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Abstract 
The citrus nematode, Tylenchulus semipenetrans is one of the most damaging plant parasitic nematodes 

(PPNs), affecting citrus and causing substantial yield losses worldwide. An extensive survey was 

carried out for the infestation of PPNs associated with citrus orchards during 2021-25. Soil and root 

samples were collected from 210 citrus orchards represents six different districts of Haryana. Samples 

were processed by Modified Baermann Funnel Technique (MBFT), and nematodes were identified to 

genus or species using morphological keys. Five genera were recorded, with T. semipenetrans (35.7% 

of orchards) was found to be more abundant followed by Hoplolaimus and Helicotylenchus. Out of 210 

samples from citrus orchards were collected, 75 samples were found infested with T. semipenetrans 

with a 35.7% frequency of occurrence. Highest frequency of occurrence was observed in Sirsa (44.0%) 

followed by Fatehabad (40.0%), Hisar (38.0%), Jind (35.0%), Bhiwani (30.0%), and Sonipat (20.0%). 

Other PPNs which were found associated with citrus belonged to Meloidogyne incognita (17.3%), 

Pratylenchus spp. (14.0%), Hoplolaimus sp. (28.5%), Helicotylenchus sp. (20.5%). Overall in five 

years surveyed data, a total 75 sample were found infested with T. semipenetrans and 47 were above 

economic threshold level (ETL) in different districts. The findings provide a baseline pest inventory 

that can guide nematode management recommendations for citrus growers in the region. 
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Introduction 
Citrus is among the top 10 economically important crops in terms of total global fruit yield 

and ranks first in international fruit trade in terms of value. Although, citrus is native to East 

Asia, currently, it is grown all over the world particularly in tropical, subtropical and 

Mediterranean climatic regions on more than 10 million hectares of land [1]. In India, citrus 

cultivation particularly of mandarin, sweet orange and acid lime is widely practiced in 

several states including Haryana, where favorable agro-climatic conditions support orchard 

establishment and productivity. In Haryana, citrus is grown on 25,176.3 hectare with 

production of 3,59,084 MT [2]. The biotic and abiotic factors were found to be responsible for 

yield loss in citrus. Among these, biotic factors such as plant parasitic nematodes (PPNs), 

bacteria, fungi, viruses, etc., play a crucial role in yield loss through the generation of several 

diseases.  

Nematodes that infest citrus are obligate parasites classified into different ecological groups. 

These include sedentary semi-endoparasites (Tylenchulus semipenetrans), migratory 

endoparasites (Pratylenchus spp. and Radopholus citrophilus) and ectoparasites (Xiphinema 

spp., Trichodorus spp., Paratrichodorus spp., Hemicycliophora spp., Criconemoides spp., 

and Belonolaimus longicaudatus) [3]. Among them, T. semipenetrans that specifically attacks 

the roots of citrus plants, causes the disease complex known as “slow decline.” This 

nematode is widely distributed in Indian citrus orchards, including those of Haryana, and has 

been reported as a key factor limiting root development, nutrient and water uptake, tree vigor 

and fruit yield [4]. 

T. semipenetrans is a sedentary endoparasite that invades the root system, causing slow 

decline symptoms, including reduced root function, stunted growth, leaf chlorosis and poor 

fruit set.  
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Infected trees experience lower nutrient and water uptake, 

leading to a decline in fruit quality and yield [5]. Severe 

infestations can cause substantial economic losses, with 

yield reductions ranging from 10-30%, depending on 

nematode population density and environmental conditions 
[6]. In India, T. semipenetrans causes 27% yield reductions 

with monetary losses of Rs. 9828 million in citrus crops [7].  

By implementing effective management strategies, it is 

possible to reduce the negative effects of nematodes and 

enhance agricultural productivity in Haryana. This part of 

Haryana is an important citrus producing area but an 

investigation of nematode pests of the crop is absent. This 

reason necessitated this work in order to identify the 

possible nematode affecting citrus production in Haryana in 

order for farmers and the authorities concerned to carry out 

the measures required to reduce their negative effect. 

Ongoing surveys and research are essential for 

understanding their diversity, distribution, and impact on 

agriculture. Therefore, to understand the severity of PPNs, 

an extensive survey was conducted to assess the frequency 

and abundance of PPNs associated with citrus in Haryana, 

particularly in the Hisar, Fatehabad, Sirsa, Jind, Bhiwani 

and Sonipat districts, during 2021-2025.  

 

Materials and Methods 

Surveys were conducted in the major citrus growing villages 

of districts of Jind, Hisar, Bhiwani Fatehabad, Sirsa and 

Sonipat districts of Haryana during 2021-2025. Soil and root 

samples of citrus plants exhibiting nematode symptoms 

were collected and analyzed for PPNs (Plate 1). Using soil 

auger, random sampling method was used for collecting soil 

from rhizosphere of citrus at depth 0-45 cm. Composite 

samples of soil and root were collected randomly from 

rhizosphere of disease infected citrus plants. A 

questionnaire was filled out in the survey field to obtain data 

like as the farmer’s name, crop variety, crop history, 

diseases and management of crops. Soil samples were 

collected in polythene bags, labeled, handled and 

refrigerated at 7-100C before processing. Data on nematode 

population densities were analyzed to assess the average 

density of each nematode species, and frequency of 

occurrence in each district.  

 

Extraction of nematodes from samples 

Soil sample of 200 cc was processed using Cobb’s sieving 

and decanting method [8] followed by Modified Baermann 

Funnel Technique (MBFT) for extraction of nematodes [9] 

using 300 mesh sieve. A bank of 20, 100 and 300 mesh 

sieves was used for washing soil samples. Killing and fixing 

of nematodes was done by adding boiling fixative (8% 

formalin) to nematode suspension. The nematode 

suspension further processed by glycerol ethanol method for 

identification of nematodes. The suspension of nematodes 

obtained from roots and soil was investigated with the help 

of a stereomicroscope after incubation of 48h. One ml 

sample of nematode pipetted into a nematode counting plate 

and placed under a stereomicroscope for calculation. The 

event repeated for trice and the mean value ascertained. 

 

Results and Discussion 

Survey of Jind, Hisar, Bhiwani, Fatehabad, Sirsa and 

Sonipat districts of Haryana were conducted for the 

presence of PPNs during 2021-2025. Soil samples were 

collected from different locations along with roots. The 

samples were analyzed as per the standard protocol. A total 

of 210 samples from citrus fields were collected, 75 samples 

were found infested with T. semipenetrans with a 35.7% 

frequency of occurrence (Table 1). Highest frequency of 

occurrence was observed in Sirsa (44.0%) followed by 

Fatehabad (40.0%), Hisar (38.0%), Jind (35.0%), Bhiwani 

(30.0%), and Sonipat (20.0%). Other PPNs which were 

found associated with citrus belonged to M. incognita 

(17.3%), Pratylenchus spp. (14.0%), Hoplolaimus sp. 

(28.5%), Helicotylenchus sp. (20.5%). Overall in five years 

surveyed data, a total 75 sample were found infested with T. 

semipenetrans and 47 were above economic threshold level 

(ETL) in different districts. Among all the isolated PPNs, T. 

semipenetrans was found to be more abundant followed by 

Hoplolaimus sp. and Helicotylenchus sp. Our results 

emphasize the importance of pre-plant population density on 

nematode population dynamics. 

The results revealed that out of 60 samples from Jind 

district, 21 were found infested with T. semipenetrans with 

35.0% frequency of occurrence and density range of 75-285 

J2s/200 cc soil. In Hisar district, this nematode had 38.0% 

frequency of occurrence (19 out of 50 samples) with density 

range of 165-340 J2s/200 cc soil (Fig 1). A total of 40 

samples were collected from Bhiwani district. Out of these 

samples, 12 were found infected with M. incognita with 

30.0% frequency of occurrence. In Sirsa and Sonipat 

districts, this nematode had 44.0 and 20.0% frequency of 

occurrence, respectively. Results of this study suggest that 

moisture availability in surface soils of these regions could 

be a major determinant of the population differences in 

different districts of Haryana. 

Survey results indicated that T. semipenetrans was the 

predominant problem, particularly in Kinnow than lemon 

orchards. T. semipenetrans was found to be significantly 

present in citrus orchards, along with other PPNs such as 

Tylenchorhynchus spp., Helicotylenchus spp., Hoplolaimus 

spp., Rotylenchus reniformis and Pratylenchus spp. 

whereas, M. incognita was recorded only in Sirsa district. 

The citrus nematode is prevalent in higher densities in citrus 

(kinnow) growing particularly Sirsa and Fatehabad 

[10&11]. A random survey undertaken in the major citrus 

growing districts of south-west Haryana for the associated 

nematodes in citrus rhizosphere soil and root samples 

showed the presence of PPNs, mainly T. semipenetrans, 

Pratylenchus coffeae, Paratrichodorus mirzai, Hoplolaimus 

indicus, Helicotylenchus dihystera, Tylenchorynchus 

mashhoodi, Longidorus siddiqi and Xiphinema americanum 
[11]. 
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Fig 1: Districts wise distribution of Tylenchulus semipenetrans infecting citrus 

 

 
 

Plate 1: Tylenchulus semipenetrans infected citrus roots collected from the farmer’s fields during the survey 

 

Khanzada et al. [12] accessed the incidence and distribution 

of citrus nematode in different major citrus growing areas of 

Punjab (Pakistan). Soil and root samples were collected 

from different citrus varieties comprising Feutrell’s Early, 

Grapefruit, Kinnow, Lemon, Malta, Mitha, Musambi and 

Orange. A total of 604 samples containing mixed population 

of 21 genera and 25 species of PPNs were analyzed. Root-

knot nematodes (M. incognita and M. javanica) with 36-

62% frequency of occurrence, respectively, were the most 

frequently encountered nematodes. The citrus nematode (T. 

semipenetrans) had 94% frequency of occurrence on citrus 

trees, while the golden potato cyst nematode (Globodera 

rostochiensis) had a high (54%) frequency of occurrence on 

potato in El-Behera governorate [13]. Kinnow was the most 

infested by nematode with mean population 1161 while 

sweet orange was the least infested with 595 nematodes, in 

all localities. Maximum nematode population density in 

healthy and declining orchards was recorded in Kot Momin 

that was 2600 and 946 nematodes per 50 ml of soil, 

respectively. The lowest mean population was recorded in 

Silanwali with 1200 in healthy and 300 in declining 

orchards [14].  

The presence of economically important PPNs in citrus 

fields in different districts of Haryana, deserve serious 

attention by researchers and extension workers. Further 

research is needed to determine the significance of these 

nematodes on citrus and to determine their possible 

interaction with other soil pathogens and the environment. 

This survey provides important background information for 

planning and administering nematode management 

strategies in citrus fields of Haryana. 
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Table 1: Occurrence and population status of citrus nematode, Tylenchulus semipenetrans in different districts of Haryana (2021-2025) 

 

Districts 

Incidence 
GPS 

information 

Frequency of 

occurrence 

(%) 

Density range 

(J2s/200 cc soil) 

Major 

nematode 

identified 

Other PPNs associated with 

crop (%) 
No. of cultivation units 

Surveyed Infected 

Jind 60 21 
N29’274-29’598 

E75’864-76’320 
35.0 75-285 

Tylenchulus 

semipenetrans 

Meloidogyne incognita (17.3), 

Pratylenchus spp. (14.0), 

Hoplolaimus sp. (28.5), 

Helicotylenchus sp. (20.5) 

Hisar 50 19 
N29’267-29’459 

E75’530-76’021 
38.0 165-340 

Bhiwani 40 12 
N28’055-29’055 

E75’713-76’099 
30.0 120-290 

Fatehabad 25 10 
N29’393-29’503 

E75’394-76’616 
40.0 35-260 

Sirsa 25 11 
N29’425-29’499 

E75’092-75’565 
44.0 165-325 

Sonipat 10 2 
N28’943-29’140 

E76’810-77’017 
20.0 155-295 

Total 210 75 - 35.7 35-340 

* Out of 75 samples, 47 were found above ETL (T. semipenetrans) 

 

Conclusion 

In conclusion, this survey establishes a foundation for 

assessing the extent and intensity of these phytoparasitic 

nematode-related challenges, thus aiding in the formulation 

of effective mitigation strategies for sustainable plant health. 

This study illustrated that the citrus field is invaded by 

multiple PPNs in Haryana. The most invasive nematode 

genera are Tylenchulus, Meloidogyne, Pratylenchus, 

Hoplolaimus, and Helicotylenchus. Therefore, additional 

research is required to identify the nematode species on a 

molecular basis so that an appropriate and effective 

management plan may be developed to keep the PPN 

population below the economic threshold and at a 

sustainable level (ETL). On the other, it is a need of the 

hour to disseminate agrarian literacy among the farmers to 

let them educate about hazardous pests like nematodes and 

the importance of organic solutions as an alternative to non-

degradable chemical nematicides. 
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