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Recreational Value of Sakunothayan Botanical Garden, Phitsanulok Province
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ABSTRACT

The objectives of the study were to determine the socio-economy characteristics, general information on
recreation of visitors and evaluation of the recreational value of the Sakunothayan Botanical Garden, Phitsanulok
province. The estimations were done by using individual travel cost method (ITCM) and contingent valuation
method by willingness to pay (WTP). Data were collected by interviewing 398 visitors who traveled to the Botanical
Garden during January to April 2022.

The results indicated that a majority of visitors were male with an average age of 32.68 years. Most visitors
had an undergraduate degree with their occupation primarily being personal business /trade with an average
income of 16,414.82 Baht/month. Most of the visitors had visited the Sakunothayan Botanical Garden an average
of 4.28 times and came for recreation with their families of an average size of 4 persons. The average distance from
the accommodation to Sakunothayan Botanical Garden is 71.39 km, with most of the visitors using their personal
vehicles. The average travel expenses were 227.58 Baht, and the average level of satisfaction was high.

The recreational value of the Sakunothayan Botanical Garden, as calculated by the ITCM was 11,658,634.90
Baht/year, while that estimated using the contingent valuation method by WTP was 1,188,832.08 Baht/year. This
study can be used during the budgetary allocation planning for resource maintenance, area and facility
management and can also be used as a criterion for determining the appropriate service fee that can be levied for

the Sakunothayan Botanical Garden.

Keywords: Recreation; Sakunothayan Botanical Garden; Value
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Table 1 Coefficient of regression modeled using the number of visits and independent variables.

Independent variable Coefficient t P-value
Constant 3912 4.500%* 0.000
A 0.039 2.897** 0.004
E, 0.107 2.514%* 0.012
L, -0.004 -4.082%* 0.000
TC, -0.008 -6.871%* 0.000
F = 20.647** P-value = 0.000 R*=0.174 Adj R? = 0.165

Remark: **Significance at the level of 0.05 (p<0.05).
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Table 2 Coefficient of regression modeled using to test the relationship between willingness to pay and the

independent variables.

Independent variable Coefficient t P-value
Constant 3.682 2.100%** 0.036
l 0.001 18.800** 0.000
M, -0.705 -4.778% 0.000
Sa; 1.074 2.631%* 0.009
F = 121.965** P-value = 0.000 R® = 0.694 Adj R? = 0.482

Remark: **Significance at the level of 0.05 (p<0.05);
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ABSTRACT

The research objective was to determine the tree carbon storage and to generate the forecasting carbon
sequestration in the next five years of forest planted by System of Intensive Forestation (SIF) at the Wang Chan
Forest Learning Center, Rayong Province. Data collection was done from permanent sample plots of size 40x40 m”
base on stratified random sampling method by density of trees namely high, medium and low, with one plot per
stratum. The data recorded were the tree species, respective diameters, and the total height of every tree in the
permanent sample plots from 2015-2022 anuanly. The biomass was estimated using allometric equation specified
for dry evergreen forests and the carbon sequestered was quantified by following the methodology of
Intergovernmental Panel on Climate Change (IPCC) 2006. The regression equations were used to forecast the
carbon dioxide that would be sequestered in the next five years.

We found 64 tree species, 58 genus, and 33 families. The highest tree density was of Dalbergia
cochinchinensis, with Pterocarpus macrocarpus and Lagerstroemia floribunda having the next highest densities, of
19.58, 11.13 and 10.54 tree/rai (122.38, 69.56 and 65.88 tree/ha), respectively, with a biomass of 10.21 ton/rai
(63.81 ton/ha). The carbon sequestered for 8 years was estimated at 4.80 tonC/rai (30.00 tonC/ha), while the carbon
dioxide sequestered was 17.60 tonCO,/rai (110.00 tonCO,/ha), with a increment rate of 2.20 tonCO,/rai/year (13.75
tonCO,/ ha/ year). The regression equation forecasted the amount of carbon dioxide sequestered within the next
five years (2023-2027) was of the form; carbon dioxide sequestration = -4.72+(2.63*Year), R = 0.93. Using this
equation, the carbon sequestration of 2023-2027 were 18.95, 21.58, 24.21, 26.84 and 29.47 tonCO,/rai (118.43,
134.87, 151.31, 167.75 and 184.18 tonCO,/ha, respectively.

Keywords: Biomass; Carbon sequestration; Forecasting; System of intensive forestation; Wang Chan Forest

Learning Center
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Permanent Plot in Wang Chan Forest Learning Center, Rayong Province
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Figure 1 Location of the Forest Carbon Model and the three permanent sample plots.
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Table 1 The density of trees and species during the years 1-8 (starting from 2015).

Density Number
Year Top three species (density)
(tree/rai) of species

1(2015) 437 55 Dalbergia cochinchinensis Pterocarpus macrocarpus Afzelia xylocarpa
(16.17) (9.61) (8.31)

2 (2016) 299 a6 Dalbergia cochinchinensis Pterocarpus macrocarpus Lagerstroemia floribunda
(21.04) (11.58) (10.13)

3(2017) 327 a7 Dalbergia cochinchinensis Pterocarpus macrocarpus Lagerstroemia floribunda
(19.85) (11.91) (10.08)

4(2018) 304 ar Dalbergia cochinchinensis Pterocarpus macrocarpus Lagerstroemia floribunda
(20.35) (11.37) (10.39)

5(2019) 323 a7 Dalbergia cochinchinensis Pterocarpus macrocarpus Lagerstroemia floribunda
(20.08) (11.32) (10.40)

6 (2020) 322 a7 Dalbergia cochinchinensis Lagerstroemia floribunda Pterocarpus macrocarpus
(19.73) (11.26) (11.15)

7 (2021) 286 49 Dalbergia cochinchinensis Lagerstroemia floribunda Pterocarpus macrocarpus
(19.67) (11.75) (10.47)

8(2022) 279 52 Dalbergia cochinchinensis Lagerstroemia floribunda Pterocarpus macrocarpus
(19.71) (11.94) (11.58)

USUTULIAT NN USunasnatnnwasauadewinfu 0.11, 0.51, 1.26, 2.41,
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Table 2 The observed species and related biomass during the years 1-8 (starting from 2015).

Average Increase
Year  biomass Biomass of species (Kg/tree) (ton/rai/
(ton/rai) year)
1(2015) 0.11 Ficus carica Pterocymbium javanicum Streblus asper -
(2.53) (2.26) (1.68)
2 (2016) 0.51 Pterocymbium javanicum Ficus carica Streblus asper 0.40
(9.72) (4.63) (4.28)
3(2017) 1.26 Homalium tomentosum Ficus carica Streblus asper 0.75
(12.64) (12.15) (10.94)
4 (2018) 2.41 Albizia lebbeck Eugenia cumini Peltophorum dasyrachis 1.15
(59.57) (15.34) (14.95)
5(2019) 3.90 Albizia lebbeck Cassia siamea Peltophorum dasyrachis 1.49
(79.17) (27.72) (27.47)
6 (2020) 5.40 Albizia lebbeck Homalium tomentosum Peltophorum dasyrachis 1.50
(127.65) (56.44) (44.55)
7(2021) 9.18 Albizia lebbeck Eugenia cumini Homalium tomentosum 3.78
(213.51) (142.10) (83.11)
8(2022) 10.21 Albizia lebbeck Homalium tomentosum Peltophorum dasyrachis 1.03
(260.37) (162.21) (94.15)

Remark: A unit of land area 1 ha = 6.25 rai

YSuranasaniiuais usuuaznisgadu

finwarsvaulaeanlun

nmsAnw wudn 39 1 (a.a. 2015) dnnsinuiv
A1SUBULYINAY 0.05 duasuausals AmduuSunu
n1saaduiiga1sueulneeanlasin iy 0.18 du
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msususNnignanudusiuusn 1iun ugifie (Ficus carica)
soasulann Yadiis (Pterocymbium javanicum) wag
Y8 (Streblus asper)

U7 2 (e, 2016) Emsinuiiuasusuwiniy 0.24
sun1sveunely Aadudiuiunisgaduiie

Asuaulneanlenwiniu 0.88 duarsusulasenlansals

s a

lngfiAmdnsinisgaduineaisueulasenlediiindu 0.70
sumsuaulneenledsaliied Inewdanssauiiinsiniu
AISUBUNINTIgAaIsuRuksn tawd Yadide sedasun

Town Uzl way voe
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U4 3 (a.a. 2017) FnnsiniAvansUoUeYT 0.59
sun1sueunely Aadudiuranisaadudie
Asvaulapenlenwiniu 2.16 dumsusulaeanlannsls
Imsﬁmé"mqﬂ'ﬁ@Wi’i’uﬁ”']smﬁuauimaaﬂisuﬁl,ﬁm%u 1.28
fuasueulneenlednalined Tnevdianssadidnsiniu
mivounnigaamsuduusn 1A 1119 (Homalium
tomentosum) sesasldiun uwdle uay Ty

U4 4 (a.a. 2018) Fnnsinfiuansueuegil 1.13
sun1sveunely Aatdudfutanisgadule
Asvaulaoenlenwiniu 4.14 dumsusulaeenlannsls
Tnefiadnnnisgedufisaiveulasonlafifindu 1.98
fuasueulneenledselined Tnevdianssadiinnsiniu
AmfuounInigaausuduusn leun wan (Albizia
lebbeck) sosasunlaun %11 (Eugenia cumini) kag 83319

(Peltophorum dasyrachis)
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U4 5 (.;. 2019) AnsiniAuafueuey 1.83
duaisvaunels Anmduuiuiunisgaduiig-
msvaulaseanlenviniu 6.71 duasueulaeenlensels
Tnefisnsnsgaduiwaniveulasonladifiniu 257 fu
mivoulaeenladrelinel Insyianssaidnisinifv
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ndn (Cassia siamea) uay 92314

U9 6 (a1, 2020) FnnsinLfuanfueueyil 2.54
sun1sveunaly Aadudiuranisgaduiie
msuaulneanleamiiu 9.31 dumisueulneanladnels
Tnefidnsinmagadufisaiveulneenladifindu 2,57 du
mfveulasenladnolirel Insuidanssuiinisiniiu
msueuniigaaudusuLsn lén wany sesasnldun

YIUN LAY 883N

W7 7 (a.;. 2021) Fnrsinifuanfueusyd 4.31
fuaisvaunely Anduuiuiunisgaduiig-
msuaulaeanlanindu 15.80 Auasusulaeenluyinals
Tnefisnanisgadufiasveulaoonledifisdu 6.49 fu
mfuaulaeenladnolisel Inswidanssuidnisinify
msusuINTigaamsusuLIn len wan sesasnliun
NI Uag YU

Uil 8 (A.A. 2022) Sinsinuiuansusuegd 4.80 i
A1 vounely daduuiurunisgadud e
msusulaeanledviniu 17.60 dupsveulneenlydsels
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msusuniigaaudusuLsn lén wany sesasnldun

I LAY 8¥519 LABuandh Table 3

Table 3 The Density of trees, biomass, and carbon dioxide sequestration during years 1-8.

Number Number
Number Density Ht Wtotal C Co,_Seq Increase
Year of of DBH (cm)
of species (tree/rai) (m) (ton/rai) (tonC/rai) (tonCO,/rai) (tonCO./rai)
genus family
2015 55 42 26 437 1.15 0.78 0.11 0.05 0.18 -
2016 46 37 22 299 2.32 1.34 0.51 0.24 0.88 0.70
2017 a7 38 24 327 3.63 2.06 1.26 0.59 2.16 1.28
2018 a7 38 24 304 5.22 3.05 2.41 1.13 4.14 1.98
2019 47 38 24 323 5.57 3.67 3.90 1.83 6.71 2.57
2020 a7 37 24 322 6.49 4.42 5.40 2.54 9.31 2.60
2021 49 39 25 286 8.47 5.90 9.18 4.31 15.80 6.49
2022 52 42 26 279 7.46 6.44 10.21 4.80 17.60 1.80
Average 2.20

NnnsAnwmuIIMsAniuAs usuvesUniUgn
mawelawuuUsyaln o audiseusinisduns Jminseees
fenstniAuaivowads w @ aa. 2022 (lseng 8 T)
Wiy 4.80 fuAsuousols §eunndins@nwives
Pornleesangsuwan et al. (2021) ¥IN15ANIN1TUTZU
Uunslifuazanatanimuemameaila faaduiau-
WeBunta Jviadedl wudh gl oy 8 U Ay
iyl 144 dusiels TuiaTanw 4,174 Alandusiels
USunaunsavaumsuauluaiadan gy 1,935 flansy

aols Anduvinaunisgaduiitgasvaulasenlediniu
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7.09 @un ols Duangklang et al. (2020) ¥1N15A Nw1AS
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miﬁuvﬂiwuﬁl,’mﬂ'ufmwa’m Jwinuassvdun 9nd
W.A. 2552 — 2558 (szezinan 7 U) Tnedanmsiniuansueu
Wit uads 2.18 fuadususiols was Kietvuttinon et al.
(2016) ¥iN5ANWINNTUTEUIUIATINNLAZ NSAALAY
msveuniefufuvesauligadusa o1y 6 9 dand
WIAATUMUNINYS FITAMUNLNYS HaNSANYINUT
flusunamfueui avanluuadanmui et uf uwindu

2,649 Mlansumals nseamdu 265 duaisuaunals
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Table 4 Relative carbon dioxide sequestration estimated for various planted forest types and tree ages in Thailand.

Comparative carbon dioxide sequestration

Carbon
Age CO, Sequestration
No. Planted forest type Province storage
yean) (tCOy/rai)  (tCO,/raifyear) (% per year)
1 System of Intensive Rayong 8 17.60 2.20 27.50
Forestation (SIF)

2 Mangrove forest Krabi 23 77.75 3.38 14.70
3 Hill evergreen forest Mae Hong Son 23 76.26 3.32 14.42
4 Tropical rain forest Chumphon 23 74.52 3.24 14.09
5  Mangrove forest Prachuap Khiri Khan 23 65.74 2.86 12.43
6  Hill evergreen forest Loei 23 49.34 2.15 9.33
7 Dry evergreen forest Nakhon Ratchasima 23 43.33 1.88 8.19
8  Mixed deciduous forest Nakhon Sawan 23 43.30 1.88 8.19
9  Dry evergreen forest Udon Thani 23 41.37 1.80 7.82
10 Tropical rain forest Chachoengsao 23 39.20 1.70 7.41
11 Deciduous dipterocarp forest Chiang Rai 23 33.61 1.46 6.35
12 Mixed deciduous forest Rayong 23 29.58 1.29 5.59
13 Fresh-water swamp forest Nakhon Si Thammarat 23 24.16 1.05 a.57
14 Deciduous dipterocarp forest Maha Sarakham 23 21.11 0.92 3.99

Source: Sunthornhao (2018).
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Figure 2 The carbon stocks of trees aged 1-8 years and projections for another 5 years.

Remarks: Red is the predicted value and green is the measured value
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ABSTRACT

Rainfall characteristics are essential for a watershed and its water resource management. Results can vary
depending on the method and the number of stations used for analyzing the areal rainfall. The objective of this
study was to compare the rainfall characteristics including number of storm and days, duration, intensity, and the
amount as indicated by different methods. The methods used to calculate the various characteristics were Thiessen
polygon (TP) based on observed data from 11 stations and arithmetic mean (AM) based on observed data from
11, 5, 3 and 1 station(s). Data were measured from 2005 to 2012 using automatic recording rain gauges. Using TP,
the results indicated that the variation in the daily number of storms calculated using one station was different
stations. Monthly, mean monthly, and annual variations in the daily number of storms were not different. The
rainfall intensity and duration estimated using different methods and the number of stations were not similar. The
daily, monthly, and mean monthly number of rainy days were not different while the annual variation calculated
using AM on data measured from three stations and a downstream station were not the same. The daily rainfall
amount calculated using one station was different from that estimated using TP, while the monthly, mean monthly,
and annual changes were not different. We conclude that to characterize the rainfall in a given area, the appropriate
number of rainfall stations should not be less than three, which should be located at different elevations at the

upper, middle, and downstream area of a watershed.

Keywords: Areal rainfall; Number of rain station; Rainfall characteristic; Upper Mae Sa watershed
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Figure 1 Upper Mae Sa Watershed located in the Mae Rim district, Chiang Mai province.
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Figure 2 Locations of the rainfall stations in the upper Mae Sa Watershed, Mae Rim district, Chiang Mai province.
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Figure 3 Monthly variation of the number of storms (A), number of rainy days (B), and rainfall amounts (C) using different number of stations during the years 2004 —

2012 at the upper Mae Sa watershed, Mae Rim district, Chiang Mai province.
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Figure 4 Mean monthly number of storms (A), number of rainy days (B) and rainfall amount (C) derived from

different number of stations during the years 2005 — 2012 at upper Mae Sa watershed, Mae Rim district,

Chiang Mai province.
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of stations during the years 2005 — 2012 at upper Mae Sa watershed, Mae Rim district, Chiang Mai province.
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Figure 6 Average rainfall intensity estimated using different number of stations during the years 2004 - 2012 at

upper Mae Sa watershed, Mae Rim district, Chiang Mai province.
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Figure 7 Average rainfall duration estimated using different number of stations during the years 2004 - 2012 at

upper Mae Sa watershed, Mae Rim district, Chiang Mai province.
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Table 1 Differences in the value of the number of storms, Intensity, and duration estimated using the Thiessen

and Arithmetic mean methods from data measured for 11, 5, 3, and 1 stations.

Number of storms

Monthly Intensity Duration
Number of stations Daily Monthly Annual
mean
r NSE r NSE X2 U X2 X2
1 station (Upstream) 0.7282  0.4109* 0.9778 0.9522 0.9999 21 3.17 x 107 5.13 x 1071
1 station (Midstream) 0.7936  0.5681* 0.9752  0.9458 0.9999 18 3.70 x 10°%%* 2.41 x 10°*
1 station (Downstream) ~ 0.6703  0.3158*  0.9687  0.8993 0.9999 * 1.33 x 10°2* 3.61 x 10°*
Average 3 stations 0.8294  0.6769  0.9838 0.9612 0.9999 20 5.47 x 102% 2.50 x 10°*
Average 5 stations 0.8417 0.7057 0.9853  0.9697 0.9999 26 2.38 x 10726 1.83 x 10°%*
Average 11 stations 0.8735 0.7612 0.9867  0.9710 0.9999 25 6.41 x 102> 1.01 x 10°%*
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Table 2 Comparison of difference of number of rainy days and rainfall amount between the Thiessen method

and Arithmetic mean method by using the data of 11, 5, 3 and 1 stations.

Number of rainy days

Rainfall amount

Monthly Monthly
Number of stations Monthly Annual Daily Monthly Annual
mean mean

r NSE X2 U r NSE r NSE X2 ]
1 station (Upstream) 0.9837  0.9669 0.9999 21 0.7195 0.3048* 09414 0.8695 0.0840 29
1 station (Midstream) 0.9847 0.9607  0.9999 15 0.8094 0.4728* 0.9358 0.8539  0.9904 27
1 station (Downstream) 09773  0.9256  0.9999 8% 0.6831 0.2650* 09385 0.8681  0.9131 20
Average 3 stations 0.9914 09717 0.9999 12* 0.8266  0.6304 0.9586 0.9166 0.9751 29
Average 5 stations 0.9918 0.9784  0.9999 18 0.8328 0.6391 09612 09133  0.9678 27
Average 11 stations 0.9933  0.9792  0.9999 16 0.8738  0.7348 0.9677 09336  0.9857 30

Remarks * = indicates difference value
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NSE = Nash-Sutcliffe efficiency
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Potential of Giant Reed Fiber (Arundo donax L.) in Thailand

for the Kraft Paper Industries
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ABSTRACT

We studied the potential of giant reed fiber (Arundo donax L.) in the kraft paper industries, with the primary
focus on the basic properties of the raw material. An analysis of the chemical composition and fiber morphology
was conducted. The pulp of giant reed kraft was prepared in 20 to 25% active alkali, having 30% sulfidity, at a
maximum temperature of 170°C for 60 minutes. Subsequently, the pulp yield and kappa number were measured
for evaluating the optimum potential as an alternative to the industrial kraft pulp. The results indicated that its
chemical composition contained 74.88% holocellulose, 41.26% cellulose, 22.42% lignin, 24.59% pentosan, 10.22%
extractive, and 4.46% ash. The fiber morphology had a slender fiber shape with a length and width of 1.45 mm
and 24.01 micron, respectively. The measured pulp yield, residue, and kappa number were 51.54%, 1.30% and
25.2, respectively. It was observed that the giant reed kraft pulp had a higher potential than some non-wood and
wood kraft pulps e.g., bagasse, eucalyptus, and softwood. The various pulps were beaten to 350+20 ml (Canadian
Standard Freeness: CSF) freeness and the pulp handsheets were prepared for strength testing. It was observed that
tensile index, tear index, burst index, and folding endurance of the giant reed pulp were higher than bagasse and
eucalyptus but lower than softwood. We conclude that the giant reed can be considered as a viable raw material

option in the kraft paper industry.

Keywords: Arundo donax L.; Kraft pulp; Non-wood fibers
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Table 1 Summary of the chemical composition of Arundo donax L., bamboo, bagasse, rice straw, softwood, and

Eucalyptus (the standard deviations in parentheses).

Chemical Giant Reed Bamboo' Bagasse2 Rice Softwood” Eucolyptus5
Composition (%) (A. donax L.) (D. asper) straw’ (P. orientalis) (E. camaldulensis)

Holocellulose 74.88 (0.35) 70.83 74.77 60.70 74.46 723
Alpha-cellulose 46.26 (0.69) 47.64 47.40 41.20 44.31 -

- Acid-insoluble lignin 20.27 (0.02) - - - -

- Acid-soluble lignin 2.16 (0.16) - - - -

- Total lignin 22.42(0.15) 29.58 20.35 21.90 25.20 27.1
Pentosan 24.59 (0.26) - - - - 15.2
Extractives

- Acetone extractives 1.50 (0.26) - 3.15 - - -

- Hot water solubility 8.72 (0.66) 8.60 - 7.30 2.81 -

- Total extractives 10.22 (0.24) - - - - 7.90
Ash 4.46 (0.16) 1.73 1.74 9.20 0.32 0.85

Remarks: 'Khantayanuwong et al. (2023); “Samariha et al. (2011); *Rodriguez et al. (2008);

“Tutus et al. (2010); *Pisuttipiched (2004)
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Figure 1 Fiber morphology of Arundo donax L.
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Table 2 Fiber Characteristics of Arundo donax L., bagasse, Eucalyptus, softwood, bamboo, and rice straw kraft

pulps as determined using microphotographs measurement (standard deviations area indicated in

parentheses).
Characteristics Unbleached Bagasse Unbleached  Unbleached Bamboo Rice straw

Reed kraft pulp  kraft pulp eucalyptus softwood kraft pulp'  kraft pulp?
(A.donax L.) kraft pulp kraft pulp (D. asper)

Fiber length (mm) 1.45 (0.55) 1.33 (0.38) 0.83(0.17) 1.94 (0.75) 248 0.80 + 0.41

Fiber width (um) 24.01(4.90) 24.74 (5.86) 21.76 (3.70) 40.70 (10.10) 27.30 102+53

Lumen width (um) 9.20 (2.89)  11.31(4.37) 7.11(1.87) 23.25(9.15) 2.30 8.7+04

Cell wall thickness (um) 4.71(1.13) 3.88(1.04) 4.12 (1.00) 8.73(2.22) 11.64 1.5+0.1

Slenderness ratio 59.79 (17.57)  56.30(20.23)  38.75(7.69) 57.75 (23.09) - -

Runkel ratio 1.08 (0.26) 0.76 (0.28) 1.24 (0.43) 0.86 (0.41) 0.97 0.34 + 0.01

Flexibility coefficient 48.71 (5.56)  58.27 (8.45) 46.09 (8.23) 56.10 (10.68) 9.06 85.29 £ 4.0

Remarks: 'Bubpha et al. (2017); “Chollakup et al. (2021)
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Table 3 Pulping conditions and pulp obtained for Arundo donax L.

Result Active alkali (%)
20 22 25
Pulp yield (%) 51.54 50.49 49.11
Reject (%) 1.30 0.96 0.16
Kappa number 25.20 18.65 14.39




Thai Journal of Forestry 42(2): 39-49 (2023)

auun GzII’IUﬂ’J’]NLL%QLLN%BQﬂigﬂ’]U

Tu Table 4 uanauvAvoudud unnaouide
ATMYiSednY Hensvvivudes ensmhigaausauas
W oasvildluwau Tuvasd Aranududaszveanie
WinAU 350420 Hadans

1. ANULdsIrausIRa

uHutunagouiBeaTidesny wudes gan
dudauazldlunau darautinisaiuniuseusefainiu
59.12, 39.18, 41.77 k@ 69.75 WIA ULUASA 8AS5Y
muadu 1 esarnnisid odunsruiunisvesnisiin
TniuSavesnamadidulovaniglunazsaiouen (internal
and external fibrillation) #saeifuNuRRduaTEMINg
dulowagiilviduleiinaiiugangu (Fiserova et al.,
2013) 971 Figure 2(a) WialUSouiiieuszninaanduings
Frunmunseiweadousdazylia nuitwHuTunaaeude
AsIDednYazdAInadn1sA U UR DL R panINlY
Tuuey wsiffdnannninudosuazgaausa esannanny
gnveaduledednuiesninduleldluuay Flmduless
Fndiiudinsiaiussuudulousasdutissnindulelsl
TuwavwaziiaiusysyrInaduleluniunseawiosni
ag9lsAmuainuenvenduledednddadaluen

wnnindulevudesuarymiudia 3edamaliainiig
WY SIFBUIIRNNNI LT el

2. F"I’J’]SJLL%QLLNG]I’EJLLN&WU’]W

LHUT UNAdaULE ANV D08 NY Y 1UDBY

a

ganaudanazldluwau Sadetinisdumusiowssdnain
WINAU 7.24, 5.28, 4.83 uaz 10.50 1adU1AUAITINIUAT
fondu mudey wizinsidessdunszuiunisiiaag
Wupudeussdiiunsyaemsizdiofiuiuiiiduda
vaudule uimniinsidemniulusaasilndulein
msuanvinuazauevenduloduas audmaldaiay
wiussanasls §emnuudeusesonisdnvininaniain
ANuLdansakazaneveduly (Chen et al, 2016)
9910 Figure 2(b) 1l oLUS UL BUTENIN9A R T NS
Frunusonseinuinve i ousazeiln WU LHUTY
nagoubansNisasnulA Ry inIsEunusewssinen
Yesnitldluwau ualiAunninvudesuavy i s
vl psarnidulevesldluwaufianiuenauinnida vl
annsainiuszssraduleldmnindoduledu uazdle
rumsadoazyilimnugduloduaasanund s
anaauiy drandeifiruenndulounnezilonaias
fiunmislunsiiaiusyssuinadulouinninduledy
(Bubpha et al., 2017)

Table 4 Physical properties of unbleached kraft handsheet at 350+20 ml (CSF) (standard deviations are indicated

in parentheses).

Unbleached kraft pulp Tensile index Tear index Burst index Folding endurance
(Nm g™ (mN m?g™) (kPa m”g™) (double fold)
Giant reed (Arundo donax L.) 59.12 (2.03) 7.24.(0.27) 3.45 (0.20) 141.0 (45.89)
Bagasse 39.18 (1.49) 5.28 (0.08) 1.64 (0.26) 19.2 (2.14)
Eucalyptus 41.77 (3.89) 4.83 (0.21) 2.23(0.17) 10.4 (1.36)
Softwood 69.75 (3.70) 10.50 (0.27) 5.25(0.44) 772.0 (175.15)
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Figure 2 Physical properties of unbleached kraft handsheets (a) Tensile strength (b) Tear strength

(c) Burst strength and (d) Folding endurance.
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ABSTRACT

The objective of this study was to apply remote sensing techniques to examine the changes in the forested
area around the Sri Lanna National Park during a period of 10 years from 2013-2022, using computer-based
classification of Landsat 8 OLI satellite data. Supervised classification techniques were used in conjunction with
visual interpretation, which included the use of GIS (geographic information system) to assist in data management.
At least 500 inspection points were used around the Sri Lanna National Park to determine the accuracy of the
classification by using an error matrix or confusion matrix table and Kappa statistics.

Using the classification, it was observed that the forested area decreased by 4,439 rai (710.24 ha) between
2013-2022, with the most decrease experienced during the past 10 years. Specifically, between 2014-2015, the
area decreased by 1,308 rai (209.28 ha), 2015-2016 decreased by 605 rai (96.80 ha), 2016-2017 decreased by 1,988
rai (318.08 ha), 2017-2018 decreased by 863 rai (138.08 ha), 2018-2019 decreased by 297 rai (47.52 ha), in 2019~
2020 decreased by 353 rai (57.28 ha), in 2020-2021 decreased by 386 rai (61.76 ha), and in 2021-2022 decreased by
153 rai (24.48 ha), was the least decrease during the 10 years analyzed. The classification accuracy for each year
indicated to an average overall accuracy of about 85.54 percent and a Kappa statistic of 77.74 percent. The trend
of change in the forested areas was a polynomial of the 3" order as described by the equation y = -0.0322¢ +

195.19x” - 394313x + 3E+08 (R? = 0.9789), where x is the year of interest.

Keywords: Forest area; Landsat 8; Remote sensing; Satellite data; Sri Lanna National Park
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Figure 1 Study area at the Sri Lanna National Park, Chiang Mai province.
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Table 1 The various bands in Landsat 8 OLI and TIRS and their uses.

Wavelength
Band
(micrometers)

Useful for mapping

coastal and aerosol studies

Bathymetric mapping, distinguishing soil from vegetation and

deciduous from coniferous vegetation

Emphasizes peak vegetation, which is useful for assessing

plant vigor

Discriminates vegetation slopes

Emphasizes biomass content and shorelines
Discriminates moisture content of soil and vegetation;
penetrates thin clouds

Improved moisture content of soil and vegetation
and thin cloud penetration

15 meter resolution, sharper image definition

Improved detection of cirrus cloud contamination

Band 1 - coastal aerosol 0.43-0.45
Band 2 - blue 0.45-0.51
Band 3 - green 0.53-0.59
Band 4 -red 0.64-0.67
Band 5 - Near Infrared (NIR) 085.-0.88
Band 6 - Short-wave 1.57-1.65
Infrared (SWIR) 1

Band 7 - Short-wave 2.11-2.29
Infrared (SWIR) 2

Band 8 - Panchromatic 0.50-0.68
Band 9 - Cirrus 1.36 -1.38
Band 10 - TIRS 1 10.60 - 11.19
Band 11 -TIRS 2 11.5-12.51

100 meter resolution, thermal mapping and estimated soil
moisture
100 meter resolution, Improved thermal mapping and

estimated soil moisture

Source: USGS Science for a Changing World (2016)
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Table 2 The list of satellite data for when the satellite was above the study area.

Satellite Path Row Date

Landsat 8 OLI 131 46 March 27, 2013
Landsat 8 OLI 131 a7 March 27, 2013
Landsat 8 OLI 131 46 April 5, 2014
Landsat 8 OLI 131 a7 April 5, 2014
Landsat 8 OLI 131 46 March 7, 2015
Landsat 8 OLI 131 47 March 7, 2015
Landsat 8 OLI 131 46 March 9, 2016
Landsat 8 OLI 131 47 March 9, 2016
Landsat 8 OLI 131 46 March 12, 2017
Landsat 8 OLI 131 a7 March 12, 2017
Landsat 8 OLI 131 46 March 15, 2018
Landsat 8 OLI 131 a7 March 15, 2018
Landsat 8 OLI 131 46 March 2, 2019
Landsat 8 OLI 131 47 March 2, 2019
Landsat 8 OLI 131 46 February 17, 2020
Landsat 8 OLI 131 a7 February 17, 2020
Landsat 8 OLI 131 46 February 3, 2021
Landsat 8 OLI 131 a7 February 3, 2021
Landsat 8 OLI 131 46 March 26, 2022
Landsat 8 OLI 131 a7 March 26, 2022
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2. M3naseviavinunssa (vegetation index)
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difference vegetation index: NDVI)
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Figure 2 Flowchart of the data analysis.
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Figure 3 Map for the check accuracy.
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Figure 4 Estimated forested area between 2013-2022 (W.A. 2556-2565).
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Figure 5 Example data obtained from google earth for the year 2015 compared with the Landsat 8 OLI data.
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Table 3 Forested area from 2013 to 2022.
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Years Forest area (km?) Forest area (Rai) Difference (Rai)
2013 1,359.05 849,404.45 -
2014 1,351.94 844,965.40 4,439
2015 1,349.85 843,657.15 1,308
2016 1,348.88 843,051.83 605
2017 1,345.70 841,063.77 1,988
2018 1,344.32 840,200.71 863
2019 1,343.85 839,903.68 297
2020 1,343.28 839,550.60 353
2021 1,342.66 839,164.33 386
2022 1,342.42 839,011.02 153
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Table 4 Yearly accuracy assessment of the classification.

Year Overall Accuracy (%) Kappa Statistic (%)
2013 85.80 78.31
2014 85.60 78.00
2015 85.00 77.14
2016 85.20 77.46
2017 85.40 77.74
2018 86.20 78.98
2019 86.00 78.62
2020 85.80 78.36
2021 85.00 77.13
2022 85.40 77.70
33150l 91LNONI12 Table 5 uag Figure 6 91UIUUTLVINITUAL

MAMsAnEsEuNUIINsUAsULaIN ST
Unlugaed 2557-2565 fuualifuanasiesannisyngn
Huinlhitevnnsinunsnssy Fedinnuduiusaonndss
FuRUNISIA 4T UYeIUsETINSLATTIUIUNEIALE DU

21NN158Met 08U Tu 91LNLTEIANT BILNBWIULAT LAY

Table 5 Population and number of houses.

uIundInFeulngseuNUNITuRLTUNY deald
AUADINITANTIINUTILNBYIINITIABATATTULALLINUU
Wyt wagann Figure 4 agdaunaiiuinuullduveanis

anasvesnsagydeiiuivily 2-3 Indadidnnuanaets

Wiuladn

Years Population Number of Houses
2013 124,549 51,245
2014 124,440 52,058
2015 126,753 52,786
2016 126,503 53,496
2017 126,623 54,107
2018 127,312 54,810
2019 131,222 55,543
2020 132,701 56,394
2021 133,118 57,269
2022 132,844 58,161
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Population and Number of Houses
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Figure 6 Population and number of houses.

Source: Department of Provincial Administration (2022).
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ABSTRACT

Distributed areal rainfall is important data for hydrological modeling. Spatial interpolation is used to predict
the values of a continuous variable at unmeasured points. This study compared the distribution and prediction
error in the spatial interpolation maps of rainfall derived from different methods. Inverse Distance Weighted (IDW)
using a power (p) equal to 2 and 3, and number of neighbor point (n) equal to 15, 30, and 50 points point and
Kriging Ordinary (KrigOrd) with Circular, Exponential, Gaussian, Linear, and Spherical model were used and their
predictions compared. Cohen’s kappa coefficient and mean absolute error were used to compare distribution and
error in spatial interpolation, respectively. The results indicated that the distribution and parameters obtained from
different spatial interpolation methods were in good agreement as indicated by k values (0.9202 to 0.9999) but
results of IDW predicted a gradual change, while that from KrigOrd had localized features and abrupt change. The
lowest spatial interpolation error from measurements in the north, northeast, central, east and south (east coast)
parts was obtained for IDW with p of 2 with differing number of neighbors equal to 15, 15, 50, 50, and 15 points
respectively, while that for the south (west coast) was obtained using the KrigOrd with a linear setup. Mean absolute
error (MAE) for each method was 133.88 132.49 114.83 184.01 181.54, and 142.52 millimeters or 11.30, 10.25, 10.58,

11.76, 10.90, and 5.44 percent of the mean annual rainfall, respectively.

Keywords: Areal rainfall; Interpolation method; Mean annual rainfall; Spatial interpolation
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Figure 1 Climatic regions of Thailand based on Thai Meteorological Department.
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2) Kriging Ordinary (KrigOrd) (Matheron, 1963)
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Table 1 Interpretation of Cohen’s kappa coefficient.
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Table 2 Comparison of the spatial distribution of mean annual rainfall of Thailand based on different Inverse

Distance Weighted (IDW) parameters (power, p, and number of neighbor point, n) using Cohen’s kappa

coefficient.
p=2 p=3 p=3
n=15 n=30 n=50 n=15 n=30 n=50 n=15 n=30 n=50
n=15 1 n=15 1 n=15 08676
p=2 n=30 0.9202 1 p=3 n=30 09649 1 p=2 n=30 0.8416
n=>50 09421 0.9421 1 n=50 09480 0.9800 1 n =50 0.8150
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Table 3 Comparison of spatial distribution of mean annual rainfall of Thailand based on different Kriging Ordinary

models (KrigOrd).

KrigOrd Cir Exp Gau Lin Sph
Cir 1.0000
Exp 0.9994 1.0000
Gau 0.5339 0.5341 1.0000
Lin 0.9999 0.9994 0.5339 1.0000
Sph 1.0000 0.9994 0.5339 0.9999 1.0000

Remark: Cir is Circular, Exp is Exponential, Gau is Gaussian, Lin is Linear, and Sph is Spherical.
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[J<1,000
[]1,000-1,250
B 1,250-1,500
B 1,500-2,000
I 2.000-3,000

3000
Figure 2 Distribution of mean annual rainfall of Thailand as predicted by the Inverse Distance Weighted (IDW)

method using different powers (p) and number of neighboring points (n).
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a) Kriging b) Kriging ‘
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¢) Kriging
Ordinary
Gaussian
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1 .250-1,500
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000

Figure 3 Distribution of mean annual rainfall of Thailand as predicted by on the Kriging Ordinary method using

different models: i.e., Circular, Exponential, Gaussian, Linear, and Spherical.
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Legend

—— lsohyet (100 m)
[ <1,000

= 1,0001,250
B 12501500
B 15002000
B 20003000

N 000

100kilometers

I | | | l | | |
Figure 4 Mean annual rainfall Isohyets obtained from Inverse Distance Weighted (IDW) and Kriging Ordinary

(KrigOrd) method of the selected areas in Thailand.
Remarks: - p is power of IDW and n is number of neighboring points,

- Cir is Circular, Exp is Exponential, Gau is Gaussian, Lin is Linear, and Sph is Spherical.
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Table 4 Mean absolute error (MAE) of the spatial interpolation of areal mean annual rainfall of Thailand using different methods.

Kriging
MAE p=2 p=3 Ordinary
n=15 n =30 n =50 n=15 n =30 n =50 Circular Exponential Linear Spherical
North (mm.) 160 (134) 158 (138) 158 (140) 163 (139) 161 (137) 161 (136) 178 (147) 178 (147) 178 (147) 178 (147)
(%) 1352 (11.30) 1332 (11.61) 13.35 (11.80) 13.78  (11.71) 13.62  (11.55) 13.60  (11.52) 15.07  (12.42) 15.06 (12.41) 1507 (12.42) 15.07  (12.42)
Northeast (mm.) 180 (132) 181 (136) 181 (139) 188 (134) 188 (135) 189 (135) 188 (139) 188 (139) 188 (139) 188 (139)
(%) 1396  (10.25) 14.02  (10.49) 14.04 (10.78) 1451 (10.34) 1457  (10.42) 1459  (10.46) 1454 (10.77) 14.54 (10.77) 1454  (10.77) 14.54  (10.77)
Central (mm.) 125 (119) 122 (115) 121 (115)° 134 (128) 132 (126) 132 (125) 141 (131) 141 (131) 141 (131) 141 (131)
(%) 11.54 (10.95) 11.23  (10.63) 11.17 (10.58) 1234 (11.76) 1220 (11.61) 12.14  (11.55) 1299  (12.04) 12.98 (12.04) 1299  (12.04) 1299  (12.04)
East (mm.) 256 (196) 254 (188) 254 (184) 271 (205) 268 (201) 268 (194) 273 (188) 273 (188) 273 (188) 273 (188)
(%) 16.36 (12.52) 16.21 (12.01) 16.23 (11.76) 17.33  (13.09) 17.15  (12.85) 17.11 (12.37) 1745  (11.98) 17.45 (11.98) 1745  (11.98) 17.45  (11.98)
Southeast  (mm.) 277 (181) 282 (191) 287 (192) 291 (190) 292 (196) 294 (198) 277 (183) 277 (183) 277 (183) 277 (183)
(%) 16.65 (10.90) 16.94  (11.46) 17.23 (11.56) 1746  (11.42) 1757 (11.77) 17.66  (11.88) 16.64  (10.99) 1664 (10.99) 16.64  (10.99) 16.64  (10.99)
Southwest ~ (mm.) 410 (152) 422 (170) 429 (149) 433 (173) 429 (165) 429 (165) 403 (143) 403 (143) 403 (143) 403 (143)
(%) 15.65 (5.79) 16.12 (6.48) 16.37 (5.71) 16.52 (6.61) 16.38 (6.29) 16.39 (6.32) 15.39 (5.44) 15.39 (5.45) 15.39 (5.40) 15.39 (5.44)

Remark: - values in parenthesis indicate MAE after outlier removal.

- *is the lowest MAE compared with that derived from other spatial interpolation methods (considered till 4™ decimal place).

- IDW is Inverse Distance Weighted, p is power, and n is number of neighboring points.
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On the Habitat of Siamese crocodiles (Crocodylus siamensis) in Phetchaburi River, Kaeng

Krachan National Park, Phetchaburi Province, Western Thailand
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ABSTRACT

The freshwater crocodile or Siamese crocodile (Crocodylus siamentsis) is a critically endangered species, with
the Kaeng Krachan National Park playing a crucial role in its long-term conservation. This study aimed to investigate
the habitat of Siamese crocodiles along the Phetchaburi River using direct observations, camera traps, and
unmanned aerial vehicles. Over the course of nine rafting trips conducted between January and December 2022,
covering a total distance of 315 km, which resulted in a recorded total of 68 encounters with the Siamese crocodiles
or an encounter rate of 0.22 per km. The estimated population of Siamese crocodiles consisted of only four
individuals. The study identified several environmental factors that influenced the crocodile distribution, with
slope, elevation, forest type, cumulative upstream flow rate, and land use pattern ranked in order of importance.
These findings underscore the significance of the Phetchaburi River area for the conservation of freshwater crocodile
as indicated by a reliability score of 0.99 (SD=0.02). To ensure the successful conservation of Siamese crocodiles,
important recommendations include habitat protection. Additionally, the development of a crocodile threat
surveillance system, ongoing population studies, and community involvement are essential for sustainable
conservation practices, public awareness campaigns, captive breeding and reintroduction programs, and population
restoration efforts. This research provides valuable insights into the habitats and environmental factors impacting
the survival of freshwater crocodiles, highlighting the critical role of preserving Kaeng Krachan National Park as a

sanctuary for this species.

Keywords: Kaeng Krachan Forest Complex; Phetchaburi River; Siamese crocodile; Species distribution model
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Siamese crocodiles study area in Kaengkrachan National Parks, Thailand

530000¢ 543000

Legend
Grid el 500 m.* SO0 m
Google Satellite

(A)

(8)

Figure 1 The distribution of160X160 pixels or grids that were (A) place along the river; (B) indicates that camera

trap locations.
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(A)

(8)

Figure 2 Example of (A) Siamese crocodile photograph captured through a camera trap in Sub-Choom Hed and

(B) Siamese crocodile photographed using the unmanned aerial vehicles survey.
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prodicted_map
' Band 1 (Gray)
.

Figure 3 Thematic suitability model map of KKNP for the Siamese crocodile: black are the areas with low

suitability, while the ones in red indicate high suitability.
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Figure 4 (A) Area Under Curve (AUC); (B) Jackknife test results indicating key model variables and (C) correlation

analysis of the chances of a crocodile encounter in the study area with physical environmental factors

of the area.
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ABSTRACT

This study aimed to examine the socio—economic utilization value of non-timber forest products and their
processing into commaodities for the people living in the Ban Pang Sawan Community, Khok Kwai Sub—district, Ban
Rai district, Uthai Thani province. Data was obtained by interviewing 94 household heads or representatives and
were evaluated using statistical analysis which included frequency, percentage, minimum, maximum, and mean.

The results indicated that most of the people utilizing the non-timber forest products in Ban Pang Sawan
community were male (67.0%), with an average age about 51.7 years, among which 58.5% had elementary school
education. The main occupation was agriculture, (51.1%), with an average household income of 139,825.70
Baht/year and an average expenditure of around 103,881.80 Baht/year. The average land holding was 5.7 rai, with
46.8% of the individuals having some debt. In total, 10 types of non—timber forest products used were firewood,
bamboo, bamboo shoots, wild fruits, wild vegetables, mushrooms, tuber crops, insects, and insect products, small
animals and medicinal plants with an estimated total net value of 632,653.50 Baht/year or 6,730.50 Baht/year/household.
Mushroom collection had a net value of 202,547.00 Baht/year or 2,154.80 Baht/year/household. Among the surveyed
individuals, 34% faced some issues in gathering non—timber forest products. Within the individuals, 43.6% of them
did non-timber forest products processing which included charcoal, pickled bamboo shoots and pickled
mushrooms with fish sauce, and were valued at 12,424.80, 86,170.00, and 40,000.00 Baht/year, respectively. These
processed goods were used in the household, for sale, and for additional income generation in the household.
Therefore, government agency units should promote the processing of non-timber forest products for household

utilization as a source of additional household income.

Keywords: Community forest; Non-timber forest products; Utilization value
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Table 1 Net value of the non—timber forest products in the Ban Pang Sawan Community Forest.

Value of gathered

Expense Net Value of NTFPs Net Value of NTFPs utilization
Type of NTFPs NTFPs yearly
(Baht/year) utilization (Baht/year)  per household (Baht/year)
(Baht/year)
- Firewood 15,531.0 1,725.0 13,806.0 146.9
- Bamboo 93,320.0 2,650.0 90,670.0 964.6
- Bamboo shoots 148,525.0 1,854.0 146,671.0 1,560.3
— Wild fruits 15,790.0 497.0 15,293.0 162.7
— Wild vegetables 70,105.0 1,357.0 68,748.0 731.4
- Mushrooms 204,415.0 1,868.0 202,547.0 2,154.8
— Tuber crop 12,290.0 428.0 11,862.0 126.2
- Insects and insect
31,232.5 495.0 30,737.5 327.0
products
- Small animals 17,525.0 353.0 17,172.0 182.7
- Medicine plant 35,931.0 784.0 35,147.0 373.9
Total 644,664.5 12,011.0 632,653.5 6,730.5
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ABSTRACT

The present study reports on the damage caused by the bamboo caterpillar, Omphisa fuscidentalis to the
sweet giant bamboo, Dendrocalamus latiflorus, growing in the Royal Agricultural Station Pangda, Samoeng district,
Chiang Mai province. During a period from September 2020 to February 2021, the number of bamboo caterpillars,
external effects and internal damage characteristics were determined to be used as basic information while
providing guidelines for identifying bamboo species suitable for rearing bamboo caterpillars. The results showed
that the average number of bamboo caterpillars were 190 larvae/culm. The average number of damaged
internodes was 14 internodes/culm. Although the diameter of internodes was unaffected by the bamboo
caterpillar, damaged internodes were located at 9th—13th positions, which experienced high levels of damage, and
were shortened by an average of 5 internodes per culm. This reduction in length accounted for approximately
48.8% of the damage to the lower part of the internode. Furthermore, the study revealed that wood penetrated
the cracks in the bamboo culm, particularly in the area with short internodes. These highly damaged internodes
had the highest percentage of bamboo pulp and wood consumption, approximately 70%, but the upper internodes
of damaged internodes continued to develop. Based on the results, it was observed that the sweet giant bamboo
exhibited a higher quantity and weight of bamboo caterpillars/culm compared to the usual numbers. The study
recorded the highest number of bamboo caterpillars at 484 larvae/culm. These findings suggest that the sweet
giant bamboo can serve as a guideline for conducting further studies aimed at increasing the yields of bamboo

caterpillars/culm.

Keywords: Bamboo; Bamboo caterpillar; Damage
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Figure 1 The study area at a bamboo plantation plot in the Royal Agricultural Station Pangda.
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Figure 2 The process of studying the damage caused by bamboo caterpillar.
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Figure 3 The diameter of a damaged internode.

3. ANULNYIUARS N

91nn15AnwIANeUdaslia A nunueulsle
WU ‘LJETENﬂ'auﬂé’aagﬂv‘hawﬁmmmaﬂé’aua?{'&J 28.1
WwuRluns Udesgnianedesiianugnudeaadsanas
wide 24.3 wuiuns Andusevay 13.5 vealdeenou
Udoagnyinate d1uudeadi gniatsuindaiiuen
Udouady 14.4 wufiuns anasanUdesnauddasgn
aneAnduseuay 488 ffaﬂé’mqnﬁwawmmwudw
vuauliliAudeluazileliliegnann ludwddeanile
Udosgnyatedaniue1iudediad s 61.9 lwufluns
dlaSsuiisuanueudestuailddnisvians wuin
dunfdaueUdeuRi g ueg1erowles uazUdes
UShaduUaneiinnuenivdesdndidsaiy wanalmdiuin
Asvinangvesrueuld lldswansenusoAINNe13989
Udealidaiau ananueivdesgniiany flanasagi
sollies uazdinuenUdoufiuty 2-3 ihusaUdss
wileudesgniiany villsiiiuauuansnsvesd lHid
nsivhatsanuueuld lddaaudl o suiuduni
g1 Phungchik et al. (2016) wui vueulsiliiuileliann
Fuluusazudes uazadrenudemeliudesliduas
pg1atmLU Ima‘u’%nmﬂé’aaﬁ'gﬂﬁﬂﬁﬂ&%ﬂﬁﬂﬁﬁ@lﬂiéau
wazdmsazausinomisii eldlunisaiydulauin
a8 Singhatripop (2012) Wui1 FaasfeunuARusiafou
wuaAusvueuivinalusiudvivedsreiilosann
MsAufiuNTY Sedmansenusiennusudads vinlidu
aaaEhaﬁﬂﬂﬂﬁLﬁaL‘ﬁauﬁwﬁaﬂﬁgﬂﬁwmmml,lﬁﬂ

Damaged internode
Part of damaged

Bamboo shoot borer

105

Upper part of damaged

internode
—@— Dipteran larvae

Yen91nd 91nN15ANYITINUAIULE B8 Y84
ANuEMUdBsand TNy enafiaumauianndianay
wialiidviang naAe Ydesneuudesgnriaieiaiig
s1Udeaady 28.8 lwufluns Udesgnyianeiiaiuem
\28 vanasad 9oLl ssnazanasunuslasuen
villinuudeanilovdesgnihane @3 Choldumrongkul
(1991) S18UINANINAIVUDULAIEYINANYHIUT DUAY
Uaes inadulnssusinalatenie dawaliseniiiuay
uanAsiudusiuaunn wasilrsudedvunduaulal
anansath U4 Uselewdls walowSoudiounnudome
INNUBUKNAITU WUI1 Ydeenouldeegnyinaied
AN euad 8 32.8 lwufung Udesgniinaed
ANEILRABAnaLNaD 15.6 wuRwns Andudesas
52.4 Yasdvsnouldesgniinaty druldeunievdegn
vanedauenUdenadfiududy 38.2 lwufuns
971 Figure 4 wandliiiuin AuenUdesiiaingriing
nsvansvesueullnunnAaIna g9 IE e
T vanedmauludiuuesniueiUdeiiduatuas
nsUsInguasUieamileudesgninans uidleiIsuiiioy
ﬁ’wuauLLmaai’uﬁﬁ§aeazn13amawmmmm’mﬁangﬂ
Fangsatufisadnios widefinsanludiuvessuu
Uosfignihanesansne anunsaifiuanuunnsnsiuegng
Faiau Tne Wiwatwitaya (1992) wugifinunueulsild
UdesduiSosiiniu 3-6 Udos nuusvanaldesnisvians
7l 6 uay Kayikananta (1994) wuuesdusaufuuiiaadiil
miﬁul,ﬂfalﬁmmLLasmaUé’awzqaaﬂmmauaﬂ



Thai Journal of Forestry 42(2): 99-112 (2023)

100
£ 80 672 666 672 682 684 676
N 60.4
o 606 62 622
S 56.8 58.8 s DV S PO *----- 2 et H-=mmm
@) 60 53.2 _________
cOV a8 e 67.2
< %
g B
| 09 362 Lo
5 40 342 )
£ 2880 g 274 %
on
200 243
—
19.8
. 146 157 145 17.4

B 281 2 3 4 5 6 7

8

0.0

9 10 11 12 13 14 15 16 1A 2A

Number of internode
------- Normal —a— Bamboo caterpillar —e— Bamboo shoot borer —a— Dipteran larvae

=—

Normal Bamboo caterpillar
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Bamboo shoot borer Dipteran larvae

Remarks: 1B, 2B: 1%, 2" lower part of a damaged internode; 1A, 2A: 1, 2" upper part of damaged a internode
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Bamboo caterpillar
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Figure 7 Percentage damage to the bamboo (A) bamboo caterpillar (B) bamboo shoot borer and (C) dipteran larvae.

Remarks: 2b lower part of a damaged internode.
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ABSTRACT

This research aimed to determine the relationship between above-ground carbon sequestration and
vegetation index derived from Sentinel-2 satellite data to estimate the above-ground carbon sequestration of a
reforestation site at Mae Moh mine in the Lampang province. Twenty five permanent plots of size 40 m x 40 m
were selected and tree data, including diameter at breast height (DBH) and total height (H), were collected. An
allometric equation was developed to determine the relationship between the above-ground carbon sequestration
and vegetation index through linear regression. The results showed that the above-ground carbon sequestration
estimated through RVI (ratio vegetation index) was sufficiently accurate. The model was of the form y = - 65.57 +
57.57x (R* = 0.75), with an RMSE of 11.14 tons of carbon dioxide equivalent per hectare. The average estimated
above-ground carbon sequestration was 41.56 tons of carbon per hectare, while the total above-ground carbon
sequestered at the reforestation site was 81,843.28 tons of carbon. The average carbon dioxide adsorption was
152.53 tons of carbon dioxide equivalent per hectare, while the total carbon dioxide adsorbed by the reforestation

site being 300,374.28 tons of carbon dioxide equivalent.

Keywords: Above-ground carbon storage; Biomass; Remote sensing; Sentinel-2
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Figure 1 Location of the study area at Mae Moh mine in the Lampang province.
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Table 1 The various Vegetation indices used in this study.

Indices Formula
NIR
Ratio Vegetation Index (RVI) RVI= —
R
Difference Vegetation Index (DVI) DVI=NIR-R
(NIR-R)
Normalized Difference Vegetation Index (NDVI) NDVI=
(NIR+R)
(NIR-R)
Soil Adjusted Vegetation Index (SAVI) SAV|= — x(1+L)
(NIR+R+L)
(NIR-R)
Renormalized Difference Vegetation Index (RDVI) RDVI= ——
V(NIR+R
(NIR-G)
Green Normalized Difference Vegetation Index (GNDVI) NDV|z ——
(NIR+G)
Remarks: NIR = infrared band R = red band
L = soil conditioning index G = green band
o ¥ '
NM3E1979VaYANAFU Tne? W, = natinimussainu (Alansu)

dndanidasgnumaunusousl wa. 2525-2550
Fadunvainiisvuin 40x40 1510895 910TIUIY
sanuauTag 1 was iiefuiunuveadugniu 4 Tu
n3difl 1 YUgn dannndt 1 wdas Minadanisduiiodig
WUV (simple random sampling) Tun1sAnLaenuuag
Faunu Midmau 25 ulas iiudeyavunmdusugudnans
ﬁixﬁummquﬁmaﬂ (DBH) mmqa‘ﬁwm (H) uazvila
Ifessulimnduiifionia DBH wnnd 4.5 wufuing lng
wiswdasdegrauduntasdmiunsiinszideyauas
WUAIdIMTUNIIATINABUAIING NA BINIUTTNI5VDY
Katong (2018)
nsAATIERdaya

FuwumUimaatinvvdedudu Tasld
aunisuoalaluniveg Ogawa etal. (1965) Loy
Viriyabuncha (2020) #3aunisfi (1-4) wiiesannafialei
ﬁﬂmﬂqﬂﬁyuﬂaamé’mﬁ’wﬁmﬂWLuavmwasm%éuflu

nssulinafuUR NN

W, = 0.0396 (D°H)"*** (1)
W, = 0.003487 (D°H)** 2
W, =1/(28/(W, +W,) + 0.025) (3)
AGB =W, + W, + W, (@)

116

W, = iathniwaesis (Rlansu)
W, = matnmeslu Alansu)
AGB = mathnmimieiiuusiaan (Rlansw)
D = vuindurugudnansissiuag
WeIan (UURLLANT)

H = anugeisnun (wns)

fmnamAUiinamsinfuasusumieiuiuuay
mapadufwaiveulaeenledainuiadin e ufu
MIU3TN15904 IPCC (2003) fildivunAdndiuaisvay
WaBwiRuderay 0.47 MNtuANWIANLETUESERINg
USunaumsinifupnsusuwmideniuiu (fudseny) fu

AUdNINTsed (HwUs5A1) 1Ag3ATI1ZITNS0N0DLLTIbEY

'
P

(linear regression analysis) Yraun1snangalulseuin

A a

wiAunansiniuasveuwmilefuau Tnefiansan
MnANduUTEAVE MIivua (R) fifAngefian 1hdeya
wdasfegailedsulidmiunisnsvaeuaugniesn
UszanmAnstnifunvoumie N ufudeaunsia
fign WisuiflsuanuuansisszrisemsiniAuaiiuey
wileNudufiduinldainaunisonnesvestoyanin
arufisuifudoyaildanmsasiuiifuioyafuiesas
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YDIAIABIALAR BUNIA A9 ¥ (root mean square
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Figure 2 Flowchart of the study.
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ANUIMUS UTUUIAT INTNLAL DN UAUA I
aunisuealawn’ laglddoyavuiadunugudnany

wazANgeUaeuliing 25 wlas At w.a. 2525-2550

it lmuiuAdndiunsueu (Thailand Greenhouse
Gas Management Organization, 2016) Totduusun
AsAnfuAIsUauwlafiufy U TUSuIaLIaTIN N

a4 & a P W o | < a
VAN BN UAULAA 8LY11AU 85.39 AUMBLENAIS LAY
USunaunisiniiuasusumienufuedswindu 40.13

fupsuausaLenng (Table 2)

Table 2 Average AGB and AGC sequestered as estimated by the allometric equation.

Plot AGB sequestration (ton/ha) AGC sequestration (ton/ha)
1982-1986 140.59 66.08
1987-1991 86.88 40.83
1992-1996 82.96 38.99
1997-2001 79.11 37.18
2002-2007 45.65 21.45
Average 85.39 40.13
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Figure 3 Distribution of data (A-F) between the AGC sequestration and Vs values based on the Sentinel-2 data.
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Table 3 Mathematical form of the linear regression equations, correlations, and coefficient of determination of

various indices derived from Sentinel-2.

Sentinel-2
Indices ] 2
Equation R R
RVI y =-65.57 + 57.57x 0.87 0.75
DVI y =-9.07 + 0.0dx 0.83 0.68
NDVI y =-29.52 + 244.22x 0.83 0.70
SAVI y =-29.52 + 162.82x 0.83 0.70
RDVI y =-19.58 + 3.02x 0.84 0.71
GNDVI y =-38.21 + 310.73x 0.80 0.65
Remark: x is each indicator in column from table.
nq'ﬁLﬂ’;"]zﬁuqaunqiﬁmuq3agﬂ,unqsﬂ'§guqm #OARRINUNISANYIUBY Katong (2018) fwutraunisi
YBuunsaniuansvsuwmisnuiy wangauigadmiunmsUszinauamssniAuaisueunie

i RIS 91N TUUSEINE AT R LA LA Wumummwuwﬂqﬂmwmmu LALDILAULLIE IR IUN

wu31 USunaunisinsiuasusu e uiuilaainnig Ao dunisildaindeyaninaianiion Sentinel-2

WULAEINY WaNANNN G N1SANYIVBY Sibanda et al.

(2015) Ali et al. (2018) uag Puliti et al. (2021) Alg#nw

ANUIAIYAUNITHBA LALLM TAMUFUNUSAUAT RVI 1N

dn 91NN1334AT1EMAURUTUTIU (ANOVA) WU

= o 1 £ <@ 3 = lﬂy a U
Senadanadou F iy 46.12 Fefirsnnndaedings WgnuNSUSEINIMAINISANMNUAIS UL ML aNUA Ul ae 1
(Faosirs = 4.49) s Table 4 Seufiasaungy H, To3yan1NA1T ey Sentinel-2 wu31 A1dUYTEAND

LLazaau%’uamﬁgm H, AUILAIINIT U%‘mmmsﬁmﬁ‘u ANTNIVUAVBIAUNTTANUFUNUTA NI UNITUTTUIUAN

ANSUBUMT BN UANT AUAUNUSAUAUAN RVI 8819l waadanmndod uiuildandoyaninaraios

o

o o and__ u 4 by Sentinel-2 fAguuLAedfiu (Puliti et al., 2021
UYFAIAYNNFNANTTAUANUTDUUTDERY 95 (O = 0.05) | v (Pulit ’ )

Table 4 ANOVA statistics results between the RVI obtained from Sentinel-2 and AGC sequestration.

df SS MS F P-Value

Regression 1 7085.64 7085.64 46.12 0.00

Residual 15 2304.69 153.65

Total 16 9390.33

Wrdayaulasineg s msumInsinaeuaugnaes Usinamsniuaniveumilefuiuiisunldarnaums

$1u7u 8 wlas Aildduidentinouminduda snnsaaoy woalawwndldunndnstuedsfidodAymead Adsedu
AMugnAeslunIsUsraImAINIsiniiua1s veumile amudesufosar 95 (A = 0.05) InsuSuanisinify
AuAuddunaldanaunisanuduiusfudoyanin msveumiefiuAuiimunldnaunisuealamedivini
ATfiey TasizianuuandestayadiuAInIsiniy 306.17 fuafuousesnas TuraesAivdianisiniiu
mfuoumieiuiuildnnaunisuealawns Tasldads A veuwil ot uAuT Ld 9 nauns AuFuR LS
VAFOUUUY t-test wud danadiinaaou t vy -1.32 341.80 dumsuausatanans Andudadiussiuiosay
é?iﬂﬁmagﬂmhmﬁﬂqm (toosn = +2.36) (Table 5) wang 11.64 wagiaAn RMSE winiu 11.14 duasueulaeenlen
11 wamsUsznaUsInunstnfuans veumiefi uiu Wieuwisoweneng

31Naun139 baandeyanina1iiien Sentinel-2 wag
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Table 5 t-test statistics results between RVI of Sentinel-2 and AGC sequestration.

Allometric equations

Satellite image data

Mean

Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail
P(T<=t) two-tail

t Critical two-tail

38.27 42.73
48291
8.00

0.90

321.33
8.00

0.00
7.00
-1.32
0.11
1.89
0.23
2.36

¥
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ABSTRACT

The purpose of the study was to determine the socio-economic conditions, forest ecological characteristics,
growth and yield and carbon stock of bamboo in the Ban Pan Pong Chai Community Forest. Key informants who
utilized bamboo were interviewed and a forest survey was conducted based on stratified random sampling method.
The crown cover density was classified as high, moderate, and low in a permanent sample plot of size 40x40 square
meters in six plots with two plots per stratum which were used to estimate 1.57 % of the sample size.

The results found the mixed deciduous forests as the main forest type in the community forest, with the first
five dominant tree species namely Canarium subulatum, Pterocarpus macrocarpus, Xylia xylocarpa var. kerri, Shorea
obtusa, and Shorea siamensis, respectively. Additionally, five species of bamboo were identified, namely:
Dendrocalamus Strictus, Gigantochloa albociliata, Oxytenanthera albociliata, Cephalostachyum pergracile, and
Bambusa natans respectively, with Dendrocalamus Strictus found most frequently. The growing stock of bamboo
were estimated at 32.36 clumps/rai (202.25 clumps/ha), and 477.92 stems/rai (4,251.06 stems/ha). The tree biomass
and carbon stocks were 8.25 ton/rai (51.56 ton/ha) and 12.87 tCO,e/rai (80.44 tCO,e/ha), respectively, while the
bamboo biomass and carbon stocks were 24.38 ton/rai (152.38 ton/ha) and 42.01 tCO,e/rai (262.56 tCO,e/ha),
respectively. The bamboo was mainly used for four purposes namely agriculture material, handy craft, broom, and
others of 67,172, 10,758, 9,970 and 5,697 stems/year, respectively. A majority of the key informants had business as
their main occupation with an average income of 75,001-150,000 Baht per household per year. Around 50% of these

respondents indicated to having a debt from the Bank of Agriculture and Agricultural Cooperative.

Keywords: Bamboo; Carbon storage; Growing stock; Utilization; Community Forest
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Figure 1 Site classification of the Ban Pan Pong Chai Community Forest.
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Table 1 Growing stock of each bamboo species in 2022.

Site quality classification by productivity

Species Category
High Moderate Low Weighted average
Gigantochloa the number of clumps per rai 5.00 19.50 0.50 7.60
albociliata (clump/rai)
the number of stems per rai (stem/rai) 14.80 182.30 0.50 111.10
biomass per rai (ton/rai) 2.14 16.00 0.04 5.26
carbon sequestration (tCO,e/rai) 3.69 27.58 0.07 9.07
basal area (m*/rai) 0.30 2.40 0.01 0.80
Oxytenanthera the number of clumps per rai 1.00 0.00 0.00 1.00
albociliata (clump/rai)
the number of stems per rai (stem/rai) 7.50 0.00 0.00 15.00
biomass per rai (ton/rai) 1.60 0.00 0.00 0.73
carbon sequestration (tCO,e/rai) 2.76 0.00 0.00 1.26
basal area (m”/rai) 0.23 0.00  0.00 0.23
Cephalostachyu  the number of clumps per rai 1.50 0.00 0.00 1.50
m pergracile (clump/rai)
the number of stems per rai (stem/rai) 4.80 0.00 0.00 9.50
biomass per rai (ton/rai) 0.08 0.00 0.00 0.04
carbon sequestration (tCO,e/rai) 0.14 0.00 0.00 0.06
basal area (m?/rai) 0.04 0.00 0.00 0.04
Bambusa natans  the number of clumps per rai 0.00 0.00 1.00 1.00
(clump/rai)
the number of stems per rai (stem/rai) 0.00 0.00 4.50 9.00
biomass per rai (ton/rai) 0.00 0.00 0.01 0.01
carbon sequestration (tCO,e/rai) 0.00 0.00 0.01 0.01
basal area (m?/rai) 0.00 0.00  0.06 0.06
Dendrocalamus ~ the number of clumps per rai 29.00 10.00  16.00 21.20
strictus (clump/rai)
the number of stems per rai (stem/rai) 243.80 120.80  82.80 333.30
biomass per rai (ton/rai) 25.39 1420  10.61 18.34
carbon sequestration (tCO,e/rai) 43.76 24.47  18.29 31.61
basal area (m?/rai) 13.40 7.80 5.60 9.80

Remark: A unit of land area 1 ha = 6.25 rai
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Table 2

Table 2 Bamboo utilization in the Ban Pan Pong Chai Community Forest.

Raw materials Handicrafts Brooms Other Total
Bamboo species
(stems) (stems) (stems) (stems) (stems)
Gigantochloa albociliata 67,172.00 0.00 0.00 1,175.93 68,347.93
Bambusa nutans 0.00 7,041.22 6,525.73 2,147.62 15,714.57
Thyrsostachys siamensis 0.00 3,716.78 3,444.67 1,133.64 8,295.09
Dendrocalamus nees 0.00 0.00 0.00 925.81 925.81
Dendrocalamus strictus 0.00 0.00 0.00 127.76 127.76
Bambusa beecheyana 0.00 0.00 0.00 107.96 107.96
Oxytenanthera albociliata 0.00 0.00 0.00 64.78 64.78
Cephalostachyum pergracile 0.00 0.00 0.00 13.50 13.50
Total (stems) 67,172.00 10,758.00 9,970.40 5,697.00 93,597.40
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Lanasa Table 3

Table 3 Growing stock and bamboo demand in the Ban Pan Pong Community Forest.

Species Growing stock (stems) Demand (stems/year) Growing stock-demand
Dendrocalamus strictus 127,320.60 127.76 127,195.24
Gigantochloa albociliata 42,440.20 68,347.93 -25,901.43
Oxytenanthera albociliata 5,730.00 64.78 5,665.22
Cephalostachyum 3,629.00 13.50 3,615.50
pergracile
Bambusa nutans 3,438.00 15,714.57 -12,276.57
Thyrsostachys siamensis 0.00 8,295.09 -8,295.09
Dendrocalamus nees 0.00 925.81 -925.81
Bambusa beecheyana 0.00 107.96 -107.96

Total 182,557.80 93,597.40 88,969.10
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ABSTRACT

A study was conducted at the Srinan National Park in Nan province to investigate the recovery of ground-
dwelling insects following a fire event. The study area was divided into three distinct habitats: mixed deciduous
forest, dry dipterocarp forest, and agricultural zones. The observation sites were further categorized based on the
varying time durations after the fire, spanning 1, 10, 30, and 90 days post-burning, as well as unburned control
areas. The method involved collecting ground-dwelling insects using pitfall traps from February to July 2022. The
findings of the study indicated a total of 127 insect species belonging to 39 families and 11 orders. Among these,
the Hymenoptera order exhibited the highest presence, constituting 39.37% of the insect population and present
in 70.35% of all the observed areas. Analyzing the distribution across habitats, the mixed deciduous forest had the
highest species diversity, followed by agricultural areas and dry dipterocarp forest, with species counts of 53, 48,
and 45, respectively. In terms of the post-fire species diversity, the agriculture area had the highest index, followed
by the dry dipterocarp forest and mixed deciduous forest, with scores of 3.13, 3.00, and 2.94, respectively.
Comparing the similarity between different areas, the similarity index ranged from 0.45 to 0.70. Through Pearson
Correlation analysis, it was determined that the number of insect species, as well as the individual insect count,
were correlated with the soil temperature. Notably, only the abundance of ground-dwelling insects was significantly
correlated with soil temperature (p<0.01) across all the post-burned durations. These results emphasize the role

of soil temperature in influencing the recovery of ground-dwelling insects after a fire event.

Keywords: Ground-dwelling insects; Land use; Wildfire
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Srinan National Park

Figure 1 Map of the study site at Srinan National Park, Nan Province.

Remarks: DDF = dry dipterocarp forest
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Figure 2 Percentage of insect species and individuals in each order.
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UNUQYINTTU Loz unLnens WU Sevag 35.04 uay
26.44 YDITUIUAWUARIAUNNUYT A LUNUA (Figure 3)
FedonAaeInu dmsuutasialued Myrmeleontidae uay

sranalil 296 Nitidulidae ldnunsnauAuguNlufiundn

wendsgninien eaduiliswnanmginssalunmsmens
Wa¥N1588 91AEVDIMUAEIAUNIADINNUT SInAzYAngUm
IMNTUT AR N15TUT IR INE 1gNTUNIUG 8

Fehliuiasianageyeluainiiun

Table 1 Number of ground-dwelling insects in each order at Srinan National Park, Nan province.

Number of insect species in each order

Order Total
DDF MDF AA

Blattodea 3 4 2 6
Coleoptera 10 12 11 20
Collembola 5 6 5 6
Dermaptera - 1 2 2
Hemiptera 3 2 1 5
Hymenoptera 18 18 21 35
Isoptera 1 2 1 2
Orthoptera 2 4 a4 6
Psocoptera 3 3 1 4
Thysanoptera - 1 - 1

Total 45 53 48 87

Remarks: DDF = dry dipterocarp forest

Agriculture area

26.44%

Mixed Deciduous Forest

35.04%

MDF = mixed deciduous forest

AA = agriculture area

Dry Dipterocarp Forest

38.52%

Figure 3 Percentage of individual insects in each area at Srinan National Park, Nan province.
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nﬂﬁuméfuﬁ unAY (Pheidole sp.1) und (Crematogaster
sp.1) wazualddu (Odontoponera denticulata) & 9t

anuvdaduuandnindainuaiuisalunisnienniseeis

399157 L19LATIENANUALLALDVDILUAIRIAY WU

N

fuinuasgnlnkidatdeianualiateuiniian fe
0.81 ganiuiinslduselovidu q uazuuasiafun

afeeagluiiuiidana dinnsnsyarevessevnslanal

Tuiuf (Table 2) sty Fananslmiiulain wuasiafud

pdgegluiunididnisusuduneliaunsnegendely

4

UsSauninissuniusmelnlaidusg1em waziilednsiy
ANUAAIEARIUBILNAIRIA NI LA AL N UNANYINUIN JAn

AUARYARILNALALINUNINNTT S8aY 50 Yakansli

¥
'

Wiudsanuanisalunsissdinvesuuasinfululanui
197 (Table 3)

Table 2 Species diversity and evenness indices of insects at Srinan National Park, Nan province.

Forest type Diversity index Evenness index
DDF 2.92 0.74
Unburned sites MDF 2.88 0.74
AA 3.07 0.74
DDF 2.94 0.77
Burned sites MDF 294 0.73
AA 3.13 0.81

Remarks: DDF = dry dipterocarp forest

MDF = mixed deciduous forest

AA = agriculture area

Table 3 Similarity index of the ground-dwelling insects in each area.

Unburned sites

Burned sites

DDF MDF AA DDF MDF AA
DDF - 57.8 61.16 70.48 64.96 56.36
Unburned sites MDF - 56.2 51.43 58.12 45.45
AA - 57.14 56.45 68.38
DDF - 53.70 53.47
Burned sites MDF - 53.10
AA -

Remarks: DDF = dry dipterocarp forest

N135UsINY Vo UUAIAIAY
91NNITIATIENRANITUIINGVOIYTARUAIET IR Y
Tnouvadu 3 ngu Ao nguitwutios (Jesndirfewas 40)
naudnuliunans (fewas 40 - 70) waznguUNUIN
(wnnirdesay 70) InswunuasiaAulungunutiosiian
druau 80 wila Andufesay 54.42 vesduiurilawua

HAA U wun avualui uil Tag W ui 7 wuaing uil

P

wnngane UNugInssidiuiu 34 vila 50903178

NUTLNBATINUIY 25 V1A wazddeseanuiu 21 v

MDF = mixed deciduous forest
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AA = agriculture area
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Figure 4 Mean soil temperature and the percentage of individual ground-dwelling insects at Srinan National Park,

Nan province.
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ABSTRACT

The community structure of ground dwelling insects was determined at Wang Nam Yen Botanical, Sakaeo
Province. The research locations were divided into a natural forest area, Fabaceae planted area and herb garden area.
Insects residing on the ground were captured using pitfall-traps and Winkler extractors. The samples were collected
every two months between May 2022 and April 2023. The findings revealed that the total number of ground dwelling
insects could be classified into 273 species, belonging to 75 families and 12 orders. The highest number of insect
species were from the Hymenoptera order (78 species), followed by Coleoptera and Diptera (64 and 34 species,
respectively). The highest index of species diversity was found in the natural forest, followed by the Fabaceae planted
area and the herb garden (4.49, 4.47, and 4.45, respectively), with the areas having an evenness value between 0.79
and 0.80. The similarity index was moderate, ranging from 0.58 to 0.64. A higher number of ground dwelling insect
species was found during the wet season relative to the dry season (234 and 158 species, respectively). Soil moisture
and season were significantly associated with the number of ground dwelling insect species in all areas (p<0.05). In
summary, we conclude that the seasonal fluctuations and soil moisture had an impact on the community structure

of ground dwelling insects.

Keywords: Botanical garden; Community structure; Ground dwelling insect; Insect
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wuas wudmniiunieianuadeadslussauiiunaiegsening 0.58-0.64 lngluggrunusiiauuasiianuunnndingueds 91uiu

P

234 uag 158 ¥ila pud1u Wellesgvanuduiussenindadeunindeuiusilawuadluusasiiui nulanuduiuiazgana

v o

fianuduiusiuegadideddyniead (0<0.05) Auswuwdauuaiiafiu wandiduiirnuduiasggniainanednuves

o

LUAINIAY

ANANARY: AIUNGNUANERNS 1ATIA519NN9FIAY LUBIRIAY Luad

A nunuImriiinglussuuiion uagnisunsnszangly

ﬁu‘ﬁﬁ’w (Forest and Plant Conservation Research Office,

JagUudszmvuldanuaulanazaruddgly 2016) wnasdudusnUsznovaAgyvesssuuilinafiin

nsugndulal TnetamzldBudu nuanfuaassiiuleuie A5UABULUAY LAd89T9AINNNaINNANeNITINNLAE

msdaaiumsugnlifiasugialugluuumsdgnadnsaul nanARTilasUInTY uashAuiunuAsIRUAMAmMYeS
Hudnnunn densliusslevinnmsugnlsfiunndoiu fuluusasituil iesnnnnisyaduiu uazRanssuvomas
lugUuuusne @ niensugniiieideuuuulsssund Aafunaeriangiesnyilasiaeuesfu 1Hes91nn15898
Fannsinnisnisugnuiu Ysenaulumedademenieninuag B9 ﬁagﬂuﬁmﬁmﬁummi nguvesun Yaan finmsaing
Yadumetinin sHufsdndvuindn Wy wias Sauuasdiu Zaufu vl nislansiufiy §9azgsUsuAaniAdfy
Ingjanunsaadreusglovidenyudlunaty q s sauldds wazlsonnluduundu Yrelieiniauazuiaewmlafay
UNUIMEIAYNII55UUILIA (Subinprasert, 2003) (Culliney, 2013) N13ANYIAIULATIATINNINFIAUVDILLAT
& o ada ad o a . ] ' ' '
wianuFadiFinndidmaudna (species) uniianiu Aaeusudud v aslimanudina fazvlynsiuas
lan auNsaneUaLDIHaaNNKIAGBY Lazvalgviladaiy AN IANANIVDIT IR UDILLUBIRIRY SIURINISH
' = = ' 5 ¥ i Y § 1Y [ 1 a &
Lalonisgnsunaufiuiiegordelad (Thani 2014) #ay Auduiusfudadeniantenm ldun gumgd Audy
awannsfimdenindnilungududailviaatuiinise 3 o e o S
e ) USunameswniiy uazn1sidsunlasesggniandanase
Iuaannldidudavaii odsaeaniuninmig nsanawILiuTuYssUTErnsuuastuiufinisloUselovd
ENEINToIIUY (Tasen, 2019) lnglamznaauuasinfud fiFusnaity Ssanunsaustienugauanysaivesszuuina
o , 9 Y
fesodeluiiuAuninisvyuisuresanse s eendiau 19 (Mound and Waloff, 1978) 819 N5ANWN&IPULLAIRIAY
LA¥AIUYWNLNEINOADNITANTIYIA (Gajaseni, 1976; TuituiuUivilosiugu Jaondraseys wes Seekhiew et al
Jetanajit et al., 1982) wu nstduansevUaindudidin oA e & ' S A Yoo
J . (2020) WU WENNUNITAUWLINATI 10 U UAIUARIUARY
L3 [ U al o Y v a v 1

awgauanysalveU nduunasigniunlddesiiarsan vouuasiIfulndlAssnuUIsITURUINAINN UA N 1Y
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Usglovtidu 9 uazvasgguudiviiniamainvanemania
wgeninguds uansteiiUiinariauaz s nnudiuandnaiy
esnuuasungudesnishuedeiidanuduiivowe
uazMIzaNTiat g uduarnaHy Jeilnuuiamusay
wlauAnANeTL (Sangnummon et al., 2021) wanalifiiiuin
nsiunUuardadenenieninduuliuiidmanonis
ndufuresuas mafnwluadsdannsodluldiiedy
wumdlunsnauudnnisiiufiuaznisussifiunisnduiy

Yosanmiulunsugnundsiely

aunIalLazasnIg

¥

Hufirnun

arungnuenans Jandu snneteiniu Smia
aswut dadenuluiuiivenundnutusda ey
wssauldluvrsssuvdidudsnuivvidvuas lneidl
Tguszasdifiousumssaldmundneynsiistu dudu
81171 20 3 Tasldi5 uugnadied ulud we. 2543
Usznaumelaulgniveadnig 9 uaziinisdanuianaiy
nsldusslonidadulumundniznms nisdnwindedly
wsiuiidnwisemdu 3 fudl Tadud 1) Auiivisssuad

v

(natural forest) & s utdaufia 2) A ui Ugnlaaed
(Fabaceae planted area) filssddndulisiu wu was Xia
xylocarpa) Useg ), U4 (Pterocarpus indicus) Use 9, U1
(Pterocarpus macrocarpus) Wag 3) ﬁuﬁmuagulws (herb
garden area) uituiiirusuiuglidltasswaumaen &
Liguduiau W nguun (Aquilaria crassna) Yuula
(Mesua ferrea) Wina (Mimusops elengi) wagldifigany 1y
YeLou (Albizia myriophylla) W au (Gardenia saxatilis)

weme (Glycosmis pentaphylla) \Wusu

mnﬁu%’agamﬂamu
nsiiudeyanuasiafulagld 2 38013 fe dudn
nay (pitfall-trap) wagAuangu (Winkler extractor)
(Figure 1) uazifiutayatiadourndouuiasznis sdy
3 Uady Ao gunilau (soil temperature) Avduduring

¥89A U (soil moisture) kagAITUNUIVBILINA Y (litter)
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2565 — Wwgw 2566) Muadeatunisiivdoyaninauiy
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1. vmsiiussegsuasianulngld 2 33nsei
1.1 fusinugu (pitfall-trap) Bsudnvgunduisnis
Addmiudnwuuasiivaueguinaiuiu smduuady
fumAuvuiusulunainasduled (Tasen, 2019) ¥nng
AUANMIELTINAARNVUIAEUHIUAUENAN 9 LURlUAT
a4 15 wufiung Aaalaonisilaudmanainasiulufu 19
Unnufnanafnianousnaiiany wayiuinaniingndne
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usiazqATaty 10 Wes MIsazdosddsiwouuaiui
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Pduna 24 Falus wdwhmsiiuiegiasluiusnld
Mafuiegsiitiueanagednuduiudesas 70 Wednw
ANINFDE19
1.2 ffudngad (Winkler extractor) Lﬂuqﬂﬂiﬂjﬁw
wenuuasng 9 feglufu Ffuuaznuiiuiu FBnmslasng
wasdesluupasuiiown 50 wuRns x 50 wuURuAs
U 10 UUaEoY UAazAUANIE®IAY 10 AT 11N1T
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wuiiwaslusasfindvildgmanain udsanduiluldly
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Figure 1 Two trap types used in this study: A) pitfall-trap and B) Winkler extractor.

nsAATIERdaya

ey auuasiafui lduniinseiddviaaig
wanvaen1eila (species diversity index) lngldgnsves
Shannon-Wiener’s Index \iiaiU3euiiiaudaumaineiin
vosuuadlunsasiuilns@ne (Ludwig and Reynold,
1988) AsuiAnuaLEwe (evenness index) ians1unIs
nsvaeiinuuadionuludenuiiug Ineldaunns Evenness’s
index (Ludwig and Reynolds, 1988) Ardvtiaauad1enda
(similarity index, 1) 1udayanisusinguesuuasiianuly
uraziiud Tnel¥aunisues Serensen (Krebs, 1972) Tunns
Arsreiimeadn Wisuieuuasiiiuluudasfuiiuay
ANLANA 1993999 N8 TEn15TAIvriAuuYsUsIu
(Analysis of Variance, ANOVA) wagld Pearson correlation
mANduNussruIUadonindonu1suszn1siuaAINm

wannviaveuasingu tneldlusunsudnsagy
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NawazlIvTal

ANUVAINIUALALNITUIING VB IUAE MY
nsAnwasiRuluuiaungnemansTaiidu
FmTaaszuita nuunassuawteau 273 via 75 29d
910 12 dUAU (dUAU Blattodea, Coleoptera, Collembola,
Dermaptera, Diplura, Diptera, Hemiptera, Hymenoptera,
Isoptera, Orthoptera, Psocoptera Wag Thysanoptera) L@
Tudusiu Hymenoptera wuswauvinuniian 84 vila An
Wufewaz 30.77 sesasunususiu Coleoptera uagdusiu
Diptera 91u2u 70 way 34 vila Andusovay 25.64 uag
12.45 gpssuausiainuiamn audsy (Table 1) du
FIUIUAIVOILNAINUIWAIIUSUAY Hymenoptera Wu
uniign Anduesay 47.92 V09T MIUFIT NUT vl
sosasutudusu Collembola waz Coleoptera Anidu

Seway 12.92 way 12.41 Y93NUIUMINNUTIAUA AIUSIRU



25a15uAansIne 42(2): 145-154 (2566)

druunasluduny Blattodea Wag Dermaptera WURIIWIUG
veefian Anduiesas 0.46 Lag 0.05 YesdLIUFIT WY
wavum ey Tussiuasddinute 75 2ty Wil
Frurudauni aard unanualulsd Formicidae §udy
Hymenoptera aenadasiunsdnuluiiuiinsldusslowd
sty ludesninunusidl (Sangnummon et al,, 2021)
warluiufivfugdwndlosnu Sminassys (Seekhiew et
al., 2020) FinwunsasiaAuluned Formicidae 1INNTWURINGH
?]Iu awmﬁaammwﬁ]ut&maaé’aﬂu (Holldobler and Wilson,
1990) ansnsausualiiinduiuiegendeiinmsyngnviany
¥ wardafuuasmnnuaniidnBeasesiuiiignyngnrhans
Aeudniau (Anderson, 1997) ddumsinwadsiivinuniinu
wndi an lawn unldTuss3un1 (Odontoponera denticulata)
sosasunduundnun e (Carebara diversa) unonunas
(Lophomyrmex sp.1) LLazumwu’mﬂ'ﬁLm (Diacamma
orbiculatum) AuEAy unaedawsniduridauni
anunsanuldlunareiuil eansdnumadsdnuualddu
sssunuazaadmannluilas uasdmuinundnjaineg
widluiadunquasudive
dovhdeyaunuisuiieuluusasiiufidng wuuuag
Rfluiiuiivinalgnlihedds nuswasdanniigasiuou
176 wila Andudevas 64.47 vossuauwilai nusaun
sesaunduituiivnsssuni LLazﬁuﬁmuaagulws U 168
uay 163 ¥fin Anduferay 61.54 uag 59.71 vesuuriing
WUt e gy nmsdananuindeugenliisniiuuay
LUalaeiuly Fedifvdug nuasng usaEIR UL ILY
Fednuasinariduuwndsedouazunasenmsvesdaiiuiiy
wazuuasi2lule (Marod and Kutintara, 2009) wazlulsf
2ddalsTadey (rhizobium) Lﬂummwﬂﬁﬁaﬁmﬁ’aaaﬁ
sinybiAaduln (nodule) aunsansslulnsiauainennie
uduvdsusulegluanmiisinitanansatluliussleovdle
i uilaug auauy sad (Academic Affair and Planning
Bureau, 2017) @anAa 897 UNTTANWIVDY Sangnummon
et al. (2021) finuin hilasufianuduiustutusougia

wuaanului e mnlulpsuiiuenvdamalrasut A
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wmﬂwmalﬁuqq‘fwﬂiuﬁu Tuvaszfidwnuivesusasinuly
3R Ty 2,160 2 Ursssumnunnd g
$1uau 791 #a Amlufesay 36.62 (Table 2) vosdnudil
wumn sesasnduituiivgnlinedds S1uu 743 & uag
fluftauayulng $1um 626 1 Aadufosay 30.40 ua
28.98 BTN LA AuEEy
91NN153LATIENNITNTEIUVRILUAINIA U WU
nsnszaneeglussdunifsliunans uuasiaAud nunis
ﬂi:maléﬂwqﬂﬁuﬁ U 78 aiin Tu 9 dusu (Coleoptera,
Collembola, Diplura, Diptera, Hemiptera, Hymenoptera,
Orthoptera, Psocoptera Wag Thysanoptera) Felusnuiing
wnfigniuusasimanunia 27 4iin aeandesiu Senthong
(2003) uay Pannavalee et al. (2016) ATBIMIWAAILTA
wumsnszanelalumanss wud e efesarlusasiug
vipasuuasiafuiinuamglufiuiivisssund ddway
a2 %iin Fewiafinuanitan Ao dafunszan (Cephennium
sp.1) wazuataund g (Mayriella transfuga) @1uvilnves
wasiaRufinwulflameiuiivgalindda ddwau 39 4ie
yiafinuluf uiivgnldeddmnniian Ao wasmsia
(Entomobryidae unknow sp.5) wazafinreutadiafufi ny
Lawwﬁuﬁmumgulwsﬁﬁﬂmu 38 wiln Gevilafinuinniign
o 3 amsin (Teleognllus sp.1) wazaInn133LAsIEvna
M3UTINYVOTALIASHINY FUTALUITEAUNITUTING VS
yilauuasiafu ondu 3 ngude nguiiwuties (eund
Yovay 40) S 188 vile Anidudoray 4322 nguiinuuiu
nans (Sevay 41-69) S 77 wila Andudesas 28.21 ngu
Anuvos Gnnnindesay 70) Sruau 78 wila Anlusesas
28.57 uandliiuinluusasfuiddauuanisuroseiin
wasify ilvvdavesnduisasiinuvessdldnaudadu
Ind\Aeetung ufl nuvunataus fesndnng uil wuilee
MuEU erafinanANUwANARiuwuladeussens
Tnsanzdadenmenenmliinesdugamgd AT
warUFananiduazinasoniaifiat unieanasesszans

WiaIne (Andersen et al., 2002)
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Table 1 Number of insect species in each order in Wang Nam Yen Botanical, Sakaeo province.

Fabaceae planted area Natural forest Herb garden area Total
Order Species Percent Species Percent Species Percent Species Percent
Blattodea 5 2.84 0 0.00 3 1.84 8 293
Coleoptera 40 22.73 a2 25.00 33 20.25 70 25.64
Collembola 10 5.68 10 5.95 9 5.52 11 4.03
Dermaptera 1 0.57 0 0.00 0 0.00 1 0.37
Diplura 2 1.14 2 1.19 2 1.23 2 0.73
Diptera 21 11.93 26 15.48 20 12.27 34 12.45
Hemiptera 16 9.09 10 5.95 15 9.20 26 9.52
Hymenoptera 58 32.95 59 34.52 56 34.36 84 30.77
Isoptera 4 2.27 2 1.19 3 1.84 6 2.20
Orthoptera 11 6.25 8 4.76 13 7.98 21 7.69
Psocoptera 3 1.70 3 1.79 3 1.84 3 1.10
Thysanoptera 5 2.84 6 3.57 6 3.68 7 2.56
Total 176 100.00 168 100.00 163 100.00 273 100.00
Percent 64.47 61.54 59.71 100
Table 2 Number of insect individuals in each order in Wang Nam Yen Botanical, Sakaeo province.
Fabaceae planted area Natural forest Herb garden area Total
Order Individual
S Percent Individuals  Percent Individuals Percent Individuals Percent
Blattodea 7 0.94 0 0 3 0.48 10 0.46
Coleoptera 93 12.52 115 14.54 60 9.58 268 12.41
Collembola 84 11.31 112 14.16 83 13.26 279 12.92
Dermaptera 1 0.13 0 0.00 0 0.00 1 0.05
Diplura 8 1.08 12 1.52 13 2.08 33 1.53
Diptera 82 11.04 83 10.49 64 10.22 229 10.60
Hemiptera 27 3.63 17 2.15 27 4.31 71 3.29
Hymenoptera 362 48.72 370 46.78 303 48.40 1035 47.92
Isoptera 9 1.21 2 0.25 3 0.48 14 0.65
Orthoptera 29 3.90 19 2.40 23 3.67 71 3.29
Psocoptera 18 242 28 3.54 27 4.31 73 3.38
Thysanoptera 23 3.10 33 4.17 20 3.19 76 3.52
Total 743 100.00 791 100.00 626 100.00 2160 100.00
Percent 34.40 36.62 28.98 100
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TAs9a319sFenNvoIUNAIRIAY
AIANYIATIAS NN IANVOUNAIRIAU WATAUN
naaianunainvatenaviia Adedaiuadiae
WarAIRUIAIUAGIEARY 21ANT1TILATIZUAIA BT A
vannvaEMEiln WU Usnaiuiiinsssunnd dansiniu
4.49 sosaanfuiiuiivgnliidtuas Nufiauayulng &
AU 4.47 way 4.45 auasu Wethundinszvany
wUsUsiumenisiIsuiisunuraInnane s luie
avitufl nudndanuuanaetuedslifideddymeada
(p>0.05) wandliifuinaamaininveusasiafuinulsl
fianuumnsnsiulunsasiud ludrunanisinsizsiasal
muasiane wuilusdaziuiidaauaitiauoreudig
a9 Tngluiiuiitnsssumd Sewindu 0.80 annfign sosasn
Buiuiugnliedduasfuiiauayulnsidwintu fe
0.79 wansliiiuiluusaztuiivesaungnueansTaiibu
Fwminaseuina fanuahianerion1snszaeveuiaulad
AafuAoutelndLAgIiY
definsandrdvinuggnalusdasiud nudilu
garudavianunannateuInnIgguas deviafu
4.66 way 3.87 deihaduidunuieudisuauunneigy
aam@jmahﬂqﬂﬁuﬁﬁﬂm WU AULANANAUNIIED A
sy aived1Ayneadf (p<0.05) uwansliiiuil ganiading
femsanuvaInvaneveasiaRuluuias iUl denndes
fumsfinves Seekhiew et al. (2020) Anuinlugisngru
AR YIAMUNAINTAIEN19TTATLEININNARAT LAAad
fiusnamilauazsuuiifiwand ety Weswinuuaiung
nguAeIn15h uedeil fanud uilvswonas nunzansi
Pgquaazgany Jvihlinuiuaiwiazyidaunnsdieiy
(Sangnummon et al,, 2021) waasliiuinmuduwaznis
L‘LJ?{EJuLLanaaqamaﬁmaﬁami@ﬁLﬁuﬁaﬂiiu wagnsineY

iogofvaluaImIAY

Table 3 Similarity index of insects identified in each area.

PNMTIATIRAIGTRUAReAGdluLAaENUN T0
ladreglusgduliunansidrteny svning 0.58 — 0.64 ¥4
dernvaanuasianulunuivgnlinsddiuiunauayulng

= v = o P N Y a & w
Nﬂ?qﬂﬂaqﬁﬂaﬁﬂquﬂwqﬂ 4AUN1nU 0.64 ARLUUIDEAY

0 ¥
v v A A

63.72 59u1A8 WunUgnlieddaiuiuiUsssueI@ den

winiu 0.63 Andudevas 62.76 uasiufifidnnuadiends
foofian Ao Auiivisssumuasiiuiiaruayulng fd
Wiy 0.58 Andudesay 58.54 (Table 3) unasiafudinu
i1 3 Wufl Inevdafinuaniian laun ualddussun
(Odontoponera denticulata) sesasundunedius (Carebara
diversa) unanunai (Lophomyrmex sp.l) LUAINIIA A
(Isotomidae unknow sp.2) wagtuUd enlal (Ectopsocidae
unknown sp.1) MUAIRU WLl A NAR SRR e sIASE A
Tuusazitui flagluszauiiunang 91anNAsUnAguAaRY
uarnsUnAquuesIeusenluusay Nufidnudmaseai
winnzadlunisvaudeusiy n1sege1duveIulas Faluiiud
Ugnldadia uagiuflasulnsinisugnitsifugpniduna
11031 20 U dnsnlulduselevivasdanisvesdning

=

Feornlumguandsivinlviianuadioedesuuasisaos
Nufissflunndefouiuiufivisssued denndeaiu
Seekhiew et al. (2020) Wu31 U1AULAILAZUNUYINTTA
Fadulrsssumpsedy szduuildunnuadiendwes
LLmaaﬂaaummiwﬁuﬁﬂwﬁL%'uﬁmﬁﬂuuﬂdﬁ’uﬂwﬁuma GR
Zhao and Liu (2013) las51891u31n115Ug i suwuudn
sssumAduiinanenunainranevedlasiadnwesdany
wasuarnsliUsylosvasuuanduiy suiuifiifeun
ﬂqmamﬁmmﬁu%ﬁma(ﬁiamil,'d?{ammaqamwLLamé’am
LazN15A15993 NUaILLAILNT U (Wiwatwittaya, 1996)
SIUTNANUNAINTAEN I TALATATUL LS UDIUURIGE

(Nichols et al., 2007)

Area Fabaceae planted area Natural forest Herb garden area
Fabaceae area 1 0.63 0.64
Natural forest 1 0.58
Herb garden area 1
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PumvsasiifuiutadulInsenusUsEnslulsay
WNudi usmarungnumans Taldu Samaaszudy
PNAERAUNUS Pearson Correlation WUINTUIUTLALAY
PuUUAMvRINaRIAuTaNduRusAulaTanIndendade
Wies 1 Jade fie Aududuiauduiusiludauanet
fivfodnfryBamsedia (P<0.01) dntiadewndousugamniiau

o o w

uaztAwnfivnudanudiusiueslididedAgnig

aiia (P>0.05) MuTuvilauazdwIusm (Table 4) Lansiis
ArwiuAufigetuazduiusiusunuriauassuaudann
Tu aenadaatun1sfny1uos Wiwatwittaya (1996) 7
MENUILIAIUNNgRfasnsAuedeifinuTuiisme
Tugaagguds uenatnduariduriliusasiafuiinyld
uaneinafun wuasiinuldunnuieannsonsouasesiiui
1¢ tufte uuasvaniuaansoufuslidrfuaninundon
7199107 wazidunuaslunguuadimsedianuudsay
(Jaitrong, 2011) @8AAABIAUTIB91UYBY Andersen et al.
(2002) findrirdadenienienm Wy Aruduiinadents
WinturieanaswetysErnsveduLas

Table 4. Pearson correlation between species, individuals of ground dwelling insect and some soil factors in

Wang Nam Yen Botanical, Sakaeo province.

Factors Species Individuals
Soil moisture 0.668** 0.71**
Soil temperature 0.071™ 0.085™
Litter -0.312"™ -0.317"™
Remark; ns = Non-significant (p> 0.05)
** = Significantly different (p< 0.01)
asu i wudmamauaz{]ﬁaLL’mé’aumaﬁmmm%uﬁuﬁwa

9
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ABSTRACT

This study aimed to determine the plant community characteristics and biomass carbon storage of trees
and saplings in an exploited area of Ban Nong Kwang Community Forest, Uttaradit Province, spread over an area
of 804 rai. Ten sample plots of size 40 m x 40 m were randomly established in three zones according to the
watershed classification area. All the trees and saplings were identified and measured for their diameter at breast
height (DBH) and total height. The importance value index (IVI) was used to identify the dominant species. The
biomass of trees and saplings was calculated using allometric equations, and the carbon storage in the biomass
was estimated.

There were 75 tree species in 61 genera and 32 families found in the study area. Among these, the Rubiaceae
family had the highest number of tree species (9 species), followed by Fabaceae (8 species), Dipterocarpaceae,
Anacardiaceae, Malvaceae, and Bignoniaceae (5 species), while the other families had less than 5 species. Based
on the VI, Xylia xylocarpa (Roxb.) W.Theob. var. xylocarpa was the most dominant tree species. The total tree
density was between 122.5-177.8 trees/rai (765.63-1,111.25 trees/ha), and the Shannon-Wiener index of species
diversity was between 2.54-2.97. The total biomass (aboveground and belowground) was estimated to be between
15.04-16.93 tons/rai (94.00-105.81 tons/ha), with there being no significant differences in biomass among the
watershed classes (p>0.05). The carbon storage in biomass was between 7.07-7.96 tons/rai (41.19-49.75 tons/ha).
The total carbon stock in the study area was estimated at 6,087.93 tons, accounting for 22,322.41 tonCO,e. These

results can be used as a baseline for developing the Thailand Voluntary Emission Reduction Program (T-VER).

Keywords: Ban Nong Kwang Community Forest; Biomass; Carbon storage; Plant community
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Table 1 Area size, average slope, and location of sampling plots in different zones and their respective watershed classes.

Watershed Average Coordinate
Zone Area (Rai) Plot number
Classification slope (%) X Y
1 2 40 145.56 1 630599 1921949
2 630062 1920993
2 3 25 104.71 3 630891 1922490
4 630412 1921300
3 5 6 553.73 5 629843 1920544
6 629616 1920248
7 629056 1919880
8 628564 1919381
9 627926 1919179
10 627319 1918914

o
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Figure 1 Study area and sampling plots at the Ban Nong Kwang community forest, Uttaradit province.
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(LUALLAT)
H = Arwgaimunvasiull (1ns)
Uszanmatuaadannldiuiu Tneldensidau
sewinanadin mndefl uAunazuiadinnldn udy
FivnvauseUundou (tropical dry forest) anudi IPCC
(2006) AMRUALINAY 0.28
WasuiieuAedsUTinasnatinwluusasiuii
Igvinsaneluaddaedsnisimszdanuulsusiu
(analysis of variance: ANOVA) fi5¥fuaanud asTuil 95
wWasidus
3. nsAuIunsiaiiuAis veuluuladanan
AU aLadnnd s uadniu
AsuaueAdnaInvasnnsualuinadinmlufiuiivn
wirfudesay 47 (IPCC, 2006) thuSunauinifiuesuaud
& (Fuasven) usumheliduduasveulnesnlad
MENIAMAIY 44/12 (TGO, 2021)

NawaziIasal

29AUTZNDUVDIFIAUNY

nnsAnwInunssauladduduluniasiiegng
F1u9u 75 ¥ia 910 61 @na 32 19A ST aEY 1,636
fu lnenunssaldluledidy (Rubiaceae) d1uauvila
vosnssaliuniande 9 vlia sesasunldunedin
(Fabaceae) 9117u 8 ¥iln 29819 (Dipterocarpaceae)
29ANL3I9 (Anacardiaceae) 19AUB (Malvaceae) Lag9dla
(Bignoniaceae) I1uauAaz 5 wiin waznssaldlued
3 9 Snutesnineday 5 via

Tuuiiloud 1 Guamamguind 2) woldidu 34
giln farurunyued endeswulddufinusendae
Nuihadovindu 163.50 dusols Tnodadyidaay
wannvatewiniu 2.54 (Table 2) ¥fiafifiA1AnumuILLy
fusinsuiniiande sufiu Yovay 33.03 sesasnliun
Uszgth waw ued fimmmunuiuededusivnsSosas 12,54
way 10.09 lnswdasenaniiannudduinsiviiuiesas

16.57, 10.65 kag 9.74 muansu feilwunluudennaseiu
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AR UAUNNSA DS PBAY 31.67, 10.34 kay 3.50
audsu Tudauen IV Fudunismuaduivmsvesaiy
Wy Adnasaunuresnssadldudazalanuin
yilafdian M aniiande sudiu den v windu 81.27
soeasulaun Usequn und Linen (Dalbersia cultrata
Graham ex Benth.) wagldena19 (Wendlandia tinctoria
(Roxb.) DC.) A1 IVI LvinAu 33.53, 23.05, 16.99 uag
16.98 mud1au (Table 3)

fuileudl 2 Fuguamauiid 3) nuldidu 38
iln Trnuviuiwiuede 122.5 dudels wazdaduiaig
wannnangluiufitviiiy 2.97 (Table 2) wilafifidAan
viuuduinsinniigade (ies fevas 22.45 5909
Toun uns waz namdn (Vitex peduncularis Wall. ex
Schauer) fiaNUrUILUUELRNSS oAy 14.29 way 6.53
audeu Tngrdasinanilaiaudduimsindusesay
9.62, 10.26 WAy 7.05 ANUANU LardAIMINULAUTUNNG
Winiusesay 15.97, 29.88 ay 3.31 AUa1AU TudIuan
VI wudnwdadifian Vi andiga Ao uas a0 VI iady
54.42 sosasnlaun Ligs n1anadn UseqUh uazeuiiu il
A1 VI L1AU 48.04, 16.89, 14.81 Lag 13.30 AUE1AU
(Table 3) Wiuléfn ipe fenarumuuviudisinsunniian
widAAudduivsuazanuuduivsesnin Usuen

] v

MNTiNsnsEedasnIwasdvuIndudnnin wad danali
a ~ A 4
was 1A IVl gengaluiunil

Auiloui 3 (Guauamguuid 5) wulddu 48

1Y

e TANUMUIWLULREY 177.8 dusols wasiiAsuiainu

PANNNABWINNY 2.66 (Table 2) YUATNTAITUAUILUY

Table 2 Density and diversity index of trees and saplings in

duimsunniigade uae Sesay 22.96 sesaunliun s
wag ugwen (Parinari anamensis Hance) AMURUILLY
Fuimseuay 13.96 uay 13.40 audeu wasiiaaud
FUNNS A USBYALLY N U 15.32, 10.14 way 10.97
AIUARU LABTAIAIMLAUFUANS IR USREaY 22.40,
15.50 way 13.37 anuainutduny udiuai Vi wuinly
fufitugnunimguiind 5 siadiden v snflan fe uas &
A1 IVIWINAU 60.69 sasaanlawn LHge dgwen wals way
121199UL9TU (Buchanania lanzan Spreng.) &A1 VI
WINNU 39.61, 37.75, 22.69 taz 19.96 auanu (Table 3)
dlefinnsanAmanuruiuuvessfuluiufiudas
fufiaznudn fudloudl 3 Gugunmguihi 5) Tl
ykLuNTian fo 177.8 dusdels Suilesnandnumy
Nufiduiisiu Fusuduiusuvunseuasiunse dwa
Tsulsfanunsaseialaanindedioufuiuiloud 1
Armaadugauardfutnaquitui luvaedtuilluleud
2 Yufld T uunequituauunn dewaldiui dfany
nuuuvedlddulosiigafe 122.5 dusels waside
fsanAduiianuvannraneveanssallsiavnuin Hudi
ﬁﬁﬁmﬁmwwmﬂwmsmmﬁqmwhﬁ’u 2.97 Fofiuilaui
2 \flesandnwaiuiiuarnslivssloviogssaineiui
Toud 1 Fadudnuganssa é?qaeujuuﬁmm%uuazlﬂgﬂ
sununmsldusslosiiiud uasiudleud 3 degn
sumunnifuliesnsliusslevifiuiifiovdendesun
dninaonsiel naenIunIsiumvesUnlugiganuuas

nsiinlnUlugauds

each watershed class (WSQ).

Number of Species Density/Rai Diversity Index
Zone WSC
Tree Sapling Tree Sapling Tree Sapling
1 ond 34 il 163.5 100.0 2.54 1.26
2 3d 38 1 122.5 12.5 297 0.00
3 5th 48 13 177.8 208.3 2.66 2.05
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Table 3 Top five tree species based on relative density (RD), relative frequency (RF), relative dominance (RDo), and

importance value index (IVI) located in the exploited area at the Ban Nong Kwang community forest,

Uttaradit province.

Rank Scientific name Local name Family RD RF RDo VI
(%) (%) (%)

Zone 1. the 2" Watershed Classification

1 Chukrasia valutina (M. Roem) C. DC. gAY MELIACEAE 33.03 16,57 31.67 81.27

2 Pterocarpus macrocarpus Kurz Uszqih FABACEAE 1254 1065 1034  33.53

3 Xylia xylocarpa (Roxb.) W. 9N FABACEAE 10.09 947 350  23.05
Theob. var. xylocarpa

4 Dalbergia cultrata Graham ex Benth. LAne FABACEAE 5.81 5.92 526 1699

5 Wendlandlia tinctoria (Roxb.) DC. WINI RUBIACEAE 4.28 5.92 6.78 16.98
Zone 2. the 3™ Watershed Classification

1 Xylia xylocarpa (Roxb.) W Theob. var. o] FABACEAE 1429 1026 29.88 54.42
xylocarpa

2 Dipterocarpus obtusifolius Teijsm. ex e DIPTEROCARPACEAE 2245  9.62 1597 48.04
Mig.

3 Vitex peduncularis Wall. ex Schauer naidn LAMIACEAE 6.53 7.05 331  16.89

a4 Pterocarpus macrocarpus Kurz ‘Uizﬁjﬂ’] FABACEAE 2.45 4.49 7.88 1481

5 Chukrasia valutina (M. Roem) C. DC. gy MELIACEAE 3.67 4.49 514 1330
Zone 3. the 5" Watershed Classification

1 Xylia xylocarpa (Roxb.) W. Theob. var. o] FABACEAE 2296 1532 2240 60.69
xylocarpa

2 Dipterocarpus obtusifolius Teijsm. ex e DIPTEROCARPACEAE 1396 10.14 1550 39.61
Mig.

3 Parinari anamensis Hance ugwan CHRYSOBALANACEAE  13.40 1097 1337 37.75

4 Dipterocarpus tuberculatus Roxb. AN DIPTEROCARPACEAE  8.06 4.97 9.66  22.69

5 Buchanania lanzan Spreng. Uzl NITITUY ANACARDIACEAE 6.94 8.28 474  19.96

v
o o =1

dmsuligulunuii@nwmuintuiunleun 3 (Fu

AnAINauU7 5) wuldgudiwiu 13 viie IAnuvuiwiy
iwavvedliifugsiign S1uau 208.33 Fusisls (Table 2)
Tnefiafeidnnumannnatsveanssalliluiudidwif
2.05 dafiftesniransaiinnnunainvateaeslifuly
Audifeadu uazsiinfifian Vi gefigade naeyjuu
(Mitragyna rotundifolia (Roxb.) Kuntze) a1 IVl 1i1Au
64.24 sesasulaun A1sen (Ellipanthus tomentosus
Kurz) 1@ 1une (Croton hutchinsonianus Hosseus) dggn
(Siphonodon celastrineus Griff) way t1ilo n§ (Memecylon

scutellatum (Lour.) Hook. & Arn. var. scutellatum) §an
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IVI iy 61.80, 44.22, 31.49 uag 22.87 sy (Table
1) Faaziiuledindloriunszuiummaununussed
u& uenanAImaINTanefianads Tifduuaylsiyud
vinldinuliaenndasiu omnliiduiiduoglndifes
funagfinisunaquidousemduiiui denalvignuanulyl
annsaidulanaunuandnludsnuls lnoidofiaisan
nanmituil nuidnslissloninuiife Udesides
Uﬂﬁm’jmaaﬂfl’jﬂﬂLLaS‘WUi'ENiaEJﬂ’]iLﬁﬂlWﬂ’]sTjQﬁﬂNaﬂiSVIU
Mon15seaneveIgnbiluayliis unaenaunITNALNY
Fepudivlufiud wudssutunansdnuluiuilsud 2

(Fuanmgung 3) wuldsuiewdabien As Yeunum
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(Grewia eriocarpa Juss.) Srvamunuiuads 12.50 du/ls
filentiaefiandeSsuieutuiuiiduiifnuluii wang
Tudansnaunuvesdenulimuilivszauanudusasu
desnaniladesing 4 uanssnituileudl 1 Guaanm
fjuﬁwﬁ' 2) FeilvwauazsuiuulasiiegaihAufuiud
Touii 2 wuldiguduau 4 vie nedlivufe sudy, ia
1 (Dalbergia cultrata Graham ex Benth.) Us¥gth uay
Ny Ll dA IV Wiy 105.10, 75.35, 61.96 wag

57.59 m1uanau (Table 4) lagdA1ANURUILUULRAY

Wity 100 dusiels Fudiulsnuialifufindnasnades
furdinvosldduidulsinuuanddidiuinlduluiuid
MIMAWNUTA wiidlefinnsanafudinnnumainuatenu
fiewiniu 1.26 FefeendilsiduluiuiliReafunn (Table 2)
LANIRIAIIUNAINNAET azanaI0E 1901 or 1Y
NILVINATNALNY Ualdiauazdimssnenauanunsaly
ﬂﬁﬂﬂﬂquﬁuﬁli’lﬁ Suilosnanitufidananiidnway
gefunareginsnidumsdayes Seldfimssuniudiud

nMslduselominuilaeuyudfuguiiuiou o

Table 4 Top five sapling species based on relative density (RD), relative frequency (RF), relative dominance (RDo),

and importance value index (IVI) located in the exploited area at the Ban Nong Kwang community forest,

Uttaradit province.

Local RD RF RDo
Rank Scientific name Family VI
name (%) (%) (%)
Zone 1. the 2nd Watershed Classification*
1 Chukrasia valutina (M. Roem) C. DC. YUY MELIACEAE 3750 40.00 27.60 105.10
2 Dalbergia cultrata Graham ex Benth. Line FABACEAE 3750 20.00 17.85 75.35
3 Pterocarpus macrocarpus Kurz Uiz(rjﬂﬂ FABACEAE 1250  20.00 29.46  61.96
a4 Mitragyna rotundifolia (Roxb.) Kuntze ﬂiwjmﬁu RUBIACEAE 1250  20.00  25.09  57.59
Zone 2. the 3rd Watershed Classification**
1 Grewia eriocarpa Juss. Uaunuwmn  FABACEAE 100.00  100.00  100.00 300.00
Zone 3. the 5th Watershed Classification
1 Mitragyna rotundifolia (Roxb.) Kuntze  nse¥juiiiy RUBIACEAE 28.00 18.18 18.06 64.24
2 Ellipanthus tomentosus Kurz AN CONNARACEAE 2400 1818 19.62 61.80
3 Croton hutchinsonianus Hosseus 162 Waung EUPHORBIACEAE 16.00 1364 1458  44.22
4 Siphonodon celastrineus Griff. uzan CELASTRACEAE 6.00 4.55 2095  31.49
5 Memecylon Scutellatum (Lour.) Hook.
& Am. Var. wilond MELASTOMATACEAE ~ 4.00 4.55 1432 22.87

Remarks: * 4 species found

** only 1 species found

waTamunuaznisinnuasuaululadanin
Han13ANBIUTUIULIATIN A UEAAS Table 5
wuhfuiifivinunaTnmadegeiigafofiuilloud 1
(Funmainguind 2) fUTuamradinimad sy
16.93+4.66 fusiols sesasnfio nuillyudl 3 (Fugmnm

ANUM

4

5) TUSUIULIATINWRRNINY 16.37+3.57 Fud

sols lneiunnivsunauuiadinimeddssfignfanud

lguil 2 (Fuamnmguia 3) TUsnuiadinimade
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Winfu 15.04+8.03 dusiels InewderuSsuifisuuinnasna
Fanmluusasloudildvhnmsdnuluadsifaswuiiang
upnanseensldidedidnieadd (P>0.05) uandlisiubs
KaweansdansUnguey feusaginigliuselovinud
ssfiluusiarleuvesiuiine uinsiivigmeulddnglu
msusndillufuiivgeuian dealiusinasma

o w

=~ & o . a ! | Y]
%ﬁﬂﬂwiuwuﬂ‘?mmﬂ i 3,Jﬂ’J’liJLLGlﬂGl’NE]EJNl&JiMEJﬁWﬂCU

o
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Usinasnatanmindeuiuaisluiiuiudasloy
fifn0g5um319 11.7546.28 — 13.22+3.64 dusials 1ilo
Wisuileuiumsinuiluituiiou q ildnuiiondreiud
Kuamud dannnniiinmuanadinmviefiufuly
UNUYANTTUUT NN UUNIYIANBEBUNUWA F9nin
Weolnd wazUuganssausingne uliagIfwng
nszau Yamiamvsy3 Tnefvsnasnathnwmionuiu
Wiy 7.94 uay 10.96 duslels amdiy Suidewnain
ﬁyuﬁﬂ1L‘U@y%‘Wism‘U?nmqwmmmaﬂmﬁmaa@wuuﬁ

dn1siialnn (Boonrodklab and Teejuntuk, 2008) wag

'
a

WU U ANTTUUS NN UL ALAIN TN UNAN Y

e

fuzusaeglng fmsldusslovdanldfmundnuas
unlng (Nuanurai, 2005) dswaliusuraulatinim
wil o uRuluft uil fananadoaniai i dnwiluadedl
wenand FawuinUsunamiadaninmi o uAudilg
mnnsnelundeifddesnitluiufivnvganssadu
Yuainan Stagiuas AdaUsuiamadanimuie
Ay 14.08 dusiels (Charoenniyom, 1989) uag
ﬂwLuzyﬁ]mimu?nmqumuﬁwnqumaﬁ Jwmingesse
AfUSunaanaginmniefiufuwindu 31.72 susiels
(Nukool, 2002)

nsiniuasueulugiadanin dedwialdain
Usunannadanmsiulufiuiiudaslou wuindusunans
ﬁ“ﬂLﬁum%vaumﬁaﬁuﬁumﬁaﬁﬁﬂagjismw 5.52+2.95 —
6.22+1.71 fuAsuaudals warUsunaunsiniiuasuey
TiNuAuiedsdiA1ogsening 1.5540.83 - 1.74x048 fiu
Arsususiels sauUinamsinfiuasueuiiAieg sening
7.07+3.78 - 7.96+2.19 fumiuausols (Table 5) Feiie

1fdUSuaun1sAnAuAlIs vaui el ardSsusiesudu
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v
)

HunUussianmdeiiuuinad ulugiiniadeddiu wu

UNUYINTTUUT LI NEIULN I A ABUFLNN-Yo

[ v A a

Jadandeslml wazUnvganssaluuinaldouding

@ a ¢

wingnsAng Fedlusunamsveudniululiifu wiiy

e

12.85 uay 16.87 duasliniuaiau (Khamyong, 2009)

¥
A

veildlewseuisuiuUinamsinfumsvenluligue

ee

e

d

Nuiidu q nuirdvsinanisinifuaisveuad sannni
Uepmutldsmnun Smdamengd Sduinumsinifu-
AsuURABWINTU 4.12 fumsusudels (TGO, 2015) uas
fUsnamsiniiuaivewadtiosningsmut i
Jrfndoqd eduimumstniumsveundslufuivl
wiomsliusglowiviniu 14.37 fumfueusiels (Ounkerd
et al., 2015)

Nundnwlupdaiitivunn 804 19 Wunuiluleud 1
Frau 145.56 19 fufsananfinsiniuansueusiui
7.96 srumasuaunels JeUSunuasveuazanluuia
Fan iy 1,158.66 suansuen fuiluleud 2 $1uiu

' < s

104.71 195 WUR LA N15ANLAUAIS UBUTIUIU 7.07

I 2 A A s

fuptsuaunels JsdUsunumsuauasauluuadinan
Wiy 740.30 fuansuey ludiuwesitufiloud 3 $1uau
553.73 15 WWuiuiidldanunsaldduldiduleladesn
519 UsE ot ui 1 unuantawuaned snsyua
liussgs Fedldhudmuamuimansuouluiiud
$ruau 9 19 pavdenuit 544.73 19 Tnefiuiitdnisinuiu
ANSUBUTIUIU 7.69 AuAISUBURBlS JedluSunumIsuau
avaulunlatin T mvnnu 4,188.97 AuAISUBU SINUSH
anduauluiiufidnevianunvinfu 6,087.93 fuaiuau

%30 22,322.41 fuasvaulneanlomiieuwin



Table 5 Biomass and carbon storage of trees and saplings in the exploited area at the Ban Nong Kwang community forest, Uttaradit province.

G591

Zone Watershed Plot Number Biomass (ton/Rai) Carbon stock (ton/Rai)
Classification Aboveground Belowground Total Aboveground Belowground Total
1 2nd 1 10.65 2.98 13.63 5.01 1.40 6.41
2 15.80 4.42 20.22 7.43 2.08 9.50
Mean+SD 13.22+3.64 3.7+1.02 16.93+4.66 6.22+1.71 1.74+0.48 7.96+2.19
2 3rd 3 7.31 2.05 9.36 3.44 0.96 4.40
a4 16.19 4.53 20.72 7.61 2.13 9.74
Mean+SD 11.75+6.28 3.29+1.76 15.04+8.03 5.52+2.95 1.55+0.83 7.07+3.78
3 5th 5 11.41 3.20 14.61 5.36 1.50 6.87
6 9.77 2.73 12.50 4.59 1.29 5.88
7 10.14 2.84 12.99 a.T7 1.34 6.10
8 16.84 472 21.56 7.92 2.22 10.13
9 14.17 3.97 18.14 6.66 1.87 8.53
10 14.40 4.03 18.43 6.77 1.89 8.66
Mean+SD 12.79+2.79 3.58+0.78 16.37+3.57 6.01+£1.31 1.68+0.37 7.69+1.68

Remark: A unit of land area 1 ha = 6.25 rai
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fanunuwiuvedlddundomiaiu 163.5 dusels
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ABSTRACT

This study aimed to quantitatively characterize the seedling community in two forest types: mixed deciduous
forests (MDF) and deciduous dipterocarp forests (DDF), under invasion by Chromolaena odorata. Seedling community
characteristics were recorded from 60 temporary sampling plots of size 1 m x 1 m, which were systematically located
in Nam Tok Tat Sai Rung Forest Park, Chiang Rai province. The study identified 24 and 17 species seedling tree species
in the areas of MDF and DDF invaded by C. odorata, respectively. These species were from 23 genera and 16 families
and 16 genera and 13 families of MDF and DDF, respectively. The seedling tree densities were 16,538 and 5,000 stems/ha,
respectively. It was also not found that almost all the areas in MDF and DDF were invaded by C. odorata. The identified
seedlings were from 17 species, 16 genera, 13 families, and 8 species, 7 genera, and 6 families in the two forest types,
respectively, with seedling densities of 12,884 and 10,576 stems/ha, respectively. Comparing the biomass of the invaded
areas, it was found that the highest biomass was in the community of C. odorata, followed by the understory vegetation
and tree seedlings, respectively. Conversely, in the non-invaded areas of MDF, the seedling tree biomass was higher than
in the community of C. Odorata, which was different from that in the DDF. However, the biomass of the understory
vegetation in both MDF and DDF was lower than that of the community of C. odorata. The invasion of C. odorata had
a significant impact on tree species such as Shorea obtusa, Shorea siamensis, Syzygium oblatum, and Castanopsis
acuminatissima. It was found that very few seedlings could establish in the dense growth of C. odorata areas compared
to the non-invaded areas. Therefore, sustainable management practices should consider establishing structural tree
planting to enhance the chances of successfully establishing native tree species with high importance value index, as
well as studying tree species that are resistant to the invasion of such non-native species. These measures will help
increase the appropriate quantity of tree seedlings to maintain the ecological system of specific forest communities.
Furthermore, raising awareness and disseminating knowledge about the impact of invasive species among the future
stakeholders is crucial to ensure a sustainable use of the area.

Keywords: Chromolaena odorata; Invasive species; Plant biodiversity; Seedling community
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Figure 1 Map of the random systematic plot survey established in the Nam Tok Tat Sai Rung Forest Park.
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16,538.06 A UM BLENAIS WAy 5000 A UN BLENANS
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Table 1 Density of seedling (stems/ha) in the C. odorata community.
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1,250 fusawanans (Table 1)

(Albizia odoratissima) nseNAU (Millettia brandisiana)
UseqUn (Pterocarpus macrocarpus) wazsy 11y o

(Phyllanthus emblica) lngnnviiadaavuikiuyiniy

MDF DDF
No. Species Family
Density Density
1 Diospyros variegata EBENACEAE 3,461.54 (25.71) 0 (0)
2 Stereospermum neuranthum BIGNONIACEAE 1,730.77 (15.76) 0 (0)
3 Vitex pinnata LABIATAE 1,730.77 (16.30) 0(0)
4 Protium serratum BURSERACEAE 1,346.15 (19.45) 0(0)
5 Baccaurea ramiflora PHYLLANTHACEAE 1,346.15 (4.39) 0 (0)
6 Albizia odoratissima FABACEAE 1,153.85 (7.52) 1,250.00 (12.88)
7 Millettia brandisiana FABACEAE 769.23 (15.67) 1,250.00 (25.76)
8 Pterocarpus macrocarpus FABACEAE 576.92 (8.78) 1,250.00 (12.88)
9 Antidesma sootepense EUPHORBIACEAE 576.92 (3.14) 0(0)
10 Lagerstroemia cochinchinensis LYTHRACEAE 384.62 (5.64) 0(0)
11 Canarium subulatum BURSERACEAE 384.62 (3.76) 0 (0)
12 Phyllanthus emblica PHYLLANTHACEAE 384.62 (3.76) 1,250.00 (12.88)
13 Syzyegium oblatum MYRTACEAE 384.62 (3.76) 0 (40.15)
14 Mallotus philippensis EUPHORBIACEAE 384.62 (3.76) 0 (0)
15 Allophylus cobbe EUPHORBIACEAE 192.31 (1.88) 0 (0)
16 Schleichera oleosa SAPINDACEAE 192.31 (8.14) 0 (0)
17 Anogeissus acuminata COMBRETACEAE 192.31 (5.02) 0(12.88)
18 Schima wallichii THEACEAE 192.31 (5.64) 0(0)
19 Ficus hispida MORACEAE 192.31 (3.76) 0 (0)
20  Chukrasia tabularis MELIACEAE 192.31(1.88) 0 (0)
21 Colona flagrocarpa MALVACEAE 192.31 (1.88) 0 (0)
22 Tetrameles nuduflora TETRAMELACEAE 192.31 (1.88) 0 (0)
23 Bauhinia saccocalyx FABACEAE 192.31 (3.76) 0(12.88)
24 Aporosa villosa EUPHORBIACEAE 192.31 (1.88) 0 (0)
Total 16,538.46 5,000.00

Remark: The values enclosed in parenthesis denote the importance value index (IVI) for each tree species.
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Table 2 Density of seedlings (stems/ha) in the Mixed Deciduous Forest (MDF) and Dry Dipterocarp Forest (DDF).

MDF DDF
No. Species Family
Density Density

1 Castanopsis acuminatissima FAGACEAE 3,846.15 (13.83) 0(0)

2 Protium serratum BURSERACEAE 2,307.69 (19.45) 769.23 (17.42)
3 Millettia brandisiana FABACEAE 1,153.85 (15.04) 961.54 (25.76)
4 Pterocarpus macrocarpus FABACEAE 961.54 (8.78) 0(0)

5  Schleichera oleosa SAPINDACEAE 769.23 (8.14) 0 (0)

6  Diospyros variegata EBENACEAE 576.92 (25.71) 0(0)

7 Vitex pinnata LABIATAE 576.92 (16.30) 0(0)

8  Tectona grandis LABIATAE 576.92 (5.64) 0 (0)

9 Stereospermum neuranthum BIGNONIACEAE 384.62 (15.67) 384.62 (12.88)
10 Alangium chinense CORNACEAE 384.62 (2.51) 0 (0)

11 Shorea obtusa DIPTEROCARPACEAE 192.31 (1.88) 2,307.69 (21.97)
12 Schima wallichii THEACEAE 192.31 (5.64) 0(0)

13 Lagerstroemia cochinchinensis LYTHRACEAE 192.31 (5.64) 0(0)

14 Spondias pinnata ANACARDIACEAE 192.31 (1.88) 0 (0)

15 Ficus hispida MORACEAE 192.31 (3.76) 0 (0)

16  Shorea siamensis DIPTEROCARPACEAE 192.31 (1.88) 1,153.85 (17.42)
17 Bauhinia saccocalyx FABACEAE 192.31 (3.76) 576.92 (12.88)
18  Syzygium oblatum MYRTACEAE 0 (3.76) 3,846.15 (40.15)
19 Anogeissus acuminata COMBRETACEAE 0 (5.02) 576.92 (12.88)

Total 12,884.62 10,576.92
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Table 3 Frequency of seedlings (%) in the Chromolaena odorata community.

MDF DDF
No. Species Family
Frequency (IVI) Frequency (IVI)
1 Diospyros variegata EBENACEAE 13.46 (25.71) 0 (0)
2 Stereospermum neuranthum BIGNONIACEAE 9.62 (15.76) 0(0)
3 Vitex pinnata LABIATAE 9.62 (16.30) 0(0)
4 Protium serratum BURSERACEAE 7.69 (19.45) 0 (0)
5 Baccaurea ramiflora PHYLLANTHACEAE 5.77 (4.39) 0 (0)
6  Albizia odoratissima FABACEAE 5.77 (7.52) 12.50 (12.88)
7 Millettia brandisiana FABACEAE 5.77 (15.76) 12.50 (25.76)
8  Pterocarpus macrocarpus FABACEAE 3.85(8.78) 12.50 (12.88)
9  Lagerstroemia cochinchinensis LYTHRACEAE 3.85 (5.64) 0 (0)
10 Canarium subulatum BURSERACEAE 3.85(3.76) 0 (0)
11 Phyllanthus emblica PHYLLANTHACEAE 3.85(3.76) 12.50 (12.88)
12 Syzygium oblatum MYRTACEAE 3.85(3.76) 0 (40.15)
13 Aporosa villosa EUPHORBIACEAE 3.85(1.88) 0(0)
14 Mallotus philippensis EUPHORBIACEAE 1.92 (3.76) 0 (0)
15  Antidesma sootepense EUPHORBIACEAE 1.92 (3.14) 0(0)
16 Allophylus cobbe EUPHORBIACEAE 1.92 (1.88) 0(0)
17 Schleichera oleosa SAPINDACEAE 1.92 (8.14) 0 (0)
18  Anogeissus acuminata COMBRETACEAE 1.92 (5.02) 0(12.88)
19 Schima wallichii THEACEAE 1.92 (5.64) 0 (0)
20 Ficus hispida MORACEAE 1.92 (3.76) 0 (0)
21 Chukrasia tabularis MELIACEAE 1.92 (1.88) 0 (0)
22 Colona flagrocarpa MALVACEAE 1.92 (1.88) 0 (0)
23 Tetrameles nuduflora TETRAMELACEAE 1.92 (1.88) 0 (0)
24 Bauhinia saccocalyx FABACEAE 1.92 (3.76) 0(12.88)
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Table 4 Frequency of seedling (%) in the Mixed Deciduous Forest (MDF) and Dry Dipterocarp Forest (DDF).

MDF DDF
No. Species Family
Frequency Frequency
1 Millettia brandisiana FABACEAE 7.69 (15.04) 12.50 (25.76)
2 Diospyros variegata EBENACEAE 577 (25.71) 0
3 Schleichera oleosa SAPINDACEAE 5.77 (8.14) 0
4 Stereospermum neuranthum BIGNONIACEAE 3.85 (15.67) 12.50 (12.88)
5 Protium serratum BURSERACEAE 3.85(19.45) 12.50 (17.42)
6  Vitex pinnata LABIATAE 3.85 (16.30) 0
7 Pterocarpus macrocarpus FABACEAE 1.92 (8.78) 0
8  Castanopsis acuminatissima FAGACEAE 1.92 (13.83) 0
9 Tectona grandlis LABIATAE 1.92 (5.64) 0
10 Alangium chinense CORNACEAE 1.92 (2.51) 0
11 Shorea obtusa DIPTEROCARPACEAE 1.92 (1.88) 12.50 (21.97)
12 Schima wallichii THEACEAE 1.92 (5.64) 0
13 Lagerstroemia cochinchinensis LYTHRACEAE 1.92 (5.64) 0
14 Spondlias pinnata ANACARDIACEAE 1.92 (1.88) 0
15 Ficus hispida MORACEAE 1.92 (3.76) 0
16  Shorea siamensis DIPTEROCARPACEAE 1.92 (1.88) 12.50 (17.42)
17 Bauhinia saccocalyx FABACEAE 1.92 (3.76) 12.50 (12.88)
18  Syzygium oblatum MYRTACEAE 0(3.67) 12.50 (40.15)
19 Anogeissus acuminata COMBRETACEAE 0(5.02) 12.50 (12.88)

Remark: The values enclosed in parenthesis denote the importance value index (IVI) for each tree species.
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Table 5 Comparison between the plant biomass estimated for the Mixed Deciduous Forest (MDF) and Dry

Dipterocarp Forest (DDF) affected by the Chromolaena odorata presence community.

Above-ground biomass

Mixed Deciduous Forest (MDF)

Dry Dipterocarp Forest (DDF)

(kg/ha)

MeanzS.D.

Mean#S.D.

Plant biomass in Chromolaena odorata community

Chromolaena odorata
Seedling
Undergrowth plants

819.85+189.31
161.49+21.02
305.89+27.35

626.58+54.11
277.54+27.40
71.54+16.00

Plant biomass in mixed deciduous and deciduous dipterocarp forest

Seedling
Undergrowth plants

213.45+14.30
138.51+21.84

117.33+13.91
28.20+2.89
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ABSTRACT

Thermal treatment of teak veneer has been known to improve the biological properties of teak-
plywood products and a viable protection method from termite attacks. The objective of this study
was to investigate the rating of teak plywood attacked by termite at various temperature levels and
time durations. The temperatures of 180, 200, 220, 240°C and control temperature were applied for
three different time durations, i.e., 4, 8, and 12 minutes on teak veneer sheets. The plywoods were
produced using two types of adhesives, namely Phenol Formaldehyde (PF) and Urea Formaldehyde
(UF), with both samples placed on the ground (50 cm deep, 50 cm wide and 5 m long in direct contact
with termite nests). The results showed that the termite attacks at 220 and 240 °C exposed for a
duration of 4, 8, and 12 minutes were significantly different it is increased as per the temperature in
both plywood products. It is concluded that thermally treated veneer at 220 and 240 °C can withstand
termite attacks on such teak plywood products.

Keywords: Plywood thermal treatment; Termite rating; Termite attack
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INTRODUCTION

Teak (Tectona grandis L.1.) is recognized
as one of the most valuable premium woods in
the world ( Lwin et al., 2003), which is a hard
wood known for its strength, durability, and
natural beauty. Teak is native to India,
Myanmar, Laos, and Thailand and is most
commonly found in the moist and dry
deciduous forests at elevations below 1,000 m
above sea level, growing best in locations
experiencing an annual rainfall between 1,250
to 3,750 mm, minimum temperature between
13°to 17°C and maximum temperature between
39° to 43°C (Pacific Agribusiness Research and
Development Initiative, 2007). Lwin et al.
(2003) confirmed that based on various the
general characteristic ages, sapwood and
heartwood make up around 65.02 % and 34.98
% of teak, respectively.

Normally, the chemical composition of
teak wood consists of cellulose, hemicellulose,
and lignin. The cellulose content varies from
sapwood (49.28%), outer heartwood (46.74%),
middle heartwood (44.84%), and the inner
heartwood (47.01%). Similarly, hemicellulose
content varies between 22.96% and 29.67%,
while lignin content varies between 30-31%
(Lukmandaru, 2015). Li ef al. (2012)and Arinana
et al. (2016) reported that termites destroy the
wood as well as the cellulose material used in
building and construction. For example, the
most commonly occurring subterranean
termites are potentially the most destructive
pests in any building. Termites consumed the
cellulose in the cell wall of wood.

Based the observations of Su and
Scheffrahn (2000), Rust and Su (2012) and
Isanapong (2016) around 2,600 termite species
have been identified around the world. These
termites belong to one of seven families, out of
which six families are lower termites
(Mastotermitidae, Hodotermitidae, Kalotermitidae,
Rhinotermitidae, Serritermitidae and Termopsidae)
and one family is of higher termites (Termitidae).
According to Thipsantia (2011), who studied
the biodiversity of termites and their
relationship with dry dipterocarp and dry
evergreen ecosystems at the Sakaerat
Environmental Research Station, Nakhon
Ratchasima province, Thailand, underground
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termites can classified into nine genera, namely
Schedorhinoterme, Coptotermes, Odontotermes,
Hypotermes,  Microtermes,  Ancistrotermes,
Mirocapritermes, Pericapritermes, and Termes.
Miyagawa et al. (2011) confirmed that the first
recorded termite in Laos had 11 species in the
soil mounds including Macrotermes gilvus,
Odontotermes feae, Odontotermes sp, Microtermes
obesi, Microtermes sp, Microcerotermes crassus,
Globitermes sulphureus, Hospitalitermes
ataramensis, Pericapritermes latignathus, and
Termes propinquus. This could imply that Laos
and Thailand have similar number of termite
species as both countries are located at tropical
latitudes. Within the reported termites, 183
species are known to damage building wood
materials, while 83 species can cause
significant wood damage. Termites are an
integral part of a forest ecology; both in creation
and destruction of the ecosystem. The dangers
of termites are related to them needing cellulose
for food which is an important component

of wood and fiber (Vongkaluang and
Charoenkrung, 2008).
The concerns of wood companies

generally arise from such termite damage to
wood products. Insects need food from wood,
such as cellulose, hemicellulose, lignin, and
other elements. Termites were known as the
most dangerous that damage wood called
termites underground (subterranean termites).
Urea Formaldehyde or UF resins are
thermosetting resins and consist of linear or
branched oligomers and polymers admixed
with monomers. The presence of some
unreacted urea is often helpful to achieve
specific effects, with the presence of free
formaldehyde having both positive and
negative effects (Dunky, 2003). Because of
irreversible curing reaction, thermosets are
rigid and three-dimensionally crosslinked
plastics. The soluble and fusible starting
material may integrate numerous fillers such as
glass, minerals, fibers, and glass mate. As a
result of such three-dimensional crosslinked
structures, thermosets do not flow evenly when
heated. The main types of thermoset resins are
epoxy, urea, melamine, unsaturated polyester,
phenolic, and polyurethane resins (Kausar,
2017). According to Nuryawan et al. (2017) UF
resins are synthesized by the reaction of



Thai Journal of Forestry 42(2): 180-188 (2023)

formaldehyde with urea. Usually, technical
grade urea granules (99%) and formalin (37%)
are used as raw materials and an aqueous
solution of both formic acid (20%wt) and
sodium hydroxide (20%wt) are used to adjust
the pH level during and after the reaction.

Phenolic resin or phenol formaldehyde
(PF) is resistant to hydrolysis of the C-C bond
between the automatic nucleus and the
methylene bride and is used in water and
weather resistant glue lines and boards
including water and weather proofed particle
boards, Medium Density Fiberboard (MDF)
and plywood for use under exterior weather
conditions. PF resins provide high strength and
are extremely resistant to moisture (Moubarik
et al., 2009). According to Wang ef al. (2012)
and Bekhta et al. (2016), the UF resin is widely
used in the manufacturing of plywoods,
particleboards, fiber boards, and other interior
decoration materials because of its advantages.
These include availability of raw materials, low
cost, high bonding strength, curing at a low
temperature, water solubility, and lack of color
of the cured resin. However, the chemical
action of formaldehyde can cause disorders of
the nervous and immune systems in humans.
Formaldehyde can cause cancer in humans,
while ammonium chloride is a toxic substance,
the formaldehyde emission level, as well as
toxicity of a hardener is an area of concern. The
basic characteristics of UF resin can be
explained through it is high reactivity, water
solubility  and  reversibility = of  the
aminomethylen link (Dunky, 1998). In
conclusion, the properties of UF and PF make
them conducive for use in different weather
conditions. The reversibility of amino
methylene bridge in UF can also explain the
low resistance these resins to water and
moisture  attack, especially at higher
temperatures. This is also one of the reasons for
its hydrolysis leading to subsequent emission of
formaldehyde. But PF is water resistant and can
withstand various weather conditions. This
indicates that both the adhesives’ products have
positive and negative impacts.

A Subterranean termite species belonging
to the group of Macrotomes has been reported
in the subfamily Macrotermitinae, Genus is
Macrotermes, and species Macrotermes
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carbonarius (Miyagawa et al., 2011). It has also
been reported that in Thailand, the attack by M.
gilvus on wooden products is moderate (3 hits)
(Sornnuwat et al., 2003). However, in Laos, no
such reporting of M. carbonarius attacking
wood has been reported, but the Faculty of
Forest Science in National University of Laos,
located in Vientiane, Lao PDR, found evidence
of wood and building damage by M. gilvus.
This study is the first recorded occurrence of M.
carbonarius in the area of the Faculty of Forest
Science. As the Macrotermes carbonarius is
the most dangerous species that can damage
wood buildings in the study area, the objective
of this study was to test the termite attack on
thermally treated plywood specimens through
the termite nests (subterranean) method.

MATERIALS AND METHODS
Materials

Teak veneer was peeled from the
sapwood towards the inner wood using
splindleless lathe rotary at the Faculty of Forest
Science, National University of Laos,
Vientiane, Laos P.D.R. The termite testing was
located at 18°02°29.85” N and 102°37°51.74”
E. Apparatus used in this study included a small
wood hot press machine (model STK No. 44-
275, DAKE, Grand Haven, MI, USA), Cole
pressure machine (model No BY 814*4/2B,
Production code 7265, Made in China), a hot
pressure machine (model, No BY 214*4/2A-1,
Production code 7276 Mad in China), a circular
saw cutter (model, No BJ 6116-4B, Production
code 180401), dial thickness gauge digital
calipers (code 34-506, Measumax, Melbourne,
Australia), and a horizontal flow oven (Model
WOF-050, serial No WOF050071018002,
Made by Daihan Scientific Co., Ltd).

As mentioned previously, two types of
adhesives to be applied on the teak veneer
(Tectona grandis .L.F ) for teak plywood
products were PF 402 (TOA-Dovechem
Industries Co.Ltd, No dated) and UF Diabond
No 283 class E 2 (Thai Commercial
Corperation Ltd, No dated). Both adhesives
used were prepared based on the
Australian/New Zealand Standard (2012).

Veneer samples were used to produce
plywood samples of size 40 cm x 40 cm, which
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were machined to an approximate dimension of
10 mm x 50 mm x 100 and 30 samples were
keeping as an archive (long term storage).

Methods

The plywood product consists of five
layers, with the veneer layer placed one over the
other and perpendicular to the grain. PF glue
was spread on the veneer by passing it through
a wool roller with the glue transfer spreader set
at 150 g/m>.

The UF glue was also spread on the
veneer through a roller spreader at a rate of
about 120-130 g/m?. The dimensions of the teak
plywood product thus produced was of size 40
cm X 40 cm through a hot press machine. The
hot press rate for the plywood products depends
on the thickness, and is around 1 mm per
minute. As the thermo-teak and teak plywoods
have an average thickness of 10 mm, the time
for pressing was 10 minutes for 130°C using PF
and 120°C using UF, with the press loading of
2.5 MPa/mm? for both adhesives.

As mentioned, thermo- teak plywood
(Tectona grandis) was used in this experiment

and the reference species known as termite food
were solid teak and rubber (Hevea brasiliensis).
The surfaces of each sample were brushed such
that it was free from dirt and other loose
material. Each exposed sample was uniquely
numbered using a metal tag, which was
attached using stainless steel nails. Samples
were then randomly placed in plastic baskets
and the position in each basket was recorded.
The exposed baskets were also uniquely
identified and were then covered by plastic on
top of the cannel. The cannel design had
dimensions of 50 cm x 50 cm x 500 cm (depth,
width, and length).

After five months of exposure, the soil
and covering were carefully removed to expose
the test samples. In accordance with Norton.
(2019), the purpose of this trial was to
determine if the test species of timber was
susceptible to termite attack, the indicators
showed in Table 1. The rating of termite attack
measurement was based on the method
suggested by Norton. (2019).

Table 1 Parameters for termite measuring using Norton (2019).

Ratting Condition Description

10 Sound No sign or evidence of termite attack

9.5 Trace-nibbling Slight surface nibbling

9 Slight attach Loss of up to 3% of the cross-section area

8 Moderate attach Loss of 3-10% of the cross-section area

7 Moderate/severe attach Loss of 10-30% of the cross-section area

6 Severe attach Loss of 30-50% of the cross-section area

4 Very severe attach Loss of 50-75% of the cross-section area

0 Failure Can be broken by hand or a probe can penetrate through

the piece

Analysis of variance (ANOVA) was used
to compare differences between sample groups
based on the effect of temperature levels and
duration of pressing time on the rating. A linear
regression analysis was also used to determine
the relationship between the temperature levels
on the termite attack rating of the plywood
samples passed through different treatments. In
addition, a multiple regression analysis was
also used to determine the parameters that
might have influenced the termite attack on the
treated thermal plywood.
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RESULTS AND DISCUSSION

Results

Plywood samples indicated to obvious
termite presence in all the baskets and
‘mudded’ over and between exposed samples
as indicated in the parameter procedure of table
1. The results (Table 2) indicate that the control
samples of teak plywood thermally treated for
4, 8, and 12 minutes have an evidence of
moderate destruction rating of 8.03 (Table 1) or
3-10%, while the highest thermal treatment at
240°C had a higher rating which ranged from
9.31 t0 9.78 (90-100%).
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Table 2 Termite attack rating of teak plywood thermal treatment based on the duration of time and

temperature.
Times Temperature PF UF
(minutes) (°O) Mean Std. Deviation Mean Std. Deviation

control 8.03 1.03 7.80 0.76

180 9.11 0.44 9.11 0.56

4 200 9.31 0.44 9.51 0.49
220 9.00 1.27 9.33 0.33

240 9.75 0.31 9.76 0.36

control 8.03 1.03 7.80 0.76

180 8.90 0.78 9.00 0.66

8 200 8.61 1.16 9.30 0.48
220 9.46 0.31 9.21 0.53

240 9.31 1.01 9.51 0.51

control 8.03 1.03 7.80 0.76

180 9.11 0.56 8.91 0.76

12 200 9.36 0.49 8.85 0.55
220 9.76 0.34 9.30 0.48

240 9.78 0.44 9.85 0.32

PF multiple regression model analysis
(seein Eq. 1) resulted in an R?=0.93, considered
as highly significant

Termite rating =0.0407*T+0.0809*t  (Eq. 1)
where: T= Temperature (°C)
t= time (minutes)

Table 1 lists the various UF groups, with
the control having a lower protection from
termite attack (7.80 or 10-30%), while thermal
treatment at 240°C (9.76 or 90-100%) resulted
in slight surface nibbling, indicating that the
temperature levels improved the protection
against termites.

UF multiple regression model analysis
(see in Eq. 2) resulted in an R?=0.93, considered
highly significant.

Termite rating =0.0427*T+0.0320*t  (Eq. 2)
where: T= Temperature (°C)
t= time (minutes)

Discussion

High temperature thermal treatment of
both plywood adhesives resulted in protection
of teak plywood from termite (subterranean)
attack. Roszaini ef al. (2006) studied the rating
of termite attack on teak wood for four weeks
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in Malaysia and estimated a rating of 9.53. In a
previous research, Grace and Yamamoto
(1994) reported the rating of untreated teak
wood and that treated with Copper Chrome
Arsenic (CCA) against attack by Coptertomes
formosanus termite for 28 days. The author
estimated a rating of 10.00 for CCA treated
teak, which reduced to 6.80 for the untreated
samples. Nakabonge and Matovu (2021) tested
two termite species of M. bellicosus and M.
subhyalinus on FEucalyptus grandis and
concluded that M. bellicosus was more
destructive as indicated by a mean percentage
loss of 51.5% compared to 39.2% for the latter.
In this study, we found that the attack rating of
Macrotomes carbonarius on teak wood varied
with temperature. The rating was high for
higher temperatures when compared with the
control and lower temperatures.

A thermal treatment of eight minutes on
teak plywood indicated that the lowest termite
resistance for the PF group was for the control
(8.03), while the highest resistance was for the
thermally treated plywood at 220°C (9.46 or
90-100%), which indicated that a thermal
treatment at high temperature improved the
protection of teak plywood from termite
damage. Similarly, the UF control group had
the lowest rating (7.80 or 10-30%), while the
highest rating was for the plywood with thermal
treatment at 240°C (9.51 or 90-100%), with the
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high temperature treatment resulting in a
decreased termite attack of the teak plywood
product. Hence, we conclude that thermally
treated plywood at 240°C for both adhesives
resulted in a higher protection rating against
termite attack. Additionally, the control
samples for both PF an UF teak plywoods
thermally treated for 12 minutes had the lowest
attack rating (8.03 and 7.80 respectively), while
the highest attack rating was obtained at 240°C
(9.78 and 9.85 respectively). We conclude that

this duration of time results in an optimum
protection of wood against thermite attacks.

Table 3 shows significant differences as
obtained from multiple comparisons of one-
way ANOVA analysis. For both PF and UF
plywood, it was confirmed that control rating
was significantly different from thermal
treatment at different temperature levels bases
on various time durations p<0.05. The termite
attack rating tended to improve with high
temperature treatment.

Table 3 The results of one-way ANOVA analysis of thermal treatment of PF and UF teak plywood

at different temperature levels.

Time Temperature Temperature Mean Mean
(minutes) (I¥(°C) (JI)) ©C)  different (1-J) SvE  Pvalue et St E  P-value
180 -1.08" 0.20  0.00 -1.31° 0.13  0.00
Control 200 -1.28: 0.20  0.00 -1.71: 0.13  0.00
220 -0.96 0.20  0.00 -1.53°  0.13  0.00
240 -1.72° 0.20  0.00 -1.96°  0.13  0.00
4 200 -0.20 0.20 0.33 -0.40°  0.13  0.00
180 220 0.11 0.20 0.57 021 013 0.11
240 -0.63" 0.20  0.00 -0.65° 0.13  0.00
200 220 0.31 0.20 0.12 0.18 .013 0.18
240 -0.43 0.20  0.03 -0.25 0.13  0.06
220 240 -0.75" 0.20  0.00 -0.43°  0.13  0.00
180 -0.86" 0.23  0.00 -1.20°  0.15  0.00
Control 200 -0.58" 0.23  0.01 -1.50°  0.15  0.00
220 -1.43" 0.23  0.00 -1.41°  0.15  0.00
240 -1.28" 0.23  0.00 -1.71°  0.15  0.00
2 200 0.28 023 0.23 -0.30 0.15 0.05
180 220 -0.56" 0.23  0.01 021 015 0.16
240 -0.41 0.23  0.07 -0.51°  0.15 0.00
200 220 -0.851‘ 0.23  0.00 0.18 0.13 0.18
240 -0.70 0.23  0.00 -0.25 0.13  0.06
220 240 0.15 0.23  0.52 -0.30 0.15 0.05
180 -1.08" 0.16  0.00 -1.11° 0.15  0.00
Control 200 -1.33" 0.16 0.00 -1.05°  0.15  0.00
220 -1.73" 0.16  0.00 -1.50°  0.15  0.00
240 -1.75" 0.16  0.00 -2.05°  0.15 0.00
19 180 200 -0.25 0.16 0.12 0.06 015 0.66
220 -0.65 0.16 0.00 -0.38°  0.15 0.0l
240 -0.66" 0.16 0.00 -0.93° 0.15 0.00
200 220 -0.40" 0.16 0.01 -0.45°  0.15  0.00
240 -0.41" 0.16 0.01 -1.00°  0.15  0.00
220 240 -0.01 0.16 091 -0.55°  0.15  0.00
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The Figure 1 is a graph of termite attack
rating for both the thermally treated teak
plywood products. For both products, it was
confirmed that thermal treatment at different
levels of temperature resulted in protection of
plywood product, with an above moderate
significant linear regression analysis for PF
(R?=0.6789 and p<0.05), and highly significant
for UF (R?=0.8548 and p<0.05).

The Figure 2 graphs the attack rating
against the length of time for which the product
was thermally treated, for both PF and UF
plywood products. The modelled relationship
through the linear regression analysis indicated
to a lower significant for both PF and UF
(R>=0.2198 and 0.105 and p>0.05,
respectively). The length of time for thermal
treatment was not found to be significant for
thermally treated teak plywood products.

12
10 y = 0.0065x + 7.926
R*=0.6789 . é ------ ?
%D 8 %::1:::::::::::::::::::::::H
© y = 0.0076x+ 7.7093 PF Mean
5 6 R2=0.8548
5 ® UF Mean
o)
§ s Linear (PF Mean)
--------- Linear (UF Mean)
2
0
-50 0 50 100 150 200 250 300

Temperature (°

o)

Figure 1 Rating of thermally treated teak plywood products attacked by Macrotomes carbonarius

termite at different temperature levels.

1 y=0.0676x + 8.6921
R?=0.2918
10 , i
®
—
£ y=00422x+88758  © FPFMean
- R?=0.105 ® UF Mean
e
E I Linear (PF Mean)
......... Linear (UF Mean)
2
0
0 5 10 15

Time (minutes)

Figure 2 Rating of thermally treated teak plywood products attacked by Macrotomes carbonarius

termite for various lengths of time.
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CONCLUSION

The different levels of temperature at
control, (180, 200, 220, and 240°C) based on a
thermal treatment of 4, 8, and 12 minutes of for
had the lowest termite resistant rating and was
significantly different. At 220 and 240°C and
based on a thermal treatment duration of 4, 8,
and 12 mins, the rating level of termite
resistance was higher.

We conclude that a thermal treatment at
higher temperatures given a length of time can
protect young teak plywood. The minimum
recommended temperature for  thermal
treatment of such products is 220°C for 12
minutes.
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ABSTRACT

The objectives of this study were to investigate the variation in growth, survival, and phenological
characteristics of an Acacia hybrid at Lad Krating plantation, Chachoengsao Province to select clones suitable for
the Lad Krating plantation. A total of 37 clones were selected, out of which 27 clones were selected from the
clone bank of Lad Krating plantation and 10 clones were obtained from the Royal Forest Department (RFD) through
a randomized complete block design (RCBD) with four replicates from the 37 clones. Growth characteristics were
measured every six months and phenology characteristics (stem straightness, axis persistence, and branch
thickness) were collected for 24 month old trees.

Results of the study indicated that the average diameter at breast height (DBH) at ages 6, 12, 18, and 24
months were 1.40+0.57, 4.19+1.07, 6.23+1.40, and 8.08+1.68 cm, respectively, while the average heights were
2.50+0.45, 4.22+0.76, 6.81+1.24 and 8.96+1.40 m, respectively. The survival rate for trees of age 6, 12, 18, and 24
months-old were 91.34+9.42%, 93.92+6.94%, 88.30+11.33% and 86.97+11.72%, respectively. The measured
phenology characteristics for 24 month old trees indicated that the stem straightness (on a scale of 4 points) had
an average score of 3.31+0.67, axis persistence (on a scale of 6 points) had an average score of 3.24+1.17, and the
branch thickness (on a scale of 4 points) had an average score of 2.07+0.92. Most characteristics of Acacia hybrids
from the RFD had a high growth performance and phenology characteristics apart from branch thickness. The
clones ranked according to five characteristics DBH, height, survival rate, stem straightness, axis persistence and
branch thickness indicated, that clones No. 34, 33, 31, 37 and 35 had the highest perfomance at the Lad Krating
plantation.

Keywords: Clonal test; Acacia hybrid; Growth; Phenology
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2.50+0.45, 4.22+0.76, 6.81+1.24 kag 8.96+1.40 AT MUEIAU SNTITEAAERAENDNY 6, 12, 18, kag 24 Lo da1
Wiy Tegay 91.34:9.42, 93.92+6.94, 88.30+11.33 Uag 86.97+11.72 MUAIAU UATN15ANYIUNTI 101¢ 24 LFoU
1 1 o v @ alol a | [ o v @
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nansAnwldnssiiugnuan ldunnnsudildiuansdnuaeia eniiuvunavesis Wedadduazuuulagldinast awindu
H1uAudnaiesen ANES §MT1N13I0ANIY NTHANIIH ANUATY WAZTUIAYBINT WU 5 AdUagRuNfnanInNn1g

naaeululasugniiarutiaianseiia laun Clone No. 34, 33, 31, 37 uay 35 Auddiy
AdAY: NINAdBUAeRY nIEiugnaay N1sWule anvarsUnsaswulyl

A1 fszuusniifiguautiluniseddulnsiau (nitrogen-

oiaUssinalneid ulssmnai andnans e fixing) Taadinisiswiandeiu seuinsuuafitie Tsladeu

gauanysaiun wiluaniuntsal Jaq dundunuin (rhizobium) Mg s naloeUT AL wateslunalst

Vl%JWEJ’]ﬂS‘L'J’]vLﬂ ”Lé’aﬂauﬁuﬁhuquu,m TA8AU LR U LA ‘U'JEJ@J@S'W!E]'WVHMaﬂLLauﬁ’]ﬁlﬁ]’m’]ii@ﬂ%ﬂ%ﬁ’m’]iﬂLﬁl‘UIC‘]

\wisugnakavdenuuviad atun 12 (w.a. 2560-2564) lidluannuangonsine o wiluiufiidunanimge

wazunugnseansed 20 U Simunefiosifiuiufiinly ayaad (Ungwichian et al., 1985; Pattanasupong, 1993)

18 %onas 40 1098 uiilulssind Tnautadud e WWanaezmdaduliiladaninnudAyuin vesdaia

o . a Q)‘U = L4 dl U % [ )% I3
mia‘ug%JmJ Xowas 25 waziui \sughedovar 15 voq Lamamu’maamamim WeaysuUsanugalaunsalgniiu
v ' o | A A | a o @
Wufiluuszma ety msgnadeenutionaduiudon andwalngiidnudmaasygiiegann dmiy
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sl lianadutegty MAATEEN A 9 la suanuaulauini eanisidulnuag

Wianansziuvdeeniaide (Acacia spp) Wulilada ANNaNIluNTUSUUTIRY Ussmalnednisiauiwag

o U &My a a s v

(fast growing tree species) 8¢ lu29# Fabaceae i 0 Usuugeiug laun ﬂiuyﬂ‘uL‘VlW’] warnsziumseA el
a < ] a =] 3 a v

Uszana 1,350 9l salan Tneifou 1,000 ¥ia U wulansuaziinisnanileldgs Inenseiugnuanddnvay

Mllatulsvimeeeawside waz U8Rl uazuinnin 70 fduitanase duled sazaunsaugnuasisiyduloli

Uszine ilanlafimsiilfianailuvgnduldlagasiiedu vanuiufl Jefinamunneaufigaluntsdenhinugn uie

Tnstandensaiauindansssia Uandiodundyi Anw dneninlunisiule waztduwuwmislunisinly

1 f Y A & A
dolnsu ssnidundulifinussivssasamly Ugnadnaulildegrumnzay lnslanizegedaluiui
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amulgnauiasusia ileiuyarvosiuil uandie
winselesnmandlseld
nsrdugnuaulufiuiivszmalnediulng Hinan
NINANTINANETTUIIA UThEmd1aanseiie lng
osrmsgpavnssutnlsl Idfimafuaesunssiuiifidnuae
Wugnuanlugluuusuiaisareduns eaiusiuiug
(clone bank) usgsuateyan1sAnwiiunisiiule Jadl
anusududos@nuiiedumansdunseiugnuanvos
audhaanszfiaifsnnmadulafiiiosrannsadaeiy
msUgnaseaulileasugiaseluld Faa1nnsdnw
aedunsziugnuay o aaudiainnseiia liedniden

aeduna Nanansaduaiunisugnaiisatuluasygialy

£
[

ATeIY anedunTEiugnnanvealulIaIAnTe e
Joms1n1550an1eM e Feo1atnuwauikazdnasuly

nsugnassauliiewasugiaselule lunsfnwinasadl

[

dngusrasdfnwidssudisudnsisunmsidule uag

DN

8HIINITTOARNY Smﬁa‘uizLﬁué’ﬂwngﬂmwmawﬁu
nsvfiugnuanvesaludiatansefs Jminagifans
dmfuAnidenagdunseiugnuaniiulad ieoduasy

nsUgnassesuliilelasugiasiely
L1 ad
UNIULAZIGNTT

/s
1. edunsziugnuauiilinaaaa
Tnsrdugnuausionun 37 aredu Taoiduanedu
nszdugnravesesin1sesavnssuUIll 91 27 anedu
(Clone No. 1-27) 7 l#u1annnsuandunuss5uv1a
seninnsgiunniuaznszdunsidngluaiudiaia
nseiie wazanedunsziugnnaniiduasulaensudils
31U3u 10 @gu (Clone No. 31-40)

2. MIINEININARD
Tdununitsnaassuvudg uluvdonany ol

(randomized complete block design, RCBD) 9117u
4 91 (4 vden) Lm'as%ﬂ%ﬂixﬂauﬁwmzﬁuqnmam 37
aedu viseuUasgey lneusiavuuasgasyinisugnnseiiu
gnuaNaesuFeIiuduIg 16 Au ldseesdgn 2 103 x
3103
3. msudaya

3.1 Tindesiloinnrugasialls! (haga altimeter) wazlsl
Tarnugeineuawesiulivniuluwlamageuaedu
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3.2 Thwmuinvuinaaule (diameter tape) TAUUIA
dushuaudnanuiiesenvesiuldnnduluulasiiegia
3.3 Usziliugunseansiu lneudseeniu 3 dnvae fe
ANWULNITLANITDIAGY (axis persistence, AP) A3
ASIUDIEIAY (stem straightness, SS) LAY YUIAVBIN
(branch thickness, BT) (Pinyopusarerk, 1990) Taeinoun
mslvnzuuy feil
1) MSLANSIUVDIAINU TEAUAZUUL 1 — 6 ALY

o £% |

LHUN 1 AP ULANIUNTEAUNUAY

an

o A °

EAUN 2 FULANIUNTEAUAIINGRINUFY

an

Taiunildlugvasanau

N

JEAUT 3 AAULANOINTITEAUAIINGINTIUAY

senavilsluadauialugeavnansy

o A

JEAUT 4 EAULANOINTITEAUAIINGRINTIUAY

senisdasludnseuludvesdnu

o A

JAUN 5 AAULANSINTITEAUAIINGRINTIUAY

niansludvesnugeesanduy

o A

sEAUN 6 hifin1suandiuvesdduLae
2) ANUATIVOIAPUY TEAUATLUY 1 — 4 AZLUY
SEAUT 1 AR UAANIBNIN NI BUAIH UAMNID

UINAIIEDIBIAY

£

SEAUT 2 AP UAAIBLENLDY YT aNaIAUANID

TRUNINEADILII

@

SEAUN 3

o v

AP UABUTIIATY AT a1AUARID
@ntios
5EUTl 4 drduainse
3) YUIAYBINT SEFU 1 — 4 AYIUY

o A

syeud 1 dasnfivualugun Taedifsunalng

17NN 2 AsRvuaenUlaunnImRsluauua AL

TV

aa aa ' N
szaud 2 dnsndauialuguin laeinsauin

Tugy 2 Asndiaueaulauinaivilsluauedaiu

o o

PP P I3 aa '
szAUNl 3 dnsnvwaan Tnesnsuuinlng 1
AeflvunnanulaunnIuTel ULV AY

seaudl 4 TR dvunadnunn taedawialull

YUINANUIALRYNIU Tl YA LYBIEIAU

4. MpTidayaneain

Ansgideyanisidule 6nIIN1378ANY LAY
JUNTI AEITIATIVAUMUTUTIU Analysis of Variance
(ANOVA) Tngldlusunsudniagunieada (Usunsu R)
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5. N3INAMUATUULY
nsAaldenatedunsziugnuaniilinisiiuleg

ANwarIUNIa uazlidnsinissenniesds amvuaLnoe
Al LA 5 1naut Ao YuIdURIuANENaTees
n (diameter at breast height, DBH) A11ugs (height, H)

AIUATIVDIAIAU (SS) NITHANIIUVBIAIA Y (AP) WAy

'
a

uAvedna (BT) Inenishvinzuuugegaveusazinasiazd

v
= K]

JuegiuingUszasalun1sfiny) Fansinw

1

Al
Tunfsiinssiugnuanasdesiinnulnuasanugedid lng
nslinzuuugegaluusazinaEilinIsUssend 1131nN13
Antdenuwidldaysn vea Misha (2009) wagn1sARLEoNW
T imnn1lsv99 Pipatwattanakul et al. (2010) 1aeld
33113 Paired comparison #vazifunsiseuiiaunas

Naa 191 N

lunsdmdeniiaze lnedisn1slvazuuy Ao 1=

AMUAIAYNINNTN 0 = dANUEIAYYIIAY wag -1 = &
ANEIAYTRENI
a L1
WNEILLEIS IV I
n1sAUle

nsiulavesnsziiugnuanluwvamaassaiud
Aa1AN5EN e TInTRavidunsy N anua 37 angdu

MnsAnwinisavlalaenisinuuiadusuaugnans

[eson (DBH) LLazmmqaﬁwm (H) maalﬂﬁﬁmq 6, 12,
18 waz 24 1o lnsnansiivlnvesnsziugnuandls
ihnsAnwlugisegiainan Usnguadail

1. Ywadurugudnataiesen

AnafgvIAEUNIUANENALTiEeN AT EAYDY

q
v

nszfiugnuay 10 aeduusnvedliififieny 6 e viaua
\Junszfugnuauiiauthaansyiishunugnmeasudiu
Anadsrunaduiugudnaaiissondifiigavesnsed
ANKAY 10 A18AULIN maﬂﬁﬁﬁmq 12, 18 wag 24 whou
wfidndsvensziugnuauiidumeduiidaaialagnsy
Unligdunneie Tneaneduvnadurugudnaluiies
onfiffigavoisatugaengdand I Clone No. 33
uazvadusuaudnanafissenvesnssiugnuasis 37
anefuiitamaaey duuldndsiudedoisfiuniy
Tnefleadeluusasaseny il

nszdugANau ﬁ'mq 6,12, 18 way 24 LA oy
fiaedsvunaduriugudnaraiiosenivitiy 1.40, 4.19,
6.23 uaz 8.08 Lwuflums AwEIRU Jeaneduiifiaiade
g9gafiony 6 Lieu Ae Clone No. 23 TasilAwindy 1.78
WwuRluAs uazaneduiiiiredegeaniiony 12, 18 uay 24
e Ae Clone No. 33 lagflA Ay 4.68, 6.96 kay

9.09 WUALLAT MUa1AU (Table 1)

Table 1 Average diameter at breast height of the top 10 Acacia hybrids at ages 6, 12, 18, and 24 months old in

the clonal test at the Lat Krating Plantation, Chachoengsao province

Diameter at breast height (cm)

Clone No. 6 M Clone No. 12M Clone No. 18 M Clone No. 24 M
23 1.78+0.75 33 4.68+1.19 33 6.96+1.27 33 9.09+1.45
19 1.77+0.61 34 4.65+1.28 31 6.89+1.56 36 8.88+1.94
26 1.68+0.65 23 4.65+1.02 26 6.79+1.59 31 8.84+1.98
18 1.61+0.48 10 4.62+0.86 34 6.78+1.66 34 8.72+2.08
21 1.58+0.60 19 4.57+0.93 35 6.73+1.52 35 8.72+1.47
10 1.58+0.54 31 4.55+1.13 10 6.64+1.27 37 8.60+2.04
2 1.57+0.65 35 4.55+1.05 23 6.58+1.28 26 8.54+2.01
12 1.56+0.49 2 4.55+1.30 19 6.57+1.63 9 8.49+1.87
27 1.55+0.54 21 4.48+0.82 36 6.55+1.65 10 8.46+1.66
17 1.54+0.54 25 4.47+1.01 12 6.48+1.12 21 8.39+1.41
Over all mean  1.40+0.57 4.19+1.07 6.23+1.40 8.08+1.68
F value 10.18** 6.303** 18.457** 4.592%**

Remarks: M = months  ** = highly significant at p<0.0
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\odiaseinnuuUsusIu wudn surndusiny
gudnarafisenvasanssunseiugnuanlunnyaseryi
n1sAnw fanuuandnsiuegnadvedAydomneada
LarIINASANWIVUIALF UK WA UG B98N vRINTE iU
QnwaNTia 37 anesu agufiuinlurageny 6 e Clone
No. 23 Fafunsziugnuaniiautiaianseiisiugn
NAFDU Lﬁﬁglﬁﬂmlﬁaﬁqm Mﬁdﬂﬁﬂfuiuﬁaqawq 12, 18
way 24 1fou Jadunszfugnuaniiiuiugiduaialog
nsuUld WigAvlamesuvnlduRuAudnaa e
onAfigavawauTasegiinan Tneanalaadofien
24 \flou vesasduiiinulafifigado Clone No. 33 1l
mnulaedswindu 9.09 lwuiuns duflowSsuiiouiu
AM3AN®IUBY Haruthaithanasan et al. (2010), Jumwong
(2006) war Thepchatri et al. (2018) fifinwin1sidula
susaduruqudnanufisonvenseiuiiony 24
Wiou ianulalad e 4.41, 381 way 7.40 LYURLUAT
AR Lagn1sAnYIes Kha (2000) AdnwinsiAula
fusadur AU naafissenveanseiuiieny 30

Wwau fanulaade 5.20 lwuRwns tneziuleiinseiu

gnwau Clone No. 33 Jaduaneduiduaiulaensuvalyl
fanulawdeaninaesuvetesinsanamnssuUalyd

2. AUGY
Aedurmnugeinfigavanseiugnuan 10 anasy
wsnvesldififleny 6 ey dawluajidunssiugnuaniiaiy
Uhaansyiiniandgnuaaey duradsanugsiiaign
yosnsziiugnaan 10 anesuusn vedlsiifiony 6, 18, uay

24 \fou dallnginsyiugnuaniiduiugidaaialaonsy
Ui Tnganesuiifirnugsiinnanvesnsiugnaeau fieng
6,12, 18 uaz 24 Liisu loun Clone No. 27, Clone No.
35, Clone No. 33 waz Clone No. 34 fuUaeu kagAINy
gjwmﬂizauqﬂmauﬁu’q 37 geduiivivegey Juudldy
dintudlefiongfiunntu Tneflrnadsluusazdisony dil

nyedug nHay ﬁ'mq 6,12, 18 hay 24 i ou &
ﬂIWLQadIEJﬂ’J’IQJ@JQWf’]ﬁJU 25, 4.22, 681 WAy 8.96 LUAT
AUAINU %qawaﬁuﬁﬁﬁm?{aqqqmﬁmq 6, 12, 18 uay 24
wau leun Clone No. 27 qm?{a 2.77 w3 Clone No. 35
gaade 274 15935 Clone No. 33 gulad s 7.82 1ung LAy

Clone No. 34 gaiade 10.40 Wims sudiy (Table 2)

Table 2 Average height of the top 10 Acacia hybrids at ages 6, 12, 18, and 24 months old in the clonal test at

the Lat Krating Plantation, Chachoengsao province

Height (m)
Clone No. 6 M Clone No. 12M Clone No. 18 M Clone No. 24 M
27 2.77+0.50 35 4.79+0.76 33 7.82+1.08 34 10.4+1.69
19 2.74+0.49 33 4.78+0.91 37 7.46+1.71 37 9.97+1.88
23 2.71+0.48 31 4.70+0.85 31 7.43+1.35 33 9.86+1.31
18 2.70+0.41 37 4.60+1.31 36 7.34+1.60 31 9.69+1.79
12 2.66+0.37 34 4.52+0.86 34 7.31+1.16 27 9.61+1.35
33 2.65+0.41 2 4.51+0.87 35 7.26+1.26 36 9.60+2.00
2 2.65+0.52 25 4.47+0.75 7 7.25+1.66 35 9.48+1.37
21 2.64+0.42 10 4.42+0.45 19 7.22+1.59 2 9.41+1.84
35 2.64+0.51 16 4.38+0.81 2 7.20+1.57 7 9.24+1.66
31 2.62+0.42 23 4.37+0.60 32 7.19+1.24 21 9.10+1.25
Over all mean 2.50+0.45 4.22+0.76 6.81+1.24 8.96+1.40
F value 9.235%* 6.525%* 6.134** 6.883**

Remarks: M = months ~ ** = highly significant at p<0.0

1
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\oTinsnzvinnuudsUsIu nudn Augeves
n3ziiugnuay 1unﬂszmmqﬁﬁwmiﬁﬂmﬁmmuﬁmmar"fu
atadiduddydmneadi LAZIINNITANYIAIUE VD
nsedugnuansie 37 anedu axiiiuiludiseny 6 ey
Clone No. 27 Faifunszugnuauiiarutiainnsziia
thangnneaey Windulaldafian udmniuluiisey
12, 18 way 24 \@au Clone No. 35, Clone No. 33 Wag

o

Clone No. 34 muddu Fadunseiugnuauiiduiugn

P

duasulagnsuild wIyivlameduanuginanves
Tataengfinan Tasmuguadsiieny 24 1oy ves
aneuiiiinugsiniaade Clone No. 3¢ fanulads
Wiy 10.40 wes FadeFouiiisuiunisdnwives
Haruthaithanasan et al. (2010) Jumwong (2006) way
Thepchatri et al. (2018) fifnwinsdulasmuANIgsves
nsefiueny 24 \ieu flanuguade 7.30, 3.36 uay 9.9,
lAs AUAIRU Wazn15AnIYea Kha (2000) AdAwINS
iulasnunnugeesnsiiuiiony 30 Lo finnuguads
4.50 was Tagaziiuldinnsziugnua Clone No. 27 @
\Huaeduvesdautnannnsyiis fanugaadsiiangi

2NIINTTTOARY
Andsnnssoamediafignvosnsziugnaay
10 aefuusnvasldluyniaeny Weviamadunssau
gnuaufimutannssiisiagnyaaey Tnsanesuis
danmsseamedidfianiieny 6 e léud Clone No. 16
ameduifidasnisseamefidfianiieny 12 ou leun
Clone No. 12 angdufifisnsnissenameiiffianiieny 18
o waz 24 Liou lauA Clone No. 10 kaxdnsInN15sen
pgveinTriugnuansia 37 arsduditiuimegey i
wultusenmeanas ieflengiiundu lasleny 6, 12,
18 waz 24 \feu dAadsasnissonmeominfusesas
91.34, 93.92, 83.30 uay 86.97 sudwiu Jeenesuiifidiade
mssenmegsaniieny 6 ieu léuA Clone No. 16 8ns15em
me¥eway 100 fieng 12 1o léin Clone No. 12 79
senReianay 100 fleny 18 uag 24 \ieu lfud Clone

No. 10 9ns15enn185o8ay 98.44 auainu (Table 3)

Table 3 Average survival rate of the top 10 Acacia hybrids at ages 6, 12, 18 and 24 months old in the clonal test

at the Lat Krating Plantation, Chachoengsao province

Survival rate (%)

Clone No. 6 M Clone No. 12M Clone No. 18 M Clone No. 24 M
16 100.00+0.00 12 100.00+0.00 10 98.44+3.13 10 98.44+3.13
12 98.44+3.13 16 100.00+0.00 6 96.88+6.25 24 95.31+5.98
17 98.44+3.13 24 100.00+0.00 2 95.31£5.98 4 95.31+3.13
24 98.44+2.13 6 100.00+0.00 35 95.31+3.13 6 95.31+9.38
6 98.44+3.13 10 98.44+3.13 a4 95.31+3.13 20 93.75+7.22
19 96.88+6.25 17 98.44+3.13 20 93.75+7.22 22 93.75+8.84
2 96.88+3.61 2 98.44+3.13 22 93.75+8.84 26 93.75+8.84
22 96.88+3.61 22 98.44+3.13 24 93.75+£5.10 35 93.75+0.00
23 96.88+3.61 23 98.44+3.13 12 92.19+11.83 12 92.19+11.83
27 96.88+3.61 26 98.44+3.13 23 92.19+15.63 25 92.19+5.98
Over all mean  91.3449.42 93.92+6.94 88.30+11.33 86.97+£11.72
F value 1.258"™ 1.435 ™ 1.102 ™ 1.047 ™

Remarks: M = Months ™ = non-significant
WodnsziauulsUsIu wull SnsnsTennIy

voanseiiugnuay lunnyasereinmsfnylunnyieny

gauuana1snued vluddedAgynieadf way

NAISANBITNIINTIOANYVDINTLRUGNNANN 37
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fima1n1ssennie Yesay 100 luvnefin1s@nuives
Haruthaithanasan et al. (2010) WU31 9A31IN15TOAMY
younszAUWAISIATIoNy 12 ey Idnmssenneiads
Sovay 84.99
JUNsEdY

mLa?{ammmwaaé’ﬁu (stem straightness) ay
MIUANIUTBIEGY (axis persistence) AirnAzuuy Gy
ﬁﬁqmamssaugﬂwam 10 angduusnlugieey 24 Lhsu

1y

dndlngunszdugnuaniiuiugidsasulaonsulild

a

LaEUUIAYBIAY (branch thickness) fifd Az uLLLAA A
fignvaensziiugnaay 10 anesiu usnlugiseny 24 ey
\Hunsyiugnaauiiaiuthainnssiisihundgnvaasy
aeduiifanadsnzuuununesiiuinae
#io Clone No. 31 fiduaduwiniy 3.86 Azuuy
aefuiifAadsaziuunTuAndesddL A
fignfie Clone No. 36 fAadsiniu 3.8¢ Azuuy
aeduiifidad sazuuuruinuesiiidiignde

Clone No. 15 flfadawinfu 2.40 Azuuy (Table 4)

Table 4 Average stem form of the top 10 Acacia hybrids aged 24 months old in the clonal test at the Lat Krating

Plantation, Chachoengsao province.

Clone No. Stem Clone No. Axis persistence Clone No. Branch thickness
straightness
31 3.86+0.35 36 3.84+1.16 15 2.40+0.91
37 3.73+0.49 37 3.82+1.32 16 2.38+0.89
35 3.70+0.50 31 3.75+1.28 18 2.34+0.83
38 3.62+0.60 34 3.66+1.40 4 2.28+0.86
7 3.59+0.58 1 3.57+1.30 35 2.27+£1.10
34 3.58+0.84 33 3.57+1.30 9 2.24+0.82
33 3.53+0.54 7 3.5+1.19 31 2.24+1.06
32 3.53+0.57 35 3.43+1.31 37 2.16+0.90
1 3.45+0.58 9 3.43+1.09 7 2.15+0.92
16 3.43+0.72 19 3.33+1.17 14 2.14+0.94
Overall mean 3.31+£0.67 Overall mean 3.24+1.17 Overall mean 2.07+£0.92
F value 6.748** F value 3.598** F value 3.942%*

Remarks: Stem straightness Scores= 4, Axis persistence Scores = 6, Branching habits Scores = 4

** = highly significant at p<0.01
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(2013) wagn1sd@nwanunzsunsevedldya1d uda
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dowSeufisumsinundnuazsunseesliivingu 1 1wy
n1sA nwd nuag3UNselddnues Wattanasuktamnan
et al. (2016) MU JUNsveslddnddnuwaed finii
nszfugnuasLdntos FeliAaziuuresmLnTIveady
NSUANINVBIAL UWALYUINYDIAT WNAY 3.06, 4.71
Wag 2.72 MNEIRU winsfnwanwarsUunswesliuses
Y84 Boonrod et al. (2016) Wui1 nszfiugnuauiianune
sUnssaduinIliiuseg JefiAnzuuuvesnunsIves
A8 NTUANIINVDIEIRY WATIUINVDIRT WY 2.07,

2.17 wag 2.02 auanu
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n1sAnaandeAuninIsAulaf dnuuzuNTed
wazilonsN1TTOANYES
N15ANANNUATUUU

nsAaLienatgAunsEiugnrauilinisiaulag

ANwarIUNINa uaslidnsinissennieds anvuaLnoe

sraqiliiamun 5 it Ao sumduiiuguinaaiies
N (DBH) AMaEs (H) Aunsavasdsiy (SS) n1suandiy
Y93aHU (AP) WazvuInvesis (BT) Iagld35ns Paired
comparison @slifazuuu fie 1 = danuddguinndi 0
= danudAgywinAY way -1 = daudiAyiosndn

(Table 5)

Table 5 Score values for selecting Acacia hybrid with a good growth and stem form.

DBH H SS AP BT

Diameter at breast height (DBH) 0 -1 -1 -1

Height (H) 0 -1 -1 -1

Stem straightness (SS) 1 1 0 0

Axis persistence (AP) 1 1 0 0
Branch thickness (BT) 1 1 0 0

Sum 3 3 -2 -2 -2

F a4 a4 a4 a4 a

Sum+F 7 7 2 2 2

Relative weight (%) 35 35 10 10 10

Remarks: Sum = Total score

Sum+F

Relative weight (%) = x 100

2}11 (Sum+F)

311 Table 5 vilvins1uAIAz UG sEaluLA AL
e il

YIALHUR A UGNALNEDN LAZAIINGITZAY
AZUUUFIAAVINTY 35 AZULUY

ANUATIVDIAFU NMIUANIINVRIARY UALYUIA
Y99 SEFUAzILLGIEAITY 10 AzULY

PNTLAUALUUUGIGATDIUALLNI FHOIIUUIN

wanduseiunzuuuges Tnanislvnzwuugasaziuean
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F = Number of criteria for selecting appropriate trees -1

autlodidudaurure A azanedud oaned Ui e
(% superiority of each clone of total clone) %8470
mssaasuAzuuLlnenisii 5 dnvaey Aldannsiule
wazN1SUTZHINUNTRIAAU YaInTEiugnaay Faldun
ANNE YUALEUEUAUgNa1LiBIen NMIUANIY VBl
FU ANUASIVEIEIEY LavauIauesie wazliazuuuden
fuusaganefuud wudn 5 dfuaesuRiARaniivang iy
nsdaasunisugnasisatuda laun Clone No. 34, 33,
31, 37, 35 guaRU F9n9 5 aneduduaneduiidauasy

Taonsuilyl Asnandly Table 6
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Table 6 Average score of the top 10 Acacia hybrids aged 24 months old in the clonal test at the Lat Krating

Plantation, Chachoengsao province.

Score
Rank Clone No.
DBH H SS AP BT Total
1 34 30 35 7 8 4 84
2 33 35 28 7 7 4 81
3 31 32 25 10 8 5 80
4 37 28 30 9 9 4 80
5 35 30 22 9 6 6 73
6 36 32 24 6 9 2 73
7 7 21 19 8 6 4 58
8 26 27 16 5 4 4 56
9 9 26 14 4 6 5 55
10 32 23 17 7 3 3 53
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ABSTRACT

This study aimed to investigate the forest structure and carbon storage of trees in the Huai Sataeng
Watershed Management Unit, Thung Chang district, Nan province. The forest area in the unit is located at elevation
ranging from 500 - 900 m above sea level. Sample plots of size 40 m x 40 m were placed according to the specific
height above the mean sea levels of 500, 600, 700, 800 and 900 m, respectively. In each plot, trees, saplings and
seedling data were collected to assess the relative density, relative frequency, relative dominance, and importance
value index (IVI). The biomass also was calculated using allometric equations and the carbon stocks were estimated.
The unit had a total of 89 species in 69 genera and 42 families of plants. The density of tree, saplings, and seedlings
were 803, 40,500 and 764,000 (tree/ha), respectively. The top five indicator tree species in the Huai Sataeng
Watershed Management Unit were Lithocarpus fenestratus, Aporosa villosa, Croton persimilis, Pterocarpus
macrocarpus, and Schima wallichii. The total aboveground biomass of all species was 423.49 t/ha, with the tree,
saplings, and bamboo biomass contributing 367.74, 1.83 and 53.92 t/ha, respectively. Additionally, the total carbon
stock was estimated at 199.04 t/ha.

Keywords: Plan diversity; Biomass; Carbon stocks; Watershed area
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naw (Lithocarpus fenestratus) \wislealan (Aporosa villosa) wWanlvigy (Croton persimilis) UsegiUn U1 (Pterocarpus
macrocarpus) wagn#ld (Schima wallichii) \ulsiividdyosusisd dwiunatinwniefufuvomssalinaie
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Fuamginanazdsuuasanmliduaiveuisnify gunovedne dmdmin uazarlifigudoyanineinsd
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TuftuiiAnundudmaundaly SUnuganssunszasey
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nguponideaniioveaiiudl faugeainsedudmeia
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flounnfigeqaiadeninfu 39 esrwaidoa Usuialy
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Watershed Management Unit, 2021)

Map of Five sample plots
in Huai Sataeng Watershed
Management Unit

Agydnenl

| ] Forest

Boundary of Huai Sataeng
Watershed Management Unit

Plot 1 (the mean sea level at 500 m.)
(coordinates : T03371E, 2169530N)

Plot 2 (the mean sea level at 600 m.)
(coordinates : 7T00492E, 2170240N)

Plot 3 (the mean sea level at 700 m.)

(coordinates : 697446E, 2167580N)

Plot 4 (the mean sea level at 800 m.)
(coordinates : 694TBIE, 2162960N)

O @ O @& O

Plot 5 (the mean sea level at 900 m.)
(coordinates : 692539E, 2162010N)

0 07515 3 45 6

Figure 1 Sample plots in the Huai Sataeng Watershed Management Unit, Thung Chang district, Nan province.
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34 33 dadvtianuvaneviaiuguaslilngviiiu 3.31
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(Magnolia henryi) news widlanlan neves (Castanopsis
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(Figure 3)

Table 1 Tree species composition in the Haui Sataeng Watershed Management unit, Thung Chang district, Nan province.

Plant Shannon-Weiner Stem density Stem density
Species Genus Family
category index (H") (stems/rai) (stems /ha)
Tree 64 52 34 3.31 128.48 803
Sapling 42 39 25 3.17 6,480 40,500
Seedling a7 41 27 3.14 122,240 764,000
Bamboo 3 3 1 0.85 14.4 (clump/rai) 90 (clump/ha)

Table 2 The top five tree, sapling, and seedling based on importance index (V1) in the Huai Sataeng Watershed Management

Unit, Thung Chang district, Nan province, including the relative dominance, relative density, and relative frequency.

Plant category Scientific name Family name RDo(%) RD(%) RF(%) VI
Tree 1. Lithocarpus fenestratus Fagaceae 14.03 3.74 252 20.29
2. Aporosa villosa Phyllanthaceae 5.09 10.90 4.20 20.20
3. Croton oblongifolius Euphorbiaceae 4.33 13.86 1.68 19.87
4. Pterocarpus macrocarpus Fabaceae 9.57 5.45 3.36 18.39
5. Schima wallichil Theaceae 8.82 7.32 1.68 17.82
Sapling 1. Croton persimilis Euphorbiaceae 23.31 13.89 3.57 40.77
2. Aporosa villosa Phyllanthaceae 11.96 7.41 4.76 24.13
3. Schima wallichil Theaceae 11.49 8.64 1.19 21.33
4. Dalbergia foliacea Fabaceae 6.53 8.33 5.95 20.81
5. Cratoxylum cochinchinense Hypericaceae 6.30 8.33 4.76 19.39
Seedling 1. Cratoxylum cochinchinense Hypericaceae - 20.94 5.68 26.62
2. Dalbergia foliacea Fabaceae - 9.95 5.68 15.63
3. Pterocarpus macrocarpus Fabaceae - 5.76 5.68 11.44
4. Croton persimilis Euphorbiaceae - 6.81 3.41 10.22
5. Dioscorea cirrhosa Dioscoreaceae - 3.93 5.68 9.61
Bamboo 1. Gigantochloa albociliata Poaceae 5.01 41.07 55,56  191.15
2. Cephalostachyum pergracile Poaceae 0.47 53.72 33.33 92.06
3. Dendrocalamus membranaceus Poaceae 94.52 521 11.11 16.80

Remarks: All importance value index (V1) of trees, saplings, seedlings are listed in Appendixes 1-3.
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1 Vertical structure

Figure 2 Profile and crown cover diagram of forest characteristics (at 800 m above Sea level) in the Huai Sataeng
Watershed Management Unit, Thung Chang district, Nan province.

Remarks: Wood types appearing in the mixed forest plant communities including Castanopsis argyrophylla
(1,5,12), Lithocarpus fenestratus (2,3,8,10,11,28,50,57,68), Aporosa villosa (4,23,27,32,326,38,40). -
49,51,53,58-60,62,63) Craibiodendron stellatum (6,21,24,31,33,34,52,55,65) Magnolia henryi (7) Irvingia
malayana (9,13) Wendlandia tinctoria (14,15,56,64,66,67) (Castanopsis echinocarpa (16,17,25,37,54,61)
Schima wallichii (18,19,20) Lithocapus elegans (22) Cratoxylum cochinchinense (30,39)

35
30
25
20
15

10

5

<5 6-10 11-15 16-20
Height (m)

No. of trees (trees/ha)

Figure 3 Height distribution of trees in the Huai Sataeng Watershed Management Unit, Thung Chang district, Nan

province (at 800 m above Sea level).
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Tabel 3 The aboveground biomass and carbon stocks of the forest in Huai Sataeng Watershed Management Unit, Thung Chang district, Nan province.

Plant category

Aboveground biomass (t/ha)

Carbon stock (tC/ha)

Stem (Ws)  Branch (Wb)  Leaf (WD) Total Stem (Ws)  Branch (Wb)  Leaf (WU Total

Tree 286.27 72.75 8.73 367.74 134.54 34.19 4.10 172.84
Sapling 1.57 0.20 0.06 1.83 0.74 0.09 0.03 0.86
Bomboo - - - 53.92 25.34

Tabel 4 The top five species based on the aboveground biomass and carbon stocks of trees in the Huai Sataeng Watershed Management Unit, Thung Chang district, Nan province.

Aboveground biomass (t/ha)

Carbon stock (tC/ha)

No. Thai Name Scientific name
Stem (Ws)  Branch (Wb) Leaf (W)  Total Stem (Ws)  Branch (Wb) Leaf (W)  Total
1 Aown Lithocarpus fenestratus 46.72 15.09 0.96 62.76 21.96 7.09 0.45 29.50
2 dsggth Pterocarpus macrocarpus 29.75 6.73 0.90 37.37 13.98 3.16 0.42 17.57
3 9 Shorea siamensis 24.88 5.42 0.79 31.10 11.69 2.55 0.37 14.62
4 wngla Schima wallichii 21.68 6.90 0.53 29.11 10.19 3.24 0.25 13.68
5  nolhoy Castanopsis acuminatissima 18.18 5.23 0.46 23.87 8.57 2.46 0.21 11.22

Tabel 5 The top three species based on the aboveground biomass and carbon stocks of saplings in the Huai Sataeng Watershed Management Unit, Thung Chang district, Nan province.

Aboveground biomass (t/ha)

Carbon stock (tC/ha)

No. Thai Name Scientific name Stem (Ws)  Branch (Wb) Total Stem (Ws)  Branch (Wb)  Leaf (WD) Total
1 Lﬂa”ﬂmj Croton oblongifolius 0.39 0.05 0.46 0.19 0.02 0.01 0.22
2 ngla Schima wallichii 0.19 0.03 0.23 0.09 0.01 0.04" 0.11
3 uilenlan Aporosa villosa 0.19 0.02 0.22 0.09 0.01 0.04" 0.10

(9992) £€12-661 (2)2h BU|EBELIMELLIELE
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Appendix 1 Importance value index (IVI) of trees, saplings and seedlings in Huai Sataeng Watershed Management Unit, Thung Chang

district, Nan province including density (D), frequency (F), dominance (Do), relative density (RD), relative frequency (RF),

relative dominance (RDo) and IVI of each species.

No. Scientific name Family name Do D F Rdo (%) RD (%) RF (%) IVI
1 Lithocarpus fenestratus FAGACEAE 1.99 30.00 60.00 14.03 3.74 2.52 20.29
2 Aporosa villosa PHYLLANTHACEAE 0.72 87.50 100.00 5.09 10.90 4.20 20.20
3 Croton persimilis EUPHORBIACEAE 0.61 111.25 40.00 4.33 13.86 1.68 19.87
4 Pterocarpus macrocarpus FABACEAE 1.36 43.75 80.00 9.57 5.45 3.36 18.39
5 Schima wallichii THEACEAE 1.25 58.75 40.00 8.82 732 1.68 17.82
6 Cratoxylum cochinchinense HYPERICACEAE 0.76 50.00 100.00 537 6.23 4.20 15.80
7 Shorea siamensis DIPTEROCARPACEAE 1.05 23.75 40.00 7.43 2.96 1.68 12.07
8 Craibiodendron stellatum ERICACEAE 0.44 45.00 60.00 3.11 5.61 252 11.24
9 Aporosa nigricans PHYLLANTHACEAE 0.41 52.50 40.00 2.89 6.54 1.68 11.11
10 Castanopsis echinocarpa FAGACEAE 0.80 16.25 60.00 5.66 2.02 252 10.21
11 Castanopsis argyrophylla FAGACEAE 0.55 13.75 60.00 391 1.71 2.52 8.14
12 llex umbellulata AQUIFOLIACEAE 0.26 38.75 20.00 1.86 4.83 0.84 752
13 Irvingia malayana IRVINGIACEAE 0.42 10.00 60.00 298 1.25 252 6.75
14 Cratoxylum formosum HYPERICACEAE 0.17 15.00 80.00 1.22 1.87 3.36 6.45
15 Dalbergia cultrata FABACEAE 0.17 17.50 60.00 1.23 2.18 252 593
16 Croton decalvatus EUPHORBIACEAE 0.24 11.25 40.00 1.71 1.40 1.68 4.79
17 Wendlandia tinctoria RUBIACEAE 0.14 16.25 40.00 0.96 2.02 1.68 4.66
18 Glochidion eriocarpum PHYLLANTHACEAE 0.05 7.50 80.00 0.32 0.93 3.36 4.62
19 Castanopsis cerebrina FAGACEAE 0.27 6.25 40.00 1.89 0.78 1.68 4.34
20 Canarium subulatum BURSERACEAE 0.14 5.00 60.00 1.01 0.62 2.52 4.15
21 Millettia brandisiana FABACEAE 0.10 6.25 60.00 0.69 0.78 252 3.99
22 Dillenia indica DILLENIACEAE 0.21 2.50 40.00 1.46 0.31 1.68 3.45
23 Dalbergia cana FABACEAE 0.23 7.50 20.00 1.62 0.93 0.84 3.39
24 Spondias pinnata ANACARDIACEAE 0.11 6.25 40.00 0.78 0.78 1.68 3.24
25 Dalbergia rimosa Roxburgh FABACEAE 0.02 3.75 60.00 0.17 0.47 2.52 3.16
26 Spondias bipinnata ANACARDIACEAE 0.07 6.25 40.00 0.47 0.78 1.68 293
27 Gmelina arborea LAMIACEAE 0.11 3.75 40.00 0.78 0.47 1.68 293
28 Lepisanthes tetraphylla SAPINDACEAE 0.07 6.25 40.00 0.46 0.78 1.68 292
29 Gardenia sootepensis RUBIACEAE 0.09 3.75 40.00 0.61 0.47 1.68 2.76
30 Phyllanthus emblica PHYLLANTHACEAE 0.04 5.00 40.00 0.27 0.62 1.68 2.57
31 Albizia odoratissima FABACEAE 0.11 7.50 20.00 0.75 0.93 0.84 253
32 Heliciopsis terminalis PROTEACEAE 0.15 5.00 20.00 1.03 0.62 0.84 2.49
33 Parkia leiophylla FABACEAE 0.16 3.75 20.00 1.11 0.47 0.84 242
34 Cinnamomum ilicioides LAURACEAE 0.13 5.00 20.00 0.94 0.62 0.84 2.40
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No. Scientific name Family name Do D F Rdo (%) RD (%) RF (%) VI
35 Terminalia nigrovenulosa COMBRETACEAE 0.02 3.75 40.00 0.14 0.47 1.68 2.29
36 Fernandoa adenophylla BIGNONIACEAE 0.03 2.50 40.00 0.23 0.31 1.68 2.22
37 Bombax anceps MALVACEAE 0.03 2.50 40.00 0.22 0.31 1.68 2.21
38 Nephelium hypoleucum SAPINDACEAE 0.06 7.50 20.00 0.42 0.93 0.84 2.20
39 Stereospermum neuranthum BIGNONIACEAE 0.03 2.50 40.00 0.18 0.31 1.68 2.17
40 Styrax benzoides STYRACACEAE 0.02 2.50 40.00 0.16 0.31 1.68 2.15
41 Phoebe lanceolata LAURACEAE 0.01 2.50 40.00 0.09 0.31 1.68 2.08
42 Trema orientalis CANNABACEAE 0.06 3.75 20.00 0.42 0.47 0.84 1.73
43 Memecylon edule MELASTOMATACEAE 0.02 5.00 20.00 0.16 0.62 0.84 1.63
a4 Lannea coromandelica ANACARDIACEAE 0.04 3.75 20.00 0.25 0.47 0.84 1.56
45 Anitidesma acidum PHYLLANTHACEAE 0.03 3.75 20.00 0.24 0.47 0.84 1.55
46 Diospyros ehretioides EBENACEAE 0.06 2.50 20.00 0.39 0.31 0.84 1.54
a7 Dalbergia oliveri FABACEAE 0.05 2.50 20.00 0.34 0.31 0.84 1.50
48 Magnolia baillonii MAGNOLIACEAE 0.07 1.25 20.00 0.50 0.16 0.84 1.49
49 Lophopetalum duperreanum CELASTRACEA 0.05 1.25 20.00 0.33 0.16 0.84 1.33
50 Alphonsea glabrifolia ANNONACEAE 0.02 2.50 20.00 0.15 0.31 0.84 1.31
51 Heteropanax fragrans ARALIACEAE 0.04 1.25 20.00 0.29 0.16 0.84 1.29
52 Syzygium claviflorum MYRTACEAE 0.04 1.25 20.00 0.28 0.16 0.84 1.28
53 Magnolia x alba MAGNOLIACEAE 0.04 1.25 20.00 0.27 0.16 0.84 1.26
54 Pavetta indica RUBIACEAE 0.01 2.50 20.00 0.04 0.31 0.84 1.19
55 Prunus cerasoides ROSACEAE 0.01 2.50 20.00 0.04 0.31 0.84 1.19
56 Careya arborea LECYTHIDACEAE 0.01 1.25 20.00 0.08 0.16 0.84 1.08
57 Paranephelium xestophyllum SAPINDACEAE 0.01 1.25 20.00 0.05 0.16 0.84 1.05
58 Magnolia henryi MAGNOLIACEAE 0.01 1.25 20.00 0.04 0.16 0.84 1.04
59 Ficus fistulosa MORACEAE 0.00 1.25 20.00 0.03 0.16 0.84 1.03
60 Suregada multiflorum EUPHORBIACEAE 0.00 1.25 20.00 0.03 0.16 0.84 1.02
61 Pittosporopsis kerrii ICACINACEAE 0.00 1.25 20.00 0.03 0.16 0.84 1.02
62 Memecylon plebejum MELASTOMATACEAE 0.00 1.25 20.00 0.02 0.16 0.84 1.02
63 Antidesma sootepense PHYLLANTHACEAE 0.00 1.25 20.00 0.02 0.16 0.84 1.02
64 Nauclea orientalis RUBIACEAE 0.00 1.25 20.00 0.02 0.16 0.84 1.02

Total 14.19142 802.5 2380 100 100 100 300

Appendix 2 Importance value index (IVI) of saplings in Huai Sataeng Watershed Management Unit, Thung Chang district, Nan province

including density (D), frequency (F), dominance (Do), relative density (RD), relative frequency (RF), relative dominance

(RDo) and IVI of each species.

No. scientific name Family D F Do RD (%) RF (%) Rdo (%) VI
1 Croton oblongifolius EUPHORBIACEAE 5625 60.00 3.51 13.89 3.57 23.31 40.77
2 Aporosa villosa PHYLLANTHACEAE 3000 80.00 1.80 7.41 476 11.96 24.13
3 Schima wallichii THEACEAE 3500 20.00 1.73 8.64 1.19 11.49 21.33
4 Dalbergia rimosa FABACEAE 3375 100.00 0.98 8.33 5.95 6.53 20.81
5 Cratoxylum cochinchinense HYPERICACEAE 3375 80.00 0.95 8.33 476 6.30 19.39
6 Ficus racemosa MORACEAE 2000 80.00 0.25 4.94 476 1.67 11.37
7 Antidesma ghaesembilla PHYLLANTHACEAE 1750 60.00 0.37 4.32 3.57 2.45 10.34
8 Pavetta indica RUBIACEAE 1250 80.00 0.32 3.09 4.76 2.15 10.00
9 Castanopsis acuminatissima FABACEAE 1250 60.00 0.49 3.09 3.57 3.24 9.90
10 Pterocarpus macrocarpus FABACEAE 875 100.00 0.19 2.16 5.95 1.24 9.35
11 Paranephelium ongifoliolatum SAPINDACEAE 1750 20.00 0.49 4.32 1.19 3.26 8.77
12 Craibiodendron stellatum ERICACEAE 1250 60.00 0.25 3.09 3.57 1.65 8.30
13 Artocarpus thailandicus MORACEAE 1125 60.00 0.16 2.78 3.57 1.04 7.39
14 Canarium subulatum BURSERACEAE 750 60.00 0.26 1.85 3.57 1.72 7.14
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No. scientific name Family D F Do RD (%) RF (%) Rdo (%) \Y]
15 Dioscorea birmanica DIOSCOREACEAE 1000 40.00 0.25 247 2.38 1.67 6.52
16 llex umbellulata AQUIFOLIACEAE 375 40.00 0.42 0.93 2.38 2.80 6.11
17 Colona flagrocarpa MALVACEAE 375 60.00 0.08 0.93 3.57 0.56 5.05
18 Crudia chrysantha COMBRETACEAE 625 20.00 0.33 1.54 1.19 2.22 4.95
19 Phyllodium pulchellum FABACEAE 750 40.00 0.08 1.85 2.38 0.54 a7
20 Fernandoa adenophylla BIGNONIACEAE 625 20.00 0.30 1.54 1.19 1.98 471
21 Fernandoa adenophylla BIGNONIACEAE 625 40.00 0.10 1.54 2.38 0.67 4.60
34 Irvingia malayana IRVINGIACEAE 250 40.00 0.17 0.62 2.38 1.12 4.12
22 Dalbergia cultrata FABACEAE 375 40.00 0.11 0.93 2.38 0.75 4.06
23 Spondias lakonensis ANACARDIACEAE 750 20.00 0.14 1.85 1.19 0.93 3.98
24 Vitex limonifolia LAMIACEAE 250 40.00 0.08 0.62 2.38 0.54 3.54
25 Tetradium glabrifolium RUTACEAE 250 40.00 0.01 0.62 2.38 0.04 3.04
26 Sterculia guttata STERCULIACEAE 375 20.00 0.14 0.93 1.19 0.92 3.03
27 Millettia brandisiana FABACEAE 375 20.00 0.12 0.93 1.19 0.82 294
28 Nephelium hypoleucum SAPINDACEAE 375 20.00 0.10 0.93 1.19 0.66 277
29 Grewia scabrifolia MALVACEAE 125 20.00 0.18 0.31 1.19 1.22 2.72
30 Ficus fistulosa MORACEAE 375 20.00 0.09 0.93 1.19 0.60 2.72
31 Gardenia sootepensis RUBIACEAE 375 20.00 0.08 0.93 1.19 0.51 2,62
32 Albizia odoratissima FABACEAE 125 20.00 0.15 0.31 1.19 0.98 2.48
33 Alphonsea ¢labrifolia ANNONACEAE 250 20.00 0.10 0.62 1.19 0.67 2.47
35 Lagerstroemia crispa LYTHRACEAE 125 20.00 0.09 0.31 1.19 0.61 2.11
36 Phyllanthus emblica PHYLLANTHACEAE 125 20.00 0.06 0.31 1.19 0.37 1.87
37 Phoebe lanceolata LAURACEAE 125 20.00 0.05 0.31 1.19 0.34 1.84
38 Dillenia indica DILLENIACEAE 125 20.00 0.03 0.31 1.19 0.20 1.70
39 Castanopsis argyrophylla FABACEAE 125 20.00 0.02 0.31 1.19 0.11 1.60
40 Lannea coromandelica ANACARDIACEAE 125 20.00 0.02 0.31 1.19 0.11 1.60
a1 Kailarsenia hygrophila RUBIACEAE 125 20.00 0.00 0.31 1.19 0.03 1.53
a2 Leea indica VITACEAE 125 20.00 0.00 0.31 1.19 0.01 1.51

Total 100 100 100 300

Appendix 3 Importance value index (IVI) of seedlings in Huai Sataeng Watershed Management Unit, Thung Chang district, Nan province

including density (D), frequency (F), relative density (RD), relative frequency (RF) and VI of each species.

NO. scientific name Family D F RD (%) RF (%) \Y|
1 Cratoxylum cochinchinense HYPERICACEAE 8,000.00 20.00 20.94 5.68 26.62
2 Dalbergia rimosa FABACEAE 76,000.00 100.00 9.95 5.68 15.63
3 Pterocarpus macrocarpus FABACEAE 16,000.00 20.00 5.76 5.68 11.44
4 Croton oblongifolius EUPHORBIACEAE 16,000.00 60.00 6.81 3.41 10.22
5 Dioscorea birmanica DIOSCOREACEAE 4,000.00 20.00 3.93 5.68 9.61
6 Calamus dliepenhorstii ARECACEAE 24,000.00 60.00 4.71 2.27 6.98
7 Castanopsis acuminatissima FABACEAE 18,000.00 20.00 3.14 3.41 6.55
8 Lygodium flexuosum LYGODIACEAE 22,000.00 60.00 2.88 3.41 6.29
9 Millettia brandisiana FABACEAE 2,000.00 20.00 2.09 3.41 5.50
10 Ficus racemosa MORACEAE 2,000.00 20.00 2.09 3.41 5.50
11 Antidesma ghaesembilla PHYLLANTHACEAE 4,000.00 20.00 2.09 3.41 5.50
12 Fernandoa adenophylla BIGNONIACEAE 160,000.00 100.00 1.57 3.41 4.98
13 Craibiodendron stellatum ERICACEAE 2,000.00 20.00 1.57 3.41 4.98
14 Schima wallichii THEACEAE 18,000.00 20.00 3.66 1.14 4.80
15 Lepisanthes ferruginea SAPINDACEAE 8,000.00 40.00 2.36 2.27 4.63
16 Phyllodium pulchellum FABACEAE 2,000.00 20.00 2.09 227 4.37

Appendix 3 (continued)
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NO. scientific name Family D F RD (%) RF (%) \Y|
17 Spondias lakonensis ANACARDIACEAE 2,000.00 20.00 3.14 1.14 4.28
18 Leea indica VITACEAE 6,000.00 60.00 0.79 3.41 4.19
19 Castanopsis argyrophylla FABACEAE 16,000.00 40.00 2.36 1.14 3.49
20 Albizia odoratissima FABACEAE 4,000.00 20.00 2.36 1.14 3.49
21 Kailarsenia hygrophila RUBIACEAE 44,000.00 100.00 1.05 2.27 3.32
22 Bridelia ovata PHYLLANTHACEAE 12,000.00 60.00 2.09 1.14 3.23
23 Artocarpus thailandicus MORACEAE 2,000.00 20.00 0.79 2.27 3.06
24 Sphenodesme mekongensis VERBENACEAE 12,000.00 60.00 1.83 1.14 2.97
25 Colona winitii MALVACEAE 2,000.00 20.00 0.52 2.27 2.80
26 Aporosa villosa PHYLLANTHACEAE 18,000.00 40.00 0.52 2.27 2.80
27 Irvingia malayana IRVINGIACEAE 28,000.00 20.00 1.05 1.14 2.18
28 Crudia chrysantha COMBRETACEAE 6,000.00 20.00 0.79 1.14 1.92
29 Dillenia obovata DILLENIACEAE 4,000.00 40.00 0.79 1.14 1.92
30 Lithocarpus fenestratus FAGACEAE 2,000.00 20.00 0.52 1.14 1.66
31 Pavetta indica RUBIACEAE 52,000.00 60.00 0.52 1.14 1.66
32 Phoebe lanceolata LAURACEAE 4,000.00 20.00 0.52 1.14 1.66
33 Melicope pteleifolia RUTACEAE 4,000.00 20.00 0.52 1.14 1.66
34 Phyllanthus emblica PHYLLANTHACEAE 16,000.00 60.00 0.52 1.14 1.66
35 Ficus fistulosa MORACEAE 4,000.00 20.00 0.52 1.14 1.66
36 Vitex peduncularis LAMIACEAE 16,000.00 60.00 0.26 1.14 1.40
37 Gardenia sootepensis RUBIACEAE 6,000.00 40.00 0.26 1.14 1.40
38 Fernandoa adenophylla BIGNONIACEAE 24,000.00 20.00 0.26 1.14 1.40
39 Gmelina arborea LAMIACEAE 30,000.00 100.00 0.26 1.14 1.40
40 Vitex limonifolia LAMIACEAE 2,000.00 20.00 0.26 1.14 1.40
41 Macaranga denticulata EUPHORBIACEAE 2,000.00 20.00 0.26 1.14 1.40
42 Millingtonia hortensis BIGNONIACEAE 6,000.00 20.00 0.26 1.14 1.40
43 Canarium subulatum BURSERACEAE 2,000.00 20.00 0.26 1.14 1.40
44 Colona flagrocarpa MALVACEAE 2,000.00 20.00 0.26 1.14 1.40
45 Aganonerion polymorphum APOCYNACEAE 36,000.00 40.00 0.26 1.14 1.40
46 Tetradium glabrifolium RUTACEAE 4,000.00 40.00 0.26 1.14 1.40
47 Syzygium claviflorum MYRTACEAE 14,000.00 20.00 0.26 1.14 1.40

Total 764,000.00 1,760.00 100 100 200
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