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Abstract

Floriculture is a promising segment of Brazilian agriculture. The ornamental
sunflower (Helianthus annuus L. cv. Folded Sungold), also known as dwarf
sunflower, in addition to being used in gardens can be marketed as cut flower
or vase. The sunflower represents a great alternative for small producers be-
cause it requires little space, has easy handling and short cycle, besides pro-
viding greater economic return. In this context, we aimed to evaluate the de-
velopment of this culture submitted to different levels of saturation per base,
combined with the incubation time of the limestone. The experiment was
carried out in a greenhouse at the Federal University of Mato Grosso-Uni-
versity Campus of Rondondpolis. A randomized block design with factorial
scheme 6 x 2 was used, with six levels of saturation per base: 0, 20%, 40%,
60%, 80%, 100%; and two incubation times: 0 and 30 days, resulting in 12
treatments with four replicates, totaling 48 experimental units. Each plot con-
sisted of a plastic polyethylene vessel with a capacity of 1.2 dm™. The follow-
ing variables were analyzed: Height of the floral stem; number of leaves, di-
ameter of chapters; root volume; fresh mass of leaves; fresh mass of floral
stems; fresh mass of chapters; fresh root mass and chlorophyll index (SPAD).
Data were submitted to analysis of variance by the test F at 5% probability of
error. The qualitative factors were submitted to the Tukey test and quantita-
tive factors to the regression test, both with a 5% probability of error. Basal
saturation levels of 80% and 100%, in the treatment with incubated soil, pro-
vided higher quality of inflorescence for commercialization purposes.
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1. Introduction

Worldwide, the floriculture occupies an area estimated at 190 thousand hectares
and moves values close to $ 60 billion per year. The segment of cut flowers is the
most expressive, followed by that of live plants, bulbs and foliage [1]. In general,
Brazil’s participation in the international market occurs through the export of
propagating materials such as bulbs, tubers, rhizomes and seedlings [2] [3].

The sunflower is a crop with high ornamental potential and can be an alterna-
tive to floriculture because of its wide adaptability to different edaphoclimatic
conditions, presenting tolerance to temperature variations, which allows its adap-
tation to any region of the country. In addition, it presents agronomic desirable
characteristics, such as short cycle, rusticity and resistance to drought [4].

The sunflower (Helianthus annuus L.), belonging to the order Asterales, fam-
ily Asteracea, is an alternative of great potential for commercialization of cut
flower or pot, and the characteristics that add commercial value are: inflores-
cence diameter and stem length [5].

Cerrado soils are characterized by high acidity, aluminum toxicity and poor
nutrient content essential to most plants [6]. Sunflower crop is very sensitive to
soil acidity [7], which is recognized as one of the main factors leading to low
crop productivity in the country [8]. For the correction of soil acidity, one of the
most used methods is that of base saturation, which needs to be defined consi-
dering the requirements of each species [9].

The objective of this study was to evaluate the effect of the soil acidity correc-
tion by the saturation levels by base combined with the incubation time of the
limestone, thus evaluating the best response to dwarf sunflower (Helianthus an-

nuus L. cv. Dobrado Sungold).

2. Material and Methods

The research was conducted in a greenhouse belonging to the Federal University
of Mato Grosso, Rondonépolis Campus, located geographically in the latitude
16°27'49"S, longitude 55°34'47"W, and altitude of 284 m. The climate of the re-
gion according to the classification of Koppen is of type Aw, tropical, characte-
rized by the dry season in the winter [10].

The experimental design was completely randomized, in a 6 x 2 factorial
scheme, with 12 treatments in four replicates, obtaining a total of 48 experimen-
tal plots. The treatments consisted of two soil incubation times with limestone (0
and 30 days) and six soil saturation levels (0, 20%, 40%, 60%, 80% and 100%).
Each experimental plot consisted of a plastic polyethylene vessel, with a capacity
of 1.2 dm™.

Soil from the collection area was classified as Red Latosol Dystrophic [11], of
clay d texture, occupied with vegetation native to the Cerrado.

The soil was collected, covering the layer of 0.0 - 0.20 m. After the collection,
the soil was sieved in a 4 mm mesh for homogenization, weighed and transferred

to reserve containers.
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Then, a composite sample of the soil was sent to carry out the chemical analy-
sis, expressed in Table 1.

Calculations for soil acidity correction were performed using the base satura-
tion method (NC = [(V, — V,) x CTC]/100) obtained in soil chemical analysis.
To increase the V% corresponding to the treatments of 20%, 40%, 60%, 80% and
100% of the saturation by bases, dolomitic limestone (CaCO,-MgCO,) with 86%
PRNT in the amounts of 0.346 g-dm™ 1.09 g-dm™; 1.8 g-dm™> 2.6 g-dm™; 3.3
g-dm™’; respectively.

After 30 days of planting, the limestone was incorporated to the soil and then
water was added for raising to the level of 80% of the maximum soil water reten-
tion capacity or field capacity (CC), allowing the reaction of the soil. limestone.
This process was carried out to constitute the treatment of 30 days of incubation.
For the 0 day incubation treatment, liming was performed together with fertili-
zation on the day of planting.

The variety used in the study was the ornamental sunflower: Helianthus an-
nuus L. cv. Folded Sungold.

A germination test (Figure 1(a)) was performed to verify seed viability. Af-
terwards, the sowing was done directly in the pot, with three seeds per pot, to-
gether with the application of fertilization (KCl + SS). After germination, thin-
ning (Figure 1(b)) was done in order to maintain one plant per pot.

At the time of planting, soil samples were collected in each experimental unit for
pH measurement [12]. The procedure was repeated in each cut of the plants (Figure

2 and Figure 3) in order to verify if there was alteration after the cultivation.

Table 1. Chemical analysis of Dystrophic Red Latosol (layer 0 - 0.2 m) in an area under
Cerrado vegetation. Rondondpolis, 2018.

pH P K S Ca Mg Al H+Al MO CIC V m

CaCl, mg-dm™? cmol -dm™ gKg' - %

4.00 1.30 33.00 2.00 040 020 1.10 570 21.20 6.40 10.70 61.80

P = Phosphorus; K = Potassium; S = Sulfur; Ca = Calcium; Mg = Magnesium; Al = Aluminum; M.O = Or-
ganic matter; CTC = Cation Exchange Capacity; V = Basis Saturation; m = Aluminum saturation.

Figure 1. Germination tray (a) and planting of seedlings of Helianthus annuus L. cv.
Folded Sungold (b).
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Figure 2. Soil collection for pH verification at the time of harvest of Helianthus annuusL. cv. Folded Sungold.

—

Figure 3. Soil screening (a) and dosage (b) to perform soil pH analysis in CaCl, solution (c).

All treatments received phosphate fertilization (P,O;) at the recommendation
of 444.4 mg-dm™>, potassium (K,O) of 133.3 mg-dm™ at the time of planting, and
nitrogen (N) of 11.1 mg-dm™, split at 14 and 28 days after sowing (DAS) [13]
(Figure 4). The sources of nutrients were simple superphosphate (SS), potas-
sium chloride (KCl) and urea respectively.

Irrigation management was performed by the gravimetric method, following
the methodology of the reference [14] for the determination of the field capacity
or maximum water retention capacity of the soil. The water was manually reple-
nished once daily and by surface medium. At each replenishment, the vessels
were weighed and then received the necessary water to maintain the level of 60%
of the field capacity.

At 15, 30, 45 and 60 days after sowing (DAS), the following variables were
analyzed: SPAD index; flower stem height; stem diameter; button diameter; flor-
al frame and number of sheets. At 60 DAS were also evaluated other variables,
being: fresh and dry mass of shoot (stem and leaves) and chapters; root volume
and dry root mass.

The chlorophyll index (SPAD index) was measured using the Minolta 502
Portable Meter (Figure 5(a)). To measure the height of the floral stem (Figure 5(b)),
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Figure 5. SPAD index (a), height (b), stem diameter (c) and floral and button diameter (d) of Helianthus annuus L. cv. Folded
Sungold at 15, 30, 45 and 60 DAS.

a graduated ruler was used, measuring from the base of the soil to the apex of the
floral bud. The floral stem diameters (Figure 5(c)) and the chapters (Figure
5(d)) were measured using a digital caliper. For floral stem was measured the
diameter 5 cm above the ground, and, for chapters from one end to another. The
number of leaves was obtained by manual counting in each plot.

The fresh shoot mass and chapters consisted of cutting for separation between
the leaf stem and the chapters (Figure 6(a)), followed by weighing in semi-analytical
balance. To obtain the root volume, the soil was removed from the pots in order
to extract the entire root. The root system was then washed in running water for
the removal of all impurities (Figure 6(b)). The root system was separated from
the rest of the plant and deposited in a graduated cylinder containing a known
volume of water. The root volume is attributed to the difference in initial and
post-root water volume in the beaker.

The results were submitted to analysis of variance by the F test at 5% proba-
bility. The qualitative factors (days of incubation) were submitted to the Tukey
test and the quantitative factors (base saturation levels) were submitted to the
regression test, both at 5% probability. A statistical program SISVAR version 5.6

was used [15].
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3. Results and Discussion

3.1. Soil pH at Planting and Harvest Time

For the treatment where the soil was incubated with limestone for 30 days
(Figure 7), the pH at the time of planting was: 4.2; 4.6; 5.0; 5.4; 5.8 and 5.9 for
the saturation levels of 0, 20%, 40%, 60%, 80% and 100%, respectively. These
values varied little when evaluated at the time of harvesting/cutting.

For treatment without soil incubation (Figure 8), in which limestone was in-
corporated on the same day of fertilization and planting, the pH at planting time
was: 4.3; 4.3; 4.6; 5.0; 5.0; 5.6 for the saturation levels of 0, 20%, 40%, 60%, 80%
and 100%, respectively. The values relatively lower than those of the incubation

treatment point out the need to adopt a window time between the incorporation

of the limestone and the fertilization procedures so that the limestone reacts and

Figure 6. (a) Cut of the aerial part and floral chapters of Helianthus annuus L. cv. Folded
Sungold; (b) Procedure for root extraction of Helianthus annuusL. cv. Folded Sungold.
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Figure 7. Soil pH, in the treatment with incubated soil, at the time of planting and harvesting of He-
lianthus annuus L. cv. Folded Sungold.
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Figure 8. Soil pH, in the treatment no incubation, at the time of planting and harvesting of He-
lianthus annuus L. cv. Folded Sungold.

promotes conditions favorable to the absorption of nutrients.

According to reference [16], the ideal pH range for the best use of nutrients by
crops varies between 6.0 and 7.0. The practice of incorporating limestone and
then performing fertilization is inadequate and may lead to the formation of
certain compounds such as calcium phosphate, and thus, in addition to not cor-

recting the acidity will not provide essential nutrients.

3.2. Plants Height

For the plant height at 15, 30, 45 and 60 DAS, there was an isolated effect only
for the saturation levels per base, adjusting to a linear model (Figure 9). The
maximum plant height was observed at baseline saturation of 100%, and the pH
was in the mean of 5.85 and 5.60; for treatment of 0 and 30 days, respectively.

At the time of the first 15 DAS evaluation, a photo was taken to visually evaluate
plant growth at 0%, 20%, 40%, 60%, 80% and 100% base saturation rates within
each soil condition: incubated (Figure 10(a)) and no incubation (Figure 10(b)).

The results of this experiment are in agreement with the reference [7], that
working with the sunflower cultivar IAC-Anhandy in the municipality of Mococa,
SP, verified that the heights of the sunflower plants are influenced by the soil
acidity and the reference [17], evaluating the tolerance of sunflower to different
concentrations of aluminum, found that the increase of aluminum concentra-
tions influenced the reduction of plant height. These studies show the sensitivity
of sunflower to soil acidity and corroborate with the results of previous studies
[18] [19] [20].

For the days of limestone incorporation there were no significant results for
plant height, this result can be justified by the low pH variation between treat-

ments of 0 and 30 days, thus causing an insignificant oscillation in soil acidity.
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Figure 9. Plant height of Helianthus annuus L. cv. Folded Sungold at 15 (a), 30 (b), 45 (c) and 60 (d) DAS, with isolated effect of
Base Saturation.

Figure 10. Plant heightof Helianthus annuus L. cv. Folded Sungold at the doses of 0, 20%, 40%, 60%, 80% and 100% of base satu-
ration in soil condition: incubated (a) and no incubated (b).

3.3. Number of Leaves

For the number of leaves, interaction between base saturation levels and incuba-
tion time at 15 DAS was identified (Table 2). At all levels of base saturation,
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treatment with 30 days of incubation showed greater foliage development, dif-
fering significantly from treatment no incubation.

The incubated treatment responded linearly and the no incubation had a qu-
adratic response (Figure 11(a) and Figure 11(b), respectively). In the evaluation
period, it was verified that in the treatment no incubation the leaf development
was unequipped between the levels of 20% to 60% of base saturation. This result
reflects the effect of the incorporation of limestone on the same day fertilization
and planting was carried out, which may have led to a lower nutrient utilization
and, consequently, led to irregular foliage development. In addition, the count
did not distinguish large leaves and small leaves.

For saturation of 100% in the incubated treatment and no incubation, the pH
was in the range of 5.85 and 5.6, respectively, being these the highest values
found during the tests. At 30 DAS an isolated effect was achieved for the satura-
tion levels by base and incubation time (Figure 12(a) and Figure 12(b)), as well
as at 45 DAS (Figure 12(c) and Figure 12(d)). It was verified at 30 and 45 DAS
that the treatments incubated (30 days) obtained the best results, this fact is ex-
plained by the time that the limestone had to react chemically with the soil, thus
conforming with the liming recommendation bulletins used in the routine agri-

cultural.

Table 2. Number of leaves interaction and incubation time at 15 DAS. Averages followed
by the same letter do not differ in vertical.

Base Saturation (%)
Days of Incubation

Number of leaves pot
[}

y = 0.04x + 7.0833
R?=0.9465

4 R?=0.8286
2
0 0 20 40 60 80 100
0 20 40 60 80 100 i ()
Base Saturation (%) Base Saturation (%)

0 20 40 60 80 100
0 7.0a 7.0a 6.75a 7.0b 8.5b 8.75b
30 8.25a 8.0a 8.25a 10.0a 10.5a 10.75a
CV (%) 13.72
@) Incubated (b) No incubation
12 10
[ ] [ ]
10 ° ®
8 o

y = 0.0006x2- 0.0544x + 8.0536

Number of leaves pot™
O = N W & 0 O N 0 ©

Figure 11. Number of leaves variation of Helianthus annuusL. cv. Folded Sungold as a function of the incubation times of 30 (a)

and 0 days (b).
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At 60 DAS (Figure 13) there was only isolated effect for basal saturation le-
vels, showing that, although the treatment no incubation presented slower fo-
liage development, the crop closed the cycle without showing a significant dif-
ference in the number of leaves between the times of incubation.

In general, the vegetative development of the crop presented better results
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Figure 12. Number of Leaves of Helianthus annuus L. cv. Folded Sungold at 30 ((a) and (b)) and 45 ((c) and (d)) DAS with Iso-
lated Basal Saturation Effect ((a) and (c)), isolated effect of days ((b) and (d)).
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Figure 13. Effect isolated from the saturation levels by bases at 60 DAS in Helianthus annuus L. cv. Folded Sungold.
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when the pH was close to the ideal range of 6, thus corroborating with the re-
sults of [21], who studied the production of ornamental sunflower using brack-
ish water in a hydroponic system, monitored the pH and identified that the best
vegetative development of the plant occurred when the pH was close to the ideal

range for the crop.

3.4. Stem Diameter

At 15 and 30 days after emergence, the stem diameter showed isolated effect for
base saturation (Figure 14(a) and Figure 14(c)) and days of incubation (Figure
14(b) and Figure 14(d)). Regardless of the incubation, at 15 and 45 days, the
stem diameter was described by linear model, in which the largest diameter val-
ue obtained was at 100% saturation. Regardless of the saturations, the incubated
treatments obtained higher values for this variable.

In the period of 45 and 60 days after emergence (Figure 15(a) and Figure
15(b)), there was significance only for basal saturation, both described by the li-
near model. Thus, the highest values found for the stem diameter were in the
treatments with 100% of base saturation.

Reference [22], studying the effects of doses of dolomitic limestone on the

(a) 35 (b) 28 277a
~ 3 275
£ o £
Es € 27
g 4 3 265
2 2 -
& y = 0.0095x + 2.1752 E 26
ol1s R = 0.9597 B 555 254b
£ 1 £
2 S 25
Dos D 245
0 24
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5 4
(c) (d) 391a
45 Lg 39
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© ® 36
E25
8 835
[a}
% 15 g 34 3.34b
3 y=0.015x+2.888 333
R2=0.9383 n
05 32
0 31
0 20 40 60 80 100
L 3
Base Saturation (%) without incubation incubated

Figure 14. Stem diameter of Helianthus annuus L. cv. Folded Sungold at 15 ((a) and (b)) and 30 DAS ((c) and (d)) with Isolated
Saturation by Bases ((a) and (c)), and isolated effect for incubation time ((b) and (d)).
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Figure 15. Stem diameter of Helianthus annuus L. cv. Folded Sungold at 45 (a) and 60 DAS (b) with Isolated Saturation by Bases.

growth of Heliconia psittacorum cv. Golden, observed that with the increase in
base saturation there was a decrease in the diameter of the pseudostem, differing
from the results obtained in the present work. In contrast, reference [23] study-
ing the influence of base saturation on the growth and production of the cambre,
observed that there was no significant effect on stem diameter as a function of
base saturation levels.

These results show that in addition to the influence of pH on crop develop-
ment, the phenological characteristics of the plants are influenced by their ge-
netic potential [24], allowing different crops to have their development influ-

enced in different ways to a certain condition nutritional.

3.5. Diameter of the Buttons and Chapters

The first flowers begin to emerge from 40 DAS. The diameter of the floral buds
at 30 DAS (Figure 16) responded to the linear regression model alone as a func-
tion of base saturation levels.

At 45 DAS, in addition to responding to the linear regression model alone as a
function of base saturation levels (Figure 17(a)), the incubation time was signif-
icant (Figure 17(b)). The isolated effect of the incubation time was due to the
flowering process that began 5 days before the evaluation, indicating that the

treatments no incubation showed slower floral development.

3.6. Fresh and Dry Mass of Aerial Part

The fresh shoot mass responded to the linear regression model alone as a func-
tion of base saturation levels (Figure 18). This shows that the higher the satura-
tion level, the greater the development and growth of the plants. The results are
closely related to the pH values identified at the time of planting, which varied
from 5.0 to 5.9 in the incubated treatment, corresponding to the levels of 40 and
100% saturation, respectively; and from 4.6 to 5.6 in the no incubation treatment
at 40 and 100% levels. Thus, since the ideal pH range for obtaining a higher de-
gree of nutrient availability is between 6.0 and 7.0 [16], it was not possible to

reach a point of maximum fresh mass accumulation.
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Figure 16. Floral Button Diameter of Helianthus annuusL. cv. Folded Sungold at 30 DAS (A).
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Figure 17. Diameter of floral chapters of Helianthus annuus L. cv. Folded Sungold at 45 DAS as a function of saturation (a), and
isolated effect for incubation time (b).
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Figure 18. Weight (g) of fresh shoot mass of Helianthus annuusL. cv. Folded Sungold.

For the aerial part dry mass, besides the isolated response as a function of the
saturation levels by bases (Figure 19(a)), an isolated effect was obtained for the

incubation time (Figure 19(b)). The significant difference between the incu-
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bated and no incubation treatments emphasizes the importance of the incuba-
tion time of the limestone to occur with the soil reaction, and thus provide the
necessary conditions for the cultivation and development of the plants. Incuba-
tion of the soil with limestone for 30 days, generally provided better conditions

for nutrient absorption, which resulted in a higher shoot dry mass.

3.7.Fresh and Dry Mass of Floral Chapters

There was a significant effect at 1% probability of error, for the fresh and dry
mass of the floral chapters. The linear model was the one that best described
these variables, where the highest values for fresh mass and dry mass of the
chapters were obtained in the treatments with 100% of base saturation.

The increase of the fresh mass and, consequently, dry mass of the chapters in
function of the increase of the saturation by bases verified in Figure 20, can be
explained by the fact that the treatments with level of 100% saturation by bases
were those that obtained pH closer to the ideal culture. With this, there was a
greater availability of nutrients to the plants, allowing a better development of
the flower, as well as other phenological characteristics.

Reference [25] observed a decrease in the fresh mass of gladiolus horns as a
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Figure 19. Weight (g) of the aerial shoot dry mass of Helianthus annuus L. cv. Folded Sungold as a function of saturation levels

(a) and incubation time (b).
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Figure 20. Fresh (a) and dry (b) mass of floral chapters of Helianthus annuus L. cv. Folded Sungold in response to base saturation

levels and incubation days.
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function of limestone and potassium doses, differing from the results found in

the present study.

3.8. Volume and Dry Mass of Root

The dry mass of the root (Figure 21(a)) and root volume (Figure 21(b)) of the
dwarf sunflower responded to the linear regression model alone as a function of
saturation levels per base. In Figure 22 it is possible visually to perceive the dif-
ference between the treatments.

The sunflower is a plant susceptible to soil acidity, and when subjected to
these conditions the development of the root system is affected [26] thus causing
the dry mass of the roots and their volume to be reduced.

Treatments with base saturation levels lower than those recommended in the
literature (0, 20% and 40%) presented a root system with few and thick branches,
differing from treatments (60%, 80% and 100%), where the main root had a larger
volume of branches. The reference [7], when evaluating sunflower behavior in re-
lation to soil acidity, found an underdeveloped root system with bending of the
main root, as well as fine roots when submitted to the acid environment.

The reference [27], working with liming on the development of the guava root
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Figure 21. Root dry mass (a) and volume (b) of Helianthus annuus L. cv. Folded Sungold in response to base saturation levels and
days of incubation.

Figure 22. Root development of Helianthus annuus L. cv. Folded Sungold at 0, 20%, 40%, 60%, 80% and 100% base saturation in
incubated and no incubation (b) treatments.
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l 20NI

Figure 23. Comparison of root development of Helianthus annuus L. cv. Folded Sungold
between treatments with incubated (I) and no incubation (NI) soil at doses 0 (a), 20 (b),
40 (c), 60 (d), 80 (e), and 100% (f) base saturation.

system, concluded that the application of limestone linearly increases the root
mass of the guava tree, being justified by the increase of Ca content in the soil,
which caused greater absorption of this roots, reflecting the dry matter accumu-
lation of the roots. The relationship between Ca content in roots and root mass
reveals the beneficial effect of Ca on the root development of plants [28]. The
importance of Ca to plants is due to the fact that about 60% of cellular Ca is
present in the cell wall [29].

In Figure 23, root development at each dose was compared between incu-
bated (I) and no incubated (NI) soil treatments: 0 incubated and 0 no incubated
(Figure 23(a)), 20 incubated and 20 no incubated (Figure 23(b)), 40 incubated
and 40 no incubated (Figure 23(c)), 60 incubated and 60 no incubated (Figure
23(d)), 80 incubated and 80 no incubated (Figure 23(e)), and 100 incubated and
100 no incubated (Figure 23(f)). The flowers are conditioned in the respective
sequence: Treatment with soil incubated on the left, and without incubating on
the right.

4. Conclusions

The levels of base saturation and the incubation times of limestone influenced
the development of the dwarf sunflower.

The pH of the soil in the treatment no incubation was inferior to the treat-
ment with incubation at the time of planting and harvest.

The best vegetative development was in the treatment with the saturation by
bases in 100% with the soil incubated.

Basal saturation levels of 80% and 100%, in the treatment with incubated soil,

provided higher quality of inflorescence for commercialization purposes.
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