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 ARTICLE INFO    ABSTRACT 
 

 

Chickpea (Cicer arietinum L.) is a rich source of nutrients such as carbohydrates, proteins, fats, mineral 
ions and vitamins. Chickpeas crop yield has been affected by root knot nematodes infestation which 
account for approximately 13% of crop loss. Four main Meloidogyne species, namely M. hapla, M. 
javanica, M. arenaria and M. incognita attack chickpeas. In Kenya, chickpeas are cultivated after the 
main crops. This study was conducted in a glass house to characterize and identify the root knot 
nematodes attacking chickpeas in Nakuru County. Characterization and identification were done using 
perineal patterns procedure on female root knot nematodes. Thirty samples were taken and all resulted 
onto uniform perineal patterns of M. javanica distinguished from other species by a distinct lateral ridge 
separating dorsal and ventral arch. It was therefore concluded that M. javanica is the main root knot 
species attacking chickpeas in Nakuru County. 
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INTRODUCTION 
 

Chickpea (Cicer arietinum L.) is the third important legume 
after beans (Phaseolus vulgaris) and field pea (Pisum sativum 
L.) (FAOSTAT, 2008). It is an important source of proteins 
(Kumar et al., 2005) and carbohydrates which constitutes 80% 
of the total dry seed mass (Grusak, 2002). Reports indicate that 
chickpea is cholesterol free and a source of dietary fiber, 
vitamin and minerals (AAFC, 2006). It is consumed in 
different forms in many countries where it is grown 
(Muehlbauer and Tullu, 1997). In the Indian subcontinent for 
example, chickpea cotyledons are used as flour for making 
paste for snacks (Chavan et al., 1986). In Asia and Africa it’s 
consumed as stew, salads or in roasted, boiled or fermented 
forms (Hulse, 1991). Chickpea serves health benefits than the 
nutritional ones, it comprises of components which improve 
health such as dyspepsia and relieve for diabetes (Jukanti et 
al., 2012). Total fat content in raw chickpea seeds varies from 
2·70 to 6·48% (Alajaji and El-Adawy, 2006). Shad et al. 
(2009) reported lower values (about 2·05 g/100 g) for crude fat 
content in Desi-type chickpea varieties. Wood and Grusak 
(2007) reported a fat content of 3·40–8·83 and 2·90–7·42% in 
Kabuli and Desi-type chickpea seeds respectively. Fatty acids 
are also present with linoleic acid (LA) being higher in Kabuli 
than in Desi types, linoleic acid being dominant and a source 
of fatty acid with the highest fraction (51.2% LA) than other 
edible lentils such as peas and beans (Wang and Daun, 2004). 
Chickpeas supplement provision of vitamins when consumed 
with other foods especially cereals (Singh and Diwakar, 1993).  
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They are good sources of riboflavin (B2), pantothenic acid 
(B5) folic acid, niacin and pyridoxine (B6) (Lebiedzinska and 
Szefer, 2006).Other components such as minerals including 
zinc, iron, magnesium and calcium are also present in 
chickpea diet (FAO, 2002; USDA, 2010). Desi type has higher 
amounts of calcium than Kabuli type though there no 
significant differences between the two types for the other 
minerals (Ibanez et al., 1998). In additional to the nutritional 
benefits to the body, chickpeas serve health benefits. Foods 
rich in dietary fibre (DF) are associated with low basal 
metabolic index (BMI) (Howarth et al., 2001). Chickpeas are 
said to have DF and low glycaemic index (GI) therefore it is 
important in reduction of weight hence obesity reduction. 
Sulphur containing amino acids (SCFA) including butyrate, 
produced after chickpeas consumption, helps to suppress cell 
proliferation (Cummings et al., 1981). Butyrate also inhibits 
DNA compaction and gene expression by histone deacetylase 
suppression (Mathers, 2002). Consumption of fibre foods 
leads to reduced levels of plasma cholesterol. Foods rich in 
saponins reduce cholesterol (16 to 24%) (Thompson, 1993). 
The mechanism involves inhibition of fatty acids synthesis in 
the liver by fiber components such as butyrate and SCFA 
hence reduced cholesterol (Crujeiras et al., 2007).  
 

Global chickpea production by 2006-2009 was 9.6 million 
metric tons with an average yield of 849kg/ha (FAO, 2011). In 
Kenya, Kimurto et al. (2013) reported that chickpea is a 
relatively new crop grown by small scale farmers in Eastern 
and Rift Valley regions. Its spread however has been recorded 
in dry highlands and dry lowlands where rainfall ranges from 
250-550mm per annum (Kibe and Onyari, 2007; Onyari et al., 
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2010). Kenya’s chickpea production was reported to be 55,000 
tons according to ICRISAT (2008) statistics. In Nakuru, 
cultivation has been done in Naivasha and Egerton-Njoro 
(Mulwa et al., 2010; Kimurto et al., 2013). Drought resistant 
chickpea is also found in the country which is an essential 
food supplement; the crop is a bonus crop as it is planted 
immediately after the main crop such as maize is harvested 
(Kimurto et al., 2004). 
 

Chickpea varieties are susceptible to ectoparasitic and 
endoparasitic nematodes such as Heterodera spp., 
Pratylenchus spp., Helicotylenchus spp. and Meloidogyne spp. 
(root knot), (Rehman et al., 2012). Root knot nematodes are 
sedentary endoparasites that induce root-knot symptoms and 
cause serious agricultural damage (Trudgill and Blok, 2001) 
with over 100 species (Karssen et al., 2013) which result to 
root knot disease. M. javanica, M. arenaria, M. incognita and 
M. hapla are four major species which accounts for to 95% of 
all crops loss (Agrios, 2005) and 13.7% of chickpeas yield loss 
(Rehman et al., 2012) and translating to annual loss of 157 
billion dollars globally (Abad et al., 2008; Okendi et al., 
2014).The species are identified on the basis of their perineal 
patterns, the morphology which is located at the posterior body 
region of adult females (De Ley and Blaxter, 2002). The 
posterior region comprises the vulva, anus, lateral lines, 
phasmids, tail and surrounding cuticular striae (De Ley and 
Blaxter, 2004), these parts differ in different Meloidogyne spp. 
and are useful in identification. In Kenya details of rootknot 
nematodes attacking chickpeas has not been documented, 
therefore the aim of this study was to identify the Meloidogyne 
spp. attacking chickpeas in Nakuru County, Kenya on the 
basis of the perineal patterns. 
 

MATERIALS AND METHODS 
 

The study was conducted in a glass house at Egerton 
University, Njoro, Nakuru County in Kenya. Heavily infected 
roots of chickpea plants were collected from Egerton 
University Biological plot, Fields 3, 7, Gilgil and Naivasha by 
random selection. Infected plants were uprooted and samples 
put in labeled polythene bags for nematode extraction. The 
samples were preserved at 50 C in the refrigerator.  
 
The extraction was done using the method described by 
Hussey and Barker (1973). Galled roots of chickpeas were 
washed and galls cut open using a scalpel and a dissecting 
needle to tease out adult female nematodes in a petri dish 
containing water. Meloidogyne females’ perineal patterns were 
cut using a method described by Taylor and Netsch (1974). 
Cuticles of the female nematodes ruptured by cutting the 
anterior part and gently pushing out body tissues. Thirty 
samples of cuticles were then placed in 45% lactic acid in a 
petri dish, lactic acid aided in facilitating removal of body 
tissues and allowed to stand for half an hour. After tissues 
removal, the cuticle were transferred to a drop of glycerin on a 
glass slide where they were carefully trimmed so as to be only 
slightly larger than the perineal pattern. The piece of cuticle 
with the perineal pattern was transferred to a drop of glycerin 
on a slide. Observations were made on a compound 
microscope for identification as described by Taylor and 
Netsch (1974) and photographs taken. 
 
 
 

RESULTS 
  
Root knot nematodes collected from the study area are 
depicted in Plate 1with Figure 1 and 2. 
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Figure 1. Perineal patterns showing M. javanica. 
 

 
 

Figure 2. Features in the perineal patterns 
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The perineal patterns (A, B, C, D, E and F) in figure 1 had 
distinct lateral ridges which divide the dorsal and ventral 
striae, ridges ran the entire width of the pattern. The striae 
were smooth to slightly wavy and some bent towards the 
vulval edges. The dorsal arch contained a whorl in the terminal 
area. The perineal patterns had uniform taxonomic features 
that are characteristic of M. javanica. 
 

DISCUSSION 
 
The perineal patterns were found to have distinct lateral ridges 
that run the entire width of the pattern and divide the dorsal 
and ventral striae unlike in M. incognita, M. hapla and M. 
arenaria which do not have distinct lateral lines. They also 
have low and rounded dorsal arch unlike M. incognita whose 
dorsal arch is high and squarish, the striae were coarse, smooth 
to slightly wavy and bend towards the vulva (as shown in Fig 
1 and 2) which is unlike M. hapla which has fine dorsal and 
ventral striae that meet at an angle as was reported by 
Eisenback (1985). There was consistency in the perineal 
patterns of the root knot nematodes extracted from chickpea 
grown in Nakuru indicating the occurrence of a single species. 
The features were characteristic of M. javanica.  In Kenya, 
CABI (2002) M. javanica was associated with the damage of 
broad beans, tomato and cabbage and also attack cowpeas and 
pigeon peas in Mbeere, Mwea, Gachoka and Siakago areas 
(Waseke et al., 2013).Ngundo and Taylor (1974) reported 
infestation of M. javanica and M. incognita in beans in Thika.  
 

This is evident that M. javanica is present in Kenyan soils. 
Ansari et al. (2012) reported that local chickpea cultivars 
produced low yield in M. javanica infested fields, however 
Sharma and Sharma (1988) reported that M. javanica is the 
second species predominant in chickpea losses in India. 
Susceptibility of chickpea cultivars to M. javanica was 
reported to be high (Sharma et al., 1993). Reports from 
Maheshwari et al. (1997) indicate that inoculation of M. 
javanica juveniles prior to Fusarium oxysporum f. sp. ciceri 
caused greater wilt incidence in susceptible cultivars and 
induced vascular discoloration in roots of resistant cultivars of 
chickpea. Inoculation of M. javanica and Rhizoctonia 
bataticola in chickpea seedlings reduce plant growth with tap 
root devoid of lateral roots and appearing dark and rotting (Ali 
et al., 2003). It was therefore concluded that M. javanica is the 
main Meloidogyne spp. attacking chickpeas in the study area, 
therefore paving way for further studies of managing it. 
 

Acknowledgement 
 

The authors would like to acknowledge Mr. Francis Ngumbu, 
Chief technologist, Biological Sciences department of Egerton 
University for technical support, Prof. D.O. Otaye and Dr. 
J.M. Muthamia for the support in the study. 
 

REFERENCES 
 

Abad, P., Gouzy, J., Aury, M-J., and Castagnone-Sereno, P. 
2008. Genome sequence of themetazoan plant-parasitic 
nematode Meloidogyne incognita. Nature Biotechnology 
26:909-915. 

Agriculture and Agri-Food Canada, 2006. Chickpea: situation 
and outlook. Bi-weekly Bulletin 19. 

Agrios, G. 2005. Plant Pathology 5th Edition.Elsevier 
academic Press pg. 838-842. 

Alajaji, S. A. and El-Adawy, T. A. 2006. Nutritional 
composition of chickpea (Cicer arietinum L.) as affected 
by microwave cooking and other traditional cooking 
methods. FoodCompositionAnalysis19: 806–812. 

Ali, S. S., Sharma, S. B. and Mishra S. D. 2003. Nematodes of 
chickpea and their management. In: Chickpea Research in 
India. A. Masood, S. Kumar and N.B. Singh (eds.), Army 
Printing Press, Lucknow, India, pg 261-288. 

Ansari, M. A., Patel, B. A., Mhase, N. L., Patel, D. J., Douaik, 
A., and Sharma, S.B. 2004. Tolerance of chickpea (Cicer 
arietinum L.) lines to root-knot nematode, Meloidogyne 
javanica (Treub) Chitwood. Genetic Resources and Crop 
Evolution 51(4): 449-453. 

CABI 2002. Meloidogyne incognita. In Distribution maps of 
plant diseases. Map No. 854. 

Chavan, J. K., Kadam, S.S. and Salunkhe, D. K. 1986. 
Biochemistry and technology of chickpea (Cicer arietinum 
L.) seeds. Food Science Nutrition Review 25: 107–157. 

Crujeiras, A. B., Parra, D. and Abete, I. 2007. A hypocaloric 
diet enriched in legumes specifically mitigates lipid 
peroxidation in obese subjects. Free Radical Result 41: 
498–506. 

Cummings, J. H., Stephen, A. M. and Branch, W. J. 1981. 
Implications of dietary fibre breakdown in the human 
colon. In Banbury Report 7 Gastrointestinal Cancer, pp. 
71–81 [Bruce, W.R., Correa, P., Lipkin M., Tannenbaum, 
S. and Wilkins, T.D. editors]. New York: Cold Spring 
Harbor Laboratory Press. 

De Ley, P. and Blaxter, M. L. 2002. Systematic position and 
phylogeny. In: Lee, D.L. (ed.) The Biology of Nematodes. 
Taylor & Francis, London, pp. 1-30. 

De Ley, P. and Blaxter, M.L. 2004. A new system for 
Nematoda: combining morphological characters with 
molecular trees, and translating clades into ranks and taxa. 
In: Cook, R. and Hunt, D.J. (Eds). Proceedings of the 
Fourth International Congress of Nematology, Tenerife, 
Spain, 8-13 June 2002, Nematology Monographs and 
Perspectives, Volume 2. Brill, Leiden, Netherlands, pp. 
633-653. 

Eisenback, J. D., Sasser, J., and Carter, C. 1985. Diagnostic 
characters useful in the identification of the four most 
common species of root-knot nematodes (Meloidogyne 
spp.). An advanced treatise on Meloidogyne 1: 95-112. 

F.A.O. 2002. Human Vitamin and Mineral Requirement. 
Report of a Joint FAO/WHO Expert 
Consultation.Bangkok:FAO.Inhttp://www.fao.org/DOCRE
P/004/Y2809E/y2809e00 retrieved on 4/9 2014. 

F.A.O. 2011. Inhttp://faostat.fao.org/site/567/default.aspx# 
ancorretrieved on 4/9/2014. 

FAOSTAT, 2008. Food and Agriculture Organization of the 
United Nations, Rome, Italy. Production Year Book. 67, pp 
45. 

Grusak, M. A. 2002. Enhancing mineral content in plant food 
products. Journal of American Collection of Nutrition 21: 
178-183. 

Howarth, N. C., Saltzman, E. and Roberts, S. B. 2001. Dietary 
fibre and weight regulation. Nutrition Review 59: 129–139. 

Hulse, J. H. 1991. Nature, composition and utilization of 
pulses. In Uses of Tropical Grain Legumes, Proceedings of 
a Consultants Meeting, 27–30 March 1989, pp. 11–27. 
Patancheru, AP: ICRISAT. 

1831                  Asian Journal of Science and Technology Vol. 6, Issue 10, pp. 1829-1832, October, 2015 
 



Hussey, R. S. and Barker, K.R. 1973. A comparison of 
methods of collecting inocula of Meloidogyne spp., 
including a new technique. Plant Disease Reporter 57: 
1025–8. 

Ibanez, M. V., Rinch, F. and Amaro, M. 1998. Intrinsic 
variability of mineral composition of chickpea (cicer 
arietinum L.). Food Chemistry 63: 55–60. 

ICRISAT. 2008. International Crops Research Institute for the 
Semi-arid Tropics. Annual Technical Report Nairobi, 
Kenya. 

Jukanti, A. K., Gaur, P. M., Gowda, C. L. L.  andChibbar, R. 
N. 2012.  Nutritional quality and health benefits of 
chickpea (cicer arietinum L.) a review, British Journal of 
Nutrition 108: S11–S26. 

Karssen, G., Wesemael, W. and Moens, M. 2013. Root-knot 
nematodes. In: Perry RN, Moens, M. (Eds) Plant 
Nematology. 2nd edition, CAB International, Wallingford, 
UK, 73–108. 

Kibe, A.M. and Onyari, C.N. 2007. Production functions and 
their use in predicting chickpea biomass yields when 
grown under varying tillage and sowing dates in Naivasha, 
Kenya. Agricultural Journal 2: 514-519. 

Kimurto, P. K., Towett, B. K., Ogolla, J. B. O., Kinyua, M.G. 
and Metto, K. 2004. Farmer participatory selection and 
improvement of chickpea (cicer arietinum L.) production 
in the semi-arid highlands of Kenya, Proceedings of 4th 
Legume Science Conference 14-18th November 2004, 
Durban South Africa. pp. 23-27. 

Kimurto, P. K., Towett, K. B, Mulwa, R. S., Njogu, N., 
Jeptanui, L. J., Gangarao N. V. P. R., Silim, S., Kaloki, P., 
Korir, P. and Macharia, J. K. 2013. Evaluation of chickpea 
genotypes for resistance to Ascochyta blight (Ascochyta 
rabiei) disease in the dry highlands of Kenya. 
Phytopathologia Mediterranea 52(1): 212−221. 

Kumar, N. U. S., Krishnappa, K., Reddy, B. M. R., 
Ravichandra, N. G. and Karuna, K. 2005. Intercropping for 
the management of root-knot nematode, Meloidogyne 
incognita in vegetable-based cropping systems. Indian 
Journal of Nematology, 35: 46–49. 

Lebiedzinska, A. and Szefer, P. 2006. Vitamins B in grain and 
cereal-grain food, soy-products and seeds. Food Chemistry 
95: 116–122. 

Maheshwari, T. U., Sharma, S. B., Reddy, D. D. R., 
andHaware, M. P. 1997. Interaction of Fusarium 
oxysporum f. sp. ciceri and Meloidogyne javanica on cicer 
arietinum. Journal of Nematology, 29(1): 117-126. 

Mathers, J.C. (2002). Pulses and carcinogenesis: potential for 
the prevention of colon, breast and other cancers. British 
Journal of Nutrition 88, Supplementary 3: S273–S279. 

Muehlbauer, F. J., and Tullu, A. 1997. cicer arietinum L. 
NewCropFactSheet. Center   for New Crops and Plant 
Products. Purdue University, West Lafayette. In 
http://www.hort.purdue.edu/newcrop/cropfactsheets/Chick
pea.htmlretrieved on 12/9/2014. 

Mulwa, R. M. S., Kimurto, P. K. and Towett, B. K. 2010. 
Evaluation and selection of drought and podborer 
(Helicoverpaarmigera) tolerant chickpea genotypes for 
introduction in semiarid areas of Kenya. In: Proceedings of 
Second RUFORUM Biennial meeting 20–24 September 
Entebbe, Uganda, 34-39. 

 
 
 

Ngundo, B. W., and Taylor, D. P. 1974. Effects of 
Meloidogyne spp. on bean yields in Kenya. Plant Disease 
Reporter, 58 (11): 1020-1023. 

Onkendi, E. M., Kariuki, G. M., Marais, M., and Moleleki, L. 
N. 2014. The threat of root‐knot nematodes (Meloidogyne 
spp.) in Africa: a review. Plant Pathology 63(4): 727-737. 

Onyari, C.A.N., Ouma, J. P. and Kibe, A. M. 2010. Effects of 
tillage method and sowing time on phenology, yield and 
yield components of chickpea (cicer arietinum L.) under 
semi-arid conditions in Kenya. Journal of Applied 
Biosciences, 34: 2156-2165. 

Rehman, B., Mohd, A. G., Kavita, P. M., Siddiqui, A. and 
Usman, A. 2012.Management of Root Knot Nematode, 
Meloidogyne incognita Affecting Chickpea, 
Cicerarietinum for Sustainable Production. Journal of 
Biosciences 1, (1): 01-05. 

Shad, M.A., Pervez, H. and Zafar, Z. I. 2009. Evaluation of 
biochemical composition and physicochemical parameters 
of oil from seeds of desi chickpea varieties cultivated in 
arid zone of Pakistan. Pakistan Journal of Botany 41: 655–
662. 

Sharma, R. and Sharma, S. B. 1988. Nematode pests of 
chickpea and their management In: Nematode Diseases in 
Plants. P. C. Trivedi (eds.), CBS Publishing and 
Distributors, Daryaganj, New Delhi pg 98-109. 

Sharma, S. B., Singh, O., Pundir R. P. S. and McDonald, D. 
1993. Screening of cicer species and chickpea genotypes 
for resistance to Meloidogyne javanica. Nematologica 
meditteranea. 21: 165–167. 

Singh, F. and Diwakar, B. 1993. Nutritive value and uses of 
pigeon pea and groundnut. In Skill Development Series no. 
14, Patancheru, AP: ICRISAT. 

Taylor, D. P. and Netsch, C. 1974. An improved technique for 
preparing perineal patterns of Meloidogyne spp. 
Nematologica 20, (2):268-269. 

Thompson, L. U. 1993. Potential health benefits and problems 
associated with antinutrients in foods. Food Research 
International 26: 131–149. 

Trudgill, D. L., and Blok, V. C. 2001. Apomictic, polyphagous 
root-knot nematodes: Exceptionally successful and 
damaging biotrophic root pathogens. Annual Review of 
Phytopathology 39, 53–77. 

United States Department of Agriculture. 2010. USDA 
National nutrient database for standard reference, release 
22 (2009). (Accessed 2/8/2010). 

Wang, N. and Daun, J. K. 2004. The chemical composition 
and nutritive value of Canadian pulses. In Canadian Grain 
Commission Report, pp. 19–29. 

Waseke, J. W., Kavuliko, J. M., Gichuki, J. W., and Runo, S. 
M. 2013. Characteristic of root-knot nematodes 
(Meloidogyne spp.) from selected legume in Mbeere 
district isoenzyme phenotypes.Kenya Agricultural and 
Research Institute (KARI). 

Wood, J.A. and Grusak, M.A. 2007. Nutritional value of 
chickpea. In Chickpea Breeding and Management, pp. 
101–142 [Yadav, S. S., Redden, R., Chen, W. and Sharma, 
B. editors]. Wallingford: CAB International. 

 

******* 

1832                  Asian Journal of Science and Technology Vol. 6, Issue 10, pp. 1829-1832, October, 2015 
 


