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ABSTRACT

Citrus fruits have a great significant economic value and are considered as an important

world subtropical fruits because of their imperative sources of wealth in about 125 countries.
Many pests and diseases are threatening citrus production; one of the most important is citrus
nematode, Tylenchulussemipenetrans. There are several ways to control this nematode and
"chemical fight" can be named as the most extensive.Due to the harmful toxins in the
environment and risks to human health, the use of this type of material is put down. In order to
reduce the use of pesticides, and taking into consideration the importance of citrus in Iran, this
study was conducted to evaluate the effect of extracts of medicinal plants
Eucalyptuscamaldulensis and Zatariamultiflora on citrus nematode. The experiment was
completely randomized and factorial with two factors of extracted plant in two levels of Z.
multiflora and E. camaldulensis and concentration in four levels of 8, 4, 2, and 1 percent
compared with the controlled withfour replicates. The results showed that both tested plant
extracts caused significant mortality in the nematode larval(J;) that the best result was in
eucalyptus and thyme extracts of 8 percent which created about 52 percent of deaths. In this
study, LDso for thyme and eucalyptus extracts were determined 8.56 and 8.15 per cent,
respectively.
Key words: Aqueous extract, Citrus nematode, Efficacy, Eucalyptus camaldulensis, L Dsy,
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INTRODUCTION

Plant parasitic nematodes are soil borne
pathogens and most of agricultural products
are attacked by them. Citrus nematode is
considered one of the most important plant
parasitic nematodes. This nematode is found
in all areas of development and production of
citrus and limit a wide range of soil and
environmental conditions of production of
citrus  fruits. Citrus nematode causes
deterioration and reduces the size of the fruits
and the quantity of products[1]. Citrus
nematode, Tylenchulussemi penetrans Cobb
was first observed in 1912 in California, and
named in 1914

[2].Decreased product performance by the

was identified and

nematode, depending on the population, has
been reported by 10 to 30 per cent[3].
Sampling of the major areas of citrus
production have shown that this nematode
had been attacking more than 40 to 60
percent of commercial orchards in Florida
and California, as well as 70 to 90 percent of
the citrus orchards in Brazil, Spain, Texas
and Arizona [4-8]. The first report of citrus
nematode in Iran was from Shiraz by [9].
This nematode was also reported by [10]
from the citrus-rich areas in the south of
Iran.Due to nematodes attacks to the roots of
citrus trees,gradually declined and green
leaves became grayish and dark. Tip of the

leaves were dried out, fruits became smaller
and shed more often. Root growth was not
normal and they looked thick, and a thick
layer of dust covered them that couldn't be
easily washed. There is no swelling or
scabies on the roots. Adult males of citrus
nematode were not parasites, feeding and
damage on females and larvae is limited.
Larval are external parasites and they feed
off the tissues of the skin. Symptoms of
diseases on the aerial parts will not appear
until 3-5 years after root infection and
eventually due to root rot and failure of plant
sap flow to the top, the tree will died[11].

Due to some problems and threats
posed by the indiscriminate use of chemical
pesticides in the field of agriculture, the use
of the potential of biological control of
insects, diseases and weeds has become more
and more recently. The antimicrobial activity
of plant extracts is a way to find new
biological compounds  against  plant
pathogens. So far, a lot of research has been
made on the effect of plant extracts against
pathogens[12-15].

Plant extracts tested in this study
included extracts of the leaves of
Zatariamultiflora and
Eucalyptuscamaldulensis. Zatariamultiflora

is belonging to the Laminaceae family, which
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grows in some areas of Iran, particularly in
Fars Province Mountains. The plant has anti-
inflammatory effects, antioxidant, antiseptic
and Thymol is the basic ingredient that has
phenolic structure, strong antifungal and anti-
parasitic effect[16-17]. Eucalyptus genus also
belonging to Myrtaceae family is of
particular importance for various
applications. The tree is originated in
Australia and spread to other parts of the
world. Eucalyptus includes different species,
that almost all of them have antimicrobial
effects [18-19].
Materials and methods
1- Preparation of nematode population

In order to isolate the citrus
nematode larval, there were frequently visits
of the gardens infected with citrus nematode
in the city of Jeiroft and samples of infected
roots were takenand transported to the
laboratory. To isolate larval, the roots were
washed gently under running water to
remove the attached soil. Then, using
scissors, rootswere cut into 2 cm pieces and
then they were poured into electronic mixer
with a little waterfor 20 seconds. The
producedsuspension was passed through the
sieves of 20, 100 and 500 mesh andthe
contents were washed andpoured into
beaker[20]. The resulting suspension was
poured into a small sieve covered with two

layers of tissue paper that was placed on the
mouth of a beaker. Then it was placed in the
dark for 48 hours so the larval would pass
through the paper and reach the water in the
beaker.
2-Plant extracts preparation

Eucalyptus leaves from 25 years
old trees of Eucalyptuscamaldulensis, were
collected from Kohgiluyeh and Boyer
Ahmad tropical areas and dried at 30 to 40
°C. Fresh leaves of Zatariamultiflora were
purchased from the Shiraz market and it was
used by a botanist in Yasouj University after
confirmation. The dried leaves powder was
prepared using electric mill and extracted.
For this purpose, 8 g of powdered leaves
were poured in a two layer tiffany cloth bag
and after sealing the bag, it was placed in a
glass flask containing 100 ml of distilled
water. The flasks were placed in shaker for
24 hours at room temperature (about 28 ° C)
and were slowly shaken. After this period,
the water in the flasks was passed separately
from the paper filter and poured in colored
glass containers and kept in the refrigerator
until the start of the tests. Filtered extract at a
concentration of 8 per cent was considered as
the basic solution and the rest of the required
concentrations were prepared by adding
distilled water in the ratio of 4, 2, and 1
percent [21].
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3- Efficacy of the extract on citrus
nematode

The factorial experiment with two
factors, a factor of plant extracts of three
levels ofZ.multiflora, E.camaldulensis, water
and concentration factor of 8, 4, 2 and 1 per
cent was repeated four times in a completely
randomized design. In each treatment, 1000
nematode larval were poured into five cm
diameter Petri Plates. After 48 hours at 25
°C, Dby pouring suspension in Petri
Plates,with a net and tissue paper placed
inside, all Petri Plates were studied after 24
hours and live nematodes that had passed
through filter paper was counted. By
deducting the nematodes recovered from the
nematodes passed through the filter of each
concentration, the number of disabled
nematodes was determined [22].
Results and discussion

Analysis of variance (Table 1)
showed a significant difference between
different treatments at 1 percent differences.

According to this tablethe effect of dose and

dose- plant interaction was significant at 1%
probability. Comparison of the average effect
on the mortality of larval ofcitrus nematodes
(Table 2) showed significant differences in
the concentrations of the extracts studied.
Eucalyptus and thyme extract at a
concentration of 8 per cent, respectively with
the creation of 52.10 and 51.58 per cent
mortality had the best effect,which did not
differ statistically with each other, but the
difference between the eucalyptus extract at a
concentration of 8 per cent andother plant
extract at a concentration of 4, 2 and 1 per
cent (with the creation of 31.00,27.73 and
9.10 percent mortality, respectively) was
statistically ~ significant at 1 per
centprobability. Thyme leaf extract in
concentrations of 8 per centand the extract of
this plant in concentration of 4, 2and 1 per
cent (in order to create the 41.25,31.38, and
24.68 percent mortality, respectively) had
significant difference at 1 per centprobability

level.

Table 1- Variance analysis influence of different concentrations in aqueous leaf extract of Zataria multiflora and
Eucalyptus camaldulens is on second stage juveniles of Tylenchulus semipenetrans

Sources of Variance df Mean Square
% Larval mortality
Plant 1 425.861**
Concentration 3 1690.372**
Plant concentration 3 100.207**
Error 27 14.150
CV% - 43.17

** Significant at 1% level of probability.
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The ability of plant extracts in the
prevention and control of plant diseases is
due to some natural compounds such as
sterols, saponins, tannins, flavonoids and
alcohols [23]. Leaves extract of Artabotrys
odoratissimus against root-knot nematode

M.incognita is noted among these, which

caused hatching reduction in large numbers
of larval nematode [24].Inhibitory effect is
not limited to plant extracts, as during the
decomposition of organic fertilizers in the
soil, some toxic compounds are released

against nematodes [25-26].

Table 2: Influence of different concentrations of aqueous leaf extract of Zataria multiflora and Eucalyptus camaldulens is
on second stage juveniles of Tylenchulus semipenetrans

Plant

Concentration of leaf extract (%)

% mortality

Zataria multiflora

8

51.58 + 6.96 (46.20 — 53.50)°

41.25 +8.00 (38.00 — 45.00)°

31.58 +10.35 (27.80 — 35.00)°

24.68 +8.63 (22.00 — 27.20)°

Eucalyptus camaldulensis

52.10 + 14.91 (41.60 — 60.00Y?

31.00 +11.71 (25.80 —33.60)°

27.73 +13.20 (24.30 — 31.50)°

9.10 + 11.87 (7.90 — 10.50)°

Control

RPN RO N

4.70 + 8.94 (4.10 - 5.00)°

Value presented are means + cv%6, Range is presented in parentheses, n = 4. Means followed by different lettersin a
column are significantly different from each other at 5% probability level.

The larval mortality may be due to chemicals
in the extracts. These chemicals can directly
influence and prevent the effects of the
enzyme acetylcholinesterase and similar to
that. Existence of cholinesterase was first
discovered in plant parasitic nematodes using
a portion of acetylcholine substrate disabled
by known inhibitors [27]. This suggests that
acetylcholinesterase inhibitors prevent body
functions that were irreversible in high
concentrations during continuous connection
of enzymes. Decrease in the ambulation of
nematode and also delay in molt stages were
some of the other observed effects. Many of

these changes in behavior may be seen by

preventing the construction of various
esterase enzymes [28].

LDso values calculated for effect of
extracts of the leaves of thyme and
eucalyptus on the control of citrus nematode
larval (Table 3) shows that with a little
difference, eucalyptus leaf extract at less
concentration results in 50per cent higher
mortality in the tested nematode. From the
comparison between upper and lower limits,
it was concluded that there is significant
differences between the data because of the
overlap of these limits. The best relationship
of thyme is represented by the equation y =

4.176 + 0.870x, and that of eucalyptus by the
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equation y = 3.602 + 0.875x, where X is the
logarithm of spore concentration and vy is the
loss  percentage  probity.  Nematicide
compounds isolated from some fungi which

their LDsg is also determined, cladobotrin

nematicide activity isolated from pure fungi
culture Cladobotryumrubro brunnescens is
against nematodes

with an LDsp of 100 pg/ml [29].

Meloidogyneincognita

Table 3- Medium lethal concentrations (LDsg) of aqueous leaf extract of Zataria multiflora and Eucalyptus camaldulens is
on second stage juveniles of Tylenchulus semipenetrans

Plant Mortality in X2 (df) Slope + SE LDs, 95% Fiducial limit
control Lower limit | Upper limit
Zataria multiflora 4.7% 0.062 (2) 0.870+0.072 8.564 7.202 10.664
Eucalyptus camaldulensis 4.7% 0.218 (2) 0.875+0.116 8.149 7.483 9.002

Mean lethal concentration estimated from four dosage (four replicates/dosage; 1000 J,/replicate). Heterogenicity X value
(Finney, 1964) by PROBIT analysis.

Also

Ompalotis olearius combined with an LDsg

omphalotin  produced by fungi
of 75pg/ml has high nematicide activity
against nematodes M. incognita. Omphalotin
nematode

had effect on Pratylenchus

penetrans, Heteroderas chachtii and
Radopholus similis, with an LDso of 25, 30
and 75ug/ml [30].

against nematodes Caenorhabditi selegans

Nematicide activity

and M. incognita is determined with an LDsg
[31]. The effect of

angolensisas a

of 5 and 50pg/mi
Pycnanthus nematicide
activity was examined by [32] against
nematode C. elegans, and the isolated lignin
dihydroguaiaretic acid LDsgis equal to 10
mg/ml.In general, history of plant extracts
against plant parasitic nematodes in Iran
back to 1971[33]. He studied

features of  the

dates
nematicide plants
Artemisiaabsinthium and A. cina and noted

that these plants are able to kill nematodes

inducing galls after 24 hour. By testing the
effect of aqueous extract of Azadirachta
indica, Calotropis procera and Daturaalba
on citrus nematode, it has been observed that
A.indica has the greatest effect on citrus
mortality  [34].Citrus

nematode larval mortality increased when

nematode larvae
exposed to aqueous extract of Cyperus
rotundus and C. esculantus [35]. Acacia,
marigold, verbena, rosemary, oleander and
chamomilen ematicidal activities on larval
were studied in the laboratory and
greenhouse conditions and it was observed
that aqueous extracts of these plants resulted
in a significant increase in the mortality of
citrus nematode larval. These extracts caused
death of 40.60 to 100 per cent compared to 1
to 2 percent of deaths in the treated water,
and among them rosemary extract reduced
the number of second larval of nematodes

more than the rest. In the greenhouse
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conditions the aqueous extract of rosemary
had the greatest impact in reducing the citrus
nematode population density and caused the
death of 79.60 percent [36].The effect of
aqueous extracts of different plants against
M. javanica. Among the studied plants, larval
hatch decrease of 56.67 from the oil plant
Ricinu scommunis was the highest, which
resulted in the death of 95 per cent of the
larval in less than 48 hours [37]. Using the
products named Achook of the neem tree and
neem oil in different concentrations and in
different times on the seeds of tomatoes,
discovered that the product reduced the
severity of infection of M. incognita and
plant growth was also improved [38]. Using
extracts of Ipomoeafistulosa, alone or in
combination with carbofuran nematicidal,
reduced root-knot nematode populations in
eggplants [39]. With the use of 6 grams of
dried neem leaves per kg of soil enhanced
plant growth and reduced the number of M.
javanica galls in tomato [40].
On the basis of this investigation it could be
concluded that the aqueous extracts of tested
plants can be used for future integrated pest
management.
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