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Cassava has become an important food security crop in Ghana over the years and in most parts of sub-
Saharan Africa; making it the single most important source of dietary energy. Harvesting, one of the 
serious bottlenecks in the cassava production value chain, has received little attention in terms of 
mechanisation. Earlier attempts at mechanising cassava harvesting have been challenged mainly by 
inappropriate method of planting, field topography and scale of cultivation. The objective of this study 
was to field evaluate the efficiency of an improved manual cassava harvesting tool under three different 
planting positions for four cassava varieties in terms of field capacity, level of drudgery and root tuber 
damage. Force requirement in uprooting different cassava varieties was also determined. The study 
was conducted at the research field of Crops Research Institute, Fumesua. Field capacity of improved 
manual harvesting tool ranged from 49.9 to 156 man-h/ha, root tuber breakage from 4.32 to 19.55% and 
harvesting energy consumption ranging from 470.34 to 773.72 W across cassava varieties and planting 
positions. Nkabom cassava variety was easiest in uprooting, irrespective of planting position while 
Sikabankye variety offered the best in terms of root tuber damage and drudgery. Again, it was faster 
harvesting vertically planted cassava though cassava planted slanted offered the least root tuber 
breakage and drudgery, regardless of cassava variety. Cassava uprooting force ranged from 86.8 to 
143.3 kg, rooting depth from 22.39 to 26.86 cm and cassava yield per plant ranging from 5.84 to 13.14 
kg. Further research to identify the relationship between uprooting force requirement and some 
cassava agronomic parameters is recommended. 
 
Key words: Cassava, field capacity, drudgery, planting position, tuber breakage, uprooting force. 

 
 
INTRODUCTION 
 
Cassava (Manihot esculenta Crantz) is a perennial 
woody shrub native to Latin America (Bellotti et al., 2011; 
El-Sharkawy, 2012) and is primarily grown as an annual 
crop in the humid tropics. It is currently the world‟s fourth 
most important staple and carbohydrate rich food crop 
(El-Sharkawy, 2012). Sufficient cassava is consumed as 
food to provide one billion people with 20% of their 

dietary energy requirement, and more than 700 million 
people are highly dependent on cassava as a food (Cock, 
2011). Cassava end products range from fresh roots 
cooked, boiled, baked or fried at the household level, to 
highly processed starch as a food additive (Tufan, 2013). 
In Africa, cassava is the single most important source of 
dietary energy  for  a  large  proportion  of  the  population 
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living in the tropical areas (Cock, 2011). Tufan (2013) 
reiterated that no other continent depends on cassava to 
feed as many people as does Africa, where 500 million 
people consume it daily. Moreover, in Africa where 40% 
of the population consumes cassava as a staple crop, 
cassava is the second most important staple crop after 
maize; making the crop indispensable to food security in 
Africa. FAOSTAT (2013) indicates that out of a total world 
cassava production of 233,796,000 ton, Africa accounts 
for 51% followed by Asia with a production of 35%, and 
the remaining production of 14% going to the Americas. 
Though Africa‟s cassava production is largely small-
scale, it accounts for more than half of the world's 
cassava, or about 86 million tons from over 10 million 
hectares (Tufan, 2013). 

Currently in Ghana, serious attention is being paid to 
the development and promotion of some traditional 
starchy staples to bridge the food production gap 
(Amponsah et al., 2014). According to FAOSTAT (2013), 
Ghana is the sixth largest producer of cassava in the 
world in terms of value, with the crop constituting 22% of 
Ghana‟s Gross Domestic Product (GDP). Cassava has 
become important and popular staple for varied 
preparations including fufu (pounded cassava usually 
mixed with plantain or cocoyam), akple, ampesi (boiled 
cassava), yakeyake, tapioca, agbelikaklo, kokonte, gari, 
etc. Cassava‟s adaptability to most ecological zones and 
its hardiness to withstand extremes of weather has made 
it a life saver, particularly to the lower income bracket of 
Ghana (Amponsah, 2011). In recent times, aside the 
production of high quality cassava flour (HQCF) for use in 
wood industries, cassava has found new uses in the 
brewery industry for the preparation of beer and other 
alcoholic beverages. Despite the enormous importance of 
cassava for food security in Ghana and the sub-Saharan 
Africa as a whole, it has received relatively little research 
and development attention compared to other staples 
such as wheat, rice and maize, especially in the area of 
mechanisation.  

Cassava harvesting, though very crucial, is one of the 
serious bottlenecks in the cassava production value 
chain. Agbetoye (2003) identified harvesting as the most 
difficult operation in cassava production. Studies by Addy 
et al. (2004) also revealed that cassava harvesting 
constituted the highest production cost. Harvesting too 
early or late also has serious consequences on the 
quality of harvested roots (Moore and Lawrence, 2003).  
Cassava is ready for harvest as soon as there are 
storage roots large enough to meet the requirements of 
the consumer, starting from six-seven months after 
planting, especially for most of the new cassava cultivars 
(Ekanayake   et   al.,   1997).   Cassava   can   either    be  

 
 
 
 
harvested manually or mechanically. Manual cassava 
harvesting is usually done by hand; lifting the lower part 
of stem and pulling the roots out of the ground, then 
detaching them from the base of the plant by hand after 
the upper parts of the stem with the leaves are removed. 
Manual harvesting may also employ harvesting tools 
such as hoe, cutlass, mattock, earth chisel, etc. Studies 
by Amponsah et al. (2014) revealed that harvesting with 
an improved manual harvesting tool used to diminish 
about half the time required for manual cassava 
uprooting with bare hands. Mechanical harvesting of 
cassava involves the use of a harvesting implement 
integrally hitched to a tractor to uproot the cassava roots. 
Mechanical harvesting, though better, is often unavailable 
or unaffordable to these resource poor farmers 
(Amponsah, 2011).  

Ghana‟s cassava production is predominantly small-
scale (Nweke, 2005); covering just about 1 to 2 acres. 
Thus, even in places where such mechanised options are 
available, it becomes unwise to adopt because of the 
smaller field size. Again, most cassava fields are located 
in places where topography is a serious challenge, 
making use of tractors virtually impossible. Moreover, the 
farmer‟s practise of intercropping and the flat method of 
planting does not favour mechanisation (Amponsah et al., 
2014). It is worth noting that in Ghana, because a larger 
proportion of cassava harvested on small-scale is mostly 
consumed domestically for varied food preparations, 
marketers would reject roots that are broken, damaged, 
cut or bruised since consumers would mostly buy and 
keep their cassava for a while before use. The farmer 
runs at a loss when damage to roots is severe. 
Amponsah (2011) concluded that cassava root tuber 
breakage or damage is therefore a major factor to 
consider in the selection and adoption of any type of 
harvesting method depending on the end use of the 
harvested produce. Thus, where cassava root tuber 
damage or breakage is of great concern, manual 
harvesting is preferred to mechanical harvesting method. 
Without doubt, developing and adopting simple but 
efficient energy-saving manual harvesting tools and 
equipment is a sure way forward in overcoming these 
challenges in cassava harvesting. 

Different cassava planting positions or stake 
orientations could be followed depending upon the type 
and condition of soil (Ekanayake et al., 1997; CTCRI, 
2012). Stakes can be planted vertically (buds facing up 
with two-thirds of the stake in the soil), horizontally (whole 
stake buried 3-5 cm in the soil) or inclined (buds facing 
up with two-thirds of the stake buried in the soil at an 
angle of about 45º). According to Ekanayake et al. 
(1997), when stakes are planted vertically, tuberous roots 
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bulk deep into the soil. Although this gives more stability 
to the plant against lodging, it makes harvesting very 
difficult. This orientation is recommended for sandy soils.  
Stakes planted horizontally produce multiple stems and 
more tuberous roots but they are comparatively smaller in 
size. The roots are produced near the surface and they  
are easily exposed to mechanical damage and to 
rodents. However, in loamy and rich soils the multiple 
stems and roots are at an advantage resulting in high 
yields. Stakes that are inclined on the ridge produce 
tuberous roots in the same direction. The inclination of 
the stem and roots provide a leverage which makes 
harvesting easier than in the other orientations. In 
shallow and clayey soils, stakes should be inclined 
(Ekanayake et al., 1997). Studies by Abdullahi et al. 
(2014) and Legese et al. (2011) concluded that storage 
roots yield of cassava could be enhanced by planting 
cuttings in an inclined or slanted position. Keating et al. 
(1988) however, reported that planting orientation did not 
have significant effect on growth and yield of cassava. 
There‟s an unending controversy about the ideal planting 
position for cassava in Ghana and the sub- Saharan 
Africa as a whole. Unfortunately, there‟s currently no 
information on ideal planting position for improved yield 
and enhanced manual harvesting efficiency.  

Furthermore, in the area of cassava harvesting in 
Ghana currently, there is little information on the drudgery 
levels, percentage tuber breakage and field capacities 
associated with such an improved manual cassava 
harvesting tool. Since its development and first field 
testing and evaluation in Ghana  in 2010 (Amponsah, 
2011), the improved manual harvesting tool has again 
been tested and evaluated in Trivandrum, India by 
Amponsah et al. (2014) after its modified design was 
finalised and fabricated. Moreover, there is no information 
on force requirement for manual harvesting under 
different soil conditions and cassava varieties. Due to the 
fact that different cassava varieties will respond 
differently under different planting conditions (Amponsah 
et al., 2014) such information will be useful to engineers 
in the design of appropriate harvesting tools and 
implements in the future. 
 
 

Objective of study 
 
The objective of the study was to assess the response of 
four different cassava varieties to manual harvesting 
under slanted, vertical and horizontal planting positions 
using an improved manual cassava harvesting tool. 
Specifically, the study sought to: 
 
1. Evaluate the performance of the improved manual  
harvesting tool under different cassava planting positions. 
2. Identify the ideal planting position that gives maximum 
manual harvesting efficiency. 
3. Determine among four varieties, the cassava variety 
that best facilitates manual harvesting.  
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4. Determine the force requirement for harvesting the 
various cassava varieties under different planting 
positions. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The study was carried out at the CSIR-Crops Research Institute 
research field, Fumesua (01° 28′ N 06° 41′ W), near Kumasi in the 
Ashanti Region of Ghana. Fumesua is classified under the moist 
semi-deciduous forest agro-ecological zone. It is characterized by a 
bimodal rainfall pattern. The major rainfall season starts in March or 
April and usually terminates in early August. The minor season is 
from September to December. The annual rainfall ranges between 
1250 and 1500 mm and temperatures range between 20°C 
(minimum) in August and 32°C in March (maximum). Soils at the 
study area are predominantly Ferric Acrisol (FAO/UNESCO) or Oxic 
Haplustult (USDA – Soil Taxonomy) and are classified under 
“Bomso series” (Dedzoe et al., 2004). The soil at the study area 
was sandy loam in texture.  
 
 
Experimental details 
 
A split plot design with three replicates was used for this study. The 
main plot treatments were the four cassava varieties; 
Bankyehemaa, Nkabom, Sikabankye and Ampong whereas the 
three cassava planting positions; vertical, horizontal and slanted 
were the subplot treatments. 
 
 
Cassava varieties and planting position 
 
Cassava planting materials were obtained from the multiplication 
plots of the Root and Tuber section of CSIR - Crops Research 
Institute, Fumesua. Each cassava variety was planted under the flat 
method of planting in three different positions; vertical, horizontal 
and slanted (Figure 1) at a spacing of 1 m × 0.8 m (Adekunle et al., 
2004).  

The cassava sticks containing at least 4 to 5 nodes were cut into 
sizes 20 to 25 cm before planting. Cassava harvesting trials were 
conducted at the study site on all four cassava varieties at 12 
months after planting (MAP) using the improved manual harvesting 
tool. 

 
 
The improved manual harvesting tool 
 
Cassava is mostly harvested by hand, lifting the lower part of stem 
and pulling the roots out of the ground, then detaching them from 
the base of the plant by hand after the upper parts of the stem with 
the leaves are removed. The use of manual harvesting tools helps 
in loosening or reducing the soil forces on the cassava root tubers 
in order to make it easier to uproot them (Amponsah et al., 2014).  
For this study, an improved manual harvesting tool (Figure 2) was 
used.  

The harvesting tool was constructed at the CSIR-Crops 
Research Institute mechanical workshop with the idea of reducing 
the drudgery of farmers due to waist bending associated with the 
other harvesting tools which usually lead to waist pains and other 
bodily weaknesses. The original design was first adopted from the 
International Institute of Tropical Agriculture (IITA) in Nigeria. 
Several modifications have since been made to overcome some of 
its design constraints (Amponsah, 2011). The harvesting tool 
operates according to the „grip  and  lift‟  principle.  It  consists  of  a  
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Figure 1. Different cassava planting positions. 

 
 
 

 
 

Figure 2. The improved manual cassava harvesting tool. 

 
 
 
frame to which an immovable griping jaw is attached and a chisel 
tip which serves as the base for lifting cassava from the soil. The 
chisel tip can also be used to dig out cassava roots especially in 
hard and dry soils, where the grip and lift principle becomes difficult 
to employ due to the tendency of high root tuber damage or 
breakage. The harvesting tool, operating under the second class 
lever principle, has a mechanical advantage of 4.5. Its total weight 
of 5 kg makes it possible for even women and children to easily 
operate and use the tool for manual cassava harvesting. 
 
 
Soil sampling  
 
Three replicates of soil samples at harvest were randomly taken for 
soil moisture content and bulk density determination at depths of 0-
10, 10-20, 20-30 and 30- 40 cm using a soil auger and a 5 cm 
diameter soil core sampler with a mallet respectively. Soil samples 
were oven dried at a temperature of 105˚C for 24 h for soil moisture 
determination (DeAngelis, 2007). Additionally, composite soil 
samples were also taken and analysed to determine their textural 
classes based on their sand (%), silt (%) and clay (%) content. 
Penetrometer tests using an Eijkelkamp penetrologger (Figure 3) 
were carried out on-site at depths of 0-10, 10-20, 20-30  and  30-40    

 

 
 

Figure 3. The Eijkelkamp penetrologger in 
operation. 

 
 
 
cm at harvest to determine the soil penetration resistances (soil 
strength). 
 
 

Harvesting force requirement 
 
The force required for uprooting 50 plants of each cassava variety 
under different planting positions was determined using a force 
measuring apparatus (Figure 4). 

The setup is composed of a metallic handle to which a modified 
spring balance is attached to show weight readings (in kilograms) 
during the cassava uprooting process. Modification of the spring 
balance was done by attaching a dummy dial beneath the original 
one. The idea is that the original dial comes back to zero at no load, 
thus there is the need to have a secondary (dummy) dial which will 
be dependent on the movement of the primary dial to assist in 
getting the right reading even after load is taken off the spring 
balance. However, the dummy dial was always reset to zero before 
each loading of the spring  balance  was  done.  The  stem  gripping  
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Figure 4. Cassava uprooting force measuring apparatus. 

 
 
 

 

 
 

Figure 5.  Cassava root orientation measurement. 

 
 
 
mechanism is firmly attached to the cassava stem and with the help 
of the handle; a steady vertical force is applied to uproot the 
cassava. The reading as indicated by the dummy dial is then 
recorded after the uprooting process is ended. 
 
 
Agronomic parameters 
 
Agronomic parameters including stem girth (cm), maximum root 
diameter (cm) maximum root length (cm), maximum root depth 
(cm), number of root tubers and root spread (degrees) were 
determined at harvest for 30 plants of each cassava variety. Root 
spread was measured using a protractor with reference to the soil 
surface from both sides of the plant (Figure 5); stem girth and 
maximum root diameter were measured using a digital Vernier 
calliper, whereas maximum root length and depth were taken using 
a tape measure. Cassava root tuber yield and damaged (broken) 
root tubers after harvest were determined using an electronic 
balance. For purposes of this study however, only rooting depth 
and yield per plant were used. 

Drudgery measurements 
 
Polar heart rate sensing device (RS 400) was used to obtain the 
heart rate for each person during manual harvesting. The polar 
heart rate sensor is an instrument that measures the heart beat rate 
during every physical activity. It has a strap that is worn around the 
chest area and a watch (monitor) with a sensor which reads the 
heart rate and logs it per pre-determined interval in seconds. Data 
stored was downloaded onto a computer for analysis. Figure 6 
shows the polar heart rate (RS 400) watch and how the chest strap 
(with heart beat sensor) should be worn before an activity. 
Before and after any field activity, the person was allowed ten 
minutes‟ period of rest so the heart rate could be stabilized which 
are referred to as the rest and recovery periods respectively. Figure 
7 shows a typical heart rate profile for a person before, during and 
after a physical activity recorded using the Polar heart rate watch 
and sensor (RS 400). 

The period between the rest and recovery is the work period. 
This instrument can also calculate how much calories are burnt 
during any physical activity. This  gives  an  idea  of  the  amount  of  
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Figure 6. The Polar (RS 400) watch and chest strap as worn by a 
person. 

 
 
 

 

 
 

Figure 7. Typical heart rate profile before, during and after a physical activity. 

 
 
 
energy used or the drudgery involved in carrying out any physical 
work.  Knowledge on the amount of energy is used for carrying out 
a particular physical work is useful in determining the rest period 
(min/h) required by a person after work using Equation 1, according 
to Jones (1988). 
 











P
Tr

250
160               (1) 

 
Where, Tr = total rest period (min/h), and P = Gross energy 
consumption (Watts) 
Using the mean heart rate obtained for a particular field activity to 
trace for a corresponding energy consumption value on the heart 
rate - energy conversion chart (Jones, 1988), the gross energy 
consumption (Watts) was determined. 
 
 
Field capacity  
 
Before manual harvesting, cassava plants were coppiced or cut to a 

stem length of about 20 to 30 cm. Three field workers were then 
tasked to uproot ten cassava plants of each of the four varieties 
under each planting position using the improved manual harvesting 
tool. With the help of a stop clock, time (seconds) taken to harvest 
the 10 plants was recorded. The capacity (timeliness of operation) 
for each field worker during harvesting (man-hours/ha) was 
determined using Equation 2 according to Amponsah et al. (2014). 
 

 
3600

10000






n

t
T

             (2)

 

 
Where, T = total harvesting capacity (man-h/ha); t = total time spent 
in harvesting (seconds), and n = number of plants harvested. 
 
 
Root tuber breakage 
 
The percentage root tuber breakage associated with each cassava 
variety under the different planting positions was calculated using 
Equation 3 according to Amponsah et al. (2014). 
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Figure 8. Mean bulk density versus soil depth. 
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Figure 9. Mean moisture content and soil strength versus soil depth. 
 
 
 

100  
(kg) yieldroot  Total

(kg) roots damagedor broken  of Mass
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                                                                                                       (3) 
 
 
Statistical analysis 
 
The results of harvesting trials and field measurements were 
statistically analysed as a split plot layout in randomized complete 
block design (RCBD) using GenStat Discovery Edition 3 (VSN 
International, 2011). The least significant difference (LSD) was 
used at the p < 0.05 level of probability to test difference between 
treatment means. Analysis of variance (ANOVA) was performed to 
determine the effects of planting position and/or cassava varieties 
and their interaction. 
 
 

RESULTS AND DISCUSSION 
 

Soil physical properties 
 

Figure 8 shows the mean bulk density under  flat  method 

of planting at harvest. At harvest, soil bulk density ranged 
from 1.29 to 1.63 g/cm

3
 at increasing soil depth of 0 to 40 

cm. Figure 8 generally depicts an increase in soil bulk 
density with increasing soil depth. This could be alluded 
to the decreasing moisture content down the soil profile 
(Figure 9), causing soil particles to be more compact due 
to the extra voids. 

Figure 9 shows the mean soil moisture and soil 
penetration resistance (soil strength) at harvest under the 
flat method of planting. Mean soil moisture at harvest 
ranged from 8.97 to 16.36% d.b. whilst mean soil 
strength (penetration resistance) ranged from 1.13 to 
4.08 MPa at increasing soil depth of 10 to 40 cm. It could 
also be deduced from graph in Figure 9 that soil moisture 
decreased with increasing soil depth whilst soil strength 
increased with increasing depth. This trend was expected 
since soil strength generally decreases with increasing 
soil moisture and agrees with what was reported by Utset 
and Cid (2001). 
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Table 1. Field capacity, percentage root tuber breakage, heart rate and corresponding gross energy consumption and rest period for 
harvesting Bankyehemaa (BH), Nkabom (NK), Sikabankye (SK) and Ampong (AM) cassava varieties under vertical (V), horizontal (H) 
and slanted (SL) planting positions. 
 

Cassava variety - 
Planting position 

Field capacity 
(man-h ha

-1
)** 

Root tuber 
breakage (%) 

Heart rate (bpm) 
Gross energy 

consumption (W) 

Rest period  

(min h
-1

) 

BH-V 65.2
cd

 10.75 96.1 479.08 28.69 

BH-H 64.1
cd

 8.73 122.0 773.72 40.61 

BH-SL 64.5
cd

 6.82 105.9 591.6 34.65 

NK-V 49.9
cd

 8.99 115.4 701.54 38.62 

NK-H 50.7
cd

 4.52 111.3 651.22 36.97 

NK-SL 56.0
cd

 5.15 112.5 665.54 37.46 

SK-V 72.9
c
 4.87 118.6 738.42 39.69 

SK-H 156.1
a*

 4.32 106.8 602.06 35.09 

SK-SL 136.4
a
 4.93 95.3 470.34 28.11 

AM-V 90.9
c
 11.76 105.1 583.45 34.29 

AM-H 115.7
ab

 19.55 115.1 696.84 38.47 

AM-SL 76.4
c
 6.38 108.8 624.82 35.99 

 

*Values followed by the same letter(s) in the same group are not significantly different at p < 0.05; **Assuming 4 working hours per day, 
excluding rest periods. 

 
 
 

Manual harvester performance evaluation 
 
Table 1 shows the field performance evaluation results 
(field capacity, percentage root tuber breakage, heart rate 
and corresponding energy consumption and rest period) 
of the improved manual harvesting tool under flat planting 
method for cassava variety and planting position 
interaction. 

From results in Table 1, it could be seen that harvesting 
Sikabankye cassava variety under horizontal planting 
position recorded the highest significant (p < 0.05) field 
capacity of 156 man-h ha

-1
 whereas the least significant 

value of 49.9 man-h ha
-1

 was recorded by Nkabom 
variety under the vertical planting position.  

Similarly, harvesting Ampong variety under horizontal 
planting position recorded the highest root tuber 
breakage (19.55%) whilst Sikabankye under horizontal 
planting position recorded the least (4.32%). However, no 
significant difference (p < 0.05) was recorded for 
percentage root tuber breakage across cassava varieties 
and planting positions. 

Again, harvesting Bankyehemaa cassava variety under 
the horizontal planting position recorded the highest heart 
rate (122 bpm) with a corresponding gross energy 
consumption of 773.72 W whilst harvesting Sikabankye 
variety under slanted planting position recorded the least 
value of 95.3 bpm with a corresponding gross energy 
consumption of 470.34 W. Generally, however, there was 
no significant difference (p < 0.05) in average heart rate 
and corresponding gross energy consumption across 
cassava varieties and planting positions. From Table 1, it 
could also be deduced that mean heart rate, gross 
energy consumption and rest period are directly 
proportional; the higher the heart rate, the higher the 

gross energy consumption, leading to longer period of 
rest to compensate for the used or lost energy. This 
relationship between energy consumption and rest period 
is in agreement with studies by Amponsah et al. (2014), 
Ericsson et al. (2006),  Crouter et al. (2004) and 
Freedson and Miller (2000). 

Table 2 shows the field evaluation summary results 
after harvesting with the improved tool for the different 
cassava varieties and planting positions under the flat 
planting method.   

Under cassava variety in Table 2, it could be seen that 
Sikabankye cassava variety recorded the highest 
significant (p < 0.05) field capacity of 121.8 man-h ha

-1
 

whereas Nkabom recorded the least (52.2 man-h ha
-1

) 
across all planting positions. The significantly high field 
capacity recorded for Sikabankye could be attributed to 
its generally high uprooting force requirement and yield 
per plant as recorded in Tables 3 and 4. This result goes 
on to confirm the fact that Sikabankye cassava variety is 
high-yielding compared to the other varieties, making it 
difficult to uproot, particularly under the flat method of 
planting. Interestingly, in terms of root tuber breakage, 
Ampong cassava variety recorded the highest significant 
value of 12.56% whereas Sikabankye variety recorded 
the least (4.71%) across all planting positions. In terms of 
drudgery, though not significant (p < 0.05), Ampong 
cassava variety recorded the highest average heart rate 
(113.1 bpm) at harvest whilst Sikabankye variety 
recorded the least (106.9 bpm).  

Similarly, under planting positions in Table 2, 
horizontally planted cassava recorded the highest 
significant (p < 0.05) field capacity of 96.6 man-h ha

-1 

during harvesting with the improved tool, whereas 
vertically planted cassava recorded the least (69.7 man-h 
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Table 2. Field capacity, percentage root tuber breakage and heart rate after manual harvesting with the improved tool for different 
cassava varieties (Bankyehemaa, Nkabom, Sikabankye and Ampong) and under different planting positions (vertical, horizontal 
and slanted). 
 

Parameter Field capacity (man-h ha
-1

) Root tuber damage (%) Heart rate (bpm) 

Cassava variety Bankyehemaa 64.6
c
 8.77

ab
 108.0 

Nkabom 52.2
c
 6.22

bc
 113.1 

Sikabankye 121.8
a*

 4.71
bc

 106.9 

Ampong 94.3
b
 12.56

a
 109.7 

Planting position Vertical 69.7
c
 9.09 108.8 

Horizontal 96.6
a*

 9.28 113.8 

Slanted 83.3
b
 5.82 105.6 

 

*Values followed by the same letter(s) in the same group are not significantly different at p < 0.05. 
 
 
 

Table 3. Cassava uprooting force requirement, rooting depth and yield per plant for Bankyehemaa (BH), 
Nkabom (NK), Sikabankye (SK) and Ampong (AM) cassava varieties under vertical (V), horizontal (H) 
and slanted (SL) planting positions. 
 

Cassava variety - 
planting position 

Force requirement 
(kg) 

Rooting depth 

(cm) 

Yield 

(kg/plant) 

BH-V 130.1
a
 26.72 6.18

c
 

BH-H 130.7
a
 25.09 6.68

bc
 

BH-SL 117.8
ab

 26.86 5.84
c
 

NK-V 86.8
bc

 23.37 6.85
bc

 

NK-H 112.3
ab

 26.11 7.19
bc

 

NK-SL 124.8
ab

 25.47 8.09
bc

 

SK-V 143.3
a*

 22.83 13.14
a
 

SK-H 128.2
a
 22.39 10.48

b
 

SK-SL 97.8
bc

 24.30 6.69
bc

 

AM-V 118.0
ab

 23.62 10.15
b
 

AM-H 116.8
ab

 25.38 9.52
b
 

AM-SL 108.6
ab

 24.26 7.31
bc

 
 

 *Values followed by the same letter(s) in the same group are not significantly different at p < 0.05. 
 
 
 

Table 4. Cassava uprooting force requirement, rooting depth and yield per plant under the flat planting method for different cassava 
varieties (Bankyehemaa, Nkabom, Sikabankye and Ampong) and different planting positions (vertical, horizontal and slanted). 
 

Parameter  Force requirement (kg) Rooting depth (cm) Yield (kg/plant) 

Cassava variety 

Bankyehemaa 126.2
a*

 26.22
a
 6.23

d
 

Nkabom 108.0
b
 24.98

a
 7.38

c
 

Sikabankye 123.1
a
 23.17

ab
 10.10

a
 

Ampong 114.5
b
 24.42

ab
 8.99

b
 

     

Planting position 

Vertical 119.5 24.13 9.08
a*

 

Horizontal 122.0 24.74 8.46
a
 

Slanted 112.3 25.22 6.98
b
 

 

*Values followed by the same letter(s) in the same group are not significantly different at p<0.05. 
 
 
 

ha
-1

) regardless of cassava variety. However, in terms of 
root tuber breakage and drudgery, horizontally planted 
cassava recorded the highest value (9.28% and 113.8 
bpm respectively) whilst obliquely (slanted) planted 

cassava recorded the least (5.82% and 105.6 bpm 
respectively). It is worth noting that there was no 
significant difference (p < 0.05) in percentage root tuber 
breakage  and  drudgery  among  the  planting  positions,  
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irrespective of cassava variety. This trend of lower 
percentage root tuber damage and drudgery at harvest 
agrees with report by Ekanayake et al. (1997) that 
planting cassava sticks in a slanted position provide a 
leverage for the stem and roots which makes harvesting 
easier than in the other orientations. 
 
 
Cassava uprooting force, rooting depth and yield 
 
Table 3 shows the cassava uprooting force requirement, 
rooting depth and yield per plant under flat method of 
planting for cassava variety and planting position 
interaction. 

From Table 3, it could be deduced that vertically 
planted Sikabankye cassava variety recorded the highest 
significant (p < 0.05) uprooting force requirement of 143.3 
kg whereas vertically planted Nkabom variety recorded 
the least (86.8 kg). The generally low uprooting force 
requirement recorded for Nkabom cassava variety could 
be due to the fact that morphologically, Nkabom variety is 
bunchy (Amponsah et al., 2014) with minimal root spread 
in the soil, making it easier to uproot compared to the 
other varieties which have much wider root spread.  

Cassava rooting depth, though with no significant 
differences (p < 0.05), recorded the highest value of 
26.86 cm for obliquely (slanted) planted Bankyehemaa 
cassava variety with horizontally planted Sikabankye 
variety recording the least value (22.39 cm).  

In terms of yield per plant however, vertically planted 
Sikabankye cassava variety recorded the highest 
significant value of 13.14 kg whereas obliquely (slanted) 
planted Bankyehemaa recorded the least (5.84 kg). 

Table 4 shows the cassava uprooting force, rooting 
depth and yield per plant under the flat planting method 
for the different cassava varieties and planting positions.   

Under cassava variety as depicted in Table 4, 
Bankyehemaa recorded the highest significant uprooting 
force requirement of 126.2 kg whereas Nkabom variety 
recorded the least (108 kg) irrespective of planting 
position under the flat planting method. It was therefore 
not surprising that Bankyehemaa again recorded the 
highest significant (p < 0.05) rooting depth (26.22 cm) 
with Sikabankye recording the least (23.17 cm). This 
situation reiterates the fact that cassava uprooting force 
requirement is significantly influenced by cassava rooting 
depth as reported by Amponsah et al. (2014). Conversely 
however, in terms of yield per plant, Sikabankye recorded 
the highest significant (p < 0.05) value of 10.10 kg 
whereas Bankyehemaa recorded the least (6.23 kg) 
regardless of planting position under the flat method of 
planting. 

For planting position, though no significant (p < 0.05) 
difference existed among treatments, planting cassava 
horizontally resulted in the highest uprooting force 
requirement (122 kg) irrespective of cassava variety 
whereas planting obliquely  (slanted)  recorded  the  least  

 
 
 
 
(112.3 kg). In terms of rooting depth, though there was no 
significant difference (p < 0.05) among planting positions, 
obliquely (slanted) planted cassava recorded the highest 
rooting depth of 25.22 cm whereas vertically planted 
cassava recorded the least (24.13), regardless of 
cassava variety. On the other hand, vertically planted 
cassava resulted in the highest significant (p < 0.05) yield 
per plant (9.08 kg) whereas obliquely (slanted) planted 
cassava recorded the least (6.98 kg) irrespective of 
cassava variety under the flat method of planting. This 
result, however, opposes what was reported by Abdullahi 
et al. (2014) and Legese et al. (2011) that storage roots 
yield of cassava could be enhanced by planting cuttings 
in an inclined or slanted position. 
 
 
CONCLUSIONS AND RECOMMENDATION 
 
The improved manual cassava harvesting tool generally 
performed satisfactorily under the flat method of planting 
with field capacity ranging between 49.9 and 156 man-h 
ha

-1
, root tuber breakage between 4.32 and 19.55% and 

heart rate with corresponding gross energy consumption 
ranging between 95.3 bpm (470.34 W) and 122 bpm 
(773.72 W) across cassava varieties and planting 
positions.   

Generally, it required less time to harvest Nkabom 
variety using the improved manual harvesting tool 
compared to the other cassava varieties irrespective of 
planting position. However, in terms of percentage root 
tuber breakage and drudgery during harvesting, 
Sikabankye cassava variety is the best. 

Similarly, harvesting vertically planted cassava under 
flat planting method using the improved manual 
harvesting tool provides the best timeliness of harvest 
irrespective of cassava variety. However, though not 
significant, harvesting obliquely (slanted) planted cassava 
is best in terms of percentage root tuber breakage and 
drudgery. 

Cassava uprooting force ranged from 86.8 to 143.3 kg, 
rooting depth from 22.39 cm to 26.86 cm and cassava 
yield per plant ranging from 5.84 to 13.14 kg across 
cassava varieties and planting positions. Nkabom 
cassava variety was easier to uproot compared to the 
others irrespective of planting position. Though, planting 
cassava in a slanted position offers the best in terms of 
uprooting force requirement and rooting depth, it 
produces the poorest yield per plant, regardless of 
cassava variety. Best yield, however, is achieved when 
cassava stakes are planted vertically.  

Last but not least, it could be concluded from the study 
that cassava uprooting force was significantly influenced 
by cassava rooting depth. However, as a 
recommendation further research should be carried out to 
determine the relationship between cassava uprooting 
force and some cassava agronomic parameters for 
different  cassava  varieties  under  the  various   planting  



 
 
 
 
positions and methods of planting. 
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