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Abstract 
Large-scale cassava harvesting, especially during the dry season, is a major constraint to its 
industrial demand and commercial production. Manual harvesting is slow and associated with 
drudgery and high root damage in the dry season. Research on mechanisation of cassava pro-
duction is very low especially in the area of harvesting, and currently there exists no known 
functional mechanical cassava harvesters in Ghana. The main objective of the study was to test 
and evaluate mechanical cassava harvesting techniques in different agro-ecological zones in 
Ghana. Performance of two prototype mechanical harvesters (TEK MCH 2 and 6) was evalu-
ated against manual harvesting methods for field capacity, efficiency and root damage using two 
cassava varieties, namely ‘Afisiafi’ and  ‘Bankyehemaa’, on ridged and flat landforms. Results 
from field trials showed prototype harvesters weighing 268 – 310 kg can achieve optimum per-
formance on ridged landforms. When harvested mechanically, tuber damage ranges from 16 per 
cent to 27 per cent for both ‘Afisiafi’ and ‘Bankyehemaa’. The mechanical harvester works best 
on dry fields with moisture content from one per cent to 17 per cent db containing minimum 
trash or weeds, and develops average drafts of 10.86 kN whilst penetrating depths from 13 to 
40 cm. Optimum mechanical harvesting performance was achieved at tractor speeds of 5 – 8 
km h-1, fuel consumption of 15 – 19 litres ha-1, and a field capacity of 2 h ha-1. After mechanical 
harvesting, the field is left ploughed with savings on fuel, time and production costs. It is, how-
ever, recommended to test the harvesters for wear and durability in major agro-ecological zones 
and through a wide range of soil moisture regimes in Ghana to support nationwide adoption.

Original sciencitic paper. Received 20 Oct 12; revised 08 May 13.

Introduction
Manual cassava (Manihot esculenta, L.) 
harvesting is both time consuming and full 

of drudgery, especially during the dry sea-
son. According to Agbetoye (2003), the 
most difficult operation in cassava produc-
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tion is harvesting. Among the leading cas-
sava producing countries in Africa, manual 
harvesting takes 44 – 62 days per hectare 
(Nweke, Dunstan & Lyman, 2002). Cassava 
is a highly perishable crop. It starts to de-
teriorate between 1 – 3 days after harvest. 
Harvesting cassava should be done at the 
right time and in the proper way (Kuiper et 
al., 2007; IITA, 2004). Cassava is ready for 
harvest 6 – 7 months after planting (MAP), 
when the storage roots are large enough 
to meet the requirements of the consumer 
(Ekanayake, Osiru & Porto,1997). Matured 
roots are clustered around the base of the 
plant and extend about 60 cm on all sides. 
Harvesting too early results in low yield and 
poor eating quality. On the other hand, when 
the roots are left too long in the soil, the cen-
tral portion becomes woody and inedible 
(USDA & NRCS, 2003). It also ties the land 
unnecessarily to one crop whilst exposing 
the roots to pests. 

The cassava roots, which contain from 15 
per cent to 40 per cent starch (Philippine Root 
Crops Information Service, 2005) make the 
crop to be cultivated for industrial starch, 
bio-ethanol and pellets for animal feed. Un-
der the most favourable conditions, yields of 
fresh roots can reach 90 t ha-1 whilst average 
world yields from mostly subsistence agri-
cultural systems are 10 t ha-1 (O’Hair, 1995; 
USDA & NRCS, 2003). Cassava is mostly 
harvested by hand, lifting the lower part of 
stem and pulling the roots out of the ground, 
then removing them from the base of the 
plant by hand. The upper parts of the stems 
with the leaves are removed before harvest. 
Levers, cutlasses, hoes, mattocks and ropes 
can be used to assist harvesting manually. A 
mechanical harvester can also be used. Me-
chanical harvesters, like those developed in 

Brazil would grab onto the stem and lift the 
roots from the ground (Kuiper et al., 2007). 
According to Philippine Root Crops Infor-
mation Service (2005), harvesting cassava 
during relatively dry soil is the best since the 
soil does not stick to the harvesting imple-
ment or roots easily. During the harvesting 
process, the cuttings for the next crop are se-
lected. These are kept in a protected location 
to prevent desiccation (Kuiper et al., 2007).

In Ghana and Africa, cassava is tradition-
ally produced on small-scale farms, and 
prepared as subsistence crop for home con-
sumption and for rural and urban markets. 
Presently, with the interest in using cassava 
for various industrial products such as high 
quality cassava flour, bio-fuel and for brew-
ing beer and other alcoholic beaverages, 
large-scale cassava production is attracting 
attention. Cassava harvesting for large-scale 
industrial processing is a major constraint 
and, presently, there is no known commer-
cial mechanical cassava harvesters in Ghana. 
The present situation demands technological 
interventions, especially during harvest to 
make cassava an industrial commercial crop 
for starch and food on a sustainable basis. To 
address the above constraints, researchers at 
the Kwame Nkrumah University of Science 
and Technology (KNUST), since 1993, have 
been collaborating with their counterparts 
from the University of Leipzig in Germany, 
to develop an appropriate mechanical cas-
sava harvesting technology for the tropics. 
The TEK MCH is developed to mechani-
cally harvest cassava root tubers by the ‘dig 
and expose’ principle. 

The main objective of the paper was to 
evaluate the field performance of TEK 
MCH developed at KNUST, Kumasi. Spe-
cifically, the paper seeks to 1) evaluate the 
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performance of modified mechanical cassa-
va harvesting implement on ridges and flat 
land in different agro-ecological zones in 
Ghana, and 2) compare mechanical cassava 
harvesting techniques with various manual 
harvesting methods in terms of field capac-
ity, efficiency of harvest and root damage. 

Materials and methods
Sites
Three study areas located at Anwomaso 
KNUST arable farms (6° 41’56.75’ N, 1° 
31’25.85’ W) and 274 m above sea level 
(asl), Mampong (7° 2’19.84’ N, 1° 23’48.60’ 
W) and 401m asl, both in the forest zone of 
the Ashanti Region, and Akatsi (6° 8’40.50’ 
N, 0° 49’22.05’ E) and 57m asl in the coastal 
savanna zone of the Volta Region were cho-
sen for testing the harvester. These locations 
were selected based on their potential for 
higher cassava production levels, and con-
sumption compared with other parts of the 
country. Anwomaso experiences bi-modal 
tropical rainfall pattern and wet semi-equa-
torial climate. It is characterised by double 
maxima rainfall lasting from March to July 
and again from September and normally 
ends in the latter part of November. The 
mean annual rainfall is 1200 mm, which 
is ideal for minor season cropping. Tem-
peratures range between 20 °C in August 
and 32 °C in March. Relative humidity is 
fairly moderate but quite high during rainy 
seasons and early mornings. Soils in An-
womaso are mainly Forest Acrisols (FAO/
UNESCO, 1998). Mampong-Ashanti has an 
average annual rainfall of 1270 mm and two 
rainy seasons.  The major rainy season starts 
in March and peaks in May-June.  There is 
a slight dip in July and a peak in August, 
tapering off in November.  The period be-

tween December and February is usually 
dry, hot and dusty. Forest Lixisols (FAO/
UNESCO, 1998), which are usually very 
shallow but are well-drained, are predomi-
nant in the study area. The climate in Akatsi 
is characterized by high temperatures (min: 
21 °C max: 34.5 °C), high relative humidity 
(85%) and moderate to low rainfall regime 
(1,084 mm) with distinct wet and dry sea-
sons of about equal lengths. The Akatsi site 
has Savanna Cambisols (FAO/UNESCO, 
1998) soil types characterised as moderate 
to well-drained, deep red to brown loamy 
sand to sandy loam topsoil over coarse 
sandy loam to clay loam sub-soils.

Seedbed preparation, field layout and cas-
sava varieties

Each study site was tilled with a disc 
plough and harrowed with disc harrow to 
produce finer soil tilth. The experimental 
fields were divided into three parts; one-
third was left as a flat landform and ridges 
were formed on the two-thirds portion. Each 
cassava variety was planted on seven ridg-
es and five rows on the flat fields (Fig. 1). 
Ridges were constructed with an average 
height of 0.3 m and spaced 1.2 m apart (crest 
to crest) to accommodate the tractor track 
width. Ennin, Otoo & Tetteh (2009) reported 
that planting cassava on ridges had the ad-
vantage of higher cassava root yield coupled 
with better and easier field management, 
and has the potential for mechanisation to 
further decrease drudgery and increase the 
scale of production of cassava compared to 
planting on the flat.

Harvesting of cassava was done at the 
various sites 15 months after planting 
(MAP) during the dry season, a period more 
favourable for mechanical cassava harvest-



ing but quite difficult for manual cassava 
harvesting. Before harvesting mechanically, 
the cassava plants were coppiced down to 
a stalk height of about 20 cm. This height 
was lower than the tractor under clearance, 
and it allows the tractor to pass over the 
plants without any damage, and also to aid 
the operator to move in a more accurate path 
during harvesting. The farm was maintained 
clean from weeds prior to harvesting to pre-
vent debris from blocking the digging unit 
of the harvester so as not to increase imple-
ment draught.

Soil mechanical analysis
Soil samples were collected from each 

study site before ploughing and at harvest. 
Six sampling points located at the corners 
and mid-sections of the fields were used to 
measure soil penetration resistance, bulk 
density and moisture contents in the 0 – 40 
cm layer at 10 cm intervals. Soil moisture 
content was determined gravimetrically 
from bulk density samples (DeAngelis, 
2007).  The measurements were made in 
each plot on the same day.

Mechanical harvester development (The 
TEK MCH)

A tractor-mounted harvester with a slat-
ted conical mouldboard without any trans-
port system was adapted from an original 
Leipzig model and developed to operate on 
the “dig and expose” principle.  The TEK 
mechanical cassava harvester (MCH), as 
the name depicts, was developed and manu-
factured at the Department of Agricultural 
Engineering, Kwame Nkrumah University 
Science and Technology, Kumasi. The TEK 
MCH basically has the following parts; dig-
ger blades, shakers constituting a slatted 
conical mouldboard and the vertical support 
all attached to a horizontal plate (the frog), 
and the beam to which the hitching units 
were attached. The blades, which have spe-
cially formulated chemical compositions to 
resist abrasive wear, were produced through 
casting at a local foundry. 

 Fig. 2 shows the diametric view of the 
harvester. At the highest point where the 
top link is attached, the height of the imple-
ment is 135 cm. Between the two vertical 
legs the cutting width is 100 cm. The slatted 
conical mouldboard serves as soil shakers 
to sieve the soil clods and reduce adhesion, 
and allows the excavated roots to flow to the 
surface for manual collection. This helps ac-
celerate the harvesting process and increases 
the efficiency of the harvester.

Draught, speed and slip measurements
The draught developed by the harvester 

as it travels in the soil to excavate the cas-
sava root cluster was measured using a        
10 - t commercial electronic dynamometer 
(RON 2125S® Israel) with a digital data 
logger. In operation, the dynamometer was 
attached between a pulling tractor and the 

Fig.1. Field layout for the experimental sites at Anwom-
aso, Mampong and Akatsi.
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instrumented tractor hitching the implement 
(Fig. 3). Draught forces were recorded for 
the harvester in the transport position (no 
load) and when engaged in the soil during 
harvesting (load).  Load condition draught 
force recordings were taken after the imple-
ment has stabilised in the soil at the operat-
ing depth. Average speed of operation was 
derived from the time taken for the trac-

tor implement assembly to traverse a fixed 
distance marked on the field with ranging 
poles after eliminating parallax. To meas-
ure harvester slip, the distance covered by 
10 rear tyre revolutions when harvesting 
and in no-load positions were used. Fig. 3 
also shows the implement draught measure-
ment procedure with one tractor pulling the 
instrumented one hitching the harvester. The 

Fig. 3. Harvester draught recording on the field
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Legend

1 = Toplink plate
2 = Toplink frame
3 = Front beam
4 = Lower link plate
5 = Base plate (frog)
6 = Digging blade
7 = Slated conical mouldboard
8 = Leg
9 = Side beam

Fig.2. Diametric view of the TEK mechanical cassava harvester



RON 2125S dynamometer logs the force 
readings.

 
Fuel consumption

In each field experiment, the tractor was 
positioned on a level spot and the fuel tank 
filled full. After working on a measured 
piece of land, the tractor is brought to the 
same spot and the tank re-fueled to deter-
mine fuel used (AlHashem, Abbouda & 
Saeed, 2000). 

Depth of harvester penetration determina-
tion

The dynamic depth of penetration, which 
varies from point to point, along the row for 
any harvesting implement, was determined 
using a graduated depth measuring probe. 
The probe was vertically pushed with mini-
mum force through the soil until it hits the 
unploughed sub-soil to determine plough 
depth. This was repeated several times along 
the harvested rows for both ridged and flat 
landforms and for manual and mechanical 
harvests. 

Root damage assessment
Cassava root damage caused by the har-

vester blade cutting or bruising the cassava 
roots during harvesting was due to either 
shallow harvesting depths or relatively 
longer horizontal root spread beyond the 
harvester width. Damaged and whole tubers 
after harvesting were separated and weighed 
using a spring balance (Fig. 4). The percent-
age damage for each harvesting method was 
computed by dividing the damaged cassava 
weight by the total yield. Enquiries made 
from market women and processors led to 
the qualitative definition of damage as any 
part of the harvested cassava that did not 
come out with the stem from the soil and is 
broken from the stem after harvest.  

Size of the broken piece was also taken 
into consideration. Any size that is cut, 
bruised or damaged and could go bad within 
a relatively short period of time was con-
sidered damaged. From farmers and proc-
essors perspectives, cassava root damage 
was assessed when the tubers do not come 
out whole after harvesting but with cuts and 
bruises that could render them unsuitable for 
long storage.

Field capacity measurement
The field capacity of the TEK MCH was 

Fig. 4: Cassava root tuber damage assessment in the field
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determined by recording the time in seconds 
taken to harvest a given area of the field. 
Since the harvester working width was 1 m, 
a distance covered in metres during the har-
vesting process between two fixed ranging 
poles were used to calculate the field capac-
ity in hours per hectare (h ha-1) as shown in 
equation (1).

	   10000 × t
  Ca =                  (h ha-1).....             (1)
	   A × 3600

where 	Ca = 	field capacity (h ha-1)
 	 t  	 =  total time recorded during har	

			   vest (seconds) and
  	 A 	= 	 area harvested (m2).

Manual harvesting was carried out using 
tools like cutlass, hoe or mattock. Manual 
workers were monitored to uproot 10 cassa-
va plants each at their own pace on the ridge 
and flat landforms for different cassava va-
rieties. The time taken and their heart rates 
were recorded. Manual harvesting capacity 
of the worker (man-hours/ha) was deter-
mined as shown in equation (2).

 	   10000 × t
  T =                    (h ha-1).....             (2)
	   n × 3600

where T = 	 total harvesting capacity 		
		  (man-hours/ha)

	 t  = 	total time spent in harvesting 	
		  (seconds)

	 n = 	number of plants harvested.

With a 1-m width of cut for the harvester and 
taking drawbar power to brake horse power 
(Brake Hp) ratio of 19 per cent, the SSR (kN 
m-2), drawbar power and axle power (trac-
tor engine power required) are calculated 
(Hunt,1977).

Data analysis
The data were analysed using the SAS 

Statistical Software package (1999). SAS 
PROC GLM procedures were used for the 
descriptive statistics and ANOVA of the 
depth of harvesting, draught forces. Statisti-
cal inferences were made at p < 0.05 levels 
of significance.

Results and discussion
Soil mechanical properties
Table 1 shows the soil mechanical properties 
at land preparation and at harvest. Soils at 
Akatsi were mainly loamy sand from 0 – 60 
cm soil depth. Soils at the Anwomaso and 
Mampong were mainly sandy clay loams 
with higher clay and silt contents and better 
water holding capacities compared to that 
at Akatsi. The soil bulk densities at all sites 
before ploughing and at harvest are shown 
in Fig. 5. There was a general increase in 
bulk density with depth at all sites before 
ploughing and at harvest. At harvest soil 
bulk density ranged from 1.56 to 1.68 g cm-3 
at Anwomaso, 1.45 to 1.57 g cm-3 at Mam-
pong and 1.54 – 1.65 g cm-3 at Akatsi with 
increasing soil depth.  This trend agrees with 
the findings of Arshad, Lowery & Gross-
man (1996) that bulk density increases with 
depth in soil profile.

The soil bulk densities at Mampong and 
Anwomaso were lower at ploughing than 
at harvest, except at Akatsi. The high bulk 
density during ploughing at Akatsi was at-
tributed to the fact that the soils were more 
consolidated causing the clods to be more 
compact. The high bulk densities at harvest 
still made harvesting possible for the TEK 
MCH. Bobobee et al. (1994) reported a 
maximum soil bulk density of 1.82 g cm-3 at 
harvest for the Leipzig harvester.
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 Soil penetration resistance
 The mean soil penetration resistances be-

fore ploughing (BP) and at harvest (AH) at 
Anwomaso, Mampong and Akatsi increased 
with depth (Fig. 6), except for Mampong, 
where penetration resistance was low at har-
vest. Penetration resistances were higher at 
harvest than at ploughing at all other sites.  
At harvest penetration, resistance ranged 
from 1.77 to 2.24 MPa at Anwomaso, 0.73 
to 1.53 MPa at Mampong and 0.92 to 3.03 
MPa at Akatsi with increasing soil depth.  
Comparing Fig. 6 and 7, it is clear that soil 
penetration resistance increased with in-
creasing bulk density. Ploughing generally 
reduced the penetration resistance, which 
agrees with the findings of Reichert, Silva & 
Reinert (2004).

Soil moisture content 
From Fig. 7, mean soil moisture content 

before ploughing and at harvest at Anwo-

maso, Mampong and Akatsi increased with 
increasing depth,` with the Akatsi soil being 
the driest. For the range of soil depth ana-
lysed, soil moisture increased with depth and 
ranged from 12.06 to 15.69 per cent (d.b.) at 
Anwomaso, 15.78 to 21.43 per cent (d.b.) at 
Mampong and 1.02 to 3.71 per cent (d.b.) at 
Akatsi. The soil moisture content for Akatsi 
before ploughing decreased with increasing 
soil depth. This change was attributed to the 
fact that it had rained the day before plough-
ing when the samples were taken, and mois-
ture had not infiltrated completely into low-
er horizons. Mampong had higher moisture 
content at harvest than at ploughing, and this 
had contributed to the low soil penetration 
resistance at harvest.

 
Depth of tuber development

Fig. 8 shows the mean root tuber depth 
of penetration for ‘Bankyehemaa’ and ‘Afi-
siafi’ on both ridge and flat landforms at 15 

Table 1

The Mechanical Analysis and Soil Texture Results Carried out on the Soils at Akatsi, Anwomaso and Mampong before 
Ploughing (BP) and at Harvest (AH) Periods 

Location
(Soil depth cm) 	 Sand	 Silt	 Clay 		  Soil texture		  FAO 
 	 %	 %	 %				    classification 	
							       (1998)
				    BP      	          	 AH
	
	 Akatsi
	 0-20	 8.302	 14.98	 20.00	 Loamy sand	 Loamy sand	 Cambisols
	 20-40	 81.70	 14.30	 4.00	 Loamy sand	 Loamy sand
	 40-60	 80.46	 15.54	 4.00	 Loamy sand	 Loamy sand
	
Anwomaso
	 0-20	 64.94	 25.06	 10.00	 Sandy loam	 Sandy loam	 Forest Acrisol
	 20-40	 50.70	 21.30	 26.00	 Sandy clay loam	 Sandy clay loam
	 40-60	 43.10	 26.90	 28.00	 Clay loam	 Sandy clay loam		

	Mampong
	 0-20	 65.54	 26.46	 8.00	 Sandy loam	 Sandy loam	 Forest Lixisols
	 20-40	 61.40	 24.60	 14.00	 Sandy loam	 Sandy clay loam
	 40-60	 51.66	 26.34	 22.00	 Sandy clay loam	 Sandy clay loam
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MAP at Akatsi, Mampong and Anwomaso 
at harvest. ‘Afisiafi’ on ridge at Anwomaso 
had the highest mean root tuber penetration 
depth of 29.40 cm, followed by ‘Bankye-
hemaa’ on ridge at Anwomaso with a mean 

root penetration of 28 cm. ‘Afisiafi’ on flat 
landform at Mampong had the lowest mean 
root tuber penetration of 20.60 cm. The 
mean root tuber penetration for ‘Bankyehe-
maa’ and ‘Afisiafi’ at Akatsi, Mampong and 

Fig. 5. Mean bulk density (g cm-3) before ploughing (BP) and at harvest (AH) versus soil depth for the various 
trial sites.

Fig. 6. Soil penetration resistance (MPa) before ploughing (BP) and at harvest (AH) for the various trial sites.
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Anwomaso ranged from 20.60 to 29.40 cm. 
There was no significant difference (P < 

0.05) for the mean depth of tuber penetra-
tion for ‘Bankyehemaa’ on either ridge or 
flat landform and for ‘Afisiafi’ on ridge land-
form at Akatsi, Mampong and Anwomaso.  
However, the mean depth of tuber penetra-
tion for ‘Afisiafi’ on flat landform at all the 

sites was significantly different (P < 0.05).

Root length across and along row
Table 2 shows the mean total root tuber 

length across row and along rows for ‘Afi-
siafi’ and ‘Bankyehemaa’, on both ridged 
and flat landforms at the three sites 15 MAP. 
‘Afisiafi’ on ridge at Anwomaso had the 

Fig. 8. Mean depth of cassava root tuber penetration (cm) for Bankyehemaa and Afisiafi on both ridge and flat 
landforms (BH-R, BH-F, AF-R, and AF-F) at Akatsi, Mampong and Anwomaso at 15 MAP. *Values followed 
by the same letter for the same cassava variety and landform are not significantly different at P < 0.05

Fig. 7. Mean moisture content (% d.b.) before ploughing (BP), after ploughing (AP) and at harvest (AH) for 
the trial sites.
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highest mean total root tuber length across 
row (80.80 cm), whilst ‘Bankyehemaa’ on 
flat landform at Akatsi had the lowest root 
length (31.20 cm) across row.  At Anwo-
maso, ‘Afisiafi’ on the flat landform, had 
the highest mean total root tuber length of 
95.8 cm along row, whilst ‘Bankyehemaa’ 
on ridge at Akatsi had the least (44.20 cm). 
‘Afisiafi’ on the average had longer lengths 
along row at all three sites than ‘Bankyehe-
maa’. The total root length along row on the 
ridge for all three sites was generally lower 
than on the flat landform for both ‘Afisiafi’ 
and ‘Bankyehemaa’, though no statistical 
difference (P < 0.05) was observed. This 
reduced root spread along ridge could also 
contribute to lower tuber damage with me-
chanical harvesters.

Table 2

Mean Root Length Across and Along Row for Bankyehemaaa on Ridge (BH-R) and Flat (BH-F) and Afisiafi on the 
Ridge (AF-R) and on the Flat (AF-F) at Akatsi, Anwomaso and Mampong Sites at 15 MAP.

Cassava variety 	 Akatsi	 Anwomaso	 Mampong
 and landform		  Root length (cm)

	 Across row	 Along row	 Across row	 Along row	 Across row	 Along row

BH-R	 66.20a	 44.20	 69.00	 82.60	 52.60a	 60.40
BH-F	 31.20b	 45.20	 61.00	 78.80	 69.40a	 80.40
AF-R	 60.80a	 45.80	 80.80	 68.40	 47.80b	 70.20
AF-F	 45.00a	 57.40	 59.20	 95.80	 67.00a	 69.00
LSD	 ns	 ns	 ns	 ns	 ns	 ns

*Values followed by the same letter in the same column are not significantly different at P < 0.05.

maso, Mampong and Akatsi. Bobobee et 
al. (1994) reported that cassava root spread 
beyond 100 cm makes it difficult to readily 
mechanize its harvesting because it leads to 
high percentage root tuber damage. There 
was no significant difference (P < 0.05) be-
tween the values obtained for the two land-
forms and other cassava varieties.

Harvester performance evaluation  
Harvester performance was evaluated 

under varied working depths for percentage 
root tuber damage, field capacity, fuel con-
sumption, working speed, percentage wheel 
slip and draught force. The mean depth of 
mechanical harvester penetration on the 
ridges at Anwomaso, Mampong and Akatsi 
ranged from 21 to 31 cm. From Fig. 8, the 

Generally all the mean total root tuber 
length across and along rows recorded for 
the various study sites, cassava varieties and 
landforms did not exceed the standard work-
ing width (100 cm) of the TEK MCH. There 
was no significant difference (P < 0.05) be-
tween the mean total root tuber length across 
row for both ‘Afisiafi’ and ‘Bankyehemaa’ 
on either flat or ridge landforms for Anwo-

mean depth of root penetration for ‘Afisiafi’ 
on ridge at Anwomaso was higher than the 
mean depth of harvester penetration, im-
plying eminent root damage at harvest. 
The harvester went deepest when harvest-
ing both ‘Afisiafi’ and ‘Bankyehemaa’ on 
ridge than on the flat landform at Akatsi and 
Mampong. This was because the roots of 
‘Afisiafi’ went deeper than ‘Bankyehemaa’ 
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and to minimise damage, the harvester has 
to go deeper beyond the depth of root pene-
tration. Odigboh & Moreira (2002) and Sam 
& Dapaah, (2009) reported that ridges are 
able to control cassava root tubers to reason-
able depths to allow for optimum mechani-
cal harvesting.  Another reason could be due 
to the ease with which ridges were easily 
pulverised. The harvester blade during har-
vesting goes deeper under ridges and shat-
ters the soil better than on the flat landform. 

Tuber damage assessment
The mean percentage tuber damage for 

‘Afisiafi’ and ‘Bankyehemaa’ at Anwom-
aso, Akatsi and Mampong after mechanical 
harvesting ranged from 12 per cent to 27 
per cent, for ridge and flat landforms, re-
spectively (Table 3). The mean percentage 
tuber damage of 12 per cent to 22 per cent 
was recorded for harvesting ‘Afisiafi’ on the 
ridge , compared to 18.25 per cent to 20 per 
cent to harvest ‘Afisiafi’ on flat landform at 
the three sites. Tuber damage for ‘Bankye-
hemaa’ ranged from13.5 per cent to 20 per 
cent on the ridge compared to 14.8 per cent  
to 27 per cent on the flat  landform for the 
three sites. The low damage values obtained 
for the two varieties on ridge compared to 
flat landforms on all sites indicate that with 
proper operator training and implement 

handling, ridge harvesting will produce ac-
ceptable tuber damage for all processors.  
This was due to the relatively shorter root 
spread both along and across the row for 
ridge planting, giving bunchy nature of roots 
compared to wider spread for both varieities  
on the flat landforms at all sites (Tables 2).  
Bobobee et al. (1994) reported 10.7 – 22 per 
cent average tuber damage for the Leipzig 
mechanical harvester whilst Kolawole et al. 
(2010) reported 23.3 per cent tuber damage 
for another mechanical harvester.

Generally, the percentage root tuber dam-
age was highest at Mampong compared to 
Anwomaso and Akatsi. This was attributed 
to the relatively high moisture content (Fig. 
7) at harvest at Mampong making the soil 
to stick to harvester blades (non-scouring), 
which could make the harvester to float and 
decrease its penetration.

Field capacity of TEK MCH
Field capacity of TEK MCH on both 

ridged and flat landforms at the study sites  
ranged from 1.55 to 2.96 h ha-1 (Table 4). 
Mechanical harvesting at Akatsi on the flat 
landforms recorded the lowest field capac-
ity of 2.96 h ha-1, whilst harvesting at Mam-
pong on the ridge gave the highest field ca-
pacity of 1.55 h ha-1. Bobobee et al. (1994) 
reported a range of 2.63 – 4.0 h ha-1 for the 
Leipzig. Ospino et al. (2007) also reported a 
mean field capacity range of 1.0 – 1.6 h ha-1 
for the CLAYUCA cassava harvester model 
P600, whilst Oni (2005) reported a range of 
0.83 – 1.25 h ha-1 for the NCAM harvester.

Manual harvesting capacity
Manual cassava harvesting capacities 

ranged from 24.50 to 85 man-days/hectare 
for ‘Afisiafi’ and ‘Bankyehemaa’ on ridged 

Table 3

Cassava Tuber Damage (%) for all Three Sites

Cassava variety-	 Akatsi	 Anwomaso	 M a m p o n g        
Landform

BH-R	 16	 13.5	 20
BH-F	 18	 14.8	 27
AF-R	 12	 15	 22
AF-F	 19	 18.2	 20
LSD	 ns	 ns	 ns
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and flat landforms (Table 5). Harvesting du-
rations were highest at Akatsi for both cas-
sava varieties compared to those obtained at 
Mampong and Anwomaso. The low mois-
ture content at Akatsi compared to Mam-
pong and Anwomaso (Fig. 7) made it dif-
ficult to harvest both on the ridge and on the 
flat landforms. This confirms the fact that 
mechanical harvesting is most suitable dur-
ing the dry season whilst manual harvesting 
on the other hand is preferred during the wet 
season as reported by Bobobee et al. (1994) 
and Ospino et al. (2007).

Table 4

Field Capacity (h ha-1) for TEK MCH 2 on Ridge (MCH2-
R) and Flat (MCH2-F), and TEK MCH 6 on Ridge (MCH6-

R) Flat (MCH6-F) at Anwomaso, Akatsi and Mampong.

TEK MCH-Landform	 Akatsi	 Mampong	 Anwomaso

MCH 6-F	 2.96a	 -	 -
MCH 6-R	 1.78b	 1.89b	 2.30
MCH 2-F	 2.04b	 -	 -
MCH 2-R	 2.03b	 1.55a	 2.05
LSD	 0.25	 0.04	 ns
			 
*Values followed by the same letter in the same column are 
not significantly different at  P < 0.05

Table 5

Manual Cassava Harvesting Capacity (man-days ha-1) for 
Afisiafi on Ridge (AF-R), and Flat (AF-F), Bankyehemaa 

on Ridge (BH-R) and Flat (BH-F) at Akatsi, Anwomaso and 
Mampong

Cassava variety-	 Akatsi	 Anwomaso	 Mampong 
Landform

AF-R	 75.73	 34	 24.50
AF-F	 79.42	 47.68	 32.24
BH-R	 84.96	 33.17	 23.21
BH-F	 77.57	 41.46	 29.66

Manual harvesting capacity varied from 
as low as 23.21 man-days per hactare at 
Mampong to as high as 85 man-days per 

hectare at Akatsi (Table 6). The manual 
harvesting capacities for ‘Bankyehemaa’ 
and ‘Afisiafi’ on both ridged and flat land-
forms at Akatsi were significantly different 
(P < 0.05) from those obtained at Mampong 
and Anwomaso. Nweke, Dustan & Lyman 
(2002) reported a labour requirement of 22 
– 63 man-days per hectare for manual har-
vesting of cassava. Comparing the capaci-
ties obtained for mechanical and manual 
harvesting methods (Tables 5 and 6), it is 
confirmed that manual cassava harvesting is 
more time consuming and is full of drudgery 
than mechanical harvesting. The high man-
days required to harvest at Akatsi strongly 
correlates with the low moisture content and 
high soil penetration resistance of the soil, 
confirming that the harder the soil, the more 
difficult to harvest manually.

 
Fuel consumption 

Table 6 shows the mean fuel consumption 
for TEK MCH 2 and 6 for harvesting various 
cassava varieties on the ridged and flat land-
forms at Akatsi, Anwomaso and Mampong. 
TEK MCH 2 recorded the highest mean fuel 
consumption of 25.14 l ha-1 at Akatsi com-
pared to 15.01 l ha-1 at Mampong whilst 
TEK MCH 6 had the lowest (16.85 l ha-1) 
at Mampong. On the whole, harvesting on 
the flat landforms has higher fuel consump-

Table 6

Mean Fuel Consumption (l ha-1) for TEK MCH at Akatsi, 
Anwomaso and Mampong

Cassava variety-	 Akatsi	 Anwomaso	 Mampong 
Landform

MCH 2 –R	 25.14	 24.72	 15.01
MCH 6- R	 19.45	 16.85	 16.22
MCH 2-F	 23.59	 18.75	 16.44
MCH 6-F	 20.85	 21.43	 17.52
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tion than harvesting on the ridged landform. 
Several factors such as wheel slip, moisture 
content, operator experience, etc. affected 
this difference in mean fuel consumption for 
mechanical harvesting. The higher fuel con-
sumption values at Akatsi were due to the 
relatively dryer soil coupled with a higher 
penetration resistance. 

Percentage tractor wheel-slip
Table 7 shows the mean tractor wheel-

slip recorded for TEK MCH 2 and 6 during 
harvesting at Akatsi, Anwomaso and Mam-
pong. Wheel-slip ranged from 6.99 per cent 
to 14.93 per cent, which are all within ac-
ceptable ranges for a deep soil engaging im-
plement like the cassava harvester on firm 
and tilled soils. Akatsi recorded the highest 
mean wheel-slip whilst Mampong recorded 
the lowest. The sandy soils at Akatsi had the 
lowest moisture content and are more likely 
to fail under the tyres, thus, impeding soil 
grip and traction relative to the other sites.

 
Table 7

Mean Tractor Wheel-slip (%) for TEK MCH 2 and TEK 
MCH 6 at Akatsi, Anwomaso and Mampong

TEK MCH	 Akatsi	 Anwomaso	 Mampong

MCH 2	 14.93	 8.19	 6.99
MCH 6	          12.92	 14.80	 10.56

Harvester working speed 
Fig. 7 shows the mean harvesting speeds 

recorded at the three sites. The highest mean 
working speed of 5.88 km h-1 was obtained 
at Mampong, whilst the lowest speed of 4. 
39 km h-1 occurred at Anwomaso. However, 
no statistical difference existed between the 
mean working speeds recorded for the two 
harvesters (TEK MCH 2 and 6) at P < 0.05. 
The above speeds are higher than the 2.4 – 

4.1 km h-1 Bobobee et al. (1994) reported for 
the Leipzig mechanical harvester but lower 
than the values Ospino et al, (2007) reported 
for the CLAYUCA cassava harvester proto-
type, which had an operational speed of 7.0 
km h-1.

 
Draught force and working speed

Table 8 shows the mean draught force, 
average working speed, depth of harvester 
penetration, soil specific resistance (SSR), 
drawbar power and brake horse power 
(Brake Hp) observed for TEK MCH 2 and 
6 at the three sites during harvesting. The 
draught values ranged between 4.9 kN at 
Mampong and 13.2 kN at Akatsi for TEK 
MCH 2 and from 8.6 kN to 14.52 kN for 
MCH6 for the two sites. The range of mean 
draught forces obtained (4.9 – 14.52 kN) 
was higher than what was reported for the 
Leipzig harvester (11.94 – 16.2 kN) by Bo-
bobee et al. (1994). This shows that the TEK 
MCH generated a lower resistance force and 
could be pulled by smaller horse power rat-
ed tractors than the Leipzig prototype. The 
power rating for the tractor engine  required 
to effectively pull the TEK MCH harvest-
ers ranges from 46 to 85 kW. Bobobee et al. 
(1994) reported a tractor power requirement 
of 55 – 80 kW for the Leipzig harvester 
while Ospino et al. (2007) reported 68 – 70 
kW for the CLAYUCA cassava harvester 
prototype. With the above power ratings, the 
harvester could be operated with the exist-
ing tractors used for land preparation in the 
farming system. 

Conclusion and recommendations 
From the development, field trials and per-
formance of the TEK MCH, the following 
conclusions were drawn: 1) The prototype 
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Fig. 9. Mean mechanical harvesting speeds at all 3 
sites.

harvesters weighing 268 – 310 kg achieved 
optimum performance on ridged landforms 
in the three agro-ecological zones in the 
country, 2) depending on soil condition and 
operator performance, the TEK MCH can 
harvest a hectare of mature cassava field 
within 1.55 – 2.3 h, and the same area will 
take 24 – 85 manual harvesters one man-day 
of 8 h to accomplish, 3) the TEK MCH har-
vester develops average drafts of 10.86 kN 
on dry fields with moisture content from one 
per cent to 17 per cent db at depths of 13 – 
30 cm requiring a tractor power of 47 – 85 
kW to pull it just like any other conventional 
tillage implements,  4) when harvested me-
chanically, tuber damage ranges from 16 per 
cent to 27 per cent for both ‘Afisiafi’ and 
‘Bankyehemaa’ elite cassava varieties, 5) 

It is recommended to test the harvesters 
for wear and durability in major agro-eco-
logical zones, and through a wide range of 
soil moisture regimes in Ghana to support 
nationwide adoption.
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Table 8

Draught Forces of TEK MCH 2 & 6 used to Calculate the Tractor Engine Power Requirement at Anwomaso and Mampong.

Site	 TEK MCH	 Draught 	 Average	 Depth  of	 SSR	 Drawbar	 Brake 		
		  force (kN)	 speed (m/s)	 penetration 	 (kN m-2)	 power (kW)	 Hp (kW)
				    (m)
		
Anwomaso	 MCH 2	 9.21	 1.22	 0.27	 34.82	 11.24 	 59.48 
	 MCH 6	 11.03	 1.32	 0.24	 46.03	 14.56 	 76.75 
Mampong	 MCH2	 4.90	 1.79	 0.28	 17.80	 8.77	 46.95 
	 MCH6	 8.60	 1.47	 0.25	 34.55	 12.64	 66.83 
Akatsi	 MCH2	 13.2	 1.22	 0.24 	 54.10	 16.10	 84.76 
	 MCH6	 14.52	 1.11	 0.30	 48.40	 16.12	 84.83 

optimum mechanical harvesting perform-
ance was achieved at tractor speeds of 5 – 8 
km h-1 and fuel consumption of 15 – 19 l ha-

1,  6) wheelslip ranged from 6.99 per cent to 
14.93 per cent, which are all within accept-
able ranges for a deep soil engaging imple-
ment like the cassava harvester on firm and 
tilled soils, and 7) after mechanical harvest-
ing, the field is left ploughed with savings 
on fuel, time and tillage inputs for the next 
crop production. 
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