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ABSTRACT: Heaps experiment was technically designed, in November
2004. to investigate microbial activity and bioconversion of ficus leaves
waste (Ficus nitida L.) to compost under ordinary and modified composting
condition. Four forms of heaps as treatmenis were tested. No bacterial
inoculation and modification was applied to the first heap (control). Second
one was inoculated with agriculture waste effective microorganisms (EM).
Third one was inoculated with a combination of nitrogen fixating bacteria
(Azotobacter chrococcum & Azospirillum brasilinse) while the fourth heap
was modified by covering it with fransparent plastic sheef {0.5mm) at regular
interval periods ( week after week). After establishing heaps, the moisture
content was conserved at 60% of water holding capacity (WHC). Microbial.
activity, physical and chemical properties of deferent samples taking from
the fermented heaps were determined at (0, 2, 50, 80 and 100 days} from the
start of fermentation. Some dominant colonies of bacteria, mesophilic
actinomycetes and fungi were isolated, then identified and tested ability to
cellulolytic, amilolytic, protolytic & lipolytic. The effectiveness of isolates
were examined for biomass production using submerged culture condition
by growing on chopped leaves at 1, 2, and 4% concentration.

The obtained results demonstrated that population size of different microbial
groups was not a limited factor in this composting process. The modification
of heap gave the best results compared to the others treatments, either
compost mature hor microbiological, physical and chemical properties .On the

biomass production more than bacteria and mesophilic actinomycetes .

key words : agriculture -wastes - biodegradation -compost — amilolytic
microorganisms Thermophilic — mesophilic- actinomycetes - celfulolytic -
protolytic .

INTRODUCTION

Fermentation process of agricultural waste is very important for
environmental, sanitary, agricuitural economic and agriculture biodynamic
sustainability insurance. (Biddiestone et af. {1987) . Bioconversion of
agriculture waste by microorganisms to valuable product known as compost
has a beneficiai effect on soit fertility

Inoculation of heaps with bioactive microorganisms leads to specific

945



H. H. ELsebaay

microbial enrichment and rapid compost maturation (Ganesh &Thakre {2002),
Cronje et al. (2003) and Smith &Hughes {2004). In this respect the heap can
be enriched , by adding a combination between symbiotic N- fixing bacteria
as Azotobacter & Azospirillum and celiuloiytic bacteria (Rasal et al., 1988,
Perestelo et al., 1994, Ezelin ef al, 1996). Thermophilic cellulolytic
microorganisms has important role in the same trend (Stutzenberger et af,,
199, Zanetta et al., 1994 and Suarez et al, 2003) . Fungal population has a
main role in celluiolytic and other organic materials decomposition (Keliey
&Paterson,1997 , Hart et al., 2002, and Suarez et al.,2003} . Actinomycetes
popuiation also has a vital known activity as scavenger in biodegradation of
cellulose, hemicelluloses and other compounds .Microblal communities and
activities, during composting of organic waste was increased and succeeded
according to the waste type and fermenting conditions (Agamuthu et af,,
2000, Tiquia et al., 2002, and Pedro et al., 2003).

This work was conducted to study the effect of regular partiaily cover with
transparent plastic sheet as a modified condition, and full homogenization
after cover elimination on microbiological, physical and chemical properties
ot heaps , comparison with ordinary condition ( without covering ) . Moreover
effect of inoculation with agricultural waste as effective microorganisms (EM)
separately, and with a nitrogen fixing bacteria (Azotobacter &Azospirillum)
on heap properties, also biomass production with test microorganisms by
use chopped leaves as a nutrition source.

MATERIALS AND METHODS

Materials : _ .

Various materials were: dry leaves of ficus trees (Ficus nitida L ), was
coliected from-a-college farm ( note these was collected and seasonally
cehirated as wastes ).

The activation mixtures are: organic manure was carried out from animal
farm by rate 100kg/ ton , nitrogen source as ammonium nitrate (nitram) 33.5% -
by a rate 20 kg /ton ,Calcium supper phosphate(P; O; } 16.5% 4 kg /ten, cell
suspension of effective microorganisms inoculants was carried out by
personal communication , with colleagues of agric. , research center, while a
symbiotic nitrogen fixing bacteria , cell suspension of Azotobacter
chrococcum , Azospirillum brasilense one liter of each organism, CFU were
(370 , 298 x 10° /ml') respectively . Isolated from fertile Egyptian soil,
identified and performance was tested from previous studies,

Methods:

Heaps were technically designed by use Ficus leaves waste and other
previous materials, in four heaps treatments. The heaps were done in
different reciprocal layers (layer elevation nearly 20cm) and pressed by legs.
Moistures content was conserved at 60% of WHC for long time composting
process. The treatments of heaps were as follow;

| 946



Mjcrobial activity on ficus leaves wastes by modified.........................

-First heap without bacterial inoculation or any modification (control)

-Second heap inoculated with effective microorganisms (EM) separately.

-Third heap inoculated with combination between Azofobhacter chrococcum
and Azospirillum brasilense together, one liter of each microbe.

-Fourth heap without any inoculation, but modified with regular partially
transparent plastic sheet cover (0.5mm), at reciprocal periods (week after
week) and full homogenized after each cover elimination.

Activity of heap microorganisms:

All heaps microorganisms were determined as a biodynamic of (total
bacteria, mesophilic & thermophilic actinomycetes and fungi population) at
interval periods (0, 21 ,50 , 80 and 100 days ) from fermentation process.
Determination was done by pour plate methods , and using suitable media
for each group as follow :Total bacteria were cultured on (SYA} , mesophilic
and thermophilic actinomycetes were cultured on ( ISSA ) ,and fungi were
cultured on (PDA) , and take care of incubation condition & periods of each
group . Microbial colonies were counted and mean was calculated for each

group.

Isolation, Identification and enzymatic activity of test

organisms:

From microbial determination previous stage, dominant colonies were
chosen and purified by streaking more time on the suitable media mentioned
above under aseptic condition, then examined microscopically to insure
purification.

These purified isolates were tested on ability cellulolytic, amilolytic,
protolytic and lipolytic in laboratory hioassay. Different isolates were
identified as genera by characterization review as bacteria (Bergys Manual ,
1984 } , actinomycetes (Szabo,1974 ) and fungal population {Booth,1971).

Biomass production of test organisms:

From ability of enzymatic activity, the effective isolates were examined on
use chopped leaves as nutrition source at 1,2 and 4 % concentration by
submerged culture condition , after elimination of base carbon source with
or without inoculation as control . Single cell protein {SCP) known as
biomass were measured after 10 days of each test organisms as dry weight/
100 ml liguid medium,

Chemical & Physical properties of Heaps :

Physical and chemical properties of heaps samples were analyzed at
different periods (0, 21, 5@, 80 and 100days) of waste composting process.
pH, EC, K and soluble cations and anions were determined according to
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Jackson (1973), organic matter and CEC to Page ef al. (1882), available P to
Oisen et af. (1965} , and available N to Onken and Sunderman (1977).

RESULTS AND DISCUSSION

Activation of heap microorganisms:

Data presented in Table (1);, indicated that in the first, second and third
heaps treatments, microorganisms groups were different and increased
however, the modified one (fourth heap) showed a decrease in some
microbial groups at different periods ( 0, 21, 50 , 80 and 100 days ). In the
beginning, the native microbial activity was very low, and then proliferated
gradually follow heap condition. In general, microbial activities were
continuously increased. The maximum augmentations were recorded at100
days as a percentage for each microorganisms groups. These percenfage
were :227 ,229 ,210 161 % for total bacteria compared to the controi at 0
period, while the increases for mesophilic actinomycetes were 368 ,346 , 300,
164 % and for thermophilic actinomycetes were 440 , 590 , 679, 921 % . The
increases of fungi were 328 , 426 , 375 , 236 % for first , second , third and
fourth heap respectively .These results revealed an obvious increase in
activation of thermophilic actinomycetes ,that may be due to the partial
reqular cover with plastic sheet other than ordinary condition .Wherever the
increase percentage in the fourth heap approximately reached to nine fold at
100 days in comparison with zero time and other heap treatments. These
results are in partial agreement with Godden and Penninckx (1984}, Insam ef
al. (1996) and Tiquia et al. (2002).

Physical & Chemical properties changes of heaps :

Data in table { 2) showed the influence of microbial inoculation by EM and
cooperation with native waste microorganisms groups, also inoculation with
combination between Azotobacter chrococcum and Azospirillum brasilense
together and the period of composting on physical and chemical properties
of the different heaps. An obvious decrease in EC, pH, OM, and C/N ratio
were occurred with the period of composting in the different heaps. However
a considerable enhancement in CEC, N, P and K were observed. Likewise the
data revealed that the cations and anions was remarkably affected with
composting period. Wherever Na' , Mg™* and CI" markedly decreased, K*, Ca™
and SO4 considerably promoted. This changes in physical and chemical
properties may be ascribed to more activity of thermophific actinomycetes by
modified condition and growing of some algae on surface layer as a result of
enough light and moisture retention by partially covering . These findings are
in consonance with Fermor (1993) ,Sarojini and Mathur {1994}, Ezelin et
al.(1996), Anshu et al (2002) and Smith and Hughes {2004).
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Table (1) Heaps microorganisms groups activation and dominant percentage at different composting

periods. {mean count CFU/ g dry weight } .

|

. 6v6

Tota! bacteria Mesophilic Thermophilic Fungi
Composting. Cfu x 10° Actinomycetes Actinomycetes Cfu x 10*
periods " Cfu x 10° Cfu x 10°
’ Heaps Heaps Heaps Heaps
t 2 3 4 1. 2 3 4 1 2 3 4 1. 2 3 4

0 165 | 171 | 185 | 163 | 95 | 115 1 135 [ 131 | 25 22 19 26 35 41 44 36
% | 100 | 100 { 100 | 100 | 100 | 100 ( 100 | 100 | 100 | 100 | 100 | 100 | 100 | 400 | 100 | 100
21 295 | 365 | 375 | 275 | 185 | 231 | 245 | 195 | 48 87 65 a5 80 95 | 131 | &1
Y% | 179 } 213 | 203 | 169 | 195 | 200 ) 181 | 148 | 192 | 259 | 342 | 365 | 228 | 231 | 297 | 169
50 325 | 375 | 383 | 285 | 230 | 251 | 275 | 205 | 60 95 71 151 | 95 | 120 | 131 | 71
% 197 219 | 207 | 175 | 242 | 218 | 203 | 156 | 240 | 431 | 373 | 580 | 271 | 292 | 297 | 197
80 365 385 | 399 (281 | 200 ; 340 { 370 { 230 | 85 [ 120 | 89 | 215 (110 { 169 | 145 | 75
% 221 225 | 215 | 174 | 305 | 295 | 274 | 175 | 304 | 545 | 468 | 826 | 314 | 412 | 329 | 208
100 375 392 [ 390 | 260 | 350 | 398 ! 405 | 215 | 110 | 130 | 129 | 250 | 115 | 175 | 165 | B5
% 227 229 { 210 | 162 | 388 l 3464[ 300 [ 164 | 440 l 591 | 679 [ 962 | 328 | 427 | 375 | 236
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Table (2): Heaps Physical and Chemical properties changes at different composting periods.

]

E’ Physical properties Chemical properties
gl
@1 g 1 Cations mqfl Anions mq /I
1] Q
g8
k- EcC | PH | oM ! oc | N|CN | p K ECC
k= . K . l ma/ + + - + = - -
& dim | 1:10 o o o, | ratio § o o, 1039 Na K Ca Mg S04” | Heod | CL
1| o | 59| 77 | 5900 | 344 [ 10| 34.3 | 0171 0.75 25 411|065 | 30 | 40 | 876 | 10 | 650
29 | 54 | 78 | 605 ! 3517 [ 1.0 ) 3517 [ 018 ! 1.0 25 347 {086 | 45 | 50 | 633 1 3.0 {450
50 | 545 | 7.4 | 440 | 2528 |09 | 2842 | 0.22 | 1.75 30 1.95 | 152 | 25 25 | 2497 | 10 |275
80 380 7.3 | 390 | 2267 | 0.9 | 2518 | 0.24 | 1.75 78 130 | 1.52 | 50 | 301 {19.32) 10 {475
100 | 3.40 | 71 {3612 21.0 | 1.0] 21.0 | 0.25 | 1.78 79 i.04 | 181 | 49 | 281 | 204 L1 | 4,1
2| o | 59 | 77 | 580 | 340 | 1.0 | 340 | 017 | 078 26 4.11 | 065 | 30 40 | 8.76 10 | 65.0
21 | 54 | 77 | 58.0 | 3372190 3372|021 21 27 26 | 182 | 24 26 | 1842 1.0 | 350
50 | 45 | 7.2 | 40.0 | 23.25 | 1.0 | 23.25 [ 0.24 | 1.55 65 1.86 | 134 | 10 30 | 167 | 20 | 225
80 | 38 | 7.3 | 380 | 22.00 | 1.0 | 22.00 | 0.27 | 20 85 1.55 | 1.73 | 13 27 | 2478 10 |175
100 | 28 | 71 | 350 | 2034 | 11| 1849 | .30 | 21 88 16 | 198 | 12 28 | 239 | 1.0 | 18.0
3| 0o | 581 77 | 590 | 340 [1.0{ 340 | 017 | 0.75 26 411 | 065 | 30 40 | 876 | 10 | 650
21 | 65 | 7.5 | 550 | 3197 | 10 3197 { 0.19 | 2.05 28 3.26 | 178 | 35 26 | 2304 | 20 | 40.0
50 | 65 | 7.3 | 450 | 2616 | 0.9 | 2616 | 0.23 | 1.5 a5 20 {130l 50 | 47 | 238 1 20 | 205
80 | 38 | 7.2 | 37.0 | 21.51 | 1.0 i 21.51 | 0.28 | 1.65 85 158 | 152 | 8.0 | 27 [20867| 1.0 | 165
100 | 3.6 | 7.0 | 330 | 1924 |11 | 1749 {032 | 21 89 175 | 183 | 15 21 | 193! 20 |145
4| o | 59| 77 | 590 | 340 |10/ 340 | 017 | 0.75 26 411 | 065 | 30 a6 | 878 10 | 65.0
21 | 3.4 | 7.3 | 48.76 | 28.34 | 1.0 1 28.34 | 0.23 | 2.25 71 26 | 195 15 15 | 1945 | 20 | 126
50 | 34 | 7.2 | 465 | 26.45 | 1.1 | 24.04 | 0.24 | 2.27 75 25 (191 ] 145 | 16 | 201 10 |18
20 | 32 | 71 | 432 | 2511 |12 2093 028|229 B2 22 1189 | 141 [ 145 | 255 | 8.0 | 9.4
100 | 31 | 6.99 | 325 | 18.89 | 1.3 | 14.53 | 0.35 | 2.5 g9 20 | 18211385 | 131 | 29.2 | 90 | 88
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ldentification & Enzymatic activety of test organisms :

The purified isolates of microorganisms groups (bacteria, mesophilic
actinomycetes and fungi ) as a dominant colonies were performed on
cellulolytic ,amilolytic protolytic and lipolytic decomposition. After that
purification related to genera characterization, 18 bacterial isolates belonging
fo six genera as shown in Table (3) were identified. These genera were
arranged descendingly according to its dominant percentage as Baclllus
28%, Pseudomonas 22% , Enterobacter 11%, Micrococcus 11%, Cyfophaga
17% and Sporocytophaga 11%. The bioactivities of these isolates was given
marks as (-) non-active, (+) weak, {(++) moderate and (+++) good active. The
results indicated that isolate of Cytophaga and Sporocytophaga was more
effective in cellulolytic than other genera, while isolate of Pseudomonas was
morethan other genera in lipolytic .

Ahout 52 mesophilic actinomycetes were isolated. Data in Table (3)
indicated that these isolates were belonging to a five series and its dominant
percentage were : St antibioticus 38% , St.aureofaciens 29%, St. alboniger
12% , St griseus 13% and St albus 8% . This results revealed that series
antibioticus isolates were more bicactive on tested substance {+++) , while
albus series was les bioactive and dominant (+) other than series .

About 50 fungal isolates belonging to 10 genera were identified with some
unknown isolates. Data presented in Table (3} declared that, the highest
bioactive and dominant percentage of fungi are: Fusarium sp. 20% (+++) of
cellulolytic and amilolytic , followed be Rhizocotonia sp. 14% (+++) .On the
other hand unknown isolates represent 4% (++) was low percentage and
bivactive . These results are in agreement with Godden and Penninckx
(1984), Agamuthu ef al. (2000), Desai and Shah (2002), Ganesh and Thakre
(2002), Dey ef al. (2002) and Pedro et al. (2003).

Biomass production of effective test organisms:

The ability of good bicactive isolates on cellulolytic , amilolytic , protolytic
and lipolytic of each group were examined using a waste (chopped teaves)
with 1, 2, and 4% as carbon source, only one bioconversion to biomass ,
compared with base carbon source inoculated or non as (control) . Data
presented in Table (4) indicated that there are variations between dry weight
of bacteria, actinomycetes and fungi. Bacteria, Cytophaga gave a higher
hiomass than Sporocytophaga and Bacillus at concentration 1%. These
increments were 1.211, 1.113 and 1.011 g/100m! liguid medium. However
these results excelled that of 2 and 4% concentration , it were less than the
control. Mesophilic actenomycetes showed the same trend. St. antibioticus
series gave the higher dry weight (2,960 g/1100ml liquid meditm) more than
the other series at concentration waste 1%. This superiority was obviously
occurred with the concentration 2% and 4%. On the other hand the effective
fungi gave higher assimilation rate of waste (chopped leaves) compared
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Table (3): identification genera , dominant percentage and enzymatic activity
on cellulolytic , amilolytic , protolytic and lipoiytic of test
organisms { Bacteria , mesophilic Actinomycetes and IFungiwL.

|

Where : {-) non enzymatic active {+) weak , (++) moderate , and (+++ ) good active .

-
Test [ i cellulolytic amilofytic Protolytic Lipolytic i
Organisms J n/o j - + ++4 +++J - + _j++ 4+ + j:i-i- +4+; - + +4 (+4++
- I T ! I
A. Bacteria: ' l :
Bacillus sp. 28 -1-158|-]-1-]-1]68 - ’ -1 5 5] - ! - l
Psedomona sp i 22 -4 - - =14 -] - -4} -] - -]-:4
Enterobacter sp. iz -1 -ty -b20- -y 2y -] -12] - ! -
Micrococcus sp. 1] 2 ERE N R A -2 -2 2 - -
Cytophaga sp. 17 -7 -1-73]-]-13]- 31 -1 -0310- ! - -
Sp.Sp.ppppsorocytophagal 11| - | - | - 1 21 -] - | 2 -l2l-t2)-1-1-
Total 100/ 44| 5(5]|-14]|9!8 310 5 9] -4 ’
B.Actinomycetes: ‘
St antibioticus 3! - -0 ot200 -7 -1 - '20 1200 -1 -|10| 5818
St.aureofaciens 290 - | - | -l45f - | - | - |15 -l45¢ - b _t10y1 8 -
8¢, alboniger 120 - | - | - PO S B il -l -t-161-
Stgriseus 13| - | - [ 4 R S IR R B S S
St albus gi-fr-la4l-1-1!- ‘ -1 4 - A |
Total 100 - | - [7]450 - [ - - rsz -182] -1 -125|22/ 5§
i
C.Fungi:
Aspergillus sp. 8| -1-11 I A | A R R T T
Penecillium sp. 0 -7-fj-185|-]-1-158; 2l2(1!-1-.111}24
Rhizopus sp. P R - 2 R I B R -p2l -l -02 -0
Muccur sp. s el 4] -] -] -]-14 ] -4} -] -1 4] .
Alternaria sp. -l -l -13]-1-13 I - 3] -1 -1271 -
Fusarium sp. 200 -} - 101 -] - - |10 =110 -1 - 10 - | -
Rhizocotonia sp. L 7: %0 R SO R - 2 TS AU IR 4 5 -1512]-].
Verteciltium sp. 6f{--(-13l-1-1-13 - A I R
Cheatomium sp. 100 -1 -1 - ‘ 5{-]1-,-165 s - -tagrat 1.
Trichoderma sp. 10 - -1-!'85!-]-1-18 P S N T S B T
Unknown 4 (-] -qy2fi-1-i-1-12 2t -t -12]-7-1.
Total 100] - | - lg 41| - L 3 47 li 28, 5 (14128, 8 | 4
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Table {4): Biomass production by effective of test microorganisms growing
on chopped leaves at 1 , 2 and 4% concentration by submerged
culture condition.

l- Mean of dry weight biomass g / 100m! liquid
Test medium
organisms ——
control 1% 2% 4%
A . Bacteria:
Non inoculation 0.332 1.232 2.212 4212
Baciilus sp. 1.112 1.011 0.811 0.612
Cytophaga sp. 1.335 1.211 1.011 0.201
Sporocytophaga sp. 1,331 1.413 0.911 0.899

B.Actinomycetes :

Non inogulation 1.211 2110 3.010 5.890
St. antibioticus 1.989 2.960 3.870 6.330
St.aureofaciens 1.870 2.760 3.500 6.211
St.alboniger 1.911 2781 3.620 6.100
St. griseus 1.710 2630 3.610 6.050
C.Fungi :

Non inoculation 1.511 2611 3.712 5.811
Penicillium sp 3.575 3.411 3.511 3.911
Fusarium sp. 4.631 4,761 4911 5.315
Rhizocotonia sp. 3,995 4,561 4871 5.331
Cheatomium sp. 3.643 3.890 4110 4.516

l Trichoderma sp. 4.718 5211 5.732 6.321 J
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with actinomycetes and bacferia . The results reveaied that Trichoderma sp.
Fusarium sp. ,Rhizocotonia sp. ,Cheatomium sp. and Penicillium sp.were
achieved the highest biomass production at 4% concentration of chopped
leaves added. Those augmentations were 6.321, 5.315, 5.331, 4.516 and 3.911
g /100mi, respectively, although these increases of biomass dry weight at 2
and 4 % waste added were less than the biomass of the control (with or
without inocuiation}. These findings are in coincidence with insam et al.
(1996) and Gattinger et al. (2004).

Conclusion

Heap modified by partially regular covering with transparent plastic sheet
was suitable approach in this time year{ winter season)} . Hence it gave a
better results for microbiological, physical and chemical heap properties .
This condition enhanced thermophilic actinomycetes activity consequently;
the compost maturation would be more rapid than the ordinary condition.
Likewise it gave a chance for some aigae to grow on the surface layer of the
heap, make a homogenization and enhancing nitrogen content. On the other
hand the resuits revealed that population size of microbial groups were not a
limiting factor in this composting process. Moreover the addition of waste
analytic effective microorganisms {EM} and a symbiotic nitrogen fixation in
individually treatments, separately, lead to improve the heap characters. Also
Fungi showed a more activation in assimilation rate of waste other than
bacteria and actinomycetes, as a biomass production and these can be
benefit in several fields.
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