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SUMMARY

Plant growth in agricultural soils is influenced by a myriad of abiotic and
biotic factors. While growers routinely use physical and chemical approaches to
manage the soil environment to improve crop yields, the application of microbial
products for this purpose is less common. The rhizosphere, the narrow zone of
soil surrounding the root that is under the immediate influence of the root
system, is relatively rich in nutrients, due to the loss of as much as 409% of
plant photosynthates from the roots. Consequently, the rhizosphere supports large
and active microbial populations that 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 a stimulation of its growth. The importance of rhizosphere
microbial populations for maintenance of root health, nutrient uptake, and
tolerance of environmental stress is now recognized. Beneficial free-living soil
bacteria are generally referred to as plant growth-promoting rhizobacteria (PGPR)
and are found in association with the roots of many different plants. The bacteria
that provide some benefit to plants are of two general types: those that form a
symbiotic relationship, which involves formation of specialized structures of
nodules on host plant roots, and those that are free-living in the soil; the latter
are often found near, on or even within plant tissues.

The so called PGPR classified according to their beneficial effects, can be a
significant component of management practices to achieve the attainable yield.
Although numerous free-living soil bacteria are considered to be PGPR, not all
bacterial strains of a particular genus and species have identical metabolic
capabilities and interactions with plants. The large scale applications of PGPRs to
crops as inoculants would be attractive leading to potential environmental
benefits; reducing the use of agricultural chemicals. The prospect of manipulating
crop rhizosphere microbial populations by inoculation of beneficial bacteria to
increase plant growth has shown considerable promise in laboratory and
greenhouse studies, but responses have been variable in the field. Recent

progress in our understanding of the biological interactions that occur in the
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rhizosphere and of the practical requirements for inoculant formulation and
delivery should increase the technology'’s reliability in the field and facilitate its
commercial development.

This article gives an overview of the potential roles and different mechanisms
of by which PGPR have been found to promote plant growth. Here we extend
the potential for the PGPR to contribute as biofertilizers for field crops. We also
advance the thesis that PGPR may promote crop yield increases by modifying
soil-plant processes so that N and other nutrients are more completely retained

in the plantOsoil system.

Nitrogen—fixing bacteria where isolated from the rhizosphere of different
crops of Korea. A total of 16 isolates were selected and characterized. Thirteen
of the isolates produced characteristics similar to those of the reference strains of
Azospirillum, and the remaining 3 isolates were found to be Enterobacter spp.
The isolates could be categorized into 3 groups based on their ARDRA patterns,
and the first 2 groups comprised Azospirillum brasilense and Azospirillum
lipoferum. The acetylene reduction activity (ARA) of these isolates was
determined for free cultures and in association with wheat roots. There was no
correlation between pure culture and plant-associated nitrogenase activity of the
different strains. The isolates that showed higher nitrogenase activities in
association with wheat roots in each group were selected and sequenced. Isolates
of Azospirillum brasilense CW301, Azospirillum brasilense CW903, and
Azospirillum lipoferum CW1503 were selected to study colonization in association
with wheat roots. We observed higher expression of B-galactosidase activity in
A. brasilense strains than in A, lipoferum strains, which could be attributed to
their higher population in association with wheat roots. All strains tested
colonized and exhibited the strongest B-galactosidase activity at the sites of

lateral roots emergence.

Mass culturing of two beneficial organiv used as biofertilizers for crops

would reduce the risks in production and minimize the capital involved and this
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demands appropriate media that supports both organism and also selection of
organit that are not antagonistic to each other. A study was initiated to culture
a nitrogen fixer (Rhizobium) and phosphate solubilizer (Bacillus megaterium) in a
single medium and to study their growth patterns and shelf llife in carrier. The
growth of Rhizobium and Bacillus megaterium was assessed in different media
and a slight modification in the traditional yeast extract mannitol media promoted
the growth of both the organisms. The growth of the individual organisms in the
modified medium was assessed by estimating the population at regular intervals
and compared to their original medium. Maximum population of Rhizobium and
phosphobacteria was at 60 hr when the phosphiobacteria inoculation of later was
after 48 hr of Rhizobium inoculation. The shelf life of the individual organisms
inoculated in a sterilized carrier. The population of both organisms in carrier

based mixed inoculant remained at 108 cells till 90 days.

Inoculation of the carrier-based mixed bioinoculants of N-fixer (Azospirillum
lipoferum strain Az204/Rhizobium strain BMBS P47) and phosphate -solubilizing
bacterium(Bacillus megaterium var phosphaticum strain Pbl) promoted growth
and yield of pearl millet and blackgram under potculture conditions. The mixed
inoculant of Az204 and Pbl enhanced germination, seedling vigor, plant height,
and seed weight, and resulted in 6% increase in grain yield of pearl millet.
Likewise, the mixed inoculant of BMBS P47 and Pbl Pbl increased growth,
nodulation, and yield in blackgram. The rhizosphere soil enzyme activities,
including nitrogenase, urease, and phosphatase, in in both pearl millet and
blackgram were significantly increased by the inoculation of the mixed inoculant,
compared to that of the individual inoculants. The results clearly indicate the
beneficial effect of co-culturing the N-fixer and P-soubilizer in inoculants

production.
Penicillium oxalicum strain CBPS-3F-Tsa, an efficient phosphate solubilizing

fungus, was evaluated for production of organic acid in vitro and effectof

inoculation on the growth promotion of Maize under greenhouse conditions. The
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fungus solubilized 129.1, 1188 and 541 mg P/1 of tri-calcium phosphate
[Ca3(PO4)2], aluminium phosphate (AIPO4) and ferric phosphate (FePO4),
respectively, after 72 h of incubation. Malic acid, gluconic acid and oxalic acid
were detected in the flasks supplemented with various phosphate sources together
with large amount of malic acid [240, 146, 145 mM AIPO4, FePO4, and
Ca3(P0O4)2 respectively] followed by the other two. The effects of inoculation of
P. oxalicum CBPS-3F-Tsa on maize plants were studied under pot culture
conditions. P. oxalicum CBPS-3F-Tsa was inoculated to maize plants alone or
together with inorganic phosphates in the form of fused phosphates (FP) and
rock phosphates (RP). Inoculation of P. oxalicum CBPS-3F-Tsa increased the
plant growth, and N and P accumulation in plants, compared to control plants,
and also had positive effects when applied with RP. The results of this study
show that the fungus P. oxalicum strain CBPS-3F-Tsa could solubilize different
insoluble phosphates by producing organic acids, particularly malic acid, and also

improved the efficiency of RP applied to maize plants.

Five phosphate solubilizing bacteria (PSB)used in this study were screened
based on their ability to solubilize tricalcium phosphate (TCP) in Pikovskaya's
medium. Among tested bacterial strains Burkholderia sp. strain CBPB-HIM
showed the highest solubilization (363 ug of soluble P ml-1) activity at 48 h of
incubation. Further, this strain has been selected to assess its shelf life in
nutrient amended and unamended clay, rice bran and rock phosphate (RP) pellet
based granular formulation. The results showed that the maximum viability of
bacterium was observed in clay and rice bran (1:1) + 10% RP pellets than
clay-RP pellets, irrespective of testedstorage temperatures. Further, clay and rice
bran (1:1) + 10% RP pellets amended with 1% glucose supported the higher
number of cells compared to glycerol amended and nutrient unamended pellets. In
this carrier solubilization of Morocco rock phosphate (MRP) by Burkholderia sp.
strain CBPB-HIMwas also investigated. The maximum of water and bicarbonate
extractable P (206 and 245 ug P g-1lof pellet respectively) was recorded in clay
and rice bran (1:1) + 10% RP pellets amended with 1% glucose and glycerol
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respectively on day 5 of incubation. Therefore,this study proved the possibility of
developing granular inoculant technology combining clay, rice bran and RP as

substrates with phosphate solubilizing Burkholderia.

The composition of thebacterial community associated with plant roots is
influenced by a variety of plant, environmental factors and also management
practices. Our study aimed at detecting the root associated bacterial communities
of Chinese cabbage wunder different fertilization regimes using cultivation
dependent methods. The cultivable population was studied using plate countassay,
fatty acid methyl ester (FAME) analysis and carbon substrate utilization using
BIOLOGTMplates. Taxonomical identification of the isolates by FAME resulted in
about 83% identification and they represented 9 and 14 different known bacterial
genera from the rhizosphere and root interior respectively from Proteobacteria (a,
B, and y ), firmicutes (actinobacteria and the Bacillus groups) and Bacteroidetes.
Pseudomonas and Bacilluswere associated with the plants grown under all the
fertilized conditions and actinobacteria could be observed only in rhizosphere of
plants grown on unfertilized plots. FAME and BIOLOG profiles of the rhizosphere
and endophytic isolates could separate them with reference to fertilization.
Principal component analysis (PCA) on the BIOLOG substrate utilization revealed
that the isolates were metabolically dissimilar. The diversity, as revealed by the
diversity indices was greater among the isolates obtained from unfertilized
samples than that of fertilized ones. The isolates analyzed for different traits
related to plant growth promotion revealed differences between rhizosphere and
endophytic isolates and also with reference to the treatments. The highest
percentage of phosphate solubilizing bacteria (PSB) and
1-aminocyclopropane-1-carboxylic acid (ACC)utilizers was recorded in chemical
fertilizer treated samples, followed by the organic fertilizer treated. The results
from this study indicate that fertilizers have an effect on the root associated
bacterial communities of Chinese cabbage and also on their physiological

characteristics related to plant growth promotion.
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Test
tube

Rubber

Vermiculite

Fig 1. Model system of plant bottle inoculated with seedlings. (A), Growth
stage; (B), Sealed for acetylene reduction assay.
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Cover
tubes

seedlings

Plant
growth
tube

Filter
paper

Fig 2. Model system of the test-tube hydroponic system. (A), seedlings; (B),
Growth stage. Ten days after inoculation all the plants were assayed for
B-galactosidase activity and stained with X-Gal for observation of
colonization patterns.
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Fig 3. P-solubilization by root inoculated with P-solubilizer.

_34_



Table 1. The physio — chemical properties of the clay and rice bran

S.No. Parameters Clay Rice bran
1 pH 6.52 6.65
2 EC (dS m") 2.06 0.87
3 WHC (%) 92 168.0
4 Soil type Silty clay -
5 Sand (%) 2.23 -
6 Silt (%) 46.57 -
7 Clay (%) 51.20 -
8 Total carbon (%) 1.63 14.37
9 Total nitrogen (%) 0.03 2.20
10 Total phosphorus 2.84 9487.17
11 Pb 5.35 ND
12 K 89.72 18066.38
13 Ca 261.43 342.16
14 Mg 143.19 9285.40
15 Mn 37.09 94.27
16 Zn ND 45.21
17 Cu ND 3.97
18 Na 24.13 ND

Parameters 10-18 are in mg kg | ND-not detected; Cd, Ni and Cr not detected in
both clay and rice bran.
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Fig 4. Immobilization of P-solubilizer with clay and rice bran
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Table 2. TAA production, ARA and P-solubilizing activity of rhizobacteria

isolated from Chinese cabbages

Samples Colony morphology, Gram reaction IAA(Try) ARA(nmol/mg P Halo zone

ug/ml protein/h) soln. dia (mm)*
CBCR 1 Gram negative, circular, pink 13.27 4.84 - -
CBCR 2 Gram negative, circular, pink 19.58 1.75 - -
CBCR 3 Gram negative, circular, pink 13.46 14.28 - -
CBCR 4 Gram negative, circular, yellow 14.92 3.61 - -
CBCR 5 Gram negative, rods, yellow 11.42 4.13 - -
CBCR 6 Gram negative, circular, yellow 28.08 8.28 - -
CBCR 7 Gram negative, circular, yellow 16.62 2.32 - -
CBCR 8 Gram negative, rods,fluorescent 9.23 1.55 + 3
CBCR 9 Gram positive , circular, yellow 11.77 6.04 - -
CBCR 10  Gram negative, rod, white 7.00 1.75 - -
CBCR 11 Gram negative, circular, white 12.69 1.92 - -
CBCR 12  Gram negative, circular, pink 13.58 2.07 - -
CBCR 13 Gram negative, circular, yellow 15.54 2.71 - -
CBCR 14  Gram negative, rod, white 16.31 9.07 - -
CBCR 15 Gram negative, circular, fluorescent 9.88 4.54 + 3
CBCR 16  Gram negative, circular, fluorescent 2.53 1.95 + 2.6
CBCR 17  Gram negative, circular, white 1.44 3.25 + 2
CBCR 18  Gram positive, circular, pink 2.62 2.59 - -
CBCR 19 Gram negative, rod, white 6.20 5.66 - -
CBCRI 20 Gram negative, rod, yellow 1.63 8.50 - -
CBCRI 21 Gram negative, circular, yellow 0.74 3.12 - -
CBCRI 22 Gram negative, rod, fluorescent 0.63 2.77 + 2.6
CBCRI 23 Gram negative, rod, white 0.87 5.24 - -
CBCRI 24 Gram negative, rod, pink 1.63 2.60 - -
CBCRI 25 Gram negative, rod, white 6.56 3.80 - -
CBCRI 26 Gram negative, circular, pink 10.35 2.65 - -
CBCRI 27 Gram positive, circular, yellow 14 1.83 - -
CBCRI 28 Gram negative ,rod, white 12 2.13 + 6
CBCRI 29 Gram positive, circular, white 17.8 6.62 - -
CBCRI 30 Gram negative, rod , yellow 7.2 1.72 - -
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(Table continue)

Samples Colony morphology, Gram reaction IAUAg(/';rly) Al?ﬁé?errilr?/l{lr)ng P soln. I;?alc()rrzlr%r)f
CBCRI 31 Gram negative, rod , white 10.2 3.11 + 2.3
CBCRI 32 Gram negative, rod, pink 10.55 1.90 - -
CBCRI 33 Gram negative, circular, white 14.8 2.41 + 4.33
CBCRI 34 Gram negative, circular, white 21.85 2.43 - -
CBCRI 35 Gram positive, circular, white 27 4.24 - -
CBCRI 36 Gram positive, circular, yellow 7.75 16.75 - -
CBCRI 37 Gram positive, circular, white 8.8 2.89 - -
CBCRI 38 Gram positive, rods, orange 10.4 2.05 - -
CBCRI 39 Gram negative, rods, orange 14.55 2.80 + 4
CBCRI 40 Gram negative, rods, yellow 9.1 2.41 - -
CBCRI 41 Gram negative, rods, yellow 13 2.22 - -
CBCRI 42 Gram negative, circular, white 24.05 2.52 - -
CBCRI 43 Gram negative, rods, yellow 21.7 1.96 + 4
CBCRI 44 Gram negative,rods, white 20.7 2.46 + 2
CBCRI 45 Gram positive, rods, white 29.75 6.02 - -
CBCRI 46 Gram negative, rods, white 14.45 3.11 + 3
CBCRI 47 Gram negative, circular, yellow 9.45 0.24 + 2

* halo zone diameter = (colony + zone) diameter colony diameter
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Table 3. Selective plant growth promoting rhizobacteria from the rhizosphere of

Chinese cabbage

Isolate  Gram reaction IAJ;/(EEY) Ai?;trgfr}//;ng }()ni;)ll)r: FAME identification
CBCR 4 Gram negative 14.92 3.61 - Sphingobacterium sprtivorum
CBCR 6 Gram negative 28.08 8.28 - Flavobacterium capsulata
CBCR 8 Gram negative 9.23 1.55 3 Ewingella americana
CBCR 14  Gram negative 16.31 9.07 - Ochrobactrum anthropr
CBCR 15  Gram negative 9.88 4.54 3 Burkholderia gladioli
CBCRI 22 Gram negative 0.63 2.77 2.6 Burkholderia cepacia
CBCRI 28 Gram negative 12 2.13 6.0 Pseudomonas putida
CBCRI 29 Gram positive 17.8 6.62 - No match
CBCRI 33 Gram negative 14.8 2.41 4.33 Pseudomonas fluorescens
CBCRI 39 Gram negative 14.55 2.80 4 Pseudomonas fluorescens
CBCRI 43 Gram negative 21.7 1.96 4 Pseudomonas fluorescens
CBCRI 44 Gram negative 20.7 2.46 2 Pseudomonas fluorescens
CBCRI 45 Gram positive 29.75 6.02 - Brevibacillus choshinensis
CBCRI 46 Gram negative 14.45 3.11 3 Enterobacter cloacae
CBCRI 47 Gram negative 9.45 0.24 2 Sphingobacterium sprtivorum

* halo zone diameter = (colony + zone) diameter colony diameter
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Table 4. Plant hormone concentration and ARA activity of No—fixing bacteria
treated rice seedlings. Each value represents mean = SE of three
replicates per treatment. In the same column, significant differences
according to LSD at P = 0.05 levels are indicated by different letters.

Plant hormones o
ARA activity(nmol

Treatment t—=7R iPA IAA of CoHu/g dry
(pmol/g FW) (pmol/g FW) (nmol/g FW) root /h)
Control 69.4 + 3.72° 19.1 + 2.73° 8.8 + 0.21 11.60 + 0.95

KACC10744 631.1 + 13.74*  31.7 £ 3.33" 10.2 £ 0.40 22.06 £ 5.11

M.extorquens b R

. 69.8 + 4.38 34.7 £ 3.23 10.1 £ 0.91 -
miaA-
CBMB20 636.3 + 12.50°  41.8 £ 5.05° 11.2 £ 1.36 94.90 £ 4.01
LSD (P =0.05) 36.53 15.63 NS -
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Table 5. Effect of seed imbibition of rhizo bacteria on seed germination and rate

of germination (RG) of rice. Values are the mean * SE of three
replications of 200 seeds each. Values in parentheses are arc sine
transformed values. In the same column, significant differences

according to LSD at P = 0.05 levels are indicated by different letters.

Treatments Germination (%) Rate of germination (Rg)
Control 75.86 (60.84)" 20.51+0.58"
Fresh AMS medium 76.18 (60.63)" 20.51+0.59"

M. fujisawaense KACC

10744 95.00 (77.06)" 22.24+0.17°

M extorquens miaA” 91.00 (72.61)* 22.17+0.28*
CBMBZ20 96.33 (79.14)" 22.69+0.12°

LSD (P =0.05) 5.67 1.59
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Fig 5. Effect of CBMBZ20 bacterial inoculation on seedling vigour index at
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Log,, cfu/plant root

Fig.

Owithout 2,4-D
& with 2,4-D

ab b ab ab

. Colonization of wheat roots in the presence and absence of 24-D,

as measured by plate count of roots ten days after inoculation with
Aczospirillum strains containing pLA-lacZ. Columns denoted by a
different lower case letter differ significantly by ANOVA at P<

0.05. Error bars are standard deviation.
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Fig 7. Nitrogenase activity by isolates in pure culture in Nfb medium and
in association with roots of wheat seedlings. Reference strains;
Aczospirillum brasilenseSp7 and Azospirillum lipoferum 687. Error
bars are standard deviation.
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Table 7. Percentage homology 16S rDNA sequences

Isolates ggggélﬁgren with  most  similar Sirzli/iilrity %%%gsbsei&n
CW301  Aczospirillum brasilense 99% AY518780
CW903  Aczospirillum brasilense 99% AYbBI18777
CW1503 Aczospirillum lipoferum 98% AYBH18779
CW309  Enterobacter sp. 9993 AYH18778

#Accession number obtained from the GeneBank National Center for Biotechnology
Information (NCBI).
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Fig 8 The ARDRA patterns of amplified 16S rDNA of sixteen strains
digested with restriction enzyme FRsal. Lanes contained: M,
molecular weight marker; Lane 1, A. brasilenseSp7; Lane 2, CW805;
Lane 3, CW705; Lane 4, CW307; Lane 5 CW1402; Lane 6, CW202;
Lane 7, CW1503; Lane 8, CW716; Lane 9, CW301; Lane 10, CW309;
Lane 11, CW302; Lane 12, CW902; Lane 13, CW1401; Lane 14,
CW1502; Lane 15, CW406; Lane 16, CW903; Lane 17, CW5 and
Lane 18, A. lipgferum 687.
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Table 8. Bacterial strains and plasmids used

Strain or plasmid

Reference/source

Azospirillum strains

A
A
A
A
A

. brasilense Sp7

. brasilense CW301
. brasilense CW903
. lipoferum 687

. lipoferum CW1503

Plasmids

pLA-lacZ*

Tarrand et al. (1978)

This work

This work

Peter B. New, University of Sydney, Australia

This work

Arsene et al. (1994)

% JacZ/-Kan cartridge cloned into pLA2917 vector’, Tc', Km", Lac’ pLA2917 is a
low-copy—number, broad-host-range cloning-vector derivative of RK2 that is stable

in Azospirillum strains
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Fig 9. B-galactosidase activity of wheat inoculated with Azospirillum
transconjugants. The [-galactosidase activitywas determined at
10 days post inoculation. The data are averages of three
independent experiments and error bars represent standard
deviation. Sp7- A. brasilense reference strain, CW301, CW903 -
A. brasilense strains; CW1503- A. lipoferum strain.
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Fig 10. B-galactosidase activity of the Azospirillum transconjugants in
pure cultures. Sp7- A. brasilense reference strain, CW301,
CW903 - A.brasilense strains; CW1503- A. lipoferum strain.

Error bars represents standard deviation.
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Fig 11. In situ detection of B-galactosidase activity on root segments. All
samples were stained after 10 days. X-gal staining was performed
on five or six 1 cm root segments excised from the same plant
starting from the tip. A) Root inoculated with A. brasilense
CW903 (X60); B) Root inoculated with A. brasilense CW301
(X100); C) Root inoculated with A. brasilense Sp7 (X40).
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Table 9. comparison of RP solubilization by root inoculated with P-solubilizer

Isolates

P-solubilization

P. agglomerans HK 14-1 (AY335552)

E. aerogenes HK 20-1 (AY335554)
Klebsiella sp. HK 34-2 (AY335553)
Burkholderia sp. CBPB-CDJ (AY640614)
Burkholderia sp. CBPB-CDJ (AY640615)
Burkholderia sp. CBPB-HOD (AY640614)
Burkholderia sp. CBPB-HIM (AY640615)
Burkholderia sp. CBPB-MNP (AY640618)

+

+

+

+++

+++

+++

+++++
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Fig 12. Phosphate solubilization by Burkholderia sp.(CBPB-HIM) grown
in Pikovskaya's broth amended with insoluble Ca3z(PO4)2. The
effect of Burkholderia inoculation on A) soluble P, B) pH of
the media over different periods. C) The population of the

bacteria at different periods.
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Table 10. Shelf life of Burkholderia sp. (CBPB-HIM) in loess, rice bran
and rock phosphate pellets stored at 25 and 4T

logio cfu g™ of dry pellet

Treatment Temp Days of storage
T 0 3 15 30 60 90
Clay + 5% RP 25 7.55” 7.30° 7.03* 6.00° 2.67* 2.00™
4 - - 6.66" 6.10* 2.98* 2.26"
Clay +10% RP 25 7.54° 7.36™ 6.84 6.30° 3.23* 2.33™
4 - - 648 6.16° 3.08" 2.36™F

Clay‘Rice bran(1:1) 25 7.74° 7.52° 6.98" 6.10° 3.52' 2.28°
+5% RP 4 - - 6759 6.10° 3.23% 2.85®
Clalece bran(ll) 25 77421 752a 712a 616a 387a 192C

+10% RP 4 - - 6.90 6.32 3.60° 3.20°

LSD(P=0.05) 0.12 0.16 0.18 035 1.22 0.86

@® Values in each column are mean of three replications per treatment

@® Initial amounts of Burkholderia sp. added to carrier were 9.30 loglO cfu
ml-1

@® At 4th day, pellets were separated into two lots and stored at 25 and 4T

respectively
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Fig 13. The survivability of Burkholderia sp.(CBPB - HIM) in pellets
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Fig 14. The survivability of Burkholderia sp. (CBPB-HIM) in carbon

rock phosphate pellets

amended loessirice bran (1:1) +10%

stored at 257TC.
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Fig 15. The survivability of Burkholderia sp. (CBPB-HIM) in carbon
amended loess:rice bran (1:1) +10% rock phosphate pellets

stored at 4C.
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Fig 17. The changes in bicarbonate—extractable P of loess: rice bran
(1:1)+ 10% rock phosphate pellets amended with carbon,
inoculated with Burkholderia sp. (CBPB-HIM) and stored at
25°C.
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Table 11. Efficacy of individual and mixed bacterial inoculants on seed germination

and seedling vigour.

o o :
Treatments Germination Vigour index % increase over
per cent control
+
Control 92.0 2036.4+17.2
+
N - fixer 95.2 2107.8+27.2 3.5
P - solubilizer 9.2 2127.4+107.2 4.5
S (P+N) 97.3 2541.5%161.0 24.8
M (P+N) 93.1 2580.9+85.3 26.7
LSD (P < 0.05) 4.04 246.28
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Fig 19. Effect of individual and mixed inoculants of N-fixer and P-solubilizer
on the growth of shoot (A), root length (B) and biomass production (C)
of blackgram. Each value represents mean of three replicates. The LSD
values are 2.18, 1.81 and 1.07 (A); 2.18, 1.04, and 1.97 (B) and 0.06,
0.38, and 0.23 (C) for 30, 45, and 60 DAS respectively.
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Table 12. Effect of mixed bioinoculant on yield parameters.

Nodule dry weight

Nodul
odule (mg) No. of pods No. of seed 100 seed

(per plant) (per pod) weight (g)

Treatments number

(per plant)  per plant Per nodule

Control 7.7+0.32 12.1+1.46  1.58+0.11 26.0£1.18  10.0£0.94 3.60+0.28
S (P+N) 13.7+1.26  158+1.78 1.15+0.03  30.0+1.37 125+0.24 4.00+0.19
M (P+N) 17.7£1.26 159+1.35 0.90+0.03  32.0£2.69 13.0x1.60 4.20+0.28
LSD

1.62 1.44 0.18 2.73 2.00 0.22
(P < 0.05)
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Table 13. Effects of co-inoculation of Methylobacterium oryzae with Azospirillum
brasilense and/or Burkholderia in tomato on shoot length, root length,

stem girth and nitrogenase activity at 45 DAS

Mean Mean Root Mean Stem ARA

Treatment Shoczinlsngth length (cm) girth (mm) — -

T:-Uninoculated control 64.6 ¢ 248 a 9.35 bc 2058 d 723 ¢
T»-CW903 alone 73.0 a 251 a 9.86 ba 569.3 a 8.09 ¢
T3-CBPB-HOD alone 71.8 ba 26.2 a 10.01 ba 3110 ¢ 852 cb
T+-CBMB20 alone 70.0 b 26.2 a 10.38 a 3015 c 809 c
Ts-CW903+CBPB-HOD 72.7 a 26.7 a 9.76 bac 4606 b 12.84 a
Ts-CW903+CBMB20 71.6 ba 285 a 10.07 ba 6446 a 1192 a
T,-CBPB-HOD+CBMB20 70.0 b 280 a 9.85 ba 6246 a 7.21 c
Ts-CW903+CBPB-HOD+CBMB20 55.5 d 243 a 9.00 c 173.6 d 10.03 b
LSD (P=0.05) 2.58 8.04 0.83 86.9 1.74

“The nitrogenase activity measured through acetylene reduction assay (ARA) is expressed in
pmol ethylene (g dry root)™ h™ (rootsample) and nmol ethylene (g rhizosphere soil)™
h™(rhizosphere soil sample). Each value represents mean of four replicates per treatment. In
the same column, significant differences according to LSD at P= 0.05 levels are indicated

by different letters.
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Table 14. Accumulation of nutrients in tissue of tomato plants when inoculated

with different bacteria either alone or co-inoculated at 45 DAS

Nutrient elements (mg/g sample)

Treatments
N (%) P K Ca Mg

T,-Uninoculated control 2.11 ed 0.56 ¢ 4392 ¢ 8.40 cd 433 ¢

T,-CW903 alone 2.29 ba 061 cb 4947 b 923cb 497 b

T,-CBPB-HOD alone 2.04 ef 0.65 b 5409 a 982hb 498 b

T..CBMB20 alone 1.95 f 0.62 cb 5058 b 886 cbhd 442 c

T,-CW903+CBPB-HOD 232 a 064 b 50.20 b  8.35 cd 396 d

T,-CW903+CBMB20 218 bdc 0.64 b 48.06 b  8.47 cd 393d

T,-CBPB-HOD+CBMB20 2.24 bac  0.65 b 4451 ¢ 816 d 401 d

T,-CW903+CBPB-HOD+CBMB20 213 edc 0.73 a 48.44 b 12.3 a 545 a

LSD (P=0.05) 0.12 0.07 2.64 1.05 0.31

Each value represents mean of four replicates pertreatment. In the same column, significant

differences according to LSD at P= 0.05 levels are indicated by different letters.
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Table 15. Effect of co-inoculation of Methylobacterium with Azospirillum, and
Burkholderia in red pepper on shoot length, root length and nitrogenase
activity at 45 DAS.

ARA activity
Treatments Mean Mean Rhizosphere
shoot length root length  Root* 3
soil**
Uninoculated control 9.06 d 16.81 bc 4101 ¢ 7.27 cb
CW903 alone 9.96 cb 18.13 ha 6713 a 9.90 a
CBPB-HOD alone 9.44 cd 16.88 bc  512.7 b 9.88 a
CBMB20 alone 12.28 a 19.64 a 4451 c 822 b
CW0903+CBPB-HOD 10.30 b 17.17 bc 6103 a 933 a
CW903+CBMB20 1175 a 17.82 b 539.9 b 6.95 ¢
CBPB-HOD+CBMB20 1031 b 17.63 b 646.2 a 9.98 a
CW903+CBPB-HOD+CBMB20 10.32 b 1581 ¢ 624.0 a 7.73 ¢b
LSD (P=0.05) 0.69 1.61 63.44 1.03

Each value represents mean of four replicates per treatment. In the same column, significant
differences according to LSD at P= 0.05 levels are indicated by different letters. *pmol

ethylene /g dry root/h **nmol ethylene/g soil/ h
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Table 16. Accumulation of nutrients in tissue of red pepper plants when inoculated

with different bacteria either alone or co-inoculated at 45 DAS

Nutrient elements (mg/g sample)
Treatments

N (%) P K Ca Mg
495 ba 058 cb 6019c 13.09b 834 a

Ti1-Uninoculated control
T,-CW903 alone 482 ba 0.53c 61.99 bc 14.19 a 7.91 ba

T,-CBPB-HOD alone 501 ba 056 cb 6358 bc 12.06 dc 8.23 ba

T,-CBMB20 alone 470 b 055c¢c 6945a 1162d 7.69 b

Ts-CW903+CBPB-HOD 498 ba 055c¢ 7212a 1165d 839a

To-CW903+CBMB20 494 ba 061 b 67.05ba 1178 dc 8.02 ba

T.-CBPB-HOD+CBMB20 511a 055c 7095a 1175dc 7.91 ba

T.-CWO03+CBPB-HOD+CBMB20 500 ba 067 a 6698 ba 1225¢c 845 a
LSD (P=0.05) 033 005 556 0.57 0.58

Each value represents mean of four replicates per treatment. In the same column, significant

differences according to LSD at P= 0.05 levels are indicated by different letters.
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Table 17. Effect of co-inoculation of Methylobacterium with Azospirillum, and

Burkholderia in rice on shoot length, root length and nitrogenase

activity at 45 DAS.

ARA activity

Treatments Mean shoot Mean root
length length Root*  Rhizosphere soil**

Uninoculated control 23.56 bc 12.38 ¢ 186.2 e 8.48 e
CW2903 alone 23.85 bc 1594 a 188.5 e 11.48 bc
CBPB-HOD alone 24.00 bc 1485 ba 2428 d 13.85 a
CBMB20 alone 24.62 ba 1592 a 5144 a 8.88 ed
Cw903 + CBPB-HOD 2335 ¢c 13.67 bc 2575 d 10.40 ecd
CW903 + CBMB20 2552 a 16.18 a 316.2 ¢ 10.56 bcd
CBPB-HOD + CBMB20 25.56 a 1498 ba 2088 e 9.45 ecd
CW903+CBPB-HOD+CBMB2021.78 d 1347 bc 3444 b 12.47 ba
LSD (P=0.05) 1.18 1.77 24.27 2.07

Each value represents mean of four replicates per treatment. In the same column, significant

differences according to LSD at P= 0.05 levels are indicated by different letters. *pmol

ethylene /g dry root/h **nmol ethylene/g soil/ h
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Table 18. Accumulation of nutrients in tissue of rice plants when inoculated with

different bacteria either alone or co-inoculated at 45 DAS

Nutrient elements (mg/g sample)

Treatments

N (%) P K Ca Mg
T,-Uninoculated control 3.02 ba 062b 3404c 3.00c 347 cb
T,-CW903 alone 288 b 063 Db 3477 bac 3.01 ¢ 359 b
T,-CBPB-HOD alone 284b 064b 3260 dc 3.3lcb 348 cb
T,-CBMB20 alone 294 b 063 b 3407 bc 337cbh 356 b
T.-CW903+CBPB-HOD 306 ba 071b 3650a 63la 342ch
T,-CW903+CBMB20 312 ba 0.65b 3409 bc 3.04 c 337 ¢
T,-CBPB-HOD+CBMB20 328a 066b 3105d 312c 330¢c
To-CW903+CBPB-HOD+CBMB20 287 b 116 a 3639 ba 372b 425a

0.29 0.10 2.33 0.46 0.19

LSD (P=0.05)

Each value represents mean of four replicates per treatment. In the same column, significant

differences according to LSD at P=

0.05 levels are indicated by different letters.
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