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A Statistical Model for Finding the Influence of Climate on Flowering of

‘Namdokmai Sithong’ Mango in Phitsanulok Province
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Abstract

A multiple regression model using factor analysis was used to predict the flowering of ‘Namdokmai Sithong’
mangoes in Phitsanulok province. Data concerned with the average number of flowerings per tree in eleven sample
gardens in two sub-districts of Wang Thong district and three sub-districts of Noen Maprang district, and
climate data for the same area including average temperature, average air pressure, average relative humidity, and
average rainfall were collected over two periods: February to March 2017 and September to December 2018.
The data were applied to determine a multiple regression model based on Principal Component Analysis (PCA).
The results showed that ¥ = 21.623913 — 10.542305FS; — 8.285513FS, was the predictive equation or
regression equation for the average number of flowerings/tree. From the equation, the average number of
flowerings/tree increased when the first weather factor and the second weather factor decreased. This implied that
climate was an important factor influencing the average number of flowerings/tree. It also suggested climate factors
1 and 2 could account for the 48.5 percent variation in the mean number of flowerings/plant. Furthermore,
the researchers created a website, http://www.mangoforecast.com/ which can be used to predict the average

number of flowerings/tree and to collect climate data from interested farmers. The data will be used to improve
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the forecasting equation for the average number of flowerings/tree and to achieve greater accuracy. In addition,
the data will be used to determine the optimal climate factors influencing flowering in present and future Phitsanulok

province.

Keywords: weather, mango flower, factor analysis, multiple regression
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Table 1 The average number of inflorescences/tree of mango in each orchard.

The number of trees

District Sub-district Orchard Period 1 Period 2

1 1 2 3 4
15 - - - -
18 - - - -
15 - - - -
12 - 12 12 12
4 - - - -
10 12 12 12 12
10 12 12 12 12
10 - - - -
10 - -

10 12 12 12 12
10 - - - -
Total 124 36 48 55 56

Wang Thong Phan Chali

O NN X I N

Wang Phikun

Noen Maprang Noen Maprang

Ban Mung

Ban Noi Sum Khilek

N =~ N =~ N =

Note: In period 1, the data were collected only once due to the absence of inflorescences and the gardens without data. In period 2,
some data were not collected due to the absence of inflorescences during this period.
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Table 2 Average in weather conditions.

District Period  Temperature (°C) Air pressure (mBar) Relative humidity (%) Rainfall (mm)
o 1 27.46 1006.73 74.73 2.90
_§ 29.69 1002.73 77.40 3.85
Ej ) 29.89 1006.07 74.42 1.70
‘;“ 29.60 1006.23 71.64 2.25

29.22 1006.70 70.14 1.74
o 1 28.24 1005.76 72.62 2.66
g 30.43 1001.73 77.30 2.60
= 30.41 1003.12 77.11 2.83
§ 2 29.71 1003.96 76.95 2.73
< 29.44 1004.80 74.48 2.53
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N19IAIZUNITDANRELLLITINY (multiple regression) tneldldsunsuans e 3.2.3 RE LA AN ERA
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Semanziiduazsuiunssiell lganihdeyadadaduanimgianiaseansnsnsdiiaulaldunusassdangnn
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mango for Phitsanulok province in the future

Figure 1 Research framework.
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NANIFANEILAEIANTOL
mn%@g@ﬁqmmj’@mmLaﬁ'wi@r?’fu uazdayaanIngNeINIATe98NadINeILATanaliuNzlsg Nl
ANFN USRI 9n19A AN and NS URaNefA (Pearson's correlation) AN AINLALTSTE s 9L
m'@mﬂm?&'mﬁiﬂﬁuﬁu*‘ﬁmﬂmmwgﬁmmm (Table 3)

Table 3 Pearson's correlation between the average number of inflorescences/tree of mango and weather

information.
Parameter Number of Temperature  Air pressure  Relative  Rainfall
inflorescences/tree (°C) (mBar) humidity (mm)

(inflorescences) (%)

Number of inflorescences/tree

(inflorescences)

Temperature (°C) -0.43*

Air pressure (mBar) 0.69** -0.80**

Relative humidity (%) -0.70** 0.61** -0.84**

Rainfall (mm) -0.46* -0.10 -0.37 0.51*

*Significant level of 0.05, ** significant level of 0.01.

o o

anuansAnsuans iiindia uwutaneniafs sesull A uduiusiiauet wiliid Ay duamniieds

]
'

(X,, r = -0.43), HANNANNUSIENLANeLNTTEAATYTUAMNNABINNALRAE (X, r = 0.69), HANMNANRUEITIALLN

ﬁﬁmﬁﬁﬁaﬁumm%uﬁmﬁmﬁ’mﬁﬁ (X, r=-0.7) meﬂ?mmiﬁr:]um?{ﬂ (X,, r=-0.46) uﬂﬂ@ﬁﬂﬁLﬁ@W@ﬂimqmﬁmmwuﬁ
m@qﬁfaLLﬂi&’]”]umquﬁmmﬂﬁ@:ﬁqﬁ?‘iﬁmwzﬁ”uﬁuﬁrﬁuﬁwmuﬁ@m@ﬂLfﬂ?}lﬂﬁi@rﬁ’u wm’va“mmﬁLfa@ﬂummmwuﬁm\mu
ﬂﬂ'wﬁﬂﬂdﬁﬁmﬁmmmmmmﬂL@?ﬂlﬂ (r = -0.8) LLm'ﬁmwzﬁ“uﬁuﬁ’@\imnﬂﬂwﬁﬁm@ﬁﬂ“tyﬁumm%uﬁuﬁwﬁm?iﬂ
(r=0.61) mmﬂmmmﬁLfa?iﬂﬁmwﬁuﬁuﬁrﬁmmﬂwﬁﬁﬁa?wﬁr:yﬁu PR Y. (YR (P19 (r=-0.84) LATANTY
ﬁuﬁwﬁmgﬂﬁmmzﬁ”uﬁ’uﬁﬁqmﬂ'aﬂwﬁﬁﬂﬁw@Tﬂﬁuﬂ?ﬁmmﬁﬂtJuLfa?wlﬂ (r = 0.51) WanaNANNANNUSTRANUIUTaAAN
wdgseduiUs s uanmgiienauds andeyadouandliiiuinflpmadaiusifuresiulsduanmadene

WAAZA2BNALE TIANNANNUSAINAINANNTOLARAbARS Figure 2
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Figure 2 The relationship between the four weather factors and the average number of inflorescences/trees.
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A nwans liiudnadusuaningNen1ang 4 dade Han19ns9A U UTaADNLRAL ABMY LaTaNn

o

mwmmﬂmmmﬂ%mmumm‘wnummmLu;m FodAudNAuT WesEnas  AnaNdNiusiusesiade sy
ANMNRINARING A liilenafiatlynyduriusidadu (multicollinearity) Aeduld dlethiasuduanm
mmmﬁm 4 st lildaFwannimmensaliseannisnanas sn\‘im%%ﬂumimﬂWammﬁmﬂmm@mm‘mma
vestfadtinanilugnanniy uazenadsualdiianismanmadeuiietilldiunesds muuﬂmvgwmqmmimmmu
ﬂﬂgmwnﬁmﬁuﬁfﬁqLz%’uzimﬁ*uﬂm“ﬂrﬁ’mmmwgﬁmmﬂ%\i 4 fade e llairesuniemennsnfinuuteseniads
Aasusall dmiunisnmaseuilynimyduiusidadusssadusuaningiainiausazfainldlaanisnmage
anAtadensuenefaANulslsau (variance inflation factor, VIF) Wa¥AN tolerance 2esiadeisinuanIngiane
WAAZAY

Table 4 uanaliiiindiAn tolerance & miuiladumuanmgienniausazdadandlnagud wazen VIF
amiuiladasuaningieiniAusazfiaAaudingg Imﬂmwwxﬂqmv]qﬁLfaalﬂmemfmnmmmmm?a'ﬂﬁmmﬂﬂdq 5
wansTiiudladesuanmgReiniAusiazfodiaouduiusiuluseiugs %wxn’a’lﬁlﬁmﬁa;mwuzﬁ“uﬁuﬂ%qLﬁuvl,r;ﬁ”
fadureuazmiiumeaiaamemennsafiiuaudeneniadesed feddudeudtynudniudidaduiiniaann
tadgsuanngieiniAusazsiane ﬁqﬁu‘l,umuﬁai”ﬂﬁ'ffmLﬁ@ﬂ‘lﬁ?’i'ﬁmﬁﬂLLunﬂ@imTqLLﬂiﬁfmmmﬁﬂmﬁmmw’ﬂmﬁ
(factor anaIyS|s) (A mwﬁﬂumm 2559; Baayen, 2016) Tnen1s1493 principal component analysis EﬁdLﬂu']ﬁwuﬂu
mrmmmmmmumu‘lummnmﬂ@wmmumﬁuﬂmmmmvuﬂ@w W lddniunaidentladasnuaningiainie
dmunisadeanmmennanhitesunisoanestesiuntenaniadasedusely

Table 4 The tolerance and VIF values of each weather factor.

Weather factors Tolerance VIF

Average temperature (°C) 0.178 5.619
Average air pressure (mBar) 0.136 7.379
Average relative humidity (%) 0.246 4.058
Average rainfall (mm) 0.361 2.771

5’1%5U%um®umﬂ1uﬂﬂﬁ’1LLuﬂﬂZﬁNﬁT’lLLﬂTﬁQEILV]ﬂﬁﬂﬂ’]ﬁLﬂi")tﬂfﬁ@ﬁ’ﬂﬁ/u AZYINIINIVARDLANHNNZAN
rastayauazfadusuanngiaInAdilanRmInzand LN ldinatiansnssiitadeviell Taaldnimesey
783 KMO uaz Bartlett annianagatnudn A KMO fldniwiniy 0.565 deflendning 1 uaneldidiudrdayasasing
fanumnzauiasldnmnmsiiladelunisinmsisell uazen Bartlett's test HiFwiniL 64.247 (Sig. = 0.00)
svsud AT laRAeundn 0.05 Avagulldintadtduanmgiienniea 4 Tadefiaudaiugiiu anAnimagey
°1mmumm‘mmmwmmmmmmmvuﬂ%ﬂmm”@W}@”‘Lﬁjﬂmfamwmmmm:mu

TuneusiaanAarinisaiatade (factor extraction) ieansiuruaasiulniteadeiazesunsuaziipniu
nadngusidanslidesafinsudau dusumAsttedeninTmA A e TesIeld (eigenvalues)
fAnmnndn 1 anddmsunismnanuaudautlszney  (principal  component) Aumnzandmsuawlsisetiaded
VINNN9ANIN %ummi@mﬁ@ﬁﬁmwgmmmmu orthogonal rotation #ati33 Varimax vievinlfen Ao adusiig
IneaNseUNIaINAN factor loading z@wé”uLLm'@zﬁ@ﬁ;ﬂmu&im@'quﬂi:ﬂ@uﬁﬁhfggqzgw’?w?wqm%mLquﬁlq%umnﬂdﬁmu
gialainaguuny mﬂ%’umaummﬁmﬂﬂﬁﬂLmzmwgmmuué’qwudﬁ IR EAT L B e (eigenvalues)
e Guduuarudeannnisaiatasdtudy suandliifivindaulszneus 1 uay 2 (component 1 and 2) {A1ANN
wlstlentamafiesungldunnnds 1 uddautlsenond 3 uas 4 (component 3 and 4) AnAals st aTieuneld
derndn 1 fundanmsatadadaudaislithdaulszneuit 3 uay 4 anfansndnidudaulszneyiivanzan
mw‘umLLﬂsm‘@ﬂmw’lﬂmmmumimaummﬁmmﬂmm?wmmm anmewiluansliidiuingaulsznend 1
mwmmmnmﬂ@%LmemmaﬁmﬂmmmLLﬂiﬂmumumummﬁmﬂimwmrm 65.894% LL@“’@’]‘L&‘]JT”H@‘LW] 2
udsanmsaiaadaudaanansnesunarAnausmussisaRiesne Idvint 27.934% Faumndaulszney
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71wy 2 udeannnsaintiadeudagnansneineAnanssussieteLne ld YL 93.828% SO
AAnuLalsausansanuntesune ldandautlsneud 1 uay 2 mmuﬂ%ﬂmu@m‘wmmmﬂm 4 11 Tpn
Wi 93.828% uananniganLdAAnLuLlniutsaTiesne ldaesi 2 gautlsynet muuuwmmmummuum
Uay LLuuwmiu”meuLmummLmnum 93.828% ummqiﬁénm*mmemmummuu@fmvmuimmmuﬂi”n@m 1
AAANTNANATYAN TnefianniniiinAnuustsuismeiies el 65.894% Aranuutlssuianuaiiosuneld
APAIMAD 59511% usludautlssnaudl 2 AranuutlssuisnuafiesuneldmAfintuanniduie 27.934%

34.317% (Table 5)

Table 5 Eigenvalues for initial, extraction and rotation.

Initial eigenvalues

Extraction sums of

squared loading

Rotation sums of

squared loading

Component
Total % of Cumulative Total % of Cumulative Total % of Cumulative
variance % variance % variance %
1 2.636 65.894 65.894 2.636 65.894 65.894 2.380 59.511 59.511
2 1117 27.934 93.828 1.117 27.934 93.828 1.373 34.317 93.828
3 0.167 4.184 98.012
4 0.080 1.988 100.00

Tudqurasiuneugainamanisman factor score Wva ldiiuiadt luddviuld luaunisnensalanuutdenan

a ] £ o o a o i’/ da’ ' sl . = e a Qr
RALADAY ANUTLNIUIRIATIUMNAT factor score ‘lm'ﬁmimmaﬂ (regression method) FaAdnLsz@ntuag factor
score dufutladauanIngiainAna 4 Jade aauandlu Table 6

Table 6 Component score coefficient matrix.

Component
Factor
1 2
Average temperature (X,) 0.484578 -0.347688
Average air pressure (X,) -0.366282 -0.077800
Average relative humidity (X,) 0.267943 0.266697
Average rainfall (X,) -0.159128 0.781157

L 1 1 v
AnAdNLsrANEUex factor score Wnauliag ugilues linear combination 1astiadeiNeadacvis 4 Tade

Feuansluannisi 1 uaz 2 S bildrndadesmuaningiennialudnazgnldiduiadadmivannisnensnianuam

| Sy
dananiadtsasusall

FSy;

~0.347688X,; —

o) FSy; Aa A factor score mmuﬁ%mmm 1 m@w@mmm

ESy; AR AN factor score mmuﬂ@%mm 2 m@qm@mmm

Xij, XZJ, X3j UAY X, ﬂa

mmmﬂﬂwm 4 1lads laun UL

a

0.484578X,; — 0.366282X,; + 0.267943X;3; — 0.159128X,;

0.0778X;; + 0.266697X3; + 0.781157X,;

a

ey
(2)

Fuindiedy uazaBunnsindueds ivnns standardized wosdayasnn j nuansl

FoA ANNABNNALRAE AT
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ﬂﬁi"iLm’lzﬁmimmaﬂW‘Vj@m (mult|p|e regressmn) uuﬁuﬁﬂummmﬁmmzﬁﬂ@'ﬁ’ﬂ (factor analysis)
ﬁﬁcﬂﬁﬂﬁ’]ﬂ"]ﬂmﬂﬂﬁma‘ﬂ (X,) ATHNABNALRAE (X,) mwmmuwmmmm (X,) uazBannaicuede (X,) 193%03A
Fifiusuanld shllunuluannisd 1 uay 2 a2ld FS, uaz FS, Feaz Lﬂuﬂwwmummwmmmﬂ‘lvmmw 1 Az 2
ATNANAL @’mﬂ’]i'sLm"]“"Mﬂ’]ﬁ‘ﬂmD@HWMﬂDALL@mﬂ’W?M?Q@@@uﬂﬂﬁmﬂi”@%ﬁ%ﬂMQWi@Nﬂu“ﬂ@WlfJLL‘]J?@ZW"’W‘@WJLL‘ﬂi‘
¥ung dasznevdes Fad ﬂ@%mummwgummmmm 1 LLmﬂ%ﬂmumqummmmm‘w 2 fuauutanan
laesedy dudufaulsmalugsnismennsafideaunnsvinng Lﬁ@ﬁmsmw’mﬂ'ﬁa‘:ﬁuﬁm&’f]ﬁﬂﬁmwﬁﬁu 0.001
deflAntieandn 0.05 uandliiiuindfudsdasmiesaulminuneedales 1 faulsitsnarsenasesuautenen
AnFaf (Table 7) LazAmagaLA AN AV sefTnsiusBasiasaLlsvinung luguntanennsaiseannis
annee TneRansnnAsziLTdfnLd AnAsd ﬂ@ﬁﬂﬁmmquﬁmmﬂﬁqﬁ 1 waziadesnuaningiens
Fa 2 HANszALUlEdATYWYINAY 0.000, 0.001 UAZ 0.008 ANAAL Fa1ta 3 #n Tlentieandn 0.05 fufuansinAnas
ﬂfv«ﬁﬂﬁmmmwgﬁmmﬂﬁaﬁ 1 LL@zﬂﬁw’ffmmmwgﬁmmﬂﬁqﬁ 2 favEnmitenasiasuiutenaneatseiy
(Table 8)

Table 7 ANOVA.

Model SS df MS F Sig.
Regression 3955.378 2 1977.689 11.370 0.001
Residual 3478.915 20 173.946

Total 7434.294 22

Table 8 Coefficients.

Unstandardized coefficients Collinearity statistics
Model t Sig.
B Std. error Tolerance VIF
Constant 21.624 2.750 7.863 0.000
FS1 -10.542 2.812 -3.749 0.001 1.000 1.000
FS2 -8.286 2.812 -2.947 0.008 1.000 1.000

u@nmnﬁuﬁqLij"amfmmummﬁuﬁuﬁ’imdwﬁwmuﬁﬂmfaﬂL'afﬁ'ﬂﬁiaﬁuﬁuﬁmﬂi@mvﬁ@ﬁqLLﬂiﬁm’m LAY
N@u”lﬂu‘ummmLm%umiamn@ﬂwmm feflReulalunnsasmagay 3 4a An 1) AAINARIALARDL (error or residual)
Faeiinnsuanuasuuuing 2) mmmLLﬂj‘ﬂmmemmmmmmLﬂaﬂummmw LAz 3) AANNARIALARBURRTY
fageiu wuan muﬂi@mmmmuﬂiwqmﬂ Gatlsyneavudag AnAeh ﬂ%ﬁmuamwmmmﬂmw 1 uaztlaqasinu
aqummmﬂmw 2 ENNT0EBLNEANNLANANITAIAN I UTnanIe AL AeRUlANGL 48.5% (Table 9) Wazd WL
nansageudarlanisuanuasiLnArearnAuAanaLAReUAY 193 Kolmogorov-Smimov 96an1sataszsinLdn
Ieedutdfyfifininy 02 dwnnndr 0.05 AwsplfdrAprupaiaaeuiimsuanuasaung - dwi
managauAnIiluaassiuIasAnNuAaARAeuay 1933989 Durbin-Watson AINAN34IWANA Durbin-Watson
FAwwindu 2.342 %qﬁm@g’swdw 1525 aqmqﬂiﬁdﬁﬁﬁmwmmmLﬂ?}l'aw,ﬂuﬁmzﬁu (Table 10) #145UN19MI_ADL
AnautlssuaesAnaueraanaeuludedl 2 vinnnansageulnannwdennamszningAANNARALARELTL
Anennsal arnninuasslidiudnnisnszanseesdndulluugulifzluunfiuiueuness vagllddndaaw
1713901 89AN AN HART LA RBUATT (Figure 3)
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Table 9 Model summary.

R R Square Adjusted R Square
0.729 0.532 0.485

Table 10 Condition checking.

Kolmogorov-Smirnov
Statistic df Sig.
Unstandardized residual 0.125 23 0.200 2.342

Durbin-Watson

Scatterplot
Dependent Variable: AvgFruit

3

2]

Regression Standardized Residual

T T T T T T
-2 -1 a 1 2 3

Regression Standardized Predicted Value

Figure 3 The scatterplot of residual variance.
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doefuauinanaifeunaianasnd Whinnsmmendiuan 3-4 Ak dmiudainRenlaninasimenudeisii 20
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@anAan “MANGO FLOWER FORECAST” saudnslunindnaans (Figure 4)

Mango Forecast HOME MAINIDEA OBJECTIVE SCOPE MANGO FLOWER FORECAST

Prediction of weather and Thai Golden Honey mango flowering

Figure 4 Website screen http://www.mangoforecast.com.

WAIANABNARN “MANGO FLOWER FORECAST” aztlsnguiinaasiuandlunind1eana (Figure 5) aanti
glinsanAedsvesiadtsmusnmgiainiantuinld euaniuiEuaseenauielunnziuluiuisesnsmennsal
waznaRNasiazlsngAnensniliuuaenusffeInmeL

Mango Forecast HOME MANGO FLOWER FORECAST

Prophecy

Average temperature
g P Average temperature

e e Average air pressure

e Average relative humidity

S Average rainfall

Mango flowers

Figure 5 Website screen http://www.mangoforecast.com after selecting "MANGO FLOWER FORECAST".
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Root Colonization of Arbuscular Mycorrhizal Fungi (AMF) in Durian cv. “Monthong”

Grafted-Seedlings
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L%'aﬁ"]m‘fﬁmﬂmﬂmﬂﬂﬂ?m (arbuscular mycorrhizal fungi, AMF) Lﬂumm’mmﬂﬂiumummumﬂwm
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ﬂﬁiﬁﬂﬂﬂuu’mqﬂi‘y@\‘iﬂLWﬂﬂﬂ‘H’m’]ﬁ‘L‘m@Wﬁﬂ‘HmLﬁﬂ AMF lusnaassiundnyizeudausaniuguueunes Tnganqueu
N1INAREILLL Completely Randomized Design (CRD) Usznausag 7 nessis < az 5 4 ldur nsldide Glomus
mosseae, Glomus geosporum, Acau/ospora mellea, Scutellospora pellucida, Claroideoglomus claroideum
LL@“’ Rhizophagus intravadices LL@“’iﬂﬂL%'ﬂ AMF (ﬂi‘a‘mﬁmumm PRIANNTININNINAFBNTUIAN 3 LU WL AMF
a6 a1 mmimmmﬂﬂ‘lmnﬂmuﬂmmmuim LAz AMF s niulnasanIsas AL UeUNANY e
wAnsnai nnsldide G. geosporum uLﬂmmummimawm“lumnmunmmmumnmm 47.33 wlafidius Januau
ailag 53.60 atlafsiany 100 N3 %qﬁmmLLmnﬁiNfaﬂ'mﬁﬁﬂz&’ﬂﬁfymmﬁﬁ LL@zﬁLLquﬁuLﬁuﬁmﬂmﬂﬂ?mlﬁuim
Immﬁﬁuﬂmqua‘nmwﬁqﬁuaxﬁumﬁuﬁﬁmﬁu mrngqﬁlﬁ'm%u NIATINWUTIVRIR T UIEA LINTRAY  UAZNIA
T uiereasnwingiy 2.05 RaRiNms 7.12 Liusiuns 31.78 wWefidus waz 30.72 wefidus muansu

AdAty: lupasles nsdnAsauATassIn nasEsRLln

Abstract

Arbuscular mycorrhizal fungi (AMF) form symbiosis with plant roots. The AMF are beneficial to the host
plant as they promote growth and enhance plant tolerance to stress. The objective of this research was to study
root colonization by AMF in durian cv. “Monthong” grafted seedlings. The experiment was designed in Completely
Randomized Design (CRD) with 7 treatments and 5 replications. The AMF species tested were: Glomus mosseae,
Glomus geosporum, Acaulospora mellea, Scutellospora pellucida, Claroideoglomus claroideum, Rhizophagus
intravadices, and a control without inoculation was run. Three months after inoculation, all AMF species had
colonized the durian roots and each AMF species showed different effects on the growth of durian seedlings.
The highest percentage of root colonization was found in G. geosporum treated durian plants with 47.33%
root colonization and 53.60 spores per 100 g of soil. The treatment improved plant growth, and the stem diameter,
plant height, plant above-ground dry biomass, and root dry biomass of the inoculated durian plants were 2.05 mm,
7.12 cm, 31.78% and 30.72%, respectively.

Keywords: mycorrhiza, mycorrhizal colonization, plant growth
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Table 1 Plant growth and biomass of durian seedlings at 3 months after mycorrhiza inoculation.

Increase in stem diameter Increase in Above-ground Root dry biomass

Treatments at ground level plant height dry biomass percentage
(mm) (cm) percentage

Control 1.27a 4.90 30.79 29.54bc
G. mosseae 1.68ab 6.55 31.40 30.71c
G. geosporum 2.05b 712 31.78 30.72¢c
A. mellea 1.51ab 7.33 3117 30.15¢c
S. pellucida 1.66ab 6.07 31.08 26.35a
C. claroideum 1.89ab 6.93 31.35 27.63ab
R. intravadices 1.70ab 6.88 30.99 27.73ab
F-test * ns ns *
CV (%) 27.81 27.35 4.91 7.55

Different letters indicate significant differences between treatments by Duncan’s New Multiple Test (DMRT) at P=0.05.
ns = non-significant, * = significant at P<0.05 by DMRT.

madherdaveanda AMF lusndunduazsuauadaslunu

wdeannldide AMF TusundnFan unan 3 ke wudnide AMF i 6 1l anansndnendelumnyes
ﬁ’fun@’fmGﬂuiélﬁmﬁﬂuﬁmmﬁuﬂé’m@ﬂuﬁﬂummﬁiﬂﬁ‘lmwﬂ{mmL%fa AMF (Figure 1) Thaide G. geosporum
ﬁLﬂfai‘ﬂ,ﬁ?um’maﬁ’vanﬂ”ﬂfagmmL%@ AMF lusndundiniBaunnniign wini 47.33 wlefifus sesasunia A. mellea uaz
S. pellucida Wi 44.00 uaz 43.33 Wafidus mua1fy dausundny Suuiildide C. claroideum waz R. intravadices
fulefidudnmednenderesda AVF lusndundmFoudesiign ity 3533 wefidus deflamauanseetng
AdadnAtyn1eadd douaruaudtasiufunudn ﬁ’unﬁmﬁﬂuﬁ‘lmﬁ@ G. mosseae, G. geosporum, A. mellea,
S. pellucida uay C. claroideum finuanalesluaussdIndiAeatiu Sefien1au 53.93, 53.60, 51.0, 49.8, LAY 45.7
avasrianiy 100 N3N AINAAL é]’uﬂz’fmﬁwﬁimﬁ@ R. intravadices flanuuailefludutieniign wihiu 37.53

wasfidus TelianuunnsnsadnaliiagnAtyneadia (Table 2)

Table 2 Mycorrhizal root colonization and spore numbers in soil at 3 months after mycorrhiza inoculation.

Treatments Root colonization (%) Number of spores/100 g soil
Control 0.00a 0.00a

G. mosseae 38.67bc 53.93c

G. geosporum 47.33d 53.60c

A. mellea 44.00cd 51.00c

S. pellucida 43.33cd 49.80c

C. claroideum 35.33b 45.70c

R. intravadices 35.33b 37.53b

F-test * *

CV (%) 45.35 45.14

Different letters indicate significant differences between treatments by Duncan’s New Multiple Test (DMRT) at P=0.05.

* = significant at P<0.05 by DMRT.
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Figure 1 Colonization of arbuscular mycorrhizal fungi in durian seedlings. Roots of non-inoculated control plants

(A and B) and AMF-inoculated plants, extrametrical hyphae (emh) and appressorium (ap) (C and D).
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asuszaumepulsuanssansuna T ldldidme dwstaiumenues waneal sz uarasininl dunans
(2556) W41 e AMF NAARBNNIAINELNEF LAY 81NEUINAY BILNEANIA B1LNBLNEEY B1NBLNT Lazane
1 o Y [ o = 1 o £ o £ tﬂgj o 1 o v o
yariodne lwedadpdsluiuazamu amnsadiendalusnanlals wazidie AMF aingineusing yldanly
HAINGY AHNAINIINN LATAINENININNNNINTAA  ARIHANNIZIANZAITNINaTE AMF  uazivadany ity
Womsynaums 539 1Ren@anad uazinawssnd Wewdn (2555) seeunisldida Acualospora sp. yinliumangn
HAnugauazauauluniniga daunnsldide Glomus sp. $anfu Scutelospora sp. ddualiuaanaiaAngauay
mmu’tnummm vananiaeluneslemdainadatminuiuaiin & AansmARBsTes Abhinya and Charoenpiwatpong
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dl d’l a o a v o o 1 d’/ o = ¥
Wldime G. mosseae waz G. geosporum Hanuaualeslumugalndlaeaiu usl@a G. mosseae nALHNI9daAE
aglusnidasndn@a G. geosporum (Table 2) Gvanaiflumszida AMF wiasaiindaauaunsnlunisidnende
Tusnaesiaandelamnaiiy (Malibari et al., 1988) WHULASAALANIANEIURY ASTUEN A29INIIUUT (2545) WU
& . , = Y v vy Py =1 ,
L8 Acaulospora colombiana Wag Acaulospora dilatata 1N13LU18N ﬁﬂslu?ﬁﬂmuﬂmmmuim ANQA WALTA A. colombiana
Hanuuadeslusudesndnide A. dilatata
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A Study on Harvesting Seasons and Different Fruit Sizes

on 'Pan Baan Phaeo' Lime Fruit Qualities

5o tanas’ 9@y anaung’ wazldun duangu”
Sarida Buathong', Wachiraya Imsabai' and Paweena Chuenwarin"

UNAnsa
dld o 1 [ ¥ dIQ v A A o o v v I o S o
nzwnfiamiheegluissnaiauasidunieneesdfisinn fe g wilidwwdy usddslifideyadnwoe
AuNINLaINzuIuguTuuwia e uauiuluasaggniafiviies Ae gauas (WnNsIAN 2561) uazggeu
a =< v a o s & ¥ ¥ ° A -3
Fomean 2561) aslAtsziiudnsoizannineszuaiuguiuituwitainaanln Sauiu 3 aun Ae wes 4, 5
waz 6 wud Nxwfunealuggeuianeans duihugueanatms Wiwinea dnindAu ansmlaen
A uazdandaussnindinueuddiazaneild (18S) sediunmnaaiitnmsals (TA) deandwzumn
AU lungude douBannniAu unnAmiud uaz TA m@qwmfmmumm‘LuqmNuummﬂmmmm
dfuladesiuamnana wud1 Anaenaee duiugudnanasa dmdnus usziminiAu ssssuawed 4
frngeiign sesnsnie wed 5 uaz iwed 6 uitSun TA uaz TSS sduilerunmuaidnas uenaniddamuinggnia
WAzIUARARL JANRUETUAEANUIUNAL ANUINAR LFNDUIRRNE TA TSS uazdnsdau TSSITA

ANANATY: Citrus aurantifolia TWIANA ADANINEA ANIA Neu19uLiy

Abstract

‘Pan Baan Phaeo’ is the most popular lime cultivar produced in Thailand; however, information on the quality
of the fruit, and in particular on the quality off the fruit cultivated in the dry (January) and rainy (August) seasons is
very limited. In this research, we therefore aimed to determine and compare the quality of limes obtained from
some Talaad Thai (fruit and vegetable flea market), sampling three different fruit sizes, namely, sizes 4, 5, and 6.
The results indicated that harvesting season affected the fruit length, fruit diameter, fruit weight, juice weight,
fruit rind thickness, number of seeds per fruit, and the total soluble solids (TSS), and titratable acidity (TA) ratio
(TSS/TA) values, all of which were higher in the dry season than in rainy season, whereas the juice content,
vitamin C content, and TA were lower in the dry season. Concerning the parameters of fruit size, we found that
the fruit length, fruit diameter, fruit weight, and juice weight of the Pan Baan Phaeo 4 were the highest, followed by
Pan Baan Phaeo 5 and 6, but the TA and TSS increase were the highest in Pan Baan Phaeo 6, followed by
Pan Baan Phaeo 5 and 4. Furthermore, there was an interaction of season and size that affected the number of

segments per fruit, number of seeds per fruit, vitamin C content, TA, TSS, and TSS/TA.

Keywords: Citrus aurantifolia Swingle, fruit size, fruit quality, season, Mexican lime
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panln dadunaananeindaduia mwmﬁlﬁﬁﬁmﬂl,lmpﬁfﬂﬁ” dnanvinnsAnme AuAinensiulnanssasines
wariniaivatAspzes@udnluyn < du Duunsgdnlumssussuaznszant@udmeninnsmmenelullszne
uazAaLszina %qﬁma‘ﬁmﬂmmmqﬁuﬁ ‘wilutfuude iudouwlvey Lﬁmmmﬂummqﬁuﬁzﬁﬁﬁﬂ;mqmm”ﬁ
ludssnelng Taefdneneina Ao waenusanBunnsiann wiriiemnauwhrhuwiadineeanansaidusas
PUIATBINA UazIIAALANFaTlusazgNIa

dineunasgduAnERTLAza WG naznsaninemsuazaunsal lidninannsgududinzms
m@\‘iwu’mu (. 27-2560) TatpninnuaTdnATy Ao unnshmulifanndt 40% dermnodatshwinidy
Feufdminresuanzung Alfenasddides seflufdudesldliniu 30% mmmwmuummmmmﬁﬂmmqLﬂu
6 IUA Imﬂﬁmmmﬁ‘luﬂ&iﬁqmﬁLﬁumu@uﬂ’ﬂmqmﬂndﬁ 49 JARWRAT memmﬁﬁﬂﬁqmﬁ 35-37 {adALNAT
ANNTUNZUN9 C. aurantifolia (NFENTINEATUAZANNTOL, 2560) TaefisnAnanelunanaln snaNzuNa njazang e
TusAnfiunandnuznanaidn esannauanaivajazldsani ﬁuLﬂuﬁﬂﬁm:@mmwﬁﬁmqmaﬁﬁ YUIPLARIR
siannunmaesnaliunasznng fefiflenumsineiuady mandarin lu Sikkim Himalayas dezmeduie wodn
naddlwnalvg Snasdidenfmnniinainaunadn mmmmLﬁnﬁﬂ?ﬁmmﬁﬁ%ummdﬂmmmmimy uaziBunn
FmnAuTludunafiflouadngandtuaaunalug) (Kumar etal., 2011)

uananiasmuanauda Annealudan i WunashAu Adden Bunodming Bunnmewdsd
azanenli ( (TSS) Psunounsafilninanld (TA) uazshandauszvdng TSSTA luusiazngniandagesuzuagnainig
wisuladll Gedayasndmandutlsliniunguanuzunaussugramne fasinnisuanluszienamnasy
mLﬂummumimummmmwmm@mLW@‘Lﬁ’lmmmamaame Imﬂmiﬂuyuw@ﬂm@m@mmuqmm@mmmﬂui@u
wiked TneSaunazeenaeniszannidauiivnpaiommen LL@”mmmLm_|mmm@m@m”l,mﬂ?”mmmfaumngmum
denen waziniseannenanasslugaidonanieiuanau uazamnsnfiuReanananluieusunnauinmau
(57 \@354inA, 2543)

q@m@ﬁmeﬁmﬁmﬂuﬂ@ﬁwﬁqﬁﬁﬂﬁ@mﬂTwN@N'ﬁmmﬁmﬁmLﬁmﬁuﬁﬂmmwLLmnﬁiﬂaﬁu@@ﬂiﬂ i A
Navel ﬁiﬁm@mamiuq@dmzﬁmmmmﬁhmgﬂdﬂ wsidronalaiany 15u10s TSS uaziiunm TA ﬁ?ﬁﬂdﬂmmmamhq@uﬁq
(Zekri, 2011) uazgaunigeinlitiunns TA anadludn Valencia wazinstngn wilwaneunudniFunninsnga
saluanmenniddeuuazaineiiv ﬂm\ﬁ”liﬁmmm@ﬁﬁﬂﬂnﬁwﬁmmﬂﬁuﬁ: uﬂﬂ@ﬂﬂﬁgﬂwudﬁ‘qquﬁ@ﬁﬁN@'ﬁﬂﬁ
nswlaeudRareudfenduiludduliRvingamgfish sidevinlinaunnls (Cooper et al., 1963; Nauer et al., 1975;
Abobatta, 2019)

mmmmmmzq@m@ﬂmﬁuLﬁ'mm@zﬁwaﬁi@@mmw%\mwmﬁmwmezmﬁmmmmmqWuq’uﬂuﬁmm’q

v v
o a o

| = = -~ = P @ = L v T =2 =
Aageldimeiinisfnmizesgnininzesnzuani awianauanseiuuasivifealuggniaiuanseiy. AwiuRel
TrgUszasAieAnsniennnnEanzwaiugiiuinuinanaaa indnzw sz unuazaz AN aRALNN
weauaunnseiwize il nedudeyauninwmsnuazusing

a =
AGNITAN TN
=2 é’ Y o 1 o '8 v v o £ % [ [
nsAnildsatananzuiuguiwinuuitaneaaln fuaininsnnsdilgnuzunludaiminaynsanns
Tnatlsziduanearaunnassranzunsiuguiuinuwie aauwu 3 awa Ae whaluuiawes 4 (400 wasie 20 L)
wad 5 (500 waste 20 L) uaziuas 6 (600 uasia 20 L) Mduzuinawinas 10 wa a1n1is 2 9ana Ae auauaznar
FUAUNE A UNNIIANBAZLADURIUIAN ATNAITU
N9UUNNA
- AINENINA (fruit length) Lﬁumuﬂuﬂ‘nmwa (fruit diameter) LATANINULNLASN (fruit rind thickness)
Sapael Digital Vernier Caliper (Insize, Suzhou New District, China)
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- Wvdnua (fruit weight) waziuininAu (juice weight) TaanistatinvinualasFu i AUIa9NE1Ng

paelATRatanAlEN 2 Aunda (Adventurer™ OHAUS, New Jersey, USA) wazA1UnuTNNsinAu Aail
FuntunAL (juice content) = (juice weight / fruit weight) x 100

- ANUIUNAL (number of segments per fruit) LAZANUIKINAA (number of seeds per fruit)

- U3NNnAmnAN (vitamin C content) peidg 2,6-dichlorophenolindophenol titrimetric (AOAC, 2000) Tagiin
YnzunafidundBunns 2 Tadans naufy extracting solution (3%W/V oxalic acid, 8%W/V acetic acid) Ususs
5 Naaans ldaaly flask 2u1m 50 Jaaans W ldnmsasaaansazans 2,6-dichlorophenolindophenol (dye solution)
AuiNqALR (end point) ANWIMILBNAARHWT AnANN IR

Ascorbic acid (vitamin C) content (Ha@nsuea 100 HadaRT WINLW2) = [(A/B) x (viy)] x 100

Wa A Ae U3NmTred dye solution Aldmmsniuansazanefaesng (Radans)
B Ap  13N1m3u89 dye solution Aldmimsniy standard ascorbic acid (1 Raansu fa 1 Naaans)
v A8 1537m3994 standard ascorbic acid N nwmen (Raaams)
=

y  AD Brnmsaesdnednsildinmsn Hadans)
- Brnansafilnmsnld (TA) daedaaes AOAC (2000) TnesFNanTazaIENIATFIM 0. 1N sodium hydroxide
hun i lunnsnmenfisinuzunetiunns 2 faaans IPevendIazats 1%WA phenolphthalein Tz nasay
2 nem quﬂixmmmzmﬂﬂgmmLﬂ@ﬂumﬂ"l,umLﬂumum@@uwmm Thesinnslnmsn 3 91 da 1 Faaeing

%TA = [(Volume of NaOH x 0.1N x 0.064) / volume of sample] x 100

do 0064 Fa Susuniuaesnse citric T mantu 1 Aadtua lndewlansenlas audnganasya

- Banosesudeimuniiazaneninlg (TSS) Inedmsng digital refractometer (Atago, PAC-1, Japan)
NN9IALATITURD A

TunsmaagaFauifisuAuNNNaTRNz R lUgANIA 2 fgNIA Ae QAUAIATO AR (Taded 1) uazazun
3AUA (‘1]'@@“&1'17; 2) I8 1NUKINNINARRILLIL 2x3 factorial in CRD 9tA1=3f Analysis of Variance (ANOVA): two factor
with replication Tu Microsoft Excel fszsunnnadesiu 95%

NANITANMILALIANTOL
msﬁnmn_l"’i'zmLﬁﬂuQmmwmqmﬂmwmmNauzmqﬁ'uhfuﬂuﬁ"\uLLﬁ'qﬁﬁmmmﬁhaﬁ'ﬂuamq@ma
anNpANNENINALAZIEUNN UANENANNA WL ArNENTesNzwauTiii g Wisumauiuluwsiay
1ALeIHA Tunguas es 4 Sennfigaiaiads 41.40 fadiums sasasanaiues 5 fanuenaade 36.26 faduns
uaziuef 6 TArueniedn 36.66 fadums luneelu whuhuuiowed 4 fduniigafeiadt 40.40 TaANAT 79997
Aewwe5 Sannuenniain 37.43 Sadiums uaziued 6 Sanuenniedn 35.37 Sadmas dudaary W uAuenNaINg
vmf;‘LuquLé’mum{4 ﬁmmnﬁmﬁm@?@ 48.64 ﬁaamm ifa\‘immﬁfamm“s lde 44.27 DaALAS LL@”LU®§6
\ade 42.27 mmmmluqmdu wiluinuuwalues 4 ummnmmmmmm 46.83 DaALIAT 5890 NABLLES 5 LoRE 43.20
Aadns waziues 6 1ady 39.93 Nadluns (Table 1) mmwmqmLL@”L@%’umuﬂuﬂﬂmqwmmuvmqLLﬂumuLqu
was 4 1nnaniues 5 uay Wwes 6 aelelitd1Any (Table 2) arWLINAMNENIHALA AU WALENANHATDINZ WY
Lﬂumw,l,wﬂumﬂmmmiuqmLLmummnmﬂuqmlu@mquummm
m‘muﬂmmmuvmfawuﬁuﬂummmq ”luumwnmmmmluqmLmemﬂmm 4 umuunmﬂmmmmﬂ
57.60 N3N sRvANNNABILAT 5 umuum@@a 44.91 n¥u wazminasgaaaies 6 umuum’a@ﬂ 38.32 niu
(Table 1) dauluggiuiues 4 ummunmnmmm@ﬂm 51.15 N3 84aNNABIRS 5 Thinuiinieds 39.95 N3 LA
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lwes 6 ﬁﬁmﬁnﬁ@ﬁ%m \wAE 32.18 ndu (Table 1) Imﬂu%\i 2 9gN1a °nmmm@ﬁiuagndmﬁﬁmﬁﬂmﬁlmﬂmﬁ
mmrﬂm@ﬁﬁmmmLﬁnmm@ﬂwﬁﬁﬂdﬁﬁm (Table 2)

mmunmm‘luqmmemuﬂumwmq wad 4 frhwiinannilgaiade 27.84 niw 7eRwARIeT 5 muuﬂ
WA 21.81 NN uaziLeS 6 veiiga ummmmﬂ 18.51 niw (Table 1) lugee wai 4 umwﬂmnmmmﬂm
2559 nju sesawnAewes 5 dwminedn 20.92 nfu uazlianfigaRewes 6 Yiwminedn 16.03 nfu (Table 1)
‘EmﬂumuﬂmmwmmLLﬂumuLL‘wqmmmmmlwm%umuuﬂmﬂmwm‘ummL@nfammummm (Table 2)

ANENIN dutugudnaning e uazthuiintinAy luusiazanmresnguas HAsnnndggeu
ateililudAty (Table 1 and 2) Tenampdesiu AnAu gein uazaniz (2557) Tuwifinudmanznaluusazggnia
FuRendvminuansneiu eimsdneluisanedumuinBinaidudoaseFannuauan (Parsons and Wheaton,
2000) vﬁ"\i&mﬁ@ﬂ?mmmmamm’@r?’futﬁu%uﬁqmm@lﬁ’mmmm:ﬁwﬁﬂm@@mm (Goldschmidt, 1997; Guardiola and
Garcia-Luis, 2000)

ﬂ?‘mmﬁ’]ﬁﬁummmu’mﬁuﬁuﬂuﬁmuﬁﬂmwi@Jnmmmm”l.m’ﬁmmLLmﬁi’mﬁummﬁﬁ wazan AT I
ATWLIN 34Umqmiﬁumwmmﬂmmumwmummﬁm@umLmﬂmmvmmmmmmmmmq L. aurantifolia
(xn. 27-2560) AiReRFTN AN 40% (naznaruinEmIuAzauNIal, 2560) LmemﬂuquuIMﬂ?mmmﬂu
snnndnngudsetieiidtid1 Aty (Table 1 and 2) Gsaanndasiu Zekr (2011) Aing1ad1du Navel &niinsThinaasyinlsr
fnnsiAg

Aonvuaanaesnswauiuiuwie sendnsruinaesnaliuanseiuneats (Table 2) lunguas
uihahuuiawes 4, 5 uaz 6 Sausunildeniade 158 Saduns 1.53 TadwAs waz 1.56 JaRWAT ANAIFL
Tungely uluriuwiniues 4 Sanunilaeniadeie 1.53 Tadwns iweds wae 1.38 faAuns uaziues 6 1aie 1.35
HaaLum? (Table 1) ‘EmﬂuqmmquvmqLLﬂumuLquLﬂ@faﬂummﬂuqmNuamwuuammmmmmm (Table 1 and 2)
ﬂ’]i‘LW”l“’ﬂZ\mLL@"’@\iLL’]ﬂﬂ’ﬂuu@%ﬁv\l@ﬁl’ﬂﬂmuﬁu’]“ﬂ@\iLﬂ@'ﬂﬂll“’u’]') T9A0AAFEITLNWINHLRY TN 4336 WATADLY
(2557) fisreuin m@wmﬂuqm‘mmLL@vqm‘@ummwmﬁumLﬂa@nmﬂﬂmqmu mmu@qmnluqm@ummmu
figannivinlduusnafiseueiaafifinananwuaedeniimanzan foasdaslsusmldeyldnmelfanozi
iwsnzaumanii mmma%ﬂuq@muuummmuLﬂ@@ﬂwuuww,wmmmi@;zyLaﬂmLL@WLWfami@gifammmummq
memi‘ﬁqmﬂummqLﬂﬁ@ﬂmaﬂdﬁqm@mmlﬁ’ﬂ?wmfﬁmmmmﬂuqmNuuqﬂndﬂuqmﬁq

uaunauNzuaRuguui i wes 4, 5 uar 6 ‘luqml,m HauunaLW@Ae 11.6 NAL 10.8 NAL UAY
11.6 naU Ama AL luggu wes 4, 5 uar 6 HaMuIundALWAYeEW 11.1 NAL 12 NAY uAz 10.3 NAL (Table 1)
‘Emmmqun@u”lmmﬂm\‘mummammﬂ@wmuq@mmmmmm (Table 2) silifiasanannifluszuniugideniu
winudnggniakazawIalljdnRususea ATz RS IuT UG (Table 2)

Suauninresmznaiiiuieslugquds uthahuuiewes 4 fdwaundaieds 11.9 win wes 5 fdwou
\ade 8.6 in uazied 6 1ade 7 wda lugaeu wluthuuiaiues 4 Séunumdaieis 5.6 wis wed 5 T4 usuads
9 WFn uaziUes 6 19AY 6.4 AR (Table 1) Tenudrdunuudaliunnsireiumeadiluzamnasg °| (Table 2)
utaziiudnlungudtianzsandainnndrluggiu uasnudjdniusszvdnggmauazanans laglunqudsiinga
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Table 1 Physical qualities of ‘Pan Baan Phaeo’ fruits for different sizes in dry and rainy seasons.

‘ Fruit length Fruit diameter Fruit weight Juice weight Juice content Fruit rind Number of Number of
Pan Baan (mm) (mm) (9) (9) (%) thickness (mm) segments/fruit seeds/fruit
Phaeo’ sizes

Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy

4 4140 4040 4864 46.83 5760 5115 27.84 2559 48.32 49.97 1.58 1.53 11.6 11.1 11.9 5.6
+0.49 +0.67 +0.27 057 094 202 +0.74 +1.16 +0.85 +0.88 +0.06 +0.06 +0.4 0.3 1.9 1.2

5 38.26 3743 4427 4320 4491 39.95 21.81 20.92 4838 52.34 1.53 1.38 10.8 12.0 8.6 9.0
+0.66 +0.36 +0.28 +0.24  +1.01 +0.65 +1.10 050 £1.72  0.65 +0.06 +0.04 +0.3 +0.3 1.3 £1.0

6 36.66 3537 4227 39.93 3832 3218 18.51 16.03  48.24  49.69 1.56 1.35 11.6 10.3 7.0 6.4

+0.50  +0.51 043 044 £1.04 113 2075 £0.81 1.156 +1.34 +0.06 +0.05 0.3 0.3 £1.1 0.9
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Table 2 ANOVA results for the physical fruit qualities of ‘Pan Baan Phaeo’ with season and size as factors.

Parameter Source DF F-value P-value
Fruit length Season 1 5.524453 0.022435
Size 2 41.26349 1.33E-11
Season*size 2 0.091543 0.912663
Fruit diameter Season 1 29.55658 1.34E-06
Size 2 144.769 2.01E-22
Season*size 2 1.319547 0.275735
Fruit weight Season 1 35.20289 2.18E-07
Size 2 128.0812 3.17E-21
Season*size 2 0.212939 0.80888
Juice weight Season 1 6.915262 0.01111
Size 2 58.83561 2.74E-14
Season*size 2 0.489967 0.615344
Juice content Season 1 6.231312 0.015636
Size 2 0.864204 0.427132
Season*size 2 0.724009 0.48945
Fruit rind thickness Season 1 8.779611 0.004523
Size 2 1.969072 0.149482
Season*size 2 1.022494 0.366554
Number of segments/fruit Season 1 0.545455 0.463379
Size 2 1.106061 0.338238
Season*size 2 7.409091 0.001434
Number of seeds/fruit Season 1 4.340258 0.04197
Size 2 1.770003 0.180071
Season*size 2 4.02591 0.023456

msﬁnmu,a_l‘%'ﬂuLﬁm_lﬂmmwwmLﬂﬁ«nmwauvmqﬁuéuﬂuﬁ'ﬁuuﬁqﬁﬁmmmshqﬁ'u"luamqmma
Buanmindaeansunauduruiia lwes 6 ”Luqmlu uﬂ?‘mmqmuumfummnmm AR 50.66 NaANTNAa
100 Hadans uazlugguas ueuaiues 5 uﬂ?m’]mqmuumfa@ﬂmnmm AR 40.98 HaANTNFA 100 NadanT (Table 3)
uaznudndIunadnn dutlusiazaunanaldunnsneiunieada (Table 4) Iummzwq@duuﬂ?mmqmuwﬂmnmﬁ
qm@’mﬂwﬁﬁmﬁﬂﬁm %mmm@”mﬁmmﬁ@”mm Hanson et al. (2011) ﬁwudﬂﬁﬂiumﬂa Brassica 8291%a N[350
Qmmwﬂuqmumnmﬁqml,l,m u@n@’mum@mmmmmmmmmnumm@mm AN 493 LATAY (2557)
89U m@u”u’miuqm@uuﬂ?ﬁmmamuwﬁu@ﬂmﬁN@wmfﬂuqmuj LummﬂammmvmwmimummLL@”
mmmimummmwﬂummmmmLmﬂﬁmmmmumwmmmu (39U AIWNilE, 2538) UATWLNAANIALATIWIA
1e9uaR L AuiusiuseFuafdmint na1ke naTesNzuRTWIAGN g geuaritiNA R ANTgeandnawalun
TFeaUdu mandarin fis1eNa19n naduauaENHTTu A AuTgInd nawalun (Kumar et al., 2011)
13000 TA 2esuzunaiwes 6 JFunaunnndiuzung wes 5 uaziues 4 adrelidad Aty LAZNEUNI AR
‘Luqmrﬂuﬁﬂ?mm TA mnﬂfj’m‘”mqLLﬁq@ﬂNﬁﬂfmﬁﬂﬁm uﬂﬂmﬂﬁﬁqwuﬂﬁﬁuﬁ’uﬁmmqmmml,@wnmmw@wmfsﬁfm
(Table 4) mmqmwuwmqmﬂ?mm TA LL@Wﬂ?mmammwﬂuqmrﬂuummnmﬂqmLLm ARAARBNLNNUIRURY
qmqu ma‘m UaTADLY (2557) fiwwdn ﬂ?ﬁmmqmuwﬂuqmumﬂ analiieaanniiiBununsadasnuaznsaunanlumg
snna dansasiadesaiiatoslunisasitedaiudld fsanaldadungdnuzunarunadnd TA geaspnadanalif
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HilfunnanmAutgesan mu%ﬂuq@cluﬁmmmm@mﬁm&ﬂuimamuﬂﬁmﬁu wazaailunaliinsnannsnazan
Tunaldunn (Zekri, 2011)

oy 7SS pesuzuautiiuuioluynawanawansinsiunieads ‘lummm”l,uLmeNﬂu‘LuLLqumm@
LL@”EI\?WUQ’WN‘]J{]@NW%?H@\‘Iqmﬂ’mLL@”‘HH’]@N@M@LE‘N’]M TSS (Table 4) Insmzunawed 6 Mfuiaslueaesggna
f1Bu0u TSS ’nndwzuniwas 5 uaziues 4 ateildod1Any (Table 3 and 4)

dmfudnndou TSS/TA Hanunnsieiuluaeangnia wasnudlljduiusaesggniauazauinse TSS/TA
Tnanzuaes 4 ’Luqmum fiein TSS/TA 3N wed 5 uaz wed 6 ety (Table 3 and 4) mu’Luquu
nduNLdazuaies 6 SAnaAaniigane 1.24 sasasndluied 4 wan 1.15 veefiqade wed 5 adn 1.13
(Table 3) MsTBNRAMALT Ui TA way TSS lumanzunauanseiuiy erafinainnisanssuuas
anmiandenfidaiaernana uwazliunndmiud Bununim uazliun 7SS fazanluug (Ywassaki and
Canniatti-Brazaca, 2011) fm3d9u TSSTA Milavanaanumanuaedna lilaandnldunas TSS ez TSS azdsynau
dnadae nsm e uay Lm‘mmmvmﬂmiwmm 7 %iin muum@mu’rﬂuqmdumﬂ?mm TA 49N9NHZ1N
lunauds Aedana FReRsdan TSSTA i tsweninusualungeuilsaiSeandnazunanguds vilenaa luanmauils
g qudsiisai Sanaumanuannndzunag g

Table 3 Chemical qualities of ‘Pan Baan Phaeo’ fruits for different sizes in dry and rainy seasons.

Vitamin C content TA (%) TSS (°brix) TSS/TA
‘Pan Baan
(mg/100 ml juice)
Phaeo’ sizes
Dry Rainy Dry Rainy Dry Rainy Dry Rainy
4 36.80 42.99 3.35 7.24 8.80 8.30 2.64 1.15
+2.02 +1.47 +0.06 +0.14 +0.21 +0.16 +0.09 +0.02
5 40.98 41.92 3.69 7.90 8.80 8.91 2.39 1.13
+2.68 +1.26 +0.08 +0.13 +0.27 +0.14 +0.08 +0.03
6 38.74 50.66 3.73 8.24 8.91 10.19 2.39 1.24
+2.12 +1.22 +0.09 +0.13 +0.23 +0.27 +0.06 +0.03

Table 4 ANOVA results for the chemical fruit qualities of ‘Pan Baan Phaeo’ with season and size as factors.

Parameter Source DF F-value P-value
Vitamin C content Season 1 14.82267 0.000315
Size 2 2.947559 0.060963
Season*size 2 3.70047 0.031182
TA Season 1 2268.883 8.52E-46
Size 2 21.88596 1.09E-07
Season*size 2 4.10608 0.021878
TSS Season 1 2.79488 0.100352
Size 2 11.12201 9.02E-05
Season*size 2 8.661269 0.000546
TSS/TA Season 1 744.2307 2.92E-33
Size 2 2.5653035 0.08721

Season*size 2 4.254 0.019247
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Ananwuasdlasuuiuaasi@asn Trichoderma spp. Tunﬁimu@Nmﬁﬁmmzmsﬁ'ﬁummm
nanlaldinauelaganunsinin (Meloidogyne incognita) Tusziliawnd
Potential of Trichoderma spp. Spore Suspension to Control Egg Hatchability and Development of

Root-knot Nematode (Meloidogyne incognita) in Tomatoes

asnm Tgavilszany’ uazansas quauns”
Angkana Rotprachak' and Amornsri Khun-in"

UNAnsa

dam Trichoderma spp. anansawuldilmasssuni u senive Buvisedng uwazhu Tnadaunn
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ey lAmmda LL@mmmmaL@uienwmmawmmu’Lumimmumfammm‘[,mwm mideililinguszasinermsdnen
Ananwaesdas Trichoderma spp.. "lumiﬂummiwwu’mmﬂ@uiﬂzﬁm@udaﬂmmm‘llmmnﬂu Meloidogyne
incognita Tunz@ame mﬂmawmmmmmwmmu 22 'lalgiam W‘U'J’]L“ﬁ'ﬂ?’] Trichoderma spp. lalgiam T35-C0O4, M4
uaz 03-134 anansnanmisfindazesngulildiniendasmnluliaeiiusydngnm nefinsairadulodsnungsls
7l 72 dlus Wiy 100% wagvinlingalafinisiindawiniy 1.33, 1. 50 WAz 2.00% FNAIAL (1ANAABIAILANYINIL
80.60%) dwitnismasevlulsaieu wuinlinasenndesriu 7 Aeidam Trichoderma spp. 1 3 lalniam 41307190
aamaiionn uaznsadrengulalfetnediss@vanm Wedleuiugananesmiugu sAstiandlmidiuinden
Trichoderma spp. ummnmmmmuauL%fammmrfﬁm meﬂi:ﬁumwmﬁ’mmummﬁﬂﬁm’h&u gafiAnanIn
"lumiLﬂuL%famﬂﬁﬂﬂﬁﬁi@%ﬁ@uﬂ@ﬂ fealdiduuvamsdmsunsimunifienizauny uazaaniadivhang saud
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AdAny: TenUfindseldineudes dneudassintu nsatunulngdais

Abstract

The fungi Trichoderma spp. can be found living naturally in various places such as plant residues,
organic matter, and soils. Because they are antagonistic microorganisms that can be grown fast, they are often
studied and used in various applications in microbiology and agriculture. The fungi are sometimes used to create
enzymes or secondary substances that find application in the control of plant pathogens. The main aim of
this research was to evaluate the ability of Trichoderma spp. to inhibit the egg hatching of the root-knot nematode
Meloidogyne incognita in tomatoes. Twenty-two isolates of Trichoderma spp. were used in this study. The findings
indicated that 3 isolates; T35-CO4, M4, and O3-T34, exhibited the highest ability to inhibit the egg hatching of
the root-knot nematode. The fungi infection reached 100% and the levels of egg hatching 1.33, 1.50, and 2.00%
at 72 hours after incubation, respectively, compared to 80.6% for the control. The main result of the greenhouse
experiment was that the 3 isolates of Trichoderma spp. mentioned above were able to effectively reduce galling
and egg production in the plant roots, compared with control treatment. This research shows that Trichoderma spp.
can be used to promote plant resistance and is a fungal agent that is antagonistic to nematodes. Furthermore,

the fungi have the potential to be used in the biocontrol of root-knot nematodes that infect other plant species.

Keywords: nematophagous fungi, root-knot nematode, biocontrol
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ﬁu‘ﬁﬂmamﬁuiﬂﬁgﬂL%@mlfﬁﬂﬁﬁmﬁmwﬁ%mﬂm Khun-in et al. (2015) nmelsindesqanssmiuuyulduasaiin stereo
microscope amiuAnTulefiFusnsdinaaresdesinagenfuandluaunisdiuans WRenifieuadalagia
Duncan’s New Multiple Range Test (DMRT)

o o No. of J2 hatch in dH,O - No. of J2 hatch in treatment
% Mycelia infectivity = No. J2 hatoh in treat . x 100
0. atch in treatmen

se@AnEnwaaa@asn Trichoderma spp. an1sWnarasldinaudassiniu M. incognita

\T89 Trichoderma spp. a1131 22 lalaian NAsNUue slasaide PDA U lAuad near UV dauila 12 dalua
Py ay o o - [ 7 a aa o 4 0ve a o
NgnunnRes lunan 3 du iadesuaousesarudndu 1 x 107 spore/ml snnms 1 Jadans dhsnagliiofomui
819113 water agar (WA) NNdaunan93 streptomycin 0.2 nusia@ns Unlfuas near UV Nigoungiivias uiu 24 4019
antihngulaldineudas M. incognita 119 NARNNANANWALLTE LNNgMARTeY TuinauIufigeuL e
&peudassniuninesnannla InefnLladianisann Sun et al. (2006) waz Khun-in et al. (2015) Aalindas
“g@mi‘ﬁﬂuuﬂﬁ?ummﬁm stereo microscope ﬁﬁmmﬂ'ﬁmﬁﬁmuqm

Juveniles

Egg hatching rate x 100

Eggs + Juveniles

. _ Dead juveniles
Juvenile mortality = ) . x 100
Total juveniles

Na‘ﬂﬂﬁﬂ@:u‘l‘ﬁﬁgﬂﬁ’la’]ﬂIﬁ”}ilL%”ﬂi’] Trichoderma spp. AANMUINIS MUNTEINYNA1EUUAUNELITDINA

ﬁﬁnduiﬁﬂﬁﬁmﬁmﬁ@m Trichoderma spp. ‘ﬁlﬁLﬂ@ﬁ?ﬁuﬁﬂﬂim‘urﬁmmiﬁnmmﬂmwmmﬁ@wﬁq UNAFaL
AN lunsdvnaneuaznalsa lunz@ama ‘Emﬂmmiﬂam@%ﬂ@uﬂmmmmﬂwmNmﬂn@fm Trichoderma
spp. avLFulAusuNzlamARUEAA a1 14 Ju mmmmmuﬂnm QuAsy 30 1 anthsnveszideme
wnffan@snlaeld acid fuchsin in acetic acid mraiuln wazngulinelsindasqanssriuuylduasaiin stereo
microscope L2841 3 fa“um“\im?ﬂqm%ﬂ TNUNLNINARBILLL Completely Randomized Design (CRD) WAaznIsuas
7l 591
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NANNSANILAZIANT]

\d\Raurlas M. incognita WAzIda9 Trichoderma spp. W lunsnen

&ieuter M. incognita annanuzidamelusmdamasy s Binungulivudundrusidameaenty
21 §u i lunnameaessielsl d1vsniZes Trichoderma spp. wuddasii 22 lelnian Sdnunlalafindramiai
Aardulesgansuzuksuhlnufianihatsiayidndes afaduledaniizuuaeulaladl Wuusuluiinisaing
sulefAdenfaduuznennsyareinlalafl W3ysanSiuuensianaTe Imﬂﬁ@’]?;ql 1 8§y Snnssdryredlaladieds
2.68 lufims tnslalaian M4 fnnaaseyanniige wihiu 5.0 wuiung wazlelnaniidnesinredalaiiieniige fe
lalnian PQM Rnnswioyaeslalaivinty 1.6 wuimas wasilenainull 4 5 wudndesita 22 lelnian dnanan
Winuaraiadulafinanuinade (9.0 \URIAT) (Table 1) genndesiussnuraeatufinanieruausn
mﬂqm@a‘ﬂumn@ Trichoderma spp. Lmvmm‘ﬂumu Hypocrea IummsmLmemqmummﬂwuﬂmmmm‘wﬂu
anulas uaztietJURnTs (Rezing uanadng, 2553; Wsnaung 1asayint, 2559; Aness et al., 2010)

Table 1 Colony diameter of Trichoderma spp. 22 isolates incubated under near UV alternate darkness for 4 days.

Colony diameter (cm)’

Isolate name

Day 1 Day 2 Day 3 Day 4
A18+A50 1.98¢c 5.4b 9.0a 9.0a
A40+A50 2.8bc 6.7a 9.0a 9.0a
CB-Pin 3.2b 6.5a 9.0a 9.0a
F054 2.3bc 8.1a 9.0a 9.0a
F107 2.1bc 5.3bc 9.0a 9.0a
F181 2.3bc 5.3bc 9.0a 9.0a
F254 2.1bc 5.5b 9.0a 9.0a
M33 3.7b 6.0b 6.5¢ 9.0a
M35 2.5bc 5.5b 5.0e 9.0a
M4 5.0a 7.0a 9.0a 9.0a
M49 2.5bc 6.5a 9.0a 9.0a
03-134 2.6bc 6.4ab 9.0a 9.0a
PQM 1.6c 6.0b 9.0a 9.0a
T152 3.2b 6.4b 9.0a 9.0a
T35-CO4 1.8c 5.3b 9.0a 9.0a
T50 2.3bc 6.4ab 9.0a 9.0a
T50+C0O4 3.9b 7.0a 9.0a 9.0a
TL 2.6bc 5.0c 9.0a 9.0a
TP 2.4bc 5.4b 9.0a 9.0a
TV100 3.7b 7.0a 8.8ab 9.0a
TV16 1.9¢c 4.0c 9.0a 9.0a
TV24 2.4bc 5.3bc 7.2b 9.0a

' Means within the same column with a common letter are not significantly different at P<0.01 by DMRT.
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lszanBnwanaidas Trichoderma spp. Aansvianangulaldifaudassindu M. incognita

A nMsANETa3 Trichoderma spp. sanisdvinanenawlaldineudessinily nanismases wuan o3
Trichoderma spp. a1 3 lalaian laud laloian M4, 03-T34 uaz T35-CO4 AN 22 lalzan arunsadninane
ﬂ@u”l,wmiﬁt,m@uclﬂﬂmﬂﬂuimm‘wam Tneft 24 dalug ummiﬂ@mﬂm wumiﬂimam T35-CO4 #nnadvinans
@mn 40.0% a‘mmmﬂ@ VLﬂTEﬁL@lﬂ M4 uaz O3-T34 m'mm’mwmﬂmqﬂu@w 20.0% uaziilenansinuly 72 dalug
mqma‘ﬂ@.ﬂm@ wudEassi 3 lelmian annsadvinanenguldaasldinieudasls 100% Hensageunaldndes
@@mmﬁ wusnUFngulresldineulassnily ﬁmu@?mmm’ﬂﬂﬁ?@m Trichoderma spp. Waziiianasiull
mumu Lsnfaimmﬂmqumiwmmimﬂmmmq germ tube WA aerial mycellum ﬂﬂﬁ@mﬂ@ﬂ‘n (Table 2, Figure 1)
ARAAARNNLINENNULEY Sharon et al. (2007) mmma‘mmuﬂa‘vwﬁmwmmmj@m T. asperellum Wag T. atroviride
Tunnsasnsmunaesngulaldineudes M. javanica Ingnan1smaaeInudn 1 Fasiia 2 ANURUTAINITDAANITWRIUN
mev‘\’fmmizm@uﬂlﬂﬂ M. javanica ‘1At 80.00% Lﬁ’ﬂLﬁﬂUﬁU“ﬁﬂ%m@@\iﬂ')UﬂN ‘Emm@"l,nﬂfm‘lfﬁﬁﬁm’miﬂLmvma‘mm@
miﬁﬂuu mmmﬂmmmm?mmLﬁjmfﬂum@ Tr/choo’erma lunsasraeulasd chitinase LLNV protease fmmm:m
daaaananiisraslduazmadfiadau  muledasndals mumﬂ@mmﬁmwwvmﬂm@u@wu@ﬂﬂumﬂwuﬁfumL°nfam
warsresinan 1N 98NEd (Suarez et al., 2004; Gortari and Hours, 2008)
szAnBnwaaaias Trichoderma spp. Aan1gwnmasldinaueassinilu M. incognita

fusinlsyAvEnmaeden Trichoderma spp. Mn1ranensnisinaesleldineuelasnily nan1maass
wudWHagenadadiunmaaestawnti Aeiam Trichoderma spp. lal@an M4, 03-T34 uay T35-CO4 @119
@mmiﬂﬂﬁwmnajui‘*ﬂLﬁ'faﬁmmimﬂuﬁqéﬂm:mﬁ 2 Fuduszazidnriane waznelhifauuiusnaesitsends
I¥aeiafilsy@vanom Tnefl 24 Faluandenistinide wudwmjuiﬂﬁﬁuﬁm%@m Trichoderma spp. lelgian M4, 03-T34
WAz T35-CO4 Hemanainsdawinfiu 0.0, 7.5 uaz 0.8% AINAIAL Lﬁ@Lﬁﬂuﬁm;mmmmmu@uﬁﬁm'aﬂ%um’miﬁﬂr;Tq
winfiu 47.5 denanindly 48 SaluadinsLgnide wudnngulafidudadasia 3 lalnan Sulefifusneinggetu
‘Emm‘jL'}J@ﬂ%um’m@ﬂnmmn@luiﬁﬁuﬁmL%@w%\a 3 lalaam Wiy 1.6, 5.0 war 4.5% FNaAL uswudinisinga
pananagiaiidnsnisinilassnn LﬁfaLﬁﬂuﬁumwm@mmuauﬁﬁmiﬁﬂﬁmﬁﬁu 75.0% daufufitzaziann 72 dala

wasnstlgnie wudngu ldndudamesyia 3 lelnan Saiitsz@nsnwlunsgudgainsindaaesldineulas Taadinimin

1
aa o

293nqu l1aRaUVINAL 1.50, 2.0 uaT 1.33% AINAIAL memmmmwmmmmwmmmmiﬁnwhﬁu 80.0%
(Table 2)
o oA o =g o | =1 ,

AMNNANNINARBIAINAINLIN Hereunasatiui linaaenadesiuy Aanuddasluana Trichoderma
ansnannisinsnaesngu ldldineueasniulduanaaiin @9 M. incognita, M. javanica waz Globodera paliida
Tnadnalnnisacupuuanensil Wy N9esyIaaTesn Trichoderma N39AlEa denalifinisdnaananisipaauniaes
1&neuley A ngnnsalunnsasaeulasd chitinase War protease Warn1NTeNaUefides Trichoderma My
Lﬁ@ﬂﬁmﬁmm:mﬁﬂﬂ (gelatinous) LlWsU (Sharon et al., 2007; Zhang et al., 2014; Martinez-Medina et al., 2017)

a = . SouF

Figure 1 Egg masses of Meloidogyne incognita parasitized by spore suspension of Trichoderma spp. (A) isolate M4,
(B) isolate O3-T34, and (C) isolate T35-CO4 after inoculation for 72 hours under compound microscope
at 200X.
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Table 2 Percentage of infection on egg mass and egg mass hatching of root-knot nematode, Meloidogyne incognita

by Trichoderma sp. at 24, 48, and 72 hours after inoculation.

Mycelia infectivity (%)’ Egg mass hatching (%)’

Isolate name

24 hours 48 hours 72 hours 24 hours 48 hours 72 hours
Control 0.0b 0.0bc 0.0b 47.5a 75.0a 80.6a
A18+A50 0.0b 40.0ab 60.0ab 18.16cd 12.3de 3.6i]
A40+A50 0.0b 40.0ab 60.0ab 1.33ij 4.0gh 3.2jk
CB-Pin 0.0b 40.0ab 60.0ab 2.0ij 4.5gh 5.0hi
F054 0.0b 20.0b 60.0ab 13.6¢d 7.6ef 4.5hi
F107 0.0b 40.0ab 40.0ab 15.0cd 19.6¢ 19.8de
F181 0.0b 20.0b 40.0ab 20.16¢ 9.3de 19.5de
F254 0.0b 20.0b 40.0ab 17.16cd 11.1de 15.5ef
M33 0.0b 20.0b 40.0ab 32.8b 13.6¢d 19.8de
M35 0.0b 20.0b 40.0ab 13.5¢cd 20.0c 10.8fg
M4 20.0ab 80.0a 100.0a 0.0k 1.6h 1.50k
M49 0.0b 20.0b 40.0ab 33.0b 35.6b 45.5b
03-T34 20.0ab 60.0ab 100.0a 7.5gh 5.0fg 2.0k
PQM 0.0b 20.0b 40.0ab 10.3ef 9.1de 12.0ef
T152 0.0b 40.0ab 40.0ab 15.6¢d 5.5fg 23.5d
T35-CO4 40.0a 60.0ab 100.0a 0.8jk 4.5gh 1.33k
T50 0.0b 20.0b 60.0ab 12.1de 6.83ef 5.8hi
T50+C0O4 0.0b 20.0b 60.0ab 1.33ij 6.66ef 4.0hi
TL 0.0b 20.0b 40.0ab 20.33c 19.3c 12.0ef
TP 0.0b 20.0b 40.0ab 5.5hi 7.3ef 34.3c
TV100 0.0b 20.0b 60.0ab 10.8de 8.6de 8.16gh
TV16 0.0b 20.0b 40.0ab 11.3de 15.5¢d 17.5de
TV24 0.0b 20.0b 60.0ab 8.5fg 4.16gh 7.16gh

' Means within the same column with a common letter are not significantly different at P<0.01 by DMRT.

naraIngu langnyinaeAieTiasy Trichoderma spp. HAWAILINGLUNNSIENYNATELUAUNSLTRWA

ANNANTNARBINHIUNT WUINTRIN Trichoderma spp. taltian M4, 03-T34 uaz T35-CO4 AAnannlunig
¥ o 1 1 o 1 1 A k2 1 = a a U dyd Y o 1 1 o 1
dviananguld uazaanisinsnvesnguladldineudeasniluldedwiidss@ninan daawmstiasifinnguldsinann
mwmmfa'ummmmimjfmmimmmmmiﬁm@ud@ﬂﬂmwﬂmmu‘lﬁsmauImﬂﬂwmn@uhﬂ@nmmﬂuu Fawma
WUgAANaNY 14 41 HANIINARDINLIN ummiﬂ@mmmﬂuivﬂ A1 30 U WUdTe Trichoderma spp.
lalaiam T35-CO4 elanawilu Trichoderma spp. VL@TSIJL@mmmﬂammmwmnwzgm‘lum@muqmmﬂmtyLmy‘wmuwm
Tdmauraasinilu M. incognita Tnaifitaan 24 daluenasnisnsagay wunisaselaiies 16.2 s uazwungulaiies
3.2 ngulel WiruduganesesmaLANEnIsainlui 53.4 U uazngwld 19.2 ngw uaziewnaiiulln 48 dalus
wudndnsanasrestuuazngnla Tnaduindy 14.0 Uu wazngulawindu 2.6 ngu (ganaaaspruAunuli 57.0 U
waznguld 21.2 nqu) uazidanansulil 72 daluamainisasmasan wudnBuinnluuszngulianasetinsiniau Ined
o | e a o ] | ] A o A Iy a £ =
auautlwing 10.4 Un uaziinisafengulaiies 1.2 ngu ilafiaunuganaaesniuaundnisaieduiianauia
63.6 U uaziiniswungulaninia 28.4 nquld (Table 3)

AINNIMARRITINAaNIINA azwiulddndesluana Trichoderma spp. HAnuamsnlunadulfingg
o & = v a o A o ' ) | e A a el Y \
Auldimewdlessntu deuiasudadesluanasnaedewluniindinalnlunadul jinddendwmanvane
91EM1U24 Calderon et al. (1993) wag Bigiimana et al. (1997) WU3N@891 T. harzianum @dnsonszsulinansznany
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£ | d” 2 dl . . . ¥
ﬁﬂu‘i’]’]u[ﬁ]'ﬂLT@‘J"]@’]LV@T?@LL@ZVL&@QNEJ@H ImEﬂﬂ?Lﬂ@ﬂuLLﬂ@ﬂﬂiﬁUﬁ]uﬂ’]ﬁ‘ transcriptomic, proteomic LWAZNITETIN
a a a d' di vl ] d’f v @ d?l ] v k% . . . d'
mmmﬂgmumu "'| LW’ﬂiﬁWﬁNﬂ’]?ﬁl’ﬂU@u@\‘iﬁl'ﬂL“ﬁ’ﬂ'&’]mﬁﬂﬁ?')mi')‘ﬂu (517 ﬂ%‘iﬂW”ﬁﬂ‘i’]\iﬂiﬁ salicylic acid Gﬁ\‘iLﬂuﬂ’]i
v a v o aa £ o o ) v (3 d? d’jv dl v =2 o = a
ﬂixﬁlugm Qmuslummumimmmmmﬂmgwﬂmfmmﬂm ummnumwum:mumamﬂmﬂﬁmnﬂu‘wwmmum
(Hewezi et al., 2018; De Palma et al., 2019)

Table 3 Effects of Trichoderma spp. isolate M4, O3-T34, and T35-CO4 on infestation of Meloidogyne incognitain

tomato under greenhouse condition.

Index of investigation'

Isolate name Number of galls/root system Number of egg mass/root system

24 hours 48 hours 72 hours 24 hours 48 hours 72 hours
Control 53.4a 57.0a 63.6a 19.2a 21.2a 28.4a
M4 20.4b 18.0b 12.0bc 2.6c 3.0b 2.4b
03-134 19.2bc 16.6bc 12.2b 3.8b 3.2b 2.2bc
T35-CO4 16.2c 14.0bc 10.4c 3.2bc 2.6c 1.2¢c
Healthy 0.0d 0.0c 0.0d 0.0d 0.0d 0.0d

' Means within the same column with a common letter are not significantly different at P<0.01 by DMRT.

fgUnanIsANEN
¥ , . A s X ¥ v . o
\T831 Trichoderma spp. auau 22 lalaiam wudiiinisasyuuemnsiaaade PDA lhagesnida Tnah
wasnstiaaung 4 4 @esainnsnwsgylivindu 9.0 wuhiwasunlalaan vinsmssasuAINAINITNTE
desnlunadinanenguld andnsnisinsa uarannisidvinanavesldinendeasniu M. incognita Lusunzidamna
Wugann 81g 14 Ju nudinasenndesiunnimaass Aemas Trichoderma spp. A uau 3 lalgian laun M4,
03-T34 uaz T35-CO4 HAnanwlunisdvinarangula annisinga uazannisdnvinans sandegzaaniswmuInIg
wasldireudeasindn M. incognita laetnalidsz@nsnin uddeiliduiesnisdnefedss@nininaeatam
dl A A dJ o % = =2 1 =2 d’l o
Waidumadenluniseuauldineulasaivnsniy fedinstesdinisfnesellfsanuainnsmaeaden unedanig
o = o & 1 I~ =2 o ° dﬂl v % o dl 4
ponululU A luneimuniudadued nansznusdeds sanlutenisdndruungelignaesniuuannis el
middeidssdninnuasiiudsslombiesunianwmssiall

a a
naRngsNUsEnA
TBVDUNITANS FENANARTIASET ATATTIAT WiNadne Nl newAssiiTes Trichoderma spp. uay
ALUzEFng o Tunevinentidse afall

LANA1TA9DY
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Effect of Aeration Time on Ethanol Production from Molasses

by Sacharomyces cerevisiae
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ANRNATY: NINUIANA nelanA nsudnianIuan Sacharomyces cerevisiae

Abstract

Aeration is one of the significant factors affecting yeast physiology and efficiency of ethanol production.
In this study, we investigated the effects of aeration time on ethanol fermentation from molasses by Sacharomyces
cerevisiae. When aeration was conducted at 0.10 vvm (volume per volume per minute) at 6, 12 and 18 h, the specific
growth rate, substrate consumption rate, and ethanol concentration and productivity were higher than in the case
of the control. Specifically, higher ethanol productivity was achieved during fermentation when aeration
was prolonged to 12 h (1.73 g/I/h) and 18 h (1.70 g/I/n), compared with that at 6 h (1.58 g/I/h), results which were in
agreement with those obtained for specific growth rate and substrate consumption rate values. Conversely,
the lowest ethanol productivity, 1.48 g/I/h, was obtained when the fermentation was not aerated. These findings
indicated that the initial aeration at 12 h during ethanol fermentation greatly improved the yeast cell growth,

substrate consumption, and ethanol concentration and productivity.

Keywords: molasses, aeration, ethanol fermentation, Sacharomyces cerevisiae
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Table 1 Composition of molasses.

Composition

Total soluble solid (°Brix) 80.4
Total sugar (mg/kg) 460,900.8
Sucrose (mg/kg) 363,900.6
Glucose (mg/kg) 51,300.3
Fructose (mg/kg) 45,700.4
Sulphate ash (mg/kg) 101,600.5
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Table 2 Specific growth rate (u), substrate consumption rate (Q,), ethanol concentration, and productivity (Qp).

Sample p(h™ Q, (g/) Ethanol (g/l) Productivity, Q, (g/l/h)
No aeration 0.17+0.00° 3.47+0.04° 8.11+0.17° 1.48+0.00°
Aeration 6 h 0.19+0.01° 3.58+0.01" 8.56+0.37" 1.58+0.01°
Aeration 12 h 0.20+0.01° 4.01+0.02° 9.24+0.78° 1.73+0.02°
Aeration 18 h 0.21+0.00° 4.14+0.02° 9.30+0.21° 1.70+0.00°

“° Lowercase letters in the same column indicate a significant difference (P<0.05).
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Figure 1 Sucrose (a), glucose (b), fructose (c) concentration during ethanol fermentation from molasses by

Sacharomyces cerevisiae.
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c) Fructose
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Figure 1 (continued).
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Figure 2 Cell growth during fermentation from molasses.
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Figure 3 Total sugar (a) and ethanol (b) concentration during yeast fermentation from molasses.
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Effects of Ectomycorrhiza from Astraeus odoratus and Phlebopus portentosus

on some Species of Forest Trees and Fast Growing Trees in Natural Conditions
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Abstract

Astraeus odoratus and Phlebopus portentosus are ectomycorrhiza fungi that grow and survive
symbiotically around the roots of certain plants hosts. They are of high economic value in Thailand. Our study of
the optimum culture medium for increasing mycelium density involved four different media types. The results
indicated that the T4 medium, which was composed of potato 20%, sugar 2%, and malt extract 0.5% produced
the highest biomasses (level of significance P<0.05) for A. odoratus and P. portentosus (1.12 and 7.17 g/100 ml,
respectively). The effects of the mycorrhiza on the growth of 4 host plant species (Hopea odorata and Afzelia
xylocarpa were inoculated with A. odoratus; Caesalpinia pulcherrima, and Sesbania grandiflora were inoculated
with P. portentosus) were compared with the control, which had not been inoculated with mycorrhiza. The two types
of mycorrhiza mushrooms was transplanted into three different habitats: foothills (PM1), banana plantations (PM2)
and cassava plantations (PM3), and this took place without fertilizer and plant growth regulator addition at

Pangmon village, in Nan province.

Keywords: mycorrhiza, Astraeus odoratus, Phlebopus portentosus, host plant
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NANNFANBILAZARNTOL

nnsAnESanandule (biomass) TaauinLENEUAZIARLLATIUANINSINNZIAEA 4 ans

annsAnsmassyiuinresduladiamnzluennsnzaaianiig 4 gne wudadANuANE
aeluadN AN Naia (P<0.05) TaeiszduAulunaa-and pH 4 Wulaawnsaiasoylanninsea pH 5 Tuyngns
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Table 1 Biomass of Astraeus odoratus and Phlebopus portentosus (g) in four different media.

Biomass (g/100 ml)

Astraeus odoratus Phlebopus portentosus

Treatment

pH 4 pH 5 pH 4 pH 5
T1 PDB 0.87+0.00ab 0.25+0.05a 2.71£0.30b 4.08+0.48b
T2 Potato 20% 0.25+0.31b 0.11+0.05b 3.86+0.38b 4.41+0.40b
T3 Potato 20%+Peptone 0.2% 0.72+0.24ab 0.26+0.19a 4.82+0.91b 6.19+0.72a
T4 Potato 20%+Malt extract 0.5% 1.1240.32a 0.11£0.09b 7.17+£0.48a 7.14£0.36a
F-test * * . -
CV (%) 44.28 49.23 24.63 22.74

Means in the same column followed by the same letter are not significantly different by DMRT at P=0.05.
**, * = Significant at 0.01 and 0.05 probability levels, respectively.
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Figure 1 Mycelium density (A) of Astraeus odoratus for 20 days and (B) mycelium of Phlebopus portentosus for

10 days in T4 medium.
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Table 2 Survival percentages of Hopea odorata, Afzelia xylocarpa, Caesalpinia pulcherrima and Sesbania
grandiflora inoculated with mycorrhiza (Astraeus odoratus and Phlebopus portentosus) and non-inoculated

seedlings for 6 months.

Plant survival (%)

Treatment A. odoratus P. portentosus
- - Average (%)
H. odorata A. xylocarpa C. pulcherrima  S. grandiflora
Non-inoculated seedlings 79.55 64.33 77.66 67.85 72.34
PM1 foothills 95.80 95.80 79.16 75.00 86.44
PM2 banana plantation 95.80 100.00 100.00 100.00 98.95
PM3 cassava plantation 80.00 91.66 100.00 83.33 88.74
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Table 3 Average height of Hopea odorata, Afzelia xylocarpa, Caesalpinia pulcherrima, and Sesbania grandiflora
inoculated with mycorrhiza (Astraeus odoratus and Phlebopus portentosus) and non-inoculated seedlings

for 6 months.

Average height (cm)

Treatment A. odoratus P. portentosus

H. odorata A. xylocarpa C. pulcherrima S. grandiflora
Non-inoculated seedlings 55.32+1.16¢ 81.04+1.49¢ 60.24+3.19¢c 111.32+4.26b
PM1 foothills 66.21+2.10b 78.32+3.56¢ 63.25+2.68bc 142.35+6.59a
PM2 banana plantation 73.56+2.27a 123.25+2.91a 84.32+4.50a 152.21+6.27a
PM3 cassava plantation 69.25+4.44b 107.3645.35b 70.21+£5.42ab 146.85+7.82a
F-test . ok . .
CV (%) 4.02 3.70 6.13 4.60

Means in the same column followed by the same letter are not significantly different by DMRT at P=0.05.
** = Significant at 0.01 probability levels.



King Mongkut's Agr. J. 2021 : 39 (3) : 215 - 223 221

Table 4 Average tree diameter of Hopea odorata, Afzelia xylocarpa, Caesalpinia pulcherrima, and Sesbania
grandiflora inoculated with mycorrhiza (Astraeus odoratus and Phlebopus portentosus) and non-inoculated

seedlings for 6 months.

Average tree diameter (cm)

Treatment A. odoratus P. portentosus

H. odorata A. xylocarpa C. pulcherrima S. grandiflora
Non-inoculated seedlings 0.82+0.02b 0.67+0.05b 0.64+0.03c 1.83+0.02b
PM1 foothills 0.87+0.04b 0.74£0.03b 0.71£0.01bc 2.88+0.02a
PM2 banana plantation 1.03+0.02a 0.92+0.03a 0.94+0.02a 2.8610.04a
PM3 cassava plantation 1.04+0.04a 0.68£0.04b 0.73+£0.01b 2.87+0.05a
F-test . . . .
CV (%) 6.13 6.74 5.25 2.46

Means in the same column followed by the same letter are not significantly different by DMRT at P=0.05.
** = Significant at 0.01 probability levels.

Table 5 Average long shrub of Hopea odorata, Afzelia xylocarpa, Caesalpinia pulcherrima, and Sesbania
grandiflora inoculated with mycorrhiza (Astraeus odoratus and Phlebopus portentosus) and non-inoculated
seedlings for 6 months.

Average long shrub (cm)

Treatment A. odoratus P. portentosus

H. odorata A. xylocarpa C. pulcherrima S. grandiflora
Non-inoculated seedlings 34.12+1.27b 28.25+2.42¢ 32.10+3.15b 65.19+2.58d
PM1 foothills 52.14+6.13a 30.12+1.08bc 51.20+3.09a 93.50+1.91c
PM2 banana plantation 50.14+3.36a 37.78+1.77a 51.20+2.62a 132.17+12.27a
PM3 cassava plantation 49.32+3.34a 33.21+1.87b 46.89+2.47a 110.27+4.97b
F-test . . . .
CV (%) 8.47 5.72 6.28 6.79

Means in the same column followed by the same letter are not significantly different by DMRT at P=0.05.
** = Significant at 0.01 probability levels.

Figure 2 Height and tree diameter of Sesbania grandiflora for 6 months (A) inoculated seedling with mycorrhiza and

(B) non-inoculated seedlings.
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Figure 3 Characteristics of the creation of ectomycorrhiza in the root of Hopea odorata (A) plant root covered by

rhizomorph (B) transverse section of the mycorrhiza root and (C) non-inoculated mycorrhiza (control).
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Table 6 Average of tree health of Hopea odorata, Afzelia xylocarpa, Caesalpinia pulcherrima, and Sesbania
grandiflora inoculated with mycorrhiza (Astraeus odoratus and Phlebopus portentosus) and non-inoculated

seedlings for 6 months.

Average tree health (score)

Treatment A. odoratus P. portentosus
H. odorata A. xylocarpa C. pulcherrima S. grandiflora

Non-inoculated seedlings 2.10£0.06b 2.11£0.11 1.22+0.06b 1.58+0.23b
PM1 foothills 2.56+0.16a 1.98+0.09 2.32+0.17a 2.64+0.07a
PM2 banana plantation 2.56+0.06a 2.35+0.12 2.36+0.12a 2.88+0.05a
PM3 cassava plantation 2.56+0.12a 2.45+0.13 2.51+0.12a 2.681£0.01a
F-test * ns > >

CV (%) 8.40 9.51 10.96 9.09

Note: Score 3 = high growing, score 2 = moderate growing, and score 1 = low growing.
Means in the same column followed by the same letter are not significantly different by DMRT at P=0.05.
** * = Significant at 0.01 and 0.05 probability levels, respectively. ns = non-significant.
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Analysis of Consumer Intention to Purchase Sacred Lotus Flowers

for Decoration in Khon Kaen Province
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Abstract

The purpose of this article was to analysis consumer intention to purchase sacred lotus flowers
for decoration in Khon Kaen province. Data were collected by purposive sampling and by questionnaire.
These instruments were used to interview consumers that bought flowers for decoration in Muang district,
Khon Kaen province. A total of 381 samples were collected. The statistical parameters for data analysis were
frequency, percentage, and Chi-Square test. The results showed that the consumers who bought flowers in
Khon Kaen province were mostly female, with 33 years old on average. They had an educational level lower than
bachelor's degree, single, with an average personal income of 15,359.68 baht per month, and had an average
household income of 43,270.37 baht per month. The analysis of the consumer behavior of those who bought flowers
revealed that the flower most frequently bought was the sacred lotus. The purpose of purchasing was to use the
flower for making merit and paying respect to the Buddha. Consumer attitude towards the use of the sacred lotus
for decoration was positive. The consumer acceptance of the use of this flower for decoration was moderate.
In addition, it was found that the attitudes that significantly related with consumer intention to purchase sacred lotus
flowers for decoration were to do with the colorful nature of the flowers and their suitability for use as decorations in
various places and on various occasions, their suitability for use in the wedding ceremony which they felt expressed
the Thai identity, their ability to create new and exciting sensations, and their ability to capture and express

an overall sense of ‘Thai- ness’. Furthermore, it was found that consumer intention to purchase sacred lotus flowers
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for decoration correlated with their use as decorations for coffin casket fronts, wreaths, water-pouring trays,

backgrounds, and houses and offices.

Keywords: lotus flowers, purchase intention, attitude, acceptance
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Table 1 Relationship between purchase intention towards sacred lotus flowers for decoration and personal factors.

2

Personal Factors X P-value
Gender 2.368 0.124™
Age 2.483 0.289"™
Graduation 1.321 0.517™
Marital status 5.004 0.082™
Occupation 2.969 0.813"™
Personal income 0.087 0.957™
Household income 1.885 0.390™

Note: ns denote statistically non-significant.
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Table 2 Relationship between purchase intention towards sacred lotus flowers for decoration and attitude factors.

Attitude x° P-value

Sacred lotus flowers indicate purity and sanctity since Buddha era. 4.241 0.374 "™
Therefore, the sacred lotus flowers are most suitable for worship.

Sacred lotus flowers are Buddhist symbols. Thus, it is not suitable 5.611 0.230™
for decorating at parties/celebrations.

Sacred lotus flowers are a symbol of joyfulness. 5.000 0.287™
The shape of sacred lotus flowers gives peaceful, humble, 3.685 0.450™
paying respect, gentle and warm feelings.

Sacred lotus flowers have a unique smell of a cool and 3.989 0.407™

fresh fragrance.

Sacred lotus flowers do not have a variety of colors. 6.593 0.159™
Sacred lotus flowers are withered and bruised easily. 3.210 0.523™
Sacred lotus flowers have the color that is suitable for 13.511 0.009***

decorating on many occasions.
The use of sacred lotus flowers for decorating in wedding 9.796 0.044**

ceremonies represents Thai culture, but gives a novel feeling.

Using sacred lotus flowers in decorating enhances the work to be 10.430 0.034**
more Thai.
Sacred lotus flowers can be applied to make a bouquet/flower 9.424 0.051*

basket to congratulate people on various occasions.
Sacred lotus flowers are relatively cheap compared to others that 4.279 0.370™

being used in decoration.

Sacred lotus flowers have a big shape and, thus, it helps to 4.386 0.356"
save cost as it is being used in small amount.

Sacred lotus flowers are easy to find and buy locally. 5.637 0.228™
Sacred lotus flowers are worthwhile to be used in decoration. 4.193 0.380™

Note: ns, *, ** and *** denote statistically non-significant, statistically significant at the 0.1, 0.05, and 0.01 level, respectively.

LaNNINARRLANLANTLS s A LRclaT e aae st duAnuA LTSN steny wudn 1ad
FrunatenFUTiALduLSTU AL A la T s aanaie [ srdumnuse dezneudas nisldmentiaandeam
dnasdunsliisssumnusonhiiuam  waznisldaentmasszdunnusmenin wenantudenwd fu3lna
fanusslalunsldeenthdmiinuiiidunng iy nsldnenthvaslsssunnudansuingsd Maeniiamang
UszaumnusiaaInuay/aIndegy waznsldmnusseluihuiivheg Senadiudiuetadtddymeadinnszi
0.05 (Table 3) FagenadeeTLLLIAAGaINNItaN ST Rogers (2003) lananaldan nnstemulunnssagulan
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Table 3 Relationship between purchases intention towards sacred lotus flowers for decoration and acceptance

factors.
Acceptance x° P-value
Using sacred lotus flowers to make a flower pedestal tray/vase. 8.015 0.091™
Using sacred lotus flowers to make a bouquet to pay respect for monks. 8.668 0.070™
Using sacred lotus flowers as one of the holy complements in 4.269 0.371™

Ordination ceremony.

Using sacred lotus flowers to decorate a casket. 10.295 0.036**
Using sacred lotus flowers to decorate a wreath. 10.973 0.027**
Using sacred lotus flowers to decorate a holy water pouring pedestal tray. 10.681 0.030**
Using sacred lotus flowers to decorate a backdrop. 19.058 0.001***
Using sacred lotus flowers to decorate places. 7.133 0.129™
Using sacred lotus flowers to decorate a house/workplace. 15.045 0.005***
Using sacred lotus flowers to make a bouquet/flower basket to 5.581 0.233™

congratulate people on various occasions.
Note: ns, ** and *** denote statistically non-significant, statistically significant at the 0.05 and 0.01 level, respectively.
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Self-Development Needs of Agricultural Promotions Officers,

Department of Agricultural Promotions
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Abstract

The purposes of this research were to study 1) the personal factors of agricultural promotions officers,
2) the needs for self-development of agricultural promotions officers, and 3) the relationship between personal
factors and needs for self-development of agricultural promotions officers. The sample group consisted of 368
agricultural promotions experts. The research instrument was a questionnaire. The results showed that most of the
agricultural promotion officers were female (54.1%), and aged 30-39 years old. 48.9% had work experience in the
Department of Agricultural Promotions of 6-10 years, 26.9% had a bachelor's degree, and 53.3% were agriculture
graduates. 62.2% of the officers said they needed to develop their skills in their roles as agricultural promotions
officers, and that their needs were at a high level (mean 4.11). In term of their roles as community enterprise
promotions staff, their needs for development were at a high level (mean 3.91). The study of the relationships
between personal factors and need for self-development of agricultural promotions officers indicated that age,
work experience, and educational level correlated with the need for self-development in the promotion of agricultural

production and community enterprise promotion, with statistical significance at the level of 0.01.

Keywords: agricultural promotions officer, Department of Agricultural Promotions, self-development
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Table 1 Needs for self-development of agricultural promotions officer; promoting agricultural processing.

Needs for self-development of agricultural promotions officer; Needs for self-development
promoting agricultural processing x SD Level
1. Basic knowledge of food processing and preservation 4.01 0.843 High
2. Product processing technology 417 0.833 High
3. Management of agricultural processing 4.04 0.852 High
4. Modern food processing technology 412 0.836 High
5. Promoting agricultural product processing to meet standards 4.14 0.804 High
6. Knowledge for improving the quality of processed products 4.12 0.793 High
7. Sale promotion of processed products for sale in the market 413 0.813 High
8. Modern packaging development of processed products 4.17 0.836 High

Linking the market of agricultural products at the national level 4.20 0.825 High
10. Value added agricultural products from processing 414 0.816 High
11. Groups of manufacturers of processed products from One Tambon 4.07 0.857 High

One Product
12. Promote the processing of industrial field crop 4.04 0.859 High
13. Organize a forum to exchange knowledge which agricultural product 4.07 0.844 High

processing that important

14. Promote vegetables, fruits, flowers, ornamental, and herbs 414 0.844 High
processing
Total 4.11 0.770 High
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Table 2 Needs for self-development of agricultural promotions officer; community enterprise promotion.

Needs for self-development of agricultural promotions officer; Needs for self-development
community enterprise promotion x SD Level
1. Registration of community enterprise groups 3.87 0.804 High
2. Assessing the potential of community enterprise groups 3.87 0.784 High
3. Knowledge to improve product / product quality 3.93 0.780 High
4. Promoting the integration of community enterprise groups 3.93 0.782 High
5. Transfer of knowledge of group management 3.90 0.812 High
6. Transfer of knowledge in marketing management 3.99 0.820 High
7. Transfer of knowledge and access to funding 3.92 0.830 High
8. Creating a community enterprise development plan 3.91 0.792 High

Organizing a forum to exchange opinions on community enterprise groups 3.89 0.797 High
10. Evaluation of the success of the community enterprise group 3.86 0.785 High
Total 3.91 0.721 High
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Table 3 The relationship between personal factors and needs for self-development of agricultural promotions

officer.
Needs for self-development of agricultural promotions officer
Personal factors Promoting agricultural processing Community enterprise promotion
x P-value X P-value
1. Gender 2.396 0.302 4.483 0.106
2. Age 15.826** 0.003 17.734* 0.000
3. Experience 57.931** 0.000 21.725* 0.005
4. Educational level 0.573 0.751 4.682 0.096
5. Field of study 15.539** 0.000 11.783** 0.003

** = Significant at P<0.01.
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The Optimum Conditions for the Production of

Dried Osmotic Dehydrated Karanda (Carissa carandas L.)
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Abstract

The purpose of this research was to produce osmotically dehydrated Karanda (Carissa carandas L.)
The Karanda fruits at the half-ripened stage were soaked in calcium chloride concentrations of 0, 0.2, 0.4, 0.6, and
0.8% (w/v) during the preparation of ingredients before the osmotic dehydration process. The Karanda fruit juices
were studied from ripened stage fruits added to 0, 10, 15, 20, and 25% (w/v) osmotic solution using a fast osmotic
dehydration process. Next, the fruits samples were dried at a temperature of 60°C in moving air that had an average
air velocity of 4.2 m/s for 6 hours. The experimental results indicated that a soaking in 0.6% calcium chloride solution
was able to improve the appearance of the finished products compared to control treatment, and resulted in overall
preference score at the highest level with a statistical significance level of P<0.05. Furthermore, the addition of 25%
Karanda juice improved the color of the finished products, resulting in color preference at a very high level
(8.15+0.87 points) and the highest overall preference score (P<0.05). The addition of Karanda juice at the
fully-ripened stage increased the total anthocyanin contents of the finished products. Total microbial count values
were less than 25 CFU/g, and yeast and mold levels were less than 10 CFU/g. This study suggested that the addition
of Karanda juice could be used to increase the anthocyanin content and improve the sensory quality of osmotically
dehydrated Karanda.

Keywords: Karanda, osmotically dehydrated, anthocyanin

"anandngnmansuazinalulagniseims ansnalulagnisinems snanenaesainelaseainsad lunssusuangudud

. ARBIVAN A, ﬂnumﬁ 13180

'Food Science and Technology, Faculty of Agricultural Technology, Valaya Alongkorn Rajabhat University under The Royal Patronage,
Klong Luang, Pathum Thani 13180

*Corresponding author, Email: ps.rittilert@gmail.com



240 NTANTINHATNIZAANNAN 2564 : 39 (3) : 239 - 247

A1
NzaaNzwa Y Jeinandansin Carissa carandas L. 830413ty Karanda ifuna liiTusouiuiiesd

£
o '

anananiufausldmaaaill wiazinnludaaieungrnian-nangnan waugunsenass faieu uadenidan
saufeannn nauAidudnamaududunaduauious denagndnidudiasi Seseanumudndes (Maheshwar
et al, 2012; Kumar et al, 2013) a1ndayadudqainismeanuiesdlsznauniangnmail (phytochemical
composition) esuztiasanzul Iawugangnmadfifiqnanisdanan Wdun Wantauend neafluedn uay
wauln ey (Sarkar et al., 2018) gnns U wazAstsznn H78m (2560) AaneviBunnueulvlsantuanunaes
anuzdasanzubissazuagnean (naddnaady) wunaunlaenfulgnalindenuaziireezdnananzina i
TneiiBunoueuinloenfiwiomn 2 2in A loeniiius-nglalas uazinanfinifiu-3-nglalss Wiy 181.66 uas
157.13 {adninsiedns muasy weuinlreniuilnnauifduanssuenyasassadilss lemnbiesenig annisdne
aninaressey L'Jﬂ’]@ﬂ[51’ﬂ@’]i‘ﬂ’ﬂﬂq‘ﬂﬁwﬁﬂﬁ%ﬂﬁW‘ﬂ@\‘iN.»NNW]'JNUH’]QIWH@\? W90l J9des wazAmy (2556)
wumm@mﬂlﬁqwﬁmsmu@um@mv Usanndludnienan Lmvﬂ?mmu@u‘ﬂwhmuumuummmm Tuaniziinadu
(nafldznenden) SSunmmedinfiuigefigaidenfonfionfuszasaaiogn (nafldananTuy) uazszazuagn
(naftAmydndaniag) nalteuwiadlududndseengnedaviliifuslinlumraraninanuasnisnaaisdugensy
AUNIANAATTNR W.A. 2561-2580 NIFNEATATNYAAT (AITINIUALIYNITLRIADIENITNNNTLNSANARTTINF, 2561)
nalfauuieuanainaz i3 inalaensautuennsdnauda Seanunsaldiduesmlsenauaeservinniansuilseniu (ready
to eat fruit cereal) ‘vﬁ?@@m*ma’?ngmmwﬂixmmaa' (muesli) LASHARATUATR VT ssn g 1y laAnEn HERS T
auney Wiudu Tunisnaanaldeuwiaiudsnisudsglualdanldaunsniunaaineildlaunu faninalduimiu
nstLnuM T NruNNIaLIL TnennsAsineandaeiaeoslyds (osmotic dehydration) lagn1sudealdluansazans
shenaviainde Sadusgnazaefifianandudugendlusesing ilusetheasindeuiiean dausagnazansly
mmm’m%mﬁ@uﬁLﬁ@@mﬁmmﬁﬂumamﬁmm’ iHlnsannAnuLAnFNsTeLs I uneaTuRn (Raoult-Wack, 1994)
ieandinnsi luiunaliiewhileuwds Aviszannainiseuwiadld aneduiliifedidauazsamanng,
nalsfeuwhedilirnuniseealada edndlsimuenarinlissndagiteasdluiedenaliunseangansazane danali
nAR s NEuRInsutanTATa uazanadanansznuseAUAIMIaln TUINNg u@nmnﬁiumﬁﬂm@mmwmm
nalstutsg fnsldunadenaaelsdifteliansnrialiulsgfldledudanssauazacgato (Stanley et al., 1995)
Luna-Guzman et al. (1999) ﬁm:mmmymLm@L%ﬂm@@im(ﬁi%’lumimLmum@‘ﬂmﬁ’qmsﬁmwiq WUIANTATANE
whaianAaalifiasas 1-5 ﬁqaﬂi*uﬂ@qﬁﬂwmuﬁﬂﬁuﬁaiﬁ’ﬁﬁmmdwmﬁﬁuﬁ*ﬂmﬁ@mmﬁ 5 DIANTALTEA
AVNUIILLAY TIURY INNUIA LAZATLE (2563) AnnnsudazneanluasarattuAa@enaae s s uAndud
1, 1.5 baz 2 (Tmﬂumuﬂ uaan 5 w1l neunsthazpesnliauuis wudi fuslnaliazuunuacuteuszneau e
mu@ﬂwmvﬂmﬂg 3 nau 58 \eduda uas mmmaumu@mmmemmmummmi@ymmm@Lfﬂmm@'avl,imwmu
muumwmuLLuQﬂmwmmnmﬂ?mmummmumai@mwiﬁumﬂmuwmqmquwmfﬂwmiwﬂ NATNgNABAMANINTDY
uzdaanzwnabiutaeuwls uazAnmnislislannnuzslamnanzunliszasuagn aeAnsnares o
ﬁmxm\amqmmqiﬁ@mmazgﬂlu%umumi@@a‘fu%m'ﬂQmmwmmm:mqmqmmqmmémuLLﬁi‘i

ABN9ANHN

ANHIANINN M ENINUAZNILANTDINANENIWIINEWIIU

LNz IRz R I N e aeaTukANE ML MR T T N TR RN TR AV IABNLNL 59 Fid
(mﬁ'm;nﬁﬁmmﬂuwm) WAZITEENIRIUNTDIHANAIABNLNY 74-82 d1 (NagnHAuasiduauiisnem) anaauaed
NBAINT FNLALNIWATRY B nanete Aandaaynailsnis lnsussqlunanedeiiauaslunaenszany wazaudeson
salaednstlszamng Wunantszann 2 dalue undeanematuladnisinums wmmmmqmngqi@mmmm
Tunszusnagdud mﬂuuuﬁmmﬂwmmm winlasdntn udarildaA@lussy CIE L, a* uwas b* Aoeiesed
color reader @u CR-10 (F;I‘Wa Minolta, Japan) A1AuLTuNIA-A9 Tﬂﬂi‘ﬁLﬂ?ﬂﬂ pH meter g‘u Cyberscan (alﬁ'ﬂ Eutech,
Singapore) LL@Sﬂ?mmmmLLﬁdﬁmmﬂﬁ%wumﬁw digital refractometer (Model PASL-18S; Atago Co.,Ltd.,

Tokyo, Japan) 81uA"LT4 °Brix



King Mongkut's Agr. J. 2021 : 39 (3) : 239 - 247 241

msAnsBinuuasiiauasalssranumwaauzaitmansunliutduauue

nswRENNzaeaNza Y AEAENN9T8 NET ONBIAA (2560) Taeldauzinamauzn itlazeznng
NENUNTRINANAIABNLNU 59 1 (m@'ﬁ'qmﬂﬁﬁmqﬂuww) vhandrainliazenn tneks wdandumanean uansazans
uAaEenpaelssTiRA L dSataz 0.5 (W) @rfmdqum@\mvm\‘imfm”mfﬁm@mm”mﬂLﬂu 111 (wiv) 1iwan
1 $alad ilednaensTasnaNznanLn Ty dradastngzena 3 AR iR lasfatn aniurihassisnanzna i
Amanldunutlugnsazaeuaadaunanlsmiianududutaay 0. 02, 0.4, 0.6 uaz 0.8 (wh) Whiaa 3 dalug
anugedaetngzena 1 A% Relfasiiatn udniliutauenui Tnerhustsmnauzuna Bk sutansazans
wraiFaunaelafudaranududunAed i deuitianududusesansazanetnea 35 g gaeliunang
Funan 30 WiF udaFuimaaunssiadentinnududunAL 65 10T annthuinzdaaanzuna TiEung
wn@uLLm”Lﬂm\ﬂumi@ummum 70-80 aaAtALTEE [HWnan 2 m‘w Ralvusia uasvuednaaniay (hot air drying)
TaeldAtavnudeusninn (tray dryer) (ﬂmmmi‘w sz lng) 7 w@mmu 60 a9ANTALTYA mqmm@mm 4.2 AT
Aeui Lﬂumm 6 alu mmamwmuma‘mLmqvl,ﬂfmm@’lmwuu CIE L*, a* Wae b* Faeleies color reader
‘m CR-10 (f;l'wﬂ Minolta, Japan) mﬂ?‘mmm@mv (water act|V|ty a, Tmﬂmmm Aqualab m 3 (Decagon, USA) way
dszifiugnininnnadszamdudasudnenizlsng 8 nau sae1s Hedura uazAumeusan FainanuTay
9 s¥AU (9-point hedonic rating scale) NuualiseALAZIUL 1 UNIETS 1maumr1mgm AQUNTEAL 9 MuneDa
mumn%m Imﬂ%’ﬁmmuﬁmumiﬁntlu@?ﬂmu 20 au dwinAnsaiadnendgansuazinalulaginisetmis
NM’]’W]F;I’]@F;I?’WJW{]QVLQEI'HMFWGA Tunszusnangldnsd
msﬁnmﬂ‘%mmmuvmamquvmqiumﬂmmwmmuvmamquvmqimmauauu,m

sz aaNEITY PNaRENNTTe g3 qnBLaA (2560) ‘EmﬂhmamwmqmqmmﬁwmvﬁW
NIRELNTILAUAINANUNY 74-82 Fu (HagnRAuAdNALDaNa9mN) vhandatnliazana sness udanduadaeen
udansazanauraFennaelssTinnudududenas 0.5 (wi) Sasdanaezanwnanzunalisesnsazatenu 1:1 (wh)
fuinan 1 dalus iednsensaeanauzsimmanznali dredaethazenn 3 ase udadudaisiesty 14 EM-SMART4
(ﬂlﬁa Sharp, Uszindlne) AAuE928Y 2 i 3 T NresuENnINARET19Le Arldinusdaeanzua

AnsutANaLLEe Insthaztianansun e AN AL TeHAVAIABNLINY 59 U (mﬁ'\izﬁﬂﬁ%mqﬂumum
frunnsutansazansunadeuaae lsmmacuddummn s A luiasainamausin i esas 0, 10, 15, 20
uaz 25 (wiv) PATURRUNNTUTENE LT IRNENY waztlsziiunninndiaeaiun1maaesdasi
msﬁnmQmmwm“vmﬁmfﬁqmﬁ"\ﬂmmwamﬁm%mm\mwuzm'ﬁviLtﬁéu'ﬂuuﬁ'\‘i

fmr:@mﬁmsﬁmxﬂqquﬁquuﬂqTﬁLLﬁ%u@ULLﬁqﬁ;:Iu?ﬁTmmm”uuwﬁﬁmﬁnmmamﬁmm’qmﬁwm\‘iﬁm@mm‘w
il wazqause Tnadaffunnuauinlaentiumedsies-Aviasudas (pH-differential method) AXAEN19T89
an s AU wazAsilsznn Hsen (2560) msjmizﬁﬂmm@mﬂumm”@’mia‘imm@@iﬂiuLuwwu@@ﬁqwuwaifamw
1.0 (fluaan 48 Falus LL@W'JLﬂ?WVM@WuQuW@uW?E}V]QﬁNQ gasuazan (BAM, 2001)
NM5AATIZUTaNANNEDH

Aasziaruuilslaunesieyanisnmsimiseaiivaznianin Taaldununisaaasuun Completely
Randomized Design (CRD) wazdayanisdszsiiunisdszamdndasasuuuniameaeduuy Randomized Complete
Block Design (RCBD) R EUITlEUANMLLAN AN ANLRAEA8AE Duncan’s New Multiple Range Test (DMRT) Tiazi
AuEasiudanas 95 daalilsunssBiAszinneadi SPSS e 17

= a o
NANITANEILAZIAITEUY
F’!mﬂqun\iﬂ']ﬂﬂflwLL‘anI'NLﬂﬁmﬂﬂﬂﬂﬂgaj')quqqa\lguq'ﬁﬁ
= | PP o v | ] ] = !
N@ﬂd@ﬂmﬂdu:uquﬂqNtu’miﬂu@mﬁﬂuﬁum VHI‘MNﬂ’W’]Q’]N@’]q\? (L% ﬂqﬂquLﬂu@LLm\? (a*) LL@ZﬂW@quLﬂu
S A | =2 A ° ) = Y o ' = = ]
Anang (b*) Nqﬂﬂ’lqﬁ\l@@ﬂsﬁ\iﬂﬂuﬂﬂﬂﬂﬂq (Flgure 1) Iﬂf_lN@@ﬂﬂﬂqqﬂLﬁﬂqu@ﬂﬂ')qﬂi@ﬂ\?@ﬂ W\'illﬂqﬂ‘]’]lll,ﬂuﬂ?m AN
(pH) @Qﬂqqmﬂﬂ\?@ﬂ LL@vNﬁ?qum@\‘]LLmQW@y@qﬂiﬂNqﬂﬂqu@ﬂQ@ﬂ (Table 1) Lu'ﬂ\‘]@qﬂmqmﬁ\vﬂuﬂq?‘wWuqﬁlﬂ\ﬂmﬂllﬂ
‘V]’]T]J LN@N@L?N@HV’H pH WVLWNﬂJu ﬁ']']lll,ﬂuﬂﬁ‘ﬂ@ﬂ@q V’]Q']NM']'TH@”LWNTH Lu@\?qqﬂﬂﬁwu")uﬂqﬁ‘ﬂ@ﬂ@@’]ﬂ (hydroly3|s)
ﬂl@ﬂLLﬂ\?Lﬂ@ﬂuiﬂ Lﬂuuﬁm@ms\mizuquﬂﬁmﬂ“ﬂ@m@@ Fawole and Opara, 2013) ﬂ?uﬁmﬂmium@iﬂﬂ’miﬁmﬂ@mm



242 NTANTINHATNIZAANNAN 2564 : 39 (3) : 239 - 247

LﬁmLﬁmmﬂﬂ?m:gﬂﬁﬂﬂﬁlﬂumiﬂizn@wmm?mﬁ% (respiratory substrates) wazaielaseansuau (carbon
skeleton) 289n9daAsIziansTiin Insilusyudnanisgn (Asan wavasdiaias, 2542; Jiménes et al.,, 2011) lwrinues
WEaiUNNI9ENUIeY sllATen Wil uazAtuy (2561) WUd nanzainanzna b B neudeiiazanarinlé
Fsfumuszasmsimnems dudeuBinmnsniinmsslddifisumaszesnmianes Lu;iLéj"@m@F}mgn
UBannunsni nmsmldGuanas Lm:ﬁqm@mmmjfwi@Lﬁ'@uﬁ'@mqmm

995000
000
990

(A)

Figure 1 Appearance of Karanda fruits (A) half-ripened and (B) fully-ripened stage.

Table 1 Physicochemical properties of Karanda fruits half-ripened and fully-ripened stage.

Fruit ripening stage

Physicochemical properties

Half-ripened Fully-ripened
pH 2.67°+0.01 3.49°+0.02
Total soluble solid (°Brix) 7.17°+0.06 11.50°+0.69
Color

Lightness (L*) 55.00°+1.52 26.17°+0.45
Redness (a*) 27.20°+2.58 6.10°+1.47
Yellowness (b*) 13.40°+0.41 1.57°+0.53

*® Different letters in the same row mean significantly different (P<0.05).
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Figure 2 Appearance of osmotic dehydrated Karanda with different calcium chloride concentrations.

AR WuduzaawnaNzuabutaNe WA Lt uay a* anAY A1 b* HAdnlndpuiudmaesenn
wst ldumnsineiuesdnelidadAtyn1eadia (P>0.05) (Table 2) mumﬂ?mmmamw ( L) WudNztinanzna hugay
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2adluFn Lﬁ'@mmmmummmmxmﬂmm@qu@;wu”lmzmwmﬂummmu fanalinannsunseanLnann
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Table 2 Color and water activity (a,) of osmotic dehydrated Karanda with different calcium chloride concentrations.

Color
CaCl, (w/v%) a, "™
L* ns a* ns b* ns
0 34.37+1.60 2.07+0.85 8.67+0.60 0.40+0.00
0.2 33.83+0.72 1.93+0.51 8.23+2.05 0.40+0.00
0.4 33.93+0.55 1.50+0.30 8.87+2.01 0.40+0.00
0.6 33.40+0.10 1.67+0.21 7.67+0.47 0.40+0.00
0.8 32.73+5.51 1.37+0.42 8.50+1.30 0.40+0.00

" Means in the same column not significant different (P>0.05).

natdsziiunnuninnalszamdnda dauandldly Table 3 wudn Fistnaliazunuanugausonn@nsinel
futunaidaunaalsffenas 06 NpzuuuANTaLINNINTge TnsesluszdTeudiunats saudeflnzuuulssdiv
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Table 3 Sensory evaluation of osmotic dehydrated Karanda with different calcium chloride concentrations.

CaCl, (W/v%) Appearance Color ™ Flavor "™ Taste ™ Texture Overall liking
0 6.17°+1.46 5.85+0.96  5.42+121  563+0.88  5.82°+1.22 6.10°+1.03
0.2 5.75°+1.19 5.44+0.99  558+1.19  562+1.83  6.10°+0.88 6.22°+1.08
0.4 5.53%+1.40 5.76+0.98  5.82+0.99  6.08+1.00  5.97°+0.91 5.90°+1.03
0.6 7.33%1.02 5.85+0.73  5.90+1.03  6.06:0.67  7.76°+0.66 8.25°+0.67
0.8 5.83%+1.48 5.83+1.06  576+1.43  583+1.00  6.18°+0.99 6.23"+0.84

" Means in the same column not significant different (P>0.05)
*® Different letters in the same column mean significantly different (P<0.05)
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Karanda juice concentrates (w/v %)

Figure 3 Appearance of osmotic dehydrated Karanda with different Karanda juice concentrations.

Table 4 Color and water activity (a ) of osmotic dehydrated Karanda with different Karanda juice concentrations.

Karanda juice concentrates Color

(WV%) L* a* b* %

0 41.40°+0.17 2.53°+0.86 4.10%+1.44 0.41°+0.01

10 40.73°+0.61 3.83%+0.06 1.43°+0.51 0.42%+0.01
15 40.107+1.59 5.07"+0.76 2.63"°+0.42 0.44%+0.02
20 39.93%+0.61 4.27°°+0.46 2.03°+0.30 0.45%°+0.01
25 35.60°+1.54 5.83°+0.94 2.37°+0.21 0.47°+0.01

““ Different letters in the same column mean significantly different (P<0.05).



King Mongkut's Agr. J. 2021 : 39 (3) : 239 - 247 245

nmadsmifiugnininnedszamduda (Table 5) wud mmiﬂmlﬂmvuuumnmﬂumu@nﬂmyﬂmng uay
mumL‘wmum@ﬂ?‘mmm:4vmqmqwmq‘mmeu@mquummmmqzmm (P<0.05) luznizfinzuunANTaLse
30975 WU eARSueEsaSananman Immmuumnm'ﬂumLLquuLw'ﬁ?umm‘mmmmauL@ﬂuﬂmmu
Uhunans e3ungldinhussicanaszun iflsaiien mmm’i’mﬁu@mm‘wﬁmmmLﬂumm—mqmﬁﬂ%\iﬁﬂﬁLmﬂm‘
Setinnshuzinmansnaliifsdy dsdwasesaiauaysamuenansosiugdueuield dauduieduda
wudnzsibavnanzue Mutaneuwiedidedudain Tlwiloouds %ﬂ‘ﬂﬁﬁiﬂﬂ’lﬁ’ﬂmuumwm@mquﬁiﬂu:m\imq
mmﬂ‘w’Llﬁi?ﬂ'muLLﬁ\ﬁ'ﬁﬁﬂ?‘mmﬁﬁmm\mmmmfﬂﬁ@ﬂm’ 25 slmwﬁ’ummmmmﬂmnaw@lqﬁqm (P<0.05)

Table 5 Sensory evaluation of osmotic dehydrated Karanda with different Karanda juice concentrations.

Karanda juice Appearance Color Flavor ™ Taste Texture ™ Overall
concentrates linking
(Wiv %)

0 6.65°+1.18 5.85°+1.09  6.45+1.27 6.65"+1.14 7.00£126  6.55°+1.19
10 6.65°+1.18 6.75°+1.25  6.80+1.15  7.05™+1.00  6.70+1.22  7.05°+1.23
15 6.95+1.23 6.85°+1.22  6.85+1.14  7.15™+1.09  6.70+1.13  6.90°+1.12
20 7.20°°+1.06 6.95°+1.28  6.85+1.22  6.90™+1.25  6.85+1.04  6.90°+1.25
25 7.55%1.00 8.15°+0.87  6.70+0.98 7.40°+1.14 6.35+1.22  7.80°+1.15

" Means in the same column not significant different (P>0.05).
*® Different letters in the same column mean significantly different (P<0.05).
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woulvlaendiy 2 oie Inusnludedieis Ao lrandRuuaznan SN (Anderson, 2006) wontnlaenuTing
anNTaaanaNzun A ludTuNMNNn Ae cyanidin-3-O-rhamnoside, pelargonidin-3-O-glucoside Way cyanidin-3-O-
glucoside (Kamlesh et al., 2010) %qmﬂﬁ?’ﬁm:mqmquxmqiﬁ@mmmgm?faﬂ@: 25 (gaefiléFuniseniu)
‘v‘iﬂﬁmamﬁm@m’mmqmqmmqiﬁLLﬂiﬁlm‘uLLﬁqﬁﬂ?‘mmmu‘iw%mﬁu%\mmmLﬁ'u%?w,ﬁ'@Lﬂ?‘ﬂmﬁﬂuﬁuzﬂmmuqu
(Table 6) 'ﬂ’]@Lﬂum@uﬂﬂ’mﬂ’w@m%llLL’ﬂuTWiﬁﬂ’]ﬁuﬁﬁiuﬁ’mzﬂi']\‘ﬁ)ﬂ'm:u’]'ﬂm{f’]@:tﬁ’aLé@ﬂ@ﬁ%um@iﬁ Sesanpdas
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1M9N0d H9ARY WATARME (2556) WUN LL@uTmisﬁﬂﬂﬁuTuN@uzm\mmm:mqiﬁzﬁﬂﬁﬂ?mmqaﬁ@m%mmﬂfé’mﬁ“u
fveanaifiaanadudunsiinnnto

Table 6 Anthocyanin content of osmotic dehydrated Karanda products.

Anthocyanin contents

Samples

Cyanidin-3-glucosides (mg/l) Pelagonidin-3-glucosides (mg/l)
Control 45.7747.16 24.32+3.80
Optimal formula 74.23+21.11 39.45+11.42

ATUN NN NARUVTHURILARITUST (Table 7) Wun uzmqmqmmqiviLlfn'émuLLﬁ’\iﬁiﬁmeEuw‘%ﬂfﬁwm
Heendn 25 CFU/g Baslazsniieandn 10 CFU/g dempdadnLnanismaaedly Table 4 FafiAn a, s Tralunnedies
N9 BBIRAUYIFE Imﬂ@mmwmnauﬁfﬁwﬁqmmmmemrmmgmm'ﬁmﬁmm"qmuﬁﬂLL@m@iﬁLLﬁlmﬁmLLﬁ\i
(A1INUNIAIFIUNAR DTN ANUNITN, 2558) %qs:qﬁdﬁ f‘i’mqmauw‘%ﬂfﬁwmm”m”l,mﬁu 1x10° CFU/g Basazan
siaalaliin 1x10° CFU/g
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Table 7 Total microbial count, yeast and mold of osmotic dehydrated Karanda products.

Samples Total microbial count (CFU/g) Yeast and mold (CFU/g)

Control <25 <10

Optimal formula <25 <10
agUuanisAnm
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Participatory Guarantee Systems for Organic Agriculture, Way to Sustainable Agricultural Society
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Figure 1 Diagram of a typical PGS initiative.
Source: IFOAM (2014)

. 2 N = Ay o @ \ ¥ a o a %
Aaduszuuialesandunszuaunisibiignediia dannuanizresusasiesdiumumingns daunden
TutFunguau wigiasgndulundnnisuarasdlssneuaesszuuiaes
UANMTUAsBIALSENELIRITTULTUSRUNHATAUNS HULLNAIUTIN
May (2019) leinanaiie nannisuazesAilsznautesszuuiaes el
1. Fdedimion aaudsiuiugiuressruuiaea renisiinensnsuazgisinaiiaounszminluidderio uaz
Uselomisaniu
a g ' N v a ' ] a o Y a ¥ a =X v o o o a g '
2. Maidausan sruuAleaiunisidouinetnassdsreianuaziizing aclianudiAnyiunisiideusoun
vl v a dl dl ¥ :’/ v J Y a dl Y oa [ :’/ ' a
weefHdulddaudsninendewionun Iun duan Nline uazdiElna AeenauNIzLIUNINTATLIeIRIusNIsAn
wannsuazngesidey sauvisniaiandszgnsild du mesp@ulagauiulunisaiiuianssy nsidoudoniuingey
waznslianglateiuuaziu sy
3. pullivla fRdanlddawdaisunagesaniansnnssenszninagnsdniauianalnuaznszuaunig
nsfusesrinuetils uazdndulaldetnls lildmnaacndmnaudesinaazifuannetng iesussedanm
v laduiugauluszuunisyingn sauisassntinfineaiuinueinsfnduite fusesanuzinemsdusddnvinagngls
uwazsasuananeunnneieninalselesd wu nginmeings tnasinengu lenansngs s



250 NTANTINHATNIZAANLNAN 2564 : 39 (3) : 248 - 256

4. prldansla wnRetesszuuiiaea Ae Avnlinsdalunepansdanianunsnsuseanisudaldneg
mmaﬁmmwﬁuﬁﬂ‘ﬁéu?immmmma@muLﬂ?ﬂﬁﬁ@g@mimammémamvlﬁnmfm v nsdlufusesnnnsgau
WATNITNEUNIAANTTNNgN LTusu

5. il Auduressuna maned msutitTugnalaglidaesliauianisnmaseuannWIBIN ARSI
visenszuaumsswitedluderesnuiiadlifiau wildndheinededdunssuaunsinisiusesesinedidousan

6. nszuaumsGeud qaslnsdaulnjaesrsuniiaien iiesfiesanlufuseavinf udiiednm
wisnsileuaznalniiauayunisininemstuisdesquauetredaiiu Jenssusunismsiusesluszuuiaiearelhin
mm%qim\ﬁjmmﬂ’mmiummm@ﬂLﬂﬁﬂuﬁ‘ﬂui’mmﬁﬁmuﬁm%qﬁwmmﬁmﬂmzuummﬁmmemm?‘llm
HARSTITRWYFE

anudnnsuazesFlszneudneduaaiulddnssuniaeaunszuaunisilinaugn ATUALNNTWENUN
\AisgNA daAn uazAauanden mu@ﬁu”l,ﬂmuLLuqﬁmmwmffqﬁu
wuIRRAA B UINERTHaEY

Reijnties et al. (1992) ANAW “poelathy nanenduA Al umnediunswmun A AnuseE
NNANABBINGEIN  sustainability %qiuwwmﬂiuﬁu@%mﬂmﬁwmmﬁ nssifiunisldadnese dlasite
prmanansnlunssssegingliisugemell widerhmiindiumanems frdn Ay vanede dnann
Iuﬂﬂimaﬁl‘ﬁﬁ’]ﬁ\‘i’ﬂﬂ'ﬂﬂwEﬂ"ﬂLd‘ﬂxﬁﬁﬂiﬁiﬁﬂﬁﬁ’m%ﬁ%ﬁ’]m‘w?@TW?NM?‘@MU%%M ﬁ\‘rﬁﬂmxﬂﬁumiﬁﬂ?nmﬁmmmﬁﬂ
m@mu Consultative Group on International Agricultural Research: CGIAR (I DIRFG Lm:rmmﬂu AR LU
nsLmminens iermandemeniainemsfinenauassiar s Tuiazaridessresns LazluansRioay
ﬂﬁ’]i\‘iﬁ‘mﬁ”’iLL@quWMQMﬂ’WWT’N@QLL%’]Z\]@N ARDAAUTIEIBYINHNINENTEITNTA

Reijntjes et al. (1992) nanadn insmstieiudastsznaudsienly 5 dsenns Idun

1. @aeppdeasiuszULTA An ANN93NEINIWENIoIINTA muﬁ”aswuﬁmﬂLm:rm’lﬁ’mmmwmumrﬁ
athailuesdn vandluachiidan du au 1h uarAediTin u aywd Aoviednd aaenaudddTinmuadniuau
m@"lﬁ?uma@LLmvmmﬂﬁﬁmmmu@@Lmzﬁqﬂumwﬁﬁ Tneninsruunisdannisdiudgeatngesiuuaznisguaguninees
W &5T wazayeel TNz UauN1INIeTdngn (NsAauANiues) 1 ld muﬁ"\iﬁwwi”wmmﬁm?{umsl%ﬂiﬂmﬁ

2. ummﬂuiﬂimmumwm AR Lm:rmm‘ma‘mmmqmmmimmwamewmmmmmﬂm wazdaele
PSRN SANTeEiHaRRLUNLT NNz L IEX ROt R a P T 7 nsaulun1iasuI AN RANIY
Lmﬁ:rgﬂ@u"l,ummLfawuu,mm@m@m‘lﬁmmmmnﬂnwmmu uisaaftlsslomBudiunde du nrsandnldans
Tuadnlszadu uaznisaydnemineins

3. WA FEINNINAIAN Ao fimsnszaneminennsuazeunaliifudssaauieddundnyseiuin dezanau
nﬂmu@:VLv%"?umimumu@ﬂuﬁmﬂ%‘“ﬂﬂ”ﬁwLmz‘mNzﬁwﬁugmﬁ@mmamﬂwwi%ﬁﬂm AN iudmin
anlunnsldiau ma‘ﬁﬁunuﬁlﬁmm ANNTRRLMRDANUNATIA WAZAUTINNIIAATA Uszanaunnanasilania
‘ﬁf«a:L%i’fgﬂum"mumsﬁmau‘l@ %ﬂui"ﬁuﬁuﬁLL@“‘lui”&TuﬁmuTmﬂmu

4. HNyHHaITN Ae mmqmmm@ (W dmf uazaye) favafaciifinegethamunzan wywnaupag
iFunsensusdnavinidien TP ATEAN I mam@ﬂuumuﬂmmaaﬂmm Tnenanzatineiionanulila
oAz audedng niaimewlunesuaziy wnnimeiusssuuazARyy ntedpnazdasldFung
Sneuazimunliiagantily

5. flanuilaveu Ao quaudasliumlfdniuaniunsaiiuaeuas Tdinasdudewladulssannide
ulttnenaa Twmngaudn azdesineimumatiladianzan uazmaasuamedennirusss AT
AouAiull

dinemaldanssnmansmsuazaunsad (2562) taaasng insmetediu e sruunsnsmInAsaLAgH
DRDTIBNHAING NITLIUNINAS LmzmﬁmmmﬂgﬂLL1_|'1_|Lﬁﬂiﬁlﬁmmwmu@@maLﬂiﬂgﬁ@ fapa Aeuanden uaz
sruuinA %aﬁﬂmjmi‘ﬁ'qmum NIWENL AN WD ATRNHAINT uasHiFlna aunsnutiseaniiu 3 JA il



King Mongkut's Agr. J. 2021 : 39 (3) : 248 - 256 251

1. prwdafiunedfisangia e m’;‘ﬁm@m‘imﬁumﬂmwmmmmumummm@"ﬂLﬂuﬁugmv‘iﬂﬁ
AnpnuTupnIveng aamsflanniladunauen iiesaniansmusing 7 fnafenamunldaansnansnldans
u@nmnﬁﬂ“@ﬁn’m‘m%ﬂm@mLﬁmmﬂfmtﬂagﬂ WAZENEAANITUNINNTAAA ﬁﬁlqLﬂuqﬁﬁmﬁu’lﬁﬁumwmﬂﬂu@mﬂm

2. anudediunediidenn wanei afeauilaaaianiseisuazqewde dgnandiin ldlauas
nsildausanlufanssunemanems WunisanadanuduuissAuaEauLATINTY AASRIINITENENIINIY
wazanifoyuaseunsa InnsadanszusunisFausuuuidousonluguau dunaliAndenuuwisnanuiaeiie Beams
duanAtTanTmussguTY WAzt ety

3. prwdsfuneliAReunndenuazssuniling vinede annanTzNUAENIRENIDIINTNRRAZRIUINE BY
memwmwmﬂmmmw mu”l,ﬂmﬂ’]a"aua‘ﬂm@vwmmm@mummmmmmu AaENNIan Az AN N3 ldasAd
AN ] @nmmﬂ@imﬂmvuummmmim‘wmmm@mwﬂivammw

AsanansnaqUldn inwmsdeiiy umadenuilumsssdinuaznisLlssnaendndmininemnsnsseees
ﬁmmiﬂ?ﬂﬁ@ﬁuﬂmmﬁmmmﬁ@ dapn uavdauandenideinedetu
A NANRUSszULSUsRANERsA U SLLLTidus R ud NN eRs Ity

ssuuiaea Wuszuunisiusesluguauiduiundspsinemsnsindifosiu lnganduanasauilefuan
ﬂ@;umwmmﬁﬁ%%ﬂ‘lumiﬁwLm:rm%uw?ﬂ’fafjwLLﬁ@?\i Lﬁfam'ﬂuiwﬁ‘luﬂfmmﬂu@gmmmfam%”qmwmm TN
danudasnistesnaiaviedusing WuAenszduldAanauanildlaluszuuiaies fanianeaslussuuiiaien
mmmirﬁfwamamﬁﬂ@mﬁﬂ ol dananseduanuazdiiina n1asaunguinemIng aunsnunnananllulegy
Lw'amwmmmmmm@m@m mﬂqam”memmLﬁimﬂ@ﬁﬂuimiﬁmumeamqmﬂu amnanalddrszuuiiaieailunig
sunemsdediu Aamnsonevtanglén 3 dau dun mwmﬁumumimm prweaihududaunnden wazanudediu
MR mmimfaﬁmﬂimmu

P EEufns giia i‘vuuw'wamLﬂumimmwmﬂumiﬂwiﬂmmmm fleedl inlianduyunisnanuas
sy bireliRanaduheanmsdannedl santsonedecing AR AP NANAAN NN AT
WATLATEFNAATIEEN NARNANAS

pandefiudiudanden srunfidiearinininenafaanisniles '%Iuvj WATSNHNINENN $TTNTR
inpRMAINIIENSEa W uazAeiEnfian lunsvniainemsieineauna LR wIndes

prelfiufudeen sruufdeaidinaironuduudelugamy sungunisuanidasuesihnureansaans
delHAnAuanameauazaaiuTnuduludpunensduwide LasdeianaashaNNsaNENLINUNIANNNEAT
ﬁﬂﬁ’t,ﬂumm%’wLm:rmmg'uslmiﬁﬁﬂfnugfmwmma‘ﬂumaﬁ%mnwmmimwﬂu@mﬂm (Figure 2)

Environment
- Biodiversity
- soil rehabilitation

- water rehabilitation

Society 2D Economy
- Social gathering - Cost Reduction

- Knowledge Sharing - reduce the use of
! machinery

- Strong Communities

- Revenue increased

Figure 2 The relationship between Participatory Guarantee Systems and sustainable agricultural society.
Source: Adapted from Mary (2007)
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Figure 4 Trading and cropping in India's PGS systems.
Source: IFOAM (2015)
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