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Abstract

This study was evaluated 20 breeding populations which were developed through recurrent selection
at least 2 cycles of selection. Nine populations were crossed as female with eleven populations following the
North Carolina Design Il mating scheme. Population crosses were generated. The 20 population per se, 99
population crosses and 11 check cultivars were evaluated based on the 10,13 alpha-lattice design with two
replications in rainy season during May and August in 2023. Populations and population crosses were
significantly different on grain yield and yield components. The average yield of parent ranged from 939 to
1,209 kg/rai, whereas their crosses ranged from 1,141 to 1,522 kg/rai. Most of their crosses have positive value
of high parent heterosis. Thus, some of the improved populations show great potential sources for further line
and hybrid development.

Keywords: Germplasm, Heterosis, Maize, Populations
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nsinguiugnesureaitenugnesnluinnadesdndianfeuiaindnanmaesuandnduwuimia

wiandaud1Anylulasanislfuilgeiuginalng (Eberhart, 1971; Holley and Good man, 1988) $91714N"3

?

'3

Tangunstamalsfinfimunzanfidudnisnisluniaiindss@nininaeslasanistsull geiug (Hallauer and

a

Miranda, 1988; Fan et al., 2015) nsldiiawugnssuuanangieinialagienizi@anugnssiainiuaaugulasy
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ugnssulasid@eiugnsnanuaniuagien AN sNiulszansiiiunnsliul geiudsnn adagyaanunn

%d@ﬁ@Lﬂumaiﬁ’@;mLaﬂmwLLmﬁ’]\‘mq\‘iﬁuﬁqﬂﬁN (loss of heterotic pattern) (Echandi and Hallauer, 1996)
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Aviutuiu e l43En19AnReNULLA9A9a4Y (Reciprocal recurrent selection) seid19lszansiug 11 luus

aznanamalsfin viangunauaznguusl (Keeratinijakal and Lamkey, 1993) #9aaudialunisafieilszanns

ke

WUFIUABNIIATINAINNAINUAIETRIAN UG pilasanndeflaanunanauanananfaziadudsslomfun
(Dudley, 1982) Tmmmﬂﬁ%@ﬁuﬁqﬂﬁumnﬁwLﬂJmqﬁmmﬁﬁLﬂuﬁﬂﬂ@ﬁﬂﬁmﬂLﬁmmwmnumﬂ squiaiiy
25197 ﬂmNﬁLﬁiuﬁm\‘iQﬂNmN (heterosis) WaTHANAR LA (Paterniani and Lonnquist, 1963; Troyer and Hallauer,
1968)
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WIENNELN AUTARezLT wazinisutianguiamalsfin 2 nau Al ngu A sznausae ngu A632, B37 uaz B73

ngw B Usznausiae ngu Mo17, Oh43 , PH207 uay Va3s

N19AFNLsETINTWOUN

UszansniauliaIuau 20 ﬂimﬂnignﬁwmﬁm1ﬂmimamwdwﬂizmnﬁm‘lﬁwmmm‘?@umzﬂimﬂm
%ﬂqiwmmmMQu'a;quLL&iazn@ijaLm@Iiﬁni&ﬁ”ﬂamwnﬁmiwmﬁm’uﬁlﬁzﬁ“mﬁ'qumwﬁuﬁqmim@ﬁﬁfﬂwmmmu@q’u
sietamieuiilu 50 e 50 41U 9 Usranadail naN A: TSRAB35050, TSRB375050, TSRB735050 WA ¥
ThABSS5050 4 Waainnisnandindszaansnielungy Auazngu B: TSRMo175050, TSROh435050,
TSRPH205050, TSRVa355050 Waz ThBNSS5050 %qLﬁm@mmmmﬁ’ﬁmﬂ?xmﬂm’]ﬂuﬂ@:u B A519NqN1DY
ﬂ?xmm‘w"aLmﬁﬁﬁmﬁwwmﬁu@ﬂﬁm@ﬁm‘mﬂmm@uﬂu&i@mm%@mﬂu 75 6ia 25 Anuau 9 Uszans Taanas
mm@“ﬂﬂmﬂaxmmﬁyuﬁmq’mmmuﬁuluu&imn@juLam'a‘ﬂiﬁn Iadszainslungu A Aa TSRA637525,
TSRB377525, TSRB737525 LAy ThABSS7525 LL@Zﬂ@:N B Aa TSRMo177525, TSROh437525, TSRPH207525,
TSRVa357525 ThBNSS7525

nguaastszansdanamanlumaieu A 2 Uszains 1aun ThAGCA20 gniwmunlaansuand s

AMNALRUTUA 14 AN UGIHANITOULNITHANR uaz ThBGCA20 gnimulnenisuanduainaaiugus 17
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ANEWUENAANIINULNTUANR
nsasNLszTINTgNuAaN

af1tszainsgnuan InensHaNLULNUAUNNATEUdNgNIEmNaTaFEn A A1U9U 9 13TTns wazngu B
AU 11 Uszmng AMNRBNIIHANLLIL North Carolina design 11 tgnusiazilszanaiuuniagig 8.0 was a1uau
20 wnasiatlszang lunisivareenasldisivareesnasuuuiiugmy (bulk) aanynsunialulszgng dan

HANULLINUUINASEMINNgHN IRLszanagnuanyianum 99 Auas

NINARDLNANANLITETINTUALLITETINTGNAAN

UugiFaunaua L 130 Wuglsznaudoatszainsneusanuan 20 dszanns Uszrnsgnuas
S an 99 uan Ugnnasausaaiuldiuguanidaviedszannsildsaunnaey s1uau 3 Uszans (uiladu,
2552) Aig Suwan1(S)C14 LAz KS23(S)C5 Lazgnuan Suwanixks23 ldWuggnuann1sA a1uaw 8 Wug
lsznausag TS8491, TS9522, DKI979, Pac789, Pio4163, NK7328, KU5720 Way KU5821 Lﬂuﬁuﬁmwmu

(checker)

n'?ﬂﬁl/ﬁ@%/@“@:fﬂ'ﬁ@’7\7“1&/“/’775‘7’/@@@\7
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2566) NuUaINARBIUBILITEN '&rﬁ’]sﬁmfé{@’]ﬂm Q\?‘me'&ﬁ'zu‘i ﬂ@jﬂimﬂﬂﬂ?@meE?xﬂg SUINLND 70 LHUBLNAT FEes
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Fuaanluu 50 1efidus Asaugesunazangedn 20 fundseannan uasiuaIwIuANINANIaUNIs

WuLAen Aunndilulafidusnisingy

UAPIIINNADAUAZAINNAUGNTTN
ATy ARINLNUNIINASBILLL Alpha lattice ANXAEN13984 Patterson et al. (1976) uazilsziilue
mwmﬁ@nfiwm@,nmmﬁimmﬁ@ndﬂmﬁ?mmmﬁmmﬁmqq (high parent heterosis, HPH) AUAIANNANLRAE
VBANAN (F1) uaztlaznaweudiang (HP) m1u Equation 1
(F, -

HP )
HPH = ——— x100 (1)
HP

Nmmx'“:m‘:zﬁuamswm@m

-

mnmﬁmezﬁmmLLﬂiﬂmuwufiwﬁuﬁﬁwmmm"mf;u 130 Wug (Uszanawaus 20 viug, dszanns
ANNAN 99 WUF uaziugmsAgay 11 Wug) wudn aruuansisednesddedAny luansucaasnananiuan Ju
aanlvy 50 wWefifus Amnuduma wefifusneimig waztinwin 1000 wén (Table 1) Tmm@mmuﬁlﬁmmam@q
g0 10 Suduusnuanasis Table 2 Taesia 10 SustlaiuansneeadfideRansnanaAang usilianansng,
ﬂmmﬁmL@ﬁmmﬁuﬁ:ﬂf]@ﬁqﬁéqmmmu asislafimalugnenizresesidusnzmeuaztimin 1000 windud
wun A fleauiuiugnisdn Tnasuan TSRPH205050xThAGCA20 #luanangsfignlinanan 1523 nn./ls
$09A9NNARANAN TSRPH207525xThAGCA20 LA TSRPH205050xThABSS7525 lfanan 1513 nn /15 uay

1485 nn./13 ANAaIAU

Table1 Mean sum of squares from analysis of variance for grain yield and yield components in maize (general

analysis of all entries include populations, population crosses and checks)

Mean of squares

Source of Days to

df Moisture Shelling Grain yield 1000-kernel
Variance 50 % silking

content percentage (kg/rai) weight

REP 1 0.1885 5.88™* 2180.8 98748** 2180.8**
ENTRY.unadj 129 5.3829** 4.38** 515.06** 64511** 515.06**
BLK/REP 24 0.5349 0.39 157.46 4357 157.46
Residual 105 0.5759 0.42 111.19 7428 111.19

** Significant at p < 0.01

Matitlszansgnuanilinanangs (Table 2) dudengiuaantuu 50 wWefidusdundiuggnuannisdd

'
a

Tnaiguan ThBNSS5050 / ThABSS7525 Hangduaantuu 50 wefidusilaangmade 44 i uazliuanangaiu

|
o o a o -

uALy 4 Tneinandniade 1472 nn./ls wenainiidszansgnuanssnanadal A nzunansndiuggnuas
v -:4' r_‘l' al -:4' a al & @ & ] | | -=4' o & v
nsAedsieFaufisunaAings uasiefiduinzmizliunnssainaafssesiuggnuanmnianisdin

LHONANIUNIAIANNINTLBNI1TBNgNHANTIANALBNITWaMTo LN ITNANARES (high parent heterosis,

HPH) ludnsnizaesnandnuiniainag ugag -1.4-43.7% tnagnuaniiiinaindssainsweusiiis o) wudiiagnu
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wAnsingae it g1 Anyn1eania ludszananeulngs B Inailszains TSRO435050 ‘lﬁmma‘myﬁqm winrn
32.7 wafidusl Inelvignuandniaie 1406 nn./l3 sesasnnatszanns TSRPH205050 fiA1 HPH Lade iy
26.36 tUaFLFus mejmmuﬁt,ﬁmmnﬂimﬂm TSRON435050 1% AN HPH gaflAiviniy 43.7%
(TSROh435050xTSRAB327525), 41.3% (TSROh435050xTSRB377525), 40.9% (TSROh435050xThABSS7525)
LaT 40.4% (TSRON435050xTSRB737525) Gl ¥uanan Lfaﬁlmmqﬂmm winfiu 1440 nn./19, 1390 nn./13,
1453 /15 uaz 1412 nn./1s muandu Sie 3 fuanilien HPH uay Idun ThBNSS7525xTSRA6327525
(-4.5%), ThBNSS7525xTSRB377525 (-1.4%) WAy TSRPH207525xTSRB377525 (-0.8%)

Table 2 Top ten crosses obtain in the study based on grain yield and yield contributing traits in the population

crosses and check

Day to 50% Moisture Shelling percentage Grain yield 1000-kernel
Population crosses
silking content (%) (%) (kg/rai) weight (g)
TSRPH205050 / ThRAGCA20 46 21.7 82.6 1523 303.0
TSRPH207525 / ThAGCA20 47 21.7 81.7 1513 318.4
TSRPH205050 / ThABSS7525 46 20.1 84.0 1485 310.5
ThBNSS5050 / ThABSS7525 44 21.3 84.3 1472 306.8
ThBNSS5050 / TSRA6327525 46 21.2 81.6 1472 327.7
ThBNSS5050 / ThAGCA20 46 23.0 81.4 1464 306.0
TSRMo175050 / ThAGCA20 46 21.5 79.8 1457 318.4
TSRON435050 / ThABSS7525 46 21.8 83.7 1453 307.5
TSRPH205050 / TSRB375050 47 21.5 81.8 1453 323.0
TSROh435050 / ThAGCA20 47 23.0 82.0 1451 303.4
Average of commercial hybrids 51 25.6 81.4 1798 326.0
LSD (0.05) 1.50 1.29 2.94 170.89 20.9
CV, % 1.62 1.39 3.17 6.53 22.51

SlaRansantszannsveus (Table 3) mnﬁmmﬂ@:u IAun NN A LAZNAN B NUANANHIUSNANARLNER
angiuaaniuu 50 wafidus wafidusdnzinie uaztianin 1000 wén duliuansrafunnadifunans Table 3
anmnizaasiuaan iy 50 wesidu ’f?qmmﬂziuﬁfi“u@@ﬂiw 50 wefidusiadawinty 47 $u dnwouzdefidus
ﬂmﬂﬂuﬁ"\m@\mzﬁuﬁLﬂfﬂ‘ﬂ%um’ﬂmﬂm@\mzﬁm A uaz B loAEwiniL 81 uas 82 ilefifusmuansu dnwuizaes
HALARLNAN THANAANGN Afuandaniaas 1058 nn./ls uaTNaN B Inananaae 1127 nn. /1 uazdnenizaes

1"1tiN 1000 INARTRABINANANMIN 1000 WAARALWINTL 300 NiM
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Table 3 Per se performance of populations for yield, yield contributing traits and average of high parent

heterosis
Day to 50% Shelling Grain yield 1000-kernel Average high
Population
silking percentage (kg/rai) weight (g) parent heterosis

Group A

ThAGCA20 48 79.8 1191 304.7 17.43
ThABSS5050 46 85.4 1128 313.9 15.14
ThABSS7525 47 79.2 1031 284.7 21.15
TSRA6325050 47 79.4 1095 3135 16.79
TSRA6327525 48 78.7 1002 314.6 18.84
TSRB375050 49 82.8 1012 303.8 18.29
TSRB377525 48 78.8 939 301.9 15.33
TSRB735050 46 79.2 1123 299.7 14.75
TSRB737525 47 84.0 1005 261.6 15.08

ns ns ns ns ns

Group B

ThBGCA20 48 81.1 1168 313.0 21.24°
ThBNSS5050 46 82.9 1209 288.1 14.30°
ThBNSS7525 46 85.3 1195 305.7 5.88°
TSRMo175050 48 79.0 1090 263.3 17.15°
TSRMo177525 48 79.5 1168 302.2 12.67°
TSROh435050 50 80.2 983 296.6 32.70°
TSROh437525 48 83.8 1082 283.8 18.99°
TSRPH205050 48 82.1 1077 284.6 26.36"
TSRPH207525 48 82.3 1198 327.7 10.44°
TSRVa355050 47 80.8 1151 307.3 15.75°
TSRVa357525 48 81.6 1119 328 17.27°

ns ns ns ns *

*, ** Significant at p < 0.05 and p < 0.01, respectively
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Table 4 Estimates of high-parent heterosis (HPH) for grain yield (kg rai”') of twenty maize populations

Female
o [Te} o= L o Te) o Te)
o s al re} N 0 Al 0 Nl
Male < 2 o 3 X 3 o 2 o
S » ) S S N N~ ™ )
Q) (7)) (7)) %) %) ™ ™ N~ N~
< < < o o &% &% &% %
= = = iz iz F F ~ ~
ThBGCA20 11.3 9.3 16.3 10.5 229 15.2 13.5 175 20.6
ThBNSS5050 21.1 12.6 21.8 7.2 21.8 4.3 15.1 18.2 6.8
ThBNSS7525 14.2 4.7 14.9 6.9 -4.5 10.9 -1.4 2.8 4.3
TSRMo175050 22.3 23.8 18.2 20.1 1.3 11.1 194 9.4 18.7
TSRMo177525 12.5 9.2 8.9 11.8 20.7 12.8 1.7 20.0 6.5
TSRONh435050 21.9 17.3 40.9 30.6 43.7 30.7 41.3 27.3 40.4
TSROh437525 2.7 22.2 18.9 28.6 16.1 27.4 21.2 14.6 19.2
TSRPH205050 27.9 20.7 37.8 26.7 29.0 34.9 23.8 14.9 214
TSRPH207525 26.3 14.0 11.0 12.1 1.7 135 -0.8 4.1 2.0
TSRVa355050 14.8 16.7 17.3 14.3 25.0 20.8 4.1 12.9 15.8
TSRVa357525 16.8 16.0 26.7 15.8 9.5 19.5 20.7 20.5 9.9
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Heterotic grouping for S, lines extracted from commercial corn hybrid using different testers
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mewaanaiuginanaielulassnnsufudsaiugin nagnuan sududesdnnguiugnssunes
anaugaunguiamalsda mﬂ?im:m“f'?lﬁ@”mﬂ@:uLamfa‘llﬁmmxﬁzw;rW"w:fS1 1e9gnuanAuiansaaaIndIning
zgﬂmmmﬁ'mﬁuﬁmiﬁﬁﬁmu 8 Wug Inenanaiugiu s, ngu A (10 @anawug) nand uaneWug PMI2008 uay
PMI21106 dauanaiug S, ngu B (10 aeiug) nandinanawug PMI1015 uaz PMI21049 N13UgnnagaLNatan
uwtilu 2 90 g0 A (NgM A H 20 ARAN UWATQNRNANNUENITAT 5 WUE) wazgn B (NN B H 20 ANaN wazgnuan
WUFN1IAT 5 WUE) 2UNUNNINARBILLL 5x5 FULNAKANTIT 191 2 91 WU ANENUGTY S, U 3 dnerig
AMNANAN PACT77xPAC278, PAC278xPACT79 Laz NK8257x9950C HA1 GCA A uFUNANRRINANE4INT1 100

LAZUANENIININADR a1u1sndnnguianalsiasasanaiugiu s, 16 4 ngu ldun nquatawug PMI2008

o\

(7 a89iug) PMI21106 (3 #1eg) PMI21015 (5 @aneisiig) warPMI21049 (5 aneiiug)

AdAty: neUfulgaiugdalng, auaiunsnlunissansa, mweWugnesy, aranugnasay

]

Abstract

Development of corn varieties for use in hybrid corn breeding projects. It is necessary to genetically
group lines according to heterotic groups. This study classified the heterotic groups of S, lines of double-cross
hybrids from eight commercial single-cross hybrids of corn. The S, lines of group A (10 lines) were crossed
with testers PMI2008 and PMI21106, while the S, lines of group B (10 lines) were crossed with testers PMI21015
and PMI21049. The hybrid yield trial was divided into two sets, A and B. In set A, 20 crosses were from group
A and 5 commercial hybrids, while in set B, there were 20 crosses from group B and 5 commercial hybrids.
Each set was planted in a 5x5 simple lattice design with 2 replications. It was found that three S, lines from the
cross of PAC777xPAC278, PAC278xPACT79, and NK8257x9950C had GCA values for grain yield higher than
100 and were statistically different. The S, lines can be grouped into four heterotic groups, including group
PMI2008 (7 lines), group PMI21106 (3 lines), group PMI21015 (5 lines) and group PMI21049 (5 lines).

Keywords: Corn breeding, Combining ability, Germplasm, Tester lines
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QNEANLALY (single cross) LIARINNITUANTENINAERUTUS 2 8187 UE TAegNNANIAEIAZUARS

ANBUTAYINALAL (hybrid vigor) 444A HLANININUATATHANUNANDLBIAN LAY | geqailFaunauiy

v
o o k%

ANNANAINN (three-way cross) MTagNUANe (double cross) (g1, 2553) Aeuuniswamudananuggnuas
dl = o o c Y lﬂ’l [ o Aﬂl o o 1 i <
wenanduimnisgegalunisimuinugdnaine IneaeugnssuiduladendrAnyseniingisalulasanig

5utlpeiuginanadsedadiuggnuan nsldidanugnssumliusmlan luwsasiesdullanatszaunanugisa

|
o o

gendnsldi@eiugnesuiuansnesiusnusiinasUFusann (nqugn, 2556) nswmwnUszainsiugudmiuld
Tulasenisdfurlgednlnagnuanandudesiunaadaiugnssuinninaldlun1sWmui s e iugna e i
o a dl ad QI a a o o o =2

Anannzesuanandaduislunisiudszdnininaeslaseanisdfudeiug aannasdneaanuiainuane
neRngnssnaasinalnagnuaniugnisi lulssmalnauaasliiviudndrawagnuaniugnisdnanunsa il

wianTenugnNIsulun WM a1 awugna e lilulasanisdsuilgaiuginatnald (Jompuk et al., 2000)

]

T9RanARAINLNNUIARTDY Suwanatape et al. (2020) 89 1u3 T TnagnuasatavugnsAIa usn 1L

'y

unaslunisanaananugpuLsa e ldafeiuggnuantanangals

- ' o

ANLANFNN AL NITNIBNAN AN US LAz N AN WUENITHa e awugITTuAnTaduRd ATy Tunnswmwn

<

o

uf

'S

nuax asannnisdiulgaiuggnuaniduntsldisclamianniamalsda (heterotic) tnenamalsdaanunsn

al

2

daelNnNaNAR LA (Tesfaye and Sime, 2021) tamalsdagnuiunlduinluntsu@niagdunanneuanassy

dl o o va =3 a = a a dd?l = = 1
WA U AUG LTH AN W4T HANAREGS LAasHUITANTNINATY (Fu etal, 2014) Lawmalsdaluafanis

a «

wwsnyiulavasNtnaen9easdig (Smith et al., 2016) lunisEuAueslasanislfulseiuggnuannisdangu

14

nalstamianugnesududeand Aty (Reif etal, 2003) N19NAALANNAINITOTUNITTINARTBIA WS

(combining ability) @111 85y ngNRUgNIsNuazlszIuszAUTaEmalstale \Wagan lunisdniden
AneNUTLATgNNANNI9LsTIHUANANN D lWNN99aFaTasanaRugI I tnansdssilugnuan w2 giuuy
Aapauanansnlunismaaiall (GCA) wazaamansnlunssansaiams (SCA)
nsnAaaUANAINITDlUNITNANTY S, HszAnTainlunisuanataiuguaslaoanduiugiy
ANNANNITD IUNTHANTU S, ﬁﬁmmmﬂmﬂﬁuﬁf@'u S, TneAmdenuazaNFasReiies 7 91 S1uau 2 Ussang

o o

WUFIANNANRUENIITUGNITNIRIAN HUTHANAANAATTNINANINUTIY S, uarin S, WA NANRUT UG

o o

Ips11lsvm1ns BS13(S)C1 WAz BSCB1(RC7) HANWYVNTL 0.97 way 0.86 muasy (Lile et al., 1994) fatjuaai

o -

Trgiszasmnadnnguiaialsdasosanawuguansoeagu S, rasgnuanauiiansagaindinlnagnuaniug

a

nsfnmasaneaauilsainsanguianalsdia eazldlunswmundanngnuanian (single cross) sialil
4 a
aunsaluaziang

119 IagnaaNLgNI7AT 1F lun s Ls TN IAUTIUUAHINAADL (tester)
1. F1aIwagnuasineiign1sAIa U 8 Wig uileaniilu 2 ngu AuunasiuIrasiug laun ngu A
UsznauseWug Pac278, Pac392, Pac777 Uax Pac779 Wazngu B tsznaumiaug NK8257, DK6818, 9950C

WAy 9979C
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=

2. gnaiuguin ldiduaneiugnaasy (tester) auau 4 aaviug aanlasanisl fudpeing Ui willas

& 0 o '3

WAnWUE Anin Iiunanewug PMI2008 ainldaingnuannsA1wug NK6253 U3 Suiaunidas, ananug

PMI21106 arinldaingnuaunisAiug P3875 Ui tnlawlle la-wuse (Insuaus) anrin, a1aWug PMI21015

waz PMI21049 annldaingnuannisd1wug Pac339 uay Pac779 ANuaAL 13E wildiea anwug

mjm”’mﬁ@w”ugnmumzm7w7wmmg/wmﬁfmmﬁmd%ﬁ'7 (S,)
m”wL%@ﬁuqmmﬁluﬁuimﬂmm%qumwﬁ”mﬁ@mm (double cross hybrid) a1ndnaTnagnuaiaes
s ldnduas 12 guan udnhgnuanduidansealgnuaniaeuiieatnaeugiagignanauas 108 fu
sreizilgn 70x40 4. ﬁmﬁﬂnmuﬁqLmﬁuﬁLmma"ﬂ‘]:rm:ma‘mmﬂ@ﬂmqﬁugﬂﬁu (inbreeding depression) WAH
SnEENINNEATTA i1 T etesennaswad luavieainTondnazesunasidioes danuiunulse
melUfiA szunmnuazafudous Lﬁ@@fﬁ’mmmﬁuﬁ:muﬁqmﬁaﬁ 1(S,) ANaNaz 40-50 szazifnfaang

Anaanlnafasandnilaunalunuazena Ta1uaunnannnndn 14 una auannaasadnuin uwazide fifus

newnzge usu insfiufaawdanuuueandn

NIHANIADATNGNRANULILAVEIWUT*ENARDL (linextester)
inaneiugransalesgu S, dgnuuudnsauna (ear to row) Ineitlgnanuan 4 4na Un9ena 8 M3 eey

QN 70x40 43, AU 20 FUFDLOY ARLRONANSWUTHANAILE9TU S, NAANHUENINNITNEATNAIIUIU 2 101

'

Iiduiugud (female) nanduiuAaAgey (testers) InaanaWuguanAa1eeiu S, Nax A 471U9U 10 aeug

a

HaNTNALAIMAREL PMI2008 kA PMI21106 49udeWuUgNanfiaiedsi S, ngu B A1U9u 10 anaiug nandiu

Auanadanaaay PMI21015 way PMI21049 Agnuannageunguas 20 Auas

msLgnnaaeLUnanAn
Ugnnaasulufeuiiuianianounsng AN 2566 Nulamaasduddm willas wanrug ain Aaudn

Munanes uwiinimaaendu 2 9a Inaga A dsznausiagnuaunagaungy A a1usl 20 ANAN LATTA B

o & '

dsznaumisgnuaNnaaaLngy B a1usu 20 Anax InausazgalddnlnagnuauinaaiugnisAnsantlgnnage

o -

AU 5 Wug Usznausag Wug 9979C anuien waut uls Inauausd a1in, Wug 57328, NK6253, Wug

Q

& 0 o

NK6848 AMNL3EN Fulaunas anrin, uaziug Pac999 anudun uldia lwdniig 4a1im 919unun19naaes
WUL 5%5 TuLAaLaniie (simple lattice designs) a711aU 2 4 1alastiaslgn 1 une untena 5 s ldsves
1lgn 70x20 T @Tﬂwm:‘ﬁ@g@‘ﬁ'ﬁuﬁﬂ W3 JueenaanwALNe (day to silk, ) JueanmaniweE (day to Anthesis,
J1) nsRmudanatanadin (tp fill, 1-5) na@ntdn (ear yield, Alansusels) Auauitesidusinenie (shelling
percentage, %) angnailasifusinyimiy = v Eax100AMENEN LATAINHARARNEA (grain yield,
Alansu/ls) ﬁu@\mr;iml,t,ﬂ@w'@ﬁﬁmm%u 15% angm3 Grain yield (kg/rai) = [field weightx(100-%grain moisture)

x%grain shellingx1,600]/[85xharvested areax100]
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NFNATIEUNNATA
n19aAsziAYNLlslaau (ANOVA) 1Ennsdiasisvidayaninikun1smaaesiuL Simple Lattice Design

Imald R-Program version R 4.3.2 Aiasnzsfaanuunnsnaaesaniadalaeia LSD (Least Significant Different) uaz

v o

AAzUnTHANTUT Iz U N eRUTTLAIAdaL (linextester)

N@LL@&'AJQ’]‘JZH(N@ﬂ']?VIﬂ@’PN

o

NINARDUNANAAGNNANTA A (GNUANVNAABNNGN A S1UIY 20 ANAN UASGNEANIALINUENITAITINY 5 WilE)

'y o

ANN193ATI TR UL ST URUEgNNANA WA 25 g wudnduesnaanneldy Suaanaaninay

o @

Wesidus azuuun1sRmNanalatsdn Wefdusneinie Lanantn WATHALARNNAANAITNBANFANNINEDA

(p < 0.01) wanslu Table 1 Inaanwaziviaulauaz i Wunn auwn aneauznsfinwandelanadn wWefidus

NUNNE NANARIEN WAZNANAS

Table 1 Top eight crosses from group A obtain in the study based on grain yield and agronomic character of

S, line crosses and best check (show mean+SD)

Day to Day to Tip fill Shelling Ear yield Grain yield
Crosses group A

silking anthesis (1-5) (%) (kg/rai) (kg/rai)
(PAC392 x PACT777)-S,-2xPMI21106 57+1.4 56+2.1 2.9+0.7 80.9+0.9 2531122 175640
(PAC392 x PACT77)-S,-20xPMI21106 56+0.7 55+3.5 3.1£0.7 83.1+0.4 2389+120 1687+29
(PACT777 x PAC278)-S,-14xPMI21106 60£0.7 58+1.4 2.9+0.7 81.9+1.3 2345+205 1663+136
(PAC278 x PACT779)-S,-11xPMI21106 55+0.7 55+0 2.3+14 83.7+0.1 2252493 1661+86
(PACT777 x PACT779)-S,-11xPMI2008 55+0.7 56+0 1.50.7 84.1+0.3 22534252 1631+221
(PAC392 x PACT779)-S,-8xPMI21106 5540 54+0.7 2.4+0.7 83.1+0.1 22984578 1611+417
(PACT777 x PACT779)-S,-4xPMI21106 52+0.7 53+1.4 2.9+0 83.1+0.4 2201429 1597+293
(PAC392 x PACT777)-S,-19xPMI21106 556+0.7 55+0.7 2.5+0.7 81.7+1.6 2174183 1558+165
9979C (best check) 57+0.7 57+0 1.220.7 83.3+0.2 2443465 173274
Mean of linextester (20) 57 57 2.3 82.6 1876 1325
Mean of commercial hybrids (5) 58 57 1.3 83.3 1997 1423
Trial mean (25) 57 57 2.1 82.8 1900 1345
F-test ox ox . . ox .
LSD, 3.4 4.8 2.0 3.6 686.6 483.9
CV (%) 1.4 2.1 24.2 1.0 8.7 8.7

Rating 1-5; 1 = All pods are full of seeds attached to the tip of the pod and 5 = The end of the cob with no seeds attached is about

5 centimeters long., ** Significant at 0.01 probability levels

WalFeumeugnNaNNAaesssndNaneiig S, fuanaWugnagaean PMI2008 waz PMI21106 A1149% 20
ARAN TUGNNANTUEN19ANNITNANRALNARAGIAR (WUF 9979C) WLINGNNANNAABIANUIU 8 ANAN THHAN

WANFININATA (p > 0.01) AUNNANN12AIWUG 9979C uanalu Table 1 VBNANHUSTUBBNABNLNAL
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o '

nafamanialansdin wWasidusnume uanandn uazuananudn tnapnannaaasla uwuiuaanaannAlog)

U

721979 53-58 Ju n1sfmwmAntelanednagszndng 1.5-3.1 azuun wefidudnzinizegszndng 80.9-84.1
wWasidus nanandnagszuing 2,174-2,531 flanusials uasnandniudnagszudns 1,558-1,756 nlansusals
A2UQNNANNITANNUE 9979C Haruwauduaanaaninagledn 57 4u n1siawdaisanadniads 1.2 Azuuu

wlafidusnzmiziads 83.3 wesfidus nanandnieas 2,443 Alanfusals waznananmaneas 1,732 flansusals

Table 2 Top eleven crosses from group B obtain in the study based on grain yield and agronomic character

of 8, line crosses and best check (show mean+SD)

Day to Day to Tip fill Shelling Ear yield Grain yield
Crosses group B

silking anthesis (1-5) (%) (kg/rai) (kg/rai)
(9950C x 9979C)-S,-5xPMI21015 5540 54+1.4 1.320.7 84.0+1.4 2051+46 1528+66
(NK8257 x 9950C)-S,-6xPMI21015 52+0.7 52+0.7 1.320.7 84.0+1.4 2081174 15622+129
(NK8257 x NK6818)-S,-18xPMI21015 52+0.7 52+2.1 1.0+1 83.5+0.7 1958+121 1443+55
(NK8257 x 9979C)-S,-8xPMI21015 5240 50+0.7 0.9+0 85.0+0 19101124 144376
(NK8257 x 9950C)-S,-6xPMI21049 5240 5040 0.9+0 83.5+0.7 1921+220 1427+154
(NK8257 x NK6818)-S,-1xPMI21015 5240 51+0.7 1.10 84.5+0.7 1930246 1420+182
(NK8257 x 9950C)-S,-4xPMI21015 52+0 53+1.4 110 86.5+0.7 1834280 1392+203
(NK8257 x NK6818)-S,-13xPMI21049 53+0.7 51+0.7 1.320.7 85.5+0.7 17839 1334+1277
(NK8257 x 9979C)-S,-4xPMI21015 51+0.7 51+0.7 1.0+0 85.9+0 1743+230 1309+158
(NK6818 x 9950C)-S,-4xPMI21015 5240 50+1.4 1.10 84.0+1.4 17181168 1250+79
(NK8257 x 9979C)-S,-11xPMI21015 53+0.7 50£2.1 1.320 85.6+0.7 1567+301 1208+186
9979C (best check) 56+0.7 57+0.7 2.5+0.7 78.9+0 21104507 1458+333
Mean of line x tester (20) 53 52 1.3 84.2 1666 1239
Mean of commercial hybrids (5) 58 56 1.6 81.6 1815 1302
Trial mean (25) 54 53 1.3 83.7 1696 1251
F-test ox ox x ox ox .
LSD, 4 2.1 3.3 1.1 26 460.5 3295
CV (%) 1.3 21 28.4 1.0 9.1 8.8

Rating 1-5; 1 = All pods are full of seeds attached to the tip of the pod and 5 = The end of the cob with no seeds attached is

about 5 centimeters long.

*and ** Significant at 0.05, and 0.01 probability levels, respectively

MINARDLLANARGNAANTA B (QNUANYIANNNGN B 311491 20 ARAN UASGNNANIALINUTNIIAIGININ 5 idF)
AMNNN9ILATITIANLLTUIIUAUENHANAIWIU 25 Wl wudrTuaanaanwALle JuaannaniwAE

a @ KR 3 I3 a a @ A ' aa
AzLUUNIAANAADILaNEN Wasidusnems Lanandn wazNananAANANWANFA1NN9aTALanAdlY Table

|
1 a &

2 uaznudngnuannaassdouluglaedaduasnnanmaAlauazduaanaaninagifondnAeds gnuauiug
nsAuansnvetallid Ay 9aa lnsgnuauneasuiaAedtduasnaaninAllaLaziusanasnNAYinAY
53 Uay 52 41 MNAAL FaugnraniugnisAlAednduaanaanwAllauayiieanaanwaAg vy 58 uay 56

upua1au degnuannagdaudunaTiuduiuggnunifa Pswarayi and Vivek (2008) na1931n135N1H14%0A
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a c @

] | & a a o o & - =~ 9y o =
TZ‘MQ']Qﬂq?@qﬂLLﬂLTQLL@ZN@N@Iﬂﬂ@]\?‘ﬂul,ﬂu@\ﬂﬂmq ﬂ°7|u@ﬂ@qﬂuLﬂﬂ?LeﬁumﬂZLquﬂJLLuQIuNWﬁTﬂﬂQﬂN@NWﬂ@@UN

] ' ' '
A K A 2

Anade 84.2 wefidusl delifanuuansemeadfidlenSaufeuiuiadugnuaniugniediedldieds 81.6
wWadidus

Lfl‘l‘ﬂLﬂdif;l‘]_lLﬁ?;l‘].l@jﬂNzﬁmﬂmﬂﬂditﬂdﬁﬂ@ﬁﬂﬁ’uﬁ:& AuaNERUgNAgaL PMI21015 uaz PMI21049 a1uau
20 ANAN ﬁugnmuﬁuﬁmiﬁwmﬁmmamLmﬁmqqqm (Wug 9979C) WLFNQNUANNARDIATUIU 11 RN THUANER
wangeladunns1ameada (p > 0.01) fugnuannIsATWUE 9979C wanslu Table 2 InagnuaNNAaaIAIUIY
11 ey Suananudeagszudng 1,208-1,528 Alaniusiels gnuaunisdsiug 9979C fuauamnudaiain 1,458

Alandusials uaznudndnwuensinwdntelaadnszndegnuanmaaes 11 guan Wisumsuiugnuainisdn

o o

Wig 9979C HAnuuansveeiliedAtyneats Inagnuannaaed 11 gruas Iazuuunisfanuaaielanadn

\
el o &

2871919 0.9-1.3 AzuuY ag lNIMANIIgNRANNIIANNLE 9979C NAzuuUNITRMNARTUaadNIaAe

-

al” L 3 : = ¥ -a;d 3// ! = < &
2.5 AZILUU u@ﬂmﬂul,ﬂmlfnumumzqﬂmawmmuummﬁuwm Iﬂﬂﬂmﬂ&l@ﬂﬂﬂ@@\‘m\‘i 11 ANAN Alagidus

NZMzaLs139 83.5-86.5 tlafidus gendnulasidusinzmiziadugnuannisAniug 9979C TeAtadaavinfiy

° o

78.9 ilasidust unnsinsaeneldtd1Atynieana

prruanasaluntseansaralyl (GCA) uazaar@Isalun1saNsaanIE (SCA) dmsUanm LA LARN AR

ANN193ATITIANAINITD lWNNTIaNFRTasa R ug lung N A wanelu Table 3 Ty nuansig
sxndnadanAgal (tester) Inafanagas PMI2008 Lay PMI21106 InsiiAn GCA winfil -128.9 uay 128.9 ANNasy
WINLAHUANFINgTzII WaNeWg S, TneillAn GCA atjssiing -272.0 D4 151.7 Tnaaneiug (PACT77xPAC278)-S,-14
(GCA = 151.7*) uaz (PAC278xPACT779)-S,-11 (GCA = 117.7%) Lﬂummﬁuﬁfﬁﬁm GCA g4 ¥NNA1T0UNA1 SCA

Qﬂmaumm@mﬁﬁmmLLmnrﬁiwmmﬁﬁ (Table 3) WudnaneWug (PAC777xPAC779)-S-11 WATANEWUT

(PAC777xPACT79)-S,-15 {1 SCA guiilanandruiudanangaan PMI2008 TaaflA1 SCA Wiy 388.3*

- -

way 213.8* Auaay atnglsinuateWug (PACT77xPAC278)-S,-14 WAZANEWUE (PAC278xPACT779)-S,-11

3 Bl

]
o

NiAY GCA gauazlinananguilananduiusanagay PMI21106 Tnalinan@nyintu 1,663 uaz 1,661 Alanin

pals ANaIAL W LUWLANLANFAIININATIA0IA1 SCA ARANTNNAINAINN9D IUN19991EI AN (SCA)

'
@ A

YBIANHOUTHANARNAA N AT HNaviTauNatinalaanilaf AR AN NN luA1999: 2R 1 (GCA) 7R (Haddadi

12 1
A o

etal., 2014) BANAMNLNGNNANNARDIANUIY 2 ANAN N ITNANRANAAFININGNRANNANBIAIRT] WhilNLAIN
WANA19IN19ATATa9A1 GCA WAz SCA laungnuaunnaay (PAC392xPACT77)-S,-2xPMI21106 LAZQNNAN

NAADY (PAC392xPACT77)-S,-20xPMI21106 Tnailuandmnuanvingy 1,756 uaz 1,687 Alansusials muansi
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Table 3 Means of grain yield general combining ability (GCA) and specific combining ability (SCA) from

10 §, linesx2 testers of group A

Grain yield (kg/rai)

S, lines PMI2008 PMI21106 Female

MeanxSD SCA Mean+SD SCA Mean GCA
(PAC777xPAC278)-S,-14 1405+339 19.2 1663+136 -19.2 1477 151.7**
(PAC278xPACT779)-S,-11 1234+37 -0.3 1661186 0.3 1443 1M17.7*
(PAC392xPACTT77)-S 1106+329  -159.6 1756140 159.6 1391 65.9
(PAC392xPACTT7T7)- S -19 982+15 -112.5 1558+165 112.5 1277 -48.3
(PAC392xPACT777)-S,-20 953134 -159.3 1687+29 159.3 1307 -18.2
(PAC392xPACT779)-S 11721199 -59.5 1611417 59.5 1371 46.2
(PACT77xPACT779)-S 1162439 -22.9 15974293 22.9 1393 68.3
(PACT77xPACT79)- S -1 16311221 388.3** 967+146  -388.3** 1332 7.1
(PACT77xPACT79)-S,-15 1333180 213.8* 1031+140  -213.8* 1206  -118.4*
(PAC777xPAC779)-S.-18 726148 -107.4 126281 107.4 1053  -272.0**
Mean 1195.971 0 1453.729 0 1325 0
GCA (tester) -128.9 128.9

*, ** Significant at 0.05 and 0.01 probability levels, respectively

u@nmnﬁmﬁmmzﬁmmummimiumﬁfmﬁqmqmﬂﬁuﬁmmﬂu Table 4 ldwuAuuANG19sEIINg
Fanmanal (tester) Inafianmgas PMI21015 WAz PMI21049 JAN GCA winfil 104.9 WAy -104.9 MINANSL WANU
ANHUANGNaENTTRIANATYNI9ATA (p < 0.01) sendeanaiug S TnailAn GCA atjszudne -112.7 fia 218.4 Tae
aeWug (NK8257x9950C)-S,-6 Lﬂumﬂwuﬁmmmmmm‘lumﬁqumm"l,ﬂ‘ﬁ'd (GCA = 218.4%) iilafiansan
A1 SCA @Jnmmnmmumummumnmqmqmmmm:umLﬂumﬂmmqu 2duan lAungnuannaans
(NK8257><NK6818)-81-13><PI\/I|21O49 (SCA = 307.4™) wax (995OC><9979C)-SW-5><PM|21015 (SCA = 219.9%)
InananwEa 1,334 Alansusels uay 1,528 Alansusials Auasy nsnandiuwe-LATANNLAN AN
ﬁuﬁqmmq\i@nmmmummmLam@‘iﬁmg\mdwmmmﬁmw'@—uﬂﬁﬁmmLLmﬂﬁiquﬁuﬁqmmﬁﬂ (Moll et al.,

1965)

msdnnguine lsia
mwmm%mwdwn@iuLaLmiﬁm@\imﬂﬁuﬁfw'@—uﬂﬁLmeﬁmﬁugnmmmmmmmmmmiu
N13990ANANZ (SCA) 1RUANTUNIATTINANNAHITD bN1TTINAR Lfa‘qu‘?{Lﬂu@mmmdf]mmﬁuﬁm-m
ag/lunguiaimalsiaiiiaiu (Pswarayi and Vivek, 2008) Tnasanguiamalsdagnaiugiu s, fnandrutudi
nAaaL PMI2008 waz PMI21106 Taatlszidiuaindn SCA uansly Table 3 a1un90dnidn 2 nquiawmalstaniusa
ELE ﬁaﬁmjm'ﬁ' 1 nguiaalsdainaanusanaaay PMI2008 A1uau 7 a1aWug tsznausaaaiaug
(PAC278xPACT79)-S,-11, (PAC392xPAC777)-S,-2, (PAC392xPAC777)-S,-19, (PAC392xPAC777)-S,-20,

(PAC392xPACT79)-S,-8, (PACTTT*PACT79)-S,-4 WAz @18 WUg (PACT77xPAC779)-S-18 WavNgu 2
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nguiawalsianeiusanaaay PMI21106 911 3 @1eWug Ussnaudasananug (PACT77xPAC278)-S,-14,

(PACT77xPACTT79)-S,-11 uas (PACT77xPACT79)-S,-15

Table 4 Means of grain yield, general combining ability (GCA) and specific combining ability (SCA) from

10 S, linesx2 testers of group B

Grain yield (kg/rai)

Lines PMI21015 PMI21049 Female

MeanxSD SCA MeanzSD SCA Mean GCA
(NK8257xNK6818)-S -1 14204182 58.3 11011219 -58.3 1243 4.3
(NK8257xNK6818)-S,-13 9554281 -307.4** 1334+7 307.4** 1126 -112.7
(NK8257xNK6818)-S,-18 1443455 19.5 1172129 -19.5 1288 491
(NK8257%9950C)-S -4 13924203 135.7 91138 -135.7 1210 -28.8
(NK8257x9950C)-S,-6 1522+129 -57.5 1427+154 57.5 1457 218.4*
(NK8257x9979C)-S,-4 13094158 -69.2 1196104 69.2 1290 51.9
(NK8257x9979C)-S -8 1443176 27.7 1161+£163 -27.7 1293 54.4
(NK8257x9979C)-S,-11 1208+186 -24.2 107231 24.2 1148 -90.9
(NK6818%9950C)-S,-4 1250479 2.7 10331136 2.7 1134  -104.4
(9950C%9979C)-S -5 1528166 219.9* 8944220 -219.9* 1197 -41.2
Mean 1343.5 0 1133.7 0 1239 0
GCA (tester) 104.9 -104.9

*, ** Significant at 0.05 and 0.01 probability levels, respectively

u@nmnﬁmﬂﬁuﬁju S, fnanfudrususanagey PMI21015 waz PMI21049 Taedszifiuannsn SCA
wanalu Table 4 amnsadaidn 2 nesnamelsdanudanaserldnell ngud 1 nduamelsdauafusnagey
PMI21015 A1uau 5 e Wi aneniiug (NK8257xNK6818)-S -13, (NK8257x9950C)-S -6, (NK8257x9979C)-S -4,
(NKB257x9979C)-S,-11 uaz (NK6B18x9950C)- -4 uaznguil 2 nguizimalsdaiiaafufanaaan PMI21049

-

AU 5 @naWug launatawug (NK8257xNK6818)-S -1, (NK8257xNK6818)-S,-18, (NK8257x9950C)-S, -4,

]

(NK8257x9979C)-S,-8 LAy (9950C%9979C)-S,-5

a9l

ANENUGHANFRLBFU S, ﬁmﬁmmnqnmuﬁmﬁ@m@m 24 ANAN iwdwiﬂq‘iwm@nmwﬁlmﬁuﬁ:miﬁw
8 Wug ansnAndenandi 4 nguismalsianiuananugnagasls 20 areug angnuansuidiansed 10 fuas
Toun @: NA N PACT77xPAC278, PAC278xPACT79, PAC392xPACT77, PAC392xPACT79, PACTT7xPACTT9,
NK8257xNK6818, NK8257x9950C, NK8257x9979C, NK6818%x9950C Lay 9950Cx9979C Lfll adsziiuann
AHAINT lNNITaNEaaNTE (SCA) Tuiunandnudn Tnadaneiigiu S, aauau 3 anaviug liunanewug
(PACT77xPAC278)-S,-14, (PAC278xPAC779)-S,-11 uaz (NK8257x9950C)-S,-6 AA1 GCA d1viunanAnIuan

49n31 100 Gerarnduladndaenldimuareiuguiiazadraniuggnuanneasialy]
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UnAnta

1ae9gU (Dendrocalamus sp.) wu‘lummﬁuﬁgmmmmmﬁﬂ@mwuu ATLAARDIAN BUNBNUN LAY
|INULES BneniyauRsg ludsuingaegfand uldfdadunaluguasAeudnnss wanguniniein
Trseaine uaziesiiaef Audufiaulasesnguinenans neisuiuglfitgniinauddrysenisaieaanlsl
ATUNING mu?ﬁﬂﬁﬁnmmnﬁmﬂ?mmmm”ltiﬁmgu’lmmwﬂmm%@ TnenihTugaundnedulilusssuaian
LW’]xL?:qummimma;m MS 7l BA At 0.0-5.0 fadniusieans szaziaan 4 dand wudh Jugaud
quxl,??ﬂﬂumms@m MS s BA poradudu 5.0 way 4.0 Sadnfusiedns femausesliuansaiu 4w
HRmLaAT 18.241.75 LAz 15.7+2.26 tamsaTudau ludauaruensen Wi %umuﬁmﬁu'gmiumma@.m MS
fudin BA paradadu 4.0, 2.0 uaz 3.0 fadnsusiedns 1A ueEan 35.70£7.69, 31.52+4.81 uaz3l.21+4.32
faBinAT AnnsANEAENLY AN9AILANNNTLATEAL TR BA 'mmmLﬁuﬂ?mmmmquiﬂﬂﬁm@u%ﬁ”

ANRIATY: NIANANUALERA, INNZLAENLTaIES, BIUTIA0

Abstract

Chiang roon bamboo (Dendrocalamus sp.) in the area of Khlong Phanom National Park, specifically
Khlong Sok Subdistrict, Phanom District, and Phanom Phra Mountain in Kanchanadit District, Surat Thani
Province. It is a bamboo with a large trunk and is quite straight, making it suitable for constructing structures
and furniture. However, the bamboo species planted is crucial for creating a high-quality bamboo garden. The
study aimed to examine the increase in the number of bamboo shoots under sterile conditions. Side bud parts
were extracted from natural bamboo plants and cultivated in liquid MS medium with BA at concentrations
ranging from 0.0-5.0 mg/l for a period of 4 weeks. The results revealed that parts grown in MS medium
supplemented with BA concentrations of 5.0 and 4.0 milligrams per liter showed no significant difference in the
number of shoots, with an average of 18.2+1.75 and 15.7+2.26 shoots per piece, respectively. Regarding shoot
length, parts grown in MS medium with BA concentrations of 4.0, 2.0, and 3.0 mg/l exhibited shoot lengths of
35.70+7.69, 31.52+4.81, and 31.21+4.32 mm, respectively. In conclusion, this study suggests that the use of
the growth regulator BA can effectively increase the total number of shoots in Chiang roon bamboo.

Keywords: Liquid culture, Multiple shoot induction, Plant tissue culture
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AN 5.0 WaY 4.0 Hadninsedns mmmuﬂ@mm@ﬂmmmiuLu;mmwnu@mquuﬂmﬂmmmaﬁ Hanuau
YeALRAY 18.241.75 UAY 15.7+2.26 HARBTUAIY 709AINTAS mumumwmmmiummmm MS 7Liis BA
At 4.0, 3.0 uay 2.0 AaGnTuARART SIS uaLLenaAn15.7£2.26, 13:2.44 uay 11£2.74 teameTud
o . R & . o s o auo o
Aua1a TuanenTudiuiniziaes i amnangns MS Aliiinansasuaunisasgiuinliauaugenads
3.7+0.94 10AaTUAIU anANENIan WU Tudiudaninnziaasluenmamaigns MS Aitiiu BA avaidudu

4.0 Aadnsusadns LAuanangan 35.70+7.69 AadLNAT sasasNAsTudaunnIzaelua I siagns

QU

o a aa

MS Miu BA Aanuidudu 3.0 way 2.0 Jadniusadns audnaanlduansieiuatafiadAnynieans 1ol
ANMUIULDA 31.5244.81 31.21+4.23 HARNAT ATNANFL WaT MS MAN BA AnNdudas 5.0 Raansuseans dai
AUIULDA 29.23+5.41 HadNm? douTudiuiinnzidesluananangns MS AldiANanAUANNIaRTYRLINH
ANNENIEIAALNEN 23.92+4.71 HAALNAS (Table 1) 1Hadan BA Guiluansaaupnnisasymulalungulainlativ
HUNUMALATUNTULNITAS N19TL1ETUIATBILTAS NILHUNITLAIYTASEBN UATIANATUIUIEA AILEE BA
Harududugeiuazdanalilianuoueenuinay (Ario and Setiawan, 2020) A8AARBINTLIKANITNAABINITLAN
Auuenradlisn NNN1TNILAealue1nNTIaY MS PILAN BA AN udw 44.40 pM uaz kinetin (Kn)
A nLdndy 2.32 uM linalunisiinaeandguaaslisanuiniign Ae 36.1 sansatudou (aAdnm, 2549)
dounnsdnsn luling Al BA manudndy 5 Raansureans Lingean 95.77 wefidus a1uiusan 7.33 sansade
(Banerjee et al., 2011) wazluliaauiy a1usmangns MS NLAN BA aonxidudu 2.0 mg/ sSquRUNENE g
denansanIsiinauaugan1ed llgmsulnalaen Ui 4agn 4.67+0.02 tansiaTiudan uaTAINENY
gam 2.51+0.35 cm (NWN27900 WarALe, 2565) Ineluan1ns MS nUsndann BA lufin1sairesnniiiedann
$% dl £ £ o o v U :‘/I U & 1 o 1
nisafesnitlunszuaunisfsesldnaseugs inliaousasnisanssssunia lutasanauansaiullluusas
a"8Wug (Sandhu et al., 2018) (Skoog and Miller, 1957) nan291 Aadauluginiswamun lihiuadaay 1 lalasy
ansaupnnsasulsn Tungu eanduuarlalnlaiiu nnsdundsacaivegfuriinaesiia uaziFunaasans
a a dl 1 o = 1 a a a o A dJ A 1 a o
AauAnnIsasRuiafldsaniuanung MS Auasenisiasyiule waznisinaduzaasive Teigusazala
aal o o a % a =® % U dl 1 o A 1 a
all3d uazanowug Aarusenisanstesriaanssanlifspanududuiuanseiull maeiausazafingunsn

g5aeenduuaslalnlaiunie lusduladBuinuansneiu way BA Sualunisdudsnnniuineedsnn (Ghamery and

Mousa, 2017)

Table 1 Effect of BA on multiple shoots induction of Dendrocalamus sp. MS medium for 4 weeks

Concentration of BA Shoot/explant Shoot length (mm)
0.0 mg/! 3.7+0.94° 23.92+4.71°
2.0 mg/l 1142.74° 31.2144.23%
3.0 mg/l 13+2.44" 31.52+4.81%
4.0 mg/l 15.7+2.26™ 35.70+7.69°
5.0 mg/! 18.2+1.75° 29.23+5.41%

Number followed by different letters were significantly different by DMRT at p < 0.05
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Fig. 1 Multiple shoots of Cheng-roon bamboo from axillary buds cultured in liquid MS medium with BA in various
concentrations for 4 weeks. 0.0 mg/I BA (A); 2.0 mg/l BA (B); 3.0 mg/l BA (C); 4.0 mg/l BA (D); 5.0 mg/I BA (E),

(bar = 10 millimeters)
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Abstract

The objective of this study is to compare the growth and yield quality of 4 cherry tomato cultivars grown
during June to September to use as cultivar information for growing during rainy season. Number 1, Number 2,
154 and 603 tomato cultivars were grown in a CRD layout. The cherry tomato cultivar was used as treatment,
with 5 replications, one plant per replication. The experiment was conducted in a net house with plastic roof.
The tomato plants were grown in substrate culture and provided nutrient solution by drip irrigation system.
Results found that the 154 cultivar showed high net photosynthetic rate and it was the highest during the
flowering stage. The Number 2 cultivar showed the highest plant height and 154 cultivar showed the highest
fruit set and fruit weight per plant (50.6% and 1,058.6 g/plant, respectively). In term of yield quality, fruit firmness
of Number 2 cultivar was the highest (1.61 N/mm). In addition, total soluble solids of Number 1 fruits were
7.8 °Brix. The 154 cultivar is probably to be a suitable cultivar for growing in the greenhouse during the rainy
season.

Keywords: Cherry tomato, Fruit firmness, Net photosynthetic rate, Sweetness
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Table 1 Changes of the net photosynthetic rate (Pn) of 4 cherry tomato cultivars grown in the greenhouse

Net photosynthetic rate (pmol/m’s)

Cultivar
Vegetative stage Flowering stage Fruiting stage

Number 1 23.612.7 27.3% 15.0+1.6
Number 2 25.8+3.2 23.9° 14.3£1.8
154 25.8+2.3 32.5° 16.3+2.7
603 22.0+4.7 25.0° 15.743.4
F-test ns * ns

C.V. (%) 12.8 15.8 14.7

* Means followed by the same alphabet are not significantly different when least significant difference (LSD.)
method of mean comparison at 95% confidence

ns means non-significant difference

NFATYAL TR HARAR
NHADWMATETHUEUNEIAT 1, UNILLAT 2 WATHUE 603 HANNEI8IFURNTUAUNIEAUALINLINANER
WATHLEUNNELAT 2 HAINgITRIAUNINTIgARARAYINENRATEIALTR (Fig. 1) douiig 154 HAnngeeesiug

v 1

N4n uazrauddilnnei 12 nasdanainudniug 154 FAnnugeaesuintuiasdndes analuimezanly
R cw s . 4 4 o . o = 4
AUn19in 12 nasdrenan iudaeianeenduilaswiduninen dadudnrueniaaiyifulauuuiaaes
(semi-indeterminate growth) (1Beyayn, 2556) awinliifiansazaandugaaesiu
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Fig. 1 Plant height (cm) of 4 cherry tomato cultivars grown in the greenhouse
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¥
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U9duAANgINGT 35 avAigaldea (Fig. 3) Teguu)iimunzansanIsasyiiulntesnziloma Ae gumngl

na19du 18-21 a9ATALTYA LATEUUYANATINAY 15.5-18 BeANLTALTIA (LAUIRLINEAT, 2541) WANAINT

28



ﬂ’]ﬁ‘ﬂ’i“"ﬁNV]’I\‘I’J‘ﬁ’]ﬂ’]ﬁ‘ﬂﬁ’]’mf;l']ﬂHLﬂH[ﬁ]ﬁ‘ﬂ’]@[ﬂ’j‘ AT ﬁ 62 Z\Y]‘I.l’]‘ﬁ‘ﬁ

wriamadidasnisarniafiuludesnisnaninas tnsanngi luneunatsaulingggandn 21 asagaiiss
(NEldms, 2538) miﬂ@mﬂuu%mﬂ‘lu‘lﬁmL?‘@u%qﬁméﬁml,ﬂuwmmﬁﬂ B1ANN1TaNLNTEUN WAL BAINIALHA
dsznauiuldainisnaauauanmnginialulsaFauld Aaedinalinadeunaznanugasae Mnliuanananas
(Sato et al., 2002) AarTuug 154 AanazuiuginuregnugRazANTugldR anansofnnaldteustin

TudafigauuginielulsFaugeaninnda 35 asastadag (Fig. 3) Usenauiuludouneudananisneuiien

v o

Feidludasresnisfiaua iudaenguu Tnelannauduinfiadeluheuiueiau 70-90% (Fig. 3) Tuamen
ANTUANTIN SN IInzaNiuNnase U Tnwazinanan lige Ae 68-80% (Uszidsy, 2547) ilaAnuTudnying
g linisaaingasiganad danasantsdainsviaisLasanas n1saineauisaasia ldineaned1niu

P

NNIWEUINA (Camejo et al., 2005) uazaziuliduzliamARu§uuNeLat 1, ¥N1eLat 2 uaz 603 F9unugn

-

naLasoyALiaLULLARY (indeterminate growth) @1xnsnnaasaanaanuazinnallliiFes o) usinzidamanug

154 Farflunugnaiaas (semi-determinate growth) naulinanAngInd1 anarfuinenziug 154 A5auazanq

NNIAANAZG (Fig. 2) WAzt MINFNAgININAUEANILLATY 1, MNNELAT 2, Waz 603 (Table 2)

80
[l Flower per inflorescence i) Fruit per inflorescence i Fruit set (%)
@
Q
> B 60
=2
8 3
c £
S o 40
o 0o
= C
£ o
5 9
g o
5 O
$ E 20 133 14.3
3 .
s
2 4.1
0.5
I—} 2 —I 2
O T
Number 1 Number 2

Fig. 2 Flower per inflorescence, fruit per inflorescence and fruit set of 4 cherry tomato cultivars grown in the

greenhouse
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wazn1sfamssinaeundainlulaties (Camejo et al., 2005) nnldingas1eeunsladesas Teraulauazsiinia

inmagnindeudneilazanlunaldanaa

Table 2 Fruit fresh weight, total fresh weight, firmness, total soluble solids (TSS) and titratable acidity (TA) of

cherry tomato grown in the greenhouse

Fruit fresh weight ~ Total fresh weight ~ Firmness TSS TA

Cultivar TSS/TA
(gffruit) (g/plant) (N/mm) (°Brix) (%)

Number 1 1.8° 102.1° 1.5+0.4 7.8° 0.7£01 12.5°
Number 2 6.3° 329.6° 1.640.2 6.3° 0.540.2 14.2°
154 10.9° 1058.6° 1.320.4 4.8° 0.7£0.1 7.7°
603 7.3° 422.6° 1.340.5 7.3% 0.6+0.9 12.8°
F-test * * ns * ns *
C.V. (%) 56.6 79.8 28.7 24.6 23.5 33.3

* Means followed by the same alphabet are not significantly different when least significant difference (LSD)
method of mean comparison at 95% confidence

ns means non-significant difference
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Fig. 3 Temperature (°C), relative humidity (%) and light intensity (umol/m’s) inside the greenhouse during

cherry tomato cultivation (September 2022)
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Abstract

Burning sugarcane leaves after harvesting is an activity that generates air pollution, leading to health,
societal, and tourism-related issues. The objective of this research is to study the factors influencing farmers'
choices in managing sugarcane leaves after harvesting. The study employed a semi-structured interview
questionnaire and group discussions, targeting 1,080 sugarcane farmers involved in fresh sugarcane cutting
across the country in the 2021/22 harvest season. The findings indicate that 64.17% of sugarcane farmers use
manual labor for fresh sugarcane cutting, while 35.83% utilize mechanical harvesters. The methods of
sugarcane leaf management include (1) burning 32.87%, (2) soil covering 50.83%, (3) bundling leaves for
biomass power plants 13.43%, (4) selling for processing into fertilizer and animal feed 1.85%, and
(5) distributing for free 1.02%. Factors influencing the choice of post-harvest management methods include
(1) the method of sugarcane harvesting, (2) characteristics of sugarcane leaves (size and weight), (3) how
sugarcane stalks are left in the field after cutting, (4) the quantity and thickness of sugarcane leaves in the field,
(5) the risk of fire occurrence, (6) the availability of services for leaf collection and purchase in the area, and
(7) the presence of machinery and equipment for leaf bundling.

Keywords: Burning sugarcane, Management, Sugarcane leaves
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Table 1 Basic Information of Sugarcane Farmers Involved in Fresh Sugarcane Harvesting during the

2021/2022 Production Season (N = 1,080)

General information

Average Quantity

The average age of farmers

Educational Level

Average Household Labor Force

Average Cultivated Area for Sugarcane Farming

Characteristics of Land

Characteristics of Soil for Sugarcane Farming

Irrigation Methods Used by Farmers during the Production Season
Average Farming Experience of Sugarcane Farmers

Preferred Sugarcane Varieties among Farmers

51.8 years
Below 6m—grade education level
2.7 persons 938 3 persons
60 fields
Hillside (61.58%)

Clay (26.30%)

Rain (58.06%)
31.35 years

Khon Kaen 3 (97.50%)

Sugarcane Harvesting Practices Sugarcane Seedlings Year 1 (Newly Planted
Sugarcane) (55.65%)
National Average Yield 14.45 tons/field

National Average Leaf Quantity 1.43 tons/field

Source: From survey
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TaaTWinTannateslusnan 850-1,500 unsasdu (3) inwrsnsiinsasdnsginsnidnludes Aednludesly

wlagmues wazsuanadnlululasau waziinldanalsaindqannalusmn 850-1,500 LNnsasis i

Table 2 The post-harvest management of sugarcane leaves by farmers who harvest fresh sugarcane in the

2021/2022 production season, based on a sample size of 1,080

The method of managing sugarcane leaves after harvesting fresh sugarcane

Use of soil cover Pressing into briquettes Sellin other
List Burn Free

or plowing under for power plant sale processed forms Total

(persons) (persons)
(persons) (persons) (persons)

Northeast 227 444 36 2 18 727
p.c. (21.02) (41.11) (3.33) (0.19) (1.67)
North 53 56 84 - 2 195
p.c. (4.90) (5.19) (7.78) - 0.19)
Central region 52 49 25 9 - 135
p.c. (4.81) (4.54) (2.31) (0.83) -
East 23 - - - - 23
p.c. (2.13) - - - -
Total 355 549 145 1" 20 1,080
p.c. (32.87) (50.83) (13.43) (1.02) (1.85)

Source: From survey
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Pre-harvest burning of
sugarcane (fire-cane)

Absence of sugarcane
Short stems biemass due to pre-harvest
burning

Not available

Not at risk

Not available

Fig. 1 The reasons and conditions for selecting the method of managing sugarcane leaves after harvesting by

farmers
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Table 3 Summarize the advantages and disadvantages of various methods used by farmers to manage

sugarcane leaves

Contracting for Processing into
Method Burn Plow compressing leaves for fertilizer or Free
biomass power plant sale animal feed

The advantages of managing sugarcane leaves using various methods

Low management costs v v v
Returns on investment v

Easy, convenient, and fast management v v
Reduces the risk of sugarcane leaf ignition v v v v
Healthy regrowth of new sugarcane shoots v v

Soil moisture retention v

Reduces the use of pesticides, herbicides,

and fertilizers

Non-hazardous to health and the
v v
environment

The disadvantages of managing sugarcane leaves using various methods

High management costs v
Complex management, time-consuming v v
Risk of sugarcane leaf ignition v

Damage to regrown new sugarcane shoots v
Soil surface degradation and fertility loss v

Difficult soil plowing and fertilizer
incorporation with sugarcane leaves caught

in the plow

Presence of pests such as rodents and
stem borers

Compacted soil v v v v

Weed growth causing competition with

v v
young sugarcane shoots
Hazardous to health and the environment v
Legal violations, may lead to penalties or v
fines
a5
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Evaluation of effect of liquid bio digestate from food waste anaerobic digestion system on yield
and curcuminoid contents of turmeric (Curcuma longa L.)
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Abstract

The objective of this study was to evaluate rhizome yields and curcuminoid contents of turmeric plants
treated with food waste liquid bio digestate. The experiment was repeated 4 times in a randomized complete
block design. Six treatments were the control, a sole cow manure (1,000 kg/Rai), a sole food waste liquid bio
digestate (4,032 liter/Rai), a sole chemical fertilizer 13-7-35 (70 kg/Rai), the combination of cow manure (1,000
kg/Rai) and food waste liquid bio digestate (4,032 liter/Rai), and the combination of chemical fertilizer 13-7-35
(70 kg/Rai) and food waste liquid bio digestate (4,032 liter/Rai). Cow manure and chemical fertilizer were
applied only one time. Food waste liquid bio digestate was given at 4,032 liter/Rai every 7 days for 2 months.
Results revealed that the application of chemical fertilizer and food waste liquid bio digestate gave the highest
dried weights of rhizome (412.42 kg/Rai). The control group without fertilizer input had the lowest dried rhizome
yield (282.84 kg/Rai). Total curcuminoids including curcumin, demethoxycurcumin and bisdemethoxycurcumin
were not significantly different among treatments. Chemical fertilizer application combined with food waste
liquid bio digestate may be one option of nutrient management for turmeric production.

Keywords: Curcuminoid, Liquid bio digestate, Rhizome yield, Turmeric
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Table 1 Experimental soil properties before planting at National Corn and Sorghum Research Center

Soil tests Methods Soil test results Interpretation

Sand%

Gee and Bauder (1979)

18

low

Silt% Gee and Bauder (1979) 12 very low
Clay% Gee and Bauder (1979) 70 very high
pH Thomas (1996) 6.6 neutral
Organic Matter (g/kg) Walkley and Black (1934) 22 medium
Total N (g/kg) Helmke and Sparks (1996) 1.34 low
CEC (cmol /kg) Rhoades (1996) 22.9 high
Available P (mg/kg) Bary and Kurtz (1945) 18.1 medium
Available K (mg/kg) Helmke and Sparks (1996) 119 high
Available Ca (mg/kg) Suarez (1996) 3,107 high
Available Mg (mg/kg) Suarez (1996) 236 high
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Table 2 Cow manure nutrient analysis

Nutrients Methods results Interpretation
pH Thomas (1996) 6.79 neutral
Organic Matter (g/kg) Walkley and Black (1934) 53.50 very high
Total N (g/kg) Helmke and Sparks (1996) 13.90 low
CEC (cmol /kg) Rhoades (1996) 42.50 very high
Available P (mg/kg) Bary and Kurtz (1945) 9,400 very high
Available K (mg/kg) Helmke and Sparks (1996) 22,500 very high
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Fig. 1 Precipitation data at National Corn and Sorghum Research Center during 2017-2022
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Fig. 2 8-month-old turmeric rhizomes harvested during 2021-2022 at National Corn and Sorghum Research
Center: Control (A), Cow manure (B), Chemical fertilizer (C), Liquid bio digestate (D), Chemical fertilizer+Liquid

bio digestate (E), Cow manure+Liquid bio digestate (F)

Table 3 Yields and curcuminoids obtained from 8-month-old turmeric rhizomes planted during 2021-2022 at

National Corn and Sorghum Research Center

RFW RDW Fresh rhizome yield  Dry rhizome yield BDMC DMC CUR

Treatments
(g/plant) (g/plant) (kg/rai) (kg/rai) (% dry wt) (% dry wt) (% dry wt)

Control 391.07° 79.53° 1390.46" 282.84° 255 1.83 4.62
M 481.70% 88.80" 1712.71° 315.72%° 2.16 1.66 4.31
CF 468.12% 89.83% 1664.41% 319.41%° 2.23 1.69 452
LBD 480.50% 95.81% 1708.44% 340.65%° 2.41 1.77 4.54
CF + LBD 589.40° 115.99° 2095.65° 412.42° 1.80 1.53 4.41
CM + LBD 494.20% 99.42%° 1757.16™ 353.51%° 1.82 1.50 412
C.V. (%) 10.59 11.87 10.59 11.87 21.53 12.41 8.24
F-test * ** ** * ns ns ns

Cow manure = CM, Chemical fertilizer = CF, LBD = Liquid bio digestate, Rhizome fresh weight = RFW,

and Rhizome dry weight = RDW

Curcumin = CUR, Demethoxycurcumin = DMC, Biisdemethoxycurcumin = BDMC, and %Dry weight = % Dry wt
ns = non-significant difference, ** = significant at p < 0.05

**least square means with different superscripts are significant differ at p < 0.05
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Abstract

This research focuses on studying methods to adjust the properties of dolomite materials to enhance their
effectiveness in ameliorating acid sulfate soil in the Rangsit soil series. By employing methods such as fine grinding and
ultrasonic wave application at various ratios of lime requirement, increases were observed in the pH values of the soil with
the application. Significant increases in pH values were observed with the application of dolomite materials adjusted
by both methods at 100% and 90% ratios of lime requirement, compared to dolomite application at an 80% ratio of ime
requirement. Additionally, reducing the dolomite application rate by 10% still maintained effective results. The refinement
of dolomite materials through grinding or ultrasonic treatment enhanced their capability to adjust soil pH and increase
calcium and magnesium levels over appropriate incubation periods. This research proposes strategies to reduce the use
of dolomite materials in natural resources, which could significantly contribute to sustainable agricultural development
in the future.

Keywords: Acid sulfate soil, Dolomite, Exchangeable Ca, Exchangeable Mg
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dngUszasdinadnuuanesnisliuan nwiaginlalus 2 35 As nsunmitIATasLAALLBEA planetary ball mil
(DB) uaznsldmaudanalatin (DS) iiaiinlsc@nsninaesialaluslunisanilymiaunsaniustiis Lazauiem

dogantFuininislddanulnlaluslugssuaisls
38M93Ae

sanlnlalus uazsageiuils

qurnatisianlalaly sl lunsAneanuansuefidanisin iedinmsiandinaaiizeslalalus
FNNATNIAST N (Table 1) Usznausay A gaelnlalurlusnsdaulalalussatin winfy 141 Sndasiaie pH
meter 131099 Ca0 waz MgO Aaei3t Gravimetric method zﬁwgmmm%um{umum (calcium carbonate equivalent:

CCE) Aa8133 HCl dissolution and black titration wazAs@usasnisausiaaenglugeugumngil 105-110°C aunmin
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o

AN (AN AINENANARTINBNITWINUNTNAY, 2547; Richards etal., 1954)
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Table 1 Chemical properties of dolomite

pH1 Ca0? l\/IgO3 CCE’ Moisture
Chemical properties

(1:1) (%) (%) (%) (%)
Dolomite CaMg(CO,), 9.86 32.52 20.46 109 0.03

* Analysis method: 'Dolomite : water (1:1) *3Gravimetric method * HCI dissolution and black titration

|
a ! a

Aunsannziunldanat luganuidn nguaganun 11 n19auunay U Very-fine, mixed, semiactive, acid,

a9
> 1

isohyperthermic Sulfic Endoaquepts Tagifiusaatinshuanivunlgndmlusnuadieun anevuaade Sandnilyusiil
ALAUANAN 0-30 T ANNUUHANRIAN LN FUAUWT LALAZTOUAMIAZUNTIUUIA 2 NN, B3 AT aNTRNS
Wanduaziatizeshin madsunnsgnu (Table 2) tsznauday Ariiet Tesfulugnmdauausien Wiy 1:1 dadaeirses

o v

pH meter (Peech et al., 1965) BsNnudwvizeing Aaeds Walkley and Black 13unaulaanesainidiunlszTemi faeninenanin

q
' v

Bray Il (Bray et al., 1945) 1fannuslnwunaidesiiusz Temd aognienain 1 M NH,0AC pH 7.0 A2 EUWILLLINTBRY
#2235 Core method (Blake et al., 1965) LaztilaRuA2eAT Hydrometer method (NSNWRILNTAW, 2553; Gee et al., 1986)

waztBrnnupafenuasunniifasnuanifeuls faeds 1 M NH,OAC pH 7.0 (Peech et al., 1945; Sparks et al., 2020)

Table 2 Physical and chemical properties of soil

pH' oM’ Avail. P° Avail. K* Exch.Ca® Exch.Mg® Bulk density”

Soil Texture®
(1:1) (%) (mg/kg) (mg/kg) (cmol/kg) (cmol /kg) (g/cm?)

Rangsit (Rs) 3.70 213 12 472 8.19 5.51 1.2 clay

* Analysis method: 'Soil : water (1:1), 2Walkley and Black method, 3Bray I, “'N NH,OAc pH 7.0 extraction,
*°1 M NH,0Ac pH 7.0, "Core method, *Hydrometer method

NITLNAL

¥
o

TNUKUNNINAABNLLL Completely Randomized Design (CRD) a1191 3 1 FnFunmasesmnuade fiiAe

FASUT 1 Tilddanlnlalus (C)

FASUT 2 ‘lm'fj“mQTmT@”Lm‘ﬁ”LsJﬂ%ummwﬁmﬁ 1.15 nSuAaAL 100 NN (D100)

FASUT 3 ’Lzﬁmﬂmimhm‘ﬁﬂiﬁmmwﬁfm"i’%mimﬁmﬂ 1.15 nFNFRAW 100 NTN (DB100)

RS 4 ’Lzﬁmim‘lﬁaimm“ﬁﬂi”ummwoﬁ”w"i’%mmm@"mm 1.03 NFNFRAL 100 NTN (DBYO)

FASUT 5 ’Lzﬁmim‘lﬁahﬁiﬁmmwoﬁ”@ﬁ%maﬁumﬁmm 0.92 NFuARAY 100 NN (DBSO)

FSUT 6 ’Lzﬁ'{m‘im‘lﬁ@iuﬁiﬂi”mmwoﬁ”@a’i‘%ﬂwﬂ%ﬁguﬁ@mmimﬂﬂﬁmﬁ 1.15 nfNFaAL 100 NFH (DS100)

AU 7 ‘lm’d“mr;ﬂmia"[m’ﬁﬂ?mmwﬁqﬁ%mﬂ%m?\\"uﬁ@mﬂﬁﬁﬁﬂﬁmw 1.03 nfuFaAL 100 NSN (DS90)

AT 8 Tzifj“mﬁﬂm‘i@ium”ﬁﬂivmmwr;ﬁ”w'%%mibl%’ﬂ?iuﬁ@mm‘iaﬁﬁﬂﬁm’] 0.92 NFuABAL 100 NN (DS80)

thsesinaiu 100 nF (Ruuske) dalunszalnnasnszuendifidudiguenans 8145 ou. uazlddanlalalus
ANANANNFBINITYLEeRUlWEN 1.15 nFFeRAW 100 N§N wazllfudnmaaunisladanlnlalusddnsiasas 100
90 UAT 80 UBIANAINABINIT U mﬂfummmqmﬂé’ﬂﬁ dhiuuasiunnaduidenay 70 BDIAMHNGUAY U 1

Tugpaumngunni 35 °C PuANANNTURLIRENISENUINAWN 7 W imaiusaetAuluiui 1357 uaz 14 3u
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PAaViRaE AirC,H, IsdBaNAsg I (Peech et al., 1945; Sparks et al., 2020) AnuszeziaMUNAIE 95U

N9AATITRYANNANA
v Py ° a s aa . . = a
fayanlsainnimasssiiundiaszianuutlslsaunials (analysis of variance) Wiatlsziiunaaas
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' 1 a o 0 o Qadl o s [ 53 as a ¥ dl
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Table 3 Effect of dolomite applications on soil reaction after incubation (temperature 35 °C)

Soil Reaction (pH)

Treatment

Day 1 Day 3 Day 5 Day 7 Day 14
C 3.830.02' 3.84+0.02° 3.83+0.03° 3.82+0.06° 3.80+0.07°
D100 5.11+0.05° 5.51+0.08" 5.83+0.01% 5.99+0.03" 6.05+0.06™
DB100 5.36+0.11*  5.69+0.15° 5.94+0.11° 6.08+0.01° 6.20+0.02°
DB90 5.44+0.06° 5.47+0.04% 5.70+0.07° 5.85+0.05° 6.10£0.03%
DB80 5.09+0.04° 5.32+0.06° 5.35+0.03° 5.43+0.05° 5.49+0.09°
DS100 5.26+0.03° 5.58+0.11% 5.88+0.04° 6.11£0.01° 6.20+0.08°
DS90 5.28+0.06™  5.63+0.08% 5.89+0.13° 6.08+0.03° 6.11+0.02%
DS80 4.97+0.03° 5.43+0.08" 5.74+0.05™ 5.8620.05° 5.99+0.03°
F-test * * * * *
CV (%) 0.11 0.15 0.13 0.07 0.10

*MeanSD in the same column followed by different superscripts are significantly different (p < 0.05).
D = soil+dolomite, DB = soil+dolomite grinding by planetary ball mill and DS = soil+dolomite ultrasonic waves at

varying ratios of 100%, 90%, and 80% Lime requirement

Wu et al. (2021) wudnnnsunlalalusdasiaiesnazidan planetary ball mill 1ﬁﬁ°ﬂuﬂ®ﬂ1§ﬂ’1ﬂﬁmﬁﬂﬂd
aunsniinplerresiunsatiuziu 8¢f11199 pH 6.0-6.2 28INTUNAIRL WAUTLHZLIAN 15 TULIN AIUNS
finuainnisantBanmunisldlalalusansnsnaniunmnisldaclifenns 10 Tnedndssavaninlunisdiu
dnAuNIaiuziuRA wiiileantsinninnsldlalalusiasas 20 1esauAnEi wudnsanndnlalusiildsn
Al ﬁﬁlqLﬂuﬂfaifmﬁﬁﬁaﬁmcmmnLﬁuﬂdwﬂizﬁm'ﬁﬂwwmmﬂ?mmmﬂﬁmiaiumiﬁ@m@ﬂé”uﬁﬁmwmﬁu
haernzdinariuiansunasdesnnni B Aausanatiin uasie 238 anansnisiuiRadudaiueunageiu
v ARl §Asanszudng O MU H ienanasuszqssuanadurulalalusflda liuan i vail nnsldsan

Tnlalusifelsutanifniaaiizeshiu Iuegiuaand uazlununislaniumanusenisyuaeiiiafnui |

v
=< ' o

4 - - . R
FennaiinTuesAfierresiulived fuanamnsnlunsasasaedlala lusfuaziBannmes OH A adululfizen
Walnlalusianunsnazaieuazaing OH ldunnwinle ArfeavesiuasBiega@iuyinii (Fimia and Rohmawati, 2022)
WaldalalusmeunsyuaunisanmnasaeRinsunaziden (DBIO) ludnsFasiay 90 TapnANAaINIgL Y
as v dl o a o v 1 £% o dl
waAsNsldraud ans i (DS90 way DSS0) ludnsnFaeas 90 uay 80 TavANANARINITLY T 5-14 983013
UnAu wansanEuzAReIIasR U A wee] lutag 5.70-6.11 Taieswasamaws i inaesdng lnad e tuemny
-a; o o a a v 1 | -:i A 1 ngf = ' o Vo
Dnzand miunssgiulnresdnelutes 55-7.0 lneiAriet ludostiasieswasianisg adisnatmns i

Nrvizednalfetnawmnzan (Fageria et al., 2008)
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naean7antlaasupaiden luay

uanistantassuanidenlufunsannsfuRINAIFUNITMAABIENY 7] 201UANEILLARIAT Table 4

'
IS a

WHanatsauwua ldnrasFunnaadeunuanidasulaluiu azinlainnisldlalaludi s unwaaidey

'
o '

4 d oned X s . o o v o o .y da a4
nuanulasulAifnaumunan@dne (14 51) luynsniunaass andusniumunu (Wlanlalus) NilAAeudepd

o o = IS T e

SemnfummasatuazuaiinadeliinausadeuiinanasuuRunaatiussuwnnsinseseildaddymead
sz (p < 0.05) Hazean13LsuanIninlalussedanisun wudﬂ?{é’miwmﬂzﬁ'ffmim‘mhm‘%@mz 100 90 W4z 80
seaAnATdRIMu SBnnmaadaiuanuaeuldanas Dulumusnmnisldsanlalaluianas uazBunn
LAaTaaR AN Aevlduns DB100 uaz DS100 HiArlndiAeiiv D100 deliualsiunnansumneadafiszsy (o > 0.05)
daunslfuanmdasadusanslain nunaigudsafunsUiuanwdaanisunie ﬁﬁmmms‘laﬁmimiaim‘

Faraz 100 uaz 90 189AANAEINTTLY Hilnueadannuanasuldgandidnnisldinlalusmiesas 80

]
vy A o

atnlsfinn drusunisdiuvannialalusaaedsnisldnaudanslatnaesndnsnislalalalusiusisunis

a

1alnlaluslddfuanin Telinaldunnmraiuneaifansesu (p > 0.05) iunnauladnd3unniuaaidsay

nuanuasulaaesdnsnislaniasas 90 Henundulugowsn uasiAngenandasnisldfasas 100 waz 80 uaziile

1
1 al o

sraznaInNITUNAuNINll 14 U nnsdsuaninsaedinisltrausans lafinnensnisldsesas 100 way 80

a o

laiuAnFANeiuNeadAnszAL (p > 0.05) laRANTUINATRIITNTLSLANNARNEN WUI1NNTLFLANINAE AR

aa

dannlatindilsr @B a3 Aansuset wERALRABALANTINAWANEN
razesnstiuanmintalusioensnsldaaudanalainanuanusainisyureshuiasas 100 uaz 90 28940
ANABINI U H1BanniueaTennuaniasuld lugas 11.97-14.66 uaz 11.50-13.90 cmolkg ANAIAL T9danAR DS

o o

ANINauTas (Hazelton and Murphy, 2007) Aiszatiffunniueadeninuanilasuldaneefssiuge Weameuiunisls

U
'

TanTnlalusmiiuanindaedinisuanazuuuipnviza i uiuan i lEunnueadanivanilasuls 11.81-14.74
cmol/kg T4 Wka i wanFnaunsafiain sz (o > 0.05) uazdaunanwuannisantsanninsldinlalus luAudmsunig
wazlgndnn Auastepuannsnlunistastaesweraidantesiiu dansanilsunnlalalusidenar 10 nalwdeuon
AaauaNIn lunslanlaesunafnaeshust willsrAnsnm adnslsfinuileFunlala lusdgnansniiull
audsfanas 20 1eeuAnEl wudmsaaFunuialalusin ldasl luAuiinanssnusianauaisnsalunistantaes
a a P . = a = Y aal | aal A o a
waalienwasnu IneinansznuseBannuaadanuanuasuliaedansuannd s Aausana bt
nsdfuanmaesianinlalusdineanauinas lddnazinunisusvseldpaudansi ladn a1unsadianug

Rndudaszuinalalalusivayniresiuld Gsazdsnaliiinnisddasuulasmesuaa@an iy AdANNANRLS

' |
o = a aa 1 A o

uAnleTee9ss tnanszusunimiaininaliulugn1nsaundafieanviseswdunss 1 ldn1sazane e
I N o amm o e A, ya - -
wpadenuu nfnnIw WesaniiaUfizeeanfindu Ndwaliifinnisazanaveunaifanatlugilaes Ca
(Barker and Pilbeam, 2015) uatilaluAunid1iiargavdefuidusie uualiunazifianznauwaaidon daiu
nszuauNIsiLAa@aNAziianIsaza taanunanauLaznatiuguesuaaienaAfuam (Brady et al., 2008)
waziialdinlalusmenunisunviralaausans laiinlugnsfesas 90 way 80 AHUTNNuLAaEaNALanasuls
ag/lug99 10-30 cmolkg BeLFunnnaadanluuiussAununizandmiunisiasyiiuinaesdn uazdin

HAusasnsuaaiiaungs Ineaniyluszaznan (Fageria et al., 2010)
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Table 4 Effect of dolomite applications on Exchangeable Ca”" after soil incubation (temperature 35°C)

Exchangeable Ca>" (cmol/kg)

Treatment

Day 1 Day 3 Day 5 Day 7 Day 14
C 7.68+0.31° 7.67+0.19° 7.93+0.22° 8.04+0.35° 7.74+1.07°
D100 11.8120.61*°  13.55+0.09° 13.99+0.23% 14.74+0.49° 14.52+0.39°
DB100 12.39+0.10° 12.3620.32° 13.47+0.32° 14.19+0.90° 13.72+0.89%
DB90 12.35+0.49° 11.94+0.39° 12.65+0.39° 13.74+0.87° 12.37+0.70°
DB80 11.5620.11°  12.16+0.14° 12.44+0.25° 13.58+0.37° 12.37+0.42°
DS100 11.97+0.20°°  13.50+0.28° 13.89+0.28% 14.56+0.40° 14.66+1.01°
DS90 12.03+0.29°°  13.51+0.61° 14.30+0.55° 14.68+0.79° 13.51+0.46%
DS80 11.50£0.27°  13.02+0.52° 13.90+0.14%° 13.78+0.18° 13.86+0.47°
F_teSt * * * * *
CV (%) 0.67 0.70 0.62 1.18 1.42

*MeanSD in the same column followed by different superscripts are significantly different (p < 0.05).
D = soil+dolomite, DB = soil+dolomite grinding by planetary ball mill and DS = soil+dolomite ultrasonic waves

at varying ratios of 100%, 90%, and 80% Lime requirement

HAIBINITLAR AR s NN liTeN 11A 1
nantstandaesunntidenluAunsan e duAINAIFUNINAREIEIN 7 2RUANHILLAAIAT Table 5
wHanansa wn inresFunannilideunnanaswle s wusn n12lainlalusduasetFunasaniiime

]
a

nuannlasulaiaausnunanAnm (14 41) Tunnarfunimaass dpauuansnsatinsiiitigAnyszau (o < 0.05)
Tnesnfuaaunn (ldldinlalusd) HArAaudanaslilannunan dszdnininsessniunimaassuazinaiinase
Funauunidasivanidasula lwAnnsaninzdu naresnisdivaninialalusdenedinisus wudannensinigld
JanlalalusFoaas 100 90 uaz 80 BAANFaIN9W HFunuuniidannuanidaaulaanasnindnsnisld
YanTalalusanas uazlfuinuaniidasfuanilaauldaes DB100 way DS100 HAlnalAsariu D100 Teliua
Tl upnFANAUNED AN TZAL (p > 0.05) d9un17UFudnInsremausans laiin nuaariuAeafLN1TUFuan e
nsun e Nensnaslddaninlalusasas 100 uaz 90 2esAANFaINIeL HilEsnnumnTidesiuani aenlags
ndensnnsldialalussesas 80

atwlsfinu dmsunisdiuanminlalusaaeisnisldnaudanslatinaesnndnsnisldialalusdivsnsu
n17ldlnlalusnldsuann deldualdunnmeaiun1eadanseay (o > 0.05) iunsrauladndsuaiuunilides
uanilasuldresdnsnislanfasay 90 Hanunduludasusn uaziiAngendndnainislafesar 100 uaz 80

1 1 1 o 1 a o ° o 5’/ n:la/ d‘ a ac o n;d 1 o

wsi ldumnsineiuesnafiveadnAty (o > 0.05) vl WaRansuaae9ianTUFuaN T WRANEN wudinsUfuann
v A e S P L. Ca A 2
pntaausans lainiUssdns A niAnI13En19UABENTARUAARALAINITLNALNANET HANNLAINNNTAR
1Buraunsldinlalus anunsnaniBuiaunisldasdindasas 10 Inafapadsz@naninlunisdantaesuunilidania

weiiaaniFunaulalalusduninuliniasay 20 aasauAne Il wudnFunulalalusldnnnulliu Suansenu

61



NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 AN

1 U a a = a = | a A 4dl ‘ﬂl v
Aandnannsnlunislanlaesuuniifasdonaasiu lnadnanssnuselfannuuniiFauiuanulaaulaans
aal | e A o a
ABnsuANINNIIaAAUsansnTatin

uazasnisliuaninlalaludaedsnisldaaudans ladnaiuainusesnisufeasay 90 H1Funn
unnfifesuaniasuls lugas 9.60-10.86 cmolikg Tedneg luszatiFaunnuunidssiuaniasulansyAugeunn
T980AAABIANNINUFTIBS (Hazelton and Murphy, 2007) n1sdfuaninaasianinlalusladnazsnunisunvise
ldpaudansnlafin n1sdiuArfierreshuindenasaninlasunlasasunniidenlufinlagnss aannag
dl A a = | a A a a A
wWanuulasAftagreshuazinasaninuainisalunisazansuaznisazanaasunniidionlufn uunfiFas

o a = 4 da o s P P a = = |
dnazilegluglresindsuararsazansduninasauniluiuy Auludeileseshuldounlas Rsduase
Burnnargluuunisazanaasusniidonlusu ednelsinan nalanisadnifeadesiudfitesaaasiu

= = o = o 9o 2 s 9 o o | o a  ae
waznaiasuulasreuunilifendsiaonududen fvanafaadestuiadasiie iy nsaaissnvesansduyse
TuAY N190rA182294196119°) N1TLAREUN TN LUAY uATNIELAUNITARTAAIWIE NI s AU N TN Y
a9rlznauanlufy (Marschner et al., 2011) waziialdinlalusmeunisusviseldrausansloiinludnasasay

90 uaz 80 sxAvLNNILEsN uARAMNIzandmFun sy L TnTesd10azed ludaslszaunns 5-20 cmolkg

(Fageria et al., 2010)

Table 5 Effect of dolomite applications on Exchangeable Mg®" after soil incubation (temperature 35°C)

Exchangeable Mg (cmol/kg)

Treatment

Day 1 Day 3 Day 5 Day 7 Day 14
C 5.34+0.53° 5.18+0.14° 5.05+0.12° 4.76+0.07° 4.62+0.13°
D100 9.47+0.27*°  11.06+0.48° 11.05+0.28" 10.6520.74%° 11.02+0.59°
DB100 9.92+0.10° 10.68+0.34° 10.37£0.43"  10.42+0.18% 10.00£0.16%
DB90 9.53+0.36™ 10.38+0.56™ 9.64+0.40° 10.07+0.73% 9.55+0.25%
DB80 9.48+0.27* 9.85+0.25™ 9.51+0.31° 9.34+0.27° 9.25+0.42°
DS100 9.34+0.20™ 10.37+0.30%° 10.04+0.25°  11.10+0.43° 10.57+0.52%
DS90 9.60+0.18% 10.68+0.71° 10.86+0.57° 10.12+0.25% 10.84+0.08°
DS80 8.98+0.18° 9.44+0.22° 9.90+0.51™°  10.20%0.65" 10.37+0.46%°
F_teSt * * * * *
CV (%) 0.56 0.81 0.75 0.94 0.73

*MeanSD in the same column followed by different superscripts are significantly different (p < 0.05).

D = soil+dolomite, DB = soil+dolomite grinding by planetary ball mill and DS = soil+dolomite ultrasonic waves

at varying ratios of 100%, 90%, and 80% Lime requirement

a9

=3 v Y a oa dl o Yo rd‘ o P a ° o a v a
AnnsAne luseALeLf AnaneniunslddannlausineliuaANesaesdunsanuz i (1nAusan)

wudmstiuanmndan lnlalusifedsnsunaziganuasldaaudanalatini ldlnlalusFasay 100 uaz 90 Te9pANN
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Metagenomic analysis of bacterial communities in phyllosphere and rhizosphere of green
soybean and sweet corn plants
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uazanauianalensnag 16S ribosomal RNA gene (rRNA) amplicon metagenomic wuddseannsuuaiiize
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, \ Y 2 Ho g w . PR v o o A o
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180 FafudayaldAnaanuuafFaiuanzadiianmuinisuaniaesnadatiuseld]
AENATY: ANNUAINUATRTeILLIATIEY, TAssaFrenguiszansuuAiiEe, High-throughput sequencing

Abstract

In this study, the bacterial community structure from the phyllosphere and rhizosphere of green
soybeans collected from Uthai Thani Province and sweet corn from Nakhon Ratchasima Province were
analyzed. DNA was extracted from plant samples and sequenced using 16S ribosomal RNA gene (rRNA)
amplicon metagenomic sequencing. The results revealed that the diversity of bacteria in the rhizosphere of
both plants was higher than in the phyllosphere, and the diversity of bacteria in sweet corn was higher than in
green soybeans. The bacterial core microbiota of green soybeans consists of Methylobacterium, Aureimonas
and Sphingomonas, whereas sweet corn consists of Pantoea, Bacillus and Pseudomonas The plant
environment of the phyllosphere and rhizosphere was found to affect the bacterial community in green
soybeans but not in sweet corn. The present data provide a description of the bacterial community associated
with green soybeans and sweet corn that will be useful for selecting suitable bacterial taxa for sustainable crop
production.

Keywords: Bacterial community structure, Bacterial diversity, High-throughput sequencing
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fawdasinan (Glycine max) uazd1aTwauau (Zea mays L. var. saccharata) \uNaNfaug Aty

v
o

Mlwdeasrgiauazinaunsislulszmealnauaziialan nsdnsuazinasudilanesiugafinAqadnes
W (Plant microbiome) TudawdasdnanuazdnaiwanuasinnudAtyasnauinfan1swmLIn1IinnIanEms
o A P

Nt iWesannfunumdrAtylunszuaunimsdon naesigisaeaia TofnAqadnaasiadaumiionu

Phyllosphere microbiome) has %Qﬁmmﬁwﬁmmmmﬁﬂﬁm (Rhizosphere microbiome) (Piombo et al., 2021)

—~

unumdnAny lunszusunisasyiulnaesie i waRiFaUTinuseusnideszelulngiau (root-associated

2D

a a

microbiota fix nitrogen) (Li et al., 2023) L AN uTauAaluRlunuanlunszuaunns carbon cycling

wazdunumdrArysioniaiialen wu nnsuaduiu@eanwnlsaig (Song et al., 2020) 99NRIHNAGNINIZ AU

v A

a = [ % 4dl o ° % a = a % o %
DUATUNTUNT memmﬂmmLﬂummuum‘lﬁmqmwﬁg@um‘ﬂﬁlumu tsznaumae TaduN19anINLIARDN

nsUfuRAnenIsinems aliaie Wugie Ujduinsesndnsiiauazqdunseluin sl jduiugiouiusendng

nguqauNIdAYEiULeY (Dastogeer et al.,, 2020; Zhang et al., 2021) ilaqifunisAnuinguilszainsuuaiiGe

a
= e o go A o a . ) o . ) = PN g ~
UAMHNANNUINUNT AELNAUA metagenomics TINNL high throughput sequencing Qe uiunnaulung

wanein Tuiuisng o) iatan W 1Sansens nivg Arabidopsis thaliana azwuwuafiee TWan Actinobacteria,
Bacteroidetes, Firmicutes, W& < Proteobacteria (Bulgarelli et al., 2013) LATANTNLIAA AANNTEIULUND ALY

k3 A o o '

(Phylloshere) iflugnuilsanmurndesiisqduridan duaguannuaiawadnfipanuuansnsainnguaduriseia
Tuhu 1w ma‘ﬁﬂmﬂa‘:mnnmﬂﬁL‘?‘ﬂﬁ@ﬁﬁ‘mm phyllosphere taein1sld metagenomics wag high throughput
sequencing W2y, white clover, A. thaliana, uazdna wowuafzedauwlunae lulWau Proteobacteria class
Alphaproteobacteria ﬁﬁl\iwumﬂfiﬂ 70% iuﬁm%\‘i 4 9@ (Vorholt, 2012) tnATIA Metagenomic Next-Generation
Sequencing (MNGS) Aauduaieailafidn Aty lun1Imansu Lummﬂﬁuﬁﬂrﬁ@ﬂlmmwLLfJ paanlnamnsalne i

FENUENUAZINIZLTE (Gokdemir et al., 2022) Mnlarunsadiasieiaunainuane taseasianasqdunse

]
= o o a

wazniihnuesanautiondlalndisunnainAaaanandusaniune sanduansanduiusazudeqaunsuay

Ao o ! = - ~ . . o a 1y
qa NAN mwuqqﬂq?ﬂﬂHqLﬂTﬂULﬂﬂU Plant microbiome ‘H'F]Qﬂr.lL‘Vi@ﬂ\?ﬂﬂmﬁLL@Z‘ﬂqQI‘WﬁV'Jquiuﬂﬁ\szﬂbL‘V]El

=)

o 1 1 o :j/ =® 4:’11 o a '3 = v . . A a
JldsseumIien AunsAnEiiinsiassiiilTaunaulaseaine bacterial community luite 2 48
Aa I Twarnulaztawaesdinan Aaamaiia Metagenomic Next-Generation Sequencing (MNGS) HANN3ANEN
VLN IUAM NN LA ANLANFANNTINGNLLATIFHTNLT MU uazUFouda luresiaiaaessin
= - val o ° o aal PR = a a £ ° =
FepeAPNNle anunsni lUWmwdEnsnemIndstiuarilss@snwannay uazimatulagnianisineems
iuntaaLETNaNg Plant Microbiome iilulsz Tamfanunsarir lilssgnsldiiuuuanislunisdnnistlasiusnm

19N LWNEANARNIINITNEAT AN ITATAN LATAANANIZNUADRILIARDN
o a
aUnsaiuaziang

msdraauaziiusang i wauasdumasaiilulsauassung luulaslgninsssnsanumaailgnassuei
MGUNUNINARRILLIL Randomized Complete Block Design (RCBD) nn13tiufaaginednalnamanig

Wugaun32 81¢ 75 31 lunlasilgndsndnuassadun waziiumatnaundesdnan Aszaznsiasniiule R6

o o a o @

Tuutlastlgnaamdngiasiil nnuunqaiiusaetnglinseuaguiisulas uilasay aruau 16 90 Tnautisvuitu

q
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soatnenialunlaseanidly 4 uilas wiazulasguifiufaatinaita1uau 4 9m (Diaz-Cruz and Cassone, 2022)
Inauensinatinaly (phyllosphere) LaTAULFIANIBLIN (rhizosphere) 18UAALABLNY LAY TUQINAIAFN
Uaanide waziiuasluiussqiiudauds i ldlunisainsaetine DNA aasuuafiGafatiFnialunasAuLzinn

sau3NF0 k)

N1787AAIBENN DNA AINAI8E AN IATISHIRALLATIIEA835 metagenomic
o @ & a a d' 1 a a ° o 1 e~ ' o 1 v ad v .
MnsiiumaasuAsaeisnaialu Tnenidaetgluvausassiaetinafaeiadlu(eaf washing)
. aa o o . 4 o
AnLUasaIndan13124 (Dong et al., 2019) TaeinluNan1 14U flask NUs9q Phosphate Buffer Saline Nuau

0.01 tlef i us Triton X-100 (PBST buffer) (Na,HPO, 1.42 nFuFaans; KH,PO, 0.24 niNA2an3; NaCl 8 nSNALANT;

'
= = 1

KCI 0.2 nfumaans; 0.01 vlafifusl Triton X-100) waznInIsiU@aasuARTaNae U348 UIINNTD

U

FEATN19819377 T8N LN ALE LALLM NABNA WA WFARUNR AL FURATIN NaIantimingnlalu

U
1

waanNL39q PBST buffer uaatisaatingluituas Autsonsausnivg wenuwAsedagiaaEsen 250 a1
' = al/ o :’/ . -:'4I =3 & a a v n:'ll . . -ai @
Aaun? uaan 1.30 dalus vasaniuriunnaznauiefuimasuuATiFaRaaATas Centrifugation NANMETaL
12000 saUAaUI? 1WA 15 WIT inuAznausasuuAnEeldn -80 asAadaa ialdlun12anin DNA
arm DNA Tagimznauitaan bnainnisaraluviesindsunu 250 Nadnsu N14in DNA Aael DNeasy®
PowerSoil® Pro Kit (QIAGEN, Germany) AMNABN152891U315% 11aaa1n1uin DNA Alaninrageu/Tunauas
AITNLIFENEUR DNA A9t NanoDrop® ND 2000 NA2MNE9ARY 260 kaz 280 uiluwuns udairldasaasy

AUNNERY DNA Vel lun 9siEen 16s rRNA amplicon library wagdiasiziansutianalalnedsialil

N9ATIRABLANININGES DNA, N15IAFEIN 16S rRNA library uasn1smaaLiandle naaagaila llumina next
generation sequencing

Wnd3u104 DNA 1 msnnafu3iaaudy 16S ribosomal RNA (rRRNA) a1 aa kU ALTausians V3-va

- -

Aaalnfiuas 341F 5-CCTAYGGGRBGCASCAG-3' Laz 806R 5~GGACTACNNGGGTATCTAAT-3' (Mayer et al.,

v a

2021) faewnaila Polymerase Chain Reaction 141 DNA #ldmsaaaauamuninuaasnldlunisiasas liraries
mwj Haue9u3en (16S Metagenomic Sequencing Library Preparation Part # 15044223 Rev. B) Aot Miseq platform
a I o o a a v -:'4‘ . di o £ o o a al r-ai k3 a & a

AATzasuiaaale ndaae AT Miseq LW@mmmJ_ﬁmm‘ummi@i‘wmwimmiﬁumi%mﬁz‘mumLL@z

1BunureslszannsuuaiEe luuAazn 9913 ldume Bioinformatics processin
p g

maanssiayatlszanauuaiise inse1AudayassaLiiondle MALFiInuEL16S rRNA (Bioinformatics

processing)

=

anAuuanlandissidesyaivadnauunaiauuaiiize (taxonomic classification) WaziLAs1z

ANINUANUAILNITININARE alpha waz beta diversity fAaalisunsun1a@iaansauma TnadnnguaiAuiuasae

a A g

33 Amplicon Sequence Variants (ASVs) saalilsunsu Dada2 (Callahan et al., 2016) ﬁm'ﬁmun'ﬂ@umﬂﬁﬂﬂ‘lu

U

Aaaen9 (taxonomic classification) taaluswnsn QIIME2 (version 2020.6) Iael consensus BLAST anALLL&

Haunu (representative sequence) NlAarnnisdangu ASV fugiudeyaqdunie Siva database

a )

(https://www.arb-silva.de/) (Bolyen et al., 2019) ALATIZHAIINUAINNAENI9TINTNLB AN (alpha diversity
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index) Shannon diversity index Aagl package “microbiome” Wag “knitr” 1ulisinsa R (Lahti and Shetty, 2018)
LAZNNIIATIZHAMNRANUAIENITININLLAN (beta diversity) lugﬂLL‘]_l‘LI‘ﬂ@\‘i weighted Unifrac distance matrix
Taeldn19A1UI ALY Bray-Curtis WA LAAINAAIELNATNA Principal Coordinates Analysis (PCoA) Aouana
ANNLANGANNTENT 1N sz nsqaunIdluuAazngusiaat1e Aot package “microbiome”, “phyloseq” WA g

“ggplot2” Tulisunsu R (Lahti and Shetty, 2018)
WA LL@S%’Q’]’:‘C&NQH']‘EVI [N

lnssairanguilszansuasaauuainuasaasngulseansuuaiise ludamaesuazd19we
ANNNN9FIIAABLATUNIN DNA 1adlAsviiailnuuAiFefaeas metagenomic analysis WLA1AIN90
NN DNA aasuuaiFanannandiainauunazdamassdnanlannsaatng (Fig. 1) nsdiasziansu

TpalalnAuzinnEu 16S rRNA 13004 V3-V4 aadilszainsuuaiiize ludnnlnananulasdawmaaadngs wusni

°© o a

ANUIUNNFENUANALHIAR T INANNAIUNINGS 745,534 uaz 1,073,742 reads AMNATAL 921 Amplicon Sequence

Q a

'
o A

Variants (ASVs) a8sd1alnaranuuaziawaecdnanle 2,925 uaz 3,026 ASVs ANNAAL
TaafanuIngiatesnLANFanvdauiulud1navnuLazdauaesdngn windu 2,281 ASVs 184
WLARFRNNLANNA (Fig 2) ANUINTRATBILUATIEEL3NaLN (thizosphere) kazLidnadiialyu (phyllosphere)
Mndowiu 1,657 uaz 951 ASVs tnaiinguilssansuuafiFeusinousausnivg v 2 1liaNa1ua ASVs 11nnd
| Aa  a . = = = a a R a
naulszansuuaniGeUEuly (Fig. 2) Iuansdisarunainuananwdon g luusinasinivasi 2 4iin

Green soybean A Sweet com B

470bp

{bacteria) 470 bp

[bacteria)

-
_—
b
p——t
==
P—
S
—
—_—

- T NN
Fig. 1 PCR product of 470 bp amplified in the V3-V4 region of the 16S rRNA gene with primers 341F and

806R of green soybean (A) and sweet corn (B)
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Overlap between
Soybean and Corn

Rhizosphere

Phyllosphere

com

Fig. 2 Venn diagram representing the bacterial operational taxonomic units associated with the Phyllosphere

and rhizosphere soybean and corn

nguUssmnsuuATisefiuadunsean (core microbiome) Tavsamaesdinanuasdtananay
anMsATsinguisesInsuu A Gﬂﬁlﬂuq'ﬁuﬁﬂ’uﬁﬂ (core microbiome) 20 SuALLINI04TALMARA
dnanuazd1atnanoiu wudinguissainsuy ﬂﬁLd?ﬁﬁ'Lﬂuﬂﬁuw?ﬂrﬂﬁﬁnmmﬁqmﬁm dnantlsznaunag
Aureimonas, Methylobacterium, Sphingomonas, Pseudomonas, Bacillus, W& Rhizobium (Fig. 3A) ARAARDN
AUN9ANEIT8 Zhou WATATE 2023 WU Aureimonas , Sphingomonas Wa Methylobacterium {lua@Auvseuan
2098 MAaluLl?L AT (Zhou et al., 2023) ﬂziuﬂﬁ‘xmﬂﬂmﬂﬁﬁﬂﬁLﬂuqaum?‘ﬂfﬁzﬁvﬂmm%qiwmmm
ilsgnaudae Bacillus, Pantoea, Pseudomonas, Enterobacter, Sphingomonas, Acinetobacter, Nocardioides,
Pseudarthorobacter, Rubrobacter, Streptomyces, Rhizobium, Microbacterium, Aureimonas Was Enterococcus
(Fig. 3B) mﬁLﬂmzﬁmjuﬂizmnmmﬁG‘ﬂ*‘ﬂ’w?ﬁ\iLﬂuﬁﬂuL?i”mLﬁlmLﬁuLamﬁu%ﬂTwmwuﬁum’?a’u@”ﬂ A9
Pantoea, Klebsiella, Methylobacterium Wag Exiguobacterium (Sahu et al., 2022) Lfllmﬂ?ilmﬁﬂumﬁdwﬂzim
UszansuuafiGediduqduridudniinuiedamiesdnanuazdnainananu Ussnevudas Bacilus, Pantoea,

Pseudomonas Wae Sphingomonas

Sweet corn

Green soybean

Aureimonas
s Methylobacterfium
Unknown

Sphingomonas
Pseudomonas

Bacillus
Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium
Pantoea

f__Muribaculaceae_uncuitured bacterium

Prevalence

Bacillus
Pantoea
Unknown
Pseudomanas
sk Enterobacter

Sphingomonas
Acinetobacter
*Nocardioides

* Pseudarthrobacter Pm!@lgr\cs

v
xEscherichia-Shigelia | | é ? o Salirubrobacterales £ 67-14_uncultured bacterjum » \E g
 [Eubacterium] coprostanoligenes group [ o Gaiellales_f__uncultured_unculiured bacterium § H
i3 3
*Bacteroides : *Rubrobacter 54

s Lachnociostridium *Streptamyces

xKlebsielia Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium

xlactobacilus

*Paenarthrobactor

wSpirasoma Microbacterium

wAlistipes f__Gemmalimonadaceae_uncultured

s Ruminococraceae UCG-002 Aurgimonas
Acinetobacter + Enferococeus

s Sullerelia * Pediococous

& &
& S‘if? R Qﬁ

o o
Detection Threshold (Relative Abundance (%))

= q@q,
TR P
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Fig. 3 Bacterial core microbiome of green soybean (A) and sweet corn (B) from field in Thailand
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P a N A ) o A o
N7 FELREUTIRULATITETINLNAA (relative abundance) Ye<aIuABNEnanuasT12 WA
a - | P a N A . a

A1NN133ATIZU TN LTI RA LU ANTENNUNAN (relative abundance) UFba ety (phyllosphere)
dowdssdnaauazdialnananu Usnaludamaesdnaanuuuaiise ana Methylobacterium (63%), Aureimonas
(13%), Sphingomonas (7%) wag Spirosoma (3%) TuilFuntunnign (Fig. 4A) Ivsanadasiun1sAnmlsyanns
wuARFEatiFans phyllosphere (Vorholt, 2012) Tufaaes, white clover WazArabidopsis thaliana WULLIATEe
aqulunjatluana Methylobacterium, Sphingomonas, Pseudomonas Wae Spirosoma tutataiu Tuamed
13nadluda e nunuwL A Ee AnNA Pantoea (22%), Bacillus (5%), Aureimonas (4%), Microbacterium (3%),
Sphingomonas (3%) Wag Pseudomonas (3%) (Fig. 4A) aannaasiunisAnmlszainsuuaiiizaiegusiam
phyllosphere Tudnatwalaesdnd wuuuaisauuluiadonlugagluana Pantoaea, Entyloma uas
Golubevia spp. (Wagner et al., 2020b) wanainil Wagner uazAnizseaunalasuulasdszansaesuuaiiEy
ana Pantoaea UwludnalnaazwuiFunnmnidaseny 3 4Uanif udsanniu 7 dlaiasiinnsulasuudangs
UszrnsuuanFaLsnniaaluitu Sphingomonas waz Methylobacterium (Wagner et al., 2020a) WelFe Ly

a a 1 a nI/ A £ 1 aa a £ = %
wuanBeszuduFnuludamassinaaiazdnnauau wudnuanGeusnaludinTnainisnsyaussaesans
A A = ' » A ° = o a o = = aa A
wuAnFELTuN NN lun1sAsauAsasluNTAeudeRazainane TurzinaaiulTinaludmassliuanEean
Iaaarlun1saseuATaa TUNTINES 4 THALNL
a - P a Aa A . a . o =

AN9AATAL T Re LT TaLLAT BENWLNAA (relative abundance) 153504310 (rhizosphere) DALUARY
dnanuazd1ainanoiu wudnuswnsausintomassdnanwuuuaiise ana Burkholderia-Caballeronia-
Paraburkholderia (26%), Bacillus (9%), Serratia (6%), Pantoea (4%) tae Pseudomonas (3%), Wax Xanthomonas (3%)
(Fig. 4A) Tals189UwUARN 38 Bradyrhizobium 4as Sphingomonas WULFLI04R93nE1aa4 (Longley et al.,
2020) WanaNd Liu uazAne 2019 $1e9uinAuaNiRAugenasanisilasulainguilssansuunaiizasausn
291N TuausNANHIZNIG genotype 1asiTanAaazdinaldantiassanisilanuuilaanguqdunse (Liu et al.,
2019) aginalafnNFInuYIN U AN e LTI R T NAr RN NN TuRuEiasan NNl aee 413989

dll o o a a ‘dl 1 . . = ] a a dl ] a
WeadnunuuanFedulsz e wiu Burkholderia bryophia HANENNNTAETNNNTHARERFINUNAULATNNNT
a a = s . . = = a - = a

\aTeyiAulnueaiT 1114 ACC deaminase Wae siderophore warignaifudjindrelsananaiuailn
L Xanthomonas campestris Wa¥ Rhizoctonia solani (Agyekum et al., 2023)

TuanevTionseusindatnanarunuuuaisaana Bacilus (12%), Acinetobacter (7%),
Pseudomonas (6%), Paenarthrobacter (3%), Rubrobacter (3%), Pseudarthrobacter (3%) was Enterobacter (3%)
(Fig.4B) #sne9nunisAnmilszansuuniiizanetizinnsausindinInawy Pseudomonas spp., Enterobacter,
Microbacterium, Pantoea, Curtobacterium, Staphylococcus spp., Paenarthrobacter spp., Chryseobacterium spp.,
Erwinia spp., Pedobacter spp., Rahnella spp., Sphingomonas spp. (Singh and Goodwin, 2022) Wwa s Ralstonia,
Burkholderia, Rhizobium, Entyloma Waz Golubevia (Wagner et al., 2020b) 'ﬂﬂ'%ﬂ‘iﬁmﬂuﬁﬁﬂmudﬂﬂ@imﬂi‘m’m‘i

u?mma@mmzhu‘lmai%ié’i“ummwu‘imﬂma\imﬂ@Tﬂwmum:@mmﬁﬁmmﬁu (Cordero Elvia et al., 2021)

=2 o 9 v a aa ' o & A
Ao WrdauuanGawanseiullauiunlgn
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Fig. 4 Relative abundance of bacterial communities across all phyllosphere (A) and rhizosphere (B) at genera

level. Taxa occurring with less than 0.1% relative abundance are shown as “Others”

lnssairanguilsemnsuasanuaNaI eanguLlssTnsuLAise luwe
A a - Y Aa v a - . . P
Wedlaszanuuanuanaresiasasiuuaizananisiaszy alpha diversity Inald@1 Shannon
. X ] A a a a a P P '
index (Fig. 5A) WU41ANAINMANUANIBuLATNIEEUFTI MR TuLazLFInsausIndIainan 1w HAnganan
o A | Ao o o Y o . P | ANa A v A o
dowassdnaneteilitid1Aty aanadasiuen relative abundance WasannguuuanFainyludiainaiaiuou
TRALAT AN AN NANDLRITRALLATFENINNIN1UABIENAR LATWLINENINLIARBNLTIUR JULAZIaLsN
o . wm g L , d - A . .
ganamaANNLANANgTedLuAR e ludawaeednan (Fig. 5B) Wiesannunmialy iWudiunlansenmnsdvsy
a a . ° = o % | a & o =
nigiastyreduuANTEINI A LAz INN L AE ULl a92098N I NWIAABNGY 11U IUNN AINTY uATiNE
~ o A a = = % \ o s =
Aan 1w naan T AL U UIINANT LA UL A9IB9AN TN KIAA AN ABLT4AT LATHUFNI U911 T
FunaunnniasaniainisdaasansuasannaminadninuuansanilulssTesil (Bodenhausen et al., 2013)
=3 o Y a = a a 1 a a = a & 1
AN LT UIINH A NUAIN AN IDILU AT FULUTNIUNINNILTI R IUNT Barn193LATIZHANIAH
PANNNANE beta diversity WUAMNWANA9TaalATaas 9l sz ansuLAfiFassndnedamaesinanuazdna Inanan
UsninlulazEINNseUsIN (Fig. 5B wax Table 2) Amsanudruaasivanunnswiuaziilunatonduaasdaiine

AaTNIRINTNLANFANNAY (Dastogeer et al., 2020)
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Fig. 5 Alpha diversity (A) and Beta diversity (B) analyses of both green soybean and sweet corn Box-and-

Whiskers-plots visualize the Shannon diversity index

Table 2 Effect of crop species on amplicon sequence variants community composition assessed with

permutational multivariate analysis of variance

Rhizosphere Phyllosphere

Variable df
F p F p

Crop 1 28.57 0.0018** 0.0008 0.98ns

Asterisks *, ** and *** indicate significance at p < 0.05, 0.01 and 0.001, respectively; ns = not significant

/51

Q

N193LATIEY 165 Amplicon Metagenomic Sequencing gasiamdesinanuazdnatnannulugninulas
dgnsssuadlulszinealne wurjwﬁmﬁmmm@ﬁifamﬁuﬂizmnmumﬁG?ﬂ'ﬁ'l,l,mnﬁhqﬁu IneanizuFianng 1y
Wsnnfinluaeddavand dnanazwunuafFaana Methylobacterium (63%), Aureimona (13%), Sphingomonas
(7%) uae Spirosoma (3%) L&A1 Methylobacterium funuafiFefiaseunseialudamasadunan lurngi
aﬂu%'ﬁwmwﬂuwuLL‘]_IﬂﬁL?El'&Q@ Pantoea (22%), Bacillus (5%), Aureimonas (4%), Microbacterium (3%),
Sphingomonas (3%) way Pseudomonas (3%) wanalfidudnilszannsuuanFauiinaialuaesdiotnaings
NANNTUA Lm:wudmdmﬂa‘:mﬂﬂmﬂﬁLf%'m@mfmmmﬁw’fq 2 4iiafinanamarnuansnndn3nialy daua
n1smAResAanAReITLNNANE plant microbiome luitguansiin finudiuuefiFaiFinnialuazgneseunses

a

Y a A .2 ' P PRy a Py = g,
WQHLLUﬂWL?ﬂUqQﬁQ@LVﬂuu ImﬂL@quﬂQNLLUﬂWL ﬂmwﬁqquﬂquqﬁ‘ﬂiuﬂ’]?ﬂﬁ'ﬂuﬂﬁ"ﬂ\?ﬁi']sh_lllﬁﬁ NI1TANIUTAE

= A

W lataponuunnsnglulaseairauazaauainuaisreanguilszansuuaienaguiinusausnuazLdon

A lugludawasednasuazdnawannuwlulszmelne
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UNARED
= 6 o a o o =2 o -

nsAnea1auianalalnaisalunaas Pseudomonas sp. KnCo4 dsfltselamilunisaauaulsaiituay
gdu@sunisasnyAuInaesive A short read sequencing Ut lllumina platform wudnaluadawim 5,592,712
bp A1 G-C content 1¥i1fL 63.2% LH831A312 9 multilocus sequence typing (MLST) wudnlnaiAeeny
Pseudomonas sp. SK' uay Pseudomonas anuradhapurensis RD8MR3TN’1ﬂﬁQ® Weaniuigiusae ldsunsy
RAST Wuiuanuau 5,185 du Afuineadeasdiunisdauaiuninasyiiuinaasia nnsdfusaludninwandau
nsdasziaesiuuing uaznislanlaaslisfiugannuanden Insanne type IV uaz type VI secretion system

Mneadeariunaln inter-bacterial competition TaganAaaIRULsxANTNANL29 Pseudomonas sp. KnCo4 11ns

12
o o a

dudauuaniaanuglsaiandrAgynateaiin uaznuguininasdesiunisudnaisaengnaniedonin i

ribosomally synthesized and post-translationally modified peptides (RiPPs) T4 Lﬂumﬂiﬂduiwﬂﬁﬁqwauﬂﬁ

v v
o o A

dudatesivnlsnvaieain

° o = A o 2 aa a a a =
ﬂ’]d']ﬂiy: @Iuﬂ“ﬂ@\iLLUﬂV}Lﬁ‘ﬁ, LLU@WL?EWQU@NIW]WT, LL‘LIﬂ'VlLiﬂ'&\iL@?Nﬂ’]i‘L@i‘O&ILmUIWﬂ@QWﬁ

Abstract

The study of draft genome sequence of Pseudomonas sp. KnCo4, a biocontrol and plant growth-
promoting rhizobacterium. Draft genome was sequenced with short read sequencing by lllumina platform. Draft
genome size is 5,592,712 bp with a G-C content of 63.2%. Multilocus sequence typing (MLST) showed that it
was closely related to Pseudomonas sp. SK' and Pseudomonas anuradhapurensis RD8MR3'. Gene annotation
using RAST program found 5,185 genes, including genes related to promoting plant growth, environmental
adaptation, plant hormone synthesis, and protein secretion system, especially type IV and type VI secretion
systems, which are involved in inter-bacterial competition. These genes are consistent with the effectiveness of
Pseudomonas sp. KnCo4 in inhibiting various plant pathogenic bacteria. Furthermore, genes related to the
production of bioactive compound, such as ribosomally synthesized and post-translationally modified peptides
(RiPPs), which a new class of natural products that against various pathogen.

Keywords: Bacterial biocontrol agent, Bacterial genome, Plant growth-promoting rhizobacteria
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'
o

o o o o = ] A Y a = rdld
naEWINag NS lunsdesiunIdanuarAtuAnTsan Tt 19dsEy Tnanisldqaurseniaauainnsnl
naludfiindremesvnlsa iuanuuwimislunistfesiundnuuanGeanvnlsang 7lidanansznuse

AI v vy K Yo e ¥ = [ 3 1% a a
AULIAND N Lﬂiﬂ”[ﬁli‘ﬂi‘@’]NWﬁ‘ﬂLﬂ’m\‘limﬂ’]ﬂ waznaunuuTaannisldansialluniafasiunidnuuainize

P

Pseudomonas Hilszlagimisarunisineasuatagduuy i 1ddudenie@anan (biofertilizer) 1iaganni

=

AN INnTnlunfsdaiaiunisasyiulanaasiia nasldiilu biocontrol agent FuelaLmaa e ls

¥
a o

(Nadeem et al., 2016) Tmmfawwﬂ@;m Fluorescent Pseudomonas AfAsziang siderophores UBNANNTITIH
seulunisldidulaasdlunisuanaiseengnane@onin i nanansresRoliu uardanmnendinasAoliun

wulualuds A2eR3 synthetic biology (Incha et al., 2020; Demaria, 2022)

= ~ o)

n3AnEA N9 Pseudomonas putida KT2440 s1aa1uaiausnludl 2545 Tnaaadualunnanysaiil

U
-

2117 6,181,863 bp AINN1TIEIUATUNAINAT 10 TFHN1998udEud Ayineadeiuanseangnanig
FINNFING ) 189 P. putida NaeTiln g n1s3AsIeilFeumeuEuIed P. putida KT2440 Ningsiuntiniiaes

wWunueaddunisatsanlununiuais Geinldgnisunld 1 scToalunstasaanaarsfinanAelunuy

o

(Nelson et al., 2002) wanaNBEIi NI we Ut N a9Ey (gene annotation) Taeld Rapid Annotations using

Subsystems Technology (RAST) server WU TUIIUIUNN AN T I LNUNL B ATN YRS aromatic compounds

v
o o =

(Suenaga et al., 2017) NE1ATYRT189IUIN P. putida IsoF uaz KT2440 dunsndudauuailiFaunsuauvanesia

a

Tmald type IVB secretion system (T4BSS) 1un134d4 toxin effector LA @1 UL ARLILA1IITRA

o

(Purtschert-Montenegro et al., 2022) TanalnAenanaiendn inter-bacterial competition L4415 89 U

' v
o

Pseudomonas sp. KnCo4 a1nn1A3 11 13ANT ABLZINEAT NUANLAENERATAIEAT TIHANLA1N A8 LS

v v
o a v aa o
1lg

wuARiFeamnlsafmAa8na b inter-bacterial competition Liuiu (818N, 2561) ATlNUAEHNT6

q

9

CANA

'
o a o=l aa

WaAnea1sutanale InaAnaalunedluANFaUTNnaUNT Pseudomonas sp. KnCo4 kaZaLAT1ZWE U

s

A o o A ~ o ) , » =
@m@uummmiummumumﬂwLiﬂmmwﬂmwm Tmﬂquzﬂmmuumiumﬂﬂu inter-bacterial competition 9NN

' &« 1
¥ o 1] =

= N A = a  a = A a Y o a = = = %
ﬂﬂ‘]ﬂqﬂumlﬂﬂq"ﬂ@ﬁﬂuﬂq?@\iL@TNﬂW?LQTm‘VLmUIme ‘F_lu'V]Lﬂﬂ'ﬂ"ll@Qﬂ‘Llﬂ']?N@m@qﬁ‘@ﬂﬂqWﬁWq\ﬂjQﬂqW LW@LﬂuﬂﬂH@

Tunsmuwndulassflunisdnaiseangmeniisszland uazmunesdaaugsely
L3 aa
aUnsaluazianig

MIERLaAE T AT TuNTad Pseudomonas sp. KnCod Aag/3d short read sequencing Ut llumina platform
UNuwuANEY Pseudomonas sp. KnCo4 ‘ﬁLgﬂﬂummimm King’s medium B (KB) (peptone 20 n§u;
K,HPO, 1.5 n3¥; MgS0,.7H,0 1.5 n3y; glycerol 15 {adan3) Luaan 18-20 dalus tinnms 2 fadans wnaimd
\BuLeA2e FavorPrepTM Tissue Genomic DNA Extraction Mini Kit (Favorgen, Taiwan) AM8350152090U3 50
m‘qwﬂummu?‘qw%fmmﬁLﬁumﬁqa NanoDrop® ND 2000 ARanx819AAL 260 Uaz 280 unluiums asaagey
AMAINTBIALEULaA8AT gel electrophoresis 114 1% agarose gel Iagfuiinans e uauALaULe BaeLATeq
SYNGENE software (Synoptics Ltd., Cambridge, UK) mn‘&uﬁwﬁLﬁum‘ﬁﬁmmLﬁmﬂ’uum@mmwmmmmsﬁmi
AATTIELRTEN DNA library Anel TruSeqg Nano DNA Library L‘ﬁlfﬂ"imﬁxﬁ Draft genome de novo sequencing

Aae lllumina sequencing on NovaSeq 6000, 150 bp paired-end reads A1NITNITURIUTHY (Macrogen
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Incorporation) a1nduyinn1sUsenevaluniieasiaiily draft genome a1n raw read AAEATN19TIGNTAUNA

(Bioinformatics) Tultsunsu SPADes (https://cab.spbu.ru/software/spades/) (Bankevich et al., 2012)

a o= d’ d’ ¥ o A = a =)
ﬂ’?ﬁ‘?m77$VEIMWLﬂE/fJ?/@\7ﬂL/7/V°ZfLLﬂ¥ﬂ’7i‘ﬁ)?il@?JLLilﬁ?’lLi‘E/ﬁ’]LVﬁ]fﬁ‘ﬂW?

-

A1 WAINTNANAUEN 19T TMUINITU89 Pseudomonas sp. KnCo4 L3 e utia uiuans wiug
a e e A o [ . ¥ ad .

Pseudomonas spp. 88U sz legiseng taaninisasng phylogenetic tree AQ¢8198 multilocus sequence

typing (MLST) Taalddy housekeeping gene sznausaadu argS, gyrB, ileS, nuoC, ppsA, recA, rpoB LAy

rpoD (Ogura et al., 2019) a1n complete genome U8 Pseudomonas NHAY NN 89 Taai LD ARNAIUNTTH

& v

deurndan wazayme AU 31 aeiug aaeldsunsy MEGA-X TngldAn Bootstrap 71 1,000 replications uaz
maximum-likelihood algorithm (https://www.megasoftware.net/) (Ogura et al., 2019)

AT xu’ﬁuﬁwmmﬁﬁ@qyuaiumm Pseudomonas sp. KnCo4 Aoel RAST: Rapid Annotation using
Subsystem Technology (https://rast.nmpdr.org) (Aziz et al., 2008) 31A TN SRR N AR g deafunsHAR

secondary metabolism pngl antiSMASH (https://antismash.secondarymetabolites.org) (Blin et al., 2023)

naln inter-bacterial competition 484 Pseudomonas sp. KnCo4 ZunﬁiﬂvﬂﬁlmLﬂﬂﬁﬁﬁlmmqfmﬁ"ﬁ
IN9UHUNIINAABIULLL Completely randomized design (CRD) tageiuuALT a6 lsANAaDL
Usznausag Xanthomonas citri pv. glycine &8s 12-2 (Xcg12-2) awinlaaluqayunainaes uaz Ralstonia

-

solanacearum @181Wig RalTom mﬁlﬁuﬁﬁ'ﬂiiﬂLﬁﬂﬂuu:ﬁ’amﬂ AT R. solanacearum #8Wg RalTur @1eWg
AalsAfienluaiiugu a1n stock culture NARTNTsART ANLEINEAT NNANENFINERIANERT TngAeN Xcg12-2
UWAIUIT nutrient agar (NA) WAL R. solanacearum %mmmmﬁuﬁjuumm? Casamino acid-Peptone-Glucose
(CPG) (casamino acid 1 n§d; peptone 10 NTu; glucose 5 NTW) @ﬁﬂ&uﬁﬁﬂ’]iﬁmmﬁiﬁ?mum green fluorescent
protein (GFP) luuaiFaudazainlngnisananatala pKT-trp (Miller et al., 2000) Afinnsuaninentes GFP
pasaaaingEaguuafizaaniuslsn #ouds tri-parental mating (Yan et al., 2022) e ldRanuSunm
wuANLITEA LY aia‘mﬂmma R. solanacearum Wae Xcg Lﬁ@mm@un@iﬂ inter-bacterial competition U84
Pseudomonas sp. KnCo4

naaaunaln inter-bacterial competition luresljiAn1s Inedsn1sdnuLlasuiann Hachani wazmne
(Hachani et al., 2013) IaellATeNIIAT LTI UABLLUATIEY Pseudomonas sp. KnCo4 uazluailizaa1imslsn
Xcg12-2_GFP, RalsTur_GFP, Waz RalTom_GFP wiazaiialu PBS buffer frinunnsilsinde (Na,HPO, 1.42 n3y;
KH,PO, 0.24 n3u; NaCl 8 N§%; KCI 0.2 N§4) wazLlfuAna i duaguuATiBai Aue1anay 600 wiluiwms
IHTAINAL 1 daeneseg Spectrophotometer (Infinite® M Plex, TECAN, USA) AnTutuLAT Ganagey uaz
wuAiFeawnlaiis wiazalananlugasgdau 111 antuvgaasuatuaesams 20 lulnsans asuuewng
CPG 145U R. solanacearum waz 81113 NA §1%151 Xcg (4 9A5D 1 mumma‘l,?;mu%@) ThelAsadaniud
frunniies Wunan 24 Fali4 N1NARES 3 11 AMAdeLAINENITa LN T uTeaLLATIRE Taannstuin

N1917RILANTRY R, solanacearum_GFP LA Xcg_GFP FELATEY iBright™ FL1000 Imaging System (Thermo
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Fisher Scientific, Waltham, MA, USA) wazsitianuaunissesdinaesialailsewmaiia plate count method (Scow

et al., 2001)
a o
HNALASIANTUNANTITNAANRY

A1PUIAA IR AR TUNYEY Pseudomonas sp. KnCo4

'
a a v

=2 o o a a e‘:’z a a a
AnNNsANENANALRIARTe Insaa LN (draft genome) 289MLATIFET L NNIAINLTITaLTINT 19 TNA
Pseudomonas sp. KnCo4 dsililszTamilunismauaulsaiauasdsdsunisasoiulnnasiia (sninus, 2561)

#8173 short read sequencing U lllumina platform wuanaufiaadla e a1 66 scaffolds IngmaNan AT

| '
a a

yaaa1suiamalalng (N50) mmqmmfﬁ 4.7 Kop aluniauim 5,592,712 bp A1 G-C content WAL 63.2%
LaLanFLTinAaTe AT anun sl asviald (coding sequence) A4 5,185 &1 A114914189 RNAs Aa 83 wazly
wuNaNaRAlLATULY94 Pseudomonas sp. KnCod LiuAenitatiaae Ll afie Pseudomonas Tinaw 1Ty Ye
warAUy (Ye etal., 2014) NU2U1A2e9A1UN Pseudomonas putida W150CT28 @ﬁ' 6,331,075 bp A1 G-C
content 62.8% waralunuuuanysnl (complete genome) 184 P. putida KT2440 Ha11AAlUN 6,181,873 bp AN
G-C content agjfi 61.1% FuilunuafiFefiinasszynildfunisinens 1wy nansed§ATaanaedanan

(biocatalysis) ﬂ’]‘iWuV\JWN%Qﬂ’]W (bioremediation) LaLNTNARNAN&ANTANIN (bioplastic production) (Nelson

v
oo

et al., 2002) FaunsAnEninudn drduiianalelnsviaalunaes Pseudomonas sp. KnCo4 flda1n short read
sequencing N11AUsTa0e 5.6 Mbp ?a@ﬂ@@zﬁqiﬂmugidéamiﬁﬂmvﬁ”fmﬁ'% long read U PacBio %78 Oxford
Nanopore platform sia ]
N1934ATIEHAIMNANNUENINTTUINFYEN Pseudomonas sp. KnCo4 uae Pseudomonas spp. Fu vl il
Uselamimany

A1NN13ILATIERANENA RSN TRUIN13Inaa$e phylogenetic tree AaeaE multilocus sequence
typing (MLST) el housekeeping gene UL 8 T (argS, gyrB, ileS, nuoC, ppsA, recA, rooB WaL rpoD
genes) WU31 Pseudomonas sp. KnCo4 HAY N&NWUEWUL monophyletic fTU Pseudomonas sp. SK' Wa e
P. anuradhapurensis RD8MR3' FauuaTiGara 2 fmﬂﬁuﬁiﬂmmﬂﬁmnﬁmmi@umnﬁﬁj (Fig. 1) WAZNUIN
Pseudomonas sp. KnCo4 fiaauduniugin&iungu Pseudomonas RilAanaiiaadasiuiie uaznisinums wiu
Pseudomonas putida AKMP7" LuafiiFadadiunnaiasyiduinaeaie Pseudomonas asiatica RYYT.1b' nunnu
saansniandaialnalnian (glyphosate) way Pseudomonas sp. NBB' snuntumalansuiin Laziidn Tty Al
Pseudomonas sp. KnCo4 laiflaaudusiusinataiungu Pseudomonas fifundasiulsnau iy Pseudomonas

~

putida H8234" uay Pseudomonas aeruginosa ATCC 27853" AatiU Pseudomonas sp. KnCo4 uwuanizand

ANANRUENATIMUINNIALNGH Pseudomonas NiUselemiisiaiie
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75r p icida NyZ12" (CP010350)
(cP103994)

31017 (NCD23076)

s 5p. 13159349 (CPO46553)

Pseudomonas asiatica RYYT.1b (CP127872)

100" Pseudomonas putida DRAS25! (CPO18743)

Pseudomonss pulida AKMPT' (CP124529)
(cPos2827)

s sp. Marseile-Q3773" (OU745390)

sp. Sk (CPOS1857)
RDBMR3" (CPO77007)
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He234! (NC 021491)
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Lweze" (cposenso)
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putida mi-2" (CP136395)

ida BIRD-1" (NCO17530)
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parafulva JBCS1880" (CPO31641)
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Fig. 1 Maximum-likelihood phylogenetic tree based on 8 housekeeping gene sequences showing the
relationship between isolate KnCo4 and Pseudomonas groups related to plant, environment, industrial and
human. Bootstrap values (> 50) are shown at branching points as percentages of 1,000 replicates.

Stenotrophomonas rhizophila GA1"is used as an outgroup.

msinmsiEuinga TR TuAzN1TATLANKLATIT DA MR T AT

mnﬁ@mmsﬁnmmﬁﬁﬂuﬁw RAST: Rapid Annotation using Subsystem Technology WL31 8w
FamuALe4 Pseudomonas sp. KnCo4 gnamuiivaaniili 27 ngu (subsystem category distribution) (Fig. 2) tne
sziuﬁuﬁﬁmﬂfﬁLﬁ'm*’ﬁ’mﬁ’umimm?mww?mﬁuimmﬁﬂ] LU iron acquisition and metabolism,
phosphorus metabolism, nitrogen metabolism, LAY secondary metabolism ﬂ@q'uﬁu‘ﬁlLﬁﬂ'aﬂ'mﬁumiﬂé”uﬁﬂu
ANTWWAAARN LU metabolism and aromatic compounds, membrane transport, stress response WA & motility
and chemotaxis ﬂ@:uau‘ﬁLﬁmﬁmﬁumiﬁqLmi’wﬁa@ﬂuuﬁm (auxin biosynthesis) Lmzmiuauﬁﬁm%’mﬁumi
muz‘id(ﬂﬂiﬁuﬂ’]uﬁlfﬂﬁ:m"n@@r 11 type | secretion system, type Il secretion system, type IV secretion system Lag
type V secretion system ‘ﬁlzﬁ’] ﬁtywufi’] Pseudomonas sp. KnCo4 ﬁauﬁ Lﬁlmﬁ’mﬁu protein and nucleoprotein
type IV secretion system @8nARasiL P. putida IsoF" ﬁmmmm’wmeﬁG‘ﬂmLwﬁimiﬁummﬁmﬁq'ﬂﬂ@iﬂ inter-
bacterial competition tagld type IVB secretion system lun1944 effector lingLaaauuniiFeguds (Purtschert-
Montenegro et al., 2022) P. putida W150CT28" & secretion systems #14 il LU type IV secretion type VI
secretion sl VgrG effectors (Ye et al., 2014) uaz P. putida KT2440' § type VI secretion system ﬁmmm
asiuigainnisdrvinanaaesuuanizaaielsn (Beral et al., 2017) usiat1elsfinu Pseudomonas sp.
KnCo4 Wi type IV secretion system Wil kWL type IVB secretion system asaqsiinns@nsnludednsmaly

FayaniatiamesiEuil Asadastuniananaiseengnaniedanin daalsunsy antiSMASH wudniii
Lﬁmﬁ"mﬁummammi Ranthipeptide %Qﬁiwmud%ﬂummqa radical non-a thioether-containing peptides
wae RiPP-like e‘?j'qLﬂumaﬁﬁmﬁmﬁmiuﬂumﬁu ribosomally synthesized LA post-translationally modified
peptide superfamily (Chen et al., 2020) &1717xtnAn NRP-metallophore, NRPS Lﬁmﬁfmﬁuma‘m%ﬁq siderophores

has@ng dipeptide N-acetylglutaminylglutamine amide (NAGGN) Faduansiiaadas19iuldnuneaniag
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AULATEAaadlufAn (osmotic stress) WAZ@NT Hserlactone Maadasiudedynyrnlunszuaunisdadnaiu
3¥UINEA] quorum sensing (Table 1) 413514 7| MWL lUATUNY83 Pseudomonas sp. KnCo4 HANuaanAReriL

furR9uUANBE Pseudomonas Nszlamiseie (Alam et al., 2021)

Subsystem Coverage

Subsystem Category Distribution

Subsystem Feature Counts

Amino Acids and Derivatives (451)
Potassium metabolism (10)

RNA Metabolism (53)

Secondary Metabolism (5)

Respiration (118)

Nitrogen Metabolism (13)

Dormancy and Sporulation (1)
Metabolism of Aromatic Compounds (58)
Nucleosides and Nucleotides (99)

Cell Division and Cell Cycle (0)
Miscellaneous (37)

Phages, Prophages, Transposable elements, Plasmids (8)
Iron acquisition and metabolism (26)
Phosphorus Metabolism (31)
Photosynthesis (0)

Sulfur Metabolism (43)

m Cell wall and Capsule (50)

Motility and Chemotaxis (67)

Membrane Transport (89)

Carbohydrates (233)

Stress Response (100)

Regulation and Cell signaling (41)

Fatty Acids, Lipids, and Isoprenoids (86)
DNA Metabolism (97)

Virulence, Disease and Defense (56)
Protein Metabolism (233)

Cofactors, Vitamins, Prosthetic Groups, Pigments (194)

Fig. 2 Gene annotation of rhizosphere bacteria Pseudomonas sp. KnCo4 from RAST: Rapid Annotation using

Subsystem Technology

Table 1 Secondary metabolism of Pseudomonas sp. KnCo4 from antiSMASH

Region Type Most similar known/cluster
Region 1.1 Ranthipeptide Pf-5 pyoverdine / NRP
Region 1.2 RiPP-like

Region 2.1 NRP-metallophore, NRPS Crochelin A / NRP+Polyketide
Region 2.2 NRP-metallophore, NRPS Pf-5 pyoverdine / NRP
Region 2.3 NRP-metallophore, NRPS Cupriachelin / NRP: NRP siderospore
Region 6.1 NAGGN

Region 9.1 Hserlactone

Region 10.1 Redox-cofactor Lankacidin C / NRP+Polyketide
Region 11.1 Phophonate

Region 11.2 RRE-containing

naln inter-bacterial competition 184 Pseudomonas sp. KnCo4 luniseiieluuniiizeianis lsaiia

n1smaasunaln inter-bacterial competition lueelfjifnTg Inan19iaesaNszidng Pseudomonas sp.
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UFnuanas wanaliiiiuda Pseudomonas sp. KnCo4 ansnsnginuuaiizaanmslsannaaulsnsuua (Fig. 3)
d’/d A o =K a a IS a . .
N19INAAALUAEUTUNIUTLANTNINUBY Pseudomonas sp. KnCo4 ‘lunwuammuumlumﬂﬂu inter-bacterial
competition slauuAfBaaalsaNgAnaINuanY WuRnaiU P. putida IsoF ' (Purtschert-Montenegro et al.,
=< = . = . o SNa v o o !
2022) @44 type IVB secretion system N@1119044 toxin effector1ﬂﬂdLLUﬂWLiﬂ@‘LLmd Taan194NEANUIZNINg
wuAT G‘ELL@&L%MLM@MW% uay Pseudomonas putida KT2440" iy type VI secretion system Adlunaln inter-
bacterial competition 17371 (Bernal et al., 2017) A41UN197 Pseudomonas sp. KnCo4 41817041 #3040
Usuoundaanuglsnia Asannndaeiunisdlagaas type IV secretion system wazna'ln inter-bacterial

competition

?

eeeeeeeee
( 11 44 1 1A 1./
Qfeeeeeene

CeNeer 00

G @ @ €

Fig. 3 Inter-bacterial competition between Pseudomonas sp. KnCo4 and bacterial plant pathogens: Xcg12-
2_GFP, RalTom_GFP and RalsTur_GFP: Surviving of plant pathogen on NA and CPG add kanamycin(A); Block

plot shows colony forming unit (CFU/mL) of the predator strains (B)

a5l

nnsRnEdFLTanaTe Nty (draft genome) 184 Pseudomonas sp. KnCo4 AenunaINLBang
2aU51NT12 WA A92AT short read sequencing U lllumina platform Ixansuiiapalang a1 66 scaffolds Tngl
AL AR AL ARTe TN (N50) ﬁﬂwqﬁqmmﬂ @fﬁi 4.7 Kbp wazalundauin 5,592,712 bp A1 G-C
content WNfiL 63.2% uazaduianale lnsTianunsaulasia (coding sequence) l@anuau 5,185 14 AU
RNAs A2 83 uazlinunanaiin

n138514 Phylogenetic tree A28 multilocus sequence typing (MLST) WU31 Pseudomonas sp. KnCod

HAudusiusuuL monophyletic fiu Pseudomonas sp. SK' Waz P. anuradhapurensis RD8MR3'
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L‘ﬁ'mﬁmﬁummf\ﬂm?umsw?mﬁuimmﬁfﬂ n13U5UA luan I nwIAReN N174LATITFERFINUNT (auxin
biosynthesis) Lmeﬂuzﬁ'\iIﬂiaud’mﬁ@ﬁ:N \Ta® Lt type | secretion system, type Il secretion system, type IV
secretion system LAY type V secretion system ﬁz&’wﬁmwudw Pseudomonas sp. KnCo4 ﬁﬁu‘ﬁlﬁmi’mﬁu protein
and nucleoprotein type IV secretion system ﬁﬁlﬂiwmudﬁlﬁmﬁmﬁumﬂﬂ inter-bacterial competition

ﬁ’@aﬂ@mﬁLmﬂzﬁuﬁLﬁ'mﬁ’mﬁumimammi@@nqwaﬁrmﬁqmw AaeTdsunsn antiSMASH wugns
Ranthipeptide @1 sdszian NRP-metallophore, NRPS @17 dipeptide N-acetylglutaminylglutamine amide
(NAGGN) waz@n3 Hserlactone FagnaimaniAsadasiy antimicrobial N13a3na siderophores e T Eateh
WinuseganiazanuaTeneediumn meﬂixmumi?i@maﬁmwdwLema"quorum sensing AMNANAL

=

n1smagaunaln inter-bacterial competition luestfjiiRn1s wudiuuanFaamnlsanaasylaiainnm
- 4

WInyuueMITReamalunn o AnNdRdL wazAIN19EeILARITRIMLATITE AL SANTL Pseudomonas sp.

KnCo4 anad wansliiliiugn Pseudomonas sp. KnCo4 @ansnsnsinuuanzaanivinlsananaasylavisism

nnfAnssulsnA

A a

29D UAMANYATE LUNBINDY UATAMIANITE N11aTey NIHALUININ194579 draft genome Aot

9

o o '

T3unsn SPAdes 218281AMANITUITE LA ST UILMINUIINNABINHATANARAT UgANUWIAEY N, NHnNg

atuayuwlsanaliialasan199a FF(KU)2.66

LANA19A19DY

sl s, 2561, MefaRenuaziuLlss@vanmaasuuaiiFaLfing#eia osmoadaptation
Lﬁﬂmmmiimmﬂuwmmﬁm UMINEAUNEATANART.

Alam, K., Islam, M.M. Li, C., et al. 2021. Genome mining of pseudomonas species: Diversity and evolution of
metabolic and biosynthetic potential. Molecules. 26: 24.

Aziz, R.K., Bartels, D., Best, A.A., et al. 2008. The rast server: Rapid annotations using subsystems
technology. BMC Genomics. 9: 75.

Bankevich, A., Nurk, S., Antipov, D., et al. 2012. Spades: A new genome assembly algorithm and its
applications to single-cell sequencing. J. Comput. Biol. 19: 455-477.

Bernal, P., Allsopp, L.P., Filloux, A., Llamas, M.A. 2017. The Pseudomonas putida T6SS is a plant warden
against phytopathogens. The ISME Journal 11: 972-987.

Blin, K., Shaw, S., Augustijn, H.E., et al. 2023. Antismash 7.0: New and improved predictions for detection,
regulation, chemical structures and visualisation. Nucleic Acids Res. 51: W46-W50.

Chen, Y., Yang, Y. Ji, X,, Zhao, R, Li, G., Gu, Y., Shi, A, Jiang W., Zhang, Q. 2020. The sciff-derived
ranthipeptides participate in quorum sensing in solventogenic clostridia. Biotechnol. J. 15: 2000136.

Demaria, F. 2022. Implementation of curcumin production in Pseudomonas putida. Independent thesis

Advanced level (degree of Master (Two Years)).

82



NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 AN

Hachani, A., Lossi N.S., Filloux, A. 2013. A visual assay to monitor T6SS-mediated bacterial competition.
J. Vis. Exp. €50103.

Incha, M.R., Thompson, M.G., Blake-Hedges, J.M., et al. 2020. Leveraging host metabolism for
bisdemethoxycurcumin production in Pseudomonas putida. Metab. Eng. Commun. 10: e00119.

Miller, W.G., Bates, A.H., Horn, S.T., Brandl, M.T., Wachtel M.R., Mandrell, R.E. 2000. Detection on surfaces
and in Caco-2 cells of Campylobacter jejuni cells transformed with new gfp, yfp, and cfp marker
plasmids. Appl. Environ. Microbiol. 66: 5426-5436.

Nadeem, S., Naveed, M., Ayyub, M., Yahya Khan, M., Ahmad M., Zahir, Z. 2016. Potential, limitations and
future prospects of Pseudomonas spp. For sustainable agriculture and environment: A review.

Soil and Environment. 35: 106-145.

Nelson, K.E., Weinel, C., Paulsen, I.T., et al. 2002. Complete genome sequence and comparative analysis of
the metabolically versatile Pseudomonas putida KT2440. Environ. Microbiol. 4: 799-808.

Ogura, K., Shimada K., Miyoshi-Akiyama, T. 2019. A multilocus sequence typing scheme of Pseudomonas
putida for clinical and environmental isolates. Sci. Rep. 9: 13980.

Purtschert-Montenegro, G., Carcamo-Oyarce, G., Pinto-Carbo, M., Agnoli, K., Bailly A., Eberl, L. 2022.
Pseudomonas putida mediates bacterial killing, biofilm invasion and biocontrol with a type IVB
secretion system. Nat. Microbiol. 7: 1547-1557.

Scow, K.M., Schwartz, E., Johnson M.J., Macalady, J.L. 2001. Microbial biodiversity, measurement of,
pp. 259-270. In: S. A. Levin (Eds.). Encyclopedia of biodiversity, 2" ed. Academic Press,

Waltham, Massachusetts, MA. USA.

Suenaga, H., Yamazoe, A., Hosoyama, A. et al. 2017. Complete genome sequence of the polychlorinated
biphenyl-degrading bacterium Pseudomonas putida KF715 (NBRC 110667) isolated from
biphenyl-contaminated soil. Genome. Announc. 5: e01624-16.

Yan, J., Lin, N., Wang, X., Chen, X., Wang, H., Lin, Q., Zhou, X., Zhang L., Liao, L. 2022. Markerless gene
deletion in Ralstonia solanacearum based on its natural transformation competence.

Front. Microbiol. 13: 977580.

Ye, L., Hildebrand, F., Dingemans, J., Ballet, S., Laus, G., Matthijs, S., Berendsen, R., Cornelis, P. 2014. Draft

genome sequence analysis of a Pseudomonas putida W150CT28 strain with antagonistic activity to

gram-positive and Pseudomonas sp. Pathogens. PLoS One. 9: e110038.

83



AUNKH)

(Subject: Animals)

NNAUFTTENE

(Oral Presentation)



EV
o

NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 aUEnT

AuMWNEaradliiuag (@eag) Fena 219 wasNusALAsIE

Semen quality of brown and white Betong chicken (KU line) and a synthetic chicken breed
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11 adaiavus Taun werWugln 3 nguiug nquay 10 6ia dadang 5 szau laun 8,9, 10, 11 Uaz 12 1Aaw
HaN9AnENULTSENFNsTdngRiufuazeny A miudnenzacudniuzeseganindoun Anudndures
ad‘ dll dl ¥ ¥ T < & o Ad‘ d‘ all ! o  cala a ] o dll a; 1
aganadaunlldnand uazilefidusfineganiaaeun (p < 0.05) nANWRTHENENAFBANBIUENITIARUNNY
(p < 0.05) Tnanawug lrwes (a1eiag) FUra1s wasHUTASIATITRAZIUUNTRARINYNINNgA a g HavEna
] o ppe > - o v I = = = )
pennAnEUENANENFuNsIARaLTvY Werug i Wiunasindesnigaileany 9 uaz 10 Haw A Ndndy
P ~ \ A P A v o aa A ~
29IBGANINNANNNGA LUT2997g 8-10 LAaY ULATAARIIDENE 11-12 1HBUW uazANITNTuIesagaTLAReT
draniin lunewuglndaseny 8, 10-12 tAau uanndilenanugtiany 9 thaw aglladn daonuuansngluuig
ANBIUZIBIANINHLTRITUI NG RUTLAZ T8 E)

° o T s o = s &
ﬂﬁﬁ’]ﬂiy: NITLARDUNUY, ANLTNTUADIDAA, FNAT1NTD

Abstract

The objective of this study was to investigate semen volume, mass movement, sperm concentrations,
and sperm motilities of Betong chicken (KU line) in brown color, white color, and a synthetic chicken breed.
The experiment was repeated measurements in a completely randomized design with three fixed breed groups,
each with ten replications, and measurements were taken repeatedly at five ages: 8, 9, 10, 11, and 12 months.
The results revealed significant interactions between breed group and age effects for sperm motile and
progressive sperm motile concentrations and sperm motility (p < 0.05). The effect of breed groups was also
significant for mass movement (p < 0.05) with brown Betong (KU line) and synthetic cocks having the highest
mass movement scores. Furthermore, there were significant effects of age of the cock on all examined traits
except mass movement. Cocks at 9 and 10 months old had the highest semen volume while those at 8-10
months old had the highest total sperm concentrations. However, total sperm concentrations decreased in
cocks aged 11-12 months. Additionally, cocks aged 8, 10-12 months had higher progressive sperm
concentrations than those aged 9 months. In conclusion variations in some semen characteristics were
observed among breed groups and ages.

Keywords: Mass movement, Semen volume, Sperm concentration
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NATTNERILNG ADEINIAS NNaneatinERsAnans e Iniugiuessaeadussazinaiug neud

L a

nsdndanuasimuiuliung (@ewee) sthadugluuulud we. 2550 andssansidasifn Tnaasdnsue

U

undsznisresiiunedd e weaudnsduns fuRAuns 1uassazsandt In1sWmuiaasauiinuazaunieias

I v A A o o A = ) o =
‘ﬂﬂl‘lﬂm&l AFANINAN UTNUAZLINHALNAEY NNYWAINITAARANNITLELAIMINNLAIINLANFANNUBIAN LS AUU

=

va o A a % a A = 20/ = = | al ao/
@\ﬂ,mummmL@@ﬂmuumwwmmmﬂu 24 AR AUAUIANA LATTWAUNQ LTENIN VLAY (@W?;IL@‘%I]) AUIRNA

o

WATR219 AINANAL (WITDUIR uazdrH, 2558) wanannilaWmuINug:

o

3LATIEH (Synthetic chicken breed)
‘ﬁl a v 1 1 ] 1 o A £ val o 1] o &
°ﬁ\‘1Lﬂm@qﬂﬂq?N@NT’]Nixuqq\ﬂﬂL‘LWN (@’]?JL@EJ]) LL@::‘W@LL@::LLNW"LAQWLHL‘L&@WNH’]?W] ImﬂIﬂN@m@quWuﬁ;T'ﬂ\uUm\i

(AN2LAEY) 75% Waziug niian1ensf 25% atnglafina Tunnsdfudgaiuguasimuniuglnsimesjashuiduln
auiunisustnaiile nnsdnidenlugswanazudiuguenainaz Wanwurnaasy AU TnLazAN WA LAY

dNrnanauazIR Ui An s TINaadasi Ul ssAvEnnnnsduiugiasae duiwinelinisliulseiugvse

nsafrenuglndlszauaudniia nsANEIANH UL AUATNUNLTaTIWARUE LAY (A8LAtE) LayAg

Q

o =R o d’l’ dll a g ' ! o0 & [N d‘ a
mmewmLflumwmLﬂuwugmm@mim@mqﬂniugum@ ] Tl I@ﬁlﬂ')’]llﬂ’]Li"ﬂ‘ﬂ‘ﬂﬂﬂ’]ﬁ‘ﬂ@ﬂwuﬁgﬂquﬂu\‘iLﬂﬂ"ﬂ’m

2 = ! \ o oo = 4o o e ! & A
ﬂ’]i‘ﬂ{]’&uﬁ?ﬁﬁ%’]ﬂ“ﬂLLZ\]ﬁﬁ]'J‘ﬂ'Q@ sﬂx‘iﬂ?tLlluﬂ%’m?N’]N’]?ﬂluﬂ’]T@UW%@%@QW@Wuiﬂﬂiﬁﬂﬁﬂﬂ’]?ﬁ]?%"'\]ﬂ’]ﬂﬂ@@uw}]@\‘i

o

Fnaga (e uazAtUE, 2562; Alkan et al., 2002) ARNITNIBIUNTALAZHIDAAUANFNSAUATNAN LT ALE 81Y

v '
'

Wminga wallan1aiufaedne wazanrazatai@aansf It (Tarif et al., 2013; Chuaychu-noo and Vongpralub,

a o

2017) lunnsAnAfdRddnglsvasmnadnnuniwidenedliiumg (areiag) Urena 119 WAz

q q

o o A o

ugdaased nenguansinaii et hlldlselamilunisdnnisganeuasusiiuguaznisdnaansiall
L4 aa
aUnsaluazisnng

ARTNAAEY

v v '
' = a v

| e | = o e Py g o % = o
W@Wuﬁﬂmlﬁuﬂ’]?ﬂﬂﬂqV’]?QuLﬂuW@WuﬁﬂﬂWﬂﬂL@ﬂ\?ﬂ’]ﬂ‘lm@ﬂ’]‘wa@mLmﬂrJﬂuLL@gll@qﬂL?Nmu‘l’]ﬁ@@\i

3 ] 3

1
a o

WiniuRAeeI 8 lhaw AMuaL 3 NgNWLE 1auA Lwas (aawag) &uians wazdane wazliiugdaunsmsinidadou

'y

WUGIDUURAY (AELAE) 75% LL@%W/‘L&ﬁ?LﬁLf‘:'ﬂVH\‘IﬂW?ﬁW 25% ANUIUNGNAUTAZ 10 Fi Tneinnsdanasvia il
VLﬁW‘ﬂWuﬁjLLﬁl'@ZﬁQQﬂLgﬂ\ﬂuﬂ?\iLal%’_l']‘ﬂuﬁﬂ 50x50%60 Lrufiums ulneidauszuuiafidsruniiannududan
laszimeein (Evaporative cooling system) 1d3t1a1136n Fagullusfiv 16% LaznAuR 1% st dld 2,850
Alaunanes fuazilszinns 110-120 nin uazldsuiazenmiai Wewuglngriadiui @edianiiaz 1 ass 1oan
14.00-15.00 4. ANNAPINIULTEANTBINTH Tmﬂmm?{m@mmmwiﬁﬁ@ 4 a1 2eenienuguiaviagnld

o 3 X | e e ) 2 A 4 e ] 2
LﬂumqLLmuﬂmﬂqwuqLT@?@QW@WHQV}@']ﬂ‘LLmﬂgLﬂ@uLN@W@Wufﬂﬂ'ﬂqﬂ‘ 8-12 AR

86



EV
o

NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 aUEnT

o

Wa uﬂﬁﬁquumiﬁ%msﬁﬂ?mﬁqL%m-ﬁ”fm‘f‘;‘% lumbar massage method (Burrows and Quinn, 1937; Lake,

o o 1 2l < 2; d’l L) o
QEI‘V]’Wﬂ’W?@‘]_IbLﬂLL@ZB;I]?@LTTLIH'WL‘E@ feineazauln

a

a

1977) Inaidle] Ausnlauena 2 Trauazdulautnlnie 2 414
&

4 YU e omy o 8 Ay o o T & A | e o o o & e
mnuummﬂnwawuﬂwmmLﬂm LAYUNYABANITAYTIUNITaNUane Cloaca W@quﬁ:’lngnﬁmmmm@n@um

v '
=) =3 =

nsmaaedLlszaIm 1 1heu LaznasanTaiuuEe waaaudegniiulilundesiiguugil 4-5 asAaaiios

q ]

(Nnefgen, 2556) ﬂmﬁhn@'fmL‘ﬁ'@ﬁmﬁuumLLmi”nm@mm‘wmmiwL%fari@umiﬁﬂﬂmfmmuQmmw ol

1. fﬁ”ml‘%mmﬁ%%@ (Semen volume) ﬂ'faumifi“m_l?mmﬁ%%@%@ﬁmmﬁm%@LLmﬁqﬂ@@uﬂuﬁm@
Rannszudnenisan miniidevaenlaidslaenuazineen ldndnlsuamsuarasaagaupnunIn N133n
BanpminidesanisuenBunasuuaeaiuide ldlaunss

2. aznanninIndIaLiesdunalinaaaqanssail (Microscopic examination) lun1snaae il

o T A X v ~ o ¥ < s
HRsaagauAmuNINNTeIlewl 1 AW iieanANlulang azuu Inagnisiafeuinng (Mass movement)

o & A = = P @ 4 Ay o asmo =
ANWAUSNITLARAUNUYACLUNDUANU mm%mmmuwmnummmlumamww AAIARANINUIUNINAAY

o

AznUILUL ATranIsiAdeunylnsna AU e uuLNunszanalas Uszilunialdndesqanssminniasaee

v
1 e A

40 win WAnAzuuuNsAaLINY AN AZULY 5 AausnIsedeunaNIN WIedNdugs wasuidugnadu 159

fanadusadallld egadsznnns 90% vsegendtiafeuild Azuuy 4 Aufunisindeuin a4 ARDUNLIN
AN WD AALLHYINAUIEA 5 1AAUNATTHIU 70-80% AZLUL 3 A1UFUNNTARALNLNWNANS NITLARRLN

Wupauidndes indeundi arntsndunanisinaeunaadald againdaounls 45-65% Azuun 2 195y

nsindeunan lunuanwuzadu Hegaindounls Usenin 20-40% uazinfeuiiaen AzuWw 1 §115N19LAReuN

| '
A =

Ainaan Uszanns 10% ﬁummﬁl,mﬁuﬁmmumiﬁ LazAZLLL 0 dwitlinunisiAdeun BRANIE (WIUNT uaL
&, 2550)

3. m‘fmffmﬂmﬂﬂwijﬁ L%@TmﬂlﬁLm?:@\‘i Computer Assisted Semen Analysis (CASA; Hamiltion Thorne,
Biosciences, MA, USA) Tnaideananiae lnfuansazanstn@e lin1anisdn Beltsville Poultry Semen Extender Il

Tudnadan 1:100 Az AAUITENLAEANIAY UEARILL 2X-CEL slide uaztasmaudullnalas tuiindaya laun

v
o a

P NduIRI0gATMNA (Total sperm concentration) AT UIBI4ANARDUT (Motile sperm concentration)

a - & o

v o P o o ) ) . = P R
M’mmemum@d'ﬂ@@‘ﬂLm@'ﬂuwiﬂm’muu’] (Progressive motile sperm concentration) Ve FLgus IRQANLANDUN

a

(Sperm motility) uaz Wefidusaeganiaaeuilddreasi (Progressive sperm motility)

Q

N9 NUEUNITNARBNUAZNIFATIEWT DY AN AT

Q’NLLNuﬂﬁ‘a‘Wﬁ@‘ﬂ\‘iLLUU@N@NH?&LL@zﬁma"TWﬁ’] (Repeated measurement in completely randomized

o o

design) taafifadtinvun Ae nguiug 3 nguug teun Taun Tnwss (@anaweg) &diana liwss (@aeg) 119

o

e - = o 3 o Y = P o ¥ o
LA vLﬂWHﬁ; JLATIEN BATHNNTINTIDE 572m vme 8,9, 10, 11 LAz 12 LAAL HAZIUANANUBHAAITNLTNTY

a & @ & o Qd‘ dll all = 1 asf o v v aa
199943 uazitlefifudfaeganiaaeun Innsnszarglidnfasinnisudasdeyanas log10 Rfiung uazame,
2565) guFuanmuzanididuresegannnn anndndureseqanndeui uazaudniuIasegATILARET

Q

'
%

lddanidin wazudasdananaasiniaes (Square root; Osborne, 2002) Ausuansuzilafidusdfiaganiaaeu

U Q

=)

a

o @ 6o dl dl dl ¥ v ' o a I aa = 1 aa . o a‘l’
waz wWasidusFaeganadeuit i neuihundmenzineada Insduuuiunisas (Equation 1) A3

yijk:“+Bi+’Yik+Aj+BAU+8Uk’ (1)

87



ﬂ’]iﬂi”‘ﬁﬂﬂ’]\i’l‘ﬁ’m’]iﬂﬂ’]’mF;I’]'&F;ILT]HE]TW]’M?I? AT ﬁ 62 ANdnT

y, Ae Adainmuesanmuzsing o) liud Waeniite nandewivg anududuseseqarionun anududuses

ad A 4 ad A A @ co ad A A
’Mﬂ NAdaUN ﬁ']ﬁﬁJL‘ﬂﬂJ‘ﬂ‘l&‘ﬂ@d@’&@%Lﬂ@ﬂ%%lﬂ’lﬁ\iﬁuq Lﬂ@?Leﬁuﬁlﬁl']ﬂ’& ANLAARLN LL@ZL‘]J@?LG]’J%EW]']@Q NA[ALUN

Tildnaudn, p Aa Anade, B, Aa ﬂ@@”ﬂmuummmjuﬁqu | idle i= W (aneag) &1Ana, e (@neiag) 179

uaz Wugdaamzd, A fe dadarimuuatesangwauglid j iWa =8, 9,10,11,12 duntadadnlurieiugusazsa,

A mmm e 4 a 4 2 a o
BA, Aa UNTenfansend 1 anguiign i uazangd j, v, Ae A1AaIAARLL ik ~N(0,0y) UAT €, AD ANARIALAREY

ijk ~N(0,0¢%) wazdinazinanuilstsunnsllsunsugiiagyd SAS on demand for academic #iatl PROC MIXED

'
° o

WATANAY REPEATED IA798519709A9 1619199 una A dnl s 39udannuuldninunalnsaa e UN Uszany

'
al

ANRALAGLAYT uasiFaLReUANNLANFANas8 ADJUST=TUKEY i p < 0.05 (SAS, 2015)

N@Ltﬂzaﬂﬁ‘iiﬁﬂﬂﬂ']ﬁ‘ﬂﬂ@ﬂﬁ

A1NN1ITATzAYINLLTU R NKLL RN A WUl [AzEndaNsEndenguRlguareny (p < 0.05)

o o

o v v ¢=¢dl 4ﬂl ‘ﬂl v ¥ Q‘d‘ 4ﬂl ‘ﬂl 4 v & & 6 o/ aa
ANNTUANTUSAINLTNUUTDIDFINLANAUN mmmmwmmmﬁwmmuﬂﬂmwm wazilasidusmiagan

Q

' '
A o g a

\PREUT At dnEnatadtnanaesnguiiguarang duianeen linudjizensan nquiugiansnasie

. 4 o do A oda e o <
anwouznisnaauiuy (p < 0.05) Tnaazuuunisindeunug lunguwernuglniues (a1eueg) Admna nnige

= 1y

(4.25+0.25 AZUL) meumunﬂimﬁﬂuﬁmlumjmw'aﬁuﬁﬂdLum (AneAg) 219 u@ﬁﬁ&qm (3.24+0.25 AZLL;

cala a

Table 1) Twanue anwzay - nquiugianinasednwuzAinaet19ldlied Aty (o > 0.05) Hn1sdnm

a

N sFnEmenuidninatesnguiugAenmnminde wu vewugliiudednananeusiazuuunis
LARBUNNYTRIDAAUANGNNAY (WIAR WAZATUY, 2555; 2556) UTNNATUN TR IRINaNUE InNany 40 dUani
wanseiuluusazaeWug (p < 0.05; Tarif et al.,, 2013) Bananni AndNduLaIRgIzRINRRLE INHEaNY

N19AN (Ross 308) N1ag) 30 d1lanif unnnndnnaiuglniiuiiies@nsiu (p < 0.05; Tabatabaei et al., 2009) @43

v
| o e o 2 P o o A o & o

ANNNLANANNANNNNTANENATIH NANRUEAUNNANEN AN WAL memL@fanmq’mwuqmmmlﬁmﬁ VLl

q 9
v

0
e (aneag) AURa wazdann Tnaiaasnguwmuinianlsssnanaaiu (Wssnah uazdani, 2558)

o

wananni T (@eng) Sahu W duRugAAT T LATHLAINLANANAN UL ATULUNITLARBUTINY

299%3 3 NNRUGaeiltd ATy waatslsfiniu AvuuuNTARuTing llaanadat U e fiuri e saqa

o a q

aa =

d‘ £ v b4 nﬂl -ﬂl 1 a
m@@u‘m A L‘]J@ﬁ‘lfﬁu[ﬂ%l’ﬂﬂ[ﬂ’)@@@%m@’ﬂu%iﬂ“ﬂqﬂﬁu’] mﬂmmuumnmmu‘mwLﬂumiﬂi”mumnmam

a
¥

)}

Iﬁ?;l?QNVLNVLW]J?”LNN?WEIﬂQﬂﬂxﬂ’ﬂ@@LL@“’NM@W&Iﬂ@@ﬂ’&QN@lﬂ‘ﬂﬂﬁﬂﬁﬂ LU LY mmmmmmmmﬂ ‘VN‘LL N[

N9R N AR RN 1 asineTl s EviEnn

v
a o

angua9Naug Indavninasednrcliuinsinae anududureseganauun e fidusddnagan

q q

L

waauilldramin (p < 0.05; Table 2) Tnawudn Waruglilinansun@annNgalionis 9 uaz 10 thau

(0.39+0.02 u4.) InewudLileany 11 hauneiug inliEuinsundedenyga (0.33£0.02 44.) WANFINAINDTY

o

8 uay 12 1nau at19luliud ATy (o > 0.05) A NN BI0IR4ATIIMNANINTgALIaND WS INane 10 LADw

(9.84+0.03 LTAR/NA., log10) LmzmmLﬁuiummmﬁﬁwmmmmw ”ﬂdﬂﬁﬂ;Lﬁ@W@Wuﬁ“Ln@m 11-12 \A91

2

| = = o a o

(p <0.05) Wanusinanuglians 8, 10-12 thew Tilefidudmedaniaaauin ludanituanseaiuesnelds

3 9 bl

gAY (p > 0.05) uazidefidudianganiadeui lldreuninninigaieneiuglneny 8 taewu (3.02+0.17%,

square root)

88



NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 aUEnT

Table 1 Least square meansSE of semen characteristics for the breed group effects

Breed Grou p1
Semen Characteristics

BT-Brown BT-White Syn-breed
Semen volume (ml) 0.36+0.03 0.39+0.03 0.38+0.03
Mass movement (score) 4.25+0.25° 3.24+0.25°  4.20+0.25°
Total sperm concentration (cell/ml, log10) 9.70+0.03 9.73+0.03 9.77+ 0.03
Motile sperm concentration (cell/ml, log10) 9.25+0.03 9.31+£0.03 9.29+ 0.03
Progressive motile sperm concentration (cell/ml, log10) 8.45+0.05 8.54+0.05 8.47+ 0.05
Sperm motility (%, square root) 6.32+0.21 6.40+0.21 5.97+ 0.21
Progressive sperm motility (%, square root) 2.84+0.18 2.88+0.19 2.48+ 0.18

*"| east square meanszSE in the same row, followed by different superscripts, indicate significant differences
(p <0.05)
' BT-Brown= brown Betong chicken (KU line); BT-White= white Betong chicken (KU line); Syn-breed=synthetic

chicken breed

Table 2 Least square means+SE of semen characteristics for the age effects

Age (month)
Semen Characteristics

8 9 10 11 12
Semen volume (ml) 0.38+0.03®  0.39+0.02°  0.39+0.02° 0.33+0.02° 0.37+0.02%
Mass movement (score) 3.92+0.22 3.60+0.23 3.92+0.15 4.05+0.15 3.98+0.14
Total sperm concentration (cell/m, log10) 9.79+0.02®° 9.79+0.03*  9.84+0.03° 9.71+0.03° 9.52+0.03°
Motile sperm concentration (cell/m, log10) 9.47+0.03 9.29+0.03 9.41+0.03 9.01+0.03 9.23+0.04

Progressive sperm concentration (cell/m, log10) 8.67+0.06 8.35+0.06 8.69+0.05 8.44+0.04 8.28+0.06
Sperm motility (%, square root) 7.08+0.20 5.82+0.18 6.14+0.18 4.65+0.12 7.45£0.12

Progressive sperm motility (%, square root) 3.02+0.17°  2.27+0.20°  2.98+0.18° 2.56+0.09° 2.83:0.14°

"L east square meanszSE in the same row, followed by different superscripts, indicate significant differences

(p < 0.05)

ANeBNIIAnE AN Nt uIBRgR luNeLg Inilian1an1aAn (Cobb) a1t 24 s 39 dilanif inan
(p < 0.05) wtlsinunisulasuuilaslutdasany 39 s 54 1anif uazidlanng 72 dila i Aandudusasegaansas
] A o 0 o . =3 v =< v o =< :// aal/ U
ataddEdATY (p < 0.05; Cerolino et al.,1997) axwiuledn uanisAnwaanndenunisAneluadad Tnalnme
fnang 20 dilanf anunsonuegaatlurie seminiferous lataeialil (Sturkie, 1976) wsilinwdaslnadnisasng
- o ol e S o A Ay ¥ ¥
agastvanyIniany 23 dlanif angaeswenuginiunnsreiuduladaniianinaselfunnsuazannininiae
" Y by . USRI ar < A .
Aoffunmsuarmun wi@a lnfaunsandnldaranasluanizionginaiu (Faun uazilimd, 2542; mauns uaz

AU, 2556; Kelso et al., 1996; Tabatabaei et al., 2009)
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Fig. 1 Least square means of semen volume (A); mass movement (B) total sperm concentration (C); motile
sperm concentration (D); progressive motile sperm concentration (E); sperm motility (F); and progressive sperm

motility (G) for the interaction effect between breed group and age of cock. ™

Least square means with
different superscripts above error bars indicate significant differences (p < 0.05) among the ages of cocks

within each breed group.
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waauldseTanile (metabolizable energy) Winiu 2,1975.75 keal/kg Handnla U3unuanmsinuls ensnis
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wWaauaaduiiuinla woald uaziwinlaeausenasaesisaasngunismaaasliuansnaii agnglsfiau

oA ! g

wudaNgslaang AraeilytnuazdnsdaulauassalislunguiaduninteasniyaslAandinguaug
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a a

i idwingaudmsunanemnslilalsatslaensiosadnduazdusing

AdAny: ftyes, nndesandtyes, tnld, wawwnduess, agauennsdnd

Abstract

This research investigated the nutrient composition and predicted metabolizable energy of hemp
inflorescence meal. The study explored the effect of hemp inflorescence meal as feedstuff in the feed on the
productive performance and cannabinoid levels in eggs. The 108 Lohmann Brown laying hens aged 84 weeks
hens were divided into two groups: a control group and a group receiving a feed contained 10% hemp
inflorescence meal and cannabinoid content in eggs. The results showed that hemp inflorescence meal was
nutritionally complete, containing 25% protein and providing 2,1975.75 kcal/kg of metabolizable energy.
No significant differences in egg production, feed intake, feed conversion rate, egg mass, and average egg
weight between the two groups. However, the hemp inflorescence meal-supplemented group exhibited
significantly better eggshell height, Haugh units, and the ratio of egg yolk to egg white (p < 0.05). Importantly,
no residual cannabinoids were detected in the eggs, indicating that hemp inflorescence meal could be safely
used as a feed ingredient for egg-laying hens, ensuring safety for both animals and consumers.

Keywords: Cannabinoids, Feedstuff, Hemp, Hemp inflorescence meal, Laying-hen

94



EV
o

NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 aUEnT

UNU

ﬂmﬁuqmmum‘mmmamﬁvmﬂuﬂ?:mﬂimLﬁu‘lﬁmmjwﬁimﬁm ﬂﬂﬂa‘ﬁ“‘ummmmﬁmqﬁumm?ﬁ
91AgaIuNN dna T RRmladndnenaumdngAunivaenuasimugasanunsdndaiialud ivalildanms
o o‘d‘ s % 1 ] 1 v = a = ddg/ £ = dl Yo
Andnmanzaniudndluusazdoseny uazdaslilsc@ninmnisnanaaulusununisnanimunzanuayla sy

do

HARDULNUNANAT

o =~ a - . ) ) =
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innainansszneuvanddnylllduUselaminanisunnd denaliinindenanuiaiudanmaelduazdaly
annsnin sz Tamndle adnslafinnu Aysaduiandaueainistnaus Aldshuge gaullfansaladuande
vin laluiadn wazlaluiafin (3@, 2020; Deferne and Pate, 1996; Gakhar et al., 2012; Mierlita, 2019;
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and
o aa
aUnsaluazisnng

N19ATISYENALTENOLN N INTUSILALA1 Cannabinoids ABNNINTRABDNAZY TN
o ' o (% y = a I's - [ aal . . [ '
UININTA m@ﬂﬂa&lm\um\imﬂu@zmm ’JLﬂﬁ"]$M’ﬂ\1ﬂﬂ§‘3ﬂ®UV]"|\1Tﬂﬂ]u$m’mf}ﬁ Proximate analysis 1®LLﬂ
AN (Moisture) 11553 (Crude protein) lus¥is (Crude fat) 181 (ash) wlale (crude fiber) wazanFiulaimsmieias
Tadne (Nitrogen free extract; NFE) Anud1m331U (AOAC, 2016) FLATIZUNAIINY (Gross energy) Fa8A8N19
Bomb calorimeter ALAZ Y LAALT e NAIAT Inductively Coupled Plasma-Optical Emission Spectrometer
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(CBD) Waz Tetrahydrocannabinol (THC) AinnAnslunindasantiyss 1nedsnis HPLC (Vaclavik et al., 2019)

dndnaaey 8119 uazlnireu

yirnnsnaaeslilaaneyiug Lohmann Brown ang 84 d1lenef lulssFeuszuuilafianisaauaug g
fraszunszmveletin (Evaporative cooling system: EVAP) R szuinlfinuuusiavan Tildsuiuayenisuuy
ad libitum lugiununsdifesdilaznaunislasusasudauanuaaudesnissesidlianeius Lonmann Brown-
Classic (Lohmann, 2016; Table 1) lnusiazngugnliiasmaass Ae ngw 1 mm@muau@;m‘ﬁuﬁm uaTNAN 2

mm@z};mﬁuﬁmﬁﬁmﬂﬁamﬂthymLflud”mqau 10 wefidus (Gakhar et al., 2012) WiAna9AUsznaUN 9 inTL
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flAann Proximate analysis 811 dunuaArTuaunisiayinnaAnasawldlsslandls (Metabolizable energy) el
ldaunng ME = 1,133+0.65xGE-29.05%ash-23.17xND, RMSE = 338, R* = 0.67 (RMSE; root mean square of
error, DE; digestible energy, GE; gross energy, CP; crude protein, EE; ether extract, ADF; acid detergent fiber,

NDF; neutral detergent fiber, ME; Metabolizable energy (Sung and Kim, 2021)

Table1 Formulation of diets containing hemp inflorescences meal compared with control diet

Feed ingredients Control Hemp inflorescences meal
Corn 58.21 55.10
Soybean 48%* 26.50 21.26
Hemp infloresces meal 0.00 10.00
Palm oil 2.58 2.59
Salt 0.50 0.50
Monocalciumphosohate 22% 1.30 1.38
Calcium carbonate 8.95 8.29
DL-Methionine 0.18 0.24
L-Lysine 0.00 0.09
L-Threonine 0.00 0.04
L-tryptophan 0.00 0.02
Premix, Layer 0.50 0.46
Corncob 0.80 0.00
CLCL 60% 0.03 0.03
Sodium bicarbonate 0.45 0.00

UNUAIINAADN NIFIATLTBYA UATNI1TATIZYTRYA

nanaaeldlnliaewiug Lonmann Brown a1g 84 &1n19f a1uau 108 s wikailu 2 ngu nguaz 6 91
118z 9 6 IunuNIIMAaeIuLLguanyysnl (Completely randomized design; CRD) lrusiaznguliiuaiisgns

v
[~ -

#ug1u (Basal diet) WazaMNIgRIAUIUTALIUNINTRARNAYT 10 Wefidus (Table 2) Wuszaziaan 1 1heu

=<K ¥

Hunndayatlscdnininnisuanaasndinf laun dindaf vy (Body weight gain; BWG)
dveiniadsfinusefasedy (Average daily feed ratio; FCR) 30N TR (Feed intake) 3R TR
laAnAadu HaNARTY (Hen-day egg production) 89a'lal (Egg mass) tse@vanmns Asuanvaiuinminld
(Feed efficiency) waztinuinldiade (Egg weight) ¥annsealalinnnas nguaz 3 es lunndiansfsesnis
NAADY L‘W'@mm@mmwiﬁﬁ”\imw@ﬂLmzmﬂluwrmiﬂj Tasdaaundsnesnesla aougereasnesla aonugsla
W Agafleils (haugh unit; HU) AvAneslduns Taeiedes Egg multitester wazsaauudaaasildentd Ao

A 1o ! ' o ! 1 '
wwnnlaenlal dndoulauns dadaulaans aangalaana
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Table 2 Nutrient composition of diets containing hemp inflorescences meal compared with the control diet

Nutrient Composition Control Hemp inflorescences meal
Gross energy (kcal/kg) 3,254.8 3,283.9

Poultry Metabolizable energy (kcal/kg) 2,750.48 2,750.34

Moisture 11.95 11.55

Protein 17.00 17.00

Fat 5.28 5.19

Fiber 5.30 5.40

Ash 13.28 12.84

Minerals (%)

Calcium 3.73 3.73
Phosphorus 0.60 0.59
Available phosphorus 0.37 0.37
Chloride 0.35 0.34

Amino acids (%)

Lysine 0.90 0.90
Methionine 0.46 0.50
Methionine and Cysteine 0.73 0.73
Tryptophan 0.20 0.20
Threonine 0.64 0.64

undagaannnisaturndayatlsz@nininnisuan uaznisaassiguninldulTauiiauaaig
WANBINgTEUdNANLRALTENINNNANN1IMARe9AERS t-Test (Two-Sample Assuming Unequal Variances) A15¢6w
Wad1Aty 0.05 ALAT12WANT Cannabinoids LéLn Cannabidiol (CBD) waz Tetrahydrocannabinol (THC) NANANS

WlAla Taeidsn13 HPLC (Vaclavik et al., 2019)
NﬂtLﬂzﬁﬂﬂiﬁiN@ﬂﬁiﬂﬂﬂ’aﬂ

anAmInTus nsviungawasung s Taadls (Metabolizable energy) uasi/su1a4a1s Cannabinoids
lunndeamenriysa

annisaeidautlsznavaesinauz lunindenaniygesaaisnisn1amil (Proximate analysis)
Tneuiidszvidaulsznauaasainisesniiu 6 ngu laun AT (Moisture) T1lsu (Crude protein) Tusiis
(Crude fat W30 Ether extract) 17 (Ash) ifialel (Crude fiber) uazanfllainsniidaslding vielulnsauniiend
unsA (nitrogen free extract; NFE) W91 nndananiyd9inadinu (Gross energy; GE) @;\15\1 3,464 kcal/kg

Fitialy 11.8 wWefidus wazlTisfugen 25 wlafidus (Table 3) TediFunulilsfunlnAlAeaiudanu (Vigna

97



NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 aUEnT

unguiculata) IaeitannHFunMl AU 25.08-28.95% (OKE et al., 1995) uazlndiAeaiudauis (Dry bean)

21-25% (Kotue et al., 2018)

Table 3 Chemical composition of hemp inflorescences meal

Composition (%) Hemp Inflorescences Meal
Moisture 6.6
Crude fat 2.2
Ash 194
Crude fiber 11.8
Protein 25.0
Neutral detergent fiber (NDF) 26.9
Acid detergent fiber (ADF) 25.3
Nitrogen free extract (NFE) 34.8
Gross energy (kcal/kg) 3,464
Metabolizable energy (kcal/kg) 2,197
Calcium 2.58
Phosphorus 0.07

Cannabinoids
Total Cannabidiol (Total CBD) mg/g 6.27

Total Tetrahydrocannabinol (Total THC) mg/g Not Detected

uan19vueAnaauldUselamlls (metabolizable energy) aMngunis lagunuANaIALTENBLNS
= 1 o A a |==II a I a r::ll A 1
LANBININTRABNATYTS WUIIH HA8EN 2,197 kealkg N13atATIEvlTNuasLALU DuatsiMuasaea 1y
nndasaniyaenianasainnisanaaisaanain i lddszlaaimienisunngduda wudnfians Cannabidiol (Total
CBD) @4l#un 413 Cannabidiol (CBD) Wa¥ Cannabidolic Acid (CBDA) nadtnaaat 6.27 mg/g uazlainy
@19 Tetrahydrocannabidinol (Total THC) Faloun 419 Delta-9-Tetrahydrocannabinol (A9-THC), Delta-8-
tetrahydrocannabinol (A8-THC) wa¥ Tetrahydrocannabinolic Acid (THCA) mﬁ@mnﬁ%‘mﬂmﬁ

uan1saAsIzinsnasiluainnindananiymwuddEununas Aspartic acid UFunugegai 3.05

-

wafifus TedanndasiuAINAIATYTRY Aspartic acid ARNNTRAILILNUNLEATNLAZ NI LIe9aN Tnadl

UNUIN TN IRBUI A NRAUNAN A ATLAZ I UL92a M (HoleCek, 2023) Wananniiii3uinsaes Leucine

c @

1.07, Lysine 0.81, Methionine 0.20 Wa¥ Tryptophan 0.15 tafidus 9 Kasula et al. (2021) s1a91unsaaz iy

c @

Tunniudanyaelid3unnaes Leucine 1.93, Lysine 1.13, Methionine 0.51 wag Tryptophan 0.27 tiafid1sf

-

wananHfUTuNees Aspartic acid 1.37 1afifius
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ss@ngnmnisuasn Aaunwlal uazn1sanANTasarsuAuUITuees Wln e

'
(%

nan aidTuNINgananiysslua s lildsedss@nininnianan wuen wandnla dsunmuetnainuls
. 4 ¥ N AT 4 . N
ansnisulasuarwisiduiiwinla uaale uazdiminldedssenesaesisassngunimmaaasldunnsnaii

ARAARAINLITIENULY Gakhar et al. (2012) 931891190 nMa@duuaan s luamslidnasalFunue s

a

Aule ensnisidasuevnndudiminld nandnld wald waznnnaTurnduedady s luenunsdslddinasa

v ¥
° o o

Unminla@nsae uenannil Neijat et al. (2014) 9318471491 YFuaenvnsnnuls smsnisidasuenunsiiu
¥ o \ \ = g o P ' ' I o ' v a & o =
wrndnla waald saufedrudnldlinalduansreiudaauiunguaruauudfnisiaTuinan iy aegeds

I3

30 wWaefidus uaziasnundumanaiyes 9 Weidus asnadesiunislasuulaswesdaiidszAansninainangy
Winauseaud i wazdrunilailasunainiunalasiuluennsfigs (Grobas et al., 2001) HanT9LE3NNINTRADN
Ay lueimslnldsanmninla (Table 4) wudnuaminla Aassuderesilaenla Alauns wesiduslaunq
wlefiduslaiann wefifusmalasnld uazacuuunassilaanldaasisansngunismaaasliunnsnaiu
(p > 0.05) AaAARAINUINENWAAY Silversides and Lefrancois (2005) 1912911497 NNTLATNNININAAN Ty B9 lw
a1uns lidenasatminuesesrlsznansia 3 asalula lawn Tiwae e wazidaenld sandananumunyes

A ] 1 o val v -dl = [~ o dl & @ 6 = %’ o 3 o dl
waanld wararudasamny wiinisldanafidTuniniuaniyaed 20 wWefidus waziaiuinduuaniy s
12 1lafidusf atrelsfimunudiacnngeldann Araeflylinuazdnsndon ldunssialdanalaanunnsieiuy

= oA A | o = Ao ) pry | o P~

(p < 0.05) AelunguiiasunIndenaniyselAuNINIANIINgNAILAN LA N TunINTanan ATyl su e

a

TsRunge Gedsnasianisdaunszildsiunvietinldgeau ellsmiuldanand1Aty (Ovalbumin, ovotransferrin,
ovomucoid ua lysozyme) gndaiasziiiulusanviauazldouinliinalusiuldnnn (Nys and Guyot, 2011) Fsein
VYo

geflylinduuinsgiunienisduaznisidenlsfunissansudmiunisasaadnamnanliansveslali

HAudunusasiszudnaninliuazaangereslaens (Siversides, 1994)

Table 4 Egg quality consuming diets containing hemp inflorescences meal compared with the control diet

Treatments
Parameters p-value
Control Treatment
Egg weight 61.63+3.30 61.71+2.24 0.48
Shell breaking strength (N) 37.46£2.79 38.16+3.26 0.35
Yolk color 6.82+0.37 7.02+0.14 0.13
Albumen height (mm) 6.76+1.04 7.82+0.29* 0.02
Albumen height (Haugh units) 80.30£6.93 86.73+3.04* 0.03
Yolk weight ratio (%) 28.87+0.43 28.29+0.83 0.08
Albumen weight ratio (%) 71.13£0.43 72.56+2.05 0.06
Shell weight ratio (%) 11.42+0.37 11.48+0.72 0.43
Yolk: Albumen ratio 40.59+0.87 39.02+1.72* 0.04
Shell thickness (mm) 0.90+0.04 0.94+0.03 0.09

Asterisks mark significant differences with p < 0.05 (*).
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AsAAnean AL duas Alula lanudn lifin12rnA19109812 Cannabidiol (Total CBD) @<l&un
Cannabidiol (CBD) Laz Cannabidolic Acid (CBDA) waz@17 Tetrahydrocannabidinol (Total THC) %ﬁﬁ”uﬁ Delta-
9-Tetrahydrocannabinol (A*-THC), Delta-8-tetrahydrocannabinol (A’ -THC) ua e Tetrahydrocannabinolic Acid
(THCA) Tulrilal

asUnauaziaiduanus
annsATsiesAlsznaunsingurassnindananiyasanisniun diduingauniaaenlunig
uaRasdadle asanniamAinieinruzasudou Alilsaiugs Tnadeiunldiduingavlunisudaanmsinla

Tldena@asiatlsc@ninmnisnan wadeinliriaangeldang Aaeflglinuazdnsdonlauassialdananauan

sogl uananildnunisanAsaasansuauudusasanaelulali inldlaeadusdednduasdising

AnRnssNUsEn A

fRduaev9UAUTMARINaNaY uundnanauineAsAdns glinisaduayununisAnesay
Tnudndne ianisifainasnuanefinugluansansisnisssfuuiuneni Uszand w.a.2565 1BUDLIA
Imi\m’]iﬁwmrffmmu%’%m@ﬂqnLmzmmﬁmwzﬁ’]ﬁtm’mﬁﬁymLL@:ﬁﬁymLﬁﬂlﬁ’ﬂi:‘ﬂmﬁwﬁmﬁiuwwﬂ’
ATUZINEAT NNANENABINERIANEAT lunisatiuayunndananiyseluduiunisids uazaereuanmnfuln

42950UANNANA NaNaan UNNNNIUIAY $91isARNATsd I’RNMTINTANNYINUIBINNATTIFRILNG ADIZINEES

q

'3

NN AN EAIAIART T TR LUz AT e A NazAIn U JiR O uAuI NI aesd15aga0s

Y
MAEIA

LANR9AI9DY

NITNINAGITUNGY. 2564. UT2NIANIENINANENTOUEY aﬂuﬁl 424 (W.A. 2564) Ldi;’ﬂ\‘i ﬁwummmiﬁ' INUNAR
WL WreANMUNg. $1TNARTILNS LEN 138 AURLAL 45 (fj”uﬁ 25 NNNNWUT 2564).
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=2 Qilld & zﬂl = a a a o o o=l ¢ a o ==I|==l !
NITANIATIV @qﬂﬂ?z’&dﬁLW‘ﬂLﬂ?‘ﬁlULV]H‘]J@’]?L’&?ZJLﬂﬂWWﬂA“ﬁﬂ‘ﬂ’]ﬂﬂJu\iLsﬁ@@ﬂ@ﬁ] 2 HARNDUN NNARAIY

\wrnguALLAaT MOS e qriadlifia 15 6 angiade 1.44+0.44 T ninia@e 11.71+1.89 Alandu gnguidn

a Q
v P2
o

uaun1snaaesuuuguanysal Tnautagiadu 3 nqu nguaz 5 6 Al T1 quialdfuesiiugiulaglaiiingg
WINILANgUALLAE MOS, T2 Qﬁmiﬁa‘“ummaﬁuﬁ’mummm‘?mﬁmﬁ 1 (Hwdnguaniesss 23.73 uaz MOS
17.20) waz T3 qﬁ*ﬂé’a‘“wmma‘ﬁuimm:m:m?Lm?‘wnﬁmﬁ 2 (Hiwsfnguaniaaas 25.00 waz MOS 24.00)
NAAD 42§14 HANNINARDINLTNENTLATIT 2 e lsidanaseLF U sRue MmN T LsindauasTalininen
widanalirniaiiladin (BUN, Creatinine waz Total protein) §9n41nguAduAN (p < 0.05) Tnsagludadneds
paaan1magel Avaglddnannaiui 2 9ia Sannataensuarnnsitlifinisuaouuasessunnnisiv
a3 tmvndauaTadisinen Tnadelinulss@nsnngadsuiidanaldainuanimaaes

s ¥ o o=l s s

AdATy: lAnguaw, nismadtas, wuuuulaalnuaannlas, gila
Abstract

This study aimed to compare commercial products containing different proportions of beta-glucan and
MOS from yeast cell wall in 15 Beagle dogs (average age: 1.44+0.44 years; average weight: 11.71+£1.89 kg).
Dogs were randomly assigned to three groups: T1 received basal diet without supplementation, T2 received
basal diet and supplemented product A (23.73% beta-glucan and 17.20% MOS), and T3 received basal diet
and supplemented product B (25.00% beta-glucan and 24.00% MOS) for 42 days. Results showed that both
supplements did not affect food intake, body weight, hematological parameters, but led to higher blood
chemistry levels (BUN, Creatinine, and Total protein) compared to the control group (p < 0.05). In conclusion,
both supplements were deemed safe, as they did not alter food intake, body weight, hematological parameters,
and no observed enhancing efficacy from this experiment.

Keywords: Beta-glucans, Dogs, Mannan-oligosaccharides, Yeast cell wall
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a

AAUNIETIUITUUNINAUBINT (Gut Microbiota) sznausasuuafize a1fiasuazlafa (Tizard and

Jones, 2018) @agu130 s lemiannatvsidndlasulunisafeansszneuntass ool desiunisnalsnaag

2 o

L%@riﬂ‘tmLmzm?mi”wizuuqﬁ@u umméwmmﬁ”ﬁm’mimﬁ'ﬂuu,ﬂmm@nﬁuﬁ?ﬂmwumqLaummﬂuﬁm
AMUIULAZENA d9NalFTNN1aN19URALNR (Gut dysbiosis) Tnaniaasundlasil 45U nanaudnuiann
mmwmiﬁﬁmﬂﬁﬂwﬁmLqmﬁu y Tmmawwmwmmimﬁwﬁ'@iﬂ (Dietary fiber) (Pilla and Suchodolski, 2021)

weluTafind (Prebiotics) tudngAuWeridu (Functional ingredient) ﬁqﬂslfﬂuﬂmwzﬁ"mﬂgﬂq@ﬂw
wnInane (Rentas et al., 2020) w3 lulafingd Aa ma‘mma‘ﬂ@iuLﬁlaiﬂﬁa"fmmﬂzﬁ“m”l,zimmmﬂﬂﬂiﬁ’{ wsigniaanld

Tneq@uvzdlunigiiuamsdaenszuaunsdnuarannsnszsunIsasyAuIavEan 19 IuRaNZIANZ A

AusuafFalunnaifuannns danalidndlgunnnaau (Gioson et al.,, 2010) aaunseinaddunumaAnylu

-

nsnsziuliiianisafeansdsenausing o) luszuugfAumiu wu lolnlesl (Cytokines) uazduyluinayan ddua

al q

o A ¥

Iﬁ’izuugﬁﬁmuumiLm'?ﬂuwi”@ume'ﬂmumﬁi@?ﬁ'mﬂmﬂ@@uﬁLm@;iwmﬂiﬁﬁﬁu (Gibson et al., 2017)
wluledndnneululdluaunsdndiaes 18un Wyatalealnuaannles (FOS) ununuulealnuananlss (MOS)
\WwNnguAu (Beta-glucans) Byaw (Inulin) uazkiamastias (Yeast cell wall) (Rentas et al., 2020)

Saccharomyces cerevisiae FefiasarauguilsiigniraunldlunsnannFlulefinduniign fasain
uilseasuasast (Yeast cell wall) Usznausasiusiinguanias iuuuunlealnuaant lafiiunan (Aniwe et al.,
2021) mﬁqnqmuﬁ‘tmm%’wmﬁ@umﬁwﬂ@@‘mfmt%@riaim (Pathogen-associated molecule patterns; PAMPs)
M liaaa lwszuugiAniulaanuila (Innate immune) mmmé“ui’ﬁqrmﬁ@fgu'mmL‘%@ﬁ@‘fmmuﬁﬁu (Pathogen
recognition receptors; PRRs) meﬂixﬁumiﬁﬁmmmLﬁmﬁ@mmﬂﬁ’qq%ﬂﬁ (de Oliveira et al., 2019) Tagag5a
Tuianaaes MOS HF951 (Receptor) AanunRUR LA WAL (Binding site) Type-1 fimbriae 10913 analsA
Tnsnaniz E. coli vnliidenalsalianuisoiinsruanlussuuniaiua i saoadnd (Grieshop et al., 2004)

ao

NUITENANHINATDINNATHILAINGUALUAE MOS AMNNIRIIARE AR 1M1 94158 WU NNFLATHANIIAARIYN

IirzuunAANiuesTanIedndinulasag lnanszfunisinnuresdanenaiouazaineduyulnaya

' v '

NI uananiigdenalianuandszansqaunsenaidse laail 1 Bifidobacterium way Lactobacillus Ly
WA wazinlianuauilszainsqdunsdnalsnanas WU E. coli uaz C. perfringens (Swanson et al., 2002a;
Grieshop et al., 2004; Middelbos et al., 2007; de Oliveira et al., 2019)
a o i’/ ;d & dll = = U a & o
uddnluaiiiiqalsasdinadnynaresnisasniufinguantazunuiuuladinuaant lasfainuiia
o=l 1 a ?7’ o o 1 I3 A o = a Y oa a '3
LiaaaasaFuuN1IANaIMT WnindauazArsunualasresaen lugia InauFaunaududniganidas 2

nansTnRdndsuuinguaniaziauiunlaainuaan lasuansneiu
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L4 ac
aUnsaiuazianig

dndvaaey laFauuazeg

ma“wm@m‘ioﬁ’ﬁLﬁuﬂwmﬂﬁ’fﬂw@Lmezﬁ“mq’Lme‘ﬂa‘zﬁﬁ@Juﬁmmmimmizﬁ“mi?;m UFEM ynng
§11in AiaaneWugDiRa S1uau 15 fa (nAg 12 FauazinAile 3 69) engiede 1.44:0.04 T miiniade
11.71+1.89 Alansu HAzunug9nIg (Body condition scores) ag/lugag 2-4/9 qﬁmgnL?:ﬂ\mﬂm‘wﬁﬂum‘wmm
N919.2.06 2119 4.12 UATge 2.07 1IR3 melulssdauszunidafifinaussineennialdvsanuay luasadnedng
T WA95ITNTNR Lﬁmmn@ﬁmﬁ&wmuﬁ’fmnww@“wm (MER) luusazdu Tdwinfiu assaaa1usut3unaiennng
SLuLLrﬁimeumuﬁwﬁnﬁTf;qﬁm e/l Equation 1 waz Equation 2 ANANAL Wi lianmsiuas 2 A%3 1981 09.00 1.
uaz 15.00 u. laeithazennlidndanmnsndnisldnaanan

MER (Maintenance energy requirements) = 130 kcal x (Body weight)o'75 )

BunnievnsnuAedu (n5N) = MER / nasaunlduselamdlaluenyng (ME; keal/g) )

nsnaaesutiveanidy 2 sxax
srezlfudanenBunimaaes 14 Ju giannsdalifuewisiugnu (Basal diet) NHAMAMInTUINIS
winnzaniugalafnde (Table 1) AINNIATFIUIRN Association of American Feed Control Officials (AAFCO,

2023)

Table 1 Chemical composition and ingredients of the basal diet in dry matter unit

Chemical composition Analyzed content
Metabolizable energy (kcal/kg) 3,923.50
Moisture (%) 5.24
Crude protein (%) 26.72
Crude fat (%) 20.06
Crude fiber (%) 1.55

Ingredient composition: Lamb meal, Rice, Corn gluten meal, Rice bran, Poultry fat, Palm oil, Sunflower oil,
Tuna oil, Dicalcium phosphate, Salt, Lecithin, Choline chloride, Methionine, Enzyme, Yucca schidigera

extract, Vitamin and minerals, Flavor, Vitamin E and C (Preservative), Glucosamine and Chondroitin

szeznaaed 28 A iudasninnsliansiadn lnagiagndudiuaunimesesuuuguanysnd uieaniiu
3 NEN NENALT 5 Fin Al
' A o W Yo & = = o
ngunmaaesi 1(T1): gualdfuemsiugiunasanimaaesing liinisaduuiminguanuazua

wunledlnuaapn lsAnannannesiamaseaas (Control)
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'
ol o

ﬂ@iuﬂﬂa‘mmmﬁ 2 (T2): qﬁﬂﬁa‘“wmma‘ﬁuﬁﬁuimL@?uLuﬁTﬁnQLLﬂuLL@umuLLuuTﬂmﬂLmﬂm”l,mwmnm
annuisastasiFunn 1 niuseilaniiaaseiuns %qﬁzﬁ“mﬁ'qummmrﬁ’hﬂ@,mu%’@m: 23.73 uaz MOS Feaas
17.20

NANNTNARRST 3 (T3): Qﬁmvlﬁi"ummiﬁugmimﬁLzﬁuL‘uﬁwﬂQLmuLLmLLuuLLquﬂmnLLsﬁmmﬂim’ﬁmﬁm
A nuilamastalTuan 1 nfuseilaniuaeseinis %qﬁﬁmﬁ'f;ummLurfhnzglmui”@ﬂm 25.00 wa¥ MOS
Foaay 24.00

nmaseslupfaiiiunsuBeuiiauAudnidonded 2 1ie Imﬂﬂ?‘mmma‘m?mﬁqﬁmLwimﬁfﬂﬁé‘”u
ANMINAINLTHIINNITIUEI M 2981 Tulsardu nanat T uNealnandsuludnsdiu 1 sie 1 Teauu

213U uarqualunguesuaulafunealaandvsuieetnaheanaaan1smaaed (Placebo) Iszazinan

NEADIIAU 42 1

©

£3 v
-

nunasedluafilifunisiansuniusesasasssiainanznssunsniuguan siaesuas Lddndinean

NINYANIRRT NUNANENRELNHRATANGRT LBNA13TLT0993815990 IATaN191897 ACKUBB-AGR-011

maLiunindayaLfunnIsiueInsua N
° o | o o > o = P — . &
ihamnseenainnasguinienaidiiull 1 Faluamdsanntdeimis duintiunuemmmae luusiazie

AaBANIIMANEY saxDNtuRnUminsauas TiAz iU NN 14 3u

nIaAUFEIARA

Aiudset1vaanaInNduaennn (Cephalic vein) L3waanutinaeagia nfeaz 2 findans Tusuil 0, 14
LA 28 199528 NAand UiiAanaanly 2 dou douusnldluvaenfusatnshiianstesiunisudinveden
(EDTA) LLazLﬁui*ﬂmﬁqmmLﬁﬂm'ﬁ'@qmmﬁ 4 gaAaa s deaseienlaisanen 1dud Uiunaudaiaentnn
Favun (Total white blood cell) Hainsia (Neutrophil) anTWlas (Lymphocyte) Taulwlas (Monocyte) 8ladluila
(Eosinophil) waziulaia (Basophil) uwiaiaenandauldlunaenfuiieteilafianslesiunisudireciaen

v
o o o '

naaa Nt ATeeuRes AAm39 13,000 rpm unan 5 wh ded@sunle l3msedaailadin laun

PTLOANU (CRE) gizeluiaan (BUN) uavlsunulissin (Total protein) MWesdfiifin1sanszinatianisdmnounne

NUNINLNRLUNHATANART

N9ATITY AN NADA

FA1zinNULsUsUTIN (Analysis of covariance; ANCOVA)123AtayatfFunmnisfivamnsuazinmin
A0 uazA ANz iANLLIIU (Analysis of variance) 183 AdayaAIANENYDIIRNRDALAZ AAR TATIA A1N1iL
W UALAYINLANANNT8IANRAYIENINNGNAYEAS Duncan WAZALAINEANNWANANTBIANDALTEUINgHN
Y  ad . A = aAa X, o a £% a & [
ANEAD paired test iaANHNATIAATUI aULATHAINTIETNIUA NgUALLAzUNWUWWTeA Tnug AR Lo Tneld SAS

software (SAS Institute Inc., Cary, NC, USA) 18 p < 0.05 Na31ANdan Uil Anuuanfeiuniegans
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WA LL@S%Q’]‘;‘QIN@?’]’]?VI ARAN

1[FUUNIFANE U TFBTHUASNYLNE

'
=

PFnunisivenssedunazinindgainaiiaaunimesaslugiian lisunisasuiusinguanuas
wnunuuledalnugaalarmia 2 ngu ldfinnnuuansieiunieadfdefisuiunguacuaw (Table 2) InefiFunng
A13NUeIMTIneLRAE 183.84, 193.13 LAY 196.47 NSuAETL ANNATAL (p > 0.05) asnelsfimu WewFe ey

Aa &, o a v a sy ad . | a
HaAnTuReuLasnaINTEs U nguAnLa i uuLTaanugAAnlsRa83s paired ttest Wudn FnnunIsi
ansradulaziminagavinaaesguanngulidauuan1siumeatia Tnaduiwindaean 11.40, 12.30

wa 11.64 Alansu (p > 0,05) AdL&ASL Table 3

Table 2 Effects of supplementation of beta-glucans and MOS on daily food intake and final body weight in

dogs1
Treatments® Contrast
Parameters p-value
T T2 T3 T1vsT2, T3
Daily food intake (g/d) 183.84+5.02 193.13+5.01 196.47+5.02 0.10 0.23
Final body weight (kg) 11.66£0.11 11.79£0.12 11.78+£0.11 0.38 0.67

"Data are presented as LSmeans+SD
*T1=Control, T2= Product A (23.73% Beta-glucans and 17.20% MOS), T3= Product B (25.00% Beta-glucans
and 24.00% MQOS)

Table 3 Daily food intake and body weight of dogs before and after supplementation of beta-glucans and

MOS'

Treatments’ n DO D28 p-value

Daily food intake (g/d)

T1 5 193.34+15.41 184.04+13.58 0.13

T2 5 200.12+18.73 193.20+17.22 0.08

T3 5 197.57+14.39 196.20+10.65 0.74
Body weight (kg)

T1 5 11.48+2.43 11.40+2.46 0.29

T2 4 12.25+2.26 12.30+2.34 0.70

T3 5 11.60+0.94 11.640.78 0.77

"Data are presented as meanszSD
“T1=Control, T2= Product A (23.73% Beta-glucans and 17.20% MQOS), T3= Product B (25.00% Beta-glucans
and 24.00% MQOS)

106



EV
o

NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 aUEnT

Aladisanenuazaadladin

nsasuusnguantazinuiuuladTnugaai lssanisaagtasiiuszazioan 28 41 wuda Tddaaw
unnsinszasrnlafimaneuaziniilafnlugianguilduasasui 2 ngu Wedausunguatunu (o > 0.05)
Tauandlu Table 4 agnglafiniu LfifrjLﬂ_l‘?‘ﬂuLﬁﬂuﬁﬂuu@wﬁqmnﬁuLuﬁﬁﬂQLLﬂuLL@: MOS Tueunsgiiaiiu
sraI9An 28 $u 2837 paired t-test WU lifinniasuntlasresrailafinuaz Bunaudniaenaia (o > 0.05)

al

Tuganguatuauluniansaiudu gualunguinldsuansdiugtni 1 (T2) HApgiafnau (o = 0.02) wazifEuins

TisAulu@en (p = 0.05) Winau ustlinunisifeuutlasaesszat BUN wananil wantsmaseswudngialungs

Alesuansainaiind 2 (T3) FAnATiesiiu BUN wazi3unaldsiuluiaesiindu (o < 0.01) sauanalu Table 5

Table 4 Effects of supplementation of beta-glucan and MOS on hematological and blood chemistry in dogs

Normal Treatments Contrast p-
Parameters SEM

range T1 T2 T3 T1vsT2, T3  value
Creatinine (mg/dl) 0.80-2.10 0.76+0.11 0.72+0.08 0.78+0.08 0.85 0.61 0.02
BUN (mg/dl) 9.00-26.00 19.25+2.87 18.80+1.48 20.60+1.52 0.71 0.36 0.53
Total Protein (g/dl) 5.50-7.20 5.82+0.47 5.72+0.37 6.04+0.19 0.77 0.39 0.09
Total WBC (10°/uL) 6.00-17.00 10.22+0.66 11.03+0.32 10.53+0.56 0.12 0.19 0.17
Neutrophil (10°/uL) 3.62-12.30 6.31£0.48 6.09£1.38 6.65+0.95 0.91 0.68 0.25
Lymphocyte (10°/uL) 0.83-4.91 3.36+0.48 3.36+0.91 3.37£0.48 0.98 1.00 0.16
Monocyte (10°7uL) 0.14-1.97 0.29+0.12 0.25+0.05 0.25+0.08 0.41 0.70 0.02
Eosinophil (10°/uL) 0.04-1.62 0.27+0.25 0.25+0.25 0.25+0.18 0.92 0.99 0.05

'BUN = Blood urea nitrogen, WBC = White blood cell
2T1:Control, T2= Product A (23.73% Beta-glucans and 17.20% MOS), T3= Product B (25.00% Beta-glucans and 24.00% MOS)

HANTINARBINUIT N1FLETHILAINgUALLAY MOS TddenanadTnnmunisfinernisuazianinga

P Y o ° ¥ o o v o o o R Y vo ~

WasannlunismeaesassiiinisaruaniBuinenmsmuminsanesgia Asluguiaaclafue s luliunum

WNAuNNIuRaenIzaz0aIN1INAAeY 4BAAFDINTLNIINAABITBY Strickling et al. (2000) &N MOS UFuns

o i a o = . = P a o o o =

5 nfusanlaninyeda1uns $aNNIN1INAARITR4 Bill et al. (2022) FaraTunT lulaAndnafnannuaaaasas

40 nFUARATANSNRIRIMNTUAZNNINAARITBY Pawar et al. (2017) TIN1N19LE3N MOS 15 ndnsanlansuluaimis

q1ia s lunnamsariudu Grieshop et al. (2004) lanaaasiasunslulafndluaiuisgia wudndsunmnisiv
27k [N AN TLLH e AT MOS 52882 1 1898719109

v

WelFauiisunauuazudInInaTuusInguALLay MOS iluszaziian 28 1 Aa8A% paired ttest

WuIgHINguN IATuaN a3 2 ngu (T2 wag T3) Hlfuullsfuluidenuas A1ATIo ATUANGITY WANL9T

. O : A oA o I v .

AN BUN iingaaulungunismaaesi 3 iiaenguinen TnaAiiinaudietludosdedenaannimasauuazls

asnaliiiatlyminisgunw Wesainudnsiueiie 2 9ia Jlishufasas 20 fs 25 Aseran IiiRawLnUaRTY
R . - . o X4

19ansnari iuinIulnaanizUisen Deamination uazdanalilninisineuninauinedululnsiauasnain

$19N8
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Table 5 Hematological and blood chemistry of dogs before and after supplementation of beta-glucans and

MOS'

Parameters Normal range DO D28 p-value
Creatinine (mg/dl) 0.80-2.10

T 0.68+0.08 0.76+0.11 0.10

T2 0.64+0.11 0.72+0.08 0.02

T3 0.64+0.09 0.78+0.08 <0.01
BUN (mg/dl) 9.00-26.00

T 17.00+3.16 19.25+2.87 0.37

T2 15.75+4.50 18.80+1.48 0.14

T3 16.40+2.51 20.60+1.52 <0.01
Total Protein (g/dl) 5.50-7.20

T 5.66+0.44 5.72+0.47 0.07

T2 5.36+0.36 5.72+0.37 0.05

T3 4.40£0.56 6.04+0.19 <0.01
Total WBC (103/UL) 6.00-17.00

T 11.15+0.84 10.22+0.66 0.08

T2 11.65+1.35 11.03+0.32 0.53

T3 10.77+1.05 10.53+0.56 0.64
Neutrophil (10%/uL) 3.62-12.30

T 7.07£0.65 6.31£0.49 0.18

T2 6.61£1.82 6.09+£1.38 0.49

T3 6.64+0.92 6.65£0.95 0.99
Lymphocyte (10%/uL) 0.83-4.91

T 3.45+0.74 3.36+0.48 0.72

T2 3.44+0.56 3.36+0.91 0.68

T3 3.44£0.43 3.37£0.49 0.86
Monocyte (10°uL) 0.14-1.97

T 0.46+0.24 0.29+0.12 0.15

T2 0.33£0.17 0.25£0.05 0.46

T3 0.43+0.26 0.25£0.08 0.22
Eosinophil (10%/uL) 0.04-1.62

T 0.18£0.19 0.27+0.25 0.50

T2 0.24£0.17 0.25£0.25 0.93

T3 0.22+0.22 0.25%0.18 0.82

"Data are presented as means+SD, ?BUN = Blood urea nitrogen, WBC = White blood cell

108



EV
o

NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 aUEnT

S oA ~ Y aa . ' @ A o ' ~ v
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Abstract

The black soldier fly is beneficial for organic waste management and high-nutrient animal feed
production. However, the short developmental period of its eggs poses challenges in insect farming and
transportation. Prolonged hatching can reduce mortality during transportation and avoid larval hatching in
cases of substrate shortage. Temperature is an important factor in egg development and larval growth.
Therefore, the study aims to investigate the suitable temperature for preserving the eggs at different
temperatures: 5, 10, 15°C, and room temperature (control group) for 24 hours. The experiment was conducted
with 20 replicates, and the hatching rate and development of embryos were recorded. The results revealed that
when the eggs were stored at cold temperatures, embryonic development paused, resuming normal
development upon exposure to room temperature. Eggs stored at 5°C showed the lowest hatching rate, at 38%
and increased to 50% at 10°C. The results showed the highest hatching rate at 15°C (96%).
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uNasTUANEUTe black soldier fly (BSF) NTainand1amnsin Hermetia illucens L. §W# 1 Diptera
. . ANa o a = a ) 4 ) - a = o a
NFTStratlomyldae NﬂuﬂqLuﬁiuWQﬂﬂLN?ﬂq LL‘W?ﬂ?z@’]ﬁl[;’NLLﬁl‘ﬂq?L’;\]u[ﬂu’]iﬂ@uﬂQ’aﬂ?ﬂ@L‘Nﬁ‘ﬂqm‘ﬂuﬂ@q\i

(Sheppard et al., 1994) FaunaBULNAITUANEAINNTONUARAN TWLIAR BN IAMAINNATY 11U LAY §UUUNT Uas

v

dw o o v o 91:// % { 1 o e~ ] a = [
AN Ususalan annnsnendalivluanfeunazianeugu iilluunasdngive amnsntesaaadunzadng s
wanuanaTile 1My sezanAiaFeu yaln Yavy yala uardsdudiaainuyse (Diener et al.,, 2011) Inasianuay

iU EaN sl arnBuEdngua i duansemanaunngs Hlushusesas 42 laduferss 35 uay
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dasantlFuinieuisasienay 50 aandiunouennsGu sy (Sheppard et al., 1994) FAUUaULNAITUANEAY
vhan s lamiiduunaall sauntaaenlue i sdndiienaunuunasllsavannilanty uaznindamaes
(Makkar et al., 2014) %'\1Lﬂuiamm’lummi”wmﬂ”l.mﬁﬁumwmﬂa@ﬁwuauumﬁuma (Chia et al., 2018)
WIzaNN 90 MuuauuNasiuaeluemsdndlavaeatia 1y gns dndin LL@xzﬁ’m‘ﬁ’] (Barragan-Fonseca et
al., 2017)
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v & o

(adult) (Li et al.,, 2011) FalfnsuazFuNaniuguasanineanananuatiuszaziaan 2 Sunazazansliainuaa
naNuguaaunan 23U (Hoc et al,, 2019) lanidjausudaazinidudanueunasainanslaidungt 3-4 du
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FELNAUAN LLé’ﬁmﬂﬂi:mm 2-6 11 FEUTAN LLr;’fﬁmﬂﬂi:mm 14-20 34 (Purkayastha and Sarkar, 2022)
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Fig. 1 Preparation of black soldier fly eggs: black soldier fly eggs removed from oviposition substrates (A);

a female BSF laying eggs in the gap of the oviposition substrates (B); a three-row arrangement of BSF eggs in

an experimental container (C); an experimental container (D)
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Wiauiaudnsnisinladunasiuanalneld One-way ANOVA (p < 0.05) uazifFeuiauAaatanusazngs

6023 LSD Tasldlisunan SPSS statistics 21
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a1g) 1 3u s 190 e ldguunginuansieiudzluuunisasgaeentzlamilewiuy wudi euslenielu

al

= [ 1
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ABAARBANLNIIANHINIIRAM UL LN LT TeaeduNasTWsiden (Calliphora vicina) 189 Martin-Vega and Hall
(2016) T712N91U°N Sl 2 289N IR AN NN AN ALTUTaT LTI nd Y (anterior) Lazda1ing (posterior)
a9l 178N clear gaps Hldun (yolk) anad NaudiuladalunFiondauia wazazinsWmuinn (eyes)

110 (mouthparts) wazviaaw (tracheal trunks) ldiuladaianludui 3 (Fig. 2)
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Fig. 2 Development of one-day-old black soldier fly eggs: room temperature (A); 5°C (B); 10°C (C); 15°C (D).

Anterior (A) and Posterior (P). Scale bar, 0.25 mm

lausasiuananinluaniozguugivesidnsinisin feaas 86 naaiivinunliunasiuaaniels

a

|
a o o

grunninuAnsAeiudeanansznusadnsnisinliunnsnsiuatnalia g1 Anynieaa (F = 66.204, df = 3,

115



v
o

NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 aUEnT
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Fig. 3 Hatching rate of black soldier fly eggs under various temperature conditions (One-way ANOVA

F =66.204, df = 3, p < 0.001)
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Nutritional values and in vitro digestibility of protein in black soldier fly larvae for pigs
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Abstract

The objective of this research is to study nutritional values and in vitro digestibility of crude protein (CP) in that
black soldier fly larvae, full-fat soybean and soybean meal. By analyzing the chemical composition. In vitro digestibility
of CP was used pepsin enzyme for 6 hours (pH 2.0, 40°C), and thereafter pancreatin enzyme for 18 hours (pH 6.8,
40°C). The results showed that CP content was 47.67, 38.18 and 49.57% for black soldier fly larvae, full-fat soybean and
soybean meal, respectively. In addition, black soldier fly larvae had higher fat content (25.12%) than full-fat soybean
(21.21%) and soybean meal (1.88%). For in vitro digestibility, true digestibility of CP in black soldier fly larvae (83.60%)
was lower (p < 0.05) than full-fat soybean (88.93%) and soybean meal (86.44%). However, the standardized ileal
digestible content of CP in black soldier fly larvae (387.70 g/kg) was higher (p < 0.05) than full-fat soybean (332.20
g/kg), but lower (p < 0.05) than soybean meal (419.51g/kg) Therefore, black soldier fly larvae can be considered as an
alternative protein source in pig feed.

Keyword: Black soldier fly larvae, In vitro digestibility, Nutritional values, Pig, Soybean
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'
v o A
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Wansmnzlgniinau nasldansiadl waznisinandngiva inlianwaunldlunismizilgndamassden e
(Huis et al., 2015; Wiedemann et al., 2016; Barragan-Fonseca et al., 2017) a1niliymiasnanonilinisuanto
A o 1 1 l&' £ [ = o a ] o U
wiassanaduazdidinansznusiedauindan waztantu Anisvindszasiiangyunng (FAO, 2010) dsnavinlian
Pullsangaauusnas lilasas (aunauduantantlulng, 2563) saawnil nsneasndngauumnaslisfiunigiaen
InsnHAmuN A LazlAun U ligaunin TnaianizetndaunalUsfuuIaInuNag U 39T Muauun uay
. y L . o e u b . y 48,
puauLNadTuaNe WAy ellunaeduatandelafumannaulaiduasgrann ilesarnidunuaaiiasadng
- Y - - B . 2 v 2 -
Auasliainuanaatin wazinmanislnauegs g wsastindunasldnunlunisfesdes Faned uas
AU, 2563)
. . ad .. . Yl . &
NUBULNAIIUANE (Black soldier fly larvae) HaaInedNA4m3I Hermetia illucens wuleinlu T nseumu
- A \ a o \ o ' 4 ~ e °

Wislneugy Teqaiuresunasaiatipeliidudnguarlinelonrisluau e uazdnd dasanauiulszansunas
o . = o a \ a Y
ARG (Wang and Shelomi, 2017) fanuauunasiuansignidsinmuznge Tnaenwnzliusiiu faeas 37.00-47.00
wazillusiu faeaz 12.90-41.70 (Aniebo et al., 2009; Mutafela, 2015) wanainigaganlifaednfiuuazissng
(Finke, 2002; Makkar et al., 2014) visiAn Inguzaasnuaninasduatauegfuainisniinn ldiaas Tagannen
Tnauzuansifiudnuuenunasivae Adnanmlunisldiduingiuunasilsfiuluamnsdndls adnlsfinig
= £ = a o dl dl o U o dl 1 = A o o & 1 a o o
tudarianudssAnaafunis Munetutasiuanaiatluwaallsfuniaaendusudng wraudde Laaduans
Tutlszimalnadaillinnnidn faqiiuinsdnsuAnstiasldasslunaeanaasiuazainis ldlsziiuAinistion

'
¥ I

Iinnsguaesllsiuludidndld Inedatiar Wnansniuazdratszudninan anAnldane luanunnaesludng
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WATEINNTANEN 1A BN A LN Bniastannnslddndnaaaslaansae (Jezierny et al., 2010) Aasiilisau
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L4 ac
aUnsaluazianig

n173AsBdALsEnaLNINAl

fs“mqﬁmmziﬂﬂﬁuﬁ‘lﬁumuwm@m UsenaualavuaulNasiuane (Black soldier fly larvae) Aeedae
LAHLUABAINGAAIUNITHINHATUAZINNT ﬁqmilﬁuL‘ﬁ'muu@mmmd”ummﬁmqﬂi:mm 18-20 §u ANt
wiialneldipseclulasian (EMM20K18GW, Electrolux AB Ltd, Stockholm, Sweden) Afnds i 500-550 56t
{utaan 10-12 und udasrllunaziden damaeslasiuldy (Full-fat soybeans, Thai Vegetable Oil Public
Company Limited, Bangkok, Thailand) LL@xﬂﬂﬂﬁny WAD (Soybean meal, Thai Vegetable Oil Public Company
Limited, Bangkok, Thailand) Iagtinundiasnsiasalsenaunielnaus Ae AYNEL 18 TlsAn lesTuuazifely

a o o o

ANNATURY AOAC (2010) gurneeN9dngAUAIUIL 500 NN P lduatnunzuns9IUIm 0.5 RadwNms (CT293
Cyclotec™, FOSS Innovation Centre, Hillerod, Denmark) kaziAuinelunimusussqsinsigayayina e tlaari
mm%u‘luéumﬁuqmmmﬂLﬁu 8 9ALTAITEA TmfﬁLmﬁxﬁmffmquﬁqoﬂ’f;ﬂg’fﬂu@u%’@uﬁqmmﬁ 95-100 24"
e Wunan 5 9alue Sszindsinallsiu daeianisses Keldahl ﬁﬁl\iﬁwmmmnﬂ?mmhimmu@m
gt 6.25 Siazivn lasiudasnisainlagld Petroleum ether AiAszsimniBunauiialedaanisdulunsauazang

a

LAEALAINZYL BN UAAEN TN TIgIUNgE 600 aeAnitadua uwnan 2 dalug

al

ﬂqiﬁiﬂﬁlZﬁnuW@@ﬁ)Wﬂ@@ﬂ
o a ! Al > o o A o @ o A
mﬂﬁuLLW@QIﬂ?muWIﬂuQ’]u‘V]@@@\? 1U9rNaUAIENUAULNAITIANE ﬂ')LV@@QimNuLWN LASNINDINABY

q

Tnanis@nsmAinsties s lunaananaaes@numnudsaes Boisen and Fernhndez (1995) Tnsinnsgusnating
mnAL A1waw 500 N3N sl uAzunawIA 0.5 Aa@AwmAs (CT293 Cyclotec™, FOSS Innovation Centre,
Hillerod, Denmark) vhdaehaEnunnseylaanuiuudisetinag 0.5 laluaamgrlany (Erlenmeyer flask)
Faeeinaay 3 91 udaIFi 25 TaAART 184 0.1 Tuans Phosphate-buffer A pH 6 uan lidiu imn 0.2 Twans 1aensa
HCI 15um3 10 Tadan? anthalsy pH Wi AN 2 g HCI 38 NaOH wantinewlosfinyu Aonuidudi 0.05
nfuseladans Usnnms 1 Radans (0.70 FIP-U/mg, EC 3.4.23.1, Merck KGA, Darmstadt, Germany) a99inn134As
Chloramphenical 0.10 fadans iadesiunisaioyiuinresuuaiite mn&uﬂmmmgﬂwmﬁ@ﬁw inaangLlay
ldlu Water bath (FWS-30, Faithful®, Huanghua Faithflu Instrument Co. Ltd, Hebei, China) ﬁqmmﬁ 4021 B9FN
aded waziaen Wunan 6 Falu (100 s8UFABUNT) \floAsUIaN 1N 5 TIaAART 109 0.6 AT NaOH uas 1Ax
10 aAAR3 194 0.2 Tuans Phosphate-buffer B pH 6.8 a1niiusinnsisi pH 1EanTy 6.8 #ag HCI i NaOH
aifhunasnaaspanuiiluna-snalualdidnaesdnd  anntudueulnimuediofu (P1750-100G, Sigma-

a

Aldrich®, Merck KGaA, Darmstadt, Germany) A21:diud1s 0.05 nsuseiiaaans 15u1ns 1 Aadans Dananglauy

oA

wazthlihaeinly Water bath figouugil 40+1 asAaadas Wwoad 18 dalue (100 seusiawil) WansLan

ﬁwqmgﬂwvjmﬁ’wmﬂﬂuﬁﬁm@u °| Fiaeidsarant Sulphosalicylic acid (20%) 5 NadAMAs ansiisin ld el
Water bath ‘ﬁlfqmmﬁ 20+1 9AIATaE WAl 30 Wil Lﬁfﬂiﬁlﬁmmimmﬂ@ummﬁq@ﬂ'wﬁiﬂqﬂﬂﬂﬁ PRIAN
ﬁum?wqqiumu waznaenseuio dhdaetvae 7 wmaslugeluaau (awn 0.1 Tuasew) Tnariunmenses
m‘ﬁmnmmm?aﬁwﬁq@fjwzﬁquﬁiﬁqﬂﬂ@ﬂ Angl Sulphosalicylic acid (1%) waz Ethanol (96%) 10 NadaRs

v
o

ihneluaeunisnednanlignees 4ulu Acetone Aftar 3 WAl Auau 2 A salineluaauwis waztihllevla
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PNTY Faefauanfoun 95-100 asAmaidaa Wwnan 5 datue il ldlngaacn@udunan 30 wi uazd
wwtin st eniangeluaeu Wimszimfauiudngiu iwemaanay wuazllsiu Tnedsnis Proximate

wae Kjedahl (Association of Official Analytical Chemists (AOAC), 2010)

n17AUINAINTEiRE B
A lnausndns el ldmruauirinisedasla aanaunns Equation 1 sasia’lilil (Boisen and

Fernhndez, 1995)

. , o Bunulnausludaetne-1Bunulnausuainistias
Annselaelel (%) = — x100 (1)
Ennlnguslusinadia

Tna ATl ldiuantstes1da3q (True digestibility; TD) Al A ua s Bun i sdasly
a3990411s6iu (True digestible of crude protein; TD content,,) meﬂ?mmma‘ﬂ'miﬁmmaﬁﬂuﬁzﬁﬂ&ﬁﬂmuﬁw
aa9lushiu (Standardized ileal digestible of crude protein; SID content,,) TnerldAn Specific endogenous losses
of crude protein; SEL, A HEEL LR Jezierny et al. (2010) A9& 1N 19 (Equation 2 Equation 3 Equation 4 LA ¥

Equation 5)

CPAox DN

TD contentp =

(2)

1000

\ila True digestible of crude protein (TD content,,) A8 tFxnun1stiatlAasaanalisfiu Crude protein
content of the assay feed ingredient (CP,) Aia lilsAiuludnnau uaz In vitro digested nitrogen (DN) A @auign

REANNNIZLAUNITNAN In Vitro

SELp = 0.066xUDM (3)

\ila Specific endogenous losses of crude protein (SEL..) Aa Tsfunsrantadusanuilanaduiy

avAlsznavveslnmuzlugnsanms uaz in vitro undigested (UDM) Aia douillaigneasannazuaunisyin in vitro

CPgp = TDep-SELcp (4)

\H2 Standardized ileal digestible of crude protein (CPy) A Usunnsdeslaninsgiunanldian

douinevaalilsmiu

CPgp
SIDp(%) = x100 (5)

Pa
\ia Standardized ileal digestibility of CP (SID,) A Arnstietliunsgunanldiandoninazedidsiu

122



NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 aUEnT

n9ATIYITRYA
idayaliinnisdasziannuulsdsulaeld One-way Analysis of Variance (One-way ANOVA) uas

WiaunuANUANFNIsEdNeARRt sz I NgN AT Duncan’s multiple range test NszAUEAATY 0.05

Taer i lalsunss SAS University Edition (SAS® Studio, SAS Inst., Inc., Cary, NC, USA)

HALRZIANTUNANITNARDY

HaanNNsdiAsziAn lnaus lueel)Rnns (Table 1) wudn NBURNAITUA R AN TS RuWINAY Sasay
47.67 91017 (p < 0.05) NANEVASITT AN AL Fasiaz 49.57 Wsgandn (p < 0.05) davaedluuduisen
Wiy $atag 38.18 uanannimuauLnasTuana luuindy fanas 25.12 %qﬁﬂ'ﬁqmdﬁ (p < 0.05) fmaad
lasiudia (aens 21.21) uaznindawans (Gatas 1.88) vuauuuassuaeilidn (Jasas 10.40) 49041 (p < 0.05)
Tudawaeslasiudy (Gatas 5.05) waznindawaes (3asas 6.52) LﬁuLﬁmﬁuLﬁlﬂslﬂslwu@mt,mﬁumﬂﬁﬁﬂ'”m;q
N9 (p < 0.05) famdedluiufunaznindamaeslaeidmindy fasas 7.26 4.51 uay 5.52 ANNEAL LamUay
nuasfuaneilanflulansaidanldinevindy faaay 9.69 3aiA1And (o < 0.05) fmaedlaiudy (Gesas

31.19) WATAINEINARY (Fa81aT 36.59)

Table 1 Analyzed composition of feedstuffs (% dry matter)’

Black soldier fly larvae Full fat soybean  Soybean meal p-value
Dry matter 91.74+0.13° 95.47+0.30° 90.88+0.28° <0.0001
Crude protein 47.67+0.17° 38.18+0.02° 49.57+0.22° <0.0001
Ether extract 25.12+0.36° 21.21+0.31° 1.88+0.01° <0.0001
Crude fiber 7.26+0.10° 4.51+0.31° 5.52+0.20" 0.0026
Crude ash 10.40+0.07° 5.05+0.02° 6.52+0.04° <0.0001
Nitrogen-free extract 9.69+0.48° 31.19+0.23° 36.59+0.34° <0.0001

'Meanzstandard deviation

2>°Means in the same row without the same superscripts are significantly different (p < 0.05)

HANIANE AN EiDE [ 1WiavLI RN 7 (In vitro digestibility)

nsAnsmAnstianla lunaannaaas (Table 2) wuduuauunasiuans danistaelfaasdmgur
4940 (p < 0.05) WAL Fa8AT 84.62 $99A9KNAG damaedlaiudy uaznndamaes fawinAy Jaaay 78.07
WAL 71.43 ANNAAL ausuAnstiey s lunaaanaaasradillsfiu wudn vieuuNasiuanainnsAnnseies lnas
(True digestibility of crude protein; TD,,,) 117U §ae1az 83.60 A9 (p < 0.05) davaedluiufuuazninga
WABINAN TD, WU fauas 88.93 UAY 86.44 ANNATAL LTULALAALAN SID,, WLE1 NUaULNAITUAIEHAY
Wiy $esay 81.33 Andn (p < 0.05) FmdeclasuAnuaznindmanaien SID,, Winfiu faraz 87.02 uaz

84.63 A1NAaNAL NgANEIUTN NN seaelAaTeaaelUsA Y (True digestible content of crude protein; TD

]
13 ' '

content,.) WL 1MUAUUNAITUANARANYINAY 398.52 g/kg €9n91 (p < 0.05) datuaeladulAnndAwAAY

339.50 glkg WANAIAINGT (p < 0.05) NndawaeINH AL 428.46 g/kg wRtaiunIstieslAuInsgIun

123



NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 aUEnT

aldidandauinaaesllsfiu (Standardized ileal digestible content of crude protein; SID content,) NUINUDY
wnaTuAERAWINAL 387.70 g/kg §9n91 (p < 0.05) AandaslasiuAnniAwiniy 332.20 g/kg HAFAINGN
(p < 0.05) NNAUABINTANTINTL 419.51 glkg

innAuumrasilsfuninanAnsdA lnaueidnaziliaanadasit National Research Council (NRC)
(2012) N91e119 nndanansiAnTsRuszang feeay 44.56-51.17 anuzidaimandludiufuiAnTusRuminiu
P ) = o = o A e v .

Fauay 37.56 WuAaanuAntUsAulunueuNaaTuaaNlAWiNGAY faaay 21.60-65.50 (Schiavone, 2017;
. . =2 U a o 4:541 1 1 v a ul/ &
Yildirim-Aksoy, 2020) n3@n#IuAn TD,, Tunaaanaaasluaniddainud nsteslfaeslisiulunindamans
AWy Faeay 86.44 uardawaedludufnAwingy Sasas 88.93 4anAaadrL Chen et al. (2010) ANeL
Jnanstiaslsraallsiulunananaaaarean N AU NAWINAL 87.50% wazluriauutadiuanalAwindu
83.60% T4 lNAALNALNIUNAABITBY Kim et al. (2023) N31earuaInseiaslaaadllsfulunananaaadtaanue
wHadUANER AN Fasay 84.40 way 83.20 ANAAL wanlFiudn Anstiesla lurananaaeedrLe Y

wHadTuane (5aeay 83.60) ANNINNNNGALMASY (Fasay 84.63) aviawaedliliufn (Fasay 87.02)

Table 2 /n vitro digestibility of dry matter and protein (% dry matter)1

In vitro digestibility Black soldier fly larvae Full fat soybean Soybean meal p-value
TDpy 84.62+0.97° 78.07+0.55" 71.4340.43° <.0001
TD¢p 83.60+0.13° 88.93+0.07° 86.44+0.04° <.0001
SIDg; 81.33+0.15° 87.02+0.08° 84.63+0.05° <.0001
TD content,, (g/kg) 398.52+0.63" 339.5040.25° 428.46+0.20° <.0001
SID content,, (g/kQ) 387.70+0.71° 332.20+0.30° 419.51+0.23° <.0001

"Mean + standard deviation; TD,,, = True digestibility of dry matter; TD_, = True digestibility of crude protein;
SID., = Standardized ileal digestibility of crude protein; TD content., = True digestible content of crude
protein; SID content,, = Standardized ileal digestible content of crude protein

a,b,c

Means in the same row without the same superscripts are significantly different (p < 0.05)

Lﬁ@ﬁmimﬁmma‘ﬂ'ﬂﬂiﬁmmﬁmmm‘lﬁﬂaﬁuﬁiﬁmﬂma‘ﬁﬁmmimﬂ‘lﬂﬁmma‘fjﬂﬂiﬁmﬂmamnmm
wudnilenindidaiuen SID,, Aldanmsnsvnansteldluiadas Tnaianznindamdesiunimaaeia
Fin SID,, L ¥ataz 84.63 AamARaaTU Stein et al. (2001) :1891131A1 SID., 104N INTAMAE T 19w
amsansqns SAwintu feaas 84.80 uaz A1 SID,, 2evdamanslusluiin SAwintu fenas 87.02 denndes
fuA SID,, veedamdesladuiia fA17evdne fanay 79.00-86.90 (NRC, 2012; Aderibigbe et al., 2020;
Kiarie et al., 2020) visiiein SID,,, ludawdeslsdufiufigeninnandamaes iesanunaluidigedinailinig
\aeuiresemsluslddnas GTj'qu‘W'uma‘fjﬂﬂmegm%uiﬂiﬁmm:ﬂmﬂ:mu‘lﬁqﬁu (Zhao et al., 2000;
Valaja and Silijander-Rasi, 2001) yananilunszusunislfasu feulunsadnunsiuannnanda maeefisan
Auldanagdualililsfiunaznsnazdiugnyinans ﬂﬁﬁ?mL%q%@umimﬂﬁuaﬁmmﬁﬂm@?‘aqm’ (F8n41 Maillard

reaction (Hong et al., 2010) Walunansnamdndliaunsaldlselamils (Pahm et al., 2008)
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NM9ANHIAN SID,, THnueuLNATHAIENLINNANYINL 81.33% ADAAREITLNTUNAAEILEY Crosbie
et al. (2020) Nldvueuunasiuaislugnserviaiednwirnisdesldninsgulugns wudnden SID,, wiariy

Fe8aY 80.20 WULAEAAUNNIANEIUDY Tansil et al. (2022) WAL Hosseindoust et al. (2023) N384 UUAL

a

wNATUATE JAN SID,, WinAU Faaas 76.10 way 71.60 Aua1AU at1elsfinu A1 SID,, TunueuLuasiuaie

uRufieusudAsmLI LauLIaE T AR A A damAed e nasnndamaes sabenaiiesmnen
ﬂ?N’]m@ﬂlﬂ'ﬁl@ﬁ wazlumiauunasiuaedaiilafiu Tnafilafudniduansszneuindusaanlss danaldrnis
datldanas Wesanludninssmnznarlitionlmiildeos vathBunadulnnanlussdlsznetnedaiu daua
sarsunnlsiuidndaziinll s lemlldluidnd Hesannlamuiuansszneuinauaanslss Afllasaain

pdnefiuigaglaaluig (Lietal, 2017) Gedsznavlldaeiaaglas wfimaglas waz@ntiu (Goering et al., 1973)

¥ v
o o

Taeludmninszmnzinan liteulomsas insaairananiils anviadann i spdaunlussuun1aAuaI i gE

dg’ o v Y a (3 d?l a & o a i’, a o |
ﬂuLL@gﬂQVLﬂﬂitﬁ!uiﬂLﬂmﬂ’]iﬂ@ﬂ@@ﬂ‘ﬂ@\‘iL"I]@@@’ﬂﬂll”m’m‘llu LL@%@’WLﬂmﬂ’]?W’ﬂ?ﬂJGI'JU?L'JCWT]WL“IN'J@"IVLKLQH AN

% 1

uavinTinstiasuazgatnaesllsAunaznsnaziiuanad (Grala et al.,, 1998) uanainil Bunnslulnsiauainlamiu

o a

WavinaseBunnuldsfulunuauunasiuang wAniniatsun CP FeiinsunBunnllsiuludmgaunn

v
o ' v o

ANUIINLSIMUBULN AT uA eI ANganIndamaelasiulan asannfszAullsAugandn Aviussiunua

o =2 v a ' a A o o ¥ ¥
unasiuanzAasannsn diduanunasllsiunadendmiuldiduevnsgnsld

a5

Q
]

wuanuNasiuaneiesdlsznauresilsiiuuazinausan o nRdselond Teanisnin i 1diduewsdnd

16 witFunowdialafngelunuauunasivatsanaazidudaanninlunisldlss Taaduazdeanalidnistan lnanas
' 3 =2 ' ' Y a ' 1 12 o 3 ! 3 =

agelafiniunisAnemirinisdesldassuazAinistes lduinsgiunanldidndauinaaesllsiusesneu
unasduaItazdoalsriiunmunInnueuinasiuasie ldguiunislsenauiilugnsan siaendndsaniu
Tansvam o) sl
ApRnssuLlsEnA

fAdareteLAneiReIdnd NMATTIARILNG ALLINERAT NNINENAEINEAIANEAT LN

v
A =

waireginsnluazanunlunmsmiansiaaizesingauluniminiddeluaial audisagandlisanm

=Sb.

LANR9AI9DY

annanguanantulne. 2563. lllegal Unreported and Unregulated Fishing; IUU.
http://www.thaifishmeal.com/index.php?option=com_content&view=article&id=638:iuu—16-
28&catid=57&ltemid=104&lang=th, 10 ‘Wqﬂamﬂu 2566.

o

Fewerf laaneyqania, Uszlwanssns @ndna, 1405 wan, Uslune uryng, naga asaglesssn. 2563.

d’/ o N . . % o rd‘ £ 1 =
NITLALNUUBULNAIIUANE (Black Soldier Fly: Hermetia illucens) mmgmmn,wa‘lmﬂw,mmiﬂamu
madanluamesdad. meniddaauznalulatinsnEmILaAr R UNITUINERS,
NinAnenasmnA At TNIAAgITIUNN. WITUATATERFEN, NI 7-8.

AOAC, 2010. Official methods of analysis of AOAC int. 18" ed. AOAC Int,, Gaithersburg, Maryland, MD, USA.
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Abstract

This research focuses on developing models for classifying raw milk quality using logistic regression
and analytical neural network methods. The models are constructed based on genetic information of cow as
well as environmental and management data from farms. Somatic cell count, a crucial parameter, serves as the
basis for classification. A specific questionnaire consisting of 70 variables was designed to collect
aforementioned data from farmers and the dairy cooperative. The data were collected from 60 dairy farmers,
who are members of one of the dairy cooperatives in Saraburi province, located in the Central part of Thailand.
These data were used as predictor variables for classifying the quality of raw milk supplied to the dairy
cooperative. Feature reduction techniques, including low variance thresholding, Variance Inflation Factor (VIF),
and correlation analysis, were applied to optimize model performance. The finding indicated that five key
variables are associated with the somatic cell count parameter. Subsequently, data training and model
validation were conducted using a 10-folds cross-validation with 3 replications to prevent overfitting.
Comparative accuracy testing revealed that the analytical neural network achieves an accuracy of 81.00%,
surpassing the 73.83% accuracy obtained from logistic regression. This study underscores the effectiveness
of analytical neural networks in enhancing raw milk quality classification based on somatic cell count. The aim
is to contribute to the advancement of dairy industry.
Keywords: Logistics regression analysis, Neural network, Raw cow milk quality
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Fig. 2 Model: Logistic Regression (A); Artificial Neural Network (B)
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Precition =(TPTfFP) )
TP
Recall = (m) (4)

Precition x Recall
F1 — score = 2X(—>

Precition x Recall

NANISANHILAZIANTDL

1. NANIFAANULLADLININ

mmz;ﬁ”’if&”ﬂfa@mmumumuLﬁadﬂifmﬁwmwnl,ﬂwmani TAUNANTIIAANULLABLNIN WL
IuLLuuaﬂumﬂuﬁﬁqLLﬂiﬁﬁmm@@mmwimu‘iﬂau'aq Sruan 70 Fauds feil daraunnsainnnaglaus (X,) N
Anausu (X,) szaunisAnen (X,) araiuguatalunnu (X,) ansussiunsmausaesudTisaualunnsa (X)) una
UFRFIUN (X,) FupaenieiunanAnaannielunif (X.) 2U1ABINITH (X,) gﬂLLUUﬂWTLgﬂQIﬂuN (X,) HFu
1#Fun1meg1U (Good Agricultural Practices; GAP) (X, ) WrfuRszuuntatesiulsnuaiaeadndfimunsan
(Good Farming Management; GFM) (X, ,)sztiziaarinuailazaus (X,,) szaziiatisaususla 1 69 (X,,) TR
T lunnsu (x,,) Fulasugan (X,,) Wiafmsin () Wuaiuis (X,,) Widaanianisinems (X,,) avnsiaea
LN ?ﬂ;u“] (X,) Sununssldvn e ety (X,,) THATDIBNMNITU (X, ,) Sunuaseldavnsdusedy (X,,) BT

uand13ag1 (TMR) (X,,) aruaunisliiamsTMR sadu (X,,) n1auaiuussn i lazaus (X,.) 35n157auna9

©

WFu (X)) Auruasssaunlunnfu (X,,) stluuunnsauas (X,,) AueFuuius (X,,) svaznisannnisalil guediu

UIUNAL (X,,) wandldlunisauds () nsiudneuiusladulunidu (X,,) lsadunsniau (X,,) 35019501
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Tsanaundnaulufu (x,) lsauiaiinse (X,.) lsadulsala (X,) Tsanwindaes () Tealdandu (x,,) Ten

TdWiu(X,,) Tsanszinagn@n (X,) lsaviasanlula (X,,) lsaiuuazindniau (X,,) lsadudaniu (X,,) aielsaizen

43

al o o Y a

wendwsulatlae (X,,) dnnsgualatlae (x,) Badaduilnwiuden (X, ) aadaTiuasuan (X,) 2adaTuuiinse

v o o

(X,o) teweslilaun (X)) nandndwinglunnsu (X)) inauazanaudlaneizauu (X ) auazidasiuu

o o T 1 a v o o D 4 D) 5 .
uwlTAsaunynAssnauia (X,,) nsldivinanuazataudlazaun (X,,) Asrawnuuynasuazussuanasag Strip

k%

Cup Test (X.,) AT2AUUNAIUNLT (CMT) (X.,) AuAiauunaEaudiasa (X, Uaaaudlaliiuuadga 20 und

(X,,) Tanmsszudnaudlatiundssauu (X,,) iauazainginsaidudaniuunseniausi ldundulseamn

U (X, MAnazatauazilasualnsaisaniausilduiuniszanan (X ) iwasusnelamesniuseu

(6 1AD1/2,500 AFI) (X,,) TAUNTANVIRAN (X
N9T0 (X,,) HIAuN

) ut an9gaun (lawwed) luansazaralannll (X,) MAuazain

TesTanNyNASINauLAL Y AUNNTA NNANNAZANATNNANBUNTIAUN (FALAL, AaNIaainys,

o o

AIHNNNATTENT, AINUNLN) (X) TAAN FLN1TIABNIDINNTATAL (X%)?mumwﬁmd\i AUEFLNUNALNAIAN

uwllapaaniuliugs 5-7 4 (X)) Siiuinluadu (X,,) PBunnshualafu (X)) auaundlesaus (X,)

2. uaN999LINTaYAUAZ AT B ALTIBvA

HaNNIATzaYaT IHaINNIsduNHRlinEAINT AU 60 918 AIuAns 1 Table 1

Table 1 Number and percentage of farm size and somatic cell count

Farm size Number %
- Small (less than 20 cows) 18 70.00
- Medium (from 21 to 100 cows) 42 30.00
- Large (100 and more cows) 0 0.00
SCC
- SCC < 500,000 cells/ml 26 43.33
- SCC = 500, 000cells/ml 34 56.67

uanNaNBIENUINALRAY (mean) 389 SCC NANNTY 555,171.50 LiaaFANAARMNT N1 091U

1

N1MT51U (standard deviation; SD) i 257,243.92 L1aaFBNAAART LAZAINNITATIAEALNITNIZANEFIUDY

faya Inawudn gadeya SCC An1anNniIgnaaa liideyaniAining (outier)

al Q a

3. NANTAPLABNFILLIFDATY

PAIANNNITAIRADUAINN LTI LITINNARNUIU 70 Fanils wudn RFaulsaaszanuau 5 6o

wils ARANAMNLLIUF9URAN A9nNN90 5 Fauls sananqeanly annidu asldindaulsNiuaeanuu 65 Fawtsun
NMN19MAR8L Multicollinearity A28N19AIUILMNAN VIF a1nsiufansauninsfaudsiian VIF unnnan 5 aan’ld
4’ = o‘ 1 al o o o v A o =) ‘ﬂl 1 1 o o :’/

FIAINNITIATIZHNLIN Hanuaw 21 sauds M ldpuuaefiudstassiaeuana SCC aMuaw 44 pauwtls a1niu
A998 UAENU L ANTANENNUS (correlation coefficient) NNAININNGN 0.2 wWAZLEALNN -0.2 IAENUI1 HANUIU
5 siautls NdanasiatFunn SCC Aa szaziainualaTaun (X,,) svazinaisaunusla 164 (X,,) MAndadnine

Tunfu (X)) Mauazatausilaneusau (X,,) way wd ens3aun (lawed) luansazanalaant (X,,)
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Tnedl (1) szeziaainualasauu (X,,) Wudouilsaanndeariu Dang et. al. (2008) laz1a91udn uila

AEABIHIZHTWATALN 40 FU iNaNATEaNLTNLTARUIUN Laziluni1sant3unae SCC Tusaunislvunsaudnlyl

a

(2) szzaanTauNLNla 1 60 (X,,) #BAAKBNNL 910R (2555) miﬁﬁnmmm?ﬂfh N1391191LRIED TN LR AN T
InTuazNANENAAAN1IMAIUNLATATAALTNNREN999m15939A0 5 M A Tl AR Y 8 1 Tl i s aeuN AN
% =l 1 1 dal/ -:4' 3 a o o 1 v a
win Inamnsaeenun lunasznaneduunasemnsaeatialsafidnunasyuazinanaadansing o lusuuia
Wulsawinundnian (1ans uazdnsae, 2556) Tegsaazsiassnuunliunnsinasazdasannizidessanisidulsn

v o &

WuNgniay (3) nnandndninslunada (X)) aanadesiu asty (2554) N Al Anmuazagilin Anefadalsaann

'
=2 a

Aawandanseudladinauiandndnime Wuanmnaeanisiialsasundniand fluAeTigenaruiunns SCC
(4) MAanazenaunlaneuFauN (X LﬂumLLﬂa‘wmﬂmmmﬂu A3NA (2549) N1FT1E4IUIT ANFRNNNNANN

o o

mmmuiiﬂLﬂuﬂﬂﬁﬂﬁzﬁ'qm@ﬁim’ﬁLfa@ﬂ‘llsﬁmﬁﬂmﬂlm\lﬁu@ﬂ'wuﬁmmm WAaY (5) WTN4TAUN
(lawad) Tuansazanalananln (X)) aeaAfeeny Yumnsni wazanz, (2558) Nlisaeudn dadavinpanuazenn
1 o a [ ] ' a o [ z Yo v
WHLENNLEITA (8197AUN) Lﬂuﬂ%ﬂwmm@naz‘wumimmmnLsm@“l,uanmfNWwNImuu aniulfindayanes
Aautlsa1uau 5 FULIAINA1 NYIINITHNEBLATNAABLIZULIATLUN AN TWENUNALIADAENN931ATIEWN g

annatlaaannguazlnsatnalscamiie

4. ﬂmm?@@nm?@@nuumm:w”&wm447_/7_/@"')@@\m"’)m“”Mmun@mmwu?’;umfﬂﬁm”oy?ﬁm?Smmm"n’)mm@ﬂfﬁ
afnduasinsatngslssamiien

Table 2 LAAINANITNARDLNITANUNVBILLLIANABY IaenLIn AFnNTAATsin1sanneslaaamnng AN
Precision Recall uaz F1-score Aanuunairnun st (0) Wi 0.75 1.00 ua 0.86 ANANSL wazianuuntiny
W0t (1) WiNAL 1.00 0.67 Wag 0.80 ANEAY iiaflauftAanisinmzilasaanassamiiaafianuunlatg

et (0) 1INAL 0.00 0.00 WAL 0.00 ANANAL WAZARNLUANIWNA (1) WinfU 0.92 1.00 LAY 0.96 ANNAFL

Table 2 Results on Precision, Recall, F1-score, and accuracy of the developed model using logistic regression

analysis and artificial neural network

Logistic Regression Analysis Artificial Neural Network
Model
Precision Recall F1-score support Precision Recall F1-score support

Class 0 0.75 1.00 0.86 6 0.00 0.00 0.00 1
Class 1 1.00 0.67 0.80 6 0.92 1.00 0.96 11
Accuracy 0.83 12 0.92 12
Macro avg 0.88 0.83 0.83 12 0.46 0.50 0.48 12
Weighted avg 0.88 0.83 0.83 12 0.84 0.92 0.88 12

5. HANINARBLAIINGNABN
madntlsz@vsnimuuuanaasiianldiansnae A1ANgNAeelENIIANULNIBILLILIANADY TIUARIDY

pHYNFeIraIN I LN dRsaiuAaNTuass TngasiansnnainnisauunaNgnsiadsan fAuandli Table 3
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Table 3 Results on accuracy of designing and developing model by the method of logistic regression and

artificial neural network

Accuracy (%)

Model

Training data set Testing data set average
Logistic Regression Analysis 64.33 83.33 73.83
Artificial Neural Network 70.00 92.00 81.00

AN Table 3 wuan 3an1siaszinisananeaiadainduarinseinedszamiian Iidiaaugnees fae

az 73.83 uar 81.00 mINAAL T935N19AAzilaetnasza s A A NgnAesiAngna B3R

&

nramnealadaind daiidulufiAn1amaaiuai Weighted avg 184 Recall LA F1-score 18438N133LATNEYW

TAsgtesza e uNTANIg9N913Tn139LAT TN nat laaaRng axlliNeaA Precision N38N133LAT1EH
4

al

nnsnanesladaRndTiAngandnaanisamsinisnaneslaaging fafianslu Table 2

G
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UNARED

gmLﬂmﬁﬁmwmmgmﬁﬂiuﬁuﬁmuzﬁu unda dnirvidenassatsuaziug aannsiiusausas
ﬁqmjwﬁ?«wilﬁﬂuﬁqmﬂu 2565-1N91AN 2566 WAT NuUu-AaIAN 2566 ATALIARN 33 A9uin luufinawile
nANaTe MARvdueenidaamilanarnianzdueenvesdszinalng Inealddnmuenisduguinauazdns ey
adaazAunuginadlunisszyafin wuyun 2ana 91iln #eil Sayamia bangkokensis, Sayamia germaini,
Sayamia sexpunctata, Esanthelphusa chiangmai, Esanthelphusa denchaii, Esanthelphusa fangensis,
Esanthelphusa nani, Esanthelphusa dugasti Wae Esanthelphusa sp. ‘1Juu’1 S. germaini ﬁﬂ’]ﬁ‘LLWﬁ"ﬂix@’mﬂ'ﬁ"]\iﬁq A
uﬂnmﬂﬁfquum?LLwém‘mwﬁuﬁimﬂJmﬂum S. bangkokensis W&z S. germaini TN1ARZIUARNIALTE
mmnm?ﬁﬂmﬂ%ﬂ*ﬁﬁ’]m%qmﬂ‘mwj"ﬁuﬁmﬁi@maﬁﬂmLL@;@gé’m:?mqwmwmﬂmﬁqmwmm
nInennsasIntns ludszindlna

a '

AAATY: N1SUNSNIzane, ANNUAINTHR, YW1, Yuraenw, Jundanu

Abstract

Rice-field crabs are freshwater crabs, dwelling inside muddy burrows along wetland areas, rice fields,
streams, or canals adjacent to rice field and in caves. Specimens are collected during June 2022—January 2023
and June-October 2023 covering 33 provinces in the northern, central, northeastern, and eastern regions of
Thailand. The rice-field crabs are identified by the morphological characters and shape of male gonopods. As
a result, two genera and nine species are found as follows: Sayamia bangkokensis, Sayamia germaini, Sayamia
sexpunctata, Esanthelphusa chiangmai, Esanthelphusa denchaii, Esanthelphusa fangensis, Esanthelphusa
nani, Esanthelphusa dugasti and Esanthelphusa sp. The most widely distribution is S. germaini. In addition, an
extended distribution areas for S. bangkokensis and S. germaini are found in northeastern region. The results
of this study provide essential information for the research and conservation of biodiversity in natural resources
in Thailand.

Keywords: Distribution, Diversity, Esanthelphusa, Rice-field crab, Sayamia, Thailand
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Fig. 1 Specimens collecting (A); Digging crab in levee (B); Lifting from small canal (C); Fresh specimens

caught in local market
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A A

ANEnT

ﬁmwr‘fu'lul,wi@:wuwLﬂuﬂ@@?ﬂﬁmwﬁuma‘um’m‘mmm%m &115u1jun S. bangkokensis (Fig. 3A) uaz

P
'

S. germaini wuaAelwrjauniuiuign Genantsfnuniannsaldyundudlaantmnuaninanduiiusmig

nienansaastlszmalnels

Table 1 Species and distribution of rice-field crab from this study

Vernacular Distribution (Province)
Species
name Northern Central Northeastern Eastern
Family Gecarcinucidae
Esanthelphusa chiangmai (Ng & guwfnmlmi Chiang Mai
Naiyanetr, 1993) Lamphun
E. denchaii (Naiyanetr, 1984) s Phrae
E. dugasti (Rathbun, 1902) ﬂjuﬁ@jﬁ'ﬂ Nakhon Phanom
Mukdahan
Sakon nakhon
E. fangensis (Naiyanetr, 1987) ﬂumﬁlw Lamphang
E. nani (Naiyanetr, 1984) Yudu Nan
Esanthelphusa sp. Quwﬁmu Phetchabun Udonthani
Nongkai
Khon Kaen
Maha Sarakham
Surin
Nong Bua Lamphu
Si Sa Ket
Ubon Ratchathani
Kalasin
Roi Et
Yasothon
Sayamia bangkokensis (Naiyanetr, ﬂ,uﬁﬂ'g‘dmw Chiang Mai Chai nat Nong Khai
1982) Lamphun Pathumthani Nong Bua Lamphu
Phrae Nakon Sawan
Uttaradit
Phitsanulok
S. germaini (Rathbun, 1902) Quwmq Chiang Rai Lop buri Loei
Lampang Saraburi
Lamphun Nakhon Nayok
Phayao Pathumthani
Nan Samut sakhon
Phetchabun Nakhon Pathom
Ratchaburi
S. sexpunctata (Lanchester, 1906) Quwﬁﬂmm Chanthaburi
Sa Kaeo
Prachin buri
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lunsdnsanazifivdaateurluniansduaani@osntie luassd wuiun 4 98ia Tae E. dugasti

(Fig. 3C) HunuunInszae TUAINIAUATNUN YNATUITUATANAUAT TIRDAARBINLNIIANHIUBY DA (2533),
Naiyanetr (2007) uazansan (2553) Inajurafiailiduluianiziunlusneilisnanunuludindauasnug
HNATUITLAZANAUATLYINTY 1HatlTauiiauny Naiyanetr (2007) T9ladsna9r1ugiiaguifnulunia
o = A oy A = ! = T X . L |
nzdunan@eiile i e 1 98n uslun1sAneafstinulun S. bangkokensis Waz S. germaini unsnszanglu

o = A4 = ' ~ a Y
NNARNZIUBBNLRENLUUD GTNLﬂuﬁ\qﬂ\?’]lﬂﬂlﬂ@\ﬂﬂluqmwuluﬁﬂﬂqﬂ@ﬂmqg

Fig. 2 Species diversity of rice-field crab from this study; Esanthelphusa chiangmai (A); E. denchaii (B);

E. dugasti (C); E. fangensis (D); E. nani (E); E. sp (F). Scale bar: 1.0 cm

AINNMsANEIAN A WINaN U Esanthelphusa sp. (Fig. 2F) galaianunsnszyaiinled esann

'

AnwazdugiuineuazedeasBuiuginAgIULANFN9a1N E. dugasti Taian ann1snsiaaeLeduasALRug

a

AU E. sp WudEAMNARNEARSAU E. nimoafi whtunaiiatilinnsunsnszanalutlszinaans (Yeo, 2004)
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Fig. 3 Species diversity of rice-field crab from this study; Sayamia bangkokensis (A); S. germaini (B);

S. sexpunctata (C). Scale bar: 1.0 cm
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Detection and genetic characterization of Avian Metapneumovirus in layers in Chachoengsao
and Nakorn Pathom Provinces
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mawRenmsEalga (Avian metapneumovirus) uawsaeslsniEiaay nuasvaanasa LR asialudein Andulsalu
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mMatineda lumaanan (Tracheal swab) a1uau 28 Faatinaannihdiln i i d s R nns s afusa@awn snsnntin g ludandn
ATANIUATUATLITNA AN 4 TN TMI R BWNGFANNEL W.A. 2565-WEFRNNEY W.A. 2566 gnunnsam uinalallsiua
(G glycoprotein) 1040 R eaNnHa I 158 28R T nested reverse transcription - polymerase chain reaction kazglusiudylndlannansyu
anaugnesneasEuinalelishivd nansdnsnuewzmaeBauseniolladadundd luhdims 4 Wisu Fesas 100) Wwanou
15 fiaaei W (Faeinz 53.6) NLATHIMA aLTIBEINWE NITss N AInUA LT AT I i smelnewinniuFesas 96.5-99.6 T4lnAAes
o dal = a [ % o o a v QI o :// =3 Aﬂ’/ = a o 0 19 ¥
fudawBeusmiiablhiaaeiugdpduasiodu AniumsdnnamanizaeBuouwmilobibhiahlszannslilaldasaungamn
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fneaziludeyaiusasnmennemuidandenusmiabilbiareslsmelne
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Adndny: Il oo miiohinia, Srmsidnunsmaiugnss
Abstract

Avian metapneumovirus (aMPV) is a causative agent of avian rhinotracheitis, an important respiratory disease with swollen head
syndrome , coughing, sneezing, depression, stunning, and reduction of egg production, thin eggshell, and pale color in layers and causes
significant economic losses worldwide. Therefore, the purpose of this study was to detection, the molecular identification and subtyping of
aMPV infected layer flocks in Chachoengsao and Nakom Pathom provinces. Totally 28 tracheal swab samples from 4 non aMPV vaccinated
layer farms were collected during November 2021-November 2022. These samples were processed for aMPV detection by using specific
nested reverse transcription PCR based on the G glycoprotein gene and confirmed by using the nuclectide sequencing. There were 4 farms
(100%) and 15 samples (53.6%) of aMPV detections and all of them belonged to aMPV subtype B. Additionally, by genetic characterization,
the similarity levels of nucleotides between samples and vaccines that are used in Thailand were 96.5%-99.6%. In conclusion, the nucleotide
sequencing of the G glycoprotein gene was related to vaccine strain and field strain. Therefore, the additional research on avian
metapneumovirus within the layer population across diverse regions will be performed to show the whole picture of Thailand.
Keywords: Avian metapneumovirus, Genetic analysis, Layers
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dalafaRaunniialuloda (Avian metapneumovirus; aMPV) Anaginielupsznassd Paramyxoviridae
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zi’m%umamfmml,%ﬂ aMPV #2835 nested reverse transcription - polymerase chain reaction (nested RT-PCR)
(Wanarat et al., 2022) Tmﬂiﬁﬁ;m Phusion Hot Start Il High-Fidelity PCR Master Mix (Thermo-Scientific, Carlsbad,
CA, USA) Imﬂﬁmm’ﬂa:ﬂ@ﬂumazﬁ“\immw’maﬁuqﬂﬁuﬁqﬁ @179WUgNI71 cDNA pesusnuau 1 lulnsdns
Ingisesinuan 0.2 lulnsang uaztindu souiedn 20 Tulnsang tnelnsiwe M 148raBeannauAnsisuaianiou
(Rivera-Benitez et al., 2014) °ﬁ"@14“@ﬂfrzmuﬂmﬂ?{ﬂmlﬂmqmmﬁLLammsl,um::mumiﬁqLmqw’maﬁuﬁqmm
wamelu Table 1 peaanunuaIsRugnIsuituNnafaemnatinaadLantns Igda (Gel electrophoresis) N13WL
wauasRugnassiiuNne Ura1sRugnasnAsnanalld@nwanduaswugnssusaamaila Sanger sequencing
(first BASE, Malaysia) Lm:"ﬂ’mﬂm\hﬁumwaﬁuqﬂﬁuﬁﬂﬂﬁmaww"mwﬁuﬁwﬁmqﬁuﬁqmwﬁuL'%@L@Lﬁﬂumm

Tl fandseanulugiudeys Genbank el

Table 1 Thermal profile that was used for nested RT-PCR.

PCR type Forward/Reverse Thermal profile

Outer APV1.444G1+ (Forward) 1X (98 °C 3 min)
APV1/2.444G6- (Reverse) 40X (98°C 20s,55°C30s,72°C30s)

1X (72 °C 5 min)

Inner APV1.268.361G5- (Reverse) 1X (98 °C 3 min)
40X (98°C 20s,55°C30s,72°C30s)

Subtype A APV1.268G8+ (Forward) 1X (72 °C 5 min)

Subtype B APV1.361G9+ (Forward)

NFRATISTUNUDNUAAN AN AN UTN NN UGN IN

aduwantsainnisldimaiia Sanger sequencing axgnisnAadanuazidly sanfuuBeumey
o o a a a o dl Fﬂl o o o/ a o [ [ E dl A
ansuLuarestiulnalalisfiuasnuiududelinnain Genbank innnganBesaIAUAERUENITNAILATEIED
ClustalW kaznnn1a3auiausas azmnuntaussudnaa@ainuainn1sanswarnis Wiadululseimalne
A5 Sequence Identity Matrix TaaildTisunsa Bioedit (Hall, 1999) a1ntiurinn1sa i1 9uauniuanamudunug

nanugnssuszninsiulnalallsfivanesmaie Baunndaluloda Inaldas neighbour-joining uaz Kimura
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B/Chicken/Vietnam/Mz393666/2020
B/Ghicken/Spain/MT432843/2016
BTurkey/Romania/MT432862/2017
BTurkey/United Kingdom/MT432916/2018
BIChicken/China/MH745147/2016
;L BJChicken/Vietnam/MZ393674/2020
— B/Chicken/RussialJN651916/2008
@ BlLayer/Nakorn Pathom/KU14/2023
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@ BlLayer/Nakom Pathom/KU15/2023
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A/Chicken/Brazil/EU140745/2009
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A/Chicken/United Kingdom/AY§40317/2004
ArTurkey/italy/JF424833/2011
A/Chicken/Mexico/JNO41207/2008
CiMuscovy duck/China/KC915036/2011
100 ' C/Muscovy duck/China/KF364615/2011
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%

Fig. 1 Phylogenetic tree based on the partial G glycoprotein gene sequence (353 nucleotides). The sequences
generated in this study were representative of blue filled circles and 2 commercial vaccines were representative

of orange filled circles.
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vilnanglilunzia 3-5 Suaiud ansnsavamsiszusldifeunaeaiatl wilnanefidulddau v duiinaneana
(Amphiocotopus aegina) TUNANA 7RIS NTUILNALEN UAZIUNATMEY) Ti 49.42%, 32.75% WAy 17.83% ANNAL
AupNRTznluNNIeYNENIneNad| ALz WL anulvHaumszinlunisaydnevinennedt At
44019 93.10% T3 AR uwA ang) IzALINIANEN uastlszaumsnllumavintssasiunnsinad] ANmsEIN lunseysn
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Abstract

Data regarding octopus fisheries and fisher awareness for conservation at Chao-SamRan Beach in the Phetchaburi
Province were collected from octopus trap logbooks over a one-year period from March 2022 to February 2023. Additionally,
an awareness questionnaire aimed at assessing knowledge and understanding of the conservation of aquatic animal
resources in the area was administered. The results showed that the majority of fishermen were male. On average, there were
7,000 to 21,000 octopus traps per boat. Fishers typically left the octopus traps in the area for 3-5 days before retrieval, and this
practice occurred almost year-round. The predominant type of octopus caught was the marbled octopus (Amphiocotopus
aegina) in medium-sized quantities, followed by small and large sizes, accounting for 49.42%, 32.75%, and 17.83%
respectively. A study conducted on the awareness of aquatic animal resource conservation among local fishers revealed that
a majority, 93.1%, were cognizant of these efforts. The study also explored the influence of gender, age, education,
and experience on awareness levels. However, despite variations across these demographics, the differences in awareness
were not statistically significant at the 95% confidence level (p > 0.05; 1.212,0.901, 0.653, 0.275 respectively)

Keywords: Awareness, Chao Sam Ran Beach, Conservation resource, Octopus, Phetchaburi Province
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Table 1 Number of percentages and average levels of knowledge, feeling, and behavior in participating in
conservation and awareness of octopus resource of artisanal fishermen in Chao Sam Ran Beach area

Phetchaburi province

Knowledge Feeling Behavior Awareness

Criterion
(n) % (n) % (n) % (n) %

Low 0 0 1 3.1 0 0 0 0
Middle 13 38.2 8 25.0 8 25.8 2 6.9
high 21 61.8 23 71.9 23 74.2 27 93.1
Average+SD 7.155+1.708 42.13+4.57 27.03+2.601 2.93+0.258
Perspective High-level Positive Participatory High-level

Knowledge Feeling Behavior Awareness

*(n) number of artisanal fishermen (person)
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Fig. 1 Awareness of octopus conservation sustainable (A: Gender, B: Age, C: Education and D: Experience)
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Table 2 Octopus fishing in The Gulf of Thailand

Information Phetchaburi Province Middle Eastern Lower
Gulf of Thailand Gulf of Thailand Gulf of Thailand
This Research Petchkamnerd and Srikum and Somchanakit (2011)

Suppanirun (2557)

Fishing boat length (m.) 7.5-11.0 6-12 6-11 4.5-12
Number of Octopus Trap (Trap) 7,000-21,000 600-15,000 200-5,000 1,000-2,500
Number of fishing date (Day) 3-5 1-3 5 5-7
Fishing periods Jan.— Aug. All year round Nov.— May. Apr.— Oct.
Catch (Kg/10 Trap) 0.42 0.10 0.11 0.12
Size (cm.) Mantle length Mantle length Total length Total length
4.00-6.00 2.25-9.00 7.75-32.0 7.00-30.00
Depth (m.) 5-18 1.5-16 6-18 3-10
Distance from coastal line (m.) 800-8,000 100-15,000 400-8,000 500-5,000
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mqﬂim\iﬁﬂ,ﬁ'@ﬁnmmmmiwmmmﬂumLmen’mauﬁm Isochrysis aff. galbana
(T-Iso) Gi'ﬂﬂ’lﬁ‘Lﬂalf;luLLﬂ@\‘l@mn’]Wﬁ%L%ﬂ Tneutisaaniiy 5 gannmaaes 104z 4 91 Ae Vndeunasimeufieiiiu
FNEIAINTEUTIOAINITIUAINILAD O(Control), 1(T1), 3(T2), 5(T3) uaz 7(T4) 41 Wil T-Iso Tuganisnaaay
Control uag T1 et liliwnzasne Lsﬁ@@iﬁu'ﬁmqu@mmmﬁu (9.77+4.00) x 10° wax (7.08+0.79) x 10° Lina/
NA. %Q’QQHQ"] T2, T3 uaz T4 (p<0.05) A uFuA1gnsIn1naseyiauinaniclugan1smaaes Control uaz T1
f8mannaasyALinawizAe 0.8740.29 uaz 0.79+0.05 LAE/T1 ANNAIAL %'m;mch (p<0.05) TANINAADY
T2, T3 uay T4 u@nmnﬁ’luumxmmmmmﬁizmmmmmummmLmzﬂﬂumqLﬂqiﬂﬁiﬁqﬁum’maﬁﬁ
(p>0.05) &T\‘Iffu aunn i erezinanauga T-Iso 7 1 41 1mmﬂiﬂdqmmﬁiﬂnﬂiL@?@LﬁuTmLﬁ@ﬁﬂﬂmwmmmifﬂ
aqmmmﬁmmLLmzLﬁuﬁﬂﬂmwmwﬁmLLW@\‘1ﬂ’muﬁmﬁlﬂumifm‘gumqnﬁm’ﬁﬁffﬂfﬂ'@uﬁi@iﬂ

s

AEIATY: ATUNINIALTE, 1BNNAN, szazaInsauads, TalalasTs

Abstract

The purpose of this study was to investigate effects of transportation period on change in /sochrysis
aff. galbana (T-Iso) inoculum quality. Five experiments with four replicates: T-Iso inoculum that had been stored
for 0(Control), 1(T1), 3(T2), 5(T3) and 7(T4) days. It was found that the Control and T1 was maximum cell density
equal to (9.77+4.00) x 10° and (7.08+0.79) x 10° cells/ml., which were higher than those in T2, T3, and T4
(p<0.05). For the specific growth rate in the Control and T1, the highest were 0.87+0.29 and 0.79+0.05 cells/day,
respectively, which were higher (p<0.05) than the T2, T3, and T4. In addition, in each of experiments for cells
to divide into two folds is not statistically different (p>0.05). Therefore, the T-Iso transportation storage duration
can be used at 1 day without affecting the growth when used for further cultivation. Able to develop and increase
the production potential of phytoplankton used in nursing juvenile aquatic animals.

Keywords: Inoculum quality, /sochrysis aff. galbana (T-Iso), Mass culture, Transportation storage duration
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Isochrysis aff. galbana (T-Iso) AanEuzIadAa1aiU /. galbana 39N suanian1anUszing Tahit
anusuayunadndinlulsamnsinanfeumazainnsnnsoyiule s lungnmniigs 25-30 avAmaiios
wnasimauissasianandauin 5-6 lulasiuns (Aan1, 2542; 4llaN, 2561) d1unsaiARaud lasae flagella
A A AW A e = | I L P o “ W ia o
HevAlsznaunieassenldfiniaaaasgneasladireiladnduniu Alnauinishganlidoansalasdiuldduso
\@edau (PUFAs) Tungaulainin-3 11 EPA (Eicosatetraenoic Acid) ha¥ DHA (Docosahexaenoic Acid) Adae
dsudgasuninasauin nnsduiug wazniduiuaesdndun 84198 carotenoid lunguaes fucoxanthin

TurfFunnga einminiduanssinuenyadase (Sun et al., 2019; Bhattacharya et al., 2020) NMINIZIALAUNAITT

o v

= & ' % = = = - A = |
ﬁl'ﬂuW‘ﬂuﬂ?‘qu&ﬂﬂ@WNW?ﬂLW'WZL@FNSLH‘LI@ﬂ@%‘iLL@Q?QNiﬂﬂ\?ﬂWﬁ%Z@H | 1170 11993 RUNLAERdDN NilaqaAnu

o = a o

AUInRANNAATY AD UAY QIUUNH uazan9eIMs Nanziae e lduassINTIR unasrineuitAav N yiy

o

anuandeniilasuulasluszndnady dusedu naenaunisilasuutlainiuggnia daquiuiinszuaunisiiy
dl A < o & A ﬁl v 1 A ¥ o % aa 1
Weauzanisiiuinwunastpaunsie il A uuuLiuuInuwd U nsdaeinldnaeds 1w n1enses
. . o ¥ 1% = . 3 . = £ [ @
(Filtration) n1svinlimnmznausaea19LAd (Chemical flocculation) n13ulnaaelinnnznauA8AIINLTY
(Centrifugation) 1us1 (Borowitzka, 2016; Bhattacharya et al., 2020) luszuulsanizinuaznisniziaesdnd
wuaausiinasin isochrysis sp. llldiiuausianndnsudndinvanaaiia iy dodaunas Wisiayuagn

> ] g - 4 O oA o = =& , , o A
Q\Wle@ LL@:QH?J@'W]:L@ LL[?]ﬂ']ﬁ'LW']ﬁLZ\]El\TLLW?‘Nﬂmﬂuwmuuﬂﬁl’ﬂﬂqﬁ'ﬁqu\iﬂ\j'ﬂ%ﬂ@qﬂﬂﬁ‘zﬂqﬁ‘ [§i§%) SICEH RN "'I NHNN

a

, a - & aa o & = A , o - =
m’ﬂﬂ']ﬁ'lﬂﬁ'ﬂ&ll,muimﬁl’ﬂ\?LLW@\Tﬂm'ﬂu‘W“ﬁ qﬁﬂ']i“’llﬁl']ﬁlwuh: Tqmiﬂﬂ\ﬁ'zﬂzlﬂﬂrlmLﬂll']x@ll[ﬂ@ﬂ']ﬁ'u']LLW@Qﬂm@uWTVLﬂ

o

BULNAGNARTUN (ARAN, 2542; 2543) AMNNTUNNTINTIZLEETRITRUNAST RaUNT TN 1AINT IR UNS NG Bx

4
= v

ann1siisdeaInieetimnag i WealjuRnsresanntiuidnesianimimeia aai3santeanistsras

= a

~ - v o & - a4 o \ a4 o & L o A o P
1IAANNNWIFNNITAT NRNITHARNFILTALNAINFBUNDANNUNEWTAANRILAN ‘VVJLm@Lﬂﬂqu“ngﬂquqLWN“]’]urJ‘lﬂﬁN

Paunasuazaruuninunialuvhdu widndssaududymluGestesiunaunisuan nzaenelaiau Iamunimn
uazlFunnunluusue (daAN, 2543; d@un wazqmide, 2555; Borowitzka, 2016; Flynn et al., 2017; Oostlander

o o

et al., 2020; Kumar et al., 2023) Aiun15348HaldnnLszasMiNe AN Na84s 198 N1 9T UA LN AT BN

> '
a ¥

Isochrysis aff. galbana T-Iso #1uiuinumsnsluiunvingnansdesnisiriliwnzaenaiugse Gescazinainissuds
anadanasanislasunlainuninindensssazna iinauIuet 9InL5 Lardnsnsas AL Ina Iz se
i lnzaenauuud3unmnn Aelliien 1w YT N AN AN BN NN TRAR UNAIARe UNT A T lenn s

ayunagndndindtsausiall
< aa
AUnsaluazInng

N9 NURILNITNAAEN
'J’NLLNuﬂ’liwm@mLmU@;MM@@m (Completely randomized design; CRD) WNB AN TTLINANUINeENS
29m157 8msIN17Ia3yLALIALNNIE (Specific growth rate; p) wazszazianldluntsudvradiduanain

(Doubling time; Td) 299UNASTRBWNT /sochrysis aff. galbana T-Iso taguiisgan1snaaeaiu 5 gan15MAa03
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§ a4 o & - N S . Py o & anowm o
TANINANNAL 4 91 AR NILARLNAINADUNTNNUTNBIATNTISLZLIAINITUUAINILAD O (WILa T-Iso adlieinu

n1sussqlunaeslny; Control), 1(T1), 3(T2), 5(T3) waT 7(T4) T4 ANNAAL

NITUBITLNLIFTIAUTOUNAITADUNT

al

anaugunaarinaui isochrysis aff. galbana (T-Iso) MlFNIAN AU ULAZNINUINIFINZLALNART

wignadstlszanuazdus nantlseus (4800, 2561) HWIzIRNENTTALAIINLAN 28 ppt N1 luesliRnas
& - P Aa o A o o & = 1y o

WNziReuNasnauNTIesanniadelssnanaedanl ineviniduvinme (stock culture) I lWnNsAN® wAIL9I9IA
\Tounasriaeuie Usums 1 ans lugewanadinladou 2 44 2uin 14x22 o wdasinnasmeene nuualifinigla
29AUUINLENR9UEY 600 HA. AU 2 WA AaunasiRauiT 4 03 aslunaesiny 2um 15x11.5%13.5 U wiau
v I a o Aa o a =X 1 v [~3 1 all o dsl/ o
paeinafuaiinasriintlsan 1 du uardanannaaslnusaminig iunaesiiunussqvniTaunaIinauaIN

Auaudui i lunnsaugs Ae 1, 3, 5 uay 7 Ju Ngmuugivies (Fig. 1)

Fig. 1 Isochrysis aff. galbana (T-1so) inoculum in the laboratory (A) Styrofoam box packed T-Iso inoculum (B)

MR uaE TN AN

anginanuazatnglnsniliainia (aaliennia wazionaie) wazdamaaes (fananasnaann) 1un
10 Amg 41191 20 69 WiaumN s LdadN A NAZeN ARINANERNTLNA 200 ART ENMFLIEEENENIAAINL
LAX 30 ppt HNUQINgasaLIa 5 luaseu adludanaainilsunmns 200 ans gl deARETE 65% TEAUIAYNM
W 5 ppm WEauia I aNNTA 29AUAREIUAANEVNALAL T AT aaLAGeTUlnL 14N wnavientalalas (ki)

andudeenadnliiianazneuuazganznauean

38n198UTUAIINAAEY
\iufaatineunasinauis isochrysis aff. galbana (T-Iso) leu AR TN AUNBULIIqaelUNaD I TN

281981 0 (Wi T-Iso il un1sussqlunaealny; Control) , 1(T1), 3(T2), 5(T3) uaz 7(T4) 41 AINAIAL

=

Tnelifinnsimaeudela o Ngmungives WeasuivuassiunasineuigannaesinumnIzaeeunasimeu

9 a
v

WruuuEaamniuniaidesuuy outdoor Muasassnans lufimaaesifunns 10 @ns Aaaeusgnadnulas
11N (Ba, 2542) drusuunasinaunangudiaen nsldasararausazdsuludnadon 1 ua/ANEes 1809

uwazldvinmauNarRen 1 Na/AUNAEN 25 NA. FEUIN1INARBIENATIAtILLTN AN NAN LUUIBUTAAUNAST
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nauig tneld Haemacytometer udag hand counter nelsindasqanssavn 12 49l 1fluiean 754 (168
d01u9) INaANHIszHZNNANUINGIAR FRINTRTTYALTAAINE (u) 289unadripeuiT luLsAazgANITAAeY
AN Equation 1

In N,-In' N,

t-t, (1)

Where; N, and N, are the number of cells (N) at the start (t,) and end (t,), respectively, of the logarithmic
growth phase (g1m", 2561)

o | o

unAgnsnsesyiuinawag (u) AldunAtuanszazinainisudaaasiduanain (Td) dadu

sraiznaNaaaavie 14 lunsuasaseeniuasatadudaaudalue uazanansaawandls mu Equation 2

In2

M 2)

Td =

Where; In2 = 0.693 and specific growth rate () (z‘lﬁm, 2561)

nsaATITeyANINANA

FAseideyan1eainlaanisningnziniuulslean (ANOVA) wazuBauiigudnieds e Ay
wansAvaestayaluudazganismaaassaeds Duncan's Multiple Range Test (DMRT) fiszfuAnuITesiu 95%
Ingdinmviiiardsznnananaetusunsugdnifagy IBM SPSS Statistics for Windows (Version 24.0; 1BM Corp.,

Armonk, NY. USA)

WA LL@&%Q"\‘EOIN@?’]TSVI AXBN

NTUNTIIT R UNASAReUNT Isochrysis aff. galbana (T-1so) NRAMNUU WIS NN 1.43£0.77

x 10° 1aa/ue. HquugiBusuedtati 27 °C ussqlunassTiunfaonvudeauscazioainisaugsi 1(T1),

1 12 !
o A 1

3(T2), 5(T3) Ay 7(T4) 344 Luﬂmuﬁwummmﬁué“nmﬁqﬁmwdwmmum&jammﬁLﬂﬁwﬁ\uﬂmﬂdmmmm

U
v '

#1 26 °C NNWIZANLBNATI WU T-Iso AINITDNI TN UALANINUINGIRATIHANTINIL (7.08£0.79) x 10°,

(1.59+0.13) x 10°, (5.13+4.55) x 10° WAZ (4.25+1.94) x 10° WIAR/NA. ATNAIGL 115U T-Iso N IHENWN19LAL

o

$n11 (Control) mm?qu:mmmmuﬁwﬁﬁmu@;qzgm"l,aiﬁmﬂmmmiwmm T1 Winfiy (9.77+4.00) x 10° Liaa/

]

Na. TIGININEANNINARDS T2, T3 UaY T4 (p < 0.05) (Fig. 2) drusliArdnsinisaseyiulnamiy (1) wuda T-Iso

'
A @ o g

MiuinEszdansrudsluganismaae Control uay T1 H8RsNIa@syiALIIANNIT4IgARAS 0.87+0.29 LAY

& o '

0.79+0.05 LIA&/3U AMNAIA T9gandn (p < 0.05) MiusnEszudenisauasluganismases T2, T3 uaz T4 tae
Hemaniasniuinawizgege lisnaimeadia (p > 0.05) HAWINL 0.08+0.10, 0.14+0.12 uAY 0.13+0.09
LIaa/3U AINAIAL (Fig. 3) WaNAINt NMsLAusNE T-Iso senananisaudanuszazinan luganismaaas Control,

T1, T2, T3 WAz T4 sxaizinan I lunsuL e aiilugaawin (Td) HARAsWINAL 0.89+0.40, 0.87+0.06, 1.95+2.25,
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3.15+2.50 UAT 2.91+1.99 41 AINA1AL e dayaNITAInINaiia wudd Tuusargan1meseeiszeazioa

M lunsudatasiiudeasinldsnaiunneada (o > 0.05) (Fig. 4)

Maximum cell density (x 10° cells/ml.)

9.77°
7.08%°
5.13%
425>
1.59°
T T2 T3 T4

Control

Fig. 2 Maximum cell density of Isochrysis aff. galbana (T-Iso) re-cultures ability after stored for 0 (Control),

1(T1),3(T2),5(T3) and 7 (T4) days

07

05

0.3

Specific growth rate (cells/day)

041

-0.1

0.87%

Control ™ T2 T3 T4

Fig. 3 Specific growth rate of Isochrysis aff. galbana (T-Iso) re-cultures ability after stored for 0 (Control),

1(T1), 3(T2),5(T3) and 7 (T4) days

55

45

35

25

Doubling time (day’)

05

-0.5

Zi'

3.15°
195°
o.iga 0.87°
T T2 T3

Control T4

Fig. 4 Doubling time of Isochrysis aff. galbana (T-1so) re-cultures ability after stored for 0 (Control), 1 (T1),

3(T2),5(T3) and 7 (T4) days
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natigeLIqnaaInesUiRn suussqeRanldduiunnsauanINzazan 0, 1, 3, 5 war 7 Ju
wasaniuin lmnzagnaniaueniesljiiminis (na19uds) Anninaesunasineunaduiddnylnaaniy
dl 1 =3 all G o 1 di ° o rao/ o 1 1 a a
sraznafiizansanisiufeavzat llsenssaiatleyuiagndadindaseusel dss@nsnaaanis
& A v o s o A v aa _
WWNZLREN /. galbana wuLnuNaaduduad A uidudusessaaisusuia 1l dnananAtu (Abdul Sani et al.,
2021) annaiusnEimewnastnaulunaaannlnalsAanuas wazan7e111s N1 lmiesn T-Iso NI
2818 UWAITRaUAzatszuzlSuaa (lag phase) Wiunang luscazuanaeanismizassunannaungay il
1 o A a a dl dl o‘a‘ o o Y Y o QI v |d| v 1
nsudasaavzanisasyiuls WasanniduszasnaastulfusalfidiuRansanivd Jedwaasldanunsn
sudaldfazniaas nsiunasinauialdsrazinanilsusluscazidviaiqauagiuaiugananysafues
819119 An1eininzanTunaAsIuArANNLTLIBEARUNATRAUNT (Jalal et al., 2013; 4H6N, 2561) AN
NAYBATTLLIAINITALSNHITEININNNITIUGT 3, 5 waz 7 51 duidudaananiuwiulduazlimunzaniie
= o \ A o = ° \ ~ a a -
WIHUELAUIZE219aIN1TIUEST 0 Lag 1 414 Asanunsnin ldiwnzaenaselalaanniaesyiiuinesunasinan
N lduanA19ny danAReILT1E911289 Borowitzka (2016): Nalder et al. (2015) NA1991 @1UF18IUIALAN
. = o o ' ¥ o o Y Y o o [y A a &
(Microalgae) #inatnn1sdfusavanaadtawaz ldszazinanlun1sdsum ldidfusnruzan wiinde nninnau
11 ADANINULAS GOINARAN ANNLANES Lazansaungen sax lldansine nAieanadnansznLeenauInia
ARORINNITIATALIALAZHANARTRIAUIBIRIALEN LAnnANaNANIiRldetai I aadidamnela
u19dau (Jalal et al., 2013) Astiudninadunasinauitnes luscaziandinuuudaanvianisaenimalus
o o s o < d?/ dl d’ld [~3 1 1 [~3

(sub culture) Azl da9szazi9a1 N1l uRq S u Hesanma s sz s iR A LTI wse weas1alsAnu
< o & = 1 1 U dl 1 o v o o/ v
NATBINITALSN B LNAIARa UNT TN 7aRd N e Idan vz Al nas nlfaanuannnsalunnsdsusale

- - ~ - A A
UBNLTRALNAINFADUNT AR TrﬁmL@WT&LLWMW]@MWW}NL&%@W (flagellate)

/51

q

HATR9sTEZIIANNsIRdIsanIsALu asAuNWEALTe Isochrysis aff. galbana (T-1so) Atiusnm
naasly wudn T-Iso TugAnI1IMAaed Control kAT T1 ATNITDNITULNHWALNNANUIUGIRALYINAL (9.77+4.00) x
10° UAY (7.08£0.79) x 10° LIAG/NA. FINTIGANNINARDY T2, T3 UaT T4 (p < 0.05) A mFuAdnsInIsasLaLin
Az luganismaaes Control way T1 HANYIATL 0.87+0.29 WAy 0.79+0.05 LIAK/31W ATNAIAL TIgINI
(p < 0.05) gANNIMAASY T2, T3 uaz T4 wanaini luusazganimeassdszazinain dlunisuigadiduga i
Talpneriunneada (p > 0.05) viall anunsaldszazinainisauded 1 4u lalnanlidinaranisasyifiulnues

- A A o ° \ = ¥y X o P a - o A
wnasrinauiaLieinisi laenese nsdneassia I snRmuILasiNANEN WA SRAR LKA 4 lu

nsayLnagndndindtisausialil

nnfAnssulsnA

o

IIduaevauAM n9.qM T deudeN aniianiiidduilszueaansond N uraauazaanlunis

aufiunside uazldliauusihduiuleeTomd ausnisudiagassmundseasd

169



NMIUsEgUNIATINTUMNANRBINHRATAART ATIT 62 a1z
LANA19A9A

& 8N3TRU, e SO, 2555, HATDIUEIARDNNTHARLNAITRaLTT (Isochrysis sp., Thalassiosira spp.,
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Factors affecting the success in carrying out the Khok Nongna, Mea Yao Chiang Rai Province:

Case study Trintawat Thuraworn (Dr. Chi)

Anupong Wongchai*®*, Piyatida Bunbun®, Sudarin Rodmanee®, Luksana Chotikut®

*Department of Holistic Learning in Education, Faculty of Education, Arsom Silp Institute of the Arts, Bangkok
10150, Thailand
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Abstract

This study aims to (1) studying the factors affecting Trintawat Thuraworn (Dr. Chi)’s achievement of
success; (2) study the general area of natural agriculture in Trintawat Thuraworn (Dr. Chi)’s area; and (3) study
problems and obstacles in carrying out the natural agriculture of Trintawat Thuraworn (Dr. Chi). This research
was the qualitative research. This research was the qualitative research. We gather the data from an in-Depth
interview. In addition, we propose the study results by using the descriptive research. From the research, we
found that Trintawat Thuraworn (Dr. Chi) allocated the area in carrying on the natural agriculture to create the
sustainable and complete food source by completing the Agro Forestry and Khok Nong Na Model. For the study
of factors affecting the success in carrying out the natural agriculture, Dr. Chi has 4 success factors including
(1) leadership, (2) network or participation, (3) motivation, and (4) management. However, before
Trintawat Thuraworn (Dr. Chi) was successful, he needed to face various problems and obstacles, but
Trintawat Thuraworn (Dr. Chi) does not give up for the problems. He took time to study and prove himself to
others. Right now, Trintawat Thuraworn (Dr. Chi) was accepted by people in the community and natural
agriculture network abroad.

Keywords: Agro Forestry, Khok Nong Na, Natural Agriculture, Success
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Introduction

Nowadays, the world changes according to the generation, time and culture. The living conditions that
depend on nature and forest, is negatively blended with the comfort of technology. In the past, the majority of
area were forest and mountain. There were a large number of plants and herbs. Right now, those areas become
the concrete forest. Such forests are full of homes, buildings and industrial factories. That's why the forest area
is reduced. The Ministry of Natural Resources and Environment (2021) reported that the Thai forest area
reduced from 106,319,237.50 rais in the year 1998 to 102,212,434.37 rais in the year 2021. The ratio of forest
area reduction was equal to 186,672.87 rais per year. Seeding and herbs that used to be abundant were
destroyed along with the forest. It may be the cause of global warming and natural disaster in the future. When
there is such problem in the future, the global food shortage will occur. The forest was destroyed. The
entrepreneurs buy the rice field for building construction. There is instability in life as well.

The information mentioned above is in line with the idea of Trintawat Thuraworn (Dr. Chi) (Fig. 1)
He is the Pw aka nyaw tribal ethnicity. In the past, Dr. Chi used to work and stay in the city. Up to a certain time
in his life, Dr. Chi thought that there was no stability in his life. That's why he was back to his home town. He
lives his life according to the preaching of Pw aka nyaw tribal ethnicity ancestors. For example, he follows the
self-sufficiency and sustainable food supply (7 baskets). Later on, Dr. Chi has combined the instruction of his
ancestors with the bible and mixed with the doctrine of King Rama 9 (the King’s Philosophy and natural
agriculture). Then, he can live happily. In the past, villagers and his families did not agree with what Dr. Chi
does. So, he was not accepted by the community as well. However, Dr. Chi uses his faith and combines with
the time to prove. Until now, Dr. Chi is more accepted by people in this area. He also has the network abroad

such as Myanmar, Laos and New Zealand, etc.

Fig 1. Trintawat Thuraworn (Dr. Chi)

The success in making Khok Nong Na of Dr. Chi enables the researchers to be interested in studying
the factors affecting Trintawat Thuraworn or Dr. Chi’'s achievement of success. They would like to know the

success factors, problems and obstacles in his operation. They also study the general condition of the natural
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agriculture in the area of Trintawat Thuraworn. The study result will be the guidelines and benefits for those who

would like to develop themselves.
Literature Review

Pw aka nyaw tribal ethnicity

Karen consists of many groups of people. Some of the big groups are Pw aka nyaw (Sgaw), Plong
(Pow), Tong Su (Pa-0) and Bakae (Bawe). In the past, the Karen settled down in Salaween Upstream River,
Myanmar. Later on, they evacuated into the stitch along the border area of Thailand, Myanmar and the Western
region of Thailand (Kruaraya, 2020). Pw aka nyaw is the group of people who makes a living by respecting the
nature. They live their lives based on the resource and land rotation. It reflects the wisdom in managing the
area, food, resource, forest and land conservation. Moreover, they are the group of people who love peace,
simple life and easiness. We can notice from their clothes that was of simple woven. There is not much

decoration of these clothes. (The Princess Maha Chakri Sirindhorn Anthropology Centre, 2023)
Factors that Affecting the Success

1. Concept about the Precedence or Leadership

Precedence means the ability of each person to motivate others to be eager to achieve the objectives
(By, 2021). Leaders need to recognize the importance of participation and ability development. Moreover, they
need to provide the incentive for the success of people (Thanh et al, 2022). Siripong Srichairomrat (1999) said
that the leaders’ characteristics should consist of Knowledge, Initiative, Courage and Firmness, Human
Relations, Fairness and Honesty, Patience, Alertness, Loyalty and Modesty. Therefore, we can conclude that
the leaders should respect comments of others. They should take initiative and dare to take risks with new

things. They need to manage problems very well and lead the followers into success.

2. Concept about Cooperation

Cooperation means those who work together for the success and goal achievement (Pansawang, 2006).
When there is problem, they are able to search for the solution together. They think with each other to analyze
and increase the opportunity to solve problems (Gray, 1989). Cooperation occurs from 2 persons onwards.
They share the same goal (Kaewjunan, 2000). Cooperation is an important factor in creating the network
(Agrnoff, 2006). That's why we can conclude that cooperation happens from 2 persons onwards. There also
share the same thoughts and objectives. They help each other in carrying on certain activity until the

achievement of success and goals.

174



N9UsEgNNIRTININNINERENHRAIANERT AFIN 62 ANAUATUNTINHATUATANNTTHANART

3. Concept about Motivation

Motivation is the process in encouraging people to make the endeavor. They would like to serve the
certain need to achieve the success (Lovell, 1980). Motivation is a positive attitude towards the work. It is the
happiness that comes from the operation and remuneration (Lakornpol et al, 2020). Various physical and mental
processes were stimulated from stimulus. It will show via the behavior. It will enable people to achieve the
needed goals and objectives (Srijarumetheeyarn and Udmuangpia, 2020). There are many types of motivation.
They change very fast as well (Odgen and Hills, 2008). Motivation is a certain part that enables people to
dedicate for their goal achievement (Dornyei, 2001). Therefore, we can conclude that the motivation arouses
people to dedicate for their works until achieving the success according to the goals.

4. Concept about Management

Management in this place is the problems management. The problems management need to pass the
thinking processes. Problems solving is the complicated processes. They need the intelligence, experience
and acknowledgement (Issarapreeda, 1980). The problems solving needs the communication from 2 persons
onwards. They need to exchange their ideas, knowledge and information in problems solving. Then, they will
receive the skills, knowledge and ability to use them in their daily lives appropriately (Johnson & Morrow, 1981).
Four problems-solving procedures includes (1) problems indication, (2) problems analysis, (3) problems
solutions methods proposal, and (4) results checking (Weir, 1974). That's why we can conclude that the
problems management is the process that needs the utilization of various skills. If the problems are solved by
2 persons onwards, we can solve problems in a better manner.

From the review of the literature about factors affecting the success, we found that the majority of
research work use 4 factors. They are Leadership Factors, Cooperation Factors, Management Factors and
Motivation Factors. That's why the researcher uses these 4 factors mentioned above. He studies factors
affecting the success in carrying out the natural agriculture of Trintawat Thuraworn (Dr. Chi) in Mae Yao Sub-

District, Muang District, Chiang Rai Province.

Methodology

Data Collection
This research is the qualitative research with the source of data collection as follows.
Primary Source is the information from the In-Depth Interview about the natural agriculture of Trintawat

Thuraworn (Dr. Chi).

Tools Used in the Research
This research tool is the interview. It is the In-depth interview with open-ended questions. In this way,
Trintawat Thuraworn (Dr. Chi) is able to give the comments independently and get a wide variety of information.

Data Analysis and Presentation Methods
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For the data analysis, researcher uses the data from the interview of Trintawat Thuraworn (Dr. Chi) to
analyze the major themes. Then, they have separated the major themes into the sub-themes and categories

according to the Qualitative Research. The presentation method of study results is the Descriptive Research.
Results

General Area Conditions of the Natural Agriculture in the Area of Trintawat Thuraworn (Dr. Chi)

The area of Trintawat Thuraworn (Dr. Chi) is located in Theeporkee Village, Mae Yao Sub-District,
Muang District, Chiang Rai Province. Trintawat Thuraworn (Dr. Chi) area is located in totally 11 rais of land. This
area is separated into 2 parts. The 1st part of 8 rais is the agro forestry in Pw aka nyaw tribal ethnicity model.
He also builds 3 homestay units including his home. The 2nd part of 3 rais is the area for carrying out the natural
agriculture (Khok Nong Na). For the area used in the agro forestry, Trintawat Thuraworn (Dr. Chi) grows herbs,
keeps bee, raises chickens and grows plants for food according to the instruction of ancestors called
“7 Grabung”. These baskets include: (1) Rice, (2) Taro, (3) Cassava, (4) Home-Grown Vegetables, (5) Fruits,
(6) Cereals, and (7) Ornamental Plants. For the area in carrying out the natural agriculture, Trintawat Thuraworn
(Dr. Chi) separates the area for rice planting and 2 pool digging. The pool will help to reserve water for utilization
in summer. There is the fish feeding for food as well. For the area around the pool, Trintawat Thuraworn (Dr.
Chi) plant bananas, lemon grass and gurmar. The division of such area is the sustainable source of food and
generate income for Trintawat Thuraworn (Dr. Chi). It shows that Trintawat Thuraworn (Dr. Chi) area can be the
source of sustainable and complete food supply. In line with the work of Thammaso et al (2022). They studied
the Khok Nong Na Idea Model for the sustainable development. From the study results, Khok Nong Na Model
is the source of food that was used to help each other. There is no selfishness. There is the opportunity in
creating the honest livelihood for the family’s security. It is the honest career and keep up with Sustainable

Development Goals (SDGs) in the concrete manner.

Factors Affecting the Success in Carrying Out the Natural Agriculture of Trintawat Thuraworn (Dr. Chi)

From the interview of Trintawat Thuraworn (Dr. Chi), we can categorize 4 success factors as follows:

1. Leadership Factor from the interview, Trintawat Thuraworn (Dr. Chi) has great commitment and
intention. He sacrifices himself and braves to express his ideas that are different from others. Moreover, he
listens to the comments or suggestion from others. He is patient and enthusiastic in doing many things. In
addition, he can create the motivation for others to take part in his work. in line with the research carried out by
Prapaipetch et al (2023). He said that the leadership factor does not happen alone or occur in certain situation.
But the pattern of behavior that occur indicate the continuous steps until achievement of success.

2. Cooperation Factors from the interview, we found that Trintawat Thuraworn (Dr. Chi) joined the Self
Reliance for the Country, Class 4 Project. After project participation, Trintawat Thuraworn (Dr. Chi) gained more

knowledge and experience. He also had more network. He adapted these things with his area. It took about 10
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years until villagers and nearby community accept his work. These people started to study his work. Trintawat
Thuraworn (Dr. Chi) created the network from the Christian Church in the community and young people.
Nowadays, Trintawat Thuraworn (Dr. Chi) has the network abroad including Laos, Myanmar and New Zealand,
etc. He showed people that the Self Reliance for the Country, Class 4 Project is a good start in making Trintawat
Thuraworn (Dr. Chi) be successful in creating the natural agriculture network. in line with the research of
Chaleomklin (2020). It indicated that the network has great impact on the success. It also increased the
productivity. It is important for the success in carrying on the business and creates the difference beyond the
competitors.

3. Motivation Factor from the interview, we found that Trintawat Thuraworn (Dr. Chi) is confident in
the instruction of Pw aka nyaw tribal ethnicity ancestors. It is the warning about changes in the way of life. There
will be chaotic and crisis in the world. Trintawat Thuraworn (Dr. Chi) has the motivation in creating the
sustainable source of food. He lives his life by depending on himself and nature. Therefore, Trintawat
Thuraworn’s motivation comes from the preaching named “3 Tha's Lessons”. These lessons indicate that the
generation changes cause the way of life Pw Aka Nyaw tribal ethnicity change. That's why the descendants
need to stick on the rice stubble. Moreover, we need to keep the plant species in the basket. When anything
happens in the world, we will not be afraid. Descendants need to grow 7 groups of plants including: (1) Rice,
(2) Taro, (3) Cassava, (4) Home-Grown Vegetables, (5) Fruits, (6) Cereals, and (7) Ornamental Plants. These
things are called 7 baskets. With these instructions, Trintawat Thuraworn (Dr. Chi) has adapted them in his area.
He carried on the agro forestry and Khok Nong Na. In addition, Trintawat Thuraworn (Dr. Chi) had faith in himself
and his ancestors’ preaching. is line with the research of Wanthanesuna and Lertamornsak (2023). They said
that the motivation in performing the work of government-based teachers in effective instruction helps to arouse
the motivation in the success and pride in their works. It will enable people to achieve the success in their works
or in their personal lives.

4. Management Factors from the interview, we found that Trintawat Thuraworn (Dr. Chi) lives his life
in sufficiency economy according to the King Rama 9 philosophy. Trintawat Thuraworn (Dr. Chi) separates his
area into 3 parts including: (1) Habitat, (2) Area for Khok Nong Na and agro forestry, and (3) Homestay area.
We can see that Trintawat Thuraworn (Dr. Chi) can generate income from homestay. Additionally, he can reduce
expenses in his family by carrying on the Khok Nong Na and agro forestry. For the management of his fatigue
or despondent, Trintawat Thuraworn (Dr. Chi) follows the instruction of his ancestors and preaching in the bible
for his spiritual anchor. in line with the work of Thienchaipruek (2017). It stated that the effective management
played major roles in human resources development of new organization. It resulted in the effective work

according to the goal of the organization.
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Problems and Obstacles in Carrying Out the Natural Agriculture of Trintawat Thuraworn (Dr. Chi)

Problems and obstacles that Trintawat Thuraworn (Dr. Chi) found were the long duration in managing
his area. It's because Trintawat Thuraworn (Dr. Chi) manages the area alone. There is a shortage of tools and
machineries in space adjustment as well. Moreover, Trintawat Thuraworn (Dr. Chi) did not receive cooperation
from people in the community or even his family members. Everybody in the community used to hear the words
Khok Nong Na or Natural Agriculture. But they didn’t understand whether it will be worth for their investment
and contribution or not. What Trintawat Thuraworn (Dr. Chi) did resulting in the objection of the community and
his family members. There was the ideas opposition. Additionally, there is the conflict and no cooperation from

the community.
Conclusion and Recommendation

From the fieldwork to survey the area, we can conclude that the natural agriculture area of Trintawat
Thuraworn (Dr. Chi) was divided into 2 parts. Part 1 is used for the agro forestry, homestay and habitat. Part 2
is used for Khok Nong Na. For the Factors Affecting the Success in Carrying Out the Natural Agriculture of
Trintawat Thuraworn (Dr. Chi), we found that there are 4 success factors including: (1) Leadership Factor (2)
Network or Participation, (3) Motivation, and (4) Management. However, before Trintawat Thuraworn (Dr. Chi)’s
achievement of success, he needed to face various kinds of problems and obstacles. For example, the
obstacles in ideas with his family members and community from Trintawat Thuraworn (Dr. Chi) did. He did not
get the cooperation or participation from the community and short of machinery for space adjustment, etc.These
problems are solved by time period. Trintawat Thuraworn (Dr. Chi) took time to learn and prove himself to others.
He had faith in himself, the instruction of Pw aka nyaw tribal ethnicity, the preaching of bible and the royal
guidance of Kong Rama 9. Nowadays, Trintawat Thuraworn (Dr. Chi) is well-accepted from people in the
community. He is also acknowledged by the natural agriculture network abroad. Therefore, the achievement of
success is time-consuming. There should be the Leadership Factor who are dare to think differently but respect
and listen to others. They should keep on creating the network and having faith in themselves. When there is

any problems or obstacles, they need to have the methods to solve these things smoothly.
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Abstract

The objective of this research was to study the marketing mix factors affecting the decision to purchase
lottery savings of the Bank for Agriculture and Agricultural Cooperatives (BAAC), Minburi Branch, Bangkok.
Questionnaires were employed to gather data from 154 respondents who purchased BAAC lottery savings. The
results showed that the overall marketing mix factors affecting the decision to purchase BAAC lottery savings were
at the highest level with an average of 4.46. When considering each aspect, it was found that 6 aspects were at the
highest level, arranged as follows: service, distribution channel, price, people, products, and marketing promaotion,
respectively. As for physical characteristics, they were at a high level. Comparing the marketing mix factors that
affect the decision to purchase BAAC lottery savings classified by demographic characteristic factors and
purchasing behavior, it was found that gender, age, education level, occupation, average monthly income, the
budget for purchasing, the frequency of purchasing, and the duration of holding BAAC lottery savings have a
statistically significantly different (o < 0.01).

Keywords: Bank for Agriculture and Agricultural Cooperatives, Marketing mix factors, Lottery savings, Purchase decision
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Table 1 Marketing mix factors affecting decision to purchase BAAC lottery savings

Items X sD Results Rank
1. Product 4.46 0.45 Highest 5
2. Price 4.58 0.52 Highest 3
3. Distribution channel 4.61 0.45 Highest 1
4. Promotion 4.31 0.44 Highest 6
5. Personal 4.57 0.46 Highest 4
6. Physical evidence 4.09 0.45 High 7
7. Service 4.61 0.48 Highest 1
Overall 4.46 0.39 Highest

4. ulennentasudaul/seaununisaainiauasnanisndulatedainaaunine 6.0.4. SunnmNlasedoy
UAAAUASWOANITNN9TE
AN Table 2 wuan fadadauyanaldun e ang seAun1adnm endinuazseliiadsseinan uansng
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Table 2 Compares marketing mix factors affecting customers’ decision to purchase lottery savings of BAAC

classified according to demographic characteristic factors and purchasing behavior

Items n X S.D. YF p_value

Demographic characteristic factors

Sex
Male 47 4.53 0.31 1.426 0.008**
Female 107 4.43 0.42
Age
20 - 30 years 17 4.27 0.54 3.813 0.006**
31-40 years 34 4.56 0.06
41 -50 years 73 4.40 0.36
51-60 years 17 4.59 0.34
> 60 years 13 4.68 0.15
Marital status
Single 60 4.54 0.42 2.223 0.112
Married 83 4.41 0.36
Widowed/Divorced 1M 4.46 0.36
Education
Elementary school 5 4.46 0.50 7.132 0.000**
Junior high school 9 4.58 0.30
High school/Vocation certificate 33 4.29 0.40
Associate Diploma/ 49 4.46 0.30
High vocational certificate
Elementary school 53 4.60 0.37
Junior high school 5 3.96 0.39
Occupation
Farmer 28 4.65 0.27 7.132 0.000**
Government office 18 4.68 0.26
Company employee 52 4.40 0.42
State enterprise employees 41 4.39 0.30
Average monthly income
< 15,000 Baht 22 4.10 0.42 11.146 0.000**
15,001-30,000 Baht 78 4.45 0.35
30,001-60,000 Baht 46 4.62 0.31
> 60,000 Baht 8 4.55 0.33

Purchasing behavior of respondents

Purpose of purchasing BAAC savings lottery

Savings 42 4.57 0.41 1.933 0.092
Gambling 26 4.51 0.39
Reserve expenses 15 4.29 0.50
Receiving a certain return 29 4.34 0.35
Planning for retirement 37 4.51 0.25
As a gift 5 4.41 0.33
Budget for purchasing
< 15,000 Baht 54 4.32 0.42 7.769 0.001**
15,001-30,000 Baht 75 4.54 0.31
30,001-60,000 Baht 25 4.58 0.36
Average purchase frequency per year
1-3 times/year 96 4.41 0.40 2.126 0.099
4 - 6 times/year 44 4.53 0.33
7 — 9 times/year 10 4.47 0.39
> 10 times/year 4 4.79 0.16
Purchasing opportunity
Regular purchase 40 4.45 0.36 0.019 0.981
When having accumulated enough money 89 4.46 0.37
Buy on special occasions 25 4.46 0.46
Period of holding BAAC lottery savings
< 3 months 12 3.97 0.40
1 year 23 4.48 0.33 10.218 0.000**
2 years 27 4.35 0.39
Due 3 years 92 4.55 0.34
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Table 2 (Continued) Compares marketing mix factors affecting customers’ decision to purchase lottery savings

of BAAC classified according to demographic characteristic factors and purchasing behavior

Items n X S.D. YF p_value

Sources for purchasing information

BAAC bank employees 23 4.34 0.47 2.267 0.083
Relative or friend 36 4.47 0.32
Radio, television media 1" 4.25 0.49
Internet/websites 84 4.51 0.36
Persons who influence purchasing decisions
BAAC bank employees 4 4.21 0.48 2.443 0.066
Family 62 4.55 0.37
Friend 15 4.49 0.31
Own self 73 4.39 0.39
**p < 0.01
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Effects of water deficit on physiological processes, growth, and yield of sugarcane
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Abstract

This research aimed to investigate the effects of water deficit at two specific growth stages, 3 and 7
months after planting (MAP) on the growth, physiological processes, and yield of sugarcane. The experiment
was conducted under greenhouse condition using the Khon Kaen 3 sugarcane cultivar, employing
a randomized complete block design (RCBD) with three replications. The treatments included three watering
conditions: i) well-irrigated (control), ii) water deficit at 3 MAP, and iii) water deficit at 7 MAP. The results
indicated that the well-irrigated consistently maintained appropriate physiological processes throughout all
growth stages. Both water deficit conditions had significantly negative effects on physiological processes,
particularly during their respective water deficit periods, resulting in negative impacts on cane yield. The cane
yield of the well-irrigated treatment was 44.4% and 52.6% more than water deficit conditions at 3 MAP and
7 MAP, respectively. In summary, it can be concluded that well-irrigated treatment consistently produced higher
yields compared to the water deficit conditions at both 3 and 7 MAP. Additionally, the water deficit at 7 MAP
had a more pronounced negative impact on yield than the water deficit at 3 MAP.

Keywords: Drought stress, Saccharum officinarum L., Water Balance Model, Water management
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Introduction

Sugarcane holds significant industrial importance in Thailand, ranking as the world's fourth-largest
producer and the second-largest exporter of sugar globally, trailing only behind Brazil. In the 2021/22
production year, the survey encompassed 47 provinces engaged in sugarcane cultivation in Thailand, covering
a total area of 11,022,348 rai. Notably, the northeast region accounted for 4.66 million rai of sugarcane
cultivation, boasting an average yield of 10.8 tons per rai, surpassing other regions in the country (Office of the
Cane and Sugar Board, 2022). The widespread adaptability of sugarcane cv. Khon Kaen 3 (KK 3) to loamy
sand soils has made it notably popular in the northeastern, where it consistently achieves high yields.
On average, this sugarcane cultivar produces approximately 18.1 tons per rai for plant cane and 16.5 tons per
rai for ratoon cane.

New planting or regerminated sugarcane often faces a severe water deficit which directly impacts both
quality and quantity of sugarcane production. Production efficiency may be limited by chemical and physical
properties of the soil, slope of areas, availability of water, and unpredictable rainfall. Water deficit during the
early growth stage has been observed to hinder various aspects of plant growth. Khonghintaisong et al. (2017)
observed a reduced rate of daily height increment in the KK 3 cultivar, particularly evident between 105-120
days after planting (DAP), during periods of water deficit in the early growth stage (90-135 DAP). Concerning
water needs, most of the sugarcane faces a shortfall in adequate water supply throughout each season, as it
necessitates water for 10 months while only benefiting from rainfall for 5-6 months. Optimal growth and yield of
sugarcane are achievable when it receives ample water consistently throughout its entire growth period. Drip
irrigation stands out as an efficient method, demonstrating the potential to enhance water use efficiency by
60-200% and conserve water by 20-60%, as indicated by (Kaushal et al., 2012). Hence, employing drip
irrigation for sugarcane cultivation proves most advantageous during the initial planting phase, as it ensures
optimal soil moisture levels and mitigates the impact of drought stress on growth, physiological processes, and
yield. However, there was still limited information on physiological responses of sugarcane to water deficit and
well-irrigated condition in Thailand. Therefore, the objective of this research was to investigate the growth and

physiological processes of sugarcane grown under drip irrigated conditions with limited and full irrigated water

supply.
Materials and Methods

Experimental design and planting

The experiment was conducted under greenhouse condition at Suranaree University of Technology
Farm, Muang, Nakhon Ratchasima, Thailand (14°52°38.4"N 102°00°23.0”E). Sugarcane cv. KK 3 was cultivated
in 150-liter pots filled with sandy clay loam soil. The experimental design employed a randomized complete

block design (RCBD) with three replications (3 pots/replication). The study included three irrigation methods
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as treatments: T1-Irrigation (Control), T2-Water deficit condition at 3 months after planting (MAP), and T3-Water
deficit condition at 7 MAP.

Irrigation management

In all treatments, water was supplied to the sugarcane through a drip irrigation system with a flow rate
of 8 liters per hour. The irrigation followed the water balance model outlined by Pereira et al. (2020) in the
Equation 1.

|=ETc+DR+RO+AW-P (1

where | is irrigation, ETc is evapotranspiration, DR is drainage, RO is surface runoff, AW is amount of available
water (AW), and P is precipitation. DR, RO and are equivalent to 0 as the experiment was performed in the
green house.

Irrigation for each treatment was performed as follows: In Treatment 1 (Fig. 1A), the water supply
pattern, in terms of frequency and quantity, was determined by the water balance model utilizing ETc and sail
water holding capacity (SWHC). During the 1-2 MAP, the AW was calculated at a depth of 0—20 cm, and after
2 MAP, it was recalculated at a depth of 0-40 cm. Irrigation was initiated when 60% of the AW was utilized by
sugarcane.

Fortreatment 2 (Fig. 1B), water was supplied similarly to T1 until 3 MAP (stress period 1). Subsequently,
no water was irrigated for 14 days to induce water deficit conditions. Following this stress period, water irrigation
resumed until harvesting. In Treatment 3 (stress period 2) (Fig. 1C), water was supplied similarly to T1 until 7
MAP. Afterward, no water was irrigated for 16 days to establish water deficit conditions. Subsequently, water

irrigation was recommended until the harvesting period.
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Fig. 1 The impact of irrigation and water deficit conditions on potted plants under greenhouse conditions:

T1: Irrigation (control) (A); T2: Water deficit conditions at 3 MAP (B); T3: Water deficit conditions at 7 MAP (C)
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Data collection

1. Every seven days after water stress in both periods, sugarcane growth parameters, including plant
height, shoot number, and the number of leaves, were collected. Plant height was measured randomly from the
soil base to the top visible dewlap (TVD). The shoot number and the number of leaves were counted in the pot
plants across all treatments.

2. Every seven days after water stress in both periods, physiological process, including SPAD
chlorophyll meter reading (SCMR), leaf water potential (LWP), photosynthetic rate, transpiration rate, and
stomatal conductance were measured. SCMR was measured on the 3" leaf using a Chlorophyll Meter (SPAD).
LWP was measured from 10.00-12.00 hrs on the 3“-5" |eaf using a photosynthesis LCi-SD model (Sornpha
et al., 2021). The photosynthetic rate, transpiration rate, and stomatal conductance were measured on the
3" leaf from 10.00-12.00 hrs as described by Sornpha et al. (2021), using a photosynthesis LCi-SD model.

3. Yield and yield components including the stalk length, stalk diameter, stalk number, stalk weight,
and total soluble solid (TSS) were measured at 12 MAP. Stalk length was measured from the base of the plant
to the TVD in the potted plant of all treatments. Stalk diameter (middle of stalk) was measured on the main stalk
using a vernier caliper in the potted plant of all treatments. Stalk weight was recorded for each pot in all
treatments. Stalk number (stalk/pot) was counted in each potted plant across all treatments. The yield (kg/pot)

was recorded for each pot in all treatments. TSS (°Brix) was analyzed using a reflectometer.

Statistical analysis
The data of plant growth, yield, and yield components were subjected to analysis using the Statistical
Package for the Social Science (SPSS) version 16.0. Mean comparisons were conducted utilizing Duncan’s

New Multiple Range Test (DMRT) at p = 0.05.

Results

Plant height. The results of plant height are shown in Fig. 2 (A). During stress period 1, the water deficit
conditions at 3 MAP (T2) resulted in the lowest plant height, while the non-stress treatments (T1 and T3)
exhibited similar plant heights. In stress period 2, T2 continued to show a lower plant height compared to the
irrigation treatment (T1), and the water deficit condition at 7 MAP (T3).

Shoot number: The results for shoot number are depicted in Fig. 2 (B). During stress period 1, T2
exhibited a tendency to yield higher shoot numbers compared to the T and T3. Conversely, during stress period
2, T1 showed a tendency to produce higher shoot numbers than T2 and T3.

Number of leaves: The results of the number of leaves are shown in Fig. 2 (C). In stress period 1, T1
showed a tendency to produce a higher number of leaves, while the lowest number of leaves was found in T2.
Conversely, during stress period 2, T3 tended to resultin the lowest number of leaves, while T1 led to the highest

number.

{198



NMIUsEUNIATINNTUMNANNRBINHRATAART ATIT 62 AN

——T1 -T2 T3 A) T —m-T2 T3 (B)
300 . . . 16.0 . . 16.0
H H Re-watering H =y =
£ Stress period 1 I »/j} £12.0 _ g:z 0
S200 T i 10,0 i 2100
= " ; " ; =
2150 H 80 e e | g 8.0
< H S _E =
£100 b i 0 60 go0
& Stress period 2 g 40 S 4.0
50 :r r g Stress period 1 I 5
L T H H 5 20 a 20
H H < £
0 H H 5 00 500
8
92 100 108 116 216 224 232 240 @ 92 100 108 116 216 224 232 240 92 100 108 116 216 224 232 240
3 MAP 7 MAP 3 MAP 7 MAP 3 MAP 7 MAP

Fig. 2 Effects of irrigation methods: plant height (A); shoot number(B); number of leaves (C)

Physiological process

The SPAD chlorophyll meter reading (SCMR): The results for SCMR are presented in Fig. 4. In stress
period 1, the irrigation treatment (T1) exhibited a tendency to have the highest SCMR values, while T2 had the
lowest values. In stress period 2, the water deficit condition at 7 MAP (T3) resulted in the lowest SCMR, while
the water deficit condition at 3 MAP (T2) showed SCMR values similar to the irrigation treatment (T1) (Fig. 3A).

Leaf water potential (LWP): The results for LWP are depicted in Fig. 3B. In stress period 1, the water
deficit conditions at 3 MAP (T2) exhibited lower LWP compared to T1 and T3. In stress period 2, the water deficit
condition at 7 MAP (T3) resulted in the lowest LWP, while the water deficit condition at 3 MAP (T2) and the
irrigation treatment (T1) showed similar, higher LWP values.

Photosynthetic rate, Transpiration rate, and Stomatal conductance: The results of leaf photosynthetic
rate, transpiration rate, and stomatal conductance measurements indicated that during stress period 1, T2
exhibited lower photosynthetic rate, transpiration rate, and stomatal conductance compared to the irrigation
treatment (T1) and the water deficit condition at 7 MAP (T3). Conversely, in stress period 2, the irrigation
treatment (T1) tended to yield the highest photosynthetic rate, transpiration rate, and stomatal conductance

compared to the water deficit treatments (T2 and T3) (Fig. 3C-D).
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Fig. 3 Effects of irrigation methods on Leaf SCMR (A); Leaf water potential (B); Photosynthetic rate (C);

Transpiration rate (D); Stomatal conductance (E)

Yield and yield components

The analysis of yield and yield components is presented in Table 1, where T1 significantly yielded the
highest production (11.8 kg/pot), while T3 significantly yielded the lowest (7.73 kg/pot). Although stalk length,
NMC, stalk weight, and total soluble solids (TSS) did not exhibit significant differences among treatments, the
irrigation treatment (T1) demonstrated a tendency to produce higher values compared to the water deficit

conditions (T2 and T3). T2 also significantly produced the lowest stalk diameter.
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Table 1 Effects of irrigation methods on cane yield

Yield Stalk Stalk NMC Stalk TSS

Treatments (kg/pot)  length  diameter  (stalk/pot weight (°Brix)
(cm) (cm) plant) (kg/stalk)

T1 Irrigation (Control) 11.8° 230 2.75% 9 1.39 21.9
T2 water deficit conditions at 3 MAP 8.17% 206 2.65° 7 1.18 21.6
T3 water deficit conditions at 7 MAP 7.73° 185 3.00° 7 1.1 20.1
F test * ns * ns ns ns
C.V. (%) 15.6 9.23 3.24 7.53 22.4 10.9

*Means in the same columns with different letters are significant differences based on DMRT at p < 0.05

Discussion

This experiment aimed to compare the effects of two water deficit periods (water deficit at 3 and
7 MAP) and full irrigation in sugarcane under greenhouse conditions. Different irrigation methods resulted in
variations in growth and yield. Plant height exhibited a tendency to be the lowest in water deficit conditions at
3 MAP (T2), while irrigation (T1) and water deficit conditions at 7 MAP (T3) tended to produce similarly higher
plant height during this period. The impact of water deficit in the early growth stage led to a stalling of growth
in various aspects. According to the research by Khonghintaisong et al. (2017), it was observed that the KK3
cultivar experienced a decrease in the rate of daily height increment, particularly during 105-120 DAP, under
water deficit conditions in the early growth stage (90-135 DAP). Given the controlled water supply management
in the greenhouse setup of this experiment, external weather conditions did not influence growth. The KK
3 cultivar also exhibited diminished growth in both plant height and shoot number when subjected to water
deficit. During stress period 1, particularly in the initial 3-4 months, as soil moisture in the pots gradually
decreased, competition among the sugarcane plants affected tillering and leaf production. The plants-
maintained balance by shedding leaves, leading to a reduction in leaf production. These findings align with the
results reported by Kapetch et al. (2010), who observed that insufficient soil moisture content resulted in a
greater reduction in the number of shoots per rai in the no-irrigation treatment compared to other irrigation
methods. The values remained relatively stable until harvesting. Ethan et al. (2016) also noted that deficit
irrigation during the mid-season stage had the most significant impact on sugarcane yield, with the number of
shoots per rai at harvesting decreasing by 18.6% compared to the full irrigation treatment. Endres et al. (2018)
reported that the impact of water deficit primarily influenced the leaf number of sugarcane during the early
growth stage. In stress period 2, under water deficit conditions at 7 months (T3) during the elongation stage,
the reduction in the number of shoots was slight, but it had a significant impact on cane yield. These findings
align with Dingre and Gorantiwar (2021), who reported that water deficit during the elongation stage had the

most significant impact on yields. Mall et al. (2016) also highlighted the elongation stage as a key growth phase
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affecting sugarcane yield. Furthermore, Hsiao (1973) reported that water deficit primarily affected leaf formation
and stem elongation.

The SCMR serves as a tool for indirectly detecting chlorophyll content and leaf nitrogen status.
Jangpromma et al. (2010) identified SCMR as a rapid tool for chlorophyll detection. Additionally, Nageswara
Rao et al. (2001) established a positive relationship between leaf chlorophyll and leaf nitrogen. In this study, the
results indicated that drought stress conditions at the initial stage (T2) and elongation stage (T3) resulted in
lower leaf SCMR compared to water-sufficient conditions (T1). This finding aligns with Arunyanark et al. (2009),
who observed the influence of drought stress on SCMR, and Jangpromma et al. (2012), who noted that drought
conditions negatively impacted chlorophyll content. For the analysis of physiological traits (photosynthesis,
transpiration, and stomatal conductance) and leaf water potential (LWP), the results revealed that the lowest
physiological traits and LWP were observed under drought stress at the early stage (T2) and elongation stage
(T3). However, under rewatering conditions, sugarcane exhibited recovery by increasing physiological traits
and LWP, although the recovery did not reach the levels observed under water-sufficient conditions. This
outcome is consistent with findings by Silva et al. (2011) and Santos et al. (2014), who observed a negative
relationship between water deficit conditions and photosynthesis, stomatal conductance, water transpiration,
and leaf water potential. Chen et al. (2012) and Jongdee et al. (2002) also reported that water stress conditions
limiting available soil water had an effect of reducing sugarcane LWP.

The sugarcane yield and stalk diameter varied between the water deficit and full irrigation methods.
The full irrigation treatment (T1) resulted in the highest values for stalk diameter, and overall yield, while the
water deficit treatment produced the lowest values for these parameters. This aligns with the findings of Ethan
et al. (2016), who reported that sugarcane yield was 11.9 tons/rai under water deficit during the mid-season
stage and 15.7 tons/rai under fully irrigated conditions. Soil moisture during the initial 1-2 MAP period was
sufficient across all treatments, as an equal amount of water, calculated at the field capacity (FC) value, was
provided to the sugarcane at the outset in all treatments. However, the introduction of water deficit conditions
at 3 months (tillering stage) and 7 months (stalk elongation stage) resulted in reduced sugarcane growth during
those periods due to stress conditions. Upon returning to irrigation, sugarcane exhibited recovery in both stress
phases but still did not attain an equivalent status to the full irrigation treatment, resulting in a reduction in final
cane yield for both stress treatments compared to the full irrigation treatment. These findings align with studies
such as those by Doorenbos et al. (1980), who reported that water stress during the germination, tillering, and
elongation stages was most sensitive to yield, while the maturation phase was least sensitive to water stress.
Rossler et al. (2013) observed that water stress during the stalk elongation phase led to a reduction in cane
yield by 6-11 tons/ha (5-9%). Puengpa and Boontham (2012) reported a positive correlation between
an appropriate amount of soil water, particularly during the elongation stage of the sugarcane growth period,

and sugarcane growth and yield.
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The comprehensive findings reveal that crop practices emerged as the predominant factor significantly
influencing physiological processes, encompassing growth, yield, photosynthetic rate, transpiration rate, and
stomatal conductance. Both water deficit practices (at 3 MAP and 7 MAP) led to a reduction in physiological
processes, impeding the growth and yield performance of sugarcane in comparison to well-irrigated conditions.
Stomatal conductance, serving as an indicator of leaf water status, demonstrated that well-irrigated sugarcane
maintained superior water status compared to conditions of water deficit. For optimal physiological processes,
the well-irrigated practice resulted in cane yields 44.4% and 52.6% higher than water deficit conditions at
3 MAP and 7 MAP, respectively. Furthermore, water deficit during the stalk elongation stage (7 MAP) exhibited
a more pronounced negative impact on growth and physiological processes than water deficit conditions during

the tillering stage (3 MAP), leading to a yield reduction of 5.7%.
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Abstract

Study on population of microorganism in cassava field treated with glyphosate in Nakhon Ratchasima
and Lopburi provinces. The abundance of bacteria in control and glyphosate treatments were 6.31-6.98
Log,,CFU/g and 6.51-7.02 Log,,CFU/g and fungi were 4.45-4.78 Log,,CFU/g and 4.39-5.05 Log,,CFU/g.
However, the amount of microorganism was significant at 15 and 30 days after spraying. Fourteen of bacterial
isolates were selected by specific medium that mixed with glyphosate as phosphorus source. Strain
GS-LRI-CO.1 showed highest growth rate at 754.6%, followed by Bacillus sp. (GS-NMA-CO.5), Chitinophaga
terrae (GS-NMA-CO.1) and Dyadobacter fermentans (GS-LRI-CQO.3) by 266.7 113.3 and 53.3% respectively.
Screening of fungal strains for glyphosate tolerance, 20 isolates had potential to growth on specific medium.
Nine strains of Trichoderma sp., Rhizopus sp. and Aspergillus flavus can be able to grow rapidly. Moreover,
sterile mycelium (GS-481-2, 488-1 and 488-4) and A. niger (GS-541) showed efficacy to grow in high
concentration of glyphosate and colony diameter were 46.5, 46, 55 and 67.2 mm. respectively. While
Talaromyces and Penicillium are not tolerant to glyphosate.

Keywords: Biodegradation, Glyphosate, Microorganism
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'5/[513’1LLuzﬁ’]’&’m’1iﬂ?j/i_l?i/\iﬂ’]i‘ﬂ@ﬂ“ﬂ'ﬂﬂ'&ﬂ'ﬂﬂmzﬂﬁiL@?‘mﬂ'ﬂ\‘iL’ﬁulﬂ“ﬂ'ﬂ\iﬂau uazwuans b inatwigavinlklsai
HAYINIULI LavANA TR Ty Lﬁmmnmmzw@mmﬁauﬁﬁimzmrilmmiﬁ'Lﬂﬁlﬂw,l,ﬂmu?lfamymﬁm
i i Fusarium solanit. sp. Glycines a1wuplsA Sudden death syndrome Tutia waeIRugA1un9lnalWis
%wzﬁmﬂw‘lﬁmﬁgmmhuﬂmﬁﬁm@%mv@umimnndﬂLL‘JJM‘?%T&J’L%’M@ (Sanogo et al., 2000) LANANTTINEN1
aduviinumuuazarnsadesaasinalrianlneldiduimasasemnsildluninsiniiuln Massot et al,
(2021) uENUUATIBEANNALLAYALUTaLNRTE N T InalWimn WUdn wATiEas Y 16 aneug anNnen 1
Tnaliamduunssesnaanasa (et lunageunistesgaraansinalvian arawug Ochrobactum
haematophilum @ansnsagesdaatelang 97 1eFidus n1elu 20 31 waz Achromobacter, Agrobacterium,
Alcaligenes, Alterbacter, Bacillus, Comamonas, Enterobacter, Pseudomonas Wa < Streptomycete 814170 ging
aaneinalWimm A 1iguii (Zhan etal., 2018) Tunaimeariuinns@Anensaunaeaiia Liw Aspergillus, Trichoderma,
Penicillium, Mucor Waz Fusarium @ansnsanuniuiazeeadatelnalianlaeldiduunasresanfuaunas
el .o

Weanasalunisasoylaule (Spinelli et al., 2021) AsUNIIARIABNAAUVTENANEN WAL NAGELN Tt EAATY

v
P

Tnatispasaniuiaiiunismuwinisasnistuieusasasluulivanzasiunisinnisnemsludaqiiv

L3 a
AUnsaluazisng

a

1. MadLL A uazLuA7ie 1WAy

Ausetaauutlaslgniudrdendsludindnunssa@uuaranys Inafiufuneuusy TaRANT 2
dalad, 15, 30 uaT 60 4 794 5 A wazdadaatned 10 n5u dluinduilaindetfunns 00 Hadans ey
A aniwAeanednfudauanldasdy 107107 thdaetelliudiunngaeda Spread plate Y1814
Nutrient agar g1915uuBunauuafiee hnltlaaiand ludaaisidudu 5,000 ppm a1u9u 2 NaAART/ANT LAY
214119 Glucose ammonium nitrate agar frusutiuFunnudes Mavaaslindeduainududu 2,000 ppm
AU 10 NARARI/ART ﬁu‘ﬁ'qmmﬁ 30 asAgaEaa uean 3-7 du meﬁmLﬁ@nmﬂﬁuﬁmﬁﬁmuummi

waldnpaausialil
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2. MTUENUUATITEAINALAIEB141T Basal salt-glyphosate medium broth (MSB-Gly) (Radosevich et al., 1995)
wane111e MSB laeAnlnalviianadnuidudy 500 Hadnin/ans desaetneinainulastlgnau
&n1lendd Auau 2 ndi naslueims Mdagilitleueadiaiaesiunas dhliisludunimauuuaennanuga

150 9U/U17 grunad 30 eermaldes 1unan 10 Ju iWeansuiiuue iidaed9lduanuuafiFefaeds spread

plate UB1117 Basal salt-glyphosate medium agar (MSA-Gly) MiAngu 15 n5u/ans waziislalaatand lusdive

q

v
o o a 1

& prp a = o oA SNa A a
EIHENNITLATEYUBITN UN@WHLWW%LTQIHWN@ PIUNNN 30 NANLTALTEA Lﬂumﬂq 3-591 ﬂmL@@ﬂLLUﬁmLiﬂmW?miﬂ

nagaLlsrananinnistasaasdansinatnimasialy

3. mamaaeun? 1 inalwamduuuasrasWaanasa (Radosevich et al., 1995)

iuuaiFefAnaenlflageUuaInis Basal salt-glyphosate medium agar (MSA) az MSA-Gly A9«

4 1
a A«

windu 500 Hadnin/ans Inani9iwizqauratuuuqn (Spot inoculation) Linanwmnzidialuinia gy 30 2961

q

wadad wWwnan 7 Ju dnanundrsaedialall wazilszifivlsc@nininnisasyaasuuaiiza (Equation 1)

% Growth = Growth rate of colony on MSA-Gly - Growth rate of colony on MSAx100 (1)

Growth rate of colony on MSA

4. maadgaun1munuing Wiaareadas (Spinelii et al., 2021)
UesNAnaen lAALILULeN3 Potato dextrose agar (PDA) ARnsinIna Wi adudi 1 uaz
& . 4 0 A - o . . N
10 mM TAENIINIETDIMLLAA UNABWIzLTalunin gouunil 30 asrtaaidaa Wunan 7 91 daaundng
ya9laladl
o a a o
5. N199UUNIAUNT
PO v a N a . . . & A A
WUANETE AVLLNAUANIND YTIVNEN (molecular|dent|f|cat|on)Tﬁﬂmmuumm?ﬂiu@’m’]? NB 111
sraziaan 24 49Tu Tusnaznaulgaduazainflduesagaain Genomic DNA Mini Kit (tissue) (Geneaid
Biotech Ltd., Taiwan) tANUT NN uALEuLaLTauE 1 16S rRNA wazinarsudanalalnsdldilFauinaunaiu
P =2 o o P . . . A o a aa
ARNLAMINUNLFIULBHATBN The National Center for Biotechnology Information tWaaLUNANALASTUALLIATILTE
WHeefi (NTNATIN13LNEAS, 2566)
=S [ (% a v 1 al a a % I
71 IngAnEANHOEN9AIUg AN (morphology) liun & wazgiuuunisasyredialadl nsaineadles
U39 uarAatlefnielindesqanssal uazn1siasn LU (specific media) NEAULNANALAZTTAT

(Domsch et al., 1993)

6. naasaar/funslna Wios luau

NINTATARIBENANALEATITNANTLYI19 Disodium hydrogen phosphate (Na,HPO,) ka¥ Trisodium
citrate (C;H,Na,0,) mm%uﬁ’wma‘malﬂuﬂgﬁuﬁ (derivatization) AMgd19azae 9-Fluoremyl-methylchloroformate
(FMOC-CI) Tuasazarauaisainines (borate buffer) LAZYNTATAT AR ELAIRY High Performance Liquid

Chromatograph with Fluorescence Detector (HPLC-FLD) Ineldmaanitiin C18 (Miles et al., 1986)
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WA LL@S%Q’]‘;‘QIN@?’]’]?VI ARAN

=

Ysnnauqaumzelunulaslgniudiizuasludandnuassad@un wuda waspouaudfsunnuiaiiGe

|24t 6.31-6.81 Log, CFU/g uazutlaanuansinavigaiifunnuuaiiFaiany 6.51-6.82 Log,,CFU/g T9naIny

1
o 1% =

= v A = = > aa Ao o 4 o =
a19% 30 41 AlFunuuaiGaiedsuanssiunsaifed 19l d1AnynsraupnuTesiu 95% Tnadilunon
wupdFelunlasiuansinalWigniads 6.81 Log, CFU/g gendnutlasarunu dauiiuinseaaluilasaaunu
. o o d o
4.45-4.78 Log, CFU/g uazulaswuansinalianiiFunusiens 4.39-4.86 Log, CFU/g TANAINWasT 15 uay

'
o o =

¢ = o e am L oao y 4 2 de o o
30 41 Hffunnnadauansiunsat fedaldedAtyNesAuANmeni 95% luansndamdnanyFiTunm
wuAfFeLaat luwl aapauANHLEN LLATIFIRAE 6.68-6.98 Log, CFU/g uazutlaanuansinalvimmiiFunm
aa A 4 e an : . L
wuANEELaAY 6.65-7.02 Log, CFU/g Tetlinnnslaiunnsnaiumneadin uaznudnlinnisuaanuans 2 4alug
o o

f1Bunusedsuanaetumead Aeeeddad Ay Nszauaumiadu 95% taadiFune luntlasiuanslnalv

LiLaAn 5.05 Log, CFU/g 494n3utladmaninu (Table 1) iansy 60 duiBuiniedavasiuaiiGauazs uansng

[
aa o A

funeais Mddsnaudqaunsduasainguisndesgaaalnalwauasldiduunasassanfuaunay
aanefalunnsasolAuln (Zhan et al., 2018; Massot et al., 2021; Spinelli et al., 2021) YFunaulnalnionlumu
T PUATITANUAIAILAN 1.17-2.99 mg/kg wazulaswuansinalnimn 1.38-6.94 mg/kg @rutfFannilnalis
Tuhudandnanisuilasnrunu 0.70-0.88 mg/kg wazulasnuansinaluias 1.12-1.24 mg/kg AT
Aunudnauulasilgnaamdnuassaduiiunumiarin i unisnmanuansinallagandnuaziunilas
Ugndawiaany3iadufiuson aanndasiu Albers et al. (2009) MasuinlnalrliamgnaaduldAluAuntianded

SnnuBurseinggendnmusou

Table 1 Microbial density in soil from cassava field

Nakhon Ratchasima province1 Lopburi province1
Time Bacteria (Log,,CFU/g) Fungi (Log,,CFU/g) Bacteria (Log,,CFU/g) Fungi (Log,,CFU/g)
Control  Glyphosate Control  Glyphosate Control Glyphosate Control  Glyphosate
Pretreatment 6.31 6.51 4.45 4.39 6.68 6.65 4.66 4.89
2 Hr. 6.55 6.61 4.47 4.52 6.80 6.77 4.75* 5.05*
15D 6.59 6.68 4.71* 4.56* 6.98 7.02 4.70 4.67
30D 6.67* 6.81* 4.47* 4.58* 6.78 6.83 4.64 4.68
60 D 6.81 6.82 4.78 4.86 6.81 6.90 4.78 4.94

! Average of data from 12 replicates

* Significance level of 0.05

weinuuAREaaInulasgniudtlenasld aauau 14 lalaan nanaasuananisnlunisldinalnis
Wuunasaaneialuamsiiesetnabion wudn dhsnisiaseyeg s 11.1-754.6% taaanaiug GS-LRI CO.1
ﬁﬁmmmm‘?agqqqmﬁ 754.6% HArundnaresialadl 31.346.7 aAAT 1898981 Bacillus sp. (GS-NMA CO.5),
Chitinophaga terrae (GS-NMA CO.1) was Dyadobacter fermentans (GS-LRI CO.3) qem ﬂmim?fy 266.7%,
113.3% WAz 53.3% ANNAAL (Table 2, Fig. 1) Tpeuumielunad Bacillaceae ¥ Bacillus subtilis, B. cereus

Faouanunradasinalilimnlang 98.84 uaz 94.47% Inaddsz@nsn nluntsnaneulaitiaslnaluwmn il
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AMPA lnaaandian 11Tadu Inadiu uazWesiian las ialdiduunasaasarvnanldluniaiasey (Fan et al., 2012)

=

MHdRIINIsaTTyIasLUATEERANNUANANTWIWe L TUaNaLazatinTasLUATEE

Table 2 Diametric values of bacterial colonies after 7 days of growth on MSA and MSA-Gly at 30°C

Strain MSA (mm) MSA-Gly (mm) % Growth
GS-LRI CO.1 3.7+0.6* 31.316.7 754.6
GS-LRI CO.2 4.0+0.0 6.0+0.0 50.0
Dyadobacter fermentans (GS-LRI CO.3) 5.0+0.0 7.7+0.0 53.3
GS-LRI CO.4 3.7£0.6 5.0£0.6 15.4
D. fermentans (GS-LRI CQO.5) 6.0+0.0 8.3+1.0 38.9
D. fermentans (GS-LRI CO.9) 6.0+0.0 6.7+0.6 11.1
Chitinophaga terrae (GS-NMA CO.1) 5.0+0.0 10.7+£0.6 113.3
GS-NMA CO.3 3.310.6 5.0+0.0 50.0
GS-NMA CO 4 5.310.6 8.0+£0.0 50.0
Bacillus sp. (GS-NMA CQ.5) 5.0£0.0 18.3+1.2 266.7
Bacillus sp. (GS-NMA CO.6) 17.312.5 21.3+0.6 23.1
GS-NMA CO.7 4.3+0.6 5.7+0.6 24.6
GS-NMA CO.8 3.7+0.6 5.310.6 30.2
GS-NMA CO.10 5.0£0.0 7.3£0.6 31.5
*mean+SD
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MSA MSA-Gly MSA MSA-Gly MSA MSA-Gly

Fig. 1 Bacterial colonies on MSA and MSA-Gly at 7 days of incubation

GS-LRI CO.1 (A, a); Dyadobacter fermentans (GS-LRI CO.3) (B, b); GS-LRI CO.4 (C, c); Chitinophaga terrae
(GS-NMA CO.1) (D,d); GS-NMA CO.4 (E, e); Bacillus sp. (GS-NMA CQ.5) (F, f); Bacillus sp. (GS-NMA CO.6)
(G, g); GS-NMA CO.8 (H, h); GS-NMA CO.10 (I, i)

TAINRUTUA LTUW Aspergillus fumigatus, A. niger, A. nidulans, A. flavus, Fusarium verticillioides,
Penicillium simplicissimum, Trichoderma harzianum Wag T. gamsii arunsndesganalnalviian liiduumnasaes
A1Tueul Neanada LL@:1uTmmmﬁ@‘L°ﬁ‘Lumsm?ag efitszAnsaanlunis wamaules glyphosate
oxidoreductase and C-P lyase ka8 glyphosate oxidoreductase (Castrejon-Godinez et al., 2021) ﬂﬁi%ﬁ@mf‘:
wgnganuilasigniudilzuasls aruan 20 lelaan nantsmeaaunisnuniuselnalvianaesst wudn
Trichoderma 9 lalaian (GS-485, 486, 486-1, 504, 510, 515, 517, 549 Wwa <y 522) Rhizopus (GS-523) LA
Aspergillus flavus (GS-531) dnunsaiadayuu PDA fuaslinalnlian aanuidadu 1 uaz 10 mM Tdgeiiga fiaaw
nd19ae9laladl 90 HaALNAT T0ULT Sterile mycelium (GS-481-2, 488-1 Wa e 488-4) Waz Aspergillus niger
(GS-541) m?njlm”ﬁﬁqmﬁmmﬁwﬁu 10 mM Haaundreueslalail 46.5, 46, 55 LAy 67.2 NARLNAT ATNATIAL
@ Talaromyces sp. (GS-483, 488-3, 508) wax Penicillium sp. (GS-523-1) lainusalnaly IRAITiaIaInALNga

waalalalianas (Table 3, Fig. 2)
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Table 3 Diametric values of fungal colonies after 14 days of growth exposed to Glyphosate on Potato

Dextrose Agar (PDA) at 25°C

Diameter (mm)
Strain
PDA PDA 1mM Gly PDA 10 mM Gly

Sterile mycelium (GS-481-2) 38.0+0.0* 35.7+1.2 46.5+0.0
Talaromyces sp. (GS-483) 49.3+0.6 46.8+0.3 46.5+1.3
Trichoderma sp. (GS-485) 90.0+0.0 90.0+0.0 90.0+0.0
Trichoderma sp. (GS-486) 90.0+0.0 90.0+0.0 90.0+0.0
Trichoderma sp. (GS-486-1) 90.0£0.0 90.0£0.0 90.0£0.0
Sterile mycelium (GS-488-1) 39.0+£1.0 42.0£0.0 46.0+0.0
Talaromyces sp. (GS-488-3) 52.7+2.5 49.5+0.5 45.7+0.6
Sterile mycelium (GS-488-4) 34.7+0.6 32.8+0.3 55.0+0.0
Trichoderma sp. (GS-504) 90.0£0.0 90.0£0.0 90.0£0.0
Talaromyces sp. (GS-508) 63.3+1.5 63.8+0.8 60.7+0.6
Trichoderma sp. (GS-510) 90.0£0.0 90.0£0.0 90.0£0.0
Paecilomyces sp. (GS-511) 34.8+0.3 44.3+0.6 44.7+0.3
Trichoderma sp. (GS-515) 90.0+0.0 90.0+0.0 90.0+0.0
Trichoderma sp. (GS-517) 90.0+0.0 90.0+0.0 90.0+0.0
Rhizopus sp. (GS-523) 90.0£0.0 90.0£0.0 90.0£0.0
Penicillium sp. (GS-523-1) 43.0+0.0 40.0+1.0 39.7+0.3
Aspergillus flavus (GS-531) 90.0+0.0 90.0+0.0 90.0+0.0
Aspergillus niger (GS-541) 64.8+1.3 61.320.6 67.2+0.8
Trichoderma sp. (GS-549) 90.0+0.0 90.0+0.0 90.0+0.0
Trichoderma sp. (GS-552) 90.0+0.0 90.0+0.0 90.0+0.0

*meanzSD
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PDA PDA 1mM Gly  PDA 10 mM Gly PDA PDA 1mM Gly ~ PDA 10 mM Gly

Fig. 2 Fungal colonies on PDA, PDA 1mM Gly and PDA 10 mM Gly at 14 days of incubation
Sterile mycelium (GS-481-2) (A, B, C); Sterile mycelium (GS-488-1) (D, E, F), Sterile mycelium (GS-488-4) (G, H,
1); Rhizopus sp. (GS-523) (J, K, L); Trichoderma sp. (GS-486) (M, N, O); Trichoderma sp. (GS-552) (P, Q, R)

Lo

nan1smaaesludininunsaduiuazany? fufuinuuafidoiadslunlasniuny 6.31-6.98
Log,,CFU/g wazutlaswuansinalvianiiisunmuuaiiFaiads 6.51-7.02 Log, CFU/g tiunmsiadeluulas
AILAN 4.45-4.78 Log,,CFU/g uazudasnuansinaliisadysunneiads 4.39-5.05 Log,,CFU/g Lazuen
wuafiFels 14 lalaan a1esiug GS-LRI CO.1 Adnsniaasnyluanmsuanlnalaniuunaseanasalagegn
17{ 754.6% 7898911104 Bacillus sp. (GS-NMA CO.5), Chitinophaga terrae (GS-NMA CO.1) uwa Dyadobacter
fermentans (GS-LRI CO.3) 49191 Trichoderma sp. Rhizopus sp. (GS-523) Wa e Aspergillus flavus (GS-531)
anunsaiaTe L PDA finawina Lsm”lﬁmm%m?iqﬂ Ui Sterile mycelium (GS-481-2, 488-1 ua 488-4) LAy
Aspergillus niger (GS-541) Lq?miﬁﬁﬁzgmﬁmmﬁuiu 10 mM @2 Talaromyces sp. (GS-483, 488-3, 508) LAz
Penicillium sp. (GS-523-1) lidnusia lnalvibs

LANANTD19DY
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Study on efficiency of soil microorganism for the degradation of atrazine
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UNARED
Anmndsr@vanmaeuueiiGauazafiuanidanauluulaulgnéesuazdalna daedadildansingn
Fair0 M9 T NULLAT Sasuau 16 anevug annununIuseaTa I TuaNn TS YL T ARn
Tulnsiawienn faulinguenITunnuidade 500 Haaniureans it 5 90aldun Bacilus megaterium,
Pseudomonas putida Was Acinetobacter lactucae Hansduunuuvaslulngiau Iuﬂmz‘ﬁl Agrobacterium
radiobacter Wag Paenarthrobacter ureafaciens l4a19ns13UuNULVAS UIATIAULAZANTUAU LAZINAUANUI O
maﬁuﬁ:mmmL@?‘mﬂummngﬂqL%@‘ﬁ'mmmmﬁu 50 Aaansuseans et lnaseunistenameduly
BINNTINAT WUII31 Aspergillus niger A18WIG AT-8 ﬁﬂﬁﬂ?mmmmﬁﬂumm?L?;mL%@@mm@qﬁq 97.63
esidus sasasunlaunsn Aspergillus sp. a1aWug AT-9 M1 la1manduanag 90.50 tlafidus 4ousn

'

Trichoderma spp. WU @18WUE AT-4 anliuinemaduluenslageqn 56.11 ilafidus luanisnanaiug

a

=3

AT-2 anifiunnuemaaulsveangawiniu 30.15 wledidus

a 1

AENATY: NstiatAATY, AAUVEEAY, 81N9NTU

Abstract

Studying the effectiveness of bacteria and fungi isolated from soil in sugarcane and maize fields
treated with atrazine. Sixteen strains of bacteria were found to be resistant to atrazine and able to grow on
nitrogen-free or carbon-free media mixed with 500 mg/L of atrazine. Five bacterial species: Bacillus
megaterium, Pseudomonas putida and Acinetobacter lactucae was able to use atrazine as a sole nitrogen
source for growth. Moreover, Agrobacterium radiobacter and Paenarthrobacter ureafaciens also use atrazine
as nitrogen and carbon source. Nine strains of soil fungi were able to grow in the medium mixed with 50 mg/L
of atrazine. The atrazine biodegradation potential by fungi in liquid medium, revealed that Aspergillus niger
strain AT-8 showed the highest reduction amount of atrazine as 97.63 percent, followed by Aspergillus sp. strain
AT-9 reduced atrazine by 90.50 percent. Similarly, Trichoderma strain AT-4 showed the highest reduction
amount of atrazine as 56.11 percent, while strain AT-2 decreased amount of atrazine only 30.15 percent.

Keywords: Atrazine, Degradation, Soil microorganism
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89134 (atrazine) WuasnARdENINGH triazine Uszinnidanyinans dnnsldiuetsunsuanasialan
' A v a ) ' o A . ~ a
N1uungn 50 1 asanldirauarsnaign Basldiiluaiaunaudaiaean atrazine HAouAsnulufuga
dll v a v =2 o Y a g U ao’ va di ai . a
wasudalupuldliunansfiannn inliiinnisanAnslunmnasin liaugs nasiadauives atrazine TuAuas
4 v e . - = . 4. vd X e w .
neadesiunisgaduresneanassiiuiu Auainisnlaeaasgaiueenun e Geasauiuiadaniauansing o
IauA Puaunisld wazansnieaesiy 1 Ausila clay loam aziiainng atrazine tauiunanaiia fine sandy loam
san 1ty gounni AN AN pH 2895 AMNNTAzANENT uazAduLsEENENI9gatinTetans lus (Ross and
Lembi, 2009; Farruggia et al., 2016) Aiunsyununsgadulazlanilaasteashuiinase atrazine Tudwuwandan
wazunasi i (Jamil et al., 2010) dszmalneldnvunriuinsgiuamunnauninisduitew atrazine nu
dszniAresAnznIsunIsdeuandan w.A. 2535 nuualiil atrazine UwilawluaunlduszTamiinanisegande
wazinueaInasu i 22 Tulasniuseflanii (NsurILANNaNY, 2548) atrazine AINNINAANYAIAINNIZLIUNS
NINILAN LEUNTAALARA2BUAIAINETINTR NATANAINUIuARL1Unate N 1dlaseaiieaeans
wasuwdasll wazarnisaiianisssvelaniuassuani 3annludiuindesnin (Farruggia et al., 2016)
o ' . | vy a A ol 1 PR o ¥ a = '
UANANUTINLIN atrazine aunsngnelesaaislisuqaurseneglumu delaqiiunisldqaurisdlunistouaans
atrazine Dad{ilsyAnininuaziiauiasnitsedawindas (Hong et al., 2017) H9e9unLqauvizeaieiin
A \ . Yy 1 = a a A = | a a o A a
Naunsneaagant atrazine 16 ag1eililszdndnan WeAnmauaunisteaaaialnaq@unieluss Auan@aanen
wuangnAdLANIatEiu atzA, atzB, atzC uaz trzN (Sajjaphan etal., 2004; Krutz et al., 2008) NsANH1l5zANBNMN
109qauvIdRulunstesaataarsnndndane uGesdnduineiduuuaniglunisiqaursdnulllddsy gl

NNNSINHATLAZNNtRAAN AN TN ARFNTIANA TR
L4 a
adnsaluazianns

NITUENLUATITEAINALAIELNATIA enrichment culture (N3363N1%, 2552)

NTLENUUATITIANNAAIELMATA enrichment culture (N99TINNS, 2552) Tda11191aq R-medium
3Nm3 20 HaRanT 3 g9 ?{Lﬁm’mm?ﬁu‘lugﬂLmuwﬁ]‘ﬁﬁ:@@w 80 tlafidusl Usnno 100 Haansusiedns tne
4Pa7 1 ANBIMITTU U NH,Cl iz Glucose gasfl 2 ifna s wnw Glucose uazgmsil 3 e mandu unu
NH,CI yiannsdeiu 5 m*u“lm'“lumma‘LLﬁi@m;mmmﬁmwLE‘Q 150 9aUABUNTNHIUUNN 28 BIANTALTEA WY
2 zﬁ”ﬂmvfmnﬁu@mmmmwauﬁmm 5 findans ldemns R-medium gaaviaariulusanial wdaildidni
annazdn Tnsinaasudeasazaneiuiia1fldluenslunn 1 2 dlnviauldansazasfufifidnemy
1o luusiazaaiidaansazanaiu thansazanaiu anideansdan 0.85% Nacl Widaauidndu 107, 102 10°
auils 10° udninnindsasuueauds R-medium gaaiiaaiu e AnidenuuaiSafiasqguuatigie
neaaLlszAnanmnstesgaitemaduuuasuds R-medium ldemadueanadudu 500 fadniusieans
wnu NH,CI uaz Glucose 1Nn19ngaariAnIgiaseyuazn19aineelauuenmg wazauunaiauuaiGasaemaia

Mass Spectrometry lunnsaisnadauiauaalutanas uazlaseainaaesllsfuniiesainaau (nsudainisinems,

2566)
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N17UENT19INALAIEAT Soil dilution plate method (Barron, 1968)

Y ¥ o A

351 1 0N Mg lurinnauilsind@eal3ums 9 Nadans weinliidnnu weaneanlsaanududy 10° 14thils

a

ARdIaTaEfiAMdNdw 107, 107, 10° ldawaeaiTaatuas 1 Hadans WiLA9881119 glucose ammonium
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e A x & P S -
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finanai59 10,000 saLIARLNT WM 20 W apasazatadaula 1.0 Jadans laluaan vial i ldnsaadiasizinn
Bunnansfinand1eaila atrazine AaeLAsas Gas Chromatograph (GC) 1i3#% Agilent technologies §1 78908

o o a

afliamsaadnuiin Nitrogen-Phosphorus Detector (GC-NPD) TA8i AU UA@N192N19N 14 111D ILATRI AT

R0

o

ABANY DB-35 ANNENY 30 lNAT N319 0.25 HadLm3 AU AuENAaS 0.25 HadLuns LARaUAdtaN thickness

)
e

v o

agnungRAadn injector 230°C gauunR detector 300°C Fialtsunsn Oven (FnAN 65°C AU RTS 1 WA

See

wAaLNg UMY 195°C Taeniiniaz 10°C 90 7 1 Wil Asgounn Rl 2 uai aanduinguugiidu 230°C

' '
a

Tnenfiniiaz 10°C 90 7 1 w7 wdarsgunnR e 1 wi udainguunniidu 250°C Tneiiuiiaz 20°C 10 7 1 W

PIAINNRTLT 1 uW uaziiinguug iy 280°C Ineinfiaz 15°C M0 < 1 Wil Asgounnild 1 winl Tdluunan

o | . Y @ o o Ao A aa | a o A o | a
Faae1auuy spitless Iufadiaaniiansinislug 1.4 Radansseuni udand ansqatie 1 lwinsans
szazinarlunsansiaetng 25 wRnesaasing
o c < - . dl . o ds/
@JmﬂumammmmLﬂmmumﬂ?mmma atrazine Namad (Equation 1) ANU
113110ud"7 atrazine NaAAT (%) = (1)
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x100
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o aa aal . & A | Aaa o o
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?
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Tulnsiansiae una A FIBURHaNAN 78 MR 500 TaANSuseART NUALLATIGEmEN N33y
uua1unsaananale Imawuan Bacillus megaterium, Pseudomonas putida Wae Acinetobacter lactucae \ilu
wuaiFafildensduunuunaslulnsian luaneil Agrobacterium radiobacter Wax Paenarthrobacter
ureafaciens \unuafi e idammFuunuunasdlulnsiauusafuew (Table 1 uag Fig. 1-5) wuATGesa 5 1l
‘f‘iﬁaﬁmmfi’]m’m’]mﬂ@ﬂmmmwmmﬁiﬁ L 978197184 Zhu et al. (2019) WU Bacillus megaterium @1l

o

W ATLJ-11 Hilsz@nsnnlunistiesaaiuenandu (50 Faaniusiedns) lagaie 98.6% Geanawug ATLI-11 1

a o '

A UNUNIUA NI TUGS LazaINITaNUFaaIns 1 TulANG 1,000 Fadn5usiedns Struthers et al. (1998)
789191 Agrobacterium radiobacter antiug J14a awnsoidunasnsueuuazlulnsinuainansamanduiie
naasryiulnlpewuINauILTaI8Y A. radiobacter llanas ‘Emﬂmmmm“ity”lé‘lummiﬁﬁmmﬁu 50 LAY
200 HaAnsNFAaART Zhang et al. (2022) WU Paenarthrobacter ureafaciens @181W1g ZF1 @ 1190808 daNe
s Ifessanysnfianududu 100 fadnsusedns el 2 falusluamaman uazatunaindne M
FulAne 99.3% lusu A1l 6 414 de Souza et al. (1996) Anmnselaadanedns atrazine 184 Pseudomonas sp.
strain ADP Wuanaa Asldufeaed atrazine Aagn1suanewladaanuinian Cl (nydrolytic dechlorination) 880
anlAseaF1ees atrazine 1iluans hydroxyatrazine A1n918911284 Singh et al. (2004) wuduuAfEe luana

o 1 ¥

. = | = v K a = v Jo o o
AClnetObaCfefNﬂQ’1N@’WN’Wi‘ﬁ‘lel,uﬂW?ﬂﬂﬂ@@qﬂﬂﬁmiﬁsﬁuiﬂ@]\m\‘i 250 ppm A1N91U9 BNNANIT1 AU LRI

a A ?:/ a dl o v ° = 1 a A v a 1 v
wuANEEYs 5 alianAnuan il anumunzanlunish ll@nennisdesaanaansanamduianAnaluause s
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Table 1 Bacterial strains that use of atrazine as a source of nitrogen and carbon for growth

No. Bacterial Species Location

1 Bacillus megaterium (KK1) Sugarcane field at Khon Kaen province

2 Bacillus megaterium (LB1) Maize field at Lopburi province

3 Bacillus megaterium (SP1) Sugarcane field at Suphanburi province

4 Pseudomonas putida (KK2) Sugarcane field at Khon Kaen province

5 Pseudomonas putida (SP2) Sugarcane field at Suphanburi province

6 Pseudomonas putida (LB2) Maize field at Lopburi province

7 Pseudomonas putida (KR1) Maize field at Nakhon Ratchasima province

8 Agrobacterium radiobacter (KK3) Sugarcane field at Khon Kaen province
Agrobacterium radiobacter (SP3) Sugarcane field at Suphanburi province

10 Agrobacterium radiobacter (LB3) Maize field at Lopburi province

11 Agrobacterium radiobacter (KR2) Maize plantation at Nakhon Ratchasima province

12 Paenarthrobacter ureafaciens (KK4) Sugarcane field at Khon Kaen province

13 Paenarthrobacter ureafaciens (SP4) Sugarcane field at Suphanburi province

14 Paenarthrobacter ureafaciens (LB4) Maize field at Lopburi province

15 Paenarthrobacter ureafaciens (KR3) Maize field at Nakhon Ratchasima province

16 Acinetobacter lactucae (KK5) Sugarcane field at Khon Kaen province

Fig. 1 Bacillus megaterium colony on R-medium added 500 mg/L of atrazine as a sole nitrogen source

Fig. 2 Pseudomonas putida colony on R-medium added 500 mg/L of atrazine as a sole nitrogen source
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Fig. 3 Agrobacterium radiobacter colony on R-medium added 500 mg/L of atrazine as a nitrogen and carbon

sources

Fig. 4 Colony of Paenarthrobacter ureafaciens on R-medium added 500 mg/L of atrazine as a nitrogen and

carbon source

Fig. 5 Colony of Acinetobacter lactucae (KK5) on R-medium added 500 mg./L of atrazine as a sole nitrogen

source

nstiagdantamaduiaannisannlamyasiiuaes atrazine WaNAINLUARFAEINLINTIAURA
gipgnunntesdaneenIndule agnalUss@nSnaw 1w Aspergillus niger Way Trichoderma spp. Wa@An:
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etal., 2004: Krutz et.al., 2008) {31ea1wunenfiunsldsn Trichoderma spp. Tunnsslasaansd13a199
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vlugn 7. viridae (Muthuselvam and Arunkumar, 2009) N1INABBIATIVNLTIAUANUIUN 9 mwﬁ“uﬁf
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2 zm@imm Trichoderma spp. Wa e Aspergillus spp. 1 DA Txwn Aspergillus niger (Fig. 6) gawuadusn

NuUNUAeaInIduH et llANENNstiasaant a8 MR lWe N TwaY Czapek Dox Broth NHANA1381NINEL

a o LA

35 Hadnsusieans Watanenwlil 30 Ju 91 Aspergillus niger anaWug AT-8 Muanlsainfuulasilgndas

I3

. 20Uk i BN e mTulue i nasTeanadgeie 97.63 wlasfidusl sasasunldunsn Aspergillus sp.
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13 7 aneiugnudnanaiug AT-4 Auanldainauluwlasdan a.gussans inTisunuaisamanduluanmsiaes

]
v

\IRanaIgeARINTL 56.11 wafidus luanieian Trichoderma sp. anaiug AT-2 Auenldanauluulaslgnéas

a9

A aauuiu i i Bunuansemantuluswsdeateanasiaaigawinniu 30.15 wadidus (Table 2)

Table 2 Fungal strains used to test the efficiency of atrazine degradation

Decreased amount of

No. Fungal strains Location
atrazine (%)

1 Control - 19.04+1.19
2 Trichoderma sp. (AT-1)  Sugarcane field at Khon Kaen province 34.78+2.66
3 Trichoderma sp. (AT-2)  Sugarcane field at Khon Kaen province 30.15+£1.21
4 Trichoderma sp. (AT-3)  Sugarcane field at Khon Kaen province 45.93+0.60
5 Trichoderma sp. (AT-4)  Sugarcane field at Suphanburi province 56.11+0.53
6 Trichoderma sp. (AT-5)  Sugarcane field at Suphanburi province 35.87+£1.96
7 Trichoderma sp. (AT-6)  Maize field at Lopburi province 49.9040.19
8 Trichoderma sp. (AT-7)  Maize field at Lopburi province 49.20+0.58
9 Aspergillus niger (AT-8)  Sugarcane field at Khon Kaen province 97.63+0.02
10 Aspergillus sp. (AT-9) Sugarcane field at Suphanburi province 90.50+0.74

*mean+ SD (n = 3)

Trichoderma sp.AT1 Trichoderma sp.AT2 Trichoderma sp.AT1 Trichoderma sp.AT4 Trichoderma sp.ATS

Trichoderma sp.AT6 Trichoderma sp.ATT Aspergillus niger AT8 Aspergillus sp. AT

Fig. 6 Colonies of soil fungi used to test the efficiency of atrazine degradation
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ureafaciens waz Acinetobacter lactucae luuupfiFenuenliainfuluulasilgndasuazdratnaiaeadndild
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Abstract

This research was conducted to select 15 farmers in Serm Ngam District, Lampang Province, to
transfer the Department of Agriculture’s certified peanut seed production technology to farmers. So that farmers
can produce quality peanut seeds suitable for the area and create a seed producer career. There were two
production cycles: 1) The dry season 2021/2022 involves planting Tainan 9 peanut varieties, with an average
dry seed pod yield of 236.2 kilograms per rai. Farmers have a net income of 2,988 baht per rai. The benefit-
cost ratio (BCR) is equal to 1.5; 2) The dry season of 2022/2023 is for planting Khon Kaen 5 peanut varieties,
with an average yield of 303 kilograms per rai and a net income of 4,570 baht per rai. The BCR is equal to 1.6.
Total dry peanut seed production is 8.42 tons, supporting an area of 421 rai of peanut cultivation. The
germination rate of peanut seeds produced by farmers was not less than 70 percent, meeting the standards for
certified peanut seed set by the Department of Agriculture. Farmers have more knowledge and understanding
about the production of peanut seed. They can either produce peanut seeds for their own use or sell them to
farmers in the community.

Keywords: Certified seed, Farmer networks, Seed distribution, Seed quality, Technology transfer

218



EV
o

NMIUsEUNIATINNTUMNANNRBINHRATAART ATIT 62 AN

daaas Wuitineauiuamsem g duasinisldiss Tamllunnduneuaasiosidanuisang
dsznalne Mduingauluapavnssuuilsgd grarunssnenns uaznansneiulegl (nTevdAnd uavanse,
2558) udnunirainnsudanuaznisldlsslasfanndadaedannsmaiasnin iasandymanuaiauaauai
o & G o a @ e a o a | o o %
WuguazidanugaunIng dsnalitiunutaaaingn laldifaamednsuldlugnavnssneins uaznnsld

15lnalupiFen N lilssmalnefesfianinistindndaagaainsnetszme Tt 2565 Uszinalnafausesnis

'
a o ¥ o

T luszime 113,498 Ausiall anunanudnla luilszing 25,074 Aulazaaiidndadas 89,387 susall (3w,

'
a A o ol & o  eaa !

2566) feynndAnylun1andndofas Ae N1921ARAAURUETALAZINAARUENR AN NN ZILANNTINT Z1lgN

q Q

paanaumnalulaginisiuinaanannisgids uazilszudausssy lnganiznisldiazasdnsnanisinemsauig

nlunistlgnuazifiufan (@inuimuwinisidenisinees, 2559) dluilaqiiunsasnsidianuseanisldiuan

'
o o

WUGHIRaY

=) 0D

= aa =2 o ' dl = Gl 1 ¥ a a v A
HATUNIWANNINGDN 5,741 AU LEALTNUNNINITIN TN AT LL@‘?JLﬂﬁ"ﬂ‘I.I’]EIEN@G]'NWN’]?DN@[’*]VL@L‘W?’N

o

155 iu TeAaLlu Saaay 2.70 109 fununudnls Ussneudumdniugnada i aluiasmaiaiudgnninenlad

1
a

ATIANNIATIUTUIANS WazHiTIATUNAUNEAINIAIFRIFLNNTTAUYUN gAY winA ML ARUET AN AL A

q U Q

v
o o

o Aﬂl ° =< a =l v a % = ) 1
SIETC ATl LN@Lﬂ‘i:f&'lﬁ‘ﬂﬁ‘u'ﬂﬂﬁ’e}ﬂ@dmﬂﬂ’ﬂﬂL@E‘W]EI munumm@mzﬁ\umﬂmmnu ANVINENANNARADTELLNNT

-

a =3 o v a al dl o v a o [ ul/ a a =3 s
mmumwuﬂummmmmama Lummﬂwﬂummwugﬂummmiﬂmwmummmqﬂixmﬂ NITHARLNANNLD

aCa a

W9 AToNN MU IUT TN LT NINATINISINEAT NINAILATUNNIINEAT NINdaLa3NannInl uazngy

G 1 Y a =3 o o =] 1 a =3 o v a 1 v Z =2 9
LATRUNE Lﬂuammmmwuﬁ Eﬁ\TVLNZQ’m’]i‘ﬂN@[5]LN@ﬁwuiﬂﬂLWEI\?W@I?]@F]’]']N[F]’B\?TY]?"]J’BQLm:Hﬂﬁ‘ﬂi‘leiﬂﬁ‘ZW]ﬂ ENIZIaN

3

ptiunisuuuanaudla (sxiiug uasanz, 2566)

naRLILAzaeATa Y HRAMNAnRLT I ARt uRuga e Wailunistnanenmalulatinnsn@es

' 1
o o o

NAANUTTNAAITURLEA 1N 889N I3 NN BT TN BATNIANNNINRARINAANUTTNRAIIN AN WM AL

—

[2
= I3 o &

A dl ¥ = v = ﬂl dl o v a v 2 a
andunuazasratuendnls iludnunawiiadiagyinlfinennstwdanuganinng 3w uasldnanan

Q9

=

v
o

PRAMNINATIFINNIATIINTRLE antTyuinistiaupaumdniug anviadunisaisesdponnliiuineasns

a

'
o o & o

s Gl 1 Y a 3 a KX ay v = U 6 v =
ANULUNITNEUILAZUELLATAUIL YHARLHNAANURDINA @QNVLWLﬂuLWF;I\‘m’]i‘ﬂ’]?;W]@ﬂLWﬁIuI@EIﬂLﬂHM?ﬂ?LWEQ

' = o = o A PV A= - o = o =
AEINLAEI F;NLﬂuﬂqﬁ‘LiﬂugLW@LﬂuﬂﬂL?NmuiMLﬂﬂm?ﬂ?Lﬂu Smart Farmer ‘V]N’a\?V‘]ﬂQqNgLﬂﬂ'JﬂU@q?jWLﬂ‘]ﬂ’mﬁ‘ﬂ?ﬁ‘N

o a

a < [ d‘d ¥ :l/ ¥ 1 = < o ol |d’1 d‘
ABIAULEY ATNIONRBLNAARUENN AN INA 1319109 sosviald luguaulaaealnuninas e danug Agiun

'
To a

RN NaLAL warildunoundanusaaageldnielulszmainauetneios 20 Wasdus waza 1u1T0NAR

]

doaaslinasnaiuandeInsldlunistiing uazn1AgAAIUNITN NNANILAININEINTT0ILTEIMALAL

¥ A I

=X o v ' o v a <3 17 1 =
nsdnfearresdszandu ann1siidrannanedszma nldinenmnalindanugauning i lded1aiaanae

a9

'
o

wazsiatiugald

L4 aa
AUnsaluazIsng
a9 ginsal

1. INRAWLEONASINUE N1 9 UavTeULNY 5 TAHAINIBNIBUNEANUE l1iFINGT 70 wlefiusl

£ 5

mmﬁzgm 46-0-0 18-46-0 uag 0-0-60

a

TARUFULeRY U w10 Sddu

q U

2.
3.

219



EV
o

NMIUsEUNIATINNTUMNANNRBINHRATAART ATIT 62 AN

'
o

4. {lpannwlstmdandmiudoaag
5. anstlaeiunanAmgN i walumi 50% WP aza1aaes 48% WA EC
6. angLNININMAARLANNINARTUS 111 NTZAENARBLIAYIINEN NINE NIZLTNARBLAIINIEN

7. wgasilaginsninaifiusneudniig i nevaay s

ad 1a e
Qﬁﬂgﬂﬁ)ﬂ?i‘?’lﬁ)@@ﬂ

TALAANNGNINHATNT BUNDLETHINN AUTAAN1U1 A1u9U 1 ngu ianTuATasNe N BaINIHAR

'
co a 1 o

WARNUETORAsTWRUgAa e A1uau 2 T A 1) naudsl 2564/2565 auan 5 918 91eay 2 19 saniui 10 1d

a 3

v '
a v o

Tnganfunisnanuaniugasaasiuiuganianinisldinadsunsnanaluiunme wuginuiu o uas

' v
o o & o &0

2) AU T 2565/2566 AU 10 918 9188z 2 1 sanivui 20 1d Wikanmdniugiafasduiugaimiianinngld

'
& cv a

1 1 dly alld dl o o o o ! o A dld a @ o
AEINIUNTUANE TUNUNBNURINUE AD NUGUDULNU S IPEAALABNINHATNINHANANINWIUNTNAALNAANUS TN AAS

a q

Fuingaming Inenisdunsalinsasnsilmung luFeslszaunisafilgnisfaswesnemsng Auniouuay

'
o a

ANES AR N EATNS A nduazAiunfsinausuaanaamaluladnisuanaaR g IR seduiuga mne

2

N9UFUU AN INNAARUS uATNNIRTIRARLANNININAARUETAAIRE 199t TN ERININId1 N WR A

1 '
o a & o

Wenanmanugifastuiugahelildnuuinsgiureansudzinisnens lnadwindaaumdniugin

'
o o T a o

asvduiugaeng iuInEaIng iNenanNAnRugsastuRLga mhan g i A Lz LaENsgUATaIAME R4t

]

annAuRAtLas RN AATUT AT Ees s nsdgn1sinens Gsnnzgiaaazidingaaianiu WA uuen uay

' v
a 7

wilaTyugasen wientiunndeyalunisudnuaniugisdasduiuganinaaaunynnsniuney i

B4 q a q

'
=3 o o

o o =3 dl k% o a v d‘ =3 dl < o & % a & a
Tuign SwAuings uaznisldadenisadn dudy e uneduannuguas nananuaniugiaasasinanuas

1 1 v
co a co a o o

HANARN AU AadNURIMATLFULPean W Mn19gunsaage LN INNAARUTT AR TUANEA LN B89

a a

WNERINT A AN ANNNLITRND memmmﬂmﬁ%mim@mmmummmmuﬁmﬁuﬁ:mmmﬁ (ISTA, 2023)

' v
% a 1 & o o o

AU UNITHAR 918 ld 918 ldqnE nanauunusen AU LardayaN1TNITA N AARUETIRAITURE

q

[N LeUNEAINT L NALmAnRUE il ee nnsdmieldinemsnslunui vsanisdesia iinlasanisbu

WI1mL

NAWAZIANTUNANITNARDY

'
o a o A

1l 2564/2565 NgUINBATNTUAZAUNAUTUNIUITETAAIAEN

' v
& o o o

neRINadfaNLAstLa A ERNTRARINARTUE T A asTuR LA e Tug guas T 2564/2565 1l

INHAINILATATINUNRANRARUEIAAS AUAETHE1E LNaLETHad Aandnaning a1uau 5 918 eay 2 15 99w

2

1 v
o '

Wud 10 1 annsdunsnidayainensnsdoulunidudueds uazdangsus 45-58 T Auszaunisallunisuan

]
' 1 '
o

a o o ' = 2 a & o co a A vl v a £ V| a \
mQ@@QNqLL@Q1quﬂqq 20 ﬂ LL@%NV’]QWNWQI@IHTH?N@WLN@@WH@QQ@@QLW@I“N?WEi@LWNN’]ﬂsﬂuﬂqumN A9UN17

o

nanare1duutTalszniu Uiuias wazdeuinyald Inalunisudnudaiugiofss Wuglnuiu 9 inemens

]

wisatnadNIoNan lnkanantaaasdnan 4,044 Alanin viveiany 404.4 Alansi/ls Wevinnislfudgeanan

wanRuguAn lAanARWARRIEINWIS 2,362 Ailansu vzaladn 236.2 Alanii/ld AuamnInmaniug HaAanTw

-

\a@el 5.6 1Wesidus AuLFqrBledn 97 wafidus uazarnisaniadn 81 iwesidus Awuanslu Table 1 Saidulyl

220



EV
o

NMIUsEUNIATINNTUMNANNRBINHRATAART ATIT 62 AN

' v v -« |
o o @ o &0 ' ¥ a

AINNIATFIUANINNARTUTTN AT UL e AeediaNTu iU 9 wWefidus AnnuLFanslinndi 96

q

wafidus uazarusanliannd 70 e fifus (NoIIRURBMUNLNAARUTNT, 2565) HANARLNAARUEN b6

azamheiunineminsglgnasdaslunuignaiainan dawmdnanie e ldlgnluggdnly dauu 2,362

al

'
o a -

Alansuvsaeauanmialaneay 472.4 flansu dnsnisldwdanugoadasidgnaaiui 1 15 azldiudniug

q a
'
o '3

889N a9 20 Nlansu/19 (01T UAS NG P UATNTNALNUNANIY, 2564) AINUANNITDUNLNEANLE

]

1
a =

nnanlallgnlununiszanm 118 15 uazannsonasidudndasdnanlalszunns 47,672 Alaniu (nananiadn
400 flaniu/ls) denalilidndodaqldlunisuiinauazldluningnaivnssuiinay uaziiediaa ey unig

o 1 IS a dl ! dl ! 1 ! <3 o o+ IS -3
Lﬁ?‘L“@ﬂ"]@ﬁli‘Lﬂﬂﬁli‘ﬂi‘LLﬁl@;‘ii"]ﬂ@zNﬁ]u‘lquﬂ'ﬁ‘m@ﬁlL’il@?;l 6,460 ‘]_I"]‘Vl/vLi‘ smmu‘lm;l,ﬂumm@mwug ﬂﬂLﬂﬁJLL@;‘iﬂ’W’N

WULAEINANARTIARY 1NHRTnINanelaiade 9,448 Un/ls :elagvnsiaas 2,988 Un/ls aRsddrunanauunusa

Q

1 ' ' o

N1389YU (Benefit Cost — Ratio : BCR) lasyinmiil 1.5 TeAuaAsanisadvw aauansly Table 3

q q

2 '
& ae a o A

il 2565/2566 f7@'J\lmkfﬁlﬁ‘ﬂﬁ‘LLﬂZi‘i’V‘lJViﬁo’Mﬁud’)uQ@H‘l/IﬁmL@@ﬂ

v
v o &0

wilga e lunguds T 2565/2566 1

]

'
o

neasnINdnfaNuddtuaz A BN SHARNA AR UE TN AANT
INHATNIATATLEHARNAARUTIORAT AUALETNTY 8 noLETes Aamdnaiilng a1uau 10 e ey 2 19

gauUn 20 15 (Fig. 1) aannsdunisniiayainsmnsnsdeuluniiudude uaziongseus 42-60 T Atlszaunisal

Tunisuantaaasuaa lisngn 20 T daunisuanazeandeiaatlseniu diniana uazdeurnyald Taalunns

'
o & !

HARNAANUTINRAN WUFIDULAY 5 INHAINIIATRTN A NITONAR IdNanARAAeEngn 11,100 Nlaniu vidaiage

]

] |
= ° o &

555.0 Alaniu/13 avinisdfudgaaninuaniuguanlduananidniugdnuds 6,060 Alanin viaiad

a

- '
a a

303 Alandi/ls Aupnnnmdaiug dacnaueds 9.0 wWefidusd AvnuTgnsads 96 wWefidus uazaainean

a q

' v
- o o o o o

\ade 87 wefidus Awuandlu Table 2 Fafuldniuninsguauninudaiugicfasiuiuga g nanaRwEn

' 1
o a

Wugn ldazamheWuninensnsgignasaaslunuiennediuny Smdnaide ieldlgnluggdnly da1uau
5,960 Atansuviraladsautnelasaay 596 Alaniu uaziiuwaniug l3ldias a1uau 100 Alanfuuzareas
10 Alansusasa aunsoumanugnas b6 lUgnluinunlsecann 298 15 wazarunsonanludodadnanls

1Jerainns 165,390 Alanin (Nananedy 555 nlanin/ls) LﬁffsLm']w’ﬁunumumwgmmm{Lm:rmm?l,wimmﬂ%

v

Heuunnananeae 4,550 un/ls neliiade 12,120 uan/ls meldgnsiads 4,570 /13 dhdounanauuny

v 1 1

FIONTANNU 1RREWINTL 1.6 TIANAFENI9A9Y Atuandlu Table 4

Q

221



v
o

NM9UTETUNINTTINNTNNNINE AN HATANANT pa7t 62 AN
Table 1 Peanut seed production and seed distribution by the farmer network in summer 2021/2022
Grain Seed Seed  Seed Seed Stock
Sold seed
Farmer’'s name Planting date Harvesting date weight ~ weight moisture purity germination seed
(kgfrai)  (kgfrai) (%) (%) (%) (kg) o
1. Mr.Kian Pamuangmoon 19 NOV 2021 21 MAR 2022 445 260 5.4 98 80 0 520
2. Mrs.Kattaleeya Pamuangmoon 15 NOV 2021 17 MAR 2022 360 210 5.2 97 81 0 420
3. Mr.Thanakorn Pamuangmoon 18 NOV 2021 20 MAR 2022 267 139 5.8 96 82 0 278
4. Mrs.Kumnoi Pongkavong 20 NOV 2021 21 MAR 2022 450 275 5.7 98 80 0 550
5. Mrs.Yod Pengta 21 NOV 2021 21 MAR 2022 500 297 5.9 96 82 0 594
Average 404.4 236.2 5.6 97 81 0 472.4
Table 2 Peanut seed production and seed distribution by the farmer network in summer 2022/2023
Grain Seed Seed  Seed Seed Stock  Sold
Farmer's name Planting date ~ Harvesting date  weight  weight moisture purity germination seed seed
(kgfra)  (kgfrai) (%) (%) (%) (kg)  (kg)
1. Mrs.Yod Pengta 19 NOV 2022 19 APR 2023 600 350 9.1 96 88 0 700
2. Mrs.Kattaleeya
18 NOV 2022 21 APR 2023 550 300 8.8 97 86 0 600
Pamuangmoon
3. Mrs.Kumnoi Pongkavong 15 NOV 2022 18 APR 2023 530 270 8.9 96 89 50 490
4. Mrs.Sriwan Pamuangmoon 21 NOV 2022 25 APR 2023 550 310 8.9 96 86 0 620
5. Mr.Kaew Putjina 26 NOV 2022 1 MAY 2023 600 350 8.6 96 85 50 650
6. Mrs.Wanlee Kariya 18 NOV 2022 26 APR 2023 550 300 8.9 96 88 0 600
7. Mr.Eakdanai Jaikunta 20 NOV 2022 27 APR 2023 500 250 9.2 97 86 0 500
8. Mrs.Buatiam Putjina 20 NOV 2022 22 APR 2023 550 280 9.1 96 85 0 560
9. Mrs.Napa Kariya 18 NOV 2022 20 APR 2023 550 300 9.2 96 87 0 600
10. Mr.Woravut Kariya 20 NOV 2022 25 APR 2023 570 320 9.3 96 86 0 640
Average 5565 303 9 96 87 10 596
Table 3 Economic analysis of peanut seed production by the farmer network in summer 2021/2022
Seed yield Cost price Net cost In come Net income
Farmer’s name BCR
(kg/rai) (baht/kg) (baht/rai) (baht/rai) (baht/rai)
1. Mr.Kian Pamuangmoon 260 40 7,000 10,400 3,400 1.5
2. Mrs.Kattaleeya Pamuangmoon 210 40 6,500 8,400 1,900 1.3
3. Mr.Thanakorn Pamuangmoon 139 40 5,500 5,560 60 1.0
4. Mrs.Kumnoi Pongkavong 275 40 6,300 11,000 4,700 1.7
5. Mrs.Yod Pengta 297 40 7,000 11,880 4,880 1.7
Average 236.2 40 6,460 9,448 2,988 1.5
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Table 4 Economic analysis of peanut seed production by the farmer network in summer 2022/2023

Seed yield Cost price Net cost In come Net income
Farmer’'s name BCR
(kg/rai) (baht/rai) (baht/rai) (baht/rai) (baht/rai)
1. Mrs.Yod Pengta 350 40 8,540 14,000 5,460 1.6
2. Mrs.Kattaleeya Pamuangmoon 300 40 8,040 12,000 3,960 1.5
3. Mrs.Kumnoi Pongkavong 270 40 7,040 10,800 3,760 1.5
4. Mrs.Sriwan Pamuangmoon 310 40 8,540 12,400 3,860 1.5
5. Mr.Kaew Putjina 350 40 7,540 14,000 6,460 1.9
6. Mrs.Wanlee Kariya 300 40 7,040 12,000 4,960 1.7
7. Mr.Eakdanai Jaikunta 250 40 7,040 10,000 2,960 14
8. Mrs.Buatiam Putjina 280 40 8,040 11,200 3,160 14
9. Mrs.Napa Kariya 300 40 5,840 12,000 6,160 2.1
10. Mr.Woravut Kariya 320 40 7,840 12,800 4,960 1.6
Average 303 40 7,550 12,120 4,570 1.6

Fig. 1 Peanut seed producer network at Serm Ngam District, Lampang Province in 2023
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Tulnsiausianisdansziisaanas nsnniiuafueudaumtesu N13RABIABIMIIIBINT UaTNAKART DR 1
Ausauimilen 4andANITILE A1IUHLNTNARBILLL split plot 4119u 4 91 TTadendn Ae Wugdes ldun
1) 1aULNY 3 uaY 2) gnas 15 aduses Aa dnsdlalulnsiau laun 1) 15 Alansusals (Aauax; IN ANAN
Apzvinu) 2) 7.5 Alansusials (-0.5N) uaz 3) 22.5 Alansusals (+0.5N) Ineldiloneammuasilawunmanuen
ApszifiuAe 3 nn. P,O/lS uaz 6 Nn.K,0/13 Tunnneands nan1afinmn wudi Wugeesinasianisdansnzyl
AOLILAN N19AATIERMNTUATNNIRNLANTUaY Audunisldilelulnsiauvin e uauan shwinsiesn wazHaNAR
WANFIAUNIAT A Glumm:‘ﬁlﬂ?zaw%m‘wnﬁa‘slfﬁ”l,u‘llmwul,ﬁﬂm%qr:mNEmﬁ”@ﬂmeammlmum“\iﬁﬂﬁﬁﬂﬂ
fattgniugaanuiu 3 Aasladalulnsiau ludne 15 Alansusials doudentlgniuggnes 15 aasladalulnsiau
891 22.5 Alaniusials

AdATY: N3 lie16071113, N13RATL CO,, TJUMINANTATIZVRAY, HARBLUNUNINATEETA

ABSTRACT

Nitrogen plays a vital role as a macronutrient for sugarcane production. The aim of this research was to
investigate the effects of nitrogen fertilizers on photosynthesis, above—ground carbon storage, primary nutrient
uptake, and yield of plant cane in clay loam soil at Suphan Buri province. The experimental design was split
plot with 4 replications. Main plots comprised of Khon Kaen 3 and U-thong 15 sugarcane varieties. Sub plots
were three levels of nitrogen fertilizers based on soil test: (1) 15 kgN/rai (the recommended rate based on soil
test as control treatment; 1N) (2) 7.5 kgN/rai (-0.5 N fold) and (3) 22.5 kgN/Rai (+0.5 N fold), and all treatment
were applied to phosphate and potash fertilizer based on soil test at 3 kgP,0,/rai and 6 kgK,O/rai, respectively.
The results showed that sugarcane varieties had significant effect on photosynthesis, nutrient uptake and CO,
absorption. Millable cane, stalk weight, and cane yield exhibited statistical differences after nitrogen fertilizer
application. According to nitrogen use efficiency and economic return over fertilizer cost, it is advisable to
fertilize Khon Kaen 3 variety at the rate of 15 kgN/rai of nitrogen, and U-thong 15 variety at the rate of 22.5
kgN/rai.

Keywords: CO, absorption, Economic return, Fertilizer recommended rate, Nutrient uptake
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ANUTAYBNALNBUNITNAABY

siflunmmanesiiulamanes AudRseiiligremnad s1negves dmdagnesni Ugndesszudnedudl 5
NAINUS 2563 — 8 NNATRUS 2564 LLﬂmwmmrﬁ?\mfﬂuﬁﬁmmﬁ@um 14°18'16.6" LATABIA3A 105°51'39.0"
swflugaRunLnaLaY (Fine-silty, mixed, semiactive, isohyperthermic, Typic Haplustalfs) gHsALFBE1951

naulgnisyAuANan 0-20 uay 20-50 ludas el l3iasyiantinienianinuazialsasdu Tne

a %

AAsziiidanusaens Hydrometer Avuiiunsa-Angaasdiu (Arfited) Bunsedng Weanasandullselomd was

INundldeNNaia limNA31e9 NINATINNTNEAT (2544) Aulanersidunusiuwmilan-saumiaatungie Ined

AN pH (AU 1:1) WAL 6.8 Tvag ludasiiunnzansanisasyiulaaasdas ANt lWin (EC 1:5) winriu

a a o 1

0.4 WdTNusamns agfluszAufnanias (Table 1) tsun@uvizednneslussAusi s:2mdng 1.4-1.5% Hilsunns

-

o a

waavlaFafidulsslogilad lurefuge ssudng 140-148 fadnfusieflansy Yiunalnunadaniiafaldalu
FTAURY 7EUT19 168-170 Haaniumanlaniu mnmiﬂi:Lﬁuixﬁi’ummqmmumtﬁmmauiuﬁuﬁﬂqné’w
Anulasannesdsany, 2523 Auneutlgniaiiugananysnfiunans Lﬁ@ﬁmsmﬁm’]ﬂﬂLLu:ﬁﬁmwm
Apsziiau arunsndszifiunis e dmsudanilgn v 15-3-6 Alansu N-P,0—K,0 sials (nsudanisineas,

2564)

Table 1 Chemical and physical properties of soil before planting

OM (%) Avail. P Extr. K Texture
Soil depth pH EC (1:5) ; ;
; (Walkley and (mg kg ) (mg kg ) (NH,OAc (Hydrometer
(cm) (1:1) (dSm )
Black) (Bray 1) pH7) method)
0-20 6.8 0.4 1.5 148 168 Clay loam
20-50 6.8 0.4 14 140 170 Sandy clay loam

Note: EC = Electrical conductivity; OM = Organic matter; Avail. P = Available phosphorus; Extr. K = Extractable potassium

anmgdeinimgggneee
sveviasndaslasuLnNy 8.5 NadLNAs 1At 0.3 Naawmmsradu Inadatsca il ANARINIIUN 1ads 1.1
Hadwnssiady Wedasidgrzazniaasoiuianieais Iasuuiey 10.4 Hafwns 1ade 0.1 Hadiunssiadi
Tuszazlidasfaan1suntesAsalu 1aas 4.4 Radumnsrady e ldlunisunnnenasdialdns ausnsveavaia
e oe8lAsULNNY 316.4 RadLNmT 12A8 2.5 NAAINAIAATY Wi lussrilaasiarnumaanistn lulFuansmnn
‘ﬂl = a 1 o al/ v ] 1 Y 1 d’l 1 ‘ﬂl £ £% % nﬂl ) a
\2Ae 10.2 Fadmassiad aunsziadngsrazgnun uddndastiaziiludoaidassiasnisinanas 1ade 6.4 FaALNAS
Fadl uAEHBN N NWREN 21.2 TaAmns @Ae 0.6 Nadluassadiy (Naulush, 2556) avliiudnaanangnig
a a v a 901 A 1 v 901 v o :/ =3 v a 9/9°/ a 1
WAL Tneesdas HTunouieuldiaaasaniufaninisuinaesdes saiiaediasdinnslfindtuuuulaes
1 1 dl £ A a a2 1 A o a a
a9 uAedaaaiy 8 e AlunnilTuinmanludoseuiuaisunaznaian i 179.7 uaz136.6 adLNAT

aNa1au lutdassinanasudaadouninaui@anis uazuivianulasilgn inldlnansenusenisasoiuls

YFnnaudusiausitlgnaunsziafiuiien windu 369.7 #adiuns Gefunuaandednisuiresdasilgn 2,150
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INUHBNINAABIRLL split plot § 4 41 Usenausan tsznausdae Tfadauan (Main plot) Ae Wigdas Ao

2 g 1Aun 1) aauwny 3 uaz 2) gnes 15 iladtsas (Subplot) As flelulnsian (N) 3 szau Taun 1) 15 Alansu N

]

sials (dhilaTulnsiaunuadimzihuidunssudsaauay; 1N), 2) 7.5 Alansu N sials (Gnaanilaulngian 0.5
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=

waaumunau tneldilogise (46% N) lauanluilannaama (46% P,0,) uarinunadaunaalss (60% K,0) ANty
Lﬁuﬁmmmﬁmé’aﬁﬁmﬂq 12 1fou Suii 8 NNAALE 2564 NUTLALALY 4.5%5 A1919ms
siunstiuindayanisasiuln uandn a9AUsnoUNANAR LATANINAINMINU TALA ARNENIA
hminusedaunitedu PUIALAUENUALETN A1 TBIA SuusLREa hwinses nanda uaz Commercial
Cane Sugar (CCS) (NsaR1N19ineAg, 2562) Tayaszsananaesiia laun aansdanly nnsdaaszifaeuas

wazn19aasER Mt laun lulnsiau (N) naawesa (P) uaz nunaies () Insiisatrefenuanasniiy

'
a o

5 dou laun a1 Tuuiks luam nauwis wazniuan Nneaungumugdl 65°C e 72 dalus viteaunsziarinmin
peft At I unlaziauasiiamzini B ulnsauioms faanstessietinadannse H,SO, 1
uaznaulngd? Kjeldahl method douspraanefauarinunadonvianistesfoat9aansa HNO,-HCIO,
Fnangan 2:1 Taenffunms udadnilunaumlasnaesavanuadaeia vanado-molybdate yellow color LaziFunns
TnunaiFaarianun Awnaneilaeldiaies atomic absorption spectrophotometer (NTNATINTTNLAT, 2544) §115L
nnsiniuANFueU At efBunTaa1fuenluie 1ne3s Walkley and Black (Nelson and Sommers, 1982)
TAN13AUATILYIARELAIANT (net photosynthetic rate, P,) A lualanly (stomatal conductance, g,) Laz8m1
AN2AEIN (transpiration rate; E) gaqludasfnumied 3 mﬂmm‘ﬁ'ﬂﬁlmmﬂLﬁumua‘:ﬂ:ma‘m‘%mLﬁuimquﬁﬁfé’fu
(8¢ 6 Lﬁ@um{qﬂ@mﬂ) FralATeedasnsnisdaaseideLarzuLn (Licor 6400 XT Portable Photosynthesis
System, Lincoln, NE) T/ llaa8990a5 ANTUALTN STz 30-60% AnudidusasirTafuaulnaanlms
AN BILAY LAY INDHAINANINUINADNATI Y1919 29—45°C §nsaeserniaitiuaruly Wiy 350
pmols™ TuiinAdeduilsranaanuutsisusntesnd vitewiniu 0.1 S1uau 3 ludenssuisdedn (1Tuin

¥ o

daaya 5 Ansialy) yndalug sausiinan 07:00—17:00 wsin mua AL (Reygranend uazane, 2566)
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ﬁi’ﬁmmmva?u'ﬂfrj“mmmiﬁqLﬂmw’ﬁfmumqm% Anvinlnatnly uazdnsnisane Taeldtsunss
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a4 01sunsy SPSS uaziFeinfieunnuuAnsnsaesAadelneda Tukey's Honestly Significant Difference
fisvsuAuIE s 95% Auans Usz@nsninnisgaldlulmnsiau (nitrogen use efficiency: NUE) Taeldoinvein
NAKAR (A1) U768 ﬂ?mmiuimmuﬁﬁmmﬁ%\mmm (ATaniu N) (Ann1eyayd uazAne, 2555) 3LAed
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lu'lasuuaslaiesna (Fig. 1A, B, C) m&m*amu@\irﬁiﬂl,t,mmmﬁ”@ﬂ%q 2 yiug Lmzﬂﬂu‘imwuﬁmwrﬁm "1 Ann3
n8RIIN1940ATI YA LAIENS (P,) Tuseudu 9an 11:00-12:00 wARNT Wu9n mﬂﬁﬂﬁiuimmmﬁmﬁu 0.5
WmuA13Asnziau (22.5 Alansu N sals) ludeawugaauuny 3149 P, gegn ‘@@t 16.51 pmol CO,/m’s
lusnuziiuggnas 15 dunnsliilelulnsaulivnlsien P, uansneiu uanesa Table 2 aglddn snaniladid
dse@ninnluniageadunisuenlaasnlas (CO,) 4e4n deaiguauuniu 3 mﬂaﬁﬂﬂuimmmﬁu%u 0.5 Wmu
ANBLATIZIRAL (22.5 Alandn N sald) vinlidesiien P, aaslugegn daategadufing CO, 1Age a1n Fig. 1A, B, C
SannadannsifasuanesludasazGunieing Co, l#19an 8.00 wrsina Tnedaiusiupauiduuad ifuiu
Fig. 1J, K, L memﬁuﬁmuﬁﬁhqqﬁqmiuﬂwLfgfm 09.00-12.00 w. iludnsfidenanunsaniafing Co, Idgeiiagaly
3007 MAIRNTuSATINIAATEIE UAIaTaRas AR VG RN o I PRt VT PR R EY S PR BT T I Y
Wi ifleeanngmsnisdpszidauuacesiin %umﬁmﬁmmﬁm aiauazifTunussadngluluie anaw
ReINA (ANNLAY 9NN A NBUALTNSlUaNNA LAz B oufn co,luwanne) (Bslah wazpnsz, 2556)
AN Inasesilanlu (Stomatal conductance, g.) filuendessiuniailanderestniy mﬁqummdﬁmﬂ
Tuidandelgunn ditmnludeldnie avanansades miuduansiuadldunniu (HTUN]) WAZADLY, 2565)
WU91 WugrauLiu 3 uargnes A0 g, gelutaainan 8:00-12:00 w1 A6 g, gedm Wiy 123 mmol H,0/m’ s
s Nt g, BLANAINIZLAATISATULAAIAS Fig. 1D, E, F Tnannsilelulnsiau dmsn 22.5 Alansu N sia
15 (Table 2) An1aidlatinlulandnendanasldijalulnsiau dns1 15 waz 7.5 Alansu N sals flamnuiduusean
a4 1szunod 50 pmol/m®s Fig. 1J, K, L Tudawifin dnnluazdauavuas FrunA2AneTn (transpiration rate; E)
Wuin Feei 2 WugiAn £ qalugag 11:00-13:00 wnvinn & %'qLﬂumm‘?{ﬁmmL°1’J’3JLLng\iﬁqmslm@ufTuﬂizmm
1,800 pmol/m’s Fig. 1G, H, | Tniien £ gegnatiil 6 uansis Table 2 ilefinmslsfijlulasauiiat 0.5 whenw

AAAIEIRL (22.5 ilaniu N siald) ludasWugaauuiy 3
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Table 2 Net photosynthetic rate, stomatal conductance and transpiration rate of sugarcane as affected by

nitrogen fertilizer

Net photosynthetic rate

Stomatal conductance

Transpiration rate

Treatments
(umol C0O2/m%s) (mmol Hzo/mzs) (mmol HZO/mzs)
Variety (V)
Khon Kaen 3 (KK3) 12.7240.92 93.82+6.86 4.72+0.43
U-thong 15 (UT15) 11.40+0.39 95.38+5.87 4.14+0.22
F-test ns ns ns
CV (%) 8.9 10.6 15.0
Nitrogen fertilizer (F)
7 kg N/rai (0.5N) 9.99+0.43° 79.14+3.91° 3.67+0.25"
15 kg N/rai (N) 12.05+0.42° 84.98+4.91° 4.95+0.15°
22.5 kg N/rai (+0.5N) 14.14+0.97° 119.68+3.97° 4.68+0.61°
F_test o o o
CV (%) 11.4 8.3 15.8
VxF
KK3x-0.5N 9.74%0.79" 79.82+7.87 3.1240.24°
KK3xN 11.91+0.45 80.0745.75 5.01+0.23%
KK3x+0.5N 16.51+0.66 121.57+6.19 6.03+0.70°
UT15%-0.5N 10.25+0.46" 78.47+3.05 4.21+0.20*
UT15xN 12.19+0.79" 89.88+7.97 4.89+0.22%
UT15%+0.5N 11.76+0.43" 117.79+5.74 3.3240.13°
F-test ** ns *

Means+SE within a column followed by the same letter is not significantly different based on Tukey's honest significant

difference test at p < 0.05; **, * and ns indicate p < 0.01, p < 0.05 and not significant, respectively

231



N9 TUATINNTNNNINENA LN HATANRAT A

Nitrogen fertilizer 7.5 kg N rai”" {-0.5M)

(A)

v
o

N

762

A
AUV

—a—Usthong 15 —m—Khon Kaen 3

1 140 1800
. —a—Utheng 15— Kion Ksen 3
i ~ 1600
K w120 A
AP kA i - 1200
§ e e AN S w i / \
R = . : 2 g Y
2 E 5 g
T s / \\ £ 80 S 5 1000
E o 13
i 8 /- £ z
P § z g s
3 g e g 3
g 4 < g / 5 = = / / \ \
2 g g Z 600
- S5 a0 s 2
2 ./ \ E] 00
o £
Z v T ! ! T E
z s
s & 200
\ - ~N
- 0 T T T T 1 0 T T
7.00 800 .00 .00 12.00 14.00 16.00 7.00 8.00 9.00 11.00 12.00 14.00 16.00 7.00 8.00 9.00 11.00 12.00 14.00 16.00 7.00 8.00 9.00 11.00 12.00 14.00 16.00
Time of Day Time of Day Time of Day Time of Day
Nitrogen fertilizer 15 kg N rai™" (1N) —a—U-thong 15 —m—Khon Kaen 3 —a—lkthong 15 _g Khon Kasn @ = Uthong 15 g Khon Kaen 3
B) (E) (H) (K)
20 140 2000
—~ —a—Uthong 15— Khon Kaen 3 —~ S50
s W20 o /\
E 15 £ 2 ~ 1600
I} =3 E -
3 = 100 9, w1400
g 2 z 3
S 5 B 5
= 10 £ w0 E i 1200
B g & Z 1m0
o s & B
3 g e L= H € &m
g ° 2 5 £
: Vé B \_ N : H
g S w0 £ )
£ E] 2 Y h
50 T 5 £ e
2 N 5 20 \ o 74——1 K
5 0 v o T
7.00 800 900 100 1200 1400 1600 700 8O0 900 1.0 1200 1400 1600 o0 ao0 000 e 120 @ 160 700 800 900 100 1200 M0 1880
‘Time of Day Time of Day Time of Day Time of Day
Nitrogen fertiizer 22.5 kg N ra™ [+0.5N) —a—Udhong 15 —g—Khon Kaen 3 ( ) —a—U-thong 15 —g—Khon Kaen 3 () —a—Urthong 15 —m—Khon Kaen 3 w
20 —a—=Uthong 15 —m=IKhom Kaen 3 140 1800
= T //&\\ % n \ R 1600 e
t o e / K 1200
g8 ST E 5
c E Q E
s 5 2 £ 1200
g g T g
2 E g0 2 s )—-XT"\
x g - \- E ; 1000
g 5 Z
g w0 ® 5 80 / \
3 5 :
] 2 2 ew
./ 8w g 5 /. .
H g 200
£ LIS "{ - 00 A *
3 =
= o T T T T 0 T 1
o0 B0 900 100 1200 1400 1600 700 800 900 1100 1200 1400 1600 7.00 8.00 9.00 100 1200 1400 1600 7.00 8.00 900 1100 1200 1400 1600
Time o Day Time of Day Time of Day Time of Day

Fig. 1 Change in net photosynthetic rate (A-C), stomatal conductance (D-F), transpiration rate (G-1) and light intensity (J-L) of two sugarcane varieties (Khon Kaen 3 and

—a—Uthong 15 —g—Khon Kaen 3

—a—U-thong 15 —m—Khon Kaen 3

U-thong 15) under three levels of nitrogen fertilizer rate on clay loam soil at Suphan Buri Province during 2019/2020 cropping season
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WNAW 0.5 WINAINANBLATIEIRY (7.5 war 22.5 Alandu N sals) Tadvinliiminudsdaumiianiu nnsgaldsns
27119 waznisnnifiuarfueauaasdasnilgnlufusawmiaauandreiunislaie lulnsiauniuaAdiamzinu

= I

(Table 3) aginglafinnu wudn WugsesdnasannwiFwes nsgndeaiugaauniy 3 Tiwminuis uaznisinifi

]

ATUBUEININNsLgndaaRuggnas 15 09 36% Uaz 24% n1nanau nediFunuiniiuatfueuduiugidu
dadoulaunsadunaadonin tlasanndsusatulsenausisaifuauatiaaas 50 (Watcharapirak and
Pattanakiat, 2009) #1%iun19galds1sa1us deeingrauunu 3 galdlulnaauianun 34.37 Alaniu N se'ls
Woanasavisunn 17.65 flaniu P sials uartnunadoniannn 8.17 Alaniu K slals daudasinggnes 15 An1s
aaldlulnsau neanesa uaswunaidanviavun 1y 29.19-14.65-7.22 Ailandu N-P-K sinls Tnadaeiugaanuni
3 dilse@nsnmnisld lulnsiauioa¥1snan@s 0.54 AueINaNAR/NN.N dauiRuganes 15 ilsy@nsninnisld
Tulnsauiaaf1auanan 0.68 AurasnanansiantansuN §1uiunisAnmniinuds des@nsnimnisldlulnsauie
% a a 1 = ‘I) 1 o I~ dal Adla a v 1o o 1
aFauands luAndaumtaanindt n1sdnnissna i sig luiunaunse gaautinuld daudphasuunu Tne
- = Ly o & . s a 4 e a
AnnItyald warAy (2555) Anwinwudn deasugaeunny 3 dsr@nsninnisldlulnsiauinesianands iy
0.915 furaInaNan/Nn.N uandliiiingdd Wigaesdasuazaninuondanisinaiui Iaousienissiseimsiy

nasyALTaLAN NN

Table 3 Shoot dry matter, nutrient uptake and carbon storage of sugarcane as affected by nitrogen fertilizer

Shoot dry Carbon Nutrient uptake (kg/rai) Nitrogen use
Treatments matter storage efficiency
N P K
(t/rai) (t C/rai) (kg N/rai)

Variety (V)

Khon Kaen 3 (KK3) 11.37:0.22"  517+0.17°  34.37£0.98"  17.65+0.57°  8.17+0.27° 0.54+0.02°

U-thong 15 (UT15) 8.3410.22°  4.180.12°  29.19+1.37°  14.65£0.43°  7.224¢0.37° 0.68+0.03°
F-test *x x X X *x X
CV (%) 5.3 12.8 12.7 14.5 4.6 19.4
Nitrogen fertilizer (F)

7.5kgN rai ' (-0.5N) 9.75+0.72 4.76+0.25 32.64+1.28 16.22+0.90 8.02+0.41 0.56+0.04

15kg N rai ' (1N) 10.20+0.67 4.82+0.34 30.33+2.09 15.69+0.75 7.05+0.36 0.65+0.04

22.5kgN rai’ (+0.5N) 9.61+0.46 4.45+0.15 32.3611.75 16.54+0.86 8.02+0.44 0.62+0.05
F-test ns ns ns ns ns ns
CV (%) 7.0 8.3 1.2 7.9 14.6 14.7

Means+SE within a column followed by the same letter is not significantly different based on Tukey's honest significant

difference test at p < 0.05; **, * and ns indicate p < 0.01, p < 0.05 and not significant, respectively
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atd n1sanilalulngiau 0.5 WimuAdiasimu (7.5 Alansu N sals) Tiaruauafiuias wiminsdean was

HANRE ANAY 9% 17% Uz 6% ANa1AL WanauiunslallelulnsiaunuAdasziihiu (15 Ataniu N siald)
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(Table 4) nsldilelulasiatiin 0.5 WinanuABIAszRY (22.5 Alansu N sals) ludasiuganes 15 Anavinli
o o @ al' ' Qdd‘ | [ o 1+ o ' 1 @ R 1o

AUIUAWALNEEINdINIINTBaY o) willisneiunisldile dnan 15 nn.N/ls etelsfimunisldileluinganlini

A Me1987 2 AAUE WAL A 1928987 LaZAIAINIIIUIBdERE (CCS) wAnsnaiu InadesliAanen9an

FEUIN 236.28-267.09 LIUAINAT TUNA LAUNIBAWENANTBIAT 95MINN 2.54-2.65 LHURLNAT LARUTHNASD

Pnnmeahaaniesludes wudi deaiugaenunu 3 §A1 CCS (15.91) gandnwug

Nad 15 (13.99)

U

Table 4 Yield and Yield components of sugarcane as affected by nitrogen fertilizer

Stalk length Stalk diameter Millable cane Stalk weight Cane yield
Treatments CCs
(cm) (cm) (stalk/rai) (kg/weight) (t/rai)
Variety (V)
Khon Kaen 3 (KK3) 250.80+10.54 2.62+0.03 12,065+263 1.65+0.09 18.36+0.63 15.91+0.10°
U-thong 15 (UT15) 256.59+4.56 2.55+0.03 12,711£325 1.71+0.07 19.42+0.35 13.99+0.14°
F-test ns ns ns ns ns *
CV (%) 9.3 5.2 9.5 15.0 14.9 2.2
Nitrogen fertilizer (F)
7.5kg N rai”' (-0.5N) 236.28+14.28 2.54+0.04 11,671£292° 1.47+0.09" 17.89£0.78° 14.8520.34
15 kg N rai”’' (1N) 257.73+4.19 2.58+0.04 12,676+270° 1.78+0.05° 19.1240.31%° 15.13+£0.42
225 kg N rai”’ (+0.5N) 267.09+4.67 2.65+0.02 12,818+432° 1.80+0.09° 19.68+0.62° 14.87+0.40
F-test ns ns ** * * ns
CV (%) 9.2 3.2 4.8 12.0 5.3 1.8
VxF
KK3x-0.5N 215.88+23.79 2.58+0.06 11,5734577° 1.41+0.11 17.03+£1.50 156.71£0.17
KK3x1N 267.93+2.63 2.59+0.07 12,800+278% 1.74+0.06 19.26+0.65 16.16+0.17
KK3x+0.5N 268.60+6.27 2.69+0.03 11,8224260" 1.81+0.18 18.80+0.84 15.87+0.07
UT15%-0.5N 256.68+10.41 2.49+0.07 11,769+240° 1.53+0.14 18.75+0.32 13.99+0.13
UT15x1N 247.53+2.35 2.56+0.05 12,5514503% 1.82+0.09 18.97+0.08 14.10+£0.32
UT15%x+0.5N 265.58+7.80 2.60+0.02 13,813+378° 1.79+0.04 20.56+0.75 13.87+0.28
F-test ns ns ** ns ns ns

Means+SE within a column followed by the same letter is not significantly different based on Tukey’s honest significant difference testat p <

0.05; **, *and ns indicate p < 0.01, p < 0.05 and not significant, respectively

HARBLUNUNNIATEFNA9INN12 191 TN suaneae
=ﬂ| = =X v o o+ a ¥ ‘ﬂl a ' = o o a '
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\u 20,584 uwstals uidndnsladalulnssudnaavzegeliuniiAdiamziau (7.5 uay 22.5 ilansu N siald)

fasiugaauuiu 3 nauliuanaLULaNAY T8 11% waz 3.4% ATNAAL (Table 5) luanicfidaanuggnes 15
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Table 5 Economic return of sugarcane as affected by nitrogen fertilizer

Nitrogen fertilizer Fertilizer cost Cane yield Income Economic return over
Variety
(kg N/rai) (THB raiq) (t/rai) (THB/rai) fertilizer cost (THB/rai)
Khon Kaen 3 524 17.03 18,842 18,318(-11.0%)
7.5 (-0.5N)
U-thong 15 524 18.75 20,745 20,221(-0.2%)
Khon Kaen 3 725 19.26 21,309 20,584(-)
15 (1N)
U-thong 15 725 18.97 20,988 20,264(-)
Khon Kaen 3 913 18.88 20,800 19,887(-3.4%)
22.5 (+0.5N)
U-thong 15 913 20.56 22,748 21,834(+7.8%)

Fertilizer price on February 2020: 46-0-0 (11.56 Baht/kg), 18-46-0 (17.15 Baht/kg), 0-0-60 (18.30 Baht/kg) and vyield price:
1,106.40 Baht/ton

Source: Office of Agricultural Economics (2020)
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Effect of colchicine on survival and morphological characteristic changes of in vitro black ginger
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Abstract

Crop development of black ginger using polyploid induction could increase genetic variation in
population for plant selection. The effect of colchicine on survival and morphological changes of in vitro black
ginger were studied to be used as crop improvement basic research. The in vitro one centimeter in length clum
explants were polyploid induced by soaking in 100 ppm colchicine solution for 0, 12, 24, 48 and 72 hr. After
in vitro culturing for 60 days, the percentage of survival explant of all M,V, and growth rate of M.V, to M,V,
explants trended to decrease in longer colchicine soaking periods. Changing of morphological characteristics
was found in 24, 48 and 72 hr colchicine treated M,V, to M,V, plantlets i.e. enlarged pseudo-stem, new albino
shoot and enlarged leaf characteristics.

Keywords: Black galingale, Chromosome doubling, Colchicine, Tissue culture
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2566) sauriulFulgaRugATngunszanani lnantsdnun lfiianisnaneiugluanwilassime inedonsu
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LW@LWNH?N’]ENM?Z%MQ”I@%’] V5 L1 Agastache foeniculum (Talebi et al., 2017), Papaver bracteatum Lindl.

(Madani et al., 2019) uaz Thymus vulgaris L. (Shmeit et al., 2020) Fennsdni iiian s wIugalasulay

Tuig afudemaudeyaiugiunisrevsauesesianaiainnislifuansianisnaneninasenissenTinuas
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sousanianugnsvanannguluuastaduiugn ansdrAnygearnnguinsmsnadignnszananiuiinn
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8.4 a8t thanmnglien aniufuseaiven vduinensnge Tnaldaenunegniiasann 2 iuRmng
da¥nANEzen At VA HUNL 5 1T uTTugaueenlugnsTaeiudesuaLnn o 50 $aur tween-20
S 191 2 e 1wl 20 Wi andunanginidadaaansazans Dichloroisocyanurate (SDIC) AMaLdNdw 1,000
Faansumeans 1unan 30 W9 (AIRALasINaNTasT, 2566) ﬁﬁ%umuﬁmmﬁwr;’ffaﬂigfﬁﬂzﬁlvu?imunwﬁqmﬁ?ﬂ
L&Y 3 ASE FAGILERAENT 0.5 LTURLLAT wa:Lgﬂquu@qmizﬁ”mﬂm:ﬁﬁqu,*ﬁm;m MS (Murashige and
Skoog, 1962) FLANLAR1aNII8T17 30 5L UAL Kelcogel® Gellan Gum 2.5 nfusaa1nisdaiasneii 1 ame
L‘W’\ZLgﬂdiuﬁﬂﬁﬂﬁuﬁﬂﬁ?LW’wLay?;ldL‘ﬂl‘ﬂLﬁ‘ﬂ ‘ﬁlfqmuqﬁ 25+2 aanaalded TiuasanvaaangaeLsaitusiaeng 1
cool daylight 1411 16 921395851 A1 Photosynthetic Photon Flux Density (PPFD) 30 pmol/im?s wéaannlddeuite
Unamide Lﬁm‘hmummlm‘lummiﬁqLmﬁw‘ﬁ'uﬁq@m MS ﬁﬁma‘muaumnﬁmLﬁuimmiﬂﬁmvlﬂﬁu
6-Benzylaminopurine (BAP) A3 uidudid 0.5 Naansumaamns FUtANanTe919 30 N3 uaz Kelcogel® Gellan Gum

2.5 NSUARAIYIT 1 AR WNZLAEN AN INWIARAN AL UT WA WA TN aNH T TN
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mslianrasanslnadauluaniniannide

Fananminszaesluanmilaeadelsiienan 1 sease 1 3uits a1tz 1 iuiiun sty
a17azan81AaTaURHNUN1TNI89AINId N 100 ppm LuszazZIAAN 0, 12, 24, 48 UAT 72 F2lH9 I19UNY
ma‘mm@@umuzﬁmmga‘ﬁ(Completely Randomized Design, CRD) 1;"\1‘1/134@ 2 61?’1 %ﬁ@: 50 ‘Qﬁyuﬁ‘ﬁ Lﬁ'mvﬁmmzmﬂ
ANILEILNANTRLAALN TTNABIEY deTuTiTdasinnduTiiunnsTiiin e reudaasluemsdaAT s

4ns MS Alufinnainansaaupunisiaseuanlaing Tuaonaum 4 aaud 108y 2 Tuie

o aim o . . . yae . 4

mstuiinmasendanuaznaUasuuLavansasneduguuaianlaiuasasatslaadduluanmiaoade
wasANINzIReTUNTIWgan 30 waz 60 41 (3u M,V,) liudayanisseaTinresduiei Wiuaisazany
TAaTdu INanszazioatutarsazartlaadduninlinsca1aa1A18aIUIUATIN N899 WIUTUNT 9N A

(50% lethal dose, LD,;) uazAniaanauiansantinniziaessialiluaniniaaniaie (§u MV, w8y fu M,V,)

]
A o o

wadunadnwuznsauulasiifaauduie tdun aauulu auialy angane awsduduguednanslauan

i A1UAUIIN ANE129N Aurntan il wazanwuely dndeyaniaaigiulaniiuin dunaAiwinuiy
waidusdnisasoyiuinisuiugaauan a59nanuanIpudNiusIsnINsvasnaTuNT lAsua savane
Inaddunazidafidusdnisaiyiuinaesduieg iwamszazinanlunislasuasinaddundena ldnaiansnng

\3tYLAutIanaIATINglY (growth reduction; GR,) Tnanisannidusinnsnuazannisidunssuaziiuindeaya

v
=3 o

wafifusnisnaanus Asuulasaasiannadiu
a o
NALAZIANTUNANITNARDY

e fiFusn1ssanTanueNsunszTesIadan lasuansazaie inatauluaniniasmaa
PAINTUNT LASLATaAN e IAATTUAN N NT 100 ppm UsTaZIaaN 0, 12, 24, 48 LAy 72 F2lu

wazNZIAEIINeNMNIdUATINeudegns MS iWuan 30 44 (fu M,V,) nudndefidusinissenTinue s uig

o o o o A 2 o4 Yo aa 2 2 a4 An Moy
Ya9FuNIzI AR kUL lNanaNeTUNT LA SUANTavan s laT T dusTa s a W waL TuNe Wl Sudnsazans
Tpatdunilafidusnissandamn 100 wWasidus wazdunanlesuansazanalnadduiiliuaan 72 dolue Jaunaid

=

FARANUIUAARLUAD 12.5 LlaFLFUs NI NN AL TUNT LT 198 60 T3 NUTUNTNIDATIAANUIBAAAS
Inenannsdunaniae lesuansazans lrataudlungn 72 dalue wuTunansesdimiied 8 wasidus (Table 1)

Table 1 Percentage of survival explants after 100 ppm colchicine soaking for 0, 12, 24, 48 and 72 hr and

culturing on semi-solid MS medium for 30 and 60 days (M,V,)

Period of colchicine Survival percentage of explants (%)
treatments (hr) 30d 60d

0 100.00.0° 100.0+0.0°
12 94.0+1.4° 81.0+1.4°
24 84.5+0.7° 71.047.0°
48 72.0+1.4° 44.045.7°
72 12.520.7° 8.0+2.8°

* Means+SD in the same column followed by different superscripts are significantly different (p < 0.05)
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Warhdayanlefidusinissesdinuesunseaan inafrananuanipnudiiusazndnassazoa g

=

a5uansazanalratdunazile fiiusnissanTanuesTung iveniszazinan lung lesugansazas laagaunyi 1y

funszaammaduauiuanilareasganuAu [50% lethal dose 1T LD, ] launuAnluannisy = ax+b

189n31HANN1TANRELTNLAY (linear regression) N19A 0 e 72 F2Te WUFIAN LD,y INrTLI 43 d9Ta4 (Fig. 1)

Q

100 4

y=-3.362x + 125.1
80 4

R’ =0.9524
60

40

|
|
|
|
|
L J

0 12 24 48 72

Percentage of survival explamnts (%)

Period of 100 ppm colchicine treatments (hr)

Fig. 1 Relationship between period of 100 ppm colchicine treatments and survival percentage of black ginger

after in vitro culturing for 60 days

mnasaulauasnaaguulasansasseasunisasuasanlasuaisazarelnadduluaninilasade
o s a o o A v Na g ] & o

wasaniiudayanissendinasy 60 S Andansunsantianiziaessia i luaninlaeni@auazindng
X o4 o A o da X oo o . a . - =
Walleinn 45 MU edunpaneurnindasuulasiiiaruiuansuen1eduguaesie wudinisesoyiuin
299n92118A1 145U MV, (Table 2) waz3u M.V, (Table 3) doulugiduusldudnsinisaigiiuinanasmn

i v an X ae o as o o .
srazinanlasuansazanalasdfudunauuiiuvedsliadAyneadidenFaunausunsyaaa i ld a5y
arsazanelaaddu nnsaiiiulnresiunszaiaanna 2 31 JuuaTdudnsnisasgiiuinanasinanaiu

o o o

nrlasuansazanalnadduluasnan sz nuAIUAT99ANNENITINIAINTE TN 8 AN BN AN ATUNISETA uazyn
Waunanlasuansazaralaadduiunaiunuiuinisenssnalavanfuuna vnavesreldadAnyn1eatia
gdrazanalaaddunsunszanaanlasudussasioan 0, 12, 24, 48 uay 72 FaTug danalimunszanannlu
) Ao a a a al' Ao & Vo A o o a a Ao =
U M.V, Hgmsnnanisasyiivinnanasndniauaundagu MV, nenuddetirdeyanisiasoiaulnniunn
o aruauly aualy (ArundauazANeng) ANEIRY ANNATANANAUTAIN AMWIUIIN AYINENDSIN
wazauuten mdifindu i Awniulefidusnisasymulameunuganiuns (0 4alus) usiiiiasainnis

=®

#uansazanslnataulidananerunaauanmnetnadittdfymeain adddeyaiiies 7 snsasiiflaanu
uAnAneiuad1eldad1Atynneaia (Table 3) unldaensnuaninanuduiusssndnessazioan i ey
ansaraelraddunsziledidusinnadyiuinedguits e GR,, ﬁiﬁmn%’mﬂ@ma‘m‘?mLﬁuimﬁqmﬁ’mim
Fandunssianmruazaunisnanesdadu nudledidudnmasiyfulnresduienszaas 6 snemzann
ynnasaisnesnslédfuansazanslnadiu Srnannnd 50 wedidud feyaulefifuimuausenlvaiiiistuias
fnunzdiandAaaawng 50 wefidus wearnidunseiansvl fn GR,, 194A1NITTI8ANGY M.V, Wi

62 dalag videwinfy 63.29 daluslneAuaniannannisannesidadu (Fig. 2)
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Table 2 Growth of black galingale after 100 ppm colchicine treatments for 0, 12, 24, 48 and 72 hr and 1%

subculturing on semi-solid MS medium for 45 days (M,V,)

Period of Root New shoot
Leaf number Leaf width Leaf length Plant height Stem diameter Root number
colchicine length number
(leaf) (cm) (cm) (cm) (cm) (root)

treatments (hr) (cm) (shoot)

0 3.00£0.94° 0.37+0.07° 1.26+0.18% 2.50+0.18° 0.21+0.06° 4.32+0.70% 1.21+0.15 1.57+0.74°
12 2.90+0.74% 0.35+0.05* 1.20+£0.13% 2.25+0.14% 0.22+0.04° 4.22+0.74%* 1.20+0.11 1.569+0.47°
24 2.80+0.42" 0.32+0.04° 1.1420.12° 2.20+0.23* 0.22+0.09° 4.00+£0.82° 1.21£0.19 1.50+0.53°
48 2.70+0.82* 0.34+0.05° 1.1240.14™ 2.10£0.19 0.26+0.08™ 4.00+£0.94° 1.20£0.18 1.10£0.88°
72 2.40+0.84° 0.34+0.07° 1.08+0.08° 2.05+0.17° 0.30+0.08° 3.60+0.07* 1.16+0.16 0.90+0.74°
F-test * * * * * * ns *

* Means%SD in the same column followed by different superscripts are significantly different (o < 0.05); ns: not significant

Table 3 Growth of black galingale after 100 ppm colchicine treatments for 0, 12, 24, 48 and 72 hr and 2"

subculturing on semi-solid MS medium for 45 days (M,V,)

Period of Root New shoot
Leaf number Leaf width Leaf length Plant height Stem diameter Root number
colchicine length number
(leaf) (cm) (cm) (cm) (cm) (root)

treatments (hr) (cm) (shoot)

0 3.00£0.94° 0.37+0.05* 1.31+0.18% 2.47+0.14° 0.23+0.05° 3.94+0.74> 1.17+0.16 1.45+0.67°
12 3.00+0.82° 0.360.07% 1.25+0.14° 2.31+0.13° 0.24+0.05° 3.91+0.63" 1.1840.13 1.48+0.32°
24 2.90£0.57% 0.36+0.08 1.24+0.16° 2.24+0.18" 0.26+0.10* 4.20£0.79% 1.19£0.12 1.40£0.70°
48 2.80+0.63° 0.35+0.07° 1.2240.19° 2.22+0.15% 0.30+0.09° 3.50+1.18" 1.16+0.14 0.90+0.74°
72 2.60+0.70° 0.34+0.04° 1.18+0.18° 2.03+0.17¢ 0.28+0.08% 3.10+0.74° 1.14+0.13 0.60+0.52°
F-test * * * * * * ns *

* Means%SD in the same column followed by different superscripts are significantly different (o < 0.05); ns: not significant

nsdunadnEzInssugaun wud L TuNTnaannlnsuasarans Taatidwiusrazioan 24, 48 uaz 72
daluslusgndnanismnzidesluanindasnimaislugu MV, wazlugu MV, nusuiiaansusuoulausi
\ a . o | . v Aal v aa | e
28183UIANINN1UNR (Fig. 3A) Anwauzaen w1919 (Fig. 3B) wavaundlurwialueindnaulnanengwingu
(Fig. 3C) TnaanwuziFnnlaususaauauinndrnanulungunszmaailasuasazanalanadidu 24, 48
waz 72 49l1e1093u M.V, uazrlugu MV, Tugaq 30 D9 50 wlafidus anwuzaanludaiaang wulugu M,v, 299
ngunszaaanlsuasazanslaaddu 72 4alus waznulugu MV, sasngunszanaaildiuansazansinadidu

48 uaz 72 49lue doudnwzlusuialugndrdulnaneneindu wulugu MV, 2eangunssaiaailasy

ansazanaladau 24, 48 uay 72 uarnulugu M.V, 28engunszanonni isuansazaislaatiiu 48 uay 72 4alua

Ao o

(Table 4) LLmLﬁ@memmmf;Lsnﬂ@rmnluuﬁﬂuLﬁﬂmwrjwr?fumﬂﬂ‘j:rmz’l,usl,mgnfiﬁﬁuﬂﬂﬁﬁmqmﬁumm

luan9auau 30 Faaeng (2 Aaatnemamu) nuatadnlureslunaunalvnianundrwazenianinndnaes

° o

luinRateltfadAnyn1eadia (Table 5)
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—— Leaf number (leaf)
—@— Leafwidth (cm)
= Leaflength (cm)
—a&— Plant height (cm)
—m— Stem diameter (cm)
—e— Root number (root)

—e— New shoot number (shoot)

y =-0.9111x + 108.84

Percentage of M|V, growth

i
|
I
I
i
! 2
GR;J, R®=0.9328
T 1
0 12 24 36 48 60 72

Period of 100 ppmo
Fig. 2 Relationship between period of 100 ppm colchicine treatments for 0, 12, 24, 48 and 72 hr and

percentage of M,V, black galingale explants growth

2mm

control enlarged leaves
Fig. 3 Morphological characteristic changes after in vitro culturing of 100 ppm colchicine treatments of M.V, to

M.V, black galingale: enlarged stem (A); albino new shoots (B); enlarged leaves (C)

Table 4 Percentage of three types of morphological characteristic changed M,V,and M,V, plantlets

Percentage of morphological characteristic changed plantlets (%)
Period of colchicine

Enlarged stem New albino shoot Enlarged leaf

treatments (hr)
M1V2 M1V3 M1V2 M1V3 M1V2 M1V3

0 0 0 0 0 0 0
12 0 0 0 0 0 0
24 30 (30/100) 35 (28/80) 0 0 1(1/100) 0
48 42 (35/82) 50 (25/50) 0 18 (15/82) 6 (5/82) 44 (22/50)
72 40 (6/15) 50 (5/10) 40 (6/15) 40 (4/10) 46 (7/15) 40 (4/10)

Number in bracket represents the number of samples per total
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Table 5 Comparison of stomata size between control and enlarged leaf samples of in vitro M,V, plantlets

Stomata size (um)

Sample

Stomata width (um) Stomata length (um)
Control 2.55+0.22 3.94+0.37
Enlarged leaf 4.06+0.25 5.84+0.48
T-test * *

* Meanst SD in the same column are significantly different (o < 0.05); n = 30

= = o Ay va aa o Va2 A An v
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& a a a s A A o~ a aa < a | @ A
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Abstract

Seed coating method for maintaining seed quality is extensively methods which apply for seed
commercial. But the technology is companies trade secret which cannot be disclosed. The objective of this
research was studied coating speed and time to spray polymer affected to seed quality in vegetable soybean
var. Chiangmai 84-2, for applying the conditions to combine with microbial antagonists. This experiment was
designed in CRD with 9 treatments, 4 replications. The nine treatments were applied in this research that consist
of non-coated seed, coated seeds with 0.1%w/w CMC at coating speeds 70 and 90 rpm. Each method of seed
coating was applied the spraying times at 0, 3, 5 and 7 seconds. The results showed that coating speeds and
time to spray polymer were not affected to seed germination, but it was affected to seed cracking and seed
vigor. Coating speed at 70 rpm and spraying time 5 seconds, the cracking percentage was 4.25% that
non-significant difference from control and the accelerated aging percentage was 52.00%. Thus, this condition
was suitable method to apply for coating and combining with antagonistic microbial.

Keywords: Coating speed, Seed coating, Seed quality, Spraying times
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No. of normal seedlings
Percentage of germination (%) = x100 (1)
No. of total seeds
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