OPEN aACCESS

Sarhad Journal of Agriculture

Research Article

Effects of Carbon Sources and Growth Regulators on the Tissue
Culture of Sugarcane

Mazhar Ullah and Mohammad Sayyar Khan*

Genomics and Bioinformatics Division, Institute of Biotechnology and Genetic Engineering (IBGE), The University
of Agriculture, Peshawar 25000 Khyber Pakhtunkhwa, Pakistan.

Abstract | Tissue culture protocols with enhanced efficacy are prerequisite for the effective micro-propagation
of sugarcane. Various factors affecting tissue culture must be evaluated and optimized to produce maximum
callus and regenerated plantlets. In this research, different auxins [Dichlorophenoxy Acetic acid (2,4-D),
Nephthalene Acetic Acid (NAA)], cytokinin [Benzyl Amino Purine (BAP)] either alone or in combination
with each other and carbon sources [sucrose, glucose and fructose] with varying concentrations (2, 4 and
6%) were evaluated for their effect on the tissue culture of sugarcane variety-CP 77/400. For callus induction
2,4-D as an auxin was found to be most effective as compared to NAA. BAP and NAA in combination re-
sulted in high regeneration capacities. Amongst the carbon sources, sucrose was most effective both for callus
induction and regeneration. ANOVA revealed significant differences (P < 0.05) amongst the callusing media
(CM). Maximum callus induction (48.55%) was achieved on CM-2 augmented with 2.5 mg L* 2,4-D and
4% sucrose. All the carbon sources at 4% concentration in CM-2 showed maximum callus induction. How-
ever, the best results were shown by sucrose with 50.33% callus induction. Significant differences (P < 0.05)
were observed amongst the different shooting media (SM). Maximum regeneration (72.06%) was observed
on SM-2 supplemented with BAP (2 mg L!), NAA (0.25 mg L) and 6% sucrose. Different carbon sources
at 6% concentration in SM-2 showed high regeneration however sucrose resulted in maximum shoot regen-
eration (77.98%). Roots were established on % MS having 1.5 mg L' NAA and regenerated plantlets were
transferred to silt and clay soil (1:1) and successfully acclimatized to greenhouse condition.
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Introduction of conducive environmental conditions for sugarcane
flowering, its improvement via conventional breed-
ing is a tedious task (Ullah ez a/., 2016). Furthermore,
high level of heterozygosity, and non-viable nature of

sugarcane seeds due to high level of variability offers

S ugarcane, a perennial grass family, reproduces both
sexually and asexually. Asexually it reproduces via
sets (stem cutting with 2-3 buds) while iz vitro prop-

agation involves the use of shoot tip, axillary shoot,
bud and immature leaf whorls (Belete, 2017) also re-
produces sexually through seed propagation, which
provides a base for breeding purposes. Due to the lack

challenges for crop improvement in sugarcane (Khan
et al., 2008; Belete, 2017). In addition, its narrow
genetic background is also an important factor af-
fecting sugarcane improvement (Jackson, 2005). All
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these factors collectively contribute to the difficul-
ty of improving sugarcane varieties which therefore
have compelled farmers to use the out-dated varie-
ties of sugarcane. In order to propagate “disease free
healthy sugarcane plants”, several methodologies such
as treating with hot water, aerated steam and prior
washing with fungicides are in practice (Jalaja ez al.,
2008). However, these treatments have shown ad-
verse effects on germination ultimately affecting plant
growth. Drawbacks of conventional breeding include
low propagation rates and lengthy time span of 10-12
years for the development of a potential variety. Veg-
etative propagation of sugarcane via infected sets re-
sults in low productivity and decreased varietal vigour

(Lakshmanan ez a/., 2006; Sani and Mustapha, 2010).

Plant tissue culture has emerged as an alternative
approach for improvement and multiplication of
disease-free sugarcane plant material (Sengar ef al.,
2011). Proliferation rate of sugarcane can be in-
creased by 20-30 times via tissue culture techniques
(Snyman ez al., 2006). It can help in the production
of thousands of safe plantlets with the same genetic
makeup. In addition, it also helps in germplasm stor-
age for a longer period of time (Khan ez 4/., 2009).
Conventional breeding is a time-consuming process
while tissue culture in contrast helps in large-scale
micro-propagation and reduces the time between
selection and commercialization of new sugarcane
varieties (Khan ez a/., 2009). Moreover, conventional
techniques produce 4-5 shoots per bud while tissue
culture is estimated to have a production rate of about
10,000 identical plants from a single bud in about 3-4
months (Lee, 1987). Through somaclonal variation,
in vitro mutants with improved genetic background
can be developed, thus providing a possible approach
for the development of improved sugarcane varieties
(Ali ez al.,2012). In plants like sugarcane when clonal
propagation is required, an intervening callus phase is
skipped and directly the plantlet is regenerated (Ali
et al., 2012). Apical meristem used as an explant can
help in the production of virus free healthy stock due
to the fact that the cells rapidly divide preventing the
viral assembly. Somatic hybridization via protoplast
fusion can help in overcoming the problem of species
barrier in breeding programs which makes tissue cul-
ture as an indispensable science in crop improvement
(Sharma ez a/., 2011). Moreover, the success of sug-
arcane transformation depends on callus induction
which is transformed via agrobacterium mediated or
biolistic transformation and is later regenerated into

a transformed plantlet. Moreover, interspecific crosses
can be made via tissue culture technologies (Ullah ez

al.,2016).

'The present study was planned to optimize the var-
ious factors such as growth hormones and carbon
sources which affect tissue culture of sugarcane. This
study will provide efficient protocols for future sugar-
cane crop improvement via tissue culture.

Materials and Methods

'The research was performed at Genomics and Bioin-
formatics Laboratory, Institute of Biotechnology and
Genetic Engineering (IBGE), The University of Ag-

riculture Peshawar, Pakistan.

Plant materials

Selected variety - CP 77/400 was generously pro-
vided by the Sugar Crop Research Institute (SCRI),
Mardan and was cultivated in the fields at IBGE.

Preparation of callusing media

Callusing media was prepared in dH,O using MS
medium (Murashige and Skoog, 1962) supplement-
ed with different combination and concentration of
growth regulators and carbon source as described in

Table 1. Media pH was adjusted at 5.7 + 0.1. After

autoclaving, media was poured in petri plates.

Table 1: Media composition for callus and shoot induc-
tion.

Carbon Sources
(%)

Sucrose (2, 4, 6)

Glucose (2,4, 6)
Fructose (2, 4, 6)

Callus induction media

Control 0 mg L12.4-D + 0 mg L' NAA
CM-1 2mgL124-D+0mgL'NAA
CM-2 25mgL'2.4-D +0mg L'NAA
CM-3 3mgL'24-D+1mgLtNAA
CM-4 O0mgL124-D+1mgL'NAA
CM-5 0mgL124-D+3mgL'NAA
CM-6 2mgL124-D+4mgL'NAA
CM-7 4mgL'24-D+0mgLtNAA

Sucrose (2, 4, 6)
Glucose (2,4, 6)
Fructose (2,4, 6)

Shoot induction media

Control 0 mg L' NAA + 0 mg L' BAP

SM-1 1mgL*NAA+lmgL*BAP
SM-2 2 mg L'NAA+ 0.25 mg L*BAP
SM-3 2 mgL*NAA+0.5 mg L''BAP
SM-4 3 mg L'NAA+ 0.25 mg L?BAP
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Preparation and inoculation of explant

Immature leaf whorls collected from six-month-old
field grown plants were used as explant. The explants
were washed with tap water thoroughly for surface
cleansing and were rinsed twice with sterilized water
inside the Laminar Flow Unit (LFU). Explants were
then washed with 70% ethanol for 30-60 sec followed
by a wash with sterilized water. Finally, explants were
washed with 15% bleach for 10 min followed by 2
washes with sterilized water. The explants were placed
on sterilized filter paper for drying. The upper leaf
whorls were removed and the innermost 3-4 imma-
ture whorls were sliced into 4 mm thickness. The leaf
whorls were then inoculated on the CM and were in-

cubated under 2000 lux light at 28 + 02 °C.

Callus induction

Callus initiation from the explants inoculated on plates
was observed daily. After initiation, callus was exposed
to 16hrs photoperiod. The experiment was repeated
thrice and the callusing percentage was calculated
via formula reported previously (Ahmad ez a/., 2016).

Nos.of explants inducing callus

%Age of Callusing =
bAge of g Total explants cultured

Shooting media preparation

Shooting media was prepared in dH,O using MS
medium supplemented with different combination
and concentration of growth regulators and carbon
sources as described in Table 1. Media pH was adjust-
ed at 5.7 + 0.1. After the autoclave, media was poured
in the petri plates.

Plantlet regeneration

'The induced calli were shifted to shooting media and
were exposed to 16 h photoperiod. The plates were
observed daily. The shooting frequencies were calcu-
lated via formula reported previously (Ahmad ez al,
2016).

Nos.of calli inducing shoots
%Age of shooting = - % 100
Total calli cultured

Preparation of rooting media

Root induction media was prepared in dH,O using
14 MS medium supplemented with 1.5 mg L' NAA.
Media pH was adjusted and kept at 5.7 + 0.1. The

sterilized media was poured in the jars.

Acclimatization
For acclimatization, the generated plantlets were sown

insiltandclaysoilin2:1 combinationinapolythenebag.
Stepwise acclimatization of plantlets was performed.

Statistical analysis

Data (n = 3) were statistically analysed by “Statistix
8.1” to determine the significant effects of carbon
sources and growth regulators on the tissue culture of
sugarcane. Whereas, LSD test was carried out to de-
termine if significant (P < 0.05) differences occurred
between individual treatments.

Table 2: Eﬁé’ct of growth regulators and sucrose concen-
trations on callus induction in CP 77/400. Values are
means + SD.

Media Sucrose Concentrations Means
2% 4% 6%

Control 0.00%+0.00 0.00%+0.00 0.00%+0.00 0.008
CM-1 40.77°+1.33 42.00°+ 1.34 38.44%+1.68 40.40°
CM-2 48.44*%+0.88 50.22*+ 1.57 46.99°+ 0.58 48.55*
CM-3 36.55°+1.83 40.00¢¢+ 1.20 36.77°+2.83 37.77
CM-4 31.55%+1.83 33.557+1.83 29.66%5+1.33 31.59¢
CM-5 30.115+1.07 33.557+0.50 29.445+1.34 31.03¢
CM-6 20.33'+1.19 23.55"+1.01 19.22'+1.34 21.03¢
CM-7 10.33*%+2.3 12.331+1.15 10.00+1.73 10.89f
Means 27.26° 29.40° 26.32¢

Different letters in a row or column represent significant differences
at P < 0.05; LSD Value for Concentrations= 0.8179; LSD Value for
Media=1.3357; LSD Value for Concentrations X Media= 2.3135.

Results and Discussion

Callus Induction

Growth regulators with sucrose in media

Callus induction frequency on media having difterent
combinations and concentrations of growth regulators
along with varying sucrose concentrations is shown in
Table 2. ANOVA showed significant differences (P <
0.05) among callus induction in used media. Callus
induction was decreased in the following order: CM-2
(48.55%) > CM-1 (40.40%) > CM-7 (10.89%) (Ta-
ble 4). The data also showed significant differences (P
< 0.05) amongst the different sucrose concentrations
used. Highest callus induction (29.40%) was observed
when sucrose at 4% concentration was used while the
lowest callus induction (26.32%) was observed on me-
dia having 6% sucrose (Table 2). Interaction between
media and carbon sources showed non-significant
differences. The maximum callus (50.22%) was pro-
duced on a CM-2 media with 4% sucrose followed by
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callus induction (48.44 %) on the same media having
2% sucrose (Figure 1B-F). Minimum callus induction
was observed on CM-7 with 6% sucrose. On control
media no callus induction was observed (Figure 1A).

Figure 1: Callus induction in CP 77/400 on CM with sucrose as
carbon source. A= Control, B and C= Callus induction after 10 days
and D-F= callus after 3 subcultures.

Table 3: Effect of growth regulators and glucose concen-
trations on callus induction in CP 77/400. Values are
means + SD.

Media Glucose Concentrations Means
2% 4% 6%

Control 0.000"+ 0.00 0.000"+ 0.00 0.000"+ 0.00 0.000"
CM-1 31.61+0.68 32.77°+0.77 28.95°+1.64 31.11°
CM-2 36.33*+1.00 37.03*+1.01 35.33*+1.15 36.26*
CM-3 23.11¢+0.77 23.22¢+1.54 21.22¢+1.07 22.52¢
CM-4 19.11%+0.77 19.45f+0.50 18.55%"+ 1.71 19.03¢
CM-5 17.33%+1.76 17.768%+ 1.20 15.11%+ 1.71 16.70¢
CM-6 15.44+0.50 16.86%=+ 0.33 13.33'+0.88 15.15°
CM-7 10.332+1.15 11.172+0.76 10.17+0.76 10.56¢
Means 19.16° 20.22° 17.83¢

Different letters in a row or column represent significant differences
at P < 0.05; LSD Value for Concentrations= 0.5883; LSD Value for

Media= 0.9607; LSD Value for Concentrations X Media= 1.6640.

Growth regulators with glucose in media

Callus induction on media having different combina-
tions and concentrations of growth regulators along
with varying glucose concentrations is shown in Ta-
ble 3. Significant differences (P < 0.05) were observed
among callus induction in used media. Callus induc-
tion was decreased in the following order: CM-2
(36.16%) > CM-1 (31.11%) > CM-7 (10.56%) (Table
3). ANOVA showed significant differences (P < 0.05)
of different glucose concentration on callus induction.
Maximum callus induction (19.72%) was observed
when media was augmented with 4% glucose. How-
ever, callus induction decreased at 6% glucose con-

centration. The data on interactions had statistically
non-significant differences. CM-2 with 4% glucose
showed optimum (36.83%) callus induction fol-
lowed by the same media supplemented with 2% glu-
cose (Figure 2B-F). Callus induction was minimum
(10.17%) on CM-7 having 6% glucose. On control

media, no callus induction was observed (Figure 2A).

Figure 2: Callus induction in CP 77/400 on CM with Glucose as
carbon source. A=Control, B and C= Callus induction after 10 days
and D-F= callus after 3 subcultures.

Table 4: Effect of growth regulators and fructose con-
centrations on callus inductionin CP77/400.Values are
Means + SD.

Media Fructose Concentrations Means
2% 4% 6%
Control 0.000% 0.00 0.000%+ 0.00 0.000%+ 0.00 0.0002
CM-1 28.77°+0.50 30.11°£0.69 27.06‘+0.76 28.65"
CM-2 33.50*+0.69 34.33*+1.00 32.33+0.58 33.39*
CM-3 19.55°+1.68 20.77°+1.01 17.55+0.39 19.29¢
CM-4 16.11%+1.01 16.55%+0.84 15.775+1.17 16.14¢
CM-5 13.10"+1.76 14.10¢*+0.88 13.66"+1.20 13.62¢
CM-6 13.10"+0.67 13.10"+0.88 13.77%+1.34 13.32¢
CM-7 7.33i+0.88 8.00+1.00 6.33+1.52 7.22f
Means 16.43° 17.12¢ 15.81¢

Different letters in a row or column represent significant differences
at P < 0.05; LSD Value for Concentrations= 0.5864; LSD Value for
Media= 0.9576; LSD Value for Concentrations X Media= 1.6586.

Growth regulators with fructose in media

'The data on callus induction on media with different
combinations and concentrations of growth regulators
along with varying fructose concentrations is shown
in Table 4. ANOVA showed significant differences (P
< 0.05) among callus induction in used media. Cal-
lus induction was decreased in the following order:
CM-2 (33.39%) > CM-1 (28.65%) > CM-7 (7.22%)
(Table 4). Effect of different fructose concentration
on callus induction was statistically significant (P <
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0.05). Callus induction was high (17.12%) in the case
of media with 4% fructose, whereas high fructose
concentration (6%) showed adverse effects on callus
induction. CM-2 with 4% fructose showed optimum
callus induction (34.33%) followed by the same me-
dia (33.50%) supplemented with 2% fructose (Figure
3B-F). Callus induction was minimum (6.33%) on
CM-7 having 6% fructose. Control media showed no
callus induction (Figure 3A).

Figure 3: Callus induction in CP 77/400 on CM with fructose as
carbon source. A= Control, B and C= Callus induction after 10 days
and D-F= callus after 3 subcultures.

Plant regeneration
Table 5: Effect of growth regulators and sucrose con-

centrations on shoot induction in CP 77/400. Values are
means + SD.

Media Sucrose Concentrations Means
2% 4% 6%

Control 0.00i+0.00 0.00+0.00 0.00'+0.00 0.00°
SM-1 11.33i+1.53 26.88s+1.18 31.33f+0.58 23.18¢
SM-2  64.66°+1.50 73.55°+1.50 77.98*+3.95 72.06
SM-3  22.44h+1.18 33.55F+1.07 50.44+1.73 35.48
SM-4  46.89°+1.17 52.22¢+1.34 66.89°+ 0.96 55.33"
Means 29.06° 37.24° 45.332

Different letters in a row or column represent significant differences
at P < 0.05; LSD Value for Concentrations= 1.1596; LSD Value for
Media=1.4970; LSD Value for Concentrations X Media = 2.5929.

Growth regulators with sucrose in media

'The data on shoot regeneration on media having dif-
ferent combinations and concentrations of growth
regulators along with varying sucrose concentra-
tions is shown in Table 5. ANOVA showed signif-
icant differences (P < 0.05) among shoot induction
in used media. Shoot regeneration frequencies de-
creased in the following order: SM-2 (72.06%) >
SM-4 (55.33%) > SM-1 (23.18%). Shoot regenera-
tion was high (45.33%) on media having 6% sucrose

concentration, while 2% sucrose concentration was
less effective for shoot regeneration. when SIM-2 was
supplemented with 6% sucrose maximum shoot re-
generation (77.98%) was observed followed by shoot
regeneration (73.55%) on the same media augment-
ed with 4% sucrose (Figure 4A and B). Minimum
shoot regeneration potential (6.33%) was observed on
SM-1 media having 2% sucrose. On control media,
no shoot induction was observed (Figure 4C).

Figure 4: Shoot induction in CP 77/400 after 35 days on SM-2
using sucrose as carbon source. A and B= shoot induction on SM-2

and C= Control.

Figure 5: Shoot induction in CP 77/400 after 35 days on SM-2
using glucose as carbon source. A and B= shoot induction on SM-2
and C= Control.

Growth regulators with glucose in media

Shoot regeneration capacities on media having dif-
ferent combinations and concentrations of growth
regulators along with varying glucose concentrations
are given in Table 6. Significant differences (P < 0.05)
were present among shoot induction in used me-
dia. Shoot regeneration frequencies decreased in the
tollowing order: SM-2 (31.07%) > SM-4 (23.62%)
> SM- (9.77%). Glucose concentration also signifi-
cantly (P < 0.05) affected shoot regeneration. Shoot
regeneration was maximum (20.13%) on media sup-
plemented with 6% glucose concentration while min-
imum (12.26%) in 2% sucrose concentration. SIM-2
media augmented with 6% glucose resulted in maxi-
mum shoot regeneration (41.22%). In contrast, SM-1
media having 2% glucose resulted in minimum shoot
regeneration (6.55%) (Figure 5A and B). On control

media no shoot induction was observed (Figure 5C).

Growth regulators with fructose in media

'The data on shoot regeneration on media having dif-
terent combinations and concentrations of growth
regulators along with varying fructose concentrations

is shown in Table 7. ANOVA showed significant dif-
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ferences (P < 0.05) among shoot induction in used
media. Shoot regeneration frequencies decreased
in the following order: SM-2 (21.69%) > SM-4
(17.33%) > SM-1 (9.03%). Significant differences (P
< 0.05) were observed among shoot regeneration in
media with different fructose concentration. Maxi-
mum Shoot regeneration (15.10%) was observed on
media having 6% fructose concentration. However,
2% sucrose concentration resulted in minimum shoot
regeneration (8.66%). Supplementing SM-2 with 6%
fructose resulted in maximum shoot regeneration
(27.77%) followed by 22.22% on the same media
with 4% fructose (Figure 6A and B). Shoot regener-
ation was minimum (6.99%) on SM-1 media supple-
mented with 2%fructose. On control media, no shoot
induction was observed (Figure 6C).

Table 6: Effect of growth regulators and glucose con-
centrations on shoot induction in CP 77/400. Values are
means + SD.

Media Glucose Concentrations Means
2% 4% 6%

Control 0.00'+0.00 0.00'+ 0.00 0.00'+0.00 0.00°
SM-1 6.55"+2.22 10.218+1.01 12.55%+0.39 9.77¢
SM-2  23.55°+1.83 28.44°+1.00 41.22*+1.65 31.07°
SM-3  12.77°+2.38 15.66°+ 1.84 18.44%+1.34 15.62¢
SM-4 18444+ 1.68 23.99°+1.15 28.44>+2.55 23.62°
Means 12.26 € 15.665 20.134

Different letters in a row or column represent significant differences
at P < 0.05; LSD Value for Concentrations= 1.0880; LSD Value for
Media=1.4046; LSD Value for Concentrations X Media = 2.4328.

Table 7: Effect of growth regulators and fructose con-
centrations on shoot induction in CP 77/400. Values are
means + SD.

Media Fructose Concentrations Means
2% 4% 6%

Control 0.000+0.00 0.00+0.00 0.00'+0.00 0.000°
SM-1 6.999+1.00 9.11"+1.01 10.99¢*+ 0.58 9.0300¢
SM-2 15.07%+0.22 22.22°+1.08 27.77*+1.69 21.688*
SM-3  9.14*+0.57 13.11<+2.70 15.77¢+ 0.83 12.673¢
SM-4 12.11%+0.50 18.88+2.41 20.99°+ 0.58 17.328P
Means 8.66¢ 12.66° 15.10¢

Different letters in a row or column represent significant differences
at P < 0.05; LSD Value for Concentrations= 0.8814; LSD Value for
Media=1.1379; LSD Value for Concentrations X Media = 1.9710.

Root induction and acclimatization
The efficient root induction was found after 7 weeks

in media (2 MS + 1.5 mg L*NAA) (Figure 7). De-

creased concentration of sucrose (2%) resulted in vig-
orous rooting. Furthermore, keeping the lower por-
tion in continuous darkness also had a positive impact
on the root induction. Successful acclimatization of
the in vitro CP 77/400 plantlets to greenhouse con-
dition was observed on mixture of silt and clay soil
in 1:1 ratio. It is suggested that plant incubation for
7 days in growth room condition together with the
application of % MS instead of water improves the
survival under greenhouse conditions.

Figure 6: Shoot induction in CP 77/400 after 35 days on SM-2
using fructose as carbon source. A and B= shoot induction on SM-2

and C= Control.

Figure 7: Root induction and subsequent acclimatization of CP
77/400 to greenhouse condition.

Lack of conducive environmental conditions for flow-
ering and heterogeneous nature of sugarcane is major
constraints in sugarcane breeding programs (Nand
and Singh, 1994). Propagation of perennial crops like
sugarcane via stem cuttings is not a rapid enough ap-
proach to fulfil the demand of increasing population.
Plant tissue culture is an alternative approach to rap-
idly propagate disease free sugarcane plant material
(Gopitha ef al., 2010). Therefore, reproducible tissue
culture protocols are the prerequisite for sugarcane
micro-propagation and improvement by genetic en-
gineering.

Efficient tissue culture depends on the type and con-
centration of growth regulators, type of explant and
carbon source. In present research, immature leaf
whorls were observed to be an indispensable explant
for callus induction. The high efficacy of Immature
leat whorls as explant have also been extensively re-
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ported in literature (Khan ez a/.,2009; Al e al., 2012;
Ullah ef al., 2016; Khan ef al., 2021). Immature leaf
whorls have actively dividing cells with remarkable
ability of dedifferentiation and re-differentiation.
Jehangir ez al. (2010) also used inner immature leaf
whorls for sugarcane tissue culture which supports
the findings of the present research. Frequent phenol-
ic compound accumulation occurs while using more
mature explants which hampers the callus formation
(Siddiqui ez a/.,1994). The injured cells of the explant
have high nutrients uptake capacity which results in
rapid cell proliferation subsequently promoting cal-
lus formation. Therefore, immature leaf whorls for
its healthy juvenile nature are recommended for the
production of healthy embryogenic sugarcane calli.
Alternatively, Bisht ez a/. (2011) and Wang and Juang
(1971) have used eye buds for efficient callus induc-
tion which contradicts the present research.

Callus induction capability is highly affected by the
type and optimum concentration of the growth reg-
ulators used. Auxins like NAA and 2,4-D involved
in rapid elongation of cells (Kaur and Gosal, 2009),
are frequently used to promote callus induction in
monocots (Torres, 1989). The present research sug-
gests 2,4-D as the best auxin for the establishment
of callus cultures in sugarcane as compared to NAA.
Previously, 2,4-D was reported as an indispensable
auxin for callus induction in sugarcane; however, its
recommended concentration i.e., 3 mg L contradicts
the findings of the present research (Jehangir ez al.,
2010; Yadav and Ahmad, 2012). Stress induced by
2,4-D has a positive impact on embryogenesis and
embryogenic competence at early stages in monocots.
However, beyond a limit of 2.5 mg L, accumulation
of phenolic compounds in the media was observed
which may be attributed to the herbicidal effect and
growth retardant capacity of 2,4-D. Consequent-
ly, browning and ultimate death of the explants oc-
curs due the blockage of nutrients uptake. Ullah ez
al. (2016) observed maximum callus induction using
5 mg L72,4-D and 10% coconut water which con-
tradicts the finding of the present research. Howev-
er, the use of coconut water (rich in cytokinins and
vitamins) probably neutralizes the negative impact
of high 2,4-D concentration. NAA is regarded as a
weak auxin as compared to 2,4-D and therefore, is
mostly used for regeneration. In the present research,
an increase in NAA concentration positively impact-
ed callus induction; however, the overall production
was less as compared to 2,4-D. The underwhelming

effect of NAA on callus induction in sugarcane was
also reported previously (Gopitha ez al., 2010; Karim
et al., 2002). In monocots, 2,4-D is often replaced
with NAA, which at low concentration promotes re-
generation (Torres, 1989).

'The type and concentration of carbon source also af-
tects the callus induction capabilities. Sucrose, glucose
and fructose have been widely used in tissue culture
media. Sugars, mostly used as carbon sources in me-
dia, act as osmoticum and thus induce osmotic stress
in the medium (Ali and Igbal, 2012). Sucrose as a car-
bon source in 4% concentration performed better in
terms of callus induction as compared to glucose and
fructose. These results are congruent to the results
achieved previously by Ali and Igbal (2012); how-
ever, they used 3% sucrose. Jawan ez a/. (2014) also
proposed optimum callus induction at lower sucrose
concentration. Osmotic stress plays an important role
in callus development. For optimum callus growth,
an optimum level of carbon sources is a prerequisite
to induce osmotic stresses. High osmotic potential in
the media induced by sucrose helps in the rapid up-
take of nutrients, vital for cell growth (Jawan ez al.,
2014). On the contrary, Wani ¢z al., (2014) obtained
optimum callus in Costus pictus using glucose and
suggested it as an effective carbon source. Fructose as
a carbon source has been reported to be less efficient
in terms of callus production (Wani ez a/., 2014).

In vitro regeneration process involves the percep-
tion of growth regulators by cells to develop their
organogenic potential. This phenomenon requires an
optimized level of cytokinins and auxins. Interaction
between auxins and cytokinins are involved in devel-
opmental processes e.g the formation of meristem
(shoot and root meristems) which leads to the estab-
lishment of the whole plant body (Su ez a/.,2011). The
present research suggests 2.0 mg L' BAP + 0.25 mg
L*NAA as an optimum cytokinin to auxin concen-
tration for best shoot induction. The results of Ali ez
al. (2012) are in complete agreement with the present
research; however, they used different concentrations
of growth regulators. In monocots like sugarcane, re-
generation is promoted by decreasing 2,4-D concen-
tration or replacing it with a weak auxin such as NAA
(Torres, 1989). Therefore, NAA is an important auxin
for regeneration in monocots. Findings of the present
research were supported by a previous study (Behera
and Sahoo, 2009). Naz ¢z al. (2008) and Jehangir ez a/.
(2010) used 2,4-D or IAA instead of NAA as an aux-
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in in combination with BAP for efficient shoot regen-
eration in sugarcane which contradicts the findings of
the present research.

Eftective carbon source is also an important parame-
ter for in vitro regeneration of plantlets. Amongst the
analysed carbon sources, sucrose efficiently promoted
regeneration when used at 6% in the media. Gopi-
tha ez al. (2010) also observed maximum shoot regen-
eration in sugarcane at high sucrose concentration
which supports the present results. However, Bisht ez
al. (2011) obtained maximum regeneration at 3% su-
crose concentration contradicting the finding of the
present research. Amutha ez a/. (2003) also suggested
glucose, and fructose as less efficient for shoot regen-
eration. The efficiency of a sucrose as carbon source
may be attributed to its high uptake capacity by cell
across plasma membrane. Furthermore, sucrose being
a major product of photosynthesis plays an important
role in plant growth and development. It may also
regulate gene expression either directly or indirectly
(Winter and Huber, 2000). In addition, metabolism
of specific compounds is also linked with the osmot-
ic stresses. Many researchers have suggested glucose
as an effective carbon source for regeneration (Ma-
retzaki et al., 1972; Ahloowalia and Maretzaki, 1983;
Amiri and Kazemitabar, 2011). High regeneration
efficiency of glucose as carbon source might be due
to the efficient metabolism of glucose in the presence
of various hormonal combinations contradicting the
present results (Wani ez al., 2014). Fructose causes
hyperhydricity in the media which affects different
cellular phenomenon such as sugar metabolism, low-
ers cellulose content, less ethylene production, which
can have adverse effects on regeneration (Bouza er

al.,1992).

Roots were easily induced on % MS augmented with
1.5 mg L NAA. Root induction on NAA contain-
ing media was also revealed by Bisht ez a/. (2011). The
positive impact of low NAA concentration on rooting
was reported by Sughra ez a/. (2014). These previous
studies support the findings of the present research.
On the contrary, Gopitha ez a/. (2010) proposed high-
er concentrations of NAA as vital for maximum root
induction. Yadav and Ahmad (2013) observed vigor-
ous rooting on media supplemented with BAP, Ki-
netin and NAA. After rooting, the plants were suc-
cessfully acclimatized to a mixture of silt and clay soil
(1:1). Roy and Kabir (2007) used soil and compost
(2:1) for acclimatization. Keeping the plants in the
growth room and application of % MS instead of wa-

ter during the first week prevented the plants from
rapid yellowing and consequently the plants were
healthy enough to survive the initial shock. This may
be the best alternative approach for successful accli-
matization of in vitro plants.

Conclusions and Recommendations

Plant growth regulators and carbon sources at their
optimum concentrations highly affect the tissue cul-
ture of sugarcane. Sucrose was a favourable carbon
source for the tissue culture of sugarcane. 2,4-D at
optimum concentration was found as the best growth
regulator. For efficient regeneration, optimum level of
BAP and NAA is important. However, in sugarcane
lower NAA concentration in combination with BAP
highly induced shoot regeneration. Whereas, NAA
at low concentration augmented in ¥2 MS promoted
rapid root induction. Efficient acclimatization of re-
generated plantlets was in silt and clay mixture (1:1)
soil.
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