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SYNOPSIS
Key words: Twenty greenhouses were selected for the survey,
Meloidogyne species, representing various structural types, management systems
greenhouses, and willingness of the system manager to cooperate with the

polyacriamide-gel
electrophoresis.

project on a long-term basis.

Species within Meloidogyne genus can be differentiated
using polyacriamide-gel electrophoresis. Combining malate
dehydrogenase (MDH) and esterase (EST) phenotypes
patterns were analyzed by calculating relative migration rates
(Rm). ldentification of the species was made by combining
morphometric and isozyme phenotypes patterns.

The nematodes were identified as: Meloidogyne
incognita (Kofoid & White, 1919) Chitwood, 1949; M. arenaria
(Neal, 1889) Chitwood, 1949; M. javanica (Treub, 1885)
Chitwood, 1949; M. hapla Chitwood, 1949 and M. ardenensis
de Santos, 1968.

INTRODUCTION

Production of vegetables in greenhouses in Montenegro has increased

significantly in recent years. Since 2003, 50 hectares of new vegetable greenhouses
have been constructed and brought into operation. It is estimated that an additional
100-150 hectares will be developed within the next years. Relatively little is known
about the role of plant-parasitic nematodes in relation to crop production in
Montenegro. The objectives of this contribution is to present the results of presence
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a nematodes from genus Meloidogyne survey in 20 vegetable greenhouses of
various types, ages and management categories.

Root-knot nematodes, the genus Meloidogyne, represent a relatively small, but
economically very important, group of obligate plant parasites. They are distributed
worldwide and parasitize thousands of higher plant species including
monocotyledons, dicotyledons, herbaceous and woody plants (Eisenback &
Hirschman, 1991).

They reproduce and feed within the roots and usually cause the formation of
knots and galls on roots of susceptible host plants. The physiology of infected plants
is disordered, crop yield is reduced and the quality of the plant products is affected
(Karrsen, 2002). Twenty two root-knot nematode species have been detected in
Europe so far, thirteen of them having been described from an European type
locality (Karssen & Van Hoenselaar, 1998). Most species were described from
agricultural areas. It’s interesting to highlight that among all described root-knot
nematodes, two species: M. chitwoodi Golden, O'Bannon, Santo and Finley, 1980
and M. fallax Karssen, 1996 were recently added to the European list of quarantine
organisms, to prevent further distribution within Europe. They parasitize on
monocotyledons and dicotyledons, including several crop plants as potatoes, carrots
and tomatoes (Santo et al., 1980; O’bannon et al., 1982; Karssen, 2002).

Root-knot nematodes were also studied in several regions of former
Yugoslavia. Proti¢ mentioned the presence of the root-knot nematodes on tomato
and egg plant roots in Hercegovina already in 1926 while Martinovi¢ in 1947
established the root knot nematodes on cucumber plants grown in one of
glasshouses near Belgrade in Serbia (cited in Grujigié, 1971). KLINDIC (1955)
reported about damages on red pepper caused by root-knot nematodes in
Hercegovina. GRUJICIC (1959) reported about the presence of the Meloidogyne
spp. on tomato (Solanum lycopercisum L.), red pepper (Capsicum annuum L.),
cucumber (Cucumis sativus L.), lettuce (Lactuca sativa L.), celery (Apium
graveolens L.) and the weed species Solanum nigrum L. on the territory of Serbia
where he examined the influence of temperature, moisture and soil on nematode
population dynamics. In 1967 GRUJICIC established M. naasi Franklin, 1965 on
sugar beet, wheat and barley in Serbia. Some reports about damages caused by
root-knot nematodes, especially from the regions of Istria and Dalmatia, derived
from Croatia; no species were identified (Maceljski, 1967). In 1969 KLINDIC &
BUMBIC isolated M. incognita, M. incognita var. incognita (today the same species),
M. arenaria, M. hapla and M. javanica from different locations in Hercegovina. In
1971 GRUJICIC & PAUNOVIC for the first time detected M. hapla in the open field in
acrita (Chitwood, 1949) Esser et al., 1976 (today sinonim for M. incognita), M. hapla
and M. javanica on various vegetable plants, particularly in glasshouses in Serbia.
KRNJAJIC (1977) reported about the spreading of M. incognita and M. arenaria in
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glasshouses in Macedonia. In Slovenia have been founded M. hapla and M.
incognita (Sirca et al, 2003).

Summary eight root-knot nematodes are detected in former Yugoslavia (Alphey
& lvezi¢,1985), and five in Montenegro, until 2010 (Pajovi¢, 2010) (Table 01).
Knowledge about the dissemination of Meloidogyne spp. in Montenegro is rather
poor, infrequently was reported about the presence of root-knot nematodes in the
country. This was the reason for starting more intensive survey on Meloidoyne
species in greenhouses in Zeta-Bjelopavli¢i valley. So far, five different species of
the genus Meloidogyne were detected. The nematodes were identified with
morphological and biochemical methods as Meloidogyne incognita (Kofoid & White,
1919) Chitwood, 1949, M. arenaria (Neal, 1889) Chitwood, 1949, M. javanica (Treub,
1885) Chitwood, 1949, M. hapla Chitwood, 1949 and M. ardenensis de Santos,
1968. The last one was detected for the first time not only in Montenegro than in
former Yugoslavia countries.

Table 1: Root-knot nematodes reported from ex Jugoslavia countries and Montenegro.

Meloidogyne species Ex Jugoslavia country Montenegro
M. ardeniensis Santos, 1968 / X
Serbi d in Vojvodi Bosni d
M. arenaria (Neal, 1889) Chitwood, 1949 erbla anc in vojvodina, Bosnia an X
Herzegovina, Slovenia, Macedonia
M. ethiopica Whitehead, 1968 Slovenia
M. hapla Chitwood, 1949 Serbia and in Vo'jvodina, Bo.snia and X
Herzegovina, Slovenia
M. incognita (Kofoid & White, 1919) Serbia and in Vojvodina, Bosnia and X
Chitwood, 1949 (sin. M. acrita) Herzegovina, Slovenia, Macedonia
Serbi d in Vojvodina, Bosni d
M. javanica (Treub, 1885) Chitwood, 1949 erbia and in vojvodina, Bosmia an X
Herzegovina
M. naasi Franklin, 1965 Serbia

MATERIALS AND METHODS

VEGETABLE GREENHOUSE NEMATODE SURVEY

Twenty greenhouses were selected for the survey, representing various
structural types, management systems and willingness of the system manager to
cooperate with the project on a long-term basis. Soil and root tissue samples were
collected from the 20 sites in 2006 and 2007. Each greenhouse was sampled from
one to nine times. Soil sampling consisted of taking two cm-in-diameter cores of soil
from a 0-30 cm soil depth, in the planted rows, every four paces throughout the
entire greenhouse. The soil was mixed in the laboratory and a 200 g sub-sample
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taken for nematode extraction. Each sub-sample was processed for nematodes
using Oostenbrink’s 1960 modification of Cobb’s 1918 procedure combined with the
procedure of HRZIC (1973), followed by the Baermann process of 1907 as modified
by KRNJAJIC & KRNJAJIC (1981). The plant parasitic nematodes recovered were
identified to genus using both stereoscopic and compound microscope technology.
Whenever a plant was observed to have shoot system symptoms of a possible
nematode problem (stunting, wilting, yellowing) during the soil sampling process
(Figure 01-04), the root system was removed from the soil, assigned a root-knot
nematode gall index number (0-5) and returned to the laboratory for mechanical
extraction of root-knot nematode females for species identification. Root-knot
species were identified by assessment of perennial patterns (Karssen, 2002).

Figure 1: Symptoms on Lactuca sativa L. var. capitata crops.
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Figure 2: Symptoms on Beta vulgaris L. ssp. vulgaris var. cicla crops.
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Figure 3: Symptoms on
Lycopersicon esculentum Mill.

crops.

Figure 4: Symptoms on

Cucumis sativus L. crops.
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Isolated males and second juvenile stages were heat killed and fixed in
trietanolamin-formalin (T AF) solution while analyzes of female parameters and
perineal patterns were made on fresh isolated females. Nematodes were analyzed
under microscope, for different life stages different morphological parameters were
measured and compared with species characteristic parameters (Karssen, 2002).

ENZYMATIC CHARACTERISATION

Many enzymatic studies have demonstrated that species within Meloidogyne
genus can be differentiated using polyacriamide-gel electrophoresis (PAGE).
PhastSistem (Amersham Biosciences) enables biochemical approach for isozyme
phenotyping using very thin (0.4 mm) polyacrylamide slab gel electrophoresis where
relatively small amounts of enzyme (single female content) can be analyzed.
Combining malate dehydrogenase (MDH) and esterase (EST) phenotypes analyses
is possible to distinguish between Meloidogyne species (Dalmasso & Berge, 1987,
Esbenshade & Triantaphyllou, 1985; Karssen et al., 1995; Sirca et al., 2004).

Six young females were isolated from roots samples taken in greenhouses,
using scalpel and nematological needles, under dissecting microscope. Roots were
placed in a Petry dish and poured over with 0.9% NaCl to prevent female bursting.
After isolation females were rinsed with reagent-grade water and transferred to 12
sample-well stamp placed on ice bath. Each female was placed in sample well
containing 0.5 pl of extraction buffer (20% sucrose, 2% Triton X-100, 0.01%
Bromphenol Blue) (Esbenshade & Triantaphyllou, 1985) and squashed with needle
to release body content. Samples were loaded on two 12/0.3 sample applicator
which were placed into applicator arms of the PhastSystem device. For reference
species we used Meloidogyne javanica (lines 6 and 7).

Electrophoresis took place onto PhastGel gradient (8-25) gel with buffer
system according to manufacture instructions. The following adapted program was
used (Karssen et al., 1995):

Sample appl. down at 3.2 Vh

Sample appl. up at 3.3 Vh

Sep 3.1400 V 10 mA 25W 10°C 10Vh
Sep 3.1400 V 1 mA 25 W 10°C 2Vh
Sep 3.1400 V 10 mA 25W 10°C 125Vh

After electrophoresis gel was stained for enzymatic activity in a Petry dish at
37°C with different staining solutions. MDH staining solution contained 0.05 g B-
NAD, 0.03 g Nitro Blue Tetrazoliurn, 0.02 g Phenazine Methosulfate, 5.0 ml 0.5 M
Tris pH 7.1, and 7.5 ml stock (10.6 g Na2C03 + 1.34 g L-rnalic acid in 100 ml water)
dissolved in 70 ml of reagent-grade water. For EST activity we used staining solution
contained 100 ml 0.1 M Phosphate buffer pH 7.3, 0.06 9 Fast Blue RR salt, 0.03 9
EDTA and 0.04 g a-Naphthyl acetate dissolved in 2 ml acetone (Karssen et al.,
1995). Incubation for MDH lasted 5 minutes, after that gel was twice washed with
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distilled water and further stained for EST activity for 30 minutes. After isozyme
phenotypes patterns were clearly visible the enzymatic reaction was stopped by
rinsing gels with distilled water and fixed for 5 minutes in a solution of 10% acetic
acid, 10% glycerol and 80% distilled water.

Isozyme phenotype patterns were analyzed by calculating relative migration
rates (Rm). Identification of the species was made by combining morphometries and
isozyme phenotypes patterns. Species specific isozyme pattern supported
morphological identification of species done on female perineal patterns and
measurements of nematode different life stages.

RESULTS

Meloidogyne species, were recovered in 19 of the 20 vegetable greenhouses
sampled (Table 02). M. incognita, M. javanica, M. arenaria, M. hapla and M.
ardeniensis were recovered from one or more of 12 greenhouses. Populations of
Meloidogyne from an additional seven locations were not identified to species.

Meloidogyne incognita (Fig. 05) was the most common plant-parasitic
nematode species detected in Montenegro vegetable greenhouses, being recovered
from 11 of the 19 greenhouses infested with root-knot nematodes. Meloidogyne
arenaria (Fig. 06) was recovered from three of the locations, while M. javanica (Fig.
07), M. hapla (Fig. 08) and M. ardeniensis (Fig. 09) were only detected in one
location each. Multiple species of Meloidogyne were recovered from three locations,
one site having three species and the other two species. Greenhouse 11 having, M.
incognita, M. javanica and M. arenaria; Greenhouse 14. having M. incognita and M.
javanica and Greenhouse 15. having M. arenaria and M. ardeniensis. For all species
Rm’s were: Meloidogyne incognita 0,36 for MDH and 0,59 for EST. Meloidogyne
arenaria 0,33 for MDH and 0,6 for EST. Meloidogyne javanica 0,34 for MDH and
0,56, 0,6, 0,62 for EST. Meloidogyne hapla for MDH 0,57 and 0,65 for EST.
Meloidogyne ardeniensis 0,37 for MDH and no band for EST (Tab. 03).

The mean root-knot nematode gall indices across all sampling dates and
greenhouses ranged from 0.0 to 3.4 (Table 02). Twelve of the greenhouses had gall
indices equal to or greater than 3.0 on one or more sampling date, ranging from 25
to 89% occurrence. Greenhouses 2, 14 and 15 had the most serious problems,
having gall indices equal to or greater than 3.0 on 67, 56 and 89% of the sampling
dates. These greenhouses were sampled 3, 7 and 9 times, respectively. Only M.
incognita was recovered from Greenhouse 2.; whereas, both M. incognita and M.
arenaria were found in Greenhouse 14. Both M. arenaria and M. ardeniensis were
recovered Greenhouse 15. the location with the greatest number of gall indices
equal to or greater than 3.0. Meloidogyne spp. were never detected only in
Greenhouse 17.
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Table 2.: Root-knot nematodes associated with 20 Montenegro vegetable greenhouses.

Msleteone G Root-knot Gall Samples
o 2 . 3 4 ) Index® with gall
Site |Type Location Age
M. M. M. M. M.
G 28

Mean index

M. s .
incognita javanica arenaria hapla ardeniensis n >3.0 (%)

1 Golubovci X 2 3 047 33
2 T-L Golubovacko Polje 3 X 3,3 3 0,58 67
3 [T-L TreSnjica 1 X 1,5 4 1,02 25
4 | TolosSi 5 X 1,7 7 0,77 28
5 | Tres$njica 2 X 1 4 0,75
6 T-S Tresnjica 4 X 1 3 0,67
7 [T-S Trednjica 6 X 1,5 4 0,66 25
8 T-S [Trednjica 4 X 2,3 3 0,67 33
9 T-S Tresnjica 3 X 2 8 0,77 38
10 T-S Tresnjica 2 X 1,8 4 0,6 25
11 | Tresnjica 3 X X X 22 5 0,61 40
12 T-L Golubovacko Polje 1 X 1 1 0 0
13 T-S Balabani 2 X 2 3 0,58 33
14 T-S [Trednjica 2 X X 28 7 0,62 56
15 T-S Mataguzi 4 X X 34 9 0,63 89
16 T-S Berislavci 3 X 1 1 0 0
17 T-S Mataguzi 3 X 1 1 0 0
18 T-S MataguzZi 3 0o 1 0 0
19 T-L Jelenak DG 18 X 1 1 0 0
20 O Velja Paprat DG 8 X 1 1 0 0

Site' Vegetable greenhouse

Greenhouse type (G=glass, I=Israelian, T-S=traditional small, T-L=traditional large,

Type? O=organic

Location® Montenegro town

Age4 Greenhouse age (years)

Root-knot Gall Index® 0-5 root-knot gall index (0=no galls observed, 5=maximum galling)

n® Number of sampling dates used to calculate root-gall index mean

Species Detections %

M. incognita 10 50

M. ardeniensis 1 5

M. arenaria 3 15

M. javanica 1

M. hapla 1

Meloidogyne spp 7 35
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Figure 5: Meloidogyne incognita
perennial pattern and Isozyme
(EST and MDH) phenotype patterns
of individual female (lanes 1,2,3,4
and 5).

Figure 6: Meloidogyne arenaria
perennial pattern and Isozyme
(EST and MDH) phenotype patterns
of individual female (lanes 1, 2).

Figure 7: Meloidogyne javanica
perennial pattern and Isozyme
(EST and MDH) phenotype patterns
of individual female (lane 1).
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Figure 8: Meloidogyne hapla
Isozyme (EST and MDH) phenotype
patterns of individual female (lanes
3, 4).

| A, h e = -
Figure 9: Meloidogyne ardeniensis perennial pattern and Isozyme (EST and MDH)
phenotype patterns of individual female (lanes 1, 2, 3, 4 and 5).

Table 3: Relative migration rates of Meloidogyne species from
greenhouses from Zeta-Bjelopavli¢i valley.
Rm MDH EST 1 EST 2 EST 3 ‘

M. ardeniensis 0,35

M. ardeniensis 0,38

> 0,37

M. incognita 0,35 0,57

M. incognita 0,39 0,64

M. incognita 0,34 0,56

b2 0,36 0,59

M. arenaria 0,33 0,6

b3 0,33 0,6

M. javanica 0,34 0,55 0,59 0,62
M. javanica 0,34 0,56 0,6 0,62
b2 0,34 0,56 0,6 0,62
M. hapla 0,56 0,65

M. hapla 0,57 0,65

> 0,57 0,65
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DISCUSSION

The results of the nematode survey indicate that Meloidogyne spp. are
common in Montenegro vegetable greenhouses and can result in major losses in
crop productivity.

M. incognita can cause major losses of tomato, cucumber, pepper and lettuce
under greenhouse conditions. Although it was the most common root-knot nematode
species detected. The greenhouse with the most consistent root gall index equal to
or above value of 3.0 was infested with both M. arenaria and M. ardeniensis. M.
javanica, M. hapla and M. ardeniensis were only recovered from a single location.
Because root-knot nematode species-specific resistant varieties are available to
Montenegro farmers for some vegetable crops, it is imperative that the cause of site-
specific root-knot nematode problems be identified to species.

During the survey, it was detected that some Montenegro vegetable farms are
planting nematode resistant varieties and using both pre-plant broadcast and post-
plant drip applications of nematicides. Since it was not possible to obtain site-
specific records about these practices, there use in cooperator greenhouses may
have resulted in an underestimation of the root-knot nematode problem associated
with the production of vegetables.

Based on the results of these findings, plans are underway to facilitate
accurate nematode problem identification, production and use of nematode-free
transplants, proper use of resistant varieties and nematicides and enhancement of
the overall soil quality in greenhouse environments. Both on-farm
research/nematode management demonstrations and on-farm education programs
will be used in these initiatives.
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MELOIDOGYNE (Nematoda: Heteroderidae) UTVRDENE U PLASTENICIMA U
ZETSKO-BJELOPAVLICKOJ RAVNICI

Igor PAJOVIC, Georg W. BIRD, Sasa SIRCA, Gregor UREK, Dragana RAJKOVIC, Laszlé
BARSI i Milan RADIVOJEVIC

SINOPSIS

Proizvodnja povréa se znacCajno povecala u Crnoj Gori poslednjih godina,
posebno proizvodnja u za&tiCenom prostoru. Monitoring je sproveden u dvadeset
objekata zasti¢enog prostora koji su izabrani kao reprezentativni za odredene tipove
i sisteme uzgoja, uz volju vlasnika da saraduju na duzZe vrijeme.

Vrste roda Meloidogyne mogu se identifikovati koristeéi elektroforezu.
Identifikacija vrsta je wuradena kombinacijom morfometrijskih karakteristika i
koris¢éenjem proraCunatih relativnih migracionih koeficijenata (Rm) za malat
dehidrogenazu (MDH) i esterazu (EST).

Identifikovane su: Meloidogyne incognita (Kofoid & White, 1919) Chitwood,
1949; M. arenaria (Neal, 1889) Chitwood, 1949; M. javanica (Treub, 1885) Chitwood,
1949; M. hapla Chitwood, 1949 i M. ardenensis de Santos, 1968.

Kljuéne rijeCi: vrste roda Meloidogyne, objekti za&ticenog prostora,
elektroforeza.
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