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Fig. 1: T. distichum plants after 8 weeks of pre-acclimatization stage with irrigation by 1) 0.5 g/l diatom and 2) 1.0 g/l
diatom.

Fig. 2: T. distichum plants after 12 weeks of
acclimatization in greenhouse with 1.0 g/l diatom.

Table 4: Effect of irrigation by diatom on survival percentage after 8 weeks
of pre-acclimatization of T. distichum transplants

Treatments Survival (%)
Control 70 ± 0.58
Irrigated with 0.5 g/l diatom 70 ± 0.60
Irrigated with 1.0 g/l diatom 75 ± 0.60
Values are expressed as mean ± SD; n=20

between the treatments (Table 4). Although, irrigation by
water containing 1.0 g/l diatom gave higher survival
percentage (75%) of plants compared with control
treatment or irrigated plants with 0.5 g/l diatom which
gave 70% of survival plants (Fig. 1).

Regarding, the second stage of acclimatization, which
carried out in the greenhouse for 12 weeks with irrigation
by two concentrations of diatom (0.5 or 1.0 g/l). Data
presented in Table 5, showed that the highest survival
percentage (100%) was recorded with plants irrigated with
diatomcompared with the control treatment (Fig. 2).
Concerning plant characterization, data showed that there
was no significant difference between the two treatments
of irrigation with 0.5 or 1.0 g/l diatom on plants length
(19.67 and 21.00 cm, respectively). While, the lowest plant
length was recorded with the control treatment (7.67 cm).
Data of number of branches /plant showed the same trend
like plant length, in which there were no significant
differences between the two treatments of irrigation with
0.5 or 1.0 g/l diatom (18.67 and 23.33, respectively) and the
lowest number of branches/plant (10.67) was recorded
with the control treatment.

One of the major obstacles to the practical application
of plant tissue culture to mass propagation has been the
difficulty of successful transfer of plantlets from in vitro
conditions to a soil medium [40]. Acclimatization stage is
considering the critical stage in in vitro propagation of
plants especially woody trees. The environments in in
vivo are quite different when compared to in vitro
conditions, in terms of relative humidity (RH), constant
temperature,   air    ventilation,    nutrient     levels,   etc.
[41, 42, 43]. In vitro acclimatization, or hardening, is one of
the main processes in the production of healthy plantlets
before their transplantation to in vivo [44, 45]. The results
obtained in this study reported that irrigation with diatom
increased the survival percentages, plant length and
number of branches/plant of taxodium. In this respect, the
results obtained are in harmony with those reported by
Bocharnikova [46]. Also, Matichenkov [47], reported that
optimization of silicon nutrition results in increased mass
and volume of roots, giving increased total and adsorbing
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Table 5: Effect of irrigation by diatom on acclimatization of T. distichum plants after 12 weeks of culturing

Treatments Survival (%) plant length (cm) Number of branches /plant

Control 75±0.43 7.67±0.58 10.67±3.06
Irrigated with 0.5 g/l diatom 100 19.67±3.06** 18.67±3.06*
Irrigated with 1.0 g/l diatom 100 21.00±2.00** 23.33±1.15*

Values are expressed as mean ± SD; n=12, significance of differences is indicated (* p=0.05; ** p=0.01).

Table 6: Total number of amplicons, monomorphic amplicons, polymorphic amplicons and percentage of polymorphism by RAPD markers as results of
diatom irrigation (at the end of acclimatization stage) and the mother plant of T. distichum

Primers Total # amplicons Monomorphic amplicons Polymorphic amplicons Polymorphism %

AM6 7 7 0 0
AM7 8 8 0 0
AM8 6 4 2 50
AM9 5 3 2 40
Total 26 22 4 --
Average 6.5 5.5 1.0 22.5

Fig. 3: RAPD DNA amplification pattern obtained for mother plant and acclimatized plants which irrigated with 0.5 g/l
diatom and 1.0 g/l diatom, respectively, generated by primers: AM6 (Lan 1, 2 and 3), AM7: (Lan 4, 5 and 6),
AM8: (Lan 7, 8 and 9) and AM9: (Lan 10, 11 and 12) M: 100 – 1500 pb DNA Ladder.

surfaces.As a result of application of silicon fertilizer, the ISSR were adopted for evaluation the variation between
dry weight of barley increased by 21 and 54% over 20 and the mother plant and acclimatized plants which irrigated
30 days of growth, respectively, relative to plants with diatom.
receiving no supplemental silicon [48].

Molecular Analysis: True-to-type clonal fidelity is one of analysis (RAPD-PCR analysis), four random primers
the most important prerequisites in the micropropagation (AM6, AM7, AM8 and AM9) were screened in RAPD
of any crop species. A major problem encountered with analysis for their ability to produce sufficient amplification
the in vitro culture is the presence of somaclonal variation products.In thepresent study, the total number of
amongst sub-clones of one parental line, arising as a fragments produced by the four primers was 26 with an
direct consequence of in vitroculture of plant cells, average of 6.5 fragments/primer (Table 6 and Fig. 3).
tissues or organs. A better analysis of genetic stability of While, the number of polymorphic fragments ranged from
plantlets can be made by using a combination of two 0 to 2. A maximum number of amplicons (8) were amplified
types of markers which amplify different regions of the with primer AM7, while the minimum number of fragments
genome [49]. In this respect, it should be important to (5) was amplified with primer AM9. The highest number of
note that Palombi and Damiano [27] suggested the use of polymorphic bands (2) was obtained with primers AM8
more than one DNA amplification technique as and AM9. Primer AM8 exhibited the highest percentage
advantageous in evaluating somaclonal variation while (50%) of polymorphism. Data presented in Table 6 also
working on micropropagated plants of kiwi fruit. Hence, in revealed  that  the  total  number of polymorphic
the present study, two PCR based techniques, RAPD and amplicons  obtained  by  the  four  studied  primers was 4.

RAPD-PCR Analysis: Regarding the first molecular
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Fig. 4: ISSR profiles of the T. distichum plants using the primers: AM1: Lane 1) 0.5 g/l diatom, Lane 2) 1.0g/l diatom and
Lane 3) Mother plant. AM2: Lane 4) 0.5 g/l diatom, Lane 5) 1.0g/l diatom and Lane 6) Mother plant. Lane M) 1.5
Kb ladder DNA markers.

Fig. 5: ISSR profiles of the T. distichum plants using the primers: AM3: Lane 1) 0.5 g/l diatom, Lane 2) 1.0g/l diatom and
Lane 3) Mother plant. AM4: Lane 4) 0.5 g/l diatom, Lane 5) 1.0g/l diatom and Lane 6) Mother plant. Lane M) 1.5
Kb ladder DNA markers.

This corresponds to a level of polymorphism of 15% and profiles were screened for the presence of polymorphisms
an average number of polymorphic fragments/primer of among  and  within  the  three T.  distichum treatments
0.6. In this respect, RAPDs have been used for many (Fig. 4 and 5). The total number of fragments produced by
purposes, ranging from studies at the individual levels the four ISSR primers was 26with an average of 6.5
(e.g. genetic identity) to studies involving closely related fragments/primer (Table 7). While, the number of
species. Due to their high genomic abundance, RAPDs polymorphic fragments ranged from 0 to 4. A maximum
have also been applied in gene mapping studies. In this number of amplicons (10) was amplified  with  primer
respect, RAPD markers have been able to assess the AM3, while the minimum number of fragments (5) was
genetic stability of micropropagated plants of Deutzia amplified  with  primers AM1 and AM4 (Figs. 4 and 5).
scabra and the effect of slow growth preservation of the The highest number of polymorphic bands (4) was
same plant almonds [22, 49], turmeric [50] and yams [51]. obtained  with  primers  AM3.  Data   also  revealed that
As RAPD markers amplify different regions of the the  total  number  of  polymorphic  amplicons  obtained
genome, their simultaneous analyses give a better by  the  four  studied  primers  was  6.  This corresponds
interpretation of the genetic stability of the in vitro to  a level of polymorphism of 20% and an average
regenerates [49]. number  of  polymorphic  fragments/primer  of 1.5.

ISSR-PCR Analysis: Regarding the second molecular data generated from this analysis was obtaining more
analysis (ISSR-PCR analysis), four ISSR primers were balanced values for genetic variation among genotypes
used in this study, the four ISSR primers produced good targeted  and  representation  of   their   relationships.
reproducible and scorable patterns and the amplification This  allowed  us to explore the DNA polymorphism in the

Because ISSR amplify different parts of the genome, the
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Table 7: Total number of amplicons, monomorphic amplicons, polymorphic amplicons and percentage of polymorphism by ISSR markers as results of diatom

irrigation (at the end of acclimatization step) and the mother plant of T. distichum

Primers Total # amplicons Monomorphic amplicons Polymorphic amplicons % polymorphism

AM1 5 3 2 40

AM2 6 6 0 0

AM3 10 6 4 40

AM4 5 5 0 0

Total 26 20 6 --

Average 6.5 5 1.5 20

collection of genotypes analyzed and generate many 6. Epstein, E., 2009. Silicon: its manifold roles in plants.
polymorphic markers ensuring a good coverage of the Annals of Applied Biology, 155: 155-160.
genome [52, 53]. 7. Ketchum, B.H., 1954. Mineral nutrition of

CONCLUSION 5: 55-64.

From the above results it can be concluded that Diatom  Metabolism  and  Silicification,  pp: 177-206.
adding 0.6   g/l  diatom  tothe in vitro rooting medium In  G.  Bendz  and  J.   Lindquist   (ed.)  Biochemistry
gave the best results of roots formation. Also, diatom of   Silicon    and    Related    Problems.     Plenum,
improved acclimatizationof the transplants in the New York.
greenhouse as results of irrigation water including 0.5 g/l 9. Round, F.E., R.M. Crawford and D.G. Mann, 1990.
diatom. Analysis of both RAPD and ISSR obviously Diatoms. Cambridge University. Press.
revealed that there was no variation between the in vitro 10. Kinrade,     S.D.,    R.J.    Hamilton,    Schach   and
derived plants as a result of diatom treatments and the C.T.G. Knight, 2001. Aqueous hypervalent silicon
mother plant. complexes with aliphatic sugar acids. J. Chem. Soc.
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