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ABSTRACT

Cassava plays a fundamental role in food, economy, culture and in Brazilian society. Because it is a rustic
crop, tolerant to drought and acidic soils, with high adaptive capacity and low production cost, it has
become the main source of carbohydrate in much of the world. Due to this and other factors, the
presumed work aims to evaluate four cassava genotypes, transplanted in two different densities with the
use of a biostimulant for root growth. The present study was carried out in the experimental area of
Regional University of Northwest Rio Grande do Sul, in the county of Augusto Pestana — RS, Brazil. The
treatments consisted of three cassava cultivars, FEPAGRO-RS 13 Vassourinha, BRS CSO1, lapar - 19
Pioneira with two planting densities, 10 and 20 buds per linear meter, with and without the use of plant
biostimulator Sturdy®. The evaluations were carried out throughout the crop cycle, post-harvest and
processing. Where the following variables were evaluated: plants emerged at 30, 60 and 90 days, plants
that tuberized, starch, plant height, stem diameter, total root length, lignified part of the root,
commercial root length, mean root diameter, number of leaves, branching of the stems, roots that
tuberized and not tuberized, mass of tuberized roots, fresh mass of commercial tuber with peel, fresh
mass of commercial tuber without peel, mass of partially dry peeled tuber. Regarding the density, the one
that showed a better performance in the productive character was the density 10 buds per linear meter,
which presented the highest averages of the commercial fresh mass without peel. Taking into account the
cultivars, the one with the highest fresh mass production was BRS CS01 and lapar-19 Pioneira. However,
FEPAGRO-RS 13 Vassourinha presented a higher percentage of starch. The application of the biostimulant
of root growth showed significant effect mainly for the characteristics of productivity. The increase in the
number of branches decreases the final productivity of the crop. Another point to consider, the larger the
average root diameter, the greater the percentage of starch in the root. By the method of Annicchiarico it
can be pointed out that in general the percentage of starch and the dry matter of the roots had a better
behavior in density 10 with biostimulant and density 20 with biostimulant.

Keywords: Manihot esculenta, sustainability, human food, quality, spacing, root growth.

INTRODUCTION

Cassava plays a fundamental role in food, economy, culture and in Brazilian society. Being cultivated by
the indigenous people before the arrival of the colonizers, your roots are intertwined with the emergence
of our country. Because it is a rustic crop, tolerant to drought and acidic soils, with high adaptive capacity
and low production cost, it has become the main source of carbohydrate in much of the world. It is widely
cultivated in Tropical Africa, Asia and Latin America, being the main food of almost one billion people in
more than 100 countries, providing up to a third of the daily calories, largely by developing countries
(Albuquerque et al., 2012; Miranda, Spinosa, Destro, Souza-Junior, & Nascimento, 2019; Miranda, Spinosa,
Destro, Souza-Junior, & Nascimento, 2020).

In recent years, the trend of increasing cassava productivity in Brazil has been almost nil, and often
negative. The constant increase of the population, causes the number of people going hungry to grow,
about 820 million people did not have enough access to food, according to the UN report (2018). Thus
making the food production system more and more loaded, where the cassava crop will stand out in the
fight against hunger, however with much to improve in its growing, so that it expresses its total productivity
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potential.

In 2016, Brazil had a productivity of 15 ton ha, in 2018 it had a reduction of 7.5%, with a production of
14 ton ha™. Having an increase in 2019, presenting a productivity of 15 ton ha, according to projections, in
2020 there will be a reduction of 0.93% (CONAB, 2019; CONAB, 2020). This is due to the large part of
Brazilian production being made by small farmers who use a rudimentary management system with the
minimum of applied technology (Miranda et al., 2019).

Studies by Embrapa Amazénia Ocidental (2016) indicate a 150% increase in cassava productivity with the
use of technologies, such as soil acidity correction, fertilization, selection of plants, adequate spacing and
weed control. Studies by Embrapa Agropecuaria Oeste together with Cooperativa Agricola Sul
Matogrossense, hope to obtain gains of up to 50% in productivity with the use of new cultivars developed
by Embrapa. They are BRS CS01, BRS 420, for industry, and cultivars BRS 396, BRS 399 and BRS 429, for
table.

Despite being a rustic crop, the management must be carried out in an appropriate way, and have
climatic conditions to express its maximum potential, presenting high yields, many Brazilian regions have
their own cultivars, adapted to the conditions of the region. Since the crop has a great influence of the
edaphoclimatic conditions, that is, it presents a high genotype x environment interaction, indicating that
the same material hardly behaves in a similar way in all regions (Abreu, Bicudo, Brachtvogel, Curcelli, &
Aguiar, 2008).

Planting density is one of the pillars of cassava productivity, because when there is an increase in
population density, productivity increases until it reaches an inflection point, from which it decreases.
However, most of the works found in the literature relate the spacing effect only to the production of
tuberous roots. Therefore, there is a lack of information about which density is the best and to clarify the
effect of different spacing, which are conditioning factors of tuberous roots productivity in cassava, in its
growth and development (Streck et al., 2014).

There is a constant demand for alternative tools that increase crop productivity. In this sense, an
alternative is the use of plant regulators, they are compounds that have the ability to bring effects, such as
accelerating the growth of plants, improving their defenses or stimulating the germinative power. Due to
this and other factors, the presumed work aims to evaluate four cassava genotypes, transplanted in two
different densities with the use of a biostimulant for root growth.

MATERIALS AND METHODS

The present study was carried out in the experimental area of the Regional Institute for Rural
Development (IRDeR), belonging to the Department of Agrarian Studies of the Regional University of
Northwest Rio Grande do Sul, in the county of Augusto Pestana - RS, located at 28° 26' 30" S and 54° 00' 58"
W, altitude 280 m. The soil in the experimental area is classified as a Typical Dystrophic Red Latosol (Oxisol)
(SANTOS et al., 2019).

Analytical results for soil sampled in the experiment area, in the 0-20 cm and 20-40 c¢cm layers. Chemical
attributes how clay content (57 %) classified class 2, pH water (5), Aluminum (0,2), Phosphorus (16,9 mg
dm3) and Potassium (230 mg dm?) classified in very high, Organic matter (3,7%) classified in medium,
Calcium (4,9 cmolc dm3), Magnesium (2,9 cmolc dm3), CEC pH 7.0 (15,7 ), Copper (12), Zinc (3,9),
Manganese (150) e Sulfur (13,4) classified in high.

According to the climatic characterization of Kéeppen, the climate of the region is of the Cfa type (humid
subtropical), with four distinct seasons. The average annual temperature is 19.9 °C and the average annual
rainfall is 1,774 mm.

The treatments consisted of three cassava cultivars, FEPAGRO-RS 13 Vassourinha, BRS CS01, lapar - 19
Pioneira with two planting densities, 10 and 20 buds per linear meter, with and without the use of plant
biostimulator Sturdy®. The plots consisted of 6 linear meters, according to the treatments, with a spacing of
one meter between lines. The design used was randomized blocks in a triple factorial scheme, with 3
cultivars x 2 planting densities x 2 forms of plant regulator (with and without) with three repetitions.

The experimental area had the dimensions of 16 m long x 22 m wide, totaling an area of 352 m2. The soil
preparation was performed two weeks before planting, by mowing the area, which contained a mix of
radish, wheat and black oats as soil cover. After mowing, the area was subsoiled using a subsoiler and
opening the planting lines. The soil was corrected, based on the interpretation of the results of the soil
analysis, even though the crop tolerating acidic soils, 2 ton ha? of lime was applied after the soil
preparation, in order to increase the levels of calcium and magnesium in the soil. (Tironi et al., 2019).

Agronomy Science and Biotechnology, Rec. 114, Volume 6, Pages 1-15, 2020



3 LS

The planting took place on September 27, 2019, according to recommendations of the agroclimatic risk
zoning of cassava for the state of Rio Grande do Sul (Maluf, Matzenauer, & Maluf, 2011). The branches
were sawn in such a way that each branch had only one bud, after which it was separated into two equal
parts where one was made to treat the branches with the Sturdy product from the company Satis. To
prepare the mixture, 300 ml of the product were used in 20 liters of water, after the branches were dipped
for a minimum of 2 min in the mixture, then removed and left to dry for 10 min. The pits were opened
manually, and the stems were placed horizontally at the bottom of the pits. Fertilization was carried out
based on soil analysis (Table 1), where 400 kg ha™ of the fertilizer formulated 10-20-20 were used between
the planting lines, and 350 kg of urea in top dressing were used 45 days after planting, according to the
Liming and Fertilization Manual for the States of Rio Grande do Sul and Santa Catarina (2016).

Table 1. Cassava crop variance analysis for seven variables analyzed, observing the different cultivars,
densities and application of biostimulants.

Mean squares

Source of variation DF

EC 30* EC 60 EC90 PTUBER CHO
Blocks (B) 2 408.87 531.62 605.96* 569.12* 2.00
Cultivars (C) 2 596.55* 598.22* 446.01* 426.76* 3.31
Biostimulants (B) 1 23.63 0.69 1.93 1.56 10.55
Densities (D) 1 139.37 434.03 696.37* 748.63* 18.83
CxB 2 29.30 2.78 5.81 15.8 10.00
CxD 2 67.38 5.01 18.77 19.12 40.2*
BxD 1 311.13 268.6 233.41 189.06 0.86
CxBxD 2 412.64 348.47 318.54 306.31 4.73
Residues 22 141.51 150.03 136.41 126.8 7.32
Total 35 - - - - -
CV (%) - 7.26 6.51 6.53 6.73 36.38
L. Mean squares
Source of variation DF 1
NL PH
Blocks (B) 2 63.98 0.82
Cultivars (C) 2 3004.72* 61614.39*
Biostimulants (B) 1 630.7 255.45
Densities (D) 1 4185.43* 3063.96
CxB 2 165.17 1329.39
(CxD 2 56.17 1601.09
BxD 1 102.93 4.61
CxBxD 2 809.19 3443.84
Residues 22 635.1 9523.12
Total 35 - -
CV (%) - 8.36 2.27

*significant at 5% probability.
1EC 30: Plants emerged at 30 days; EC 60: Plants emerged at 60 days; EC 90: Plants emerged at 90 days; PTUBER: Tuberized plants;
CHO: Starch; NL: Number of Leaves; PH: Plant Height.

The evaluations were carried out throughout the crop cycle, post-harvest and processing. Where the
following variables were evaluated: plants emerged at 30, 60 and 90 days (EC 30, EC 60, EC 90), plants that
tuberized (PTUBER), starch (CHO), results in percentage (%); plant height (PH), stem diameter (DIAM), total
root length (TL), lignified part of the root (LP), commercial root length (CL), mean root diameter (MD),
results in centimeters (cm); number of leaves (NL), branching of the stems (BRA), roots that tuberized
(RTUBER) and not tuberized (NTUBER), results in units (units); mass of tuberized roots (MAST), fresh mass
of commercial tuber with peel (MCWP), fresh mass of commercial tuber without peel (MCNP), mass of
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partially dry peeled tuber (MPDPT), results in grams (g).

The method of Annicchiarico (1992) is based on the analysis of variance where the sums of squares of the
simple effects are weighted by the eco-valency method where inferences are attributed to favorable,
unfavorable and general environments, these being defined by the construction of the environmental index
(Silva, Carvalho, & Magano, 2020).

The data obtained were subjected to analysis of variance, the diagnosis of normality (Shapiro & Wilk,
1965) and homogeneity of variances (STEEL et al., 1997) were performed, the variables that showed
interaction between cultivars x planting densities x forms of plant regulator, were broken down to the
simple effects based on the tukey probability matrix at 5% probability. The variables that did not show any
interaction were separated into the main effects by the tukey test at 5% probability. After Pearson's linear
correlation was performed in order to show the linear trend of association between the characters
(Carvalho, Lorencetti, & Benin, 2004). The method by Annicchiarico (1992) was applied to the percentage
character of starch and root dry mass and followed the methodology proposed by Cruz, Carneiro and
Regazzi (2014). The information on the growth and development of the culture in the face of the evaluation
days and the climatological effects were demonstrated graphically with descriptive appreciation. In order to
identify the multivariate profile of the treatments, the average Euclidean algorithm was used and the
distance matrix was obtained, which was used to employ the UPGMA method, and the dendrogram was
constructed as well as the analysis of the Bip/ot main components. The software used was the R program,
using the agricoline Exp.Des packages, metan ggplot2.

RESULTS AND DISCUSSION

In the analysis of variance (Table 2), significance was obtained at 5% probability for block in the analyzed
variables plants emerged at 90 days (EC 90) and plants that tuberized (PTUBER), for cultivar, superiority was
observed for the plant factors emerged at 30 days (EC 30), plants emerged at 60 days (EC 60), plants
emerged at 90 days (EC 90), plants that tuberized (PTUBER), number of leaves (NL) and plant height (PH).
For density variation factor, there were significant values for plants emerged at 90 days (EC 90), plants that
tuberized (PTUBER) and number of leaves (NL). There was a significant difference for the interaction
between cultivar x density when starch was evaluated.

Table 3 describes the results obtained for the block variation factor, where there was a significant
difference for mean root diameter, for cultivar and density and interaction between cultivar x biostimulant
x density, which was significant for roots that tuberized (RTUBER), total root length (TL), comercial root
length (CL), fresh mass of commercial tuber with peel (MCWP), fresh mass of commercial tuber without
peel (MCNP) and mass of partially dry peeled tuber (MPDPT), for the latter variation also obtained
significance for mean root diameter (MD). The interaction between cultivar and biostimulant showed a
relevant difference for fresh mass of commercial tuber with peel (MCWP), fresh mass of commercial tuber
without peel (MCNP) and mass of partially dry peeled tuber (MPDPT). For biostimulant x density, there was
a difference in the variable total root length (TL).

When the variable tuberized roots (RTUBER) was analyzed (Table 4), comparing the cultivars within the
treatments, the cultivar lapar-19 Pioneira showed higher values for density 10 with biostimulant, without
biostimulant there was no significant difference. Density 20 with biostimulant also showed no difference
between cultivars, and without biostimulant, cultivar FEPAGRO-RS 13 Vassourinha was inferior to the
others. The cultivar FEPAGRO-RS 13 Vassourinha showed higher RTUBER without the application of
biostimulant at density 10, BRS CS01 showed no difference with and without the application of biostimulant
and lapar-19 Pioneira was superior with the application of biostimulant. In density 20 there was no
difference when using treatments with and without biostimulant application. When the cultivars with the
application of biostimulant in different densities were evaluated, only the cultivar lapar-19 Pioneira was
inferior to the others. Without biostimulant only the cultivar FEPAGRO-RS 13 Vassourinha showed lower
values compared to the others.

For the variable total length (TL), the cultivars BRS CS01 and lapar-19 Pioneira were superior in density 10
with the application of biostimulant, for the same density without the use of hormone, only the cultivar BRS
CS01 was superior. When analyzing cultivars at density 20 using biostimulant, only BRS CS01 showed higher
values for TL, and did not differ significantly without the use of it. For density 10 with and without
biostimulant, only the cultivar BRS CS01 with use was shown to be inferior to the others, in density 20
without the application the same cultivar has shown to be inferior. When comparing the use of
biostimulants in different densities, the cultivar lapar-19 Pioneira was inferior using hormone at density 20,
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without use, BRS CS01 was inferior at density 20.

Table 2. Cassava crop variance analysis for eight variables analyzed, observing the different cultivars,
densities and application of biostimulants.

Mean squares
Source of 9

- DF "RrTUB
variation ER! TL. ™MD CL MAST MCWP MCNP MPDPT
Blocks (B) 2 0.05 49.73 0.60*  33.87 479281.27 407486.17 295743.11 33926.78
Cultivars (C) 2 31.32* 1606.19* 0.70 743.68* 5146346.32 2984750.96* 2491738.64* 348822.48*
Biostimulants (B) 1 1.42 30.75 0.29 26.33 1.60 67977.80 66097.02 6471.72
Densities (D) 1 21.36* 188.6* 0.81 122.23* 4951783.47 4421133.89*  2479476.46* 542689.81*
CxB 2 3.54 211 0.45 22.86 1133645.40 909410.97* 1116121.86* 130876.26*
CxD 2 2.64 76.23 0.10 52.48 691685.04 612523.49 145379.09 22385.39
BxD 1 0.36 175.36* 0.01 42.22 523.60 24220.80 155056.64 4970.60
CxBxD 2 19.90* 279.24* 2.61* 119.78* 1283916.04 1120687.80* 1073858.36* 94541.66*
Residues 22 2.96 38.65 0.27 32.18 307244.68 291510.06 180461.04 32464.69
Total 35 - - - - - - - -
CV (%) - 28.10 10.44 32.20 10.06 0.19 0.19 0.30 0.60

*Significant at 5% probability.

1IRTUBER: Tuberized roots; TL: Root total length; MD: Mean root diameter; CL: Root commercial length; MAST: Total mass of
tuberized roots; MCWP: Fresh mass of commercial tuber with peel; MCNP: Fresh mass of commercial tuber without peel; MPDPT:
Mass of partially dry peeled tuber.

The commercial length (CL) variable showed higher values with the application of hormone at density 10
for lapar-19 Pioneira and BRS CS01, and this was higher without the application of hormone. All cultivars
were superior for this variable, except BRS CS01 for density 10 with biostimulant and density 20 without
biostimulant. When comparing densities and biostimulants, only the cultivar BRS CS01 was lower in density
20 without hormone application.

For the variable mean root diameter (MD), the cultivars did not differ significantly in density 10 with the
application of biostimulant, without application, the cultivar lapar-19 Pioneira showed lower values,
whereas in density 20, with application, the cultivar BRS CSO1 and lapar-19 Pioneira were superior, the
cultivar FEPAGRO-RS 13 Vassourinha was superior when hormone was not applied. When comparing the
densities with and without application, only the cultivars FEPAGRO-RS 13 Vassourinha and BRS CS01, at
density 20 with and without biostimulant, respectively, obtained lower values. In a study by Pina Filho
(2018), there was an increase in the mean diameter of the roots in plants grown in double rows, which have
a smaller spacing between plants. The author also found that the increase in diameter is a response of the
root morphology to the ability to adapt to adverse environmental conditions.

When tuberized root mass (MAST) was evaluated, all cultivars, except FEPAGRO-RS 13 Vassourinha,
showed higher values with application and density 10, without application only the cultivar BRS CS01 was
superior. At density 20, with application, the cultivar BRS CS01 stood out from the others, without
biostimulant, they did not differ from each other. For the comparison between the use and not of
biostimulant, only the cultivar lapar-19 Pioneira showed a lower value in density 10 without application.
The cultivars BRS CS01 and lapar-19 Pioneira showed lower values for handling without application of
biostimulant at density 20 buds per linear meter.
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Table 3. Test of comparison of means for seven variables analyzed in the cassava crop, observing the
different cultivars, densities and application of biostimulants.

Densities
10 20
Biostimulants
With Without With Without
Cultivars
RTUBER!
FEPAGRO-RS 13 Vassourinha 3.93 bBa* 5.20 aAa 4.40 aAa 3.47 bAB
BRS CS01 4.40 bAa 4.27 aAa 3.93 aAa 4.13 abAa
lapar-19 Pioneira 7.00 aAa 5.07 aBa 4.67 aAB 5.13 aAa
TL
FEPAGRO-RS 13 Vassourinha 22.11 bAa 21.43 cAa 22.34 bAa 22.16 aAa
BRS CSO1 30.71 aBa 36.77 aAa 34.88 aAa 27.05 aBp
lapar-19 Pioneira 29.81 aAa 27.87 bAa 25.19 bAB 24.79 aAa
CL
FEPAGRO-RS 13 Vassourinha 20.84 bAa 20.67 bAa 21.22 bAa 21.31 aAa
BRS CS01 27.32 aBa 31.44 aAa 28.78 aAa 24.55 aBp
lapar-19 Pioneira 27.04 aAa 23.71 bAa 23.16 bAa 22.11 aAa
MD
FEPAGRO-RS 13 Vassourinha 3.66 aAa 3.55 abAa 3.14 bBp 3.79 aAa
BRS CS01 3.39 aBa 3.87 aAa 3.62 aAa 3.22 bBp
lapar-19 Pioneira 3.44 aAa 3.28 bAa 3.29 abAa 3.33 bAa
MAST
FEPAGRO-RS 13 Vassourinha 770.1 bAa 1008.9 bAa 728.0 bAa 862.2 aAa
BRS CS01 1413.9 aAa 1806.2 aAa 1296.4 aAa 1169.6 aAB
lapar-19 Pioneira 1795.2 aAa 1160.4 bBa 956.5 bAa 958.8 aAB
MCWP
FEPAGRO-RS 13 Vassourinha 805.1 bAa 967.7 bAa 753.9 aAa 836.5 aAa
BRS CS01 1315.9 aAa 1612.0 aAa 1165.9 aAa 1036.0 aAB
lapar-19 Pioneira 1681.5aAa 1036.7 bBa 872.8 aAB 873.1 aAa
MCNP
FEPAGRO-RS 13 Vassourinha 805.1 bAa 967.7 bAa 753.9 aAa 836.5 aAa
BRS CSO1 1315.9 aAa 1612.0 aAa 1165.9 aAa 1036.0 aAB
lapar-19 Pioneira 1681.5aAa 1036.7 bBa 872.8 aAPB 873.1 aAa

*Means followed by the same lower case letter in the column compare cultivars, upper case compares hormones in the same
density and Greek letter between densities and biostimulants do not differ by Tukey's test at 5% probability.

1IRTUBER: Tuberized roots; TL: Root total length; CL: Root commercial length; MD: Mean root diameter; MAST: Mass of tuberized
roots; MCWP: Fresh mass of commercial tuber with peel; MCNP: Fresh mass of commercial tuber without peel.
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Table 4. Test of comparison of means for eight variables analyzed in the cassava crop, observing the
different cultivars, densities and application of biostimulants.

MPDPT!
Cultivars
Biostimulants Fls\ll?sf:li;:::s BRS CS01 lapar-19 Pioneira
With 236.7 Ab* 401.0 Aa 385.4 Aa
Without 290.8 Ab 429.8 Aa 266.6 Bb
CHO
Cultivars
Densities FE\ZA:::)r;:::s BRS CS01 lapar-19 Pioneira
10 8.78 a 7.40 b 5.73c
20 8.92a 8.54a 5.10a
Cultivars
Variables F'E\I;ai‘f:ﬁ;:::s BRS CSO1 lapar-19 Pioneira
EC 30 28.61a 15.76 b 27.22 ab
EC 60 3194 a 18.61b 29.30 ab
NL 123.66 b 136.58 b 151.81a
Cultivars
Densities FEPAGROTRS 13 BRS CS01 lapar-19 Pioneira
Vassourinha
EC90 PTUBER NL
10 30.92a 30.27 a 37.61a
20 2212 b 21.15b 34.20b

*Means followed by the same capital letter in the column and lower case in the line do not differ by Tukey's test at 5% probability.
IMPDPT: Mass of partially dry peeled tuber; CHO: Starch; EC 30: Plants emerged at 30 days; EC 60: Plants emerged at 60 days; NL:
Number of leaves; EC 90: Plants emerged at 90 days; PTUBER: Tuberized plants;

Fresh mass of commercial tuber with peel (MCWP), showed higher values for cultivars BRS CSO01 and
lapar-19 Pioneira in density 10 with application, without application only the cultivar BRS CS01 showed
higher values, for density 20 the cultivars did not differ significantly with and without biostimulant. When
the use of biostimulant was evaluated, only at density 10 without application, the cultivar lapar-19 Pioneira
presented lower values. With application of biostimulant and without application at density 20, the
cultivars lapar-19 Pioneira and BRS CSO1 showed lower values, respectively.

For the analyzed variable, fresh mass of the commercial tuber without peel (MCNP), at density 10 with
application, the cultivars lapar-19 Pioneira and BRS CS01 were superior, without application, only the latter
showed a high result, at density 20 the cultivars did not differed significantly with and without application.
When evaluating the use of biostimulants, the cultivar lapar-19 Pioneira showed lower values in density 10
without the use of hormones, whereas for density 20 there was no significant difference between
treatments. Evaluating cultivars with and without application in densities, only in density 20 with
application for cultivar lapar-19 Pioneira and without application for cultivar BRS CSO1.

As shown in Figure 1, there was a linear increase in the number of leaves and plant height during the crop
cycle until harvest, however, it cannot be said that it reached its peak, since the crop was in full
development at the time of harvest. Taking into account the region where the work was carried out, with
low temperatures making it impossible for the crop to perpetuate, the maximum point, both in number of
leaves (NL) and plant height (PH) occurs in the month of April. When there are lower night temperatures,
with a high leaf area index, shading and subsequent senescence of the leaves occur, causing the plants to
go into dormancy, opposite to what was observed in this experiment.
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Figure 1. Growth of cultivars according to the days after planting, number of leaves and plant height for
cultivars FEPAGRO-RS 13 Vassourinha (a, d), BRS CS01 (b, e), lapar- 19 Pioneira (c, f).

This factor may be linked to high planting density, leading plants to compete for radiation, with greater
vegetative growth (Tironi et al, 2019). Another reason may be related to precipitation, below the usual
(Figure 2), where the delay in the development of the crop was observed. When water deficit occurs, there
is a reduction in the growth of the shoot, helping to conserve water, after this condition, cassava tends to
increase the formation of new leaves with higher photosynthetic rates (Gabriel et al., 2014).

The cultivar FEPAGRO-RS 13 Vassourinha showed greater amplitude among the cultivars, where plants
with 200 leaves were observed (Figure 3), the other cultivars, BRS CS01 and lapar-19 Pioneira did not
present more than 100 leaves per plant, however, they showed higher plant height (PH), reaching three
meters, it can be inferred that the distance between nodes of the two cultivars is greater than the cultivar
FEPAGRO-RS 13 Vassourinha, which had a population of plants up to 2 meters high.

When the variable stem branching (BRA) was evaluated, the cultivar FEPAGRO-RS 13 Vassourinha (Figure
4), showed little branching, a characteristic of the cultivar that tends not to branch in the reproductive
phase in the climatic conditions of the south of the country. Unlike the others that when entering the
reproductive period, at 150 days after planting started to branch. In relation to this behavior, Cury (2008)
mentions that there are few studies on the branching control, being able to observe in some clones the
beginning of the branching in advance and occurring throughout the cycle, while others did not have
branching. For the variable stem diameter (DIAM), constant values can be observed from the 200-day cycle
for the cultivar FEPAGRO-RS 13 Vassourinha, lapar-19 Pioneira presented higher values, with diameters of
three centimeters. The cultivar BRS CS01 showed vegetative development, reaching a larger diameter.

To reduce the risks related to climatic phenomena, the crop was implanted within the period indicated in
the ZARC, carried out at the end of September and harvested in June, with a total precipitation in the
period of 1184 mm (Figure 2). In the 2019/20 season there were large losses due to climatic effects, with an
uneven distribution of precipitation throughout the cycle, with two periods with a high concentration of
rain, between the months of October and November in the vegetative phase of the crop, and during the
reproductive phase, from May to June. Cassava begins to manifest its productive potential with an annual
water regime greater than 600 mm (Gabriel et al., 2014), however, to achieve high productivity it is
necessary to have 1000 to 2000 mm year™ precipitations (Maluf et al., 2011). With the occurrence of lower
rainfall volumes in the emergence phase, the final crop stand was compromised, low rainfall also occurred
at the end of the vegetative phase and almost in the total reproductive phase, compromising the starch
accumulation in the roots, decreasing the final productivity of the crop. The critical period of the crop for
the purpose of water deficit occurs between the first and the fifth month after planting, comprising the
beginning of tuberization. When water stress of up to 60 days occurs during this period, there may be a
32% to 60% reduction in crop productivity (Souza, Farias, Mattos, & Fukuda, 2006).

Temperature is an important condition when it comes to the final yield of cassava, temperatures below
15 °C slow down the growth of the plant, with the ideal temperature range being between 25 and 29 oC
(Cury, 2008). It does not tolerate temperatures above 42 oC, sprouting is favored with temperatures
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between 28 to 30 oC (Tironi et al., 2019) and leaf temperatures between 25 and 35 2C provide the highest
photosynthetic rates (Gabriel et al., 2014).
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Figure 2. Growth of cultivars as a function of days after planting (DAP), ramifications and stem diameter per
cultivar FEPAGRO-RS 13 Vassourinha (a, d), BRS CS01 (b, e), lapar-19 Pioneira (c, f).
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Figure 3. Graphs of climatic conditions during the development of cassava crop, rainfall (a), rainy days (b),
average daily rainfall (c) minimum temperature (d), maximum temperature (e), average temperature (f),
thermal amplitude (g).

Taking into account the data in Figure 2, it can be seen that the maximum temperature reached in the
cycle was 39 2C and the minimum was 7.5 °C in July. During the emergence stage, temperatures remained
in the range of 17 to 30 2C, which did not affect sprouting. In the vegetative and reproductive stages, the
growth and development of the crop was not affected by the temperature, as it did not reach critical
values. The average monthly temperatures were concentrated in the range of 27 to 32 2C, in great part of
the cycle they were in the optimal range for the development, besides the thermal conditions for the
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maximum photosynthetic rate.

EC30 EC60 PTUBER ML PH RAM DIAM TL LP CL MD MAST MCWP MPDPT CHO
— o
M&g 0.91 0.85 0% 22 028 0.082 028 D15 027 02 a0 oost acs as
) * il
4.1 £22 0.3 O 024 £.19 £.21 0.21 0.12 0.1% 0.1 0.14 §
. I
215 024 033 0% 023 .15 .21 0.23 0.0% 0.13 0.083 018 S
m
.o' Te . ¥ 2 . " =]
N O 03 0 5 am 0.18 017 0.18 0.28 028 =
M R N KN ’umm]nﬂm b i ;
v IR k% * o o - "
. By * *, e
o PR R 073 | o038 | o3 | o | om | sw | 046 | 046 | 03 | an 2
‘. " . '":'“'. ""':':'; * -“o-oaoo " - ™ ) B . ) o
B ol ' [ | o4 | o« 029 039 | o 0.37 0.32 027 028 B
B OAmE W s 8 meibe s & o8 8| " " -
T, e " s 9 s o ¥ ww P H
Te o A o o
3 . n 0 : < - z
et it )] = [ o | = | o w | | on 8
-“.‘ -..; T :. :& ¥ ..:: o ld;.‘ T
% @ o #, 5 =
L4 o N - =
o:oh ";t:".f-;. a‘:'w '!.:.'o. .30“ -
°‘¢0° i '.fo. & a"t' ”’l % # o,,v.*l o : -
. * 209 L L (O g 3 . L o
W‘m .i."ilu .'iw E‘ N AT I.' & %) &
SV LSO P O IR .
o - - .lH-'H"‘"" T 2
LA, Yol WO Yo WO VY | ou&’i
RO EL I LM .Ié O i,
38 et o8y [Tetud "WV g | Neew 1 -
L 3 Ld O A (L4 ¥ ey ¥ * ¥ ¥ =
s, s N MR A PPl J M =
'.'ic.!.\ .‘-.kn': % %l b o Sl 8 '-rs":'ad 4 =
o A PRl 5 b H z
" ) el @ 4 ®
.t b 2
1 Sy g‘.m P ‘m" H 3
.L".‘ '}'l‘ '{' o "o %5 e ¥ =
" - . ol 8 R 3 T
or‘:' AT ."*‘.“.‘s “'f ‘W d o %
L] L] o . L] o o
3 . M . k z
et Taeet ‘..:l ?!' . L e

Figure 4. Estimates of Pearson's linear correlation for 15 characters of agronomic interest measured in
three cassava cultivars.

*significant at 5% by the t test; ** significant at 1% by t test; *** significant at 0.1% by t test.

EC 30: Plants emerged at 30 days; EC 60: Plants emerged at 60 days; PTUBER: Tuberized plants; NL: Number
of leaves; PH: Plant height; BRA: Stem branching; DIAM: Stem diameter; TL: Stem total length; LP: Lignified
part of the stem; CL: Root commercial length; MD: Mean root diameter; MAST: Mass of tuberized roots;
MCWP: Fresh mass of commercial tuber with peel; MPDPT: Mass of partially dry peeled tuber; CHO: Starch.

Pearson's correlation coefficient shows linear correlations between the characteristics of the shoot and
root parts, for Manihot esculenta. The variable plants emerged at 30 days (EC 30) showed a positive
correlation with plants emerged at 60 days (EC 60) and plants that tuberized (PTUBER), indicating that the
emerged plants formed the final stand of tuberized plants. Results obtained by Sangoi and Kruse (1993)
pointed out that the tuberization period of the evaluated cultivars started between 60 and 90 days after
planting, forming the final plant stand. The variable number of leaves (NL), demonstrated a positive
correlation with plant height (PH), for the plants showing to be higher, consequently it will increase the
number of leaves, favoring the interception of solar radiation increasing the production of photoassimilates
(Tironi et al., 2019).

The variable stem branching (BRA) showed a positive correlation with plant height (PH), stem diameter
(DIAM), total root length (TL), commercial root length (CL), tuberized root mass (MAST) and negative for
roots that tuberized (RTUBER). The greater the number of branches, the smaller the tuberized roots,
consequently the lower the starch concentration. Total root length (TL) demonstrated association with
lignified part of the root (LP). When removing the lignified part of the total root length, we have commercial
root length (CL), which will be directly correlated to the mean root diameter (MD). These variables indicate
the results of productivity, which is linked to the mass of tuberized roots (MAST), fresh mass of commercial
tuber with peel (MCWP) and mass of partially dry peeled tuber (MPDPT). Where the yield per unit area is
not related to the number of roots, but to its size, the root mass is linearly related to its diameter and
length (Takahashi & Guerini, 1998). The starch variable (CHO) showed a positive and significant correlation
with mean root diameter (MD), so the larger the mean root diameter, the higher the starch concentration
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will be.

The dendrogram was carried out in order to gather in groups by sample data criteria, where it has
homogeneity within the group and heterogeneity between groups. The genetic distance analysis generated
the "cluster", showing the separation of the accessions in two main groups (Figure 5). In the first group, a
division of two materials with similar genetic characteristics was obtained, the cultivar FEPAGRO-RS 13
Vassourinha and BRS CSO1. In the second group, the cultivar lapar-19 Pioneira with genetic characteristics
dissimilar from the first group.

- BRSC(CS01

FEPAGRO-RS 13 Vassourinha

[apar- 19 Pioneira

[ T T 1 T
1000 800 600 400 200 O

Cultivars

Figure 5. Dendrogram illustrating the dissimilarity pattern based on eighteen variables for three cassava
cultivars (FEPAGRO-RS 13 Vassourinha, BRS CS01, lapar-19 Pioneira).

EC 30: Plants emerged at 30 days; EC 60: Plants emerged at 60 days; EC 90: Plants emerged at 90 days;
PTUBER: Tuberized plants; NL: Number of leaves; PH: Plant height; BRA: Stem branching; DIAM: Stem
diameter; RTUBER: Tuberized root; NTUBER: Root not tuberized; TL: Root total length; MD: Mean root
diameter; MAST: Tuberized root mass; MCWP: Fresh mass of commercial tuber with peel; MCNP: Fresh
mass of commercial tuber without peel; MPDPT: Mass of partially dry peeled tuber; CHO: Starch.

In the biplot graph (Figure 6), the 18 main components and the three cultivars were observed, forming
four distinct groups. In this modeling, Dim1 and Dim2 represent 72.5% and 27.5%, respectively of the total
data variance. This percentage of variance was relatively high, due to the high sample size. It can be seen in
guadrant two, the variables plants emerged at 30 days (EC 30), plants emerged at 60 days (EC 60), plants
emerged at 90 days (EC 90) plants that tuberized (PTUBER), not showing specific relationship with any
cultivar. In quadrant three, the significant variables were mean root diameter (MD) and starch (CHO). In
addition to these variables being interconnected with the cultivar FEPAGRO-RS 13 Vassourinha, it is
concluded that this cultivar has a greater average root diameter and a higher percentage of starch.

The variables from the first quadrant were relevant for roots that tuberized (RTUBER), mass of partially
dry peeled tuber (MPDPT), fresh mass of commercial tuber with peel (MCWP), mass of tuberized roots
(MAST), fresh mass of tuber commercial without peel (MCNP), roots that did not tuberized (NTUBER) and
stem branching (BRA), showing interaction with the cultivar lapar-19 Pioneira. It is noticed that, it is linked
with the main components of productivity, number of tuberized roots and root mass, both with or without
peel, fresh or partially dry. In the fourth quadrant, the variables that showed significance were total length
(TL), lignified part of the root (LP), commercial length of the root (CL), stem diameter (DIAM) and number of
leaves (NL), which interacted with the cultivar BRS CS01.

The AMMI analysis shows the effects of the genotype, environment and the interaction between them (G
x E) together. The higher the percentage of the sum of the two PC axes of the AMMI analysis, explaining the
total variation of the character, the higher the standard percentage with the lowest errors attributed to the
analysis (Szareski, 2017 apud Oliveira et al., 2003). It can be seen that for the dry mass of the roots and for
starch, the significant effects represented 100% of the sum of squares of the (G x E) interaction.
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Figure 6. PCA - Biplot graph corresponding to the matrix classification of three cultivars for 18 variables.

EC 30: Plants emerged at 30 days; EC 60: Plants emerged at 60 days; EC 90: Plants emerged at 90 days;
PTUBER: Tuberized plants; CHO: Starch; DIAM: Stem diameter; TL: Root total length; PL: Lignified part of the
root; CL: Root commercial length; MD: Mean root diameter; NL: Number of leaves; BRA: Stem branching;
RTUBER: Tuberized root; NTUBER: Root not tuberized; MAST: Tuberized root mass; MCWP: Fresh mass of
commercial tuber with peel; MCNP: Fresh mass of commercial tuber without peel; MMCPS: Mass of
partially dry peeled tuber.

Since a genotype is considered adapted to a given environment when it is located in the same quadrant as
the environment. Thus it can be inferred that only environment three and two had interaction with cultivars
BRS CSO1 and FEPAGRO-RS 13 Vassourinha respectively for dry root mass (RDM) (Figure 7a). Thus, the
cultivar BRS CS01, showed significant interaction with density 10 plants per linear meter without
biostimulant and cultivar FEPAGRO-RS 13 Broom with density 20 plants per linear meter with biostimulant.
Taking into account environment one, it showed significance, however there was not interaction between
genotypes, whereas in environment four it did not show significance.

Regarding the starch content in the cassava root, it can be seen that it had a different behavior than the
root dry mass (RDM) (Figure 7b). The environments that showed interaction were four and one, with the
cultivars FEPAGRO-RS 13 Vassourinha and lapar-19 Pioneira respectively. That is, the cultivar lapar-19
Pioneira had interaction with the density of 10 buds per linear meter with biostimulant, and the cultivar
FEPAGRO-RS 13 Vassourinha with the density of 20 buds per linear meter without biostimulant for the
percentage of starch. Environment three did not interact with any cultivar, and environment two did not
have a significant effect.

Regarding the phenotypic stability analysis, the Annicchiarico method (Table 5) was used, with the
purpose of identifying between the three cassava genotypes and the four growing environments, which of
these demonstrated effects for the percentage of starch and root dry mass, and the possibility of expressing
which growing environments are favorable or unfavorable for this character. The density 10 and 20 with
biostimulant was favorable to the characters root dry mass (RDM) and starch (CHO), in contrast, the same
densities without biostimulant were characterized as unfavorable. Favorable environments are those that
have the best conditions for the expression of this character.

Taking into account the favorable and unfavorable environments (Table 6 ) for root dry mass (RDM), the
cultivar that was superior was lapar-19 Pioneira and the lowest was BRS CS01, the same pattern was
repeated for unfavorable environments. Different from the results found for the percentage of starch (CHO)
in the root, where for the most favorable cultivar environments, BRS CS01 stood out, and the one that had
the lowest performance was FEPAGRO-RS 13 Vassourinha. However, for the unfavorable environments, the
one with the best performance was FEPAGRO-RS 13 Vassourinha and with lower values was lapar-19
Pioneira.
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Figure 7. Plot of the scores of the main components, regarding the genotype x environment interaction (G x
E), according to the AMMI analysis for the production character of Root dry mass (RDM) and Starch (CHO)
in four environments (density 10 with biostimulant (1), density 10 without biostimulant (2), density 20 with
biostimulant (3), density 20 without biostimulant (4),) and three cultivars (FEPAGRO-RS 13 Vassourinha (1),

BRS CS01 (2), lapar-19 Pioneira (3)). Environment (Env), Varieties (Gen).

Table 5. Estimates of confidence indexes by the Annicchiarico method with decomposition in favorable,
unfavorable and environmental index, for the character dry root mass (RDM) and percentage of starch

(CHO) for the three cassava cultivars in four growing environments.

RDM
Growing environments RDM mean Environmental index Classification®
Density 10 with biostimulant 335,15 50,59 F
Density 10 without biostimulant 272,15 -12,41 u
Density 20 with biostimulant 287,31 2,75 F
Density 10 with biostimulant 243,63 -40,93 U
CHO
Density 10 with biostimulant 8,27 0,03 F
Density 10 without biostimulant 7,13 -1,11 u
Density 20 with biostimulant 9,66 1,42 F
Density 20 without biostimulant 7,91 -0,34 u

1Favorable (F), Unfavorable (U).

Table 6. Ranking of cultivars within favorable and unfavorable environments for root dry mass (rdm) and

percentage of starch (CHO).

RDM
Ranking Favorable Unfavorable
1t lapar-19 pioneira lapar-19 pioneira
2nd FEPAGRO-RS 13 Vassourinha FEPAGRO-RS 13 vassourinha
3rd BRS CS01 BRS CS01
CHO
1t BRS CSO1 FEPAGRO-RS 13 Vassourinha
2nd lapar-19 pioneira BRS CSO1
3rd FEPAGRO-RS 13 Vassourinha lapar-19 pioneira

Agronomy Science and Biotechnology, Rec. 114, Volume 6, Pages 1-15, 2020



) LS

The joint interpretation of the linear associations, dendrogram, PCA-biplot and Annicchiarico method
allowed to reveal the interrelationships between the characters and to define which of these are
determinants to the percentage of starch (CHO) and root dry mass (RDM) of cassava , which environments
are favorable or unfavorable and which genotypes are stable and predictable for this trait.

CONCLUSIONS

Regarding the density, the one that showed a better performance in the productive character was the
density 10 buds per linear meter, which presented the highest averages of the commercial fresh mass
without peel.

Taking into account the cultivars, the one with the highest fresh mass production was BRS CS01 and lapar-
19 Pioneira. However, FEPAGRO-RS 13 Vassourinha presented a higher percentage of starch.

The application of the biostimulant of root growth showed significant effect mainly for the characteristics
of productivity.

The increase in the number of branches decreases the final productivity of the crop. Another point to
consider, the larger the average root diameter, the greater the percentage of starch in the root.

By the method of Annicchiarico it can be pointed out that in general the percentage of starch and the dry
matter of the roots had a better behavior in density 10 with biostimulant and density 20 with biostimulant.
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