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Abstract

To wisely utilize local organic resources and enhance their quality in order to effectively fertilize agricultural crops, a
blend of organic resources, comprising cow manure, poultry manure, and kitchen waste (2:1:1 ratio by volume), was
composted with (Compostgy 1) and without (Composty.i,) effective microorganisms (EM.1). Various parameters including
temperature, pH, carbon (C), nitrogen (N), and the C/N ratio were recorded during composting to assess the effects of EM.1
on this process. After completion of the composting process, the effects of the resultant composts on the nodulation, growth,
and yield of berseem (Trifolium alexandrinum L.) crop were tested in a field trial. Temperature and pH were lower and the
N content was higher in Compostgy i than in Compost,.in throughout composting. C degradation was also faster in
Compostgy 1 than in Compost,,in. Consequently, the C/N ratio stabilized faster in Compostgy 1, leading to rapid completion
of composting. In the field trial, composts showed no significant effect on nodulation or the shoot-to-root ratio. However, in
comparison to Compostysin, Compostey; significantly increased the leaf-to-stem ratio and the fresh and dry yields of
berseem. We conclude that EM.1 enhances the composting process and the yield of berseem crop.
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Introduction

Composting is historically a well-known method for
waste management and fertilization in organic crop
production (Haq et al., 2014; Anyasi & Atagana, 2014).
Compost is made through the decomposition of various
organic materials individually or in combination. The
composting process is naturally slow, but most people
would prefer it to be fast.

Numerous commercial additives are advertised for
enhancing the composting process, but the effectiveness of
many of them has not yet been scientifically confirmed.
Himanen & Hanninen (2009) found 5 different commercial
additives to be ineffective. Gabhane et al. (2012) reported
that some commercial additives they evaluated were useful,
whereas others were not. Because of the continuous
development of new products and approaches for
enhancing the composting process, continuous research is
needed to assess their efficacy and effects on crops.

This research evaluated EM.1, a mixture of
microorganisms (Lactobacillus casei, Rhodopseudomonas
palustris, and Saccharomyces cerevisiae), for its
enhancement of the composting process, even though this
has never been the intended purpose of the mixture.
Previous researchers, including Shalaby (2011), Kale and
Anthappan (2012), and Boga et al. (2014), proposed using
EM.1 to clean indoor pollutants due to its waste-degrading
ability. In this study, we explored a new aspect of EM.1—
its effects on the composting process and subsequent
berseem crop.

Material and Methods

Composting trial and data collection: A mixture of
organic resources, comprising cow manure, poultry
manure, and kitchen waste (2:1:1 ratio by volume), was

composted  with  (Compostgvi1) and  without
(Compostyain) effective microorganisms (EM.1). The 2
blends were composted in 250-L heavy-duty bags.
Compostgm: was maintained in airtight (anaerobic)
conditions, which is a prerequisite for the functioning
of EM.1, whereas Composty.i, was maintained in
aerated (aerobic) conditions (control treatment) by
drilling holes in the bags. The composting experiment
was run 2 times, and during each run, the composting
treatment was replicated 4 times. A commercial pack
of EM.1 was obtained from EMRO (EMRO, Okinawa,
Japan) through the Rashed Establishment for Trading
and Agriculture, Riyadh, Saudi Arabia. Inocula of
EM.1 were prepared by mixing a commercial pack of
EM.1, molasses, and water (1:1:20 ratio by volume).
This mixture was kept at room temperature for 5 days
to get activated, and then 1 L of the mixture was added
per 1 m® of the composting material.

Data on the temperature, pH, carbon (C), nitrogen
(N), and C/N ratio were collected at the start of the
composting trial and then once every 2 weeks. The
temperature was measured in the center of the compost
by inserting a composting thermometer, and pH was
measured by collecting a compost sample from each
experimental unit with the help of a sampling probe and
evaluating its suspension (compost sample and
deionized water at a ratio of 1:2) with a pH meter. The
composting mixture in each bag was loosened and
agitated for thorough mixing once every 6 weeks, and
samples were collected from all the bags at the same
time for analysis of C and N. After each mixing, the
moisture was adjusted to 50% with the help of a
moisture meter probe. N and C contents were analyzed
by a Perkin-Elmer CHNS/O Analyzer (Model 2400)
according to the manufacturer’s instruction manual
(PerkinElmer, Inc., Waltham, MA, USA).
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Field trial and data collection: In both years of the 2-
year field trial, the composts were applied to the soil 2
weeks before sowing. The crop was sown each year in
the first week of October, and the 1* harvest was carried
out 45 days after sowing (DAS), whereas the subsequent
3 harvests were carried out at 1-month intervals. All
other agronomic practices were carried out uniformly in
all treatments.

To assess the effects of the composts on the
berseem crop, data on its nodulation, leaf-to-stem ratio,
shoot-to-root ratio, and fresh and dry yields were
compiled. The numbers of total nodules and effective
nodules per plant were counted at the time of each cut
by uprooting 5 random plants in each subplot.
Effective nodules were determined through visual
examination for a pink-red color, which indicates the
presence of red pigment (leghemoglobin). Leaf-to-stem
and shoot-to-root ratios, and fresh and dry yields were
determined following standard procedures (Daur et al.,
2011; Daur, 2013).

Statistical analysis: MStatC was used for statistical
analysis and to calculate a least significant difference
(LSD) test (p<0.05). Graphs were produced using
Microsoft Excel (Microsoft Corp., Redmond, WA,
USA).

Results and Discussion

Composting parameters: Parameters that were
recorded during the composting process are given as
follows. The temperature dynamics during the trial are
displayed in Fig. 1. The temperature was higher in
Composty,in from Week 2 to Week 6, fluctuating
between 45°C and 46°C, whereas in Compostgy g, it
varied between 32°C and 35°C. At Week 8, the
temperature decreased, and then remained in the range
of 27-33°C until the end of the experiment. The results
show that EM.1 inoculation caused the composting
process to happen at lower temperatures. This indicates
that the breakdown of composting material occurred
through the action of enzymes that may produce by
EM.1 microbes. In the normal composting process, as
presented by Composty,n, heat was produced which
reasoned to the oxidation of carbon to CO,, and thus the
temperature increased, helping in the breakdown of the
organic materials. Our results are in accordance with
those of Wongwilaiwalin et al. (2010) and Gondek et al.
(2014). The pH dynamics for Composty,n and
Compostgy s are shown in Fig. 2. In Compostp,, and
Compostgm 1, the pH decreased to 7.4-6.9 and 7.4-6.7,
respectively. Careful observation of the ranges indicates
that the pH in Compostgy; remained lower than in
Compostyin. The lower pH of Compostgy ; may be due
to the organic acids released by the EM.1 microbes for
the breakdown of the composting materials. These
results are in agreement with those of Himanen &
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Hanninen (2009), Gondek et al. (2014), and Kharrazi et
al. (2014). Carbon (C) degradation was faster in
Compostgy s than in Compostyin (Fig. 3). The faster
degradation of C was thought to be due to the effect of
EM.1, which produces enzymes that initiate
decomposition (Hu et al., 2013; Sharma et al., 2014). At
the start of the composting process, the total nitrogen
content decreased until Week 6 in Compostgy;, after
which it remained steady, whereas in Compostppn, it
decreased until Week 12 (Fig. 4). These changes in N
content indicate that nitrogen loss, in the form of
gaseous ammonia and nitrification, was lower in
Compostey: than in Compostyan, as supported by
Himanen & Hénninen (2009). The C/N ratio became
stable earlier in Compostgm; than in Composty.in (Fig.
5), which is an indication of the completion of the
composting process. (Chaturvedi et al., 2010; Nakasaki
etal., 2013).
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Fig. 1. The changes in temperature during the composting
process.
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Fig. 2. The changes in pH during the composting process. Each
value represents mean + standard deviation.
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Fig. 3. The changes in C (%) during the composting process.
Each value represent mean + standard deviation.
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Fig. 4. The changes in N (%) during the composting process.

Each value represents mean + standard deviation.
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Fig. 5. The changes in C/N ratio during the composting process.

Each value represents mean + standard deviation.
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Fig. 6. Dynamics of the berseem crop nodulation under different
composts during the crop growth period. Each value represents
mean = standard deviation.
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Fig. 7. Dynamics of leaf-to-stem and shoot-to-root ratios under
different composts during the berseem crop growth period. Each
value represents mean + standard deviation.
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Fig. 8. Dynamics of fresh and dry matter yield for the composts
during different cuts of berseem crop. Each value represents
mean + standard deviation.
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Berseem nodulation, growth, and yield: The effects of the
2 types of composts on the numbers of total nodules and
effective nodules per plant are given in Fig. 6. No significant
effect (p<0.05) of the composts on the nodulation of berseem
was recorded. However, nodulation was significantly
different across different cuts. Based on the current results,
we can conclude that EM.1 had neither a positive nor a
negative effect on the nodulation of alfalfa. Pei-Sheng &
Hui-Lian (2002) reported a closely related product, EM
bokashi, which increased the number of nodules per plant
and the fresh weight per nodule in peanuts. Our finding may
be different because of the differences in the crops, but
further research is needed to resolve such contradictory
results. The leaf-to-stem and shoot-to-root ratios are shown
in Fig. 7. The leaf-to-stem ratio was significantly different
(p<0.05) among the composts and different cuts, but the
shoot-to-root ratio was not significantly different (p>0.05)
between the composts and among different cuts. The leaf-to-
stem ratio was probably enhanced by the positive effect of
EM.1 on composting in the form of enhancing its fertilizer
efficiency. According to Feller et al. (2015), plants divert
their biomass to leaves, shoots, or roots as a result of
modifying environmental conditions. Wilson (1988) supports
our results, finding that plants generally do not change their
shoot-to-root ratio. The fresh and dry weights of berseem
were significantly (p<0.05) higher in plots treated with
Compostgy s than with Compostyan (Fig. 8). We speculate
that the increased yield of the berseem crop was due to the
timely liberation of essential nutrients by EM.1 activities
from the compost. Previous studies support our results that
organic manures enhance the yield of crops because they
provide all essential nutrients needed for crop growth (Daur,
2013, Castellanos-Navarrete et al., 2015).

Conclusion

Based on this study, we suggest that EMRO (EMRO,
Okinawa, Japan)-branded commercially available effective
microorganisms (EM.1) can be used for rapid composting and
for improving berseem crop yield. However, further research
is needed because in normal composting, as represented here
by Composty.n, the rise in temperature Kkills various
pathogenic microbes. Compostgy; occurred at a lower
temperature, but its producer claims that the microorganisms
in it suppress disease-causing microorganisms while
enhancing the functioning of each other and of beneficial
microbes. Therefore, the fate of pathogenic microbes in EM.1-
induced composting and the interactions of EM.1 with
rhizosphere microbes are topics for future research.

Acknowledgement

This project was funded by the Deanship of
Scientific Research (DSR), King Abdulaziz University,
Jeddah, under Grant No. (219-155-1434). The authors,
therefore, acknowledges with thanks DSR technical and
financial support.

References
Anyasi, R. and H. Atagana. 2014. Enhancing growth performance of

Chromolaena odorata in two soil samples by using cow
manure as amendment. Pak. J. Bot., 46(5): 1771-1779.

IHSANULLAH DAUR ET AL.,

Boga, C., E.D. Vecchio, L. Forlani and M. Franceschetti. 2014.
Microbes to clean indoor pollutants. Environ. Chem. Lett.,
12(3): 429-434.

Castellanos-Navarrete, A., P. Tittonell, M.C. Rufino and K.E.
Giller. 2015. Feeding, crop residue and manure management
for integrated soil fertility management — A case study from
Kenya. Agr. Syst., 134: 24-35.

Chaturvedi, S., B. Singh, L. Nain, S.K. Khare, A.K. Pandey and S.
Satya. 2010. Evaluation of hydrolytic enzymes in bioaugmented
compost of jatropha cake under aerobic and partial anaerobic
conditions. Ann. Microbiol., 60(4): 685-691.

Daur, 1. 2013. Comparative study of farm yard manure and humic acid
in integration with inorganic-n on wheat (Triticum aestivum L.)
growth and yield. J. Agr. Sci., 19: 170-177.

Daur, 1., H. Sepetoglu and B. Sindel. 2011. Dynamics of faba bean
growth and nutrient uptake and their correlation with grain
yield. J. plant Nutr., 34: 1360-1371.

Feller, C., P. Favre, A. Janka, S.C. Zeeman, J.P. Gabriel and D.
Reinhardt. 2015. Mathematical modeling of the dynamics of
shoot-root interactions and resource partitioning in plant growth.
PL0S ONE, 10(7): e0127905.d0i:10.1371/ journal. pone. 0127905.

Gabhane, J., S.P.M. William, R. Bidyadhar, P. Bhilawe, D. Anand,
A. Vaidya and N. Wate. 2012. Additives aided composting of
green waste: Effects on organic matter degradation, compost
maturity, and quality of the finished compost. Bioresour.
Technol., 114: 382-388.

Gondek, K., M. Kopec, M. Mierzwa, M. Tabak and M. Chmiel. 2014.
Chemical and biological properties of composts produced from
organic waste. J. Elementol., 19(2): 377-389.

Himanen, M. and K. Hanninen. 2009. Effect of commercial mineral-
based additives on composting and compost quality. Waste
Manage., 29: 2265-2273.

Hag, T., T.A. Ali and R. Begum. 2014. Seed germination bioassay
using maize seeds for phytoxicity evaluation of different
composted materials. Pak. J. Bot., 46(2): 539-542.

Hu, H.W., L.M. Li, K. Qian, N.J. Xu, H.B. Zhu, G.Y. Jiang, F. Li,
F.Z. Xu and X.L. Ding. 2013. Relationship between physico-
chemical properties and related enzymic activities by
inoculating microorganism agent in the composting process.
Adv. Mat. Res., 726: 2723-2735.

Kale, D.K. and P.D. Anthappan. 2012. Sustainable treatment of
wastewater using effective microorganisms. J. Pure. Appl.
Microbio., 6(1): 333-338.

Kharrazi, S.M., H. Younesi and J. Abedini-Torghabeh. 2014.
Microbial biodegradation of waste materials for nutrients
enrichment and heavy metals removal: an integrated
composting-vermicomposting  process.  Int.  Biodeterior.
Biodegradation, 92: 41-48.

Nakasaki, K., S. Araya and H. Mimoto. 2013. Inoculation of pichia
kudriavzevii rbl degrades the organic acids present in raw
compost material and accelerates composting. Bioresour.
Technol., 144: 521-528.

Pei-Sheng, Y. and X. Hui-Lian. 2002. Influence of em bokashi on
nodulation, physiological characters and yield of peanut in
nature farming fields. J. Sustain. Agr., 19 (4): 105.
doi:10.1300/J064v19n04-10.

Shalaby, E.A. 2011. Prospects of effective microorganisms
technology in wastes treatment in Egypt. Asian Pac. J. Trop.
Biomed., 1(3): 243-248.

Sharma, A., R. Sharma, A. Arora, R. Shah, A. Singh, K. Pranaw and
L. Nain. 2014. Insights into rapid composting of paddy straw
augmented with efficient microorganism consortium. Int. J.
Recycling Org. Waste Agric., 3: 54, 1-9.

Wilson, J.B. 1988. A review of evidence on the control of shoot:
root ratio, in relation to models. Ann. Bot., 61(4): 433-449.
Wongwilaiwalin, S., U. Rattanachomsri, T. Laothanachareon, L.

Eurwilaichitr, Y. Igarashi and V. Champreda. 2010. Analysis
of a thermophilic lignocellulose degrading microbial
consortium and multi-species lignocellulolytic enzyme system.

Enzyme Microb. Technol., 47(6): 283-290.

(Received for publication 24 January 2015)



