons).

rooting perceniage
ACI'I. » *h A?h- £l W
Media type|  Auxin Treatments With | Without Mean Mean Wil | Without ] 2" Mean
2002 200
iBA 2mg/L 71.00u 6B.67/W IBA Zmgil. |_70.95r 65.60u IBA ZmgiL
IBA 4mg/L 77.30x 75.33m 77 56hi 75.67]
iBA 6mglL 86.33b 53,604 69.63F 86.33b 83 67d 69.46F
BS T NAA 1tmglL 69.33v 66.67% 76.09B IBA 4mg/L 6930t £6.60v 76.06B [ IBA 4mg/L
NAA imgfl 76330 73.800p 76.00] 73.33mn
NAA Smgil. 83.30de | 81.339 | 7898C  —3%ad 8167t 76.08C
IBA 4mg/L + NAA 2mgll. | 77 50k 74.67n IBABmg/L | 77.67hi 74.00I IBA 6mg/l
IBA 2mg/L 74.00qr 71100 72.88n0 70.33s
1BA 4malL 80.67h 78 00i] 83.MA a0 3q | Tr67h 84.324
IBA 6mg/L 86.00a 85.30c NAA 1mg/l. | 87.67a B85 00c NAA TmgiL
MS NAA img/L 71.67st 65.60v 77.42A ga.05F |_71.33ar 65,671 77.21A 67.92G
NAA 2mgiL 77 60jk 75.33m ' 77.33i 75.67] R
NAA 3mgil B5.00¢ £3.00e NAAZmg/L | 85.33c 83.33d NAAZmg/L
IBA4ma/L + NAA2mg/L | 74.000 71.60st 72.55n0 71.30gr
1BA Imall 6833w | 6567y L - T T 73.96D
IBA 4mg/L 73.30pq 71.29yu NAAImMg/LL | 73.67Im 71.58pgq NAA3Img/L
IBA 6mg/L 82.33f 80.58h 81.94B 82.67e 80.67g 82.058
wpP NAA 1mgit 66.33x 64.672 72.88C ) 66.30v 64.33x 72.85C .
NAA 2mg/L. 72.00s 69.58v IBAdmg/L +| 72.00p 69.4t IBAdmgiL + |
NAA Img/L 80.67h 78.331 NAA 2mg/L | 80.87gy 78.00h NAA 2mg/L
IBA 4mg/L + NAA 2mg/L | 74.58n 72.67f 74.18D 74.60k 72 670 73.85E
Mean = 76.60A 74.328 76.55A 74.21B

**» == Refer {0 specific effect of media type, auxin treatments {(kind & concentration) and added activated charcoal to one half strength
rooting strength medium. Capital and small letier /s were used for between values of speceific and interaction effects, respectively
whereas means followed by the same letter/s were not significantly different at 6 % level.
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Concerning the interaction effect, Table (4) displays that, rocting % of
mulberry (Morus alba, L.) reacted obviocusly to various {media type x
activated charcoal x auxin kinds and concentration). Haif strength (MS)
rooting medium supplemented with activated charcoal and 1BA at (6 mg/L)
gained statistically the highest rooting %. On the contrary, the lowest value of
rooting % was always in concomitant to the charcoal omitted haif strength
(WP) rooting medium supplemented with NAA at (1mg/L) during 1% and 2™
seasons. In addition, other combinations were in between the
abovementioned two extremes.

These resuits are in general agreement with the findings previously
found by Chen et al, (1998); Magyar et al., (2002), and Soliman (2004)
regarding the response to auxin kind and concentration.

However, the present data regarding the effect of presence of
activated charcoal in the rooting medium supported in general with the
findings of Bondok et af,, (1989); Fouad ef al., {1995); Magyar et al., (2001)
and Soliman {2604).

2-Average root length (cm.):

Conceming the specific effect of different factors involved in this
study i.e., rooting media type, presence of activated charcoal and different
auxin treatments (kind & concentration) on the average root length {cm.) of
mulberry (Morus aiba, L..) ptantlet. Data presented in Table (5) displayed that,
{MS) rocting medium exhibited the tallest roots followed in a decreasing order
by (Bs) medium while (WP) medium was the inferior during 1® and 2%
seasons. Differences were significant when average root length of a given
media was compared to those of the two other ones. With respect to the
specific effect of adding activated charcoal to half strength rocting medium,
Table (5) displays, the beneficial effect of adding activated charcoal to the
medium whereas root length was obviously increased as compared to the
analogous one without charcoai during 2002 and 2003 seasons.

As for the specific effect of auxin (kind and rate) added to either
charcoal omitted or supplemented rooting medium on average root iength,
obtained data in Table (5) displayed that adding (4mg/L) IBA to half strength
rooting medium was the superior and exhibited the tallest root in 12 & 2™
seasons. Whereas, adding either NAA at (3mg/L) or IBA at (4mg/L} + NAA at
(2mg/L) to half strength rooting media hoth ranked statistically second in both
seasons. On the contrary, |IBA at (2mg/L) suppiemented to media was the
inferior.

In addition other auxins treatments were in between the aforesaid
two extents (superior & inferior ones) regarding average root length.
Concerning the interaction effect, Tahle (5) and Photo (4) revealed that half
strength (MS) rooting medium supplemented with activated charcoal plus IBA
at (4mg/L) or NAA at (3mg/L) as well as IBA at (4mgiL) + NAA at (2mg/L)
treatments showed the tallest root of mulberry (Morus alba, L.) plantlets
during two seasons of study. On the contrary, adding IBA at the lowest rate
(2mg/L) to the activated charcoai ormtted half strength (WP} rooting medium
gave the shortest roots in 12 and 2 seasons. In addition, other investigated
combinations, were in between as compared {o the aforesaid two extremes.
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Table {§): Specific and interaction effects of media type; activated
charcoal; auxin treatments (kind of concentration) media
and their combinations on average root length ( em } and
num ber of roots during rooting stage of muiberry Morus
alba after 4 weeks incubation during 2002 & 2003 seasons.

Medi Parameters Root length {cin.}]
a A.Ch. .
P | freatments With__| Without | Mcan
2002
{BA 2mgiL 5,331 345t |
IBA 4mg/L 10.58bc 9.00f !
I5A 6mg/L 7.521 6.41p |
B5 NAA Tmg/L 7.834 7.16no | 7.64B8
NAA 2mg/L 6.42p 4,57t
NAA 3mg/L 10,42¢ 8.3Ch
IBA dmg/l + NAA Zmoa/L 10.75b 7.751-k
1BA Zmg/L 5.50r 4,58t
IBA 4mg/lL 11.18a 9.50e
1BA 6mg/L | 8.75g 7.08no
MS NAA 1mg/L 8.25h 7.50k-m | 8.11A
NAA 2mg/t 8.920 5.08s
NAA 3my/L 11.16a 8.42h
IBA amqg/t. + NAA 2mg/L 11.25a 8.40h
IBA 2mg/L 4.56t 3.83v_ |
1BA 4mg/L 9.02d 7 701K
IBA 6mg/L - 7.30-n 6.10q
wP NAA 1mgiL 667p | 6.62p | 6.96C
NAA 2ma/L 6.08q 4.24u
NAA 3mg/L 9586 | 7.584
{ IBA dmg/L + NAA 2mg/L 10.00d 7.36mn
Mean *** 8.40A | B.75B
2003
IBA 2mgiL 475w | 442xy
{BA dmg/L 10.67d 3.17h
IBA 6mg/L 8.08ki 8.33s
B5 NAA tmg/L 7.91im 7.25nc | 7.66B
NAA 2mgi/L 5.50s 4 50wx
NAA 3mg/L 10.50d 8.421 1
IBA 4mg/l. + NAA 2mg/L 10.92¢ 7.83m |
{BA Zmg/L 5.49u 4.58v-x_|
IEA 4mg/L 11.170ab |~ 9.55g
IBA 6mg/L 8.58i 7.080p
MS NAA 1mg/l. 8.25Kk 7.42n 8.06A
NAA Zmg/L 6.83ar 4 83v
NAA 3mg/L 11.00bc_{ _8.42i
iBA 4mg/L + NAA 2mg/L 11.33a 8.33i
IBA 2mgil. 4.7 4vw 3.83z
1BA 4mg/L 9.67fg 7.67m
1BA Bmg/L 7.33n 567u
WP NAA 1mg/l 7.00pg 1 B.75r 6.99C
NAA Zmg/L 6.00t 4,25y
NAA 3mg/L 8. 75f 7.69m
IBA dmg/L. + NAA Zmg/L 10.08e 7.4Z2n
Mean ** 3.41A 8.738

==~ Refer to specific effect of supplemented media type, auxin concentration and
added activated charcoal to one distinguishing between values of specific
andhalf strength medium and incubaticn condition respectively. Capital and
small letter /s were used for interaction effects, respectively whereas means -
followed by the same letter/s were not significantly ditferent at § % level,
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Generally, it could be concluded that adding activated charcoal to
half strength (MS) rooting media suppiied with IBA at (4mg/L) or NAA at the
rate of (2mg/L) or IBA at {(4mg/l) + NAA at {2mg/L), were the most preferable
treatments which could be recommended for being applied from the
economic standpoint. These results are in generai agreement with the
findings previously reported by Snir (1984), Vaser et al, (2000), Magyar et
al., (2001), Thomas TD {2003}.

3- Number of roots per plantlet:

Conceming the specific effect of the different factors involved in this
study i.e., media type, activated charcoal, auxin (kind and rate) on number of
roots per plantlets, data obtained in Table (5) showed that, haif strength (MS)
rooting medium gained statistically the highest number of rocts followed in a
decreasing order by half strength (Bs) rooting medium. Cn the contrary, the
iowest number of roots per plantlet was always in concomitant {o haif strength
WPM rooting medium during 1% and 2™ seasons.

As for the influence of adding activated charcoal to half strength
rooting medium, Tabie (5) displays that the number of roots per plantiet was
markedly increased by adding activated charceoal to rooting media as
compared to charcoal omitted media during 2002 and 2003 seasons.

Regarding the specific effect of adding various 1BA & NAA treatments
to half strength rooting medium, it i quite clear as show from Table (5) that
the largest number of rootlets per plantlet was markedly related o the haif
strength medium supplemented with {6 mg/L) i.e., IBA. On the contrary, the
jowest number of roots/piantlet was markedly in closed relationship to the haif
strength medium supplemented with 3mg/ NAA during 2002 and 2003
seasons. in addition, other auxin treatments were in between the aforesaid
two extremes.

Conceming the interaction effect, it could be safely concluded that
half strength (MS) rooting medium suppiemented with activated charcoai and
IBA at 68 mg/l. gained statistically the |argest number of roots per plantlet. On
the contrary, the lowest number of roots per plantlet was always in
concomitant to the charcoal omitted half strength (WP) rooting medium
supplemented with IBA at (2 mg/l) or NAA at 3mg/L during 2002 and 2003
seasonis. [n addition, other combinations were In between the
abovementioned two extremes. These results are a general agreement with
the findings of Vasar et al.. ( 2000); Magyar ~Tabori et al., ( 2001); Magyar —
Tahori et af.,, (2002); Rogaliski et al., {2003) and Soliman, ( 2004).

V- Acclimatization stage:

Acclimization stage: In this stage the plantlels produced by the best
treatments through preceeding stage (rooting) were cuiltivated on
acclimization medium consisting of vermiculate, peatmoss and sand at equal
proportions by volume. Tabie (6) and photo (5) display that the highest
survival% and vegetative growth value were recorded by such newly
developed piantlets rooted on half strength MS medium provided with 6mg/L
IBA + 1.0 mg/L activated charcoal, followed in descending order by those of
half strength B5 medium supplemented with 6 mg/L IBA + 1.0 mg/L activated
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charcoal. However, half strength WP medium supplemented with 6 mg/l
IBA+1.0 mg/L activated charcoal took the other away around in this concern.
These results are in general agreement with the findings of El-Kazzaz ef &l
(1997);, Hoffmann et al., (1999); Benzioni et a/,, {2003) and Soliman (2004).

_Table (6): Comparison between the most effective three rooting
treatments on survival %;shoot length (cm) and number of
leaves of newly induced Morus alba plantlets
acclimatization during 2002 and 2003 seasons.

Parameters Survival Shoot length No. leaves
Treatments 2002 2003 2002 2003 | 2002 | 2003

Ves strength MS
+IBA(Bmg/L) A. C.1g/L

> strength BS+ IBA(
6mg/ L) A. C.1g/L

Y2 strength WPM+ IBA

7760a| 7767a | 16.67a | 16.68a | 9672 | 933 a

75.33b| 75.67b | 15.67b | 14.98b [ 8.66b | 8.27h

7433c| 7467c | 1467¢c | 1484¢ | 760c | 7.33¢c

Photo. (5)

Photo. (5): Effect of some rooting media types and auxin treatments
through rooting stage on acclimatized mulberry (Morus
alba, L.} piants.

A: Rooted plantlets on 1/ 2 strength MS + IBA (6mg/L) + activated charcoal
(1.0a/L)

B: Rooted piantlets on 1/ 2 strength Bs + IBA (6mg/L) + activated charcoal
{1.0g/L)

C: Rooted plantlets on 1/ 2 strength WP + IBA (6mg/L) + activated charcoal
{1.0g/L)
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