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Abstract

Field trials were conducted in 2015/2016 and 2016/2017 cropping seasons in three agro-climatic zones of the country
to evaluate the productivity and insect pests population dynamics of cassava as a response to spatial arrangement, plant
architecture and cropping systems. The treatments consisted of seven cropping associations, two cassava architectures
and two spatial arrangements. The study reveals that yield parameters of cassava were higher in cassava-soybean
system at all locations. The number of marketable roots and forage yield were on average higher when the erect cassava
variety was intercropped with the legumes using the 1 m x 1m spatial arrangement. On the other hand, root yield and
canopy width were higher when the 2 m x 0.5 m spatial arrangement and the branched cassava architecture was used
respectively. In general, yield parameters were higher at Segbwema expect for forage yield that was higher at Makeni.
With respect to cassava insect pests, higher percentage incidences and severity scores were recorded on sole cassava
and when the branched cassava variety was intercropped with legumes using the 2 m x 0.5 m spatial arrangement of
cassava. In addition, cassava insect pests incidences were only observed at 6 MAP and 9MAP and were higher in
Segbwema compared to the other locations. Thus, in order to improve productivity of cassava with low insect pest
infestation, the erect cassava variety should be intercropped with soybean at a spatial arrangement of 1 mx 1 m.
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1. Introduction

Cassava, Manihot esculenta Grantz (Euphorbiaceae), is an important food crop for over 22 800 million people in the
World [1]. In Sierra Leone, cassava is the second staple food after rice and has increasingly become a strategic
commodity for food economy as consumption has expanded beyond the traditional rural production areas into towns
and cities of the country. Small-scale farmers generally cultivate it as a subsistence crop in a diverse range of cropping
systems [2]. Grain legumes such as cowpea, groundnut and soybean are known to fix nitrogen into the soil, through the
process called biological nitrogen fixation (BNF). Biological nitrogen fixation (BNF) in legumes is a fundamental process
for maintaining soil fertility and hence leads to the continued productivity of low-input cropping systems. In Sierra
Leone, cassava is found in a variety of crop production systems and performs well under various levels of management.
Studies carried out by [3] have shown that intercropping grain legumes with cassava could improve the overall
productivity of the system. In addition to increased productivity, this system in most cases results in a decrease in insect
pests, weeds and disease severity [4] due to increase in biodiversity, alteration of the microclimatic conditions of
neighboring plants and also altering the host plant quality [5]. According to [6] considerable evidence has emerged over
the past twenty years to suggest that pest populations and problems are much greater in crops grown in monoculture
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than those grown with intercropping as one of the component crops may act as a physical barrier thus reducing the
lateral spread of pests. In most African countries including Sierra Leone, intensive agricultural activity coupled with
rapid population growth and limited nutrient inputs have resulted in the decline of fertility [7]. In order to maintain soil
fertility and improve crop yields, intercropping which has been a common practice of smallholder farmers could be one
of the existing integrated soil fertility management options that should be adopted by smallholder farmers. Thus, for an
intercropping system to be efficient and productive, each crop must have sufficient space to maximize cooperation and
reduce competition between them. For this to be realized, four things need to be considered: spatial arrangement, plant
density, maturity dates of the crops being grown, and plant architecture [8]. [9] have shown that spatial arrangement
in intercropping is an important management practice that can improve interception of radiation. Thus to improve
productivity in intercropping system there is a need to reduce intra-specific competition between the component crops
for limiting growth resources such as solar radiation [10] or nutrients [11]. In Sierra Leone, information on the effect of
cropping systems, on productivity and insect pest population of cassava is scanty. The objective of this research
therefore is to examine the effect of cassava-legume based cropping systems on productivity and insect pests population
dynamics of cassava in agro-ecosystems where cassava is intercropped with legumes.

2. Materials and methods

2.1. Study Area

The study was conducted between 2015-2017 under rain fed condition in three Agro-climatic zones namely Sumbuya
in Bo district representing the forest transition with annual rainfall of 2,616.6mm, temperature of 37.4°C, and a relative
humidity of 75%, Makeni in Bombali district representing the derived savannah with annual rainfall 1121mm,
temperature of 30°Cand a relative humidity of 77% and Segbwema in Kailahun district representing the forest region
with annual rainfall of 2476.5mm, temperature of 37.49C and relative humidity of 76.7%. The soils at Makeni, Sumbuya
and Segbwema were sandy clay loam, and sandy loam in texture respectively.

2.2. Land preparation

The land at the three locations was slashed with cutlass, burnt, destumped and dug using hoe and the plots laid out
using measuring tape, garden line and pegs.

2.3. Experimental design, treatments and planting

The experiment was laid out in a spilt-split block design with three replications. The treatments consisted of seven
cropping associations (sole cassava, sole groundnut, sole cowpea, sole soybean, cassava + cowpea, cassava + groundnut
and cassava + soybean), two cassava architectures (branched and erect) and two spatial arrangements (1m x 1m and
2m x 0.5 m). The plot size will be 7 m x 6 m. The trials were conducted for two consecutive years 2014/2015 and 2016/
2017 respectively. The cassava and the three legumes were planted on flat in June of each year. Stem cuttings of about
25 cm long with five nodes of each cassava variety was used. Cassava was planted at the spacingsof 1 mx 1 m and 2 m
x 0.5 m respectively; whilst cowpea and groundnut were planted at the spacing of 50 cm x 20 cm with two seeds per
hole for cowpea and one seed per hole for groundnut. On the other hand, soybean was planted at the spacing of 50 cm
x 10 cm with two seeds per hole. The legumes were introduced in between the rows of the cassava. The cassava varieties
used were slicass 6 that is the erect type and slicass 1, which is the branched type. The cowpea, soybean and groundnut
varieties used were [ITA573k-1-1, Slibean 2 and Slinut 1 respectively. Weeding was done with hoe at one, three and six
months after planting. Cassava was harvested at 12 months after planting whilst the three legumes were harvested at
their different maturity dates. The haulms of the harvested legumes were returned into the cassava system after harvest.

2.4. Data collection

The yield parameters determined were number of marketable root, root yield and forage yield. Forage yield was
determined by weighing the tender stem and leaves using a sensitive scale. This was later expressed in t/ha. Root yield
was determined by harvesting all the cassava plants within the net plot followed by detachment of all the storage roots
from the stump and weighing using a salter scale. Root yield was also expressed in t/ha. The storage roots per
treatments were sorted based on whether they were marketable of not. A storage root was considered marketable when
it weighs between 100-400g. Insect pest data were collected on 10 randomly selected tag plants per plot at 3, 6, 9 and
12 months after planting. The insect pest data collected were percentage incidence and severity of cassava green mite
(Mononychellus tanajoa) and grasshopper (Zonocerus variegatus). These were the two dominant cassava insect pests
during the growing seasons at the three locations. Percentage incidence was expressed as the total number of infected
cassava plant over the total number of cassava plants randomly sampled whilst, severity score was expressed as a
percentage of the total area of the cassava plant tissue affected over the total area of the plant tissue [12]. Grasshopper
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severity was estimated using the visual rating scale of 1-5 per individual plant; where: 1 = 0-20% of foliage consumed,
2 =21 -40% of foliage consumed, 3 = 41 - 60% of foliage consumed, 4 = 61 - 80% of foliage consumed and 5 = 81-
100% of foliage consumed [13]. Severity score of cassava green mite was assessed using the five-point scale where 1
represents no visible symptom and 5 severe symptom expression [14].

2.5. Data analysis

All data collected were subjected to analysis of variance (ANOVA) using the SAS statistical package [15] and means were
compared using the Student Newman-Keuls Test (SNK) at 0.05 level of significance. Data for insect counts were square
root transformed [16] before analysis.

3. Results

3.1. Number of marketable root

Analysis using ANOVA reveals significant differences (P<0.05) in the number of marketable root among cropping
systems at Segbwema and Sumbuya; however, there were no significant differences (P> 0.05) in marketable roots in
Makeni across the cropping systems (Table 1). Generally, cassava-soybean cropping system recorded the highest
number of marketable roots (8.84-28.38) followed by the sole cassava (7.56-27.4), cassava-groundnut (8.64-
18.55)whilst the cassava- cowpea cropping system recorded the least (6.99-17.05) across the three locations (Table 1).
The number of marketable roots was 13%, 25% and 22% higher in Makeni, Segbwema and Sumbuya respectively in
cassava- soybean cropping system compared to the other cropping systems. For location, significant differences were
recorded in the number of marketable roots with Segbwema recording significantly (P< 0.05) the highest (22.25)
followed by Sumbuya (16.42) and Makeni(8.01). In the case of spatial arrangement, significant differences were not
recorded in the number of marketable roots across all locations even though the 1m x 1m spatial arrangement
registered slightly higher values across all locations. The mean number of marketable roots for the 1mx 1m spatial
arrangement ranged from (9.14-26.59) whilst the 2m x 0.5m spatial arrangement range from (6.29-22.73) across the
three locations (Table 1). With regards to plant architecture, significant differences (P<0.05) were recorded in the
number of marketable roots across all three locations (Table 1). The cassava variety with the erect plant architecture
on average recorded significantly (P<0.05) the highest number marketable roots compared to the one with the branched
architecture. In addition, the three-way interactions among cropping system, spatial arrangement x plant architecture
on number of marketable roots at the three locations were not significant (P> 0.05).

3.2. Rootyield

Root yield was significantly different (P<0.05) across cropping systems at all locations with the cassava-soybean
cropping system registering the highest root yield whilst cassava-cowpea cropping system recorded the least across all
locations (Table 1). The root yield for cassava-soybean cropping system ranged from (15.23-30.89) compared to sole
cassava (12.69-27.07), cassava-groundnut (15.05-20.97) and cassava-cowpea (11.01-20.51). Cassava-soybean
cropping system root yield was 11%, 19% and 20% higher at Makeni, Segbwema and Sumbuya respectively compared
to the other cropping systems. There were however no significant differences in root yield between the sole cassava
and the cassava-groundnut intercrop even though the sole cassava recorded slightly higher yields in Segbwema (20.07)
and Sumbuya (17.02). About location, root yield was generally higher in Segbwema (25.11) followed by Sumbuya
(16.42) whilst Makeni recorded the least (13.49) (Table 1). Relating to spatial arrangement, no significant differences
(P>0.05) were recorded with respect to root yield across locations; however, the 2 m x 0.5 m spatial arrangement
registered a slightly higher root yield across the three locations compared to the 1 m x 1 m spatial arrangement (Table
1). Similarly, root yield was not significantly different (P> 0.05) with respect to plant architecture however; the cassava
variety with the erect architecture out yielded the cassava variety with the branched architecture at all locations (Table
1).

3.3. Forage yield

Forage yield was significantly different (P < 0.05) across the cropping systems with cassava-soybean cropping system
again recording the highest across the three locations. Forage yield for the cassava-soybean cropping system was 15%,
35% and 25% higher at Makeni, Segbwema and Sumbuya respectively compared to the other cropping systems. (Table
1). At Makeni, the forage yield for the sole cassava, cassava-soybean and cassava-groundnut systems were not
significantly different (P>0.05) from each other but were different from the cassava-cowpea system. On the other hand,
at Sumbuya and Segbwema, the forage yield for the sole cassava, cassava-groundnut and cassava-cowpea intercropping
systems were not significantly different (P> 0.05) from each other but were different from the cassava-soybean system
(Table 1). In the case for location, Makeni recorded the highest forage yield (10.50) followed by Sumbuya (7.96) and
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Segbwema (7.94). Relating to spatial arrangement, significant differences (P> 0.05) were not recorded with respect to
forage yield even though, the 1 mx 1 m spatial arrangement recorded slightly higher forage yields across the three
locations compared to the 2 m x 0.5 m spatial arrangement (Table 1). With respect to plant architecture, significant
differences in forage yield were only observed in Segbwema where in, the cassava variety with the branched
architecture recorded significantly (P < 0.05) higher value (9.11) compared to the cassava with the erect architecture
(6.43). At Makeni and Sumbuya, significant differences (P > 0.05) were not observed in forage yield but the cassava with
the branched architecture recorded slightly higher values at both locations (Table 1). Furthermore, the three-way
interactions among cropping systems x plant architecture x spatial arrangement with respect to forage yield at the three
agro-climatic zones were not significant (P>0.05).

3.4. Cassava green mite incidence and severity

Mean percentage cassava green mite incidence was significantly different (P < 0.05) among cropping systems. On the
other hand, it was not significantly different (P > 0.05) with respect to spatial arrangement and plant architecture (Table
2). Cassava mite incident was generally moderate ranging from 47.71%-54.68%, 45.84%-49.06% and 50.18%-50.78%
185 for cropping system, spatial arrangement and plant architecture respectively (Table 2). For cropping system, the
sole cassava (54.69%) recorded a significantly higher percentage incidence of the cassava green mite followed by
cassava-cowpea (50.59%), cassava-groundnut (49.110%) and cassava-soybean (47.71%) cropping system. There were
however no significant differences (P > 0.05) in percentage green mite incidences among cassava-groundnut, cassava-
cowpea and cassava-soybean cropping systems. (Table 2). With respect to location, percentage green mite incidence
was also moderate ranging from 35.85% to -57.69%. Segbwema (58.72%) was observed to have recorded the highest
percentage of cassava green mite followed by Makeni (49.61%) whilst Sumbuya (43.27%) recorded the least.
Furthermore, it was observed that the highest percentage incidence of green mite was recorded at all locations at 9 MAP
which correspond to March followed by 6 MAP (December) and 12MAP (June). No cassava green mite incidence was
recorded at 3 MAP at all the experimental locations.

Concerning spatial arrangement, a slightly higher percentage incidence was obtained when the 2 m x 0.5 m cassava
spatial arrangement (49.06%) was used compared to the 1 m x 1 m spatial arrangement (45.84%). Pertaining to plant
architecture, the branched cassava architecture recorded a slightly higher percentage green mite incidence (50.78%)
compared to the erect cassava variety (50.18 %). In addition, it was observed that the three-way interactions among
cropping system x spatial arrangement x plant architecture with respect to percentage green mite incidence at all
locations were not significant (P > 0.05). About cassava green mite severity score, no significant differences (P > 0.05)
were registered with respect to cropping system, spatial arrangement and plant architecture. In addition, severity
scores were generally low and were not significantly different (P>0.05) across locations except in the case for spatial
arrangement for cassava where Segbwema recorded a slight significant difference in severity score (Table 2). Also, as
with percentage incidence, the highest severity score for all locations was recorded in March followed by December,
June and September respectively.

3.5. Grasshopper incidence and severity

Percentage grasshopper incidence was significantly different (P < 0.05) with respect to cropping system but was not
significantly different about spatial arrangement and plant architecture. Percentage incidence was generally moderate
ranging from 30.68%-39.98% for cropping system, 34.44%-36.73% for spatial arrangement and 35.88-36.78 for plant
architecture (Table 3). In the case for cropping system, the sole cassava was observed to have recorded higher
incidences of grasshopper (39.98%) compared to the other cropping systems. However, there were no significant
differences in mean percentage incidence of grasshopper among the cassava-soybean, cassava-groundnut and cassava-
cowpea intercropping systems.
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Table 1 Effect of cropping systems (CS), spatial arrangement of Cassava (SA) and Plant architecture of Cassava (PA) on yield and yield components of Cassava with
respect to location over a two year cropping season

Locations
Makeni Segbwema Sumbuya

Parameter Yield parameter (t/ha) Yield parameter (t/ha) Yield parameter (t/ha) Mean

Number of | Root Forage Number of | Root Forage Number of | Root Forage

marketable yield yield marketable yield yield marketable yield yield

root root root
Cropping system
Cassava- 8.64 a 15.04 a 10.91a 18.55a 21.50b 6.70b 13.39b 16.04a 7.09b 13.06b
groundnut
Cassava-cowpea 6.99 a 11.01b 8.34b 17.05b 2097 b 6.82b 13.60 b 1198 b 7.33b 11.62b
Cassava-soybean 8.84a 15.23a 12.39a 28.03a 30.89a 10.70 a 20.03 a 20.60a 9.54a 17.04 a
Sole cassava 7.56 a 12.69ab 10.27 a 25.38a 27.07ab 7.53b 18.66 a 17.02 a 7.87b 15.18a
Mean 8.01c 1349 c 10.47 a 22.25a 25.11a 7.94 b 16.42Db 16.42b 7.96 b
Spatial arrangement
Imx 1m 9.14a 13.05a 10.98a 26.59a 25.56a 8.31a 19.05a 15.68a 8.61a 15.21a
2m x 0.5m 6.29 a 13.42a 10.02a 22.73 a 25.81a 7.15a 15.33b 17..63a 7.86a 14.02 a
Mean 7.72c 13.24 c 10.50 a 24.66 a 25.68a 7.73b 17.19b 16.66 b 8.24b
Plant architecture
Erect 9.84a 14.26a 10.40a 28.71a 26.50 a 6.43Db 22.25a 18.34 a 7.09 a 15.99a
Branch 5.41b 11.89 a 10.53a 20.00b 24.71a 9.11a 12.82b 15.05a 8.73 a 13.12b
Mean 7.63c 13.08 ¢ 10.47 a 24.36a 25.61a 7.77Db 17.54 b 16.69 b 791b

Means in column with the same letter are not significantly different at P>0.05 (SNK)
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Table 2 Effect of cropping systems (CS), spatial arrangement of Cassava (SA) and Plant architecture of Cassava (PA) on
cassava green mite incidence and severity with respect to location over a two year cropping season

Cassava green mite incidence (%) Cassava green mite severity sore
Location Location

Parameter Makeni [Segbwema |Sumbuya |[Mean Makeni |[Segbwema |Sumbuya |Mean
Cropping system
Cassava- groundnut| 47.75 56.93 42.67 49.11b 1.54 1.66 1.48 1.56a
Cassava-cowpea 50.93 56.18 44.66 50.59b 1.56 1.46 1.53 1.51a
Cassava-soybean 45.80 58.25 39.10 47.71b 1.48 1.75 1.47 1.56a
Sole cassava 53.95 63.50 46.63 54.69 a 1.80 1.75 1.53 1.69a
Mean 49.61b 58.72a 43.27b 1.60 a 1.63a 1.50a

Spatial arrangement

Imx 1m 47.16 55.95 34.41 4584 a 1.53 1.70 1.49 1.57 a
2m x0.5m 50.46 59.44 37.27 49.06 a 1.66 1.74 1.52 1.64a
Mean 48.81b 57.69 a 35.85¢ 1.60b 1.72 a 1.51b

Plant architecture

Erect 50.04 57.77 44.54 50.78 a 1.58 1.67 1.49 1.58a
Branch 48.20 58.78 43.56 50.18 a 1.61 1.75 1.51 1.62 a
Mean 49.12b 58.28 a 44.07 b 1.60 a 1.71a 1.50 a

Means in column with the same letter are not significantly different at P>0.05 (SNK)

Furthermore, a highly significant locational difference (P < 0.05) in percentage incidence was observed with Segbwema
registering a higher mean percentage incidence (43.36%) compared to Sumbuya (36.08%) and Makeni (27.365%). In
addition, grasshopper incidences were observed only in December and March, which corresponds to 6MAP and 9MAP
respectively (Table 3). Grasshopper incidences were not observed in September and June at all locations. Grasshopper
incidence was higher in March at all locations compared to December. Relating to spatial arrangement, slightly higher
incidences were recorded on the 2 m x 0.5 m spatial arrangement of cassava (36.73%) compared to the 1m x 1m spatial
arrangement (34.44%). For plant architecture, the branched cassava variety was observed to have attracted a slightly
higher incidence (36.78%) compared to the erect (35.88%) cassava variety (Table 3). Also, the three-way interactions
among cropping system x spatial arrangement x plant architecture with respect to grasshopper incidences at all
locations were not significant (P > 0.05). Concerning grasshopper severity score, significant differences (P<0.05) were
only observed concerning cropping system (Table 3). There were however, no significant differences (P> 0.05) with
respect to spatial arrangement and architecture of cassava even though the 2 m x 0.5 m spatial arrangement registered
a slightly higher value (1.49) compared to the 1 m x1 m (1.42). For plant architecture, the erect cassava variety recorded
a slightly higher value (1.51) compared to the branching type (1.46). In general, severity scores were low across
cropping system, spatial arrangement and plant architecture (Table 3). About cropping system, the sole crop registered
a significantly (P < 0.05) higher severity score (1.62) compared to cassava-soybean (1.33), cassava-cowpea (1.46) and
cassava-groundnut (1.42) systems. Conversely, significant differences (P > 0.05) in severity score were not recorded
among cassava-cowpea, cassava-soybean and cassava-ground systems. Also, as with percentage incidence, severity
scores were higher in March compared to December at all locations (Table 3). Also, the three-way interactions among
cropping systems x spatial arrangement x plant architecture with respect to grasshopper severity score were not
significant all locations (P > 0.05).
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Table 3 Effect of cropping systems (CS), spatial arrangement of Cassava (SA) and Plant architecture of Cassava (PA) on
grasshopper incidence and severity with respect to location over a two year cropping season

Grasshopper incidence Grasshopper severity sore
Location Location

Parameter Makeni |Segbwema |Sumbuya |Mean |Makeni |Segbwema |Sumbuya |Mean
Cropping system
Cassava- 24.40 39.55 34.22 32.72 1.40 1.44 1.43 1.42b
groundnut ab
Cassava- 28.65 40.44 38.11 35.73 1.42 1.42 1.53 1.46b
cowpea ab
Cassava- 25.28 41.80 24.97 30.68b 1.31 1.41 1.26 1.33b
soybean
Sole cassava 33.19 45.04 41.71 3998 a 1.61 1.63 1.62 1.62 a
Mean 27.88 ¢ 41.71a 34.75b 1.44 a 1.45a 146 a
Spatial
arrangement
1mx 1m 26.51 41.71 35.11 3444 a 1.34 1.41 1.51 142a
2m x0.5m 28.20 45.00 37.04 36.73 a 1.45 1.46 1.56 1.49a
Mean 27.36¢ 43.36a 36.08Db 140a 144 a 1.54a
Plant architecture
Erect 25.88 42.47 41.93 36.78 a 1.36 1.46 1.71 1.51a
Branch 28.03 42.83 36.79 35.88a 1.43 1.49 1.45 1.46a
Mean 2696 b 42.65a 39.36a 140 a 148 a 1.58a

Means in column with the same letter are not significantly different at P>0.05 (SNK)
Severity score: 1 = 0-20% of foliage consumed, 2 = 21 - 40% of foliage consumed, 3 = 41 - 60% of foliage consumed, 4 = 61 - 80%
of foliage consumed and 5 = 81- 100% of foliage

4. Discussions

4.1. Effect of cropping system, spatial arrangement and plant architecture on the yield parameters of cassava.

The study reveals significant variations in the number of marketable roots among cropping systems at Segbwema and
Sumbuya. In general, higher number of marketable roots was obtained for the cassava-soybean cropping systems
among all locations compared to the sole cassava and the other cropping systems. The above observation could be
probably due to better photosynthetic efficiency and the good soil moisture level created by the cassava-soybean
intercropping system compared to the other cropping systems. In addition, cassava tuber initiation and bulking were
not subjected to any intercrop competition, as the soybean was harvested earlier before tuberization process
commenced in cassava [17]. Several authors including [18] in a cassava-legume intercrop, [19] in a cassava-groundnut
intercrop and [20] in a cassava okra intercrop have reported positive effects of intercropping on the number of cassava
marketable root and other yield related components of cassava relative to the sole cassava. On the other hand, the
number of marketable roots was on average higher for the sole cassava compared to the cassava-groundnut and
cassava-cowpea systems across the three locations. The decrease in the number of marketable roots when cassava was
intercropped with groundnut and cowpea could be attributed to competition for the available growth resources. Thus,
it is possible that the peak demand for growth resources of these crops could have coincided thus, resulting in
competition that led to significant reduction in the number of marketable roots. This result concord with the findings of
[21] who reported that the number of marketable roots can be reduced by intercropping. Furthermore, the higher
number of marketable roots recorded with respect to the erect cassava variety could be attributed to the genotypic
characteristic of the cassava variety used and also the fact that the erect cassava architecture grows faster in height and
were generally not subjected to competition relative to the associated crop. Relating to root yield, significant variations
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were recorded among cropping systems at all locations. Higher root yields were recorded by the cassava-soybean
system compared to sole cassava and the other cropping systems. The higher root yield observed under cassava-
soybean intercrop could be because soybean is a short duration crops, which matured just after maximum canopy
development and harvested, earlier before tuber bulking process commence. This result is in agreement with [22] who
reported higher yield and yield related components of cassava in the intercropping system compared to the sole cassava.
These authors suggested that intercropping cassava with legumes were beneficial to the Cassava as the legume will
enriched the soil by improving the nitrogen status of the soil as the legume can fix nitrogen into the soil [23, 24]. This
result is in direct contrast with the findings of [25]. These authors reported higher cassava root yield when cassava was
intercropped with groundnut compared to cassava-cowpea and cassava-soybean systems. Similar findings relating to
the superiority of cassava-groundnut intercropping over cassava- soybean and cassava- cowpea systems was also
reported by [26]. These results suggest that the productivity of an intercrop system will vary with component species
as well as the environment. The recorded increased in root yield of cassava intercropped with grain legumes have also
been reported by [27, 21]. This result suggests that the presence of legumes in the cassava-legume mixtures may have
been beneficial to cassava crop. The beneficial effects of legumes stem from their enriching soil by improving the soil
nitrogen status, as legumes have the ability to fix nitrogen into the soil [23, 28]. Another factor that can be implicated
for the significant yield differences is the increase in soil organic matter (SOM) in the cassava-legume mixture, resulting
from the decomposition of biomass produced by cassava and the legumes [29].

The result further shows that root yield for the sole cassava was higher relative to cassava-groundnut and cassava-
cowpea systems. The cowpea based cropping system caused 22%- 30% cassava root reduction whilst the Cassava-
groundnut based system caused 6%- 304 21 % yield reduction at Segbwema and Sumbuya respectively. The reduction
in yield and yield-related components of cassava intercropped with groundnut and cowpea relative to the sole cassava
could have been due to both inter and intraspecific completion for growth resources such as light, water and nutrients
by both intercrop components. [30] had reported similar competitive interactions among intercrop species such as
soybean and sorghum. Other possible reason for the low yield and yield related components of cassava in the
intercropping systems could be due to the low establishment percentage of cassava in intercropping systems compared
to the sole. Pertaining to spatial arrangement, significant differences were not recorded concerning root yield. This
result conforms to the findings by [31] as reported by [32] show that root yields of three cassava cultivars do not differ
for the 1 m x 1 m or the 2 m x 0.5 m arrangement. The slightly higher yields recorded about the 2m x 0.5m spatial
arrangement of cassava could probably be because this arrangement tends to enhanced more transmission of light to
the shorter crops as suggested by [33]. In addition, concerning plant architecture, significant differences were recorded
in root yield. The higher root yield recorded by the erect cassava variety could be explained by the fact that the erect
variety grew faster in height and as such was not affected by competition for light relative to the associated crop. Forage
yield, which includes the leaves and the tender stem, was significantly different among cropping systems and location,
which contradicts the findings of [34]. These authors reported no significant effect on forage yield when cassava was
intercropped with legumes. Cassava forage yield was consistently higher for the cassava-soybean system across the
three locations compared to the sole crop and the other cropping systems. This observation is in contrast with the study
conducted by [35] in which he reported a 24% reduction in forage yield of cassava when it was intercropped with F.
microphylla compared to the sole cassava. The higher cassava forage yield reported for the cassava-soybean system
could be related to the fact that this system was able to efficiently utilize the environmental resources more efficiently
compared to the sole cassava and the other cropping system. On the other hand, the reported higher forage yield for the
sole cassava compared to the cassava-cowpea and the cassava-groundnut systems could be related probably to both
inter and intra specific completion between the component crops. This result agrees with the findings of [35].
Furthermore, higher forage yield was recorded at Makeni compared to the other two locations. On the other hand, forage
yield was not significantly different with respect to spatial arrangement although slightly higher values were recorded
for the 1 m x 1m spatial arrangement compared to that of the 2m x 0.5m arrangement. The slightly higher value recorded
for the 1m x 1m arrangement could probably be related to the fact that the intra plant distance between the 2 m x 0.5m
spatial arrangement was smaller compared to the 1 m x 1 m spatial arrangement thus, resulting into more intra plant
competition for growth resources such as space and light which probably led to mutual shading resulting into the
reduction of incidence light reaching the plants thus reducing the rate of photosynthesis and the subsequent decrease
in value of the measured parameter. In the case for plant architecture, the slightly higher value of forage yield recorded
for the branched variety could probably be due to the genetic characteristic of the variety. This variety is a highly
branched variety and as such produces higher forage compared to the erect variety.

4.2. Effect of cropping system, spatial arrangement and plant architecture on incidence and severity of
cassava insect pests

Both cassava green mite and grasshopper were present in the three agro climatic zones with incidences raging from
low to moderate. Severity was generally low for both pests. Significant differences were observed among cropping
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system across the three locations with respect to cassava green mite and grasshopper. This result is in contrast to the
findings of [36] in the case for cassava green mite. For both pests, higher incidences and severity were recorded for the
sole cassava compared to the other intercropping systems. This result agrees with the findings of other scientist who
have indicated that insect pest populations were suppressed in intercropping systems compared to monocultures [37].
Moreover, [38] in his work involving pest species showed that the population of insect pests in intercropping systems
was lower in 358 52% of the studies compared to monocultures. According to [39] the reason for the reduction of pest
population in intercropping systems could be due to three possible mechanisms including the destructive- crop
hypothesis, the trap crop hypothesis and the natural enemy hypothesis. According to the disruptive-crop hypothesis,
the presence of a second non-suitable host plant attracts the pest away from its primary host. Thus, according to [40]
when an herbivore comes into contact with a non-host, it use up additional time and energy in locating an acceptable
plant which reduces the time and energy of the insect for crop damage and in some instances, it encourages the insect
to migrate from the area. The natural enemy hypothesis on the other hand states that lower pest density in
intercropping systems may be due to the action of natural enemies in intercropping system. [38, 37] reported that
diverse agro ecosystem created by multiple cropping tend to increase the number of natural enemies. Furthermore,
[37] opined that the rate of parasitism by Diaeretiella rapae on cabbage aphid was higher in intercropping plots
compared with homogenous crops. Also, [41, 42] reported a considerable reduction in maize yield losses due to S.
calamistis in maize intercropped with cassava or grain legumes. From the result the possible reasons for the lower
number of insect pests in the intercropping system compared to that of the sole could probably be due to the combined
effects of both the natural enemy and the disruptive crop hypotheses. The result further suggests higher incidence and
severity of both pests at 6 MAP and 9 MAP, which corresponds to December and March respectively. This could be
because the populations build-up of these pest starts at the closure of the rainy season, which is December, and the
peak of the dry season which is March. For most insect pest, population increase is a function of temperature hence the
high populations of both pests in December and March. On the other hand, cassava green mite and grasshoppers were
not observed at 3 MAP and 12 MAP respectively. The observed low incidence and severity of the pests during the rainy
season could be related probably to the low temperature, which reduces, developmental rate of the pest and also due
to the fact that rain is one of the natural mortality factors of the pests. This observation corroborates with the findings
of [43, 44, 45]. These authors reported negative correlation between rainfall and mite incidence and severity.
Furthermore, both grasshopper and mite incidences and severity were higher at Segbwema compared to the other
locations because of the variations in the environmental variables such as rainfall, temperature and relative humidity
across the locations which might have probably resulted into the differences in the survival and perpetuation of the
pests among the zones.

5. Conclusion

The study has revealed that yield parameters such as number of marketable roots, root yield and forage yield were
significantly higher with cassava-soybean intercropping system compared to the other cropping systems across all
locations. The number of marketable roots and forage yield were higher with the 1 m x 1m spatial arrangement whilst
root yield was higher with the 2 m x 0.5 m spatial arrangement of cassava. On average, number of marketable roots and
root yield were higher when the erect cassava variety was used. However, higher forage yield was recorded when the
branched variety was used. The yield parameters were generally higher at Segbwema compared to the other locations.
Relating to cassava insect pests, percentage incidence and severity scores were generally higher in the sole cassava
compared to the intercropped. No significant differences were recorded with respect to spatial arrangement and plant
architecture even though slightly higher values were recorded with respect to the 2 m x 0.5m spatial arrangement and
the branched cassava architecture. In general, pest incidence and severity were only observed at MAP and 9MAP and
were higher in Segbwema compared to the other locations.
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