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The efficiency of plant-growth-promoting rhizobacte-
ria (PGPR), viz. Azospirillum sp., Azotobacter chroo-
coccum, Pseudomonas fluorescens, Pseudomonas striata
and yeast, viz. Saccharomyces cerevisiae was evaluated
for maximization of Glomus mosseae (Nicol. and Gerd.)
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Gerd. and Trappe root colonization and spore num-
ber in the root zone of Rhodes grass (Chloris gayana
Kunth). The pot culture experiment was carried out
under polyhouse condition and observations were re-
corded at 45 days and 90 days of plant growth. The
PGPR considerably enhanced mycorrhizal coloniza-
tion compared to yeast, with Azospirillum sp. being
the most efficient. They not only stimulated AM deve-
lopment, but also accelerated the root growth.

ARBUSCULAR mycorrhizal (AM) fungi are obligate sym-
bionts and are grown in association with living tissues’.
Several culture techniques based on this constraint are
applicable for commercial scale production of the inocu-
lum. The most widely used is pot culture, where the fungi
are usually maintained and multiplied in conjunction with
suitable host plant roots’. Related approaches, viz. soil-
less culture, hydroponic culture, aeroponic culture, and axe-
nic root organ culture techniques are well reviewed’. These
are two-member (plant and fungus) systems, technically
feasible and hold commercial potential. But importantly,
all of them involve extended culture periods of several
months, making AM inoculants relatively expensive to pro-
duce*. As such, development of rapid and more efficient
culture systems remains an important challenge for com-
mercialization. Synergistic effects of AM fungi and plant-
growth-promoting rhizobacteria (PGPR)’ and yeast® on
root colonization and subsequent sporulation have been
documented. The term PGPR is now applied to a wide
spectrum of strains that have, in common, the ability to
promote the growth of plants following inoculation onto
seeds and subterranean plant parts’. The present investi-
gation has been undertaken with a view to explore the
possible use of PGPR and yeast to maximize AM fungal
root colonization and sporulation in a short period. Un-
inoculated culture media and cell-free supernatants of the
respective organisms were also included to assess the
potential of the microbial whole cell.

A culture of Glomus mosseae (Nicol. and Gred.) Gred.
and Trappe® was obtained from Native Plant Institute,
Salt Lake City, Utah, USA and maintained as a pure stock-
plant culture in pots containing sterilized soil and sand
3: 1)9 using Rhodes grass (Chloris gayana Kunth) as a
host for four months. Spores were collected by wet-siev-
ing and decanting the root zone soil from ten different
pots and were mixed to form a composite sample'’. Heal-
thy pale yellow-brown coloured spores were selected
with the aid of stereomicroscope and were surface sterili-
zed in chloramine-T (2% w/v) for 20 min and rinsed 3—-4
times in sterile deionized water''.

The test microbes included were two diazotrophic and
two non-N,-fixing bacterial strains of PGPR and a yeast.
Two diazotrophic bacteria, viz. Azospirillum sp. R.v.zae
grown on Okon’s broth'? as modified by Lakshmi Kumari
et al."” and Azotobacter chroococcum M5 grown on Jen-
sen’s N-free broth'* isolated from sporocarp of the ecto-
mycorrhizal fungus (Rhizopogan vinicolor) and rhizosphere
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of mustard respectively, were taken for the present study.
The two non-N,-fixing bacterial strains and one yeast cul-
ture included were Pseudomonas fluorescens (antifungal
rhizobacteria) grown on King’s B broth'® and Pseudomo-
nas striata (P-solubilizing bacteria) grown on Pikovs-
kaya’s broth'® and Saccharomyces cerevisiae grown on
malt extract broth isolated from roots of birch, rhizosphere of
cowpea and sporocarp of unidentified mycorrhiza respec-
tively. The antifungal fluorescent pseudomonad though
detrimental to pathogenic fungi'’, consistently promotes
AM establishment'® and was hence included in our study.
Azospirillum sp. R.v.zae was obtained by courtesy of J.
Dobereiner, Embrapa Agrobiology, Rio de Janeiro, Bra-
zil. P. fluorescens and S. cerevisiae were kindly provi-
ded by C. Y. Li, USDA, Corvallis, Oregon, USA, while
A. chroococcum M5 and P. striata were procured from
the culture collections existing in the Division of Micro-
biology, Indian Agricultural Research Institute (IARI),
New Delhi. The organisms were grown in respective media
(50 ml) in 250 ml conical flasks in a shaking incubator.
To achieve a final concentration of 10% cells ml’l, the
bacterial cultures were incubated at 28 + 2°C for 1 day
(Azospirillum), 3 days (Azotobacter), 5 days (P. fluores-
cens), and 7 days (P. striata), while S. cerevisiae was
incubated at 23 +2°C for 3 days. A similar set of the
microbial cultures was also prepared side by side to get
50 ml cell-free supernatants of respective organisms. The

Table 1.

cell-free supernatants were obtained by centrifuging the
microbial cultures at 5000 g for 30 min and further pass-
ing the supernatants through nitrocellulose filter (0.22 um
pore diameter). Fifty millilitre of uninoculated culture
media of the microorganisms was attained by autoclaving
at 15 psi for 15 min. Three preparations, viz. complete
microbial culture (= C), cell-free supernatant (= S), unino-
culated culture medium (= U) were thus obtained.

Seeds of Rhodes grass were obtained from the Divi-
sion of Agronomy, IARI. The grass seeds were surface
sterilized with 0.01% HgCl, for 4 min, washed ten times
with sterile deionized water and dried on blotting paper
under sterile condition.

AM root colonization and sporulation studies were
carried out in sanitized (1.5% Sumabac sanitizer) plastic
pots (6” diameter) containing sterilized soil and sand
(3:1) @ 2kg pot’'. Sandy loam soil (2 mm mesh size)
from TARI farm having 0.52% total organic carbon, 0.04%
total nitrogen, 5 ppm NaHCOj; extractable P, 1.5% mois-
ture and 6.5-7.5 pH was used. The potting soil at 1 cm
depth was removed from each pot and mixed thoroughly
with microbial preparations (50 ml) of different orga-
nisms separately and left for light drying. Twenty holes
(approximately 0.5 cm wide and 1 cm deep) were made
on the surface of the soil in each pot and 50 sterile
G. mosseae spores were pipetted into each hole followed
by sowing of one sterile Rhodes grass seed. The open

Effect of microbial preparations of PGPR and yeast (U uninoculated culture medium, S cell-free supernatant, C complete microbial

culture) on root volume, shoot and root dry weight in Rhodes grass with and without AM at two harvests. Mean values of three replicates
(ten plants per pot) are given. Means sharing a letter are not significantly different according to Duncan’s test (P < 0.05)

First harvest

Second harvest

Without AM With AM Without AM With AM
Root Shoot dry Root dry Root Shoot dry  Root dry Root Shoot dry Rootdry  Root  Shootdry Root dry
volume weight weight volume weight weight volume weight weight  volume weight weigh
Treatment  (mlpot”) (gpot™) (gpot”) (mlpot') (gpot’) (gpot') (mlpot') (zpot') (zpot') (mlpot’) (gpot’) (zpot™)
Control 0.54° 0.12° 0.16° 0.90" 0.23' 0.258 6.34F 1.11" 1.13¢8 7.15° 3.198 2.808
Azospirillum sp.
2.05% 0.50%9 .40 3.108 0.82¢ 0.92% 7.15° 3.80° 3.58° 7.67° 4.91° 4.20°

S 3.36° 0.66™ 0.49" 4.88° 1.63% 1.14" 8.50° 478" 4.15° 9.45° 5.60° 5.73°

C 4.01° 0.73° 0.60° 5.55° 1.89° 1.43° 10.15° 5.05° 5.09°  12.05° 6.88° 7.01°
A. chroococcum

U 2.00% 0.54%9  (.44>9 3.30°% 0.97% 1.10%9 7.26° 3.86° 3.92¢ 8.16¢ 4.07° 4.88¢

S 2.30 0.58 (.48 3.84¢ 1.48% 1.14" 7.89¢ 4.55° 4.00¢ 8.99° 5.38 5.56"

C 3.85° 0.63%  0.50% 5.36 1.71% 1.35° 9.95° 4.85° 4.79° 11.88* 6.69% 6.85°
P. fluorescens

U 1.86¢ 0.399 0.24° 3.22% 0.70° 0.58 6.38° 3.208 3.16 7.28 3.208 3.86

S 2.11% 0.54> (.40 3.51° 1.28% 0.94% 7.86° 4,25 3.89¢ 8.85° 5.20¢ 5.37°

C 3.89° 0.65%  0.53® 5.38° 1.74%® 1.36 9.99% 4.88° 4.83° 11.91* 6.71% 6.87°
P. striata

U 2.07% 0.48% 0.329% 3.46% 0.80¢ 0.82° 6.42f 3.78 3.55° 7.30° 3.358 3.97°

S 2.45° 0.52%¢ (.42 4.27° 1.19 0.98°% 7.11° 4.00° 3.97¢ 8.35¢ 3.82° 4,09

C 3.82% 0.62%° .51 5.35° 1.70% 1.34° 9.94° 4.83° 4.79° 11.87° 6.66® 6.83°
S. cerevisiae

U 0.55° 0.15° 0.18° 0.92" 0.25i 0.268 6.36" 1.14° 1.178 7.18F 3.208 2.828

S 0.57° 0.15° 0.19 0.95" 0.25i 0.27¢ 6.37° 1.15" 1.17¢ 7.16 3.208 2.838

C 0.59° 0.16° 0.19° 5.35° 1.70% 1.33® 6.40° 1.15 1.198 11.86% 6.64° 6.82°
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seeded holes were then covered evenly with the micro-
bial-preparation mixed soils to give rise to individual
treatments. The pot registering for control treatment was
devoid of microbial preparation. The batch of non-AM
experimental pots received similar treatments, only with-
out G. mosseae spores. After germination, ten plants per
pot were maintained. The pot culture experiment was set
in a semi-sterile environment in a polyhouse during March—
May, where the plants received an average of 8 h day-
light with a mean ambient temperature of 30.8°C. The
pots were irrigated with sterile tap water throughout the
experiment. The experiment was a completely randomi-
zed design, each treatment replicated six times, i.e. three
replicates for the first harvest [45 days after sowing (DAS)]
and three replicates for the second harvest (90 DAS). The
data were analysed statistically using ANOVA and signi-
ficant differences between treatments were separated by
Duncan’s test (P <0.05).

At each harvest the volume of root and dry weight of
shoot and root per pot were determined by the procedure
mentioned by Singh'’. Mycorrhizal colonization of roots
in terms of per cent infection was measured according to
Phillips and Hayman®. Spores from 25 g of root-zone soil
samples were collected by wet sieving and decanting tech-
nique, and their number was counted'®?!,

It is evident from data (Tables 1 and 2) that all the treat-
ments increased the per cent mycorrhizal infection and
number of spores, besides the plant parameters (compris-
ing root volume, shoot dry weight and root dry weight)
compared to control in AM-inoculated plants at the first
harvest. A further increment in all parameters was also
noticed in the second harvest. Among the three different
preparations used in the investigation, complete micro-
bial cultures (C) increased all the parameters studied,
while uninoculated culture media (U) responded the least.
It is apparent from Table 1 that all complete microbial
cultures except yeast stimulated the root growth in non-
mycorrhizal plants. Table 2 reveals that AM culture in
conjunction with all the organisms (at 45 DAS) has been
able to yield equal or even more amount of infected roots
and spores than singly cultured AM (at 90 DAS). This
suggests the possible reduction of AM culturing period
by 45 days compared to its usual three-month pot cultur-
ing*. The complete microbial cultures of PGPR consi-
derably enhanced mycorrhizal colonization compared to
yeast, Azospirillum enhancing it to the maximum fol-
lowed by P. fluorescens, A. chroococcum, P. striata (Table
2). High root colonization also improved AM spore number,
since these two phenomena are often closely related®.
However, no significant (P <0.05) differences between

Table 2. Effect of microbial preparations of PGPR and yeast (U uninoculated culture medium, S cell-free
supernatant, C complete microbial culture) on mycorrhizal root colonization and sporulation in
Rhodes grass at two harvests. Mean values of three replicates are given. For per cent root
infection — fifty root sections scored per pot; spore number — 25 g soil sieved per pot. Means
sharing a letter are not significantly different according to Duncan’s test (P < 0.05)

First harvest

Second harvest

Without AM With AM Without AM With AM
Per cent Percent Per cent Per cent
root Spore root Spore root Spore root Spore

Treatment infection number infection number infection number infection number
Control 00.00 00.00 22.08 123.0¢ 00.00 00.00 45.0 183.0
Azospirillum sp. )

U 00.00 00.00 25.0% 130.0° 00.00 00.00 49.0%* 198.0°

S 00.00 00.00 52.0%9  190.0¢ 00.00 00.00 59.0° 223.09

C 00.00 00.00 58.0° 202.0° 00.00 00.00 94.0° 710.0°
A. chroococcum

U 00.00 00.00 30.0°F 139.0" 00.00 00.00 58.0% 218.0°

S 00.00 00.00 50.0%9 183.0° 00.00 00.00 55.0%d 240.0°

C 00.00 00.00 55.0"  195.0° 00.00 00.00 91.0° 696.0°
P. fluorescens B

U 00.00 00.00 24.0% 128.04 00.00 00.00 49.0%F 193.0°

S 00.00 00.00 46.09 176.0° 00.00 00.00 52.0%% 218.09

C 00.00 00.00 56.0" 198.0™ 00.00 00.00 92.0° 701.0™
P. striata B

U 00.00 00.00 23.08 126.0 00.00 00.00 46.0 190.0°"

S 00.00 00.00 32.0¢e 150.0¢8 00.00 00.00 50.0%F 192.0°

C 00.00 00.00 55.0"  196.0™ 00.00 00.00 89.0° 694.0°
S. cerevisiae B

U 00.00 00.00 24.0% 126.0" 00.00 00.00 47.0¢ 186.0°

S 00.00 00.00 24.0% 127.04 00.00 00.00 47.0¢F 188.0°

C 00.00 00.00 54.0"  193.0 00.00 00.00 89.0° 694.0°
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the PGPR complete culture treatments were present at
most, if not all instances. A similar observation has been
made by earlier workers™ 2.

Supernatants of bacterial strains improved all para-
meters studied compared to uninoculated treatment (Tables
1 and 2). Tilak et al.”’ reported the effect of whole cell
culture and cell-free extracts of Azospirillum and Azoto-
bacter on AM spore germination in vitro with similar
results. This indicates the involvement of water-soluble,
diffusible substances of microbial origin as suggested by
Azcon-Aguilar er al.*®. Besides fixing atmospheric nitro-
gen, PGPR are also known to synthesize considerable
quantities of biologically active substances in the rhizo-
sphere’”®. Among these are phytohormones (IAA and
GA) which increase the root biomass®, AM spore germi-
nation and hyphal elongation®”* which in turn accelera-
tes the AM root colonization®!, Here, we state a plausible
explanation that accounts for the superiority of Azospiril-
lum sp. complete culture among all organisms in the
study. The associative symbiont may have thrived well
and performed efficiently within Rhodes grass root. De-
spite its high potential on AM-inoculated plants, com-
plete cells of S. cerevisiae continued to have negligible
effect on non-mycorrhizal plants. Thus it is inferred that
the yeast specifically stimulated the AM development
rather than the host plant, which is consistent with the
suggestions of Larsen and Jakobsen’®. Overall, the for-
eign cultures had well acclimatized to local conditions
and yielded good results. The partially uniform soil,
water, temperature and light regime throughout the ex-
periment in an automatically controlled polyhouse may
be a plausible explanation for this'**®

Promoting high levels of mycorrhizal development on
young, rapidly growing plants is an important challenge
in commercial use of mycorrhizal inoculants®, Thus, from
the above findings it can be concluded that PGPR and
yeast can be used in the mass production of AM fungal
cultures.
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Excavation of a unique sailboat at
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Recent archaeological excavations at Kadakkarappally,
Kerala have exposed an interesting sailboat in a partly
intact condition. The method of construction adopted
in the boat, which has no known parallels, and the well-
preserved condition of the wood, considering the hos-
tile environmental conditions prevailing in India, make
this a unique find. The preliminary findings of the exca-
vations are presented here.

KADAKKARAPPALLY is a sleepy village lying about 1.5 km
from the Arabian Sea coast, around 30 km south of Kochi
near Taikkal, Cherthala Taluk, Alappuzha District, Kerala
(Figure 1). This part of Kerala is well known for back-
waters and canals. The Vembanadu Lake, which separates

*For correspondence. (e-mail: selvaveera@hotmail.com)

CURRENT SCIENCE, VOL. 86, NO. 5, 10 MARCH 2004

the Alappuzha land-stretch from the mainland, opens to the
Arabian Sea close to Kochi (Cochin).

Existence of the boat was first brought to notice by the
local people, who dug a paddy field for coconut cultiva-
tion in the 1990s. It is reported that the stern end of the
boat was destroyed by the local people who dug up this
area, expecting some treasure. Subsequent explorations by
the Department of Archaeology, Government of Kerala,
have ascertained the existence of the boat and excava-
tions were conducted in 2002 and 2003 by the Centre for
Heritage Studies, Tripunithura and the Department of
Archaeology, Government of Kerala. Two trenches (KPY I
and KPY II) were excavated at this site— KPY I (30 m x
12 m) revealed the boat and KPY II (10 m x 5 m) was
excavated to study the local stratigraphy (Figure 2). Since
the site was completely waterlogged, the excavation pro-
gressed slowly and pumps were used to drain the water
during the excavations.

The intact portion of the double-mast, flat-bottomed
sailboat measures about 18.70 m in length and 4.05 m in
width (Figure 3 a and b). The double-hulled boat, which
is divided into 11 compartments, has a pointed bow, and
the stern and upper parts of the hull are damaged. The
boat has its maximum width amidships. The shape of the
stern is not clear, but it appears to have had a transom. The
wooden pieces that formed the stern end are no longer in
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Figure 1. Location of Kadakkarappally.
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