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Abstract

Cassava is one of the most important socio-economic crops in the world. It is usually
cultivated in soils with low fertility and little mechanization, which makes it difficult to
increase the crop's productivity and, consequently, economic gains. The aim of this study was
to evaluate different types of fertilization (Poultry litter, organomineral fertilizer and rooting)
in cassava cultivation in the northwest region of the state of Paran&- Brazil. After 10 months
of planting, the variables evaluated were: number of roots, root diameter, root length, shoot
height, starch yield and shoot fresh weight. The results were submitted to mean test, principal
component analysis and Pearson's R correlation analysis. The results showed that poultry
litter presented the best result in practically all the evaluated variables, followed by rooting,
which promoted the highest number of roots; in addition, with the exception of the number of
roots, all other variables were highly correlated.

Keywords: poultry litter, organomineral, organic fertilizer, rooter
1. Introduction
1.1 Manihot Escullenta Crantz

Cassava (Manihot esculenta Crantz) is a tuberous plant, of the Euphorbiaceae family, and has
Brazil as a possible center of origin and diversification of the cultivated species. (Abraham,
1970; Fukuda et al., 2005). The great importance of this culture is due to the fact that about
half a billion people around the world have cassava as a primary source of carbohydrates
(Isendahl, 2011). In Brazil, studies show that 59% of the population consume this tuber at
least every two days (Horodyska et al., 2021). This is a considerable amount, especially when
we talk about cassava production. There are two types of cassava grown in Brazil. Wild
cassava (requires detoxification for human consumption and is widely used for the production
of flour) and does not require fertile soil for production; and sweet cassava (suitable for
human consumption and requires fertile soil for production) (Fraser, 2010).

1.2 Culture Production and Needs

The cultivation of cassava has an extreme energy importance not only in Brazil, but in the
world. In 2019, FAO data estimate that there was a production of 303 568 814 tons, with
crops spread from Africa, Asia, to the Americas. Brazil is the third largest producer, with a
production of 17 497 115 tons, being the first within the Americas (FAO, 2019). Although
this number is expressive, when we look at a historical scenario, this is the smallest
production from Brazil in history. In the 70's, the country was the biggest producer in the
world, with a production close to 30 million tons/year.

This loss of hegemony in cultivation is mainly due to the increase in technological advances
in the production of soy and maize, together with the low marketing prices of cassava
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(Groxco, 2020). The state of Parand&is the second largest Brazilian producer (IBGE, 2019)
and has about 59% of all starch industries in Brazil, which are located in the west and
northwest of the state.

This fact makes the culture very interesting in these locations, as the cost of transport is quite
advantageous. The northwest of the Paranastate has soil from the "Arenito Caiu&' formation,
which is characteristic of sandy soil with low organic matter content (Gasparetto, 1999).

Cassava grows well in sandy and acidic soils as it supports high levels of aluminum.
However, it expresses high productivity in fertile soils (R& et al., 2013). Looking to achieve
better yields in this region, farmers are seeking to use inputs that replace chemical
fertilization, such as rooting and organic/mineral products. In order to evaluate fertilization
systems that may be economically viable for the farmer, this study aims to evaluate the yield
of cassava under 3 different types of fertilization in the northwest region of Paranastate.

2. Method
2.1 Experimental Area

The study was carried out in the city of Tapejara, (Latitude: 25°58" 43" South, Longitude:
52°48' 47" West), midwest region of Paran&State, Brazil. The region's soil is classified as
dystrophic red latosol (Oxisoil), and its rock formation is "Arenito Caiud& (Bhering et al.,
2007).

2.2 Soil Preparation, Sowing and Cultivation

The experiment occurred in the 2018/2019 harvest. In the month 04/2018, a chemical
analysis of the soil was performed and 3 months before planting, there was the incorporation
of calcitic calcium for acidity correction, according to the soil needs. 08/2018 on the ground
was prepared with harrowing and plowing the same day in which there was the manual
planting.

The cultivar used in this study was IAC 15. This cultivar is classified as sweet cassava and is
considered a super-early variety. The cuttings were manually chopped at a size of 12 cm each,
and were planted sequentially in holes with 8 cm deep, a spacing of 55 cm between plants
and 85 cm between lines.

Every 50 days, manual weeding and spraying with baculovirus were performed for
preventive biological control of caterpillars.

2.3 Experimental Treatments

The experimental design was divided into 4 treatments, including the control. The treatments
were: T1 (amino acid-based rooting); T2 (chemical fertilizer); T3 (poultry litter) and T4
(control, without adding any fertilizer).

In the T1 treatment, the cuttings were immersed in the rooting solution for 5 minutes,
according to the manufacturer's recommendation. The commercial rooting used is based on
molybdenum trioxide (Mo: 14%) and potassium hydroxide (K: 12%); in the T2 treatment, the
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chemical analysis of the soil indicated the need to incorporate 250 kg of fertilizer per hectare.
The fertilizer used had an organomineral formulation of 4-14-8 NPK, which was linearly
distributed in the planting holes; in the T3 treatment, 4 tons per hectare were broadcasted,
according to the culture recommendation, of poultry litter throughout the plot. The poultry
litter had the following composition: N: 4.7%, P: 2.28%, K: 4.6%, Ca: 1.8%, Mg: 0.5% and
83% organic matter; treatment T4 had only the correction initially made with calcitic
limestone and was identified as a control.

2.4 Parameters Evaluated

After 10 months of planting, the lateral lines of each treatment were excluded and 25 plants
per treatment were randomly collected, totaling 100 plants. After tuber collection, the
following parameters were evaluated: Number of roots per plant, diameter of roots (cm),
length of roots (cm), height of shoot (cm), fresh weight of aerial part (kg) (FWAP) and starch
yield. To obtain the starch yield, a 5 kg hydrostatic balance was used. For this, 5 kg of roots
were weighed, which were then placed in a basket immersed in water, coupled to an
analytical balance. Thus, the weight of the tubers, free from starch, was obtained.

2.5 Statistical Analysis

The experimental design was conducted completely randomized (DIC), with 25 repetitions and
4 treatments, totaling 100 experimental units.

2.5.1 Average Analysis

The results were submitted to statistical analysis, through comparison of means by the Tukey
method with 5% probability. The program used was ASSISTAT (2017).

2.5.2 Principal Component Analysis (PCA)

It was performed a multivariate exploratory analysis to determine the principal component
analysis (PCA), which allowed the joint evaluation of characteristics evaluated in all the four
treatments. The result of the analysis was presented in a Biplot graphic, which help to
characterize the groups of analyzed variables (Moita Neto and Moita, 1998). All evaluated
characteristic was transformed into an orthogonal latente variable called principal component,
which generate a linear combination of the original variables created with the eigenvalues of
the covariance matrix data (Hair et al., 2009). The analysis was performed using the Statistic
13.3 software.

2.5.3 Pearson’s Correlation Coeficient Estimative (r)

The results were submitted to Pearson's correlation coefficient estimate (r) which allowed to
quantify the degree of association between two variables. The variation ranges from -1 to 1 and
the highest correlation occurs in the most approximate values of these, both positive and
negative value. From this it was possible to evaluate the models of simple genotypear
regression. An Euclidean distance matrix was obtained from the grouping by Ward's method.
These data were generated from the Statistic 7 program.
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3. Results
3.1 Average Evaluation

Table 1 shows the results obtained from the mean comparison analysis. It is possible to verify
that for the plant height parameter, the tallest plants were those of the T3 treatment (poultry
litter), followed by the T1 treatment (rooter) and the plants with the smallest height were
those of the control (T4). For the variable number of roots, the treatment with the largest
number of roots was T1, while treatments T2, T3 and T4 did not obtain statistical difference
for this variable. For the variable FWAP treatment T3, considered the one with the highest
fresh weight of aerial part, had 20% more FWAP than treatment T1, 37% more than
treatment T2 and 131% more than treatment T4. For the variable root weight, treatment T3
obtained the highest value, being 11% higher than T1, 29% higher than T2 and 52% higher
than T4. For root diameter, treatment T3 was the one that obtained plants with the largest
diameter, while the other treatments did not obtain statistical difference between them. For
root length, T3 treatment was superior to all other treatments. For the starch yield variable,
treatment T3 was superior to all other treatments, with T1 having the second highest starch
yield, followed by T2 and finally, the lowest starch yield value was obtained in treatment T4.

Table 1. Variable means obtained through tukey analysis, with 5% significance. The analysed
variable are: plant height, number of roots, fresh weight of aerial part (FWAP), root weight,
diameter and length and starch yield

meament ol otroos PV ggne ciametr  length yild
T1 2.17b 295a 2.22b 2.34b 0.20b 0.22b 0.74b
T2 1.89¢c 2.14b 1.74 188 0.20b 0.16 0.73¢c
c c c
T3 251a 1.89Db 2.78 a 2.65a 0.25a 0.28 a 0.77a
T4 1.68d 1.94b 1.20d 1.27d 0.19b 0.12c 0.72d
VC% 3.53 8.53 5.45 5.28 5.93 12.72 0.62

* Different letters in the column differ statistically from each other.

3.2 Principal Component Analysis (PCA)

The PCA analyzes (Figure 1) were divided into 2 factors, which explained 99.65% of the
results. The PCA shows that treatments T2 and T4, located in the same quadrant (bottom
right) had no influence on any evaluated characteristic. All evaluated treatments were
directed to the right quadrants, and, with the exception of the number of roots, which was
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directly influenced by treatment T1, all other evaluations were directly influenced by
treatment 3 (T3).

\ MacrOthi“k Journal of Agricultural Studies
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Figure 1. Biplot of principal component analysis scores and loadings for all the characteristics
evaluated regarding the treatments. (T1): rooter; (T2): organomineral fertilizer; T3: poultry litter
(T4): control

3.3 Pearson’s Correlation Coeficient Estimative (r)

Pearson's correlation analysis (Table 2) shows a high correlation between all evaluated
variables, except for number of roots x all other evaluated variables. We consider high
correlation, both positive and negative, for all results between 0.7 and 1 (high positive
correlation) and -0.7 and -1 (high negative correlation). In this study, all high correlations
were between 0.78 (root weight and root diameter) and 0.99 (root length and plant height).

Table 2. Pearson's R correlation analysis considering all variables evaluated: plant height,
number of roots, FWAP, root weight, diameter and lenght and starch yield.

Plant Number Root Root Root Starch
height  of roots FWAP

weight diameter length  yield

Plant height

Number of
roots

FWAP*
Root weight

Root
diameter

Root length
Starch yield

*FWAP - fresh weight of aerial part.
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4. Discussion
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The use of poultry litter as a fertilizer is an efficient, cheap and promising strategy for
cassava cultivation. Among its advantages we can mention the benefit provided to
phosphorus (P), which, due to its organic base, penetrates deeper into the soil, compared to
mineral sources, being readily solubilized and remaining available to the plant more easily
(Cakmak, 2002). A recent study showed that trying to recover a saline soil with poultry litter
(and other treatments) resulted in higher enzyme activity, in addition to an increase in soil
organic carbon, total N and organic phosphorus (Xie et al., 2021).

Another important fator is the organic matter content of poultry litter. Organic matter is
responsible for providing greater physical, chemical and microbiological balance in the soil,
increasing porosity, reducing soil density and temperature, improving water retention and
increasing the amount of microorganisms that decompose organic matter (Bhogal et al., 2009;
Mazeika et al., 2021). A recent study showed that soil treated with poultry litter (heat treated)
and poultry litter (no heat treatment) were the treatments that most changed the
microbiological composition of the soil, compared to unfertilized control, NPK fertilizer, and
NPK fertilizer combined with poultry litter (Peng et al., 2021), showing the benefit that
poultry litter exerts on the soil microbiota. Another benefit is the increase in base saturation
in soils due to the contribution of basic cations present at poultry litter. The results found by
Donini (2011) are very similar to the results found in this study, which show that poultry
litter clearly interfered with the soil, providing better conditions to obtain higher yields.

Several studies point to a nutritional contribution and development of cultures similar to the
chemical contribution, when it comes from poultry litter. When comparing the growth,
development and yield of pepper (Capsicum mannuum) with a chemical NPK-based fertilizer
treatment, this crop obtained the same values of growth, days to flowering and harvesting as
the chemical (Kunene et al., 2019). A result similar to the results found with fertilization with
chemical NPK are already sufficient for the adoption of poultry litter, since, economically,
chemical fertilization is much more costly. A local price survey showed that chemical
fertilization is usually 93% more expensive than fertilization with poultry litter.

On the other hand, many studies prove a better nutritional contribution to plants, with a
consequent increase in productivity after the plant develops in soil with fertilization with
poultry litter. In a study that evaluated maize crop in an integrated crop-livestock system,
grain yield showed a significant increase due to the addition of organic fertilization based on
poultry litter (Novakowiski, 2013). In another study conducted in a soil with low CTC (cation
exchange capacity), poultry litter provided increased productivity in cassava cultivars, when
compared to the chemical fertilizer NPK (R& et al.,, 2013). Another study showed an
increase in productivity of 54% in cassava grown with poultry litter, compared to NPK
fertilizer (Nilnoree et al., 2016).

In a study that aimed to evaluate carrot (Daucus carota) yield under different types of
fertilization, poultry litter produced higher root yield, as a consequence of greater input of
organic carbon in the soil, N, P, K, Ca, Mg and percentage of saturation of base, provided by
the fertilization (Poku et al., 2014). This result also helps to explain the high correlation of
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practically all treatments evaluated in our study, because when nutrients are more easily
available to the plant, the plant tends to have better quality, tends to develop more, reaching
higher productivity.

The use of organic fertilizers in agriculture has become an important way of conserving soil
quality, since organic sources have slow and gradual decomposition, solubilization of organic
material, compared to chemical fertilizers, in addition to having essential nutrients for soil
health, such as Nitrogen (N), Phosphorus (P), Potassium (K), Calcium (Ca), Magnesium (Mg)
Sulfur (S), Zinc (Zn) Boron (B) Copper (Cu) and Molybdenum (Mb) (Vilela, 2009).
Furthermore, the use of these organic sources contributes to a subsidy for the final destination
of agricultural by-products. With this in mind, and taking the fantastic results obtained in this
study as an example, we are increasingly recommending studies with these compounds, such
as poultry litter, so that they can be used more and more in agriculture, significantly
contributing to a productive and sustainable agriculture.

5. Conclusion

The use of poultry litter is recommended to produce the IAC 15 cultivar under the evaluated
soil conditions, at the Arenito Caiua
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