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ABSTRACT - The use of organic fertilizers facilitates the production of plant species compared to industrial
fertilizers, with a remarkable contribution to soil and water conservation through soil structuring. Vetiver grass
(Chrysopogon zizanioides (L.) Roberty) is widely used in soil bioengineering projects to stabilize slopes,
increasing the resistance of the soil to shear strength. The objective of this study was to evaluate the effect of
the development of vetiver grass at different doses of organic fertilizer on soil stabilization. An experimental
test was carried out in a greenhouse, in pots, using the following doses of organic fertilizer: TO—0 g (control);
T1-135 g; T2-270 g and T3-405 g of organic fertilizer. Shoot Dry Matter (SDM), Root Dry Matter (RDM),
Root Length (RL), Number of Tillers per Plant (NT) and Plant Height (PH) were evaluated. The collected data
were submitted to regression analysis at 5% probability. The analysed variables showed increasing values as
greater amounts of organic fertilizer, leading to an increase in soil nutrient availability and, consequently, to
improved plant development.
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DESENVOLVIMENTO E CARACTERISTICAS MORFOMETRICAS DO CAPIM VETIVER
SUBMETIDAS A DIFERENTES NIVEIS DE ADUBACAO ORGANICA

RESUMO - Os usos de adubos organicos trazem beneficios na produgdo de espécies de plantas em
comparagdo com os fertilizantes industriais, além de contribuir na conservacio do solo e da agua pela melhor
estruturacdo do solo. O capim vetiver (Chrysopogon zizanioides (L.) Roberty), é amplamente utilizado em
obras de bioengenharia de solos para a estabilizagdo de encostas e taludes, aumentando a resisténcia do solo ao
cisalhamento. O objetivo deste estudo foi avaliar o efeito do desenvolvimento do capim vetiver em diferentes
doses de adubo orgénico para uso na estabilizagdo do solo. Foi conduzido ensaio experimental em casa de
vegetagdo, em vasos, ¢ testadas as seguintes doses de adubo organico: TO- 0 g (controle); T1-135 g; T2-270 ge
T3- 405 g de adubo orgénico. Foram avaliadas as varidveis Matéria Seca da Parte Aérea (MSPA), Matéria Seca
das Raizes (MSR), Comprimento de Raizes (CR), Numeros de Perfilhos por Planta (NPP), e Altura da Planta
(AP). Os dados coletados foram submetidos a analise de regressdo a 5% de probabilidade. As varidveis
analisadas apresentaram valores crescentes a medida que foi disponibilizado maiores quantidades do adubo
organico, que disponibilizou gradativamente nutrientes ao solo promovendo o melhor desenvolvimento da parte
aérea pela maior disponibilidade de nitrogénio e assim potencializando maior cobertura ao solo.

Keywords: Chrysopogon zizanioides. Fosforo. Bioengenharia de solos.
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INTRODUCTION

The remediation of degraded areas is a major
challenge both in urban environments and to keep
productive land in rural areas. However, physico-
chemical methods of soil remediation are generally
expensive and result in a deterioration of the soil
ecosystem. Thus, in recent years, new technologies,
such as soil bioengineering, have been developed to
stabilize and recover soils in a sustainable way
(HOLANDA et al., 2009; ZAGO; DORES; WATTS,
2019). Biotechnics that use plant species in
combination with inert materials for soil stabilization
and protection against erosion can be used an
alternative, as a complementary tool or even as a
substitute for traditional civil engineering techniques
(ARAUJO-FILHO; HOLANDA; ANDRADE, 2013;
MAFFRA; SUTILI, 2020).

Vetiver grass (Chrysopogon zizanioides (L.)
Roberty), a native species from India, is a perennial
plant from tropical and subtropical regions and
belongs to the family Poaceae. It is widely known
and used due to its high performance in ecological
restoration programs, as well as its effectiveness in
the control and prevention of erosive processes since
it presents good resistance to shear stress
(TRUONG; LOCH, 2004; NG et al, 2019; ETTBEB
et al., 2020). The versatility of vetiver grass use has
received much interest, with emphasis on its
biotechnical characteristics for wuse in slope
stabilization works, its contribution to the increase of
soil cohesion and its high adaptability to various
edaphoclimatic conditions (HOLANDA et al., 2012;
ARAUJO FILHO et al., 2015; MACHADO et al.,
2015; COSTA et al., 2020).

Vetiver grass belongs to the superdivision
Spermatophyta (which produces seeds) of the
Magnoliophyta division (which produces flowers -
angiosperms), and of the order Poales (papyrus,
bromeliad, pineapple, rush, 35 grasses). The family
is Poaceae (grasses, including wheat, barley, rice and
corn) and the genus Vetiveria, with the binomial
name “Chrysopogon zizanioides (L.) Roberty" (LAL
et al.,, 2018). It grows in clumps, as a perennial,
herbaceous plant with stem-like stems (with long
knots and internodes), reaching a height of up to 2 m.

According to Miranda Neto (2015), the
leaves, in their majority, are basilar (they appear just
above the neck of the inflorescence), branched,
conical, with numerous simple clusters and ears with
small clusters of two tiny violet flowers and seeds.
The rhizome is woody (i.e. hardened underground
stem) and brownish, and the roots are yellow,
fasciculated, flexible and intensely aromatic,
reaching a depth of up to 4 m.

The abundant root system of vetiver grass,
contributing to increased shear resistance, is
important to soil aggregation, necessary for the
stabilization of hillslopes (BARBOSA; LIMA,
2013). Another important characteristic of vetiver is

that it does not reproduce by seeds, preventing its
free propagation (PRASAD et al., 2016).

Among its multiple uses, vetiver grass is used
in the phytoremediation of wastewater and
contaminated soils since it accumulates boron (XIN;
HUANG, 2018). This species is also used in the
recovery of contaminated soils with lead, as it
absorbs and accumulates lead in its biomass. It is
also adaptable to soil acidity and toxicity due to its
efficient absorption of nutrients such as nitrogen and
phosphorus (BAHRAMINIA et al., 2016). Vetiver
grass can adapt to various soil conditions, an
important requirement for its use in the recovery of
degraded areas.

The intensive use of chemical fertilizers has
been a common approach to improve yields in
agriculture (WANG; YAO; YE, 2020). However,
when effects of fertilizer use are observed in the
interactions of the biota, as well as in the ecological
and economic benefits, it is not always sustainable
over time. Therefore, several alternative fertilization
methods have been developed to maintain efficiency,
maximum impact of the plant and minimum impact
on the environment (LU et al., 2020).

In Brazil, the use of organic fertilizer has
gradually increased mainly due to the high costs of
industrialized fertilizers, as well as the availability of
organic material from agro-industrial waste
(PEREIRA, 2011). Organic fertilization is an
agricultural practice widely used to improve the
physical, chemical and biological properties of the
soil. This type of fertilization is part of a production
system committed to sustainable production,
facilitating the preservation of the entire biota
(VIEIRA et al., 2010). Organic fertilization proposes
to use natural resources in a rational way, even
employing traditional farming methods, but with the
latest technologies (BENEDETTI; DALLABRIDA,
2016).

The use of organic fertilization in the
cultivation of vetiver grass brings benefits such as
the cyclical promotion of nutrients, mainly N, P and
K; the retention of cations, favouring plant growth in
stress periods, results in increased productivity and
in higher root development, which has been observed
for other species of the Poaceae botanical family
(SALLES et al.,, 2017; SEVERINO et al., 2006;
SILVA et al., 2016).

Different organic compounds have been
investigated regarding their role as organic
phosphorus  slow-release  fertilizers (MAJEE;
HALDER; MANDAL, 2019). Phosphorus is a
macronutrient present in the soil and stimulating the
growth of the absorption area of the root system,
consequently stimulating plant growth (HOLANDA
et al., 2017). Phosphorus deficiency in grasses such
as vetiver causes a decrease in the transport of
assimilates, which may negatively affect the
photosynthetic rate, directly affecting the removal of
carbon dioxide from the atmosphere (MIRANDA -
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VILLAGOME-Z et al., 2019), factors that can change
the full performance of vetiver. In addition, Poaceae
species respond well to increasing levels of
phosphorus, which is of great importance for root
development.

In comparison with industrial fertilizers,
organic fertilizers can bring benefits such as
improved soil quality (DONGGUANG et al., 2020),
better soil aeration (WANG et al., 2018), reduced
N,O release from manure (SHAH et al.,, 2020),
increases in specific enzymes activities that capture
N and P (LI et al., 2019), improved availability of
soil nutrients and continuous compound release
(ELFADIL et al., 2020). According to Santos Junior,
Monteiro and Lavres Junior (2004), several factors
are necessary for plant development, such as light,
nutrients, and CO,. An increase in any of these
factors, ranging from efficiency to sufficiency,
promotes different rates of growth and production.

According to Tisdale and Nelson (2013) the
increase in phosphorus solubility with the presence
of organic matter results from the formation of
phospho-humic complexes, which are assimilated by
plants, causing anionic exchange of phosphate by the
humate ion. The main factors affecting the

absorption of nutrients by plants are root growth rate,
the concentration of P in the soil solution and root
distribution and morphology, in addition to poor
substrate application (DIAS et al., 2017; RAN et al.,
2018; KULMANN, 2019).

In this context, the objective of this study was
to evaluate the effect of the development of vetiver
grass at different doses of organic fertilizer on soil
stabilization.

MATERIAL AND METHODS

The experiment was conducted in a
greenhouse with a temperature between 30 and 35°C
from December to March, representing the summer
season in Brazil. Tillers from a clump of vetiver
grass growing in an experimental site at the
University Campus of the Universidade Federal de
Sergipe (UFS), located in the municipality of Sao
Cristovao, state of Sergipe (11°01'53 "S, 37°12'23"
W), were used. Each tiller had a height of
approximately 20 cm, from clumps cultivated for 6
months (Figure 1).

Figure 1. Clumps of vetiver grass and tillers under development in the experimental test in a greenhouse.

We tested the following fertilizer doses: T0-0
g of organic fertilizer (control); T1-135 g of organic
fertilizer (equivalent to 100 mg of P,Os); T2-270 g
of organic fertilizer (200 mg of P,Os) and T3-405 g
of organic fertilizer (300 mg of P,0s), per kg of soil,
with three replicates for each treatment. The organic
fertilizer was uniformly mixed with the soil in the
pots, according to each treatment. Variations in
fertilizer doses were made according to Araujo Filho
et al. (2015), who observed the highest biomass
production of vetiver grass at a dose of 300 mg of
P,0s kg soil. The used pots had a capacity of 2 kg
and contained a mixture of 30% vermiculite and 70%
washed and sieved sand, plus doses of organic
fertilizer according to TO, T1, T2 and T3 treatments.

The phosphorous values were based on the
results of the chemical analysis of a sample of the
organic fertilizer named ®Bioforte (Table 1).

The experimental design was in a DIC - Fully
Randomized Design with four treatments and three
replications. The pots were irrigated daily using an
automated micro sprinkler system. They were fixed
through small holes in PVC (polyvinyl chloride)
pipes installed suspended at the height of the
greenhouse roof, with the following irrigation scale:
turn on 06 h: 00 min, turn off 06 h: 02 min, from
10h : 00 min - 10 h: 02 min, from 13 h: 00 min -13 h:
03 min and froml15 h: 00 min - 15 h: 02 min; this
way, soil moisture was kept close to field capacity.
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Table 1. Chemical parameters of the organic fertilizer Bioforte.

Parameters

pH CaCl10.001 m 6.5
N (Nitrogen) - g kg™ 1.4
P (Phosphorus) - g kg™ 5.8
K (Potassium) - g kg™ 10.8
Ca (Calcium) - g kg™ 374
Mg (Magnesium) - g kg™ 19.4
S (Sulphur) - g kg™ 1.1
B (Boron) - mg kg 11
Cu (Copper) - mg kg™ 29
Fe (Iron) - mg kg™ 3.1
Mn (Manganese) - mg kg! 107
Zn (Zinc) - mg kg™ 479
Organic carbon - g kg™! 493.2
C: N Ratio 39:1

The experimental period comprised the time
from tiller planting and development up to 3 months,
when tiller formation ceased and vegetative
development peaked. After collecting the material
(shoot and root system), the roots were separated
from the soil by washing with a water jet, using 1.0-
mm mesh sieves, to minimize root loss (BOHM,
1979). After washing, the roots were packed in paper
bags and dried in an oven with forced air circulation
at 65°C for 72 hours. The shoot biomass of the
sampled individuals was also oven-dried at 65°C for
72 h. Subsequently, roots and shoots were weighed
on an analytical balance to determine Shoot Dry
Matter (SDM) and Root Dry Matter (RDM). Root
Length (RL) was determined with a ruler, in
centimetres, from the neck to the apex of the root.
The Number of Tillers per plant (NT) was
determined considering the tillers emitted during the
experimental period (3 months). Plant Height (PH)
was measured considering the length from the plant's
neck to the last node of the last released leaf.

The obtained values were analyzed using the
software package SPSS (IBM Corp, 2017);
regression analysis was performed at 5% probability.

RESULTS AND DISCUSSION

The tested stabilized residues showed an
adequate pH for direct application to the soil, close
to neutrality (pH 6.5) (Table 1). When added to the
soil, they probably regulate acidity due to the
buffering capacity, neutralizing aluminium and
stimulating the maintenance or formation of certain
exchangeable bases, such as Ca, Mg, K and Na, as
stated by Miiller (2012).

According to Padilha et al. (2014), factors

such as temperature, humidity and soil aeration
provide conditions for decomposition by increasing
the biological activity in the soil. Considering that
the soil moisture under the experimental conditions
was always at field capacity, that the soil was highly
porous (Entisol) and that the temperature in the
greenhouse varied between 30 and 35°C, the
environment was favourable for microbial activity.

Based on the results of the regression
analysis, the variables SDM, RDM, RL, NT and PH
showed either quadratic or linear responses to
different fertilizer doses.

According to Malavolta (2006), phosphorus
from decomposition becomes available in organic
form and is integrated into microbial cells; however,
most of it remains readily available to plants. Sawyer
et al. (2019) observed that at different P levels, the
species Panicum virgatum L. (Poales) presented a
similar growing behaviour for average biomass
production, in comparison with unfertilised
treatments, suggesting that the application of P is
beneficial for plant establishment during the initial
growth phase. We highlight the importance of P in
root development, especially in Poaceae, and its role
in increasing soil resistance and controlling soil
erosion.

Considering that N mineralization requires
higher water availability and that the soil was kept
permanently at field capacity, we assume that
throughout the experimental period of 3 months,
mineralization was optimal, which is reflected in the
high SDM values. Some authors stated that when
applying organic fertilizers, N mineralization speed
is generally reduced. Hangs, Ahmed and Schoenau
(2016), working with organic fertilizers from waste,
observed that the application of such fertilizers
slowed down decomposition, resulting in the
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continuous supply of N for plant growth.

Figure 2 shows that SDM increases with
increasing fertilizer doses, as reflected by the
coefficient of determination (R*= 0.855). Pandit et
al. (2020), working with corn (Zea mays L.),
observed an increase in shoot dry matter in 243%

SDM (g)
18009 21.00g 24009

15.00g

12009

9

when using higher doses of organic fertilizer in
comparison with mineral NPK fertilizer. The
increase in the Number of Tillers per plant (NT) with
increasing doses of organic fertilizer also explains
the increase in SDM (Figure 2).

R? Linear= 0.855

9.00

0 g/kg 135 g/kg

270 glkg 405 glkg

Organic Fertilizer doses

Figure 2. Shoot Dry Matter (SDM) of vetiver grass with different doses of organic fertilizer.

The increase in the Number of Tillers per
plant (NT) (Figure 3), with increasing doses of
organic fertilizer also explains the increase in SDM.
The TN responded in a quadratic way (P < 0.05) to
the application of organic fertilizer, most likely

NT (n)
7(n) 8(n) 9(n)

6(n)

5(n)

(n)

associated with higher availability of P and N from
microbial decomposition, which is in agreement with
the results of Patés et al. (2007), working with
Panicum maximum cv. Tanzania-1.

R? Linear = 0.680
@

0 gikg 135 gikg

270 g/kg 405 grkg

Organic Fertilizer doses

Figure 3. Number of Tillers per plant (NT) of vetiver grass at different doses of organic fertilizer.
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In the pots receiving 135 g of organic
fertilizer per kg of soil, NT showed an increase of
42.85% in comparison with the control treatment
(T0—Control), reaching increasing values, with the
increase of doses, even though a better adjustment of
the data related to the dose 270 g of organic fertilizer
per kg of soil.

Figure 4 shows the differences in plant
development due to the different doses of organic
fertilizer. At 30 days after planting, tillers were
present, although without panicles. In a previous

study in Sergipe State, vetiver grass only presented
inflorescence when subjected to strong temperature
stresses, such as a long period with high
temperatures (COSTA, 2015). Seed propagation
(sexual) is considered difficult due to the low
number of seeds produced (SIMAS, 2019).
Therefore, this species generally uses vegetative
propagation (asexual) by tillering. Only a few plants
released panicles, making it impossible to assess this
variable since there were no inflorescences in all
tested treatments.
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Figure 4. Plant development after 1 month of planting, showing T0-0 g of organic fertilizer (A); T1-135 g of organic
fertilizer (B); T2-270 g of organic fertilizer (C) and T3—405 g of organic fertilizer (D).

The height of the plants has among the
variables evaluated, the best fit of the curve
(R? = 0.974) showing a linear regression in which the
height of the plant increases as the doses of organic
fertilizer increase (Figure 5). Majee, Halder and
Mandal. (2019) observed the same behaviour in

plant height growth when increasing doses of organic
fertilizer were applied, most likely with highe

concentrations of nitrogen, phosphorus and
potassium available in the soil from organic
materials.
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PH (m})
1.30m 1.40m 1.50m

1.20m

1.10m

R? Quadratic= 0.974

135 glkg

270 g/kg 405 grkg

Organic Fertilizer doses

Figure 5. Plant Height (PH) of vetiver grass at different doses of organic fertilizer.

The treatments with increasing doses of
organic fertilizer (T1, T2 and T3) showed increased
plant height when compared to the control treatment
(TO). The T3 treatment (405 g of organic fertilizer
per kg of soil) reached a maximum height of 1.45 m.
Vetiver grass responds positively to increased P
levels, which, according to Teixeira et al. (2015) and
Aragjo Filho et al. (2015), also positively influences
tiller number.

A quadratic trend was observed (R*= 0.034)

800g

600g

RDM (g)

400g

00g

(Figure 6) although very fragile adjustment related to
RDM data, although it seems that a slight increasing
levels were observed, related to T2 treatment.

Considering the experimental period, nitrogen
was most likely available to vetiver grass after 60
days, when the plants showed greater vegetative
vigour. Similarly, Souto et al. (2005) noted that in
the first 30 days, vegetative vigour was decreased,
influencing the amount of nutrients available at the
beginning of plant development.

R? Quadratic= 0.034

2

0g/kg 135 g/kg

270 glkg 405 g/kg

Organic Fertilizer doses

Figure 6. Root Dry Matter (RDM) of vetiver grass at different doses of organic fertilizer.
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When comparing SDM with RDM (Figure 6),
SDM (Figure 7) showed a different behaviour,
although RL increased with increasing fertilizer
doses. The improved SDM can be explained by an
increased N availability, since C3 plants in general
present excellent responses to nitrogen.

With increasing availability of organic
fertilizer, root growth was promoted (Figure 7),
indicating that the nutrient absorption capacity is
related to the root length, in addition to the

RL (m)
070 m 080m

060 m

050 m

phosphorus absorption kinetics, predominantly by
diffusion, under favourable soil conditions, as P
shows low mobility in soil. Under favourable soil
conditions with a higher pH, as was observed in the
experimental condition, an unfavourable
environment is established for phosphorus fixation in
the soil, increasing its availability to plants and
consequently bringing positive conditions to root
development.

R? Quadratic= 0.970
[ ]

135 g/kg

270 g/kg 405 glkg

Organic Fertilizer doses

Figure 7. Root Length (RL) of vetiver grass at different doses of P,Os.

CONCLUSIONS

Vetiver grass subjected to increasing doses of
organic fertilizer responded positively in terms of
morphometric variables.

Shoot dry matter, number of tillers, plant
height and root length increased with increasing
doses of organic fertilizer, and this might have been
a result of increased mineralisation, leading to
greater N availability and, consequently, improved
plant growth.

Increased plant development represented by
SDM and RDM variables, results in better cohesion
due to a better soil cover and greater root
development, increasing soil resistance and avoiding
soil runoff; these factors are important to guarantee a
better soil erosion control.
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