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Effect of Potato Digger Speed Ratios and Elevator Agitation
on Harvesting Efficiency, Cost and Tuber Losses
M. S. CHAUDHRY!, S. M. SHERIF' anp M. K. IMAM?

ABSTRACT

A field experiment was conducted at the Faculty of Agriculture Farm, University
of Alfateh, Tripoli, Socialist People’s Libyan Arab Jamahiriya, during 1976. The
objective was to study the theoretical field capacity, labor used and cost of harvesting
by a mechanical potato digger at 4 elevator speed to forward speed ratios, with and
without elevator agitation.

The digger had 7.9 times more theoretical field capacity, required 12.8%, labor and
38.4 % of the cost of the manual harvesting. The elevator agitation increased the
capacity and reduced the labor and cost as compared to no agitation. The speed ratios
of 0.57:1 and 0.85:1 seemed more effective to give increased capacity, and to reduce
labor and cost.

The tuber damage with speed ratio of 1.55:1 was significantly higher than the
manual method. The speed ratios of 1.04:1 and 0.85:1 without agitation, and 0.57:1
were not significantly different. The tuber damage was higher with agitation than
without agitation of the elevator chain.

The skinning, total tuber damage and total damage excluding skinning were signi-
ficantly increased by elevator agitation. The speed ratios had a significant effect on
serious damage, total tuber damage and total damage excluding skinning. There was
no effect of speed ratios and agitations on slight tuber damage and field leavings. The
interaction between the speed ratios and the elevator agitations was not significant.

The digger under study has poor manoeuvrability, cushionless elevator chain
and instability of different components due to enormous vibrations at higher speeds.
These drawbacks adversely affected its performance and require redesigning of the
related components.

INTRODUCTION

The potato (Solanum tuberosum L.) is an important crop in the Socialist People’s
Libyan Arab Jamahiriya. It is mostly planted in the coastal belt as the fall and the
spring crop. The area and production of potato has increased six-folds since 1965 (3).

The prevailing shortage of farm hands becomes acute and expensive during the
harvest season. The uncertainty and transient nature of the farm labor further aggrev-
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ates the situation. This adversely affects the efficiency and timeliness of harvesting
operations, increases the costs and reduces the farmer’s returns. The Jamabhiriya is
mechanizing her agriculture very rapidly. It is quite unfortunate that the machine-use
in potato cultivation is still under neglect. The benefits of mechanization: to reduce
the cost of harvesting and handling, to minimize the labor input, to eliminate the
arduous nature of the work and to improve the efficiency, need immediate attention.

The mechanization of potato harvesting for labor scarcity areas is an economical
proposition. The cushioning of all metal parts en route of tubers and easy man-
oeuvrability of potato diggers for reduced tuber damage and increased efficiency, was
also stressed (2, 5, 12).

Humphery (7) recommended the elevator speed of about 45 meters per minute and
minimum use of agitators to reduce tuber injuries during mechanical potato harvesting.
An increased tuber damage was caused by agitation of the elevator chain (4,7,10).
Cashmore (2) found slightly more tuber damage by machine than by man. He further
noted the minimum tuber damage for ratios of 0.7:1 and 1.0:1.0 between the elevator
speed and the forward speed. Magee (10) observed 7 times more damage due to chain
agitation and non-significant effect of elevator speed. A significant interaction between
elevator speed and agitations was found by Hopkins (6) regarding the tuber damage.
There was significantly more slight tuber damage with either an increase in elevator
speed or agitation. The chain speed to ground speed ratio was significantly cor-
related with tuber injuries and negligible field losses occurred under good operating
conditions (11). Rennie (12) observed 13.87% field leavings with the potato harvester
as against 11.9 9 with the manual harvesting operations.

This work was undertaken to find the most effective elevator speed to forward
speed ratios, with or without elevator agitation, for an imported mechanical potato
digger.

MATERIALS AND METHODS

The experiment was conducted at the Faculty of Agriculture Farm, University
of Alfateh, Tripoli, Socialist People’s Libyan Arab Jamahiriya, during the fall season
of 1976. The soil of the site is sandy loam. A randomized complete block design with
4 replications was used. The plot size was 0.75 x 25 m. The data were analysed accord-
ing to Le Clerg er al. (9).

The potato cultivar *““‘Cardinal” imported from Holland was propagated locally
during 1976 as the spring crop. The seed tubers taken from it were planted manually
on September 9, 1976 at the rate of 2 tons per hectare. The ridges were made 75 cm
apart with a mechanical ridger. The seed tubers were spaced at 25 cm in the ridge
at about 10 cm depth. A compound fertilizer (12-24-12) was applied in two equal
instalments, each at the rate of 300 kg per hectare, after complete emergence of plants
and before ridging up. The chemical pest control and manual weeding was practised.
The field was irrigated by sprinklers.

The harvesting was done on December 28, 1976 with the A.V.R. 75 Universal
potato digger imported from Holland. It is a single row, trailed and power take-off
driven digger with two positions for elevator agitation. It has a vibrating lifting knife
of 45 cm harvesting width. The manual harvesting was done with spade locally called
‘Misha’.

The four elevator speed to forward speed rations used were: 1.55:1, 1.04:1,0.85:1,
and 0.57:1 with or without agitation of the elevator chain. The former two ratios were
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at the forward speed of 2.75 kilometers per hour and the latter two at 3.75 kilometers
per hour (computed on the basis of fast and slow speeds of the elevator chain). The
theoretical field capacity (hectares per hour) and labor requirement in man-hours was
calculated from the time taken to dig and pick (no sacking) the tubers from a 25-meter
long ridge. The operational cost was calculated on the basis of prevailing seasonal
rental rates of labor and machinery.

The theoretical field capacity (TFC), labor requirement and cost of harvesting was
calculated by the following formulae:

2z
Theoretical field capacity = 0.00001 X — Avca harvested (o)
(ha/hour) Time taken to harvest (hours)

. Number of workers
Labor requirement = - -
(man-hours/ha) Theoretical field capacity

Cost of harvesting = Man-hours/ha x wages of worker’s team/hour
(Libyan Dinars/ha)
The seasonal rental rates of labor and machinery were as under:

a. Mechanical harvesting

Tractor + potato digger + operator = LD 2.500/hour
One picker = LD 0.500/hour
Total = LD 3.000/hour
b. Manual harvesting
One digger = LD 0.500/hour
One picker = LD 0.500/hour
Total = LD 1.000/hour
The potato tuber damage was evaluated as follows according to Larsen (8):
a. Skinning: One stroke of peeler, removing a 1.5 mm slice, removed the
whole damage.
b. Slight: Three strokes of the peeler removed the whole damage.
c. Serious: More than three strokes were required to remove the whole dam-

age. It also included the splits.

The tubers bigger than 2.5 cm in size, were picked up from the 25-meter long ridge
and weighed for the plot yields. The damaged tubers were then sorted out and weighed
to find out total tuber damage. The damaged tubers were separated by weight into
skinned, slightly damaged and seriously damaged. The post-harvest leavings were
collected from the ridge with hand tools after picking the tubers.

RESULTS AND DISCUSSION

Theoretical Field Capacity (TFC)

The mechanical digger had 6.50 to 9.50 times more TFC than the manual harvesting
(Table 1). The TFCs of elevator speed to forward speed ratios without agitation varied
from 0.039 to 0.052 as against 0.046 to 0.057 hectares per hour with agitation of the
elevator chain. The TCCs, without agitating the chain, were less due to incomplete
separation of the tubers from soil and vines. The speed ratio of 0.57:1 gave the highest
field capacity.




Table 1 Effect of elevator speed to forward speed ratios with or without elevator agitation, and the manual potato harvesting on theoretical field
capacity (TFC), labor requirement and cost of harvesting.

Elevator speed to TFC Man-hours Cost per Yield per Man-hours Cost per
forward speed hectares per hectare hectare per ton
ratios Elevator agitations per hour hectare (L.D.) (Tons) ton (L.D.)
1.55:1 With agitation 0.047 42.55 127.65 11.977 3.55 10.658
y " Without agitation 0.042 47.62 142.86 12.784 3.2 11.175
1.04:1 With agitation 0.046 43.48 130.44 13.360 325 9.763
il Without agitation 0.039 51.28 153.84 14.459 355 10.640
0.85:1 With agitation 0.050 40.00 120.00 13.280 3.01 9.036
o Without agitation 0.047 42.55 127.65 12.740 3.34 10.020
) With agitation 0.057 35.09 105.27 12.715 2.76 8.279
0.57:1 Without agitation 0052 38.46 115.38 13.491 2.85 8.552
Manual harvesting 0.006 333.33 333.33 12.745 26.15 26.154

Cl

WYWI "N ‘W ANV 414FHS ‘W 'S ‘AYHANVHD 'S ‘W



EFFECT OF POTATO DIGGER SPEED RATIOS AND ELEVATOR AGITATION 13
Labor Requirement

The labor required by the digger in man-hours per hectare was 10.5 to 15.4%] and in
man-hours per ton of tubers was 10.6 to 14.2%; of the manual method. The harvesting at
speed ratio of 0.57:1 required the minimum labor. The labor consumption was slightly
reduced with the elevator agitation as it gave a clean swath of tubers.

Cost of Harvesting

The cost of potato harvesting per hectare with the digger was 31.6 to 46.2%; of the
manual method. This range was 31.7 to 42.7%, for the cost per ton of tubers. The cost
per hectare was slightly higher by harvesting without elevator agitation. This was
due to slow picking of tubers from an uncleaned swath. The speed ratio of 0.57:1 was
the least expensive.

The mechanical potato digger had more field capacity, and required less labor and
cost than the manual harvesting as also shown by (2,12); although these qualities were
adversely affected by the cushionless elevator chain and poor manoeuvrability (5).

Tuber Losses

The differences among means of tuber damages in various categories for all
treatments except the slight tuber damage (Table 2) were significant. The skinning
was significantly less with the manual harvesting (4.48%) as compared to other treat-
ments. The speed ratio of 1.55:1 resulted in the maximum (16.38 and 11.68%,) skinning.
It also gave significantly more (7.65 and 5.05%) serious tuber damage than the manual
method (2.10%,). The other ratios (1.04:1, 0.85:1 and 0.57:1) were comparable to the
manual digging. All speed ratios, except 0.85:1 and 0.57:1 without agitation, gave
significantly higher total tuber damage as compared to the manual harvesting (8.95%).
The highest total damage (31.68 and 20.90%,) was noted for speed ratio of 1.55:1 with
and without agitation. The total tuber damage was increased by agitation in all speed
ratios. The total tuber damage excluding skinning was significantly more than the
manual method (4.48%,) with all the speed ratios except 0.57:1, and 1.04:1 and 0.85:1
without agitation of elevator chain. The speed ratio 1.55:1 resulted in the maximum
damage (15.3 and 9.23%)). Similar observations are also reported in literature (1,2,4,
7,11). The cushionless elevator chain was one of the causes for the increased damage
with the digger as reported by Hawkins (5). Our results, however, did not agree with
him as he found significantly more slight tuber damage with either higher elevator
speeds or agitations.

The field leavings (harrowings) were also significantly less with the manual har-
vesting (2.06%,) as against the speed ratios of 1.55:1 (8.57 and 7.72%), 1.04:1 without
agitation (5.61%) and 0.57:1 with agitation (6.43%). The other speed ratios were
comparable to manual method as also shown previously (11,12).

The effect of elevator agitation on the skinning of tubers was significant (Table 2).
The agitation results in 12,579, skinning as against 9.41%, without agitation. The speed
ratios did not significantly affect skinning percentage. There was no significant inter-
action between the speed ratios and the agitations. The data in Table 2 shows that speed
ratios and agitations, and their interaction did not have any significant effect on the
proportion of slight tuber damage as also shown by other workers (4,5,7,10). The
observations of Hopkins (6) were different regarding the effect of either elevator speed
or agitation on the slight tuber damage.




Table 2 Effect of elevator speed to forward speed ratios with or without elevator agitation, and the manual potato harvesting on tuber losses.

Total
damage
Slight Serious Total excluding Field
Elevator speed Skinning damage damage damage skinning leavings

to forward % % % % % %

speed ratios Elevator agitations 1 2 3 4 5 6
1.55:1 With agitation 16.38 7.65 7.65 31.68 15.30 8.57
o Without agitation 11.68 4.18 505 20.90 9.23 1.72
1.04:1 With agitation 10.85 4.18 4.88 19.90 9.05 5.15
S Without agitation 9.48 3.35 3.60 16.43 6.95 5.61
&t With agitation 11.40 3.70 4.08 19.18 7.78 5.39
85:1 Without agitation 8.55 3.03 370 15.28 6.73 4.76
0.57:1 With agitation 11.63 375 298 18.35 6.73 643
o Without agitation 7.93 3.00 333 14.25 6.33 5.44
Manual harvesting 448 2.38 2.10 8.95 448 2.06
LSD (0.05) 344 N.S 292 7.40 331 346

LSD (0.05) for elevator speed to forward speed ratios with or without agitation were:

Column 1. due to agitation 2.71%,
3. due to ratios 2.18%
4, due to ratios 5.40%, and due to agitations 3.82%,
5. due to ratios 2.45%, and due to agitations 1.737%
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The speed ratios gave significant differences among the mean values of serious tuber
damage (Table 2). The values for speed ratios of 1.04:1, 0.85:1 and 0.57:1 (4.24,
3.89 and 3.16%, respectively) were comparable, but 1.55:1 resulted in a significantly
higher value (6.35%) as compared to other speed ratios. The effect of agitations and
the interaction between the treatments was non-significant. Cashmore (1) and Peter-
son er al. (11) have reported corroborating results. Magee (10) made dissimilar obser-
vations and found significantly higher tuber damage due to agitation of the elevator
chain.

The occurrence of total tuber damage presented in Table 2 shows that the effect of
speed ratios and agitations was significant. The speed ratios of 1.04:1, 0.85:1 and
0.57:1 with 18.17, 17.23 and 16.30%, damage respectively were statistically similar.
The speed ratio of 1.55:1 gave significantly higher total tuber damage (26.35%) than
other speed ratios. The agitation of elevator chain also had a significant effect on total
tuber damage. The agitation produced 22.31%, damaged tubers as against 16.72%, with-
out agitation. There was no interaction between the speed ratios and agitations. These
results agreed with those reported by (1,4,7,10,11).

The effect of the speed ratios and the agitations on the total tuber damage excluding
skinning (Table 2) was significant but their interaction was non-significant. The speed
ratios of 1.04:1, 0.85:1 and 0.57:1 gave similar effects. The respective damage was
8.00, 7.26 and 6.53%. A significantly higher tuber damage (12.279) was found with
1.55:1 speed ratio. The percentage of field leavings (Table 2) was not significantly
affected by speed ratios and agitations, and their interaction. The workers like (1,10,
11,12) have made similar observations.

The digger under study has poor manoeuvrability, cushionless elevator chain and
instability of different components during the operation. This adversely affected its
superiority over the manual harvesting.
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