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AnsnarasusidanuaanluaadaninasanisiasulAulALAzHANARTDY
HNNIAUBNNUSUNTUALSTIAE
Effect of Light-emitting Diode (LED) Light Hues on Growth and Yield of Grand Rapids Lettuce

FUAD A1A59" BT WANLUAR' UWATANAN FAN'

Chomdao Khumjing" Arunee Plaikaew' and Sompob Veesom'

Received: August 23, 2022
Revised: October 3, 2022
Accepted: October 6, 2022

Abstract: The objective of this research was to study effects of LED light hues on growth and yield of
Grand Rapids lettuce. The experiment was conducted by completely randomized design (CRD) with
three replications, consisting of five treatments: 1) fluorescent 2) red LED 3) white LED 4) blue LED
and 5) green LED. All light sources were shone on the Grand Rapids lettuce with intensity of 4,900 Lux
in each box 12 hours per day. The experiment was carried out at Faculty of Agricultural Technology,
Phetchaburi Rajabhat University. The results showed that the maximal growth of grand rapids lettuce at
white LED was observed in terms of leaf number (3.91 leaves), plant height (13.79 cm), leaf chlorophyll
content (13.19 SPAD UNIT), canopy diameter (12.12 cm) and fresh weight (1.79 g).

Keywords: LED, growth, Grand Rapids lettuce
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HANAADIENNIANENAUTWNTUALITIAE 219uHBNIIAaaLULdNaNY sl AW 3 41 dsznausae 5
= & - Aaa aaa Naa A
NINNUA AR 1) NARANQBBLIATUN 2) NAAALLARAAKAY 3) UABALAARAATIY 4) NABALDARARLNY
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Figure 1 LED lighting set for growing vegetables from plastic crates
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Figure 2 Black cloth cover

Figure 3 LED lighting Red LED (a) White LED (b) Blue LED (c) and Green LED (d)
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Table 1 Leaf number plant height and leaf greenness of Grand Rapids lettuce.

Treatment Leaf number (leaf) Plant height (cm) Leaf greenness (SPAD unit)

Fluorescent 0.00° 0.00° 0.00°
Red LED 1.41° 4.86° 3.52°
White LED 3.91° 13.79° 13.19°
Blue LED 2.75° 13.86° 12.05°
Green LED 0.33° 0.92° 0.80°

F_test o o o

CV (%) 47.22 35.26 28.08

** = significantly different at P< 0.01

Means within the same column followed by the different letters are significantly different according to DMRT (P<0.05).
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Table 2 Canopy diameter and fresh weight of Grand Rapids lettuce

Treatment Canopy diameter (cm) Fresh weight (g/plant)

Fluorescent 0.00° 0.00°
Red LED 4.16° 0.22°
White LED 12.12° 1.79°
Blue LED 10.00° 1.60°
Green LED 1.12¢ 0.48°

F-test > *

CV (%) 46.57 50.36

** = significantly different at P< 0.01

Means within the same column followed by the different letters are significantly different according to DMRT (P<0.05).
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Abstract: Meloidogyne enterolobii causes significant yield loss in chili (Capsicum frutescens L.). This
research investigated the control potential of co-inoculation of chili with the T. asperellum strain Cb-pin01
and Streptomyces sp. strain KPS-E004 on the growth and symbiotic performance of M. enterolobii
challenged chili. From the results of laboratory tests, the mixture of two strains reduced the egg hatch
rate, increased the juvenile mortality rate and inhibited root penetration of infective second-stage
juvenile of M. enterolobii up to 75.33%, 62.44% and 98.67%, respectively when compared
to the control. The test with peppers in greenhouse conditions revealed that the mixture of two strains
reduced the number of egg mass, reduced the number of second-stage juveniles in soil and
suppressed root knot disease up to 71.05%, 75.68% and 50%, respectively when
compared to positive control. The control efficiency of co-inoculation of both strains in suppressing
root knot disease also increased up to 150.02% as compared to inoculation of single strain
of Cb-pin01. Moreover, the mixtures promoted the growth of chili by increasing the shoot weight,
shoot and root length and improving the yield of extra-large chili by 129.65%, 139.63%, 122.89%
and 165.51%, respectively (compared to negative control). Based on the results of this study,
T. asperellum strain Cb-pin01 and Sireptomyces sp. strain KPS-E004 may apply together to control

root-knot disease in chili plants.

Keywords: Root-knot nematode in chili, biocontrol, Trichoderma sp., Streptomyces sp.
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M. enterolobii lunan mnr:mm?wmm@m’m‘luﬁ@\ﬁﬂﬁﬁﬁmiwudﬁmsﬂ@lnL%@%mmmﬂﬁuﬁéwﬁu
fualunsansmsnisinaedld ishsnsnng uardudinsdngmniisedaseusasi 2 edldiden
dagisanila M. enterolobii gafia 75.33%, 62.44% uaz 98.67% mNady Weifaufiuiuganaun
uazidenaaauiuninluaninlsedan ‘wudﬂmiﬂqﬂL%@ﬁmmmslﬁuﬁéwﬁu Hualun1sananuaungy
14 apanuawsnseuluiu uazidsrdninnlunisannisfinueessnninlaged 71.05%, 75.68% uay
50% AL WienReudeuiugaauaaiiinisgnldideudeniiasediauien Bnrafalsy@ninm
Iummmmimmﬂm@\mﬂwsﬂimmm 150.02% meﬂ?ﬂumamumﬂmmawuﬁ Cb-pin01 WiNeNTHALAEN
uenaninslddeuunnananansadasiunissioivlngeain e fisnminuag ATINGITRIAGIY
MBI uaziiatinuanaRldfe 120.65%, 139.63%, 122.89% uaz 165.51% AwandL (e
WhauiauiugaaLANAuLNg) @"mmmﬁnmmﬁ%‘lﬁtﬁudqmiﬂgﬂL%ﬂmmméquﬁuﬁ‘:ﬁfjﬁq T. asperellum
aneWug Cb-pin01 Uaz Streptomyces sp. 818WWg KPS-E004 mmsmﬁuﬁnﬁmwhmimu@uim

santunnluseanutlaslgn

AdAy: srsnundn nsmauaulae@adt tnslanasin amsinaedy

AU

a o A a a

winiuianansnignuaziasoyivuie
laavannginiesesdszinalng Taadnudn
ﬂqnwsnmﬂa‘zmmm’] 167,443 1§ nanango
dgzannd 283,515 A (NINABINITLNLHS, 2562)
nisluTymdnAyn liuananaaaninanas
a v [ A
WmannnIsdnvinansveldineutessindy
Meloidogyne spp. FUINUE LaZATUL (2562)
o o g A A Ao
nisdrsaaniunlgnninininisszuinaasisa
snuludandvnguasasil nudduldineunas
snduatin M. enterolobii Banauntinil&LAan
NagIINUNTHAAINAIT WLTIBIIUNITTELIAAT
wsnhuelfoiugnuquazududnesludminunsya
(Jindapunnapat, 2012)

A aa =<

neAuANlae@afE uiuImiamilaly
nnraan17ldimeudassnly annenuRdaans
Ha9uT Iiudnlsz@nsnanlunisaaunuisn

PR 4 =~ Y a A ¢ ] a
snduazhgsIuNEnsldaauvieianng 1 9iis
(Sun et al., 2006; Hashem et al., 2011) 131898
Analnn17 4N an 889 T ANAINNAILAINIT
AETUNINNIUTINAY Trichoderma spp. 1w
desndfjindnantsandmenlallsiies
(protease) wazlARLug (chitinase) Anafang

Wnaesldldfeuelagsndn (Jindapunnapat et
al., 2013) %ﬂ%\iﬁqmmmmzﬁumwﬁmmu
wazdnadsaaunaasoL AL Te LT (Affokpon
et al., 2011) Iummﬁ;l,%ﬂ Streptomyces spp.
fdnaninlunisanaanuguussaasisasiniy
Meloidogyne spp. @NN3NHARANTTIHARS
nsWnaesliuaznisanaaesiseuszesd 2 I&
(Ruanpanun et al., 2010)

T. asperellum @neig Cb-pin01 1w
FoAuafaminelnanadanlsaia Ausinens
r‘ifumumuwﬁmmzﬁ”ﬂmwmmmm{%qﬁ@mmﬂﬁ
'lumimuﬂu‘imﬁm‘ﬁLﬁﬁ@ﬂﬂﬁ@?ﬂ@%ﬁﬂbﬂﬁﬁ
unerila doadaaTunisiasyiiuinaasiauas
dni IR TRaANAILnILisa (Chamswarng et
al., 2014) asinalafAsaliinngseanul ss@nsnn
°1I‘ﬂ\'1L%"ﬂﬁ\‘lﬂ@"l'ﬂuﬂ’ﬂﬂfm@Ni’ﬁﬁﬂuﬁ]@ﬂﬁﬂﬂu
M. enterolobii Iu"ﬂm::‘ﬁl,%@ Streptomyces sp.
aneiug KPS-E004 Lﬂumﬂﬁuﬁ:ﬁﬁﬂizam‘?jmw
lunsaauanl&ineudassinily M. incognita
aniesfimAnisldineudleadnginauazqaunae
NNNNANEAT NNAIT ITANT AU AT NUASLAL
NUNINHVRELNHATAVART (Ruanpanun and
Chamswarng, 2016) ﬂuuﬁgmmmmuﬁﬁﬂﬁﬁ@
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Y19 2 AR UGHUNAZ AN IV UILILILETHY
TunnsaruAulsasNLuaeIninls Aiuanuide
Hasldafiunismeasun1svinausa NI uLeTe
sananalunisacuanldinaudes M. enterolobii
XA oo 4

eiliveiduanuilaniaidenlunisaauaulsasn
UnTuulaannzilgnsiely

atnsaluazdinig

mawnsanldinaudassinilu M. enterolobii

vhaufiiniessnmesldideurdessny
Anutasdnluguneniunaugu SandnuAsLlya
1 iiudanilgnwiniugeaunesaldinaudas
saniu Tunseaneruimduniugugnana 4 #in
ieiiusuuldineudes mn&umm@@ﬁnwmz
7R8I UAIUNU (perineal pattern) SAALANTeLNA
WemNH3Tn13294 Hunt and Handoo (2009) Lay
auundsananen Taeldlnsmafauanmng
ANaABN19184 Tigano et al. (2010) annthusseld
vasldieudesmniadia 1 ngalandsnmos
ATLTUA M. enterolobii UgnLFandsaLsInnan
Lﬁfaﬁﬂ@‘l}m@mu?qwﬁm:Lﬁuﬂ?mmmuﬁ%mi
U849 Ruanpanun et al. (2010) ANFLUNITNAADL
N1sNAdaulssanENINN1svIN9IUTINAY
ARY T. asperellum '&ﬁﬂﬁ/uhf Cb-Pin-01 uag
Streptomyces sp. ﬂﬁﬂﬁ’ué KPS-E004 sian1sWn
aasld nsmELaznIsIdNsINNTIRIR8aY

srezd 2 wasldinausaasinidy M. enterolobii

Tussaunasd Jiinns

vhide T asperellum @18%ug Cb-Pin-01
FoAnafa g NN Unlae A9TAT LAY
q9300dla (2545) A1AdTlsANT ARLZINEAT
AUUNILEL NUNANENFHLNHATANEAT LATITD

Streptomyces sp. @18 KPS-E004 @neiug

d‘ Yo A o o
VIVLW?‘]_Iﬂ"]?T'TEIQ"]u']qNN@iuﬂ'}?ﬂ'l‘]_lﬂllﬂr]@ﬁ
l&meutdeasindu M. incognita (Ruanpanun

and Chamswarng, 2016) 8NLTuIuALeT

ANHATNNTBY ATELAT WATQITOR LA (2545) LAz
Ruanpanun and Chamswarng (2016) ANNANAL
Ufumududuresateside 10" ales/Naaans

114 0.05% Tween 80 nageunvld waziigen
e 2 (J2) Tnuppansuzauaenatlas 1 Haaans
lalunguaeanua msaun 24 wgu (24-well
plate) W1 ldae9 M. enterolobii 150 Na1/50
luTasams ldadlullunguinaniu anauuunis
Vlﬂ@’am‘i_lum'umumnf (completely randomized
design, CRD) mmum@ 4 N33 oA mmﬂm
slafreaTaliusazide uLHay HAZYAAILAN
TlaildalefaaTonnaauad n9ndaas 4
ﬂu‘ﬁ‘qmuqﬁﬁm Wunan 72 dalue anndu
Husnuau J2 fineanannld uentiusaniauay
fdu dhunAwandefidudlun1sindaaesla
LAYERINNIANERREaUZEILT] 2 ANaABNNTTed
Sun et al. (2006) kay Ruanpanun et al. (2010)
wardsziiuaanuansaluniadian lnage
Ihieudesannugunagaulgnlydenndaiden
81g) 5 U gualwieelimnag antutiensn
WNwsne NaOCl-acid fuchsin (Byrd et al.,1983)
duanuudageaunielusn WauiugarauaN
NsANEIUTZANENINNITNINIUTINN UL D
Fanun T. asperellum ﬂﬁﬂﬁué Cb-Pin-01
waz Streptomyces sp. ﬂﬂﬂﬁ’ué KPS-E004 lu
nsaauanldinaudaasinidu M. enterolobii
lulsaau
ARunInageuluanInlisaTen
U NUINENRUNBATANART BUNDATUNILAL
Amdnuaslyn MdAundWInAugIuALetne
TVRC 365 21¢ 30 14 lugemnaunn 8x16 i
flussanulaenldiieudes 5 Alansu iduile
NARDU IWUNUNITNAADILLL (CRD) ALY
A17 5 N99133 (Table 1) N3713A 10 1 37993
w9 aeudlasAanududy 107 ales/Nanans
TN 200 HaAaRT TURARTTANIINARDILAL
Uan 2 LFUIINATUIN 1,000 FFRM WIaN
mmmmmummu@” 1 afa dilegms 15-15-15
Fauay 1 A% usrazinan 90 SUALNAHAR
dszifiutlsz@ninimnisasuandineudeasinily
M. enterolobii taaiuanuaungulel uazauau
reeutesldineudaslufu 200 nfu Uszifiunisg
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Watusn satnisnialee Usviiulss@ninin
lun1sAuAN (Barker, 1985; Ruanpanun and
Chamswarng, 2016) uazlsviiunatediiasanng

Table 1 Treatment of greenhouse experiment.

L@?EULL"]UI[FI Iﬁﬁ]f}ﬂﬂﬂﬁﬂﬁﬂ'}ﬁﬂ mmmmmmmu
m‘wuﬂmﬂ muunmu UAZHANAR

Treatment

Plant inoculated with spore of T. asperellum Cb-Pin-01 together with J2 of M. enterolobii (T+J2)

Plant inoculated with spore of Streptomyces sp. strain KPS-E004 together with J2 of M. enterolobii (S+J2)

Plant inoculated with spore of mixed both strains together with J2 of M. enterolobii (T+S+J2)

Plant inoculated with J2 of M. enterolobii (only J2)

Plant without J2 of M. enterolobii and spore of both strains (C)

NSAATIZULDYANNAD A
AArzAnulsdsau (analysis of
variance) LL@zLﬂ?EULﬁﬁumLfagmmLLrﬁimﬂ;mmi
naaedlng 25u89 Tukey's Honestly Significant
Difference (P<0.05) A R—program 4.0.2

Nﬂﬂ']ﬁ“l/]ﬂﬂ'ﬂQLLﬂga'Q"l‘iﬂj
nsAnmilsrAnannanaia T asperellum
ﬂ’\tlﬁ'uﬁf Cb-Pin-01 wag Streptomyces sp.
A12Wug KPS-E004 FuadaniswWnaadla
wazn1sAngaaInlIaauldinaudassinia
M. enterolobii

anHanIITNAReINLd1n1sld1Te
T. asperellum @a18Wug Cb-Pin-01 Wa
Streptomyces sp. @18Wug KPS-E004 VUL
Aeauazununan Suasesnsinisinaesld
28l 42.00% 17.33% WAz 12.50% ANNAAL
fnsnsanaaaslsauldineudassinily
fagjﬁ' 7.92% 62.01% WA 62.99% UATANUIUTLAY
Fagauszazdl 2 dvihanasnda agil 41.25 i
4.25 f uaz 1.50 f1 musnsy Twansiinnsls
e Streptomyces sp. @8Wug KPS- E004 ¥a
LULLAEY UAZWLUNANSINRY T, asperellum
anaug Cb-pin01 axN9InandRsIN1sANaala
1479 80.27% uay 85.77% ANNANFL LRnSAS

nsAneaed J2 16 61.46% uay 62.99% MINANGL
wazaailafifusnindnsndald 96.22% uaz
98.67% Muandy e Feuifiauiugaaiun
(P0.05) (Table 2) uazians 2 aneriug fua
yldnsimunaeslidasnnely 72 dalus loe
maslulawanluiasausyesdi 1 uslidgnansn
An'ls LﬂmmﬂL%@ﬁmmqﬁmm?mmmLﬁulﬂmu
s@mﬂmnh (Figure 1) waznLdn J2 mEiNgnz
FNAGEUTILLLIAEIAILILHAN 1Ti09a s
pana g luan 18 W lamamazanae v amile
J2 slm;mmu@uﬁl,ﬁwﬁmdﬁﬂudﬁﬁq (Figure 2)
anuan1nadeaunldansuzaesldiaziisau
AnLinG S sannARBITLITENTLTDS Jindapunnapat
et al. (2013) kaz Ruanpanun and Chamswarng
(2016) Fulgdndesta 2 aneg g
nagatanafinisaiagnvieinglnunsatined
fuasald 1w Auanisalunisaraenlad
chitinase W8y protease ﬁﬁm@ﬁ@miﬁ‘umuﬂ’w‘
Wnaedls uazinlimseuiiinasnunlaiaunsn
fasnagsannialunuld deanlianaruiuaes
1AmaudaslunisdivinanusiniNg (Sahebani
and Hadavi, 2008) viieenaareansianiinaus
Aanisiastyaasldinaulaasnly (Ruanpanun et
al., 2010)
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Table 2 Effects of T. asperellum strain Cb-pin01, Streptomyces sp. strain KPS-E004 and mixed strains on egg

hatching and J2 mortality rate of M. enterolobii.

Treatment Egg hatch rate (%)° J2 mortality rate (%)® No. of J2 in root”
T+J2 42.00 + 3.03b* 7.92 + 0.14b* 41.25 + 3.86b*
S+J2 17.33+4.12¢c 62.01 £ 6.29a 4.25+2.72c
T+S+J2 12.50 +2.73¢c 62.99 +6.51a 1.50 + 0.65¢
J2 87.83 + 4.54a 0.55 + 0.36b 11250 £ 5.17a
CV (%) 18.44 27.14 17.64

°*Average * standard error from four replicates.

* Means within the same column with the same letter are not significantly different at P > 0.05 according to Tukey’s

HSD test.

=

Lk

b g Lo

Figure 1 Egg of M. enterolobii inoculated with spores of T. asperellum strain Cb-pin01 (A), Streptomyces sp. strain

KPS-E004 (B), mixed strains (C) and water (D).
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Figure 2 Infective second-stage juvenile of M. enterolobii inoculated with spores of T. asperellum Cb-pin01 (A),

Streptomyces sp. strain KPS-E004 (B), mixed strains (C) and water (D). The red arrow means dead J2 of M. enterolobii

caused by lacking nutrient.

N5AN®IUTTRNENINNITNIIUTINNUARY
%’:ﬁ'm'ﬁt%'a T. asperellum ﬂﬁﬂﬁ’ué Cb-Pin-01
was Streptomyces sp. milﬁuﬁf KPS-E004 lu
nsaauAnldiAaudassinlu M. enterolobii
Tulsaizau
ANHANIINAFeLLTe TUNEN TG ay
wmmwudﬂmiﬂzgm%ﬂ T. asperellum @anewug

Cb-pin01 way Streptomyces sp. aﬁﬂ‘ﬁuﬁf

KPS-E004 UL UAL LIS wianriulgn

Idheudassndy Anasaarusunisadranguld

vasldideudensniu agfi 35.60 ngwla 25.50

nawld uaz 25.10 ngnla AINANAL, A1uIUED

dauszesi 2 valdideurdansniuluiu 200 nf
o

889 24.30 fiv 10.60 A kA 15.20 FHa ANAIAL

El
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wardszAuATinisiinlNeyn 60 45 way 45
PNy iWSuiieufuganauauiiinisgn
Teulesiitesethadion annesidanansld
HeUULIAYY LAZHAN anunsnanaaungulals
ag/ a9 13.26-71.05% anauausageulumuld
ag a9 39.52-83.04% uariilsz@nsninlunig
ammsmmﬂuim a¢/lua9 33.33-50.00% Tmﬂms
dide Streptomyces sp. aneug KPS-E004 ¥
WLLLAYY WATWLUNANTINTY T. asperellum
aneiug Cb-pin01 arusnananuaungylale
70.59 uaz 71.05% ananuausiaaulumy 83.04
uaz 75.68% mua1au AilszAnininlunnaan
naAALUNgINN 50% HAMNWANAININATA
aenafliadnAty (P<0.05) (Table 4) Fagannda
AU9IUIREUBY Ruanpanun and chamswarng
(2016) Fe91udnde Streptomyces sp. @8WUG
KPS-E004 Hisz@nsninlunisaqunnldineu
tlaesnilu M. incognita lunanlaunnia 71.20%
FINDNUAREIURY Jlndapunnapat et al. (2013)
837 lenqn T, harzianum fisnanansnan

smanldiRaurassnily M. enterofobii alufn
uazlusneliold sananniinnsldi@avaunnifen
wazuuunan wianiudgnldineudes dnase
nswiydivlavesdunin WeuSuuifieunssnis
fgnldideudenifesetnaifion fansldideuuy
Han AAnuuanaeaeeiliadAty (PS0.05) Loy
denBaufendudulng nudraunsodaady
nsasyiuls ‘Emmﬁummzﬁﬁu AYNNENITIN
shanindu wazdminuanas funiige ogi
139.63% 122.89% 129.65% LAy 165.51% RN
M denRdBTUMANENATIReIT Riney
dﬂﬂﬁii%t.%@u@'}ﬂL%faﬁﬂijw%mwmimmuim
1§unndanisldZaaini@en (Affokpon et al.,
2011; Hashem and Abo-Elyousr, 2011) leml,ﬂu
Wlgdndans 2 santanauiRreiueldian
furnlfiAnnnsdaasuiulunisdudanelsn
I8AEsTunasiinsaenalnnndiinanede
Tapfinannwans (Sahebani and Hadavi, 2008;
Ruanpanun et al., 2010) (Table 3)

Table 3 Efficiency of T. asperellum strain Cb-pin01, Streptomyces sp. strain KPS-E004 and mixed strains on growth and

yield of chili infected by M. enterolobii.

Treatment Shoot \Ageight Root vveaight Shoot Iezlgth Root Ienagth Yielad
(9) (cm) (cm) (cm) (9)

T+J2 15.94+1.29b* 3.04+0.25ab* 24.26+0.90b* 20.75+0.74b* 17.82+1.01b*
S+J2 14.39+0.84b 2.55+0.08b 23.16+1.00b 18.93+0.69b 19.35+0.82b
T+S+J2 20.86+1.22a 3.24+0.14a 31.29+1.20a 24.00+0.81a 24.38+1.81a
J2 only 7.34+0.95¢ 1.08+0.06¢ 16.48+1.00c 13.68+0.96¢ 3.55£0.87c
C 16.09+0.80b 3.24+0.22a 22.41+1.09b 19.53+0.74b 14.73+1.32b
CV. (%) 22.02 20.35 13.99 12.93 24.20

*Average * standard error from four replicates.

* Values in the same column with same letter are not significantly different (P > 0.05) according to Tukey’s HSD test.
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Table 4 Efficiency of T. asperellum strain Cb-pin01, Streptomyces sp. strain KPS-E004 and mixed strains on

M. enterolobii in greenhouse experiment.

Treatment No. of egg mass ° No. of J2 /200 g soil * Galling index Control efficiency (%)
T+J2 35.60+4.44b* 24.30+4.95b* 60 33.33
S+J2 25.50+4.21b 10.60£2.51b 45 50.00
T+S+J2 25.10+4.69b 15.2045.24b 45 50.00
J2 only 86.70+9.38a 62.50+5.02a 90 0
C - - -
CV. (%) 44.43 - -

“Average * standard error from four replicates.

* Values in the same column with same letter are not significantly different (P > 0.05) according to Tukey's HSD test.

G
n1slds1 T. asperellum Zﬁﬁﬂﬁuﬁr
Cb-pin01 NANTINALULLAT(3E Streptomyces sp.
AeWug KPS — E004 @18190an8nsIN1ein uay
WNERIIN1AN8a9Faaauldineut e nyu
v aem . 4 -
nelwiesfiimnasliluseitge Wesanniaedis
2 anesiug Annssnyresdulonqusaunlaenla
anafinnsasrveuladveatsfugd 1innas
sUNMUNN9AN Yl rzasniswmLnredld annis
Aneandumisauszash 2 oD ldFaean
a , Aaa ' a %
Mnaanunldausaiiinegsannialusule
A1NTUNININAFa LA UNIN BT UNAAD
wusnsldidasanane 2 anawugianiu &
drz@nsanlunisannisiinlsasnnduees

a ¥ o 2

WInannNIanaaaeldiaeulans Ny
M. enterolobii Tuatuzihgaigiad@3unisiaacy
wivlneansn tnevinliAangeredsy maueng
91N Wning uazHanangeIuNInnInIslgiie

WenaaiuglaaneRiguil

AnanssuilsznA
mu?ﬁﬁﬁiﬁ%ummﬁummmquﬂrmm
Wuwdaswnaluladionininemns €1neu
UAANIzNgNI9gANANE ANeNAIans Jtuas
WinnITN

LANAITA19DY
NINATINITNEAT. 2562. AD1UNITUNITUARNIN.

WHATIN: https://www.doa.go.th/hort/
wp-content/uploads/2020/10.pdf,
24 NINIAN 2565.

ATTLAT UANATIN UAZITIUR LA BUNY. 2545
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Abstract: The objective of this research was to study effect of pre-soaking and incubation on germination
and seedling of water convolvulus sprout. The experiment was conducted in Completely Randomized
Design (CRD) that composed of 6 treatments: 1) non-soaking (control) 2) soaking seed in distilled water
for 8 hours and incubation for 20 hours 3) soaking seed in distilled water for 12 hours 4) soaking seed
in distilled water for 12 hours and incubation for 12 hours 5) soaking seed in distilled water for 24 hours
and 6) soaking seed in distilled water for 24 hours and incubation for 24 hours, 4 replications/treatment,
200 seeds/replication. The results showed that soaking water convolvulus seed in water for 12 hours had
highest percentage of germination (98.50%), fresh weight (183.00 g) the best and early harvest (6 days
after sowing) and no fungal infestation was found. Soaking seed in water for 24 hours and incubation
for 24 hours had the highest loosened seed coat of 48.03%.

Keywords: incubation, sprouts, water convolvulus
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Table 1 The percentage of germination and loosened seed coat of water convolvulus sprout production

Methods Germination (%) Loosened seed coat (%)
non-soaking 80.00° 31.90°
soaking 8 hrs and incubation 20 hrs 90.00° 37.02°
soaking 12 hrs 98.50° 35.39°
soaking 12 hrs and incubation 12 hrs 92.20° 42.90°
soaking 24 hrs 96.25° 46.78°
soaking 24 hrs and incubation 24 hrs 97.18" 48.03°

F-test * *
CV (%) 11.25 8.09

** = significantly different at P< 0.01

Means within the same column followed by the different letters are significantly different according to DMRT (P<0.05)
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Table 2 Day to harvest and fungal incidence of water convolvulus sprout production

Methods

Harvesting date (days after sowing)

Fungal incidence

non-soaking

soaking 8 hrs and incubation 20 hrs
soaking 12 hrs

soaking 12 hrs and incubation 12 hrs
soaking 24 hrs

soaking 24 hrs and incubation 24 hrs
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absent

absent

7
7
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6 present
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6

present
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Table 3 The seedling height and fresh yield of water convolvulus sprout production

Methods Seedling height (cm) Fresh yield (g/100 plants)
non-soaking 12.59° 106.50"
soaking 8 hrs and incubation 20 hrs 12.94° 182.50°
soaking 12 hrs 12.13° 183.00°
soaking 12 hrs and incubation 12 hrs 12.15% 161.25°
soaking 24 hrs 12.33° 181.25°
soaking 24 hrs and incubation 24 hrs 12.28% 157.50°

F-test * >
CV (%) 3.87 10.91

** = significantly different at P< 0.01

Means within the same column followed by the different letters are significantly different according to DMRT (P<0.05)

a

o
197U

'
v

) wandneiifinsudiudn 12 dalue 3
iutdnan wWefidusdnisangs aanaaeiy
HNAN UAZAIT (2548) ﬂﬂ‘]:r’]ﬁ‘q,ﬂq,LQﬂﬁﬂ"lﬁ‘LL‘ﬁLN@ﬂ
WATERIIAIUTARNNE Lwammmimmmm WU
mmmmmmﬂumm 10-12 T Mm‘wuﬂmm
gaALIn uazaaafiaedrasdnlnmiaanin
LﬁmmﬂlunumumﬂmﬁumLuﬁm lsznay
mﬂmimmm ﬂ’]i‘Lﬂ@ﬂuLLﬂ@\‘i N19TAN waz
NNATIINEN emmm*’nmﬂummmLmeﬂm
21119 &Y aumﬂum@m ﬂiymumi\mmimu
mﬂmimmmmumm Fouileutiudnlueai
WHZaN mumuwﬂmﬂ@@ﬂuumefa@um LAY
s e nsvidetiogevnsazaunielumdn
waasl,um'm”w,ﬂum@\wm T aauaniazdly
‘H@QLM@QLL@”L@@@%V]i@ M lianLas 1eauanti
”Lﬂl%”lmmuﬂ@m\u%mmyimim (1uAeN, 2542)
LL@WﬂﬂiLLﬁLmﬁquﬁﬁqaﬁﬂLﬂ@"nﬂumm 12-24
T LmeﬂmmmLman@umiﬂﬂ@ﬂwﬂum
ummmmmlumimmimm (Ajouri et al.,
2004; Basra et al., 2005) tun1enszauliing
mwmumim\imLmuLWfﬂlunﬁi\i@ﬂimLm WAL
axnidue (Baziml UAZADLZ, 2561)
WanENeNudyn 24 daTug LL@QLL’WVL‘]J
1y 24 me uma‘mmmmaﬂﬂwmem@ﬂ
4940 mmmnlnmumuﬂmm Lfamumwﬂu

wWasnduinsnsauin uazaanaandng et
m‘uummmmm@mmﬂum@mﬂuLﬁ@@ﬂm
me‘wmuuu LﬂﬂﬂLL@““M@ﬂﬂﬂﬂ AUHAREN L
VIVI,LIN’Wuﬂ’W?LL‘DuW WA LLsnm 8 daluq LLZ\]']‘LL’]VL‘]J
Lt 20 dalua 3 umqm@mummmu@aummmu
quwmﬁuéﬂuﬁﬂﬁqL@?ﬂlﬂzg\m;m daeann
22812198 N TWT LN A ATEMININTLATUNNE DN
WARNUEIHNAARNIEUIUNIINIIATIINY
naluudan winldszazinanlunisudiuén
Yaedullenadenasanssuiun1suwnuedTy
MRN8 AT ldsAY anFdule (RNA)
LAYALAULD (DNA) Uatad d9NafanIstaNLaN
Tassafienazansdsznaunialuinan nld
nszuaunseenlanysniuaziudneiainaauy
Andndlevn i inansanda M"S‘@q@ninimﬁjmm
M‘%fwﬂmﬂuﬁunﬁﬁamﬂnﬁ (Dutta, 2018) #9481
mamm?mummmmm Imﬂum?mmmu‘ﬂm
it LLZ\]‘”ﬂ’]?LG}?ﬂNLN@@NH‘LI\W]NW]?LL‘TJW] 12404
waatn ldun 12 dalua uaz wnm 24 dalua udn
lalis 24 dalus wummmmn iesanndug
memumuvl,ﬂ %34mwﬂmmmmaﬂmqwiu
L@ﬂ\mﬂmaum‘twwiﬂuimLmvmumwmq
mmmm@um‘ﬂLmvmsumneﬁmummmmm
uaﬂm (mm 2547) mmummﬂﬂ@ﬂumwn
12 meLWﬂiu@@nﬁnL@uﬂumemmﬂum
(Wuvian, 2542)



28

ANLNANAASNHATUWASNITAANIS 6 (1) : 23-28 (2566)

a1
AsmswmranANnFeNAndnLelunng
nanAugauinie naudiudn 12 4alug undnun
wzlunne udadeuniariuiu 2 dui ldweauss
3 Ju ugandalilifuuas wdwR iy
A uuwuﬂm waz Lﬂmvﬁummmﬂﬂwm EeHRN
1uﬂs’mgm@m LL@uN@WﬂLﬂULﬂH’JV}@u Aufhi37

= a ¥ o w
WINNZANNAA ‘Lumm@mmu@@umﬂm

nmRnssulsenA

VBUAMAITITTUNEATANART ADLE
mﬂ‘iu‘ﬂmmamwm umqwmamwngmmm
‘wmuuauuwummuww%’luimmu AutTaug
mimwmmuﬂﬂtywmeimw‘ame Elumtr
348 uazIeuAMUIENUEITA Wugiiew
UNANHIA1 AT NN EATANAR T UARAZLIL
deynamidelunieil

LANAIFANND

AMNHIA ANNDINTIOU. 2559 MITHENAIINNTRY
INRALNEANNUNUABANINLIAABNT
Tlmanzan. 919805 NIINERT 34(2):
196-206.

Aiksn 41AN. 2563, nATALgNAUEaWINLA e,
(szuveaulad). unasdeya: https://
today.line.me/th/v2/article/KPGzmg.
(28 HQuUIEIU 2565).

ForimI TouuAw, INARRF TINART, WNINT 1ITATHN
UWAZINARSUNS UAINEL. 2561. NN9ALATH
AVINIBNINAARUTAUUNIA28TT
Hydro priming. 9717@77ULAWINEAT 46
(RUTUNLAL): 1269-1278.

UUAET 9995UTYR. 2542, N19TLILRNUTND.
ginfuwlamaualng, ngamnaniuas.
447 wih,

ynAn mmm 2547, Mawzdasen. drinian
Taipgualng, npamwaniuas. so wii.

HNA AUATAR LATAINT ANEAL. 2548. NNTANK
szazAINTUTINAALATEnTdIuTan
wnzienanintnwen. wil 541-548
L nsidsygunidnnisesumang st
INEATANARS ATIN 43. NUIINELAY
NHATAIARAT, NN,

auuiing Yyuuin. 2540. nanasnyLALinLay
gafluudia. drdnfAuWuudnads

PAULAU NI1ARTNTAIINYN ALY
ANYNANIART NUIINUIAEURUUNY,
DU, 354 Ui,

ansind qunes uaznlgTni nesduns. 2562.
HAYRITARNIZNAFENTHARFUERUEN
1feau. wih 86-93. Tu: nsdsrgadannig
FLAUTIANMANEN RTINS AT 29
Uszanl] 2562 FduaruinnIsuLNenis
W[muwalwu NN a NN B,
@924,

8RR A3AR7A WS dnlsaifiu. 2558, dnsen
WaganIWNEW. Ardniaw wian
BUmaTHIAY, NPIMNWINILAS. 136 W,

wnIung @a13Wa, Usyan udedu wazaans
wapriaud. 2561. NATBIRUTLATIAN
wnzsanisasyLInLaziananlunig
HARAUEAUNNLY. 21967TUABINEAST
46(3): 543-548.

Abebe A.T. and A.T. Modi. 2009. Hydro-priming
in dry bean (Phaseolus vulgaris L.).
Journal of Seed Science 2(2): 23-31.

Ajouri, A., H. Asgedom and M. Becker. 2004.
Seed priming enhances germination
and seedling growth of barley under
conditions of P and Zn deficiency.
Journal of Plant Nutrition and Soil
Science 167: 630-636.

Basra, S.M.A., M. Farooq, R. Tabassan and
N. Ahmad. 2005. Physiological and
biochemical aspects of presowing
seed treatments in Fine Rice (Oryza
sativa L.). Seed Science and Technology.
33: 623-628.

Dutta, P. 2018. Seed Priming: New Vistas and
Contemporary Perspectives in
Advances in Seed Priming. Springer
Singapore, Singapore. 307 p.

ISTA. 2013. Rules Proposals for the International
Rules for Seed Testing 2010 Edition.
The International Seed Testing
Association, Switzerland. 47 p.

Warcup J.H., 1973. Symbiotic germination of
some Australia terrestrial orchids.
New Phytologist 72: 387-392.



29

maa’qm‘%unw’l%ﬁy'am"lm‘l?ﬂmm’uﬂummamﬁnmmmﬂmns
lugnadseaunan AanInLls1auys
Extension of the Application of Trichoderma spp. in Vegetable Production of Farmers
in Prachantakham District, Prachinburi Province
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Abstract: The objectives of this research were to study 1) basic social and economic conditions
2) vegetable production conditions of farmers 3) knowledge of Trichoderma spp. in vegetable
production and 4) problems and recommendations about extension of Trichoderma spp. Use in
vegetable production from 172 samples. Interview schedule was used to collect data. Data were
analyzed by using statistics i.e. frequency distribution, percentage, minimum value, maximum value,
mean, standard deviation and ranking. The results indicated that 1) Most of farmers were female with
the average age of 56.01 years old and 43.00 percent of them graduated primary school. There were
3.09 household members in average. The average area of vegetable cultivation was 1.71 rai. The
average experience in growing vegetables was 13.13 years. There were 1.84 household workers in
average. The average household income from growing vegetables were 23,398.26 baht/year and
the average household expenditure from growing vegetables was 10,043.90 baht/year. 2) Most
farmers grow a morning glory. Average vegetable production cycle was 3.63 times/year. 86.6 percent
of farmers did not have production standards certified, 95.30 percent prepared the soil with organic
fertilizers and 48.20 percent used plant extracts. 3) Farmers have a high level of knowledge about
Trichoderma spp. in the knowledge of production Use and storage of Trichoderma spp. 4) The
farmers' problem about production process quite difficult and lack of knowledge on plant diseases.
Recommendations should encourage farmers to group in Trichoderma spp. production and training to
educate more about how to use Trichoderma spp. on plant diseases, including the continual support

of Trichoderma spp.

Keywords: Biological substances, Trichoderma, vegetable production
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Table 1 The basic social conditions of farmers

n=172
Item No. %
Gender
Male 58 33.7
Female 114 66.3
Age (yrs.)
<36 10 5.8
36-45 21 12.2
46-55 49 28.5
56-65 56 326
> 65 36 20.9
Min = 23 years Max = 76 years X =56.01 years S.D. =11.481
Education
Primary school 74 43.0
Secondary school 28 16.3
High school/ Vocational Certificate 35 20.4
Vocational Certificate/ diploma 14 8.1
Bachelor's degree 17 9.9
Master's degree 4 2.3
Training on the use of Trichoderma in vegetable production : times/year
1-2 108 62.8
3-4 55 32.0
25 9 52
Min =1 time Max = 8 time X =2.38time S.D.=1.211
Organization or person providing training on the use of Trichoderma (More than 1 answer)
Government officials 171 99.4
Private sector officer 3 1.7
Farmer leader 34 19.8

a
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Table 2 Basic economic conditions of farmers

wnzLlgndnaeseiaideu wae 23,398.26 U/l
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n=172
Item No. %
Land holdings and types of title deeds (More than 1 answer)
Household and licensed form 159 92.4
Rent with a license 13 7.6
Vegetable growing area (rai)
<2 123 71.5
2-4 32 18.6
>4 17 9.9
Min = 0.25 rai Max = 12.00 rai X =1.71rai S.D.=2.318
Vegetable cultivation experience (year)
<5 47 27.3
6-10 36 20.9
11-15 24 14.0
16-20 27 15.7
2 21 38 22.1
Min = 1 year Max = 30 year X =13.13 year S.D.=8.157
The main labor in vegetable cultivation (person)
1 48 27.9
2 109 63.4
3 10 5.8
4 5 29

Min = 1 person Max = 4 person X =1.84 person

S.D. =0.655
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Table 2 (continued).

n=172
Item No. %
Income from household vegetable cultivation (baht/year)
<10,000 35 20.3
10,001-20,000 50 29.1
20,001-30,000 61 35.5
30,001-40,000 9 52
2 40,001 17 9.9
Min = 3,000 baht Max = 120,000 baht X =23,398.26 baht S.D. =17,226.131
Household expenses for growing vegetables (baht/year)
< 5,000 44 25.6
5,001-10,000 51 29.7
10,001-15,000 61 35.5
15,001-20,000 5 2.9
220,001 1" 6.4

Min = 1,000 baht Max = 52,500 baht

X =10,043.90 baht

S.D. =7,129.336
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Table 3 Summary of farmers' level of knowledge about Trichoderma spp. in vegetable production in Prachantakham

District, Prachinburi Province.

n=172
Knowledge of Trichoderma spp. Quantity Percentage Meaning
(score) (person)
13-18 168 97.67 high level
7-12 4 2.33 moderate
1-6 - - low level

Min = 12 score Max = 18 score

X = 16.20 score S.D.=1.018
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Table 4 Summary of an overview of the level of problems concerning the promotion of the use of Trichoderma spp. in

vegetable production by farmers in Prachantakham District, Prachinburi Province.
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Table 5 Summary of an overview of the recommendation level on the promotion of the use of Trichoderma spp. in

vegetable production by farmers in Prachantakham District, Prachinburi Province.
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Study on the Ratio of Vermicompost to Napier Grass (Pennisetum purpureum cv.
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Abstract: The objective of this research was to develop a guideline for the utilization of animal waste
and to create organic plant containers that can release nutrients in the soil following natural
decomposition. The trial was established between 20 May 2021 and 19 May 2022 at Kasetsart University
Kamphaeng Saen Campus by comparing the ratio of vermicompost to Napier grass and the
appropriate binder ratio for plant container molding. The binder for this study was made primarily from
discarded cow milk. A total of 15 treatments which were evaluated under this study comprised of the
vermicompost: Napier grass ratios (4:1, 3:1, 2:1, 1:1 and 1:0 by weight) and the binder ratios (0.5, 1,
and 2 times by weight). Molding of plant container was established by using a hydraulic press machine
under the pressure ranging from 350 kPa to 340 MPa. The plant containers produced from all ratios of

vermicompost to Napier grass and used twice as much binder in preferable products

Keywords: vermicompost, Napier grass, animal farm waste, plant containers, discarded cow milk
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Figure 1 Dimension and configuration of plant containers
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Table 1 Chemical properties in vermicompost, old Napier grass, discarded cow milk, glue from discarded cow milk and

standard of organic fertilizer.

EC

Moisture content

PH (dsS/m) OM(%)  CINTatio o/ fresh weight)
Vermicompost 5.81 0.31 61.78 15:1 72.76
Old Napier grass 5.68 0.25 82.65 69:1 6.81
Discarded cow milk 6.33 0.35 19.74 19:1 -
Glue from discarded cow milk 9.02 28.9 25.50 8:1 44.82
Standard of organic fertilizer
(Department of Agriculture, 2014)
- Solid organic fertilizer < 201
- Liquid organic fertilizer < 20:1 <30
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Table 2 The macronutrient concentrations in vermicompost, old Napier grass, discarded cow milk, glue from discarded

cow milk and standard of organic fertilizer.

Total N (%)

Total P.O (%)
2 5

Total K2O (%)

Vermicompost
Old Napier grass
Discarded cow milk

Glue from discarded cow milk
Standard of organic fertilizer
(Department of Agriculture, 2014)

- Solid organic fertilizer

- Liquid organic fertilizer

2.34 2.18 0.22
0.70 0.41 1.42
0.60 0.18 0.13
1.90 0.41 0.05
210 205 205
205 205 205
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Table 3 Physical characteristics of plant containers from vermicompost and Napier grass.

Vermicompost: Glue

Treatment ) )
Old Napier grass (by weight)

Physical appearance

The shape of the pot

3 4:1 2

12 1:1 2

15 1:0 2

- Excellent shape
- No cracking after
two weeks of air drying

- Good shape, slightly
inflate at the bottom.

- No cracking after two
weeks of air drying

- Good shape, slightly
inflate at the bottom more
than T3

- No cracking after two
weeks of air drying

- Good shape, slightly
inflate at the bottom and
tricker than T9

- No cracking after two
weeks of air drying

- Good shape, smooth
skin, cracking

- Cracking after two weeks
of air drying, more than

one point
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Abstract: The aim of this study was to investigate the effect of cytokinins and nanosheet (NS) on growth
and shoot multiplication of Phlai using MS medium as a basal medium supplemented with BAP, KN
and TDZ at concentrations of 1, 2 and 4 mg/l supplemented with or without 10 mg/I NS for 4 weeks.
The results showed that medium supplemented with 1 and 2 mg/l BAP improved shoot multiplication
and provided the highest new shoot numbers as 2.78+0.46 and 2.78+0.43 shoots per explant,
respectively. These shoot numbers were significantly different from control. While, adding with 2
mg/l KN obtained the highest height of new shoot as 3.61+0.20 cm. Adding 1 mg/l KN obtained the
longest root length as 4.52+0.52 cm, but adding with 2 mg/l KN had the highest root number as
6.56+0.87 roots. However, the most suitable medium for in vitro multiplication of Phlai was MS medium
supplemented with 1 mg/I BAP. Adding with 1 or 2 mg/I KN obtained highest leaf number, greenness
scores, leaf and length including root number. Combined application of cytokinins and NS had no
positive effect on growth.
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Figure 1 Effects of BAP, KN and TDZ at various concentrations (1, 2 and 4 mg/l) supplemented without NS (A) or with
10 mg/I NS (B) on number of new shoots after cultured for 4 weeks. Error bars indicated + S.E. (n=9). Bars labeled with
different letters are significantly different according to Duncan’s multiple range test (p<0.05).
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Figure 2 Effects of BAP, KN and TDZ at various concentrations (1, 2 and 4 mg/l) supplemented without NS (A) or with
10 mg/l NS (B) on the height of shoots after cultured for 4 weeks. Error bars indicated + S.E. (n=9). Bars labeled with
different letters are significantly different according to Duncan’s multiple range test (p<0.05).
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Table 1 Growth responses of in vitro Phlai cultured on MS medium containing BAP, KN and TDZ at various concentrations

(1, 2 and 4 mg/l) with additions or without 10 mg/I NS for 4 weeks.

Treatments Leaf number Greenness Leaf width Leaf length Root length Root number
(leaves) (SPAD scores) (cm) (cm) (cm) (roots)

Control 2.67+0.47%°  9.04+2.50 0.97+0.13° 3.89+0.59° 3.02+0.34™ 4.44+0.85™
1 mg/l BAP 2.89+0.45®  15.19+2.01%°  0.924#0.14  2.78+0.39°  2.88+0.43" 4.78+0.83%"
2 mg/l BAP 2.78+0.43%°  11.44+1.96°°  0.97+0.07° 3.27+0.36% 1.84+0.31%" 2.22+0.49"
4 mg/l BAP 21140317 14.79+3.04*°  0.90+0.04®  3.12+0.44%° 0.90+0.37' 1.22+0.64%"
1 mg/l KN 3.56+0.56"  14.01£1.00°°  0.77+#0.05"°  3.89+0.21° 4.52+0.52° 6.11+1.16™
2 mg/l KN 3.56+0.53°  13.8442.02°°  0.84+0.06°°  3.32+0.35"°  3.10+0.25" 6.56+0.87°
4 mg/l KN 2.0£0.50°°  10.12+¢1.98*°  0.61+£0.12°®°  2.17+0.51°°  2.97+0.31°¢ 4.44+0.94°°
1 mg/l TDZ 1.3340.33°  9.04+2.50™ 0.49+0.10°  2.00+0.47° 1.91£0.61% 1.11+0.9%"
2 mg/l TDZ 2.89+0.51%  17.68+1.89%°  0.88+0.13°°  2.44+0.30"° 2.25+0.42°" 2.44+0.50"°
4 mg/l TDZ 1.67£0.47°° 8274213  0.67+0.13™°  2.26+0.50™° 1.264+0.42° 1.00+£0.33%"
1mg/lBAP + 10 mg/INS 2224032 12.41+2.74""  0.86+0.10°°  2.19+0.15*°  3.53+0.52"° 2.78+0.22°"
2 mg/l BAP + 10 mg/l NS 1.33£0.44  8.81+2.65°°  0.49+0.13° 1.57+0.57¢ 2.51+0.32°% 2.56+0.41%°
4mg/lBAP + 10 mg/INS  2.44+0.50°° 6.88+1.89°  0.69+0.14°°  2.13+0.54° 1.62+0.34° 1.22+0.28%"
1 mg/l KN + 10 mg/I NS 2.11+0.51%%  16.44+2.68°°  0.83+0.07*°  2.92+0.24*° 2.67+0.40”° 4.44+0.84°°
2 mg/l KN + 10 mg/I NS 2.22+0.57%%  14.72+2.28"°  0.7120.09°°  3.37+0.52% 4.1040.48% 4.33+0.71°
4 mg/l KN + 10 mg/l NS 2.00+0.41%¢ 135942327  0.7620.16°°  2.48+0.52°° 2.30+0.59° 3.56+0.77°"
1 mg/l TDZ + 10 mg/l NS 1.22+0.28° 7.3142.36% 0.56+0.12" 1.49+0.39° 2.68+0.44"° 2.00+£0.41"
2 mg/l TDZ + 10 mg/I NS 1.67+0.37°°  13.29+2.62"°  0.59£0.12"°  1.69+0.46% 1.96+0.59%" 1.22+0.40%"
4 mg/l TDZ + 10 mg/I NS 1.22+0.46° 9.57+2.92°¢  0.53+0.17" 1.57+0.52° 1.24+0.61° 0.56+0.24"
F-test (p value) 2.53 (**) 1.94 (%) 1.96 (*) 3.03 (**) 4.54(*%) 7.75(**)

Mean+S.E. (n=9) followed by the same letters do not differ significantly at p<0.05 according to Duncan’s multiple

range test. * Indicated significant at p value <0.05, ** p value <0.01.
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Effects of Soil Management and Alternate Wetting and Drying Water Management on
Some Soil Properties and Yield of Pathum Thani 1 Rice Variety

gNeyayn NN’ Yutaka Suzuki® 191 WalAnya® wazuanns legus”

Sukanya Kamma',Yutaka Suzuki’, Tiwa Pakoktom” and Nongpat Chaichana"

Received: October 12, 2022
Revised: November 4, 2022
Accepted: November 8, 2022

Abstract: The objectives of this trial were to evaluate the change of some soil properties and to compare
growth and yield of Pathum Thani 1 rice variety under different soil management and alternate wetting
and drying water management (AWD). The experimental design was Randomize Complete Block
Design (RCBD) with 4 replications consisting of 3 treatments. The results indicated that the
combination of manure (MN) and rice straw (RS) incorporated during soil preparation together with
two types of fertilizer rates (half and full chemical fertilizer rates) and AWD (AWD+MN+half RS
and chem and AWD+MN+full RS and chem) resulted in lower soil bulk density than that before
transplanting. Moreover, Soil pH and available phosphorus were higher than before transplanting and
higher than continuous flooding + chemical fertilizer (CF+chem). On the other hand, exchangeable
potassium where lower than those before transplanting. Plant height, tiller number and leaf greenness
of rice under CF+chem were higher than AWD treatments. However, rice yield obtained from the three
treatments wrer as follows: AWD+MN-+full RS and chem (863.39 kg rai’'), AWD+MN-+half RS and chem
(798.17kg rai”') and CF+chem (527.55 kg rai”), respectively. Therefore, AWD+MN-+full RS and chem
was most suitable for Pathum Thani 1 rice production.

Keywords: some soil properties, soil management, alternate wetting and drying water management,

rice yield
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uaﬂmnum@mmmamvavmﬂ (leaching) 789 Tuunansainudnffinainunadusngnazazans
Inunaduunfonfuiiiiszuneasgauduans anawinduniggatwunadaldldlunisiasey
(drainage water) FannsTzarateeswungFe N (ﬂmwwsﬂ’mﬂﬁmﬂgﬁﬁmm, 2548)

azanndneanasalasienizluAuiianany

Table 2 Some soil properties of before and after transplanting

Treat ; pH ECe oM Avail.P Exch.K CEC Bulk density Text
reatmen exture
(1:1)  (@Sm’) (%) (mgkg!) (mgkg!) (cmolckg’)  (gcm?)
) Sandy
Before transplanting 6.64 0.37 1.26 31.91 133.73 9.66 1.48 loam

After transplanting

1 CF+chem 5.88° 023 117" 63.63° 45.03 7.45° 1.49°
2 AWD+MN-+half RS 6.45° 0.21 1.03° 66.90° 37.10° 6.93° 1.47°
and chem '
3 AWD+MN-+full RS 7.26° 022  1.13° 8223 46.40° 6.64° 1.47°
and chem
F-test * ns * * * * *
CV. (%) 9.11 6.45 5.56 12.17 10.38 5.03 1.38

Note: ns = not-significantly different at P-value< 0.05, * = significantly different at P-value< 0.05, Mean within the same

column followed by the same letter indicated no statistical difference by DMRT.

msasiuln 96D ueifid1a87g 30-60 uaz 80 DAT FnfL

1. NG n1snAaasi 1 ﬁm”]mwmmnﬁam (Table 3)

Augednadeusilgnilanfiaannay mmmmnunmmm(z%o)wnmqmmmmmm
‘Emmﬁ’ﬁumﬁm@mﬁ 1 Uay 2 ANEITR9dnIay mumqwmmmmimmeﬂﬁﬂmmmau@ﬁmq
mmmmmmm 90 DAT uazAnfuN1ImMAADN mwmmmmumqwumimmmmqmwayﬂ@ﬂ
73 mmm’nmmqmmwmmmeqmﬂ 70 DAT mum@mﬁﬂﬂvl,uimmuwmmu%mm@lumm
uenanntusausilgniafuifeananugediann qurasdudhaiiaiudan (3iles uazeniz, 2564)

Arsun1maanslduanmteiuadteldadAny

Table 3 Plant height (cm) of rice at different plant ages (DAT)

Days after transplanting (DAT)

Treatment
10 20 30 40 50 60 70 80 90
1 CF+chem 36.7 45.2 54.8 68.1 83.2 92.7 105.8 110.6 111.5
2 AWD+MN-+half RS 36.1 45.3 52.2 62.7 78.3 92.2 105.2 108.9 1117
and chem

3 AWD+MN+full RS and 38.6 46.0 53.9 62.6 76.1 90.5 108.9 108.0 107.6
chem

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

C.V. (%) 5.7 6.7 4.9 6.4 5.8 3.6 3.5 3.6 4.3

Note: ns = not-significantly different at P-value< 0.05, * = significantly different at P-value< 0.05, Mean within the same

column followed by the same letter indicated no statistical difference by DMRT.
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2. ANy
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f9919a"7vin3Ta (Altland et al., 2003; Jifon et
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nMsmaaedi 2 asandussunimaaedilg
flpillugmsgendy dedraldsulslulnsaul

o = \ v = = - o
anngeazdana lir1aas A umaa luduua iy
A e e eo
Wnaueae e fFunaslulnsiaululuasduiusiu
3untunaalsiaa (@307 wazAnly, 2560; Slocum
et al., 1984) Lumi_l?mumﬂummmmmimm
FASUNINAREIT 1 LAY 3 NLANANFUNINAREI]
1 HuualduArpgnudaqluninndnmifunisg
NAAAIN 3 LHAIRINANSUNIINAAEIT 3 WNN3g
. ¥ o N Ja
AANTUILULL T g nA AU WAL T uaN19 2 NARS
a G rdl £ a 1 % a o
qaunsdnldaandiaunazlildaandiauaide
2 mm’tmumm UFunnuqaunsdgandn’luy
AN mindauaznislannedin lufuazdaaiuly
AANIzUUNAT immobilization va<lulnsiaud
WudssTomilumudunszusunisq@unzein
Tulnsraulufuunldas1eesdilsznauaasaas
mlilulnsauidudsslonibenalufuanas A
= °o o A= oA
AuLden U RS uN1ImMAaen 3 Aetiaandnuie
WeauAuANSUN1INeaesi 1 (1aa, 2559) (Table 4)

Table 4 Leaf greenness (SPAD unit) of rice at different plant ages (DAT)

Days after transplanting (DAT)

Treatment
10 20 30 40 50 60 70 80 90
1 CF+chem 28.7 38.8 42.9 44.3 44.0° 4470 456° 44.3° 38.7°
2 AWD+MN-+half RS 29.0 375 41.0 41.9 38.3° 387 41.2° 39.3° 35.0°
and chem

3 AWD+MN+full RSand  27.6 40.2 41.9 435 41.2° 42.5°  431%*  42.3° 35.6°

chem
F-test ns ns ns ns * * * * *
C.V. (%) 4.9 5.9 3.0 3.5 6.3 6.4 59 55 52
Note: ns = not-significantly different at P-value< 0.05, * = significantly different at P-value< 0.05, Mean within the same

column followed by the same letter indicated no statistical difference by DMRT.

3. AnuaUMe

fiﬁquﬂ@ﬁi@nmm“ﬁmﬁma 10 DAT
umuquuﬂﬂwm antdnasiisuaLmaLiy
i ﬁmi”ﬁvmiu,mnﬂ@mmmf;%@ﬂumwm
81 10 DAT mewmumnn@qqqmLufafmq 30
DAT (811 ua#9198, 2559) Faannnnefinenluas
ﬁwudﬁﬁmmnﬂﬂqmmﬁmq 50 DAT Imeisingy
MINAREIT 1 ﬁﬂ%’ﬂmwu@mnﬁqm PPN,
FNFLNINAReLR 3 uas 2 SlAnwinri 31 27 ua 25

ANAIAL L‘ﬂ@wﬁﬂmi’lzﬁ'ﬂﬂiuimmu‘luﬂ?mm
nnazyi WAein ld 1l unnsadqedauaiomig
SFuRinNTY danalinnsuannesssdnalindy
Aael (f‘i’WLﬁm WarAtE, 2564; Dobermann and
Fairhurst, 2000) aaaAaadnUNtismd uazAs
(2551) Aineauin A Funmaaeildnnedng
faufuile NPK uazFuNMIMARasTldunaLsan
Auile NPK wuanuaunazestnatesndiniunig
mm@m‘mdﬂﬁ NPK tiNeaginasmien (Table 5)
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Table 5 Tiller number of rice at different plant ages (DAT)

Days after transplanting (DAT)

Treatment
10 20 30 40 50 60 70 80 90
1 CF+chem 2 9° 23 28 31 28 20° 20° 17
2 AWD+MN-+half RS 2 9° 21 23 25 21 16° 15° 15°
and chem
3 AWD+MN+full RS and 2 8° 20 25 27 25 20° 20° 18°
chem
F-test ns * ns ns ns ns * * *
CV. (%) 10.2 12.9 9.8 12.7 14.9 18.0 17.2 17.4 15.7

Note: ns = not-significantly different at P-value< 0.05, * = significantly different at P-value< 0.05, Mean within the same

column followed by the same letter indicated no statistical difference by DMRT.

4. LANAR

LanARIAaNTTN g AL E AR LT 1
15 Taginfunsmanedh 3 fBuuNaNEANAN
ﬁzgm (863.411lansusaly) sa9aennumisunig
NAREIT 2 (798.9 Alansusals) way 1 (527.6
Alansusels) ANEIFU FFUnNIMAAesH 3
uae 2 Fnnssanisiuuuidenaguutagenalsy
unnmeanasafiiiuls:lamiluarsazans
ﬁmﬁu’fuumidﬂmﬂﬂme\mﬂ%qm‘luﬁmﬁ@
Aannsteagatgazifinainuiflulsslanifae
Wagnasauazunnlnunadnfiuanlaeuld

Tuhu frazganaavaiauas Tnunaidonlldlu
nsEsRuinAuNsALRuguazdanLaTNATNg

I o A =R o vy A a Ao '
Wanesstyia asinlidnandgnlusuninisld
{lapanuazisdindanduilaadduininuédn
gandndnanilgnluaunldijoiniinesetnaman
(e85, 2552; LATANNA, 2554; Schmieder et al.,
2018; Sukitprapanon et al., 2021) T4daAAARITL

a o d‘ 1 ai J ! ¥ ] o+ IS
AssnEunInugInslannsiasaniutlend
inliuanandagendinislailaiiliesatnamen
(Nedond uazAniy, 2551; DIgNa WAZLATENIA,
2556; a9 ULazAMy, 2556) (Table 6)

Table 6 Effects of soil management and alternate wetting and drying water management on yield

Treatment Yield (kg rai”)
1 CF+chem 527.6°
2 AWD+MN+half RS and chem 798.9°
3 AWD+MN+full RS and chem 863.4°
F-test *
C.V. (%) 27.25

Note: ns = not-significantly different at P-value< 0.05, * = significantly different at P-value< 0.05, Mean within the same

column followed by the same letter indicated no statistical difference by DMRT.

e

Q 1
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a
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<
'

o v = Y aal o
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ﬁWLL‘LI‘LI AWD+MN+half RS and chem ag
AWD+MN-+full RS and chem WAKAKAATIE17
mﬂ@n”lu AWD-+MN+full RS and chem azHlAga
‘meummmﬂ‘u AWD+MN+half RS and chem
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Capability Enhancement in the Production of High-Quality Gotu Kola for Medicinal
Plants with Nontoxic and Heavy Metal Contamination
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Abstract: Gotu kola (Centella asiatica (Linn.) Urban) is an indigenous medicinal plant that has been
greatly used for the pharmacological purpose. However, inconstant yield and active ingredients are
generally found from crude extract of fresh Gotu kola according to the variation of season and climate.
Moreover, the contamination of toxic residues and heavy metals is a critical problem in the traditional
production. Therefore, the production of Gotu kola in the greenhouse system and soilless cultivation was
studied. The comparison of the types and proportions of planting materials and formula of the nutrient
solution were conducted for the production of Gotu kola in the soilless system. The results showed that
the application of commercial nutrient solution with planting material of 1:1 v/v coarse sand: coconut
coir had the best growth and yield compared to the others. Besides, Asiaticoside and Madecassoside
content in this treatment tended to be higher than those in other treatments without statistical
significance. A comparison between greenhouse technology under soilless culture conditions and
farmers' production was evaluated. The results revealed that the production under greenhouse
conditions and soilless system could significantly increase the length of stolon, yield and Asiaticoside
and Madecassoside content that showed significantly compared to farmers' production technology.
Additionally, the pesticide residue analysis in all processes showed no pesticide residues, whereas the

farmers' production had level of heavy metals, iron and lead exceeded the standard level for Gotu kola.

Keywords: Gotu Kola, soilless system, nutrient solution, triterpene
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- - 3
(Iron chelate)
NH H PO 15.5 - 10
4 2 4
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Table 1 (continued).

Concentration (g/l)

Element
Enshi Hoagland Commercial

CuSO4*5HZO 0.016 0.08 -
H3803 0.572 0.286 -
ZnSO4*7HZO 0.022 0.22 -
NaZMoOA*2H2O 0.005 0.12 0.1
H MoO *H O - 0.09 -

2 4 2
MnCI2*4HZO - 0.181 -
Mn-EDTA 13% - - 1
Micronutrient fertilizers 5

Nic-spray

(MgO 7.00%, Fe 1.80%, Mn 1.80%, Cu
1.90%, Zn 1.70%, B 1.7%, Mo 0.01%)
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Table 2 Growth of Centella asiatica at 60 days after planting when using different nutrient solutions and different planting
media at Sukhothai Horticultural Research Center during summer season in 2021.

FERTILIZER (F)
TREAT Enshi Hoagland Commercial
MENT Number  The length Number  The length Number The length
m Number  Number Number  Number Number Number
Plant/ of stolon Plant/ of stolon Plant/ of stolon
of leaf  of stolon | of leaf  of stolon of leaf  of stolon 1,
stolon (cm) stolon (cm)” stolon (cm)
T 9.74 2.19 1.93ab 30.27a 9.00 2.33 1.88ab 30.54a 8.21 2.41 1.72b 28.59
T2 9.94 2.27 2.37a 30.80a 9.44 2.25 2.32a 34.11a 12.22 2.67 2.46a 34.21
T3 8.75 2.41 1.70b 22.63b 8.45 2.08 1.37b 19.62b 10.24 2.51 2.23ab 29.31
T4 8.97 2.14 2.34a 33.00a 10.14 1.91 2.40a 34.43a 12.05 2.34 2.25ab 34.35
F-test ns ns * * ns ns * * ns ns * ns

The leaf number /plant CV(a) =

The plant number/stolon CV (a) = 44.2%; CV (b)

32.1%; CV (b) = 17.0%; The stolon number /plant CV (a) =
= 27.2%; The length of stolon CV (a) = 15.8%; CV (b)

33.9%; CV (b) = 19.7%;
=27.5%

"Means follow by different letters in the same column are significantly different according to DMRT (p>0.05);

ns = not significant, *=significant.

Note: T1; Coarse sand: Rice husk charcoal, ratio 1:1 T2; Coarse sand: Coconut coir ratio 1:1 T3; Rice husk charcoal: Coconut coir ratio 1:1

T4, Perlite: Vermiculite ratio 2:1



Agricultural Science and Management J. 6 (1) : 69-78 (2023)

75

Table 3 Total fresh weight (kg/m?) and triterpenes content (%DW) of 4 types of Centella asiatica at the second harvest
when different nutrient solution formulations were used with different planting media at Sukhothai Horticultural Research

Center during summer season in 2021.

FERTILIZER (F)
TREAT Enshi Hoagland Commercial
MENT Total Made Asiati Made Asi Total Made Asiati Made Asia Total Made  Asiati Made Asia
sia
M fresh casso co cassic ic acid fresh casso co cassic tic fresh casso co cassic tic
i i
weight side side acid (%DW) weight side side acid acid weight side Side acid acid
(kg/m?)  (%DW) (%DW) (%DW)  ° (kg/m?)" (%DW)  (%DW) (%DW) (%DW) (kg/m’) (%DW) (%DW) (%DW) (%DW)
T 1.09 0.98bc 1.35ab  0.28a  0.20a 0.75b 0.90c  1.04bc 0.13b 0.11b 1.90 0.65b 0.78pb 0.42a 0.24a
T2 1.35 1.09b 151a  0.14b  0.10b 1.89a 1.28a 128a 0.11b  0.08c 2.10 141a 1.69a 0.35a 0.21b
T3 1.16 0.84c 099  0.11b  0.09b 0.74b 0.93c  0.95c 036a 0.21a 1.88 133a 1.12a 0.35a 0.16C
T4 1.50 1.26a 158a  0.11b  0.08b 1.54a 1.10b  1.18ab 0.14b 0.09bc  2.09 1.22a  1.13a  0.24b  0.14c
F-test ns ns

Yield CV (a) = 15.0%; CV (b) =
(b)=14.2%

26.4%; Madecassoside CV (b)= 6.9%; Asiaticoside CV (b)=

6.4%; Madecassic acid CV (b)= 9.0%; Asiatic acid CV

" Means follow by different letters in the same column are significantly different according to DMRT (p>0.05); ns = not significant, *=significant.

Note: T1; Coarse sand: Rice husk charcoal, ratio 1:1 T2; Coarse sand: Coconut coir ratio 1:1 T3; Rice husk charcoal: Coconut coir ratio 1:1

T4; Perlite: Vermiculite ratio 2:1
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Table 4 Growth and yield of Centella asiatica at 60 days after planting compared between 2 production technologies at

Sukhothai Horticultural Research Center during rainy season in 2021.

Growth of Centella asiatica Yield
The length Total d Total fresh

TREATMENT (T) Number Number Number e 'eng © ) i . r
of stolon weight weight

of leaf of stolon Plant/stolon 5 )
(cm) (kg/m?) (kg/m”)

T1 11.32 2.49 2.64 59.02 0.36 2.49

T2 9.37 2.46 2.45 36.12 0.19 1.30

*

t-test ns

ns

* * *

ns = not significant, *=significant.

Table 5 Triterpenes content (%DW) of 4 types of Centella asiatica at the second harvest compared between 2 production

technologies at Sukhothai Horticultural Research Center during rainy season in 2021.

TREATMENT Madecassoside Asiaticoside Madecassic acid Asiatic acid
(T) (%DW) (%DW) (%DW) (%DW)
T 1.73 2.05 0.71 0.32
T2 0.35 0.45 0.47 0.23
t-test * * * ns
Farmer plot " 0.44 0.35 0.67 0.42

ns = not significant, *=significant.
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Table 6 Pesticide residues and heavy metals of Centella asiatica at the second harvest compared between 2 production

technologies at Sukhothai Horticultural Research Center during rainy season in 2021.

Pesticide residues Iron Lead Arsenic Cadmium Mercury
TREATMENT (T)
4 group (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Not Not
T1 15 < 0.050 0.036 <0.018
Detected Detected
Not
T2 132 0.13 0.67 0.085 <0.018
Detected
W Not
Farmer plot 28.2 < 0.050 0.057 0.025 <0.018
Detected
T1: The production technology under greenhouse conditions in a soilless system
T2: The production technology of farmers
"Farmers plot, Bang Len District, Nakhon Pathom Province
L1 a
G 1AaNE1929RY

NsARLTLN IUANIaTANE6R1MNTGAT
nisAnganiunisUgniudangn neavenu:ge
Newinn 11 Tnaffunms deualiniaasoiuin
USNNUNANAR UATLTHNNIENT Asiaticoside LAY
Madecassoside 1891/aunHuwa liiganiangsuis
?J"uj willdnupauunnsinseeeiiitd Atynneatia
wasidlenfoudieussunniswdniaun wodinis
uaniunaeldaninlsszeuluszuudgnive
LaildAu thundinaasgiuTauualdugand
FTUUNITNAMTBUNHAINT WAL IUANUNANAR
138104819 Asiaticoside Way Madecassoside
WudHlANgeNINsTULININGATeNEAINIBELN
fildndty uaziaeenssada linuansieandng
wrszULNNINARTasnERInIwLlTHNuTansin
AN Lmzm:ﬁ“uﬁmﬂmeﬁmmﬁm

namngsNUsznA

TA5unugANUNIIRmMUINI334
NN9INEAT AINEIRENUNNUINNTIRUNTINEAT
(B9ANITNWITL) Teutseunns w.A. 2563 uag
ﬂumﬂwmmumimm gontuAaNTd9Y NN
FEINEAT TLTIANENIIINNITI NS
uazgnsenga lunsliAnEnmn LLu“mLmeq
ANIUIULAY Lm”Lmﬂmm AaaAauLE 9T
WUN9TUIN TN T R E A LT at0 A RN 911
Fdud15aqanslidaen

ity Ansnalla uargasnn AesTasns.
2548. mimﬂmm@muummmam
weaaxulnstiaun Lmvmmmquwﬁ
NIET. FIEIIUNITITE LA UN
mamﬁmm’mLme‘?lmﬁﬁ@Nﬁﬁmma‘gm
anayulnsdaungnisndanseiu
gAAINNIIN. TAFUNUAANLUNIIAE
Ansudsennnuuniufy deudsennm
2546-2548. 100 Wi

wain ganyszia?y. 2558, @339NENTDINT
neldaniaziaian. d1InAuwiLms
PNAINTUNUNINEN AL, NPUNNHUUAS.
237 wi.

Uszn1ANITNINEEIIUgY. 2563. NIAIFIN
ansiflansudien. PTMAAYLNE
Wi 137 maufiAy 118 ¢ Sufl 20
NOHNAN 2563, i1 18,

9INTIL NTIUNA wazAstenn uu. 2561,
mmmmmxmﬂﬁmmm@ﬁﬁmﬁusi@
nnsastyiauTnvesdnadnwugnsulda
LL@:Wuﬁl,m‘llé’mﬁﬂQﬂimzuﬂaim
Tdind. doyuawiAm. @a121990
inensAnans (naluladnisudniie ank
wmalulaginisinsnsuazinalulat
AAAIUNTIN. NNINUIAYINTA])
WATAITIA. 77 Ui,



78

ANNANAASLNHATUAZNITAANIS 6 (1) : 69-78 (2566)

e

Wey gan19ad. 2552, gReansavantuazianLlgn

'
= o

Nnunnzanguiunislgnuaunigiing
Tdldauluntaldaesdszinalng.
ANLNUNUTINE AN AR TN AR
ANUNAIERTNITNERAT (NTAERT).
ANINLNARIRRANTNL. 99 Uil

Taszen fauial uazawA avityms. 2556. N9
ﬂgﬂam@Lmﬁmwuiaimiwﬁﬂ@’.
senuatiuanysnl lasunugauyunig
Aqeanuseannuuiuau deutlsyann
2556. 61 1.

AuR 11919391, 2556. n1sdgnivaludanilgn
(Substrate Culture). Tasantsugtinu
wHagineRnenAnfuazinalulat “nnsign
Al FAudunusndenisdnluguaw’.
annfuddmalulagiinums anianaadt
NATUIAEITHIARAIUWY UATNIENTIN
Ingnenansuazmalulatl. 38 win.

wansuns aneiin weF AURRIsY Yrysss AuRAsTy
TIungy Ansnalla §ns qnoAT way
4299041 MABNTADIS. 2548. N1IIALILAL
ARUIa1TanANIATgIutaun 83ie
233: mnﬁu‘fﬁ@jﬂmﬂﬁm $1891UN1T
AU TR AR TATULATLATE
dransfifiunpagiuannayuinaioung
NIINAATEAUGAAIUNTIN. LATUYU
AANHUNITITUAINILUFENUILHUAY
tautlsznno 2546-2548. 22 wti,

Algahtani A., W. Tongkao-on, K.M. Li, V.

Razmovski-Naumovski, K. Chana and

G.Q. Lia. 2014. Seasonal variation of
triterpenes and phenolic compounds in
australian Centella asiatica (L.) Urb.
Phytochemical analysis 26:436-443.

Murshidul, H., H. Ajwa, and B. Mou. 2004.

Nitrogen, phosphorus, and potassium
fertilizer effects on nutritional
composition of lettuce. 101 Annual
international conference of the
American society for Horticultural
Science, Austin, Texas. Horticultural
Science 39(4): 872.

Resh, M.H. 1978. Hydroponics for Food

Production, Woodbridge Press
Publishing Company, California., 277 p.

Siddiqui, Y., T.M. Islam, Y. Naidu and S. Meon.

2011. The conjunctive use of compost
tea and inorganic fertilizer on the
growth, yield and terpenoid content of
Centella asiatica (L.) Urban. Scientia
Horticulturae 130: 289-295.

Srithongkul, J., S. Kanlayanarat, V.Srilaong,

A. Uthairatanakij and P. Chalermglin.
2011. Effects of light intensity on growth
and accumulation of triterpenoids in
three accessions of Asiatic pennywort
(Centella asiatica (L.) Urb.). Journal of
Food, Agriculture & Environment
9(1): 360-363.



79

navaININAzNauldanszameRananisiasuhulnuasldinaunu
wazauMwilawsinyaldinau
The Effect of Paper Pulp Sludge on Growth of Earthworms and Vermicompost Quality

o
v ay

Fdad TusWusAng' s9auada usens’ lalun doavy’ Ugan unuuna’
UAENANT AMUSWUSANA®
Wanwisa Wattanapansak', Thamthawat Seangngam?, Yaimai Chuaynoo’, Pathama Thannak'
and Thodsaporn Wattanapansak®

Received: October 18, 2022
Revised: November 6, 2022
Accepted: November 8, 2022

Abstract: This research compared the use of earthworms to decompose plant materials from
agro-industrial waste plants and studied the effects of plant materials on growth and yield of compost
from earthworms. The result showed that pulp sludge mixed with loam and cow manure could be
used as substrate for growing earthworms. It affected the growth of E. eugeniae and P. peguana. The
P. peguana was adapted to the substrate from paper pulp sludge: loamy soil: cow manure
in a ratio of 2:1:1. The average weight of the earthworm was 1.8 kg at 60 days. The culture of
P. peguana in the substrate from pulp sludge had the mean of vermicompost weight of 2.8 kg during
the 60 days of earthworm culture. The culture of E. eugeniae in paper pulp sludge vermicompost
which had higher nutrient values, i. e. Lsubstrate yielded, the organic matter (OM) 12.88 %, ni-
trogen (N) 0.64 %, phosphorus (P) 0.47 % and potassium (K) 1.66 %, compared to the culture of
P. peguana earthworms in paper pulp sludge substrate. Analysis of from E. eugeniae cultured in paper
pulp sludge substrate showed significantly higher nutrient values, i.e. the organic matter (OM) 0.11 %,
nitrogen (N) 0.19 % and potassium (K) 0.65 % compared to the culture of P. peguana earthworms while

phosphorus (P) was not significantly different.

Keywords: Paper pulp sludge, earthworm, vermicompost
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Weight of earthworm (kg)

Treatments
15 Days 30 Days 45 Days 60 Days
P. peguana 1 1.10° 1.20° 1.80°
E. eugeniae 1 1.05° 1.20° 1.40°
F-test ns > ns >
C.V.(%) 5.74 4.26 3.33

** indicated significant difference at P<0.01.
ns: There was no statistical difference.
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Table 2 Weight of vermicompost
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Weight of vermicompost (kg)

Treatments
15 Days 30 Days 45 Days 60 Days
P. peguana 0.53° 0.80° 1.75° 2.80°
E. eugeniae 0.40° 0.70° 1.70° 2.50°
F-test . ok . ok
C.V.(%) 2.85 1.58 2.76 7.92

** indicated significant difference at P<0.01.
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Table 3 Chemical analysis of vermicompost of each treatment.

EC (1:10) Total Available  Exchangeable
Treatments pH (1:2) OM' (%) (dS/r'n) Nitrogen  Phosphorus Potassium
(%) (%) (%)
P. peguana 7.32° 6.92° 8.71° 0.35° 0.33° 0.92°
E. eugeniae 7.41° 12.88° 9.55% 0.64° 0.47° 1.66°
F-test ok . ok *x ok .
C.V.(%) 0.18 0.08 1.27 1.57 1.17 0.55

** indicated significant difference at P<0.01.
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Table 4 Chemical analysis of vermicomposting leachate of each treatment.

EC (1:10) Total Available  Exchangeable
Treatments pH (1:2) OM' (%) (dS/. ) Nitrogen  Phosphorus  Potassium
m
(%) (%) (%)
P. peguana 7.62° 0.08° 7.42° 0.15° 0.01° 0.37°
E. eugeniae 7.51° 0.11° 8.87° 0.19° 0.01° 0.65°
F-test *x - . . ns ok
CV.(%) 0.13 5.97 0.14 3.28 30.77 1.38

**indicated significant difference at P<0.01.
ns : There was no statistical difference.
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Abstract: Water levels given to plants affect their yield in various ways. This study compared the
effects of 4 different irrigation regimes during the anthesis to fruit development: 100 (control), 80, 60,
and 40% MWHC (maximum water holding capacity) on yield, capsaicin content and capsaicin yield
of Karen chili TRF 135. The findings demonstrated that, in comparison to the control, reduced irrigation
regimes resulted in a decrease in midday leaf water potential (LWPmd). For the 80% MWHC, this
significant drop in LWPmd was found two weeks after the irrigation regime was applied, whereas for
the 40% and 60% MWHC, the reduction was discovered after the first week. The yield and capsaicin
content of the 80% MWHC were comparable to the control, however, the yield of the 40 and 60%
MWHC was significantly lower. In comparison to the control, the 40 and 60% MWHC increased
capsaicin content by 181.73 and 116.65%, respectively. The studied irrigation regimes did not, however,

significantly alter the capsaicin yield.

Keywords: deficit irrigation, yield, capsaicin yield, Capsicum frutescens
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TludAn1ensaiuduiy LWP  TaaiAnAqns
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Arom and Jinagool (2021) Laz Goto et al. (2021)
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1a3aanlsnas (Borrell et al., 2000)

Table 1 Midday leaf water potential (LWPmd, MPa) and leaf greenness (SPAD) of Karen chili at the age of 7-11 weeks

after transplanting (WAT). At 7 WAT all plant received watering at 100% MWHC while from 8-11 WAT, watering regimes

were applied.
Treatment LWPmd (MPa)
(% MWHC) 7 WAT 8 WAT 9 WAT 10 WAT 11 WAT
100 (control) -1.17 -1.21° -1.12° -1.35° -1.25°
80 -1.28 -1.33%° -1.72° -1.87° -1.63°
60 -1.21 -1.88° -2.53° -2.23° 2.13°
40 -1.31 -2.01° -2.79° -3.60° -2.67°
Fotest ns o o o o
CV (%) 5.15 24.66 37.45 42,52 32.10
Treatment
(% MWHC) SPAD
7 WAT 8 WAT 9 WAT 10 WAT 11 WAT
100 (control) 53.56 51.68% 44.16" 36.48% 27.77°
80 51.73 49.93% 44.44° 42.68° 28.72°
60 55.50 55.34 46.82% 37.95 30.46"
40 54.56 47.30° 49.44° 40.48%° 37.47°
F-test ns *x * * -
CV (%) 3.00 6.60 5.32 6.96 14.10

Values are means with coefficient of variation (CV). Means denoted by a different letter indicate significant differences

between treatments (p < 0.05).

2. HAUDITEAUUNADNANRAUASANHUS D
NANAFUIBINSNNZIFENWUETIUWILAY 8N7 135

P a ¥ o a
WAl TN A NANAR AR LAY
WA UARAUNENNLGN NAKART LFFUAINANT

TWinTisr Ay 80 uaz 100% MWHC laifiagnu
uanAnaiueealtd Ay e dA Tuansfins
W7 40 uaz 60% MWHC ¥inlsfuan@anin
AALAZLTARARIANNNTIEFINN 100% MWHC



92

ANNANAASLNHATUAZNITAANIS 6 (1) : 87-96 (2566)

1sranns 1 BaY 3 Wi AmNa1sU Badun1anad
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He91NN1997A10 Teuananazn lin1swmLn
wesfuNTUE ATEINLAY aarn1soi lifiianng
\ a yod_w .
MQ@‘;‘N%@Q@@HLL@xN@W‘mVLWﬂﬂmQEI (Chatterjee
and Solankey, 2015; Mahmood et al., 2021)
ANTUAN LD INATUNUI17EAUN9LHUND
anaanuulduliAine1e9aNaNInanaa

aeielafnulinuananasesssFunglitnse
AMNNIINTRINANIN (Table 2) N19AARITAY
ANHENIHANENIAAANNN ST LT AT BIHAT LTI
wielusE LAY NN st eI AR ITARIANT
1¥anas InauanIIfnEEannAdasiun1sice
U84 Phimchan et al., (2012) %qwudﬂmmmwm
m@w?‘ﬂm%mmimuw?ﬂmqﬁuﬁ: (Takanotsume
(C. annuum) Way BGH 1719 (C. chinensis))
seldsuanuedanannisanainluans iy
N419TBIHANTN 9 Wuq‘ﬁﬂ:ﬁ@”ﬂﬁﬁma‘ﬁﬂm%q
dwafla C. annuum way C. chinensis lslns
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Table 2 Yield, fruit characteristics, capsaicin content and capsaicin yield of Karen chili received different watering regimes

during the flowering to fruit ripening stages.

) Fruit dry Fruit Fruit Capsaicin Capsaicin Capsaicin
Treatment Yield ight | " idth tont iold
wel en WI conten ungenc e
(% MWHC) (g/plant) g 9 pungency y
(g/plant) (cm) (cm) (ug/g) (SHUCEP) (mg/plant)
100 (control) 119.20° 28.73° 419° 0.82 471.91° 7,550.60° 13.79
80 103.70%° 24 AT 3.86° 0.75 382.71° 6,123.44" 9.35
60 86.02° 20.49° 4.20° 0.77 550.46° 8,807.45° 11.38
40 37.81° 9.17° 3.86° 0.76 857.60° 13,721.75° 7.86
F-test o o o ns o o ns
CV (%) 10.73 26.63 9.07 217 12.64 12.64 28.41

Values are means with coefficient of variation (CV). Means denoted by a different letter indicate significant differences

between treatments (p < 0.05).
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AsansyALNNs LR EnNZIRE
Augiunwauan ana 135 M bisunouay lagu
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e ledues dAnauld 170-721% uas
113-141% MINANAL UINWA LE1N1TDF a5
nrafreuatladuluwinnguidaanudageld
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Abstract: The objectives of this research was to survey the perception and expectation of tourists
towards the Ban Khao Kob Integrated Agricultural Learning Center. The sample was taken from 54
visitors interested in the integrated agriculture system from 10 districts in Trang province by snowball
sampling. The questionnaires were used to collect data .The quantitative data were analyzed using
descriptive statistics, percentage, minimum, maximum, mean, and standard deviation. According to
the findings, the majority of tourists (70.37%) were female with the average age of 33 years old and the
majority of them (62.97%) had undergraduate education. They had an average monthly income of
12,500 baht and the majority were farmers (75.93%) with married status (75.93%). Most of tourists
(81.49%) preferred to travel in small groups/with family (2-5 people). The Integrated Agricultural
Learning Center was perceived positively by 74.07% of tourists who visited it. Facebook (66.67%)
was the method chosen by tourists to raise awareness. The outstanding learning resources that
attracted tourists to visit were learning bases and knowledge (59.26%). The learning station that
tourists (33.33%) were most impressed was the fish farming in the grooves of rubber plantion. Overall
tourists perception was at a high level (X = 3.67). The tourist attraction image was perceived at a high
level (X = 3.80). Overall, the expectation was at a high level (X = 3.56), especially, the tourist attraction

image aspect was at a high level (X = 3.77).

Keywords: perception, expectation, visitors, Ban Khao Kob Integrated Agricultural Learning Center
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Table 1 Perception and behavioral pattern of tourists.
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@Ay (528182 5.56) AMNAIAL A4 (Table 1)
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(Table 1)

(n=54)
ltems Frequency Percentage
1. Perception channel
Facebook 36 66.67
Line group / Line official 7 12.97
Personal media from government officer 10 18.52
Other channel 1 1.85
2. Travel patterns
Travel alone (1 person) 7 12.97
Small group (2-5 people) 44 81.49
Large group (>20 people) 3 5.56
3. Visiting experience
Used to visited 1 time 31 57.41
Used to visited 2 times 3 5.56
Used to visited 3 times 6 11.11
Never visited 14 25.93
4.Tourist attraction
Learning station and knowledge 32 59.26
Key speaker/farmer experts 18 33.33
Place 4 7.41
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Table 1 (continued)

(n=54)
ltems Frequency Percentage
5. The most popular learning station
Khok Nong Na model 8 14.81
Integrated farming 9 16.67
Fish culture in rubber plantation 18 33.33
Salak Pondoh plantation 11 20.37
Apis cerana beekeeping 4 7.41
Soil fertilization 4 7.41
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Table 2 Level of perception of visitors towards Ban Khao Kob Integrated Agricultural Learning Center.

(n=54)
Level of Perception
Perception Aspects —
X S.D. Level
1. Tourist attraction image 3.80 1.03 High
1.1 Beautifulness 3.93 0.96 High
1.2 Interesting souvenir in destination 3.85 0.97 High
1.3 Destination identity 3.84 0.96 High
1.4 Environmental conservation 4.07 0.98 High
1.5 Public relations 3.33 1.26 Medium
2. Body of knowledge and wisdom 3.39 1.15 Medium
2.1 Sufficiency of the learning station 3.27 1.24 Medium
2.2 Knowledge transfer skills of the speaker 3.91 0.99 High
2.3 Demonstrations and career training 3.31 1.23 Medium
2.4 New knowledge 3.36 1.10 Medium
2.5 Promoting media appropriateness 3.31 1.10 Medium
2.6 Media in learning program 3.16 1.20 Medium

2.7 Recreational activities

3.42 1.20 High
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Table 2 (continued)

(n=54)
Level of Perception
Perception Aspects —

X S.D. Level
3. Facilities 3.72 1.00 High
3.1 Accessibility 4.00 0.92 High
3.2 Availability of food distribution 3.85 0.95 High
3.3 Service in destination 3.85 0.95 High
3.4 Directional sign availability 3.62 0.95 High

3.5 Sanitary and sufficient restrooms 3.27 1.25 Medium
Total 3.67 1.09 High
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Table 3 Level of expectation of visitors towards Ban Khao Kob Integrated Agricultural Learning Center.

(n=54)
Level of Expectation
Expectation Aspects —
X S.D. Level
1. Tourist attraction image 3.77 112 High
1.1 Beautifulness 4.07 0.93 High
1.2 Interesting souvenir in destination 4.04 1.36 High
1.3 Destination identity 3.91 0.96 High
1.4 Environmental conservation 3.33 1.18 Medium

1.5 Public relations

3.52 1.16 High
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Table 3 (continued)

(n=54)
Level of Expectation
Expectation Aspects —
X S.D. Level
2. Body of knowledge and wisdom 3.52 1.15 High
2.1 Sufficiency of the learning station 3.44 1.16 High
2.2 Knowledge transfer skills of the speaker 3.48 1.1 High
2.3 Demonstrations and career training 3.54 1.14 High
2.4 New knowledge 3.20 1.19 Medium
2.5 Promoting media appropriateness 3.43 1.24 High
2.6 Media in learning program 3.76 1.13 High
2.7 Recreational activities 3.80 1.11 High
3. Facilities
3.1 Accessibility 3.43 1.14 High
3.2 Availability of food distribution 3.43 1.11 High
3.3 Service in destination 3.39 1.16 Medium
3.4 Directional sign availability 3.27 1.25 Medium
3.5 Sanitary and sufficient restrooms 3.37 1.09 Medium
Total 3.56 1.14 High
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