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Abstract
Integrating pigeon pea (Cajanus cajan) into white yam (Dioscorea rotundata) cropping system would provide a readily
available source of stakes for yam vines and also improve soil fertility through biological nitrogen fixation. To promote pigeon
pea-yam intercropping, there is a need to determine the effect on parasitic nematode and yam productivity. Three cropping
systems comprising yam in rows of pigeon pea (PA), pigeon pea as border plants around yam plots (PB), and sole yam (SY)
were evaluated in a randomized complete block design with three replications at Ejura and Fumesua in the forest-savanna
transition and forest zones of Ghana respectively. Various nematode genera, population density, yam tuber health quality
and yield were evaluated at harvest. Results showed varied effects of the treatments on yield as well as Rotylenchulus,
Helicotylenchus, Meloidogyne, Pratylenchus, and Scutellonema nematodes species attacking yam. Nematode population
densities from soil and yam peel, and yam tuber galling and cracking, were lower in PB than in PA plots. However, the yield
in PA was 13 and 27% higher than PB and sole plots respectively. Although higher yam tuber yields were observed in PA,
the results suggest PA favored nematode population density increase requiring further research to enhance the benefits of
the pigeon pea-yam intercrop system.

Keywords
Plant-parasitic nematodes, N-fixation, Pigeon pea-yam cropping system, soil fertility improvement, sustainable yam production

Introduction

White yam (Dioscorea rotundata) apart from being a food
security crop in West Africa, provides income for many small-
holder farmers (Kiba et al., 2020; Sousa and Baga, 2020).
Despite its importance, production is affected by biotic con-
straints such as nematodes, yam anthracnose, and yam mosaic
viral diseases. Traditionally, yam production depends on shift-
ing cultivation where fresh vegetation is cleared annually.
Tree branches harvested for staking the crop, contribute to
deforestation leading to a negative effect on the environment,
particularly climate change (Owusu Danquah et al., 2022a).
Diminishing arable land due to human population increase
has reduced access to land, resulting in multiple cropping of
yam on the same piece of land every year. This has the po-
tential of exacerbating the threat of pests and diseases in yam
production. Management of pests and diseases has depended
on synthetic chemical usage. This approach is however not
sustainable due to the high cost and harmful effects on human
health and the environment (Oka, 2020; Touray et al., 2021).
The negative effects associated with the continuous applica-
tion of synthetic chemicals in pest and disease management
require the use of innovative and sustainable approaches such
as employing different cropping systems and soil manage-
ment options to mitigate the effects of crop pests and disease
stresses. Several studies (Panth et al., 2020; Seleiman and
Hafez, 2021; Shah et al., 2021) have reported on the effect
of cropping systems and soil management practices on crop

pests and diseases. Cropping systems such as intercropping
not only increase fauna diversity in an ecosystem but also
serve as a barrier to the spread of pathogens by reducing
inoculum levels of pathogens (Enyiukwu et al., 2020). Mi-
crobial decomposition of crop and legume shrub residues has
also been reported to inhibit soil-borne pathogens such as
nematodes due to the release of humic acid and enhances the
multiplication of antagonistic microflora activities in the soil
(Gupta et al., 2020; Kumar et al., 2020; Vida et al., 2020).
The use of intercropping to successfully reduce the impact of
diseases, plant-parasitic nematodes, insect pests, and weeds
has been well documented (Sharma et al., 2021; Singh et al.,
2017). The use of pigeon peas as an intercrop has been re-
ported to reduce plant nematode population density. Roder
et al. (1997) reported that intercropping pigeon peas into a rice
cropping system decreased Meloidogyne graminicola infesta-
tion in rice. Similarly, Mateete et al. (2010) reported limited
plant-parasitic nematode activity in pigeon pea-maize crop-
ping systems while Rao et al. (2012) observed an increased
population of natural enemies with reduced pest pressure in
castor-cowpea-pigeon pea intercrop. Smallholder farmers cul-
tivate pigeon-pea as mixed, intercrop, or sole crops on their
fields to improve soil fertility, and also to serve as a source
of food and income (Adjei-Nsiah, 2012; Owusu Danquah
et al., 2022b). Owusu Danquah et al. (2022b) have shown
an improvement in yam productivity when pigeon pea was
integrated into yam production. However, to promote the inte-
gration or intercropping of pigeon peas in the yam cropping
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system, there is a need to evaluate the potential effects of inte-
grating pigeon pea on plant-parasitic nematodes, an important
soil-borne pathogen of yam. This information on the effect
of pigeon pea-yam intercropping system on nematode pest
population and activities and resultant damage on yam tubers
rarely exists. This current study, therefore, seeks to assess
the implications of pigeon peas-yam intercrop on population
density and disease severity of plant-parasitic nematodes on
white yam tubers.

Materials and Methods
Study subjects
Field trials were conducted during the major yam growing sea-
sons of 2018 and 2019 at Fumesua (01◦ 28’ N 06◦ 41’ W) and
Ejura (7◦ 24’ N, 01◦21’ W) in the forest and forest-savannah
transition agro-ecological zones of Ghana, respectively Fig-
ure 1. The locations experience a bimodal rainfall pattern
Table 1. Moreover, the fields had previously been planted
with yam and reported to inhabit major plant-parasitic nema-
todes of yam (Osei et al., 2015, 2013).

Figure 1. Map of Ghana showing the study areas

Rainfall data
Rainfall data from study areas were obtained from the Ghana
Meteorological Agency. In 2018, the average rainfall at Fume-
sua was 25% more than that of Ejura, while Fumesua expe-
rienced 20% more than that in Ejura in 2019 (Table 2). The
average total rainfall for the experimental period received at
Fumesua was 30.0% more than that of Ejura.

Soil physico-chemical analysis
Before planting, soil samples were randomly collected from
20 cm depth using a soil auger at field capacity moisture con-
tent from both locations. The samples were air-dried, ground,
and passed through a 2 mm sieve to remove stones and soil

Table 1. Selected agro-ecological zones
Location Agro- ecol-

ogy
Soil type, temperature and rainfall pat-
tern

Fumesua Forest zone Ferric Acrisol; Asuansi series up-
per topsoil consisted of 5cm grey-
ish brown sandy loam topsoil of dark
brown gritty clay loam Ferric Acrisol;
Asuansi series upper topsoil consisted
of 5cm greyish brown sandy loam
topsoil of dark brown gritty clay
loam. Temperature (Min-Max. ◦C):
21-31◦C; Rainfall Pattern: Bimodal;
Wet season: Major; March – mid Au-
gust, Minor; Sept – Nov, peak in Oct

Ejura Forest
Savannah

Transition Ferric Lixisol; Ejura series
with 20–30 cm thick top layer of loam
soils. Soils are dark brown to brown
fine sandy loam. Temperature (Min-
Max. ◦C): 21 – 34◦C; Rainfall Pat-
tern: Bimodal; Wet season: Major;
March – mid August, Minor; Sept –
Nov, peak in Oct

Source: (Otoo et al., 2018)

analyzed as described in Soil Analysis Manual (Sahlemedhin
and Taye, 2000) at the CSIR-Soil Research Institute, Kwadaso,
Ghana. Chemical parameters measured included soil pH, per-
cent organic matter, total nitrogen, exchangeable bases (K, Ca,
Mg, and Na), Effective Cation Exchange Capacity (ECEC),
percentage base saturation, and available phosphorus.

Experimental treatments and design
Three treatments consisting of two intercropping and no inter-
crop systems (Table 2) were evaluated.
The popular white yam var "Pona" and a pigeon pea var
"Adua" were obtained from farmers at Ejura and used for
the study. Two weeks before planting yam setts, pigeon pea
biomass was pruned and applied on the ridges of PA and PB
at both locations in all years. The treatments were arranged
in a Randomized Complete Block Design (RCBD) with 3
replications.

Yam yield determination and assessment of disease in-
dices
Twelve months after planting, twenty yam tubers in the central
rows were harvested from each cropping system and weighed
using a scale. The yield of yam was expressed as the weight of
produce per plot area and later converted to tons/ha. Each of
the harvested tuber was assessed for the presence of symptoms
and severity of tuber galling and cracking. Symptoms were
rated on a 1-5 rating scale (Table 4).

Soil sampling and plant-parasitic nematode extraction
Plant-parasitic nematodes were extracted from soil and yam
tubers at harvest. Soil samples around yam tuber zones were
collected from two central ridges of each plot using a 5 cm
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Table 2. Rainfall (mm) recorded during the experimental
period

Months Fumesua Ejura

2018 2019 2018 2019

Jan 0.0 1.4 0.0 0.0
Feb 29.8 81.4 40.3 3.8
Mar 228.2 99.6 115.6 123.5
Apr 212.4 177.2 83.4 55.1
May 189.3 134.6 247.4 118.1
Jun 387.6 223.4 187.7 202.6
Jul 143.0 110.1 172.9 62.3
Aug 91.8 24.8 84.8 106.8
Sep 233.3 158.1 228.6 266.2
Oct 197.1 316.6 117.9 94.8
Nov 10.1 8.8 23.4 3.5
Dec 6.5 41.8 0.0 59.7
Total 1729.1 1377.8 1302.0 1096.4

soil auger up to 20 cm soil depth. From each sub-soil sample,
plant-parasitic nematodes were extracted from 200 ccentime-
ters (cc) of soil using the Modified Baermann tray method
(Van Bezooijen, 2006). To extract nematodes from yam tu-
bers, diseased tubers were collected from yam samples one
month after harvest and the skin was peeled. The peeled skin
was macerated, and mixed thoroughly, and 5 g was taken for
plant-parasitic nematode extraction using the Modified Baer-
mann tray technique as defined above. Nematodes were later
counted from 2 ml aliquots. Plant-parasitic nematodes were
identified to the genus under a Leica compound microscope
using standard morphological features (Siddiqi, 2000).

Statistical Analysis
Data were subjected to analysis of variance with mean separa-
tion done using Fishers protected least significant difference
(LSD) at a 5% level of probability. Yam yield (kg) is con-
tinuous data and therefore, was not transformed. Nematode
count data were log-transformed (ln (x +1)) to improve the
homogeneity of variance before analysis using GenStat 12.1
(Lawes Agricultural Trust, VSN International). Transformed
data were back-transformed for presentation.

Results and Discussion
Results
Soil Physico-chemical Properties
It was observed that the soil in Fumesua was sandy clay loam
compared to the sandy loam textured soil observed in Ejura
(Table 5). The soil organic matter content at Fumesua was
higher (1.42%) than at Ejura (1.11%). Soil pH was less acidic
at Ejura (7.7) than at Fumesua (4.8) (Table 4).

Table 3. Description of various treatments evaluated

Treatment ID Description of the treatments

PA Yam in pigeon pea alley/row (PA). The
planting distance for pigeon pea is 3.6 x
0.5 m intra and inter-row. Planting distance
for yam 1.2 m x 0.8 m intra and inter-row.

PB Yam in pigeon pea border (PB) rows. Yams
were planted within the pigeon pea border.
Planting distance for yam 1.2 m x 0.8 m
inter and intra-row. Planting distance for
pigeon pea is 1.2 m x 0.5 m intra and inter-
row.

SY Sole yam plots without pigeon pea (SY).
Planting distance for sole yam 1.2 m x 0.8
m

Table 4. Scores for tuber galling and cracking rating

Rating scale Scores for symptoms and severity

1 No symptoms on yam tuber surface
2 Slight damage (1-25% of symptoms on yam

tuber surface)
3 Mild damage (26-50% symptoms on yam

tuber surface)
4 Heavy damage (51-75% symptoms on yam

tuber surface
5 Severe damage (>75% symptoms on yam

tuber surface)

(Omotayo et al., 2018)

Plant-parasitic nematodes identified from yam and pigeon
pea rhizosphere soil
Various nematode genera were extracted and identified from
yam rhizosphere soil at harvest across locations. Nematode
genera found were Rotylenchulus, Helicotylenchus, Meloidog-
yne, Pratylenchus, and Scutellonema (Figure 2). In order of
abundance, Rotylenchulus > Meloidogyne > Pratylenchus >
Helicotylenchus > Scutellonema was recorded for both loca-
tions in 2018 compared to Helicotylenchus > Pratylenchus
> Rotylenchulus > Meloidogyne > Scutellonema observed in
2019 (Figure 2). At Fumesua, plant-parasitic nematodes re-
covered except Helicotylenchus recorded a population decline
in 2019 (Figure 2). Similarly, a population reduction was ob-
served at Ejura for all nematodes except Scutellonema, which
recorded a 20% rise over the 2018 population (Figure 2). In
both years, Ejura recorded higher population than Fumesua.
In 2018, the cumulative population of plant-parasitic nema-
todes was 4.0% more than Fumesua compared to 10.0% in
2019 (Figure 3).
The nematode genera, Helicotylenchus, Pratylenchus, Roty-
lenchulus, Meloidogyne, and Heterodera were found to be
associated with pigeon pea rhizosphere soil (Figure 4). While
Helicotylenchus spp dominated plant-parasitic nematodes as-
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Table 5. Physicochemical properties of soils at Fumesua and
Ejura

Soil Properties Fumesua Ejura

pH (1:2.5) 4.79 7.76
Total Nitrogen (%) 0.06 0.07
Available P (ppm) 36.67 78.93
K (cmol/kg) 0.08 0.15
Organic Matter (%) 1.42 1.11
ECEC (cmol kg−1) 4.05 7.09
% Sand 65.0 76.00
% Silt 8.00 10.00
% Clay 30.00 14.00
Texture Sandy Clay Loam Sandy Loam

Figure 2. Plant-parasitic nematodes genera and population
recovered from yam rhizosphere soil at harvest from Fumesua
and Ejura in 2018 and 2019.

sociated with pigeon pea, Heterodera was the least encoun-
tered species (Figure 4).

Effect of intercropping on soil plant-parasitic nematode
density
Plant-parasitic nematodes extracted from yam rhizosphere
soil were affected by the different cropping systems evaluated.
Generally, across locations and years, it was observed that
utilizing pigeon peas as border crops resulted in a lower plant-
parasitic nematode population (Figures 5 and 6). At Fumesua,
no significant differences in populations of Meloidogyne, He-
licotylenchus, and Rotylenchulus were recorded from PA and
control plots for both years (Figure 5). However, there were
significant differences (P < 0.05) between PB, PA, and con-
trol plots. At Fumesua in 2018, the Meloidogyne population
from the PB plot was 34 and 45% less than those from PA
and control plots, respectively (Figure 5A). A similar trend
was observed at Ejura where 13 and 27% more nematodes
were recovered from PA and control plots relative to PB plot
(Figure 6A). In 2018, 36 and 33% more Rotylenchulus were
recovered from control plots than BP plots at Fumesua and
Ejura, respectively. However, for the same period, no signif-
icant differences in Pratylencus were recorded between PA
and control plots at Fumesua, although PB plots recorded 24%
less Pratylenchus compared to PA and control plots. Simi-
larly, a lower nematode population in PB plots compared to

Figure 3. Total population of plant-parasitic nematodes re-
covered from Fumesua and Ejura in 2018 and 2019.

Figure 4. Plant-parasitic nematode genera associated with
pigeon pea rhizosphere soil.

PA and control plots was observed in 2019 at both locations.
Generally, at all locations, higher plant-parasitic nematode
populations were recovered from PA and control plots com-
pared to PA plots. Again, total plant-parasitic nematodes
recovered from various treatments were higher in Fumesua
than in Ejura (Figure 3).

Effect of intercropping systems on yam tuber galling, cra-
cking, yield and tuber peel plant-parasitic nematode den-
sity
The severity of tuber galling and cracking symptoms was sig-
nificantly different between the cropping systems. The lowest
(1.7) and highest (3.6) disease severity were recorded in 2018
and 2019, respectively, at Fumesua and Ejura (Table 6). Tuber
cracks severity indices of 2.0 and 3.0 was recorded in BP and
control plots, respectively. Generally, tubers harvested from
PB plots showed lower galling and cracking severity scores
compared to PA plots. There were significant differences (P
< 0.05) in tuber yield. The highest (10714kg/ha) and lowest
(4041kg/ha) yields were recorded for Ejura and Fumesua in
2018, respectively. At both location and evaluation years,
PA plots recorded the highest yields compared to the other
treatments. The total yield recorded in PB was 13% less than
that of PA plots. Similarly, the yield from PA plots was 27%
more than the yield from sole plots (Table 8). Yields from the
various fields followed a trend of PA > PB > SY across loca-
tions and years (Table 6). Three plant-parasitic nematodes viz
Scutellonema, Meloidogyne, and Pratylenchus species were
the dominant nematodes recovered from yam peels one month
after harvest (Table 8). Across locations, it was observed that
yam tubers harvested from PA plots harbored a higher pop-
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Table 6. Effect of cropping systems on plant parasitic nematode disease severity on yam tubers at harvest

Treatments

Effect of intercropping systems on tuber cracking and galling at different location and years

Fumesua Ejura

Tuber cracks Tuber cracks Tuber galls Tuber gall Tuber cracks Tuber cracks Tuber galls Tuber galls
2018 (1-5) 2019 (1-5) 2018 (1-5) 2019 (1-5) 2018 (1-5) 2019 (1-5) 2018 (1-5) 2019 (1-5)

PA 2.7 2.7 2.0 2.7 2.6 2.3 3.0 3.0
PB 2.0 2.5 1.7 2.0 2.3 2.0 2.2 2.3
SY 3.0 3.0 3.3 3.0 3.0 3.0 3.0 3.6
LSD (P < 0.05) 0.6 0.5 0.3 0.5 0.4 0.5 0.2 0.3

Severity score 1-5, where 1- healthy/no cracks or galls formation, 5-heavy crack/galls formation, PA- yam in alleys of pigeon pea PB- yam with pigeon pea
as border SY-No pigeon pea/sole yam.

Table 7. Effect of pigeon pea-yam cropping system on yam
tuber yields at Fumesua and Ejura in 2018 and 2019

Treatments

Effect of intercropping systems on tuber
cracking and galling at different location

and years

Fumesua Ejura Total

2018 2019 2018 2019

PA 7615 7514 10714 7214 33057
PB 6170 6615 9687 6187 28659
SY 4041 5770 8590 5590 23991
LSD (P<0.05) 1810 1121 707 1220

PA (yam in alleys of pigeon pea), PB (yam in pigeon pea as a border),
and SY (no pigeon pea/sole yam).

ulation of Meloidogyne spp., which was significantly higher
(P < 0.05) than all other treatments. However, a significantly
lower (P < 0.05) number of various nematodes were extracted
from yam tubers harvested from PA plots compared to other
treatments (Table 8).

Discussion
Plant-parasitic nematode diversity and population can be in-
fluenced by the amount of sand in the soil. Previous studies,
(Kim et al., 2017; Lima et al., 2019; Renčo et al., 2020) have
shown that coarse-textured soils supported diverse plant ne-
matodes genera and populations. Our results revealed that
at both Ejura and Fumesua, the soil was coarse-textured and
might have accounted for the high population and diverse
plant-parasitic nematodes encountered from the yam rhizo-
sphere. All the nematode genera namely Rotylenchulus, Heli-
cotylenchus, Meloidogyne, Pratylenchus, and Scutellonema
extracted in the current study have previously been reported
as major pests attacking white yam (Kolombia et al., 2017;
Osei et al., 2015, 2013). To reduce the negative effects of
nematodes on yam production, strategies are been explored to
manage the menace. Results of the current study showed that
compared to sole cropping, intercropping led to a lower nema-
tode population, and extent of tuber damage due to nematode
attack. This agrees with (Chadfield et al., 2022; Sikder and
Vestergård, 2020) who reported that intercropping reduced

Figure 5. Effect of cropping systems on Meloidogyne (A),
Pratylenchus (B), Helicotylenchus (C), Rotylenchulus (D),
and Scutellonema (E) from yam rhizosphere soil at Fumesua
in 2018 and 2019.

the activities of plant-parasitic nematodes and disease sever-
ity. Similarly, according to Mohan et al. (2020) intercropping
showed effectiveness in reducing the negative impact of soil-
borne pathogens. However, the results obtained in the current
study revealed that utilizing pigeon peas as border crops was
more effective in protecting yam tubers from nematodes at-
tack than planting it in the rows of yam (alley/row plots) since
no significant differences tuber galling and cracking were
observed between treatments PA and SY. This observation
contradicts Gao et al. (2014) who correlated the effective-
ness of companion /antagonistic crops in managing soil-borne
pathogens with its close proximity to the main crop. The
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Table 8. Effect of pigeon pea-yam cropping system on yam tuber yields at Fumesua and Ejura in 2018 and 2019

Treatments
Fumesua Ejura

2018 2019 2018 2019

Meloi Scut Praty Meloi Scut Praty Meloi Scut Praty Meloi Scut Praty
spp spp spp spp spp spp spp spp spp spp spp spp

PA 76.0 55.7 45.3 80.0 61.7 39.0 66.3 60.0 69.3 66.3 63.7 65.7
PB 69.6 50.7 31.7 71.7 55.0 37.1 55.7 57.0 60.3 62.0 54.0 49.7
SY 75.0 58.7 37.0 78.3 51.3 33.7 65.7 70.7 60.3 64.3 61.3 62.0
LSD (P<0.05) 1.7 2.1 2.4 1.8 2.2 1.6 2.2 2.2 2.3 1.7 2.2 2.3

PA- yam in alleys of pigeon pea PB- yam with pigeon pea as border SY-No pigeon pea/sole yam, Meloi - Meloidogyne spp., Scut - Scutellonema spp.,
Praty - Pratylenchus spp.

Figure 6. Effect of cropping systems on Meloidogyne (A),
Pratylenchus (B), Helicotylenchus (C), Rotylenchulus (D),
and Scutellonema (E) from yam rhizosphere soil at Ejura in
2018 and 2019.

higher population of nematodes recovered from yam in close
proximity (alley/row plots) to pigeon peas as observed in the
current study may be attributed to the possible transfer of
nematodes from pigeon pea roots unto yam ridges during
routine field activities such as earthen-up as data from the
current study showed the association of nematode pests such
as Meloidogyne, Pratylenchus and Helicotylenchus from yam
rhizosphere on the pigeon pea. The association of these nema-
todes on the pigeon pea agrees with the findings of previous
studies (Kumar et al., 2020; Naik et al., 2019) indicating that

pigeon peas inhabit several nematode genera. Planting pona
in close proximity to pigeon pea, however, resulted in higher
tuber yields compared to sole yam cropping (SY) and plant-
ing within pigeon pea borders (PB). Our findings disagree
with Hauggaard-Nielsen et al. (2006) who reported a nega-
tive effect of intercropping on the yield of wheat but agree
with Rusinamhodzi et al. (2017) and Owusu et al. (2017) who
recorded higher maize and yam yields in a pigeon pea-maize
and pigeon-pea-yam cropping systems respectively.

Conclusion
Results of the current study have shown differences in the ef-
fectiveness of pigeon pea intercropping systems on nematodes
pest disease severity and population density and yam tuber
yield. Whilst a higher disease severity and nematode popu-
lation densities were recorded on yam tubers harvested from
plots sited in pigeon pea alleys, the contrary was observed for
yam tubers harvested from plots within pigeon pea borders.
Thus, although pigeon pea-yam intercrop improved yam tuber
yields, the possibility of promoting nematodes seems to ex-
ist. Further research integrating other nematode management
options may be evaluated and promoted as a package in the
promotion of the pigeon pea-yam cropping system.
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Renčo, M., Gömöryová, E., and Čerevková, A. (2020). The
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