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[ ORIGINAL ARTICLE ]

Vegetation structure of tree and edaphic factor in 40-year-old of restoration areas

at Mae Sa Khon head-watershed area, Nan Province

.1 2
Anusorn Sasunti Rungrawee Taweesuk

Pitakthai Pramosee’ Anuphong Grapjun2 and Lamthai Asanok’

Received: 6 March 2021 Revised: 16 April 2021 Accepted: 19 April 2021

ABSTRACT

The study of vegetation structure on restoration area can be linked to the plant community
establishment and the success of forest restoration. Especially, head watershed restoration is urgently for soil
and water conservation. This study investigated the relationship between edaphic factors and tree composition
regenerated in 40-year old restoration areas with different promoted species at Mae Sa Kron head watershed,
Nan province. The 20 m x 20 m sampling plots were established in the restoration site with different planted
species were Pterocarpus macrocarpus (PMP), Tectona grandis (TGP), and Eucalyptus camaldulensis (ECP)
plantation, and also old-growth of mixed deciduous forest (MDF). Five sampling plots were established in
each site, 20 plots in total. The soil sample and species composition were collected for community
characteristics analysis. The results show that; 61 species 53 genera and 27 family all of 476 trees were found.
The PMP and TGP showed that the community characteristic such as diversity index, basal area, stem density,
and similarity index slightly similar MDF than ECP plantation site. The relationship between soil and species
composition showed that Magnesium related to dominant species which regenerated in TGP and PMP sites.
Organic matter was related to dominant species of MDF, the dominant species in ECP site show high value of
regeneration in poor soil, but dominant species in PMP not clearly the preventing factors. The results suggested
that the restoration practice in the head watershed area planted native tree species had succeeded more than
faster growth exotic species.

Key words: Forest restoration; Natural succession; Species diversity; Native species; Exotic species

'Watershed Research Division, Watershed Conservation and Management Office, Department of National Park
Wildlife and Plant Conservation, 10900 Bangkok

: Department of Forest Management, Maejo University, Phrae Campus, Phrae 54140, Phrae

’ Department of Agroforestry, Maejo University-Phrae Campus, Phrae 54140, Phrae
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Table 1 Ecological characteristics of plant community were shown, including, mixed deciduous forest
(MDF), Pterocarpus macrocarpus plantation (PMP), Tectona grandis plantation (TGP), and Eucalyptus

camaldulensis plantation (ECP) at Mae Sa Kron Watershed, Nan Province.

Ecological characteristics PMP TGP ECP MDF
Species 31 33 29 36
Genus 29 32 27 30
Family 20 18 19 19
Stem density (stem ha) 650 675 640 415
Basal area (m” ha') 23.43 22.22 15.54 15.14
Shannon index (H") 2.78 2.71 2.58 3.30
2. AFHANNAMNYADITZHIITIANNY species) SMTUMIRIRD (Marod ef al., 1999)
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nuuaslgndn mlavilgndniuihwaunda Wdmduiutemiaves ldsiinudaia1d
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Table 2 Ranking of top five species based on the important value index (IVI, %) in each plant community

was displayed, including, stem density (D; stem ha'), basal area (Ba; m” ha™), and frequency (F; %).

Type Rank Species D Ba F IVl
PMP 1 Pterocarpus macrocarpus 185 10.23 100 82.14
2 Shorea obtusa 45 2.27 20 18.62
3 Oroxylum indicum 40 0.89 60 15.97
4 Shorea siamensis 60 0.87 20 14.97
5 Dalbergia cultrata 40 0.55 60 14.49
TGP 1 Tectona grandis 205 8.45 100 76.74
2 Pterocarpus macrocarpus 65 3.32 80 31.22
3 Gmelina arborea 55 342 60 28.53
4 Mitragyna rotundifolia 50 0.36 60 14.03
5 Dalbergia cultrata 35 0.54 60 12.60
ECP 1 Eucalyptus camaldulensis 160 6.12 100 75.20
2 Pterocarpus macrocarpus 140 4.66 80 60.47
3 Mangifera caloneura 65 1.56 40 24.51
4 Shorea obtusa 40 0.39 40 13.09
5 Croton persimilis 20 0.07 60 10.04
MDF 1 Croton persimilis 40 1.05 80 23.12
2 Xylia xylocarpa 15 2.18 40 21.30
3 Pterocarpus macrocarpus 15 1.24 100 20.00
4 Vitex peduncularis 20 1.28 80 19.85
5 Shorea obtusa 30 1.15 60 19.77

Table 3 Similarity and dissimilar index (%) between plant communities at Mae Sa Kron Watershed were

shown which displayed on above and below diagonal value, respectively,

Plant community PMP TGP ECP MDF
PMP 56.25 56.67 63.64
TGP 43.75 45.16 50
ECP 43.33 54.84 50
MDF 36.36 50 50

Remarks: the values above and below diagonal matrix indicated similarity and dissimilarity index, respectively
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Table 4 Comparison (mean + standard deviation) of soil condition; Sand (%), Silt (%), Clay (%), pH,

organic matter (OM, %), total nitrogen (N, %), phosphorus (P, mg kg'l), potassium (K, mg kg']),

calcium (Ca, mg kg ), magnesium (Mg, mg kg'') of Tectona grandis plantation (TGP), Pterocarpus

marcrocarpus plantation (PMP) and Eucalyptus camaldulensis (ECP) plantation and mixed

deciduous forest (MDF) on Mae Sa Kron Watershed.

Soil PTP TGP ECP MDF Sig.
Sand 39.70 + 12.46 38.20+7.94 41.10 + 5.70 36.80 £4.24 NS
Silt 29.80 + 6.90 27.00 +5.78 26.00 +2.91 2620+1.78 NS
Clay 30.40 + 6.05 34.60 +4.58 32.60 + 4.06 36.60+3.46 NS
pH 5.51+0.37 5.61+0.24 5.11+0.20 5.28+0.42 NS
OM 5.17+£1.45" 4.05+0.98" 3.67 £0.85" 6.19 £ 1.26" ok

N 0.17 £ 0.04 0.19 +0.02 0.14 £0.01 0.22 £0.08 NS

12.31 +10.12° 8.78 £9.35% 443+0.79° 7.76 £3.02° *

K 99.88 + 70.02° 85.85+24.11° 60.56 + 14.38" 80.91 + 16.99° *
Ca 527.96 + 68.84" 584.16 +43.90" 135.59 + 60.16" 560.92 +£70.17°  *
Mg 182.42 + 30.05" 214.61 £20.62° 126.58 £20.87° 177.83 +£45.08°  **

Remark: NS = non-significant * = p<0.05, ** = p<0.01; a, b, and ¢ in same low indicates same statistic grouping.

10



NsasveinaInethliiiesIneg 5(1): 1-16 (2564)

HOPFE
L ]

DALNI

MITRO

. e * DaLCU &

GMEAR miLBR
[ ]

EERMO &

OM MDF5
s APOVI

VITPE
LACLO gring, o
L ]
JOLXY

“ MDF3
MDF4

MDF1
4

Figure 1 Non-Metric Multidimensional Scaling (NMS) ordination of environmental variables; organic

matter (OM, %), clay (Clay, %) and magnesium (Mg, mg kg"]) affecting the dominant tree species

distribution in stands (A) of Tectona grandis plantation (TGP), Pterocarpus marcrocarpus plantation

(PMP), Eucalyptus camaldulensis plantation (ECP) and mixed deciduous forest (MDF) at Mae Sa Kron

Watershed. The abbreviates represented the tree species which listed in Appendix 1.
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Appendix 1 Tree species of all plant communities; Tectona grandis plantation (TGP), Pterocarpus marcrocarpus
plantation (PMP), Eucalyptus camaldulensis plantation (ECP) and mixed deciduous forest (MDF) at

Mae Sa Kron Watershed was shown.

Thai name Scientific name Family Code
NIz Hydnocarpus calvipetala ACHARIACEAE HYDCA
§nlvigy Gluta usitata ANACARDIACEAE GLUUS
wzanath Mangifera caloneura ANACARDIACEAE MANST
ugnon Spondias pinnata ANACARDIACEAE SPOPI
nzRU Hubera cerasoides ANNONACEAE HUBCE
VNI Y Miliusa velutina ANNONACEAE MILVE
Tunvia Holarrhena pubescens APOCYNACEAE HOLPU
Tunaiu Wrightia arborea APOCYNACEAE WRIAR
wizidoom Heteropanax fragrans ARALIACEAE HETFR
Lmﬁ”f]ﬁg Markhamia stipulata BIGNONIACEAE MARST
mm Oroxylum indicum BIGNONIACEAE OROIN
mnanm’gau Canarium subulatum BURSERACEAE CANSU
duo Iny Terminalia chebula COMBRETACEAE TERCH
mﬁauwg Anogeissus acuminata COMBRETACEAE ANOAC
ER Shorea obtusa DIPTEROCARPACEAE SHOOB
53 Shorea siamensis DIPTEROCARPACEAE SHOSI
AuAIAu Diospyros ehretioides EBENACEAE DIOEH
dmans Croton persimilis EUPHORBIACEAE CROPE
INALAY Dalbergia assamica FABACEAE DALAS
BEGE Dalbergia cultrata FABACEAE DALCU
ﬂN%WJﬂ Albizia odoratissima FABACEAE ALBOD
AU Dalbergia nigrescens FABACEAE DALNI
n3e ﬁfﬁlu Millettia brandisiana FABACEAE MILBR
13 %@: Pterocarpus macrocarpus FABACEAE PTEMA
TN Xylia xylocarpa FABACEAE XYLXY
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Appendix 1 (continued)

Thai name Scientific name Family Code
nOLN Quercus kerrii FAGACEAE QUEKE
é’ VU Cratoxylum formosum HYPERICACEAE CRAFO
nNITUN Irvingia malayana IRVINGIACEAE IRVMA
Fo Gmelina arborea LAMIACEAE GMEAR
an Tectona grandis LAMIACEAE TECGR
Ph!éf’ﬂ U Vitex canescens LAMIACEAE VITCA
mawin Vitex peduncularis LAMIACEAE VITPE
wimiiy Litsea glutinosa LAURACEAE LITGL
%ﬂ“l:‘!:T Barringtonia acutangula LECYTHIDACEAE BARAC
N3z lau Careya arborea LECYTHIDACEAE CARAR
ASUUNLAY Lagerstroemia calyculata LYTHRACEAE LAGCA
azuunlaenung Lagerstroemia duperreana LYTHRACEAE LAGDU
ana Lagerstroemia loudonii LYTHRACEAE LAGLO
or@eaiu Berrya mollis MALVACEAE BERMO
c\l?l 1 Bombax anceps MALVACEAE BOMAN
é’?lL@N Bombax ceiba MALVACEAE BOMCE
ooy Colona flagrocarpa MALVACEAE COLFL
wauwal Microcos paniculata MALVACEAE MICPA
Yodina Pterocymbium tinctorium MALVACEAE PTETI
Yoindaisa Sterculia macrophylla MALVACEAE STEMA
19 fﬁlu Walsura pinnata MELIACEAE WALTI
MzLﬁE)Q‘VpJ‘Wﬁ Ficus racemosa MORACEAE FICRA
Qﬂ?ﬁ‘ﬂﬁ o Eucalyptus camaldulensis MYRTACEAE EUCCA
19110 Ochna integerrima OCHNACEAE OCHIN
it lailan Antidesma ghaesembilla PHYLLANTHACEAE ANTGH
miloaTan Aporosa villosa PHYLLANTHACEAE APOVI
!ﬁ\‘IWLlHJ Bridelia retusa PHYLLANTHACEAE BRIRE
uzawuiloy Phyllanthus emblica PHYLLANTHACEAE PHYEM
AMUDANAIN Gardenia sootepensis RUBIACEAE GARSO
funy Hymenodictyon orixense RUBIACEAE HYMOR
AENUHY Mitragyna rotundifolia RUBIACEAE MITRO
voth Morinda coreia RUBIACEAE MORCO
AT Dipterocarpus obtusifolius DIPTEROCARPACEAE DIPOB
aznde Schieichera oleosa SAPINDACEAE SCHOL
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[ ORIGINAL ARTICLE 1

Influence of environmental factors on the distribution of tree species in deciduous dipterocarp forest

at San Sai Forest Reserve, San Sai District, Chiang Mai Province

Sutheera Hermhuk'~ Witchaphart Sungpaleel, Pheeraphan Thongplew and Kriangsak Sri-ngernyuangz’3

Received: 16 March 2021 Revised: 30 March 2021 Accepted: 5 April 2021

ABSTRACT

This research was aimed to study the environmental factors influencing the distribution of tree species in the
natural deciduous dipterocarp forest (DDF) in The San Sai Forest Reserve, Chiang Mai Province. 15 survey points were
set up systematically 200 m apart. Each survey point contained 3 sampling plots of 30 m x 30 m in size, and each plot was
50 m apart. All tree species with diameter at breast height (DBH) larger than 1 cm were identified and measured in 2020.
Species composition was analyzed using stand clustering analysis. One-way ANOVA was used to determine differences in
environmental factors among groups, and to elucidate the relationship between these factors and tree species distribution
parameters. The results showed that 51 species from 37 genera and 27 families were found. The soil in the area was mainly
composed of sand particle (more than 50%). Cluster analysis of tree data based on 60% similarity index revealed five
groups of tree stands, which were Dipterocarpus tuberculatus stand, Shorea obtusa stand, Shorea siamensis stand,
Dipterocarpus obtusifolius-Shorea siamensis stand and Dipterocarpus obtusifolius-Shorea obtusa stand. The species
diversity value was found the highest in Shorea siamensis stand (39 species), which was significantly influenced by the
distance from natural water source. However, other factors did not affect stands clustering. Analysis of factors influencing
species distribution showed that 12 out of 51 species were found to be associated with 9 environmental factors. Proportion
of clay particle in the soil strongly influenced tree distribution. Based on types of responses, trees could be grouped into
those that preferred either high or low percentage of clay and those that were not affected by percentage of clay. The
relationships between plant distribution and environmental factors are very important for restoration management plans.
The selection of suitable species based on their niches is needed to promote successful restoration programs.

Key words: Ecological niche, Deciduous forest, Tree stand clustering, Forest reserved
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. . 10m
10m

30m

30m

Figure 1 Study area and plot layout were shown; 1) San Sai National Reserved Forest, 2) Baan Pong

Development Forest under the Royal Initiative and 15 survey points, 3) three temporary sample plots per each

sampling point and 4) each sample plot divided into nine subplots of 10 m x 10 m.
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Table 1 Important value index of top ten species in DDF at San Sai Forest Reserve, San Sai District,

Chiang Mai Province.

Basal area Density RD RDo RF VI
Species . 4 »
(m ha) (stemha) (%) (%) (%) (%)
Dipterocarpus obtusifolius 4.33 84 19.10 36.74 5.65 61.49
Shorea obtusa 1.95 65 14.05 16.55 5.65 36.25
Shorea siamensis 0.92 45 13.01 7.82 5.65 26.48
Dipterocarpus tuberculatus 0.92 43 9.24 7.85 4.84 21.92
Gluta usitata 0.70 27 8.07 5.96 5.65 19.68
Quercus kerrii 0.66 22 3.53 5.64 3.63 12.80
Aporosa villosa 0.24 17 5.87 2.09 4.44 12.39
Tristaniopsis burmanica var. rufescens 0.39 7 1.75 3.38 2.82 7.95
Wendlandia paniculata 0.12 15 2.65 0.98 3.63 7.26
Buchanania lanzan 0.12 7 2.02 0.98 3.63 6.63
Other species (41 species) 1.42 98 20.72 12.00 54.44 87.16
Summation 11.78 420 100 100 100 300
Distance (Objective Function)
1ED | BEEN! | 1300 | 190 266400
Information Remaining (%)
L . B 3 . 5 . f.'
T Group |
P! Groun 2
1 —— roup 2
——
P2 }ﬁ
EH . Group 3 |
515 - Group 4
ps J
pp —
E’; —_— Group 5
pip— ]
Pl ——

Figure 2 Stand clustering of deciduous dipterocarp forest (DDF) based on IVI data at Baan Pong Development

Forest under the Royal Initiative
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Group 1: Dipterocarpus
tuberculatus dominance
species

Group 4: Dipterocarpus obtusifolius and
Sherea sicimensis dominance species

Group 5: Dipterocarpus obtusifolius

and Shorea obtusa dominance species

Group 2: Shorea obtusa
dominance species

Group 3: Shorea sianiensis
dominance species

Figure 3 Topographic map showing five-distribution stands of dominance species in study area
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Appendix Table 1 Analysis of variance of environmental characteristics between five trees stand groups

Elevation Slope Aspect Steam Sand Silt Clay N Avai-P Ex-K Organic
Stand Soil pH
(m asl) (%) (degrees) (m) (%) (%) (%) (%) (ppm) (ppm) matter (%)
1 372+14.1 29.50£14.8 230.4+5.7  130+14.1° 62.4+0.9  22.1£09 16.7£0.5 0.13+£0.03  26.9+8.6 13294355 2.6+0.6 5.1£0.01
2 396.5420.5 35.5+£20.5  212.9+42.1 113.5+24.7° 58.6+£6.3  224+1.6 17.1+1.7 0.10+0.02 12.9+11.2  46.3+449  1.9+0.3 5.140.1
3 380.84252  44.0+14.2 182.6+43.2  154.2435.8° 622458  22.0+1.8 144+2.0 0.11+0.02  21.9+1.6  923+11.3  2.2+0.1 5.240.1
4 412.5+443.1  11.5+0.7 212.7£19.5  9.5+3.5° 70.1£10.2  17.1£5.9 15.740.2  0.08+0.04 12.7+£10.8 75.7+12.4  1.6+0.9 4.7+0.5
5 373.8447.5 31.8+21.3  2103+115 85.5+7.8" 64.9+2.6  20.741.1 14.9+1.7 0.13£0.04 19.9+1.6 114.7459.3  2.5+0.9 5.240.2
t-test ns ns ns woE ns ns ns ns ns ns ns ns
cv (%) 10.29 53.74 33.09 22.96 8.09 10.99 77.62 31.45 26.96 44.23 31.48 4.61

Remark; Avai-P = available phosphorus (P)

ns = non-significant

*** = significantly difference at p < 0.01

Ex-K = extractable form potassium (K)

n <
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Appendix Table 2 GLM analysis of the relationships between species distribution and environmental factors for DDF species in study area.

The values in the various columns are model regression coefficients. The coefficients with the lowest AIC were selected.

Species Elevation Slope Aspect Steam Sand Clay Ex-K OM Soil pH
Shorea siamensis -0.25* -15.84%* -42.5%
Lithocarpus polystachyus -6.82%
Dalbergia assamica 0.26* 0.13* -5.08%* -24.1%*
Vitex peduncularis -6.76*
Buchanania lanzan 0.10%* 3.54*
Wendlandia paniculata 6.76*
Ellipanthus tomentosus -0.005%* -0.0016* -0.0015%* -0.012%* 0.002*
Aporosa villosa -0.12% 11.3%
Dalbergia oliveri -27.32%
Lannea coromandelica -2.09*
Phyllanthus emblica -3.08**
Shorea obtusa -0.22% -17.25%* -32.2%

Remark; Ex-K = extractable form potassium (K), * = p < 0.05, ** =p <0.01
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Vegetation community characteristics and edaphic factors in 40 years fire protection of dwarf

deciduous dipterocarp forest, Phae Muang Phi Forest Park, Phrae Province

Prudchayaporn Srikoon"?, Rungrawee Taweesuk

Pitakthai Pramosee], Petcharat Chankaewz, Lamthai Asanok’

Received: 14 March 2021 Revised: 22 April 2021 Accepted: 24 April 2021

ABSTRACT

The study of plant community characteristics related to environmental factors may help emphasize of forest
ecosystem management. This study is aimed to study the structure and species composition of trees based on edaphic
factor gradient in the fire prevention dwarf deciduous dipterocarp forest, Phae Muang Phi forest park, Phrae province.
Fifteen plots with size 20 m x 20 m based on purposive sampling were set up. Species composition and soil nutrients
were collected to analyze the relationship between plant community and soil factors. The result showed that, 60 species
54 genera and 28 family of all 1,457 trees. The cluster analysis showed 3 sub-community: Shorea obtusa community
(SOCQC), Shorea siamensis community (SSC), and Suregada multiflorum community (SMC). The SOC showed that 34
species 32 genus from 19 family and species diversity index was 1.70, the important species such as Shorea obtusa,
Dipterocarpus obtusifolius, and Shorea siamensis. The SSC showed that 34 species 31 genus from 18 family and
species diversity index was 2.59, the important species such as Shorea siamensis, Pterocarpus macrocarpus, and Vatica
harmandiana. The SMC showed 49 species 43 genus from 24 family and species diversity index was 3.13, the
important species such as Suregada multiflorum, Cratoxylum cochinchinense, and Phanera bracteate. The dominant
species of SOC positively determined by phosphorus. While, species composition of SSC community was determined
by clay texture and soil nutrients such as potassium, magnesium, calcium, nitrogen, and organic matter.
Simultaneously, the dominant species of SMC community were controlled by sand texture, and it had lowest nutrients
deposition compare to others. The result suggested that after long-term of forest fire protection, causing the trees species
composition changed from the dwarf deciduous dipterocarp forest based on increasing of soil nutrient accumulation.
Thus, fire protection leads to high soil nutrient accumulative which induced high establishment of evergreen species
into the community.

Keywords: species diversity, forest fire preventing, plant community changing, protected area
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Study Area In Phae Muang Phi Forest Park
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Figure 1 Boundary and location of sampling plots in Phae Muang Phi Forest Park, Phrae province.
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Figure 2 The dendrogram of stand clustering at Phae Muang Phi Forest Park, Phrae province.
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Table 1 Plant community characteristics of dwarf deciduous dipterocarp forest in each sub-community; Shorea

obtusa, Shorea siamensis, and Suregada multiflorum community at Phae Muang Phi Forest Park.

Community characters
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Shorea obtusa
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Tree
Number of species 34
Shannon-Weiner index 1.7
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Stem density (stems ha') 2,755
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Shannon-Weiner index 1.86
Stem density (stems ha') 59,867
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Table 2 Top five ranking based on IVI of tree and seedling/sapling in each sub-community at Phae Muang Phi

Forest Park, including relative dominance (RDo, %), relative density (RD, %), and relative frequency (RF, %).

Sub-community Staged Species RDo RD RF VI
Shorea obtusa Tree 1. Shorea obtusa 56.55 62.18  7.06 125.79
2. Dipterocarpus obtusifolius 10.06 7.26 4.71 22.03
3. Shorea siamensis 7.13 6.96 7.06 21.15
4. Pterocarpus macrocarpus 5.63 5.14 5.88 16.66
5. Irvingia malayana 4.21 1.97 5.88 12.06
Seedling/ 1. Memecylon scutellatum - 60.69 6.58 67.27
Sapling 2. Mitragyna rotundifolia - 4.90 7.89 12.79
3. Ixora sp. - 2.56 7.89 10.46
4. Shorea obtusa - 3.12 6.58 9.70
5. Dipterocarpus obtusifolius - 4.90 3.95 8.85
Shorea siamensis Tree 1. Shorea siamensis 24.53 1478  5.08 44.40
2. Pterocarpus macrocarpus 18.95 17.68  5.08 41.71
3. Vatica harmandiana 11.54 17.39  5.08 34.01
4. Shorea obtusa 11.35 12.17  5.08 28.61
5 .Phanera bracteata 5.15 8.99 5.08 19.22
Seedling/ 1. Memecylon scutellatum - 41.64 6.82 48.46
Sapling 2. Vatica harmandiana - 12.63  4.55 17.17
3. Ixora sp. - 8.19 6.82 15.01
4. Canthium glabrum - 5.12 6.82 11.94
5. Croton acutifolius - 4.78 6.82 11.60
Suregada multiflorum  Tree 1. Suregada multiflorum 11.07 13.11 4.65 28.83
2. Cratoxylum cochinchinenea 10.05 9.11 4.65 23.81
3. Phanera bracteata 6.40 11.78  4.65 22.83
4. Pterocarpus macrocarpus 10.73 7.11 4.65 22.49
S. Walsura pinnata 6.05 10.89  4.65 21.59
Seedling/ 1. Memecylon scutellatum - 49.29  8.70 57.98
Sapling 2. Canthium glabrum - 2231 435 26.66
3. Ixora sp. - 13.37  8.70 22.07
4. Suregada multiflora - 2.22 7.25 9.46
5.Croton acutifolius - 1.90 7.25 9.15

42



NsaswetnaInethlfisesIneg 5(1): 33 - 52 2564)

(3

o g ~ ¥ vy
NAUNUIUNULASITUN ﬂ'ﬂﬂiﬂﬂ\‘l@n"lﬂu’f)ﬂ

= 9/

J 1 a < a
N1 MileaLe nTNUITY nazy Fewiia il

[ dyd 9}3’/ 9}3’/ 1 1 3 o
marihilu ldsuseas ldsuaevestufas
(Marod and Kutintara, 2009) 8191119431910
&L { 1 g @ I
wuduiatigniosdulduniuszezinan

< 9)3 ' Y A
e1uudluig Iinuihgninaquateasinie
o = g 1 a
uun suiugilassanenisionvesriia
s 4 o '

Tifsdeaiiosnrnnalitlndai v liauise

¥

viauasgiuau'ld (Marod er al., 2002) 31w
a A
i

Y1 9/2/1 ~ ]
e lnurs o liFussanasonusy

q

a
i 1
Y

v X Y o A a Y o
Tavumasdrununyialfauludany
(Pairuang et al., 2020; Bunyavejchewin ef al.,

< Y 1 o v A
2016) 1iulannmsdsingarsiuau uazawil
anuransia gayumnluszauthunaiuie

= % % ) d‘
Ssueunudeaugesdu o

[ 1 [ dy ~ = D o
FaANdo5 TUNUNUN LU IR

[

Usingamsesriae wu inimeariinnuddny

g

v o 1w J <3
gaga s ouauusnlaun 53 1szq azaniln g

2 A g A Y 1 Y o o
UAZITYUATD L‘}Ju%uﬂ"lumuclumauﬂuuﬁﬂ

1A a

Yy [ [~ 1 [ v A

ETER TR RN R E ST YR LRI R Y
o W v =2 d a Bld'd o o
anudrguesssruiluriia linianudidy
suauusn iamlndiResnulszquazaziain
wunweanunshidsinganulaamuly
@ A 49! ] Y a di
daay wieewazrulziuduwssa ldytiaou
o Y o Y & ' o <3
wihlddunalannduanalanindiauiag
2’, ld’d 9 [ SO
uenantulszgnianud Ay zAU T INa
TndiAganuiunndadinlszgezwnlaluih

[

3 o 1 U [ KXY I
a5 a Tasdulngudlszginazgnimiy

u

Ieaii luhweaundaly (Marod and Kutintara,

2009) HunaasNyia b waundaluGugn
¥ { A 1 g’; % I

i luiun uazganinivazandn aailu 1y

a

9 1 @ A 9 dy Y] 1 A
aulundaly iesain ldatiatidnseueg lun

43

= zg 1 a 9 1 a t&l
Ta2uru wuluihavuds nazi 1wy
Y
(Bunyavejchewin et al., 2016) 191116967 1w
o @ A Y I 1w [] v A o g’;
auNauuEa IR UNFIANE08SUT VTN
a Y S o a 9 g ~
¥iia i udasaazihaumumaunu lunui
g a EY [ d' Y
uazmsgnarvesyia ldludenudwdiulu

g d'dy A [ Y [} [l Y
wuwummﬂﬂwmmwmuuumamg"lm

'
1 A

mgegalonfSouisunudiaudn naziie

a A

J 4 a v
wfn15mm15au¢1awummmamnﬂmmu

v 9
anlil/ndrll azidiunwsiialdnaedalaly

U

v 9 = v

zaudu q lidsing ldeviiegae uanduilu

91 [ A < ] Y
NAN LUNY YU L1TTUDALLD VY me‘ﬂm L‘]Ju@]u

Q q

W]

| %2 A

uanudunafedzadnadadlulddulinga

Ed
v W

@ Y 1 a o kS =< 1 Y1
Tunauasaa lailued1ed daiudnanlan
o 1 1 dy o s
Tudsnndeauvatazimdnlseauanudse

¥ o ¥ v Yy v R
Tumsasianaluszanlddu gn'ld uaznd il
=2 g A A o Yy @ T 3 o A
uthunsestuduldedrsFanuintudeiuile
= @ I g 1 Y A
insdesdu Iwdlunanuiuaanaldsia
1ilsindaly vagwiia ldwuludsnududun
=2 dy A A Yo A 1 [~
gansoaununui lfdrfvestlfasa

Yy o = A Ay 3 o
geanasanuTsumsane luiunl g

@ 4 ] y 4 <R
Poaiu W q vesszme 1w Wuntludass
[ a [ Jd a
duluvidnedunyasmeans Inenua
U 3 o %
anauns (Marod et al., 2017) Tifesadoaniu
1 [ [ I o J
Tdvvasnuiwuidaddidrovind
. . U S o o
(Bunyavejchewin et al., 2016) Pudesatdoany
1 J
Tl erungnumaasanluneiu (Pairuang
a 1 1 S o o
et al., 2020) uazUINUUUITOIARI AT IR

Aaa v

T1auuds Nnaa1tiitedadsuasunily
a3
(Boonnam, 2014) RIELT
[ U dy d’ A
Fanuvunane1um Tununungiie
S o t:' U 'o =) %} J L
Anwuaunguawaz it lugedu

[ A a g o a v A
mﬂuwwvuﬂuﬂsmgmmu%ummmﬁvu



NsaswetnaInethlfisesIneg 5(1): 33 - 52 2564)

1 A

anunanvagluszanlifluglingaga il

= v o ] @ [ I
Wieuineunudenuaazdeanss o1uilu

Yy v
A A1 o

XA 4 a A2 Yo
LWﬁw1uwu‘nmnmmﬂuwumumuaz"lmu

Q
b4

j’ 1 Aa o 1 o 2
ﬂ’J"I?J‘IlelI”Iﬂﬂ'J”IiJﬂ@]LWi”I%H"ﬁ/]’J?JGU\‘Iﬂﬂlﬂul‘ﬂﬁ]
Yy a A d' g}/ d' [ '
11’?N‘BUQWﬂfﬂﬂﬂTﬂ‘Viﬂ"lEJVN‘ﬂWﬂﬂ‘l‘lJllﬂgllll
Y y R L 2
Nf‘]ﬂGIJJf‘T"Ill15ﬂLGU"IiJWNG]’JhlﬂiJTﬂEN"IJHLWi”I%

g a A I v o W z; @
anuruluaudatluifaitedinnlunisaaa?

9

Y

nm 9 dy AAyn ¥ a a
yoany I Tagmmz luiunn 1dsueninasn

Y 9 1 1 3 o [ I
ANV U Fuaeswaznaunaa 1y 1y
Y . <
U (Sakurai et al., 1998; Marod et al., 2002) 1K

a

Y o g A~
1ﬂﬂ1ﬂﬂ1‘iﬂi1ﬂ§] VUNBDINYTIUTIN LﬂuﬂfU@]VIM

a

o 1 [ S <
ANudIAYgIge DANNIND 28.83 1losidua
= I a 9}::' 1 [ :ﬂy o
Fudurialin lindaluveuanuyugain
Y k2
vunszneluihavyu dhauude Jnaunda

9
Tuau wazihwaundalunds (Bunyavejchewin
et al., 2016) LaziipNTANFUANTANNE A DY
o W 9 1 Qy dy dy A
Tugdusetadun 14U Aunaed 1deunse Lay

13 Y R a 9 ' dyﬂl 13 a
Uszg Whudu Feriia ldmartidruuaiuasiia

o

Y A 1 [ Lé v (]
Timbhveuhnaunaalusaindsingegun
A A4 R W QY
Tununngnsunmmsuinuisol niudu

2 X A
(Asanok ef al., 2020) Tagimn1z ANa8e D01
I a ya dyd A a
Wuytialdndsrdawansgnuninaainng

] v IS ]
doarululuiludede ¥y n1sAnyIv04
. . d' Y o [

Bunyavejchewin et al. (2016) nladrsradeny
[ 3 o o ) S J
Yuaess luvadnuiusdadithireuiuds

wunlassadhldulaeuldTasmniz lu

v
A

F v [
wunnimsnuInedenetiioarinld ldanan

q

1 v a a 9 o

= A ! =)
NﬂTﬁﬁU@]@WH‘ﬁN1ﬂLﬂu]l‘]J AIUBUA LUATU

E]

= =

U S o [ dy A @ =
%@QﬂWLﬁiiﬁﬂﬂiWﬂgiuﬁﬂﬂhu A0 T3 BIU

1R
v A o

[ o <> 1
guaudInNd1un uaaaliimuailu

9

Pl

ee

Pudesanlasumsiestu vidlunaiuu

=h.

U

=pe =D
=9}

tﬂ‘d ti‘ = 1 g’/ %
UNNUANUFUTIISUAANTSNUADNITAIND

44

Yo A N 3 o ' ti‘ A Y Y
voa' lifdstivo s udesannnnunui aud
iionsia lfiauludhwdaluluainise

Y
NUNTUADAIINTUFI]A (Chaturvedi and

1 Y]

4 A o
Raghubanshi, 2018) 10NN 5 TUADWUE
MBI INA luszaugn llna 18 wo deaw

A4 A Ao ! A K A
wGlfuﬂuzummwumuummgﬂ"lu/ﬂm"lu UINN

' ] '
1 v A o A

gaualaasiaunaInyiadingaiil

Q

v W < @ [
Lﬂdﬁ'ﬂﬂlﬁﬂﬂﬂﬂﬁ\?ﬂNL@QLlagﬁQﬂN5\i HnugnINY

Y
a

J @ 9 Y 9 ¥
Nluszaugnlidnd 11 voedenuiisstialil

9 1

o a Y { 9 Y o
muau%uﬂuaﬂﬁﬁmﬁmmmmm"lmm

PSuaunlunaazsia ol umsizauly

=D

A a A £ >
‘Ll‘i/]“lJ‘iL’Jm‘L!lIﬂ’J13J°15utj\1LWi1$ﬂ1§ﬂ’E]\1ﬂuul‘V‘l

&

o g X AY v R o q Y
UJut')a']u’nﬂli’luﬂ\i!ﬂuwuﬂuqﬂju"lmﬁ]qulﬁ
R A X a v
ﬂa'lhljJsUE)\1Glfuﬂuluﬂélfﬂﬂﬂj'ulglfuslu@uq%qHNW

Y oy Y A <
ﬂ\WI'JUlﬂﬂ !Tiullﬂ%'lﬂﬂTiﬂﬁ'lﬂ;] LRUDALD LUY

Y 1

Ty 1ldwme wazamradu Furiialdiauly

v Y
szaund ldiazgnled Fewdialdinariiduled

Y =

9
3o 1y N UANUFULAZNUTY

q

RKRee
=
an
(a2}
Lo

9 [} =

d9AANADINUNITANYIVDY Bunyavejchewin et
H [ < o [ I

al. (2016) N31e1u 1 das o anu Inlidlu

A Ay Y agy vl 1 2 \

nannulununireudedl linua ey

PY1IMUMUY ¥TD NITANYIVDY Marod ef al.

H [ 1 3 o [ c&’ {

(2017) N51891uN7 a5 Teadu Il lunun

'
1 o

AUGEIVOINMIINGIFUNBATATAS TN VA

A Yy ya & '
anauns Una1 luNYsUAUFU 19U BLI4
2 g = A 4 < Y 1 !
uazan nsaasesnunuazu ldfauluih
S o @ gl; @ [ 1 4
@5 atfo ey In'ld vonamiudeaudosuiail
[ a 4 Ad'
Tidsnggnld/ndr ¥ veswiialdrederan

I Y= I S o Y 1
Wuarivesduassuae uaaslruanlu

=

aninuraaeuntdoanuliuuiumaiuiy

ke

£ dda 0
Tﬂmawwwuwmummwqum

v Y
v o U

o3 liausonsdrldnaluszavan lil/ndr la¥

Q

1715



NsaswetnaInethlfisesIneg 5(1): 33 - 52 2564)

waz 1 lvin) deandoany Marod ef al. (2017)
1 [ 1 3 o %
51991113 teanu I 1w a5 Faliszuu
a . 3
Hvawa bl (fire dependence ecosystem) 11/
F2OLUIU dHalFoAeMIAURUTYeINgY
4 { < 1 1 a g
wssa T raderandluldiauveaiwiiail
9 o A o o Y
wysa hiedeetuulszsnsanag il
4 ] A ! 3 o g}/ a
panllsynovvosdanuNsiAITIn ALY
= =
1aeunlad ag Boonnam ef al. (2014) ANYT
dy ~ A 1 [ 3 a 9 ! S o
NUNToUFOUNDTEHINTNADURIAZ T 1A I54
=) aAa o ] dy d' v
vinaamiteazuns 1y wun lununideadu
I a 1 1 I a
Tdlunanuusnasesasih ldihavuuds
= A Ay oy A Yy Yy a
NI00ANTOINUN 1aa ilpannnai 1iThaw
v Ay 2 A
udanlunul vazmsalausinnsn
Ysuamnn anuvuntuves liflugvhl¥ina
4 A o Y Y a
aarnulIadeunmuizay w119 lafihay
a a Y &/ d' dy
winauTalaaluiui wenaniinisaiungu
1 I @ [ < <3 A
T uduszezmnaruiudiantnauiasy

waswduihweaurdaluvazwauniluihay

Yy A g o ¥ a A A ..
uasnudinuauanueInun (Winichsorn,

1997; Kutintara, 1994)

3. anlinnu
1 a A A [ td'd

WU oYMAAULINEIS MN8N
AULANANNUREIN L Tsd 1Ay NI9aDa
(p<0.05) Taglsngludenuduneangruin
WINNGA AD 62.12+5.48 AIUTINDINITLAIIN
uananued NN edAynIsanaluuaas
Y v
WUA (Table 3) TasdeausaimsazauSuim

A:i 9 LY = [ a
5190115010 ga laun dunseiagludu
= =
TuTasiau TwunaiFon unatTow uay
HUNEFYN VAUNINY 2.752£0.65, 0.1320.03,
70.95+48.06, 349.27+57.59 14 139.14+11.65
o v A A o

MR (p<0.05 W30 p<0.01) TuvUNFIAY
3 [ ~ A
waazauearoTauininga Av 6.49+2.51
(p<0.05) FIUFIAVTUNDINGILINAMT AL AN
YSuusmemsdeengailon/Souieunuy

F9AUDU 9 (Table 3)

Table 3 Comparing of soil properties between sub- communities; Shorea obtusa community (SOC), Shorea

siamensis community (SSC), Suregada multiflorum community (SMC) at Phae Muang Phi Forest Park.

Soil condition SOoC SSC SMC p-value
Sand (%) 59.54+6.20° 51.95+0.76" 62.12+5.48" 0.050
Silt (%) 17.1742.56 19.00+1.00 16.33+2.94 0.367
Clay (%) 23.21+4.97 28.88+2.00 21.55+4.84 0.112
oM 1.9540.45° 2.75+0.65" 1.79+0.30° 0.026
N (%) 0.08+0.02° 0.13+0.03" 0.09+0.03" 0.071
P (mgkg') 6.49+2.51" 4.08+0.60" 3.37+0.48" 0.020
K (mgkg') 67.82+15.97" 70.95+8.06° 40.03+10.29" 0.004
Ca(mgkg') 209.24+79.22° 349.27+57.59" 204.95+64.55° 0.027
Mg (mg kg) 98.21427.37% 139.14+11.65° 67.98427.35° 0.006
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ABSTRACT

Mangrove forest is the fragile ecosystem and difficult to restore after disturbed. This study aimed to clarify
the mangrove forest structure, dynamics and carbon sequestration after natural forest restoration at Mangrove
Forest Resources Research Center 6 (Satun). In 2013, a 1-ha transect permanent plot, 20 m x 500 m, was
established. All trees with diameter at breast height over 4.5 cm were tagged, measure, and identified. Tree
monitoring was done every 2-year during the 2013 to 2019.

The results showed that tree species in 2019 of total 11 species 6 genera and 4 families were found. The
total basal area and density were 27.35 m’.ha and 1,016 individusLha ", respectively. Plant diversity was quite low
based on Shannon-Wiener index (H/ = 1.39). Family of Rhizophoraceae is the most dominance family which had
highest species number and tree density (7 species and 525 individual.ha”, respectively). Mangrove forest dynamics
varied among periods and species. Tree density had decreased trended which related on high average mortality rate
than increment rate (0.13+0.22 and 5.66 +0.69 %.y'l, respectively). The species of Bruguiera parviflora had the
highest mortality rate. The above-ground biomass and carbon sequestration in mangrove forests were 278+33.62
ton.ha” and 130.73 +15.83 tc.ha ", respectively. The species of Rhizophora apiculata had the highest above-ground
biomass (189.22 ton.ha™). Indicating this species had well growth and high efficiency to select for planting in the
mangrove restoration program of Thailand. In addition, these strategies can increase carbon storage in the mangrove

forest which may support the mitigation and adaptation on climate change in national and international levels.

Key words: above ground biomass, carbon sequestration, mangrove forest restoration

! Mangrove Forest Resources Research Center 6 (Satun), Office of Mangroves Conservation, Department of Marine and
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Figure 2 Number of plant species in each family of mangrove forest at Mangrove Forest Resources Research

Center 6 (Satun).
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Figure 3 Tree density in each family of mangrove forest at Mangrove Forest Resources Research Center 6 (Satun).
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Table 1 The mangrove forest dynamics during 2013 - 2019 at mangrove forest Resources Research

Center 6 (Satun): mean + standard deviation.

2556 2558 2560 2562 2556-2562
BA(m’.ha") 25.44 27.56 27.87 2735  27.06+0.29
Loss(m’.ha”) 2.05 1.79 245 572
Gain (m”ha’) 4.18 2.09 1.94 7.64
Density (ind.ha™) 1416 1278 1155 1016
Recruitment (%.yr_l) 0.39 0.00 0.00 0.13+0.22
Mortality (%.yr ) 5.52 5.06 6.41 5.66+0.69
Species number 11 11 11 11
Biomass (ton.ha ) 239.81 263.55 317.02 29221
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Figure 4 The relationships between recruitment and mortality rate during the 6-year period (2013-2019)

which divided into two classes; above 15 % (A) and below 15 % (B), respectively.
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Table 2 Above ground biomass of mangrove tree species during 2013 — 2019 at Mangrove Forest Resources

Research Center 6 (Satun).

Above ground biomass (ton.ha'l)

Species
2013 2015 2017 2019
Rhizophora apiculata 136.41 157.42 174.46 189.22
Sonneratia alba 3491 37.42 75.03 41.99
Xylocarpus moluccensis 18.49 19.33 21.03 21.04
Bruguiera cylindrica 16.32 18.53 19.58 19.98
Bruguiera gymnorrhiza 12.75 14.08 14.97 14.58
Avicennia officinalis 6.57 5.89 5.54 3.98
Bruguiera hainesii 0.28 0.34 0.43 0.46
Xylocarpus granatum 0.28 0.32 0.37 0.27
Ceriops tagal 0.27 0.23 0.25 0.26
Bruguiera parviflora 13.41 9.81 5.13 0.23
Rhizophora mucronata 0.13 0.17 0.23 0.22
Total 239.81 263.55 317.02 292.21

Table 3 Carbon sequestration of mangrove tree species during 2013 — 2019 at Mangrove Forest Resources

Research Center 6 (Satun).

Carbon sequestration (tonC.ha-l)

Species
2013 2015 2017 2019
Rhizophora apiculata 64.11 73.99 81.99 88.93
Sonneratia alba 16.41 17.59 35.26 19.73
Xylocarpus moluccensis 8.69 9.09 9.88 9.89
Bruguiera cylindrica 7.67 8.71 9.20 9.39
Bruguiera gymnorrhiza 5.99 6.62 7.04 6.85
Avicennia officinalis 3.09 2.77 2.60 1.87
Bruguiera hainesii 0.13 0.16 0.20 0.22
Xylocarpus granatum 0.12 0.11 0.12 0.13
Ceriops tagal 0.13 0.15 0.17 0.12
Bruguiera parviflora 6.30 4.61 2.41 0.11
Rhizophora mucronata 0.06 0.08 0.11 0.10
Total 112.71 123.87 149.00 137.34

62
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The Different of Hydrological Services from Forest Development Activities

at Huai Hong Khrai Watershed, Chiang Mai Province
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ABSTRACT

Hydrological services of watershed ecosystem are the one index which could be indicated effects of forest
restoration in different activities from the past to present. This research aimed to clarify and compare the hydrological
services of watershed ecosystem from different forest development activities of Huai Hong Khrai Watershed,
Chiang Mai province. Four different development activity sites were selected; 1) rainwater forest development, 2)
check dam forest development, 3) irrigation forest development and 4) reservoir and check dam forest development.
The analysis indices of average runoff, flow date and flow interval were analyzed during 2011-2017.

The result showed that average annual runoff and wet-dry period runoff were non-significant (p<0.05).
These indices were highest at rainwater forest development site, however, during the dry period the runoft at reservoir
and check dam forest development site had highest amount. Flow date at 25%, 50%, 75% were found in wet period,
while, flow date at 95% and 99% were found in dry period. In addition, the highest value was found at reservoir and
check dam forest development site. Indicating the reservoir and check dam forest development activity site had spent
long time for runoff acumination. In accordance with flow interval had the short period of last 5 % and 1 % runoff
during lack of rainfall. Indicating that the reservoir and check dam forest development activity is good hydrological
services. The results of this study can be used as a guideline for selecting forest restoration activities that require
hydrological services as a key index. It can be a database for water resource management for solving flood in rainy

season and lack of water in dry season problems.

Keyword: hydrological services, forest restoration
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Figure 2 Wet and dry periods of the study area
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Table 1 Average rainfall and runoff from different forest development activities during 2011 —2017.

R CH IR RECH

Month Rainfall Runoff Rainfall Runoff Rainfall Runoff Rainfall Runoff
(mm) (mm) (mm)  (mm) (mm)  (mm) (mm)  (mm)
January 9.44 0.00 19.51 0.00 2141 0.00 20.57 0.10
February 1.16 0.00 1.03 0.00 2.67 0.00 2.54 0.00
March 8.66 0.00 14.09 0.00 25.30 0.00 19.11 0.00
April 42.62 0.00 42.51 0.00 57.36 0.02 45.77 0.00
May 152.04 0.64 137.63 6.12 153.33 8.73 147.36 3.18
June 171.56 1.45 126.23 0.41 152.79 4.88 146.41 1.59
July 190.63 15.21 176.62 2.82 198.06 5.57 190.86 2.73
August 308.27 62.00 293.43 38.38 292.39 38.59 302.83 27.98
September 258.59 58.38 261.55 39.03 252.26 54.20 257.17 30.31
October 120.63 75.78 125.30 29.49 123.01 62.08 116.80 32.34
November 56.70 11.40 36.52 13.30 53.01 7.86 49.49 23.37
December 6.86 1.81 3.84 0.10 8.00 0.87 5.10 11.42
Annual 1,327.15 226.67 1,23826  129.65 1,339.59  182.80 1,304.01 133.02

% Runoff of
- 16.14 - 8.34 - 11.63 - 8.63

annual rainfall
Wet period 1,258.41 22486  1,157.28 12955 122484 18190 1,21091 121.50
% of annual 94.82 97.73 93.46 99.89 9143 98.73 92.86 93.06
Dry period 68.74 1.81 80.98 0.10 114.74 0.89 93.10 11.52
% of annual 5.18 227 6.54 0.11 8.57 1.27 7.14 6.94

Remark: R = rainwater pattern, CH = check dam pattern, IR = irrigation pattern,

RECH = reservoir and check dam pattern.
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Table 2 Flow date analysis of each forest development activities during 2011 —2017.

Flow date (date)
Flow date Activity
2011 2012 2013 2014 2015 2016 2017 AVG.

R 137 156 141 160 141 174 143 150

CH 140 157 145 164 157 149 155 143
25%FD

IR 136 162 181 162 161 187 161 147

RECH 144 153 173 188 158 168 162 151

R 162 171 175 189 165 205 200 180

CH 165 164 161 179 159 166 188 166
50%FD

IR 160 182 198 182 170 213 197 174

RECH 180 158 195 217 180 192 191 184

R 184 186 192 224 188 226 222 200

CH 196 187 169 222 165 191 211 193
75%FD

IR 187 191 209 208 186 227 219 195

RECH 219 187 205 238 198 223 217 216

R 207 197 206 246 200 245 243 238

CH 222 196 182 232 174 230 234 222
95%FD

IR 208 198 220 223 201 242 242 219

RECH 260 242 216 269 213 245 242 255

R 213 199 215 251 203 249 247 247

CH 228 199 184 235 184 234 244 229
99%FD

IR 213 199 234 226 202 245 247 242

RECH 272 258 219 276 216 249 247 271

Remark: R = rainwater pattern, CH = check dam pattern, IR = irrigation pattern,

RECH = reservoir and check dam pattern.
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Table 3 Flow interval analysis of each forest development activities during 2011 — 2017.

Flow interval (day)

Flow interval Activities
2011 2012 2013 2014 2015 2016 2017 AVG.
R 21 14 16 9 22 20 21 20
CH 30 22 7 18 5 24 22 27
25%F1
IR 26 8 10 25 15 15 31 21
RECH 38 28 9 20 17 30 25 32
R 46 29 50 1 46 51 1 50
CH 55 29 23 18 7 41 55 50
50% FI
IR 50 28 27 3 29 39 56 48
RECH 74 33 31 49 39 54 54 65
R 159 169 159 119 166 120 122 127
CH 144 169 183 133 192 135 131 143
5% F1
IR 158 167 145 142 165 118 123 146
RECH 106 123 149 96 153 120 123 110
R 153 167 150 114 163 116 118 118
CH 138 166 181 130 182 131 121 136
1% FI
IR 153 166 131 139 163 115 118 123
RECH 94 107 146 89 150 116 118 94

Remark: R = rainwater pattern, CH = check dam pattern, IR = irrigation pattern,

RECH = reservoir and check dam pattern.
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Figure 3 Percentage of accumulative discharge from each forest development activities during 2011-2017.

Table 4 Tukey’s test at 5% probability level for average

runoff from each forest development activities.

Runoff (mm)
Activity

Wet period Dry period Annual
R 224.86 +217.72 1.81 +£2.61 226.67 +216.35
CH 129.55 +215.35 0.10 £0.26 129.65 +215.15
IR 181.90 £252.73 0.89 +2.27 182.80 +252.27
RECH 121.50 +163.28 11.52 +21.36 133.02 +184.12
P-value 0.786 0.193 0.817

Remark: R = rainwater pattern, CH = check dam pattern, IR = irrigation pattern,

RECH =reservoir and check dam pattern. value = mean+standard deviation, ns= non-significant
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Table 5 Tukey’s test at 5% probability level for average flow date from each forest development activities.

75%FD

95%FD

99%FD

ns

203.14 +19.69

ns

191.57 £20.65

ns

203.86 +16.21

ns

21243 £17.03

ns

220.57 +22.81

ns

210.00 +25.43

ns

219.14 +18.08

ns

241.00 +20.70

ns

22529 £22.87

ns

21543 £25.65

ns

22371 +19.59

ns

248.14 £23.55

Flow date (date)
Activity

25%FD 50%FD
R 150.29 +13.49 181.00 =17.10
CH 152.43 +8.20 168.86 £10.61
IR 16429 +1647  186.00 +18.06
RECH 163.71 +14.34 187.57 +17.99
P-value 0.129 0.155

0.239

0.084

0.076

Remark: R = rainwater pattern, CH = check dam pattern, IR = irrigation pattern,

RECH =reservoir and check dam pattern. value = mean+standard deviation, ns= non-significant

Table 6 Tukey’s test at 5% probability level for average flow interval from each forest Development Activities.

Flow interval (Day)
Activity

25%FI 50% FI 5% FI 1% FI
R 17.57 +4.79 32.00 +22.39 144.86 +23.23 140.14 +23.32
CH 18.29 +9.14 32.57 +18.47 155.29 +25.59 149.86 +25.78
IR 18.57 +8.77 33.14 +17.46 14543 +19.47 140.71 +20.66
RECH 23.86 +9.48 4771 +14.96 124.29 +20.78 117.14 +23.61
P-value 0.478 0.340 0.096 0.085

Remark: R = rainwater pattern, CH = check dam pattern, IR = irrigation pattern,

RECH =reservoir and check dam pattern. value = mean+standard deviation, ns= non-significant
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ABSTRACT

The species diversity and community structure of ground-dwelling insects were carried out in
different land uses in Pathum Thani province. The land uses were classified into four types namely 1) Oil
palm plantation, 2) Eucalyptus plantation, 3) Agroforestry plantation and 4) Orange garden. Some
environment factors and insect data were conducted in each land use. Pitfall-trap and Winkler extractors
were used to collect ground-dwelling insects, during January and December 2015 by simple sampling
spread across the area. The samples were collected every 2 months. A total of 144 species, belonging to 29
families and 9 order of ground-dwelling insects were found. The highest number of insects that found were
in the Hymenoptera order (55 species), followed by Coleoptera order. For the diversity index and similarity
index, it was found that Eucalyptus plantation was the highest. The rainy season was found ground-dwelling
insect species more than dry season (125 and 112 species, respectively). It was also found that environmental
factors; soil pH, Phosphorus and Nitrogen were related to the number of ground-dwelling insect species (p-
value<0.01). The result revealed that some environmental factors influenced the ground-dwelling insect
community in different land uses. Thus, the suitable environmental management can maintain ground-

dwelling insects.

Keywords: Species Diversity, Ground-dwelling Insects, Environmental factors, Land Use
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Table 1. Number of species of ground-dwelling insects in different land uses, Pathum Thani province

Study area Species Family Order % Individuals
Eucalyptus plantation 94 24 8 26.58
Agroforestry plantation 95 23 7 29.25

Oil palm plantation 97 25 9 24.33
Orange garden 86 24 7 19.84
Total 144 29 9
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Table 2. Species diversity index and evenness index of ground-dwelling insects in different land uses,

Pathum Thani province

Study area Species diversity index Evenness index
Eucalyptus plantation 1.72 0.38
Agroforestry plantation 1.65 0.36
Oil Palm plantation 1.58 0.35
Orange garden 1.36 0.33
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Table 3. Similarity index of ground-dwelling insects in different land uses,

Pathum Thani province

EG AP (0) 4 oG
EG 0.764 0.783 0.656
AP 0.773 0.649
(0) 0.663
oG

Note : OP = Oil palm plantation, AP = Agroforestry plantation,

EP = Eucalyptus plantation and OG = Orange garden
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Table 4. Pearson Correlation between species,
individuals of ground dwelling insect and
some factors in different land uses,

Pathum Thani Province.

Factors Species Individuals
Soil temperature  -0.465" -0.024"™
Soil moisture -0.178"™ -0.661"
OM -0.630™ -0.271™
Soil pH -0.977** -0.744*
P 0.940%** -0.760*
N -0.973** -0.623"
C -0.700™ -0.271"

Remark; ns = Non-significant
* = Significantly different (P < 0.05),

** = Significantly different (P <0.01)
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Effect of pH on growth and indigo coloring quality of Hom (Baphicacanthus cusia (Nees.) Bremek.)
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ABSTRACT

The study on effect of pH value on the indigo color quality of Hom (Baphicacanthus cusia (Nees.)
Bremek.) was done in Phrae province. The objective was to determine the initial pH of the soil to the growth
and color quality of the Hom. We have measured the initial and final growth of plants in different pH of
potting soils and the color quality. The results showed that suitability adjusted pH at 4.5 with average soil
moisture content (96.25 %) and exposure in the greenhouse was 70% (101.87) had high supported on
maximum growth. The increased growth was detected in most plant parts, stem height (10.66 ¢m), root
length (5.16 ¢cm), number of branches (1.66 branches), and number of leaf (15 leaves). While, the treatment
without pH adjustment provided the standard color quality of Hom which express by values of L* (21.38),
a* (-3.18), and b* (-5.93). Value of L* indicating the color lightness with yield to dark color when closed
to 0, while, -a* and -b* expressed the green and blue color, respectively. The amount of leuco-indigo was
88.53 Wml, High leuco-indico indicating the efficiency of the color absorption in the fabric. However, pH
adjustment to 4.5 also provided a standard color quality, even though, less than without pH adjustment
which varied values were found, L* (28.34), a* (-4.83), b* (-3.09), and leuco-indigo (77.20 HMml).
Indicating Hom can be used to solve the acid soil problem. Then, the communities will get the benefit from
cultivating which contributes to economic development and development into community enterprise groups

in the future.

Keywords: pH, Indigo, Baphicacanthus cusia (Nees.) Bremek., Leuco-indigo
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Figure 1. The fresh leaf maceration in 4 days (A) and the color of Assam Indigo (B) were shown.
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Table 1 The percentage of plant survival rate (%.month ") after treatment with different pH values during 8

months after transplanting. The value showed mean (;) = standard deviation (S.D.)

Survival rate

Treatment
1 2 3 4 5 6 7 8
A (pH 4.0) 100£0  100+0 80+40 80440 0°+0 0%+0 0°+0 040
B (pH 4.5) 10020 1000 1000 10020  60°+55  60°£55  60°455  60'+55
C (pH 5.0) 1000  100+0 80440 80+40  40°+49 0°+0 0°+0 0°+0
D (pH 5.5) 1000 1000 60455 60+55 60’55 60’55  60°455 6055
E (pH 6.0) 1000  100+0 80440 80440  40°+49  40°449  40°+49  40°+49
F (pH 6.5) 100£0  100+0 100+0 100+0 0°+0 0%+0 0°+0 040
G (pH 7.0) 100£0  100+0 100+0 100+0 0°+0 0%+0 0°+0 040
H (pH 7.5) 1000  100+0 80440 80+40 0°+0 0°+0 0°+0 0°+0
1 (pH 8.0) 1000 1000 1000 1000 60’55  60+55 4049  40°+49
J (Not adjust pH) 10020 1000 1000 1000 80'+40  80'+40  60°+55  60'+55
F-test ns ns ns ns * * * *
P-values - - 0.271 0.271 0.000 0.000 0.016 0.016

Note: ns = mean was not significant differences at p < 0.05

* =mean was significant differences at p <0.05

“® = mean values with the same letter were not significantly different at p < 0.05
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Table 2 Percentage of average soil moisture content in each soil treatment which collected in every month. The value

showed mean (; ) & standard deviation (S.D.).

Soil moisture content (%.month_l)

Treatment —

1 2 3 4 5 6 7 8 X
A (pH 4.0) 100°+0 85°£30 9844  74°:15  95+10 1000 1000 1000 94°+9
B (pH 4.5) 94°+12 1000  100°+0 94°+8 100+0 1000 10040 100+0 98"+3
C (pH 5.0) 85"+30 100°£0 100°+0 82°+12 97+4 99+2 100+0 99+2 95°+7
D (pH 5.5) 100°£0 100°£0 100°+0 89°+15 100+0 1000 100+0 1000 99°+4
E (pH 6.0) 87°+24 92°+16  100°+0  70°+23 98+4 100£0  100+0 100+0  93°+10
F (pH 6.5) 96"+5 1000  100°+0  100°+0 100£0 1000 10040 100+0 99"+1
G (pH 7.0) 89°+14 97°+6 100'+0  100°+0 100+0 1000 10040 100+0 98"+4
H (pH 7.5) 100°£0 100°+£0 100°+0 100°+0 100+0 1000 100£0 1000 100°+0
I (pH 8.0) 65°+25 86"+15 97°+4 100°+0 100+0 1000 100£0 1000 93"+12
J (Not adjust pH) 25413 32°+16  88°+9 7825 9249  98+4  99+2  98+4 7628

F-test * * * * ns ns ns ns ns
P-values 0.000 0.000 0.000 0.000 0.106 0.262 0.228 0.262 0.230

Note: ns = mean was not significant differences at p < 0.05

* =mean was significant differences at p <0.05

“® = mean values with the same letter were not significantly different at p < 0.05
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Table 3 The average of light intensity in each month which related to growth of plants. The value showed

mean (;) + standard deviation (S.D.).

Light intensity (Lux.month™)

Treatment -

1 2 3 4 5 6 7 8 X
A (pH 4.0) 30437 70£40  65£37 30429 30436 30436 50°x40  40°:34  43%:16
B (pH 4.5) 120498 120498 125492 120498 120498 100489 110°+59 120468 1177
C (pH 5.0) 20419 20419 25416 30437 20418 30437 30440 2045 24°+5
D (pH 5.5) 25422 45433 45433 55440 25422 45433 2537 45%5  39%+11
E (pH 6.0) 35437 40434 55440 35437 35437 30437  40°+34  30%+29  37%47
F (pH 6.5) 55440 55440  35£37 35437 55440 55440  40°+38  60°:38  49°:10
G (pH 7.0) 80£98 100490  80+75  80+74 80497  85+70  100°:60 95463 879
H (pH 7.5) 85+41 85470 75471 85470 85470  85+70  75°432 75424 8146
I (pH 8.0) 105484 125467 95460 105456 105484 100489 110°:59 110°+80 107"+9
J (Not adjust pH) 85470 90464  80+66  55+29 85470 80498  50°+58  90°+66 7715

F-test ns ns ns ns ns ns * * *

P-values 0150 0126 0199 0110 0150  0.307  0.033 0.014 0.00

Note: ns = mean was not significant differences at p < 0.05

* = mean was significant differences at p < 0.05

“® = mean values with the same letter were not significantly different at p < 0.05
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Table 4 The average of soil pH after transplanting in each month. The value showed mean (x ) & standard deviation (S.D.).

Soil pH

Treatment —

1 2 3 4 5 6 7 8 X
A (pH 4.0) 40400  6.5%1.4  6.8%1.0 7303 7303  73°403 7.6:04 7.8+03  6.8°%03
B (pH 4.5) 45°40.0 67403  6.9°40.4 6.9°:0.4 7.1°:02  7.1°402 74405 7.6£0.5  6.8°+0.3
C (pH 5.0) 50400  6.9%04  7.0404  7.1+04 7.1°+04  7.2°%03 72403 7.7+04  6.9°403
D (pH 5.5) 55%0.0 67406  7.0%03  7.0°:03  7.1%02  7.1°40.2  7.103 74404  6.9°40.2
E (pH 6.0) 6.0+0.0 67403  7.040.0 7.0°£0.0 7.2°40.2  7.2°40.3 7.4+04 7.6£0.4  7.0°40.1
F (pH 6.5) 6.5400 64402  65%03 6904 72°+03 7.5°+0.5 7.5£05 7.9+02  7.0°:02
G (pH 7.0) 7.0%0.0  7.0%0.0  7.2°:03 7303 73403  72°403 73203 7.5+03  7.2°+0.1
H (pH 7.5) 75"0.0  73°03  7.3°03  7.2%03 7203  7.2°403 72403 7.9402  7.3°40.2
I (pH 8.0) 8.0+0.0  7.0°40.6  7.1°%04 7.3°:04 73°:03  73°03 7.6£02 7.6+04  7.4°+0.2
J (Not adjust pH) ~ 7.7+0.4  7.7°404  7.7°+04 8.0%:04 7.8+04 78404 7.5+04 7.5:04 7.7°+0.3

F-test * * * * * * ns ns *

P-values 0.000 0.019 0.019 0.017 0.009 0.018  0.064  0.358 0.000

Note: ns = mean was not significant differences at p < 0.05
* = mean was significant differences at p < 0.05

“® = mean values with the same letter were not significantly different at p < 0.05
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Table 5 Comparative growth quantity of plants includes root length (cm), stem height (cm), branches number and

leaf number. The value showed mean (x ) T standard deviation (S.D.).

Root length Stem height Branches number Leaf number
Treatment 0 8 0 8 0 8 0 8
Month Month Month Month Month Month Month Month
B((H4.5)  15.67°42.62 20.83'+3.57 18.17°t1.03 28.83'+3.01 1.67°+0.94 333125 5674236 20.67+1.25
D (pH5.5) 1667651 1833°+544 16.6746.51 25.67°+5.95 3.33°+1.70 2.33"+0.94 11.33+525 17.67'+7.72
E (pH 6.0) 15.0042.50 16501125 15.00+2.50 12.33°+7.00 1.00+0.51 1.33*+1.00  5.33t0.00  11.00*+6.50
I (pH 8.0) 9.67°43.00  13.50°46.75  12.33°42.00 17.00°42.50 2.00°+2.00 0.67°+0.00  6.67+4.00  10.50°+0.50
J (Not adjust . . . . . N . .
20.50°43.12  16.25°+4.87  21.00+0.71  26.50°+3.09 3.50°:0.47 3.00"+0.94 12.00"+2.82 19.50°+5.31
pH)
F-test *
P-values 0.000

Note: * = mean was significant differences at p < 0.05

“® = mean values with the same letter were not significantly different at p < 0.05

Treatment E

Treatment J

Figure 2 The treatments of survivor after treatment with different pH values during 8 months after

transplanting: treatment B pH 4.5, treatment D pH 5.5, treatment E 6.0, treatment [ pH 8.0 i1 &

treatment J Control (not adjust pH)
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Table 6 The average of fresh coloring yields and indigo dyeing value. The value showed

mean (x ) % standard deviation (S.D.).

Weight (gm) Hunter Lab Leuco-indigo (uml)
Treatment
Fresh leaf Indigo press L* a* b*
B (pH 4.5) 16.67°+11.55  921°£9.22  2834°+4.70  -4.83°+2.04  -3.09°+0.77 77.20°+7.08
D (pH 5.5) 11.67°+7.64 4.21°+3.98 39.98'43.74  -4.71°42.36  -0.12°+1.12 64.23"+6.93
E (pH 6.0) 10.00°+0.00 1.96'+2.77 36.80°+0.00 -7.80°+0.00  -0.88°+0.00 52.13°+0.00
I (pH 8.0) 5.00°+0.00 3254329  28.74°+13.06 -5.57"+0.85  -5.57°+0.77 48.44°+3.91
J (Not adjust pH) 13.33%+5.77 2.61°42.26 21.38°+6.61 -3.18%40.42  -5.93'+0.23 88.53"+£10.37
F-test *
P-values 0.000

Note: * = mean was significant differences at p < 0.05
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Impact of sky openness and tree diversity on growth of coffee under shade in Khun Chang Khian Highland

Agricultural Research and Training Station and Nong Hoi Highland Agricultural Station, Chiangmai Province

Panida Kachina'~, Narit Yimyamz, Teerapong Soawapakl, and Nalat Mathawang1
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ABSTRACT

Coffee is one of the most important tropical crops in terms of global trade. Currently, mainly coffee plantation is
under the shed of tree in agroforestry systems around the world. The cultivation of Arabica coffee in Thailand has been
promoted and developed to the highland cultivation due to the cool and dry weather properly for coffee growth. This study
investigates the diversity of trees and tree canopy cover affected coffee growth between Khun Chang khian Highland
Agricultural Research and Training Station and Nong Hoi Highland Agricultural Station, Chiangmai Province. Three study
plots of 30x 30 m were conducted in both sites. The results showed that in Khun Chang khian station plots was dominated
by Lower Montane Forest species such as Schima wallichii and Castanopsis tribuloides with an average percentage of sky
openness 30.88+11.21. Nong Hoi Station plot was dominated by Mixed Deciduous Forest and Lower Montane Forest
species such as Bauhinia variegata, Canarium subulatum, and Schima wallichii with average percentage of sky openness
of 32.01£7.12. The total height of coffee trees in Khun Chang Khian station was higher than the coffee trees in the Nong
Hoi area. The diameter of the coffee plant was no different. Tree species diversity and sky openness were negatively affected
to the growth of coffee plants in both sites. The management of agroforestry plots with coffee under the shed of trees may

be necessary to consider preserving the trees in the plot to promote coffee growth further.

Keywords: sky openness factors, tree diversity, under-shade coffee growth, agroforestry
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Figure 1 Comparative between a) Number of tree and b) Tree Basal area (log-transformation) among the

study areas in Khun Chang Khian and Nong Hoi Highland Agricultural Station, Chiang Mai province

112



NsaswetnaInethlfiesIneg 5(1): 105-121 (2564)

o 1 o Aay Yy a ds!
anvazveshwauwaalundl lihaumyuneau
A AdAa o A o A
aniniundnisnuliieodosnuiiana
msnpas Taglusiegaude ldduluudasuig
siinaziiminaaly saulUdennugevesldlu
g’/ A ] 1 d‘d
suisousenlunasedlugie 2520 was 1l
AR IO 'y A A '
anugevesan lifdaulugifosniniunyuaa

o

meui I bidulunlastimsazauuia®inwn

¥ 1
1T A A

YosnNNuUNTOTIUAIY F0ANADINTIIU

[

WemsdszdulTuamsazaumivouveath
auude Ahlindalyuaziudess dhaedaly)
wunluth'lindaluiinsazauuiadininues
I gunnnithwgaly iesanldduluihnga

Tuvziigrerzaomaanlaaslugguaesan i

=

2 [ ' [l < o
Tuveiiunervazi ihsuniu Fuiluilade
o Y Y Y Y [ % ~ @ 4 =~
Ml lddudedSudraudndnuaivaz
] =S g}/ ] dy Ad' 1
Frualumsazavuradinmduniinuni

lyindaly (Senpaseuth ef al., 2009)

Y % :’J =)

2. Tnssadresmuns msinnguiseusen
1 T A
sazlfSanaumaedesrinuisousen
Y
namMsautasdisn Inseadeaiuag
b v v
yoasnuldsuluiunaniiia quirafeu
1 Y3 ) A Y A
annsonve il 4 FuSeusen laua Souven
v
U1 (top canopy) UAITNFI 20 — 30 LUAT
1 1< J
Uszneuale e 1d neutly iNauAs Laznelded
I Y A ) . =
1Wuau (5oU89ATUIDI (middle canopy) WA
9 Y o o A
g9 1520105 Usznouale ninan Maudoe
1 I ] 1

Tnse nazasnaoe 1Wudu Sousoaduliiny
(shrub canopy) ﬁmmqﬁ 510 was Yszneudie

1 ] g ¥ ad
HUIYUNIN NDNUVY Llﬁgulﬂﬁllﬂ"llu Lﬂuﬁu YU

113

FougeANUUANANNTUNTY 3.11£0.28 1A
< A ] A A ~ o
W50 U0ATUANHIDITOUIDANYNUALI
(suppressed or overtopped canopy) YULIA mr‘fu”lu'
Y Y A v A v
wuna1 il wie lifuveriia lianulunias
o 1 dy d‘d =Y 1 A d'
#1579 arunuNNUS AL LEBAIRAY
fouaz 30.88+11.21 (Appendix Figure 1) vagh
. A4 4
udasdrsrolunuinaniiia vuedrios a1u1sn
] Y I H A ] o Y H A
uue Iy 4 FuSeugoauiy laun suEou
goAIAl 1N211g9 20-351was Usznoudie
= dy kY ?z’/ A =
AUUN AEIADNVII NI FUSTOUSDATDI LAY
2
g9 1520 a5 Usznouaie uznoninaou uay
Y
uAn19A19 Fuldvu Tn1uge 5-101uas
Y ) v ¥ S { <
1sznouaie d19vana 1asiii wazaunaes il
Y gz A A ~
AU nazFUITouERAN N NTANUFTUNAY 2.94+
3 A ] A A ~
0.22 s 1uSouspatUaNKIITOUIDANYN
vaanUSuiauaai I uSousnaiooas
32.01+7.12 (Appendix Figure 2)
1 a 9}::' ] g’/
nguyia linaseglumlaviunyasiu
@ <3 1A [
iniluldfvaninsaadenliacld Tasdos
I A A = a < ~
Wurian ludavaams@uTa msnufen
wanaaniun uaz I 1dsulS e
minave Tagarnmsanyiluszuuiunuas lag
Hiwaumsdgnandady (feq) 1d5u1d vy
dy A o I o v A 1 Y
Tununduamwaas saniamealny wu'lijiau
A g’/ ] Y 1 [ A
YOAUTOUYOAFULY 15U N 1d NONYN NOIADEY
' . Y 9 '
naznoni v iludu Fanyasning bl lva lu
Y di Y Aa j’
nilas IAie I senruquaunginazanuiu
o 1 <
Tuntlaalgnan wazansada Tdureaawdluly

Wwieldlumisonan (Preechapanya, 2002) N4



NsaswetnaInethlfiesIneg 5(1): 105-121 (2564)

Tunalastgnnuliindmsdaauas ld@uiiotinig
A v v o o ] °
uannamuluszaud uazdamsiyiyainaue
= o Y v 9 Y g‘/
o vanvas Inseadedudsvesnasiu
9
inbas liduiaunuviy Tanu 1854 (sapling)
Y v
Ad1 157 (seedling) uag 137 1a19 (understory) @4
Y
wlianuuanaisnnlaseadeaiudsvesviia
Pheglndifes tsu Pdhauusnudniiide
%’ k) [ v A 1 Aa 9 9 g‘/
e Sandamealud Al Taseadedudaves
W v 2 4y
P e 1ally 3 Fuisousen (4-5 sunsusulsd
KX 9 = A ] A
Wua1aae) Tnslinugevessouseasuuui
40-50 1495 (Dhanmanonda, 1997) Yz 10wy
P 2w gd
wssh ueld 3-4 Seoueea (saudu liiua19)
S A gJJ v 1A
Taofisouseasuuuinga lunu 40-30 tuas
(Marod and Kutintara, 2009)
Aoy YY1
FLUVIUAYATNT 1A IuA 15

a Y I 1 1 . 1
Im Tddwiuaiuldsuan (shading) undunium

[ Iy (a 9 A 1
TS uaiesazvesuasiiuizauao
a a Y & Y =
WAy Tavosduniui Ba5I9iosayvouaan
aunulFlunmsaulalundaslgnafinaglé
aa 1Ay (shading) Mnuzaneghiosaz 50
(Department of Agriculture Extension, 2014) (tag
Tuannis3sus1A508as 20-60 (Muschler,
2008) 52 Td e 18 Tvasreliquugiinailu
yo I Tusran i Tugevwau Tl danw
I A A A yaq Y A A A (]
WunsinauTalaaldsuvesnissiindn 529
aa ~ = 3 1 A
garigiAdluf 20-25 essiaimaa 11 uyaan
@ L4 9
mnzanlunsduaszindsvesauniuil Tay

'
A

' Y
ﬂimmumuazqmﬂmmwmmﬁu (31NN 45

Y

[ 4
E]\?ﬁ'llclfal%ﬂﬁ) NS TUATIZHUAIVINIUN DY

114

' d o a a
ﬁﬂﬁ\i@ﬂNﬁNU‘.iﬂ! ﬂ11ﬁﬂ1i!ﬁﬂ1ﬂllﬁ$ﬂﬁﬂﬁﬁ
voaniuanas (Cannell, 1985; DaMatta et al.,

2007; Bote and Struik, 2011)

3. madulnvaaniuwl

a Y Y
Nﬁﬂ’liﬂiZLﬂJuﬂ'J'liJI@‘1/]’]\1@’]1!"1]1!’]@!’(31!

=

k4

50U 1AZANGIVIA UMW WU W

=1 1 d' = 9 ] 4 9
A0l YU UAGULVINAIGURUgUINA1NAY
MUY 7.02+ 0.27 ISUANAT LAZUAINGA
) ~ . A
AUNUNINGY 3.11+0.28 1WAT (Figure la) YN

=\ Y s Y '
70119 ¥uerios auniulivuIatdurIY

4 § a
AUINA1UNDY 7.54=1.09 15 UAIIAT HAZNAIY

£y a . A
gedunuvlinge 2.95+0.22 1Na3 (Figure 2b) 11/0
o = ' A 4 ' 9
MMIToUNIVITLHINNUAND I VUIAAY
Al TuTinuuana1anuN19ana (t=-1.840,

ﬁy lﬂl = =
p=0.072) TagWuNaa1H9 vuUoIrioalnIs
Y v

1529109095 1VUIANINN NN UNTDITAYUB
A . ~ Y
18U (Figure 2a) yzNaNugavosdunimlu

g d' =) 1 cs' = 1 9
WUNTDIUA YUFIUAYUNAITVZININNIIAY

[

45} c!' = ) A v o
Al Tuiungoiia vuesvesad1aliaod A

o

]
= =

an g
NNADA (t=2.1785, p<0.05) lagNuianiil
YUFIUAGUTNITNTZVWVOITIITOYAN1INGI
[ =1 <
YINNIADINA HUBIHBULANY 08 (Figure 2b)
v Y
FovenaanaliaiuIavoesniudns 2 ao1il
v v & A A o o
InaReanuiy 0199U119U1910 A18HUT D1
y 4
wyoInuH Usuaiiars19e 1M1 nuIINNg
o o = o A A < ~
M3 Taguypd sudInIAanuNeINUNe)
a d‘ 9 a Y
wmanannaoaszezanaumuiaula 1yl
- N B A
U yuy1UfsuaIDgNAIIUgIaIn

v Y

A A~ <3 '
NUNUDINAY UIUYUNINNI

o
]
-

N
ee
pO}
=2
ﬁo&
-
=
S_Q
f2))
=2



NsaswetnaInethlfiesIneg 5(1): 105-121 (2564)

Diamter (cm)
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_

26 — I I

Khun Chang Kean Nong Hoi

Figure 2 Comparative growth of coffee trees a) Dimeter at 15 cm above ground and b) Total height

between Khun Chang Kean Station and Nong Hoi Station, Chiang Mai province.
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