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Abstract

Skilled workers are engaged in
climbing palmyrah tree for harvest-
ing nuts, crown cleaning and neera
collection. Difficult in getting the
services of skilled palmyrah climb-
ers in time and their high wages,
accident risk factors are perceived
as important constraints in profit-
able palmyrah cultivation, For en-
suring safety in tree climbing and
to encourage even unskilled palm
workers into climbing the tall tree,
a palmyrah tree climber with safety
features has been developed. The
device has a set of upper and lower
frames, which are alternately used
to grip the tree for climbing up or
down. The upper frame of tubular
construction has a seat, side rails
and a back support. The safety fea-
tures viz., adjustable and pivotable
seating arrangement, improved con-
figuration of tree holding section,
side support in any direction, safety
rope and turn buckle mechanism
enhance safety and comfort of the
user. The performance of palmyrah
tree climbing device was evaluated
in terms of safety. comfort, output,
saving in cost and time of operation
and compared with conventional
method. The use of palmyrah tree

climbing device enhanced the com-
fort of the workers with 28-29, 36-
43 and 36-37 percent reduction in
energy expenditure, overall dis-
comfort rating (ODR) and body part
discomfort score (BPDS) respec-
tively. Also it resulted in three and
four fold increase in the safety and
ease of operation respectively when
compared with conventional method
for neera tapping and fruit harvest-
ing operations. Though the capacity
of palmyrah tree climbing device
with safety features for harvesting
fruit bunches and tapping neera was
lower than the conventional method,
it resulted in alleviation of acute
skilled labour constraints in palmy-
rah cultivation with enhanced safety
and comfort. The cost of fruit bunch
harvesting and neera tapping opera-
tion using palmyrah tree climbing
device with safety features is com-
parable.

Introduction

Climbing techniques of palmyrah
palm is similar to that of coconut
palm. Two basic techniques used for
climbing palm trees are front foot
technique and frog technique. The
front-foot technique used by the

workers to climb palmyrah tree is
very similar to rock climbing. The
accessories employed by the worker
viz., a ladder, a pair of gripping
aids for upper and lower part of the
body. a basket for holding the knife,
a wooden tongs/stave and containers
for the lime and for collecting the
sap from the tree. Skilled workers
are engaged in climbing palimyrah
tree for harvesting nuts. crown
cleaning and neera collection. Due
to various socio-economic fac-
tors, the number of such traditional
skilled palm climbers is steadily
declining. It was a challenge to the
technology developers to fabricate a
simple, safe and easy to use device
for climbing palmyrah tree, which
could even be operated by an un-
skilled person.

Methods and Materials

The sequence of operations car-
ried out by the worker after reaching
the top of the tree for neera tapping
as shown in Fig. 1 is anchoring his
body on the tree trunk with the help
of the gripping aids, transferring the
sap form the clay pot fitted with the
inflorescence to a container carried
on the back of his body, slicing the
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male/female inflorescence using
the knife, pressing and stroking the
male/female inflorescence with the
help of wooden tongs/stave for soft-
ening the tissue, applying lime in-
side the clay pot with a brush, fitting
the clay pot back on the inflores-
cence stalk, moving around the tree
and repeating the above sequence of
operations for all the matured inflo-
rescence and cleaning the crown of
the tree.

The sequence of operations car-
ried out by the worker after reach-
ing the top of the tree for harvest-
ing fruit bunch is tying a pair of
adjacent bunches with the coir rope,
cutting the stalk of the fruit bunch

with knife, lowering the bunch to
the ground level with the help of
rope or tying the harvested bunches
with hip, moving around the tree
and repeating the above sequence of
operations for all the matured fruit
bunches and descending the tree
with fruit bunches as shown in Fig,
2.

After completion of the operation
at the top of the tree, the worker
descends. For descending, he low-
ers his hands one by one behind the
trunk with aid and just lets the sole
of his feet with the aid drag against
the tree. While descending. he car-
ries the weight of neera or fruit
bunches on his back.

Fig. 1 Unit operations involved in neera tapping

Transfering neera from clay
pot to the container

Pressing the inflorescence
with wooden tongs

Fitting the clay pot

#35
Slicing the inflorescence

Cleaning the crown of tree

to the ground

' 'L

Tieing, harvesting and dropping the fruit bunch from tree top

Descending with the fruit bunch tied to the hip

The technique of gripping the
tree with both hands and feet, using
gripping aids and then pushing up
the body to climb higher. results in
intermittent pressure over the soles
and palms leading to thickening of
skin in palms,, legs and shoulder
of the worker. In response to fric-
tion, there is steady rate of increase
in epidermal turnover, and laying
down of thickened vertically ori-
ented collagen bundles in papillary
dermis, resulting in lichenfication
in fore arms as shown in Fig. 3. The
other health hazards associated with
palmyrah tree climbing include slip
during rainy days and insect bite.
Carrying the accessories viz., ladder
(12 kg) and ascending the palmyrah
tree with a basket for holding the
knife (1.2 kg), a set of gripping aids
(1.4 kg) and containers for collecting
the sap (0.4 kg) from the tree and

Fig. 2 Unit operations involved in fruit bunch harvesting
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for the lime (0.04 kg), descending
with an additional weight of neera
(5-10 kg minimum per tree) results
in lower back pain and musculoskel-
etal disorders.

Hence for minimizing drudgery
of the arecanut plantation workers
with increased safety at reduced
human energy expenditure level, a
palmyrah tree climbing device with
safety features has been developed.
The developed device has a set of
upper and lower frames, which are
alternately used to grip the tree for
climbing up or down (Fig. 4). The
upper frame of tubular construc-
tion has a seat. It has an adjustable/
detachable ‘U” member between
which and the main frame, the tree
is gripped. The user sits comfort-
ably on the seat facing the tree, the
force of which grips the tree quite
firmly. The lower frame is also

constructed similarly, but lighter in
weight and has a provision for the
operator to hold it with his toes. The
worker first sits on the upper frame
and pulls the lower frame up with
his legs. Then he puts his weight
on the lower frame, stands on it
and pulls up the upper frame. This
action is alternated and the climb-
ing is executed. The device can be
adjusted to accommodate the small
range of variations in the palm tree’s
girth with turn buckle mechanism.
However the diameter of a typical
palmyrah near the ground and up
to a height of 3 m being quite huge,
the developed device cannot be
accommodated in this part of the
tree. So, similar to the ladder/device
that a traditional climber uses, an
aluminium ladder of 3 m height has
been provided along with the climb-
ing device. This ladder has a hoop

Fig. 3 Health hazards associated with palmyrah trec climbing

Thickening of skin in palms
of palmyrah tree climber

Thickening f shoulder of
palmyrah tree climber

Gripping aids, Neera container and knife

= & -
Thickening of skin in Jegs of
palmyrah tree climber

Lichenfication (Occupational

dermatosis) in forearms of
palimyrah tree climber

I

' :
Upper and lower frame assembly fitted in palmyrah

Alternate sitting and
standing action of worker for
ascending/descending

3 _.

R
>

Tapping neera and Harvesting of fruit bunches

to lock itself to the tree as well as
a foldable top, on which the climb-
ing device can be positioned and
clamped on the tree for the operator
to climb on to it (Fig. 4). The speci-
fications of Palmyrah tree climbing
device with safety features are fur-
nished in Table 1.

The performance evaluation of
palmyrah tree climbing device with
salety features is compared with
conventional method for harvesting
fruit bunches and tapping neera.
The physiological stress imposed
on the worker for ascending, neera
tapping/fruit bunch harvesting
and descending palmyrah tree op-
erations viz., heart rate (beats per
min’') and energy consumption of
work (kJ min'). The heart rate and
oxygen consumption rate was re-
corded using computerized ambula-
tory metabolic measurement system
(K4b2). The discomfort experience
by the worker was assessed interms
over all discomfort rate (ODR) and

Fig. 4 Palmyrah tree climbing device with safety feratures

tree

Ladder used for fitting the
device at 3 m height form
ground level

bR

| .
.
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body part discomfort score (BPDS).
The Corlett and Bishop (1976)
technique of 10: point psychophysi-
cal rating scale (0: No discomfort,
10: Extreme discomfort) for the
assessment of (ODR and the local-
ized discomfort for BPDS. For the
assessment of safety rating. a 10:
point psychophysical rating scale (0:
Completely secure and no fear, 10:
Totally insecure and extreme fear)
and for the assessment of ease of
operation, a 10: point psychophysi-
cal rating scale (0: Very easy, 10:
Extremely difficult) was used which
are an adoption of Corlett and Bish-
op (1976) technique.

Results and Discussion

Performance Evaluation

The results of performance evalu-
atton of palmyrah tree climbing
device with safety features and
conventional method for harvesting
fruit bunches and tapping neera are
furnished in Table 2.

The capacity of palmyrah tree
climbing device with safety fea-
tures for harvesting fruit bunches
and tapping neera was lower than
the conventional method. The may
be due to the proficiency level of
the skilled workers in traditional
method. However the use of ergo re-
fined palmyrah tree climbing device
by unskilled labour with enhanced
safety, comfort and stability will
alleviate the acute skilled labour
constraints in palmyrah cultivation.
The cost of fruit bunch harvesting
and neera tapping operation using
palmyrah tree climbing device with
safety features was almost same
as that of conventional method.
Both the operations of harvesting
fruit bunches and tapping neera are
performed by a handful of skilled
workers only on contract basis, the
cost of operation is comparable. The
cost of the ergo refined palmyrah
tree climbing device with the ladder
is Rs. 7,000.

Ergonomic Benefits

To ascertain the improved com-
fort, safety and ease of operation of
the palmyrah tree climbing device

for harvesting fruit bunches and
tapping neera, the ergonomic pa-
rameters are measured compared
with conventional method and the

Table 1 Specifications of Palmyrah tree climbing device with safety features

o Particulars
Over all dimensions of upper frame (L x B x H), mm
Size of the lower frame (L x B), mm
Size of the rigid base section in upper frame (L * B), mm
Size of tree gripping section in upper frame (L x B), mm
Number of cross rail in upper frame
Number of cross rail in lower frame

Length of gripping aid (rubber bush) in “U * shaped
adjustable frame, mm

[ength of gripping aid (rubber bush) in cross rail of tree
gripping section, mm
Diameter of rubber gripping bush, mm

Gripping diameter of tree trunk in extendable "U™ frame,
min

Mechanism for adjusting the gripping diameter while
ascending or descending the tree

Number of gripping aids (rubber bush) in upper frame
Number of gripping aid (rubber bush) in lower frame
Total weight of the climbing device, kg

Weight of the lower frame, kg

Weight ol the upper frame, kg

Seating arrangement

Diameter of lime container holding ring, mm
Diameter of wooden tongs holding ring, mm
Length of wooden tongs, mm

Weight of wooden tongs, kg

Height of ladder, mm

Weight of ladder, kg

Size of platform on ladder top (L. * B x H), mm

Values
1,125 x 545 x 730
600 x 515
575 x 514
465 x 525
3
4
215
\ 100
50

200-400 mm adjustable
in 5 steps
Turnbuckle mechanism

3

3
16.7
35
11.2
Rigid type (adjustable
and pivotable)
80

60

920

1.2

3,000

14.9

385 x 300 > 20

Table 2 Results of field performance evaluation of palmyrah tree climbing

DETAILS

Total time consumed (for zlsccnding.})erforming
operations and descending) per tree, s

Number of trees climbed per hour

Number of fruit bunches harvested per hour

Quantity of {ruit bunches harvested per hour

Quantity of neera collected, lit per hour

Cost of ascending, fruit bunches harvesting and
descending palmyrah tree, Rs. per tree (Operation
performed only on contract basis only)

Cost of operation of palmyrah tree climbing ’
device, Rs. per hour

Cost of fruit bunch harvesting. Rs per kg

Cost of ascending, tapping necra and descending
palmyrah tree. Rs. per tree (Operation performed
only on contract basis only)

Cost of tapping neera, Rs./lit

7[’almyrah tree climbing practices
Conventional | Palmyrah tree
method climbing device
240 514
15 7
80 20
720 180
120 78
15.00 -
- 52.70
0.32 0.29
5.00 -
0.63 0.68
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Table 3 Comparison of ergonomic parameters of palmyrah tree climbing practices

Parameters

A. Neera tapping
Heart rate, beats min™!
Energy expenditure, kJ min™!
ODR
Over all safety rating (OSR)
Ease of operation rating (OER)
Body Part discomfort score (BPDS)
B. Fruit bunch harvesting
Heart rate, beats min™
Energy expenditure, kJ min”
ODR
Over all safety rating (OSR)
Ease of operation rating (OER)
Body Part discomfort score (BPDS)

values are furnished in Table 3.

The use of palmyrah tree climbing
device enhanced the comtort of the
workers with 28, 43 and 37 percent
reduction in energy expenditure,
overall discomfort rating (ODR)
and body part discomfort score
(BPDS) respectively. The safety and
ease of neera tapping operation was
increased by four and three times
respectively when compared with
conventional method.

The use of palmyrah tree climbing
device enhanced the comfort of the
subjects with 29, 36 and 36 percent
reduction in energy expenditure,
overall discomfort rating (ODR)
and body part discomfort score
(BPDS) respectively. The safety and
ease of neera tapping operation was
increased by four and three times
respectively when compared with
conventional method.

Conclusions

For enhanced safety and comfort
of the user, a palmyrah tree climb-
ing device with safety features viz.,
adjustable and pivotable seating ar-
rangement, improved configuration
of tree holding section, side support
in any direction. safety. rope and
turn buckle mechanism has been
developed out. The performance of

Conventional Palmyrah tree

~method | climbing practice
160 130
' 34.4 24.9
8.0 4.6
2.0 8.2
‘ 2.7 7.9
: 51 32
168 136
( 36.8 26.2
| 8.3 5.1
1.9 8.9
25 8.2
55 35

palmyrah tree climbing device was
evaluated in terms of safely, com-
fort, output, saving in cost and time
of operation and compared with
conventional method. The use of
palmyrah tree climbing device en-
hanced the comfort of the subjects
with 28-29, 36-43 and 36-37 percent
reduction in energy expenditure,
overall discomfort rating (ODR) and
body part discomfort score (BPDS)
respectively and increased the safe-
ty and ease of operation by four and
three folds respectively for neera
tapping and fruit harvesting opera-
tions when compared with conven-
tional method. Though the capacity
of palmyrah tree climbing device
with safety features for harvesting
fruit bunches and tapping ncera was
lower than the conventional method,
It resulted in alleviation of acute
skilled labour constraints in palmy-
rah cultivation. The cost of fruit
bunch harvesting and neecra tap-
ping operation using palmyrah tree
climbing device with safety features
is comaparable. The cost of the ergo
refined palmyrah tree climbing de-
vice with the ladder is Rs.7,000.
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