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Abstract

Cassava is a tuber of significant cultural and economic importance for family farming. However, cultivation in the northeastern
region of Brazil is characterized by low productivity, resulting from cultivation in naturally marginal soil, which can cause food
insecurity to farmers in the region. The objective was to evaluate the initial development of cassava using substrates derived
from decomposed residue from babassu biomass, as a supplement to the soils with low natural fertility. The experiment was
carried out in a greenhouse in the municipality of Chapadinha, state of Maranhdo, Brazil. The treatments consisted of six
inclusion levels of babassu biomass (BB) in the substrates: S, 100% soil; S0, 20% BB + 80% soil; S0 40% BB + 60% soil; Seo, 60%
BB + 40% soil; Sgy 80% BB + 20% soil; and S;qo, 100% BB. The treatments were arranged in a completely randomized design, with
four replications. The soil used in the experiment is classified as dystrophic Yellow Oxisol. At the end of the experiment, the
following were evaluated: percentage of cuttings survival, leaf area, shoot length, shoot diameter, root length, root volume,
aerial part dry mass and root dry mass. With the exception of the sprout diameter, the inclusion of BB in the substrates
provided a significant positive effect for all analyzed variables, which demonstrates the early response capacity of cassava
seedlings to the use of organic waste associated with the soil low fertility. The use of babassu biomass as an organic fertilizer
improves soil fertility, stimulating the growth and development of cassava seedlings in a sustainable production system.

Keywords: Attalea speciosa M., Changes quality., Manihot esculenta C., Organic substrate.
Abbreviations: BB_babassu biomass; S_cutting survival; LA_leaf area; SL_ sprout length; SD_ sprout diamenter; RL_root length;

RV_root volume; APDM_aerial part dry mass; RDM_root dry mass.

Introduction

Cassava (Manihot esculenta Crantz) is a tuber of significant Cultivation on naturally poor soils relies heavily on fertilizers
cultural and economic importance, representing a raw to maintain satisfactory nutrient levels. However, farmers do
material with great potential for industrial use due to the not fertilize soils for cassava cultivation due to a lack of
variety of products obtained from its roots (Costa et al., financial resources and high production rates without
2017). In this regard, cassava deserves attention for adequate fertilization (Omar et al.,, 2012). Consequently,
contributing towards food security and generating with continuous extraction from the soil causing an
employment/income for family farmers in the tropics and exponential reduction in nutrients (Namoi et al. 2014), food
subtropics (Turyagyenda et al., 2013). insecurity is possible for the families who depend upon this
In Brazil, small farmers in the northeastern region have the crop.

second largest cassava cultivation area in the country Furthermore, the growing demand from the food industry
(approximately 34%). However, compared to that of the for new sources of starch has culminated in the cultivation
southern region (21.71 t ha), which has a higher of more competitive cassava cultivars (Fernandez et al.,
productivity (IBGE, 2019), the average yield in the northeast 2016). Therefore, it is essential that family farmers employ
is low (9.81tha'1). Essentially, a low productivity is the result techniques that improve profitability, such as the use of
of not adopting suitable agronomic practices (Gnahoua et regional organic fertilizers, which increases production and
al., 2016) and cultivation in marginal soils (Okogbenin et al., reduces costs compared to conventional fertilization.

2013). In our study region, and across a large part of the eastern

Amazon, the decomposed residue from the babassu palm
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(Attalea speciosa Mart.) could be used to increase the
fertility of marginal soils. The babassu palm, a dominant
plant species in degraded lands, is capable of growing in
poor soils. Farming babassu palm requires the integration of
traditional agroforestry with itinerant cultivation (Sousa;
Moares and Gehring, 2016), which provides two main
benefits: ruderal characteristics and socioeconomic value
(Teixeira and Carvalho, 2007; Gehring et al., 2011).

Upon completion of the life cycle, babassu palms fall, after
which the decomposition process begins. The residue from
the decomposition process was collected and used
empirically to supplement natural low fertility soils during
the seedling production process. The hypothesis of this
study was based on the assumption that the use of
decomposed babassu residue would enhance the initial
development of cassava. Therefore, the objective of this
study was to evaluate the initial development of cassava
using substrates composed of decomposed babassu
residue.

Results and Discussion

With the exception of the sprout diameter (SD), the
inclusion of babassu biomass (BB) in the substrate provided
a significant positive effect for all analyzed variables. This
result demonstrates the early response capacity of cassava
seedlings to the use of organic waste associated with low
soil fertility (Table 1).

Analysis of the survival rate of cassava seedlings

Cassava seedlings cultivated in a substrate with 60% BB (Se)
had a survival rate (79.15%) that was 42.09% higher than
that of the control (Sy) (45.83%; Figure 1). According to
Rodrigues et al. (2008), the survival of cassava cuttings in the
field normally corresponds to 55.4%. Therefore, seedlings
cultivated in Sgy showed above average survival values.

Stake survival is an important parameter that determines
whether stakes can be transplanted into the field based on
their health. Thus, the greater the number of live cuttings,
the better the material used during the propagation of
cuttings. This highlights the importance of babassu biomass
as a substrate due to the high rate of plant material
multiplication.

Biometric analysis of cassava seedlings

The leaf area (LA) of the cassava seedlings showed a linear
response. Expansion increased with the increase in the
concentration of BB in the soil, reaching 85.06 cm? in the
substrate consisting entirely of BB (S;9) (Figure 2A).
Fernandez et al. (2016) observed a close relationship
between the LA and amount of N, which explains why the
addition of BB to the soil was accompanied by an increase in
the available N content (by up to 89%; Table 1) and
promoted an increase in the LA.

Nitrogen is a constituent of chlorophyll, a vital molecule in
the photosynthetic process (Taiz et al., 2014). Therefore,
plants require N to maintain a satisfactory photosynthetic
rate and produce photoassimilates, which are responsible
for crop growth (Kanai et al., 2008).

When nitrogen deficiency occurs, that is, when the N
content in the plant is below optimum, cassava plants may
not express their productive potential. As shown by Cruz et
al. (2006), significant reductions in the formation and leaf
expansion rates of cassava plants can occur under nitrogen-
deficient conditions.
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Nitrogen fertilizer, although indispensable for leaf
development, is an expensive product for family farmers
(Sangakkara and Wijesinghe, 2014). Therefore, the addition
of this nutrient to the soil, such as through BB, could reduce
production-related costs and supplement fertilization.

The shoot length (SL) was adjusted using a linear model. The
SL increased proportionally with the increase in the BB in the
soil (Figure 2B). Cassava seedlings grown using a substrate
with 100% BB obtained an average SL of 9.60 cm. This was
significantly higher (51.56%) than that of shoots grown in
soil without supplementation (Sy), which only grew to 4.65
cm. This demonstrates the early response capacity of
cassava seedling growth to the addition of organic
fertilization.

The increased height of seedlings grown with BB may be a
response to the nutrients provided by this residue to the
soil, especially calcium, which promotes an increased growth
in height when at an adequate content in the soil (Sousa et
al., 2015). It was observed that the S, treatment contained
only 0.80 cmolc kg’1 of calcium, which was 96.11% lower
than that of S;y, at 20.60 cmolc kg’1 (Table 2). An increased
SL would provide cassava with a competitive advantage
against weed plant species when transplanting to field
conditions (Pereira et al., 2012).

As shown in Figure 3A, BB supplementation had a linear
effect on the root length (RL) of cassava seedlings. This was
characterized by a 25.03 cm increase in the RL of seedlings
produced on substrates composed of 100% BB, whereas
seedlings grown using the control soil (Sy) only reached
15.97 cm. Evidently, the increase in the growth of cassava
seedlings accompanied the increase in organic fertilizer,
possibly due to the increased soil porosity. The porosity of Sy
was 45.99%, while that of S,y was 65.95% (Table 3). This
implies that plants in the S,y treatment had a greater area
of root exploration, which increased the growth potential of
the root system.

As shown in Figure 3B, the same response was obtained for
the root volume (RV), which was adjusted using a quadratic
equation. The substrate composed of 100% BB was
responsible for promoting the greatest root volume (1.94
cms). Such a response could also stem from the better root
exploration capacity provided by BB, as previously
mentioned, providing the cassava seedlings with an
increased RV of up to 47.9%.

In addition, the substrate density is of great importance
concerning the seedling quality. The substrate density can
interfere with the root development, since high density
values can promote greater mechanical impedance (Kratz et
al., 2015). The inclusion of BB reduced the overall and
particle densities to 0.33 and 097 g cm? (Table 3),
respectively.

The findings of Alves (2002) highlight that the growth of
cassava roots, up to 30 days after planting, depends upon
the reserves (nutrients) present in the stem cuttings, which
differs from our results. This proves that the substrate used
during the planting of cassava cuttings can stimulate not
only growth, but also root volume.

Analysis of the biomass of cassava seedlings

The aerial part dry mass (Figure 4A) and root dry mass
(Figure 4B) of cassava seedlings were significantly influenced
by the increase in BB in the substrate. The aerial and root
biomass of cassava seedlings grown in a substrate composed
of 100% BB increased by up to 59.3 and 62.5%, respectively.



Table 1. P value and significance for the variables percentage of stake survival (S), leaf area (LA), shoot length (SL), shoot diameter
(SD), root length (RL), root volume (RV) , aerial part dry mass (APDM) and root dry mass (RDM) of cassava cuttings as a function of
the substrates based on babassu biomass.

SV S% LA SL SD
value - p <0.0001%** 0.04* <0.0001** 0.14 ns
BB 806.64 961.94 15.43 0.23
BB 48.88 515.19 0.95 0.12
CV (%) 11.74 35.81 12.94 19.26
SV RL RV APDM RDM
value - p 0.03* 0.0007** 0.02* 0.08*
BB 40.85 0.53 0.09 0.10
Residuo 13.33 0.07 0.03 0.04
CV (%) 18.07 18.77 22.27 21.19

SV: Source of variation; **: Significant at the 1% probability level by the F test; *: Significant at the 5% probability level by the F test; ns: not significant; CV: coefficient of variation.

Table 2. pH values, electrical conductivity (EC), organic matter (OM), nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and
magnesium (Mg) of the substrates composed of babassu biomass.

Substrates pH EC oM N P K Ca Mg
dsm™ gkg’ mg kg™ cmol kg™

So 5.06 0.10 15.41 0.63 13 0.07 0.80 0.30
Sy 4.88 0.61 25.45 1.23 14 0.67 1.60 1.00
Sao 5.11 1.36 37.03 1.46 13 1.82 3.20 1.70
Seo 4.83 1.79 70.55 2.02 13 2.35 4.40 2.80
Sso 5.16 3.00 75.92 3.47 27 6.17 10.90 4.60
S100 5.32 4.34 250.32 5.88 33 3.63 20.60 15.20

So: 100% soil; Syo: 20% de BB + 80% de soil; S4: 40% de BB + 60% de soil; Sgo: 60% de BB + 40% de soil; Sgo: 80% de BB + 20% de soil; S1g0: 100% de BB
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Fig 2. Survival of cassava cuttings as a function of babassu biomass doses in the composition of the substrates. The survival values
of the cuttings were compared using the Tukey test (p <0.05).

Table 3. Global density (DG), particle density (DP) and porosity (P) of the substrates composed of babassu biomass.

Substrates Density (g cm'J) Porosity (%)
GD PD
So 1.44 2.67 45,99
Sy0 1.28 2.64 51.53
Sao 1.18 2.57 54.01
Seo 0.98 2.24 56.22
Sso 0.73 1.88 60.91
S100 0.33 0.97 65.95

So: 100% s0il; So: 20% de BB + 80% de soil; Sao: 40% de BB + 60% de soil; Seo: 60% de BB + 40% de soil; Sgo: 80% de BB + 20% de s0il; S100: 100% de BB.
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Fig 3. Leaf area (A) and shoot length (B) of cassava seedlings as a function of babassu biomass doses in the composition of the
substrates.
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Fig 4. Root length (A) and root volume (B) of cassava seedlings as a function of babassu biomass doses in the composition of the
substrates.
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Fig 5. Dry mass of the aerial part (A) and root dry mass (B) of the cassava seedlings as a function of the babassu biomass doses in

the composition of the substrates.

Babassu biomass, as an organic fertilizer, can also influence
the availability of nutrients, and consequently increases their
susceptibility to absorption by cassava seedlings. This
contributes to the production of adequate biomass, which
will eventually result in a greater tuber yield when
transplanting to the field (Amanullah et al., 2007).

An increase in the availability of P and K accompanied the
increase in BB. In the S, treatment, the available K and P
were low, at only 0.07 cmolc kg'1 and 13 mg kg’l,
respectively. However, BB provided 3.63 cmolc kg’1 and 33
mg kg'1 of Kand P, respectively (Table 2).

Such macronutrients are indispensable for the growth and
production of cassava throughout the crop cycle, as
described by previous studies (Silva and Freire, 1968;
Munyahali, et al., 2017; Biratu et al., 2018; Macalou et al.,
2018; Muojiama et al., 2018). The data obtained in this study
show that such importance arises during the initial stage of
growth.

Although K and P are essential for cassava growth, P is the
most limiting element in tropical soil conditions. While K can
be replenished by mineral fertilizers, the availability of P
depends upon more than fertilizer addition. In acidic soils, P
is poorly mobile and soluble, which is relevant in tropical
soils as they have a low pH (Wortmann et al., 2019). In
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addition, the low natural levels and high immobilization
capacity of this element are related to its occlusion in iron
and aluminum oxides (Fageria et al., 2016), making it
unavailable to plants.

Therefore, the development of this new agricultural strategy
is an indispensable technological breakthrough that
improves the physical and chemical quality of the soil,
culminating in an increase in the production of cassava
seedlings.

Materials and Methods

Plant materials

The cassava cuttings used in the trial were collected from
the median portion of healthy parent plants that were
obtained from local farmers. The piles were standardized at
0.12 m long with two nodes.

Location and climate

Between February and March 2018, the experiment was
carried out in a greenhouse (75% luminosity) at the Center
for Agricultural and Environmental Sciences of the Federal
University of Maranhdo (UFMA) (03944'17 ”S, 43220 '29
"W, altitude of 107 m), located in Chapadinha, state of



Maranhao, northeast region of Brazil. The region's climate
is classified as humid tropical (Selbach and Leite, 2008),
with the total annual rainfall ranging from 1.600 to 2.000
mm (Nogueira et al., 2012) and an average annual
temperature of above 27 °C (Passos et al., 2016).

Design and conduct of the experiment

The treatments consisted of six inclusion levels of babassu
biomass (BB) in the substrates: Sy, 100% soil; S,o, 20% BB +
80% s0il; S40, 40% BB + 60% soil; Sgo, 60% BB + 40% soil; Sgo,
80% BB + 20% soil; and S;59, 100% BB. The treatments were
arranged in a completely randomized design, with four
replications. Each experimental unit consisted of six
cassava cuttings.

The soil used in the experiment was classified as a
dystrophic yellow oxisol with a sandy loam texture (Santos
et al., 2013), characterized by a low natural fertility. The
soil was collected from the upper layer (0.00 to 0.20 m
deep) of soil at the UFMA experimental area. As proposed
by Almeida et al. (2012), a sub-sample of the soil was
collected for granulometric analysis, which revealed the
following: 384 g kg'1 of coarse sand, 336 g kg'1 of fine sand,
112 g kg'1 of silt, 168 g kg'1 of total clay, and 38 g kg'1 of
natural clay. The flocculation degree of the sample was 77
g100g™.

The BB residue was collected from babassu palm stems
undergoing decomposition in the village of Mangabeira,
municipality of Chapadinha, state of Maranh3ao.

After collection, the babassu soil and biomass were sieved
using a 4 mm diameter mesh and homogenized. Then, the
substrates were composed according to each treatment
formulation (v:v). Two sub-samples of each treatment
were collected: one for chemical characterization (Table 2)
and another for physical characterization (Table 3). The
chemical characterization was carried out in accordance
with Normative Instruction No. 17 of the Ministry of
Agriculture, Livestock, and Supply of Brazil (BRASIL, 2007).
The hydrogenionic potential was determined by direct
measurement in solution of the substrate with water in the
proportion 1: 2.5. The electrical conductivity was
determined by direct reading with an electrode using a
conductivity meter after obtaining the soil solution by the
method of paste saturation with vacuum extraction.

The exchangeable calcium and magnesium contents were
determined by atomic absorption spectrometry after
extraction with KCl 1 mol L. The contents of potassium
and sodium were determined using a flame photometer,
and the content of phosphor was obtained with a
photocolorimeter after extraction with Melich 1 solution
(HCL 0.05 mol L™ + H,S0, 0.0125 mol L'™Y).

The organic matter content was determined after extraction
with K,Cr,0, 0.2 mol L?, followed by wet Walkley-Black
digestion and titration with FeH,oN,0,,S, solution at 0.05
mol L% The nitrogen content was determined using a
method adapted from Kjeldahl, with digestion in H,SO,
followed by steam distillation with NaOH solution, with a
H3BO; solution as an indicator. After distillation, titration
was performed with a standard HCl solution.

The physical characterization of the soil and substrates
followed the methods described in Embrapa (1997). For
the determination of the overall density, samples of the
material were placed in a metallic ring of known volume,
conducted to an oven with forced air circulation at 105 °C.
The overall density was then determined by dividing the

414

weight of the kiln-dried sample and the volume of the
metal ring.

The particle density was determined from the weight of 20
g of the kiln-dried material at 105 °C, which was
transferred to a 50 mL volumetric flask. The flask was filled
with ethyl alcohol. The particle density was then calculated
by subtracting the volume of the flask and the volume of
alcohol spent, the result of which was divided by the
weight of the kiln-dried sample. After obtaining the overall
density and the density of particles, porosity was obtained
by the relationship between both physical attributes,
subtracted by 1.

The piles were inserted vertically into the substrates,
contained in polyethylene bags with dimensions of 0.12 x
0.20 m, with one node buried and the other above the
substrate. Watering was carried out when necessary in
order to maintain the moisture content of the substrates
between 60 and 80% of the field capacity.

Variables analyzed

At 30 days after planting, the following variables were
evaluated: cutting survival rate (S), based on a count of the
live cuttings; leaf area (LA), using the photographic record
of the leaf and subsequent digitalized image analysis with
the aid of the Image J® software; sprout length (SL),
determined from the ground level to the top of the
seedling with a millimeter ruler; sprout diameter (SD),
measured with a digital caliper (Digimess®); root length
(RL), measured with the aid of a ruler graduated in
millimeters; root volume (RV), calculated in accordance
with Basso (1999) by measuring the displacement of the
water column in a graduated cylinder; aerial part dry mass
(APDM) and root dry mass (RDM), determined by placing
the plant material in a greenhouse with forced air
circulation at a temperature of 65 °C until constant weight
was reached, which was measured on a scale with an
accuracy of 0.01 g.

Statistical evaluation

The data were submitted to the normality (Shapiro Wilk, p <
0.05) and homoscedasticity tests (Levane, p < 0.05). When
the assumptions were satisfied, an analysis of variance
(ANOVA) was performed (“F” test) using the Infostat®
software version 2020 (Di Rienzo et al., 2008). Subsequently,
significant data were explored using regression analysis (p <
0.01 and p < 0.05). The average survival values of the
cuttings were compared using the Tukey test (p < 0.05).

Conclusion

The use of babassu biomass as an organic fertilizer improves
soil fertility and stimulates the growth and development of
cassava seedlings in a sustainable production system.
Babassu biomass is easy to acquire in the northeastern
region of Brazil, making it a substrate of low economic value,
which facilitates its use by family farmers. The
recommended content of babassu biomass in the substrate
during the initial development of cassava is 100%.
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