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Carrot (Daucus carota)  is the 
main root vegetable in terms of 

economic value and it is among the 
ten most cultivated vegetable crops in 
Brazil, with a consumption of 5.8 kg/
person/year (Zanfirov et al., 2012). The 
estimated production of this vegetable 
in the country is about 752,000 t, in 
2016, being the fourth most important 
vegetable considering the quantity 

marketed in the distribution center 
and the fifth most important crop, 
economically speaking; the market 
totaled 153.83 million dollars (CNA, 
2017).

Carrot is a demanding vegetable 
in relation to nutrition, especially due 
to its short vegetative cycle and high 
production of dry mass (Filgueira, 
2013). Some studies carried out in 

Brazil showed that the decreasing order 
of macronutrients extracted by carrot 
crops is potassium, nitrogen, calcium, 
phosphorus, sulfur and magnesium (Luz 
et al., 2009). Even phosphorus being 
the 4th element extracted by the carrot 
crop, is one of the elements which is the 
most used (high doses), in fertilization 
program for carrots. P is well known as 
being one of the most important elements 
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ABSTRACT
Several studies were carried out to evaluate polymer-coated 

mineral fertilizers; however, few studies, on the agronomic efficiency 
of these fertilizers in the field in carrot crop, are available. Thus, we 
aimed to evaluate the use of enhanced-efficiency phosphorus fertilizer 
coated with polymers in carrot (Daucus carota). The experiment 
was carried out in field, in Ipameri-GO. The experimental design 
was randomized blocks, arranged in an incomplete factorial design 
(5x2)+1, considering five phosphorus doses (150, 300, 450, 600 and 
750 ha-1 kg P2O5), two P sources [conventional MAP (monoammonium 
phosphate ) and polymer-coated MAP (Policote)] and one additional 
treatment (control, without P). The evaluated traits were plant height, 
root length, root diameter, total productivity, marketable root classes, 
agronomic efficiency of phosphate fertilization and P content in the 
roots. Data were submitted to analysis of variance and regression. 
Phosphate fertilization did not influence the P content in carrot 
roots, but increased plant height, root length and diameter and yield 
of carrot roots. Polymer-coated phosphate increased plant height, 
length, diameter and productivity of carrot roots, when compared 
to conventional fertilizer. Carrot productivity was, on average, 
15.5% higher with polymer-coated P source (39.42 t ha-1) than with 
the conventional P source (34.11 t ha-1). Marketable roots were 
also improved with the use of polymer-coated phosphate fertilizer. 
Phosphate fertilizer coated with polymer increased the agronomic 
efficiency of phosphate fertilization in the carrot crop.
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RESUMO
Fertilizante fosfatado de eficiência aumentada: uma 

tecnologia promissora na cultura da cenoura
Existem diversos estudos para avaliação das características 

químicas dos fertilizantes minerais recobertos por polímeros, porém, 
são escassas as pesquisas que avaliam a eficiência agronômica dos 
mesmos a campo na cultura da cenoura. Dessa forma, objetivou-se 
avaliar o uso de fertilizante fosfatado de eficiência aumentada 
(Policote) na cultura da cenoura (Daucus carota). O trabalho foi 
realizado em condições de campo no município de Ipameri-GO. 
O delineamento experimental foi de blocos ao acaso, arranjados 
em esquema fatorial (5x2)+1, sendo cinco doses de fósforo 
(150, 300, 450, 600 e 750 ha-1 kg de P2O5), duas fontes de P 
{MAP (monoamonio fosfato) convencional e MAP revestido por 
polímero} além de um tratamento adicional (testemunha, sem 
P). Foram avaliados a altura de plantas, comprimento e diâmetro 
de raiz, além da produtividade total e classes comerciais das 
raízes, eficiência agronômica da adubação fosfatada e teor de 
P nas raízes. Os dados foram submetidos à análise de variância 
e regressão. A adubação fosfatada não influenciou o teor de 
P nas raízes da cenoura, mas aumentou a altura de plantas, o 
comprimento, o diâmetro e a produtividade de raízes de cenoura. 
O adubo fosfatado revestido com polímero aumentou a altura de 
plantas, o comprimento e a produtividade de raízes de cenoura, 
em relação ao adubo sem revestimento. A produtividade de 
cenoura foi, em média, 15,5% maior com a fonte de P revestida 
(39,42 t ha-1), em relação à fonte convencional (34,11 t ha-1). 
Também verificou-se melhoria nos padrões comerciais das raízes 
com a utilização do adubo fosfatado revestido. O revestimento 
do adubo fosfatado com o polímero da marca Policote aumentou 
a eficiência agronômica da adubação fosfatada na cultura da 
cenoura.
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for plant metabolism, being essential 
for establishment and development of 
the plants (Silva et al., 2015), since 
it favors the root system, increasing 
the absorption of water and nutrients, 
resulting in an increase of this vegetable 
productivity (Avalhaes et al., 2009).

P is widely used for fertilization 
since it is one of the most limiting 
nutrients for agricultural crops, mainly 
in tropical soil rich in iron and aluminum 
oxides (Araújo, 2011). “Free” Fe, the 
amount of aluminum replacing iron and, 
in lower quantities, “amorphous” Fe 
and kaolinite are the main responsible 
elements for phosphorus fixation (Santos 
et al., 2008), determining the low 
efficiency of phosphate fertilizers (Wang 
et al., 2010). According to Novais et al. 
(2007), the deficiency of P is one of the 
main reasons for the low agricultural 
production in most Brazilian soils.

In acid soils such as Cerrado soil, P 
content is limiting, and P fertilizations 
show low efficiency due to its large 
adsorption on soil mineral phase, 
predominantly of low reversibility, 
mainly in Fe and Al oxides (Schoninger et 
al., 2013). Thus, phosphate fertilization 
is a high-cost investment, characterized 
by great amounts of P used (Gazola 
et al., 2013). The situation becomes 
worse due to the fact that phosphate is 
a non-renewable natural resources, it is 
also scarce and without substitutes, and 
should, therefore, be efficiently used 
(Lana, 2009).

Among the alternatives to increase 
the best use of phosphate fertilizers, the 
use of enhanced-efficiency fertilizers 
(EEFs) stands out. These fertilizers 
reduce nutrient loss to the environment 
and increase nutrient availability to 
the plants. EEFs are divided in two 
groups: slow and controlled-release 
and stabilized. Recently, additives 
with greater affinity for iron and 
aluminum than phosphorus, such as 
the Policote brand, have been used 
for coating phosphate fertilizers to 
produce stabilized EEFs, aiming to 
reduce P fixation rate and availability 
of the nutrient in soil. Policote is a 
soluble anionic polymer with 93.7% 
biodegradability (Chagas et al., 2015). 
However, since it is a new technology 

available for agriculture, studies in 
order to prove agronomic efficiency, 
mainly on more demanding crops, 
like vegetables, such as carrots, are 
necessary.

This study aimed to evaluate the 
efficiency of phosphorus source coating 
with Policote brand polymer (enhanced-
efficiency fertilizer) in development, 
quality and productivity of carrot crop.

MATERIAL AND METHODS

The experiment was installed at 
the experimental farm of Universidade 
Estadual de Goiás, Ipameri Campus 
(17043҆06”S, 48008’39”W), in a Red-
Yellow Oxisols, medium texture (Santos 
et al., 2013). Soil chemical analysis of 
this area was done before the experiment 
installation, in the 0-20 cm layer. The 
results obtained were: pH= 6.1; P 
(Mehlich)= 4.0 mg dm-3; K= 140.0 mg 
dm-3; H+Al= 14.0 mmolc dm-3; Al3+= 
0.0 mmolc dm-3; Ca= 17.0 mmolc dm-3; 
Mg= 9.0 mmolc dm-3; organic matter 
18.0 g dm-3; CEC= 43.6 mmolc dm-3; 
clay, silt and sand of 350, 100 and 550 
g kg-1, respectively, and base saturation, 
67.9%. P availability (Mehlich), in soil, 
was classified as “very low” according 
to Ribeiro et al. (1999). Conventional 
soil preparation was carried out using 
two harrowing, and leveling.

The experimental design consisted 
of randomized blocks, arranged in an 
incomplete factorial design (5x2)+1, 
considering five doses of phosphorus 
(MAP= monoammonium phosphate) 
(150, 300, 450, 600 and 750 kg ha-1 

P2O5), two P sources (conventional MAP 
and polymer-coated MAP) and one 
additional treatment (control without 
P), with four replicates.

The experimental plot consisted of 
six double rows, spaced 0.10 m between 
the double rows and 0.35 m between the 
centrals, measuring 3 meters length. The 
authors considered useful area the four 
central rows, discarding 0.50 m of each 
end, resulting in a useful area of 1.80 m². 
Hybrid cultivar Juliana (700,000 plants 
ha-1) was manually sown on September 
1, 2015, after being fertilized with 60 kg 
N + 400 kg ha-1 K2O, using urea and KCl 
as sources, respectively, and application 

of treatments in the sowing furrow. 
In order to avoid competition among 
plants, thinning was done 30 days after 
planting, spaced 3 cm between plants. 
Top dressing was performed applying 60 
kg ha-1 of N in all treatments, using urea as  
source, 45 days after planting.

Pest and disease were controlled 
preventively spraying insecticides 
from the following chemical products: 
benzoylurea,  neonicotinoid and 
pyrethroid, and fungicides of the chemical 
groups: benzimidazole, isophthalonitrile, 
acetamide, phenylamide and strobilurins. 
The range of  appl icat ion rate , 
recommended by the manufacturer, and 
also the visual diagnosis were the criteria 
for application.

Plants were harvested 110 days after 
planting; plant height and root length were 
evaluated using a measuring tape, root 
diameter with the aid of a digital caliper 
and root productivity. After harvest, two 
roots per plot were sampled in order to 
determine phosphorus content. Roots were 
properly washed and dried in forced air 
circulation until reaching constant mass 
(70°C); then, they were ground using a 
Willey type mill. Afterwards, the roots 
were digested with 1 M HCl in water 
bath at 80°C (Miyazawa et al., 1992) 
and P content was determined by reading 
in induced plasma atomic emission 
spectrophotometry (ICP- AES).

Roots were classified through 
average root length, according to the 
classes proposed by Hortbrasil (2009), 
in which carrots shorter than 10 cm long 
are considered unmarketable; class 10 
included roots measuring 10≤14 cm; class 
14, roots measuring 14≤18 cm; class 18 
roots measuring 18≤22 cm; class 22, 
measuring 22≤26 cm; and class 26 roots 
longer than 26 cm.

Using the average productivity data, 
the authors calculated the Agronomic 
Efficiency Index of Phosphorus (IEAP) 
observed in the evaluated sources, using 
the equation described by Fageria et al. 
(2012):

IEAP = (productivity with phosphorus, 
in kg ha-1 – productivity without 
phosphorus, in kg ha-1) / (applied dose of 
P2O5, in kg ha-1)

Data were submitted to F test (variance 
and regression analysis) for effects of P 
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rates, at 5% probability.
RESULTS AND DISCUSSION

All treatments were superior 
when compared to the control, for 
all evaluated variables, except for P 
content of roots (Table 1). Interaction 
between sources and doses did not 
show any significant differences, for 
all the evaluated variables, either. F 
test was significant for plant height, 
length and diameter of the roots and 
crop productivity were influenced both 
by sources and by doses, except for the 
effect of source on root diameter.

P content  in  roots  was  not 
significantly influenced by phosphate 

fertilization, showing average values 
of 4.58 and 4.89 g kg-1 for MAP and 
polymer-coated MAP, respectively 
(Table 1). These P contents are higher 
than the ones observed by Ribeiro Filho 
et al. (2011) evaluating carrot roots at 
120 days after planting (3.27 g kg-1).

Plant height increased with doses 
of P and it was significantly different 
among phosphorus sources (Table 1). 
The average plant height observed 
with polymer-coated MAP (56.60 
cm) was 9.86% higher than the plant 
height verified with MAP (51.52 cm). 
Significant response was also noticed for 
doses of P with quadratic adjustments 
for both sources (Figure 1a). Using MAP 
as a source, plant height increased from 

34.5 cm, without phosphate fertilization, 
up to maximum value of 55.5 cm, with 
dose of 566.5 kg ha-1 P2O5. However, 
when using polymer-coated MAP as a 
source, plant height increased from 38.0 
cm, without phosphate fertilization, up 
to maximum value of 60.1 cm, with 
the dose of 515.6 kg ha-1 P2O5. The 
maximum plant height observed using 
the polymer-coated MAP as a source 
was 8.28% higher than the maximum 
plant height observed with MAP, using 
8.98% less phosphorus (kg ha-1 P2O5).

Phosphate fertilization increased 
signif icant ly root  length (CR), 
consider ing that  this  t ra i t  was 
significantly different among P sources 
(Table 1). The average of CR observed, 

Table 1. F-test results for phosphorus content of the roots (TP), plant height (AP), root length (CR), root diameter (DR) and carrot productivity 
(Prod) as well as averages and coefficients of variation observed in analysis of variance. Ipameri, UEG, 2016.

Treatments TP (g/kg) AP (cm) CR (cm) DR (cm) Prod (t/ha)
Control (000 kg ha-1 P2O5) 4.32 35.02 12.18 218 17.04
MAP (150 kg ha-1 P2O5) 4.27 42.68 15.35 257 20.80
MAP (300 kg ha-1 P2O5) 4.92 51.86 17.37 326 30.68
MAP (450 kg ha-1 P2O5) 4.81 54.34 17.79 340 37.16
MAP (600 kg ha-1 P2O5) 4.61 55.59 19.02 365 42.60
MAP (750 kg ha-1 P2O5) 4.28 53.12 17.51 356 39.30
MAP+Policote (150 kg ha-1 P2O5) 4.09 54.21 17.31 317 32.37
MAP+Policote (300 kg ha-1 P2O5) 5.17 56.51 18.21 322 35.49
MAP+Policote (450 kg ha-1 P2O5) 4.88 57.11 18.96 358 39.86
MAP+Policote (600 kg ha-1 P2O5) 5.19 57.87 19.44 377 45.15
MAP+Policote (750 kg ha-1 P2O5) 5.13 57.30 18.84 362 44.20
Average doses
MAP 4.58 51.52b 17.41b 329 34.11b
MAP+Policote 4.89 56.60a 18.55a 347 39.42a
Average source
000 kg ha-1 P2O5 4.32 35.02 12.18 218 17.04
150 kg ha-1 P2O5 4.18 48.45 16.33 287 26.59
300 kg ha-1 P2O5 5.05 54.18 17.79 324 33.09
450 kg ha-1 P2O5 4.84 55.72 18.38 349 38.51
600 kg ha-1 P2O5 4.90 56.73 19.23 371 43.87
750 kg ha-1 P2O5 4.70 55.21 18.17 359 41.75
General average 4.70 52.33 17.45 327 34.97

Calculated F (anova)
Additional treatment 0.96ns 106.48** 139.07** 61.90** 33.41**
Source 1.47ns 20.85** 14.81** 3.85ns 6.65*
Dose 1.35ns 6.90** 10.25** 10.44** 9.23**
Source*Dose 0.51ns 2.25ns 0.74ns 1.42ns 0.63ns

CV (%) 17.2 6.72 5.38 8.92 18.61
ns= non-significant; *= p<0.05; **= p<0.01. Average followed by same letters are statistically equal among each other (F test).
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using the polymer-coated MAP (18.55 
cm), was 6.5% higher than CR observed 
using MAP (17.41 cm). In the absence 
of phosphate fertilization, the average 
of CR was 12.18 cm, resulting in class 
10 carrots, according to Hortbrasil 
(2009). Using MAP as source, carrot 
classification, based on the average of 
CR, was 14, whereas it was 18 using the 
polymer-coated MAP. Thus, phosphate 
fertilization and coated fertilizer (using 

Policote) improved the classification of 
the carrot, since P participates in several 
metabolic processes such as respiration, 
photosynthesis, cell division, storage 
and energy transfer (Taiz & Zeiger, 
2013) favoring the development of root 
system (Araújo et al., 2004). 

CR also showed significant quadratic 
adjustments in relation to doses of P, 
for both sources (Figure 1b). Using 
conventional MAP, CR increased from 

12.2 cm, in the absence of phosphate 
fertilization, up to the maximum value 
of 19.7 cm, with the dose of 535.2 kg 
ha-1 P2O5. The longest roots observed 
using the polymer coated MAP was 
6.5% longer than the one observed 
using conventional MAP, using 2.15% 
less phosphorus. The authors also 
noticed that standard CR for hybrid 
carrot cultivar Juliana (18-22 cm) was 
obtained with lower doses of P when 
using polymer-coated MAP as a source. 
CRs observed in this study were higher 
than CRs observed by Ribeiro Filho et 
al. (2011).

Root diameter (DR) was significantly 
influenced by doses of P; the same 
was not verified among sources of 
phosphorus. Figure 2a shows an increase 
of DR with phosphate fertilization. DR 
increased from 2.20 cm, in the absence 
of phosphate fertilization, up to 3.65, 
with dose of 628.7 kg ha-1 P2O5.

Phosphate fertilization significantly 

Table 2. Agronomic efficiency indexes observed between sources and doses of phosphorus 
in production of carrot roots (MAP= monoammonium phosphate). Ipameri, UEG, 2016.

Doses of P MAP MAP+Policote Average
150 25.10 102.25 63.68
300 45.48 61.53 53.50
450 44.73 50.73 47.73
600 42.61 46.85 44.73
750 29.68 36.22 32.95
Average 37.52 59.52 -
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Figure 1. Plant height (a) and carrot root length (b) in harvest in response to sources and doses of phosphorus. Ipameri, UEG, 2016.
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Figure 2. Root diameter (a) and productivity (b) of carrot in response to doses of P. Ipameri, UEG, 2016. Ipameri, UEG, 2016.
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increased carrot productivity, which 
was also significantly influenced by 
P sources (Figure 2b). Araújo et al. 
(2004) also verified an increase of carrot 
productivity with phosphate fertilizer, 
and by the residual effect of doses up 
to 762.5 kg ha-1 P2O5 and organic waste 
compost by Mesquita Filho et al. (2002). 
The maximum productivities observed 
in this study with phosphate fertilizer 
were higher than the national average 
reported by Santos et al. (2015), 31.0 
t ha-1, in 2014. Average productivity, 
using polymer-coated phosphate 
fertilization (39.41 t ha-1), was 15.5% 
higher than the productivity observed 
with conventional phosphate fertilizer 
(34.11 t ha-1). Using MAP as source, the 
maximum carrot productivity (41.34 t 
ha-1) was observed with a dose of 791.7 
kg ha-1 P2O5, whereas with polymer-
coated MAP, the maximum carrot 
productivity (44.49 t ha-1) was observed 
with a dose of 669.8 kg ha-1 P2O5. This 
means that when using polymer-coated 
MAP, the authors observed an increase 
of 7.6% in maximum productivity, with 
phosphate fertilization 15.4% lower 
than the one used with conventional 
fertilization. Productivity value of 41.34 
t ha-1 was reached with 791.7 kg ha-1 
P2O5, using polymer-coated MAP as  
source. In other words, when polymer-
coated MAP was used, 54.1% of the 
dose used via MAP was enough for the 
same productivity. This behavior may 
be attributed to the higher P availability 
over time, in relation to the lowest 
fixation rate, mainly in Red-Yellow 
Oxisols (Machado & Souza, 2012).

With increasing doses of P, a 
reduction in agronomic efficiency 
of phosphorus (IEAP) was noticed, 
which can be explained by the law of 
decreasing increments (Table 2). In all 
doses of P, the authors observed higher 
IEAP when using polymer-coated MAP. 
In average, polymer coating increased 
IEAP in 58.6%.

Phosphate fertilization did not 
influence P content in carrot roots, 
increased plant height, length, diameter 
and root productivity, though.

P o l y m e r - c o a t e d  p h o s p h a t e 
fertilization increased plant height, 
length and root productivity, in relation 
to conventional fertilization.

Car ro t  p roduc t iv i ty  was ,  in 
average, 15.5% higher using polymer-
coated source Policote, compared to 
conventional source. In order to 
reach maximum productivity, 791.7 
kg ha-1 P2O5 of conventional MAP and 
669.8 kg ha-1 P2O5 of polymer-coated 
MAP were necessary. The authors also 
verified an improvement in marketable 
root standards, in relation to an increase 
of root length, using polymer-coated 
phosphate fertilization.

Under soil and weather conditions 
in this study, phosphorus source 
coating with Policote brand polymer 
increased the agronomic efficiency 
of phosphate fertilization for carrot 
crop. Considering the positive results, 
new experiments, under other soil and 
weather conditions, and using other 
carrot cultivars are important to build 
data bank which allows to build a 
table to recommend polymer-coated 
phosphate fertilization.
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