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Extension Agent’s Role in Linking Smallholder Farmers to Markets:
Case Study of Lop Buri Province
o da o‘alq'.]* ~ o Jd o A v a4 a a 1
WUBARA RLUUAY AUITHAU AN @’igu'lgj [INISA2 LL@%ﬂu%ﬂ'\ ’T]VIN'V!WW?
Panchit Seeniang”, Kanungrat Kummanee', Jirattinart Thungngern' and

Donchida Wathinputthiporn'

Received: February 16, 2023
Revised: March 23, 2023
Accepted: March 23, 2023

Abstract: This study aimed to study the roles of extension agents in linking smallholder farmers to markets
in Lop Buri province. Questionnaire technique was applied for data collection from fifty-one extension
agents in Lop Buri province in 2019 by simple random sampling. Descriptive statistics were applied
for data analysis. The findings revealed that only a few extension agents had ever worked in linking
with farmers and agricultural markets. Extension agents currently play a coordinating role. They had an
opinion that the role that should be played in linking smallholder farmers with the market includes being
a coordinator and supporting marketing groups. Meanwhile, an important role that extension agents
were not sure should be performed, but they agree to develop such skills include helping farmers adjust
their entrepreneurial or business skills, development of marketing segments and support of value chains
within the supply chain. Therefore, in order to improve the role of agricultural agents to be able to more
clearly link smallholder farmers with the market, it is necessary to develop skills. It should be adjusting
the working perspective and increase the integration of extension agents with other trade or marketing

organizations by defining a clear framework and roles of work.

Keywords: role, extension agent, market linking
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Table 1 Socio-economic characteristics of samples

- &amnaw 2562 Tngldnisqusnatineatngdng
(simple random sampling) lfuuuaaunialinng
iudaya uwazinsviteya Tmﬁﬁmaﬁﬁqmimm
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ATINNIRNALIIN 0.57 AT (Table 1)

(n=51)
Item No. % X SD

Gender

- Male 24 47.06

- Female 27 52.94
Average age (yrs.) 42.32 12.11
Education level

- Diploma degree 2 3.92

- Bachelor's degree 43 84.31

- Master's degree 6 11.77
Position level

- Operation 19 37.26

- Expert 16 31.37

- Specialization 2 3.92

- Others

14 27.45
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Table 1 (continued).

(n=51)
Item No. % X SD
Experience (yrs.) 17.50 8.48
Received training to develop agricultural marketing
- Training 25 49.02
- No training 26 50.98
Number of trainings for agricultural market development 0.57 0.64

A139UTeeTNda3 NN TN EATR
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wUdn Rundadiun1nnenIseay 31.37 1ie
ide 1 Tu 3 veangusetrarind e
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64.71 sz PosidunsunisAnniely (Table 2)
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v dl d‘ o £ 1 ¥
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Table 2 Percent, mean and standard deviation on working of extension agents in linking smallholder farmers to markets.

(n=51)

ltem % X SD Interpret

1. Do you worked on linking agricultural markets to farmers?

Link 31.37

Not link 68.63
2. Farmers need help or support from government agents in 3.64 0.51 high*
marketing.
3. Extension agents need to play a role in supporting farmers in 3.33 0.82 moderate*
marketing.
4. Who should be responsible for linking the market with farmers?

Department of Agricultural Extension 29.41

Department of Internal Trade 64.71

Local Government Organization 1.96

Others 3.92

Remark: 1.00-1.50 = not at all, 1.51-2.50 = low, 2.51-3.50 = moderate, and 3.51-4.00 = high

unmrasingusinmainenslumsadela
LNHASNTIILLRENUAATA

Wug1 dnaeasunisineasiaqiug
unumiuglszaueulideyaseudnanemang

ﬂ‘uummmmmmmmvmﬂmu Tudauaes
MWAILANIHAR faeas 66.67 TIUANAINAN
WUSARA WATADLE (2559) FTUITUNUINUANTDY
v - djam v M
undaadunisinensndjumludaqiu ldun



Agricultural Science and Management J. 7 (1) : 5-12 (2024)

madugliuinisduniainems fafluumum
N199UUNAALINEATNT MNuAdeAARRIAL
WUSARs uazAy (2563) 39ldAnm NN
UNAUATUNTINEAIFBN TN UIRAIAN AN 11
Faudnanis wudn uwmw”luﬁ@ﬁgﬁuﬁﬁﬂmm?u
NENEATAIINIUNNIINUI “AAIAINEATNS”
Aa ngenwinANazaan Tnanistszaiuanuld
faya duduunumiineatesiunisieudinu
nemanavieiden laaneaInIgnIanae Lnum
sasasndunisUsuinweluniadugsenounis
wranavingsnaliuiinemeng Tun n1sdmanzil
Tan1an19n19m810 N19UsTLHUAUY UAUAN
NM9INUHUGINA N91A3ANFRIBNTLEAY uaznIs
dszifiugatuazinlsresdudn udu waznis
WaNWNNgaINEAING TN NN9AANIINgN Yinsy
ynan19iin Guanneasuaziiiunielunga daun
duinwenianisnain nasldimaTulaging
NedANTNTHAALAZN NN TatNa ey
faeny 50.98 WU faaa 47.06 HUEAANS
daya 1w dayan1sudn wanas uaznnls ik
fpuny 37.54 AUUALUNANNINNNTAANA LAUA
Fananineasnsieglunguliaiunsndoud

walulad wissnuNud T ENaNARdIIAS
Isfiuadiasiu fetaz 33.33 Maaesrns
ineRInsieaiayuniIaana InamuAa
ananTnesdinemsnsi Jetadenisnanysann,
wn/den gy lilusangn ansduAndsunnman/
aanlugyls fesar 20.41 luaywiaeldAAn
neluviaeidgilniu %ﬂugﬂuuumwﬁuﬁuﬁ’
wazununesdifidanlddandn lusiaslgnnien
(Whinadadunmsuislufesiu nwaans wed
wazgisznaunisutlsgtdudn) uazuadslas
fununsnslésy uazfenas 21.57 aduayunig
Fuindeuszuuannsnl uazludunuidenles
FTUINNBATNIAUNAANTA4UNTHAR WAL
ineAsnIiUNeASUTeAUAINERSWNAL N33R
m’mzi”]L?@‘lumd‘iﬁﬁ@mmLL@zLﬁ'mmﬂﬁ”\imq
AULATEFNA Aowanden uazdenn fenas 15.69
wazgavineliusnisuuuAnAsIss TN lugua
v 1LTN19AUNNIRU 9.80 (Table 3) wana
Windn unuaniaqiuazyaduniswWmuin
neasnsiialivinisnanfianisoudedu
unntu ?ﬁlqm@Lﬂugmmﬁ;mmﬂﬂamumiﬁ
winlun19vn9m

Table 3 The current role of extension agents in linking smallholder farmers to markets.

(n=51)

Item

%

1) Coordinator
2) Information manager
3) Adjust the skills of farmers

4) Develop farmer groups in marketing

5) Development of farmer organization to support the market

6) Support shared marketing groups
7) Cooperative support

8) Value chain support within the chain
9) Agri-dealer networks

10) Fee-based community service providers

66.67
47.06
50.98
50.98
33.33
37.54
21.57
29.41
21.57
9.80

11) Measuring value chain success and economic environment and social goals 15.69
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Table 4 Opinions of the samples on the roles that should be done by extension agents in linking smallholder farmers to

markets.
(n=51)
Item X SD Interpret

1) Coordinator 2.55 0.51 Yes
2) Information manager 2.04 0.49 Not sure
3) Adjust the skills of farmers 2.43 0.47 Not sure
4) Develop farmer groups in marketing 2.35 0.46 Not sure
5) Development of farmer organization to support the market 2.14 0.44 Not sure
6) Support shared marketing groups 2.53 0.43 Yes
7) Cooperative support 212 0.42 Not sure
8) Value chain support within the chain 2.31 0.40 Not sure
9) Agri-dealer networks 1.75 0.39 Not sure
10) Fee-based community service providers 1.39 0.38 No
11) Measuring success of value chain and economic, environment and 1.92 0.37 Not sure
social goals

Total average 214 0.44 Not sure

Remark: 1.00-1.50 = no, 1.51-2.50 = not sure and 2.51-3.00 = yes
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Table 5 Extension roles that need to developed in linking agricultural market

(n=51)
ltem % Rank 1 % Rank 2

1) Coordinator 64.70 0

2) Group/ organization development 13.73 63.64
3) Data management and marketing planning 17.65 18.18
4) Value chain management 0 9.09
5) Technology management 1.96 9.09
6) Others 1.96 0
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Abstract: The objective of this study was to develop barley varieties providing high yield and quality. The
observation and intra-station yield trial had been done during 2020-2022 at Samoeng Rice Research
Center. It was found that the observation of 34 barley promising lines, 6 barley promising lines had
high yield (BCMU36-24-SMG-14, BCMU96-9-SMG-36, FNBL8306, FNBL#140, SMGBL94027 and
SMGBL90001-1-1-1). Moreover, intra-station yield trial results showed that the growth, yield
components, yield and proximate analysis were statistically different. The BCMU36-24-SMG-14 and
BCMU96-9-SMG-26 had more potential to be developed into a functional food product than other
barley promising lines/cultivar. The average yields of BCMU36-24-SMG-14 and BCMU96-9-SMG-26
were 491 and 492 kg/rai respectively while they contained beta-glucan (5.6 and 5.3%), carbohydrates
(68.7 and 69.1%), protein (11.6 and 11.2%), fat (1.7 and 1.7%), fiber (3.8 and 4.1%), and ash (2.2
and 2.4%).

Keywords: screening, barley, functional foods
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(Table 1)

Table 1 Observation of barley promising lines at Samoeng Rice Research Center, season 2020/2021.

Line/Variety Day of 50% flowering (days) Maturity days (days) Yield (kg/rai)
BRB9702 50 80 490
EMBSN98/99#5 55 83 512
FNBL8306 54 83 633
FNBL8306-BC-SMG-1-1 55 86 367
FNBL8309-34-SMG-1-1 53 85 428
FNBL8403-17-SMG-1-1 55 87 469
FNBL8420-14-SMG-1-1-1 54 82 527
FNBLS#140 53 82 621
LARTC-BL9408 50 80 184
LARTC-BL9910 51 79 489
LARTC-BL9916 54 83 497
MJBLS#2 55 85 534
SMGBL88001-3-1-2-1 53 82 540
SMGBL89015-2-1-1-1 52 84 515
SMGBL90001-1-1-1 53 80 631
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Table 1 (continued).

Line/Variety Day of 50% flowering (days) Maturity days (days) Yield (kg/rai)
SMGBL90002-5-1-2-1 53 82 442
SMGBL90009-5-1-3-1 52 80 197
SMGBL90043-4-1-2-1 50 84 325
SMGBL91006-1-3-1 54 85 519
SMGBL91102-1-1-1 53 84 475
SMGBLS89706 53 83 485
SMGBLS92009 54 85 426
SMGBLS93022 51 80 509
SMGBLS94016 54 83 369
SMGBLS94020 53 85 304
SMGBLS94027 50 79 661
SMGBLS94028 51 79 486
SMGBLS94031 52 80 503
SMGBLS94032 50 78 255
SMGBLS95032 52 81 434
SMGBLS95080 50 80 358
SMGBLS98001 50 81 521
BCMU36-24-SMG-14 51 80 625
BCMU96-9-SMG-36 50 79 615
BRB 2 56 87 367
BRB 9 37 65 416
Samoeng 1 53 82 519
Samoeng 2 54 82 484
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Table 2 Intra-station yield trial on agronomic traits and growth of barley promising lines at Samoeng Rice Research

Center, season 2021/2022

Line/Variety Day of 5(2;/;:)owering Mat(udr;ti//gays PIarEtC:]e)ight See(s:;nngis(/:l;?)sity
BCMU36-24-SMG-14 52 b 80c 1113 a 189 ¢
BCMU96-9-SMG-36 50 ¢ 80c 107.4 a 159d
FNBL8306 54 b 85Db 102.2 ab 267 b
FNBL#140 53 b 84 b 102.2 ab 201 c
SMGBL94027 50 ¢ 80c 84.6¢c 192 ¢
SMGBL90001-1-1-1 54 b 81c 105.7 a 203 ¢
BRB 2 56 a 89a 95.8 b 248 b
BRB 9 43 e 67 d 83.3¢c 260 b
Samoeng 1 49d 79c 93.5b 291 a
Samoeng 2 51 bc 80c 91.9 bc 153 d

F-test ok ok ok ok
CV% 0.25 0.30 3.37 14.46

Means in the same column followed by a common letter are not significantly different at 5% level by DMRT.
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Table 3 Intra-station yield trial on yield components and yield of barley promising lines at Samoeng Rice Research

Center, season 2021/2022

Line/Variety Spike den§ity ) Number of seeds per 1,000 grain weight YieId‘
(number of spike/m?) head (seeds/head) (9) (kg/rai)

BCMU36-24-SMG-14 382 bc 21.8 cd 53.9a 491 b
BCMU96-9-SMG-36 384 bc 20.9 cd 49.3 b 492 b
FNBL8306 366 bc 46.0b 455¢ 426 ¢
FNBL#140 332¢ 49.1 ab 456 ¢ 474 b
SMGBL94027 477 b 21.2 cd 45.1¢c 532 a
SMGBL90001-1-1-1 376 bc 242c 46.1¢ 435¢
BRB 2 403 bc 47.6 ab 42.7 cd 407 d
BRB 9 632 a 17.6d 49.4 b 402d
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Table 3 (continued).

) ) Spike density Number of seeds per 1,000 grain weight Yield
Line/Variety ) 5 )
(number of spike/m?) head (seeds/head) (9) (kg/rai)
Samoeng 1 465 b 514 a 376d 410d
Samoeng 2 408 bc 51.7 a 292e 444 ¢
F_test *%k ** *k **
CV% 10.58 5.10 6.69 13.77

Means in the same column followed by a common letter are not significantly different at 5% level by DMRT.
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Table 4 Proximate analysis of barley promising lines at Samoeng Rice Research Center, season 2021/2022

Line/Variety B—glucans Carbohydrate  Protein Fat Fiber Ash Moisture
(%) (%) (%) (%) (%) (%) (%)
BCMU36-24-SMG-14 56b 68.7 b 11.6¢c 1.7a 3.8e 2.2 11.9a
BCMU96-9-SMG-36 53b 69.1b 11.2d 1.7a 41e 2.4 11.5b
FNBL8306 3.7¢c 69.5a 9.8f 1.5ab 52d 2.2 11.9a
FNBL#140 3.5¢c 69.0 b 10.0e 1.5ab 6.0c 2.3 1M.1c
SMGBL94027 36¢C 68.0c 10.1e 1.3b 72b 2.3 11.0 cd
SMGBL90001-1-1-1 53Db 67.2d 120Db 1.3b 6.3¢c 2.4 10.8d
BRB 2 4.8 bc 65.7 e 12.7 a 1.3b 6.9b 2.3 1M11c
BRB 9 7.00a 68.0c 12.7 a 1.5ab 51d 2.4 104 e
Samoeng 1 4.0 bc 67.1d 10.0e 1.3b 8.0a 2.4 11.2c
Samoeng 2 5.0 bc 68.2¢c 11.8 bc 1.4Db 6.2¢c 2.3 10.1f
Ftest . ok ok ok . . ok
CV% 8.46 0.25 0.51 4.48 2.70 3.64 0.59

Means in the same column followed by a common letter are not significantly different at 5% level by DMRT.
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Evaluation of Antioxidants in Flesh and Peel of Ripe Mango
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Abstract: The aim of this research was to investigate vitamin C, total phenolic, beta-carotene content
and antioxidant activity in flesh and peel at ripe stage of nine economic mango cultivars (Mahacharnok,
Namdokmai, Namdokmai No.4, Namdokmai Sithong, Okrongthong, Kalonthong, Thongdam,
Nangklangwan and Nathap) were evaluated. The results showed that antioxidants in flesh and peel
at ripe stage were significantly different (P<0.01). The ripe mango flesh, Thongdam had the highest
vitamin C content of 105 mg/100 g FW. The ripe mango peel, Mahacharnok had the highest vitamin C
content of 86.22 mg/100 g FW. The ripe mango flesh, Kalonthong had the highest total phenolics
content of 85.85 mg/100g FW. The ripe mango peel, Mahacharnok had the highest total phenolics
content of 4,644 mg/100g FW. The ripe mango flesh, Kalonthong had the highest antioxidant activity
content of 5.66 pMol/g FW. The ripe mango peel, Namdokmai No.4 had the highest antioxidant activity
content of 490.56 uMol/g FW. The ripe mango flesh, Thongdam had the highest beta-carotene content
of 17.20 mg/100 g FW. The ripe mango peel Namdokmai Sithong had the highest beta-carotene
content of 11.31 mg/100 g FW. The result revealed that mango peel had more antioxidant than mango
flesh. Therefore, we can choose to eat mango cultivars fresh with the peel since the fruit is small or to
be developed for food preservation that can be eaten with the whole peel or dry the peel for further
consumption. This data will be useful for choosing an appropriate mango cultivars for consumers,

farmers, processors, and people interested.

Keywords: Mangifera indica L., nutritional value, ascorbic acid, total phenolics, R-carotene
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Table 1 The amounts of ascorbic acid, total phenolics, antioxidant activities and R-carotene contents in the flesh and

peel of 9 mango cultivars. (mean + SD)

Ascorbic acid

Total phenolics

Antioxidant activities 3-carotene

Cultivars (mg/100 g FW) (mg/100 g FW) (umol/g FW) (mg/100 g FW)
Flesh Peel Flesh Flesh Peel Flesh Peel
Mahachanok 457122097 86.2¢3.07°"  41.80£7.22" 4,644+921.10"" 3.4740.39™"  425.8+39.63"" 5.90+0.34™" 3.8+0.37°"
Namdokmai 65.23+3.13°  76.6+2.31°"  69.21+9.27°  3,170+407.05°  3.32+0.36%  443.7+22.14°  5.08+0.44™° 4.4c+0.30°

Namdokmai No.4  63.00+2.66°  65.7+1.85  20.40+5.86° 3,641+627.26"  4.54+0.82"

490.6+26.09°  3.86+0.66°  7.8b+0.88°

Namdokmai 51.14+0.34°  78.8+1.71" 33.4046.77° 3,170+407.05° 3.60+0.44™  421.0+31.98"  6.65£0.59°  11.3+1.47°
Sithong

Okrongthong 45704373  66.7+¢3.30"  31.82+45.89" 2,462+359.30° 4.16+0.44%°  417.6+39.85"  1.96+0.25°  9.4+1.32°
Kalonthong 71.4046.32° 72.4+1.88°° 85.85¢11.59° 890+105.69°  5.66+0.65° 192.9+438.27°  4.48+0.39  7.5+0.65°
Thongdam 105.00#5.40a 78.6+2.98™  77.45+5.44" 2,381+25151°  4.64+0.37"°  327.0#26.50"  17.20+1.33°  7.9+0.96"
Nangklangwan 66.95+2.33°  70.4+151%" 83.48+15.55° 1,050+203.89° 4.91+145°  265.8+38.30°  0.63+0.10°  3.6+0.31°
Nathap 66.46+6.17°  81.5+1.85° 21.04+5.44° 2859+503.06° 2.05+0.20°  297.6+62.03"°  1.52+0.17°  7.7+0.40°

P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

" Means with different letters within a column are significantly different (P<0.01) according to DMRT.

a9l
ann1sdsziinauAn1sinTuinasly
Hena wazfenuzaiaanagnie o wug ldun
svngun thnenlst shaenlfives 4 thaenlst
AN199 ANTRINEY NTABUNAY NBIAT WIRINANII
WAzl o wlassrusaniuguzdos a1y
ndas NPT IRTAI AMUZINKAT NNINLAY
NEAIANART 81LNetNTey ANTAUAIITANN
wud1 USunnAanaud Psannfuedntavan
ﬂ?mmqw%rﬁmméuu@%mz wazUTHILLAD
uplsiiu fpnnsuansneiuluusasiugicluile
uazilAen stedanuinsesiasgmie o g i end]
Usanndflueaniomn ﬂ?mmqwéﬁﬂuwnﬂ@%mz
mﬂﬂfjﬂwﬁ@mfoﬁﬁmuwmﬂwi”uTmmi@g@ﬁ@uﬂu
UslumTiadiistne dulsgiluzains uazdfianlalu

nsiaanldiuguzaiasielil

namRngsNUsznA
muﬁﬁaﬁiﬁ%nugmmuﬁﬁﬂwﬁwmﬁﬂ
NEATAIAAT AMNANITUINL LAV U LU
NUNINLBENBATANARAT (Kasetsart University

Research and Development Institute, KURDI)

WATADIZINEAT NUNINIAEINHATAIANT
dszand WA, 2564 A9BVBLAMBLINES TIND
PDUAUAM WA.AT.LNTEHIANA Inaned way
¥ dl £ 1 v o 1= 1 A
ginaadaannyiau lunasliddine doamae
WAZHUZEIRABATTEZIAN TUN1919N1ARE

LANA1981989

NINANLETNNITANTEUINLTEINA NTENTWN T,
2564. s uLuaTTuAUA TNz ly
panmau. (sruuaaulad). unasieya:
https://www.ditp.go.th/ditp_web61/
article_sub_view.php?filename=
contents_attach/732720/732720.p df&
tite=732720&cate=414&d=0 (31 FuAn
2565).

PTYNIY NUIAAT BB NYTITYLAA UAT
fnifesh TeuLne. 2553.Imiﬁm:m
anmoiziszariuguzsisunatssTomed
Tunsdfutlgaing. wiin so-96. Tu: ng
UIsgun19ig1n19289uu1INen At
INHASANERT ATIR48 @19RT 3-5
NNATWUE 2553, uU1Inenas
INEATIANART, NTUNN,



Agricultural Science and Management J. 7 (1) : 22-29 (2024)

29

a3aust AT, 2550, FIANEMAINNILFUREN
LAZNITAINETRINT. ATAFTINTEIU
ANZINEAT NMUWILAY NUNTNUNAY
nemIAans, uAslgu. 463 wih

ANNT fHTNN. 2558, n1etssiNulTNNMuans
wonmARLNelsznIg qm%rﬁmmézgaﬁmx
wazlFunaanInguueanaasNziag
NMuifleedandnazidans. ansans
AWNEBNANART N, 43(2): 267-283.

Twyatl dunfians. 2550, Mslgnuzazne. nws
ALNNNNINHA, NFUNNY. 87 i,

NUIAT §I9ITUNNA UIAAN NRTuTIY Aol
N1997LAT Y ENANT NAINNW AT
A3ufa gle Aanedn LL@:l;ﬂ?‘f;I\WTﬂ
Tnewey. 2559. ArUANTBILDNZAZND
Tudausinge) 2890, 19a1INTANART
ANUANUATUNT 3 WLARH(1): 16-22.

gt AR asigan wiediss wasiresdng
Inenar. 2561. NssziliuuazAniaen
ﬁuﬁ;’umxﬂmf‘:@mﬁm@'uﬁ 1 fienns
13lnagn waznsudsgenuns. angans
AMNYVANARNTINEHT 49 WeALH(1): 402-404.

ginlnauinng. 2565. A13FNUALLABATY (LUFN
wAlsu AnnAWD IMRuT) Tunalsd.
(szuvaaulad). unasdaya: https://
nutrition2.anamai. moph.go.th/webupload/
6x22caac0452648c8dd1f534819ba
2116¢/202011/mpage/32007/551 /file_
download/ 45bd7622cfad2f7e916ea564
€2780dd4.pdf (1 RANAN 2565).

A1UNIIULATHINANITINERAT. 2565, ANANIT
avaan. (sruueaula). unasiaya:
http://impexp.oae.go.th/service/export.
php?S_YEAR=2564&E_YEAR=
2564&PRODUCT_GROUP=5252&wf_
search= &WF_ SEARCH=Y (1 naiAx
2565).

Anthon, G. and D. M. Barrett. 2007. Standardi-
zation of a rapid spectrophotometric

&
R

method for lycopene analysis. Acta
Horticulturae 758: 111-128.

Association of Official Analytical Chemists. 1990.
Official Methods of Analysis. 15th ed.
George Banta Washington, DC. 771 p.

Benzie, |. F. F. and J.J. Strain. 1996, The ferric
reducing ability of plasma (FRAP) as a
measure of “antioxidant power”: the
FRAP assay. Analytical Biochemistry
239(1): 70-76.

Karanjalker G.R., K.S. Shivashankara, T.K. Roy,
M.R. Dinesh, G.A. Geetha, K.C. Pavithra,
and K. V. Ravishankar. 2018. Profiling
of anthocyanins and carotenoids in fruit
peel of different colored mango
cultivars. Food Science and Technology
55(11): 4566-4577.

Langseth, L. 1995. Oxidants Antioxidants and
Disease Prevention. International Life
sciences institute. ILSI Press, Belgium.
32 p.

Noctor, G. and C.H. Foyer. 1998. Ascorbate
and glutathione: keeping active
oxygen under control. Annual Review
of Plant Physiology and Plant
Molecular Biology 49(1): 249-279.

Swain, T. and W. E. Hillis 1959. The phenolic
constituents of Prunus domestica I-the
quantitative analysis of phenolic
constituents. Journal of Science of
Food and Agriculture 10(1): 63-68.

Thaipong, K. U. Boonprakob, K. Crosby, L.
Cisneros-Zevallos and D.H. Byrne.
2006. Comparison of ABTS, DPPH,
FRAP, and ORAC assays for estimating
antioxidant activity from guava fruit
extracts. Journal of Food Composition
and Analysis 19: 669-675.

Veer, P.V., M.C.J.F. Jansen, M. Klerk and
F.J. Kok. 2000. Fruits and vegetables
in the prevention of cancer and
cardiovascular disease. Public Health
Nutrition 3: 103-107.



30

narasitagaananssuaulmaildsilaaluduilzsnneinanannnszuiung
Munadanuda
The Effect of pH on the Protease Activity in Pineapple Powder Derived from Freeze-Drying
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Abstract: Pineapple contains a protease enzyme called bromelain, which has a wide range of
applications in the food, cosmetic and pharmaceutical industries. The activity and the stability of
protease are influenced by various factors, including pH. This research investigated the effect of
pH on the physical properties and the protease activity of pineapple powder derived from
freeze-drying. The production of pineapple powder was carried out using a solution of Normal
Saline Solution (NSS) and buffer solution. A comparative analysis was conducted to evaluate the
physical properties of pineapple powder, including water activity (aw), moisture content, enzyme
activity, and stability over a period of 120 days. The results showed that 40 mM sodium phosphate
buffer was capable of effectively adjusting the pH of pineapple juice from weakly acidic to neutral or
weakly basic. The pineapple powder produced from the NSS had a high a, value of 0.57 and had
a high moisture content value of 11%. The protease activity in the pineapple powder produced from
the NSS deteriorated rapidly, with a residual enzyme activity of only 36.65% at day 120. The pineap-
ple powder produced from buffer solutions at pH 6.5, 7.0, and 7.5 had a, values of 0.4, 0.3, and 0.3,
respectively, and moisture content of 8%. The pineapple powder produced from all buffer solutions
had lower a and moisture content than that produced from the NSS, resulting in better stability of
protease enzyme activity for 120 days. At the end of the experiment, the residual enzyme activity was

over 80%.

Keywords: Bromelain, Enzyme, Freeze-drying, Pineapple, Protease
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Table 1 The value of pH and protease activity of pineapple and buffer mixing solution with various pH buffer (Mean + SD)

Target pH pH changed t—(\/;l_:J)e PrOEZ%SS /;CSVHY (ZZELL:S)
6.5 6.26+0.04 10.82* 0.38+0.10 -5.19*
7.0 6.54+0.02 46.00* 0.40+0.08 -8.66*
7.5 7.41+0.01 15.59* 0.41+0.06 -17.00*

*Means values between target pH and pH changed are significantly different (p < 0.05), analyzed by t-test.
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Figure 1 Freeze dried pineapple powder
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Table 2 Protease activity analysis of pineapple powder made of four types of solution (Mean + SD)

Solution

Characteristic
NSS

pH 6.5 pH 7.0 pH 7.5

Protease activity (CDU/mL) 2.63°+0.03

3.25°+0.03

3.37°+0.06 3.46°+0.08

**Means in the same row followed by the same alphabet are not significantly different (p < 0.05), analyzed by one-way

ANOVA.
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al o = . 1 a I
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saaaern laundulzsaneinanannavines pH
=< E

7.0, 6.5 WA 7.5 TAHUTNIUANNTUTRLAT 8.67,

8.63 WAZ 8.63 AINAIAL ANNNANITN ARG

Jnsuanng kianrazatsinmasdanalilFunns

ANTURATaandnat1elidadAty (Table 3)

Table 3 a, and moisture content analysis of pineapple powder made at four types of solution (Mean + SD)

Solution
Characteristics
NSS pH 6.5 pH 7.0 pH7.5
a, 0.57°+0.01 0.46°+0.02 0.32°+0.01 0.34°+0.02
moisture content (%) 11.25°+0.03 8.63°+0.06 8.67°+0.08 8.63°+0.04

**Means in the same row followed by the same alphabet are not significantly different (p < 0.05), analyzed by one-way

ANOVA.
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ladumnsineiunenefivadnAty (Table 4)

ANIIATIERANNIT NURIR LAS-LTE0 (a*)
WAL RIA D91 G (b*) WudrduLsmeaTinan
AMNATAZAE NSS ﬁmmﬁ’mﬁnm&mmnﬁqm
TpeANALA (a%) Winf 18.34 %qﬁm@qﬁqmﬁ'@
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et 3 18 doudulysnneinanann
1Tlies pH 6.5, 7.0 WAy 7.5 NANAWAS (%) windu
9.66, 9.54 LAz 9.30 ANA1AL TnadA1lauansg
fuatefdadAny daududzannefinanann
gnrazanatinines pH 6.5 way 7.0 AN
YRIRALNADY (b*) WNAUAD 25.56 WAL 25.62
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Table 4 Color analysis of pineapple powder made of four types of solution (Mean + SD)

Solution
Characteristics
NSS pH 6.5 pH 7.0 pH7.5
(L 55.23+0.01 58.70+0.17 62.29+0.08 63.11+0.12
(a*) +18.34°+0.09 +9.66°+0.04 +9.54°+0.09 +9.30°+0.05
(b%) +23.19°+0.12 +25.56°+0.22 +25.62°+0.55 +24.03°+0.06

**Means in the same row followed by the same alphabet are not significantly different (p < 0.05), analyzed by one-way
ANOVA.
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Figure 2 Stability of protease activity evaluated from pineapple powder within 120 days
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Abstract: Water hyacinth invasive alien plants that are a national problem. But when dried, it can be used
as seedling material. The objectives of this research were to study growth and yield of wheatgrass using
dried water hyacinth as seedling media. The experiment was conducted as a Completely Randomized
Design (CRD) with 4 replications, consisting of 4 treatments: 1) burnt rice hull : coconut coir (1:1 v/v) 2)
burnt rice hull : dried water hyacinth (1:1 v/v) 3) coconut coir : dried water hyacinth (1:1 v/v) and 4) dried
water hyacinth. The results showed that wheatgrass sowed in the burnt rice hull : dried water hyacinth
(1:1 v/v) had the best in the germination percentage (74.00%), germination index (14.63), days to 50%
germination (5 days) and fresh weight (4.28 grams per 100 seeds). Whereas wheatgrass sowed in the
burnt rice hull : coconut coir (1:1 v/v) had the highest height (5.54 centimeters) and the number of days

the seeds can germinate is 50 percent (5 days).

Keywords: dried water hyacinth, seedling media, wheatgrass
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Table 1 Effect of using dried water hyacinth as seedling media on germination, germination index and days to 50%

germination of wheatgrass production

Treatment Germination Gerlmination Déys Fo 50%
(%) index germination (days)

Burnt rice hull : coconut coir (1: 1) 64.75° 12.40° 5.00°
Burnt rice hull : dried water hyacinth (1 : 1) 74.00° 14.63° 5.00°
Coconut coir : dried water hyacinth (1 : 1) 0.00° 0.00° 0.00°
Dried water hyacinth 0.00° 0.00° 0.00°

F-test o . -

CV (%) 13.43 13.29 13.21

** = significantly different at P< 0.01

Means within the same column followed by the different letters are significantly different according to DMRT (P<0.01).

Table 2 Effect of using dried water hyacinth as seedling media on seedling height and fresh yield per 100 seeds of

wheatgrass production

Seedling height

Fresh yield per 100 seeds

Treatment (cm) )
Burnt rice hull : coconut coir (1 : 1) 5.54° 2.16°
Burnt rice hull : dried water hyacinth (1 : 1) 3.84° 4.28°
Coconut coir : dried water hyacinth (1 : 1) 0.00° 0.00°
Dried water hyacinth 0.00° 0.00°
F-test * *
CV (%) 19.48 21.23

** = significantly different at P< 0.01

Means within the same column followed by the different letters are significantly different according to DMRT (P<0.01)
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Antioxidant Activity, Phenolic Composition and Consumer Satisfaction of Ya-nang-dang
(Bauhinia strychinifolia Craib.) Sterilized Herbal Drink
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Abstract: Ya-nang-dang (Bauhinia strychinifolia Craib.) is a medicinal plant with a variety of
pharmacological studies reported. Several bioactive compounds have been reported to promote
health in human. The objectives of this study were to develop a sterilized Ya-nang-daeng herbal drink
and to determine its biological properties, total phenolic compounds, antioxidant activity and consumer
satisfaction (sensory quality test). The herbal drink taste was adjusted with stevia powder and divid-
ed into 3 formulas: natural flavor, less sweet taste and sweet taste. The results showed that the total
phenolic compounds (TPC) per milligram of Ya-nang-dang herbal drink were 1.61, 1.52 and 1.39
HWgGAE/mL, respectively. Considering the serving size (180 mL), the TPC were 289.8, 273.6 and
250.2 pgGAE respectively. The antioxidant activity per serving was 13,950, 16,972 and 18,819
MMOITE. The consumer satisfaction test using a 7-point scale in 60 healthy volunteers showed that the
participants were most satisfied with natural flavored beverages, followed by less sweet and sweet

flavors with a value of 5.68, 5.11 and 4.81, respectively.

Keywords: Bauhinia strychinifolia Craib., antioxidant activity, phenolic compounds, consumer satisfaction
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Huednsusefindanssietnawinfu 1.61, 1.52 uay 1.39 Nadnsuunadnrefiadans uaziilafansan de
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FNANAL BrisEaiignBAueyadassie 1 uiliet3lna windu 13,950, 16,972 waz 18,819 tulmstuansng

fandrieudasslna annisnaaeunisiuldananuy 7 svauaziuuluenaadAsganIWAAIUIL 60 AL

wuidnFaunaaeuRANNNING 1A LATENANIASIIHTIANINTIAA FA4AINIAD FAUINUTIDY LAY FANINY

FIRANNNTU 5.68, 5.11 WAY 4.81 AHANGL

ANRIATY:

AN

Taqiiugusinalinaudranyiunisg
U?Immmmmm?lm?{uLﬁ@mmwmﬂﬁu
Tnsianny Lrﬁ'm?\'uﬁmﬁmmmuuiwwmnmw
mummmwmﬂmlumnﬂummqu@umemv
wmmmm@mmwim HLEN9 mummm
BUYABATE uummﬂumwumﬂgmm
@@ﬂeﬁmfﬁumﬂmu‘lmeﬁmm T8 ANAR
faw@fam:wmqmamﬁwu Tnavialunnsadne
@ugﬂﬁmuﬁmﬁummmm WANL4NF19NE
dnalnlunisfasiunuasuazaiunsndiaan
V’]’J’]N@“L&LLN?;Lﬁm@’m’ﬂuyj@@@iﬂmﬂﬂﬂ’]ﬁﬂ@’ﬁ
Auenyaaasy (851, 2562) aqiiuaisfiu
wuﬂa%m:ﬁ%ﬂugﬂLLuummﬁumﬁLm:Lmu
Fupged WANAUNUIIRIIA U YYADATE
uuudauaszsilungs butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT) way
tertiary butyl hydroquinone (TBHQ) &YNALTNAL
fasnaniasaniedalfifisaaduzifailesy
dsgmuiuszezinaiuiu (El-Anany and Ali

2013; Ahmed et al., 2021) AU dlszlam

AINA1IEUEY A AL IUILULLAN AN TN
AududtnnsiAnanngs uazanANIdeENTIans

a d?/ k% o 1 o o
Lﬂmmu@’mmﬂmmmqﬂmﬂugﬂmamme:u

(Kosanic et al., 2020) #n3tsrnauiueaniily
ansdsenavinuldluianusssuand anslungs

Warloussduasinaluednidunguarsinuls

wniige u@nmnﬁff\ﬁﬁqm’éﬁmt,mﬁﬁ 3 lada
N9ENLAL NITURN mumqmﬁmumiﬂﬂu 39 uaz
anAruiuladin SennanTRfINa1niiay
duiuslnensaiunisiduaissdiueyyadass
(Butkhup, 2012)

; a = a = Y a
mwu,m qnan Wu@lgﬂ;l@ﬂ@i‘x, maﬂwnauﬂumn, ﬂQ’WNWQWﬂi’QﬂI’ﬂQHUﬁﬂﬂ

8iNUNWAY (Bauhinia strychinifolia
Craib.) 4natluaed Leguminosae Liudeinn
Aeeflvivinldau WineagUldund Adluinaes
uazifhuiudides dunausluduasean nenuly
NAAANANALAS (Sato et al., 2019) eNUIUAY
éu"mLﬂuﬁmguvl,wa‘ﬁﬁmawqdmmqmwmﬂﬂ@zma‘
angRTaynynisunnednuiuuaznisunne
LLNuTWEﬂ@ﬁqmﬂﬂ’]ihﬂiﬂﬁl“ﬁu@’mmm\iLLm
eanndanaesly @duuazsn m‘mm:f’]qwﬁ
NN ETINEN 0L TUIUAIN LI BN U IUAST
guad LS Fuuueide uifmandauas
aANNIANANSTB9ANTIAR MR AR lusan e
(Luengthong, et al., 2016; Kraithep, 2017; Sato
et al., 2019; Sukprasert et al., 2021) A11N13
ANLAY (Bunluepuech et al., 2013) LaLaANIT
innaaslsalunau (Noonong et al., 2022)
zﬁﬂiﬂ@nqw?ﬁrmﬁqmwﬁwuiﬁmnmmﬁ”m
¢i1119uA tauA trilobatin, quercetin, 3,5,7,3,5-
Pentahydroxyl-flavanonol-3-o-Q-L-rhamno-
pyranoside, B—sitosterol, 3,5,7-Trihydroxy-
chromone-3-o-O-L-rhamnopyranoside, stigma
sterol Wae gallic acid (Yuenyongsawad et al.,
2013; Sato et al., 2019) S CDOESIRENEARRI IR
wasansnsnfinsziueulmlnduedmesiss Ay
WeresanaalninandAngNTrinee s lunaains
warArfunfiunlunguinensns (leay way
AN3NN, 2554; Sukprasert et al., 2021) uﬂﬂmﬂ‘f‘:
leAnsanudaenfaveanisldbiunuasly
wymellugtuuuaesaseayulng wudn lidinase
A" blood urea nitrogen (BUN), creatinine, serum
glutamic oxaloacetic transaminase (SGOT),

serum glutamate-pyruvate transaminase (SGPT)
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LAZLIALABATNY (white blood cell) (WIRNA LAY
ALY, 2561; Sayompark et al., 2013) AINNAIL
a o dl U v 2% =3 Y ]
wavmmf;mmqmu%muimm’mwLLMLﬂu
= Ao o o
NaayulnsndAnaningelunisimunneiy

A A ay ¢ o -
wiradnNayuinTussqananes et iiatlszTamd

TUN9aUAgININEULTLAINIANAIAN HIUE
NIUNATINYT ANTRBNONBNINTININ WAL
o~ o .
ansdsznauiuedaniidunmdnenisianizaes
NI G [T N PN B T RIEK:
pNsIINTNAAr st RuN Aviuluniaaiiunig
O - cd o 4 d
A AN HAITRnUsTaAINe WU LATRIAN
ayulnseuuAsssInAInes lad NUSusaTR
[% 1% . . ~ o
ARBINEINNINU (Stevia rebaudiana L.) NTEALIANN
soNlanAaaUAMANITANISTININ UTuIuans
AUANIIN QNBAUIUYATATE WAZATAN NN
dszamdudaneidinanisainrashnayulng
eUUAILLLALRES lad

alnsaluazdsinng

MauAALASBIANAN U INTHIUNILAILTTIUIA
Aa3bad

NBRLATRIANANWIN TN IUATLTTY
Turauiouuuames lad tasutieanidy 3 qms
fait zgmﬁ; 1 Lﬁ?ﬂq?{uﬂguiwmﬁuwum
(s9950917) g3 2 LATRsANANUInTEIU
WASHANVEIIMIU BRINEIU 2 nusietn 1,000
HadAn? (sandnutiew) Lngmﬁl SRUEERT R
ayulnseunAINANa MU SR9dau 4 N5
farin 1,000 Na@amg (3811911) waslaalsaany
UIN1TUTANTINEINNT (FISP) ENNBARBINAIN
Fadatlvusll Tnathagyulnsenunuaseuui
(uuazanmu) ‘1'7;m"mma‘ﬂQﬂlmzuuﬂmmamﬂﬁ
fgsuanTaeneuIanaga sunenegy S
lags ﬁuluﬁ’wﬁulu@"mmdwmﬂwsﬂmwLLm
anuvia 20 niusiend 1,000 SaaaRTTuRAY
20 WA A muRam T LUAAELA AN
Tungfuanuriunistgnlussuulasnsnsaiiuas
UL SR 2 uaz 4 nSuRetn 1,000 fadART
TueTasdnaguingdiuianasgasi 2 uay 3

PNSIAL NsasAnsazansdle U339 luA9AUAY
1ALFNIRT 180 Hadans wavidnszuaunig
awesladigoumnil 110 asrnuraido win 20 Wil
usnnfignimgites

ATIZUAR (L*a*D%)

FAIITIAIR L*a*b* URILATAIAN
muui‘wa‘mmqLmea"ﬂummLLmLmumm@ﬂm

v
o

4 3 gM7 gRIAY 4 51 2eAaad3AA Hunter Lab
fu UltraScan VIS, Model: TTRAN (Total
transmission) Afidnldsenandag Al L*
PUILDY ANATNNURIAIBENT NAT 0-100 (HA-
4919), AN a* UHNEDe ANTUREY (-) LAy
AUAd (+) Az AN b* UNNEDS AnifluAiinGu )
WATIIADY (+)
ﬂ?uﬁmfiauw?ﬂﬁy'wum (total viable count)
AT MR AT AR
NIMIFIUAOAC 010404 Ingldgamaaaugiiagyl
Compact Dry TC for Total Viable Count (Nissui
Pharmaceutical, Nissan Fishery Institute Co., Ltd.,
Japan) Tmﬂﬁﬁm‘émﬁmgﬂwammqLme?f-ﬂu
snufuusmesladin 3 4n7 4RIaT 3 41 1
Aaan9 Fretnduitinuniseinge lusnangau
1:10 (ﬁq@ﬂﬁq-ﬁﬂmi"u Tned3uams anniu
mm@ﬂwmmwimm spread plate Uu
aMIMAEL Faetaay 3 um@mm 35
asradeg (usvazian 24 $alug a1niiuag
Huswaulalailvesdeqdurireiifingu dufinua
Lﬂuﬂ?‘mmﬁ?ﬂﬂauﬁﬂ’ﬁi@ﬁ@aam (total viable
count, nianagiiflulalatisedianans)
aanNAaaLl Compact Dry TC for Total
Viable Count Lﬂuqmwm@uﬁmummgmmu
7 AOAC fvun (010404) Hilsz@nsn1nlunig
nagaumAnuannsnlunigasyidulalaiaes
L%ﬂﬂauﬁfhﬁm aerobic colony count §11131n13
1/1mmumiﬂmﬂy@u‘mﬂﬁmmmﬁmL‘ﬁ@wmmumi
NAR2ULLUL standard plate count agar #4170
UszifiunisiialaladludeuuadGolssinn
aerobic 11/ Escherichia coli, Klebsiella oxytoca,

Staphylococus aureus, Bacillus subtilis Wag
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Lactobacillus lactis 81AuaNTRUDIATY YN
A & . \ D AN A
TIRANABILNAR tetrazolium danalduuanizan
Wiy lauuatuisafielalatidudnncuay
o o PRPR I ¢
tuanuaulalaininay
Faudiafuazs
a 6 = [ zl/ aca
AATEHLTNN B AFLAYIYIIUNARNNAD
NIMIFIAOAC 100401 Tnelfganmaeudnifagy
Compact Dry YM Yeast and Mould (Nissui
Pharmaceutical, Nissan Fishery Institute Co., Ltd.,
Japan) Tneniiesashnayulnsenunsuasussqly
MAUTUILARET AT 3 gRs gAsay 3 91 W1
1819 AreUnARNENUN1TETe Tudnsdau
1:10 (Faegeiinaw) tnadsuang dnFaegg
Rea N lALTNIRT 1 AaRARTNANTUANTaYANE

peptone NdU 0.1% 5ums 9 Nanans nanl

i nansazae g Bunas 1 HaaaRIvEnad
LugNTAREL Fataz 3 90 ﬁuﬁ@qmgﬁ 35
asrmaldeg usyaziogn 48 lue Anis L
TnlatesEaruazaifaty thiinualuBunns
faffuazanfelaaans (total yeast and mold,
CFU/mL)

1aANAdaLd1Fagl Compact Dry YM
Yeast and Mould (Nissui Pharmaceutical, Nissan
Fishery Institute Co., Ltd., Japan) Lﬂuqmwmmm‘ﬁ'
AN mgmmuﬁ AOAC NUA (100401) AIUNT
nadauazldiulsznauvanAa Chromagenic
enzyme substrate X-Phos potato dextrose agar
Faazliiuanisiasylnlatlvecdamiudn uas
Fandanwozudule (cotton-like colony)
FunuansilsznauWuaansan (total phenolic
compounds)

A iunTunugnslszneuiuean
mmmmemmmuimmuwummmlu
g9auf uuuameTladia 3 4nT 4NIAY 4 i
{ne/A HPLC-PDA (Sangta et al., 2021) UnFatiNg
Lﬂ?"mﬁma{uvl,wsl,wiaxqmm‘mchw,wiumuLmu‘ﬁ
{3111 0.45 Iulasums newln lUBeseifiunm
ga13udseneviuedn 1nanszanefaet19liumg
30 lulAsdans naniua1sazane Folin-Ciocalteu

reagent U3u1ms 60 IulAsans lRNANI0ZAN 6.0%
w/v saturated sodium bicarbonate U389 120
Tulnsansitelsy AAnulunsa-ane tinlud
floudliaanunm 2 $alug TPANNIAANRULAIAIE
384 Spectrophotometer (§1 NanoDropTM Eigth
Microvolume UV-Vis, Thermo Scientific) ‘ﬁmw
&7 AL 725 un Tumms w e ey ATNIATFIU
984 gallic acid finnuidadns 10-200 fiadAnsusia
Aaaans se1ulBunnanslseneufuednuy
YaanTuLNaamFaNaaand (mgGAE/mL)
qwéﬁwaqga%mz‘[mﬁ%‘ DPPH scavenging
assay

ApziLBuN AN I ueaNTIndUAIE
7 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging capacity assay Aauilasa1ndanng
289 Brand-Williams et al. (1995) Iagusiaaeng
wisnsnuayulnasinng 1 fadansldadluvaes
NARBY ANTAURNANTaZANE DPPH st
1 AadluanF B5ums 100 Tulasans wanlddniu
Usluiisnidunan 30 w7l figruvniies wdarily
fj“mmn'ﬁ@mﬂﬁul,tmﬁqmﬂ?lm Spectrophotometer
(fju NanoDropTM Eigth Microvolume UV-Vis,
Thermo Scientific) ﬁﬂfmumfm?z'u 515 W lULNAST
AU udN A UeenTtue TaensilFay
WIELANNNIAANAULAITRADDENTLANININTTIW
Trolox Banauansiueendiasuilduandlumioe
laTasTuans Trolox Equivalent (TE) Alafiadans
AMNINNNLUSTAMANER

NARBLAUNINN N Tza NENTaL8
Lﬂ"i‘lfaq?{mn{uimﬂqmqLLmqmﬁmj A
gonnd 4 aargaiiea Inauuunaaauni gl
ANAULL 7 FLALAZWIU (7 point Hedomc Scale)
wlanareds Taeldinosiasuu fail 1-1.49
wunene ldgaunin 1.50-2.49 uunede ldgey
11una19 2.50-3.49 un1ede ldteuidnias
3.50-4.49 MHNEAY AananeszvIneTeLLas lsiTey
4.50-5.49 YNNLIDN TRLLANTIL 5.50-6.49 YNNI
TRUUIUNANE UAZ 6.50-7.00 UKD TALNIN
gnagaunistuiiuenatadnsquainaaiuou
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60 AL Tmm’j@mmm“ﬁ”lumiﬁm?mﬁm?zﬂ@u
Fauamdnyuzau A nau saen e A
JUMULUI T TU LTI LazANTaLIng TN
aaadpIusazAUNARELNTNIAT R AL AL N
EUNUAIAUIU 3 §RI9
n1AadeuAMAINNIUsTaIndn e
mmLﬂ?:mﬁmguimfjﬂmqLLmﬂmm‘iﬁTﬂﬂ%ﬂﬁiﬁ’f
HNUNN95U9RIN1INANTUNATUATHETTNNTIAE
Tupulngd1dnauAMENITNNI9ATLEITUNNIINE

THAY NINLNRUFITNANGRT ANUUANYAVART

(Approved number: MTU-EC-00-4-248/63)
AATTUNRFD A

TaszAaNnlslea1 (ANOVA) i
syiuANEeudenas 95 uavReuReuAY
LANANSI89ANLRALA9EAR Duncan’s multiple
range test (DMRT) g ldldsunsuidiagnziinng
anmgnFa31 IBM SPSS version 25

N@ﬂ'\ﬁ'ﬂﬂﬂ’ﬂ\?LLﬂza‘Q']'if]j
ﬂ’]i%tﬂﬁ"]xﬁ@mﬂ']Wﬂ'Nﬂ’]ﬂﬂ'\W

Lﬁl'ﬂ%mﬁ"]tﬂ(ﬁ’]a L*a*b* ﬂl’ﬂﬂLﬂ?l"ﬂxig{N
@NNVLW?EJ’WWNLL@QU?T@SL%‘H’JmLLﬂQLL‘l_I‘]_I@LGlﬂ?VLZ\IGI]
‘1/]\‘1 3 4m7 Teun ZW]?VI 1 PADIINTLF, ZW]‘J‘VI 2749

WULRY UATgRIN 3 saUNU AnalATading
Hunter Lab 3u UltraScan VIS, Model: TTRAN
(total transmission) WU ANAIMNATN (L*) 189
F0eegRIfl 1 way 2 HANeATANAdIWinaY
N92AU 65.90 uAzgAIN 3 HANRAWINAY 69.13
' a a al % ' 3
ANAMNLTUATEALAZALAY (a%) 2R9FIBLNNY
3 ARINANRALYINAL 17.18, 16.77 WAY 17.32
ANANAL WAZANANNTURLNRULAYAWaed (bY)
2096902119919 3 gAHANLRALIINL 45.77, 46.03
WA 45.44 AINAIAL TIWLTLATEIANTY 3 4619
a ‘d‘ I 1 1 a a
HANRAEIR9AIAINATN (L¥) A NTud e
al I al 36’ a al A
uazAuas (a*) uaz ArpauiudunRunazdmaes
va o A a e dus
) IndiAeniy Wadssiiasaaenlinig
AnRAEAE Duncan’s multiple range test (DMRT)
NezAuANITaY 95% WUIIAY L*a*b* U89
Fnat19LATesaNTe 3 gasliiianuunnsneiy
m\‘mam (Table 1) uanslifiiudiezasnnlugns
7 2 wargasd 3 AEnaFNME LU
naierinsanarulduiiniesinlidinasie
ATUNTANINNIENTNHBNANTNAINAA L *a*b*
109ATERNANElNTEUITIATLIIq luaAwa
wuuAmes ladis 3 gas

Table 1 L*a*b* profile in sterilized Ya-nang-dang (Bauhinia strychinifolia Craib.) herbal drink

Formula a* b*
1 (original) 69.50 +0.02 17.18 £0.04 45.77 £0.01
2 (less sweet) 69.50 +0.02 16.77 £0.04 46.03 £0.01
3 (sweet) 69.13 £0.22 17.32 £0.02 45.44 +0.01
Significant ns ns

Means +SD with different letters in the same column are significantly different (p<0.05), ns is not significantly different

(p>0.05) according to DMRT.

mﬁmﬂzﬁ@mmwmﬁqmw

AMNN193tAT I EAUT U uqAuNT €l

NIuNATRATRIANANWINTEUIILALTIq T
WauALULaRes ladwudn 1aTasnNayulng
gruneuneniy 3 gasiausulalatizeviae

qAunidingn 10 udaaregliiulalaise
{adans (Table 2) %Qﬁrﬁhmmmmgmmm?
fimunldlag AOAC wansliudniAiasin
muuiwmﬁmmm%& 3 gme filunszuaunng

ANE3 lATANNNINANAUIU TaAUYTHLITLAN
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aerobic 1%lm Escherichia coli, Klebsiella #A1pndn 10 nisanegiiiulalatise

a

71
oxytoca, Pseudomonas aeruginosa, UadanT (Table 2) %dﬁﬁ’][ﬂmmm‘ﬁﬁumuﬁi

A o

Staphylococus aureus, Bacillus subtilis W Anuunalilng AOAC meﬂmum%mmmu

Lactobacillus lactis laaginafiilsz@ninan

A a o = = -
LHanansuIa Ul wialaiaa gt 4 s

a4 a & . o4 oA '
BAZTININATUNLIN memmmguiwammq

@H‘LAVLW?Ei’Wu’NLLQQVN 3 zgm“vl HIUNTELIUNNT
AADFATANNITDANAUILE AFTLALL TR LA B eI N
F1lse@Ansnmn

1‘/ a o = S| [
AN 3 zg.mmﬁmu‘lﬂiaumu AN AR

Table 2 Total viable count, yeast and mold in sterilized Ya-nang-dang (Bauhinia strychinifolia Craib.) herbal drink (CFU/mL)

Formula Total viable count (CFU/mL) Yeast and mold (CFU/mL)
1 (original) <10 <10
2 (less sweet) <10 <10
3 (sweet) <10 <10

UFuruansWuaansan (total phenolic com-
pounds) LLazqméﬁﬁuaggafémz
dledissidinamansdsznay
HuadAninsaagevidanniaiasananulng
dunanntussyluzaaufouuuainesladin 3
gmINuIn 417 gallic acid ﬁml,faﬁmgqﬁzgmt,vhﬁu
1.61, 1.52 WAz 1.39 lulAniuseadafanIves
m’?lmﬁ'm;{ulww'mwLLm@;mﬁ; 1, 2 WAY 3
PANENAL uAz caffeic acid AMadiniy
0.25 uay 0.42 lulnsniusefladamnsresirrasan
@Huimﬂ'ﬂm\mmqmﬁ 2 uay 3 ustldlanunInmasa
Wuvl,mum'%"mﬁu@mﬁ 1 dlefiarsnnanstsznay
lungunanlouassd wudnans epicatechin AN
La?iﬂqq?;@‘mwiﬁu 1.03,1.09 uaz 1.10 Tulasndu
ﬁifﬂﬁ@@'ﬁmmmm’?lmﬁmgu”l.waﬂ'ﬁmqLLngmﬁ
1, 2 UAT 3 ANNATAL FB4AINIARANT quercetin
AnadnwiniL 1.06 waz 1.03 lulasninse
Eammmm’?mﬁmguimﬂﬁmqLLngm%ﬁ' 2
uaT 3 Lm'”Lstmammfmwuié‘lum?'mﬁu@maﬁl
1 warliarnnsnmsaanuans catechin ldain
Lﬂ%q?{umﬂwammmmﬁq 3 gn7 (Table 3)
flefiansnnFunn gallic acid fiflAnanasly

pRp
N
qa

A4 A = .-_q' S o
LATENANZGRTN 2 WAL 3 WallFaufaunudTunm

, 4 4 4 4 o
gallic acid InululATespangnsh 1 wudaan
R REGIEX VRIS TR TR Y RIS D AR ICTEY
U naRnug v ualnudsnalaensasanis
anAesLFNNNL gallic acid Angaadavls weily
danarallsunnuag epicatechin, caffeic acid
catechin Wwas quercetin (Peres-Ramirez et
al., 2015) @aAARBIALNANITANENIUAIHAR
44 _ da o e
LATR9AN white tea NRNTANLaz RN
WIMUTHANS (Castaneda-Saucedo et al., 2020)
TnamuduRusszrdnaATaIAN NI RN
PNUTUANSTLNTAAAIUBIUTHIU gallic acid
Py Yoy 1al = o Y
ngagauldtaliisnasuneanve adudes
aAun1sAnELNHRN Tul sRusananasalylu
aUNAR LaziilaNansunFunniaes caffeic acid
4 a4 A o 4
waz quercetin NNUTULATRNANERTN 2 UAT 3 T4
HAAnIua T e e ne iy
2w 4 o
1 watliarnnsoasaanuliluaTeshngnsi 1
udns lfiiudBunnuansdszneuuedanyia 2 19in
mmqwuiﬁmnmﬁwmmﬁmmwhifu %alﬁm@
1/1LLmnmqmmnmmmawm@ummﬂmmmu
dhuazianueainuFuinans quercetin Tu
UsunnuAaudnege (Itharat et al., 2016) M3iana

AaanniladarestFanoeasingaududuild
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wnaanzlgn ganiaLasisnisannasdIAty
(Chamchan et al., 2019; Urias-Orona and
Nino-Medina, 2019; Castaneda-Saucedo et al.,
2020) TagiaNnn99189Ua8s Sytar et al. (2016)

LAy Das et al. (2022) ‘wumaf caffeic acid LAy
queroetmsLummnmuuwawmﬁmmuﬂ?mm
’ummﬁnLmnmqnumuammmmm’] ﬂ@ﬂ‘l/l
WAINGNGAY

Table 3 Phenolic compounds profile in sterilized Ya-nang-dang (Bauhinia strychinifolia Craib.) herbal drink by HPLC-

PDA expressed as pg/mL.

Formula Gallic acid Catechin Epicatechin Caffeic acid Quercetin
1 (original) 1.61°+0.02 Nd 1.03°+0.00 Nd Nd
2 (less sweet) 1.52°40.01 Nd 1.09°+0.02 0.25%+0.02 1.06°£0.01
3 (sweet) 1.39°+0.00 Nd 1.10°+0.01 0.42°+0.00 1.30°+0.04

Means +SD with different letters in the same column are significantly different (p<0.05), Nd is not detected

eRansnntBunaanslsznauiiuedn
79 (total phenolic compound TPC) 184
memmuuimmmqLLm\mmw 3 g9 A
windu 1.61, 1.52 uay 1.39 lulasnsuunaan
AaNanam? (ug gallic acid equivalence
per milliliter) ANANFL ilefansunBau ey
FunisAneInisanndnslsznauiueansay
wazranlouasdsauainaisaintuinann
Tughunsunanuan1filung gallic acid Windu
197.8 NaAnsuAaNsNENaTA (ENAT, 2560) 7l
ArgendntaeiiunaandTuiudngavaes

H1UNILAIN LTI NA BN NP UNERI1E 1

iy zi'wé”umwﬁmlugﬂLLuum?mﬁlu
ayulwsdiunszuaunig aweslad ldamnsaas
U UAIARINNAY 0.02 NiNsefindARns
sudetladeiidanansznusanisdenaaiae
ansanAcyluduisuns laun alinaeesan
ATANUUATAUUNN M lunszusunisainanslee
\AseeANTHIunIrUaun sl ufendy nns
wraaaflsdazmsaanulIunuansdszney

Auaansnwaznanlousaslulduiuiaingn

4 A4 v
WA LN dLan el (UDNA uAL
ARAGS, 2550)

Table 4 Total phenolic compounds (TPC) and antioxidant activity per milliliter and serving size of sterilized Ya-nang-dang

(Bauhinia strychinifolia Craib.) herbal drink

Formula 1 (Original) 2 (Less sweet) 3 (Sweet)
Per mL
Total phenolic compound (UgGAE) 1.61+0.02 1.52+0.01 1.39+0.00
DPPH radical scavenging activity (umolTE/mL) 77.05 94.29 104.55
Per 180 mL serving size
Total phenolic compound (UgGAE) 289.8 273.6 250.2
DPPH radical scavenging activity (umolTE/mL) 13,950 16,972 18,819

Data are expressed as mean + standard error

GAE = gallic caid equivalent, TE = Trolox equivalent
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Table 5 Mean and standard deviation of sensory characteristics in terms of color, smell, taste, texture, packaging, quality

and overall preference of the participants on the formula 1, 2 and 3 of Ya-nang-dang (Bauhinia strychinifolia Craib.)

herbal drink. (n=60)

Formula Color Smell Taste Texture Package Volume Overall
ns ns ns ns ns
1 (original) 5.51™+1.29 5.54"+1.29 5.18%£1.33 5.68"t1.22 5.65+1.43  6.10"+0.91 5.68°+0.98
2 (less sweet) 5.33+1.38 5.16+1.41 4.70°+1.79 5.40+1.33 5.68+1.42 6.01+1.03 5.11°+1.47
3 (sweet) 5.20+1.41 5.00+1.43 4.28°+1.86 5.25+1.50 5.65+1.41 6.01+0.98 4.81°+1.69

Means with different letters in the same column are significantly different (p<0.05), (n = 60) according to DMRT.
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Appropriate Rates and Timing of Nitrogen Fertilizer Application for Asparagus Cultivation
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Abstract: This study aimed to investigate the appropriate nitrogen (N) fertilizer management for aspar-
agus cultivated on Kamphaeng Saen soil series at Rang Phikun Subdistrict, Kamphaeng Saen District,
Nakhon Pathom Province. The investigation was arranged as 4x2 factorial experiment in randomized
complete block design with 3 replications, composed of 2 factors as follows: (1) N fertilizer rate (4 rates
at 12, 18, 24 and 30 kg N/rai) and (2) application (after asparagus fern was cut, and harvesting). In
both methods, N fertilizers were applied 2 times at 2 weeks interval. The results showed that
application of N fertilizer at the rate of 30 kg N/rai after cutting asparagus fern gave the highest total
asparagus spear yield of 1,002 kg/rai. This yield consisted of grade A and B at 307 and 334 kg/
rai, while the number of asparagus spears as grade A and B were 14,045 and 28,267 spears/rai,
respectively. The application of fertilizer at 30 kg N/rai showed the number of spears and yield in
both grades significantly higher than those of the other fertilizer rates. Moreover, the application of N
fertilizer at 30 kg N/rai gave the highest income. Therefore, this fertilizer rate is applicable for asparagus

cultivation in Kamphaeng Saen soil series.

Keywords: nutrient management, nitrogen rate, Kamphaeng Saen soil series
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Adluusazulag

fufed aAuLufin Ndn 0-30
URLNAT IReALATI L AU UN1INAREY
laun NaeRy (soil pH At = 1:1) (Thom-
as, 1996) duvsadngluaulaadbuas Walkley
and Black (1934) Weawasafiidudsz iyl
(Available P) Taanisatn&aesinen Bray |l
(Bray and Kurtz, 1945) Twundiden uaaideu
wazuniBaniuaniasnuls (Exchangeable
K, Ca and Mg) Fasniratadasinenann
wanluflanas@inn (1M NHAOAC pH 7) uaadn

Table 1 Some properties of soil before the experiment

ﬂ?mmm@mmié’qmﬁ?‘m Atomic absorption
spectrophotometer (AAS) (Thomas, 1982) 11
NANNTIATIEIRL (Table 1) WEUAINNTUDS
Land Classification Division and FAO Project
Staff (1973) waanudN3uuneanasanay
Tnunaieadidulss lonfgeunndafiunoeie
wuzihnisldilanaanafauasTnuna@auuan
fadlunismasesiacldilylulnnauifiosetng
AR LEUNNTNAARS

n3RtAsEfiEnn s e s lunda s
ﬁlilvqimmﬁuLﬁuﬁfamjﬁwﬁwmﬁmmemﬁqﬁﬁ
wln sheeteldenfigumni 75 asaniaades
autninuianeiudaiin lfaiminusiatawi
faatneldunaziBanruimanngn 0.5 NaALNAT
wdrdasnatinaiminldesdaansadatidsnidudy
ieninsnilulnsiau #eds Kieldahl SaiBunny
Weanasa (P) A2eR3 Vanadomolybdate yellow
color (ATE wazadsny, 2542) wardmisuny
Tunades (K) wAaLden (Ca) wazusunilide s (Mg)
ﬁ'ﬁﬂm‘?‘lm Atomic Absorption Spectrophotometer
(ATlel wazassn, 2542)

Properties Results Level*
pH (1:1) 8.10 Moderately alkaline
ECe (dS/m) 0.002
Organic matter (g/kg) 1.19 Moderately low
Available P (mg/kg) 384 Very high
Exchangeable K (mg/kg) 951 Very high
Exchangeable Ca (mg/kg) 3,177 High
Exchangeable Mg (mg/kg) 444 High

*Land Classification Division and FAO Project Staff (1973)

Nam'mmaﬂumﬁm%‘zﬁ
ﬂ?mmuazqmmwwaNamuﬂa'lﬁ'slé'a

mﬂzﬁﬂwﬁ\iﬁmﬁmmLL@:L:ﬁ'm‘émﬁu
nanARlifinases e lsilfaninse C uaz
F (Table 2) LLm'Lﬁﬂiﬁﬂﬂﬂ%ﬁuiﬂﬁ’auﬁﬂﬁuﬁm@

yinsuaumle lilfsaninse B gandnismas
”lzﬁ'ﬂﬂm;\ammﬁ'm‘émﬁummﬁm wazn1ldile
Tulnsiaudng 3o Alanfululnsiaun iliauou
mieldfsannan A gandanisldilelulnsiay
8791 12 way 18 Alaninlulngau adelidadAny
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N9anA (P<0.05) wsinsldilelulnsiaudnan
wansneuliinaseanuaumie ll5unse C way
F fganuaunianananuialdelsansa C wag F

N oAl , &
ATNAARIUNNINAILNTA A LA B UanNaINu

fanuidn e lsliang A iaduaNsam
fle/lulnsiau (r=0.623**) (Table 4) dugiluuiuingn
Yfefinaresuaumialiiliunse B Aunnseiu
BENNTEANATYNATA (P<0.05) wsinanlai]a s
nasnsuaudullliunse A C sy F luaned
NANARLNTA B NANANAUS (r=0.409%) AuUT291987
4ilel (Table 4)
Lﬁ'faﬁ@Wimwﬁq%w%wmmﬁmmﬂﬂ
Tulnsiauaznudn naslaflelulnsaudns so
Alanfululnsiauls Mldldnanamnnga A uas
B gandiuazuansigainnisldilelulnsiau
8n91 12 uaz 18 Alaniululnsawls widnaile
lulnsiaulifuasenandninge C uaz F dawudas

anﬂidﬂﬂﬁmaﬁ@mawammﬂiﬁﬂa{imm A uaz B
ageladAyuAlilnafanananinga C uaz
F dafunalaillluniafaafuanaun (2549) 7

mmmhfhLuﬂidﬂﬂiuimmu@mm 15 WA 30
Alansululngiaw/ls 1ummqwummvmuun
ansanveaelti usanuan1mmaneiingg
laflelulnsiaudnen 30 Alanfululnsian/ls
fuadasuiuniouazuananuialdlss
u@nmnﬁmﬂm’ﬂmiuimwuﬁmﬁ 30 nlaniu
Tulnsiaw/ls vasdndunsiduiuaniafeaiy
ANWLZUNT89 Klodd, et al. (2020) Azt 1
1d{lelulnsiaudnsn 31.6 Alansululngiau/ls
ndasafuu edufllfunduniedngles
41 3.1% wanani dnanifalulnsianuas
wanldilefinasenandnuielddsanin A
(r=0.581**) LATNANARNTIN (r=0.462%) (Table 4)

Table 2 The number of spears and yield by grade (A, B, C, and F) as affected by various rates and timing of N application

The number of spears (spears/rai)

Yield (kg/rai)

Factors
A B C A B C F
N rate (N; kg/rai)
12 6,044 b 27,111 a 40,089 24,267 131b 310 ab 221 138
18 8,889 b 20,356 b 26,045 26,222 196 b 249 b 152 164
24 9,956 ab 22,845 ab 35,289 24,622 207 ab 272 ab 200 149
30 14,045 a 28,267 a 30,045 28,000 307 a 334 a 183 178
average 9,734 24,645 32,867 25,778 210 291 189 157
F-test * * ns ns * * ns ns
Timing (T)
T 11,111 22,311b 31,689 24,178 245 261 183 144
T2 8,356 26,978 a 34,045 27,378 176 321 195 170
average 9,733 24,644 32,867 25,778 210 291 189 157
F-test ns * ns ns * * ns ns
NxT ns ns ns ns ns ns ns ns
V. (%) A47.2 25.3 36.6 36.1 50.2 25.5 35.8 36.9

ns = non significant, * = means with different superscripts differ significantly (P<0.05) by DMRT
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Banusaanslumialddss
dngnilolulasan Tdiunalddsunm
Waanlasauas Inunaidian una@anuaz NN gy
TUNARARLANFNNAUN AT 'é”mﬁﬂﬂ”l,uimmuﬁ
18 Alaninlulnsaw/ls dealitiuinlulngau
Tuananmielflgefign (4.73%) dauazazion)

)+

weansldijaiuaznugn nsldilandsnissnsug

q
a

ualiSunululnaaulunan@n (4.67%) ganan
Ysnnauinulunde Ll s e luszazniaifiu
4 4 2

\Ne (4.43%) Tuaneszazinanaaenisldilans 2
oA - .
FoatlilinafanisdrandIniuneanasa
NN LAALEN LazNNTLEN (Table 3)

Table 3 Nutrient concentration of asparagus yield as affected by various rates and timing of N application

Nutrient concentration (%)

Parameter
N P K Ca Mg
N rate (N; kg/rai)
12 4.56 ab 0.595 2.91 0.089 0.127
18 4.73 a 0.590 2.72 0.133 0.132
24 4.55 ab 0.592 2.56 0.089 0.131
30 4.35b 0.651 2.92 0.088 0.125
average 4.55 0.607 2.78 0.100 0.129
F-test * ns ns ns ns
Timing
T1 4.67 a 0.598 2.85 0.115 0.130
T2 443 b 0.617 2.71 0.085 0.127
average 4.55 0.607 2.78 0.100 0.129
F-test * ns ns ns ns
NxT ns ns ns ns ns
C.V. (%) 6.89 10.1 15.3 56.1 7.45

ns = non significant, * = means with different superscripts differ significantly (P<0.05) by DMRT

Table 4 Pearson correlation between nitrogen fertilizer rates and timing of application on yield of asparagus

Shoot number grade A Yield grade A Yield grade B Total yield
N rate (N) .623** .581** 0.143 462*
Timing (T) -0.306 -0.334 409* 0.086

*** = correlation is significantly at P<0.05 and P<0.01 respectively

HANARTIN LANFNSAUat N Tad Ayn1eana
(Table 5) n9ldilalulnsiaudnsn 30 Alansu
Tulnsiawls Tneldpsausnudssindius v 1 dene
THaINNsINLANRRINTA A 4945 iasanninge A

srelalumsilgnuialadlss
dnaijelulnsiaunazssuzioanaednis

ldiloinasetBuinnananinin A uay B Fada

naldiselaainnisnanananIngg A, B LAz
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110 v/Atandn Weldnandninen A gegnas
mbilaaalamugegn 77,495 uw/ls dauwinse
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Table 5 Profit from asparagus planting

un/Alanin Wedinsldileludnsuazlaluszes
NAMNHIZENRN I P NARARINTA A WAT B 7
8 lA3N AN N AR 1T e TR T

Factor AxB Fertilizer Income (baht/rai)
Fertilizer application (baht/rai) Grade A Grade B Grade C Grade F Total
N rates (kg/rai)  times
12 1 548 14,748 b 18,637 b 8,420 4,098 45,355 b
18 1 822 25,276 b 17,887 b 6,713 7,046 56,099 b
24 1 1096 20,887 b 17,143 b 8,547 6,652 52,135b
30 1 1370 41,004 a 24,132 ab 7,136 5,223 76,125 a
12 2 548 12,490 b 29,344 a 12,012 8,060 61,358 ab
18 2 822 15,387 b 19,372 b 6,026 6,863 46,826 b
24 2 1096 21,250 b 22,978 ab 8,120 4,878 56,133 b
30 2 1370 22,403 b 25,076 ab 6,983 8,423 61,521 ab
average 21,681 20,753 7,995 6406 56,944
F-test * * ns ns *
%C.V. 52.4 26.9 43.5 44 .4 22.3

ns = non significant, * = means with different superscripts differ significantly (P<0.05)
Price: Grade A = 110 baht/kg, B = 80 baht/kg, C = 50 baht/kg and F = 50 baht/kg
Urea fertilizer = 21 baht/kg, Total income was calculated from the sum of income of grade A to F minus fertilizer cost.
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nislaflalulnsiaudns 3o Alaniu
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Effects of Cucumber Seed Pelleting with Captan and Metalexyl on Seed Quality and
Damping-Off Control in Laboratory Condition
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Abstract: Cucumber seeds often have inconsistent emergence and low vigor, and uneven growth
after emergence, making it easy to be infested by Pythium spp., which is the cause of ‘damping-off’.
However, this problem can be solved by using seed pelleting technology to pellet seeds with anti-fungal
chemicals to enhance the efficiency of seed utilization. There was 2 experimental sets and the results
were as follows: It was found that in the first experiment, seeds pelleted with 0.3, 0.5 g ai. of metalaxyl
and 0.1 g ai. of captan had a high germination rate both before and after accelerated aging but not
different from non-pelleted seeds. The seeds pelleted with 0.5 g ai. of metalaxyl showed higher shoot
length than unpelleted seeds. After aging, it was found that the seeds pelleted with 0.3 g ai. metalaxyl
resulted in higher shoot length than other methods. Therefore, the seeds pelleted with 0.3 and 0.5 g ai.
of metalaxyl had the best effect on cucumber seed quality. Both formulas were used for the disease
prevention test in the second experimental set and test results showed that seeds pelleted with
metalaxy! at the concentration of 0.5 g ai. had a fungal infection rate of 26%, which was lower than all
other methods. As a result, seeds pelleted with metalaxyl at the concentration level of 0.5 g ai. is the
most recommended formula to pellet cucumber seeds for protection against Pythium spp. both during

the pre-emergence and post-emergence periods.

Keywords: fungicide, damping-off, seed pelleting, seed enhancement

UNAREa: AANUETLAININENLszauTymAmeen ANUTeseen wazAunaaInssentiasane
annssunaumananliingnidiinatsainTsaniprefuladng Inslanvnuinaini@es Pythium spp.
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Table 1 Germination percentage and speed of germination of cucumber seeds after pelleting and aging, after pelleting
seeds with fungicides and tested under laboratory condition.

Treatment After pelleting Aging
Germination Speed of germination Germination Speed of germination
(%) (seedling/day) (%) (seedling/day)

Non-pelleted 74a"* 4.41 ab 69 ab 354 b
Only pelleted (P) 58 b 3.92 bc 65 b 3.53Db
(P) + Captan 0.1 g.ai. 75a 4.39 ab 73 a 3.92 a
(P) + Captan 0.3 g.ai. 71 ab 413 a-c 67 ab 3.98 a
(P) + Captan 0.5 g.ai. 78 a 451a 66 b 3.65 ab
(P) + Metalaxyl 0.1 g.ai. 71 ab 4.14 a-c 67 ab 3.58b
(P) + Metalaxyl 0.3 g.ai. 74 a 3.76 ¢ 71a 4.05a
(P) + Metalaxyl 0.5 g.ai. 80 a 4.68 a 72 a 3.79 ab

F-test . ok ok ok

CV% 9.37 8.49 11.05 13.93

**: Significantly different at P < 0.01.
" Data are transformed by the arcsine before statistical analysis and back transformed data are presented.
? Means within a column followed by the same letter are not significantly different at P < 0.05 by DMRT.
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yesdRrUAailsdnenagedany Tnaanis
miwaﬂ}mmm%u metalaxyl 0'3. NSuABLTNNLANT
2ONOYE HAIAINENIIINEGINAR (Table 2)

%QLﬁ@ﬁmimq@mmwLuﬁmﬁuﬁﬂm

nenantuanli (Table 1) agwudn Lﬁﬂﬂ’]‘i
wanuEndae metalaxyl 9ldinasanisean
Wusdunardnfzesunanan e lisunandn@a
wwmmﬂmmmmm”i’mL‘fluvlﬂﬂamqmmm an
mmmwwanmfm metalaxy! fafuansatitasiv
mmwummmm muma‘@@nqmmmwiﬂmw
dousine sessundrunsnanenedn (dnswa
WazAME, 2558) A4lNANANIENUNTULIGE
WRIKINITTAIAUNALAINIT AIUNTNANLLAR
Aae captan NNIzAUAINNLITNTURNAT KA
m‘xwwifamiﬁmmmmﬁﬁﬁmm:ﬁmm
FUNAILAININ mmﬁmm@m captan ¥
ﬂmmummm@ﬂqmmmumwmw wazi
UszAnBnngailass el (NgNs, 2550)
m‘lwmmmimmwmﬂu captan #1UN1 LA
mwmumnmmwmwmmauiuu@qﬂgummi
AIANATATINIRAUINITVRIRTAULAZ TN
1NNIN5IE metalaxyl wenFANALINAR aeingls
fimuniswanindninuantiAdndesuanann
mmwmmawiummmﬂm (yeyd, 2558) MK
mevl:ﬂmmmmmwuﬁ%wmﬁ ABNIINBNLNAR
WUFHIAINITUARIDANTBIRENUIN TR FULAY
mﬂmm%mmﬂuimmumiwm@mwmmu
(Table 2)

Table 2 Shoot and root length of cucumber seeds after pelleting and aging, after pelleting seeds with fungicides and

tested under laboratory condition.

Treatment After pelleting Aging
Shoot length Root length Shoot length Root length
(cm) (cm) (cm)
Non-pelleted 3.18d' 13.06 a 4.29b 437 e
Only pelleted (P) 445¢c 11.58 ab 5.32 ab 6.14d
(P) + Captan 0.1 g.ai. 5.36 ab 7.07d 4.71b 7.30 cd
(P) + Captan 0.3 g.ai. 5.69 ab 8.2 dc 5.32 ab 8.37 ¢
(P) + Captan 0.5 g.ai. 4.91 bc 10.97 a-c 4.60b 7.38 cd
(P) + Metalaxyl 0.1 g.ai. 5.61ab 8.57 b-d 4.34Db 10.77b
(P) + Metalaxyl 0.3 g.ai. 5.49 ab 1212 a 548 a 12.97 a
(P) + Metalaxyl 0.5 g.ai. 5.96 a 13.76 a 5.40 ab 11.42b
F-test . * o
CV% 10.60 19.57 13.88 11.99

* ** Significantly different at P < 0.05 and P < 0.01, respectively.
"Means within a column followed by the same letter are not significantly different at P < 0.05 by DMRT.
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Table 3 Effects of cucumber seed pelleting with concentrations of metalaxyl on control of damping-off in laboratory

condition.
Treatment Radicle Speed of radicle emergence Rot seed
emergence (%) (root/day) (%)
Non-pelleted 10b"? 125b 50 a
Only pelleting (P) 12 ab 1.46 ab 39 ab
(P) + Metalaxyl 0.3 g.ai. 23 ab 2.79 ab 36 ab
(P) + Metalaxyl 0.5 g.ai. 27 a 3.38a 26 b
F-test ok . ok
CV% 13.70 10.10 15.54

**: Significantly different at P < 0.01.

1 Data are transformed by the arcsine before statistical analysis and back transformed data are presented.
2 Means within a column followed by the same letter are not significantly different at P << 0.05 by DMRT.

G

HAAINNIINARBLNANENAARUFUAININ
sauruansipiidasiuides ABAMMAINUAZNNT
pauAnlsALiAeAulusrALeILiRNs amsn
aquuanimeaedldned

1. NINBNLNAAAIE metalaxy! ﬁmqm
dudis 0.3 uaz 0.5 niurelSunmuanseanaya i
AIINIEN AYNNLTITUNIIIEN ANENAY LAY
m’mmqmﬂﬁmnﬂdwmiuﬁ%msﬁluj Jaudanns
NANUATNRINITLNBYNAARUG

2. MswenwAndan metalaxyl HAAA
dnduo.s ﬂé*wifm_l?mmmafa@nqm%r. Aulafidust
N1998N3INUIN. AINLFIIUNNIBNIINUINGING
il dtumsnenuia dlenagaunaldnng
Wryraeies Pythium spp. luanuanins PDA

3. NINANLNARAIE metalaxy! ‘Iﬁmfm
it 0.5 nfuseinuaNseenYS SiediFust
wiargunnndnudai llldinunisnen 48
1asidusl Lﬁﬂmmmumﬂ‘lr}’fmm?ﬂﬂmL’-%fam
Pythium spp. Tua1ua1113 PD

feduniIwanudnadag metalaxyl
Ao 0.5 nfuseRinuaseangns aady
rianarANdN ULz uiL Idnansaniy
HARWUFUANNIN el Duuuamaedwiudens

N3dYINANLR9TRI Pythium spp. luszaznan
LATUAININENIRAUNAA A

= =
neRAnssNlszn@
AR UEI WU RT3 We498

oymniiee tszantinnsdnm 2565 uazaenauA
v a o/e al [~3 o s =) = 1
deeliRnsmalulatimanriug ara1desniels
LL@:ﬁ’mﬂﬁu"ﬁmima snulsade g1 g1a5naN
N ADUTHARNTINNNTNEAT NUINENAeuKTS 71
Tinsatiuayuianginanl uazanuniinisiae
Tumsatl

LAN&/1981989

Snanarf n1aTann uasnasml AT, 2564, 6
YRINITLARDULLNAAGIY Metalaxyl,
Captan WAz Mancozeb MAINIUNIINN
VLWiu’ﬁwi@mwm@ﬂmemsw?fylﬁu‘lﬁm
109dun & A AE9dRT. 919809
Anendranshazinalulag 29(3): 441-
453.

Ansnwasf naslann, evius saasty  uazyd A3,
2558. NINANMARRUTTNAUAN TR
Foruiedudadon Pythium spp. 1
FLHLAUNRNVBNENGL. WALINEAT 43(4):
717-728.



Agricultural Science and Management J. 7 (1) : 70-80 (2024)

79

a0ns Insanng neaAai waltusdy aiish
BEFAURA LATNINIA QYT LTe. 2553,
HALEINIINT priming FEANINTDY

WARNUGUAINLN. 91961981 ANGRT

AT 41(3): 405-408.
F99NANA ANNMET. 2543, A17LANLTRIAWAAR

9@, N1AITN19ANT ATULINHATANERT

NUNINYIFULNHATANERNT,
NIUNWNUIUAST. 371 AT

Fan§mul uinA wavynyd @3, 2553. HALEINNT
RaLNAAAITANITTaiulsALAZ LAY
ABAANINNAANUTUAININGNNAN.
IFENTINUVANRATINERT 46(1) WAL
480-483.

Hazdy waugni, ansnar nnalan, dszuaw
f9AaTu uazdnsgan ifenlauda. 2565,
HATRINIILARBULNAATINTY
Streptomyces sp. CU-02 A@apAIN
waznisaauanlsaiAafuludnng
11917, nsansinenmansuazmatulat
el 7(1): 57-65.

Yeydl A3, 2558. nsdiulleaninuazansziu
ATUNNLNA AU, Farlndad 1. AdaI
ANeN, VUMW, 239 N,

W91 ANAUS Uazoud 3. 2564. naulasulag
AN BLNAANUTLAINIIQNHANTAT
WaAUFINAUANIATLANNNTIATLALTA
20INT. INTANTUNUNEAT 49(1): 105-
118.

ﬁz\m‘é LONBIUIL. 2550. T9ALATUNASIRINT
megﬁﬂﬁzﬁﬂﬁm. CRELERRYERTEVIE

NUWATIN 1. ANTUNTNTURS LAUS

LFTEs, NFUNNNIUAST. 379 Ui,

A0 Tudu qanuen fnwassreg audng
gjL3Y 0l wazaIsning faaz. 2562.
miﬂ‘umwjm"} Phyto,ohthora parasitica
mﬂmeﬂﬂgﬁﬂwwLmﬂ”l.m@nﬂﬂuiumm
Wunduanays Samdnlszacumsdus.
1N9741IANUANERTAIANTTL 28(1):
53-64.

ARG N9, 2551, NAVBIAMNUUITRINIT
NANLNAAABAUNINLINAANUT.
AngtunusdIyylanatAnans
NUTUNR &1U13T1INEINITNAINT
FuRen Tudiasnends smdnengde
e, W@eslvad. 69 v,

Zi’ﬂﬂfﬂmu@Mﬁfﬁu@:'ﬁ'@@mimwm. 2564. N9
zdm@mmﬁmﬁuﬁmuqmﬁ@mw’ﬁ Uszan
U w.a. 2564. (szuveaulai). uissdaya:
shorturl.at/dIMPZ. (3 NN91AN 2566).

Fudnd auBsml 2540, nsdannslaniia. n1a
A9119ANT AUSINERAT NUNINYUIAE
INHATANARS, NIUNNNUIUAT. 141 .

Abbasi, P.A. and G. Lazarovits. 2006. Seed
treatment with phosphonate (AG3)
suppresses pythium damping-off of
cucumber seedlings. Plant Disease
90(4): 459-464.

Bisognin, D. A. 2002. Origin and evolution of
cultivated cucurbits. Ciéncia Rural 32:
715-723.

Bruce, A.F., P.F. Francis, Reay-Jones and
T.G. Dewitt. 2008. Tobacco pest
management. Pee Dee Research and
Education Center 2: Issue 1.

Halmer, P. 2008. Seed technology and seeds
enhancement. Acta Horticulturae 771:
17-26.

Hill, H.J. 1994. Seed pelleting-history and
modern fundamentals. HortScience
29: 1408.

lersel, V.M.W. and B. Bugbee. 1996. Phytotoxic
effects of fungicides on bedding plants.
Journal of the American Society for
Horticultural Science 121: 1095-1102.

ISTA. 2018. International Rules for Seed Testing,
Edition 2018. International Seed Testing

Association, Bassersdorf.



80

ANLNANAASLNHATUAZNITAANIS 7 (1) : 70-80 (2567)

Jeephet, J., C. Atnaseo, S. Hermhuk and J.

Kangsopa. 2022. Effect of seed
pelleting with different matrices on
physical characteristics and seed
quality of lettuce (Lactuca sativa).
International Journal of Agricultural
Technology 18(5): 2009-2020.

Kangsopa, J., R.K. Hynes and B. Siri. 2018.

Lettuce seeds pelleting: A new bilayer
matrix for lettuce (Lactuca sativa)
seeds. Seed Science and Technology
46(3): 521-531.

Laemmlen, F. 2001. Damping-off diseases.
University of California, ANR Publication
8041: 1-4.

Lu, P., D.R. Aimonino, G. Gilardi, M. L. Gullino
and A. Garibaldi. 2010. Efficacy of
different steam distribution systems
against five soilborne pathogens
under controlled laboratory conditions.
Phytoparasitica 38(2): 175-189.



81

'
a o v do @ o <

Lﬂ'%:mumﬂﬁvgmﬂwﬂuwuﬁnuanumzmswnmmmmaﬂ"luf;‘:sﬁ@uﬁ
[Vigna vexillata (L.) A. Rich]
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Abstract: A decrease in or a loss of seed dormancy is a key trait in domestication of cereal and legume
crops. It provides the uniform germination of seeds which is relevant for crop production. Although
seed dormancy is disadvantage for crop cultivation, it can be exploited for improving resistance to
pre-harvest spouting causing by excessive rain and humidity. Zombi pea (Vigna vexillata (L.) A. Rich)
is an underutilized legume crop that adapts well to several climatic and environmental conditions.
This research aimed to identify DNA marker(s) associated with seed dormancy in zombi pea. An F2
population of 94 plants developed from a cross between "TVNu 240" (cultivated) and "TVNu 1623"
(wild) was used to identify DNA markers associated with seed dormancy. Broad-sense heritability
estimated for seed dormancy in the population was 62.99%. Bulk segregant analysis showed that simple
sequence repeat (SSR) markers VWSSR-39, VSSR-48 and VVSSR-71 were associated with seed
dormancy. Single regression analysis explained 15.15%, 13.06% and 11.49%, of seed dormancy
variation in the F2 population, respectively. QTL mapping identified a single QTL for the seed
dormancy between the markers VWSSR-39 and VVvSSR-71. The QTL explained 18.29% of the trait

variation. The results provide the basis for gene cloning of the seed dormancy in zombi pea.

Keywords: Zombi pea, Vigna vexillata, seed dormancy, bulked segregant analysis, QTL
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Figure 1 Frequency distribution for percentages of seed dormancy in F2 population of the cross TVNu 240 x TVNu 1623.
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Figure 2 DNA band polymorphisms between the parents (TVNu 240 (lane 1) and TVNu 1623 (lane 4) and between the
bulked DNA (Bulk#1 (lane 2) and Bulk#2 (lane 3)) revealed by markers VvSSR-39, VvSSR-48 and VWSSR-71.

Table 1 Coefficient of determination (R®) of the markers showing significant association with seed dormancy in the F2

population of the cross TVNu 240 x TVNu 1623.

Coefficient of determination

Marker Probability
VVSSR-39 15.15 % <0.001
VVSSR-48 13.06 % 0.0002
VVSSR-71 11.49 % 0.0004
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YBUNAR
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VVSSR-48 LAY WSSR-71 fluansAmLANGNS
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1198) WAy Bulk#2 (miﬁﬂﬁwmmﬁmmm 14
faLmﬁVﬁ‘luﬂi”mm F LmeNLLmuwwuﬁnﬁu
WL meawmmwumfaﬂn@mmmmmmnu



86

ANTNANAASLNHATUAZNITAANIS 7 (1) : 81-88 (2567)

a o a v ‘43/ a =
WHUNRUGNITHNATINUUNAIINENIIINNEN 5.40
viuRnasunu (centimorgan; cM) LAZRIZEZN
LRALITTMINLATEUNNEYINAL 1.8 cM (Figure 3)

d o o o d o &y a .
wazilathununiugnssunafaulifinszvin
FUILNL89 QTL NALANNIIRNFAIIEUNAAADE
3% ICIM fiAuaneAn significant LOD threshold
Imel permutation test A119% 3,000 78U ATEAL
P = 0.01 WU significant LOD threshold Hen
Wi 3.0 uwazAUIT QTL 8E7ALMLS 0.0 cM

0.0

a3

5.4

e

qwﬁfmfgizijl,m?'@wma VVSSR-39 Az
VVSSR-71 (Figure 4) asunaaaulsisuang
(phenotypic variance explained (PVE)) YAUNAR
Fne1d 18.29 % uasTiAVINATRIEULLLINALIAN
(additive effect) LAZEIWLLIL (dominant effect)
WINAL -9.37 WAZ -5.12 AINAAL AN PVE 284
QTL AnseanyluaaiindiAs s PVE 194 QTL
wAnTiATLANNINFaTe ARl @en Sl
17.53% (Laosatit et al. 2022)

VvESR-39

VvSSR-T1

VvSSR-48

Figure 3 Genetic map constructed for F2 population of the cross between TVNu 240 x TVNu 1623
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Figure 4 Logarithm of the odds (LOD) graph of QTL controlling seed dormancy detected in F2 population of the cross

TVNu 240 x TVNu 1623
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Abstract: The objective of this research was to study the utilization of oil palm trunk decay for seedling
media of marijuana (Cannabis sativa L.). The experimental design was complete randomized
design (CRD) consisting of 6 treatments: 1) peat moss 2) decayed oil palm trunk 3) coconut coir:
peat moss (1:1 v/v) 4) decayed oil palm trunk: peat moss (1:1 v/v) 5) coconut coir: decayed oil
palm trunk (1:1 v/v) and 6) decayed oil palm trunk: peat moss (2:1). The experiment was carried out
during August to December 2020 at Department of Agriculture, Faculty of Agricultural Technology,
Phetchaburi Rajabhat University. The results showed that marijuana seedling in peat moss and
decayed oil palm trunk: peat moss (1:1 v/v) had the highest in the percentage of germination at 66.50
and 59.50, respectively, germination index at 14.73 and 13.24, respectively, similar days to 50%
germination of 4.25 days and the seedling height at 6.48 and 6.63 cm, respectively.

Keywords: decayed oil palm trunk, marijuana
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Table 1 The percentage of germination, days to 50% germination and germination index of marijuana seeds

Seadling media Germination Da?ys .to 50% Germination index
(%) germination (days)

Peat moss (control) 66.50° 4.25° 14.73°
Decayed oil palm trunk 38.50" 5.00° 7.88°
Coconut coir : Peat moss (1:1 v/v) 58.25° 5.00° 12.46%
Decayed oil palm trunk : Peat moss (1:1 v/v) 59.50° 4.25° 13.24%°
Coconut coir: Decayed oil palm trunk (1:1 v/v) 44.50° 4.00° 10.12"
Decayed oil palm trunk : Peat moss (2:1 v/v) 38.25" 5.00° 7.94°

F - test . * .

CV (%) 16.47 9.61 19.09

* = significantly different at P<0.05 ** = significantly different at P< 0.01
Means within the same column followed by the different letters are significantly different according to DMRT.

Table 2 The seedling height of marijuana

. . Seedling height
Seadling media

(cm)

Peat moss (control) 6.48°
Decayed oil palm trunk 4.93°
Coconut coir : Peat moss (1:1 v/v) 4.26°
Decayed oil palm trunk : Peat moss (1:1 v/v) 6.63°
Coconut coir : Decayed oil palm trunk (1:1 v/v) 4.36%
Decayed oil palm trunk : Peat moss (2:1 v/v) 4.62%

F - test .

CV (%) 28.44

** = significantly different at P< 0.01
Means within the same column followed by the different letters are significantly different according to DMRT.
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Table 3 Chemical properties and macro-nufrient composition

palm trunk: peat moss (1:1 v/v)
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of peat moss, decayed oil palm trunk and decayed oil

Chemical properties and

Decayed oil palm trunk:

composition Peat moss" Decayed oil palm trunk” Peat moss (1:1 vV}
pH 5.60 5.80 6.43
OM (%) 72.90 35.82 63.67
Total N (%) 1.20 1.58 1.20
Total P (%) 0.30 0.08 0.08
Total K (%) 0.30 0.37 0.12
Total Ca (%) 1.40 0.24 1.48
Total Mg (%) 0.6 0.13 0.14
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Abstract: The objectives of this research were to study 1) basic personal, social, economic and mango
production conditions, 2) knowledge and knowledge resources regarding quality mango production,
3) opinions about quality mango production, 4) the adoption of technology in quality mango production,
5) factors relating to the adoption of technology in quality mango production, and 6) problems and
suggestions in the extension of quality mango production of farmers. The population consisted of 368
farmers who had registered as mango production farmer with Pasang district agriculture office, Lamphun
province in 2021. The sample size of 159 people was determined by using Taro Yamane formula with
the error value of 0.06 through simple random sampling method. Data were collected by conducting
interview. Data were analyzed by descriptive statistics, and multiple regression analysis. The results
of the research found that 1) Farmers had the average age of 58.59 years old. The average mango
production area was 4.35 Rai. Farmers had the average mango productivity of 1,431.77 kilogram/rai
and had the average product selling price of 7.23 Baht/kilogram. 2) Knowledge regarding quality
mango production, overall, farmers had knowledge at the high level (X =11.96). They received the
knowledge from personal media more than other sources. 3) The opinions toward quality mango
production were generally at a high level (X =3.68) with the most expression of their opinion towards
fertility of mango tree. Followed by opinions on cost reduction, and risk reduction. 4) All farmers were
choosing the appropriated planting area. The soil was well drained. The marshy area was managed to
be well drained. 5) Factors affecting the adoption of technology in quality mango production of farmers
included age, number of labors in the household, mango production area, average selling price of
mango, and average yield of mango. 6) Problems of farmers, overall, were at the moderate level and

suggestions of farmers at the high level especially on production and marketing.

Keywords: Technology adoption, quality mango, Pasang district
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Table 1 Multiple regression analysis of factors related to farmers adoption of quality mango production technology

(n=159)

Variables Coefficient (b) t P-value
Constant 2.090 4.911 0.000
Age (year) -0.010 -0.151* 0.023
Level of education 0.031 0.985 0.326
Number of labors in the household (person) 0.068 2.091* 0.038
Experience in mango production (year) -0.009 -1.176 0.242
Knowledge of quality mango production (score) 0.028 1.532 0.128
Mango production area (rai) 0.024 3.435** 0.001
Average cost of mango production (baht/rai) -1.746E-5 -1.457 0.147
Average selling price of mango (baht/kilogram) 0.063 4.735** 0.000
Average yield of mango (kilogram/rai) 0.020 4.604** 0.000
R’ =0.594 SEE = 0477 F=24.215 Sig. of F =0.000

* statistically significant level at 0.05; ** Statistically significant level at 0.01.
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Table 2 Summary of problems on extension for quality mango production of famers.

(n=159)
Suggestions X S.D. Level Ranking
1. Knowledge 3.08 0.531 moderate 3
2. Production 3.21 0.535 moderate 2
3. Supporting from agricultural extension officer 2.83 0.783 moderate 4
4. Marketing 3.88 0.483 high 1
Total 3.25 0.583 moderate
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Table 3 Summary of suggestions on extension for quality mango production of famers

(n=159)
Suggestions X S.D. Level Ranking
1. Knowledge 3.83 0.486 high 4
2. Production 4.36 0.404 highest 1
3. Supporting from agricultural extension officer 3.87 0.642 high 3
4. Marketing 4.05 0.706 high 2
Total 4.02 0.560 high
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Phytochemical Content Evaluation of Holy Basil Germplasm in Two Seasons and
Short-Term Water Deficit
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Abstract: Holy basil is a popular vegetable and it is produced all year round. There is a diversity of holy
basil cultivars in Thailand and most of Thai holy basils are landraces. Holy basil cultivars were collected
by the Tropical Vegetable Research Center and there has been no phytochemical evaluation. Fourteen
holy basil germplasm accessions and five commercial cultivars were planted in field conditions and
their phytochemical profiles were evaluated in two seasons. There were genotype by environment
interactions of phytochemical traits. For holy basil in two seasons, green leaf holy basil OC-063 and
red leaf OC-194 had not different in beta-carotene content and total chlorophyll. Green leaf holy basil
0C-024, OC-057,0C-063, OC-195 and red leaf OC-194 had high phenolic compounds in both seasons.
Moreover, phytochemicals were evaluated under short water deficit for 3, 6 and 9 days. The results
showed that holy basil response to water deficit stress was independent of leaf color. Water deficit did
not affect beta-carotene content in most holy basil accessions while some accessions had an increase
in beta-carotene and a decrease in chlorophyll a and Chlorophyll b due to a water deficit. Phenolic
compounds, in most holy basil accessions decreased when they were under water deficit for 3 days

but phenolic compounds increased after 9 days of water deficit.

Keywords: Beta-carotene, chlorophyll, phenolic compound, water stress, drought
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Table 1 Mean square of beta-carotene content, chlorophyll-a, chlorophyll-b, total chlorophyll and phenolic compounds
of holy basil in two environments

Beta- Total Phenolic
Source df Chlorophyll-a  Chlorophyll-b Source df
carotene chlorophyll compounds
Line 18 0.131* 2.895** 0.291** 4.125* Line 18 6639392**
Env 1 1.793* 27.463** 1.321* 37.581* Env 1 69965547
Line x Env 18 0.146** 2.236™* 0.205* 3.271* Line x Env 18 1704465**
MSE 114 0.059 0.652 0.113 1.149 MSE 191 54905
CV (%) 28.888 23.886 27.800 23.350 CV (%) 34.512

*

means were significant differences at p < 0.05

*k

means were significant differences at p < 0.01

Table 2 Mean of beta-carotene content, chlorophyll-a, chlorophyll-b, total chlorophyll (mg/100 g FW) and phenolic
compounds GAE/100 g FW) of holy basil from two harvesting times (H1: harvesting in December, H2: harvesting in

February)
) Beta-carotene Chlorophyll-a Chlorophyll-b Total chlorophyll Phenolic compound
accessions
HA1 H2 H1 H2 H1 H2 H1 H2 H1 H2

0C-024 1.204 0.582 4.723 2176 1.562 0.847 6.285 3.023 5053.8 5258.6
0C-029 1.003 0.729 3.918 2.575 1.409 0.931 5.327 3.506 4915.3 5655.3
0C-057 1.490 0.835 5.770 3.561 2.037 1.335 7.807 4.896 5735.9 5655.3
0C-063 0.810 0.639 3.432 2.246 1.234 0.850 4.666 3.096 5283.3 5608.0
0OC-064 1.066 0.684 4.014 3.020 1.393 1.282 5.407 4.302 4814.1 5428.8
0C-072 0.721 0.832 4.313 3.528 1.312 1.309 5.625 4.837 3273.0 4357.6
0C-080 0.996 0.739 3.882 3.319 1.395 1.186 5.276 4.506 2560.2 4600.7
0C-081 0.817 0.690 3.675 3.049 1.354 1.173 5.029 4.222 2938.4 4248.8
0C-094 1.075 0.971 4.337 4.209 1.476 1.478 5.812 5.688 1793.5 4333.2
0C-133 0.589 0.870 3.165 3.429 1.454 1.226 4.619 4.655 4308.9 5577.3
0C-135 0.959 0.768 3.888 3.589 1.319 1.404 5.207 4.993 3634.6 5432.6
OC-186 0.821 0.638 3.330 2.563 1.094 0.961 4.423 3.524 3200.0 5171.6
0C-194 0.769 0.612 3.141 2.231 1.173 0.879 4.314 3.110 5165.3 5596.5
0OC-195 1.061 0.554 3.952 2.145 1.324 0.857 5.276 3.002 5224.3 5542.7
R.HB-CT 0.610 0.706 2.730 3.117 0.956 1.199 3.687 4.315 43551 4966.8
HB-CT 1.281 0.750 4.433 2.931 1.316 1.088 5.749 4.019 3452.5 5154.9

SP2 0.726 0.904 2.144 3.765 0.716 1.374 2.861 5.139 4621.8 5249.6

BNg 1.210 0.691 4.361 2.673 1.320 0.990 5.681 3.663 3358.9 5186.9
EW-KT 0.872 0.757 2.719 2.445 0.895 0.824 3.614 3.269 3373.0 5087.1
Mean 0.952 0.734 3.786 2.978 1.302 1.116 5.088 4.093 4055.9 5163.8

MSE 0.098 0.020 0.792 0.373 0.148 0.078 2.523 0.762 47031.6 62778.7
Fmax 4.853 2124 1.904 3.311 1.335

F-test . . . . . x . . . .
LSD(UH) 0.406 1.348 0.561 1.788 317.394

LSDL 0.369 0.168 1.048 0.719 0.453 0.328 1.871 1.028 296.274 342.298

*k

Means were significant difference at p < 0.01

LSD(UH) LSD value of Line x Harvesting time

LSDL LSD value of Lines harvested in December and February
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Figure 1 Scatter plot of Principal Component Analysis (PCA) based on correlation coefficient
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Table 3 Mean of beta-carotene content (mg/100 g FW) and phenolic compounds (mg GAE/100 g FW) of holy basil under

short water deficit

Beta-carotene content (mg/100 g FW)

Phenolic compounds (mg GAE/100 g FW)

Accessions
0DH1 3DH1 6DH1 9DH1 O0DH1 3DH1 6DH1 9DH1
0C-024 1.204 0.851 1.204 1.094 5053.8 4274.3 47914 5003.9
0C-029 1.003 0.902 0.881 1.103 4915.3 4688.4 4751.8 5212.5
0C-057 1.490 1.059 1.477 1.589 5735.9 4650.0 4715.9 4559.8
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0C-072 0.721 1.106 0.871 1.207 3273.0 2207.6 2019.3 4698.0
0C-080 0.996 0.930 1.068 1.729 2560.2 2698.7 1846.5 3514.1
0C-081 0.817 0.962 0.966 1.051 2938.4 2675.6 2263.7 3319.6
0C-094 1.075 0.921 1.297 1.381 1793.5 1826.9 2889.6 1536.8
0OC-133 0.589 0.942 0.974 1.295 4308.9 2491.0 3845.6 3274.8
0C-135 0.959 0.907 0.834 1.065 3634.6 2248.7 3725.3 3580.7
OC-186 0.821 0.808 1.041 1.199 3200.0 2301.2 3547.4 32441
0C-194 0.769 1.000 0.789 1.235 5165.3 5347.4 4342.2 5267.5
0C-195 1.061 0.899 1.188 1.163 5224.3 4293.5 5014.1 3177.5
R.HBCT 0.610 1.059 1.090 1.271 4355.1 3305.1 2486.4 2925.4
HB CT 1.281 1.123 1.509 1.082 3452.5 2875.6 2998.4 1937.4
SP2 0.726 0.940 1.156 1.224 4621.8 4693.5 4389.6 2705.3
BNg 1.210 1.336 1.097 1.250 3358.9 2943.5 2459.5 3702.3
EW KT 0.872 0.866 1.146 1.134 3373.0 1819.2 1621.2 25633.8
CV (%) 22.023 CV (%) 6.494
LSD(UH) 0.387 LSD(UH) 320.640
F-test ** F-test *

(LH)

(L/H)

*k

Means were significant difference at p < 0.01

LSD LSD value of Line x Harvested from drought stress

(L/H)
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Figure 2 Chlorophyll a, chlorophyll b and total chlorophyll content of holy basil under short water deficit for 0, 3, 6 and

9 days
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Identification and Biomolecular Phylogenetic Analysis of Potential Metarhizium spp. Isolates
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Abstract: Brown planthopper (BPH), Nilaparvata lugens (Stal), is an importantly economic insect pest
of rice in Asia. The use of Metarhizium spp., entomopathogenic fungi, is one of the highly effective
tools to control BPH. The total of 15 highly potential Metarhizium spp. isolates to control BPH was
discovered from forest soils in Phetchabun area. This study aimed to identify and reconstruct
phylogenetic relationships of those Metarhizium spp. isolates based on morphological characters
(colony and conidia) and the ITS region of 18S rDNA. Their morphology data of colony and conidia
were analyzed by cluster analysis together with those of M. anisopliae (PB-75), M. anisopliae,
M. album, M. majus and M. granulomatis and a dendrogram of their relationships was constructed.
Whereas, molecular identification was done by submitting ITS sequences of all isolates to GenBank
using BLAST program. Then, phylogenetic analysis using neighbor-joining method was performed
with the closely related Metarhizium spp. retrieved from GenBank and M. frigidum and M. minus
were designated as the outgroups. The morphological identification results presented that all
isolates were potentially identified as Metarhizium anisopliae based on the length of conidia less
than 9 lUm as well as a dendrogram constructed from cluster analysis that all isolates were grouped
with M. anisopliae. Meanwhile, BLAST results showed that ITS region of 18S rDNA of those isolates
were closely related to M. anisopliae with the similarity index higher than 99%. Phylogenetic analysis

clustered all 15 isolates with the group of M. anisopliae and clearly separated from outgroup species.

Keywords: Metarhizium anisopliae, brown planthopper, Nilaparvata lugens, identification, phylogenetic

analysis
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et al., 2023) Tagluurensdianunsnldszyna
srAuTiale U nstlaes M. flavoviride uaz M.
anisopliae U M. majus (Tulloch,1976) usiaginals
finn naresn1sdnanundsldaunsnnsaungu
fetedanulugneiinseadesiunnlades
LALUNN AT IR AR NARIALARE LIRS
Taanuwunle ©iu neclaea M. album Amuen
AnNaENsZin e luAadanT (Petch, 1931) WAz
M. brunneum AALANAINIINUNAININ
homopteran luAaLdud (Petch, 1935) FaiAn
qpiu synonyms iU M. anisopliae 395N
52191 M. album dudaifluszez immature 109
M. anisopliae wan1auasnudndusialaeaiy
L%m"] M. anisopliae ﬁwumﬂﬁqq Costelytra
zealandica (Latch, 1965) wilusau wAva
iesannnislddslamiannidasiunils@ey
dusniugesendudeyandaiauiipnuaziden

2564; Bunsak

TUseAUUAITRANTAAININAIUTUN1TE19D

ailsz@ansninuardnaninlunisldil sy el

Gﬁdﬂ’lﬁ‘@m’]LLuﬂV}’\\i"mTN 1anA (Hibbettand Taylor
2013) WUARNTIAFUN WAL B EnaAalTe s
wazluiaqiiuanunsnlisaazidunlanese iy
gianTenInInlaasnagraan 190159 wazi
AN KHUEN TUNNITAAULUNGY FINTIAINI9D
AAINTHANNANAUS LT R TMUINN TR TR
PRy v a a w & | o aa o

A lARsANA2Y TuadiudinisuazszaL

a A A o o 1
@ luananiaenldlunisdnanuun Mstlansy
gadelavinnsdnauunludusudaaaaiugnass
18S rDNA 2894103 MA1 b PB-75 dala
AnenanAnlununAaudamasysnl wudn
lui@es) Metarhizium anisopliae (Bunsak et
= Yy a
al., 2023) T9a N30 Me9BkaziukuInely
. . & o L s o

nN33Ra NI NAN lmeNAseile lunsaae
il Hanyeunngiiednauunaiinueidas e
Ia@gunAnnanaindaaenamuiliaeasandn
wasysamdAnaninlunisarupuiwaansying

Aurmalananuay 15 lalsaninis Tngld

o o a a a a
anmurniedaiguinanzedialaliuariaiiiae

dy ¥ aa a
219491891 wazAEREnII s luanalaunig
NFAUaUAAUIHAAITRUGNITNTDITUAY
A139UgNITN ITS 199 18S rDNA 189NN
o Y ¥ a I3
fudayalugudeyazes GenBank uardinsnzi
ANHANTUATRTIUINTG Waldudeyadneds

o A da/ o U o s ¥ L]
wazAndaniaasAanadmiulduselomisalil
luauan

aUnsaluazdsnig

L‘wmmmmfammm”l.smw”l,@iﬁm@m
Anuanldansdaatinemiul Aandnmasysnd uay
r:humm”mLgﬂﬂﬁw@mmmﬂﬁﬁmmmmmgﬂ
nazlandunanalddesas 100 ludesszezinandi
dufigm suou 15 lalnian Ae PB-01, PB-02,
PB-10, PB-19, PB-28, PB-47, PB-51, PB-71,
PB-76, PB-95, PB-101, PB-114, PB-117, PB-123
UAY PB-125 Agiawnslagite potato dextrose
agar (PDA) ﬁitﬁuqmmﬁ 25 ANANLTALTEA
WK 7 U ATRRAUANEHUEN NI IUINEN U9
Talatl (sUsvuazdaedialadl) uarlatiie (1un
ﬁ’ﬁuﬂf’iwLL@zﬁmﬂwmu%\igﬂéﬂwmiﬂﬁlﬁﬂ)
(Tulloch, 1976) Tfuiinea AATIZFANNFNRUS
Aatl cluster analysis kazai1egLluuuANANiUS
Anel dendrogram tnedideyaduguineizes
Metarhizium anisopliae lalaam PB-75 %Qiﬁ?ﬂ
NNTARAMINLAY (Bunsak et al., 2023) FaNAU
L%'ﬂ'a"] Metarhizium anisopliae (Bridge et al.,
1993), Metarhizium album (Anderson and
Trueman, 2000; Driver et al., 2000), Metarhizium
majus (Anderson and Trueman, 2000; Bischoff
et al., 2009; Nishi et al., 2011) Wwax Metarhizium
granulomatis (Schmidt et al., 2017) A11FUAN9E
wWFeuiiey

mni%umﬁmmiﬁuﬁqmimmL'%mﬁ
wanlsdeannlelann s uautudauans
WUGNITNVRY ITS AN 18S ribosomal DNA Al
UgisengnldineTiuaisa uazoensviaiugnIs
aaalnfluas 1ITS1 (forward: TCCGTAGGT-
GAACCTGCGG) uax ITS4 (reverse: TCCTC-
CGCTTATTGATATGC) (White et al., 1990) el



119

Agricultural Science and Management J. 7 (1) : 116-128 (2024)

1131 Macrogen Inc. Laboratory, IT and Business
Headquarter & Support Center Geumcheon-gu,
Seoul, Korea
Mnsdfuansusiaansiugnssnaes
18S rDNA ﬁiﬁ%ﬂﬁuﬁmtmmm?ﬂ'mmmﬁmw
Wugnesnaaelsunau BioEdit version 7.2 (http://
www.mbio.ncsu.edu/bioedit/bioedit.html) (Hall,
1999) WEHULALIAIIRUENITHTBIEY 185 rDNA
yaaiTaiumn ls@enftunsfmiaenusialelnan
ﬁuﬁ'@g@lu GenBank a1n the National Center
for Biotechnology Information (http://www.nchbi.
nim.nih.gov/blast) snelisunss BLAST (Altschul
et al., 1990) AFIRAAUNANITUTIUNLUWAL
UsziiuAIAINNIUNeY (similarity index) WAz
FasuunTiaresdesiunnladauusiaylelnan
Faidenlelmanraadasiunnls@euisiaony
Indinaingudeyares GenBank tiufindaya
?ﬁmmﬁiﬁuﬁmimm@u 18S rDNA uazdaya
L‘]Ji?_I‘LIL‘VlEILI@u“'] mmimmmim (alignment)
mmmmmawuﬁﬂﬁmmmeﬂmm%lfmm
1#angrudeyalu GenBank uazitldannnis
Aaaan saaldsuns BioEdit v.7.2 (Hall, 1999)
uaz Clastal W (Thompson et al., 1997) N9
AANTUANNANNUS T UINTTRIANA LTV
answugnssuresdesan lndesiildiiouGos

Imel phylogenetic analysis A28R8n153LATIEY

NINETALUL neighbor-joining (Saitou and
Nei, 1987) AMUIMLANLANNUENI9ITAMUINSG
1meA3 P-distance (Nei and Kumar, 2000) Las
muqmmwmmwmfmuummmw@uwuﬁ‘iu
Lmemummmw bootstrap @ﬂmwm 1000

AS9 (Felsenstein, 1985) saalilsunss MEGA 11
(http://www.megasoftware.net/) (Hall, 2013;
Tamura et al., 2021) WIELPEUNANIIIATIEH
ANNANAUSUAAUUNT AT NNAN Il BN AR AN
INAALY uwasifieuAeedayaAuAN L ILITE
o A o .
wanlaifenndaanlndianniige

N@ﬂ']ﬁ'VIﬂ@’ENLL@“’aQ'YiCﬁ

123 a1BIANHULN19AUTIUINYNT 0
dos M. anisopliae \I mmim‘ﬁ@u PHENTH
PUNAAIMNNTIRAZANET9 AT A AN
ansuunnguresielnandesiunnladesld
(Luangsa-ard et al., 2007, 2009; Dugan, 2017)
Tnalanizadreialudiuainuatveslaiife
U8 M. anisopliae (Driver et al., 2000; Bischoff
et al., 2009) lael Rombach ef al. (1987) 52Uy
TafuRigaas M. anisopliae AITRAINNET
faandn 9 WIATMAT AINNNTANEANEIENN
ﬁmgmﬁmwmL%@ml,um”lm%w%\ﬂ 15 lala
L@mﬁmumiﬁmLﬁ@ﬂmmmmfﬁmiﬁﬂimim
g0yl naensyInainmaneaeas 100
LL@a,ll?uﬂ‘i_lﬂ')’m?ul,l,ﬁ\‘i‘]]‘ﬂdﬂﬂ?ﬂﬂiﬂ‘ﬂ% LT, gl
494 2.9-4.2 FUNLIN Iﬂ‘imummmfammiﬂmﬂum
lalaianildnsznay AFadsdunialden
Taan vaulalatii@nnn doulatihediginsenseuen
dananu adeuAlga 1unresaNeg gl
199 5.0-8.9 lAsNAs uazAINNdveglugo
2.0-4.6 IAAT Lazluualdnaedn1sdnauun
Lﬂuﬁ?j@i’] M. anisopliae (Rombach et al., 1987;
Tangthirasunun et al., 2010; Thaochan and
Sausa-ard, 2017) (Table 1)

Table 1 Morphology of colonies and conidia of 15 Metarhizium isolates, screened and selected based on their highly
potential to kill brown planthopper and those of Metarhizium anisopliae, M. album, M. majus and M. granulomatis

were added for cluster analysis.

Colony morphology

Conidia morphology

LT
Isolates Shape Color Size (length x width) Shape (day50s)
(pm)
PB-01 circle dark green 5.7(5.3-7.1) x 3.1(2.5-4.0) cylindrical 3.7
PB-02 circle dark green 6.0(5.5-7.0) x 3.0(2.6-3.4) cylindrical 3.1
PB-10 circle dark green 5.5(5.0-6.9) x 4.0(3.6-4.5) cylindrical 3.8
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Table 1 (continued).

Colony morphology

Conidia morphology

LT
[solates Shape Color Size (length x widith) Shape (da;/OS)
(um)
PB-19 circle olivaceous green 7.1(6.4-7.9) x 3.5(3.1-4.6) cylindrical 3.7
PB-28 circle olivaceous green 6.5(6.0-7.1) x 3.2(2.9-4.0) cylindrical 3.2
PB-47 circle dark green 7.0(6.5-8.9) x 4.3(4.0-4.5) cylindrical 3.7
PB-51 circle dark green 7(6.2-8.4) x 3.1(2.5-4.2) cylindrical 4.0
PB-71 circle dark green .6(5.0-6.1) x 3.0(2.4-3.9) cylindrical 3.2
PB-76 circle dark green .1(6.5-8.1) x 4.0(2.9-4.6) cylindrical 3.5
PB-95 circle olivaceous green .8(5.1-6.5) x 2.9(2.3-3.2) cylindrical 3.9
PB-101 circle dark green 7(6.3-7.1) x 3.1(2.7-4.1) cylindrical 3.6
PB-114 circle olivaceous green 4(5.5-6.7) x 2.8(2.0-3.9) cylindrical 3.9
PB-117 circle olivaceous green .8(5.0-7.1) x 2.7(2.0-3.2) cylindrical 3.3
PB-123 circle olivaceous green 5(5.8-7.5) x 2.2(2.4-2.6) cylindrical 3.4
PB-125 circle dark green .5(6.0-7.5) x 3.5(2.9-3.9) cylindrical 4.2
PB-75' circle olivaceous green 5.7(5.0-6.0) x 3.1(2.4-4.0) cylindrical 2.9
M. anisopliae’ circle dark green 6.5(4.5-8.4) x 2.4(1.6-3.2) cylindrical
M. granulomatis® circle brown-gray 3.6(3.3-3.8) x 1.4(1.2-1.6) cval
M. majus’ circle olivaceous green 11.8(8.4-15.1) x 3.6(2.4-4.7) cylindrical
M. album® circle pale brown 5.0(4.0-6.0) x 2.0(1.5-2.5) ellipsoid

Saurces: 1/ Bunsak et al., 2023; 2/ Bridge et al. (1993); 3/ Driver et al. (2000) and Anderson and Trueman (2000);
4/ Nishi et al. (2011), Bischoff et al., (2009); and Anderson and Trueman (2000); 5/ Schmidt et al. (2017)

Hlarhnisfiassiaanuduiusuas
ANQNNINATIA A8l hierarchical cluster analysis
3% within group-linkage TEMINNANBUENIG
”mgm’%mwmL%faim,um"l,il,?ﬁﬂwmiﬂiéﬁm
wWIeuAeusandy Metarhizium anisopliae
(PB-75), M. anisopliae, M. album, M. majus
uaz M. granulomatis Wu91 \Tas1ianlsi@e
ynlalaamngnansanidunguauinlunjsaniu
M. anisopliae (PB-75) Waz M. anisopliae 81984
WATUEINFANBANAIN M. album, M. majus WAY
M. granulomatis 8tinedaLau Nelungugnanuen
aanlaiilu 2 nquae nguusnisznausaslalgias
PB-51, PB-101, PB-125, PB-01, PB-71, PB-02,
PB-10, PB-47 Wwaz PB-76 $9uAU M. anisopliae
989 neuiiaesdsznaudaglelaian PB-95,

PB-117, PB-28, PB-114, PB-123 lag PB-19

faufU M. anisopliae (PB-75) lunseiiinin 1
dwasunmladanynlelaanludeuses ingroup
2o v e & T
Huundudpndlu@es M. anisopliae lanniign
(Figure 1) WALHBNANIUINNIAANGNAINANITL
%ﬂaﬂ@quﬁ"mgm%wmwudwL%fa‘m M. anisopliae
4 2 ngu ludlassudpuanaanainiusasansng
al p~ o LA A o 1y
wesalalatidunan Inenguin 1 1alalalaaaudy
Aaulin198mn (dark green) daungui 2 Hdlalatl
\Jenddng (olivaceous green) (Table 1) agndls
nmmﬁmmmmLLuﬂmm“mmmmﬂum@
il Luumﬂmm:rmvmmmmmmwm
Talall (gUswuaz@aasialedl) uazlatiihe (aunn
v v v 3 J a a
AundakarAIuefagaNsiaglinsreslatine)
ANHLLINIGTAY Tulloch (1976) @aHAINNETA9N
390159 uazianldanalunisdnanuunlidgennn
ureenaleinin yndunisanauuniisesnns
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AN TR lusAUTia viTeazidunnan
11n Arsideyaluseazidenednignuingn
fﬂ:uj 11 phialides (Mongkolsamrit et al., 2020)
WATTBYAAINHANIINAABUNINAATITNEA
NN WAL ?'mmﬁ%iuj Wiy APl ZYM wae

isoenzyme (Bridge et al., 1993) sANlszney
AIsARLLNYER 1 F UL IR AN AL 11
watiangTaluana i iesaesy auLALU
nazEudunaRaEy

PB-51 7
PBE-101 12
PB-125 16
M anisop 17
PE-D1 1
PB-71 8
PB=-D2 2
PB-10 3
PE-47 6
PB-76 10
PB=-95 11
PB-117 14
PB-75 9
PB-28 5
PB-114 13
PB-123 15
PB-19 4 —_—

H album 20
M granul 18

M majus 19

Figure 1 Dendrogram presents the relationship based on morphological data of colonies and conidia of the 16 highly

potential Metarhizium isolates from Phetchabun province (PB) to control brown planthoppers. Metarhizium anisopliae

(M anisop), Metarhizium album (M album), Metarhizium majus (M majus) and Metarhizium granulomatis (M granul)

were added for cluster analysis.

Tuilaqifunisdnanuunginneaidas
v a a v v = o o
soamatansialuanalidundunumgdnAny
Ed A A v & ~
NN Hesannideanieldfiaanuainuata o
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nsldgluuunisGaedarestionala ndlugugou
AN9RUENITNNRINTA R Teaunsnliaazidun
PINNFARAUUN IUsTALAINITHALS iatauag
AugdiauazAnuanreeaeiugnasui ldlunig
wiFaufiey (Dentinger et al., 2011; Raja et al.,
2017) ‘Lummmmmmuuﬂmm%mﬂsmmw
ummmmmmﬂummwmmuuu Anfenld
ANNUFNITN 185 rDNA Lummnmwuﬁ;mm
sznaudaadiuninisidasuntasluszsun
< v A 1 d‘ o [

990159 drunn videldidasuudas vinldaunm
lddnanuundslainlavislussAunaindusags
ndnszauaiiale (Epp et al., 2012; Suzuki et al.,
2020: Bich et al., 2021) WaNANREIRTUNNUAL
anuludiniiraademnn ladaudusiwauunn

lugnudaya GenBank fsazaansienisuBeuiiey
uaz mummummmamumimﬂﬂmﬂmqmmm
(Nilsson et al., 2012)

gl lnfluas ITSTF (forward: TCCGTAG-
GTGAACCTGCGG) Whaz ITS4 (reverse: TCCTC-
CGCTTATTGATATGC) (White et al., 1990) %LL
druanaiugneTy 188 rONA HlFFudmin 14y
13RI AELTRATe RS AN I3 F aaTEN LA
ARIABN ATELAGNUNNAIUIRY 18S ribosomal
RNA gene feLileary internal transcribed
spacer 1, 5.8S ribosomal RNA gene, internal
transcribed spacer 2 Way mf;ﬁimﬁmmfamqm
UNAIULAY 28S ribosomal RNA gene ANUIU
famalelnsiavasiiewlderfilszunns 600-620
bp WiilevinnnafienGes (alignment) 8ssvia
ATNUGNITN sruauilandlelnsanaiidaiay

wAaTAIN130 1NN AN HIASITRLN 527 Uinel

U
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HANNTEULALNAIALNNTITAQT8
ﬁfamm@imm‘rmﬂm 8S DNA 1843518 lsiFe
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(Eukaryota; Fungi; Dikarya; Ascomycota;
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Hypocreomycetidae;
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faray 99 Anladnuilugiiaieniu uazninaeg
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15 lelmanlunnsnmiRediun udaduaia
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L%@‘m Metarhizium frigidum HM055448.1 Way
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WU EY WU ENe AURUS NS AN ST
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A1 bootstrap 7aiufetaz 100 tu Tnelungs
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MG786741.1 aafimnulnddariu M. anisopli-
ae lalaiam PB-76 (H201204-007 O01) an
ﬁumﬁfmmmﬁﬁl,mﬂﬁQLL@zLLmﬂ@;NL%ﬂm
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bootstrap sasfuRtenay 40 Usznaudae
M. anisopliae MH165400.1, KU983776.1,
OP546104.1, LR792758.1, JN256674.1,
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OP546104.1 (Sinchayakul et al., 2022) WAL
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A1 bootstrap 509507 40% Usznaudan M.
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JQ889704.1 Faufuidesumladeslelsian
PB-125 (H201204-007 C09), PB-71 (H201204-
007 G01), PB-19 (H201204-007 G15), PB-10
(H201204-007 K13), PB-02 (H201204-007 K09),
PB-101 (H201204-007 O03), PB-01 (H201204-
007 G09), PB-51 (H201204-007 K17), PB-117
(H201204-007 C07), PB-28 (H201204-007 K15),
PB-95 (H201204-007 G03), PB-114 (H201204-
007 K05), PB-123 (H201204-007 007) uag
PB-75 (ON729286.1) uarinissannguties
gunaEnIes Hesumls@enlelnian PB-101
(H201204-007 003), PB-01 (H201204-007
G09), PB-51 (H201204-007 K17), PB-117
(H201204-007 CO07) 98U M. anisopliae
PB75 (ON729286.1) (Bunsak et al., 2023),
JQ889704.1 Ay KX279869.1 (Figure 2)
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H201204-007 Q07 Metarhizium-PB-123

H201204-007 KOS5 Metarhizium-PB-114

H201204-007 GO3 Metarhizium-PB-95

O H201204-007 K15 Metarhizium-PB-28
H201204-007 COT Metarhizium-PB-117
H201204-007 K17 Metarhizium-PB-51

11 — JQB889704.1 Metarhizium anisopliae Clade |

= a1 ON729286 1 Metarhizium anisopliae isolate PB-75

| [ H201204.007 GOS Metarhizium-PB-01

% KX279869.1 Metarhizium anisopliae

20 — H201204-007 003 Metarhizium-PB-101

OP595354.1 Metarhizium anisopliae

H201204-007 K09 Metarhizium-PB-02

H201204-007 K13 Metarhizium-PB-10

H201204-007 G15 Metarhizium-PB-19

— H201204-007 GO1 Metarhizium-PB-71

H201204-007 C09 Metarhizium-PB-125

MH165400.1 Metarhizium anisopliae

KU983776.1 Metarhizium anisopliae

OP546104.1 Metarhizium anisopliae

MG786736.1 Metarhizium anisopliae

H201204-007 G17 Metarhizium-PB-47

MG786733.1 Metarhizium anisopliae

OL839175.1 Metarhizium anisopliae

MNB92390. 1 Metarhizium anisopliae

MT111550.1 Metarhizium anisopliae

JN256674.1 Metarhizium anisopliae

LR792758.1 Metarhizium anisopliae

MF467274.1 Metarhizium anisopliae

H201204-007 001 Metarhizium-PB-76

MG786741.1 Metarhizium anisopliae

Clade [l

— HMO55448.1 Metarhizium frigidum
100 L— HMO55453.1 Metarhizium minus

Figure 2 Phylogenetic tree (evolutionary relationships of taxa) obtained by neighbor-joining method with evolutionary
distance calculated by P-distance based on the alignment of 18S rDNA of 15 Metarhizium isolates and other 16 closely
related M. anisopliae and 2 outgroup species M. frigidum HM055448.1 and M. minus HM055453.1 The confidence
supporting number on tree branch calculated from bootstraps method with 1000 replications.
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