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status of the plants were evaluated. The omission of N, P, K, Ca, Mg and S li-
mited the dry mass production of sunflower cv. BRS 122 in relation to the
complete solution, besides causing nutritional imbalance due to the interac-
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1. Introduction

Sunflower (Helianthus annuus L.) is an oleaginous plant with great market
prospects, accounting for around 13% of all vegetable oil produced in the world.
It is a crop of broad adaptability, high tolerance to drought and grain producer.
Seeds are rich in oil, with excellent industrial and nutritional quality, and their
use as edible oil is the main use [1], and some varieties produced by hybridiza-
tion reach amounts greater than 50% [2]. In addition, the sunflower plant,

grains, crop residues and by-products generated in the extraction of oil can be
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used in animal feed.

The sunflower crop extracts a large amount of nutrients from the soil com-
pared to other oilseeds; therefore, it is important to provide nutrients in ade-
quate quantities, avoiding the lack or excess of a certain element [3]. Nitrogen is
absorbed in greater quantity by the sunflower in the period from the beginning
of the formation of the chapter until the flowering. However, this crop is highly
demanding in potassium, being consumed by plants in amounts much higher
than those required of nitrogen and phosphorus.

Studies involving the relationships between accumulation of nutrient in plants
generate important information for understanding the nutritional status and
crop demands, since this information can be used as a reference to calculate the
amount of nutrients to be supplied to the plants through fertilization [4]. Ac-
cording to [5], the interaction between nutrients in crop plants occurs when the
supply or omission of one nutrient affects the absorption and utilization of other
nutrients. In plant nutrition experiments, nutrient interactions can be identified
taking into consideration the effects of increasing or omission of nutrient con-
centrations on the uptake of other nutrients and corresponding plant growth.

Plants require essential nutrients for normal functioning and growth. A
plant’s sufficiency range is the nutrient amount necessary to meet the plant’s
nutritional needs and maximize growth. The width of this range depends on in-
dividual plant species and the particular nutrient. Nutrient levels outside of a
plant’s sufficiency range cause overall crop growth and health to decline due to
either a deficiency or toxicity. Nutrient deficiency occurs when an essential nu-
trient is not available in sufficient quantity to meet the requirements of a grow-
ing plant. On the other hand, toxicity occurs when a nutrient is in excess of plant
needs and decreases plant growth or quality [6].

The science of hydroponics is characterized by the fact that soil is not needed
for plant growth but the elements, minerals and nutrients that soil contains are
required. As soil is simply the holder of the nutrients, a place where the plant
roots traditionally live and a base support for the plant structure, by eliminating
the soil, it also eliminates soil borne diseases and weeds and gains precise control
over the plant’s nutritional requirements. Application of this culture technique
can be considered as an alternative approach for large-scale production of some
desired and valuable crops [7].

There are several advantages of hydroponic cultivation; therefore, each ad-
vantage is associated with a cultivation system. For example, the best control
over the composition of nutrients supplied to plants is a great advantage for re-
search with Mineral Nutrition of Plants. The higher productivity achieved with
hydroponically cultivated plants is of paramount importance for cultivation on a
commercial scale [8].

In this sense, hydroponic cultivation can optimize yield; however, it is impor-
tant that the crop is cultivated in a way that fully meets its nutritional require-

ment, because nutritional deficiency affects vegetative development and photo-
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synthetic capacity, which may in turn affect production [9].
In this context, the objective of this study was to evaluate the effect of omis-
sion of macronutrients on dry matter production and on the nutritional status of

sunflower plants grown in nutrient solution.

2. Material and Methods

The experiment was carried out under greenhouse conditions of the Academic
Unit of Agricultural Engineering of the Federal University of Campina Grande,
from June to August of 2016, using nutrient solution in sunflower plants of the
cultivar BRS122.The cultivar BRS 122 is a variety of sunflower that stands out for
the precocity and low size. It shows flowering from 53 to 60 days and maturation
from 85 to 100 days, an average of 60 g of weight of a thousand achenes, and oil
content from 40% to 44%, according to the edaphoclimatic conditions.

The statistical design was completely randomized, with seven treatments and
three replicates, as follows: T1-complete solution (control) (with macro and mi-
cronutrients) according to [10], T2-nutritive solution with omission of nitrogen
(N), T3-nutritive solution with omission of phosphorus (P), T4-nutritive solu-
tion with omission of potassium (K), T5-nutritive solution with omission of cal-
cium (Ca), T6-nutritive solution with omission of magnesium (Mg), T7-nutritive
solution with omission of sulfur (S), totaling 21 experimental units with a sun-
flower cultivar BRS 122 plant.

The sunflower BRS-122 cultivar plants used in the experiment were obtained
via seeds and germinated in phenolic sponges conditioned in a plastic container
(disposable cups), with a capacity of 50 ml containing deionized water until the
surface of the sponge. Six days after germination, the seedlings were submitted
to 10% of the ionic strength of complete nutrient solution [10] under constant
aeration in order to seedlings’ adaptation. When it was observed the formation
of four leaves in the seedlings, they were transferred to one-liter pots and sub-
mitted to treatment solutions, with 40% and 100% of the ionic strength in the
second and third weeks, respectively. The pots were capped with styrofoam with
a hole in the center of them for the fixation of the plants and another hole in the
end for the entrance of air.

At the end of the experiment, at 50 DAS, the plants were harvested, packed in
paper bags, properly labeled and taken for drying in a forced circulation oven at
65°C, until reaching constant weight, obtaining the weight of the dry matter of
the area. After this procedure, the plant material was crushed and sent to the Soil
Laboratory of the Federal University of Vigosa (UFV) to carry out chemical
analyzes regarding its N, P, K, Ca, Mg and S nutrient concentration. From these
concentrations and the dry matter amount, the content of the nutrients was cal-
culated, evaluating the nutritional state of the plant.

The data were submitted to analysis of variance and comparison of means,
using the Tukey test at 1% level of significance by applying the SISVAR software
[11].
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3. Results and Discussion

The dry matter (DM) of the plants as well as the nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg) and sulfur (S) levels in plant tis-
sues of sunflower plants were significantly influenced at 1% probability level as a
function of treatments (Table 1).

Nitrogen deficiency in plants compromises several physiological processes
and is associated with lower chlorophyll production, causing chloroplast mod-
ification, affecting cell division and, consequently, plant growth. Therefore, the
omission of N significantly reduced the dry matter production of the plants (0.32
g) that is, decreased by 98.56% in relation to the complete treatment (22.23 g).
These data corroborate [12], who observed a reduction of around 94% in the dry
matter of sunflower var. Catissol-01 submitted to omission of N.

Phosphorus-deficient plants have a delayed growth because this nutrient is
linked to the structural function and energy transfer and storage process [13],
affecting several metabolic processes, such as protein and nucleic acid synthesis
[14]. Thus, there was a decrease in the dry matter of sunflower plants cultivated
in nutrient solution with omission of P (0.65 g) around 97.33% in relation to the
complete treatment.

The plants were affected by the omission of K, being the result of the dry mat-
ter, 0.82 g, significantly inferior to the plants that received the complete treat-
ment. Adequate K level is essential for the efficient use of N in crop plants be-
cause it plays an important role in plant metabolism processes. Potassium could
be involved with NO; uptake, that can be affected through the influence of K
on the translocation of photosynthetic assimilates, needed to support this active
uptake process (Fageria, 2001).

Calcium is an essential macronutrient for plants [15] performing the impor-
tant function of cell wall stabilization [16]. The lack of this element is characte-
rized by reduced growth of meristematic tissues [14]. Thus, the omission of cal-
cium in sunflower plants presented decrease in dry matter, 0.42 g, in relation to
the complete treatment.

Magnesium is essential for the normal development of plants, since it acts on
photosynthesis and on various metabolic processes in plants; therefore, its defi-
ciency limits plant growth. The omission of magnesium in the sunflower crop
affected the dry matter production of the plants, 9.31 g, decreasing significantly

in relation to the complete treatment.

Table 1. Summary of variance analysis for dry matter data and nutrient content in sun-
flower plants as a function of treatments.

Source Mean Square
L. DF DM
of variation N P K Ca Mg S
Treatment 6 246.82%*%  2.88%*  0.13%*  3.32%*  2.14*%* 1.23%*  0.07**
CV (%) 40.42 7.52 18.80 13.26 17.92 3.03 3.56

DF = Degree of Freedom, ™, *and **no significant, significant to the 5% and 1% level, respectively. CV =
Variation coefficient.
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The same behavior was observed with the omission of sulfur, producing 12.04
g of dry matter of the sunflower plants. This element participates in essential
amino acids and its deficiency interrupts the synthesis of proteins and sugars,
also occurring accumulation of N-organic and N-NO;, resulting in plants of
smaller size and number of leaves [13].

In spite of this, magnesium and sulfur omissions affected less the dry matter
production of sunflower plants in nutrient solution. Prado and Leal [12], work-
ing with omission of magnesium and sulfur in sunflower plants, observed that
there was no detrimental effect on the dry matter of these plants in relation to
the complete treatment.

In general, the dry matter production of plants caused by the omission of nu-
trients, Ca, P, K, Mg and S, compared to the complete treatment (complete solu-
tion) decreased 97.27%; 97.33%; 96.61%; 61.57% and 50.28%, respectively.

The omission of N in the nutrient solution affected other nutrients, with a
significant reduction in N (1.73 dagkg™) and K (0.52 dagkg™), and with an in-
crease in Mg (1.55 dag-kg™) and S (0.50 dag-kg™) contents, compared to the
complete treatment. However, the omission of N did not affect the levels of P
(0.58 dag-kg™) and Ca (2.91 dag-kg™') found in tissues of sunflower plants. Ac-
cording to Figure 1, the highest concentrations of N were observed in plants
grown in solution with the omission of K (3.97 dag-kg™), Ca (4.03 dag-kg™) and
Mg (3.75 dag-kg™).

The content of P in the complete treatment, 0.53 dag-kg™ (e 5.30 g-kg™), is
in agreement with [17], who indicated P content of 3 to 6 g-kg™' to optimize the
growth of most crops during the vegetative stage of growth. However, the plants
that received treatment with the omission of phosphorus presented a significant
reduction in the contents of P (0.07 dag-kg™') and Mg (0.49 dag-kg™) in relation
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Figure 1. Nutrient contents of sunflower cv. BRS 122 submitted to eight treatments
(C—complete solution, N—solution without nitrogen, P—solution without phosphorus,
K—solution without potassium, Ca—solution without calcium, Mg—solution without
magnesium, S—solution without S). NOTE: The averages followed by the same lowercase
letter in the columns corresponding to each nutrient analyzed in the tissues do not differ
statistically from each other by the Tukey test at 5% probability level.
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to the complete treatment. On the other hand, this did not occur in relation to N
(2.97 dag'kg™), K (2.78 dag-kg™), Ca (2.32 dag-kg™) and S (0.40 dag-kg™"), which
were similar to the complete treatment (2.38 dagkg™, 2.23 dagkg™, 1.91
dag-kg™' and 0.40 dag-kg™, respectively) (Figure 1).

The omission of K in the nutrient solution decreased the levels of P (0.31
dag-kg™) and K (0.45 dag-kg™), increased N (3.97 dag-kg™'), Mg (1.78 dag-kg™)
and S (0.44 dag-kg™), and maintained Ca content (2.68 dag-kg™) in plant tissues
compared to the complete treatment (Figure 1). According to [13], the rela-
tionship of K with Ca and Mg in plants interacts among them due to their com-
petition in the uptake by plants. Thus, it was observed that the omission of K
presented a Ca + Mg/K ratio nine times higher (9.9) than in the complete treat-
ment, which was 1.1. This fact indicates the nutritional imbalance in plants with
deficiency of K. However, the content of K in the complete treatment, 22.3
g'kg™', is within the range considered adequate by [13], which is 20 g-kg™ at 27
gkg™.

Plants that received the treatment with the omission of Ca presented only a
decrease in Ca content (0.40 dagkg™), in relation to the complete treatment
(1.91 dag-kg™) (Figure 1). The latter value is within the range of 1.7 - 2.2
dag-kg™, considered adequate by [13]. The increase in nutrient contents due to
the omission of Ca in the nutrient solution can be explained by the concentra-
tion effect, because there was a higher concentration of nutrients (N, P, K, Mg
and S) in the plant tissues as a consequence of the lower plant growth.

It was observed that the plants submitted to the omission of Mg had lower le-
vels of Mg (0.07 dag-kg™") and S (0.28 dag-kg™), higher N content (3.73 dag-kg™)
and similar P contents (0.53 dag-kg™), K (2.84 dagkg™) and Ca (2.66 dag-kg™),
compared to the complete treatment (Figure 1). The Mg content in complete
treatment (0.58 dag-kg™, Ze. 5.8 g-kg™') is within the range considered adequate
by [18], which is 3.0 - 8.0 g-kg™".

The plants that received the treatment with the omission of S presented de-
crease in the plant tissues of the contents of N (1.89 dag-kg™), P (0.23 dag-kg™),
K (1.97 dagkg™), Mg (0.35 dag-kg™") and S (0.17 dag-kg™') and similar Ca con-
tent (2.05 dag-kg™), relative to the complete treatment (Figure 1). According to
[19], sulfur deficiency reduces the amount of nitrogen converted to organic
form, resulting in restriction to plant growth, because of the proportion of these
nutrients in proteins.

According to Figure 1, the highest concentrations of N were observed in
plants cultivated in solution with the omission of Ca (4.03 dagkg™), K (3.97
dag-kg™) and Mg (3.75 dag-kg™), followed by omissions of P (2.97 dag-kg™), S
(1.89 dag-kg™) and N (1.73 dag-kg™") over the complete treatment which corres-
ponded to 2.38 (0.58 dag-kg™") and Mg (0.53 dag-kg™') were observed in the cul-
tivated plants, with the exception of Ca (0.64 dagkg™) corresponding to the
complete treatment (0.53 dag-kg™). The highest levels of K were observed in
plants with the omission of Ca (2.84 dag-kg™), Mg (2.84 dagkg™) and P (2.78
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dag-kg™). With the exception of the plants submitted to the omission of Ca (0.40
dag-kg™), in the other treatments there was no significant difference between the
averages observed for the calcium content. The Mg content in the plants was the
one that most varied among all the studied nutrients. The highest concentration
of this element was observed for the treatment with omission of K (1.78
dag-kg™) due to the antagonistic interaction between these nutrients. The levels
of S in sunflower plants, both in the complete treatment and in the treatments
with omission of the elements, were higher than those recommended by [18],
which is 1.5-2.0 g-kg ™.

Finally, it was observed the following order of nutrient extraction of sunflower
cv. BRS 122: N > K > Ca > Mg > P > S. These results indicate that N is the first

and K is the second nutrient most required by sunflower plants.

4. Conclusion

The omission of N, P, K, Ca, Mg and S limited the dry mass production of sun-
flower cv. BRS 122, in relation to the complete solution. In addition, they caused
interaction between nutrients, leading to nutritional imbalance. The omission of
the macronutrients K, Ca, and Mg caused the higher imbalances in the plants,
highlighting the elevated N contents in these treatments comparing to the com-

plete solution.
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