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Effect of Sucrose Concentration on Growth and Root Formation of
Aboudy fig cultivar (Ficus carica L.) In Vitro
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Abstract:

Sucrose is a very important component of in vitro culture media, serving as
a source of carbon and energy. In this experiment, the rooting and growth of
Aboudy fig cultivar (Ficus carica), was studied by culturing the new shoots on
MS medium supplemented with 0.1 NAA (mg/L) at pH 5.8 and different concen-
trations of sucrose (1, 5 and 3% as a control treatment). Sucrose concentration in
the culture medium had no effect on plant shooting and growth, but sucrose con-
centration at 5% gave the highest rate of root production estimated as root num-

bers or root length.
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Introduction:

Aboudy (Ficus carica) is a well-
adapted fig cultivar under Assiut con-
ditions. It belongs to the family
Moraceae. It is a typical Mediterra-
nean species and probably the first
intentionally grown plant during the
Neolithic revolution. Its domestica-
tion preceded that of cereals by about
a thousand years (Kislev et al. 2006).
The previous studies reported the hy-
poglycemic action of fig leaves de-
coction in type-diabetic I patients
(Martins et al., 2006). The chloro-
form extract was obtained also from a
decoction of F. carica leaves, to de-
crease the cholesterol levels of dia-
betic rats (Martins et al., 2006). The
pharmacological ~ properties  are
probably in part due to the high con-
tent of phenolic compounds in these
plant extracts. The source of carbon
(sucrose, glucose or fructose) is a
very important component of in vitro
culture media. Carbon sources are
added to the culture medium because
of the light energy deficiency and low
CO, concentration present in in vitro
conditions (Tombolato & Costa,
1998). Sucrose concentrations of 20
and 30 g/L"' are the most commonly
used in plant tissue culture studies.
According to Deberg (1991), the ab-
sence of sugar reduces contamination
problems in the culture medium and
allows plants to grow autotrophically
in vitro, when sufficient CO, is sup-
plied and light intensity is increased.
However, the presence of sugar in the
culture medium is one of the factors
that contribute to a significant in-
crease in the production cost of mi-
cropropagated  plantlets  (Kozai,
1991). Working on strawberry
(cv.Campinas) , (Calvete et al. 2002)
observed that the concentration of su-
crose (45 g/L™") is ideal for the forma-
tion of roots; however, in the absence
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of this sugar, roots are not formed
under in vitro cultivation.

The present study was carried
out to determine the optimum levels
of sucrose, essentially used in the cul-
ture medium with the aim of develop-
ing a reliable protocol for in vitro
propagation of Aboudy cultivar (Fi-
cus Carica) which 1s commonly
grown in Egypt.

Objectives:

eTo find out the concentration
of sucrose required in the culture me-
dium for optimum vegetative and
rooting development.

¢ To understand the effect of su-
crose on plant growth and root forma-
tion.

Material and Methods:

In spring, 5-10 cm long shoots,
which were still actively developing,
were taken from fig (Ficus carica)
trees cv. Aboudy, grown at the ex-
perimental orchard of Faculty of Ag-
riculture; Assiut University and
washed thoroughly, first with tap wa-
ter and then with sterile water. Shoot
tips (1.0-1.5 cm long) were excised
from these shoots and then surface
sterilized in 2% sodium hypochlorite
for 10 min and rinsed 4 times (5 min.
each) with sterile-distilled water. For
proliferation stage, 0.5 cm long shoot-
tip meristems with 4-5 leaf primordial
were excised in a laminar flow hood
and then incubated in glass culture
jars, containing MS (Murashige and
Skoog, 1962) basal medium supple-
mented with 1 mg Benzyle Amino
Purine (BAP)/L, 3% sucrose, 0.1g/L
myo-instol and solidified with 2 g/L
gelrite at pH 5.8 and had been steril-
ized by autoclaving for 20 min at 1.5
kPA. The proliferated plantlets were
transferred to medium containing 0.1
mg/l IBA for rooting. For testing the
effects of sucrose, the medium was
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supplemented with 1, 3 and 5% su-
crose. Explants were incubated in a
controlled environment (25+1°C, 16 h
photoperiod, 2200 lux light intensity,
75+5% humidity) and kept in culture
for 8 weeks. Scoring system scale (1-
4) was used for determining the

growth rate of developing roots,
where 1 is poor and 4 is very good
(Table 1). Mean shoot number per
explant and the mean growth rate of
the shoots were recorded at the end of
the experiment.

Table 1: The scoring system developed for measuring the growth rate of the

root length (cm).

Growth Rate | Root length (cm)
1- Poor 0.5-1 cm

2- Medium 1-2 cm

3- Good 2-3 cm

4- Very Good | More than 3 cm

The experiments were set as a
complete randomized design with 3
replicates per treatment. Statistical
analysis was carried out according to
Snedecor and Cochran (1980) and
Gomez and Gomez (1984). The
means were compared using Duncan
multiple range and L.S.D. test at 5%
level.

Results:
1-Effects of Sucrose Concen

trations on Vegetative Growth:

Data presented in Table (2) and
Figure (1, 2, 3 and 4) show that the
sucrose concentration had not signifi-
cant differences on vegetative growth
development with the except of plant-
lets height. Sucrose concentration at
1% gave the highest length in plant-
lets shoots with a mean of 3.6 cm and
then 5% and 3% which recorded 2.4
and 1.94 cm, respectively.

Table (2): Effect of sucrose concentration on shoots development

Vegetative Growth Characteristics
Cg:cc:::::a- Plantlet Leave | Proliferation Fresh Dry
tion height (cm) No. rate weight (g) | weight (g)
1% 3.6 A 93 A 23 A 0.34 A 0.06 A
3% (Control) 1.94 B 6.52 A 7.6 A 0.34 A 0.06 A
5% 2.4 AB 84 A 3A 0.39 A 0.09 A
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Fig (1): Effect of sucrose concentration on plantlet height (cm)
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Effect of sucrose concentration on
leaves number
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Fig (2): Effect of sucrose concentration on number of leaves

Effect of sucrose concentration on
proliferation rate
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Fig (3): Effect of sucrose concentration on proliferation rate
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Fig (4): Effect of sucrose concentration on vegetative fresh and dry weight (gm)
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1-Effects of Sucrose Concen-
trations on Root Development:

Data presented in Table (3) and
Figure (5, 6, 7 and 8) show that the
sucrose concentration had not signifi-
cant differences on rooting growth

and formation with the except of root
length. Sucrose concentration at 5%
gave the highest length in roots with a
mean of 2.16 cm and then 3% and 1%
which gave 1.96 and 0.82 cm, respec-

tively.

Table (3): Effect of sucrose concentration on root development

Rooting Growth Characteristics
Sucrose Rooting | Roots 112 ?:;tsh \51‘:;:: ¢ Dry
Concentration % No. Weight
5 (cm) ) ght (®)
1% 80% 11.33 A 0.82 B 0.45 A 0.05 A
3% (Control) 100% 19.33 A 1.96 A 0.17 A 0.02 A
50/, 100% 28.66 A 2.16 A 0.41 A 0.07 A
Effect of sucrose concentration on rootin ratio
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Fig. (5): Effect of sucrose concentration on rooting %
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Fig. (6): Effect of sucrose concentration on root length (cm)
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Effect of sucrose concentration on roots number
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Fig (7): Effect of sucrose concentration on root number
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Fig (8): Effect of sucrose concentration on roots fresh and dry weight (gm)

Discussion:

Sucrose  concentration influ-
enced in length of shoots. The plant-
lets height increased at 1% concentra-
tion with 3.6 cm followed by sucrose
at 5% with 2.4 cm. A positive rela-
tionship between the increase in su-
crose concentration and root length
(cm) was verified (2.16, 1.96 and
0.82 cm) for 5%, 3% and 1%, respec-
tively.

Faria et al.,(2004), used differ-
ent concentrations of sucrose (0, 5,
10, 20, 30 and 60 g/L) and found that
the sucrose concentration affected in
plantlets height and multiplication,
without any affect on plant rooting.
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They also found that the Sucrose con-
centration influenced growth and ac-
cumulation of biomass (fresh weight)
of Dendrobium plantlets propagated
in vitro. The presence of 60 g/L™' su-
crose in the culture medium was the
most efficient treatment for increas-
ing height and fresh weight of plants
cultured in vitro. The current study
revealed that, sucrose concentration at
50 g/L increased the vegetative fresh
weight (0.39 g) and dry weight (0.09
g).

Collins & Dixon, (1992) studied
different sucrose concentrations in in
vitro culturing and observed that for
the Australian terrestrial orchid Di-
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uris longifolia, 20 g/’ sucrose plus
charcoal had a similar rooting effect
as 40 g/L' sucrose without charcoal.

Usman et al., (2012) used dif-
ferent concentrations of sucrose 30,
45 and 60 g/L and they suggested that
45 g/l of sucrose is the optimum
level of sucrose for better and faster
growth and development of guava
plants in vitro. They concluded that
shoot induction, root length and leaf
size increased with increasing the
concentration of sucrose (45 g/L™)
and at higher concentration of sucrose
(60 g/L") shoot induction was re-
duced.

Among non-reducing sugars,
sucrose is the most common in the
phloem sap of many plants (Ahmad et
al., 2007) and used as energy source
in efficient micropropagation studies
in many fruit crops (Jain and Babbar,

2003; Faria et al., 2004). Increasing
the sucrose concentration signifi-
cantly enhanced the shoot induction,
number of shoots and leaf area as re-
ported in crops like black plum 80%
(Jain and Babbar, 2003), apple root-
stock (Yaseen et al., 2009) and 80%
in jujube with, shoot length and fresh
weight of shoots in apple (Yaseen et
al., 2009) compared to other disac-
charide carbon sources. Increase in
sucrose concentration reduced hyper-
hydricity in black plum and jujube.

The increase in the amount of
sucrose in the culture should be taken
with caution and should not be pro-
gressive, because, according to (Cap-
pellades et al., 1991) and (Hdider &
Desjardins, 1994), high sucrose con-
centrations in in vitro cultures favor
carbohydrate accumulation and hin-
der photosynthesis.

Pic. (1): Effect of sucrose concentrations on plant growth and root formation.

a) 5% sucrose
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b) 3% sucrose c¢) 1% sucrose



Assiut J. Agric. Sci., (44) No. (2) 2013 (46-54)

References:

Ahmad, T., N.A. Abbasi, I.A. Hafiz
and A. Ali, 2007. Comparison of
sucrose and sorbitol as main car-
bon energy sources in micro-
propagation of Peach rootstock
GF677. Pak. J. Bot., 39: 1269-
1275.

Calvete, E.O., ANN. Kampf and M.
Suzin, 2002. Concentragao de sa-
carose no enraizamento in vitro

de morangueiro. Horticultura
Brasileira. Brasilia, 20 (2): 186-
191.

Cappellades, M., R. Lemeur and P.
Debergh, 1991. Effects of su-
crose on starch accumulation and
rate of photosynthesis in Rosa
cultured in vitro. Plant Cell, Tis-
sue and Organ Culture, 25 (1):
21-26.

Collins, M.T. and K.W. Dixon, 1992.
Micropropagation of an Austra-
lian terrestrial orchid Diuris
longifolia R Br. Australian Jour-
nal of Experimental Agriculture,
32:131-135.

Deberg, P.C., 1991. Control of in vitro
plant propagation. In: Crocomo,
0.J.; Sharp, W.R.; Melo, M.
(Ed.) Biotecnologia para pro-
dugdo vegetal. Piracicaba:
CEBTEC, FEALQ, p.3-8.

Faria, R.T., F.N. Rodrigues, L.V.R.
Oliveira and C. Miiller, 2004. In
vitro Dendrobium nobile plant
growth and rooting in different
sucrose concentrations. Horticul-
tura Brasileira, Brasilia, 22 (4):
780-783.

Gomez, K.A. and A.A. Gomez, 1984,
Statistical Procedures for Agri-
culture Research. 2™ Ed. Wily,
New York, USA.

Hdider, C., and Y. Desjardins, 1994.
Effects of sucrose on photosyn-
thesis and phosphoenolpyruvate
carboxylase activity of in vitro
cultured strawberry plantlets.

54

Plant Cell, Tissue and Organ
Culture, 1 (36): 27-33.

Jain, N. and S.B. Babbar, 2003. Effect
of carbon source on the shoot
proliferation potential of epicotyl
explants of Syzygium cuminii.
Biol. Plant, 47: 133-136.

Kozai, T. 1991. Photoautotrophic mi-
cropropagation. In Vitro, 27: 47-
51.

Kislev, M.E., A. Hartmann and O.
Bar-Yosef, 2006. Early domesti-
cated fig in the Jordan Valley.
Science, 312: 1372-1374.

Martins, T. D., P.R. Ferreira, C.A.
Varela and C. Teixeira da Costa,
2006. Comparison between sam-
ple disruption methods and solid-
liquid extraction (SLE) to extract
phenolic compounds from Ficus
carica leaves. Journal of Chro-
matography, 1103: 22- 28.

Murashige, T., F. Skoog, 1962. A re-
vised medium for rapid growth
and bioassays with tobacco tissue
cultures. Physiol. Plant, 15: 473-
497.

Snedecor, G.W. and W.G. Cochran,
1980. Statistical Methods 7™ Ed.
Iowa state Univ. Press. Ames,

Iowa, USA.
Tombolato, A.F.C., and A.M.M.
Costa, 1998. Micropropagagao

de plantas ornamentais (Boletim
Técnico, no 174). Instituto
Agronomico, 72 p.

Usman, M., M. Butt and B. Fatima,
2012. Enhanced in vitro multiple
shoot induction in elite Pakistani
guava cultivars for efficient
clonal plant multiplication. Afri-
can Journal of Biotechnology, 11
(44): 10182-19187.

Yaseen, M., M.T. Ahmad, N.A.
Abbasi and I.A. Hafiz, 2009. In
vitro shoot proliferation compe-
tence of apple rootstocks M9 and
M26 on different carbon sources.
Pak. J. Bot., 41: 1781-1795.



Doaa, Elazab and Shaaban 2013

Llara gagee Gl ciaa B jgdal) oSy gai o g8l 385 iU
Olard 7 gdaa JUda ¢ Gl Adlad elen
sl Axala —del 530 B — (451) (yfin) o

O S Jda WS 5 iad Cua Llers Lt il (B 0 5Se aal 5y Sull yiay
Ol a8 AW de) ) Jane 8 Cnll o) jal i llers de ) jall clilall 48l
JS5 o gl gl bl g3 gae Cia Gl e Jasaad daala del )3l 4K (481

tem ol Jand)

po ) Jead P iy il ¢ 8 e an 1,5 =1 Jsha 4 jla 4 jad & gas 21
e T (e (o 5mad a8 Ay () Gl 5 Jarall (8 i) Cog ks Cal e
G radl sl e Hy S D e ddliaad S A A aly L ) s sl i
DSl e (JsS) %3 58 ABLaYL %5 ¢ %l il S i ddlal o5 il (5 )38l
LAY Gaes GG e S aa0,1 e Ay gimall ol day e

Hgle Juaaiall gililll aal cilsy

2 = Al s 5 padll saill o Lgiee g Al 5y Sl (e ddiaall G S ) ()
el e Jpanll (I 55 Sl (e D5 pS 5 aladind (63 Laiw Llera de g 3all il
(5 =AY ) 3 L Al (am 16,2) Ssdall skl 581 G5 (66,28) g3l (e 2e
Dl e L are e Jgeanll bl iy (B S %5 S ladiuly oy 131
gl ol Canal <Y )Y ld

55



