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Absiract: Basic salts were tested to establish a suitable culture medium for cafiug
initiation from mature seeds of Indica rice {cv. Bg 94-1). IZILEE A4l media werc
supplemented with sucrose (3% w/iv), yeast extract (3 g/l) and 2, 4-dichlorphenoxyacetic
acid (3 mg/1). Calius initiation occurred in the area comprising the scutellum layer of
the seed. Callus formation was better in LS than all other ¢ested media. MS$ and Y3
media mostly induced coleoptile growth from the seed. Callus initiation and growih was
enhanced when high level (9 mg/1) of 2, 4-dichlorophenoxyacetic acid was incorporated
in to LS medium, However, subsequent growth of callus was impaired in this medium.
Low level (2 mg/l) of 2, 4-dichlorophenoxyacetic acid in combination with
6-benzylaminopurine (0.2 mg/1) is selected for callus establishment from mature Indice
seeds.

1. Intreduction

Callus culture is a valuable tool in crop improvement programs. It is r)emg applicd
creating genetic variability in plants (somaclonal variation) and screening of plants for
stress tolerance. Mature seeds are an excellent source for the establishment of
embryogenic calius (E. callus) in rice since the ussues originating from scutellum and
the shoot apical weristem produce embryorus and sceds can withstand vigorous
surface  sterilization. Auxin is critical in  callus initiation'®  and
2,4- dxchorophcnoxyacenc acid {2,4-D) is considered as the best source of auxin for
callus induction in rice.” N6 and MS media havc been used for anther and polien
culture of rice.’ LS medium has been rcponed for induction of callus from roots,
embryos and leaf bases of the plant.

It is generally accepted that thiamin is a vital component of tissue culture media
and other vitamines like nicotinic acid, pyridoxin, bictin and Ca-D pantothenate may
be beneficial. Yeast extract {YE) is often included in the culture media for
establishment of rice tissue cultures It causes mitosis in quicscent cells and promctes
exuberent growth of callus.'® Studies have been conducted to observe the effect of
light, temperature and pH of culture medium on USSU@ cultures of Japonica rice.
Indica rice is generally recalcitrant to callusing in vitro® So far only a few cultivars and
varieties of Indica rice have been regenerated from tissue cultures. The present study
evaluated the effect of different media on tissue culture of Bg 94-1, a commercially
grown rice variety in Sri Lanka.

2. Materials and Methods
Dry mature rice seeds (cv. Bg 94-1) were dehusked and surface - sterilized by

immersing in 70% ethanol (1 minute) folowed by 0.1% HgClz (3 rinutes) and
washing (3-4 times) with sterilized distilled water.
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Media were prepared using MS, LS, Y3 and N6 basic inorganic salts (Table 1).
All media were fortified with thiamin hydrochloride (1.0 mg/1) and except for LS
medinm, with nicotinic acid (0.5 mg/1) and pyridoxin hydrochloride (0.5 mg/l).
Sucrose (3% wiv), YE (3.0 g/1) and 2,4-D (3.0 mg/1) were added to cach medium,
The pH of media was adjusted to 5.7 before dissclving agar (0.8% w/v; Difco-bacto).
Each medivm was dispensed (10 mi aliquotes) into test tubes or petri dishes and
sterilized by autoclaving for 15 minutes at 121°C with steam pressure (1.2 kg/cm.z),
Sterilized seeds (10 seeds/vessel) were inoculated onto prepared media and cultures
were maintained at 26 = 1°C under fluorescent light {200 - 250 tux; 16 hours) for
calius indnction. '

Table 1: Major and minor inorganic salts and crganic components of the four basic
medis in the study.

Final Concentration (mg/1)

Corapound

LE MS N6 Y3
Major Salis
{N¥F432504 - - % -
NH4NO3 1650 1650 C- -
NH4C1 - - - 535
Mg8Q4. THLRO 370 370 185 247
KNOs 1500 1900 2830 2020
KC1 - - - 1492
CaCly. 2HO 440 440 166 284
KHPO4 170 170 400 -
NaH>PQ4. 2ZH0 - - - 312
Minor Salts
MnSQ4 4HO 223 223 4.4 i1.2
ZnS0O4. THO 8.6 8.6 15 7.2
CuSC4. TH20 0.025 0.025 - 0.16
KI 0.83 0.83 0.83 83
H3BO; 6.2 6.2 1.6 3.1
NapMoQ4. 2H20 0.25 0.25 - 0.24
MNiClp. 2H20 - - - 0.24
Na EDTA 37.25 37.25 37.25 149.0
FeSOus. TH20O 27.85 27.85 27.85 1114
Organic Components
Thiamin bydrochloride 1.0 16 1.0 1.0
Nicotinic acid - 0.5 0.5 5

Pyridoxin hydrochloride - 0.5 0.5 0.5
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LS medium prepared as previously was again tested with 2,4-I) at six fevels with
one treatment in combination with G-benzylaminopurine (BAFP) for further cailus
establishment (Tabls 2).

Seed calius induction and growth was examined weekly. Four weeks after seed
inoculation, callus initiation efficiency {percentage of inoculated seeds in the vessal
which give rise to callus) and wet weight (mg/seed) of calli were recorded (figure 1
and figure 2).

Four weeks old calli (2-5 mm diameter) were plated in MS medium with sucrose
(4% wiv), BAP (3.0 mg/1), Indole-3-butyric acid (IBA, 5.0 mg/1) and incuvated for 3-4
weeks under 2000 lux at 26% 1°C for regeneration of shoots. These shoots (20-40
shoots) with few initiated roots were transferred onto paper bridges in MS medinm
with T-naphthaleneacetic acid (NAA, 1.0 mg/1) for 2 weeks to improve root growth.
The plantlets formed were then culrured in hormene-free MS solid medium (5¢ ml in
glass jars) for 1-2 weeks to induce better plant growth. These plantlets were
transferred to pots containing sterilized soil and maintained in a glass house il
maturity.

3. Results

The efficiency of callus initiation and growth in response to different culture media
are given in figure 1 and 2 respectively. Callus initiation was observed to occur from
the tissue between the growing coleoptile and ihe endosperm (arca comprising the
scutellum). The callus initiation efficiency was bighest (35%) in LS medivm. N6, M5
and Y3 media induced the formation of callus but latter two media mostly promoted
coleoptile growth.

The highest wet weight (75 mg/seed) of callus was recorded with LS mediur.
Calli formed in this medium were large and shiny with numerous globular structures
on the surface and colour varied from white to light yellow. Formation of such calli
was- observed to be higher in N6 than in MS medium. Calli formed in Y3 medium
were friable and off-white in appearance. Callus induction efficiency was very low
with this medinm,

Growth response of rice seeds cultured in LS medium containing different levels
of 24-D (in the presence or absence of BAP) is summarized in Table 2. Callus
initiation was rapid at high concentrations (5 and 9 mg/1) of 2,4-D. However, low
concenirations of 2,4-D in the presence of BAFP also favoured callus growth. These
calli remained fresh for a longer period than those formed on media containing higher
level of 24-D. '
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Figure 1: Callus initiation efficiency of rice seeds after a culture period of 4 weeks in
LS, MS, N6 and Y3 media. Each media formulation was replicated five

times. '
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Figure 2: Growth of callus from rice seeds within z culture period of 4 weeks in

LS, MS, N6 and Y3 media. Each media formulation was replicated five
times. )
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Table 2: Growth respoense in LS medium containing different levels of 2,4-D (in the
presence or absence of BAP) after 4 weeks of seed inoculation.

Growth response

24D BAP Callus initiation Appearance of callus
(mg/1) {(mg/1) efficiency (%)
0.5 . 00 All seeds produced
complete plants.
1.0 : - 08 Abnormal enlargement

of coleoptile. Calh
formed degenerated
within few days.

20 - 22 White, soft calli with
root-like appendages.

2.0 0.2 64 White or light-yellow,
: large, soft, shiny
callus (E. callus).

30 - 36 White or light-vellow
soft callus (E. callus).

5.0 - 40 White or light-yellow
shiny compact callus.

9.0 - 66 Light yellow, large,

shiny callus; callus

diameter < 1.0 ¢m.
Calli formed degenerated
in few days.

Ali observations are based on 5 replicates per treatment.

Callus growth continued for 2-3 weeks in the regeneration medium and
subsequently green spots appeared from white, globuldr areas of the callus. About 10
days later shoots emerged (2-4 shoots per callus) from these green spots. These
shoots produced many number of roots-within 2 weeks ot transfer to rooting medium,
The regenerated plantiets grew well upon transfer to soil.

4. Discussion

A major factor which plays a vital role in successful callus culture is the composition of
culture medium in which cultures are grown.

Earlier studies reveal that low nitrogen in growth medium favours callus
formation in rice.® ‘Results of the present study support this observations since MS§
medium with 60 mM of total inorganic nitrogen gave lower callus weight than N6 and
Y3 media which contained 35 mM and 30 mM total inorganic nitrogen respectively.
In contrast, LS medium having same constituents and concentrations of inorganic salts -
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Figure 3: stages of catius cuiture in rice (cv. Bg ¥4-1).

3.1 Formation of E and NE (non empbryogenic) callus from cultured mature seeds.
3.2 Regeneration of shoots from callus with few initiated roots.

33 Plantlet formation from calius on paper-bridge.

3.4 Regenerated rice plant ready for pot-transfer.



Callus Establishment in Indica Rice ' 169

as MS mdium, gave the best performance in callus formation. Color and appearance
of calli formed in this medium indicated the formation of E. callus.**

This may be due to the absence of nicotinic acid and pyridoxin HC1 in LS
medium. These two compounds promote plant formation than callus from rice
embryos. Previous cxperiments1 have suggested. that, elimination of micronutrients
from culture medium is favourable for callus induction from rice anthers. Present
study reveals that it is same with rice embryos also, since callus formation was
observed in N6 medium which contained micronutrients at low concentrations when
compared to LS and MS media. Furthermore, some micronutrients present in LS and
MS media are totally absent in N6 medium.

Growth response of cultured rice seeds in LS, MS, Y3 and N6 media do not
identify the effect of type and concentration of individual micronutrients on initiation
and growth of callus. Therefore, in order to elucidate the relationship between
various inorganic components of a culture medium and callus establishment, further
nvestigations are necessary.

Higher concentrations of 2,4-D enhance callus induction. However, this study
indicated that calli formed at high level of 2,4-D (5.0 > mg/1) degenerate socn when
transferred to regenration medium. Tt has been discussed that high concentration of
2,4-D inhibits regeneration from callus by affecting shoot and root formation
{morphogenesis) from cultured tissues.'’  Furthermore, in combination with a
cytokinin such as kinetin and BAP, 2,4-D plays a beneficial role in rice tissue culture
as shown by several workers. 1’
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