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ABSTRACT

The process of land use verification before declaring a National Reserved Forest has not
been successful because of the frequent claiming of land rights. To solve this problem, we used
aerial photographs to determine and interpret the past land use. Aerial interpretation included the
use of overlapping techniques on 9 years of aerial photos, 1953, 1967, 1974, 1982, 1990, 1996,
2002, 2010, and 2013, to define the land suitability before establishment of the National Reserved
Forest. Koh Larn, Chon Buri province was chosen as the study area as it still had a rich forest cover
under the National Reserved Forest Act B.E.1941.

The total area analyzed in Koh Larn was 3,276.07 rai, with the evidence of land utilization
tending to decrease from 1,265.27 rai in 1994 to 659.49 rai in 2013. After removing the area under
legal possessory rights, the land suitable for the declaration of a National Reserved Forest was
categorized into 3 classes: 1) Unconditionally announced area of 1,146.93 rai which did not have
evidence of a continuous human activity; 2) Authentication required area of 994.68 rai which had

evidence of past human activity, and 3) Unsuitable area of 66.25 rai which has experienced
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continuous human activity over the period of analysis. The findings could help minimize the

problems related to land rights claims after the declaration of such land use.

Keywords: Aerial photo, Land use, National reserved forest, Koh Larn
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Figure 1 The study area in Koh Larn, Bang Lamung district, Chon Buri province.
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Figure 2 Research operations flowchart.
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Huiuianda (iiisossosvihusslond) s1uau
182.52 15 vise¥owaz 5.59 (Figure 3 and Table 2)

3. nsluszlevifinulud we. 2517
wui Muiiidessosnisviusslestininiigaidu
Muinunsnssy $auau 527.37 15 niedeway
16.14 s09a831lduA Mufiidamdn (@sees08vh
UseTomd) s1uau 18.96 15 iedosay 0.58 fiudl
yuvuLazdsgnatns S1uau 8.36 15 viefovaz
0.36 Muitin (@%197) S1uru 6.09 15 viedevay
0.19 (Figure 3 and Table 1) fuiilsifisessosns
viselosinniigaduiiuiivnlisuam 2,247.35
15 wia¥ovay 68.80 soawunduiuiidnndn
(laifisessesvinuselow) d1uau 345.27 1s wde
Sowaz 10.57 (Figure 3 and Table 2)

4. nsliuszlevifinulud we. 2525
WUt Audidisessesniaviusslenduniiaadu
Nudneasnssy $auau 409.65 13 niedevay
12.54 spsasuliun Auflgusuuasdagnadis
$1au 211.76 13 videderar 6.48 Hufith s1wau
4.23 14 vide%ewaz 0.13 Nuilanan (i5ossos
vMuselewil) 91w 0.41 15 w3eseway 0.01
(Figure 3 and Table 1) fufilaflsoasosnisih
UsziaéuﬁmﬂﬁqmLﬂuﬁuﬁ'ﬂﬂﬂﬁmu 2,359.45 15
wIe¥ewaz 72.20 sesasuniuiiuiidaindn
(laifisessesvinuseloy) 91uau 282.21 15 wie
Sowag 8.64 (Figure 3 and Table 2)

5. msldusslovifaulul wa. 2533
wui Muiiidessesnisviusslesinniiagaidu
fufigurunazdsugnaine S1uau 278.68 19 wio
Yovaw 8.52 sosaunldun Huilnuasnssuiifui
246.47 13 w3edesaz 7.54 Mufith (a¥19du)
d1u7u 7.15 15 w3050wag 0.22 (Figure 3 and
Table 1) fuiilifisessosmmhusslomiuniian

WHunuAUn el S1uau 2,308.66 15 wsesesay
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70.64 sosasufuiiuilidnmdn (lflsessesvi
Usglowy) 91U 427.26 15 w3edeeay 13.07
(Figure 3 and Table 2)

6. nMslduselevifinulul wa. 2539
Wy Wudididessesniaviusslewduniiaadu
fufiguauuazAsgnasne S1uau 300.22 15 vide
Youay 931 sesatuliun Huiltnunsnssy
$1u 193.89 15 viedesay 5.93 fuiith $1uau
10.13 13 wedesar 031 fufidawmdn (@sosson
MUseleal) 91u3u 5.05 15 w3esesay 0.15
(Figure 3 and Table 1) Auitlilfioss0annsyin
ﬂisimjﬂu’mﬁqmﬁuﬁuﬁﬂﬂﬁ 31U 2,507.58
13 nieovay 76.70 sosawnuiiuiidandn
(laifisesseavinuszloa) d1uau 248.38 15 w3
sovaz 7.60 (Figure 3 and Table 2)

7. mslduselevifinulul we. 2545
wuin Wudididessesniavivsslevduniiaadu
fufiguauuazasgnasng S1uau 351.67 15 v
¥9uay 10.75 sosasunduiiufiinwnsnssu
972U 63.01 15 wieiesay 1.93 (Figure 3 and
Table 1) Muilsifidassosnsviissloviuniign
Wuitufivals $1u7u 2,608.02 19 niedoway
79.72 sosasunfuiiuildamdn (lflsessenvin
Uselewil) 91u7u 216.30 15 w3edeeay 6.61
(Figure 3 and Table 2)

8. Msliuszlowifinulud we. 2553
Wyt Nufiifessosnisviusslestisniigaidu
‘ﬁuﬁsqmuLLazﬁaUQﬂa%’Nﬁhmu 521.85 15 w38
¥98ay 15.94 s09auldun Audifansa
(#15p9508vUselowd) 31uau 48.68 15 wseses
av 1.49 fuinuasnssy s1uau 43.84 15 wie

Soway 1.34 Wulunasdl (@51974) 31u3U 6.00

'
=]

15 wie¥ewaz 0.18 (Fisure 3 and Table 1) #iu

laifisessosnsvhwssleviunitgaduiudivl
F1u7U 2,447.85 15 n3050uay 74.78 5998940
Duituitaeda (ifsossosvhusslon) s1uu
205.15 15 vi3eSeway 6.27 (Figure 3 and Table 2)
9. nslduszlevifinulud w.e. 2556
wut Muiiidessosnisviusslesininiigaidu
fufiwuruuardsugnasisdiuu 562.02 13 uie
Youay 17.16 509807 ldun Hudlinvnsnssy
$1uu 59.86 13 wIedevas 1.83 Mufliiaindn
(fso9sesyinusylevi) 91uau 20.11 15 wseiow
ar 0.61 fuiith (@%19Tw) S1uau 14.51 13 w3e
¥ouay 0.44 (Figure 3 and Table 1) Audiilydl
fo9308n19vUsElevdundgadunuiivnld

o

1 2,439.3515 visedeuay 74.46 sesasuTu

Nuidamndn (Lifisessesiusslev) $auau
180.22 15 3e30vaz 5.50 (Figure 3 and Table 2)

Tnoazdiuinnslduselovdiiaug ot
WA, 2496 AUt 2556 Wuianlva)iudosas 50
vasituil ldflsessosnsvidselowd mndiasies
fanisvidssleviasiiuanaalul w.e. 2496
Tnedulnaduiiuiinunsnssy waglulidaunnis
ﬁwmwmnsmamammaLﬂuﬁyuﬁsqmuﬁﬁumaﬁu
dintwdes q urunu dauluduveiudilld
seesomaviUszlewd dnlngiJufuiivnldd
infiganaziilefideudnsagliivdsuulasminin

Y & a

wazdiiufinmanieadntioawintdu (Figure 4)
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¥
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Table 1 Land use in Koh Larn, Bang Lamung district, Chon Buri province during the years 1953 to

2013. (Human activity).

Land use Urban and Built-up

type / Aerial land Agriculture land Miscellaneous land Water
photo Area Area Area

orojects (ra) Percent  Area (rai) Percent (rai) Percent (ra) Percent
WWS (1953) 32.62 1.00 1,213.92 37.24 18.73 0.57 - -
VAP-61 (1966) 55.50 1.70 442.97 13.57 36.06 1.10 1.56 0.05
NS3 (1976) 8.36 0.26 527.37 16.14 18.96 0.58 6.09 0.19
RTSD (2525) 211.76 6.48 409.65 12.54 0.41 0.01 4.23 0.13
DOL (1986) 278.68 8.52 246.47 7.54 - - 7.15 0.22
PCD (1996) 304.22 9.31 193.89 593 5.05 0.15 10.13 0.31
MOAC (2002) 351.67 10.75 63.01 1.93 - - - -
DMC (2010) 521.85 15.94 43.84 1.34 48.68 1.49 6.00 0.18
DMC (2013) 562.02 17.16 59.86 1.83 20.11 0.61 14.51 0.44
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\ 4

Legend | Urban and Build-up land [ Forest Miscellaneous land (Non human activity)

| Water (Built-
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Figure 3 Land use classification map of Koh Larn, Bang Lamung district, Chon Buri province from 1953

to 2013.
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Figure 4 Proportion of human and non-human activity areas in Koh Larn, Bang Lamung district,

Chon Buri province from 1953 to 2013.

Table 2 Land use classified under non-human activity in Koh Larn, Bang Lamung district, Chon Buri

province from 1953 to 2013.

Land use type/ Forest Miscellaneous land

Aerial photo projects Area (rai) Percent Area (rai) Percent
WWS (1953) 1,890.05 57.99 104.13 3.19
VAP-61 (1966) 2,546.27 77.99 182.52 5.59
NS3 (1976) 2,247.35 68.80 345.27 10.57
RTSD (2525) 2,359.45 72.20 282.21 8.64
DOL (1986) 2,308.66 70.64 427.26 13.07
PCD (1996) 2,507.58 76.70 248.38 7.60
MOAC (2002) 2,608.02 79.72 216.30 6.61
DMC (2010) 2,447.85 74.78 205.15 6.27

DMC (2013) 2,439.35 74.46 180.22 5.50
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Figure 5 Suitability level for the establishment of a National Forest Reserve in Koh Larn, Bang

Lamung district, Chon Buri province.
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Figure 6 Area classifications that need to be substantiated before the announcement.
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ABSTRACT

The health of trees requires a visual assessment of symptoms or more elaborate
measurements of chlorophyll fluorescence and the spectral reflectance of foliage. A lack of
reliable and feasible health indicators severely limits the current ability to assess the vitality of
mangrove trees. In this study, the crown recovery of Avicennia spp. was monitored after a severe
insect defoliation event in December 2017 using UAV-based surveys. The objective was to identify
the reliable indicators of a tree’s health status that can be assessed from the ground.

Two aerial surveys were conducted in the Mahachai mangrove forest (Samut Sakhon), in
January 2018 and April 2019, respectively. In addition, a ground-based survey of health symptoms,
specifically the presence of stem wounds, fungal fruiting bodies, and signs of woodborers, was
conducted in 28 sample plots (20 m x 20 m) which were distributed along five line transects.

Aerial images were used to delineate and calculate the area of crown defoliation (gaps) in each
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plot. The relationships between the presence of certain health issues and the recovery of
defoliated crowns, within each plot, were analyzed using an ordinary least squares (OLS) model.

The results showed that the Avicennia trees were able to recover rapidly after an initial
defoliation, indicating a high resilience to such disturbances. However, only stem wounds should
be used as vitality indicators as their presence was associated with a significantly reduction in
crown recovery, whereas the association with the presence of wood borers and fungal fruiting
bodies was insignificant. In conclusion, the monitoring of mangrove health should not only rely on
a visual ground-based assessment but should be accompanied by aerial surveys which can

provide more reliable vitality indicators.

Keywords: Mangrove health, Drone, Tree crown, Urban forest, Hyblaea puera
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A

Woodborers Fungal fruiting body Stem wound

Figure 3 Selected symptoms of health issues observed in the Avicennia spp. trees.

B

Forward overlap

Figure 4 Camera locations over the study area (A). A side and forward overlap between aerial

images of 80% (B).
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between January 2018 and April 2019 (Wilcox-test, p-value < 0.001).
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Table 1 Linear regression models for the plot-wise recovery of tree crowns between January 2018

, April 2019 and values in brackets indicate the 95% confidence interval. **p<0.001;

**0<0.01; *p<0.05.

Presence of

Presence of fungal  Presence of stem

woodborers fruiting bodies wound
Plot latitude 0(-0.01;0.01) 0 (0;0.01) 0 (0,0.01)
Plot longitude 0.01 (0;0.02) 0 (0;0.01) 0.01 (0;0.01)

Relative density of
Avicennia spp.

Gap fraction in 2018 (%)
Presence of woodborers

Gap fraction (2018) x

-3.23 (-9.25;2.79)

0.91** (0.79;1.02)
5.71 (-3.93;15.34)
-1.06 (-2.12;,0)

woodborers

Presence of fungal fruiting
bodies

Gap fraction (2018) x fungal
fruiting bodies

Presence of stem wounds
Gap fraction (2018) x stem
wound

R? 0.97

-0.91(-5.79;3.97) -1.23 (-6.29;3.83)

0.97*** (0.87;1.06)

0.94*** (0.85;1.04)

7.99 (-82.79;98.77)

-5.16 (-10.97;0.65)

4.32 (-6.29;14.92)
-1.41%* (-2.44; -0.39)

0.98 0.98
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ABSTRACT

This research focused on the properties of high-quality charcoal derived from High Land
Exotic tree species (HETS) planted under a reforestation program in the Angkhang Royal
Agricultural Station. Five potential species namely, Cinnamomum camphora (L.) Pres|, Prunus
cerasoides D.Don, Liquidambar formosana Hance, Fraxinus griffinthii C.B. Clarke, and Acacia
confusa Merr. were selected. These trees were carbonized by applying a new technique (called
the two-step carbonization) through modified 200-liter charcoal kilns (KP1 and KP2), made in our
previous works. After carbonization, the charcoal properties were studied by comparing their fuel
and adsorption properties. This included Proximate Analysis, Ultimate Analysis, Calorific Value, and
lodine Number. The results indicated that both types of charcoal kilns had no significant
difference with regards to the means of fuel and adsorption properties. The moisture content of A.
confusa had the lowest mean and the highest mean C. camphora at 4.70% and 6.819%,
respectively. The volatile compound value of C. camphora had the lowest mean and A. confusa
had the highest mean at 6.22% and 12.35%, respectively. The mean ash value of A. confusa was
the lowest at 2.33%, while C. camphora had the highest means at 5.86%. Fixed carbon values of
L. formosana and C. camphora had the lowest and highest mean at 77.00% and 81.11%,

respectively, which is consistent with the ultimate analysis of carbon element percentage. The
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mean calorific value of L. formosana was the lowest at 6,942.2 cal/g and A. confusa had the

highest mean at 7,458.9 cal/e. The lodine adsorption number was between 472.26 - 689.31
Mg, e/ Eerarcoy WHICh was higher than the average lodine adsorption number of typical wood

charcoal and close to the minimum activated carbon of 600 mg, ;. /&uarcon

Keyword: Charcoal, Exotic species, Carbonization, Kiln, Adsorption
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Figure 1 The main components of the new modified charcoal kilns (KP1 and KP2) constructed

from 200 litter oil drums.
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Table 1 fafl

Table 1 Influence of charcoal kiln and tree species on the main properties of the researched

charcoals.
Moisture  volatile Fixed lodine
Ash C HHV
Factors Content  Matter Carbon Number
(%) (%) (cal/9)
(%) (%) (%) (mg/g)
Species 0.0348 0.1021 0.0001 0.2404 0.0093 0.0042 0.0443
Kiln 0.3320 0.0846 0.6093 0.0565 0.0408 0.5071 0.8919
Species*Kiln 0.5689 0.1490 0.6400 0.2176 0.1553 05783 0.0028
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Table 2 Effect of kiln type and tree species on the Proximate analysis, Ultimate Analysis (C %), Calorific Value, and lodine Number of charcoals

derived.
Fixed
Moisture Volatile Ash C HHV lodine Number
Factors Carbon
Content (%) Matter (%) (%) %) (%) (cal/g) (mg/g)
%
Standard for Charcoal Utilization
TCPS. 657/2547 < 10% < 25% < 8% > 57% 6,000 < cal/g
TCPS. 180/2560 < 8% > 150
TIS. 900 — 2547 < 8% > 600
Kiln
KP1 5.82+1.36" 8.48+4.25"  4.88+1.75" 80.83+3.44" 8450+ 2.88"  721517+283.77"  57694+143.69"
KP2 6.23A + 1.23" 11.02+4.71"*  4.66+1.68" 78.32+3.84" 82.71+2.79°  719365+275.03"  58266+155.08"
Species
L. formosana 6.62+2.03" 11.30+2.87"  5.65+2.19" 77.00+2.66"  80.18+2.19" 69422+356.11°  553.17+204.07"°
A. confusa 4.70+0.89" 12.35+559"  2.33+0.44°  80.63+5.15" 84.76+2.33" 74589+130.13" 689.31+176.94"
C. camphora 6.81+1.13" 6.22+3.03"  586+0.24" 81.11+2.06"  8392+2.17"° 74235+214.59" 616.37+90.00"®
F.eriffinthii 5.84+0.14"® 9.26+2.62"  4.49+0.32"  80.42+2.58" 84.43+1.31" 7204.7£149.93"®  56791+110.34"®
P. cerasoides 6.17+0.22"® 9.61+595"  551+0.83" 78.71+5.05" 84.74+3.97" 7082.8+205.44"° 472.26+138.60°

Remark: * Values are represented as mean+SD and values followed by the same letter(s) in each column are not significantly different (p>0.05).

** TCPS. 657/2547 (Charcoal for cooking), TCPS. 180/2560 (Charcoal for Deodorizer), TIS. 900 — 2547 (for Activated Charcoal)

(1202) 8¢-62 (2)0p "1od °r leyl
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ABSTRACT

The application of SWAT and CLUE-S models in streamflow and land use prediction in the

upper Khwae-Noi subwatershed, Nakhonthai district, Phitsanulok province, aims to study and
forecast the land use change and estimate the streamflow in the subwatershed. The CLUE-S land-
use change and SWAT hydrological models were used to forecast the future land-use and
streamflow changes in 2013, 2018, and 2023.

The results were found that in 2023 most land-use types would tend to increase from 2018,
including agricultural areas, water bodies area, and constructed areas with 42.16%, 6.44%, and
1.39%, respectively, while the forest area and miscellaneous area would decline by 45.16% and
4.83%, respectively. The streamflow results indicated that the SWAT model used to estimate the
streamflow had an adequate efficiency in estimating the streamflow with R* more than 80 percent.
The streamflow measurements from the hydrological station (N.36) for calibrating and validating the
model during 2000 — 2018, as indicated by the statistical parameters R?, NSE, and PBIAS of 0.80, 0.74,
and 27.10, respectively. The estimated average yearly streamflow during 2013 and 2018 were 107.37
and 70.23 mcm, respectively. The forecasted streamflow in the future (2023) was slightly higher than
in 2018, with an increase of 12.06%. The study of hydrological characteristics during 2013, 2018, and
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2023, under future land use conditions with the percentage of the rainfall-runoff ratio, found that
the rainfall-runoff was the highest in 2013, followed by 2023 and 2018, at 14.87 %, 13.59 %, and
12.17 %, respectively. The results indicate that deforestation and the expansion of the agriculture
area significantly increased the streamflow during the initial transition stage. However, the
streamflow could decrease considerably in the upper Khwae Noi subwatershed in the long term

due to an unbalanced structure of the watershed ecosystem.

Keywords: Streamflow, Upper Khwae-Noi Subwatershed, SWAT Model, Land Use, CLUE-S Model
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Figure 1 The boundary of upper Khwae-Noi subwatershed, Nakhonthai district, Phitsanulok province.

Modified from the Royal Irrigation Department and Meteorological Department of Thailand.
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24.589.03 19 uaziudiunasn fiief 7.415.38
19 Anduseuas 51.55,43.90, 2.07, 1.91 wag
0.57 vosiuiivinun mwddu WewSouliioy
mslauselomiauiul we. 2561 wudn wurldy
15108 pundasnisldusslovd i du 09 ud
WA uuUasianua 14.284.11 19 Taonasld
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Wty 6,022.75, 920,55 waz 198.89 13 wiedos
av 42,16, 6.44 uay 1.39 suasu lagfiudiuals
Larfiuiidandnanasaind we. 2561 Midei
anag 6,451.00 wag 690.92 15 seiouay 45.16
WAy 4.85 AU (Table 1) & donndoeiu
N15ANEIU99 Kirlwongwattana (2007) la@nwn
msUasuudasmsldusslenifinuseouuusians
CLUESS i aa1an1saln151U8 sundasnasld
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Ifazanatotanowdos Auftnuns uaznnsly
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Table 1 Land utilization during 2013, 2018, and 2023 at the Khwae-Noi Sub-Watershed,
Phitsanulok Province.
2013 2018 2023
Land use
Area Area Area
type % % %
(rai) (rai) (rai)
Agriculture 527,458.27 40.87 560,584.33 43.43 566,607.08 43.90
Forest 695,224.22 53.87 671,798.30 52.05 665,347.30 51.55
Urban 2541414 1.97 26,510.61 2.05 26,709.50 2.07
Water 6,344.93 0.49 6,494.83 0.50 7,415.38 0.57
Miscellaneous 36,226.73 2.80 25,280.22 1.97 24.589.03 1.91
Total 1,290,668.29 100.00 1,290,668.29 100.00 1,290,668.29 100.00

N15U52UUANUS U U YINA 8L UUTIA B
SWAT

mMsUsEanaATUSaLvinnLuUsaes
SWAT vanasitufiguihgesuatosmeuuy Tngld
Yo I nsnanausunarivinlaud nnsld
Usgloviliiau yafiu Uinautheueu uazanm
aflonAsig i ynsUszananauiuanivi
Sywined w.el. 2543 - 2561 9ntuvnsUSuLA
anuAmaedsureauTaeslnglitoyad n.a.
2543 - 2560 kagyiIN1IADULIEUAIAIUYNABY
voauuuItaedlaglddoyal w.a. 2561 s
nsUsusAamsdwesidainuseulwidenis
Antilufiufiquinugahardulsyans luuas
wisfimeuinsusefiuAusinasivi lunns
Wasuwdasnsldusslovdviau I w.a. 2566

Anginsallaanuuudnass CLUE-S @150

v
Yo

aSureNanisAnwlasall
1. MIWASIERPNUBUlMIVRIF MU
NN BASIEHRAANUD ULV IF

wUsNHANLFURUSAUUSUIUIYN 31U 9§

uwUs lawn CH_ K2 (Effective hydraulic conductivity
the main channel), CN2 (the Curve number),
SOL AWC (the Available water capacity of the
soil layer (mm H,O/mm Soil)), CANMX (Maximum
canopy storage), CH N2 (Manning’s N value for
the main chanel), ALPHA BF (the Baseflow alpha
factor. (days), SOL K (the saturated hydraulic
conductivity), GWQOMN (Threshold depth of
water in the shallow aquifer required for return
flow to occur (mm)) Wag GW DELAY (the
Groundwater delay (days)) Iﬂﬂwuiﬂﬂﬁjmﬁmﬂiﬁ
fieaulmgsninduusdusuiu 3 dauus ldud
CH K2 fin Asauusresmsinalumairanendn
CN2 #8 #1 Curve Number sndudszansainlva
UuuRifulnenss way SOL AWC fe U
Tudud Aearunsadiunldld §aiarsanain
wualifuvasen NSE Afidndnlng 1 aufienisnns
WasuuUamwosadauys A1 NSE sziaunnty
o CN2 anas Tuvagdl CH K2 wag SOL AWC

Wunndu Inadunaliusunaiviniawiale
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INLUUINEDIL AT B8NINUS LUV #SIIA

959 FINANNTIATIEVADAAG BIN UNISANYIVD

Wongsakhiri (2011) wag Wuttichatkitcharoen
(2016) (Table 2)

Table 2 Sensitivity analysis of the parameters in the SWAT model.

Parameters Definition Default
8:R CH K2.rte Effective hydraulic conductivity the main channel -1.00-0.90
1:R_ CN2.mgt the Curve number 1.00-1.50
9:R_SOL AWC(..).sol  the Available water capacity of the soil layer. (mm -0.60-0.50

H,O/mm Soil)
5:R_ CANMX.hru
7:R CH N2.rte
2:V_ALPHA BF.gw
6:R_SOL_K(..).sol
4:A_ GWQMN.gw

Maximum canopy storage

Manning’s N value for the main chanel

the Baseflow alpha factor. (days)

the saturated hydraulic conductivity

Threshold depth of water in the shallow aquifer

1,460.00-1,700.00
0.45-0.70
5.00-10.00
-0.40-0.25
0.40-0.10

required for return flow to occur. (mm)

3:R_GW_DELAY.qw

the Groundwater delay. (days)

5.00-7.00

2. NNSEDULIN ULAENITATIVEDU
LUU1a09
ANSEBULT BULUUTIaeY Lagld
LUUTIa89 SWAT-CUP 91nmseuane Tnouus
FugafuUs91uIu 500 ATslugreyadaulsd
N5 d19Svaand N.36 Lnan1sA1uIan
p-Factor Lag r-Factor tv 1A U 0.17 wag 0.04
a1y uazlian NSE fidfigamindy 0.74 Tng
Wofiasanainan r-Factor efiAntosnin 1.5
wan sl LA us1999A210n3 19028 BB 95PPU

MnNsYRRuUsutnaAdgaiisAgegnos

Tunaividmela widlefinnsanan p-Factor #af
A1oan3n 0.70 wansliiiudnusuaiving
AwulaanuuuIassluyle 95PPU dA1au
AasLAdauaInAinsainldassegAoutaman
donAaoInyu Abbaspour et al, (2015) wadiile
f91500167 NSE AifAmnnd 0.50 daeuaaile
NnyadulsRTige wuiilvinamsduinuna
urvinegluinusiAsousuld §eaoandesiy
Moriasi et al., (2007) Imaiélﬁaﬂﬁqmﬁul,ﬂiﬁﬁﬁqﬂ
i dmsunisasredeunuusiassludusioly

(Figure 2)
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Figure 2 Comparison of streamflow variations between that estimated by the SWAT model and

measured data during the calibration (2000 - 2017) and validation (2018) period.

o '

NnAgAFuUsTIATigadena1ader1an
naaoulur19nIIvdeULUUTIaDT (W.A. 2543 -
W.A. 2560) 989an18 N.36 21NHANITANEINUIN
WUUL1aDe SWAT 1A R? wag NSE da1unnnin
0.50 4908 luinmusiA veuiuldd saenadaaiy
31UV VD9 Versuri (2005), WongsaKhiri (2011)
wag Moriasi et al, (2007) uiliiefiansanasig
yo3USurmv1lassIu91nAY PBIAS Wuin

Y9 1ANA TAWAY Se8ay 25 NIUNania

91nn15uUsFUYeUTI L INT A e ud LN
W wansaidvian dadunalvuuudias
annnsalUsnanivilddninfind uase vinls
A1 PBIAS laliiusesas 25 Aodeyluinusii
vousuUlduaziionasandunsn 1:1 Tunmsa
yesaninTainesifiuinuinasivinifunalle
MNuUUTEesiAtosninvinfinsiatnldas

(Table 3, Figure 3 wag Figure 4)
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Figure 3 Streamflow and rainfall amount variation during calibration and validation period using

swat-cup model.
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Table 3 Statistical parameters for calibration and validation of the SWAT model using SWAT-CUP.

Statistic Calibrated Validated Total
Parameters (2000 - 2017) (2018) (2000 - 2018)
R? 0.80 0.71 0.80
NSE 0.74 0.71 0.74
PBIAS 26.20 70.00 27.10
100
- -
an - 1:1 .-
Y =0.6724x + 0.7252 e
-
80 4 R?-08035 7
———
E T0
(¥] 60
S
T 50 ®
o
40
S
£ 30
¥y
20
10
G | 1 |

0 10 20 30 40 50 60 T0 80 a0 100
Observation (cm/s)

Figure 4 Realtionship between the streamflow simulated using the SWAT model and measured
data. The dashed line is the 45° linear regression line, while the solid line is the best fit

line between the data and modeled values.

3 Vswanvilufiuiguihgesuaides 1171911199 92930939 (observation) w1 Tl
MOUUWT W.A. 2556 Wz W.A. 2561 W.A. 2556 dANUPENTINITATIVIAIT VAU
nsAnwIUTaanivilul wa. 2556 36.48 drugnuiaiiuns waglul wa. 2561 fimn

uaz .. 2561 WUd1 Uiraniviainiuudiaes UeeninN1InsaaTnasavindu 47.21 dugnuian
(simulated) Tngsassisdiviniy 107.34 uag 70.23 wns Tnglud na. 2556 FUSinuvingegaly

é”luqﬂmﬂﬁmm ANUARU L arguiuUIUIN WaUAINALLYINAY 28.53 é’ﬂuqﬂmﬂﬁmm hag
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Aanlufieunuaiusvindu 0.25 &ugnuiard
wns dnlud wa. 2561 duFnadvigeanlu
WenFmnAuwdy 27.26 S1ugNUIANLIAT WAL
maaluieusiunny wiiu 03¢ Sugnuieariuns
doutaduusinauivingguman (wet period)
(. - .a) wud T we. 2561 fnanivingag
thwanannigawiniu 63.56 rugnuieriuns
BaluT e, 2556 TUTnauivhgguman Wiy
99.31 Frugnuraiiums uazduTinawingaan
uwas (dry period) (W.g. — 1.8.) stuiieadnties
wihriu 8.03 uag 6.67 arugnuian (Table 4)

siadl a5 uneld U mavinlu®
w.el. 2556 fUsuaivunndnd we. 2561
\flosnlul w.e. 2556 1OuTATUTINARUANGS
nAUnd Talanztiafeuwsuiiutieg
uds venaniululigaingldiu (idRv) finedn
Ushamzaduldneunatwazesutdsaaduny
Twueu indoudingussmalneuinusesseves
namtiowaznianziusendewniie dmalidu
anuiiTaaeudanau Uinaivies SIGEGH
dingdludoud dvdnlngjuulihniuaniviey
wdstumuuTanailuudasifeudinnasuus
esmndumnasnluTinuiiinniinisumsndy
asghu

4. mawensainsUspdiuFananivi

meliFeulynsliuseloninmluounn

wuin Tul wel. 2566 TUFanauivi
NUVUTIRBITIUARDAT W.A. 2566 AAIWINAY
78.44 drugnuiAriuns duTuiaivingeaaly
WeuFmnALWINAY 16.72 S1UgNUIARLUAT WAL
Usinaniviigeluidioussey ity 0.29 du
aNuIARIAS LLUQL“TJUU%;Mmﬁwﬁﬁﬁadqaﬁﬁwaﬂﬂ

Wiy 66.48 dugnuiawns Aadudesas

84.75 sloUSinanivieed wasiluunaniivingas
qaﬁwué’uvﬁﬁ’u 11.96 drugnuiafiuns amdu
Zopaz 15.26 saUsinaniviised Wewseuiiiou
Usunaim191nnisiduselosy v g ulud
WA, 2561 wu3n Tud w.e. 2566 HUSurauivia
1NN WA, 2561 Wiy 8.21 augnuIAniung
F suandliiiudanislduselond i fudswane
Usinashwindnios usanunsaesusuualtiunis
Wasuwasnsldusylevifnusieusunamvinle
M Lﬁ'a‘ﬁuﬁLmsmiﬂsiuﬁuﬁﬂqmuuazﬁaﬂqna%’w
ariuiiuvasiufindu Tnoniswdeuudasiiui
U7l vilnszuaunisgnninetluiud qui
Waguuladlaed3unasidufinnamniinisduas
Autlovas iesarnnisyinisinensnssuviliau
iy 3eivsinanhlnaumi @A uandy
U'%mmﬁwﬂwﬁﬁfmié’ﬁqqaﬁuﬁﬂﬁaa PNBNBNANIS
Wasuwdasnsl4fussnannfidsnanednuuy
MIgnnInen (Witthawatchutikul et al., 2011) wag
wunliunsiasunlamesUsinanvinaennd os
AUNITANE1989 Tangtham and Yuwananont
(1996) A nwwansznuni1siUa suudasnisly
UselomdiinunardnuarmslvavesSunanimily

auiUdn eenisanasuasiunUnlevinliusuna

a
v '
a

tiifingetu (Table 4)

N15A NI NBULNIYNATNEIUN
Usen1stud w.@. 2556, 2561 way N.f. 2566
aeldidoulonslifiauluewanluiuiiguieen
umtfesmauuulagldfaiiveddnuarmegnnine
11w 2 fall Idun fosazusinaniwinluragg
LLé’wfaU%mmﬁwiﬂmmqacJu (percentang of
dry period wet period (Year) ratio) ka3 o8ay
R IET YTV BU N HTaPIVAT LY (percentang of

rainfall runoff ratio) U731 Se8arUsuIUUIYN
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Tursggudaieuinarivinludengru fegean
Tl w.a. 2561 s09890ABY W.A. 2556 WAL W.A.
2566 fiAN588ay 10.49, 8.07 way 5.66 ANUARNU
wazdosazvosnaindviidousuianiicy 3
Ageanlul w.e. 2556 s09aunABl W.A. 2566
way w.A. 2561 iA1Y08ay 14.87, 1359 Lay
12.17 pudndu Fedosaztimindetsluiirigegn
oglurhafoudanmay - Augieu ilesanifutag
AfiTpsANUNABINIARN PNUMIAYNTBUF BRI
uinasznalng vl iunanyneewd os wagd
U5 uradud uf ulu aad ounsng e
(Meteorological Department, 2018) Wazilsosas
voniwhretruiasluTafouswey uandle
Wisuiisufesasivhdethruvesquiuanton

ADUVUAUNUN V1P UUISTTUYIRUSLINNALLD

pouanefifUsnai Ul Aty wui duihdes
waatfsemouuul amaunsalunislivingle
WeuRurunnaanldiesnindevas 804 wesiiuil
Undurisssuuad diinlualudisisiedsdosas
22.91 v9aUS Iy (Witthawatchutikul et al,
2011) Weiliil pearnnsIUa suuvasiudivalsly
U%nmﬁuﬁﬂéﬂmsma%jufﬂsiaaLLmﬁaamauuuﬁ
wulifudinganntu shlsidnuugnisgnning
UlfiuBeuntas Tnglifidspufiatnevzannisiva
‘uaqﬁwLLazLﬁ'uu%mmmisﬁmﬂ;ﬁmuﬁaﬁﬂu‘qu
dusiliiruiinnasangulngfnduilnad
wirhu Sdudesuindivdinadlufu 5918
U?mmﬁwiﬂwdamaué’mu A0AAABIRNINNTT
anasvesii uii Unduihvesguingesunios

ABUUU

Table 4 Comparison of the streamflow in the upper Khwae-Noi watershed between the years 2013,

2018, and 2023.

2013 2018 2023
Rainfall Rainfall streamflow
Months streamflow (mcm) streamflow (mcm)
among among (mcm)
observation  simulated (mm) observation  simulated (mm)
January 2.41 0.44 39.20 1.26 0.71 18.90 1.62
February 291 0.25 3.00 0.75 0.55 27.10 0.55
March 2.77 0.59 56.00 0.41 0.34 18.90 0.47
April 1.60 0.37 57.40 1.95 0.37 44.00 0.29
May 2.24 1.48 143.40 2.78 0.89 141.80 4.10
June 11.46 15.35 287.80 9.11 3.71 219.90 14.39
July 13.51 15.80 148.50 24.78 10.22 178.10 8.50
August 36.54 28.53 274.70 32.14 27.26 204.20 16.72
September 44.34 25.25 138.90 29.25 1791 90.90 14.91
October 19.53 12.90 78.90 10.46 3.57 2.20 7.86
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Table 4 (Continued)
2013 2018 2023

Rainfall Rainfall Streamflow
Months streamflow (mcm) streamflow (mcm)

among among (mcm)

observation  simulated (mm) observation  simulated (mm)
November 3.93 4.66 4.50 2.96 3.18 71.10 8.09
December 2.58 1.72 42.50 1.59 1.52 2.00 0.94
Total Runoff 143.82 107.34 1,274.80 117.44 70.23 1,019.10 78.44
wet period 127.62 99.31 1,072.20 108.52 63.56 837.10 66.48
dry period 16.20 8.03 202.60 8.92 6.67 182.00 11.96
(%) dry
period/wet 12.69 8.07 18.90 3.86 10.49 21.74 5.66
period (Year)
(%)
streamflow/R 18.93 14.87 - 20.36 12.17 - 13.59
ainfall
51 winfu 560,584.33 15 Aailufosay 4343 fluil
9

asluselovdnulud w.a. 2556 uaz

W.A. 2561 Lazn1sAIAN1salnas lauselawl

a
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¥ '
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1
=

Soway 52.05 5998911 Ap NuMNEAINTSY Luila?

qumuuazﬁlmqﬂa%ﬁa fiflefwiiu 26,510.61 19
Andudesay 2.05 fufidands fifefvindu
25280.22 15 Asdusovay 1.97 Lagiiuiiunaa
1 Biilefvindu 6,494.83 15 Andutesas 0.50
n15A1An1sal N5l Uselo v 7 Au
U w.d. 2566 TLASIEAI8LUUTIABY CLUE-S
wut uiiquihdesuatiosmeuuy dtufivnls
mﬂﬁ'qm Tnod il o7 Uszunn 665347.3019
sosau Iiun Auiitnwasnssy Sifefiussunn
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ABSTRACT

The objective of this study was to establish the Economic Zoning of Teak Plantations in
Thailand. The study adopted the economic cost benefit analysis as a tool in establishing the
Economic Zoning of Teak Plantations. The economic cost benefit analysis used a 20-year period
time frame, 3 percent real discount rate, and the cost benefit streams valued at a constant price
(100=2019). The economic feasibility indicators adopted were the Net Present Value (NPV), Benefit
Cost Ratio (BCR), and Internal Rate of Return (IRR).

Based on the differences in land potential for Teak, transportation costs, and land value
(opportunity cost of land) of various provinces, the study found that provinces most suitable for
commercial Teak plantations were Kanchanaburi, Uthai Thani, Phichit, Kamphaeng Phet,
Petchabun, Phitsanulok, Sukhothai, Tak, Uttaradit, Phrae, Lampang, Lamphun, Nan, and Phayao.
The economic NPV of Teak plantation in these provinces with estimated high value of Teak ranged
between 209,744-302,880 baht/rai. These high value Teak plantation provinces should be
considered while constructing the Economic Zones for Teak Plantations in Thailand. Establishing
Economic Zones for Teak Plantations will enable the Thai government to appropriately provide
the necessary infrastructure support for the investors, such as marketing network, certification

system, transportation services, as well as legal facilities.

Keywords: Teak economic zoning, Teak plantation, Carbon sink, Cost benefit analysis
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Figure 1 Classification according to a land's potential for establishing teak plantations.
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Table 1 Cost of Teak plantation estimated using the transfer cost year as 2019.

Activities Average cost of study site 2010 Cost adjustment on 2019
(baht/rai) (baht/rai)

Site Preparation 325 368
Teak Sprouting 400 453
Labor Cost 300 339
Cost of Re-planting 150 170
Cost of Maintenance

-Year 0 825 934
-Year 1-2 500 566
-Year 5-6 650 736
-Year 7-19 250 283
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Table 2 Estimation of Teak volume and value according to the potential of an area.

Teak Volume Teak Value
Cutting
Teak (m*/tree) (baht/ rai)
. Number
Age Price Land Potential
of Teak
(year) (baht/ .
) per rai High Medium Low High  Medium Low
m
7 3,588 100 0.09 0.04 0.03 32,292 14,352 10,764
15 6,460 50 0.47 0.23 0.15 151,810 74,290 48,450
20 8,182 50 0.89 0.44 0.30 364,099 180,004 122,730

2. nsUsziliuyadinsaaduaisuaule-
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Table 3 Estimated Carbon credit income.

Year Number of teak per rai Marginal of carbon storage (year)
ton/rai USD/rai baht/rai
2 200 0.09 0.54 17
3 200 0.34 2.06 66
4 200 0.45 2.69 86
5 200 0.70 4.21 135
6 200 1.53 9.18 294
7 100 0.49 2.93 94
8 100 0.94 5.66 181
9 100 3.23 19.37 620
10 100 1.51 9.06 290
11 100 3.80 22.77 729
12 100 2.08 12.46 399
13 100 5.02 30.09 963
14 100 2.88 17.27 553
15 50 2.81 16.86 540
16 50 1.72 10.33 331
17 50 3.09 18.56 594
18 50 2.01 12.03 385
19 50 3.38 20.26 648
20 50 2.29 13.73 439
NaLazIvSal Uagdugns (NPY) u1nndt 0 vn/ls dnsadau

HANITIATISTA U ULAZNARDULNUN
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Table 4 NPV, BCR, and IRR as obtained from an Economic Analysis of the teak plantation. The table

lists the top 5 provinces in each Economic zoning (100= 2562 B.E.; At Constant Price).

Province Land Potential PVC PVB NPV BCR IRR
baht/rai

High Suitable
Kanchanaburi High 55,032 357,913 302,880 650 43.59%
Uthai Thani High 68,769 357913 289,144 520 42.74%
Phichit High 85,090 357,913 272,823 421 44.18%
Kamphaeng Phet High 88,063 357913 269,850 4.06 43.10%
Phetchabun High 88,537 357,913 269,376  4.04  40.93%
Moderate Suitable
Chiang Rai High 169,864 357,913 188,049 211  26.28%
Mae Hong Son High 193,168 357,913 164,744 185 23.64%
Chiang Mai High 199,317 357,913 158,596  1.80 17.87%
Suphan Buri medium 36,621 192,692 156,071 526  33.80%
Sing Buri medium 37,767 192,692 154,924 510 35.44%
Low Suitable
Nakhon Pathom medium 93,283 192,692 99,409 207  13.58%
Surin low 43,349 140,891 97,543 3.25  32.04%
Khon Kaen low 45,222 140,891 95,669 312 31.19%
Yasothon low 46,939 140,891 93,952 3.00 33.10%
Kalasin low 47,802 140,891 93,089 295  31.64%
No Suitable
Samut Prakan low 189,570 140,891 -48,679  0.74  -1.48%
Nonthaburi low 374,096 140,891  -233,205 0.38 -13.71%




66

Thai J. For. 40(2): 56-68 (2021)

Nal

1.Bangkok
2.Nonthaburi
3.Pathum Thani
4.Nakhon Pathom
5.5amut Prakan
6.5Samut Sakhon
7.5amut Songkhram

8.Phra Nakhon Si Ayutthaya

3 9.Ang Thong

10.Sing Buri

Remark : Refer from Economic Analysis

monocultures Teak plantation case.

Framework Analysis

>Land Potential
>Land Value (Rent)
>Transportation Cost

The symbols for Economic Zoning of

Teak Plantation

BB High Suitable.
NPV more than 200,000 baht/ral
3 Moderate Suitable.
NPV between 100,000-199,999 baht/rai
3 Low Suitable.
NPV between 1-99,999 baht/ral
Hl No Suitable. (NPV less than 0 baht/ral)

3 Not enough Information.

Figure 2 Economic Zoning for Teak Plantation in Thailand.
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ABSTRACT

The aim of this study was to assess the drought tolerance of Shorea roxburghii and
Shorea siamensis seedlings resulting from Astraeus odoratus acting as an ectomycorrhiza. The
spore suspension of A. odoratus was inoculated into the two seedling species at a concentration
of 10 ml/seedling. After one year, the drought tolerance of seedlings was determined by stopping
irrigation for 7 weeks. During the drought tolerance experiment, all data were collected at four
different times. The obtained data was then analyzed using t-test to compare the drought
resistance between the inoculated and non-inoculated seedlings.

Results indicated that all the growth parameters of inoculated seedlings of S. roxburghii
were not significantly higher than the non-inoculated seedlings when under saturated soil water
content or 61-100 percent of soil moisture. When the soil moisture was reduced to between

41-60 percent, the inoculated S. roxburghii seedlings had a significantly higher performance index,


mailto:ffortrk@ku.ac.th

70 Thai J. For. 40(2): 69-82 (2021)

Fv/Fm, and leaf area than those of the non-inoculated seedlings. For the S. siamensis seedlings, it
was found that the inoculated seedlings had a significantly higher diameter at root collar, height,
and leaf surface area compared to those of the non-inoculated seedlings under saturated soil
water content. However, the inoculated S. siamensis seedlings had a significantly higher diameter
at root collar than the non-inoculated control when the soil moisture was reduced to between
21-40 percent. Our results indicate that inoculation of A. odoratus on both the seedling species

can improve drought tolerance of the two dipterocarp seedlings.

Keywords: Mycorrhiza, Dipterocapaceae, Water stress
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3 Leaf surface area of Shorea roxburghii (A) and S. siamensis (B) under different soil

moisture content; vertical lines above the bars indicate standard deviations, with the

different letters in each soil moisture range indicating a significant difference (t-test), ns=

non-significant different; SR non = non inoculated S. roxburghii seedlings, SR inoc =

inoculated S. roxburghii seedlings, SS non =

inoc = inoculated S. siamensis seedlings.

ARt MSINUvaIRaalsiaa (Performance
index, Pi) wag ANUSZANS NN UBIN15 Ity e

Ya3naalsnaa (Fv/Fm)

INNANTANWINUIN TUIANUTURAY
anaunae 41-60 Wasidud Asvtinisvinauves

Aaslsiadveananldngyeniiugnidie (0.77) e

o o

fildldugnide (0.99) el

' £%

adinnannan

° =

Hed1Agneads Tuvuiidionnuiuiuaniias

] s v

ufe 21-40 Wesidud naldingeeuiivgnide

¥y v
o = o

warlivgnivetuiidviinisvinnuvesaaslsilad

uanasiueg e liidudAgyn1eads (Figure 4A)

v
A a

Aursundnlaisamuinie 3 remnutuRu nanlisa

non inoculated S. siamensis seedlings, SS

Tivgniouaslulldvgnioiinmngnilsliandaiinng

o w

Hauvesnaslsiladunnanaiuagiluiitedday

o

N9@dd (Figure 4B)

¢ 1 a a

NANTTILASIERAIUTEENS AN S ITWES

929AaalsNas WUINNTIAMUTUAUN 61-100
way 41-60 Wasidud ArUszansaInnsldnas

vosnaelsfladnanldnseeuiiugnide (0.74, 0.75

pua1nu) danuinninnantdnlileuaniae (0.64,

U

0.68 ANEU) 98I TEdEAENSERA (Figure 4C)
Tusnigfindliisafiugnitedianssansninnnsld
uasenaelsiaduanaiueg9liddedAgnig
adin fundlasaldlavgnideluyndasauduiu

(Figure 4D)



78 Thai J. For. 40(2): 69-82 (2021)

3

Tunsinasatinisyinauvesnaslsilaa
LarANUTEANSAINUBINS T WEUBIRaB L SHAS
AunsavsuanmsaulanglianEANULASEAN

v =

Waduiigla deluluivianysalliegluaniie
wisndziiafandgeaniluiiviegaeldanie
1A3EA (Suwanwong, 2019) ARANITANYITU

asatluandliiiuindlendliisusganiizaien

Pnmsfauiinnutuanawnde 41-60 Wedius
ﬂﬁﬂ,ﬁwzﬂauﬁﬂqm%aﬁ?ummmwwiaamag
iAsennMInIntldAninglimgseuiliugn
Wo Tnefia1Ta191nA S En159 91UV e
Aaalsias wagAUsyandnnvesnslduasues

Aaalsfladvenaildnseauugniietuiiead

wnnnaliingeeuililaugnie

OsA non 055 non ns o
|
1.2 4 MR ns WS )
a 25 4
ns )
%1.0 4 I x
o
2 % 24 ns ns
£ b £ !
Y08 4 o
£ g
5 £15
E
£06 E
£ & ]
agq 4 g 1
02 4 05 9
0.0 0
61 - 100 41 - 60 21-40 61 - 100 41 - 60 21-40
Range of soil moisture (%) Range of soil moisture (%)
0.9 1
Osr B3 ”15 Ossnon WSS ino o
i 09 A ns ns ns
0.8 b a b a L 1 1

0.7 A

06 A

Fv/Fm

04 A

03 A

02 1

61 - 100 41 - 60 21-40
Range of soil moisture (%)

08 A
07 1
06 1

0.5 1

Fv/Fm

04 A
03 1

0.2 A

61 - 100 41 - 60 21 -40
Range of soil moisture (%)

Figure 4 Performance index and Fv/Fm of Shorea roxburghii (A) and S. siamensis (B) under

different soil moisture content; vertical lines above the bars indicate standard

deviations, while different letters above bars in each soil moisture range indicate

significant difference (t-test); ns= non-significant different; SR non = non inoculated S.

roxburghii seedlings, SR inoc = inoculated S. roxburghii seedlings, SS non = non

inoculated S. siamensis seedlings, SS inoc = inoculated S. siamensis seedlings.
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of Astraeus odoratus on the Growth and Ectomycorrhizal Root
Formation in Dipterocarpus alatus seedlings
g1Uw aulsas’ Thapana Chabthaisong®
515501 whanszane® Tharnrat Kaewgrajang'

tnadenT el angumans anivendeinuaseans nganne 10900
'Forest Biology Department, Faculty of Forestry, Kasetsart University, Bangkok 10900
*Corresponding Author; E-mail: ffortrk@ku.ac.th

Fudiuadu 2 fiquieu 2564 Fuudly 15 nsngiau 2564 FuasiuW 21 n3ngIeu 2564

ABSTRACT

The objectives of this study were to study the effect of planting materials and
temperature on the preservation of Astraeus odoratus spores and their ability to grow and form
ectomycorrhizal (ECM) root in Dipterocarpus alatus seedlings. Two formulae of planting materials
included Formula 1 consisting of vermiculite + peat moss (8:2); and Formula 2 consisting of soil +
granules black rice husk + coconut husk (1:1:1), were used in the experiment. The result indicated
that seedlings inoculated with Formula 1 formed ECM colonization at a rate of 42.09%, which was
not observed with Formula 2. Moreover, a relative growth rate of height was observed which was
significantly higher than that in seedlings inoculated with Formula 2. To study the effect of
temperature on preservation of A. odoratus spores, we preserved the spores for two years under
three different temperatures including room temperature, 4 °C, and -20 °C. The result indicated
that a 2-year-old preserved spore can be used as an ECM inoculum. The appropriate temperature
for preservation spore was -20 °C. In addition, the inoculated seedlings with spores preserved at -
20 °C showed a significantly higher ECM colonization rate (61.04%) than the inoculated seedlings

with spores preserved at room temperature (22.51%).
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oy n = natural log,
T1 = Andleduganisnaasd waz TO 10u

ANIBBUAUNAADY

wagyn1sgundnliTiuiuniaudiay 3 du
- s 2 ¢ a
Wensianesidudnisiinsniealaluaailsy
M1338n1598¢ Brundrett et al. (1996) Udoya
amualudnsendeyanisadalagly t-test de
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USu1a5191%13 Audunsn-ans wazuiuna

@

a a . A v a vua
8UNIYING (organic matter) NNOIUHUANIT
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flunan U wa. 2563 Tufaguaniifidiunanves
wosifsladduiinuead ludnsidiu 82
TngthwiindouTung Ugnideninuusas 10 9
savraAulEnd S mau 30 du fanuganay
durinugusnansiinesnadiusnidognidelsiiu
gl vinnsaauaunislitindnldl 25 fadans/
Au wazhasnglianimwindesiiediu Tadeya
nadadondlifiensasu 6 Weu ludeugaiaud
WA, 2563 Lﬁa??uijmmsmaaﬂé’v‘hmiﬁwmmm
ANITAUTAEUNNS (relative growth rate) W
nasuAMLgazduruguinatsiinesn
Tnedummuaunsiinaaundisiu Snitldh
nsqundnldninmudaz 3 du tiensiam
wWoesidudnisiinsinealaluneslseiniuisnis

Y84 Brundrett et al. (1996) Yrdeoyanisiiuln

€

WimMsAUANNgs N1sRulnduinsauLduRy

uINa9NAeIIN waziuasidudnisinsineala

e N

Tupeslsyludwsnzgvianuwlsusiunisaifnngg
One-Way ANOVA uaqtUssutisuaadelagly
LSD’ test mgluswnsy R

HauazIATalNG
KavasTagUuansansiiulaLaznIsiingn

alnlunaslsen
PNMFIATETeYaN AT ARANTAULR
duritvdveandlifiugnlutanugniiassgasdie
ttest wuIndnlifensuniiugnlutangndneiudl
mmﬁUlméfmﬁméwmﬁml,ﬁwiwu@uéﬂmqﬁﬂaim
upnesiuegliled Ay 9adia (Table 1) undl
nsiAuledURinENIRIuANNgILANANT LaE 19
fdfannaain (Table 1) Tnewuinianugnamsi
1 (nesfiadlad + Anuead, V) nanlddnsiuln
Fuivdynadumugannnindundiiugnluiag

Uanansi 2 (A + wnaus + Yeugning, S)

Table 1 Relative growth rate of diameter at root collar and height of inoculated Dipterocarpus

alatus seedlings with spore suspension of Astraeus odoratus.

Treatments Relative growth rate of diameter at  Relative growth rate of height +
root collar + SD (mm/mm/month) SD (cm/cm/month)
Vi 0.102% + 0.016 0.086° + 0.021
S| 0.093% + 0.025 0.068° + 0.014

t=0.937, P=0.361 t=2.351, P=0.030

Remark: SI = soil + granules black rice husk + coconut husk, VI = vermiculite + peat moss; the same letter in each

column indicates a statistically insignificant difference (t-test, n = 20).
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f9u (sclerotium) ﬁﬁwmatﬁﬁﬁyﬁuagﬁiau 9 910
#2e Tuwariisniildiiealaluneslsuitsntud
AsUANLYUILRY wavilauialdnnin 1-2 11
(Figure 2) ?jqé’ﬂwmsmqé’mgm%mé’fma'ni‘f
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(2013)
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Figure 1 Ectomycorrhizal colonization rate of
inoculated Dipterocarpus alatus seedlings
planted with two different planting materials
(VI = vermiculite + peat moss; SI = soil +
granules black rice husk + coconut husk). The
same letters above the bar indicate a

statistically insignificant difference as obtained

from the t-test.

Figure 2 Dipterocarpus alatus roots. (A), non ectomycorrhizal root; (B), ectomycorrhizal roots

associated with Astraeus odoratus (S = sclerotium, R = rhizomorph).

Hansfnwnuinalinvaniuanugn
gnsfl 2 (SN Lufisniealalumeslsenindu vl

o dululdinlutanugn 2 fuSuausineims

galaolanizedegesinnoaneasa (P) uay
Inunageu (K) dauansly Table 2 ngU3unu

smeIMseNdmaiensininienlnlunaslen
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lupeslsgglunmsiiuanuainsalunisgadu
wikarussntiunduld waznisAnyives

Kaewgrajang et al. (2013) Fswuiiiendiliiens

= & @ 6 a 49(
Piesiduinisiinsinealaluaasiseunaduy

dsnalyinanlaifinisAulnundsduee

Table 2 pH, organic matter, and nutrient concentration of two different planting materials (VI =

vermiculite + peat moss, SI = soil + granules black rice husk + coconut husk) .

Plant % %Total K Mg Cu
material Pr Om N (mg/kg) (mg/ke) (mg/kg) (mg/kg)
Vi 7.04 18.39 0.275 32.7 103.12 319.7 1.9425
Sl 7.2 22.405 0.165 644 1615.3 532.9 26775

Remark: pH=Positive potential of the Hydrogen ions, % Om=Precent of organic matter, %Total N= Precent of total

Nitrogen, P=available phosphorus, K=Potassium, Mg=Magnesium, and Cu=Copper.

navasgamaiilunisiniudnualasaanis

wulanaznisiinsinaalalunaslsen
ammsﬂqm%@ WaRsniaieaUes

wvauass Fufusnulifoungiunndieiy

3 szeiu Wdunanldensunduaiuiu 6 oy

£

wudndetrdeyanisiulndurinsvesndnliens

aa v

Y1ludasigimanunUsUsiunia@ifnnge
One-way ANOVA nanldignsunfinisidulndusing
N19A1UANFINAZIUNIUANINA197IADTN

N v o

upnasiuegslifidudAgynieedia (Table 3)

Table 3 Relative growth rate of diameter at root collar and height of Dipterocarpus alatus

seedlings inoculated with spore suspension of Astraeus odoratus kept under different

temperature preservation methods.

Relative growth rate of

Relative growth rate of

Treatments diameter at root collar
height (cm/cm/month)
(mm/mm/month)
Preservation at room temperature 0.086°+0.022 0.074°+0.012
Preservation at 4 °C 0.085%+0.027 0.072°+0.022
Preservation at -20 °C 0.087%+0.020 0.074°+0.014

F=0.026, P=0.974

F=0.074, P=0.928

Remark: The same letters in each column indicate insignificant difference (LSD test).

INNITAUIINNA1E1UNN AT

Wasiduanisiinsinealaluaaslsen wdnly

AT18MAULUSUSTIUNNS@DAA 28 One-way

ANOVA wuinénlfiensuniivgniiedealasidia
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Figure 3 Ectomycorrhizal colonization rate of
inoculated Dipterocarpus alatus seedlings
with different preservation temperatures of
Astraeus odoratus spores. The same letters
on the bars indicate statistically insignificant

difference (LSD test).
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ABSTRACT

Unmanned Aerial Vehicle (UAV) can currently take high-resolution orthophotos but the
camera sensor only has an RGB band. Classifying land use using UAV aerial photos through
computer needs suitable techniques. The objective of this research was to find suitable
techniques for such land use classification. Pixel and object-based classification techniques were
applied and validated using visual interpretation techniques. The study area was in the Ban Pa
Not, Mae Tha subdistrict, Mae On district, Chiang Mai province, in a total area of approximately
1,182.47 rai, with some parts in the Pa Khun Mae Tha National Reserved Forest.

We found that pixel-based classification techniques have an overall accuracy of 39.4%
with a Kappa coefficient of 0.27, while object-based classification technique has an overall
accuracy of 34.2% with a Kappa coefficient of 0.22. Pixel-based classification techniques gave a
slightly higher value but both techniques had an acceptable level of performance as indicated by
the Kappa coefficient values on the Landis and Koch scale. We conclude that orthophotos in the
RGB band obtained from UAVs are not suitable for land use classification and it is nescessary to

find additional techniques to validate such classifications.
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Keywords: Unmanned aerial vehicle, Land use classification, National reserved forest,
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Figure 2 Study area in the Ban Pa Not, Mae Tha subdistrict, Mae On district, Chiang Mai province,

with some parts encroaching the Pa Khun Mae Tha national reserved forest.
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Table 1 Comparative quantification of various land use classification techniques.

Area (Rai)

Land use type Visual Pixel-based Object-based

interpretation classification classification
Paddy field 309.17 265.55 301.03
Orchard 418.71 79.21 158.30
Evergreen forest 60.77 117.70 177.42
Deciduous forest 267.02 571.94 364.56
Miscellaneous land 3.82 0.91 12.98
Rangeland and shrub 52.10 4.53 50.67
Residential area 47.33 17.41 41.41
Road 10.87 31.38 31.01
Natural water body 9.64 74.98 45.09
Artificial water body 3.04 18.85 0.00
Total 1,182.47 1,182.47 1,182.47
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Table 2 Accuracy assessment of pixel-based classification.

Reference (Visual interpretation)

Lu_type Al A4 F1 F2 M M1 U2 U4 W1 W2 Total User'saccuracy
Al 49 26 0 5 7 10 7 1 2 107 46%
Ad 4 13 0 9 1 3 1 1 0 0 32 41%
F1 1 6 26 5 14 13 1 0 0 66 39%
.é F2 20 48 22 80 7 24 12 3 1 1 218 37%
g M 0 0 0 0 1 0 0 0 0 0 1 100%
lrjc?) M1 o 1 1 o 0o 2 0 0 0 o0 4 50%
2 U2 1 2 0 0 0 0 7 0 0 1 11 64%
5 w 4 2 1 1 1 0o 1 71 1 0 18 39%
:5) W1 19 0 0 0 0 0 2 0 6 0 27 22%
W2 2 2 0 0 0 0 4 1 1 6 16 38%
Total 100 100 50 100 10 50 50 20 10 10 500
Producer's accuracy 49% 13% 52% 80% 10% 4% 14% 35% 60% 60%
overall accuracy = 39.4% KHAT = 0.28
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Table 3 Accuracy assessment of object-based classification

Reference (Visual interpretation)

Lu_type Al Ad F1 F2 M M1 U2 uda W1 W2 Total user's accuracy
Al 58 26 1 13 1 6 8 a4 a4 3 124 47%
Ad 6 17 [ 16 1 4 1 2 0 2 53 32%
. F1 a4 11 32 16 0 11 20 1 1 0 96 33%
% F2 12 33 11 aad 5 20 5 1 1 2 134 33%
% M 0 2 0 5 2 2 0 0 0 0 11 18%
i M1 7 3 1 1 0 2 1 2 2 0 19 11%
_% U2 3 2 1 1 0 4 9 1 1 0 22 41%
% ua 4 2 0 0 1 0 3 7 1 3 21 33%
@)
W1 6 4 0 [ 1 3 2 0 0 20 0%
W2 0 0 0 0 0 0 0 0 0 0 0 0%
Total 100 100 50 100 10 50 50 20 10 10 500
Producer's accuracy 58% 17% 64% 44% 20% 4% 18% 35% 0% 0%
overall accuracy = 34.2 % KHAT = 0.22
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ABSTRACT

The important thing of the harvesting in a plantation management is the utilization of wood
timber from forest operations. Forest inventory, timber procurement, harvesting, and the planned
planting area must all be assessed annually to get the greatest benefits from a forest plantation.
Previously, forestry operations relied on the experience of park supervisors familiar with a
plantation's geography. However, geospatial technology has made great advances. Getting spatial
information has become more convenient but extracting descriptive information can still have
difficulties while relating with the geospatial data. The purpose of this research is to design and
build a spatial database using the annual data collected from the Lat Krathing plantation in
Chachoengsao province. We used spatial and descriptive data to create a database to examine
and analyze the operations of the forest plantation.

The results show that the estimated timber volume of Eucalyptus spp. and Acacia
mangium during the logging period (2006-2018) had a root mean square error (RMSE) value of
2,082.03 and 1,997.78 ton, respectively. From the comparison, it was found that there was no
statistically significant difference (at a 95% confidence level), with p-values of 0.181 and 0.071. As

for the forest area under plantation during the same period, the RMSE value was 396.05 rai. We
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found no statistically significant difference (at 95% confidence level) with a p-value of 0.126. The
designed geospatial database can be put into practice and can be further developed with
additional studies to analyze the system requirements, database design, program design,

development test and their evaluation.

Keywords: Geospatial, Database, Lat Krathing plantation
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Figure 1 Map of the administrative boundaries of Lat Krathing plantation.
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Figure 2 E-R or entity relationship diagram of the Lat Krathing plantation attributes database.

Table 2 Attributes table of each entity listed in Figure 2.

Entity Field name Data type Attributes
Block BC ID Text Block ID
BC CODE Text Block Name
AREA Number Area (rai)
Compartment COM_ID Text Compartment ID
COM_Name Text Compartment Name
COM_Area Number Area (rai)
Stock ST ID Text Stock ID
Age Number Age (year)
Volume Number Volume (m?)
Weight Number Weight (ton)
Density v Number Density (m?/ rai)
Density w Number Density (ton/wai)
Plantation PT ID Text Plantation ID
Tree Number Tree Survey
Cost P Number Cost rate (bath/rai)



118

Table 2 (Continued)
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Entity Field name Data type Attributes

Logging LG ID Text Logging ID
Vol L Number Volume (m?)
Weight L Number Weight (ton)
Cost L Number Cost rate (bath/rai)
Profit L Number Profit (bath)

Year Year ID Text Year ID
year Text Year Name

Land use LU ID Text Landuse ID
Landuse Text Landuse Name

Operation OP_ID Text Operation ID
Operation T Text Operation Name Thai
Operation E Text Operation Name English

Situation SIT_ID Text Situation ID
SIT _Name Text Situation Name
SIT_No Text Situation Number
SIT Date Text Situation Date
Remark Text Remark

Species SP_ID Text Species ID
Com_Name Text Common Name
Sci_Name Text Scientific Name

Spacing SC ID Text Spacing ID
SC_Name Text Spacing Name

31N Table 2 Yoyal¥usseny (attribute
data) §l 13 entities Usenaun8 Yaunklag

[

ga (block) afenldl (stock) Teyaugnadisauih
(plantation) Yoy avinldl (logging) vaulunLUas
(compartment) ayaU (year) msliussleanifinu
(landuse) N15ALHIUN1T (operation) Rewlvitud

(situation) wiinldl (species) s¥8¥Ugn (spacing)

Toyadovmdiiusmasiiiums (lock operation)
uazdeyaieumnudiiusuvas (block comp)
nadenlsssgnitegutoyaideiiui
(spatial data) wargudeyaieussene (attribute
data) Auunliiinsienlesiuvesvauivauias
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Figure 3 Relational attributes database of the Lat Krathing plantation.
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Table 3 Land use at the Lat Krathing plantation during 2017.

Landuse Area (Rai) %
Productive Area 18,876.36 89.47
Non-Productive Area 1,116.62 5.29
Conservation Area 1,015.13 4.82
Other Area 89.18 0.42

Density (ton/rai)
0.00 - 5.00 E Boundary
5.01-10.00 - Conservation Area i

[ 1001-2000 Other Area

I 2001 - 4000

I <001 - 100.00

i

74000 6000

Figure 4 Map of the estimated volumetric density of wood in 2018.
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Figure 6 The estimated yield of Eucalyptus spp. and Acacia mangium during the years 2005-2018.
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Figure 7 Logging yield of Eucalyptus spp. and Acacia mangium during the years 2006-2018.
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Figure 8 Plantation area under Eucalyptus spp. and Acacia mangium during the years 2006-2018.
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Table 4 Logging product of Eucalyptus spp. and Acacia mangium during 2006-2018.

from Database (ton)

from reported data (ton)

Year Eucalyptus spp.  Acacia mangium Eucalyptus spp.  Acacia mangium
2006 8,021.67 4,965.40 7,074.94 6,645.66
2007 20,545.42 12,430.87 19,665.26 11,318.37
2008 6,024.28 16,010.14 2,554.18 18,859.47
2009 6,121.77 19,259.78 5,680.16 20,935.95
2010 9,529.17 4,562.41 9,542.76 4,664.72
2011 15,843.09 4,393.53 19,181.99 4,558.45
2012 530.96 1,467.15 401.40 1,347.42
2013 4,921.35 5,986.75 5,872.51 11,853.14
2014 6,318.08 6,457.68 5,884.69 5,811.47
2015 7,652.56 7,513.73 2,583.23 8,552.93
2016 4,709.62 7,410.55 2,815.04 8,303.77
2017 8,289.01 5,894.98 7,776.12 6,224.90
2018 6,419.26 6,033.63 5,621.12 6,191.12
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Table 5 Area under plantation at the Lat Krathing plantation during 2006-2018.

Plantation Area (rai)

Year
from Database from reported data

2006 1,277.61 1,291.72
2007 3,7127.51 4,312.94
2008 1,758.54 1,793.67
2009 1,564.97 1,816.49
2010 1,070.63 808.10
2011 2,230.82 2,037.58
2012 553.84 160.33
2013 884.00 223.35
2014 1,523.34 1,476.29
2015 1,245.52 1,285.87
2016 1,789.46 1,507.46
2017 1,944.94 1,216.47
2018 1,845.55 1,281.20
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ABSTRACT

The objectives of this study were to investigate the population structure and activities of
Asian elephants (Elephas maximus) at the Salakpra Wildlife Sanctuary, Kanchanaburi province,
Thailand and to recommend guidance and planning strategies to better manage the wild elephant
population. Camera traps were used to capture and classify the elephants by gender and age
groups. Data were collected over a six-month period, from March to September 2020.

Elephants were categorized into five groups: adult males, adult females, sub-adults,
juvenile, and calves. The detection ratios for the five groups as mention above were 1:5.7:0.8:3:1.3
respectively, with an overall sex ratio of 1:5.7 and a reproductive ratio between adult females,
adolescents, and juveniles of 1:0.5:0.2, respectively. The Relative Abundance Index (RAI) was

calculated at 11.6% and the Relative Frequency (RF) was 100%. The observed activity during the

daytime was significantly greater than the nighttime (}(2 2 =57.019,df =17, p < 0.001). The two
periods of highest recorded activity was 8:00 a.m. to 10:00 a.m. and 3:00 p.m. to 5:00 p.m.



158159UANEAS Ine 40(2): 128-141 (2564) 129

This research found that the population structure of wild elephants in Thung Salakpra has
changed. The proportion of adult females, subadults, juveniles, and calves has increased
compared to past studies. Therefore, if the structure of wild elephant population is surveyed
every 5-10 years, it can be possible to better monitor the changes in population structure of wild

elephants in the Salakpra Wildlife Sanctuary.

Keywords: Population structure, Activity, Wild elephants, Salakpra Wildlife Sanctuary
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Figure 1 The location of 18 cameras trap installed at Thung Salakpra in Salakpra Wildlife Sanctuary

from March 30™ until September 30", 2020.

ASn1sAnE

1. A UNITNISANAINABIANEILAINW

ATOUARNYIIVRINUNSTUNINAvRIaaNNTENaY

Y

Asnanemeuasvenunsnwiuidniviadnnse
593 40 M1519NLAAT TULAATFAILIUIRINABIRY
Tndasnanen ndunueay 1 f7 LAaTAILALY

PanuUTEUI 2 Alaes MNasIRnangnIn

9

FANUATIUIY 18 Fkuua taeloaunusdulang

YuIAlandansIkazNuITaliigane WaRams

v

ndedligeainfiufudszatas 0.75 wns s
AguuuunshalindesdienimBuninds
naen 24 $1lug 1donluumadienindias 3 1w
LAEAIIAIMII 5 FunT nwdideldgnoudin

Tuil 1@ ANNEs wazAfiAnney luuday

Foudvinisiudoye 1 afs dufiunisauasu
fvuaaIsn 6 woeu lnglifinsindeudie
PRTIRAIRE AT
2. yinsaunlassassdssensgneln
Tngldnmitldanndassingrs Mwdninasinsda
Taseassuszannsaesdnel laganuuasunain
NANN1TWUINGUYDY Arivazhagan and Sukumar
(2008) wag Varma et al. (2012) Auualg1atn
filFsunstuiinamitamauuadu 5 g il
2.1 Framaglafiande (Adult-Male;
AM) fio Franagifvunadiagdue) Seiveuuy
vasluyihuiua uazdunafiunszduned

vinaduyliegndaiau fengunnnit 15 Y



132 Thai J. For. 40(2): 128-141 (2021)

2.2 Framafelafiaude (Adult-
Female; AF) Ao Hramadeffvuindidgslng
Fefivovuumasluyihusiuann wasdaunmiiunse
Aunsiiinailuylfednedniau flegannndr 157

2.3 gralndlafiuse (Sub-Adult; SA)
fio Hreiiflaunaeugaieunindadiuie veuluy
suvuBushuiuasn wasdunatunszaun iy
yiniau dorgeglutie 5 uda 15 Y

2.4 $19iu3u Uuvenile; J) Ao 97l
yuslassadeddiiivunadslidindy farwgs

P~

Uszanaunansdrsvestnadadude waglinunsyd

wasiluyuarlunauuudalisevieiuas Jenged

Y

Tuge 1 aude 59
2.5 gnéadn (Calf; ) Ae H1efidl
ualasiaseadivundn danugeuszunn
viossuansveatrsladiudy forglasUszanui
0-19
3. ﬁﬁa;&aﬁlﬁmﬂmiﬁﬁaﬂuﬁuﬁﬁﬂm
uaszilagldlusunsudmsuimszvinneaia
LﬁaﬂwﬁmezﬁmmLLaz%y’umqimqa%’NUsmﬂﬁ
#1909 5 naa Tagldinasives varma et al
(2006) sii510aLBunv09IN 1NEBATUR
3 Snwaedal (1) gann dosanuisnsiuunds
¥ia e wazey vt (2) Anudaiay was
wilandasludndralnlduassinsTndanimdug
Ioduaeef wag (3) sumisveanin deaiule
FawsFrauiemneduundnsarguiicdiaild
DUNALIYATALIU
4. MIAUIAIRYTIANUNINUNBEUNNS
(Relative Abundance Index; RAI) A311NINNNY

o w ¢ 1%

NSve9t1sUAanenle tneUsediuanngmsi

msganmdusiifidanuduiudiusuu wie
anumuutuweUsEansTen Tnerduiteys
AiindusiedneaUndanumnuiutusnty §nsn
nstenwluuiaggadandeafiuhoidusiuu
adaste 100 Yudindes anunsadiuinldngns
(Mohd and Sharma, 2006)

satinnuannsneduiug (RAL %)
Fuuiuarenmgresle x 100

FIUIUIUAINA D

5. ANSANUIMANNTLAIUDTUNNS

(Relative Frequency; RF) lagUsziiiun13nszany

1%

va3t19U TuunlaeldAanuddusinsiduan
FURUSAUAMULINUIY LA NITNTEINBVDIT19UN

v

Tunuifnwanansadialaangns (Kawanishi

et al., 1999)

atlaudduivs (RF; %)
uanganaenIng1ad1le x 100

FIUIUPARINADINIVLUA

6. IAIILIYIUNIAINITNANTTUDOAMN
Auvastiehluseuiu Insulsmuiananduse
lus Mmmnisalnsdiwunmdrstnmddufula
agldiiunan 30 wadl Wdedndududeafiu
ﬁULﬁwﬁqmqmiai (O’Brien et al., 2003)

7. MyhAsIzdaudLan1si AN
azl9lUsunsy R version 4.1.0 3iAseiaiannae
Pearson's Chi-squared test Lﬁaﬁqﬂﬂﬁﬂ‘ﬁ"mﬂ’lﬁﬂ
ﬁaﬂiiuaaﬂmﬁuuazmma%uﬁwﬂﬂuﬁwnm

@ & '

AAN9TUNI DT IIAINAAULANANA LD E19T]



158159UANEAS Ine 40(2): 128-141 (2564) 133

NawazlIansel

AuvtsRandasuazsuaunwdned

nansNAnEAlERIduNsRnRInaes
Fneenmirstusnaiiuiidnnluuina
eadnnsy @il 40 n1319ilamns) Inold
Fuviedandosianun 18 funus Sauaufud
ndomnaunfindesansld 2,431 A (trap night)
SnuAuRInduaindasananmansld 281
fiu f\i’wmumwﬁmmﬁﬁgﬂsﬁw 10,788 2 uay
Sruaunwimuaiifizudreuarlaifisudng 54,443
a1 Tnedumdsdandasit 13 Wusumiands i
drenminsldesfigndiuiu 2 Au uagduns
Fandedt 12 Wukundsndsafiaunsacnenim
Fralfuniigndnam 35 du dothurduamm
AnadsrasauAusindosianuaiifgudngld
Sovay 15.61 Au

° o v A 2 o Y v
ALNUIPINFDIN 13 LUUALAUIRAINADY

a0 o

Narenmdelatesan 15 N1 wagAILRLH
P a < ° & Y a |
a9 14 1 UUAWNUIRINADINAINITOA1B AN
Fralauinian 2,260 AN LB UINIAIUINN
ANadeINTIWIUANATFU Tl INNAR I
18 gwnuanunlaanadsintiu 599.33
b

Tassasneusevns

dadaulaseddreuseuns

NAYINNISANYINITAARINADIFNEIAIN
719 18 AU Tuszeziian 6 Whau (30 duau
U9 30 AuEEU WA 2563) laalaadunis
uundretusazsinannindis sendu 5 nqu
Loun (1) ramadladinde T 1,685 nm (2)
Framendieladiute S1uau 9,644 am (3) 19lnd
Tondude 91w 1,361 A (@) 919383u $1uu

5,051 AW tay (5) Qﬂéﬁ”]dlﬁﬂ U 2,162 AN

s wunmiiisuiediceldtmundudiun
19,903 A nnmiideldauadun 54,443
M

nsmdndiulasaiussnnsiadily
fufidnuuinussadnnse dldlnoieudiou
dnduveslasaadneszrnstratne 5 ndu Ao
Framedladuivrotranedielafuiosedialng
Tfiudesodielegu degndradnlivindu
1:5.72:0.81:3:1.28 anuawiu (Table 1)

dovreananitsAnyaluadaed
Wiguigunus1e91un1sAnyiideves Chairat

o 1

(2011) MAgyinNISANEREIULATIAS19USEBNS

3

Frevrlulwnsnwiugdnivnadnnszientilul
2554 langludruiiuiivinasjsadnnsy A48
nsRanendowindeninluiufivinussadnnsy
saveAu 19 90 Wnanin $1uam 7 90 wialll
U 7 90 wazAIudnd 919U 5 90) WU
dndiulassadrsdssrnstetrlursadnns e

[N

FramedladuiodedranamdelnfuTanodane
dlndlafuiedetranmielndlafuionedi
Jogusot1adn @AOWNAU1:358007:017:1.1:
0.66:1:031 wudwanisAnuiluafsiifidadanvos
Framefielafute dramelndladude $193egu
uagdradniiganiinisdnuives Chairat (2011)
(Table 2)

uoNNE nnanisAnyiluaded
Wisuiflsuiun1sAneives Youngpoy (2012) 7
lgvinsAnwdadiulassasiasznnslunimsiu
vosnninuuidninadomsslu 3 fufl Téud
1) USnasjsadnnse 2) UsnamheiivingUivales
NITUNE-LAAY 3) USumheiiinyuslaziu-
wivanades Tagldnalunmsiuedsvesiiui

Ao 1 o

ANw99e 3 Nundadndiulaseas1susesnnsves



134 Thai J. For. 40(2): 128-141 (2021)

[%

¥ < v oo Y a [ Vv
Hramaglasisdetanadgladuivdedialng

s

Induderedieissunegniiudnluwndnuiiug
dnivUnaannseinnu 1:1.09:0.51:0.33:0.3 Liayin
A15US U EUAUNANISANYIITEATIUD

$IANSANIUNUTLAEINU WU HANNSANEIASS

ifmndndulassaiassannstredilursadomnse
ludndruvesiranadeladudy r9fegu waz
Qﬂ%ﬁﬂlﬁﬂﬁgﬂﬂﬁwmsﬁﬂwwaa Youngpoy (2012)
(Table 2)

Table 1 Sex and age class proportions of wild elephants in Thung Salakpra.

Camera Proportion
position Adult-Male (AM)  Adult-Female (AF) Sub-Adult (SA)  Juvenile JU)  Calf (C)
1 1 8.84 0.63 5.11 0.53
2 1 1.57 1.37 0.78 0.73
3 1 0.13 0.06 0.20 0.05
a 1 6.40 2.24 2.76 1.89
5 1 1.76 0.12 0.76 0.50
6 1 7.74 1.16 1.84 2.26
7 - . . . .
8 1 6.22 0.66 1.96 0.98
9 1 5.98 3.22 4.63 1.14
10 1 26.74 7.71 16.29 9.26
11 1 8.80 0.79 4.49 1.65
12 1 3.28 0.45 1.70 0.94
13 - - - - -
14 1 13.31 0.38 8.31 2.17
15 1 3.84 0.32 2.60 0.86
16 1 4.14 0.61 0.57 1.45
17 1 32.50 3.50 10.50 1.00
18 1 2.59 0.97 0.66 0.00
1 5.72 0.81 3.00 1.28
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Table 2 Comparison of sex and age classes in the population structure of wild elephants in Thung

Salakpra between the previous and present study.

Study Number Proportion
area of SM  SF References
AM AF JU
camera SA
Average of Thung Salakpra 19 1 338 001 023 119 0.76
Water source 7 1 456 0.00 020 210 1.02 Chairat
Salt-lick area 7 1 303 003 026 026 049 (2011)
Animal trail 5 1 381 001 023 120 0.76
Average of Thung Salakpra,
Maung Kratae - Kaeng Youngpoy
19 1 1.09 0.51 033 0.35
Khaem unit and Mae (2012)
Lamun-Mae Plasoi unit
This study
Average of Thung Salakpra 18 1 5.72 0.81 3.00 1.28 ( |
2020

Remarks AM = Adult Male, AF = Adult Female, SM = Subadult Male, SF = Subadult Female, SA = Sub-Adult (both

Male and Female), JU = Juvenile, C = Calf.
Source: Chairat (2011) and Youngpoy (2012)
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Table 3 Ratio of adult female elephants to juveniles to calves of wild elephants.

Number Adult-
Duration Juvenile Calf
Study area of Female References
(months) ) (@)
cameras (AF)
Thung Salakpra
Water source 6 3 1 0.08 0.16 Chairat
Salt-lick area 3 3 1 0.46 0.22 (2011)
Animal trail 1 3 N/A N/A N/A
Thung Salakpra
Maung Kratae -
Kaeng Khaem Youngpoy,
19 3 1 0.35 0.35
unit and Mae (2012)
Lamun-Mae
Plasoi unit
This study
Thung Salakpra 18 6 1 0.52 0.22
(2020)
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Table 4 Total number of nights using camera trap, number of nights that captured the picture of

an elephant, Relative Abundance Index (RAI), and Relative Frequency (RF) in this study.

Total number of nights

Number of nights that

Camera No. RAI RF
using camera trap got elephant pictures
1 170 8 av 1
2 168 24 14.3 1
3 121 9 7.4 1
4 166 29 17.5 1
5 133 17 12.8 1
6 114 19 16.7 1
7 68 5 7.4 1
8 159 22 13.8 1
9 71 10 14.1 1
10 133 19 14.3 1
11 155 32 20.7 1
12 150 35 233 1
13 170 2 1.2 1
14 165 7 4.2 1
15 109 23 211 1
16 169 13 7.7 1
17 107 a4 3.7 1
18 103 3 2.9 1
2,431 281 11.6 100

fanssueanunulusauiuvaetieln
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ABSTRACT

This study reports on the development of a chainsaw tracking device to monitor worker
behavior, measure the vibrations in the device, and track their location. The device incorporates a
microcontroller board, a 3-axis vibration sensor, a GPS module, a data logging module, a power
switch, and a status LED as its main components. The device uses a Print Circuit Board (PCB) of
dimensions 50 mm x 70 mm as its base and is installed on the right-hand guard of the chainsaw.
The results show that the positioning error of the device was most the most in the morning. The
inclination value can be used to clearly distinguish between the work activities. The vibration was
tested with two different species: Pterocarpus macrocarpus and Litsea glutinosa. It was found that
the felling of Pterocarpus macrocarpus had an average vibration of 9.9 m/s” and vibration force in
falling Litsea glutinosa was 8.9 m/s%. It was concluded that the hardwood exhibited a higher level
of vibration than softwood, and that the vibration force could depend on the tree species and the
sharpness of chain teeth. The measured data can be used to plan forest management, timber

harvesting monitoring, and in improving timber traceability.

Keywords: Microcontroller, Chainsaw, Vibration, GPS, Traceability
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Figure 1 NodeMCU and sensors used for device development.
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Figure 4 Installation and testing of the sensor.
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Data 662020 - Notepad
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16.10410 | 101.90327 | 6/6/2020 | | 8.65 | Acxvz | 8896 | -32768 | 32767 | Tmp | 36.81 | Gyxvz | 3514 | 1653 | -2161
16.10410 | 101.90327 | 6/6/2020 | | @.31 | Acxvz | 7520 | -8624 | 23460 | Tmp | 36.81 | Gyxvz | -4092 | 8124 | 3500
16.10410 | 101.90327 | 6/6/2020 | | .46 | AcxyZz | 32 | -6196 | -4924 | Tep | 36.91 | GyxyZz | -3263 | -5408 | 287¢ A
16.10410 | 101.90327 | 6/6/2020 | | .56 | Acxvz | -17444 | 10936 | 32767 | Tmp | 36.91 | GyxvZ | 1990 | -11460 | -7359
16.10410 | 101.90327 | 6/6/2020 | | .87 | Acxyz | 9128 | -13028 | 708 | Tmp | 36.77 | GyXvZ | 825 | -4196 | -4635
16.10410 | 101.90327 | 6/6/2020 | | 9.11 | AcxyZz | 5192 | -5888 | -168 | Tmp | 36.86 | GyxyZ | -680 | -6633 | -5617
Jio GPS | Acxvz | 1696 | -21220 | -7756 | Tmp | 37.28 | GyxvZz | -7482 | -2492 | -S440
bio GPS | Acxvz | 8376 | -15876 | -18128 | Tmp | 37.52 | GyXvZ | 2867 | -3268 | 2155
Plo GPS | Acxvz | -4028 | -8232 | 32767 | Tmp | 37.75 | GyXvZ | -5791 | 9874 | 5697
o GPS | AcxYZ | -26048 | -3300 | 32767 | Tmp | 37.94 | GyxXyz | -823 | 5940 | -2061
No GPS | AcxyZ | 9264 | -20140 | -18476 | Tmp | 38.18 | Gyxyz | -8922 | -3089 | -sesd
plo GPS | Acxyz | -10708 | 28156 | 32767 | Tmp | 38.27 | Gyxvz | 6259 | -1476 | -4158
No GPS | Acxyz | 18664 | 1176 | -636 | Tmp | 38.69 | GyxvZz | 8183 | -1060 | -8940
pio GPS | Acxvz | 10300 | -11652 | -1268 | Tmp | 38.79 | Gyxvz | -11682 | 2217 | 7318
No GPS | Acxyz | -2220 | -10784 | -2188 | Tmp | 39.31 | Gyxvz | 9234 | 7078 | -12962
No GPS | Acxyz | 516 | -20284 | -9276 | Tmp | 39.64 | GyxvZ | 12116 | 10283 | 1408
plo GPS | Acxyz | 7676 | 23580 | -14792 | Tmp | 39.97 | GyxvZ | -15213 | -5940 | 4300
No GPS | AcxyZ | 10380 | -17164 | 13668 | Tmp | 39.78 | GyxXyZ | -5849 | -7890 | -986 B
o GPS | Acxvz | 12364 | 8596 | 32767 | Tmp | 39.78 | GyxvZ | 2623 | -4596 | 14114
o GPS | AcxyZ | 32767 | -12964 | 32767 | Tmp | 40.29 | GyxXyZ | 4464 | 10286 | -925
No GPS | AcxyZz | -19712 | 18672 | 32767 | Tmp | 40.53 | GyxyZ | 2688 | 23978 | 20996
No GPS | Acxyz | 9732 | -21596 | -19876 | Tmp | 41.24 | Gyxvz | -12014 | -655 | -ses
No GPS | AcxyZz | -4372 | 10292 | 1064 | Tmp | 41.00 | GyxyZ | 714 | 1084 | 10302
No GPS | Acxyz | -8452 | 28576 | 29104 | Tmp | 41.38 | Gyxvz | -8678 | -8016 | 6023
o GPS | Acxyz | 32767 | -28308 | 21360 | Tmp | 41.14 | GyxyZz | -2074 | 2124 | 1885
o GPS | AcXYZ | 16796 | -4088 | 24928 | Tmp | 41.28 | GyXyZ | -17688 | 3183 | 4696
o GPS | AcxyZ | 28232 | -25840 | 9396 | Tmp | 41.38 | GyxXvZ | -29893 | -8392 | 1254
No GPS | AcxyZ | 12288 | 32767 | 32767 | Tep | 41.42 | GyxvZ | -3642 | -9517 | -332
o GPS | Acxyz | -5724 | 30112 | -15916 | Tmp | 41.24 | GyxyZ | -3566 | -246 | -2989
Jio GPS | Acxvz | 2296 | -11088 | -13800 | Tmp | 41.33 | Gyxvz | 3469 | -1092 | -9984
o GPS | Acxyz | -20012 | 204 | -6012 | Tmp | 41.33 | GyXyZ | 17360 | 10404 | 7217
o GPS | Acxyz | -9452 | 23336 | -4280 | Tmp | 41.57 | GyxvZ | -1971 | 1272 | 1906
flo GPS | Acxyz | -3744 | 32767 | 18672 | Twp | 41.94 | Gyxvz | 1720 | 863 | -1602
Mo GPS | Acxvz | -9400 | 22880 | 4780 | Tmp | 42.22 | GyxXvZ | -3626 | 6593 | 11360
G 6642 | 9858 | -2322

Figure 5 Values obtained from the device's SD card (A) if the device was working normally (B) if GPS

was off or no signal (C) if GPS was off or no signal and the vibration sensor was turned off

AN E

Google :

Figure 6 Displaying the values on the Blynk application installed on a smartphone.
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Figure 7 The tilt of the chainsaw (A) chainsaw at 0 degrees (B) the tilt of the chainsaw at 45
degrees (C) the tilt of the chainsaw at 90 degrees (D) chainsaw blade at 45 degrees (E)

chainsaw blade at 45 degrees

3-axis tilt without starting engine

Acceleration (mmy/s®) x 10000
BW N RO R N W

1 4 7 101316192225283134374043 4649525558 616467 70737679 8285889194

— \CK o ACY s ACT Time (s)

3-axis tilt, engine start
0° 45° 90° I D45° ; uds°

Acceleration (mm/s’) x 10000
BW N R O R N W R

14 7101316192225283134374043464952555861646770737679828588919497

Time (s)
s ACK s ACY s ACZ

Figure 8 The relationship of the inclination angle with the work involving a tumned off chainsaw

and turned on chainsaw.
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Table 1 Summary of the 3-axis tilt characteristics of the chainsaw.

3-axis inclination value
maximum

minimal

45° 90° D45’ U45°
Z X z Z
Y Y Y X
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Vibration value of 3 axes according to the nature of work

Acceleration (mm/s?) x 10000

GyX

GyY GyZ

Figure 9 Characteristics of the vibrations arising from the use of chainsaws.

Vibration during falling
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1

o un
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Figure 10 Comparison of the vibrations of a chainsaw during a felling of A) Pterocarpus

macrocarpus and B) Litsea glutinosa.
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ABSTRACT

We aimed to study the environmental factors affecting the suitability distribution of
Cajuput tree (Melaleuca cajuputi Powell) in Thailand and to determine the relationship between
ecological factors and or occurrence of Cajuput tree. Suitable areas for its distribution across
Thailand were assessed using plant specimens at the Forest Herbarium-BKF, Department of
National Parks, Wildlife and Plant Conservation and the Botanical Garden Organization. These
included the occurrence data from BIEN (Botanical Information and Ecology Network). A predicted
distribution map was constructed using the Maximum Entropy (MaxEnt) method.

The research indicated that 5 related ecological factors were important to determine the
occurrence of Cajuput tree. These included the mean sea level (41.5%), the distance from the sea
(15.8%), relative humidity (15.1%), soil group (5%), and the rainfall (4.8%). The areas suitable for
the distribution of Cajuput tree were determined based on an AUC value of 0.98 indicating high

reliability, while the accuracy of prediction was 84%.
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The distribution of total suitability area of the tree was 13,451 square kilometers, located
in 24 provinces (2.64% of the country area). The area on the South Eastern coast covered 9,012
square kilometers (67% of the suitable distribution area), followed by the Eastern region (2,360
square kilometers or 17.55%), Southern Western coast (1,984 square kilometers or 14.75%), and
other areas estimated at around 95 square kilometers. The most suitable area for the distribution
of Cajuput tree is located in Nakhon Si Thammarat province, with a total area of 2,206 square
kilometers, with the conservation status of the Cajuput tree as a vulnerable species as determined

by the extent of occurrence (EQO) of less than 20,000 square kilometers.

Keywords: Environmental factors, Melaleuca cajuputi Powell, Species distribution modelling,
MaxEnt
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Table 1 Ecological factors used to assess the distribution of Melaleuca cajuputi Powell.

No

Ecological factors

Reference

Geographical factors

1

2

10

11

12

Mean Sea Level'
Slope’

Distance from the sea
Coordinate Universal Transverse Mercator (X)
Soil Group

Soil texture

Soil drainage

Soil Reaction

Soil Depth

Nutrient (N)

Nutrient (P)

Nutrient (K)

Climate factors

13

14

15

Average temperature

Annual fainfall

Relative humidity

Other factors

16

17

Land Use

NDVI

NASA Alaska satellite facility (2020)

NASA Alaska satellite facility (2020)

Land Development Department (2019B)
Land Development Department (2019A)
Land Development Department (2020C)
Land Development Department (2020B)
Land Development Department (2020C)
Land Development Department (2020C)
Land Development Department (2020C)
Land Development Department (2020C)
Land Development Department (2020C)

Land Development Department (2020C)

Meteorological Department of Thailand
(2020B)
Meteorological Department of Thailand
(2020A)
Meteorological Department of Thailand

(20200)

Land Development Department (2020B)

USGS Earth explorer (2020)

! Estimated using the Digital Elevation Model.
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Table 2 Point presence of Melaleuca cajuputi Powell.

Point presence

Survey Total
Training data Testing data
Part 1 33 8 41
Part 2 147 37 184
Part 3 21 5 26
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B Ecological factors
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Figure 1 Relative percent contribution of various ecology variables to the occurrence distribution

of Melaleuca cajuputi Powell.
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Figure 2 Response curves indicating the ecological factors affecting the MaxEnt prediction of

Melaleuca cajuputi Powell.
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Table 3 Logistic threshold and probability scope of the presence and absence of Melaleuca

cajuputi Powell as determined by MaxEnt.

Logistic Presence Accuracy Area
Description
threshold Point (%) (sg.km.)
Minimum training presence 0.023 43 86 26,419
10 percentile training presence 0.306 40 80 4,906
Equal training sensitivity and specificity 0.119 a2 84 12,472
Maximum training sensitivity plus specificity 0.107 a2 84 13,451
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Figure 3 The Distribution areas of Melaleuca cajuputi Powell in Thailand as determined by MaxEnt model.
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ABSTRACT

Forest resource inventory estimation to assess timber in a forest using the point sampling
method is more convenient than the plot sampling method because it does not measure the plot
dimensions. However, proper selection of the size of an appropriate point sampling basal area
factor (BAF) is essential. This study tested various BAF sizes to assess the timber at a Siamese
Rosewood (Dalbergia cochinchinensis Pierre.) plantation in the Tha Kum Noboru Umeda
plantation, Trat province. Four BAFs of size 1, 2, 3, and 4 were established using a wedge prism in
the plantation within a total area 450.98 rai. This plantation was divided into three age classes of
38, 41, and 42 years (representing different tree sizes and stand densities), with an area of 102.41
rai, 198.10 rai, and 150.47 rai, respectively. In total, 42 sampling points were inventoried. The data
were analysed by comparing the timber basal area per hectare from the point sampling inventory
using the various BAF sizes with the timber basal area based on census.

The results showed insignificant differences in average basal area per hectare among the
various BAFs. The results also showed that the BAF of size 1 was appropriate for the inventory of

plantations with an average diameter at breast height (DBH) between 25.32 - 29.32 cm and a stand
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density between 130 - 137 trees per hectare. The BAFs 2, 3, and 4 were found to be appropriate
for plantations with an average DBH between 26.41 - 30.09 cm and a stand density between 129 -
133 trees per hectare. The results can be used as a guideline for decision-making during the
selection for an appropriate BAF size to assess the timber in other plantations with a similar

average DBH and tree density.
Keywords: Forest resource inventory, Point sampling, Basal area factor, Forest plantation
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Figure 1 Location of Siamese Rosewood plantation at the Tha Kum Noboru Umeda Plantation.
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Figure 2 The distribution of sampling points in the Siamese Rosewood plantation.
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Table 1 Information regarding the age of trees, spacing, and area of the Siamese Rosewood

plantation.

Planting plot Age (years) Spacing (m) Area (ha)
2522/1 42 4x4a 24.08
2523/1 a1 4x6 15.14
2523/2 41 4x6 12.88
2523/3 41 4x6 3.68
2526/1 38 4 x4 5.36
2526/2 38 4 x4 11.02

ndeyauszuinslimegyaitldinng
g5l ilavarudvingue Tulug awae Wiun
Suundoyasuiudurudurunanulomady
HuAudnats Fautanmenglsl nuinlimeged
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UM 20 - 30 LeuRmng Tunntueny Tnsuuas
Ugnldnggeey 38 U Jvwraduriugudnans
Wdglvnifigaiiifu 30.09:11.03 lWuUAWAT Lay
fauvuiuwduwiniy 129 dudelannis
druudasugneny 41 U dvwiadusugudnans
WAEWINAY 25.45+9.30 WwuRluas ANy
undigawiiAy 137 dusielenms wazuuasuan
919 42 U Tvurniduduguinaisiade

26.41+9.06 WURAIAT LATIANUNUIULLUNNAY

133 fusiaanais IngaduwansinawasdiuIuly
negluudazduiduinugudnarmuin uasgn
91y 41 U flanuuususiuainiian sesasnie
918 42 wag 38 U dA AU 452,594.20,
218,577.00 Uy 63,017.89 AuE9U A3 Table 2
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wudn audavinnu lulug guae dvuia
funnidnvedldnygesiuns 3 duengwmaiu
615.15 n1519u0s tneuUasugnldeny 38 U 4
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Table 2 Diameter at breast height (DBH) classes of Siamese Rosewood plantation.

Number of trees

DBH class (cm)

38 years 41 years 42 years
10 - 20 405 1,337 858
20 - 30 710 1,767 1,277
30 - 40 598 943 788
40 - 50 289 230 234
50 - 60 78 52 26
> 60 24 11 1
total 2,104 4,340 3,184
Average DBH (cm) 30.09+11.03 25.45+9.30 26.41+9.06
Tree density (trees ha™) 129 137 133
Variance 63,017.89 452,594.20 218,577.00

Table 3 Basal area of the Siamese Rosewood plantation under various DBH classes.

Basal area (m?)

DBH Class
38 years 41 years 42 years

10-20 8.27 25.85 17.71
20 - 30 35.27 87.53 62.53
30-40 56.83 86.90 73.19
40 - 50 44.02 34.18 35.31
50 - 60 17.67 11.92 6.00

> 60 7.70 3.96 0.31

total 169.76 250.34 195.05

Average (m*ha™) 10.36 7.90 8.10
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Jayansd15nE3sN1sTNATRENUULA
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HIUANENA19UINNTI 60 WuRLUAS Tu BAF 90
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waslundasgneny 38 U BAF 2 fluwinlndiAss
fulsznsaunnigauintu 27.3310.8 wudiuns
drundasugneny 41 uay 42 U BAF 4 yunaidu
Wugudnarsadslndidsiigaiiniu 24.00£9.8
LAY 26.40+7.6 LWURALLIAT §IUAUNUILUUYDY
Lingyeannisussdiudig BAF 2, 1 wag 4 fd
TndiAsafuAUszanslunsiazudasignunniign
Wiy 131, 201 Uag 157 Ausialanans auaau
warAuilsUTIussuuiulusazdurug
WurugugnaslAandIAlseeInslunn BAF
TnerAnves BAF tuinifefuluuUasgnusassy
p1gildvuanuLUsUTIUmileuiutoyalszvng
fio wUasugneny 41 ¥ fimuudsusiuaniian
wiazuwn BAF dAviniu 1,359,657, 1,580,989,
1,823,404 way 1,952,004 AMNEIAU 5998917AD
918 42 wag 38 U fia Table 4



Table 4 Diameter at breast height (DBH) classes determined through the point sampling method.

Number of trees

DBH

class 38 years 41 years 42 years

(cm) BAF 1 BAF 2 BAF 3 BAF 4 BAF 1 BAF 2 BAF 3 BAF 4 BAF 1 BAF 2 BAF 3 BAF 4
10 - 20 926 638 801 853 2,703 2,799 3,101 3,102 1,258 870 705 940
20 - 30 705 770 1,218 838 2,227 2,603 2,692 2,905 1,557 1,755 1,863 1,798
30 - 40 465 484 783 259 1,107 1,234 1,496 1,408 1,017 1,003 909 836
40 - 50 125 168 247 227 295 388 422 483 344 462 317 216
50 - 60 52 81 119 7 34 43 65 32 18 37 0 0

> 60 5 11 16 21 12 24 36 21 0 0 0 0

total 2,278 2,151 3,184 2,275 6,377 7,090 7,811 7,811 4,194 4,126 8,024 3,790
Average” 24.55+10.4 27.33+10.8 25.92+113 25.04+11.7 23.1949.4 2376+9.6 23.72+10.1 24.00+9.8 26.11+£9.2 2752492 27.34+7.8 26.40+7.6
Density” 139 131 194 139 201 224 246 253 174 171 158 157
Variance 144,894 99,556.46 224,780 138,361 1,359,657 1,580,989 1,823,404 1,952,004 445,589 444,024 498,986 493,609
Remark * : Average DBH (centimeter) ** . Tree density (trees/hectare)
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Table 5 Basal area determined using the point sampling method.

Basal area (m?ha™)

Age class
BAF 1 BAF 2 BAF 3 BAF 4
38 7.50 8.17 7.50 7.67
a1 10.11 11.78 13.17 13.11
42 10.50 11.33 10.00 9.33
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Table 6 The differences between the basal area estimates obtained from census and point

sampling method.

Difference value (m? ha™)

Age class
BAF 1 BAF 2 BAF 3 BAF 4
38 2.86 2.19 2.86 2.69
a1 221 3.88 5.29 5.21
a2 2.40 323 1.90 1.23

Table 7 Results of one sample t-test analysis and relative error of the basal area data.

p-value Relative error (%)
Age class
BAF 1 BAF 2 BAF 3 BAF 4 BAF 1 BAF 2 BAF3 BAF4
38 0.189 0.436 0.317 0.292 27.61 21.18 27.61 26.00
a1 0.144 0.022*  0.006**  0.004** 28.02 49.12 66.71 68.82
42 0.425 0.315 0.537 0.711 29.60 39.89 23.43 15.20

Remark * : significant difference at p<0.05
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YUIARIT 9 TRAAITIAIUUANAIIVDINANIT
d157991nn1 580 lUUTEVINTUALAITE1I0Y
Windegauuugn wudwlasigneny 38 U fe
BAF 2 fidannuamendeuduivddosigaminiy
21.18 Wasidud dArmnunUsusiuuaray
ARNALARDULNATEILYBINTUTEAN N 88.33

war 2.71 auaeiu diuudasugneny 41 U BAF

'
A

1 fidrmnunataindeudurinsesfigaiviniy

28.02 Wasidud fA1AueUsUsiukaray

AANALAABUNINTFIUNAY 37.52 uay 1.44

Muawy kazwlasuaneny 42 U wudn BAF 4 4

AAunaaLAduduinsesiigaiinfiu 15.20
iy

¢ < A
WaTgun UAIANULUTUIIULALAIUARIALAZDU

WINTFIUAIAU 126.06 waz 3.24 FudoNsa

** . significant difference at p<0.01.

FENINBYAATAAD AAIULYTUTIULAYAIY
AAALAROULINTFILYDINTUTENIA AUNANTS
Ussiliuvnuaiiuiivingn wuihilenaliaenndos
i Ima%umqﬁmum BAF $1A1A1uUUTUTIULAY
anuAaARABuNIn T Iutosndt ndululdlina
nsuszifiuiilndifsaduAuszainsuinign

anngorn Uil sgnguiiegisly

q

o
o v '

vnaasgnegluuinadinglifiduvunaduniy
AudnataazaunuLdulndide iy vinliin
ANuuUsUsINTedeyatoy udlildnsounay
ToUANNANYMEY8IUTEIINT dIUAIAIY
ﬂamLﬂﬁauﬁmﬁwéﬁLﬁ@%uﬁ?uw%uagﬁ’u
IngUsvasdrasusiarud1sansasensuld
violil wiiosanaudunsdinanineinsi

1 lagaluiduriiaanisdsiadiag1aiiy



184 Thai J. For. 40(2): 172-186 (2021)

LUNTEAUAMUARIAAADUNLNTAINNUATULNT
Junsimueadszanaanuianainlunisgy

(Y '

frad1aneauliindule (allowable error)

=

FaMNA199INAIANLAANLAARUIUNSANYIASIY

'
a

AdunmsiSeuiisuseninmadnsainnisdrsna
F9g1LaEN1Td1529UTEINNT dIUAUFUNUS
5¥NI9UUIA BAF Auaniuninvemyld auin
mwaﬂ,mmdLﬁumuquéﬂawtaﬁsﬁLLmﬂﬁi’mﬁuiuLwi
az%u’umq Tupnuduaswdivuinnnulafingn?
Tuonalyildunnsrsfusinegadniauaudmais
AsiaenUUIA BAF uildudnuwagnsnszanesa
vasduldfidwmaninnit Funaldainainiy
WU5UTIUT09 BAF 4 AiflA1unnT1 BAF 1 uay 2
wansliiuisuldlunvaslgneny 38 uwag 41 Y
nszefeguariaemnniuUagneny 42 ¥
Fedonndesun1sAnwIes Temchai (1998) il
Bnstndegawuugalun1sd1saU Uy INT I
Yudess Unnsiuuds wazaiuundn wuin BAF 2
tumng funstaussdiuuiinidnluaiudndn
Fadurunndniigadleisuiu BAF Alilutuds
53 1nsfuuds warUnuganssa fmuneiu BAF
3, 4 LAY 8 ANUAIAU LIULAYINUAUNISANYIVD
Prongpreecha et al. (2019) #ivinisiUSeuiiiay
Tneldin3osilo Relascope vunfAald BAF 1 &9
10 drvaudhdnudasignt w.a. 2526 Tufiud
FIUTINAMILNIN DUNDI JIWTAa1UN LAy
Wy BAF 1 tuimunzaudiga uandliifiuinany
Inviettuiifiivylsidusgasiiauensdend Bar
s nfiwuiltufiasimnzauunnia
PNNTIUTIULTBUNANISU T UTUA
Ruintdnannnisdrsaana 2 35 e fiasan
Y119 BAF iUz ay WuU31 BAF 1 wunsauiy

audindvuiaiduriuaudnaiaie 2545

Wwuueg danunuisuuvemylll 137 duse
lonang vauriarudiiifvuiadunugudnans
W0aY 26.41 waz 30.09 WURWAT TAUNLILLY
133 Uag 129 AUABLENATS MIUA1RU VUM BAF
1,2, 3 kay 4 daununzaulunisiidsia
Wiiieatu Tnenan1sd15afildann BAF find
udradudulilunnsdsaindiussainsediadl

v o w aa 1 °

UYAIALUNIIER d1un1581529A59 NI U

[

auldiade 8 dunSeUszunu 2 - 14 dusioyn
#1573 Falldwiutdesndnf Husch et al. (2003)

asunglinarsddulingnduidudiedie 10 - 20

' °

AUFDYNEITIV Y58 6 - 16 AUABYINFI5I3 3TN

MsAnwIYed West (2004) ilaaaingadisiadiny
auldiegrsdulug wuiios 1 - 5 du Andu
dndau 46.99 Wasidud agralsAnuugiinviinig
\Fonlduunn BAF mmxauﬁuamwmﬂﬂuﬁ”uﬁﬁ
LMINTEITIALAT NITE15I9028A8198 U3
AruAatnAdeutindule Felundaziui
AMuAAIALAABU AN UYL iAILANANAY

sala v '

AeliunIndeINISHAaRNSNANNgNABLLIuE1ge

Y

v
=< '

8199 89911N1581579 M aLLDUALINTY LAY
UIRIENITAINUN VU TUIVUTEU

S88La7 38NN8IAY

GEal

9

nnsiseuiisunan1suseiiuuin
NuduihdalsidldannisdmsTulssmnsuasnns
d1519018380139NF9E 19U UUIANUIT YUIA
fufinihdaadssoenaniues BAF 1,2, 3 uag 4

o w

fAumnaeanA1UszansegslddidediAgnia
afffiszAuAuTeNy 95 Wesidud Aedu
ausaasunisidenlduunn BAF 1A BAF 1

Januwmnnzaulunisarsiaanlnndvunnainy



58159UANEAS Ine 40(2): 172-186 (2564) 185

T.ma?a'ﬂ 25.32 - 29.32 LUALUAT AITNRUILUY
130 - 137 AURBLENANS @3UVUIA BAF 2, 3 WAy
4 vz fuauUnfisianulaade 26.41 - 30.09
WURLIAT LAZAMUNUILUY 129 - 133 AUsD
wned lsanunsadiludssendldlunisdiss
Nufiaantnay 9 Idennsiinnsananmuainwes
arudfigesnisarsraiiodunuimaslunis
fnauladenldouin BAF Tmunzay iieussidiy
USmnaunandnlugUvosunaiuiiniiadalsl Vel
astinsineviuislulssiuiosnnuduiug
sswinsfuiinihdasoniieilefitusinananan
Tugudu 1 Wu Uiunsveadelivieniinan
Walfiuauazaanlunisussiuusualdlng

paringUsyasdiifionis
REFERENCES

Department of National Park Wildlife and
Plant Conservation. 2014. Forest
Inventory and Assessment of Carbon
Sequestration Forest Area. The
Agricultural Cooperative Federation of
Thailand, Bangkok. (in Thai)

Forest Industry Organization. 2018. Logging in
Teak Plantation Handbook. Forest
Industry Organization. (Unpublished
manuscript). (in Thai)

Hovind, H.J. and C.E. Rieck. 1961. Basal Area
and Point Sampling Interpretation
and Application. The Wisconsin
Conservation Department, Wisconsin.

Husch, B., T.W. Beers and J.A. Kershaw. 2003.
Forest Mensuration. 4" ed. John

Wiley & Sons, Inc., New Jersey.

Lakarnchua, S.  2004. Log Grading and
Merchantable Volume of Teak: A
Case Study of Thong Pha Phum
Plantation, Amphoe Thong Pha
Phum, Changwat Kanchanaburi.
M.S. Thesis, Kasetsart University. Cited
Attebring, J. and T. Jonsson. 1999. FIO
organizational development project
forest certification. /n Executive Status
Report September 29. Bangkok. (in Thai)
Mendoza, G.A., B.B. Bare and Z. Zhou. 1993. A
fuzzy multiple objective linear
programming approach to forest
planning under

Agric. Syst. 41 (3): 257-274

uncertainty.

Nunak, N. and T. Suesut. 2012. Measurement
and Instrumentation. Faculty of
Engineering, King Mongkut's Institute
of Technology Ladkrabang, Bangkok.
(in Thai)

Prasomsin, P. 2005. Sampling Techniques in
Forest Resources Inventory. Faculty
of Forestry, Kasetsart University,
Bangkok. (in Thai)

Prasomsin, P. and K. Duangsathaporn. 2005.
Field Forest Mensuration Handbook.
Faculty of Forestry, Kasetsart University,
Bangkok. (in Thai)

Prongpreecha, K, P. Lumyai, K. Palakit and P.
Prasomsin. 2019. Comparison of basal
area factor (BAF) in teak plantation
inventory planted in 2526 B.E.: a case

study of Huai Thak biosphere reserve,



186 Thai J. For. 40(2): 172-186 (2021)

Ngao district, Lampang province, pp.
525-533. In Forest Conference 2019.
August 19-21, 2019. Forest Industry
Organization. Bamgkok. (in Thai)
Sukwong S. 1974. Sampling Techniques of
Forest Inventory. Faculty of Forestry,
Kasetsart University, Bangkok. (in Thai)
Temchai, T. 1998. Application of Point
Sampling in Forest Resource Inventory
at Mae Ngao Demonstration

Forest, Amphoe Ngao, Changwat

Lampang. M. S. Thesis, Kasetsart
University. (in Thai)

Thammincha, S. 1983. Sampling Method in
Forest Resource. Faculty of Forestry,
Kasetsart University, Bangkok. (in Thai)

Wacharakitti, S. 1982. Forest Resources
Inventory. Faculty of Forestry,
Kasetsart University, Bangkok (in Thai)

West, P.W. 2004. Tree and Forest

Measurement. Springer-Verlag Berlin,

Germany




Thai J. For. 40(2): 187-203 (2021) 2M3E15IUANENS e 40(2): 187-203 (2564)
ANUSAURUU

WUUIIARINISIAULA UasHanEn VasAaURs d1eWus K7 uaz K62 a1g 4 U
ad d@aulnaszuil J9UInaTEIN?
Growth and Yield Models of Four Year Old Eucalyptus Clones K7 and

K62 at the Sa Kaeo Plantation, Sa Kaeo Province

Yafia uaama’? Boonkit Sawiangphon'?
nIn ale” Pichit Lumyai'’
AUNS waidu! Somporn Maelim®
Famn Ui’ Chonlathep Boukaew®

'AugIumans winendeinenseans agdng ngamme 10900

Faculty of Forestry, Kasetsart University, Chatuchak, Bangkok 10900, Thailand

Zﬁwﬁ'ﬂﬁuvﬂLLazﬁwmﬁuﬁaﬁﬂﬂ nsugneuWAR g uaziiugiiv andns nganw 10900

Protected Area Rehabilitation and Development Office, Department of National Parks Wildlife and Plant conservation, Bangkok 10900, Thailand
*authaseuin ssdn1sanavnssutlll lwarsswn vays 20110

Sa Kaeo Plantation, Si Racha, Sub-division Forest Industry Organization, Chon Buri, 20110, Thailand

“Corresponding Author, E-mail: fforpcl@ku.ac.th

Fudiuadu 29 Aueneu 2564 Suwdly 1 wgednieu 2564 Fuasiun 4 weAdnieu 2564

ABSTRACT

The objective of this study was to estimate the survival rate and construct a growth-yield
model of Eucalyptus clones K7 and K62 at the Sa Kaeo plantation located in the Sa Kaeo
province. The sampling fraction of the forest resource inventory, as estimated by the systematic
sampling rows method, was 1.125%. The mean survival rate of eucalyptus clones K7 was found to
be 97.15+1.37%, the mean height was 12.61+0.06 m., and the average diameter at breast height
(DBH) was 8.63+0.08 cm. The eucalyptus clones K62 had a mean survival rate of 93.53+5.28%, an
average height of 12.91+0.07 m., and DBH of 8.77+0.10 cm. Best fit equations from the statistical

analysis were used to assess the fresh weight (Mt), biomass (Wt), and volume (V) of eucalyptus.

The optimal equations for estimating the growth and vyield of K7 were: fresh weight (Mt)
0.0993(D2HY) ****" (R* = 0.991), biomass (Wt) = 0.0527(D2Ht)*** (R* = 0.991), and volume (V) =
0.0001(D2Ht)*®*? (R = 0.989). The best fit equations for eucalyptus clone K62 were: fresh weight
(Mb) = 0.0854(D2HD”™ (R* = 0.998), biomass (Wt) = 0.0542(D2H)****" (R* = 0.984), and volume (V)=
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0.00009(D2Ht)*#™ (R? = 0.995). The mean weights of K7 and K62 clones were 10.662+0.383 tons/rai
and 13.367+0.481 tons/rai, respectively. The mean volumes of K7 and K62 clones were 0.033 and
0.048 cubic meters/tree, respectively. The average volume of the sample plots were 10.340+0.035
and 12.3850+0.043 m*/rai, respectively. The t-test was used to compare the weight and volume of
the K7 and K62 clones and we found a significant difference (P<0.05). We conclude that the
eucalyptus clone K62 can be recommended to farmers as their fresh weight, biomass, and volume

was higher than the K7 clone.

Keywords: Growth models, Yield models, Eucalyptus clones K7 and K62
v
Unanga
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]
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(Srilert and Diloksumpun, 2011) @ugAaUdd
aneiug K62 Wugaduda glsilaan Wawilae
us¥nalunaf a1ia (Klangprapan, 2019)
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(Ounban et al., 2 01 6; Khunsathien et al.,
2021; Wongnam and Prasomsin, 2 0 2 0 ;
Pornleesangsuwan et al., 2014)
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daldonaunisfimuzauiioUszanaminandn
vadliifsnann eUszifiuaewusimanzasly
nsUgn dwivduaiunsugnliiasugiadislsou
Faitudy wazarsyadiluuszuvuluiiosild

g1 uNzaNRa b

¢ ad
q‘dniiuuamﬁms

A aeg
NUNANEYI

atiaszum daugenseaudmea
74 wns JUSumHuRdenaent 858.8
Tadluns gaunnisening 24.66 - 36.93 931
ATy AIBETUNIMANMLEEAY 317 (FUNYS -

' ' v a

A52WN1) DYTENINUANDLALUASA 117 — 118

Y

v
o o

suaTainiu snedandu faminassuii
arulraszuiinsegneiialivesdaninasewia
$#1991N BN DI BIESTRNIUSTUN 37 AlaluAs

'Vi’]\‘iﬁ]']ﬂﬂ?ﬁL'VlW Uszuiw 240 Alalunsg



190 Thai J. For. 40(2): 187-203 (2021)

(Klangprapan, 2019) A4ULNUNFAIUDIdIUUN 71U 114 w0 IN15UGNUUULDILAYT S¥EENs
aszuin Tunsdlfnwrdnundiuau 94 15 Tnsuus Ugn 2x3 s ¢4 Figure 1

aenug K7 97u9u 102 watwagaleiug K62
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v iuderend <
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Figure 1 Planting area under the eucalyptus clones K7 and K62 at Sa Kaeo plantation, Sa Kaeo

province.
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Tngli5219UUasd1929UUU Systematic
. = o s & & o |
Sampling Rows FINUUALUBILYUAAITIV 1NIAY

1.125 % TagmInsnadugiu (base line) Gy

Sampling size

&8 88
& & 88
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4
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b <

gt o F
2
&

Base line

auuiieldilugiulunisd1saa (Duangsathaporn

and Lumyai, 2016) sauanslu Figure 2

Sample plot (n rows)

- & dka

Figure 2 Systematic sampling rows in the sample plot.
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el n Feshuruiegsivunzay (Fu)
t Ao ﬂ'msLLuummg’mﬁmwm%ﬁu
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AE Ao ArauaaswadeuiiveliAely
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wazlu liesndn 500 n¥u lneduiiudegidly
v druvesdduitludaiminaauds udaily
ouflguvnd 80 ssrwaiea uu 72 Fls uie
aunitmiinuestiosveglussiuad wdian
Foduhvinuiafiemuimmmaadanindely
(Hnukaew et al., 2015)

Auuviesidfudanuiu veafiogis
ety As Tu Faunsd 3

y  dwinan-dwinui

wWoasldudauiu = ——————x 100 (3)
UINRUNLLAS

dlesidusmnuiuilalunsazdiuly

windnanvesdiudieg Iiiduuiadanin

AeANN1SN 4
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100+ UD S FUAANNTU

nsATidaya

nMsAINUsIesll Msinseiteys
Tugud3unslilaasineg uds Téun arlnd
sefuAmgafiosen Anugaiaun tialng
g uiviindnueusazdn udthly
ﬁm’smmﬂ%mmﬂﬁmnqmi Smalian’ s Formula

(Duangsathaporn, 2005) FsaunTsii 5 - 6

B+b
V= (—) L (5)
2

d1UvougAN1gveIa1AuAINITE
AwInlAaInNgnI3UnIInTIe (Duangsathaporn,

2005) FaEun15% 6
Vip = 1/3(Ba x L) (6)
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flo Binasvesdidugasgaiite (m)
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Vigp A® UTHIR5VRISWUYI9EAYINE

top
L A Aneviaulsdl (m)
Ba Ao Mufintindavesdiulaudud
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ALY AeEunng (7)

& o4 v o (dusenne)?

ANuNRn= ——— (7)

4Tt
Aonaunisfilaainauduiusae s
wls 2 @2 Ao Aduwdsaiy (V) lawn Usuimsld
dvinan wazuaadinmlddiusiieg vesduld
Lay X Ao A1AIWUSDdsy DBH, Ht way Hm L&an
aunisaunisNaA1duUszansnasnivun
(Coefficient of determination: R?) qaﬁ'qm AR
Jnduaunsfinuazmuizay wWeswn R2AeAn
FuuszandnsimualdluniseSuresznine
wUsdasy Fevuinanudusuaudnatiiusen
LazANGAEAILUIAUABRANER ADXIA
i wazUsuns mﬂﬁmqaﬁqml,l,am’hmmm
oSuedusHuUsHsnandnasuliATan waven
F-test gandnasivangaundt wagiuusdaseiian
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SE) sMn9192lA110mNIsauNINN3 dUNIS
AUszunutmdnan 11882010 wazUsuns
(Prowmasorn., 201 9 Suksamran, 2005 ;

Sukwong, 2009) ¢4 Table 1
Yraunisauduiusils e
Yuiinan wadanmw wazdSumsliivesyaduda
angfug K7 uag K62 31u3u 30 AU wazyiinis
Wiguiiguaaln Auge Yuiinan waTanm
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Table 1 Weight, biomass, and volume equations determined using multiple regression analysis of

the eucalyptus clones.

No.

equation

1 Y = a+ b DBH2Ht

2 Y = a+ b DBH + cD?

3 Log Y =log a + b logDBH + ¢ logHm %38 Y = a D°Hm®
4 Log Y =log a + b logDBH + ¢ logHt %138 Y = a D"Ht®

5 Log Y = log a + b log DBH2HM %38 Y = a HmM®

6 Y=a+bDBH+cHm

Y =a+ b DBH + c Ht

8  Y=loga+ b logDBH2Ht %130 Y = a DBH2Ht"

Remark Y =Yield (Weight, Biomass Volume), Ht = Total Height, in metres, a - ¢ = constant of equations, D=

Dimeter at breast height, in centimetres, Hm = merchantable height, in metres

Reference: (Spurr,1952; Wongnam and Prasomsin, 2020; Kira and Shidei, 1967)

NaLaZINTal

ANSLAULA

s

NASANYINUIN gaduda aneiug

q

K7 911U 415 Ay wasga1auda aneug K62

'3

$1udu 383 fu Tanwgaadedesndt aeius
K62 InegAauda areiug K7 Iaugesendng
7.1 - 18.75 wns YuaLduHIugudnataiesan
s¥M919 2.86 - 12.72 1wuRluns Augaads
WU 12.61x0.06 AT YUIALEURIUAUENAS
Winaaniade 8.63+0.08 Lwufilums drugaausa
anetiug K62 1n1ugesendng 7.90 - 18.60 1ns
fsgAvrwndurtugudnatuiiesonsening 2.51
- 13.14 W5 ANGIRABIMNAY 12.91£0.07
was fvunaduriuguinaraiioseniadsiiniy

8.77+0.10 LYURLUAT LALONTINITIDAAE

gANAUSa aneviug K7 uay K62 108y 97.15+1.37
Ly 93.53+5.28 WosiuRniuaidu e
P-value ¥99A313g 111U 0.04" Unne1soe1edl
Hod1Ayn19ain waz P-value vosnulawinAY

o o o o

0.31™ wansingegnaliiidedAynisaifnudisu

o

donAaesiu Klangprapan (2019) fifnwnas

s

Wulnvesgaduda aneWug K58 wag K62

q

@ v

918 4 U o adudnasziui Jaminaseuil wudn
ANNgaarANUladiauuan1seg1eided Ay
nsadanazuanieg19ldfided Ay niais
AIUEIAU Way Pantawong (2004) ladnwinig
wulavesdulsifiegluanmuandeuifentu ey
n3RnwigAaUdaE A1uagauta 81y 1-6 1
Taglueng 4 U fdnsnissenniogeiign winfy
98.13+0.99 LWasiiud (Table 2)
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Table 2 Comparison between height and diameter at breast height of the eucalyptus clones.

Height (H) (metres)

Diameter at breast height (DBH) (centimetres)

Clone Mean SD P-value
K7 12.61 0.06 0.04"
K62 1291 0.07

Mean SD P-value
8.63 0.08 0.31™
8.77 0.10

Remark * = Significance difference at (P<0.05),

NANAR

Ywiinen

AINATANWILUUTIAB NS 8 sUKUY
Tupnuduiusseniaimdnanvesdidu fa lu
fufudsdase Ae vwmldusugudnaiaiiesen
(DBH) mmqqﬁ’wm (H) ¥4 2 angiug n1sAne
WARIATEARNS Table 1 on@i0819@unITA 1, 7
uay 8 fislAnduuseansiatmua R? gandn 0.9 3
A1 P<0.001 fiAnteeaniisedutuddayisadai
fmun (P<0.05) firsanaunisii 8 agnu RE 289
gAAUSE aeviug K7 dauvesdndu s Tu uay
dfiloitufiu whifu 0.990, 0.968, 0.963 uax
0.991 ¥18ANTN VWALFURNUAUINA L HEI0N
LLazm'1uqﬂmmﬁaa%mamiLLUsﬁwuaqﬁmﬁnaﬂ
fifnAaIALAABUNIATEIU (SE) dauvesdidu A T
wazdruiwdefunuvinfu 0.047, 0.094, 0.082
Lag 0.052 ANAIRU A1 F ALYINAY 1282.23,
396.82, 342.60, 1431.310 AuadU Gsaunsit 8
fianadAmnzaugaiiiefisuiuannisdu faTable

3 dauganduda aneiug K62 endieg1aunisi

ns = nonsignificant (at a level of 95%).

1,7 uay 8 fiiA1 RZ @9n1 0.9 ilen P<0.001 $iAn

Y

o w a

Po8nNINSEAUNYAIAUNI9EDRRNNUUA (P<0.05)

o

2 98191 A Tu

Tnefansanaunisii 8 agnu R
wavdufwdenudiu vty 0.978, 0.952, 0.900
WAz 0.988 M118AINIT VUIALHUHIUAUGNAN
WE90NWAYAILEIEINITNOTUIENITUU THUYB
thviinae YogAIAURE agiug K62 diuvesdn
fu As v wavduiiilouiuls Srrainnden
Mg (SE) druvesdndiu fa Tu wazduiiunile
fuAuuiafu 0.046, 0.152, 0.195 wae 0.053
AIUAaIRU AT F A Lv1AU 370.14, 241.86,
100.500, 106.000 Mgy efienaddimanzay
aailowieufuaunisdu # Table 3 Fana
MSANIAOAARDIAY Klangprapan (2019) Tuns
Benaunstmiinanuesygaidusa anewus Kss
wae K62 818 4 U s adrudaszund Janidn
aszuia iResundenaunisauduiusids
wealamsivesiminan lassUuuuiidensauds

o

ddsy Ae DBH2Ht Wiy
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Table 3 Weight equations from regression analysis of the eucalyptus clones K7 and K62.

Clone Equations R? Rz-adj SE F P-value
K7 1.Ms = -0.16 + 0.033070DBH2Ht 0.991 0.990 2620  1246.040  <0.001"
7.Ms = -0.67 + 17.87DBH-8.83Ht 0.940  0.939 7.05 94.850  <0.001"
8.Ms = 0.0670(DBH2Ht)%%°%2 0.990  0.989  0.047 1282.23  <0.001"

1.Mb = -0.085 + 0.001888DBH2Ht 0.971 0.970 0.088 463.470  <0.001"

7.Mb = 0.39 + 2.223DBH - 1.262Ht 0918 0917  0.867 66.740  <0.001"
8.Mb = 0.0104(DBH2Ht)%883 0.968  0.967  0.094 396.82  <0.001"
1.MU = 0.1824+ 0.001317DBH2Ht 0970 0968  0.968 291630  <0.001"
7ML= 0.431 + 1.730DBH - 0.950Ht ~ 0.943  0.941 0.580 99.750  <0.001°
8.ML = 0.0322(DBH2Ht)®-67% 0.963  0.960  0.082 342.60 <0.001"
1.Mt = 0.28 + 0.03920DBH?Ht 0.981 0.980  3.357 123935 <0.001°
7.Mt = -5.9 + 21.82DBH - 11.04Ht 0.942  0.941 8.280 96.950  <0.001°
8.Mt = 0.0993(DBH2Ht)%866! 0991  0.990  0.052 1431.310 <0.001"
K62 1.Ms = 0.70 + 0.039704DBH2Ht 0.992  0.991 3.955 1371770  <0.001"

7.Ms =-28.6 + 21.26DBH - 7.70Ht 0.949 0.948 10.464 117370 <0.001"

8.Ms = 0.0636(D2Ht)%%¢ 0978  0.976  0.046 370.14  <0.001"
1.Mb = 0.040 + 0.003378DBH2Ht 0.948 0946  0.665 239.100  <0.001"
7Mb =-1.20 + 2.255DBH - 1.082Ht 0918 0917  0.867 66.740  <0.001"
8.Mb = 0.0027(DBH2Ht)*? 0.952  0.948  0.152 24186 <0.001"
1.MU = 0.402 + 0.00754DBH?Ht 0.807  0.806  0.261 291.920  <0.001"
7ML = -1.69 - 0.657Ht + 1.664DBH 0919 0917 0976 64.480  <0.001"
8.ML = 0.0322(DBH2H¢t)%?1% 0.900 0.884  0.195 100.50  <0.001"
1.Mt = 0.57 + 0.04584DBH2Ht 0.990 0989 4633 153590  <0.001°

7.Mt = -31.5 - 9.43Ht + 25.18DBH 0.948 0.946  12.190 109.370  <0.001"
8.Mt = 0.0854(DBH2Ht)*1%" 0.988 0.987 0.053 106.000  <0.001"

Remarks: Ms = stem fresh weight (kilograms), Mb = branch fresh weight (kilograms), Ml = leaf fresh weight
(kilograms), Mt = weight above ground (kilograms), Ht = Total height (metres), D = Diameter at
breast height (centimetres).

* = Significant difference at P<0.05.
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U@FIN N
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Usnmsiduiudsauaziinanugnseainiian ey luusilildueniiunfnw ins1wens
tuseshnnulanaranugaluiuysdasslu yinliuadanineaiaaiauld (Khunsathien et
AsUTEI warasediunisussunanandalsl al., 2021)

Table 4 Biomass equations from the regression analysis of eucalyptus clones K7 and Ké62.

Clone Equations R2 R2-adj SE F P-value
K7 1.Ws = 0.266 + 0.017071DBH2Ht 0994 0992 1.107 1465880  <0.001"
7.Ws = -4.16 + 8.95DBH-8.83Ht 0.957 0956  3.095 133.130  <0.001"
8.Ws = 0.0338(DBH2Ht)"*%% 0.992  0.991 0.052 1550.95  <0.001"
1.Wb = 0.085 + 0.00188DBH2Ht 0.960 0959 0.321 313.960  <0.001"
7.Wb = 0.203 + 21.225DBH — 0.687Ht 0939 0938 0414 92.390  <0.001"
8.Wb = 0.0086(DBH2Ht)%788° 0.969  0.967 0.087 414.870  <0.001"
1.WL = 0.1824+ 0.001317DBH2Ht 0.969 0968 0.196 211500  <0.001"
7.WL = 0.174 + 0.813DBH - 0.443Ht 0935 0941  0.580 99.750  <0.001"
8.WL = 0.0175(DBH2H¢t)%64% 0.960  0.959 0.084 306.41 <0.001
1.Wt = 0.533 + 0.020277DBH2Ht 0991 0990 1324 1133320  <0.001"
7.Wt = 3.79 + 10.99DBH — 5.41Ht 0.958  0.956 3.648 135250  <0.001"
8.Wt = 0.0527(DBH2Ht)866* 0.991  0.990 0.052 1429.95  <0.001"
K62 1.Ws = -0.051 + 0.0023123DBH2Ht 0.987 0985 2134 798.230  <0.001"
7.Ws = -16.51 + 12.51DBH - 4.61Ht 0951 0948 0.011 115090  <0.001"
8.Ws = 0.0344(DBH2Ht)°-852 0.986  0.984 0.069 684.010 <0.001"
1.Wb = -0.018 + 0.001946DBH2Ht 0.948 0946 0510 234.890  <0.001"
7.Wb = -0.207 + 0.75DBH - 1.46THt 0911 0909 0.693 61.290  <0.001
8.Wb = 0.0086(DBH2H¢t)%78% 0.920 0918 0.203 55.950 <0.001"
T.WL = 0.199 + 0.001293DBH?Ht 0.875 0873 0.319 106.590  <0.001"
7.WL = -0.584 - 0.762Ht — 0.309DBH 0.902 0900 0.430 64.480  <0.001
8.WL = 0.0322(DBH?2Ht)*6710 0.901  0.892 0.190 98.760  <0.001
1.Wt = 0.13 + 0.026361DBH2Ht 0982 0980 2.766 852.800  <0.001"
7.Wt = -17.30 - 12.39Ht + 2.96DBH 0942 0940  7.406 97.390  <0.001
8.Wt = 0.0542(D2Ht)°?127 0.984 0982 0.062 750.29  <0.001

Remark Ws =stem biomass (kg), Wb =branch biomass (kg), Ht = total height (metres), Wl =leaf biomass (kg), Wt =
aboveground (kg), D=diameter at breast height (centimetres).

* = Significance difference at (P<0.05).
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Usuns

I1ASANYILUUTIADINS 8 sULUY
TumuduiusszninsUSunsvasadu fs Tu fu
AnUsBasy Ae YuiaduRIuAugNataiigen
(DBH) mmqaﬁwm (HO) s 2 d18WUg Ha
ASANYILEAIAEDA Table 1 sndaag1eaunsil
1, 7 uay 8 AiflAn R%gand1 0.9 if p<0.001 fiein
teaninseRuilodfyvnsadaiiniivun (P<0.05)
fsanaunnsi 8 agwu Rigaausia aeriug K7
Lag K62 tv1nu 0.991 Lay 0.996 A1Na1AU
VUIAIINTT VWIALEURIUAUGNALTE0NUAY
ANNGANTNDBUIENTUUTHUYRIUTHIRTYAN
dURa anewug K7uay k62 16 fdaaiaadou
1195514 (SE) Wiy 0.055 wag 0.029 Auasiu

#15001A1 F AAvinnu 1178.080 way 1257.230

AEU Faaunisil 8 TanadAmuizangaiile
\Wisuiuaunis9u # Table 5 du Petmark et
al. (1987) levinnsfnwianausunsvesldyan
dUdaee 2 - 7 U laedl R® vesgandudaeny 4 U
Wiy 0.97 Wag Vacharangkura and Himmapan
(2018) ladnw1aun1s 4 wuud1aes lunis
Uszanaiunaslsl Sauvudiass (1) Allometric
Relation fdmogluguves Power Model wudn
LuuTIaeswuvenidslianisadiduinian
A1 (R2) gendnguuuudy 19U Simple Linear
Regression # 3 ® Multiple Linear Regression

WULREIAUNANISAN®IASIHST Table 5 aziiuli

=2

Jaun1sn 8 Wuwuuendedeaziian R ganmn

aunsluguuudy

Table 5 Volume equations for eucalyptus clones K7 and K62.

Clone Equations R? Rz-adj SE F P-value
1.V = 0.002316 + 0.00036DBH?Ht 0.990 0989 1.107 1286.690  <0.001"
K7 7.V =-0.0114 9- 0.00741DBH + 0.01708Ht 0.948  0.937  0.007 110.13  <0.001"

8.V= 0.0001(DBH2Ht)%#%2

0.991 0.989 0.055 1178.080 <0.001"

1.V = 0.002180 + 0.00041DBH2Ht
K62 7.V =-0.0263 - 0.00883DBH + 0.02310Ht
8.V = 0.000090(DBH2H¢)%#™

0.994  0.989  1.107 <0.001"

0.967  0.962  0.008 178.13

1286.690
<0.001"

0.996 0.996 0.029 1257.230 <0.001"

Remark V = volume (cubic meter), Ht = Total height (metres).

" = Significance difference at (P<0.05).

n1sUszgNALUUTIaanIsHulanae
NANER

\dlesirann1sfl 8 910 Table 3 1114
Uszanauhwiinand sy s lu vesgaausiaans
tug K7 wuiranimdnanvosdidu fs lu veq
A18WUG K7 111U 8.645+0.644, 0.901+0.022

way 0.633+0.023 fu/l3 audadu Tnsvmin
lAsanvinty 10.662+0.383 /13 Laztiuein
andnsiu Aa lu anewug Ke2 Wity 11.632+0.966,
0.795+0.006 Lag 0.793+0.034 Au/ls auaAu
vantnanadowinfu 13367+ 0481 du/l9

PUEIRU AN t-test Urntnandnanau N9 luves
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gAdUdia areiug K7 uag K62 1vinfiu 0.00
Wanun 9 Table 6 uae Kietvuttinon (2009)
wudwuliluvewandnlugudminansesuasd

PANNUYULAYINUNARNAANUIATINTNA DAY

v
[

denndeiuNsANwIASIlNgAaUdaiinandnly
sUsuuniinanas dealviilinatininsenuigs

LULREINU

Table 6 Fresh Weight and aboveground biomass of eucalyptus clones K7 and K62.

Sample Fresh Weight (ton/rai) Aboveground biomass (ton/rai)

Clone plot. Stem  Branch Leaf  Total Stem Branch Leaf Total
1 8.910 0.891 0.661 11.013 4.834 0.496 0.414  5.800

2 7.846 0.784 0.558 9.544 4.195 0.423 0.365 5.040

" 3 8.700 0.870 0.635 10.647  4.675 0.477 0.402 5.611

4 9.115 1.058 0.680 11.289  4.955 0.509 0.423 5943

mean 8.645 0.901 0.633 10.662 4.664 0.476 0.401 5.598
SD 0.644 0.022 0.023 0.383 0.166 0.018 0.012 0.198
1 11.206 0.755 0.762 12874 6.403 0.440 0414  7.319

2 12.456 0.777 0.854 14317  7.132 0.571 0.455  8.150

o2 3 10.675 0.900 0.724 12262  6.095 0.410 0.396  6.968
4 12.193 0.757 0.835 14.015 6.980 0.504 0446 7976

mean 11.623 0.795 0.793 13367  6.652 0.481 0.428 7.603
SD 0.966 0.006 0.034 0.481 0.243 0.020 0.014  0.277
p-value 0.00° 0.00° 000" 000" 000 003 002 000

Remarks " Significant difference at P<0.05.

Wlowaunisd 8 a1n Table 4 u
Usgurniuiadaninvesardu A lu
vosgA1dUAaayWug K7 41 4.664+0.166,
0.476+0.018 uaz 0.401+0.012 Au/ls Awadu
wathnmmdefiufiuwinfu 5.598+0.198 §u/l3
AINEINY Wazaenug K62 Wiy 6.652+0.243,
0.4812+0.020 wag 0.428+0.014 fu/ls auasu
wadinmmiefufiu fd1wifu 7.603+0.277
fiu/ls muaneiu i Table 6 A1 t-test W8T N

dauddu As luvesgardudaaeiiug K7 uay

K62 wi1fiu 0.00, 0.03, 0.02 wag 0.00 AUAIAY
21nA15AN®1999 Chernkunthod (2007) Wu7n
snataninilofiufuvedliganauda glsitad
918 4 U szerUgn 3x3 e wiriu 12.42 du/ls
Tnowtaduntadanimvesaidu As Tu widy
10.45,1.21 wag 0.76 au/ls aruadvu
31N15AN®I1Y09 Jundang (2010) wudn ledgan
qUda o1y 4 U syezdan 2x3 1was usiaeaud
Toy1A3 Sadaveuniu fuathnwvesdidiu A

Tu winfiu 4.98, 0.52 wax0.64 fu/ls auaRu
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waranaTInmswwmieiuduwiniy 7.45 fu/ls
ziulaindanuunnansvesnadinmaiuluag
1nnIRe urlunisineassdnuinuaadanm
dauiwanninlu Fawanisinwidenndeadu
Klangprapan (2019) A wadininluduie uwax
Tu windu 0.59 wag 041 du/ls auainu
a18Mug K58 11Au 0.75 wag 0.47 du/ls
AUBIRU AIULANA1IFINA1LTUNANIININAINY
WANAIIVDINUTNTTY anmiui anngiiennia
Fesonmdasfiu Viryabuncha et al. (2002) na1
N1aTINNVEILTANULANAIIUAUEN WD
flufiugn Usinutdusie¥inalasnssdenia
Fanm nande Muditivsuaiduunn 15aed
18T NN Y LLaxlﬂgméUé’aﬁNwma
USuugsiugesedeiileaaylinanandigendnls

a A A = = | o
sdufﬂauLllE]LUsEJULWEJUSLu33‘EJSL'§a']WHﬂu

Table 7 Volume of eucalyptus clones K7 and K62.

dWlewaun1sd 8 910 Table 5 61
AuanUsuesldeaauda aneiug K7 uay K62
Uinslifiadeluasiiegiayiniu 10.340£0.035
LAy 12.385x0.043 gnuraniuns/ls aiudaifu
A1 ttest ¥8IUSUINTYANBURFAEWUS K7 waz
K62 p<0.001 WUIMMaNANAUDg 19T Ted AN
afif (P<0.05) fa Table 7 @31 Petmak et al
(1987) laas1em19aUsunslduasnandnuia
Fanmuesdrdu nudAuAR ARG BURABYDS
Uinnsdndu 1.3 Alandu Sedlanumraiaindonugs
nilunsdnwaded was Pantawong (2004) Na1?
Ilunsfnwimandalilusvvesuiuinsues
gandusaeny 4 U fldadewintu 11.26 aua/ls
FelndidnetunisAnuiluaded Afdnade
Usunslivasudavareiuguesaneiug K7 was
K62 winffu 10.304 uag 11.590 auu/l3

Clone Volume (cubic meter) mean SD p-value
1 2 3 4
K7 10.674 9.328 10.327 10.916 10.340 0.035
<0.001
K62 11.949 13.235 11.397 12.959 12.385 0.043

Remark ™ Significant difference at P<0.01.

G
1. msfnwimsiavlnvesgadusa ae
g K7 doandt K62 lagdidnsinig
9ARNBLAAY WU 97.15+1.37 uaz
93.53+5.28 WSl EUA A1UEIAY
aneTiug K7 Anugaedemiiy
12.61+0.06 L4AT VUIALAURN Y

Audnataiisseniadie 8.63+0.08

WURLUAT a18WUg K62 A3g4
WABWIAY 12.91+0.07 4un g §
GummL?”mmuquéﬂamﬁmama%
WiNAU 8.77+0.10 LYURLNAT NaNdn
vwmtinan gA1dufa areWug K7
WINAU 8.645+0.644, 0.863+0.022
way 0.693+0.023 fw/ls muansu

lngu undniadedntviny
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10.662+0.383 #u/l3 wazthwiinan
adu Ae lu aeug K62 ity
11.632+0.966, 1.007+0.036 e g
0.793+0.034 fiu/ls m1ua1A U
dhuinanedewifu 13.367+0.481
fu/ls muaIiu 1830 1meBe a1
#u A Tu vesganduda aneviug K7
A1 4.664+0.166, 0.476+0.018
uag 0.40120.012 du/ls wadinw
wileuRuwinfy 5.598+0.198 fu/
19 uaganreWug K62 1vindu
6.652+ 0.243, 0.481+ 0.020 L@ ¥
0.428+0.014 /15 A1ua1du 128
Fanrmmdefiunu fawindu
7.603£0.277 au/ls aruaau
USuinsliiadognidyuda
angnug K7 way K62 wirdu 0.033
Wag 0.048 gAUIANLUAT/AU
AudIdu Usumsliedslundas
#9819 10.340+0.035 Lag
12.3850+0.043 gnuaniuns/ls
AUEF lerUTNInsYesgan
dUda anefug K7 uag K62 iileih
Arudnan 428%201W way
USumsluSeudisu

LEAIINHAIINLANAI9D Y193
FodFayan19add (P<0.05) Wil
AUNTITAINANIAIN1TAU TN
Yuidnan 1nathnw wazU3ums g
ANGURE aneug K7 way K62 19
aruthldegslsiniunrsuanides
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K62 Arsdaiaiunisugnlvifiu
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ABSTRACT

Wildlife tourism is a form of nature-based tourism that is growing rapidly due to an
increased interest in the conservation attitudes and behavior of tourists. The development of
wildlife tourism in Thailand has been proposed in Thai Tourism Strategy 2017-2021 to promote
tourism in the country. The main objectives of this article are to 1) present the management
principles employed in wildlife tourism in natural areas, 2) analyze the management of wildlife
tourism in Kruger National Park South Africa, which is one of the famous wildlife destinations in
the world, and 3) provide guidelines for wildlife tourism in protected areas of Thailand to develop
the standards of wildlife tourism and promote sustainable tourism. Based on the analysis, the
management guidelines for wildlife tourism are presented and include wildlife and habitat
management, setting vehicle standards for game drive activity, developing specialized training
courses for wildlife tour guides, establishing management mechanisms for wildlife tourism,
promoting local participation in wildlife tourism management, and studying the various marketing

strategies in wildlife tourism.

Keywords: Wildlife tourism, Kruger national park, South Africa
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nsvisafigtdnivn WuguuumsvesfisamssssunAgluuunieniinisduinegenngily
sgAvaIna sulllesnannginssuvesinvieaiiednviuaniinnuaulasenisiseudifestudnivminiu

o ¢

wwAnNsmuINsvieaiedn iU lulsemelnelagnussglusnunisimuinisvesienivedaaiunig

v
oo @

vieufierveauszina unmnuiliiinguszasdudniiieiaue 1) ndnmsuazunAnnisianisnsviesiie
dnivnluituisssund 2) Siaseinisdansmsvieaiieada it lugneiuuisniagines Ussinaansissy
wolEnild Faduunadmisaifindniiddedoslusziulan uay 3) elausuuziuimiansiauInig
vieafiendnitnluiiuiiduasesessemdlnelidumssunarduaiunisieniisrogediu Tnsldiiaue
LUIMINSIANS Usznoudie msdnnsdnitiuaziuiiegeids msimunuissgiummuzdniuli

Wienwudn iUl nsiinevsusinameaiviediiisnaniz nalnn1susmsinnisnisvesiietdaivn deasy

nsfidusuvesgururiosdulunisianisnisvieaiierdaiviegnadugusssuy waznsnwinisnainnis

yionngdnivn

AdAey: Nsvieuiie d@aitn gneuuvianiagines Usemaasnsasgiensnild

o o
AU

nsvieaifigad@ndvn (wildlife tourism)
WunsvieuilemnssssurAguiuuniaiiends
ningnsdivndugruniessdusenauiiddylu
msuszneuAanssuineliAnnsi3ous nsWaun
srenauthlugnseusnuninenssssumRuazdnd
Ul st uaelulalusuiam (Newsome et al.,
2005) TnggUuuvvBINISYIRieIdnivaidiy
\Aeatostuosdusznauveansieaiisudaiie
(ecotourism) fisjaitfunisvieaiiisasgiaiingm
SuiaveuluuvassssuAiifiondnuailoniziy
wazuvasTmussauiAndostuszuuing ool
nsruIuMsSoudntuvesiiitivates meld
nsdnnsdanndon uaznsviesiivaeesdidiu
Sruvewinsiu iesjslnAndnddnsenisinw
szuviinaegned sy wazmsvieadfisndenande
(adventure tourism) AifigailufiAvenszaunisal

Tndl q Adnveuiienarlasuainnisiuiounnas

'
aadd o a

Vieaflsamesssunaniisnvas iy finovaues
AUADINITIULIAMNTIMIY Uszaun1salulan
nd wazluvaidorfuAladulaanuaisnuves
sssuvIALazAnndon neliiAnauaynauiu
Fuldu sanuddnldnagy Ao IRamnnuies
(Reynolds and Braithwaite, 2001; Sustainable
Tourism Cooperative Research Centre, 2009)
nMsesiiead@a fundaiunumddaylu
nsundymanudaundeseninayedivdnivn u

Jagtudnivuavanuvainnaleniaganingn

' ' ¥
a

ANANINNTUAIINASEEYHeRuNaglnganziiug
U1 Fedrulugiinannnisudaansdiiduiud

N13INYATLAZAISVEE U0 1R VDI Y Y

1

'
a

(Woodroffe et al., 2005) dualdnusinud

[olac

p1fuvesdnIvIanas wazdiundetyninin
Tnudeszninuyudiudn i Faladianunenany
witgymidenanmuanndgyminazdongmuie

YodusarUseimaniiniseusnddniviegradudu
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wananafuesnly nswauInIsvie e dn iUl
Juwwmanisudledymnileiiléuniseeusu
PinateUszmaialan lnsanizdauszmely
wonsnnazUszwalutetdeld laun tauen
unug iy venau wonsnild undidy dulde
A wae wiha Sadudssmaiiegluddudu 9
voaRvliniseusnednivuialng (Megafauna
Conservation Index: MCl) §sUsefiuann 1) dndau
vosszmaiinseunsedlaednivivunlnguias
¥iin viFedndumosiiuiivssmaiifuiuiiogende
yosdnith 2) dndruvesrsiiniiugdnivinlesy
N13ANATEIRE1ATIASALULARY UTEINA LAY
3) Swuduililunseysndvowudazspimai
Tuuszimanion U sz uiunan A ueauae

squluuseine (Gross Domestic Product: GDP)

¥
=1

(Lindsey et al., 2017) wonaniUszmAgngn
Hudszmaiiamnsalédnisveaiiordnivuiu
in3osflonnsdamisdnivnileduaiuniseying
LarduaTulasugi lnslanizog 198 Lauen
vanauT wazueninild fuszavanudiialu
Frun1stanisnisendierdaiin fludures
nseusnvuagsiuasugAailutlagiunis
vieudiendniUndudndrufiddyvendn s
wrasauluuszine (World Bank, 2018) @ <
wavsslevimaasugRafiiutuannnsvioades
doriiniifdudelunseusnsdaitidusues
uUszanuaiuayuianssuniseuing n153dy
swdinsuTuiiruafnaznislinarsedndn
yosyuruvinsiuLaziniediiien (Higginbottom,
2004; Tisdel, 2012)

LuAnn TN sisafieddniilu
Ussinalnegldgnudvendunifieduaiunis

WawnsvesgmndenvesUseing ialungu

¥9In15909Lf8aan1Eg (niche market)
mwiauﬁm@mami (knowledge tourism) ie
duasuliiAndenuiionnizoud saulddenis
duasunsiuUsTI AR UWNANLINALATYEAY
wuulvy fdendn “BCG Economy” daifunns
auasugRaluUosds fesfmuiasugio 3
fialundouriu laun iwswghatanim (bioeconomy)
FEUUATEENATINN atiumslininensdanin
dieasrsyaniiin Inoufunsiaundundndaei
yargs 1enleafuiasugAanyuiieu (crcular
economy) SaBsmswawInIsvieaieadasinie
WunisdenlunisWaunasegiaguay uas
fansanudandsosmuruiiosdulufiuiisusy

Inglanizyuvuinmuguegluiiuniusuvesitug

[% o o '

uATBdAY WU washwiugdniviwie el

v '
= -:4

3
nnsegluiuiisessie 5 Jawminnrangiusan

gulaun daminazilans) dwminaseuia Ymin
JUNYST TMINT2U09 waTTImMINYaUsT way
wasnwuganIUeunds Jaringriesii
dwdudsemalnensveaiiordaivily
unassssumAnusngegludagiu Tneunidy
ﬁanﬁumsvia«,ﬁmé{’miﬂwﬁagmuﬁugmmaams
wuitudn inailena faiviildaniansaudes
dailugnenuursndiwnlng Jaminuassvdun

I3

msdssavudnivilugneoruuienineys dmin
U5¥7UATTUS n1sgnssiisluluavinudidndun
IR S TauATIIvELN nMsveadiedniln
Tugduuudanandslifinnsdanismsvieailednd
Uniidnasuliifinuszaunisainisvieadfieaid
aann seidusglunivuesiniuazlungu
Uszinaodeld Adnswausuduiivensuves
ﬂ’nviwﬁmﬁ"ﬂaﬂfhLﬁqumaﬂmamwmmﬁ

Nownedniunluseaulan NeludINYeINISIA
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AanssuiiiinisimusuinsgiuLagngsedeulu
nsendunisiidaiau uenanifanssunis
vioafierd@nivnluuszmalne (aslaniznis
vipaiisrdn Uluiuiisssund) laifsuuuures
Aonssuflanunsodaaiunisieuinisdanisdnd
Uhvestinvieadien Wuifissudnisdusndnivn
FaumnenaaingnemuwisnAlusiia semaiidu
uwndsvieaiioadnivnsedulan AlFTnsiun
TWsunsudennuninesssuiafiozdoansln
tvisafigafianuiuaziineudilaifeaiunis
Jan13dnivn V’T’ﬁuﬁamaﬂmﬁmﬂﬂiﬁuﬁagawﬁs
wagn13dianisUszrng Tneriudouazdingmar
Yuien Useiiuddydnusznisnids nsusms
Fansmavioafierdniviidunsgulusedud
amansEnunenuAsygiatulsenelne gl
f5Uuvuidniou Jauandrsnluinssemand
nsimunsULUUIeINsIY sunau sz lewiid
Tnssasrednian siddmiunmataunmsviondie
dnivvesuszmalneiiieliiAnauaiunsalu
n1sudsdulugnainnssunisvosiisadu
Aelszmea wazldadamansenudedniviuas
svvvdnaluiiui sndufesdinisfnuinun
MeMIRaINsYisuiedn iU ifinsgiu e
Wuwumdunsiaueuugnisianismsvienilen
Fnivndmivussimalne farunsaaiig
Uszaunsninisvieaiieadaitiniusssuunai
gndesliiuinviondien TusenszAuNIsUINTg
wardseneauazanliTnsgudsaenndes
U gnsAransd 1 nisWauIAMAITNLYES
viewflen Audn wagnsuinisiunsvieaiien 19
Fnmnuaugauazdsdu Tuusuiannnsvieaiio

Wiswd atiudl 2 (2560 - 2564)

unaui i iaendnnsuaruufn
\Aeaffunsdanisnmsvieniiendnith nmsiesed
nsdansmsviesiierdnivilugnenuuvieniag
ine$ Uszimmansisasgueninild duduunds
viosfiendnitiifidededuseiulan (Expedition
Wildlife, 2021; Safari Destinations, 2021) lag3l
Tnqusrasivndniiiotiauendnmtazuufnns
Fanrsnisvieadieadaiinluiiuiisssuwd uay
JiAs1gRnrsTanisnisieniierdadvaniy
psAUsENaUNANYRINI e ieadn T lugney
widagines Usenaume n1sdamsdniviuas
fuflegende Tnvieaflen wagdegiuaeniny
azaanuazn1suing ethluuszgndlddniy
nsdansderitnluiuiisssumnvesusemelngll
Trasfufiufignetuudend wadnwiugde o
washwandn U1 visefuTisssuriaue ieldin
n1smuInsenfisadnivafiensedunas
vioufiveUseing uaranransenuiiazindu
doitnluiud Snvaiamnanasgiunsdanisns

yoanedn iU lulseinelneg

ad =
VNIIANWI

ynaudinszuIunisAnely 3 du
yan lauwn

(%

1) N15ANYIAILNITNUNIUITIUNTTH

av a a

mmmmmLLazmma&mLﬂaﬁauﬁaaqﬂwé’ﬂms
wazhwIRaieatuNsIanIsnIsiesisadnin
Suaenans wazunaueneg Miedestuns
damsmsvieaioadnivnlugneuuisndagines

2) nsdunrwaluuuldidunianis
(informal interview) 13 st flvesgneuusisni

AgnesMUTRMuRgItesiunsvisael F1uu
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7 AW YARINTUDIANIUYUTENOUATT LU A01u
Usgneunsfifin $1udn $1uevng lugneny
wisvAngines S1uau 5 e waztnvioudieadily
Woudtuiilugaaanihinisfinu $1uau 12 au
(Fudfeyalutasiuil 10 - 15 Weullunaw wel. 2562)

3) MTAUNARUUTAIUTIN (participant
observation) @s{3daidnlufidrusanlufanssy
nsvieafiendn it TasidrswAanssunisise
d03dnd (game drive) lugneuunisfngines
$11u 6 50U (Fuil 11 - 14 oudue wa. 2562)
WiofnwIn1sUTMsdans uazdszaunisninig
vieuirdariniitnvieadioaldsu Tneszminenis
Usznavfanssulafnwmanuanuygnyuvesdn

Y1521119n15U52NaURINTININ 6 SOU

NANTSANE
aedUszNaUNEnnIsTanIsnIsiaafien
dndUn

1. whdssiafigadadua (wildlife
tourism destination)

wnasviosiiendnitranunsaswundu 3
UsgLannan mmé’ﬂwmwaaﬁuﬁ (Reynolds and
Braithwaite, 2001; Orams, 2002) TALA 1) winas
vonfivafidniUregluiiuddnte/nsadss

(captive setting) 19U @udnd (zoo) @ruunyd

a

anvauztdunssunvuelug (aviary) Aisiausidn

H . < v 1 1 a Ao &
11 (oceanarium) WUAY 2) LAINDILNYINANT

UregluniuffudesisUaay (semi-captive

v v

setting) Wudiunffin1sideednivnlilununag

v

210U UN I B5wSerandauld 1y audn?

Wa qué?ﬁluvjamwﬁmiﬂw (wildlife rehabilitation

£%

center) NunUndouaurnlugildsoasudnivn

v '
A

(wildlife park) WuAidmsun1UaRudRIUDE9

awﬁuaxzjam (soft-release area for wildlife) 3)
LA uNeIga U TuNUNSSILBA (wild

setting) YU BNUIUWIIYRA (national park) Lum

o v ¢

Snwriusdndvn (wildlife sanctuary) lwainuan

]

o &

&n1U1 (wildlife non-hunting area) HuUNYIANTT
duveo1devesdnivn (wildlife management
area) lnsuvasiondfierdnivilunguiliduumas
NoUNYIMaNVDINTTVIBUNIdR U@
novauewsitlaveninvieaigmsludiuvesns
lanagyfeuaznisfnwiieusnginssudnivala
I [ a

Wuagnem

Tunsdnnswnawiasiedmn iUl lunun

a o v o

& YAl o 61 & A a
S‘iiwlﬁW\]’ILﬂumﬁ)ﬂﬁ]@lﬂ’l‘ﬂ%uamﬂﬂuwuw LLasd

v '
&g A A

e dunundalasfaruisousaiudniulle

Tngdreiiodasulssaunisainisnuiudsndun
AUETINTIR Ingldsuniunisuaning@nssumniy
555U 1RVBIFATUN SAIUTITANITWIRIU LIS
‘ﬂ' = Vv 6 1 v Dt&l d‘
9115 Nanunsafegalrdadvndiunldnui was
FAUFIDUITANNATAINLAB LA TNYID LAY
darunsadsenaunanssulaegrsvasnde
(Reynolds and Braithwaite, 2001; Newsome et

al., 2005; Pongpattananurak, 2020)

2. tnvisaiigadadun (wildlife tourist)

tnviesfirdaivnlunquiinvieaiied

finuaulaaniy (niche characters) anway
drrguestnviosfiendnivn lawn na9la

AnudAyuksgelaandadeniglu (intrinsic

'
a

motivation) 11107118999l 1ndaden8usn

Y
3 £y 1

(extrinsic motivation) dunAsUnVaaNgIdgn U
waramUsvaunisalnduasunisieus wagla
#1379 wazAunIUszaun1sainIsione g

111NUTLAUNITANIATUANUTULAY T3
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@9AARBINUNISANEIUBY Gianna and Saltzer
(2004) AlFvin1sANvI09AUTENOUAIIY VBl
Uszaunisainisveadisadaiunfivnveudion
aans TnednuvazaesUszaunisaiiinviedien
manTafiazldnunazdwanoninufisnelanas
AMAMYBUsTaUNTAiNIYeuieddnivl 5
grsuusn lown nstaiudniUluaninwindey
95330 R MslafiudniUuansngAnssuaiu
5350R nstaiudaivimennuaziienanwal
nsbiiudaivmainuaiesdn wasnslaiseus
Aenfudnivmiudesig Immawwmn@'ﬁ%ﬁm
AIUAIAU

dvduiinveuiiendnivinds driundu
ﬂaﬁaﬁﬁwﬁwﬁﬁqamiﬁﬁﬂﬁaaﬁmm@auﬁ?uﬁ

Wit Reynolds and Braithwaite (2001) leiauun
nguinviesfieadaivieenidu 4 nquanusydiu
arwauladnivn 1dun 1) nquinvieaiiesiid
mmauiﬁ]ﬁ%L%&Juilﬁmﬁvé’miﬂwasiwﬁﬂ%q
(serious/ dedicated interest in wildlife) 1o ¢
woRnssudnvieaiiolunduiidunquild
Tnusrasdndnlunisvieadisafonislimuiiu
&0 Tnsanzdaiinfidanuddy/unuam
ddey dotendnvainiednuaiziduveiuitug
(iconic species) LAENITLUITAINAINTIUNIS
vieuigrdarivnegadudu 2) nauiinvieaileits
anuaulalufanssunisiendisadniviuuy
venfauneasn (casual interest in seeing wildlife)
Tnenginssuiinvienderlunguiidunguiiian
aulaesnasnuiiudafiluiiud winisnuiu
é’miﬂﬂuﬁuﬁlﬂﬂiLLiﬂgﬂf«mé’ﬂiumaLaumam
Fouiiuil wiedhdlsinudadimuaulauasiivigi
Tumswuiiudnflluud 3) ndudnuieaiiendd

AnuaulalufanssunsisaNeId@m UL UURIRY

(passing interest in seeing wildlife) lnawgfnssu

P

inteafierlunguiiunduiiaualossnay
wuiiudaiUaluiuiudliauaulaamnsein
fugiifiaauua¥nlufufidus (charismatic
species) tviafieanduillnsannlalléfimaiien
AUNSBUNIADU WU N1SLATEUIATEINAINTY
naswm3sugUunsalianiy Wudu way 4) ngu
Hnvieufieaiildlddainuanlalufanssunis
vioufierdniualaenss (no interest in seeing
wildlife) Insnq@nssuvesinvioniiolundui
Lilddauaulalufanssunisviendioadnivn
wiemsldnuiiudniinluiud Tneundeuiiug
Wian1susenouAanssueg1adu nseudae
Inquszasdau widanufusulunsnuiiudad
Uluind Ssaenadosiunuiseves Phumsathan
et al. (2018) AlFFuasgvingAnssuidunes
tnvioaieadn iU luusazngu fuandlu Table 1

wena1nil Duffus and Dearden (1990)
galdsuunuszinnvesinveaiioadniviniy
wAnssutunuInig eandu 2 Ussan laun 1)
nquiinvieaiivaffiaauaulatanzas (wildlife
specialists) tnviauifisanguiiinnudesnisds
srurganuaranuiiisniu ldsududesdinis
danasuan Wanuadidgdunisiseus uas
Wsunsudennunune dnviesiierdiulngazi
gunsalianzfndaludevazlsznauianssy
WU Nd0Id0INT NdedEAINLAYLA AT
AMNINES naesdaenislnalszian Spotting
Scope Wudy uay 2) nquiinvisaiisiniinany
awlavialy (wildlife generalists) ﬁm/l'ENLﬁEJ’Jﬂ%ﬂ@J
diauaulelufanssunisveniiondnivily
szdunils widedldfuainuazainauiesening

UszNouRanIsTuNeENAlT Lasin11unoIn19as
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gIUEAINATAINLALAITUS SR TUAYY
A15USENBUNINTTN 9NI5IANINTTU NITIA audn?d

A01UN Larn15UINISINNLINNTT Deuluibeu

Table 1 Classification of wildlife tourists based on their behavior.

wiaaviaaieslungy Captive Destination 13

Wildlife tourist

Group 1

Group 2

Group 3

Group 4

behavior No interest in Passing interest Casual interest  Serious interest

seeing wildlife  in seeing wildlife in seeing wildlife in wildlife

Level of interest High Fairly high Fairly high Moderate

in wildlife

tourism

Preparing Complete The necessary No specific No specific

specific equipment equipment is equipment is equipment is

equipment for preparation prepared. prepared. prepared.

wildlife tourism

Proper planning Always Frequently Sometimes Sometimes

and preparation Almost always Often

Desirable
features in a
wildlife tourist

experience

Seeing rare and

iconic wildlife

Seeing wildlife in
their natural

environment

Seeing wildlife in
their natural

environment

Seeing variety

of wildlife

Knowledge
about the
impact of
tourism on

wildlife

High

Fairly high

Fairly high

Fairly high

3. fanssun1sviaanedndUn (wildlife

tourism activities)
sUuuuAanssUMsYiBaiE @ iU Ty

na1nnate Nelunguvesguuuuianssudily

n$nennsdniUuuulliuddes (non-consumptive

use of wildlife) 1y nMsdanadaivnaly n1sg

un n1sareandnivn Wudu wazlungues
AanssuiildndnensdniUinuvauldes
(consumptive use of wildlife) L1y n15a1&n3
nsanvan st Reynolds and Braithwaite (2001)
l§Truunfanssunisiesiisrdnsivieendu

78U ANdnyMevesUduNussening
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InvieufisruardniUn (spectrum of tourist—
wildlife opportunities) léufl 1) n1sviaaiieania
535U AR TR S NI udruUsEneu (nature-
based tourism with wildlife component) 18 u
sULUUN TR BIMesTTuNATIHLUAT R U
Juesrvsznovluwnamiondieon wadniUafds
Lildesdusznoundnvesiud 2) nisluidouitud
Aduundsiiegorfevesdniva (locations with
good wildlife opportunities) Lﬂug’d WUuUnNIg
vipafisaidnlusinludiinusuiideedndfuumded
agnduvesdn iUl Wi 9m3aend (safari lodge)
Judnuazvesianssunisviesdiissdnindidds

Iosuanutisaludagdu lnslanzegsadungy

' ¥
Ao w A

vostinvioaiioadmiunlunguifiidedega (high -
end) Fudunguinvionfivaiifesnisaany
dzmnauieuslurziieiuidlonalaiudng
teghdlnddn 3) n1sveuiioadidnluluiuiid
fnadelu/undstonilorfiuyudaietu oo
dadUndunsnernsudnvesianssunig §
(artificial attractions based on wildlife) 1% u
Sea World Resort & Water Park %ﬁﬁﬁ;ﬂwﬁuﬁmi
gunsuansvesdathildsunisiinduanduetng
f 4) mig]éfmi (specialist animal watching) 1Ju
dnwnznsgdaiilinnuaulawzludnianeg
fuguionquuosaewusiug Wy n1sgun

A ¢ s & )
mi@ﬁ’m‘vﬂ,a&?}LLauWIJQLU‘HM‘LNIHR;G]WJ’]EJU@WEJ

a

mamiamw%guﬁwaqqiiﬂ ASYULNUATY 9
n1zfady Wewualdsu UseinAendinsiae
5) MaBeuvudniviluundsfiogordeianis
(habitat specific tour) Lﬂugmwumwiauﬁm
dniunfidiunslsiudasiniivarnvaneluuasd
91fmussIUTR Feluvneunassndudesiing

InngrunIvusiiveatndnviewnedn bl lunun

ﬁamiiﬂuﬂejuﬁ \Wu Aenssuifssavudnd (same
drive) FalgSuaruisustrsunnlunguuseimne
wonsn 1l Buie sy 6) nsvieufivada i
iRy (thrill-offering tour) 1ugUuuy
Aanssunisveaiiendnivniiviuanufiuduiioy
Fsuanndnithiifarunie dnveadeslunguil
aeilaunseiiedesufinsidiusanlufonssudiin
Auduiiieadostuanuidssmienienn (thrill
seeker) Ranssunsvienilerdnivilungui wu
Shark Cage Diving Tutseinmansisausguansnils
waz 7) n1sardnivn (hunting) LuAanssunns

'
' a

voadierdnivnlunguveafanssuildninens

v ¢

Frivuuuduies (consumptive use of wildlife)
’3’@@533@@?%aﬁamimﬁﬁmmmaw LY N3
azausndn/Audinesdng wu 1w vl
& wagnmsanifloinuiin Tngtinvieaienazdos
Jnearsssuieuluaygyinnisandnd (hunting
license) @sluilagtiufanssuadniannsaaiis
seldfiteatiuayuianssuniseyinsdaivlu
vaneUsEne U Ussmeansgeisni oy

LALUNAN LAZLYBTIUN

n1sviaaiigadniUlugneunnsfag

nas Uszmaanssasguansnild
1. Usgifmarudunivesgneu
wiswAuaznsiauInsvisaiindn i
NYMUUNAATINDT UTHnAaIsTaIsT

wansnle (WuAe Lweauandniend) Wunisly

¥
N

funAuAseslngfanlunivueini asoungy

q

¥ '
< =

WuP 19,485 A1519AlalUAT AeBENI19AIU
priupanduunilovaslsemawensnile a5y
nsusgnadaaaduiiufiquaseddasssuiaves

q

as1susguensnilalul we. 2441 wazUsenie
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Wugneruusrifuvsusnveswon3nilalud
W.A. 2469 q‘wawul,mqsmaLLmﬁLi‘Judauwﬁwm
fufitesfnisnisAnuineneaniuas Sausssy
wiaEnUseu191@ (UNESCO) muualiiduium
ANIUTINUND PNYIUULNIYIFATINOTIANAIEHN
Lﬂqumuuﬁwwﬁﬁﬁﬁﬂﬁauﬁﬂ’gLﬁumdmL%u
unitgelutszmaneninild Tnstinvieaiisadiu

o A

TngiiluseqelandrfyAenisungdnivn lnsang

doindreusne Faduniinlude Unlni (Big

Five) Usgneudigdndidesgnieunvualvgves
waWsnTa 5 wiia Ao Ada Heam win 919 was
Anetuenity grenuwiiAnginesizudniu
tnvieafiodlul we. 2470 wazfluunliuveanis
diuturessiuautinrendeaegeeiiies Felud
w.A. 2560 F9nutinveafisfiliunsnideu
Nudisnie 1.82 &1uau (Joubert, 1986; Kruger
National Park, 2018) &391nadfsanans s1uau
tnviouflrvesgnetuuisfaginofiuduly
dns1Tovay 6 dol warluunun1sIansaneny
WiIAAgINeS lan1muaingUsrasdvens
Warnmsvieadieadnivn 1iun 1) 1Wueesdioly
MINAUNATEINIVRIUTTINALAZ YU IABENS
fafu 2) atfuayunsiauguvuissiufiegseu
fufiduases 3) nsimungULUUNIYioN e s
muSURnvousedInde duadunisifoudun
fnvieaflon uag 4) Wauinisieuiivaitody
wwdesfleduaiulfiAnnsonsnddniviuasiiud
AUATON

mM3dansnisviesiendaivives Kruger
National Park gnifsnldifuiadesiiowondly
Jymszninauywduazdnivlananedudunuy
Tusemene) luniduensnidnluuseandldly

USLNAAULDY bALA USENALALEN UBREI1UN

luduin uniiide s13um wiueuily uaggiuen
sutlagiunmsvieniiedn iU lduwinszareluly
vaneUsemalanifitymadnoadatiu dudiuld
Pnmsiamsiendierdniriiindululsene
wilelglutimensseiiiuan Wud dude wuia
wazA3den Tnevlunsiamnnisvieadiesde it
dAeduluiufivereudniieduasuliiinnisi
dudmLayMIRALLATYERIvDILTLTRIRY &
fregaiidiulganfufiasaunilaui (Tadoba
Andhari Tiger Reserve) luuszmeduiiiedifinas
Fumsvieaiieadaivnlud wa. 2555 quilagiu
annsadansiufineveuiilidanugnuves
Foitunaneduundsvieadiendn iUniifidedss
wisnilweaszimelutiagiu
UsgdRnsamnnisviesiieavesgnenuy
wisAagines Busulul wa. 2470 Tagludusn
fsoudins 3 Auidufidaviondienlugneius
agnslsAnunieluszosnanfivmimaissy
auundn 3,600 Alawns waziinauaudinusves
ﬂ’ﬂviaqLﬁaqfaﬂ’wmumﬂlﬁgﬂﬂ%ﬂqﬁuLﬁamauauaﬂ
AIFeIN15IINNITR s nfieTuda TUInu
5350915 Aoulud w.e. 2493 a3ty waudi
fintfnvieaified wazguduimsinvioniien ldgn
WeuunTudl Skukuza (Skukuza Rest Camp) @i
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Table 2 Wildlife sightings and game drive activities at the Kruger National Park, South Africa.

Game drive trip

Details Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6
Duration evening morning evening  mMorning  evening  morning
Number of individuals 161 633 446 102 158 259
Detection frequencies 23 108 27 22 19 30
Distance (km.) 54.3 69.7 39.8 38.5 37.8 74.2
Duration/trip 3:18:28 35830  3:21:36 31146  3:31:56  3:16:34
Average number of individuals per 297 9.08 11.21 4.10 2.70 3.49
kilometer
Average detection time (minutes/one 8.77 4.65 9.46 11.9 9.46 7.66
time)

Remark: Data from field observations undertaken during March 11-14, 2019.
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Figure 1 Wildlife sighting routes at the Kruger National Park, South Africa.
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