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HIS WORK explores the possibility of using in wiro techniques to

store the shoots of “Succar™ orange (Citrus sinensis L), In this
study both the media composition and the vessel type were investigated.
The shoot cultures were stored up te 36 month (without subculturing) in
normal conditions; (16 br. light and § hr. dark, the light intensity was
about 2500 Lux at exptants fevel at 2532°C). Media consisted of, MS at
full strength without growth regulators (MSF), MS at half strength
without growth regulators (AMSF) and MS at full strength plus (mgl™)
0.4 IBA, 1.OBA, 126 phloroglucinol. The same tested media were used
in different culture vessels. The vessel types were test tubes]5x150mm
(TT.), glass tubes 25x 80 mm 25 x 150 mm (GT.), glass jars 200m] and
350ml (GJ.) and conical flask 100m! (CF.). Data were recorded every 12
months storage period. The highest survival percentages were recorded
in GT.25 x 150mm & CF. filled with MSF and in TT 15 x 150 mm &
25 x 80 mm which were filled with 2MSF, while the other vessels (G
200ml and 350ml) had recorded the lowest survival percentage during
the storage period (36months) especially with MSH. Shoots stored in a
small container for 36 months {such a5 TT, GT 25x 80, 25x{50 mm and
CF.} showed good healthy appearance. Regarding the length of the
original shoots, the highest length was recorded with CF. filled with
MSF and the lowest length was recorded when GJ. 350ml filled with
MSH was used. The highest number of leaves was found when the
GT.23x 80 mm and 23x150 mm filled with MSH or the G1.200 ml filled
with MSF were used. The lowest number was recorded with GI. 350mi
plus MSH. The highest number of new shoots was recorded with CF,
filled with MSF, however the lowest number was in GJ. 350 ml with the
same medium. Regarding the length of new shoots, the highest length
was in CF. with MSF and GT.25x 80mm with MSH while the lowest
one was recorded with GT 25x150mm with % MSF. In recovery
experiment, the growth rate was slow in the first subculture after
storage, then it was increased gradually during the second and third
subcultures. It was evident that shoots cultured in large volume vesscls
during storage was more efficient in proliferating shoots during recovery
compared to shoots cultured in small storage one. .
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Citrus species are considered the first economic fruit crop in Egypt. Its cultivated
area occupies about "352768" feddans. Succari orange reached about 11065
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feddans during 2003; while in 1990 it was 20127feddans according to the statistics
of the Ministry of Agriculture, Cairo (1990,2003). This reflected the great
reduction in the area of such cultivar. Conservation of citrus genetic resources is
subjected to the limitations experienced with most woody perennials. Most citrus
collections are conserved in field plantings which experienced losses from
biologicai and climatic hazards (Withers & King 1980 and Wanas, 1999). The
germplasm diversity for any crop mmst be protected from any loss to ensure its
availability for future plant improvement (Stuessy and Scohmer, 1996). The
germplasm of citrus should cover primitive, old and current cultivars (Rathore ef al.,
1993). Alternatively, in vitro storage of shoot cultures provides a source of explants
protected from contamination and available for any new micropropagtion. It is
also, an accepted systemn for storage with high degree of genetic stability (Kartha et
al. 1981, Wanas et al. 1986, Wanas 1992 & 1999 and Marin & Duran Vila, 1991).
Attempts to maintain some citrus species for short term based on the periodic
recovery of rooted plantlets. The use of enclosed containers in tissue culture
system intertupts the flow of secondary products away from the developing plant.
This can have a variety of consequences, both harmful and beneficial, depending
on the type of the type of cultured tissue, the species and the culture vessel types
(Mullin & Schlegal, 1976, Roca et al. 1982, Wanas, 1987, McClelland & Smith,
1990 and Kavanagh e al. 1991). Preservation protocols were developed for
approximately 40 tropical plant species (Engelmann, 1991). Accordingly, the aim
of this study was the determination of the effect of culture vessel and closure types
and the type of enclosed medium on the ir vitro storage of orange(Citrus sinensis)
Succari cv, shoot tip cultures.

Material and Methods

This investigation was carried out in the Tissue Culture Laboratory,
Horticulture Department, Faculty of Agriculture, Ain Shams University, Cairo,
Egypt, during the period from 2000-2004. The shoot cultures of " Succari” were
initiated ir vitre using stem pieces with length from 0.5-1.0 cm, collected from
adult trees located in the orchard ot the Faculty of Agriculture, Ain Shams
University, during the growing season. The stem pieces were disinfected with
10% Clorox (v/v) for 15 min before rinsing for 3 times with sterile distilled
water. The cultures were maintained at 25+2°c with 16 hr photoperiod and
40pE*" light intensity as a normal growing conditions until being used as a
mother stock for storage experiment.

Storage experiment

Influence of culture vessel types and media composition on the" Succari”
orange culture during in vitro storage

The cultures initiated and multiplied for three subcultures in the same
medium mentioned later before being used as a source for this experiment. The
basic salts and vitamins of Murashige and Skoog, (1962) (M3) medium were
prepared as follow:
A- MS at full strength plus 30gl” sucrose without growth regulators (MSF).
B- MS at half strength plus 15g]"" sucrose without growth regulators (2MSF).
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C- MS at full strength supplcmented with (mgh)04 IBA, 1.0 BA, 126
phloroglucinol and 30g!™ sucrose (MSH), this medium was used as a control

All types of media were supplemented with 7gl"' agar; the pH of the media
was adjusted to 5.8 before autoclaving. Autoclaving was done at 100 k .pa (15
P.S 1) and 121¢” for 20 min. All the cultures were stored under normal growth
conditions. The culture vessels used in this experiment were as follow:

1- Glass test tubes (15x150 mm) capped with aluminum foil filled with 13 mi
of the different types of media (TT.)

2- Glass tubes (25x80 mm) and (25x150 mm), capped with screw caps or Bellco
Kaputes, respectively and filled with 20 ml of the different types of media (GT).

3- Glass jars (50x85 mm) (200 ml GJ) and (70 x 120 mm) (350 ml GJ.)
capped with polypropylene lids (caps), (both jars 200 and 350 ml) filled with
60ml of the different types of media (GJ).

4- Conical flask (100 ml) capped with aluminum foil, filled with 60ml of the
different types of media (CF).

Each treatment consisted of six replicates; each replicate was represented by
3 tubes (one shoot per tube) in TT., GT.25x80 mm and 25x150 mm and three
shoots per 200ml GJ., 350mi GJ. and CF. in a completely randomized design .
The data were recorded every 12 months during the storage period.

The criteria of storage efficiency were survival percentage (Number of
survived shoots /Total number of stored shoots) x100, length of original shoots,
total number of leaves, length and number of proliferated shoots. During periods
of storage, the level of media and the morphology of shoots were noticed every 6
months intervals.

The data were statistically analyzed according to M ——STA':I" program as a
* factorial experiment. Duncan's multiple range test at 5% level was used to
differentiate means. (Snedecor and Cochran, 1980).

Influence of vessel and medium types on regeneration capacity of stored Sucarri
orange shoots after different periods

Every 12 months, the recovery rate after storage was determined by
estimating the number of shoots, leaves and length of shoots after 4weeks of
subculture onto fresh basic medium. The stored shoots were taken out from the
storage confainers and placed 'on fresh medium in normal vessel culture
(200mlGJ.). The basic salts and vitamins of MS medium supplemented with
(mgl") 0.2 BA+0.5 IBA was used. One replicate (three mmltiplied shoots) from
each treatment was tested every six months. The shoots were taken out from
storage conditions and divided into single shoot then cultured in 200mi GJ. Each
treatment consisted of three replicates; and three shoots in each replicate. The
number of shoots, leaves and length of shoots were recorded after subculture for
4 weeks .Three subcultures were performed for the recovery experiment.
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Results and Discussion

Influence of culture vessel type and medium composition on the survival
percentage of" Succari " orange cv original shoots during in vitro storage

Table 1 illustrated that the test tubes gave the highest mean survival %
(85.16), without significance among all culture vessels. Concerning media
composition data, (MSF) gave the highest significant mean survival (91.65)
compared with the other media composition. The interactions between the two
studied variables revealed that (MSF) medium in 200ml GJ. gave the highest
survival % (100} while the lowest survival %was obtained with (MSH) medium
in (GT. 25x80 mm) (66.62). After 24 months, survival percentages were
decreased. However, there were high values in (GT. 25x80, GT. 25x150 mm),
CF. and TT. (62.92, 62.92, 57.36 and 55.51), respectively with insignificant
difference among them. The lowest mean was obtained in 350ml GJ. (38.83).
Concerning the effect of media treatments data , MSF gave the highest survival
% (61.99) with insignificant difference with (\4MSF ).The interactions between
the two studied variables revealed that MSF gave the highest significant value in
(GT. 25x80 , GT. 25x150 mm} and CF. (72.18), while the lowest mean was
obtained in 350ml GJ. (33.3).

After 36 months of storage, the highest significant survival mean was
recorded with (GT. 25x80 mm and 25x150 mm) (40.70), the lowest significant
value was in 350ml GJ. (20.35). Concerning the medium treatments, MSH
recorded the highest significant value {(37.0), while the lowest significant value
was for MSH (28.68). The difference between MSF and 4 MSF or between '
MSF and MSH was insignificant. The interactions between the two studied
variables revealed that MSF in (GT. 25x150 mm) and CF,, also 4MSF with (TT. -
15x150) and (GT.25x80 mum) gave the highest survival % (44.4), while the
lowest mean was obtained in 350mi GJ. filled with MSH. In brief, it could be
concluded that using 200ml GJ. as a culture vessel with MSF led to 100%
survival after 12 months storage. However, the best survival was shown in GT.
filled with AMSF after 36 months (44.40%) and the survival was decreased. It
would be advisable to terminate storage after 24 months and renew the medium
to achieve short term storage. This was supported by the work of Mullin and
Schlegel (1976) on strawberry plantlets which stored for up to 6 years in sterile
cultures without subculture but with the addition of 1 or 2 drops of sterilized
medium to the culture vessels every 12 months to extend the storage period
without decrement of survival.

Influence of culture vessel type and medium composition on length {cm} of
original shoots of "Succari " orange during in vitro storage

Table 2 illustrated that after 12 months the highest shoot length mean was
obtained when using (CF.) and 200ml GJ. (3.92 and 3.70) without significancy
between them. The lowest mean shoot length (2.72 and 2.83) was obtained in
350ml GJ. and GT.25x80 mm without significant difference between them.
Regarding the effect of medium treatments data, 4MSF gave the highest
significant mean length of shoots (3.69); while the MSH medium gave the lowest
significant mean (2.79). The interactions between the two studied variables
reveated that the MSF in CF. gave significantly the greatest shoot length (4.92)
followed by “MSF in 200ml GJ. or CF. (4.66 and 4.55) with insignificant
difference among the three treatments.
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TABLE 1. Effect of culture vessel type and media composition on survival percentage of Succari orange shoots during
in vitro storage. )

Storage periods

(12months)
Test tube Glass tube Glass tube Jar200ml Jar350ml Conical Mean
Treatments  {I5x150mm)  (25x80mm)  (25x150mm)  (S0x85mm)  (60x110mm)  flask(100ml)
MSF 94.43ab 88.87a-¢ 88.87a-¢ 100.0a 83.30a-c 94.43ab 91.65A
12MSF 88.87a-c 72.18bc 65.63¢ 77.73a-c 72.17bc 72.17be 74.968B
MSH 72.17bc 66.62¢ 77.73a-¢ 72.18bc 88.87a-c 83.30a-c 76.81B
Mean 85.16A° 75.89A° T71.74A° 83.31A° BLA4A" 83.304"
{24 mounths)
MSF 61.07a-¢ 72.18a 72.18a 55.5a-¢ 38.85b¢ 72.18a 61.95A
1/2MSF 61.07a-c 66.63ab 55.52a-c 49.96a-c 44 40a-c 44.40a-c 53.66AB
MSH 44 40a-c 49.95a-c 61.07a-c 38.85bc 33.3¢ 55.5a-c 47.18B
Mean 55.51A° 62.924° 62.92A° 48.10AB" 18.858" 57.36A°
{36 months)

MSF 35.85ab 38.85ab 44.40a 33.30a-¢c 22.20bc 44.40a 37.0A
1/2MSF 44 .40a 44.40a 38.85ab - 27.75a¢ 22.20bc 27.75a-¢ 34.23AB
MSH 33.30a-c 38.85ab 38.85ab 22.20bc 16.65¢ 22.2b¢ 28.68B

Mean 38.85A° 40.70A" 40.70A° 27.75BC 20.35C 31.45C

ADVAOLS OULIA NI FHL DNLLOFJIV SUOLOVI FNOS



TABLE 2. Effect of culture vessel type and media composumn on length (¢cm) of Succari orange original shoots during
in vitro sterage.
Storape periods

(9002) €€ "10A ‘Moff 1 1dA3y

) {12months) )
: ‘Test tube ~ Glass tube Glass tube Jar200ml Jar 350ml Conical Mean
Treatments  (15x150mm) (25x80mm) (25x150mm) (50x85mm)  (60x110mm) - flask(100ml)

MSF 3.96b 2.31d 2.55¢d 4.00b 2.30d 4.92a 3.34B
12MSF © . 3.88b 2.44cd 2.92¢ 4.66a 3.66b 4.55a 3.69A
MSH 2.25d 3.75b 3.83b 2.44cd 2.19d 2.30d 2.79C
Mean 3.37B' 2.83Dr 3.10C ‘1.70AB’ 2.72D° 192A°

X . . (24 months)
~ MSF 4.19¢d " 3.03fF 3.50e 4.17cd 2.92fg 5.08a 3.81B
1/2MSF 4.22cd - 3.83de - 4.50be 5.33a 4.00cd 4.91ab 447A

MSH 2.25h - 4.83ab " 4.50bc 2.53f-h 2.66f-h 2.49gh 3.21C
Mean 3558" 3.894° 4.17A 401A ‘ 3.19C 4.16A

(36months) : ) )

MSF 4.16a-d o 3.03cf 3.50b-¢ 4.16a-d 1.92fg 5.08a I64A
1/2MSF 4.22a.¢ 3.92ad 4.58ab 4.50a-c - 2.66d-g 4.08a-d 1.99A
MSH 224eg © 5.00ab - 4.42a-c . l.6ofg 1.25¢ 1.75fg 2.72B
Mean 34540 3.98A° 4. 16A° 3.45A° 1.94B° 3.64A°

Means followed by the same letters are not significantly different from each other at S%Ievel
M SF... Full strength of Murashige &Skoog free growth regulators medium.

1/2MSF... Half strength of Murashige &Skoog free growth regulators medium.

MSH ... Full strength of Murashigé &Skoog+(mg/1)i.0BA+0.41BA+126phloroglucinol.
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After storage for 24 months, the highest shoot length mean was obtained in
GT.25x150, CF., 200ml GJ. and GT.25x80mm (4.17, 4.16, 4.01 and 3.89),
respectively . without significancy among them. The lowest shoot length mean
was obtained in 350ml GJ. (3.19). Regarding the effect of: medium treatments ,
“MSF gave the highest shoot length mean (4.47), while MISH significantly gave
the lowest shoot length mean (3.213. The interactions revealed that »:MSF in
200ml GI. gave the highest shoot length (5.33) followed by CF. filled with MSF
(5.08) and GT.25x80mm with MSH (4.83) with insignificant difference among
them. The lowest shoot length was obtained in TT. filied with MSH (2.25). After
storage for 36 menths, the highest shoot length mean was obtained in GT.25 x
150mm (4.16) compared to other containers GT.25 x 80mm, CF., TT. and 200ml
GJ. (3.98, 3.64, 3.45 and 3.45), respectively without significancy among them.
The lowest shoot length mean was obtained in 350ml GI. (1.94). It is worthy
mentioning that in this period the cultures suffered from death and it was
particularly obvious for cultures stored in 350ml GJ. , this led to a significant
tower length compared to other treatments. Regarding the effect of medium
treatments, %MSF and MSF gave the highest mean shoot length (3.99 and 3.64)
without significancy between them. MSH significantly gave the lowest shoot
length mean (2.72). The interactions revealed that MSF in CF. gave the highest
shoot length (5.08) followed by MSH in GT.25 x 80mm (5.00) with insignificant
difference. It is also clear that no significant differences were obtained by TT.,
GT.25x80, GT.25x150, 200ml GJ. and CF. filled with Y2 MSF. The lowest shoot
length was obtained in 350ml GJ. filled with MSH (1.25). In this respect, it could
be concluded that using GT.25 x 80mm and 350ml GI. as a culture vessel with
MSF showed the lowest shoot length after 12 months. The same trend was
obtained after 24 and 36 months for 350ml Gl. However, by looking back to
Table 1, it could be realized that the lower growth rate did not lead to high
survival as expected .This results for 350ml GJ. could be attributed to the big
exposed surface which permits high degiccation of medium.

Influence of culture vessel type and medium composition on average number of
leaves /shoot of "Succari” orange during in vitro storage

Table 3 illustrated that, after 12 months storage, the highest mean number
resulted in 200m! GJ. and CF. (25.17 and 24.22), respectively without significancy
between them, whereas, the lowest rates were achieved in (GT.25 x 80 and 25 x
150mm) (15.50 and 16.44) with insignificant difference. In addition MSH showed
significantly high mean number of leaves compared to the other media (22.79).
The interactions showed that the highest significant number of leaves occurred in
200ml GJ. filled with MSH or “MSF (26.0 and 25.83), while the lowest
significant number of leaves obtained in GT.25 x 80mun filled with *2MSF (13.83).
After storage for 24 months, the highest significant mean nmmber of leaves was
recorded in 200ml GJ. (30.06), while the lowest number of leaves was obtained in
GT.25 x 80mm,TT and GT.25 x 150mm (21.66, 22.48 and 22.50), respectively
with insignificant differences. Concemning the effect of medium treatments, MSH
gave the highest significant mean leaf number (27.59). The interactions between
the studied variables showed that the highest number of leaves occurred in 200ml
GJ. filled with MSH (,33.33), whereas the lowest rates were achieved in GT 25 x
80 mm and TT. filled with sMSF (18.67 and 17.89), respectively.
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TABLE 3. Effect of culture vessel type and media composition on average number of leaves of Succari orange shoots

during in vitro storage.
Storage time

(12months )
Test tube Glass tube Glass tube Jar 200ml Jar 350ml Conical Mean
Treatments {(15x150mm) (25x80mm) (25x150mm) (50x85mm) (60x110mm)  flask(100ml)
MSF 24.33ab 14.67gh 15.50fh 23.67ab 20.50cd ~ 24.33ab 20.50B
1/2MSF 17.00e-g 13.83h 14.33gh 25.83a 21.67bc 23.83ab 19.42B
MSH 24.55ab 18.00d-f 19.50c-e 26.00a 24.17ab 24.50ab 22.79A
Mean 21.96B' 15.50C" 15.44C° 25.17A° 2211B° 24.22A°
. {24 months) -
MSF 25.00b-¢ 21.33¢ef 19.50f 27.670-d 25.67b-d 26.33b-d 24.25B
1/2MSF 17.89f 18.67¢ 21.17ef 29.17b 23.83de 28.33be 23.18B
MSH 24.55¢-¢ 25.00b-¢ 26.83b-d 33.33a 27.67b-d 28.17b-d 27.59A
Mean 22.48C 21.66C' 22.50C" 30.06A" 25.72B° 27.61B

(36months) -

MSF 25.00a-c 23.83a-c 20.67a-c 27.67a 17.33ac. 26.33ab  23.47A

1/2MSF 17.89%a-c 21.00a-¢ 21.83a-¢ 25.17a-¢ 16.00a-c 2500a-c  21.15A

MSH 24.55a-c 26.67a 27.832 24.00a-c 13.67¢ 13.83bc  21.76A

Mean 22.48A° 23.83A° 23.44A° 25.61A° 15.678" 2LT2A°

1012 AQVINIWVH-1T'V -
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After 36 months storage, the highest mean number of leaves was obtained in
200ml GJ. (25.61) without significant difference between other containers except
350ml GJ. which recorded the lowest significant mean (15.67). The lower value
of leaf number could be attributed to the high mortality of the stored shoots in
this vessel. Regarding the effect of media treatments, there were insignificant
differences among all types of media although the highest mean was recorded
with MSF (23.47). The interactions revealed that MSH medium in GT.25x
150mm and GT.25xB0mm vessels gave the highest number of leaves (27.83 and
26.67) without significant difference between them, while the lowest number of
leaves was in 350ml GJ. filled with MSH (13.67). The obtained results
emphasized the effect of medium composition and culture vessel types during
different periods of storage and its relation with the growth rate of cultures. After
12 and 24 months the MSH gave the highest number of leaves which reflected
on the high growth rate, while, after 36 months the growth rate decreased in this
medium due to the decrement of survival. The trend in shoot length (Table 2)
paralleled with the trend of the number of leaves, alse, the number of leaves
seems to decrease after 36 months as a result of survival decrement. From the
inspection carried out every 6 months it was clear that cultures demonstrated
lower growth rate (length and proliferation) after 30-36 months. Besides health
and viability of shoots were less compared with previous periods of storage.

Influence of culture vessel type and medium composition on the number of new
shoots of "Succari”" orange during in vitro storage _

Table 4 illustrated that after 12 months storage, the highest mean number of
new shoots was obtained in 200ml GJ. and CF, (3.36 and 3.35) without
significant difference between them, while the lowest mean number of new
shoots was obtained in GT.25x80mm and 25x150mm (1.96 and 2.08) without
significant difference between them. Conceming the effect of media, MSH
medium gave the highest significant mean number of new shoots (3.41) and the
lowest mean was obtained in % MSF medium (1.77). The interactions revealed
that MSH in CF. and 200ml GJ. gave the highest number of new shoots without
significant difference between them (4.05 and 3.93), while the lowest number of
proliferated shoots was obtained in both GT. 25x150mm and 25 x 80mm filled
with 4MSF (0.88 and 0.93), respectively. After storage for 24 months the
highest significant mean of new shoots was obtained in 200mi GJ. and CF. (3.84
and 3.74) with insignificant difference between them. The lowest significant
mean number of new shoots was obtained in GT. 25x80mm (2.43).Concerning
the effect of medium treatments data showed the same trend as after 12 months
storage. The interactions also revealed similar trend as after 12 months. After
storage for 36 monihs, the highest significant mean number of new shoots was
obtained in 200ml GJ. and CF. and the differences were insignificant compared
with other containers except 350ml GJ. which recorded the lowest significant
mean (1.72). Also, MSH and MSF media gave high mean of new shoots without
signifcancy (3.11 and 3.07). The interactions revealed that MSF in CF. gave the
highest number of new shoots (4.33), the lowest number of new shoots was
obtained in GT.25 x 80mm and GT.25 x150mm which was filled with ““MSF
(0.98 and 1.42). It was clear from the data that on the long run of the experiment
MSF medium began to affect the number of shoots as MSH which was effective
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through 12 and 24 months although the difference was insignificant after 36
months. In general, MSH recorded the highest significant mean sumber of shoots
during different storage periods. Also, the large volume containers (200 ml GJ.
and CF.} allowed the production of new shoots rather than the small volume
containers during the period of 12 and 24 months except for 350ml GJ, while
after 36 months, the differences among vessel types were insignificant except for
350 m! GJ which recorded the lowest value.

Influence of culture vessel type and medium composition on the length (cm) of
"Succari” orange proliferated shoots during in vitro storage

Table 5 presented the effect of different vessel and medium types on the
length (cm) of proliferated shoots during storage periods (12, 24 and 36 months).
After 12 months in storage, the highest significant mean length of the new shoots
was recorded in 200ml GJ. and .CF. (2.72 and 2.59) without significant
difference between them, while the lowest significant mean length of new shoots
was achieved in TT. (1.71). Regarding the effect of media treatments, MSF
medium gave the highest mean length of new shoots (2.47) followed by MSH
medium (2.32) with insignificant difference, while the lowest value was recorded
by % MSF (2.04). The interactions between the two studied variables showed
that MSF in 200ml GJ. and CF. gave high length of new shoots (3.67 and 3.50),
respectively, as well as MSH in GT. 25x80 and 25x150mm (3.67 and 3.42) with
insignificant difference among the four treatments, while, the lowest significant
mean was obtained in GT. 25x150mm filled with ¥ MSF (0.85). Similar trend in
the specific effect of culture vessel, media and in the interaction after 12 months
was true after 24 months storage. After storage for 36 months, the highest
significant mean length of new shoots was recorded in GT. 25x150mm (2.78)
with insignificant difference when compared with mean length in other
containers except TT. which showed the lowest significant ‘mean (1.78).
Concerning the effect of medium treatments, MSF gave the highest significant
mean (2.90) whereas Y2 MSF recorded the lowest mean (1.94) with insignificant
difference with MSH (2.77). The interactions showed that MSF in CF gave high
length of new shoots (4.25) followed by MSH in GT. 25x80mm and GT.
25x150mm without significant difference. The lowest average length was
obtained in 2MSF in GT. 25x150mm (1.08). Using the same container GT.
25x150mm and MSH medium gave the highest length (4.16). The proper culture
vessels with high survival percentage for storage differed after different periods
of storage. As example during 12 and 24 months of storage, CF. and 200ml GJ
gave the highest length, while at 36 months, GT.25x150 and 25x80mm gave
higher value compared with the last period.

From the overall results it can be concluded that the big volume containers
allowed the increase of length and number of shoots especially when filled with
MSF and MSH (except 350ml GJ) in which large exposed surface caused early
dryness of the medium while when %MSF was used this effect was rather
insignificant. From the storage point of view, the lower proliferation rate either
represented by length or number of proliferated shoots was related to TT. and
GT vessels. during most periods of storage , led to a higher survival in vitro after
3 years of storage in vitro .
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TABLE 4. Effect of culture vessel type and media composition on average number of new Succari orange shoots during

in vitro storage. _
Storage periods

{12months)
Treatments Test tube Glass tube Glass tube Jar20¢ml Jar350mi Conical Mean
(15x150mm)  (25x80mm)  (25x150mm) (50x85mm) (60x110mm)  flask{100ml)

MSF 1.97fg 2.14e-g 2.61de 3.58ab 2.424-f 3.66ab 2.73B
1/2MSF 1.89g 0.93h 0.88h 2.58de 2.00fg 2.33d-¢ 1.77C
MSH 3.66ab 2.83cd 2.75d 3.93a 31.25b¢ 4.05a 341A

Mean 2.50B 1.96C 2.08C" 3.36A° 2.56B" 335A°

_ {24 months) .

MSF 1.97g 2.80e 3.00de 4.17ab 3.00de 4.33a 321B
- 12MSF 2.60ef 0.98h 1.42h 3.03de 2.174g 2.61ef 2.13C
MSH 3.66bc 3.50cd 3.83a-c 431a 3.42cd 4.27a 3.83A

Mean 2.75B* 2.431C 2.758° 3.84A° 2.86B" 3. 74A°

. {36 months)

MSF 1.97f-h - 2.80b-g 3.00a-f 4.16ab 2.16d-h 4.33a 3.07A
1/2MSF 2.61c-g 0.98h 1.42gh 2.44¢c-h 1.42gh 2.11e-h 1,838
MSH 3.66a-d 3.58a-¢ 3.83a-¢ 31.08a-f 1.58f-h 2.88a-p 311A

Mean 2.75A° 2.46AB 2.75A° 3.23A° 1,728 AIA

Means followed by the same letters are not significantly different from each other at 5%level.
M SF... Full strength of Murashige &Skoog free growth regulators medium

1/2MSF ... Haif strength of Murashige &Skoog free growth regulators medium.

MSH ... Full strength of Murashige &Skoog+(mg/1)1.0BA+0.41BA+126phloroglucinol,
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TABLE 5. Effect of culture vessel type and media composition on average length (cm) of new Succari orange shoots
during irn vitre storage.

Storage periods

{12months)
Test tube Glass tube Glass tube Jar200ml Jar 350ml Conical
T’ catments 5 1S0mm)  (25x80mm)  (25x150mm)  (SOx8Smm)  (60x110mm)  Nask(100ml) M0
MSF 1.11hi 2.00d-g 2.16¢-¢ 3.67a 241c-e 3.50a 2.47A
1\2MSF 2.39c-e 1.02hi 0.85i 2.58b¢ 2.92b 2.47bd 2.04B
MSH 1.64g 3.67a 3.42a 1.91e-g 1.49gh 1.80fg 2.32A
Mean 1.71C 2.23B° 2.158' 2724 2.278° 2.59A° '
' : (24 months)
MSF 1.33h 2.67c-¢ 3.08b-d 3.92a 3.33b 4.25a 3.10A
1/2MSF 2.38ef 1.08i 1.08i 3.17be 3.42b 2.61de 2.29C
MSH 1.64gh 44la 4.08% 2.19¢f 2.25¢f 2.05fg 2.77B
Mean  L78C 2.728° 2.75B° 3.094° 3.00AB 2.97AB
B (36 months) ‘
MSF 1.33ef 2.66¢d 3.08bc 3.92ab 2.16¢-f 4.25a 2.90A
1/2MSF 2.38c-e 1.15ef 1.08f 2.66¢d 2.25¢-f 2.11cf 1.94B
MSH { 63ef ' 442a . 416ab 1.42f 1.25¢f 1.27ef 2.36B
Mean . 1.78B° 2744 2T8A 2.66A° 1.89A" 2554

Means followed by the same letters-are not significantly different from each other at 5%level.

" M SF... Full strerigth of Murashige &Skoog free growth regulators medium.

1/2MSF... Half strength of Murashige &Skoog free growth regulators medium.
MSH ... Full strength of Murashige &Skoog+(mg/1}1.0BA-+0.41BA+126phlorogiucinol.

'
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SOME FACTORS AFFECTING THE IN VITRO STORAGE 13

Influence of vessel and medium types on regeneration capacity of stored
“Sucarri” orange shoots after different periods of storage

In this experiment, shoots which have recorded the highest survival % during
storage, were taken out from the storage vessels and divided into smgle shoot,
then placed on fresh medium MS full strength supplemented with (mgl”) 0.2 BA
+0.5 IBA in normal vessel culture (200ml GJ.). Each selected treatment was
tested after 12, 24 and 36 months storage .

Data given in Table 6 showed the effect of transferring shoots to fresh medium
after different storage periods in order to study the Tegeneration capacity of the
stored shoots. All transferred shoots recorded (100%) survival in all subcultures.
The shoots assumed normal growth within four weeks and the rate of growth
increased through three subcultures. Afier 12 months storage, shoots were taken
out from TT, 200ml GJ. and CF. vessels were filled with MSF (Table 6).
Concerning the effect of different vessel types, data revealed that there was no
significant difference in mean numbér of shoots and leaves and significant
difference in mean shoot length resulted from CF. and 200ml GJ. compared to
TT. Regarding the number of subcultures, the third subculture gave the highest
significant length of shoots (1.4cm), the highest number of shoots (1.92) and the
highest number of leaves (20.0). The interactions between the two studied
variables showed that the shoots taken from 200ml GJ. during the third
subculture gave the highest significant number of shoois (2.0) and number of
leaves {20.33) but without significant difference with other treatments. The
shoots taken from CF. recorded the highest significant length during the 3™
subculture. After 24 months, the selected transferred shoots were from CF., GT.
25x80mm and GT. 25x150mm which was filled with MSF, also from GT.
25x150mm filled with AMSF (Table 6). Insignificant difference in mean length
and number of shoots resulted when the stored shoots transferred from the
different vessel types to fresh conditions. However, high significant mean
number of leaves per shoot resulted on shoots taken from GT. 25x150mm with
MSF (17.11). As for the effect of subcultures, the same trend was observed as
after 12 months recovery. The interactions between the two studied variables
revealed that the shoots taken from GT.25x80mm with MSF gave the highest
length of shoots (1.87) during the third subculture without sigmificant difference
with other treatments in the threg subcultures, while, the shoots taken from
GT.25x150mm with %MSF recorded the hlghest ms;gmﬁcant number of
proliferated shoots (2.33) during the 3" subculture. Concerning the number of
leaves, the shoots taken from GT. 25x150mm with MSF gave the highest
insignificant value (23.67) during the 3" subculture. Similar trend was clear in
the recovery of plants after 36 months. The shoots taken out from CF. and
(GT.25x150mm with MSF or from TT. and GT.25x80mm with % MSF showed
insignificant differences in mean length and number of proliferated shoots while
the mean number of leaves was significantly higher by TT and »:MSF. In
general, the growth rate was slower in the first subculture then increased
gradually during second and third subcultures. The highest rate of growth was
recorded in the 3™ subculture. The effect of vessel types on the average length,
shoot numbeg, was insignificant, while the effect on leaf proliferation was
significantly recorded by GT.25x150mm after 24 months and by TT. after 36
months. In brief, the cultures that demonstrated lower growth rate (length and
number of shoots} and high survival percentage were clear in TT, GT25x80,
25%150mmand CF with both MSF or %MSF medium.
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TABLE 6. Recovery of stored Succari orange shoots after different periods of storage.

After 12 months

Treatments Shoot length Number of shoot Number cf leaves Survival
. Sub.1 Sub.2 Sub.3 Mean Sub.l Sub.2 Sub.3 Mean Sub.1 Sub.! Sub.3 Mean Y%
TT+MSF 0.73¢e  1.03cd 1266 1.01B 0.88d 1.66ac 1.88ab 1.47A 10.0c 14.333: 19.67a 14.67A 100a

200mljar+MSF  0.86de 1.06c 1.43ab 1.12A 088d 155bc 2.00a 1.48A 9.33bc 1432kc 20332 14.66A 1002
C.F+MSF 0.86de 1.07c 1502 "1.14A 0.77d 133c 1.88ab L33A 120bc 1533%% 20.0a 1578A 100a
Mean 0.82C" 1.05B° 1.40A° 0.84C° 1.51B° 1.92A° 10.44C° 14.66F° 20.0A° 100A°

After 24 months

GT25x80+MSF 0.80a 1.30a 1.87a 1.32A 0.88 1.55cd 1.99ac 147A 9.G6e 14.0ed 220a 1522B 100a
GT25x15+MSF  090a 1.06a 1.26a . 1.07A 077e 1.66bc 2.11ab 1.51A 12.33ce 1533c 23672 17.11A 100a

C.F+MSF 0.93a l.16a 1.50a 1.20A 0.88¢ 1.55¢cd 222a 1.55A 10.0e 15.67cd 18.67bh 14118  100a
GT25x150+172MSF  0.83a 1.33a 1.60a 1.25A 1.1l1de 1.55cd 2332 1.66A 1i.0de 12.67c-¢ 21672 15.11B 100a
Mean 0.86B° 1.22AB° 1.55A° 091C° L1588 2.16A° 10.75C 13.92B° 2L.50A° 100A°

‘ . After 36 months
CF+MSF 0.86f 1.03d-f 140ac 1.10A 077¢c 1.33b 1.88a 1.33A 1133e 1633d 22.0ab 1656B 100a

GT25x15+MSF . 0.86f 1l.16¢c-e 1.43ab 1.15A 088bc 1.33b 199 1.40A 12.67¢ 1233e 2233ab 1578B 100a
-TT+1/ZMSF 0.86f 1.16c-e 1.50a 1.17A 088bc 1.33b 1992 1.40A 12.67¢ 18.0cd 24332 18.33A  100a
GT25x150+1/2MSF  0.93ef §.23b-d  1.56a "1.24A 088bc 1.33b 1.992 1.40A 13.0¢ 16.0d 2033k 1644B 1002
Mean 0.88C" 1.15B° 147A° 0.85C° 1.33B° 1.96A° 1242C° 15.67B° 22.25A° 100A°

Means followed by the same letters are not significantly different from each other at 5%level.
M SF .. Full strength of Murashige &Skoog free growth regulators medium.
1/2MSF... Half strength of Murashige &Skoog free growth regulators medium

¥l
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SOME FACTORS AFFECTING THE IN VITRO STORAGE 15

The obtained results emphasized the effect of medium composition and
culture vessel types on the storage of citrus "Succari” orange cultures in virro. In
the present study, the main target was more conducive to arrive to the lowest
growth tate and high survival by using minimal growth medium and without
subcuituring for longer periods. Concerning the vessel type, it could be realized
that the lowest survival after 24 and 36 months occurred when using 350miGJ
filled with MSH medium, which might be atiributed to the high desiccation of
media from the big surface of the vessel . The same suggestion was reported on
tiller explants of Lolium multiflorm and apple species shoot cultures grown in
large vessels compared to test tubes (McClelland and Smith, 1990). Similar
results were obtained by Wanas {1987) and Kozai ef al. (1995) where pear shoot
tip cultures and potato gave betier quantity and quality of proliferated shoots in
glass tubes (150 x 25mm) rather than polypropylene tubes (100 x 15mm).
George & Sherrington (1984) and Debrgh (1988) attributed the effect of vessel
type or volume on the growth and morphogenesis in vitro to different
concentration levels of carbon dioxide, ethylene and other volatiles in the air
space within the containers. The notes were shown on morphology of cultures
(decrease of the.level of media, the viability of shoots, besides the growth rate
and the poor growth of shoots).In this respect, the water relations may be the
most important factor. As stated by Kozai ef al. (1986) and DeGryze et al.
(1995), the factors that control water keeping in the tissue culture vessel fall
under one of the following categories: the composition of the culture medium,
the characteristics of the container, the environmental conditions and/ or the
quality of the explant. Also, the type of closures for the vessels and degree of
exchange between inside and outside the container do have a considerable
influence on the water keeping of tissue cultured plants, Depending on the
material container is made of and its construction, different possibilities of
exchange between the container atmosphere and the environment existed
(DeGryze et al, 1995). Another point of interest is that highest survival
percentage in this study was achieved during the first period of storage (12
months}) as in Table 1. The survival percentage however, was decreased during
the second and third periods (24 & 36 months). It would be wise to renew the
medium by the addition of 1 or 2 drops of sterilized medium to the culture
vessels after 12 months to extend the storage period without decrement of
survival. Addition of medium as a storage method was achieved with strawberry
plantlets which were stored for up to 6 years as meristem plantlets in sterile
cultures without subculture or transfer of the explant to fresh medium (Mullin
and Schlegel, 1976). The suitability of higher temperatures at the range of 24-
26c” for shoot storage was confirmed by Kartha et /. (1981) and Roca er al. .
{1982) on coffee (Coffea arabica 1..) and Cassava, Also, Marin and Duran Vila
{1991) reported on ” Pineapple “sweet orange plantlets and nodal stem segments
which were kept under normal conditions for 12 months before transferring to
fresh medium. Besides Wanas (1999) found that the cultures of citrus species
maintained viable in vitro at 24°C plus low light intensity (20 pEm™s™) for 12-16
months without subculturing, the survival percentage (100) was recorded for
Rangpur lime after 16 months storage.
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