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Abstract

The citrus nematode Tylenchulus semipenetrans is considered one of the most significant threats to
citrus production worldwide. Effective management of this pathogen requires an understanding of
its population dynamics. In this study, seasonal fluctuations and population peaks of the citrus
nematode were examined in Fasa, one of the main citrus-producing regions in Fars Province,
Southern Iran, during the years 2018-2019. To monitor the nematode population density and
dynamics, soil and root samples were collected on a monthly basis. The results of this study showed
that there are two annual population peaks in the orchards of Fasa. The highest nematode population
in the soil was observed at the end of May and in December, while the highest root population was
observed at the end of May and October-November. The lowest population levels in the soil
(second-stage juveniles and males) and in the roots (eggs, juveniles, and females) were recorded in
July. The study revealed that population fluctuations in the roots, especially females, were less than
in the soil. Additionally, in most samples, nematode density decreased as the distance from the tree
trunk increased. These findings highlight the importance of understanding the nematode population
dynamics to implement effective management strategies during population peak periods.
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Introduction

Citrus is one of the most economically important
crops in the world. With a total production of
3,865,098 tons of citrus, Iran is among the top 10
citrus producing countries in the world (Food and
Agriculture Organization of the United Nations
2023). Fars province produces about 24.47% of the
total citrus in Iran and is the second largest citrus
producer after Mazandaran province in the north
(Ahmadi et al. 2021). More than 40 species of plant
parasitic nematodes (PPN) were reported from the
citrus orchards around the world. However, only a
few species can cause economically serious losses
to citrus trees (Timmer et al. 2000). The slow
decline of citrus plants is caused by infection with
Tylenchulus semipenetrans Cobb, 1913 and
Radopholus citrophilus (Duncan 2005). The citrus
nematode is the most common PPN of citrus,
affecting about 80 species or cultivars of the genus
Citrus (Timmer et al. 2000, Ahmad et al. 2004). To
date, three biotypes of the citrus nematode are
known worldwide, which differ in their host range
(Inserra et al. 1980, Inserra et al. 1994, Verdejo-
Lucas et al. 2003). The life span of the citrus
nematode varies depending on environmental and
edaphic conditions and ranges from four to eight
weeks (Van Gundy et al. 1964, Pretorius 2017).
Tylenchulus semipenetrans has spread across both
northern and southern provinces (especially Fars)
of the country at various population levels. Studies
are available reporting the frequent occurrence of
this pathogen in citrus orchards of Fars, Hormozgan
and Mazandaran provinces (lzadpanah & Saffarian
1968, Abiverdi et al. 1970, Minassian & Moadab
1970, Maafi & Kheiri 1991, Ayazpour &
Ghanaatian 2004, Tanha Maafi & Damadzadeh
2008). Nematode-infected seedlings are the most
important factor for the spread of the nematode in
the world (Timmer et al. 2002).

Crop losses caused by the citrus nematode reach
90% in some heavily infested areas (Baines et al.
1962, Duncan 2005). The economic threshold for
nematode infestation depends on the nematode
reproduction rate, host and environmental factors,
rootstock susceptibility (Duncan 1999), the cost of
nematode management (Sorribas et al. 2008),
climatic conditions (Bello et al. 1986, Navas et al.
1992, Timmer et al. 2000), and soil
physicochemical properties such as moisture
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(Duncan & Eissenstat 1993), density, texture
(Baines et al. 1962, Martin et al. 1963, Duncan
2005, Sorribas et al. 2008, Rashidifard et al.
2015b), organic matter, salinity and soil acidity
(Timmer et al. 2000, Sorribas et al. 2008, Salahi
Ardakani et al. 2014). In addition, seasonal
fluctuation of the citrus nematode populations
varies with environmental and geographic
conditions.

The use of nematode-resistant or -tolerant citrus
rootstocks is considered the most promising and
sustainable measure to prevent damage from this
pathogen (Kaplan 1981, Lee et al. 1999, Ling et al.
2000, Galeano et al. 2003). However, replacing
susceptible rootstocks with resistant cultivars is an
expensive and time-consuming process. Therefore,
monitoring nematode population density in the
rhizosphere and roots of infested citrus trees can
lead to obtaining information about the peak of the
population and consequently implementing IPM
strategies at the right time. In northern Iran, the
citrus nematode population peaks in summer and
declines to lower levels in autumn and winter
(Tanha Maafi & Damadzadeh 2008). A preliminary
study conducted in Khafr region of Fars province
revealed that the citrus nematode has two
generations per year. It was demonstrated that the
life cycle of T. semipenetrans begins with egg
laying in the soil in mid-May (Sharafeh 1972).
Moreover, the peak of the citrus nematode
population in Kerman province was observed in
autumn, while the minimum was recorded in spring
(Rashidifard et al. 2015b). Despite the remarkable
importance of T. semipenetrans in the country, its
life cycle and biology have hardly been studied in
Fars province. Also, population dynamics of this
pathogen in the province have not been extensively
studied. The aims of this study were to determine
the: i) biology and monthly fluctuations of citrus
nematode in a citrus orchard in Fasa region, Fars
province, ii) correlation between nematode
population density and temperature.

Materials and Methods
Survey area

A 2-ha nematode-infested citrus orchard was
selected as part of a preliminary sampling of
several areas in Fasa region, Fars province. The
orchard was drip irrigated with a drip spacing of
60-80 cm and planted approximately 5 m x 6 m
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apart. Irrigation applied at 5 to 7 days’ interval
during summer and every 10 to 14 days during
winter. The flow rate of water was around 6 liters
per hour (L/h). Three 10 to 12-year-old orange trees
(Citrus sinensis L. var. Valencia), which were
grafted onto sour orange (C. aurantium L.)
rootstocks, were sampled to ensure an
approximately even distribution of the selected
trees in the orchard (828: 28°95'545'N &
53°60'14.2"E, 829: 28°95'60.3''N & 53°60'19.3"E
and 830: 28°95'58.1"N & 53°60'16.8"E). Monthly
samples were collected from the roots and
rhizosphere for 14 months, at a depth of 20-30 cm
below each of the selected trees. To minimize
sampling errors and allow simultaneous sampling,
trees were selected close to each other in an
orchard. The experiment was conducted randomly
in three replicates (tree). The physicochemical
properties of the soil were measured using a
composite soil sample taken from three trees
studied.

Species identification

After extraction, the nematodes were fixed with
hot FAA (4:1), transferred to anhydrous glycerol,
and microscopic preparations were made.
Identification was based on morphological and
morphometric characteristics and using nematode
identification keys (Inserra et al. 1988, Tanha
Maafi et al. 2012), Dino Capture software, and a
light microscope. To visualize root populations,
nematode-infested roots were stained with
lactophenol-acid fuchsin. To confirm the results of
the morphological and morphometric studies,
genomic DNA was extracted and the ITS fragment
and D2-D3 expansion segments of 28S were
sequenced.

Sampling

Due to the rocky nature of the soils, it was not
possible to use an auger as a conventional soil
sampling device, so a hand trowel was used for
sampling. Two composite samples were randomly
taken from the moist margin created on both sides
of the irrigation drip line as hypothetical inner (A:
four subsamples) and outer (B: six subsamples)
circles under each tree canopy (Rumiani et al.
2021). The subsamples were 10-15 cm in diameter
and 20-30 cm deep. Composite samples A and B
were taken at a radius of 60 and 120 cm around the
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tree trunk, respectively. The subsamples in each
circle were mixed and gently homogenized, then
approximately 2 kg of soil (1550 cm®) was
collected, placed in separate labeled bags, and
transported to the laboratory.

Nematode extraction and counting

The soil inhabiting stages of citrus nematode,
including second-stage juveniles and males, were
extracted from 100 cm® of soil using the tray
method (Whitehead & Hemming 1965), after 48
hours, the nematode suspension was collected,
transferred to a counting dish. The second-stage
juveniles and males were counted under a
stereomicroscope in three replications. To estimate
the root population, including eggs, juveniles and
females, the roots of each composite sample were
taken from soil, washed thoroughly, dried with
tissue paper to remove the excess moisture and then
chopped to one-centimeter pieces. To extract the
nematodes 5 g of the roots were randomly obtained
and subjected to a blender containing 0.05%
NaOCI, at high speed for 30 seconds (in two
consecutive 15-second intervals). The blended roots
were then placed on a nested 200 mesh sieve over a
500-mesh sieve, sprayed with a tap water then
collected from the lower sieve. The suspension was
mixed thoroughly and one ml used for counting
which repeated three times and expressed per 5 g of
fresh root (McSorley et al. 1984, Sorribas et al.
2008). The mean number of nematodes extracted
from soil and root of two composite samples (A &
B) were considered as the final population per 100
cm? of soil and 5 g of roots of the citrus trees.

Soil temperature

Due to the geographic distance of the sampling
site, the soil temperature was estimated using mean
monthly air temperature data and empirical models
(Islam et al. 2015). The equations y = 0.9x + 3.83,
y = 0.842x + 6.224 and y = 0.708x + 9.871 were
used to estimate soil temperature at three depths of
5, 10 and 20 cm, respectively (Islam et al. 2015)
where x and y are the monthly mean air
temperature (Farsmet 2020) and the monthly mean
ground temperature of Fasa, respectively.
Microsoft® Excel® 2013 (15.0.4420.1017)
software was used to draw the graphs.
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Results

The studied population was identified as T.
semipenetrans based on morphological and
morphometric characteristics and identification
keys (Inserra et al. 1988, Tanha Maafi et al. 2012).
In addition, the sequencing results (ITS fragment
and D2— D3 expansion segments of 28S rRNA)
confirmed the identification. NCBI blast showed
that the sequences of the present study differed
from corresponding sequences of the T.
semipenetrans populations deposited in the
database by only a few nucleotides and had an
identity of more than 99%.

Based on the physicochemical analysis, the soil
under the canopy of the trees was classified into the
group of silt-loam soils with 25.08% sand, 57.64%
silt and 17.28% clay. The organic matter contents
and pH of the soil were 1.96% and 7.56,
respectively, and the electrical conductivity (EC)
was 1900 pmhos/cm. The soil contained 71.6
mg/kg phosphorus, 15.26 mg/kg potassium, 55.00
mg/kg calcium carbonate, 4.3 mg/kg calcium, 7.3
mg/kg  magnesium, 125.41  milliequivalents
(meq)/liter sodium, 1.05 mg/kg zinc, 3.5 mg/kg
iron, 1.26 mg/kg copper and 2.20 mg/kg
manganese.

Monitoring the citrus nematode population
showed fluctuation of root and rhizosphere
nematodes under the canopy of citrus trees. The
lowest number of nematodes in the soil was
recorded in July (931 J2s and males / 100 ml soil),
while the highest numbers were recorded in two
separate peaks in May (3900/ 100 ml soil) and
December (5403/ 100 ml soil) (Fig. 1 middle). Root
nematode populations declined in June, July, and
August. The peak of the female population was
recorded in late May and October (1561 and 3582
females per 5 g of root, respectively). Also, the
highest number of eggs and juveniles in the root
was observed in late May (3178 and 3013,
respectively) and November (19044 and 15486,
respectively) (Fig. 1). The nematode data showed
that in most cases, the mean number of nematodes
in the roots and soil was higher in the inner part of
the irrigation drip line (A circle) than in the outer
part (B circle) (Fig. 2).

The mean monthly air temperature in the
warmest (July) and coldest months (December and
January) during 2019-2020 in Fasa was found 31.9
and 8°C, respectively (Farsmet 2020). Mean soil
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temperature at a depth of 5 to 20 cm under a tree
canopy was also estimated 32.7 and 13.2°C in the
warmest and coldest months, respectively (Islam et
al. 2015). Soil temperature was determined 29°C
for the first peak of the nematode population in the
soil and roots (May). For the second peak of the
soil and the root populations (December &
November), the above values were 13.2°C and
14.8°C, respectively (Fig. 1).

Discussion

The citrus root nematode (Tylenchulus
semipenetrans) is found in most citrus growing
regions worldwide and significantly affects the
citrus production under different environmental
conditions and soil physico-chemical properties
(Baines et al. 1962, Bello et al. 1986, Duncan 2005,
Sorribas et al. 2008, Rashidifard et al. 2015a).

The results of the present study showed that the
population of root-dwelling stages of the citrus
nematode decreased when soil temperature
exceeded 30°C. This is consistent with research
showing that the citrus nematode, which invade
citrus roots, has its populations decline as soil
temperature rises above 30°C (O’Bannon et al.
1966).

The higher temperatures during the summer
months, especially in June and July, were not
conducive to the penetration of J2s into the roots,
causing the nematode population to decrease
drastically in the present study. However, soil
moisture content did not significantly affect T.
semipenetrans, especially the female population in
the roots.

Because the citrus nematode co-evolved with
deep-rooted woody plants, these plants can support
the nematodes during the dry season by hydraulic
upwelling through the root xylem from deeper soil
layers to the drier surface soils (Duncan & El-
Morshedy 1996). In this study, the nematode did
not suffer from water deficit along the rhizoplane,
even when the soil was very dry overall. On the
other hand, juveniles and males cannot survive in
soil under drought conditions. Duncan and El-
Morshedy (1996) found that almost no eggs of T.
semipenetrans hatched after 23 and 37 days of
uniform drought. Other researchers have also
demonstrated that adequate soil moisture is
required for nematode eggs to hatch (Timmer et al.
2000). Therefore, along with high soil temperature,
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Fig 1. Monthly fluctuations of the population densities of the citrus nematode Tylenchulus semipenetrans
in roots (top) and soil (middle) under the canopy of citrus trees in Fasa region, Fars province and its
relationship to soil temperature (bottom) in 2019 to 2020. A, B and C are replicates of the experiment,
and the nematode population curve data in roots (top) are the mean of replicates A, B and C.
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Fig 2. Monthly fluctuations of the population densities of the citrus nematode Tylenchulus
semipenetrans in citrus roots in Fasa region, Fars province, from 2019 to 2020. The top, middle, and
bottom figures show the populations of juveniles, eggs and females, respectively, in citrus roots.
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inadequate moisture is considered one of the factors
contributing to the sharp decline in nematode
population (especially eggs, J2s, and males) during
the summer in the present study. The marked
decrease in the nematode population in June
suggests that the roots of citrus plants were affected
to a much lesser extent by the nematodes infesting
them (July & August) (Fig. 1).

Studies have shown that the phenology of citrus
growth also influences nematode population
densities. During the fruiting season (summer), the
carbohydrate supply in citrus trees is relatively low
(Sanz et al. 1987), and T. semipenetrans may not be
able to take up excess carbohydrates until the
plant’s demands are met. Therefore, carbohydrate
competition between developing citrus fruit and the
citrus nematode may be an important factor in the
population dynamics of the nematode during the
fruit production season (Duncan & Eissenstat
1993). Thus, the summer decline in nematode
population in the present study could be linked to
the high carbohydrate demand of fruit and the
reduced carbohydrate reserves in the roots of the
plant. However, drought and high soil temperatures
are considered key factors for the summer decline
in nematode density (both in the soil and in the
roots) in our study. The results indicate that soil
temperature was above 30°C in summer (Table 1).
Furthermore, the temperature tolerance of most
plant-parasitic nematodes (PPNSs) is low, and they

become inactivated at high temperatures (Dwinell
1990). Therefore, the over-summering of PPNs in
warm climates, such as the Fasa region, seems
more important than their overwintering, as shown
in the present study, where a low population of
nematodes occurred during the summer (Fig. 1).

The citrus nematode population peaked twice
during this study, which can be attributed to
nematode generations. The first peak occurred in
spring, and the second, which was higher in
population, occurred in late autumn and early
winter (Fig. 1). During the first peak, soil
temperature was 23°C, a temperature favorable for
the penetration and development of the nematode
(Fig. 1) (O’Bannon et al. 1966). In this study, soil
temperature was estimated based on air temperature
to investigate the relationship between fluctuations
in the population of the citrus nematode and soil
temperature. The estimated temperatures may
slightly differ from actual values; however, this
discrepancy does not affect the number or timing of
nematode population peaks. The applicability of
this approach depends on the objective of the
experiment. In certain studies, such as examining
the effect of soil solarization in nematode
management, this method is not recommended due
to the crucial role of both air and soil temperatures
in nematode populations. In such cases, directly
measuring the temperature of the soil surface and at
various depths is essential.

Table 1. Estimation of mean monthly soil temperature at a depth of 5, 10 and 20 cm, using mean
monthly air temperature in Fasa region, Fars province, from 2019 to 2020.

Time (month)

TemperatureJan-19Mar-19Apr-19May-19Jun-19Jul-19Aug-19Sep-190ct-19Nov-19Dec-19Jan-20Feb-20

AT 9.8 154
ST5cm 12,7 17.7
ST10cm 145 19.2
ST20cm 16.8 20.8
Mean ST 146 19.2

205 278 319 311 285 239
223 289 325 318 295 253
235 296 331 324 302 263
244 296 325 319 300 26.8
234 293 327 32.0 299 26.2

154 100 80 81 122
177 128 110 111 1438
192 146 130 13.0 165
208 17.0 155 156 185
19.2 148 132 133 16.6

AT: Monthly air temperature (mean) in Fasa region retrieved from Fars Meteorological Office (2022).
ST: Estimated soil temperature (monthly mean) at a depth of 5, 10 and 20 cm using the equations y = 0.9x + 3.83, y = 0.842x +

6.224, and y = 0.708x + 9.871, respectively (Islam et al. 2015).

In addition to favorable temperatures during the
first peak, the frequent initiation of new fibrous root
growth (every 4 to 6 weeks) and high carbohydrate
concentration during spring may have played roles
as potential triggers for increasing nematode
density on the young roots. This situation might be
considered the most suitable for citrus nematode
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penetration and reproduction (Cohn 1964, Hamid et
al. 1989). The carbohydrate content in citrus
fibrous roots begins to increase in autumn and
peaks in late autumn and early winter, which
coincides with the second peak in the present study
(Hamid et al. 1985, Duncan & Eissenstat 1993).
Population changes of the citrus nematode were
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studied in the Khafr region of Fars province, where
the highest population density of the nematode was
found in October (Sharafen 1972). Maafi and
Kheiri (1991) observed the highest number of J2s
of the citrus nematode as two peak populations in
spring (May-July) and late summer (September) in
Hormozgan province. These results are somewhat
consistent with the results of the present study. The
peak of T. semipenetrans population in soil was
recorded in July and August in northern Iran and
the lowest in autumn and winter (Tanha Maafi &
Damadzadeh 2008). The timing of the peak of
nematode populations varies. However, the soil
temperature at the time of the first peak in our study
and the peak of the citrus nematode population in
the north were almost the same (23°C) (Fig. 1 and
Table 1). Another difference between the present
survey and the northern study (Tanha Maafi &
Damadzadeh 2008) was the number of peaks,
which was two and one, respectively. The main
reason for this discrepancy is probably related to
environmental conditions, especially temperature.
The average soil temperature in winter was higher
in the Fasa region (14°C) than in the study carried
out in the north (6.5°C) (Tanha Maafi &
Damadzadeh 2008, Farsmet 2020). This provides
suitable conditions for the nematode to reproduce,
allowing the nematode to reach its second peak in
the present study.

It was also reported that the population of citrus
nematode increases in winter. A study conducted in
South Africa showed that in areas with summer
rains, the J2 population of the citrus nematode
peaked after each rooting period in spring, summer,
and autumn. However, in areas with winter
precipitation (e.g., Fasa city), seasonal fluctuations
in carbohydrate flux and temperature, seem to be
more effective than the timing of rooting. In such
regions, the J2 population begins to increase with
the onset of precipitation and then peaks in winter
(Le Roux 1995).

The results of the present study showed that the
slope of the citrus nematode population line was
positive (Fig. 1). This means that the nematode
population may increase annually followed by a
slow decline, the well-known nematode symptom,
occurs over time. Citrus root proved to be a safe
harborage for nematodes during environmental
changes, especially extreme moisture (Le Roux
1995). The lower fluctuation of the root nematode
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population compared to soil nematodes (Fig. 1)
suggests that root nematodes are less affected by
environmental conditions such as drought (Duncan
& El-Morshedy 1996).

Our results showed that the citrus nematode
population decreased with increasing distance from
the tree trunk, which is consistent with other studies
(Duncan 1986). A direct relationship between
nematode counts and root density (Duncan et al.
1993) was confirmed by our results as well.

As claimed by other researchers, hatching of the
citrus nematode eggs in vitro takes 12-24 days.
After that, the hatched J2s were attracted to the root
exudates (Timmer et al. 2000). After completion of
the juvenile stages and formation of immature
females, invasion of the root interior and formation
of nurse cells occurs. The egg-to-egg life cycle of
T. semipenetrans on sweet orange seedlings (C.
sinensis), sour orange (C. aurantium) and Troyer
citrange (C. sinensis x Poncirus trifoliata) lasts 6-8
weeks (Van Gundy 1958), 8 weeks, and 9 weeks,
respectively (Tanah Maafi & Damadzadeh 2008).
However, T. semipenetrans can survive as eggs in
the absence of citrus trees; in the absence of a host,
citrus nematode has been detected in the soil for up
to nine years (Van Gundy et al. 1967).

It appears that the life cycle of the citrus
nematode in Fasa region begins when soil
temperatures fall in late summer. Then, surviving
eggs from the summer hatch, and in September,
favorable conditions such as root exudates attract
the J2s to the roots of citrus trees. As mentioned
earlier, the life cycle of this nematode lasts between
one and two months (Van Gundy et al. 1964,
Tanah Maafi & Damadzadeh 2008). Thus, invading
nematodes complete their life cycle in the roots of
citrus plants after September. Consequently, the
peak population of root nematodes was detected in
the following months (October-November) (Fig. 1).
In November, however, not only the soil population
did not increase significantly, but in some cases, it
even decreased slightly (two out of three replicates;
B & C), indicating that the nematode population
had invaded the roots at this time. After the females
matured, the root nematodes laid their eggs in the
soil, so most of the soil nematodes found in
December. The newborn individuals then re-invade
the citrus roots in December and January. It takes
about two months for this peak to complete.
Finally, another peak of the total nematode
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population might be reached in May (Fig. 1).

In  summary, the citrus nematode T.
semipenetrans is capable of completing its life
cycle within two months and possibly producing
multiple peaks (or generations) per year. However,
the phenology of citrus trees and the environmental
conditions including soil temperature and moisture,
as well as seasonal carbohydrate flux in the roots of
citrus trees in Fasa, Fars province were not
favorable for the completion of all cycles.
Therefore, the nematode completes only two peaks
per year. The first peak population occurs in late

May and the second in November-December. It is
strongly recommended that management measures
against this pathogen be implemented during these
two periods. The results of this study can be applied
in citrus orchards in other areas with similar citrus
varieties and environmental conditions.
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