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Abstract

Mohamed, O.E., S. Ahmed, M. Singh and N. ElImahi Ahmed. 2018. Association of Crop Production Practices on the
Incidence of Wilt and Root Rot Diseases of Chickpea in the Sudan. Arab Journal of Plant Protection, 36(1): 21-26.

Chickpea is an important cool-season food legume in Sudan but its productivity suffers from various biotic factors including wilt and
root rot diseases. A field survey was conducted during 2011/2012 cropping season to determine the importance and distribution of chickpea
wilt and root rot diseases in the Sudan. During the survey, chickpea cultivars, agronomic practices and cropping systems used by farmers
were evaluated to determine their impact on wilt and root rot disease incidence in farmers’ fields. The majority of fungal isolates recovered
from diseased chickpea plants (80%) belonged to the genus Fusarium, whereas Rhizoctonia spp. and Macrophomina spp. constituted 20% of
the recovered fungi. The majority (72%) of the farmers planted local chickpea landraces, whereas 19% planted improved Kabuli chickpea
cultivars. High seed rate and early sowing significantly increased mean wilt and root rot disease incidence. Moreover, mono-cropped fields
with chickpea showed high mean disease incidence, unlike chickpea in rotation with other crops. Since the chickpea area in the country is
increasing due to attractive market value and increased demand for household consumption, high yielding, disease resistant varieties with

suitable agronomic practices should be developed to reduce the impact of wilt and root rot diseases.
Keywords: Chickpea cultivars, agronomic practices, cropping systems, fungal diseases.

Introduction

Chickpea (Cicer arietinum) is an important source of
protein that plays a significant role in the diets of the people
and the economy of the Sudan. Fusarium wilt and root rot
diseases caused by Fusarium oxysporum f. sp. ciceris, F.
solani, Rhizoctonia spp. and Macrophomina phaseolina are
the major constraints to chickpea production and
productivity in the Sudan (4, 10, 13, 17). Wilt and root rot
(WRR) causing pathogens are soil-borne organisms that
persist for many years in the soil. These pathogens can
attack a wide range of plant species in the absence of
chickpea which makes the management practices less
effective. The most realistic and rewarding management
approach to the diseases is through developing resistant
cultivars and integrated crop management practices (2, 12,
15, 16, 19). Recent findings showed the existence of races
of the fungus F. oxysporum f. sp. ciceris that can limit wide
use of resistant chickpea cultivars in the Sudan (17).
Chickpea cultivars grown in the Sudan are small
seeded Kabuli landraces (Baladi) traditionally produced in
the northern part of the country. Although many high
yielding Kabuli chickpea cultivars with associated
agronomic practices are developed by the Agricultural
Research Corporation, they are not widely adopted by
farmers. The high yield losses caused by WRR led most
farmers to abandon chickpea cultivation especially in the
northern states (Northern State and River Nile State) and
currently the area expanded to the central states (Khartoum
and Gezira) where cultivated areas reached more than
12000 ha (9). Currently, chickpea area reached more than
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100,000 ha in Gezira State during the cropping season
2016/2017 (Gezira  Scheme Board, personal
communication). Though chickpea is a new crop to the
central states, WRR remain the major challenge to farmers.
In these states, the extent of disease incidence and role of
crop cultivars, cropping system and management practices
on disease epidemics are not documented. The objectives of
this study were to determine the distribution and importance
of WRR disease in the major chickpea growing areas of the
Sudan and relate crop management practices with disease
incidence.

Materials and methods

A field survey was carried out during 2011/2012 cropping
season in different chickpea growing areas of the Sudan
covering the northern and central States (Figure 1). These
areas are located between 13.77 and 19.62 N and 30.40 to
33.57 E with elevations ranging from 217 to 428 m.a.s.l.
Chickpea fields were inspected after every 20-22 km
intervals. Chickpea farmers were interviewed on the
cropping systems and agronomic practices they follow.
These include crop cultivars, seeding rate, sowing date,
irrigation frequency, fertilizers and preceding crops. During
the survey, 43 fields were covered in the four States. In
each field, data on chickpea cultivar, growth stage of the
crop, sowing date, seeding rate, preceding crops, irrigation
frequency, and type of fertilizers used were recorded. Geo-
informatics data using GPS (longitude, latitude and altitude
using high sensitivity etrex GARMIN device) were
recorded for each field to develop a disease distribution
map. Moreover, soil types were classified based on soil
classification by the Soil and Water Resources Center at the
Agricultural Research Corporation, Sudan (7). WRR



incidence (%) was estimated by randomly selecting
3spots/field by throwing a 1m? quadrat in each spot.
Disease incidence was calculated as percentage of diseased
plants from the total number of plants of the three spots per
field. Infected chickpea roots and stems (5-7 cm above
collar region) showing distinct wilt symptoms were washed
under running water and cut into small pieces (3-5 mm).
The pieces were surface disinfected with 1% aqueous
solution of sodium hypochlorite for one minute, rinsed in
sterilized distilled water, blotted on filter papers and plated
on potato dextrose agar (PDA) in 9 cm Petri dishes. The
plates were incubated at 25+2°C for 5 days. The isolates
were identified on the bases of their morphological features.

Data analysis

Most of the plot characteristics or factors observed
(genotype, soil type, seeding rate etc.,) were qualitative.
Their association, one factor at a time, with the WRR
incidence evaluated using variance ratio and the associated
p-values based on F-distribution in the analysis of variance
of the angular transformation of percent disease incidence.
Means of percent WRR were estimated along with their
standard errors for individual factors level.

Results

Association of wilt and root rot disease with biophysical
factors

Mean wilt and root rot incidence varied from one state to
another and from one farm to another as affected by
biophysical factors like chickpea cultivars, growth stages,
soil types, seeding rate, sowing date, fertilizer, irrigation
interval and preceding crops. Pathogens isolated from
infected chickpea plants were F. oxysporum (70%), F.
solani (10%), Rhizoctonia spp. (5%) and Macrophomina
spp. (15%).

Chickpea cultivars, growth stages and soil types

The majority of the chickpea cultivars planted during the
survey were local landraces (72%) and 19% improved
cultivars namely Shendi (ILC-1335), Atmour (ICCV-
89509), Wad Hamid (ICCV-2), and Jebel Marra (ILC-915).
Mixed genotypes were grown in only 9% of the total
surveyed fields (Table 1). The mixed chickpea genotypes
exhibited 25% disease incidence. Local landraces, cvs.
Shendi and Jebel Marra showed an average of 20% WRR
incidence. Wad Hamid and Atmour cultivars showed mean
disease incidence of 12.5 and 11.2%, respectively.

The growth stages of the crop recorded during the
survey varied from vegetative (9%), flowering (33%) and
podding/flowering (58%) (Tablel). The lowest mean
disease incidence was found at the flowering stage (13.9
%), whereas the highest was at podding/flowering stage
(23.8%) (Table 1). Chickpea crops at the vegetative stage
showed slightly lower disease incidence (20%) than those at
the podding stage.

The majority of the crop fields (49%) was planted on
heavy clay soils of Gezira State while 25% were grown on
sandy loam soils mainly in Northern State. The remaining
chickpea area (26%) was sandy clay, clay and light clay
soils (Table 1). No obvious differences in disease incidence
were observed between sandy loam soils of the Northern
State (21.4%) and the clay soils of Khartoum State (20%).
Disease incidence on sandy clay soils of River Nile State
(11.5%) and the light clay soils of the northern parts of
Gezira State (11%) was the lowest compared to all other
soil types. The heavy clay soils of central and southern
Gezira State showed the highest mean disease incidence
(23.6%). No significant differences in mean percent WRR
disease incidence were observed among chickpea
genotypes, growth stages and soil types.
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Figure 1. Surveyed locations for chickpea wilt and root rot diseases in different states of the Sudan.
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Table 1. Effects of chickpea cultivars, growth stages and
soil types on mean percent wilt and root rot incidence,
during the 2011/12 cropping season.

Number  Mean disease
of incidence

Variable fields (%)*
Chickpea cultivars
Landraces 31 19.7
Shendi 1 20.0
Atmour 4 11.2
Wad Hamdi 2 125
Jebel Marra 1 20.0
Mixed (improved and local) 4 25.0
Chickpea growth stages
Vegetative 4 20.0
Flowering 14 13.9
Podding/flowering 25 23.8
Soil types
Sandy loam 11 21.4
Sandy clay 4 115
Clay 2 20.0
Light clay 5 11.0
Heavy clay 21 23.6

Table 2. Effects of seeding rate, sowing date, fertilizer and
irrigation on mean wilt/root rot incidence.

Number  Mean disease
Variable of fields  incidence (%0)*
Seeding rate (kg/ha)
15-30 10 16.6
31-50 16 18.8
51-70 13 19.6
71-90 2 25.0
>90 2 50.0
Sowing date
Early November 14 34.3
Mid November 17 16.8
Early-late December 12 10.6
Fertilizer application
Urea Application 20 21.0
No Urea application 23 22.2
Irrigation interval
Every week 11 15.9
Every two weeks 22 23.7
Every three weeks 10 21.6

* Non-trasformed values (angular transformation was used for
data analysis)

Seeding rate, sowing date, fertilizer and irrigation
interval

Survey data indicated that seeding rates used by farmers
ranged from 15 to 125 kg/ha. The majority of the farmers
(67%) used 31-70 kg seeds/ha and 23% used less than 30
kg/ha, and only 4% used more than 90 kg/ha (Table 2).
Disease incidence was significantly (P<0.05) influenced by
seeding rate. The highest incidence (50%) was recorded
when more than 90kg/ha seed was used. Therefore, 90% of
farmers used seeding rates of 15-70kg seeds/ha and disease
incidence did not exceed more than 20% (Table 2).

Sowing date of chickpea in the surveyed areas
extended from early to mid-November (72% of farmers)
until early to late December (28%) (Table2). Disease
incidence was significantly (P<0.003) influenced by sowing
date where the highest incidence (34.3%) was recorded for
early sown (November) fields and the lowest (10.6%) was
in the late sown (December) fields.

Fertilizer application was not a common practice
among chickpea farmers, but over 50% of the interviewed
farmers applied urea to their chickpea crops. There was no
big difference in WRR disease incidence between fertilized
and non-fertilized chickpea (Table 2). Farmers irrigated
their crops every 7 to 21days, with the 15-day interval was
the most commonly used by farmers. The disease incidence
increased (not significantly) by 8 and 6% when the crop
was irrigated every 2 and 3 weeks, respectively, as
compared to weekly interval.
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* Non-trasformed values (angular transformation was used for
data analysis)

Preceding crops

The crops grown in the rotation with chickpea were cereals
(wheat, maize and sorghum), vegetables, cotton, fallow,
food and forage legumes (chickpea, peanut, pigeon pea and
alfalfa). The major preceding crops recorded during the
survey, were cereals (49%) followed by food and forage
legumes (19%) and vegetables (16%) (data not shown).
Most of the chickpea crops were grown after sorghum
crops. Significant differences (P<0.005) in mean WRR
incidence were observed among different preceding crops.
The highest mean incidence of WRR (43%) was found in
mono-cropped fields followed by chickpea preceded by
cereals (24%). Chickpea preceded by fallow, other legumes
or crops other than cereals or chickpea had similar and
lower disease incidence (12%) (Figure 2).

Discussion

Chickpea production was affected by wilt/root rot diseases
in all States with varying incidence levels. In this study we
found that all chickpea cultivars used in Sudan were
susceptible to WRR disease at variable degrees with
landraces being the most susceptible. This is in agreement
with the finding of Faki et al. (8) who found that wilt and
root rot incidence was affected by chickpea cultivars, soil
types, and agronomic and cropping system practices.
Although improved cultivars of chickpea were used by
some farmers, the bulk of the area was dominated by
chickpea landraces susceptible to WRR disease.



60

50

40

30

Mean percent wilt/root rot incidence

Cereals Chickpea

20
) i i i
0

Fallow Other legumes

Chickpea preceding crops

Other crops

Figure 2. Effects of preceding crops on mean incidence of wilt and root rot diseases on chickpea. Vertical bars represent mean

standard errors.

The chickpea breeding program in the Sudan released
many high vyielding cultivars with varying levels of
resistance but they are not widely grown by farmers to
reduce the impact of WRR on production and productivity.
This makes the use of improved cultivars very limited and
only few farmers have access to certified seeds. To
maximize chickpea vyield, integrated crop management
practices like planting on ridges and seeding rate of 60
kg/ha were recommended because fields with higher
seeding rates had higher disease incidence (8, 14).
However, most farmers did not follow the recommended
seeding rate and they used either low or high rates that
favored high WRR incidence. The high seed rates resulted
in high plant population leading to high competition for
nutrients and water. Consequently, the plants became weak
and vulnerable to invasion by soil-borne pathogens. Our
findings are similar to others, who reported that high plant
population density favored high root rot severity in
common bean in Iran (18).

Our results demonstrated that the highest disease
incidence was observed in chickpea planted on heavy clay
soils with high moisture holding capacity compared to other
soil types. It was apparent that disease incidence was high
in Central Gezira State (24%) where heavy clay soils
predominate (data not shown). Bhatti and Kraft (6) reported
that soil moisture plays a key role in wilt and root rot
development in chickpea. Similarly, faba bean root rot was
associated with water-logged black vertisols in the
highlands of Ethiopia (5).

In this study, WRR incidence was significantly
influenced by sowing date and this is obviously related to
differences in soil temperature that affect the disease. Mid-

November is the optimum sowing date for chickpea
production in the Sudan. However, the farmers sow their
crops earlier in the season to get early harvest and fetches
better market prices. However, such shift in planting dates
exposed the crop to high WRR incidence and virus attacks.
Hamed and Makkouk (11) also found that early sown
chickpea was susceptible to Chickpea chlorotic dwarf virus.
December sowings reduced disease incidence as the
optimum root development coincide with low soil
temperature that did not favor disease development.
However, the crop usually suffers from heat stress at the
flowering and pod filling stages and consequently results in
very low productivity compared to mid-November sowings.

In the northern states, farmers sow chickpea on
residual soil moisture but recently they shifted to irrigation
where they applied water every 7 -21 days interval to their
chickpea crop. The survey showed that WRR disease
increased by 8 and 6% when the crop was irrigated every 2
and 3 weeks, respectively. Previous studies showed that
increasing the irrigation intervals of chickpea resulted in
increased disease incidence (3). Dry root rot (R. bataticola)
can develop in epidemic proportion when temperature
usually exceeds 30°C accompanied with low moisture stress
during the reproductive stages of the crop (21).

Most farmers adopted 2-3 weeks irrigation interval
which increased the disease incidence (23.7% and 21.6%,
respectively). Only 25.6% of the farmers adopted one week
interval which can reduce WRR disease incidence to only
15.9%. Adoption of this practice will not be sustainable in
the current situation where irrigation water is becoming a
limiting factor.
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Application of urea as a starter fertilizer (43 kg N/ha)
was used by half of the visited fields, but no clear impact on
WRR disease incidence was observed. Foliar application of
nitrogen fertilizer is reported to improve seed yield of
chickpea (20), but no information available on its effect on
WRR disease of food legumes.

Chickpea is grown in variable rotation and mono-
cropping systems where different levels of WRR incidence
were recorded. The highest disease incidence was recorded
in fields that followed a mono-cropping system, where high
pathogen inoculum from the previous season most likely
existed during early root system development and caused
severe plant mortality. Similar results were reported where
chickpea after chickpea planting enhanced soil-borne
pathogens inoculum buildup (22). In this survey, chickpea
rotation with cereals was not as effective as rotation with
vegetables, fallow and other food and forage legumes in
reducing WRR disease incidence.

Chickpea after sorghum was the most common crop
rotation in the Sudan and its impact on reducing disease
pressure was not very high. Planting lentil after sorghum
was found to reduce the population of F. solani (1). Long
term rotation of at least 3 years with non-host crops can be
helpful to reduce inoculum levels of soil-borne pathogens
affecting chickpea. The results of some previous studies
revealed that soil borne fungi affecting lentil increased
when lentil followed legumes in the rotation and decreased
after cereals like rice or maize (1). Therefore, preceding
crops can be an effective component in the management of
WRR disease. Our study revealed that chickpea after
cereals decreased disease incidence by about 100%
compared to mono-cropping.

The management of chickpea WRR disease should be
done through integrated crop management approach. These
include using high yielding, WRR resistant cultivars with
recommended seeding rates, irrigation frequency, sowing

dates and appropriate cropping sequences. Multiplication
and on-farm demonstration of high yielding, heat tolerant
and disease resistant chickpea cultivars with recommended
integrated crop management packages will minimize impact
of diseases and narrow chickpea yield gaps in the Sudan. In
this survey, it was evident that most farmers did not follow
the agronomic packages and researchers need to fine-tune
the existing recommended chickpea production practices to
satisfy farmers’ ambition. In order to avoid water-logging
problem and reduce WRR, farmers should grow their crops
on raised beds which is now expanding in the Sudan.
Chickpea chlorotic dwarf virus is another production
constraint and adoption of multiple disease resistant
cultivars is important in order to improve productivity and
production of chickpea. The high yield losses caused by
WRR disease led most farmers to abandon chickpea
cultivation especially in the northern States. The small
sample size from northern states in this study reduced
precision of the associations of biophysical factors with
WRR incidence. Therefore, future surveys should take
these into consideration, for better estimation of the
variances and hence better detection of the effects of
various factors associated with crop varieties and
management.
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