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Abstract

Yam production is still mainly carried out manually by peasant farmers using yam setts as planting material. Adequate knowl-
edge of their engineering properties is an essential prerequisite for the scientific design and development of equipment for planting
and handling yam setts mechanically. Some engineering properties of yam setts from two species of yams, namely white yam (D.

rotundata) and yellow yam (D. cayenensis), were investigated at different moisture contents. The properties investigated include sett
density, static coefficient of friction on plywood, galvanized steel and formica surfaces, force–deformation behaviour during quasi-
static radial compression, stiffness moduli and sett toughness. The coefficient of friction of yam setts of both species on formica was
considerably lower than the corresponding coefficients on wood and galvanized steel, respectively. The results further showed that a
considerable reduction in the coefficient of friction was achieved (0.41–0.29 and 0.45–0.25 on formica, for D. rotundata and D. cay-

enensis, respectively) by air-drying freshly prepared setts at ambient room temperature for at least 4 days. Sett density over the dry-
ing period ranged between 1020 and 1180 kgm�3 for D. rotundata and between 1030 and 1140 kgm�3 for D. cayenensis. The stiffness
moduli were 3.53 and 5.36 kNm�1 for freshly prepared yam setts of D. rotundata and D. cayenensis, respectively. However, sett stiff-
ness generally decreased as sett moisture content decreased. The toughness of freshly prepared yam setts initially increased, attaining
a maximum value within the first 4 days of air-drying, and subsequently decreased with further sett drying.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Tropical root crops such as cassava, yam, sweet pota-
to and cocoyam are important staple foods throughout
Africa. These root crops are more efficient producers of
calories than any other food crop in the tropics (Otoo,
Okoli, & Ilona, 2001). Indeed yams (Dioscorea), grown
principally for the carbohydrate they provide, account
for about 20 per cent of the daily caloric intake of
Nigerians (Iwueke, Mbata, & Okereke, 1983). In
addition to being a major staple food, yam is also
known to have a longstanding socio-cultural significance
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in the lives of some communities (Degras, 1993; Hahn,
Osiru, Akoroda, & Otoo, 1987).

The fact that the traditional methods of cultivating
yams are arduous, labour intensive and time consuming
is well attested to in the literature (Hahn et al., 1987;
Nwuba & Kaul, 1987; Odigboh & Akubuo, 1991). In
an attempt to alleviate the drudgery that characterises
the traditional methods of yam cultivation, some efforts
to mechanise some aspects of yam production have
been reported. In particular, Odigboh and Akubuo
(1989, 1991) have reported the development of mechan-
ical planters for planting seed yams and minisetts,
respectively. However, as pointed out by Aluko and
Makanjuola (2002), compared to seed yams and mini-
setts, yam setts (normally obtained by cutting large
whole tubers into head, middle and tail pieces) are
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cheaper, more readily available, do not require any spec-
ialised pre-planting treatment and are more culturally
accepted. Indeed, yam production in Nigeria is mainly
carried out by peasant farmers who rely on a portion
of their previous season�s harvest, usually between 25%
and 33% (Hahn et al., 1987), as the source of yam sett
planting material for the following season. The develop-
ment of a method and equipment, for mechanizing the
planting of traditional yam setts would therefore be a
major breakthrough in the mechanization of yam
production.

The engineering properties of grains, seeds and other
food and animal materials, such as density and friction
coefficients on different structural surfaces, are needed
by design engineers for the rational design of planting,
handling and storage equipment for these materials
(Mohsenin, 1986). Although several researchers have
studied the engineering properties of different grains
and seeds, including inter alia melon seeds (Makanjuola,
1972), soya bean (Deshpande, Bal, & Ojha, 1993), lentil
seeds (Carman, 1996), sunflower seeds (Gupta & Das,
1997), millet (Jain & Bal, 1997) and locust bean seed
(Ogunjimi, Aviara, & Aregbesola, 2002), very limited
published data are available in the literature on the engi-
neering properties of yam setts.

The objective of this study was therefore to investi-
gate some engineering properties of yam setts of partic-
ular relevance to the design and development of
equipment for planting and handling them.
2. Experimental methods

The two species selected for this study, namely white
yam (D. rotundata) and yellow yam (D. cayenensis), are
arguably the most popular amongst the food yams con-
sumed in Nigeria. Head, middle and tail setts were de-
rived from freshly harvested tubers of these two
species, which were purchased from local farmers in
the Oriade and Atakunmosa East Local Government
Areas, respectively, of Osun State, Nigeria. Prior to sett
preparation, the tubers were carefully cleaned manually
to remove soil and foreign particles adhering to the out-
er corky periderm of each tuber.

Immediately after preparation, an identification mark
was placed on each sett and its initial weight measured
to 0.001 g using an electronic balance. The initial dimen-
sions of each sett were also measured in three mutually
perpendicular axes using a pair of vernier callipers. For
each sett, the measured dimensions consisted of the
length and two diameters of the transverse section.
The mean of the two mutually perpendicular diametric
measurements was recorded for each sett. To study the
drying characteristics of yam setts, selected head, middle
and tail setts were then subjected to progressive air-dry-
ing at ambient room temperature over a period of three
weeks. In addition to their initial weights, the weight of
each sett was recorded at drying intervals of 2 days
spanning the entire period of three weeks.

Representative setts were selected and used to deter-
mine the density of yam setts at different moisture con-
tents. To achieve this, each sett was weighed on an
electronic balance and its volume subsequently deter-
mined using a water displacement method similar to that
reported by Shepherd and Bhardwaj (1986) and Dutta
et al. (1988). The setts used in the volume determina-
tions were coated with a very thin layer of epoxy resin
to prevent the absorption of water during the experi-
ments. The increase in sett weight due to the adhesive
was negligible (less than 2%). The static coefficient of
friction of yam setts was determined on three structural
surface materials, namely plywood, galvanized steel and
formica, which are commonly used as materials of con-
struction for crop planting and handling equipment.
This was accomplished using the inclined plane method,
earlier described by Zoerb (1967) and widely adopted in
the literature (Ajav, 1998; Ogunjimi et al., 2002; Oje &
Ugbor, 1991; Olajide & Ade-Omowaye, 1999).

The investigation into the resistance of yam setts to
crushing was carried out using selected 5 cm-long cylin-
drical middle setts. Each sett was subjected to a quasi-
static radial compression test during which the applied
compressive load and the strain were monitored and re-
corded until rupture or bio-yield occurred. Several of
these tests were carried out on setts at different moisture
contents using a compression-testing machine at a con-
stant loading rate of 4 mmmin�1. The force–deforma-
tion curves obtained were subsequently analysed to
determine stiffness moduli and material toughness of
yam setts at different moisture contents. For each sam-
ple, sett stiffness was determined as the slope of the
apparent linear elastic portion of the force–deformation
curve and sett toughness, the area under the curve.

In general, tests and measurements at different mois-
ture contents were replicated thrice. All sett moisture
contents in this investigation were determined gravimet-
rically. To achieve this, after concluding all other exper-
imental measurements, the setts were oven dried at
105 �C for 48 h. The setts were subsequently allowed
to cool in a dessicator after which the final weight of
each sett was recorded.
3. Results and discussion

The drying characteristics of the yam setts are illus-
trated in Fig. 1(a) and (b). A general comparison of
Fig. 1(a) and (b) shows that the freshly harvested tubers
of D. cayenensis contained a higher proportion by
weight of water than did the corresponding tubers of
D. rotundata. In general, for both D. rotundata

(Fig. 1(a)) and D. cayenensis (Fig. 1(b)) sett moisture
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Fig. 1. Moisture content of yam setts plotted against the drying
period. (a) D. rotundata setts; (b) D. cayenensis setts.
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Fig. 2. Static coefficient of friction of yam setts on different structural
surfaces plotted as a function of moisture content. (a) D. rotundata

setts; (b) D. cayenensis setts.
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content decreased as the period of drying increased. For
D. rotundata setts, the first 4 days after sett preparation
were characterised by a relatively rapid drying rate. As
the period of drying extended beyond the first 4 days,
the drying rate decreased and became more uniform
over the latter 14 days. For D. cayenensis setts, however,
the drying rate after sett preparation was uniform
throughout the entire drying period (Fig. 1(b)).
Fig. 1(a) and (b) show that the tail setts of both species
had lower moisture contents than the corresponding
head and middle setts. Although the middle setts of D.

rotundata had higher moisture contents than the head
setts, there was no difference in the moisture contents
of the two for D. cayenensis setts.

The measured dimensions of yam setts used in this
study were similar for both species. The length of the
setts ranged from 50 to 125 mm while the mean diameter
ranged from 48 to 106 mm. The static coefficient of fric-
tion of the yam setts on different structural surface mate-
rials is plotted as a function of sett moisture content in
Fig. 2(a) and (b). In general, as drying proceeds initially,
the coefficient of friction decreases. Subsequently, in the
drier moisture range (26.0–22.5% wb for D. rotundata

and 48.0–40.5% wb for D. cayenensis) the coefficient of
friction assumes a more stable (residual) value. The coef-
ficient of friction of yam setts of both species on formica
was considerably lower than the corresponding coeffi-
cients on wood and galvanized steel, respectively. For
D. rotundata setts (Fig. 2(a)), the residual value of the
coefficient of friction was 0.42 on galvanized steel, 0.38
on wood and 0.29 on formica. Similarly, for D. cayenen-

sis setts (Fig. 2(b)), the residual value of the coefficient of
friction was 0.44 on galvanized steel, 0.38 on wood and
0.25 on formica. Although Ajav (1998) reported an aver-
age coefficient of friction of 0.60, it is difficult to make
any meaningful comparison with the present results be-
cause the structural surface used was not specified. The
present results, however, clearly indicate that the use of
formica to line hopper side panels and other channels
would constitute a significant advantage in the develop-
ment of handling, metering and planting equipment for
yam setts. Furthermore, in addition to reducing the
moisture-dependent adhesion at the yam sett–structural
material interface, the present results show that a con-
siderable reduction in the coefficient of friction is
achieved by air-drying freshly prepared yam setts for
at least 4 days.

The cost implication of materials selected is an
important design consideration in the development of
handling, metering and planting equipment. Bruising
of yam setts can lead to deterioration and poor yields
(Onwueme, 1982). Therefore, in addition to enhancing
sliding for metering and conveying purposes, reductions
in the coefficient of friction during handling of yam setts
is important to minimise the risk of bruising the setts.
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Consideration of the cost implication of using formica,
rather than using relatively cheaper structural surface
materials, must therefore be based not only on the mon-
etary value of the materials, but also on the relative cost
of risking damage to the setts and incurring poor yields.

The variation of sett density with moisture content is
illustrated in Fig. 3(a) and (b). In general, for both D.

rotundata (Fig. 3(a)) and D. cayenensis (Fig. 3(b)), den-
sity increased as sett moisture content decreased. For a
moisture content range of 37.4–25.1% (wb), the density
of D. rotundata setts ranged between 1020 and
1180 kgm�3. Similarly, over the moisture content range
54.0–39.0% (wb), the density of D. cayenensis setts ran-
ged between 1030 and 1140 kgm�3. These results are in
agreement with the average density of 1096 kgm�3 re-
ported by Ajav (1998) and constitute an important con-
sideration for material selection, machine frame
development and hopper capacity design for a mechan-
ical yam sett planter.

The force–deformation curves for yam setts subjected
to quasi-static radial compression at different moisture
contents are shown in Fig. 4(a) and (b). The general
nature of these curves is similar to that reported by
Anazodo (1983) for a radially compressed corn cob.
Each curve consists of an initial non-linear, non-elastic
portion followed by an apparent linear elastic portion.
The initial non-linear, non-elastic portion is a transient
stage during which the spongy cortex of the tuber is
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Fig. 3. Yam sett density plotted against sett moisture content. (a) D.
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Fig. 4. Force–deformation curves for yam setts at different moisture
contents. (a) D. rotundata setts; (b) D. cayenensis setts.
compressed. This portion is less pronounced for D.

cayenensis setts (Fig. 4(b)) indicating that D. cayenensis

tubers generally have a thinner cortex than D. rotundata
tubers. The apparent linear elastic portion of the force–
deformation curves represents the primary resistance to
deformation of the inner tuber tissue, following the
flattening of the external spongy cortex. The upper limit
of the linear elastic portion marks the onset of bio-yield
or rupture (failure). The subsequent rise in the force–
deformation curve observed in some cases after the
onset of bio-yield can be attributed to a change from
mechanical failure to sheer crushing of the test
specimen.

As pointed out earlier, further analyses of the force–
deformation curves of Fig. 4(a) and (b) were carried out
to determine the stiffness and material toughness of yam
setts at different moisture contents. Values of stiffness
and material toughness thus determined for the two spe-
cies of yam setts are given in Table 1. In general, for
both species, stiffness decreased as sett moisture content



Table 1
Some engineering properties of yam setts subjected to quasi-static radial compression

Properties D. rotundata D. cayenensis

% Moisture content (wb) % Moisture content (wb)

37.4 32.2 29.6 26.9 54.0 50.4 47.9 42.3

Stiffness (kNm�1) 3.53 3.02 1.66 0.73 5.36 3.07 2.03 1.99
Toughness (J) 6.3 6.8 6.0 4.3 1.4 2.5 2.4 2.1
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decreased. For a moisture content range of 37.4–26.9%
(wb), the stiffness of D. rotundata setts ranged between
3.53 and 0.73 kN m�1. Similarly, over the moisture con-
tent range 54.0–42.3% (wb), the stiffness of D. cayenensis

setts ranged between 5.36 and 1.99 kNm�1. For both
species, the initial stages of drying of freshly prepared
yam setts were characterised by an increase in sett
toughness. After attaining a maximum value (6.8 J for
D. rotundata and 2.5 J for D. cayenensis), toughness de-
creased with further sett drying.

Compared with the results of previous work on an-
other agricultural product, the present results show that
the stiffness moduli of D. rotundata and D. cayenensis

yam setts are much lower than the range 92.8–
94.0 kNm�1 reported for cocoa pods (Faborode,
Dinrifo, & Ajayi, 2001). The stiffness moduli and sett
toughness obtained in the present work provide impor-
tant base-line data for future designs of hoppers and
other yam sett planting and handling equipment.
4. Conclusions

The engineering properties of yam setts at differ-
ent moisture contents were investigated using setts
derived from two prominent species, D. rotundata and
D. cayenensis. Freshly harvested tubers of D. cayenensis

were found to contain a higher proportion by weight of
water than corresponding tubers of D. rotundata. The
static coefficient of friction of yam setts on plywood,
galvanized steel and formica, commonly used as materi-
als of construction for crop planting and handling
equipment, was determined. The lowest values of the
coefficient of friction for both D. rotundata and D.

cayenensis were obtained on formica. For D. rotundata

setts on formica, the coefficient of friction had a value
of 0.4 for freshly prepared setts and a residual value of
0.29 after 4 days of air-drying at ambient room temper-
ature. For D. cayenensis setts on formica, the coefficient
of friction had a value of 0.47 for freshly prepared setts
and a value of 0.26 after 4 days of air-drying at ambient
room temperature.

The quasi-static radial compression of yam setts is
characterised by two regimes of force–deformation
behaviour prior to rupture or bio-yield: a non-linear,
non-elastic transient stage during which the spongy
cortex of the tuber is compressed and an apparent linear
elastic portion representing the primary resistance to
deformation of the inner tuber tissue. The stiffness mod-
uli of yam setts were found to be considerably lower
than the values earlier reported for cocoa pods. The
toughness of freshly prepared yam setts initially
increases, attaining a maximum value within the first 4
days of air-drying at ambient room temperature, and
subsequently decreases with further sett drying. The
properties determined in this study constitute important
base-line data for the scientific design and development
of hoppers, metering devices, delivery chutes and other
components of yam sett planting and handling
equipment.
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