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ABSTRACT

This work aimed to evaluate the effect of the strick planting position and Azospirillum brasilense application
on the initial growth of cassava. The assay was carried out following a completely randomized experimental
design, with factorial arrangement (planting positions [horizontal (HP) and vertical (PV)] and the A. brasilense
[with (+Azos) and without (-Azes)]). The sprouting percentage (SP) was evaluated from 11 to 35 days after
planting (DAP). After 30 DAP, the following variables were evaluated: sprouts number (SN), sprouts height
(SH), number of leaflets (NL), length of leaflets (LL), and vegetative vigor (VV). Cassava plants positioning
significantly influenced the initial growth. PV promotes a greater sprouting, 63% in 17 DAP, over the PH
which was only 3% of the visible shoots during the same period. Here we show for the first time that PV
promoted the highest values combined with -Azos in the variables SH (an increase of 17%) and VV (an
increase of 61%). The PH, in combination with +Azos, stimulated the NL in 20%. The sub-division into
three VV groups allowed identify the existence of differences among the treatments which were not seen in an

independent ANOVA being VV an important variable for the initial growth evaluation in cassava.

Keywords: initial development, production technology, vegetal vigor.

INTRODUCTION
The culture of cassava (Manihot esculenta Crantz) is of great importance worldwide,
constituting a subsistence food (FAO, 2019). The largest cassava producers all over the world
are Nigeria, Congo, Ghana, Thailand, Indonesia, and Brazil; with a production that exceeds
the 292 million tons produced in 2017 (FAO, 2019). In Brazil, cassava is produced in almost
all regions, emphasizing Bahia, Mato Grosso do Sul and Pard. According to the latest update
from the Brazilian Institute of Geography and Statistics (IBGE), the estimate of the Brazilian
production of cassava root in 2020 is of 18.92 million tons, harvested in an area of 1.26
million hectares (CONAB, 2020). Brazil constitutes the largest center of diversity of the genus
Manihot (Allem, 2002) and it is considered the probable center of the cultivated species origin
all over the world (Olsen, 2004). In Brazil, although cassava crops have shown adaptation to
different agroecosystems, and the specific adaptation to edaphoclimatic conditions in some
regions (Otsubo ez al., 2009), this crop is considered unresponsive to fertilization management

(Vieira ez al. 2007), encouraging farmers to plant it without fertilizers.

166



ASyD 2023. DOL https://doi.org/10.47163/10.22231/asyd.v20i2.1415
Articulo Cientifico

167

Nutritional management is one of the main aspects to be considered for a better
performance of the cassava culture. An adequate supply of macronutrients nitrogen (N),
phosphorus (P), and potassium (K) has been instrumental in obtaining increased yields in
the crop (Soares ez al., 2016). Among them, nitrogen management influences hydrocyanic
acid (dos Santos ez a/., 2005) and productive performance (Santos ez al., 2014; Oliveira
et al., 2017). Along with this performance associated with N, the use of bacteria and its
contribution to culture was tested (Balota ez a/., 1999; Ferreira et al., 2018). The successful
performance in employing bacteria of the genus Azospirillum has been confirmed by Balota
et al. (1999), Nascimento ez al. (2014) and Lopes ez al. (2019) in cassava, where research
has shown the bacteria’s ability to fix nitrogen and stimulate plant development. However,
the planting time is also essential for obtaining good yields.

The seedlings quality is determined by the size, diameter, conservation period after
collection, and planting positioning of the stricks. Generally, farmers plant cassava
horizontally in the soil, often with little or no slope, which partly facilitates planting
(Normanha and Pereira, 1950; Gabriel Filho ez a/., 2003). Physiologically, the positioning
can stimulate the hormonal balance (auxins and gibberellins) on the other hand when
triggering the buds germinating process. As a response, it can also contribute to a fast
field closing, avoiding weeds emergency and water losses by evaporation. Studies have
shown that vertical planting can contribute to a better agronomic performance of cassava,
especially in sandy soils (Viana ez /., 2000; Ospina ez al., 2002; Cerqueira ez al., 2016).
In this case, when cassava is planted in vertical planting, there is a greater root deepening,.
However, no reports show that the growth of sprouting and cassava depends on the
planting position and on the association with A. braziliense.

Therefore, the present work aimed to evaluate the effects of the strick planting possitionand

the application of A. braziliense on the initial growth of cassava.

MATERIAL AND METHODS
Experimental conditions

The experimentwas carried out under field conditions. According to Koppen’s classification,
the region’s climate is of tropical rainy type (Aw), with dry winter and rainy summer, with
precipitation, average temperature and annual relative humidity of 1,261 mm, 23.97 ° C,
64.23%, respectively (Alvares ez al., 2014).
The soil was previously classified as a Dystric Ferralsol (WRB 2015), and Latossolo
Vermelho distréfico tipico for the Brazilian Soil Survey (Santos ez al., 2018), with a clay
texture. The soil was sampled at a 0.0-0.20 m and 0.20 — 0.40 m depth before installing
the experiment by collecting 30 simple samples to form a composite sample, which was
subsequently physical-chemically analyzed. Soil samples were air-dried, crushed, and
sieved through a 2.0 mm mesh for physicochemical analysis.
The following parameters were determined: pH in CaCl, (0.01 mol L"); the potential
acidity (H+Al), extracted in calcium acetate buffered at pH 7.0, quantified by titration with
NaOH; phosphorus (P) and potassium (K*), extracted with Mehlich™ and determined by
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colorimetry and flame photometry, respectively; calcium (Ca*), magnesium (Mg*) and
aluminum (AP*), extracted with KCI 1 mol L' and determined by atomic absorption
spectrophotometry. These results permitted the calculation of the following parameters:
sum of bases (SB) = Ca + Mg + K; cation exchange capacity (CEC) = SB + H + Al; and
base saturation (BS) = CEC/SB x 100). The chemicals properties the soil are shown in
Table 1.

The soil acidity was mitigated with the superficial application 513 kg ha of the limestone
(CaO: 29%; MgO: 20%; total relative neutralizing value: 90.1%, compared to calcium
carbonate). The liming was carried out 60 days before the implementation of the
experiment.

Irrigation was carried out using a drip irrigation system with Streamline Model Netafim
hoses, the spacing between emitters of 0.30 m. Irrigation provided a 1.3 L h™', at intervals
of 24 h in the first two weeks, and then applied every 48 h to guarantee the good
development of the culture.

Plant material
Cassava sticks used in the experiment were obtained from a producer of the region. A
selection was carried out using those plants with approximately 0.02 m in diameter. The
sticks were cut at a length of 0.20m to standardize the plant material. The verification of
the material’s homogeneity was proven from the initial evaluation of descriptors suggested
by Fukuda and Guevara, (1998), measured in all sprouted plants. This evaluation was
carried out according to: color evaluation of the apical leaf (notes of 3 - light green, 5 -
dark green, 7 - purplish green, and 9 - purple), apical bud pubescence (notes of 0 - absent
and 1 - present) and petiole color (notes of 1 - yellowish-green, 2 - green, 3 - reddish-

green, 5 - greenish-red, 7 - red, 9 - purple).

Experimental design and treatments
The experimental design used was completely randomized, with 20 repetitions per
treatment, in subdivided plots. The treatments consisted of two positions [planting
position: horizontal (PH) and vertical (PV)] in the plots and Azospirillum brasilense
application [with (+A4zos) and without (-Azos)] in the subplots. Each plot consisted in two
rows spaced 0.6 m apart and 0.5 m between plants.

Table 1. Chemical properties of the soil used in the experiment.

Al3+ Ca2+ Mg2+ K CECZ

Depth pH OoM! P HLAl BS?
-3 -3 0,
(m) CaCl, (g dm™) (mg dm™) cmol dm %
0.00 - 0.20 5.2 27.5 6.0 3.8 0.12 3.20 1.10 0.25 8.4 54.5
0.20 — 0.40 4.8 30.1 5.5 4.8 0.07 2.70 0.80 0.20 8.5 43.5

'OM: Organic matter; *CEC: Cation exchange capacity at pH 7.0; °BS: Base saturation.



ASyD 2023. DOL: https://doi.org/10.47163/10.22231/asyd.v20i2.1415
Articulo Cientifico

169

The treatments associated to planting position were carried out at the time of planting by
placing the seedbed approximately 0.20m long in the pits done with a hoe and leaving
the seedlings in the PV with approximately half of its length buried in the soil. PH was
wholly buried, maintaining the same spacing for both treatments (Figure 1). A. brasilense
was applied 15 days after planting with the aid of a 20 L costal pump using doses of 500
ml ha'. The commercial product used was AZOS containing the liquid inoculant A.
brasilense Ab-V'5 in a concentration of 1 x 10® CFU ml". Weed was controlled manually

when necessary.

Measured variables

Sprouting percentage (SP) was initially assessed at 11 days after planting (DAP) and at
2-day intervals until 35 DAP. SP was obtained by the average number of sprouts found
during the evaluated period.

After 30 DAP, the following variables were evaluated: the sprouts number (SN), when
counting sprouts over 0.01m in length in each seedling; sprout height (SH), using a
millimeter ruler, the length of the plant base was measured up to the apex of all shoots
with a length above 0.01m; the number of leaflets (NL), performed by counting the
number of leaflets in the longest sprout per hand and the length of the leaflets (LL),
measured on the leaf but developed in the longest bud per hand. Vegetative vigour (VV)
was obtained by the product of the four measured variables (SN, SH, NL, and LL) as
an indicator of the more significant development of the evaluated plant. The VV values
would be grouped into three groups [low VV (66-312), moderate VV (313-482), and
superior VV (483-2145)].

Statistic analysis
After collecting data for the measured variables, analysis of variation (ANOVA) of double
classification based on a linear model of fixed effects were performed. Also, Pearson’s

correlation analysis between variables were determined. For the VV variable, three groups

Figure 1. Detail of initial cassava growth at different strick planting position [A) vertical
position and B) horizontal position].
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of plants were established (grouping the treatments with plants that showed different
performance), and after the selection, the comparison of treatments among the three
established groups was performed, and cassava performance among those groups of VV
was thus evaluated. All analysis were performed using the RBio program (Bhering, 2017),
and the Sigma Plot version 11.0 program was used to construct the graphics.

RESULTS AND DISCUSSION
Changes in the sprouting pattern considering the stricks planting position

As a management practice, but common in the cassava culture, planting is usually done
horizontally (Gabriel Filho ez al., 2003). However, PV accelerated the sprouting in the
first 35 DAP in the present assay (Figure 2). The PV promoted the highest sprouting
time if we consider that at 17 DAP for this treatment, 63% of the seedlings had sprouted
(at least one visible bud). In the PH treatment, a 66% of the plants sprouted at 29 DAP
(Figure 3). Viana ez al. (2000) found, when evaluating the effects of the plants size and
planting position on the cassava harvest, that the plants sprouting planted vertically took
place at 15 days and had 50% of the plants sprouted; also, this process occurred faster
than the inclined planting concerning those planted horizontally (26 days). This study
corroborates the previously obtained result, where 14 days were enough to have 50% of
the sprouted plants in the PV (Figure 2).

The fastest emergence occurred in the treatments vertically positioned, guaranteeing a
rapid development of shoots, which is one advantage of these planting system. In this
initial phase, carbohydrate reserves determine the initial development (first 30 DAP),
according to Alves, (20006). For cassava in PV, sprouting induction is being stimulated,

100

®  Planting in the horizontal position (PH)
301 ® Dlanting in the vertical position (PV)

60

40

Number of germinated seedlings (unit)

5 10 15 20 25 30 35
Days after planting (DAP)

Figure 2. Number of germinated seedlings of cassava at different days after planting, (n = 92).
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Figure 3. Sprout number (A) and length of leaflets (B) obtained when measuring the effects of the stricks positioning
of cassava [horizontal (PH) and vertical (PV)] and the application of Azospirillum brasilense [with (+Azos) and without
(-Azos)] in experiments conducted in Chapadio de Sul, MS. (n = 46).

possibly due to the better distribution of assimilates associated with the employed position.
The rapid sprouting of the plants and growth is also important to prevent the emergence
of weed, which reduces herbicide application or use of machinery for weed control during
the early growth stages. Simultaneously, it promotes a quick closure of the field, reducing
the surface exposed to solar radiation and contributing to the soil moisture maintenance.
Ospina et al. (2002) recommend the PV under the conditions of Colombia. However,
they comment that the disposition of cassava roots when planting the roots horizontally
are spacious and with that, the harvest of PV or inclined is easier.

Effect of planting positioning and application of A. brasilense on initial growth

When evaluating the stricks positioning and the combination with the absence of the
presence of A. brasilense applied in the soil, the results showed significant effects of the
interaction of both factors for the variables SH (p <0.05), NL and VV (p <0.01) in cassava
plants (Table 2). For the variables NS and LL, no significant differences were found in any of
the two factors evaluated, showing that for these two variables, regardless of the position of
the handles and the presence or absence of A. brasilense, the response remains equal (Figure
3). The CVs in most of the variables were of medium to moderate magnitude, except the
variables NS (CV=49.92) and VV (CV=70.7), which manifested wide variation in data,
thereby influencing the CV values and the accuracy of the data collected in the field.
Figure 3, shows the means of the variables NS and LL, with general averages of 2.8 and
6.11 cm, respectively. The PH associated with +Azos promoted the largest number of
shoots (2.29) with respect to the other treatments. The NS formed depends on the soil
moisture conditions after planting, with the first roots being produced and then the
emerging shoots. The first bud generally develops better due to the stem apical dominance,
although this does not prevent the others from showing a specific development, as was
shown in Figure 3.
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Table 2. Summary of ANOVA when evaluating the effects of stricks positioning at different planting time and
the applying Azospirillum brasilense.

Medium Squares
N% DF

N§? SH NL LL \'AY%
Positioning (P) 1 0.16 7.70 2.86* 6.61 198,718
Azospirillum (A) 1 1.24 0.03 0.02 0.11 273
PxA 1 2.16 20.61* 5.70** 3.23 816,692**
CV (%) 49.92 26.78 16.00 25.17 70.07
Overall Average 2.08 7.93 4.61 6.11 482.00

ISV: the source of variation, DF: the degree of freedom.?NS: number of shoots, SH: shoot height, NL:
number of leaflets, LL: leaflets length, and VV: vegetative vigor. *CV: coeflicient of variation. *p <0.05, **p
<0.01 significant by Tukey post-hoc comparison.

The LL showed the highest values in the treatment with PV and -Azos with 6.58 cm,
values above the general average of the experiment (6.11 cm); however, without differing
PH and +Azos (Figure 3b). The largest photosynthetic area in plants can be related to the
variable LL, which directly influences the leaf index (LI). Thus, plants with higher LL and
LI have a better product performance, of great practical interest for cassava producers.
Comparing the evaluated factors interactions (Table 3), for the variables SH, NL, and VV.
The SH showed significant differences only when comparing the two positions in -Azos,
empbhasizing the PV (8.66 cm) that increased the bud’s height by 17% with the PH (Table
3). The results are in agreement with those obtained by Cerqueira ez /. (2016) when
comparing the initial development of ‘cocoa’ cassava under different stricks positions. The
same authors observed a higher plant height in the PV with a 32% difference to the PH
(p <0.01), in addition to promoting a larger diameter of the neck, number of leaves, dry
mass of leaves and dry mass of the stem.

The NL, among the measured variables, showed significant differences at 1% probability
(Table 2) in favor of the combination of +Azos with PH (4.94 with a 20% increase)
about +Azos with PV (Table 3). When observing the same variable, the comparisons

Table 3. Result of the effects of stricks positioning at the time of planting and the application of Azospirillum
brasilense when measuring the sprout height (SH), number of leaflets (NL), and vegetative vigor (VV).

Azospirillum brasilense

Positioning SH (cm) NL \'A'
+Azos -Azos +Azos -Azos +Azos -Azos
Horizontal (PH) 8.08 Aa 7.39 Ab 4.94 Aa 4.58 Aa 524.96 Aa 379.14 Ab
Vertical (PV) 7.62 Aa 8.66 Aa 4.10 Bb 4.66 Aa 413.37 Ba 611.11 Aa

+Azos: with the application of A. brasilense, -Azos: without application of A. brasilense. Lower case letters in the
column and uppercase letters in the row represent significant differences by Tukey post-hoc comparison for p<0.01.
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between the positions, the PV showed highly significant differences (P<0.01) with the
best performance in -Azos (4.66), which represents an increase of 14% concerning +Azos
with 4.10 (Table 3). NL is associated with plant development and directly related to a
larger leaf area, desired characteristic for crop and positively correlated with yield of the
reserve roots. Cerqueira ¢z al. (2016) found that PV stimulated the largest number of
leaves in ‘cacao’ cassava, with values very close to the inclined position, both of which are
higher than HP.

Bacteria of the genus Azospirillum can promote plant growth and increase productivity
mainly by producing stimulant substances, which contribute to roots development and
increase in the rate of water and mineral uptake (El Zemrany et al., 2007; Diaz-Zorita
and Ferndndez-Canigia, 2009). Results showed that when using +Azos when combined
with the PHs (completely buried in the soil), the effect under the variable NL was higher
compared with the PV, showing the positive effect of this bacteria on cassava for this
characteristic (Table 3). Other studies have shown good results in cassava culture with
the application of bacteria of the genus Azospirillum (Nascimento ez al., 2014; Lopes ez
al., 2019). However, the effect of the strick positioning and the combination of these
bacteria’s application had not been reported.

For the VV variable (Table 3) only in -Azos the striks positions differ with the PV providing
the most massive increase of 61% in the VV of the plants about the PH. Simultaneously,
when observing the comparison in the other direction (among the positions), only
differences in PV with better performance in combination with —Azos, and an increase for
the variable of 48%, were obtained. The results showed that regardless of the direction of
the comparison for this variable VV, the combination PV and -Azos promoted the plant
best quality, considering that the highest values are associated with plants that showed the
most significant magnitude for the four characteristics evaluated.

When analyzing the correlations network among the evaluated variables and the VV evaluated
at 35 after the beginning of sprouting, the most significant contribution was between SN x
VV>SHx VV> LLx VV>NLx VV in the same order (Figure 4). Vegetal vigor, as a variable
indicating biomass gain in the initial stages of plant development, can be an indicator of
the quality of the seedling (associated with sprouting power of sprouting energy) and water
availability, although some plant species do not need high percentages of moisture in the soil
to germinate, such as cassava (Pacheco ez al., 2020). A high VV represents a satisfactory plant
condition to have better development and productivity (Santos ez al., 2014).

VV contribution to the total variability in an integrated way
For that, the classification of the original values VV was made by obtaining the three
groups [low (66-312), moderate (313-482), and superior (483-2145)] and verified the
from a new ANOVA the hypothesis proposed for all measured variables (Table 4).
The ANOVA results confirmed that the effect of the evaluated factors was variable between
the three groups formed when considering different groups for the VV values (Table 4).
It was observed that in the group of low VV (66-312), the treatments did not influence
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@ continuos_variable
@ index

Figure 4. Correlations network between discrete variables [sprout
number (SN) and number of leaflets (NL)], continuous variables [shoot
height (SH) and length of leaflets (LL)] and the vegetative vigor index
(VV) obtained by measuring the effects of the positioning of cassava
plants and the application of Azospirillum brasilense. (n = 92).

the responses of the plants, whereas for the medium VV (313-482) and superior VV
(483-2145), there was only an effect of positioning for the variables NL (P<0.07) and LL
(P<0.05), respectively (Figure 5).

The results show that only the strick positioning factor influenced in the general response.
However, the same treatment was not always superior among the variables that showed
significant differences. The response varied between the two variables, with PH being
more favorable for NL and PV but more favorable for LL.

Here we show that vertical strick positioning has a beneficial effect on the initial
germination of cassava plants. We show the combination of positioning as the application
of A. brasilense in the soil influences the development of plants.

CONCLUSIONS

The vertical stricks positioning of cassava promotes sprouting with 63% of seedlings 17
days after planting about 3% of horizontal positioning. Vertical positioning in the absence
of A. brasilense promotes the highest values in shoot height (an increase of 17%) and
vegetative vigor (an increase of 61%) variables. However, horizontal positioning in the
presence of A. brasilense stimulates the number of leaflets (an increase of 20%).

The evaluation of vegetative vigor was the most precise variable to establish the differences
between the treatments that were not observed in isolated way by means of ANOVAs
analyses. Given that cassava is a crop that feeds many people daily, the results obtained
show a better growth efficiency promoted by the vertical positioning of the plant, thus

representing an excellent management option for agriculture.
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Table 4. Summary of ANOVA when evaluating the effects of the pliers’ positioning at the time of planting and the
application of Azospirillum brasilense for subgroups formed among the variable vegetative vigor.

Medium Squares
NS
SN2 SH NL LL VvV
Groups low VV (66-312)
Positioning (P) 0.68 1.13 0.59 0.42 177
Azospirillum (A) 2.21 0.03 0.08 0.62 11,634
PxA 0.08 0.69 1.22 1.13 363
CV? (%) 49.26 30.87 15.52 24.39 34.78
Overall Average 1.63 6.44 4.09 4.95 188.14
Groups moderate VV (313-482)
Positioning (P) 0.02 1.43 4.07** 0.12 2,467
Azospirillum (A) 0.19 4.54 0.14 0.11 24
PxA 0.01 1.16 0.16 1.22 495
CV? (%) 39.27 19.87 14.56 19.00 13.57
Overall Average 1.71 8.35 4.77 6.50 395.83
Groups superior VV (483-2145)
Positioning (P) 0.54 5.76 1.15 8.14* 169,262
Azospirillum (A) 0.31 0.04 0.02 0.02 22,978
PxA 0.54 0.00 0.47 0.29 50,122
CV3 (%) 39.62 20.03 11.79 19.10 37.19
Overall Average 2.81 9.15 5.02 7.03 846.47

'SV: the source of variation, DF: the degree of freedom.”SN: sprout number, SH: shoot height, NL: number of leaflets,
LL: length of leaflets, and VV: vegetative vigor. *CV: coefficient of variation. *p <0.05 and **p <0.01 by Tukey post-hoc

comparison.
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Figure 5. The number of leaflets (A) and length of leaflets (B) obtained when measuring the effects of the positioning
of cassava [horizontal (PH) and vertical (PV)] positions for subgroups formed among the variable vegetative vigor
[moderate VV (313-482) (A) and superior VV (483-2145) (B)] in experiments conducted in Chapadao de Sul, MS.
*P<0.05 and **P<0.01 significant by Tukey post- hoc comparison. (n = 20)
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