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The Influence of Shelter Belt on Forest Structure at Bang Boet Coastal Sand Dune,

Pathio District, Chumphon Province
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ABSTRACT

The influence of sea breezes has high impact on the plant establishment on the beach forest. The creation of
shelter-belt may reduce the wind speed and support for plant regeneration. This study aimed to detect the influence of
shelter-belt on forest structure at Bang Boet coastal sand dune. Three permanent plots were established in natural coastal
sand dune and behind shelter-belt of Casuarina equisetifolia planting in 2014 and 2016, respectively. All plants with DBH
2> 1 cm were tagged, measured and species identified which the regeneration monitoring was done every year. The forest
structure of plant community behind shelter-belt was analyzed, including, plant community classification between sites,
natural coastal sand dune and behind shelter-belt of Casuarina equisetifolia, was also monitored based on data in 2020.

The results showed that 39 species from 37 genera and 26 families were found in the sand dune behind shelter-
belt. High tree density with DBH = 1 cm was found (8,138 trees/ha’) with basal area of 18.35 m’/ha”'. Moderate diversity
based on Shannon-Weiner (H/) index was found (H/ =2.88). The result form Non-metric multidimensional scaling (NMDS)
showed that two plant community groups were classifiied; 1) leeward and behind shelter-belt group, and 2) leeward group.
The dominance species in first group was mostly tree and shrubby tree habit such as Mischocarpus sundaicus, Syzygium
antisepticum, Planchonella obovate, Syzygium grande, Ochna integerrima, Syzygium claviflorum, Suregada multiflora and
Aporosa planchoniana, while, the latter group was shrub and shrubby tree habit, particular, Pandanus odorifer and Scaevola
taccada. Indicating shelter-belt creating had strongly supported plant community succession at leeward side similar to the
leeward site. The diameter class distribution of Casuarina equisetifolia had a unimodal form which contrasted to the others,
indicating high susceptibility to maintain it population, even though, it facilitated the suitable environments for others plant
establishment. Thus, the shelter-belt with suitable species such as Syzygium grande, Planchonella obovata and Pandanus

odorifer, had high influenced on species conservation and the restoration of coastal sand dune or beach forest.

Keywords: Forest restoration, Natural succession, Species diversity, Beach forest

lDepartment of Marine and Coastal Resource, Bangkok, 10210

2Coopera‘[ing Centre of Thai Forest Ecological Research Network, Kasetsart University, Bangkok 10900
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Remark : (1) Casuarina equisetifolia (2) Planchonella obovata (3) Diospyros vera (4) Syzygium antisepticum (5) Mischocarpus sundaicus (6) Calophyllum calaba (7) Chaetocarpus

castanocarpus (8) Eurycoma longifolia (9) Ochna integerrima (10) Pleurostylia opposita (11) Rhodamnia cinerea (12) Syzygium grande

Figure 3 Forest stratification of Bang Boet coastal sand dune behind shelter-belt of Casuarina equisetifolia under area of the Royal Development Project, Chumphon

Province. A and B indicated the profile and crown cover diagram, respectively.

O



NsansdsetinanethldidedIneg 6 2): 1-16 (2565)

I
darlvatien (Eurycoma longifolia) Wudu
(Figure 3 A) 30 ldliszaunnugeveslif
Y g’/ [ A 1 9 P
AUNIABITTAVITOUBDAAD UGG 1H O
nSeuifeununnugevesdau lfusnudn
Muniiiay (Windward) Uuduns1eninliang

'
[ =

NHUSUATSUNTUH B

Y

g bimminuagddud

! Y Y [ A
HANA19910 1T a3 1M unasan (Leeward) 7
[ A 1 A a =\ d‘
danunwdiulvglisouseatlauaziinnugan
FINNAUHTIaN0819%AIIU (Laongpol et. al.

2009; Thongsawi, 2019)

o (Y] a v} ad
2.. MINWUNTIANNVUSHDAUFUNVIBDSA
HANITUATIZH M TIMUNTIAUNTINIT
Yy I = o ~ °
NMDS id@ad 1 i UDITLADAINIINIATIAA
(Lower stress, 0.11) tazianumuzaylunis
AR LUV AINANIG TagNUNFIAUNYFU
NIYAUTITUTIALazHaIUIgnaunz.a
I Y] o 9 1 1
Wunwrnuay awnsodwunla 2 nquedi
o A 1 o A 9 9
FALIU A0 NguAIANNYAIUNUIAY
(Windward) azngudenuiisaiunaian 9
9 9 ]
FINYAUVDYAAIUNAIaN (Leeward) A1
5ITUMA Az undaugnaunzianuay
(Back shelter belt) (Figure 4) HIuana1908193
Y] o @ aa 4 a
HedAynanAveeInlsznouyians s
Y
WO NFALIUTZHININIADINGN (R =0.39
ag R=0.65, P <0.001, auaiav) uaaald
< 1 1 A a o o =\
Wiunnqunssaiyusnavaauaestuaudl
9y =K o [ A a 9 (%
AUARIAAINVAIANNFUS IUAIUN AN
AINTITULIA TOAARINUNANATOUAINY
1] 1 d‘ a =) d‘ d‘d
HANANNVOIAURAUTIUT UM DU 9 NUANY
UANANN A DABE1NTALY (P < 0.05) lAgiiA1

FIUTNUAIUNAITUNTIOUAZATUN AU

HostuauunnNusnadun I dunwan

10

a g}l ! Y

FITUBIA T]Qﬂ’JW?J‘WUHLUUG]UlIﬁI (Stem
Y [
density) Nunuidadu s (Basal area) Ll g
ﬁ%ﬁﬂ?TNWﬂWﬂﬂﬂWﬂWﬁimﬁ% ( Shannon-
Weiner index) (Table 1)
A oA Voo A
Wﬁﬁﬂ!W%Lﬂu%WUiuﬂﬁ]uﬁﬂﬂNW“ﬁ
. 1 [ ~{
Aruntinay (Windward group) @21 1vajiilu

ngu lddugn (Herb, H) lifww (Shrub, S) wag 13

q Q

A g &

duauna 1wy (Shrubby tree, S/ST) 1TU 1A Y
N1 (Pandanus odorifer) inngia (Scaevola
taccada) Yo lviatien (Eurycoma longifolia)
dUNeta (Casuarina equisetifolia) ERRIT:
(Sindora siamensis) tN 1 (Syzygium grande)
) ¥ . . &
19U (Ochna integerrima) NN (Lannea
<
coromandelica) Wa gL UA YU (Syzygium
. . g v = Ay o
antisepticum) WUAN YUz ANTTUNTAIUKAS
ANAINTITNYIA (Leeward) BASTHAILUUD
@ 1 1 3
oaiuau (Back shelter belt) a2 Inajiilu'ld
Y YN g & 9 1 1
Au (tree) uag Idguduna ldwy 5y winaa
<
(Mischocarpus sundaicus) |0 NAYYW (Syzygium
antisepticum) an'le (Planchonella obovata) 111
(Syzygium grande) 191117 (Ochna integerrima)
whiiu (Syzygium claviflorum) TUNDINYIVIN
(Suregada multiflora) Uag Win'lneag (Aporosa
. ¥ & v
planchoniana) naadldifiulnsasiun
dosnuaniidrugreaivayunisnaunu
o A o A 1 @ Y Y
ENmJ‘WGIﬁJumm318m6§ﬁaﬂlsu3ﬂaﬂﬂuau1ﬁ
W lnddenuN Y UNI A INTITUTIAVT 1IN
Y o Y Y o A 1Y
mu‘ﬁaﬂaullﬂﬂ@wmm mmmmm’sﬂmnu
v
Y 1 1 <
AVUUUBIYVIYFSADUASAAANITNLTIIVDIAN
vinamurdaiuayld s-10 mivesnu
Y ¥ = < A o
t;ﬁ@ullll FINDIFIYAAAITULIIAUNNANTIUNIN

Y ! o Y 9J Y @ @ =
ATUANN VIWGlﬁWﬁﬁmuluﬂWuﬁaﬂllu'JﬂUﬁiJ y



NsansdsetinanethldidedIneg 6 2): 1-16 (2565)

A 1 Y4 aly Yy v Y Y
MIAUADNUTAWTITUWIA 1AAN 1A IUNT
dunsieNnasuan (Thongsawi, 2019; Wu et
al., 2012) UsenounUanyMzAUUSIUFIIHA

NIDMUNTNAUNITIY (Winward) AIUTITUEIA

=

[l 1 & a A =
drulnapiuauniie neudavionsiadall
P 5 o H
ANNENYITBIVOIT101MITAINITN IHN15AY
@ I~ 1 [ 4
dgrvpanytduldldluiaminans

(Thunthawanich, 2001; Chamchumroon, 2001)

N 1 |Groups
A Windward »
Leeward
- B Back shelterbelt‘
A
A |
o
D A A [ ] ]
S o A
= A 0N
= 4 | § |
o |
T A
o~
1
| | I |
-2 -1 1 2

NMDS1

Figure 4 Non-metric multidimensional scaling (NMDS) ordination of species composition grouping along the

Bang Boet coastal sand dune. Symbols of black triangle and gray circles indicates the species group occupied in

windward, leeward of sand dune without shelter belt, respectively. While black squares represented the species

group in the wind ward after shelter belt.

Table 1 Community characteristics (mean + standard deviation) of all woody plants along the Bang Boet coastal

sand dune are show; means followed by different letters at the superscript position within the same row indicated

significant difference at the level of P < 0.05 according to one-way ANOVA.

Community characteristics Windward* Leeward* Back shelter belt*
Number of species 13 34 33
Species diversity index (H') 0.51+0.56 1.66 + 0.68" 2.1+0.32°
Stem density (stem ha™) 1479 + 1732° 8562 + 5125 11953 +5711"
Basal area (m” ha™) 4.66 +4.82° 15.68 +9.62" 1791 +7.11°
Stem diameter (cm) 5.68 +£3.64° 4.1+1.39" 3.62+1.13°

* Number of sample plots (n) in each site, windward, leeward and back shelter belt, was 15, 15, and 24 plots,

respectively.
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Figure 5 The diameter class distribution of beach forest which located behind Casuarina equisetifolia

planting on Bangboet Sand Dune at Pathio District, Chumphon Province.
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Figure 6 The diameter class distribution of negative exponential patterns; A) Chaetocarpus

castanocarpus, B) Planchonella obovata, C) Mischocarpus sundaicus, D) Pleurostylia opposita, E)

Calophyllum calaba, and F) Aporosa planchoniana
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Some Ecology and Distribution of Polyalthia khaoyaiensis P. Bunchalee & Chantar.

in Khao Yai National Park
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ABSTRACT

This research aimed to study some ecological aspects and constructed a distribution model of Polyalthia
khaoyaiensis P. Bunchalee & Chantar. in Khao Yai National Park. The transect method was conducted based on 7
nature trails. The temporary sampling plots, 10 m. x 10 m. and 4 m. x 4 m., was set up in each area that found P.
khaoyaiensis for plant community observation. The Maxent software version 3.4.4 was applied for constructed a
distribution model of P. khaoyaiensis in Khao Yai National Park.

The results showed that the presence of P. khaoyaiensis in 70 positions. Euphorbia Family is the most
diverse plants species (10 species) that established together with P. khaoyaiensis. Five species of trees with the
highest importance value index were P. khaoyaiensis, Gonocaryum lobbianum (Miers) Kurz, Dipterocarpus
gracilis Blume, Ardisia complanata Wall. and Excoecari oppositifolia Griff. with values of 105.73, 40.67, 12.51,
9.80, and 8.66 % %, respectively. A species diversity index of Shannon - Wiener was 3.19. The efficiency values
arising from the receiver operation characteristic (ROC) model in the area of distribution of P. khaoyaiensis,
obtained from the area under curve (AUC) was 0.949. The suitable distribution areas for P. khaoyaiensis, was
divided into 3 levels; high, moderately, and low levels with areas of 87.58, 346.31 and 1,727.32 kmz, respectively
which accounted for 4.05, 16.02 and 79.93 % of the total areas of Khao Yai National Park, respectively. The
environmental factors with proportionality the relationship with distribution of P. khaoyaiensis were geology,
average minimum temperature, average annual rainfall, average maximum temperature, slope, aspect, average
temperature, distance from water sources and elevation, respectively. The results of this study can be used as a

database for endemic plants management planning in Khao Yai National Park.

Keywords: endemic plants, Polyalthia khaoyaiensis, distribution model, habitat suitability

1Faculty of Forestry, Kasetsart University, Bangkok, 10900
2Department of National Parks, Wildlife and Plant Conservation, Bangkok 10900
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Table 1 Environmental factors and their classifications as used in the analysis.

No. Environmental factors Unit Reference

1.  Elevation m NASA Alaska satellite facility (2022)
2. Slope % NASA Alaska satellite facility (2022)
3. Aspect NASA Alaska satellite facility (2022)
4. Distance from water sources km Department of Water Resources (2022)
5. Average annual rainfall mm https://www.worldclim.org/

6.  Average temperature °C https://www.worldclim.org/

7.  Average minimum temperature °C https://www.worldclim.org/

8. Average maximum temperature °C https://www.worldclim.org/

9.  Geology Land Development Department (2022)
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Table 2 Top ten species based on importance value index (IVI) in Dry Evergreen Forest for overall trees; density

(D, stems/ha), basal area (BA, m’/ ha), relative density (RD %), relative dominance (RDo %) and relative

frequency (RF %).

No. Thai name Species D BA RD RDo RF VI
1. dowaunlug Polyalthia khaoyaiensis 262.86 14068  30.02 5594 1977  105.73
2. Mumaes Gonocaryum lobbianum 91.43 51.86 10.44  20.62 9.60 40.67
3. NG Dipterocarpus gracilis 34.29 9.54 3.92 3.79 4.80 12.51
4. umgwﬁ’m Ardisia complanate 35.71 4.43 4.08 1.76 3.95 9.80
5. AIVDA Excoecari oppositifolia 30.00 4.64 343 1.84 3.39 8.66
6. Lﬁ@ﬂ"lﬂ@i Knema elegans 22.86 2.45 2.61 0.98 3.11 6.69
7. 1Ton Cinnamomum iners 18.57 1.33 2.12 0.53 3.11 5.76
8. wz vl Baccaurea ramiflora 14.29 3.32 1.63 1.32 2.54 5.49
9. ALl Aphanamixis polystachya 15.71 1.28 1.79 0.51 2.54 4.85
10.  mileAAuAd Helicia formosana 17.14 0.92 1.96 0.37 2.26 4.58
11. %ﬁﬂéu g others (65 species) 332.86  31.02 38.01 12.34 4492 9526
Total 875.71 25148 100 100 100 300

Table 3 Top ten species based on importance value index (IVI) in Dry Evergreen Forest for overall saplings;

density (D, stems/ha), relative density (RD %) and relative frequency (RF %).

No. Thai name Species D RD RF IVl
1. sowaunlng) Polyalthia khaoyaiensis 1089.29  27.85  23.01  50.86
2. ll%iﬂngsl}EN Ardisia complanata 312.50 7.99 7.96 15.96
3. Mumang Gonocaryum lobbianum 294.64 7.53 8.41 15.94
4. doarhag Clausena harmandiana 178.57 4.57 5.31 9.88
5. GAERMET Excoecari oppositifolia 107.14 2.74 3.10 5.84
6. G Miliusa horsfieldii 116.07 2.97 2.65 5.62
7. 1Fon Cinnamomum iners 107.14 2.74 2.65 5.39
8. rdoalng) Knema elegans 80.36 205 310 515
9. NG LAY Dipterocarpus gracilis 89.29 2.28 2.65 4.94
10. adaln Psychotria asiatica 80.36 2.05 2.21 4.27
11. G]fﬁﬂéu 4l others (49 species) 1,45536 3721 3894  76.15
Total 3,910.71 100 100 200
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Figure 3 Habitat suitability map of Polyalthia khaoyaiensis in Khao Yai National Park.
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Figure 4 Result of area under the ROC curve (AUC) analyses for a MaxEnt model of habitat suitability for

Polyalthia khaoyaiensis.
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Figure 5 The contribution of environmental factors (as a percentage) to the occurrence distribution

Polyalthia khaoyaiensis in Khao Yai National Park,
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Vegetation structure and Carbon Storage Based on Above Ground Biomass Evaluation

in Conservation Areas of Kamphaeng Phet Plantation.
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ABSTRACT

Recently, the situation of Thailand's forest areas are under deteriorating. As a result, plant and animal
diversity has reduced. The Siam Forestry Co., Ltd. has reserved roughly 10% of the Company's economic forest
area to establish a conservation area. Then, at conservation areas of Kamphaeng Phet Plantation, the biodiversity
and long-term ecological research were proposed. The purposive random sampling of temporary and permanent
plots of 20 m x 50 m were established with 3 plots for each to observe the forest structure and the amount of carbon
storage from above-ground biomass.

The results showed the tree species diversity of 77 species, 61 genera and 32 families was found. The
basal areas and stem density of tree DBH = 2 cm were 21.65 m’. ha and 2,203 stem. ha", respectively, while high
diversity base on Shannon-Winer index was found (H'=3.66) Dominance species was found Dipterocarpus
tuberculatus, Cratoxylum formosum, Canarium subulatum, Xylia xylocarpa, Buchanania lanzan etc. The
conservation areas forest area covered about 923.54 rai, (147.77 ha'l) and had the biomass of 16,390.39
ton/conservation areas (110.92 ton/ ha"). The evaluated value for carbon storage were 7,703 .48 ton
carbon/conservation areas (52.13 ton/ ha'). However, the long-term monitoring to detect the changes of living
organisms should be done. Then, the ecological knowledge can be applied for forest restoration program, including,

to maintain the biodiversity for sustainable use in the future.

Keywords: Long-term ecological research, Plant diversity, Regeneration, Secondary deciduous dipterocarp

forest
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Figure 2 The stratification of deciduous dipterocarp forest at the conservation areas: (A) profile diagram

and (B) crown cover diagram.

Remark ; 1) Albizia lebbeck 2) Dipterocarpus tuberculatus 3) Sterculia pexa 4) Canarium subulatum 5) Syzygium cumini

6) Xylia xylocarpa 7) Dalbergia assamica 8) Shorea obtusa 9) Pterocarpus macrocarpus 11) Shorea siamensis 12) Aporusa

villosa 13) Merinda corela 14) Hymenodictyon orixense 15) Casearia grewiifolia 16) Hubera cerasoides 17) Wendlandia

paniculata 18) Gardenia sootepensis 19) Radermachera glandulosa 20) Diospyros castanea 21) Grewia eriocarpa 22)

Shorea roxburghii 23) Buchanania lanzan
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Figure 4 Diameter class distribution of some dominance trees species in conservation areas; A) Xylia
xylocarpa, B) Dipterocarpus tuberculatus, C) Cratoxylum formosum, D) Shorea obtusa, E) Shorea

siamensis, F) Buchanania lanzan
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Appendix 1 Species list based on IVI in Conservation Areas of Kamphaeng Phet Plantation; Density (D), Basal area (BA), Above Ground Biomass (AGB),

No Thai name Scientific name Family (a?ﬁgx) ( mE r? al)  (t oﬁfri'l) Ca(:grc: rz:it]c;_rla)\ge (I(}/{) I)
1 LCEN Dipterocarpus tuberculatus Roxb. Dipterocarpaceae 2.80 282 14.22 6.68 31.39
2 fadu Cratoxylum formosum (Jacq.) Benth. & Hook. f. Hypericaceae 1.72 165 9.70 4.56 19.70
3 uznoninAey Canarium subulatum Guillaumin Burseraceae 1.91 70 11.61 5.46 15.85
4 A Xylia xylocarpa (Roxb.) W. Theob. var. xylocarpa Fabaceae 0.49 157 1.79 0.84 15.38
5 wza ey Buchanania lanzan Spreng. Anacardiaceae 1.14 90 5.50 2.58 13.03
6 QEEA AT Mitragyna rotundifolia (Roxb.) Kuntze Rubiaceae 0.44 80 1.79 0.84 9.65
7 goidiou Morinda citrifolia L. Rubiaceae 0.77 53 3.51 1.65 9.23
8 snlnej Gluta usitata (Wall.) Ding Hou Anacardiaceae 0.75 60 3.76 1.77 9.16
9 mileaTlan Aporosa villosa (Wall. ex Lindl.) Baill. Phyllanthaceae 0.49 78 1.61 0.75 9.09
10 sah Terminalia alata B. Heyne ex Roth Combretaceae 0.37 83 1.40 0.66 8.61
11 e Shorea obtusa Wall. ex Blume Dipterocarpaceae 0.25 75 0.74 0.35 7.82
12 EAl Shorea siamensis Mig. Dipterocarpaceae 0.36 65 1.35 0.63 7.75
13 a1sdth Anneslea fragrans Wall. Pentaphylacaceae 0.35 63 1.26 0.59 7.32
14 fn Lannea coromandelica (Houtt.) Merr. Anacardiaceae 0.72 33 4.45 2.09 6.68
15 ¥ Haldina cordifolia (Roxb.) Ridsdale Rubiaceae 0.51 33 3.04 1.43 5.71
16 uaasly Strychnos nux-vomica L. Loganiaceae 0.24 48 0.94 0.44 5.57
17 ugwen Parinari anamensis Hance Chrysobalanaceae 0.64 20 3.53 1.66 5.14
18 e Dalbergia cultrata Graham ex Benth. Fabaceae 0.55 37 3.20 1.50 5.05
19 uznonth Spondias bipinnata Airy Shaw & Forman Anacardiaceae 0.62 20 3.78 1.78 4.76
20 LRV Markhamia stipulata (Wall.) Seem. var. stipulata Bignoniaceae 0.34 48 1.69 0.79 4.61
21 wnan Terminalia glaucifolia Craib Combretaceae 0.41 18 2.80 131 3.86
22 azuunidon Terminalia mucronata Craib & Hutch. Combretaceae 0.14 28 0.51 0.24 3.81
23 whiime Syzygium cumini (L.) Skeels Myrtaceae 0.23 22 0.96 0.45 3.77
24 nswth Casearia grewiifolia Vent. Salicaceae 0.14 28 0.70 0.33 3.66
25  dwenvan Gardenia sootepensis Hutch. Rubiaceae 0.27 17 1.40 0.66 3.45
26 voth Morinda coreia Buch.-Ham. Rubiaceae 0.25 20 1.07 0.50 3.33
27 eum Sterculia pexa Pierre Malvaceae 0.26 18 1.58 0.74 3.31
28  ideuw Bridelia retusa (L.) A. Juss. Phyllanthaceae 0.16 20 0.70 0.33 3.21
29 dueniios Gardenia obtusifolia Roxb. ex Hook. f. Rubiaceae 0.08 23 0.21 0.10 3.15
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Appendix 1 (continued)

No Thai name Scientific name Family (:?1?;2}1) ( mE r? al)  (t of\\sf.; r:z_l) Ca(:grc: rz:S;c;_rla)\ge (I(}/{) I)
30  wezwew Shaorea roxburghii G. Don Dipterocarpaceae 0.12 30 0.42 0.20 3.06
31 azlnwuw Diospyros castanea (Craib) H. R. Fletcher Ebenaceae 0.11 25 0.40 0.19 291
32 szgih Pterocarpus macrocarpus Kurz Fabaceae 0.21 15 1.41 0.66 2.91
33 uAnsw Stereospermum fimbriatum (Wall. ex G. Don) A. DC.  Bignoniaceae 0.18 20 0.90 0.42 2.88
34 neivew Hubera cerasoides (Roxb.) Chaowasku Annonaceae 0.11 23 0.48 0.23 2.83
35  ugAud Sindora siamensis Teijsm. ex Mig. var. siamensis Fabaceae 0.22 20 0.95 0.45 2.76
36  Snsp Gluta sp. Anacardiaceae 0.14 17 0.65 0.30 2.53
37 iAaua Dalbergia assamica Benth. Fabaceae 0.11 18 0.45 0.21 2.48
38 Fudu Diospyros ehretioides Wall. ex G. Don Ebenaceae 0.15 15 0.71 0.33 2.36
39  wan Albizia lebbeck (L.) Benth. Fabaceae 0.41 3 3.24 1.52 2.32
40 azafe Schleichera oleosa (Lour.) Merr. Sapindaceae 0.05 18 0.15 0.07 2.07
41 duny Hymenodictyon orixense (Roxb.) Mabb. Rubiaceae 0.08 15 0.32 0.15 2.05
42 uzia Catunaregam tomentosa (Blume ex DC.) Tirveng. Rubiaceae 0.06 17 0.17 0.08 2.03
43 ouiiy Chukrasia tabularis A. Juss. Meliaceae 0.16 10 0.99 0.46 2.03
44 dourum Grewia eriocarpa Juss. Malvaceae 0.07 15 0.27 0.13 2.00
45 dulvig Dillenia obovata (Blume) Hoogland Dilleniaceae 0.16 8 0.90 0.42 1.84
46 auo’lng Terminalia chebula Retz. var. chebula Combretaceae 0.08 12 0.36 0.17 1.60
47 meduen Albizia odoratissima (L. f.) Benth. Fabaceae 0.12 10 0.75 0.35 1.59
48 AZADY Ziziphus cambodiana Pierre Rhamnaceae 0.18 7 0.88 0.41 1.55
49 Iy Miliusa velutina (Dunal) Hook. f. & Thomson Annonaceae 0.08 13 0.34 0.16 1.54
50  uggn Siphonodon celastrineus Griff. Celastraceae 0.07 13 0.23 0.11 1.51
51  dwin Ochna integerrima (Lour.) Merr. Ochnaceae 0.04 10 0.15 0.07 1.51
52 AU Dalbergia nigrescens Kurz Fabaceae 0.13 17 0.65 0.31 1.51
53  udwnn Wendlandia paniculata (Roxb.) DC. Rubiaceae 0.16 7 0.96 0.45 1.46
54 mawiln Vitex peduncularis Wall. ex Schauer Lamiaceae 0.12 7 0.77 0.36 1.42
55 dumilaun Lagerstroemia macrocarpa Wall. ex Kurz Lythraceae 0.07 10 0.36 0.17 1.21
56 ¥du Dalbergia oliveri Gamble ex Prain Fabaceae 0.04 8 0.23 0.11 1.13
57 miless Memecylon scutellatum (Lour.) Melastomataceae 0.07 7 0.22 0.10 1.08
58  wzma Artocarpus thailandicus C. C. Berg Moraceae 0.07 5 0.35 0.16 0.96
59 Ficus Sp. Ficus Sp. Moraceae 0.14 2 0.72 0.34 0.89
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Appendix 1 (continued)

No Thai name Scientific name Family _Density Do AGB Carbon Storage VI
(ind./ha?) (m?ha?l) (tons/ha?) (ton C /ha?) (%)
60 azin Azadirachta indica A. Juss. Meliaceae 0.10 3 0.59 0.28 0.88
61 azunue Cananga brandisiana (Pierre) I. M. Turner Annonaceae 0.09 3 0.44 0.21 0.86
62 faauda Walsura robusta Roxb. Meliaceae 0.01 5 0.03 0.01 0.70
63 i Millingtonia hortensis L. f. Bignoniaceae 0.04 5 0.18 0.08 0.69
64  uwnsnh Heterophragma sulfureum Kurz Bignoniaceae 0.04 5 0.15 0.07 0.68
65  wzvwilew Phyllanthus emblica L. Phyllanthaceae 0.04 3 0.14 0.07 0.62
66 nazlau Careya arborea Roxb. Lecythidaceae 0.08 2 0.47 0.22 0.59
67 W Terminalia nigrovenulosa Pierre Combretaceae 0.02 3 0.08 0.04 0.53
68  uirlaim Antidesma ghaesembilla Gaertn. Phyllanthaceae 0.02 3 0.08 0.04 0.52
69  azuuminiey Lagerstroemia cochinchinensis Pierre. Lythraceae 0.02 3 0.09 0.04 0.52
70 Tih Bombax anceps Pierre Malvaceae 0.06 2 0.27 0.13 0.49
71 azyuth Flacourtia indica (Burm. f.) Merr. Salicaceae 0.02 2 0.08 0.04 0.32
72 ey Beilschmiedia roxburghiana Nees Lauraceae 0.02 2 0.06 0.03 0.30
73 dhsen Ellipanthus tomentosus Kurz Connaraceae 0.01 2 0.06 0.03 0.28
74 e Catunaregam tomentosa (Blume ex DC.) Tirveng. Rubiaceae 0.01 2 0.02 0.01 0.25
75 QGIEH Anacolosa ilicoides Mast. Olacaceae 0.01 2 0.01 0.01 0.24
76 Tunai Wrightia arborea (Dennst.) Mabb. Apocynaceae 0.01 2 0.01 0.01 0.24
77 AR YTy Radermachera glandulosa (Blume) Mig. Bignoniaceae 0.00 2 - - 0.23
21.65 2,203 110.92 52.13 300.00
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The Effect of Climate Change on Groundwater Recharge at Nadi and Kabinburi districts,

Prachinburi Province

Patchares Chacuttrikul'~ and Supattra Thueksathit'

Received 11 August 2022 Revised 3 October 2022 Accepted 6 October 2022

ABSTRACT

Due to climate change problems that affect natural resources in many aspects including soil water storage,
thus, this research aimed to study the impact of climate change on groundwater recharge at Nadi and Kabinburi
district, Prachinburi province by applying the HO8 model, which is a hydrological model, to assess groundwater
recharge from climate change scenarios.

The results suggested that the current situation, the scenario that increase 10% of rainfall, and scenario
that decrease 10% of rainfall, had the 5-year average (2016-2020) groundwater recharge 7.33x10™, 7.35x10™,
7.32x10"* m’/s. The groundwater recharge from the climate change scenarios were slightly increase or decrease,
which was an increase of 63.07 and a decrease of -31.54 m3/year, or 0.22 and -0.10% of the average groundwater
recharge from the current situation. However, the average monthly groundwater recharge of all 3 situations trended
to the same direction. The groundwater recharge trended to decrease from the dry season and slowly increased in
the rainy season. Thus, it can be concluded that rainfall affects groundwater recharge but climate change under a

10% increase or decrease in rainfall simulation has not clearly affected groundwater recharge in the study area.

Keywords: climate change, groundwater recharge, HO8 model
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Table 1 The groundwater recharge estimation from HO8 model

Groundwater recharge (x10* m?/s)

Current situation

Scenario 1 (increased rainfall)

Scenario 2 (decreased rainfall)

Min - Max Average Min - Max Average Min - Max Average
January 2.20- 12.76 7.30 2.24 - 12.76 7.31 2.15 - 12.76 7.29
February 2.07-12.83 7.29 2.10 - 12.83 7.30 2.02 - 12.83 7.28
March 1.93 - 12.90 7.28 1.96 - 12.90 7.29 1.90 — 12.90 7.27
April 1.85 - 12.96 7.28 1.88 - 12.96 7.28 1.81 - 12.96 7.27
May 1.79 - 13.01 7.27 1.83 - 13.01 7.28 1.74 - 13.01 7.26
June 1.95 — 13.06 7.29 2.00 - 13.06 7.30 1.86 - 13.06 7.27
July 2.24 - 13.10 7.33 2.30 - 13.10 7.34 2.15-13.10 7.32
August 2.53 - 13.13 7.38 2.59 - 13.13 7.39 2.44 - 13.13 7.36
September  2.69 — 13.16 7.41 2.74 - 13.16 7.42 2.61 — 13.16 7.39
October 2.75 - 13.19 7.43 2.81 - 13.19 7.44 2.68 - 13.19 7.42
November  2.53 - 13.03 7.39 2.60 - 13.21 7.43 2.49 - 13.21 7.41
December  2.27 - 12.62 7.31 2.38 - 13.00 7.37 2.22 - 12.78 7.32
Average 7.33 7.35 7.32
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Figure 4 Monthly groundwater recharge from current situation and climate change scenarios
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ABSTRACT

Dipterocarpus alatus is an economically important tree species currently in demand within the wood
product industry. However, D. alatus has a slow growth rate and will take 20-30 years before timber can be cut to
harvest. Implementing the use of ectomycorrhizal fungi in its seedling production has potential to improve D.
alatus growth. Therefore, effects of two species of ectomycorrhizal fungi, Amanita vaginata and Astraeus
odoratus, and one species of saprotraphic fungus, Phlebopus portentosus, on growth of D. alatus were evaluated
by inoculating 6-month old seedlings with each fungus and monitored growth monthly for 6 months.

The results showed that applications of ectomycorrhizal fungi significantly (95% confidence) increased
root collar diameter and total height of D. alatus. After 6 months, D. alatus seedlings treated with 4. vaginata had
the highest root collar diameter of 73.6£3.3 mm followed by those treated with P. portentosus, A. odoratus and
without fungal treatment at 70.5£2.5, 68.2+3.1 and 66.6+2.0 mm, respectively. In terms of total height, D. alatus
seedlings treated with P. portentosus had the highest total height at 41.894+0.75 cm followed by A. odoratus,
A. vaginata and without fungal treatment at 40.95+1.66, 40.37£1.10, 36.54+0.37 cm, respectively. Laboratory
analysis for root colonization by ectomycorrhizal fungi indicated that the 3 fungi colonized D. alatus seedlings at
the tips of new roots. Inoculation with A. vaginata and P. portentosus resulted in 10 and 30 % colonization in the

epidermis indicated compatibility between the fungi and D. alatus.

Keyword: Dipterocarpus alatus seedling, Ectomycorrhiza (ECM), Phlebopus portentosus, Amanita vaginata,

Astraeus odoratus.
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Table 1 Average growth of collar root diameter of Dipterocarpus alatus seedlings after inoculating of Phlebopus

portentosus, Amanita vaginata and Astraeus odoratus compared with non-inoculating (control).

Treatment Collar root diameter (mm)

1 2 3 4 5 6
Control 48.4+3.1 52.743 55.642.1 582+1.5 61.542.1 66.6+2¢"
Phlebopus portentosus 47.5+4 50.744.3 53.5#4.7 56.4+£5.2 62.1£3.3 70.5+2.5ab
Amanita vaginata 50+2.4 53+1.6 55.1£1.7 57.4+15 64+1.8 73.6+3.3a
Astraeus odoratus 46.7+3 50.9£3.5 52.6+£3.6 55+4.6 60+3.9 68.2+3.1bc
F-test ns ns ns ns ns *x
p-value 0.4373 0.5841 0.4430 0.5424 0.2253 0.0060
CV (%) 6.61 6.28 6.05 6.41 4.73 3.97

** Results are means + SD of 5 replicates. Data with different letters within the same column indicate a

significant difference at p < 0.01 according to LSD test.
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Figure 2 Monthly growth average of Dipterocarpus alatus seedling after inoculating of Phlebopus portentosus,
Amanita vaginata and Astraeus odoratus compared with non-inoculating; A) average of root collar dimeter,

B) average of height, and C) average root length.
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Table 2 Average growth of height of Dipterocarpus alatus seedlings after inoculating of Phlebopus portentosus,

Amanita vaginata and Astraeus odoratus compared with non-inoculating (control).

Total height (cm)
Treatment
1 2 3 4 5 6

Control 32.30+2.28 32.87+2.14  33.80+1.49  34.30+1.47 35.30+0.88 36.54+0.37c"
Phlebopus

30.75+1.82  31.55+1.63  32.48+1.22 33.51+1.40 35.49+1.11 41.89+0.75a
portentosus
Amanita vaginata 29.57+1.78 31.10+£1.66  31.95+1.76  33.02+1.67 34.77+1.92 40.37+1.10b
Astraeus odoratus 30.40+1.84 31.32+1.52  32.72+1.20  33.76+1.31 35.72+1.57 40.95+1.66ab
F-test ns ns ns ns ns Hk
p-value 0.2031 0.4033 0.2648 0.5880 0.8046 0.0000
CV (%) 6.30 5.53 4.40 4.36 4.29 2.70

*#* Results are means = SD of 5 replicates. Data with different letters within the same column indicate a significant

difference at p < 0.001 according to LSD test.
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Table 3 Average of root length of Dipterocarpus alatus seedlings after inoculating of Phlebopus portentosus,

Amanita vaginata and Astraeus odoratus compared with non-inoculating (control).

Root length (cm)
Treatment

Maximum - Minimum Mean
Control 29-10.5 20.5+7.57b"
Phlebopus portentosus 55-26.5 37.1£11.22a
Amanita vaginata 33-24 30.6+3.78ab
Astraeus odoratus 31-455 37.5+10.35a
F-test - ok
p-value - 0.0090
CV (%) - 24.23

** Results are means + SD of 5 replicates. Data with different letters within the same column indicate a significant

difference at p < 0.01 according to LSD test.

Treatment Number 1 Number 2 Number 3 Number 4 Number 5

3

Control

Phlebopus

portentosus
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§

|

Bl v

Figure 3 Root length and characteristics of Dipterocarpus alatus seedlings after inoculating by wild mushroom at 6-month old.
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Table 4 The price of Dipterocarpus alatus seedling which were inoculated by wild mushroom spawn in the tree

market areas, Chiang Mai and Lampang Province.

No. Stores Type Seedling Price of seedlings (baht)
size (cm) without inoculated with
mushroom mushroom
1 Yothin Phanmai Shop P. portentosus, 75 15 25
R. virescens
2 Pongphatcharin shop A. odoratus, A. vaginata 80 20 30
3 Suan Chaiyaphruek Shop A. odoratus, A. vaginata, 80-90 25 50
R. emetica
4 Natchaya Garden A. odoratus 150 35 100
5 Suksawat tree shop A. vaginata, 90 35 75
P. portentosus
6 Suan Sukjai A. odoratus 100 35 120
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Figure 4 Regression analysis between correlated variables; A) height and root collar diameter, and B) root length

and height.

Figure 5 Morphological characteristics of Dipterocarpus alatus seedling on roots colonized with tomycorrhiza; A)

naked eye view of Astraeus odoratus, B and C) colonized with Phlebopus portentosus, D) colonized with Amanita

vaginata, E) colonized with Astraeus odoratus, and F) root tip with inoculated by Astraeus odoratus. (Scale bars:

B-E 50 mm; F 20 pm)
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Table 5 Colonization of hyphae in the root system covering the root surface and epidermis cell in plant

Colonized (%)
Treatment
mantle layer epidermis

Control 0 0

Phlebopus portentosus 100 0

Amanita vaginata 100 10

Astraeus odoratus 100 30
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Figure 6 The root characteristics of Dipteocarpus alatus seedling, 6-month old, after inoculating by mycorrhiza,
Phlebopus portentosus, Amanita vaginata and Astraeus odoratus; A), D), and G) hyphae grown outside the root
surface (mycelium), B), E) and H) mycorrhizal hyphae form covered of root surface (mantle sheath), C), F), and I)

specific patterns of mycorrhizal hyphae (mantle layer) covered of root surface. (Scale bars: A-C 20 um).
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Figure 7 Characteristics of mycorrhiza mycelium from root tip cross-section of Dipterocarpus alatus

seedling (6-month old) compared between inoculating and non-inoculated (control) mycorrhiza treatment.

A) non-inoculated mycorrhiza (control), B) inoculated with Phlebopus portentosus and filamentous roots

covered only outer root surface which had no developed into the epidermis cell, C) inoculated with Amanita

vaginata which the mantle sheath colonized around the root surface, D) Amanita vaginata mycelium

extended into the epidermis, E) mantle sheath mycelium around the outer root surface and appearance of

the top layer of mycelium in the fungal pileus (Pileipellis hyphae), and F) Astraeus odoratus mycelium

extended into the epidermis. (Scale bars: 10 pm)
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