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ABSTRACT

Four combinations with two levels of each 2,4-Dichlorophenoxyacetic Acid (2,4-D) (0.2mg/L, 0.5mg/L) and Indole
Acetic Acid (IAA) (1mg/L, 4mg/L) together with 0.1 mg/L of Kinetin and 40mg/L of Cysteine Hydrochloride de-
termined by testing their 150 combinations for in-vitro direct shoot regeneration from sugarcane (Saccharum spp.
Hybrid) leaf tissues were further evaluated using the variety SL 96 328 in a completely randomised layout with 30
replicates to find out their near-optimal levels. Leaf spindle slices of the sugarcane variety SL 96 328 was used as
ex-plants for culture in the modified MS medium. After 3 weeks of culture, the survival of ex-plants and the num-
ber of shoots directly regenerated from ex-plants were recorded in one-week intervals. The concentration of
0.5mg/L of 2,4-D and 1mg/L of IAA together with 0.1mg/L of Kinetin and 40mg/L of Cysteine Hydrochloride re-
generated the highest number of viable shoots from leaf spindle discs after 4 weeks of culture. On average, 21
shoots were obtained from a leaf spindle disc of 2mm thickness and 3mm in diameter obtained from sugarcane
plants of 5- to7- month old.
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INTRODUCTION Furthermore, use of good-quality sugarcane
planting material in commercial fields has be-
come mandatory with the enforcement of
Seed Act of 2003 in Sri Lanka (http:/
www.doa.gov.lk/images/stories/site/PDF/
Acts/seed%?20act.pdf). Therefore, production
of disease-free and genetically-pure seed-cane
in required quantities at a rapid rate and lesser
cost has become an important necessity for the
expansion of the sugar industry in Sri Lanka
and increasing its productivity and profitabil-

1ty.

Non-availability of good-quality planting ma-
terial at the correct time of planting has been
one of the main constraints for increasing pro-
ductivity in sugarcane cultivation in Sri Lanka.
Even though new high-yielding varieties have
been introduced for commercial cultivation,
the average sugarcane yields in commercial
sugarcane plantations and the sugar recovery
rates in sugar mills have remained stagnated
(Ehsanullah et al., 2011, Annon., 2015).
Apart from the non-availability of planting ma-
terial of the new sugarcane varieties, one of the
main reasons for this situation is varietal de-
generation due to accumulation of systemic
diseases in the plant over the years as sugar-
cane is propagated vegetatively (Viswanathan,
2016). Mass production of genetically-pure
and disease-free planting material of new im-
proved varieties recommended for commercial
cultivation by the Sugarcane Research Institute
(SRI) has become an essential requirement for
increasing productivity of sugarcane lands.
*Corresponding author: dineeshanipuni@gmail.com

In this scenario, in addition to new planting,
replacement of the disease-infected degener-
ated old sugarcane plantations with disease-
free pure new sugarcane varieties is required.
Rapid propagation of the planting material of
new sugarcane varieties has to be undertaken
to meet this requirement. Lateral shoot multi-
plication and meristem culture can be used to
propagate sugarcane planting material at a
rapid rate (Wijesuriya et al., 2001). In addi-
tion, direct regeneration of plants from in-
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vitro-cultured young leaf segments of sugar-
cane is one of the superior methods for rapid
propagation at a lesser cost as it possess 8- to
10-fold multiplication rate than meristem cul-
ture (Lakshmanan et al., 2006). Lakshmanan
et al. (2006) and Mittal ef al. (2013) reported
that in-vitro direct plant regeneration technol-
ogy from leaf spindle tissues of sugarcane
could be used for production of genetically-
identical plants at higher multiplication rate
and at a lesser cost per plant. The percentage
of shoot organogenesis was reported to vary
with the variety (Mittal et al., 2013).

To generate plants from sugarcane leaf spindle
tissues, determination of the optimum size of
the ex-plants and the conditions of the ex-plant
culture medium are required. The investiga-
tions on auxin and cytokinin concentrations in
culture media and the culture conditions by
Lakshmanan et al. (2006) and Khan et al.
(2009) have shown some promising protocols
for this technique. This research was, there-
fore, carried out to find out the near-optimal
levels of plant growth regulators, namely, 2,4-
Dichlorophenoxyacetic Acid (2,4 D) and In-
dole Acetic Acid (IAA) for in-vitro direct shoot
regeneration from leaf spindle tissues of sugar-
cane as the first step of developing a tissue cul-
ture protocol for producing genetically-
identical plants to the mother plants supersed-
ing the callus phase in culture.

MATERIALS AND METHODS

The newly-introduced commercial sugarcane
variety SL 96 328 (Saccharum spp. Hybrid)
was used in this study since there is high de-
mand for planting material of this variety from
sugar companies. Cane tops with leaf spindle
region (Figure 1a) were collected from 5- to 7-
month-old meri-clonned sugarcane (Saccharum
spp. Hybrid) plants grown in the poly-house of
the Sugarcane Research Institute, Uda Walawe.
Leaf spindle pieces of about 10cm length
(Figure 1b) were obtained at the laboratory by
stripping off mature leaf sheaths. They were
washed several times with running tap water
and sterilized with 70% alcohol. All microbial
decontamination procedures were performed in
a laminar air flow hood. The outer cover of the
spindle pieces formed by leaf sheaths was re-
moved carefully without damaging the inner
young and delicate tissues. Thirty slices of leaf
spindles (ex-plants) with 2mm thickness and
3mm in diameter were cultured in the modified
Murashige and Skoog (MS) medium contain-
ing different combinations of Auxins and Cyto-
kinins (Figure 1¢). One hundred and fifty com-
binations of Kinetin, 2,4-
Dichlorophenoxyacetic Acid (2,4-D) and In-
dole Acetic Acid (IAA) were tested initially for
direct shoot regeneration without forming calli.
The four hormone combinations with 2,4-D
0.5 and 0.2 mg/L and IAA 0.1 and 0.4 mg/L
together with Cysteine Hydrochloride 40 mg/L
and Kinetin 0.1 mg/L were found to give prom-
ising results on direct shoot regeneration from
leaf tissues. Initially, the cultures were kept in
the dark for 2weeks, and then transferred to air-

Figure 1: Different steps of explants preparation a) Cane tops with leaf spindle region. b) Leaf
spindle pieces. ¢) Ex-plants with 2mm thickness in culture
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conditioned culture room with white inflores-
cence light with an intensity of 2-3kIx. The
addition of Cysteine Hydrochloride at con-
centration of 40mg/L was to avoid browning
of the media due to accumulation of phenolic
compounds. These four combinations of 2,4-
D and TAA were further tested using 30 ex-
plants (replicates), and the cultures were ar-
ranged in a completely randomised layout.

Data

After three weeks of culturing the ex-plants,
survival of the cultured ex-plants was deter-
mined by the number of progressive ex-
plants. The number of shoots directly regen-
erated from the ex-plants was recorded in one
-week intervals commencing from the 3™
week until the 8" week of culture.

Data analysis

The percentage survival of the ex-plants at

different hormone combinations was calcu-
lated and was presented graphically (Figure
3). The analysis was done on the survival of
the ex-plants (culture success) from 3 weeks
to 8 weeks of culture. Development of embryo
-like structures was observed by the presence
of somatic embryos on the cultured ex-plants
in all treatments tested (D-1, D-2, D-3 and D-
4) (Table 1). Shoots were observed only in
D1 medium therefore, the mean number of
shoots developed from 30 ex-plants in culture
in the D-1 treatment was taken as the number
of shoots directly regenerated from an ex-
plant.

RESULTS AND DISCUSSION

The ex-plants in the first 3 weeks of the cul-
ture in all the tested media (Table 1) showed
swelling and initiation of small embryo-like
structures (Figure 2a). However, well-
developed embryo-like structures were ob-

Table 1: Combinations of Kinetin, 2,4-D and IAA levels tested for direct plant regeneration

Treatment Kinetin (mg/L) 2,4-D (mg/L) IAA (mg/L) Cysteine
Hydrochloride (mg/L)

D-1 0.1 0.5 1.0 40

D-2 0.1 0.5 4.0 40

D-3 0.1 0.2 1.0 40

D-4 0.1 0.2 4.0 40

Figure 2: Different stages of direct plant regeneration a) Swelling and initiation of embryo-
like structures in ex-plants. b) Direct shoot regeneration. ¢) Prominent small shoots
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served after 4weeks of the culture only in the
medium D1 which contained 2,4-D (0.5mg/
L), IAA (Img/L) and Kinetin (0.1mg/L) and
along with Cysteine Hydrochloride (40mg/L).
The development of embryo-like structures
was observed at the third week after the cul-
tures were transferred from dark conditions to
light conditions. During the fourth week of
culture in the above medium, the cultured leaf
segments exhibited direct shoot regeneration
(Figure 2b), and at the age of 5 weeks, promi-
nent shoots (Figure 2c) were observed. Ab-
sence of callus formation in the ex-plants in
this medium indicated direct regeneration of
shoots.

The percentage success of the cultured ex-
plants with three weeks after culture is de-
picted in Figure 3. It is evident that the per-
centage success in the medium with 2,4-D
(0.5mg/L) and IAA (1mg/L) continued to give
values above 75 percent until the 8" week af-
ter culture. The rest of the combinations
showed a decline in culture success after 4
weeks of culture as shown in the graph below

(Figure 3).
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Figure 3: The percentage of success of cul-
tured ex-plants with time

Accordingly, the best hormone combination
identified in this study was 2,4-D (0.5mg/L)
and IAA (1mg/L) with the fixed levels of Ki-
netin (0.1mg/L) and IAA and Cysteine Hy-
drochloride (40mg/L) with respect to direct

shoot regeneration from ex-plants with high
and prolonged success rates until the 8" week
in culture. Therefore, this hormone combina-
tion was found to be the only successful me-
dium for direct regeneration of shoots from
sugarcane leaf tissues. On average, 21 shoots
were regenerated from a single ex-plant cul-
tured in this medium while ex-plants of other
combinations did not produce a single shoot.
Mittal et al. (2013)and Aliet al. (2012),
stated that MS media supplemented with
NAA was the best media for the direct plant
regeneration from spindle explants in sugar-
cane. In the present study NAA was elimi-
nated because NAA induced rooting at very
early stage. Direct plant regeneration can be
advantageous since callus culture is associ-
ated with the problems in embryo formation,
maturity and plantlet regeneration (Thorpe,
1994). In sugarcane, there are only a few re-
ports dealing with direct regeneration of
plants from different ex-plants (Gill et al.,
2006) while there are literature available on
regeneration and multiplication through or-
ganogenesis via callus culture that favours
production of genetically-diverse plants. Di-
rect adventitious shoot production occurred
on the distal cut surface of the ex-plants and
was found critical for maximum regeneration.
Lakshmanan et al. (2006) reported that tissue
polarity, the orientation of the ex-plant in the
culture, size of the ex-plant and concentration
of the growth regulators play significant roles
in determining direct shoot regeneration su-
perseding the callus phase. Therefore, future
research should focus on the aforesaid aspects
in the perfection of the protocol for direct re-
generation of shoots from leaf tissues of sug-
arcane.

CONCLUSIONS

The modified Murashige and Skoog (MS) me-
dium containing 2,4-D 0.5mg/L and Kinetin
0.1mg/L and TAA 1mg/L along with Cysteine
Hydrochloride 40mg/L was found to be the
best for direct shoot regeneration from sugar-
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cane leaf spindle tissues under the culture
conditions adopted in this experiment. Fur-
ther research is needed to fine tune the proto-
col by optimising culture conditions, ex-plant
size and orientation of ex-plants in the cul-
ture.
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