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PREPARATION OF BIO-ORGANIC MATERIALS FOR THEIR
UTILIZATION AS SOIL AMENDMENT AND GROWTH

[39] MEDIA

Abdel-Wahab’, A.F. and A.S. Ahmed’
ABSTRACT

Processing of different plant residues (peanut shell and saw dust) and natural
minerals and rocks (bentonite, manganese ore dust and rock phosphate) were done
via partial acidifying, steam pressure, then composting. Afterwards, the product was
bore with some beneficial microorganisms to prepare non-traditional bio—organic
fertilizer. The different processing stages were chemically monitored and the end
product was submitted to different physical, chemical and biological examination.
Results obtained clearly revealed that values of pH, EC, C/N, arganic-C, total-N and
available forms of plant nutrients were greatly fluctuated among the different stages
of the processing. At the last stage, all parameters investigated were fitted to the
reasonable values. The end product has acceptable values for pH. EC and C/N ratio.
Also, end product contained appreciable quantities from macro and micronutrients
in total and available forms. Moreover, it has high degree of water holding capacity
and bulk density. In addition, it has high biological vigor which reflected by the
valuable values of dehydrogenase and nitrogenase activity as well as the main
groups of microorganisms. -

Key words: Bio-organic materials, Soil amendments, Plant residues,”Natural min-

erals and rocks and growth media

solution for reducing consumption of
chemical fertilizers as well as environ-

INTRODUCTION

Intensive agriculture led to increase
using of agrochemicals (chemical fertiliz-
ers and pesticides), but using such agro-
chemicals reached to squandering extent.
These chemicals accumulated in agricul-
tural soils and reached to water and food
causing gross environment injuries. In
respect of ferilization, organic materials
and biofertilizers became the alternative

ment protection. However, the arid and
semi arid regions such as Egypt are suffer
from shortage in organic matter content
as well as insufficient organic sources
which can compensate bv chemical fer-
tilizers.  Unfortunately, the available
sources in huge quantities such as sewage
sludge and municipal wastes are consid-
ered environmentally unsafe in most
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cases due to their contents of injurious
pollutants such as heavy metals and po-
tentially toxic organic compounds (e.g.
PCBs, Poly Chlorinated Biphenyle),
hence their addition into agricultural
lands are still not amputated in most
countries (Chaney, 1992; Gardiner ef al
1995; Otabbong et al 1997; Mench,
1998 and Abdel-Wahab ef al 2002).
Moreover, most of traditional organic
manures, particularly farmyard manure
may causing some problems for newly
reclaimed soils resulted in transporting
their undesirable contents such as nema-
tode, plant pathogenic microorganisms
and weed seeds.

Hence the attention is greatly attracted
to exploit the huge quantities of organic
resides such as crop residues and food
processing wastes, by recycling them via
composting process cither by traditional
or developed methods. Developed meth-
ods of composting including the enrich-
ment of composted materials with bioac-
tivators, natural minerals, rocks and plant
extracts (Gauy, 1986 & 1987; Rynk ef al
1992; Conacher & Conacher, 1998 and
Abdel-Wahab, 1999). In addition, using
of chemicals (acids or alkalins) and/or
physical (e.g. steam pressure) treatments
displayed significant changes in chemical
composition as well as utilization of cel-
lulose and hemicellulose of some agri-
cultural residues for producing silage and
feed materials (Schukking, 1976; Rai &
Mudgal, 1987 and 1988). .

The aim of this work, therefore was to
accelerate the production of bio—organic
amendments using physical and chemical
pretreatments of some agricultural resi-
dues with some minerals and rocks as
well as enrichment the decomposed mate-
rials with some biofertilizers. The differ-
ent processing stages were chemically

monitored. In addition, evaluation of the
end product chemically and biologically
was considered.

MATERIAL AND METHODS

Some crop residues, natural minerals
and biofertilizers were collected from
different sources (Table, 1). The main
chemical characteristics of raw materials
used are presented in (Table, 2). The
processing of these raw materials are car-
ried out in successive steps as following:

1. Mixture of grounded peanut shell and
saw dust at a ratio of 1 : 1 w/w treated
with sulfuric acid solution (5 %) and
maintained at 50 % moisture at room
temperature for 7 days.

2. This mixture was treated with steam
pressure in autoclave at 1.5 atmos-
pheric pressure for 2 hr.

3. The mixture received rock phosphate
and manganese ore dust in fine form at
rate of 10 and 5 %, respectively from
the original mixture weight. They
thoroughly incorporated and well
tamped then left for 15 days with
maintaining the moisture content at
50 %.

4. Afterward, the mixture is incorporated
with 20 % bentonite and 5 % urea and
inoculated with Trichoderma sp., then .
they composted for 30 days.

5. After elapsing of composting period,
some microbial activators namely
Azotobacter, Azospirillum, Bacillus,
Psuedomonas and Serratia are added
and left 10 days as a final step for pro-
duction the bio-organic compound.
The microorganisms were provided

from Biofertilizers Production Unit,
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Table 1. Sources and a:iditi_on portion of raw materials and microbial inoculants used

Raw material and " Addition -

Microbial inoculant Source portion
Peanut shell EL Sharkia Governorate 500 kg
Saw dust Wood processing waste 500 kg
Manganese ore dust South Sinai Governorate 50 kg
Rock phosphate Abou Zabal, El-Qalubia Governorate 100 kg
Bentonite El-Fayom Governorate 200 kg
Trichoderma sp. Agriculture Research Center 750 ml
Azotobacter chroococcum  Agriculture Research Center © %800g
Azospirillum brasilense Agriculture Research Center 800 g
Bacillus polymyxa Agriculture Research Center 800 g
Pseudomonas sp. Agriculture Research Center ' "800 g
Serratia sp. , Agriculture Research Center 2 Liter

a: Carrier based inoculant.
Table 2. Some chemical properties of raw materials

Property Peanut shell Saw dust Mn-ore dust Bentonite  Rock phosphate
pH 6.50 4.99 7.50 8.00 7.80
EC (dS/m) 2.34 0.76 9.60 7.15 3.07
Organic-C (% ) 56.29 83.89 0.46 0.12 0.41
Total-N (%) 1.52 0.58 0.015 0.029 0.031
C/N ratio 37.03 144.64 30.67 4.14 13.23
Total-P (%) 045 0.072 0.065 0.38 10.9
N-NH'4 ( ppm) 225.2 74.7 nd nd nd
N-NO3 (ppm ) 1324 70.3 nd nd Nd
Total-Fe ( ppm ) 4343 1014 (396%) (57%) (0.59%)
Total-Mn (ppm) 65.3 40.7 (17.8%)  (0.015) (0.036%)
Total-Zn (ppm) 98.7 473 285.9 73.2 82.3
Total-Cu (ppm) 36.7 20.5 359.0 47.0 _ 11.5

* ND: Not detected
* Values in parenthesis are percentage
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After each step, three representative
samples are collected, air dried and
grounded, then stored for the chemical
analysis. In addition, the end product of
this processing was evaluated for differ-
ent physical, chemical and biological
properties.

Analysis

- Chemical and microbiological analysis
of raw materials at different stages of
processing and end product were con-
ducted according to Page et al (1982).

- Physical properties of the end product
were carried out according to Black et
al (1965).

- Dehydrogenase enzyme activity (DHA)
was determined in five represented
samples using 2,3,5 Triphenyltetrazol-
lium chloride according to Page et al
(1982).

- Nitrogenase enzyme activity (N-ase
activity) was determined by using
Acetylene Reduction Assay method
using Gas .Liquid Chromotography
(GLC) Model DANI 1000 according to
Page et al (1982).

- Extinction coefficient (E4/Eg ratio) was
measured at 465 and 665 nm in aque-
ous extract Spectrophotometrically ac-
cording to Page ef al (1982).

- Seed germination test was conducted
using cress seeds (Lepidium sativum,
c.v. local) which sown on four layers of
whatman No.1 filter paper placed in
Petri dishes and humidified with 5 ml
from end product extract (1:10). Dis-
tilled water was used as control without
photoperiod. The percentage of germi-
nation was recorded at 24, 72 and 120
hr. If the germination index is above
50%, the organic material has a degree

of acceptable maturity (Zucconi et al
1981 and Pare et al 1997).

RESULTS AND DISCUSSION
Processing of raw materials

Data presented in Table (3) show the
chemical changes causing in raw materi-
als during different stages of their proc-
essing. pH values tended to sharp de-
crease after treatment with sulfuric acid
(pH, 3.21) and exhibited more decline by
treating with steam pressure (pH, 2.51).
However, pH values raised again at com-
posting” stage and they became nearly
similar to the original values of organic
residue mixture before chemical and
physical treatments. Addition of bentonite
(clay minerals) and urea have been impli-
cated for this rising of pH levels at com-
posting stage. Presence of pH enclosed by
acidic  conditions at earlier stages of
processing may established suitable con-
ditions for increasing the solubility of
rock phosphate and Mn-ore. In addition,
such acidic conditions is favourable for
fungal activity (Trichoderma). Similar
findings were obtained by Bangar et al
(1989); Sharma & Prasad (1996) and
Abdel-Wahab (1999), used acidified
materials such as sulfur and pyrite for
preparing compost enriched with phos-
phate and natural phosphate fertilizers.

Considering the electrical conductiv-
ity (EC), addition of diluted sulfuric acid
solution led to more increase their values
that reached the highest value (9.76).
However, EC values decreased gradually
with progressing the processing. stages.
This great rising in EC value may be due
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to sulfuric and its effects on decompo-
sition of raw materials. Moreover, EC
values at end of processing reached to
7.12 mumohs/cm, but this value seem it
still in acceptable values for such materi-
als which may employed as amendments,
organic fertilizers or growth media (Ver-
donck, 1988; Abou-Bakr, 1994; El-
Nadi e al 199S; Vuorinen & Saha-
rinen, 1997 and Abdel- Wahab, 1999).

The organic-C revealed that their val-
ues gradually decreased with successive
stages of processing. The values of or-
ganic-C during different stages was fluc-
tuated from 66.17 to 28.72 which repre-
sented a loss of carbon reached 56.6 %
during the processing duration (62 days).
Among given treatments, data clearly
displayed that the loss of organic carbon
was greater in case of steaming the acidic
mixture than other treatments followed by
composting stage. This gradually de-
creases in organic-C was due to acidic
action which greatly accelerated by steam
pressure and due to biological oxidation
during composting stage. These findings
are nearly similar to those obtained by
Tiwari ¢r al (1989); Kaloosh (1994);
Vuorinen < Saharinen (1997) and Ab-
del-Wahab (1999).

With respect to changes occurred in
total nitrogen, data show that its values
were gradually increased during the proc-
essing duration from 0.97 to 1.40 %. This
gradually increase in total-N presumably
due to the reduction in the weight of
decomposed materials during acidic
hydrolysis and to application of urea and
nitrogen fixers at later stages (Gaur,
1987; Nuntagij ef al 1989; Kaloosh,
1994 and Abdel- Wahab, 1999).

C/N ratio indicted that its values ex-
hibited a great decrease at beginning from
68.22 to 20.51 for end product. Asa re-
sult of sharp decreasing of organic-C and
increasing of total-N, hence the C/N ratio
decreased. This C/N ratio (20.51) consid-
ered as an acceptable limu as organic
manure particularly for Egyptian condi-
tions where the oxidation rate of organic
matter is high, the end product under in-
vestigation may be relatively suitable for
arid conditions in desert soils of Egypt
(Abdel-Malek et af 1961 and Abdel-
Malek, 1971).

The soluble forms of nitrogen (am-
monium and nitrate) reveled that ammo-
nium values was gradually increased with
progressing in processing stages, while
the nitrate values decreased at early
stages then they increased at composting
and microbial activators addition stages.
Increases in soluble-N presumably acted
to decomposition of organic materials,
urea addition and biological nitrogen
fixation. The relatively high values of
soluble- N obtained may be considered-as
indication of the occurrence of the re-
duction in nitrogen losing during the
processing stages. In fact, the main ii..-
portant problem facing the practicing of
compost production that their lower in
mineral nutrients, particularly nitrogen.
Nitrogen exposed to vigorous losing
during composting process which caused
by volatilization of ammonia and leach-
ing of ammonium and nitrate. The factors
which led to nitrogen losses are high
temperature, alkaline pH and forced
acration (Witter & Lopez-Real, 1988;
Brink, 1993 and Dewes, 1995). There-
fore, composting such organic materials
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under mild acidic conditions may be de-
creased nitrogen losses. In addition, in-
corporation of clay minerals such as
bentonite with composted materials could
increasing and maintenance the plant nu-
trients against different losing factors.

The values of available phosphorus
gave a gradual increasing during the
processing stages. Results clearly exhib-
ited the great effect of diluted sulfuric
acid and steam pressure on dissolution of
organic material (peanut shell and saw
dust) and mineral phosphate (rock phos-
phate). It worth to mention that, sulfuric
acid which considered ‘the basic step in
manufacturing of super phosphate as well
as it is the target from addition of ele-
mental sulfur to composted materials, In
addition, the prominent role of microor-
ganisms in dissolution of rock phosphate
during composting stage may considered
with acidic action a comprehensive ef-
fect. Using of acidifying materials’ and
phosphate dissolving organisms in com-
posting process are reported by many
investigators (Mishra & Bangar, 1986;
Bangar et al 1989; Mahimairaja et al
1994; Sharma & Prasad, 1996 and
Abdel-Wahab, 1999 & 2003).

The changes in DTPA-extractable
micronutrients, obtained results showed
that their values were behaved similarly
as those obtained with available phospho-
rus. The incubation of manganese ore
dust with organic materials under acidic
conditions for 15 days and during com-
posting stage led to enrich the product
with appreciable extents of available
micronutrients in presence of decom-
posed organic materials which may
mainfain these elements in available

forms. The available Zn and Cu were
recorded the same trend. Similar findings
were obtained by Chen and Stevenson
(1986); Bar-Ness & Chen (1991) and
Abdel-Wahab (1999).

Characteristics of end product

Table (4) shows the physical, chemi-
cal and biological analysis of the bio-
organic compound as end product. Value
of pH was nearly neutral and in accept-
able range (Verdonck, 1988). Value of
EC is relatively high, but it still in accept-
able range as a soil amendment or as a
growth media. This is reflected by the
high percentage of cress seeds germina-
tion obtained from germination test for
the aqueous extract of end product (91.6
%). These findings is in accordance with
those obtained by Zucconi ef al (1981)
and Pare et al (1997). The end product
has C/N ratio of 20.44 and this value con-
sidered moderate and suitable for arid and
semi arid conditions which prevailed in
Egypt . Suchratio make the decomposi-
tion rate of organic materials behave
slowly during the growth season without
appearance of phytotoxicity effects.
These results are in agreement with Ab-
del-Malek et al (1961) ; Abdel-Malek
(1971); Abou Bakr (1994) and Abdel-
Wahab et al (2002). The end product has
appreciable quantities of total and avail-
able macro and micronutrients indicating
that the product possess high fertilizer
value, particularly in presence of de-
composed organic materials which act to
prevent nutrients losing or precipitation.

Concerning the physical properties of
the end product, data revealed that this

Annals Agric. Sci., 48(2), 2003
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’

Table 4. Characteristics of the éﬁ&-product

Parameter

Moisture content (%6) .......coovvvnerineineinnnenen.
Buik density (kg/ m®) ......... e
Water holding capacity (%6} .......ccooeererernnan
pHinl:Sextract............ccceeiiiiiinenannnnn.
ECin1: 5 extract (dS/m) ............c.co.......

10rganmic-C (%) ..o
Total-N (%) ..o e e,

TOMAL-P (%6) . cvove e
TOtAl-K (%6) .o,
N-NH; (ppm) ....c.....coeei. STTRTTRUIR
N-NO 3 (PPM) oo
Available-P (ppm) ..........ccooeviiiniii
Available-K (ppm) ..........cooeiiiii
Total “Fe (%0) vt
Total -Mn(ppm ) ....cooiiriiiiiiiiee e
Total = ZD (PPM ) .ovovivenrn i eee s anvaenes
Total - Cu (PPM ) v e
DTPA-extractable- Fe (ppm ) .........ccooeenee.
DTPA- extractable- Ma (ppm ) ...................
DTPA- extractable- Zn (ppm ) ..........c.......c.
DTPA- extractable- Cu (ppm ) ............covne.
Dehydrogenase activity (Og TPF/g) ..............
Nitrogenase activity (nmol C;H, /hr) ...........
Total count of bacteria ...................c..oooonee
Total count of fungi ....... e
Total count of actinomycetes .......................

Seed germinationtest % ................. reeevene
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product has suitable water holding capac-
ity and bulk density for their empleying
as growth medium.

With respect to the biological proper-
ties, data showed that the end product has
high biological activity which reflected
by high activities of dehydrogenase and
nitrogenase enzymes as well as the total
count of microorganisms. This means that
this product may behave likewise as bio-
fertilizers and ‘plant growth promoting
rhizobacteria.

From the obtained results, it could be
concluded that the bio-organic compound
suitable alternative of peat moss which
represented the major material in pro-
duction of vegetables and fruit seedlings
as well as production of biofertilizers. In
addition, this end product may be utilized

as biofertilizer for newly reclaimed soils.

without any environmental troubles and
rationalization chemical fertilizer and
encouragement of organic farms.’
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