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Abstract

Information on the performances of the maize and pigeon pea
intercropping systems under dry-land conditions of Wolaita
area is rare. Hence, on-farm experiment was conducted in
2021 and 2022 cropping seasons with the objective of
evaluating maize/pigeon pea intercropping systems at Humbo
district in Wolaita zone, Ethiopia. Five treatments such as sole
maize, sole pigeon pea, farmer’s intercropping practice, 1
maize row: 1 pigeon pea row and 2 maize rows: 1 pigeon pea
row ratios were tested in RCB design with three replications.
Improved maize variety, BH-540, and local pigeon pea variety
were used as the test plants. Growth parameters and yield and
yield attributes of maize and pigeon pea were measured.
Combined analysis of variances showed that there were
statistically significant differences (P<0.05) observed among
treatments regarding to maize and pigeon pea growth
parameters, above-ground biomass and grain yield. The
highest maize plant height (206.7 cm) and the shortest leaf
length (59.4 cm) were recorded with maize grown in 1 maize: 1
pigeon pea intercropping system while the shortest plant height
(168.8 cm) and the longest leaf length (93.8 cm) were recorded
with sole maize which is statistically at par with farmer’s
practice. The highest maize biomass (16.73 tha-1) and grain
yield (6.47 tha-1) were recorded with maize grown in sole which
showed no significant from yields obtained from farmer’s
intercropping practice. In contrast, the lowest maize biomass
(13.36 tha-1) and grain yield (5.25 tha-1) were recorded with
maize grown in 1 maize: 1 pigeon pea intercropping system.
Regarding to pigeon pea growth parameters, the shortest
mean plant height (91.2 cm) and less number of primary
branches (5.5) were recorded with farmer’s practice of sowing
in the same row while the longest plant height (169.8 cm) and
more number of primary branches (21.3) were recorded with
sole pigeon pea. The lowest pigeon pea biomass yield (7.87
tha-1) and grain yield (0.56 tha-1) were recorded with 2maize
rows:1pigeon pea row intercropping while the highest biomass
(11.3 tha-1) and grain yield (0.8 tha-1) were recorded with sole
pigeon pea. The highest LER (1.77) was obtained from the
farmer’s intercropping system. Finally, since the growth habits
may vary among varieties, further research on compatibility of

other improved pigeon pea varieties for intercropping systems
with maize is important.
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Introduction
Increasing concern about the future of agriculture in sub-Saharan 

Africa in light of accelerating soil degradation, have increased the 
need for new and more adapted cropping systems that increase 
production, whilst conserving the natural resource base [1]. 
Intercropping, double cropping and other mixed cropping practices 
that allow more efficient uses of farm resources are among the 
agricultural practices associated with sustainable crop production. The 
goals of such cropping systems must be to increase ecosystem services 
while simultaneously increasing crop yields and subsequent 
profitability at the farm level. The main concept of intercropping is to 
get increased total productivity per unit area and time, besides 
equitable and judicious utilization of land resources and farming 
inputs including labor. Intercropping is a multiple cropping system 
that combines the planting of two or more crops species 
simultaneously in the same field during a growing season [2].

In Ethiopia, intercropping forms part of the smallholder farming 
systems where maize (Zea mays L.) and Sorghum (S. bicolor L.) 
dominate as main crops [3]. Maize is the major cereal grown by the 
smallholder farmers in Ethiopia and it is often intercropped with 
various legume crops. Pigeon pea, as one of the legume crops and 
multipurpose shrub, has been used currently as an intercrop with 
maize in southern parts of the country including the stud areas. 
However, the relative advantage of the intercropping of maize with 
pigeon pea and response of the system has not been examined 
scientifically. Drawing lessons from on farm studies would help to 
convince and make informed decisions for wider use of improved 
production systems. Therefore, this research was carried out to 
evaluate and identify various forms of maize/pigeon pea and the best 
productive maize/pigeon pea intercropping systems in the study area.

Materials and Methods

Descriptions of the study area
The research was conducted in Humbo district of Wolaita zone in 

the southern Ethiopia during the cropping seasons of 2021 and 2022. 
The zone’s capital, Soddo, is found 330 km to south of Addis Ababa 
on the way to Arbaminch through Butajira-Sodo road and the specific 
study area, Humbo, is found to south of the capital Soddo about 20 km 
on the way to Arbaminch. The average land holding size per 
household is 0.5 ha in the district. Its mean annual rainfall is about 
1123 mm and mean altitude of 1489 meter above sea level. 
Geographically it is located at 6.44°N longitude and 37.5°E latitude 
(Figure 1). Its soil type is Nitisols with sandy loam textural class.
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Figure 1: The mean rainfall and temperature of Humbo site,
Southern Ethiopia

It has mixed farming system (Crop production and livestock
rearing). Major crops grown in the area are; maize, Sorghum, sweet
potatoes, cassava, pigeon pea, papaya and mango. Most of the lowland
kebeles of Humbo woreda are part of the Great East African Rift
Valley. Being part of this geographical location and the effect of
recurrent drought, mainly due to climate change, poor soil condition
and traditional farming system have held back agricultural
productivity and production.

Experimental treatments and design
The treatments were: Sole maize, Sole pigeon pea, farmer’s practice

of intercropping pigeon pea (in the same row, in between two maize
holes), 1 maize row: 1pigeon pea row intercropping and 2 maize rows:
1 pigeon pea row intercropping systems were tested in RCB design
with three replications. Gross plot size was 4.8 m by 3.2 m holding six
maize rows. Spacing of maize was 80 cm between rows and 40 cm
between plants.

Planting materials
Maize variety (BH540), an intermediate maturity maize variety and

high grain yielder adopted in the area, was used for the experiment.
Locally adopted pigeon pea was used as an intercrop and planted
simultaneously with maize per the treatments. One hundred twenty
two kg NPSB fertilizer was applied to all treatments equally at
planting time while 100 kg urea, half at planting and the remaining
half at 45 days after planting, was applied uniformly for all treatments
(except to pigeon pea) as per the recommendation. Weeding was done
manually.

Data collection
Growth and yield parameters of maize: Plant height (cm) was

measured as the height from the soil surface to the base of the tassel
from five randomly selected plants in the net plot area using
measuring meter at physiological maturity and the average was taken
for analysis.

Leaf length (cm) was measured from the leave base to the tip of the
leaf (three middle leaves per plant) from five randomly selected
middle plants per plot and the average was taken for analysis.

Number of seed per row was recorded by counting the number of
seed per row per year from five randomly selected pants per plot and
the average was taken for analysis.

Ear length (cm) was measured as the length of the ear form the base
of the ear to the tip after removing the sheath.

Above ground biomass (kg) was measured from the net plot area
including leaves, stems and cobs which were harvested at maturity and
weighed after three days of sun drying and the average was taken for
analysis.

Grain yield (kg) was measured, after harvesting and shelling from
net plot, using electronic balance and then adjusted to 12.5% seed
moisture content using a digital moisture tester (model M-3G) and
converted to hectare basis.

Pigeon pea yield parameters: Plant height was recorded by
measuring the height of the five randomly selected plants from soil
surface to the tip of the main stems using meter at physiological
maturity.

Primary branch was measured by counting primary branches of
emerged from the main stems of five randomly selected plants per
plot.

Above ground biomass was obtained after weighing the biomass
after harvesting the above ground parts of the randomly selected five
plants.

Grain yield was recorded after harvesting the middle rows and
weighing total seed mass after threshing. The recorded was converted
to hectare base.

Analysis of productivity of the system
Land Equivalent Ratio (LER): The benefit of intercropping and

the effect of competition between component crops were calculated by
land equivalent ratio. Land equivalent ratio which verifies the
effectiveness of intercropping for using the resources of the
environment compared to sole planting. The LER value is computed
using the following formula:

Where, Ymp and Ypm were yield of maize and pigeon pea in
intercropping systems tested respectively, and Ym and Yp were yield
of maize and pigeon pea in pure stand of each crop respectively.
Therefore, any result above value of 1 would signify an intercrops
advantage, and any result that is below one would indicate a
monoculture advantage.

Statistical analysis
The collected data were subjected to ANOVA using the SAS GLM

procedure. Least Significant Difference (LSD) test at 5% probability
was used for mean separation when the analysis of variance indicates
the presence of significant differences.
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Results and Discussion

Growth and yield responses of maize to intercropping 
systems with pigeon pea

Growth parameters: Combined analysis of variances indicated 
that there were very highly significant (p<0.0001) differences 
observed due to treatments on plant height and leaf length. The highest 
plant height (206.7 cm) was observed from maize crop grown under 
intercropping system of 1 maize row to 1pigeon pea row. The shortest 
plant height (168.8 cm) was recorded with sole maize, which was also 
at par statistically with farmer’s intercropping practice. The longest 
mean leaf length (93.8 cm) was recorded from maize crop grown 
under sole stand whereas the shortest leaf length (59.4 cm) was

recorded with 1 maize row to 1 pigeon pea row intercropping system.
However, there was no statistically significant leaf length difference
observed among maize crop grown in sole and in farmer’s practice of
intercropping systems (Table 1). The highest plant height and shortest
leaf length observed in the case of 1 maize row to 1 pigeon pea row
ratio intercropping system could be attributed to higher plant
populations per unit area as well as increased competition of the
closely spaced pigeon pea plants for solar radiation that resulted in
mutual shading. This situation might have induced the plants to
increase their height as a response for shade avoidance, mediated by
plant hormones such as auxins and gibberellins. This finding agrees
with Vander, et al. and Nadew, et al. who reported that closest spacing
increased the potato plant height [4,5].

Treatments Plant height (cm) Leaf length (cm)

Sole maize 168.8c 93.8a

Farmer’s practice 172.7c 92.2a

1 maize row:1 pigeon pea row 206.7a 59.4c

2 maize rows:1 pigeon pea row 197.5b 72.2b

LSD (0.05) 5.511 3.604

CV (%) 2.39 3.73

Maize yield components: Combined analysis of variances showed 
that maize ear length (cm) was not affected significantly (p>0.05) by 

treatments while seed number per row was varied highly significantly

 (p<0.01) due to treatments (Table 2). The possible reason for 
non-significant response of maize ear length could be due to its 
genetic make-up.

Treatments Ear length (cm) Seed number/row

Sole pigeon pea 19.1 34.3a

Farmer’s practice 18.8 33.6ab

1 maize row:1 pigeon pea row intercropping 17.9 32.0c

2 maize rows:1 pigeon pea row intercropping 18.4 33.0bc

LSD (0.05) ns 1.21

CV (%) 5.1 2.98

Total maize biomass and grain yield: Combined analysis of 
variances of total biomass of maize showed very highly (p<0.0001) 
while grain yield showed highly (p<0.001) significant differences due 
to treatments. The greatest total biomass yield (16.73 tha-1) and grain 
yield (6.47 tha-1) were obtained from maize crop in sole stand, though 
it was at par with yields obtained from farmer’s intercropping system. 
Whereas, the lowest biomass (13.36 tha-1) and grain yields (5.25 
tha-1)were obtained from 1maize row to 1pigeon pea row 
intercropping system which was also statistically at par with 2 maize 
rows to 1pigeon pea row ratios intercropping system (Table 3). The 
reason for more biomass recorded in the case of sole maize stand might

be due to more number of longest leaves and thicker maize stalk with 
widest diameter. Similarly, the highest grain yield obtained might be 
due to the variation in yield components not measured in this study 
such as grain dry matter content and thousand seed weight as well as 
due to cumulative effects of numerical differences found on measured 
yield components such as ear length and seed number per row though 
they were at par statistically. This result agrees with Makumba, et al. 
who noticed higher maize grain yield and biomass in plots 
intercropped with Gliricidia sepium than in sole maize plots [6].
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Sole maize 16.73a 6.47a

Farmer’s practice 16.31a 6.24a

1 maize row: 1 pigeon pea row intercropping 13.36c 5.25b

2 maize rows: 1 pigeon pea row intercropping 14.65b 5.66b

LSD (0.05) 1.04 0.57

CV (%) 5.6 7.9

Growth and yield responses of pigeon pea to intercropping 
systems with maize

Growth of pigeon pea: Combined analysis of variances showed 
that there were very highly significant (p<0.0001) differences 
observed on both plant height and number of primary branches pigeon 
pea due to treatments. The longest plant height (169.8 cm) recorded 
with sole maize while the shortest plant height (91.2 cm) was recorded

with pigeon pea grown in farmer’s intercropping system. Similarly, 
more primary branches number (21.3) were obtained from sole pigeon 
pea and less number of primary branches (5.5) were found from pigeon 
pea grown in farmer’s intercropping practice (Table 4). The possible 
reason for the longest plant height and more primary branches recorded 
due to sole cropping system may be as a result of less competition 
among plants for growth resources.

Treatments Plant height (cm) Primary branches number

Farmer’s intercropping practice 91.2d 5.5d

1 maize row:1 pigeon pea row intercropping 125.7c 11.7c

2 maize rows:1 pigeon pea row intercropping 138.0b 16.5b

Sole pigeon pea 169.8a 21.3a

LSD (0.05) 3.16 1.26

CV (%) 2 7.5

Pigeon pea total biomass and grain yields: Combined analysis of 
variance showed that both biomass yield and grain yield of pigeon pea 
were very highly significantly (p<0.0001) affected by treatments. The 
highest pigeon pea biomass yield (11.3 tha-1) and grain yield (0.8 
tha-1) were obtained from pigeon pea grown in sole stand whereas the 
lowest biomass (7.87 tha-1) and grain yields (0.56 tha-1) were obtained 
from pigeon  pea grown under 2 maize rows to 1 pigeon  pea intercropping

system (Table 5). The reduction of both biomass and grain yield in the 
case of 2 maize rows to 1 pigeon pea row might be due to low plant 
population per a unit of land, since biomass yield is affected by 
different plant population densities [7]. The finding of this research 
agrees with finding of Dasbak, et al. who reported that intercropping 
significantly depressed pigeon peas grain yield compared to sole 
cropping system [8].

Treatments Biomass (tha-1) Grain yield (tha-1)

Sole pigeon pea 11.3a 0.8a

Farmer’s intercropping practice 9.2b 0.65c

1 maize row:1 pigeon pea row intercropping 10.7a 0.69bc

2 maize rows:1 pigeon pea row intercropping 7.7c 0.56d

LSD (0.05) 0.8 0.07

CV (%) 6.8 11.5

   Evaluating productivity of maize/pigeon pea intercropping 
system: Analysis of variance showed that LER was highly significantly 
(p<0.01)  affected by treatments.  The  highest LER (1.77) was  obtained

from farmer’s intercropping practice whereas the lowest LER (1.58) 
was obtained from 2 maize rows to 1 pigeon pea row intercropping 
system (Figure 2). Nevertheless, the LERs of all intercropping systems
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Table 3: Combined mean values of maize yields as affected by intercropping systems (2021 and 2022).

Table 5: Mean pigeon pea yield as affected by intercropping systems (2021 and 2022).
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Treatments Biomass yield (tha-1) Grain yield (tha-1)

Table 4: Combined mean values of pigeon pea plant height and primary branch number as affected by intercropping systems (2021 and 2022).



tested were much greater than one that showed the benefits of 
intercropping, indicating the efficient utilization of growth resources 
by growing the crops together. Generally, it can be explained as 
intercropping maize with pigeon pea showed an advantage over sole 
cropping in the study area. This agrees with Naudin, et al. who stated 
that intercropping increases efficiency of land use for crop production 
compared to sole cropping [9].

Figure 2: LER of maize/pigeon pea intercropping systems.

Conclusion
The present study indicated the possibility of obtaining additional 

yields of pigeon pea biomass and grain by intercropping without 
causing significant yield reduction of maize crop in the study area. 
This reflects the importance of using intercropping pigeon pea 
simultaneously with maize for efficient use of land and other plant 
growth resources. More specifically, it can be concluded that farmer’s 
practice of intercropping maize and pigeon pea in the same row seems 
the best agronomic practice from the point of view of productivity and 
ease of inter-cultivations rather than other intercropping systems 
tested. Therefore, it is better to advice maize producing farmers in the 
study area as well as in other areas with similar environmental 
conditions to scale up intercropping local pigeon pea variety in the 
same row with maize (between two maize holes) simultaneously. 
Whereas for those who want mainly to produce pigeon pea grain sole 
planting method is better than intercropping it with maize. Finally, 
since the growth habits may vary among varieties, further research on 
compatibility of other improved pigeon pea varieties for intercropping 
systems with maize is important.
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