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Abstract 
Showkat, J.K. and M.R.M. Saeed. 2026. Occurrence of Potato Cyst Nematode (Globodera spp.) as a Threat to the Potato 
Crop in Yemen. Arab Journal of Plant Protection, 44(2):173-182. https://doi.org/10.22268/AJPP-001384  

The potato cyst nematode (PCN) (Globodera spp.) was previously regarded as the most detrimental pest to potatoes, causing serious 
crop losses worldwide. Despite the significance of PCNs, there is currently no data available on their prevalence or the extent of their impact 
on Yemeni potato cultivation. Therefore, this investigation was conducted to investigate the distribution and population density of this pest in 
the major potato production regions in Yemen and assess potato yield loss caused by it. During the 2023 production season, a total of 455 soil 
samples were collected from 145 fields located in 30 regions in Amran, Dhamar, and Ibb governorates. Cysts were extracted using the Fenwick 
can technique. The results obtained showed that PCNs were detected in all surveyed regions, except for the Daaf region in the Dhamar 
governorate. This nematode was recovered from 121 fields (83.4%) with densities ranging from 3 to 1,340 cysts/200 g of soil. The highest 
mean frequency of occurrence (100%), population density, cyst viability, and soil infestation level (SI) were recorded in the Ibb governorate, 
whereas the lowest mean frequency of occurrence (21.8%), population density, and soil infestation level were recorded in Dhamar governorate. 
The results obtained also showed significant variation in the mean SI levels of PCN across most of the surveyed fields within regions, in 
addition to their differences between regions within the governorates. Mean SI levels ranged from 1.4 to 190.3 eggs and juveniles/g soil, 
resulting in an estimated average yield loss ranging from 0.2 to 26.2 t/ha. The results of soil infestation levels with potato cyst nematodes 
recorded at seven sites in Ibb Governorate and one site in Amran Governorate revealed levels far exceeding the economic damage threshold, 
leading to severe yield losses and the failure of potato cultivation in these areas. Thus, there is an urgent need to provide farmers with an 
appropriate strategy for PCN management. 
Keywords: Globodera, PCNs, distribution, density, yield loss.  
 
Introduction1 
 
Potato is one of the important crops that people in developing 
countries depend on as a primary source of food (FAO, 
2018). Potatoes are rich in potassium, phosphorus, 
magnesium, vitamin C, and dietary antioxidants. The 
cultivation of potatoes as a food crop has the potential to 
fulfill the four essential criteria for food security: availability, 
quality, accessibility, and stability (Ahmadu et al., 2021). 
Potatoes are considered one of the most promising crops in 
the fight against hunger and poverty (Thomas & Sansonetti, 
2009). It is grown in around 140 countries, with more than 
100 of them located in tropical and subtropical regions 
(FAOSTAT, 2022).  

In Yemen, potato is an important vegetable crop and are 
considered one of the most essential crops for nutrition 
security, in addition to being an important source of income. 
In 2021, potatoes were cultivated on more than 17018 
hectares, yielding approximately 347377 metric tons. The 
crop was initially planted in the Taiz and Ibb governorates in 
the southern regions of Yemen, before spreading to other 
highland zones located at 1,000 and 2,800 meters above sea 
level (Al Rahomy & El Girshi, 1986). Amran, Dhamar, and 
Ibb governorates produced more than 82.6% of total 
production, with 9.3, 41.0 and 32.3%, respectively 
(Anonymous, 2021). Recently, farmers have increasingly 
expressed concerns about declining potato production in the 
main potato production areas in Yemen. The decline was 

 
https://doi.org/10.22268/AJPP-001384  
© 2026 Arab Society for Plant Protection  الجمعیة العربیة لوقایة النبات 

attributed to a high incidence of PCN infection, which has 
led to a complete failure of potato production in some 
regions. 

More than 4100 plant parasitic nematodes species 
(PPNs) have been described (Decraemer & Hunt, 2006), and 
they are reported to cause an annual crop loss of around 80-
118 billion dollars worldwide (Nicol et al., 2011; Sasser & 
Freckman, 1987). Jensen et al. (1979) documented the 
existence of approximately seventy PPN species belonging 
to twenty-four genera that are associated with the potato 
crop. Several of them are significant factors restricting potato 
production and tuber quality in several potato-producing 
regions, while others may cause minor injuries and have 
local importance (Imren, 2018; Lima et al., 2018; Maleita et 
al., 2018; Orlando et al., 2020). Two of those species, the 
pale cyst nematode Globodera pallida (Stone, 1973) and the 
golden cyst nematode G. rostochiensis (Wollenweber, 1923), 
cause significant yield loss to potatoes (CABI/EPPO 2020a; 
CABI/EPPO 2020b; Turner & Evans, 1998). Both species 
originated from south America's Andean mountains, where 
they coevolved with their solanaceous host plants (Evans & 
Stone, 1977). They were introduced into Europe around 1850 
as collections of potato tubers brought to breed for resistance 
to potato late blight caused by Phytophthora infestans (Evans 
et al., 1975; Jones, 1970; Mai, 1977). According to Evans & 
Stone (1977), PCNs are likely to spread from Europe to other 
nations via transported seed tubers or breeding materials. 
Currently, they are prevalent in all European potato-growing 
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regions, particularly on the Balkan peninsula (Oro, 2011). 
Both PCN species are classified as quarantined pests in over 
100 countries and are subjected to harsh regulatory 
procedures when detected (EPPO, 2017). PCNs have been 
documented in potato-growing regions across Europe, South 
America, and parts of Asia, North America, Oceania, and 
Africa (EPPO, 2020).  

In the Middle East, both species are found in Algeria, 
Cyprus, Iran, Pakistan, and Tunisia. G. rostochiensis is found 
in Egypt, Lebanon, Libya, Oman and Türkiye, whereas G. 
pallida is exclusively found in Morocco (EPPO, 2020). In 
Algeria, PCNs have been recorded for the first time in 1953 
and it was established into many regions of this country 
(Frezal, 1954; Scotto La Massese, 1961). Since that period, 
PCNs have spread quickly to become a major limiting factor 
to potato production in several important potato production 
localities (Mezerket et al. 2018; Tirchi et al., 2016). In 
Tunisia, PCNs were first detected in the northern area in 
1977 (Mai, 1977). A study conducted by Hlaoua et al. (2008) 
revealed that PCNs were found in 37.28% of fields surveyed 
across several locations. According to Hajjaji et al. (2021), 
Globodera pallida was detected with low prevalence in 
Berkane in the east and Gharb and Doukkala in the west of 
Morocco. The golden cyst nematode G. rostochiensis was 
detected on potatoes in El-Nobarria, El-Behera governorate 
in northern Egypt. The frequency of occurrence was 44%, 
with an average density of 284 cyst nematode 2nd stage 
juveniles/250 cm3 ml of soil (Ibrahim et al., 2017). PCN was 
recorded for the first time in Rayak, Lebanon, in 2000 
(Ibrahim et al., 2000). An extensive survey was conducted to 
study the distribution of PCN in different regions of Bekaa 
Valley, Lebanon. The results showed that cysts were found 
in 76.25% of the samples collectedwith egg counts ranging 
from 0 to 5.3 eggs/g soil (Kachacha et al., 2020). In the 
Republic of Yemen, a recent study presented a new record of 
PCN species in the major potato-growing regions of Amran, 
Dhamar, and Ibb governorates (Saeed & Showkat, Data not 
published). In addition, there are few studies on nematodes 
associated with some other crops, such as grapes and garlic  
(Saeed, 2009; Saeed, 2015). 

Numerous studies that have been carried out to estimate the 
losses of potatoes due to PCNs are documented in the 
literature. For example, Brown & Sykes (1983) estimated 
that for every 20 viable eggs/g of soil, about 2.75 t/ha of 
potatoes are lost. Yield losses caused by PCNs range from 
minor to major crop failure, depending on the infestation 
level (Blacket et al., 2019; Lima et al., 2018; Turner & 
Subbotin, 2013).  

In Yemen, there is no information on the prevalence of 
PCNs or their losses in potatoes. As a result, the purpose of 
this study was to investigate the distribution and intensity of 
PCNs in the major potato production regions, as well as 
estimate potato yield losses. 
 
Materials and Methods 
 
Sample collection 
An extensive survey was carried out to determine ct the 
presence and prevalence of PCNs (Globodera species) that 
attacked potatoes in the governorates of Amran, Dhamar, and 
Ibb. Major potato production regions were chosen as 
sampling sites (Figure 1). During the 2023 potato production 
season, a total of 455 soil samples were collected from 145 
fields owned by 95 farmers (Table 1).  

The number of fields sampled in each region was 
selected based on the potato crops present during the pre-
flowering and flowering stages. The following soil samples 
were collected: 94 samples from seven regions in the Amran 
governorate, 61 samples from four regions in Dhamar 
governorate, and 300 samples from nineteen regions in Ibb 
governorate. Typically, two to four samples were collected 
from a field, depending on its size. The collected samples 
were taken from various directions in the field. Soil samples 
were collected from the rhizosphere of actively developing 
plants by digging with a garden spade to a depth of 10-20 cm 
at various random sites in the field (Barker, 1985). The soil 
samples from each field were stored in polyethylene bags 
and shielded from sunlight. 

 

 
 

Figure 1. A map of the Republic of Yemen showing the locations of potato cyst nematodes (PCNs) collection sites in the main 
potato growing area. 
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Table 1.  Potato cyst nematodes distribution and incidence (%) in potato production regions of Amran, Dhamar, and Ibb 
governorates. 
 

Region 
No. of 

farmers 
No. of soil 
samples 

No. of fields 
surveyed 

No. of infested 
fields Prevalence (%) 

Amran 
Al Duper 4.0 12.0 6.0 4.0 66.7 
Badaa 4.0 32.0 8.0 5.0 62.5 
Jenah 2.0 4.0 2.0 2.0 100.0 
Joop Al-Sufla 5.0 20.0 10.0 4.0 40.0 
Qeenah 3.0 12.0 6.0 3.0 50.0 
Raydah 2.0 6.0 3.0 2.0 66.7 
Russa'a Shban 2.0 8.0 4.0 3.0 75.0 

Total 22.0 94.0 39.0 23.0 59.0 

Dhamar 
Daaf 4.0 15.0 4.0 0.0 0.0 
Qa`wan 3.0 16.0 3.0 2.0 66.7 
Risabah 3.0 15.0 4.0 3.0 75.0 
Wasitah 3.0 15.0 3.0 1.0 33.3 

Total 13.0 61.0 14.0 6.0 42.9 

Ibb 
Ad Darbah 5.0 17.0 5.0 5.0 100.0 
Al Breek 1.0 5.0 1.0 1.0 100.0 
Al Habeel 1.0 5.0 1.0 1.0 100.0 
Al Husayn 1.0 5.0 2.0 2.0 100.0 
Al Jarda`a 1.0 5.0 1.0 1.0 100.0 
Al Jarjarah 7.0 30.0 15.0 15.0 100.0 
Al Jbaleeh 1.0 5.0 2.0 2.0 100.0 
Al Jurayn 5.0 18.0 6.0 6.0 100.0 
Al Jurf 1.0 5.0 1.0 1.0 100.0 
Al Kadeemah 1.0 6.0 3.0 3.0 100.0 
Al Krabah 1.0 5.0 3.0 3.0 100.0 
Al Manzel Aljadeed 7.0 44.0 15.0 15.0 100.0 
Al Manzel Alqadeem 3.0 9.0 4.0 4.0 100.0 
Aras 2.0 21.0 4.0 4.0 100.0 
Dakhlat Uwaydin 1.0 5.0 3.0 3.0 100.0 
Dhalman 1.0 10.0 2.0 2.0 100.0 
Dhmran 2.0 5.0 2.0 2.0 100.0 
Kitab 7.0 26.0 10.0 10.0 100.0 
Ribat Al Qala`ah 12.0 74.0 12.0 12.0 100.0 

Total 60.0 300.0 92.0 92.0 100.0 
Prevalence (%) = (Number of infested fields/ Number of fields surveyed) × 100 
 

 
Cyst extraction and potato yield loss assessment 
The collected samples were appropriately labeled and 
brought to the Plant Protection Laboratory, Faculty of 
Agriculture, Food, and Environment, Sana'a University for 
analysis and PCN detection. Each soil sample was 
subsampled using 200 g of sieved and dried soil. Cysts were 
extracted from this sub-sample using a modified container 
based on the Fenwick can technique (Fenwick, 1940). The 
cysts were collected through a 250 μm sieve, labeled, and 
dried on filter paper, and then picked and counted manually 
with a dissecting needle under a stereo-binocular microscope 
(Cambridge Instruments, Z 30 E) at 10 × magnification. In 
addition, a viability test was performed by randomly 
selecting 10 cysts from each field soil samples and placed 
them in a modified 1.5 ml Eppendorf tube with the end cut 
off and a nylon mesh attached over the bottom. The tubes' 

ends were soaked in a 0.01% Nile blue stain solution in a 10 
ml beaker and thereafter incubated in the dark for 48 hours 
at room temperature. After the incubation period, the stain 
was completely washed and substituted with sterile distilled 
water. Individual cysts were then picked, placed on a glass 
slide, and carefully cut open to release eggs and juveniles 
(Faggian et al., 2012). The released eggs and juveniles were 
then counted using a stereoscopic microscope in order to 
determine the mean number of eggs per cyst. 
 
Data analysis 
The population density of cysts in soil was determined by 
calculating the average number of cysts per 200 g of soil 
recovered from all the fields visited, and the population range 
was recorded as the minimum and maximum densities of 
cysts per 200 g of soil. The prevalence (%) was determined 
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by dividing the number of cyst-positive samples by the total 
number of samples collected and then multiplied by 100. The 
mean number of full and empty cysts was calculated by 
randomly selecting 10 cysts per soil sample from each field 
and cutting them open to reveal their contents. Cyst viability 
rate (CV%) was determined as the total number of viable 
eggs and juveniles divided by the total number of viable and 
non-viable eggs and juveniles. The infestation level of viable 
eggs/g of soil was calculated by multiplying the average 
number of viable eggs and juveniles per cyst by the average 
number of cysts extracted per 200 g of soil, then divided by 
200. The assessment of potato production loss (in tons per 
hectar) in each region was conducted using Brown & Sykes 
(1983) regression line. This regression line shows that for 
every 20 viable eggs per gram of soil, there is a loss of 2.75 
tons per hectare of potato due to PCN. The yield loss data 

were statistically analyzed using the SPSS software (2022), 
and the average yield losses were compared using LSD0.05. 
 
Results 
 
Nematode sampling and occurrence of PCNs 
During the survey period (2023), 455 soil samples were 
collected from 145 fields owned by 95 farmers in Yemen's 
major potato-producing regions of Amran, Dhamar, and Ibb 
governorates. The cysts of PCNs were recovered from 121 
fields (83.4%) with densities ranging from 3 to 1,340 
cysts/200 g of soil (Tables 1 and 2). PCNs were detected in 
all surveyed regions except the Daaf region, Dhamar 
governorate.  

 
 
Table 2. Occurrence and density levels of Globodera spp. in the surveyed regions of Amran, Dhamar and Ibb governorate. 
 

Region 
No. of samples 

collected 
No. of samples 

with cyst 
Frequency 

(%) 
No. of cysts/200 g soil 

Full Empty Total mean (range) 
Amran 

Al Duper 12.0 4.0 33.3 95.3 89.0 184.3 (67-310) 
Badaa 32.0 4.0 12.5 39.0 28.3 67.3 (14-101) 
Jenah 4.0 2.0 50.0 30.5 21.5 52 (47-57) 
Joop Al-Sufla 20.0 5.0 25.0 49.7 38.6 88.3 (27-246) 
Qeenah 6.0 5.0 83.3 53.7 40.8 94.5 (30-313) 
Raydah 12.0 4.0 33.3 57.3 50.5 107.8 (11-247) 
Russa'a Shban 8.0 5.0 62.5 72.6 61.8 134.4 (15-284) 

Average 13.4 4.1 42.9 56.9 47.2 104.1 
Dhamar 

Daaf 15.0 0.0 0.0 0.0 0.0 0.0 
Qa`wan 16.0 3.0 18.8 29.2 24.2 53.4 (30-125) 
Risabah 15.0 4.0 26.7 19.1 10.4 29.5 (3-127) 
Wasitah 15.0 3.0 20.0 33.0 17.0 50.0 (26-84) 

Average 15.3 3.3 21.8 27.1 17.2 44.3 
Ibb 

Ad Darbah 17.0 17.0 100.0 81.8 76.0 157.8 (39-605) 
Al Breek 5.0 5.0 100.0 43.0 11.4 54.40 (22-77) 
Al Habeel 5.0 5.0 100.0 15.7 9.5 25.20(18-40) 
Al Husayn 5.0 5.0 100.0 70.4 53.6 124.0 (100-134) 
Al Jarda`a 5.0 5.0 100.0 24.4 27.0 51.40 (8-111) 
Al Jarjarah 30.0 30.0 100.0 131.1 86.4 217.5 (27-273) 
Al Jbaleeh 5.0 5.0 100.0 7.6 6.4 14.00 (5-22) 
Al Jurayn 18.0 18.0 100.0 69.7 52.1 121.70 (21-340) 
Al Jurf 5.0 5.0 100.0 11.6 11.4 23.00 (13-32) 
Al Kadeemah 6.0 6.0 100.0 84.3 88.0 172.30 (57-406) 
Al Krabah 5.0 5.0 100.0 24.6 13.0 37.60 (24-50) 
Al Manzel Aljadeed 44.0 44.0 100.0 193.2 159.5 352.70 (62-1114) 
Al Manzel Alqadeem 9.0 9.0 100.0 340.4 217.3 557.80 (206-1340) 
Aras 21.0 21.0 100.0 63.8 53.3 117.10 (15-397) 
Dakhlat Uwaydin 5.0 5.0 100.0 25.0 27.8 52.80 (22-121) 
Dhalman 10.0 10.0 100.0 45.9 41.4 87.30 (55-138) 
Dhmran 5.0 5.0 100.0 22.4 24.2 46.60 (23-78) 
Kitab 26.0 26.0 100.0 247.2 204.1 451.4 (133-1280) 
Ribat al Qala`ah 74.0 74.0 100.0 164.1 129.9 294.0 (50-800) 

Average 15.8 15.8 100.0 87.7 68.0 
 

Frequency (%) = (Number of samples with potato cyst/Number of samples collected) × 100. 
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In Amran governorate, out of 39 fields surveyed, 23 
were positive for the presence of PCN (Table 1 and Figure 
2). PCNs were detected in 29 out of 94 samples collected 
from seven regions, viz., Al-Duper, Badaa, Jenah, Joop Al-
Sufla, Qeenah, Raydah, and Russa'a Shban (Table 2). The 
mean population density ranged from 52 to 184.3 cysts per 
200 g of soil, with the mean frequency of occurrence ranging 
from 12.5 to 83.3%. The highest mean density was recorded 
in the Al-Duper region with 184.3 cysts (67–310 cysts/200 g 
soil), followed by Russa'a Shban, Raydah, Qeenah, and Joop 
Al-Sufla with 134.4, 107.8, 94.5, and 88.3 cysts/200 g soil, 
respectively. Conversely, the lowest mean density was in 
Jenah and Badaa with 52 (47–57 cysts/200 g soil) and 67.3 
(14–101 cysts/200 g soil), respectively (Table 2).  

In the Dhamar governorate, a total of 61 soil samples 
were collected from 14 fields located in four regions, namely 
Daaf, Qa`wan, Risabah, and Wasitah (Table 1 and Figure 3). 
PCNs were detected in 10 soil samples distributed in 6 fields 
(42.9%) located in the Qa`wan, Risabah, and Wasitah 
regions. The mean frequency of occurrence ranged from 18.8 
to 26.7%, with the mean densities ranged from 29.5 to 53.4 
cysts per 200 g of soil (Table 2). The Qa'wan region had the 
highest mean density, with 53.4 cysts (30–125 cysts/200 g 
soil). This was closely followed by Wasitah, with 50 cysts 
(26–84 cysts/200 g soil). The lowest mean density was 
observed in Risabah with 29.5 cysts (3–127 cysts/200 g soil). 
In contrast, PCNs were not detected in the surveyed fields of 
the Daaf region. 
 

 
 
Figure 2. A map of the Amran governorate showing the 
distribution pattern of potato cyst nematodes (PCNs) in 
potato fields distributed in the surveyed regions. 
 

Ibb governorate had the highest number of surveyed 
regions, with a total of 19, as well as the highest number of 
collected samples, amounting to 300 (Table 1 and Figure 4).  
PCNs were detected in all soil samples collected from each 
field. The frequency of occurrence was 100%, with a mean 
density ranging from 14 to 557.8 cysts per 200 g of soil. The 
highest mean density was recorded in the Almanzel Al 
Qadeem region with 557.8 cysts (206–1340 cysts/200 g soil), 
followed by Kitab, Almanzel Aljadeed, Rebat Al Qalah, and 
Al Jrjarah with 451.4, 352.7, 294, and 217.5 cysts/200 g soil, 
respectively. Conversely, the lowest mean density was 
observed in Al Jbaleeh, with 14 cysts (5-22 cysts/200 g soil). 

In the remaining regions, with mean density ranged from 23 
to 172 cysts per 200 g of soil (Table 2). 
 

 
 

Figure 3. A map of the Dhamar governorate showing the 
distribution pattern of potato cyst nematodes (PCNs) in 
potato fields distributed in the surveyed regions. 
 

 
 

Figure 4. A map of the Ibb governorate showing the 
distribution  pattern of potato cyst nematodes (PCNs) in 
potato fields distributed in the surveyed regions.  
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Potato cyst nematode infestation and yield loss 
assessment 
Results obtained indicated that all PCN-positive samples 
showed cysts containing viable eggs. The mean cyst viability 
percentage (CV%) in all surveyed regions ranged from 58.1 
to 86.9%. Cyst infestation levels varied in the surveyed fields 
within regions, in addition to their differences between 
regions within the governorates (Table 3). 

Results obtained indicated that 17% of the field 
samples had infestation levels of 1 to 50 cysts per 200 g of 
soil. Additionally, 18%, 14%, 17%, 3%, and 1% of the field 
samples were found between infestation levels of 51 to 150, 
151 to 300, 301 to 600, 601 to 1000, and 1001 to 1340 cysts 
per 200 g of soil, respectively. In contrast, 30% of the field 
samples were found to be negative for PCNs. The presence 
of these empty field samples was detected in the Amran and 
Dhamar governorates (Figure 5). 

 
 
Figure 5. Infestation rates (%) of potato cyst nematodes 
(PCNs) in the potato fields surveyed in the Amran, Dhamar, 
and Ibb governorates. 

 

Table 3. Globodera spp. infestation and estimated potato yield losses in the surveyed regions of Amran, Dhamar and Ibb 
governorates. 
 

Region 
No. of full 

cysts/200 g soil 

No. of eggs/cyst (Fertility) Cyst 
viability 
(CV%) 

Mean soil 
infectivity (viable 

egg/g soil) 

Estimated 
mean yield 
loss (t/ha) Viable 

Non-
viable Total 

Amran 
Al Duper 95.3 64.2 21.9 86.1 74.6 30.6 4.2 
Badaa 39.0 33.1 11.7 44.7 73.9 6.5 0.9 
Jenah 30.5 24.5 17.7 42.2 58.1 3.7 0.5 
Joop Al-Sufla 49.7 45.4 20.4 65.8 69.0 11.3 1.6 
Qeenah 53.7 57.7 22.2 79.9 72.2 15.5 2.1 
Raydah 57.3 49.0 19.8 68.8 71.2 14.0 1.9 
Russa'a Shban 72.6 51.8 20.2 72.0 71.9 18.8 2.6 

Average 56.9 46.5 19.1 65.7 70.9 14.3 2.0 
Dhamar 

Daaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Qa`wan 29.2 60.0 30.8 90.8 66.1 8.8 1.2 
Risabah 19.1 53.5 13.0 66.5 80.4 5.1 0.7 
Wasitah 33.0 63.3 15.7 79.0 80.1 10.4 1.4 

Average 27.1 58.9 19.8 78.8 74.8 8.1 1.1 
Ibb 

Ad Darbah 81.8 90.5 20.9 111.5 81.2 37.0 5.1 
Al Breek 43.0 55.0 12.7 67.7 81.3 11.8 1.6 
Al Habeel 15.7 135.0 20.3 155.3 86.9 10.6 1.5 
Al Husayn 70.4 58.0 14.3 72.3 80.2 20.4 2.8 
Al Jarda`a 24.4 77.3 28.7 106.0 73.0 9.4 1.3 
Al Jarjarah 131.1 68.8 15.3 84.1 81.8 45.1 6.2 
Al Jbaleeh 7.6 36.7 22.0 58.7 62.5 1.4 0.2 
Al Jurayn 69.7 65.0 14.3 79.3 82.0 22.6 3.1 
Al Jurf 11.6 36.3 15.3 51.7 70.3 2.1 0.3 
Al Kadeemah 84.3 119.0 20.3 139.3 85.4 50.2 6.9 
Al Krabah 24.6 34.0 17.3 51.3 66.2 4.2 0.6 
Al Manzel Aljadeed 193.2 147.1 22.7 169.8 86.7 142.2 19.5 
Al Manzel Alqadeem 340.4 111.8 43.8 155.5 71.9 190.3 26.2 
Aras 63.8 72.7 14.7 87.4 83.2 23.2 3.2 
Dakhlat Uwaydin 25.0 40.0 18.0 58.0 69.0 5.0 0.7 
Dhalman 45.9 104.7 23.9 128.6 81.4 24.0 3.3 
Dhmran 22.4 37.0 12.3 49.3 75.0 4.1 0.6 
Kitab 247.2 102.8 18.1 120.9 85.0 127.0 17.5 
Ribat al Qala`ah 164.1 109.6 20.3 130.0 84.4 89.9 12.4 

Average 87.7 79.0 19.7 98.8 78.3 43.2 5.9 
LSD0.05= 1.96 
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In Amran governorate, the mean cyst fertility varied 
between 42.2 and 86.1 eggs per cyst, with an average 
viability of 70.9% (ranging from 58.1 to 74.6%) (Table 3). 
The Al Duper region had the highest average soil infestation 
levels (SI), with 30.6 eggs and juveniles per gram of soil, 
resulting in an estimated average yield loss of 4.2 t/ha. In 
contrast, the Jenah region had the lowest average SI levels, 
with 3.7 eggs and juveniles per gram of soil, resulting in an 
estimated average yield loss of 0.5 t/ha. In the remaining 
regions, the mean SI levels ranged from 6.5 to 18.8 eggs and 
juveniles/g of soil, resulting in an estimated mean yield loss 
ranging from 0.9 to 2.6 t/ha.  

In Dhamar governorate, results obtained showed that 
the mean number of full cysts was the lowest, measuring 27.1 
cysts/200 g of soil (Table 3). The mean cyst fertility ranged 
from 66.5 to 90.8 eggs/cyst, whereas the average viability 
was 74.8%, ranging from 66.1 to 80.4%. PCNs were 
recorded in Wasitah, Qa'wan, and Risabah regions with mean 
SI levels of 10.4, 8.8, and 5.1 eggs and juveniles/g soil, 
respectively. The estimated mean yield loss in these regions 
was 1.4, 1.2, and 0.7 t/ha, respectively. Conversely, all soil 
samples collected from the surveyed fields in the Daaf region 
were uninfested with PCN cysts. 

In the Ibb governorate, about 47.4% of cysts were 
found to contain more than 100 eggs/cyst, with an average 
viability rate exceeding 81%. The highest mean cyst fertility 
was recorded in the Al Manzel Aljadeed region at 169.8 
eggs/cyst, with a mean CV rate of 86.7%. In contrast, the 
lowest mean fertility was recorded in the Dhmran region at 
49.3 eggs/cyst, with a mean CV rate of 75%. Mean SI levels 
ranged from 1.4 to 190.3 eggs and juveniles/g soil, with an 
estimated mean yield loss ranging from 0.2 to 26.2 t/ha. The 
highest mean SI levels were detected in the Al Manzel 
Alqadeem region, with 190.3 eggs and juveniles/g soil and 
an estimated mean yield loss of 26.2 t/ha, followed by the Al 
Manzel Aljadeed, Kitab, and Ribat Al Qala`ah regions with 
142.2, 127, and 89.9 eggs and juveniles/g soil, respectively. 
In contrast, the lowest mean SI levels were detected in the Al 
Jbaleeh region, measuring 1.4 eggs and juveniles/g soil, with 
an estimated mean yield loss of 0.2 t/ha. This was followed 
by Al Jurf, Dhmran, Al Krabah, and Dakhlat Uwaydin 
regions with 2.1, 4.1, 4.2, and 5 eggs and juveniles/g soil, 
respectively. In the remaining regions, the mean SI levels 
ranged from 9.4 to 50.2 eggs and juveniles/g soil. 

The results reported in Table 3 indicated that the Ibb 
governorate had the highest average SI level (43.2 eggs and 
juveniles/g of soil), resulting in an estimated average yield 
loss of 5.9 t/ha. In Amran governorate, the average soil 
infestation level was modest, with 14.3 eggs and juveniles/g 
of soil. This resulted in an estimated average yield loss of 2 
t/ha. On the other hand, Dhamar governorate had the lowest 
average soil infestation level, with 8.1 eggs and juveniles/g 
of soil, resulting in an estimated average yield loss of 1.1 
t/ha. Generally, the estimated average yield loss due to 
nematode infestation varied significantly according to the 
surveyed regions. The regions of Al Manzel Aljadeed, Al 
Manzel Alqadeem, Kitab, Ribat Al Qala'ah, and Al 
Kadeemah in Ibb Governorate recorded the highest average 
yield losses, with significant differences between each other. 
The crop losses in these regions exhibited significant 
differences when compared to those in the other regions. It 

was also noted that there were no significant differences 
among the fifteen regions that recorded average yield losses 
ranging from 0 to 2.1 tons/ha. 
 
Discussion 
 
Potato cyst nematode is considered the most destructive pest 
of potatoes, causing substantial yield losses worldwide. This 
pest was first reported to infect potato and cause serious 
losses in Yemen only recently (Saeed & Showkat, Data not 
published). Due to the weak quarantine and agricultural 
extension services in Yemen, these nematodes had spread to 
most potato production regions. This study is the first study 
to investigate the distribution, frequency of occurrence, and 
population density of PPNs, as well as to assess the potato 
yield loss caused by their presence in Yemen. The results 
obtained showed that PCNs are widespread in 96.7% of the 
studied regions, with densities ranging from 3 to 1,340 
cysts/200 g of soil. Consequentially, this causes severe yield 
losses, particularly in regions with high cyst density (Tables 
2 and 3). It was found that PCNs were more prevalent and 
had a higher population density than those in other Middle 
Eastern countries such as Algeria, Tunisia, Morocco, Egypt, 
and Lebanon (Hlaoua et al., 2008; Ibrahim et al., 2000; 
Kachacha et al., 2020; Mezerket et al., 2018; Tirchi et al., 
2016). 

Ibb governorate had the highest mean frequency of 
occurrence (100%), population density, cyst viability, and 
soil infestation level. This may be related to the continuous 
cultivation of susceptible potatoes, potato residue, soil type, 
and other suitable environmental conditions (Anwar et al., 
2007; Carrión & Rojas, 2013; Hlaoua et al., 2008; Prasad, 
2008; Starr et al., 1993). The cyst population density varied 
between different regions, with values ranging from 3 to 
1340 cysts/200 g of soil. Many regions showed low 
population densities, which may be related to practicing non-
host crop rotations by growing a barley or wheat crop in a 1 
to 2 years rotation and using certified potato seed. 

Dhamar governorate had the lowest mean frequency of 
occurrence (21.8%), population density, and soil infestation 
level. This may be attributed to the limited number of 
samples collected, resistant potato cultivars used, soil type, 
and several other environmental factors. The presence of 
PCN was not confirmed in soil samples collected from the 
Daff region of the Dhamar governorate. The absence of PCN 
in this region may be attributed to the fact that this nematode 
was not introduced into the fields of this region, in addition 
to the unsuitable environmental conditions.  

PCN yield losses were estimated based on the soil 
infestation damage threshold reported by Brown & Sykes 
(1983). This extrapolation is considered a realistic indicator 
of the extent of PCN damage to potato production in the 
studied regions of Yemen. Our results showed variation in 
mean SI levels of PCN across most of the potato regions 
surveyed. These levels ranged from 1.4 to 190.3 eggs and 
juveniles/g soil, with an estimated mean yield loss ranging 
from 0.2 to 26.2 t/ha. PCNs cause economic losses to the 
potato crop in the presence of 10 eggs/g of soil (Phillips et 
al., 1991). According to this study, the soil infestation level 
exceeded 10 eggs and juveniles/g soil in 65.52% of the 
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regions surveyed, causing economic losses to the potato 
crop. Soil infestation levels in seven regions of Ibb 
governorate (Al Manzel Aljadeed, Al Manzel Alqadeem, 
Kitab, Ribat Al Qala`ah, Al Kadeemah, Al Jarjarah, and Ad 
Darbah) and Al Duper region in Amran governorate were 
very much higher than the economic damage threshold. 
Therefore, the average yield losses in each of these regions 
were significantly higher than those in the other regions. 
Unfortunately, this led to severe yield losses and the failure 
of potato cultivation in those regions.  

PCNs are mostly transmitted by infested tubers, soil, 
farm machinery, and equipment contaminated with cysts, 
water, animals, and wind from infested areas to non-infested 
ones (Dandurand et al., 2019; Evans & Stone, 1977; 

Henrique, 2012; Jatala & Bridge, 1990; Turner & Evans, 
1998). Many potato farmers moved from their PCN-infested 
regions to new un-infested areas in the Al-Jawf and Marib 
Governorates. Understanding PCN distribution and 
population density, as well as knowledge of various 
agricultural practices represent the necessary background for 
preventing pest spread into un-infested regions and 
developing integrated nematode management programs to 
reduce population densities in infested regions. These 
integrated management programs include the use of certified 
seed and PCN-resistant potato varieties, as well as other 
practices such as crop rotation, solarization, trap cropping, 
biofumigation and selected nematicides. 

 

 الملخص
خالد  شو�ت،   سعید�جمان  محمد  راوح  ن�ماتودا    .2026.  محمد  (ال�طاطال�طاطا/  حوصلاتظهور  لمحصول  )  .Globodera sppس  �تهدید 
   https://doi.org/10.22268/AJPP-001384  .182-173):2( 44مجلة وقا�ة الن�ات العر��ة، . في ال�منال�طاطا /ال�طاطس
مسب�ةً خسائر �بیرة في المحصول في   ا/ال�طاطس،من أكثر الآفات ضرراً لمحصول ال�طاط )  .Globodera spp(  س ال�طاط/اال�طاط  ن�ماتودا حوصلات  تعدّ 

هذه   ى في ال�من. لذلك، جر   ا/ال�طاطس ب�انات متوفرة حال�اً عن انتشارها أو مدى تأثیرها على زراعة ال�طاطأي    توجد  جم�ع أنحاء العالم. وعلى الرغم من أهمیتها، لا
ا/ال�طاطس في  الرئ�س�ة، إضافة إلى تقدیر الخسائر التي تسببها لمحصول ال�طاطا/ال�طاطس  ال�حث لدراسة الانتشار والكثافة العدد�ة لهذه الآفة في مناطق إنتاج ال�طاط

تا�عة لمحافظات عمران وذمار و�ب. استخلصت الحوصلات   اً موقع 30حقلاً في  145من   2023ا/ال�طاطس عینة تر�ة أثناء موسم إنتاج ال�طاط 455 تجمع. ال�من
في جم�ع المناطق التي شملها المسح، �استثناء منطقة ضاف في  ا/ال�طاطس  ال�طاط  ن�ماتودا حوصلات  وجودمن التر�ة �استخدام تقن�ة جهاز فینو�ك. أظهرت النتائج  

رام تر�ة. سجلت محافظة إب أعلى متوسط غ 200حوصلة/ 1340إلى  3حت بین %) �كثافة عدد�ة تراو 83.4حقلاً ( 121محافظة ذمار. وجدت الحوصلات في تر�ة 
 للوجود�البیوض والیرقات، في حین سُجل أقل متوسط   )SIة (%)، والكثافة العدد�ة، ونس�ة حیو�ة الحوصلات، ومستوى تلوث التر�100لحوصلات (ا  وجودلمعدل  

 تلوث التر�ة �البیوض لمعظم الحقول التي تمّ  في محافظة ذمار. أظهرت النتائج ت�ایناً في متوسط مستو�ات  %)، والكثافة العدد�ة، ومستوى تلوث التر�ة �البیوض21.8(
یرقي   ب�ضة وطور  190.3إلى    1.4تلوث التر�ة �البیوض من   داخل المحافظات. تراوح متوسط مستو�اتواقع  ، �الإضافة إلى اختلافاتها بین المواقعمسحها داخل الم

وقع  �محافظة إب ومواقع م  ةطن/هكتار. سجلت نتائج مستو�ات تلوث التر�ة �البیوض في س�ع 26.2إلى   0.2تر�ة، مسب�اً متوسط خسارة في الغلة تراوحت بین  غثاني/
مما ت الضرر الاقتصادي،  أعلى �كثیر من مستوى  ال�طاطسبب في خسائر فادحة في الإواحد في محافظة عمران مستو�ات  في تلك ا/ال�طاطس  نتاج وفشل زراعة 

 .ا/ال�طاطس في ال�منال�طاط  ن�ماتودا حوصلاتحاجة ملحة لتزو�د المزارعین �استرات�ج�ة مناس�ة لإدارة  ثمّةلذلك، . المناطق
 .  Glodoberaنتشار، �ثافة، خسارة المحصول،ا، ا/ال�طاطس ال�طاطا/ال�طاطس، ال�طاطن�ماتودا حوصلات : كلمات مفتاح�ة
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