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Abstract: An attempt was made to develop liquid formulationBsgudomonas striata, a phosphate solubilizing bacteria

using different concentrations of additives, adjuvants, surfactants and to study its survival on seeds. The results indicated
that growth oPseudomonas striata was higher in liquid formulations compared to unamended basal medium. The promising
liquid formulation was used to treat maize and sorghum seeds at concentrations of 2 mL, 4 mL 6 mL anédsged dai

the treatment effect was compared with treatment of seeds with lignite based formulation @ .20quidyformulation

treated @ 2 ml kgmaize and 4 ml kgsorghum seeds resulted in higher mean viable population 06138 CFlseed and

log,, 5.36 CFUseed respectively The least viable population was seen in treatment with lignite based formulation
recording population of lqg4.72 CFU ml seed on maize seeds and 19g2.508 CFU mt seed on sorghum seeds
respectivelyThe cost involved in production of the best formulation was rupees 149 Titris cost included the cost of
chemicals, cell protectants, packing material, depreciation cost of instruments, electricity cost and the labour cost. Lignite
based formulation coasted rupees 69, legpnd was inoculated @ 20 glsged. The cost of this technology was about rupees

1.2 kg seedAs only 2 to 4 ml kgseed of promising liquid formulation was required the total cost of using this technology
was less than one rupees per kg seeds.
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Introduction

Phosphorus is an essential element for plant growth afatmulations of phosphate solubilizing microorganisms.
development, next only to nitrogen. Because of its sparingiyowever a concerted ébrt to determine theeffective
soluble nature it is present in very less proportion in the soil fopncentration of additives, adjuvants and surfactants to
plant uptake (Rajeslet al., 2013). Phosphorus solubilizing develop an effective formulation appears to be lacking. The
microorganisms (PSM) are found useful especially to makepPesent investigation aimed at evaluating ihiguence of
available to plants through solubilization. PSM can mineralizdifferent concentration of additives, adjuvants and surfactants
organic phosphorus into soluble form by their enzymatien growth ofPseudomonas striata a phosphate solubilizing
activity and help to save,®, up to 30-50 kg/ha (Pindi and microorganism.

Satyanarayana, 2012pseudomonas striata is one of the ;

popularly used P-solubilizing bacteria (PSB). This bacteriurl\n/Iaterlal and methods

produces a variety of organic acids, including acetic, gluconic, Liquid formulation ofPseudomonasstriata, a P-solubilizing
formic, and propionic acids (Sharaal., 2016). Use of PSB bacterium, was initiated at the Institute of Organic Farming,
for mobilizing P is very cost effective considering the cost d#niversity ofAgricultural Sciences, Dharwad during the year
soluble P fertilizers. Besides, mobilizing P the PSB are known2815.

enhance the productivity of crop plants when inoculated. 5, qvth media

Presentlybiofertilizers are carrignased (solid), with a shelf Pikovskayas broth containing Glucose (10 g},
life of only six months. They are not tolerant to UV rays an?‘ri-calcium phosphate (5 g'), MgSO, 7H,0(2.5% solution @

temperatures of more than 30 degrees (Santhosh, 2015). Caqigh L9, CaC}, (1% solution @ 10 mi#), Yeast extract powder

based biofertilizers have some limitations such as short-sh&ij g L), distilled water (1000 ml) adjusted to pH 7 were used
life, non-availability of good quality carrier material locaityore -y, ¢\ jyure and mass multipFy striata. All chemicals used were
labour intensive and high transportation cost (Surendra anjanalytical grade.

Akhila, 2016). Because of these constraints there is a need to

develop an alternate formulation for wider application andcreeningfor different concentrationsof additives, adjuvants
commercialization of biofertilizer technologyiquid andsurfactants

bioinoculants are special formulations containing not only the Pikovskayas broth was amended with @éfrent
desired microorganisms and their nutrients, but also possessncentration of additive, adjuvants and surfactants as shown
special cell protectants or substances that encourage the longefaple 1.A total of 32 diferent liquid formulations were
shelflife and tolerance to adverse conditiorergét al., 2008).  geyeloped and screened. The experiment was carried out in

Some efforts have been made worldwide, to develop liquigsy | Erlenmeyer flasks containing 100 ml Pikovskelyasth
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Table 1. Concentration of cell protectants, additives, adjuvants an@ut of these 18 formulations, the one with 10 mM glycerol, 0.5
surfactants used to develop liquid formulation per cent PE@®.05 per cent CMC, 0.15 per cent &#d 250 ppm
Different amendment used Concentrations used  polysorbate 20 ( Formulation No.18) recorded the highest
in the final formulation  ponyjation of 19 x TOCFU mL:after 84 hr of inoculation. This
W) could have been achieved due to the favorable environment

Additive  Glycerol (mM) 5 10 for growth and survival dPseudomonasstriata created by the
Per cent Polyethylene glycol L .
(PEG MW 4000) 0.5 1 combination of the amendments used. The environment
Adjuvants Per cent Corboxy methyl probably protected cells &seudomonas striata from stresses
cellulose (CMC) 0.05 0.1 and help their establishment in the formulation as reported in
Per cent Gum arabica (GA) 0.15 0.3 similar earlier workgAlbaredaet al., 2008; Mugilaretal., 2011).
Surfactants Polysorbate 20 (ppm) 125 250 These amendment are also known to enhance cell tolerance to

desiccation, osmotic pressure and temperature stress and thus
. . N ) stabilizing both enzymes and cell membranes (Kavi and Reetha,
amended with cell protectants like additives, adjuvants ap@14). Possiblybecause of all these favorable conditions in
surfactantsA loopful qu. striata grown for 24 hr contammg the formulation 18, the population Béeudomonas striata was
4.4 x 16CFU mi*was inoculated separately at the rate of fivgpout 200 times higher than that recorded in unamended basal
per cent to freshly prepared formulations and grown in afedium (8 x 10CFU mi*) after 84 hr of incubation éble 2).
mcubatpr sh'aker (100 rpm) at 30%Tor 84 hrThe viable qe” Earlier Daniekt al. (2013), demonstrated that some constituents
populations in the formulations were determined at 24 hr interyg| liquid biofertilizers such as CMC @ 0.1 per cent, and
up to 84 hr by employing the standard dilution plate cougjplysorbate 20 @ 0.025 per cent had excellent cell retention
method using Pikovskayaagar property Kumaresan and Reetha (2 4lso reported that, liquid
Survival of Pseudomonas striata on seeds Azospirillumbioinoculant formulated with glycerol (10 mM),

) o ) and gum arabica (0.3 %) promoted upto 11 months survival of

Out of 32 formulapons, the liquid formulation 18, thatAzospiriIIumwith a population of 10cell mL™. In the present

showed higher population (190 X"40FU ml?) was selected for study the amendments such as glycerol (10 mM), PEG (0.5%),
seed treatment @ble 2) Prior to treatment, the seeds werec (0.05%), GumArabica (0.15%) and Polysorbate
surface sterilized with 70 per cent alcohol for one minutgeg (250 ppm) at concentrations lower than those reported in

followed by sodium hypochlorite (1% active chlorine) for thre 5rjier studies were found to be optimal in developing an
minutes. Laterseeds were washed six times with sterile distillegftective liquid formulation.

water The seeds were allowed to dry under laminar air flow and _ _ _
then treated with promising formulationRgeudomonas striata The results from studies on survivaRstudomonassiriata
atthe rate of 2, 4, 6 and 8 mtkgf seeds and seeds treated witlPn Mmaize seedséble 3) showed that seeds treated with ZgL

check. (log,,6.72 CFU mt!) which was on par with seeds treated with 4

) mL (log,,6.67) and 6 milog, 6.54 CFU mL*) respectivelyThe
Immediately after seed treatment, ten treated seeds wWglgg; population was on seeds treated Wighite based
randomly picked and placed in the conical flask containing %8,mulation (log,. 4.72 CFU mt* ). Similarly, soghum seeds
ml sterile distilled water and vertexed for 10 minute and Viabtﬁl“able 4) treatelc? with 4 mlkg* seeds (log,5.36 CFU k)
count per ml of the diluent was determined by following serighcorded higher mean viable population w?wich was on par with
dilution and standard plate count method. In the same manngfays treated @ 6 mLkglog . 5.25 CFU mLY) and the least
10 7
other ten seeds were assayed at 12, 24, 36, and 48 hr affgh, viable population was observed in seeds treated with
treatment. Finallythe viable counft per seed'was calculated m@nite based formulation (log2.50 CFU m). The enhanced
following the procedure as described by Srid#taal. (2004).  gryival of Pseudomonas striata on seeds could be attributed
Cost of developed liquid formulations to presence of cell protectants which promoted rapid and even
) ) . ) .. coating of PSB on seed, enhanced cell adherence to seed
~ The cost in rupees involved in production of promisingemnprancet al., 2002), favorable moisture maintained thus
liquid formulation ofPseudomonassiriatawas calculated based ey enting cell desiccation (Somasegaran and Hoben, 1985).
on the costs of ingredients used, depreciation cost on &gnijar results were also obtained in liquid inoculant- 2
laboratory instruments, utilities cost and cost of labour 'nVOIVerntaining glycerol and PVP as cell protectants ( Sriettair,

All the data were analyzed statistically and the means we?€04). They observed a higher viable cellsBatillus
separated by the DuncanMultiple RangeTest (DMRT) at  megaterium on cowpea seed (Ipgt.50 CFU mt) inoculated
five per cent level of significance (Little and Hills, 1978). @ 3 mL kg' as compared to the lignite based formulations after
8 hr of incubation. From the present study it was evident that
two mL of liquid formulation was optimum to coat one kg of
Among the 32 different liquid formulations screened, 18igger sized maize seeds, while four mL of the same was found
formulations showed an excellent cell retention as comparedaptimal for smaller sorghum seeds. Sorghum seeds being smaller
the un-amended control and all the other liquid formulation# size than maize seeds had higher surface area and hence

Resultsand discussion
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Table 2. Population d?®. striata (x10"°CFUmL?) as influenced by amending Pikovskayhtoth with various concentrations of additives, adjuvants and surfactants in the
promising formulations

9L

**pInb| U1 BJe1IIS SBUOWIOPNES JO YIMOIO

SI.No. Formulations Composition of formulation Population in log transformed values at different intervals in hours

0 24 48 72 84
1 6 Basal medium+A1+B1+C2+D1+E2 7.678 (0.0050) 8.778 (0.060) 8.778 (0.366) 10.386 (2.433) 10.230 (1.766)
2 8 Basal medium+A1+B1+C2+D2+E2 7.699 (0.0050) 9.028 (0.106) 9.028 (0.633) 10.894 (7.833) 10.864 (7.333)
3 9 Basal medium+Al1+B2+C1+D1+E1 7.719 (0.0053) 9.102 (0.126) 9.102 (0.900) 10.380 (2.433) 10.059 (1.166)
4 11 Basal medium+A1+B2+C1+D2+E1 7.100 (0.0013) 8.778 (0.060) 8.778 (0.833) 10.743 (5.533) 10.725 (5.333)
5 14 Basal medium+A1+B2+C2+D1+E2 7.725 (0.0053) 8.800 (0.063) 8.800 (1.166) 10.230 (1.700) 10.185 (1.533)
6 15 Basal medium+Al1+B2+C2+D2+E1 7.699 (0.0050) 8.602 (0.066) 8.602 (3.033) 10.386 (2.433) 10.230 (1.766) :
7 18 Basal medium+A2+B1+C1+D1+E2 7.477 (0.0030) 9.086 (0.123) 9.634 (0.433) 12.308 (203.333) 12.278 (190.000) :
8 22 Basal medium+A2+B1+C2+D1+E2 7.634 (0.0043) 9.864 (0.733) 10.301 (2.000) 10.748 (5.666) 10.735 (5.433)
9 23 Basal medium+A2+B1+C2+D2+E1 7.360 (0.0023) 10.012 (1.033) 10.201 (1.666) 11.038 (11.000) 10.962 (9.333)
10 24 Basal medium+A2+B1+C2+D2+E2 7.519 (0.0033) 8.661 (0.046) 9.100 (0.133) 10.519 (3.333) 10.602 (4.000)
11 25 Basal medium+A2+B2+C1+D1+E1 7.519 (0.0033) 9.634 (0.433) 10.519 (3.333) 11.933 (85.666) 11.897 (79.000)
12 26 Basal medium+A2+B2+C1+D1+E2 7.201 (0.0017) 9.100 (0.133) 10.509 (3.233) 11.695 (49.666) 11.682 (48.333)
13 27 Basal medium+A2+B2+C1+D2+E1 7.634 (0.0043) 9.387 (0.246) 10.654 (4.533) 11.819 (66.000) 11.796 (62.666)
14 28 Basal medium+A2+B2+C1+D2+E2 7.360 (0.0023) 9.748 (0.566) 10.881 (7.666) 11.330 (21.666) 11.266 (19.000)
15 29 Basal medium+A2+B2+C2+D1+E1 7.360 (0.0023) 9.100 (0.133) 10.634 (4.333) 11.300 (20.000) 11.236 (17.333)
16 30 Basal medium+A2+B2+C2+D1+E2 7.360 (0.0023) 9.820 (0.666) 11.185 (15.333) 11.946 (88.333) 11.933 (85.666)
17 31 Basal medium+A2+B2+C2+D2+E1 7.418 (0.0027) 9.100 (0.133) 9.962 (0.933) 10.661 (4.666) 10.634 (4.333)
18 32 Basal medium+A2+B2+C2+D2+E2 7.560 (0.0037) 9.000 (0.100) 9.923 (0.866) 11.899 (79.333 11.879 (75.666)
19 Control Basal medium 7.360 (0.0023) 9.536 (0.343) 9.957 (0.906) 9.954 (0.900) 9.901 (0.800)

Note :\alues in parenthesis represent original CFU &aild)
B1 - 0.5% Poly ethylene glycol

D1 - 0.15% Gum arabica

E2 - 250 ppm Polysorbate 20

CFU- Colony forming units

B2 - 1% Poly ethylene glycol
D2 - 0.3% Gum arabica

Basal media — Pikovskayabroth.

Al - 5 mM Glycerol A2 - 10 mM Glycerol
C1 - 0.05%Corboxy methyl cellulose C2 -0.1%Corboxy methyl cellulose
E1l - 125 ppm Polysorbate 20
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Table 3.Viable population (x 10CFU seed) of P. striata on maize seeds as influenced byati#nt levels of inoculum and storage time

Treatments Population (x1GFU seed) at different time interval(hr) after inoculation

Level of inoculum Mean of factArand factor B interaction Level of

(mL kg* seeds) Incubation period in hours inoculum (Mean
0 12 24 36 48 of factorA)

T — 2 ml of liquid formulation 39.333 (7.59%) 23.6600(7.379 9.000 (6.959 2.433 (6.38%) 0.210 (5.33§ 14.920 (6.723

Tz— 4 ml of liquid formulation 59.000 (7.77®9 32.000 (7.50%) 2.860 (6.538) 2.160 (6.344") 0.160 (5.20) 19.356(6.673
T,— 6 ml of liquid formulation 64.600 (7.818) 26.660 (7.359 5.000 (6.679 1.333 (6.15 0.042 (4.719 19.526(6.549
T,—8 ml of liquid formulation 58.300 (7.7639 43.330 (7.5929) 3.333 (6.438) 0.360 (5.46)0 0.033 (4.399 21.070(6.329
T, — 20 g of lignite formulation 77.500 (7.879  2.530 (6.403") 0.063 (4.917 0.003 (3.418 (1) 16.019(4.729
Mean of factor B
Incubation time (hr) 59.746(7.769 25.630 (7.249 4.170(6.303  1.256(5.549) 0.092 (4.129

SEm+ L.S.D (0.05)
Level of inoculum (A) 0.056 0.192
Incubation time (B) 0.056 0.192
AxB 0.125 0.248
Note: CFU- Colony forming units, FactorA — Levels of inoculum per kg seeds, Factor B - different time intervals in hours.

Means followed by the same alphabet/s within factoran@B) and their interaction A B) do not difer significantly at = 0.05 by DMR'
Values in parenthesis = (log of population +1) minilli liter

Table 4.Viable population (x 10CFU seed) of P. striata on soghum seeds as influenced byfdient levels of inoculum and storage time

Treatments Population (x1®CFU seed) at different time interval (hr) after inoculation

Level of inoculum Mean of factérand factor B interaction Level of

(mlkg-1 seeds) Incubation time in hours inoculum (Mean
0 12 24 36 48 of factorA)

T, - 2 ml of liquid formulation 0.336 (5.526d) 0.233 (5.361d) 0.014 ( 4.145f) 0.0033 (3.5019) (1i) 0.116(3.906¢)

T, - 4 ml of liquid formulation 8.333 (6.920a) 1.666 (6.159b)  0.346 (5.539d)0.040 (4.592e) 0.043 (3.619e) 2.080 (5.3664a)

T, - 6 ml of liquid formulation 10.666 (7.027a) 0.633 (5.793c) 0.240 (5.379d) 0.029 (4.471e) 0.0043 (3.592€).313(5.253ab)

T, - 8 ml of liquid formulation 12.333 (7.090a) 0.733 (5.859¢) 0.233 (5.367d) 0.025 (4.408e) 0.0023 (3.301).664(5.205b)

T, - 20 g of lignite formulation 0.296 (5.429d) 0.013 (4.113f) (1i) (1) (1) 0.0504(2.508d)

Mean of factor B Incubation time (hr) 6.390 (6.398a) 0.653(5.457b) 0.166(4.286¢) 0.0194(3.594d).0178(2.502¢)

S.Em+ L.S.D (0.05)

Level of inoculum (A) 0.062 0.144

Incubation time (B) 0.062 0.144

AxB 0.140 0.187

Note: CFU- Colony forming units, Factar— Levels of inoculum per kg seeds, Factor B fedént time intervals in hours.
Means followed by the same alphabet/s within factors (A and B) and their interaction (A X B) do not differ significantly at
P=0.05 by DMR. Values in parenthesis = (log of population +1) ml = milli liter

Table 5. Cost on production of 7%Ethe eficient liquid formulation  required double the volume of liquid formulation perhaps for

in batch culture coating on seeds.

List of particulars used for calculation gr?nsgu(c)::ion 9] The cost of developing formulation 18 in this study was
Cost on raw materials and chemical substances8588 about rupees 149 lit‘gTable 5) of which packing material
Depreciated cost of instruments 429 alone accounted for rupees 90 litr&he cost of the liquid
Electricity cost 1308 formulation could be reduced substantially by replacing with
Labor cost 850 a suitable cheaper packing bottle. Currertig cost incurred
Total cost for 75 liters 11175 was about two and half times higher than the cost of lignite
Calculated for a batch of 75 liters and from which costiitn@as based formulation (rupees 601&g However On|y 1/10 or
worked out. 1/5" the quantity of lignite based formulation was required to

The total cost for one liter of liquid formulation wad.49. treat seeds of different sizes, which worked out to be less

Note:_RaW materlals and_chemlcgl substances includes the costoaflky and low cost crop production technology over the

chemicals used in preparing the Pikovskayabth, cell protectants, ntoracti fdr in ds with lignite b d

bottles used for packing and all other miscellaneous cost. p'rese. 'p actice otdressing seeds gnite base
hiofertilizers @ 20 g kgseeds.

Depreciated cost includes depreciation cost of all the equipme

(based on ten years of range). . As many as 32 liquid formulations developed using two
Electricity cost includes cost incurred on electricity consumed to "'WHditives. two adjuvants and one surfactant each at two

all the equipments used in production of liquid formulation. different concentrations were evaluated for their ability support
Labour cost includes the labour payment.
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growth and survival oPseudomonas striata. Among them optimal (2ml in sorghum and 4 mlin maize) for treating one kg
formulation 18 in which very high populationdeudomonas  seeds. The findings of this study helped to identify right
striata (19 x 10*CFU mi*) could be achieved was the mostcombinations and concentration of amendments to develop a
promising oneVery low quantities of this formulation was foundlow cost liquid biofertilizer ofPseudomonas striata.
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