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13.The highest weight of tomato plant was observed with TS-1 and the lowest weight of plant
was observed in plants treated with TS-6. Furthermore, SM-3, SM-13, TS-3, RS-5 showed
increased root and root weight of a Tomato riogrande variety as compared to un-inoculated

control.

Based on these results it can be concluded that these isolates have the potential to be used for
plant growth promotion and needs to be further evaluated. All the morphological measurement
showed a great response in PSB treated plants thus confirming the efficiency of the selected

isolate PSB as a phosphate solubilizer.
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Chapter 1 Introduction

Plant growth promoting rhizobacteria (PGPR) are beneficial and have agricultural

importance. These bacteria positively effects plant growth and health, suppress pathogenic

microorganisms and increase nutrient accessibility and assimilation. Along these lines, keeping in
mind the end goal to enhance soil fertility and product yield and to diminish the negative impacts
of chemical fertilizer on the surroundings, there is a need to use PGPB for consistent valuable

agriculture purpose (Rashid et al., 2004).

Phosphorus is one of vital plant supplement and positioned after nitrogen in micronutrients.
Its commitment to enhance plant biomass is perceived by exploration specialists (Goldstein, 1986).
Soil might contain adequate measures of phosphorus yet generally it is not accessible to plants.
For the most part the dissolvable P react with soil compound which brings about the developrﬁent

of insoluble compound (Saying e al., 1990).

o

In Pakistan calcareous soil, metal cation encouraged edification of about 75-90% included
P fertilizer. (Hinsinger, 2001). Further, it has additionally been theorized that the measure of

phosphorus settled has expanded to such a degree in arable soils that are adequate to maintain most

extreme crop yields worldwide for around 100 years (Goldstein, 1986).

PGPB are present as endophytes inside plants or as rhizobacteria in the rhizosphere. PGPR
having the P-solubilizing limit are called as phosphate solubilizing bacteria (PSB).These
accounted for to expand Phosphorous-accessibility by changing over insoluble structures to
dissolvable ones by the release of organic acids (Rashid et al., 2004) and consequently higli the
product yields (Zaidi, 1999).Soil inoculation with PSB is a promising methodology that might

lessen the lack of phosphorus (Cakmakci, 2005).
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Chapter 1 , _ Introduction

b

1.7 Plant growth promoting attributes of PSM

i:; Other than making solvent P available for plants, several studies have reported on plaﬁt
growth promoting microorganisms (Gaur and Ostwal, 1972). PGM involved in the productidn of
plant metabolites, for example, phytohormones, anti-microbials, or siderophores. Different PSM
arrangements have been appeared to advance the development of numerous yields. Endophytic
Bacteria secluded from rhizoplane of cacti plants developing in exposed pumice, not just altogéther
prepared Phosphate and different minerals (Puente e al. 2004a, 2009a) additionally advanced
development of wild desert plant species.

- 1.7. 1 Biological nitrogen fixation

—& =~z ~=—r=Plants play-a_vital function by enriching and choosing the varieties of bacteria by the

e eléments of own root exudates. Hence, the community of microbes in the root area develops,
relying on the concentration and nature of organic elements exudates through roots, also the
capability of microbe to consume these as energy sources (Cufl and Truelove, 1986).

Utilization of bio-enhancer and bio-fertilizer like nitrogen (N2) fixing bacteria and helpful
bacteria can reduce applications of chemical fertilizer and subsequently lower production cost.
Exploitation of PGPB for the purpose of increasing the productivity aids in pollution reduction
and environment stability in the soul of an ecological agriculture (Stefan et al., 2008).

Commitment of natural nitrogen obsession is 180 X 106 metric tons/year around the world,

i%\ into which cooperative connections produces 80%, the rest originates from affiliated framewoiks

or free-living (Sylvia et al., 2005).
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Chapter 1 7 Introduction

P -

Furthermore, ISR comprises signaling of ethylene and jasmonate in plant, and both of
hormones motivate the plant’s resistance strategies against a various pathogens of plant (Glick,

2012).

PGRP have been found to live and colonize plant roots. So, they are able to promote plant
development, crop yield, diminishing diseases, and bug harm. In Pakistan, relative adequacy of
plant growth promoting rhizobacteria was examined by a few scientists although, weed

administration in Rice Yield was examined all the more as of late at Gomal University, D.I. Khan,

Lt

Pakistan (Asim-Raza, 2014).

"

Micronutrients and rhizobacteria - Nutritional quality and medical advantages of chjckpeg

e, wF R

(Cicer arietinum L.) were checked on and reported on WorldWideScience.com - The Global

science Gateway (Jukanti er al., 2012). Utilization of micronutrients (Zn, B, and Iron) for yield

upgrade in rice was examined in D.I. Khan (Qadir, 2013).-

PGPR likewise upgrade plant development by means of concealment of phytopathogens
by an assortment of components, for example, anti-infection agents, fungi cell wall lysing

chemicals or hydrogen cyanide which stifle the development of parasitic pathogens. Antagonistic

microorganism connections intervened by Pseudomonas species are real drivers in the natural
control of phytopathogenic parasites in the rhizosphere and might in a roundabout way advantage
plant development and survival (Winding et al., 2004). The union of particles includes in

Antagonistic cooperations and ailment concealment, for example, the anti-infection 2, 4-

4

"

diacetylphoroglucinal (2, 4-DAPG), pyoluteocin, and so on (Costa et al., 2007).

Isolation and characterization of phosphate solubilizing bacteriatfrom rhizosphere of local flora of
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1.10 Plant growth.- Effect of PGRP strains

Different PGRP stains of Pseudomonas putida and P. fluorescens. were
demonstrated to affect elongation of shoots and roots of plants such as canola, tomato and lettuce
(Hall et al., 1996; Glick et al., 1997). A substantial increase in the yield of wheat, potato, fice,

sugar beet, apple, citrus, and other plants is reported (Kloepper et al., 1988; Kloepper et al., 1989).

Interestingly, Azotobacter inoculation increased the yield of wheat crop by 30% whereas
yield increase reached 43% higher with Bacillus inoculants (Kloepper et al., 1989). Earlier studies
on Bacillus megaterium and Azotobacter chroococcum showed 10-20% increase in yield (Brown,

1974).

Recent reports from Malaysia suggested that Azospirillum Spp. (basically belonging to N2-
fixing bacterium) could significantly improve the growth of shoot, root and total biomass in
different cereals in Tropical areas with less fertile soil. Sweet corn hybrid variety J-58 ‘wa;
inoculated with four different strains of Azospirillum species and overall best improveme;it w;;
observed in vitro experiments (Faruq ef al., 2015). At large, Azospirillum Spp. were found to

enhance the growth of vegetable and other crops (Zimmer et al., 1988; Zahir et al., 2003; Barassi

etal., 2007)

Plant Growth promoting rhizobacteria (PGPR) can enhance plant advancement capacity by
extending seed rise, plant weight and yield. PGPR increase the advancement of different basic
items, with a couple strains impelling systemic impenetrability to parasites, microorganisms,

viruses and nematodes (Kloepper ef al., 2004a).

Isolation and characterization of phosphate solubilizing bacteria from rhizosphere of local flora of
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The majority of the strains utilized have a place with types of Pseudomonas or Bacillus
(Ehret et al., 2001). Various economically accessible PGPR-based items are accessible in various

countries, the greater part of which contain strains of Bacillus spp (Kloepper e al., 2004b).
1.10.1 Inoculation pattern - effect on some vegetables growth

Azospirillum spp. were found to expanded yield in crops like maize, sorghum, and wheat
while Bacillus spp. were accounted for to expanded essentially the yield in peanut, potato,
sorghum, and wheat (Burr et al., 1978; Capper and Campbell, 1986). On the other side, -
Azospirillum brasilense was found to alter membrane potential and in proton efflux (Bashan and

Levanony, 1991). p

ra

It is worth noteworthy that isolation of Azospirillum strains from water stressed conditions
and as inoculants can mitigate drought effects. It was concluded that Azospirillum strain had
significant effects as a strong inoculant for maize (Zea mays) that can support the crop to tolerate

inadequate water availability (Bano et al., 2013).

In generic, isolated bacteria from soils have Phosphate-solubilizing and -mineralizing

abilities (Guang-Can et al., 2008; Khan et al., 2009). Bacteria are known to have an imperati\}e

part in sustaining the health status of soil ecosystem by preforming various biological processes:
Azospirillum species and their role were further studied in wheat crops. Amongst PGPR,
¥

Azospirillum is closely-associated with plants and belongs to a significant genus and have potential

to degrade organic contaminants, involve in advancing the plant healthiness and upsurge crops

yield (Rasool er al., 2015).
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Chapter 1 Introduction

From wheat rhizosphere four bacterial strains were isolated. They were characterized on
the basis of colony, morphology of cell, their shape, size and mobility (Bashan et al., 2004). The
strain Azo LR3 of Azospirillum was revealed to have mild pink color colony with: enviable (rod
size 3um), with typical helical motility. This strain is involved in production of indole-3-acetic
acid and gibberellic acid. Additional, analysis of 16S rRNA genes sequence unveiled the isolated
strain to belong to Azospirillum genus with similarity of 96% but differed from other members of

the genus (Murumkar et al., 2013; Rasool et al., 2015).

In another study on the advance seedling development of vegetable like lettuce, tomato and
cucumber was inquired with the target to assess the ability of three Azospirillu brasilense strains
.According to the experimental design the before and after sowing of seeds, they were inoculated
by soaking and drenching respectively. The experimental results exhibited that inoculation well
affected; however, changes occurs due to different plant species, inoculation methods and PGPR
strains used. The response was found to be dependent on: the concentration of inoculum and
production of indole-3-acetic acid (IAA).In generic, the magnitude of inoculation influence on the
early growth of vegetables was more articulate and strongly increased root and shoot growth,
germination and potency of tomato when inoculated by soaking. Although, there have been
variances in effects on crops to the inoculation methods; however, soaking considered to be
improved technique, and most of the strains showed concordant beneficial effects on tomato
relatively more than lettuce and cucumber. These findings were in line with the earlier reports on
the Azospirillum brasilense inoculation effect on morphology of roots and in tomato seedling

respiration (Hadas, and Okon, 1987; Mangang et al., 2015).

Isolation and characterization of phosphate solubilizing bacteria from rhizosphere of local flora of
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1.10.2 Inoculation of seeds — Results from University of Arid Agriculture, Pak.

Bacteria seem to be more active and effective for plant growth and protection. Hundreds
of soil samples were collected from native soils of Pakistan and investigated at University of Arid
Agriculture, Rawalpindi, Pakistan. Various genotypes showed different response with PGPR

applications (Abaid-Ullah et al., 2015).

Contrary to other macronutrients, phosphorous is taken up by plants from soil as phosphate
anion. P is the least mobile element in soil and plant. It is known to precipitate as orthophosphate
or absorbed by Al oxlde and Fe oxlde (vna legend exchange) PSB play a vital role in solubilization

and mmerallzatlon P and make it available to plants by acid phosphatases (Khan ez al., 2009)

Arid Zo}le -In ge;eral, the arid ecosystem 'is extended ovér the earth from the tropicz.ﬂ t§
the sub-élpine zones (average sea level: 3000 m). The z;\;erage rainfall in arid zone mostly varies
between 100 to 400 mm with different drought intensities (Yadav et al., 1989; Tripler et al., 2007:
Yadav and Verma, 2012). It is not possible to think of annual crop cultivation under severe drought
conditions. In such cases, due to poor soil fertility the agriculture production is poor but the
demands of grain, wood and fodder keep on increasing with growing population. To consider the
use of chemical fertilizers is a risky proposition in such conditions of socio-economic burden.
However, the use of PSB and P-fertilizers seem to possibly support the situation and increase the
production of crop. The improved farming facilities (expensive/add to cost) and use of PSB

meeting P requirements of crops are considered helpful (Barber, 1995).

D.I. Khan is known for Dates which are an iconic part of Muslim culture. Sandy loam and
clayey loam soil are the best for their growth (Pasha et al., 1972). The crop is known for its survival

in stressful climatic conditions. Dhakki village dates (D.I. Khan) are much popular amongfolk:

Isolation and characterization of phosphate solubilizing bacteria Jrom rhizosphere of local flora of
D.I.Khan . Page | 30







MG ——— . e - o vy T T———— A
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2.0 Materials and Methods

o/

A systematic study was undertaken to isolate indigenous rhizobacteria from the farmer
fields of Dera Ismail Khan in order to evaluate role of Phosphate solubilizing bacteria (PSB) and
its effects on yield and growth parameters of Tomato plant. For these studies the details of
.methodology used being presented in the following three sections namely: isolation of bacteria,
characterization and investigation of various plant growth promoting attributes under in vitro
conditions and its effects on growth of plant. The work was carried out according to the

following steps.

2.1 Isolation of phosphate solubilizing bacteria

=)
< 2.1.1 Collection of samples

Samples of soil were collected from the rhizosphere of Tomato, maize and rice fields at a
depth of 6 cm from the vicinity of the roots of plants. In August 2015 and September 2015. Each

sample was taken in separate polythene bag, labelled and stored at 4 °C for further processing.

2.1.2 Isolation of rhizobacteria from soil

Isolation was carried out from rhizosphere soil of Tomato (Solanum lycopersicum), Rice
(Oryz sativa), and Maize (zea mays) by dilution plate method (Brierly, 1928). Soil (1 g) was
properly mixed in autoclave distilled water (90 mL) for the isolation of indigenous rhizobacteria.

2N After sedimentation of solid particles, dilution was made up to 106 was inoculated on Luria-

(i

Bertani (LB) medium(see appendix, Table 2.1) and incubated at 30°C for 24 hours (Aneja,

2002).
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2.2.3 Change in pH in PSM broth cultures

The pH of the growth medium was determined at regular intervals by using digital pH

meter (Decibel India Ltd).
2.4 Morphological Characterization

Morphological characteristics of PSB colonies were observed on LB agar plates. The
three old cultures were used to determine the following characteristics including form, elevation,

margin, color, opacity and Gram reaction (Mudili, 2007).

2.5 Preservation of isolates

For short term storage slants were prepared in 15 ml falcon tubes by half strength Luria
agar (see appendix, Table 2.1) and incubated for 24 hours at 30 °C to check contamination.
Isolates were inoculated with sterile loop on media slants and incubated until a clear visible
growth appeared in the medium tube, then stored at 4 °C. The isolates were refreshed every three
months on fresh media slants. Glycerol stock was prepared for long term storage. Isolates were
inoculated in Luria Agar (LA) and incubated overnight at 30 °C on shaking incubator at 200 rpm.
Next day about 700 pl of this broth was mixed with 300 ul sterile 50% Glycerol stock in 2 ml

cryovials. The resulting 15% glycerol stock was then stored at -80 °C (Pegg, 2006).

Isolation and characterization of phosphate solubilizing bacteria from rhizosphere of local flora of
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Chapter 2 « Material and Methods

2.6 In-vitro tests for functional characterization of isolated PSB

strains;

Selected isolates of Phosphate solubilizing bacteria were further characterized for plant
growth promoting attributes like indol-3-acetic acid production (IAA), protease activity,
siderophore activity, pectinase activity and Amylase activity, HCN Production activity,

Ammonia production activity.
2.6.1 Amylase test

The single colony of bacterial isolates were point inoculated on starch agar medium(see
appendix, Table 2.4) plates and placed in incubator at 30°C for 48 hour. After incubation period,
the plates were flooded with iodine solution, kept for a minute and afterward poured off. Todine
reacts with starch to form a blue color compound. This blue color diminish rapidly. Hence the
color less clear zone around colonies depicts the positive result for amylase (Namasivavan e¢ al.,

2011).

2.6.2 Pectinase Test

Isolates having pectinase production activity were checked by using agar plates having
pectin scréening media. Media was prepared, its pH maintained and then autoclaved (See
appendix, Table 2.5). After 48 hours incubation at 30 °C plates were ready to inoculate isolates.
After inoculation plates were incubated for two to three days till the zones of clearance were
produced. Clear zones were checked by flooding the plates with HCL solution (Namasivavan et

al. 2011).

Isolation and characterization of phosphate solubilizing bacteria from rhizosphere of local flora of
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2.6.3 Protease Test

In this test agar media supplemented with skimmed milk was used in a media. Both broth
and skimmed milk were made separately to avoid agglutination (See appendix, Table 2.3), then
combined together after autoclaving in sterile environment under laminar flow hood to avoid
contamination. Mixture was then poured in petri plates and allowed to cool. After that petri
plates were incubated overnight for 48 hours at 30 °C. Strains were inoculated on plates and their

activities checked by formation of halo zones (Kazempour, 2004).
2.6.4 Ammonia (NH3) production

For detection of NH3 production pure isolates were inoculated in test tubes having 10ml
peptone water and then Nessler’s reagent was added to each tube dropwise (See appendix, Table

2.6). And ammonia production was indicated by media color change from yellow to brown after

48 hours (Cappuccino & Sherman, 1992).

2.6.5 Hydrogen cyanide (HCN) production

)

Hydrogen cyanide production was detected by using TSA media having 4.4 g glycine
which was autoclaved and poured into petri plates (See appendix, Table 2.7). Bacterial isolates
were streaked on respected plates and Whatman No.l filter paper soaked in a 2% sodium
carbonate and 0.5% picric acid solution was placed top of each streaked isolates and placed in
incubator at 30 °C for 4 days. The filter paper color turned from yellow to orange indicated HCN

production (Ahmad et al., 2008).

Isolation and characterization of phosphate solubilizing bacteria from rhizosphere of local flora of
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2.6.6 Siderophore production

Bacterial strain were point inoculated on Chrome azurol S (CAS) agar medium (see
appendix Table 2.9) and incubated at 30° C for 48-72 hours to assess siderophore production.
Positive result for siderophore production was indicated by the formation of yellow to orange

zone surrounding the bacterial colony (Alexander & Zuberer, 1991).
2.6.6.1 Preparation of CAS agar medium

CAS agar media was prepared by mixing of four solutions which were sterilized
separately and then mixed together and poured into sterilized petri plates in sterile environment

under the laminar flow hood (Alexander & Zuberer, 1991).
2.6.7 Indole-acetic-acid activity test

Indole acetic acid producing bacteria were assessed by using a calorimetric method
(Gordon & Weber, 1951). Bacterial isolates were inoculated in 5ml Nutrient Broth (see
appendix, Table 2.10) incubated for 48 hours at 30 °C. Development of pink color indicated IAA

production.
2.6.8 Catalase Test:

Catalase test was done by adding 3 drops of 3% hydrogen peroxide to the bacterial
culture. Appearance of effervescence was taken as positive test for catalase activity (Cappuccino

etal., 2008).
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Chapter 2 Material and Methods

2.7 Pot Experiment

The PSB strains perfon'ned better were selected from the experiment. Effect of PSB on
Tomato was studied in green house of International Islamic University. Seedling of tomato were
sown in 1st week of January in pots. The crop was allowed to grow till maturity with normal
agronomic practices. In 1% week of April, harvest plants, data regarding growth parameter was

collected from each plot.
2.7.1 Preparation of inoculum

Phosphate solubilizing bacteria isolated from farmer fields used as inoculant. Phosphate
solubilizing bacterial strains sub-culture in LB stock incubated for 72 hours on a shaker at 120
rpm at 25°C. After incubation, culture broth centrifuge at 3000 rpm for 15 mins. Pelleted cells
were re-suspended in sterile tap water and conformed to around 108 cells ml-1 in light of an

optical thickness (OD660 = 0.08) (Bhuvaneawari et al., 1980).

2.7.2 Pot culture Study

Sterilized pots measuring (2 kg, 10 kg) were filled with autoclaved soil (soil, sand and
humus in the extent of 2:1:1). Tomato seedling (Riogrande) obtained from the Horticulture
Resea:::h Center (NARC) Islamabad. Seedling of Tomato were grown in each pot and in this
way the pots were watered twice every week according to water holding limit of soil. Pots were
arranged in completely randomized design in the green house of International Islamic University,

Islamabad. The experiment was carried out with 10 PSB strains in 3 replicates.

Isolation and characterization of phosphate solubilizing bacteria from rhizosphere of local flora of
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Two millileters of either the single culture were infused into root zone by utilizing

syringe when the youthful seedlings were at the mid first leaf stage. (Hadi, & Bano, 2010).Plants

@ after 60 days transferred into 10 kg pots .Plants data gathered after 120 days of treatment and
washed with water, Plant height and root length were measured with a centimeter scale from the

base of stem to the highest point of the apical leaf and the root length from base to tip. Plants

were detached into roots, stem and Fruits.

Table 2.1: Isolates Used for pot experiment

Rhizosphere soil sample Isolate
SM2
Maize SM3
SM13
TS1
TS3
Tomato TS4
TSS
TS6
RS3
Rice RS5

Q7

‘,‘,t,w
.
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Chapter 2
2.8 Statistical analysis

One way investigation of variance (ANOVA) was completed for affirmation of data variability

(p<0.05) and mean estimation of treatments were linked by Least significant difference (LSD) at

p<0.05.
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Results

In the present study, we isolated number of rhizobacterial strains from the rhizosphere of
maize, Tomato and Rice plants fields. Rhizobacteria were first screened for phosphorous
solubilization, and then further screening/evaluation for plant growth promotion activities was
carried out. The performance of the most effective PSB isolates containing ];GPR activity was then
evaluated in soil culture by conducting pot experiment. Results of these experiments are discussed

as under.
3.1 Isolation of Phosphate Solubilizing Bacteria

A total of 40 bacteria were obtained from agricultural soils mentioned above. The initial
isolates obtained on Luria Agar medium and total bacterial counts from each soil type are shown
in Table 3.1. The isolated rhizobacteria were screened for their phosphate-solubilizing ability on
Pikovskaya (PVK) agar medium. Qualitative P-solubilization potential was anticipated by
observing the large clear/ halo zones around the bacterial colonies on Pikovskaya agar media
(Fig.3.1, 3.2). Out of 40 bacterial isolates tested, 16 isolates had P solubilizing ability on solid
media amended with tri-calcium phosphate (TCP). The isolates exhibited different sorts of
phosphate solubilizing index (PSI) ranging from 6.83 to 1.75. Elven isolates
(SM3,SM4,SM7,SM13,TS1,TS3,TS4,TS5,TS6,RS3,and RS5) showed high PSI (Table 3.2).

Maximum PSI (6.83) was observed in case of TS6 and minimum (1.75) in case of RS13 and SM2.
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3.1.2. Phosphate Solubilization in liquid medium

After conﬁrmmg the Phosphate Solubilizing Activity on solid medium, the phosphorus
solubilization in liquid medlum (PVK Broth) was confirmed. Data presented in Table 3.3 summarizes the
amount of “P” (ug/ml) solubilized in PVK liquid medium containing Tri calcium phosphate. All bacteria
tested were found to be solubilizer of Tri calcium phosphate. The “P” content released into the medium
from Tri calcium phosphate were given in the Table 3.3. Results showed that isolates TS-6, SM-3, RS-3,
TS-1 and TS-5 showed maximum P solubilization in liquid medium. It was evident that in the medium with
Tri calcium. phosphate, the values of dissolved phosphate obtained with all the isolates were convincingly
showing that the tested isolates have effectively converted the inorganic, insoluble phosphate into soluble

form and were selected for further studies.
3.1.3 pH drop experiment

Rhizobacteria capable of solubilizing P are known to secrete different kinds of organic acids which
result in lowering of pH of the media. To investigate pH changes, a pH drop experiment was conducted. In
our pH drop experiment, it was found that after 7-Days of incubation period, 16 isolates were found most
effective in decreasing pH of the cultured media between 6.05 to 3.47 (Table 3.3). Maximum decrease in

pH was observed in the culture inoculated with TS-6 (3.47).

3.2 Morphological characterization

The PSB isolates were examined for their morphological features. The morphological
characteristics were examined on their respective agar plates. The pure cultures from the slants were placed

on the agar plates. After the growth of colonies morphological characters of the colonies like the form,

“elevation margin opacity, color, shape and gram staining were recorded. (Table 3.4)
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Table 3.3: Phosphate solubilizing index and available P by selected bacterial isolates

Isolates Halo zone Colony Phosphate Available P pH Drop
Diameter(mm} | Diameter solubilizing {ug/mi)
{mm} index

SM2 2.3 1.75 11.75 36 5.23
SM3 4 0.95 5.21 128 4.75
SM4 2.7 0.5 64 68 491
SM7 1.9 0.7 3.71 35 5.1
SM11 2.1 1.45 2.44 94 482
SM13 31 11 3.81 89 4.03
TS1 2.6 0.9 3.8 115 412
TS3 2.9 0.5 6.8 91 5.06
TS4 3.1 1.1 3.81 84 489
TS5 3 1.3 3.30 118 5.49
TS6 3.5 0.6 6.83 157 3.57
RS3 2.8 11 3.54 131 5.05
RS5 33 0.85 48 102 4,51
RS7 1.8 1 2.8 136 5.15
RS13 1.2 1.6 1.75 48 6.05
RS15 1.3 0.95 2.36 54 5.54
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4 Form Elevation Margin Opacity Color Shape Gram
" Reaction
¥ Spindle Flat Undulate Opac Off-White | Cocal Tive
. Irregulae Pulvinate Entire Opac Off-White Rod +ive
Punctiform Raised Erose Transparent | Off-White Rod -ive
’ Circular Convax Entire Opac White Cocci -ive
}J; ~ Filmentous Raisedt Erose Opac Off-White Rod o -ive
~ \, Irregular Convax Entire Translucent Yellow Cocci +ive
=T Circular Convax Entire Transparent | Off-White Cocci +ive
. ” Circular Umbonate Erose Opac Yellow Cooci, -ive
L0 i Punctiform Convax Erose Opac Yellow Cocci +ive
Irregular Pulvinate Erose Opac Yellow cocci +ive
Irregular Convax Undulate Opac Off-White Rod -ive
‘ Filamentous Flat Lobate Opac White Rod -ive
3‘!" Spindle Flat Erose Opac Yellow Rod +ive
Rhizoid Convex Lobate Opac Yellow Rod -ive
E Irregular Pulvinate Filam.entous Opac Off-White coccei +ive
N s“ Circular Flat Entire Opac Yellow Cocci -ive
| 20 '1{ Table 3.4: Colony morphology and Gram staining
b TJ‘(,‘,,%
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Chapter 3 Results

3.4 Production of Hydrolytic enzymes (Protease, Pectinase, Amylase)

3.4.1 Protease activity.

The results presented in Table 3.5 revealed that isolated PSB showed protease activity as indicated by the
development of clear zones around the colonies on skim milk agar. Among 16 isolates five (RS13, RS15,
SM7, SM11, TS6) were tested negative for protease activity while elven isolates have shown protease

activity.
3.4.2 Amylase test:

For Amylase activity result presented in graph 3.3, 12 bacterial isolates out of 16 showed positive result.
Those isolates which gave better amylase activity are RS-3, RS-13 and TS-5,SM-3 which formed zone of
diameter more than 30mm while TS-1, TS- 3, SM-13 and RS-5, RS-13 formed clear zones of more than
20mm diameter. Other isolate TS-4 formed clear zone of less than 1.While, SM-7, and SM-11, TS-6 did

RS-15 not produce any clear zones.
3.4.3 Pectinase Test

All the selected PSB isolates from the rhizosphere of maize, tomato and rice fields tested negative for

pectinase activity (Table 3.5).

3.5 Catalase Test

All the selected PSB isolates of all regions showed the catalase activity except RS7 (Table 3.5). Isolates
from the rhizosphere of maize plants exhibited higher reaction intensity in catalase activity as compared to
that from the rhizosphere of Tomato and rice.
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Chapter 3 Results

3.6.4 Shoot fresh and dry weight (g)

Average shoot weight plant-1 increased significantly (p < 0.05) during growth in the Pot
experiment as shown in Graph 3.7. Maximum fresh shoot weight (g plant-1) was recorded in plants
inoculated with SM-3 (9.764g) followed by RS-5(8.133g) and TS-6 (8.41g) with increase over the
control. As in case of shoot dry weight as shown in Graph 3.8, SM-3, RS-5 and TS-5, were the
most efficient in producing dry mass plant-1 having values 5.63, 4.7 and 4.53 g plant -1,
respectively .Shoot Fresh and dry mass formed in response to PSB strains SM-4 and SM-13 were

not so impressive among all ten strains.
3.6.5 Root length (cm)

Regarding root length, significant difference was found among PSB treatments as shown
in (Fig 3.12). Maximum root length (cm) was recorded in plants inoculated with SM-3 (37.6 cm)
followed by other two combinations TS-5(34.1 cm) and SM-4 (33.423 cm). Plant root length
produced as affected by strains TS1 and TS3 were minimum and statistically similar ranging from

29.9 to 27.33.In case of inoculation, root length increases, as compared to the control.
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3.6.6 Root fresh and dry weight.

Average root weight plant-1 increased significantly (p < 0.05) during crop growth in the experiment
as shown in (Graph 3.10, 3.11). The inoculation of PSB isolates had pronounced effect on root weight plant-
1. The highest root weight (g plant-1) was recorded in plants inoculated with PSB strain SM-3 (1.24g)
followed by other two combinations SM-4 (1.17) and TS-3 (1.136). These treatments showed increase in
root weight more than control (0.34 g). The inoculation with TS-3,SM-3 and RS-5 which proliferated dry

roots weights of 0.65, 0.63 and 0.62g plant-1and showed increase(0.133) over control.

1.6 AB

1.4

AB AB

BC

t(gram:

0.8

Wi

751 TS3 754

Graph 3.10: Effect of inoculation treatments on fresh root weight of Solanum lycopersicum

*Means sharing the same letter (s) do not differ significantly at P < 0.05 according to LSD
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Graph 3.11: Effect of inoculation treatments on dry root weight of Solanum lycopersicum

*Means sharing the same letter (s) do not differ significantly at P < 0.05 according to LSD
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ISOLATES ID NO OF FRUITS

I_EON 0
TS1 3

"TS3 T 2
™S4 |7 T 1
TS5 J U

| IS — e —
TS6 2

[RS3 T 3

RS T T

' SM3 B
SM4 ) 2
SM13 0 5

Table 3.7: Effect of inoculation treatments on Fruit no of Solanum lycopersicum
3.6.7 Number of Fruits

The data regarding the No. of Fruit plant -1 of Tomato shown in table 3.6 revealed that there was

considerable variation in the number of fruit produced in response to bacterial strains used. Fruit number

generally was the highest in the plants inoculated with SM-13, RS-5, and RS-3. The others strains were

statically similar. Fruits formed in response to PSB strains TS-4 and TS-3 were the lowest but still

significantly better than control. The significant increase in yield and fruit quality of Solanum lycopersicum

might be attributed to improved uptake of Phosphorous.
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Chapter 4 . Discussion

4.0 Discussion

The plant rhizosphere is a versatile and enthusiastic biological environment of intense
relation of organisms and plant for utilizing micro and macro-nutrients from lacking a

supplement pool. In the period of agricultural production, the .collaborations m the

3

rhizosphere assume a principal part in change, activation, solubilization, and so on from a
restricted supplement pool in the soil and resulting uptake of critical plant supplements
by the crop plants to acknowledge full hereditary capability of the crop(Jeffries ot al.,
2003). In current research, a total of sixteen strains from rhizosphere were isolated from

agricultural soils of D-I-Khan. These isolates belonged to different bacterial géh’era;
]

Some strains displayed multiple PGP traits which showed that they may stimulate plant
growth by number of mechanisms that may be active at the same time or at different

phases of plant life. Present study results are reported with those of Gupta et al. (2002),

he

Ahmad et al. (2008). Rashid ez al. (2012) also reported different levels of these acti\(ities.

Kumar ez al. (2011) stated that possession of multiple mechanisms for improving plant

e

growth is necessary for a bacterial strain to be an effective PGPR. Soil microbes play

important role in maintaining soil quality and health, and in regulating biogeochemical

cycles of all nutrients in the soil (Jeffries ef.al, 2003). Phosphorus is an esséntial

macronutrient that perform imperative function in plant growth and development (Podile
L

and Kishore, 2006; Ali et al., 2012). Present study showed most of the isolaté;s can

solubilize good quantity of tricalcium orthophosphate, hence may help in

e
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Siderophores get attach to the iron that are easily accessible in the rhizosphere, by doing

so iron cannot be obtained by plant pathogens and hence plant is protected.ihese

beneficial Siderophores producers enhance plant growth by reducing growth of bacterial
and fungal populations in vicinity to plant roots (Gupta et al., 2002). There is persuéding
confirmation to support an immediate part of Siderophore-intervened iron competit{on in
the biocontrol capacity. Siderophore producing organism rapidly colonize plants jr\oots

and considerably increase plant yield (Haas and Défago, 2005).

<

Current results about siderophores production are similar to the earlier studies byi(oo
and Cho, (2009) who reported that some members of genus Serratia are able to pro‘d.uce
IAA and siderophores. Ahemad and Khan, (2011) and Wani and Khan, (2010) réfi’&ted
that P. putida, P. aeruginosa and Klebsiella sp. produced 1AA, siderophores,fﬁCN,

ammonia, exo-polysaccharides and could solubilize phoéphate.
Biological control of phytopathogens and harmful microorganisms, by the productig;h of

12
[T

lytic enzymes, antibiotics, siderophores and hydrogen cyanide or through competitiqp;_ for
’?\:‘:‘{

nutrient and space can significantly enhance health of plant and improve plant growth by
. RN

increasing seedling emergence, yield and vigor (Antoun and Kloepper, 2001). .

a

In agriculture, some microbes that have ability to produce protease play major role as

30N
iFoa

biocontrol agents in suppression of some fungal phytopathogens. The screeni‘g“g’ of
4,

isolates for protease production on skimmed milk agar plate according to Cattelan ef al.
(1999) showed that isolates were positive for the proteolytic activities which supbc?rted

the work done by our study. ;
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Eo
vi

In concurrence to our result are the previous findings, where the bacterial isolates like P.

aeruginosa, S, liquefaciens produced protease (Patil and Chaudhari, 2011, Smita et al.,

i

2012).

Production of HCN by Bacillus (50%) and Pseudomonas (88.89%) in root nodules a;ﬁa in
rhizospheric soil is a common trait (Garcia ef al., 2004, Ahmad et al., 2008). It is a s;('eré
environmental contaminant and a biological control agent of Pseudomonas sp. Saa;ran
and Nehra, (2011) reported that rhizobacterial isolates of mustard belonging to genera
Bacillus and Pseudomonas could produce HCN. Ahemad and Kibret, (2014) repoﬁed P.
putida, P. aeruginosa, Klebsiella sp., Bacillus sp., PSB10, Pseudomonas sp., S.

£5

marcescens, Rhizobium sp. isolated from pea as HCN producers. Moreover P. putida was
-

also reported as HCN producer by Karunya, (2011). i

About 95% of rhizobacterial isolates of mangrove, rice and other contaminated soils are

reported to produce ammonia (Samuel and Muthukkaruppan, 2011; Joseph et al., 2012).

B

Results reported in here are in agreement with them. Fa

The role of PGPR in PGP is well recognized and the increase in shoot and root léhgth
under control conditions might be due to different plant growth promoting activitie;ilike
synthesis of phytohormones (Zahir ef al., 2003) and nutrient availability (Peralta ;;Ial.,
2012). This improvement in uptake of nitrogen, phosphorus and potassium might t;;;dué
to more availability of nutrients to plants by phosphorus solubilization (Ranjan ;f;ial-.v,

2013), siderophore production (Sayyed ef al., 2010) and improved root growth (I(a;;»;al,

2012) which ultimately results in more uptake of nutrients from soil.
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PRy

The expanded plant height and root length could be connected with cell elongation and
duplication incited by more noteworthy assimilation of supplements, especiaily

phosphorous (Walpola and Yoon, 2013).

Lo

The inoculants in present study had a higher plant stature than that of the control. The

present results are in accordance with the investigation of Rudresh et al. (2005) ané _h('ﬁull

3

et al. (2004) who researched phosphorous uptake and development advanceme;}tt of
chickpea plants (Cicer aritenium L.) in growth chamber and green house. Yu et al. (261 1)
reported phosphate solubilizing microscopic organisms amazingly expanded plant h“‘éi'ght,
shoot and root dry weight, and phosphorous and nitrogen uptake of walnut seedlings.
Furthermore, there are some comparable reports on improved dry matter substance of
maize and groundnut because of inoculation of PSB (Hameeda et al., 2006a; Pandey et

al., 2006).

The PSB inoculants brought about comparative or higher leaf numbers contrasted “yvith
the control. Likewise, different analysts reported that plant growth prométing
i f

rhizobacteria influenced the leaf quantities of soybean and fodder maize. (Yolcu et ali,

»

2012).

42

PGPR strains identified in previous study of Kloepper ef al. (1991) were P. putidc;, P.

oI

Sfluorescens, S. liquefaciens. In present study Serratia gave the best results for root length

Ty

enhancement as reported previously. Some strains of Pseudomonas and Bacillus gave
Th

promising results too. Some of the tested strains negatively influenced plant growth

which may be attributed to production of phytotoxins by these strains. Khalid _,e‘i"h al.

3
:

(2004) also reported similar cases.
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4.1 Conclusion

Identification of different mechanisms involved in plant-rhizosphere microorgz;ﬁism
interaction opened new possibilities to design strategies for improving crop ¥i%!ds.
Literature describes many beneficial effects of PSB isolated from agricultural soiIs on
plant growth from changing the root architecture and enhancing nutrient upta‘l&’: fo
biocontrol .This study include screening of PSB and PGPR attributes for their growth-
promoting activity under axenic conditions. The results demonstrated that botlij the
bacterial isolates significantly improved the growth parameters in Tomato p’l:ants.
However, the degree to which these inoculants imparted benefits to plant growth ;fariéd
with the isolate. A PGPR strain with multifarious traits could be more useful "‘{ﬁﬁder
diverse conditions compared to a strain containing single trait. The idea is supported‘from
the results that inoculation had promising positive effects on growth and yield of Tqé}ato
as compared with control. The inoculation also had a significant effect on the nu.tr‘ient
SR
contents and uptake of Tomato plants. Thus, it can be concluded from the study tha}ithe

inoculation of (PSB) could be the most effective and novel approach for promgting

Growth, nutrient uptake and yield of tomato grown.

4.2 Future Directions 2

g

The successful use of PGPR and PSB as the best potential candidate for plant growth
promotion can help in avoiding biosafety issues, as these are inoculated by natural l;lgans
in these organisms, and hence can aid in eradicating the use of hazardous cheé}_icals
pesticides and fungicides. Most signiﬁcantly, the rhizobacteria can be used comme;ésally

viable alternatives to chemical fertilizers and thus, enhance growth of economically
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important crops. This study revealed a significant increase in this crop through

inoculation of PSB. Therefore, these studies may be used as helpful tool for provi“'ding

guidelines in future. However, further work is needed to explore the effectiveness of this

approach to make it more useful for plant growth. In particular attention should be ’Eiven

y

to the following aspects.

Efforts should be done to increase the population of soil microbes by seed or;’:soil

v H

inoculation.

e These rhizobium and PSB strains can be used for preparation of effé:i::tive
biofertilizer to enhance crop growth.
e Genetic manipulation of plant expressing microbial gene.

‘i)';ﬂ

o To explore the physiological interaction between plant, microbes and stressors.
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Appendix

Recipes of reagents, buffers and media

2.1. Luria Bertani Agar media

&

Contents Quantity (Full strength)
(g/L)
Yeast Extract - 05
Tryptone | 10
Agar 18
NaCl 05
Distilled water 1000
PH 7
2.2. Pikovaskya
Content Quality (g/L)
Glucose 10
Na;HPOs 0.5
NaCl 0.2
MgS04.7H20 0.1
Cas(HPOW); 5.0
KCL 0.2
Yeast Extract 0.5
MnSOq4 Trace
FeSO4.7H20 Trace
Agar 15
Distilled Water 1000
PH 7
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2.3. Protease media

Contents Quantity
Glucose 1
Peptone : 2 }
Yeast extract 5 %
K2HPO4 1 k
MgSO4 7H:0 02 ”
Skimmed Milk 5
Agar 25
Distilled water 1000
PH 7
2.4. Amylase media .
Contents Quantity (g/L)
Yeast extract 1 f
MgS04.7H20 0.1 1
K2HPO4 7
KH2PO4 2 -
(NH4)2S04 1
NaCl 5
Starch 5 .
Distilled water 1000 ml
Agar 20
PH l 7

B T
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1 2.5. Pectinase activity test

Contents Quality (g/L)
E} (NH4)2S0q4 2
= Na;HPO4 6
' KILPO; 3
Yeast Extract 1
Pectin 5
Agar 15
Distilled water 1000
PH 7
2.6. NHs production
@ Contents Quantity
Peptone water 15 g/L
Nessler’s reagent 0.5 ml
2.7. Hydrogen cyanide production
Contents Quantity (g/L)
Nutrient Broth 21 4
Glycine 4.4
’ Agar 3.75
Picric acid 0.5%
Sodium carbonate 2%
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2.9. CAS agar medium for Siderophore Production

%

CAS agar media was prepared from mixing of four solutions which were ste(ilized
separately and then mixed together and poured in to sterilized petri plates.

2.9.1. CAS Dye (Solution 1)

=
Contents Quantity
_ 0.06g in 50 ml of

Solution I CAS dye ddH,O.
0.0027g in10 ml of

Solution II FeCl3 10mM HCL
0.073g in 40 ml of

Solution I1I HDTMA (C-TAB) ddH20. ;

2.9.2. Buffer solution (solution 2)

Contents Quantity
PIPES (piperazine-N,N'-bis[2- ‘ 3024 g |
ethanesulfonic acid])
KH2PO4 03g -
NaCI 05g

NH,CI 10g .
Agar I5g ;

‘ ddH,0 800ml -

ro* - B
LN 7 -

PP
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2.9.3. Solution 3

This solution was prepared by dissolving following ingredients.

Quantity
Contents (70 ml)
Glucose 2g
Mannitol 2g
MgS04 7H;0 0473 g
CaCl, 0.011¢g
MnS04.H.0 0.00117 g
H3BO3 0.0014 g
CuS04.5H20 0.00004 g
ZnS04.TH20 0.0012 g
Na:Mo04.2H20 0.001 g
2.9.4. Solution 4 (Casamino acid solution) o
Contents Quantity b
Casamino acids 3g
ddH,O 27 ml :
8-hydroxyquirioline. 3%
Chloroform 100 ml =
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2.10. Preparation of IAA stock solution.

Contents Quality (100 ml)
Tryptone 10
Yeast Extract 5
NaCl 5
Trypophane |
Distille‘d water 1000
PH 7

2.11. Preparation of Salkowski’s reagent

For Salkowski’s reagént we added 2ml of 0.5 M FeCl; and 98 ml of 35 % HCIO,,

E
-

2.11.1. 0.5 M FeCls
ok
Contents Quantity (g/L) o
FeClz 27030 ‘
0.5 M FeCl3 135.15 -

PR
N
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2.12 Gram Staining

)

Crystal Violet, Stain
Crysfal Violet 20
Ethanol, Denatured 200ml
Ammonium Oxalate 8

| Water, deionized 800ml
Iodine, Mordant
Todine 3.3
Potassium lodine 6.6 |
Water, deionized 1000
Alcohol-Acetone, Decolorizer
Ethanol, denatured 500ml
Acetone 500m1
Safranin, Counterstain s
Safranin O 2.5
Ethanol, denatured 100ml =
Water, deionized 900ml 4
Basic Fuchsin, Counterstain .
Basic Fuchsine 1 :
Ethanol, denatured 100ml
Water, deionized 900ml

-
e

Soag
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