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Abstract 

Sk illed workers are engaged l!l 

climbing pa lmyrah tree for harvest­
ing nuts, crown clean ing and neem 
collection . Difficult in ge tti ng the 
servic s of sk i lied palmyrah cl imb­
ers in time a nd their hig h wages, 
accident r isk fact rs are percci ed 
as important con stra ints in profit­
ab le pa lmyra h cultivation, For en­
ur ing safety in lree dimbing and 

to encourage even Inskilled pal m 
workers into cl im bing the lall tree. 
a palmyrah tre cl imber w ith safety 
fea tures has been devel oped . T he 
device has a set of upper and 10 er 
frames , w hich are a ltem ately used 
to gri p the tree for climb ing up or 
down . The up pe r f rame of tubu lar 
cons tr uctio n has a se at , side rai ls 
and a back support. The safety fe ­
tures vi z ., adj us table and pivotable 
seating arrangement , improved con-

Iguration of tree ho lding section, 
side support in any di rect io n, safety 
rope and turn buck I mecha ni m 
enhance safety and comfor t of the 
user. The perform ance of palmyrah 
tfce dimbi ng device was eva luated 
i\l terms of safety, comfort, output, 
,w ing in cost and tille of operation 

nn d compared wi th con e nt ional 
method. The use of pal my rah tree 

climbing dev ice enhanced the com­
fort of the workers with 28-29, 36­
43 and 36-37 pcn;en t reduction in 
energy expend it u re, overa II d is ­
comfort rat ing (ODR) and body part 
di scomfo rt score (BPDS) re s pec­
ti ve ly. Also it resul ted in three and 
four fo ld increase in th safety and 
ease of operation respectively when 
comp red with convent iona l method 
for neera tapping and frui t ha rve t­
ing operations. hough the capac ity 
of pa lmyrah t ree c lim bi ng device 
w ith safety features for harvesting 
fruit bunc hes and tapping neera was 
10 er than the conventional method. 
it resu lted in allev iat ion of acute 
skill ed labour constrai nts in pa lmy­
rah cultivat ion ""ith enhanc d safety 
and comfort . The cost of fruit bunch 
harvesting and neera lappi ng opera­
ti on u ing pa lmyrab tree cli m bing 
de ice with safety [!' atures i com­
parable. 

Introduction 

Climbing techn iques of palmyrah 
pa lm is s imilar to that of coconu t 
palm, Two basic techn iq ues used fo r 
cli mbing palm trees are fro nt foot 
techniq ue and frog technique. T he 
front-foot tech nique used by the 
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workers to cli mb palmyrah tree is 
very s im ila r to rock climbing. T he 
accessories employed by the worker 

iz ., a ladder, a pa ir of gr ipp ing 
aids for upper and 10\ er par t of the 
body, a basket for holdi ng the kni fl!, 
a wooden tongs/stave and contai ners 
for the lime and ror collecting thl:: 
sap from the trec . Sk il led \ orkers 
are engaged in climbing palmyrah 
tre e for h a r ves ting nuts. cro wn 
clean ing and neem. collection . Due 
to va ri ou s soci o- economi c fac ­
to rs, the number of such tradit ional 
sk illed palm cl im be rs is stead il y 
decli ni ng. It was a challenge to the 
techno logy developers to fabricate a 
si mple, safe and easy to use dev ice 
for climbing pal myrah tree, wh ich 
could ev n be operat ed by an un­
sk il led person. 

Methods and Materials 

T he seque nce of operat ions ca r­
ried out by the worker after reach ing 
the top of the tre for neera tapp ing 
as shown in Fig. 1 is anchor ing h is 
body on the tree trunk with the help 
of the gri pp ing aids , transferri ng the 
!'lap fo rm the clay pot fi tled with the 
inAorescenc 10 a con taine r carr ied 
on the ba k of his body, slicing the 
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ma le/ le male in f lo res cence us ing 
the kni iC, press ing and stroking the 
male/female inflorescence with tbe 
hclp of wooden tongs/stave fo r soft­
ening the tissue. apply ing lime in­
side the clay pot w ith a brush , n!li ng 
the cl ay pot back on the inflores­
cence stalk, mov ing around the tree 
and repeating the above sequence of 
operations for all the matured inflo­
rescence and cleani ng the crown of 
the tree. 

The sequence of opera tions car­
ri ed out by the worker after rcach­
ing the top of the tree for harvest­
ing fru it bunch is tyin g a pair of 
adjacent bunches with the coir rope, 
cutt ing the stalk of the fruit bunch 

Transfer ing neera from cl ay 
pot to the container 

':. ­
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Pressi ng the inflorescence 
with wooden longs 

FiUing the clay pot 

with knife, loweri ng the bunch to 
the ground level w ith the help of 
rope or ty ing the harvesled bunches 
with hip, moving a round th e tree 
and repeating the above sequence of 
operations for all tbe matured fr u it 
bunches and descending the tree 
with frui t bUllches as show n in Fig. 
2. 

After completion of the operation 
at the lop of the tree, the worker 
desce nds. For descending, he low­
ers his hands one by one behi nd the 
trunk with aid and j ust lets the sole 
of his feet with the aid drag against 
the tree. Whi le descendi ng. he CM­

ries t he weigh t of ncera or fru it 
bunches on his back. 

ieing, harvesting and dropping the fruit 
to the ground 

S I ici ng the in florescence 

The tec hn ique of gripping the 
tree w ith both hands and feet , using 
gr ippi ng aids and then pushing up 
the body to cli mb higher. resu lts in 
intermittent pressure over the sales 
and palms leading to thicken ing of 
skin in pa lms" legs and shou lder 
of the worker. ] n response to fric­
tion. there is steady rate of increase 
in epidermal turnover, and lay ing 
dow n of th ickened vertica lly ori ­
ented collagen bundles in papilla ry 
derm is, resu lti ng in lichcnrication 
in fore arms as shown in Fig. 3. The 
other health hazards associated wi th 
palmyrah tree climbing include slip 
dur ing rai ny days and insec t bite . 
Carry ing the accessories viz., ladder 
(12 kg) and ascending the palmyrah 
tree with a basket for hold ing the 
knife (1.2 kg), a set of gr ippi ng aid 
(1 .4 kg) and containers for collecting 
the sap (0.4 kg) from the tree and 

Harvest ing and lieiing the fruil hunch with hip 
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Fig. 3 Hea lth hazards associa ted with palmyrah tree climbing'" 

Fig. 4 Palmyrah tree climbing dey ice with safety feratures 

p 

Al ternate sitting and Ladder u ed for fitt ing the 
standing ac tion of worker for dev ice at 3 m height form 
ascendi ng/descend i ng ground level 
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constructed imilarl . but lighter in 
weight and has a provision for the 
operator to hold it with his toe . The 
worker fi r t sits on the upper frame 
and pulls t he lower frame up wi th 
his Icgs. T hen he puts his weig ht 
on the lower frame, stands on it 
and pu lls up the upper frame. This 
act ion is al ternated and the cl imb­
ing is executed. The device can bc 
adjusted to accom modate the small 
range of variations in the pa lm tree's 
girth with tu rn buckle mechanism . 
Ilowever the diameter of a typ ical 
palmyrah nea r the grou nd and up 
to a hcight of 3 m being qu ite huoe, 
the dc eloped dev ic e cannot be 
acc mmodated in this part of the 
tree. So, similar to the ladder/dev ice 
that:l trad it ional climber uses, an 
alu minium ladder of 3 m he ight has 
been providc:d along with the climb­
ing device. This ladder has a hoop 

Thic kening of sk in in Jegs of 
palmyrah tree climber 

Thicken ing of skin in palms 
uf pa lmyrah tree climber 

Th icken ing of shoulder of 
palmyrah tree dimber 

Lichenficalion (Occupat iona l 
dermatosis) in forearms of 
palmyrah tree climber 

Addilonal weight carried by the worker Ladder, Kni fe ho lde r, 
Gripping aids. Neera container and k nife 

to lock itsel r to the tree as w II as 
a fI Idable top, on which the climb­
ing device can be posit ioned and 
clamp d on the tree for the operator 
to climb on to it (Fig. 4). The speci­
ficat ions of Pa lmyrah tree climbi ng 
device with safety feat ure,' are fur­
nished in Table 1. 

The perfo rma nce evaluation of 
palmyrah tree climbing device with 
s a~ ty features is compared with 
conventional method for harvesting 
fru it bunches and tappi ng nee ra . 
The physiologi ca l stress imposed 
on the worker fo r ascend ing, neera 
tapp ing/ fru it bUllc h harvesting 
and descend ing palmyrah tree op ­
erations vi z., hea rt rate (beats per 
min-I) and energy consu mption of 
work (kJ min· l ). Th h art fate and 
oxygen consumption ral e was re­
corded using computerized ambula­
tory metabolic measurement system 
(K4b2). The discomfort experience 
by the worker was assessed interms 
over all di comfort rale (OOR) and 

for the lime (0.04 kg), descending 
wIth an additiona l weight of necra 
(5- JO kg ffilnimum per tree) re ulls 
in lower back pain and musculoskel­
etal disorders. 

Hence for mi nimi7 ing drudgery 
of the ar canLl t plan tation workers 
with increased safety at redu ced 
human energy expenditure Ie el, a 
pa lmyrah tree cl imbing dev ice with 
ati ty featu res has been developed. 

The devel ped device has a se t of 
upper and lower frames, \vh ich are 
alternate ly lIsed to grip the tree for 
climbing up or down (Fig. 4). The 
upper fra me of tub ul ar constru c­
tion has a seat. It has an adjustablel 
detac habl c .U' me mber bet ween 
which and the main frame. the tree 
is oripped. The user its comi' rt ­
ably on the seat fac ing the tree. the 
fo rce of wh ich grips the tree qu ite 
firmly . The lower fra me is al so 
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body par t discom fort score (BPOS). 
Th e Corl ett and Bis hop ( 1976) 
technique of 10: point psychophysi­
cal rali ng scale (0: No discomfort, 
10: Extre me di scomfor t) fo r t he 
assessment of (ODR and the loca l­
ized di scomfort for BPDS. For the 
assessment of sa fety rating, a 10: 
point psychophysical rating scale (0: 
Completely secure and no fear, 10: 
Totally insecu re and extreme fear) 
and fo r t he assessment of ease of 
operation, a 10: poi nt psychophysi ­
cal rar ing scale (0: Very easy, 10: 
Extremely difficul t) was used which 
are an adoption of Corletl and Bish­
op (1 976) technique. 

Results and Discussion 

Performance Evaluation 
The results of performance evalu­

ation of palmy rah t ree c li mbing 
devic e with safety featu res and 
conventiona l method for harvesting 
fru it bunches and tappi ng neera are 
furn ished in Table 2. 

The capacity of pa lmy rah tree 
cl imbi ng dev ice with safety fe a­
tures for harvesting fruit bunches 
and tapping neera was lower than 
the conventional method. The may 
be due to the profi ciency level of 
th e sk il led workers in traditional 
method. However the use of ergo re­
fi ned palmyrah tree cli mbing device 
by unski lled labour with en han ced 
~ afety, comfort and stab i lity will 
al leviate the acu te skil led labour 
constra ints in pal myrah cultivation . 

he cost of fruit bunch harvesting 
and neera tapping operation usi ng 
paLmyrah tree climbing device with 
safe ty fea tures was alm ost sa me 
as th a t of con venti onal meth od . 
Both th e operation s of harves ting 
fru it bunches and tapping neera are 
performed by a handful of skilled 
workers only on contrac t bas is, the 
cost of operation is comparable . The 
cost of the ergo refi ned 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 palrnyra h tree d imbing device 

for harvest ing frui t bu nches an d 
tapp ing neera , the e rgonomic pa­
ra me ters are measu red compa red 
with conventional method and the 

Table 1 Specificati ons of Palmyrah tree climbing device with sa fety features 

Particulars 
vel' 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 x B), mm 
Size of tree gripping section in upper frame (L x B), mm 

Number of cross rail in upper fram e 
Number of cross rail in lower frame 
Length of grippi ng aid (rubber bush) in "U ,. shaped 
adjustable frame , mm 
ength of gr ipping aid (rubber bush) In cross rail of tree 

grippi ng section, mm 

Diameter of rubber gri pping bush, mm 
Gripping diameter of tree trunk in extend ~ble 'U" frame, 
mm 

Mechan is m fOf adjusting the gripping diameter while 
ascending or descending the tree 

umber of gripping aids (rubber bush) in upper frame 

umber of gripping aid (ru bber bush) in lower frame 


Total weight of the climbing device, kg 

Weight of the lower fram e, kg 
Weight of 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 011' ladder, kg 

ize of platform on ladder top (L x B x i-I), mm 

Value 

1,125 x 545 x 730 

600 x 515 


575 x 514 

465 x 525 


3 

4 


I 215 

I 100 

50 
200-400 mm adjustable 
in 5 steps 

Turnbuckle mechani sm 

3 

3 

16.7 

5. 5 
IJ.2 

Rigid type (adjustable 
and pivotable) 


80 

60 


920 

1.2 

3,000 
14.9 

385 x 300 x 20 


Table 2 Results of field performance evaluati on of palmyrah tree climbing 

DETAILS 

Total time consumed (fo r ascending, performi ng 
operations and descending) per tree, s 

umber of tree" climbed per hour 
umber of fruit bunches harvested per hour 

Quantity of fruit bunches harvested per hour 
Quantity of necra collected, lit per hour 
Cost of ascending, fruit bunches harvesting and 

descending palmyrah tree, Rs. per tree (Operat ion 
performed only on contract basis only) 

Cost of operat ion of palmyrah tree climbing 
device, Rs . per hour 

Cost of fruit bunch harvesting, Rs per kg 
Cost of ascending, tapping neera and descending 

palmyrah tree. Rs. per tree (Operation performed 
only on contract basis only) 

Cost of tapping neera, Rs'/ lit 

Palmyrah tree cli mbing pract ices 
Convent ional Pa lmyrah tree 

method cli mbing device 

240 

15 
80 

720 
120 

15.00 

0.32 

5.0 0 

0.63 

514 

7 
20 

180 

78 

52.70 

0.29 

0.68 
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!s and Table J Com parison of ergonomic parameters of palmy rah tree climbing practices 
Ie pa­ Conventional Palmyrah tree Parameters pared method cli mbing prac tice 
ld the A. Neera tapping 

H art rate, beats min" 
Energy expenditure, kJ min- ' es 
ODR 

Over all safety rating (OS R) 

Ease of operation rating (OER) 


Body Part discomfort score (BPDS) 

B. Fruit bunch hllrvcsting 

Heart rate, beats min-' 

Energy expenditure, kJ min-' 

ODR 

Over all safety rating (OSR) 


use of operation rating (OER) 

Body Part discomfort core (BPDS) 

ble 

values are furnished in Table 3. 
im 

The LI se of palmyrah tree climbing 
device enhanced the com fo rt of the 
workers with 28, 43 and 37 percent 
reduc tion in energy expend iture, 
overall discom fort rating (OD R) 
and body pa r t discomfort sco re 
(BPDS) respectively. The safe ty and 
ease of neera tapping operation was 
increased by four and t h ree times 
re spec tively whe n compared with 
conventional method. 

The use ofpalmy rah tree climbing 
device enhanced t he comfort of the 
subjects w ith 29, 36 and 36 p rcent 
red uct io n in e ne rg y ex pe nditure, 
overall d is comfor t rat ing (ODR) 
a nd body part discom fort score 
(BPDS) respective ly. The safety and 
ease of neera tapping operation was 
increased by fo ur an d three limes 
res pect ive ly when compared wi th 
conventional method. 

Conclusions 

For enhanced safety and comfort 
of the user, a palmyrah tree cli mb ­
ing device with safety fea tures viz., 
adjustable and pivotable seating ar­
rangement, improved configu ration 
of tree holding section, side support 
in any direction , safl ty rope a nd 
t ur n buckle mechanism has bee n 
developed out. The performance of 

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 89 
2.5 8.2 
55 35 

palmyrah tree climbing device \-vas 
evaluat d in terms of safe ty, com­
fort, output, savi ng in cost and t ime 
of operation and co mp ared with 
con vent ional method. T he use of 
palmy rah tree climbing device en ­
hanced the com fort of the subjects 
w ith 28-29, 36-43 and 36-37 p rcent 
reduction in energy xpend it ure, 
o erall discomfort rating (ODR) and 
body part discomfort score CBPD ) 
respectively and increased the safe­
ty and ease of operation by four and 
thrc folds re spective ly fo r neera 
tapping and fruit harvesting opera­
tions when compar d with conven ­
tional method. Though the capacity 
of palmyrah tree climbi ng device 
wit h safety featu res for ha rves ting 
fruit bunches and tapping neera was 
lower than t he conventional method, 
It resulted in a llev iat ion of acute 
skilled labour constra ints in palmy­
rah cul tivat ion. T he cost of fruit 
bun ch ha rvesting and ne e ra tap­
ping operation usi ng palmyrah tree 
climbing de 'ce with safe ty featu res 
is comaparabl . T he cost of the ergo 
re fined pa lmyrah tree climbing de­
vice with the ladder is R. .7,000. 
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