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Abstract

Phosphate fertilization is indispensable for carrot cultivation, as it contributes to plant development,
formation of marketable roots and higher yields. In this context, the objective of this study was to evaluate
the production and nutritional efficiency of carrot cultivars under phosphate fertilization. The experiments
were carried out from July to November 2016 and from June to October 2017, at the Rafael Fernandes
experimental farm, District of Alagoinha, Mossord, RN, Brazil. The experimental design was in randomized
blocks, in a 4x4 factorial scheme with 4 replicates. The treatments consisted of the combination of carrot
cultivars (Brasilia, Planalto, Suprema and Nativa) with phosphorus (P) doses (0, 90, 180 and 270 kg ha P,0s).
The characteristics analyzed were: P content in the diagnostic leaf, plant dry matter, plant height, marketable
and total yields, and the classification of cultivars for efficiency and response to phosphate fertilization. The
increments promoted by phosphate fertilization were 64% in plant height, 444% in dry matter and 284% in
marketable yield. The maximum marketable yield was obtained with doses from 186.8 to 243.5 kg ha'?,
depending on the cultivar. The Native cultivar was classified as more efficient in the use of P.
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1. Introduction

Carrot (Daucus carota) is among the ten most cultivated vegetables in Brazil, with a consumption of
5.8 kg per capita per year (Zanfirov et al. 2012). The annual Brazilian production is approximately 752,000
tons, being the fourth most important vegetable in commercialized volume and the fifth in economic value
(CNA 2017). Carrots stand out from other vegetables for containing a large amount of vitamin C, vitamin E,
fibers and minerals such as potassium, phosphorus, calcium, magnesium and iron (Resende and Braga 2014).

Phosphorus is the fourth most absorbed nutrient by carrot and the third most exported (Cecilio Filho
and Peixoto 2013; Dezordi et al. 2015). Deficiency of this nutrient negatively alters yield, as it also reduces
the absorption of other nutrients (Flores et al. 2012). However, its excess can reduce the availability of
metallic micronutrients, such as Zn (Drissi et al. 2015; Ova et al. 2015). It is one of the most used in the carrot
fertilization program, due to its importance in plant metabolism, being essential in plant establishment and
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Yield and phosphorus use efficiency of carrot cultivars

development, because it favors the root system, increasing the absorption of water and nutrients, resulting
in significant increments in root yield (Avalhdes et al. 2009; Nascimento et al. 2017).

In carrot cultivation, fertilization significantly contributes to the revenue and cost of production, so
adequate nutritional management is necessary for the economic success of cultivation. Most of the current
official fertilizer recommendations can be considered outdated, as the expected yields are lower than those
currently obtained. Changes that occurred in the production system with the incorporation of new
technologies, such as the introduction of more productive hybrids, denser plantations, fertigation, among
others, significantly increased crop yield. This new expected yield combined with product quality requires
further research on nutrition and fertilization, in order to meet the needs of the crop, providing nutrients
for the plant in a balanced way.

In relation to the capacity of carrot crop to respond to phosphate fertilization, research is still limited.
The combined application of plant residues with phosphate fertilization promoted higher production of fresh
matter of marketable roots and also reduced mass losses during storage (Araujo et al. 2004). Pela et al.
(2018) observed increments in plant height, root length and yield of carrot, in addition to the improvement
in commercial standards of roots with the use of phosphate fertilizer.

Regarding carrot cultivars, the commercial standard of roots of the cultivar Brasilia, preferred by the
Brazilian consumer market, and its resistance to leaf burning enabled the advance of the crop in the summer
season in the various regions of the country and also the stabilization of carrot supply all over the national
territory. In recent years, the cultivar Brasilia and all its selections have been replaced with hybrids of high
production potential and with high-quality roots. However, these hybrids are developed abroad and are not
always adapted to the cultivation conditions of the Brazilian carrot-producing regions, and it is indispensable
for companies to conduct pre-evaluations together with producers to avoid failures and economic losses
(Melo and Araujo 2016).

Therefore, the objective of this study was to evaluate the yield and phosphorus use efficiency of
carrot cultivars, under phosphate fertilization.

2. Material and Methods

The experiments were carried out at the Rafael Fernandes Experimental Farm of the Federal Rural
University of the Semi-Arid Region, located in the district of Alagoinha, 20 km away from the municipality of
Mossordé-RN, Brazil (5° 03’ 37” S; 37° 23’ 50” W; 72 m), in soil classified as Argissolo Vermelho Distrdfico tipico
(Ultisol) (Rego et al. 2016), in the periods from July to November 2016 (Period 1) and June to October 2017
(Period 2).

In the experimental areas, soil samples were collected in the 0-20 cm layer for chemical
characterization, whose results for Periods 1 and 2 were respectively: pH (H,0) = 5.9 for both periods; EC =
0.02and 0.07dS m*; P =1.4 and 6.3 mg dm=; K =55.6 and 50.3 mg dm3; Na* = 2.3 and 5.8 mg dm3; Ca?* =
1.13 and 1.1 cmol.dm3; Mg?* = 0.77 and 0.60 cmol. dm3; Al3* = 0.20 and 0.10 cmol.dm™3; SB = 1.85 and 0.97
cmol.dm3.

The experimental design used was in randomized blocks, in a 4x4 factorial scheme, with four
replicates. The treatments consisted of the combination of four carrot cultivars (Brasilia, Planalto, Suprema
and Nativa) and four doses of phosphorus (0, 90, 180 and 270 kg ha'' P,0. The experimental unit consisted
of a 2.4x1.0 m bed, with five rows of plants, spaced by 0.20x0.08 m, totaling an area of 2.4 m™, considering
the three central rows as usable area, disregarding one plant on each end.

Soil tillage consisted of plowing, harrowing and raising of the beds. Fertilization was performed based
on soil chemical analysis and recommendation for the crop, according to Cavalcanti (2008), using 75 kg ha™*
of N, 54 kg ha of K20, 4 kg ha! of Band 9 kg ha* of Zn, respectively in the forms of urea, potassium chloride,
boric acid and zinc sulfate. Phosphorus was applied entirely at planting, at the doses according to the
treatments, in the form of triple superphosphate.

Top-dressing fertilization was performed with 52.5 kg ha of N and 57.5 kg ha* of K20, in the forms
of ammonium sulfate, potassium chloride and potassium nitrate, split and applied at 25 and 45 DAS. The
source of micronutrients was a commercial formulation containing 11.6% K0, 1.28% S, 0.86% Mg, 2.1% B,
0.36% Cu, 2.66% Fe, 2.48% Mn, 0.036% Mo and 3.38% Zn, at a dose of 1.0 kg ha™}, split and applied at 50, 65
and 80 DAS.

Bioscience Journal | 2021 | vol. 37, 37085 | https://doi.org/10.14393/BJ-v37n0a2021-54095



JESUS, P.M.M., et al.

Sowing was performed manually in the transverse direction of the bed, in pits approximately 2.0 cm
deep, spaced by 0.08 m, with 3 to 4 seeds per pit. Thinning was performed at 25 days after sowing (DAS),
leaving one plant per pit. Irrigation was applied using a micro-sprinkler system, by placing in the center of
the beds one line of micro-sprinklers spaced by 1.20 m with average flow rate of 30 L h™X. Manual weeding
was performed when necessary.

Harvest was carried out when the older leaves became yellow and the young ones were slightly
arched, which occurred respectively at 120 and 125 DAS, in Periods 1 and 2. The characteristics evaluated
were: A) phosphorus content in the diagnostic leaf (g kg™): ten young, fully expanded leaves were collected
in each plot in the middle of the crop cycle (60 DAS), according to the methodology proposed by Malavolta
et al (1997), and P contents were analyzed following the methodology described by Trani and Raij (1997); B)
plant height (cm): determined with a ruler, measuring fifteen plants per plot from the soil level to the tip of
the highest leaf, at 90 days after sowing; C) plant dry matter (g plant?): at harvest, five plants from the usable
area of the plot were collected, washed, placed in paper bags and dried in a forced air circulation oven with
temperature regulated at 65 2C, until reaching constant weight; D) yield of marketable roots (t ha™):
determined through the sum of the production of roots longer than 12 cm, free of cracks, bifurcations,
nematodes and mechanical injury; E) total yield of roots (t ha): determined through the sum of marketable
and non-marketable yields.

Classification of cultivars as to their efficiency and response to phosphate fertilization (Fageria and
Kluthcouski 1980). The index of response (IR) was obtained by the difference between the yields of the crop
with application of 180 kg ha of P,Os and without P application, divided by the difference between P doses.

The classification of cultivars was performed through graphic representation on the Cartesian plane.
The yield of roots obtained without P application is on the X-axis, and the index of response is on the Y-axis.
The point of origin of the axes is the average yield of cultivars without P application and the average index
of response. Efficient and responsive cultivars are represented in the first quadrant; inefficient and
responsive cultivars in the second; inefficient and non-responsive cultivars in the third; and efficient and
non-responsive cultivars in the fourth.

The analyses of variance for the evaluated characteristics were performed separately for each
experiment. Then, the experiments were jointly analyzed using the program Sisvar v5.3. (Ferreira 2014).
Regression analysis was performed for the quantitative factor (P doses) and Tukey test at 5% probability
level was applied for the qualitative factor (cultivars).

3. Results and Discussion

The interaction between cultivar, P dose and period factors was significant for leaf P content, plant
dry matter and total yield. Marketable yield was significantly affected by the interactions between cultivar
and P dose, period and cultivars. For plant height, there were significant single effects of cultivar and P dose.

Phosphorus content in the diagnostic leaf was described by a linear regression model, in Period 1, in
all carrot cultivars. The estimated maximum values were 5.6, 5.2, 5.5 and 5.5 g kg, respectively, for the
cultivars Brasilia, Nativa, Planalto and Suprema (Figure 1A). In Period 2, the P contents were described by a
linear model for Planalto and a quadratic model for Suprema, with maximum values of 4.7 and 5.4 g kg™
obtained at P,0s doses of 270 and 156.8 kg ha™* (Figure 1B). No mathematical model fitted to the data of the
cultivars Brasilia and Nativa, which had averages of 4.3 and 4.5 g kg™, respectively.

Indicating that the phosphorus applied to the soil showed positive results in the leaf tissue, since the
leaf P contents, regardless of P doses and carrot cultivars in both experiments, were within the appropriate
range (2 to 4 g kg?), according to Trani and Raij (1997). However, in the treatment without P application,
plants developed characteristic symptoms of deficiency, such as leaves of purplish brown color, reduced
growth and roots with abnormal development, according to Bastos et al. (2008).

Phosphate fertilization was also relevant for potato (Fernandes and Soratto 2016); sweet potato
(Cruz et al. 2016) and sugar beet crop (Oliveira et al. 2016), with significant increases in leaf P levels due to
phosphate fertilization. Nascimento et al. (2017) did not find significant increases in phosphorus content in
the diagnostic carrot leaf, when using doses from 0 to 640 kg ha™ of P,0s, with an average content of 2.7 g
kg of P.
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Deficiency of P causes significant changes in important physiological processes of the plant, such as
reduced respiration and photosynthesis. The reduction of respiration compared with photosynthesis, delays
the use of carbohydrates and their accumulation in the leaves, making them darker. Reductions in nucleic
acid and protein synthesis may also occur, with accumulations of soluble nitrogen compounds in the tissue.
Reductions in plant height, number of leaves, development of the root system, production of dry matter and
delay in maturation (Assuncdo et al. 2016).
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Figure 1. Leaf phosphorus content as a function of phosphorus doses and cultivars in the crops. A —from
July to November 2016; B — from June to October 2017.

The plant dry matter (PDM) of the carrot cultivars showed an increasing behavior, as a function of
the increment of P doses in the soil. In Period 1, the estimated maximum values were obtained at P.Os doses
of 214.9, 189.9, 220.2 and 270 kg ha'%, respectively, for the cultivars Brasilia, Nativa, Planalto and Suprema
(Figure 2A). In Period 2, these doses were 186.4, 212.5, 221.7 and 212.9 kg ha of P,0s (Figure 2B). These
results corroborate those reported by Cecilio Filho and Peixoto (2013), who also obtained increments in
carrot PDM, with the increase in P doses, reaching a maximum of 23.26 g per plant, with the application of
500 kg ha of P,0s.

The mean increments in the PDM of the carrot cultivars, considering the doses that promoted the
maximum estimated values, compared to the treatment without P application, ranged from 135 to 444% in
Period 1 and from 174 to 325% in Period 2. The positive response of carrot regarding PDM possibly occurred
due to the rapid availability of nutrients and their absorption by the plant, generating large biomass and
consequently greater input of photosynthates that promotes positive effects of this nutrient in the
production of crops, especially in characterized tropical soils for low natural fertility.
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Figure 2. Plant dry matter as a function of phosphorus doses and carrot cultivars in the crops. A —from July
to November 2016; B — from June to October 2017.
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Plant height was significantly affected by P doses, being described by the linear regression model
(Figure 3A). Maximum plant height was reached with the P dose of 270 kg ha™ of P,0Os, which led to a value
of 50.62 cm, resulting in a 64% increase compared to the absence of phosphate fertilization. The cultivars
Brasilia (41.16 cm), Nativa (41.72 cm) and Planalto (43.52 cm) did not differ significantly, being superior to
the cultivar Suprema in terms of height (38.16 cm).

Increased height of carrot plants with phosphate fertilization was also observed by Chaves et al.
(2015), in which the dose of 300 kg ha! of P,Os provided the greatest height (47.68 cm). Similarly, Peld et al.
(2018) obtained greater plant height (55.5cm) using monoammonium phosphate (MAP) as a source, at a
dose of 566.5 kg ha! of P,0s. When the source was polymer coated MAP, the maximum plant height was
60.1 cm, with a dose of 515.6 kg ha of P,0s. These researches show how the crop is responsive to
phosphorus application, regardless of the cultivar.
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Figure 3. Plant height and marketable yield of carrot as a function of phosphorus doses and cultivars.
A — plant height as a fuction of phosphorus doses; B — marketable yield of carrot as a function of
phosphorus doses and cultivares.

The average marketable yield (MY) was significantly described by the quadratic models in all carrot
cultivars. The doses that maximized MY were 243.5, 186.8, 217.6 and 208 kg ha™ of P,0s, respectively for
the cultivars Brasilia (30.3 t ha'!), Nativa (45.5 t ha!), Planalto (23.7 t ha) and Suprema (37.3 t ha') (Figure
3B). These doses promoted increments in MY of 282, 160, 198 and 284%, compared to the values obtained
without P application, respectively in the same order of the cultivars mentioned above.

The increase in P availability for plants promoted by phosphate fertilization resulted in significant
increases in the growth characteristics and yield of carrots. In treatments without addition of phosphorus,
the plants produced marketable roots, but with dry matter and reduced diameters when compared to the
other treatments.

According to Péret et al. (2011), under conditions of low phosphorus content in the soil, root system
architecture could be greatly altered, leading to a shallower root system bearing more and longer lateral
roots as well as denser root hairs. Generally, larger root systems with larger root-surface area, are closely
associated with greater P uptake efficiency when the soil P concentration is low (Hu et al. 2010).

Chaves et al. (2015) also found quadratic behavior when determining the adequate P dose for carrot
cultivation in the microregion of Chapadinha, MA, reaching the estimated marketable production of 25.24 t
ha with the application of 200 kg ha of P,0s.

The cultivar Nativa was superior to the others in terms of MY, in the absence of phosphate
fertilization, and did not differ significantly from Suprema at P,0s doses of 90 and 270 kg ha! and did not
differ from Brasilia at the P,0s dose of 180 kg ha (Table 1).

Regarding the periods, the cultivar Nativa stood out, but did not differ significantly from Planalto
(Period 1) and Suprema (Period 2) (Table 1). The higher marketable yield obtained in Period 2 may be related
to climatic conditions, as it corresponded to the coldest season, when temperatures of 26 2C were recorded
at 50 DAS (secondary growth stage), slowly increasing to 28 2C until the end of the cycle. In relation to Period
1, there were temperatures of 27.5 2C (at 50 DAS), reaching 29 2C until harvest. Another possibility would
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be the amounts of P found in the soil before planting, which were equal to 1.4 mg dm= and 6.3 mg dm for
Periods 1 and 2, respectively.

Table 1. Marketable yield of carrots as a function of phosphorus doses, cultivars, and growing periods.

Cultivar Dose (kg ha™) Periods
0 90 180 270 1 2
Brasilia 7.90° 21.56° 28.70%b 30.12° 16.328¢ 27.82Ab
Nativa 17.832 37.02° 46.37°2 39.60° 35.97A2 34.4473
Planalto 8.44b 16.28° 23.30° 21.49°¢ 16.08¢ 18.94/¢
Suprema 8.19° 33.08° 32.23b 36.43%° 25.1868b 29.78Rab

*Means followed by the same lowercase letter in the column do not differ statistically and means followed by the same uppercase
letter in the row do not differ statistically by the Tukey test.

The total yield (TY) as a function of P doses was described by a quadratic regression model, with
highest yield obtained by the cultivar Nativa, both in Period 1 (47.13 t ha?) and in Period 2 (55.42 t ha!) at
the estimated maximum doses of 170.2 and 209.6 kg ha™* of P,Os (Figure 4A and 4B). For the other cultivars
in Period 1, the doses were 183.8, 251.5 and 195 kg ha™* of P,0s for Suprema (39.64 t ha'), Brasilia (37.40 t
ha) and Planalto (35.59 t ha™), respectively (Figure 4A). In Period 2, the maximum estimated doses were
212.4, 201.6 and 190.4 for Suprema (54.90 t ha?), Planalto (52.93 t ha') and Brasilia (50.66 t ha™),
respectively (Figure 4B).

In all carrot cultivars there were reductions in TY, with the application of P in higher doses. Possibly,
there was an increase in the salinity of the soil near the root zone of the plant and a consequent reduction
in the absorption of other cations. According to Alves et al (2011), high salinization affects the growth and
distribution of plant roots, as well as the absorption of water and nutrients, since the accumulation of
mineral salts reduces the osmotic potential close to the rhizosphere, causing a nutritional imbalance
configuring a zone prone to luxury consumption or toxicity by P.
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Figure 4. Total yield of roots as a function of phosphorus doses and carrot cultivars in the crops. A — from
July to November 2016; B — from June to October 2017.

Maximum TY values were 285, 122, 146 and 188% higher than those obtained without P application,
respectively for the cultivars Brasilia, Nativa, Planalto and Suprema in Period 1. In this same order of cultivars,
the increments in Period 2 were 214, 186, 260 and 344%. With the exception of the cultivar Nativa, the doses
that maximized TY were above the recommended for carrot crop, according to Cavalcanti (2008), for soils
with low P content (< 11 mg dm™3), used as a reference in this study.

Crop responses to phosphate fertilization are more significant in soils with low fertility, as P
stimulates root development, consequently increasing nutrient absorption and increasing crop production
(Cavalcante et al. 2017). It also favors the accumulation of starch, sugars, and tuberous root size, improving
root quality (Oliveira et al. 2005).

In the classification of cultivars regarding efficiency and response to phosphate fertilization, the
cultivar Nativa was classified as efficient and responsive in terms of P use, indicating that it has greater
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resilience capacity compared to the others, as it produced above average under conditions of low P level
and also responded positively to the application of 180 kg ha of P,Os in the soil, increasing its yield (Figure

5).
No-efficient and responsive 20 Efficient and responsive
190 A
~
& 180 A
k-
o
¢ e 17 -
T . Netva
] Brasilia (]
:‘ r T .I T an 4T T T T T T 1
L; 10000 11230 12300 13730 15000 16230 17300 18730 20000 21230 22300
[}
: Plaualto 10 1
140 A
130 A
120 -
Response index (ke ke!)
Non-efficient and non-responsive Eficient and e non-responsive

Figure 5. Efficiency in the use and response to the application of phosphorus
for the yield of carrot cultivars.

The cultivar Suprema was classified as inefficient, but responsive, indicating that it produces little
under conditions of low P level in the soil, but responds well to fertilization with this nutrient (Figure 4). For
this cultivar, phosphate fertilization promoted a significant increase in yield. The cultivar Suprema obtained
lower TY in the environment with low P content (control), but its TY increased by 330% when compared to
the control, with application of 180 kg ha of P,0Os, besides obtaining a higher index of response, with an
increment of 168 kg of carrot roots for each kilogram of P applied (Figure 5).

The cultivars Brasilia and Planalto were classified as inefficient and non-responsive, because they
produced below the average of the environment with low P level and also have indices of response lower
than the average of the cultivars, because even with phosphate fertilization (180 kg ha of P,0s), it was not
able to increase root yield (Figure 5).

Cultivars with P-efficient in soils deficient in this nutrient produce high yields per unit of P absorbed,
since they have low internal P demand for normal metabolic activities and growth and, therefore, low need
for mineral P fertilizer inputs to produce reasonably high yield. Furthermore, they remove less P from the
soil during their development, resulting in a less demand for P, resulting in reduced costs with phosphate
fertilization (Balemi and Negisho 2012).

4. Conclusions

The estimated doses of phosphorus that maximized marketable yield ranged from 186.8 to 243.5 kg
ha of P,0s, depending on the cultivar. The Native cultivar was classified as more efficient in the use of P, as
well as in the gain in biomass and marketable yield roots.

The doses that promoted greater productivity are above the values recommended by Cavalcanti
(2008), confirming that fertilizer recommendations should be revised, considering the highest expected
yields, cultivars, and crop density.
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