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Effect of Plant Spacing on Growth, Yield, and Cannabidiol Content
of Hemp (Cannabis sativa L.) Cultivars EHFGP#1, EHFGP#3, and EHFGP#8

Grown under Outdoor Conditions
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Since the legalization of the cultivation, utilization, and research of hemp and cannabis plants

in Thailand in 2022, commercial cultivation of these crops has significantly increased. However, such
enterprises have experienced varying outcomes, including both successful ventures and substantial
financial losses, mainly due to insufficient knowledge, especially regarding optimal plant spacing and
appropriate varieties for open-field cultivation. This study was conducted at the Hemp Research and
Development Center, Maejo University Chiang Mai, Thailand. The experiment followed a 3x3 factorial
arrangement in a randomized complete block design (RCBD), with factor 1 being plant spacing (1x1 m,
2x1 m, and 2x2 m), and factor 2 being hemp variety (EHFGP#1, EHFGP#3, and EHFGP#8). The results
showed that plant spacing had a significant effect on plant height, plant canopy diameter, number of
nodes per plant, number of branches per plant, inflorescence size, fresh flower yield per plant, dry
flower yield per plant, and dry flower yield per rai (1,600 m?). Interaction effects indicated that the
EHFGP#3 variety, when planted at 1x1 m spacing, had the highest average plant height at 238.38 cm.
EHFGP#1, when planted at 2x1 m and 2x2 m spacing, produced the highest number of nodes and
branches per plant, with statistically significant differences. Inflorescence size varied with both variety

and plant spacing. A 2x2 m spacing resulted in the largest inflorescence size for EHFGP#3 and
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EHFGP#8, while a 2x1 m spacing produced the largest inflorescence size for EHFGP#1. In terms of

cannabidiol (CBD) content, cultivar was a highly significant factor. Cultivars EHFGP#1 and EHFGP#3 exhibited

the highest CBD concentrations, ranging from 11.76-12.93% and 11.79-13.10%, respectively. The

interaction between cultivar and plant spacing was significant; however, plant spacing alone had no

effect on CBD content.
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LWURLUAT 509A9U1AD EHFGP#1 i1y 190.84
\WURLIAT WAy EHFGP#8 iy 182.34 LguALuns
Feanowug EHFGP#3 fiugnszey 1x1 ins fiAnnugs
undian vazfianeug EHFGP#S fiugnazes 2x2
s faugetiendian (Table 1) aanndostunis
5189194 Darby et al. (2020) WUI15L8EN 19
sewinsduigueiinadenmgesiy Ao svoziida
191l 1x1 uay 3x3 sln fanugaadvvesduinyys
1NNITEEETivnandnd 5x5 Wa Taedauuaneig
Aunvadfog19ldsdAy (p<0.01) vauzLAIAY
Viskovi¢ et al. (2023) $1891UIMNN5UNAYUILUY
muktuagnsedulityssiinnugaiudu iesan
n38adavesaduluanind fnnsuystuidl oviia
Tonalunissuuas n1sUgnszezdavsennnunuiLyy
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WinAU 150.76 WufUAT wavanewug EHFGP#1
winfu 14558 wufilns fiszozugn 2x1 was wui
a1ug EHFGP#3 wag EHFGP#8 fiannuninamsemy
watlndiAsety winfu 166.92 uay 162.18 1wufluns
MINAIRU dauaeiug EHFGP#1 1Rnuninansany
Yfoudignie 150.52 iwufilums AszozUgn 2x2 1ns
WUINAIERUS EHFGP#3 way EHFGP#8 1A11undng
nssuadslndifsety windy 156,54 uay 152.38
WURLUAT MINEIAU dduaeiug EHFGP#1 dadnu
nimseindesiignie 158.58 lwuduns (Table 1)
fefansuny fduiussanusenineszesugnuas
aeugnudn Jadeszevugnuazaneiuglidwmane
Aunt1aveansany v e 011 peuna1naay
WANFANVNIRUENITUYRIUAaYaeTuS danalvildiae
Ugnluszeriiuandneiu uidnuagnedugiuine,
yesnsaudanumnArsfunNaeiug Jaenndes
fus1891uL4 Darby et al. (2022) 7 Anwiayw
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waganeiuglusruulgnnataudauagnuIaneiug
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1dvEWanaAUNINNTRIAURENHTEA ALY

Wurugudnaneandiu

UaduiuszurUgnuazdadeduaiewug
lLifivsnasedusinugudnarsddu udilofiansan
Udunussiuseninssezugnuasaiewug wuii
danasavuaduRIuaugnasafueg el deddny
38R (p<0.05) fie aneifug EHFGP#1 Avgnsvee
2x2 g Sdurugudnarsddulngaamiady
32610884005 @UA18WUE EHFGPH#3 wa
EHFGP#8 7 Ugnivey 2x2 1uAs 5audaneus
EHFGP#8 iUgnszes 2x1 wns Hidusiugudnans
Sdudnfigawintu 30.12, 30.18 uay 30.21 Tadiuns

ANA1AU (Table 1)
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Table 1 Effect of plant spacing on plant height (cm), plant canopy diameter (cm) and stem diameter

(mm) of hemp varieties EHFGP#1, EHFGP#3 and EHFGP#8

Plant spacing Varieties Plant height Plant canopy Stem diameter
(mxm) (cm) diameter (cm) (mm)
1x1 EHFGP#1 211.06x4.76b 145.58+6.26 30.56+1.41ab
EHFGP#3 238.38+8.98a 150.76+1.85 31.77+1.86ab
EHFGP#8 200.86+11.10bc 159.36+7.38 31.98+2.48ab
2x1 EHFGP#1 214.00+13.68b 150.52+5.33 31.31+1.42ab
EHFGP#3 213.26+6.91b 166.92+7.16 31.62+1.21ab
EHFGP#8 197.18+9.04bcd 162.18+10.50 30.21+1.03b
2x2 EHFGP#1 190.84+9.95cd 138.58+8.10 32.61+2.81a
EHFGP#3 201.72+5.93bc 156.54+4.87 30.12+1.33b
EHFGP#8 182.34+6.23d 152.38+7.83 30.18+0.87b
Plant spacing (A) ** ** ns
Varieties (B) ** ** ns
AxB ** ns *
CV (%) 4.63 4.64 5.12

ns = non-significant, ** = indicates a highly significant difference (p<0.01). Means followed by the same letter within the same

column are not significantly different according to the Duncan’s Multiple Range test (DMRT) at p<0.05.

Iuudaudawiadu

Uaduanuszerdgn Jadeuduaneiug uag
Ufduiussauseninsssesgnuaganesiug d8vswa
Aosruiudeudesradueg1aived Ayl nneada
(p<0.01) Aiszepugn 1x1 Wims aneriug EHFGP#1 uas
EHFGP#3 S unuteudesade winiu 4.20 dededu
Yozl EHFGP#8 i uudoudeaadrosilgaminiu
4.00 Tesiadu fiszozlgn 2x1 s wudraeius
EHFGP#1 fidnnudeudesnniigawiniu 6.00 Testedu
Tuvae? EHFGP#3 uag EHFGP#8 fidnuauteudes
Wwdviesfigaminiu 4.00 Tesosu fiszezUgn 2x2
\wns aeug EHFGP#1 fswiudeudesuniian
winilu 6.00 Uasiaiu aneug EHFGP#3 winfu 5.80
ToreRu wagalenug EHFGP#8 I91uiudavdss

5.40 Yesiaiu Jadeauaeiug arewug EHFGP#1
fduudeudesedugaiigalunnszozign Tasiame
Lﬁaﬂqﬂﬁiwz 2x1 WAy 2x2 1WA VaUzdl EHFGP#S
i uutevdenadovesiianluszezugnuay fe
1x1 way 2x1 a3 wAdTuutoudoniuiy
\feugnilszey 2x2 s Weftarsandniwasou
seningsrerUgnuazaneiiug wudnanewug EHFGP#1
flugnilszes 2x1 uag 2x2 Wwns T91uiudeudes
doRuNnian Ao 6.00 Toreru vnsd aresiug
EHFGP#1, EHFGP#3 uas EHFGP#8 ﬁﬂ@ﬂi%ﬂ%ﬁ Ix1 wng
waweneig EHFGPH3 uay EHFGPHS Tisverugn 21 s
s nnuiieudenioniian Ae 4.00 Tosedu wandliiiiuii
srozUqnil mnzavdssasonsiadgiAvlnuaznig
WaunvestoUdesiyvaudazaneiug (Table 2)
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wuinenewug EHFGP#1 Sd1ununasiesi adugaiign
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lwng) WeRansanufduwussiusenineszeugn
wazaneviug nudnanewus EHFGP#1 Ugnitsses 2x2
war 2x1 A3 d91uIuf sieduiad oqefian Ae
12.00 Wag 11.80 As Away (Table 2) uandliifiu
'jwszazﬂqﬂﬁﬁmwmiwmﬂif Udl Was N33 guLAule
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1 v o w a

sepgUgnuarateiudegrallded1Ayd (p<0.01)
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fiszorUgn 1x1 RS nuinaneus EHFGP43
fvurnvestonenlvgiian vindu 38.56 faduns
59989UAD EHFGP#8 iU 36.06 dadluns uay
EHFGP#1 vinfiu 35.05 dadlums Asvezdgn 2x1
R wudaneug EHFGP#1 flvunavesonanive)
fign Wity 39.33 Jadwns se9asnAe EHFGP#8
Wity 38.48 fadluns way EHFGP#3 winnu 6.49
fadiuns 7 szezUgn 2x2 WA wudtanewus
EHFGP#8 fvuinvastonenlvgjfian winfu 41.39
Taduns 589a901A8 EHFGP#3 Lvinf'y 39.38
fadns way EHFGP#1 Wiy 3834 Taduns Wle
WAsUdnSnasmsymnedaduvesszeslgnuay
aneniug wudnenewus EHFGP#1 Miugnavey 2x1 1ims
wazaeWus EHFGP#3 uay EHFGP#8 fiUgnszey
2x2 \ns denaliflvunnvestenonivaiiian 39.33,
39.38 uay 41.39 dadiuns mua1au (Table 2) @
Jaduiuangiuglidamanauinvosdonaniysd

(Figure 1)

Figure 1 Inflorescence of hemp varieties; (A, D) EHFGP#1, (B, E) EHFGP#3 and (C, F) EHFGP#8
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Table 2 Effect of plant spacing on number of node per plant, number of branches per plant and

inflorescence size (mm) of hemp varieties EHFGP#1, EHFGP#3 and EHFGP#8

Plant spacing Varieties Number of node Number of inflorescence
(mxm) per plant Branches per plant size (mm)
1x1 EHFGP#1 4.20+0.42c 6.60+0.52d 35.05+2.11d
EHFGP#3 4.20+0.42c 6.00+0.00d 38.56+0.61abc
EHFGP#8 4.00+0.00c 6.20+0.42d 36.06+2.29bcd
2x1 EHFGP#1 6.00+0.00a 11.80+0.42a 39.33+0.99a
EHFGP#3 4.00+0.00c 8.00+0.00c 36.49+1.54bcd
EHFGP#8 4.00+0.00c 8.00+0.00c 38.48+10.8abc
2X2 EHFGP#1 6.00+0.00a 12.00+0.00a 38.34+3.44abc
EHFGP#3 5.80+0.42ab 11.60+0.84ab 39.38+1.65a
EHFGP#8 5.40+0.52b 10.80+1.03b 41.39+0.99a
Plant spacing (A) ** ** **
Varieties (B) ** ** ns
AxB *x *x *x
CV (%) 6.75 5.82 4.17

ns = non-significant, ** = indicates a highly significant difference (p<0.01). Means followed by the same letter within the same

column are not significantly different according to the Duncan’s Multiple Range test (DMRT) at p<0.05.

UMUNNaNannananfafu

'3

Uaduauszezdgnuazladenuaneiug
fidnswasodminnanannonansofuvesduiyss
oailfodfyBoneadin (p<0.01) Aiszuzagn 1x1
R wuhanewus EHFGP#3 Sthwiinuandnnonan
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EHFGP#1 winfiu 1.96 Alanu wag EHFGP#8 winfu
1.8¢ Alandu fiszozUgn 2x1 1wnT wuitaeius
EHFGP#1 ﬁﬁlfmﬁfﬂwawﬁmmaﬂamﬁaﬁuqqﬁqm Wiy
2.77 Alansu 509a3U1AD EHFGP#3 windu 2.06
Alansu uag EHFGP#8 winfu 1.71 Alansu uag

NszezUan 2x2 Wns wudtanewug EHFGP#1 Juwiin
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5098911A0 EHFGP#3 AU 3.67 Alansy uag
EHFGP#8 1n 1y 2.27 Alansu A1uatenug
EHFGP#1 way EHFGP#3 Suminnandnnonan
AoadugIninaIeiug EHFGP#8 lunnszezuqn
drulfduiussiuseninesvezugnuavaieiug
fanswasouminnandnnonansofuvesduiyys
ag il ded1Any (p<0.05) WuINEIeWUT EHFGP#1
uar EHFGP#3 7 Ugnlusvey 2x2 ums fivfawifn
NAWAAABNANF DA ULINT A AD 3.99 LAY 3.67
Alan3u auendiu (Table 3)
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Y99 Garcia-Tejero et al. (2014) fis18auiNsUgn
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Table 3 Effect of plant spacing on fresh flower yield per plant (kg), dry flower yield per plant (kg)

and dry flower yield per rai (kg rai’!) of hemp varieties EHFGP#1, EHFGP#3 and EHFGP#8

Plant spacing Varieties Fresh flower yield Dry flower yield Dry flower yield
(mxm) per plant (kg) per plant (kg) per rai (kg rai?)
1x1 EHFGP#1 1.96+0.42¢ 0.41+0.09b 659.20+89.04
EHFGP#3 2.15+0.71bc 0.49+0.17b 787.20+£170.54
EHFGP#8 1.84+0.38c 0.39+0.08b 627.20+80.66
2x1 EHFGP#1 2.77+0.70b 0.62+0.17b 496.00+132.80
EHFGP#3 2.06+0.47bc 0.48+0.10b 387.20+82.21
EHFGP#8 1.71+0.61c 0.41+0.14b 329.60+108.04
2x2 EHFGP#1 3.99+0.443a 0.92+0.10a 369.60+41.10
EHFGP#3 3.67+0.37a 0.92+0.13a 369.60+50.99
EHFGP#8 2.27+0.4dbc 0.55+0.10b 220.80+41.17
Plant spacing (A) ** ** **
Varieties (B) ** ** *
A xB * * ns
CV (%) 22.34 22.32 24.84

ns = non-significant, ** = indicates a highly significant difference (p<0.01). Means followed by the same letter within the same

column are not significantly different according to the Duncan’s Multiple Range test (DMRT) at p<0.05.

Ysuuasuauunilaeea (Cannabidiol: CBD)
Uadunuanewug v was oUsunaans
wanundlneeasy 19 Tud A8 snnead@ (p<0.01)
WU @18 WuE EHFGP#1 Wag EHFGP#3 e 1Lade
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duaneiug EHFGP#8 SleniadsUTinuansuauundla
ooannI el tudAnyd s Inedrad voglutas
9.20-10.28% (Table 4) 1i¥ oW 9130V J & uwus
SusEnInssezUgnuaraneiug nuIndinad aUT U
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d18Wus EHFGP#1 uay EHFGP#3 TU5uuans
wawundlaeeageninanemiug EHFGP#S TunnszezUan

o w a

widadeauszevdgnliiveddgyneaiindeusunu

ansuauundlneealunoniae @onnaosiunITeNy
namsAdeiuandiiiuitanetugitutiaduddylunis
SmuaUBinasansuauunslnees fi Darby et al (2021)
TN LE 18 5 war oUS auensueing lneea
ot litieddnBe lneneneiusTiBsnaensuenandloosa
49071 15% sl ureaewus TUTunuies 7-9%
Gardia-Tejero (2020) enuinane g fayve fignitaun
i oldvaniauwng 4 anowudna dun aneug
Sara, Pilar, Theresa wag Aida ﬁﬁWLaﬁamaaU%uﬂmaﬂi
wanundlaooaunna1siuey 19l dud Ay MeaEis
uag Chen et al. (2021) 7ivms@ nunayesuan 20
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nuaeiugiuananiusivinaasueunlaeea
Muandeiueg 1l dodAsy lneaenugndusuu

asuruuUlnoea awwiande T2 trump wandliliiuin

Wugnsuvesiazaneiugiduladevdnlunisiiviun

fnen neanisazauyUsuiuansueuundlinesa

Table 4 Effect of plant spacing on cannabidiol content of hemp varieties EHFGP#1, EHFGP#3 and EHFGP#8

Plant spacing Varieties Cannabidiol (%)
(mxm)
1x1 EHFGP#1 12.81+0.05a
EHFGP#3 13.10+0.60a
EHFGP#8 9.20+0.55b
2x1 EHFGP#1 12.93+0.40a
EHFGP#3 11.79+1.56a
EHFGP#8 10.26+0.19b
2x2 EHFGP#1 11.76+0.42a
EHFGP#3 12.58+0.22a
EHFGP#8 10.28+0.19b
Plant spacing (A) ns
Varieties (B) **
AxB *
CV (%) 6.39

ns = non-significant, ** = indicates a highly significant difference (p<0.01). Means followed by the same letter within the same

column are not significantly different according to the Duncan’s Multiple Range test (DMRT) at p<0.05.

d3UNaN1578
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luan1mnaauds (outdoor cultivation) Wuisze
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ansuauuTlaeea (Cannabidiol: CBD) geninaneiug
EHFGP#8 @ ssvorian 2x1 wns Tsinandesiof ufige
n1sUgnszezlan 2x2 wns Iarewus EHFGP#1
w30 EHFGP#3 Tinandinsiodugs saudisliusunnans
wauundlaeeagefian annsideagulsinszesugn
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2x2 s Winandnsefugaiign uiszoil 1x1 11A3
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Organic Kariyat (Andrographis paniculata) Production in Pot

under Greenhouse Conditions in Southern Thailand
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Kariyat (Andrographis paniculata) is a medicinal herb with significant therapeutic potential.
Currently, organic A. paniculata is cultivated in controlled-environment greenhouses to ensure high-
quality production. A crucial factor in organic greenhouse cultivation of this herb is the management of
soil nutrients. This study aimed to investigate the effects of different application rates of cow manure
on the growth, nutrient uptake, and andrographolide production in A. paniculata cultivated in an organic
farming system under greenhouse conditions in southern Thailand. Red soil was collected and mixed
with cow manure at rates of 0 (control), 2, 4, 6, and 8 tons rai’ (0, 61.32, 122.64, 189.96 and 245.28 g pot'l,
respectively). A. paniculata plants were cultivated in 10 inch-diameter pots. The results showed that
the application of cow manure at a rate of 2 tons rai-* significantly promoted plant height, stem diameter,
and both fresh and dry biomass weights. In addition, the application of cow manure at a rate of 2
tons rai”! not only resulted in the best growth of A. paniculata, but also enhanced soil pH, electrical
conductivity, nutrient availability, and andrographolide content in the plant. Therefore, applying cow
manure at a rate of 2 tons rai’’! can serve as a guideline for organic greenhouse cultivation of A.
paniculata, as it improves soil properties, enhances plant growth, increases nutrient uptake, and

promotes andrographolide content in the plant.

Keywords: herb, andrographolide, organic agriculture, soil management in agriculture
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a '

Aunauuaymaelgn Nt U
(ANOVA) kaztU3 Ui g uauLana 195 Wi W3 nLuue
#1835 Duncan’s Multiple Range Test (DMRT) fiszeu
ANLdesTL 95%

NaN1538
auuanaluvaniu

Wednaudgnnoun1snAaeIuIIAgIe9

audAnaail wuinislayatidwmalifudeafiiey

A1l Sunedeg wavs1neIms lawn
lulnsiauianun Weanodad 1duusslowy
Tnunadon unaidon uwazuwundifoudiadnle
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(Table 1)

Table 1 Chemical properties of soil before cultivation

Application rate pH EC oM Total N Avail. P Extr. K Extr. Ca Extr. Mg
(ton/rai) (1:5) dsmt)  (gkeh (g kg™ (mg kg (mg kg™ (mg kgt (mg kgt
0 6.22 C 0.08 e 13.18 d 0.70 e 96.90 e 84.31 e 1918.00 c 57.02 e
6.44 b 0.86 d 2217 ¢ 1.39d 144.62 d 2383.48 d 2330.02 b 220.55 d
4 6.67 b 1.06 c 27.47 bc 1.68 c 230.15 ¢ 3128.42 ¢ 272141 b 268.47 c
6 7.05a 1.38 b 36.52 a 1.86 b 263.82 b 3933.64 b 3010.31 a 363.59 a
8 7.25 a 1.45 a 43.49 a 2.24 a 288.66 a 4149.85 a 3527.13 a 42893 b
F-test * * * * * * * *
CV (%) 1.53 3.28 12.33 2.01 0.59 2.84 1.37 1.07

* = significantly different at P<0.05; Different letters in the same column indicated significant differences by DMRT at P<0.05

nsseyAulavasiinzaielas

nsldyaidludns 2 way 4 du/ls denald
Wgarelasinisasyivlafniinislalduaylad
ua¥ludnags (6 uaw 8 fu/ls) (Figure 1) uonantiu
msldyaiigne 2 uae 4 fiw/ls daalvisuiimeaglas
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'
a
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dstugaiian (Figure 2) daumslayailusan 8 du/ls
dwaliimgarglasiinisiasgAulag waszuATY

LaZLULEAIDINTTLAE N

Lﬁ'aguq@msmaaq (10 &Uan¥h) vhmssiiusiien
HmzanelasiteUssdutimminanuazuis wuinnnsld
sa¥aludng 2 /s dealiitmeaneles Suwinan
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was iU e n (163 nda) Tu (823 n$) wazdndu
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ﬂwsidgai’ﬂué’mwﬁqﬁ?umwaiﬁﬁ’mﬁfﬂmaq
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Figure 1 Growth of Kariyat in soil amended with cow manure at rate of 0-8 tons rai’!
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Figure 2 Height (a) and stem diameter (b) of Kariyat in soil amended with cow manure at rate

of 0-8 tons/rai
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Figure 3 Fresh (a) and dry weight (b) of Kariyat in soil amended with cow manure at rate

of 0-8 tons/rai

* = significantly different at P<0.05; Different letters in each bar indicated significant differences by DMRT; nd = no data due to

plant non-survival

anududuuaznisgaldsigermsluimeanslas
Hevszifiuanmdutusigeimislusin
Hngatglas nuimsldyaiidanalisinemsiy
dwlngiiianudutuganinmsldldyata (Table 2)
Anudutuvetlulasiau Weanesa waslnunadey
Fadusimernsndnvesiviinnuidutugsluly >
90 > §1du luvasfinnuiduduresnin uenia
daned uazvewns Fadugasndeududugdusin
> Tu > ddu nsldyatnludns 2 du/ls danalv
AULTUTUVRIE IO IMITIUTINYBI i IMEATelas
fmnududurestulasiau (20.14 nsu/nn.) Weanesa
(1.67 n¥w/nn.) wunili@ey (4.36 n3u/nn.) wianila
(1,238.3 un./nn.) d9nzd (293.3 4n./AN.) way

VWA (22.7 1n/nN.) genan dewSeumeuiunisld

yairludnsdu q (Table 2) luvaziiauidudy
swemnshudmluvesiimeatelas wudnisldyada
Tugnsn 2 dw/ls dwaliimzarelasiinnnududy
vaslulasiau (29.7 nsw/nn.) Weavleda (1.13 nsu/
nn.) uunilides (5.85 n¥w/nn.) wan (185.3 un./nn.)
wusnila (71.5 un./nn.) daned (31.2 un/nn.) uag
yeauad (4.77 1n./nn.) geitanidleiUSeuiisudiums
Tayatidns1du 9 (Table 2) luvarfinnududues
sinomstuaduiinisazaululasiau (14.6 n3u/
nn.) eavleda (1.25 n¥u/nn.) waglnuvaigey (59.0
nfu/nn.) geftgaidofinnslayatnludas 4 du/ls
uanaIntu fmzarelasfivgnluduunaiinigld
yaTidns 2 duw/ls wudrdudwiuvesiimeanslas
finsazauqasingefiga (Table 2)
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Table 2 Nutrient concentration

Application rate

Total nutrient (g kg™)

Total micronutrient (mg kg™)

(ton rai™) N P K Ca Mg Fe Mn Zn Cu
In root
0 11.31d 0.86 c 37.20d 2330 a 341d 2,475 b 1,013 ¢ 223.02 c 14.92 b
2 20.14 a 1.67 a 42.00 c 13.60 c 4.36 a 2,882 a 1,238 a 29334 a 22.72 a
4 19.17 b 113 b 50.62 a 11.63d 391 b 2838a 1,136b  284.68b 20.48 a
6 1753 ¢ 1.12b 44.94 b 14.34 b 3.63 C 2,353 ¢ 990 d 214.54 d 13.87 b
8 nd nd nd nd nd nd nd nd nd
F-test * * * * * * * * *
CV (%) 1.91 3.74 1.92 0.85 2.02 1.25 0.89 0.80 7.05
In leave
0 29.40 a 0.83 ¢ 34.70 c 42.30 a 375d 12331 c 50.44 b 2141 c 232 c
2 29.70 a 1.13 a 49.00 b 2592 b 585a 185.34 a 71.52 a 3122 a 4.77 a
[ 28.60 b 1.04 b 5390 a 21.13 ¢ 561b 17470 b 70.47 a 28.06 b 351b
6 23.60 ¢ 0.80 c 55.40 a 16.91 d 4.24 c 119.83 ¢ 42.03 c 19.84 c 2.16 c
8 nd nd nd nd nd nd nd nd nd
F-test * * * * * * * * *
CV (%) 0.87 3.33 2.13 2.06 0.93 1.13 1.77 3.44 3.58
In stem
0 10.50 d 0.58 ¢ 48.22 c 2831 a 2.63 a 2732 ¢ 3152 c 20.23 ¢ 4.09 c
2 1331 ¢ 121a 50.73 b 20.67 b 241 b 55.82 a 63.31 a 2582 a 5.69 a
4 14.62 a 1.25a 59.01 a 21.04 b 247 b 49.47 b 56.97 b 2297 b 523 Db
6 14.34 b 092b 58.26 a 20.53 b 2.18 ¢ 2146 d 27.68 ¢ 19.35 ¢ 3.74 c
8 nd nd nd nd nd nd nd nd nd
F-test * * * * * * * * *
CV (%) 1.33 5.54 0.58 1.15 1.85 5.32 4.70 3.82 3.38

* = significantly different at P<0.05; Different letters in the same column indicated significant differences by DMRT withn each

plant part (root, leave and stem); nd = no data due to plant non-survival

LﬁaﬂizLﬁuﬂ%mmﬁmmmiﬁgwmﬁﬁu
fimzarelasgelddaudunasuuimnanisgeldly
daueing 9 wudinisldyaidludng 2 du/ls dawald
Wangarglasinisaaldlulasiaw (0.90 nTu/mu)
Woanesa (0.057 nFu/mu) Inunadey (2.03 n3w/
Au) uAaLdyl (0.86 nTu/fu) uazuunilifew (0.18
n$u/d) gefigaidleSeuiisuiunisldyaindnm
#14 9 (Table 3) @enndosiunisgaliqasininuiy

n1sldgadilugnsn 2 du/ls dewalviimgatelas
finsgaldindn (44.74 un./su) wuaniida (19.65
un./eu) dened (5.01 UN./AU) wagnowng (0.48
un /i) gafigaiileiSsuiisuiunislayailusmm
U 9 (Table 3) agslsAnm nslayaidludasi
dintundudmalifinganelastinsgeldsinemis

Ioanas Ineangmisldyadaludng 6 du/ls
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Table 3 Total nutrients uptake in Kariyat

Macro-nutrients

Micro-nutrients

Application N uptake P uptake K uptake Ca uptake Mg uptake Fe uptake Mn uptake Zn uptake Cu uptake
rate (tonra™) (g plant™) (g plant™ (g plant™ (g plant™ (gplant’) | (mgplant®) (mgplant”) (mg plant’) (mg plant™)
0 032b 0.014 c 0.75c 0.58 b 0.06 ¢ 16.30 c 6.82 ¢ 1.64 ¢ 0.14 c
2 0.90 a 0.057 a 2.03 a 0.86 a 0.18 a 44.74 a 19.65 a 501 a 0.48 a
4 045b 0.025 b 1.18 b 0.39 ¢ 0.09b 2213 b 9.13b 242 b 021b
6 0.12c 0.006 d 0.33d 0.11d 0.02d 522d 225d 0.54d 0.04d
8 nd nd nd nd nd nd nd nd nd
F-test * * * * * * * * *
CV (%) 7.08 3.91 9.36 2.07 11.49 0.81 0.89 1.32 4.65

* = significantly different at P<0.05; Different letters in the same column indicate significant differences by DMRT within macro- (column 2-6) and micro-nutrient groups (column 7-10); nd

= no data due to plant non-survival
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Usunaansuaulasnsilnlan
nsldyadidwaliiimeanglasiiuTuinuans
woulasnslnlasifiuiunusasiild (Figure 4) Tng
wud1 Nsblayadagng 0, 2, 4 uaz 6 fw/ls danali
druwtlonuansimzanslasdusunuaisuoulas

nsllansaeay 0.94, 1.82, 2.41 kag 3.50 MUAINU
nslayaddludnm 4 uaw 6 dw/ls dwalviilmeanelas
fUSuuasaAydenanias sgnslsinny wil
fhnzanelasilansedfgaasindunuiniineaielas

ra

finssqdvlaldd (Figure 1)

5.00
4.00 [
3.00 |

2.00 |

Andrographolide (% w/w)

1.00 |

0.00 L

0 2

4 6 8

Cow manure application rate (ton/rai)

Figure 4 Andrographolide content in shoot of Kariyat in soil amended with cow manure at rate

of 0-8 tons/rai

* = significantly different at P<0.05; Different letters in each bar indicated significant differences by DMRT; vertical bar = SD;

nd = no data due to plant non-survival

30lNan15ITY

dudAny

Aunnsiild@nunewihnisaassifitey
nstliii eaesauneadonnaziundifeudady
51901 ssesluseiuilmngausonisasqavle
voaity (Table 1) msldyaTlusmmilifiugatudana
Taudaiey An1sdr by USuadunsedng
suismemnsluiufisgaunudnaild (Table 1)
satududodunisiiduunaslisinemsiai
SIMDIMNINGN §519BINTIOT UALTIWDMNIETY ke
Duedunidimlsvhluluaaldidesnninumns

Tunmaldendests ognslsinu yadlfendusa

nsldyatilusasdifistu TedwmaliAuiariion
naonsumduduTessIe IR AnTY K
nslayailudnsiigaiuldedamalidudusag
wardarnisinlnihgeaaulivangaudenisugnity
fiadlAnfiiosflivanzausonisugniivegil 5.5-7.0
Tuwariiarnisiiliitvesiu (EC) ldasgandn 2
dS/m (Brady and Weil, 2008) nslayaialuiifigaus
dawaliruiiomomafivgstu uidiseauigeli
audRfuMIAUTENT LAz TN WU AUV
s2uv83AuANAY (Baka et al., 2021) FaotfiaUTaal
uniga dusslovdlufui vaonsdosaany
Sunieing uwazduasuaudulszlovives

590 WsLUAY (Sivojiene et al., 2021)

24



Journal of Agricultural Research and Extension 43(1): 15-28

nssyiulnvasimgaelas
nslayalusmsimunzansivdaaiunis
WiyiduTnvesiimeaslasiadnuaugs vuiady
dugugnansddu samstadanavesimzanslas
(Figure 2 and 3) yailswemisingiamelulasiau
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YuAIuANNITHLATIERUTAuLasduasunns
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8091 2 du/ls wuindwaliimzanslasiasgiulalad

nsgaldsnemnsvesiinganalas
nsldyaddludng 2 dw/ls wudhedaesy
Tnlmzatelasiinnisazausinoimsiudiusng o
vosfimfndudoiouisuiunislild Wefudis
pmaiinty fuasaiulafity venanty dewald
flmzarslasgaldsmermsidiiadu (Table 5)
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¥

FerustandnAndedsnsudRvneansinunsig (Good

Y

Agriculture Practices: GAP) {Jg8uv3 et uimedn
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‘Luﬂmzmdﬁmﬁmqqﬁﬁu (Basak et al., 2019) a&14ls
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A study on the effects of fertigation on growth, yield, and seed quality of maize was conducted
in maize cultivation areas located in the Central region at U Thong district, Suphan Buri province, as
well as in the Northeastern region at Soeng Sang district, Nakhon Ratchasima province. The objective
was to compare the effects of different fertigation management practices on the growth, yield, and seed
quality of forage maize. The experiment was arranged in a randomized complete block design (RCBD)
with four replications, consisting of three fertilizer management treatments: (1) chemical fertilizer
application at rates commonly practiced by farmers for forage maize seed production (FRGM)—Suphan
Buri: 37.50 kg N rai, 14.50 kg P,Os rai*, and 16.50 kg K,O rai’; Nakhon Ratchasima: 40.75 kg N rai?, 17.75 kg P,0s
rait, and 21.75 ke KO rai’'; (2) chemical fertilizer application at recommended rates for forage maize seed
production (SSFM)—23.00 kg N rai™, 7.80 kg P,Os rai!, and 5.10 kg K,O rai’l; and (3) a control treatment
without chemical fertilizer application. The results showed that fertilizer management according to
treatment 2, which applied 23.00 kg N rai?, 7.80 kg P,Os rai’, and 5.10 kg K,O rai’, was sufficient to achieve
good maize yield. Moreover, treatments 1 and 2 did not result in significant differences in plant height,
dry matter accumulation, leaf greenness (SPAD value), macronutrient concentrations in leaves, yield
quantity, or seed quality of forage maize at either location. The maize cultivated in Suphan Buri had an
average yield ranging from 1.84 to 1.85 tons rai’, while maize grown in Nakhon Ratchasima had an average
yield ranging from 1.02 to 1.12 tons rai ™ (grain moisture content < 30%). Therefore, fertilizer management
according to treatment 2, which used lower fertilizer input, could maintain yield levels comparable to

those under farmers’ conventional practice without affecting the quality of forage maize seed.

Keywords: fertigation, yield and quality of maize, fertilizer management for maize
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Faduisiinunsnsdonufua nslddeluszuy
yaUsznutmeauananagaelidinaduia
HanARRugeTuLd Srmalidninnfinanwanse
diugeduduitu Tne Bibe et al. (2017) wudnslads
Tussuvraussmudmendsaalidilnndsuouda
soflnuaztminudndivgiudiowIeudisutuns
Tdden19fu 3nn15AnwIves Delbaz et al. (2023)
mslatglunfonifuszuuralssmudweslumanandiy
Preifiulsganiamnisdanisglulasiaunasnis
Jan1ai 26% waw 51% eiUsuidisusumslade
yrshu uenvntudseanyiinunsladelunmemag
25% Tnglaviliiaivgniiviinanandnanas

Fatu meiTeluadeiifaitaguszasdiiie
Wisuifisuraveanssuiinisdanisieluszuuiiven
AunnsnetusonisiaiqiAvln wandn wazAuAIm
wiiaiugdnlnaomnsdefluiiuiisunogres S

ANTTUYT wardLnedas Saminuassvdin
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lawnAuiiuvasd1ilng druaneua 81L0ogNed
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suanaluad 81t0eLdeans Jaminuassvdun Win
azxAgn 14.4813889 N avsAqn 102.5234722 E (3
Aulwaty) (Land Development Station, 2013) Aousy
Mn1sneaes vnsguiiudlegisiuluuuasign
11 INAv0NEAINT 1ABLAUAIDY1ILUUNAL I
(composite sampling) fiaudn 15 va. i eviins
ApszrauTRaulngyinnITIATIER pH LagA1n15i
1 (EQ) ToeTdAuLinIunz AT 2 Ul Wauiy
dndulusnsdau 1:2.5 Rudn) aulddniuuas
WAls 30 widt 9nuinen pH waz EC anansazvane

dulaniuping pH meter Lag EC meter @21n15

TisgiuTuaduniedng (OM) 1935 walkley-
Black Ingdefuusisazidon 1 ndu viufasendu
arsazanslnunalfeoulalasiunnaznindaiasn
Wty wazlnmseiensiainAl OM (Food and
Agriculture Organization of the United Nations,
2019) Uinameanesaiduuselovi (available P)
faguenan e Bray Il (Bray and Kurtz, 1945)
Tnunadeuiivanuasuld (available K) faetnen
ania NH;0Ac 1 M pH 7 (Helmke and Sparks, 1996)
nan1sAnwnanslilu Table 1

Table 1 Soil properties in Suphan Buri province and Nakhon Ratchasima province

Soil properties

Location

Suphan Buri Nakhon Ratchasima
pH 8.22 6.84
EC (uS cm™) 58.23 29.93
OM (%) 2.51 2.40
Total N (%) 0.13 0.12
Available P (mg kg?) 111.62 13.71
Available K (mg kg™ 513.00 201.49

FINTINUAUNSNAABILUUUA BNguauy 0]
(Randomized Complete Block Design: RCBD) 9112u
4 1 Usznausae 3 nssuismmaaes tdud 1) 14
J oiad pudnsuugilunisugndnlng (Snsi
inwnsnsienldlumui) (Fertilizer Recommendation
Rate for Growing Field Com: FRGC) Inelld{elulasiau
Woamesa uazlnuvai@eun (N:P,0sK,0) Tudns 37.50 :

1450 : 1650 nn./13 Tuit ufignog nes Tanin

anssaus (Table 2) wagludnsn 40.75 : 17.75 : 5.10
nn/l3 dasuiuiisnneidens Sarfauasswan
(Table 3) 2) 16%11&1&%@15%&@%3%@ (Site-Specific
Fertilizer Management: SSFM) laala U slulnsiau
Woanesd waglnunaldon (N:-P,0:K0) ludnsn 23 :
7.80 - 5.10 /13 Teeha 2 Huiildsnsviiy (Table 4)
waw 3) nsansmuauldlddewndl (control) A3 Figure 1

ey Figure 2
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RANDOMIZED COMPLETE BLOCK DESIGN

EEE

Nakhon Ratchasima

Province
40.75 : 17.75 : 5.10 kg rai’!
(N : ons : KZO)

Figure 1 Randomized Complete Block Design: RCBD

RANDOMIZED COMPLETE BLOCK DESIGN: 4 Replications

l~— Replication 1 — |— Replication 2—— |— Replication 3 — [ — Replication 4 —{

FRGC : Suphan Buri Province : 37.50 : 14.50 : 16.50 kg/rai (N:P,0,:K,0), Nakhon Ratchasima Province : 40.75 : 17.75 : 5.10 kg/rai (N:P,0,:K,0)
SSFM : 23:7.80:5.10 kg/rai (N:P,0.:K,C) same rate for both sites
CONTROL : No fertilizer Applied

Figure 2 Randomized Complete Block Design: 4 Replications
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Table 2 Fertilizer application program in treatment 1 (FRGM) in U Thong district, Suphan Buri province

Fertilizer grade Fertilization rate at each growth stage (kg rai?) Rate
0 DAP! 25 DAP 40 DAP (kg rai*)
15-15-15 50° 25° - 75
46-0-0° - 25 25 50
13-13-21° - - 25 25

IDAP = Day After Planting; “basal dressings, *fertigation

Table 3 Fertilizer application program in treatment 1 (FRGM) in Seingsang district, Nakhon Ratchasima

province
Fertilizer Fertilization rate at each growth stage (kg rai?) Rate
grade 0 DAP! 10 DAP 20 DAP 30 DAP 55 DAP 70 DAP (kg rai?)
15-15-15 30? 25° 20° - - - 75
46-0-0° - - 10 40 - - 50
13-13-21° - - - - 25 25 50

IDAP = Day After Planting; “basal dressings, *fertigation

Table 4 Fertigation application program in treatment 2 (SSFM)

Fertilization period Fertilization rate (kg rai*)
(DAP) 46-0-0 0-52-34

0 - .

7 2.61 0.58
14 2.61 0.58
21 3.26 0.96
28 4.35 0.96
35 4.78 1.92
42 522 2.88
a9 6.09 1.54
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Table 4 (Continued)

Fertilization period

Fertilization rate (kg rai?)

(DAP) 46-0-0 0-52-34
56 6.52 1.15
63 5.43 212
70 3.26 0.58
77 2.61 0.58
80 2.17 0.58
84 1.09 0.58

Total 50 15

nsUgndmlnawdaiusensdnd: wla
naaosi saniagnssays Wi alnawusgnuan
(lau3n) wes 9919C Ugnuuuimeg (Ugneseuaieti
ven) d5vezUgn 0.50 LUAT x 0.20 LuAs UazUgn
Grilnady 1 Uo7 aquiudnlnedidle 5 uad (Spilt
ratio 1:5) lagugnddneutnlnadude 3 Ju uay

9 1

Yanmng
Y U

¥
'
o A [ [ a

A1 UNUNTINTIAUATINUE

audILiledn 1 ASY ¥3BL58NIN SEUU -3 0
IR TR TATMIL RRIAGE
(lausn) 1uas 9979C Ygnuuuunia (Aseualeul

a

nen) U9

[
b

#zUgn 0.70 LWAT x 0.18 LUAT wazlgn
G1alnadg 2 uod aquiudnlnedidle 6 uad (Spilt
ratio 1:3) lagUgndlgneudninadudy 3 Tu uay
Ugnénfeudadiedn 1 ads videFend ssuu -3 0

nsiiutiuiindaya: Aisver 20, 40 uaz 60
Tunaaugn (Day After Planting: DAP) U'ufinnns
WILAULANIIEIRY (vegetative phase) lagnisdy
fanrmgavestialnaduau 10 fu/dh (Taarnlau
Fumilefuauisuaioeen) Aiszeziian 40 DAP Yaeh
A1l 82v89lU (Leaf greenness; SPAD unit) 1
Falulud1alnagd 4 $1uam 10 Fu/g daewnd os
Chlorophyll meter SPAD-502 plus sl aUszifiasan1ny
s lulasiaululy (Beegle et al,, 2008) waziiszez
55 DAP vinmsiiululdiindlnaueuwialugeu

aufouilgumgll 70y autwidnuiansdi tifoeng
Tudnlnafinauniseuuisliuameiniosunaziden
iethundinsginnududusinomndn (N, P
wag K) Tulu Imgdmsigimanuitudureslulasiau
Warue (total N) #2878 Dry combustion (Matejovic,
2008) wazthiegdlud lnafiunaziBonlugeusae
A1sazanunsaNgy (digestion mixture; H,SO4 - Na,SO,4
- Se) Wi e iU Inaeanadat e (total P)
é’w‘iﬁmi@jmﬂﬁuﬂﬁ'uum (Suwanwong, 2001) Lag
Usunalnunadeus anun (total K) #281a3 04
Atomic absorption spectrophotometer (Kalra, 1998)
fiszoziAuiAninandn (120 DAP) LAUTufindeaya
Usunanazaanimuandn laeinisiiudaegis
ranantalnelufiuil 2x2 was HseduanuTumEs
28-329% tufintiuiin 100 1wdn uazdiaTesinmnm
YouaniutIlng

n133As1gvidayanneadi: iaseiiaiy
wUsUsiuvesveyalasds Analysis of Variance
(ANOVA) uazil3auiiauainuuanswesniade
#8733 Least Significant Difference (LSD) 71 s¥#u
a1ud 0w 95% TaeldTusunsy Statistix for

Window version 8
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Nan15I8LazIanTel

ns3gAvTa: wansdanisdeiuandag
fulussuutimeasonugeininaiwdaiusens
drrivpunumsnsiisninegyies Saingwasaa (Table 5)
wudnfiszey 20 DAP nsdanistevia 3 nssuis
Ladawaldnilnadainugauananeiy taad1alne
fimnugeeglugag 27.10-28.50 wal. wsifiszey 40 DAP
wuIMsinn1senia SSFM (n35u3sT 2) dawalv
Fnlnafianugaundian (127.20 @3.) G aunnsing
pgeiidedAyn1eadffdunsIanisdeniu FRGC
(n353591 1) wagnsiSeuny (n359359 3) oesls
A Aszog 55 DAP WU’j’lﬂ’liﬁq]Jﬂﬂ’li‘ijJVlzﬂ 3 N5

@

Lddawalvidnlnadiauganneaiuegreaiitedy

o

a

ynaadd danlufiufisineidaans Smtaunseein
wuinfiszey 20 DAP n1sdanisteva 3 nssuis
Ladawalidilnadanuawansiaiu lned1ilng
finnugeeglugag 27.10-28.50 wal. wifiszey 40 DAP
wuinsdanslenunssudsa 2 dawalidilne

ANNGININTGA (127.20 Ta.) FIWANFATUNTTUTD

=
el
7 1 uar 3 laenssudsn 1 dewalidnilnadiaiuge

Yfouflan (111.70 au) Aiszey 55 DAP numsdnnns
Jonunssuisa 2 Sansdamalsidnlnadainugs
uniign (54.08 w1) (:eazideauandlilu Table 5)
wan1sAnwiafeduanliiiuin aslddoiad
Tudmsn 23.00 nn. N/Ls 7.80 nn. P,O/ls wag 5.10 nn.
K,0 /15 Wganesonisigulnvestnlnaiudn
Wugesdnd Iaglivilianuasiuuaznsavay
ndnuiunndrsninnislademusnafiineasns
UJUR Fedonndosiunan1siny1ves Noppan and
Santasup (2016) fil#@nwinsldtsazaredrsonns
WALl Nandn wazAuAIMBLUAATUTT1 LN
p1sdnd luituiugnd ilne unousiszun
Jandann wuinislddeazanetiludns 75 nn./ls
(14519919115 NPK 53uUseanas 20-10-10 nn./1s)
aunsabinandadnlnawdaiugaimsdaiifisuwin
wsegeninisladeiadisssumludnggs (100 nn./ls)
warliviiianugeiuns enanmdeiuguanaaiu
pgedlded Ay g asaoanisfnududundnns
Feafudn msdanstelusamvangauaunsoan
nslddelagliinsenusianisiayivlnuazamunin

NANGH

Table 5 Effects of different drip fertigation on plant height of maize in Suphan Buri and Nakhon Ratchasima

Provinces
Treatment Height (cm)
Suphan Buri Nakhon Ratchasima
20 DAP 40 DAP 55 DAP 20 DAP 40 DAP 55 DAP

FRGM 27.90 111.70 b 180.20 25.40 ab 101.00 a 48.12 a

SSFM 28.50 127.20 a 176.30 28.60 a 102.30 a 54.08 a

Control 27.10 11350 b 177.30 24.80 b 9220 b 2748 b
F-test (0.05) ns * ns * * ns
CV (%) 6.60 292 5.80 7.71 3.99 6.55

Mean in each column followed by different letters indicates significant difference using least significant difference (LSD) at 5%

probability level. ns = non-significant; DAP = Day After Planting
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A1A21uLd82vasly (SPAD) uazAl1y
Wudusinevnswanluly: sanisdamsdeiiunnsg
fuluszuutdiveasden SPAD uagauitudusg
ownsndnluludalnediszes 40 DAP uanslily
Table 6 Han 3@ nw Y71 Tui ufignognos
Famdngnssaiyd madanistonunssisa 2 doa
Tlutmlnadien SPAD geflgawindy 49.28 egadls
Amnalliinumnuanststunssisi 1 laonssuisn 3
danalvludlnafian SPAD sl gawindy 40.39
dmfuanutudusinesmaninisdanisdeny
35357 1 uay 2 idswaliludalwadeududu

o o a

lulasauknnmnenueg el dedfunieada taely

17

a
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Wanududuneanesalarinunadenluludning
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a
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v v = v 1 v 1 al
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winug lneviinsnszianududus1ne1mis
vénluluszereanlvy Fss1sauin arududusig
ansndnluludinediiemessnnudeinisves
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Table 6 Effects of different drip fertigation on nutrient concentration and SPAD in leaves

Treatment Nutrient concentration in leaves (%)
Suphan Buri Nakhon Ratchasima

SPAD N P K SPAD N P K

FRGM 44.26 ab  3.17 a 0.20 2.53 45.62 a 326a 0.24 a 2.51
SSFM 49.28 a 310 a 0.21 2.58 47.50 a 327a 0.24 a 2.80
Control 40.39 b 262b 0.23 2.25 39.09 b 283 Db 0.20b 2.65

F-test (0.05) * * ns ns * * * ns
CV (%) 6.62 2.74 6.4 16.87 3.82 2.28 8.38 16.79

Mean in each column followed by different letters indicates significant difference using least significant difference (LSD) at 5%

probability level. ns = non-significant

USuauasAnNanan: #an1sinnnsdey
ﬁLmﬂ@fNﬁﬂuﬁzwfﬂwmm'aﬂ‘%mmuazﬂmmw
wamﬁm%miwmmmiﬁmﬂluﬁuﬁé’ﬂLﬂa'g"maa 9910
anssay nuinsdanislerta 3 nesuds lidewaly
drlnadiusuamanan dinin 100 win uazdns
nseenuanaiuegNlted Ry eana laetlne
fUsinmumanda dhmin 100 wén wazdnanissen
agluye 1.67-1.85 du/ls 24.17-26.41 n3u uas
93-97% puEdy warlufiuiisnneidaans Sl
uAITIVELN NUIMIIANSEnunssaisi 2 dena
T Inadusinaunandngafigawindu 1.12 du/ls
uanEafunssAsd 3 ATUTnandaiosfigauintu
0.74 #u/l5 ilefinnsuniedivedn 100 wda nudn
nsdanatlomunssuisi 2 dwalidninaddmin
100 wingauniiga (36.73 n§u) unnsneiu lag
nsnAsd 3 dewalvidrilnafidimin 100 wida desfian
(33.54 nfu) ogslsfinnu msdanislevis 3 nasuis
Lidenali i lneddnsin1seenunnmafiuegis
HdedAn19aif (Table 7) lned1alnaddnsinig
sonogflutig 85.00-89.00% eilnlaigeunn iflesan
Pamaiiuismandnluggiuiieniudiuan uas
nuwdadgadmedeidon lsnanisend
Fsaonndosriunsfinuues Alderman et al. (2009)

fnuimadwiaevedsalasiomsidesdanali
dnrnsenvessdniuganasedeliteddaynieadf
sieludnwazaiiusenuazauudauss aanua
nsfnudliiiun msdanisdeniunssuds 7 2
danalitnlnnemsdniduinanandngafian
farfu nsldd eludnsn 23.00 nn. N/ 7.80 nn.
P,0./13 uaz 5.10 nn. K,0 /13 Sauiuszuutimen
Ailganasonisudntnlnawdaiugeinsdad lag
nslalelusnaiosusvesafsdiussandamegenin
mislaelusmgaiiesdafion (Adhikar et al, 2016)
a8 Rahmawati (2017) wudnnistddelulasiaudne
24 nn. /15 damalidnlnad USunananang i an
dwmiuuTunuleanasa Masood et al. (2011) Wy
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Table 7 Effects of different drip fertigation on quantity and yield in Suphan Buri and Nakhon Ratchasima

Treatment Suphan Buri Nakhon Ratchasima
Yield 100 grains  Germination Yield 100 grains  Germination
(ton rai™) (9 rate (%) (ton rai™) (g) rate (%)

FRGC 1.84 25.55 96.00 1.02 ab 34.71 ab 85.00
SSFM 1.85 26.41 93.00 1.12 a 36.73 a 89.00
Control 1.67 24.17 97.00 0.74 b 3354 b 85.50

F-test (0.05) ns ns ns * * ns

CV (%) 17.09 6.3 2.86 17.35 4.80 13.81

Mean in each column followed by different letters indicates significant difference using least significant difference (LSD)

at 5% probability level. ns = non-significant
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This study aimed to evaluate the effects of supplementing paddy soil, after three years of
transition to organic rice farming (T-PSOPS), with composted spent Bhutan oyster mushroom waste
(SBOMW) mixed with dried Azolla (DA) and dried goat manure (DGM) on the growth performance and
phytochemical properties of collard green ‘Morris Heading’ grown in planting bags. The experiment
employed a completely randomized design with five treatments and six replications. The treatments
consisted of T-PSOPS (control) (Ty); T; + SBOMW at a ratio of 20:2 kg (T,); T; + 50% SBOMW co-
composted with 50% DA at a ratio of 20:2 kg (T3); T; + 50% co-composted with 50% DGM at a ratio of
20:2 kg (T,); and T; + 50% SBOMW co-fermented with 25% DA and 25% DGM at a ratio of 20:2 kg (Ts).
Results showed that the treatment with 50% SBOMW composted with 25% DA and 25% DGM
yielded the highest leaf width (16.11+0.80 cm), leaf length (26.92+1.15 cm), leaf chlorophyll content
(56.59+1.35 SPAD units), dry weight of leaves including petioles (20.60+0.90 ¢), total phenolic content
(7.47+0.79 mg GAE ¢ DW), and antioxidant activity (4.72+0.44 mg VitC ¢ DW). Meanwhile, the mixture
of 50% SBOMW and 50% DA produced the highest petiole length (7.77+0.39 cm) and total flavonoid

content (45.81+2.74 mg QE ¢ DW). Therefore, the specific combinations of organic amendments into
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T-PSOPS were able to enhance both growth and phytochemical substances in collard green under

planting bag conditions.

Keywords: collard green, phytochemical, spent mushroom, azolla, goat manure
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Table 1 Chemical properties and plant nutrients content of three years transitioned-paddy soil

to organic paddy soil (T-PSOPS), spent oyster mushroom Bhutan waste (SBOMW),

dried azolla (DA) and dried goat manure (DGM)

Chemical properties T-PSOPS SBOMW DA DGM
and plant nutrients
1. pH 6.38 6.42 N/A 8.41
2. EC(US cm? 9.00 3.12 N/A 12.55
3. OM (%) 0.49 N/A N/A N/A
4. N (%) 0.04 N/A 3.82 N/A
Exch.NHg" - N (mg kg™ N/A 77.65 N/A 299.41
Exch. NO5; - N (mg kg'™) N/A < 5.00 N/A 77.65
5. CEC (cmolc kg™) 4.39 N/A N/A N/A
6. total P (%) N/A 0.30 0.57 0.32
Avail.P (mg kg™ 28.41 N/A N/A N/A
7. total K (%) N/A 0.55 2.75 2.46
Exch.K (mg kg™ 6.32 N/A N/A N/A
8. total Ca (%) N/A 2.09 1.67 1.27
Exch.Ca (mg kg™) 465.80 N/A N/A N/A
9. total Mg (%) N/A 0.37 0.28 0.52
Exch.Mg (mg kg™) 26.22 N/A N/A N/A
10. total Fe (mg kg?) N/A 229.82 1,964.57 1,763.00
Avail.Fe (mg kg™) 55.95 N/A N/A N/A
11. total Mn (mg kg™ N/A 190.47 2,136.17 1,235.33
Avail.Mn (mg kg™) 15.78 N/A N/A N/A
12. total Zn (mg kg™) N/A 44.28 68.93 58.22
Avail.Zn (mg kg™) 11.85 N/A N/A N/A

N/A = Not Available; Depending on the type of organic materials were analyzed.
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Table 2 Leaf width (LW), leaf length (LL), petiole length (PL), leaf chlorophyll content (LCC)

and dry weight of leaves including petioles (DWLIP) of collard green cv Morris Heading

as supplemented with different ratio of organic materials

Treatments LW LL PL LCC DWLIP
(cm) (cm) (cm) (SPADunit) (s)
1. T-PSOPS 22 kg pb™ 13.99b 19.60d 5.35d 50.36b 15.52¢
2. T-PSOPS : SBOMW = 20:2 kg 13.27b 21.00c 7.28b 50.81b 17.08b
3. T-PSOPS : SBOMW 50% +
DA50% = 20 : 2 kg 15.90a 23.52b 7.77a 50.33b 17.51b
4. T-PSOPS : SBOMW 50% +
DGM50% = 20 : 2 kg 16.37a 23.27b 6.05¢ 56.40a 17.20b
5. T-PSOPS : SBOMW 50% +
DA25% + DGM25% = 20 : 2 kg 16.11a 26.29a 7.57ab 56.5%a 20.60a
F-test *% *% *% *% *%
CV (%) 6.19 4.74 5.56 3.08 6.09

Means in the same column with the same letters are not significantly different by DMRT at 0.01.

** statistically significant difference at the 0.01 level

d1sngnuadl
USuuiluedaisnuaiad sgeqnog el
Fodyanaada (p<0.01) unauannnisiady
Aot 50% ﬁwﬁﬂé’mﬁuLLMuLLmaw%agaLwa%ﬁmag
50% v3esiuwILLANLAzYaLNEYTnay 25% Az
nsluiaSudandunid fie 6.67, 7.71, 7.47 uag 7.31
MeGAE ¢! DW mudrsiu USunamanlausesiioun

a o [

whgaaiignegeildedAnydanieais (p<0.01) As

£

45.81 mgQE ¢! DW 1Junauiainnisiasunouliin
50% Anngaufuunuuns 50% asnduansdiu
ouyadasziadugefignegaiveddydmiaada
(p<0.01) \lumamnannsiasuioudin 50% s
FAvwULAIvI ey aunevilnay 50% 303U
WWULAY 25% Lagsaung 25% A 4.72, 4.65 hay
4.72 mgVitC g DW mudisu (Table 3)
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Table 3 Total phenolic content (TPC), total flavonoid content (TFC) and antioxidant activity (AA) of

collard green cv Morris Heading as supplemented with different ratio of organic materials

Treatments

(mgGAE ¢! DW)

TPC TFC AA

(mgQE ¢! DW)  (mgVitC g™ DW)

1. T-PSOPS 22 kg pb! 7.31a 34.34c 4.13ab
2. T-PSOPS : SBOMW = 20.2 kg 4.19b 27.98d 3.55b
3. T-PSOPS : SBOMW 50% + DA50%
=20:2kg 6.67a 45.81a 4.72a
4. T-PSOPS : SBOMW 50% + DGM50%
=20:2kg 7.71a 38.24b 4.65a
5. T-PSOPS : SBOMW 50% + DA25% +
DGM25% = 20 : 2 kg 7.47a 35.52bc 4.72a
F_test x . %
CV (%) 13.89 7.71 13.59

Means in the same column with the same letters are not significantly different by DMRT at 0.01.

**statistically significant difference at the 0.01 level
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Maintaining adequate soil moisture and reducing transpiration are critical factors for sustaining
the growth of “Monthong” durian (Durio zibethinus) seedlings under drought conditions. This study
investigated the effects of mulching, hydrophilic polymer application, and Kaolin clay spraying on
seedlings growth and drought tolerance under drought conditions. A completely randomized design
(CRD) with a factorial arrangement was employed, incorporating three factors: (1) mulching and no
mulching, (2) application of water-saturated hydrophilic polymer at two levels (0 and 500 g per pot),
and (3) foliar spraying of Kaolin clay at concentrations of 0, 5, and 10%. One-year-old “Monthong”
durian seedlings were grown in clay pots and data were collected every three days until the seedlings
completely wilted and died. Growth parameters, morphological, and physiological characteristics were
recorded. The results indicated that the treatments had no significant effect on stem diameter and the
length of the last node. Water deficit symptoms were first observed as leaf wavy on day 4, reaching
peak severity on day 7. Leaf rolling commenced on day 7, with the most pronounced effects on day
10, followed by leaf shedding on day 13. The relative water content (RWCQ) in the leaves gradually
declined, with a sharp reduction on day 10, coinciding with noticeable dulling and a bluish-green
discoloration of the leaves. However, mulching effectively preserves soil water content better than non-

mulching on days 7, 10, and 13 of the water deficit period. However, seedlings without mulching
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but treated with kaolin still exhibited water deficit stress, showing the greatest leaf rolling on day 7 after

water withdrawal. Thus, mulching is recommended as an effective practice to improve soil moisture

retention, and seedlings should not be subjected to water deprivation for more than seven days. If leaf

rolling is observed indicating water deficit irrigation should be applied immediately.

Keywords: “Monthong” durian seedlings, mulching, hydrophilic polymer, kaolin, water deficit
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Lﬁmmmﬂizwnmtﬁu%’auﬂaéﬁuﬂdwmimauauawaq
wasieusieruunt §ainldinauunitezdma
Farusovuariuugud nasd il lnenmelusuna
pgslsAmumniansanludunisuadavesdifu
(stem shrinkage) 9z @11150& LAAAINUANG 19161
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meldnmevainleegnafiuszansnw

Figure 1 Durian seedlings under water deficit exhibited sequential morphological changes,

(A) with normal leaves on day 1, (B) wavy leaves on day 4, (C) rolled leaves on day 7

and (D) desiccated leaves on day 10
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a9l dydAYN19ETTING) n1sanaIwesUsIIah
Suimsadly (RWC) 91nA12891A17 dananssnuse
N3RS LA ulaveIN e 19TALaU Iae Jungklang
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paufutesnnANuldAnIInsldequivesied
Wedhfymeada luiuil 7, 10 war 13 vosmsvein
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7374 Wosldus mmxﬁﬂ’%mwfﬂuﬁuagszmw 7.17-
10.99 Wefidud FedslaidmalsiiAneinissunsadn
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Fuwuslulusaufudsunanng earud uluiu
ns@nwarsmuudslufiveiadu wu Joie Lactuca
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Samdnssrinsndesendfisdu Paeliansogadu
dhanauldegdiusans nnuazddedluddi
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62



Journal of Agricultural Research and Extension 43(1): 55-69

Table 1 Relative water content of durian seedling leaves after dehydration

Treatment Relative water content after dehydration (%)
Day 1 Day 4 Day 7 Day 10
Mulching (A) Non 78.80+2.76 74.49+5.17 72.76+13.69 0.48+2.91
Mulching 78.31+1.91 76.08+7.75 71.16+£11.60 6.63+16.79
Polymer (B) 0¢ 78.55+2.45 75.14+7.65 70.51+£11.94 0.90+2.87
500 ¢ 78.57+2.32 75.43+5.44 73.41+13.27 6.21+16.95
Kaolin (Q) 0% 78.51+2.07 72.29+8.21 74.45+11.21 6.20+16.00
5% 78.07+2.15 76.10+4.68 68.71+15.87 0.54+2.58
10% 79.09+2.90 77.47+5.59 72.71+£10.15 3.93+14.13
F-test A ns ns ns ns
B ns ns ns ns
C ns ns ns ns
AXB ns ns ns ns
AXC ns ns ns ns
BXC ns ns ns ns
AXBXC ns ns ns ns
CV (%) 3.79 8.42 18.55 336.07

ns = non-significant

Table 2 The amount of soil water content after dehydration

Treatment Soil water content after dehydration (percentage)
Day 1 Day 4 Day 7 Day 10 Day 13
Mulching ()~ Non 23.05+6.13  13.82+10.99  819+221°  564+159°  3.15+0.94°
Mulching 23.04+4.26 14.63+3.83 9.59+2.37° 7.17+1.99° 4.61+1.92°
Polymer (B) 0g 23.33+4.97 14.70+10.83 8.66+2.18 6.49+1.93 4.04+1.55
500 ¢ 22.76+5.55 13.74+4.23 9.12+2.58 6.32+1.99 3.72+1.80
Kaolin (Q) 0% 23.66+5.15 17.01+13.33 8.93+2.49 6.17+1.51 3.96+1.68
5% 23.03+5.53 12.20+3.12 8.59+2.30 6.39+2.50 3.83+1.93
10% 22.45+5.30 13.46+2.99 9.15+2.49 6.66+1.79 3.85+1.50
F-test A ns ns ** ** **
B ns ns ns ns ns
Cc ns ns ns ns ns
AXB ns ns ns ns ns
AXC ns ns ns ns ns
BXC ns ns ns ns ns
AXBXC ns ns ns ns ns
CV (%) 155.73 46.99 112.12 268.91 304.75

ns = non-significant; ** = significant

63



Journal of Agricultural Research and Extension 43(1): 55-69

Means followed by different letters within the same row are significantly different at P<0.01; Mean+SD, n=3
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Quantitative study of forest community characteristics and non-timber product in community
forest can enhance effective area management planning. The objective of this study was to investigate
the plant community and quantitative characteristics of bamboo in the community forest at Ban Krathum
Thong, Wang Khoi sub-district, Paisali district, Nakhon Sawan province. Sixteen, 20x20 m sampling plots
were established for data collection and to classify species composition and bamboo quantity. Results
showed that 3 sub-communities were classified. First, the Lagerstroemia calyculata sub-community
had 29 species with basal area, tree density, and diversity index of 9.83 m? ha™, 635 trees ha™, and 2.81,
respectively. Second, the Bombax anceps sub-community showed 32 species with basal area, tree
density, and diversity index of 14.71 m? ha'l, 865 trees hal, and 2.74, respectively. Third, Azadirachta
indica community had 21 species with basal area, tree density, and diversity index of 13.08 m? ha™ and
557 trees ha, and 2.32, respectively. Thyrsostachys siamensis was the only bamboo species found in

the study area. The mean culm number, DBH, and height were 684.75+401.19 culms rai’, 6.22+2.55 cm,
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and 4.75+£195.62 m, respectively. The mean shoot number, diameter, and height were 293+205.52

shoots rai!, 5.41+2.22 cm, and 186.63+99.32 cm, respectively. The evaluated value of bamboo trunk

and shoot were 1,156,230.99 Baht rai* and 414,559.01 Baht rai™, respectively. The results indicate that

plant communites in the study sites have different tree species composition and bamboo quantities.

Therefore, in management planning, the quantitative data of plant communities should be considered

important.

Keywords: species composition of tree, non-timber forest products, economics valuation

community forest management
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AA18ARIUDY Sorensen (1948) Tun19u1A1AIY

WANA19UIF NN (dissimilarity) wazlinannis

F3UNaUN1MITV8s Ward (Kent and Coker, 1994)
Tins1zviveyalaslusunsy PCOR Version 6
(McCune and Mefford, 2011)

3. msUsslinUTunaldle wazyarives
157ld Tnedne8931ad 0918939 o nansudeoldls
wagyeliinunseyjames

3.1) Aruuanla

1) 97udua LA A9ey = 31uua b

Y
g

Anavua (19)

v

wasinulukUasdiagne (@1) X fu
2) Prualifigndn = Fuudlli

gndniadelunuasiiege (@) X funvavua (19

v
(Y

3) IUAUATHAIUA = TIUIUALH
finseg + Suaudluiignan
3.2) Aunueldl
1) S1uumiediaseg = Snumisiade
Tuudassegne (mie) X Nufiaua (13)
2) Srnumedignda = Surumiedign
Fanagluulasiogns (nue) X Nudinan (19)
3) SruauneRlAnTuieun = S1uau
%ﬁaﬁmagj + ﬁwuauwﬂaﬁgﬂé’m
3.3) nsvyanlidls
1) yaﬁwlﬁlﬂﬁgmm - Srunudilivun
X 1PN INADEN
2) ﬁ,dammaisiﬁzwm = nuvewUsld
W x s1AReVLe
3) yarvesdliiignld = Sruaudla
figniin x 1 lksiodn @Ealusan 2 vindedy)
4) yarviolsifignld = Sruaumie
fignda x MAsevie @adusian 1.67 vmsione)
3.0) yarwadlifignldusslovivmun
= yaAwasdlifignda + yarvesmio
ﬁgﬂ A9
4) NMsNAEauAIULUTUIIU (ANOVA) 9849
Usunaslelunndspudiy 7iszaunnudedudi 95%
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PAINANITNAFDUNITHANBIIUNR A28lUTwATY
SPSS version 14

NaN15IBWATINTAl
ANUNAINVUAUATAN WU TIANNY

1NN1581529991uA wulddu 51 v¥fa 43

ana 24 WA MNlimiavae 485 fiu deruitnlaesauma

e

a A ) | M v
UNUVUIANUNKEUINR LLagﬂﬁqumquLuusﬂaﬂﬁiﬂiﬂ

=

WinAU 12.78 ANS19UATABLENATS Way 716 AUAD
W@NAS MNAIRU dAeaiANraInany windu
3.12 ¥ilaldinufiiarsuranaafsdaudfy
5 9flausn Moud 32071 (Bombax anceps) @ 1uA3e
(Phanera glauca) @155 (Millettia leucantha)
dz a1 (Azadirachta indica) LagHLKLUNLAY
(Lagerstroemia calyculata) AA18 U AINE ALY
WINAU 2898, 27.08, 26.28, 24.24 Lag 2001 wWas i ud

AUa1AU (Table 1)

Table 1 The top five ranking of Important Value Index (IVI) of tree including; basal area (BA, m? ha™),

stem density (D, stems hal) in Krathum Thong community forest, Wang Khoi sub-district,

Paisali district, Nakhon Sawan province

Rank Scientific name BA D VI
1 Bombax anceps 0.84 81.25 28.98
2 Phanera glauca 0.64 81.25 27.08
3 Millettia leucantha 0.63 81.25 26.28
a4 Azadirachta indica 1.08 54.69 24.24
5 Lagerstroemia calyculata 0.50 54.69 20.01

n1sduundiauUrgusudtunEyjanes
nsduundapuigUrguyudiunseyunes

Tagnisdnnauny L7 anund1eads Souay 40

[ U [ = [~ [ 1 v 1
aunsadanquésruiiveandu 3 daudos laun 1)
AIPUALLUNLAAY 2) F9ALdU AU 3) dIANazA LAY
(Figure 2)
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Figure 2 The dendrogram of sub-community in Ban Krathum Thong, Wang Khoi sub-district,

Paisali district, Nakhon Sawan province

FeANRZUUNLALAY Usznaua1ewssald
29 wila 27 ana 18 29d Tvwrediuiindifdaves
1aflvg) uwagaramuuduvemyliivindu 9.83 m131e
WATABLENANS WA 635 AUABDLINATS ANAIAU HAn
fufianunainyia Wiy 2.81 (Table2) wasiile
Usziduanunuaesvialdludinulneld Al
auddey (V) nudnvdaliidadvdanudfey
4940 5 d19uusn bawn azuunwag (Lagerstroemia
calyculata) EARIGED (Phanera glauca) 211
(Bombax anceps) @155 (Millettia leucantha) Waz
fin (Lannea coromandelica) (Table 3) dsAungLUN
wanay W udsruiieiddnuasidudnuganssa
suda Tnedlendaidaumannein windu 2.81 uasd
aruunuasd uduldfydvosuganssa (Marod
and Kutintara, 2009) Lﬂu%ﬁﬂﬁﬁmﬁﬁuﬁmmﬁﬂﬁiy
gafian vedhluituiidenufivdifuinAeudrsanysal
winldannsusingawsianunaineda wazaun
fufinidagedian WoFsuifisufudsaudu
Tuuiidnw wansirludnufisuiedUsznoudae
dulsivunelungmaievianssareogluiiud (Asanok
and Taweesuk, 2019) @amAa 84N U Grote et al.
(2013) fifnwiAnuvannranevenssaie 1nseEdns
Unluiuundnitugnssufis (en.as.) 1 euting

Jeninanauns wuaUuganssamunssalil 57 vila

wssau i anunuinduazidaue uainlul
wayawssas 5un pewun wazasnenindeu i Tuilud
whsiTsmstuduameydndiiodnuiugnssuves
vialiraiuvosiuganssalufuiitgueuuvied
FanaiSatueu Uszneumenssallsd 32 via
28 ana 16 296 Svuwdiufiniidavedlding wae
ANunuIwiuYemy lilviniu 14.71 asaunsee
LN WAL 865 AUABDLINANT MINEIAU AAAYY
AamaIneiia Wiy 2.74 (Table2) uawiilaUseiiiy
Aanunuvesrialiludinulagldaidvinaudfy
(V) wuinwdaliiifiadudanuddagegn 5 d1iu
wsn Leud 3207 (Bombax anceps) @153 (Millettia
leucantha) FHeuede (Phanera glauca) @393 (Vitex
limonifolia) wagwAd@L LI (Schoutenia ovata)
(Table3) dsnniavneu fdnvasdudenuial
LURYANTTOUUABY (secondary forest) Frumssunau
LLazﬂ°’1a°’aaq'lmfumaumimLmummsimwa
(Asanok et al., 2020) 1fi131n Sahdodusinls
Lﬁﬂﬁ’]ﬁﬁﬂﬁﬂﬁﬁﬂﬂﬁﬂﬁiuﬂ’lwEUﬁ]WiimﬁQﬂ‘i'Uﬂ’Ju
d0nAdaafiu Tara et al. (2014) AdnwuIlunTg

o s a

AUNUSAIUTTIUBIALAZAITNAUNUVBIF AN YU
Y

]

Ruginendsnisviduumudild 20 U damiansa

wuaderuldnsgun3aUn ﬁgﬂLLUUﬂWiﬂ'ﬁ%ﬁﬁ]’lﬂﬁ’m

[
S o v a

YUIALHUHIUAUGINANUUUTNFUTIaU (negative
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power curve) laeiduanuugnisnsyaneveanssald
Onidh @alsndnimandezduldidudounssald
1'7{Lﬂuaaﬁﬂizﬂauwé’ﬂﬁumﬂw?alﬁmzﬁwjjﬂé'um
danawuluaienssaldifduesdUsznoundnues
Unsadsdumauny nssaldidniazaos 9 an
Fuauad waldgaymeluaindaau (Kent and Coker,
1994) srarfu Tunsdanisdepuiismandaisinis
s ulAAANIINALNUANSTINYIR ¥388190N1T
Ugnliiaiudn Tnsawzldfiuiueraanunsadioly
SNwaEdIPNNBANNITNALN UL Na UL Ny
nademlndiasstulnsaiuldsangrdedu (Sasanti
et al,, 2021)

depudzinay Usynaunlanssaly 21
wiin 19 ana 16 2 fuwaiuiividaveslsiing
warAUNUILLUYEIVY LWINAY 13.08 M191910S
FOLENANS Wag 557 AURADLENANT AUAIAU JARYT
AumaInein Wity 2.32 (Table 2) uaziilouszidiu

Anunuvesrialiludsaulagldrinastdainudifgy

(V) wud1wdnlaiii dardudauddgegn 5
a1 unsn leun @z (Azadirachta indica) agln
(Diospyros hasseltii) A5 4 U (Millettia brandisiana)
ka9 (Maerua siamensis) hag 1gn" (Bridelia ovata)
(Table 3) Fapuaziansududenuivifinisugnld
avnndluluiud esnasindusiialdsedu
fdenvgniiulilfassnasdufivermsluiud
U1% 19U (Northem Forestry Research Center, 2019)
d8nnae3fiu Tangmitjaroen (2020) ﬁﬁﬂmmsﬂqﬂ
ﬂmazmiﬂ”uvﬂﬂﬂﬁuﬁﬂ Tnouvdliidafiunzause
nsUgnitugidu 8 nau Tungudl 4 1dun $110n
azian Muns1 wmnnls Weduasunisldusslod
funnzauuarliifauansznuainnsyngni, ey
Tunsdanisiudidenufisusied 3enasdaldiiu
wauSnsuuustunUseasn iy Wuuvasldldase
LAZTiYeIMNS MY IWANNANITTNUTIAAINMSTUNIY
Tufuiidenufiosy 9 16

Table 2 Sub-community of Lagerstroemia calyculata (LCC), Bombax anceps (BAC), and Azadirachta

indica (AIC) and the ecological characteristics of each sub-community in Ban Krathum Thong

community forest, Wang Khoi sub-district, Paisali district, Nakhon Sawan province

Ecological characteristics

Sub-community

LCC BAC AIC
Number of species (N) 29 32 21

Diversity index (H') 2.81 2.74 2.32
Basal area (m? ha™) 9.83 14.71 13.08
Density (stems ha™) 635 865 557
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Table 3 The top five ranking of Important Value Index (IVI) of tree including; basal area (BA, m?ha™),

stem density (D, stems ha™) of sub-community such Lagerstroemia calyculata (LCQ),

Bombax anceps (BAC), and Azadirachta indica (AIC) in Ban Krathum Thong community

forest, Wang Khoi sub-district, Paisali district, Nakhon Sawan province

Sub-community Species BA D VI
LCC
1 Lagerstroemia calyculata 0.27 110 40.45
2 Phanera bracteata 0.19 90 33.26
3 Bombax anceps 0.12 55 24.43
a4 Millettia leucantha 0.12 65 23.98
5 Lannea coromandelica 0.21 50 22.40
BAC
1 Bombax anceps 0.70 142.86 41.46
2 Millettia leucantha 0.46 125.00 33.44
3 Phanera bracteata 0.42 110.71 29.80
a4 Vitex limonifolia 0.43 96.43 28.49
5 Schoutenia ovata 0.44 50.00 22.07
AIC
1 Azadirachta indica 1.07 206.25 99.77
2 Diospyros hasseltii 0.27 56.25 31.84
3 Millettia brandisiana 0.11 68.75 23.44
4 Maerua siamensis 0.05 31.25 13.80
5 Psidium guajava 0.03 18.75 13.48
Usunauazyaanldls 128y 186.63x99.32 wy. (Table 4) Bnvianelufiuiif

Usunauldlel wazne

nnsAnemuliiines 1 ¥da Ae LWsan
(Thyrsostachys siamensis) duunaguiluiitas31a
stminadeusen (sap) uarluSougontuses nudld
Vavuawiu 684.75+401.19 dsiels finnulnade
6.22+2.55 4l. ﬁmmqam?{a 4.75+1.95 RS uaz
USinaeaesisiun Wity 293+205.52 niesals
aulaveaiends 5.41+2.22 . ANEIYDIIUD

nsaaliuazmiednluldusslavdanun 108.25
Aunols LLawﬁaqﬂﬁmﬁmm 103.50 wiosals
Imaé{’mma}aaﬂwLuzga]mim?yaﬂ%m'u wugbeiiaviae
WU 953.14+318.92 asials farulaiade
7.13+0.46 9. §ANgaL0Ay 5.63+0.38 Lns wazd]
UStnasmiesnniige Wiy 44057417037 ymiosials
Aslavesalads 6.30+0.66 93, ANNGIIBIALD
\ndy 2.48+55.73 . (Table 4) iosanluifudia
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TaSrEusausumlafneanInuwInaaumng q way
firenansalunsunsnszneiudgeniniveiindy 9
91N51897U049 Subannaseni (1996) finus1auly
yuruinisliusslonionleflismianun 213,268
god Tndenduvessiandsiliusslond (Ju
omsitutu [Waeeluatibeu Sniedadumsiiu
selliudnsounsalussiuriosdu AelimAnnisada
U TWAuYeINSAUM ASHER Lazn1SUEs N
finnsdanisegnegndesazanunsaneiiiingels Wu

DY @OAAABINU Kamyo et al. (2018) wuilu

annsaanldusslondldognendrewang dous
nuneaslvaudinsldmiaduens aannsduns
wuraeluiuiivguuiiunseyjunesindnisdy
wldusslevianli lnsunluldassluniuiou wu
yiilu a¥1efiegendy uinielusudszniu uie
wUs3uilu wdeldnes mialiidu Judu denndesiu
n15@NWIves Tangmitjaroen (2020) 7 @ NN
danisuaznsliusslesdainti wudnlisangnin
uldusgleviandduniniga Taednisiun

donuauiego1fe oo wsesdinaiu udu

Table 4 The quantitative value of bamboo in Ban Krathum Thong community forest, Wang Khoi

sub-district, Paisali district, Nakhon Sawan province

Type Average LC BA Al p-

of total community community community  value
Number of culm (culms rai’)  684.75+401.19  688.8+22626°  953.14+31892°  210+25386°  0.003**
Remaining of culm (culms rai™) 576.5+30269 57920421023 801.71+27645"  179+421530°  0.005**
Cutting of culm (culms rai™?) 108.25+64.26 109.60£1664°  151.43+56.87° 31+3870°  0.003**
DBH of culm (cm) 6.22+2.55 7.65+0.74° 7.13+0.46" 285+331°  0.002*
Culm height (m) 4.75+1.95 5.50+0.86" 5.63+0.38" 227+263°  0.004**
Number of shoots (shoots rai ") 293320552  26880+13692° 44057+17037°  65+83.93°  0.004*
Cutting of shoots (shoots rai’") 103507052 11245223 14286+6436"  2422791°  0013*
Remaining of shoots (shoots rai’)  189.50+140.90 156.80+89.15°  297.71+115.63" 41+58.46° 0.003**
Diameter of shoot (cm) 5.41+2.22 6.25+0.89° 6.34+0.66° 2.75+3.17° 0.009**
Shoot height (m) 1.86+99.32 2042045132  2.4819+55.73"  056.92+8837° 0.001**

Values in same row followed by different lowercase letters are significantly different at P<0.05 (Duncan’s multiple

comparison test). Treatments marked with different lowercase letters are significantly different, where

* = significantat 0.05 level (p<0.05), ** = highlysignificantat 0.01 level (p<0.01)

*** = very highly significantat 0.001 level (p<0.001), and ns = not significant at 0.05 level (p>0.05).

warliild uaznie

warvesliilusolsnud ddlkyaaiame
1,156,230.99 unnmal %aﬂ'wawu'aﬁywm
414,559.01 vwsel WieRasanluudazdenuges

Wy depndrdnsudyartdliwaznieligefign

WINAU 686,677.66 Usall way 256,031.58 uwimel
AIUAIAU 5098911 LALA F9ANYBEATLUNLAILAY
WU 417,948.45 Uwisial ey 136,190.03 uwimel
ARy uazdsanasiaesfigauindu 51,604.87

umeal kay 13,337.40 umsad (Table 5) 91A13

79



Journal of Agricultural Research and Extension 43(1): 70-83

dmavedlssnulinglisisdadulssnuuusgy
1l wudriinnsTauselevildliuszanm 204,000 61
ol dyar1n1sadeaniviniu 7,200,000 umeed
(Asanok et al,, 2015) WeRiansanwseuiiisuiui
yuyulufiuiiu q wuhlsilduasmiolityadigend

yarvasllilununUrguvududinifnfinisdnan i

panuliUseloviussunn 50,512 dviel fyann
Useu 419,786.4 urn (Chompunuch and
Isvilanond, 1995) LLaﬂu{JWﬁqmuﬁ’mmmaﬁwm
TneUSunaivmieldosnutadmiafu 171,000
Alansu Anluyadn 342,000 UM (Wuthisawas and

Kongsila, 2022)

Table 5 The value of bamboo in sub-community such Lagerstroemia calyculata (LCC), Bombax —

anceps (BAC), and Azadirachta indlica (AIC) in Ban Krathum Thong Community forest,

Wang Khoi sub-district, Paisali district, Nakhon Sawan province

Sub- Total area Total Cutting Remaining
community (rai) Culm Shoot Culm Shoot Culm Shoot
LCC 303.39 417,948.45  136,190.03 66,502.83 56,745.85  351,445.62 79,444.19
BAC 360.22 686,677.66  265,031.58  109,095.83 85,939.60 577,581.84  179,091.97
AIC 122.87 51,604.87 13,337.40 7,617.86 4,924.58 43,987.01 8,412.82
Total 786.48 1,156,23099 414,559.01 183,216.52 147,610.03 973,014.46 266,948.98

The value of bamboo and shoots per year

#3UNan153Y

AunaInvalgveanssaldluliyuy
runsesuios wulsiFuiavam 51 4ia 43 ana 24 29k
nldfevun 485 du Svuaiuiinidawazang
el wihiu 12.78 msiaunsesianans
Lag 716 AUABLENAS AUAIAU @11150IUUNTIAL
gogauailaldiaudiwunla 3 deau laun denu
AZLUNLALLAY §9ANSIUILAY FIANAZLATLAY
Nan5ANYIUE 3 danuitsludt uit @ nwid Ay
NAINNABVDIANBULTIAUNY TIAITIANITUADE
FIAUDYIUMNTEL LU FIAUALUUNIAUAITAINUA LA
Duanoudng dsauiadudunsiivualiiduin

WUK\! drudenuazinauasivualmdulunusnig

Hudu ievsziiuyarvedliluiiud nuidseusgos
Tduilyarvesdliuazmioligs fian sesasn
laun 9PN RUATULUNLAILAY LASEIANAZLAN
wonnilea1nn slauseloginiea1ueInIsua
Faenunsaltaoslufusiunysasdlidnde Jayasi
vosldanusafiuseldlininsouasiluseiuiiedu
wazAelfinnsad1enuy yenaniansinisasesy
nsldusslerdanlisinifiedssengnatn 1y
auldle waseudauia wasarsanaainlule
lugnamnssuemsuazy) Inedauasun1ssiungy
inwnsnsluseAuiamAayuwy Aezudndulsilisn
ausadinaiieyariuinnInisiduseleviann

Miawaziiloldiwingy
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This research aimed to compare the diversity of tree species in conservation and utilization
forest areas by specifying 3 sample plots of 20x50 square meters for each area to investigate the number
of tree species, which were classified into 3 aged-classes: trees, saplings, and seedlings. The collected
tree data were analyzed for the Importance Value Index (IVI) and species diversity index (H') of Shannon-
Wiener. The results enumerated 55 species, 45 genera, and 22 families of trees in Ban Hadpudai
community forest. The family Fabaceae was the most abundant tree family, followed by Rubiaceae,
Bignoniaceae, Combretaceae, and Dipterocarpacceae, respectively. In the conservation forest area 38
species, 32 genera and 16 families were identified. The top 5 tree species with the highest IVl were
Shorea siamensis Miq. (38.25%), Xylia xylocarpa (Roxb.) W. Theob. (28.66%), Shorea obtusa Wall. ex
Blume (14.07%), Terminalia alata B. Heyne ex Roth (13.50%), and Lannea coromandelica (Houtt.)
Merr. (13.37%), respectively. Species diversity indices of trees, saplings, and seedlings age-classes were
1.99 (low), 2.49 (moderate), and 3.06 (high) respectively, whereas 29 species, 22 genera, and 12 families
of trees were classified in the utilization forest area. The top 5 tree species with the highest IVI were
Shorea siamensis Mig. (62.01%), Shorea obtusa Wall. ex Blume (33.08%), Xylia xylocarpa (Roxb.)

W.Theob. (22.61%), Terminalia mucronata Craib & Hutch. (21.00%), and Xantolis cambodiana (Pierre ex
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Dubard) P. Royen (19.82%), respectively. Species diversity indices of trees, saplings, and seedlings age-classes

were 1.45 (very low), 2.55 (moderate), and 2.86 (moderate), respectively.

Keywords:

management
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(Table 1)

Table 1 List of tree species found in Ban Hadpudai Community Forest

No Species Vernacular Family
1 Albizia lebbeck (L.) Benth. Phruet (Thai) Fabaceae
2 A odoratissima (L.f.) Benth. Kang Khi Mot (Thai) Fabaceae
3 Bauhinia acuminata L. Som Siao (Thai) Fabaceae
4 Dalbergia cultrata T.S. Ralph Ket Dam (Thai) Fabaceae
5  D. lanceolaria Lf. Ket Daeng (Thai) Fabaceae
6  Millettia brandisiana Kurz Kaphi Chan (Thai) Fabaceae
7  Pterocarpus macrocarpus Kurz Pradu (Thai) Fabaceae
8  Xylia xylocarpa (Roxb.) W. Theob. Daeng (Thai) Fabaceae
9  Catunaregam longispina (Link) Tirveng. Nam Thaeng (Thai) Rubiaceae
10 Gardenia obtusifolia Roxb. ex Kurz Kramop (Thai) Rubiaceae
11 G. turgida (Roxb.) Tirveng. Dik Diiam (Thai) Rubiaceae
12 Hymenodictyon orixense (Roxb.) Mabb. Som Kop (Thai) Rubiaceae
13 Mitragyna rotundifolia (Roxb.) Kuntze Krathum Noen (Thai) Rubiaceae
14 Morinda citrifolia L. Yo Pa (Thai) Rubiaceae
15  Dolichandrone spathacea (L.f.) K. Schum. Khae Pa (Thai) Bignoniaceae
16 Heterophragma sulfureum Kurz Khaek Fa (Thai) Bignoniaceae
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Table 1 (Continued)
No Species Vernacular Family
17 Markhamia stipulata (Wall.) Seem. Khae Hua Mu (Thai) Bignoniaceae
18  Stereospermum cylindricum Pierre ex Dop Khae Foi (Thai) Bignoniaceae
19  S. neuranthum Kurz Khae Sai (Thai) Bignoniaceae
20 Terminalia alata B. Heyne ex Roth Rok Fa (Thai) Combretaceae
21 T chebula Retz. Samo Thai (Thai) Combretaceae
22 T. mucronata Craib & Hutch. Tabaek Lueat (Thai) Combretaceae
23 T. nigrovenulosa Pierre ex Gagnep. Khi Ai (Thai) Combretaceae
24 Dipterocarpus tuberculatus Roxb. Phluang (Thai) Dipterocarpaceae
25  Hopea odorata Roxb. Takhian Thong (Thai) Dipterocarpaceae
26  Shorea obtusa Wall. ex Blume Teng (Thai) Dipterocarpaceae
27 S siamensis Miq. Rang (Thai) Dipterocarpaceae
28  Buchanania latifolia Roxb. Mamuang Hua Maeng Wan  Anacardiaceae

(Thai)

29  B. reticulata Hance Hua Maeng Wan (Thai) Anacardiaceae
30 Lannea coromandelica (Houtt.) Merr. Kuk (Thai) Anacardiaceae
31 Antidesma ghaesembilla Gaertn. Mao Khai Pla (Thai) Phyllanthaceae
32  Bridelia retusa (L.) A. Juss. Teng Nam (Thai) Phyllanthaceae
33 Phyllanthus emblica L. Makham Pom (Thai) Phyllanthaceae
34 Bombax anceps Pierre Ngio Pa (Thai) Malvaceae
35 Colona flagrocarpa (C.B. Clarke) Craib Poi Yap (Thai) Malvaceae
36  Microcos tomentosa Sm. Phlapphla (Thai) Malvaceae
37  Chukrasia tabularis A. Juss. Yom Hin (Thai) Meliaceae
38 Heynea trijuga Roxb. ex Sims Mafueang Pa (Thai) Meliaceae
39  Walsura trichostemon Mia. Kat Lin (Thai) Meliaceae
40 Tectona grandis Lf. Sak (Thai) Lamiaceae
41  Vitex peduncularis Wall. ex Schauer Ka Sam Pik (Thai) Lamiaceae
42  Flacourtia indica (Burm.f.) Merr. Takhop Pa (Thai) Salicaceae
43 F. rukam Zoll. & Moritzi Takhop Thai (Thai) Salicaceae
a4 Sisyrolepis muricata (Pierre) Leenh. Takhro Nam (Thai) Sapindaceae
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Table 1 (Continued)

No Species

Vernacular Family

45  Schleichera oleosa (Lour.) Oken

46  Miliusa velutina (DC.) Hook. f. & Thomson

47  Canarium subulatum Guillaumin

48  Mammea siamensis (Miq.) T. Anderson

49  Dillenia obovata (Blume) Hoogland

50 Cratoxylum formosum (Jack) Benth.
& Hook. f. ex Dyer

51 Lagerstroemia undulata Koehne

52 Memecylon pauciflorum Blume

53 Gomphia serrata (Gaertn.) Kanis

54  Xantolis cambodiana (Pierre ex Dubard)
P. Royen

55 Ailanthus integrifolia Lam.

Takhro (Thai) Sapindaceae

Khang Hua Mu (Thai) Annonaceae
Makok Kluean (Thai) Burseraceae
Saraphi (Thai) Calophyllaceae

San Yai (Thai) Dilleniaceae

Tio Khon (Thai) Hypericaceae
Sela Dam (Thai) Lythraceae
Mueat Ae (Thai) Melastomataceae
Chang Nao (Thai) Ochnaceae

Nom Nang (Thai) Sapotaceae

Sadao Pa (Thai) Simaroubaceae

Note: Thai vernacular names were transliterated according to the Royal Thai General System of Transcription (RTGS).
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(1,666.67) wardsee (1,666.67) fu/tgnans audeiu ANNEATYEIERN 5 duduusn laun suiiu (25.36) 59
vartisUssifiuAaiuduveswdnlifludenn  (23.93) une (2080) fn (13.39) uazUsyg (13.39)
Tneldedudanudifey (V) nuiadaliidideded  awd v (Table 2)

Table 2 Characteristics of tree, sapling and seedling communities (only top ten species in terms
of IVl order are shown) in the conservation area of Ban Hadpudai community forest,

Lampang province

Species D Do F RD RDo RF VI
(o.ha)  (mPha’) (%) (%) (@)
Tree
1 Shorea siamensis Miq. 113.33 373 3333 10.76 20.78 6.71 38.25
2 Xylia xylocarpa (Roxb.) W. Theob. 120.00 1.90 3333 11.39 10.56 6.71 28.66
3 Shorea obtusa Wall. ex Blume 50.00 0.95 20.00 475 529 4.03 14.07
a4 Terminalia alata B.Heyne ex Roth 60.00 0.56 2333 570 3.10 470 13.50
5 Lannea coromandelica (Houtt.) Mer. 66.67 0.54 20.00 6.33 3.02 403 13.37
6 Terminalia mucronata Craib & Hutch. 4333 0.80 20.00 4.11 4.45 4.03 12.59
7 Sisyrolepis muricata (Pierre) Leenh. 43.33 0.76 20.00 411 424 403 12.38
8 Vitex peduncularis Wall. ex Schauer 50.00 0.57 20.00 475 3.15 4.03 11.92
9 Buchanania latifolia Roxb - 30.00 0.88 20.00 285 491 403 11.78
10 Xantolis cambodiana 30.00 0.53 16.67 285 295 3.36 9.15
(Pierre ex Dubard) P. Royen
Others 446.67 6.74 270.00 64241 37.55 5436  134.32
Total 105333  17.95 496.67  100.00  100.00  100.00 300.00
Sapling

1 Xylia xylocarpa (Roxb.) W. Theob 500.00 33.33 26.37 19.23 45.60
2 Chukrasia velutina M. Roem. 354.17 30.00 18.68 17.31 35.99
3 Vitex peduncularis Wall. ex Schauer 229.17 20.00 12.09 11.54 23.63
4 Ailanthus integrifolia Lam. 104.17 6.67 5.49 3.85 9.34
5 Sisyrolepis muricata (Pierre) Leenh. 62.50 10.00 3.30 5.77 9.07
6 Terminalia chebula Retz. 83.33 6.67 4.40 3.85 8.24
7 Shorea siamensis Miq. 62.50 6.67 3.30 3.85 7.14
8 Mammea siamensis (Miq.) 83.33 3.33 4.40 1.92 6.32

T. Anderson
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Table 2 (Continued)
Species D Do F RD RDo RF VI
(no.ha™)  (m*ha’) (%) (%) (%)
Sapling
9 Antidesma ghaesembilla Gaertn. 41.67 6.67 2.20 3.85 6.04
10 Stereospermum neuranthum Kurz 41.67 6.67 2.20 3.85 6.04
Others 333.33 43.33 17.58 25.00 42.58
Total 1,895.83 173.33  100.00 100.00 200.00
Seedling

1 Chukrasia velutina M. Roem. 3,000.00 26.67 12.86 1250 25.36
2 Shorea siamensis Miq. 2,666.67 26.67 11.43 12.50 2393
3 Xylia xylocarpa (Roxb.) W. Theob 2,666.67 20.00 1143 9.37  20.80
4 Lannea coromandelica (Houtt.) Merr. 1,666.67 13.33 7.14 6.25 13.39
5 Pterocarpus macrocarpus Kurz 1,666.67 13.33 7.14 6.25  13.39
6 Terminalia alata B.Heyne ex Roth 1,333.33 10.00 5.71 4.69 10.40
7 Sisyrolepis muricata (Pierre) Leenh. 1,000.00 10.00 4.29 4.69 8.97
8 Bombax anceps Pierre 666.67 6.67 2.86 3.13 598
9 Bauhinia acuminata L. 666.67 6.67 2.86 3.13 5.98
10 Dipterocarpus tuberculatus Roxb. 666.67 6.67 2.86 3.13 5.98
Others 7,333.33 73.33 3143 34.38 65.80
Total 23,333.33 213.33  100.00 100.00 200.00
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nanldl wiriu 2.86 uasnungnldvesdanuisuiiiail
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Table 3 Characteristics of tree, sapling and seedling communities (only top ten species in terms

of IVl order are shown) in the utilization area of Ban Hadpudai community forest,

Lampang province

Species D Do F RD RDo RF VI
(no.ha”)  (m”ha’) (%) ©) (%)
Tree
1 Shorea siamensis Miq. 320.00 3.27 33.33 27.12 2689 800 6201
2 Shorea obtusa Wall. ex Blume 143.33 1.57 33.33 12.15 1293  8.00 33.08
3 Xylia xylocarpa (Roxb.) W. Theob. 96.67 0.88 30.00 8.19 722 720 2261
4  Terminalia mucronata Craib & Hutch. 90.00 0.85 26.67 7.63 698 6.40 21.00
5 Xantolis cambodiana (Pierre ex Dubard) 56.67 0.95 30.00 4.80 782 720 19.82
P. Royen
6  Pterocarpus macrocarpus Kurz 60.00 0.89 26.67 5.08 728 640 1876
7 Mitragyna rotundifolia (Roxb.) Kuntze 76.67 0.49 33.33 6.50 401 800 1851
8  Canarium subulatum Guillaumin 43.33 1.06 20.00 3.67 8.67 480 17.14
9  Lannea coromandelica (Houtt.) Merr. 36.67 0.49 20.00 3.11 400 480 1191
10  Ailanthus integrifolia Lam. 46.67 0.43 16.67 3.95 352 400 1148
Others 210.00 1.30 146.67  17.80 1068 3520 63.67
Total 1,180.00 1217 41667 10000 10000 10000 300.00
Sapling
1 Pterocarpus macrocarpus Kurz 333.33 30.00 17.39 1525  32.65
2 Xylia xylocarpa (Roxb.) W. Theob. 270.83 30.00 14.13 1525  29.38
3 Lannea coromandelica (Houtt.) Merr. 250.00 20.00 13.04 10.17 2321
4 Gardenia obtusifolia Roxb. ex Kurz 187.50 16.67 9.78 847  18.26
5 Shorea siamensis Miq. 145.83 16.67 7.61 847  16.08
6  Chukrasia velutina M. Roem. 125.00 13.33 6.52 6.78  13.30
7 Terminalia chebula Retz. 125.00 10.00 6.52 508 11.61
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Table 3 (Continued)
Species D Do F RD RDo RF VI
(no. ha™)  (m’ha’) (%) (%) (%)
Sapling
8  Memecylon pauciflorum Blume 104.17 6.67 5.43 3.39 8.82
9  Terminalia mucronata Craib & Hutch. 62.50 10.00 3.26 5.08 8.35
10 Antidesma ghaesembilla Gaertn. 62.50 6.67 3.26 3.39 6.65
Others 250.00 36.67 13.04 18.64 31.69
Total 1,916.67 196.67  100.00 100.00 200.00
Seedling
1 Pterocarpus macrocarpus Kurz 2,333.33 2333 1094 1207  23.01
2 Xylia xylocarpa (Roxb.) W. Theob. 2,666.67 20.00 1250 1034 22.84
3 Shorea siamensis Mig. 2,333.33 16.67 10.94 8.62 19.56
4 Memecylon pauciflorum Blume 2,000.00 16.67 9.38 8.62  18.00
5 Lannea coromandelica (Houtt.) Merr. 1.666.67 16.67 7.81 8.62 16.43
6  Chukrasia velutina M. Roem. 1,666.67 16.67 7.81 8.62 1643
7 Canarium subulatum Guillaumin 1,333.33 10.00 6.25 517 1142
8  Gardenia obtusifolia Roxb. ex Kurz 1,000.00 10.00 4.69 5.17 9.86
9  Antidesma ghaesembilla Gaertn. 1,000.00 10.00 4.69 5.17 9.86
10 Phyllanthus emblica L. 666.67 6.67 3.13 3.45 6.57
Others 4,666.67 46.67 21.88 24.14  46.01
Total 21,333.33 193.33  100.00 100.00 200.00
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Table 4 Quantitative characteristics comparison between the conservation and utilization of plant

community in Ban Hadpudai community forest, Lampang Province.

Quantitative characteristics

of plant community

Classification zone

Conservation area Utilization area

Tree
Number of tree species 38 29
Species diversity index (H’) 1.99 1.45
Basal area (m*ha™) 5.39 3.65
Dominance (m?”ha™) 17.95 12.55
Density (individuals hal) 1,053.33 1,180.00
Sapling
Number of tree species 23 19
Species diversity index (H') 2.49 2.55
Density (individuals hal) 1,895.83 1,916.67
Seedling
Number of tree species 31 23
Species diversity index (H') 3.06 2.86
Density (individuals ha™) 23,333.33 21,333.33
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Soil Fertilities and Assessment of Carbon Storage in Oil Palm Plantations, Rubber
Plantations, Home Gardens and Remnant Forest at Khlong Khanan Sub-district
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The study of soil fertility and the assessment of carbon storage in oil palm plantations, rubber
plantations, home gardens, and remnant forests within the Khlong Khanan sub-district, Nuea Khlong
district, Krabi province aimed to examine the chemical and physical properties of the soil, evaluate
carbon storage, and analyze the relationship between soil factors under different land use types.
Sampling plots measuring 10x10 m were established, and soil samples were collected at depths of 0-
5 ¢cm and 20-25 cm for each depth, five subsamples were composited into one sample, resulting in
two samples per plot, with three plots per land use type, giving a total of 24 samples for the analysis
of soil chemical properties. Soil samples for physical properties were collected using a soil core.
Additional plots measuring 40x40 m were established, and tree species composition was recorded to
evaluate carbon storage. The study areas consisted of three plots [3 rai (0.48 ha)] each for oil palm

plantations, rubber plantations, and home gardens, along with 1 rai (0.16 ha) of remnant forest. The
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results revealed that soil fertility at a depth of 0-5 cm was higher than that at 20-25 cm, with a
tendency to decrease as soil depth increased. The physical properties of the soil in monoculture areas
were harder and shallower compared to those in agroforestry areas. The surface soil at 0-5 cm was
predominantly sandy loam, while the subsurface soil at 20-25 cm was sandy clay loam. Soil moisture
and bulk density values were similar across the land use types, indicating no statistically significant
differences. The amount of carbon storage varied among the different land use types. Therefore, most
land use guidelines emphasized maximizing land use efficiency in conjunction with conservation and

restoration. The findings could be utilized as guidelines for managing agricultural and forest areas

toward appropriate and sustainable practices.

Keywords: soil fertility, carbon storage, agroforestry, remnant forest
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Wasuwasmsiuselenifiau Weneuassmuioss
wezinltlunsdeulumiiue Bwmnwesnafissnni
(Khunrattanasiri, 2020) @141, A 9N& 190 B LA AN
Wi suulasanmgdiomavi sannzlanou own
fluivnlsanas delldifgeuauy saididvwasionsasg
AR sz ena waziduni wwesuva ufiv
AnsuaulaessIumATdReY (carbon sink) TugUuuumes
wad a0 damveasn Sy e A1 waglu Wiy
ASEUIUNMSHAATIZIALEN (Kongrmeesup, 2020)
Feavansztfidenviemm 294282013 dulvigy
il ofi i Usslominianiainuas 62.57% 50993
Wudefitlsl 19.43% uanilefliuslemivonmanuns
18% lngduiiosnandn.a. 2512 Sasynidnuan
Udaningu feanmgivssmasazgfionaiivengau

shlAnmaenefiuil Ugmdaninsueg oo s
Haqiufimareghariany i ddaniuiu emnn way
spndn wniivinenaUliildgniudeuaduduiud
MNYATRAANEULUL T i iuaraesuy
Sunawiionans fatudimanelumsdnuedsd sau
nsfinATLg e SalvewE AaeiiuaEMen RS
Aulullagiu sdmsussdumsinfuensusuainsty
UselomifnulugUuuusng  mamsiems e aoudy
T euenenn s wasUuuUIYRS Ae ey
suisiuivgou iafiasegluiiud deliibunmma

mMsIansiuinessiasU s A ae gt unaly

gunsaluazIsms

Huiidnn

nsAnwanugaNauysalvewmulugliuy
msliUselovifiAuunsnaiu Tneudseonidu 4 guuuy
Run aundaningiu 315 e 313 aundaiou
33 wazvgout 15 (Figure 1) rugennssduiimsia
Uunans 13-43 Luns G’z’fav’ﬁyuﬁLﬂwmdw‘Lijqﬂﬁ%
wswsRguuuuidaden Tiun Undinitusasenmn
Humdn luagmslisglen 20 U nmsdamsiuiiing
idndaivegidulsed vufeiuunasaiiGoutey
Ugnitavannvanesdalug Uhuuinnunsus unseu 9
tu vieSendn “anmdating ongUszann 60-80 T 4
Huunasiladedilimsdin sufaduiufidioven

nidauaywiediu wasiunvgondn eneUszana 90 U 1Ju

v '
A a

fuitweemdmidanmidudsnuiniuiu fuslisu
fiwu T W ew (Cotylelobium lanceolatum) 3nual
(Barringtonia macrocarpa) @1u%13 (Dillenia
pentagyna) 1¥v1a (Artocarpus lakoocha) Wazaide

(Aphanamixis polystachya) sy
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Figure 1 Study area in Oil palm plantations (OP), Rubber plantations (RP), Home gardens (HG)

and Remnant forest (RF)

nsfuaiui mafudaya uasnsdienevidaya
ANUANIANLAZNINEATNUDIAUY

1) AmunkUasRee 199un 10x10 Wes UTh
9af snanautas Tagliusd asd uvinafy 5 wes way
INNSY AR UA NYUIA 30 T, UT LU UMUALLaYA
Asnanaudas uiiauundiningiu anuenens dou v
1w fluftay 3 was uasey 1 9 (9 9) wawiiuiveoy
Unflidies 1 uas (3 90) losanddediavesiuil 49
wieswe eudiesfiflanmidud wadnAutu uasiud
Tneseua suudasldidui wil msinues Safuudas
Frpe e sAu 10 wlas (12 o) meluwvaaiudoya
Aumaaiiuazmenm (Lattirasuvan, 2012) (Figure 2)

2) Lﬁuﬁagamwmﬁmmﬁuﬁguuu (fisesuennsdn
0-5 1) 5 Viga! NauPanAA Y kagynwudeniuiuay
Fusine (A szsumnudn 20-25 %) wasas 2 faegng
T 3 waslefei TRty 24 fheg dmminUszane
1 Alansusiasots (Figure 24) i othlUB s zviandd

= a £ o I U s a
NIAUUBIA Y 19] uA AT unsa-Ane AsveuluAy

dunioing veawesamiduuszlovdl Inunadoy
finandsuld wnaloufiuaniudeuld wundideu
Auand euls i ouil uaniud suld sunmefiunse
sumeRuTends wasaymeRuwile o isslUAmMs
W Inea sl 14 il esln (Somprakon et al,,
2024) uagtl3 sui susEA UUT iU A 1y
Ustlend ol ot wluf uvosus avit uil Anw (Land
Development Department, 2004)

3) maiiufeyamenmenmuesiu laednAeu
W evesuluuaueuiissauR S uuuar AT uE 1 fae
w3 osfle Yamanaka—-type Push Cone Penetrometer
(Lattirasuvan et al, 2010) uaziusieg19AwseaUnsal
WAufeg9RU (soil core) $1UaU 3 viguroula viauay
3 41 fiszduRutuuukaRuTua WethlUAmsei
AP LAY ALY (Figure 2B)

8) MFIATIERAULANG WNAR AT ST U
Anudestu 95% TS M sudisuveneduys ieda

NG LAINARIERE 971 (Duncan’s multiple comparison test)
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felusunsu SPSS Statistics Version 20 LagAldUnus
senindadefuniaaiinaznianienin fidwase
3193 i Ulnesiiswoaus avit Uil I3 s msiinse
WU PCA (Principal Component Analysis) A8 lUsunss
PCORD Version 6.08 (Chanprom et al., 2025)

Wanamsinfuaiueuvasnssadld

1) MyvauUasiteg 19uun 40x40 wes ey
wasutauasgosmuin 10x10 Wns savimun 16
wasgon Waiiudeyaliilvy wiowiawaduwases
179 44 wns Uinasilessmilseutaes ey
Yosagnls! nesnenalnfisziiven 1.30 w3 seyile
Wsizuiﬁuazmmqﬂﬁg e (Thailand Greenhouse Gas
Management Organization, 2016) (Figure 2C) dewn
fufl euund sl usaraugansd unmsvinens

»~

40m

A : Chemical Soil Sample plots

e uazdamsiuiilaesdaafimduusyn oy
Fdaimugnliuiud

2) meuszdiunsiaiuans veu Tneldaunis
wealawrRTiuans ety (Table 1) Jauywnungamesila
ddinuldialululsemelne i ol msusediu
atinmeewrulil meldlasimsaniwiSeunszannia
adpslanuunsgiuvesUsewmalve (T-VER) @l
kaENITNER T (Limsakul et al,, 2018)

3) Airs1gndSunanisiniiuasveulaely
ANaN (default value) The Intergovernmental Panel on
Climate Change (IPCC) (2006) lamuualndaviany
47% vesuminuEY uazFuInUT U AU
Awrsueulaenlyn 3nAdadumsvaulnaonlyn

farSuDU Aa 44/12

B : Physical Soil Sample plots
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Figure 2 (A) Sample plots for collecting chemical and (B) physical soil sample plot 40x40 meter

for the study of (C) carbon storage assessment. available: TGO. (2016) in OP, RP, HG and RF area
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Table 1 Allometric equations for tree biomass assessment under the Thailand Voluntary Emission

Reduction Program (T-VER) in the forestry and agriculture sector

Study area Type Equation Referances
Oil palm Palm group Wr = 6.666 + 12.826 (H(\n H)  Peason et al. (2005)
plantations  (Elaeis guineensis)

Rubber Para rubber

plantations  (Hevea brasiliensis)

Ws = 0.0804 (D?H)%8%%
WB = WT - WS - WL

Triphattanasuwan et al. (2008)

W, = 0.000008 (D?H)"4%%
W = 0.0005 (D?H)*2%°
Wy = 0.0046 (D*H)" 2

Home gardens  Moist evergreen
and forest
Ramnant forest

Ws = 0.0396 (D?H)%%%
Wp = 0.006003 (D*H)*%2
W, = (28/ (Ws + W + 0.025))

Ogawa et al. (1965)

WT:WS+WB+WL

Ws = aboveground biomass in stem part, W, = aboveground biomass in leaf part, Wg = aboveground biomass in branch part,

Wg = belowground biomass in root part, Wy = aboveground biomass in stem + branch + leaf parts (kilogram), D = diameter

at breast height, DBH (centimeter), H = hight (meter)
NAN13ITY

suvAniaafivaznienmusshiuduuy (fiszau
AauEn 0-5 o) luiufiaauunduisiu (OP)
d2U819N197 (RP) @2una i (HG) wag Wi
neaut (RF)
Fuduuy (@seiuaudn 0-5 )
audRvnandveapuiui OP, RP, HG Waz RF
nu31 ArAdunsa-AnsaeaRu (pH) Windu 5.60,
4.83, 5.54 way 4.88 mua1au Usunauansuaulunu
(O0) WinAu 1.44, 1.26, 1.28 1ag 0.95% MIUAWU
USinaudunsedng (OM) wirfiu 2.49, 2.17, 2.21 uay
1.64% p1ua1GU 599 @ 1 svan loun Weanesa (P)
Windu 9.15, 6.45, 46.71 Wag 3.30 mg kg™ MUEAY
wazlwunalen (K) Wity 134.90, 54.13, 76.05 uag
26.17 mg kg mUA1AU 5199193509 LN whailes

(Ca) WinAU 1,257.67, 418.33, 837.17 laz 352.83 mg kg’
AINAR U hazkunili@en (Mg) windu 58.67, 66.00,
119.33 1lay 50.33 mg k! m1ua1nU ﬁwﬁu 5 Ao
T (Na) windu 29.40, 11.70, 7.80 uaz 10.70 mg kg
Mgy WeRu (soil texture) Hufidnwteun wu
USinauoynafunse (sand) gefian induiesas
58.29, 69.63, 70.96 uaz 70.96 ANUAIAU TOIAINAD
aun1ARuUNIILd (silt) windu 21.95, 13.28, 17.95
way 17.28% m1ud1eu waveuniaduwmiled (clay)
WinAu 19.76, 17.09, 11.09 hag 11.76% A ua19U
defiasannmssuunidefumuaumdeniy wuin
nnfiufidnunddnunrlndidesty Tnodadudefu
TUYUNTW (sandy loam) (Table 2)
AUURANIN1EAINVBIAU NUINANULT VDS

v '
a A =

AuiuN OP ALRReEINgAMiY 12.78 mm 309893

a

Ao RP, HG wag RF AU 11.46, 8.90 Way 8.50 mm
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ANUAIAU VULT AIIUT UYBIAU WU 1N UN OP
Auafiggananwiniu 28.28% 89a9UAD WuN RF
RP uay HG \M1AU 26.44,23.35 wag 22.27%

ANUAIAU LATAUAUILUUIDIAY WUIINUN RP

a

Aedgeanivindiy 1.39 ¢ cam?® 509857 Ao iy
HG, OP way RF 1y 1.33, 1.29 wag 1.26 gcm™

fNUawU (Table 2)

fudusns (@szduannudn 20-25 @)
dutRmanilvesfuiiuil OP, RP, HG waz RF
WU AN pH YU 5.88, 5.06, 5.51 wag 4.97
pINaIn U USuia OC w1Av 0.67, 0.66, 0.43
WAL 0.54% Muanau Usunas OM windusesay 1.15,
1.14, 0.74 wag 0.93 MUAIAU 519D1MTNEN Lok
P VAU 2.18, 1.65, 5.51 tay 2.21 mg kg™ A1uasu
uag K WwinAv 68.72, 31.10, 29.63 Way 14.10 mg kg™
AIUAIAU 51981115504 LAk Ca Wiy 1,306.67,
656.17, 360.67 Waz 171.00 mg ke'! aud1AU Uaz
Mg M1AU 35.83, 48.33, 42.00 way 22.83 mg kg™
AUAIAU ﬁmﬁ'u 9 Ao Na AU 16.42, 15.75,

11.17 uag 9.95 mg kg™ Mua1au onunuiianw
7 amun wuUSunaeyMARUNIIgefian iy
52.29, 56.29, 64.29 Wag 65.63% MIUANAU 5098911
Aa auMARuWiled Wity 29.09, 28.43, 19.76 uag
14.43% f1ua1nU kag sUAIARUNIIeLd Wy
Soway 18.61, 15.28, 15.95 uay 19.95 AuUa6U Lflla
N15AUINTTNUNLT DR UMILEILWE DR Y WU
Wuit OP uaz RP Faduiilofusumiordunse
(sandy clay loam) wawiluit HG uay RF daduiile
AusUUUNIIE (sandy loam) (Table 2)
aUURANINEATNVBIAU NUINANULTITD

AuUN RP Alafegeianyiniu 15.78 mm 589893

v '
I~ A =

AB NUT OP, HG way RF WAU 12.56, 11.07 wag
10.98 mm AIUEINU VEULTNAINUY UYDIAU WU

v '
A =

flufl OP Aedwgeflanviniu 22.53% se9a9nfo
AU RF, RP wag HG w1nvu 21.31, 19.29 uay
18.62% M1UAIAU LAZAMUNUILUUYDIAU WU
fiudl He ARdBgTigAwindy 1.44 g/cm® 599A91
fie Wil RF, RP waz OP Wiy 1.39, 1.39 uaw 1.29

g cm™ AUaeU (Table 2)
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Table 2 Soil properties of various land uses

Soil properties OoP Rating RP Rating HG Rating RF Rating Arithmetic
mean
Surface soil (0-5 cm)
1. pH 5.60" moderately acid 4.83° very strongly acid 5.54° strongly acid 4.88 very strongly acid 5.21
2. Organic Carbon (OC) (%) 1.44 1.26 1.28 0.95 1.23
3. Organic Matter (OM) (%) 2.49 M 2.17 M 2.21 M 1.64 M 2.13
4. Available Phosphorus (P) (mg kg™) 9.15° L 6.45° L 46.71° VH 3.30 L 16.40
5. Exchangeable Potassium (K) (mg kg™) 134.90 VH 54.13 L 76.05 M 26.17 VL 72.81
6. Exchangeable Calcium (Ca) (mg kg’1) 1,257.67 M 418.33 L 837.17 L 352.83 V0L 716.50
7. Exchangeable Magnesium (Mg) (mg kg 58.67° L 66.00" L 119.33° L 50.33 L 73.58
8. Exchangeable Sodium (Na) (mg kg™) 29.40° L 11.70° L 7.80° L 10.70 L 14.90
9. Sand (%) 58.29° 69.63° 70.96° 70.96 67.46
10. Silt (%) 21.95° 13.28° 17.95% 17.28 17.62
11. Clay (%) 19.76" 17.09% 11.09° 11.76 14.93
12. Soil texture SL SL SL SL
13. Soil hardness (mm) 12.78° 11.46™ 8.90° 8.50 10.41
14. Soil moisture (%) 28.28 23.35 22.27 26.44 25.09
15. Soil bulk density (g cm™) 1.29 1.39 1.33 1.26 1.32

GTT-66 (1)gh UOISUDIXT pue UDIeasay 1ein)ndudy Jo \euinor



Table 2 (Continued)

Soil properties OP Rating RP Rating HG Rating RF Rating Avithmetic
mean
Subsurface soil (20-25 cm)
1. pH 5.88 moderately acid 5.06 very strongly acid 551 strongly acid a4.97 very strongly acid 5.36
2. Organic Carbon (OC) (%) 0.67 0.66 0.43 0.54 0.58
3. Organic Matter (OM) (%) 1.15 ML 1.14 ML 0.74 L 0.93 L 0.99
4. Available Phosphorus (P) (mg kg’1) 2.18 VL 1.65 V0L 5.51 L 2.21 V0L 2.89
5. Exchangeable Potassium (K) (mg kg™) 68.72 M 31.10 L 29.63 VL 14.10 VL 35.89
6. Exchangeable Calcium (Ca) (mg kg’1) 1,306.67 M 656.17 L 360.67 V0L 171.00 V0L 623.63
7. Exchangeable Magnesium (Mg) (mg kg™) 35.83 VL 438.33 L 42.00 L 22.83 VL 37.25
8. Exchangeable Sodium (Na) (mg kg™) 16.42 L 15.75 L 11.17 L 9.95 L 13.32
9. Sand (%) 52.29 56.29 64.29 65.63 59.63
10. Silt (%) 18.61 15.28 15.95 19.95 17.45
11. Clay (%) 29.09 28.43 19.76 14.43 22.93
12. Soil texture SCL SCL SL SL
13. Soil hardness (mm) 12.56 15.78 11.07 10.98 12.60
14. Soil moisture (%) 22.53 19.29 18.62 21.31 20.44
15. Soil bulk density (g cm™) 1.29 1.39 1.44 1.39 1.38

)ob UOISUDIXT pue ydieasay |edn;indusy Jo jeulnor

GT1-66 (1

L01

OP = Qil palm plantations, RP = Rubber plantations, HG = Home gardens and RF = Remnant forest. Soil hardness was measured using a Yamanaka-type penetrometer. Soil moisture was measured
using the gravimetric water content method. Chemical properties of soil analyzed in the laboratory of the Product Quality and Standards Inspection Service Institute Princess Sirindhorn Building,
Maejo University, Chiang Mai. Values in the same row followed by different letters are significantly different at P<0.05 (Duncan’s multiple comparison test). Soil texture SL = Sandy loam and SCL =

Sandy clay loam, and soil fertility evaluation, VL = Very low, L = Low, ML = Medium-Low, M = Medium, H = High and VH = Very high
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AMUFNNUS 523190 BR UMl waznnen1eAw
1S MIAATIZIALUY Principle Component Analysis
NILASIENUBAUNIINLANLAEN9LAT]
1o wn soil hardness, soil moisture, bulk density, pH,
OC, OM, P, K, Ca, Mg, Na, Sand, Silt, Clay 5374
wave 14 Yode anuduiusswineadenumanil

wazn1aN1gnImveenIsiduselegiaulugduuy

wAneafy anunsawdsnquiusenidu 3 ngu il
nauvesiiuil OP nutiadiduiinanisanagrsdniau
lawn Ca, Na, OM, OC, pH, SH, BD uag Clay ng«
sioan A fufl RF 1éuA Sand, Silt wag SM IEHGH
vosfiudl RP wag HG davlndiAsiu Fegninlviog

nauiieniu Inedadewiuiivanseenagiatnau lawa
P, K ez Mg (Figure 3)

Mg

Axis 2

HG

PR

Axis 1

Clay Silt R

SM

Sand

Figure 3 Principal Component Analysis (PCA) in Oil palm plantations (OP), Rubber plantations (RP),

Home gardens (HG) and Remnant forest (RF)

Usurunisiniiuatsuau Tuinuii gaudidusingu
AU FAIUNAIUIUY BazurgauUn
117831011571 (total biomass) Unduiingiu
(Elaeis guineensis) Wiy 8.27 du/ls (51.71 fu/
6 a U I3 6 | Y] L]
wAANS) USuraunisinLAuAtsuauvniu 3.89 s
Asvaw/ls wazainisageaduarivaulaeenlyd
Wi 14.26 fupsuauasusulaeanles/ls (Table 3)

1IAFININTIME NN (Hevea brasiliensis)
winu 99.85 du/ls (624.04 fu/ignmns) USununis
Faufua1suauyindu 49.27 duaisveu/ls uay
a1unsagaduasuaulneanledvindu 180.66 du
Asuauasuaulaeanlen/ls (Table 3)

wadanmsnmssalinnvdalufiuiiaiu
AU (HG) Wiy 28.38 fiw/ls (177.35 du/ienens)
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wuwieliiavan 58 il 52 ana 36 23 waTanw
sulldlngjuiniv 24.61 dw/ls waganldivindu 0.002
fu/ls USurunisaniuarsveulusiadanin
wssadldmnyia wiriu 13.34 duansusu/ls (83.35
AUASUBWAENATS) waransagadumsueulaeanlys
winiu 48.90 Aurnsuaulaeenlen/ls USuianisin
viuansusuladingvindu 11.57 duaisveu/ls
Aorsandusiesidanu 3 srduwsniidnisiniu
afueuanian leun vi3su (Durio zibethinus)
Wgvy (Tamarindus indica) way nseviou
(Sandoricum koetjape) Winfiu 5.36, 1.17 wag 1.03
fuarsuen/ls muanau USuianisiniiuaisueu
anbilvindu 0.001 dumsuew/ls Aarsunduse
vilanwu 3 vdla laun dnmiles (Gnetum gnemon)
12129 (Mangifera indica) wasdndn (Senna
siamea) WU 0.0005, 0.0004 way 0.0001
fuAsuaw/ls muansu Usununsinifuasueu
nauUNEY winfu 1.75 duensueu/ls dlefiansanidu
SNYYLANU 3 @A ULSA bA WA UEN513 (Cocos
nucifera) Unduisu (Elaeis guineensis) kLag®uIN
a4 (Areca catechu) winnvu 0.99, 0.36 wag 0.16 Ay
Asuan/ls muddu warUsunanisiniiuansueu

16l wu 1 @ila fe LU (Bambusa bambos) Wiy
0.02 fumsuew/ls (Table 3)

wradaninsunssaldvnadalud ui
welonUn (RF) winru 52.06 fiu/ls (325.36 du/iennis)
wurialiiavun 18 ¥l 17 ana 15 23 wadanw
sauldlnggwindu 51.94 du/ls waadanmsiugnld
Wiy 0.0002 fu/ls Usuimnisiniiuaisusu
Tugnadinnvesnssaldvnnela windu 24.47 fy
Asuew/ls wagatusanaduasueulaeanled
Wwindu 89.71 dumisueulaeanles/ls Usuiunis
Annuasveuldlugvindu 24.41 duarsueu/ls
Arsandusesdanu 3 duwsniidnisdniiu
ArsuouIIndan Laun 1A s (Cotylelobium
lanceolatum) 3nuy (Barringtonia macrocarpa)
ward1ute (Dillenia pentagyna) Winfiu 10.32,
6.23 uaz 2.34 auA1suau/ls mua1du Usuians
Anuarsueugnld wu 1 ¥lin Ae nsesivlulng
(Litsea grandis) winfi'u 0.0001 sua1suawu/ls
Ysuaumsiniuasusulaingu 0.06 duaisusi/
15 wu 2 vila laun lWwdes (Bambusa vulearis)
wazliUn (Bambusa bambos) winfiu 0.03 uay 0.03
AuAsuew/ls auaIsu (Table 3)
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Table 3 Assessment of carbon storage in oil palm plantations, rubber plantations, home gardens and remnant forest

Community Biomass Total Total Carbon Carbon Co, Co,
characters ABG (t rai-}) BLG Root Biomass Biomass storage storage
Stem Branch Leaf ABG
total (t rai-") (t rai-) (t rai-') (tCrai’) (tCha') (tCO,rai") (tCO,ha™
OoP Tree 8.27 51.71 3.89 24.30 14.26 89.12
RP Tree 40.83 34.28 2.20 77.31 22.54 99.85 624.04 49.27 307.95 180.66 1,129.15
HG Tree 13.64 5.14 0.45 19.23 5.38 24.61 153.81 11.57 72.29 42.41 265.07
Palm 3.72 23.23 1.75 10.92 6.41 40.04
Bamboo 0.05 0.29 0.02 0.14 0.08 0.50
RF Tree 28.49 11.23 0.85 40.58 11.36 51.94 324.61 24.41 152.57 89.51 559.42
Sapling 0.0001 0.00002 0.000004 0.0001 0.00003 0.0002 0.001 0.0001 0.0005 0.0003 0.002
Bamboo 0.12 0.75 0.06 0.35 0.21 1.29

OP = Oil palm plantations, RP = Rubber plantations, HG = Home gardens and RF = Remnant forest. ABG = Aboveground and BLG = Belowground biomass.

Tree biomass was analyzed using allometric equations under the Thailand Voluntary Emission Reduction Program (T-VER) in the forestry and agriculture sector.
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32150iNAN1538

audAnaafivesfiunuda A1 pH fiud RP
finudunsndnundian s99A9TH LT OP way HG
agnafitfuddaynada (P<0.05) esndnuaenis
quwm%qL?{mﬁwﬁ'mﬂuﬁuﬁimfjuﬁfﬂmm%’q
vaugideatuiui HG 1un1sldusslond Ay
SULUUILLAYAT ANLMANNTAN8 Y TYEs Tt

duvsingludu (Maharjan et al., 2024) 579 P wulu

9
v

Aufl uil HG qafian aonAdesiun1sAnyIves
Lattirasuvan (2012) nuinlufiufiasundstnu
Tusgduutuuy dusmameanesai iulsslowd
sofings Suiosnanaiundsuduiudildly
F3nUsed1iu 1 OulUlAA und 51 81m1501970
Aunsslu@inUsyriu Wy dhidennnsdndessung
Tnonssgiufianundad i wagnafiudidrdldan
N3ENE YRy ey velawliuatelsd Fadu
M5 MNTIINAINTTUFINGT Wazs 1) Mg Au
Fuvuiudl HG wniian oswndaumainvans
vy TevauifindunIoinguarsinoimsludu
wnniudl OP waz RP fifinisdansiiufilaeiidn
Fofiwogiuuszdn (Han et al., 2021) Bnvisiudl OP
uay RP wus1e Na Autuvuannniiuil HG Fude
Pnmslidedunifulyenariliiinnisasauves
wndeludu §edanalifudaniud i uiu
(Prakunhangsit, 2002) @uUANI9NI8ATNUYDIAY

@

ToA ANUTFULAZANTUILUUYDIRY TalndiAeariy
Feldflanuunnstsiuegsidedidynieaiia 8n
mmLﬁwaﬁuﬁﬁ’uéwﬁmLaﬁaqmi’]ﬁwﬁ’uuu Tny
L Ao a A a a =
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This research aimed to develop a geospatial database to support biodiversity and ecosystem
conservation within the area of the Plant Genetic Conservation Project under the Royal Initiative of Her Royal
Highness Princess Maha Chakri Sirindhorn, located in Pa Phai sub-district, San Sai district, Chiang Mai. A
Participatory Action Research (PAR) approach was employed, involving multiple stakeholders and integrating
scientific and technological knowledge with local wisdom. The study focused on organizing a spatial
information system to assess the status, potential, and limitations of biological factors and to identify
indicators related to the stability of biodiversity and eco-cultural landscapes. Spatial data analysis revealed
that the headwater forest area of the Huai Jo Low Hill watershed had the potential to generate approximately
2.35x 10° m? yr' of streamflow annually and to contribute an estimated annual income of about 2,000,000
Baht to surrounding communities. The area also holds significant ecological value for conservation-based
recreation and research activities. However, the stability of biodiversity is threatened by intensive land use,
particularly forest product gathering influenced by the local belief that forest burning promotes plant
regrowth. Furthermore, unregulated recreational activities negatively affect the watershed’s ecological,
economic, social, and research functions, pushing the ecosystem toward a regression stage. To address these
challenges, conservation, restoration, and management strategies should be guided by the principles of
Integrated Watershed Management (IWM), including landscape zoning; for sustainable resource use;

designation of preservation and conservation-development zones, and enforcement of appropriate laws,
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regulations, and management measures. To support these efforts, three types of databases were developed:

(1) a GIS-based spatial database, (2) an information database, and (3) a Google Earth platform database

integrated with up-to-date satellite imagery. These tools facilitate effective communication of research

findings to communities, researchers, and administrative platforms at various levels.

Keywords: watershed management, participatory research, gseospatial database, conservation,

biodiversity
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>  Collect and analyze habitat climate data
> Survey and analyze physical characteristic, plant

communities, and utilization activities

A. Action plans and

A

management for preserving

> Community mapping by drawing
1. Boundaries of watersheds and plant genetic reserves
2. Boundaries of plant communities and forest types.
» 3. Management and conservation areas such as cultural forests,

community forests

> Survey the project area with villagers or community leaders

biodiversity for the stability

of watershed ecosystems

Storage and analysis

of spatial data and

v

1. Climate and physical indexes

(1) Hydro-micro climate

(2)  Physical characteristics and watershed

i

! climate hydrology

(3)  Physical risk areas
Establish guidelines for the R
) Developing Assessment of status,

management of the Huai Jo 2. Biological indexes
Watershed for biodiversity management potential and > (1) Species and diversity of each plant
conservation and ecological guidelines limitations communities , regeneration assessment
balance (2)  Plant indexes

. Geographic (3)  Plant substitution capacity

1

1 . .

v |nformat|on database 3. Utilization and management indexes
B. Update the database by development (1) Income from forest harvesting /

collecting specific v

information to assess

operational feasibility

1. A complete database for developing new research, developing
teaching and learning, conservation and management

2. Techniques for using and updating the database

v

> Develop database structures and components of physical, ecological,

plant communities, and utilization

Frequency and concentration of

utilization
(2)  Community conservation area
(3)  Nature study area and boy scout camp
(@) Physical structure (firebreak/check

dams/fire areas)
<----

(5)  regulations and local agreement

Geographic information database of physical characteristics, ecosystems, plant communities and utilization activities

Physical characteristics

Forest types

Ecological conservation area

Streams capacity

Biological status

Soil erosion

Spatial problems/ situation

Record spatial data, including numerical data and spatial problem situation data

Analyze spatial data for management, including physical characteristics,
slopes, natural streams, forests, ecological reserves, soil series, land use, and

problem situations in the area, etc. Where all data are displayed on the map.

Overlay function: consider the linkage system between the potential and
constraints of the area to formulate a spatial action plan and develop local
agreements and biodiversity preservation activities plan in the Huai Jo

watershed and plant genetic conservation project areas

Figure 1 Research methodology
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Table 1 Effectiveness of potential Indicators at watershed level

Aspect of indicators Effective indicators
1. Biological value 1. five (5) categories of forest communities: deciduous dipterocarp regeneration forest,
1.1 Diversity of plant deciduous dipterocarp scrub forest, secondary mixed deciduous forest, lower mixed
community deciduous forest, and the transition zone between lower mixed deciduous forest and

deciduous dipterocarp forest

2. five (5) existing plant communities with pure stand species: iron wood forest, burmese
lacquer forest, Dipterocarpus alatus and sappanwood plant community nearby stream
with value plants i.e. rambeh, cinnamon, Salee Dong. Chok Tree and Dong Dam (rare
trees)

3. existing ecosystem of palustrine wetland — wetland forest subclass

4. herb community of 54 types of utilizing herb, especially simulative herb species

1.2 Watershed forest 1. 2.35 million cubic meters of annual water yield with Huai Jo reservoir capacity of 1.2 x 10° m®
value volume with 1 million cubic meters regulated to Huai Hug and Huai Kiang reservoirs on
downstream drought zone

2. three (3) main streams penetrating stream flow to Huai Jo reservoir all year round

1.3 Carbon storage a total of 190,380 tons of carbon storage above the soil surface provided by Banpong forest,
area with economic value equivalent to 92,728,715 Baht; higher average value of carbon storage
above soil surface in comparison to mixed deciduous forest and deciduous dipterocarp forest

in the northern region

1.4 Economic value economic values of non-timber forest collection of 9,567.56 Baht/household/year generated

by non-timber forest collection for Banpong villagers and their neighboring communities

15 Sodal and cultural  tradition of headwater zone conservation carried on annually by Banpong forest, such as Hua

values Pong forest spirit respecting and forest ordination ceremonies.
1.6 Learning and under the royal initiatives of former King Rama IX, 42 projects of physical and biological
research values resources biodiversity research and utilization, as well as establishment of nature study area

for youth in Chiang Mai province, and a recreation area for nature and wisdom learning

activities for aging society

2. Forest boundary and 1. forest area utilization for research and development based on the conditions set by the
utilization Forest Land Management Section, Office of Chiang Mai Provincial Forest.
2. no effect of land utilization in the surrounding areas of the project towards biodiversity of
Huai Jo upper Hill watershed, plant genetic conservation project for planting and housing
area expansion at the watershed level, including no land demarcation conflict of

community encroachment into the forest area.

3. On-site erosion lower-level on-site erosion volume at 354.06 tons/year or 0.035 ton/rai/year (watershed level)

4. Nutrient loss lower-level leaching of macronutrient volume for N-P-K at 25.89 tons yr? or 2.54 kgs rai! yr!
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Figure 9 Conservation zone and restoration of headwater forest areas

source: Mingthipol et al. (2018)

128



Journal of Agricultural Research and Extension 43(1):116-132

2) unuundninu aq%’ﬂ@uasﬁuuﬁ A%
dnunmuazfnenInyesn

2.1) wwutniindnwiduasosiiui vadur
wardanufiviauiiiodnu

2.2) ununseuindiindnenmszuuiing
Unduii Tanunsageduii Anuiluggiu wae
Uanuaosiluggudslifiusainasnniu

2.3) wnun1sil udsand 118 oulnsu/qu
uhgpuiaenisadienu ud ulidud il et
Fnenmlunisnaunuveslivyuuazanls uaziiy
Angarnveslndne1vsiiidalueanauy ol
Wesneran1sliusylovivesauluguyy

2.4) memiﬁuvjﬁﬂﬁwmwé’ﬂﬁlmamﬁ
grafiuield eliudnenmmandauasinifuii
vositufiduih Huninaduihludomswaonislva
vosunluraantiey uazvinliiduileniadnify
Blufunntu wasifinnnuausalunisuantdes
ihlutenquésmniu

2.5) wnum s ufivrguey uazUrsosse
sgndnaiulviafunazdn i el Uy uuiluy
fuszlenisonissnuszuuiina Hugundni way
Winaueuty naonIunIseyingaumaInaty
MBI Uaznslduseleydimuems

3) uwNuAUIANEAMYLYULAZ NGB

Tun1s3mnIsANUNAINTAENITIAIN bAwA NS

o
(7 '

IananqueusnduaziunUidudy n1sdanenesu

HunwuAdrdudy nsiuyszuuanueUiilys

Y

Lavaisnguenvusiaainsoysndanndeon

4) Wauinaudnideluaievielasenis
oudndiugnsTufivdulonnannse i auda
WILVWIAUTIVEAY HOINUTLTIVNINT (BW.A5.) Lite
nstuiedsuvenenadeluouian mamaeiete
Unilndnunanumannuanevedaninuagasniiield
wiuaudeiarsuisludiuensfruaLa g

MIHAUILALNTUILNUUTITIAN TG UN LU U R

Banuil Adesendunalnduindeudiidnninuag
AYNFAINANTAALUUINIAINGT AITALIA AL
fiudvnns (catalyst) 20903AnTUNATOIEIUT BIAY
wiednetu TnednseusuisfoRnnsednadudy

LALYINNISNAABITULARDUISIbUNUT
397150iNAN1538

Uiy adunsiauigiuteya
pflarsaune 1 eaduayunisundndnwiaay
warnuatensanmuazsruuinaluguiifield
TagldiBmsisufoansuuuildinsin dadugauds

B <

Nl audded aru1vaLd euleaadnug s

'
a v a

Wemanstugilyaviesdiu uazidilugnisdanis
n$nenssssufegedduldegadiuszdniam
Fanuamsidenudn fuiivaduiluguiifeld
annsandnunldUsinannnuazadiaselalviy
gurulngsau wANndyiudennAImaINNIsAuM
voU7 bl muray AenssuunuInIsAvInntg
AIUAY LLagmiL‘lJalEJULLiJaQEmWWQﬁ’mﬂWﬂﬁQNaIﬁ
szuvilneegly “nzanney”

Usziuddiinasiinnsuniiady Ae n1s
‘UizLﬁumamwumﬂmnﬂ?ﬁmuﬂammwgﬁmmﬂ
AoAIUMAINUAIENITINNIUTZEZE? Talaniy
HANSENUINS BT 019d manen1sasivle
YouUg Y way AwAINsoluN AR eI LU
Fuin uonandudeiesfiansandwansznuain
Maasunlainisldfiau wu NIVEAIVDIYNVUY
M3nuRsHoAUaINTaIEN1aTInm Jadudade
ddgasiunfiansan lunisdanisuazeysng
NINBINTFTTUTIALUDUIAR

FTofunud daiunenisiiluesnuuy
LN UNUIIUTTIA1UNITUT U5 ANITAY

PANNAENTINING LD UL VY ATIAIUUTUN

129



Journal of Agricultural Research and Extension 43(1):116-132

YOIFIUNTNEINTTITUVIA LATYEND d9AN LazNIs
USmssanisvesTiosau fail

1. nsuszgndlddt Tauazisuseifiu aag
N5 TATEN198550T1A wazaaun1salnsle
Uselomiuazusmsannisiudl #aen1si5eadsy
ﬂmué’mvzgsuawi”rﬁ'yi’m AsiIuAe1g 39
AruENFUAINEN A Wadl LR ol RanisUsTLTY
donndestuaniuntsal i iAnd uas e luW i
YR uiIE auazisussdiu amnsoldsaudy
Poyanlansaumeanigiimans Tnemsimuniiui
Useiinduguindesuasseiudsauiio delinans
UsziliufimuaziBeauasdaaud auluiui

[ ¥

aa a v = o
2. 180157398 38ﬂﬂLuumﬂi3UUUﬂqiLiﬁJug

aa a s

unnI1seifouiisemduinetaand Sngunoei
AEf7 WK I8R5V N9l A uT gy
(adaptive methodology) t%'u 1475 n15 PAR
(Participatory Action Research) N135213LAS1E%
Jayv ymaudlviudugeu nguviosiiu B

Ingdmanswavinalulaguieeg1eiasusulmannu

a

9ilyauaznsiudvesatiu Wusu diunside

U

ol

gvasldimaiaisnsseaugeasgniunlylunsdl

MAnAUBINTIIAUIWBNITANUTARNIEIY
NAnTAUINVY

3. msiesesilaglddoyaiiuninves
anumsaliyvuwuuidenles neliAauaiugildiu
Iehdefingdla asaUszifiu sstoifiasss lifinuidn
subjectivity ﬁﬂﬂzjﬂ'ﬁ%ylﬂ’]mﬁmﬂ’ﬁ wadgnday
guassafiAnd iy sziduisosmasnisiendoya
indliifuanunisaiigmdu fudeyaiisudy
ogursmualiildegluguteya 1wy deyaiiAsaiu
mMsvhunAY 181 wmgaziy fudtedmslesey
wuuid anleemui sndaog1euuds win1sasin

Tuduneutilianusaazyiiievuliegeauysal

#3UNan133Y

nsaLngIutoyagfarsaumed ens
AUTNYAIUNAINNAIENITINN UazTeuuiliae
Tuiuiguindaanield Iiuandsiufeeniudfy
dslinmesiiufidonarilunaefii Tasianizogiede
‘LugmzLméqﬁuﬁﬂﬁﬁmmmﬁjuﬁﬂ Faslumumlunis
wAntilevdeldssruuinaway T InvestuTy
Tngnuiniaodunen dadunidudsiearondn
Tudiud ddneainlunisndniiniigedis 1.81 §1u
anuiadunsded Audidsnanduduundsneldves
YuyURINANTIUAA I TUNINGNTETINNF 12
nsviea sndeeydng uagnisfunvesdn g
ansaaieseldiadoreniasougedi 9,567.56
vwised wenani guieldaduundsinuide

(% [

AUNSNEINTETIUTIRAN @AY 1aadilaTan15Ide

Ao a

fendusungldnszsga3vesauiansznivg
S51013n nin 42 Tasams S sasvieudsinen sy
welugudne usnisszuuing waslfniedany
WALLATYNT

oglsfimu nmsTinseidoyaideiiui
Swiudvisugiiennia danm uaznislduselend
fiudt nuhszuuiinavesguivheldtdundyane
anneY (regression stage) agafitfuddy Uaduidon
Insufinsrany laun wualdunisanasvesuSuna
iduad vsredegreod oad sudd w.d. 2555
Tnsawzlud w.a. 2558 AfUSuuiies 743.4
fafuns dewaliinn e uuaaguLs LAZUET
wiswenlunguds manusvesianssafidulog
1t TnsanzluiuiivudsfauassuasUiiuaes
Ffignsnissenvesnanldidosunainuansznuves
TUriAntughenn Fefimnuduiusiuanudeves

gurululs 99n15U 0N H UNISLA AR IE

130



Journal of Agricultural Research and Extension 43(1):116-132

wonani Muiidundyiudamnisvedramian
Tudns1ge 1l 354.06 Fusod Tnsanzludiui
a1mﬁuﬁ'ﬁﬁu@uﬂ%’qsﬁaﬁmmmmmiumiﬁ’ﬂLﬁuﬁw
wazANT i daalilassadisvesiudoulnay
Anug Ay saianas waznsznuseivuadn Sady
Fruveuitlgaimslussuviivig Jadednusenis
Agsszuvinadonlng fo Aanssuvomumywd Lo
nsfumvestiograduduludisiiufves way
Aanssutununisildmngaslueadadud wu
mstusadnseueudiun 351 viied dnseudequn
§adanaliifanisdmeignd1Aunazanvou
Arwannsnvasiuilunisliuinsdediog wu s
wami Sy wazaAtuAITUBU
Mnmsdaanesitoyaseduduinimiunis
d15291A59a5 19 Y an1un Iy kaTAMAINI
wswghadeaunasiiudl wuiluiidlugvesguni
Tnsiawzluszduguigosuasdsaufinursussian
oglunz "sedulieuse" (waming level) sludu
AmmaINTAIEN1TanTH AuasnTalun sy
ANEITNVIA LazaudsBuvesmslduszlovide
\AsugAauasdeny daiy ﬂ’liﬁuﬁuazﬁﬂﬂﬁﬁimﬁﬂ
elddedndudesdniunisedtausaiuludnues
ysans Tnefesendoarusiudionnynaiadiu i
ANA3F WONTU YT WazanTuUNSAnw L 919uNY
Agldiau nsdsduldngnune waznisiuy
Wedanundniuimuinetegreldussdnsam
wazdadu
sudoyagiansaumedaduiniosleddry
‘Lumiaﬂ’uauumﬁﬂmiq'mfwqugimmﬁ lng
ausadanlduselevilalunateds lawn (1) N3
Usziiuanunn dnenm wazdosinvesiiud 1wy
NTIATIBRENYULNNNLAN AUNAINYAIEN
Fanm uazAnadewiofusTauuA (2) Msnauny
nslEUsslowiiud nsousnsuasiiug wu ns

MNUALGUNUILAEY N1T00NLUVLYADYINY UATNIS

Fanisitufidounsu (3) nsfamuuazdsuidiung
W nad sundasiiuiitn ﬂqmmwugw WagAINY
vanuansueddldin uaz (4) msdeansteyauas
a¥ansiidausn sunswanund lueaniussme
wazd eansauwmenia q Mddeld e §eazaae
snszsunuitlavesuvuLarwisnuliieIdeq

Tunssuiuguansnensssunfes wdwulussevem

YoLauDIUY

1. AIANwINANTENUANNATIUA BuLUa
anmgioniAdeauvainaten1adininlussey
817 TAELANIZHANIZNUIINABLAIRONITRIYHULR
voswug ivuazauansalunsuaative i uil
Uhduih

2. AISANINANTENUIINNTUE BuLUAY
MslARY 19U N15U18FIYDYNTULAZAISINYAT
HaAILNAINYA1eN19TanN LR st udeya
U5gNounN1sInNIsLazausnEenIneInssssuYIf
Tuaums

3. MeUszgndldial Touasisussdu e
ANw1EIUAINUBINTNEINT AITNITRATULEDN
F29 Tt adasenesssuend anunisainasld
Usrlond warnsusmsdanisiud uazdesdinis
Smd’wﬁ"ummei’wﬁaun,Lazfﬁ’mummmqﬁmﬁfﬂ vie
Tinan15UseiiuanAaoIAUanIUN1II939 WazAIS
T4t uasIBussiiusmiudeyagiansaume Tng
savuaiuivsyfiuduquindesuarsedudaudiv

elinansuseliuinnuazBenuasdnauEgy
AnAnssNUsTAA
MU lasunisaduayuavdseninain
ddnaudszaunulasainisiden siauATegie
INFIUAUNAINTAIENTININ bazAdunis

asaaulud we. 2561

131



Journal of Agricultural Research and Extension 43(1):116-132

L@NEN591999
Schwarz, N., M. Moretti, M. Bugalho, Z. Davies,

Maejo University Farm Office. n.d. Ban Pong D. Haase, J. Hack, A. Hof, Y. Melero,

Development Project under the
Royal Initiative, Maejo University.
Retrieved from https://royal. mju.acth/
goverment/25660621094007 royalmju/
Doc_ 25670118112459 100104.pdf

[in Thai]

Mingthipol, O., U. Thammapanya

and S. Hongwittayakorn. 2018.
Development of a Geographic
Information Database to Support the
Conservation of Biodiversity and the
Ecosystem of the Huai Cho Foothills
Basin. Bangkok: Faculty of Architecture
and Environmental Design, Maejo

University. 153 p. [in Thail

Office of Bioeconomy Development. 2018.

Local Biodiversity Management
Manual. Bangkok: Suea Tawan

Publishing House. 135 p. [in Thai]

Office of the Special Committee for Coordination

of Royal Initiative Projects. 1993.
Theory of Forest Restoration
Development under Royal Initiatives.
Retrieved from
https://www.rdpb.go.th/th/home

[in Thai]

T. Pett and S. Knapp. 2017.
Understanding biodiversity-ecosystem
service relationships in urban areas:

a comprehensive literature review.

Ecosystem Services 27: 161-171.

Upper Northern Irrigation Hydrological Center.

2024. Rainfall conditions.
Retrieved from https://hydro-1.net/
[in Thai]

Weiskopf, S., B. Myers, M. Arce-Plata,

J. Blanchard, S. Ferrier, E. Fulton,

M. Harfoot, F. Isbell, J. Johnson,

A. Mori, E. Weng, Z. HarmaCkova,

M. Londono-Murcia, B. Miller,

L. Pereira and I. Rosa. 2022.

A conceptual framework to integrate
biodiversity, ecosystem function, and
ecosystem service models. Bioscience

72: 1062-1073.

132



Journal of Agricultural Research and Extension 43(1):133-143

msAnwUSsudfisuUiunaaseenguanieianmuazansfivanzaslunisataans
Tnewadalulasianlunanndleldisasine
Comparative Study of the Amount of Bioactive Compounds and Optimum
Conditions for Their Extraction Using the Microwave Technique

in Dendrobium lindleyi Steud

NMUA NARY" WIUNS Aunuduns? Jysnsal gu° Fszdusi anA’ ysu g’
s

wazgidva 29dUsEans’
Jutamas Piladee®”, Narin Taokaenchan? Watcharaporn Sukkhee?®, Geeranan Takam?

Boontan Suthep® and Sureechon Wongparsit®
Laniivanulssiu pugndnanssunisinens unmivendeudld Wesud 50290
ZannIensayulng ANERAANIINNSINYAT U Ivedewdly Wesnd 50290
SRansfilAy ANZNAANTTUNISINYAT W Ine1douald Weslvd 50290
"Horticulture, Faculty of Agricultural Production, Maejo University, Chiang Mai, Thailand 50290
Medicinal Plant Science, Faculty of Agricultural Production, Maejo University, Chiang Mai, Thailand 50290
3Special Affairs Department, Faculty of Agricultural Production, Maejo University, Chiang Mai, Thailand 50290
*Corresponding author: jibby600@gmail.com
*ORCID iD: https://orcid.org/0009-0009-5845-2863

Received: December 24, 2024
Abstract Revised: June 06, 2025
Accepted: July 18, 2025
This study aims to compare the amount of bioactive compounds and determine the optimal
extraction conditions using microwave-assisted extraction in the flower of Dendrobium Lindleyi Steud.
Comparative tests were conducted on the amounts of substances extracted from the stem, leaf, flower,
and root parts using the microwave technique. The obtained extracts were analyzed for total phenolic
content using the Folin-Ciocalteu method, total flavonoid content using the aluminum chloride
colorimetric method, antioxidant activity via the DPPH radical scavenging assay, and tyrosinase inhibition
activity using the modified dopachrome method. Results indicated that the flower contained the highest
amount of flavonoids at 32.53+0.76 mg QF g DW. Therefore, further experiments were conducted to
optimize the microwave extraction conditions by varying several factors, including microwave power,
extraction time, ethanol-to-water ratio, and number of extraction cycles. The optimal conditions were
found to be 600 watts of microwave power, 270 seconds of extraction time, an ethanol-to-water ratio
of 100:0, and one extraction cycle. This study demonstrates that the flower of D. lindleyi Steud. contains

bioactive compounds with potential for use in medicinal or skincare products. Moreover, understanding
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the appropriate microwave extraction conditions provided a guideline for researchers, students, and

interested individuals.

Keywords: Dendrobium lindleyi Steud, bioactive compounds, flavonoid
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finu817AAY 600 WluAS UIAINITAANAULES
Flduniieumuiinaeasusenoufiuveadn Taewfiau
NNFMUINTFIUVINTALNAA N T8 uRaLTy
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WABANABUNMINFAI0E19UI (Mg GAE g DW)

nsnAdaunNs Auayyadased1833 ARy
(DPPH radical scavenging)

NsMAdeUNNE NIAuBYYaBasEATITLOY
Uszgndu191n91u4338904 Singh et al. (2002) lay
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DMSO Irlénsud3anns 2 fadans ndsanturihnng
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LINTU 1neABN19199919UUU two-fold dilution T
ansarareiogsieIeulaun 0.1 faddns Wuasly
NeANAADY LaslANa1sayaly DPPH LduTu 0.1
fadluans Usums 2.9 Jadans waulmaniu dmsu
arsazaruaruauld DMSO USu1as 0.1 daddns
Wuasluvasannass waglinaisazaly DPPH
WuiRgafuiuansazanefiege seneliludide [y
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Tngldynarunuidu ethanol unuaisannainiiey
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E—
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AN 9 VBIENTAAAAU %inhibition tBAIUIUAIAIIM
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19930l 898 W NUINTUdIURaNNaelIlLE IR
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NaTLATILqNE iUy adasE eI ARTIoa WU
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Dol ldmaes wasdiduninenidesduasides AuantAduansinueyyadase denadesiuiuves

anelvy lneansdviessndng (pigment) Tdmdes & Nguyen et al. (2018); Siriwattanamethanon (2020)

o Y = 1 I o aa
LLAagddLLm WWUIUW%LLagﬂ@ﬂIN Lﬂum’iﬂquwm

Table 1 Comparaison of biologically active substances in different parts of Dendrobium lindleyi Steud.

Sample Flavonoids Phenolic DPPH Antityrosinase, ICs,
compounds
(mgQEg'DW)  (mgGAEg'DW)  (mg Trolox g DW) (mg mL™?)
Flower 32.53+0.76a 9.04+0.22a 16.08+0.09a >39
Leaf 10.31+0.57b 4.12+0.08b 8.30+0.18b >14
Stem 0.36+0.17d 1.83+0.01d 6.34+0.16¢ >6.67
Root 6.69+0.4c4 3.30+0.09¢ 6.61+0.33c >6.67

Different letters in column are different significantly (P<0.05).

HANTIVIAREIU 1A WU HUTnauensrialauess
wngafiataldandiunenndaeliidesis andui
AeNLaai NAnwan s mnradlunsataans
gangqninedinnlasmaialulaso Tnednw
el wazszezinanlunisadai suizay
LﬁaﬁﬂmaﬁmﬁqEJﬁwé’ﬂﬂﬂwﬁLL@ﬂmaﬁ’uﬁmag”Luﬁzm
13-28 mg QF ¢' DW Tnedlafiumgslafiuandy
970 100 06 9 600 a6 USunuanswaliusenay
fendiutunny wardeldmadwifududsinaeans
Warluessariiaranas daumdlndia 600 Ynd
annsainsatnasialuesdlduiniigalaeden
LAY 27.53+0.73 mg QE ¢! DW (Figure 1A)
wazdlothlunaaeusseznaiivanzaulunsainie
270 3unit wuuBnauansialueedldnndign ned
AN N U 47.61+4.36 mg QE ¢ DW (Figure 1B)

WULABIAUII897UUS Thanaphat (2016) Na1211
Masvadlulasinuazgumniasuusiunuiy Mas
lulasinigaduagyiligungfvesszuui udu
wenant Sl nandnainnisataei uu1niu
Junsgitansiiuazanadluiign uag Yan et al. (2010)
U msiingamgil 50 Wy 70° aansaudiy
USinusandn astragalosides waziilog uvniigendi
70°% Yinamandaiiududntesuazanasluian
pumngiifigaduagihlifssuunsadadenuviiauay
ussFaEaanas inlwivinazansansoazauansle
AU fadunisdiuidslalasinasgoiuusun
NANAMIINAITANALAZAATZUZLIAINITAAALA
wiag1lsfnnu n1siiuidslulasiavenavinli

goydvansdrdyursyinla
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This study investigated the supply chain of Dang chickens in the upper southern provinces of
Thailand. Data were collected through structured interviews with 60 Dang chicken farmers, 20 collectors,
20 wholesalers/retailers, and 400 consumers in Nakhon Si Thammarat, Surat Thani, and Chumphon
provinces. The results showed that farmers typically raised Dang chickens for an average of 16 weeks,
achieving a weight of 1.5-1.6 kilograms. Regarding distribution channels, farmers predominantly sold to
local collectors due to ease of communication and established trust with long-term partners. Other
channels included direct sales to wholesalers/retailers, consumers, and local restaurants. Live chickens
were generally sold at 70-80 Baht per kilogram, with prices increasing to 90-100 Baht per kilogram
during festivals such as the Chinese New Year and the Qingming festival. Wholesale traders sometimes
acted as live chicken collectors, while processed chickens were sold at 110-125 Baht per kilogram. Most
consumers purchased Dang chicken from retailers at fresh markets or community flea markets at 120-
150 Baht per kilogram. The Dang chicken supply chain comprised small-scale farmers and network
groups, live chicken collectors, wholesalers/retailers, shop or restaurant operators, and end consumers.
The study recommended encouraging farmers to join cooperative groups to enhance operational

efficiency through improved production planning, marketing channels, and knowledge exchange.

Keywords: supply chain, Dang chicken, collector merchants, consumers
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Introduction

Currently, native chicken farming in Thailand
is primarily managed by smallholder farmers as a
supplementary occupation, with operations found in
almost all provinces of the country (Phromnoi and
Phattanakunanan, 2017). Due to the slow growth rate
of native chickens, the yield is relatively low, which
is insufficient to meet market demand. As a result,
the price of native chickens is higher than that of
broiler chickens (Laopaiboon et al., 2010). This price
disparity has affected the domestic poultry market,
leading to challenges such as market inefficiencies

and unfair trading practices between producers and

traders. Furthermore, there is an urgent need to
develop hygienic slaughterhouses that adhere to
international standards to ensure that consumers
can access clean, hygienic, and safe chicken meat.
Ongoing technical and academic support is also
essential to enable local chicken farmers to produce
meat of comparable quality to intemational standards.

Native chicken meat is an agricultural
product that currently lacks overall competitive
potential, particularly among small-scale producers.
In the southern region, there are 412,989 native
chicken farmers and a total of 13,666,794 native
chickens (Information and Statistics Group, Information

and Communication Technology Center, Department
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of Livestock Development, 2023). Nakhon Sri Thammarat
Province has the highest number of native chicken
farmers in the southern region. Most of these farmers
are small-scale producers who raise chickens alongside
other agricultural activities. Among the native chicken
breeds commonly raised in the southern region, the
“Dang chicken” or “Dang Surat chicken” stands out
as an indigenous breed of Thailand (Sentangsedtee,
2018). The Department of Livestock Development
has implemented a policy to conserve and develop
animal genetic resources, particularly native breeds,
in an effort to establish Surat Thani Dang chicken as
a purebred breed with consistent and unique external
characteristics (Songsang et al., 2015). This breed
maintains exceptional traits, such as strong maternal
instincts and high genetic diversity, providing opportunities
for selective breeding to enhance economically
valuable characteristics beyond those of typical Thai
native chickens. The conservation, research, and
development of the Surat Thani Dang Chicken breed
is managed by the Surat Thani Animal Research and
Breeding Center, which also encourages farmers in
the southern region to raise this breed to generate
additional household income.

Most native chickens are primarily raised for
domestic consumption, with very few being exported
as live chickens or meat products. The market for
slaughtered native chickens is relatively narrow
compared to other meat markets, which may be due
to the unique characteristics of the general market
for live chickens. This market mainly serves small
farmers or small-scale farms, where sales and
purchases typically take place directly at the farm.

Most buyers are local traders or butchers. The

inefficiency of native chicken marketing is a significant
issue and a major barrier to the development of
native chicken production, preventing it from advancing
like other livestock products. This inefficiency causes
farmers to feel insecure about pursuing native
chicken farming as a long-term career, leading
many to abandon it altogether. From a marketing
perspective, there are additional challenges, such
as complex market mechanisms and high costs at
each stage of the supply chain. Farmers lack
bargaining power, and the absence of clear grading
and standards for native chicken meat results in
minimal price differentiation between various meat
qualities. This lack of differentiation discourages
farmers from improving the quality of their chicken
production. Moreover, there is a shortage of standardized
slaughterhouses, further hindering market development.

This research examined the supply chain of
Dang chickens in the upper southern provinces of
Thailand, focusing on current production status,
related businesses, live chicken markets, product
distribution sources, market structure, and distribution
channels. It identified various forms of native chicken
supply chains and aimed to promote their development
into a sustainable commercial model. The study also
provided policy recommendations to guide the
development of commercial Dang chicken farming,
expanding economic opportunities for stakeholders
across the supply chain. Furthermore, government
and related agencies can use the findings to establish
guidelines for managing native chicken production,
which may also be applied in other regions to
support systematic and sustainable management

practices.
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Methodology

Research Tools

The research tool used in this study was an
interview form, which was validated through a
content validity check. The researcher submitted the
questionnaire to three experts to evaluate its content
validity. Following this, the Index of Consistency (I0C)
and the appropriateness of the language used (wording)
were calculated. Necessary revisions were made
based on these evaluations before the instrument
was used for actual data collection. The interview
form consisted of four parts as follows:

Part 1: General economic and social information of

Dang chicken farmers
Part 2: Information on costs and retumns from Dang

chicken production
Part 3: Information on Dang chicken distribution

channels
Part 4: Information on problems and obstacles in

Dang chicken production

The research proposal has been submitted
for approval to conduct human ethics and has
received the document number RUTS-IRB 2566.021/
05.05.

Additionally, small group meetings (focus
groups) were conducted with stakeholders involved
in the production and marketing processes, including
both govemment and private agendies. These meetings
aimed to brainstorm and discuss production processes,
operational guidelines, and to identify any challenges

and obstacles in production.

Research Methods

Step 1: This study examined the general
production and marketing conditions of Dang chicken
farmers in the upper southern provinces of Thailand,
including Nakhon Si Thammarat, Surat Thani, and
Chumphon. A sample of 60 farmers was selected
using purposive sampling, as the total population
size was unknown. The sample was drawn from
farmers affiliated with the Surat Thani Animal Research
and Breeding Center, comprising 28 farmers from
Nakhon Si Thammarat, 24 from Surat Thani, and 8
from Chumphon.

Step 2: This study examined the elements
of the Dang chicken supply chain in the upper
southem provinces of Thailand, encompassing the
following activities:

Supply Chain 1: Production

General information on native chicken
farming practices and farmers’ knowledge was
collected from 60 farmers in Nakhon Si Thammarat,
Surat Thani, and Chumphon provinces, using the
sampling procedure described in Step 1.

Supply Chain 2: Collection, Slaughter,
and Dissection of Dang chickens

Information on the process of purchasing
live Dang chickens, including collection, procurement,
and slaughter was gathered from 20 participants in
the upper southem provinces. Participants were
selected using purposive sampling according to
population proportion: 10 from Nakhon Si Thammarat,

7 from Surat Thani, and 3 from Chumphon.
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Supply Chain 3: Distribution, Wholesale,
and Retail of Dang chickens

The characteristics of Dang chicken distribution
channels and farmers’ sales volumes were surveyed
using a sample of 20 retailers, selected through
purposive sampling according to population proportion:
10 from Nakhon Si Thammarat, 7 from Surat Thani,
and 3 from Chumphon.

Supply Chain 4: Consumer Group

The study involved individuals who had
purchased or had purchased Dang chicken meat
in Nakhon Si Thammarat, Surat Thani, and Chumphon
provinces. Using Cochran's formula (1953) at a 95%
confidence level, the sample size was determined
to be 400 participants, distributed as 200 from
Nakhon Si Thammarat, 133 from Surat Thani, and 67
from Chumphon. Participants were selected using
a convenience sampling method.

Data Analysis

The researcher analyzed the data collected
from the questionnaire using the following methods:
Descriptive Analysis (Descriptive Method)

This analysis employed basic statistical
methods to describe the general social and economic
conditions of Dang chicken farmers. The data were
analyzed using the content analysis method to
provide a comprehensive understanding of the
information collected.

Quantitative Analysis (Quantitative Method)

This analysis utilized statistical methods to
calculate the mean and percentage (Pongvichai,
2008) and numerical values related to cost-return
analysis. The resulting statistics were then used to
discuss findings and conduct an in-depth analysis of

the data.

Results

Based on the study of production status,
marketing, and elements of the Dang Chicken supply
chain, the research examined the relevant processes
from producers to consumers, yielding the following
results:

Production and marketing of Dang chickens by
farmers in the upper southern provinces of
Thailand

From the study of Dang chicken farmers in
the upper southem region conducted using purposive
sampling, with a total of 60 participants. In terms of
production processes, small-scale farmers typically
purchased Dang chicken chicks from the Surat Thani
Animal Research and Breeding Center, placing orders
in advance and picking them up at the specified
time. The center sold one-day-old chicks for 15 Baht
each. For farmer groups, there were arrangements to
breed and distribute chicks within the network, with
a production capacity ranging from 50 to 300 chicks
per cycle. Regarding the cost and returns from Dang
chicken production, the production cycle lasted
approximately 16 weeks, with an average weight of
around 1,500 to 1,600 grams. Farmers sold live
chickens at a price of 70 to 80 Baht per kilogram.
The main production cost is attributed to feed, which
accounts for 70% of the total cost. Effective
management of feed costs can significantly enhance
farmers' net profits.

The study also examined Dang chicken
distribution channels, highlighting the movement of
goods from producers to consumers. Data collection
revealed that the sample group of Dang chicken

farmers preferred to sell live chickens at an average
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price of 70 to 80 Baht per kilogram. The majority
(68.33%) chose to sell to local collectors due to the
convenience of communication and established trust,
as these relationships had developed over time. The
next most popular channels were wholesalers and
retailers who purchased directly from the community
(20.00%), followed by direct sales to consumers or
local restaurants (11.67%). An analysis of the Dang
chicken market structure indicated that it operated
as a market with few sellers. Dang chicken sellers or
collectors and wholesalers/retailers were scarce in
each community. The Dang chickens were native
breeds with similar characteristics, and any
differences were minimal, making them substitutable.
It was also noted that collectors, wholesalers, or
sellers of slaughtered Dang chickens often overlapped,
as they might be the same individuals who collected
live Dang chickens from small farmers or community
networks for butchering and sale in the main market
of the province. In the research area, Dang chickens
sold in the market were typically fresh, whole chickens
with the internal organs removed, weighing
approximately 1.50 to 1.70 kg each. Entering the
market as a new seller was challenging, as Dang
chicken farming was not widely practiced; it primarily
involved original farmers, with some areas forming
new networks. Furthermore, the Dang chicken
market primarily operated in fresh or community
markets, where most consumers were local shoppers.
These consumers often purchased Dang chickens for
ceremonial purposes during festivals such as the
Chinese New Year and the Qingming Festival, leading
to increased demand during these periods.
Consequently, the pricing power for Dang chickens

predominantly rested with wholesalers. However,

wholesalers had to ensure the quality of the Dang
chickens to maintain the established price.

Key Elements of the Dang Chicken Supply Chain
in the upper southern provinces of Thailand

According to the study of the Dang chicken
supply chain, it was found that the supply chain
involved a series of processes that included the
movement of goods from raw materials to finished
products and ultimately to consumers. The study
identified five key components of the supply chain,
as outlined below:

1) Most farmers raising Dang chickens in the
upper southem provinces of Thailand were smallholders,
and in some areas, they had formed network groups.
A few farmers practiced their own breeding.
The production capacity ranged from 50 to 300
chickens per production cycle, with most being
raised in semi-confined and semi-free-range systems.
The rearing period typically lasted around 16-18
weeks until the chickens reach the market's desired
body weight of approximately 1.5-1.8 kilograms. The
carcasses were expected to have attractive skin, no
defects, and a yellowish tint. The average selling
price for live chickens was 70-80 Baht per kilogram.
It was observed that farmers preferred to sell to local
traders due to established long-term relationships.

2) Live Dang chicken collectors were responsible
for purchasing chickens directly from farmers within
communities or network groups. They typically travelled
to different areas to buy live chickens, often operating
within  long-established networks. Under normal
circumstances, live Dang chickens were purchased at
a price of 70-80 Baht per kilogram. However, during
festivals such as the Chinese New Year and the Qingming

Festival, prices rose to 90-100 Baht per kilogram due
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to inareased demand. The chickens were then transported
to a standard slaughterhouse for processing and
subsequent sale.

3) In some cases, wholesale traders were also
the live chicken collectors. They were responsible for
selling processed (dissected) Dang chickens, with
internal organs removed, to retailers in community
markets and to restaurant operators. The processed
chickens were typically sold at a price of 110-125
Baht per kilogram. Demand from wholesale traders
increased by 30-50% during peak periods.

4) Most consumers purchased Dang chicken
from retailers at fresh markets or community flea
markets in Nakhon Si Thammarat, Surat Thani, and
Chumphon provinces. Consumers typically bought
dissected chickens with internal organs removed, at
prices ranging from 120 to 150 Baht per kilogram,
primarily for household cooking, such as boiled or
curry dishes. Restaurant operators mainly located in
Nakhon Si Thammarat, Surat Thani, Chumphon, and

neighboring areas such as Phatthalung represented

Farmers who raised Dang

chicken

—

another important segment of the supply chain.
Restaurant demand varied, with some preferring
male chickens weighing over 1.5 kilograms. Common
dishes prepared from Dang chicken included chicken
rice, turmeric-boiled chicken, and curry chicken.

The study concluded that the Dang chicken
market in the upper southern provinces operated as
an oligopoly, characterized by a small number of
sellers offering homogeneous or highly substitutable
products. Market entry for new sellers was challenging,
and pricing power was largely held by established
traders. In Nakhon Si Thammarat, Surat Thani, and
Chumphon provinces, five distinct trading models
were identified, including:

Model 1: This model involved farmers
raising live Dang chickens, processing them
(dissecting) in their backyards, and selling directly to
consumers within the community. These sales were
often conducted through traditional community
channels or online trading within specific community

groups (as illustrated in Figure 1).

Consumer

Figure 1 Dang chicken supply chain in the upper southern provinces Model 1

Model 2: The second model began with
live Dang chicken farmers who processed (dissect)

the chickens in their backyards and sold them

directly to entrepreneurs or restaurants within the
community, before reaching the end consumers.

This process is illustrated in Figure 2.
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Farmers who raised Entrepreneur/

) ) Consumer

Dang chicken Restaurant

Figure 2 Dang chicken supply chain in the upper southern provinces Model 2

Model 3 The third model began with live then distributed the chickens to entrepreneurs and

Dang chicken farmers who sold their products restaurants, ultimately reaching the consumers.

through wholesalers and retailers. These intermediaries This process is illustrated in Figure 3.

Wholesaler/Retailer
Farmers who raised

m====) merchants, dissected D)

Consumer
Dang chicken

Dang chicken

Figure 3 Dang chicken supply chain in the upper southern provinces Model 3

Model 4: The fourth model began with followed by wholesale traders who processed (dissected)

live Dang chicken farmers. The chickens were sold the chickens, and finally to retail traders of dissected

through traders who collected live Dang chickens, Dang chickens. This process is illustrated in Figure 4.

Farmers who raised

Dang chicken

l

Merchants collected

live Dang chicken

|

Merchants deliver

Retailer merchants,
dissected Dang live | === dissected Dang —_— Consumer

chicken chicken

Figure 4 Dang chicken supply chain in the upper southern provinces Model 4
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Model 5: The fifth model began with Dang chickens, followed by entrepreneurs and
farmers who raised live Dang chickens. The chickens restaurants, and finally reaching consumers. This
ware sold through live Dang chicken collectors, process is illustrated in Figure 5.

then to wholesalers and retailers of dissected

Farmers who raised

Dang chicken

|

Merchant collected

Dang live chicken

|

Wholesaler/Retailer

merchants, dissected
)

Dang chicken

Entrepreneur/

Restaurant

—[ Consumer }

Figure 5 Dang chicken supply chain in the upper southern provinces Model 5
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Discussion

The study of the Dang chicken supply
chain in the upper southern provinces of Thailand
revealed that most farmers operated on a small
scale. In some areas, farmers had formed networks
to raise native chickens using open-field,
semi-confined, and semi-free-range systems. The
average production cycle was approximately 16
weeks, yielding chickens weighing around 1.5
kilograms. The average selling price ranged from
70 to 80 Baht per kilogram, consistent with
market preferences in the region. Raising chickens
to meet the desired market weight within the
appropriate time frame led to effective cost
management for the farmers. In terms of
distribution channels, the next most popular
sales channels were wholesalers and retailers
who purchased directly from the community
(20.00%) and other avenues, such as selling
directly to consumers or local restaurants
(11.67%). These distribution channels for Dang
chickens aligned with research conducted by
Wongsuthavas and Sombun (2009) who examined
the development of commercial native chicken
products in Sakon Nakhon province. Their study
found that most collectors and distributors of
native chickens in Sakon Nakhon gathered chickens
from the community to sell at fresh markets.
Some farmers also served as collectors and butchers,
traveling to villages to purchase chickens. The average
selling price of native chickens in that region was
reported to be between 100 to 120 Baht per kilogram.
In contrast, a study by Saenkhunthow et al. (2016) on

the production and marketing of native chickens

in Maha Sarakham Province indicated that most
farmers primarily produced chickens for household
consumption, with any surplus sold as live
chickens. This group focused on direct sales to
community consumers, accounting for 46.60% of
their sales, followed by community collectors
(29.49%) and farmer networks (24.28%). In Maha
Sarakham Province, native chicken farmers often
took on multiple roles, serving as producers,
collectors, butchers, and direct sellers to
consumers. The structure of the Dang chicken market
was characterized as an oligopoly, where only a
few sellers dominated. The products offered by
these sellers were largely similar, and any
differences were minimal and substitutable. This
market structure made it difficult for new sellers to
enter, and pricing power was primarily held by
collectors and wholesalers.

The study of the Dang chicken supply
chain revealed that the Dang chicken market
operated as an oligopoly market. This indicated
that there were only a few sellers, including local
chicken collectors and wholesalers/retailers, in
each community. These sellers offered similar
products, with only minor differences that could
be easily substituted. Consumers generally recognized
the product as native chicken without distinguishing
between specific breeds. Entering the market was
challenging for new sellers, especially for local
collectors who possessed expertise, established
networks for exchanging market information, and
strong relationships with native chicken farmers
in their communities. Consequently, the power
to set prices predominantly lay with these

collectors and wholesalers. The marketing route
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for Dang chickens began with farmers raising live
Dang chickens, followed by collectors of live
Dang chickens, wholesalers/retailers who sold
butchered Dang chickens, restaurant operators,
and ultimately, consumers. This pathway aligned
with the supply chains of other native chicken
breeds in various regions. For instance, Wongsuthavas
and Sombun (2009) reported that the native
chicken supply chains in Phang Khon and Mueang
Districts of Sakon Nakhon Province involved
free-range chicken farmers, collectors, butchers,
distributors, and consumers. In this model, collectors,
butchers, and distributors often assumed multiple
roles, gathering native chickens from villages,
butchering them, and selling directly to consumers.
(2009)

documented that the supply chain for native

Similarly, Boonman and Weesaphe
chickens in Sisaket, Yasothon, and Ubon Ratchathani
Provinces involved small-scale farmers, live chicken
collectors who established purchasing points in
villages, and butchers in fresh markets,
culminating in sales to consumers. Nualhnuplong
et al. (2019) found that the Betong chicken
market in Pattani, Yala, and Narathiwat Provinces
also operated with few sellers. The marketing
pathway for Betong chickens started with farmers
raising live Betong chickens, followed by collectors
and wholesalers who sold butcher Dang chickens to
shop operators, including chicken rice shops and
restaurants, until reaching consumers. Overall,
the studies suggested that most native chicken
marketing routes consisted of farmers, collectors,
distributors, and consumers, often with overlapping

roles among collectors, butchers, and distributors.

Relucio (2021) illustrated the value chain
by showing the actors involved, their roles, and
relationships in the value chain map; and determined
the costs and revenues related to native chicken
production. The results indicated that the main
actors in this value chain were farmers/raisers of
native chickens, wholesalers/middlemen, and
retailers. The native chicken raisers sold their
harvest directly to middlemen, who then sold it
to consumers that visited their location.
Conversely, the intermediaries sold the native
chicken straight to the market. The findings
showed that the three actors benefited from the
industry; however, the middlemen's income
exceeded that of both raisers and retailers.
Results indicated that the native chicken did not
have a fixed price in the Partido, Philippines. In
Thailand, Yotapakdee et al (2023) examined the
management of the native chicken supply chain
and strategies to improve value chain efficiency
for commercial native chickens among farmer
groups in the upper northern provinces. The
study classified 148 farmers into three groups based
on production potential: high, medium, and low.
The authors suggested that promoting knowledge
about the distinguishing characteristics of native
chickens to customers could enhance farmers’
commercial potential. Recommendations for
upstream farmer groups included: maintaining
high quality chicks for sale in the high group;
developing farms to meet Good Agricultural
Practice (GAP) standards in the medium group; and
improving knowledge of chicken husbandry and

vaccination systems in the low group. These
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measures aimed to strengthen each group’s
capacity for commercial native chicken production.

Similarly, Chankong et al. (2022) studied
the native chicken supply chain in Nakhon Si
Thammarat province, confirming that it comprised
small-scale farmers, networks of live chicken
collectors, wholesalers/retailers of slaughtered
Dang chickens, and consumers. The market structure
was found to be oligopolistic, with pricing power
concentrated among collectors and wholesalers.
Each community typically had only a few sellers
offering similar products, limiting opportunities
for new entrants due to established networks and
local expertise. Nevertheless, encouraging cooperative
models and collective marketing strategies could
empower farmer groups. By consolidating supply and
accessing larger markets, small-scale farmers could
negotiate prices more effectively, reduce dependency

on middlemen, and achieve better returns.

Conclusion

In conclusion, this study investigated the
Dang chicken supply chain in the upper southern
provinces of Thailand, identifying key actors
including farmers, live chicken collectors, wholesalers/
retailers of slaughtered Dang chickens, shop and
restaurant operators, and consumers. Farmers
predominantly sold to local collectors due to
convenience and established trust, followed by
wholesalers/retailers and, to a lesser extent,
direct sales to consumers or restaurants. The
market operated as an oligopoly, with few sellers
offering similar products and pricing power

concentrated among collectors and wholesalers.

The study recommended encouraging
farmers to join cooperative or farmer groups to
enhance operational performance through
knowledge exchange, production planning, and
improved marketing channels. Understanding the
structure and dynamics of the Dang chicken
supply chain provided a framework for developing
Dang and other native chicken farming practices.
Promoting household level native chicken farming
requires careful management of costs particularly
feed, the primary expense, alongside efficient
distribution channel management. Furthermore,
effective knowledge and information sharing
among stakeholders, including academic and market
insights, was essential. Collaborative management
across farmers, collectors, wholesalers, retailers,
restaurant operators, and consumers can generate
mutual economic benefits and contribute to long-

term food security.

Recommendations

Recommendations Based on the Research
on the study of Dang chicken supply chain in the
upper southern provinces of Thailand

1) Feed represents the most significant
cost in raising Dang chickens. Therefore, farmers
should carefully manage the raising period to
achieve the desired size and quantity that aligns
with consumer demand. To support cost-effective
feed management and increase profitability, targeted
policy interventions are needed. Such as training
farmers on alternative feed sources, utilizing local
feed ingredients, or purchasing feed collectively
through cooperatives could substantially improve

profit margins for small-scale Dang chicken producers.
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Additionally, promoting group marketing strategies
and cooperative models can strengthen farmer
organizations, enabling them to negotiate prices more
effectively, reduce dependence on middlemen, and
potentially secure better retumns through supply
consolidation and access to larger markets.

2) Dang chicken farmers and merchants
should align production volumes with market
demand, coordinating collection and butchering
processes to ensure consistent weights suitable
for household consumption and diverse culinary
applications. Moreover, farmers should maintain
high standards in transportation and packaging to
preserve product quality and meet consumer
expectations.

3) Related Dang chicken businesses should
consider developing ready-to-eat or semi-ready-
to-eat products, as well as food items with
enhanced nutritional value. Segmenting butchered
chicken into convenient, ready-to-cook portions can
simplify preparation for consumers. Implementing
product grading systems based on weight, carcass
quality, or freshness can further add value. These
strategies cater to modern consumer preferences for
convenience and have the potential to increase
profitability.

However, for those interested in further
exploration of this topic, it is recommended to
investigate the purchasing behavior of consumers
regarding Dang chicken meat in comparison to
other native chicken breeds. This comparative analysis
can provide valuable insights into consumer preferences,
motivations, and trends. The findings can be utilized to
develop native chicken products that align more

closely with market demand and consumer expectations.

Additionally, understanding these dynamics will facilitate
the enhancement of value-added opportunities for
native chicken products in the future. Therefore, it is
recommended that farmers be encouraged to join
agricultural groups in order to improve operational
performance through marketing channels, production

planning, and knowledge sharing.
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This study aimed to develop an intensive native goat farming model and to enhance rearing
capabilities for vulnerable (unemployed) youth in Thailand's southern border provinces. Using a
completely randomized design (CRD), twenty 6-7-month-old native goats were divided into four groups
(5 goats/group): Group 1 received only Napier grass; Group 2 received Napier grass supplemented with
2% BW commercial feed; Group 3 received Napier grass plus 2% BW concentrated feed Formula A
(yeast-fermented corn); Group 4 received Napier grass plus 2% BW concentrated feed Formula B (rice
bran + fish meal). (After a 120-day trial (concluding at week 16), initial weights were 7.73+1.00, 7.60+1.07,
7.73+0.81, and 7.66+1.10 kg/animal for Groups 1-4, respectively, with weight gain percentages of 19.81,
29.50, 31.59, and 36.17%, respectively). Nutritional analysis revealed that Formula A contained 13.8%
crude protein, 8.1% fat, 10.2% crude fiber (CF), and 40-50% moisture; whereas Formula B contained
15.20% protein, 4.5% fat, 9.4% crude fiber (CF), and 40-50% moisture. Fresh Napier grass contained
9.8% protein, 0.6% fat, 33.2% crude fiber (CF), and 9.3% moisture, while fermented Napier grass
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contained 10.2% protein, 10.2% fat, 32.1% crude fiber (CF), and 9.9% moisture. Production costs

averaged at 5.80 THB/kg (dry) and 3.49 THB/kg (fresh) for Formula A, and 10.54 THB/kg (dry) and 6.33

THB/kg (fresh) for Formula B, enabling farmers to reduce feed costs by over 50%.
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Vg rassaeives wavermsveulddamnin
wazliiftoswe Tnefisuuuunisidomuns il

1. 11548 seuuuUa eeddasy (free-range
system) Fanwasnssodosinasauny 1-5 i 1y
91%nLas) uazUao N9 S99 IUETTUBRA
aelunlaanaanssady (Department of Livestock
Development, 2023) ag4lsinu Fosiaduiui
wazUTunae1ms dniilvungisgdulad uwaguin
fns¥udounzsuiunn unsiidssensliifioae
AUAMNABINITIBINAA deallnunInsdasweluy
511817 msmmq’uLﬂwmﬂﬁﬂLﬂuLLu’amw‘jQﬁﬁdw
g U9 sesTuN oA 13UT o (Massachusetts
Institute of Technology D-Lab & Heifer International,
2016)

2. syuunmsiaseuuulfutame (pasture-
based system) WuiifealusnsUseina Tnglddndu
1 dse 115 ualulsewelnedinusudu 3-10 dels
il osndesiiadufi Ay (Ministry of Agriculture
and Fisheries, n.d.) szuuildisansunuamslas
40% wariiunanannauuleosld 25-30% minfinng
Fan1suuang uunduIgu (Urosevit et al.,
2020) 9g1slsian feosdinstdesiudgmilsanens
waranudenlnsuvesiu

3, syuuAeUsedln (semi-intensive syster)
\JunswaumauszninnsUaesuneidy 4-6 9alus
AoTU AUNITYUABNLALLASUDINIT LAUNUII
\nuAsnsTldsruianunsadfiudnsinsasaivle

vosungld 15-20% yninisiatuemnstuansiany
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(Gomez-Limon and Riesgo, 2012) ualnumsnsaaule
Frvraauilunisiuiadadiueimsivuzay
furhmindaume

4. s5uuUsEan (intensive system) LHUA1T
FAVQILAZIATUOIMITTURINNANLATUINT WlAzd
AUNUDIMITFIDT 70% Guméfunuﬂgwm WAAINTE
ansunulanlenslongudesnauninuidy N3
nAaoRUTeU BN TN LU gas A (Ushu
14%) uazgns B (nuesgy) Helvaunsaidengns
fomngausvanmituiinas TngAuiia

5. 53 UUNNTUNALNATY (integrated farming
system) L“f]umw‘?fauimm3ﬂqmﬁ%ﬁ'umm§muwz
wu nstdAvlugnansuagniniauduenmsuny

o

waznsyaunelundndedunIddmiudgnua

willes a51938UU zero waste BYILAARUNUBINIT
Lo 18-22% wazii usreldaiulinuasou
(Kongkaew, 2020)

AUl 2 99NUWUUNITNAADILE BIUNE
Hudissuuudszdln ssuunisiasawuusydin (Ju
szuuTiunmsdafivemsdniunliusaziadudoe
g sty lneiduszuuyuuaziuinlasusliogng
wisngay ag1alsAny ausavaeeliiunsasingias
Tundaanghle 1wy 3-10 @ siols

N5IATIEVAUAINIAYUL DM TENTLETT
1RS84 LUY Proximate (Proximate Analysis) R
wneds AriteseilalaeUszana nan1sIesIzi
§i4 Table 1

Table 1 Nutritional values of various goat feed formulations

Nutrition FormulaA  Formula B Fresh Napier grass = Fermented Napier grass
Crude Protein, CP (%) 13.8 15.2 9.8 10.2
Ether Extract, EE (%) 8.1 4.5 0.6 0.7
Crude Fiber, CF (%) 10.2 9.4 33.2 32.1
Moisture (%) 40-50 40-50 9.3 9.9

INNTIATIEAUAIMN LN YUL DI TR
(Table 1) TUs@unenu (Crude Protein, CP) WuU31
an301m157u B flUsAuneugeiian (15.2%)
s99a331AD g3 A (13.8%) lusausdingiudesan
wagmfndlusAusinga (9.8 wag 10.2% suddiv)
Feaenndosiuauideves Urosevie et al. (2020)
Aszyinemstui dlUsAugaztieduasunis
wigdulauazifiuusedvsamnssanluungyuiay
unzus TneseRulusAuivanzaunisegdl 12-16%
dmuungieglurranadydulavdelviuy diwlvsiu
(Ether Extract, EE) g5 A JUTuaulviugenin
(8.19%) 1 o1l suiUgs B (4.5%) wazngfnuides

yeaeeg Uuuy (06-0.7%) 4 sluuluoivisi
anudRysonslindsnulasyregaduindud
azangluludu msdleduaddugns A Jumungdmsu
ungAifosnTndaanugs wu wiuwglruuveunsyu
7 #03n151591m Teney (Crude Fiber, CF) wui
nenulesanuazviinidleveiugaun (33.2 way
32.1% muddu) vaurfignsennstuiilonenudiina
(10.2 Uz 9.4% muaau) leneugaiinudifgyse
130526 UN19LA 8248 BB TITUTBITEUY
MaAuemsluwne uwivnuniiuluesnaannisiu
91115UaaNNTIN1TLRTYLAULA (Gomez-Limon

and Riesgo, 2012) d@uANUYU (Moisture) 875819113
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v
=1

Turidedinuaings (40-50%) Fonaliasenisiiv

1%
IS a

$nw MAANTUELN lUonaifndesuazanamen
malasunns vasfivgudosanuaswingimnuiy
A9 (9.3-9.9%) Famsnedumaiusnuiluseven
devhmauieudisunglesudnidioutuan ns
winvgudestedulusiuneudntos (10 9.8
Wy 10.2% mua1av) wazyreusuliinmnInnis
doelsvosormsveny Sadumadoniidlurigguds
Wadlenauaauonmsan (Santoso et al., 2024)
1ANsAnwImuINsldgasomsduid

TUshiu 14-16% (Wu ans B) saufungnulesudn

azgagliunglasuansoIMsASUN LA ANAU
audein1slunnazya9n1swEn d1nsunasui
desnisandunu o1aldug nudesndnidueims
NEIUNEN waziasualge1mstugaslusiugalu
USnaufivsnzan gasemnsiuiifilusiugaaglashy
qqmmzﬁ’umslﬁ'ﬂmLLazLﬁmamﬁm duvguudys
anuazninwanzAunsIu 1SN Undn wiAs
@Suomnstuiioliung lduansemsasudiunas

WBINeRDAUADINITIUATRSYLAULALAE N THER

Figure 2 The physical characteristics of concentrate feeds Formula A and Formula B
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Table 2 Example goat feed formulation with average crude protein 13-16%

Types of expenses / Material costs Quantity Unit cost Total cost
(kg) (THB/kg) (THB)
Formula A (100 kg)
50% Corn gluten meal 50 0.89 44.50
40% Cassava pulp 40 0.50 20.00
7% Rice bran 7 8.50 59.50
3% Yeast 3 75.00 225.00
Subtotal 100 - 349.00
Formula B (100 kg)
75% Fine rice bran 75 8.00 140
10% Fish meal 10 39.00 390
12% Soybean meal 12 2.90 35
2.5% Molasses 25 15.00 37.50
0.5% EM (Effective Microorganisms) 0.5 20.00 10
Subtotal 100 - 632.50

> Total wet weight
> Total dry weight
» Cost per kg (dry weight)

100 kg (both formulas)
~60 kg (both formulas)
Formula A: 5.80 THB/kg

Formula B: 10.54 THB/kg

» Cost per kg (wet weight)

Formula A: 3.49 THB/kg

Formula B: 6.33 THB/kg

The rice bran cost in Formula B appears miscalculated (75 kg x 8 THB/kg = 600 THB, but listed as 140 THB).

Adjusted to reflect actual unit price.

anse s A fiffunusnningas 8 (Table 2)
Tnoufuingaviimldirsuazsinign 1wy nnuda
F1lwa Mndfudiuends waguaredna damngiu
nsandununnAsunslussfuiiugiu gestitady
n1adenfifdmiuinunsnsiidesnisaruauiuyy

a8 190Usa@N5 a1 (Polviset and Prakobsaeng,

2019) gmso1mns B M imgauiidlusiugs 1wy Yandy
waznndundes vivlvdunuganiualinafinenis
wiggAulnveswney egnelsiny madenldgnslanas
firsanitadumu eundeuesingiu uazdhmine

N131ae9 e lilaaunasenI Ry LLasNaNE:
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weight

Figure 3 Compares goat weight in relation to rearing period among experimental groups

LTSS TS T BEA NS UNE AU
hwiinungluusagngunimmaaes (Figure 3) uansls
Wi hednunsivduegeielismasnssezinm
Msvnass 16 Uani Tnaisuduthuiniadoveuns
Tuusiazngallaiuansnedusnn egfivszanas 7.68+0.81
Alansures agalsiny ndensnaass 2 dUas
wsn naudl 1 Smidnanas 1.7% luvmefingudu

FUT A U U 1.30-3.37% nasarnuuluduaiv

112 ngui 2, 3 uar 4 dSewazuwminiavulndifes
U 9gN 22.05-27.19% d@3unquil 1 udeungn

Wied 9.70% LeduganisnaaesludUnna 16 ngu

v '
v a

7l o fubwiinutugean 36.17% mudenguil 3, 2
waz 1 muddu Jauandlsiiiuiusasnguilsnsins
Wi fuandneiu lnendudl 4 d8nsnady
ﬁwmﬂ’ﬂﬁﬁqmiuﬁhami‘mmaaqﬁgwm dhminung

dl 1 o v
WRAYNDULATNAINITNAADILANIAY Tabel 3

Tabel 3 Summarizes the initial and final weights of native goats, along with the weight gain observed

during the experiment

Observation Treatment 1

Treatment 2

Treatment 3 Treatment 4

Initial weight [kg.bw] 7.73+1.00° 7.60+1.07° 7.73+0.81° 7.66+1.10°
Final weight [kg.bw] 9.64+0.89° 10.78+0.80" 11.3+1.12° 12.06+1.21°
Increase weight [kg.bw] 1.91+0.94° 3.18+0.93" 3.57+0.96° 4.304+1.15°

a,b = Means in the same row with different superscript letters are significantly different at P<0.05.
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| Initial weight [kg.bw]

M Final weight [kg.bw]

10+

Increase weight [ke.bw]

Goat body weight (kg.bw)

Group 1 Group 2 Group 3

Group 4

Figure 4 The biweekly weighing (8:00-9:00 AM) helped minimize variations due to feeding schedules,

ensuring reliable growth trend analysis
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The objective of this research was to study the reduction of animal feed costs by black soldier
fly derived from a food waste management system under the Khok Nong Na Model in Nakhon Phanom
province, in support of sustainable development in Nakhon Phanom Province. The research activities
were divided into three phases. Phase 1 focused on establishing production stability of black soldier fly
through training programs and the design of a rearing system utilizing organic waste from local
communities as feed materials. Phase 2 aimed to develop processes for economic sustainability by
improving production procedures based on SWOT analysis results to enhance system efficiency and
long-term sustainability. Phase 3 emphasized knowledge transfer and the development of community
trainers, disseminating expertise on black soldier fly rearing to neighboring communities and preparing
local trainers to expand the initiative through learning centers. The research results showed that after
implementation in the target areas, Kutakai, Na Hua Bo, and Na Khu sub-districts, farmers were able to
significantly reduce animal feed costs. Expenditures on externally purchased animal feed decreased by
50-100%. Specifically, farmers in Kutakai sub-district reduced feed costs by 50%, those in Na Hua Bo sub-
district achieved a 100% reduction, and farmers in Na khu sub-district reduced feed costs by 50%. In
addition, the establishment of a food waste management system and the development of community trainers

for black soldier fly rearing demonstrated potential for further development as a community-based learning
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innovation. Recommendations from this research include expanding the implementation to other areas to

increase positive impacts and further improving food waste management processes to enhance

efficiency.

Keywords: cost reduction, animal feed, black soldier fly, new Theory agriculture
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https://youtu.be/Xur5SaJ7Tes?si=cA_WUJ5-wDaiM9R9
Figure 1 The concept of modern mixed farming that helps reduce animal feed costs via

YouTube channel
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Figure 2 Sharing knowledge on raising black soldier fly larvae as animal feed in Nakhon Phanom

province via YouTube channel
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Figure 3 Page center for black soldier fly larvae, Nakhon Phanom province
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Figure 4 Guide to developing animal feed from black soldier fly larvae to reduce animal feed costs
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This research was a participatory community-based action research (CBPAR) study. The objectives
were to evaluate the efficiency of compost production from corn cob residues using the non-turned
Maejo Engineering Method 1 recipe in three aspects: (1) carbon sequestration and reduction of
greenhouse gas emissions; (2) compost quality from different types of corn cob residues; and (3)
compost production cost. The sample group included five volunteer corn farmers from Ban Kha
sub-district, Mueang district, Lampang province, as well as twelve representatives from the sub-district
Administrative Organization, including community development staff, village leaders, and headmen.
Three types of research instruments were used: focus group record forms, experimental record forms,
and questionnaires. Data were analyzed using frequency, percentage, mean, standard deviation, and
content analysis. The results demonstrated that compost production was highly efficient in reducing
greenhouse gas emissions, decreasing from 2,914.82 kg carbon equivalent (baseline) to only 556.59 kg
carbon equivalent, a reduction of 2,358.23 kg, or 80.9%. For compost quality, pile 1 (shredded corn
cobs) provided the best results, with 40.4% organic matter, meeting Grade 1 standards for most
parameters, except phosphorus (P,Os), which was 0.23%, lower than the standard. Cost analysis showed
a total production cost of 8,102 THB, or 1.69 THB per kilogram of raw material, with major cost

components consisting of raw material (51.8%), labor and fuel (26.3%), equipment rental (12.3%), and
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additives (9.5%). Farmers expressed a high level of satisfaction with the research findings and publication

manual, with overall satisfaction rated as high.

Keywords: static pile composting Maejo Engineering Formula 1, com stover, greenhouse gas reduction,

cost analysis
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Figure 1 Framework of study
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USunaunisannisuaseinaisaunsyan
(kgCOeq) =A-B (1)

Tnedi A flo USinaumsudesfinedeunszanainnsd
31U (kgCO,eq)
B fla USu1aun15Uaneinetsaunszanannng
AtulasIng (kgCO,eq)
dusudsunaunisianeniesaunssanann
N3RigIU anunsauanalafaunis (2)

YSunaun1suaesinesounssanannsaigu
(kgCOLeq) = C*D + E*F 2)

Taed C fio viminiewenms (Alandy)
D fie An1suaseiwiseunsyandmiuluaen
NI US. Department of Energy (2025)
(kgCOeq kg yyadad) Faslein 0.056
E Ao tmdnveewenity (Rlanda)
F Ao Ansuaneingiseunsyand1msunis
FansveUsznnislu/Auldmmeisnis
Hanau (keCOLeq kg™ wiwannii) Faf
AUTEUI 0.9633
dusuusununslasefiesounszanann
msafiulasenig aunsauanslaluaunis (3)
USinaimsuaseingisaunszananmsniiulasins

(keCO,eq) = (C +E)*(G+H) + (I*Y) (3)
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nsUsziunisannIsUaesineizaunszan
nsnaaedldingAuusenaume 4adl 1,890
Alansu (39.3%) waglAwgnge1ilng 2,916 Alansy
(60.7%) 523t 4,806 Alansy WanITUTELIU
wanaliliiuUseansnmnisannsuaseinussunsean

pg1aditludAny fnanslalu Table 1

Table 1 Reduction of greenhouse gas emissions from three tons of corn stover compos

Organic waste (kg) Electricity used Baseline GHG Project GHG Emissions reduced
Animal Corn emissions emissions
manure stove (kwh) (kg CO,€q) (kg CO,eq) (kg CO,€q)
1,890 2,916 69.92 2,914.82 556.59 2,358.23
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dmivlTinaumsUanUasefingiseunszanain
nsel g1uazdn1sUa een 195 aunsgan 2914.82
(kgCOseq) Tuvaziimssiiulasamstonindnsuaes
556.59 (keCO,eq) @ swaliarursnannisuaeala
2,358.23 (kgCO,eq) Andulsyd@nsnmnisan 80.9%
definsandomiseingiu wuinmsUdsefmsou
nszantunsdlguingu 0.61 (keCOeq kg™ Inghu)
warvatuisnannisuasele 0.49 (kgCOeq kg™

[

AV

Nan133LtAT1IEH AMAINY 89l nAIUNINTFIY
NIUNAILNTIAY

nsusviduamnind gvany e 3 nag
Wisuifleuiuinsgiuvesnsuiauniinu uady 2
NIA LanINaLANA1STuag19tnaY Insdseazdun
#4 Table 2

Table 2 Compost quality analysis according to Land Development Department Standards

Parameter Standard of decomposes Pile 1 Pile 2 Pile 3
qualities LDD Grade 1 LDD Grade 2 (Grinded) (old, not (fresh, not
Standard Standard Grinded) Grinded)

Organic matter (%) >30 >20 40.4 24.82 16.63*
K,0 (%) >0.5 >0.5 2.17 0.54 1.09
P,O5 (%) >0.5 >0.5 0.23* 0.20* 0.19*%
C/N ratio <20 <20 20 14 14
Nitrogen (N, %) >1.0 >1.0 1.17 1.04 0.68*
pH 55-85 55-85 8.72*% 7.82 8.54*%
Electrical <10 <10 2.03 0.76 1.03
conductivity (dS m™)

*Values in bold did not meet LDD Grade 1 or Grade 2 standards

nese 1 Pile 1 (grinded) 4 s1dunasie
Aldiavandadrlnafignuages Wuneseiuans
Aan AT e nefidunIetng 40.4% (Wwnsa 1)
K,0 2.17% (W1uLnsa 1) 9n51a7u C/N = 20 (WU
159 1) Tulesiau 1.17% @1unse 1) pH 8.72 way
A5l 2.03 ds m? (FegHIuIRTgIY)
otislsinu Weanesa (P,0y) fifn 0.23% sk u
11AsgILIush 0.5%

nasde 2 Pile 2 (old, not grinded) Fadu
nowfilawenaindsilnnlsignuages Tavann

Fatalnaduveani dn1sdesaanglundlrvurediu
WunesdedifdunIotng 24.82% (i1uinge 2)
11 K,0 0.54% C/N = 14 Tulas19u 1.04% (W anun
HuLnIA 1) pH 7.82 wagarn1sinluii 0.76 dS m™
we P,Os 1A 0.20% %qsﬁhiahummgm

nesde 3 Pile 3 (fresh, not Grinded) 9
Junosd ofl iaweinaindsdalwalignuages
Tngan et lnaduvesivy delsifinsdovaans
Junesiuansnanimegn lneddunieing 16.63%

(Ldrinuanesgiw) luleasiaw 0.68% (liiuuinsgiu)
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waz P,0s 0.19% (luwuuiasgiu) wilvzd K0

1.09% C/N = 14 pH 8.54 wagA1n15u i 1.03

ds m™ frinuanasg

fununisuanensin
nMyiasERsununsHaadendnaningsiv

3 nos wandlassadrefunuiinseunquitssunuas

wazruLU Inesuyusmwing 8,102 Uiv vise 1.69

u/Alansuingau e dngaunan Fausenause

wiwgIngatnalng 600 U wazyadl 3,600 UM 4
dndu 51.8% vesiunuw ussdusznaudidy
flgn dsusussnuuazihiy $dediu 26.3% lng
wseau 4 au Slenld91e 2,000 VN wazTsTU 4 AR
falgane 132 umn

Fuuasi anANT A3 sUnEos ddndIu
12.3% dauansiasulsenauaisninuiaia uina
n518 WG e 5.8 wavredna dadau 9.5%

fanandly Table 3

Table 3 Cost of producing three tons of corn stover compost

Costs ltems Price Percent

(THB) (%)

Fixed costs Grinder rental 1,000 12.30
Variable costs  Corn Stover 600 7.440

Animal manure 3,600 44.40

Molasses, Granulated sugar, 770 9.50

EM microbial starter, Rice straw
Labor 2,000 24.70
Fuel 132 1.60

nan1ss AR Ussyadaufuanisiile
IWEUNWIHaN1533uazalian1snand evsinainds
HalwauazAudeyayury wuinnung Wi
A5y {urgusy danuianelasenanisidouas

Y 9

Allan1sndnleninaindsdnilng lagn1nsiunui

oy lusgduuin (Mean = 4.32, SD = 0.65) lngil
ﬁhLaﬁaqqqmiuﬂizLﬁuﬁaﬂismaq‘fmqmi 2 daasy
NSUNILAUBITN zjmia%’wswlé’azjm‘j’qgu (Mean
=454, SD = 0.61)
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Table 4 The satisfaction of participants in the research project on adding value to corn cobs through

composting to address community-level environmental issues in Bankha sub-district, Mueang

district, Lampang province (n=17)

Evaluation criteria

Evaluation results

Mean SD Interpretation
1. The project addresses the problems in your area. 444  0.81 High
2. The project meets the real needs in your area. 442  0.84 High
3. The project activities promote career advancement and 454  0.61 Highest
sustainable income generation.
4. The research project emphasizes participatory processes, 448  0.61 High
allowing all sectors to fully participate and express opinions.
5. You are able to fully participate in the activities within the 432 051 High
research project.
6. You have the knowledge and ability to produce simple compost.  4.18  0.85 High
7. You can calculate costs, set prices, and find marketing channels 4.04 0.86 High
for your own products.
8. You can reduce production costs by using self-produced 410  0.79 High
compost.
9. The community has participated in the project throughout and 420  0.76 High
jointly made policy recommendations for development that
align with the community's needs and context.
10. The community has career development guidelines based on 418  0.85 High
readiness and interest, using knowledge integration with
modern technology.
11. A strong community network has been established, with 432  0.79 High
knowledge dissemination and exchange within the community
and with other interested communities.
12. The community has more safe agricultural areas, leading to 434  0.63 High

better health and environment.
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Table 4 (Continued)

Evaluation Criteria

Evaluation results

Mean SD Interpretation

13. You can continuously use the acquired knowledge for self- 432 071 High
development.

14. You can continuously use the acquired knowledge for family 446  0.68 High
development.

15. You can continuously use the acquired knowledge for 434  0.72 High
community development.

16. Local administrators recognize the importance of safe 432 091 High
agriculture.

17. You can transfer knowledge to other individuals and 430  0.74 High
communities.

18. You can serve as a good role model for others. 440  0.61 High

19. You can apply and expand the acquired knowledge in your area. 436  0.78 High

Total 432  0.65 High
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This article aimed to assess air pollution associated with traditional versus organic maize
cultivation in northern Thailand. The findings indicated that conventional maize cultivation was a
significant source of various air pollutants, including fine particulate matter (PM2.5 and PM10) and haze,
primarily resulting from the burning of stubble and crop residues after harvest. Furthermore, this method
contributed to the emission of greenhouse gases, such as carbon dioxide (CO,) and nitrogen oxides (NO),
due to the application of chemical fertilizers and pesticides, as well as the utilization of agricultural
machinery, which posed detrimental effects on public health and the environment. Conversely, organic
maize cultivation, which eschewed synthetic chemicals and emphasized biological management of crop
residues, demonstrated a marked reduction in air pollution. Although organic farming still emitted some
greenhouse gases and pollutants from machinery, the overall volume was significantly lower compared
with traditional practices. This article advocates strategies that promote organic farming and the
adoption of alternative technologies to burning, thereby advancing more sustainable maize cultivation

practices.

Keywords: air pollution, maize, traditional agriculture, organic agriculture
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Table 1 Comparison of Life Cycle Assessment (LCA) for conventional and organic maize cultivation

in northern Thailand

Life cycle stage

Conventional maize cultivation

Organic maize cultivation

Land preparation

Includes land clearing with burning

residues, tillage

Clearing without burning, use of

organic fertilizers

Fertilizer use

Application of Synthetic chemical

fertilizers and herbicides

Organic fertilizers used; no

synthetic chemicals applied

Pest and weed control

Application of Herbicides and

chemical pesticides

Mechanical or manual weed

control, biological pest controls

Planting and growing

Monoculture with intensive input

use

Crop rotation and soil fertility

management practices

Harvesting

Mechanized harvesting with diesel-

powered machines

Similar to mechanized harvesting,

emphasis on sustainability

Post-harvest residue

management

Field burning of residues after

harvest

Residues incorporated into soil or

used for composting

Environmental impacts

Higcher greenhouse gas emissions,
soil degradation, air pollution

(burning causing PM)

Lower emissions, healthier soil,

reduced pollution from chemicals

Energy use

High energy input for fertilizers,

machinery

Lower energy inputs, emphasis on

renewable resources
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Table 1 (Continued)

Life Cycle Stage

Conventional Maize Cultivation

Organic Maize Cultivation

Impact on local

communities (respiratory issues)

Adverse effects due to burning

More sustainable and health-

friendly practices

Overall environmental

burden cost

Higher total environmental damage

Lower damage cost based on LCA

using LIME-3 in northern Thailand

Sources: Supasri et al. (2020); Sukuman et al. (2025)
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mamwﬂqﬂﬁqaaqgmwué’aﬁ (Supasri et al., 2020)
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Table 2 Comparative analysis of air pollution from traditional and organic maize cultivation

in northern Thailand

Air pollution aspect

Traditional maize cultivation

Organic maize cultivation

Main pollution source

after harvest

Open burning of maize residues

Minimal or no burning; alternative

residue management

Greenhouse gas emissions

biomass and fossil fuel use

High emissions from burning

Lower emissions due to the
avoidance of burning and organic

inputs

Particulate matter (PM2.5)

biomass and residue burning

Significant contributor due to

Lower PM2.5 emissions due to

non-burning practices

Air Quality Impact

problems in local and urban areas

Causes seasonal haze and health

Reduced contribution to regional

haze and better air quality

Government regulations

enforced due to pollution

Strict burning bans are being

Encouraged as an alternative

practice to improve air quality

This table is based on a detailed life cycle assessment study of maize production in northern Thailand by Supasri et al. (2020)

and supplemented by reports on regional air pollution issues and policy responses in northern Thailand.
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The cultivation of ornate spiny lobster (Panulirus ornatus) faced several challenges, including
egg abandonment (EA) by females in hatcheries and unexplained mortality of early-stage larvae, which
affect hatchery efficiency. This study aimed to evaluate the effects of female size and water quality
changes during rearing that could influence EA behavior in the hatchery, and to examine the influence
of light and feeding timing on primary phyllosoma larvae. The experiment was divided into two parts:
(1) an initial study to identify trends in the effects of size (carapace length, CL and body weight, BW)
and water quality on the daily EA rate of female broodstock (n=>5), and (2) a factorial design (2x4 factors)
to assess the joint influence of light (two lighting conditions) and live-food feeding intervals (four time
periods) on feeding rate and mortality of primary phyllosoma (n=3). Results showed that EA rates varied
among females kept at mean salinity of 30.67+1.15 ppt, with CL of 124-148 mm and BW of 1,967-2,740
g (P<0.05). The mean daily EA ranged from 1.89+0.25 to 8.25+4.38 g/day, and brood-size did not
correlate with EA rate. Total ammonia changes during rearing were positively associated with EA rate
(r=0.90, P=0.032), whereas changes in water quality in terms of physical (temperature) and chemical
(dissolved oxygen concentration, pH, nitrite concentration, and alkalinity) properties showed no  significant
associations. In addition, we found that feeding period affected the eating habits of phyllosoma
larva, whereby feeding from 12:00-06.00 p.m. resulted in greater consumption (P<0.05). On the other

hand, light condition had no effect on feeding habit and mortality rates of phyllosoma for rearing under

212



Journal of Agricultural Research and Extension 43(1): 212-225

natural light and dark conditions (P>0.05). This study indicates that maintaining ammonia levels in water

to prevent impacts on EA and aligning feeding times with the phyllosoma’s optimal feeding period can

enhance breeding and rearing efficiency of this lobster.

Keywords: egg abandonment, lobster breeding, ovigerous female lobster, phyllosoma nursing
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Figure 1 Ornate spiny lobster, Panulirus ornatus (a) and characteristic of eggs attached to pleopods

on the abdomen of ovigerous female (b)
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wWesidud/motu luyavnassaniizuasunfuas
annelanquila auasu (Figure 4)
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Ovigerous female lobster

Figure 2 Egg loss (g/day) in ovigerous female of ornate spiny lobster during the rearing period in a

hatchery condition. Five female lobsters had carapace lengths of 144, 127, 148, 146, and

142 mm; body weights of 2,740, 1,967, 2,530, 2,415, and 2,420 g; and egg yields of 7,938,

9,372, 6,164, 10,869, and 5,897 eggs/g, respectively. Different lowercase letters above the

bars indicate a significant difference (P<0.05).
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Figure 4 Feeding rate (a) and mortality rate (b) of phyllosoma larvae of ornate spiny lobster

under light and dark conditions
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Table 1 ANOVA table for the two-way analysis of variance evaluating the effects of light influence,

during time, and the interaction

Two-way ANOVA SS DF MS F P-value
Intercept 141.620 1 141.620 168.729 0.000
Light influence (1) 0.304 1 0.304 0.362 0.556
During time (2) 49.073 3 16.358 19.489 0.000
(D*2) 1.560 3 0.520 0.620 0.612
Error 13.429 16 0.839
8 -
d
ER
g :
5, bc c i
G i 1 1 i 1 ]
06.00-12.00 12.00-18.00 18.00-24.00  24.00-06.00

Time period

Figure 5 Comparison of phyllosoma larvae of ornate spiny lobster ate live feed (Artemia nauplii)

in each time periods. Different lowercase letters above the bars indicate a significant

difference (P<0.05).
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Effect of Hot-Air Drying Method on the Quality of Chili Paste

from Kradang Mushroom (Lentinus polychrous Lev.)

23651 IWSEUIN QNIUNA NBINIWT Uaznadn uiafn’

Arissara Phosanam, Juthamas Kongphapa and Kunwadee Kaewka’
amdrmaluladnisomswaslaruing AMENINYINTTITUNAUAZRAEUNTIUNYAT
UNIMESINERTAERS INnnRaNnsziiesh anauas 47000
Department of Food Technology and Nutrition, Faculty of Natural Resources and Agro-Industry
Kasetsart University, Chalermphrakiat Sakon Nakhon Province Campus, Sakon Nakhon, Thailand 47000
*Corresponding author: kunwadee.ka@ku.th

*ORCID iD: https://orcid.org/0000-0002-7061-6682

Received: April 04, 2025
Abstract Revised: October 24, 2025
Accepted: November 24, 2025
This study aimed to investigate the effects of hot-air drying on the quality of dried Kradang
mushroom chili paste by comparing four drying methods: drying at 65°C for 24 hours (T65), freezing at
-18°C for 12 hours prior to drying at 65°C for 24 hours (FT65), drying at 85°C for 18 hours (T85), and
freezing at -18°C for 12 hours prior to drying at 85°C for 18 hours (FT85). The chili paste recipe consisted
of 52.56% boiled Kradang mushroom, 10.51% boiled tilapia meat, and other seasonings. The research
findings indicated that the chili paste dried at 65°C had a lighter brown color and a more pleasant aroma
compared to the chili paste dried at 85°C. All samples exhibited similar water rehydration properties
(p>0.05). The chemical composition of the dried Kradang mushroom chili paste was as follows:
6.25+0.07% moisture, 22.50+0.23% protein, 1.66+0.11% fat, 5.07+0.19% fiber, 10.61+0.24% ash and
46.09+0.83% carbohydrates. Sensory evaluation revealed that the dried Kradang mushroom chili paste
produced using the T65 method received the highest acceptance scores, which were not significantly
different from those of the T85. However, the T85 resulted in higher antioxidant activity compared to
the T65. Therefore, drying at 85°C without freezing is an appropriate method when considering physical
characteristics, consumer acceptance, and nutritional value. This method can serve as a guideline for
developing dried Kradang mushroom chili paste, enhancing its potential for development into processed

food products for commercial purposes and generating income for local communities.

Keywords: Kradang mushroom, chilli paste, drying, antioxidant activity, nutritional composition
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Table 1 Moisture Content (MC) and water activity (a,) of dried Kradang mushroom chili pastes

Method Sample

T65 FT65 T85 FT85
MC (%) 1.68+0.58" 1.7340.44° 1.52+0.70° 1.54+0.69°
a,, 0.18+0.01° 0.18+0.01° 0.16+0.02° 0.1640.04°

Values expressed as the meanzstandard deviation.

The superscript letters @ and ° in the rows indicate a statistically significant difference at the 95% confidence level (p<0.05).
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Table 2 Colour values of dried Kradang mushroom chili pastes

Colour value Sample

T65 FT65 T85 FT85
Lightness (L¥) 48.29+0.18° 48.60+0.20° 42.66+0.13° 39.55+0.23¢
Redness (a*) 10.99+0.05° 10.70+0.06° 12.96+0.07° 12.73+0.07°
Yellowness (b*) 26.83+0.19° 27.00+0.17° 26.63+0.20° 24.68+0.11°

Values expressed as the mean+ standard deviation.

The superscript letters > and € in the rows indicate a statistically significant difference at the 95% confidence level (p<0.05).
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185 FT85

Figure 1 Dried Kradang mushroom chili pastes prepared by different drying methods
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Table 3 Colour values of rehydrated dried Kradang mushroom chili pastes

Colour value Sample

T65 FT65 T85 FT85
Lightness (L¥) 27.76+1.75° 27.48+0.34° 17.9040.11° 17.48+0.13°
Redness (a*) 11.74+0.05° 11.91+0.09° 13.41+0.09° 13.48+0.07°
Yellowness (b*) 24.35+0.13° 24.17+0.19° 20.43+0.20° 20.18+0.20°

Values expressed as the meanztstandard deviation.

The superscript letters a and b in the rows indicate a statistically significant difference at the 95% confidence level (p<0.05).
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R-T65 R-FT65

R-T85 R-FT85

Figure 2 Rehydration of dried Kradang mushroom chili pastes prepared by different drying methods

T65, FT65, T85, and FT85 mixed with hot water at a 1:2 w/w ratio
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Table 4 Water rehydration of dried Kradang mushroom chili pastes at 25 and 50°C (¢ water/g sample)

Temperature-Time Sample
T65 FT65 T85 FT85

25°C- 2 min"™ 3.81+0.07¢ 3.90+0.05° 3.89+0.09° 3.85+0.06°
25°C- 4 min"™ 3.9240.11 3.8640.11° 3.91+0.13¢ 3.87+0.17°
25°C- 8 min"™ 3.9440.04° 3.87+0.11° 3.96+0.10> 3.91+0.12°
50°C-2 min™ 4.07+0.97%° 4.11+0.09%° 4.04+0.12°° 4.10+0.06™
50°C-4 min™ 4.14+0.11% 4.17+0.10° 4.1940.07% 4.15+0.04%°
50°C-8 min"™ 4.24+0.05° 4.29+0.07° 4.25+0.03° 4.29+0.05

Values expressed as the meanztstandard deviation.

The superscript letters ™ in the rows indicate a statistically not significant difference at the 95% confidence level (p>0.05).

The superscript letters > in the columns indicate a statistically significant difference at the 95% confidence level (p<0.05).
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a97ign 99a9NAD T65 NTOUUVTA 85°% 919an
Ufuraansseiveana g L% U l-octen-3-ol,
benzaldehyde ey methional osnaulase
A2INT DULAZNITNIIIUTDY lipoxygenase AU
hydroperoxide lyase (Zawirska-Wojtasiak et al., 2009)
yueAinsududaneusu (FT 65 uay FT 85)
Fifansiedeuiiveneuluivarinulasiadedagie
asanssemelIAndn (Tsai et al., 2019) vilsilénau
WNZYBULAANTEANAIRENINIUARNT FT 65 way FT
85 ludusayd T65 Az uuua 1 UTaYIAggn

|
[J

(6.58) vauzdt FT85 IdAzuuusign (4.74) Tasflaanu
WANA9DE 1 TUEIAYN19EF (P<0.05) NafINa?
aonndaafunalnszduluanaiifeitestunisaany
V9381358973 Laun nsangaidlea uaz 5-dIndle
nd Feflmniladonnuiounazeragnannoudie
nszuIUMsEUTigungigesautunisuguds (Wang
et al., 2022) MUAMUAUNUIN T65 waz FT65 laen
AZLULEIAR (6.36 WAz 6.24 AUa16U) du FT85 La
ArAzLuusan (5.26) Ingdauuanaisogedl

WadAgyn1eaial (P<0.05) N13anad8IN1TFUIAIY
WAnenailosainnsududsiidsmadenisnszaies
Liasinaveveduiesluidons wieufasemand
senInaundonuesAUTENaUd UTENINNITO LI
flgaumaiias (Fellows, 2009) o19vil%armaUsy
sawiailu FT85 teefian dmsudud FTas lfrazuun
ANNYOUAUAGIER 7.04 (P<0.05) WilAnAuEdng
L* 9nmsinseindesiieazanas Fauansdanandy
vedund u Usingnisel i agouasuduius
senInansuimeaneniuarauandenaunas
sauf lneduslnronafanudiduindudygines
AR ANTRIIU w3BAUTNDY (Zellner and
Durlach, 2003) LLmﬁﬁﬁyaﬁ“mw"]quwﬁaam
Uszaunis¥u3 (cross-modal correspondences) lu
n1s3ua serineduazsaluinlaguilaa (Spence,
2015)

Mnnmsnadeunsyamdudavesingn
WianszA19euRieAugy wudwwilduaugey
1AUIINAIAAA DA I0E 19 T65, FT65 hay T85 lay
wanenstueg 19l fivedfynieadd (P>0.05) 39
arursanluwanludsgnamnssuluguwuy
wAndneiiienguaandiiuauanuazaNaznn
WUFULUURARS 9T NS o114 (ready to mix) 1378
niouuilaa (ready to eat) laye13viINIIAIUAY
yunanaielirugUlfsnsmasnsunsideniiussg
Fusi i dostuarud uuazoandiau 1wy g
avallllouvasnsiuivansnadueandiauy xyistn

agnanfeiuazanunnlilussezen
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Table 5 Sensory evaluation of rehydrated dried Kradang mushroom chili pastes

Attribute Sample
T65 FT65 T85 FT85

Appearance 6.00+1.46" 6.32+1.45° 6.84+1.40° 6.22+1.63°
Colour 6.14+1.44° 6.1841.53° 6.30+1.19° 7.04+1.70°
Odour 6.6641.74"™ 6.2641.78" 6.76+1.19™ 6.42+1.60"™
Taste 6.58+1.54° 6.32+1.56° 6.00+1.65° 4.7441.99°
Salty 6.36+1.30° 6.24+1.46° 5.98+1.30° 5.26+1.87°
Spicy 6.34+1.48° 6.18+1.42° 5.84+1.37% 5.5041.71°
Texture 6.22+1.80° 6.14+1.60 6.26+1.48 5.62+1.61°
Overall 6.94+1.45° 6.60+1.50% 6.58+1.56 5.72+1.71°

Values expressed as the meanztstandard deviation.

The superscript letters ™ in the rows indicate a statistically not significant difference at the 95% confidence level (p>0.05).

The superscript letters @ and ® in the rows indicate a statistically significant difference at the 95% confidence level (p<0.05).

23AUIENUNIATUAZAMAINIILATUINS
YasnWsnIRians A sa ULt

AINNITLASIEY DIAUTENBUNILAL
TneUszanas (proximate analysis) vostiindnainiin
nsgdaaULTsgns T65 wudiludmiinuis 100 niu
flanudu Wsiu lvsu 1ole 181 wazadlulawsn
agﬁ 6.25+0.07, 22.50+0.23, 1.66 +0.11, 5.07+0.19,
10.61+0.24 Lag 58.98+0.35 1UA1IA U 21N
safUsznaumaaiivasarsemsilimdsnulusiu
Tostu wazandlulawmsn Andudesazlnethwinuse
191 24.00, 1.77 wae 62.91 MUAHU waztilUAnngaau
v nsniansya1seunhlaelusdunay
aslulanse 1 nsu Tndseu 4 Alawnass way
Tosfu 1 n$ulvingeenu 9 Alaupaed dau dwdnii
AsEASEULE 100 NSy findsy 363.57 Alauaass
Tnedundsaufiananiusiu Tty wazanslulawsn
96.00, 1593 WAz 251.64 AlawAass A1ua1fU
F90srUsznauniuailfanaidaniiuaenndes

Tunmswiuingaundn fe Winnszane Jadunmas

voslusiunazidelosssund 1wy lafuuaziudn-
nauwau sudensnezdiludnduuiseiin wu ladu
wazdndu widnseezdludnluveainasiog ey
niflednd lundnsaridldinsnanidevaiaie
ProuiuaNanysaivealusiu wazdaiinoune
anulnsfidumslulamselugiuuuinasssu
sufuasngnuadl 019 Saddu warwailiuesd 7
wilalndsuusdunuinlunisdaadugninig
AU 19U qnd nsdueuyadasy 1udu uay
Usglowd i ldannsiansededefilugduuuves
ALAINNTIUNITAATUVDIA1TB MUY T ATDS
dulgludinfinusieloulssidosomslussuumaiu
m‘wmwimmiaaiamasiammémLLazqsumwsumizuu
ald uazaanisgaduvesluduuiaUssianlussey
817 (Zhao et al., 2014) NNV AUILALNDUDINT
NELNA L TRgRURl R a B aNnAN LN SEUINS
wsguimanzan Taganansowaundundn s
pwnsguamiiasudenmavesiniutinluems

wUsgUleenatiuszdngam
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n1smageuUsuuiuainnaaaLazN1IATUaYYA
BETTUBIUNNINAANTEAIIDULI
USunauiuednyianuaueatiIns niinnsLaa
UL ILARNIAS Table 6 UINSNLAANTEA19DULIAS
FT85 HUFuruiluednianunganan (p<0.05)
599891178 T85 @ T65 way FT65 JUsunuiluadn
PINUAINA LA BN UBALAINI NN I108 19D U e 198
v o w vy 2 1 % a & 9
HedA7Yy (p<0.05) wanliAruITUINIALEANTZAN
BUUITIHIUAITOUWAIT g eunQd 85% HUTua
Auednganinseuuniafigamgil 65°¢ 1fa131n
a @ o 1 v a
gaumgiigududnsidviasuszneuiiueagnoenin
ntATIEs 19 enuseelulaa iy (Kim et al,,

2013) wazansusznauusdndrulugasiuiuim

Re

[

VA LT UNEIRN I AINS DY L B991nARNS aull

vatendLead veeny (Lou et al, 2014) 1iie
forsanUSinaiiueanvesimdnifianseaafiududs
wagliugudsneunisouuisiigamaiifioaiu wui
vnsnianseanefintudanouniseuusedusina
Wu@ﬁﬂ&jﬂﬂ’jﬂﬁﬂw%ﬂﬁiﬁLL‘dLLGﬁQﬁE]um'iE]ULLﬁQ Fans
wiudsonaiinasion1snsegvesansiiuedn donndes
AUIUATEUBY Vashisth et al. (2011) WUIINITVIAS
nnTaALALA8n1SYILTsLUULE ALY azdaany
AIBEYDIILDANIUINNTINTRULILUUR YN AL
AFOULRILUUANSPY wagnsuYiianudsonadna
semsiasundadasiadraiiedoveadin vinliide
fen1satnansiiueaneanunldd timsnuinnszang

MHUMIBUURIEIT FT85 JellUsinailuedngsiian

Table 6 Total phenolic content and antioxidant activity of dried Kradang mushroom chili pastes

Method Sample

T65 FT65 T85 FT85
Total phenolic content (mg GAE/g sample)  3.35+0.07¢ 3.4240.08°  4.50+0.05°  5.1640.07°
DPPH scarvenging (mg GAE/g sample) 0.27+0.01°  0.29+0.00°  0.83+0.01°  0.87+0.02°
ABTS scarvenging (mg GAE/g sample) 0.85+0.01° 0.89+0.01° 1.704£0.01°  1.75+0.04°

Values expressed as the meanztstandard deviation.

The superscript letters ® and © in the rows indicate a statistically significant difference at the 95% confidence level (p<0.05).

Pnsnuianseaaauwiaiiulldulun1sau

a

yyadase DPPH uaz ABTS™ luluuuimaiedfu

©

lag TF85 fiMuanunsalunsinueuyadaseNiaes
89718 (p<0.05) 599831179 T85 d1u T65 way TF65

Y 9

aunsadueuyadaselasiniwazialndideaiu
(p>0.05) FeliinadonndoaiuuSuuiuedniisiun
wanalfiiuinarsuszneufiuednluuniniia

nszaveuwiteraiuasddglunisfueyyadassy

a

Silva et al. (2024) wuinUsuuansusenauiluadn

£ s

NINUAUDIATARAANTAALA Az Al ANFURUS

S o

0¢19gafUgE Muoyyadase iad1875 DPPH
Wunisduduunuimdrdyuesaisuseneuiuedn
Tunisidneyyadase DPPH Tudiag1aiia daunis
NAAoUIETs ABTS Tinadnsanuduiudigaluiia
vrsvila Wuldldineradiansusznevduitlailingy
flueaniifduddnllumsdeiugvisuoyyadeass
ABTS™ mrsfiunwnuinnsedsauniainiiuntsvin
whaigamgdgedanuannsalusuoyyadasegeiu
prflosnidedingumg ity gumgfivndu
Ansaufisenwaasalagvililusfuunndudu
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This study aimed to enhance the functional and bioactive properties of house-cricket (Acheta
domesticus) proteins via enzymatic hydrolysis. Three enzymes, Alcalase, Flavourzyme, and Neutrase,
were evaluated and compared based on their antioxidant activity and their ability to inhibit
carbohydrate-metabolizing enzymes (DPP-IV, alpha-amylase, alpha-glucosidase). Hydrolysates produced
with Alcalase exhibited the highest degree of hydrolysis (DH=22.36%) and the greatest proportion of
low—molecular-weight peptides (<3 kDa), resulting in superior activities, i.e., lower ECs, values in antioxidant
assays and lower ICs, values against the target enzymes, relative to Flavourzyme- and Neutrase-derived
hydrolysates. These findings indicate a positive association between DH/low-MW peptide proportion
and the bioactivity of cricket protein hydrolysates under the present conditions. Collectively, the results

identified Alcalase as the most promising protease for upgrading the nutritional value and enhancing
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the biofunctional efficacy of cricket proteins, supporting their application as ingredients in functional

foods or nutraceutical formulations.
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latanarnailaleduazidinsa naawsasyiou
ANNENNUSITIVINTENIN9AT DH wagdnaiululng
uALEnFUAneA MM elusAud ase
fadu woulwidaniaaduoulesiiddnenwgadign
TumaifinauAndddaeuins wasalugrinisdanin
voslUshudedn onsuszgndlidududsenay

Tundn g sHeantunsalnvuLNE

mdfsy: nslalaslada TusAudania
TSAUNMIUIRAT 2 15ABIU @15PU
DUADATY

NI

NsLituTueUsErInslaniAIndnaggeda
Uszanas 10,000 auau aelul a.a. 2050 danalv

hydrolysis, cricket protein, obesity, type 2 diabetes, antioxidant activity

mnudesnslusiuitensuslaaiudiunin 70% e
Wi suiisudutiagsu (Hamad and Tayel, 2025) vauzdi
wirnalUsAUANNER T LU E 111505995 UALABINTS
Fanaalaeg1ededu 1 osannsndnil odnd
AINANTENUADAIUINEDUDYNTULTS fannsUdas
ArwSounszan Msldu uasiuiidednd mauanam
wradlusfiumadendudulszinussiluseaulan
wildluwuinsiilduanuaulesgiaunn fie nsld
uasiulel (edible insects) el dneangslugiuy
wnaslusiuiiiiqauamalasuinisguazidudng
AoAannaow (Anyasi et al., 2025)
Tuussauaasiula 33ty (Acheta
domesticus) fardunisluriiadilaSuainudeuun
fian osnilusiiugsds 60-70% vonimiinuiis
w¥ounsiinsmozilusnfuasudau sauvlutuds
laidnd Inndu uazussinddey (Chanadang et al.,
2024) Uszindlneddnsninlannulua1unis
INZLE 895 3 AT e dl U 91N AL B AN
nlienAwaz IaussIuNsUIaaAY dwalviuseina
lmmmaL‘f]wﬁﬂwgwﬁmiﬂiﬁumﬂLLmamaﬁwé’zy
Tuwadong Yusenidedld nsthiwinuussuiu
wslusuldsuanuionfiadu Welimnetuiuslaa
flideuuiloauuadugui Tnonddusiudmialdsy
nsengasinduunas “clean protein” fifidnenn
Tumstddudrunauemsitandu
Tuganassufiniuun n1sgeslusiudae
wulesl (enzymatic hydrolysis) lasunisgensuin
JuAsAfusansimluninfiuquand® Hanng
A1AIMNLAZNITININVOILUTAUINNAUAE GG 9
(Suwanangul et al,, 2021) ASLUIUNITAINAIANNUTE
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a v v

afadulndaneduiifgndiueyyadassuasduds
wulwigesasiulawmsalaegsddedfy nalnues
nMsiugniiAeidostunisuanuasensneriluid
nyjilandu 1w Tyr, Trp, Cys wag His Feanunsau3ana
Sidnnsoulieuyadasy sauien5Ua sunvag
Tasvadelusiiu Miderenisduiumuniseangnd
vosoulusfldATy egrdlsiinm doyaidsdniieaiu
TUsfiuan3avidn (Acheta domesticus) n1edanis
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lalasladameiouladnadnenimmedinmdsdania
Tnslanizrenalnnissudseulsluniued Ty
LAt eerulsAsaukaziumueidad 2 laun
alpha-amylase, alpha-glucosidase Wag dipeptidyl
peptidase-IV (DPP-4) Fafiunumddglunise os
LLaz@Jmsﬁmﬁﬂma‘LmzwmqLﬁumms ns8uds
wulwinardfadunalndrdylunisauausedy
nglaauazanauid varoni1azd onedugdu
(Suwanangul et al., 2021)

ag19lsfimin JagUudivinsieanuds
Wisuieuii e utsauduiussenine vlnves
ulmifildlumsgeslusaudmiatu fudnenin
n1seangnaniedanm eludunisinueyyadasy
waznstuduoulmiumueadunmeldssuunsane
Wty n1svhaudalananud eulosdana g
finruddyeg i wenstmunieulunmswdslusiu
lalaslaiand liusz@nsnwgeaasnonalnnis
a39en deueAdeitalfnuvmarenssuiunms
lalasladasnonsiUasunlasaudivolusiuain
Izt laslmensasuguinisiuoyyadasy
wasmsudueulvlumueaduiiieitesiulsadau
warlsmumusindt 2 nanisAnesdanunsatae
asunenalnuasnIsiindnnmmnsinnaeslusiu
Savinnneudsniseeedasevlel wazannsaldiu

¥
% =]

Toyaitugrulumsiauwilusiulalaslaananuuas
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HandsigumBnvundylusunag
[ ad
aunIULALISNS

nswlsulusaulalasladnainswdntu
nswsssldsiulalaslaanaind mdaty
(Cricket Protein Hydrolysate; CPH) aauUas31n3s
299 Suwanangul et al. (2021) Tavazatenslusau
AouLELNIR1ns a3 At 1ulund uludnsdu
1:10 WA) ndulfmnudouiigamgdll 50-55% uay
USuaraudunsanig (pH) T wmnzausnonis
Mauveeuledusazyianivaisazals 2M NaOH
i el asaunqunnsd eslusi it sludnuwaziouln
wWinanaztonlguuitng Judenldioulesl 3 uiia
Taun toulesoaniiaa (Alcalase® 2.4L from
Badillus licheniformis) Loleal walalasd (Flavourzyme
from Aspersillus oryzae) wazteulaaiilumsa (Neutrase®
0.8L from Bacillus amyloliquefaciens) 19 & L&
wulsdludnsifesay 3 (ww) uaztosneldaning
Funzay lawn eulwidanaa USu pH 8.0 oy
TUsAuiigauudl 55 Leulesiwanales] U3u pH 6.5
goulusiuionmgil 50° uavieulaifomsa U3u pH 7.0
govlusiurigamadl 55 mudwu szmrinsmstennau
ansazatedeLA3es Overhead stirrer 7iA1AL57 350
seusiounil wioumuauAl pH wazgumgilvia
paeaszayia 4 dlus ilensurivun vgauFATen
wulzighenslimnuteuludiendunan 15 wil
Uaeeliidu aniuduniesdt 8,500 seusoundt 1
nan 30 unii eamgdl ¢ leusnlUsdudilsignees
aon dauvesdarsazaiela (supermatant) @ vy
IﬂsﬁulaimlaLamQﬂﬁﬂUﬁﬂﬁLLﬁqﬁwm%aﬁmﬁq

wuustEanud Iedunsldsiulalnslaan 3 ¥iia
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n1571AS1EW sz UnT1sy audane (Degree of
Hydrolysis: DH) #2875 OPA assay
157ATEvisEAUNSYpuaatauaslUSAU
(DH) AauUasa1nT s ey Suwanangul and
Ruttarattanamongkol (2022) laeLa3 suasazaiy
OPA reagent #isi} nanlewfieunnsyuaisn 100 fad
luans Usums 12.5 fiadans Winuansazaslainew
WwasEualsanAlawnsa 20% USuns 1.25 Jadans
LA U@19 o-Phthalaldehyde (OPA) S u1eu 20
1a8n3u wag 2-mercaptoethanol Y1105 50
lulasans Tnvazandrunauiaualummiues Wi
USuusunmssaudu 500 lulasans ¥ OPA reagent
Usuins 200 lulasans naunvaIsaratamnioena
Tusiulelnslaian 10 lulasans Adliflgamgfivies 2
unit fteliAnURAse1 andfutadimapandunas
AMLEIARY 360 WIlRs fewn3asaUninsile
e dmfumsiiesenuTunamyeriludaszues
CPH Tivinnsyesding1snlsnsalalasaansn 6 M

Paumgdl 110% Wuvan 24 Falus

nsAeszivuIalUlng

vunaluanavelUlndlulusiulelaslaian
InIEa Swmseiaaslasuilnnsfuenmuwuin
luiana (Size-Exclusion Chromatography: SEC) #14
18n15v03 Sangsawad et al. (2022) TnudnA10814
100 lulasansidg Aeauy Superdex Peptide
10/300 GL fvfausaiuszuu Fast Protein Liquid
Chromatography: FPLC (AKTA Pure, GE Healthcare,
Uppsala, Sweden) 4azns193n7 A21181708 U 215
uiluiing wmsgruilddmsuimundminluana
auA cytochrome ¢ (12,384 Da), aprotinin (6,512 Da),
AGNQVLNLQADLPK (1,480.6 Da), MILLLFR (1,095
Da), Hippuryl-L-histidyl-L-leucine (429.47 Da) uag
tyrosine (181.19 Da)

maaquémiéfma%aﬁaiz

NSNAEDUAIYIS DPPH radical scavenging
assay AawUa991n Suwanangul et al. (2025) 1ag
LW3LNE5AYaNY DPPH reagent sen1sazany DPPH
0.0040 n5u lumueausuns 100 Jadans Aleea
gnazgangluaisazanglaifouneanadwines 0.1
Tuan$ (pH 7.0) 13 Triton X100 9mdUmansazans
f0819 100 lulAsAns wavarsavale DPPH reagent
100 lulasdns aslunquassuiu 96-well plate
valuiidadunan 30 wadl WAIIRAINITRANT LAY
fimnugndu 517 wiluwas neldngmlslou
Juasunsgu uazldinmesidudiauay

N1sNAdaauUN1IsANIveuy alansonda
(hydroxyl radical scavenging assay) A alLUasa1n
Suwanangul et al. (2025) fiieg 19 nazalelu
asazanelafsunoaniviwes 0.1 Tuans (pH 7.4)
watadaegne 50 lulasdns ldlunguuedueiu 96-
well plate LA ug@15a¢any 1,10-phenanthroline 3
fadluans ansazansieisadaa 3 dadluans uag
asazawlglasiaumeseanlan 0.01% ot19ag 50
lulasans anduund 3708 Wunan 1 $9lus uasa
ﬂ'wms@mﬂﬁuumﬁ' 532 urlulun s Wisuieuiu
nganlsleusagldtnmesidusnuau

nsNAdauUNITAnALaTUTelane (metal
chelating activity) AnkUasa1n Suwanangul et al.
(2023) Tnwazanesegnsluingu udliunfegns
500 lulasans aslunauueduny 96-well plate viu
ansazareneslsdu 5 dadluars Ysuins 50
lulasans uandu 925 lulasans uazansazane
FeCl, 2 fadluans Usums 25 lulasans waulidn
Funazdialifgnunfivos 10 urdt Aeutarinsg
@mﬂﬁmmaﬁ' 562 unluuns Ingldngailslowduans

wnsgrusazinauduimua
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N1SNAd@BUM 1876 Ferric Reducing
Antioxidant Power anlUasa1n Suwanangul et al.
(2021) IngimSouaNsazaty FRAP reagent 910NNS
navasazalgfeusdiean 300 dadluais (pH
3.6) WesinmAasalsa 20 dadluans wazansazaney
TPTZ 10 fadluans fiazarelunsalalasrassn 40
fiadluand usnsidu 10:1:1 suddu il
A8819 40 lulasans aslunauvasuny 96-well
plate 1fisl FRAP reagent 200 lulpsans Uudi 37°%
LLﬁy’J’Jvﬂﬂlﬂﬂﬂiﬂﬂﬂﬁuuﬂﬂ‘ﬁ' 593 U lULUAS AN
AnNanusalun1ssAdinaniussuisuiunsiu
wnsguvesaslesatamn (0.0625-1 fadluans)

An1soenqniiueyyadaszianadud
ECyo Tamunada arnududuvessiag1afiaunse
fudsounadaszldfesar 50 lnaeuamain
AIMAIIUFUNUS TERINANNTNT UVDIA 10819
fuedifudnistiud

[

NAgaUNS lun1sGuU LUl

v [

fifeadasiulsaday
wazlsaumnueiiai 2

Asgudoulesl Dipeptidyl peptidase-IV
(DPP-IV) na@aun 28 DPP-IV activity assay kit 1ae
azanesiieeslualsazane Tris-HCL buffer 100 diad
luan$ (pH 8.0) VinfegausiazANULTLTUUIINS
20 lulasdns aslunauvesuiy 96-well plate iy
wuleyd DPP-IV USuns 30 lulasans Lazaisazans
FUaLnsn (Gly-Pro-p-NA 0.75 dadluais) Usuing
100 lulasans mﬂﬁ?uﬂmﬁqmwgﬁ 37°9 \Juian 30
il wazinAnisgandunasi 405 uluwes Tagld
tripeptide Diprotin A (Ile-Pro-lle) 1uans81sds uay
1i0Wmesidusniuau

nsdud el alpha-amylase faulas
91175193 Suwanangul et al. (2021) Tavazaiy
fogusazaduduluasazarslofvunoa

Unwes 0.02 Tuans (pH 6.9) Usums 100 lulasans
Unflgamgdl 37°% 10 undl ndufmeoulu alpha-
amylase (1 fiadnsusiofiadans) Usung 100 lulasans
wazansazanawtls 100 lulasAns Uused 25% 10 wadi
NouLANaITazaey DNS reagent US11%5 200
lulasdns (Usznaunie DNS 96 fiadluans, sodium
potassium tartrate tetrahydrate 2 1uans uway
NaOH 2 Tuan9) udrlkarudevlutuien 5 uad
witnduianfuiindy 3 Jadans wavinAinis
@Jﬂﬂﬁuumﬁ 540 WlUNAS

nseue e ulesl alpha-glucosidase
AALUasI5v99 Suwanangul et al. (2021) ta5 8y
wulwiog191e1U (rat intestinal acetone power)
300 fiadnsu azanulu 0.9% leiRvupaslsausunng
9 fladans watlumiesd 3,500 seuseundt 30 Ui
nvuAvasararsaulanazutudsl3aunines
dnunlenaaeu serninansvadsy Jiunsiegiausay
anududufiazanslulsfsueanadines 0.1
Tua1s (pH 6.9) Ysu1as 50 lulasans waunu
arsazarsieulvdieganeu 50 lulasdns Uud
gaundl 37°% 10 UM U LANTUALATA PNP-
glycoside 5 dadluans Usuins 10 lulasans Taen
nsganduuasd 405 ululuns

il nannssudaeulminanadeni ICs, 39
wneds prsduduvesnegeiiannsadudiionssy
vosaulagllaseeay 50 lngAmruluaInngIn
AMUFUN UG TENT AN ULTUTUYD A 188 197U

Woasiusnsdudwaveaulayd

nsAATIEVdayanIeEin

[
v (Y o

ToyananungnuuiATIEiAuwlsUTI
(Analysis of Variance: ANOVA) LagLlU5 g ULyl g u
A1ad us 2835 Duncan’s Multiple Range Test
(OMRT) Ingldlusunsudniagy SPSS vt 20
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NanN15I8kazIaNTal

seAUNTSYRYaanuvaelUsAY (DH)
syfumstoraanevedlUsiuaIns wmaatu
runislalasladesouluisaniag wulednaila
loal waztoulwddunsa asuansly Figure 1 wuln
wulwsidaniaa TsiAn DH geflan (22.36%) sesasn
Ao toulasinanlalesl (16.48%) wagtoulwiiings
(10.92%) M1ua1e U 1agA1 DH LANA19A uay 19l
Fed1 @y 19aia (p<0.05) wah fusudn vilaves
wulvidudaduddgiauguszdunisdesaas
TUsfu Saaenndasiusesuaes Ma et al (2023)
ﬁizqiuauiﬁﬁﬂuﬂdm serine endopeptidase +4u
wulgddaniag dussdniamgddunisdniuse

wWilnaneluanelusiu Tnennzusnuninsnesily

lalauin 1 WU Leucine, Phenylalanine wag Tyrosine

denaliinnisuandivesatslusauduldlnavuina
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o |

dunnnieulesivindu Tuvaeiioulssinalslel
fis endo- uaz exopeptidase activity 33l¥an DH
Urunans dnsuievlesdunsa T udueuled
neutral metalloprotease 3 nwanIA 9N55UFINT
luanm pH 7-8 ldlunmaveses siunsdesiigedu
vououludannad avvioudinmavanUdosvyeviily
Sasduaun 3aduiusiunisldiudlndimin
Tuanani wazanvannsoalumainujiseidu
a%aaaiﬂé’ﬁﬁu (Mishyna et al., 2021) St Al
LANAMIIVDIAT DH T9dz M oUNITEAUNITUANAD
vosanelusiu dudutaduddnd fvuagluuy
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Figure 1 Degree of hydrolysis of cricket protein hydrolysates prepared using different proteolytic

enzymes. Bars with different letters indicate significant differences among treatments

(p<0.05).
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USumsn1swy 13-17 Jadans deaenadasiuauin
Tuanauseua 400-3,000 Da wansdsdndruuulng
anvdusuaunn luvaieulvdwalalel Wianing
Tus9 15-20 fadans (3-7 kDa) wazioulwsifiinseg
TiAwuUI 9-14 Tadans (5 kDa) LansInnsLy
oulzdudazyiindimanaguuuunisunnsiveslusiu
wane1eiu i eSeuisusussAunisdauaans
Tu Figure 1 wunwilWufidenndesiu nsroules
Saeniaa Gfien DH gaan Idadumeauulndinn
Tuianas (<3 kDa) snnfian vaszfoulesifamsa 19

DH s 7ign wazdvnsdivulnavurnlug 1l

mAU

29AUTENOUNAN @OAAABINUNUITYBY Patil et al.
(2015) GeszyInnseiosdisl DH g duusiunisiia
wWilndanedu (<3 kDa) Fadindiquinisdanmgandy
Y mséﬁua%aﬁassLLasmﬁé’Ug'ﬂLauleaﬁmmuaaéﬁu
dlesnneulwidaniaa Wueulvdeulauuiina
fannsadaiuszlulnd aneluanslusiuldogned
Usgansam Fsadraulndvunnidni vy iladdy
Sasranniu @i umuauisalunisuiane
dudnasounseiueuyadasy sauiTuiu active
site 9paoulwliumUedTNlARNINUUInAYUR LAY
(Antony and Vijayan, 2021)
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Figure 2 Gel-filtration chromatograms showing the molecular-weight distribution of cricket protein

hydrolysates prepared using different proteolytic enzymes

n13eanquaRuayyaBasE

A ECsy bTumnsdiinaddfnyiildusediu
Fnoamlunmsinueyyadasy lngerfisnitaziiou
feuszansamlunsidneyyadaseiigenii wans
Aoy (Figure 3a-d) hansliiiuan Wsiulalag
lawamannioulesidanaa a1 ECy, sflanluyanis

nadau DPPH wayn1siulesoulany (p<0.05) Ued
feauanunsalunisuiardidnasounazAlaniu
losou Fez* Idpgaiiuseandan Jedonndoariu
seRuNseaanefigs uaznsiinUdlnduunmidn
Tughaiminluanaussua 400-3,000 Da 99nKa
nsiinsgsineunii Wulndaredumanddng
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HesFuiianansousardidnasoulda 1wy -OH, -SH
wag -NH, 31nnsAozillu Tyrosine, Tryptophan,
Histidine wag Cysteine dnaliinujAsenaielou
dudnmsouiuayya DPPH w3eduiudiumiaUsey
UINves Fe? liagreliuse@nininas (Czelej et al,,
2022) Tunsnauiu TUsiulalaslaianaintoulsd
Twsanansdnenmasaatunsidneyyalansenda
(-OH) wazrlun1snaaeau FRAP laaiia1 ECy, m‘l’wﬂlqm
(p<0.05) &9y fearruarnsalunisusana
Sidnmseuluszuuasavareunldfinineuluiasy
nalniimainieadostunmsiiuinduunniunas
fdlviy (>5 kDa) 71 é’mwaﬂ'ﬁfju”aéumﬂimazﬁiu Wy Histidine,
Lysine, Arginine e g Methionine (Suwanangul et al,
2021) @onPRBINUTIBNUYBY Sangsawad et al. (2022) N
ssymdlysonaunansiivssnousensnesiluid)
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A1 ECs, agluszauiiunardlunnyanisvaaeay wand
fannsdeslusudiliiadulndauadniazau
Ununansludadruauna viliAngnisuoyyadass
Tumanenalawfouu udlirudalufulasunis

[

Fattu gudiuouyadaszvedusivlalaslawanan
SovisaflanuduiusiBeuandussiunistos uasid
aufuhminluanawisvendulnd ndnife dedn
sedunsgesiiingu dndauvenddlndauinidn
Wt deandilunnsusandidnaseunariian
Tanelannan egrslsinu Tassadrediunsnezily
warn1siatsuedlveulUlnadedunuindAyse
nalnniseengrdluusazszuy Suduliadedidivue
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lalaslaan (Suwanangul et al., 2021)
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Antioxidant activities of cricket protein hydrolysates obtained from different proteolytic

enzymes compared with glutathione (STD_GSH); DPPH radical scavenging activity (a),

hydroxyl radical scavenging activity (b), metal ion chelating (c) and ferric reducing

antioxidant power (d) Bars (mean+standard deviation) with different letters have mean values

that are significantly different at p<0.05.
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nmsdusaeuledfiferdeiulsadau
wazlsAlumiany viad 2
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Dusu @ Ussans ammssuds wuiansldoulesd
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dnenmnsdudaiigemstdesusiuseieulusivials
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DPP-1V inhibition
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S¥19195¥6U DH AuUszansaamnisdud seules
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voseuly vasfinsgeslusfusoeulvdimsa
ail DH swazUsznaudisulndauialng nin
fiusyAvsamanas vl autRnissnueyyadaseiigs
vonaulgisaniaa §aisrdostuaruaiuise
lunsli-Sudidnmseuuavdulave Seonadaasunisiin
UfduiusfumitsdduresoulwlléFt ety wadws
AOAARBIAUITIYIIUNBUNL 1 (Suwanangul et al.,
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Inhibitory effects of cricket protein hydrolysates (CPHs) prepared using different proteolytic

Enzymes; DPP-IV inhibition (a), alpha-amylase inhibition (b) and alpha-glucosidase

Inhibition (c) Bars with different letters (a—c) indicate significant differences (p<0.05).
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This research aimed to examine socio-economic characteristics, knowledge, and perceptions
influencing pesticide usage behavior among cassava farmers in Tha Khantho district, Kalasin province,
Data were collected through structured interviews with 361 farmers. Descriptive statistics and multiple
regression analysis were performed. The respondents were predominantly female and married, between
46-55 years of age, had completed primary school, with 4-7 household members, annual income from
cassava of less than 50,000 baht, with an average landholding of 10 to 20 rai. Farmers cultivated an
average landholding of 10-20 rai, relying primarily on their own labor and capital. Knowledge assessment
showed that most farmers had a high level of knowledge regarding pesticide use (8.68-13.00 points),
although misconceptions remained in certain areas, particularly in the disposal of pesticide containers.
Farmers demonstrated pesticide usage behaviors across four stages—before, during, and after
application—at a high and safe level, with consideration for personal, family, and environmental safety.
The regression analysis revealed that significant factors positively related to pesticide use behavior
included education level, basic knowledge, and attitudes towards pesticide use when facing severe pest
outbreaks Additionally, attitudes towards pesticide contamination of produce were significantly related
to pesticide use behavior. Recommended policies include subsidies, low-interest loans, pesticide
reduction training, expert support, guaranteed markets for pesticide-free cassava, and legislation with

tax incentives to reduce pesticide use.
Keywords: cassava farmers, chemical usage behavior, pesticides
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Dependent variable

Personal factors

Gender
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- Cassava cultivation area

Cassava farming experience

- Number of agricultural laborers
Economic factors

- Economic attitude toward crop prices

Social and communication factors

- Participation in other agricultural training programs

- Contact with government officials regarding pesticide use

Knowledge and attitudinal factors

- Basic knowledge about pesticide use

- Attitude toward crop contamination from pesticide use

- Attitude toward using pesticides in cases of severe pest

outbreaks

Pesticide usage behavior of

cassava farmers

Figure 1 Conceptual framework of study
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(12-13 AZLUL) IMNWUUNAEDU 13 98 (Table 1 wag 2)

Table 1 Results of the basic knowledge test on pesticide use among sample farmers

No. Question item Answer
Correct Incorrect

1 Pesticides are synthetic chemicals used to prevent and control 313 a8
pests and related diseases. (86.7) (13.3)

2 Pesticides should be sprayed only in the morning and evening. 317 a4
(87.8) (12.2)

3 Only government-approved pesticides should be used. 320 41
(88.6) (11.4)

a4 Contamination found in vegetables or other crops is caused by 345 16
farmers using pesticides. (95.6) (4.4)

5 Contact herbicides include paraquat. 264 97
(73.1) (26.9)

6 Systemic herbicides include glyphosate. 316 45
(87.5) (12.5)

7 The color band on a pesticide bottle indicates the level of 270 91
toxicity of the chemical. (74.8) (25.2)

8 a red color band on a pesticide bottle means the chemical is 316 45
highly toxic. (87.5) (12.5)

9 Pesticides leaking into rivers, canals, or ponds can kill aquatic 347 14
animals or cause disease outbreaks. (96.1) (3.9)

10 Wearing protective clothing can prevent harm from pesticide use. 346 15
(95.8) (4.2)

11 Other activities should not be carried out while applying 339 22
pesticides. (93.9) (6.1)

12 After using pesticides, containers should be washed and 348 13
packaging properly disposed of. (96.4) (3.6)

13 After using pesticides, burning containers is a proper disposal 174 187
method. (48.2) (51.8)

Values in parentheses indicate percentages.
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Table 2 Number of sample farmers classified by level of knowledge and understanding

of pesticide use

Knowledge level Number (persons) Percentage
Very High (12-13 Score) 215 59.5
High (10-11 Score) 89 24.7
Moderate (8-9 Score) 26 7.2
Low (1-7 Score) 31 8.6
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[ )
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Y
% =
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AsNuRTULEast (Table 3)

Table 3 Mean, standard deviation, and attitude levels of farmers toward pesticide use

Attitude X SD Interpretation

1) Pesticides used have long-term cumulative effects on the 434  0.82 Strongly agree
environment.

2) Cassava sprayed with pesticides is unsafe. 4.14  0.85 Agree

3) I will only use pesticides when there is a severe pest outbreak 459 079 Strongly agree
that cannot be controlled by other methods.

4) Pesticides are dangerous to humans and animals; users must 4.66  0.67 Strongly agree
exercise extreme caution.

5) Crops treated with pesticides are inevitably contaminated to 446  0.79 Strongly agree

some extent.

6) All pesticides are harmful to users and should be handled with 471 070

Strongly agree

great caution; following the instructions strictly will ensure

safety.
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Table 3 (Continued)

Attitude X SD Interpretation
7) Pesticides can remain in the soil. 441 0.73  Strongly agree
8) Excessive use of pesticides is one of the causes of farmers’ 449 0.86 Strongly agree
illnesses.
9) To achieve high yields, it is necessary to use pesticides. 398 1.11 Agree
10) The annual price of agricultural products affects the decision 412 105 Agree

to use pesticides.

X =4.39

SD = 0.56

Min-Max = 1-5

Attitude levels are interpreted as follows; 4.21-5.00 = strongly agree, 3.41-4.20 = agree, 2.61-3.40 = uncertain,

1.81-2.60 = disagree, 1.00-1.80 = strongly disagree
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Table 4 Mean, standard deviation, and levels of pesticide use practices among cassava farmers

Topics X SD  Practice
level
Pesticide purchasing practices
1) Purchase pesticides based on the recommendations of agricultural 390 1.01 Often
experts
2) Purchase pesticides according to their toxicity level 445 098  Always
3) Purchase pesticides from reliable sources 456 0.95  Always
4) Review the details of each pesticide before deciding to purchase 4.60 0.90  Always
Practices before using pesticides
1) Read instructions, safety precautions, and first-aid measures on the 444  1.10  Always
pesticide label every time
2) Inform family members or neighbors before spraying pesticides 433  1.16  Always
3) Inspect spraying equipment (e.g., nozzle, hose, pump) before each use  4.61  1.01  Always
4) Mix pesticides according to the quantities specified on the label for
each spraying 442 1.10  Always
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Table 4 (Continued)

Topics X SD  Practice
level
Practices during pesticide use
1) Spray pesticides during appropriate times (e.g., morning or evening) 450 1.11  Always
2) Spray pesticides under suitable weather conditions
3) Use mixing containers exclusively for pesticides, without mixing with 452 1.04  Always
other containers 459 1.04  Always
4) Wear protective clothing such as overalls, hat, and mask during spraying
5) Avoid smoking, eating snacks, or using the phone while spraying 452 1.04  Always
pesticides 4.67 097  Always
Practices after using pesticides
1) Store containers and equipment used for mixing pesticides in a secure 4.63 0.99  Always
and safe place
2) Clean equipment used for spraying pesticides 457 1.08  Always
3) After spraying pesticides, avoid entering the field with family members 466 099  Always
until it is safe
4) Dispose of empty pesticide containers in a safe place away from the 457 1.05  Always
community
5) Do not reuse pesticide containers in the household 463 1.02  Always
6) Avoid eating immediately after spraying pesticides 468 096  Always
7) Bath and throughly wash the body after spraying pesticides before 465 1.01  Always

eating or engaging in other activities

Practice levels are interpreted as follows; 4.21-5.00 = always practiced, 3.41-4.20 = often practiced,

2.61-3.40 = moderately practiced, 1.81-2.60 = rarely practiced, 1.00-1.80 = never practiced

[
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Table 5 Multiple regression analysis of factors influencing farmers’ pesticide use behavior

in cassava cultivation

Variable Unstandardized t-value p-value
coefficient (B)
Constant 5594 0.00**
Gender 0.054 1.064 0.29
Age -0.014 -0.029 0.82
Education 0.091 1.631 0.10**
Cassava cultivation area 0.093 1.844 0.07**
Cassava farming experience 0.019 0.276 0.78
Number of agricultural laborers -0.006 -0.119 0.91
Economic attitude toward crop prices -0.063 -1.169 0.24
Participation in other agricultural training programs -0.059 -1.179 0.24
Contact with government officials regarding pesticide Use 0.049 0.961 0.34
Basic knowledge about pesticide use 0.319 6.140 0.00**
Attitude toward crop contamination from pesticide use -0.112 -1.957 0.05**
Attitude toward using pesticides in cases of severe pest 0.186 3.302 0.00**
outbreaks
R? = 0.402 F=56

*0<0.10, **p<0.05, ***p<0.01
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The number of students in the field of agriculture at Maejo University has continuously
decreased, due to resignations and dismissal during the mid-semester period. Therefore, it was necessary
to study personal, socio-economic, expectation, academic, and support factors, including educational
institution selection factors, and factors correlating with the selection of a field of study in agriculture
among Maejo University students and to analyze the results in order to identify solutions to such
problems. An interview schedule was used for data collection with focus group discussion techniques,
from 343 first- and second-year students from the Faculty of Agricultural Production; the Faculty of
Animal Science and Technology; and the Faculty of Fisheries Technology and Aquatic Resources,
selected by multi-state and simple random sampling. The obtained data were analyzed using descriptive
and inferential statistics. The results revealed that the sample group was mostly female (51.60%), with
an average age of 20.33 years. Most of the respondents (48.10%) resided in the northem region. The
parents of the sample group worked in agriculture (37.46%), using their own land (79.59%), and generated
an average annual income of 312,152.47 Baht. The majority of the sample group graduated from secondary
school (67.36%). They had high expectations regarding the choice of a field of study in agriculture (X=4.30)
and expected to choose majors in fisheries and innovation of aquatic animal production (75.00%),
agronomy (42.99%), and beef and dairy cattle (33.33%). Additionally, the sample group had a high level
of family support (X=3.81), a moderate level of motivation from friends (X=3.81), and a high level of

intension to select a field of study in agriculture (X=4.05). However, as a whole, the study found 6 factors
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correlated with the decision to select a field of study in agriculture, namely student's residency; expectation

regarding educational institutions, agricultural courses, and future occupation, family support, and motivation

from friends.

Keywords: Maejo University, study selection in higher education, study field in agriculture
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Table 1 The expectation factors of the sample group

Expectation factors x SD Rating
Expectation of educational institute 432  0.624 High
Expectation of agricultural courses 4.27  0.669 High
Expectation of future occupation 435  0.675 High
Total 431 0.656 High
Table 2 Supporting factors of the sample group
Supporting factors X SD Rating
Family support
Financial support 4.13  0.970 High
Family’s main occupation in agriculture 374 1.221 High
Family support in agricultural education 4.09  1.089 High
Freedom to choose for education 4.40 0.934 High
Agricultural graduation of relatives 368 1572 High
Total 3.81 0.778 High
Motivation from friends
Motivation from close high school classmate 413  0.970 High
Motivation from close in high school senior 229 1434 Low
Perception that classmate continue their study in agriculture 229  1.406 Low
Perception that neighborhood friends continue their study in agriculture  2.84  1.442 Moderate
Consultation in agricultural education with friends in the high school network ~ 2.98  1.436 Moderate
Total 267 1.112 Moderate
Overall 3.24 1.890 Moderate
aaudi 3 madendnwrlumviividiunisinens  “un” Wwdeadu ldud dunmdnvalvesanitu
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lnsfleRasaundusediunui nquddegrauden  auddiu (Table 3)
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Table 3 The selection of study field in agriculture of the sample group

Selection of study field in agriculture X SD Rating
Image of the institution 4.15 0.624 High
World agricultural trends 4.04 1.029 High
Agricultural courses 398 0.737 High
Institutional recognition 4.03 0.795 High
Total 4.05 0.652 High
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Table 4 The analysis of correlation coefficient of the selection of study field in agriculture

of Maejo University’s students

Correlation coefficient of the selection

Variables
of study field in agriculture (r)
Institute image World Agricultural Institutional Total
agricultural courses recognition
trends

Gender 0.051 -0.042 -0.015 -0.137* -0.078
Age 0.007 0.006 0.021 0.056 0.027
Student’s domiciled 0.130* 0.118* 0.097 0.079 0.115%
Faculty 0.884** -0.059 -0.107* -0.081 -0.081
Study major 0.016 -0.018 -0.036 -0.074 -0.038
Educational attainment 0.037 0.030 0.033 0.079 0.054
Expectation in educational institute 0.290** 0.192** 0.285** 0.314** 0.322**
Expectation in agricultural curriculum 0.323** 0.237** 0.253** 0.272** 0.325%*
Expectation in future occupation 0.368** 0.234%* 0.331* 0.318** 0.371%*
Father’s main occupation 0.036 0.018 0.015 0.012 0.030
Mother’s main occupation -0.022 -0.014 -0.040 -0.055 -0.037
Average annual income of family 0.107* 0.073 0.073 0.024 0.082
Land ownership 0.049 0.046 0.073 0.095 0.080
Family support 0.307** 0.204** 0.368** 0.282** 0.347**
Motivation from friends 0.160** 0.243** 0.224** 0.238** 0.270**

* significant (p<0.05); ** highly significant (p<0.01)
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