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Abstract

The aim of this study is to investigate the effect of different additives includ-
ing biochar, effective micro-organisms (EM), animal manure and commercial
microbial inoculants on the bioconversion of rice straw. Different compost
piles were constructed, and each contained 50 kg of rice straw and mixture of
natural rocks to enrich the compost nutritional value. The physical, chemical
and biological parameters indicating the decomposition of organic material,
maturation and quality of the organic fertilizer product were investigated
during the composting process. A rapid increase in compost temperature was
obtained in inoculated piles. All piles reached maturation after around 42
days. All analysis of the properties of the final compost products indicated
that it was in the range of the matured level and can be used as organic ferti-
lizer without limitation. The highest decomposition rate and highest organic
fertilizer quality were obtained in the pile inoculated with EM and 10% bio-
char compared to other treatments.
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1. Introduction

Egypt generates up to 30 million ton/year of agricultural waste [1]. Almost half
of it is directly burnt in the field [2]. Rice straw is one of the main types of agri-
cultural waste generated in Egypt. In fact, it was estimated that around 5.9 mil-
lion ton of rice straw used to be generated in 2013 [3]. Part of this rice straw is
used at an individual level as a source of fuel for household cooking and heating,

animal feed, fiber for pulping and plowing into farmland. Yet, the rest is
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dumped and burned in open fields causing serious environmental problems, in-
cluding air pollution and soil degradation [3] [4]. Therefore, it became impera-
tive to find efficient and cost-effective methods to reduce environmental pollu-
tion and recycle agricultural resources.

Rice straw contains cellulose, hemicellulose and lining, which makes it hard to
decompose. However, several studies showed that rice straw could be used to
produce high value-added products via composting process [5] [6].

Composting is an aerobic fermentation process that converts large amounts of
agricultural waste into high quality soil amendment and/or organic fertilizer [3]
[7] [8] [9], which can be used instead of the expensive and imported chemical fer-
tilizers. The compost pile goes through four phases: 1) mesophilic phase is a pre-
paratory stage, which initiates organic matter decomposition; 2) thermophilic
phase in which microorganisms decompose organic matter at high temperatures
ranging from 40°C - 70°C; 3) second mesophilic phase allowing re-establishment
of the heat resistant microbes; and 4) maturity phase of constant nutrient con-
tents [10] [11] [12] [13]. Although composting has been widely practiced, the
process is still not fully understood due to high variety and heterogeneity of
feedstocks [9]. The objective of composting is to accelerate and create optimum
conditions for the naturally occurring decomposition process to take place.

Some studies showed that inoculating compost piles with different additives,
including biochar, effective micro-organisms (EM), cellulose decomposing bac-
teria, starters containing bacillus, fungi, yeast, lactic acid bacteria, and animal
manure, can improve the nutritional value of compost and/or organic fertilizer
and accelerate the degradation process [14] [15]. Several producers of these ad-
ditives claim that they can generate higher quality organic fertilizer during short
period of time. Yet, the effect of these additives on the composting process is not
fully studied and understood. The aim of this paper is to evaluate and compare

the effect of inoculating different types of additives on composting of rice straw.

2. Materials and Methods
2.1. Raw Material

Rice straw is the main raw material used for composting in this experiment. Rice
straw was sun dried and chopped. The properties of rice straw used are analysed

for nutrients, heavy metals, physicochemical and are presented in Table 1.

2.2. Additives

Animal manure, commercial microbial inoculants imported from China, effec-
tive micro-organisms (EM), and biochar were inoculated to rice straw and the
quality of the final compost was evaluated. Based on the literature, different in-
oculation rates were determined.

Regarding the animal manure many studies showed that co-composting with
animal manure provide high nutrient content of the compost. Studied reported
the addition of animal manure at rates varying from 30% [16] [17] to 60% [9].
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Table 1. Properties of rice straw.

Parameters Units Value
Density Kg/m’ 72
Moisture Content % 8.35
pH 6.37
Electrical conductivity (Ec) dS/m 2.64
Total Nitrogen % 0.612
Organic matter % 82.19
Organic carbon % 47.67
Ash % 17.81
C/N ratio 77.89:1
Total phosphorus (P,0;) % 0.34
Total Potassium (K,0) % 0.517
Dry matter % 91.65
Crude protein % 3.76
Humicellulose % 24.88
Cellulose % 40.26
Lignin % 14.2
Mn mg/kg 67
Zn mg/kg 103
Cu mg/kg 41

Based on that, 40% of animal manure was added to rice straw in all treatments in
this experiment.

In this study, a commercial microbial inoculants imported from China is used.
It mainly contains lactic acid bacteria, yeasts, photosynthetic bacterial, etc. Their
exact composition is not revealed and is seen as trade secret. No published stu-
dies have reported their exact composition nor their effect on composting
process.

Another inoculant used in this experiment is EM, which consists of various
strains of naturally occurring anaerobic nontoxic and non-pathogenic microor-
ganisms in a carbohydrate-rich liquid carrier substrate (molasses nutrient solu-
tion). One part of commercial EM (EM-1) solution, produced by Egyptian Min-
istry of Agriculture, was added to one part of molasses and mixed with 20 parts
of water to active EM solution and 100 mL of active solution was added to 50 kg
of rice straw as recommended [17].

Recent studies have reported that biochar can be beneficial to the composting
process. These studies reported application rates varying from 3% to 50%. Ac-
cording to Sanchez Monedero ef al, the recommended application dose of bio-
char to compost is around 10% [18]. Some studies have also reported use of

higher doses up to 50%; however, some authors have reported that doses higher
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than 20% can slow down the composting process [19]. Therefore, doses of 10%

and 20% are used in this study.

2.3. Composting Procedure

The composting process took place at the American University in Cairo during
the months of May, June and July. Rice straw is added to nine large fabric bags;
each pile is mixed with natural rocks and inoculated with different additives as
summarized in Table 2 and Table 3. Each pile is manually turned and water is
added every week. The chemical, physical and biological parameters of all sam-

ples have been analyzed as per standards and specifications [20]-[25].

2.4. Statistical Analysis

All results are presented as the average of three replicates, and the means among
different treatments are compared using one-way ANOVA using SPPS version
23. The null hypothesis states that the population means are all equal. A signi-
ficance level a = 0.05 is used. The ANOVA analysis is performed on the data

Table 2. Piles content used for composting process.

Treatment
Pile Content
No.
T1 50 kg of rice straw + 20 kg of animal manure + Mixture of Rocks

50 kg of rice straw + 20 kg of animal manure + 50 g of Chinese starter + Mixture of

T2
Rocks

T3 50 kg of rice straw + 20 kg of animal manure + 1 L of activated EM + Mixture of Rocks
T4 50 kg of rice straw + 20 kg of animal manure + 5 kg biochar (10%) + Mixture of Rocks

50 kg of rice straw + 20 kg of animal manure + 50 g of Chinese starter + 5 kg of biochar

T5
(10%) + Mixture of Rocks

50 kg of rice straw + 20 kg of animal manure + 1 L of activated EM + 5 kg of biochar

Té6
(10%) + Mixture of Rocks

T7 50 kg of rice straw + 20 kg of cow manure + 10 kg of biochar (20%) + Mixture of Rocks

50 kg of rice straw + 20 kg of animal manure + 50 g of Chinese starter + 10 kg of biochar

T8
(20%) + Mixture of Rocks

50 kg of rice straw + 20 kg of animal manure + 1 L of activated EM + 10 kg of biochar

T9
(20%) + Mixture of Rocks

Table 3. Types of rocks used and their corresponding quantities.

Type of rock Percentage (%) Quantity (Kg) Value Added
Rock phosphate 2.5% 1.25 Source of Phosphorous
Feldspar 2.5% 1.25 Source of Potassium
Sulfur 2.5% 1.25 Natural Pesticide

Dolomite 2.5% 1.25 Source of magnesium and calcium

Bentonite 10% 5kg Source of M‘agnesium., calcium,
potassium, and iron
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collected after 60days to calculate the p-value and understand whether different
treatments have a significant effect on the properties of the final product or not.

3. Results and Discussion

3.1. Temperature Changes

The temperature changes for the nine compost piles and corresponding ambient
temperatures are measured three times a week at different location in the pile
using a digital thermometer. The results are presented in Figure 1. This experi-
ment is conducted during the summer season and the ambient temperature var-
iations throughout the composting period were between 29°C and 40°C.

An increase in piles temperatures was observed right after composting started.
It is important to mention that this experiment was conducted in the summer
season. Ambient temperature and treatments temperature were measured three
times a week at different locations in the pile using a digital thermometer. The
treatments are left three months for composting.

The temperatures increased rapidly to reach their maximum temperatures af-
ter 2 days in all treatments, which marks the end of the initial mesophilic phase
and beginning of thermophilic phase. The increase in temperature during com-
posting is due to the activity of microorganisms to degrade agricultural wastes
[26] [27]. The highest temperature is observed in T3, T5 and T6 compared to
other treatments, which indicates that these treatment has greater microbial ac-
tivity.

After that, the temperatures started to decrease gradually, indicating a reduc-
tion in microbial activity. The observed fluctuations in temperature are due to
the turning of pile. Then the temperature gradually decreased to reach meso-
philic phase. After that, it stabilized near the ambient temperature after around
42 days.

3.2. Organic Carbon (0C, %) and Organic Matter (OM, %)

Three homogenized and randomized samples are taken manually after 10 days,
30 days and 60 days from top, middle and bottom of compost piles. The %OM
were measured for the nine piles, three measurements were taken for each pile,
then the OM by weight is calculated from the total solid content (TS) and the
results are presented in Table 4. It is also worth mentioning that the volume of
the piles decreased by around 40% by the end of the composting process.
One-way ANOVA was performed on the data after 60 days and results indicate
that p-value of 0.00 less than 0.05 confidence interval, which means that there is
a significant difference between the means of different treatments.

Then %OC were calculated from %OM and average values are presented in
Table 5.

The OM and OC decreases in all piles indicating that the organic substances
are degraded and decomposed by micro-organisms [28]. The highest percentage

losses are observed in T6 followed by T5. This reveals that these treatments have

DOI: 10.4236/jep.2020.114018

319 Journal of Environmental Protection


https://doi.org/10.4236/jep.2020.114018

H. M. Omar et al.

Tl —e—Ambient Temperature —>%—T2 —A—T3 (@)

Temperature (°C)

0 10 20 30 40 50 60 70 80 90
Time (days)

T4 —e— Ambient Temperature *—T5 —A—T6 (b)

Temperature (°C)

0 10 20 30 40 50 60 70 80 90
Time (days)

T7 —e— Ambient Temperature *X—T8 —A—T9 (©
70

60

50

iy
o

30

Temperature (°C)

20

10

0 10 20 30 40 50 60 70 80 90
Time (days)

Figure 1. Changes in temperatures in compost piles with relation to ambient tempera-
tures for (a) T1, T2 and T3, (b) T4, T5 and T6, (c) T7, T8 and T9.
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Table 4. Results of OM.

Average TS (kg)* Average OM (kg)® % %
losses losses
Initial After After Initial After After after 30  after 60

30 days 60 days 30 days 60 days days® days®

T1 17.5 14.8 13.6 10.7 8.2 5.1 23.6 52.4
T2 17.5 15.2 13.4 11.6 8.6 52 26.0 55.1
T3 17.5 16 13.6 10.9 8.7 4.8 20.3 55.9
T4 17.5 15.6 13 11.1 9.4 4.8 14.9 57.0
T5 18.5 13.6 13 12.6 7.9 5.0 37.1 60.6
T6 16.5 14.8 12.4 10.8 7.6 4.4 29.7 59.5
T7 20 13.2 13.4 12.6 6.9 59 45.2 53.1
T8 17.5 16 14 11.8 9.3 6.0 20.7 49.2
T9 17 16.4 13.2 10.2 8.4 4.8 17.7 52.7

*TS refers to total solid content; "OM refers to Organic Matter; “The % losses are the difference in OM in all
piles after 30 and 60 days.

Table 5. Results of OC.

Average OC (kg) % %
losses after 30 losses after 60

Initial After 30 days  After 60 days days days
T1 35.5 32.1 21.8 9.64 38.73
T2 38.4 32.7 22.5 14.80 41.46
T3 36 314 20.4 12.92 43.42
T4 36.7 35 21.3 4.62 42.06
T5 39.5 33.8 22.2 14.40 4391
T6 37.9 29.7 20.4 21.63 46.06
T7 36.6 30.4 25.6 16.97 30.03
T8 39 33.8 24.8 13.23 36.49
T9 34.7 29.8 21.2 14.66 39.87

high content of easily decomposable substances compared to other treatments.

This results are in line with the results obtained from the temperature profile.

3.3. Total Nitrogen, Ammonium and Nitrate Nitrogen

The total nitrogen (TN), ammonium nitrogen (NH;) and nitrate nitrogen (NO;)
were measured for all piles. Three measurements were taken for each pile. The
average TN (%) values are presented in Table 6.

One-way ANOVA was performed on the data of TN after 60 days and results
indicate that p-value of 0.00 less than 0.05 confidence interval, which means that
there is a significant difference between the means of different treatments.

The results indicated that TN increased in some samples, while it decreased in
others. In fact, TN slightly increased in treatments T1, T2 and T6 and decreased

DOI: 10.4236/jep.2020.114018

321 Journal of Environmental Protection


https://doi.org/10.4236/jep.2020.114018

H. M. Omar et al.

in all other treatments. Samples inoculated with biochar only (T5 and T7)
showed relatively large TN loss, this could be attributed to relatively low N with
high biodegradable material. These differences in TN could be due to difference
in initial C/N ratios coupled with differences in the initial amount of TN and pH
values [29].

Ammonium and nitrate nitrogen are of greater interest, as they have been
used as maturity index for composting [29] [30]. As shown in Figure 2 and Fig-
ure 3. The ammonia nitrogen decreased with time, while the nitrate nitrogen
increases with time, which indicate that the nitrification process occurred [30].

From the above results the nitrification ratio is calculated and presented in
Table 7. Some studies indicate that the ratio should not exceed 0.16 [31], while
others reported ratios of 1 [29].

The results indicate that that nitrification ratios are high at the beginning of

the treatments and decreased until maturity is reached. All treatments have a

Table 6. Results of total nitrogen.

Average TS (kg) Average OM (kg) 9%Gain (+) or
Initial After 30  After 60 Initial After 30 After 60 %Loss (-)

days days days days after 60 days
T1 35.5 32.1 21.8 0.17 0.16 0.17 -0.20
T2 38.4 32.7 22.5 0.20 0.20 0.21 +5.03
T3 36 31.4 20.4 0.15 0.16 0.15 -2.63
T4 36.7 35 21.3 0.17 0.17 0.17 -2.22
T5 39.5 33.8 22.2 0.21 0.16 0.16 -23.40
Té6 37.9 29.7 20.4 0.15 0.19 0.17 +11.49
T7 36.6 30.4 25.6 0.22 0.15 0.16 -25.69
T8 39 33.8 24.8 0.21 0.21 0.20 -6.12
T9 34.7 29.8 21.2 0.14 0.16 0.13 -7.74

T1 T2 T3 T4 T5 T6 T7 T8 T9
u At the begining After 30 days m After 60 days

Figure 2. Ammonium nitrogen in different compost treatments.
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m At the begining = After 30 days = After 60 days

Figure 3. Nitrate nitrogen in different compost treatments.

Table 7. Types of rocks used and their corresponding quantities.

Treatments Initial After 30 days After 90 days
T1 15.50 5.77 0.39
T2 32.69 2.84 0.22
T3 17.67 3.14 0.12
T4 32.00 5.20 0.34
T5 5.45 1.40 0.22
Té6 11.35 1.27 0.08
T7 19.00 1.73 0.39
T8 17.28 1.11 0.26
T9 18.46 3.45 0.17

nitrification ratio below 1. Treatments inoculated with EM (T6, T3, T9) have a
nitrification ratio below 0.16. These results indicate that these treatments have

highest maturity compared to other treatments.

3.4.C/N Ratio

The carbon to nitrogen ratio (C/N) is one of the most important factors that af-
fect the composting process. In this experiment C/N ratio is used to follow the
degradation process of the compost piles as done in many other studies despite
many pitfalls associated with this approach [32]. The C/N ratio is calculated and
presented in Figure 4. The results indicate that C/N ratio of all piles are close or
below 20 after 60 days of compositing, which is an indication of acceptable ma-
turity [32] [33].

3.5. Moisture Content and Bulk Density

The moisture content and bulk density were measured for all piles as presented
in Figure 5 and Figure 6 respectively.

The moisture content of all treatments initially ranged from 60% - 67% and
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Figure 4. C/N ratio of different compost treatments.
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Figure 5. Moisture content in different compost treatments.
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Figure 6. Bulk density of different compost treatments.
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decreased during the composting process to reach values in the range of 30% to
38%. The bulk densities were initially 285 kg/m’ 320 kg/m’, 300 kg/m’, 210
kg/m’ and 290 kg/m® 280 kg/m’, 310 kg/m’, 320 kg/m’, 270 kg/m’ respectively.
These values increased to 445 kg/m’, 533 kg/m’, 470 kg/m’, 420 kg/m’, 536
kg/m’, 480 kg/m’, 494 kg/m’, 552 kg/m®, 466 kg/m’ respectively.

One-way ANOVA was performed on the data of bulk density after 60 days and
results indicate that p-value of 0.00 less than 0.05 confidence interval, which means
that there is a significant difference between the means of different treatments.

The pile inoculated with EM and 10% biochar (T6) showed highest bulk den-
sity. High bulk density values indicate higher level of activities in the decompo-
sition of organic material to break down the loosely combined raw materials into
smaller pieces [3]. This result indicates that T6 have the highest level of activities
in the decomposition of organic material to break down the loosely combined

raw materials into smaller pieces compared to all other treatments.

3.6. pH and Electrical Conductivity (Ec)

The electrical conductivity (EC) and pH of all piles were measured and pre-
sented in Figure 7 and Figure 8 respectively.

EC is a good indicator of the safety and suitability of compost. The EC of the
finished compost of all treatments are ranging between 2.3 to 3.12 dS-m™". Some
studies showed that values ranging between 2.0 to 6.0 dS-m™" are considered to-
lerable by plants [34] [35].

Also, the pH values of all piles after 90 days were ranging from 7.74 to 8.69,

which is in the recommended range from 7.5 to 8.5 [27].

3.7. Germination Index (GI), Pathogenic Bacteria
and Humification Index (HI)

Germination index (GI) is a measure of phytotoxicity of compost; many studies

[$;]

N

Electrical Conductivity (dS/m-")

T1 T2 T3 T T5 T6 T7 T8 T9
m At the begining = After 30days  m After 60 days

Figure 7. Electrical Conductivity of different compost treatments.
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m At the begining = After 30 days  m After 60 days

Figure 8. pH of different compost treatments.

Table 8. Germination Index and humification index for different treatments after 90 days
of composting

Treatments T1 T2 T3 T4 T5 T6 T7 T8 T9
Germination Index 80 80 90 80 80 90 80 80 80
Humification index 1.4 1.7 1.9 1.5 1.8 1.9 1.6 1.6 1.7

reported that a GI higher than 80% indicates the absence of phytotoxins in
composts [3] [29]. According to Selim et al, GI ranging from 66 to 100 indicates
absence of phytotoxicity [29]. The GI of all treatments is presented in Table 8.
GI of all treatments are ranging from 80 to 90, which indicates that all compost
piles are free of phytotoxins.

The humification index (HI) is the ratio of the humic acid to the fulvic acid
and is a measure of maturity of the compost. The recorded HI is greater than 1
for all treatments as presented in Table 8; therefore, all compost piles could be
considered mature.

All final compost treatments were found free of pathogenic bacteria, as pre-

sented in Table 9, indicating their biosafety.

3.8. Total Phosphorous (TP) and Total Potassium (TK)

%TP and %TK were measured for all piles. Three measurements were taken for
each pile. The average TP(%) and TK(%) values are presented in Table 10 re-
spectively. According to El-Haddad et al [36], the recommended range of TP
(%) is 0.4 to 1.1 and the recommended range of TK (%) is 0.6 to 1.7. The %TP
and %TK of all treatments increased in the compost piles and were in final
product in the recommended range (TP (%) is 0.4 to 1.1 and TK (%) is 0.6 to
1.7).

One-way ANOVA analysis of %TP and %TK after 60 days indicate that
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Table 9. Pathogenic bacteria for different treatments.

Treatments Initial After 30 days After 60 days

T1 9E+05 3E+05 nd
T2 6E+05 2E+05 nd
T3 5E+05 2E+05 nd
T4 8E+05 4E+05 nd

Total Coliform Count
T5 7E+00 3E+05 nd

(cfu/g)

T6 4E+05 2E+05 nd
T7 6E+05 3E+05 nd
T8 8E+05 5E+05 nd
T9 6E+05 3E+05 nd
T1 5E+05 2E+05 nd
T2 4E+05 2E+05 nd
T3 3E+05 1E+05 nd
T4 4E+05 2E+05 nd

Fecal Coliform Count
T5 5E+05 2E+05 nd

(cfu/g)
T6 3E+05 1E+05 nd
T7 2E+05 1E+05 nd
T8 4E+05 2E+05 nd
T9 3E+05 1E+05 nd
T1 2.00E+05 1E+05 nd
T2 4.00E+05 2E+05 nd
T3 1.00E+05 nd nd
T4 3.00E+05 2E+05 nd
al 1la and

Salmonella an T5 3.00E+05 1E+05 nd

Shigella count (cfu/g)
T6 2.00E+05 1E+05 nd
T7 2.00E+05 1E+05 nd
T8 4.00E+05 2E+05 nd
T9 3.00E+05 2E+05 nd

nd refers to not detected.

p-value of 0.00 less than 0.05 confidence interval, which means that there is a
significant difference between the means of different treatments, which means
that each additive has a different effect on the final %TP and %TK of compost
pile.

Table 10 compares the values of TP and TK by weight (in kg). The results are
in line with results obtained from the %TP and %TK. There is an increase in to-
tal phosphorous and total potassium values during composting.

The highest values were obtained in T6 containing EM and 10% biochar. It is

also important to notice that increasing the percentage of biochar to 10% has
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Table 10. Results of total phosphorous.

Average TP (kg) Average TK (kg)
Initial After 30 After 60 %gain Initial After 30 After 60 % gain
days days days days
T1 0.0013 0.0014 0.0015 12.4 0.0012 0.0013 0.0016 37.8
T2 0.0016 0.0016 0.0018 12.7 0.0014 0.0017 0.0019 30.9
T3 0.0012 0.0015 0.0016 36.1 0.0016 0.0019 0.0019 18.3
T4 0.0013 0.0016 0.0016 31.3 0.0013 0.0011 0.0019 52.7
T5 0.0018 0.0018 0.0018 1.3 0.0013 0.0014 0.0018 374
Té6 0.0012 0.0017 0.0019 52.3 0.0017 0.0023 0.0027 59.3
T7 0.0013 0.0012 0.0013 3.8 0.0012 0.0011 0.0013 8.8
T8 0.0018 0.0019 0.0018 1.6 0.0015 0.0015 0.0016 7.5
T9 0.0011 0.0014 0.0011 3.0 0.0011 0.0013 0.0011 7.2

increased the quality of the compost. However, further increase of biochar to

20% decreased the quality of the compost.

4. Conclusion

The results revealed that the application of different additives in composting of
rice straw exhibits an improvement in maturation time and final product quali-
ty. In fact, all piles reached maturation after around 42 days. All analysis of the
properties of the final products indicated that it was in the range of the matured
level and can be used without any limitation as an organic fertilizer. The highest
decomposition rate and highest organic fertilizer quality were obtained in pile
containing rice straw and 40% of animal manure mixed with natural rocks (2.5%
of rock phosphate, 2.5% feldspar, 2.5% sulfur, 2.5% dolomite and 10% bento-
nite) and inoculated with 2% of EM and 10% biochar compared to other treat-
ments. Also, the results showed that adding 20% biochar decreased the quality of
the final compost compared to adding 10%.
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