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The soils present near coal mines have the properties of high concentration of
metallic minerals, elevated pH and shortage of essential nutrients for organism growth.
But being rich in minerals they could provide a good energy source for plants. Soil near
Coal mines of Neyveli was taken and subject to treatment with effective microorganisms
that have fertilizing, antibiotic, iron solubilising, sulphur solubilising and photosynthesis
helping activities. The microbes helpful in plant photosynthesis were isolated after
studying their effect on chlorophyll content and photosynthesis rate by increasing their
load on leaves after Humic acid spray. Microorganisms, mainly bacteria, with the above
activities were isolated, characterised and cultured. The mines soil and a normal garden
soil were treated with these microbes and their effects on plant growth (Abelmoscus
esculentus and Trigonella foenum) was analysed by measuring the root length and
shoot length of the plants. Simultaneously the soil parameters like pH and EC and
chemical factors like NPK content were measured after the treatment. The mining soil
showed significant positive result on plant growth and also an improvement in the
physical and chemical properties after the microbial treatment.
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Mine spoil heaps are composed of coarse
rocks due to the deep coal mining operations and
associated coal processing. These spoils are not
suitable for both plant and microbial growth
because of low organic matter content,
unfavourable pH, and drought arising from coarse
texture or oxygen deficiency due to compaction.
Theother limiting factorsfor re-vegetation of mine
spoil may be salinity, actidity, poor water holding
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capacity, inadequate supply of plant nutrients and
accelerated rate of erosion [, But these soils also
contain high concentration of minerals and salts.
Being richin mineralsand saltsthey might provide
avery good energy source for plants.
Plantsrequire nitrogen, phosphorousand
potassium as essential elements for their growth
and development. Nowadays chemical fertilizers
are being used to increase the NPK content of the
soil and hence to improve the plant growth and
development. Fertilizers contain alarge amount of
inorganic salts which are acidic in nature. These
saltswhen applied to the soil change the pH of the
soil. Fertilizers also change the nature of the plant
product. They reduce the flavour, taste or colour
of the product. Someinorganic compoundswhich
are not metabolized properly may get inserted into
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the plant product. The unused fertilizers that are
left out in soil have an undesirable effect on it
making it unusablefor agriculture dueto prolonged
usage of fertilizers. This effect may lead to
reduction in the percentage of cultivatableland by
alarge extent. Reductionin cultivatable landswill
reduce the production of agricultural products.

All these ill effects are the aftermath of
the usage of chemical fertilizers. In order to
overcome the hazards caused by these fertilisers
and to improve plant growth and productionin an
efficient and safe manner in the mines spoil
measures have been taken through biological
methods. Use of Eco-friendly biological methodis
an important criterion towards sustainable
agriculture. One such method is the production of
effective microorganisms by which the mines spoil
can betreated through microorganisms and making
it suitablefor cultivation.

Effective microbes are the collection of
microorganisms that have fertilizing and
saprophytic activity which when applied to soil
improvesits quality and plant growth. It may also
prevent the plant from insects and pathogens.

Development of effective microbial
consortiafor the treatment of mines spoil requires
information about the microbes that can adapt
themselves to the conditions of mines spoil and
grow. Strains that have fertilizing activity can be
used to develop the effective and efficient
microbes. Most organicsincluding animal manures
and composts have populations of micro-
organisms. Many of these are beneficial upon
introduction to the soil; however they are soon
overwhelmed by the existing soil microorganisms.
Thus, the beneficia effects of micro-organisms
introduced with the application of composts are
often short lived. On application effective microbial
cultures are also subject to the same fate when
applied to the soil environment. But the advantage
of effective microbial cultures is that beneficial
microorganismsare in much greater numbers, and
in optimally-balanced populations when
introduced, so remain dominant in the soil for a
much longer time.

The effectiveness of these cultures on
soil can beincreased by 3to 4 applications of it at
aregular interval of 8—10daysduringthefirst 3-4
weeks of plant growth. The organismsthat can be
included in thisare
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MATERIALANDMETHODS

Sudy area

Themines spoil fromcoal (Lignite) mines
of Neyveli, Indiawastaken for the study. The pH
of the soil was found to be 6.45 and it had a high
content of mineral saltswhich wereinhibitory for
the growth of microorganisms as well as plants.

Microorganismswhich havefertilising activity and

saprophytic activity were isolated and

characterised in the following manner using
selective and formulated media.

1. Streptomyces sp., from soil sample grown
inYeast Mannitol GlucoseAgar at 26°C for
12 hours . Filamentous colonies were
isolated and subcultured.

2 Corynebacterium sp., from soil sample
grownin CorynebacteriumAgar at 28°C for
12 hours. Methylene blue test was used to
confirm the growth of Corynebacterium sp.

3 Azotobacter sp., from Maize root soil in
Azotobacter Agar at 30°C for 4 days.

4, Rhizobium leguminosarum from root
nodules of Arachis hypogeal in YEMA
medium at 28°C for 3-7 days.

5. Phosphobacteriafrom various soil samples
using Pikovskaya' smedium at 28°C for 4-5
days.

6. Azospirullum sp., from Maize root in
AzospirillumAgar at 28+2°C for 2-3 days.

7. Iron oxidising bacteriafrom Bottom slag of
coal combustion and soil in Iron oxidising
medium at 32+2°Cfor 7 days.

8 Sulphur oxidising bacteria from soil in
Sulphur medium at 34+2°C for 10 days.

9. Acetobacter diazotrophicus from
sugarcane in Acetobacter Agar at 28°C for
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24 hours.

10.  Lactobacillus sp., from curd in King's B
medium at 28°C for 24 hours.

11.  Plant growth promoting beneficial bacteria
from soil in Nutrient agar at 28°C for 24
hours.

Analysisof the effect of phyllospher e microbes
on plant growth

Six test plants were selected from the
fieldsof CARD, Neyveli namely Mango, Cashew,
Jatropha, Jack, Cluster bean and Coconut.
Chlorophyll content in their leaves using
Chlorophyll meter and photosynthesis rate using
TPS-2 portabl e system were measured before and
after 0.1% Humic acid spray. Humic acid was used
toincrease the phyllosphere microbial load which
was evident from previous experimentations.

Based on the results of the effect of
Phyllosphere microbes on plant growth beneficial
onesfromthem wereisolated using L eaf imprinting
technique. They were grown on Nutrient agar at
28°Cfor 24-48 hours. These microbeswere named
based on their colony morphology and plant from
which it wasisolated.

After the growth of all microbeson solid
media, mass culturing was done on liquid media
(Nutrient broth) and the studies were carried out.
Preparation of Effectivemicrobial consortia

Six different microbia mixtureswere made
using the isolated microbes.

Batch -1

Azospirillum lipoferum, Azotobacter
chroococcum, Rhizobium leguminosarum and
Pseudomonas sp.

Batch —2

Iron oxidising bacteria, Thiobacillus
thiooxidans and two other beneficial soil bacteria
cultured separately.

Batch -3

Three Phyllosphere bacteria cultured
separately.
Batch —4

Phosphobacteria isolated from five
different soil samples and cultured separately.
Batch -5

Acetobacter diazotrophicus,
Corynebacterium sp., Streptomyces griseus,
Bacillus megaterium and Lactobacillus
acidophilus.
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Batch—6 (EffectiveMicrobial Consortia)
Mix 10 ml of all the bacterial culture

Incubation of all the six batches of
cultures was done at room temperature for 1 hour
under aseptic conditions. Co — existence of the
microbes were found positive after the isolation
test carried out after the treatment on mine spail
and garden sail.

Treatmentsof minespoil and plant growth on it

2 parts of Mine spoil was mixed with 1
part of sand (carrier) and 1 part of compost and
watered. Similarly normal garden soil was also
prepared and used as control. These were packed
into polythene bags (2 Kg per bag). After one day
well dried seeds of Trigonella foenum (Fenugreek)
and Abelmoscus esculentus (lady’s finger) were
sown to the soils and watered. After an hour the
effectivemicrobial cultureswere poured to the soils
(separate bag for each Batch). After 10 days the
same microbial treatment was done to the plants
and soil. Then the plant parameters like root and
shoot length and soil parameters like pH, NPK
content and electrical conductivity were measured.
Estimation of Available Phosphorousin Soil

Weigh 59 of soil and transfer it to 250ml
conical flask. Add 50 ml Bray’s No: 1 extractant
and shakein areciprocatory mechanical shaker at
136 rpm for 30 minutes. Filter through Whatmann
No: 42 dry filter paper. Collect thefiltratein clean
dry conical flask. 5ml of filtrate was pipetted out
into test tubes and the volume was diluted using
distilled water and then 4ml of reagent B wasadded
and the volume was madeto 25ml. then incubated
for 10 minutesfor colour development and the blue
colour developed was read at 660nm
calorimetrically and adjusted the meter to 100%
transmittance with the blank. From the standard
curvefor B, find out the concentration of Pat ppm
in the solution against percent transmittance in
above steps.

Deter mination of Available Nitrogen in Soil

20g of soil wasplaced indistillation flask.
Then 20 ml of water wasadded and 100 ml of 0.32%
potassium permanganate solution was added. 25
ml of N/S0H_SO, was pipette out in aconica flask.
Then 2to 3dropsof methyl red indicator was added
and the end of the delivery tubewasdippedintoit.
100 ml of 2.5% NaOH solution was poured into the
flask and corked immediately. Ammonia gas was
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distilled fromthe distillation flask and collected in
H,SO, solution. The distillation was continued till
the evolution of ammonia ceases completely (test
by bringing amoist red litmus paper near the outl et
of the condenser, which turns blue as long as
ammoniais being evolved). Excess of H,SO, was
titrated against N/50 NaOH and the volume of
NaOH used was noted. The end point is reached
when the colour changes from pink to yellow.
Deter mination of Available Potassium in Sail

5g of soil was weighed from the given
samplesand namedasC,, C,,C,, T,, T, andT and
taken in 250ml conical flask. 25ml of ammonium
acetate was added to the soil sample and kept in
shaker for 30 minutesat 136 rpm. Thenthesamples
arefiltered using Whatmann filter paper. Thefiltrate
contents are fed into the automyzer of flame

Table 1. Chlorophyll content in different plant
species before and after Humic acid treatment.

Plant CCI - before  CCI - after % Increase
humic acid humic acid inCCl
spray spray
Mango 46.63 52.96 16.5
Cashew 18.07 22.0 26.3
Jatropha 155 17.53 18.0
Cluster Bean 35.4 62.0 75.1
Coconut 12.9 15.2 17.8
Jack 62.7 91.67 57.9

CCI — Chlorophyll Content Index
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photometer. The readings are located on the
standard curve which gives potassium
concentration in the extract.

RESULT AND DISCUSSION

The biofertilizer bacterial strains, plant
growth promoting beneficial strains, Sulphur and
Iron oxidising bacteria were isolated from the
respective sources and characterised by Gram
staining, Motility determination and by various
biochemical tests like MR-V P test, Catal ase test,
Caseinhydrolysis, Starch hydrolysis, Citrate utility
test, Urease test and TSI test. Humic acid being a
very good plant growth promoter increased total
bacterial load on the phyllosphere of the six plants
(Fig.1). Thisincreased load of microorganismshad

180
160
140
120

1010
80
a0
10 '
20
U J

Fig.1. Comparison of Phyllosphere bacterial load
before and after Humic acid spray

® CFUBEFORE HUMIC
ACID BPRAY

= CFU AFTER HUMIC
ACID SPRAY

Table 2. Photosynthesis in different plant species before Humic acid treatment

Plant CO, REF EVA GS Leaf Temp Cint.
Mango 362.4 0.40 32 29.0 438
Cashew 359.0 0.63 49 29.8 395
Jatropha 360.2 0.30 34 284 316
Cluster Bean 361.1 1.19 156 28.7 377
Coconut 359.2 0.83 101 28.3 384
Jack 359.2 0.59 43 29.3 408
Where,

Unit
CO,REF - Carbon-di-oxide reference ppm
EVA - Evapotranspiration mol /m?s
(€3] - Stomatal Conductance mmol/m?/s
LEAF TEMP - Leaf Temperature °C
C Int. - Internal CO, ConcentratioOn ppm
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considerable effect on chlorophyll content of the  phyllosphere, thus proving that they might help
plants and photosynthesis of some plants (Table the plant in their respiration and photosynthesis
1, 2 & 3). It was also seen that there was no  and also by inhibiting the growth of pathogens®!.
pathogenicity caused by the microbes on the

Table 3. Photosynthesis in different plant species after Humic acid treatment.

Plant CO, REF EVA GS Leaf Cint. % INC. IN
Temp CO, intake

Mango 363.4 0.40 45 29.1 407 1.16

Cashew 368.2 0.39 46 28.6 427 1.60

Jatropha 366.8 0.41 10 28.6 210 1.83

Cluster Bean 364.4 0.39 29 304 424 144

Coconut 358.3 0.49 54 28.8 403 NIL

Jack 362.9 0.42 31 311 471 0.50

Where, Unit

CO, REF - Carbon-di-oxidereference ppm

EVA - Evapotranspiration mol /m?s

GS - Stomatal Conductance mmol/m?/s

LEAF TEMP - Leaf Temperature °C

CInt. - Internal CO, ConcentratioOn ppm

Table 4. Root and Shoot length of plantsin Garden Soil

Plant Fenugreek Lady’'sfinger

Treatment Root length Shoot length Root length Shoot length
incm incm incm incm

Control 8.4 7.0 125 10.5

B, 15.2 9.5 235 12.0

B, 13.0 7.6 85 85

B, 17.7 94 175 13.0

B, 14.5 11.5 155 16.5

B, 19.0 10.1 17.0 15.5

B, 20.0 125 275 15.5

Table 5. Root and Shoot length of plantsin Mine Spoil

Plant Fenugreek Lady’sfinger

Treatment Root length Shoot length Root length Shoot length
incm incm incm incm

Control 7.9 6.5 12.0 9.0

B, 14.8 113 185 12.8

B, 117 7.1 12.1 11.0

B, 16.5 8.8 175 145

B, 15.7 124 16.5 14.8

B, 20.8 125 23.2 116

B, 21.2 14.7 28.6 15.2
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The effective microbial culture prepared
from the isolated microbes showed a significant
change onthe plants (Abel moscus esculentus and
Trigonella foenum) growth in mines spoil. This
was proved by the increase in the root and shoot
length of the plants (Table 4 & 5). This result
coincideswith theresults of experimentation with
the strains of Azotobacter and Azospirillum on
the growth of Echinochloa frumentacea®. Also the
number of leaves grown on the treated soils was
morethan that of the non-treated ones. No diseased
condition was seen on any of the plants which
add up to the fact that all the strainsisolated were
not pathogenic or in a way they became
suppressed to produce toxins.

The germination of seeds was faster in
mine spoil than garden soil from which showsthat
reclamation of mine spoil by biological way will
improveitsquality higher than that of Agricultural
soil. Comparing the plants growth parameterslike
root and shoot length it was found that the
maximum root and shoot length of Abelmoscus
esculentus and Trigonella foenum were shown by
Batch 6 which contains all the microorganisms.
Next toit the maximum oot length in both the plants
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was shown by Batch 5 and maximum shoot length
was shown by Batch 4. Batch 2 which had the lron
oxidising and Sulphur oxidising Bacteriaalongwith
Rhizosphere bacteria showed the least growth in
termsof root and shoot length. Comparing thetwo
plants A.esculentus showed better results on
treatment.

The p™ of the control in garden soil was
foundtobe 7.1i.e. the untreated soil, whereas the
same was observed to be 7.83 in effective
microorganisms treated Batch 6 soil followed by
Batch 5 and Batch 4 (Table 6). The electrical
conductivity, nitrogen, phosphorous and
potassium content in Batch 6 has an remarkable
increase when compared to the untreated control
soil.

It was seen that the acidic pH of themine
spoil was stabilised by the treatment with Effective
Microbes. The pH got increased up to 7.72 with
thetreatment by Batch 6 culture followed by Batch
1land Batch 5 (Table 7). Therewasaconsiderable
increase in all the measured soil parameters in
microbes treated Batch 6. Thus effective
microorganisms prove to be a better solution for
stabilizing the adverse conditions of mine spoil.

Table 6. Garden soil Parameters after the treatment.

Treatment p* ECinmilli N, in Pin Kin
simonds Kg/Hectare Kg/Hectare Kg/Hectare

Control 7.1 0.252 380.56 68.40 347.2

B, 7.3 0.358 502.13 69.64 454.6

B, 6.8 0.396 41251 68.57 356.12

B, 7.4 0.314 443.98 69.91 389.3

B, 7.46 0.328 456.32 7112 412.6

B, 7.71 0.373 478.52 70.39 439.7

B, 7.83 0.417 512.74 71.25 465.92

Table 7. Mine Spoil Parameters after the treatment

Treatment p ECinmilli N, in Pin Kin
simonds Kg/Hectare Kg/Hectare Kg/Hectare

Control 6.45 0.286 376.34 68.97 421.12

B, 74 0.324 578.13 74.34 584.34

B, 6.7 0.415 426.74 70.46 445.6

B, 7.2 0.348 549.17 71.90 472.9

B, 7.3 0.319 553.12 78.87 532.14

B, 74 0.427 567.46 76.51 568.74

B, 7.72 0.524 590.12 79.23 622.72
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Fig. 2. Plate showing the Root and Shoot growth of
Lady’sFinger in Garden Soil.

Fig. 3. Plate showing the Root and Shoot growth of
Lady’s Finger in Mine Spoil.

(o] Bo | Bs | Ba Bz B2

Fig. 4. Plate showing the Root and Shoot growth of
Fenugreek in Garden Soil

To be mentioned specifically the effect of
these cultures on the mines spoil was more when
compared to the garden soil. The germination of
seeds in mines spoil was faster than that in the
garden soil. Also the growth of plantsin these two
soils was differing in a way that the mines spoil
showed better results. Even the soil propertieslike
pH and NPK content wereimproved very much so
that it became favourable for plant growth. The
significant change between the plant growths in
mines spoil and garden soil could be contributed
to the fact that the mines spoil had become more
fertile than the garden soil when treated with the

Fig. 5. Plate showing the Root and Shoot growth of
Fenugreek in Mine Spoil

effectivemicrobial culture. Thusthe cultivation of
plants on treated mines spoil could be an effective
solution for the increasing need for agricultural
products and faster production.

CONCLUS ON

i. The application of humic acid to the plants
showed asignificant increasein the number
of phyllospere microbes. Also it increased
the chlorophyll content of the leaves and
thereby the photosynthesis.

ii. Treatment with effective microbial cultures

J. Pure & Appl. Microbiol., 5(1), April 2011.
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Vi.
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enhanced the plant growth (Abelmoscus
esculentus and Trigonella foenum) both on
mine spoil and garden soil.

The root length and shoot Iength of the
effective microbes treated plants were
higher than that of the non-treated ones.
Also the germination time was lesser for
the seeds sowed on treated mines and
garden soil than that sowed on the control
soils.

The cultures did not have any pathogenic
effect on the plants.

Among the two soils that were treated
microbial cultures mine spoil showed better
results compared to that of garden soil.
Thesoil propertieslike pH and NPK content
wereimproved very much so that it became
favourable for plant growth. Thus mines
spoil proves to be a fertile soil for plant
growth when treated with the beneficial
microbial cultures.
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