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DETERMINATION OF GROWTH AND NUTRIENT ACCUMULATION IN BELLA
VISTA ONION!

CLARICE BACKES’, ROBERTO LYRA VILLAS BOAS’, LEANDRO JOSE GRAVA DE GODOY*, PABLO FORLAN
VARGAS**, ALESSANDRO JOSE MARQUES SANTOS?

ABSTRACT - Knowledge of the nutrient uptake by crops at different stages of growth may provide the basis
for rational application of fertilizers, which may lead to reduced production costs and improved use of
fertilizers by plants. Based on this knowledge, we conducted this study to determine the biomass and nutrient
accumulation curve of the onion cultivar Bella Vista in a system of transplanted seedlings. The experiment was
carried out in Ituporanga—SC, Brazil, by using a randomized block design with three replicates. Eleven plant
collections were carried out throughout the crop cycle. The variables evaluated included plant length; total dry
biomass of leaves, bulbs, and roots; and concentrations of macro- and micronutrients. The maximum dry
biomass accumulation in the shoots and bulbs at 140 days after transplanting (DAT) was 4.26 and 27.41 mg per
plant, respectively, which contributed to 13% and 85% of the whole plant dry biomass at the end of the cycle,
respectively. Potassium (K, 521.6 mg) was accumulated in the largest quantity per plant, followed by nitrogen
(N, 465.7 mg), calcium (Ca, 253.3 mg), sulfur (S, 109.0 mg), magnesium (Mg, 86.9 mg), and phosphorus (P,
76.5 mg). The micronutrient accumulation was as follows: iron (Fe, 6,227.5 ng), boron (B, 902.3 pug), zinc (Zn,
573.7 pug), manganese (Mn, 573.7 ug), and copper (Cu, 241.4 ng).

Keywords: Allium cepa L.. Growth analysis. Mineral nutrition.

DETERMINACAO DO CRESCIMENTO E ACUMULO DE NUTRIENTES EM CEBOLA BELLA
VISTA

RESUMO - O conhecimento da extragdo de nutrientes pelas culturas, em diferentes estadios, pode fornecer
subsidios para aplicacdo racional de fertilizantes, resultando na redugdo dos custos de producdo e melhor
aproveitamento dos fertilizantes pelas plantas. Desta forma, objetivou-se com este trabalho determinar a curva
de acimulo de fitomassa e nutrientes para a cebola cv. Bella Vista, em sistema de mudas transplantadas. O
experimento foi instalado ¢ conduzido no municipio de Ituporanga — SC, Brasil, utilizando o delineamento
experimental utilizado foi em bloco ao acaso com trés repetigdes. Foram avaliados o comprimento da planta,
fitomassa seca total, das folhas, do bulbo e raizes e concentragdo de macro e micronutrientes. A maxima
fitomassa seca de da parte aérea e bulbos aos 140 dias apds o transplante foi de 4,26 e 27,41 mg por planta,
respectivamente, o que contribuiu para 13% e 85% da massa seca total da planta no final do ciclo,
respectivamente. O potassio (521,6 mg) foi acumulado em maior quantidade pela planta, seguido pelo
nitrogénio (N, 465,7 mg), calcio (Ca, 253,3 mg), ensofre (S, 109,0 mg), magnésio (Mg, 86,9 mg) e fosforo (P,
76,5 mg). Para os micronutrientes a ordem de acumulo foi: ferro (Fe, 6.227,5 pg), boro (B, 902,3 pg), zinco
(Zn, 573,7 pg), manganés (Mn, 573,7 ug), e cobre (Cu, 241,4 pg).

Palavras-Chave: Allium cepa L.. Andlise de crescimento. Nutrigdo mineral.
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INTRODUCTION

Among the many species of the genus Allium
cultivated through olericulture, onion stands out for
the consumption quantity and economic value that
make it the third most important vegetable in Brazil
in terms of economic value, ranking behind potato
and tomato crops.

Plant nutrition is one of the several factors
influencing the productivity and quality of onion
bulbs (KURTZ; ERNANI, 2010). Balanced plant
nutrition, attained through the supply of nutrients for
the growth and development of plants at different
stages of development, is essential for them to
express their maximum genetic potential. Excessive
use of fertilizers leads to an increase in the
occurrence of leaf diseases, soil salinity, and nutrient
imbalance, generating unnecessary additional costs.
Its deficiency, by contrast, affects the entire
development of the plant by changing its
physiological and biochemical functions such as the
constitution of proteins (N) and nucleic acids (P) and
altering the synthesis of carbohydrates (K) and some
amino acids (S).

The production of a cultivar results from
interactions between the plant and the environment.
To understand this interaction, one must measure the
plant growth dynamics, in addition to its production.
These data are essential for developing the growth
and production models of a crop (CHARLO et al.,
2011).

Knowledge on the growth of cultivated
species enables the planning of rational cultivation
methods, thereby contributing to the expression of
genetic potential, in addition to providing data for
the development of mathematical models describing
the growth. This technique is based on the sequential
measurement of the dry matter accumulation by the
plant and/or its parts (CASTOLDI et al., 2009).

The amount of nutrients absorbed by a crop is
a function of the concentration of the nutrient in the
dry matter and dry matter production of each plant
organ per area unit. Halvorson et al. (2002) found
that the dry matter accumulation of onion leaves
increased a little after mid-cycle and decreased
thereafter. Vidigal, Pereira and Pacheco (2002), on
the other hand, evaluated the growth and nutrient
uptake of Alfa Tropical onion (130 days in the
summer cycle) and found that the plants growth was
slow until mid-cycle and intensified thereafter until
the end of the cycle.

According to studies by Aguiar Neto et al.
(2014), the order of nutrient accumulation by the
onion was different between cultivars Texas Grano
502 and IPA 11 and in relation to the cultivation site
(Petrolina—PE and Barauna—RN). Of the total
nutrients absorbed by the Alfa Tropical onion plant
cultivated via seedling transplant, the bulbs
accumulated 50.35% nitrogen (N), 83.98%
(phosphorus) (P), 53.34% potassium (K), 45.09%

calcium (Ca), 60.00% magnesium (Mg), 56.17%
sulfur (S), 84.32% zinc (Zn), 46.89% iron (Fe),
41.01% manganese (Mn), and 9.77% copper (Cu)
(VIDIGAL; PEREIRA; PACHECO, 2010).

Based on studies on nutrient uptake
conducted in Sdo José do Rio Pardo-SP with
cultivars Optima and Superex, May et al. (2008)
found that even under similar cultivation conditions,
there were differences in nutrient accumulation
between both the cultivars.

The amount of nutrients extracted and
exported by the crop varies according to the cultivar,
yield, soil type, climate, plant density, and
management. Hence, it is always necessary to
establish the accumulation curves for each new
cultivar released under different soil and climatic
conditions.

This study was conducted to determine the
growth and nutrient accumulation curve of Bella
Vista onion in a system of transplanted seedlings.

MATERIAL AND METHODS

The experiment was conducted in
Ituporanga—SC, Brazil (27°25'07"S and 49°38'46"W,
475 m above sea level) from June 6 to November 18,
2011. According to the Koppen classification, the
climate is subtropical humid type with hot summers
(Cfa). The average annual temperature is 19.0°C, and
the average annual precipitation is 1530 mm. It rains
year-long in the region, but rainfall is the lowest in
July and the highest in January. In January, the
hottest month of the year, the average temperature is
23.4°C, and in June, the average temperature is
14.7°C, which is the lowest. Figure 1 shows the
precipitation and temperature data recorded in
Ituporanga during the experimental period.

The soil used for planting was classified as a
Haplic Cambisol (SANTOS et al., 2006) of medium
to clay texture. Soil samples were collected before
planting the crop in the 0-20 cm layer. According to
the analysis, the soil had the following chemical
characteristics: pH (H,O) of 5.9; organic matter of
26 g dm™; P (Mehlich) of 6.1 mg dm™; H+AI, K,
Ca, Mg, and cation exchange capacity of 35, 3.2, 74,
41, and 153 mmol, dm™, respectively; and base
saturation of 77%.

The experimental design adopted was the
randomized block type with three replicates. The
treatments included 11 plant collection dates. Each
block was composed of a six-row bed; the four
center rows were considered the usable ones where
the plants were marked at random according to their
collection date. Plants were harvested every 14 days,
with 10 plants sampled per plot at 0, 14, 28, and
42 days after transplanting (DAT); seven plants
sampled at 56 and 70 DAT; five plants sampled at
84 and 98 DAT; and three plants sampled at 112,
126, and 140 DAT.
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Figure 1. Precipitation and air temperature during the experimental period.

In this study, we used the short-day onion
cultivar Bella Vista (Sakata Seeds®), which has a
super early cycle (135-150 days) and greater
tolerance to leaf diseases caused by Phytophthora
sp., Alternaria porri, and Botrytis spp. because of the
plant’s architecture, firm leaves, and high waxiness.
The seedlings were produced in seedling trays
(1.2 m width x 30 cm height), transplanted on April
11,2011.

After the preparation of the beds, fertilizers
was applied using 40, 160, and 80 kg ha' N, P,Os
and K,0, respectively, employing the 5-20-10 mixed
fertilizer as the source and incorporating the
nutrients with a bed shaper. Approximately, 3 g of
seeds were used per square meter of bed, generating
a population of 600 plants m>. The beds were
covered with a fine layer of sawdust.

Approximately 25 to 30 days after
emergence, topdressing was applied with 38 kg ha™'
N, 47 kg ha' Ca, and 0.75 kg ha' B, using
boron-containing calcium nitrate (30 g kg B) as
source.

The  planting area  was  prepared
conventionally by scarifying and harrowing the soil
twice. Liming was not necessary because of the high
exchangeable base saturation in the soil.

Seedlings were harvested at 66 days after
planting, after which all of them had their heights
standardized by cutting their upper portion with a
machete. The seedlings were transplanted into a
definitive area with the naked root on June 06, 2011,
with 0.33 m spacing between rows, at 10 plants m™',
defining a density of 300 thousand plants ha'. The
furrows for planting were opened with a six-row bed
shaper.

During pre-plant fertilization of the furrow,
the soil received 40, 160, and 80 kg ha! of N, P,0s,
and K,O using the 5-20-10 mixed fertilizer.
Topdressings were applied in split sessions
throughout the cycle as follows: the first session
consisted of 45 kg ha™' N, in the form of urea, at

30 DAT; the second session consisted of 35, 43, and
0.7 kg ha' of N, Ca, and B, respectively, in the form
of calcium nitrate with boron, at 56 DAT; the third
session consisted of 23, 28, and 0.45 kg ha! of N,
Ca, and B, respectively, in the form of calcium
nitrate and boron, at 80 DAT; the fourth session
consisted of 18 kg ha! N, 18 kg ha”' K,0, and
22.5 kg ha™' Ca, with the 12-00-12 mixed fertilizer
and 15% Ca, at 95 DAT, and the fifth session
consisted of 12 kg ha”' N, 12 kg ha”' K,0, and
15 kg ha™' Ca, with the 12-00-12 mixed fertilizer and
15% Ca, at 109 DAT.

The total amount of nutrients applied during
the crop cycle was 173, 160, 110, 108.5, and
1.15 kg ha' of N, P,0s, K,O, Ca, and B,
respectively. Additionally, three foliar fertilizations
were performed using manganese phosphate
(300 g kg™ P and 100 g kg”' Mn) and zinc phosphate
(400 g kg' P and 100 g kg Zn) at the rate of
1.5Lha.

The plants collected on the respective dates
were taken to the Laboratory of Plant Analysis at the
Department of Soil and Environmental Resources,
Faculty of Agricultural Sciences, Sdo Paulo State
University (UNESP), located in Botucatu—SP,
Brazil. The plant length (distance between the plant
pseudostem and the apex of the tallest leaf) was
determined using a graduated ruler and bulb
diameter was determined using a digital caliper.

After these determinations, the sampled
plants were separated into leaves, commercial bulbs
(flawless and with a transverse diameter greater than
35 mm), and roots; washed in running water with
detergent; and finally washed in deionized water.
Next, the material was weighed and dried in a
forced-air oven at 65°C until a constant mass for
determination of the accumulated dry biomass was
reached. Subsequently, the plant material was
ground, and the concentrations of nutrients (N, P, K,
Ca, Mg, S, B, Fe, Mn, Cu, and Zn) were determined
according to the method of Malavolta, Vitti and
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Oliveira (1997). Based on the results for dry biomass
and nutrient concentration, the amounts of nutrients
per hectare were calculated, considering the
population of 300,000 plants.

The dry biomass and nutrient accumulations
throughout the cycle were calculated by adjusting the
nutrient accumulations of each evaluation date, using
the Sigma Plot graphic program (version 10.0), by
the sigmoidal model (y = a/I+ e “*?)).

RESULTS AND DISCUSSION
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The bulb development was slow until 70
DAT. After this date, it had a more intense growth
up to the end of the cycle (Figure 2A). The largest
diameter of the bulbs of onion plants (81.0 mm) was
obtained at 140 DAT; however, the difference from
the previous measurement (126 DAT) was only 2.8
mm. This was due to the end of the harvest and
stoppage of bulb growth. At this developmental
stage, bulbs stop their cell expansion process and
undergo only chemical changes until complete
maturation.
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Figure 2. Bulb diameter (A), leaf length (B), and dry matter accumulation (C) of Bella Vista onion plants as a function of
sampling times. DM = dry matter; pl = plant; bb = bulbs; sh = shoots; rt = roots.

The onion plant length showed a sigmoid
behavior (Figure 2B), because at the end of the
cycle, the older leaves (the larger so far) entered
senescence and started to dry. Because of this
reason, measurements were performed in younger
but smaller leaves. According to Augostinho et al.
(2008), the sigmoid curve depicts best the growth of
plants in general, with a slow growth in the initial
stage and an intense growth phase later. The onion
plants started to develop faster after 56 DAT,
showing marked growth up to 112 DAT. The
reduction in values of length observed at 14 DAT
can be explained by the leaf-cutting practice, which
occurred at seedling transplantation (0 DAT).

Initially, the dry biomass was formed by
leaves and roots (Figure 2C). From 70 DAT, bulbs
started to form, which led to an increase in dry

matter. At 112 DAT, the bulb dry matter (64%) was
greater than that of shoots (34%). At the end of the
cycle, the plant parts comprised of the following
percentages: leaves = 13%, bulbs = 85%, and
roots = 2%.

Maximum accumulation of dry matter of
shoots and bulbs was 4.3 and 27.4 g per plant,
respectively, at 140 DAT (Figure 2C). The
maximum total dry matter obtained from the onion
was 31.7 g per plant. Lower results were observed by
Porto et al. (2006, 2007) with cultivars Optima
(18.6 g per plant) and Superex (22.6 g per plant)
established in a no-till sowing system in the
municipalities of Itobi and Sao Jos¢ do Rio
Pardo—SP. The larger accumulation of dry matter
may be related to several factors but mostly depends
on the cultivar and the crop implementation method
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used.

From seedling transplant to the first harvest,
the daily dry matter gain (over 14 days) was 0.01 g.
For the other evaluated intervals of 15-28, 29-42,
43-56, 57-70, 71-84, 85-98, 99-112, 113-126, and
127-140 days, the respective daily gains were 0.01,
0.01, 0.02, 0.11, 0.10, 0.62, 0.34, 0.88, and 0.18 g.
The maximum dry matter accumulation (0.88 g day '
per plant) was observed in the period of
113-126 DAT. After this period, daily dry matter
gain declined again. According to Porto et al. (2006),
at this stage, the growth of shoots is practically
suppressed, and the increase in dry matter of bulbs is
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markedly reduced. The first situation is explained by
the loss of position of main drain to the bulbs, while
the second is caused by the approaching harvest
season.

The nutrient uptake curves were similar to the
growth curves (Figures 3 and 4). The macronutrients
accumulated in the shoots (mg per plant), in
descending order, were Ca (143.6), N (132.8), K
(129.7), Mg (41.1), S (25.7), and P (16.1). For the
micronutrients, the following sequence was observed
(ng per plant): Fe (5,173.0), B (255.0), Zn (181.8),
Mn (145.2), and B (77.0).
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Figure 3. Accumulation of nitrogen (A), phosphorus (B), potassium (C), calcium (D), magnesium (E), and sulfur (F) in
Bella Vista onion plants as a function of days after transplanting. pl = plant; bb = bulbs; sh = shoots.
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Figure 4. Accumulation of boron (A), copper (B), iron (C), zinc (D), and manganese (E) as a function of sampling dates,
and percentage of accumulation of nutrients (F) in the bulbs and leaves of Bella Vista onion plants. pl = plant; bb = bulbs;

sh = shoots.

The amounts of nutrients contained in the
bulbs differed largely from those in the leaf; in
descending order (mg per plant), they were
K = 387.6, N = 369.8, Ca = 113.3, S = 94.3,
P =66.6, and Mg = 45.2. The accumulation sequence
of micronutrients (ug per plant) was Fe = 3,286.5,
B=714.5Zn=511.2, Mn=173.7, and Cu = 173.5.
The increase in bulb dry matter had a direct
influence on the amount of nutrients in these organs,
leading to a larger accumulation of most nutrients in
the final collection.

Potassium was the nutrient accumulated in
largest amount in the plant (521.6 mg) (Figure 3B).
The high K requirement by crops that store organic
compounds in the bulbs, as is the case of onion, can
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also be explained by its important function in the
transportation of photoassimilates from the leaves to
the reserve organs (CAKMAK; HENGELER;
HOSSAIN, 1994). Nitrogen was the second largest
nutrient accumulated in the onion plants
(465.7 mg per plant) (Figure 3A). In the shoots, 56 to
84 DAT can be considered as the period of largest N
requirements; in the bulbs, this period was from
94 to 126 DAT. The fact that the bulbs accumulated
a larger amount of N than the shoots at the end of the
cycle can be attributed to the remobilization of the N
from shoots to bulbs. As observed by Porto et al.
(2007), the periods of highest N requirements also
differed in both parts of the Superex onion plant.

The other macronutrients accumulated in the
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plant (shoots + bulbs), in descending order (mg per
plant), were Ca = 253.3, S = 109.0, Mg = 86.9, and
P = 76.5 (Figure 3). For the micronutrients, the
following order was observed (pug per plant):
Fe = 6,227.5, B = 902.3, Zn = 573.7, Mn = 573.7,
and Cu = 241.4 (Figures 4A to 4E).

One method to determine the distribution of
nutrients in the plant is to analyze the percentage of
nutrients accumulated in the leaves relative to the
bulbs (Figure 4F). Quantifying the distribution of
nutrients in the plant parts is important for estimating
their export and recycling, according to the parts that
are removed from the cultivation area. The
nutrients N, P, K, Mg, S, B, Cu, Mn, and Zn are
accumulated preferably in the bulbs, whereas Ca and
Fe are accumulated in the shoots. The quantities
exported by the bulbs were N = 104 kg ha™' (75%),
P = 20 kg ha' (88%), K = 116 kg ha' (75%),
Ca=32kgha' (43%), Mg = 13 kg ha™' (53%), and
S=26kgha (81%).

The higher percentages of accumulation of P
and S in the bulbs in relation to the whole plant were
found to be 88% and 81%, respectively. This fact
was also observed by Nasreen, Haq and Hossain
(2003), who found greater sulfur accumulation in the
bulbs at the end of the crop cycle. According to the
authors, of the total sulfur accumulated in the whole
plant, at 90 DAT, 12% were found in the leaves and
82% in the bulbs. The onion is a high S-demanding
plant, and this nutrient usually occupies the third or
fourth position in the descending order of
accumulation. Sulfur affects the taste and aroma of
condiment greens like onion, chive, and garlic,
because it is involved in the constitution of
compounds such as methionine, cystine, and
cysteine. These amino acids are responsible for the
aroma and taste in onion. Vidigal, Moreira and
Pereira (2010) found the percentages of P in the
bulbs to be greater than 80% (84%).

The maximum amount of macronutrients
extracted (in kg ha') in 300,000 plants ha™,
referring to the estimated average yield of
86.2 t ha', was N = 139.7, P = 23.0, K = 156.5,
Ca = 76.0, Mg = 26.1, and S = 32.7. For the
micronutrients, the maximum extracted amounts
were 271, 72,2760, 84, and 296 g ha™' for B, Cu, Fe,
Mn, and Zn, respectively. The amounts of
macronutrients accumulated were higher than those
found by Vidigal, Moreira and Pereira (2010),
Aguiar Neto et al. (2014), and Kurtz et al. (2016),
except for P, which was similar to that found in this
experiment. The amount of nutrients extracted by the
onion plant varies with the obtained yield and with
the genetic material cultivated. However, some
available cultivars are more efficient in converting
nutrients in bulbs than others. Therefore, the

extraction results are rather variable and should be
used to calibrate the doses used in fertilization. In the
fertilizer recommendations for the onion crop in the
state of Santa Catarina (TEDESCO et al., 2004), the
maximum recommended N dose is 95 kg ha™', which
is lower than the amount of N extracted by cultivar
Bella Vista in the present study. Trani, Breda Junior
and Factor (2014) mentioned that the highest yield
from onion was obtained with the N rate of
200 kg ha™', which is higher than that used in our
experiment (173 kg ha”' N). The application of
135 kg ha™' N promoted higher percentages of bulbs
in class-3 onions (RODRIGUES et al., 2015). These
authors also recommend up to 160 kg ha™' K,0,
which is lower than the quantity accumulated by the
onion plants in the current study (188 kg ha™' K,0).
The estimated average yield of 86.2 t ha™' was
greater than that obtained by Cecilio Filho et al.
(2009) for cultivars Optima and Superex (72 and
79 t ha', respectively) and much higher than that
reported by the same authors for producers in the
region of Sio Jos¢ do Rio Pardo (45 t ha™).
Considering the obtained yield, we can infer that the
onion plant extracted approximately 1.6 kg N,
0.3 kg P, 1.8 kg K, 0.9 kg Ca, 0.3 kg Mg, and
0.4 kg S for each ton of bulbs harvested. In this way,
it is possible to adjust the amount of nutrients
extracted according to the productivity in the region.
These rates differ for other cultivation or cultivar
conditions, as observed by Bettoni et al. (2016) in
organic onion cultivation in the state of Parana.
Accumulation was highly intense from 84 to
98 DAT and less intense from 99 to 112 DAT and
113 to 126 DAT (Table 1). Until 70 DAT, the
accumulation of macronutrients did not exceed 19%
of the total (N), whereas micronutrient accumulation
reached its maximum in this period, with manganese
constituting 26% of the total accumulation. Among
the nutrients, only B, Fe, and Zn continued to
accumulate from 126 to 140 DAT, while Cu and Mn
reached the maximum accumulation at 112 DAT.
These data are important to determine the
percentage of distribution of nutrients throughout the
cycle because they prevent the application of
excessive amounts of fertilizers. An increase in the
amount of fertilizers may exert a saline effect on the
soil and the plant and a decrease in the amount of
fertilizers may lead to deficiency. The knowledge on
the amount of nutrients accumulated in the plant
provides important information in fertilization
programs (CHARLO et al., 2012). However, these
curves reflect what the plant needs rather than what
should be applied. This is because the efficiency of
nutrient supply varies according to climatic
conditions, soil type, irrigation system, and
cultivation management, among other factors.
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Table 1. Percentage distribution of nutrients accumulated in Bella Vista onion plant as a function of the crop cycle.

DAT' N P K Ca Mg S B Cu Fe Mn Zn
Accumulated % of the nutrient

56 8 4 6 3 3 7 4 6 13 15 3

70 19 10 16 8 7 15 10 6 15 26 22

84 27 18 22 14 13 23 15 27 16 27 33

98 60 50 42 39 41 48 45 59 17 55 47

112 74 81 72 53 62 64 74 100 44 100 65
126 100 100 100 100 100 100 95 - 68 - 87
140 - - - - - - 100 - 100 - 100

'Days after transplanting.
CONCLUSIONS

The growth and nutrient accumulation curves
of onion cultivar Bella Vista fit the sigmoidal model.

Potassium was the nutrient accumulated in
largest quantity per plant (521.6 mg), followed by
N (465.7 mg), Ca (2533 mg), S (109.0 mg),
Mg (869 mg), P (76.5 mg), Fe (6,227.5 png),
B (902.3 pg), Zn (573.7 pg), Mn (573.7 ng), and
Cu (241.4 pg).
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