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Variable-top Merchantable Volume Equations for Teak (Tectona grandis Linn. f.)
in Thailand

NANI ’ﬁﬁNQi Tosporn Vacharangkura'
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ABSTRACT

Variable-top merchantable volume equations for teak plantation were first developed in Thailand.
In this study, data of 196 sample trees were collected from 15 teak stands in 11 provinces represented the
various sites of teak plantations. The plantation age ranged from 9 to 44 years. The mean diameter over bark
at breast height of the sample trees ranged from 5.7 to 42.1 cm and the mean total height ranged from 6.3
to 29.2 m. The total stem volume equations were constructed for predicting individual trees volume. The
volume ratio models introduced by Burkhart (1977), Cao and Burkhart (1980) and Van Deusen et al. (1981)
were used for developing variable-top merchantable volume equations for teak. Variable-top merchantable
volume equations were jointly estimated as a product of total volume and volume ratio equations. These
equations presented here can be used for predicting total stem volume and merchantable volume to top diameter
limit or any height limit of individual trees. The results from the models tested revealed that the models
of Van Deusen et al. (1981) and Cao and Burkhart (1980) gave the best fits for volume ratio equations to
variable-top diameter limits and height limits, respectively, however model validation with an independent data

set suggested that both models could be applied for developing variable-top equations for teak in Thailand.

Keywords : volume ratio equation, total tree volume, variable-top diameter, variable-top height
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R A o v & A v o
T avndluadunanuanad nanuuudiass
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Yy Ay o
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(n=196) MTed1AYDH1989 (p<0.001) tazll
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9 [
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2 o ~ ] ?x‘a A g
DBH’H = 0) UU31894 (4) ¥ DBH iUy
J % a { o
aanlsznovveaauilsdass luvaziuuuiiass
I 4
(1) (2) wag (3) ¥ DBH way H 1Hlueenilszneu
(Y] a < 1
vosamlsoase uaaslimunanugavesdu iy
(H) Iwam ldanuaaianasuusINIIAIAALIY
(A1 RMSE) aatiosadtazal R: 49auus1a04
A 4’@‘ [ < Y v
muvuedrariulasa

Table 1 Description of 7. grandis plantations and theirs sample trees used to develop model.

No. Plantation Province Age Samples DBH Height
(year) (trees) (cm) (m)
1 Mae My Lampang 30-39 40 11.1-34.6 14.3-21.0
2 MaeKham Mee Phare 33 15 23.5-37.1 16.1-27.1
3 WangChing Phare 38 20 28.0-29.5  22.6-29.2
4  Suwankhuha Nong Bua Lam Phu 15 8 5.7-24.4 6.3-20.13
5  DenDarn Uttaradit 10 5 11.0-234 11.7-18.4
6  NaDung Loei 33 13 18.8-42.1  152-22.8
7  DongLan Khon Kaen 9 7 11.2-16.1 9.5-15.5
8  ChiengThong Tak 33 7 11.9-23.1 13.9-22.6
9 Rampa Kam Phaeng Phet 22 9 14.2-20.0 12.4-19.5
10  MaeMo Lampang 34 11 19.6 - 24.7 14.9-22.9
11 HoiRabum Uthai Thani 38 6 19.2-26.7 15.6-23.0
12 Ladyao Nakhon Sawan 34 12 17.6 -35.7 14.9-27.2
13 MayMy Lampang 44 11 21.2-26.0 15.1-24.5
14 Farmer Kam Phaeng Phet 24 15 95-192 9.6-16.6
15 Mae Huad-Mae Ko  Lamphun 35 17 18.7 -28.7 14.4-20.7
4 ‘ A

. Total stem volume equation

s V = 0.00006%(DBH2¥H)0:9401 .

- R2=0.9929 n=196

Z 10
g
0.3
0.0
0 10000 20000 30000 40000 50000
DBH2.H (cm)
\. J

Figure 1 The best regression model for estimating total stem volume.
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aumsonsanLinng (Volume ratio equations)
ﬁNﬂTﬁ@Q/@de?uﬂ%MT@i (Rd tsa¢ Rh)
o 1 a 4
ﬁ%}'lﬁﬂ']ﬂl,l,‘]_l‘llﬁnﬁﬂﬂ (5)-(8) AMNITULADT
g
(ﬁllﬂigﬁ‘ﬂ‘ﬁ) VDALY !,Lﬁm”lu Table 2
Y o 9 ' 9 v 9 A @
LLﬁ$ﬂTiL‘lﬂﬂu”lﬂigﬁ'JNG]g'ﬂsUﬂi;ljﬁﬂ‘ULﬁuilﬂiﬁ'ﬂﬂ!
(fit statistic) lef’NﬁllﬂTiﬁﬁ%)”I\ﬁ]TﬂLLUUﬂQ"Iﬁ@Q (5)-(8)
uaaelu Figures 2-3 $11491 n voagadoyaiiny
1,092 gatioya (data sets) Taonliiaaedna 196 du
Aa aa <3 1
Nﬁﬂ?i?LﬂiTgﬁWTQﬁﬂ@ LLﬁ@I\‘lGLﬁJLWH'N
o = v d‘d ] g o
1YY (5) Lag (6)Nﬂﬂlﬁﬂﬂﬂ!$ﬂﬂﬁ1ﬂﬁﬂu1
11/aszanaunn Ra (Volume ratio equations to top
diameter limits) @2ULUUTIADY (7) Hag (8) N
auanvazhiadmsuih lUiszunan Rh (Volume
ratio equations to top height limits) RN
v
LUVI1a09 (ANN1F volume ratio) NINUAN Y
o A A = ]
RGRGHANEN (p< 0.001) L‘JJf’JL‘].I%fJ‘UWIfJTJﬁgﬁ'J'N
o 2 g o
HYUa9d (5) tag (6) “BQLﬂULLUU%Tﬁ@QIHﬂTi

#3198UM3 volume ratio to top diameter limits
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NWUA1 RMSE 4941131894 (6) ¥i9nuuy
91004 (5) 4AAT R: YBUUVII009 (6) WIANI
) Y I J ) =
U104 (5) uaad limuIuuuIae (6) 9
AN LuuUsaes (5) dmsumsi liladeaunms
volume ratio to top diameter limits Tz iile
1 o R g
S euneusenNwUUTIan (7) uag (8) ¥uilu
suuaeslumsadaaums volume ratio to top
height limits #a1)51n9 3171 RMSE v03U 131004
(7) Woonuuusand (8) uazA1 R: vodul
o 1 o YN~ 1
1894 (7) NNNNLUUVIIABDN () waea IMm UM
HuUaed (7) anduuusiasd (8) lumsiilil
#3198UM3 volume ratio to top height limits ® 19'ls
<3 A =1 1 1 2 1
AalenfSeumeun RMSE tazm R: 551114
1LV (5) 11 (6) Az 3EHIN(7) M (8) U3ng
1 ] 1 v < 1 tgx}/ <3 1
Nimuaaenuanileamniuuaad iy
91204 (5) (6) (7) taz (8) awnsarih lannad
I [
AT volume ratio (Rd taz Rh) aiiluedad

Table 2 Parameter estimates and fit statistics for total volume equations.

Model Parameter Estimate RMSE R? p Value

1 Bri 0.000063 0.022437 0.032711 0.992898 <0.001
Bas 0.940060 0.005693

2 Bi2 0.000063 0.031069 0.032863 0.992863 <0.001
P22 1.874410 0.027270
B3z 0.949990 0.043534

3 Bis 0.027732 0.004627 0.039497 0.983300 <0.001
B23 0.000033 0.000001

4 Bia -0.051971 0.011393 0.084155 0.924500 <0.001
Boa 0.000823 0.000017

Remark: SE = standard error of estimate
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Model: Rd:1-0.55706(d5"““.‘DBHB'""E')

o

Moxel: Rd=Exp(-0.832198 (4" **“oBH" “*™y)

- o
—
o
Figure 2 Volume-ratio equation (Rd) for 7. grandis in Thailand
(A) developed from Burkhart (1977) (model5)
(B) developed from Van Deusen et al.(1981) (model 6).
Modal: Rh=1.1.0024((H-h " PR 2" Medel: Rh=Exp(-1. 9143 ((H-h)? 793 2033) )
2
=i
=k

Figure 3 Volume-ratio equation (Rh) for 7. grandis in Thailand
(A) developed from Cao and Burkhart (1980) (model 7)
(B) (B)developed from Van Deusen et al.(1981) (model 8).
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Table 3 Parameter estimates and fit statistics for volume ratio equations.

Model Parameter Estimate SE RMSE Rﬁ p Value
5 Bis -0.5571 0.0164 0.051937 0.9627 <0.001
B2s 3.1976 0.0224
B3s 3.0745 0.0238
6 Bis 0.8322 0.3849 0.048018 0.9681 <0.001
B26 4.6870 0.0362
B3s 4.4833 0.0375
7 B17 -1.0024 0.0253 0.029697 0.9878 <0.001
B27 2.3645 0.0102
B3z 2.3813 0.0135
8 Big 1.9143 0.09484 0.034565 0.9838 <0.001
B2s 3.2880 0.0190
B3s 3.3003 0.0255

Table 4 Statistical values of the model validation in this in this study to estimate total stem volume

for T.grandis in Thailand.

Model ~ MRES N?;’F;S RMSE RXA’S)E AMRES Al\(/f,}:)Es AIC MS
(1) 0003853 1.143608 0026330 4536162 0017676 5246703 24696  0.026344
(2) 0002808 0830818 0026467 4552797 0017533 5188073  -244.60  0.026475
(3) 0002262 0668239 0027120 4661264 0019526 5768411 24492  0.027125
4) 0001465 0431756 0038767 6.655461 0027601  8.134829 22026  0.038770

Table 5 Statistical values of the model validation in this study to estimate merchantable stem volume

for T. grandis.

Model  MRES NS RMsE  ooFamres AR arc MS
(5) 0001903 0673400 0.034478 6485001 0022491 7.956798 -2,721.62 0.034482
(6) 0000150  -0.052768 0.032819 6.150589 0.021009 7.379101 -2,761.57 0.032819
(7) 0039410 1404381 0021016 3.967328 0013897 4952341 -3,122.58  0.021032
(8 0001764 0623608  0.022809 4.289092 0015343 5425494 -305629  0.022812

asiwanmisfin 2. Volume ratio model (Rd)lugalu

1. nnusiassiiiuauelae Burkhart
(1977), Cao and Burkhart (1980) tt5¢ Van Deusen
etal. (1981) ansarinnldaseaumsonsaiu
‘]ﬁlﬂ@]i(volume ratio equations) amsuns
UszinanSmas IiRduaudiidvedlddnan
ahveszmalng ldiduedad

I
exponential (Van Deusen et al.,1981) Wy
o 1 { g a
aosniwanmsmaazulsuas lnludud
nvmasinaveuduiugudnasdidulan
(variable-top diameter limits) Ilﬁ?ﬁ?li:(ﬂ aulu

YA 3 a 9 A o w
msmanziulsuas indugusnvuaiing

ﬂlﬂdﬂ?iﬂﬂi]ﬂl@ﬂﬁiﬁuiﬂﬂ (variable-top height
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The Decision Process of People on Registration of the Ban Prednai Community

Forest, Huang Nam Khao Sub-district, Mueang Trat Distric, Trat Province

o o * *
walgsnsal ngana’’ Phanatthaporn Katesakul"?
o a
aA1ag WIS Ladawan Puangchit'
a o d Aa
MNNAT IUAUIY' Vipak Jintana'
ABSTRACT

The objectives of this study were to study the decision making process of Ban Prednai community,
the demand of people for the community forest registration and factors relating to the demand for registration
of Ban Prednai community forest. The population is people living in Ban Prednai Moo 2 Huang Nam Khao
sub-distric, Mueang Trat district, Trat province. The study used focus group discussion and a questionnaire
to collect data form 116 samples. Statistical analysis methods were frequency, percentage, mean and Chi-

square (X?) at 0.05 significance level.

The study indicated that the decision making process of Ban Prednai community is divided into
4 steps : 1) perception of problem, 2) study of the relevant information, 3) decision making and 4) the
implementation of the decision. The decision making was taken by a consensus approach to people public
participation. According to the questionnaire, the majority of community (81.03 percent) required community
forest registration. Those who required community forest registration has the average level demand of2.98;
which meaned that the population of Ban Prednai has a moderate demand level of community registration.
Factors related to the requirement for community forest registration of the villagers at the 0.05 level
statistically significance of included settlement and the influence from the Ban Prednai Mangrove Forest

Conservation and Development Group.

Keywords : decision process, community forest, Ban Prednai
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Figure 1 Shows the public decision-making process.
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Table 1 The demand for community forest registration of Ban Prednai Community, Mueang Trat

District, Trat Province.

The demand for community forest registration Sample (persons) Percentage
Do not demand 22 18.97
Demand 94 81.03
Total 116 100.00
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Table 2 The demand levels for community forest registration of Ban Prednai Community, Mueang

Trat District, Trat Province.

Demand levels Sample (persons) Percentage X S.D.
Lowest demand 10 10.64 2.98 1.087
Low demand 16 17.02
Moderate demand 44 46.81
High demand 14 14.89
Highest demand 10 10.64

Total 94 100.00

Remark:The data in this table is specific to those in demand of community forest registration.
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Table 3 Factors affecting the demand of community forest registration.

The demand of villagers

Factors for community forest registration
Chi-square (X% p-value
1. Gender 0.169 0.681
2. Age 0.832 0.362
3. Education level 3.726 0.054
4. Main occupation 0.369 0.054
5. Secondary occupation 1.773 0.183
6.Settlement 4.344% 0.037
7. Land holdings 1.744 0.187
8. Sufficiency of land 2.227 0.136
9. Membership in the local social group 0.568 0.753
10. Receiving information on the community forest 2.227 0.136
project.
11. Attention in village meetings 0.482 0.786

12. The influence of the local social groups.

- Village Council 3.259 0.071
-Sub-district Administration Organization 3.383 0.066
- Ban Prednai Mangrove Forest Conservation and 5.544%* 0.019
Development Group

- The Truth Savings Group 1.858 0.173
- Forest and Aquatic Collectors Group 3.071 0.080
-Forest and Aquatic Animals Buyer Group 2.493 0.114
- Housewives groups 2.227 0.136
- Aquaculture group 1.410 0.235
- Temple 1.740 0.187
- School 2.666 0.103

Remark : *p-value < 0.05 (Significance level 0.05)
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The Readiness and Performance Effectiveness of Ranger Stations at

Khao Leam National Park

9501 taa’” Nuttida Seti'
d o
UNITIU JIUSNIYY WY e’ Noppawan Tanakanjana Phongkhieo'
v @ [ o
IUBY a;mﬂszmmul Wanchai Arunpraparat1
ABSTRACT

The objectives of this research were to study the readiness and performance effectivenessof
ranger stations at Khao Leam National Park, Kanjanaburi Province. Data were collected by Geographic
Information System (GIS) technique, physical surveying,using the designquestionnaire and interviewedand

alsoanalyzed by descriptive analysis with simple weighted score equation.

The results of the study found that the overall readiness score of Khao Leam National Park’s
ranger stations in protectedarea was at a moderate level with an assessment score of 2.27. The readiness
levels of 1) suitability of ranger station location was a moderate level with rated score of 2; 2) supported
equipments and buildings was at a moderate level with rated score of 2; 3) knowledge of park’s staffs
was at a moderate level with rated score of 2; and 4) positive attitude toward national park operation of
park’s staffs was at the high level with rated score of 3. As for theperformance effectiveness of the ranger
stations, it was found that the overall performance effectiveness was at a moderate level as well, with an
assessment score of 2.56. The effective levels of 1) number of lawsuits in national park was at a low level
with rated score of 1; 2) patrolling by park’s staffs was at the high level with rated scored of 3; 3) existence
of forest area in national park was at the high level with rated score of 3; and 4) attitude of local people

toward the performance of park’s staffs was at the high level with rated score of 3.

Keywords : Readiness, Performance effectiveness, Ranger stations, Khao Leam National Park
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Faculty of Forestry, Kasetsart University, Chatuchak, Bangkok 10900, Thailand
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Figure 1 Suitability of the location of ranger stations in Khao Leam National Park.
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Table 2 Results of performance effectiveness assessment.

Factors Rated score Weighted score WiR;
1.Number of lawsuits in national park 1 2 2
2. Patrolling by park’s staffs 3 2 6
3. Changes in forest area in national park 3 3 9
4.Attitude of local people toward the performance of 3 2 6
park’s staffs
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Agroforestry Patterns and Management in the Community Land Allocation
Project, Mae Tha Sub-district, Mae On District, Chiang Mai Province
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ABSTRACT

The objective of this study were to socio-economics information, including patterns, components
and agroforestry practices of local farmers in the Community Land Allocation Project in Mae Tha Sub-
district, Mae On District, Chiang Mai Province. The study was conducted through the interview approach
from 59 farmers’ households, in-depth analysis on 3 agroforestry patterns through in-depth interview with
local farmers, and laying 3 sample plots (20 x 50 meters).

The results showed that the average age of agroforestry farmers was ranged 51 — 60 years old (47.5
%), owned 3 plots for land tenure per household (25.4 %), owned 5 — 10 rai (61.0 percent), the owned-
land was located in the Community Land Allocation Project (66.1%), loan taking (59.3 %), loan taking
for investment in agriculture (52.4 %). The majority of farmers began the agroforestry in 1998 — 2002
(25.4 %), with major decisions to cultivate the agroforestry basically from, training and field visit (37.5
%), owned an agroforestry plot per household (50.8 %), total land less than 5 rai (57.6 %). Moreover, this
study revealed that there were 3 existing agroforestry patterns; 1) fruit-tree based agroforestry pattern was
the dominant fruit tree covering the crown level of orchard was Mangifera indica, this pattern was mainly
emphasized on the households’ subsistence and basic commercial level, 2) vegetable based agroforestry
pattern; It mainly comprised of vegetable, the crown cover was moderate and the dominant species Tectona
grandis. The key purpose for this pattern was commercial level which mainly emphasized on generating
household’s income and 3) rice based agroforestry pattern, it was assessed that rice species were dominated.
The crown cover was low, and it found that the dominant tree species was Oroxylum indicum. The major

purpose of this pattern was to subsistence level and generate income from commercial activities.

Keywords: agroforestry, pattern, the community land allocation project, Mae Tha Sub-district
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Figure 1 Profile diagram and crown cover diagram of fruit-tree based agroforestry pattern.

Remark : The reference numbers of tree are in accordance with Table 1.

Table 1 Relative density, relative frequency, relative dominance and importance value index

(IVI) of fruit-tree based agroforestry pattern.

. Basal Importance
. Density
No. Species . Area RF RD RDo
(trees/rai) 2 . IVI

(mrai) %) %) (%)
1 Sandoricum koetjape (Burm.f.) Merr. 9.6 1.3875  6.25 9.23 3728 5276
2 Artocarpus heterophyllus Lam. 4.8 0.0458 6.25 4.62 1.23 12.1
3 Senna siamea (Lam.) Irwin&Barneby. 1.6 0.029 6.25 1.54 0.78 8.57
4 Ficus virens Ait. 8 0.1641 6.25 7.69 441 1835
5 Bombax ceiba L. 1.6 0.1223 6.25 1.54 329  11.07
6  Trevesia palmata Vis. 32 0.0295 6.25 3.08 0.79  10.12
7  Oroxylum indicumVent. 14.4 0.1313 6.25 13.85 3.53  23.62
8 Tamarindus indica L. 4.8 0.1906 6.25 4.62 512 15.99
9  Phyllanthus emblica L. 3.2 0.0634 6.25 3.08 1.7 11.03
10 Baccaurea ramiflora Lour. 32 0.011 6.25 3.08 03 9.62
11 Mangifera indica L. 32 1.1017 6.25 3077 29.6  66.61
12 Aglaia domestica Pelleg. 1.6 0.0053 6.25 1.54 0.14 7.93
13 Dimocarpus longan Lour. 1.6 0.0493 6.25 1.54 1.32 9.11
14 Citrus maxima Merr. 6.4 0.1133 6.25 6.15 3.04 1545
15  Tectona grandisL.f. 6.4 0.2743 6.25 6.15 737  19.77
16  Bauhinia variegate Linn. 1.6 0.0039 6.25 1.54 0.11 7.89

Total 104 3.7224 100 100 100 300
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Figure 2 Profile diagram and crown cover diagram of vegetable based agroforestry pattern.

Remark : The reference numbers of tree are in accordance with Table 2.
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Table 2 Relative density, relative frequency, relative dominance and importance value index

(IVI1) of vegetable based agroforestry pattern.

. Basal Importance
No. Species Density Area RF RD RDo
(trees/rai) 1A%
(m2/rai) (%) (%) (%)

1 Leucaena leucocephala Lam. 1.6 0.0082 6.67 1.49 0.2 8.36
2 Artocarpus heterophyllus Lam. 3.2 0.1264 6.67 2.99 3.05 12.7
3 Senna siamea(Lam.) Irwin&Barneby. 1.6 0.0155 6.67 1.49 0.37 8.53
4 Nephelium lappaceumL. 1.6 0.0071 6.67  1.49 0.17 8.33
5 Phyllanthus emblica L. 32 0.0098 6.67 299 0.24 9.89
6 Annona squamosa L. 1.6 0.0062 6.67 1.49 0.15 8.31
7 Baccaurea ramiflora Lour. 4.8 0.0183 6.67 4.48 0.44 11.59
8 Melientha suavis Pierre 12.8 0.064 6.67 1194 1.54  20.15
9 Oroxylum indicum Vent. 12.8 0.1968 6.67 11.94 475  23.36
10 Tamarindus indica L. 4.8 0.3605 6.67 4.48 8.7 19.84
11 Citrus aurantifolia Swing. 1.6 0.0246 6.67 1.49 0.59 8.75
12 Mangifera indica L. 11.2 03212 6.67 1045 7.75  24.87
13 Dimocarpus longan Lour. 4.8 0.1107 6.67 4.48 2.67 13.82
14 Tectona grandisL.f. 40 2.8634 6.67 3731 69.1 113.08
15  Bauhinia variegate Linn. 1.6 0.0111 6.67 1.49 0.27 8.43

Total 107.2 4.1439 100 100 100 300
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Figure 3 Profile diagram and crown cover diagram of rice based agroforestry pattern.

Remark : The reference numbers of tree are in accordance with Table 3.
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Table 3 Relative density, relative frequency, relative dominance and importance value index

(V1) of rice based agroforestry pattern..

Basal Importance
Density

No. Species Area RF RD RDo
(trees/rai) , IVI

m7/rai) (%) (%) (%)
1 Senna siamea (Lam.) Irwin&Barneby. 1.6  0.0372 8.33 1.79 325 1337
2 Sesbania grandiflora (L.) Desv. 1.6 0.0175 8.33 1.79 1.53 11.65
3 Dolichandrone spathacea Schum. 32 0.013 8.33 3.57 1.14 13.04
4 Oroxylum indicumVent. 352 03196 833 3929 2791 75.53
5 Tamarindus indica L. 64  0.0707 8.33 7.14 6.17 21.65
6 Aegle marmelos Corr. 9.6  0.1092 833 10.71 9.53 28.58
7 Averrhoa carambola L. 32 0.005 8.33 3.57 0.44 1234
8 Mangifera indica L. 1.6 0.0342 8.33 1.79 2.99 13.11
9 Dimocarpus longan Lour. 144 0.3263 833  16.07 28.5 529
10 Citrus maxima Merr. 1.6 0.0421 8.33 1.79 3.67 13.79
11 Azdirachta indicaluss. var. 32 0.0209 8.33 3.57 1.82 13.73

siamensis Valeton
12 Bauhinia variegate Linn. 8  0.1496 8.33 893 13.06 3033
Total 89.6 1.1452 100 100 100 300
ﬁ'i‘].l MNBAT 91U 1 uilasrensaiseu

Q

MNMIANET WUN nbasnsaIulng
= ' ' a2 Y = A
uo1geglure 51— 60 1 (Sevaz 47.5) UM3Do
AAa o v v A 9
AT0INAY 911U 3 ilasaensaGou (3euaz
9 v
25.4) Taelivuanun 5— 10 15 (Fevaz 61.0)
1 dy ~ v Aa o A Y
aglununlasanisdanauinnu (Goo
=~ YN A Y A
0z 66.1) UNMINIUNU (398 59.3) INDAINU
Wmsinuas Gevag 50.0) dulvgjisusszuy
npas Tuatl we. 2541 -2545 (Sovaz 25.4)
Tagaaaulainunyasitiownnldsumsnousw
= 9 )
HazAnYIgU (Fovay 37.5) Uuilag

F v

(Fowaz 50.8) NuNnsmilesni 5 15 Govas 57.6)

MINAUITZVVIUNEATIAANINT YW

' Y

Tumsiunyasrafed Jarigunin viiau au
A Y~ @ ] o ~
WouInsy uaz ldHuA019MINIUNBATN
o < @ o {a
1599995 UL I IUN AT IUNAUAUDI INNTD
= A
ANYITZUIUNEAT WU 3 UuuY Ao 1) JUuD

Ay Y I v A 7 L]
nunwasni linadluvan Jeardlsznovveald

< [ =1 A [

waluran InsUnaguuesFeusaany
s ¥ A A [l < Y 1 1T v oA
MNINUN WU w9 dunssaldau aaasi
ANUAIATY 66.61 AINNUNAINUAIGVDIFUA



Nsensmssamsih’lsy
Apa o A
119 12 R1fui 24

Y 1 v =

J [ 1Y {
ug iy 2.32 Tsgauvesmsdamaiuing
o I [ { v Q)
gagwiiluvan 2) guvununyasALNYRMITY

[ o 1 1 a3 @ 1
van Nesalsenoudiulvapdluiadn 311

< g A
Ugnitluuuasy msinagquusaseugearun

[ o I Y TS
uruihuna nudn dunssaldiau adwil
ANNAIAY 113.08 AINNNHAINHAIGUDIFUA

o

WU 1A 1.95 sEAUUDINIIAMSIADA1UY
< o { S
Wunan waz 3) guvwrwnasidund iy
[ =\ 4 9 I @ 1
wan vesnlsznovvestnuiludnyaziay ms
[ I
Unaguussisouseanuiuios wu mn 1y
wisar lifiau mdatianudidy 75.53 Ama
a -4 "W v
NaINHa1BYoIrUARUE MIAY 2.11 52AVYDY

o A 9 v A
NITIANTITINDANVIYLASUITN

VDI UDUUS
1. AT AT uIZULIUNEAT 1F A

=

Hq ¥ sAa A A A
nuasnsn gl Tesunauluwaguivsonun
nlanuaaduge mediulasumslgnauld

Y v
N ANTOANRDINUANINTNYBINUN

2. AFiMsANEIYamIMUATHAAAS

o A A= A =
YDINITNIWNEAT IUNUNANHUNONIT VD
aunu ranouunuluuaazaruvesnanssulu

A 13 v A
sEUUNEAT tazyai i iduaatuninms
A A = Aq ¥ dy 9
UIMsvesnw01ggu1In Iviie 11
ao g‘.a 1 =) =2 =
3.m390A59a0 llarsezlimsinbuned
AUUNAVTNT (Ecosystem services) 1&un M3
Usuiljenaminernma miniuauseduianale
a o % 3
vosau msvhIiihazein msniuguaagiy ns
HANAZOBANET NIIAIVAVVANTIE NMIYATY
- 2 .
Msueu mIousnHauazii :InMIMIZULIY
A o Y =2 AN ¥ o
neas e linsudalsz Tenin lannmsh

9 A a . . ad 2
NHUINUBDITEUUULIA (regulating services) AYIVU

. A 4
sluwnuastazmItams lunun Insams...

quns duwsy nazamy

c; Y Aa
PNAIUATAIDNNDY
' 9 9 aa U 9

nsuthlif. 2550, doyaadansuihlidil 2559,
AUNURNUIULAS AT T ULNA ﬂiﬂJ‘]]'l
137, ngamwa.

A o o o [} = Y

DNVY WUBLAU. 2545. Vl?f]ﬂliulﬁ]\‘ﬁ]%llﬂ‘lhuﬁg
Ay A A A 9 v A o a o
WUNFVYIAUNL. ATUANUNNHIINGIAY

4
FITUATAT, NTIUNNA.
a a 14 a a - y

QiAl NROUNT. 2542, UNAINGL: WUFIUIND

1 9 a a ] 9
M3ty madnadInenhlsl, aa
14 a @ 4
AUANTAT UN1INYIQAYINHATATNAT,
NIUNNA.

Shannon, C.E. and W. Weaver. 1949. The
Mathematical Theory of Communication.
University of Illinois Prees, Urbana.

Washington, H.G. 1984. Diversity, biotic and
similarity indices: a review with special
relevance to aquatic ecosystems. Water

Research 18: 653-694.




Nsensmsamsth’ld 12 (24) 49-61 (2561) Journal of Forest Management 12 (24) 49-61 (2018)

49
a d a

MINATZHNIMIQIUUAZHIAF ININ

VOIIZUVIUIDHAINNeNIWIsuTIunian

Financial analysis and Biomass of Rubber-based Agroforestry
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ABSTRACT

This research aimed to study financial analysis and biomass of the rubber-basedagroforestry.
A purposive sampling method was applied for data collection. Six farmers in Khao Phra sub-district,
Rattaphum district, Songkhla province who were undertaking rubber-based agroforestry and chosed for this
study. Eighteen sample plots (20 x 20 m) were randomly established for the agroforestry investigation. The
diameter and height of all trees were measured to estimate the above-ground biomass (AGB) and carbon
sequestration (CS). Three farmers were interviewed by using a structured questionnaire. The costs and
the benefits of agroforestry investment were determined. Analysis of the financial benefit was conducted
by using discount rates of 4, 5, 7, 12 and 13%. The project life was 25 years which equaled the rotation

of the rubber trees.

Three types of rubber-based agroforestry systems were identified in the area. The first involved
rubber trees combined with food plants such as Lansium parasiticum, Bouea oppositifolia, Garcinia
mangostana, Artocarpus heterophyllus and Archidendron jiringa. The second was rubber trees combined
with forest trees such as Hopea odorata, Magnolia elegans, Litsea grandis, Azadirachta excelsa and Croton
robustus. The third combined rubber trees with food plants and forest trees such as Gnetum gnemon,
Aquilaria crassna, Magnolia elegans, Litsea grandis, Artocarpus lacucha and Archidendron jiringa. A
total number of 13 species were deliberately mixed with the rubber tree. The AGB of the 25-year-old
rubber trees in combination with forest trees was the highest (18.709 ton/rai). At age 24 years, the rubber-

based agroforestry in combination with food plants and forest trees produced 4.927 ton/rai AGB, which

'AUZIUMTAT UMINGIANHATANEAT 99TNT NFUNND 10900
*nsuthld 1ua9a1Ae17 19AR9 TN NUMNA 10900
"Corresponding Author: g5514300862@ku.ac.th
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was less than the 20-year-old rubber trees combined with forest trees with 11.011 ton/rai AGB. At age 12
years, rubber trees combined with food plants produced 5.225 ton/rai AGB, which was higher than for the
rubber trees mixed with forest trees that produced 4.007 ton/rai AGB. Interestingly, the 9-year-old rubber
trees mixed with food plants and forest trees produced 7.194 ton/rai AGB, which was much higher than
the AGB produced in the 12- and 24-year-old rubber-based agroforestry systems. The 25-year-old rubber-
based agroforestry in combination with forest tree had the highest CS value (18.793ton/rai), whereas the
12-year-old rubber-based agroforestry in combination with forest trees had the lowest CS value (1.883ton/

rai). Density of trees in the rubber-based agroforestry effected the AGB production.

The financial analysis revealed that all the rubber-based agroforestry systems had a net present
value (NPV) greater than zero and a benefit-cost ratio (B/C) greater than 1. These values indicated the
farmers gained benefit from their investment. The internal rate of return (IRR) of rubber trees combined
with food plants and forest trees was the highest at, 24.84%, with lower IRR values for rubber trees
combined with forest trees (IRR = 21.32%) and rubber trees combined with food plants (IRR = 15.68%).
These findings suggest that rubber-based agroforestry in combination with food plants and forest trees
were the most suitable system for the investment. The farmers could pay a higher interest on project loans

than the other rubber-based agroforestry systems.

Keywords: financial analysis, biomass, rubber-based agroforestry
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Table 1 Age, spacing and combined plants of the rubber-based agroforestry patterns in the study area.

Rubber-based Age Spacing
Combined plants and ages (year)
agroforestry (year) (mxm)
nl 12 3x7  Artocarpus heterophyllus, Bouea oppositifolia,
Garcinia mangostana (12)
n2 25 3x6  Archidendron jiringa, Lansium parasiticum (14)
n3 12 3x6  Magnolia elegans, Hopea odorata, Azadirachta
excelsa (8)
n4 20 3x6 Croton robustus, Hopea odorata,
Litsea grandis, Azadirachta excelsa (16)
n5 9 3x6  Aquilaria crassna, Magnolia elegans,
Archidendron jiringa (6)
n6 24 3x7 Litsea grandis, Artocarpus lacucha,

Gnetum gnemon (17)
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Table 2 Lists and densities of plant found in the rubber-based agroforestry.

Density of plants in the Rubber-based agroforestry (tree/rai)

Plant species

n5

nl

n3

n4

n6

n2

Hevea brasiliensis

Aquilaria crassna

Artocarpus heterophyllus

Magnolia elegans
Hopea odorata

Litsea grandis

Archidendron jiringa

Croton robustus
Bouea oppositifolia

Artocarpu slacucha

Garcinia mangostana

Lansium parasiticum

Azadirachta excelsa

Gnetum gnemon

101
67

92

10

32

12

80

40
16

11

75

152
33

59

11

56

Total

186

146

147

262

152

125
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Table 3 Above-ground biomass of the rubber-based agroforestry.

Above-ground biomass of the Rubber-based agroforestry (kg/rai)

Components
nS nl n3 n4 n6 n2
Rubber trees 4,295.35 4,876.15 2,617.62 5,754.50 4,712.22 17,443.43
Combined plants 2,898.89 348.36 1,389.67 5,256.73 214.51 1,265.59
Total 7,194.23 5,224.51 4,007.29  11,011.23  4,926.73  18,709.02
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Table 4 Financial analysis of various rubber-based agroforestry.

Financial analysis indicators

Discount rates (%) Net present value Benefit-cost ratio Internalrate of return

(baht/rai) %)

Rubber trees combined with food plants

4 198,901.22 2.80 15.68
5 155,954.35 2.59
7 94,424.55 2.20
12 20,598.30 1.41
13 13,270.09 1.28

Rubber trees combined with forest trees

4 136,586.94 2.11 21.32
5 111,438.63 2.02
7 74,431.90 1.86
12 26,582.52 1.50
13 21,316.84 1.44

Rubber trees combined with food plants and forest trees

4 221,491.48 2.06 24.84
5 184,987.64 2.01
7 129,558.38 1.93
12 53,235.07 1.68
13 44,327.08 1.63
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Impact of Ecotourism toward Community Economy in Khao Sam Roi Yod National

Park, Prachuap Khiri Khan Province

qud qmﬁmﬂl Santi Suksard'

qnEg usaRa > Sukrit Jangturm"**

2ATIM ANTTITY' Apichart Pattaratuma’
ABSTRACT

This study aimed to determine ecotourism impact toward community economy, the relationship
between ecotourism impact toward community economy and people opinions on ecotourism impact
toward community economy in Khao Sam Roi Yod National Park, Prachuap Khiri Khan province. Data
gathered by using the designed questionnaire set as a tool and interviewed household representative for
204 samples. Statistical analysis were descriptive statistical and hypothesis testing by t-test and F-test with
the significant level at 0.05.

The result of this study found that the majority of samples was female at the most 52.2%with their
average age 46.1 years. Their educational level was primary school (46.1%). Their domicile were located
at present area (80.9%), their main were fishermen (38.2%) with they have average income 101,741.18
baht per year and their have no minor occupation in ecotourism (79.9 %).

The result also indicated that economic between ecotourism impact toward community economy
and people opinions on ecotourism impact toward community economy were co-benefit and integrated
benefit simultaneously affected and created economic opportunities to community. People opinion on
ecotourism impact toward community economy was moderate level. For people opinions on ecotourism
impact toward community economy direct benefit such as age, participation activities with Khao Sam Roi
Yod National Park, experience in ecotourism, perception information from Khao Sam Roi Yod National
Park, ecotourism impact related to settlement period and main occupation. Factors affecting people
opinions on ecotourism impact toward community economy indirect benefit such as village location, age,

educational level, experience in ecotourism, ecotourism impact relation and main occupation.

Keywords: impact, ecotourism, community economy, Khao Sam Roi Yod National Park
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Gardening store, safetyand fuel. They can buy from

Pranburi district, Prachuap Khiri Khan province.

Economic interdependence Aw Economic opportunities

Bang Pu community

(They have boat and licence)

mostly from the above income.

Activities in National Park meets the policy such as conservation,

restoration and local knowledge and employee get the welfare are

—

Economic interdependence

Natural resources base on

sea and mountain recreation.

Economic opportunities #

Economic interdependence

;ﬁ A
A

licence.

Fishermen in Bang Pu villagersell
seafood. They well knowledge in

marine navigator and have

Khao Sam Roi Yod National Park have tourist

and natural resources base on recreation.

Garden equipment from
Degradation in Khao Sam Roi Yod
P Pranburi district, Prachuap
National Park. need to reforestation.
# Khiri Khan province.

Natural resources base on canals and

> .
> mangrove forests recreation.

Economic interdependence 4

Economic opportunities

v

v

Natural resources base on

cave recreation.

Restaurant have a drink

and food service.

Natural resources base on

beach and sea recreation.

Phuchong

Tour

Flashlight for tourism rent

»

A

Economic interdependence
The money leakage out of the community.

v

Market nearby Bang Pu community
in Sam Roi Yod district, Prachuap

Khiri Khan province

Wholesale Shop in
Pranburi district, Prachuap

Khiri Khan province.

Employee (Family business)

from Chumphon Province.

Figure 1 The relationship between ecotourism impact toward community economy.

and service.

Economic opportunities

~

Economic cooperation

“Youth guide” (Local students

Economic interdependence

have knowledge and
interesting nature. They are

volunteer during holiday)

Flashlight from Pranburi
district, Prachuap Khiri

Khan province.

Shipyard (The income leakage to

nearby communities in Sam Roi Yod

district, Prachuap Khiri Khan

Fuel from gas station nearby
community in Sam Roi Yod district,

Prachuap Khiri Khan province.

<«

Khao Dang

Economic opportunities

Chanachai

Tour

Tour

A Fishermen in Kong
m .
m Khao Dang village.
=}
E They have
g .
g P | knowledgein
&
] marine navigator
2 and licence.
(¢}
v

Equipment shop and
safety. They buy from
Pranburi district, Prachuap

Khiri Khan province.
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Table 1 Factors effecting people opinions on the ecotourism impact both direct and indirect benefits.

Independent variables Dependent t-test F-test p-value
variables
1 Village location Direct benefit 1.876 0.060
Indirect benefits 6.67 <0.001*
2 Gender Direct benefit 0.842 0.401
Indirect benefits 0.137 0.891
3 Age Direct benefit 5.034 0.001*
Indirect benefits 5.885 <0.001*
4 Educational level Direct benefit 0.559 0.484
Indirect benefits 3.932 0.002%*
5 Participation activities Direct benefit -2.416 0.007*
Indirect benefits -1.087 0.278
6 Experience in ecotourism Direct benefit -2.817 0.005*
Indirect benefits -2.682 0.008*
7 Perception information Direct benefit -2.396 0.018%*
Indirect benefits -1.279 0.202
8  Ecotourism impact related Direct benefit 10.957  <0.001*
Indirect benefits 4.624 0.001*
9  Social Status Direct benefit 0.088 0.916
Indirect benefits 0.851 0.428
10 Settlement period Direct benefit -2.030 0.040*
Indirect benefits -1.906 0.060
11 Main occupation Direct benefit 6.367 <0.001*
Indirect benefits 9.107 <0.001*

Remark * p-value < 0.05 (significance level 0.05)
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