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ABSTRACT

The effect of sisal liquid residue (fresh and fermented) was
evaluated in controlling the root-knot nematode (Meloidogyne
Jjavanica) in tomato plants. Bioassays were conducted in vitro with
100 puL of an aqueous suspension containing 300 juveniles (J2) of M.
Jjavanica and 1000 pL of sisal liquid residue. The treatments consisted
of nematode immersion for 24 and 48 hours in sisal liquid residue,
fresh or fermented, diluted in water to the final concentrations of 0,
2.5,5,7.5,10,12.5, 15, 17.5 and 20%, and nematicide Carbofuran
at 350 mg/L of the active ingredient. Under greenhouse conditions,
4000 juveniles of M. javanica were inoculated on tomato plants
grown in pots, and after one week, 100 mL of sisal liquid residue
at concentrations of 0, 4, 8, 12, 16 and 20%, were added to soil
around the tomato plants. Control treatments received either 100
mL of distilled water or 0.5 g of Carbofuran per pot. Forty days after
inoculation, plants were harvested and evaluated for plant growth
and root damage. In addition, the selective effect of sisal liquid
residue on growth of beneficial soil microorganisms was evaluated.
All concentrations of sisal liquid residue presented nematicidal
effect, after 48 h of nematode exposure. A mortality rate of 100%
was obtained for M. javanica juveniles exposed to liquid residue at
a concentration of 20%. Application of increasing concentrations of
both sisal liquid residues reduced the number of galls and egg masses
per plant and per gram of roots, as well as the final population of
M. javanica in soil. Growth of beneficial soil microorganisms was
observed in soil amended with sisal fresh liquid residue, for all
concentrations tested. The fermented residue caused inhibition of
soil beneficial microorganisms. Future studies should be conducted
to test the nematicidal effect on tomato plants under field conditions.

Keywords: Solanum lycopersicum, Agave sisalana, root-knot
nematode.

RESUMO

Residuo liquido do desfibramento de folhas de sisal no
controle de Meloidogyne javanica em tomateiro

Este trabalho teve o objetivo de avaliar o efeito do residuo liquido
(fresco e fermentado) de sisal no controle de Meloidogyne javanica
em tomateiro. Foram conduzidos bioensaios in vitro com 100 puL de
suspensdo aquosa contendo 300 juvenis (J2) de M. javanica e 1000
pL de residuo liquido. Os tratamentos consistiram do residuo liquido
fresco e fermentado, nas concentragdes de 2,5, 5, 7,5, 10, 12,5, 15,
17,5 € 20%, o controle sem residuo e o nematicida Carbofuran a 350
mg/L do i.a., com a imersdo dos J2 nestes tratamentos, por 24 ¢ 48
horas. Em casa de vegetag@o, 4000 juvenis de M. javanica foram
inoculados em tomateiro e, apds uma semana, foram vertidos na base
da planta 100 mL do residuo liquido de sisal nas concentragdes de 0,
4,8,12,16 ¢20%, além da agua destilada e o nematicida Carbofuran
20,50 g por vaso, como testemunhas. Foram analisados o crescimento
vegetativo e os danos nas raizes. Avaliou-se a seletividade do residuo
do sisal sobre micro-organismos benéficos do solo. Todas as concen-
tragdes do residuo apresentaram efeito nematicida nos testes in vitro,
apos 48 horas de exposi¢ao dos nematoides, ocorrendo até 100% de
mortalidade dos juvenis de M. javanica na concentragdo de 20%. O
aumento das concentragdes do residuo fresco ou fermentado reduziu o
numero de galhas e massas de ovos por planta ¢ por grama de raizes e
também a populagio final de M. javanica no solo. Houve crescimento
dos micro-organismos benéficos nos tratamentos com residuo fresco
de sisal, para todas as concentragdes avaliadas. O residuo fermentado
inibiu o crescimento de micro-organismos benéficos do solo. Estudos
futuros serdo conduzidos visando comprovar a agdo nematicida deste
residuo no controle de M. javanica em tomateiro a campo.

Palavras-chave: Solanum lycopersicum, Agave sisalana, nematoide-
das-galhas.
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he root-knot nematodes belonging

to the Meloidogyne genus are major
pathogens of tomato plants (Solanum
lycopersicum). Plants under severe
nematode attack show reduction in plant
height and in functional root system
efficiency (Cantu ef al., 2009).

Nematode control is a difficult task,
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mainly because of limitations of most
control methods. Chemical control
with nematicides can cause damage to
the environment and human heath, and
crop rotation is a very difficult method
for controlling Meloidogyne species due
to the wide host range of this genera
of plant parasitic nematodes. The use

of resistant varieties, while desirable,
is limited due to scarcity of resistant
cultivars and selection for resistance-
breakage at high temperatures (Neves
et al., 2008).

Compounds of plant origin may
constitute important control agents of
pests and pathogenic microorganisms,
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since they can be easily obtained and
utilized by farmers, are cost effective,
and cause less impact to the environment,
when compared to synthetic chemical
products (Morais et al., 2009). In this
context, the sisal (Agave sisalana) leaf
decortication liquid residue can be an
alternative for nematode control, being
of low cost and without environmental
contamination risks.

Sisal, a native plant from Mexico,
has adapted well to the semiarid regions
in the state of Bahia, Brazil, being the
main source of income of most rural
families in this region. Brazil is the
largest sisal fiber producer and exporter
in the world, and in 2011, the state of
Bahia was responsible for 95.5% of sisal
production in Brazil (CONAB, 2013).
However, sisal fiber only represents
4% of sisal leaf fresh weight, and the
remaining 96% are solid and aqueous
residues with 81% of liquid residue
(Suinaga et al., 2006), which are left as
piles of sisal residue on farms without
any use.

Sisal liquid residue is composed of
secondary metabolites such as alkaloids,
phenolic compounds, coumarins,
saponins, flavonoids and tannins
(Barreto et al.,2010; Botura et al., 2013).
These substances are mainly related to
plant defense mechanisms, and may
present nematicidal activity (Chitwood,
2002). Plants of the genera Agave have
biocidal activity against nematodes
from goats and lambs (Domingues et
al., 2010; Botura et al., 2011, 2013;
Silveira et al., 2012), mites (Barreto et
al., 2010) and plant pathogenic fungi
(Guleria & Kumar, 2009). In addition,
the saponins biological activities are
related to their ability to form complexes
with steroids, proteins and membrane
phospholipids, which cause a disruption
of their structure and an increase in cell
permeability (Schenkel et al., 2010).
The biocidal activity of flavonoids
against parasites has been linked to
alterations of several enzymes and cell
metabolic processes (Kerboeuf et al.,
2008).

In this study, we aimed to evaluate the
sisal liquid residue (fresh and fermented)
for the control of Meloidogyne javanica
under in vitro conditions and in tomato
plants under greenhouse conditions.
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MATERIAL AND METHODS

Meloidogyne javanica eggs and
second stage juveniles (J2) -The
nematode eggs were extracted from
tomato plant roots, inoculated and
grown under greenhouse conditions, by
using the method described by Hussey &
Barker (1973), and modified by Boneti &
Ferraz (1981). The aqueous suspension
of eggs/juveniles was counted in a
Peter’s chamber, under a microscope,
and the suspension was adjusted to the
desired concentration by dilution with
distilled water.

Sisal liquid residue - The fresh sisal
residue (mixed solid and liquid material)
was obtained during the sisal leaf
decortication process, in a rural property
located in the city of Valente, Bahia
state, and transported immediately to
the laboratory at UFRB in styrofoam
boxes with ice. In the laboratory, this
mixture was filtered tree times with a
400 mesh sieve and kept in a freezer at
-20°C, until its utilization for the in vitro
and in vivo studies. For the fermented
residue, a portion of the fresh liquid
residue was mixed with water in a ratio
of 1:1 (v:v) and maintained in plastic
bottles for 4 days, at room temperature
(2542°C), without agitation. After this
period, the mixture was filtered in a 400
mesh sieve. The fresh and fermented
residues had a pH value of 5.0 and 9.0,
respectively, and both were adjusted
with NaOH (10%) and HCI (1%) to a
pH value of 6.5.

In vitro control of Meloidogyne
javanica with sisal liquid residue -
The in vitro tests were conducted at
the UFRB Laboratory of Agricultural
Microbiology, using a completely
randomized experimental design, with
ten treatments and eight replications.
Each bioassay was conducted in a
microcentrifuge tube, which was
considered as an experimental plot.
The microcentrifuge tubes were filled
with 100 pL of an aqueous suspension
containing 300 J2 of M. javanica
and 1000 pL of sisal liquid residue
(fresh or fermented). The following
concentrations were utilized: 0.0%
(negative control with water), 2.5,
5, 7.5, 10, 12.5, 15, 17.5 and 20%

of liquid residue diluted in sterile
distilled water (concentrations defined
by preliminary tests). The positive
control was prepared with the synthetic
nematicide Carbofuran (Furadan 350
SC, at 350 g active ingredient per L), as
described by Nasu et al. (2010).

The bioassays were incubated at
28°C, in a growth chamber, and after
24 and 48 h of nematode exposure, the
nematodes were removed from this
suspension with the use of a sieve; they
were washed with sterile water, and
transferred to a Peter’s chamber. The
immobile individuals were counted
under a microscope, and these nematodes
were again incubated in water for 24 h.
After this incubation period, a sodium
hydroxide aqueous solution drop (1.0
M) was added to each tube and the
individuals were counted, being the
straight and immobile ones considered
dead, while the curled and mobile ones
were considered alive. The data were
transformed into arcsen (x/100)%3 and
the analysis of variance and linear
regression were performed to evaluate
the effect of different concentrations
of sisal residue on nematode control.
The orthogonal contrasts analysis
was performed comparing the type of
residue (fresh and fermented) and the
nematicide concentrations.

Meloidogyne javanica control
in tomato plants with sisal liquid
residue - The experiment with fresh and
fermented sisal residue was conducted
under greenhouse conditions. A mixture
of soil and sand (proportion of 1:1
v/v) that had been sterilized in an
autoclave at 120°C for 1.5 h twice on
separate days, was used in pots with
2 L capacity. Tomato plants cv. ‘Santa
Cruz Kada’ were transplanted after they
had been grown for 20 days in Vivatto
Slim® substrate. Only one plant was
transplanted per pot. Seven days after
transplantation, the tomato plants were
inoculated with 4000 individuals of M.
Jjavanica. One week after inoculation,
100 mL of fresh or fermented sisal liquid
residue were poured into each pot, in the
soil surface around plant stem.

The experimental design was in
randomized blocks, in a 2x6+2 factorial
scheme (fresh and fermented residue
x residue concentrations) and two
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control treatments (distilled water
and nematicide), with 15 replications.
Each pot with one tomato plant was
considered an experimental unit. The
pots were amended with the sisal liquid
residue diluted in water at4, 8, 12, 16 and
20%, plus distilled water as the negative
control and Carbofuran nematicide
(Furadan 350 SC) at 0.5 g dosage per
pot, according to Nasu et al. (2010),
with modifications. These authors
utilized 2.0 g of Furadan 350 SC per
pot, which caused phytotoxicity when
tested in our studies with tomato plants.
Therefore, the nematicide concentration
was reduced to 0.5 g, after being tested
in previous experiments.

Forty days after nematode
inoculation, the plants were harvested
and evaluated for height; stem diameter;
shoot and root dry weight; number
of galls and egg masses. Fresh root
samples were separated and stained by
immersion in acid fuchsin at 0.15% for
20 min for counting root galls and egg
masses. The total number of nematodes
in soil (final population = Pf) was
calculated by counting the individuals
in 100 mL of soil and by multiplying
the number of nematodes by a factor
of 20, to obtain the total number in 2
L of soil per pot, which represented an
experimental unit. The reproductive
factor (FR = Pf/Pi) was calculated from
these data (Oostenbrink, 1966).

The data were analyzed by a
variance and regression analysis to
evaluate the effect of the different
residue concentrations. The orthogonal
contrast analysis was performed to
compare the residue concentrations and
the positive control with the nematicide.
The SISVAR statistical software was
used. All experiments were repeated.

Selectivity of the sisal liquid
residue for beneficial microorganisms
- The fresh and fermented sisal residue
effect on growth of soil beneficial
microorganisms was evaluated. The
residues, after being filtered, were
sterilized by exposure for 40 min under
UV light, in a laminar flow cabinet. The
following microorganisms were tested:
Penicillium citrinum, Trichoderma
atroviride, T. harzianum, T. virens,
and also 10 isolates of actinobacteria
belonging to the Streptomyces genera,
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and identified by the following codes:
BFT 4, BFT 7, BFT 11, BFT 41, BFT
71, BFT 87, BFT 88, BFT 102, BFT
106, and PD3. These microorganisms
were selected for this study from
the Microbiology Laboratory culture
collection at UFRB, and the selection
was based on biological control studies
with Aspergillus niger and M. javanica
(Damasceno, 2011; Damasceno et al.,
2012; Sa, 2013).

The microorganisms were multiplied
in specific culture media for their
growth. The CYA (Czapeck Yeast
extract Agar) media and Czapeck Dox
media were prepared according to the
manufacturer’s recommendations. The
modified TSM media was prepared
with the following ingredients: 0.2 g of
MgSO,.7H,0; 0.9 g of KH,PO; 0.15 g
of KCI; 1 gof NH,NO,; 3 g of dextrose;
0.15 g of rose bengal; 3 mL of Triton
X100; 0.25 g of chloramphenicol; 0.1
mg of Carbendazin and 15 g of Agar.
The amount of water used to prepare
the culture media was reduced according
to the residue volume that was added
to the culture media, to obtain a final
volume of 1 L.

The different concentrations of
fresh or fermented residue (4, 8, 12,
16 and 20%) were added to the sterile
culture media, in the liquid phase,
at a temperature close to the melting
point (at approximately 45 to 50°C).
After residue addition, the culture
media was carefully shaken manually
with circulatory movements for
homogenization, and was transferred
to Petri plates. Cycloheximide (100 pg/
mL) was added to Czapeck Dox media
for fungi growth inhibiting. The same
culture media without residue addition
were used for the control treatment.
The Petri plates were inoculated with
the microbial cultures and incubated
at room temperature (28°C) for 5 to
10 days. The presence or absence of
microbial growth was recorded.

RESULTS AND DISCUSSION

In vitro control of Meloidogyne
Jjavanica sisal liquid residue - The
sisal liquid residues, both fresh and
fermented, reduced the mobility and

caused significant mortality among
the juveniles of M. javanica. After
24 h of exposure, immobility of
juveniles increased linearly with
increasing concentrations of both
residues. Immobility rates of up to
97.3% and 92.1% were obtained for
M. javanica with the use of fresh and
fermented residues, respectively, both at
a concentration of 20%, when compared
to the immobility rates (approximately
4%) observed for the negative control
treatment without the residue (0%)
(Figure 1A).

After 48 h of exposure of M. javanica
to the treatments, the nematicidal effect
of sisal residues was proven for all tested
concentrations. The nematodes when
transferred to water, after exposure to
the sisal residues, did not recover their
mobility and died. The mortality rate of
M. javanica exposed to both residues
for 48 h increased with the increasing
residue concentrations. Mortality rates
ranged from 90.8% to 100% and 95%
to 100%, at concentrations between
2.5% and 20% of fresh and fermented
residue, respectively (Figure 1B). The
synthetic nematicide caused 99.8%
nematode mortality after exposure for
48 h, showing no significant difference
(p<0.01) when compared to the mortality
rates obtained with both residues at
17.5% and 20% concentrations.

Forty-eight hours was shown to be
an appropriate time for M. javanica
exposure to the residue, and also to
the synthetic nematicide, for efficient
nematode control. Preliminary tests (data
not shown) have indicated that 72 h of
nematode exposure to these treatments
did not present any significant difference
with regard to efficient nematode
control, when compared to the results
observed for 48 h of exposure. For the
period of 48 h of exposure, the fresh and
fermented residues at the concentrations
of 17.5% and 20% caused mortality
rates similar to those observed for
the synthetic nematicide, with values
between 98% and 100%, without
significant differences between the
residues and the synthetic nematicide
(Figure 1B).

A comparison by orthogonal
contrasts of the effect of the treatment
with sisal residues (fresh and fermented)
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Table 1. Estimates of contrasts (nematicide x fresh and fermented sisal liquid residue
concentrations) and significance for the evaluated factors of the in vitro control of Meloidogyne
Jjavanica (after 24 and 48 h) and in vivo plant height (PH), stem diameter (SD), shoot dry
weight (SDW), root dry weight (RDW), nematode final population (FP), root gall number
(GN), egg mass (EM), and factor of reproduction (FR) of tomato plants infected with
Meloidogyne javanica {estimativas de contrastes (nematicida x concentra¢des de residuo
liquido de sisal, fresco e fermentado) e significancia para os fatores avaliados do controle in
vitro de Meloidogyne javanica (ap6s 24 ¢ 48 h) e in vivo altura das plantas (PH), diametro
do caule (SD), massa seca da parte aérea (SDW), massa seca de raizes (RDW), populacao
final de nematoéides (FP), numero de galhas nas raizes (GN), massa de ovos (EM) e fator de
reproducdo (FR) de plantas de tomateiro infectadas com Meloidogyne javanica}. Cruz das
Almas, UFRB, 2012.

Contrasts Mortality
(%) 24 (hours) 48 (hours)
2.5 -2.04 -6.28"
5.0 -2.22m -5.69"
7.5 18.64™ -4.44™
10.0 24.72* -5.72™
12.5 52.99" -2.49"
15.0 65.51" -2.05™
17.5 74.64™ 0.40m
20.0 77.91" 0.41m
PH SD SDW RDW FP

4.0 46.50™ 0.09™ 5.41™" 1.08™ 7763.64™
8.0 45.99™ 0.12™ 5.55™ 1.09™ 7477.92™
12.0 4571 0.10™ 4.90™ 1.02™ 5570.78"
16.0 44.50™ 0.14™ 5.36™ 1.09™ 4792.21™
20.0 46.06™ 0.09" 5.19" 0.84" 3685.07"

GN/plant GN/g root EM/plant EM/g of root FR
4.0 170.82* 10.77* 44 47 2.26™ 1.94™
8.0 185.39™ 9.42™ 40.90™ 1.68™ 1.87"
12.0 165.82* 6.83" 3647 0.66" 1.397
16.0 156.82* 6.57" 22.69m -0.33m 1.20™
20.0 125.75™ 5.15™ 29.33m 0.29" 0.92™

** *Significant at 1% (p<0.01) and 5% (p<0.05) ns= not significant at 5% (<0.05).

Table 2. Plant height (PH), stem diameter (SD), shoot dry weight (SDW), root dry weight
(RDW), root gall number (GN), egg mass (EM), nematodes final population (FP), and factor
of reproduction (FR) of tomato plants infected with Meloidogyne javanica and treated with
fresh and fermented sisal liquid residue {altura das plantas (PH), diametro do caule (SD),
massa seca da parte aérea (SDW), massa seca de raizes (RDW), numero de galhas nas raizes
(GN), massa de ovos (EM), populacio final de nematoides (FP) e fator de reproducao (FR)
de plantas de tomateiro infectadas por Meloidogyne javanica e tratadas com residuo liquido
de sisal, fresco e fermentado}. Cruz das Almas, UFRB, 2012.

Sisal residue PH (cm) SD (cm) SDW (g) RDW (g)
Fresh 79.55a 0.73 a 7.36a 1.20a
Fermented 74.48 b 0.73 a 5.89b 1.18a
GN/plant GN /g root EM/plant
Fresh 181.9b 102 b 499b
Fermented 238.6 a 16.2 a 91.5a
EM/g root FP FR
Fresh 26b 11026.7 a 2.7 a
Fermented 6.3a 6185.7b 1.5b

Mean values with the same letter do not differ (Scott & Knott, 5 %) {valores médios seguidas
de letras iguais ndo diferem (Scott & Knott, 5 %)}.
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and that with the synthetic nematicide
in the immobility of M. javanica shows
that the sisal residues are more effective
when used in the concentrations higher
or equal to 7.5%. For nematode
mortality after 48 h exposure to either
fresh or fermented residue, at the higher
concentrations of 16% and 20%, here
was no significant difference (p<0.01)
between the residues and the synthetic
nematicide for nematode control. These
results demonstrate the sisal residue
nematicidal activity and its potential for
controlling M. javanica in tomato plants
(Table 1). The fermentation process did
not affect the nematicidal activity of
this residue.

The sisal liquid residue anthelmintic
efficacy has been demonstrated in vitro
for lambs and goats gastrointestinal
nematode eggs and larvae (Domingues
etal.,2010; Silveira et al., 2012; Botura
etal, 2013).

Meloidogyne javanica control in
tomato plant with sisal residue - For
the analyzed plant growth parameters
(plant height, stem diameter, shoot
and root dry weight), there were no
significant effects (p<0.01) of the residue
concentrations, for both fresh and
fermented residues, and no interaction
between the concentrations and type
of residues. A significant difference
in plant growth was observed for
residue type. Plants treated with fresh
residue had higher height and shoot dry
weight when compared to those treated
with fermented residue (Table 2). The
treatments did not have any effect on
stem diameter and root dry weight.

A comparison of the effects of sisal
residues and the synthetic nematicide in
plant growth, showed that the nematicide
caused a reduction in all plant growth
parameters (plant height, stem diameter,
shoot and root dry weight), for all
concentrations tested (Table 1). Plants
treated with the synthetic nematicide
showed symptoms of phytotoxicity, with
wilted and dried leaves, and reduced
growth, even though the concentration
applied was four times lower than
that used by Nasu ef al. (2010). The
phytotoxicity effect may be associated
with the application method used in our
study. The nematicide was applied in
the soil after the tomato plants had been
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Table 3. Selectivity of fresh and fermented residue on beneficial soil microorganisms (sele-
tividade de residuo fresco e fermentado em microorganismos benéficos de solo). Cruz das

Almas, UFRB, 2012.

Sisal liquid residue

Microorganisms

Fresh

Fermented

Penicillium citrinum
Trichoderma atroviride
T. harzianum

T virens

BFT4

BFT7

BFTI11

BFT41

BFT71

BFT8&7

BFTS88

BFT102

BFTI106

PD3

+ +

+ 4+ + F + + o+ +
|

+

The signs indicate presence (+) or absence (-) of microbial growth in culture media amended
with sisal liquid residue {os sinais indicam presenca (+) ou auséncia (-) de crescimento
microbiano em meio de cultura composto por residuo liquido de sisal}.

transplanted. Nasu ez al. (2010) tested
cassava processing wastewater and the
nematicide Carbofuran (Furadan 350
SC) in tomato plants. However, these
authors applied the treatments to the
soil infested with M. incognita and the
tomato plants were transplanted 4 days
after treatment application. Santos et
al. (2013) used organic compounds and
the Carbofuran nematicide (Furadan
350 SC) in soil with M. javanica and
after 4 days the banana plants were
transplanted. These authors did not
observe phytotoxic effect when the
nematicide and the agricultural residues
were applied before having transplanted
the tomato and banana plants.

Lopes et al. (2005) used leaf
application of extracts from velvet bean
plants and basil plants for control of M.
javanica and M. incognita in tomato
plants and observed that these extracts
did not affect plant height and shoot
fresh weight, when compared to the
control treatment. It is suggested that the
low concentrations of sisal residue and
the low quantities applied per plant may
not have provided nutrients sufficient to
promote plant growth.

This experiment was repeated twice
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to confirm the results, but only the data
from the first experiment is presented
in this study since the results were very
similar for both experiments.

The application of fresh and
fermented residue in soil caused a
reduction in the number of root galls
and egg masses per plant and per gram
of roots, for all tested concentrations.
The highest number of root galls per
plant was found in plants that were not
treated with sisal residue, and received
only water as the control treatment. The
application of increasing concentrations
of sisal residue caused a reduction in
the number of galls per plant, with
maximum reduction rates of 61.9% and
64.8% for fresh and fermented residues,
respectively, when compared with the
controls (Figure 1C).

The reduction in the number
of root galls presented a quadratic
tendency, reaching up to 63.4% for
the concentration of 20% of fresh
residue. For the fermented residue, the
reduction varied between 35.6% and
66.8%, for the concentrations of 4%
and 20% (Figure 1D). For the synthetic
nematicide, a reduction of 99% was
observed in the number of root galls per

plant. However, this high percentage of
root gall reduction is associated with
the reduced root growth due to the
phytotoxic effect of this nematicide on
the tomato plants.

The number of egg masses per plant
also reduced with the treatments with
both fresh and fermented residues, at
all concentrations, when compared
with the control with water. A reduction
of 95% and 92% in the number of
egg masses per plant was obtained
with the application of the estimated
concentrations of approximately 14.2%
(fresh residue) and 13.1% (fermented
residue), as compared to the control
without the residue (0%) (Figure 2A).

Considering the number of egg
masses per gram of roots, significant
reductions were also obtained with
a decrease of 95% and 97% with
soil application of the estimated
concentrations of approximately 13.1%
(fresh residue) and 14.4% (fermented
residue), compared to the control
without the residue (0%) (Figure 2B).

There was a significant reduction in
the number of root galls and, especially
in the number of egg masses per gram
of roots, with only one application
of the sisal liquid residues, fresh and
fermented. For the fresh residue, for
all tested concentrations, the number of
egg masses per gram of roots was lower
then that observed for the treatment with
the nematicide. It is highlighted that the
eggs are a type of inoculum and can
be disseminated and hatch to release
infective second stage and cause new
infections (Agrios, 2005). Therefore,
the significant reduction in the egg
masses can represent an interruption of
the nematode life cycle, and as a result,
the control of root galls and nematode
population in soil.

The quadratic model obtained for the
effect of sisal residue concentrations on
the nematode final population and the
factor of reproduction (FR) indicates
the tendency for the reduction of
this pathogen’s reproduction with the
application of increasing concentrations
of both sisal residues (Figures 2C and D).
The nematode lowest final population
in soil treated with fresh residue was
obtained for the residue concentration of
20%, with a reduction of 58.6% of the
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nematode population and a reproduction
factor of 1.62, which is significantly
different (p<0.01) from the control
treatment without the residue (0%).
However, for the fermented residue, a
lower final population in soil and lower
reproduction factor were found for all
tested concentrations, which were also
significantly different (p<0.01) from
the control treatment (0%). The final
population reduction varied from 54.7%
to 71.7% for concentrations of 4% (FR=
1.52) up to 20% (FR=0.70), compared
to the control without residue (FR=
3.15) (Figures 2C and D).

The reduction in the number of
egg masses per gram of roots and
in the nematode final population,
observed at the in vivo tests, and
the significant and rapid effect of
sisal residue in the immobility and
mortality of M. javanica indicate that
this liquid residue, when applied to
soil, may contribute significantly for
the reduction of plant damage caused
by M. javanica. Obviously, with the
reduction of inoculum in soil and plants,
a reduction in plant damage caused by
this nematode should be observed.

The evaluation of plants treated
with the synthetic nematicide and with
the residues (fresh and fermented)
indicates that the nematicide was more
efficient, compared to the sisal liquid
residues, for all tested concentrations,
for the reduction of the number of
galls per plant and per gram of roots,
and also for the reduction of the final
population of M. javanica and the
factor of reproduction. The number
of egg masses per plant did not differ
significantly (p<0.01) for the treatments
with the nematicide and the treatments
with the residues at the concentrations of
16% and 20%. Between these treatments
there was no significant difference for
the number of egg masses per gram
of roots, for all tested concentrations
(Table 1).

The results obtained with the in
vitro and in vivo experiments have
clearly demonstrated that the sisal liquid
residues, fresh and fermented, have
nematicidal activity and can control
M. javanica in soil and tomato plants.
Several authors have reported the

Hortic. bras., v. 33, n. 2, abr. - jun. 2015

effects of extracts from different Agave
species in the control of many pathogens
(Guleria & Kumar, 2009; Barreto et al.,
2010; Domingues ef al., 2010; Silveira
et al., 2012; Botura et al., 2013).
However, studies about the use of Agave
sisalana for plant parasitic nematode
control are scarce. Future studies should
evaluate, throughout the entire cropping
cycle in the field, the concentrations and
the time intervals between liquid residue
applications, as well as its residual effect
for subsequent crops, for determining
efficient methods of sisal residue
application for controlling Meloidogyne
spp. in tomato field cropping systems.

The nematicidal effect observed in
this study may be associated with the
activity of secondary metabolites, such
as saponins, tannins and flavonoids,
which are present in the sisal residue,
and have been related to biological
activities (Barreto et al., 2010; Botura
etal.,2011,2013). Homoisoflavonoids
and saponins isolated from sisal residue
showed anthelmintic activity against
gastrointestinal nematodes of goats
(Botura et al., 2013). The saponins
present in the aqueous fraction of A.
sisalana interact with the nematode
cuticle proteins, promoting the
nematicidal effect (Argentiere et al.,
2008).

Olabiyi (2004) demonstrated that
substances present in the roots of Hyptis
suaveolens and Ocimum gratissimum,
and in leaves of Tagetes erecta have
saponins and flavonoids that reduce M.
incognita population in tomato plants.
Maistrello et al. (2010) observed for in
vitro and in vivo testes that condensed
tannins can control M. javanica.

These metabolites present in the sisal
residues might have caused nematode
mortality and inhibition of egg hatching.
In addition, the different phases involved
in the egg hatching process, such as cell
division and proliferation, embryonic
development, cuticle exchange and egg
release may be differently affected by the
metabolites and their concentration in
the residues (Campos et al., 2001). Also,
disorientation of root-knot nematode
juveniles can occur, altering their ability
to find the root system. Therefore, it is
also suggested that a reduction and/or
a delay in nematode root penctration

could have caused the reduction in the
number of root galls and egg masses,
as described by Hewlett et al. (1997).

Selectivity of sisal liquid residue to
beneficial microorganisms - The sisal
fresh liquid residue did not inhibit growth
of soil beneficial microorganisms.
However, only Penicillium citrinum was
able to grow in culture media amended
with fermented residue, for all tested
concentrations (Table 3).

Microorganisms are essential to
agricultural systems, because of their
important role in the biogeochemical
cycles and organic material cycling.
Moreover, microbial communities
may promote root growth, produce
plant growth promoting substances
and promote better nutrient absorption
by plants (Reis et al, 2010). These
microorganisms can also act as
biological control agents against plant
parasitic nematodes (Molina & Davide,
1986; Damasceno, 2011; Freitas et
al., 2012). In the present study, soil
microorganisms grow well in the
presence of sisal fresh residue, for all
tested concentrations.

The results of this study indicate the
potential of sisal liquid residue, either
fresh or fermented, for the control of
M. javanica in tomato plants. The fresh
residue did not present a negative effect
on growth of soil microorganisms that
had been selected in other studies as
beneficial for plant growth and for
biological control of different plant
diseases. However, the fermented
residue inhibited the in vitro growth
of these microorganisms, indicating
that it may cause a negative impact
on soil microbial communities. Yet,
the fermented residue presents several
advantages with regard to storage and
transportation, since it does not require
refrigeration or other conservation
methods. Future studies should be
conducted to confirm the nematicidal
activity of this agricultural residue for
the control of M. javanica in tomato
cropping systems, as well as the adequate
methods for its application and its
impact on soil microbial communities.
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