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ABSTRACT

Purpose: A survey was undertaken at Chickpea production areas in Adu Hamad, northern Sudan, for three
seasons, 2006/007,2007/008 and 2008/009, to determine the distribution and population density of plant-parasitic
nematodes, their interaction with two Fusarium spp., and the microbial flora associated with chickpea.

Design/methodology/approach: Thirteen Hawashas (fields) were divided into three sectors: north, centre and
south. Nematode population density/100g of soil, absolute density, prominence values and their frequency
occurrence were recorded. The total fungal and bacterial count, and the neutral pH in the three sectors were also
recorded.

Findings: Eleven substantial nematode populations were detected: Aphelenchus avenae, Meloidogyne spp.,
Ditylenchus dipsaci, Heterodera spp. Rotylenchulus reinformis, Tylenchulus spp. and Criconemoide spp. recorded the
highest population density, whereas Helicotylenchus spp., Tylenchorhynchus spp., and Trichodorus spp recorded
the lowest. Meloidogyne spp. were the most conspicuous plant-parasitic nematode in the northern and southern
sectors, with a high prominence value of 57.14% and 66.70% respectively, and being recovered from 55.38% of
soil samples. The total fungal and bacterial count ranged from 7.51X10°—5.13X10* and 1.24X108-3.25X10”.The
neutral pH of the three sectors explained the affinity of nematodes to highly propagate and the higher number of
the bacterial count over the fungal count.

Original/value: for the first time, this survey sheds some light on the presence of some serious plant-parasitic
nematodes genera and their distribution in the rhizosphere of chickpea in the Adu Hamad area, and explains its
low productivity.
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INTRODUCTION

During the years 1999-2004, chickpea was grown in an area of approximately 1701-1935
hectares annually. This was mostly in the northern and southern part of Sudan, which
was more suitable for chickpea production compared to the central and southern parts
of the country (Sheikh Mohamed, 1995), with a low productivity range of 4.2—11.76Kg ha (El
Khedier, 2007). Chickpea production in northern Sudan dropped sharply from 180Kg/feddan
to 40Kg/feddan during the years 2000—-2009, which compelled farmers to change to other
profitable crops. These included the common bean (Phaseolus vulgaris), Fenugreek (Trigo-
nella foenum-graecum) and cumin (Cuminum cyminum) (personal contact with farmers).
They also cultivated wilt/root-rot susceptible cultivars which were released during these
years (El Khedier, 2007).

More than 330 chickpea genotypes were evaluated for resistance to wilt/root-rot in the sick-
plot at Hudeida Research Station Farm (ARC) in northern Sudan (Ali et al., 2002). This resistancy
was destroyed due to root infection by soil-borne organisms such as plant parasitic nematodes,
fungi, bacteria and viruses. Parasitic nematodes were known to cause an estimated yield loss
of 14% in chickpea (Sharma and McDonald, 1990). Because of their microscopic size and the
non-specific symptoms of an infection, these organisms live out of sight and, generally, out
of mind of the growers and plant protection workers. Otherwise, most farmers and extension
staff are not able to identify nematodes and other soil borne diseases (Sharma, 1997). Wall
and Virginia (1999) and O’Donnell et al. (2001) reported that soil bacteria and fungi play vital
roles in various biochemical cycles and are responsible for the recycling of organic compounds.
They influence above-ground ecosystems by contributing to plant nutrition, plant health, soil
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structure and soil fertility. Bacteria make up the most abundant group of microorganisms in the
soil (3.0X10°—5.0x108) per gram of soil, followed by the actinomycetes (1.0x10°—2.0x107),
fungi (5.0x10°-9.0x10°), yeast (1.0X103—1.0X10°), algae and protozoa (1.0X103—5.0X10%)
and nematodes (50—200) counts per gram of soil. There are wide differences in the relative
proportions of individual genera found in particular soils (Atals and Bartha, 1998).

In addition, interactions commonly occur between nematodes and other soil pathogens,
complicating any quick recognition of the problem and assessment of the damage done.
Several studies have shown that interactions of F. oxysporum f. sp. ciceris and M. incognita,
M. artiellia, M. javanica or Pratylenchus spp. in chickpea can lead to a breakdown of resis-
tance to an unidentified race of the Fusarium wilt pathogen (Uma Maheswari et al., 1997,
Castillo et al., 2003).

Castillo et al. (2008), estimated the threshold of tolerance of chickpea of Meloidogyne spp.
to range between 0.01—4.28 nematode/g of soil (M. incognitan 1.00—2.00 and M. javanica
0.10—4.28), Heterodera ciceri 0.40—1.40 nematode/g of soil, and Rotylenchulus reniformis
0.50—0.10 nematode/g of soil, from different sources and countries. Di Vito et al. (1992)
estimated a threshold level density of Pratylenchus spp. to be 0.31—-10.28 nematode/g of soil
under field conditions in Syria.

In Sudan, nematological research has not received much attention, and there is no record
of nematode pests occurring on chickpea in the country. Previous studies have listed plant
parasitic nematodes associated with cotton, sorghum, millet, wheat, groundnut, pigeonpea,
and ornamental plants, with some species found to be more parasitic and pathogenic causing
economic losses to these crops (Yassin, 1974, 1986; Magbool, 1997).

Despite economic importance and strong national and international breeding programmes
in chickpea, average yield has not improved considerably over the years. The annual growth
rate of chickpea production is low (0.007%) during the last decade (1993—-2003), and aver-
age yields have been almost static (FAO, 2006). The low yield of chickpea is attributed to its
susceptibility to several fungal, bacterial, viral and nematode plant pathogens (Dubey et al.,
2007).

Therefore, a survey was undertaken to determine the distribution and population density of
plant-parasitic nematodes and their interaction with the two Fusarium spp. under investiga-
tion. The survey also included the microbial flora associated with chickpea growing areas in
three sectors at Adu Hamad area, Northern Sudan.

MATERIALS AND METHODS
Soil Sample Collection

Systematic surveys for plant-parasitic nematodes were established and carried out in three
localities during three seasons in May 2006/007, 2007/008 and 2008/009, of the main chickpea
growing areas of El Rubatab area (Abu Hamad), Northern Sudan (Figure 1). The total area
under survey was 4.81Km. This area is 67.23Km south of Abu Hamad Locality, within a
geographical position of latitude 190.62'—180.55'north and a longitude 330.32'—330.70’ east.
This area was divided into three sectors, North, Centre and South. The soil samples were
randomly collected from ten Hawashas (fields), chosen along a predetermined route in each
region. One bound of soil samples were randomly collected with a hoe to a depth of 30cm from
chickpea rhizosphere soil. Ten soil subsamples from each Hawasha were thoroughly mixed in a
plastic bag and fully labelled. They were then brought to the laboratory and stored at 5°C until
they were examined. A total of 300 samples belonged to chickpea cultivar Shinde.
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FIGURE | Map of Abu Hamad Locality, River Nile, Northern Sudan, indicating the area surveyed

Source: Remote Sensing Authority. Map was created using Arcgis Datum and Projection —WGS84

Nematode Extraction

Nematodes were extracted and counted from soil samples obtained from the selected sectors
using the Modified Baermann tray method (Southey, 1986; Hooper et al., 2005). Simple sieves
were used; each sieve was overlaid with double tissue paper and placed in a plastic tray. One
hundred grams of soil sample containing roots was evenly spread in a thin layer over the tissue
paper. Enough water to saturate the tissue paper was carefully added to the tray then left for
24 hours. The nematode suspension was collected in a 500ml Erlenmeyer flask. The suspension
was reduced to 200ml after one hour for the nematode count. The mean number of nematodes
per 1ml was determined.

For collection and identification of nematodes, the Baermann funnel technique was used
(Whitehead and Hemming, 1965). A rubber tube was placed on the stem of a 9.5cm conical
glass funnel, and the tube was secured by a pinch clamp. The funnel was placed in a suit-
able support (a 50ml Erlenmeyer flask) and almost filled with water. Ten grams of each soil
subsample was placed in a double tissue paper; this was flooded to enclose the soil, and then
gently submerged in the water in the funnel.
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Preservation of Nematodes

The method used for fixation and preservation of nematodes was that described by Kleynhans
(1999) and Hooper et al. (2005), which involved the killing, fixation and permanent slide prep-
aration of live nematodes. The prepared slides were double sealed with nail vanish, labelled
and identified.

Nematode Population Density Assessment

The importance of each genus was determined by its relative density (nematode number per
unit volume of soil), absolute frequency (rate of occurrence), relative frequency; the promi-
nence value of the different nematodes were calculated according to Norton (1978) in which:

Number of sample containing a speciesx100

Absolute frequency occurrence = -
Number of sample examined

, Absolute frequency occurrence of speciesx100
Relative frequency occurrence =

Sum of frequency occurrence of all species

Total number of individuals of a species

Absolute density = — - -
Number of samples containing this species

. Number of samples containing a speciesx100
Prominence value =

Number of samples collected

According to Castillo et al. (2008) the threshold of tolerance of the most important nematodes
attacking chickpea ranged from 0.02—4.28 individuals/gram of soil. Thus, an individual was
considered abundant when its mean number was greater than 2.00 individuals per 100g of soil.

MICROBIOLOGICAL ANALYSES
Quantification of Fungal and Bacterial Isolates

To quantify the fungal and bacterial isolates, soil subsamples were thoroughly mixed, and a
suspension of 1g (dry weight equivalent) in 9ml of sterilized distilled water was prepared from
each subsample. A serial dilution of the soil suspensions was prepared (ten-fold) and used in
the estimation of bacterial and fungal populations by a standard spread-plate dilution method
described by Seeley and Van Demark (1981); this was done in triplicate. Nutrient agar (NA)
was used for bacteria isolation and potato dextrose agar (PDA), supplemented with 0.05%
(w/v) chloramphenicol to avoid bacterial contamination that was used for fungal isolation.
The colonies of microorganisms were counted and the number of viable cells was calculated
as the total number of colony forming units (cfu). Fusarium species were isolated by soil
suspensions, where 1g of soil was suspended in 0.05% water agar media (WA), supplemented
with 0.05% (w/v) chloramphenicol. Enumeration, fungal colonies resembling Fusarium spp.
were obtained and plated on Spezieller Nahrstoffarmer Agar (SNA), KH,PO,, 1.00g, KNO, 1.00g,
MgS0,.7H,0 0.50g, KCl 0.50g, Glucose 0.20g, Sucrose 0.20g, Agar 20.00, Distilled water 1.00L,
and the media were allowed to dry for three days. Pure cultures were observed for Fusarium spe-
cies and then maintained on sterilized soil-agar at 4°C. The identification of isolates was based



H. l. Mudawi et al.

on cultural, microscopic characteristics with reference to Leslie and Summerell’s Fusarium
laboratory manual (2006), and the soil pH was determined; three replicates were measured
for each sector.

Analysis of Data

Data are square root transformed for analysis to avoid zero. A Least Significant Range Test
was used to test significant differences between treatments at p<0.05 (Gomez and Gomez,
1984).

Results

The total number of nematodes/100g of soil was significantly different (P=0.05) between the
three selected sectors (Table 1). No significant differences were detected (P=0.05) between
the central and the southern sectors. The central region showed the highest infestation num-
ber of nematodes during the three successive surveyed seasons, 2006/007, 2007/008 and
2008/009, giving a total range of 3270.00—2556.67 nematodes/100g of soil. The soil pH of
the Abu Hamad sectors ranged from 7.35—7.62. The soil pH in the north was higher than in
the south and centre; this is shown in Table 1. However, differences in the soil pH values of
the different sampling locations were observed to be statistically significant at P<0.05, the
northern sector recorded the highest pH, although the pH of the three sectors is considered
neutral.

Table1 Mean nematode population density/100g of soil, over three seasons 2006/07,
2007/08 and 2008/09 and the soil pH at three chickpea production
sectors in the Abu Hamad area of northern Sudan

Sector Nematode density/100g of soil® Soil pH®
2006/007 2007/008 2008/2009 Total mean

North 2140.00 2580.00 2090.00 2270.00 7.62
(45.73)*® (49.99) ns (44.92) ns (2.89)A

Center 3340.00 3380.00 3090.00 3270.00 742
(56.95)* (57.63) ns (54.81) ns (2.90)8

South 2540.00 2750.00 2380.00 2556.67 7.35
(49.53)* (51.54) ns (47.45) ns (2.94)¢

LSD(P=0.05) 7.75 11.84 8.60 0.01

“Five replications were used for each sample in each sector.
®Three replications were used for each sample in each sector.

* Data are square root transformed for analysis to avoid zero, data with the same letter are not significantly different (P=0.05),
according to Least Significant Range Test.

Source: Devised by authors

Free-living and plant-parasitic nematodes were identified in 22 out of the 30 soil samples. The
results in Tables 2 and 3 show the differences between nematodes in frequency, density and
prominence value percentages. Eleven genera of stylet-bearing nematodes representing
eight families were identified from soil samples collected from investigated chickpea fields.
By sector, five genera were recovered from the north, nine from the centre and seven from the
south sector, with a significant difference at P=<0.05 between them, both in the mean nematode
number/100g of soil and the total absolute density between sectors.
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In the collected soil samples from the Abu Hamad area, seven genera were identified and
considered most prevalent according to Castillo et al.’s (2008) estimation. In descending order
of the total mean density of nematodes/100g of soil these were:

o Aphelenchus avenae (236.30);

o Meloidogyne spp. (220.00);
 Ditylenchus dipsaci (166.67);

o Heterodera spp. (133.33);

e Rotylenchulus reinformis (133.33);
« Tylenchulus spp. (80.00);

o Criconemoide spp. (46.67).

The least prevalent were:

e Helicotylenchus spp. (26.67);
 Trichodorus spp. (20.00); and
o Tylenchorhynchus spp. (13.33) (see Table 3).

Table 2 Absolute density of soil and the population range of the nematode genera associated with
chickpea in three major producing sectors, from 23 soil samples™ collected from
30 chickpea fields in Abu Hamad at Northern state 2006/007

Genera North Abu Hamad sectors Center South

Absolute Absolute Absolute

density Range* density Range density Range
Rotylenchulus reinformis 90.00 800-1000 20.00 0.00-200 66.67 400-800
Heterodera spp. 100.00 600-800 60.00 200-1200 80.00 0.00-800
Ditylenchus dipsaci 70.00 400-1200 40.00 200-600 100.00 800-1200
Meloidogyne spp. 80.00 400-1200 80.00 400-1200 86.67 600-1000
Tylenchulus spp. 0.00 - 40.00 0.00-400 6.25 800-1000
Trichodorus spp. 0.00 - 00.00 - 60.00 0.00-600
Criconemoide spp. 0.00 - 70.00 600-800 00.00 -
Helicotylenchus spp. 0.00 - 80.00 0.00-800 00.00 -
Tylenchorhynchus spp. 0.00 - 20.00 0.00-200 00.00 -
Aphelenchus avenae 35.00 200-600 96.30 200-1800 93.33 600-1600
Panagerllus spp. 100.00 800-1200 0.00 - 70.00 400-1000

¥Nematodes were collected from seven hawashas in the north, ten in the centre, and six in the south.
*Nematode population range from each selected hawashas from each sector.
Source: Devised by authors

The survey revealed that, in the central sector, almost all the nematodes genera were
detected. Meloidogyne spp. were the most conspicuous plant-parasitic nematodes associated
with chickpea and were present in 21.82% of sampled chickpea in the north, sharing the high
prominence value of 57.14% with Aphelenchus avenae. The highest in the absolute density in
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the north region was Heterodera spp., and Panagerllus spp. reached 100.00 nematode/100g
of soil (Table 2). However, Rotylenchulus reinformis and Panagerllus spp. recorded the high-
est population range of 800—1000 and 800—1200. In the central sector, the percentage of the
relative frequency of occurrence of Aphelenchus avenae (27.54%) was the highest, although
the most important nematode in this region was Ditylenchus dipsaci, giving a high prominence
value percentage of 40.00%. Meloidogyne spp. was most important nematode in the southern
sector, with a percentage prominent value of 66.70% and a percentage frequency of occur-
rence of 18.31% (Table 3).

Table 3 Frequency of occurrence (%), the prominence value (%) and Mean density/100g soil, of nematode
genera associated with chickpea in three major producing sectors, from 23 soil samples™
collected from 30 chickpea fields in Abu Hamad in Northern state 2006/007

Genera Abu Hamad sectors"
North Center South

Relative  Prominence Relative Prominence Relative Prominence Mean
Frequency value Frequency value Frequency  value % density/

% % % % % 100g of soil
Rotylenchulus reinformis 16.36 28.57 1.91 10.00 14.08 50.00 133.33°
Heterodera spp. 18.18 28.57 11.44 20.00 5.63 16.70 133.33°
Ditylenchus dipsaci 12.73 28.57 15.25 40.00 14.08 50.00 166.67%
Meloidogyne spp. 21.82 57.14 15.25 20.00 18.31 66.70 220.00°
Tylenchulus spp. 0.00 0.00 3.81 10.00 14.08 33.30 80.00«
Trichodorus spp. 0.00 0.00 0.00 00.00 423 16.70 20.00¢°
Criconemoide spp. 0.00 0.00 13.35 20.00 0.00 00.00 46.67%
Helicotylenchus spp. 0.00 0.00 7.63 10.00 0.00 00.00 26.67¢
Tylenchorhynchus spp. 0.00 0.00 3.81 20.00 0.00 00.00 13.33¢
Aphelenchus avenae 12.73 57.14 27.54 30.00 19.72 50.00 236.30°
Panagerllus spp. 18.18 28.57 0.00 0.00 9.86 33.30 113.335¢

NNematodes were collected from (') seven hawashas at north, () ten at centre, and (") six at south.
*Total number of nematodes extracted from all selected hawashas at the three sectors.

°Data are square root transformed for analysis to avoid zero, data with the same letter are not significantly different (P=0.05),
according to Duncan multiple rang test.

Source: Devised by authors

The mean total fungal counts of each soil sample ranged from 6.47x10° cfu/g of soil, 5.13x10*
cfu/g of soil, 7.51X10* cfu/g of soil from the north, centre and south sectors, respectively.
The highest counts were observed in the north, while the lowest counts were observed in
south, as shown in Table 4. Differences in the average total fungal counts of the sampling
locations were not statistically significant (P=0.05). Throughout the different sampling sec-
tors several types of fungal genera were observed. Among these are, F. oxysporum, F. solani,
Aspergillus spp., Penicillium spp., Heminthosporium spp., Verticillum spp., Rhizoctonia spp.,
and Ascochyta spp.

The most prevalent species in the three sectors was F. oxysporum, which was significantly
high (P=0.05) in the south sector with a total colony count of 1.76X103/g of soil (Table 4). The
propagules number of F. solani was very low. Conversely, F. solani was detected in the highest
concentration of 1.56Xx10 cfu/g of soil in the central sector, and it was significantly higher
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(P=0.05) than F. oxysporum. Meloidogyne spp. and F. oxysporum were the most abundant
microorganisms in the south sector.

The mean total bacterial counts of each soil sample ranged from 12.45x108 cfu/g of soil,
3.25X107 cfu/g of soil, and 7.00x107 cfu/g of soil from the north, centre, and south sectors,
respectively (Table 4). There were differences in the average total bacterial counts of the
different sampling locations, and were statistically significant (P=<0.05). However, the high-
est counts were observed in the north sector, and the lowest count was observed in the south
sector.

Table4 Means of the occurrence of bacterial, fungal fauna, F. oxysporum and F.solani (cfu/g of soil),
of the collected soil samples from three sectors at the Abu Hamad area of Northern Sudan

Sector Bacterial count Fungal count Fusarium oxysporum  Fusarium solani

(cfu/g of soil) (cfu/g of soil) (cfu/g of soil) (cfu/g of soil)
North 1.24X10%A 6.47X10*B 0.16X10°B 0.13X10C
Center 7.00X10’B 5.13X10*B 1.33X10°B 1.56X10A
South 3.25X10°C 7.51X10°A 1.76 X10°A 1.33X10B
LSD (P=0.05)* 12.26 243 0.41 0.12

Three replications were used for each count in each sector.

*Data were square root transformed for analysis; data with the same letter are not significantly different (P=0.05), according to
Least Significant Rang Test.

Source: Devised by authors

Discussion

The results obtained from the total fungal and bacterial count (Table 3), which ranged from
5.13X10%=7.51x10%and 3.25X107—1.24X108, fell in comparison with the range reported by
earlier workers (Atals and Bartha, 1998). Expectedly, the total bacterial count was generally
higher than those of fungi, irrespective of the sampling locations.

All the soil pH was in the neutral range (Table 1); this favours microbial growth (Agrios,
2005; Ogunmwonyi et al., 2008). The neutral soil pH of the three sectors could explain the af-
finity of nematodes to highly propagate during the three surveyed seasons 2006/007, 2007/008
and 2008/009; it also explains the higher total bacterial count over the total fungal count
(Table 4). According to Davis (2004), the disease incidence and severity are greater in soils
with a pH of 5.5 to 7.5. Soil pH is also known to influence the activity of mineralizing and
nitrifying bacteria and mycorrhiza as well as pathogenic organisms (Haverkort et al., 1998);
therefore the population density of nematodes and fungi were observed to decrease when
the soil pH increased. On the other hand, the bacterial propagules increased when the pH
increased, giving an assumption that the abundance of nematodes and fungi is influenced with
decreased pH exponentially, and vice versa with bacteria propagules. The neutralized soils
of the Adu Hamad area are the cause of the reduced density of Fusarium spp. shown in the
three sectors (Table 4), since Fusarium spp. diseases are generally more severe in acid pH soils
(Agrios, 2005). Sugha et al. (1994) reported that the maximum Fusarium wilt occurs at pH 5.2,
with a slight decline towards neutrality.

With the exception of Aphelenchus avenae and Panagrellus spp., all the nematodes in this
study have been reported as some of the nematodes attacking the chickpea crop. Meloido-
gyne spp., Ditylenchus dipsaci, Heterodera spp., and Rotylenchulus reinformis, are the most
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frequent and abundant genera representing the major plant parasitic nematodes in chickpea
production areas in northern Sudan (Table 3). In fact, these nematodes are universally para-
sitic to Cicer arietinum. L. as stated by Castillo et al. (2008). The mean densities of these
nematodes were higher than the referenced reports in different countries growing chickpea
(Di Vito et al., 1992, 1994; Castillo et al., 2008). The high frequencies and population densi-
ties found for Meloidogyne spp. and Ditylenchus spp. are fostered by the neglect options for
control measures. Although the stem and bulb nematode Ditylenchus dipsaci, which are rarely
reported to infect chickpea plants (Castillo et al., 2008), showed a high population density and
prominence value in the southern region (Table 3), infection of this nematode has only been
reported in South Australia, causing severe yield losses in young chickpea plants: adult plants
were resistant to the nematode (Thompson et al., 2000).

The root-knot nematodes, Meloidogyne spp., were the most conspicuous plant-parasitic
nematodes associated with chickpea with its high population densities in this study, having a
high prominent value in the north and south, and the highest mean density/100g of soil. Its
importance as a pathogen of chickpea is reported in many countries, Egypt, Ghana, India,
North Africa, Syria, Pakistan and Ethiobia (Di Vito et al., 1994; Ali and Sharma, 2003; Sikora
et al., 2005; Castillo et al., 2008). Most of the disease complexes studied include Meloidogyne
spp. and different soil pathogenic fungi (Taylor, 1990, Bertrand et al., 2000; Back et al., 2002),
especially F. oxysporum f. sp. ciceris (Castillo et al., 2003). The presence of M. incognita, M.
artiellia and M. javanica in soils infected with Fusarium spp. enhances the incidence, rate
of disease development, and severity of Fusarium wilt in grain legumes (Nene et al., 1989;
Sharma and McDonald, 1990; Sharma et al., 1992). These nematodes are able to attack a wide
host range including many weeds, and can complete several generations within a growing sea-
son; this leads to a very high post-harvest nematode population density in soils (Sikora et al.,
2005; Castillo et al., 2008). Experimental evidence indicated that Meloidogyne spp. causes a
serious yield decline of chickpea crops. Yield losses of up to 60% were caused by M. incognita
infections in India, whereas in southern Italy, M. artiellia caused a yield reduction of 50% in
winter sowing and 80% in spring sowings (Castillo et al., 2008).

Cyst-forming nematodes, mainly Heterodera spp., recording an absolute density of 100
nematode/100g of soil in the northern sector (Table 2), are more prone than other plant-
parasitic nematodes to dispersion over time and space. This is because eggs within cysts can
tolerate long periods of desiccation and persist in soil for several years in the absence of a
host plant (Agrios, 2005).

The following parasitic nematode genera were also identified in the chickpea rhizosphere,
exhibiting different parasitic behaviour, sedentary endoparasitic (Meloidogyne spp., Het-
erodera spp., Rotylenchulus spp., and Tylenchulus spp.), migratory endoparasitic (Ditylenchus
spp. and Tylenchorhynchus spp.), ectoparasitic, feeding on subsurface tissue (Helicotylenchus
spp. Trichodorus spp. and Criconemoide spp.). Most of these genera have been previously
found to be associated with chickpea elsewhere (Nene et al., 1989; Sharma and McDonald,
1990; Sharma et al., 1992; Castillo et al., 2008). The presence of mixed populations of plant
parasitic nematodes is likely to accelerate root damage; this is because lesions can develop
at feeding sites throughout the root tissue, leading to a good broad explanation of the yearly
reduction in yield in the Adu Hamad area recently.

Unexpectedly, there were no reports of the occurrence of Pratylenchus spp. (a migratory
endoparasitic) in the surveyed area of Abu Hamad, the nematode that ranked second after the
root-knot nematodes in terms of their global economic impact on this crop (Castillo and Vov-
las, 2007). This could be due to the high abundance of Meloidogyne spp.; knowing that both
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nematodes have the same habitat, and according to the principle of competitive exclusion
of Agrios (2005), no two species occupy exactly the same niche or perform exactly the same
function in an ecosystem. Thus Meloidogyne spp. may be suppressing Pratylenchus spp. Also,
the neutralized soils of the Adu Hamad area played a part in the absence of Pratylenchus spp.
Willis (1972) reported that the population of P. penetrance (Cobb.) colonizing alfalfa roots was
greater at pH 5.2 and 6.4, and P. alleni Ferris populations in soybean roots were significantly
greater at pH 6.0 than at 4.0 or 8.0.

The presence of the fungivorous nematode, Aphelenchus avenae, resulted in a reduction in
the number of fungi in the central sector, 5.13xX10%cfu/g of soil (Table 4). This nematode has
a high potential to propagate itself by feeding on more than 92 species of soil fungi (Ishibashi,
2005). Hence, reporting a high density (96.30 nematode/100g of soil) and frequency percent-
age (27.54%) in this sector, attributed to low fungal propagation. The distribution of one group
of fungal-feeding nematode suggests that they feed on fungi associated with this rhizosphere,
and since Fusarium oxysporum are moderately present in these soils, it could be the food web
of the nematode, hence reducing its population density. However, Ishibashi (2005) reported
that A. avenae has less affinity to F. oxysporum and Verticillium dahliae than for Rhizctonia
solani and Botrytis cinerea, and explains it to be due to the thinner width of their hyphae than
the length of the nematode stylet.

Surprisingly, the free-living nematode Panagrellus spp. that has been found abundantly in
both the north and south regions, are considered a suitable alternative live food for the rear-
ing of many larval fish species (Ricci et al., 2003).

As cultural practices within the surveyed sectors have remained basically unchanged for
the last ten years, we believe that this survey provides a general and realistic representa-
tion of the nematode distribution and explains the low productivity of chickpea in the Adu
Hamad area. Although this is a preliminary survey, it sheds some light, for the first time, on
the presence of some serious plant-parasitic nematodes genera in the rhizosphere of chickpea
in northern Sudan, Adu Hamad area. The consecutive cultivation of chickpea in Abu Hamad
area year after year, using uncertified varieties that are susceptible to wilt/root-rot disease
complex, and the negligence of using fertilizers, has led to the accumulation of inoculum and
hence the development of an epidemic.

For all these reasons, chickpea production in the Abu Hamad area decreased over the past
ten years and eventually stopped. El Hawata and Al Gezira farmers in central Sudan have
started to grow chickpea and are facing the same problems as those in the Abu Hamad area.
Further studies are needed to identify the species of these genera, their pathogenicity and a
feasible management approach.
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