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Abstract: Organic solid wastes are rarely considered when planning for rural production in Argentina.
Onion production in the low valley of Río Colorado (Buenos Aires) generates between 12,000 and
20,000 Mg year−1 of vegetal wastes (i.e., leaves, stems, skins, roots) from harvesting, cleaning and
classification of bulbs, causing many problems with their management. The aim of this work is to
study the effect of different doses of onion residue-bovine manure compost and onion residue-bovine
manure compost tea on the soil physicochemical properties, microbial activity and agroecological
onion production in sandy soil. Results showed that the highest dose of compost caused the highest
effects on soil pH, electrical conductivity and nutrient content. Soil enzymatic activities were already
high in the soil before the compost was applied, which may have contributed to the small effect caused
by any dose on soil activity. A significant positive effect on bulb weight and organic onion yield were
found as a result of the amendment and growing season. In conclusion, agroecological production of
onion with the addition of a 300 kg N ha−1 compost and compost tea guarantee yields comparable to
those of conventional fertilization, as occurred during the two growing seasons of this study.

Keywords: organic waste; compost; soil; onion

1. Introduction

Onions (Allium cepa L.) have been cultivated for more than 4700 years and originate from
mountainous regions of Central Asia [1]. According to FAO data, 3.7 million hectares are
planted with onions annually in approximately 175 countries [2]. The main onion producers
worldwide are China, India, the United States, Pakistan and Bangladesh, and in South
America Brazil, Mexico and Argentina. This vegetable has a fairly dynamic market within
MERCOSUR, with Brazil being the main importer and Argentina its main supplier, supplying
80% of its imports [3]. In Argentina, 24,000 ha of onion are cultivated annually in various
regions of the country, supplying an estimated production of 450,000 Mg. There are three
main onion-producing zones in Argentina: North (65,000–75,000 Mg year−1) and Centre-West
(100,000 Mg year−1) that satisfy the internal demand, and South (480,000 Mg year−1) that
produces for local and export destinations [4]. Onions have a superficial radicular system.
Thus, in order to guarantee a superficial soil nitrate content increment, N is usually applied
as urea in high doses [5]. However, this practice has a negative effect on the environment
(i.e., groundwater contamination and eutrophication) [6] and on the crop (i.e., excessive
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N reduces onion yield and delays maturity). On the other side, agroecological farming
systems provides N as the organic matter could guarantee a gradual release of inorganic N
by microorganism mineralization, thus minimizing the environmental risk and satisfying
onion requirements [7]. Several studies indicate that it is possible to obtain high onion
yields using compost amendment [8] and compost tea [9,10] in soils.

Organic solid wastes (OSW) are rarely considered in land-use planning in Argentina.
The onion production in the low valley of Río Colorado (south of Buenos Aires province) is
widely affected by OSW management. Composting is a simple worldwide applied method
to transform organic waste into stabilized organic matter that may be added to soils as an
amendment (organic fertilizer) or mulching (for soil moisture retention), and it is also used
to remediate contaminated lands or as a cover in waste final disposal areas [11,12]. As a
controlled aerobic decomposition process, composting leads to an important reduction in
OSW volume, stabilizing nutrient content, decreasing odour emissions, and eliminating
pathogenic organisms and weed seeds [13]. The application of composts as organic amend-
ments generally increases the soil organic matter, nutrient content and water retention
capacity, improving the efficiency of watering and easing the tilling [14]. As an amendment,
compost may either be applied directly over the soil or together with the water using
sprinkler or drip irrigation systems.

Compost tea is the name usually given to the incubation of compost in water to extract
soluble organic matter, microorganisms, macro and micronutrients [15]. The use of compost
tea in organic agriculture is gaining popularity as a consequence of improving the soil
biology and fertility [16,17]. However, the effects of compost tea application on production,
physicochemical and biological properties of soils have been poorly studied in Argentina [18].

The aim of this work is to study the effect of the application of different doses of onion
residue and bovine manure compost and compost tea, on the agroecological production
of onions and on the physicochemical properties of a sandy central Argentina soil (i.e.,
gravimetric moisture, pH, electrical conductivity, organic matter, extractable P, total N,
microbial respiration and enzymatic activities).

The scientific hypotheses of this research were: (1) onion yields are higher using com-
post and compost tea treatments compared with control treatment, (2) soil physicochemical
and microbiological properties after onion production are improved using compost and
compost tea treatments compared with control treatment.

2. Materials and Methods

The study was conducted at the INTA Agricultural Experimental Station Hilario
Ascasubi (INTA EEA H. Ascasubi). The average annual temperature over the years was
15 ◦C, and the mean annual rainfall was 483.5 mm (39◦23′ S, 62◦37′ W), arid steppe
according to the climate classification (Köppen). The historical climatological records (i.e.,
an average of the period 1966–2016) and the 2 consecutive test years are shown in Figure 1.
Soils were Entic Hapludoll, sandy loam (USDA Soil Taxonomy) with 2.3% organic matter
(OM), 0.13% total N (TN), 10 mg kg−1 extractable phosphorus (Pe), 0.10 dS m−1 electrical
conductivity (EC) and pH of 7.1.

The composting experiment was carried out at INTA EEA H. Ascasubi in the period
between May and September 2014. The experiment used the technology of windrow
composting at open area on impervious flooring. The study included onion residue (80%
peeling, 20% bulbs), livestock manure and oat stubble as co-composting material (1:1:1,
v/v). Onion residues were collected from export storage and packing warehouses build-
ings for export, livestock manure was collected from an intensive feeding system for
beef production and oat tubble from storage on the site. The physical properties and
chemical composition of these by-products were analyzed, and a compost recipe was
formulated with suitable a C:N ratio (30:1) and achieving 60% of moisture content by
water addition. The turned method was conducte with a windrow composting turner
machine. The turning schedule was selected based on the temperature and moisture
level of the mix. The composting process took 140 days. Finished compost composition
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was: 35% of OM, 19.5% total carbon (TC), 1.39% TN, C:N ratio of 14, 209 mg kg−1 Pe,
3.03 dS m−1 of EC and a pH of 8.6. The results on the analysed macro-elements were:
638 mg kg−1 K, 211 mg kg−1 Ca and 492 mg kg−1 Mg. Concentrations of the com-
post elements which could potentially be toxic were 0.59 mg kg−1 As, 0.1 mg kg−1 Cd,
0.68 mg kg−1 Cr, 11.5 mg kg−1 Cu, 0.05 mg kg−1 Hg, 0.87 mg kg−1 Mo, 1.7 mg kg−1 Ni,
0.27 mg kg−1 Pb, 0.1 mg kg−1 Se and 31 mg kg−1 Zn. According to literature, these toxic
element were all under the limit values [19–21]. The compost tea was aerobically produced
in a 1000 L capacity polyethylene tank with an associated air pump. Compost brewed
in water for 24 h (1 kg compost:10 L water) [22]. Some parameters of the compost tea
characterisation were: 320 mg L−1 TC, 3150 mg L−1 TN, 39.2 mg L−1 P, 10.5 dS m−1 EC
and pH 6.5.

Figure 1. Ombrothermic diagrams: periods (a) 1966–2016, (b) 2014–2015 and (c) 2015–2016.
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The experiment was performed during 2015 and 2016 growing seasons in a completely
randomized design. Four doses of onion manure compost (OMC) were studied, according
to the total N content: 75 kg N ha−1 (OMC1), 150 kg N ha−1 (OMC2), 225 kg N ha−1

(OMC3) and 300 kg N ha−1 (OMC4). The maximum dose was approximately equivalent to
30 Mg ha−1, which is an appropriate dose for agriculture (higher doses are recommended
for the restoration of degraded soils, 40–60 Mg ha−1). Onion manure compost tea (OMCT)
was also prepared according to selected doses of compost total N: 75 kg N ha−1, 6 kg
compost: 60 L water (OMCT1); 150 kg N ha−1, 11 kg compost:110 L water (OMCT2);
225 kg N ha−1, 17 kg compost: 170 L water (OMCT3); and 300 kg N ha−1, 23 kg compost:
230 L water (OMCT4).

On the 15th October 2014, 3 75 m2 enclosures were established and, separated by at
least 0.5 m. In each block, 9 experimental plots with a size of 1.2 m x 5 m were placed and
randomly assigned to different treatments: (1) Control (C), (2) OMC1, (3) OMC2, (4) OMC3,
(5) OMC4, (6) OMCT1, (7) OMCT2, (8) OMCT3 and (9) OMCT4. Compost was applied
once. However, compost tea was applied in several fractions once a week for 2 months due
to the high volume required. Plots that were not treated with OMCT were, added with the
equivalent amount of water to the same treatment according to the dose of N in each of the
applications (to eliminate the irrigation effect). The October 2015 trial was set up as in 2014
(i.e., repeated applications on the same plots).

2.1. Sampling Design

Samplings were performed during 2 consecutive growing seasons (2014–2015 and
2015–2016). In each growing season soil was sampled 4 times in October (pre-transplant),
December (1st harvest), January (2nd harvest) and February (post-harvesting). The sam-
pling in October 2014 conducted done a week after the amendments application.

Before soil sampling, small shovels were used to remove non-incorporated compost
and litter. Soil borers (i.e., 2.5 cm diameter, 20 cm height) were used to obtain soil samples
at 0–10 cm depth. Each sample was composed by 15 subsamples taken randomly in each
experimental plot. In the laboratory, soil was sieved through 2 mm mesh and preserved at
4 ◦C to estimate gravimetric water content and enzymatic activities, and to initiate potential
respiration activities within 48 h from sampling. Finally, samples were air-dried for EC,
pH, OM, Pe and TN analyses.

2.2. Experimental Analyses

Plant variables: at harvest time, 3 metres of each plot were harvested for yield assess-
ment and the bulbs were then placed in plastic mesh bags. They were left under cover for
1 month in a naturally ventilated shed. Numbers were recorded and sorted by individual
size (MERCOSUR standard) and weight. Total production, commercial production and
onions to be discarded (i.e., smaller sizes and with signs of disease) were evaluated. The
number of bulbs and dry weight of bulbs was estimated and used to calculate the bulb
weight (g) and yield (kg ha−1).

Soil variables: aqueous extracts were used to estimate pH (1:2.5, substrate:water)
and EC (1:5, substrate:water). Pe was determined following the molybdate ascorbic acid
method [23], TN by semi-micro Kjeldahl [24] and OM by the wet combustion method [25].
Subsamples were analysed for moisture content (i.e., 105 ◦C for 72 h). Biological activity
was assessed by determining the C released as CO2 C captured in a solution of NaOH and
back titration with HCl [26]. This methodology included, the dry soil that was previously
sifted (<2 mm mesh sieve); then, 100 g of soil were placed in hermetically 750 cm3 glass
flasks (microcosms) and water was added to soil moisture adjusted to 60% of the EP [27]
and they were pre-incubated for a week at 25 ◦C. A beaker with 30 mL of NaOH trap
solution (0.5 N) was placed in each flask. Three repetitions per treatment were conducted
and 3 controls without soil were added as blanks. At each sampling date, the amount
of CO2 in the flasks was determined by back titration with HCl (0.25 M) in an excess
of BaCl2 saturated solution (1.5 M). The values obtained were expressed in mL CO2



Agriculture 2021, 11, 962 5 of 13

100 g−1 h−1. The enzyme activity assays were conducted in suspensions of soil and water
(1:10). β-glucosidase (BG), acid phosphomonoesterase (AP), leucine-aminopeptidase (LAP),
and phenol oxidase (POX) were determined. Aliquots of sample suspension (1 mL) were
incubated at 20 ◦C with 1 mL of each enzyme-substrate at specific conditions; a sample
control (sample suspension with buffer) and a substrate control (substrate with buffer)
were also incubated [28]. Enzyme assays began within 48 h of sample collection. Soil
enzyme activity was expressed on soil mass.

2.3. Statistical Analyses

The effect of amendments and growing season on plants, soil and microbiological
properties was tested with two-way ANOVAs with repeated measures (within-subjects
factor: growing season 2 levels = December 2014/January 2015 and December 2015/January
2016; between-subjects factor: treatment 9 levels = C, OMC1, 162 OMC2, OMC3, OMC4,
OMCT1, OMCT2, OMCT3, OMCT4; 3 replicates).

Tukey’s post hoc comparisons were applied to determine the significance of differences
among groups of means. All the variables were checked for normality (Kolmogorov–
Smirnov test, p > 0.05) and homogeneity of variances (Cochran C test, p > 0.05). All
analyses were performed with SPSS 14.0 software.

3. Results

In the analysis, a significant interaction (p < 0.003) was found between the amendment
and growing seasons, thus it was studied separated. A significant effect of amendment
and growing season on bulb weight and organic onion yield was found. The weight per
bulb increased during the second growing season when applying compost but not when
compost tea was added, as shown by simple effects. In addition, amendment dose effects
increased second season bulb weight as follows:

OMCT3 < C = OMCT2 = OMCT1 = OMCT4 < OMC1 = OMC3 < OMC2 = OMC4
(Table 1).

Finally, no differences in mean yield were detected between growing seasons. Amend-
ments significantly increased yields only during the second growing season, when treat-
ments could be ordered as follows:

C = OMC1 = OMCT3 < OMCT1 = OMCT2 = OMCT4 = OMC3 < OMC2 = OMC4
(p < 0.05) (Figure 2, Table 1).

Table 1. Repeated measures ANOVA results for productivity.

Tukey’s Post Hoc Comparisons, p < 0.05

Yield (kg ha−1)
Amendment ** p = 0.007 OMCT3 < C = OMCT2 = OMCT1 = OMCT4 < OMC1 = OMC3 < OMC2 = OMC44
Growing Season * p = 0.027 2nd < 1st
Amendment * GS *** p = 0.003

C = control; OMC = onion-manure compost; OMCT = onion-manure compost tea; 1st = 2014–2015 growing season; 2nd = 2015–2016
growing season. *, **, and *** denote statistically significant difference among treatments at α value between 0.05–0.01, 0.009–0.005 and
<0.005, respectively. ns = no significant difference at α ≤ 0.05.

There was a significant positive effect of compost addition on soil pH and EC, which
were highest in OMC3 and OMC4 treatments (Table 2) and no effect with the addition of
compost tea. Moisture content and OM were not significantly affected by amendments but
increased in all treatments for the second growing season. There was a significant effect of
amendment and growing season on TN (no significant interaction), which increased during
the second growing season. The OMCT4 and OMC4 presented the highest TN, but not
significant differences with other treatments were found (Table 2). Finally, Pe was affected
by the amendment and growing season and the interaction was significant. When simple
effects were studied, compost significantly increased Pe in both growing seasons but not
compost tea (Table 3). As for soil microbiological properties, no effects of amendments on
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soil respiration or enzymatic activities were observed. A significant increase in POX was
detected during the second growing season in all treatments (Figure 3, Table 3).

Figure 2. Mean onion yield (kg ha−1) in two consecutive growing seasons. C = control; OMC =
onion-manure compost; OMCT = onion-manure compost tea. 1st GS = 2014–2015 growing season;
2nd GS = 2015–2016 growing season. Error bars = standard errors.

Table 2. Effect of treatments on some chemical and biological properties of soils.

Moisture EC pH OM TN Pe
(%) (dS m−1) (g kg−1) (g kg−1) (mg kg−1)

1st GS 2nd GS 1st GS 2nd GS 1st GS 2nd GS 1st GS 2nd GS 1st GS 2nd GS 1st GS 2nd GS

C 13.8
(1.3)

15.5
(1.0)

0.15 c
(0.01)

0.09 c
(0.01)

7.04
(0.08)

7.15 b
(0.04)

27.7
(0.8)

29.6
(0.6)

1.54
(0.05)

1.65
(0.03)

11.8 b
(0.6)

13.3 d
(0.7)

OMC1 14.0
(1.3)

16.0
(0.8)

0.17 b
(0.02)

0.10 ab
(0.01)

7.04
(0.08)

7.15 b
(0.04)

29.7
(0.7)

29.7
(0.9)

1.61
(0.05)

1.69
(0.04)

21.2 b
(1.3)

28.0 cd
(1.6)

OMC2 14.3
(1.3)

16.2
(1.0)

0.19 ab
(0.02)

0.10 ab
(0.01)

7.14
(0.09)

7.37 ab
(0.05)

28.1
(1.6)

30.3
(0.9)

1.58
(0.07)

1.74
(0.05)

30.3 a
(2.5)

52.6 bc
(2.5)

OMC3 13.3
(1.2)

15.0
(0.8)

0.22 a
(0.02)

0.11 ab
(0.01)

7.27
(0.09)

7.52 a
(0.05)

27.3
(0.7)

30.4
(0.8)

1.58
(0.03)

1.71
(0.04)

40.0 a
(3.6)

68.0 ab
(2.4)

OMC4 15.4
(1.2)

16.4
(0.9)

0.23 a
(0.02)

0.12 a
(0.01)

7.19
(0.08)

7.50 a
(0.07)

29.0
(0.6)

32.9
(1.0)

1.58
(0.02)

1.84
(0.04)

42.3 a
(3.3)

80.3 a
(5.6)

OMCT1 14.2
(1.0)

15.1
(0.7)

0.17 b
(0.01)

0.09 c
(0.01)

7.05
(0.07)

7.27 b
(0.07)

27.5
(1.1)

28.9
(0.5)

1.56
(0.04)

1.60
(0.03)

12.8 b
(0.4)

14.9 d
(0.7)

OMCT2 14.7
(1.1)

15.4
(1.0)

0.20 a
(0.02)

0.09 c
(0.01)

7.01
(0.08)

7.22 b
(0.03)

27.4
(1.2)

29.0
(1.1)

1.56
(0.04)

1.56
(0.05)

11.6 b
(0.7)

13.5 d
(0.9)

OMCT3 14.8
(1.1)

15.3
(1.0)

0.21 a
(0.02)

0.10 ab
(0.01)

6.95
(0.07)

7.20 b
(0.05)

27.9
(0.7)

30.5
(0.6)

1.60
(0.04)

1.61
(0.05)

13.7 b
(0.6)

15.3 d
(1.0)

OMCT4 13.9
(1.3)

15.6
(0.8)

0.22 a
(0.02)

0.11 ab
(0.01)

7.00
(0.06)

7.22 b
(0.06)

27.7
(0.7)

30.6
(0.9)

1.60
(0.05)

1.68
(0.05)

15.0 b
(0.9)

18.5 d
(1.2)

C = control; OMC = onion-manure compost; OMCT = onion-manure compost tea; EC = Electrical conductivity; OM = organic matter, TN = total
nitrogen, Pe = extractable P; 1st = 2014–2015 growing season; 2nd = 2015–2016 growing season. Values are means. Standard deviations are
given in parentheses. Different letters within a column indicate significant differences among treatments (Tukey’s post hoc comparisons,
p < 0.05).
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Table 3. Repeated measures ANOVA results for physicochemical properties and microbiological parameters of the soil.

Tukey’s Post Hoc Comparisons, p < 0.05

Moisture
Amendment ns p = 0.840
Growing Season * p = 0.019 1st < 2nd
Amendment * GS ns p = 0.999

EC
Amendment *** p = 0.001 C < OMC1 = OMCT1 < OMC2 = OMCT2 = OMCT3 = OMCT4 < OMC3 < OMC4
Growing Season *** p < 0.001 2nd < 1st
Amendment * GS ns p = 0.263

pH
Amendment *** p < 0.001 C = OMC1 = OMCT2 = OMCT3 = OMCT4 < OMCT1 = OMC2 < OMC4 < OMC3
Growing Season *** p < 0.001 2nd < 1st
Amendment * GS ns p = 0.604

OM
Amendment ns p = 0.195
Growing Season *** p < 0.001 1st < 2nd
Amendment * GS ns p = 0.334

TN
Amendment ns p = 0.111
Growing Season *** p < 0.001 2nd < 1st
Amendment * GS * p = 0.040

Pe
Amendment *** p < 0.001 C = OMCT1 = OMCT2 = OMCT3 = OMCT4 < OMC1 < OMC2 < OMC3 < OMC4
Growing Season *** p < 0.001 2nd < 1st
Amendment * GS *** p < 0.005

Respiration
Amendment ns p = 0.844
Growing Season ** p = 0.008 2nd < 1st
Amendment * GS *** p < 0.005

Enzymatic activities
BG

Amendment ns p = 0.984
Growing Season ns p = 0.940
Amendment * GS ns p = 0.985

AP
Amendment ns p = 0.981
Growing Season ns p = 0.858
Amendment * GS ns p = 0.418

LAP
Amendment ns p = 0.884
Growing Season *** p < 0.001 1st < 2nd
Amendment * GS ns p = 0.435

POX
Amendment ns p = 0.984
Growing Season *** p < 0.001 2nd < 1st
Amendment * GS ns p = 0.949

C = control; OMC = onion-manure compost; OMCT = onion-manure compost tea; 1st GS = 2014–2015 growing season; 2nd GS = 2015–2016
growing season. Moisture (%); CE = electrical conductivity (dS m−1); OM = Organic matter (g kg−1); TN = Total N (g kg−1); Pe = Extractable
P (mg kg−1). BG = β-glucosidase; AP = acid phosphomonoesterase; LAP = leucine-aminopeptidase; POX = phenol oxidase. *, **, and ***
denote statistically significant difference among treatments at α value between 0.05–0.01, 0.009–0.005 and <0.005, respectively. ns = no
significant difference at α ≤ 0.05.
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Figure 3. Cont.
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Figure 3. Cont.
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Figure 3. Mean (a) Soil respiration (mg CO2 h−1 kg−1) and (b) Enzymatic activities per gram of dry soil (µmol h−1 g−1)
in two consecutive growing seasons. C = control; OMC= on-ion-manure compost; OMCT = onion-manure compost tea
BG = β-Glucosidase, AP = acid phosphomonoesterase, LAP = leucine-aminopeptidase, POX = phenol oxidase activity. 1st
GS = 2014–2015 growing season; 2nd GS = 2015–2016 growing season. Error bars = standard errors.

4. Discussion

The highest dose of OMC caused the highest effects on soil pH, EC and nutrient
content. In addition, the highest doses of OMC and OMCT significantly increased onion
yield during the second growing season. The climatic variables during the crop cycle
were representative of the historical climatological records. However, a significant increase
in precipitation was observed in the second crop cycle during November and December
(when OMCT treatment was applied), showing a slight EC decrease in the second year.

For the second growing season, there was a significant yield increase caused by the
addition of OMC and OMCT. The positive effect of amendments on TN (statistically, it
was not significant) is considered to be the reason for the higher onion yield in the second
growing season. The highest doses of compost (i.e., OMC3 and OMC4) caused a statistically
significant increase in pH, EC and Pe. In addition, in the second season there was a clear
tendency to higher OM caused by the highest doses of OMC suggesting that improvements
in the soil nutrient content from slow nutrient mineralization could have future positive
effects on microbial activity and onion yield. On those lines, Pellejero et al. [29] studied
lettuce growth in pots under several doses of onion residue-bovine manure compost or
urea, reporting a higher effect of urea during the first year but, on the second year, results
showed similar effects of compost and urea applications. As for compost tea, the only
improvement on yield was with the highest dose showing an increment in TN without
changing soil pH, EC or Pe. A lower performance trend was observed in treatments using
OMCT. This was probably caused by mineralisation of other nutrients from the applied
solid amendment. Previously, compost and compost tea obtained from the same source
have been reported as having a different effect on soil EC and pH.
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Meta-analyses have shown that yields in organic horticulture were on average 10
to 32% lower compared with conventional horticulture [30]. Experimental comparisons
between organic and conventional horticulture have supported this finding for A. cepa [31].
The challenge of maintaining nutrient availability in organic systems was usually men-
tioned as an important explanation for this yield difference [32]. In this study, the highest
onion yields were found in OMC treatments for the second growing season and were
above 30 ton ha−1. Considering that Argentina conventional onion yields were between
40–60 Mg ha−1 [33], these yield results differences between organic and conventional
production were in accordance with the literature [30,34].

The application of compost has resulted in an increase of soil EC and pH [18,28,35]
and a positive effect was expected when soils were salt deficient and/or the soil pH needs
be improved. It is of great importance that, the richness of manure compost in P and
the associated increment in soil Pe after compost addition [36,37] may be an important
limitation to the use of this amendment as fertilizer. As N is usually the limiting nutrient
in soils, composts are frequently applied according to the TN dose [29]. However, as
compost nutrients are mostly present as organic matter the application of an appropriate
dose of N usually leads to an excess of Pe in the soil. Our results showed that P provided
by OMCT was much less than Pe in OMC. However, soil TN reached similar values
after the application of OMC and OMCT. Then, compost tea in this experiment (i.e., 1 kg
compost: 10 L water, 24 h) could represent an appropriate method for controlling the high
Pe content that could be found in all manure compost. There is a need for further work
on the solubility of nutrients present in compost and the concentrations of nutrients in
compost tea produced by different extraction protocols. The preparation of compost tea
may be an appropriate form to control some undesirable effects of compost application.
Such as the imbalance between N and P nutrients in manure composts that usually leads
to contamination when it is used as a fertilizer [38] or the high pH of green composts
that cause an increase in soil pH that may negatively affect some plant species [35,39].
Compost applications with the agronomic criteria of the input in N are recommended to
prevent environmental losses. Thus, in consecutive soil applications on the same plots,
it is recommended to balance the applications on a P basis to avoid values above the
recommended values.

An unexpected result was the lack of effect of any treatment on microbiological
activity, as the addition of compost usually increases soil enzymatic activities [40]. In
addition, compost tea is ex-pected to have higher microbiological activity than compost [18].
However, this was not the case of this study. Soil enzymatic activities were already high in
the soil study sites compared with OMC, which may have contributed to a small effect of
any dose on soil activity. The increase in POX (i.e., an enzyme related to organic matter
oxidation) during the second growing season may possibly be explained by the increment
in moisture and OM, derived from compost incorporation and onion growth.

Most studies on nutrient availability after compost application have focused on short-
term effects [41–43]. However, studies evaluating medium-term effects have shown that
increments in soil organic matter, N and P availability are especially important after
2–3 years [44,45]. Hence, it is expected that the ongoing incorporation of organic matter to
the soil increases substrate moisture, nutrient content and microbiological activity in the
following growing seasons.

5. Conclusions

Agroecological production of onion with the addition of a 300 kg N ha−1 dose OMC
and OMCT guarantees yields of 20–30 Mg ha−1 that is what may be expected from onion
organic production systems in Argentina. In addition, compost effects on onion production
are expected to be higher in the medium term due to the progress of the decomposition of
its stabilized organic matter. Finally, as a result of this study it is also considered that onion
compost production may simultaneously solve the problem of organic wastes associated
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with onion production, and the need for fertilization in the lower valley of Río Colorado
(Buenos Aires province, Argentina).
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