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N INCUBATION experiment was conducted into Laboratory of

Soils and Water Sci. Dept., Fac. of Agric., AL-Azhar Univ.,
Assiut, Egypt. The aim is to study the effect of organic materials
(filter mud cake, sheep and chicken manures) and bio-fertilizer
(effective microorganism's, EM) on the soil biological activity
indicated by CO,-evolution. The experiment was set in a complete
randomization design with four replicates.

The results indicated that the combination of organic materials and
EM gave maximum rate of cumulative CO,-C released under chicken
manure with EM treatment. Also, it enhanced the CO,-C fluxes
process during the incubation time particularly at 3 and 7 days (13.14
and 12.22 mg C /100g soil, respectively) where fluxes peak appeared.
CO,-C fluxes differed among treatments according to the descending
order; Chicken manure + EM > sheep manure + EM > filter mud +
EM > chemical fertilizer + EM > EM only.

At full incubation time (127 days), the individual treatment of
organic materials with EM decreased soil OM content less to 0.50 %.

Keywords: Organic materials, Bio-fertilizer, Soil biological activity
and CO,-evolution.

Chemical fertilizers application at extremely high rates for long periods, decrease
the potential activity of micro-flora and soil organic matter stability. Organic
materials, particularly solid manures, add useful amounts of organic matter to
soils, acts as soil conditioners and structural improvers. Also, they increase soil
water holding capacity. Drought resistance, structural stability of soil and soils
biological activity can be increased.

Mervat et al. (1995) reported that the addition of organic manure (farmyard
manure and poultry manure) improved soil biological properties by increasing
micro-organisms populations and their activities. In a greenhouse experiment,
Abou EI-Naga et al. (1996) found that the peak values of the biological activity
were detected at 19-29 and 27-49 days after farmyard manure (FY M) application
for furrow and drip irrigation method, respectively. Also, soil biclogical quality
indicator, such as biomass C and N were improved by compost applications
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(Horwath et al., 2002). Gregory and Vickers (2003) showed that a composted
woody organic amendment increased soil organic matter, microbial biomass and
CO;, soil respiration rate, especially at higher application rates.

Effective microorganisms (EM) plus Bokashi (organic manure) had the
highest microbial densities through either a stimulation of soil micro-flora, or
input of compost micro-flora or a combination of both. It is known that nitrogen
from organic manures is slowly released, since 25-50% of it is released in the
first year. While N recovery from organic manure is slightly better than that from
fertilizers as CO, released by decomposition improves availability from soil
(Gopalakrishnan, 2007).

Okur et al. (2008) found higher values of soil organic carbon and soil
respiration under 25% FYM with 75% water holding capacity (WHC) and 100%
WHC treatments than that of the control. The microbial biomass C level in the
soil increased responding to all compost treatments. Also, Aradjo et al. (2009)
showed that soil microbial activity and biomass were significantly greater in
organic agricultural system compared to conventional system.

Bhaskaran and Krishna (2009) showed that the increased level of organic
carbon is a good indication of better carbon sequestration in soil by reducing the
amount of CO, released to the atmosphere Branzini et al. (2009) showed that at
the end of the incubation period, the total activity of microorganisms was
significantly increased by the application of organic amendments and a negative
relationship was observed between salinity and CO,-C.

Fatunbi and Ncube (2009) found that the evolution of CO, was significantly
higher with the application of Lawn clippings and Kraal manure compared to the
commercial compost. Combined application of EM with organic materials led to
a 24% higher in CO, emission after 56 days of incubation compared to EM
application only.

Material and Methods

The current work carried out into Laboratory of Soils and Water Sci. Dept.,
Faculty of Agriculture, AL-Azhar University, Assiut, Egypt. The present
investigation aimed to study the effect of organic materials (filter mud cake,
sheep and chicken manures) and bio-fertilizer (EM) on the soil biological
activity through incubation technique.

The used soil sample was taken from The Experimental Farm of Fac. of
Agric., AL-Azhar Univ., Assiut, Egypt. The organic materials were collected
from different sources; Effective microorganisms (EM) from ministry of
environment. Sheep and chicken manure (SM & CM) from the animal
production farm, Fac. of Agric., AL-Azhar Univ., Assiut and filter mud cake
(FMC) from Abu-Korkas sugar factory, EI-Minia, Egypt.
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Some physical and chemical properties of the used soil sample and organic
manures were determined according to Jackson (1973) and Page et al. (1982) as
presented in Tables 1 and 2.

TABLE 1. Some physical and chemical analyses of the soil.

Physical analysis Chemical analysis
Bulk density (g/cm®) 1.47 Total-P (%) 0.06
Total-N (%) 0.12
Saturation percent (SP) 49.50 Total-K (%) 0.08
Field capacity % 24.25 Ava.-P (ppm) 10.50
Particle size distribution %. Exch.-K (ppm) 105.21
Sand 53.60 O.M (%) 1.59
Silt 22.20 EC dSm™ (1:2.5 extract) 0.92
Clay 24.20 pH (1:2.5 Susp.) 7.61
Texture grade
CaCO; (%) 1.25
Sandy clay loam (SCL)

TABLE 2. Chemical analysis of filters mud cake, sheep and chicken manures.

Characteristics Filter mud Sheep manure Chicken
cake manure
Total-N % 2.05 2.10 3.20
Total-P % 149 131 2.81
Total-K % 0.95 3.86 3.01
Organic matter 31.60 39.50 56.41
Organic-C 18.33 2291 32.72
pH (1:5 susp.) 7.61 8.33 7.13
EC dSm™ (1:5 extract) 1.050 5.060 3.580
CIN 8.9 11 10

Samples of 100 g soil were placed into 350-ml glass bottles. The tested
organic materials were applied to the soil at a rate equal of 0.20, 0.19 and 0.13 %
for filter mud cake, sheep and chicken manure (70 unit of nitrogen as a

recommended dose for wheat).

Stock solution of effective microorganism (EM) was diluted by 49.50 ml
distilled water that required to saturate the used amount of soil (SP = 49.50). The
diluted solution was added to the soil samples and mixed well. Organic material
(filter mud cake, sheep and chicken manure) were investigated with and without
EM application in addition to control without any fertilizer, mineral fertilizer
(nitrate ammonium) and EM treatments as follows:
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T, - Control (without any Fert.). T, - Chemical fertilizer.
T, - Filter mud cake. T, - Chicken manure.

Ts - Sheep manure. Te- EM.

T, - Chemical fertilizer + EM. Tg - Filter mud cake + EM.
Tg - Chicken manure + EM. T1o - Sheep manure + EM.

The experiment was set in a complete randomized design with four
replicates. The filled glass bottles were anaerobically incubated in almost
controlled conditions (temperature at 30 + 1°C, moisture at 60 % of the soil field
capacity by occasional supplementary application of water) and kept in these
conditions for 127 days ( total incubation time).

The treatment mixtures were placed in Kilter glass bottles, with a beaker
containing 50 ml of 0.5 normal sodium hydroxyl (NaOH) placed in the middle of
the glass bottles to trap the evolved CO,. The glass bottles were sealed air-tight
and incubated at 30°C for 127 days.

The beakers with 0.5 N sodium hydroxyl (NaOH) were retrieved daily at 0.0,
0.125, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0, 64.0 and 127.0 days. At each retrieval time,
the glass bottles were left open up to one hour to prevent the development of
anaerobic condition. The amount of CO,-C trapped was determined by back
titration according to Page et al. (1982).

The net CO,-C was calculated by subtracting the value of the control from
that of the treatments, using the relationship of Anderson (1985).

CO,=(B-V) NE
Where:
B = Volume of HCI used to neutralize NaOH in the beaker to the end point of the
control.

V = Volume of acid used to neutralize NaOH in the beaker to the end point.
N = Normality of the acid.
E = Equivalent weight (to express data as C, E=6, while as CO = E= 22).

By the end of incubation experiment, soil sample from each treatment was
collected, air-dried, sieved through 2 mm sieve then kept for organic matter
determination.

Results and Discussion

1.Effect of organic materials on the cumulative CO,-C production

The cumulative CO,-C released from total C added to soil by the organic
materials treatments are shown in Fig. 1. Data clearly indicated that the total
cumulative CO,-C released were obviously affected by organic materials through
incubation time. Generally, at the end of incubation time (127 days), the
application of organic materials increased the cumulative amount of CO,-C
released.
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Fig. 1. Cumulative CO,-C released as affected by organic materials application
through incubation time.

Data showed that the organic manures additions increased the rate of CO,-C
released, the mean values of CO,-C were 116.0, 131. 6 and 130.5 mg C 100g™
soil after 127 days for filter mud, chicken and sheep manures treatments,
respectively. The amount of CO,-C released reflects the enhancement of soil
biological activity.

Also, data reflected that the lowest amounts of CO,-C released were realized
in filter mud treatment. This value (116 mg C 100g™) was probably due to the
sharp decline in readily decomposable organic matter and may by attributed to
the lowest amount of organic matter in filter mud contents (Table 2).

Also, data indicated that the maximum rate of cumulative CO,-C released
was obtained under chicken manure treatment. The higher soil respiration
indicated a high soil microbial activity due to the permanent and continuous
addition of organic matter to the soil and the consequent stimulation of
microorganisms.

Generally, higher CO,-C released in the soil treated by organic materials, is
an indicative of high biological activity, suggesting rapid decomposition of
organic residues.
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These results are in accordance with Dumale et al. (2008) who observed that
chicken manure application increased significantly CO, evolution rate and
cumulative CO, evolution in both 0-5 and 5-20 cm soil layers. The CO,
evolution were increased by application of chicken manure compared to
chemical fertilizer application. In similar instance These results were in
agreement with those obtained by Abdel Aal et al. (2002), Horwath et al. (2002),
Gregory & Vickers (2003), Hanna et al. (2005) and Branzini et al. (2009).

Also, Araujo et al. (2009) observed that soil microbial activity and biomass
was significantly high in organic management compared to native vegetation.

- Effect of organic materials with EM on the cumulative CO,-C evolution

Data in Fig. 2 clearly indicated that cumulative CO,-C released from soil
treated by organic materials with Effective Microorganisms (EM) were
obviously affected through incubation time. The organic materials with EM
additions increased the rate of CO,-C production during incubation time.

Generally after 121 of incubation day, the cumulative amount of CO,-C
released increased by application of organic materials with EM. While treatment
of EM only gave the lowest CO,-C evolution (98.3) indicating a reduction in soil
microbial activity.

The mean values of CO,-C released were 117.2, 136.5 and 135.2 mg C 100g™
soil after 121 days for filter mud, chicken and sheep manures treatments,
respectively. This increase of CO,-C released reflected the enhancement of soil
biological activity.

Also, data in Fig. 2 clearly indicated that inoculation with a mixture of EM
inoculants plus filter mud gave the lowest amounts of CO,-C released (117.2).
The little amount of CO,-C released probably due to sharp decline in readily
decomposable organic matter and may be attributed to the lowest amount of
organic matter in raw material of filter mud contents.

Generally, higher CO,-C released from soil treated with mixture of EM plus
organic materials, is an indicative of high soil biological activity. The greatest
rate of CO,-C released was realized in chicken manure with EM treatment.
Cumulative CO,-C decomposition was obviously increased by increasing the
organic materials and bio-fertilizer (EM) application and by the extending
duration of incubation.
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Fig. 2 . Cumulative CO,-C released as affected by organic materials plus EM
application through incubation time.

These results are in accordance with Fatunbi & Ncube (2009) who observed
that the evolution of CO, was significantly high with the application of
combined EM with organic materials lead to a 24% high CO, emission after 56
days of incubation compared to application of EM only.

Over all, organic materials did increase the cumulative CO,-C released on all
treatments. While the chicken manure treatment showed the greatest effect that
prolonged when it combined with EM. It is considered an important source of
nutrients usable by microorganisms for improving the cumulative CO,-C
released. Whenever, EM solution was used with organic materials, it enhanced
the microbial population density and hence, production of CO,-C.

Similar observation was reported by Valarini et al. (2002) who found that the
higher percentage increase in cumulative C released when EM was applied to
soil (44%) and commercial compost + EM (38%) compared to Kraal manure +
EM (21%) and lawn clippings + EM (8%). This gives an indication of the
potentials of EM application to stimulate the mineralization of the more
recalcitrant C in the stabile organic matter pool of the soil and commercial
compost.

Effect of organic materials on CO,-C fluxes during incubation time

Results in Fig. 3 illustrated the effect of organic materials on CO,-C fluxes
during incubation period. Data showed that the organic materials application
increased the rate of CO,-C fluxes through incubation time in all treatments
compared to control.
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Soil CO,-C fluxes was significantly greater in chicken manure addition. The
soils receiving chicken manure showed exceptionally higher CO,-C fluxes
production than those that received sheep manure in all times period.

The peak values of CO,-C fluxes were detected at 3 and 7 days of incubation,
the mean values of CO,-C fluxes were 12.52, 11.87 and 11.61 C mg/100g soil at 3,
7 and 30 days, respectively. Then it gradually decreased as the bio-stabilization
process proceeded. This is evidence that the rate of organic matter decomposition
was greater in the early stage of chicken manure than in later stages.

This indicates that applied chicken manure had an oppositive effect on soil
CO,-C fluxes, potentially because of more readily available C forms and greater
amounts of nutrients added in the chicken manure relative to native soil organic
matter.

14 1 - - -T1 —=— T ——T3 - -0- -T4 ——T5 |

= =
© o N

(mg/100g Soil)

(o))

CO% fluxes

0 1 3 7 15 30 60 120
Incubation time (Days)

Fig. 3. CO,-C fluxes in relation to organic materials application and incubation time.
The rate of CO,-C fluxes was higher after 7 incubation days in soil treated by
chicken manure than that in the control treatment and they could be arranged in
the following order.
Chicken manure > sheep manure > filter mud > chemical fertilizer > control.
For all treatments, CO,-C fluxes sharply declined after 121 incubation days;

the least CO,-C fluxes (4.65 C mg/100g soil) was observed in case of control
treatment at incubation time of 121 days.
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Calderon et al. (2004) observed that addition of manure increased CO,-C
fluxes of the soils and that the largest difference between manured and control
soils occurred after one week since the CO,-C fluxes increased from 42 to more
them 400% in the manured soils.

On the other hand Rudrappa et al. (2006) observed that the cumulative values
of evolved CO,-C increased rapidly from day 0 to 14, thereafter the increase was
less for the rest of their incubation experiment.

- Effect of organic materials with EM on CO,-C fluxes during incubation time

Data in Fig. 4 showed that the CO,-C fluxes from soil treated by organic
materials with EM were significantly different at all sampling time compared to
the control. Data showed that the organic materials with EM additions increased
the rate of CO,-C fluxes production during incubation time.

The addition of EM with chicken manure had appreciably enhanced the CO,-
C fluxes process during the incubation time particularly in the peak values of the
CO,-C fluxes (at 3 and 7 days where the CO2-C fluxes were; 13.14 and 12.22 C
mg/100g soil, respectively).
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Fig. 4. CO,-C fluxes in relation to organic materials and EM application and
incubation time.

This indicates that applied of chicken manure with EM had an oppositive
effect on soil CO,-C fluxes, potentially because of more readily available C
forms and greater amounts of nutrients added in the chicken manure relative to
native soil organic matter.

Egypt. J. Soil Sci. 54, No.1 (2014)



44 M.A.YOUSSEF et al.

Data clearly showed that application of mixed chicken manure with EM gave
higher rate of CO,-C fluxes than that of sheep manure with EM. Data of CO,-C
fluxes were almost in harmony with those of total microbial counts. Application
of EM in turn improved CO,-C efflux in all treatments mainly due to an
integration of its beneficial microorganism content.

CO,-C fluxes differed among treatments and could be arranged in descending
order of :

Chicken manure + EM > sheep manure + EM > filter mud + EM > chemical
fertilizer + EM > EM only.

For all treatments CO,-C fluxes sharply declined after 121 incubation days,
the least CO,-C fluxes (4.26 C mg/100g soil) was observed in case of chemical
fertilizer + EM treatment at incubation time of 121 days. Soil microorganisms
are mainly represented by ammonificators suggests an intensive organic matter
supply due to increasing litter (needles and small branches) and ash element
content of soil (Horwath et al., 2002).

Generally, CO,-C fluxes gradually increased as the incubation time increased
and reached a maximum at although there were substantial fluctuations overall
CO,-C fluxes then declined to the minimum at the end of incubation time.

These results are in accordance with Fatunbi and Ncube (2009) who observed
that application of commercial compost resulted in significantly lower CO,-C
fluxes at the 2, 7 and 56 days of incubation compared to lawn clippings and kraal
manure. Similar trend was observed among the organic materials when EM was
applied, although, the CO,-C fluxes were significantly higher at all 2 sampling
period with addition of EM compared to organic materials application only.

2. Soil organic matter changes with incubation time

Comparing soil analysis after implementation of the incubation experiment,
revealed that soil organic matter content was significantly decreased either with
organic materials application only or mixed with EM.

Data in Fig. 5 revealed that the individual treatment of organic materials with
EM decreased the percentage of (OM) in the soil at end of incubation time. After
121 incubation days, application of organic materials with EM decreased the
organic matter content to 0.50% as average value for all used organic materials.

In this respect, organic materials application with EM stimulated the negative
effect on the soil organic matter content which dropped to 0.32% at the EM
treatment. This suggests that organic matter derived from the degraded plankton
did not accumulate in the dissolved form but was decomposed to CO, very
quickly.
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Soil organic matter content could be arranged in the following order:
Te<Ti<T;<Ty<Tg<Te<Tg<Ty<Typ<Ts

The superiority of EM in decreasing the percentage of organic matter could
be attributed to the microbial biomass contained in EM as well as by its intensity
and consequently the total activity of the microorganisms lead to significant
increase in the emission of added C.

Although the amount of organic carbon decreased steadily throughout the
decomposition process. The decrease in organic carbon although the application of
organic materials is excited may be attributed to independent of the added organic
materials and such could become slowly available to the microorganisms, special
the sheep manures over the raw organic materials.

0.6
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Fig. 5. organic matter content in relation to used organic materials and EM.
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