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ABSTRACT ARTICLE HISTORY

The nutrition of onion grown in a no-tillage system with compost requires Received 9 June 2022
research to provide alternatives to mineral fertilizers. Our objective was to Accepted 18 October 2022
evaluate the effect of compost rates on the nutrient content in the tissue of KEYWORDS

onion grown in a no-tillage system. We conducted a ﬁe_l<1:i experiment with Allium cepa L; no-tillage;
the following treatments: 0, 10, 20, 30, and 60 Mg ha~" of compost and organic waste; plant
mineral fertilization. We applied these treatments in 2018, 2019, and 2020 nutrition

for onion cultivation. We used a 3 x 6 factorial scheme (year x treatment) and

four replications. We evaluated the bulbs and whole plant nutrient contents

of N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, and B. In 2020, nutrient content in the

bulb from 10Mg ha™' of compost was similar to the mineral fertilizer's

treatment. Therefore, compost can replace mineral fertilizers to supply nutri-

ents to the onion. However, the continuous application of compost requires

soil monitoring due to nutrient accumulation.

Introduction

Onion is an important crop, and its world production in 2020 was more than 104 million megagrams
and was the fourth most produced vegetable in the world after potato, cassava, and tomato (FAO
2020). In Brazil, onion was the fourth most cultivated vegetable in 2020, after cassava, potato, and
tomato (IBGE 2022). Brazil imported more than 80% of fertilizers in 2021 (ANDA 2022), and reducing
this external dependence is extremely important to increase the competitiveness of Brazilian agricul-
ture in the international market (Brasil 2021) and promote the autonomy of production for domestic
consumption. One of the ways to reduce the use of mineral fertilizers is using alternative local sources
such as compost and manures. The management of organic waste through recycling in agriculture is
a promising alternative (Provenzano et al. 2001).

The safe disposal of organic waste in agriculture requires proper characterization to analyze its
potential for agricultural use (Silva 2008). Organic fertilizers and soil conditioners to be used in
agriculture must present pathogens and heavy metals following the limits of the legislation (MAPA
2006). However, characterization is just one step in the use of organic waste, as it is necessary to
consider current legislation, continuous monitoring of the application of these materials, and evaluate
the effects of applied waste on the environment, crop production, and the harvested product
(Higashikawa, Silva, and Bettiol 2010). Regarding organic waste, in addition to following technical
criteria, materials available locally or regionally must be used, as transport can be an economic
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limitation (Higashikawa and Kurtz 2016). In addition, the imbalance and variability of nutrients
regarding plant requirements (Westerman and Bicudo 2005), as well as other attributes, whether
chemical or physical, can limit the agricultural use of organic residues for organic fertilization.
Regarding the compost applications, it is necessary to know more deeply about the rates of nutrient
availability and its residual effects and the challenge of meeting the nutritional demand of plants
(Cantt et al. 2019). In Santa Catarina State, most onion cultivation is done in a conventional soil tillage
system with fertilization restricted to mineral sources (EPAGRI 2013). Conversely, the cultivation of
onions in the no-tillage system is recommended due to the protection and improvement of the soil’s
physical, chemical, and biological quality provided by the cover crops (Comin et al. 2018) and the
increase in yield (Oliveira et al. 2016). Little studies have been explored the effect of the compost
application on the onion growth under the no-tillage system.

This work aimed to evaluate the effect of compost rates compared to mineral fertilizer on nutrient
uptake by onion grown in a no-tillage system.

Materials and methods
Experimental area

The experiment was conducted at the Epagri Experimental Station in Ituporanga, Santa Catarina State,
Brazil, located at 27°25°S, 49°38°W, 475 m. The region’s climate was classified as Cfa according to the
Koppen classification (Alvares et al. 2013). According to Santos et al. (2013), the soil under study was
classified as Humic Cambisol. The State of Santa Catarina is the largest national producer of onions,
with a share of 28% of onion production in Brazil (IBGE 2022). The Ituporanga region is the largest
onion producer in Santa Catarina State, and the predominant soil in this region is Cambisol. This
study is the continuity of the previous research (Higashikawa et al. 2022) that discussed the effect of
treatments (0, 10, 20, 30, and 60 Mg ha™" of compost and mineral fertilization) on onion yield and soil
fertility. The precipitation and maximum and minimum temperatures recorded during onion crops in
2018, 2019, and 2020 are shown in Figure 1 (EPAGRI 2020). In October 2019, there was a hailstorm
during the onion bulbification period, which consequently reduced the yield of the bulbs (Table 1).
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Figure 1. Climate data for July to November for 2018, 2019, and 2020.
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Table 1. Year, season, cover crop species sown in intercropping, sowing density, average dry matter production, and average
marketable yield of onions grown under the no-tillage system in 2018, 2019, and 2020 according to Higashikawa et al. (2022). Means
followed by the same capital letters do not differentiate the years by the Scott-Knott mean test (p <.05). Means followed by the
same lowercase letters do not differentiate treatments within each year by the Scott-Knott mean test (p <.05).

Dry
matter
Intercropped (Mg Marketable onion bulb yield

Year Season species Sowing density (kg ha™") ha™')  Treatment (Mg ha™")

2018  Winter Avena strigosa Schreb 60
+ + 8.78 0 39.91Bb
Raphanus sativus 10 10 45.43 Ba
(Oliveira et al. 2016) 20 45.20 Ba
Summer  Mucuna aterrima 40 30 45.69 Ba
+ + 9.34 60 4594 Ba
Pennisetum glaucum 30 MF 47.97 Ba

(MENEZES JUNIOR et al., 2014)

2019  Winter Secale cereale L. 60 0 2639 Ca
+ + 8.66 10 21.62 Ca
Raphanus sativus 10 20 24.22 Ca
(Oliveira et al. 2016) 30 25.75 Ca
Summer  Avena strigosa Schreb 40 60 21.46 Ca
+ + 11.24 MF 26.43 Ca

Raphanus sativus 30
2020  Winter Avena strigosa Schreb 60 0 43.41 Ab
+ + 10.96 10 49.11 Aa
Raphanus sativus 10 20 49.11 Aa
30 49.38 Aa
60 49.44 Aa
MF 47.49 Aa

The dry matter of the winter cover crops from 2019 and 2020 also considers the plant remains of the summer cover plants from the
previous year. 0, 10, 20, 30, and 60 are rates of compost in Mg ha™" and MF = mineral fertilizer.

Field experiments

The transplant of the onion seedlings cultivar SCS373 Valessul in 2018, 2019, and 2020 was performed
in July, after flattening the winter cover plants using a knife roller (Table 1), which were sown in April.
After harvest, summer cover plants were planted in December of each year, and the planting of winter
cover plants was carried out on the straw of the summer cover plants. Cover crops were grown in
consortium with two species in winter and summer, preceding each onion crop.

The treatments of the study were: mineral fertilization according to soil analysis and fertilization
recommendations for onion culture (CQFS-RS/SC 2016) and rates of compost of 0, 10, 20, 30, and 60
Mg ha™!, which were the rates used in the study by Vidigal et al. (2010). The compost used was
elaborated from waste from pig breeding and slaughter, produced in the Lauro Pamplona composting
plant in the municipality of Trombudo Central in Santa Catarina State. This compost has 62% of
sludge from the effluent treatment station of the refrigeration units; 30% from sawdust that received
liquid swine manure weekly for six months; 4% from residue from feed sweeps, and 4% from boiler
ash. The compost was analyzed for levels of heavy metals and pathogens in government-accredited
laboratories and met the limits considered safe for use in agriculture (MAPA 2006) according to the
Brazilian Ministry of Agriculture, Livestock and Food Supply. The compost had macronutrient
contents of 2.9% N; 2.0% of P; 0.8% of K; 0.5% of Ca and 0.05% of Mg, presenting micronutrient
contents of 0.03% of Cu; 0.05% of Zn; 0.07% of Fe and 0.08% of Mn. The compost had 42.8% of total
C and a C/N ratio of 14.7. The methodologies used to characterize the compost are described by
Tedesco et al. (1995). To perform the chemical analyses, the compost samples were dried at 65°C until
constant weight and then sifted in sieves with mesh smaller than 0.5 mm. To determine N, P, Ca, and
Mg levels, digestion was performed with H,0, and H,SO,. Nitrogen was determined by micro-
Kjeldahl, P by spectrophotometry, K by flame photometry, and Ca and Mg by atomic absorption
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spectrophotometry. Perchloric nitric digestion was performed to determine Cu, Zn, Fe, and Mn. These
micronutrients were determined by atomic absorption spectrophotometry.

The treatment with mineral fertilization (MF) received 150 kg ha™" of N by applying ammonium
nitrate, 157.5kg ha™' of P,Os by simple superphosphate, and 127.5kg ha™" of K,O provided by
potassium chloride. Nitrogen rates from ammonium nitrate were applied at 15% at planting, 25% at
35 days after transplantation (DAT), 35% at 60 DAT, and 25% at 85 DAT, while 50% of the K,O (KCI)
rate was applied in planting and the remainder at 60 and 85 DAT. The rates of compost were all
applied when transplanting the onion seedlings and did not receive complementation of mineral
fertilizers. Before the manual transplanting of seedlings, the surface application of mineral fertilizers or
compost was made and distributed in the total area of the plots. The manual transplant of the onion
seedlings in July of each year was performed after opening furrows with a micro tractor adapted to
operate on straw. The spacing between plants was 40 cm between rows and 8 cm between them, which
resulted in a density of 312,500 plants per hectare. The plot size was 9.6 m”>. The working area
considered to evaluate onion yield was 6.1 m* The experimental design was randomized blocks
with four replicates and six treatments (mineral fertilizer and rates of compost of 0, 10, 20, 30, and
60 Mg ha™"). Each block consisted of six plots with a distance between plots of 1 m. The experiment
consisted of four blocks of six treatments located side by side, thus totaling 24 plots in each
agricultural year (2018, 2019, and 2020). For the passage of a tractor used in applying chemicals, the
spacing in the middle of the four blocks was 2.5 m. However, the space between the two blocks on each
side of the tractor pass was 1 m. Treatments were repeated each year in the same plots. Therefore, the
experiment consisted of a factorial combination of years (2018, 2019, and 2020) and treatments
(mineral fertilization and five rates of compost). Thus, the experimental scheme was a 3 x 6 factorial
with four replications.

Weed, disease, and pest control were performed with chemicals registered for onion culture at the
Brazilian Ministry of Agriculture. Three applications of the herbicides, clethodim and pendimethalin,
and a manual weeding for weed control were carried out. Eight applications of fungicides with the
active ingredients propineb, metalaxyl + chlorothalonil, and metalaxyl + mancozeb, were performed to
control the fungal disease mildew (Peronospora destructor). In the management of the insect thrips
(Thrips tabaci Lind.), three applications of insecticides with lambda-cyhalothrin and imidacloprid
were performed. Both fungicides and insecticides were applied in alternating products with different
modes of action and active ingredients in plants (contact and systemic). At the end of the year’s
experiment, the marketable onion bulb yield (Table 1) was evaluated. According to market standards,
marketable onion bulbs have a transverse diameter equal to or greater than 35 mm and are without
defects (MAPA 1995).

Soil analysis

In April, soil samples from the 0 to 20 cm layer were collected 20 days before planting the green
manure in the 2018 winter (Table 1). In each plot, after onion harvest in 2018, 2019, and 2020,
subsamples were collected in five random points to comprise a soil sample of the layer from 0 to 10 cm
(Table 2). The soil samples were air-dried and then sieved in a mesh smaller than 2 mm. The chemical
analyses in the laboratory were conducted as follows (CQFS-RS/SC 2016): pH in soil-water suspension
in the ratio of 1:1; Ca, Mg, Al, and Mn were extracted by KCl 1 mol L™"; P, K, Cu, and Zn were
extracted by the Mehlich-1 method; sulfate was extracted with calcium phosphate solution; B was
extracted with hot water; the methodology used for organic matter (OM) was carbon oxidation by
sulfochromic solution. By colorimetry, the contents of P, B, and OM; by photometry, the contents of
K; by turbidimetry, sulfate contents; and by atomic absorption spectrophotometry, the contents of Ca,
Mg, Cu, Zn, Fe, and Mn were determined. The granulometric analysis (Donagemma et al. 2017) to
quantify the sand, silt, and clay fractions were made only before the installation of the experiment in
2018 in the layer from 0 to 20 cm. The separation of the fractions was made by sieving and
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sedimentation, and the measurement of the fractions was separated by measuring with a densimeter
the suspension density.

Tissue analysis

Immediately after harvest, five plants from each plot were collected and washed with deionized water
before dividing the shoot and bulb of each plant. The samples of the shoot and bulb were dried
separately forced air circulation oven at 65°C until they reached constant weight. Subsequently, the
dried samples were ground in a mill with a 1 mm mesh sieve. After grinding, the samples were
analyzed to determine the levels of N, P, K, Ca, Mg, S, Cu, Mn, Fe, and Zn. The N was determined by
micro-Kjeldahl. Tissue samples (shoot and bulb) were submitted to perchloric nitric digestion to
determine P and B per colorimetry, K by flame photometry, S by turbidimetry, and Ca, Mg, Cu, Fe,
Mn, and Zn by atomic absorption spectrophotometry (Tedesco et al. 1995).

Statistical analysis

Statistical analyses were performed in R language using software version 4.1.2 (R Core Team 2021). The
nutrient uptake data (from the 2018 and 2020 harvest) by the bulb and the whole plant (shoot + bulb) were
tested for normality and homogeneity through the car, nortest, dae, and MASS packages. These data were
submitted to factor analysis (year and treatment factors), and the treatment means were compared by the
Scott-Knott test (p <.05) through the ExpDes.pt. The 2019 data were not considered in the factor analysis
due to a hailstorm (Figure 1), which affected the uptake of nutrients by the onion due to severe damage to
the aerial part. Principal component analysis (PCA) of the nutrients uptake by the bulb and the whole
plant was performed according to the treatments used (mineral fertilization and compost rates). The
tidyverse, factoextra, FactoMineR, and ggpubr packages were used to make the PCA. Regression models
were obtained for nutrient uptake data by the bulb and the whole plant for 2018 and 2020 only for
treatments that received rates of compost (0, 10, 20, 30, and 60 t ha™") through the ExpDes package. The
models that did not present significance for lack of fit were selected. Nutrient uptake data from the 2018
and 2020 crops for treatments that received rates of compost (0, 10, 20, 30, and 60 t ha™) were submitted
to Pearson correlation analysis through the corrplot package to evaluate the interactions between nutrients
as a function of the use of compost. Regression graphs were made in Sigmaplot software version 14.0.

Results
Onion yield

On October 24 and 25, 2019, a hailstorm occurred in the onion bulbification phase that drastically
reduced the aerial part of onion plants and consequently reduced the onion yield (Table 1). In 2020,
except for the treatment that received mineral fertilizer (MF), the yield was higher than that obtained
in 2018. In Table 1, as previously reported (Higashikawa et al. 2022), in 2018 and 2020, the yield from
10 Mg ha™' of compost is the same as that obtained with mineral fertilizers. The 10 Mg ha™' rate of
compost provided to the onion in kgha™": 116 of N, 128 of P,0s, 64 of K,O and other nutrients such as
Ca, Mg, Cu, Zn, Fe, and Mn, while the treatment with mineral fertilizer provided to the onion in kg
ha™': 150 of N, 158 of P,0s, and 128 of K,O.

Effect of treatments on soil fertility

In general, soil fertility for the treatment that received mineral fertilizers (MF) was similar in the three
years (Table 2). Regarding the treatments that received the rates of compost, there was an increase in
CECp and the contents of P, K, OM, Cu, and Zn by increasing compost amounts (Higashikawa et al.
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2022). However, it is worth mentioning that P, Cu, and Zn can accumulate in the soil due to manure
and organic residue application (Westerman and Bicudo 2005).

Effect of treatments on nutrient uptake by the bulb in 2018 and 2020

Data from the effect of the treatment and the year in the uptake of nutrients by the bulb are presented
in Table 3. As an individual factor, the treatment significantly influenced (p < .05) the bulb’s uptake of
N, P, K, Ca, Mg, S, Mn, Zn, Cu, and B. However, it did not significantly influence the Fe. The year as an
individual factor significantly affected the uptake of all nutrients. There was generally less uptake of P,
K, Ca, Mg, S, Zn, and B by the bulb in 2020 compared to 2018. On the other hand, there was a general
increase in the uptake of N, Fe, Mn, and Cu by the bulb in 2020 compared to 2018. The interaction
between treatment and the year was significant (p <.05) for N, K, Ca, Mg, Zn, Cu, and B. However, this
interaction was not significant for P, S, Fe, and Mn. Regarding the reference values (Kurtz et al. 2016),
the means of treatments for the N, K, and Zn uptake values by the bulb in our study were higher in the
two years evaluated. In 2018 the sequence of nutrient uptake by the bulb considering the means of
treatments in decreasing order was K>N>Ca>P>S>Mg>Zn>Fe>B>Mn>Cu, and in 2020 it was
N>K>P>Ca>S>Mg>Fe>Zn>Mn>Cu>B. The reference values we used in Tables 3 and 4 refer to the
cultivar Epagri 352 - Bola Precoce, which has the same production cycle as the SCS373 Valessul.
However, to obtain these reference values, the cultivar Bola Precoce was cultivated in the no-tillage
system on millet straw, only with mineral fertilization, with a population of 250,000 plants per hectare
and lower productivity than the present study (37.3 Mg ha™"). In addition, Bola Precoce has a genetic
basis similar to Valessul, and the conditions for obtaining the data were similar to that of our study.

Effect of treatments on nutrient uptake by the whole plant (shoot + bulb) in 2018 and 2020

Data from the effect of treatment and year on nutrient uptake by the whole plant are presented in
Table 4. As an individual factor, the treatment significantly influenced (p <.05) the whole plant’s
uptake of N, P, K, Ca, Mg, S, Mn, Zn, Cu, and B. Iron was the only nutrient that was not influenced by
the treatment in the uptake by the whole plant. As occurred for the bulb (Table 3), the year significantly
influenced all nutrients uptake by the whole plant. In general, there was greater uptake of N, Mn, and
Cu in 2020 compared to 2018, and in general, the reverse occurred for the uptake by the whole plant of
the other nutrients. Significant interaction (p <.05) between the treatment and year factors for uptake
N, K, Ca, Mg, Fe, Mn, Zn, Cu, and B. There was no significant interaction for the uptake of P and S by
the whole plant. The means contents of K, Mg, and Zn of the treatments of our study were uptake by
the whole plant in higher amounts than the reference values (Kurtz et al. 2016). In 2018 the sequence of
nutrient uptake by the whole plant considering the averages of the treatments in decreasing order was
K>N>Ca>P>S>Fe>Zn>Mg>Mn>B>Cu, and in 2020 it was N>K>Ca>P>S>Mg>Fe>Zn>Mn>Cu>B.

Principal component analysis (PCA) of nutrient uptake by the bulb and by the whole plant in
2018 and 2020

The first two main components of the bulb PCA explain 78% of the data variability (Figure 2a) with the
formation of two groups. One group is formed only by the treatment that did not receive a rate of
compost (0 t ha™') that promoted the lowest uptake of nutrients by the bulb to the other treatments.
The other treatments form the other group. In this group, except for the treatment of 10 t ha™" of
compost, the other treatments (20, 30, 60 t ha™! of compost and MF) stood out mainly for the higher
uptake of P, Zn, S, Mg, and K by the bulb, because they are in the same quadrant of the graph.
Regarding the uptake of nutrients by the whole plant, all the first two main components of PCA
explain 76.7% of the variability of the data. There are also two groups in this biplot (Figure 2b).
Moreover, in the first group are rates of 0 and 10 t ha™" of compost, and in the other group are the
other treatments. Treatments 0 and 10 t ha™" of compost promoted less nutrient uptake throughout



8 (&) F.S. HIGASHIKAWA ET AL.

'S101084 OM] D9S3} USIMIS] UOIIDRISIUI = JBDA,JUBWIILdI] ‘101oe)
1e3£ = B3 110108) JUSWILAI} = JUSLILBIL ‘BDUBLIRA JO SISA|eUR = BAOUY *(9L0T B 33 ZLNY) SaN|eA 9DUJaJR) = \Y “49ZI|13) [RISUIW = 4|\ pue ey By ul 1s0dwod Jo sajes ate 09 pue ‘g ‘07 ‘0L ‘0

. . v su su su . . . su % 1B9AJUBWIIEaI |
eAouy
06'SS1 oLve 06'19 0,79 06'S8C -— 00°L 061 0L'SY 06'€C 0€'8S A
€901 1§65 98°LSL L1'L6 §991¢C [4/x4h (44 [4: ¥4} 68'C8 4N Y4 816 ues|y
qq h've ey S0'6S R R 7aVA4) €99¢0lL e/lvle eegyl eq /8’8 eqqrgl qq L1'6L q ¥50C ey ¥8'96 E1%)
eg 986l qv €v°0S ey 80'91¢ e/L0LL e reeee eegvL eg €8'8 eg4 6.9l eg Ge'Co S n 74 ey 11’66 09
eg Ly'cy ey ¥0°'59 9 0L'6SL q9/'/8 e LE6ET qleeL eg /96 eqgl'gl eq vv'v8 296°CC ey 9806 0¢
eg €9vv BY 9769 qv 09°€8L e 0056 B EVLST qeLcl ey 900l egesgl eg /8’88 €8¢t ey 00°L6 0¢
qg Lv'8¢ ey 1L0'09 o9 eveEL q 0808 e /088l 2596 eq 88°6 eq L/l eq 16°C8 qzLoz ey 756 oL
qg L0'€e qv LT'es Pg 0901 q 2069 eg6CLlL 2891 ey /L6 eg06'LL qg 8569 2¢S91 qv LL YL 0
0zot
[4940]} 6L'€C 05'881L S9vS €9eLL VL LL 60°LL 9a0°LE L86L1 /x4 ¥5'9L uesy
oV L0°€0L eg €5°G¢C ey /8'50C ©86'89 296'59L q 956l ey [TTL ey 79'G€ ey 8€'8TL 4974 ey 0£'98 EL
ey ¥/'5¢ClL g G61'8¢ ey 6L0lC ecoe9 €9/ v8L qoeo6l qv sL'LlL qv 05°0€ ey 86°LCL RS a74 qq SS°/LL 09
av 9611 eg 6€°0¢C ey 90°50C 26299 2 99'97¢ e 0¢'Le ey ¥/'LL qv S9°LE ey 0lL'6CL e 09'9¢ ey /568 (1]3
JY 89%0L egecee qv S8'6LL q oLy ez6'SLL qecsl qv ¢z0ol qv 90°0€ ey L/'6lLL e /0'€C qq z1'8L 0¢
oY #9°S0L eqgl'oc qv 66'LLL qy9°'Ly € 5988l 29611 qv oL'LL qv LS0¢ qv vTvll q 0¥'0C 39 94'69 oL
PY 1668 egy9'GlL qv L0'8SL q 650% e6L'6SL p SO€L JY G656 JY L6'LC JV LL'66 qso6l pgd ¢6'LS 0
810C
ey 3} ey [ juswieai]
d no uz un o S 6w e) p d N

*(50" > d) uondeIAIUI JURdYIUBIS = , ‘JUBdYIUBIS JOU = SU *(S0" > d) 153} UBSW }I0UY-110DS 33} AQ Jeah Ydea UIylm SIUSIILDI} SIRIUISYIP
10U OP UWN|OD dY} U] SI3NI3] 3SEIIBMO| BWeS 3Y] “(§0° > d) 1591 UaW 130UY-1103S Y3 AQ S1eaK Dyl d1eIUBIBYIP 10U OP UWIN|OD By} UJ 19113 [exded awes ay] 'qing ay3 Aq eidn JuaLinN € ajqel



COMMUNICATIONS IN SOIL SCIENCE AND PLANT ANALYSIS e 9

*(50" > d) uondeIBIUI JURILIUBIS = , ‘JUBDLIUBIS JOU = SU 'SI0108) OM] 959U} USDIMID] UOIIDRISIUI = JBIA,IUDWIRDI] H103dR) Jeak
= JB9A 110108} JUBLUILRI) = JUBLUILDI | ‘9IUBLIRA JO SISA[eUR = BAOUY *(90T [ 19 ZHNY|) S3N[eA 3dUaidjal = AY (S0 > d) “Iazi|iuay [esaulw = 4y pue _ey By utsodwiod Jo sa1el ale 09 pue ‘o€ ‘0z ‘0L ‘0

. « . . . su . < . su v 1B9AJUBWIeaI |
* * * * * * * * * * * \_@O>
eAouy
09°02C 0L€g oLv8 096171 07’192 -— oLzl 099t 0598 06'v€ or'LolL A
08'€L [4°2 74 (VA 744 S RY44 ¢€'L99 9¢'8l 6,91 LELY oleclt €59°SC SoOveEL ues|y
qg 8¢9 qy ¢s'89 qg 85°70¢ ey 8¥'v9¢ ey [T€TL e qCTe qq 16'Sl eq s6’Ly qq el 4474 ey ev'selL E1%)
997’98 qv 08'6S ey TE'L6C qv ¥0°'L¥C g 66'CL9 e09'Lle g SEYL qg 69'6€ egelgel e /9'8C ey LE/€L 09
eq9l'eg ey 09'98 qg T1'9ze qy 79'8LT eg 75°0€9 q /86l egee/l eq I8ty egyl6el e 69'/C ey 06'L€L (1]3
egor'e8 ey £0'98 eY 6¥'v/C qv S¥'see eY ¥9°6C8 q 058l ey 118l eg0o¢9r egge/el eyl'/T ey vl 0¢
qg €£'69 ey 87°9L qg 06'S61 2V ¥7'80C ey £/'099 36561 ey /98l qg S€'0v eg 8g'eel qLLse ey Zl'Lyl oL
g 1LTLS qv 07°'0L o9 99°/61L pY LELLL g 0,98y pveCL qg 691 qqg 80°L¢€ 29 2901 J20L0C qv SLeLL 0
020t
80°G/L SL9C 68'69C 96l 91°0S6 LTET 8€'6l 8T'6S 00691 LELT 657101 ues|y
oV €8'791 eq €1'8¢ Y 6£°06C eq 0£'50¢ ey 9/°096 e 07'ST ey 9/°0C ey 9¥'99 qQy v¥'SLL 2 90'8¢ eq G/ TLL EL
ey €1'80C egogce ey ¢l°£0€ ey 70'0€C ey 90°€C6 e G/'St ey 68l qv 1985 ey L/L'€8L e6l'6C eg /90l 09
av ¥59/1L eg v ¢ Y [¥'/8T ey /9TIT ey /8'8001 e 7€9C ey 061 qv 9699 qy €€T/LL e 75°0¢ eq e0cll (1]
qy 6€6/L eg16'8¢ ey ¥1°0L¢C ey 99°'0L¢ ey 78688 qLLve ey 796l qy ¢v'6S qv Ly'LLL e0L'8¢C egsolol 0¢
oY G651 eg 98¢ Qv L1'€€T o9 €5°8¢€1 ey L9°€l8 J8¢6L ey €761 qy 7995 oV 02951 q¥6'€C qgd 0C’'L6 oL
Y Ly'e9L eg 89/l qy €0°'LEC qv 80°0LL ey 78'80LL J 198l ey 6/°8l qv 99°LS oY T8SL qlLLve qq L¢'v8 0
810¢
By b L= [ luswieal|
d n) uz un ° S bW e) ) d N

*}$9) UBSW J30UY-1100S Y3 Aq 1eaK DD UIYHM SIUSWIRSI} S1RIIUSISHIP JOU Op UWN|Od dY}
Ul $19119] 3SBIIMO| BWES 3y (50" > d) 1591 UBSW 110UY-1103S Y1 Aq SIeak By} 91LIIUBISYIP 10U Op UWN|OD B} Ul SI3N3| [exided awes 3y] *(gng + 100ys) 1uejd sjoym ay3 Aq axyeidn usLiny ‘¢ ajqel



10 (&) F.S.HIGASHIKAWA ET AL.

. Bulb (a) . Whole plant (b)

N

PC2 (26.5%)

o

5 4 3 =2 41 0 1 2 3 4 5 4 3 2 4 0 1 2 3 4
PC1 (51.5%) PC1 (52.8%)

0 (M 20 [=] 60

Treatment 20 10 [ 30 L MF

Figure 2. Principal component analysis (PCA) of the nutrients uptake by the bulb (A) and by the whole plant (B) according to the
treatments in the 2018 and 2020 crops to the first two principal components (Pc1xpc2). Legend: MF = mineral fertilizer; 0, 10, 20, 30,
and 60 are the rates of compost in Mg ha ~".

the whole plant. The group formed by treatments 20, 30, and 60 t ha™" of compost and MF is present
mainly in the same quadrant as P, S, Zn, and K, indicating that they promoted greater uptakes of these
nutrients in the whole plant.

Regression analysis for nutrients uptake by the bulb and by the whole plant in 2018 and 2020
as a function of applying compost rates

Nitrogen

The maximum uptake of N by the bulb in 2018 was 88.00 kg ha™' with a rate of 38.12 Mg ha™" of
compost (Figure 3a). In turn, in 2020 maximum uptake of N by the bulb was 97.39 kg ha™' with a rate
of 16.57 Mg ha™'. When considering the whole plant in 2018, the maximum uptake of N was 112.18 kg
ha™" with a rate of 42.78 Mg ha™". In 2020 the maximum uptake of N by the whole plant was 144.34 kg
ha™' with a rate of 17.57 Mg ha™".

Phosphorus

The rate of 42.32 Mg ha™" of compost conferred the maximum uptake of 25.95 kg ha™" of P by the bulb in
2018 (Figure 3b). In 2020, 118.7 gha™" of P was uptake for each megagram of compost added by the bulb.
Regarding the uptake of P by the whole plant in 2018, the maximum P uptake was 33.05 kg ha™' with a rate
of 42.89 Mg ha™". In turn, in 2020, the maximum P uptake was 29.18 kg ha™" with a rate of 45.83 Mg ha™".

Potassium

In 2018 the rate of 44.95 Mg ha™' of compost conferred the maximum uptake of 131.55 kg ha™' of
K per bulb (Figure 3c). In turn, in 2020, the response of the bulb became linear, and for each
megagram of compost that was added, there was an increase of 304.40 g ha™" of K. It was not possible
to adjust the regression curve for the uptake of K by the whole plant as a function of applied rates in
2018. However, in 2020 the whole plant’s maximum uptake of 145.09 kg ha™" of K was checked by
38.43 Mg ha™' of compost.

Calcium
In the case of Ca, it was only possible to adjust the curve for bulb uptake in 2018 (Figure 3d). In 2018
the bulb presented maximum uptake of 31.57 kg ha™" of Ca for the rate of 38.28 Mg ha™" of compost.
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Figure 3. Uptake of N, P, K, and Ca by the bulb and by the whole plant in the onion crops in the no-tillage system in 2018 and 2020 as
a function of applying rates of compost.
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Magnesium

For Mg, it was possible to adjust only the whole plant’s uptake curve in 2020 (Figure 4a). The
maximum uptake of 18.09 kg ha™' of Mg by the whole plant in 2020 was conferred by the rate of
21.81 Mg ha™" of compost.

Sulfur

The maximum uptake of 23.06 kg ha™" of S by the bulb in 2018 was checked by the rate of 42.87 Mg
ha™" (Figure 4b). In turn, in 2020, for each megagram of compost added, the bulb uptake 111.80 g ha™"
of S. It was not possible to adjust the regression curve for the S uptake by the whole plant in 2018 as
a function of the rates of compost applied. However, in 2020 the maximum uptake of 21.79 kg ha™' of
S was conferred by the rate of 52.14 Mg ha™".

Iron

It was not possible to adjust curves for the Fe uptake by the bulb in 2018 and 2020 according to
compost rates (Figure 4c). However, there were adjustments to cubic equations for the uptake of Fe by
the whole plant both in 2018 and 2020. In 2018 the maximum uptake of 1,221.72 g ha™' of Fe was
checked by the rate of 46.00 Mg ha™', and in 2020, the uptake of 761.07 g ha™' of Fe was conferred by
the rate of 16.68 Mg ha™".

Manganese

The maximum uptake of 75.59 g ha™"' of Mn by the bulb in 2018 was checked by the rate of 44.46 Mg
ha™' (Figure 4d). In turn, in 2020, the bulb uptake 635.20 mg ha™' of Mn for each megagram of
compost. It was not possible to adjust the regression curve for the Mn uptake by the whole plant in
2018 as a function of applying compost rates. However, in 2020 the maximum uptake of 222.76 g ha™'
of Mn by the whole plant was conferred by the rate of 21.68 Mg ha™".

Zinc

There was no adjustment of curves for the Zn uptake by the bulb and the whole plant in 2020 as
a function of applying compost rates (Figure 5a). In 2018, 885.70 mg ha™" of Zn per bulb increased for
each megagram of compost applied. Regarding the whole plant in 2018, there was an increase of 1.36 g
ha™" of Zn for each megagram of compost applied.

Copper

The maximum uptake of 25.63 g ha™' of Cu by the bulb in 2018 was conferred by a rate of 13.90 Mg
ha™" of compost (Figure 5b). In 2020, the maximum Cu uptake of 67.25 g ha™" per bulb was checked by
the rate of 28.55 Mg ha™'. The maximum Cu uptake of 29.79 g ha™! by the whole plant in 2018 was
checked by the rate of 15.59 Mg ha™". In 2020 the rate of 26.86 Mg ha™" conferred the whole plant’s
maximum uptake of 86.10 g ha™" of Cu.

Boron

The uptake of B by the bulb in 2018 and 2020 was linear (Figure 5c). In 2018, the bulb uptake 550.10

mg ha™' of B for each megagram of compost added. In the 2020 crop, there was a lower uptake of
B and for each megagram of compost added, the bulb uptake 258.00 mg ha™' of B. It was not possible
to adjust the curve for the B uptake by the whole plant in 2018 as a function of applying compost rates;
however, in 2020, the maximum uptake of 89.23 g ha™" of B by the whole plant was checked by the rate
of 45.45 Mg ha™".



COMMUNICATIONS IN SOIL SCIENCE AND PLANT ANALYSIS 13

25 30
< a P b
‘s
P = s
2 E}
N N’
-:- = 20 1
=
: :
% £ 15
= =
> =
= =
= 2 10
= 54 &
E £ 97
) e
Bp v
2 [72]
0 : ‘ : ; : 0 ‘ : ; ‘ ;
0 10 20 30 60 0 10 20 30 60
B Plant 2018 B Plant 2018
ns ns
A Plant 2020 A Plant 2020
— y=-0.0026x"+0.1151x + 16.8354 R’*=10.86 y =-0.0035x* +0.3614x + 12.3689 R*=0.99
¢ Bulb2018 ¢ Bulb2018
ns y =-0.0002x° + 0.0117x> + 0.0997x + 13.0448 R*=10.99
®  Bulb 2020 ®  Bulb 2020
ns y=0.1118x +8.7774 R*=0.84
1400 00
- P d
|“ IN
= 1200 - o
20 B8 250 A
~— -
= =
S 1000 - g_
= i
= 2 200
S 800 - g
2; T 150 §
2 600 | 2
2z 2
<= = 100 o
£ 400 1 s %
: : e
i) -
¥ 200 £ 50+ =
=
£ ¢ =
0 : ; : : : 0 ; : . : .
0 10 20 30 60 0 10 20 30 60
Rate of organic compost (Mg ha™) Rate of organic compost (Mg ha™)
B Plant 2018 H  Plant 2018
—— y=-0.0241x" + 2.1611 x* - 45.8239x + 1,102.5330 R>=0.97 ns
A  Plant 2020 A Plant 2020
y = 0.0166x" - 1.6006x" + 39.5441 + 469.7631 R’ = 0.81 y = 0.0020x° - 0.1973x* + 5.7356x + 170.7730 R*>=0.99
& Bulb 2018 ¢ Bulb 2018
ns y=-0.0013x" + 0.0982x" - 1.0221x +41.1778 R*=0.97
®  Bulb 2020 ®  Bulb 2020
s —— y=10.6352x + 73.4286 R’=0.87

Figure 4. Uptake of Mg, S, Fe, and Mn by the bulb and by the whole plant in the onion crops in the no-tillage system in 2018 and
2020 as a function of applying rates of compost.
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Pearson correlation of nutrients uptake by the bulb in 2018 and 2020 as a function of compost
rates

Phosphorus was the nutrient that presented the most positive and significant correlation with other
nutrients (Figure 6). The positive correlations of P were with N, Mn, B, Mg, K, S, and Zn. Then the
nutrients that presented the most positive correlation with other nutrients were Ca, B, Mg, K, S, and Zn.
Calcium showed a positive correlation with B, Mg, K, S and Zn, boron with Mg, K, S, Zn and P, magnesium
with K, S, Zn, P, Ca and B, potassium with Ca, B, Mg, S, Zn and P, sulfur with Ca, B, Mg, K, Zn and zinc with
Ca, B,Mg, K, S and P. The nitrogen showed a positive correlation with Fe, Mn, Cu, P and manganese with N,
Fe, Cu and P. Nutrients that presented a lower number of positive correlations were Fe that correlated only
with N, Mn, and Cu and Cu that correlated only with N, Fe, and Mn. The highest positive correlation values
were between Ca and B, Ca and K, B and K, and Zn and P. Regarding the negative and significant
correlation, Cu was the nutrient that presented the most negative correlations with other nutrients. The
negative correlations of Cu were with Ca, B, Mg, K, and S. Calcium and B showed a negative correlation with
three nutrients, and Ca correlated negatively with N, Mn, and Cu and B with N, Mn, and Cu. Magnesium
correlated negatively with Cu. The Mn correlated negatively only with Ca and B. The most prominent
negative correlations were between Cu and Ca and between B and Cu.

Pearson correlation of the nutrients uptake by the whole plant in 2018 and 2020 as a function
of compost rates

The uptake of nutrients by the whole plant (Figure 7) showed more positive and negative correlations than
nutrient uptake by the bulb (Figure 6). Calcium, B, K, S, and Zn were the nutrients with the highest positive and
significant correlations. Calcium positively correlated with Mg, P, Zn, S, K, Fe and B, boron with Ca, Mg, P, Zn, S,
K and Fe, potassium with P, Zn, S, Fe, B, Ca and Mg, sulfur with Mn, P, Zn, K, Fe, B and Ca and zinc with Mn, P,
S, K, Fe, B and Ca. Phosphorus positively correlated with Mn, Zn, S, K, B, Ca, and Fe with Zn, S, K, B, Ca, and Mg.
Manganese positively correlated with P, Zn, S, and N. Copper had a positive correlation only with N. The positive
and significant correlations that stood out were between P and Zn, K with B and Ca, B and Ca, and Cuand N. As
occurred for the bulb (Figure 6) the Cu was the nutrient that presented the most negative and significant
correlation for nutrient uptake by the whole plant (Figure 7). The Cu showed a negative correlation for S, K, Fe, B,
Ca, and Mg. After Cu, N was the nutrient that presented the most negative correlation and was with the following
nutrients: K, Fe, B, Ca, and Mg. Magnesium presented a negative correlation with Mn, Cu, and N. Manganese
presented a negative correlation only with Mg. The negative correlations that stood out were between Cu with K,
B, and Ca and N with B and Ca.

Discussion
Nutrient uptake

According to Figure 2, the compost promotes onion nutrition similar to that provided by mineral fertilizers.
Therefore, it is possible to replace mineral fertilizers with compost in onion cultivation under a no-tillage
system. In addition, organic fertilizer is recommended due to its beneficial effects on the soil’s physical,
chemical, and biological properties (Kazimierczak et al. 2021). Furthermore, due to similar yields, organic
fertilizers can replace mineral fertilizers in onion culture (Gongalves and Silva 2003; Higashikawa et al.
2022). However, verifying if the compost complies with the current legislation and if the transport cost is
viable is necessary (Kurtz, Menezes Junior, and Higashikawa 2018). In Figure 2, there was the formation of
two groups with opposite correlations in the bulb; the first group is N, Fe, Mn, and Cu, and the second group
is the other nutrients. When considering the whole plant, the first group is N, Mn, and Cu, and the second
group is the other nutrients. A possible reason is the different nutrient uptake by the bulb and the shoot
(Tables 3 and 4) and the correlation between nutrients (Figures 6 and 7). By analyzing Tables 3 and 4, it is
possible to verify that Fe and Mn accumulated more in the shoot of the onion, which is in agreement with
the study by Kurtz et al. (2016) and Kurtz, Fayad, and Vieira Neto (2020).
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Figure 6. Pearson correlation for the nutrients uptake by the bulb in 2018 and 2020 harvests as a function of applying rates of
compost. Non-significant correlation coefficients are blank. Negative and significant correlation coefficients are in red circles. Positive
and significant correlation coefficients are in blue circles. The larger the circle and the more intense the shade of red or blue, the
greater the correlation coefficient value.

Nitrogen

In a review on nitrogen nutrition and fertilization of onion, Geisseler, Ortiz, and Diaz (2022) reported
that the average N content in the bulb is 1.7 kg Mg " of fresh matter. According to Tables 1 and 3, the
mean N content in the bulb in 2018 was 1.61 kg Mg™" of fresh matter. However, in 2020 the average
rose to 1.87. This increase in the average N content in the bulb and the whole plant in 2020 compared
to 2018 was probably due to the accumulation of total nitrogen on the soil surface due to cover crops in
the no-tillage system (Comin et al. 2018). However, the N derived from the decomposition of cover
plant residues contributes little to the development of onion (Koucher et al. 2017). However, compost
rates in each crop contributed to the increase in soil organic matter content (Table 2), consequently
increasing nitrogen availability for onions in 2020. According to the review work of Geisseler, Ortiz,
and Diaz (2022), on average, 65% of the N uptake by the onion is in the bulb. In our study, the mean
N content in the bulb was 75.06% in 2018 and 68.29% in 2020. Regarding the N uptake values by the
bulb (Table 3), they are within the range found in the literature that is in kg ha™" from 28.65 (May et al.
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the greater the correlation coefficient value.
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2008) to 115.90 (Lee et al. 2014). The N values uptake by the whole plant (Table 4) are within the range
found in the literature that is in kg ha™! from 61.22 (Porto et al. 2006) to 157.20 (Moraes et al. 2016). As
most of the N is required by the onion is at the beginning of the bulbification (Khokhar 2019), which
occurs around 60 DAT, the application of the rates of compost in the transplant provided uptake of
N equivalent to the treatment with mineral fertilizer mainly in 2020 (Tables 3 and 4). N mineralization
at the beginning of the onion cycle was probably slow, but this did not affect the onion yield (Table 1)
and the onion nutrition (Figure 2), as the onion nutrient requirement is slow until 60 days after
transplanting seedlings (Kurtz et al. 2016).

Potassium

Potassium was the most uptake nutrient in 2018 by both the bulb (Table 3) and the whole plant
(Table 4), which is related to other studies (Backes et al. 2018;Moraes et al. 2016; Lee and Lee 2014;
Vidigal, Moreira, and Pereira 2010). The nutrient being more uptake to be N or K depends on the
cultivar, the soil, the climate, and the cultivation system (Kurtz et al. 2016). A factor that may have
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contributed to the higher uptake of K in 2018 (Tables 3 and 4) is because K is not structurally
connected with any compost (Ernani et al. 2007), besides not being influenced by microorganisms
(Brady and Weil 2013) to be available in soil solution. The K uptake values by the bulb (Table 3) are
within the range found in the literature, ranging in kg ha™' from 32.80 to 180.60 (Aguiar Neto et al.
2014). The K uptake values by the whole plant (Table 4) are within the range found in the literature (kg
ha™), which is from 68.28 (May et al. 2008) to 256.20 (Moraes et al. 2016). Potassium promotes root
and leaf growth, increases photosynthetic activity to initiate bulb formation, improves water absorp-
tion, and protects culture against diseases and adverse weather conditions (Khokhar 2019).

Calcium

Calcium was the third nutrient most uptake by the whole plant (Table 4). However, in the study by
(Moraes et al. 2018), Ca was the second most uptake nutrient after K, and with Ca uptake by the whole
plant of 120.80 kg ha™" and by the bulb, the uptake was 46.7 kg ha™", which are higher values than
those obtained in our study (Tables 3 and 4). Aguiar Neto et al. (2014) verified that Ca was the nutrient
most uptake by the bulb of the cultivars Texas Grano 502 (187.60 kg ha™') and IAP11 (68.10 kg ha™")
when they were grown in Acrisol (Ultisol). On the other hand, when these cultivars were grown in
Cambisol (Inceptisol), Ca was the second nutrient most uptake by the bulb by Texas Grano 502 (73.10
kg ha™") and the third most uptake by the bulb for IPA11 (27.40 kg ha™"). The Ca uptake values by the
bulb (Table 3) are within the range found in the literature ranging in kg ha™" from 12.50 (Lee et al.
2014) to 187.60 (Aguiar Neto et al. 2014). The Ca uptake values by onion (Table 4) are also within the
range found in the literature, ranging in kg ha™" from 21.04 (Falodun and Egharevba 2018) to 120.80
(Moraes et al. 2018).

Phosphorus

Phosphorus was the fourth nutrient most uptake by the whole plant (Table 4). The P uptake values by
the bulb (Table 3) for the treatment that received 60 t ha' of compost are above the range found in the
literature ranging in kg ha™' from 4.40 (Aguiar Neto et al. 2014) to 23.90 (Kurtz et al. 2016). Possibly,
the high levels of P in the soil as a function of the application of compost (Table 2) contributed to
higher availability of P and consequently to greater uptake of P. The increase in available P is probably
not only due to the P content in the compost, but also to the reduction of P adsorption sites in the soil
provided by organic acids (Novais, Smyth, and Nunes 2007; Penha et al. 2015). In addition, the P is
a moving element in the plant (Malavolta 2006) and there was a redistribution of the P from the leaves
to the bulb. These P uptake values by the whole plant (Table 4) are within the range found in the
literature ranging in kg ha™' from 7.32 (Falodun and Egharevba 2018) to 34.90 (Kurtz et al. 2016).

Sulfur

In our study, S was the fifth nutrient most uptake by the whole plant (Table 4). In other studies, S was
the fourth most uptake nutrient by onion (Backes et al. 2018; Moraes et al. 2018; Porto et al. 2006,
2007; May et al. 2008; Vidigal, Moreira, and Pereira 2010). The S uptake values by the bulb (Table 3)
for treatments 0 and 10 t ha™" of compost are below the values range found in the literature in kg ha™'
from 11.51 (May et al. 2008) to 28.29 (Backes et al. 2018). The S uptake values by the whole plant in
2020 (Table 4) are below the range of values found in the literature in kg ha™' from 24.38 (May et al.
2008) to 53.20 (Moraes et al. 2016). The factors that may have contributed to the lower uptake of S by
onion are the preference for phosphate adsorption by the soil regarding sulfate, the formation of ionic
pair with potassium, and the movement of sulfur to deeper soil layers (Furtini Neto et al. 2001).

Magnesium

Magnesium was the macronutrient least uptake by the whole plant (Table 4), which agrees with other
studies (Moraes et al. 2018; May et al. 2008; Vidigal, Moreira, and Pereira 2010). However, in other
studies (Porto et al. 2006, 2007), P was the macronutrient least uptake for the cultivar Superex in May
et al. (2008). This Mg uptake values by the bulb (Table 3) are within the range found in the literature
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that ranged in kg ha™' from 3.65 (Menezes Jtnior, de Gongcalves, and Kurtz 2013) to 39.70 (Aguiar
Neto et al. 2014). These Mg uptake values by the whole plant (Table 4) are within the range found in
the literature, ranging in kg ha™" from 8.90 (Falodun and Egharevba 2018) to 26.10 (Backes et al. 2018).

Iron

Iron was the micronutrient most uptake by the whole plant (Table 4), which agrees with other studies
(Backes et al. 2018; Moraes et al. 2016, 2018; Kurtz et al. 2016; Kurtz, Fayad, and Vieira Neto 2020).
Iron uptake values by the bulb, except for the treatmentof 30 t ha™" of compost in 2018 and except for
the treatments 20, 30, and 60 t ha™' of compost and MF in 2020 (Table 3), are below the range found in
the literature that varied in g ha™" of 208.60 (Kurtz, Fayad, and Vieira Neto 2020) to 2,029.32 (Menezes
Jinior, de Gongalves, and Kurtz 2013). In 2020 there was less Fe uptake compared to 2018. Thus,
except for treatments with mineral fertilization (MF) and the rate of 20 t ha™" of compost, the other
treatments presented Fe uptake in 2020 below the range found in the literature that varied in g ha™"
from 720.00 (Moraes et al. 2018) to 2,760.00 (Backes et al. 2018). The negative correlation between Cu
and Fe (Figure 7) may have contributed to the lower uptake of Fe since there was greater Cu uptake in
2020 compared to 2018 and the opposite occurred for Fe.

Zinc

Zinc was the second micronutrient most uptake by the whole plant (Table 4). The Zn uptake values by
the bulb (Table 3) are within the range found in the literature that varied in g ha™' from 18.41
(Menezes Junior, de Gongalves, and Kurtz 2013) to 1,018.33 (Bertino et al. 2022). Moreover, the Zn
uptake values by the whole plant (Table 4) are within the range found in the literature, ranging in
g ha™ from 84.10 (Kurtz et al. 2016) to 1,053.33 (Bertino et al. 2022). The onion is in the group of
crops with high sensitivity to Zn deficiency (Alloway 2008) and presents a response to the addition of
Zn in the soil (Kurtz and Ernani 2010). However, due to the root system being poorly developed
(Geisseler, Ortiz, and Diaz 2022), a smaller volume of soil is explored, and a higher concentration of
Zn in the soil is necessary to meet the requirements of the onion (Kurtz, Menezes Junior, and
Higashikawa 2018).

Manganese

Manganese was the third micronutrient most uptake by the whole plant (Table 4). The Mn uptake values
by the bulb (Table 3) by treatments 0, 10, and 20 t ha™"' of compost are below, and the others are within
the range found in the literature, ranging in g ha™" from 52.11 (Backes et al. 2018) to 304.51 (Vidigal,
Moreira, and Pereira 2010). The Mn uptake values by the whole plant (Table 4) are within the range
found in the literature, ranging from g ha™' from 84.00 (Backes et al. 2018) to 742.55 (Vidigal, Moreira,
and Pereira 2010). The largest uptake of Mn in 2020 for both the bulb and the whole plant may be due to
the positive correlation (Figures 6 and 7) with N since there was also greater N uptake in 2020.

Copper

Copper was the least uptake micronutrient in 2018, but in 2020, it was B (Table 4). This alternation
between the two micronutrients is probably due to the high negative correlation between these
nutrients (Figures 6 and 7). Only the uptake of Cu by the treatment that did not receive compost in
2018 is below the range. The other Cu uptake values by the bulb (Table 3) are within the range found
in the literature that varied in g ha™' from 16.27 (Menezes Junior, de Gongalves, and Kurtz 2013) to
271.67 (Bertino et al. 2022). The Cu uptake values by the whole plant (Table 4) are within the range
found in the literature ranging from g ha™' from 33.70 (Kurtz et al. 2016) to 475.00 (Bertino et al.
2022). The increase in Cu uptake by the bulb (Table 3) and by the whole plant (Table 4) by the
treatment that did not receive a rate of compost in 2020 may have been due to the recycling of
nutrients promoted by the cover plants that were used in the experiment (CFSEMG 1999). In addition,
there was a positive correlation of Cu with N (Figures 6 and 7). Both N and Cu had higher uptake in
2020.
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Boron

Boron was the micronutrient least uptake by the whole plant in 2020 (Table 4). The B uptake values by
the bulb (Table 3) are within the range found in the literature in 2018 but below the range in 2020 that
varied in g ha™! from 62.98 (Menezes Junior, de Gongalves, and Kurtz 2013) to 951.67 (Bertino et al.
2022). However, except for the treatment that received 60 t ha™" of compost in 2018, the other values
(Table 4) are below the range found in the literature, ranging in g ha™" from 193.30 (Kurtz, Fayad, and
Vieira Neto 2020) to 1,350.00 (Bertino et al. 2022). Probably, with the application of compost, there
was an increase in Cu content in the soil (Table 2), and allied to that, there was a high negative
interaction between B and Cu (Figures 6 and 7), which consequently may have contributed to the
lower uptake of B in 2020 (Tables 3 and 4).

Correlation between nutrients

Several external and internal factors may have contributed to the correlations between nutrients
(Figures 6 and 7) and even to the behavior of nutrient uptake according to compost rates
(Figures 3, 4, and 5). In addition, another factor is that onions have higher nutrient uptake by the
bulb or by the shoot, depending on the nutrient, and each nutrient is required in different quantities
(Kurtz et al. 2016; Kurtz, Fayad, and Vieira Neto 2020; Vidigal, Moreira, and Pereira 2010). According
to Tables 3 and 4, Fe and Mn were more uptake by the shoot of the onion. Some of the external factors
that can influence nutrient uptake are (Faquin 2005): nutrient availability, the presence and concen-
tration of nutrients in the soil solution, the difference in speed that nutrients are uptake, and the
interactions of inhibition and synergism between nutrients. The internal factors that can influence the
uptake of nutrients are (Faquin 2005; Malavolta 2006): plant genetics, plant nutritional status, and root
morphology. The negative correlation between N and K by the whole plant (Figure 7) may have been
due to the competitive inhibition of NH," regarding K* (White 2012), which may have resulted in the
lower uptake of K by the whole plant in 2020 (Table 4). Possibly, noncompetitive inhibition between
N and B and between N and Mg (Malavolta 2006) resulted in negative correlations between these
nutrients (Figure 7). The increase in P supply can reduce the uptake of Zn by the roots and reduce the
translocation of Zn from root to shoot (Bucher et al. 2018). However, in our study, there was no
negative correlation between P and Zn (Figures 6 and 7), and on the contrary, there was a positive
correlation between these nutrients. Both P and Zn had lower uptake in 2020 compared to 2018
(Tables 3 and 4), probably due to other factors, since P and Zn did not present negative correlations
with other nutrients (Figures 6 and 7). The increase in P and Zn contents in the soil as a function of
increased rates of compost (Table 2) may have contributed to the positive correlations between these
nutrients in our study. Provably, there was a synergistic effect between B with Ca, Mg, K, S, Zn, and P
(Figure 6) and between B with P, Zn, S, K, Fe, Ca, and Mg (Figure 7) due to extracellular Ca** stimulus
in uptake these nutrients (White 2012).

In future studies, it will be necessary to evaluate the residual effect of the application of the compost
to observe the yield and nutrition of onion in a no-tillage system, but only having as a source of
nutrients what was accumulated in the soil. Thus, it will be possible to verify the time of a new
application of compost rates in the same area according to soil availability and onion requirement.

Conclusions

The compost can replace mineral fertilizers for onion production in a no-tillage system as long as it
meets the legislation and the transport cost is viable. The agricultural use of organic waste as compost
brings agronomic benefits and simultaneously reduces environmental liabilities. From the rate of 10
Mg ha™' of compost, the uptake of nutrients by the bulb is similar to that observed with mineral
fertilizers. Therefore, the addition of compost improves soil fertility and meets the nutritional need of
onion. Every year, compost rates in the same area require monitoring of soil fertility due to nutrient
accumulation, mainly of K, P, Cu, and Zn.
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