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[ ORIGINAL ARTICLE ]

Ecological phytochemistry of medicinal Trema orientalis (L.) Blume (Cannabaceae)

in Phu Meang-Phu Thong forest group of Thailand

Apsonsawan Jaiboon', Keerati Tanruean'”, Pisit Poolprasertz, Pornpat Sam-ang3, Manop Poopath4,

.
Kusuma Phumkhonsarn’, Wichai Santimaleeworagun6 and Tiwtawat Napiroonl’2

Received: 13 May 2020 Revised: 17 July 2020 Accepted: 22 July 2020

ABSTRACT

Trema orientalis (L.) Blume in family Cannabaceae is wildly distributed in the tropical regions. In Thailand, these
plants were found in various habitats, all plant parts were used as traditional medicine in the treatment of infection. The
purpose of our work was to compare the chemical profiles among similar plant part extracts from five different ecological
habitats includes hill evergreen forest, mixed deciduous forest, coniferous forest, edge and disturbed forest and agricultural
areas at the Phu Meang-Phu Thong forest complex using TLC and HPLC chromatographic techniques. The lipophilic
extracts of all plant parts were analyzed for chemical characters with TLC, mobile phase (hexane : ethyl acetate, 8:2 v/v)
and UV illuminated detection (wavelength 254 and 365 nm). HPLC, mobile phase consisted in a solvent system, 60% v/v
methanol in 40% v/v aqueous buffer, wavelength 230 nm. TLC analysis showed single band separation and Rf values
measurement at the positive results of terpenoids, phenolic compounds, coumarins and sterols. For quantitative HPLC,
each plant part extract (10 mg/mL) showed signals appearing of UV detection nearly or at the same position, as same as
their UV absorbance values in each dominant compound. The retention time period of dominant peak was repeatability in
all replication with retention time in average of leaf extracts at 2.73 and 27.24 min, stem bark extracts at 2.76, 23.18, 25.89
and 29.57 min and the inflorescence and infructescence extracts at 2.78, 26.73, 27.60 and 29.40 min respectively. Moreover,
our results also showed the chemical pattern compounds that tend to accumulate highly in each plants part of disturbed and
agricultural habitat which are useful to guide the bioactive compound isolation from T. orientalis. For habitat relationships,
the chemical profiles in each plants part extracts from different ecological habitats were classified in 2 groups which
consisted of leaf extracts and stem bark together with inflorescence and infructescence extracts which related to compounds
appearing and Rf value factors analyzed by PCA analysis.

Keywords: Biotechnology, Chemodiversity, Cannabaceae, Forest ecology
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Table 1 Areas and habitats of T. orientalis at the Phu Meang-Phu Thong forest group were collected leaf, stem bark,

inflorescence and infructescence in during March to September, 2019.

Mean above Sea

Areas Habitats Collector No.
Level (m)
Hill Evergreen Forest Exposed areas 1,500-1,600 Jaiboon & Chaipalee 006
Mixed deciduous forest Exposed areas 500-700 Jaiboon & Chaipalee 003
Coniferous forest Exposed areas 900-1,000 Jaiboon & Chaipalee 015
Edge and disturbed forest Exposed areas 1,200-1,300 Jaiboon & Chaipalee 002
Grasslands 800-900 Jaiboon & Chaipalee 008
Agricultural areas
Fruit orchard 400-500 Jaiboon & Chaipalee 007
Vegetable plot 100-200 Jaiboon & Chaipalee 001
Cassava plantation 200-300 Jaiboon & Chaipalee 019
Maize plantation 200-300 Jaiboon & Chaipalee 040

I&ii!i

(A) Trema orientalis

(B) Trema tomentosa

$883020000008888

(C) Trema augustifolia

Figure 1 Indumentum characters on abaxial leaf surface: (A) Long hairs and short crisped hairs (collector no. Jaiboon &

Chaipalee 006); (B) Erect hairs (collector no. Larsen et al. 31089, BKF); (C) Tomentose (collector no. Th. Wongprasert

997-120, BKF)..
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Table 2 Major secondary metabolites found in plant parts lipophilic extracts of 7. orientalis

Major secondary metabolites

Plant samples Phenolic
Alkaloids Terpenoids Coumarins Sterols
compounds
Population 1 - L, STB, INF L, STB, INF STB, INF INF
Population 2 - L, STB, INF L, STB, INF STB, INF INF
Population 3 - L, STB, INF L, STB, INF STB, INF INF
Population 4 - L, STB, INF L, STB, INF STB, INF INF
Population 5 - L, STB, INF L, STB, INF STB, INF INF

Notes: Population 1 = Plant samples from Hill Evergreen Forest, Population 2 = Plant samples from Mixed deciduous
forest, Population 3 = Plant samples from Coniferous forest, Population 4 = Edge and disturbed forest, Population 5 =
Agricultural areas. Plant part lipophilic extracts: L = Leaf lipophilic extracts, STB = Stem bark lipophilic extracts, INF =

Inflorescence and Infructescence lipophilic extracts.

Leaf extract
27132

‘ 27.245

| |
I'. I WJl
| R e i _ . o tarm b A0 Y
" s 20 b
Tie
Stem bark extract
2.764
\
| 25891
29.576
[ 23.180
[ II | |
"“'\'\. \ o b Y|P TP TS .
o 0 s 0
Ti
29.429

Inflorescence and
Infructescence extract

| 27.607
A
1 26.737

|I -'(L | “l

|
L P SRy, MU

1 15 20 25 30

Figure 2 HPLC chromatograms in each plant part lipophilic extracts of T. orientalis at different retention times.
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Figure 3 The comparison of retention times (min) and intensity of absorbance (mAU) in plant parts lipophilic extracts (10

mg/mL concentration) from different habitats.
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Distance (Objective Function)
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—

Figure 4 Cluster analysis dendrogram based on similarity of Rf values of secondary metabolites positive test and plant

sample in each habitat, L= Leaf extracts, STB = Stem bark extracts, INF = Inflorescence and Infructescence extracts.

Sterols
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"2 1INFapp
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Figure 5 Ordination analysis by Canonical Correspondent Analysis (CCA) method of Rf values of secondary metabolites
positive test and plant sample in each habitat, L= Leaf extracts, STB = Stem bark extracts, INF = Inflorescence and
Infructescence extracts. The number in front of abbreviation alphabets that means to the habitat of population, 1 = Hill

Evergreen Forest, 2 = Mixed deciduous forest, 3 = Coniferous forest, 4 = Edge and disturbed forest, 5 = Agricultural areas
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Avifauna Richness and Utilization of the Restoration Mangrove Forest, Sirinath Rajini Mangrove

Ecosystem Learning Center, Prachuap Khiri Khan Province
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ABSTRACT

The study of species diversity and utilization of birds in mangrove restoration of the Sirinath Rajini
Mangrove Ecosystem Learning Center, Prachuap Khiri Khan Province aims to know the species of bird,
status, diversity index, birds groups by study area, vertical strata used and foraging guilds that was
conducted between November 2016 and April 2017. Study site were divided into 10 of 100 x 100 mz—plots.
The direct counting survey was conducted by walking along the original ridge, covering natural mangrove
forest (NF), mangrove forest plantation (PT), Avicennia forest (AF) and abandoned shrimp farms (SF).
Ninety-four species of birds were recorded from 15 orders, 41 families, and 68 genera. Birds in family
Ardeidae were found the most (12 species). One vulnerable species was found i.e., Purple heron (Ardea
purpurea). The Shannon-Wiener indices (/') and the Evenness Index were consistent in the same way. The
abandoned shrimp farms had the highest diversity value (H'= 3.41) follow by natural mangrove forest (H'
=3.17), mangrove forest plantation (H'= 2.86) and avicennia forest (H' = 2.67), respectively. Vertical strata
used can be classified into 3 groups i.e., first group utilized between 0 to 10 meters, second group utilized
between 10-20 meters, and the third group utilized greater than 20 meters. Black drongo (Dicrurus
macrocercus) were most widely detected among all range of vertical structure. The top three of foraging
guilds were piscivore (37.23%), sallying insectivore (14.89%) and foliage-gleaning insectivore (12.77%),
respectively. This research can be used to provide biological diversity information and support land-based
management in order to establish a central learning hub and provide sustainable and efficient conservation
efforts for ecological systems.

Keywords : utilization of birds, restoration mangrove forest, species richness, vertical strata used,

Sirinath Rajini Mangrove Ecosystem Learning Center

! Faculty of Forestry, Kasetsart University, Bangkok, 10900 Thailand
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Table 1 Status of birds in the Sirinath Rajini Mangrove Ecosystem Learning Center, Prachuap

Khiri Khan Province between November 2016 and April 2017.

Status Number of species

Seasonal status R (Resident) 57

N (Non-Breeding Visitor) 34

P (Passage Migrant) 3
National threated status VU (Vulnerable) 1

NT (Near Threatened) 1

LC (Least Concern) 75
Legal status Protected 83

Non-Protected 11
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Table 2 Species Richness, Shannon — Wiener Diversity Index and Evenness Index of birds in each study areas.

Study areas Richness H' Evenness
Mangrove forest plantation (PT) 46 2.86 0.63
Natural mangrove forest (NF) 48 3.17 0.70
Abandoned shrimp farms (SF) 74 3.41 0.75
Avicennia forest (AF) 48 2.67 0.59
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Main matrix

Information Remaining (%)
4

Group 2

Group 1

PT|

Figure 2 Classification of study areas in observation of bird species via cluster analysis technique; Mangrove

forest plantation (PT), natural Mangrove forest (NF), Avicennia forest (AF) and abandoned shrimp farms (SF).
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Figure 3 Cluster analysis of vertical strata of the bird species in study area.
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Figure 4 Feeding guild types by study areas. Study areas codes; PT= Mangrove forest plantation, NF=

Natural mangrove forest, SF= Abandoned shrimp farms and AF= Avicennia forest Feeding guild codes: P=

piscivore, Sal= sallying insectivore, FGI= foliage-gleaning insectivore, TIF= terrestrial

insectivore/frugivore, TI= terrestrial insectivore, AIF= arboreal insectivore/frugivore, Swl= sweeping

insectivore, IN= insectivore/nectarivore and R= raptor
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Appendix Table 1 List of bird species recorded, Seasonal status, National threaten status, Legal status and Feeding guild on

the Sirinath Rajini Mangrove Ecosystem Learning Center.

Seasonal National Legal Feeding
No. Thai name Scientific name
status Threat Status status guilds
1 Waunaa Dendrocygna javanica R, LC + P
2 lath Gallus gallus R LC + TIF
3 unidlarian Tachybaptus ruficollis R LC + P
4 unihnyg Anastomus oscitans R LC + P
5 unena Il Ixobrychus sinensis R - + P
6 unena lWss5um Ixobrychus cinnamomeus R LC + P
7 UNLAUIN Nycticorax nycticorax R LC + P

29



Nsesveinenenh lfidedneg 4 (2):17-32 2563)

Appendix Table 1 (continued)

Seasonal National Legal  Feeding
No. Thai name Scientific name
status Threat Status status guilds
9 UNBNNTOANUTIU Ardeola bacchus LC + P
10 uﬂfJNﬂifJﬂﬁuiZGHN Ardeola speciosa R LC + P
11 UNYNAIY Bubulcus coromandus R LC + P
12 UNNITTIUID Ardea cinerea N LC + P
13 UNNTSEULAY Ardea purpurea N vu + P
14 une Inulvig) Ardea alba N LC + P
15 unena Inuilon Ardea intermedia N LC + P
16 uneaile Egretta garzetta N LC + P
17 uﬂﬂ']‘lfngﬂ Microcarbo niger R - - P
18 unmﬁwﬂman Phalacrocorax fuscicollis R - - P
19 m?'JEJ’J"UTJ Elanus caeruleus R LC + R
20 m‘?}muﬂm 1FA31 Accipiter badius R LC + R
21 UNNIN Amaurornis phoenicurus R LC + P
22 uno 1IN Porphyrio poliocephalus R LC + P
23 uﬂ§§1 Gallinula chloropus N - + P
24 UNAUNGU Himantopus himantopus R LC + P
25 UNNTLUAK UM Vanellus cinereus N LC + P
26 unnszuaudlin Vanellus indicus R LC - P
27 NI Inrdagaanes Pluvialis fulva N LC + P
28 unladnvimaes Charadrius dubius N LC + P
29 uﬂﬁ’ﬂ@]‘ﬂﬁfﬂﬁﬂj Charadrius leschenaultii N LC + P
30 UANIN Metopidius indicus R LC + P
31 AU Actitis hypoleucos N LC + TI
32 unaul Tringa stagnatilis N LC + P
33 UNNZIAVIULAINYYA Tringa erythropus N LC + P
34 UNNSLAVIUAITITUA Tringa totanus N - + P
35 UALUIALALLAD Sternula albifrons R NT + Sal
36 unwswih Columba livia R - - TIF
37 w1yl Streptopelia tranquebarica R LC + TIF
38 un gy, UnIman Spilopelia chinensis R LC - TIF
39 UNVITN Geopelia striata R LC - TIF
41 uﬂni:ﬂ“mﬁﬂ Centropus bengalensis R LC + TI
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Appendix Table 1 (continued)

Seasonal National Legal  Feeding
No. Thai name Scientific name
status Threat Status status guilds

42 uﬂﬁﬁﬂﬂi‘lfiﬂj Phaenicophaeus tristis R LC + FGI
43 UNNUNN Eudynamys scolopaceus R LC + FGI
44 uﬂuéuﬁuﬁﬁmﬁﬂ Aerodramus brevirostris N LC + Swl
45 UNLDUAUTI Aerodramus germani R LC + Swl
46 uneuIu Apus nipalensis R LC + Swl
47 UARLIALBAY Halcyon smyrnensis R LC + P
48 UNNZIAUITIA Halcyon pileata N - + P
49 Ao Todiramphus chloris R LC + P
50 uﬂﬂmauﬁ!}@ﬂ‘ﬁiiuﬂ1 Alcedo atthis N LC + P
51 unnzaulnvan Ceryle rudis R LC + P
52 UNILANAN Merops orientalis R LC + Sal
53 UNNIUATH ) Merops philippinus R LC + Sal
54 uNNUAABTIN Merops viridis P LC + Sal
55 UNANDY Psilopogon haemacephalus R LC + AIF
56 unnszdeehlnang Gerygone sulphurea R LC + AIF
57 UNLDUNY Artamus fuscus R LC + IN
58 unviuToess UM Aegithina tiphia R LC + FGI
59 uﬂWt‘g”IllW?ﬂTn Pericrocotus divaricatus N LC + FGI
60 unlnanniala Pachycephala cinerea R LC + Sal
61 uﬂmfuﬁ’mmaﬁw Oriolus chinensis N - + AIF
62 unUaLEInINan Dicrurus macrocercus R LC + Sal
63 UNDUNTALDLDAA Rhipidura javanica R - + Sal
64 umﬁ”mmmamﬁw Hypothymis azurea R - + Sal
65 am Corvus levaillantii R LC + TIF
66 unilseadiu Pycnonotus conradi R LC + AIF
67 unuILBUTY Hirundo rustica N LC + Swi
68 uﬂﬂi$§ﬂ§'ﬂ§1 Phylloscopus fuscatus N - - FGI
69 umaz%@ﬂmwm Phylloscopus schwarzi N LC + FGI
70 UNNT $§ﬂ‘ﬁiillﬂ? Phylloscopus inornatus N LC + FGI
71 unRsEITeTInae e Phylloscopus plumbeitarsus N LC + FGI
72 uﬂﬂi&%ﬂﬁlﬂalﬁlﬂ Phylloscopus tenellipes N LC + FGI
74 UNNTZIUTITUA Orthotomus sutorius R LC + FGI

31



Nsesveinenenh lfidedneg 4 (2):17-32 2563)

Appendix Table 1 (continued)

Seasonal National Legal  Feeding
No. Thai name Scientific name
status Threat Status status guilds
75 UNNIZAVADAN Orthotomus atrogularis R - + FGI
76 um’gmmau Acridotheres grandis R LC + TIF
77 uniBEIATAM Acridotheres tristis R LC + TIF
78 um’gmﬂ'n Gracupica contra R LC + TIF
79 UMY Copsychus saularis R LC + TI
80 UNIVUNAITN E%IW Muscicapa sibirica N - - Sal
81 uﬂi‘fmmm?rﬁwma Muscicapa dauurica N - - Sal
82 uﬂ%ﬂLLNﬁﬂ%ﬁWﬂmLLﬂ\i Muscicapa ferruginea P - - Sal
83 uniutuasns Innmaes Ficedula zanthopygia P LC + Sal
84 I EN ARG LY Ficedula mugimaki N - + Sal
85 UNTVLNAINDLUAY Ficedula albicilla N LC + Sal
86 unmenisey Dicaeum minullum R LC + AIF
87 uﬂ?rﬁmw"mu Dicaeum cruentatum R LC + AIF
88 uﬂﬁuﬂaﬂaﬁﬁwma Anthreptes malacensis R - - IN
89 unnulaenviaes Cinnyris jugularis R LC + IN
90 UNNTTIIUTITUA Ploceus philippinus R LC + TIF
91 uﬂﬂizéﬂ%ﬁg Lonchura punctulata R LC + TIF
92 TR Dendronanthus indicus N LC + TI
93 UNMANLADY Motacilla tschutschensis N LC + TI
94 UAAIANHAUM Motacilla cinerea N LC + TI
Remarks:

Seasonal status: Resident (R); Non-breeding visitor (N); Passage migrant (P)

National threat status: Critically Endangered (CR); Endanger (EN); Vulnerable (VU); Near Threatened (NT);

Least Concern (LC); Data Deficient (DD); Not Evaluated (NE)

Legal status: Protected (+); Non-protected (-)

Feeding guilds: Piscivore (P); Sallying insectivore (Sal); Foliage-gleaning insectivore (FGI);

Terrestrial insectivore/frugivore (TIF); Terrestrial insectivore (TI); Arboreal insectivore/frugivore

(AIF); Sweeping insectivore (Swl); Insectivore/nectarivore (IN); Raptor (R)
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Trees Stand Clustering in Plant Community at Khao Khitchakut National Park,

Chanthaburi Province

Wattanachai Tasen' and Somboon Sa-nguansookl’z*
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ABSTRACT

Trees stand clustering in plant community is important for resource management and conservation planning.
The objectives aimed to clarify plant diversity and their status, including, tree stand classification in the plant community
in Khao Khitchakut National Park Chanthaburi Province. Twenty sampling plots, 20 X 50 m, was used which two
plots were set up based on the altitudinal gradients in every 100 meter above mean sea level (m asl.) from the foot
to the top of the mountain. All trees with diameter at breasth height larger than 4.5 cm were measured and identified.
The result showed that total trees of 267 species 173 genus and 63 families were found. They were sorted by
using the Cluster analysis via PC-ORD program by managing data base on the similarity about 50 percent of the
coefficient. It was divided to be 4 groups which mostly related on the altitudinal gradients. First group, about 100-
400 m asl., it was the stand of Archidendorn quocense., second group, at the mean sea level between 500-700 meters,
it was the stand of Archidendron quocense which subsequence dominant species were different, third group, about
800-900 m asl., it was the stand of Gironniera nervosa, and fourth group, at above 900 m asl., it was the stand of
Sloanea sigun. All found tree species can be classified into the conservation status based on Plant Red list of
Thailand and International Union for Conservation of Nature (TUCN). It found that 98 species had their status
classification and mostly found in family of Dipterocarpaceae, Meliaceae, Moraceae, Lauraceae, Euphorbiaceae
respectively In addition, endangered and vulnerable status were found within 6 and 9 species, respectively.
Indicating these species group may faced to the local extinction if high disturbances occur. Thus, the conservation
management plan should urgently done for protecting these threated species and also for utilizing the other species

for sustainable management.

Key words: tree species diversity, tree plants status, plants community
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Moracese, 14 sp. $24%

Lauraccae, 13 sp. 457%

Dipterocarpaceae, 13 wp. 4.87%
Fabacese, 13 sp. 437%

Anncnscese, 10 gp. 1L75%
Mebiaceae, 10 3p. 1.74%

Myrtacae, 10 sp. 1.75%

Anscardiscese, ¥ sp. 117%

Phyllanthaceae, 9 sp. 3.37%

Sapindaceas, 6 wp. 225% Euphorbiaceae, 9 5p. 137%
Primulaceae, 8 sp. 3.00% Fagaceae, 9sp. 13T%
Malvacear, § sp. 100%  Rubiaceae, % sp. J37%

Figure 1 The percentage of the species number were found in each family in the study area.

Table 1 Important value index (Top 10) of tree species in Khao Khitchakut national park,

Chanthaburi province

Density Basalarea  RDO RD RF VI
Botanical name 4 y a

(individual.ha ) (m".ha ) (%) (%) (%) (%)

Archidendron quocense 46.5 5.42 4.55 4.43 1.31 10.39
Artocarpus chama 26 3.19 2.67 2.53 1.23 6.44
Xerospermum noronhianum 21 2.29 1.92 2.04 1.14 5.11
Cinnamomum iners 14.5 1.69 1.41 1.41 1.14 3.98
Irvingia malayana 14 1.44 1.20 1.36 1.06 3.64
Saraca declinata 13.5 1.14 0.95 1.31 1.14 3.42
Gironniera nervosa 13 1.65 1.39 1.26 0.73 3.39
Garcinia hanburyi 13 1.84 1.54 1.26 1.06 3.88
Memecylon sp. 12 1.48 1.24 1.17 0.82 3.24
Syzygium sp. 12 1.05 0.88 1.17 1.14 3.20

Other species (257)

Total 1025.5 119.25 100 100 100 300

40
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Nearest-neighbor clustering
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Figure 2 Dendrogram of tree stands clustering in Khao Kitchakut National Park.
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Figure 3 Profile diagram of tree stand 1
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Figure 4 Profile diagram of tree stand 2
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Figure 5 Profile diagram of tree stand 3
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ABSTRACT

Species diversity of ferns in Khlung district, Chanthaburi province was explored and collected
specimen from December, 2015 to January, 2019. Forty species, 28 genera and 19 families can be identified.
The 7 species of Polypodiaceae were found the most in the study sites. The habits can be divided into 4 types
consisting of 22 terrestrial ferns, 12 species of epiphytic fern, 5 species of climbing fern and 1 species of aquatic
fern. Angiopteris evecta (Forst.) Hoffm, Cibotium barometz (L.) J.Sm. and Platycerium coronarium (Mull.)
Desv. were uncommon found in this local habitat. The highest number of species was found at Bo Walu sub-
district while the lowest was found at Kwian Hak sub-district. Thus, the result can be used to planning for

conservation of ferns resource in —situ conservation.
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Appendix Table 1 Species list of ferns with habitat, status and location found at Khlung district.

Family Botanical name Site Abundance Habitat
Aspleniaceae Asplenium nidus L. BW/Cf koK epiphyte
Athyriaceae Diplazium esculentum (Retz.) Sw. TN/ BW/ Cf sk terrestrial
(Woodsiaceae)*

Blechnaceae Blechnum orientale L. BW/Cf ddkok terrestrial
Davalliaceae Davallia denticulata (Burm. f.) Mett. ex TN/ BW *k epiphyte
Kuhn
Dennstaedtiaceae Microlepia speluncae (L.) Moore Cf/ WS *kokok terrestrial
Dicksoniaceae Cibotium barometz (L.) J.Sm. BW * terrestrial
Dryopteridaceae Tectaria decurrens (C. Presl) Copel. Cf * ok terrestrial
Tectaria impressa (Fée) Holttum Cf/BW /TN k% terrestrial
Gleicheniaceae Dicranopteris linearis (Burm. f.) Underw. =~ BW /Cf sk climbing
Lindsaeaceae Lindsaea ensifolia Sw. BW /WS *kokok terrestrial
Lomariopsidaceae Bolbitis heteroclita (Presl) Ching ex C. Cf/ TN k% terrestrial
(Dryopteridaceae)*  Chr.
Marattiaceae Angiopteris evecta (Forst.) Hoffm. BW /TN * terrestrial
Oleandraceae Nephrolepis falcate (Cav.) C. Chr. BW /Cf *kokok epiphyte
Nephrolepis biserrata (Sw.) Schott BW /Cf *kokok epiphyte
Ophioglossaceae Helminthostachys zeylanica (L.) Hook. Ccf %ok terrestrial
Parkeriaceae Adiantum flabellulatum L. Tp/ BW *% terrestrial
(Pteridaceae)*
Adiantum philippense L. BW /WS /TN Fokok terrestrial
Ceratopteris thalictroides (L.) Brongn. BW /Cf/KH * % aquatic
Pityrogramma calomelanos (L.) Link BW /TN ks terrestrial
Taenitis blechnoides (Willd.) Sw. BW /Cf/ WS *okok terrestrial
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Appendix Table 1 (continued)

Family Botanical name Site Abundance Habitat

Polypodiaceae Colysis pedunculata (Hook. & Grve.) Ching  Cf %k epiphyte
Drynaria quercifolia (L.) J.Sm. BW /Cf/ WS *kokok epiphyte
Microsorium punctatum (L.) Copel Tp/Cf *okok epiphyte
Platycerium coronarium (Mull.) Desv. BW * epiphyte
Pyrrosia adnascens (Sw.) Ching BW/ Tp *kokok epiphyte
Pyrrosia longifolia (Burm.f.) C.V. Morton BW /KH *okok epiphyte
Pyrrosia piloselloides (L.) M.G. Price BW/KH/ Tp *kakok epiphyte

Pteridaceae Acrostichum aureum L. BW/KH/ Tp ko terrestrial
Pteris asperula J. Smith ex Hieron BW/WS ko terrestrial
Pteris biaurita L. BW/ Tp Fdkk terrestrial
Pteris ensiformis Burm.f. WS/ Tp ko terrestrial
Stenochlaena palustris (Burm.f.) Bedd BW/ WS skskosk climbing

Schizaceae Lygodium circinatum (Burm.f.) Sw. Cf/BW/Tp *kokk climbing
Lygodium microphyllum (Cav.) R.Br. Cf/BW /WS %ok climbing
Lygodium salicifolium C. Presl Cf/BW kK climbing

Thelypteridaceae Cyclosorus dentatus (Forssk.) Ching Cf/WS/BW *kokok terrestrial
Cyclosorus megaphylla (Mett.) K. Iwats. BW %k terrestrial
Cyclosorus polycarpus (Blume) Holttum Cf/WS/BW Kok terrestrial
Cyclosorus terminans (J. Sm. ex Hook.) Cf/WS/BW skeskosk terrestrial
K.H. Shing

Vittariaceae Vittaria ensiformis Sw. TN/ Tp *k epiphyte

* Stuart Lindsay classification

Remarks: Cf= Community forest Tp = Tokprom BW = Bo Walu

WS = Wang Sapparot TN = Trok Nong KH = Kwian Hak
* uncommon (frequency < 13.33 %),

** moderately common (frequency = 20 %), **% common (frequency > 20 %)
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Appendix Figure 1 A) Acrostichum aureum L. B) Adiantum flabellulatum L. C) Angiopteris evecta
(Forst.) Hoffm. D) Blechnum orientale L. E) Bolbitis heteroclita (Presl) Ching ex C. Chr. F)
Ceratopteris thalictroides (L.) Brongn. G) Cibotium barometz (L.) J.Sm. H) Colysis pedunculata (Hook.

& Grve.) Ching 1) Cyclosorus megaphylla (Mett.) K. Iwats.
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Appendix Figure 1 (continued); A) Dicranopteris linearis (Burm. f.) Underw. B) Diplazium
esculentum (Retz.) Sw. C) Helminthostachys zeylanica (L.) Hook. D) Lindsaea ensifolia Sw. E)
Lygodium circinatum (Burm.f.) Sw. F) Platycerium coronarium (Mull.) Desv. G) Stenochlaena palustris

(Burm.f.) Bedd H) Taenitis blechnoides (Willd. 1) Tectaria decurrens (C. Presl) Copel.

62



Nseaseinmneh ldiieaneg 4 (2): 63-76 (2563)

a J Vv Y
[ HNUBAHURUY ]

(% 4 \J &’ d‘ (%4 é’ td' v v % d‘
ﬁﬂ‘lelil!%ulﬂ»l‘llgﬂi?l%ﬂ‘l!i%ﬂﬂ)ﬂ!ﬂ‘ﬂﬂiﬂ“ﬁ‘l sumwmﬂmami‘wmm‘wu‘n1J1°gmmmmummmmn

WL I Tameal v

5zAT09 1T’ 1ay lmallvl‘ﬂﬂ 211UeN’

o @ [ @ o a k4 a
i‘lJGg])‘HﬂUU: 21 NUYIBU 2563 ﬂﬂ‘ll!.!fg]jhl"ll: 27 01N 2563 TUAIWUN: 3 WEAINIYU 2563

UNAALD

9 4 Bltd' o dal ~ =\ o o ) o Y] dal A Y g
NI ITWNOAAIINIINYD UﬁgﬂﬂaulﬂyﬁﬁiuwucﬂqqMﬂ'ﬂll%']lﬂuﬁTWﬁUﬂTﬁﬁ]ﬂﬂTﬁwu‘ﬂ@uuq

U

4
Y o A o

Y (Y (! gj.: = A s A o
leaummmagﬂuﬂﬂﬂ @1Quumiﬁmslmmmﬂ5z?NﬂL‘W’amuuﬂgﬂuumumymmumgaz

Q

o

~ %] 9 o A KX a ISR @ 4 YA Y o a
nFeuievanyus Inssad udsnuissndanngiasnnuduiusves iloudununuesidn Tu
dy d' o dy d’l 1 v Ad' oA w [ =) 1
HunTasamanannuiyunined e nnnszs 1815 19ndamealul Tasn1snwlaq
@ 1 o Y dy A a
A20819U119 20 1HAT x 20 1WAT 314U 15 wilas IdasevaguitunIwnbasnunuazaum,

a 9 [ < 9 k4 a A A A d v 9 ] A =
5350318 nieununudeyaeinlszneuriaimeInsiziany we Iasead 1 udanuis nan1sAnn
[ dy AR 1 Y I ] (] Y

o szuvaunsasnu Tuiuifny aunsauntisesn Idiluaesdeandos laun szuviunuas
nmuvlgnsan1dih uazszuvrwnvasmudilgnianldna Tasszuurunsasnumilgnsanldihi
v Y J A Y @ a 1

anvaz lassadnazesnlsznounssaiylndinsanuihsssumauninanszuuiunsasnvlilgn
' ' A { 4 v o w a

s ldwa vaznunvneduldIvghed lunundudetesinalumsiau Tavesduniud wansdanyn

o

1 dy [ ° A k4 Yy I
‘]J\ﬂf’ﬂﬂ']ﬁvn'lulﬂﬂ@Iiﬂ'ﬂW‘lﬂ'ﬁWﬁ]'ﬁﬂ!1@\1ﬂﬂ3$ﬂﬂﬂl!ﬁgﬂj'lllﬁﬁ']ﬂﬂa']ﬂsllﬂx‘lulllﬁulﬂua']ﬂfg

o o d‘ 1 9 %’ 3 oAa =
maAsy: Wwnbasnga, thawi, thavw, muresiim

"anumisimasamsth 1l unn I mendend 19-uns maunszinNesa ung 54140

2 a [ Y a (% 15 9Y 1 a = a 1
ﬁ'T’llTJ‘]ﬂLﬂHﬁ‘iﬂch 3J1’TTZI‘1/]EJ1aEJLL3JIi]-LLWi [RAUNTLINYTA LINT 54140

* w

ASURATOULNAIN: E-mail: toktok1150@hotmail.com

63



Nseaseinmneh ldiieaneg 4 (2): 63-76 (2563)

[ ORIGINAL ARTICLE ]

Tree Planting Characteristics in Coffee—Agroforestry System

of The Royal — initiated Khun Mae Kuang Forest Area Development Project, Chiang Mai Province
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ABSTRACT

The knowledge of highland agroforestry systems is essential for head watershed management for
people living with the forest. This study investigated the Coffee — Agroforestry System (CAS) and
comparing plant community characteristics, and also the relationship between tree composition and coffee
were analyzed. The 20 m x 20 m permanent plots were established on CAS and old growth montane forest
were 15 plots in total. Species composition was collected for analyzed the plant community structure.
Results show that, the CAS classified into two sub-communities; coffee agroforestry with wild species
(CAW) and coffee agroforestry with fruit species (CAF). The CAW showed community characteristic
similar with the natural forest than the CAF sub-community, and also the large trees were limited coffee
growth in the study sites. These results suggested the important for the CAS practices should considered up

on species composition and diversity of tree.

Keywords: Highland-agroforestry, Head watershed forest, Montane forest, Arabica Coffee

] Department of Forest Management, Maejo University, Phrae Campus, Phrae, 54140 Thailand
? Department of Agroforestry, Maejo University, Phraec Campus, Phrae, 54140 Thailand

*

Corresponding author: E-mail: toktok1150@hotmail.com

64



Nseaseinmneh ldiieaneg 4 (2): 63-76 (2563)
UNIN

I @ 9
Junasugduuunmssanisnis e
PPN 1 ]
sz Towinaued1adidy Tagn1snaunaIy
[ [ @ I'4 ¥ {
sgranamanuas th'ld vazldadad Tunun
= [ 1 % tﬂ' 4 9
AeINUBE19a9a o5 Tesiinianiu
a a a A I ¥ a
Uneinewazigsugng e ld Idnanaauas
4 v [
nalsz Tomigaga Tagiiuszuuiwnyas 1451
d? A I o
AUAUIININYY LU DI 1N UNITH
YA v Y =K o 1 o
Msnyas Intansazaatenasnuuayin
¥ A o  da Ty 1 o o
wihilumseysndauuazin lau@ernuih
F5INBIA (Nair, 1993) ﬁ%@ﬁu"lﬁ’ﬁmiﬁnu
NEATNU0819NA19v119aNn2 Tan Taganie
Uszmanmaawauluwaadou laun uaw
Uszimaaiauousn uansnl uag 1o1¥e
aziuoentneeld (World Agroforestry, 2019)
9 I % { o
Uszimalneduidudndszmanilaniiou
AHATNUDEIUNTHA® Tagmniz luuaunia
AR BYDIUTLINA 910T 1831 UVD 3
Preechapanya et al. (1985) lTdudaszvuau
A I
wuaslumamilovesdszmealnesemiu 30
szuu g udies 12 lsmyufeu 41 lsweau
Tdeudu dnTnananldoudu aruhu uag
I o [
murwayldgudu Wudu dmsuszuuiu
myasnuluniamilsveslszmea Inediu
(Y] I a
Tvginidunisignniuresiiing (Coffea
[ YA 9 ] a
arabica) waunu ldoudu 11 nIzdu wlwan
1o lnse 5o l8nadu 9 (Preechapanya etal.,
Y
1985) W3ouNATI01TMsUgnunsn 1ulu
4 i ] 1 a [ :') I
wunii gu 1autvrseaudar 1udu
(Thongplew et al., 2020) @ tngAHeNgn

a =} g}/ A
ﬂHW\I’E)iT]Jﬂ'lﬁlu‘ﬂNﬂ?ﬂl‘ﬂﬂﬂuuluﬂxﬁﬂﬂﬂnlw

65

Y v
satsan T lugungidszyang 15-22
) .
pemrased Usuanidu maesietlseus
a A dg! Sldd'
1,500 - 2,300 HadUAT HAZA1NITDVU 1AAN
Y )
sEAUUINS @Y IUND1 AR 700-1,765 LUAT
Y
(Inkhwaen and Meeboonlum, 2013) A4UUNTT
Tanmsifatedauiadeunmuizandinsy
nures1im InsmmizdugunginazlSuo
uaadedsonszin lddrenisgnau i
' A =
JunsenslgauuuiunyaIn I &9
] A a o v o A Y
s osIaNuNanaauazfsa iyl
086147 (Bosselmann et al., 2009; Boreux et al.,
v
2016) wonaInHunsganiunesiinilu
anni5ssua deauseldnananuas
Aanmvesmurnanmsdgnauluaain
9 o Y I =
na1ae wszih lwaanuissezainis
Y
azaue1s launiutazgndinimsdgnlu
Y
ANINNDI1U9 (Nesper, 2017) HONI 1A U
annihsssusadidginanon1sUsuaiInig
anvazdugIuINg1veInd1n 1wl (Thongplew
etal., 2020) tazaawa v lumuianueuise
[} 4 { 1
Fuasizvuaalunueadesldaniinarauds
. 1 <3 o
(Thaisantad et al., 2000) ?JEJNulﬁﬂWWN‘]jﬁ)‘g‘}Ju
Y = A A o 13
uizinuITeneInUInEaI NN o gy
o 1 [ 1 ~ 3
fruunn uadulvapinjariulfdszidu
A A Y v a2 a Y a
MnedoInumMInI Ay Tatazns Iinanan
oAU U MSANEIVDS Sungpalee et al.
(2017) Dechkruth and Naphrom (2017) L@ ¢
Thongplew et al. (2020) TuvaLNN1TANYID
[ 4
ANNYAINYAIENALENELDIRUTENOVVD

vy ldlgnsanluszuurmnuasniud el

msanuegioslulszmalng



Nseaseinmneh ldiieaneg 4 (2): 63-76 (2563)

v Li‘ = ' v
Tﬂi\iﬂWiW@NUWWUWﬂWﬂuLLNﬂ’Nle!

o <3

Lﬁﬁ]\iﬁJ?%WﬂWi%ﬁ?%ﬂaﬁ DUNDADYTLINA

Y
[ (4

[ % = ] dgl =
Il daaaun 1wl w.a. 2535 Iae
<3 Aa
NILUNTUAINIT EUNIYUNADADBIAFUHIIY
a =\ oAaq Y o 4 Py
VIVUOVNAT UNTEI 15613 111199AR NN
9 = a o =R
1Annmsfiny1 naass 196 vesguIANEINIg
o Y 1 Y o A o A
Walurieged lad duloau1ANTEI1¥A13
d' (% 4 o dy d'l [] é
MM IOy INHIAs WA NUNTYyUIINI9 &9
¥ $ [~ I %’ 1
wundanlvapiuhduiminaazgnin
9 I a (% ¢'a dy d' [ 1 v A
AquUABTALINTZ AU LagNUNAINE1I89%)
UszmyueIdvegs1uIuNIND 6 A1Ua (The
Royal — initiated Khun Mae Kuang Forest Area
Y v
Development Project, 2013) #41un15N9 1%
9 1 dy [ (5] [ 9 Y]
Anuiatiendeegnuihlanislassmswaun
dy ;:; 1 1 % d‘ o A K
WUNTYUIUAOUHDINININNIETIFAT B9
Y dy A o A
latiuumand lvdgymmsyngniudsihinulu
¥ ' P
wunaui Tasmsauasulilszmnsusiinu
Tuszvvrwnsasnul Taeniuldfinisign
9 v v
murlosrinuns o Tl lununthniinsu

a A 9

Y o Y ' a wa
walvihAuizeuissud Usinginislgia
& vy | 1T A o 9 ~
anuInail ldwaitluediadvi e maun
o [ A da = vy &
pafsad lununiiondnuazsieldniuna
' < 4
o9 lsnaiiesninmstgnnumunsnin i
¢ { 1w o A
Tunudtdwdnumiumsilasundasanin
Y 1 gJJ a 13 o (=1 = =
Taseadrethaudn nanga lulinsanuyiia
dnvaresntlsznovves lilgniwlugiuuy

¥ H
2 1 Y

=} = =1
unyasnurl luiunasnanaunaagiiu
LYY a o dyd Y o =4
1 IR IAINsAnEIA Y
I o Y [
wanvaeuazanbuzesnlszno ldlgniau
Tuszuy  2wnwasniul uSaulasanis
o A A ' o A
WAl N uNT 1y unyn299 U110 9u1910

oA o <] [ v A 1
WITIIFAT DUNDADYTSLINA ﬁ]\iﬂ’)ﬂl‘]ﬂﬂ\ﬂ‘l’ih

66

9

Taoli ingUszasaiotmundnumywy lilgn

U
Y
a

AT S INAVTFTTUFIAAUAY

=

ngﬁﬂ']ﬁﬁﬂ‘]eﬂﬂ’J']iJT‘iﬁWﬂﬁﬁWfJ"’UfNWiﬁﬂ!Wﬂf

a

o

Tunaagdaan 59009015 MIANUTUNUT

.

[ @ 9 [ Y Y
syrIndnyazdumuuazdnyas Iidun

[ 3’1 ¥ A I
Ugniwluszvurumnvasniu natlimeriu

o J [ 1 o 4
n15i1eeanuiaenainllszgnaldiie
o A Ada ° A
samsnunnimihmanyasigelugduoy

qMnyasmun1duaNnudduae 11

J as
gUnsnmazIEms

A
aamunNanN

[

av Ao a A A
AuIvedaudumslununlnsanis

o A A ' o A
WAUIWUNY 1Y UUUNIIOULHDINID

o

NWISTTIBA

and

W 2 :
Miilenszua 345,000 13

A o < o U A
unSIvamMaa Auat e

=D

ATOUAQN
) a o A ) 1 1
AMVUaLBIA0Y A1UaaINide a1uau Tiq
o < @ v A [l o Y
DUNDABIALINA N IATEI 11 LazAI1UaTNY
1A SuNBUNBU JanIaFealnl sEauAY
dy d‘ 1 1 =
FaUDANUNBEYTENINN 800 DI 1,500 1UAT 91N

Y
U o

Pl ]
szavtnzmihunaie UsunaniWumaesedl

)

1 1w =2

NAUNIAY 1,100 D9 1,200 HaANAT QMg

D.

= 1 [ =
RAagI18NY 25.4 oA uyaLF e ﬂﬂﬂ@ll
9 o A a [ c'o
AredanunyAUIUITEATA LLﬁ$G]ﬂJG])'uGLu
& da 0
WUNUMIIMINBATULVLULIUAEATA U
<3| J ]
1fluau 1) (The Royal — initiated Khun Mae

Kuang Forest Area Development Project, 2013)

o A A A & Y
miﬂﬂm’e)nwummzm‘smumaya
[ = dy d‘ a
ﬂmaaﬂwumuu’;muﬂmizuu’Ju

< o T
nEagnL IﬂﬂﬂWﬁLﬂﬂ@]@ﬂ]QlLU‘ULQTSﬁ]\i



Nseaseinmneh ldiieaneg 4 (2): 63-76 (2563)

. . o I
(purposive sampling) Aenvualidunyaq
Ugnmulesiiin ey 6 I Un1sdauaana

9y [ I 1
Az 150 MW ms1ziluszeznouson
aonNAANa 1AeN13ao UL 1V aq

9y [ [ A &; d' I a gi a a
nseunuAa@ennuNIhauauauluusnu
Tndideenuudasszuulrwnsasnius Tae
o Y ]
fviualnviensieveurlszuna 50 was

e19udadn12s et lumsaa@ennungg

d &

( v o Wdy A
1lasanege myualdnunniaesneuilasiu

1 a g A o a
wyasnwitazisssuya fadlanyUsu

Y
Uszmand1onadny 19910 HURIN1IT 214
1123979619017 YUIA 20 LUAT x 20 LUAT
Y 9 9 v
Suunau 15 udas Tasnauaslunun
A A Y
wlasszuuunyasniud lunun 3 wytiu o
az 4 udag saud1uou 12 uias Tastasn
v 9 Aa A
nyunumsgnmuniuuiunyasnnnga
dy l-ﬂ' 0 Aa a " 9
Nnulaslununhavmisssumanyinuag 1
o g’/ 1
nalag 57u911Iu 3 wilag nduuaazulag
] 1 o [ I~ [
0819 N suUuluuilasgosuna 10 1WA 3

v A J
x 10 tUa3 (534 60 1ilaggos 150 0.6 LINLAT)

o 3 9 ¥ ¢
1/]1ﬂ1§£ﬂﬂﬂl®y’aﬂ1u@\1ﬂﬂi$ﬂflﬂﬂlEN

a =)

FUANTTUNY 1AUA AUV INFHA YUA
Ay

dy o ] YN Y
NWUNTUIOA LASAINUTUULUY "ll’ENUliJEJ‘LlG]‘Ll

v v K 9 Y Y
Nnn 9 BIGRERE Iﬂﬂﬂ']ﬁﬂutﬂﬂsllﬂlla"lllﬁu (tree)

q U

A ' 4

YA A Y
ae TdntvuranuTamaduriuguinaig
MeaDnN 1.30 1005 NINNINITDNINY 4.5
=) =) d' % L}
wuAas voanwianiliinglunilasdredns
W ouUNINITT I UNFHAAIY (Pooma and
Suddee, 2014) 4aLi1A15HVTIUIUA LN
b))
(Number of individuals) navivaluuaazuiag
$19819 VUIA 10 1995 x 101995 Meluuaay

9
1aIa9819UUIA 20 LWAT x 20 LUAT W%J’t’)ll‘VN

67

@

quiaviuaanulanesinuazinnugay

sl 31191 10 dudouilasdos

a J
MIAAIZHveYa

1. ﬁmﬁfﬁ)ﬂﬂﬁjuﬁiﬂﬁj (cluster analysis)
Tagldarnunuiniuvesldduluudas
1laefI9819u1IA 20 1WAT x 20 A5 N3y
uiasrwnyasniuuazidsssunau 1y
FUUNTIAY (Community classification) Tae
Uszgnd1¥1ann11und 1089904 Sorensen
(1948) TuMI5HIAIANUUANAIIUVDITIAN N Y
(dissimilarity) tag 1¥nann15saunquaINis

Y93 Ward (Kent and Coker, 1994)

a g [ '
2. amﬁws«ﬂmnammmhlﬂwm Iﬂﬂ
a o A ) (% a 9
’JLﬂ51314@"]1‘14?11?]’31%?1’1?]@‘161]8Q%uﬂllh
. . Y
(importance value index, IVI) Ulﬂmﬂmi U1

1 4 1
WUUUY (density, D: AUABNLAT) ANUAUAIY

Y H
A A Y o

14
NUNYUI9A (dominance, Do: 915.4./LNLUAT)

i
=

s 3 S A '
UaZANUD (frequency, F: Wosigud) N1
@ Y] 4 g}.; [ 1 .
ANVAUNNTUDINITIUAIRINGID FINATIN
1 [ v 4 g’/ 1 1 [ [ 1
VOIAIFUNNTNIFIUA NN IN VA YT AN
o a Y 9 3‘_, a 4
mmmﬂﬂujﬂjawuﬂ”lu (IVI) NIDUMUATIEH
ABAMUHAINYUAVDI Shannon-Wiener index

@) 1dnnaums

p, = AFIUVDINIUIUFUAN i (n,) ADHATIY
9
YOIPIUIUNINANNFA Tudany (N)
A
Woi=1,2,3,...,s

o a 9 3}/
S= %11!’314%14@]1%1/]\114%@



Nseaseinmneh ldiieaneg 4 (2): 63-76 (2563)

3.fSeuneuanyueMIIgan la

voaduniunluuaazdeauny Tasnis

wFeumeunanuuilsdsiuvesvuianiiula
Y = 9y

A9310 ANNFIVeIaUN I taz YSuiudu

il TaelFada rtest

[ v 7 @

4. iANNFURUTvoIdn Yz AU
pazdSuaveslddudunlsing luuilag
X 1 a Jd 9 ad .
G]’JE)EJNT@]EJﬂﬁ’JLﬂ‘N%Wﬂ’JEJ’J‘ﬁ Generalize
Linear Mixed Model (GLMM) Tagd1vua 14

v A g %] o
Masenidludalsdu e snyazvosduniume
a Y 1 o Y
51101 1dun S1uaudu anulanssin uag
1 Y] A [ YA
AN dauamlsaufeanyuzvesligu
) Y 1o ) A 4 9 o
du 1dun S1udY tazvuanNuNINAAve
11w Nlsingareluuasdredisvuia 20
o Y 1 [} A d'
AT x 20 1UAT LazrUAlruAasa NNy
@ 1 I 1 (Y] (% 1
Idnmssanguilunidndlsiatenisgu
Y 4
(random factor) NAUNINITAALADAUUVI1AD
Y939 GLMM @18n1581MUAAT Akaike
. . . . é 9 J o
information criterion (AIC) A1 A A1Y Wanyu
StepAIC Y04 Packages MuMIn lag11sunsu R

version 3.4.1

a d
WauasIvIwu
MINMUNTZTUUIMNEATIIUN
N5 IMUNTZUVIULNEATN LN (11!
a o X A ' 1Y
mmm]mqmswwmwumﬂmmmmwu

[ [

A o A ~ '
HRININIANITEI¥AT JarIareslvl Tag
MIvANqUAIANNTAI0NALA cluster analysis
AIWATUDI Ward’s method A28N1TIANGUATY

a Q( 9y = A
AMauYsZaNTANNAT1IARIVD Sorensen N

o Y = sl o
FZAVANNANIEAAY 30 1UaSITUA 91150

68

[

susdlugdnuuaunsasnu 18 2 3uuy fe
szuvrwnyasniundgniau 1l (coffee
agroforestry with wild species; CAW) {83511
qutnsasniuddgnituldwa (coffee
agroforestry with fruit species; CAF) t1ag Fanu
A l a A (2 = "Na (2 o

Nr1hs55uma Ao denuisThavszaudm

(natural lower montane forest; NMF) (Figure 1)

Y Jd =)

Taseanauazenlsznouns TN
Y
WYL NeaTudIAuNsNan NI
o A A 9 [ @ [
09152 NOVFUANAD UV NI UANAIINUBEH
] Y 1
FALIU (Table 1) 18un szuurwnyasaiu
1 9 9 9 a

Ugnsawlith dsznoudrenssm 'l 44 viia &

dy ~ Y o 9 1
mumwuwwummaﬂﬂwmu HagAIY

[ 1 Y 1 v 4
WHWL!,HH"IJ?NWZJ”%JWHWU 24.25 A7.4./L8NLAT

[

1A 491 AUAFNUAS NAAFTIANUAINTIIA

919U 3.49 (Table 1) HaZoUTLUUANNIAY

@

voeria T ludenuTasldarariinudinsy

@

avn wunwiia ldnlineyfianudinygeg

9
g

h)

5 aRULsN MAUA eNvioN (Toona ciliata) NL 1R
(Schima wallichii) dzNouson (Elaeocarpus
tectorius) ﬂfgil’JEJmﬁ (Diospyros glandulosa) 19

Y Al v oA
WU (Mischocarpus pentapetalus) WA1AY Y
ANVUTIATY (NN 27.08, 24.87, 19.04, 15. 14,

J o o w

Hazd4.18 1Jos1EuUa a1ua1ay (Table2)
Tuvazd szuvrmnsasnmiigniauldna

Usznoualeonssau'ly 39 ¥ia Jyuia

= Y o

Y

ﬁu‘n u’lﬁﬂell’f]\?llﬂyslﬁil‘l HAZANUUHUUHUUDI
Y 1 oo 14 Y

Wll"llil INNUY 41.89 AT.U./LFNUAT LAL 558 AU/

4 1 a 1 W
LINIAT flfﬂ Gﬁﬁﬂ’31hﬁa1ﬂ%uﬂ NNy 2.79

(Table 1)



Nseaseinmneh ldiieaneg 4 (2): 63-76 (2563)

Distance (Objective Function)
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Figure 1 Plant community clustering in coffee-agroforestry system along the study site including coffee
agroforestry with wild species (CAW), coffee agroforestry with fruit species (CAF), and natural lower

montane forest (NMF)

Table 1 Plant community characteristics of coffee- agroforestry system; coffee agroforestry with wild
species (CAW), coffee agroforestry with fruit species (CAF), and natural lower montane forest (NMF)
across the study site including; number of species (N), Shannon-Weiner diversity index (H'), community

basal area (Ba, m” ha'), and stem density of tree (stems ha')

Plant community

Community characters CAW CAF NMF
N 44 39 45
H' 3.49 2.79 3.45
Ba 24.25 41.89 39.60
D 491 558 883

69



Nseaseinmneh ldiieaneg 4 (2): 63-76 (2563)

A

wedsziiuanuauvesriia liiludny Tasld

1 [ o v

= J a Sld'd J
aasiianudian (VD) wudwiia ldniian
AHANUAIAYGIgA 5 G 1NN A NI
(Ficus altissima) Wal (Diospyros areolata) %1
13849 (Camellia sinensis) Llﬂﬁl’lﬁy’ (Markhamia

Y
stipulata) ngﬂa’(]ﬂfﬂﬁ (Diospyros glandulosa)
UMAFUANNAIAYNINY 58.24, 39.99, 30.96,
] 4 o o

21.20, 4az 11.11 1WosIFUa @1ua19U (Table 2)

1 o A na a Y
aaudsnnnyausssuwa Useneuaie
Y a = dy ~ Y o Y
wysa lal 45 wila Hvwraiunuidaveals
Tngj wazanumuiuueny 13 vy 39.60
4 9 A1 v A
AN A8NUAT LAY 883 AU/ALINUAT UAIATY
AUNAINTUA 1NNV 3.45 (Table 1) Haziile
Usziiuanuauvesrsiialdludiay Tagldan

o

= U a ilti'd 1
AYUANNTIANY (IvD W’]J'J"IslfuﬂubJ“VIiJﬂ']

v A

BU

ANud1AygIga s drauusn 1dun ¥1912
( Cananga brandisiana) 131¢ WY ( Nauclea
subdita) Ty ( Canarium strictum) Ao
(Lithocarpus lucidus) 9% 311101 (Magnolia

[ 1

bailloni)) HAAFUANNUTIAY 1NIAU 22.43,
J o
22.04, 19.00, 17.60, Hag 14.86 10315 ud
o_ v ] 1
AIWEIAD (Table 2) tu1ANTZUVIUINYAS
nuilgniau lifthisdriianuvainnate
Y94 Shannon gagauaziia1lndifsenuiay
WFITUHIA UAAINMINIUAYAT Tug i
dy [ Y
Hamnsasnuanuvainvate 1314
9 Y 1
asiumsgnmuvums nd T lunuingd ene
o ) v& o
anemnz Insead e ldiuas uadsneanin
9 9
ThlusuiSeusen lamilsudinuaaay (Klein
& o dy
etal,2003) HIN1INIWAYAT IUFIuyDY
1 1 a a @ 4
asasredudiuliinaniseysniniu

S A v J

nanra1eN 19T INN Iananvuazdatii

70

o o v < .
ﬁﬁ')iaﬂ\'j@ﬂﬂjﬂuumu’]ﬂlaﬂ (Caudill et al.,

a

2014) My ldinaauganisinavesdaidar
Lﬂl a zg ti' LY (. 1
wazmoo Fnun lnsmmgdad lunguunas
(Perfecto and Vandermeer, 2008) nIouIAns

1 a Y a v I 4 " 9
dudsulimanmsininuaisveulumy liuin
2 4
YU (Hager, 2012) TuvaenszuuIwneasnu
Ugniawldma naasardaiinnunainuaie

9
Y

A dy A Y o A I
TFAMINUVUIANUNHUINAUINNGA o1ty

-

9 Yo 1 AR o Y o Y
sz ldwalasumsquasdredvaildiididu

[l 1 ] <
yuralng uaedralsnainlunisignldna
o Y [ dy A 1 ~
sududesquanazianisnuiediailszaa
. . [} o v o A a dy A
(intensive) 1Y MIMIATFNBLALNITANUN
A 2 a =K g Y
oumands Juilumg Iiianurainvaie
9
Woea191n11555uIAN AN (Silprasit et al.,
a 3’, [ dy
2016) NN lun1simnyas lugluuu i
inwasnsetvyuriuldnisdgnlinadudu
~ A 9)35 a = I Y o
unuizia ldauay vuiluanngldiiaie
[ v
Taseasethavmnseaumaaudy 1@ (van Oijen

etal., 2010)

% Y
ﬂ%mmnmzanymmumuw

= = o Y

1nnsfeunesudnyazveIay
mures1im Tuszuurmnyasnunilgnioy
13110 nag szuurwnsasnuldgnsulina
' 9 s
WU vuaauIanesinvesauniu il
AUUANANNUBEIINTsd1AYNI9aDA
Tuvaganugevesduniuluszuuin
nuasnurlgnia ldwatinnmgeannnidu
nurdluszuuamnyasniudignian 1
P NNUBEIA YN NADA (p<0.05) AD 3.43 1UAT

1AL 2.94 1M5 91NA1AY (Table 3)



Nseaseinmneh ldiieaneg 4 (2): 63-76 (2563)

Table 2 The five ranking of important value index (IVI) of tree including; the relative dominant of basal
area (RDo), relative stem density (RD), and relative frequency (RF) of plant community of coffee
agroforestry with wild species (CAW), coffee agroforestry with fruit species (CAF), and natural lower

montane forest (NMF) across the study site.

Plant community RDo RD RF IVl

Coffee-agroforestry with wild species (CAW)

Toona ciliata 13.69 5.93 7.46 27.08
Schima wallichii 11.07 9.32 4.48 24.87
Elaeocarpus tectorius 9.48 5.08 4.48 19.04
Diospyros glandulosa 3.28 5.93 5.97 15.18
Mischocarpus pentapetalus 4.88 5.08 4.48 14.44

Coffee-agroforestry with fruit species (CAF)

Ficus altissima 55.71 0.75 1.79 58.24
Diospyros areolata 2.70 28.36 8.93 39.99
Camellia sinensis 0.85 19.40 10.71 30.96
Markhamia stipulata 10.62 5.22 5.36 21.20
Diospyros glandulosa 2.02 3.73 5.36 11.11

Natural lower montane forest (NMF)

Cananga brandisiana 5.55 12.26 4.62 22.43
Nauclea subdita 7.99 9.43 4.62 22.04
Canarium strictum 8.73 5.66 4.62 19.00
Lithocarpus lucidus 8.27 4.72 4.62 17.60
Magnolia baillonii 8.95 2.83 3.08 14.86

Table 3 Comparing of coffee characteristics in the coffee agroforestry with wild species (CAW) and coffee

agroforestry with fruit species (CAF) community by #-test.

Coffee characteristics CAW CAF p-value
Root collar (cm.) 8.31£1.50 8.49+2.25 0.675
Height (m) 2.94+0.72 3.43+1.15 0.026
Number of individual (individual per 100 m°) 30.75+8.36 37.2543.54 0.000
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Table 4 Generalized linear mixed model (GLMM) analyses of the relationships of the abundances of the

coffee in each forest stand with coffee agroforestry with wild species (CAW), and coffee agroforestry with

fruit species (CAF) in the study site; only estimate value are significant coefficients selected to minimize

the Akaike’s information criterion (AIC) are included. *p < 0.05, **p < 0.01, NS = no significant

Coffee characteristic

basal area (m’ hafl)

number of tree
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Number of individual (individual per 100 mz) -0.042* 0.008%**
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