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ABSTRACT

Due to aging of the rural and mountain populations the labor force is reduced. However work
intensity continues to increase, thus, there is a need to improve the current effectiveness of forest
operations. This study compared and analyzed the Operation productivity and efficiency of planting
containerized seedlings using a battery-powered planting auger and a mattock. Growth was also
investigated by looking into the initial growth increments in the planted seedlings. Tasks were
investigated by analyzing the process and operation time needed to plant 1 containerized seedling using
a planting auger and a mattock. The time spent on the various elements of the planting process was
measured with a stopwatch but observations were done continuously. Result of the study shows that

with the use of a lightweight planting auger the average time spent to plant a containerized seedling
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is 18.61 seconds while with the use of a mattock it took an average of 26.96 seconds which clearly

demonstrates that the planting auger is more efficient in terms of working hours. Working intensity

was also analyzed with the use of a portable heart rate monitor (Polar V800). The average increase

in heart rate and work intensity index were analyzed for one planting cycle. It was observed that when

using the lightweight planting auger, there was a 46.51% increase in the average heart rate while a

74.67% increase in heart rate when the mattock was used which shows that there is a significant

increase in heart rate when mattock is used. In addition, work intensity index was observed to be

29.95% and 47.83% when the planting auger and mattock were used respectively. With the continuous

use, work intensity index is significantly higher with the use of the mattock as compared to that of

the lightweight planting auger. There were no significant differences on the growth increment of

seedlings planted using the different tools until a year after planting, however differences in growth

increment were observed after a year. A difference of 15.1 cm in height and 3.41 mm in diameter

was observed which shows that the use of lightweight planting auger is excellent for planting

containerized seedlings.

Key Words : battery-powered planting auger, containerized seedling, Operation productivity, heart rate
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Figure 1. The location of study site

Table 1. Study site characteristics

Site Address Coordinates | Slope | Altitude Characteristics of plantation

San 84, Iso-ri

’ ’ . .| N36°22°53" o * Previously a Pinus rigida plantation

A |Hwadong-myeon, Sangju-si, E127°58°16" 20 305m * Normal distribution of roots of trees

Gyeongsangbuk-do

San 66, Sogok-ri, N36°24° 12" * Previously a Castanea crenata var. dulcis
B |Hwanam-myeon, Sangju-si, E127°55'30" 16° | 290m plantation

Gyeongsangbuk-do * Normal distribution of roots of trees

San 68-1, Geumgok-ri, N36°31°38.6" * Previously a plantation of broadleaved
C |Hamchang-eup, Sangju-si, oimi | 25° 330m trees

E128°12°42.1 o
Gyeongsangbuk-do * Dense distribution of roots of trees




80 2AG - HEE - o8 - Y - AED
A, A BE MurEEA|, A CE 7B ez T ste] EH] - o] e HAste Y
g HANAT B2 37 AR FAF o] AAAR o]F T, AdE ] A Ede
2 FEo|thFigure 1, Table 1). Aeste o A= A7 236t A"
<A77= AR 7S v w2l Al
2. ol oy AAe BES AA F FH71HA
D AdsA o A= nHrglshe dol e Ates FEske] =
AT A EetalA A uiE Abstsitt
2l A4 E7(kim, 2016)9F AA 718 4 AN E 242 Ak SH71E o83t
AEANA 7H ol AHE = 27179l A AP E=A T B AT 6l A

Figure 2. Planting tools(A: Lightweight planting auger, B: Mattock)
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Figure 3. Heart rate monitor
(A: POLAR V800, B: Bluetooth band)
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Table 2. Planting time per seedling with the use of an auger and mattock

Tools Site Subjects Planting time per seedling (sec) Average(sec)
1 15.0 17.1 17.8 16.6
A 2 12.3 154 17.6 15.1 16.7
3 20.1 19.0 16.4 18.5
1 15.6 183 19.8 17.9
B 2 16.1 17.4 18.1 172 18.1
Auger
3 20.1 18.9 18.6 19.2
1 212 26.6 22.1 233
C 2 19.7 18.6 20.1 19.5 21.0
3 17.4 217 219 20.3
Avg. 18.6
1 19.3 253 18.3 21.0
A 2 20.1 19.9 222 20.7 21.5
3 255 213 213 22.7
1 254 20.6 219 22,6
B 2 223 25.1 235 23.6 235
Mattock
3 21.8 19.8 309 242
1 333 38.0 339 35.1
C 2 29.0 28.0 29.8 289 329
3 347 36.3 334 34.8
Avg 26.0
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Table 3. Analysis results of the element operation time in planting work by auger and mattock

Tools Site Classify Ready, Move | Hole Treatment Soil cover Total
Element operation 011 0.09 0.08 028
N (min) . X X )
Rate(%) 37 33 30 100
Element operation
. A1 11 . .
B (min) 0 0 0.08 0.30
Rate(%) 36 36 28 100
Auger Element operation
. 1 .14 X )
c (min) 0.13 0 0.05 0.35
Rate(%) 37 39 24 100
Element operation 012 011 0.08 031
Ave (min) . . X )
Rate(%) 37.63 36.56 25.81 100
Element operation 0.08 013 015 036
A (min) X . . }
Rate(%) 26 35 39 100
Element operation 0.09 0.15 0.15 039
B (min) X . . )
Rate(%) 27 37 36 100
Mattock Element operation
. .14 .22 1 .
c (min) 0 0 0.19 0.55
Rate(%) 27 38 34 100
Element operation 0.10 017 016 0.43
Avg (min) ) ) ) )
Rate(%) 23.85 38.46 37.69 100
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Table 4. Heart rate indices/subject

Subjects Tool HRw HRr THR(%) WLI(%) HRmax
A Auger 101.8 75.7 344 225 192
Mattock 121.7 75.7 61.1 399 192
B Auger 104.3 81.2 389 25.2 192
Mattock 131.3 81.2 519 42.1 192
c Auger 1239 81.7 522 37.8 192
Mattock 139.9 81.7 71.8 524 192
Avg Auger 110.0 79.5 419 28.5 192
Mattock 131.0 79.5 61.7 449 192
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Figure 4. Cumulative element operation time Figure 5. Comparison of IHR by planting tools
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Table 5. Survival rate of containerized seedlings by planting tools

Tool Planting Dead tree(trees) Survival rate(%)
‘ools
tree 2015.06 2015.11 2016.04 2015.06 2015.11 2016.04
Auger 225 0 16 18 100 92.9 92
Mattock 225 1 20 40 99.6 91.1 822
" wir g BEY] 2717 A S faE AA F 1d3E

225

Mattock

Auger Mattock Auger Mattock | Auger Auger Mattock

Study site A Study site B Study site C Avg
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Figure 7. Increase in Root collar diameter Figure 8. Increase in height
Table 6. Comparison of H/D(%) over time for the different tools
Tools 2015.04 2015.06 2015.11 2016.04
Auger 93.4% 93.3% 64.8% 48.6%
Mattock 88.0% 83.5% 65.0% 49.4%
2719 2, 28] Rol AL @A $H2 22 240l A A 109 0
2 YA AN enE 715 Hel & g AIZto] ol Kt FAl UehgoH, A
8] obals] WEoleta Berad, a7 olel & ZAALSE BT AR 2o
agja, 2YE] ASYHE 248 HDE k] zpel7b B 2A vewtth ol A4
T AA 1d Folle dRAE7E AT A g7lel| o3 2Al= wiE ] F8 & o] &g
o ol olgalel AL Muh e ME A Bo|B Mg AnT AR AL
Z YEPLTHTable 6). 27F Ao} AAAIREe] A A FAIE 7]
o gEch
.z = 2. AR e 2715 ARl e] g 4%k
ARV AR FH] - o5 ARFE T A7)
2 A7t 29449 BEAS AR AYET 7 uzsgon, 48 9 F97)
el A dr)et ol o] &g &71R 2QAIEE AFAEE A FA e
A4 4934 2 AQE Mn B ok 59, F9/] AQA09 Aol AR
sgon, 294% 19 4YF 2AE A 719 A%, 48 A 23R4 s 248
A= 27183 E Hw EA6en, vy Eo] ¢#HA ¢dx AFHORE EESH A
7 e AES Atk T &S B& oo gl7] Wil Ao
= A
L 189 2UF 87152-009] A AAIRRE % 3. F AAAA =TS Q=S B 2,
AE7]E o] &3 A, B AAAIZto] 18.6 Bt Avtrshed W AQAEAT B
2R ZAEQlon, Jolo] s H 260 T AEAEE o] &3 AAEge] Holu



86

oo W Uehse ol
A Gee vnA A
o 2o ol = A gshe 4]
208 A9 e Jue Auesen
BEAFI H w7 e R

AR 718 44 14 F
2973 s 2 A3k A4 F 6497
el Aot Aol giglont, 1de] 73}
Fols A2 A% §7152e] 4
, 2977 139 A%l Ba ¥
AFNE) AY A Aol
2719 2w, 2ol £l 3
&9 gl FH o A AAH)

=

\#!

&5
Ql

chere 4417) 9
A7sh B

& NPste

A2~
&3

o] w2 A dvled AT
A5 S121416L070130)° 2] A Lol <]sle] A
TE A=

References

Cho G.H et al, 2008. A Study on the stand-
ardization of Forestry Operation. KFRI. 113
pp-

Iwata Wakana, 2015. Amount of the Planting and
the First Year of Growth Case of Container
Seedlings. Bulletion of the shimane prefec-
ture mountainousrecion research center. 11:
39-44.

Kim J.H. 2016. Development of Screw-Type

Handy Earth Auger for an Improved Digg-
ing Efficiency( I ). Journal of Agriculture &
Life Science 50(3): 31-41.

Kim J.W. 2003. Analysis on Workload and Per-
formance of Timber Harvesting Operati-
ons. ph.D thesis, Seoul National University,
Seoul, Korea.

Karvonen, J. and T. Vuorimaa. 1988. Heart rate
and exercise intensity during sports activi-
ties. Sports Medicine 5: 303-312

Korea Forest Service. 2015a. Projects of Korea
Forest Service in 2015. pp.454a.

Korea Forest Service. 2015b. Statistical Year-
book of Forest. pp.440b.

Mun H.S et al., 2014. Heart rate strain of for-
est-workers in weeding. Journal of Korea
Soc. For. Eng. 12(2): 95-103pp.

Park B.J. 1996a. A study on work load of tree
felling qork using maximal oxygen uptake
and heart rate. Master thesis, Chungnam Nati-
onal University, daejeon, Korea.

Park S.J. 2008. Forestry mechanization and for-
estry machinery handbook. Kyungpook For-
est Forum. pp.225.

Park S.K. 1996b. Studies on Working Intensity
in Felling Operation of the Thinning Forest
- In thinning of Some Conifer Species-.
Journal of Korean Forest Society 85(3):
396-408.

Seoul National University, Exercise Physiology
Laboratory. 1989. Exercise and Prescription.
Bokyung publishing company. Seoul. 336 pp.

USDA Forest Service. 1969. Can auger planting
improve survival of doublas-fir seedlings.

Woo BM et al., 1997. Forest Engineering. Kwang-
ilbooks. 454pp.



