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Abstract

We have evaluated the agronomic performance of table cassava cultivars fertilized with phosphorus doses
in the Brazilian Semiarid Region. Two agricultural crops were grown at the Rafael Fernandes Experimental
Farm, Mossord, RN, from June/2018 to April/2019 and from June/2019 to April/2020. The experimental
design was in randomized blocks, arranged in subdivided plots, with four replications. In the plots, doses of
phosphorus were applied (0, 60, 120, 180 and 240 kg P,0s ha), and in the subplots, the table cassava
cultivars (Agua Morna, BRS Gema de Ovo, Recife and Venancio). The following were evaluated: dry matter
of leaf, stem, and commercial root; harvest index; commercial root number; commercial productivity and
aerial part productivity. The cultivars used had high root and aerial part productivities indicating that their
irrigated cultivation is appropriate under the conditions of the Semiarid region of Rio Grande do Norte. The
cultivars Agua Morna, BRS Gema de Ovo and Recife are more efficient in the use of phosphorus, obtaining
high productivity even in the absence of phosphate fertilization. The cultivar Venancio is more responsive
to phosphate fertilization, as it needs an input of this nutrient to increase its productivity.

Keywords: Commercial root. Genotypes. Manihot esculenta. Phosphate fertilization. Productivity.
1. Introduction

Cassava (Manihot esculenta Crantz) is among the seven most cultivated agricultural crops in the
world (FAOSTAT 2018). In 2017, Brazil produced 6.6 million tons of table cassava in an area of 740,611
hectares and an average productivity of 8.9 t ha (IBGE 2017). The Brazilian Semiarid region produced 625
thousand tons of root, representing 9.5% of the national production, and an average productivity of 4.8 t
ha™.

The adaptability of cassava varieties to various edaphoclimatic conditions, even in regions with dry
climates and poor soils, has made it widely cultivated (Isitor et al. 2017). The low productivity of the crop
among the majority of producers occurs due to the insufficient use of agricultural inputs and the
rudimentary management system (El-Sharkawy 2004; Alves et al. 2012), that substantially limit the
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potential that the crop could reach. Another important factor is the successive cultivation in the same
area, without the adequate replacement of nutrients in the soil. Research has proven that it is possible to
obtain production in the face of adverse situations and with abiotic stresses (Howeler 2002; El-Sharkawy
2004; Carvalho et al. 2007), which proves the efficiency of cassava in absorbing nutrients, even when
grown in soils with low fertility. However, it is a crop that responds well to fertilization (Howeler 2002).

The supply of nutrients through the use of fertilizers in the cassava culture is an indispensable
practice, despite being recognized as a rustic culture (Silva et al. 2013). Alves et al. (2012), Alves Filho et al.
(2015), Cuvaca et al. (2017) and Biratu et al. (2018) observed the effect of fertilization in increasing
productivity for cassava. However, studies in which the isolated effect of phosphorus (P) on root
production are still scarce (Sieverding and Howeler 1985; Pellet and El-Sharkawy 1993a; Pellet and El-
Sharkawy 1993b; Enck et al. 2017; Lima et al. 2018; Omondia et al. 2019), which demonstrates that it is
necessary to intensify this line of research.

Cassava is efficient in absorbing P (Howeler 2002) and also responsive to its application (Lima et al.
2018), which makes it a key nutrient for the high productivity of the crop (Akanza and Yao-Kouame 2011).
In conditions of low availability of this nutrient, cassava is able to extract from the soil what it needs for its
metabolic activities. In addition, according to Howeler (2002), the response of cassava to the application of
P may also be related to the association with mycorrhizal fungi and the variety used. Phosphorus provides
an increase in the leaf area index, an increase in shoot biomass production, an increase in liquid
photosynthesis rates and an increase in root yield (Omondia et al. 2019).

The cassava genotypes have different absorption and efficiency capacities for the use of P (Pellet
and El-Sharkawy 1993a). Varieties that have a higher density of thin and elongated roots have a greater
capacity for P absorption. Thus, there are varieties that have the ability to grow better in soils with low
levels of P.

Cassava reaches increases in root productivity with the application of increasing doses of P (up to
160 kg ha? of P,0s) in soils with low nutrient availability: 1.44 mg dm3 (Lima et al. 2018), 2 mg dm?3
(Burgos and Cenodz 2012; Enck et al. 2017), 2-15 mg dm™ of P (Silva et al. 2013). Pellet and El-sharkawy
(1993b) observed different cassava cultivars responded differently in terms of their production of roots
and aerial parts, with cultivars showing an increase in the production of roots and aerial part, while one
cultivar did not obtain an increase in yield for the roots, only presenting an effect for the aerial part.

The objective of the presented research was to evaluate the agronomic performance of table
cassava cultivars fertilized with different doses of P in the Brazilian Semiarid Region.

2. Material and Methods
Site description

The experiments were carried out at the Rafael Fernandes Experimental Farm (5°03'31.00"S,
37°23'47.57"W and 80 m altitude), belonging to the Federal Rural University of the Semi-arid (UFERSA),
located in the district of Alagoinha, a rural area of the city of Mossord, Rio Grande do Norte, in two
agricultural crops 2018/19 and 2019/20.

The local climate, according to the Képpen classification, is of the BSh type (Alvares et al. 2013),
characterized as being dry and very hot, with two climatic seasons: a rainy one that covers the months
from February to May, and another dry one which goes from June to January. The meteorological variables
were collected in a station present at the Experimental Farm during the period of the experiments (Figure
1).

The local soil was classified as Typical Rhodustults (Régo et al. 2016). Soil samples were collected at
depths of 0-0.20 m and 0.20-0.40 m for chemical (Silva 2009) and physical (Donagema et al. 2011)
characterization of the agricultural crop areas (Table 1).
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Experimental design and treatments

The experimental design was in randomized blocks, in split plots, with four replications. In the plots
the five P doses were applied in foundation, corresponding to each treatment: 0; 60; 120; 180 and 240 kg
ha! of P,0s. In the subplots, the four table cassava cultivars were arranged: Agua Morna, BRS Gema de
Ovo, Recife e Venancio
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Figure 1. A - Average values of average air temperature, B - relative humidity, C - solar radiation and D -
accumulated rainfall in the two agricultural crops of table cassava (2018/19 and 2019/20).

The cultivars worked had diversity in the characteristics of the root. The pulp color varied from
cream (Agua Morna) to yellow (BRS Gema de Ovo) and white (Recife and Venancio). The colors of the root
cortex included pink (Agua Morna and Venancio) and white or cream (BRS Gema de Ovo and Recife). The
external root color was dark brown for all cultivars.

Each experimental unit consisted of four lines 6 m long, spaced 1.0 m apart, totaling an area of 24
m? (6 m x 4 m). The two central lines, discarding a plant at each end, were taken as the useful area of the
experimental unit (9.6 m?).
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Table 1. Chemical and physical analysis of the soil in the experimental areas (depths 0-0.20 m and 0.20-
0.40 m) in agricultural crops 2018/19 and 2019/20.

Depth pH P K* Na* Ca?* Mg?* Sand Silt Clay
m mg dm3-—- -cmolcdm3- kg kg t-—-
1t Crop (2018/19)
0-0.20 5.90 8.3 38.9 1.2 0.80 0.50 0.91 0.02 0.07
0.20-0.40 5.50 2.0 50.8 1.2 0.70 0.20 0.88 0.03 0.09
2" Crop (2019/20)
0-0.20 5.90 3.7 41.1 9.3 0.60 0.20 0.91 0.02 0.07
0.20-0.40 4,90 0.9 24.3 8.3 0.50 0.10 --- --- ---

Crop management

The soil preparation 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 before the installation
of the experiments. Fertilization was carried out adapting the recommendations of Silva and Gomes (2008)
based on soil analysis, with the exception of the P, in which the treatments were taken into account. In
each agricultural crop, 30 kg ha* of nitrogen (N) and 40 kg ha™* of potassium (K) were applied. As a source
of N, P and K, urea (45% N), simple superphosphate (18% P,0s) and potassium chloride (60% K,O) were
used, respectively. The phosphate fertilization was done entirely in planting. Half of the recommended N
dose was applied at 30 days after emergence (DAE) of the plants, together with the total dose of K, and at
60 DAE the second half of N fertilization was applied. Both N and K were applied via the irrigation system,
through a bypass tank (“lung”).

The propagating material was obtained from a multiplication area installed at the Rafael Fernandes
Experimental Farm, planted ten months before the installation of the experiments, with cultivation
conditions similar to those used in the research. The planting was done manually, with a handle of 0.10-
0.15 m length and 5-7 buds, per pit, at 0.10 m depth, at 1.00 m spacing between rows by 0.60 m between
pits, making for a population density of approximately 16,666.7 plants ha™.

The crop was irrigated by a drip system, with emitters spaced at 0.30 m and flow rate of 1.6 L h?,
with a mean daily blade of 4.8 mm, suspending the irrigation eight months after planting. Culture
coefficient (Kc) was used for each phenological phase of cassava. Three weeds were required for weed
control. And due to the occurrence of mites, a commercial product with active ingredient spiromesifene
(240 g L'!) was used to control the infestation.

Harvest and evaluated variables

On the eve of the experiment harvest, two whole plants were collected from each subplot to
evaluate the following characteristics: leaf dry matter (kg plant?), stem (kg plant) and commercial root
(kg plant™), obtained from a sample in the plot and placed to dry in a forced circulation oven at 65°C until
weight stabilization, as well as plant dry matter (kg plant™) obtained by adding the dry matter of each part
of the plant.

The production characteristics were recorded at the harvest of each crop, evaluating: harvest index
(%), calculated by the ratio between the commercial root dry matter and the plant dry matter, the number
of commercial root per plant, obtained by counting those root with a length greater than 0.10 m and a
diameter greater than 0.02 m, commercial root productivity (t ha), estimated from the weighing of
commercial root per subplot, and the aerial part productivity (t ha), estimated by weighing the stem and
leaves of plants in the useful area of each subplot.

Statistical analysis

For each agricultural crop, the results obtained were subjected to an analysis of variance by the F
test (P <0.05), using the SISVAR 5.6 program (Ferreira, 2014). Subsequently, a joint analysis was performed
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for characteristics with homogeneity of variances between agricultural crops. For the phosphorus doses,
regression analyses were performed using the Table Curve 2D application v5.01 (Jandel Scientific 1991),
the equations being chosen based on the coefficient of determination and its significance. The graphics
were created using the SigmaPlot program, version 12.0 (Systat Software 2011). The averages for cassava
cultivars were compared using the Tukey test at the 5% confidence level.

3. Results
Commercial root, stem, leaf and plant dry matter

In the first agricultural crop, the doses of P had different effects on the commercial root dry matter,
depending on the cultivar (Figure 2A). It was observed that the cultivar BRS Gema de Ovo had a decrease in
comercial root dry matter with increasin doses of P, reaching an estimated maximum dry matter of 0.998
kg plant! with the treatment without application of phosphate fertilizer in the soil. This may indicate that
this cultivar is efficient on soils with reduced fertility, and is not sensitive to P deficiency. On the other
hand the cultivar Venancio responded to the application of the doses of the element, with an estimated
maximum of 0.619 kg plant™? with 151.05 kg ha' of P,Os. No regression adjustment was found for the
cultivars Agua Morna and Recife, with maximum comercial root dry matter 1.170 and 1.295 kg plant™ with
a dose of 120 kg ha™ of P,0s.
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Figure 2. Commercial root dry matter of table cassava cultivars fertilized with doses of phosphorus in two
agricultural crops, A - 2018/19 and B - 2019/20, Mossord-RN, Brazilian Semiarid.

In the second agricultural crop (Figure 2B), all cultivars responded to the application of phosphate
fertilizer. The cultivar Agua Morna obtained the maximum commercial root dry matter estimated at 1.302
kg plant® with 182.10 kg ha! of P,0Os; BRS Gema de Ovo had 1.163 kg plant™ with 120 kg ha* of P,Os (no
regression adjustment model was found); Recife reached 1.291 kg plant™ with 166.22 kg ha* of P,0s; and
Venancio 0.936 kg plant™ with 188.64 kg ha™ of P,0s.

The cultivars Agua Morna and Venancio reached maximum estimated values of stem dry matter of
0.956 and 1.280 kg plant™® with 189.56 and 133.76 kg ha of P,Os, respectively, in the crop 2018/19 (Figure
3A). The cultivar BRS Gema de Ovo had the highest stem dry matter of 1.232 kg plant™ with a dose of 60 kg
ha of P,0s. As for the cultivar Recife, the highest stem dry matter recorded was 1.317 kg plant™ with a
dose of 120 kg ha* of P,0s.

In the second year of cultivation (Figure 3B), the cultivar Agua Morna did not show regression
adjustment for P doses, with maximum stem dry matter of 0.512 kg plant™ with the dose of 120 kg ha'1 of
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P,0s. With the BRS Gema de Ovo cultivar, an estimated maximum stem dry matter of 0.779 kg plant™* was
observed with 114.47 kg ha™ of P,0s. The cultivar Recife showed a linear increasing effect for this variable
in this crop, obtaining a maximum of 0.674 kg plant! with 240 kg ha! of P,0s and the cultivar Venancio
showed a quadratic effect for stem dry matter, reaching the estimated maximum of 0.790 kg plant with a
dose of 165.64 kg ha* of P,0s.

There was an interaction between P doses and cassava cultivars for the leaf dry matter variable
(Figure 4). The cultivars Agua Morna and Venancio showed maximum leaf dry matter estimated with the
maximum P dose applied to the soil (240 kg plant™), with 0.172 and 0.240 kg plant?, respectively. The
cultivar BRS Gema de Ovo increased leaf dry matter with increasing P doses, reaching a maximum value of
0.229 kg plant! with 151.09 kg ha! of P,0s, then decreasing. There was no significant effect of the dose of
P on the Recife variety, which presented an average of 0.163 kg plant™.
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Figure 3. Stem dry matter of table cassava cultivars fertilized with doses of phosphorus in two agricultural
crop, A -2018/19 and B - 2019/20, Mossord-RN, Brazilian Semiarid.
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Figure 4. Leaf dry matter of table cassava cultivars fertilized with phosphorus doses in Mossord-RN,
Brazilian Semiarid.

For the variable plant dry matter, the cultivar BRS Gema de Ovo had no adjustment of regression
equation in relation to P doses, obtaining an average value of 1.951 kg plant™ in the first agricultural crop
(Figure 5A). The cultivars Agua Morna and Venancio showed a quadratic response to the application of P in
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the soil, reaching a maximum plant dry matter estimated at 2.087 and 2.114 kg plant™? with 169.68 and
142.83 kg ha of P,0s, respectively. For the cultivar Recife, the largest plant dry matter, 2.770 kg plant?,
was obtained with a dose of 120 kg ha™* of P,Os in the first year of cultivation.

In the second crop, all cultivars responded to the application of P (Figure 5B). The cultivars Agua
Morna, Recife and Venancio obtained a quadratic response with increasing P doses, reaching 1.987 (177.10
kg ha! of P,0s), 2.076 (172.20 kg ha? of P,0s) and 1.958 kg plant™® (178.10 kg ha* of P,0s), respectively.
The BRS Gema de Ovo cultivar showed an estimated maximum plant dry matter of 2.210 kg plant™ with a
dose of 88.15 kg ha™* of P,0s.
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Figure 5. Plant dry matter of table cassava cultivars fertilized with doses of phosphorus in two agricultural
crops, A -2018/19 and B - 2019/20, Mossord-RN, Brazilian Semiarid.

Harvest index

The harvest index was influenced by the interaction of phosphorus doses, cultivars and crops, with
the cultivars Agua Morna, BRS Gema de Ovo and Venancio, presenting, in the first agricultural season,
estimated maximum values of 59.26% (0 kg ha of P,0Os); 52.06% (0 kg ha™* of P,0s) and 30.23% (173.09 kg
hat of P,0s), respectively (Figure 6A). For the first two cultivars, the maximum estimated value was
obtained with the control treatment, due to the fact that they presented a lower value for the plant dry
matter (Agua Morna) and a higher value for the comercial root dry matter (BRS Gema de Ovo) making this
index high. The highest harvest index obtained by the cultivar Recife in the crop 2018/19 was 51.63%
obtained with the dose of 60 kg ha™* of P,0s, however, no adjustment model was found for this regression.

In the second agricultural crop, for the cultivar Agua Morna, there was no regression adjustment,
presenting a higher harvest index of 64.40% with the treatment that did not receive phosphate fertilization
(Figure 6B). The cultivar Venancio showed an increasing linear behavior with phosphorus doses reaching
the maximum harvest index of 48.83% with the highest phosphorus dose. The cultivars BRS Gema de Ovo
and Recife had a decreasing linear response, with maximum estimated harvest index of 57.21 and 64.97%,
respectively, for doses without application of P. The comercial root dry matter had little variation with the
P doses for these two cultivars, while the plant dry matter expressed a greater range of variation, thus,
with the increase of the plant dry matter, the harvest index decreased with the P doses for these two
cultivars.
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Figure 6. Harvest index of table cassava cultivars fertilized with doses of phosphorus in two agricultural
crops, A -2018/19 and B - 2019/20, Mossord-RN, Brazilian Semiarid.

Commercial root humber

In both crops, the cultivar Agua Morna showed the highest averages for commercial root number
(Table 2). The cultivars Agua Morna, BRS Gema de Ovo and Venancio showed no differences for
commercial root number between the two evaluated agricultural crops. The cultivar Recife had higher
commercial root number in the crop 2018/19 compared to the second crop. The cultivar Venancio had the
lowest number of roots among the cultivars evaluated in the two crops.

Table 2. Average values of commercial root number per plant of table cassava cultivars, in two agricultural
crops, Mossord-RN, Brazilian Semiarid.

c Cultivar
rop Agua Morna BRS Gema de Ovo Recife Venancio
2018/19 5.68 Aa’ 4.23 Ba 4.40 Ba 3.16Ca
2019/20 5.56 Aa 4.54 Ba 3.85Cb 3.44Ca
IMeans followed by different lower case letters in the column and different upper case letters in the row differ, at the level of 5% probability,
by the Tukey test.

Similar results for the commercial root number have also been reported by Tironi et al. (2015), who
observed a difference in the commercial root number of five cassava cultivars, as well as a difference
between the two agricultural crops evaluated.

Commercial root productivity

In the first crop, the commercial root productivity of the cultivars Recife and Venancio were
maximal, 59.36 and 28.48 t ha!, when 105.64 kg ha* and 148.05 kg ha! of P,0s, respectively, were applied
(Figure 7A). This was a percentage increase of 6.82% and 213.31% in commercial root productivity with the
maximum estimated dose in relation to the control for the cultivars Recife and Venancio, respectively. The
cultivar BRS Gema de Ovo had the highest productivity (47.64 t hat) when there was no application of P.
No adjustment equation model was found for the cultivar Agua Morna, with the highest productivity of
54.87 t ha' at a dose of 120 kg ha? of P,0s, which corresponds to a 20% increase in relation to no
fertilization by phosphates.
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In the second crop, there was a significant effect of P doses for all cultivars. The maximum
estimated commercial root productivity and respective doses were 62.86 t ha™ (189.29 kg ha of P,0s),
57.72 t ha (79.42 kg ha! of P,0s), 60.35 t ha (158.77 kg ha! of P,0s) and 40.38 t ha! (187.50 kg ha* of
P,0s), respectively for the cultivars Agua Morna, BRS Gema de Ovo, Recife and Venancio (Figure 7B). The
increments in relation to the treatment without application of P were 53%, 26.44%, 40% and 107.72%,
respectively.

Aerial part productivity

There was interaction between treatments for the productivity in terms of the aerial part (Figure 8).
In the first crop, the cultivar Agua Morna obtained an estimated maximum aerial part productivity of 55.62
t ha? with a dose of 240 kg ha of P,Os (Figure 8A). The cultivar BRS Gema de Ovo reached maximum
estimated aerial part productivity of 82.43 t ha* with 61.80 kg ha of P,0s. The cultivar Venancio had an
estimated maximum aerial part productivity of 70.98 t ha' with a dose of 160.62 kg ha™ of P,0s. The
highest aerial part productivity obtained by the cultivar Recife in the crop 2018/19 was 73.06 t ha* with a
dose of 120 kg ha? of P,0s. The percentage increases observed between the maximum aerial part
productivity estimated in relation to the treatment where there was no application of P were 102%, 70%,
23% and 132% for the cultivars Agua Morna, BRS Gema de Ovo, Recife and Venancio, respectively.
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Figure 7. Commercial root productivity table cassava cultivars fertilized with phosphorus levels in two
agricultural crops, A - 2018/19 and B - 2019/20, Mossord-RN, Brazilian Semiarid.
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Figure 8. Aerial part productivity of table cassava cultivars fertilized with phosphorus doses in two
agricultural crops, A - 2018/19 and B - 2019/20, Mossord-RN, Brazilian Semiarid.

In the second crop, all cultivars showed a quadratic response to aerial part productivity in relation
to P doses (Figure 8B). The maximum aerial part productivity obtained were estimated at 42.87 t ha'
(167.10 kg ha of P,0s); 80.00t ha™* (140.89 kg ha of P,0s); 58.32t ha (180.40 kg ha! of P,0s) and 63.12 t
ha? (181.52 kg ha of P,0s) for the cultivars Agua Morna, BRS Gema de Ovo, Recife and Venancio
respectively. These results correspond to increments of 85%, 81%, 97% and 86% was observed for the
maximum aerial part productivity obtained in relation to the control for the cultivars Agua Morna, BRS
Gema de Ovo, Recife and Venancio, respectively.

4, Discussion

The soil of the experimental area of the crop 2019/20 contained practically half of the P observed
for the soil of the first crop 2018/19 (Table 1). This difference may have altered the composition and
efficiency of mycorrhizal fungi species (Sieverding and Howeler 1985) making, for two different locations,
cassava respond differently to the presence of P in the soil.

There different cassava cultivars had differences in their commercial root dry matter as a function
of the dose of P (Figure 2), demonstrating that some cultivars are more efficient at nutrient absorption
than others, and that some are more responsive to fertilizer application than others. This is a variable that
can be indicative of the production of a cassava cultivar, as it reflects the greater accumulation of
photoassimilates in the tuberous roots. Assessing the dry matter and root yield of 26 varieties of table
cassava, Borges et al. (2002) observed significant variation between varieties.

The distinct behavior of cassava genotypes in soils with low P content and depending on the
application of the nutrient occurs due to the difference in the dry matter partition patterns (Pellet and El-
Sharkawy 1993b), the balance between aerial part production, and the behavior of the storage roots as a
drain.

The estimated values in the first crop for stem dry matter were higher than in the second crop. The
variations in meteorological parameters (Figure 1), highlighting the highest rainfall, especially in the first
year, in the final months of cultivation, stimulated the vegetative development and the drain character of
the stem of the cultivars.

There was variation between cultivars for the accumulation of leaf dry matter (Figure 4). It is
observed that the cultivar Agua Morna produced the least amount of dry matter for this organ. This
cultivar has the highest height of the 1st branch among all evaluated and the lowest branch of the aerial
part, with a tendency to produce less leaves. In the opposite direction, the BRS Gema de Ovo and Venancio
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cultivars present a lower height of the 1st branch and are more likely to have a higher branch of the aerial
part, thus producing a greater quantity of leaves.

The cultivars Agua Morna, BRS Gema de Ovo and Recife showed, in general, higher plant dry matter
in both crops for having obtained the largest comercial root dry matter and stem dry matter in both crops.
On the other hand, the cultivar Venancio expressed the lowest values for plant dry matter mainly because
it obtained the lowest comercial root dry matter in both crops.

Analyzing the phenological cycle of the cassava culture, there is a greater accumulation of dry
matter in the leaf and stem between 90 and 180 days after planting, the stage of crown establishment, in
which the highest growth rates of these organs and the crown has its maximum size (Alves 2006). During
this period, for both agricultural crops, an attack of mites followed, being more pronounced in the 2018/19
crop. This event may have caused a change in the behavior of some cultivars.

The leaves act as a source of photoassimilates, but at this stage of development they are also a
drain like the stem, accumulating photoassimilates. After this phase, around December, the meteorological
changes (Figure 1) favored the resumption of vegetative development of the aerial part of the cultivars.
However, in the cassava phenological cycle, this is the period of greatest carbohydrate accumulation, with
intense distribution of photoassimilates to the roots. With the resumption of vegetative development, the
stem and roots acted as a drain. Thus, the cultivars BRS Gema de Ovo and Venancio presented dry matter
with a stem greater than or equal to the amount of dry matter of commercial root in the first year of
cultivation, mainly in the treatments that suffered the most damage with the attack of the mites and high
temperature and solar radiation (Figure 1).

In cassava culture, the partition of dry matter between the organs of the plants behaves in such a
way that the leaves have the lowest accumulation and the roots the largest accumulation of dry matter
(Beriguete et al. 2015). It is natural that this happens, since the priority of the plant is to accumulate
nutrients in these reserve organs. However, Beriguete et al. (2015) observed behavior similar to that
observed in this experiment for stem and commercial root dry matter for the cultivars BRS Gema de Ovo
and Recife, once, to the occurrence of the attack of mites and the meteorological changes altering the
phenological behavior of the culture in the photoassimilate partition. Lorenzi et al. (1981) found
differences in dry matter production between two cassava cultivars due to the differentiated partition
between them, with one cultivar showing higher stem dry matter than root dry matter.

The harvest index is a parameter that, by itself, is not sufficient to explain the behavior of a given
cultivar (Cardoso Junior et al. 2005). As it is obtained by the relationship between the commercial root dry
matter and the plant dry matter, high values are obtained with the increase of the commercial root dry
matter or with a decrease of the aerial part dry matter, indicating changes in the distribution of the dry
matter between the biomass of the aerial part and the root biomass. The ideal harvest index value does
not necessarily have to be high to be ideal. Appropriate values occur according to the purpose of the crop,
and may be low and adequate if the purpose is to produce its aerial part, for example.

For the commercial root number, there is a tendency for variations to occur due to genetic factors
inherent to each cultivar. There would not be an effect of the application of increasing P doses, a fact also
observed by Enck et al. (2017), who found no difference in the number of roots between cassava cultivars
fertilized with increasing doses of P. Similar results for the commercial root number have also been
reported by Tironi et al. (2015), who observed a difference in the commercial root number of five cassava
cultivars, as well as a difference between the two agricultural crops evaluated.

In general, it was observed that the cultivars showed high productivities, regardless of the P dose,
and even without application of P, demonstrating that the cultivars are adapted to local climate conditions,
even though they are influenced by the behavior of some parameters, and tolerant to soils with low P
availability. The exception is the cultivar Venancio, which showed the lowest productivities in the two
agricultural crops, and it was the cultivar that showed the greatest response to the application of P in the
soil, obtaining low productivity in soils without application of P, achieving increased productivity with the
application of increasing doses of the element. The cultivars Agua Morna, BRS Gema de Ovo and Recife
were the most productive in both crops, with commercial root productivity between 35 and 65 t ha™.

It is worth mentioning that the cultivar Venancio, among all those evaluated, had the largest shoot
branch. And since the same population density was used for all evaluated cultivars, this may have impaired
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the performance of this cultivar, by limiting the development of the aerial part, reducing its area of light
capture (production of photoassimilates) and, consequently, what would be translocated into the drain
compartment (roots).

Ros et al. (2011) comment that the spacing between plants for cultivars that have greater shoot
ramifications needs to be greater. The densification of these cultivars can result in a decrease in
productivity as it does not allow the manifestation of their photoassimilated production potential. Add the
fact that the cultivar Venancio of this cultivar has the lowest number of roots per plant and we have the
reasons for this low productivity compared to other cultivars. Pellet and El-Sharkawy (1993b) identified a
positive correlation between productivity and number of roots for a cassava cultivar which showed low
yield due to the reduced number of roots. On the other hand, it presented high production of aerial part,
which may have limited the capacity of the root as a drain of photoassimilates. This competition for
photoassimilates may also have contributed to the lower yield of cultivar Venancio.

The cultivar Agua Morna showed high productivity even without P application (Figure 7). The
highest commercial root number (Table 2), with high accumulation of dry matter in the roots in the
treatment without application of P (Figure 2) correlates with this effect. Likewise for the cultivar BRS Gema
de Ovo, which presented a reasonable commercial root number (Table 2), regardless of the P dose used,
but obtained a high comercial root dry matter (Figure 2) in treatments without application of P. Pellet and
El-Sharkawy (1993b) observed a similar response in productivity roots, between two cultivars, in two
crops, in the treatment without application of P.

The differences in the productivity responses of each cultivar are related to the efficiency in the use
of P between them. Each cultivar has its maximum production limit and has its own particular nutritional
requirements. The concentration of P in the soils (Table 1) studied was below the minimum critical point
(10 mg dm™ of P) for the crop (Silva and Gomes 2008).

The results obtained in each crop show what other studies have already found: Cuvaca et al. (2017)
observed an increase in root productivity with the addition of phosphate fertilizer; Silva et al. (2014), Tironi
et al. (2015), Omondia et al. (2019) and Kang et al. (2020) observed variation in productivity between
cassava cultivars and variation for cultivars in different crops due to meteorological differences and the
chemical attributes of the soil in the study sites; and Enck et al. (2017) found no difference in productivity
between cassava cultivars fertilized with increasing doses of P.

Evaluating the different responses of four cassava cultivars to the application of P, Pellet and El-
Sharkawy (1993b) found that one cultivar showed low productivity even with the highest doses of P. The
result indicates that this cultivar has a reduced and little root system efficient in absorbing the nutrient.

The variation in the P content in the soil in the two crops changed the requirements of the same
cultivar. This fact was also observed by Sieverding and Howeler (1985) and Pellet and El-Sharkawy (1993b),
in which they verified different responses from cassava cultivars to phosphate fertilization between the
evaluated sites, due to changes in soil characteristics. Osundare (2014) comments that P plays a
fundamental role in the formation of the root system of plants, however for cassava it may or may not be
linked to the processes of tuberization and increased root volume.

The variations occurring for commercial root productivity between cultivars in the two evaluated
crops may be related to the diversification of mycorrhizal fungi species between the locations worked. The
composition of mycorrhizal fungi species is influenced by the distinction in land use (Zobel and Opik 2014),
by the variation in soil fertility (Leff et al. 2015) and even by the cassava cultivar used (Begoude et al.
2016).

Sarra et al. (2019) observed variation in the composition of mycorrhizal fungus species between
two cassava growing areas due to the variation in the available P content (9.33 and 3.88 mg dm™ of P),
with greater diversity in the area with lower availability of P. Similar differences in the doses of P available
in the soil were observed in the experimental areas (Table 1), with a greater concentration in the soil of the
first evaluated crop.

The evaluated cultivars responded significantly to the application of P doses for aerial part
productivity, disagreeing with results found in other studies. Silva et al. (2013) and Burgos and Cendz
(2012) did not observe the influence of P on the aerial part production of cassava cultivars.

Bioscience Journal | 2023 | vol. 39, e39077 | https://doi.org/10.14393/BJ-v39n0a2023-65423



SILVEIRA, F.P.M., et al.

The high root and aerial part productivity observed in this work indicate the dual suitability of the
evaluated cultivars, that is, production of root for human consumption and aerial part for animal feeding.
This represents a very important strategic option for the Brazilian Semiarid region in maintaining plant and
livestock production due to the limited choice of crops with this characteristic.

It is interesting to note that the cultivar Agua Morna presented the lowest aerial part productivity in
the two crops, which agrees with what was previously mentioned because its cultivar has the highest
height of the 1st branch, and theoretically the lowest branch and crown. Cultivars that grow on a single
stem and that have little branching produce a small aerial part (Rds et al. 2011). In addition, the cultivar
Agua Morna had the lowest values for stem dry matter (Figure 3) and leaf dry matter (Figure 4), which
agrees with its lowest aerial part productivity. However, the cultivar BRS Gema de Ovo presented the
highest values for stem dry matter (Figure 3) and leaf dry matter (Figure 4), which represents better aerial
part productivity in both crops.

In the second crop, there was a positive correlation between aerial part productivity in the second
crop (Figure 8B) and commercial root productivity (Figure 7B), in agreement with Pellet and El-Sharkawy
(1993b).

The difference between crops was also reported by Silva et al. (2014) and Tironi et al. (2015), who
attributed this behavior to changes in meteorological factors that occurred during growing seasons.

The change in weather conditions in the months before the cassava harvest modified the behavior
of the plants that restarted their vegetative development in the two evaluated crops. For the cultivars
studied, higher yields of aerial part productivity and lower productivities for comercial root productivity
were observed in the first year of cultivation, reflecting the greater precipitation occurring in the four
months preceding the harvest, promoting greater vegetative development in relation to the second crop,
due to greater competition between the stem and the roots as a photoassimilate reserve organ.

In this research, variations were observed for the characteristics evaluated according to the studied
crops, P doses and cultivars. It is to be expected that there is a natural variation, as a result of the genetic
nature of the cultivars for the studied characteristics, which may be expanded or regressed in the face of
the interference of abiotic factors. For the evaluated crops, the P doses caused this variation in some
situations and the different meteorological conditions were also responsible for this aspect.

5. Conclusions

The doses of P influenced the agronomic performance of the cassava table cultivars in the Semiarid
Region of Rio Grande do Norte.

The cultivars used obtained high root and aerial part productivity, indicating that their cultivation is
appropriate under the conditions of the Semiarid Region of Rio Grande do Norte.

The cultivars Agua Morna and Recife showed the highest productivities of commercial root with
doses of P between 105.64 and 189.00 kg ha™* of P,0s.

The cultivar Venancio demanded a greater contribution of phosphate fertilization to obtain an
increase in the productivity of commercial roots.
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