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Abstract

with the analytical grade sucrose.

Most developing countries are hesitated in maximizing tissue culture technology due to the overhead costs involved. Therefore,
this research was initiated to evaluate alternative cheap carbon sources and energy in culture media in order to reduce production
input costs of sugarcane in vitro propagation. The experiment was carried out in completely randomized design (CRD) with 2 x 6
factorial treatment arrangements of genotypes and carbon source in combination. The interaction analysis of genotypes and table
sugar concentration significantly influenced in vitro sugarcane multiplication. On MS medium with 50 gl' table sugar, B4906 gave the
highest (13.42 + 0.29) shoots, whereas Pr1013 produced a maximum of 7.78 + 0.19 shoots at 60 gl'' table sugar. However, 40 gl
table sugar was optimum to produce usable and separable shoots for further subculture of multiplication. Accordingly results showed
that table sugar not only enhanced multiplication but also significantly reduced the production input costs by 94.89% when compared
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Introduction

Sugars play important role for in vitro cultures as carbon source
and energy as well as an osmotic agent. In Plant cell culture media,
sucrose is the most common carbohydrate used as carbon source at a
concentration of 2-6%. Other carbohydrates are also used, however,
they were less effective than sucrose and glucose [1]. The influence of
fructose, sucrose, glucose, sorbitol and maltose carbon sources were
studied at various concentrations, and obtained type and concentration
of sugars had a significant effect on percentage, mean number, mean
length, hyperhydricity, as well as survival rate [2]. Flower et al. [3]
showed glucose as being the most suitable carbon source, principally
on the grounds of biomass yield and growth rate. Moreover, the
autoclaved sucrose is better for growth than filter sterilized sucrose,
was frequently demonstrated because autoclaving seems to hydrolyze
sucrose into more efficiently utilizable sugars for plants such as glucose
and fructose. It was acting as a morphogenetic trigger in the formation
of auxiliary buds and branching of adventitious roots [4].

In Ethiopia, in vitro multiplication of plants started before years
ago in the research centers and universities, but still now, it does not
extend to reach up the commercial level and the required coverage due
to the cost of media and other constraints. Media chemicals account
for less than 15%, while the carbon sources such as laboratory grade
sucrose contributes about 34% -51% of the production cost [5]. Hence
sugar cane molasses, sugarcane juice, banana extract, and coconut
water can be found a good alternative of grade sucrose for reducing
medium costs. So far, these substrates in addition to carbon sources,
they are sources of vitamins and inorganic ions required for growth
[4]. Plants that cultured on 5% sugar cane juice were better in terms of
shoot length and number of shoots per culture than those cultured on
30 gl grade sucrose [6].

Moreover, commercial table sugar is also the best alternative
rather than using pure grade sucrose to reduce the cost of in vitro plant
production especially for commercial micropropagation. Table sugar
and its concentration in the medium greatly influenced the rates of
sugarcane in vitro propagation [7]. Of the two concentrations tested,
4% commercial sugar appeared to be optimum for shoot regeneration
and multiplication, whereas 6% commercial sugar was recommended

for rooting. However, many researchers used 3% grade sucrose as usual.
Replacing of the laboratory grade sucrose by the table sugar without
significant loss in quality and growth to reduce the production cost of
in vitro plantlets were also possible [8,9]. Mekonnen et al. [10] reported
the possibility of utilizing the locally available (in each shop and super
market), relatively cheap (currently $ 0.75-1.5 per kg) 30 gl table
sugar as carbon source in place of graded sucrose which is imported
and expensive ($147 per kg) product in sugarcane tissue culture. The
authors obtained no significant difference regarding shoot number,
shoot length and leaf number by comparing analytical grade and
table sucrose at 30 gl'. Superior performances of in vitro plantlets on
medium supplemented with table sugar also reported [11,12]. However,
the optimum concentrations of table sugar using different value were
not studied for efficient multiplication of sugarcane. Keeping this view,
the current study was initiated to optimize the concentration of table
sugar which was given the maximum multiplication of sugarcane and
reduced the media cost.

Materials and Methods

Stems of B4906 and P1013 genotypes were cut and prepared as a
seed cane with two buds in Fincha’a Sugar Factory Research Station
seed nursery site, and planted in greenhouse of College of Agriculture
and Veterinary Medicine, Jimma University where the study were
carried out. The setts were watered every three days and allowed to
grow for three months after which actively growing shoot tops were
collected and prepared as source of explants. For shoot establishment,
the explants were sterilized using 0.3% mancozuim, 70% ethanol and
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25% commercial bleach (Berekina) through step by step by washing
the explants subsequently between each steps using sterilized distilled
water. Finally, they were inoculated on MS [13] media supplemented
with 0.5 mgl"! each of BAP, Kin and NAA [14] with 1 mgl’ methylene
blue, 0.08 mgl' ADS. In this experiment, the clump shoots were
separated and used to test different levels of table sugar (20, 30, 40, 50
and 60 gl) concentration effects on multiplication considering other
media components constant as shoot establishment. In addition, 30 gl
grade sucrose was used as a control for both genotypes because most
researchers used 30 gl sucrose by default. Completely randomized
design (CRD) in 2 x 6 (two genotypes and six levels of sucrose
concentration) in factorial arrangement with three replications were
used. Data on number of shoots, shoot length and number of leaves
were recorded after 30 days of culture. SAS software (SAS, 2008 version
9.2) was used for the analysis of variance, and Duncan multiple range
test (DMRT) was used for mean separation at 5% probability.

Results and Discussion

Analysis of variance showed that the interaction effects of genotypes
and different table sugar concentration was very highly significant
(P<0.001) for number of shoots/explant, shoot length and number of
leaves/shoot. In B4906, MS medium with 30 gl grade sucrose (control)
was statistically different from 20, 30, 40, 50 and 60 gl* table sugar for
shoot number per explant, shoot length and number of leaves per shoot
(Table 1). Except 20 gl?, all concentrations of table sugar gave more
numbers of shoot than 30 gl pure sucrose. B4906 gave 6.22 + 0.05
shoot number with 5.39 + 0.10 cm shoot length and 5.33 + 0.14 leaves/
shoot at 30 gl pure grade sucrose while 30 gl table sugar resulted
in 7.17 + 0.14, 3.05 + 0.05 cm and 7.42 + 0.10 shoot number, shoot
length, and leaf number per shoot respectively (Table 2). Whereas, 30
gl pure sucrose was statistically different from all treatments for shoot
number, shoot length and leaf number in Pr1013, however, only 50
gl! and 60 gl table sugar gave better multiplication than 30 gl pure
sucrose (Table 1). Pr1013 gave 4.00 + 0.14 shoot number with 2.67 +
0.06 cm shoot length and 6.89 + 0.02 leaves/shoot on MS medium with
30 gl table sugar, while 5.04 + 0.12, 3.23 + 0.15 cm and 7.75 + 0.25
for shoot number, shoot length and leaf number per shoot on grade
sucrose respectively (Table 1).

This indicates that table sugar was better than grade sucrose to

No. of Shoot/  Shoot length/ No. of Leaves
Sucrose

Genotype (gh) explant shoot Ishoot

(Mean £ SD) | (Mean = SD) (Mean * SD)

20 4.679+0.00 2.731 £ 0.04 6.78%+0.20

B4906 30 7.17¢+0.14 3.059+ 0.05 7.42¢+0.10
30s 6.22° + 0.05 5.39°+ 0.10 5.339+0.14

40 8.78°+0.05 | 2.94%+0.04 | 8.25°+0.25

50 13.422+0.29 | 4.09°+0.08 8.922 + 0.14

60 7.39¢+0.10 3.48°+0.10 7.00° +0.17

20 3.31+0.17 2.84"+ 0.05 6.55+ 0.05

Pr1013 30 4.00"+0.14 2.67'+ 0.06 6.89°+ 0.02
30s 5.047+0.12 3.23'+0.15 7.75°+0.25

40 4.59°+0.14 5.242+0.12 7.75°+ 0.22

50 6.06° + 0.10 4.77°+ 0.1 7.45°+ 0.09

60 7.78°+0.19 4.61°+ 0.04 7.77°+£0.03

cVv 3.96 6.01 4.16

Note: 30 s=30 g grade sucrose as a control. "Values for all parameters are given
as mean * SD. ‘Numbers within the same column with the same letter are not
statistically different from each other at p < 0.05.

Table 1: Mean values of shoot number, shoot length and leaf number of two
genotypes under influence of table sugar concentrations.

Page 2 of 3
Conc./L % cost
Type of sugar Cost/kg ($) (%wiv) Cost/L ($) redouction
Laboratory 31.2 3 0.94 }
sucrose
Table sugar 1.2 4 0.048 94.89

Table 2: Comparative cost of two carbon sources used for sugarcane in vitro
propagation.

get more multiple shoots and can be an alternative to reduce the cost
of plant tissue culture media. It is reported that table sugar enhanced
micropropagation and extensively reduced costs by 34% to 51%
compared with pure sucrose [5]. According to the current exchange
rate, table sugar is much cheaper (USD $ 0.75-1.5 kg') than sucrose
(USD $ 31.2 kg') besides its ease of availability compared to sucrose
which needs to be imported. In addition, the difference in terms of
shoot number may be due to the impurities of table sugar that contained
other elements like iron, phosphorus, potassium and sodium, which
are important to promote shoot development when compared with
grade sucrose [5,6]. In addition, table sugar has impurities of glucose,
which is easily and highly assimilated by plant tissue primarily than
sucrose. Buah et al. and Ogero et al. [6,15] also confirmed this by using
table sugar as carbon source for the in vitro culture of sweet potato and
banana. The authors found table sugar to be superior to grade sucrose
in terms of shoot number, but there is contradiction in terms of shoot
length, which this may be due to plant species difference of used in the
experiment.

The concentrations of table sugar affected the proliferation of
shoot, also indicate that an optimum concentration was required for
each genotype as evidenced in the results. B4906 gave the highest
(13.42 + 0.29) shoots/explant with 4.09 + 0.08 cm shoot length and 8.92
+ 0.14 leaves/shoot on MS media with 50 gl”, followed by 8.78 + 0.05
shoots/explant with 2.94 + 0.04 cm shoot length, 8.25 + 0.25 leaves/
shoot at 40 gl'. Pr1013 produced a maximum of 7.78 + 0.19 shoots/
explant with 4.61 + 0.04 cm shoot length and 7.77 + 0.03 leaves/shoot
at 60 gl! (Table 1 and Figure 1), followed by 6.06 + 0.1, 4.77 £ 0.11 cm,
and 7.45 + 0.03 shoot number, shoot length, and leaf number per shoot
at 50 gl! respectively (Table 1). MS media with 30 and 60 gl were not
statistically different in terms of shoot number in B4906 (Table 1).
These results indicate that the concentration of sugar influenced the
shoot multiplication besides the genotypic factor and PGRs for in vitro
propagation as it facilitates metabolic rate and stress the genotypes to
induce organogenesis. Khan et al. [7] obtained different shoot number/
explant from NTA-98, NIA-2004, BL4 and AEC82-223 genotypes tested
using 40 and 60 gl table sugar.

By increasing the concentration from 40 to 50 gl”', shoot number,
shoot length, and leaf number per shoot were increased from 8.78 +
0.05 to 13.42 £ 0.29, 2.94 + 0.04 to 4.09 + 0.08 cm and 8.25 + 0.25
to 8.92 * 0.14 respectively in B4906, but further increase to 60 gl’
resulted in a decrease in shoot number, shoot length and leaf number
per shoot (Picture 1). Pr1013 also showed increased number of shoots
and leaves from 6.06 £ 0.10 to 7.78 + 0.19 and 7.45 £ 0.09 to 7.77 + 0.03
respectively when the concentration increased from 50 to 60 gl*, but
decreased in shoot length from 4.77 £ 0.11 to 4.61 + 0.04 (Picture 2).

This indicates that the concentration of sugar plays a vital role and
it is critical besides plant growth regulators in sugarcane multiplication
under in vitro conditions. Khan et al. [7] reported that the presence of
sugar was necessary for shoot proliferation, but its concentration in
the medium is critical. The present results for B4906 are in contrast to
Khan et al. [7] who obtained 11.50 + 0.57 shoots in AEC82-223 and
12.00 + 0.81 shoots in NIA-2004 genotypes on MS media with 4% and
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e
Figure 1: The best in vitro multiplication of A) B4906 and B) Pr1013 on MS

medium containing with BAP+KIN+NAA (0.5 mgl" each) with 50 gI* and 60
gl table sugar respectively.
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Picture 1: B4906 shows shoot number, shoot length, and leaf number per
shoot were increased from 8.78 + 0.05 to 13.42 + 0.29, 2.94 + 0.04 t0 4.09 +
0.08 cm and 8.25 + 0.25 to 8.92 + 0.14 respectively.
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Picture 2: Pr1013 shows increased number of shoots and leaves from 6.06 +
0.10t0 7.78 £ 0.19 and 7.45 £ 0.09 to 7.77 + 0.03 respectively.

6% table sugar respectively. Whereas the result of Pr1013 is in line
with Khan et al. [7] who reported 12.00 + 0.81 shoots in NIA-2004
at 6% table sugar, on which 7.78 + 0.19 average shoots were produced
in the current study. However, they did not use 50 gl rate in their
experiment. Sorory and Hosien [16] also confirmed this that the use of
6% sucrose concentration enhanced shoot regeneration in sugarcane.

Cost analysis

The cost of analytical grade sucrose and table sugar used in the
analysis were the current price in the Ethiopian local market. The cost
of analytical grade sucrose and table sugar required for one litre MS
medium worked out to be $0.94 and $0.048 respectively (Table 2).
When using 4% (w/v) table sugar as a carbon source, a cost reduction
of 94.89% was achieved (Table 2).

Conclusion

It was observed that on MS medium with 50 gl table sugar,
B4906 gave the highest shoot multiplication and number of leaves per
shoot whereas Pr1013 produced maximum shoots on MS plus 60 gl
!. However, 40 gl table sugar supplemented medium was optimum
to produce usable, morphologically good and separable shoots
for successive subculture in both genotypes. Sucrose is the prime
importance for cell growth but significant cost incurred by analytical
sucrose brings economic obstacle in full exploitation of tissue culture
for commercial propagation. The costs of media can be brought
down by 94.89% using locally available and cheap table sugar without
compromising the quality of plantlets.

Acknowledgements

The authors would like to thanks Ethiopian Sugar Corporation as financial
source and College of Agriculture and Veterinary Medicine, Jimma University
giving an access of plant tissue culture laboratory.

References

1. George P, Manuel J (2013) Low cost tissue culture technology for the
regeneration of some economically important plants for developing countries.
International Journal of Agriculture and Environmental Biotechnology 6: 703-
711.

2. Bahmani R, Karami O, Gholami M (2009) Influence of carbon sources and
their concentrations on rooting and hyperhydricity of apple rootstock MM.106.
World Application Science Journal. 6: 1513-1517.

3. Fowler M (1982) Substrate utilisation by plant cell cultures. Journal of Chemical
Technology and Biotechnology 32: 338-346.

4. Zahed M (2000) Studies on the morphogenesis of three elite species of orchids.
University of Dhaka, p: 65.

5. Demo P, Kuria P, Nyende A, Kahangi E (2008) Table sugar as an alternative
low cost medium component for in vitro micro-propagation of potato (Solanum
tuberosum L.). African Journal of Biotechnology 7: 2578-2584.

6. Buah J, Tachie-Menson J, Addae G, Asarev P (2011) Sugarcane juice as
an alternative carbon source for in vitro culture of plantains and bananas.
American Journal of Food Technology 6: 685-694.

7. Khan |, Dahot U, Yasmin S, Khatri A, Seema N, et al. (2006) Effect of sucrose
and growth regulators on the micropropagation of sugarcane clones. Pakistan
Journal of Botany. 38: 961-967.

8. Swamy M, Sudipta K, Balasubramanya S, Anuradha M (2010) Effect of different
carbon sources on in vitro morphogenetic response of patchouli (Pogostemon
cablin Benth.). Journal of Phytology. 2: 11-17.

9. Rukundo P, Uwase F, Ahishakiye V (2013) Comparative study of effects of table
sugar, laboratory grade sucrose and mannitol on growth of banana plantlets
under in vitro conditions. Rwanda Journal 28: 76-83.

10. Mekonnen T, Diro M, Sharma M, Negi T (2014) Protocol optimization for in vitro
mass propagation of two sugarcane (Saccharum officinarum L.) clones grown
in Ethiopia. Africa Journal of Biotechnology. 13: 1358-1368.

11. Gamborg O (2002) Plant tissue culture, Biotechnology milestones. In vitro
cellular and Developmental Biology-plant 38: 84-92.

12. Kodym A, Zapata A (2001) Low cost alternatives for the micropropagation of
banana. Plant Cell Tissue and Organ Culture 66: 67-71.

13. Murashige T, Skoog F (1962) A revised medium for rapid growth and bioassays
with tobacco tissue culture. Physiol of Plant 15: 473-497.

14. Pathak S, Lal M, Tiwari K, Sharma L (2009) Effect of growth regulators on
in vitro multiplication and rooting of shoot cultures in sugar cane. Sugar
Technology 11: 86-88.

15. Ogero K, Gitonga N, Mwangi M, Ombori O, Ngugi M (2011) Response of two
sweet potato varieties regenerated on low cost tissue culture medium. Africa
Crop Science Conference Proceedings 10: 411-415.

16. Sorory A, Hosien Z (2000) Effects of genotype, media and explant on callus
initiation and plant regeneration in sugarcane. Iranian Journal Agriculture
Science 31: 211-220.

Adv Crop Sci Tech, an open access journal
ISSN: 2329-8863

Volume 4 + Issue 6 + 1000248


http://search.proquest.com/openview/4cf4bbb90f5f9dd6574f0401e756c848/1?pq-origsite=gscholar
http://search.proquest.com/openview/4cf4bbb90f5f9dd6574f0401e756c848/1?pq-origsite=gscholar
http://search.proquest.com/openview/4cf4bbb90f5f9dd6574f0401e756c848/1?pq-origsite=gscholar
http://search.proquest.com/openview/4cf4bbb90f5f9dd6574f0401e756c848/1?pq-origsite=gscholar
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.388.5604&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.388.5604&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.388.5604&rep=rep1&type=pdf
http://onlinelibrary.wiley.com/doi/10.1002/jctb.5030320139/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jctb.5030320139/abstract
http://www.academicjournals.org/journal/AJB/article-abstract/96D3A237188
http://www.academicjournals.org/journal/AJB/article-abstract/96D3A237188
http://www.academicjournals.org/journal/AJB/article-abstract/96D3A237188
http://www.medwelljournals.org/ref.php?doi=ajft.2011.685.694
http://www.medwelljournals.org/ref.php?doi=ajft.2011.685.694
http://www.medwelljournals.org/ref.php?doi=ajft.2011.685.694
http://s3.amazonaws.com/academia.edu.documents/42683971/PJB3840961.pdf?AWSAccessKeyId=AKIAJ56TQJRTWSMTNPEA&Expires=1482140841&Signature=D2m2rux%2BBr1YPkUoaXF8ct1zCzo%3D&response-content-disposition=inline%3B filename%3DEffect_of_sucrose_and_growth_regulators.pdf
http://s3.amazonaws.com/academia.edu.documents/42683971/PJB3840961.pdf?AWSAccessKeyId=AKIAJ56TQJRTWSMTNPEA&Expires=1482140841&Signature=D2m2rux%2BBr1YPkUoaXF8ct1zCzo%3D&response-content-disposition=inline%3B filename%3DEffect_of_sucrose_and_growth_regulators.pdf
http://s3.amazonaws.com/academia.edu.documents/42683971/PJB3840961.pdf?AWSAccessKeyId=AKIAJ56TQJRTWSMTNPEA&Expires=1482140841&Signature=D2m2rux%2BBr1YPkUoaXF8ct1zCzo%3D&response-content-disposition=inline%3B filename%3DEffect_of_sucrose_and_growth_regulators.pdf
http://www.scopemed.org/?mno=192827
http://www.scopemed.org/?mno=192827
http://www.scopemed.org/?mno=192827
http://www.ajol.info/index.php/rj/article/view/84156
http://www.ajol.info/index.php/rj/article/view/84156
http://www.ajol.info/index.php/rj/article/view/84156
http://www.ajol.info/index.php/ajb/article/view/118383
http://www.ajol.info/index.php/ajb/article/view/118383
http://www.ajol.info/index.php/ajb/article/view/118383
http://link.springer.com/article/10.1079/IVP2001281
http://link.springer.com/article/10.1079/IVP2001281
http://link.springer.com/article/10.1023/A:1010661521438
http://link.springer.com/article/10.1023/A:1010661521438
http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.1962.tb08052.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.1962.tb08052.x/full
http://link.springer.com/article/10.1007/s12355-009-0017-5
http://link.springer.com/article/10.1007/s12355-009-0017-5
http://link.springer.com/article/10.1007/s12355-009-0017-5
http://ku.ac.ke/schools/spas/images/omwoyo2.pdf
http://ku.ac.ke/schools/spas/images/omwoyo2.pdf
http://ku.ac.ke/schools/spas/images/omwoyo2.pdf

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Results and Discussion 
	Cost analysis  

	Conclusion
	Acknowledgements
	Table 1
	Table 2
	Figure 1
	Picture 1
	Picture 2
	References

