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Abstract

Introduction: Date fruit production has an important position in either Iran or the world. Life and
economy of many of people who live in the West Asia and North Africa (WANA) depend on this
agricultural product. Date palm crown access, as one of important operations of date fruit
production, is performed in a traditional manner with a tool talked “Parvand” yet. It results in
various ergonomic and safety problems, such as fall from height, sunstroke, and musculoskeletal
disorders (MSDs). Meanwhile, mechanization could not adequately adopted by date palm growers.
Possibly, ergonomic interventions in forms of simple tools mitigate ergonomic and safety problems
in date palm crown access operation.

Materials and Methods: In this study, some ergonomic interventions were investigated to
improve the present status of ergonomic and safety status of this operation with employing nine
workers from Ramshir city, Khuzestan province, Iran. Evaluated date palm climbing tools were as
follows: Parvand (traditional tool), Parvand+rubber shoes (intervened tool), harness (intervened
tool), and harness+rubber shoes (intervened tool). Parvand consisted of a backrest and a towing
wire. In two last mentioned intervened tools, harness was replaced with backrest in Parvand.
Indeed, harness was the brief name of composition of harness and towing wire. Comparisons were
done based on some ergonomic, safety, bio-mechanical, and technical indices. Ergonomic
evaluations included physical and cognitive ones. Body discomfort (BD), heart rate (HR), worker
energy expenditure (EE), working oral temperature (OT), and physiological strain index (PSI) were
the physical indices. Perception-based heat Strain Index (PeSl) and acceptance of climbing tools in
view of workers were the cognitive Indices. Acceptance comprised workers’ perception about
safety, work speed, ease of use, technical properties, and preference of the tools. Safety evaluation
was conducted using failure mode and effects analysis (FMEA) which resulted in a risk priority
number (RPN) for each climbing tools. Bio-mechanical evaluations were performed using 3DSSPP
software (to find the compression and shear forces on L5/S1 disc) and the investigation of
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mechanical stresses of Parvand and harness (to achieve the factor of safety (FoS) of tools).
Technical index was the total time cycle (TTC) to perform date palm crown access (install
climbing tool, ascending, and descending). Statistical analysis was conducted using IBM SPSS 24,
During evaluation, workers’ qualitative feedbacks around intervened tools were recorded.

Results and Discussion: Mean age, height, mass and body mass index of workers were 33.1 years,
1.71 m, 74.0 kg, and 25.3 kg/m?, respectively. According to the statistical analyses, there was no
any significant difference among climbing tools regarding BD, HR, EE, OT, PSI, PeSI, RPN, and
TTC. Bio-mechanical evaluations showed that all four climbing tool caused a low risk compression
force on L5/S1 (<3400), whereas interventions including harness were significantly higher than
those including Parvand. Traditional and Parvand+rubber shoes with shear forces of 1120.9 and
1119.6 N, respectively, on L5/S1 disk resulted in high injury risk (>500 N) and were significantly
higher than other two methods in which harness was used (p<0.001). FoS was achieved for
Parvand and harness 1.21 and 3.53, respectively. Therefore, only harness could cover the minimum
FoS required to work in height (2.4) according Ministry of Cooperative, Labor and Social
Welfare’s regulations. During cognitive evaluations, harness+rubber shoes gained the highest
safety level (score of 17) as well as the highest preference level (score of 14), whilst,
Parvand+rubber shoes had the highest cognitive-based acceptance score (score of 58). Workers’
qualitative feedbacks, in order of frequency, were as follow: harness ropes should be wider (33%);
towing wire-harness joint should be upper (from pelvis toward waist) (22%); harness ropes should
be softer (especially around the thighs) (22%); harness should be integrated (i.e. without rope, like
a short) from pelvis to thighs (11%); rope buckle should be used so that harness is more easily-and
fast worn (11%).

Conclusion: Safety and work speed can be two main factors in the preference of a date palm crown
access tool. Overall, intervened tools had a better state concerning safety, whereas, the
qualifications were almost equal considering ergonomics. Notwithstanding it, the intervened tools
had the lacks around work speed and technical properties which should be amended. Besides the
attempts for development of date palm mechanization, further studies may be conducted on
intervened date palm climbing tools, especially harness+rubber shoes method, based on workers’
gualitative feedbacks to gain a more appropriated level.

Keywords: Agricultural mechanization, safety assessment, date palm orchard, intervention
acceptance, simple tool, parvand, harness
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Figure (1) Parvand (left-up), elastic shoes (left-down),
and harness and towing wire (right)
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Table(1) Tools used in traditional and intervened

methods

Sl
Name of method

u:ﬁ))’ oslaiw! 3)}»)1}3!
Tool used in the method

m_ﬁ‘sli)ﬂjﬁ:j‘oéu:\.n‘

(sl
Traditional Use of Parvand and naked foot
\_J:‘-é:}“\-;}jﬁ (%im)&\lﬂf}xjﬁ)lnu;«\
Parvand+rubber  Use of Parvand and elastic shoes
shoes (intervention)
ool (detle) oSS e 5 ool 3l eslizal
Harness Use of Harness (intervention)
. ﬁ)%ﬁ‘&)ujmum
s (al=1) u_i.:.ﬁ
Harness+rubber i ]
shoes Use of Harness and elastic shoes

(intervention)

odliiul 8390 sl 3l S8 Dlaskin (MJ9o=
Table (2) Technical specifications of utilized tool

sl (AASer 3
Dimensions Mass (kg)  Material Tool
RN P P S (NE PAp G S S
RSy 05,5 sy Rubber Shoe
Depend on Depend on
feet size feet size
Ly
Parvand
VN b 112 e, F
Length: 1.1 m Plastic Backrest
ek A s 0.58 Y b
e VA b Steel Towing wire
Diameter: 8
mm, length:
1.8 m
ool
Harness
F/0 s sl 1.35 ¢Sawdy b slay
o gl Plastic Ropes of
Width of harness
ropes: 4.5 cm
e gk A 1k 0.71 SY & Joaze S
S YIY i dsb Steel ol
Diameter: 8 Towing wire
mm, length:

2.2m
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Injury by sickle, saw, or other cutting tools

J35 VL s Db
Being tired in the top of tree

S5 45 05 g o 5 Oolo

Evenness of tree trunk surface

I L s Sl
Distraction

LS
Heat

1-
https://www.ginifab.com/feeds/angle_measurement
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Table (4) Personal feature of workers (No.: 9)

O eil) 5 Slee

( ™
Lne
o Feature
Mean (SD)
(JW) -
33.1 (6.9) I o
Age (year)
1.71 (0.03) ()
Height (m)
(0555
74.0 (9.4) 0 ) e
Mass (kg)
253 (3.3 (gr 205 4S) 94-\4 35 u"l";‘
Body mass index (kg/m
(ais 5) ol sl Il 53 LIS OL s
75.0 (13.2) HE A R p LA T 0P e
Resting heart rate (beat/min)
235 (1.2) (U s A?J-é) ol Il s Glas glas
Resting oral temperature (°C)
(Ao y3) slaxs
No. (%)
(Jak) ol Cons
8 (88.9) (PR s
Marital status (married)
) SLlss
5 (55.6) () Sl 2
Smoking (yes)
(oo 5 5 oml) OMass
5 (55.6) el S o
Educational level (lower diploma)
(Cwsnly) (65 pm
7(77.8) DRASAN

Handedness (right handed)

£

A

b (1) S

b 1owly Cwow) SDSSPP 1381 5 58 (S5l
()1381P 5 58 ol (& lwdmd 00T i Cotww & g Saliy 3
Figure (3) simulation in 3DSSPP software (right: back
of worker; left: manikin simulated in software)

Sslol i 9 4 x5

A e ookl b5l 5 )50 (bl ola o 5 42
IBM Corporation, ) IBM SPSS Statistics 24
Sl e af S 00 Syl gaa cl:.» 5 (USA
SSGls 05T Sl eslizal b oS glaesls 5550 53 Sk
O5e3T 55 o puilsls (600 25 4 63 150 55 5 i plax]
Slaslie b o3lizal " g3 5 uilgal o5leT 31355 515, 04
05T Sl eslizal b S Sesls oses s u:i:l;.e
Shlbas gy 55 Spe | el ISy S
o plail el S g 5 o3l b5

e 9 @b
dxfllan O g0 O 1

Ol (F) o 5 0158 (633 Slasedn jI 5

AT 5 53 0SS 5 OIS, o Lo gie ol 0 o3l
28 3 S YY) Gl 5 e (Sla iy Amylie
33 (’F~)&-u4}.a>'):4:§fc))}.p gk
e la amils 5 (Ul 08 6Y4) JUS 5 s (g03 suloms

B e SIS YON S S 0S5 Gl b oo 5

1- Levene
2- Tamhane’s T2
3- Kruskal-Wallis
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Table (5) Mean and SD of body discomfort in date palm crown access methods (no-dimension)

Lo 55 20 4 g o SB39)

* odl9- JIKwg 5 0903 Date palm crown access methods N s
Kruskal-Wallis H test S g sl ool o 9 gy g 50 Body segment
Harness+rubber shoes  Harness Parvand+rubber shoes Traditional
Chi*=0.017 ™ 1.4 (1.1) 1.4 (1.1) 1.7 (1.6) 1.7 (1.6) 027
Neck
Chi?= 0.066 ™ 2.5(1.8) 2.5(1.8) 2.5(1.8) 2.5(1.8) *
Shoulder
( VLG 550) C
Chi?= 0.005™ 3.4 (2.4) 3.3(2.4) 3.5 (2.5) 35(25) T TV
Arm
(b ) S
Chi?= 0.007™ 3.5(2.4) 3.5(2.4) 3.8 (2.4) 3.3(2.4) R
Hand
Chi*=4.010™ 3.5(2.5) 3.1(2.5) 4.9(3.3) 4.9(3.3) ~
Back
156V G by
Chi?=0.017™ 4.2 (1.7) 4.9 (2.7) 4.1 2.7) 4.1 (2.7) FOET o
Thigh
"
Chi%= 0.004™ 3.3(27) 33(2.7) 3.4(2.6) 3.4(2.6) 7
Knee
2 ns Ll ‘-BLN
Chi?=0.038 3.1(2.4) 3.1(2.4) 3.3(2.6) 3.3(2.6)
Calf
(ol )L
Chi’=5.212"™ 33(2.7) 5.9 (3.7) 3.6 (2.7) 6.1 (3.5) o “"F@’ t
00

RV T P S Py PR RCE I S JC PP, < I I R I OPR EL S PV P PGP P
*Kruskal-Wallis H tests were not significant, therefore mean comparisons were not done. ™ Non-significance at level of 0.05.
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Table (6) Working oral temperature (°C), working heart rate (beat/min), worker energy expenditure
(kj/min), and physiological strain index (no-dimension) in date palm crown access methods, (mean (SD))

b J56 ZU 4 (g > S 29)

ool 6T Date palm crown access methods i,
T4 by S g s _ S g N9 Tnﬁze:
* )
ANOVA Harness+rubber o Parvand+rubber P
Harness Traditional
shoes shoes

L Sl s glas gles
F=0.199 ™ 33.9(1.2) 34.1(1.3) 34.3(1.4) 34.4 (1.4) Working oral
temperature
5 I s I8 0L,
F=0.174"™ 133.7 (8.6) 133.3 (7.8) 133.6 (11.7) 131.0 (7.6) ’ ) P e
Working heart rate
SIS B pan 5
expenditure
P PR et

index

™ s (Y ) (63137 a3 (3,5 o) s lin Ll o (611 153,50 oo 5:S0ke Sl lin ol ol Sl ime 45 oS il yls 3IUT 0057

S0 Gl Sae ck,»); Sl gne pls
*ANOVAs were not significant, therefore mean comparisons were not done. Degree of freedom was (3, 32) for
each ANOVA. ™ Non-significance at level of 0.05.

S Dol g gl sl 9 STl oud Sleal Cudled Dol (ol 5 wlia! (el jlae Bl il § uSile (Y) Jous
(Wt O B9 i dw B) Lo B S5 6 4 (g pld il (S 9
Table (7) Mean and SD of thermal sensation, perceived exertion, and perception-based heat strain
index in date palm crown access methods (all are no-dimension)

Sl ol e la Shhaleds Jlasl Cdlab s sl S ol b bas
Perception-based heat strain index Perceived exertion Thermal sensation Methods
5.1 (1.8) 5.6 (2.8) 9.8 (1.4) R
Traditional
S ks p
5.1 (2.1) 5.2 (3.0) 10.0 (1.4) Parvand-+rubber
shoes
e
4.4 (1.6) 5.0 (1.9) 9.3 (1.9) i
Harness
S 5 ol
4.6 (1.3) 4.9(2.2) 9.7 (1.8) Harness+rubber
shoes
T beSy Wl T Tl s ST 0557
ANOVA” Kruskal-Wallis H tests” s
Chi’= 0.756 ™ S
F=0.362" Chi’=0.756 "™ Dearee of freedorm: Significance
Degree of freedom: (3, 32) Degree of freedom: 3 g 3 '

W35 Oy g Sle Slaslie 5 Sls ime 4SS bty ST 5 el m I s S slaispoT7
* Kruskal-Wallis H tests and ANOVA were not significant, therefore mean comparisons were not done.
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Table (8) Scores of safety, work speed, ease of use, technical capability, and preference in date palm crown access
methods (all are no-dimension)

L T3]
Methods Culguio S Lo
S g sl R34 BT g 50 Indices of acceptance
Harness+rubber shoes Harness Parvand+rubber shoes Traditional

ol

17 12 6 2 o
Safety

l{ -

8 6 13 10 ”m
Work speed
3 3 16 17 oalaiul f;b
Ease of use
IRt

4 2 16 14 S
Technical capability
Come |

14 10 7 6 i
Preference
46 33 58 49 oo 2 Sl e St

Cognitive-based acceptance score

x> 5l jliol b (8 Cuil g odlatu!l  Folw b7 s gw (Sl o SlgSen (1) Joue
Table (9) Correlation between safety, work speed, ease of use, and technical capability and preference

ECRNTH] oala! Sols ey =Y
technical capability ease of use work speed Safety
-0.027 -0.168 0.668*° 0.770" S
0.848 0.223 <0.001 <0.001 Preference

CE.»JbeJLv Sl er Ll el nglagw)‘}nm\@gﬁjéj.xb S5 sl @Ybsae WO a s
nlodds 030150 e 3ldel 5 ™ L /o) (g ls ne

In each cell, upper and lower values are correlation coefficient (r) and significance level (p) respectively.
Significant correlations at level of 0.01 are shown with .

L5/S1 eSss 555 (solid (slag,s 4 a5 b a8 4t
230k Ja 015 4 S il aalllae 01 80875 50 )
(S Eas s GlesysT iy Olemw glawls )8
Gy Iy e (1) oW s il B (g lueSanY
i S5y OT 3348 558 e adllan g Caand Ly 5 3l 05l
Al 3o VA sl s (WU &S y) 05555 000 VL
Wbl ol e a5 b (6 5V S ok 1S
S b 03 Sy (gl p o 4 § L5 )3 (la fous
LU sl 3 o Jomte 55 (g gl lla 5 Xs 5
o 033 OLas (VW) Jguter 5 (F) IS8 53 i a0 Sl

SLOT j a8 Sl i) b o disde &S ) lailen

wby HS a4 gla By Sl (olslme ysb 4 i eslimal Ll
Slosgr o €S » 65V ()L (535 Ly p S
ol sl 3l eslizad (VY i) 35 e 305 5 e
51 28 L5/ST eSs 5 syls oy slag s olod s
Ly 4 Camd Blod 315 A8 (ol &K y) 0555 00
Ay $Saas p o)l Hp gl il 0T b3 S
QY Jgdor) s (655 5 (W 6Ky ) 0555 00 VL
b eile sl 0557 o b ST Slles o Ol5 e
Od S dals (V2 Jads) O 8,8 slasy s 5l 4 a5
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Sl 53 S (6 E @ e B S 3o pg e
63 o Llod jl aslsl y3 5 b6 i Sl Ssé
Sladllas 55 .ol 0355 (L3 oo Sl L6 O gls
Sl & osb 4 O 48 ol dble 55 6 Koo

(FUA) 315303585 (G5 B Jlors Ok S5 (K58

w3 S gl (7 0 508 slire Sl il g Sl (1) J9u>

(W= O3u) bo B o5 26 ) (g oo i S 3235 S 2
Table (11) Mean and SD of risk priority number in date
palm crown access methods (no-dimensional)

) SRS Oy s o 6 4y i SS9

Sy Olebl oo (SO AT ) 3 Sl
s Mo alos o SAS Y o L0
Loy dS 55 VYY) Ly leslizal 5553 ol (ol Oliebs!
L iy G Al ol iy il e (S2By Sl o
oo Jilio (uiyla Sl szl 55 e (Saudly Ol 4
ool A a by e S 50 Y/OY a5, 0e 5 5 (6l Olabl
Olf e goomn 53 M (il Sl dbadl Olge @)
e slls gsg‘:‘l‘{" sl is bd 4 sl Ky
23 il b Ll g JB ol Sl Sl 6 5L Ol
ol (YA) sl ST Y/F s gl s ST (slas sl
ol g5 ol Ol Sl adllles s S Sl Jl s
) Blod a5 Lg s 9 das md g 1y 3kl ol L5
Al g0l 2kl gla ol Gl (il o Y
S Ses (203

Gllsls 5 pau e gla oy 63 Sdas L3 o
5\41:.@Q;;,lyoujgm‘ug;})(uﬁmw

Jsde) Sl 5ol gbaline Hsb 4 Sos (658 ibsy 53

G S 53 Sl OIS A Sk (V) Jgue
O ST Sdgag 5o
Table (10) Workers’ qualitative feedbacks to be
considered in future amendments of interventions

Risk Priority

Number (RPN) Date palm crown access methods
1.3(0.4) S
Traditional
1.3 (0.4) A 5L
Parvand+rubber shoes
5l

1.1 (0.3) o)
Harness
L s

1.1 (0.3) o)
Harness+rubber shoes
F=0.772"™ o b s -
s boly 5JUT
Degree of freedom: B Ll 5 X
(3,32) ANOVA
oSl Dl o plty o Sl gine 606y il ols T 05057
Cdjga Sy 2

*ANOVA was not significant, therefore mean comparison
was not done.

("I\:'a)‘b) @'5')5 ué}?jl?
requency
(%) Feedbacks

Harness ropes should be wider
N sl 5V (oS iyl 4 JuS Sl Joms
2 (22) (S 4 oS

Towing wire-harness joint should be
upper (from pelvis toward waist)
(8015 33 Lo gast) w5 5 ool sy
2(22) Harness ropes should be softer (especially
around the thighs)
Lk LSS S g 4 0 VLB S isle
1(11) Harness should be integrated (i.e. without
rope, like a short) from pelvis to thighs
Oded gy (61 b 3 58 oslizal LI5S slanky |

1(12) At Ol

Rope buckle should be used so that
harness is more easily-and fast worn
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Figure (4) Considered points to find bio-mechanical stress
based critical point for Parvand (up) and harness (down)
(A2 0 O 98 > 3 B9 35 p3Mao) bo B 55 T 4 (oo s o (S 95 33 LO/ST epd 5 3f5 (52 9 5310 Sy 6 (1Y) Joor
Table (12) Compression and shear forces on L5/S1 disc in date palm crown access methods (N)

6 beSS byl LT Olas Ol ) 55k (4 33) sl T & Ml &S5 Sl 5 L)
ANOVA Mean (SD) Frequency of injury risk exposure, No. (%) Methods
Compression forces*
>6400 3400-6400 <3400
(high risk)  (medium risk) (low risk)

975.2* (131.1) 0 (0) 0 (0) 9 (100) o
Traditional
- 964.0° (124.3) 0(0) 0(0) 9 (100)
F=3622 Parvand+rubber shoes
Degree of freedom: (3, 32) -~

Sig.: 0.023 1114.0° (130.1) 0(0) 0(0) 9 (100) o
Harness
. R

1114.9° (141.9) 0(0) 0(0) 9 (100) s
Harness+rubber shoes

Shear forces™
>500 <500
(high risk) (low risk)

1120.9° (195.2) 9 (100) 0(0) o=
Traditional
F= 117095 1119.6" (196.2) 9 (100) 0(0) A3 L
Degree of freedom: (3, 32) Parvand-+ubber sht?e:

Sig.: <0.001 246.4% (28.7) 0(0) 9 (100) o
Harness
4 HATS

145.1* (31.2) 0(0) 9 (100) 3

Harness+rubber shoes
Azl K /s 3 g lalme Sl O S sl
RSN TRVAY. 33 Golalas sl DL glacudhe b ol

Q}ﬂjT)‘) :}..;)ijéﬁ Lhu,v.;l;_)‘j Gﬁ‘j u‘éjﬁ C)‘_‘jt’ k('/"Y :LGJT) Sy /D J‘,ZS(?/\A') C)AAJLAT Ls‘j' c-\.ATCMJ A.ILSLQTJ‘-\.E.& 4§.’4_\ J:JJ Afew
Azal s SuSS /0 a3 (5 lsbnn gl DL (slacadle by slie A5 o3l ba Sile Anglie (511 0700 (6113 sne e 53 335 ilgels
“ Values with the same letters were not different at significance level of 0.05.
Value of Levene statistic was 6.180. As its p-value was 0.002 and lower than 0.05, assumption of variances’ equality was not
established. Therefore Tamhane’s T2 test was used at significance level of 0.05. VValues with the same letters were not different
at significance level of 0.05.
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Table (14) Mean and SD of time cycle of work tasks (installing climbing tool, ascending, and descending) in date palm
crown access methods

-0 il ylg BT
? oools oAb duglio ol sy i
ok Compared factor Dependent variable
ANOVA
e s 4 ras A 55 6 by lie
Comparison of work tasks in each methods”
ol RORD AN 038 )l
Descending Ascending Install climbing tool
F=28.184 22.1°(6.2) 20.3" (5.1) 7.0%(1.0) (s
Traditional
F= 18.254 19.7° (4.8) 20.7° (7.1) 7.5%(2.5) S 3 s
Parvand+rubber shoes
il
F=39.467 213 (3.5) 18.7° (4.3) 7.1%(2.9) o
Harness
. s
F= 28.449 19.5° (4.7) 21.9° (4.3) 7.9%(3.5) S5
Harness+rubber shoes
T(lan) blie 5,8 Gy wlul 5l bs s 4mlis
Comparison of methods based on counterpart work tasks™
IS g eyl ool S 5 Ly, p 3
Harness+rubber shoes Harness Parvand+rubber shoes  Traditional
: |
F=0.211" 7.9 7.1 75 7.0 02,5 s
Install climbing tool
e, YL
F=0.539" 21.9 18.7 20.7 20.3 o0
Ascending
ST ol
F=0.621" 195 21.3 19.7 22.1 oo
Descending
Js ol oo
F=0.122"™ 49.4 (8.5) 47.2 (6.4) 47.8 (11.9) 49.5 (11.0)

Total time cycle
3 (FY ) oo13T a4 s m:éjf Sysee dmslin Hlegz o (gl dzdll Jii.&i Loe/eb Cla.ﬂ): Solsliae Salss LSS lacede L opslie ccsy o ) *

<o /e VT

X oo15T am 3 & &y o o Hlgz (51 23 K0 Oy g0 5 Sile Sl lie ol 5 13 gme 45 1SS byl 36T 03T cCsy 5™

Sy (VY
* Values with the same letters were not different at significance level of 0.05 in each row. Degree of freedom and p-value were
(3, 32) and <0.001 respectively for each of four comparisons.

*ANOVA was not significant in each row, therefore mean comparison was not done. Degree of freedom (3, 32) for each of four
comparisons.
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