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Abstract

Turmeric (Curcuma longa L.) is a valuable medicinal herb. However, its cultivation is limited
by various factors, resulting in low yield and quality. Therefore, this research aimed to determine
the effect of arbuscular mycorrhizal (AM) fungi on the growth, yield, and curcuminoid content in
turmeric. A pot experiment was conducted using a completely randomized design (CRD) with five
replications. Four treatments were applied: (1) control: no AM inoculum and no fertilizer, (2) AM-F:
AM inoculum, (3) F: fertilizer, and (4) AM+F: AM inoculum and fertilizer. The AM soil inoculum used
was Glomus sp., and fertilizer was applied according to Good Agricultural Practices (GAP) for turmeric
plantations. The turmeric plants were grown in pots under greenhouse conditions for nine months
until the harvesting period. The results showed that AM significantly enhanced turmeric growth. AM-
treated turmeric exhibited greater height and stem diameter at five months after planting, as well
as higher dry shoot and root weight at harvest, compared to non-mycorrhizal (NM) turmeric. The
plant nutrient content also increased in AM-treated turmeric, leading to a higher fresh and dry rhizome
weight- approximately 60% and 50 % greater, respectively. Turmeric treated with both AM and
fertilizer (AM+F) produced 48.22 g/plant of dry rhizome, whereas fertilizer alone (F) resulted in only
31.58 g/plant. Additionally, AM+F turmeric had a 30 % higher curcuminoid content, reaching 9.24 %,
compared to NM turmeric with fertilizer (F), which contained only 6.96 %. These findings indicate

that AM application significantly improves the growth, yield, and curcuminoid content in turmeric.

Keywords: Arbuscular mycorrhizal fungi; Curcuminoid; Turmeric
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Table 1 Soil properties

2. gUnsaluazisns
2.1 WHUNISNAABY

TRUHUNTVIARDILU UG Y SAl (Completely
randomized design: CRD) 4112U 5 & Ussnouse
4 Fweaes Mo

Aannaesdi 111J°Lai§uﬁ’aw?jyai’laﬁﬁa@aﬁlm
Aoslsruazliilddy (Control)

Awmanosd 2 lddurudesorivanansly
roslswuazlildade (AM-F)

dmmaesdt 3 Talemuduugi (F)

Awnanadl 4 ldduvidosorstiagandl
paslsyuayldde (AM+F)
2.2 MSATEUTAANITNARDY

Fogeiu iusodreiuluiuiinuasnssy
f.fdANAT ALY D48 2.aWYT (14°48'19N,
100°46 22" E) fisgfuanudn 0-20 wufuns 1
snuisluiisy ungeglidvunaiaue wonwui
warsIniivesn guiiufegisiuuninssiaudfinu
aufiuansly Table 1 9ntuthdulufdnidosensd

tananslumeslsymusssumalaeiaies Autoclave

Soil properties Value Interpretation
Texture Silty clay

Soil pH ¥ 6.9 neutral
Organic matter  (g/kg) 30.9 high
Available phosphorus “ (mg/kg) 329 very high
Extractable potassium ” (mg/kg) 435 very high
Extractable calcium > (mg/kg) 1245 very high
Extractable magnesium * (mg/kg) a17 very high

Y hydrometer method, ¥ 1:1, soil:H,0, * Walkley-Black titration method, ¥ Bray I, ¥ 1M NH OAc, pH7.0

extraction
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Table 2 The properties of organic fertilizer

fuindesienivagarfluaeslsen 14
Glomus sp. 1u§ﬂ‘uad soil inoculum Fediguaua
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nsu/au [11] I(ﬂEJL%@?WE]W%UUﬁ@a’]ﬂMﬂE]ﬂi%'I
Glomus sp lnmsusni@esnavluiiuiiinuns
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EiaLa%a,JﬂmﬁauJLauimaﬂsuﬁu%’u sTedimsnagey
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q
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flfwin 50-75 nfa/uds Eratnldazenn Adn
QauvEdTiafuasarats clorox mnududy 10
Woddud Tnoutuiu 3 wiit udvanadenindulsr

avon MnTuRdlIuisnewiluugnsialy

Analysis list Value Organic fertilizer standard According DOA
pH 6.85 5.5-85

EC 1:5 (dS/m) 5.50 <6

C:N ratio 8.0 < 20

Organic matter (%) 32.56 > 20

Total N (%) 3.20 > 1.0

Total P.O._ (%) 1.37 > 0.5

Total K O (%) 0.54 > 0.5

2.3 N159AN1TUIENARLasUURQUaNUI8
GEON

ussgiu 15 Alandu ldlunsyansvung 17 i
Mnifugevaunanenszanddn 5 wuies lddui
WouazisBun3d sestunauuan smukeuNTNARDY
Mudeiiutuasgn 1 wivnszans nauAlsiu
Tatewaflmuununisvaans wayliilussauiliiies
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(1) Yhvdnasveunt (2) shmihusdiumilonu
savmn (U way ddu) 39 wazsnd Taethiddeu
au%fau‘ﬁlqmmﬁ 60 asrnwaliua aunsyisimidn
whinsedt (3) Aiasrzvivdanadlulasiuriualudiy
witleAu 1ne35 kjeldhal method [12] (4) TiAT18%A
Usinamleavledauas Inuna@euiavunludiumile
fu lnetsiedlugeemensanaulunin-iesnas
30 (3:1 vAv) ntuhlUAasesidaeiaias ICP-OES
[13] (5) A5 1e9iUsanaians curcuminoid luaiiudy
WAIUAazLEYn 10 N3U/F10819 A1NINT15URY Thai
herbal pharmacopoeia [14] (6) Uizl,ﬁumil,‘ﬂ"]ag
odbveaTerorivanarsluneslseilumn Tnew
snuuluansazane 10% KOH Solution (w/v) a1n
fudfeudsindae Trypan blue (C.l. 23850, Ajex
Finechem) [15; 17] wa¥ (7) Useluduiuauasves
L%yaﬁﬂm%ﬁaqmﬂmaﬂim Tnemsguiuiuusin
59U 1,000 n3u/nszans ethuwenalasniy
7% Wet sieving and decanting method lag
Sucrose centrifugation method (Daniels and
skipper, 1982) [18]

2.5 NMSIATITUNERR
A9IATITRANLUTUTIU (ANOVA) uag
Wisuiisumuuanadisvesaads Tagds
Duncan’s multiple range test (DMRT) lusgau
auidesiudl 95% Taeldlusunsu SPSS

3. NANFIY

navoatioitagansluaeslsn Glomus
sp. Aemaiayiulavesiiutuitionny 2 wou wu
1 Wemenivagamsluaeslswlifinadesiuausi
uazaIAduRguEnaaE Rt siiuty Tnguii
FuTIIWA 1.3-2.3 AL/N58019 wasdivwndur
AugNaNgEY 18.1-21.5 ladwns Wudeiuaiy
dudlu nuh demenstagansluneslswilifnase
anududluresiiuiy Tasvduduiinnududly
39.94-42.18 SPAD unit agdlsfinny L%aswaﬁﬁ’a@
aflunoslswiinasionmgauesuiiudussadite
dndymneadn Taonudn msldauiideuaylallade
(AM-F) waznsldauidosautunslads (AM+F)
fnavilveiuduiinnugennniinislilafuiide
wazlafldle (control) wagnuimsldfuiideuay
lafldd (AM-F) fuavinlFenugeveseiiuduliunn

Aaunslade (F) (Table 3)

Table 3 Number of plants, height, stem diameter and leaf SPAD of turmeric at 2 months after

planting
Number of plants Height Stem diameter Leaf SPAD
Treatments (plants/pot) (cm) (mm) (SPAD unit)
Control 1.740.6 ¥ 373+2.1b7% 21.5+2.0 40.04+1.57
AM-F 2.3+0.6 55.1+2.6 ° 19.2+1.0 41.97+2.17
F 1.3+0.6 51.6+4.4° 18.1+1.7 42.18+6.53
AM+F 2.0+1.0 51.1+1.8° 20.4+0.2 39.94+1.49
F test ns ** ns ns
C.V (%) 5.31 8.81 2.49 1.96
Y Mean + SD

? Mean + SD in the same column following by difference letter means significant difference at confidence

level of 95 %
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navoutoseitanansluaeslsn Glomus
sp. sonsiasyiivlavesuiiududioatsy 5 e wy
1 Wemenivagasluneslswlifinadeduusi
vosuiiudu Tngefutuidiuiudu 2.3-4.7 du/
nsvans iudenifunnududly wui Wesensta
parslunedlsulifinadernududluvesiiuiy
Tnguiiuduiinnududly 29.52-32.89 SPAD unit
ogslsfinny Wesoivagarsluneslsendnasie
mmqwawﬁ”uﬁuaéwﬁﬂ&ﬁﬁmmaaﬁa WU s
TdAuideuaslailats (AM-F) fnaviliuiiudus
arugannndnishildfuiadouarlalale
(Control) lagiiAMugs 90.7+4.9 uag 60.1+7.0
WURLLAT MUERY LLa%ﬂ']ﬂ?iauﬁ’JL%Eﬁ’mﬁUﬂ‘ﬂ
(AM+F) Twavhliuiiuduiiaugeinniinisldde
Wigeegaign (F) ladaiugs 120.1£5.7 wag
90.7+4.9 wufms sud1du uenand nslddu
shdeuaslaildde (AM-F) Saiinavinlindiudusiann
gdlsiuansatunislade (F) wuieriunaveados
asvanasluneslisudevwndusAudna1d1siy
wud nsldfuidouarlalads (AM-F) Suavili
siudufvnaduhgudnansddunnniinislala
fuadouarlallals (Control) Tnedvuiadusiy
AUONANNEWY 27.4+1.2 uay 21.8+1.3 fadiuns
AUAY LLaxmﬂdﬁuﬁ’sL%ai"mﬁuﬂﬂ (AM+F) Hlra
ylifiudufivuaduiguinansdidiunniingg
ldde (F) Tnefvunawdusl gudnaisansiu 32.5+1.7
uay 29.0+1.5 fadns mud Iy uonani nsld
furhiteuarlallals (AM-F) Sefinavinlviaiiudud
unaduraudnansdsuliwanesiunsldde (F)
(Table 4)
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e Iewudn mslanumideuaslalaes (AM-F)
fnavldiutuidminuksumiofunnniingg
lafldAuidouaslsflate (Control) Tnefithminuia
druwmiledn 42.36+1.90 Uay 27.82+2.51 n¥w/fu
muddu wawdledinislatelstuatiuiu wut s
TaRumidosaufuly (AM+F) fuavinlfadiududi
ninusdumiieAuinniinisladeiiesegume?
(P e weinuisdunilefu 57.25+1.40 uaz
03.10+2.42 nfa/fu My wasnuithudnus
drunilefuvesuiiuduifinsldfumiteuaslald
o (AM-F) ldumnshamaadfidosssuiteutu
winuksduniefuresiuiuiiinislads (F) v
Wenfunavosmsladenenitagasluneslsede
dwinuisnnuasmvivesiiuiu wud msldnu
sadouarlalals (AM-F) fnavilvaiiuduiiimn
whsmnuazimianninsldldfuideuaslald
Jy (control) Tngdhudnudesinuazinii
69.22+0.99 Uag 55.73+2.33 N5U/AU AUAIAU Loy
lefinslatelsiuaiiudu wuth msldfuiadedny
funslate (AM+F) Tuavilvmiutuddmdnus
snuazwiannninislates () Tnefdminuis
duwitleu 77.96x0.70 uag 55.13+3.52 ndw/du
U wawwut nslddushidouaslallads (Av-
F) fnasiliimdnuiesnuazinitvesiuy
wnnInstade (F) sgnediduddynieadia wenan
i nslddesenivagasluneslsndsiinaded
‘mﬁfﬂLLﬁﬂﬁy’wuWuawﬁuﬁuaéwﬁﬁaﬁﬂﬁ@maaﬁa
Tngnudn mslafuiudenaslalldds (AM-F) fua
vlviiuduihintinufaimuamnninslaldn
shdouarlaildde (Control) lnsfithutinuisiaman
111.59+1.57 wag 83.54+3.92 N3/ Aua1y
wandledinslaleliiueiiuiu wui msldaumide
fauiulats (AM+F) Sraviliiuduidmdnuis
sauamnnimslade (F) Tnefiumiinustsieun
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135.20+1.22 @y 98.22+4.61 NSU/AU HIUSIAU

waznud1 Msldnuiweuaylilale (AM-F) fina

v v
v o a

yilvimdnwisiauavesviiuduanniinistade

o w

(F) pg9iitadnfunieada (Table 5)

o

Table 4 Number of plants, height, stem diameter and leaf SPAD of turmeric at five months after

planting
Number of plants Height Stem diameter Leaf SPAD

Treatments (plants/pot) (cm) (mm) (SPAD unit)
Control 4.740.6 60.1+7.0 c” 21.8+13 ¢ 29.52+2.65
AM-F 2.3+0.6 88.0£2.0 " 27.4+1.2 b 30.03+1.25
F 3.0+1.0 90.7+4.9 ° 29.0+15b 32.89+2.14
AM+F 3.7+1.2 120.1+5.7° 32.5+1.7 a 31.34+1.65
F test ns ** o ns

C.V (%) 1.58 4.18 12.56 2.54
Y Mean + SD

“ Mean + SD in the same column following by difference letter means significant difference at confidence

level of 95 %

wavaen1sldidesionvagansluneslse
Glomus sp. slenan@nuiiuduy wui1 nislddesnens
tanarfluneflsednavinliviuduiviiauas
A THERARRL e Ay veadA Tnewy
1 mslanuhidouarlalldds (AM-F) fuavilvadiu
Fuibminmiannninisldldiuidouaslsl
Tty (Control) Inefiuwiinniian 363.20+17.29
uay 282.74+15.12 n$u/fu auandu uaziileting
Tagel¥ituaiiudu wut msldfuiadesufunis
Tads (AM+F) fnavilfeiusudihainimiian
wnnhnslads (F) Tnefibwdninian 463,70+
16.28 way 291.94£17.65 n¥u/Au awady
uenanil nsldfushidouarlaildds (AM-F) dadlua
vlviainmianunninsldts (7 eghailde
Sy demmdesiuthminmiuste wud ms
TaRumideunylafldtes (AM-F) Snavilviaiiuudi
i uannniinmslaldfuiideuaslaldde
(Control) Tasfithuifmiuks 30.76:1.41 uaz
31.36+1.93 NFU/AU AUEINU wagnudn n1slaRu
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wifnimutannmimslads (F) Taefdudnn
W9 48.22+1.99 Way 31.58+1.31 N3/AuU Mudwy
wenanil nsldduradouarlaildds (AM-F) daflua
vlsbmdninurannndmsldds () egedite
dduneada (Figure 1) wazidedinsesivsinaens
wosaiussdlumiduiuuis wut msldfusi
Wouazlailats (AM-F) fuavinlfminduduuieius
waimaeoiaiuosdnnninshildfuidouas
laildde (Control) lnediuSunuansinespiuess
8.66+0.32 uaz 7.31:0.27 Wedidud auardiu 1ilo
finslatetiude wui nsldauidoduiude

q
s

(AM+F) el aduiuuieliuiinuamsensy
fusdunniian 10.53+0.25 wWedidust Fanni
ag il fynsadlowIouiiivuiunislale
(F, 8.42+0.21 Wasdus) waziilomuinUsnaans
wnesafiuesluminiuiuuisiedu wui nsld
furtdeunslallals (AM-F) Suavhliniradiudy
wisiUSinaansimesaliuesauinniinis kildfum
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Weuarlldle (control) lneiiuTunuansiaesedl
WBYA 3.44+0.17 Uy 2.29+0.10 NT/FU MudIAy
Wesinsladesiume wuin nslaRuiwesiuniu

a I3

a3AlupEANINgA 5.08+0.32 NFW/AU FewnAd
pgeidvd Ay nsadiilaTouisuiunsldde
Wiganenaien (F, 2.66+0.17 n51/Au) (Table 6)

Uo (AM+F) SiaviTlivdviiuduuiadusunaeaisie

Table 5 Dry weight of above-ground, root with rhizome and total dry weight of turmeric at nine

months after planting (harvesting period)

Dry weight of above- Dry weight of root and Total dry weight

Treatments ground (g/plant) rhizome (g/plant) (g/plant)
Control 27.82+251 c 55.73+2.33 83.54+3.92 ¢
AM-F 42.36+1.90 ° 69.22+0.99 ° 111.59+1.57 °
F 43.10+2.42 ° 55.13+3.52 98.22+4.61°
AM+F 57.25+1.40 ° 77.96+0.70 ° 135.20+1.22 °
F test xx % *x

C.V (%) 5.92 7.87 5.16

Y'Mean + SD in the same column following by difference letter means significant difference at confidence
level of 95 %

Table 6 Fresh and dry weight of rhizome and curcuminoid content of turmeric at nine months after

planting (harvesting period)

Fresh weight of Dry weight of

Curcuminoid content in rhizome

Treatments rhizome rhizome

(¢/plant) (¢/plant) (%) g/plant
Control 282.74+15.12°Y 31.36+1.93 C 7.3140.27 © 2.29+0.10°
AM-F 363.20+£17.29 ° 39.76+1.41° 8.66+0.32 " 3.44+0.17°
F 291.94+17.65 31.58+1.31 ¢ 8.42+0.21° 2.66+0.17"°
AM+F 463.70+16.28° 48.2241.99° 10.53+0.25 ° 5.08+0.32°
F test *% . % *%
C.V (%) 2.43 8.31 2.40 3.28

Y Mean + SD in the same column following by a difference letter means significant difference at confidence
level of 95 %
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control

Figure 1 Turmeric yield at 9 months after planting

(harvesting period)
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viutu wuh mislddenenivagansluneslsnnd
wavilvsinausmensiitludumilonuvesuiiy
FuiuTuethdituddymeadn nanie nsldnu
shdouarlailads (AM-F) Tuavhlssinailulasiou
(324.56+8.05 fiadnsu/s) winndnishilanum
L%@LLaﬂﬂﬂdﬂEJ (Control, 195.26+2.53 fiaan3su/mu)
wandlefinsldts wuin nsldduiadeutuns
ldds (AM+F) fnavlvusunalulngiau
(418.06+8.49 Tadinsu/aw) wnndnslade (F,
355.714.85 fadn3u/fw) wenaind nislddus
Fouaglallats (AM-F) Seduariliiinallulasiau
hiLmﬂm'wmqaﬁaLﬁam%'amﬁwﬁumﬂdﬂa (F,
355.71=4.85 fadnsu/du) aeandesiuusuiu
Tnuvadon wui msldiuiatouaslsildte (Am-P)
TnaviiUsnailnumadey (508.36+4.70 fiadiny/
#u) annnnslalldfudouarlalads (control,
361.59-44.86 fadnii/si) warnuin malddushide
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Saduly (AM+F) finavilviuSunalnunadey
(584.115.21 fladinsu/au) unnimslade (F,
473.35:7.66 fadn3u/d) wenaini nisldius
Jonagldldls (AM-F) Safimavlfuiuia
TnunadeliuanmansedfdoSouisuiuns
ldde (F, 473.35+7.66 Tadnsu/s) agdlsfiny
MMmamTIATesieaneda wut Weenivag
anslumeslssmeifiunsgadurleanasalvtuaiiy
Fulginnnimslate lewuin nsldfuiidouas
Ladldde (AM-F) SnavinlidSunameanedaludiu
wilefuresiiuFuinnniinislate () egnailie
dAgyneana Insdusunaveanada 39.53+2.71
WA 27.08+3.10 Hadnsu/fu aua1eU taznudn
nslafui@esmitute (AM+F) Tnavidlsuzana
oano¥aludrumilofuvosaiuduninign
49.66+2.51 fadn¥u/siu uagnsllldfuidouas
Lailddy (control) fnavilvisunamleanesaludiu
wileRuvesiuiutosiian 18.30+2.76 fadniu/
#u (Table 7)

dosnitaganslureslswn Glomus sp. &
A kuosmadegendtluiuiisineiiudy
oej5wMI1e 44.33-50.15 1Wosidud Tnefinsladsu
Fefmarhlianumunuiuluniadhegerdoreaio
menstagansluneslsslumnuiiududindy wu
Wentusuualesidenenitagaslueeslsn nu
1 fSnuavesuinaseurnuiiudusgseming
715-963 aveseanu 100 n3u Inenslddesauie
finavi i unuadesveadoneitagaslunesls
glufudiuniinislaldle (Table 8)
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Table 7 Total aboveground nutrient uptake of turmeric at nine months after planting (harvesting

period)
Total nitrogen Total phosphorus Total potassium

Treatments (mg/plant) (mg/plant) (mg/plant)
Control 195.26+2.53°" 18.30+2.76 d 361.59+4.86 ©
AM-F 324.56+8.05° 39.5%+2.71° 508.36+4.70°

F 355.71+4.85"° 27.08+3.10°¢ 473.35+7.66 °
AM+F 418.06+8.49° 49.66+2.51° 584.11+5.21°
CV (%) 2.11 4.57 2.62

Y Mean = SD in the same column following by difference letter means significant difference at confidence

level of 95 %

Table 8 AM root colonization and spore number in soil of turmeric rhizosphere

AM root colonization

AM spore number in soil

Treatments (%) (spore/100 g-soil)
Control 0.00+0.00Y 0.00+0.00 ©
AM-F 44.33+3.66 ° 715451 °

F 0.00+0.00 © 0.00+0.00 ©
AM+F 54.15+1.54° 963+42 °

F test *x* *x

C.V (%) 19.06 22.14

Y'Mean = SD in the same column following by difference letter means significant difference at confidence

level of 95 %

4. 39130l
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Yoe3 Nty [20-21] elunisgadusinermsiv
fufildinntu [22] wenani Wemendtaganly
Aaslsglinanananssuvesiaulyd Acid
phosphatase fidsnaliusunaneanesaiidy
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finsgedusmnsidinntu dealiuiuding
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26] Vaiiosnnn viududufivduaniidongmai
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NM589UATIZYES Secondary metabolites Tuiia
(30]
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