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Abstract

Nutrient management becomes essential in soils with low natural fertility, so the use of organic fertilizers can
improve chemical properties of soil and reduce production costs. The objective of this study was to evaluate the
effect of different fertilization sources on the chemical properties of soil under cassava cultivation. The
experiment was conducted between 2017/2018 in the community of Boa Esperanca, Santarém-PA using the
cultivar Bem-te-vi, in the randomized block design with 4 treatments: T1 (without fertilization), T2 (fertilization
NPK), T3 (organic fertilization with poultry manure), T4 (fertilization with cattle manure), with 5 replicates. The
soil samples were analyzed for the contents K*, Ca*’, pH in H,0 and KCI, A*" and soil organic carbon content
(TOC). The data were submitted to analysis of variance and the means were compared by the Tukey test at 5%
probability, using the software MINITAB® version 18. There were statistical differences between the treatments
for all the chemical properties analyzed. The findings of the analysis were that fertilization with catle manure and
NPK were the same and differed from the other treatments for the contents of K*, pH in H,O and KClI, for Ca?"
and TOC. The treatment without fertilization obtained the lowest values differing from the others, for AI*". The
source from NPK obtained the lowest content in the soil. The treatments with organic fertilizers had higher levels
of the above nutrients in the soil. The chemical properties of the soil were altered from the different management
systems for the cultivation of cassava.
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1. Introduction

Cassava (Manihot esculenta Crantz.) is native to the southern amazon region of South America. The plant is
popularly known in Brazil as “cassava”, “macaxeira”, or “aipim.” It belongs to the family Euphorbiaceae, which
is characterized by the presence of glycosides and latex, and number of variable roots (Matos et al., 2016; Torres,
2018). Its roots are rich in carbohydrates and cassava is a staple food in several countries for low-income

populations, such as Africa, Asia and Latin America (Alves et al., 2008).

It is one of the most energy-dense foods in the world and it is consumed by more than 700 million people
globally because of its ability to adapt to various environmental and climatic conditions, and its density of starch
per unit area (Souza et al., 2018; Maxmen, 2019). Cassava is consumed by humans, as well as used in animal
feed (Souza et al., 2019) through processed products (farinha, fécula, polvilho, etc.). It is an excellent protein and
energy source (Halsey et al., 2008).

In the Amazon, cassava is the majorly produced crop, in terms of net profit, agronomic and sociocultural
importance. Cassava is typically sourced from family farms (Rosa et al., 2014). Family farming plays an
important role in the Brazil’s food supply, contributing about 87% of the national cassava production (Food and
Agriculture Organization of the United Nations [FAO], 2016).

The world production of cassava in 2016 corresponded to 277.1 million tons. Brazil was the fourth largest
producer of cassava root production in 2018 reached 17.64 million tons, with an area harvested of 1.20 million
hectares and a productivity of 14.63 tons per hectare. The state Para has highest cassava root production in Brazil,
with 3.83 million tons (Instituto Brasileiro de Geografia e Estatistica [IBGE], 2018).
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Although cassava can grow in coditions of deficient soil fertility and limited water supply, this crop extracts a
large amount of nutrients from the soil, and in subsequent cycles compromises its productivity. Cassava
productivity is decreasing predominatly due to two factors: reduced supply of technology and lack of assistance
to producers (Alves & Junior, 2012).

A limiting factor for agricultural production in Para is the natural deficiency of the soils, which is correlated to
the climate of the region. Additionally, improper management by producers contributes to the deficient soils,
which according to Bezerra et al. (2019) occurs because of the non-replacement of nutrients to the soil.
According to Brancalido et al. (2015), the adaptations to different soil and climate conditions which producers
use for crop management, minimum amounts of inputs or do not use, which depreciates the production potential
of the crop.

There are few studies regarding different sources of fertilization for cassava crops, with emphasis on the
availability of nutrients in the soil. Studies with this emphasis are vital because in the state of Para, this is one of
the limiting factors for production. Some research shows that cassava crops respond positively to fertilization,
which improves nutrient content and crop yield (Odedina et al., 2012).

Therefore, it is necessary to seek out alternative methods of fertilizing the soil with adequate nutrients for
sustaining the crop. Hence, the objective of this work was to evaluate the effect of different sources of
fertilization on chemical properties of soil used under cassava cultivation in a family farming area in the
community of Boa Esperanga.

2. Method
2.1 Characterization of the Area and Location of the Experiment

The study was carried in a small family farm production area, located on the PA 370 road, in Curud-Una,
Santarém-PA-Brazil, in the lower amazon mesoregion, in the community of Boa Esperanga under the coordinates
2°4424.7"S and 54°31'33.2"W at altitude of 145 a.s.l. The soil of the area is characterized as Yelow Latosol,
clayey texture (sand (173 g/kg), silt (168 g/kg) and clay (659 g/kg)) (Santos et al., 2018). The climate of the
region is tropical, with well-defined seasons: one dry and another with high rainfall rates, according to the
Koppen classification (Andrade & Corréa, 2014), with an average annual temperature of 25.5 °C, mean relative
humidity 88% and average annual rainfall of 1.820 mm, with the average temperature of the coldest month
higher than 18 °C (Almeida et al., 2012). The data of monthly mean precipitation, maximum and minimum
temperature during the study period are presented in Figure 1.
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Figure 1. Precipitation values, maximum temperature and minimum temperature during the development of the
experiment.

2.2 Preliminary Preparation

Before planting, soil samples were collected for initial chemical characterization of fertility, according Teixeira
et al. (2017). Based on the results obtained (Table 1) fertilization was performed as per the guideline, described
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in the manual for fertilizer and limiting recommendations for the state of Para (Embrapa, 2007). Harrowing soil
was carried out to improve the physical characteristics.

Table 1. Characterization of soil chemical and physical attributes before cassava planting in the layer 0-20 cm

Attributes Layer 0-20 cm
pH H,O 6.1
pH Cacl, 54

P (mgdm™) 4.0
K (mgdm?) 439
Ca+Mg (cmol Kg™) 4.6
Ca (cmol.Kg™) 34
Mg (cmol Kg™) 1.2
Al (cmol.Kg™) 0.0
H (cmol.Kg™) 4.0
OM (gKg™) 37.8
SB (cmol.dm™) 4.8
CEC (cmol.dm™) 8.7
V (%) 54.5
m (%) 0.0
sat Ca (%) 39.0
sat Mg (%) 14.3
sat K (%) 1.3
sat H (%) 45.5
Ca/Mg 2.7
Ca/K 29.8
Mg/K 11.0
Sand (g/Kg) 173.0
Silt (g/Kg) 168.0
Clay (g/Kg) 659.0

Note. P = phosporus; K = potassium; Ca = calcium; Mg = magnesium; Al = aluminum; H = hydrogen; OM =
organic matter content; SB = sum of bases; CEC = cationic Exchange Capacity; V = base saturation; m =
aluminum saturation; sat Ca = saturation by Ca; sat Mg = saturation by Mg; sat K = saturation by K; sat H =
saturation by H.

2.3 Source of Cassava and Planting

The experiment was conducted with cassava (Manihot esculenta Crantz.), being the cultivar used Bem-te-vi,
which is also managed by the producers at the site. The genetic material was made available by the community’s
own producers, and the best materials were selected to conduct the experiment. The planting was carried in the
2017/18 agricultural year, using the spacing of 1 x 1 m.

2.4 Conducting the Experiment and Treatments

The design used was randomized blocks, four treatments in 5 blocks, totaling 20 plots, each plot had 6 x 6 m,
totaling 36 m? per plot. In treatment 1 (T1), this sample was without fertilization, treatment 2 (T2) this sample
was the fertilization with NPK formulation (40-80-60), this fertilization was performed as recommended in the
Manual of fertilization and liming of the state of Para (Embrapa, 2007), treatment 3 (T3) this sample was the
organic fertilization with poultry manure, being 11 kg/plot and for treatment 4 (T4) this sample was the organic
fertilization with cattle manure, it was used of 16 kg/plot.

At 450 days after planting, 10 random simple samples were removed from each experimental plot to form 1
sample composed per plot, totaling 20 samples composed at the depth of 0-20 cm, Dutch auger was used. Five
samples composed by treatment were collected, for further analysis of the chemical properties of the soil.

2.5 Soil Chemical Analysis

Soil chemical analysis was performed at the Soil Quality Laboratories and Soil Laboratory of the Federal
University of Western Para, according to the recommendation of the Manual of soil analysis methods (Teixeira et
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al., 2017). The pH in H,O and KCI; determination of the exchangeable cations AI*" and Ca2" extracted with KCI
1 mol L using complexometry method; K* extracted by Mehlich-1 solution and the total soil organic carbon
(TOC) content was determined by the wet pathway method, through the oxidation of organic matter by
potassium dichromate.

2.6 Statistical Analysis

The data were submitted to variance analysis and the averages of treatments compared by tukey test at 5%
probability, the statistical software used was Minitab® version 18 (Minitab, 2018).

3. Results and Discussion

The effects of different sources of fertilization on soil chemical properties at 450 days of cassava cultivation are
presented in Table 2.

Table 2. Analysis of the average of soil chemical characteristics from treatments with fertilization depth (0-20
cm)

pH Al K Ca Mg TOC

Treatments . . - B

H,O KCl1 cmol kg™ mgdm® - cmol kg™ ------ gkg!
No fertilizing 496 B 435B 0.46 A 20.24C 3.78 B 092 A 19.82 B
N-P-K fertilization 522AB 4.68A 022B 30.13 AB 570 A 1.56 A 21.01 AB
Poultry manure 499 B 428 B 0.41 AB 22.68 BC 424 AB 1.00 A 21.11 AB
Cattle manure 553A 452 AB 0.38 AB 3395A 5.62A 1.22A 21.95A
C.V. (%) 3.47 3.60 31.34 17.32 18.02 38.36 2.83

Note. Al = aluminum; K = potassium; Ca = calcium; Mg = magnesium; TOC = total organic carbon; C.V. =
coefficient of variation. Averages followed by equal letters in the same column do not differ from each other
according to the Tukey test (p < 0.05).

For the test of comparison of means of potassium content present in the soil from different sources of
fertilization, it is noted that the treatment with cattle manure and mineral fertilization with NPK were statistically
equal, differing from the other treatments, according to the identified in Table 2.

However, a reduction in the soil K* content was observed at the end of the experiment, which may be related to
the absorption rate of this element by the plants or through the leaching process due to the high rainfall rates
during the experiment. Werle et al. (2008) states that there is a reduction in soil potassium content, mainly in
soils with high initial levels of this element, due to the percolation process in the soil.

The fertilization with cattle manure provided the highest absolute potassium content in the final evaluation
period of the experiment, being statistically equal to the fertilization with NPK. According to Nascimento et al.
(2017), organic fertilization increases the concentration of cationic nutrients, such as K' in the root absorption
zone of plants, increasing the intake of this nutrient in the soil. In fact, the slow decomposition of cattle manure
reduces the loss of K that is not used by the plant, resulting in nutrient input in the soil, since the accumulation
of K* from NPK, indicated that the plant was unable to use large quantities of this element from this source,
which accumulated on the surface of the clayey soil, due to easy availability and adsorption in the soil.

Similar results were found by Junior et al. (2014), where an increase in K* content was verified in the soil, under
the addition of organic material. The use of cattle manure in fertilization allows the improvement of soil quality,
increases nutrient recycling and provides the reduction of mineral fertilizers (Higashikawa & Junior, 2017),
reducing the cost of production.

Organic fertilization with poultry waste showed low values when comparing fertilization with cattle manure,
obtaining an average value of 22.68 mg dm™ of K" for this treatment, this is considered low (Embrapa, 2007), as
identified in Table 2. Thus, it is possible to infer that there was loss of the nutrient by leaching or is related to the
greater extraction of K™ from this source for production, since this is one of the nutrients extracted in greater
amounts by cassava crop, as observed by Ros et al. (2013) in an experiment with cassava under different doses
of cattle manure.

After comparing the initial pH value of the soil before cultivation (Table 1) and after the cultivation of cassava,
there was an observable reduction in pH values, making the soil more acidic and increasing the AI*" values that
were previously null. Similar results were observed by Guimarées et al. (2015), where after the cultivation of
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cassava, the pH of the soil tended to acidify. This was already observed in studies carried out by Betencourt et al.
(2012). The reduction in pH values tends to be related to the plant’s ability to extract more nutrients with
rhizosphere acidification, however, Sarr et al. (2013) observed a reduction in pH with the cultivation of cassava,
and associated this acidification with the accumulation of organic matter.

Regarding the analysis of soil pH between the evaluated treatments, significant differences were observed (p <
0.05), both for pH in water and for pH in KCIl. For pH in water, treatment with cattle manure and NPK
fertilization obtained the highest pH values, being statistically equal, for the treatment of poultry manure and the
treatment without fertilization, there were no statistical differences between them, obtaining the lowest values for
pH in water, being respectively 4.99 and 4.96, considered acidic, according to Table 2.

According to Balerini et al. (2018), the use of organic fertilizers tends to increase soil pH in relation to a natural
soil without the addition of organic fertilizers. Santos et al. (2017), states that the reduction of pH in a soil
without the addition of organic fertilizer is related to the natural condition of the soil, and to dynamic root
systems, which corroborates the data presented.

The increase in the pH value of cattle manure may be related to the increase in organic matter and to the lower
soil A" content. According to Medina et al. (2018), as the pH increases, the number of negative charges
increases, and as the pH decreases, there is an increase in the number of positive charges.

The pH range in KCl, according to the data found, were considered low, but there were differences between the
means for treatments, NPK fertilization and cattle manure differed from treatments without fertilization and
poultry manure (Table 2).

It was observed that the pH range in water was higher than the pH range in KCI. Similar results were found by
Nascimento et al. (2017), indicating the predominance of negative charges, which is related to cation adsorption.

After comparing the A" levels before the cassava planting (Table 1) and after planting, there was an increase in
the exchangeable aluminum contents of the soil, which is related to its greater solubilization due to the reduction
of the initial pH values of the experiment. Therefore, the reduction of the pH values for the soil, increased the
aluminum contents during the experiment.

In order to evaluate the contents of exchangeable aluminum (AI*"), between treatments, the treatments with cattle
manure, poultry manure and without fertilization were statistically equal, differing only from the treatment with
NPK fertilization, which obtained the lowest mean of AI*". The highest aluminum content was found in the
treatment without fertilization (0.46 Cmol, kg-'), followed by poultry manure and cattle manure. The values
found were considered average for this element in the soil (Embrapa, 2007).

The AI3" levels found for the treatments are related to the values for pH, according to Cunha et al. (2015) the
values of AI*" found in the soil are directly related to the increase or reduction of soil pH, and the lower content
of AI*" is related to higher pH values, and higher Levels of AI*" are related to more acidic soils, which may cause
toxicity in plants, as observed in Table 2.

The data found for Ca®" contents show that the treatments regardless of fertilization increased the levels of
macronutrient in the soil, as these differed in relation to the treatment without fertilization, according to Table 2.
Ca2" values were considered high (Embrapa, 2007).

The highest calcium content was directly related to NPK fertilization and cattle manure, similar results were
found by Fidalski (1999). When working with NPK dosages observed an increase in the content of Ca®" in the
soil. It must be considered that the increase in Ca2" levels by chemical fertilization in the soil must be the result
of an indirect effect (Pinheiro et al., 2019), such as liming.

However, fertilization with cattle manure and poultry manure positively affected the availability of Ca?" contents
in the soil, although the treatment with the highest concentration in the final evaluation period was cattle manure.
This result differs from a study conducted by Abreu et al. (2010), where a higher concentration of calcium in the
soil was observed from the use of poultry manure in relation to fertilization with cattle manure.

For Mg?" analysis under the different management systems, there were no significant differences between the
treatments evaluated, however, the values for this variable were considered average, according to Embrapa
(2007).

In the analysis of organic carbon content (TOC), a higher concentration was observed from the use of
fertilization with organic sources. The fertilization with cattle manure provided the highest organic carbon
content in the soil.
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According to Pinto et al. (2012), the addition of organic residues in the soil in crop systems causes an increase in
soil organic matter. Therefore, the addition of organic sources has a high capacity to increase the soil’s organic
carbon stock, due to the entry of organic matter, in addition to increasing the availability of nutrients.

Steiner et al. (2012), states that the soil organic carbon stock can be altered with greater or lesser intensity, as it is
one of the most sensitive properties affected by management descisions. A reduction in the initial content for this
element was observed from the planting of cassava, according to Yada et al. (2015), the low levels for this
element are related to the removal of the natural cover from the soil for the farm, reducing the capacity of
recovery of soil chemical characteristics.

For the mean comparison test, it was observed that there were statistical differences between treatments, and the
treatment without fertilization differed from the other treatments, obtaining lower average levels of organic
carbon (19.82 g kg™!), while for the other treatments had no statistical differences. Therefore, organic fertilization
has the ability to increase the organic carbon intake of the soil, in relation to fertilization with mineral sources
(Table 2).

According to Castoldi et al. (2011), organic fertilization can partially or totally supply mineral fertilizer when
managed properly, reducing production costs. Troleis et al. (2017) states that the consumption of mineral
fertilizers of high solubility and reduced conditioning action of soil quality, causes increased costs, and
alternative sources of fertilization should be evaluated, these allow the improvement of characteristics of the soil.

The values for organic carbon were considered low, and the highest average was presented by fertilization from
cattle manure (21.95 g kg™) due to the higher concentration of cellulose in the composition, these characteristics
may be related to the degradation processes of organic matter.

The soil organic matter content is related to the environmental conditions present (Paterson & Sim, 2013), being
controlled by rates of decomposition, and renewal of waste, which occur dynamically (Mulvaney et al., 2010).

This mainly occurs in soils of tropical regions, due to warmer weather conditions and high rainfall rates, which
tends to increase the decomposition of organic matter at an accelerated rate (Barbieri et al., 2013).

4. Conclusions

The chemical properties of the soil were altered from the different management systems for the cultivation of
cassava.

The use of bovine manure promoted a significant increase in the soil fertility, nutrients, and chemical properties
and reduction of acidity in the final evaluation period of the experiment.

Organic fertilizers promoted an increase in soil nutrient content when compared to mineral fertilizers.

Organic fertilizers can replace mineral fertilizers for cassava crop prodution under the conditions which the
experiment was conducted.
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