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HIGHLIGHTS:
The largest export of phosphorus in cassava is through the roots.
High doses of phosphorus (240 kg ha'" of P,0,) reduce agronomic and recovery efficiencies.
Cassava shows great genetic variability in response to phosphorus fertilization.

ABSTRACT: Phosphorus is of fundamental importance for the energy supply necessary for plant metabolism, but
it is still understudied for important agricultural crops such as cassava. The objective of this study was to evaluate the
accumulation and efficiency of phosphorus use in different cassava cultivars in the semiarid region. Two experiments
were carried out during two agricultural seasons 2018/2019 and 2019/2020 in Mossord, Rio Grande do Norte state,
Brazil. The experimental design was randomized blocks, in split plots, with four replicates. In the plots, five doses of
phosphorus (P) (0, 60, 120, 180, and 240 kg ha' of P,O,) were applied in the planting furrow, and four cassava cultivars
(Agua Morna, BRS Gema de Ovo, Recife, and Venanc10) were cultivated in the subplots. The cultivars Agua Morna and
Recife export more phosphorus through their roots. The cultivars Venancio and Agua Morna show greater agronomic
efﬁc1ency when fertilized with 60 kg ha of P,O,. The apparent P recovery efficiency presented the followmg order:

‘BRS Gema de Ovo’ > ‘Agua Morna’ > “Venancio' > ‘Recife, with higher indices at the dose of 60 kg ha* of P,O

Key words: Manihot esculenta Crantz, plant nutrition, soil fertility, nutritional efficiency

RESUMO: O fésforo tem importincia fundamental para o suprimento energético necessario para o metabolismo
vegetal, mas ainda é pouco estudado em culturas importantes, como a mandioca. Objetivou-se avaliar o acimulo e a
eficiéncia do uso do f6sforo em diferentes cultivares de mandioca no semidrido. Foram conduzidos dois experimentos
em duas safras agricolas, 2018/2019 e 2019/2020, em Mossoré-RN. O delineamento experimental foi em blocos
ao acaso, em parcelas subdivididas, com quatro repeti¢des. Nas parcelas, foram aplicadas no sulco de cultivo cinco
doses de fosforo (P) (0; 60; 120; 180 e 240 kg ha'* de P,0,), e, nas subparcelas quatro cultivares de mandioca (Agua
Morna, BRS Gema de Ovo, Recife e Venéncio). As cultivares Agua Morna e Recife exportam mais fosforo através de
suas raizes. As cultivares Venincio e Agua Morna apresentam maior eficiéncia agrondmica quando adubadas com
60 kg ha' de P,O,. A eficiéncia aparente de recuperagao do P apresentou a seguinte ordem: ‘BRS Gema de Ovo’ >
‘Agua Morna > “Venancio® > ‘Recife, com maiores indices na dose de 60 kgha'deP,O,.

Palavras-chave: Manihot esculenta Crantz, nutri¢ao de plantas, fertilidade do solo, eficiéncia nutricional
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Accumulation and efficiency of phosphorus use in irrigated cassava cultivars in the Brazilian semiarid region

INTRODUCTION

Cassava (Manihot esculenta Crantz) is grown as an annual
crop in tropical and subtropical regions. Its main product
is the starch-rich tubers, which are an important source of
carbohydrates and are among the seven most widely grown
crops and a staple food for around 800 million people
worldwide (FAO, 2019).

Even though it is considered an undemanding crop
for fertile soils, most growers cultivate it on soils with low
fertility. However, studies have shown that cassava is a crop
that responds to fertilization, especially phosphate, which is
important for the formation of the root system and increases
root growth and productivity (Lima et al., 2018; Omondi et
al., 2019; Oliveira et al., 2020; Uchoa et al., 2020; Santos et
al,, 2021).

Tropical soils are characterized by a high degree of
weathering and low levels of phosphorus in a form available
to plants as well as low phosphorous mobility (Mili¢ et al.,
2019). Several studies have shown that the responses of crops to
phosphate fertilization vary according to biotypes and abiotic
factors, such as soil nutrient availability (Lima et al., 2018;
Katuromunda et al., 2021; Silveira et al., 2021).

Plant adaptation to reduced P availability in the soil can be
achieved by making better use of the nutrients present in plant
tissue for biomass production or by increasing soil P acquisition
capacity (Gautier et al., 2018). In this sense, selecting genotypes
with higher nutrient efficiency is regarded as one of the most
effective strategies to reduce crop production costs.

Given the above, the objective of this study was to evaluate
the accumulation and efficiency of phosphorus use in different
cassava cultivars in the semiarid region in Mossord, Rio Grande
do Norte state, Brazil

MATERIAL AND METHODS

The research was carried out in two crop seasons (June
2018 to April 2019 and June 2019 to April 2020), in different
areas, at Rafael Fernandes Experimental Farm (5° 03’ 31.00”
S, 37° 23’ 47.57” W and 80 m of altitude), at Federal Rural
University of the Semi-arid (UFERSA), located in the district
of Alagoinha, a rural area of the municipality of Mossoré, Rio
Grande do Norte state, Brazil.

According to the Koppen classification, the local climate is
BSh type (Alvares et al., 2013), that is, dry and very hot, with
a rainy season between February and May, and a dry season
from February to May and from June to January. During the
research, meteorological variables were collected (Figure 1)
in a climatological station located on the central campus of
UFERSA, 20 km away from the experimental area.

The experiments were carried out in randomized blocks, in
split plots, with four replicates. In the plots, the doses of P were
applied in the planting furrow, being 0, 60, 120, 180, and 240
kg ha of P,O, (Silva & Gomes, 2008) and the four cultivars
(Agua Morna, BRS Gema de Ovo, Recife, and Venancio) were
distributed in the subplots.

The cultivars had variations in root characteristics, with
cream (Agua Morna), yellow (BRS Gema de Ovo), and
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white (Recife and Venancio) pulp colors. There was pinkish
coloration on the root cortex (Agua Morna and Venancio) and
white or cream (BRS Gema de Ovo and Recife), in addition to
a dark brown outer color of the root for all cultivars. Variation
was registered in the branching of the aerial part, in which the
cultivar Agua Morna had less branching, while the others had
intense branching (Fukuda & Guevara, 1998).

The experimental area soil was classified as an Oxisol,
of sandy loam texture and flat relief (Régo et al., 2016). Soil
samples were collected at layers 0-0.20 and 0.20-0.40 m for
chemical and physical characterizations (Donagema et al.,
2011) (Table 1).

Although the experiments were carried out in two growing
periods, adjacent areas were used. The first area (2018/2019
crop season) had higher levels of P, Ca, and Mg, while the
second one (2019/2020 crop season) had high sodium
concentrations (Table 1).

Before setting up the experiments, soil tillage was carried
out with heavy harrowing to incorporate the remaining
plant material in the area, in addition to a leveling harrow to
homogenize the soil surface. Then, the area was marked, so
that each experimental unit consisted of four lines of 6.0 m
in length, spaced 1.0 m apart, totaling an area of 24.0 m?
(6.0 x 4.0 m). The two central lines were considered the useful
area of the experimental unit, discarding a plant at each end,
totaling 9.6 m’.

Fertilization was performed following the recommendations
of Silva & Gomes (2008) and based on soil analyses. As nitrogen
(N), phosphorus (P), and potassium (K) sources, urea (45%
N), simple superphosphate (18% P,O,), and potassium
chloride (60% K,O) were used, respectively. For each crop,
30 kg ha' of N and 40 kg ha' K,O were applied, while P
was applied according to the established treatments. P was
applied manually at planting, while N and K were applied via
an irrigation system through a diversion tank (“lung”), with
half the recommended dose of N supplied at 30 days after
emergence (DAE) of the plants, together with the total dose
of K. At 60 DAE, the second half of the nitrogen fertilization
was applied.

The cuttings were 10 months old and came from the Rafael
Fernandes Experimental Farm’s cassava multiplication area.
Planting was done by hand, with a stake 0.10-0.15 m long and
holding five-seven buds placed in each hole at a depth 0f 0.10 m,
with a spacing of 1.0 m between rows by 0.6 m between holes,
yielding a population density of around 16,667 plants ha™'.

The irrigation system used in the experiment was the drip
irrigation system, with emitters spaced at 0.30 m and a flow
rate of 1.6 L h', applying a daily average depth of 4.8 mm.
Irrigation was calculated according to the phenological phase
(Phase 1: 0-120 days after planting, Kc of 0.56; Phase 2: 120-
300 days after planting, Kc of 0.98; Phase 3: 300-360 days after
planting, Kc of 0.50), according to Coelho Filho (2020). Eight
months after planting, irrigation was suspended.

Weed control was executed by manual weeding, and due to
the occurrence of mite attack, the application of a commercial
product with the active ingredient spiromesifen was carried
out.
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Figure 1. Values of mean air temperature (A), relative air humidity (B), solar radiation (C), and accumulated rainfall (D) in
the two growing periods (2018/2019 and 2019/2020)

Table 1. Soil chemical and physical characterization, at layers 0-0.20 and 0.20-0.40 m, of the experimental areas during two
growing crop seasons (2018/2019 and 2019/2020)

*P, K, Na - Extractor Mehlich 1; Ca**, Mg?** - Extractor KCI 1 Mol L"!

For laboratory analysis, two whole plants from each subplot ~ water and neutral detergent, waiting for the excess water to
were collected, separated into leaves, stems, and roots, and  escape from the material, which was subjected to drying in a
weighed. Then, triple washing was carried out with distilled  forced circulation oven at 65 °C until the weight was stabilized.
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Afterward, the leaves, stem, and commercial roots dry
matter (g per plant) was obtained. The samples were ground in
a Wiley-type mill (2-mm sieve) and placed in closed containers.

Nitric-perchloric digestion was used to obtain extracts from
different parts of the plants (Malavolta et al., 1997). From the
P contents and the quantification of the dry matter of leaves,
stems, and roots, the P accumulation ratio (g per plant) was
calculated for each plant organ (leaves, stems, and roots) by
multiplying the content of each nutrient by the mass of sample
dry matter.

The agronomic efficiency (AE) and apparent efficiency of
recovery (AER) were calculated by Fageria (2009):

(RYWf —RYwoutf )
AE = (1)
APa

where:
AE - agronomic efficiency (kg kg');
RYwf - root yield with phosphate fertilizer (kg ha);
RYwoutf - root yield without phosphate fertilizer (kg ha);
and,
APa - amount of P applied (kg ha).

APwf — APwoutf’)
APa

ARE:(

where:

ARE - apparent recovery efficiency (kg kg”);

APwf - accumulation of P in shoots and roots with P
fertilizer (kg);

APwoutf - accumulation of P in shoots and roots without
fertilizer P (kg); and,

APa - amount of P applied (kg).

Statistical analysis for the two harvests was performed
separately for each harvest, using the SISVAR 5.6 program
(Ferreira, 2014), whose results were subjected to analysis
of variance using the F test (p < 0.05). For P doses,
regression analyses were performed (linear and quadratic)
and the equations were chosen based on the coefficient of
determination and the significance of the coefficients. The
cultivars were compared by the Tukey mean comparison test
(p < 0.05).
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RESULTS AND DISCUSSION

In the two cultivation growing periods, there were different
responses for P accumulation in the roots of the cultivars as
a function of the increase in the applied P doses (Table 2). In
the first cultivation, the cultivar Recife showed the highest
accumulation of P in the roots for the highest of the P,O_ doses
applied, not significantly differing from the cultivar Gema de
Ovo at doses 0 and 240 kg ha! of P,O,, and from the cultivar
Agua Morna at doses of 60 and 120 kg ha! of P,O_. On the other
hand, the cultivar Venancio showed lower P accumulation for
most doses. Even at the highest doses, the accumulation of P
by this cultivar was low, which is justified due to its lesser root
development compared to the others.

According to Kumar et al. (2019), plants with greater
root volume have better phosphorus uptake, because P is an
integral component of important compounds in plant cells,
including phosphate-sugars, respiration, and photosynthesis
intermediates, as well as the phospholipids that make up plant
membranes. It is also a component of nucleotides used in plant
energy metabolism (such as ATP) and in DNA and RNA (Taiz
et al., 2017).

As the movement of P from the soil by diffusion to the
roots is restricted, diffusion is generally considered to be the
most limiting factor in the uptake of P by plants. The ability
of plants to absorb phosphorus from the soil depends on the
concentration of those ions in the soil solution at the root
surface, in addition to the area of the root surface in contact
with the solution (Fink et al., 2016).

On the other hand, for the cultivar BRS Gema de Ovo, the
data obtained did not fit the proposed models, obtaining mean
accumulations of 0.911 g per plant (Table 2). For the cultivars
Agua Morna, Recife, and Venancio, the data showed a better fit
to the quadratic model, with higher values occurring at doses
of 110.17, 110.25, and 141.38 kg ha! of P,O_, with maximum
accumulations of 1.564, 1.613, and 0.704 g per plant being
obtained, in cultivars Agua Morna, Recife, and Venancio,
respectively (Table 2).

In the second year of cultivation, it can be seen that, as
observed in the first year of cultivation, the cultivar Venéncio
showed less P accumulation at most P,O, doses, except for
the dose of 160 kg ha™'. It was possible to adjust the regression
model for all cultivars, with maximum accumulations

Table 2. Phosphorus accumulation (g per plant) in cassava cultivar roots as a function of P,O, doses in two crop seasons

Different letters in the column indicate significant differences between cultivars at p < 0.05 according to the Tukey test; **, *, ns - Significant at p < 0.01 and p < 0.05, and not significant

by F test; R? - Coefficient of determination; CV - Coefficient of variation
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estimated at 1.499, 1.172, 1.445, and 1.091 g per plant, at
doses of 147.73, 146.43, 171.74, and 165.52 kg ha' of P,O, for
the cultivars ‘Agua Morna, ‘BRS Gema de Ovo, ‘Recife, and
‘Venancio, respectively.

In general, it appears that the response of the cultivars to
phosphate fertilization was more evident in the second year of
cultivation. This fact can be attributed to the lower P content
in the soil of the area used in this cycle.

Thus, it is observed that there was a great difference between
the two crops in their response to phosphate fertilization
(Figure 1). This difference may have been because the soil in
the experimental area during the 2019/2020 crop season had,
before fertilization, practically half the P content of the soil in
the first 2018/2019 crop season (Table 1).

The amount extracted by the roots is similar to the results
presented by Magolbo (2019), who obtained P accumulations
ranging from 13.1 to 14.7 kg ha™'. In addition to the cultivars’
internal characteristics, the increase in nutrient availability
and the source used are factors that can alter the uptake of
phosphorus by plants (Pela et al., 2017). For Pellet & El-
Sharkawy (1993), the differences in absorption between cassava
cultivars can be explained by the fact that each cultivar presents
a special mechanism for P uptake, such as diffusion and, to a
lesser extent the mass flow.

According to Kumar et al. (2019), plants with greater root
volume have better phosphorus uptake. The ability of plants to
absorb phosphorus from the soil depends on the concentration
of phosphorus ions in the soil solution at the root surface, in
addition to the area of the root surface in contact with the
solution (Fink et al., 2016).

For P accumulation in the stem (in the 2018/2019 growing
period crop), there were significant differences between
cultivars for all P,O_ doses, in which the Recife cultivar
presented higher values for most doses. On the other hand, the
cultivar BRS Gema de Ovo presented, in general, the lowest
values (Table 3).

There was adjustment to the regression model for the
cultivars Agua Morna, BRS Gema de Ovo, Recife, and
Venancio, which had maximum accumulations 0f 0.900, 1.618,
1.752, and 1.154 g per plant, respectively, for doses 132.82,
105.26, 122.81, and 133.33 kg ha™' of P,O, (Table 3).

In the second year of cultivation (2019/2020), there was
no significant difference between cultivars in the absence of
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phosphate fertilization. In the other doses, the cultivars BRS
Gema de Ovo and Venancio were superior to the others, while
the lowest values occurred in the cultivars Agua Morna and
Recife (Table 3).

The cultivars Agua Morna, Recife, and Venancio were
affected in a quadratic way by the phosphorus doses, with
the maximum values of 0.406, 0.454, and 0.397 g per plant
obtained at doses 139.28,177.27,and 159.52 kg ha"' of PO, for
the cultivars Agua Morna, Recife, and Venancio, respectively.
For the cultivar BRS Gema de Ovo, there was a linear and
increasing response, with the highest accumulation of P (0.854
g per plant) occurring at the dose 240 kg ha'' of PO, (Table 3).

In general, it appears that the plants showed lower P
absorption in the second season. Another factor that may
have influenced the lower P absorption in the second year of
cultivation is related to the lower P content in the soil used
(Table 1).

Magolbo (2019) verified accumulations varying from 4 to
4.5 kg ha! of P values close to those obtained in the present
study. Pellet & El-Sharkawy (1993) stated that the distinct
behavior of cassava genotypes is due to the difference in
dry matter partition patterns, the balance between shoot
production, and the behavior of starch storage into the roots.

Analyzing the accumulation of P in the leaves, there was no
difference between the cultivars at the rate of 60 kg ha™ of P, O..
In the absence of phosphate fertilization, the highest values
occurred in cultivars BRS Gema de Ovo and Recife. At the dose
of 120 kg ha! of P,O,, there was a significant difference only
between the cultivars Agua Morna and Venancio. In the other
doses, the cultivar Venancio presented greater accumulation
of P in the leaves (Table 4)

It was verified that in the first crop season there was no
adjustment for the model proposed for the cultivar Recife,
which obtained an average accumulation of 0.445 g per plant.
For the other cultivars, the data were adjusted to the quadratic
model in the BRS Gema de Ovo and Venancio cultivars, in
which the highest values for each cultivar occurred at doses
of 108.33 and 176.31 kg ha" of P,O,, with accumulations of
0.546 and 0.772 g per plant of P, for cultivars BRS Gema de
Ovo and Venancio, respectively. For the cultivar Agua Morna,
there was an increasing linear response, in which the highest
accumulation of P (0.460 g per plant) occurred at the rate 240
kg ha' of P,O, (Table 4).

Table 3. Phosphorus (P) accumulation in cassava cultivar stems as a function of P,O, doses in two crops

Different letters in the column indicate significant differences between cultivars at p < 0.05 according to the Tukey test; **, *, ns - Significant at p < 0.01 and p < 0.05, and not significant

by F test; R? - Coefficient of determination; CV - Coefficient of variation
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Table 4. Phosphorus (P) accumulation in cassava cultivar leaves as a function of P,O, doses in two crop seasons

Different letters in the column indicate significant differences between cultivars at p < 0.05 according to the Tukey test; **, *, ns - Significant at p < 0.01 and p < 0.05, and not significant

by F test; R” - Coefficient of determination; CV - Coefficient of variation

In the second season, there was no significant difference
between cultivars in terms of P accumulation in cassava leaves
for doses 0 and 120 kg ha of P,O.. At the dose of 60 kg ha™,
there was a difference only between the cultivars BRS Gema
de Ovo and Recife. At doses of 160 and 240 kg ha of P,O,,
the highest values occurred in cultivars BRS Gema de Ovo
and Venancio, while cultivar Agua Morna showed lower P
accumulation in leaf tissue (Table 4).

The accumulation of P in the leaf tissue was affected in a
quadratic way in the cultivars Agua Morna and Recife, with the
highest values occurring at doses of 127.78 and 163.63 kg ha™!
of P,O,, with maximum values of 0.339 and 0.466 g per plant,
respectively. For the BRS Gema de Ovo and Venéncio cultivars,
there were linear responses, with greater P accumulation
occurring at the highest PO, dose (240 kg ha™), with 0.602
and 0.531 g per plant, in the BRS Gema de Ovo and Venancio
cultivars, respectively (Table 4).

This reduction in P accumulation at higher doses may be
due to the antagonistic interaction of this nutrient with other
elements, as excess P in the soil causes a decrease in Zn and
Fe availability.

Regarding the total accumulation of P in the plants (roots,
stem, and leaves), it was found that in the first crop season,
total P accumulation differed among cultivars at all P,O,
doses. In the absence of phosphate fertilization, the highest
values occurred in cultivars BRS Gema de Ovo and Recife. The
cultivar BRS Gema de Ovo was superior to the other cultivars
at the dose of 60 kg ha* of PO, while the cultivar Recife was

superior at the dose of 120 kg ha of P,O.. In the other doses,
the cultivars Recife and Venéncio presented higher values
(Table 5).

The total accumulations of P were affected in a quadratic
way in response to the increase in the doses of P,O,, with the
highest value estimated for the doses of 122.22, 92.39, 120.88,
and 140.91 kg ha' of PO, with maximum values in 2.731,
3.418,3.787,and 2.979 g per plant, respectively, in the cultivars
Agua Morna, BRS Gema de Ovo, Recife, and Venancio (Table 5).

In the second crop season (2019/2020), there was a
significant difference between the cultivars only at the dose
of 60 kg ha' of PO, in which the BRS Gema de Ovo cultivar
was superior to the Venancio cultivar, and these did not differ
from the others (Table 5).

As observed in the first crop season, all cultivars were
affected in a quadratic way by the P O, doses. The highest
accumulations of P in plants were obtained at doses of 143.94,
170.45,182.92, and 163.63 kg ha!, in which 2.222,2.307,2.422,
and 2.134 g per plant were obtained, in cultivars Agua Morna,
BRS Gema de Ovo, Recife, and Venancio, respectively (Table 5).

In both crop seasons, excessive doses of PO, reduced the
accumulation of P. This must have occurred because the high P
content in the soil negatively affects symbiosis with mycorrhizal
fungi (Lin et al., 2020), and as these fungi have a beneficial
effect on plant nutrition, especially in cassava, P absorption
was impaired at the highest doses.

When phosphorus is supplied to cassava, it presents positive
responses, which vary mainly according to the genotype

Table 5. Phosphorus (P) accumulation in the plants of cassava cultivars as a function of P,O, doses in two crop seasons

Different letters in the column indicate significant differences between cultivars at p < 0.05 according to the Tukey test; **, ¥, ns - Significant at p < 0.01 and p < 0.05, and not significant

by F test; R* - Coefficient of determination; CV - Coefficient of variation
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and availability of the nutrient in the soil (Lima et al., 2018;
Katuromunda et al., 2021).

Agronomic efficiency (AE) refers to the capacity of the
plant to produce roots that are more commercially viable. In
the case of cassava, for each unit of P applied, it estimates the
capacity and efficiency of the plant to use the P available in
the soil; that is, it corresponds to the economic production
obtained per unit of applied nutrient.

For this characteristic, in the two harvests periods, different
responses were observed among the cultivars according to the
phosphorus doses. In the first and second crop seasons, the
cultivars Venancio and BRS Gema de Ovo stood out from the
others because they presented higher and lower AE values,
respectively, in all doses of PO, (Table 6).

The cultivars Agua Morna and Venancio showed higher
AE values in the lowest dose of phosphorus, being 180.915
and 237.360 kg kg™, respectively. The increase in P,O, doses
caused a linear reduction in the AE of these cultivars, so that the
lowest values occurred at the highest dose, obtaining -32.925
kg kg'! for the cultivar Agua Morna, and 58.80 kg kg for the
cultivar Venancio. For cultivars BRS Gema de Ova and Recife
there were quadratic responses, with higher AE values at doses
220.833 and 91.153 kg ha™, with maximum values of -27.75
and 50.47 kg kg™, respectively (Table 6).

Roots with smaller specific surfaces, that is, smaller area
per unit of weight, have greater contact and reactivity with
the soil solution and clay minerals, allowing greater uptake of
the element, which contributes to increased phosphorus use
efficiency (Reis et al., 2017).

In the second harvest, the highest AE of all cultivars was
observed in the lowest dose of phosphorus, being 244.752,
170.348, 166.103, and 299.863 kg kg, in the cultivars Agua
Morna, BRS Gema de Ovo, Recife, and Venancio, respectively
(Table 6). The increase in P,O, doses linearly reduced the AE of
all cultivars, so that the lowest values occur at the dose of 240
kg ha' of P,O,, being 86.832 kg kg (Agua Morna), 40.612 kg
kg! (BRS Gema de Ovo), 53.063 kg kg (Recife), and 79.303
kg kg (Venancio) (Table 6).

These results show, for soil with medium P content, the
cultivars Agua Morna, Venancio, and BRS Gema de Ovo are
more responsive to phosphate fertilization. In addition, the BRS
Gema de Ovo cultivar was more demanding on P. According
to Santos et al. (2017), the genotypes with a high response rate

Francisco A. T. Alves et al.

are interesting, as they respond to the increase in P in the soil
when cultivated in suitable environments. For Zanella et al.
(2019), genotypes that are more efficient are recommended for
crops that adapt from low to high technological levels.

Regarding the apparent recovery efficiency (ARE), in the
first crop season, the cultivar BRS Gema de Ovo had the highest
ARE at the lowest dose of PO, while the cultivar Recife had
the lowest ARE. However, with the increase of the P,O, doses,
the cultivar Venancio presented ARE superior to the other
cultivars. In addition, it appears that, contrary to what was
observed with the Venancio cultivar, the BRS Gema de Ovo
cultivar had reduced ARE (Table 7).

In this crop season (2018/2019), it appears that in the
first crop there was a statistical adjustment of the quadratic
models for the cultivars Agua Morna, BRS Gema de Ovo, and
Venincio, and linear for the cultivar Venancio. For the cultivars
Agua Morna and BRS Gema de Ovo, the highest values of
ARE occurred at the rate of 60 kg ha' of P,O,, being 0.856
and 1.254 kg kg™, respectively. With the increase in the P,O,
doses, the ARE reduced until the doses 228.12 kg ha! (0.023
kg kg') and 194.44 kg ha™ (-0.107 kg kg™'), respectively in the
cultivars Agua Morna and BRS Gema de Ovo, respectively,
with a tendency to increase from these doses. For the cultivar
Recife, the highest ARE (0.221 kg kg™!) occurred at the rate of
90 kg ha'', decreasing from this rate onwards. In the Venéncio
cultivar, the increase in P,O, doses caused a linear decrease in
ARE, with a variation from 0.479 to 0.095 kg kg, for doses of
60 and 240 kg ha of P,O,, respectively (Table 7).

In the second crop season, there was a significant difference
between the cultivars at doses of 60 and 120 kg ha'' of P,O. At
the dose of 60 kg ha' of PO, the highest ARE were observed
in the cultivars Agua Morna and BRS Gema de Ovo. For the
dose of 120 kgha™ of P O, there was a difference only between
the cultivars Agua Morna and Recife (Table 7).

In this crop season (2019/2020), the increase in P,O, doses
caused a linear reduction in ARE in the cultivars Agua Morna,
BRS Gema de Ovo, and Recife, so that, between the doses of
60 and 240 kg ha™', the ARE varied from 0.318 to 0.066 kg kg
(Agua Morna), 0.321 to 0.081 kg kg (BRS Gema de Ovo), and
0.219 to 0.079 kg kg (Recife). For the cultivar Venancio, the
data were adjusted to the quadratic model, with the highest
ARE (0.197 kg kg™') estimated for the dose of 96.49 kg ha™! of
P,O, (Table 7).

Table 6. Agronomic efficiency of cassava cultivars as a function of P,O, doses in two crop seasons

Different letters in the column indicate significant differences between cultivars at p < 0.05 according to the Tukey test; **, *, ns - Significant at p <0.01 and p < 0.05, and not significant

by F test; R* - Coefficient of determination; CV - Coefficient of variation
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Table 7. Apparent recovery efficiency of cassava cultivars as a function of P,O, doses in two crop seasons

Different letters in the column indicate significant differences between cultivars at p < 0.05 according to the Tukey test; **, *, ns - Significant at p < 0.01 and p < 0.05, and not significant

by F test; R? - Coefficient of determination; CV - Coefficient of variation

In general, it appears that the soil with the highest P content
presented higher ARE at the lowest P,O, doses. However, high
doses drastically reduced the ARE. On the other hand, plants
grown in soil with lower P content showed an increase in
ARE with phosphate fertilization, demonstrating the need for
higher doses of P,O.. The nutrient ARE is the rate of nutrients
absorbed by the plant from the applied fertilizer. Thus, high
doses of P,O, resulted in lower ARE indices, possibly indicating
that the lowest doses of P,O_ applied were sufficient to meet
the nutritional requirements of the plants.

The low P recovery may be related to the high Fe and Al
contents in the soil that fix or immobilize the P, which make
it unavailable to plants (Fageria, 2009). Furthermore, when a
plant is in a low availability P environment, it tends to use it
more efficiently, contrary to what is observed when the plant
is subjected to a condition of high availability of this nutrient,
in this sense, at high doses the plant tends to be less efficient
at absorption.

CONCLUSIONS

1. Cultivars Agua Morna, and Recife export more
phosphorus through their roots.

2. The cultivars Venéancio and Agua Morna show greater
agronomic efficiency when fertilized with 60 kg ha'' of P,O..

3. The apparent P recovery efficiency presented the
following order: ‘BRS Gema de Ovo’ > ‘Agua Morna’ >
‘Venancio’ > ‘Recife, with higher indices at the dose of 60 kg
ha' of P,O..
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