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Abstract: An experiment was conducted at the Seil Microbiology Laboratory,
Department of Land Management, University Putra Malaysia, Malaysia to observe
the effect of plant growth promoting bacterial inoculation on the enhancement of
germination and vigor seedling production of rice. The design of the experiment
was completely randomized with five replicates. Seeds were either inoculated by
Bradyrhizobium strains UPMRAE, UPMR29, Burkhloderia sp. strain SB13,
Corynebacterium sp. strains SB35 and SB41 or un-inoculated control or cultural
media only. The results pointed out that inoculation significantly influenced the
seedling emergence and vigor and seeds inoculated with stram UPMR29 and
UPMRA4R showed better performance in respect of vigor index. Inoculation of seeds
with UPMR29 showed the longest plumule (shoot length). Bacterial inoculation also
influenced on the root hair formation where UPMR 48 showed earlier root hair
mitiation than others. The overall root growth and development were positively
mnfluenced by the bacterial inoculation. The results concluded that plant growth
promoting bacteria UPMR29 and TUJPMR4E could be used for vigor seedling
production of rice.
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INTRODUCTION

Rice (Oryza sativa 1..) is the major food crop of nearly half of the world’s population. For
over half a century, the world has relied on increasing crop yields to supply an ever
increasing demand for food. World rice production increased significantly during last two
decades. This dramatic increase in world grain production was the result of a 122% increase
i crop yields. However, this trend of grain production cannot be mamtammed due to
decreasing the cultivable land for rapid urbamization. Therefore, vertical expansion for food
production is essential. In order to increase world food production in a sustainable manner,
farmers have to use quality seeds. Good quality and viable seed is required for rapid and
synchronous seedling which 1s prerequisite for successful crop establishment and uniform
crop growth and development and finally the yield. Vigor test provides additional mformation
on the rate and uniformity of seedling growth under wide range of environmental conditions
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(Powell and Matthews, 2005). Seedling vigor is critical when competition for light, air and
water becomes strong. Seedlings with vigorous growth pattern can compete successfully
under stress, influencing stand establishment and ultimately gram yield. Germination 1s a
critical stage m the development and life cycle of many plants; it ensures the production and
consequently controls the dynamics of the population. Seed germination can be divided
into three phases: imbibition, increased metabolic activity and initiation of growth, which
loosely parallel the triphasic water uptake of mature dry seeds (Finch-Savage and Leubner
Metzger, 2006; Ghars et al., 2009).

Plant Growth Promoting Bacteria (PGPB) are bacteria that improve plant growth when
introduced onto seeds, seed pieces, roots, or into soil. The PGPB improve plant growth by
one or more mechamsms: direct stunulation of plant growth by the production of
phytohormoenes, vitamins and siderphores; enhancement of nutrient uptake; suppression
of plant pathogens and/or induction of resistance in plant hosts against pathogens
(Mayak et al., 2004, Alikhani et al., 2006, Dakora, 2003; Dobbelaere et al., 2003). The
inoculation of seeds or seedlings with microbial inocula has been adopted as a method of
modifying microbial populations around crop plants to promote both development and yield.
The stimulation of seedling development by bacteria has also been attributed to the
production of biclogically active compounds. A significant increase in grain yield was also
recorded in rice plants moculated with plant growth promoting bacteria (Singh et af.,
2006, Francime et al, 2007). Sumilarly, moculation of rhizobia to rice produced
significantly higher root and shoot biomass; increased their photosynthetic rate and
accumulated higher levels of indoleacetic acid and gibberellin growth-regulating
phytohormones (Feng et af., 2005).

It has been shown that Rhizobium sp. can develop on the surface of monocots similarly
to dicotyledons and that Bradyrhizobium sp. can grow efficiently on grass or legumes seeds
during germination, stimulating root development in a similar manner to free-living bacteria
(Pena-Cabrales and Alexander, 1983). The present investigation was designed to assess the
range of growth promoting activities of various plant growth promoting bacteria on seedling
emergence, vigor, growth and development of rice.

MATERIALS AND METHODS

The experiment was conducted at the Soil Microbiclogy Laboratory, Department of Tand
Management, Faculty of Agriculture, University Putra Malaysia during Tuly to September
2009. The design of the experiment was completely randomized with five replicates. The rice
cultivar MR219 (Oryza sativa L.), collected from the Malaysian Agricultural Research and
Development Institute (MARDT), Malaysia were used in the experiment. Following PGPB
strains were used as test materials:

Strains Species

UPMR 48 Bracdyrhizobium sp.
TUPMR2% Bradyrhizobium sp.
SB13 Borkholderia sp.
SB35 Coryrebacteritimn sp.
SB41 Corvrebacteritm sp.

Strains were grown in yeast manitol broth (YMB) (Somasegaran and Hoben, 1994) and
nutrient broth. Exponentially growing cells in shaken broth culture were inoculated. Rice
seeds was swurface sterilized by 95% ethanol in an Erlenmeyer flask and was treated with
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1% sodium hypochlorite (Clorox) for 2 min followed by six times washing with sterile water.
Thereafter the seeds were soaked in various Bradyrhizobial or PGPB grown broths. Seeds
soaking in yeast manitol broth and nutrient broth were treated as control. Twenty five seeds
either inoculated or control were put in sterilized Petri dish containing filter paper
(Whatman No. 102) and the Petr1 dish were kept an incubator at 30°C for 120 h

Following parameters were made for seed germination:

Seedling Emergence Test
After soaking, the air-dried seeds were used for germination and the seedling percent
emergence was calculated with the following formula:

No. of emerged seedlings
No. of seeds sown

Emergence (%) = x 100

Co-efficient of germination and germination mdex were calculated using followimng
formula (Copeland, 1976):

100(A, +A, + A+t Ay)
AT AT, ATy

Co efficient of emergence (%) = x100

Where:

A = No. of seed germinated

T = Tume corresponding to A

x = Counting number (1, 2, 3 ..nth) Ti Ni

. Ti Ni
Emergence index = 1

Where:

Ti = The ith No. of days after sowing
Ni= The ithNo. of seeds emergence
S = The total No. of seed used

Plumule and radical length were measured by a meter scale and root surface area, root
volume and total root length were measured by a root image scanner (Model: WinRhizon-
Analysis for Root, Regent Instruments Inc.). The roots and shoots were separated and keep
in an electric oven at 48°C for 72 h for taking a constant dry weight. Seedling vigor mdex was
measured according to the modification of Abdul Baki and Anderson (1973).

Statistical Analysis

Treatments were arranged in a completely randomized design, the mean, standard error
analysis of variance and the LSD were calculated by using SAS package, Version 9.0
(SAS Institute Tnc., 2004). Means were compared using the Least Significance Difference
(LSD) or Duncan Multiple Range Test (DMRT) at 5% level.

RESULTS
Seedling Emergence Percentage

Seedling emergence was positively influenced by the application of different plant
growth promoting bactenial moculation (Fig. 1). Although, mitially there were no pronounced
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Fig. 1: Effects of different plant growth promoting bacterial inoculation on the percent
seedling emergence of rice seeds variety MR219

differences which accelerated with time and a clear differences were visible at 48 h after
inoculation where strain UPMR29 showed higher percentage of germination. Finally, both
control and mnoculated seeds showed similar percent of emergence.

Emergence Index

The seedling emergence index increased with time (Fig. 2a, b). There were no significant
differences between mnoculated and un-moculated seeds. The trend of emerging index was
linear.

Vigor Index

Inoculation significantly influenced on the seedling vigor index and seeds inoculated
with Bradyrhizobium spp. strain UPMRA8 and UPMR29 showed the lugher seedling vigor
as compared to control (Table 1). However, seeds inoculated with SB35 showed the poorest
vigor index. Strains SB 41 and SB13 showed lower but comparable vigor index. Application
of nutrient broth also showed the higher vigor index.

Seedling Growth

Tnoculation of PGPB significantly influenced the plumule (shoot) length (Table 1). The
seeds inoculated with UPMR29 showed the longest shoot and application of SB35 showed
the shortest shoot than others. Application of nutrient broth also showed the higher shoot
length.

Root Growth

Application of PGPB on the seeds of rice sigmficantly mfluenced on the root hair
formation where seeds inoculated with SB35, SB41 and UPMR 48 initiated root hair at 48 h
after inoculation whereas control and other strains initiated root hair after 72 h of inoculation
(Table 2). Siunilarly, those two strains showed earlier mutiation of lateral roots. Inoculation of
SB13 and SB35 showed deformed or black tip of roots. All the strains showed root hair until
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Fig. 2 (a, b) Effects of different plant growth promoting bacterial inoculation on the seedling
emergence index of rice seeds variety MR219

Table 1: Effects of different PGPB strains on the germination, vigor index, shoot length and total dry matter of rice
seedlings variety MR 219

Treatments Percent germination Vigor index Shoot length (cm) Total dry matter (mg)
Control 71 To0be 5.30abc 6.37he

YMB 79 907ab 5.13abc 6.57abc
Nutrient broth 77 949a 5.97a 7.14a
UPMR29 79 956a 5.95a 6.78ab
UPMRA8 81 951a 5.66ab 7.06a

SB13 81 883ab 4.82bc 7.17a

SB35 77 To6e 3.88d 5.93cd

SB 4l 82 878ab 4.79¢ 5.55d

Tn a column means having same letter (8) do not differ significantly at 3% level of significant

Table 2: Initiation of root hair in rice variety MR219 as influenced by plant growth promoting bacterial inoculation

Tnitiation of root hair Tnitiation of lateral roots Occurrence of Occurrence of toot hair
Treatments (hour after inoculation) (hour after inoculation) deformed roots after 96 h of inoculation
Control 72 96 - -
YMB 72 96 - +
Nutrient broth 72 96 - +
UPMR29 72 96 - Tt
UPMRA8 48 72 - +
SB13 72 72 + +
SB35 48 96 + -
SB41 418 72 ++ -

+: Presence, -: Absence

96 h of inoculation except control and roots moculated with SB13 and SB41. Inoculation of
plant growth promoting bacteria significantly influenced the root length of rice (Table 3).
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Table 3: Effects of different PGPB inoculation on the root growth and development of rice variety MR219
Treatments Root length (cm) Root diy weight (mg) Root shoot ratio Root volume (cm®) Root surface area (cm?)

Control 5.30abc 2.9%hc 0.90 0.046bce 5.54be
YMB 5.13abc 3.12abc 091 0.049b 5.79abc
Nutrient broth 5.97a 3.39ab 0.9 0.056a 6.69a
UPMR29 5.95a 3.44a 1.04 0.053ab 6.37ab
UPMR48 5.66ab 3.50a 0.98 0.054a 6.49
SB13 4.82bc 3.55a 0.99 0.055a 6.58a
SB35 3.87d 2.8% 0.95 0.4 5¢ 5.35¢
SB 41 4.78¢ 2.37d 0.74 0.037d 4.40d

Tn a column means having same letter (8) do not differ significantly at 3% level of significant
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Fig. 3: Effect of PGPB inoculation on the seed reserve mobilization of rice variety MR219

Seeds treated with UPMR 29 produced significantly the longest radical compared to others.
Application of nutrient broth also increased the root length. The shortest root was also
produced by the inoculation of SB35. The remaining treatments showed the intermediate
status. Similarly, root dry weight also sigmficantly influenced by the application of PGPB
(Table 3). Inoculation with strain UPMR48, UPMR29 and SB1 3 significantly increased the
root biomass as compared to control treatments. Inoculation with SB35, SB41 showed the
lowest performance compared to others. Root to shoot ratio also influenced by the
application of UPMR 29 indicating higher root growth than shoot.

Root Volume and Surface Area

Tnoculation of PGPB significantly influenced on the production of root surface area and
root volume (Table 3). The stran UPMRA48 and SB13 produced the greatest root volume and
similarly the root swiface area. However, the strain SB41 recorded the lowest root volume and
surface area.

Mobilization of Seed Reserve

The PGPB inoculation significantly influenced on the seed reserve mobilization of rice
(Fig. 3). Inoculated seeds with SB13 and UPMRA4R remained less amount of food in the
endosperm. Seeds noculated with SB13 and nutrient broth showed higher seedling shoot
percentage than others. Similarly, SB13, UPMR29 and UPMR48 showed higher percentage
of root than others.
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DISCUSSION

Plant growth promotion along with N, fixation by bacteria might be performed important
factors for achieving a sustainable agriculture in the future by saving the environment. Since,
various PGPB have been found diazotrophic bacteria have been found in association with
graminaceous plants, which are possible candidates for beneficial interactions with
agriculturally important crops. The experimental results clearly indicated that significant
umprovement was made on seedling emergence and seedling vigor due to PGPB inoculation.
Vigor seeds are precondition for better seedling establishment consequently the higher yield
(McDonald and Copeland, 1997). Induction of root hair, lateral roots formation, longer roots
and consequently the root mass was the results due to PGPB moculation This root
enhancing effect might be due to the production of phytohormone especially TAA where
Noel et al. (1996) reported significance enhancement of early seedling root growth in
non-legumes by seed moculation with R. leguminosarum and attributed this effect to
bacterial phytohormone production. It 15 well-known that moculation of cereals with Plant
Growth Promoting Bacteria (PGPB) resulted in increased crop growth and yield and act as
biofertilizer and biocenhancer for different non-legumes (Andrews et al., 2003; Mia et al.,
2009; Shamsuddin et al., 1999). However, there is general agreement that these growth
responses were not due to N, fixation by the bacterium, but were primarily related to the
bacterial production of phytohormoene, which caused changes in root morphology and
physiology that resulted in increased nutrient and water uptake from the soil (Andrews et al.,
2003, Tames, 2000, Mantellin and Touraine, 2004; Mia et al., 2009). Similar crop bio-enhancing
activity in different non-legumes has been observed due to rhizobial moculation. These
growth enhancing phenomena are more pronounced in roots rather shoot.

In terrestrial plants, roots serve several functions namely conducts to supply both
nutrients and water to the plants from the soil, a location for the synthesis and exchange of
various plant hormones, storage organs of plant resources and the anchorage of the plant
(Fitter, 1991; Schiefelbein and Benfey, 1991). Root development is clearly influenced by the
activity of phytohormone especially auxins, which are known to influence a munber of plant
functions such as promotion of cell elongation and cell division apical dominance, root
initiation, differentiation of vascular tissue, ethylene biosynthesis mediation of tropic
responses and alteration of the expression of specific gene (Chasarn, 1993; Key, 1989, Sachs,
1993; Warren-Wilson and Warren-Wilson, 1993). There are evidences that certain strains of
Rhizobium can enhance rice growth and yield through the accompanying changes in growth
physiology or root morphology rather than biological N, fixation (Biswas et al., 2000).
Rhizobium sp. are capable of synthesizing [AA m absence of tryptophan, but the exogenous
application of tryptophan increases TAA production several fold (Kittell et al, 1989).
Increased rice root systems with a sigmficantly greater absorptive surface area and extra
cellular bicactive metabolites that can promote rice root development resulting in expansive
root architecture were also observed by the application of Rhizobium.

Inoculation of rhizobia can increase N uptake by rice plant which was reported by
Yanni et al. (1997). These raises questions of whether this benefit of rhizobia to rice may be
due to their associative N, fixing activity and/or their ability to change the phytohormone
balance, thereby mnfluencing growth physiclogy in ways that affect major nutrient uptake in
rice.

The greater total Dry Matter (DM) accumulation by rice seedling due to inoculation with
Bradyrhizobia strain UPMR29 and UPMRA4E on rice roots, their longevity is nevertheless
adequate to trigger plant growth stimulation and vigor of young seedlings that carryover to
produce more productive plants, resulting m higher yields at maturity (Biswas, 2000).
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Yanni et al. (2001) has found good response of phytohormone production in rice by
inoculating Rhizobium leguminosartm bv. Trifolli. In present results, inoculation
significantly mcreased the vigor index which determines the state of the healthy seedling and
ultimately the condition of the productivity of the plant. Sumilarly higher the vigor index
better will be the yvield of crop plants.

CONCLUSIONS

The results have provided useful information about the responses of PGPB on rice seed
emergence and seedling development. It 1s indicated that moculation of Bradyrhizobium sp.
stram UPMRAS and UPMR?29 resulted in an increased seed emergence, seedling vigor and
seedling root growth and development. Considerable improvements were obtained in root
morphology namely root length, root surface area, volume and consequently the mass. Seeds
inoculated with UPMRA48 showed better performance in respect of seedling growth although,
percent germmnation was not influenced. In conclusion, the results suggested that
simultaneous screening of PGPB for seedling establishment under pot and field experiment
is a good tool to select effective PGPB for biofertilizer development biotechnology.
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