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Abstract

There is growing interest in the potential for using composts in agricultural and horticultural field
crops. The aim of this study is to test the mixture efficiency to produce good quality compost. This
paper presents a comprehensive analysis of recycling organic wastes through composting. In an
area of approximately 1500 ha, situated in the lower valley of the Rio Negro (Black River), onions
are produced. 50% of these onions are processed under Good Agricultural Practices (GAP) and
under Good Manufacturing Practices (GMP). The packaging for marketing in processing plants has
produced huge volumes of wastes that must be managed according to quality standards. These are
composed by scales, roots and leaves, with high C/N ratio. In this study the composting process
was studied as a way to recycle ecological and cheap onion waste in order to minimize their envi-
ronmental impact. The onion residues were mixed with alfalfa and cattle manure. An experiment
was carried out in order to determine suitable quality compost (organic product high agronomic
value). In order to achieve the objectives, composting processes were carried out in two consecu-
tive years. During the process, some physical, chemical and biological properties of the final product
were analyzed and evaluated. The mixtures: OMA, onion-manure-alfalfa; OM, onion-manure; OA,
onion-alfalfa, showed a similar behavior. The mixtures more efficient were onion-manure and
onion-manure-alfalfa with values close to 50%, while onion-alfalfa yielded only 34%. Reuse of
onion waste by composting mixed with cattle manure, is a viable alternative in ecological terms.
The final compost obtained could be used as amendment in agriculture practices.
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1. Introduction

Every human, urban, agricultural or livestock activity generates residue. An inadequate treatment of them may
involve an uncontrolled accumulation and the lead to serious damages. Due to the steady increase of waste pro-
duction, residue is no longer just the end of lively activity. Waste has to be used a resource, creating a cycle.

One of the most important horticultural productions in Argentina is the onion. The production in the lower
valley of Rio Negro reaches 1500 ha, which is intended for fresh consumption. The majority is commercialized
domestically, and to external markets, mainly to Brazil and Europe. The production designed for exportation
follows the GAP (Good Agricultural Practices) standards and GMP (Good Manufacturing Practices). After a
harvest, onions are processed in the packing sheds, where the undocking, uprooting, and brushing of the bulbs
are made in order to remove cataphylls, which with the discard bulbs, constitute the residue the packaging oper-
ation [1].

Currently, one of the problems certified onion producers face is during classification at the packinghouse. The
brush task takes place in dry conditions, and consists of sieving the loose cataphylls and remnants roots, achiev-
ing a change of the product appearance. During this process, high volumes of organic waste are released into the
environment, particularly during February, March and April, in which the amount exceeds 5000 m® (Figure 1).
These residues are then deposited to the packing sheds and burned. Sometimes they are thrown in landfills or
neighboring ponds, causing the residue to disperse throughout the environment, contaminating soil, air and wa-
ter.

The fulfillment of quality standards for certification demands a treatment and management plan for these or-
ganic wastes, with the goal of turning residues into resources. Recycling through composting would be respect-
ful to the environment, and viable from an economic standpoint.

Organic wastes can be processed to produce a high value resource for agricultural production and for the res-
toration of degraded ecosystems. In fact, its value as an amendment helps to maintain and restore soil organic
matter and therefore, the structure, the water dynamics, biological activity, nutrient supply and erosion control;
but especially, agricultural valorization of organic waste also helps to reduce the cost of construction and main-
tenance of landfills and reduce greenhouse gases and leachate contamination.

Novel advancements in composting include addition of several waste types. Information on the effect of ap-
plication of onion, cattle manure or alfalfa wastes and their optimum dose as well as their interaction effect with
N and P fertilizers could be scanty for some crops. Among the different methods of treating organic waste for
agricultural purposes, composting is highlighted, [2] and [3], both ecologically and economically [4]. Mixing
certain types of wastes or changing proportions can make a difference in the rate of decomposition and quality.
Achieving the best mix is a skill gained through experience rather than an exact science.

Composting is a biological method that transforms organic remains of various materials in a relatively stable
product whose use has increased in recent years as an effective choice for improving productivity and soil qual-
ity [5]. Composting is also a livestock manure treatment process based on biological decomposition of organic
matter under controlled aerobic conditions [6]. It is a microbiological aerobic process which combines meso-
phyll and thermophile phases, to transform an organic heterogeneous waste, in a stabilized organic matter, free
of pathogens, weed seeds and high agronomic value.
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Figure 1. Packing shed. Area waste disposal.
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Composts are generated from various combinations of feed stocks including municipal solid wastes, animal
manures, biosolids, yard wastes and other biodegradable waste by-products. Based on composition, processing,
and maturity of composts, the physical, chemical and biological properties (such as bulk density, particle size,
carbon, acidity, soluble salts, nutrients or microbial biomass) vary widely.

Some composting tests with diverse wastes have been designed: municipal organic wastes [7] [8]; co-utiliza-
tion of agricultural, municipal and industrial by-products [9]; potential benefits and risks of land application of
sewage sludge [10]; sewage sludge as nutritional source for horticultural soils [11] and with vermicompost [12]-
[14].

In this paper, we approach the feasibility of composting onion waste with different mixtures of residues from
agricultural and livestock activities, with the goal of reusing these products and generating a useful product such
as compost addressed. In order to confirm the applicability of the compost, some analytical parameters were
considered.

2. Material and Methods
2.1. Description of the Experimental Site and the Experiments Carried out

The field experiment was conducted at the research field of the Area of Agriculture, National University of
Comahue-CURZA, situated in the city of Viedma, Rio Negro (40°49'S; 63°05'W). Wooden structures with a 512
L capacity, called composting bins, were used in the experiment. They were located in an area free of shadows,
and surrounded by a living fence of 1 m high, maintained the same conditions for all treatments. In a previous

stage, the collection and storage of the materials to be composted was performed (Figure 2 & Table 1):

e Onion residues (C); remains of leaves, stems, roots and cataphyll together from packing sheds (provided by
the company Quequén, producer and exporter of certified onion, located 45 km from the site composting).
Almost any organic product suitable for composting.

o Alfalfa residues (A); comprised of the waste material of a stretch wrapper alfalfa plant for export. Alfalfa
used as natural fertilizer product provides many nutritional benefits.

e Dairy cattle manure €; from our dairy enterprise “The Amalgam” (located 5 km from the study area). Ma-
nure from cattle is one of the finest materials that can be added to any compost pile.

2.2. Preparation of Blends

To calculate the proportions of each of the starting materials in each treatment, the methodology used was pro-
posed by [15]. Formulation of the mixtures was performed taking into account the C:N ratios of the different
waste; the proportions of each starting material were determined, assuming a ratio C:N equals 30. All blends
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Figure 2. Wasted used in composting experiences.

Table 1. Chemical characteristics of the starting materials.

Starting Materials C(gkg™) N (g-kg™?) C:N Humidity (%)
Onion Residues 357 7 52 12
Dairy Cattle Manure 169 11 15 25
Alfalfa 373 25 14 4.2

C, total carbon (g-kg™); N, total nitrogen (g-kg™); C:N ratio carbon: nitrogen.
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were calculated, the conversion efficiency and/or performance of composting, as well as the amount by weight
(kg) of compost obtained for each kg of mixture, calculated as a percentage.

In this study the main plots consisted of a factorial combination of onion waste, alfalfa and manure cattle. The
experimental design was completely randomized design, and consisted of three treatments with three replicates
each:

T1, Onion-Manure-Alfalfa (OMA) in a 1:0.5:0.3 proportions.

T2, Onion-Manure (OM) in a 1:1 proportion.

T3, Onion-Alfalfa (OA) in a 1:0.7 proportion.

With defined proportions (Table 2), materials were weighed, mixed and placed in wooden bins (experimental
unit), 0.8 m side, with fixed walls and no cover. The mixtures were watered up to 60% of humidity, and they
were composted through an open system. In the US, open systems are the most common, while fermenter sys-
tems are often referred to as “European” due to its origin [7]. Temperature was measured daily with a digital
thermometer. The turned over is performed according to the state of composting; every 20 days in the initial
stages, and monthly in the later stages. This enabled the homogenization of the materials, enhancing aeration
and temperature. Per each treatment, mixtures were weighed at the beginning and the end of the process, the ef-
ficiency conversion and/or performance of the composting was determined.

2.3. Sampling and Measurement of Parameters during Composting

During composting, the temperature was measured daily with a digital thermometer approximately 0.30 cm deep
in each bin (experimental units). Nine samplings in mesophyll and thermophilic stages, and two at the stage of
maturation and stabilization, with a total of twelve samples were performed at the beginning of the process (day
1). On each date, three samples of 0.5 kg each were also taken at 0.3 m depth.

The following parameters were measured in each sample: Humidity, was determined gravimetrically [16]; pH
was measured in aqueous extract (1:10); electrical conductivity (EC), dSm™, was measured in the same aqueous
extract used to measure the pH; total nitrogen (N), g-kg* was measured according to [17]; total carbon (C),
g-kg* by dry combustion (LECO). The method of Olsen [18], which is based on extraction with 0.5 M NaHCOs,
was used to estimate available P. Cation exchange capacity were determined by acetate ammonic method [19].
Total Na, K, Ca and Mg were obtained through the acid mixture of HNO,/HCIO,/HF suggested by Mulchi [20],
using atomic absorption spectrometry. All samples were analyzed in duplicate.

The data were subjected to statistical analysis (ANOVA). The mean results of the treatments were compared
with a Tuckey test at 5% [21].

3. Results and Discussion
3.1. Temperature

Composting is a process that combines microbiological aerobic mesophilic (15°C - 45°C) and thermophilic
(45°C - 70°C) phases for the processing of organic waste into a stable, free of pathogens and weed seeds product
that may be applied to the soil as an organic fertilizer [22]. Based on our results the three mixtures tested showed
similar behavior. The thermophilic phase was reached after 24 h at temperature up to 60°, especially in OM and
OMA blends. These values indicate a correct sanitation of the materials, with the consequent elimination of the
potential pathogens [23]-[25]. 5 or 6 weeks of thermophilic stage can be excessive: it can cause an extensive
decomposition, and a late transition to the stabilizing stage [26]. Within an adequate level of humidity, close to

Table 2. Composition of the mixtures.

Mixture Proportions kgnb'lc:] n ltgél?ililrﬁ gﬁgﬂ TE;aI
OMA 1 Onion:0.5 Manure:0.3 Alfalfa 66 33 20 109
oM 1 Onion:1 Manure 80 80 0 160
OA 1 Onion:0.7 Alfalfa 68 0 40 108

OMA: Onion-Manure-Alfalfa; OM: Onion-Manure; OA: Onion-Alfalfa.

448
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60%, thermophilic temperatures were maintained during the first ten days of composting (Figure 3). The hu-
midity and temperature decreased after the thermophilic stage.

The first turned over was made after 15 days, it favored the porosity and the oxygenation of the mixtures, and
therefore, it increased the microbial activity and the temperature. After 30 days, the temperature decreased be-
low 40°C. This decrease of the temperature together with lower humidity slowed the microbial activity. After 50
days, all the mixtures had a temperature of approximately 15°, coinciding with the end of the cooling phase, and
the beginning of the ripening phase [3].

3.2. Humidity

Moisture content control is the key for composting [27] [28]. Moreover, optimum water content is essential for
all the organisms in the compost system to live and move in; also become free nutrients in solution to assimilate
them. Optimum moisture requirements for successful composting of a wide variety of organic wastes range from
25% to 80%; otherwise too high or too low moisture contents canto diminish composting process efficiencies.

In our study the process started with a 60% of humidity content; decreasing up to 50% values during the first
days (Figure 4). Later, some fluctuation between the recommended values (40% - 60%) was observed [27]. The
lowest levels of humidity were observed after 15 days of experiment, especially in the OMA mixture, with val-
ues below 40%. This provokes a marked decrease of the temperature and reduces microbial activity. With irriga-
tion, moisture percentages were closed to 60%, reactivating degradation. After 30 days, a percentage slightly
over 60% was detected in OA mixture, but successive turnings, allowed a good aeration of the entire composting
mass, thus preventing the generation of anaerobic processes.

3.3.pH

During composting, the three mixtures showed similar tendencies (Figure 5). A pH above 7.5 during the process
means that a correct decomposition is being carried out [29]. All treatments started at an alkaline pH: 8.2
(OMA), 8.5 (OM), 8(OA). Since the majority of the decomposition processes occur between 5.5 and 9, [30],
values between 5.5 and 8 are required to achieve better results [26]. An increment of the ammonia (NHj3) content
during the first days provoked an increment of the pH. This increment coincides with the thermophilic stage, and
it is due to the decomposition of the proteins [31]. OM showed the highest pH values, while the levels of OMA

70 4 Thermophilic stage

60 1t
50 A .
Mesophilic stage

40

30 1 )
Maturation stage

Temperature (°C)

20 1

10 1

0 10 20 30 40 S50 60 70 8 90 100 110 120 130 140 150 160 170 180
Time (days)
—=— OMA ——OM OA —— Temp. daily average

Figure 3. Evolution of the temperature during the composting in the three different mixtures: OMA, onion-manure-alfalfa;
OM, onion-manure; OA, onion-alfalfa. Vertical lines represent the standard error.
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Figure 4. Change in humidity values (%) in the three different mixtures during the composting: OMA, onion-manure-
alfalfa; OM, onion-manure; OA, onion-alfalfa. Vertical lines represent the standard error.

10 4

9.5 1

pH

7.5 1 I i

0 10 20 30 40 50 60 70 8 90 100 110 120 130 140 150 160 170 180
Time (days)
—— OMA——OM ——0A

Figure 5. pH variation in the three different mixtures during the composting: OMA, onion-manure-alfalfa; OM, onion-
manure; OA, onion-alfalfa. Vertical lines represent the standard error.

and OA ranged between 8.5 and 9. During the mesophyll stage, a decrease in (NHj ) levels could be due to a
possible nitrification [30].

According to different temperature ranges there are two type of bacteria populations in the compost system:
mesophilic (dominant at temperatures up to 40°C) and thermophilic (at temperatures from 40°C to 70°C).
Beck-Friis et al. [32] found the change from mesophilic to thermophilic conditions during the initial stage of
composting coincided with a change in pH from acidic (pH = 4.5 - 5.5) to alkaline (pH =8 - 9).
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Within the first 80 days, the treatments showed fluctuations, the values were stabilized when ripening stage,
After 180 days, the process was terminated, with final pH values: 7.8 (OMA), 7.6 (OM), 7.3 (OA). This para-
meter is typically used as an indirect control of the aeration process, concluding with the results, that the aera-
tion was adequate.

3.4. Electrical Conductivity (E.C.)

The three mixtures showed a similar trend in the process (Figure 6). Initial values were over 2 dS:-m ™. Only the
OM mixture registered an increased up to 3 dS-m™* during the first days of composting, in the thermophilic stage.
It was likely due to an increased degradation during this phase.

A decrease up to 1.2 dS‘m™* was registered after 15 days; we can explain this fact by a salt leaching due to
successive additions of water. Until 130 days, values were stabilized between 1 and 2 dS'm™. Later, a slight in-
crease of soluble salts was observed because there was a lower content of humidity, since the additions of water
were decreasing.

At the end of the process, registered values were: 2.2 dS'm ! (OMA), 1.9 dS'm™ (OE) y 2 dS‘m™* (OA). Sim-
ilar results were obtained by [33] and [34].

3.5. Carbon, Nitrogen and C:N Ratio

Carbon (C) and nitrogen (N) are the two most important nutrients (in the compost) that the microbes require for
their metabolism. Tognetti et al., [35], stated that the content of C depend of the type of waste and the compost-
ing system. Similar levels are found between OM (88 g-kg *) and OA (87 g-kg ™), while OMA shows lower val-
ues (51 g-kg ). The same trend was observed with total N: OM and OA did not differ among themselves and
OMA showed the lowest level (4.8 g-kg ™). The first two had values close to 10 g-kg ™, range suggested in the
literature [36] [37].

The loss of NHj; and the organic waste degradation speed are conditioned by the C:N ratio [7]. Results
showed significant effect in all mixtures, the C:N ratio was 30, and decreased to 15 after 25 days (Figure 7). In
this period, there is a great activity of the microorganisms responsible for the degradation of the more soluble
carbon compounds of onion cathapylls. Furthermore, volatilization of ammonia N and a leach of soluble nitro-
gen compounds from waste manure is produced. This reduction of 50% has been reported by other authors [34]

Electrical Conductivity (dS-m™)
W

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Time (days)
—+—0OMA——0OM ——O0A

Figure 6. Evolution of the E.C. (dS‘m™) in the three different samples during composting: OMA, onion-manure-alfalfa;
OM, onion-manure; OA, onion-alfalfa. Vertical lines represent the standard error.
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Figure 7. Evolution of the C:N ratio in the three different mixtures during composting: OMA, onion-manure-alfalfa; OM,
onion-manure; OA, onion-alfalfa. Vertical lines represent the standard error.

[38]. After 150 days, all the mixtures showed values between 10 and 13. At the end of the composting the ratio
was as follows: C:N 10 (OM and OA), and 11 (OMA). Hirari et al. [39], showed that the C:N ratio cannot be
used as an absolute indicator of compost maturity.

3.6. P, Na, K, Ca, Mg and CIC

In general, the content of P, K, Ca, Mg, Na and CIC match with recommended for use in agricultural production
(Table 3). The OM compost had the highest content of P (0.18%). The three composts were significantly dif-
ferent from each other with regard to their content of K; the highest value was detected in OA and lowest in OM.
The compost obtained from the OA mixture showed the highest level of Ca, with significant differences from
OM and OMA. Mg content was similar in the three mixtures, with values ranging between 0.40% and 0.49%.

Na contents of the three composts showed significantly difference from each other and ranged from 0.27%
(OA) and 0.52% (OM). OMA presented an intermediate (0.39%) value. These values showed the same trend
that electrical conductivity, in municipal solid waste compost [35].

Lax et al., [40] stated that the increase of carboxyl and/or phenolic hydroxyl groups could contributed to
higher values of CEC in the composts and [41] stated value higher than 60 cmol-kg ™ as the minimum needed to
ensure an acceptable maturity degree.

The Conversion efficiency of composting (CEC) values (Table 4) of the three composts studied showed sig-
nificant differences among them, and all exceeded the reference value, indicating a good stabilization of organic
material.

The final product of this composting method could be defined as a good integrated waste management. It is
significant that the final value of the C:N ratio is close to 10, indicating a greater degree of maturity of the or-
ganic matter [42]. Generally, a C/N ratio of 15 - 20 reflects compost maturity; we have to say that composting is
one of the technologies of integrated waste management strategies, used for the recycling of organic materials
into a useful product. The term “controlled” indicates that the process is managed and optimized to decompose
potentially putrescible organic matter into a stable compound.

Onion, alfalfa and cattle manure waste can be a valuable resource in a crop production system. As an amend-
ment and vegetal-origin organic fertilizer, its application to soil must to improve its physical, chemical and bio-
logical properties. Manure contains the macronutrients nitrogen (N), phosphorus (P), and potassium (K) and also
contains numerous micronutrients. The quantity of each application is one of the most important considerations
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Table 3. Other parameters: P, K, Ca, Mg, Na & CIC.

OMA oM OA
P (%) 0.14a 0.18b 0.15a
K (%) 1.05b 0.78a 1.12b
Ca (%) 131a 1.18a 1.68b
Mg (%) 0.46a 0.49a 0.40a
Na (%) 0.39b 052¢ 027a
CIC (cmol-kg™) 389¢ 35.1b 328a

P, extractable phosphorus; K, potassium; Ca, calcium; Mg, magnesium; Na,
sodium; CIC, Cation Exchange Capacity. Different letters in the same row
indicate significant differences (p < 0.05). OMA, onion-manure-alfalfa;
OM, onion-manure; OA, onion-alfalfa.

Table 4. Conversion efficiency of composting.

Mixture (%)
OMA 51 b (0.07)
oM 54 b (0.03)
OA 34 a(0.08)

OMA, onion-manure-alfalfa; OM, onion-manure; OA, onion-alfalfa.

when developing an amended plan. Nevertheless, although composts have numerous beneficial properties, po-
tential precautions are: heavy metals concentrations, pathogens, weed seeds, and phytotoxicity.

The overall objective of this study was conducted to improve the conversion efficiency mixture of composting.
The evolution of some physico-chemical properties of the different composts are shown in Figure 3 to Figure 7.
Regarding the temperature and humidity of the mixtures there is a trend, even though the last one has some vari-
ations. pH levels stayed between 7.3 and 7.8, so they are relatively similar. The electrical conductivity values
follow a similar pattern during the process, reaching values close to 2 dS'm* at the final stage, which will be a
handicap in the intended end use of the compost. All results showed that this kind of compost can be useful for
cultivation purposes.

4. Conclusion

This paper presents a comprehensive analysis of recycling organic wastes through composting. According to
significant statistical analysis, the mixtures: OMA, onion-manure-alfalfa; OM, onion-manure; OA, onion-alfalfa,
showed a similar behavior. All of them went through a mesophyll stage, and reached thermophilic temperatures.
The cooling step and maturation were adequate, and this yielded mature compost after 180 days of composting
processes. The humidity was maintained between 40% and 60% allowing proper aeration of the waste mass. The
initial pH was alkaline, but in the end values ranged between 7.3 and 7.8. The electrical conductivity decreased
throughout the process, reaching 2.2 dS'm* (OMA), 1.9 dS'm* (OM) and 2 dS'm™ (OA). All the mixtures
started composting at 30 C:N ratios, and after 180 days it reached values between 10 and 11, indicative of the
stabilization process. The mixtures more efficient were onion-manure and onion-manure-alfalfa with values
close to 50%, while onion-alfalfa yielded only 34%. Reuse of onion waste by composting mixed with cattle
manure, is a viable alternative in ecological terms; it can also be used as an organic fertilizer in agriculture.
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