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Terrestrial Ant Communities Structure in 
Kasetsart University, Bangkhen Campus, Bangkok

* *

ABSTRACT

 Study on using community structure of ants to evaluate different land uses was carried 
out at Kasetsart University Bangkhen campus, Bangkok. Dry season during March-April 2014 
and Rainy season during July-August 2014. The objective was to know diversity index, evenness 
index, similarity index, abundance, distribution, occurrence and ants impact for manage different 
land uses to reduce danger from ants or reduce problem from ants. Five different land uses 
including building, canteen, lawn, tree and concrete areas were selected as study sites. Have two 
lines survey were Syrup and Tuna baits (twenty samplings each) were used in each site and put 
bait 30 minutes. Number and species of ants in each area. All specimens were collected during 
every two weeks for four months.

highest diversity index (1.23) and evenness index (0.44) of ants was building area. The maximal 
similarity index was 100 percent including building 1 building 2 canteen indoor footpath. Cluster 
Analysis by using species diversity of ants was divided into three groups at 80 percent being 

tree area and lawn area) third group was (lawn area and tree area). Paratrechina longicornis was 

of ants were found in build area. The most important of ants divided from effect to human 
including human health and nuisance including Solenopsis geminata, Paratrechina longicornis 
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and Tapinoma melanocephalum. So, it showed that all land uses affected to abundance only and 
it was evaluated that building 2 was dangerous area in Kasetsart University.

Keywords: Ants, terrestrial ant, communities structure, Kasetsart University
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Figure 1 Percentage of ants subfamilies in Kasetsart University Bangkhen Campus, Bangkok.
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Table 1 Diversity and Evenness indices of ants in different land uses in Kasetsart University 
Bangkhen Campus, Bangkok. 

Land uses Species  Diversity index (H’) Evenness index (E)
1) Canteen area
2) Concrete area
3) Building area
4) Lawn area
5) Tree area

4
4
4
5
6

0.72
1.13
1.23
1.18
1.07

0.26
0.40
0.44
0.42
0.39

Table 2 Abundance of ants in different land uses in Kasetsart University Bangkhen Campus, 
Bangkok.

Land uses
Abundance

(ind./ bait trap)
Building 1
Building 2
Canteen 1 (Indoor)
Canteen 2 (Outdoor)
Recreation
Lawn with play football
Tree area without human
Tree area with human
Footpath
Parking 

22.47
17.36
17.03
5.85
10.47
4.72
4.90
14.82
11.49
1.93
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Table 3 Similarity index of ants in different land uses in Kasetsart University Bangkhen 
Campus, Bangkok.

Sites BD1 BD2 CI CO RE LP TO TH FO PA
BD1
BD2
CI
CO
RE
LP
TO
TH
FO
PA

-
-
-
-
-
-
-
-
-
-

100
-
-
-
-
-
-
-
-
-

100
100

-
-
-
-
-
-
-
-

66.6
66.6
66.6

-
-
-
-
-
-
-

88.8
88.8
88.8
57.1

-
-
-
-
-
-

75
75
75

66.6
66.6

-
-
-
-
-

60
60
60
50

54.5
60
-
-
-
-

80
80
80
50

72.7
60

66.6
-
-
-

100
100
100
66.6
88.8
75
60
80
-
-

85.7
85.7
85.7
80
75

57.1
66.6
66.6
85.7

-

Remarks: BD1 = Building 1, BD2 = Building 2, CI = Canteen Indoor, CO = Canteen Outdoor, 
 RE = Recreation, LP = Lawn with playing football, TO = Tree without human, 
 TH = Tree with human, FO = Footpath, PA = Parking

Figure 2 Cluster Analysis by using species diversity in different land uses in Kasetsart University 
Bangkhen Campus, Bangkok. 
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Paratrechina 

longicornis 

Pheidole tanjongensis

Philidris

Paratrechina longicornis Solenopsis geminata 

Table 4 Percentage of distribution of ants in different land uses in Kasetsart University 
Bangkhen Campus, Bangkok.

Species
Land uses

BD1 BD2 CI CO RE LP TO TH FO PA
Diacamma vagans
Dolichoderus  thoracicus
Meranoplus bicolor
Paratrechina longicornis
Pheidole tanjongensis
Philidris sp.1 of AMK
Solenopsis  geminata
Tapinoma  melanocephalum
Tetramorium bicarinatum

-
-
-

42.2
38.1

-
2.2
8.1
-

-
-
-

17.5
14.4

-
11.8
9.9
-

-
-
-

44.7
19.1

-
1.2
4.2
-

-
-
-

27.5
28.1

-
-
-
-

-
-

1.8
7.81
24.3

-
8.75
7.91

-

-
-
-

13.8
4.68
23.4
10
-
-

7.5
1.2
-

21.5
2.5
12.8

-
1.8
-

-
3.4
-

14.4
14.3

-
9.3
5.3
4.2

-
-
-

27.1
14.1

-
8.4
17.5

-

-
-
-

11.2
3.75

-
-

6.2
-

Paratrechina longicornis

Solenopsis geminata  Tapinoma 

melanocephalum 
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Melanoplus bicolor 

Meranoplus

Table 5 Occurrence times of ants in different land uses in Kasetsart University Bangkhen 
Campus, Bangkok.

Species
Land uses

BD1 BD2 CI CO RE LP TO TH FO PA
Diacamma vagans
Dolichoderus  thoracicus
Meranoplus bicolor
Paratrechina longicornis
Pheidole tanjongensis
Philidris sp.1 of AMK
Solenopsis  geminata
Tapinoma  melanocephalum
Tetramorium bicarinatum

-
-
-
8
8
-
8
8
-

-
-
-
8
8
-
8
8
-

-
-
-
8
8
-
8
8
-

-
-
-
8
8
-
-
-
-

-
-
4
8
8
-
8
8
-

-
-
-
8
8
8
8
-
-

4
4
-
8
8
-
-
8
-

-
-
-
8
8
-
8
8
7

-
-
-
8
8
-
8
8
-

-
-
-
8
8
-
-
8
-

Paratrechina 

longicornis

Tapinoma 

melanocephalum 

Solenopsis geminata 

Diacamma vagans 

Tapinoma 

melanocephalum Solenopsis geminata 

Solenopsis 

geminata

Solenopsis 

invicta S. invicta
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Table 6 Ant impacts on human in different land uses in Kasetsart University Bangkhen 
Campus, Bangkok.

Species Health Group Nuisance Group Economic Loss Group
Diacamma vagans
Dolichoderus thoracicus
Meranoplus bicolor
Paratrechina longicornis
Pheidole tanjongensis
Philidris sp.1 of AMK
Solenopsis geminata
Tapinoma melanocephalum
Tetramorium bicarinatum

1
0
0
0
0
0
1
0
0

0
0
1
1
1
1
0
1
1

0
1
0
0
0
0
1
1
0

Total 2 6 3

Paratrechina longicornis

Meranoplus bicolor

 Paratrechina longicornis

Pheidole tanjongensis Philidris Solenopsis 

geminata Tapinoma melanocephalum

Dicamma vagans Dolichoderus 

thoracicus Meranoplus bicolor

Solenopsis 

geminata 

Paratrechina longicornis

Tapinoma melanocephalum

Solenopsis geminata
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(Crinum thaianum
Distribution and Conservation Status of Water onion 

(Crinum thaianum J. Schulze) in Thailand

*

ABSTRACT

 The objectives of study on distribution and conservation status of Water onion (Crinum 
thaianum J. Schulze) in Thailand were to investigated the extent of occurrence and to assess the 
conservation status of Crinum thaianum in Thailand according to the IUCN red list categories and 
Criteria version 3.1. The specially explicit distribution model, by Maximum entropy (MaxEnt), 
was used to predict its extent in the landscape and geographic information system was employed 
to generate the distribution map of Crinum thaianum. 
 The result revealed that the distribution of Crinum thaianum produced by MaxEnt had 
overall prediction accuracy of 94% and its extent of occurrence covered approximately 126 km2. 
There were six environment a factors contributing to distribution of Crinum thaianum, including 
1) annual precipitation (3,100-3,300 mm.), 2) mean temperature of driest quarter (27.5-28.5ºC), 
3) maximum temperature of warmest month (33.5-34 ºC), 4) elevation above mean sea level     
(0-30 m.), 5) soil group (deposition of allvuvium in river levee. Surface soil consisting of loam 
or silty sandy loam soil pH of 5.5-6.0 subsoil consisting of clay loam or silty clay loam and pH is 
5.5-7.0, 6) landuse type (evergreen forest and partially in agriculture associated with urban area) 
According to previous studies and the current research, the distributon of Crinum thaianum is also 

Crinum thaianum is categorized as 
endangered status.

Keywords: Crinum thaianum, Water onion, Species distribution Model, Conservation status
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Crinum thaianum

Crinum thaianum
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in-situ ex-situ

et al

et al
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≥

Table 1 The percentage accuracy (%) of the distribution map of Crinum thaianum by MaxEnt model.

The probability distribution of 
Crinum thaianum P(y)

Presence
(1)

Absence
 (0)

Total Accuracy
(%)

Probability  presence  of  Crinum thaianum 245 19 264 92.80

Probability  absence of Crinum thaianum
P(y) < 0.31 (0)

15 262 277 94.58

Total 260 281 93.72
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 B The distribution of Crinum thaianum A The accuracy for distribution map 

Figure 1 The distribution of Crinum thaianum in Thailand by MaxEnt model. 
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A annual precipitation B mean temperature of driest quarter  

 
 
 

C max temperature of wormest month D mean sea level  
 

 

 
E Soil group F Landuse type  

Figure 3 Response curves showing how each ecology variable affect the MaxEnt prediction. 

et al
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Figure 4  Landuse Change in Ranong and Phangnga Province, Thailand.
Source: Land Development Department (2013)
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Figure 5  Crinum thaianum.
Source:
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Pollination Biology of Santisukia kerrii (Barnett & Sandwith) Brummitt

1 1
1* 1*

1 1
2 2

ABSTRACT

 The study on Pollination Biology of Santisukia kerrii (Barnett & Sandwith) Brummitt 
was investigated at Thampet-Thamthong Forest Park, Nakhon Sawan province, during January 

S. kerrii generally start early 

 S. kerrii
was a thyrse type. The anthesis began from 04.00 am and peak of blooming at 07.00 am. The 

This results indicates that S. kerrii

Keywords: Limestone mountain, Santisukia kerrii  Pollination Biology, Pollination, 
 Reproductive success
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et al. 

Figure 1 Floral Diagram of Santisukia kerrii (Barnett & Sandwith) Brummitt.
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Figure 2 Characteristic of Santisukia kerrii
 A) side view, B) top view. 

Millingtonia hortensis

Figure 3 Scanning electron micrographs (SEM) of Santisukia kerrii (Barnett & Sandwith)
  Brummitt  A) Pollen,  B)  Exine of pollen.
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Incarvillea mairei

et al
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Figure 4 Stages of fruit development of Santisukia kerrii (Barnett & Sandwith) Brummitt
 Stages 1-5 (A, B, C, D, E) and dry dehiscent fruit (F). 
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Clakia Phaeostoma

Zeyheria montana

 

Campsidium valdivianum

et al Oroxylum indicum

et al

Heterophragma quadriloculare

Adenocalymma bracteatum

et al
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Table 1 Santisukia kerrii (Barnett & Sandwith) Brummitt.

Treatment
Number of number of

fruits
% fruit set

 
SE
 

Opened-pollination
Controlled-pollination
Cross hand-pollination
Self hand-pollination

330
433
110
100

16
0
83
0

4.85
0

75.45
0

0.31
0

0.27
0

Total 973 99 10.17 1.49

et al

Acacia

Aquilaria crassna 

et al

 

Table 2 Santisukia kerrii (Barnett & Sandwith) Brummitt.

Tree no.
number of 

(FL)

number of 

(Fr)
Fr/Fl

number of 

(O) 

number of 
seeds/fruit 

(S) 
S/O RS

1
2
3
4
5

46.6 ± 9.64
33.9 ± 4.68
49.2 ± 7.67
24.1 ± 3.40
33.7 ± 9.29

0.8 ± 0.33
0.7 ± 0.33
1.0 ± 0.30
0.7 ± 0.30
0.8 ± 0.29

0.017
0.021
0.020
0.029
0.024

180 ± 3.50
184 ± 6.00
176 ± 10.50
170 ± 2.00
189 ± 2.00

102.75 ± 5.68
105.00 ± 15.18
90.50 ± 6.76
105.75 ± 4.46
103.00 ± 10.08

0.57
0.57
0.51
0.62
0.54

0.010
0.012
0.010
0.018
0.013

Avg. 37.5 ± 1.46 0.8 ± 0.04 0.022 180 ± 2.33 101.40 ± 3.90 0.56 0.013
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Comparative Anatomy of Six Indigenous Leguminosae-Papilionoideae
in Thailand

1* 1*
2 2

2 2

ABSTRACT

 The family Leguminosae distributed throughout Thailand. Some tree species can grow 
in drought tolerance, wide ranges of soils. Many species are valuable timber. This study focus 
on the anatomical characters of 6 indigenous tree species in Subfamily Papilionoideae such as, 
Dalbergia cultrata  Graham ex Benth., Dalbergia nigrescens Kurz, Millettia brandisiana Kurz, 
Millettia leucantha var. buteoides Kurz, Pterocarpus indicus Willd. and Pterocarpus macrocarpus 
Kurz that collected from Nakhon Ratchasima, Sa Kaeo and Chon Buri provinces. The woods 
were cut by sliding microtome and maceration techniques. The wood specimens were examined 
under light microscope (LM) and scanning electron microscope (SEM).
 The dominant anatomical characteristics of them showed the color of heartwood is 
reddish-brown to purplish-brown. Wood surface is rather luster. Vessels diffuse with solitary and 
multiple of 2-3 types except P. indicus. Intervessel pits arrange alternately except M. leucantha. 
Axial parenchyma appear in paratracheal, bands, aliform, wing-aliform and vasicentric types. 

m. Rays are uniseriate and 1-3 rows. Ripple marks distinct except P.  indicus. As the result, 2 
timbers of D. cultrata and M. brandisiana are suitable for hard construction while M. leucantha,  
D. nigrescens and P. macrocarpus  are suitable for interior decoration and furniture compartments. 
P. indicus wood can apply as wood substitute materials. 

Keywords: Papilionoideae, wood, wood anatomy
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Dalbergia cultrata 

 Dalbergia nigrescens   Millettia brandisiana   Millettia 

leucantha buteoides Pterocarpus indicus Pterocarpus macrocarpus 

M. leucantha

P. indicus D. cultrata

M. brandisiana M. leucantha D. nigrescens

P. macrocarpus P. indicus
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Afzelia  africana Daniella  oliveri Burkea africana

Pterocarpus  erinaceus Tamarindus  indica
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Sindora

Dalbergia 
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cultrata  Dalbergia nigrescens 

  Millettia brandisiana   
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a b c 

d e f 

g h i 

Figure 1 a) A tangential section of wood showing all ray storied in  Millettia leucantha.
 b) A tangential section of wood showing irregularly storied in  Dalbergia nigrescens.
 c) A SEM micrograph of vessel showing vestured pits in  Pterocarpus macrocarpus.  
 d) A transverse section of M. leucantha showing paratracheal bands parenchyma.
 e) A transverse section of P. macrocarpus showing paratracheal wing-aliform
  parenchyma.
 f) A transverse section of P. indicus  showing radial multiple vessels.
 g) A SEM micrograph showing prismatic crystals in chambered axial parenchyma 
  cells (arrow).

Dalbergia

Millettia

Pterocarpus
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Plus Tree Selection of Cinnamomum porrectum (Roxb.) Kosterm. 
in Phangnga Province

* *

ABSTRACT
 Thep tharo (Cinnamomum porrectum (Roxb.) Kosterm.) is a medicinal and aromatic 
tree mostly distributed throughout southern Thailand.  The utilization of this species is wood 
products, essential oil, and medicinal products.  Currently, the population in natural habitat has 
been greatly reduced. Therefore the replanting should be promoted. In the process of replanting 
and tree improvement program, plus tree selection is one of the most important factors that must 
be considered.  The objectives of this study were to set up plus tree selection criteria and to 
select Thep tharo plus trees for seed and seedling production.  The selection was carried out in 
natural stand at Nirotrangsri Temple, Thai Mueang District, Phangnga Province.  The combined 
10 criteria of wood productivity and pharmaceutical purposes, including total height, diameter at 
breast height, clear bole, stem straightness, stem borer, bark thickness, crown density, essential 
oil content, active compound content and biological activity, were used as plus tree selection 
criteria.  According to these criteria, 10 plus trees were selected from the study site and can be 
used as seed and seedling source for replanting in natural forest and plantation.  Moreover, these 
plus trees are available for further tree improvement program.

Keywords: Thep tharo, Cinnamomum porrectum, plus tree selection, Phangnga province

Cinnamomum porrectum
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Table 1 Relative weighting score for each criterion for selection Cinnamomum porrectum plus 
tree using paired comparison method

i

TH DBH CB SS SB BT CD EC AC BA

j

Total height (TH) 0 1 1 1 0 0 0 0 0 0
Diameter at breast height (DBH) -1 0 -1 0 0 -1 -1 0 0 0
Clear bole (CB) -1 1 0 1 0 -1 -1 0 0 0
Stem straightness (SS) -1 0 -1 0 0 -1 -1 0 0 0
Stem borer (SB) 0 0 0 0 0 1 1 1 1 1
Bark thickness (BT) 0 1 1 1 -1 0 0 1 1 1
Crown density (CD) 0 1 1 1 -1 0 0 1 1 1
Essential oil content (EC) 0 0 0 0 -1 -1 -1 0 1 1
Active compound content (AC) 0 0 0 0 -1 -1 -1 -1 0 1
Biological activity (BA) 0 0 0 0 -1 -1 -1 -1 -1 0

Sj ij -3 4 1 4 -5 -5 -5 1 3 5
F 9 9 9 9 9 9 9 9 9 9

Sj +F 6 13 10 13 4 4 4 10 12 14
Relative weight (%) 7 14 11 14 4 4 4 11 13 16

[ j

Σ
j j
n ]

T n 

T

n 
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Table 2 The ranking score interval for quantitative characters of Cinnamomum porrectum.

Criteria
Maximum score

(% relative 
weight)

Ranking score 
interval

% Superiority of each tree 
over average of

comparative trees
Total height (TH) 7 0 Less than -15
(m)  1 -15 to 0
  3 1 to 15
  5 16 to 30
  7 More than 30
Diameter at breast height (DBH) 14 2 Less than -15
(cm)  5 -15 to 0
  8 1 to 15
  11 16 to 30
  14 More than 30
Bark thickness (BT) 4 0 Less than -15
(cm)  1 -15 to 0
  2 1 to 15

3 16 to 30
  4 More than 30
Essential oil content (EC) 11 3 Less than -15
(%)  5 -15 to 0
  7 1 to 15

9 16 to 30
  11 More than 30
Active compound content (AC) 13 1 Less than -15
(%)  4 -15 to 0
  7 1 to 15

10 16 to 30
  13 More than 30
Biological activity (BA) 16 4 Less than -15
(mg/ml)  7 -15 to 0
  10 1 to 15
  13 16 to 30
  16 More than 30
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Table 3 The ranking score interval for qualitative characters of Cinnamomum porrectum.

Criteria

Maximum 
score

(% relative 
weight)

Ranking 
score interval Characters

Clear bole (CB)

branch (diameter >1/3 of adjacent 
stem) originating from the main 
stem

11 2 Branching in 1st quarter of stem
 5 Branching in 2nd quarter of stem
 8 Branching in 3rd quarter of stem
 11 Branching in 4th quarter of stem

Stem straightness (SS)
 Points depend upon vertical 

and stem straightness

14 2 Not vertical, >4 bends
 6 Roughly vertical, 3-4 bends
 10 Roughly vertical, 1-2 bends
 14 Completely vertical and straight

Stem borer (SB)
 Points depend upon number of 

hole caused by stem borer

 1 More than 4 holes
 2 3-4 holes
 3 1-2 holes

4 No hole

Crown density (CD)
Points depend upon density and 

regular of foliage

4 1 Low dense
2 Medium dense
3 Dense and irregular
4 Dense and regular

A B C D 

Figure 1 Scoring of clear bole of Cinnamomum porrectum.
 (A) > ¾ of stem length = 11 (B) ¾ of stem length = 8
 (C) ½ of stem length = 5 (D) ¼ of stem length = 2
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A B C D 

Figure 2 Scoring of stem straightness of Cinnamomum porrectum.
 (A) Straight = 14 (B) 1-2 bends = 10
 (C) 3-4 bends = 6 (D) > 4 bends = 2

Figure 3 Stem of Cinnamomum porrectum damaged by stem borer.
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A B 

C D 

Figure 4 Scoring of crown density of Cinnamomum porrectum.
 (A) Dense and regular = 4 (B) Dense and irregular = 3
 (C) Medium dense = 2 (D) Low dense = 1
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Growth, Biomass and Nutrient Content of 
Acacia Hybrid Clones in Sa Kaeo Province

* *

ABSTRACT

 Growth, biomass and nutrient of acacia hybrid clones planted in Sa Kaeo province was 
conducted by using randomized complete block design (RCBD) in 4 years old acacia hybrid 
clones. The spacing of tree planting was 3x3 m with 4 blocks. Each block consisted of 6 clones, 
i.e., 1, 3, 5, 14, 18 and 19. Each clone planted 24 trees.
 The result showed that diameter at ground level, DBH and total height were highest in 
clone 14 and were lowest in clone 18. Survival rates of clone 3, 5 and 14 were highest and were 
lowest in clone 18 and 19. Aboveground biomass of clone 1 was highest (76.22 t ha-1) and clone 
18 was lowest (18.88 t ha-1). Calcium cententrations of stem and branch were highest followed by 
nitrogen, potassium and phosphorus but magnesium of those were lowest. Meanwhile, leaf had 
highest in calcium concentration followed by nitrogen, potassium and magnesium but phosphorus 
in that was lowest.
 Nutrient accumulation in stem and branch had the same trend. Calcium was highest 
followed by nitrogen, potassium and phosphorus but magnesium of those was lowest. While, 
leaf had highest the calcium accumulation followed by nitrogen, potassium, magnesium and 
phosphorus.

Keywords: growth, biomass, nutrient content, clone, acacia hybrid, Sa Kaeo
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Table 1 Clone details of 6 acacia hybrid clones.

Code No. Clone ID Female Parent Male Parent

1
3
5
14
18
19

1/1/11
1/1/16
13/8/7

29/16/24
32/18/24
33/19/9

NT1
NT2

PNG1
QLD1
QLD2
QLD2

QLD1
AM

QLD2
QLD3
NT3

PNG1

Remarks:  NT = Northern Territories, QLD = Queensland, PNG = Papua New Guinea, 
  AM = Acacia mangium
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Table 2 Growth of 6 acacia hybrid clones.

Clones D0 (cm) DBH (cm) Height (m) Survival rate (%)

1
3
5
14
18
19

13.90±1.39bc

12.51±0.52c

14.25±0.86ab

15.52±1.09a

10.69±1.34d

12.36±0.57c

10.46±1.26ab

9.78±0.64b

10.89±0.59ab

11.34±0.62a

7.57±0.75c

9.87±0.55b

10.73±0.36bc

10.35±0.65c

11.30±0.46ab

11.84±0.63a

9.05±0.83d

10.25±0.60c

91.67±9.62
100.00±0.00
100.00±0.00
100.00±0.00
87.50±25.00
87.50±15.96

F-value 11.18** 11.71** 10.13**

Remark:   **

≤

≤

et al.

et al.

Acacia 

mangium Acacia auriculiformis

et al.

et al.
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Table 3  Allometric equations of 6 acacia hybrid clones.

Clones Equation R2

1 Ws =0.0685(DBH2H)0.8197

Wb = 0.0006(D0
2H)1.3621

Wl = 0.0007(DBH2H)1.2106

0.9299
0.8181
0.8499

3 Ws = 0.2317(DBH2H)0.6669

Wb = 0.0078(DBH2H)1.0203

Wl = 0.0039(D0
2H)0.9487

0.9373
0.7039
0.7600

5 Ws = 0.0022(DBH2H)1.3129

Wb = 0.0032(DBH2H)1.1259

Wl = 0.0239(DBH2H)0.6899

0.9292
0.9084
0.9824

14 Ws = 0.0031(DBH2H)1.2544

Wb = 0.0004(DBH2H)1.4003

Wl = 0.0001(DBH2H)1.3833

0.9425
0.7747
0.7731

18 Ws = 0.0218(DBH2H)1.0008

Wb = 0.0002(DBH2H)1.4792

Wl = 0.0061(DBH2H)0.8496

0.9951
0.9413
0.8329

19 Ws = 1.1664(DBH2H)0.4016

Wb = 0.0030(DBH2H)1.1861

Wl = 0.0195(DBH2H)0.7340

0.8480
0.8296
0.7501

Remarks: Ws = stem biomass (kg), Wb = branch biomass (kg), Wl = leaf biomass (kg),  

DBH = diameter at breast height (cm), H = total height (m), R2 
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Table 4 Aboveground biomass (t ha-1) of 6 acacia hybrid clones.

clones Stem Branch Leaf Total

1
3
5
14
18
19

35.16±6.17ab

26.55±1.80bc

33.71±7.06ab

38.61±8.26a

14.28±4.49d

19.73±4.63cd

35.08±7.97a

10.31±1.25b

12.60±2.34b

14.75±3.47b

3.12±0.93c

12.30±2.86b

5.98±0.85a

5.04±0.59a

3.99±0.53b

3.25±0.76b

1.48±0.47c

3.33±0.74b

76.22±14.95a

41.90±3.20bc

50.30±9.93bc

56.61±12.52b

18.88±5.90d

35.36±8.12c

F-value 10.84** 30.33** 21.67** 15.54**

Remark: **

Acacia nilotica
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Table 5 Nutrient concentration (% dry weight) of 6 acacia hybrid clones.

Parts Clones N P K Ca Mg

Stem

1
3
5
14
18
19

0.46±0.08ab

0.67±0.15a

0.49±0.24ab

0.26±0.03b

0.41±0.06b

0.47±0.23ab

0.08±0.03
0.08±0.03
0.06±0.04
0.15±0.18
0.09±0.02
0.08±0.03

0.10±0.03
0.18±0.04
0.17±0.13
0.10±0.01
0.14±0.04
0.20±0.09

0.52±0.12b

0.91±0.13b

1.70±1.83ab

3.05±1.78a

0.75±0.20b

1.35±1.00b

0.02±0.01b

0.04±0.02ab

0.06±0.03a

0.04±0.00ab

0.05±0.01ab

0.06±0.02a

F-value 3.48* 0.70ns 1.92ns 3.37* 2.69*

Branch

1
3
5
14
18
19

1.03±0.15
1.09±0.16
0.96±0.10
0.85±0.05
1.11±0.17
0.84±0.31

0.12±0.04
0.10±0.03
0.09±0.03
0.19±0.22
0.14±0.03
0.12±0.02

0.29±0.06
0.24±0.05
0.25±0.03
0.24±0.10
0.29±0.10
0.31±0.15

3.18±1.18
4.29±0.78
3.61±0.71
3.15±1.52
3.34±1.00
3.37±1.57

0.11±0.01
0.09±0.02
0.12±0.02
0.08±0.03
0.10±0.02
0.11±0.03

F-value 2.16ns 0.63ns 0.57ns 0.65ns 2.29ns

Leaf

1
3
5
14
18
19

2.92±0.10a

2.66±0.09bc

2.67±0.14bc

2.77±0.11bc

2.64±0.07c

2.81±0.12ab

0.15±0.05
0.13±0.02
0.15±0.03
0.16±0.01
0.16±0.03
0.15±0.03

0.74±0.13a

0.41±0.03c

0.54±0.07b

0.59±0.08b

0.57±0.04b

0.73±0.06a

2.85±0.51c

4.47±1.08ab

5.48±1.05a

3.77±1.15bc

2.94±0.43c

2.89±0.41c

0.26±0.04b

0.40±0.11a

0.39±0.10a

0.26±0.05b

0.30±0.03ab

0.25±0.02b

F-value 5.20** 0.50ns 13.42** 8.16** 4.67**

Remarks: ** *

 ns
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Table 6 Nutrient contents (kg/ha-1) of 6 acacia hybrid clones.

Parts Clones N P K Ca Mg

Stem

1
3
5
14
18
19

161.73±28.39a

177.91±12.08a

165.20±34.60a

100.38±21.55b

58.54±18.40c

92.72±21.78bc

28.13±4.94b

21.24±1.44bc

20.23±4.24bc

57.91±12.43a

12.85±4.04c

15.78±3.71c

35.16±6.17b

47.79±3.24ab

57.31±12.01a

38.61±8.29b

19.99±6.29c

39.46±9.27b

186.34±32.71c

241.63±16.41c

573.15±120.05b

1177.54±252.83a

107.09±33.67c

266.32±62.56c

7.03±1.24de

10.62±0.72cd

20.23±4.24a

15.45±3.32b

5.71±1.79e

11.84±2.78bc

F-value 16.56** 28.42** 9.75** 45.61** 16.67**

Branch

1
3
5
14
18
19

361.32±82.05a

112.36±13.58b

120.89±22.44b

125.40±29.52b

34.60±10.39c

103.32±24.07b

42.10±9.56a

10.31±1.25cd

11.34±2.10cd

26.56±6.25b

4.37±1.31d

14.76±3.44c

101.73±23.10a

24.74±2.99bc

31.48±5.84b

35.41±8.34b

9.04±2.71c

38.13±8.88b

1115.53±253.32a

442.20±53.62b

454.62±84.40b

464.70±109.39b

104.10±31.28c

414.49±96.55b

38.59±8.77a

9.28±1.12bc

15.11±2.81b

11.80±2.78b

3.12±0.93c

13.53±3.15b

F-value 33.53** 30.52** 33.41** 27.36** 34.11**

Leaf

1
3
5
14
18
19

174.74±24.97a

134.03±15.79b

106.53±14.22bc

90.01±20.97c

38.98±12.38d

93.58±20.93c

8.98±1.28a

6.55±0.77b

5.99±0.80b

5.20±1.21b

2.36±0.75c

5.00±1.12b

44.28±6.33a

20.66±2.43b

21.55±2.87b

19.17±4.46b

8.42±2.67c

24.31±5.44b

170.55±24.37b

225.24±26.53a

218.64±29.18a

122.51±28.55c

43.41±13.79d

96.24±21.53c

15.56±2.22b

20.16±2.37a

15.56±2.08b

8.45±1.97c

4.43±1.41d

8.33±1.86c

F-value 23.73** 18.25** 29.86** 34.11** 34.74**

Remark:    **
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Changes in Rainfall Characteristics at Huai Kog-Ma Watershed, 
Chiang Mai Province

1* 1*
1 1
1 1

2 2

ABSTRACT

 Rainfall characteristics in term of number of storms, number of rainy days, amount, 
duration, intensity and 30 minute maximum intensity were investigated from 3 tipping bucket 
automatic recording raingage located at Huai Kog-Ma Watershed, Chiang Mai Province during 
1997-2013. Non-parametric and parametric test were employed to detect rainfall characteristics 
trends. 
 The results reveal that mean annual rainfall of Huai Kog-Ma Watershed during the study 
period was 1,736 mm, with 188 storms and 141 rainy days. Maximum mean monthly rainfall was 
found in August about 335 mm while minimum was occurred in February about 10 mm.  The 
distribution of storm rainfall characteristics are positive skewness. Extreme rainfall characteristic 
including maximum in number of storms that rainfall over 50 mm, duration over 4 hour and 30 
minute maximum intensity over 30 mm/hr was found in May. Analysis of rainfall characteristics 
trend showed that number of storms and number of rainy days are increased but not statistically 

Keywords: Rainfall characteristics, Huai Kog-Ma Watershed, Changes in Rainfall
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Figure 1  Rainfall stations at Huai Kog-Ma Watershed, Chiang Mai province.
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Figure 2  Annual rainfall, number of storms and number of rainy days during 1997-2013.
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Figure 3 Average monthly rainfall, number of storms  and number of rainy days during 1997-2013.

et al  
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Figure 4  Monthly rainfall during 1966-1980 and 1997-2013.
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Figure 5 Average number of storms of rainfall, duration, intensity and i30max classes during 
1997-2013.
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Figure 6  Number of storms and rainfall in each hour during 1997-2013.
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Table 1 Trend of rainfall characteristics at Huai Kog-Ma watershed, Chiang Mai province.

Parameter
Nonparametric linear parametric linear

Equation1 P-value Equation2 P-value

Annual rain
Number of storm
Number of wet day
Number of rain >50 mm
Number of duration >240 min
Number of intensity >50 mm/hr
Number of i30max >30 mm/hr

r = 1741 + 16.52(t-2005)
ns = 193.00 + 1.00(t-2005)
nw  = 139+1.47(t-2005)
nsr>50 = 3 + 0(t-2005)
nsd>240 = 13 + 0.32(t-2005)
nsi>50 = 3 + 0.17(t-2005)
Nsim>30 = 2 - 0.03(t-2005)

0.48ns

0.68ns

0.30ns

0.74ns

0.23ns

0.10*

0.32ns

r = 1,735.61 + 17.34(t-2005)
ns = 187.65 + 0.97(t-2005)
nw = 140.53 + 1.19(t-2005)
nsr>50  = 3.41 - 0.03(t-2005)
nsd>240 = 13.59 + 0.32(t-2005)
nsi>50  = 3.82 + 0.17(t-2005)
Nsim>30  = 2.18 - 0.06(t-2005)

0.32ns

0.55ns

0.21ns

0.73ns

0.14ns

0.07*

0.39ns

Remarks: ns   * 
 1= According to equation 4  2 = According to equation 6

et al. 

et al. 

et al.
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Determination of Recreation Carrying Capacity
of Lan Son Camping Area, Phu Soi Dao National Park

* *

ABSTRACT

 The objectives of this research were to investigate the camping characteristics and 

Recreation Opportunity Spectrum (ROS) of Lan Son Camping Area, Phu Soi Dao National Park 

and to analyze and assess the physical carrying capacity and psychological carrying capacity 

of the camping area. Two major groups of data were collected. These included an inventory on 

general characteristics of the site and its recreational settings and tourist survey by questionnaire 

focusing on crowding perceptive, overall satisfying, tourists’ background and engaged recreation 

activities. The data were analyzed using descriptive statistics and multiple regression analyses.

 It was found that the hiking trail led to Lan Son camping area was 6.243 kilometers long 

with the elevation ranging from 639 to 1,597 above mean sea level. The site’s ROS was Semi-

primitive Non-motorized. Its physical carrying capacity limited by drinking water was 165 persons 

per day. While psychological carrying capacity calculated from relationship between use level 

and mean perceived crowding graph was 199 persons per day. Thus, Lan Son Camping Area’s 

recreation carrying capacity was 165 persons per day.

Keywords: Natural Resource Recreation, Recreation Carrying Capacity, Tent Camping, 
 Phu Soi Dao National Park
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Table 1 Proportion of sample size in each month (2014-2015).

July
(person)

August
(person)

September
(person)

October
(person)

November
(person)

December
(person)

January
(person)

Total 
(person)

population 152 659 698 505 293 1,084 38 3,429

sample 
proportion

16 69 73 53 31 113 4 359
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Figure 1  

Table 2 Results from recreational setting survey and assessment of ROS class by the method 
derived from  Tanakanajana et al. (2006).

Recreational setting indices  Observed value Range value (1-5)
1. Access (kilometer) 6.243 5
2. Remoteness 
 - distance between the site and main road (kilometer) 6.243 4
 - visitor perception (5–point scale) 4.16 4
3. Naturalness (percentage) 98.75 5
4. Opportunity for social encounter (groups per day) 12 3
5. Evidence of human impacts 
 - amount of litter (pieces per square meter) 0.13 5
 - amount of broken tree branches along the trail (points 
  per a hundred meter)

0.26 5

 - amount of scars on trees (scars per a hundred meter) 0.72 5
 - visibility of soil erosion on trail (percentage of total length) 8.96 4
 - length of trail with exposed tree roots (percentage of total 
  length)

4.12 5

6. Facility and site management moderate
development

3

7. Visitor management
 -direct control (by park authority) occasional and 2

 -indirect control (by interpretive signs) 2
score obtained from logistic regression analysis = 16.11

Remarks: ROS range: Primitive     = 16.55-19.16
   Semi-primitive Non-motorized = 13.95-16.54
   Semi-primitive Motorized  = 11.35-13.94

   Urban     = 6.14-8.73



84 Thai J. For. 35 (2) : 78-88 (2016)



85 35 (2) : 78-88 (2559)

Figure 2  Relationship between use level and mean perceived crowding showing break point.
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Figure 3  Percentage of proper visitor number.  

Table 3 Physical Carrying Capacity of Lan Son Camping Area.

Recreation area 
(person/day)

Drinking water quantity 
(person/day)

Toilets capacity
(person/day)

Physical Carrying 
Capacity, PCC

1,029 165 2,160

Table 4  Psychological Carrying Capacity of Lan Son Camping Area.

break point of mean perceived 
crowding (person/day)

proper number of visitor
(person per day)

Psychological Carrying 
Capacity, PsCC 199 100
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Factors Affecting People Participation in Conservation and Restoration for 
Class 1B Watershed: A Case Study of Khao Khananjit, Sikhio District, 

Nakhon Ratchasima Province

* *

ABSTRACT

 The objectives of This study were to determine social and economic participation level, 
and study factors affecting people participation in conservation and restoration for Class 1B 
Watershed: A case study of Khao Khananjit, Sikhio district, Nakhon Ratchasima province. The 
study was conducted by interviewing 234 household heads. The statistical analysis included were 

level at 0.05
 The result revealed that most samples were male and female with equal proportion, ages 
ranged 41-49 years old. The sample mainly was villager. They had no social status. Their education 
levels were at primary school. Their main occupation were agriculture. Their residence period 
were more than 25 years. Their monthly incomes ranged 5,001-10,000 bath and Then monthly 
expenditures were less than were 5000 bath. They had enough income but they had no saving. 
Their knowledge about participation in conservation and restoration for Class 1B Watershed 
were at high level.  Participation in Conservation and Restoration for Class 1B Watershed were 
at medium level. Factor affecting people participation in conservation and restoration for Class 
1B Watershed was knowledge of people at class 1B watershed in Khao Khananjit, Sikhio district, 
Nakhon Ratchasima province.

Keywords: participation, conservation and restoration, class 1B watershed
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Conceptual Framework 

 

Independent Variables Dependent Variables 
 

 

 

 

 
 

 
 

 
 

 

 

gender

social status

education level

land holding

occupation

comprehension and understanding about 
conservation and restoration for class 1B 
watershed 

participation in conservation and 
restoration for class 1B watershed of 
khao khananjit, sikhio district, 
nakhon ratchasima province

Figure 1  Conceptual Framework.
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Table 1 Level of community participation in forest resource conservation.

Participation aspect Mean Standard deviation Level of 
participation

Participation in decision and planning 1.93 0.99 Medium
Participation in implementing of plans 1.87 0.91 Medium

1.88 0.93 Medium
Participation in monitoring and evaluation 1.75 0.85 Medium

Overall Participation 1.86 0.92 Medium
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Table 2 Summary of hypothesis testing.

Independent variables F-test t-test p-value
1. gender -0.29 0.77ns

2. age 1.16 0.33 ns

3. social status 0.61 0.54 ns

4. educational level 1.86 0.10 ns

5. land holding 2.11 0.08 ns

6. occupation 0.70 0.62 ns

7. comprehension and understanding about conservation
    and restoration for class 1B watershed

2.88 0.00*

Remarks:
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Local Communities Participation in Wildlife Tourism Development
at Kuiburi National Park, Prachuap Khiri Khan Province

* *

ABSTRACT

factor and the community behavior on the local communities participation in wildlife tourism 
development at Kuiburi National Park, Prachuap Khiri Khan Province. 
 The Data was collected using questionnaires and interviewed. 360 samples were collected from 

villagers living in communities around Kuiburi National Park. Statistical analysis included mean standard 

deviation, maximum, minimum, skewness, kurtosis and testing hypothesis model of appropriateness index 

 The results indicated that the level and relationship among all factors on the local 
communities participation in wildlife tourism development at Kuiburi National Park were at the 
high level.  The correlation among community behavior and local communities participation in 
wildlife tourism development showed the highest relationship (89.00%). The model validation 

communication in wildlife tourism by facilitating the forming of groups and network coordination 
to create understanding of wildlife tourism, and the development of better communication among 
local communities and their leaders. 

Keywords: local communities participation, wildlife tourism development, Kuiburi National Park



100 Thai J. For. 35 (2) : 99-109 (2016)



101 35 (2) : 99-109 (2559)

 
 
 
 
 
 
 
 

 
 
 

 
 
 

 
Transformational  Leadership 
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Table 1 Construct validity of improved transformational leadership, community factor, community 
behavior, local communities participation model. 

Variables Lambda 
( )

Theta 
( ) t – value R2 c v

TF_ID 0.95** 0.10 23.23 0.90 0.90 0.70
TF_INS 0.84** 0.30 19.15 0.70

TEF_INF 0.81** 0.34 18.31 0.66

TF_IS 0.72** 0.48 15.53 0.53
CF_COMM 0.87** 0.25 19.55 0.75 0.89 0.72
CF_HR 0.85** 0.28 18.88 0.71

CF_STR 0.83** 0.31 18.37 0.67
BHV_EBF 0.94** 0.12 22.89 0.88 0.92 0.79
BHV_PCT 0.88** 0.22 20.68 0.77

BHC_AWN 0.84** 0.29 19.35 0.71
PAR_OPER 0.94** 0.12 23.41 0.88 0.93 0.77
PAR_BEF 0.89** 0.21 21.29 0.79

PAR_EVA 0.89** 0.20 21.42 0.80

PAR_DEC 0.77** 0.41 16.95 0.59

Note:  ** = p< 0.01
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Figure 2 The relationship model among all factors on the transformational leadership, community 
factor, the community behavior and the local communities participation.

Figure 3 
community behavior on the local communities participation (showed only structural 
model).
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Table 2 
community behavior on the local communities participation. (the overall concept)

Endogenous Variables: 
ETA Path: (KSI ETA)

Gamma
( t  values R2

PAR CF PAR 0.83* 3.70 0.877

BHV PAR   0.40** 4.49

TF PAR      -0.34 -2.84

Notes: * = p< 0.05; ** = p< 0.01
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Estimation Runoff by Using SCS-CN Model at Upper Yom Watershed

* *

ABSTRACT

 The aim of this research was to apply geoinformatics data and SCS-CN model for 
estimation runoff and compare with measurement data. The study procedure were collect data 
from the various source such as topographic data, soil data, and land use data. All spatial data 
were analyzed the physiographic and hydrological characteristic of upper yom watershed for 
determination curve number (CN) and concern with rainfall amount for estimation runoff. The 
results were indicated watershed status in term of hydrology and potential runoff of upper yom 
watershed. 
 The results showed that annual runoff from SCS-CN model was 625.71 MCM. while 
direct measurement was 828.23 MCM. Moreover, the relationship between rainfall and runoff was 
moderately (r2 = 0.6). During the wet period, the runoff was 633.06 MCM. while measurement 
was 916.22 MCM., in dry period runoff was 7.35 MCM. The relationship between rainfall and 
runoff was highest in the wet period as an r2=0.99 contrast with the dry period with r2= 0.58. 
Watershed hydrological characteristic was used for explained watershed hydrological potential as 

between wet and dry period. The results were indicated that the percentage of rainfall and runoff 
was 67.9 percent. The runoff ratio between wet and dry period was 99:1 and timing portion 
between the wet and dry period from the model was 7:5 month. The model application selected 

Keywords:
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≥

Table 1

 
Rainfall amount

(mm) measurement model estimation
annual 1,219.73 828.23 625.71 
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Figure 1 
watershed.

Figure 2 
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Figure 3 

Figure 4 
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Table 2

water periods
Rainfall amount

(mm) measurement estimation
wet period 1,305.77 916.22 633.06
dry period 86.04 87.99 7.35

Figure 5 
period.
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Figure 6 
period.

Wet period       dry period 

Figure 7 
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Table 3 Hydrological characteristics in upper Yom watershed.

Hydrological characteristics
Rainfall 
amount
(mm)

(MCM) percentage

measurement estimation measurement estimation
1,219.73 828.23 625.71 67.90 51.30

89 : 11 99 : 1
Flow timing wet: dry period 7 : 5

Table 4

WSC
Land utilization areas percentage

under WSC policy (sq.km.) of watershed
1A  1B and 2 Forest 543.56 47.05

3 Mix orchards 283.94 24.58
4 Mix upland crop 225.67 19.53

5 facilities 102.05 8.83
total 1,155.23 100.00



119 35 (2) : 110-121 (2559)

Table 5

Rainfall
(mm) measurement estimation

annual 1,219.73 828.23 695.89 

Table 6 Land utilization under different slope level in upper Yom watershed.

slope
(percentage)

Land utilization under slope
condition

areas
(sq.km.)

percentage
of watershed areas

0 - 2 119.66 10.36
2 - 5   Community and infrastructure 130.56 11.30
5 - 15   Mix upper crop 317.07 27.45
15 - 35   Mix orchards 455.48 39.43

> 35   Forest 132.47 11.47
total 1,155.23 100.00

Table 7
watershed.

 
Rainfall amount

(mm) measurement estimation
annual 1,219.73 828.23 559.13 
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