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ABSTRACT

Objective: to determine the effect of increasing rates of Mocap® 6EC (ethoprophos-AMVAC) on grape
(Vitis vinifera) own-rooted cv. Flame and cv Red Globe grafted onto Quebranta rootstock Meloidogyne spp.
control.

Methodology and Results: two field experiments of increasing rates of 0, 6, 8, 10, and 12 L ha-' of Mocap®
6EC (ethoprophos-AMVAC) using a complete randomized block design with 4 replicates were set up on
grape (Vitis vinifera) own-rooted cv. Flame and cv Red Globe grafted onto Quebranta rootstock for
Meloidogyne spp. control. To quantify nematode numbers in soil and roots, and the number of galls in a
linear meter root, soil and root samples were taken just before treatment and at 30, 60 and 90 days after
product application. In both experiments, at 30, 60 and 90 days after the application, a decreasing linear
effect on Meloidogyne spp. numbers in soil (P< 0.0001) and roots (P< 0.0002) and number of galls (P<
0.0001) was observed as rate increased. The average reduction was of 4.6, 4.9 and 5.2; and 5.5, 6.0 and
6.3 individuals per 100 g of soil, and 5.6, 9.9 and 9.9, and 4.9, 7.7 and 8.2 nematodes per 100 g of roots,
and 2.0, 4.0 and 4.3, and 1.8, 3.9 and 4.9 galls per linear meter of root, by every litre of increase on the
applied rate, at 30, 60 and 90 days post application, for the experiment at Ica and Lima department,
respectively. Differences in biological efficacy among rates were found for soil (P< 0.0001) and root (P<
0.0001) nematode control, and number of root galls (P< 0.0001), increasing the control as the rate
increased in both experiments. Efficacy in soil nematode control varied from 51 to 98% and 73 to 99%, in
roots it varied from 61 to 85% and 61 to 87%, and in the number of root galls from 55 to 84%, and 58 to
81% for the experiment at Ica and Lima department, respectively.

Conclusions and application of findings: All Mocap® 6EC rates tested reduced Meloidogyne spp. in soil
and roots, and the number of galls per linear meter of root, with higher reductions as the rate increased.
Then the recommended rate is 10-12 L ha! incorporated in a drip irrigation of two hours.
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INTRODUCTION

In Peru, grapevines (Vitis vinifera) is cultivated for ~ production. The important abiotic factors

local consumption and export markets. Besides the
constraints of grapes market requirements and
demands, there are other factors limiting

constraining yield of grapevines include, edaphic
soil condition, mainly due to texture, poor structure,
high pH and Na content, and scarcity of rain.
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Among the biotic factors, phytonematodes are
second after thrips. Worldwide, in most of the
grapevine plantations, phytonematodes usually
occur in polyspecific communities, consisting
mainly of a mixture of Xiphinema index, X.
americanum, Meloidogyne spp., Mesocriconema

xenoplax, Tylenchulus semipenetrans,
Pratylenchus spp. (Australian Wine Research
Institute, 2010; Goldammer, 2013). These

nematodes are also present in Peruvian grapevine
plantations, with Meloidogyne spp. as the most
abundant (Chavez and Arata, 2004; Alban, 2018).
Many of the commercial grapevine rootstocks are
susceptible to nematodes including root-knot
(Meloidogyne spp.). The presence of root-knot
nematodes in grape roots induces galls that restrict
nutrient and water uptake and growth of the
grapevine, as well as facilitate fungal and bacterial
infections. Melakeberhan and Ferris (1989)
reported a reduction in leaf area of secondary
leaves and root mass which ended in the total
plant photosynthesis decline. Similarly, Anwar and
Van Gundy (1989) and Anwar (1985) found a
decrease in root/shoot ratio of M. incognita-
infected French Colombard plants over longer
periods of infection and suggested a greater effect

MATERIALS AND METHODS

Site description: Two field experiments were
conducted in a 10 and 12-year-old grapevine (Vitis
vinifera) commercial plantation, one in own-rooted cv.
Flame and the another on the cv Reb Globe grafted
onto Quebranta, both plantations infested with
Meloidogyne spp. located at the Department of Ica and
Lima department Peru, respectively. Plant density was
of 1900 plant ha'* with distances of 3 m between rows
and 1.75 m between plants. In each experimental site,
the grapevines were of almost similar vigour and
received the same (fertilization, weed and foliage
diseases and pests control) and regular agricultural
practices. There was not rainfall during the
experimental periods, which means that all water
requirement was supplied by drip irrigation. Main daily
maximum minimum temperatures were 23.7/15.3°c and
41.2/7.5°c for Ica and Lima department, respectively.
The soil for both experiments was taxonomically
classified as an Entisol (FAO 2009) with a sandy loam
(74% sand, 14% silt and 12% clay) and sandy (98%

on root than shoot growth. Then, Meloidogyne spp.
are important pests of grapevine (Vitis vinifera L.)
which may cause up to 60% vyield loss (Nicol and
Heeswijck, 1997; Riley and Walker, 2006; Pietsch
and Burne, 2008; Australian Wine Research
Institute, 2010). Several pest management
techniques including resistant rootstocks (McKenry
and Anwar 2006; Gutiérrez et al., 2011; Ferris et
al., 2012), plant extracts and bioagents (Mervat et
al., 2012), organic matter to complement plant
nutrition and promote biological control agents
(Adb-El-Khair et al, 2009; Australian Wine
Research Institute, 2010), cover crop management
inside vineyards ( Quader et al., 2001; Addison
and Fourie, 2008; Kruger et. al., 2015) to reduce
pest dispersal, and chemical control (Rajendan
and Naganathan 1978; Loubser and Meyer, 1986;
Australian Wine Research Institute, 2010) have
been tested with varying degrees of success.
Application of insecticide-nematicides have been
an important component and showed promise as
alternatives ~ for  integrated  grape  pest
management. Then the objective of this research
was to evaluate the effect of a liquid formulation of
Mocap® (ethoprophos-AMVAC) on grapevine root
Meloidogyne spp. control.

sand, 2% silt and 0% clay) soil texture with a pH of 7.3
and 7.7 for the experimental area at Ica and Lima
department, respectively. Before establishment of the
experiment, nematodes were controlled every year with
a Rugby (FMC) application after bud burst.

Treatments and application: treatments were added
at bud burst in July at Ica and August at Lima and
consisted of four increasing rates of Mocap® 6EC
(ethoprophos 72%- AMVAC): 6, 8, 10 and 12 L ha"!
plus un-treated control using four replicates with six
grapevine trees per replicate with plots distributed in a
complete randomized block design. The treatment
application was done simulating an injection for 2 h into
the drip irrigation system of 1.2 mm per hour. There
were two drip lines in each grapevine row, with emitters
40 cm apart along the length of the drip hose. The
calculated amount of water and the chemical required
for the six trees in each plot of each treatment was
estimated and mixed with water to have a volume of 75
L. Then, 48 h after an irrigation of 70 mm, when the soil
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was about field capacity, the 75 L solution per plot was
pumped with a manual knapsack sprayer at 15 bar
pressure to a 21 m length drip hose with the same
specifications as the hose used in the irrigation system,
that was laid out on the soil surface close to irrigation
lines with the end of the hose closed. After the injection
of the 75 L per plot, 10 L of water was pumped to clean
the house.

Soil and root sampling: Before treatment application
and thereafter, every month up to 90 days post
application, for each treatment, one combined root and
soil sample was taken from each replicate, resulting in
four root and soil samples per treatment per month.
Each combined root and soil sample consisted of roots
and soil of four vine trees that were the same in every
sampling. At 20 cm from the grape trunk tree, a hole of
30 cm wide, 30 cm length and 30 cm depth, was dug
and since there were four trees, each one was sampled
at different cardinal point, so each sample included the
four cardinal points. Then, in one tree, the hole was
north, in the other south, in the another east and in the
last one west of the tree, and about 100 g of thin roots
< 5 mm diameter and 500 g of soil were collected. The
four 500 g soil samples, and the four 100 g of root
samples, were homogenized and a 100 g soil sample
and 100 g root sample were taken for nematode
extraction. From each sampled tree, 3 roots with about
5 mm diameter, from the same dug hole, were taken,
cut a 10 cm long, thereafter combined for each
replicate, then homogenized and finally 10 root pieces
selected to conform one linear meter, where the
number of root galls present were counted. In every

RESULTS:

Before product application, no difference was found
among groups of plots assigned to each treatment for
Meloidoyne numbers per 100 g of soil (P= 0.4436; P=
0.6377) or 100 g of roots (P= 0.9866; P= 0.9838), nor in
number of galls per meter of root (P= 0.8911; P=
0.8359) for the experiment set up at Ica (Fig 1A-C) and
Lima (Fig 2A-C) department, respectively. The average
nematode population by treatment varied from 29.5 to
39.3 and from 24.3 to 33.8 nematodes by 100 g of soil,
and in roots it varied from 109.8 to 116.3 and from 79.8
to 86 nematodes by 100 g of roots, and the number of
root galls varied from 18.3 to 40.4 and from 23.8 to 27.8
galls per meter of root for the experiment at Ica and
Lima department, respectively. When comparing the
nematode population in soil and roots, and number of
root galls before treatment application vs the average of
30, 60 and 90 days after product application, an

sampling the cardinal point was changed in each tree,
sampling in each tree, the four cardinal points.
Nematode extraction: In the laboratory, nematode
population in 100 g of soil was extracted by gravity-
screening method (Ayoub 1980) and from 100 g of
roots by the root maceration method (Ayoub 1980)
collecting the nematodes in the 0.038 mm sieve.
Statistical analysis: A comparison of the nematode
numbers in soil and roots and the number of galls in
one meter of roots among treatments was done before
treatment application. A regression analysis of those
variables on the Mocap® rates was made
independently for each evaluation time after application.
Since the trend observed in the linear regression
analyses was similar, the average of the three
evaluations was calculated with the purpose of testing
the difference between numbers at 0 days vs the
average of the evaluations at 30, 60 and 90 days after
application. This was done by means of repeated
measurement analyses. Also, a linear regression
analysis was done with averages of those three
evaluations (30, 60 and 90 days post application) on
the Mocap® rates. Comparison among treatments and
evaluations, were made with Genmod applying the
negative binomial distribution of the residues, and
estimation of regression equations were made with
Proc Reg, both procedures in SAS. Efficacy of
Mocap® rates on the studied variables was calculated
following the Abbot (1925) formula, where the average
of the treatments was obtained averaging the data of
the evaluation at 30, 60 and 90 days after application.
Then, treatments efficacy was compared by ANOVA.

increase in Meloidogyne numbers in soil (Fig 1A and
2A) and roots (Fig 1B and 2B), and galls (Fig 1C and
2C) per meter of root was observed for the untreated
trees, while in the Mocap® treated trees, the nematode
population and galls was reduced. The increase in the
untreated trees was of 25 (72%) and 40.6 (140%)
Meloidogyne per 100 g of soil (P< 0.0001 Fig 1A; P<
0.0001 Fig 2A), 9 (8%) and 12.9 (16%) individuals per
100 g of roots (P= 0.0387 Fig 1B; P< 0.0001 Fig 2B)
and 9.7 (24%) and 19.7 (75%) galls (P< 0.0001 Fig 1C;
P< 0.0001 Fig 2C) per meter of roots, for the
experiment of Ica and Lima department, respectively.
Soil nematodes were reduced (P< 0.0001; P< 0.0001)
with all Mocap® rates, such reductions ranging from 10
(33%) to 36 (96%) and 12.5 (58%) to 33.2 (98%)
nematodes per 100 g of soail, for the experiment at Ica
(Fig 1A) and Lima (Fig 2A) department, respectively.
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Nematode numbers in roots were also decreased (P<
0.0001; P< 0.0001) with all Mocap® rates, with
reductions varying from 64 (58%) to 98 (84%) and 43.6
(45%) to 73.8 (85%) nematodes per 100 g of roots, for
the experiment at Ica (Fig 1B) and Lima (Fig 2B)
department, respectively. In parallel, the number of
root galls per meter of root was reduced (P< 0.0001; P<
0.0001) with all Mocap® rates, with reductions from 4.8
(18%) to 10.1 (55%) and 8.4 (31%) to 15.3 (64%) galls
per meter, for the experiment at Ica (Fig 1C) and Lima
(Fig 2C) department, respectively. At 30, 60 and 90
days after the application, a decreasing linear effect (P<
0.0001; P< 0.0001) on Meloidogyne numbers in soil
was observed as rate increased for the experiment at
Ica (Fig 3A, 3D and 3G) and Lima (Fig 4A, 4D and 4G)
department, respectively. The average reduction was of
46,49 and 5.2; and 5.5, 6.0 and 6.3 individuals per
100 g of soil per litre of increase on the applied rate at
30, 60 and 90 days, for the experiment at Ica and Lima
department, respectively. With the highest rate of 12 L
ha!, the number of nematodes was close to zero, in
both trials, at the three evaluation times. In parallel, a
decreasing linear (P< 0.0001; P< 0.0002) effect on
Meloidogyne numbers in roots was also observed. The
average reduction was of 5.6, 9.9 and 9.9; and 4.9, 7.7
and 8.2 individuals per 100 g of roots per litre of
increase on the applied rate at 30, 60 and 90 days, for
the experiment at Ica (Fig 3B, 3E and 3H) and Lima
(Fig 4B, 4E and 4H) department, respectively. The
nematode population was close to zero, in both trials, at

60 and 90 days after the application of the highest rate.
Accordingly, a decreasing linear (P< 0.0001; P<
0.0001) effect on number of root galls was found in the
experiment at Ica and Lima department, respectively.
The average reduction was of 2, 4 and 4.3; and 1.8, 3.9
and 4 galls per meter of root by every litre of increase
on the applied rate at 30, 60 and 90 days, for the
experiment at Ica (Fig 3C, 3F and 3l) and Lima (Fig 4C,
4F and 4l) department, respectively. In both trials, the
number of galls was close to zero with the highest rate
at 60 and 90 days after the application. When the
regression analysis was done averaging the data of the
three evaluations, the reduction was of 4.9 and 6
nematodes per 100 g of soil (P< 0.0001; P< 0.0001),
8.5 and 6.9 individuals per 100 g of roots (P< 0.0001;
P<0.0001), and 3.5 and 3.2 galls per meter of root (P<
0.0001; P< 0.0001), for the experiment at Ica and Lima
department, respectively (Data no shown). Differences
in biological efficacy among rates were found for soail
(Fig 5A-B) and root (Fig 5C-D) nematode control and
number of root galls (Fig 5E-F), increasing the control
as the rate increased in both experiments at Ica (P<
0.0001) and Lima (P< 0.0001) department,
respectively. Efficacy in soil nematode control varied
from 51 to 98% and 74 to 99% (Fig 5A-B), in root
nematode control it varied from 61 to 85% and 61 to
87% (Fig 5C-D), and in number of root galls from 55 to
84% and 58 to 81% (Fig 5E-F), for the experiment at
Ica and Lima department, respectively.
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Figure 1A-C. Meloidogyne spp. per 100 g of soil (A), 100 g of roots (B) and number of root galls per linear meter of
root of about 0.5 mm diameter (C) in grapevines (Vitis vinifera) own-rooted cv Flame that were treated with different
Mocap® 6EC rates in a sandy loam soil at Ica department, Perl. Each bar is the mean + standard error of four
replicates, and in each replicate the value comes from four sampled trees.
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Figure 2A-C. Meloidogyne spp. per 100 g of soil (A), 100 g of roots (B) and number of root galls per linear meter of
root of about 0.5 mm diameter (C) in grapevines (Vitis vinifera) cv Red Globe grafted onto Quebranta that were
treated with different Mocap® 6EC rates in a sandy soil at Lima department, Peru. Each bar is the mean + standard
error of four replicates, and in each replicate the value comes from four sampled trees.

13901



Esquivel etal, J. Appl. Biosci. 2019 Chemical control of Meloidogyne spp. in grapevines (Vitis vinifera).

LA 30 days 120 +B 30 days | C 30 days
50 y = -4.5825 + 52.094 y=-5.5731x + 11153 y =-2.0436x + 38704
L R? = 0.9505 100 R?=0.6891 40 & R? =0.8309
a0 | P<0.0001 £ : + P<0.0001 P<0.0001
L £ 8 | 30 F
- n [
30 T S 60 | N
vi ] 8 20 .
20 r g 40 s g ¢
[ @ i 4 ] s
10 | € 20 F 5 10 |
L 8 L n
5 )
0 c 0 S0
< )
x =
70 r D 60days| 3 " E 60 days S F 60 days
3 i 2 F « 50
w 60 k 8 5
%5 3 y=-48715x+58675 | £, K y =-9.8986x + 109.42 5 40 y = -4.0354x + 49.005
w 20 T R?=0.922 s [ R?=0.8772 s R? = 0.9441
S a | P<0.0001 S - P<0.0001 E 30 P<0.0001
- L B
- 30 | = %
g I 5 50 | £ 20
a 20 o - 5
& 10 | g | a0
o L L =
S g o - S 0
(<) > Y
o S o
Tg g0 LG 90 days 7% 1o t H 90 days g 0 | 90 days
§ o | T 10 £
60 y=-5.1639x + 6633 | S y =-9.9021x + 114.25 2 50 F y =-4.3019x + 53.774
R?=0.8714 100 | R? = 0.8811 R? = 0.9446
50 f P<0.0001 80 P< 0.0001 4 r P< 0.0001
40 | L
o ! 60 F 30
10 | 0 f w0 |
ol i 0 : 0
0 6 8 10 12 0 6 8 10 12 0 6 8 10 12
Mocap® 6EC rates L ha! Mocap® 6EC rates L ha't Mocap® 6EC rates L ha!

Figure 3A-l. Effect of Mocap® 6EC rates on Meloidogyne spp. per 100 g of sail (A, D, G) or 100 g of roots (B, E, H)
and number of galls per linear meter of root (C, F, I) in grapevines (Vitis vinifera) own-rooted cv. Flame at 30, 60 and
90 days after product application in a sandy loam soil at Ica department, Peru. Data points in each replicate comes
from four sampled trees.
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Figure 4A-I. Effect of Mocap® 6EC rates on Meloidogyne spp. per 100 g of soil (A, D, G) or 100 g of roots (B, E, H)
and number of galls per linear meter of root (C, F, 1) in grapevines (Vitis vinifera) cv Red Globe grafted onto
Quebranta at 30, 60 and 90 days after product application in a sandy soil at Lima department, Perd. Data points in
each replicate comes from four sampled trees.
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Figure 5A-F. Percentage of efficacy on Meloidogyne spp. control in soil (A-B) and roots (C-D) and number of root
galls (E-F) per linear meter of root with different Mocap® 6EC rates ha-' on grapevines (Vitis vinifera) own-rooted cv
Flame and cv Red Globe grafted onto Quebranta at ICA (Sandy loam soli) and Lima (Sandy soil) department, Peru,
respectively. Each bar is the mean * standard error of four replicates, and in each repetition four trees were evaluated.

DISCUSSION

For both experiments, there were no differences among
treatments for soil and root nematodes and number of
root galls per linear meter of root before the product
application. That means that any difference detected
later should be attributed to treatment effect. The
nematode population consisted mainly of Meloidogyne
spp. which is one of the most aggressive and damaging
nematode in the vines (Nicol et al., 1999; Goldammer,
2013) and agrees with the nematodes found by Chéavez
and Arata (2004), Chang (2014), and Alban (2018) in
grapevines of Perl, who reported M. incognita, M.
morocciensis, M. arenaria, M. ethiopica, M. javanica,
and Meloidogyne sp. With exception of M.
morocciensis, the other cited species are common in
grapes (Walker and Catherine, sf; Ferris et al. 2012,
2013; Goldammer, 2013; Aballay and Vilches, 2015).

Vineyards infected with Meloidogyne spp. are reported
in Australia (Stirling and Cirami, 1984), Spain (Téliz et
al., 2007), USA (McKenry, 1992; McKenry and Anwar,
2006), Brasil (Somavilla, 2011), South Africa (Loubser,
1988), France (Boubals, 1979), where they also cause
significant economic losses. All Mocap® 6EC rates
tested reduced Meloidogyne spp. in soil and roots, and
the number of galls per linear meter of root, with higher
reductions as the rate increased. With 10 L ha' or
more, the nematode population reduction at 90 days
post application was under or close to the economic
threshold suggested by McKenry and Roberts (1985) of
1 Meloidogyne spp., Anwar and Van Gundy (1989) of
50 eggs and Ja, Nicol et al., (1999) from 7.5 to 50,
Dickerson et al., (2000) of 1, Quader et al., (2002) of
2.5, Vanstone and Lantzke (2006) of 7.5 to 50, Riley
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and Walker (2006) of 20 to 200, Pietsch and Burne
(2008) of 7 to 50, and Montealegre et al., (2009) of 40
per 100 g of soil. Similarly, a reduction in Meloidogyne
spp. numbers by 100 g of roots was observed, the
population remaining at 90 days after application was
close to zero. Good control was observed up to 90 days
after product application, but it is known that
ethoprophos has a soil half-life of 98 (Jordan et al.,
1986) and up to 120 days (Smelt and Leistra, 1992),
then a longer control would be expected encouraging
the use of 10-12 L ha'. The nematode population
reduction found in these trials agrees with results of
Lilo (2006), who testing different Mocap®
(ethoprophos) formulations reported good control of the
nematode Xiphinema index in grapevines cultivated in
pots. Also, it is in parallel with the results of Farias
(2005) who testing Mocap® for the control of X. index in
grapevines cv Thompson seedless cultivated in pots,
with different percentages (0-2,5-5-7,5-10 and 20%) of
organic matter content in the substrate, the product
always reduced the nematode population. This study
results also agree with Rich et al., (1984) who reported
M. javanica control with Mocap® in tobacco, and
Fortnum et al., (1990) and Crozzoli et al., (1995) who
reported M. incognita control with Mocap® in bananas
and tobacco, respectively, and with Wabere (2016)
findings, who reported Meloidogyne spp. control with
Mocap® applied at planting in tomatoes. Other authors
like Cubillos et al., (1980), Sipes and Schmitt (1995),
Araya and Lakhi (2004), Castillo et al., (2010), also
mentioned the control of other nematodes with Mocap®
such as Helicotylenchus spp., Rotylenchulus reniformis
which sometimes are also present in grapevines (Nicol
et al., 1999; Aballay and Insunza, 2002; Aballay et al.,
2009). Even though, in these experiments yield was
not recorded, it is mentioned that when grape
nematodes are controlled subsequently increased yield
by 20-30% was reported in Australia (Walker, 1989;
Edwards 1991) and by more than two-fold in California
(McKenry and Ferris, 1979). Physical properties of
both soil and the nematicide play an important role in
the distribution of the nematicide and consequently in
its efficiency on nematode control. At both field trials,
the coarse soil texture (high sand content) may
favoured product efficacy, since sorption of the active
ingredient is the least and pore space is greatest,
allowing equal diffusion of the product throughout the

REFERENCES
Aballay E, Vilches O, 2015. Resistance assessment of
grapevine rootstocks used in Chile to the root

soil profile (Heald, 1987). Even though soil moisture
was not really determined, it looks like it did not affect
the nematicide efficacy. Efficacy on nematode control
varied from 51 to 99% which is between the range of 50
to 90% cited by Van Gundy and McKenry (1977) and
Schmitt (1985). This efficacy also agrees with that
reported by Araya and Cheves (1997) of 59%
controlling Meloidogyne spp. in bananas. These fields
were irrigated every other day with 40-70 mm which
more likely was appropriated for product soil distribution
and nematode control. Since these fields were drip
irrigated, the water supplied may be adjusted to the
product and crop requirement more easily. The
application was done simulating an injection in the drip
irrigation system, which should be appropriated, since it
is known that most of the grapevine roots occurred
widen the 60 cm from the trunk, both vertically and
horizontally (McKenry, 1984; Loubser and Meyer, 1986)
and in addition, it is the place where nematode
populations are highest, which corresponds with along
the vine rows (Quader et al., 2001; Addison and Fourie,
2008; Essling, 2010; Chang, 2014). It is known that
root-knot nematode larvae usually penetrate near the
root tip (Loubser and Meyer, 1986). Depending on the
ecological conditions, new root growth in grapevines
normally occurs at bud burst, and after harvest (Pratt,
1974; Freeman and Smart, 1976; Conradie, 1980;
Mckenry, 1984; Loubser and Meyer, 1986). Treatment
application was done in July and August, then at the
right time, when rooting more likely was occurring.
Meloidogyne spp. was found occurring at population
densities exceeding the levels reported to damage
grapevine which can severely affect the production in
this field conditions. Meloidogyne cause typical
alterations in root cell structure and morphology (Wyss,
2002; Téliz et al., 2007; Grove and Perry, 2014) which
would negatively constraint the efficacy of nutrient and
water uptake and transport by infected roots (Agrios,
2005; Essling, 2010). Consequently, these rootstocks
should be considered as good host of Meloidogyne,
evidence which, furthermore, should be taken into
accounts for future field replants. The information
obtained highlights the need for an integrated
nematode control to avoid yield crop losses, and when
replanting, select a tolerant or resistant rootstock
cultivar with a proper nematode identification to be a
reliable nematode control option.

13905



Esquivel etal, J. Appl. Biosci. 2019 Chemical control of Meloidogyne spp. in grapevines (Vitis vinifera).

knot nematodes Meloidogyne ethiopica, M.
hapla, and M. javanica. Cien. Inv. Agri. 42(3):
407-413.

Aballay E, Persson P, Martensson A, 2009. Plant-
parasitic nematodes in Chilean vineyards.
Nematropica 39: 85-97.

Aballay E, Insunza V, 2002. Evaluacion de plantas con
propiedades nematicidas en el control de
Xiphinema index en vid de mesa cv.
Thompson seedless en la zona central de
Chile. Agricultura Técnica 62(3): 357-365.

Abbott WS, 1925. A method of computing the
effectiveness of an insecticide, Journal of
Economic Entomology 18: 265-267.

Abd-El-Khair H, EI-Nagdi WMA, Hafez OM, Ameen HH,
2009. Effect of four compost on Meloidogyne
incognita and Fusarium solani infesting
superior grapevine and their influence on yield
production and quality. Nematol. Medit. 37:
89-103.

Addison P, Fourie JC, 2008. Cover crop management
in vineyards of the Lower Orange River
Region, South Africa. 2. Effect on plant
parasitic nematodes. S. Afr. J. Enol. Vitic.
29(1): 26-32.

Agrios GN, 2005. Plant pathology. Fifth edition. Elsevier
Academic Press. 922p.

Alban PJM, 2018. Caracterizaciéon de poblaciones de
nematodos del género Meloidogyne asociadas
al cultivo de uva de mesa (Vitis vinifera L.) en
las principales zonas productoras del norte del
Peru. Tesis: Universidad Nacional de Piura,
Facultad de Agronomia, Escuela de
Agronomia. 45p.

Anwar SA, Van Gundy SD, 1989. Influence of four
nematodes on roots and shoots growth
parameters in grape. Journal of Nematology
21(2): 276-283.

Anwar SA, 1985. The influence of nematode stress on
plant growth parameters that characterize
the root-shoot equilibrium. Ph.D. Thesis.
University of California, Riverside.

Araya M, Lakhi A, 2004. Response to consecutive
nematicide applications using the same
product in Musa AAA, cv. Grande Naine
originated from in vitro propagative material
and cultivated on a virgin soil. Nematologia
Brasileira 28(1): 55-61.

Araya M, Cheves A, 1997. Efecto de cuatro
nematicidas sobre el control de nematodos en

banano (Musa AAA). CORBANA 22(47): 35-
48.

Australian Wine Research Institute, 2010. Nematodes
in Australian vineyard soils. Viti-notes pests
and diseases. 3p.

Ayoub SM, 1980. Plant Nematology an Agricultural
Training  AID. NemaAid Publication,
Sacramento, California. 195p.

Boubals D, 1979. Situation des porte-greffes résistants
aux nematodes ravageurs directs. Bulletin de
I"OIV 52: 263-271.

Castillo RJD, Araya VM, Patifio HLF, 2010. Respuesta
a la aplicacién de nematicida en banano en la
zona de Uraba, Colombia. Agronomia
Mesoamericana 21(2): 1-11.

Chang MA, 2014. Distribucion espacial y dindmica
poblacional de Meloidogyne sp. en un vifiedo
ubicado en el sector Cieneguillo Centro, Piura.
Tesis Ing. Agronomo. Universidad Nacional de
Piura, Piura, Peru. Facultad de Agronomia,
Escuela de Agronomia. 64p.

Chavez GW, Arata PA, 2004. Control de plagas y
enfermedades en el cultvo de la vid.
Programa Regional Sur, Unidad Operativa
Territorial Caraveli, Centro de Estudios y
Promocion del Desarrollo-2004  (desco),
Arequipa. 34p.

Conradie WJ, 1980. Seasonal uptake of nutrients by
Chenin blanc in sand culture: |. Nitrogen. S.
Afr. J. Enol. Vitic. 1: 59-65.

Crozzoli R, Martinez G, Rivas D, 1995. Manejo y
fluctuaciones poblaciones de Helicotylenchus
multicinctus 'y Meloidogyne incognita en
banano en Venezuela. Nematropica 25(1): 61-
66.

Cubillos G, Barriga R, Pérez L, 1980. Control quimico
de nematodos en banano Cavendish cv.
Grande Naine en la regidon de Uraba,
Colombia. Fitopatologia Colombiana 9(2): 58-
70.

Dickerson OJ, Blake JH, Lewis SA, 2000. Nematode
guidelines for South Carolina. Clemson
Extension EC 703. 36p.

Edwards M, 1991. Control of plant parasitic nematodes
in sultana grapevines (Vitis vinifera) using
systemic nematicides. Australian Journal of
Experimental Agriculture 31: 579-584.

Essling M, 2010. Nematodes in Australian vineyard
soils. Viti-notes (pests and diseases),
Research to practice. AWRI. RTP 0013. 3p.

13906



Esquivel etal, J. Appl. Biosci. 2019 Chemical control of Meloidogyne spp. in grapevines (Vitis vinifera).

FAO (Organizacion de las Naciones Unidas para la
Agricultura y la Alimentacion) 2009. Guia para
la descripcién de suelos. Traducido vy
adaptado al castellano por Ronald Vargas
Rojas (Proyecto FAO-SWALIM, Nairobi,
Kenya-Universidad Mayor de San Simén,
Bolivia. 99p.

Farias AGA, 2005. Control de Xiphinema index Thorne
& Allen en vid de mesa cv. Thompson
seedless, a través de aplicacién de tres
nematicidas, bajo el efecto de distintas
concentraciones de  materia  organica
incorporadas a un sustrato arena. Tesis.
Facultad de Ciencias. Escuela de Agronomia.
Universidad de La Serena 82p.

Ferris H, Zheng |, Walker MA, 2013. Soil temperature
effects on the interaction of grape rootstocks
and plant-parasitic nematodes. Journal of
Nematology 45(1): 49-57.

Ferris H, Zheng L, Walker MA. 2012. Resistance of
grape rootstocks to plant-parasitic nematodes.
Journal of Nematology 44(4): 377-386.

Fortnum BA, Gooden DT, Currin RE, Martin SB, 1990.
Spring or fall fumigation for control of
Meloidogyne spp. on tobacco. Supplement to
the Journal of Nematology 22: 645-650.

Freeman BM, Smart RE, 1976. A root observation
laboratory for studies with grapevines. Am. J.
Enol. Vitic. 27: 36-39.

Goldammer T, 2013. Grape Grower's Handbook. A
Complete  Viticultural  Guide for  Wine
Production. Apex Publishers, United States of
America. 555p.

Grove |G, Perry RN, 2014. The important legacy of the
paper by Jones M.J.K. (1981) host cell
responses to endoparasitic nematode attack:
structure and function of giant cells and
syncytia. Annals of Applied Biology 164: 159-
162.

Gutiérrez GC, Palomares RJE, Jiménez DRM, Castillo
P, 2011. Host suitability of Vitis rootstocks to
root-knot nematodes (Meloidogyne spp.) and
the dagger nematode Xiphinema index, and
plant damage caused by infections. Plant
Pathology 60: 575-585.

Heald CM, 1987. Classical nematode management
practices. Pp: 100-104. In: Veech JA., Dickson
DW. Eds. Vistas on Nematology. Society of
Nematologists. Inc.

Jordan EG, Montecalvo DM, Norris FA, 1986.
Metabolism of Ethoprop in soil. Abstracts of

papers, 192" National Meeting of the
American Chemical Society, Anaheim, CA,;
American Chemical Society, Washington, DC.
AGRO, p.36.

Kruger DHM, Fourie JC, Malan AP, 2015. The effect of
cover crops and their management on plant-
parasitic nematodes in vineyards. S. Afr. J.
Enol. Vitic. 36(2): 195-209.

Lillo GVA, 2006. Evaluacion de la eficacia de diferentes
formulaciones microencapsuladas del
nematicida Mocap (i.a. etoprofos) en el control
de Xiphinema index en vid, en ensayo de
macetas. Tesis Agronomy Engeneer, Facultad
de Ciencias, Escuela de Agronomia
Universidad de La Serena, Chile. 74p.

Loubser JT, Meyer AJ, 1986. Strategies for chemical
control of root-knot nematodes (Meloidogyne
spp.) in established vineyards. S. Afr. J. Enol.
Vitic. 7(2): 84-89.

Loubser JT, 1988. Occurrence and pathogenicity of
root-knot nematodes (Meloidogyne species) in
South African vineyards. South African Journal
for Enology and Viticulture. 9: 21-27.

McKenry MV, Roberts PA, 1985. Phytonematology
study guide. Cooperative Extension University
of California, Division of Agriculture and
Natural Resources. Publication 4045. 56p.

McKenry MV, 1992. Nematodes: Pp: 279-293. In:
Grape Pest Management. Second Edition.
Flaherty DL, Christensen LP, Lenin WT,
Marois JJ, Phillips PA, Wilson LT, Eds.
Publication No. 3343, Division of Agricultural
Science, University of California, Berkeley, CA.

McKenry MV, 1984. Grape root phenology relative to
control of parasitic nematodes. Am. J.Enol.
Vitic. 35: 206-211.

McKenry MV, Anwar SA, 2006. Nematode and grape
rootstock interactions including an improved
understanding of tolerance. Journal of
Nematology 38(3): 312-318.

McKenry MV, Ferris H, 1979. Studies on the use of
DBCP in vineyards. 1. Two years of efficacy
data. American Journal of Enology and
Viticulture 30: 38-44.

Melakeberhan H, Ferris H, 1989. Impact of
Meloidogyne incognita on  physiological
efficiency of Vitis vinifera. Journal of

Nematology. 21: 74-80.

Mervat AA, Samaa M, Shawky SM, Shaker GS, 2012.
Comparative efficacy of some bioagents, plant
oil and plant aqueous extracts in controlling

13907



Esquivel etal, J. Appl. Biosci. 2019 Chemical control of Meloidogyne spp. in grapevines (Vitis vinifera).

Meloidogyne incognita on growth and yield of
grapevines. Annals of Agriculture Science
57(1): 7-18.

Montealegre AJ, Aballay EE, Sanchez S, Rivera CL,
Fiore N, Pino AM, 2009. Hongos y nematodos
fitopatégenos asociados al sistema radical en
uva de mesa en la Ill Region de Chile.
ACONEX 103: 5-9.

Nicol JM, Heeswijck RV, 1997. Grapevine nematodes:
types, symptoms, sampling and control.
Australian Grapegrower and Winemaker 402a:
139-151.

Nicol JM, Stirling GR, Rose BJ, May P, Van Heeswijck
R, 1999. Impact of nematodes on grapevine
growth and productivity: current knowledge
and future directions, with special reference to
Australian viticulture. Australian Journal of
Grape and Wine Research 5: 109-127.

Pietsch A, Burne P, 2008. Nematodes in Riverland
vineyards. Fact sheet. CCW Co-operative
Limited. 6p.

Pratt C, 1974. Vegetative anatomy of cultivated grapes.
A review. Am. J. Enoal. Vitic. 25: 131-150.

Quader M, Riley IT, Walker GE, 2001. Distribution
pattern of root-knot nematodes (Meloidogyne
spp.) in  South Australian vineyards.
Australasian Plant Pathology 39: 357-360.

Quader M, Riley IT, Walker GE, 2002. Damage
threshold of Meloidogyne incognita for the
establishment of grapevines. International
Journal of Nematology. 12(2): 125-130.

Rajendan G, Naganathan TG, 1978. Control of root-
knot nematode in grapes. Vitis 17: 271-273.

Rich JR, Hodge C, Johnson T, 1984. Population
development and pathogenicity of
Meloidogyne javanica on flue-cured tobacco
as influenced by Ethoprop and DD. Journal of
Nematology 16(3): 240-245.

Riley I, Walker G, 2006. Nematodes in Australian
vineyard soils. Cooperative Research Center
for Viticulture. VitiNotes, 3p.

Schmitt D, 1985. Preliminary and advanced evaluation
of nematicides. In: An advanced treatise on
Meloidogyne, Volume |: Biology and control.
Sasser J. and Carter C. Eds. North Carolina
State University. Pp: 241-248.

Sipes BS, Schmitt DP, 1995. Evaluation of Ethoprop
and Tetrathiocarbonate for reniform nematode
control in pineapple. Supplement to the
Journal of Nematology 27(4S):639-644.

Smelt JH, Leistra M, 1992. Availability, movement and
(accelerated) transformation of soil-applied
nematicides. In: Nematology from Molecule to
Ecosystem. Gommers FJ, Maas PWTh. Eds.
European Society of Nematologists, Inc, p.
266-280.

Somavilla L, 2011. Levantamento, caracterizacao do
nematoide das galhas em videira nos estados
do Rio Grande do sul e de Santa Catarina e
estudo da resistencia de porta-enxertos a
Meloidogyne spp. Thesis Ph.D. Universidade
Federal de Pelotas. 81p.

Stirling GR, Cirami RM, 1984. Resistance and tolerance
of grape rootstocks to South Australian
populations of root-knot nematode. Australian
Journal of Experimental Agriculture and
Animal Husbandry. 24: 277-282.

Téliz D, Landa BB, Rapoport HF, Pérez CF, Jiménez
DRM, Castillo P, 2007. Plant-parasitic
nematodes infecting grapevine in southern
Spain and susceptible reaction to root-knot
nematodes of rootstocks reported as
moderately resistant. Plant Dis. 91: 1147-
1154.

Van Gundy S, McKenry M, 1977. Action of nematicides.
Plant Disease 1: 263-283.

Vanstone V, Lantzke N, 2006. Nematodes in Western
Australian  vineyards.  Department  of
Agriculture, Government of Western Australia.
Bulletin 4667. 12p.

Wabere GN, 2016. Evaluation of root-knot nematode
management strategies based on nematode
distribution in tomato (Solanum lycopersicum)
fields in Mwea, Kirinyaga County, Kenya.
Thesis Master of Science, School of Pure and
Applied Sciences, Kenyatta University. 113p.

Walker GE, 1989. Postplant use of Nemacur for the
control of citrus and root-knot nematodes in
grapevines,  1985-88.  Fungicide  and
Nematicide Tests 44. 141.

Walker G, Catherine C, sf. Root-knot nematodes. South
Australian  Research and  Development
Institute, Phylloxera and Grape Industry Board
of South Australia. 1p.

Wyss U, 2002. Feeding behaviour of plant-parasitic
nematodes. Pp: 233-259. In: Lee DL. Eds.
The biology of nematodes. Taylor & Francis,
London and New York.

13908



