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USE OF BACILLUS CIRCULANS AS BIO-ACCELERATOR ENRICHING
COMPOSTED AGRICULTURAL WASTES

I- Identification and utilization of the microorganism for compost production

ABSTRACT

A hundred and twenty eight Bacillus circulans like isolates were collected
from soil apart or the rhizosphere of a range of host plants grown in seven Egyptian
governorates. All isolates were examined for qualitative enzymatic expression of
amylase, pectinase, cellulase and phosphatase. The six most expressive isolates were
subjected to further examination of chitinase production and then identified by Biolog
identification system. Quantification of cellulose production along with P and K
mobilization capacity as well as nitrogenase activities were then determined for the
four isolates identified as Bacillus circulans. Those strains were used as bio-
accelerating mixture in composting of broad bean stalks, maize stalks and rice straw.
The physical, chemical and microbiological changes during composting of the 3
wastes were compared under the application of individual and variable combinations
of biological, organic and inorganic accelerators. Data of this study showed that
densities of total fungi, total bacteria and K mobilizers were gradually increased up to
the 6" week of composting where they gave maximum records in maize stalks and
rice straw received the inorganic + organic accelerator, the 3 mixed accelerators and
the organic accelerator, respectively. Spore forming bacteria, however, showed
similar response but up to the 3™ week in rice straw amended with the 3 accelerators.
In all treatments, the peaks of microbial densities were followed by pronounced
decreases at the 9™ week of composting. Temperature, on the other hand, showed a
maximum increase during the 2™ to 4™ week of composting and then gradually
decreased up to maturity (20°C). C/N ratios also showed a gradual decrease with time,
and gave the lowest records at maturity. On the other hand, available P and K were
gradually increased particularly with the application of mixed accelerators.

Key words: Bacillus circulans, Enzymatic production Agricultural wastes,
composting, Inorganic, organic and bio accelerator.

INTRODUCTION

As the potential of plant growth promoting rhizobacteria (PGPR) is realized,
researches into their applications have increased dramatically over the last few
decades. A diverse array of bacterial species including Azotobacter, Azospirillum,
Bacillus, Pseudomonas, Klebsiella and Enterobacter has been shown to enhance
growth and plant productivity by different mechanisms. (Bertrand et al., 2001,
Mayak et al., 2004, Tilak et al., 2005)

Bacteria of the genus Bacillus are one of the most diverse and also useful
group of microorganisms. Many species of this genus are widely distributed in soil,
air and water. The metabolic diversity of B. circulans in particular together with its
low reported incidence of pathogenicity, has led to the fact that many representatives
of this group are being used in a wide range of applications. Among the pronounced
metabolic activities of B. circulans are the ability to (1) produce a range of enzymes,
(Travino, et al. 1989; Kim and Kim, 1993; Kyu, ez al.1994; Wiwat, et al. 1999), (2)
solubilize pounded nutrients e.g. silicate (Savostin, 1972), tricalcium phosphate
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(Gaind and Gaur. 1991), (3) degrade organic wastes (Kubo, et al. 1994) along with
the N, fixing ability of some strains (Berge, et al., 1990; Heulin, et al 1991).

Organic fertilizers refer to fertilizers derived from plant and animal residues
and they are crucial for fertile soil in organic cropping system. Composting represent
a strategy of organic waste treatment that is fully compatible with sustainable
agriculture. The process is defined as a microbial degradation of heterogeneous
organic material under moist, self heating, aerobic conditions. New trends in
composting of crop residues indicate the possibility of using accelerating factors, for
shortening the composting period without deterioration of compost quality {(Abdel-
wahab, 1999).

Due to its multiple biological activities, B. circulans seem to be a good
candidate to be used as bio-accelerator in new approaches for compost production.
Therefore, the experimental work reported in this study aimed to assess the enzymatic
expression along with physiological activities of B. circulans and utilize effective
strains as bioaccelerators for composting of 3 different agricultural wastes.

MATERIALS AND METHODS
Materials
Sources of isolates

Representative samples were collected from soil apart and the rhizosphere of
different plants grown in nine locations representing seven Egyptian governorates to
be used for B. circulans isolation. Results of physico-chemical analyses of the soil
samples used for B. circulans isolation are presented in Table (1)

Agriculture wastes

About 5 tons of agricultural wastes, i.e. broad bean stalks, maize stalks and
rice straw, were obtained from El-Bosaily farm, El Behaira governorate, to be used
for compost production. The used materials along with their chemical analyses are
presented in Table (2).

Accelerators
Bio-accelerators

A mixed liquid culture of four effective B. circulans strains were used as a
bio-accelerator for compost production.

Inorganic accelerators

A range of mineral nutrients in ditferent forms were used as inorganic
accelerator, i.e. Ammonium sulfate (20.5%N), super phosphate (15.5%P,0s),
potassium sulfate (48 %K,0), rock phosphate (20% P,0s) and feldspar (10 % K;O).
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Table (1): Physico-chemical analyses of soil used for isolation of B. circulans.

| Physical analysis | Chemical analysis
Soil E.C Cation (meq/L) Anion (meq/L)
Governorate| texture | PH | mmhosiem [ Ca™ [Mg”| Na* | K* [CO;2[HCO; | Cr [50,”
El-Behaira S';‘(')‘i‘liy 70| 150 |109| 16| 172 |18 00 | 27 | 30 | 103
Alexandria Lsoaan";y 72 3.41 61 13012001510 00 | 29 {150/ 750
’ |
El-Kalubia gf:ly 77 2.93 15 107 ] 706 |035]| 00 | 35 52.5 361
}
—]
El-Monufia | Clay | 7.6 0.96 28 | 02 ] 362 (168 00 | 38 | 30 | 1.50
Matrooh Szgﬁy 95 0.42 02 | 03] 696 |08 | 00 | 40 | 40 | 032
-
—
Giza S:‘gﬁy 84| 062 16 | 04| 270 |o60| 00 | 10 | 25 | 180
El-Wadi El- | Sandy | ;o\ g5 | 130 84 | 953 |168] 00 | 40 | 110 176
Gadid soil

Table (2): Chemical analysis of three agricultural waste materials used for

compost production.

Waste Organic. Total C/N Total | Avail-able | Total | Avail-able
material carbon (%) | N (%) ratio P(%) | P(ppm) K (%) K (ppm)
Broad bean
31.41 0.75 41.9 0.30 0.011 0.38 0.09
stalks
Maize stalks 33.50 0.65 51.5 0.26 0.093 0.87 0.11
Rice straw 37.6 0.48 78.3 0.23 0.011 0.79 0.13
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Organic accelerators

Animal manure obtained from El-Bosaily farm situated at El —Behaira
governorates, was used as an organic accelerator for compost production. It contained
38.41% organic carbon, 2.66% total N, a C/N ratio of 14.44:1, 0.80% total P and
3.16% total K.

Experimental techniques
Sampling and isolation of B. circulans

Soil auger was used to collect free soil samples at 15 cm depth while whole
plants representing the vegetative stage of clover, maize, soybean, chickpea, potato
and sow thistle weed were put into plastic bags and directly transferred to the
laboratory for B. circulans isolation. Soil apart or rhizosphere soil samples were
serially diluted and all dilutions were used for isplation using pour plate method with
incubation at 30°C. Colonies with typical appearance of B. circulans, i.e. having
transparent protuberant mucous appearance which gave the shape of tears were
isolated, alternatively streaked on nutrient agar and Aleksandrov's solid medium
(Zahra, 1969) and then checked for purity. Pure cultures were kept on nutrient agar
slants at 4°C

Assessment of some physiological activities of B. circulans isolates.

For this purpose, each of the B. circulans isolate was examined for the following
metabolic activities.

a- Amylase production: based on the formation of colorless zone around the
organisms grown on starch agar medium (Collins and Patricia, 1984)
supplemented with iodine after 24 hours of incubation at 30°C.

b- Pectinase production: based on hydrolysis in potato slice by the tested organisms
after 3 days incubation at 30°C.

c- Cellulase production and activity according to Halliwall (1958) using carboxy
methyl cellulose (CMC) as a substrate.

d- Chitinase production: based on molecular weight identification using SDS-PAGE
according to the method described by Laemmli (1970).

e- Phosphatase production and activity: based on the formation clear zone around the
organism grown on modified Buntt and Rovira agar medium (Abd El-Hafez,
1966) and the method described by Jackson (1973), respectively.

f- Potassium solubilization on modified Aleksandrov's medium (Zahra, 1969) with
shaking at 100 rpm /30°C/ week. Shaked culture was used to determine soluble K
using flame photometer as described by Jackson (1973).

g~ Nitrogenase activity according to Hardy ef al (1973)

Identification of some selected B. circulans isolates.

The most metabolically expressive isolates were identified based on Bergy's
Manual of Systematic Bacteriology, 1986 and 1994 (Smeath, 1986) and Biolog
system. The differential characterization in the Biolog system is based on
carbohydrate fermentative ability of the tested isolate.
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Compost preparation

Twenty one piles, 300 Kg each, were prepared from shredded wastes (rice
straw, maize stalks and broad bean stalks) using either of seven different treatments
representing, inorganic accelerator, organic accelerator, bio accelerator as an
individual treatment or as double or triple combined applications that gave a C/N ratio
of 30:1.Each pile was built up in successive layers (75cm in thickness), moistened
with water up to 60%, tamped well, covered with a plastic sheet and turmed over every
3 weeks. Moisture content was maintained at 60 % during composting period.

Parameters measured
Chemical and physical characteristics of composted materials

pH, total nitrogen, available phosphorus and available potassium were
determined in raw or composted waste materials according to Jackson (1973).
Organic carbon was determined according to Walkley and Black (1934)

Temperature and moisture contents

Temperature was measured in the piles at different depths by using
thermometer, and moisture content was measured by oven drying at 70°C until
reaching a constant weight. ’

Microbiological determination

Densities of total count of mesophilic, thermophilic and sporforming bacteria
were determined by plate count on soil extract agar medium (Clark, 1965) with
incubation at 30+2°C. The total count of mesophilic fungi were determined by plate
count on potato dextrose agar (PDA) medium (Ahmed, 2001) with incubation for 5
days at 254+2°C. Counts of K mobilizing bacteria were determined by plate count on
modified Aleksandrov's medium (Zahra, 1969) with incubation for 5 days at 30+2°C.

RESULTS
Isolation of B. circulans like organisms

A total of 128 isolates with typical appearance of B. circulans on modified
Aleksandrov's medium, were collected. Thirty isolates were originated from soil apart
and 98 were obtained from the rhizosphere of maize, soybean, clover, potato,
chickpea or the sow-thistle weed grown on clay, sandy or loamy sand soil.

Assessment of enzymatic expression and metabolic activities of B. circulans like
isolates

Considerable variations were generally recorded among collected B. circulans
like isolates regarding their capabilities for enzymatic expression of amylase,
pectinase, phosphatase and cellulase. The frequency distribution of high enzymatic
expressions among those isolates was evaluated based on soil type and soil cultivation
(Table 3). Data showed that, the average frequency distributions of high enzymatic
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expression were descendingly arranged as clay (9%), sandy soil (6.3%) and loamy
sand (10%).0On the other hand, the recorded averages of frequency distribution due to
soil cultivation was 7.6, 5.8 % for high enzymatic expression of isolates originated
from the rhizosphere and soil apart (or uncultivated soil), respectively.

The six isolates, AT13, AT21, SD6, SD29, SD33 and MM 1, showed effective
qualitative expression of amylase, pectinase and cellulase, were further subjected to
chitinases production test using SDS-

Table (3): Frequency distribution of isolates showed high levels of enzymatic
expressions among B. circulans like isolates as influenced by soil type
and soil cultivation

High frequency distribution (%)
E Soil type . Soil cultivation
nzyme Loamy Soil apart or Cultivated
Clay | sandy d ncultivated soil plant
san u ivated soil | |00 bhere
Amylase 12 | 176 | 229 20.0 173
Pectinase 12 0 29 0 1
Cellulase 12 7.4 114 3.3 11.2
Phosphatase 0 0 29 0 1
Average 9 6.3 10 5.8 7.6

Polyacrylamide gel electrophoresis (Figure.l). Chitinase production was
detected in 3 out of the 6 tested strains. The isolates MM1 produced chitinases with
molecular weights of about 50, 44 and 25 kDa. while SD33 had chitinases with
molecular weights of about 51, 43.4 and 40.2 kDa. SD29 produced chitinase with
molecular weight of 51 and 46 kDa. reference strain (B. circulans 1258) also
produced chitinases with 51, 43.4 and 40.2 kDa.

Identification results of the 6 most effective B. circulans like isolates indicated
that the 2 isolates AT13 and AT21 were strains' of Penibacillus (Bacillus) polymyxa
and P. Pabuli, respectively. The other 4 isoiates, i.e. SD6, SD29, SD33 and MM1
represented B. circulans strains.

The quantitative assessment of the metabolic activities of the four identified
strains of B circulans is given in Table (4). Data showed that while all strains were
able to produce cellulase, fix atmospheric N, and mobilize K, only one (the SD6) was
capable of mobilizing P (7.44 ppm) with 29.4% efficiency of the total added P (25.25
ppm). However, other strains showed vanable degrees of metabolic effectiveness.
While the SD29 actively produced cellulase, the MM1 (Figure 2) and SD6 were
relatively superior in nitrogenase activity and K mobilization. The recorded figures
were 70.06 ug protein, 3.88 pmole C;H4/ml/h and 8.85 ppm K, respectively. Variable
lower records were observed regarding other parameters but, the SD33 strain showed
an intermediate rank as it produced 31.89ug protein cellulase, reduced acetylene at a
rate of 0.47pumole C,Hs/ml/h and mobilize K at 64.26% efficiency, i.e. 5.72 ppm from
a total of 8.90 ppm.
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Figure (1): SDS-Polyacrylamide gel (10 %) electrophoresis of
B. circulans 1258 and 6 selected isolates

b)

Figure (2): Morphological characteristics of gram stained Bacillus circulans strain.
MMI1 grown on nutrient broth (a) and on modified Alexsandrov’s agar

medium (b).
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Table (4): Assessment of some metabolic activities of four strains of B. circulans

B. circulans strains
Parameter SD6 | SD29 | SD33 | MMI
Cellulase production 4.50 70.06 31.89 11.66
(ug protein)
Nitrogenase (umole C,;H, /ml/h) 0.11 0.30 0.47 3.88
* Available Phosphate (ppm) 7.44 0.0 0.0 0.0
® Available potassium (ppm) 8.85 5.50 5.72 3.16

*Total phosphate was 25.25 ppm
*Total potassium was 8.90 ppm

Microbiological, physical and chemical changes during composting of three
agricultural wastes amended with variable acé¢elerators

Microbiological changes

‘Data in Figures (3 &4) showed that as a general trend, the microbial densities
were generally increased up to the maximum level at the 3™ or 6" week of
composting and then declined. Rice straw and broad bean stalks showed their
maximal fungal colonization with the inorganic and organic accelerator, respectively.
The recorded figures were 145 x 10* and 114 x10* cfu/ g composted material at the 6™
week of composting. Only, maize stalks harbored the highest total fungal densities
when the inorganic and organic accelerator were combined being 175 X 10° cfu/g
composted material. Broad bean stalks, rice straw and maize stalks on the other hand,
showed maximum colonization with bacteria when inorganic + biological accelerator,
organic + biological and the 3 accelerators were combined, respectively. Being 297,
292 and 298 X 10° cfu/g composted materials, respectively.

Maximum densities of thermophilic bacteria colonizing the 3 tested waste
materials were observed at the 3 week of composting particularly with the
application of organic accelerator (Figure 5). In this respect, little differences were
generally observed among the recorded figures being 114, 118 and 129 X 10° cfu/g
composted materials for broad stalks, maize stalks and rice straw, respectively.
Combined accelerators generally, gave lower effect on densities of thermophilic
bacteria than single accelerator.
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Densities of spore formers and K mobilizers were either maximally enhanced
at the 3" week as shown with maize stalks or at the 6™ week as shown with broad bean
stalks and rice straw (Figure 6 and 7). However, maximum colonization with the two
groups of bacteria was always observed with the application of combined
accelerators. This finding was true for broad bean stalks amended with mineral + bio-
accelerator, maize stalks or nice straw amended with organic + biological accelerator
and rice straw amended with the 3 accelerators. The recorded figures were 292, 286,
284 and 276 X 10* cfu/g composted materials in the same above—mentioned
respective order.

Physical changes
pH

The pH records of composted wastes did not give particular pattern in most
cases, they were about the level of neutrality. This finding was generally observed
with the single or combined accelerators.
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Temperature

Temperature appeared to be elevated to the maximal level at the 2™ week (60-
67°C), slowly decreased up to the 4" week and then gradually declined up to the end
of composting period (Figure 7) giving the lowest records (20°C).

Chemical changes

The calculation of carbon / nitrogen ratios of composted wastes showed
gradual decreases to variable levels in response to applied accelerators (see Figure 8).
The decrease in that ratio could be exemplified by the drop in that parameter from
78.37, 51.53 and 41.88 at zero time to 19.95, 16.76 and 16.27 at the 3" week for rice
straw, maize stalks and broad bean stalks amended with mineral accelerator, and
maize stalks amended with mineral + organic accelerator, respectively. The lowest
records of C/N ratios were obtained at the 9™ week of composting.

Gradual increases in the percentage of available P and K were detected with
composting time (Figures 9 and 10). The dual or triple application of the tested
accelerators seemed to have the most pronounced effects on those parameters. At the
end of the composting period, the highest records of available P and K were generally
reported. Broad bean stalks and rice straw received combined organic + biological
and mineral + biological accelerators showed nearly similar content of available P
being 0.31 and 0.30%, respectively. The combined 3 accelerators were more eftective
regarding available K content of broad bean stalks (0.39%). Available K content was
also particularly higher in rice straw received the organic accelerator (0.52%).

DISCUSSION

Composting of agricultural wastes is one of the most common methods for
production of organic manures. Enrichment of compost by different materials is ofien
desired in order to a) improve chemical composition and physical structure of the
heap, b) to supply desirable microorganisms and c) to reduce nitrogen losses. There
are different natural substances (e.g. organic matter) or artificial ones (e.g. chemical
fertilizers) which can be used to increase the nitrogen and other nutrients content of
the heap (Martin and Gershuny, 1992). At present there are increasing interests in
biological accelerator (e.g. microbial strains) to enhance breaking down of organic
wastes. Studies dealt with inorganic, organic or bioaccelerators emphasized the
importance of microorganisms in this concern. Gaur (1986) noted that enrichment of
compost with Azotobacter and phosphate dissolving bacteria or fungi improved the
nitrogen content and increased the availability of phosphates.
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Fig (10): Changes in available P during composting of broad bean stalks, maize stalks
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Dalzell et al. (1987) reported that inoculating a compost heap with a suitable
strain of Azotobacter in the presence of rock phosphate led to significant increase in N
content of the mature compost. Abdel-wahab (1999) also showed that Azolla
application and inoculation with cellulytic fungi may accelerate the rate of
decomposition and led to a more decline in organic carbon of treated than in the
untreated heaps. Desoki (2000) reported that when composted heaps of peanut hulls,
saw dust and pith (waste of sugar cane factory) were amended with biogas manure,
vermiculite, manganese ore and rock phosphate in addition to biofertilizers, the rate of
decomposition was accelerated and high quality compost was produced.

Utilization of B. circulans as biological accelerator effectively degrading plant
materials for waste composting and also as a biofertilizers actively multiplying and
thus enriching the composted material were two combined purposes aimed from this
study. The idea was derived from the fact that B. circulans is quite effective in
production of a wide range of enzymes degrading plant materials such as amylase
(Kawn et al., 1993), cellulase (Kim and Kim, 1993) and chitinases (Wiwat er al.,
1999). Moreover, although the organism was traditionally utilized for years as
potassium solubilizer (Mansour et al., 1984; Groudeva and Groudev 1987 and
Galgoczy, 1990), some studies showed that it is also capable of improving phosphate
content (Gaind and Gaur, 1991) and nitrogen content (Gaind and Gaur, 1991) of
the hosts. Those multiple activities were thought to be utilized for composting of 3
agricultural wastes, i.e. broad bean stalks, maize stalks and rice straw. Conclusively,
B. circulans appeared to be an effective bio-accelerator for composting of the above
mentioned wastes.
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