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			ABSTRACT

		

		
			The study of the population dynamics of citrus nematode (Tylenchulus semipenetrans) in a production area is required for the assessment of damaging potential of the nematode to citrus, identification of key factors that influence population densities, and to devise effective management strategies. In the present study, seasonal fluctuations in the population densities of T. semipenetrans were studied in two citrus orchards naturally infested with citrus nematode during the year 2014. The effect of soil temperature was also evaluated on the populations of the nematode. The nematode populations differed significantly at both the soil depths. The populations were significantly higher at a depth of 30 cm as compared to 45 cm throughout the year at both the orchards. Similarly, females per gram of roots also followed the same pattern. The number of nematodes in the soil and females in the roots were the higher during the months of April to June and August-September showing two peaks throughout the year. The regression analysis between temperature and number of nematodes in the soil and females in the roots showed highly significant results at both the orchards. A direct relationship was observed between nematode population and temperature. Maximum nematode and female populations were observed at a temperature ranging between 26°C to 29°C at a soil depth of 30 cm. On the other hand, minimum populations were recorded at a temperature range of 9°C to 12°C. Similar trends were observed at the soil depth of 45 cm. It is concluded from the present study that the management of nematode including application of nematicides should be started in the spring season, just prior to the first root flush, to protect the new roots from nematode infection.
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			INTRODUCTION

			Citrus fruit ranks in the second position after grapes in the world production of fruits. About 73 million tons of citrus fruits are produced annually in all parts of the tropical world. Pakistan stands in the top ten citrus producing countries of the world with negligible exports. In Pakistan, citrus is the largest group of fruits produced over an area of 176.4 thousand hectares with an annual production of 1688.7 thousand tons. Botanically, citrus is named for the genus in the family Rutaceae and refers to all edible, rootstock and few ornamental species. Common edible fruits include sweet orange, mandarins, grapefruit, lemons, limes, pomelos while the main rootstock species are rough lemon and sour orange. Citrus is enjoyed primarily as either fresh fruit or in the form of juice. 

			Citrus is affected by large number of fungi (Fateh et al., 2017), bacteria (Aslam et al., 2017a, b, 2019a), nematodes (Hussain and Mukhtar, 2019; Kayani et al., 2017; 2018, 2019; Kayani and Mukhtar, 2018; Khan et al., 2017; Mukhtar et al., 2017a, b, 2018; Mukhtar, 2018; Tariq-Khan et al., 2017; Mukhtar and Kayani, 2019), mycoplasmas, viruses and viroids (Ashfaq et al., 2017) and insect pests (Javed et al., 2017a, b; Aslam et al., 2019b) which are considered to be the possible causes of citrus decline. Numerous nematode species are associated with the citrus rhizoshpere. To date, however, relatively few have been shown to be of economic importance. With the notable exception of Tylenchulus semipenetrans Cobb, most nematode species capable of damaging mature citrus tend to be regional or local problems, due either to edaphic conditions or to the natural distribution of a particular nematode. Citrus nematode causes slow decline of citrus and an estimated 7% loss of production (Ahmad et al., 2007; Mukhtar et al., 2006, 2007; Irshad et al., 2012). It often passes unnoticed because the above ground symptoms are not very specific or inconspicuous. The nematodes debilitate the plants and predispose them to other problems (Chaudhry et al., 1992). Being a semi-endoparasite, it grows and multiplies slowly and develops high populations which become problematic. Feeder roots are damaged, rotted and destroyed. Affected trees show reduced terminal growth, chlorosis and shedding of terminal leaves, dieback of branches and considerable reduction in number and size of fruits (Chaudhry et al., 1992). Roots show brownish discoloration and unusual adherence of soil particles at the root surface. Heavily infected fresh roots of citrus may harbor over a hundred nematodes per centimeter of root, causing numerous lesions. The uptake of water and minerals from the soil is reduced and secondary invasion of soil fungi such as Fusarium solani and F. oxysporum aggravate disease infestation. 

			The study of the population dynamics of citrus nematode in a production area is required for the assessment of damaging potential of the nematode to citrus, identification of key factors that influence population densities, and to devise effective management strategies. In the present study, seasonal fluctuations in the population densities of T. semipenetrans were studied in two citrus orchards naturally infested with citrus nematode during the year 2014. The effect of soil temperature was also evaluated on the populations of the nematode.




			Table I.- Population dynamics of citrus nematode (Tylenchulus semipenetrans) during the year 2014 at Site 1 (UAAR).

			
				
					
					
					
					
					
				
				
					
							
							Date of sampling

						
							
							Nematodes at soil depth of 

						
							
							Females at soil depth of

						
					

					
							
							30 cm 

						
							
							45 cm 

						
							
							30 cm 

						
							
							45 cm 

						
					

					
							
							1st January

						
							
							280

						
							
							195

						
							
							8

						
							
							5

						
					

					
							
							16th January

						
							
							308

						
							
							185

						
							
							12

						
							
							8

						
					

					
							
							1st February

						
							
							399

						
							
							265

						
							
							14

						
							
							9

						
					

					
							
							16th February

						
							
							449

						
							
							285

						
							
							14

						
							
							9

						
					

					
							
							1st March

						
							
							669

						
							
							443

						
							
							21

						
							
							14

						
					

					
							
							16th March

						
							
							759

						
							
							485

						
							
							24

						
							
							16

						
					

					
							
							1st April

						
							
							1289

						
							
							795

						
							
							39

						
							
							25

						
					

					
							
							16th April

						
							
							1361

						
							
							927

						
							
							45

						
							
							29

						
					

					
							
							1st May

						
							
							1550

						
							
							996

						
							
							56

						
							
							36

						
					

					
							
							16th May

						
							
							1800

						
							
							1180

						
							
							56

						
							
							37

						
					

					
							
							1st June

						
							
							1692

						
							
							1045

						
							
							53

						
							
							34

						
					

					
							
							16th June

						
							
							1472

						
							
							1011

						
							
							50

						
							
							33

						
					

					
							
							1st July

						
							
							1401

						
							
							910

						
							
							40

						
							
							26

						
					

					
							
							16th July

						
							
							1301

						
							
							846

						
							
							44

						
							
							29

						
					

					
							
							1st August

						
							
							1291

						
							
							820

						
							
							41

						
							
							27

						
					

					
							
							16th August

						
							
							1191

						
							
							792

						
							
							43

						
							
							28

						
					

					
							
							1st September

						
							
							1458

						
							
							1099

						
							
							54

						
							
							35

						
					

					
							
							16th September

						
							
							2024

						
							
							1127

						
							
							58

						
							
							38

						
					

					
							
							1st October

						
							
							1949

						
							
							500

						
							
							26

						
							
							17

						
					

					
							
							16th October

						
							
							1433

						
							
							396

						
							
							19

						
							
							12

						
					

					
							
							1st November

						
							
							711

						
							
							358

						
							
							16

						
							
							10

						
					

					
							
							16th November

						
							
							301

						
							
							300

						
							
							18

						
							
							12

						
					

					
							
							1st December

						
							
							284

						
							
							172

						
							
							11

						
							
							7

						
					

					
							
							16th December

						
							
							218

						
							
							152

						
							
							3

						
							
							2

						
					

				
			



			Table II.- Population dynamics of citrus nematode (Tylenchulus semipenetrans) during the year 2014 at Site 2 (Khanpur).

			
				
					
					
					
					
					
				
				
					
							
							Date of sampling

						
							
							Nematodes at soil depth of 

						
							
							Females at soil depth of

						
					

					
							
							30 cm 

						
							
							45 cm 

						
							
							30 cm 

						
							
							45 cm 

						
					

					
							
							1st January

						
							
							336

						
							
							212

						
							
							11

						
							
							7

						
					

					
							
							16th January

						
							
							380

						
							
							238

						
							
							13

						
							
							8

						
					

					
							
							1st February

						
							
							516

						
							
							324

						
							
							17

						
							
							11

						
					

					
							
							16th February

						
							
							532

						
							
							336

						
							
							18

						
							
							11

						
					

					
							
							1st March

						
							
							770

						
							
							484

						
							
							26

						
							
							16

						
					

					
							
							16th March

						
							
							858

						
							
							540

						
							
							30

						
							
							19

						
					

					
							
							1st April

						
							
							1450

						
							
							914

						
							
							52

						
							
							33

						
					

					
							
							16th April

						
							
							1380

						
							
							868

						
							
							51

						
							
							32

						
					

					
							
							1st May

						
							
							1864

						
							
							1174

						
							
							64

						
							
							40

						
					

					
							
							16th May

						
							
							1910

						
							
							1204

						
							
							65

						
							
							41

						
					

					
							
							1st June

						
							
							1916

						
							
							1208

						
							
							68

						
							
							43

						
					

					
							
							16th June

						
							
							1848

						
							
							1164

						
							
							64

						
							
							40

						
					

					
							
							1st July

						
							
							1510

						
							
							952

						
							
							50

						
							
							32

						
					

					
							
							16th July

						
							
							1492

						
							
							940

						
							
							49

						
							
							31

						
					

					
							
							1st August

						
							
							1632

						
							
							1028

						
							
							56

						
							
							35

						
					

					
							
							16th August

						
							
							1650

						
							
							1040

						
							
							57

						
							
							36

						
					

					
							
							1st September

						
							
							1822

						
							
							1148

						
							
							63

						
							
							40

						
					

					
							
							16th September

						
							
							1942

						
							
							1224

						
							
							65

						
							
							41

						
					

					
							
							1st October

						
							
							880

						
							
							554

						
							
							31

						
							
							20

						
					

					
							
							16th October

						
							
							810

						
							
							510

						
							
							29

						
							
							18

						
					

					
							
							1st November

						
							
							568

						
							
							358

						
							
							21

						
							
							13

						
					

					
							
							16th November

						
							
							618

						
							
							390

						
							
							22

						
							
							14

						
					

					
							
							1st December

						
							
							436

						
							
							274

						
							
							16

						
							
							10

						
					

					
							
							16th December

						
							
							284

						
							
							178

						
							
							11

						
							
							7

						
					

				
			



			Materials and Methods

			The fluctuations in the populations of citrus nematode in soil and roots were studied in two naturally infested citrus orchards in the Pothowar Region of Pakistan. The orchards were located at the University of Arid Agriculture Rawalpindi and Khanpur which were about 60 kilometers away from each other. The orchards were under cultivation for the last 15 years. Root and soil samples were taken from these two citrus orchards at 15 days interval from January 2014 to December 2014 as described by Iqbal et al. (2014a). Samples were collected from five randomly selected plants from each orchard, each weighing about 1 kg with the help of soil sampler at the depths of 30 and 45 cm from root zone. The samples from each tree were placed in polyethylene bags separately. Samples of feeder roots were also taken. Soil temperature was recorded at the time of sampling. Samples were taken at a distance of 120 cm from the tree trunks. The samples were immediately brought to the laboratory and processed for further evaluation (Iqbal et al., 2004a). 

			[image: ]

			Fig. 1. Relationship between monthly mean temperature and nematode population (A) at site 1, number of females (B) at site 1, nematode population (C) at site 2, number of females (D) at site 2.

			Juveniles of T. semipenetrans were extracted from the soil samples by modified Whitehead and Hemming tray method (Whithead and Hemming, 1965). One gram of fresh feeder roots from each sample was taken out and carefully washed under gentle stream of water to remove soil particles, stained in acid fuchsin lactophenol. The stained roots were macerated in a blender for 30 seconds. The root suspensions were sieved through 100 and 325 mesh sieves into beakers. The materials were then centrifuged to concentrate the females in a volume of 10 ml. The suspensions from each sample were placed in counting dishes and females were counted under stereomicroscope and expressed as number of females per gram of roots (Iqbal et al., 2014a).

			The linear relationships between mean monthly number of nematodes in the soil and females per gram of roots and mean monthly temperature were calculated in Microsoft Excel 2007 by taking mean monthly temperature as independent variable (x) and nematode and female numbers as dependent variables (y).

			Results

			The nematode populations differed significantly at both the soil depths. The populations were significantly higher at a depth of 30 cm as compared to 45 cm throughout the year at both the orchards. Similarly, females per gram of roots also followed the same pattern. The number of nematodes in the soil and females in the roots were the higher during the months of April to June and August, September showing two peaks throughout the year as shown in Tables I and II.

			The regression analysis between temperature and number of nematodes in the soil and females in the roots showed highly significant results at both the orchards. A direct relationship was observed between nematode populations and temperature. Maximum nematode and female populations were observed at a temperature ranging between 26°C to 29°C at a soil depth of 30 cm. On the other hand, minimum population was recorded at a temperature range of 9°C to 12°C. Similar trends were observed at the soil depth of 45 cm as shown in Figure 1.

			Discussion

			Citrus nematode is widespread in the world. Since its first report in roots of citrus trees in California in 1912, its occurrence has been reported from all over the major citrus growing regions of the world. The population density of T. semipenetrans has been reported to fluctuate throughout the year (Sweelam, 1995; Singh, 1999; Sorribas et al., 2000) and often exhibits two distinct periods of growth (Duncan and Noling, 1987; Al-Qasem and Abu-Gharbieh, 1995). O’Bannon et al. (1972) found that peak populations developed during corresponding periods of increased root growth that occurred in April-May and November-December. Infection and subsequent population cycles are restricted to primary roots because citrus nematodes feed only in the cortex of primary roots (Van Gundy and Kirkpatrick, 1964). Vilardebo (1964), Iqbal et al. (2004a) and Al-Azzeh and Gharbieh (2005) also recognized two high and low population periods. Several other investigators observed some seasonal variations (Yokoo, 1964; Prasad and Chawla, 1965); however, Cohn (1966) found no correlation between population fluctuations in Israel. Duncan and Cohn (1990) found that population densities of citrus nematode generally increase in autumn and spring, presumably in response to flushes in the growth of new fibrous roots on which the nematode feeds. Duncan et al. (1993), however, found that root availability did not adequately explain population decline in nematode levels in summer, since root mass density increased by 75% during that period. Amylytic activity in homogenates of the juveniles of T. semipenetrans and reduced starch levels in the nurse cells compared to surrounding cortical cells suggest that starch is a nutrient source for the nematode (Cohn, 1965). Citrus fruits represent a major carbohydrate sink with which the nematode must compete. During summer, available carbohydrates in the roots are relatively low, which can be linked to nematode population decline due to high carbohydrate demand by fruit (Duncan and Eissenstat, 1993). Dry-matter accumulation by fruit is nearly complete by midsummer, coincident with the beginning of nematode population growth (Duncan et al., 1993).

			Citrus nematode occurs over a wide range of soil conditions throughout the world. Certain soil factors readily influence infection and reproduction. Van Gundy et al. (1964) found that growth and reproduction of citrus nematodes occurred on citrus seedlings in soils containing 50% clay. The rate of reproduction, however, was significantly lower in soils of 50% clay than in soils containing 5, 15 or 30% clay. Generally, citrus nematode invasion and reproduction is slower in very sandy, coarse-textured soils than in other soil types (Vilardebo, 1963; Van Gundy et al., 1964; O’Bannon, 1968; Baines, 1974; Ahmad et al., 2007; Iqbal et al., 2007). Soils containing organic matter up to 9% favored infection and rapid increase in nematodes that resulted in early damage. Van Gundy (1958) found that organic debris created a thin protective cover over citrus roots that enhanced nematode infectivity. Soil type apparently has little influence on citrus nematode migration. Baines (1974) and Tarjan (1971) found that nematode mobility in various soils was limited. Pandey et al. (2004) observed fluctuation of T. semipenetrans populations at different soil pH levels. Maximum population of male was recorded at pH 7.4-7.6. Female population was the maximum at pH 7.8, and the larval population increased at pH 7.6. Maximum total population of the nematode was observed at pH 7.4-7.8; optimum pH for maximum population (male, female, larva, and total) was 7.6.

			Conclusions

			It is concluded from the present study that population of citrus nematode showed wide variations throughout the season. The number of nematodes in the soil and females in the roots were the higher during the months of April to June and August to September showing two peaks throughout the year corresponding to the appearance of new flushes. This means that the management of nematode including application of nematicides (Ahmad et al., 2004; Iqbal et al., 2004b, 2005a, b) should be started in the spring season, just prior to the first root flush, and continue during the growing season to protect the new roots from nematode infection.
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The study of the population dynamics of citrus nematode (Iylenchulus semipenetrans) in a production fly;ctyations. Citrus nematode. Path-

area is required for the assessment of damaging potential of the nematode to citrus, identification of key
factors that influence population densities, and to devise effective management strategies. In the present

ogenicity, Pothowar region.

study, seasonal fluctuations in the population densities of T. semipenetrans were studied in two citrus DOI: http:// dX.dOi.Ol‘g/ 10.17582/
orchards naturally infested with citrus nematode during the year 2014. The effect of soil temperature joumal.p] 7/2019.51.6.2257.2263

was also evaluated on the populations of the nematode. The nematode populations differed significantly ',
at both the soil depths. The populations were significantly higher at a depth of 30 cm as compared to

Corresponding author: saeed-

45 c¢m throughout the year at both the orchards. Similarly, females per gram of roots also followed the kalvill14@gmail.com

same pattern. The number of nematodes in the soil and females in the roots were the higher during the 0030-9923/2019/0006-2257 $
months of April to June and August-September showing two peaks throughout the year. The regression 9.00/0

analysis between temperature and number of nematodes in the soil and females in the roots showed highly ~° . . .
significant results at both the orchards. A direct relationship was observed between nematode population Copyright 2019 Zoological Society
and temperature. Maximum nematode and female populations were observed at a temperature ranging of Pakistan

between 26°C to 29°C at a soil depth of 30 cm. On the other hand, minimum populations were recorded

at a temperature range of 9°C to 12°C. Similar trends were observed at the soil depth of 45 cm. It is

concluded from the present study that the management of nematode including application of nematicides

should be started in the spring season, just prior to the first root flush, to protect the new roots from

nematode infection.

INTRODUCTION

Citrus fruit ranks in the second position after grapes
in the world production of fruits. About 73 million
tons of citrus fruits are produced annually in all parts of
the tropical world. Pakistan stands in the top ten citrus
producing countries of the world with negligible exports.
In Pakistan, citrus is the largest group of fruits produced
over an area of 176.4 thousand hectares with an annual
production of 1688.7 thousand tons. Botanically, citrus is
named for the genus in the family Rutaceae and refers to
all edible, rootstock and few ornamental species. Common
edible fruits include sweet orange, mandarins, grapefruit,
lemons, limes, pomelos while the main rootstock species
are rough lemon and sour orange. Citrus is enjoyed
primarily as either fresh fruit or in the form of juice.
Citrus is affected by large number of fungi (Fateh
et al., 2017), bacteria (Aslam et al., 2017a, b, 2019a),
nematodes (Hussain and Mukhtar, 2019; Kayani ef al.,
2017; 2018, 2019; Kayani and Mukhtar, 2018; Khan et
al., 2017; Mukhtar et al., 2017a, b, 2018; Mukhtar, 2018;
Tarig-Khan et al., 2017; Mukhtar and Kayani, 2019),
mycoplasmas, viruses and viroids (Ashfaq et al., 2017)

and insect pests (Javed ef al., 2017a, b; Aslam ef al.,
2019b) which are considered to be the possible causes of
citrus decline. Numerous nematode species are associated
with the citrus rhizoshpere. To date, however, relatively
few have been shown to be of economic importance.
With the notable exception of Tylenchulus semipenetrans
Cobb, most nematode species capable of damaging
mature citrus tend to be regional or local problems, due
either to edaphic conditions or to the natural distribution
of a particular nematode. Citrus nematode causes slow
decline of citrus and an estimated 7% loss of production
(Ahmad et al., 2007; Mukhtar et al., 2006, 2007; Irshad
et al., 2012). It often passes unnoticed because the above
ground symptoms are not very specific or inconspicuous.
The nematodes debilitate the plants and predispose them
to other problems (Chaudhry ef al., 1992). Being a semi-
endoparasite, it grows and multiplies slowly and develops
high populations which become problematic. Feeder
roots are damaged, rotted and destroyed. Affected trees
show reduced terminal growth, chlorosis and shedding
of terminal leaves, dieback of branches and considerable
reduction in number and size of fruits (Chaudhry et al.,
1992). Roots show brownish discoloration and unusual
adherence of soil particles at the root surface. Heavily
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