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ABSTRACT- The development of vetiver grass (Chrysopogon zizanioides L.) has been evaluated under differ-
ent levels of phosphorus on slopes of the right-side bank of the San Francisco River, in the municipality of Am-
paro do Séo Francisco, SE. Techniques of soil bioengineering were used, characterized by the combination of
vegetated riprap with stakes, seedlings of vetiver grass and sediment retainers. The experimental design was
randomized blocks with five doses (0, 4, 8, 12, and 16 g pit™ of simple superphosphate) and five replicates. The
growth of vetiver seedlings were observed in periods of 30, 60, 90, ¢ 180 days, carrying out the following pa-
rameters: number of roots, external root surface, root density, root length, root length density, root and shoot
dry weight, root and shoot fresh weight, and shoot length, at each evaluation period. The phosphorus doses and
periods of morphological development interacted in all variables of plant biomass mentioned above. Higher
superphosphate doses than 9.0 g pit” did not offer advantages in terms of cost-benefit for the production of
vetiver seedings.

Keywords: Bank erosion. Chrysopogon zizanioides. Phosphorus. Root system.

EFICIENCIA DO SUPERFOSFATO SIMPLES NO DESENVOLVIMENTO DO VETIVER ASSOCIA-
DO A TECNICA DE BIOENGENHARIA DE SOLOS

RESUMO - Avaliou-se o desenvolvimento do capim vetiver submetido a diferentes doses de fosforo em talu-
des da margem direita do rio Sdo Francisco no municipio de Amparo de Sdo Francisco-SE. Foram utilizadas
técnicas de bioengenharia de solos, caracterizada pela associagdo do enrocamento vegetado com estacas de
sabia, mudas de capim vetiver e retentores de sedimentos. O delineamento experimental foi em blocos casuali-
zados, com cinco doses (0, 4, 8, 12 ¢ 16) g pit"'de super fosfato simples no momento de plantio das mudas e
cinco repeticdes. O crescimento do vetiver foi avaliado em 30, 60, 90 e 180 dias, realizando-se avaliagdes
quanto ao numero de raizes, superficie externa de raizes, densidade de raizes, comprimento de raizes, massa
seca de raiz e massa seca da parte aérea dentro de cada periodo de avaliagdo. As doses de fosforo e os periodos
de desenvolvimento morfologico interagiram nos pardmetros massa seca da parte aérea, massa seca da raiz,
densidade de raiz, densidade de comprimento da raiz, numero de raiz, superficie externa, comprimento da parte
aérea, comprimento de raiz. Doses de super fosfato simples maiores que 9.0 g pit™' nio apresentaram vantagens
em custo-beneficio na producdo de mudas de vetiver.
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INTRODUCTION

The lower course of the San Francisco River
needed to have its hydrosedimentological behavior
altered by changes in the river channel, through res-
ervoirs dams for deployment of hydropower projects.
Such disturbance resulted in the regularization of the
flow and discharge of sediment, flood control, sedi-
ment retention, degradation of riparian vegetation,
bank erosion, decline in margins, and loss of arable
land (HOLANDA et al., 2008).

To control the erosion process, is necessary to
use techniques with simple solutions, but with exten-
sive operations in the watershed, to promote visual,
ecological, and production improvements in the area
(MONTEIRO et al., 2010). Among various tech-
niques used to control erosion on the banks of
streams, the soil bioengineering is presented as an
alternative that allows the recovery of riparian vege-
tation, and has a low cost when compared to the
works of civil engineering, being widely used in the
stabilization of unstable slopes (HOLANDA et al.,
2010).

This biotech is the use of biologically active
elements formed by vegetation in soil, and sediment
stabilization, combined or not with inert elements
such as rock or geotextile materials, in order to con-
tain the erosion on embankments of roads or water-
courses (PHILLIPS; MARDEN, 2006). Vegetation
plays an important role in controlling erosion on
marginal slopes, since the ground cover with grass or
herbaceous vegetation provides the most efficient
protection against surface erosion by reducing the
impact of rainfall on the bare soil (CHENG et al.,
2003). Additionally, vegetation increases water infil-
tration and gives resistance and cohesion to the soil,
provided by the root system (STOKES et al., 2009).

The vetiver grass (Chrysopogon zizanioides
(L.) Roberty syn. Vetiveria zizanioides (L.) Nash),
classified in the Poaceae family, is a perennial grass
that is present in various climates, especially tropical
and subtropical, commonly used in the recovery of
degraded areas, especially in erosion control due to
the presence of small rhizomes, and thin and matted
root system, that can reach great depths, allowing the
plant resistance to drought and runoff, permitting
them to remain adhered to the soil aggregates
(MICKOVSKI et al., 2005).

Among the features of the root system that
can interfere in the soil stability and consequently on
its erosion, are: the number of root (N), external root
surface (S), root density (RD), and root length densi-
ty (RLD). In this context, different recipients can
change the morphological characteristics of the root
and shoot system of seedlings (REUBENS et al.,
2007). The knowledge of plant nutrient uptake
mechanisms is an important tool used in the selec-
tion of fertilization to obtain full production. Phos-
phorus is a macronutrient present in the soil, which
increases the production of the root system, stimulat-

ing the plant growth (HOLANDA et al., 1999).

Phosphorus deficiency in grasses causes de-
crease in the transport of assimilates, resulting in
reduced leaf area and consequent low production,
directly affecting the process that remove carbon
dioxide from the atmosphere. According to Vance et
al. (2003) plants with phosphorus deficiency develop
mechanisms that help in the absorption of it, as root
growth and expansion of its surface.

The objective of this study was to evaluate
the development of vetiver grass under different lev-
els of phosphorus on slopes of the right bank of the
San Francisco River in the municipality of Amparo
de Séo Francisco, SE.

MATERIAL AND METHODS

The experimental test was performed on the
right-side bank of the San Francisco River lower
course, located in the municipality of Amparo de Sao
Francisco, Sergipe State, Brazil (UTM coordinates
N=8,868,789.506/E=736,583.864). The slope had an
average inclination of 89.7%, height of 6 m, with
dimensions of 100 m long by 15 m wide, giving a
total area of 1500 m”.

The soil of the experimental area is classified
as Fluvic Neossol (EMBRAPA, 2013). The climate
of the sedimentary section of the Lower San Francis-
co, according to the Koéppen classification, is the
type Am (tropical monsoon climate) with an average
annual temperature of 25°C and average annual rain-
fall of 744 mm yr' (CODEVASF, 2010).

The experimental area was previously identi-
fied to implement soil bioengineering techniques, to
reduce or, control erosion on the riverbanks. The
chosen criteria took into account the degradation
level of erosion, physical characteristics of the soil
(texture and structure), the slope topography (height,
inclination, and ramp length), absence of vegetation
cover, distance from the thalweg (main channel of
the river), area available for testing, and access to the
location of the experimental area. Soil samples were
collected randomly in the study area at depths of 0-
20, 20-40, and 40-60 cm, followed by chemical and
physical characterization (Table 1).

Seedlings of vetiver production

Vetiver grass seedlings were produced at the
Nursery of the Federal University of Sergipe (FUS),
Located in Sao Cristévao, SE, during the period be-
tween February and April 2011. The seedling of veti-
ver grass was produced from tillers extracted from
the matrix tussock, with each tiller size standardized
to approximately 20 cm height on the aerial part, cut
in bevel. Their roots were cut and the seedlings were
planted in polyethylene tubes with volume capacity
of 280 cm?, with a conical shape and a hole at the
bottom for drainage of excess water. The substrate
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used in tubes was composed of black soil, washed
coconut (Cocos nucifera L.) powder, and lime, in the
proportion of 30:60:0.06 kg, and 73 g of fertilizer

NPK (3-12-6) per m* of substrate. The planted seed-
lings were irrigated whenever necessary, to keep
moisture in about 60% of the total pore volume.

Table 1. Chemical and physical properties of soil sampled at depth of 0-60 cm in the experimental area before deployment

tests.

Properties Depth (cm)

0-20 20 — 40 40— 60
pH (H,0) (RBLE) 5.7 6.2 6.1
MO (g dm™) ' 9.46 8.88 3.37
Ca (cmol.dm™)? 7.29 7.15 2.88
Mg (cmol, dm™)? 1.91 425 2.53
Al (cmol, dm™) 2 0.45 0.12 <0.08
Na (cmol, dm™)? 0.15 0.26 0.09
K (cmol, dm™)? 0.06 0.07 0.05
H + Al (cmol, dm™)* 2.44 2.03 1.24
P (mg dm™) 2.5 43 2.4
pH in SMP * 6.4 6.6 7.0
SB (cmol, dm™) 9.41 11.70 5.56
CTC (cmol, dm™) 11.90 13.70 6.80
PST (%) 1.2 1.9 1.4
V (%) 79 85 81
Fe (mg dm™)°® 374 397 301
Cu (mg dm™)¢ 45 2.4 4.4
Mn (mg dm™) ¢ 60.0 64.8 22.1
Zn (mg dm™)® 4.1 6.7 3.5
Grit (g kg™) 45 0.7 145.6
Fine sand (g kg™) 6.09 4.26 65.82
Silt (g kg ™) 479.7 506.5 103.9
Clay (g kg™ 454.9 450.2 92.3

'Walkley-Black Method; 2’KCl;*Mehlich—1;*SMP; "MAQS— EMBRAPA; *Mehlich — 1 AA (EMBRAPA,2009).

Implementation of the soil bioengineering tech-
nique

The deployment of soil bioengineering in the
experimental area, to control the erosion process in
the marginal slope, occurred in July 2011. It started
by fencing the area after reshaping the slope with the
required inclination 1V:2H, using appropriate ma-
chinery, such as hydraulic backhoe.

The technique of vegetated riprap was applied
at the base of the slope, using layers of rocks to pro-
tect the base of the slope and planting live cuttings of
sabid (Mimosa caesalpiniaefolia Benth) on the spac-
es between rocks. In the upper and middle thirds of
the slope, the seedlings of vetiver grass were planted,
and in the top of the slope, small pits were made,
where the retaining sediment Bermalonga® D-10
were placed, consisting of pressed and dehydrated
vegetable fibers, surrounded by photodegradable
polypropylene mesh (DEFLOR, 2011).

After the standardization of vetiver grass till-
ers and the installation of inert elements of soil bio-
engineering, the planting was performed in the river
talude. It was carried out in holes with dimensions of
0.3x0.3x0.3m in spacing of 0.3x0.9 meters for pro-
tection and stabilization of soil with different doses
of simple superphosphate as form of phosphorus
(P20Os) with formulation (0-18-0), according to So-
bral et al. (2007).

Experimental design

The experimental design was a randomized
block design (RBD) with the following doses of sim-
ple superphosphate per hole: Ty: control, without
fertilizer application; Ty: 4 g; Tp: 8 g; T3: 12 g; T4: 16
g. The experimental plots presented borders of 40
cm, and each treatment was repeated five times.
Each plot consisted of 100 plants; the experiment
was carried out for five months, and the evaluations
of seedlings were performed at 180 days after plant-
ing. The seedlings were selected and evaluated in a
destructive way, where five plants of each plot was
randomly collected, totaling 125 plants for each re-
view.

Evaluations of the experimental test

For collection of vetiver, cylindrical PVC
tubes with 15.708 cm’ of volume were used. The
tubes had dimensions of 50 cm height and 20 cm
diameter with a thickness of 2 mm. These cylinders
were driven into the soil, taking undisturbed soil
samples along with roots and shoots, for all five rep-
licates of each treatment.

A ruler graduated in centimeters was used to
determine the length of the roots, with reference to
the distance from the cervix to the apex. The values
of the external surfaces (S) were determined using
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the product of the average diameter (top, center, and
bottom) by its length. The root and shoot fresh
weight (RFW and SFW) were measured separately,
in an analytical balance, accurate to 0.01 g. To have
the accurate root weigh, the exceeded soil was re-
moved using a 0.5 mm strainer. Then, the material
was placed in paper bags and in an oven with forced
circulation at a constant temperature of 60°C for 72
hours, until the stable weight be achieved, to obtain
the values of RFW and SFW.

The following variables were evaluated: a)
number of roots (N); b) external root surface (S),
which is the part of the root that touch the soil; c)
root density (RD), expressed in dry mass of living
roots by volume of soil; d) root length density
(RLD); total length ratio of roots per soil volume; e)
root fresh weight (RFW); f) root dry weight (RDW);
g)shoot fresh weight (SFW); h) shoot dry weight
(SDW); 1) root length (RL); and j) shoot length (SL).

Statistical analysis

The results obtained were subjected to analy-
sis of variance (ANOVA) and depending on the sig-
nificance level of F-test to the doses of simple super-
phosphate; a study on polynomial regression was
performed, choosing the model that best fit the doses
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used. (BANZATTO; KRONKA, 2006). Data were
statistically analyzed using the statistical program
Sisvar (FERREIRA, 2011).

RESULTS AND DISCUSSION

Root dry weight (RDW) and shoot dry weight
(SDW) production

The results showed that the vetiver grass dry
matter production, both for root and shoot systems,
was significantly affected by doses of simple super-
phosphate in the soil (Figure 1A; Figure 1B). The
regression equations of dry matter production with
doses of simple superphosphate had adjustments to
the quadratic model.

Deriving the regression equations, it was
found that the maximum dry matter production of
shoot and root were obtained at doses of 7.47 and
8.41¢g pit” of superphosphate, with 236.75 g of SDW
and 88.75 g of RDW, respectively. According to
Gomes et al. (2003), this performance seems to occur
for around 90 days, when external surface data reach
its maximum, being the lower values between 30 and
60 days.

y=-1.5478x2 + 23.143x + 150.25
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Figure 1.Shoot dry weight (A) and root dry weight (B) of vetiver grass with simple superphosphate (g pit™).* Significant at

5% probability.

This result can be explained by the better
formation of the seedlings root system due to soil-
incorporated doses, which promote root formation

(COSTA et al., 2008). The increase of dry mass of
the fertilized vetiver with simple superphosphate is
related to the available doses, the effect of soil pH,
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and the increase in base saturation. According to
Franco et al. (2004), the dry matter production is
related to the effects of phosphate doses, improving
the plant's development, both for shoot and root sys-
tem.

According to the observed results to dry
mass, production was influenced by fertilization with
superphosphate. Similar results were found by Fer-
reira et al. (2008), with Panicum maximum cv. pre-
senting rapid development and increasing its SDW
production when the levels of phosphorus were in-
creased.

The observed response of the vetiver grass
under simple superphosphate doses, show that the
amount of superphosphate, established by calculat-
ing the doses according to Sobral et al. (2007), for

pasture, is sufficient to meet the requirements for
expression of the full potential of vetiver.

Root density (RD) and root length density (RLD)

Root Density and Root Length Density are
important variables because they enable us to know
the plant ability to fetch water and nutrients in the
soil solution. In this way, differences in function of
simple superphosphate doses were identified. The
most appropriate model for the regression equation
was quadratic to root density, and the maximum dose
for the development was 7.54 g pit™', with an average
maximum gain of 9,520.7 g cm™ (Figure 2). As a
result, with a lower dose than the recommended, it
was possible to obtain the maximum productivity.

12000
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5
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5
8 4000 y=-59.925x2 + 903.38x + 6116.1
é R2=0.8901%*
& 2000

0

0 4 8 12 16

Simple Superphosphate Doses (g pit!)

Figure 2. Root density production of vetiver grass, regarding the simple superphosphate (g pit™").* Significant at 5% proba-

bility.

Analyzing RLD, a maximum average increase
of 12,033.53 mm cm™was observed, corresponding
to 7.67 g pit"'of simple superphosphate, a significant
quadratic model (Figure 3). Consequently, it is only

necessary to apply half of the recommended dose of
simple superphosphate to obtain the desired root
length density (Figure 2), similar to the root density
production.
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Figure 3. Root length density production of vetiver grass, regarding the superphosphate simple (g pit™).* Significant at 5%

probability.
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According to Santos Junior (2004), several
factors are required for growth to occur, including
light, nutrients, and CO,. The increase in any of the-
se factors, ranging from efficiency to sufficiency,
promotes differentiated rates of growth and produc-
tion.

Plants with larger root length density are like-
ly to present higher initial resistance to floods and
landslides, since they allow a greater soil structure
by the higher concentration of carbon, fulvic acids,
humic acids, and humin, in grasses cultivated soils,
as reported by Barreto et al. (2008). Moreover, they
are also able to promote greater absorption of water
in the subsurface layers of the ground (STOKES et

80
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20
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Number of Roots (Qt.)

al., 2009), directly influencing the stability of these
layers and hence the resistance to breakage of the
roots in critical moments.

Number of roots (N) and external root surface (S)

The parameters analyzed for number of roots
and external root surface showed the best fit for the
quadratic regression model. To number of roots, the
dose of 5.921 g pit”' presented the maximum number
of vetiver grass roots (68.06) (Figure 4). To external
root surface, the quadratic model best fit, obtaining
156.29 mm of outer surface, at a dose of 8.398 g pit™
(Figure 5).

30 y = -0.3868x2 + 4.5806x + 54.507
R> = 0.7898*
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Simple Superphate Doses (g pit™!)

Figure 4. Numbers root production of vetiver grass, regarding the simple superphosphate (g pit™).* Significant at 5% prob-

ability.
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Figure 5. External root surface production of vetiver grass, regarding the simple superphosphate (g pit™").* Significant at

5% probability.

According to Vance (2003), when the supply
of phosphorus is small, reaching its critical limit,
plants develop mechanisms to improve the absorp-
tion of it, as root growth with changes in its external
surface and with larger distribution. Doing this, the
plant goes back to its metabolic process by reducing
the growth rate and sending carbon to the roots
(remobilization of phosphorus).

This behavior seems to occur for around 180
days, when data of external surface reaches at most,

decreasing after 60 and 90 days. This result can be
explained by better seedlings root formation, which
grown in places with higher amounts of nutrients,
less folding, and lower formation of fibrous root.
Rubens et al. (2007) point out that the exter-
nal root surface, in particular the ones smaller than 3
mm, is an important parameter in controlling ero-
sion, because the higher the external surface, the
greater the area of contact with the ground.
According Mickovski and Van Beek (2009),
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the roots of vetiver grass have higher tensile strength
with decreasing diameter of the same. However, as
the external root surface is influenced by the number
of roots, and its lengths and diameters, decreasing
root diameter may decrease the external surface,
reducing its contact area with the ground. Thus, it is
desirable that the root system of a vetiver grass seed-

ling has more fine roots (> 3 mm).
Shoot and root length

The values of shoot and root length were best fit to
the quadratic model. Regarding shoot length, a dose
of 8.238 g pit "' yielded a root length of 106.38 cm
(Figure 6).
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Figure 6. Shoot length production of vetiver grass, regarding the simple superphosphate (g pit™). * Significant

at 5% probability.

The total root length is an essential trait for
the vetiver grass absorption process. The maximum
total root length values best fit to the quadratic mod-

el, being 199.9 mm the maximum length, achieved at
a dose of 7.692 g pit”' (Figure 7).
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Figure7. Total root length production of vetiver, regarding the simple superphosphate (g pit™").* Significant at

5% probability.

According to Vance (2003), the greater the
length of the root system, the greater its surface area,
improving the phosphorus absorption. The root sys-
tem of plants, including its length and distribution,
facilitates the exploration of the substrate on which it
was planted. Silva et al. (2011), assessing the bio-
mass production and phosphorus uptake by plant
species coverage subjected to different sources of
phosphorus in soils, found that the grasses produced
more roots dry weight (RDW) when subjected to

more soluble sources of phosphorus in the form of
triple superphosphate. To Rao et al. (1997), the effi-
ciency of phosphorus uptake and the utilization of
grasses as vetiver, is due the longer root system,
when compared with other species such as legumes.

CONCLUSIONS

The fertilization with superphosphate proved
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to be effective in increasing all the variables: number
of roots, external root surface, root density, root
length, root length density, root and shoot dry
weight, root and shoot fresh weight, and shoot
length. Higher superphosphate doses than 9.0 g pit™”
did not offer advantages in terms of cost-benefit for
the production of vetiver seedlings.
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