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Figure 2. Per cent somatic embroys at different developmental stages
after three weeks of culture initiation.

The present work depicts the SEM ontogeny of somatic
embryo in safflower. It reveals normal development of
somatic embryos from globular to heart-shaped, torpedo-
shaped and cotyledonary-stage embryos. Also, precise
identification of incipient globular embryo and early
heart-shaped embryos, i.e. initiation of the development
of two cotyledons was possible. Thus, the present work
confirmed the direct development of somatic embryos
from the cotyledon surface.
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The application of five commercial chitosan-based
formulations of carefully chosen plant growth-
promoting rhizobacteria developed at Auburn Univer-
sity, USA has previously shown demonstrable increase
in the growth of nursery-raised plants such as cucum-
ber, pepper and tomato among others. The present
study evaluates the beneficial effects of the formula-
tions on the growth of rice seedlings. Seedlings of
three indica rice cultivars, IR24, IR50 and Jyothi
raised in rice field soil amended with each of the formu-
lations in a 1 : 40 (formulation : soil) ratio have shown
significant two-fold increase in root and shoot length,
and grain yield. The observations do suggest that
application of such commercial bacterial formulations
can serve as microbial inoculants for the improvement
of rice growth.

AS public opinion against the use of chemical pesticides
on food crops grows, more and more pesticides have
been removed from agricultural use. Hence, establishing
new and effective pest control measures is a concern.
One such alternative pest control strategy is the use of
microorganisms. This strategy has the potential to reduce
or eliminate chemical pesticides on agriculturally impor-
tant crops, and thereby reduce the risk associated with
pesticide residues in the environment. Biofertilizers and
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biofungicides include many types of bacteria and fungi.
One group that has been extensively investigated is plant
growth-promoting rhizobacteria (PGPR). PGPR are root-
colonizing bacteria beneficial to various agricultural
crops. The beneficial effects include plant growth promo-
tion, biological control of various diseases, and the acti-
vation of the defence responses of the host plant, which is
termed as induced systemic resistance (ISR)"”. Some
PGPR not only benefit from the nutrients secreted by the
plant root but also beneficially influence the plant in a
direct or indirect way, resulting in stimulation of its
growth.

Despite the fact that microbial inoculants have long
been incorporated into field practices worldwide, most of
them have been used and evaluated on the legumes and to
a lesser extent on cereal crops’'*. Hence, the current
study was undertaken to evaluate five biological prepara-
tions on rice, the world’s most widely grown cereal crop.

The five biological preparations LS213, L8254, LS255,
LS256 and LS257 were obtained from Auburn Univer-
sity, AL, USA to screen for growth promotion on three
rice cultivars. These preparations had previously shown
growth promotion and induced systemic protection in
tomato, cucumber, pepper and tobacco®. Each biological
preparation contained industrially formulated endospores
of two Bacillus strains (Table 1) and chitosan, a formula-
tion carrier. There were 1.0 x 10° colony forming units/l
(cfu/l) of each strain in each biological preparation.

Three cultivars of rice, Jyothi, IR24, and IR50 were
used. Jyothi is a high-yielding and extremely popular
cultivar and is grown extensively in Kerala. Seeds of
Jyothi were obtained from the Regional Agricultural
Research Station (RARS), Pattambi. Seeds of IR24 and
IR50 were obtained from Dr Susan McCouch, Cornell
University, USA and the International Rice Research
Institute, Manila, Philippines respectively.

To screen the five biological preparations on three cul-
tivars of rice, experiments were conducted in a net-house
at RARS. Soil collected from rice fields of RARS was
used to grow the seedlings. There were three experi-
ments, one for each cultivar. Each experiment consisted
of five biological preparations and an untreated control.
Each treatment was replicated ten times. Treatments were
arranged in a randomized complete block design on a

Table 1. Biological preparations used in the study
Biological preparation
Control  Strains in preparation Identification

LS213 GBO03 + IN937a Bacillus amyloliquefaciens
L8254 GBO03 + SE34 B. pumilus
L8255 GBO03 +IN937b B. subtilis
LS256 GBO03 + INR7 B. pumilus
LS257 GBO03 + T4 B. pumilus

GBO3, Paenobacillus macerans.

CURRENT SCIENCE, VOL. 83, NO. 9, 10 NOVEMBER 2002

bench in the net-house. Styrofoam cups (10” diameter)
were used to grow the seedlings. Each of the five bio-
logical preparations was thoroughly mixed with field soil
at a rate of 1 : 40 (v/v). The soil containing the biological
preparation was placed into styrofoam cups (330 g of
soil/cup). Non-amended soil served as untreated control.
Five seeds of each rice cultivar were sown into each cup.
Seedlings were watered regularly.

The growth of the seedlings was monitored at weekly
intervals for a period of three weeks. Shoot lengths of the
seedlings were recorded at the end of the first, second
and third week. At the end of the second week, four seed-
lings were carefully pulled from each cup with adequate
precautions to prevent any damage to the roots, and the
root lengths of these seedlings were also recorded. One
seedling was retained in each cup in order to record the
shoot length at the end of the third week. Each experi-
ment was conducted three times. The data were analysed
separately for each experiment and subjected to analysis
of variance. The significance of effect of biological
preparation was determined by the magnitude of the F
value (P =0.05). Treatment means were separated by
Fisher’s protected least significant difference (LSD).
Grain yields recorded as 1000-grain weights were com-
pared after the rice cultivars IR24, IR50 and Jyothi,
received the same biological treatments (mainplot) as
described above with an untreated control, in a separate
split-plot design experiment in the net-house. In this
experiment, cultivars/varieties were factors used as the
subplot in making the relative comparison. Grain yield
data were subjected to test of significance (F-test) (see
Tables 2 and 3).

Rice seedlings germinated in soils amended with the
five bacterial preparations exhibited increased shoot
lengths in all the three rice cultivars used in this study
(Table 4). It generally took 14 days after seeding (DAS)
to observe significant root length increases, although root
length at 7 DAS was enhanced by LS254 on cv. IR50
and LS255 on cv. Jyothi. Also, seedlings raised in soils
amended with the formulation LS256 showed lesser
growth compared to the untreated control. At 21 DAS,

Table 2. Effect of biological formulations on grain yield of
rice cultivars
1000-grain weights (g) recorded in rice cultivar
Treatment 1R24 IR50 Jyothi
Untreated control 11.88 12.20 11.35
L8254 15.79 17.42 21.41
LS255 16.40 18.15 23.13
LS256 16.46 18.90 22.80
L8257 15.70 16.60 18.04
LS213 15.90 17.96 19.50

Net-house experiment (split-plot design), Regional Agricultural
Research Station, Pattambi, July—November 2001.
Each value is a mean of four replications.

1141






