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Abstract Soil salinity is major abiotic stresses affecting

morphological, biochemical and physiological processes of

plant growth. Chryseobacterium gleum sp. SUK isolated

from salt-stressed soil exhibited ACC (1-aminocyclo-

propane-1-carboxylate) deaminase activity with IAA (in-

dole acetic acid), siderophore, ammonia, hydrogen cyanide

production, 2% salt tolerance and fungal cell wall

degrading enzyme production (cellulase, protease). The

isolate also showed a poultry feather degrading activity

which is the main waste material of poultry industry and

opulent source of proteins, amino acids, nitrogen, phos-

phorous, calcium, potassium, manganese, zinc and copper.

Application of feather-degraded lysate with the degrading

isolate, C. gleum sp. SUK denotes triple role of biofor-

mulation to surmount salinity stress, management of

poultry waste disposal and utilization of feathers degraded

products as a biostimulant for better growth of plants as

well as strain SUK having multifarious plant growth pro-

moting traits. Wheat crops exposed to salt stressor were

inoculated with studied bioformulation. Results of plant

analysis showed improvement in root and shoot length,

fresh and dry weight, chlorophyll, proteins, amino acids,

phenolics, flavonoids content and decreased level of pro-

line. In addition, Na? uptake was decreased and K? uptake

was increased. Therefore, application of novel bioformu-

lation could increase the yield of crops by ameliorating

growth of plants and alleviating the salinity stress.

Keywords Salinity stress � Poultry feathers �
Chryseobacterium gleum sp. SUK � Bioformulation �
Wheat crops

Introduction

Plant growth promoting bacteria (PGPB) are the diverse

group of micro-organisms living in plant rhizosphere and

have been widely studied for increasing agricultural pro-

ductivity (Lucy et al. 2004). These PGPB influence the

growth and development of plants by various mechanisms

which includes atmospheric nitrogen fixation, phosphate

solubilization, production of ACC deaminase, phytohor-

mones, siderophore, hydrogen cyanide (HCN), antibiotics,

hydrolytic enzymes and organic molecules (Babalola

2010). In addition to growth, PGPB have the ability to help

the plant to tolerate abiotic stress such as soil salinity

(Yang et al. 2009).

Salt stress is one of the abiotic stresses which affects

growth of plants, reflected as serious agriculture problem

(Hu and Schmidhalter 2005). In India, wheat (Triticum

aestivum L.) is a main cereal crop and its overall growth is

reduced by salinity stress resulting in the loss of around

65% yield (Shafi et al. 2010). Plants exposed to salt stressor

affected soil produces increased ethylene level to initiate

apoptosis (Trobacher 2009) which ultimately leads to tis-

sue senescence. PGPB with ACC deaminase activity when

present in rhizosphere metabolize ACC (ethylene precur-

sor) into ammonia and a-ketobutyrate which help the

plants to survive in stress condition (Mayak et al. 2004).

Nowadays, the gradual increase in poultry industries

resulted in the generation of chicken feathers as a waste in

a millions of tones (Williams et al. 1990). This huge
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quantity of waste materials is either dumped by landfilling,

or incinerated which causes pollution problems and also

loss of useful nutrients such as protein and enzymes.

(Lasekan et al. 2013). Feathers are rich and cheap source of

proteins and may function as effective biofertilizer; this

fact is responsible for interest of many researchers to pre-

pare feather-based biofertilizer (Tiwary and Gupta 2010).

Feathers can be degraded by bacteria and formed lysate

having amino acids and peptides can be used as biostim-

ulant to increase nutrient uptake, growth of plants as well

as to tolerate abiotic and biotic stress to increase overall

crop yield (Vernieri et al. 2006). The degraded feather

lysate could generate tryptophan in appreciable amount

which is precursor of plant hormone IAA (Tsavkelova et al.

2012).

With this theme, we have isolated ACC deaminase

producing isolate from soil; the isolate was investigated for

plant growth promoting traits (PGPT) (Phosphate solubil-

isation, production of IAA, siderophore, ammonia, HCN,

etc.) and for feather degradation ability. The effect of

inoculum containing Chryseobacterium gleum sp. SUK

with feather lysate on growth of wheat (T. aestivum L.) was

evaluated for 15 and 30 days in the presence of 100 mM of

salt stressor and it was compared with wheat crops inoc-

ulated separately with only isolate under identical

conditions.

Materials and methods

Chemicals

ACC was purchased from Sigma-Aldrich, India and all the

standards like KH2PO4, IAA, L-proline, BSA (Bovine

serum albumin), Gallic acid, Rutin and other media com-

ponents were purchased from HiMedia, India. All the

chemicals used in this study were of analytical grade.

Isolation of ACC deaminase producers

ACC-utilizing bacteria AF-2 was isolated from saline soil

of Kolhapur, Maharashtra, India based on its ACC uti-

lization ability following the method of Penrose and Glick

(2003) with few modifications. Briefly, 1 g soil sample was

enriched by inoculating in sterile DF salts (Dworkin and

Foster 1958) medium supplemented with 3 mM ACC as

the sole nitrogen source and incubated at 30 �C for 24 h on

a rotary shaker at 200 rpm. 0.1 ml aliquot of this enriched

sample was plated onto solid DF salt agar medium con-

taining ACC (3 mM) and incubated at 30 �C for 48 h.

Bacterial colonies were purified and maintained onto the

respective medium slants at 4 �C. ACC deaminase activity

was assayed quantitatively using the method of Honma and

Shimomura (1978). Amount of a-ketobutyrate produced

was determined by comparing absorbance of sample with

standard curve of a-ketobutyrate (0.1–1 lmol) at 540 nm.

Characterization of isolate and 16S rDNA

identification

The morphological and biochemical property of AF-2 is

given in Table 1. Gram staining and IMViC (Indole,

Methyl Red, Voges Proskauer, Citrate utilization) tests

were performed following the standard protocol (Prescott

et al. 2002). Isolate AF-2 was identified by 16S rDNA gene

sequence analysis. The evolutionary history was inferred

using the Neighbor Joining method (Saitou and Nei 1987).

The evolutionary distances were computed using the

Maximum Composite Likelihood method (Tamura et al.

2004) and were in the units of the number of base substi-

tutions per site. Evolutionary analysis was conducted in

MEGA6 (Tamura et al. 2013). The partial 16 S rDNA gene

sequence was deposited in Gene Bank data base under

accession number of KX396055.

Determination of PGPT of AF-2

Phosphate solubilization

Phosphate solubilization potential of AF-2 was analyzed

quantitatively using Pikovskaya’s (Pikovaskaya 1948)

broth medium. Briefly, 100 ml of Pikovskaya’s liquid

medium was inoculated with 1 ml aliquot of seed culture

and incubated under shaking condition at 30 �C for 7 days.

Sterile uninoculated growth medium was used as control.

After 24 h, culture was harvested by centrifugation at

6000 rpm for 15 min. Amount of soluble phosphate in

supernatant was quantified using the Fiske and Subbarow

method (1925).

IAA production

The ability of isolate AF-2 to produce IAA was quantified

using the method of Gorden and Weber ( 1951) with slight

modification. 1 ml aliquot of fresh culture was inoculated

in 100 ml Nutrient broth in 250 ml Erlenmeyer flask sup-

plemented with 0.2% of tryptophan and incubated at 30 �C
for 6 days on rotary shaker. 2 ml of broth was withdrawn

after each 24 h of interval and centrifuged at 6000 rpm for

15 min. Further, 1 ml of supernatant was added with 2

drops of orthophosphoric acid and 2 ml of Salkowsky

reagent (1 ml 0.5 M FeCl3 in 50 ml of 35% HClO4).

Absorbance of resulting pink color was measured at

540 nm using UV–Vis Spectrophotometer. The IAA con-

centration was determined from IAA standard curve

(10–100 lg ml-1).
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Siderophore production

Isolate AF-2 was spot inoculated on chrome azurole S

(Schwyn and Neilands 1987) agar plates and incubated for

6–7 days at 30 �C. Development of yellow–orange halo

zone around the colony after incubation period was con-

sidered as positive for siderophore production.

Ammonia production

AF-2 isolate was inoculated separately into 5 ml sterile

peptone water and incubated at 30 �C for 48 h. After the

bacterial growth, Nessler’s reagent (0.3 ml) was added to

each tube. Ammonia production was indicated by the

development of brown to yellow color (Marques et al.

2010) and uninoculated medium was used as blank.

Hydrogen cyanide production

Bacterial isolate was spreaded on to King’s agar plates

(King et al. 1954). The Petri plates were covered with a lid

having a slice of filter paper soaked in 1% picric acid and

moistened with few drops of 10% NaCO3 (Lorck 1948),

plates were sealed with parafilm and incubated at 30 �C.
Change in filter paper color from yellow to brown was

considered as positive for cyanide production. Control

plate was prepared without inoculation.

Screening for salt tolerance

The inherent resistance of AF-2 to salt stress was evaluated

by streaking the fresh culture of isolate on Nutrient agar

plates added with various concentration of NaCl (0.5, 1,

1.5, 2, 2.5 and 3%). The plates were incubated at 30 �C for

48 h and growth on NaCl added medium was compared

over control (Nutrient agar plate).

Production of fungal cell wall degrading enzymes

Protease production

Protease production ability of AF-2 was checked on skim

milk agar plates (3% w/v). A single colony was inoculated

on this medium and incubated at 30 �C for 72 h. Protease

activity was detected as a clear zone around the growth

(Chang et al. 2009).

Chitinase production

Production of chitinase was determined using the method

described by El-Hamshary et al. (2008). Bacterial isolate

was spotted on 1% colloidal chitin agar plates and incu-

bated at 30 �C for 7 days. After the incubation period,

chitinase production was detected by the formation of a

clear zone after adding 0.1% congo red solution onto

plates.

Table 1 Biochemical profile of AF-2

Sr no. Characteristics AF-2

Morphology

1 Gram nature –

2 Shape Rod

Biochemical reactions

3 Lactose –

4 Xylose –

5 Maltose –

6 Fructose –

7 Dextrose –

8 Galactose –

9 Raffinose –

10 Trehalose –

11 Melibiose –

12 Sucrose –

13 L-Arabinose –

14 Mannose –

15 Insulin –

16 Sodium gluconate –

17 Glycerol –

18 Salicin –

19 Dulcitol –

20 Inositol –

21 Sorbitol –

22 Mannitol –

23 Adonitol –

24 Arabitol –

25 Erythritol –

26 a-Methyl-D glucoside –

27 Rhamnose –

28 Cellobiose –

29 Melezitose –

30 a-Methyl-D mannoside –

31 Xylitol –

32 ONPG ?

33 Esculin hydrolysis ?

34 D-Arabinose –

35 Citrate utilization ?

36 Malonate utilization –

37 Sorbose –

38 Indole test ?

39 Methyl red test –

40 Voges–Proskauer ?

41 Citrate utilization test ?
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Cellulase production

Cellulase activity of AF-2 isolate was checked by inocu-

lation on 1% carboxy methyl cellulose agar plates and

incubation at 30 �C for 48 h. Development of clear zone

followed by addition of iodine (0.666% KI; 0.333% iodine)

for 5 min was considered as positive for cellulase activity

(Kasana et al. 2008).

Feather degradation ability

The ability of AF-2 to utilize poultry waste (Chicken

feathers) was tested by culturing into the BSM (Basal salt

medium) supplemented with 1% poultry feathers as sole

nitrogen source and incubated at 30 �C for 7 days under

shaking conditions (120 rpm). After each 24 h keratinase

activity, released proteins and amino acids were evaluated.

Uninoculated medium was used as control.

Keratinase assay

The ability of the isolate to produce keratinase was assayed

as per the protocol of Hossain et al. (2007). 1 ml of crude

enzymewas dilutedwith Tris–HCl buffer (pH 8.5) and added

with 1 ml of standard keratin (0.1%). The reaction was ter-

minated by adding 2.0 ml trichloroacetic acid (0.4 mol/l)

after incubation of reactionmixture at 37 �C for 10 min. One

unit (U/ml) of keratinase activity was defined as an increase

in absorbance by 0.001 units at 280 nm with control/min.

Enzyme activity U ¼ 4� n� A280= 0:01� 10ð Þ

where n is the dilution rate, 4 is the final reaction volume,

and 10 is the incubation time (min).

Estimation of soluble protein and released amino acids

After every 24 h of incubation, the amount of soluble

proteins and amino acids was quantified. Aliquots were

withdrawn and centrifuged at 10,000 rpm for 10 min. The

supernatant was pooled for the estimation of soluble pro-

tein by Folin phenol (Lowry et al. 1951) and amino acid

content using and Ninhydrin method (Moore and Stein

1954).

Preparation of inoculum

Ability of AF-2 isolate with feather-degraded lysate to

alleviate salt stress was evaluated by pot trial. Seeds of

wheat (T. aestivum L.) were surface sterilized by 70%

ethanol treatment for 1 min followed by four times wash-

ing with sterilized distilled water. Seeds were sown in pots

(12 seeds/pot). Each pot was inoculated separately with

AF-2 inoculum (AI) and AF-2 with feather lysate inoculum

(A ? FLI) in 5 ml amount. Each set has three replicates.

Uninoculated soil was used as control. For imposing salt

stress, plants were watered with 100 mM salt solution at

48 h of intervals. After 15 and 30 days of sowing, the

plantlets were uprooted for analysis.

Estimation of chlorophyll

The fresh leaves of plants were collected randomly after 15

and 30 days of plantation; washed thoroughly and blotted.

Then, 0.5 g of leaf tissue was crushed in 80% acetone and

the final volume was adjusted to 10 ml and stored over-

night under refrigeration. This extract was then centrifuged

and filtered through glasswool. The absorbance of the

supernatant was recorded at 663 and 645 nm and the total

chlorophyll content was determined (Arnon 1949).

Estimation of proline

Proline content of salt-stressed plants, bacterized salt-

stressed plant and feather lysate supplemented bacterized

salt-stressed plants were estimated according to Bates et al.

(1973). Briefly, 0.5 g fresh leaves was homogenized with

3% sulfosalicylic acid and immediately centrifuged at

11,500 rpm for 5 min. One ml of supernatant was taken for

analysis. Absorbance was measured at 520 nm and the

calibration curve was determined using L-proline as

standard.

Quantification of free proteins and amino acids

1 g of plant material of test and control was crushed in

100 mM phosphate buffer (pH 7; for protein) and in 80%

ethanol (for amino acids). The formed extracts were cen-

trifuged and supernatant was used for the protein estima-

tion (Lowry et al. 1951) and amino acids estimation

(Moore and Stein 1954).

Analysis of total soluble phenol and flavonoids

Total soluble phenol was estimated using Prussian Blue

method modified by Graham (1992). The absorbance of

sample was read at 700 nm using UV–Vis spectropho-

tometer and expressed in terms of gallic acid equivalents.

Total flavonoid content was determined by colorimetric

method of aluminum chloride (Kim et al. 2003). Absor-

bance was measured at 415 nm and expressed in terms of

rutin equivalents.

Estimation of Na1 and K1 in plant tissue

After 15 and 30 days of growth, fresh leaf samples of AI

and A ? FLI treated salt-stressed and non-inoculated
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salinity affected wheat plants were collected and analyzed

for sodium (Na?) and potassium (K?) concentration by

flame photometer as described by Ryan et al. (2007).

Soil analysis

The total N content of the soil was determined by Kjeldahl

method. Total carbon contents were determined by Tyurin

method (Nustorova et al. 2006). In addition, Mg, Ca and P

contents were determined by atomic absorption spec-

trophotometer (Perkin-Elmer analyst, USA). All the ana-

lytical techniques were performed according to APHA

(1998).

Statistical analysis

All the results are an average of three or more determina-

tions. Analysis of variance was carried out of all data at

p\ 0.05 using Graph Pad software (GraphPadIn Stat

version 3.00, GraphPad Software, San Diego, CA, USA).

Results

Isolation and identification of ACC deaminase

producer and its PGPT

The AF-2 isolate showed growth on minimal medium

containing ACC as a sole source of nitrogen. AF-2

exhibited 10 ± 0.41 (lmol mg-1 h-1) of ACC deaminase

activity. The AF-2 was tested for range of activities con-

sidered as contributory for promoting plant growth. The

organism showed positive results for plant hormone, IAA

production. The maximum value of IAA production was

found to be 61.18 ± 0.5 lg/ml after 24 h of incubation;

further increase in incubation period decreased the pro-

duction of IAA. Isolate AF-2 also showed siderophore,

ammonia, HCN production and antifungal enzyme pro-

duction (Protease and cellulase) (Table 2). In addition to

PGPT, the AF-2 isolate also showed 2% salt tolerance. The

isolate was identified as C. gleum sp. SUK by 16S rDNA

sequence analysis. The phylogenic tree of C. gleum sp.

SUK in relation with Genebank data is illustrated in Fig. 1.

Feather degradation

The feather degradation ability of isolate AF-2 was deter-

mined in submerged cultivation using minimal medium.

Isolate showed degradation of chicken feathers and used it

as a carbon, nitrogen and sulfur source for energy pro-

duction and growth. The maximum keratinase activity of

86 U/ml was recorded at 96 h of incubation; further

increase in incubation decreased the enzyme activity

(Fig. 2). As the degradation of feathers continues, the

concentration of soluble proteins was increased. The

maximum 3.893 ± 0.11 mg/ml of soluble proteins was

observed at 96 h of incubation. The amount of proteins

increased equivalently with amino acids up to 96 h; further

increase in incubation period decreased the amount of

proteins released while concentration of amino acids was

increased up to 4.319 mg/ml at 144 h (Fig. 3).

Effect of inoculum on T. aestivum L. growth

Wheat (T. aestivum L.) plants exposed to 100 mM of salt

stress for 30 days showed reduced growth as compared to

non-stressed control plants. Salinity stress affects shoot

length, root length, fresh and dry weights of non-inoculated

Table 2 Plant growth

promoting traits of AF-2 isolate
Sr no. AF-2 isolate Activity

1 ACC deaminase activity

Qualitative ??

Quantitative (lmol mg-1 h-1) 10 ± 0.41 (lmol mg-1 h-1)

2 Phosphate solubilization (lg/ml) –

3 IAA production (lg/ml) 61.18 ± 0.55 lg/ml

4 Siderophore production ??

5 Ammonia production ??

6 HCN production ??

7 Fungal cell wall degrading enzyme production

Protease ??

Chitinase –

Cellulase ??

Data are shown as mean ± standard error of three replicates and p\ 0.05 according to Graph Pad software

Values in parenthesis show the percent decrease in the growth compared to control

? good, ?? very good, - negative
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stressed plants as compared to salt-stressed plants inocu-

lated separately with AI and A ? FLI.

After 15 days, salt-stressed wheat plant showed shoot

length of 11.46 ± 0.37 cm, root length of 4.2 ± 0.1 cm, fresh

weight of 1.89 ± 0.07 g and dry weight of 0.16 ± 0.003 g.

A ? FLI treated salt-stressed plant showed shoot length of

19 ± 0.7 cm, root length of 6.3 ± 0.2 cm, fresh weight of

2.92 ± 0.02 g and dry weight of 0.21 ± 0.002 g while AI

showed 17.53 ± 0.2 cm shoot length, 5.5 ± 0.17 cm root

length, 1.96 ± 0.02 g fresh weight and 0.18 ± 0.003 g dry

weight under salt-stressed conditions.

After 30 days of growth, the 100 mM salt-stressed

wheat plant showed a shoot length of 19.5 ± 0.17 cm, root

length of 6 ± 0.1 cm, fresh weight of 2.65 ± 0.16 g and

dry weight of 0.25 ± 0.003 g. However, salt-stressed plant

inoculated with A ? FLI showed 29.2 ± 0.3 cm shoot

length, 11.5 ± 0.3 cm root length, 3.84 ± 0.02 g fresh

weight and 0.35 ± 0.003 g dry weight. While AI showed

shoot length of 25.46 ± 0.11 cm, root length of

9.6 ± 0.43 cm, fresh weight of 3.04 ± 0.02 g and dry

weight of 0.31 ± 0.003 g under identical conditions. Fig-

ures 4 and 5 show that inoculation of salinity-stressed

wheat plants with A ? FLI reduced the detrimental effects

of salinity stress that indicates superior performance of

A ? FLI for enhancing growth of wheat plant in presence

of salt stressor.

Effect of inoculum on photosynthetic pigment

and proline content of T. aestivum L.

Under stress condition, photosynthetic pigment was maxi-

mum in the leaves of the plant treated with A ? FLI

(18.50 ± 0.11 and 22.53 ± 0.09 mg g-1 dry weight) fol-

lowedAI inoculum (15.65 ± 0.10 and 16.50 ± 0.24 mg g-1

dry weight) over salinity-stressed control plant (10.66 ± 0.30

and 14.43 ± 0.31 mg g-1 dry weight) after 15 and 30 days,

respectively (Fig. 6). Under salt stressor, wheat plant

Fig. 1 Phylogenetic tree of

Chryseobacterium gleum sp.

SUK and other closely related

Chryseobacterium species based

on 16S rDNA sequences. The

tree was generated using

neighbor joining method.

Bar 0.5 substitution per site

Fig. 2 Keratinase activity of Chryseobacterium gleum sp. SUK after

every 24 h of incubation in minimal medium containing 1% poultry

feather at 30 �C and 120 rpm (data are presented as the average of

three replicates and p\ 0.05 according to Graph Pad software)

Fig. 3 Proteins and amino acids contents of Chryseobacterium gleum

sp. SUK inoculated minimal medium containing 1% poultry feather at

30 �C and 120 rpm after every 24 h of incubation (data are presented

as the average of three replicates and p\ 0.05 according to Graph

Pad software)
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synthesizes proline to a great extent as compared to non-

stressed plant. Inoculation of salt-affected plant with the

A ? FLI and AI causes reduction in proline content. Wheat

crops subjected to salinity showed 2.47 ± 0.06 and

3.16 ± 0.05 lmol g-1 dry weight of proline. However, salt-

stressed plant with A ? FLI showed 1.76 ± 0.02 and

2.25 ± 0.15 lmol g-1 dry weight, while AI showed

1.77 ± 0.05 and 2.26 ± 0.04 lmol g-1 dryweight of proline

after 15 and 30 days, respectively (Fig. 7).

Effect of inoculum on proteins and amino acids

content of T. aestivum L.

Total protein content was found to be maximum in A ? FLI

supplemented salt-stressed plant leaves (2.13 ± 0.15 and

2.48 ± ±0.19 mg g-1 dry weight) as compared to salt-

stressed control plant (1.43 ± 0.05 and 1.76 ± 0.1 mg g-1

dryweight) after 15 and 30 days. Furthermore,A ? FLIwas

also effective in enhancing the level of amino acids in salt-

stressed plant (1.19 ± 0.04 and 1.65 ± 0.01 mg g-1 dry

weight) after 15 and 30 days compared to non-inoculated

Fig. 4 Effect of A ? FLI and AI on shoot and root length of

Triticum aestivum L. in the presence and absence of salt stressor after

15 and 30 days of growth. Control (0) soil with no salinity stress,

Control (100) soil with 100 mM salinity stress, A ? FLI(0)

A ? FLI ? soil with no salinity stress, A ? FLI(100) A ? FLI ?

soil with 100 mM salinity stress, AI(0) AI ? soil with no salinity

stress, AI(100) AI ? soil with 100 mM salinity stress (data are

presented as the average of three replicates and p\ 0.05 according to

Graph Pad software)

Fig. 5 Effect of A ? FLI and AI on fresh and dry weight of Triticum

aestivum L. in the presence and absence of salt stressor after 15 and

30 days of growth. Control (0) soil with no salinity stress, Control

(100) soil with 100 mM salinity stress, A ? FLI(0) A ? FLI ? soil

with no salinity stress, A ? FLI(100) A ? FLI ? soil with 100 mM

salinity stress, AI(0) AI ? soil with no salinity stress, AI(100)

AI ? soil with 100 mM salinity stress (data are presented as the

average of three replicates and p\ 0.05 according to Graph Pad

software)

Fig. 6 Effect of A ? FLI and AI on chlorophyll contents of Triticum

aestivum L. in presence and absence of salt stressor after 15 and

30 days of growth. Control (0) soil with no salinity stress, Control

(100) soil with 100 mM salinity stress, A ? FLI(0) A ? FLI ? soil

with no salinity stress, A ? FLI(100) A ? FLI ? soil with 100 mM

salinity stress, AI(0) AI ? soil with no salinity stress, AI(100)

AI ? soil with 100 mM salinity stress (data are presented as the

average of three replicates and p\ 0.05 according to Graph Pad

software)

Fig. 7 Effect of A ? FLI and AI on proline contents of Triticum

aestivum L. in the presence and absence of salt stressor after 15 and

30 days of growth. Control (0) soil with no salinity stress, Control

(100) soil with 100 mM salinity stress, A ? FLI(0) A ? FLI ? soil

with no salinity stress, A ? FLI(100) A ? FLI ? soil with 100 mM

salinity stress, AI(0) AI ? soil with no salinity stress, AI(100)

AI ? soil with 100 mM salinity stress (data are presented as the

average of three replicates and p\ 0.05 according to Graph Pad

software)
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salinity-stressed wheat plant, while AI showed 1.52 ± 0.04

and 1.55 ± 0.05 mg g-1 dry weight of proteins and

0.82 ± 0.008 and 0.97 ± 0.003 mg g-1 dry weight of

amino acids in salt-stressed plant after 15 and 30 days,

respectively (Fig. 8).

Effect of inoculum on total soluble phenol

and flavonoids content of T. aestivum L.

In response to salinity stress, changes in polyphenol con-

tents of wheat plants were observed after 15 and 30 days of

growth when added with the studied inoculum. Wheat plant

showed increase in amount of polyphenol content with

increasing concentration of salt stressor. Wheat plants

subjected to 100 mM of salt stress showed increase in

amount of polyphenol content when inoculated with

A ? FLI followed by stressed plant with AI. Inoculation of

wheat plant with A ? FLI exhibited 9.14 ± 0.46, wheat

plant with AI showed 8.76 ± 0.82, while the salt-stressed

plant exhibited 8.13 ± 0.27 mg/g dry weight of total sol-

uble phenol after 15 days. Salt-stressed wheat plant with

A ? FLI showed 10.32 ± 0.61, salt stress plants with AI

showed 9.06 ± 0.16 and salt stress non-inoculated plant

showed 8.49 ± 0.10 mg/g dry weight of total soluble

phenol after 30 days (Fig. 9).

Our finding indicated the difference in total flavonoids

content in salt-stressed and salt-stressed inoculated plants.

As the salt stress increases from 0 to 100 mM, the amount

of total flavonoids was also found to be increased. Inocu-

lation of wheat plants with AI and A ? FLI in salt stress of

100 mM showed difference in total flavonoid content

(Fig. 9). After 15 days, salt-stressed plants showed

10.53 ± 0.15, salt-stressed plants with A ? FLI showed

15.5 ± 0.24 and salt-stressed plants with AI showed

11.59 ± 0.12 mg/g dry weight of flavonoids. In case of

30 days, salt-stressed plants showed 13.55 ± 0.14, salt-

stressed plants with A ? FLI showed 18.50 ± 0.21, while

salt-stressed plants with AI showed 13.57 ± 012 mg/g dry

weight of flavonoids.

Fig. 8 Effect of A ? FLI and AI on proteins and amino acids content

of Triticum aestivum L. in the presence and absence of salt stressor

after 15 and 30 days of growth. Control (0) soil with no salinity stress,

Control (100) soil with 100 mM salinity stress, A ? FLI(0)

A ? FLI ? soil with no salinity stress, A ? FLI(100) A ? FLI ?

soil with 100 mM salinity stress, AI(0) AI ? soil with no salinity

stress, AI(100) AI ? soil with 100 mM salinity stress (data are

presented as the average of three replicates and p\ 0.05 according to

Graph Pad software)

Fig. 9 Effect of A ? FLI and AI on total soluble phenol and

flavonoid contents of Triticum aestivum L. in the presence and

absence of salt stressor after 15 and 30 days of growth. Control (0)

soil with no salinity stress, Control (100) soil with 100 mM salinity

stress, A ? FLI(0) A ? FLI ? soil with no salinity stress,

A ? FLI(100) A ? FLI ? soil with 100 mM salinity stress, AI(0)

AI ? soil with no salinity stress, AI(100) AI ? soil with 100 mM

salinity stress (data are presented as the average of three replicates

and p\ 0.05 according to Graph Pad software)

Fig. 10 Effect of A ? FLI and AI on Na? contents of Triticum

aestivum L. in the presence of salt stressor after 15 and 30 days of

growth. Control (0) soil with no salinity stress, Control (100) soil

with 100 mM salinity stress, A ? FLI(100) A ? FLI ? soil with

100 mM salinity stress, AI(100) AI ? soil with 100 mM salinity

stress (data are presented as the average of three replicates and

p\ 0.05 according to Graph Pad software)
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Plants inoculated with A ? FLI showed increase in total

flavonoids and total soluble phenol in the presence of

100 mM salt stressor as compared to salt-stressed uninoc-

ulated control plants after 15 and 30 days, respectively

(Fig. 9).

Effect of inoculum on Na1 and K1 uptake by T.

aestivum L.

Wheat plants exposed to 100 mM of salt stressor concen-

tration exhibited an increased Na? and decreased K?

content in shoot (Figs. 10, 11). However, wheat plants

supplemented with A ? FLI caused a decline in Na?

content in shoot by 28.87% and increase in K? uptake by

12.95% in the presence of 100 mM of salinity compared

with plants growing in non-inoculated salt stressor envi-

ronment. Wheat plants having 100 mM salt stress when

inoculated with AI caused decrease in Na? content in shoot

by 28.38% as compared to control and increase in the K?

uptake in shoot by 12.59%.

Soil analysis

Soil analysis was done to study the effect of A ? FLI on

soil constituents. Different samples were used for soil

analysis, namely control soil (without salt stress), 100 mM

salt-stressed control soil, 100 mM salt-stressed soil with

A ? FLI, soil with A ? FLI and 100 mM salt-stressed soil

with AI. The concentrations of major and minor nutrients

like N, P, C, Mg and Ca are altered significantly under

saline stress after the addition of A ? FLI (Table 3).

Discussion

In the present work, we have isolated ACC deaminase

producing isolate from soil sample and characterized its

PGPT, feather degradation activity and salt tolerance

character to formulate a complete bioformulation for salt-

stressed soil. The isolate AF-2 was identified as C. gleum

sp. SUK as per the biochemical properties and 16S rDNA

gene sequences. There are few reports on the role of

degraded feather lysate to promote plant growth as they are

rich source of nitrogen (Bhange et al. 2016; Kim et al.

2001). Although the Chryseobacterium genus is known to

have strong keratinase activity (Riffel et al. 2007; Wang

et al. 2008); however, this is the first report on salinity

stress amelioration using the combination of ACC deami-

nase producing organism with feather-degraded lysate.

Effect of A ? FLI was studied on wheat crops under

salt stress in pot trials. Irrigation with salt solution retarded

the length of root and shoot of wheat plants under non-

inoculated soil and as the level of stress increases the

effects became even more adverse. However, plants inoc-

ulated with A ? FLI exhibited higher root and shoot

length, fresh and dry weight by dropping the deleterious

effects of salinity. In case of shoot length, A ? FLI had

49% improvement over salt-stressed non-inoculated plants,

while salt-affected wheat plants supplemented with

A ? FLI showed 92.22% increase in root length in the

presence of 100 mM salinity stress after 30 days (Fig. 4).

This may be due to the ACC deaminase production by the

Fig. 11 Effect of A ? FLI and AI on K? contents of Triticum

aestivum L. in the presence of salt stressor after 15 and 30 days of

growth. Control (0) soil with no salinity stress, Control (100) soil with

100 mM salinity stress, A ? FLI(100) A ? FLI ? soil with 100 mM

salinity stress, AI(100) AI ? soil with 100 mM salinity stress (data

are presented as the average of three replicates and p\ 0.05

according to Graph Pad software)

Table 3 Soil analysis

Sr no. Sample Total C (%) Total N (%) Mg (ppm) Ca (ppm) PO4 (ppm) C/N ratio

1 Control 0.48 ± 0.11 0.105 ± 0.37 312.5 ± 1.2 392.8 ± 2.1 830.1 ± 0.021 4.5714

2 Control (100 mM salt stress) 0.39 ± 0.71 0.092 ± 0.07 286.5 ± 0.2 371.4 ± 2.1 712.7 ± 0.012 4.2391

3 A ? FLI 1.01 ± 0.21 0.163 ± 0.01 336.2 ± 2.5 413.1 ± 5.7 970.4 ± 0.025 6.1963

4 A ? FLI (100 mM salt stress) 1.03 ± 0.31 0.159 ± 0.43 341.2 ± 1.3 411.4 ± 3.6 958 ± 0.04 6.4779

5 AI (100 mM salt stress) 0.63 ± 0.01 0.123 ± 0.76 337.4 ± 1.5 403.1 ± 4.6 748.8 ± 0.83 5.1219

Data are shown as mean ± standard error of three replicates and p\ 0.05 according to Graph Pad software
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isolate which decreases the level of stress hormone ethy-

lene (Ahmad et al. 2011). These results are in accordance

with Saravanakumar and Samiyappan (2007) who reported

an increase in total yield of groundnuts in salinity by

inoculation of Pseudomonas strain having ability to pro-

duce ACC deaminase. In the present study, the inoculation

of plant with A ? FLI improved fresh and dry weight by

44.72 and 41.86% (Fig. 5). Studies have reported that the

plant growth promoting bacterial inoculation to the crops

increases the fresh and dry weight of the root system (Yuan

et al. 2013). Similarly, Bhange et al. (2016) reported an

increase in root length and root and shoot weight of Vigna

radiata L. due to the addition of feather-degraded lysate

with the degrading isolate Bacillus subtilis PF1. Results

showed the effects of both the inoculum on the vegetative

parameters which indicate that the ACC deaminase activity

of isolate reduces the salinity stress while the biostimulants

present in bioformulation significantly improved the

growth of plant.

The isolate SUK showed positive results for IAA,

siderophore, ammonia and HCN production as well as for

protease and cellulase (Table 2). PGPB promote the plant

growth directly by producing indole acetic acid, a plant

hormone playing a consequential role in division of cells

and elongation (Patten and Glick 2002). The C. gleum sp.

SUK has the ability to produce 61.18 ± 0.5 lg/ml IAA

after 24 h of incubation in the presence of 0.2% of tryp-

tophan. Keratin is the rich source of tryptophan (Tsavke-

lova et al. 2012); hence, the feather-degraded lysate may

serve as a source of tryptophan which can be converted to

IAA with strain SUK. Indirectly, PGPB promote the plant

growth by controlling fungal pathogen through hydrolytic

enzyme production and siderophore synthesis that causes

competition for iron (Compant et al. 2005) and ammonia

production which is also one of the biocontrol agents

(Trivedi et al. 2008). Similarly, HCN also indirectly sup-

ports the plant growth by playing the role of microbial

antagonist (Goswami et al. 2014). PGPB play an important

role to raise the nutritional status of soil and providing

nutrition to plant for its better growth.

Salinity stress causes reduction in photosynthetic pig-

ment (Saha et al. 2010), but salt stress plants provided with

A ? FLI showed increased chlorophyll content. According

to Neales (1956), synthesis of photosynthetic pigment

depends on the availability of N, Mg, S, Ca, Fe, Mn and Zn

to the plants. These metals are present in the studied

inoculum which might be responsible for the increased

chlorophyll content of plants as compared to the chloro-

phyll contents in only isolate supplemented stressed plant

(Fig. 6). In the presence of salt stressor, the wheat crop

produces increased level of proline however; the inocula-

tion of wheat crops with A ? FLI in the presence of salt

stress decreased the proline concentration. These results are

in accordance with Nadeem et al. (2007) who found that

the plant proline contents are increased by saline stress, but

decreased by inoculation with PGPB. However, in the

absence of salt stressor the supplemented inoculum

increases the proline contents of crops (Fig. 7). There are

some reports which suggest that under non-stressed con-

ditions accumulation of proline occurs for the development

of plants acting as signal molecule and involved mainly in

flowering process (Mattioli et al. 2009).

Wheat plants supplemented with A ? FLI exhibited

maximum protein contents of 2.48 mg/g dry weight and

amino acid 1.655 mg/g dry weight in the presence of salt

stress of 100 mM after 30 days (Fig. 8). This result is

corroborated by Gurav and Jadhav (2013), who reported

increase in proteins and amino acid contents of banana

plants by the supplementation of feather-degraded lysate as

bioenhancer. The feather-degraded lysate consists of ker-

atin protein-degraded products (peptides and amino acids)

which plays an important role in plant growth and devel-

opments (Cao et al. 2012).

Synthesis of polyphenol is one of the mechanisms used

by the plant to prevent oxidative damage (Hichem and

Mounir 2009). In this study, wheat crops exposed to salt

stressor of 100 mM produce increased level of polyphenol;

however, salt-stressed wheat crops when added with

A ? FLI improved the polyphenol level which indicates

the superior performance of isolate to decrease the salt

stress. McGrath et al. (1994) also reported that the inocu-

lation of crops with organic waste accumulates the

antioxidants. The presence of feather-degraded lysate in

bioformulation is also contributed for increase in

polyphenol content of wheat crops exposed to salinity

(Fig. 9).

Flavonoid contents of plants depend on many factors

including biotic and abiotic stresses, environment and

genetic factors (Pandino et al. 2009). In this study, wheat

crops in saline condition without inoculation exhibit

increased level of flavonoids but decreased growth fur-

thermore; salinity-stressed crops when integrated with

A ? FLI also showed an improved level of flavonoids and

improvement in crops growth (Fig. 9). Under salinity

stress, wheat crops inoculated with studied bioformulation

produce an increased level of flavonoid; it protects the

wheat crops against reactive oxygen species produced in

stress conditions (Sreenivasulu et al. 2000).

In this study, uninoculated wheat crops exposed to

salinity stress showed increase in Na? and decrease in K?

content. However, salt-stressed crops supplemented with

A ? FLI favor the K?/Na? ratio by decreasing Na? and

increasing K? contents of wheat crops. Figures 10 and 11

indicate the additional feature of bioformulation to reduce

the salt stress in plant. These results are in accordance with

(Nadeem et al. 2013). The particular mechanism of such
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nutrient uptake regulation by the bacteria is not clear; it

may be due to the beneficial effect of PGPT of bacteria

which results in improved root growth that causes increase

in the surface area, resulting in better nutrient uptake from

soil. Also, it may be due to exopolysaccharide that binds to

Na? and decreases its availability for plant uptake (Ashraf

et al. 2004).

Results of soil analysis showed changes in major and

minor nutrient in the soil like N, P, C, Mg and Ca after

inoculation of A ? FLI in salinity-stressed soil as com-

pared to non-inoculated stressed soil (Table 3). Notably,

the inoculum leads to significant changes in carbon and

nitrogen content of soil as well as C/N ratio that indicates

improved soil fertility (Nustorova et al. 2006).

The presence of anions and cations in feather-degraded

lysate is responsible for its buffering capacity which has

been earlier reported to maintain soil pH (Barrow 1960).

The presence of such organic matter in soil modifies the

water holding capacity of soil (Haynes and Naidu 1998),

increases fertility of soil, germination of seeds and growth

of crops (Demissie et al. 2013). Application of feather-

degraded lysate as a fertilizer to the saline soil is

adventitious due to the presence of high nitrogen level

plus; it will prevent the problems associated with solid

waste management. In India, agriculture is the major

revenue source and farmers are facing difficulties due to

extortionate utilization of chemicals and salinity stress

which decrement the overall crop yield. Now, it is

essential to develop cost efficacious bioinoculants that

will protect the plants against stress as well as provide

biostimulants to plants, helping them to grow better. The

agricultural loss can be obviated by such cost efficacious

bioformulation and can additionally be purchased by

farmers as compared to high priced chemical fertilizers.

According to Hadas and Kautsky (1994), feather-degraded

lysate can be utilized as slow release nitrogen fertilizer in

soil. However, the process has a disadvantage of less

availability of the nitrogen of protein to plants because

the feathers are not facilely degraded by most of the

proteolytic enzymes. We have exploited novel isolate C.

gleum sp. SUK that has the facility to degrade poultry

feathers into peptides and amino acids and also showed

PGPT.

Conclusion

The studied inoculum constitutes a promising approach to

reduce soil salinity stress and waste disposal quandary. The

presence of ACC deaminase activity reduces salinity stress

and the presence of feather-degraded lysate acts as a

bioenhancer. Basically, our finding focuses on inoculation

of isolate that could be able to reduce salinity stress by

amalgamation of plant growth promoting activities such as

IAA synthesis and ACC deaminase activity to reduce stress

ethylene level. In additament presence of siderophore,

ammonia, HCN production and cellulase, protease activity

will indirectly promote the plant growth. The present

results confirms amelioration of salinity stress on growth

parameters of T. aestivum L. in the presence of 100 mM of

salt stressor inoculated with novel cost efficacious biofor-

mulation A ? FLI containing C. gleum sp. SUK plus

feather-degraded lysate. Hence, the use of multifarious

plant growth promoting bacteria with feather-degraded

lysate and salt tolerance properties hold a great potential to

be used as biofertilizer for saline soils.
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