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PLANNING FOR WATER QUALITY IN RURAL ENVIRONMENTS USING WRM MODEL

Constamtine C. Mbajiorgu
Tiespetment of Agricultoral Englmsering, University of Nigeria, Nsukka.

e,

Degradation of susface water quality mnks high amongst the off-farm costs of soil
erosion, which result from non-point source pollution by chemical laden sediments. A model has
beeu developed to predict, amongst other things, the sediment load at any location in the dramage
network of an agricultural watershed. Watershed Resources Management (WRM) model, as it is
named, is a process-based, distributed-parameters model for continuous simulation. It models
sediment flow in a watershed that may include conservation structures, such as terraces, grassed
waterways, dams and culverts, by the flow transport capecity concept. Fundamental erosion and
hydrological processes are represented in WRM model components
2 This paper presents the erosion and sediment transport components of WRM model
development. In addition, the mode! was apphed to predict sediment flow under different
hypothetical scenarios of conservation measures for an agricultural sub-watershed in the Upper-
Wilmot River Basin, prince Edward Island, Canada. Model results, as presented, compare
favourably with observation and common knowledge, thus validating WRM model for the specific
apnlication. Model evaluation, based on predicted effects of the simulated conservation measures,
aiso shows a reasonable model performance.

KEYWORDS: Esion, Sediment-transport, Non-point source pollution, Water quality, Conservation
practices, Water resources planning, Distributed-parameter modelling, Watershed.

1. INTRODUCTION

The most distinctive water quality problem in rural environments is non-point sourcé pollution. This may
be defined as the contamination of water resources by sediments, fertilizers, pesticides and natural soil
chemical constituents, transported by runoff water from distributed locations on the watershed” Rural land-
use practices, being agricultural, tend to exacerbate the problem. Information of adequate quantity,
accuracy, and variability in time and space, which may be required (o treat and regulate/control non-point
source pollution are best provided by predictive tools. Sampling and analyses of water pollutaats from
distributed sources on agricultural land are formidable tasks. They can be justified only for the purposes of
model calibration and testing.

Traditionally, sediment yield has been predicted by applying a delivery ratio to gross erosion. However,
delivery ratio is a lumped and unreliable technique. Water quality modelling requires a shorter time scale
than annual, and cannot be separated from the pollutant transport processes which are driven by hydrology.

The universal soil loss equation was modified by Williams (1975), by replacing the rainfall energy factor
with a munoff factor. The modified universal soil loss equation (MUSLE), increased sediment yield
prediction accuracy, thus eliminating the need for sediment delivery ratios, and is applicable to individual
rainfall events. However, it relies on measured runoff for its accuracy, and measured runoff is almost
never available in water resources planning. Therefore, the process-based and distributed modelling
approach is preferable. Such a model, the Watershed Resources Management (WRM) model (Mbajiorgu,
1992), facilitates a synthesis of the hydrologic, soil erogion, sediment transport and structurzl component
processes in both temporal and spatial variability. This paper presents the sub-models for erosion and
sediment transport, and typicak results of WRM model application in predicting sediment quantities in
stream flow under different conservation-practice scenanos.



2. Development Of The Soil Erosion And Sediment Transport Components Of Wrm Model

Erosion and sediment routing are based on routed hydrologic inputs at each location on the watershed. Six
proceses are involved, namely: (1) Rainfall (intemill/splash) detachment, Dj; (2) Overland/shear flow
detachment, Dy; (3) Overland flow transport, T¢ (for capacity value); (4) Channel and reservoir deposition,
Dep; (5) Channel entrainment of deposits, E; and (6) Channel flow transport, Qg (for capacity value).

Erosion can be defined as the change in sediment load accross an eiement, subject to soil detachment and
flow transport capacity. and may be expressed as follows:

AG = (Df + DjAx 1)

where, G is sediment load (kg s~ "),xlsdmamednwmlopc(n).nl:smemnmcmmu (kgs!
m2), and Dy is rill erosion rale(kgr m2). After Foster (1982),

Df = Dell - G/T¢} 2)

where, Tc is sediment transport capacity (kg s”! m™1), and Dc is detachment capacity of clear water (kg s~
I m2). Afier Lane ef al. (1987).

D¢ = Kt - 1¢) 3)
where, Ky s rill crodibility paratueter (s m™), 15 is flow shear stress acting on the soil (Pa), T is rill

eritival shcar SUTss 0f the so1l (Pa), and Dj is interrill erosion rate (kg m'-) The internll emsion rate is
given, after Foster (1982), as

Dj = KiPS{CeGe ()

where, Ki = interrill erodibility parameter (kg s m), 1 is rainfall intensity (m s™'), and Sf is slope factor.
After Elliot et al. (1989),

[-4sin(s)]

Sf = 1.05-0.85¢ (3)

where, s is siope angle (degrees) and Cg is canopy effect. After Nearing et al. (1989),

Comb-Fe o ©)

where, F is fraction of soil surface under canopy cover, H 1s canvpy height (m), and Ge is ground cover
effect. Afier Nearing et al. (1989),

-2 5F v
Ge = 0]
where, f is fraction of soil surface covered by residue.
Elliot ef al. (1989) and Liebenow et al. (1990) developed equations to predict erodibility parameters from

soil propertics. At any location on the watershed across which flow transport capacity T is greater than
sediment load G, soil erosion will occur and as a result, sediment load will increase:

Gi+1 - Gi +AG (8)

Hhis increasc is subject to the condition, (Te - Gj) : AG. If (T¢ - Gj) < AG, then Gj+] = Tc. Similarly,
where Te < Gj, Gj+1 =T
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2.1 Overland Flow Transport Capacity (T¢)

Slope (S), unit discharge (q) and shear stress acting on the soil (tg) have been identified as factors for
determining sediment transport capacity . But shear stress is a derived quantity incorporating both S and q.
Therefore, g is the single most important parameter for a simplificd model for Te. Finker et al. (1989)
proposed a simplified equation for T based on the Yalin (1963) sediment transport cquation as:

N
fas

To =Kirs (9
where Ky is the transpont coefficient, Overland flow shear stress is expicssed as:
T = .{fsﬁgg}] ,’3[{21’3 (QS)?‘B {10y

where. v is weight density of water. {g is Darcy-Weisbach hydraulic roughness coefficient for smooth. bare
soil. fp s hydraolic roughness coefficient for actual soil condition. q is overland flow discharge per unit
width. and S is land slope.

Singe fg. fy. v and ¢ are constants. g is a function of ¢ and S for a given upland arca. The value of Ky is Lo
be determined independently for each upland arca. but no method is known for determining Ky dircetly
from sediment propertics. However. parameters of the Yalin equation can be cstimated for determining Te.
This is_essentially a calibration of the simplificd equation to sediment propertics, A represcntative shear
stress (1) 15 determined as the average of the shear stress at the end of a representative uniform average
slope profile and is used 10 compule transport capacity by the Yalin cquation, With this yalue of L.
transport coclficient 1s computed as lollows:

N 5}
K= Teol o (1
where Teg s tmmspont capacity computed from the Yalinequation using o,

2:2 Channel Flow Deposition and Pick-Up

Fhe repime concept m alluvial channel by drauhics states. after Ackers (1988). that the dimensions (widih.
depth and gradienty of a channel 1o convey a ginven discharge of low with a given sediment load are fixed
by miture. Thus depending on the flow discharge and 11s sedument load, deposition or scour will occur in
the channel The rezime concept expresses the natural tendeney for altuvial channels to seek a dy nane
stabihiy

Ihe dithiculty i modelling channel scour anses duc to bed features. The overallllow resistance n alluyial
chimmnels comprises both drig due to bed form tnipples and dunes) and drag due 10 bed material (grain
resistunce) Thus the entical shear parameter and  channel crodibility  cannot be casily  evaluated.
Fheretore. pick-up of uplind croded deposits may be considered by assuming rill crodibility and critical
shear parmmeters for chiannel low Far the ease Qg - Giand 1q -+ te. pick=up is computed as.

E= Kilrer ) s

LY

where, Eoas channel Now sediment entrmment and Qg s 11s transport capacits - Sediment load. G. is
updated as G Gy + - Otherwise deposition occurs iF Q. = Gy and 1S estimated as. Dep — Gy - QL while
sediment load equals Q.
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Flow shear stress assuming a wide, shaliow open channel is,
T =YyS (13)
where, y = pg or the weight density of water (p is density of waler, g is gravity acceleration), y is flow
depth, ind S is channel bed slope.
2.3 Channel Flow Transport Capacity (Qg)

Ackers (1988) lists the minimum set of basic quantities which influence sediment transport in two-
dimensional, free-surface flow as follows: (1) unit mass or density of water, p; (2) unit mass or density of
solids, ps; (3) kinematic viscosity of water, v; (4) particle diameter, d; (5) flow depth, y; (6) bed shear
velocity, V = gyS; (7) gravity acceleration, g; (8) bed slope, S. These quantities are related by dimensional
analysis in the fol'owing non-dimensional groups:
i) the Particle Reynolds Number;

Re = Vdh (14)
ii) the Sediment Mobility. Number;

Y = V2/(s-1)gd (15)

iii) the ratio of flow depth to sediment diameter;

Z=yld (16)
and, (iv) the mass densities ratio;
s=pslp (17)

Einstein's (1950) non-dimensional expression gives an additional parameter for establisned motion, for
sediment load:

¢ = qs
plG-1gdP? (8

where qs is sediment transport rate as weight per unit time per unit width of channel. The mobile bed
friction factor is expressed in terms of the basic quantities as,

1= 8gySh? (9)
and the expression,

ofpd = 0.1(Y3R) (20)
relates sediment transport and channel hydraulics, as formulated by Engelund and Hansen (1967).
Biudonthmcmlaﬁomhipsandmmungampmemewrﬁckdim, such as mean weight

diameter, a procedure for determination of Qs is as follows: (1) Compute the parameter Y, as a function of
flow depth and bed slope, from eqn. (15); (2) With the right-hand side of eqn. (20) evaluated, compute the
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parameier f; from eqn. (20); (4) Evaluate qs from ¢, using eqn. (18); (5) Compute Qg as equal to bqs,
where b is channel width.

3, MODEL APPLICATION FOR WATER QUALITY PLANNING

Comparison of continuous recorded and simulated stream flow hydrographs were performed for Curley's
sub-watershed in the Upper Wilmot River Basin, Prince Edward Island, Canada Curley's sub-watershed
has an area of 140 ha. A duration of 5 months, May 5 to September 30, 1990, was covered by simulations.
The small subset of model parameters, termed "calibration parameters”, whose values may be adjusted to
calibrate the model were used to obtain an order of magnitude agreement between simulated and recorded
flows in the first rainfall event. The model was validafed by comparison of simulated and recorded

hydrographs for subsequent eyents in 1he senes (Mbajiorgy, 1992).

Fig. | shows the discretization of the sub-watershed into square elements of size 1.94 ha, numbered
senally from 1 to 73. The comparison of model validation hydrograph plots are shown in Figs. 2, 3 and 4.
The plots were sampled from a single continuous simulation run, in the period May 5 to September 30,
1990. Visual comparison of simulated and recorded hydrographs shows an order of magnitude consistency
and reasonable reproduction of system response features. Based on model validation criteria, as specified
by Law and Kelton (1982), and with due consideration for the moddhngmm, the WRM model
was thus tentatively validated.

Using the discretization of Curley's sub-watershed shown in Fig. 1, the following soil and water
conservation planning alternatives were implemented in simulation: (1) starting from element #9 every
vertical grid-line represents a terrace channel, and every other horizontal grid-line represents a grassed
walerway draining into a stream-channel reach; (2) two dams of uniform size and reservoir capacity are
located in clements #36 and #70; (3) a dam is located in element #36 and a culvert already exists in
clement #55.

WRM model was used to quantify the effects, and relative effects, of the above hypothetical or "what-if”
conservation planning scenarios, in terms of sediment load in streamflow. The reasonablencss of such
evaluated effects and relative effects, in the absence of real-world data, is adjudged to represent model
evaluation.
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Fig. 1. Curley's sub-watershed discretization; scale 1:8,705
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Fig. 3 Simulated and recorded hydrographs for Curley's sub-watershed (1)
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Streamflow (L/s) \ Hourty Rainfall (mm)
T 0

7 1 2 3 4 .1 el T 1 2 3
Time in Days
B Rainfall —  Recorded Flow - Simulated Flow

Time From May 26, 1990 (Julian Day 48).

Fig. 4 Simulated and recorded hydrographs for Curley’s sub-watershed (1)

In the simulation of the three scenarios, although the structures were hypothetically imposed on the
system, the physical characteristics of the watershed (as inputed for model validation), and the
assumplions in system representation, remain the same.-

4. RESULTS AND DISCUSSION

Fig. 5, 6 and 7 illustrate the cffects, with respect to stream sediment load, of the terraces and grassed
waterways system, the 2-dams alternative, and the dam-culvert scenario, respectively. Similarly, Figs. 8, 9
and 10 illustrate their respective effects on stream sediment concentration. These model results represent
only the specified output in model operation. WRM model is generic and capable of distributed output in
space, time and variable.

Note in Figs. 6 and 9 that the plot of the two-dam sediment load (or concentration) coincides with the time
axis, being zero in either case. Also, Figs. 5, 6 and 7 present sediment load as the rate of movement of soil
material in the stream flow, without regard to the flow discharge. However, Figs. 8, 9 and 10 present
sediment concentration which relates streamflow discharge to its sediment load, indicating the level of
sediment pollution of the stream.

Figs. 5 and 8 show a reduction in erosion and sediment transport rate of the order of 50%, by the terraces
and grassed waterways system. On the other hand, Figs. 6 and 9 show the effect of the two reservoirs,
created by a dam at a remote upstream location and another dam at the watershed outlet, as zero sediment
outflow. This is because the two-dams model tends to trap all the sediment. The model assumes total
deposition in a reservoir, although considerable erosion and sediment transport may occur between the two
dams. In Figs. 7 and 10 are shown the effect of a remotely located dam and a culvert near the watershed
outlet. There is only a slight reduction in sediment outflow by the structural effect, which confirms that
considerable erosion and sediment transport occurred below the remotely located dam. This was little
affected by the culvert near the watershed outlet.
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A somewhat more complex comparison may be drawn accross the results, by comparing the reduction in
sediment flow between Figs. 5, 6 and 7. The figures agree with the reasonable assessment of the terraces
and grassed waterways option as effective in reducing erosion and sediment transport. But the considerable
sediment yield to the reservoirs was not reflected in the flow at the watershed outflow, because a dam is
located there. Also, the terraces and grassed waterway system may be expected to conserve more water
than the dam-culvert combination, in addition to the greater reduction in sediment yield shown.

s SUMMARY AND CONCLUSION

WRM model evaluation, based on its predicted effects and relative effects vis-a-vis common knowledge
and system observation, indicates & performance of the model. It is concluded that there is an adequate
system representation by the model, although model validation is a continuing exercise. But once thr
model is calibrated and tested to a given watershed, it may be used as a planning tool for that watershed.
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Fig. S Effect of a termaces/grass-waterway system on stream sediment load, Curley's sub-watershed.
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Fig. 7 Effect of a dam and culvert on stream sediment load, Curley’s sub-watershed.
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Fig. 8 Effect of terraces/grass-waterways system on stream sediment concentration,
Curley's sub-watershed.
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Fig. 6 Effect of two dams on stream sediment concentration, Curley's sub-watershed.
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Fig. 10 Effect of a dam and culvert on stream sediment concentration, Curley's sub-watershed.
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SPATIAL VARIABILITY OF MAIZE YIELD AND SOIL PROPERTIES ON AN ERODED
LANDSCAPE IN SOUTHERN NIGERIA

H. O. Fapohunda’, D. J. Oyedele’ and P. O. Aina”

1. Department of Agricultural Engineering
2. Department of Soil Science, Obafemi Awolowo University
lle-Ife, Nigeria.

Abstract

We studieq the spatial variance structure of selected soil properties and maize yield components
and their spatial variability relationships on & cultivated and eroded sloping landscape.
Measurements were made on soil cores (76-mm diameter ) tuken from three depths randomly and at
1- and 10-m intervals along four 220-m long transccts scross the landscape and also randomly from
an adjacent bush-fallow site with similar landscape fcatures. Past erosion and cultivation resulted in
increases in clay (20%) and sand (5%) fractions, bulk density (BD) (20%), decreases in A-horizon
thickness (AH) (30% to 60%), % aggregation (90%), available water holding capacity (AWHC)
(60%), organic C (65%) and overall increases (25%-45%) in their vanances depending on
landscape position and soil depth. At least 50% of the variability in most of the parameters was
explained by differences among landscape positions. Between 38% and 78% of the variability in
organic C, AWHC, BD and clay and sand fractions was also explained by AH. Semivariogram
analysis indicated strong isotropic spatial structure for Ay, clay and sand fractions, organic C and
AWHC, with the structural component (C) > 60% of the variances, slight spatial structure (C<40%)
for BD while silt fraction, % aggregation, pH, Total N and pH, Total N and exchangeable K and Na
had no spatial structure. Ranges of spatial dependence for soil properties were between 37m and
86m. Spatial varianc. structure was stronger in the 0- to 15-cm and 30~ to 60-cm layers than in the
15- to 30cm layer. Maize grain yield and stover dry weight were also isotropically spatially
structured with longer ranges (59m to 65m) than most soil properties. Results indicated differences
in the spatial variability patterns of yield among two landscape positions suggesting possible
stationarity at the site. Cross-semi-variograms of yield and soil properties provided evidence of
significant positive spatial correlation with Aj, organic C and AWHC and negative correlation
with clay and sand fractions and BD and confirmed the predictability of maize yield-soil
relationships on eroded landscape.

KEYWORDS: Spatial variability, Maize yield, Soil properties, Cultivated and eroded landscape,
Semivariogram analysis.

1, INTRODUCTION

Accelerated soil erosion by waler is evere in southern Nigeria. Estimates of substantial annual soil losses
(Wilkinson, 1975; Lal, 1976; Aina, 1989) and the characteristically thin and fragile topsoils suggest that
erosion rates exceed maximum soil-loss tolerance limits and detrimental to the productivity and sustained
agricultural use of soils in the region where slopes from 5% to 10% are commonly bared for intensive
farming. Relatively few studies have related soil erosion to soil prcductivity in the region. Most stutlies
have examined erosion-soil productivity relationship by artificial desurfacing of soil (Lal, 1976; Mbagwu
et al., 1984) and by greenhouse comparison of topsoil and subsoil productivity levels (Aina and Egolum,
1980). However, such studies, as extensively reviewed by Stocking and Peake (1985), do not always
reflect the effects of natural topsoil removal by erosion on soil productivity. Precise information about the
interdependence of erosion and soil productivity is essential for proper soil management to control erosion.

Elsewhere, some researchers (Frye et al., 1982; Mermut e! al., 1983; Stone ef al., 1985; Kreznor ef al.,
1989) have investigated the effects of cummulative amounts of previous erosion on crop yields on natural
landscape which facilitated the evaluation of the imderactions of landscape features on soil and crop
responses, Several of the studies have demonstrated significamt differences in erosion-crop yield
relationships among slope positions and have alributed such relationships to soil propertics. The
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relationships among slope positions and have attributed such relationships to soil properties. The
correlation of specific soil properties with landscape position which varied with study inciuded the
properties of organic matter, A-horizon thickness, available water, and particle size distribution (Hassa ef
al., 1982; Stone ef al., 1985; Miller e al., 1988). Soil properties vary naturally over a sloping landscape
due to differential soil forming and erosion processes along the slope and it is generally conceded that the
variation is not necessarily random but systemic. In view of the greater variability associated with erosion
processes and landscapes and the close relationships between soil properties and landscape positions,
cvaluation of associated soils with known reliability becomes especially significant. This contention has
prompted a number of investigators to adopt more spatially-sensitive geostatistical techniques to evaluate
soil variability across natural landscape. Extensive studies by Nielsen ef al. (1973), Vieira ef al. (1981),
Vauclin ef a/. (1983) and many others have accelerated our understanding in the use of geostatistical
methods in soil spatial analysis. Statistical propertics such as spatial variance structure using
semivariograms or auto-correlograms, linear prediction models such as Kriging or autoregressive
equations and spatial correlation structures are determined by geostatistical techniques for more precise
predictability of soil and biomass parameters than the conventional statistics (Samra er al., 1989). Spatial
analysis of variation of erosion-related soil properties and crop vields can help identify cause-effect
relationships between crosion and related crop yields.

The objectives of thus study 2re to

(i) determine soil properties that are related to past erosion on a sloping landscape,

(ii) describe the spatial structure of the soil properties and maize yield components, and

(iii) assess the spatial relationship between maize yield and-soil properties as affected by landscape
position.

2, MATERIALS AND METHODS

21 The Study Area

The experimental area is located at the Obafemi Awolowo University (Nigeria) Teaching and Research
Farm (4930E, 7930N). The arca is characterized by a humid tropical climate with a bi-modally
distributed average annual rainfall of 1225-mm and average annual temperature range from a minimum of
293.5K to a maximum of 305.0K. It is a rolling topography of 1 to 10% slope and underlain by
metamorphic rocks (mainly banded gneisses) belonging to the Pre-Cambrian Crystalline Basement
Complex. The research sites consisted of a field that had been cultivated to arables under rainfed
conditions for 10 years with erosion history and no fertilizer inputs, and an adjacent land under long-term
(>30 year) forest fallow.

2.2 Field Methods

A landscape of approximately 250-m length across four landscape positions: summit, shoulder, backslope
and footslope was selected at the croded site using standard surveying techniques and Rulie's (1960) slope
classification scheme. Three of these (summit, shoulder, aad backslope) were located &t the Lallow site
with slope gradient, ﬂopeshap&soﬂsandhﬁsenpemmnmhrmthmealhccmdedsﬁemm
pre-cultural erosion information for the eroded site. Each landscape position was segmented into 30- x 30-
m units and four auger (7.6-cm diameter) samples within a radius of 1 m were collected at 10 random
locations and bulked for the depths of 0 to 15, 15 to 30 and 30 to 60 cm. The thickness of the A-horizon
(Ap) (at the fallow site), the depth to a reference horizon (AR), slope features and moisture colour of
honzons were determined at each location. The reference horizon was selected for each landscape position
at both sites to determine Ay for the eroded site from the differences in AR between the corresponding
positions at the fallow (original depth) and eroded sites. The reference horizons were characterized by a
gravelly sandy clay loam and matrix SYR 4/5 at the summit and shoulder, very gravelly loamy sand 5 YR
4/4 at the backslope and gravelly sandy clay loam 5 YR 4/6 at the footslope with depths of occurrence
varying depending on landscape position. A summary of landscape characteristics is presented in Table 1.
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TABLE 1

Landscape characteristics at the bush fallow and eroded sites

15

Landscape Fallow Eroded

position summit shoulder ~ backslope summit  shoulder  backslope  footslope

Soil series  Oxic Oxic Oxic Oxic Oxic Oxic Oxic

Paleustalf Paleustalf  Paleustalf  Paleustalf Paleustall Paleustalf  Haplustalf

Slope 3-5 8 2 3-5 10 1

gradient, %

Length m 40 38 98 45 35 120 52

Shape convex convex linear convex  convex lincar linear

AR, cm

mean 446 45.2 48.6 40.0 388 38.7 4138

range 38.0-572 35.1- 36.5-602 332527 30.7- 26.1-504 318-573
56.1 498

CV % 11.6 16.2 14.1 16.7 18.9 193 226

Ay, cm

mean 16.9 15.9 17.6 123 95 7 14.4

range 154-208 14.4- 13.6-22.7 104- 7.0-126 5.2-124 10.2-19.7
192 158

CV % 13.8 18.6 174 146 16.7 248 18.0

Four 220-m transects, 40-m between adjacent transects, were constructed at the eroded site parallel to the
hillslope gradient with 10-m sampling intervals. A soil core, 76-mm diameter and 60-mm long was taken
at two close (<50 cm) locations at each observation point along the transect. Additional samplings were
made at 1-m intervals on a 100-m segment of one of the transects. Cores were sliced and bulked according
to horizons after determination of the Ay, thickness of Ap horizon and Ag.

Maize (Zea mays), planted at a spacing of 100- by 25-cm was grown during March to August 1986 with no
tillage rainfed condiiions and no fertilizer inputs. Maize grain yield (adjusted to 15.5% moisture content)
and stover dry weight were determined over 1- by 1-m area (cell) at each sampling point with the cell
centroid coinciding with the sample location. Yields were also determined at 1-m intervals along four crop
rows traversing all landscape positions and for the entire site by landscape position.

23 Laboratory Analyses

Air-dried soil samples were sieved to <2-mm and analysed for the following characteristics: particle size
distribution by the hydrometer method (Day, 1965), bulk density on core samples, available water holding
capacity (AWHC) calculated as the water released between -33 and -1500 kPa and determined using
pressure plate extraction (Klute, 1976), percentage aggregation (Kemper, 1965), pH with a glass electrode
in a 1:1 soil/water suspension, Bray-P, Total N and organic carbon by the Walkley-Black method (Allison,
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Soil heterogeneity at the eroded site was partly explained by the differences between landscape positions
which were significant at the 5% level. Sand and clay fractions and bulk density all decreased in the
sequence: backslope > shoulder > summit > footslope while AWHC, Ay and organic C and several
chemical properties had the reverse trend, although the differences in percent aggregation, pH, Total N, K
and Na were not significant. Analysis of variance showed that at least three of the landscape positions
(summit, backslope and footslope) were different at the 5% significant level for the measused soil
properties except silt, pH, Total N, aggregation and exchangeable K. More than 50% of the variance in
Ay, clay fraction, organic C and AWHC and <40% for sand, BD and exchangeable Ca and Mg was
explained by the differences between landscape positions (Table 3). The variance within each landscape
position was always smaller than that between landscape positions and had the sequence:
tslope>shouldcr>summit with mean CV values of 28%, 24%, 23% and 19% respectively.
More than 20% of the variability associated with clay and sand fractions, organic C and AWHC was
explained by the differences between soil depths within landscape position. Variance between soil
horizons was highest on the footslope compared to other positions apparently due to layering of materials
of varying grades washed in from upper slope positions.

One property that is commonly associated with erosion isAg. Ay at the eroded site was reduced as a
consequence of cultivation and erosion from about 26% on the summit, and 40% on the shoulder to 56%
on the backslope. Regression of soil properties on Ay for the whole landscape showed that decreases in
Ay explained 35% and 78% of the increases in sand and clay fractions, respectively. This apparently was
due 1o the gradual incorporation of the more clayey B-horizon subsoil materials into the surface soil by
cultivation as the profile was thinned and fine soil materials preferentially removed by past erosion.
Approximately 44% of the increase in BD, 62% and 58% of the decreases, respectively, in organic C and
AWHC were explained by decreases in Ay

TABLE 3

Sources and amount of variation of selected properties within and between landscape

position and depths Soil Property

Source of variation Ay Clay  Sand AWHC _BD Org. C
Landscape position 60 57 39 52 31 51
Within landscape 15 8 18 10 % 5

Soil depth 0 25 21 21 ~29 .35
Replication 10 5 12 7 15 2
Error 15 5 10 10 18 7
Total (239 df) 100 100 100 100 100 100

32 Spatial Variation of Soil and Crop Parameters

Tmtmdwdﬂmpmmmmmmmnmmmngmw
such as exemplified by Fig. 1. Results showed a slight increase in AWHC, Ay and organic C at one end of
transect while the distribution of clay and sand fractions and BD indicated a reverse trend. Such variations
may be due in part to surface soil redistribution by past erosion. In contrast to the distribution in the
surface, results for deeper layers especially the 15-30 cm depth exhibited no obvious pattern. Larger
variations at the 30-60cm depth reflected differences in parent material across the landscape. Results (for
brevity, values are not included) also indicated a lack of extensive variation along the transect for the silt
fraction, pH, aggregation and exchangeable Na.
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TABLE 4

Spatially dependent paﬁ:ﬁelers of soil pmperlics.md yield components

Property Depth Range (a) = Sill (Cg) Nugget Variance (¢va)" | 'Cofcyn
Ap, cm 3922 4913 2.263 5520 41
Sand, % - : 'tHS_ 154 79401 32.110 24512 38
15-30 582 0012 30551 55321 55
30-60 684 112130 59,221 126013 37
Clay, % 0-15 6.6 30.813 7,441 35.020° 24
1530 490 1340405432 15398 36
30-60 29,8 78.824 122889 1 91576 25
AWHC?, 0-15 435 10T A X S K & g
m" /o 15-30, . 623 1.983 gy & T 4
. 30-60 524 4175 1863 4934 ot
BD*, glem> ' 10415 682 91117 SE2U7 0 A 9BATL L 88
15:30 824 17826 7 S18442 20.936 83
30-60 86.9 RSP bad1231750 28,663 34
OrgC** %  0-15 S48 o AAOIRY o AR o k3030 sy 34
15-30 - 2.744 2.706 2.824 98
30-60 St o 0002 0.109 0014 o 4100
Exchangeable, pg/g ey ' _
Ca 0-15 78 8662 5471 1056.3 52
15-30 852 6773 586.5 (18260 < baws +* 7)
30-60 694 11293 STLO 12689 . 45
Mg e 7 O T MR, X7 SO © ) N < ) o 61
15-30. 78.2 75.613 53432 . 82221 65
30-60 85.4 74.726 . . 62610, . . 86935 (b
Grain yicld, HAlisggiEniiy 1ey 2880 1076 26
i _ _ e
Stover dry w, 654 76516 32196 71547 45
2
_gfem

ax10™ +2x107 for sill, nugget and vanance

Am&skofspaﬁﬂdepe@meusingmu&mﬁomhﬂimdmlvmﬁoﬁoﬁdﬂpmwmmﬂmp
mmwumumcandmesphcnmlmdnwmguedforthemmd’mmeachlag.pmwded
good estimate of the iSotFopic SeIVARBERM RARMAZE 52 in Table 4. Fhe Sl Vakies of the

msmvmoyamwmmnymhrm!hemvmmmg Mabsenoe
trends across the site and that the spherical modet 3 of

adequatelv represent h.v.ﬂ..
semivariograms. Burrough f al. (l983)ohscwedmammstsoﬂswhemsevenflwmmo lonmnon
have operated at different intensitics, such as erosion scenario as in this case, the nugget variance would be
sizeable. In our study, the structural component was, however, predominant. Results showed strong spatial

- structure for Ay (Fig: 2), clay and sand fractiess,- AWHC and organic € with. the structural component ..

explaining 40 to 80% of observed variability in these properties. More than half the variance for BD, Ca
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and Mg was due to nugget, while, silt fraction, aggregation, pH, Total N and cxchangeable K and Na
exhibited no spatial structure. The range of influcnce exhibited by Ajj. clay and sand fractions, AWHC
and organic C were 36.6 to 54.8m and increased to 68m for BD, Although BD, organic C. Ca and Mg
varied significantly among the landscape positions, the absolute differences were quite small and this may
have accounted for the longer ranges of influcnce compared to other parameters. Lower soil depths also
differed with respect to their interpretable variation (Table 4). In general. the sill and nugget were lower
and spatial structure weaker in the 0-15 cm depth compared to other layers. Strong spatial structure at the
30-60 cm depth apparently reflected differences in parent matenial.

Like that of soil, crop yield components also exhibited considerable heterogeneity. A mean comparison t-
test showed significant (at the 5% level) differences in maize grain yicld and stover dry weight among
landscape positions (Table 5) with the exception of differences between shoulder and backslope which
were nol significant. Maize yield components were highest on the footslope and lowest on the backslope.
Although yields were generally low on the landscape (mean <1 t/ha) as a result of past cultivation without
fertilizer inputs, the trends however reflected spatial dependence of variation in yield across the landscape
(Fig. 2). Results, however, indicated significant differences in spatial structure of grain yield between
footslope and other landscape positions with variance. sill and nugget significantly lower (33%. 29% and
25% respectively) on the footslope compared to other positions. This observation could not be explained in
this study. Modelled parameters for the isotropic semivanogram functions (220-m transect data) arc given
in Table 4. Their semivariograms showed strong spatial structurc (>55%) but greater continuity and longer
ranges than most of the surface soil properties probably due to possible influence of lower variability of
lower soil depths. The ranges of influence were 58m and 65m for the grain yield and stover weight,
respectively. The spatial structure can be attributed to the soil heterogeneity.

33 Cross-semivariogram of Soil and Crop Parameters

Results of interrelationships of selected soil parameters and crop yield components modelled through
cross-semivariogram functions indicated that AWHC. Ay and organic C were spatially positively -
correlated with grain yield and stover dry weight. whereas, BD and sand and clay fractions affected crop
yield components adversely (Table 6). Cross variability was in the sequence: % clay > AWHC > Organic
C > Ay > % sand > BD with the structural component of the cross-semivariograms varying from 48% to
74% of the variances. Cross-vanability of yield components with soil depth was relatively higher in the
surface soil and lower in the 15 to 30-cm layer compared to the 30- to 60-cm depth. These results showed
significant soil horizon (up to 60-cm depth) influence to varying degrees on maize yield components. The
cross-variogram was found to be less than the square root of the respective variances for the measured soil
variables indicating that the heterogeneity in maize yield components was a reflection of soil variation,
thus confirming the predictability of maize yield-soil relationships. These results were consistent with
results of multiple regression of crop parameters on soil properties which indicated that Ay, AWHC and
organic C accounted for 48% and 43% of the variances in grain yields and stover dry weight, respectively.

TABLE S

Meml and coefficient of variation (CV) comparisons of yield components across landscape pbsitions

Landscape position  Grain yield gfmz CV,% Stover dry wt, g!mz CV, %
Summit 1023a 16.4 278 6a 134
Shoulder 78.5b 180 268 Sab 163
Backslope 65.2b 192 .. 2638b 158
Footslope ~ 132.2¢ 133 324.1¢ 101

IMeans within a column followed by the same letter are not significantly different (P =0.05),
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TABLE 6
Cross-variogram parameters with corn yield components
Grain yield, gicm? Stover dry wi, g/m?
Property Depth Nugget Sill Range Co/Cs Nugget Sill Rang CoCs
(Co) (Cs) (a) ¢
Ay, cm 283 69.1 66 41 833 1893 78 4
Clay, % 0-15 =284 -1093 57 26 -113.4  -420.1 68 27
15-30 -37.9 -1052 48 36 -1850 4302 72 43
30-60 -146.8 -3100 65 71 -5206 -7580 84 70
Sand, % 0-15 -138.7 -2952 64 47 -277.1 6598 S8 42
1530 -122.1 -1970 67 62 -4309 -5824 67 T4
30-60 -151.2 -360.1 52 42 -3294 -8903 359 37
AWHC, 0-15 0.086 0.262 49 33 0.348 0.892 69
3 m3 15-30 0.156 03% 42 40 0406 0922 64
m/ 30-60 0.498 0.682 58 73 1,233 1.601  Ri 7
BD, glem® 0-15 -1.54 -296 68 52 <252 572 45 e
15-30 -1.07 -1.41 78 76 -236 -368 58 64
30-60 -0.81 -1.66 65 49 -166 < -332 53 50
Org C, % 0-15 191 4.90 52 39 5.83 1421 48 41

4. CONCLUSIONS

Based on comparison with the uncultivated and uneroded bush-fallow site, we believe that erosion and
cultivation over the 10 year period had resulted in 27% to 60% loss in the A-horizon and considerable
changes in soil properties which were strongly associated with landscape positions across the eroded
landscape. At least 50% of the variations in soil properties was explained by differences in landscape
positions. Results also showed strong dependence of certain properties on Ap, which explained about 40%
of the variability in yield and at least 50% of the variabilities in clay fraction, AWHC and organic C. This
suggests the use of Ay as an indicator of past erosion.

Maize yield components were spatially correlated positively with Ay, organic C and AWHC and
negatively with BD and clay and sand fractions. These results which were consistent with results of
multiple regression of yield components on soil properties are indicative of predictability of maize yield-
soil relationships. Differences in the spatial structure of yicld observed among two landscape positions
may reflect the patterns of soil variance which could not be investigated in this study but may affect the
non-stationarity assumption made here in the spatial analysis.
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EVALUATING SURFACE IRRIGATION SYSTEM UNDER HIGHWATERTABLE CONDITION

0.J. Mudiare and MLEK. Dalhat

Department of Agricultural Engineering, Ahmadu Bello University, Zania, Nigeria.
Abstruct

Three methods of surface imigation” border, furrow and check basin were evaluated at the
Kadawa Imgation Project which has been facing waterlogging and salinity problems due to
increasing rise m the water table levels (Nwa, 1980). The experiments consisted of a split block
design replicated three times in which the treatments were imgation intervals of one week, two
weeks and three weeks.

It is found that the best method is the check busin at 2-weck irrigation interval. This gave an
acceptable water table depth for wheat growth and also a high grin yield. The fufrow irrigation
method at 1-week interval can also be used. The border method did not perform well under all the
treatments. The general practice whereby farmers irmigate at 1-week intervals in the Kadawa
Irrigation Project irrespective of the method of irmgation should be discouraged. The prevailin
waterlogging problems in the area can mainly be attributed to too frequent imigations and
excessive water applications The estimated contribution of soil moisture by the groundwater
table 1s found to be substantial in all the imgation treatments. Thus, a consideraticr oy the
moisture contribution from the groundwater table should be included i scheduling irrigatior 1
the project area.

KEYWORDS: Sorface irrigation, Waterlogging, Salinity, Watertable

L INTRODUCTION

High water table conditions very often develop as a result of sub-optimal irrigation practices which may
ar'se from lack of drainage facilitics. seepage losses from canals and excessive water application to the
fields. High wager table, wlerlopging and salinity are already problems which have arisen in a number of
irrigation projects due to the mpid expansion in Nigerian irrigation projects (Nwa, 1980).

The high water table problems can be solved ultimately by drainage, but the high cost of drainage
miaterials makes this option difficult to implement. The practicable option, for the time being, is (o embark
on programmes that will lead to improved water management on the irrigated fields. A system evaluation
of the existng imgation projects is thercfore desirable at the present stage of development. Such an
svaluation would quantify the effechveness of existing piactices, and show what improvements can b
made in operating (he syst2ms.

Thtspcp«prescmsasmd}'mthcaaluationofbordcnﬁmwanlbasinhﬂgaﬁonm:ﬂndsmduligh
water table conditions. The study was carried out during the 1986/87 irrigation season at the Kadawa
Irnigation project.

2. MATERIALS AND METHODS

The experiment was conducted using a split block design replicated three times in a field sown with wheat.
The main treatments were border furrow and check basin imigation methods and 1Tigaton imervals of 1-
week (Tp). 2-Week (T2) and 3-Week (T3) were the sub-treatments, and were imposed 14 days after
planing The following measurements were taken during the study: (1) water table depths at 1-week
intervals (2) sotl moisture cantent before and after each irrigation (3) advance and recession curves (4)
amount of water applied (5) dry matter vield and (6) grain vield.

The measurements required for evaluating the adequacy of an irrigation system include: soil moisture
deficiency; rate of advance and recession; rate of inflow; uniformity of water application; soil conditions;
and the appropriatcness of the irrigation practice. These faclors are not independent as they interact and

———
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their nef effects can be obtained by the analysis of the advance and recession curves, the water application
and distribution efficiencies, the deep percolation and moisture contribution by groundwater and the water
application depth (Merriam, 1980).

21 Irrigation Methods

The border strips were 4.0m in width and 90.0m long; the basins, 5.0m by 50m, based on the
recommendations of Murty and Argawal (1970); and the furrows were spaced 0.75cm and of length
90.0m. 40-mm Diameter siphon tubes were calibrated and used to divert water from the field channels to
the experimental plots. The siphon tubes were calibrated in order to determine the water inflow rates into
the experimental plots.

The border strips were irrigated using an average inflow rate of 3.261/s/m for the 1-week, 2-week and 3-
week intervals. For the furrow irrigation treatments, an average inflow rate of 0.6 I/s was introduced into
each furrow. In the basin irrigation treatments, an average net irrigation water depth of 14, 24 and 30mm
was applied for the 1-week, 2-week and 3-week intervals, respectively.”

22 Advance and Recessicn Curves

The times of advance of the water front to marked points at a spacing of 15m apart along the border and
furrow strips were determined. The inflow was cut off when the water advanced to the lower end of the
border and furrow strips as practiced by the farmers and the times during which the water receded to the
established points were also goted.

When the advance and recession curves are approximately parallel, the water distribution uniformity will
be high, indicating that a proper stream size has been used. The recession curve obtained for any given
strip is found to be approximately the same for all stream sizes (Merriam, 1980). In the design of border
irrigation systems the inflow rate has to be adjusted until the advance and recession curves become
approximately parallel, to ensure a high value of water distribution efficiency. Other factors that influence
the shape of the advance and recession curves are: soil intake rate, shape and size of field and crop and soil
roughness. Inadequate inflow rate for example, causes the curves to converge or diverge. Thus, border and
furrow irrigation systems can be evaluated by observing whether or not the advance and recession curves
are approximately parallel.

23 Soil Moisture Measurements

Soil moisture content measurements were done by the use of neutron meter (Troxler model). The meter
was calibrated to obtain a suitable calibration curve for the area. Neutron count readings were taken at
incremental depths of 150mm down to a point just above the water table, as determined from the
piezometers installed for water table depth measurements. The neutron count readings were then converted
to moisture content values by using the calibration curve determined for the area. The moisture content
measurements were made just before and one day after each irrigation due to the light nature of the soil
texture.

24 Water Application and Distribution Efficiencies

The water application and distribution efficiencies were calculated from the soil moisture measurement
using Egs. 1 and 2, given by (Isrealson and Hansen, 1962):

E; = Wg/Wgq x 100 (1
and
Eq= (1-dD)x 100 2)
where
Ea - water application efficiency (percent),
Wsg . water stored in the plants’ root zone (mm)
Wg = water delivered to the field (mm)

water distribution efficiency (percent)
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D = average depth of water stored along the strip during irrigation (mm)
d = average numerical deviation from D (mm)
25 Estimate of Moisture Contribution from Groundwater

The amount of soil moisture contribution from the groundwater table was cstimated using a water-
odpring mehod. The moishore 2ded 1o e ol 1o 1 ectimated. fram the masiue canten belar and
after cach irrigation using,

US = MGy (1) - MC; (i+]) (3)
where

us
MG (1)
MC (i+1)

moisture added for one irrigation.
moisture content after 1 th irrigation.
moisture content before (1+1)th imgation
irmgation number

| [

The moisture applied, US is then compared with the actual evapotranspiration. ET; estimated from:

ETa = K¢ETo “)

in which K¢ is the crop coefficient and ETj, is the reference crop evapotranspiration. estimated from the
procedure detailed by Doorenbos and Pruitt (1977). and Abdulmumin (1987). The mean I-day values of
K¢ for wheat crop determined from lysimeter studies at Kadawa by Abdulmumin (1988) were used 10
solve Eq. 4. When the moisture applied is greater than ETj, the excess becomes soil moisture storage and
deep percolation loss and when less, there is a contribution from the groundwater table.

2.6 Crop Yield Measurements

Average above-ground dry matter yield was determined for cach of the irrigation treatments at 2-week
intervals throughout the irrigation period using a destructive method.

The total dry matter yield and grain yield were also obtained at the time of harvest.

3. RESULTS AND DISCUSSION
3.1 Advance and Recession Curves

Figures 1, 2, 3 and 4 give typical advance and recession curves for the study. The curves indicate that a
uniform water application was achieved and the stream size was adequate. because they were
approximately parallel. It was found that the advance and recession curves in Fig. 1 diverge at the upper
end of the field when an inflow rate of 3.11/s/m was used, which indicates an over-irrigation of the upper
end. Consequently, a higher inflow rate of 3.261/s/m was used in subsequent irrigations to provide a faster
rate of advance and better water distribution uniformity for the border strips. The advance and recession
curves for the 1- and 2-week furrow and border irrigation practices were also found to be satisfactory as
indicated by the approximately parallel advance and recession curves in Figs. 3 and 4.

332 Soil Moisture Measurement

The soil moisture data is given in Table 1 for all the irrigation treatments. It is recognized that different
amounts of water were applied in each of the irrigation methods. In the border and furrow methods, water
in excess of that required by the soil rootzone was disposed off by surface runoff and deep percolation
losses alone. Since the flow rates used are those estimated from the field on the basis of efficient irrigation
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practice, the excess water arising from each irrigation method is expected to be small compared to that to
be retained by the rootzone. However, the frequent irrigation practice for the 1-week interval is expected
to result in high runoff and deep percolation losses which can lead to significant rise in the water table and
hence the water-logging problems being experienced on the field. Table 1 shows that the moisture added
to the rootzone at a given interval of irrigation are very close which indicates that the amount of water
available for crop use was approximately the same irrespective of the amount delivered to the plot.

TABLE 1:

Moisture added to the root zone at 1-week, 2-week and 3-week intervals for
border, furrow and check basin irrigation methods (mm).

:;rigaﬁon 1-week interval 2-week interval 3-week interval
0.
Border Furrow  Check  Border Furrow Check Border Furmmow = Check
basin basin basin
1 12 12 16 18 17 20 20 19 27
2 13 14 15 20 22 20 18 25 30
3 15 10 L 25 0 Pty n 3 EL
4 13 15 14 29 24 30 18 32 28
5 16 11 12 29 22 27 21 25 32
6 15 15 15 3l 22 25 - - -
i 14 13 10 27 18 23 - - -
8 14 14 15 2 - - - . -
9 19 11 16 - - - - ~ -
10 11 8 16 - - - - a 5
11 19 9 12 - - - - - 4
|V 10 13 14 - - - 3 - -
13 16 13 18 - - - - - -
14 - 14 17 - - - - - -
187 172 204 179 147 169 100 132 151

33 Water Application and Distribution Efficiencies

Table 2 shows the details and the average of the efficiencies for border, furrow, and check basin irrigation
methods. The water application efficiency obtained from the border strips ranged from 36% to 62% which
were lower than the range of 60% to 90% suggested by Israclson and Hansen (1962). The low values of
the water application efficiency can be mainly attributed to the saturated conditions in the root zone and
water contribution from the groundwater table, as evidenced from high runoff values measured at the time
of irrigation (Dalhat, 1988). Soil sampling in the field indicated that the soil was extremely wet at a depth
of 250mm below the soil surface. The water application efficiencies for the furrow irrigation was found to
be satisfactory, ranging between 53 to 82% for the various stages of crop growth. This could be attributed
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TABLE 2:

Water application (Eg) and distribution (Eq) efficiencies

Tt Bord Check Basi =
method and
treatments

Irrigation T1 '3 T3 T T2 T3 Ti T2 3
number

1 42 44 48 54 62 44 78 75 63

7 44 46 42 42 75 66 72 32 60

3 57 50 54 55 54 70 81 64 53

4 59 62 40 64 57 n 67 80 57

5 50 53 36 56 51 53 80 71 71

Mean 50.4 510 440 542 598 61.0 75.6 744 60 8

Standard 3.39 3.16 3.16 3.53 421 5.39 2.66 3.23 3.04
Error

Ed(%)
1 62 50 59 73 65 59 70 72 69
2 60 74 68 69 67 69 73 83 82
3 67 57 53 92 63 66 93 94 80
+ 82 71 74 80 82 70 81 86 73
5 84 89 78 86 95 74 81 95 90
Mean 71.0 68.2 66.4 80.0 744 67.6 796  86.0 788
Standard 5.04 6.82 4.63 4.18 6.14 2.50 399 418 3.65

Error

to low water applications at each irrigation compared to high application rates characteristic of border
irrigation. The application efficiciencies for the check basin irrigation were also generally low, but better
than those for border irrigation method. However, the values for the 2- and 3-week irrigation intervals
which ranged from 58 to 75% were found to be satisfactory. Generally, the water application efficiencies
on border and furrow irrigation methods were gxpected to be low compared to those for check basin
becduse more water was supplied than actually needed in the former. Statistical analysis showed that the
water application efficiencies for the border and check basin methods were not significantly different at
the 5% probability level irrespective of the interval. The differences in the water application efficiencies
for the furrow method were highly significant at the 1% probability level which indicates that irrigation
interval influences the water application efficiency in the furrow irrigation method.

The distribution efficiency generally was found to be quite satisfactory. The values ranged from 50 to 95%
for all the three irrigation methods. The highest distribution efficiency of 95% was obtained for the check
basin and furrow irrigation methods at the 2-week interval. Border irrigation method gave the lowest
distribution efficiencies compared to the other two methods. The results of the statistical analysis on the
water distribution efficiencies showed that the values did not differ significantly at the 5% probabiblity
level irrespective of the interval for the border, check basin and futrow irrigation methods. The uniformity

R
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of water distribution is more important than the water application efficiency in terms of maintaining
uniform crop growth, thus, all the three methods of surface irrigation performed reasonably well.

34 Moisture Contribution from Groundwater
Table 3 gives typical estimates of soil moisture contributions for border and check basin irfigations at 2-
week intervals. The estimated moisture contribution from the groundwater table into the root zone was

227,263 and 311 mm for the 1-week, 2-week, and 3-weck border imrigation practices, respectively (Dalhat,
1988).

TABLE 3:

Estimated soil moisture contribution from groundwater at 2-week irrigation intervals for border and check
basin

Irrigation (M @ 3 ) &) (6) )
- i MC, MG, S uUs ETa ETy-US
Border 1 230 413 18.3 - 24 -
2 194 489 19.5 219 28 6.1
3 214 464 250 275 48 205
4 186 472 286 278 82 542
5 204 492 288 26 8 88 61.2
6 19.2 50.3 311 30.0 93 63.0
7 224 493 26.9 27.9 86 58.1
Total 178.2 161.9 449 263.1
Check 1 194 394 200 - 24 -
Basin 2 234 435 20.1 16.0 28 12.0
3 184 42.7 243 25.1 48 230
4 19.2 48.7 295 23.5 82 585
5 204 47.2 26.8 283 88 597
6 245 493 248 22.7 93 703
s 234 46.2 228 259 86 60.1
Total 1683 141.5 449 2836

Col. 1- lmigation number

Col. 2 - Moisture content before irrigation

Col. 3 - Moisture content afler irrigation

Col. 4 - Moisture added to the rootzone (Col. 3 - Col. 2)

Col. 5- Estimated water used, MCa(i) - MC1(i+1)

Col. 6 - Actual evapotranspiration before next imgation

Col. 7- Estimated moisture contribution from groundwater table.

In the furrow irrigatien method, the groundwater contribution was 288 mm for 1-week, 300 mm for 2-
week and 304 mm for the 3-week irrigation intervals. The crops under the 2-week and 3-week irrigation
interval treatments were observed to be water-stressed which resulted in reduced grain yield.

The contribution from the groundwater was estimated to be 259, 284 and 293 mm for the 1-week, 2-week
and 3-week check basin irrigation intervals, respectively. Since, in the check basin irrigation method, no
runoff takes place and all the water introduced is absorbed, the deep percolation losses are expected to be
high if excessively large basin sizes and/or stream sizes are used. The relatively low level of moisture
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contribution from the water table for the check basin method indicates that the basin sizes of 5m by 5m
have been adequate.

A serious consideration has not been given to the importance of groundwater contribution in irrigation
scheduling and practice in the Kadawa project and so an arbitrarily-fixed irrigation interval of 7 days is
being used throughout the growth period for all crops, The result has been a steady rise in the water table
depth over the years which continues to worsen the waterlogging and salinity problems in the area. Dalhat
(1988) found that the border irrigation method did not given suitable ‘E(ater table depths of 700 to 500mm
recommended for wheat growth by Williamson and Kriz (1970). The check basin gave an average water
table depth of 560mm for the 2-week irrigation interval while the 1-week interval for furrow irrigation
gave the highest water table depth of 500mm. Thus, it is seen that the 2-week check basin and 1-week
mnterval for the furrow irrigation methods gave the recommended water table depths suitable for wheat
growth.

35 Crop Yield Measurements
The grain yiclds for the different irrigation methods and intervals are given in Table 4. Statistical analysis
showed that the cffects of irrigation method on grain yield was highly significant at 1% probability level,

irrespective of the interval. The difference in yield between the check basin and furrow methods was not
significant but border irnigation differs from the others giving lower yields.

TABLE 4:

Effects of irrigation methods and intervals on grain yield (t/ha)

Irrigation method Irrigation Treatment

Ty T2 T3
Border 1.95 20 1.19
Furrow 3.79 1.79 0.823
Check basin 2:10 314 118
LSD 0.05
Method 0.454
Method x Imerval i iy

The effects of the irrigation intervals showed that there was no significant difference between the 1-week
and 2-weck irrigation intervals, but the 3-week interval was found to be significantly different from others.
The yiceld for the 3-week interval was very low indicating high water stress on the crops at the stages
which arc highly sensitive to water stress such as the flowering stage.

— e
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CONCLUSIONS

The following conclusions can be made from the study presented herein:

1.

The 1-week interval for furrow irrigation was the most ideal of the treatments as it gave the
highest grain yield and a root zone depth satisfactory for wheat growth,

ol The check basin method performed better than the border at the 2-week interval. The
performances were generally not good at the 3-week intervals for the three methods.

3. 1t is recommended that the 2-week irrigation interval be adopted for check basin and border and
1-week interval for the furrow irrigation practices in the area.

4. The best method of irrigation in the long run for the area is the check basin as it eliminates the
need for extensive land levelling often required in the other methods in order to ensure high
uniformity of water application.
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Abstract

Softcentre, lugh moisture (>46%, morsture) hrge round bades of alfalfa herhage were heat-
processed in a fan/Mheater apparatus to mvestigate the eftect of Toreed i hieut treatment on mitrogen
solubility Treatment tnies were either 90 or 120 min al wir tempertiures of between 709C and
RO9C (established from prelimmary mvestigations) The controls and heat treated materials were
cither ensiled or frozen. Tlot Water Soluble Nitrogen (HHIWSN) wus affected by durstion of
treatment, form of treatment, position (radial ) and axial distances across the bales. Fleat-processing
large round bales prior to ensiling decreased the concentration of HIWSN in both casiled and frozen
matenal Heat-treatmient reduced proteolysis (protem breakdown) by 30 and 36% when ensiled or
Irozen, respectively, compared to the controls. The lighest reduction wiss in samples heated lor
120 min. Repeatability of heat-processimg large round bales i the fan/heater unit prior to ensiling
was found to be fcasible smee HWSN was not ditferemt (P<0.05) béween 1989 and 1990
experiments. The research emphasizes the scope for improving the protem quahity ol forage
herbages.

KEYWORDS: Bales. Alfalfa, Heal-processing, Silage crude protem, Hot water, sofuble (insolubic)
nitrogen.

INTRODUCTION

The crude protein content of carly-cut alfalfa and alfalfa/grass forage stored as silage exceeds the
recommended requirements for young growing ruminants (NRC, 1984). Nevertheless, recent studics have
shown a marked improvement in the performance of growing calves fed cither carly-cut wilied
alfalfa/grass silages (Mowat and Buchanan-Smith, 1988. Bilanski er al., 1990) or dircct-cul grass silages
supplemented with protein sources of low rumen degradability (Veira 1987). This is duc to the fact that
forage protein undergoes extensive degradation duning the ensiling process (Flores ef al.. 1986).

Chemicals such as formic acid, formaldehyde and ammonia have been used as additives during tnsiling {o
improve nitrogen utilization (Thomas and Thomas, 1985; Glenn and Waldo. 1986). However. these
additives do not always prevent extensive proteolysis dunng ensiling (McDonald, 1981) nor improve
animal performance (Glenn and Waldo, 1986). Wilting alonc has been observed to have no cffect on
proteolysis during the ensilage process (Young. 1971; Papadaopoulus. 1983). Another alternative is heat
processing of forages prior to ensiling. Charmley and Veira (1987) demonstrated that stcam trcatment (60
s duration) of alfalfa prior to ensiling inhibited proteolysis and markedly improved the utilization of silage
nitrogen. Mandell ez al. (1990) found that heat treatment increased the insoluble nitrogen content of alfalla
silage without inducing heat damage. However, previous studies have tended to focus on small quantitics
of the experimental material.

The objective of this study was to determine the effects on nitrogen solubility of heat-processing moist
soft-centre large round bales of alfalfa forage. {
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2. MATERIALS AND METHODS

2.1 Equipment and Sampling

A commercially-available fan-heat unit, model U-1028BG, manufactured by Farm Fans Inc., Indiana,
USA, designed for agricultural use in fill-and-dry and batch drying systems was used. The unit consists
essentially of a fan/heater housing, axial fan, single-phase 230 volt motor, control box, thermostat,
vaporizer and gas (fuel) supply system. In order to use the fan/heater unit to meet the specific requirement
of this study, certain devices such as fan/heater outlet duct extension, heat/air resistant canvas, platforms
and roof were designed and fabricated for connecting the fan/heater unit to large round bales. The
schematic diagram of layout of the fan/heater apparatus is shown in Fig. 1 while the details are presented
in Yiljep (1991).

823 M

Fig. 1: Schematic view of fan/heater experimental apparatus.

A variable chamber baler (MOdel RP-15), Mckee, Elmira, Ontario, Canada) was used to form standard
soft-centre, 1.22m long and 1.52m diameter, large round bales of alfalfa at various moisture contents
(ranging from 46 to 60%, wet basis, depending on how long the herbage was wilted in the field) in the
summers of 1989 and 1990. Following baling, each bale was transported to the experimental site (Arkell
Research Station) and dimensions of the bales were recorded. Initial and after-treatment weights of the
bales were obtained using a commercial weighing scale (Gurney Scale, Model 60262). Thermocouples
were inserted into holes that were previously created by forcing a metal probe 8 mm diameter and longer
than the diameter of a bale) and spaced at an incremental distance of 30.5 cm across the length of the bale
and 19.0 cm, 138cm and 76cm into the bale in each position (See Fig. 2). A set of 11, type T Copper-
constantan thermocouples were used for temperature measurement. Nine were inserted into the bale in the
above-mentioned positions, one placed outside and the other fixed to the centre of the inlet of the bale.
Thermocouples recorded bale temperature with respect to position and time; they rcorded ambient




39
Fhe Fiie * Nitrogen Svuibility Of Fizat Processing Alfalfa Herbage

; = 1 e and the terperature of the incoming hot air being forced through the bale over the same time
nery f thermocoupies were calibrated before commencement of each experiment.

Fig. 2: Schematic view of bale showing temperature measurement positions.

Temperature measurements were monitored continuously for either 90 or 120 min at one minute intervals
using a multi-channel data logger (Deric data loger, model 245, Becman Industrial Intertechnology Inc.,
Don Mills, ON.). A small portable computer, Tandy 200, was connected to one of the Doric's serial ports
and programme to receive and store data from the data logger. The data in the Tandy 200 files were later
uploaded into an IBM personal computer, transferrred to diskettes and stored for later processing. The
bales were heat-treated for either 90 or 120 min at air temperaturs of between 70°C and 80°C (established
from preliminary investigations). Samples of alfalfa material randomly picked from the field prior to
baling (to serve as controls) were either ensiled or frozen immediately or heat-treated and then ensiled or
frozei. Heat treatment was carried out in two <tandard conventional ovens (Cole-Parmer and Quincy
Oveas, both manufactured in Chicago, 1llincis) in the laboratory at two temperature settings (80°C and
50°C - range of temperature settings in the fan/heater experiment) for 24 h

Al the end of heat treatments and after recordir ~ final bale weights, core samples were taken using a core
sampler, Kaylon forage sampler (Kaylon Product Limited, Guelph ON.), 2.54 cm inner diameter and 50
cm long. Sampling was carried out at three distances, DIST 1, DIST 2 and DIST 3 corresponding to 30.5
c¢m, 61 cm, and 91.5 cm, along bale axial leng h respectively (corresponding to sections or planes where

thermocouples were positioned). Core samuics were taken at two positions, POS 1 and POS 2.

corresponding to 0-25 cm from the bale surfacc wnd 25-50 cm from the bale surface radially into the bale.
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respeacineiy (See Fig 3) From expenence. 1t was tound it aucmping o cul the bale longiudimaih
resulted m no cutting but merely pushing the material aside

- i
| T r_] [l
Inlet face of bale : Pos 2
22 = s e ___%
] j Pos 1
r—ta DIST -2 B~ \
5 DIST 3 o

iz 3 Bale show g sampling position for chemical analysis

Six samples were obtained from cach bale for chemical analysis. while cight samples, taken at random in
cach bale were sct aside for after-treatment moisture content determinations, Each sample for chemical
analysis was divided in twao parts. Onc part marked for ensiling was quickly and tightly packed in 500 ml
standard Masen plass jars. cialed and stored under room temperature for about 35 days. The remainder
was packed in polythylenc bags «und kept frozen at -309C in a refrigerator for the 35 days prior to chemical
analvsis.

2.2 Moisture Content and Dry Matter Determination

224 Chemical analysis

Initial and final moisture contents of the bales were determined according to the American Socicty of
Agricultural Engineer's Standard: ASAE (1986) S358.1. Predetermined wet weights, about 50g of cach
samplc. were oven dried at 103°C for 24 h in a standard Fisher Isotemp, Oven. At the end of heat
treatment, the final weights of the samples were oblained and their moisture conients calculated
Approximately 1 g of each sample was weighed. placed in an oven and heated for 2 h at 1359C. The
sample was weighed again after heating and dry matter content determined.

2.2.2  Total Nitrogen

Samples for Total Nitrogen (TN) were refrigerated at -37°C. freeze-dried for 24h in Virtis Sublimator
Freeze-drier (model 50-SRC). and ground to pass through a 1 mm screen. Approximately, lg of each
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sample (analyzed in duplicate) was weighed and the crude protein determined by the Macro-Kjeldahl
method (AOAC, 1980).

2.2.3 Hot Water Insoluble Nitrogen

Hot Water Insoluble Nitrogen (HWIN) was obtained by the standard Macro-Kjeldahl Method (AOAC,
1980). Each sample was initially subjected to the same weighing and processing procedures as outlined
above. Approximately 100 ml of distilled water was added to the sample in a 600 ml pyrex glass. heated to
the boiling point of water and held for 1 h, after which the sample was filtered through a 154 mm
Whatman hardened filter paper. The residue was subsequently dried in an oven for 24 h at 220°F (105°C)
and HWIN determined. Knowing TN and HWIN, the amount of hot water soluble nitrogen (HWSN) was
determined.

S RESULTS AND DISCUSSION
3.1 Physical Properties of Alfalfa Material and Large Round Bales

The pre-treatment characteristics in terms of field wilting time, initial average moisture content (wet basis)
at baling initial bale mass, initial bulk density and dry bulk density of the alfalfa material are reported in
Table 1. It is seen that longer duration of field wilting the material in the field resulted in lower prebaling
moisture contents. However, there was a considerable variation in the initial masses and bulk densities of
the bales for given prebaling moisture content and duration of field wilting even though baled by the same
baler. This variation may be attributed to variations in field topography. windrow size within the field,
herbage moisture contentn, speed of travel of the tractor and machine opcratimf technique.

TABLE 1:

Characteristics of alfalfa material and large round bales

Bale No® Durationof Initial moisture Initial Weight Initial bulk  Dry bulk

Wilting (days)  content (%) kg) density demit_):
(kg/m’) (kg/m")

1 1.50 60.0 520 234 93.6
2 2,00 48.2 460 207 107.2
3 1.75 545 580 261 118.8
4 2.00 47.5 590 265 139.1
5 1.0 6.4 ¥Y0 sy Shwn

6 1.75 536 470 211 97.9
7 1.50 52.0 522 235 1128
8 1.50 52.0 524 236 1133
9 1.0 595 550 248 100.4

10 1.0 576 476 214 90.7
11 1.75 473 533 240 126.5
12 1175 47.0 442 199 1055

m1bim_1%9expeﬁmcmsanﬁ1buﬁmw%meﬂmm.
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32 Temperature Variation During Heat Treatment

Sample plots of average temperature changes with position and time in three planes (distances), plune 1,
plane 2 and plane 3 corresponding to thermocouple’s positions 147, 258 and 369 from the inlet faces of the
bales, respectively) across axial lengths of bales 1 and 4 together with temperature variations of the
incoming hot air and ambient temperature, all monitored over the same heating period are shown in Figs. 4
and 5. Average initial and after treatment temperatures for all the bales un ©/igated are shown in Table 2.

TABLE 2:

Average exposure and forage temperatures during heat treaument of bales

Average bale temperature Average heaterambient
iemperatutc
147¢ 258 369 Heater Ambient
temperature h:mpenmn:_'_
Bale a* b** a b a b a h a b
No.
1 2873 5297 2873  S0S50 3660 4167  267C svan 2470 2670

2060 S057 2080 4883 2020 4663 1530 4080 2570 2640
2787 5050 3763 4240 4007 3963 3030 710 2660 29.10
2450 6357 2273 5537 2430 4377 2680 6010 2570 2300
2677 5307 3357 4820 3700 4497 2730 6830 2020 2441
2577 S243 2788 4960 3648 4697 2290 5620 2420 2591
4093 4597 4153, 3990 . 3623 . 3490 2580 7840 2430 2290
2813 4880 3148 4180 2583 3913 160" 6500 2830 2660
2703 4050 - 3100 3890 3143 3297 2530 7260 2750 2580
10 3158 5467 3223 4877 2300 4453 2660 6700 2490 2480
11 2913 5360 2958 4503 2873 3593 2300 7040 2440 1910
2 3508 4800 4030 4337 2077 3773 2500 6600 2670 2530

O O =] S W o W

¥ Initin! sverage temperature

_ Fmol average iemperatures
Thermocouple positions
147 - planc 30 ¢m from air inlet
254 - plane 60 cm from air inlet
369 - plane %) cm from air injet.

It is observed in the plots that there is a definite trend in temperature rise across the three planes in a bale,
with the highesi occuning dunng initial warm-up periods, then hecoming almost linear in later penods of
continuous heating. Similar trends were observed when averages were plotted for three planes in the radial
drrections (cuitre of bale - positions 123, mid-way between centre and denser outlet portion - positions
45l denscr oufer portion ~ positions 789),

§ ——

f
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Higher temperatures were recorded at planes nearcr the source of incoming hot air, then decreasing
towards the exit faces of the large round bales. However, a close examination of the temperature data (sce
Yiljep, 1991) showed that in general, the nse was much higher in the axial centres of the bales and
decreasing towards the denser radial portions. This confirms the fact that soft-centre large round bales are

denser at their peripheries than in their raidal centres,

80 .
o Plane 1 1
4 Plane 2 ] !
7 «Piane 3 R bl i
. £ Heafer Trmp. \ ;/ \ 3
(3. 80'1 + Amb. inp. ’ \\\ /,;
% 50+ | '’
v 40 - _-r"'_f—i :
£ /r ol S -
30 ! Lt o
oA
0 20 40 R0
Time minutes
Fig. 4. Patien: of temperature vanation during heating (bale 1)
80 -
70] AhodA A RN A a RaAr 7
g. we _
s b
gt.o E—
- 30/ | /“"'—
20 ”Ff @ Plone 1
“Sasccbst * Plane 2 Heater Temp
10+—————— " Plone 3 _* Amb. Temp.
0 20 40 80 80
PATIC mInuTes

Fig. 5: Pattern of temperature variation during heating (bale4)
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Forcing ambient air (with heater not operating) through the bales decreased the initial temperatures across
the three planes in the bales (depicted by the sharp declines) (Figs 4 and 5), and in fact, in all the
temperature - sampling positions across the bales. The decrease in ambient temperature and the ON-OFF
cycling of the heater as depicted by the variation of the temperature of the incoming hot air (with heater
operating within set limits), had little or no effect on temperature changes at the various positions inside
the bales.

33 Effects of Heat-Processing on Nitrogen Solubility

In analysing the results on nitrogen solubility, the large round bales were grouped into 3 sets according to
similar initial (prebaling) moisture contents (60.00 10757.65%, 54.50 to 51.98%, and 48.24 10 46.97%).
The whole unit treatments (two levels of heat treatments, 90 and 120 min) were then applied to each set.
Results of HWSN for each year were analysed as a split-split plot design (Steel and Torrie, 1980).
Duration of heat trcatment (DH) represented the "whole unit" treatments, distance (DIST) across bale axial
‘engths and position (POS) radially into the bale at the various distances were the "sub-unit" treatments,
and storage forms (TRT) (heat-treated ensiled and heat-treated frozen) were the final sub-sub-division
("sub-sub-unit") treatments.

Average soluble nitrogen (% total nitrogen) at various positions (radial) and distances (axial) after

lreatments are shown in Table 3. Preliminary analysis of variance of HWSN showed that duration of heat
treatment, sampling position, distance, and treatment form were significantly different (P<0.01) during

TABLE 3:

Average soluble nitrogen (% TN) at various positions (radial) and distances (axial) after treatments.

Bale  Sampling Positions” Sampling Distamesb Treatment
No. (mn)
POS 1 POS2 DIST! DIST2 DIST3 CONTROL*

1 4829 4925 4700 4786 5143 NA 90
2 41.13 4290 47.00 47 .86 45.69 NA 120
3 44 .59 47.54 44.59 46.96 48.04 NA 90
4 47.15 4724 47.14 47.36 47.08 68.21 90
5 4425 4898 43.15 4898 47.72 68.72 120
6 41.86 43.14 39.04 41.88 46.60 66.95 120
7 48.39 48.51 46.73 46.82 51.80 60.05 90
8 4895 48.82 49.08 48.13 4944 64.16 120
9 4567 43.06 4564 40.99 46 .48 65.35 20
10 41.18 4515 4236 4241 4471 67.53 120
11 4811 48.55 46 .44 47.59 50.96 61.91 90
12 4563 44.80 458 402 4704 6473 120

a = Sampling positions, average of three samples

POS1 = 025 cm radially into bale

POS2 = 25-50 cm radially into bale

b = Sampling distances, average of two samples

DIST1 = 30.5 cm from inlet face of bale (axially)

DIST2 = 61 cm from inlet face of bale (axially)

DIST3 = 91.5 cm frem inlet face of bale (axially)

Field smmpies, ensiled, average of three samples.
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heat treatment for both 1989 and 1990 high-moisture, soft centre large round bales. However, the only
significant interaction (P<0.01) detected in 1989 was between DH and TRT (DH x TRT). There were no
other differences in treatment effects in two years of the study; hence, data from the two years were
combined and analyzed as a series of experiments in a split-split-plot design as a was done for each year.

During preliminary analysis of variance for data as a series of experiments. the absence of any higher order
interactions allowed the expected squares and degrees of freedom for those interactions to be pooled
into- their respective error terms. Hot water soluble nitrogen obtained a! the various sampliag positions and
distances in the bales were different. This may be due to uneven heating during heat treatment of the bales,
a result of non-uniformity of porosity and hence density across the bales. Moreover, heat was constantly
supplied on the inlet face of a bale (one-dimensional heating), therefore higher temperatures were recorded
at sampling positions closer to that face; consequently, lower HWSN or higher HWIN values were
obtained. Hot water soluble nitrogen was significantly different (P<0.01) between the three sampling
distances (DIST 1, DIST 2 and DIST 3) across bale axial lengths.

A paired t-test was performed to investigate the specific differences hetween the three sampling distances.
A HWSN difference (P<0.05) was detected between sampling distance nearer the inlet faces of the bales
(DIST 1) and those nearer the outlet faces (DIST 3). No signficant differences (P<0.05) were found
between DIST 1 and the middle (axial) of the bales (DIST 2) nor between DIST 2 and DIST 3. This again
may be attributed to the final temperatures attained at the three distances after heat-treatments. Higher
temperatures were recorded across all DIST 1 compared to DIST 3; consequently, values of HWSN at
DIST 1 were lower (P<0.05) (Table 3). A significant difference (P<0.01) in nitrogen solubility was found
between the two storage forms (ensiled vs frozen). On average, higher values of hot water soluble nitrogen
were obtained by ensiling than by freezing This difference in nitrogen solubility after heat treatment upon
ensiling is probably due to plant proteolysis during the ensilage process (McDonald, 1981).

Differences in average hot water soluble nitrogen contents between the various processirg methods

employed in this study were investigated using Duncan’s multiple range test. The results of the unalvsis are
shown in Table 4. It is seen that:

TABLE 4:

Comparison of average soluble nitrogen (HWSN) contents after various treatments

Treatments HWSN (% TN)
1. Field samples, ensiled 66.05a
e Field samples, frozen 56.86b
3. Oven-heated for 24 h at 50°C, ensiled 47.41cd
% 90 min treatment, ensiled 47.23cd
s. Oven-heated for 24 ha 80°C, cosiled 46.43cd
6. 120 min treatment, ensiled 44 82cde
7. Oven-heated for 24 h at 50°C, frozen 44 63cde
8. 90 min treatment, frozen 44 53cde
9. Oven-heated for 24 h at 80°C, frozen 42.20¢
10. 120 min treatment, frozen 37.87f

Data followed by the same letters do not differ (P<0.05) according to Duncan's multiple range test.
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ve average HWSN content of ficld-sampled and cnsiled alfalfa (without heat treatment)
1= lugher than ine average for all other treatment methods.
I'lic average HWSN content of field-sampled and frozen alfalfa (without heat IrEainici)
is higher than the average for all other treatment methods excepl for 1 above.
There was no difference between average HWSN contents of ensiled alfaifa heat-
treatment in standard conventional ovens and in the fan/heater apparatus. However, the
values are different (higher) than the correspondingly heat-treated and frozen samples.
The lowest average HWSN conient was obtaincd from bale samplcs that were heat-
treated for 120 min and frozen, Fig. 6 shows compansons of average HWSN (%TN)
contents of storage forms for the various processiiie inethods im estigated in this study.

L2 ]

Lad
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My Ensiled
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X1 Frozen
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o

Soluble Nitrogen (*/s TN)
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o

Control

Treciivants

Fig €: Hot water soluble nitrogen content of 11falfa herbage after various treatment.

The difference (P<0.05) in HWSN contents between the cop''ols and the other processing methods
investigated in this study suggests that heat processing alfalfa prior to ensiling or freezing decreased the
concentration of HWSN and conversely, increased HWIN content. Taking the HWSN of an untreated
(control-directly from the field) ensiled sample as the base, 30 and 36% reduction in proteolysis were
achieved afler heat treatment in ensiled and frozen samples. respectively. This confirms the findings of
previous researchers (Papadopoulos and McKersic 1983); Mandell er al., 1989, Charmley and Veira,

1990).

Fig 7 shows a companon of percentage reduction in HWSN obtained durine heat-processing of alfalfa by
the various methods, taking the control as the standard. Overall, a significant reduction of HWSN was
achieved as a result of heat-processing. According to Charmley and Veira (1990), heat-treatment reduces
proteolysis during the ensilage process, resulting in higher concentrations of insoluble nitrogen and lower
concentrations of ammonia nitrogen. Papadopoulos and McKersie (1983) found that hydrolysis of protein
during the ensiling process was due to plant enzyme action while ammonia formation was due to the
combined action of both plant and microbial enzymes.
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Fig 7: Reduction in soluble nitrogen by various treatments (taking ensiled field sample as the basis)

The differences in nitrogen solubility due to heat processing high moisture, soft-centre large round bales of
alfalfa in the present study are quite similar to those of heat processed silages reported by Charmley and
Veira (1987) and Mandell ef al. (1990). However, hot water soluble nitrogen contents of the controls
(frozen samples) obtained in this study were higher than the corresponding values reported by the
researchers. This may be attributed to proteolysis occuring as a result of delay in freezing the field samples
immediately.

4. CONCLUSIONS AND RECOMMENDATIONS

High moisture soft-centre large round bales of alfalfa herbage were heat-processed in a fan/heater unit anc
in standard conventional ovens in 1989 and 1990. Air and herbage temperatures were measured during
heat-processing. Chemical analyses were conducted on afier-treatment samples and the controls.

Based on the results of this study the following conclusions can be drawn:
1. Higher temperatures were recorded around the axial centres compared to outer denser
radial portions of the large round bales. This confirms the fact that soft-centre large
round bales are denser at their periphcries than in their radial centres.

2. Hot water soluble nitrogen content of soft-centre large round bales of alfalfa herbage is
affected by duration of heat treatment, positions (radial), distances across bale axial
lengths and form of treatment.

3. Hot water soluble nitrogen was higher (P<0.05) in samples obtained from the field prior
to baling and ensiled or frozen compared to all those heat-treated and ensiled or frozen.

4. Repeatability of hot air treatments of large round bales of aifalfa herbage in the

fan/heater unit used in this study prior to ensiling is possible since no significant
difference in hot water soluble nitroge: was found betweoon the two vears of the
experiment



48

S.

YILJEP et al

5. This study was limited to determination of hot water soluble nitrogen contents after heat
treatment. Other important parameters of silage quality such as pH, acid detergent fibre,
lactic acid, etc. should be investigated. It is further recommended that a whole balc be
ensiled after heat treatment to verify the results obtained in this study.
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A DEVICE FOR SHEAR FRACTURE EVALUATION OF SOYBEANS

C.N. Asota

Department of Agricultural Engineering, Ahmadu Bello University P.M.B. 1044, Zaria, Nigeria.

Abstract

A device for shear fracture evaluation of grain kernels was designed, constructed and evaluated. The
equipment employs the principle of the pendulum to shear single kernels, and incorporates features
such as a rotary variable differential transformer (RVDT)" to translate the angular mechanical input
into linear electrical output. A holder with epoxy cement was used to secure the kemnels without
damaging them The instrument was sensitive to change in kemel size, variety and position of
impact. Also, results showed that interaction between size and position of impact were significant.

KEYWORDS: Soybeans, Seed grains, Fracture, Mechanical properties.

1. INTRODUCTION

Crops are subjected to considerable handling from their time of harvest to processing or utilization as
animal feed or food for man.-During these handling operations, grains experience repeated impacts which
cause some of the kemels to crack or split completely. The resultant broken materials are undesirable and
diminish the marketability of the grain. Some authors (Keller ef al., 1972; Foster, 1975) agree that most
damage that occur during harvesting and handling are attributable to random impacts. Hence test devices
employing purely random impact modes of loading have become popular in predicting breakage tendency
of grains, such as corn (Singh and Finner, 1983) and soybeans (Asota, 1984). Other methods which include
crushing, cutting, pearling, grinding and indenting are also used to indicate seed quality. There is now
considerable interest in determining the fracture property of grains with a view to predicting whether they
are safe from fracture during the various handling processes. Fracture properties of seeds are needed by
grain millers for the design of efficient milling systems that reduce power requirement downtime. The
objectives of this study were therefore to develop equipment and techniques for measuring the resistance
of grains to fracture.

2. MATERIALS AND METHODS
2.1 Equipment Description

The apparatus used in measuring the impact energy absorbed by a kernel is shown in Figure 1. An
important and unique feature of this device is that two different methods can be used to hold the kernel. It
is possible to hold the kernel directly between the jaws of a vise (Figure 2a) as has been the usual practice.
While this allows quick measurements, it does not eliminate the possibility of kernel damage by excessive
pressure on the kernel prior to the test. Also there can be inadequate clamping while trying to avoid kernel
damage. An alicrnative method which eliminates kernel damage consists of the use of a very fast setting
adhesive to bond the kernel in the hole of a wooden block which is then held in position by the vise
(Figure 2b). One such cement that proved successful in binding soybeans to wood was "Devcon Epoxy
Adhesive” (Devcon Corporation, Danvers, MA). This epoxy provided a firm bond in five minutes. All of
the wooden blocks with kernels cemented in can be prepared in one sequence for an entire test series since
both blocks and kernels are expendable.

The pendulum consists of a hammer mounted on the shaft of a rotary variable differential transformer
(RVDT) (Model RD3, manufactured by Transducers and Systems, Inc., North Bradford, CT -USA). The
RVDT is supported by an upright welded 10 a steel plate. The pendulum is held in an initial position and
after fracture of the specimen is sensed by the RVDT which translates the rotary input into linear electrical
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output. The peak electrical voltages of the output may be recorded with an escilloscope, a chart recorder,
maximum/minimum digital voltimeter.

Fig. 1: Pendulum shear device and recorder.
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(a) Direct clamping (b) Block and glue

Fig. 2: Kemel holding arrangement..

In the raised initial position, the pendulum has potential energy. When it is released, it swings downward
and transmits part of this energy to the specimen. The height to which the pendulum rises after striking the
specimen is a measure of its residual or rebound energy. The shear resistance corresponds to the energy
absorbed in shearing the specimen and is equal to the difference between the kinetic energy in the
pendulum at the instant of impact and the energy remaining in the pendulum after shearing the specimen
This may be computed as follows:

Initial energy, Ej=MgH = MLg(l - cos A) (D
Energy after shear, Ef=MgH' = MLg(l -cos B) +F (2)
Energy to shear the specimen. Es =MLg(cos B - cos A) - F 3

where
M — mass of pendulum
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angle of fall

angle of nise

distance from center of gravity of pendulum to axis of rotation.
energy loss due to air drag and friction

acceleration due to gravity

Height of fall of centre of gravity of pendulum

Height of rise of centre of gravity of pendulum.

I mcrw

Hillisaifiadll, )1 0N

Since the length of a pendulum device is critical in its performance, the length (L) of the pendulum is
determined Dy measuring the period (T) of the pendulum and solving the equation

T = 5. 2siph @)
Transposing we have
L. .. S ©)

Typically, a pendulum length of about 380 mm and mass of about 120 g were found to be adequate for
shearing soybeans. The period T was determined by allowing the pendulum to swing through a small angle
(not over 10° - 159) for about 50 complete oscillations. It was necessary to do several replications to
obtain a reliable value.

Energy loss due to air drag and bearing friction were determined by letting the pendulum fall through the
same angle but without placing a specimen in the vice (Fig. 3). These were found to be less than one
percent of the shear energy of a grain kernel, and therefore may be neglected for this apparatus.

(a) (b)
Fig.3: Space relations for pendulum.

The energy used to shear the specimen is therefore
Eg =MLg(cos B - cos A)
and which can be expressed as a percentage of the initial energy to obtain an index of fracture resistance,

F. Thus,
~ F=E/E;=(cos B - cos A)/(1 -cos A)
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22.  Experimental Method

Two freshly harvested varieties of soybeans (Corsoy 79 and Hodgson 78) were used to test the sensitivity
of the instrument. Kemnels were hand-picked from the samples and sorted into two distinct size groups
(small and large) according to their diametral dimensions measured with a micrometer. The large size had
major and minor diameters of about 7 mm and 4.2 mm respectively while the small size had 4.8 mm and
3.4 mm major and minor diameters respectively. The samples were dried at a low oven temperature of
40°C to about 13% moisture content (wet basis) and subsequently conditioned over saturated salt solution
for about 24 hours to allow for equilibration of moisture within each kernel to allow for equilibration of
moisture within each kernel before the test. A 2 x 2 x 2 factorial design was employed in testing the
sensitivity of the instrument to kernel size and orientation of kernel formrpact(Flg;m 4). The factors, the
associated levels and the data are shown in Table 1. ETS

-
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Fig 41: Bean impact onentations.

TABLE 1:

Shear fracrure data and the experimental conditions

Soybean variety =~ Kemnel orientation  Grain size Fracture Index (%)
Corsoy 79 top small 87.15
Hodgson 78 top small 79.58
Corsoy 79 side small 50.31
Hodgson 78 side small 60.24
Corsoy 79 top large 88.99
Hodgson 78 top large 91.60
Corsoy 79 side large 30.38
Hodgson 78 side large 5031

Theblockandghuholdmgmethodwasalsooompamdwnhthed:mctclampmg method by makmg 11

r consecutive measurements with cach method on Hodgson T8 varicty (Yable 29,
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Summary of fracture index for the two methods of holding kernel on the vice

Fracture Index (%)
Side orientation Top orientation
Blo‘ck and Direct clamp Block and glue Direct clamp
Vlue
558 543 89.9 78.2
534 60.3 91.2 836
575 624 90.5 80.4
60.3 543 88.8 754
§8.6 554 89.7 892
56.6 532 854 748
583 514 874 90.6
594 555 89.6 844
573 61.1 86.1 88.7
612 487 885 915
556 56.5 80.2 86.9
Mean 577 55.7 879 84.0
Variance 55 ob's 98 363
TABLE 3:
Estimated effects from the factorial experiment
Factors Effects
Variety (V) 6.22
Impact orientation (P) -39.02
Grain size (S) -3.75
Interac’ ons:
VxP 871
VXS 5.05
10.93

PXS
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& RESULTS AND DISCUSSION

Analysis of the data indicated that soybeans were less resistant to shear crossways than lengthwise.
However the significant interraction which existed between kemel size and the direction of shear were due
to it fact that larger sized beans had greater resistance to shear lengthwise, whereas there was no
appreciable difference in shear strength between the sizes for the crossways orientations. Furthermore,
crossways orientation had lower variability associated with it.

In comparing the two kernel holding arrangements, the approach of variational analysis proposed by
Grubbs (1948) was employed to obtain the best estimate of the individual variation of each arrangement.
The results computed from the readings from each method indicated that the test variation with direct
clamping was about three and a half times that of the tiock and glue method, the latter being of the same
order as the product variation. It may therefore be concluded that the block and glue is the more precise
method of holding kemels. :

4. CONCLUSIONS

Based on the results of this study, it was concluded that:

1 The pendulum device is sensitive 10 variations in the shear strength of grain kernels. By using a
constant pendulum length, mass, and initial angle of elevation it is possible to make direct
comparisons between kernel strengths very quickly and accurately by just determining the angle
of rise of the pendulum after fracture.

The block and glue kernel holding arrangement does not cause damage to the kernel under test, as
a clamping device can do, and therefore eliminates a significant possible source of error.

For tests on soybeans, crossways shear is recommended because of the greater sensitivity and
lower variability associated with that orientation.
REFERENCES

Asotz, C.N. 1984, The use of a centrifugal breakage tester in the prediction of breakage
susceptibility of soybeans. Unpublished M.S. Thesis, University of Wisconsin-Madison.

Foster, G.H. 1975. Causes and cures of physical damage to corn. In; Lowell Hill (ed.). Com
quality in world markets, p.221-229. The Interstate Printers and Publishers. Inc., Danville IL.

Grubbs, F.E. 1948. On estimating precision of measuring instruments and product variability. J.
Amer. Statist. Assn. 43:246.

Keller, D.L.. HH. Converse, T.O. Hodges and D.S. Ching. 1972. Comn kernel damage due to high
velocity impact. Transactions of the ASAE 15(2);330-332,

Singh. S.S. and M.F. Finner. 1983. A centrifugal impacter for damage susceptibility evaluation of
shelled com. Transactions of the ASAE 26(6): 1858-1863,



J. Agric. Engng and Techn. (1994) 2 56-66

AN EVAPORATIVE COOLING SYSTEM FOR RURAL STORAGE OF FRESH TOMATO
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Abstract

A storage system providing high humid environment was designed and constructed with locally
available matenials and used to store fresh tomato after harvest. The system works on the pancples of
ovaporative cooling via the process of heat transfer from the storage chamber to a wet Hessian sack
which eacloses the cooling medium. Changes in colour and compressive strength of the produc:
ﬂdpﬂhhg@:nﬂ'—hmnnmpaiod:hnwedlhmmwmbmﬁom for a pericd of 30days
at a high relative humidity (above 90%) and average tempesature drop of 8 C below ambieni

The compressive strength of the produce stored with the system varied from 0546N/mm? -
0.112Nfmm? compared to 0.046N/mm? - 0.073N/mm? for the control within the period of siorage.
Under the storage condition, ripening of tomato from green to yellow green colour was delayed for 7
days as against 3 days in the case of samples in the control systems.

KEYWORDS: Evapormtive cooling, Storage, Fresh tomato.

INTRODUCTION

Vegetable production forms 25% of the mjarfoodjcmpsgmwninlhcmpim(ﬁticmm 1988) and
so is the means of livelihood for a considerable section of the population. Inspite of their importance in the
diet, per capita consumption of vegetables in the developing world is only 100g compared with 200g in the
mere advanced countries (Grubben, 1977).

in their fresh form, fruits and vegetables are highly perishable after harvest, they tend to shrivel, wither or
ot away at very fast rate (Oyeniran, 1986), particularly under hot tropical conditions. The damages that
occur in these crops are caused primarily by losses of moisture, change in composition and pathological
attack or metabolism.

Some methods of preservation of raw and processed fruits and vegetables include: storage in ventilated
shed, storage at low temperatures, use of evaporative coolant system, waxing and chemical treatment.
However, refridgerated storage is very popular but it has been observed that several Nigerian fruits and
vegetables, e g Banana, plantain and mango cannot be stored in the domestic refrigerator for a long period
as they are susceptible to chilling injury (NSPRI, 1990). Besides the cost of refrigerators are beyond the
reach of low income farmers in the rural communities. To this end it was necessary to develop an effective
system for rural storage of fresh fruits and vegetables.

2, MATERIALS AND METHOD
21 The Equipment

The assembly and the isometric drawings of the storage cquipment used for the experiment is shown in
Figures | and 2 respectively. It has four basic features - the storage chamber, Hessian sack, water trough
and wooden frame.

The frame is made of wood and has four compartments for storage. The storage chamber consists of four
trays made of wire netted material with wooden edges and is accessible through a hinged wooden door
framework. The entire structure is covered with water absorbing material (Hessian sack) and mounted on a
water trough. The sack is made to soak in another water trough placed at the top of the storage structure in
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Fig. 1: Assembly drawings (small storage equipment)
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order to provide continuous wetting of the Hessian sack by gravity and capillary action. The water troughs
are constructed with galvanised steel sheet and coated with emulsion paint to prevent rusting.

‘The storage equipment thus work on the principles of evaporative cooling. The cooling is provided by the
transfer of heat from the storage chamber to the wt Hessian sack which causes the water to evaporate
Apart from the cooling, the evaporative action also results in high relative humidity of the air in the
storage chamber, making the atmosphere in the chamber more conducive for storage of tomatoes.

22 System Evaluation

An experiment was carried out during the off-harmattan period with the aim of investigating the effects of
size of the storage system and the thuckness of the Hessian sack on the keeping quality of tomatoes during
storage. Temperature and relative humidity of the ambient and the storage system were recorded and the
properties of interest were compressive strength and colour changes of stored tomato.

For the purpose of this investigation, a factorial experiment of the 22 series was considered fit for
estimating the main effects and interraction of the variables. By the dictates of the experimental
arrangement, four equipment were needed to satisfy the number of runs but these were replicated for the
purpose of estimating experimental error. Thus a total of 8 equipment was constructed. Of the four large
size types (1070mm height), two were covered with double layers of the Hessian sack while the other two
were covered with single layer of the Hessian sack and same applies to those of small dimensions. The
Hessian sack used was soft and densely woven to aid capillary activity. The experimental arrangement is
shown in Table 1.

TABLE 1

Experimental arrangement of the variables

Equipment Size Layer of Implication
Hessian sack
1 - - Small size single layer
2 + - Large size single layer
3 B + Small size double layer
4 + % Large size double layer

Temperature and relative humidity of the ambient and the storage chambers of the equipment were taken
three times daily (morning, afternoon and evening). With the measured values of wet and dry balbe
thermometers the ambient relative humidity was read directly from the psychrometric chart.

The tomato used for this experiment was of Rome VF variety which is the most available at the time of the
experiment. Matured samples of tomatoes were harvested green from the Hayinmalan tomato imgation
plot in Shika, Zaria. The green samples were sorted and stored in each of the storage equipment and in a
basket (control). The initial temperature and relative humidity of the chambers and control environment
were recorded prior to the introduction of the tomatoes into the storage chambers and the control.
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The stored tomatoes were sampled at 2 days intervals, weighed and tested for compressive strength using
the Hounsfield tensiometer. Colour changes of the stored tomatoes were determined by observing the
siored produce daily and quantified using the colour indices as indicated in Table 2.

TABLE 2

Colour indices for tomatoes

Colour % Area of colour coverage Colour code
Green 100 0
Yellow green <30 1
Yellow green 50-70 2
“Yellow green >70 3
Light red <50 4
Light red 50-70 5
Light red . >70 6
Deep red <50 7
Deep red 50-70 8
Deep red >70 9
Rot Appearance 19

Sampling of stored tomatoes was continued from the green stage to the stage of deterioration.

3. RESULTS AND DISCUSSION

The variation of temperature and relative humidity with period of storage for the control system and the
four storage equipment are shown in Figure 3.

The result reveals that the temperature of the storage chamber changes with changes in temperature and
relative humidity of the control cmimmmmm?pemmmhﬁvehmkﬁtyonhccoml
(environment) between the first and the 30th day were 30.9 C and 37.3% respectively while the average
temperatures and relative humidities of the four storage equipment a, b, ¢ and d for the same period are
22.2°C and 98.4%; 23.1 C and 97.4%; 23.7 C and 98.6%; 22.5 C and 98.3% respectively. Thus the
relative humidities obtained for this equipment conforms with the 98% relative humidity obtained by
Adegboyega (1990) for storage of some vegetable produce. The average temperature of the control
environment which is considerably higher than those of the storage equipment is an indication of the
functional adequacy of the system for storage of produce.

Equipment a and ¢ which are the two smaller equipment maintained slightly higher relative humidities
when compared with equipment b and d which have large dimensions. This may be due to the fact that the
two smaller storage equipment get saturated with water faster than those of the larger types. From Figure 3
the daily relative humidity of the four storage equipment were nearly constant and close to each other. The
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seemingly constan! relative humidiy when temperafure changes in an enclosure separated from the
atmosphere by the very pavons hessian sack appear woying (this may be a characteristics of the hessian
sack).

The depression in relative humidity and the corresponding ris in the storage temperature of equipmient b
as indicated in Figure 3 was caused by the cessation of cupilflary action in that equipment from the 17th
day of storage due to the dryness of water in the waler trough. The action was restored back by adding
sufficient water in the water trough.

The variation of average compressive strength of the stored produce with penod of storage for both the
control and the four storage equipment are shown in Figure 4 The result reveals that the compressive
strength of tomatoes decreases with the storage period. At limrvest, the sverage compressive strength of the
tomato samiples in both the control and the storage systems is 0.546N /mni® and the values decreased over
time to 0.073N/mm? for the controt; 0, 143N/mm”. 0.132N/mm?’; 0.122N/mn#, 0.112N/mm? for a, b, ¢, d
respectively by the 30th day of storage. Tomato samples in the control system experienced rapid decrease
in strength than the samples kept in the storage equipment. Thus, the higher temperatures and low rclative
humhhisof&cmﬂolenﬁmmﬂmy'mmre?o@kfurlbnpﬂmmm
softening of fruit increases more at high temperatures over 15 C (Herregods, 1969).

it was evident also from the results that the storage equipment delayed the ripening (from green to yellow
greeen) of the tomatoes for 7 days as against 3 days in the case of the control samples as depicted by
Figure 5. The result also shows that the rate of ripening is faster within the control than within the storage
mmmumwmm(mzfmﬁmmmwmn
above the optimum temperature range (18-24 C) for the formation of Lycopene, the pigment responsible
for red colour of tomato (Sayre ef al, 1953). Rot was also observed on the samples in the storage
equipment after 1 month (30th day) of storage as against 15 days for the control. The comparative colour
changes and average compressive strength of tomato samples for the storage equipment and the control
system are presented in Table 3,

The high relative humidity produced in the storage chamber maintains the tomatoes in the sworage
equipment at a more turgid condition, compared with those in the control system, hence the extended
storage life of the product as. The calculated effects on the compressive strength of the stored product is
shown in Table 4. The result showed that the effect of size was statistically significant at 0.05 confidence
level for the first, second, third and fourth weeks. This could be the reason for the good performance of the
two storage equipment (2 and c). Also, when the calculated effects of thickness of Hessian sack has no
significant effect on the storage condition at the first, second, third and fourth wecks. Also, interraction
between size and thickness of the Hessian sack in this experiment was not significant.

TABLE 3

Comparative colour changes and average compressive strength of tomato

Cotour changes Duration (days) Compressive strength
Nmm®)
Equipment  Control Equipment Control
Green 1-7 1-3 0.546-0.479 0.546-0473
Yellow green 811 4-6 0.475-0428 0.320 - 0269
Light red 12-15 7-9 0.432-0,391 0.269-0.218
Deep red 16-29 10-13 0391-0.173 0.167-0.147

Rot Appearance 30 15 0.112 0.126 - 0.073
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TABLE 4

Calculated effects on compressive strength*™

Effect Estimate + Standard Error

1st Week 2nd Weck o 3rd Week 4th Week
Size(s) ~3.75+ 1.55* 8353 '¢ R e -11.8+512*
Thickness of Hessian -225+155ns -2.65+3 Ins -7+42ns -34+5.12ns
sack (T)
Interraction (S x T) 0+1.55ns -035+3.1ns 0x42ns ‘0%£512ns

++ mean value of weckly data, * significant, n.s. not significant.

4. CONCLUSION

The post harvest behaviour and quality of toato when subjected to high humidity environment » «
studied. From the results obtained it was quite evident that:

(1

2)
3)
4)

A storage period of over 1 mow.h can be achieved for tomato at an average storage
temperature and relative humidity of 22 9°C and 92.2% respectively when the ambient
temperature and relative humidity respectively were 30.9 C and 37.3%.

Cooling and humidification efficiencies up to 98% and 95% respectively can be achicved
with the storage equipment during the storage period.

Delayed npening of tomato from green to yellow green colour can be achieved by
storage at the above conditions for 7 days as against 3 days with the control system.

In order to maintain a higher relative huinidity in the cquipment, a height of 535 mm is
adeapate for quick saturation of the Hessian sack with waier.
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DEVELOPMENT OF WHOLE CROP COWPEA THRESHER AS AFFECTED BY GRAIN
AND STALK PROPERTIES

E.LU, Nwubalt E.A. Arinze? and F.G. Braide?
1. Department of Agricultural Engineering, Nnamdi Azikwe University.
Awka. Anambra State. Nigena.
2. Department of Agricultural Engincering. Ahmadu Bello University. Zana. Nigena

Abstract

Selected physical abd mechanical properties were measured for seven and three popular vancties
of cowpea respectively. Whole crop threshing was tried with the seven varictics in a cowpea pod
thresher. The pod thresher was then re-designed for whole crop threshing.

It was found that the cowpea vaneties differed significantly in their gram size which ranged
from 6.36 to 9.18 mm in length, 524 to 744 mm m width and 4 0 to 5 82 mm in thickness. The
cowpea grain 1s approximately cllipsoidal in shape with a mean sphencity of 78%. However,
cowpea variety and size did not have significant effect on the mechanical properties of the stalk.
The mechanical properties decreased with increasing mowsture content. The mean crushing
strength of cowpea stalk obtained were 5.10, 367 and 259 MPa und clustic modulus 30,4, 232
and 174 MPa at 7.9, 19.9 and 61.2% moisture content (wet basis (MC) (wb), respectively, and
25mm/min rate of loading. In bending tests, the mean values at 788, 22.5 and 70% mc (wb) and
25mm/min rate of loading were found to be 4170, 1273 und 458 MPa respectively, for the clastic
modulus and 38.6, 18 8 and 6.17 MPa respectively lor the bending strength.

The following modifications were made in the redesign of the pod thresher for whole crop
threshing. Five sieve szesof 7, 8, 8.5, 9 and 10mm and the concave sizes of 8 5 and 10mm were
made for different gram sizes. The threshing cylinder was provided with knives to cut fufly
stiulk. A stalk evacuating chute was provided at the threshing chamber. A power requirement of
12W per Kg/h ol matenal, a blower air flow of 486m/min and a cy linder speed of between 350-
430mAmn were recommended at a concave clearance of 26mm.

KEYWORDS: Cowpea. Properties. Whole crop, Threshing

1. INTRODUCTION

Cowpea is mostly grown in West Africa and other parts of the world for its protein-rich edible seeds.
It is one of the major staple foods in Nigena and at present, researches are being carried out on the
use of cowpea in novel foods (McWatters, 1985). Cowpea is very nutritive with about 24% protein
and 60% carbohydrate content. According to Bhatt (1970), 100 to 125g of cowpea seeds will
adequately supply the recommended daily imake of essential amino acids for nitrogen balance in
humans when cowpea is supplemented for methionine and tryptophane,

Its production is however being hampered in Nigeria by the traditional harvesting method which
entails the hand picking of pods. This process is very strenucus requiring about 440man hours/ha
which is about 56% of the total labour requirement of cowpea among the local farmers in northern
Nigenia (Hays et al, 1977). Cutting of mature cowpea stalk is a less laborious alternative to pod
picking, When the crop is dty, it ould be fed into a thresher to extract the grains and the chaff could
be used for divestock feeding. This suggests that the present pod threshers should be replaced with
whole gcrop threshers.

Available recorded work on the engineering properties of cowpea as related to design of cowpea pod
thresher was carried out by Ige (1977, 1978). Ige (1977) investigated the grain size and the effect of
moisture content on the rupture strength of five varieties of cowpea. He observed that the results from
the size measurements could be used to determine the clearance in the threshing chambers, and that
the rupture strength was not affected by variety and grain size. Ige (1978) tested a locally constructed -
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cowpea pod thresher with toothed square drum and altematcly toothed concave. at six drum speeds
and two moisture levels, He found that there was an increase in threslung efficiency and mechamcal
damage with increase in drum speed

Dodds (1968) compared the threshing action of spike - tooth and rasp-bar ¢ linders in self-propelled
combinc. and concluded that the spike-tooth cyhinder had a more positive feeding action and
consumed less power than the rasp-bar tpe Sharma and Devnani (1980) conducted threshing tnals
on sovabeaa and cowpea in rasp oy hinder thresher. Using Deshr variety cowpea at 6.5% moisture
content. they recommended a concanve clearance of 8 mm. and ¢y hinder up speed of 496 m/min and
2885 m/mun for threshing grains for consumption and sceds for planting respectively

In a study o develop a thresher with multicrop potential. Singhal and Thiersteimn (1987) reviewed the
thresher aceident occurence in India and showed that the spike-tooth thresher was the safest followed
by the rsp-bur types out of the five types of thresher studied. Anazodo (1980) and Nwuba (1988)
have observed that the failure of crop material in machine ¢y linder - concave 1s mainly as a result of
bending and compression which result in breaking and crushing of the material. Hence both crushing
and bending properties are necessary in the design of a machine 1o handle such a crop as cow pea

The objectives of the present study arc:

1. To study some physical and mechanical propertics of cowpea gramn and stalk as related 10
mechamical whole crop threshing of cowpea.
2. To apply the grain and stalk propertics obtained to the re-design of a cowpea pod thresher 1o

make w autable for threshung the catre crop.

2. MATERIALS AND METHODS

The physical propertics of cowpea studied include the grain siz¢ and shape. and the moisture conient.
The mechanical properties of the cowpea stalk in radial compression and simple bending were
studicd. Whole shoot threshing trials were carricd out with a pod thresher which was finally
redesigned to effectively handle the entire cowpea crop.

The cowpea varicties used for the tests were grown in the Ahmadu Bello University Farm. in Zania.
Nigeria, under similar environment and agronomical treatments.

2.1 Determination of Grain Size and Shape

The grain size of seven popular varieties of cowpea were measured at between 6 to 7.5% MC (wb)
which was the equilibrium moisture content at the period of threshing. One hundred grains were
randomly selected from each variety and each grain was measured for the length. width and thickness
with 25 mm micrometer screw guage. The average dimension for each variety was then determined.
The approximate shape of the cowpea grain was determined by comparion with the existing
geometical shapes and the average sphericity was calculated from the measured dimensions of the
grain.,

2.2 Moisture Content of Grain and Stalk

'The moisture content was determined by oven - dry method using American iety of Agricultural
Engincers (ASAE) standard. Grains weighing 15g were heated in the oven at 103 + 17C for 24 hours.
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2.3 Mcechanical Properties of Cowpea Stalk

A universal testing machine was used or the measurement of the maximum crushing force (Fe) and
deformation (D) in the radial compression tests. The stalk ol three varneties ol cowpen selecied
according 1o grain size. were used for the tests. These are TVX 3236 (length. 6 36mm) He brown
(7 90mm) and 1T 81 D-985 or I'T 985 (9 18mm). The specimens were tested at three moisture levess

(61.2. 199 and 7.9%) and three rates of Toading (30, 25 and 12.5mm/min)

In the simple bending tests, the universal testing machine was used to measure the maximum bendimg
force (Fp) and deflection (6) at three moisture levels and three rates of loading.

231 Calculation of Mechanical Propertics ol Stalk

The crushing strain. €. of cowpea stalk in radial compression is given as

£ = De/2R = BD/100 (2R) ()
where

D¢ = clasuc deformation. mm

D = lotal deformation. mm

R = radius of stalk. mm and

] = degree of clasucity, %

The formula for calculating the apparcnt modulus of clasticity. E. of the cowpea stalk i radial -
compression obtained from Sherif ef al (1976) 1s expressed as:

E = 4 Fo Z2(1 - w?)/nR1 i i (2)
and  Z = Rb 5 . - )
where

Fe = maximum crushing force, N

Tt = Poisson's ratio of cowpea stalk in radial compression

| = ‘length of the stalk, mm

b = half the contact width, mm and Z is cstimated from

ge = (In(22) + Ya)2Z> " = 4)

The crushing strength, ag. is obtained from Hertz equation.
s¢ = 2F¢/nlb 2 :: 5 L (3)

In simple bending the cowpea stalk is treated as a beam of annular cross-section simply supported at
both ends and loaded at the mid-span.

The bending stress, sp, IS given as
4 4
Ob = 8Fpld/p(d -do ) G Y e " (6)

and modulus of elasticity is calculated from

E = 4FpBRuend ~dg) " i @
where

Fp = maximum bending force, N

d = puter diamter of stalk, mm

do = inter diameter of stalk, mm and elastic deflection,

ve = vg/100 .. % % o (8)
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2.4 Whole Shoot Threshing Trials
241  Test Thresher

The spike-tooth cowpea pod thresher of the Institute for Agncultural Rescarch (1AR), Zana. Nigena,
was uscd for the tests.

The thresher cylinder contained 16mm long, 16mm diameter cylindrical spikes made from hot-rolled
steel rods. The cylinder was made up of six spike bars, cach containing 16 spikes in two staggered
rows of cight per row. The machine was also provided with a blower. Both the blower and the
cylinder were provided with 149 kW clectric motor which transmutied average speeds of 320 (pm
and 470rpm 1o the cyvlinder and fan spindles respectively. at no load. It was on the bascs of its type
and performance that the thresher was sclected for whole crop threshing trials and subscquent
modification.

242  Test Specimens and Procedure

Whole shoot threshing trials of cowpea were performed using the seven varietics al mean stalk. pod
and grain moisture content of 545 (S.D. 0.311). 6.91 (S.D_0.245) and 6.96% (S.D. 0.513) wet basis.
respectively.

During the test, 10 kg of matenial (stalk and pods) were fed gradually into the machine until the
grains ceased to drop. The time taken for the operation was recorded with a stopwatch. The weight of
threshed grains, chaff in grain, unthreshed grain. damaged grainand the remaining residue in the
machine concave were recorded. From these the feed rate. total matenial output, grain output and %
chaff in grain were calculated. A tachometer was used to measure the speed of the threshing and
blower spindles.

A germination ftest was carmed out with the threshed prin sample o determine the percentage
internal damage. The blower air flow was calculated from blower dimensions using the formulae
discussed below.

243  Calculating of Air Flow Through Thresher Blower

The tangential component of absolute velocity. V>. can be approximated as 20% of the peripheral
velocity of impeller tip (Joshi 1981), hence

Vs = 02xdyNx103 " 9)
where

N = impeller speed. rpm and

d? = diameter of fan
The theoretical air discharge of the blower, Qy can be calculated as:

Qr = dywyvyx 100 = dswava x 100 (10)
where

Qr = theoretical air discharge, m3/min

w], w2 = width of blades (mm) at diameter d} and d> (mm)

v{,¥v2 = tangential component of absolute velocities, m/min.

Assuming 30% efficiency fof blowers (Joshi, 1981) then the actual air discharge. Q4. is given as:

QA= 03Qr el 1)
The air velocity, v (m/min), can be calculated as

v = Qa/whx 10 (12)
where

w = width of air channel, mm and

h = height of air channel, mm
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The blower spindle speed was varied by changing the belt pulley diameter uniil good cleaning wis
obtained.

3. RESULTS AND DISCUSSION
3.1 Kernel Size and Shape of Cowpea Grain

Table 1 shows the average kernel size measurement for seven varieties of cowpea. The variation in
the kernel size was very highly significant (at 0.0001 level). The 95% confidence interval for the
mean is also shown in Table 1. The IT 985 and the local range white varieties which gave the highesi
values of interval 9.04 - 9.31 and 8.92 - 9.24mm respectively, were among the largest size of cowpea
grains cultivated in the country. [t therefore becomes reasonable (o limit the thresher concave sicve
size to 10mm for the varictics with large grains and 7mm for the varietics with’ small grains. The
clearance between the spikes in the cylinder should be about 12mm to prevent seed damage. The
grains of cowpea were found to be approximately cllipsoidal in shape. Holes on the sieves should be
elliptical. or for easy construction, circular since the sphericity of cowpea is fairly high (78%).

TABLE 1

Average measurements of kernel size of seven vanelies of cowpea.

Variety Dimensions* (mm) Mean SD. Range 95% Conf. Int.
for mean
TVX 3236 Length () 6.36 0427 550-758  6.28-6.45
Width (w) 524 0327 446697 518531
Thickness (1) 4.00 0254 331460 395405
Samaru34]  Length 7.69 0.793 616992  7.53-7.84
Width 6.02 0574  481-784  590-6.13
Thickness 4.30 0375 324-5.11 422437
Ifebrown  Length 7.90 0902  638-102  7.60-8.10
Width 6.06 0462 474703 597615
Thickness 444 0.381 3.33-538 430452
IT 60 Length 814 0909  529-104  7.96-832
Width 6.19 0568° 476778 608631
Thickness 485 0.407 373-558  4.76-4.93
Samaru48  Length 8.49 0,846 7.21-11.7 8.33-8.66
» Width 6.69 0.440 575-1.86  6.60-6.77
R Thickness 421 0.386 3.34-508  4.14-3.29
Local White Length 9.08 0806 724111 892924
Width 744 0.620 562906 732757
Thickness 5.82 0612 407722 570-5.95
[T 985 Lerigth 9.18 0.698 745-108  9.04-931
Width 7.39 0.425 585-858  7.31-748
Thickness 5.42 0366 409625  534-5.49

+ Number of measurements per dimension per variety = 100
s b city (%) = 100(0wt)! 31 = 100w Approx. = 78%

-
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The Duncan's new multiple range test (Table 2) grouped the seven cowpea varicties into five
according to their grain size. This grouping aided the selection of the three vanctics used for
mechanical tests. The table shows that the difference in the sizes in the same grouping. is not
sigmificant at 0.0 level wWhiCh Ing@icaies thal the same mresher sieves will be adequaie for the grains
of the same grouping.

TABLE 2
Comparison of the main effect of variety on cowpea kemel size fnd clogging tendency in 10 min
threshing tnal
Variety Length Width Thickness  Time of clogging in 10
min threshing trial, min
TVX 3236 6.36a 5.24a 4.00a 1.67
Samaru 341 7.69b 6.02b 4.30b 2.50
Ife brown 7.90b 6.06bc 4.44c 5.50
IT 60 8.14c 6.19¢c 4.85d No clogging
Samaru 48 8.49d 6.69d 4.21b 7.20
Local white 9.08¢ 7.44¢ 5.82¢ No clogging
IT 985 9.18¢ 7.39¢ 542 No clogging
+ Each value is a mean of 100 measurements.

In each column, mean values with the same letter are not significantly different at 0.05 level
as determined by Duncan's new multiple range test.

32 Mechanical Properties of Cowpea Stalk

The mechanical properties of cowpea stalk are given in Tables 3 and 4. Two way analyses of
variance show that the effect of moisture content on the mechanical properties is highly significant.
The mechanical properties increase with decrease in moisture content. Variety and size have no
significant effect on the mechanical properties. This means that the same range of power will be
adequate for threshing different varieties of cowpea. The relatively high standard deviation observed
in the tables is characteristic of such measurements on bio-materials.

The bending trials show that the cowpea stalk broke easily only at low moistures. Whole crop
threshing therefore should be carried out at low moisture levels, preferably at 8% (wb) at which the
cowpea stalk (as shown in Figure 1) became very brittle.

3 The Threshing Trials

The result of the threshing trials with the pod thresher and seven varieties of cowpea is summarized
in Table 5.

In summary, the following observations were made: ,
- The thresher could basically extract the grains undamaged from the materials,

2. The thresher was too small to handle the entire plant material.



TABLE 3

Mechanical properties of three varieties of cowpea stalk in radial compression at 25 mm/min loading rate and three levels of moisture*

Moisture Variety Stalk dia, 2R Crushing force, Ec,N  Crushing strain, E¢ Elastic Modulus, E.  Crushing strength, s,

Content, % MPa MPa

(wb)

Mean SD. Mean S.D. Mean SD Mean SD Mean SD

61.2 TVX 3236 6.63 1.54 82.7 542 0.097 0.015 15.2 494 2,54 0.966
Ife Brown 8.82 1.99 102 36.6 0.079 0.006 19.6 0.70 286 0.053
IT 985 947 1.20 823 38.7 0.070 0.016  be A 5.88 2231 113
Entire pop 8.30 1.88 89 39.2 0.082 0017 17.4 4.30 2.59 0.774

199 TVX 3236 6.60 0.361 125 12.0 0.099 0.016 25.6 4.05 4.24 0231
Ife Brown 872 0416 137 10.0 0.087 0.014 24.0 133 369 0208
IT 985 7.53 0.751 972 9.57 0.087 0.015 20.0 1.21 3.08 0.232
Entire pop 7.62 1.03 120 20.1 0.091 0014 232 3.67 3167 0.537

7.9 TVX 3236 6.4% 0625 194 3l4 0.121 0012 ilo 6,58 5.84 0.859
Ife Brown 8.50 0.52 202 74.4 0.098 0.029 il6 0.819 528 1.10
IT 985 6.28 0,153 103 29.0 0.079 0.005 28.5 6.70 417 1.07
Entire Pop 7.09 1.14 166 63.9 0.099 0.024 304 493 5.10 113

Each value is a mean of three tests. There are nine tests per population.

———— ' e
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TABLE 4

Effects of moisture content and rate of loading on mechanical properties of cowpea stalk in simple bcnding*

?“’ k& Test Date
4/1187 91187 19/11/87
Stalk moisture content, % wb 70.0 225 7.88
Rate of loading, mm/min 12.5 25 50 12:5 25 50 12.5 25 50
Stalk diameter, d, mm 8.57 9:22 9.91 78 8.20 8.50 6.90 6.80 1.55
Hollow pith diameter, do, mm 2.02 178 1.87 175 [.79 .88 175 164 1.98
M”Iawnc force, Fp,N 218 38.7 68.0 60.1 752 99.0 86.2 105 126
Mnx.dcmcnon.v mm 1.53 1.88 2.44 1.52 1.85 1.75 1.51 204 1.00
Degree of clasticity, 8. % 32.9 47.5 62.0
Elastic modulus, E, MPa 393 458 483 1220 1273 1440 2320 4170 7810
Bending strength, op, MPa 426 6.17 8.62 16.4 188 215 341 186 372
+ ¢ Each value is the mean of three tests. Variety - Ife brown. Loading span = 50 mm.
-
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TABLE S

-+
The output and efficiency of seven varieties of cowpea in whole shoot threshing trial using IAR cowpea pod thresher

-

Average drum speed = 250 rpm, 320 rpm at no load
Average fan speed = 400 rpm, 470 rpm. at no load
* Mog = material - other - grain

e — -

Variety Feed rate Matenial Grain flow, % damage Threshing % mog*in  Concave Remark
kg/min output, kg/min  kg/min efficiency, % grain residue. kg
Ext. Int.
TVX 3236 0.727 0.355 0.182 0 | 99.5 3.60 3.72 Machine
stopped tn 1.67
min
Ife Brown 103 0.995 0.496 0152 | 99 6 324 0.35 Stopped in 5.5
min
IT 985 118 114 0.766 0 0 99.2 269 0.35
IT 60 114 110 0447 0 1 99 4 275 0.36
Samaru 48 1,02 0995 0.407 0.241 2 99.0 321 0.25 Stopped in 7.2
min,
Samaru 341 0.835 0471 0.194 0 5 98 6 3.51 3.64 Stopped in 2,50
. min
2 - Tocalwhite  ~ Li2 - 108 0434 0 1 99.0 275 035
= P e
. . ge 1.01 0.877 0418 0.056 0.86 99.2 3,52 1.29 Low feed rate
to avoid
clogging
¥ Trial was for 10 min, but was broken in four varieties owing to clogging.
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The thresher cylinder required to be redesigned. Since the small stalks could not break. a
device for cutting them was essential.

There was no way of evacuating the threshing chamber of large broken and crushed stalks
except by occasional dismantling which was cumbersome and time-consuming. An
evacuating device was necessary.

The cleaning system required modification. Table 5 shows that about 3.12% chaff was in the
grains. This was too high.

Right sieve sizes were not available for various grain sizes tested. It would be necessary to
develop five sieve sizes in keeping with the Duncan's new multiple range grading of the
grain sizes (Table 2).

The redesign of the pod thresher was based on above observations.

4.

REDESIGN OF THE COWPEA POD THRESHER

Based on the results of the trial tests with the IAR pod thresher and the measured properties of
cowpea, the following modifications were made in redesigning the thresher:

1.

2.

5.

Evacuation chute: A gated stalk evacuation chute of 150 x 420 x 60mm was installed above
the chaff chute to evacuate the threshing chamber when necessary with the machine running.

Threshing cylinder: The threshing cylinder was redesigned to mcludc eight knives staggered
on two opposite threshing bars. The knife angle was made 60° to optimize cutting (Feller.

1959; Prasad and Gupta 1975).

Sieves: Two sicves were installed in addition to the concave grate; one at the grain chute and
the other on the grain pan. Five sets of sieves with circular holtes 3mm apart, were made for
different variety sizes of cowpea in keeping with the Duncan's multiple range test grading of
the grain sizes, The sieve sizes were 7mm, 8mm, 8.5mm, 9mm and 10mm, Two sizes of
concave grate of circular holes 8.5 and 10mm diameter bored 3mm apart, were provided to
suit different varieties of cowpea.

Power requirement: The electric motor was changed from 1.49KW to 2.24KW, since a
power requirement of 12W per kg/hr of the threshing material was recommended.

Cylinder Speed: A cylinder speed of 370 rpm (350m/min) was recommended at a concave
clearance of 26mm for threshing grains for general-purpose. When grain were for
consumption only, a speed of 475 rpm (35 m /min) was recommended.

Blower air velocity: An air velocity of 486m/m in was found to be adequate for cleaning of
thresher whole crop.

Machine size: The thresher size thus increased to give an overall dimensions of 1500 x 680 x
1440mm after full assembly. The machine is illustrated in Fig. 2. The construction and
testing of this machine will be carried out in future studies.

CONCLUSIONS

The following conclusions were from the study:

1.

J

Cowpea kemel size is significantly different among different varieties. Of the seven varicties
studied, five have grains that are significantly different in size. The mean grain length
ranged from 6.35 to 9.18mm; in width, 524 to 744mm and thickness 4.0 to 5.82mm.
Different sieve and concave sizes are therefore necessary for threshing different variety of
cowpea.

Cowpea grain is roughly ellipsoidal in shape with a fairly high sphericity of 78% Circular
holes are therefore appropriate for the sieves and concave.

The effect of variety on the mechanical properties of cowpea is not significant. The same
range of power will therefore be adequate for threshing different varicties of cowpea.
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10

Cowpea stalk has a crushing strength of 5.1 MPa and modulus of elasticity of 30.4 MPa. a
bending strength of 38.6 MPa and modulus of clasticity (in bending) of 4170 MPa at 8% mc¢
(wb) and 2Smm/min rate of loading.

Cowpea stalk is a viscoclastic material since its mechanical propertics vary with moisture
content and rate of loading.

Whole shoot threshing of cowpea is best at low moisture levels when the stalk is brttle

For the spike-tooth thresher at 26mm cvlinder-concave clearance. a cyvlinder speed of
350m/min is recommended for general-purpose threshing. while a faster speed of 450m/min
1s recommended for threshing grains meant for consumption only.

A power requirement of 12W per kg/hr machine capacity is recommended for spike-tooth
thresher using only pneumatic scparation.

An air flow rate of 486m/min was found to be adequate for pneumatic cleaning of threshed
whole crop cowpea. :

A cowpea pod thresher was redesigned to handle the entire crop by the application of the
crop propertics deternuned for seven popular vaneties of cowpea.
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NOTATION
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Half width of contact area, mm

Diameter, mm

Diameter of blower impeller at blade width w and w>, mm.
Diameter of hollow pith in stalk, mm

Total deformation, mm

Elastic deformation, mm

Elastic modulus, MPa

Maximum bending and crushing force, N

Actual required air flow rate through the blower, m>/min
Theoretical air flow rate, m3/min

Radius of stalk, mm

Thickness of grain

Velocity of air, m/min

> >
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Vi. Va Tangential components of absolute velocities of impeller. m/min
W width, mm

Z Term defined as R

1] Percent degree of elasticity

£c Crushing strain

T} Poisson's ration

v Maximum deflection in bending, mm
Ve Elastic component of deflection, mm
oh Bending strength of stalk MPa

ac Crushing strength of stalk. MPa
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Fig. 1 Typical force-deformation curves of cowpea stalk in simple bending atthree levels of moisture
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Fig. 2 Cowpea whole shoot thresher
£ P

i Uy hnder (drum) shalt 2. Cylinder pulley 3. Hopper
1 Stalk cvaduation chute 5. Lower cylinder housing/chall chute 6. Frame network
7 & Fan shaft 9 Fan housing

-



J. Agric. Engng and Techn. (1994) 2 80-89

DEVELOPMENT AND PERFORMANCE EVALUATION OF A MILLET THRESHER

| V.LO. Ndirika
Department of Agricultural Engineeringlnstitute for Agricultural Research,
Ahmadu Bello UniversityZaria, Nigeria,

Abstract

A millet thresher with a throughput capacity of 47.5kg/hr was designed for two local varieties of millet
(Ex-Bomo and Maiwa). The physical properties of millet crop and grain such as bulk density,
grafm/straw ratio, moisture content, size and angle of repose were studied. The thresher was fabricated
and evaluated for its pe:formnm.e in terms of threshing efficiency, cleaning efficiency, mechanical
(visible) damage and sieve loss. The test results reveal that for optimum performance, the thresher
should be operated at a cylinder speed of 800 rpm and 900 rpm respectively with Ex-Bomo and Maiwa
varicties at feed rate of 20 kg/hr. The power requirement for operating the thresher at this combination
was 224 kW,

KEYWORDS: Millet thresher, Perfomance evaluation, Physical propertics.

1. INTRODUCTION

Millet is an important cercal crop, it belongs to the Graminea (Poaceae) family, producing small edible
seeds used as forage crops and as food cercals. The varictics mainly grown in the Savannah zone of
Nigeria are the Ex-Bommo, Zango, Maiwa and ‘Gaura. The Ex-Borno variety constitutes 90% of all millet
grown (Wagami, 1979) and grows at an annual production ratc of 2. 1% (Abalu, 1978).

In Nigeria, the miliet sceds arc used by the rural communities for making porridge (Fura), "Tuwo”, local
cake (Waira), locgl drink (kunu) and pap. Inspite of the food and nutritional importance of the crop to
‘human diet, 1t's' threshing has been and remained a serious problem to the farmers. The techniques for
threshing millet are still by traditonal method of seed separation which are uneconomical, laborious and
time wasting,

Over the years few multicrop grain threshers have been adapted to thresh millet in Nigeria (Wagami,
1979). These include Alvan Blanch Threshers (midget 1 and super midget 11 Thresher) and Garvie midget
threshers. However, the performance of these threshers has not been very sausfactory (Choudhury. 1980).
It was thercfore necessary to design and develop a millet thresher, capable of reducing drudgery. grain
damage, grain losscs, labour cost. time spent and improving the quality of grain.

Therefore this study was undertaken with the following objectives:

i To determine some basic physical and engincering properties of two varictics of millet
grain (Ex-Borno and Maiwa)

il To develop a millet thresher and evaluate it's performance.

iii. To study and reccommend the best combination of operating paramcters such as cylinder

speed. feed rate and crop variety for the capacity and power requirement of the thresher.
The major physical factors limiting the design of millet thresher have been reported by some (est reports

by Choudhury (1978). Choudhury (1979). Sambaugh (1966). Singhal and Thierstein (1987) and Wagami
(1979).

2. MATERIALS AND METHODS
2.1 Design Consideration and Relevant Enginecring Properties of the Grain.

Before the design and fabrication of the thresher it was necessary 1o cowider some physical and
engincering propertics of the millet grin. These include moisture content. bulk density. grain/straw ratio.
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i f the
ﬁuwmdm.mfonommwnum_u@wme: measurement ©
mﬁmmﬁudmmmmmammm.

i length of threshing area.

il cylinder speed

iil fan speed '

iv straw separation length and total separation length
v threshing capacity

vi feed rate

vii cylinder concave clearance
viil power requirement.

22 Description and Operation of the Thresher

The main features of the thresher include: the hopper, transmission units, threshing qnit, stationary sieve,
stalk/chaff outfet, fan, grain outlet and supporting frames. The assembly drawing and the overall
dimensions of the thresher are shown in Figure 1.

The hopper is trapezoidal in cross-section. It forms the feeding chute through which millet ear hmds.ate
fed into the threshing unit. The material of construction was 18 gauge mild steel sheet metal with all sides
slanting inwards.

The transmission unit consists of four pulley, bearings, shaft and v-belts. Two pulleys are mounted on the
cylinder shaft, one each on the extreme side of the thresher.

The threshing unit consists of cylinder, beaters and a perforated concave plate, made of mild steel metal
(23562 x 820mm) and formed into a semi-circle with 10mm diameter holes spaced all over its surface.
The cylinder is above the perforated concave plate. It was made from a steel pipe (1100 x 800mm). The
cylinder has four rows of beaters welded strongly on it's surface at an angle of 30" to the vertical plane,
this orientation is to aid the conveyance of the stalk to the stalk outlet. The beaters are made from flat bars
(42 x 22 x 8mm). In each rows, the beaters are spaced at [00mm from each other, clearance between the
cylinder and concave is maintained at 42mm. The threshing unit is covered with a semi circular steel plate
(471.24 x 820mm) to prevent loss of grains through scattering.

The fan is stationed at a distance of 448mm below the perforated concave directly opposite the chaff outlet
to give a winnowing effect. It is an axial flow type with four blades.

A stationary sieve plate constructed with mild steel metal sheet (255 x 250mm) is positioned below the fan
with 3 mm diameter holes spaced all over the surface to further grade the grains. Below the sieve plate is
the grain outlet.

The structural frame forms the mounting support of all other units of the thresher and is made of 25 x
25mm angle bar. The overall dimension is 905 mm x 1100 mm.

The thresher works on rotary impact principles. The cylinder is designed to rotate at 900rpm during
operation, millet ear heads are fed uniformly into the hopper. The earheads fall by gravity on the rotating’
cylinder and are threshed by impact of beaters and are whirled round between the perforated concave and
the rolating cylinder. The chaff and the grains fall through the concave openings and are directed to grain
outlet by configuration of casing. Just before falling on the sieve, the blower air stream blows off the chaff
through the chaff outlet leaving behind clean grains. The sieve is manually agitated to further grade the
grains before collection at the grain outlet. »

23 Determination of the Physical and Engineering Properties of the Grain
Thus study was limited to two varieties of millet (Ex-Bomo and Maiwa).

The hardness of the grains was determined for two varieties of millet (Ex-Borno and Maiwa) by measuring
the: lengih, diametes, weipht 208 size of the gran. A vernier caliper of 0 D1cm calibrations was used for all
neas Aimensians, and o Mattles blases SHHin S Shpmmmn Clilorabons was useh 101 ah waEmngs wiilc e
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hardness teséer of 20kg maximum load with Smm spindle diameter (Kiya No. 140 type) was used for
hardness test.

Moismee consent of grain was determined by oven dry method at a temperature of 130°C for 18 hours
(ASAE, 1972). A revolution counter (tachometer) was md for speed measurement. /il measurements
were talsem in the laboratory at a room tempcmmmof29 C and 32% relative humidity.

The angle of repose was determined by allowing the millet grain to flow from a point into a pile. The
angle which the side of the pile made with the horizontal was then measured.

24 Performance Kvaluation

A comblmstien of feed rate, F. at 2 levels (20 and 400kg/hr); crop varieties, V, at-2 levels (Ex-Borno and
Maiwa) and cylinder speed. S, at 3 levels (700 rpm, 300 rpm, 900 rpm) were selected. In all 12
combinations of F, V and S were formed with each combination replicated thrice. The threshed materials
were collected at the outlets, cleaned and weighed. The portion of the material containing unthreshed grain
was separated from straw and weighed after handthreshing and cleaning in order to determine the
threshing efficiency in terms of percentage of total grain received. The formular used for calculating
different parametersare as follows:

L Threshing efficiency (%) =100 - Q,/Qy x 100 (1)

ii. Cleaning efficiency (%) = Wy - Wo/Wy x 100 @)

1. Mechanical (visible) damage (%) = Qp/Qy x 100 3)

iv, Sieve loss (%) = Qpc/Qjp x 100 4)
where

Qu = quantity of unthreshed grain in sample (g)

r = total grain in sample (g)

Wr - total mixture of grain and chaff received at the main outlet (kg)

Wc = weight of chaff at the main outlet of the thresher (kg)

Qp - quantity of broken grains in sample (g)

Qre = free. clean grains collected from sieve sample per unit time.

Qin = total grain input per unit time.
3. RESULTS AND DISCUSSION

3.1 Physical and Engineering Properties of Millet Crop and Grain

Based on the laboratory studies the result of the physical characteristics of different varieties of millet
crop. and the physical/engineering properties of different varicties of millet grains respectively are
presented in Tables | and 2. The grain-straw ratio and the bulk density were used lo estimate the
theoretical capacity of the thresher. Size of grain was uscful in deciding the hole diameter on the sieve
used in cleamng and concave.

The length of ear head was used to decide the length of the feeding chute while the angle of repose was
used to decide the angle of grain pan and inclination of the feeding chute.

3.2 Threshing Efficiency

Figure 2 shows the effect of cylinder speed, feed rate and crop variety on threshing efﬁcicncy. The result
reveals that the threshing efficiency increases with an increase in cylinder speed for all feed rates and
different crop vaneties. The maximum threshing efficiency of 96.8% was obtained at the lowest feed rate
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TABLE 1
Physical characteristics of different varieties of millet*
Variety Wt of Lengthof  Length Dia. of earhead (cm) Weof Wtolf Grain/ Grab:
Value earhead  earhead of grain grain chafl's  straw LU
i) (em) portion (gm) traw ratio costen:
(gm) ™)
Top Middle Botto
m

Ex-
Borme: 44.73 35.20 31.61 180 222 212 29.22 15.51 0.65 10
Average
Maximum  69.67 45.00 44.90 218 2.66 2.90 - 47.25 2242 - 068 10
Minimum 2888 31.80 31.75 1.56 190 1.69 17.62 11.26 0.61 10

X 47.76 3733 36.09 1.85 2.26 224 3136 16.40 0.65

v 281.89 3132 3884 0.07 0.097 0.25 148.62 2118 0.00083

8D 16.79 5.60 6.23 0.27 031 0§ 1219 4.60 0.029
Matwa:
Average 5810 4430 43499 1.85 208 2.00 40.89 17.21 0.70 9.10
Maximum 6818 49.50 49.00 201 228 239 46.86 21.32 0.69 2.10
Minimum 3512 39.10 38.60 140 178 1.63 2424 1088 069 9.10

X $3.80 4430 43.70 1.75 204 201 3733 16.47 0.69

v 191.40 18.03 18.08 0067 0039 0.096 91.61 1844 0.000033

S$D 13.83 4.246 0.258 0.197 0310 9.57 4.29 0.0058

* Average of ten earheads; X = mean; V = Variance, S.D. = Standard deviation.

y FEEDRATE,kg/h

100 @20
& g9 4 840
3\ CROP VARIETY
= 98 - —ExBorno
8 | --=Maiwa
LTJ 97 T O/_’/
o -
EQS' B“_____a_.-.-—-——ur
= g4 +4

600 700 800 900 rpm.
CYLINDER SPEED

Fig. 2 Effect of cylinder speed. feed rate and crop variety on threshing efficiency
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TABLE 2

Physical and engineering propertics of different varicties of millet grains

Physical and Value Variety
Engineering
properties
Ex-Bormo Maiwa
Max. length of grain  Average 4.00 3.90
(mm) Longest 490 488
Shortest 339 . 3.20
X 4.10 399
Vv 0.39 0.48
SD 0.62 0.69
Max. diameter of Average 2.00 248
grain (mm) Longest 240 3.00
Smallest. 145 2.00
X 1.95 249
Vv 0.15 0.17
SD 0.39 041
Weight of grain Avcrage 0.017 0.038
(gm) Hcaviest 0.029 0.069
Lightest 0.009 0.02
X 0018 0.042
v 0.000068 0.00041
SD 0.0082 0.020
Hardness of grain Average 2.00 205
(kg) Hardest 4.20 4.50
Soflest 1.10 0.78
X 2.42 244
\Y 1.64 238
SD 1.28 1.54
Bulk density (kg/m?)  Average 798.00 870.00
Highest 89520 924 47
Lowest 754.00 825.10
X 815.73 873.19
Vv 3480.14 1650.82
SD 58.99 40.63
Angle of repose Average 13.95 14.00
(dcgree) Highest 14.10 14 40
Lowest 13.60 13,80
X 13.88 14.07
¥ . Q4 a6z
S.D 0.21 0.25
Moisture content 120 930

(%)

X =Mcun, V= Vanance: 8. = Standard deviation
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of 20 kg/bs with Ex-Borno vaniety at 900 rpm cylinder speed. Minimum threshing efficiency of 94.4% was
obmed 2t lowest cylinder speed of 700 rpm with Maiwa variety of 40kg/hr feed rate. This may be
becawse at a higher speed the energy imparted (o the earhed and grain increase causing higher threshing
efficiency The reason for the lower threshing cfficiency at higher feedrate with Maiwa variety at lower
cylinder speed may be due to the cushioning effcct between the cylinder concave clearance and the low
impact force at a low cylinder speed.

33 Cleswing Efficiency

Figure 3 shows the effect of cylinder speed. feedrate and crop vaniety on cleaning efficiency. The cleaning
efficiency decreases as the feedrate increases for all combinations of feedrate and crop varieties. This may
be due 10 increasing stream of millet ear passing through the cylinder clearance as a result of increased
feedrate which burdens the cleaning system. A higher cleaning efficiency was obtained for Ex-Borno than
the Maiwa vaniety for all combinations of feedrate and cylinder speed. This may be attnbuted to the fact
that the chaffs are closely binded to the stock and the grains arc more compacted. The fan speed was
maintained at 800 rpm. Although better cleaming was observed at hugher fan speed but quite a number of
grains arc blown which result 1o increased grain losscs

FEEDRATE, kg/h

02
04

CROP VARIETY

8

Te)
n
K4
a
-3
a

w
2

®
e

Cleaning Efficiency,%.

(o)
o
-

600 700 800 900 rpm.
CYUNDER SPEED

Fig. 3  Effect of cylinder speed, feed rate and crop variety on cleaning efficiency

34 Mechanical (Visible) Damage

The effect of cylinder speed, feedrate and crop variety on mechanical damage are presented in Figure 4. It
was cvident from the figure that with increase in speed, the mechanical damage increased with all
combination of feedrate. Also, the percentage mechanical damage ranged between 1.30 to 2.10%. The
minimum of 1.30% was at feedrate of 40 kg/hr with ex-Borno variety at 700 rpm cylinder speed while the
maximum breakage of 2.10% was at feedrate of 20 kg/hr with Maiwa variety at 900 rpm cylinder speed.
This may be due to the rcason given in the section above on the characteristics of the two varieties and the
operating conditions.

35 Sieve Loss

meﬁeﬁofcyﬁnderspeed.feedmmﬂcmpvaﬁetyonsievclossarcshowninFigures.Thedecmein
sieve loss corresponds to the increase in feedrate with the two varieties of millet grains. The sicve loss
varied from 3.5 to 4.5% for diffcrent levels of feedrate and the two varieties of millet grains. The
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Fig. 4 Effect of cylinder speed, feed rate and crop variety on visible damage
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minimum loss was observed at a feedrate of 40 kg/hr with Ex-Borno varicty while the maximum loss was
at feedrate of 20 kg/hr with Maiwa varicty. This may be because at a lower leedrate, the volume of the
material handled by the stationary sicve plate is low as compared to high feedrate. Thus. the matenial has
the tendency to bounce on the sicve and taken out of the sieve plate casily while at high volume of
material this action was reduced At a higher fan speed greater than 800 rpm, a considerable number of
grains were blown off which resulis to increased sieve losses.

36 Best Performance Combination

From the results, the best combination for maximum threshing efficiency, cleaning cfficiency with
minimum visible damage and sieve loss was obtained at feedrate of 20 kg/hr with Ex-Borno varicty at 800
rpm cylinder speed. The power requirement for operating the thresher at the best combination was 2.25
kW.

3.7 Comparion of Result with Previous Work

Threshing and cleaning efficiencies between (94 4%-96.8%) and (85-89 6%) respectively were achieved
with the thresher. This is considerably higher than the result obtained from previous work. For instance,
Wagami (1979) achieved a threshing efficiency between 70-80% and obtained a percentage total loss
exceeding 18% and 32% respectively for Ex-Borno and Maiwa varictics. This i1s considerably higher than
the losses obtained in this work.

4. CONCLUSION

A thresher for two varieties of millet has been developed. The following conclusion can be drawn from the
experimental results:

i Threshing efficiency increased with an increase in cylinder speed for all feedralcs with
the different crop varieties. The threshing efficiency was fouad in the rahge of 94.4 10
96.8%.

i Cleaning efficiency and sieve loss were observed to increase at a decreasing fecdrate

with the two varieties of millet at 800 rpm fan speed.

1. Mechanical (visible) grain damage increased with an increase in cylinder speed and
decrease in feedrate with the two varieties. It was observed in the range of 1.30 to 2.10%.

iv. Al the recommended speed of 800 rpm; the power required for operating the thresher
was 2.24 kW.

V. The best combination of feedrate, cylinder speed and crop variety in order to obtain
optimum threshing efficiency, cleaning efficiency was the second treatment combination
with a combination of 20 kg/r fcedrate with Ex-Borno variety at 800 rpm cylinder
speed. The thresher was therefore recommended to work at the above combination for its
best performance.
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Abstract

A one man pedal-operated machine for chipping and shicing with vertical rotating disc blades
and knives respectively was designed, constructed and tested. The machine perfonmance from
the tests on yam, cassava, potato and cocoyam showed that it could handle root and tuber crops
salisfactorily. Slices of 12,5 mm and 6.25 mm with chips of 2 mm and | mm tnckness were
produced. The maximum throughput capacity obtained was 376 kg/h at an clTiciency of 94.1%
for 12.5 mm slices while 23.8 kg/h was obtained at an efliciency ol 83 4% for 2 inm chips.

Keywords: Chipping, Slicing, Tubers

1. INTRODUCTION

Tuber and root crops occupy the same position in the tropics analogous 1o grains in the temperate
region as the major staple food. The storage potential of the diffcrent tuber and root crops vary but
generally, they do not store well in the fresh form and transportation is costly due to their bulkiness
(Clarke, 1987; Martins, 1972 and Ekechukwu et al, 1987).

Processing into staple, non-perishable and casily transportable produce offers an alicrative to storage
in the fresh form. They are best preserved in the dried form by processing into flour, chups and pellets
for both human and livestock consumption. The operation involved in producing these products
include washing, pecling, size reduction (chipping, slicing and grating), drying and milling.

Ingram (1972) found out that peeling and slicing of tubers arc done manually while Odigbo and
Ahmed (1982) reported that there has been efforts at mechanising tuber processing, in the very few
processing plants in Nigeria. Chipping and slicing operations are forms of size reduction achicved by
cutting, involve pushing and forcing a thin sharp knife through the matenal resulung in minimum
rupture and deformation.

Considering the demand of tuber products for both livestock and human consumption, manual
method of processing cannot meel the demand. At the same time, motonsed machines cannol be used
in the rural areas where the processing is mostly done by unskilled farmers, though several slicing
and chipping machines have been designed and tested in various developing countries especially the
Carribean and South East Asian countries as reported by Clarke (1987). The Central Tuber Crops
Researh Institute (CRCRI), India, and the International Centre for Tropical Agriculture (CIAT)
Colombia, in 1983 and 1985 respectively motorised chipping machines for livestock feed production
(CIAT, 1985). There are also scveral manually operated kitchen-size chipping and shicing machines
in the markel.

This paper describes a pedal-operated machine that can handle chipping and slicing of tubers on a
medium scale with emphasis on production of very thin marketable chips (when fried or dried) for
human consumption as found in the Nigeria market.
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2 DESIGN FEATURES
The machine shown isometrically in Figure | has the following major components

AT

- .\._._._*_._..F'.d;ng Chute

Thckness
adjusier/ cover

Chipning Plate
—Lhnipping Bkide

— —=—Bicycie

rig. 1 1he chupping/siicing machine

2.1 The Main Frame

This is constructed with 50 mm angle iron bar forming the four 1000 mm long stand each inclined at
609 1o the vertical. It provides support to the other units.

22 The Operator's Unit

This is a complete bicycle unit excluding the two wheels. I is supported on two angle iron bar legs at
the back and connected to the main frame in the front.

23 The Cutting Unit

This unit consists of the following parts:

rive

urt
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23.1  The Rotor Assembly

This is a 30 mm diameter shaft supported on two beanings. The shaft carrics a 100 mm diameter, 6
mm thick rotor plate with holes for chipping plate and slicing knives connection at one end through a
hub for easy detacheability. The same shaft carries a sprocket located between the two bearings.

232  The Chipping Plate

This is a 450 mm diameter 5 mm thick metal plate having four rectangular holes of 25 mm x 160 mm
equispaced on a pitch circle of diameter of 360 mm as passages for the chips.

233  The Chipping Blade

It is made of 2 mm thick rectangular metal plate with four serrated sharpened teeth cut on one long
side with equal space of 12.5 mm between the teeth. The blades are bolted onto the chipping plate
covering the chip openings and inclined at an angle that give a space equal to the required chip
thickness between the plate and tip of the teeth. Angle of inclination of 10° and 5° used corresponds
to 2 mm and 1 mm chip thickness respectively. The teeth of adjacent blades are alternated such that
the plate uncut by one will be covered by the other.

234  The Slicing Knife
This is a 3 mm thick metal bar 180 mm in length and 25 mm wide. Two knives are used for slicing,

they replace the chipping assembly when slicing is to be done. Figure 2 shows the detail of the
chipping and slicing mechanisms.

Chipping blade

X
Slicing knife
\

(a) (b)

Fig.2 The cutting mechanisms (a, chipping (b) slicing

23.5 The Housing Cover

It is made up of two parts, the lower part servicing as the discharge chute and the upper part. carrying
the feeding chute which is an inclined cylinder attached to the upper back cover and opens into the
cutting chamber. The front serves as the thickness adjuster for slices.
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24 The Drive Unit

The drive is through sprocket and chain

3. OPERATIONAL PRINCIPLE
31 Slicing

With the knives in position and having moved the thickness adjuster to the required position, it is
held in position by stop rods inserted into holes provided for such. The tuber is inserted through the
feeding chute. Dmm!hcimiﬁmﬁonofthcchum.andthepli(hpmvidedby the operator, already
pedalling to provide the drive, the tuber will slide into the cutting chamber until it touches the body
of the adjuster by which time the rotating knife comes across it and effects the cut. This operation is
repeated with each knife cutting a slice per revolution resulting into two slices. The slices are
collected through the discharge chute below. With the normal speed of average man being between
25-150 rpm (Makinde 1985), the rate of movement of the tuber effected by sliding and the pash
provided by the operator has been designed such that a distance equal to the maximum thickness
achievable with the machine can be moved by the tuber before the knife comes across it at the chosen
maximum speed of 90 rpm. This results in 190 slices per revolution.

32  Chipping

In chipping, the slicing knives are replaced with the chipping plate with the blades bolted in place
and at the appropriate inclination for required thickness. The operation is therefore the same as in
slicing except that the thickness is regulated by the blade inclination and the number of chips
produced per revolution is more. Four chips are produced from four teeth per blade resulting in a
total of 16 chips from the four blades.

4. PERFORMANCE TEST

Some tests were carried out to evaluate the perfformance of the machine on the basis of
Capacity
Effectiveness of slicing and chipping
Uniformity in product dimensions
Physical assessment of dried and fried products.

The input weight (W) and output weight for normal/fine, (W>). abnormal/crushed and broken
products (W3), duration of operation and dimensions of products were recorded. Slices of 12.5 mm
and 6.25 mm with chips of 2 mm and 1 mm thickness were produced from four different tuber crops
viz: yam, cassava. potato, and cocoyam at different moisture content.

5. ANALYSIS AND DISCUSSION OF RESULTS

The performance data of the machine are as presented in Tables 1 and 2 along with the capacity and
cfficiency obtained. The capacity was calculated as W /T in kg/h while the efficiency was calculated
as Wa /W .

In Table 1, the results showed that highest capacity of 375 kg/h was obtained during slicing of yam
duc Lo its high moisture content. On the other hand, lower performance was obtained with the hard
(low moisture) cassava which showed high resistance to cutting /.e. high shear strength.

The trend is the same as in slicing in chipping operations (Table 2). The efficiencies of operation are
fugh 1n all the tbers indicating that little losses are incurred in both in slicing and chipping. Lower



94
A.O RAJland J.C. IGBEKA

TABLE1

Performance data for slicing operation

Crop (with Duration Slice Input Weight capacity efficiency

moisture of thickness (W1
content) % operation (mm) (kg)
w.b.
Fine  Abnormal Kegh %
(W2)  (W3)
kg
Yam (85) o 125 0.626 0.589 0.037 376 941
6 6.25 0.285 0.265 0.020 171 - 930
Cassava (58) (8 12.5 0.501 0.483 0.018 300 96 4
6 6.25 0.250 0.237 0.013 150 948
Potato (78) - 6.25 0.127 0118 0.009 - 929
Cocoyam (85) - 6.25 0191 0 180 0.011 - 942
TABLE 2

Performance data for chipping operation

Crop (with Duration Chip Input Weight capacity efficiency
moisture of thickness (W1)
content) operation i (kg)
Y% w.b.
Fine  Abnormal  Capacity  Efficiency
(W2) (W3)
kg
Yam 13 2 0.071 0.055 0.016 19.6 77.5
15 ) 0.091 0072 0018 216 791
Cassava (65) 8.5 2 0.045 0038 0.007 189 844
10 2 0.066 0.057 0.009 238 834
Potato (75) 10 2 0064 0.056 (.008 230 875
Cocovam 10 1 0,074 0064 0.010 26.6 865

(83)
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efficiency was obtained in chipping operation, due to the serrated nature of the blade resulting in
more contour hence more scrapping, increasing the abnormal products than in slicing,

The dimensions of fifteen representative samples from each test are presented in Tables 3, 4. 5 and 6.
To assess the products for uniformity, the Student t-test was used. The level of significancé and
deviation from the expected dimensions were determined by comparing the t-values obtained for
each set of samples with the expected t-value obtained from the statistical table for the number of
samples and 1% level of significance which is -2.624 < t < 2.624. If the t-value of -5.79 while in
chipping, differences were obtained in Potato and Cassava thickness and Potato width with t-value of
-3.61 and -2.6 respectively. The reason for these are not unconnected with the low m.c. of the
products with small size of the potato making it difficult to be held in the feeding chute. The slices
produced are smooth and circular while chips are smooth, uniform and rectangular in shape.

TABLE 3

Slice thickness* obtained for 12.5 mm slicing

Yam Cassava
11.0 11.0
13.0 10.0
i2.0 12.0
14.0 11.6
12.0 10.5
14.0 113
13.0 13.0
14.0 11.0
12.0 12.0
10.0 11.0
11.0 10.5
12.0 9.0
95 1140
9.5 12.0
14.0 10.0
Mean 12.1 11.1
S.D. 1.6 1.0
t -1.1 -5.8

- All dimensions in mm

The chips were dried in the oven, sun dried in the open air and fried in vegetable oil. The oven dried
samples were found to be fully dried in less than an hour while thosc sun dricd in the open air were
ready in less than two days. The fricd samples on the other hand were ready in less than two minules.
The resulting chips compared favourably with the chips available in the market in terms of shapes
and dimensions.
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FABLES

Chip dimensions* length (L). width (W). thickness (T) for 2 mum chipping

Yam Cassava Potato

L w T ks W L L W (i

60 14 20 6l 4 18 48 15 20

55 13 L7 71 12 2.0 50 15 18

60 4 2.0 75 13 1.9 4% 15 19

58 14 18 61 14 1.8 30 15 2.0

57 13 20 65 13 1.9 33 15 19

59 13 13 55 14 I8 50 14 2.0

55 13 1.3 49 12 210 48 14 2.0

57 13 13 59 12 1.6 50 14 1.3

58 12 2.1 70 14 5 35 11 13

60 12 20 69 13 14 50 15 18

55 12 18 60 H 17 50 12 15

54 13 21 55 13 19 50 13 10

56 11 19 56 12 20 52 15 14

60 12 2.0 53 12 2.1 18 13 1.2

58 13 1.9 48 11 1.9 50, 14 1.9

Mean - 128 1.9 - ) ) 1.8 - 14.1 1.7
S.D. - 0.8 0.1 - 1.0 0.2 - 1.2 0.3
1 - 1.4 -2.5 - i 30 - e -36

All dimensions in mm
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TABLEG6

Chip dimensions* length (L). width (W), thickness (T) forl mm chipping

Yam Cassava Cocovam

L w T L w T L W T

59 12.5 11 60 12.0 1.2 60 12.5 08

50 12.5 b 40 12.0 1.1 55 13.0 08

55 125 1.3 52 13.0 1.0 80 12.5 1.2

55 12.5 1.2 70 14.0 1.1 70 14.0 1.6

60 13.0 0.8 75 13.0 LS 80 11.0 1.0

49 13.0 1.0 50 14.0 1.0 60 12.5 18

55 14.0 1.1 56 14.0 11 71 10.0 1.1

55 125 1.0 45 13.0 1.2 65 130 1.1

56 125 1.1 60 4.0 1.1 75 150 12

60 13.0 | 70 12.5 1.5 58 150 14

59 13.0 09 50 12.1 1.0 80 14.0 1.0

60 130 10 65 120 1.0 64 13.0 1.0

58 120 1.1 55 13.0 1.2 35 14.0 1.1

- 5] 12.0 1.0 49 i23 0.9 80 12.5 1.5

60 12.0 0.9 50 11.0 1.1 70 12.5 1.0

Mean - 12.7 1.1 - 12.8 4 - 13.0 1.2
SD. - 0.5 0.2 - 0.9 0.2 - 1.3 0.3
t - 1.3 1.6 - 1.3 34 - 1.3 24

* All dimensions in mm.
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6. CONCLTSIONS

Based on the results obtamed from the tests. the following conclusions can be drawn.
The machine performed satisfactonly with production of chips and slices of
uniform thickness ranging from I mm to 13 mm wlhich arc acceptable and suitable
for both human and livestock consumption.
The machine handled chipping and slicing of available wbcr crops satisfactorily.
A thoroughput capacity of 376 kg/h at an efficiency of 94% was obtained for slicing
while 23 kp/h was obtained for chipping a1 an efficiency of 83%.
The machine is therclore a good substitute for the low capacity manual (hand) type.
and the motonsed ty pe which required elecincity and special skill for operation.

NOTATION
Wi - Input weight. kg
Wa B Qutput weight for fine product. kg
W3 - Output weight for crushed/broken product. kg
T B Time, s
t = Staustical student-1.
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