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Macronutrient extraction curves of the onion crop
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Abstract

This study aimed to determine the extraction curves and accumulation order of macronutrients of two 
onion cultivars. In commercial fields in the region of Alto Paranaíba, MG, Brazil, onion plants of the 
cultivars ‘Optima’ and ‘Sirius’ were collected during the cycle in 2014 and 2015 to determine dry matter 
and macronutrient accumulation. The yield was determined at harvest time. Three phases of dry matter 
and nutrient accumulations were observed. The first phase had a slow accumulation and was followed 
by a fast increment and subsequent stabilization in phases two and three, respectively, for most of 
the nutrients in both cultivars and years of cultivation. Duration and accumulated at each phase were 
different between cultivars and years of cultivation. The total and commercial bulb yield did not vary 
between cultivars but only between years of cultivation, with average values of 117 and 60 Mg ha−1 
in 2014 and 2015, respectively. The partitioning of dry matter and macronutrients followed the same 
model for both cultivars and years of cultivation. Macronutrients with the largest partitioning for bulbs 
are P and S. The decreasing extraction order for both cultivars was K > Ca > N > P > Mg > S in 2014 
and K > N > Ca > P > S > Mg in 2015.
Key words: Nutrient accumulation. Allium cepa. Harvest index. Plant nutrition. Uptake rates.

Resumo

Objetivou-se determinar as curvas de extração e a ordem de acúmulo de macronutrientes de dois cultivares 
de cebola. Em cultivos comerciais na região do Alto Paranaíba - MG, plantas de cebola das cultivares 
‘Optima’ e ‘Sirius’ foram coletadas durante o ciclo, nos anos de 2014 e 2015, para determinação do 
acúmulo de matéria seca e macronutrientes. A produtividade foi determinada na colheita. Observaram-
se três fases nos acúmulos de matéria seca e nutrientes: uma primeira, de acúmulo lento, foi seguida 
por incremento rápido e posterior estabilização nas fases dois e três, respectivamente, para maioria dos 
nutrientes em ambas cultivares e anos de cultivo. A duração das fases e o acumulado em cada uma foram 
distintos entre as cultivares e anos de cultivo. A produtividade total e comercial de bulbos não variou 
entre as cultivares, apenas entre os anos de cultivo, obtendo-se média de 117 e 60 Mg ha-1, nos anos de 
2014 e 2015, respectivamente. A partição de matéria seca e macronutrientes pela cebola seguiu o mesmo 
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modelo para ambas cultivares e anos de cultivo. Os macronutrientes com maior partição para os bulbos 
são o P e o S. A ordem decrescente de extração, para ambas cultivares, foi K > Ca > N > P > Mg > S em 
2014, e K > N > Ca > P > S > Mg em 2015.
Palavras-chave: Acúmulo de nutrientes. Allium cepa. Índice de colheita. Nutrição de plantas. Taxas de 
absorção.

Introduction

Onion is one of the main commercial species of 
the family Alliaceae. In 2015, about 56 thousand 
hectares of onion were grown in Brazil, with a 
production that surpassed 1.5 million tons and 
an average yield of 26.8 Mg ha−1 (ANUÁRIO 
BRASILEIRO DE HORTALIÇAS, 2016).

Onion has a high nutritional demand and is highly 
demanding in fertilizers. The rational use of inputs 
is an essential practice in modern agriculture, not 
being different from fertilization. Controversies can 
be found between fertilization recommendations in 
the “5ª Aproximação” (RIBEIRO et al., 1999) and 
“Boletim Técnico 100” (TRANI et al., 1997) with 
those carried out by farmers, who tend to apply 
higher doses than those recommended. High doses 
in relation to demand can generate a nutritional 
imbalance and thus contribute to a reduction of 
nutrient recovery efficiency and the waste of 
fertilizers (ZHANG et al., 2010).

Adequate nutrition of the onion crop influences 
several factors, such as increased yield and sanity 
and bulb quality. Excessive fertilization, mainly 
of N, P, and K, monoculture, and indiscriminate 
use of acidity correctors are common practices 
in producing regions of this vegetable (KURTZ; 
ERNANI, 2010). Fertilizer programs should define 
the amount of nutrients to be replenished in the soil 
since the quantities exported by bulbs represent a 
significant component (MAY et al., 2008).

The study of the nutritional crop demand is 
essential in order to recommend adequate fertilizer 
doses to reduce losses in the system and optimize 
yield (SINGH et al., 2012). The cycle of most 
vegetable crops is short, with a high demand for 

nutrients concentrated in a short period. Therefore, in 
this group of plants, the knowledge of extraction and 
accumulation of nutrients in different phenological 
stages of the crop is essential (CASTOLDI et al., 
2009).

The extraction curve associated with nutrient 
recovery efficiency by the crop indicates the 
nutritional need of the plant (CASTOLDI et al., 
2009). Once the nutrient uptake curve is defined, 
the fertilizer doses are adjusted according to crop 
management, soil type, fertilizer source, climate 
conditions, among others. Thus, extraction curves 
provide information of paramount importance 
for efficient management of fertilizers in a crop. 
Nutrient extraction curves allow us to know the 
phenological stages in which each nutrient is most 
required. Thus, it is possible to plan more rational 
cultivation activities, potentiating the recommended 
dose and the ideal phenological stage for fertilizer 
application (BENDER et al., 2013). In addition, 
quantifying the partitioning of nutrients in plant 
organs allows estimating the export and return of 
nutrients to the soil after harvest.

Therefore, this study aimed to characterize the 
accumulation and partitioning of dry matter and 
macronutrients, as well as generate the order of 
nutrient extraction by the onion cultivars ‘Optima’ 
and ‘Sirius’.

Material and Methods

Samplings of the onion cultivars ‘Optima’ 
and ‘Sirius’ were carried out in commercial areas 
located in Rio Paranaíba, MG, in 2014 and 2015. 
According to the Köppen-Geiger classification, 
the predominant climate in the region is Cwa, 
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characterized by a dry season and a well-defined 
rainy season. The values of relative humidity, 
minimum temperature, maximum temperature, and 

precipitation during collection periods are shown in 
Figure 1.

Figure 1. Relative humidity, minimum and maximum temperatures, and precipitation recorded in the area in 2014 (A) 
and 2015 (B) during the collection period.

 

 

 

Figure 1. Relative humidity, minimum and maximum temperatures, and precipitation recorded in the area in 
2014 (A) and 2015 (B) during the collection period. 
 

 
 

In the first year, the cultivated areas were at an altitude of 860 m, while in the second year the 

cultivar ‘Sirius’ was in an area with 940 m of altitude and ‘Optima’ at 1140 m of altitude. Before sowing, 

soil chemical analysis was performed (Table 1). 

 

Table 1. Soil chemical analysis of the areas of onion cultivation with the cultivars ‘Optima’ and ‘Sirius’ in 
2014 and 2015 in Rio Paranaíba, MG, Brazil. 

Attribute Unit 2014  2015 
‘Optima’ ‘Sirius’  ‘Optima’ ‘Sirius’ 

pH ----- 5.5 5.5  5.6 5.7 
Organic matter g dm−3 23.0 24.0  24.0 35.0 
P - remaining mg L−1 21.9 15.9  16.7 3.4 

P mg dm−3 22.3 20.1  62.3 6.7 
K+ mmolc dm−3 4.8 4.6  2.1 3.9 

Ca2+ mmolc dm−3 24.0 24.0  29.0 24.0 
Mg2+ mmolc dm−3 8.0 9.0  9.0 9.0 

S mg dm−3 33.0 25.0  17.0 14.0 
CEC (T) mmolc dm−3 97.3 96.6  94.2 71.8 

Base saturation (V) % 38.0 39.0  63.0 51.0 
Potential acidity (H+Al) mmolc dm−3 60.5 59.0  53.0 35.0 

Extractors: P, K, Cu, Fe, Mn, and Zn – Mehlich-1; Ca2+, Mg2+, and Al3+ – 1 mol L−1 KCl; B – hot water. 

 

In 2014, both cultivars were sown with a population of 1.3 million seeds per hectare. The 

fertilization during cultivation consisted of 230 kg ha−1 of N, 900 kg ha−1 of P2O5, 410 kg ha−1 of K2O, 2 kg 

ha−1 of B, 2.6 kg ha−1 of Cu and Zn, and 150 g ha−1 of Mo (Mo was applied via leaf). The cultivar ‘Optima’ 

was harvested at 131 days after sowing (DAS) and ‘Sirius’ at 140 DAS. 

In the following year, the fertilization of the cultivar ‘Sirius’ consisted of 212 kg ha−1 of N, 1,182 

kg ha−1 of P2O5, 318 kg ha−1 of K2O, 2.6 kg ha−1 of B and Cu, and 7.8 kg ha−1 of Zn. The cultivar ‘Optima’ 

was fertilized with 158 kg ha−1 of N, 755 kg ha−1 of P2O5, 458 kg ha−1 of K2O, 1 kg ha−1 of B and Cu, and 3 

In the first year, the cultivated areas were at 
an altitude of 860 m, while in the second year the 
cultivar ‘Sirius’ was in an area with 940 m of altitude 

and ‘Optima’ at 1140 m of altitude. Before sowing, 
soil chemical analysis was performed (Table 1).

Table 1. Soil chemical analysis of the areas of onion cultivation with the cultivars ‘Optima’ and ‘Sirius’ in 2014 and 
2015 in Rio Paranaíba, MG, Brazil.
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2014 2015

‘Optima’ ‘Sirius’ ‘Optima’ ‘Sirius’
pH ----- 5.5 5.5 5.6 5.7

Organic matter g dm−3 23.0 24.0 24.0 35.0
P - remaining mg L−1 21.9 15.9 16.7 3.4

P mg dm−3 22.3 20.1 62.3 6.7
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Base saturation (V) % 38.0 39.0 63.0 51.0
Potential acidity (H+Al) mmolc dm−3 60.5 59.0 53.0 35.0

Extractors: P, K, Cu, Fe, Mn, and Zn – Mehlich-1; Ca2+, Mg2+, and Al3+ – 1 mol L−1 KCl; B – hot water.
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In 2014, both cultivars were sown with a 
population of 1.3 million seeds per hectare. The 
fertilization during cultivation consisted of 230 kg 
ha−1 of N, 900 kg ha−1 of P2O5, 410 kg ha−1 of K2O, 
2 kg ha−1 of B, 2.6 kg ha−1 of Cu and Zn, and 150 g 
ha−1 of Mo (Mo was applied via leaf). The cultivar 
‘Optima’ was harvested at 131 days after sowing 
(DAS) and ‘Sirius’ at 140 DAS.

In the following year, the fertilization of the 
cultivar ‘Sirius’ consisted of 212 kg ha−1 of N, 1,182 
kg ha−1 of P2O5, 318 kg ha−1 of K2O, 2.6 kg ha−1 of B 
and Cu, and 7.8 kg ha−1 of Zn. The cultivar ‘Optima’ 
was fertilized with 158 kg ha−1 of N, 755 kg ha−1 of 
P2O5, 458 kg ha−1 of K2O, 1 kg ha−1 of B and Cu, 
and 3 kg ha−1 of Zn. For both cultivars, 200 g ha−1 
of B, 150 g ha−1 Cu and Zn, 400 g ha−1 of Mn, and 
150 g ha−1 of Mo were applied via leaf. In this year 
of cultivation, both cultivars were harvested at 131 
DAS.

Weed management was carried out with the 
herbicide flumioxazin in the different areas and 
planting seasons, with two sequential applications 
and two manual weeding. Fungicides and 
insecticides were applied according to the need of 
control visualized in the field.

Four georeferenced points were demarcated in 
each sampled plot. Plants were sampled in a radius 
of 20 m around these points. This procedure was 
adopted to reduce the variability effect of soil 
fertility on the determination of the curve of nutrient 
extraction and dry matter yield. During collection, 
sampling was carried out on both sides and internal 
and external rows of the crop in the beds. At each 
sampling point, plants were collected in 2 m of 
double rows. The period between collections and 
the number of samplings varied according to crop 
development.

In 2014, samplings were performed at the 4th, 
5th, 7th, and 9th leaf stages (leaf emission stage) 
and when plants had at least 50% of bulbs in the 
commercial classes II (diameter of 35–50 mm), III 
(diameter of 50–70 cm), IV (diameter of 70–90 cm), 

and at the harvest point. In the cultivar ‘Optima’, 
these phenological stages occurred at 62, 69, 86, 93, 
101, 109, 127, and 131 DAS. In the cultivar ‘Sirius’, 
it corresponded to 69, 93, 101, 109, 127, 135, and 
140 DAS. In addition, for the cultivar ‘Sirius’, 
the extraction data at the 5th leaf stage were not 
presented due to the loss of samples in the drying 
process.

In 2015, samplings were performed at the 4th, 
8th, and 10th leaf stages and when plants had at least 
50% of bulbs in the commercial classes II, III, IV, 
and at the harvest point. For the cultivar ‘Optima’, 
collection stages corresponded to 62, 86, 93, 101, 
109, 127, and 131 DAS, while the cultivar ‘Sirius’ 
was collected at 62, 86, 93, 101, 109, 127, and 131 
DAS.

Bulb and leaf samples were washed in running 
water and dried in a forced air circulation oven at 70 
°C for 72 h. After drying, the material was weighed 
to determine the dry matter in each part of the plant. 
Bulbs and leaves were ground in a Willey mill. N, 
P, K, Ca, Mg, and S contents of plant tissues were 
determined according to Malavolta et al. (1997).

Yield (Mg ha−1) was estimated by collecting 
all the plants present in 10 m of bed, in four 
replications, at the georeferenced points, with the 
total yield referring to all bulbs and commercial 
yield referring to bulbs distributed in the classes II, 
III, and IV. Nutrient accumulation was calculated 
by multiplying the dry matter production by the 
nutrient contents in the plant tissue. Extraction 
curves were generated by plotting the accumulation 
of dry matter and nutrients in the shoot, bulb, 
and total (leaves plus bulb) as a function of the 
phenological stage, represented by collection dates, 
for each nutrient. Nutrient relative extraction (kg 
Mg−1) was calculated from the division of the total 
accumulated in the whole plant at harvest time 
by the total relative yield. The harvest index (%) 
was obtained by the ratio between the dry matter 
accumulation of the nutrient in the bulb and the total 
accumulation of the crop.
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The data were submitted to analysis with the use 
of descriptive statistics. The dry matter accumulation 
curve and nutrient extraction curves were fit using 
the software Sigma Plot Version 11. Models with the 
highest coefficient of determination and statistical 
significance were considered valid with p≤0.05. 
Thus, the models that best fit were linear, quadratic, 
and logistic, which is shown below:

, 

ŷ = dependent variable; 

L = maximum value of the curve;

e = basis of the natural logarithms (Euler number);

k = slope of the curve;

x = independent variable (days after sowing, 
DAS);

x0 = value of x at the midpoint of the sigmoid 
curve.

The determination of the maximum values 
estimated for all response variables was performed 
as a function of the maximum X for each case, i.e. 
through the value referring to the harvest date of 
each cultivar and year.

Results and Discussion

Leaf (LDM) and bulb dry matter (BDM) 
accumulations presented three phases. The number 
of days and magnitude of accumulation at each phase 
varied in the two years for both cultivars (Figures 
2A, B, C, and D). Both cultivars accumulated little 
dry matter in the first growth phase, both leaf and 
bulb, in both years of cultivation. The threshold of 
this growth phase for the subsequent phase was 69 
and 80 DAS for the cultivar ‘Optima’ and ‘Sirius’, 
respectively, in relation to LDM. For BDM, this 
phase lasted up to 93 DAS for the cultivar ‘Optima’ 
and up to 101 DAS for the cultivar ‘Sirius’. For this 
last cultivar, this phase was possibly extended due 
to its longer cycle.

In a study with the cultivar ‘Optima’ under no-
tillage, Pôrto et al. (2006) observed similar results 
for dry matter accumulation. The growth model fit 
by these authors was characterized by three phases 
of dry matter accumulation. Two cultivars of onion 
grown in Rio Grande do Norte presented a curve of 
shoot dry matter accumulation that extended its first 
phase up to 83 days after transplanting (AGUIAR 
NETO et al., 2014). Method and planting season, 
genotype difference, and climate conditions may 
have provided this difference. In addition to 
genotype, edaphoclimatic factors have an influence 
on the phenotypic expression of the plant. In fact, 
there was a difference in the extension of the first 
growth phase in the second year of cultivation. For 
LDM, it was 58 and 64 DAS and for BDM it was 
up to 76 and 98 DAS for the cultivars ‘Optima’ and 
‘Sirius’, respectively.

The highest dry matter increment occurred in the 
second growth phase for both cultivars and years of 
cultivation (Figures 2A, B, C, and D). In the leaf, 
in the first year, the cultivar ‘Optima’ accumulated 
2,958 kg ha−1 of LDM from 69 to 93 DAS and the 
cultivar ‘Sirius’ accumulated 3,358 kg ha−1 of LDM 
from 69 to 109 DAS, corresponding to 98% of the 
total. In the second year, the second phase lasted 
until 101 and 103 DAS for the cultivars ‘Optima’ 
and ‘Sirius’, respectively. The highest accumulation 
rate of BDM in 2014 for the cultivar ‘Optima’ 
occurred from 93 to 107 DAS, totaling 9,312 kg 
ha−1, which corresponded to 80.6% of the total 
accumulated up to the end of the cycle. The cultivar 
‘Sirius’ presented an accumulation of 10,431 kg 
ha−1 in the period from 101 to 118 DAS. In 2015, 
the highest accumulation rate for both cultivars 
occurred between 76 and 101 DAS, which resulted 
in a total of 2,533 and 3,060 kg ha−1 for the cultivars 
‘Optima’ and ‘Sirius’, respectively.

The third phase was characterized by a lower 
accumulation rate in relation to the second phase 
(Figure 2A, B, C, and D). In 2014, this phase 
lasted for 20 (107 to 127 DAS) and 22 days (118 to 
140 DAS) for the cultivars ‘Optima’ and ‘Sirius’, 
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In a study with the cultivar ‘Optima’ under no-tillage, Pôrto et al. (2006) observed similar results 

for dry matter accumulation. The growth model fit by these authors was characterized by three phases of dry 

matter accumulation. Two cultivars of onion grown in Rio Grande do Norte presented a curve of shoot dry 

matter accumulation that extended its first phase up to 83 days after transplanting (AGUIAR NETO et al., 

2014). Method and planting season, genotype difference, and climate conditions may have provided this 

difference. In addition to genotype, edaphoclimatic factors have an influence on the phenotypic expression of 

the plant. In fact, there was a difference in the extension of the first growth phase in the second year of 

cultivation. For LDM, it was 58 and 64 DAS and for BDM it was up to 76 and 98 DAS for the cultivars 

‘Optima’ and ‘Sirius’, respectively. 

The highest dry matter increment occurred in the second growth phase for both cultivars and years 

of cultivation (Figures 2A, B, C, and D). In the leaf, in the first year, the cultivar ‘Optima’ accumulated 2958 

kg ha−1 of LDM from 69 to 93 DAS and the cultivar ‘Sirius’ accumulated 3358 kg ha−1 of LDM from 69 to 

109 DAS, corresponding to 98% of the total. In the second year, the second phase lasted until 101 and 103 

DAS for the cultivars ‘Optima’ and ‘Sirius’, respectively. The highest accumulation rate of BDM in 2014 for 

the cultivar ‘Optima’ occurred from 93 to 107 DAS, totaling 9312 kg ha−1, which corresponded to 80.6% of 

the total accumulated up to the end of the cycle. The cultivar ‘Sirius’ presented an accumulation of 10431 kg 

ha−1 in the period from 101 to 118 DAS. In 2015, the highest accumulation rate for both cultivars occurred 
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respectively. In this phase, a reduction was observed 
in the LDM and BDM accumulation, reaching a 
near standstill as it approaches the harvest when the 
bulb begins the maturation stage. In 2015, after the 
stability period of the second phase, a final phase 

of increase was observed in BDM until the end of 
the cycle, with 43% of the total accumulated for the 
cultivar ‘Optima’ from 101 to 121 DAS and 65% of 
the total accumulated for the cultivar ‘Sirius’ from 
103 to 124 DAS.

Figure 2. Curves of dry matter accumulation in the leaves (●), bulbs (○), and whole plant (▼) of the onion cultivars 
‘Optima’ (A and C) and ‘Sirius’ (B and D) in 2014 (A and B) and 2015 (C and D).
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The estimated maximum accumulation of the total dry matter on the harvest day was 17224 and 

7209 kg ha−1 for the cultivar ‘Optima’ in 2014 and 2015, respectively, and 16124 and 7251 kg ha−1 for 

‘Sirius’ in 2014 and 2015, respectively. The lowest harvest index (71%) was estimated for the cultivar 

‘Sirius’ in 2014 and the highest (75.3%) for the cultivar ‘Optima’ in 2015 (Table 2). This reinforces that 

climate changes, even if small, can interact with genotypes differently. 

The estimated maximum accumulation of the 
total dry matter on the harvest day was 17,224 and 
7,209 kg ha−1 for the cultivar ‘Optima’ in 2014 and 
2015, respectively, and 16,124 and 7,251 kg ha−1 for 
‘Sirius’ in 2014 and 2015, respectively. The lowest 

harvest index (71%) was estimated for the cultivar 
‘Sirius’ in 2014 and the highest (75.3%) for the 
cultivar ‘Optima’ in 2015 (Table 2). This reinforces 
that climate changes, even if small, can interact with 
genotypes differently.
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Table 2. Harvest index (%), relative extraction of dry matter and macronutrients, and yield for the onion cultivars 
‘Optima’ and ‘Sirius’ in 2014 and 2015 in Rio Paranaíba, MG, Brazil.

Variable
2014 2015

‘Optima’ ‘Sirius’ ‘Optima’ ‘Sirius’
Harvest index (%)

Dry matter 74.2 71.0 75.3 71.6
N 71.5 62.6 69.8 66.3
P 83.4 78.1 71.3 70.4
K 63.2 64.6 61.9 58.0
Ca 61.2 55.7 46.8 37.2
Mg 69.0 60.1 66.7 50.0
S 62.2 72.3 71.4 72.7

Relative extraction (kg Mg−1)
N 1.67 1.34 1.55 1.32
P 0.71 0.68 0.38 0.49
K 2.68 2.39 2.11 1.95
Ca 1.66 1.66 0.75 0.78
Mg 0.46 0.40 0.22 0.23
S 0.27 0.29 0.32 0.37

Yield (Mg ha−1)
Total 118.2 115.8 59.0 60.7

Commercial 101.1 102.5 59.0 60.1

The sigmoidal model explained the total 
accumulation (shoot and bulb) of nutrients by the 
onion. N was the second most accumulated nutrient, 
with a mean of 198 kg ha−1 for both cultivars in 
2014 and 80 kg ha−1 in 2015 (Figures 3A, B, C, and 
D). Vidigal et al. (2010) also found that N was the 
second most accumulated macronutrient. However, 
a difference was observed between the LDM and 
BDM accumulation in periods of higher demand. In 
the leaf, the period between 85 to 105 DAS required 
the highest N content for the cultivar ‘Optima’ 
and between 85 and 115 DAS for ‘Sirius’ in 2014 
(Figure 3A).

In 2015, N accumulation in the leaf stabilized 
after 80 DAS for the cultivar ‘Optima’ and after 65 
DAS for the cultivar ‘Sirius’ (Figures 3C and D). In 
the bulb, the demand was increasing for the cultivar 
‘Optima’ from 90 DAS, while for the cultivar 

‘Sirius’ a phase of a rapid increase was observed 
between 90 and 110 DAS, followed by stabilization. 
Bulb presented an N accumulation higher than that 
observed for leaf at the end of the cycle, which can 
be attributed to an N redistribution from the shoot 
(source) to the bulb (drain).

P was the fourth most accumulated nutrient, 
with a mean of 81 and 26 kg ha−1 for both cultivars 
in 2014 and 2015, respectively (Figures 4A, B, C, 
and D). The period of highest accumulation for 
this nutrient was from 82 to 105 DAS and from 67 
DAS for the cultivar ‘Optima’ in 2014 and 2015, 
respectively (Figures 4A and C). For the cultivar 
‘Sirius’, the highest accumulation occurred from 80 
DAS in both years (Figures 4B and D). However, this 
nutrient presented the highest harvest index in 2014, 
showing that most of P in the whole plant is in the 
bulb. P participation in the bulb was approximately 
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81% (Table 2). As for N, P has its leaf increment 
practically null after 110 DAS. In the bulb, on the 

contrary, the accumulation was continuous until the 
harvest.

Figure 3. Curves of nitrogen accumulation in the leaves (●), bulbs (○), and whole plant (▼) of the onion cultivars 
‘Optima’ (A and C) and ‘Sirius’ (B and D) in 2014 (A and B) and 2015 (C and D).
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Despite the low P extraction by onion plants, fertilization with this nutrient is high, with a mean of 

935 kg ha−1 of P2O5 in both years of cultivation. In addition to the high buffering power and low P 

availability in the studied soils (Table 1), the extraction curves of this nutrient showed that the highest 

demand generally occurs from the middle third to the end of the cycle, mainly for bulb accumulation 

(Figures 4A, B, C, and D). Because all P is applied at planting and at the beginning of the cycle the plants 

have few roots when plants are at a full demand the majority had already been fixed by iron and aluminum 

oxyhydroxides (NOVAIS et al., 2007). Given this, it would be interesting to seek strategies to apply P as 

topdressing fertilization during periods of high demand, which would optimize its application and could even 

reduce the applied dose. P is considered slightly mobile in the soil (NOVAIS et al., 2007) and the 

Despite the low P extraction by onion plants, 
fertilization with this nutrient is high, with a mean 
of 935 kg ha−1 of P2O5 in both years of cultivation. 
In addition to the high buffering power and low 
P availability in the studied soils (Table 1), the 
extraction curves of this nutrient showed that the 
highest demand generally occurs from the middle 
third to the end of the cycle, mainly for bulb 
accumulation (Figures 4A, B, C, and D). Because 
all P is applied at planting and at the beginning of 
the cycle the plants have few roots when plants are 

at a full demand the majority had already been fixed 
by iron and aluminum oxyhydroxides (NOVAIS 
et al., 2007). Given this, it would be interesting to 
seek strategies to apply P as topdressing fertilization 
during periods of high demand, which would 
optimize its application and could even reduce the 
applied dose. P is considered slightly mobile in 
the soil (NOVAIS et al., 2007) and the topdressing 
application should be carried out near the root 
system, with the use of fertirrigation and subsurface 
drip system, for example.
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Figure 4. Curves of phosphorus accumulation in the leaves (●), bulbs (○), and whole plant (▼) of the onion cultivars 
‘Optima’ (A and C) and ‘Sirius’ (B and D) in 2014 (A and B) and 2015 (C and D).
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K was the nutrient accumulated in higher amounts by onion. The harvest index of K was 63.2% 

(2014) and 61.9% (2015) for the cultivar ‘Optima’, and 64.6% (2014) and 58% (2015) for the cultivar 

‘Sirius’ (Table 2). Vidigal et al. (2010) also observed that K was the nutrient most extracted by onion. This 

fact is explained by its osmotic function and transport of photoassimilates from leaves to reserve organs 

(MALAVOLTA, 2006), the bulb in the case of onion. 

The period of highest demand for K in 2014 was 81 to 122 DAS and 85 to 115 DAS for the 

cultivars ‘Optima’ and ‘Sirius’, respectively (Figures 5A and B). In this period, accumulation was equivalent 

K was the nutrient accumulated in higher 
amounts by onion. The harvest index of K was 
63.2% (2014) and 61.9% (2015) for the cultivar 
‘Optima’, and 64.6% (2014) and 58% (2015) for the 
cultivar ‘Sirius’ (Table 2). Vidigal et al. (2010) also 
observed that K was the nutrient most extracted by 
onion. This fact is explained by its osmotic function 
and transport of photoassimilates from leaves to 
reserve organs (MALAVOLTA, 2006), the bulb in 
the case of onion.

The period of highest demand for K in 2014 was 
81 to 122 DAS and 85 to 115 DAS for the cultivars 
‘Optima’ and ‘Sirius’, respectively (Figures 5A and 
B). In this period, accumulation was equivalent to 
81 and 89.8% of the total accumulated at the end 
of the cycle for the cultivars ‘Optima’ and ‘Sirius’, 
respectively. The cultivar ‘Sirius’ presented the 
highest mean accumulation rate of K in the period 
of higher demand, with an accumulation of 8.27 kg 
ha−1 per day, demonstrating that this cultivar is more 
demanding on K when compared to ‘Optima’.
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Figure 5. Curves of potassium accumulation in the leaves (●), bulbs (○), and whole plant (▼) of the onion cultivars 
‘Optima’ (A and C) and ‘Sirius’ (B and D) in 2014 (A and B) and 2015 (C and D).
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Ca was the third most accumulated nutrient by the plant, with 194 and 46 kg ha−1 at the end of the 

cycle for both cultivars in the first and second years of cultivation, respectively. The content of this nutrient 

in soil is similar for both years and cultivation areas (Table 1). However, the relative extraction of Ca (1.66 

kg Mg−1) and total yield (117 Mg ha−1) in 2014 represented practically twice that observed in the following 

year (0.76 kg Mg−1 and 60 Mg ha−1) (Table 2). Lower precipitation and hence lower cloudiness, higher mean 

temperature, and lower relative humidity (Figure 1A) may have contributed to higher evapotranspiration and 

higher photosynthesis conditions, which would justify the higher Ca accumulation and yield in 2014. 

Ca was the third most accumulated nutrient by 
the plant, with 194 and 46 kg ha−1 at the end of 
the cycle for both cultivars in the first and second 
years of cultivation, respectively. The content of 
this nutrient in soil is similar for both years and 
cultivation areas (Table 1). However, the relative 
extraction of Ca (1.66 kg Mg−1) and total yield (117 
Mg ha−1) in 2014 represented practically twice that 
observed in the following year (0.76 kg Mg−1 and 
60 Mg ha−1) (Table 2). Lower precipitation and 
hence lower cloudiness, higher mean temperature, 
and lower relative humidity (Figure 1A) may have 
contributed to higher evapotranspiration and higher 

photosynthesis conditions, which would justify the 
higher Ca accumulation and yield in 2014.

The highest Ca accumulations occurred between 
70 and 105 DAS and 85 and 117 DAS for the 
cultivar ‘Optima’ in 2014 and 2015, respectively 
(Figures 6A and C), and between 85 and 115 DAS 
and 70 and 100 DAS for the cultivar ‘Sirius’ in 2014 
and 2015, respectively (Figures 6B and D), which 
corresponded to 47% of the total in the whole plant. 
Vidigal et al. (2010) observed similar results, in 
which Ca was the third nutrient most accumulated 
by the whole plant, with an estimated value of 97.7 
kg ha−1.
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The shoot accumulated a higher amount of Ca in 
the second year (Figures 6C and D), different from 
that observed for N, P, and K at the end of the cycle. 
The cultivar ‘Sirius’ had a harvest index of 46% 
for Ca in the mean of two years. The low mobility 

of Ca in the plants may lead to its insignificant 
redistribution (MALAVOLTA, 2006). Moreover, 
according to Malavolta et al. (1997), the competition 
in Ca and K uptake decreases Ca concentration in 
the bulb when there is a higher K flow to this organ.

Figure 6. Curves of calcium accumulation in the leaves (●), bulbs (○), and whole plant (▼) of the onion cultivars 
‘Optima’ (A and C) and ‘Sirius’ (B and D) in 2014 (A and B) and 2015 (C and D).
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Similar to Ca, leaf accumulated a similar amount of Mg as the bulb did for the cultivar ‘Sirius’ in 

2015 (Figure 7D). Leaf presented a higher accumulation in the period of 75 to 95 DAS for the cultivar 

‘Optima’ in 2014 and 2015, respectively. For the cultivar ‘Sirius’, the highest accumulation was verified 

Similar to Ca, leaf accumulated a similar amount 
of Mg as the bulb did for the cultivar ‘Sirius’ in 2015 
(Figure 7D). Leaf presented a higher accumulation in 
the period of 75 to 95 DAS for the cultivar ‘Optima’ 
in 2014 and 2015, respectively. For the cultivar 
‘Sirius’, the highest accumulation was verified 
between 62 and 98 DAS in both years of cultivation. 

The bulb showed a higher Mg accumulation from 
105 and 82 DAS for the cultivars ‘Optima’ and 
‘Sirius’, respectively.

S presented the highest demand from 80 DAS in 
both cultivars and years of cultivation (Figures 8A, 
B, C, and D). For the cultivar ‘Optima’, this period 
was shorter, i.e. only 30 days (Figures 8A and 
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C). Similar to N, P, and K and different from that 
observed for Ca and Mg, S accumulation was higher 
in the bulb, with a value of about 66.2% for the 
cultivar ‘Optima’ and 72.5% for the cultivar ‘Sirius’ 
in both years. Similar results were found by Nasreen 
et al. (2003), who verified that S accumulates more 
in the bulb, with a value of about 82%. These authors 
explain that S accumulation occurs in the bulb as the 
plant reaches a more photosynthetic development. 

With an adequate leaf growth, a good translocation 
and photoassimilate partitioning occur from leaves 
to the bulbs, resulting in larger bulb size and higher 
dry matter production. This high S translocation to 
the bulbs at the last growth stage is due to a high 
concentration of sulfur amino acids, which give the 
characteristic aroma and flavor (LEE et al., 2003; 
MALAVOLTA, 2007).

Figure 7. Curves of magnesium accumulation in the leaves (●), bulbs (○), and whole plant (▼) of the onion cultivars 
‘Optima’ (A and C) and ‘Sirius’ (B and D) in 2014 (A and B) and 2015 (C and D).
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Based on the relative extraction, N and K were the most extracted nutrients under the most studied 
Based on the relative extraction, N and K were 

the most extracted nutrients under the most studied 
conditions, except for the cultivar ‘Sirius’ in 2014, 

in which Ca was more extracted when compared 
to N. They also presented a high harvest index, 
with a mean of years and cultivars of 68 and 62% 
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for N and K, respectively (Table 2). Due to this 
high demand, they represent a high production 
cost since their applications must be divided, thus 
increasing workforce and operational costs. From 
the extraction curves, it is possible to estimate the 
productive potential of the cultivars ‘Optima’ and 
‘Sirius’ and thus determine more rational and exact 
doses of N and K, as well as determine the number 
of topdressing applications required.

The mean total and commercial yield did not 
vary as a function of the cultivars, but as a function 

of the years of cultivation, with a mean of 117 and 
60 Mg ha−1 in 2014 and 2015, respectively (Table 
2). Moreover, the mean of discard was 13% in 
2014 in relation to the total yield and almost null 
in the subsequent year. Climate factors may have 
contributed to this difference between the years of 
cultivation. During the cycle of 2014, the relative 
humidity and precipitation were lower when 
compared to 2015 (Figure 1B). Therefore, lower 
precipitation, lower cloudiness, and higher solar 
irradiation led to a higher onion yield in 2014.

Figure 8. Curves of sulfur accumulation in the leaves (●), bulbs (○), and whole plant (▼) of the onion cultivars 
‘Optima’ (A and C) and ‘Sirius’ (B and D) in 2014 (A and B) and 2015 (C and D).
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The assessment of the amount of macronutrients 
accumulated by onion bulbs established by direct 
seeding should be used to calibrate the amount of 
nutrients to be replenished by means of fertilization 
programs since it represents an important component 
of nutrient removal from the soil. Influence of 
cultivar and cultivation conditions were observed on 
the nutrient extraction curves for the onion crop in 
Alto Paranaíba, MG, Brazil. Thus, the fertilization 
of this crop must consider the demand of different 
cultivars, as well as the conditions of cultivation, 
which can influence their productive potential.

Conclusions

Dry matter and macronutrient accumulation 
were characterized by three phases: the first phase 
had a slow accumulation and was followed by a 
fast increment and subsequent stabilization. The 
macronutrients most accumulated in the bulbs are P 
and S, followed by K and N. The decreasing order 
of nutrient accumulation observed for the onion 
cultivars ‘Optima’ and ‘Sirius’ was K > N > Ca > 
P > Mg > S and K > Ca > N > P > Mg > S in 2014, 
respectively, and K > N > Ca > P > S > Mg for both 
cultivars in 2015.
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