


MFTEITIUVINIINYAT

W99 D nIATManNEag

fineu : NATINENEAT 3AANT N9 10900

gz waufonarslumsimeuninnnainasudds uasuianssndsinisineasiuig
a e
nsns

AUANINATINTNBAT ID9BBUANTNATINTINLAT NUINEINTNITINTINEAT

Hifmanaadzmanens weynsnsy §enlsnssniivide §gwasmsnes
fgaonssin fewisnssninddouasiauimsineas wedl 1 - 8
UIIUNENS
73.0497 Fugh NINATINTNBAT
gaasussandns
WS AzAYszM Aufinalulafanssumauazn1adoas nsdmmsineas
#1128 DIINAIID aonudTENYEI NINATIMINEAT
AT.NYIU WOBIWUS dninduaTasiuiiy nsniznisineng
NavUTIAUNGNS
2730usntl YAYAS NI BNIWRANINNSINEAT NTNATNTINEAT
az.AnMal §und NI EWAUNTRIBNINRANIINSINEAT NTNATINIINEAT
a3 Doy At dninieimunalulagfinm nasdzmainsns
AT.UATY aNyIiuia ngaouATEfiTaundemafiuien nay. nsdmmsineas
AT.YAIA 35270 ngaenddelsafisvasniafivifies na. Ammainens
ANNIA NAUTAS NENIUNENMTUUIFURAARALNEAT 121 NTNATINTNHAT
Jelld ppaniwdRu guiishdnhiugsmg o nsuinmsinues
A3.20UNI ANEZDIA SN REWAUIN1D15N2AY NTNIBINTNEAT
AT.BTITIU 29 ANRA iR EWAuINDINIAY NTNIBINTNEAT
amBa (@3uuned ssmsinEaueny
A3.WINNA addugan dssnsinEsaueny
A7.80910 gausiisud u inge rasmainseneny
g3 fisfwzdong gminouiaumMisenianens (asdmanmou) (san)
A7. ]t dunsnsal fneuanasguiuEINERILaT e IUITIA (Nne)
a3 wviesond glased anzmalulaifinm aminenduiedn
3.03. 340 ndninu AUTINEAT MUMNLEY N IMENABINEATAIEAT
IA.03. WY BuLSn ANTAARIMNTININEAT NV IMENABNBATAITAT
36.05.990u 1iagdu anzninensdainmuazmalulad sminsdomaluladwszaanniiouys
3¢.05.A150udng fndul anznaluladnaneas soumalulagnszesuniidigummaaianszds
w03 Jennsal Beadmszga  dindmgasmnasainens smIngduwsifimans
WA.A3.35I LwANg Ay IneAans aningdeidolne
WALAT. YA YuuTIal Az IneAans aningdidolne
a3 Tuws dauynd fuindeBuasinuIe1ineIing nsunsing

aT.inTeednd @ATenaee annduddegmnnsal

ar

ANI

3

eS¢ @3V

MWILNINGNTTUVITY NDILHUNULAZATING NTNATIMIINLAT

NEIBRIANTS
G U

AULY ARIBNIAT NDILANUIIULASZABINT NTNABINIILNEAT




~ J715d15

3B IANN NI AY

THAI AGRICULTURAL RESEARCH JOURNAL IsSN : 3027-7264

97 42 atiufl 1 NNTIAN - LHYPU 2567

IFATIVINITNYAT ARUHANEUNIANUTHANUITE UazuTANTINIVINTNYATAURNY
fifnuneenday 3 atu atufl 1 RusiFouunau-wwiey atud 2 Weunguaiau-Gana
atufl 3 ieufugneu-Sunean vemnt TasnanuidennEedldiunsifailunsainmanyns
I¥umsfinnsanuuy double blind system Tnimssanndivangluuasnouenmisnuoenstios
2 vi MIansiszuunsdamsnsansiuuseulal Inelilidnsssutlennsinu wagyiinsindiun
HEUNLATOIAAUBIVINBIUSI¥NT TITIasANSg 9 TAendes






UNUITIUIENIS

adaaUlndlngvirude1unnviu 15815385 ERsLAA L TUNITIHEUNINA I UITY
wazunnssuduiraifunatenuiegireiies \ulfl 42 udh 1sarsaduiiduatuusnves
U w.a. 2567 Felafinnsiudsuntamungian ISSN seatufifud wazadueeulay osainni
AugAvLIn15819895a15 e (Thai Journal Citation Index Centre ; TCI) laUsgnAunausinsuseiiiy
AunNsaNTIvINsieglugiudona TC saudl 5 w.a. 2568-2572 finausimdndendaiivualii
“Nsansiimnelavansgiuanalszsnsas (SSN) Meangzideunmdonusnguiigndosy
wanana” sa1TivInsineesnulasuntsaanzivuduaduiininuneay ISSN 0125-8389
‘Lu%ammé’mqm’w Warasan Wichakan Kaset wazil parallel title 31 Agricultural Research Journal
desmnfemusinguiiaudndeutuinsaisvesinalsemne meahesdalisunldde “Thai
Agricultural Research Journal” TuU w.a. 2528 Tngdsmslinuneiay ISSN Laseg Lﬁammgﬂéfamm
NaNaINa I9VouNLANUNIELaY ISSN 025-8389 (@UUANLN) kaz ISSN 2773-9317 (atuesulail)
sodtnveayauiand wazvenuneavlndidu ISSN 3027-7264 (aUuANuN) uag ISSN 3027-7272
(atueaula)

wihnsasinmainensasiinsiasunamueiay ISSN uifiasjiuiaginauenadiu
yAmsHLUnANEERLiamLmsgIuana wandulsylevidodsulunnaaduiiisados

Aruunivsuneunldlasunisiiansaun vsednisudlurateseu Sndulseifunielfuniseaniuy

o v
Y o A

NusuwATediaonadetiuinguszasdfingld MsdduiusedsiitinAnudonfivameuas
Husunuiigniesmundnnismeada uenand fidemsimafudoyadidinlfgnieadeliuisg
ptgUszasd nenesussasnsvedumdddaliiynyiuyinaaud q senumeunsinnty
aflsdvinuidoiausuugla q Wieatunsans awisafnaneldnng email: journal@doa.in.th
NIMFINNEINYATIRYBUANTNI Ty YIuNdNanUNeRTaHEUNS fMInandifiTisfiansan
UMY WAz uiiRamunIasivInsinunsineeselilos dedlenatuamnsudil m
nesusTaBMIveswenslimnuiinnugy aunmuieuss uardszauamudiiaaudnnundls

NnUTenI3

3. BN TUHA
UITUI0NIS

Thai Agricultural Research Journal Vol. 42 No. 1 January - April 2024 1



n1sneuauakazni1saaldlulnsiauvasdidlnaninuludusiumied
Nitrogen Response and Uptake of Sweet Corn Grown on Clay Loam Soil
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ABSTRACT

-Suitable nitrogen fertilizer management can increase yields and reduce chemical
fertilizer uses but the existing nitrogen fertilizer recommendation for sweet corn production is
not appropriate for site-specific recommendation. This study aimed to investigate nitrogen
response and uptake of sweet corn grown on clay loam soil at Uthai Thani province in 2017.
Treatments were laid out in a randomized complete block (RCB) with four replicates. The
treatments consisted of six levels of nitrogen at the rates of 0, 8, 16, 24, 32 and 40 kg N/rai,
while fertilizer application for phosphate and potash was 1.0 times of the soil test
recommended rate. Results showed that the response of unhusked ear weight (Y) of Hybrix 3
cultivar to nitrogen application rate (x) grown in clay loam soil with low soil organic
matter (1.349%) at Uthai Thani province could be expressed as a quadratic equation, by
Y=—O.6989><2+44.985><+2803; R2=O.9106. Moreover, the result of economic return analysis by
VCR method showed that nitrogen fertilizer application at the rate of 16 kg N/rai could
maximize the highest return. The amounts of total nitrogen uptake in plant were 25.7, 3.7
and 23.7 kg N, P and K/rai, respectively, while the amounts of total nitrogen lost by yield
removal were 10.6, 1.8 and 7.8 kg N, P and K/rai, respectively. Using proper rate of nitrogen
fertilizer can efficiently increase yield of sweet corn grown on clay loam soil at Uthai Thani

province.

Keywords: nitrogen; phosphate; potash; nutrient use efficiency; nutrient uptake
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Table 1 Yield and yield components of sweet corn grown at Uthai Thani province in 2017

N rate Unhusk ear” Stover fresh wt.”  Brix Plant dry matter (kg/rai)

(kg N/rai) (kg/rai) (kg/rai) (°Brix) Grain Stalk Leave  Cob  Husk
0 2,803 b 3,758 b 14.6 306 499 382 141b 323
8 3,213 a 4,581 a 14.2 361 542 473 169b 351
16 3,419 a 4,382 a 14.5 345 573 471 166b 339
24 3,353 a 4,372 a 14.9 353 532 461 166b 369
32 3,510 a 4,485 a 14.3 346 506 aa7 163b 365
40 3,525 a 4,401 a 14.3 367 460 aa7 214a 361
Mean 3,304 4,329 14.5 346 519 aa7 170 351
F-test x* * <1 <1 <1 ns ns <1
CV (%) 7.6 7.7 4.5 14.5 17.0 11.8 111 153

YMeans in the same column followed by a common letter are not significantly different at the 5% level by DMRT,

ns : not significant, * : significant at 5% level probability, ** : significant at 1% level probability

M5ETITNTNEAT TN 42 aTUN 1 WNIIAN - WBIBU 2567



4000

3000

hit (ko/rai)

E

1000

Unhusked

0 8

2q 32 ao

N agplication rate (kg N/rai)

Figure 1 Response curve of nitrogen fertilizer rates and sweet corn yield

24 3z a0

N {kgN/rai)

Figure 2 Relationship between total nitrogen uptake in plant (kg N/rai) and amount of nitrogen

application (kg N/rai)
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(NaNWNAUNTITENITHENNINITINEAS, 2564)

wandUsunaurnududuvesiulnsiaus
Tnunadeusneanesa Andudadlu 6:4:1
a1sulvsurvesdnunadoustulasiaus
Woanosa Tudndiu 11:9:1 vauziilufinau
Wutuveslulasiauslnunaidesusnoanesa
Dudedau 8:7:1 drudenaznrudniiuSunm
Tnunadenlndifvsiululasiauseanssa g
Adadau 5:5:1 wag 5:5:1 aua1nu (Table 2)
HeUszifiudndinvessinemsiiiiviosnis
Wiuladn d1aluaminudesnisiulasiaunay
IwLmaL%ﬂuﬁmmﬁqmdwmam%’a 17
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Auuzidinsiddedimsudnlnaniudadu
ansilldiunn 9 nquitlefiunseaniniug
el laenAR DI UAIINADINITVRY

HowazdyiliAinn1InnAeweds19emMTIuAY
Ingtanizloanasa wud JUSunagenlufu

Table 2 Nutrient concentrations in each part by sweet corn

N rate N concentration (%) P concentration (%) K concentration (%)
(keNf@) Grain Stalk Leave Cob Husk Grain Stalk Leave Cob  Husk Grain Stalk Leave Cob  Husk
0 175 115 201 090 079 028 015 026 019 018 095 156 184 094 0.82
8 178 114 202 083 079 030 013 025 018 015 107 135 180 086 0.76
16 1.84 1.06 207 092 083 031 012 027 020 014 107 139 186 097 0.73
24 174 111 204 093 082 030 013 025 019 014 104 153 190 097 0.80
32 184 123 202 093 083 027 013 027 018 014 104 164 204 094 0.74
40 187 114 203 0.87 083 028 013 027 018 014 096 139 191 087 0.69
Mean 1.80 1.14 203 0.89 081 029 013 026 018 015 1.02 148 189 092 076
F-test ns <1 ns ns <1 <1 ns <1 ns ns ns ns ns ns ns

CV(%) 3.8 115 1.7 73 54 127 142

9.7 6.5 9.2 8.7 135 53 103 6.8

ns : not significant

Ysununmseaaldsinemnsvesdnilng
nsklladelulasiuinidnilnavinu
paldlulpsiauianuasiian (21.99 nn.N/L9)
Fedawaliuiuunandadnazdiniinisla
{Jolulnsioudngndu o (8-40 nn. N/L3) vilsk
lnainisgalilulasiausendng 25.34-26.30
An.N/ls daalilasunandniiisgs 3,213-3,525
nn./13 (Table 3) @aanAdaIiUNBIITENMU
H23un1sHARNIINITINYAS (2564) finudn
Pralwavnuiuglausng 3 dnsealelulasiau
Jravn 6.90 nn.N/l3/Funandn wagddlndLAss
U Khan et al. (2018) fis1gamuin msllulnsiou
8951 19.2 nn.N/LS vilvidlnanauiinisge
THlulnsiausiovan 28.02 nn.N/l3
lunsdanistelulasiaudmsunisudn
F1lnavnu dethuandneanluueniiuiivinlv
gidesinemisAnduusuia 10.6 1.8 uay

7.8 NN P uay K/l3 sudtu dedu duugih
mslddelilasiaulumsadatrlnemnuiugn
Tuyautoum Adunieingen eanssad
Duvselevdgeunuazinunadouidy
Uszlewiuiunas As 16 nn.N/Ls Auileane
W30a111309ALYE5190115 lulnTIaudign
weanlunsoununaninla As 10.6 nn.N/ls
winianedauagilinoenluainiiudivinly
U%mmﬁmmmsﬁu’wmﬁqﬁgma 25.7 3.67
wag 23.65 nn.N P uag K/A3/g9 dvdanald
USinasinemisitieenluiiunavesuTuim
s1e 1 siildaslulufu duuziinsldie
lulpsiausnsdnanillflufuiidisideame
feu FamsuuzihnsliaeTlulnsauui
msdansmedainlnandsnisfiuifeadenis
qUNaUALAY
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Table 3 Nutrient uptake in each part by sweet corn

Nrate N uptake (kg/rai) Total P uptake (kg/rai) Total K uptake (kg/rai) Total
(kgNf@) Grain Stalk Leave Cob Husk (kg/rai) Grain Stalk Leave Cob Husk (kg/rai) Grain Stalk Leave Cob Husk (kg/rai)
0 533 521 768 125 253 2199 089 076 099 027 057 347 304 779 708 130 263 2198
8 641 522 980 140 277 2534 106 0.68 1.18 030 052 372 388 7.01 850 144 265 2347
16 636 588 975 151 282 2630 106 0.68 127 032 049 380 375 804 881 159 247 2465
24 6.15 580 972 154 302 2592 105 066 1.15 031 052 370 366 812 878 159 295 2511
32 635 544 904 151 304 2538 097 063 120 029 052 360 360 811 9.11 152 271 2513
40 685 471 9.06 185 296 2542 105 058 121 037 049 371 359 639 852 186 248 2203
Mean 6.24 533 917 151 286 2506 101 066 1.17 031 052 367 360 752 847 155 265 2386
F-test ns <1 ns ns <1 ns <1 <1 ns ns <1 <1 <1 ns ns ns <l ns
CV(%) 154 151 120 11.7 150 102 279 250 9.7 9.7 195 13.4 169 171 123 111 141 102

ns : not significant

UszAnSnmmslddelulasimuuasdrinavnu
Usgdvsammnslddenansdsrmuanunse
vosirlunslivinandnsemirsvesedily 1u
ANdEIsaluNsARsIne s Wazaulily
Funduuasulidunandn (Moll et al, 1982)
311N153ATIeUsEANSA w15l lulasiau
w1 delddelulanaudaiuludng 8 16 24
32 wag 40 nn.N/1s vinliusednsainnnsld
Tulpsiauvestrilnaanas Ing ANUE 31 54 39
23 22 uag 18 nn./nn.N aua1eu (Table 4)
\losnnnisladelulpsiauanniiuniiniig
foan1svesd1ilng lulnsiaudruiuldlagn
iuldlunisiasyAulauazadananan unag
aglupiuvsegamglulaenszuiunisdng 9 3
vinlsf ANUE ansnas denadesfulszdnsnm
el Fewudn mslidelilasiau 8 nnN/S
fif1 ANRE gaan 50% wiiileldtelulnsiay
Wiudu ndusiald ANRE anas aenadnafiy
#3384 Johnson and Raun (2003) Femun
nslielulnsiaudngiiazyiili ANUE Sengs
winsidelulnsiaudnsnas (7.2-17.9 na.N/19)
UINIUAUANUABINITVBINYALV A ANUE &
A usitaudariu Oktem et al. (2010) inui

ANUE fiefingetudiafinislielulnsiauud
Flnavmuludnsfiusnntu vnedia) ARNE
fuduegiuaudesnislulasiauvesfisuas
Uinallulnsiauilevanuaoseenuliuiiiy
(Dobermann, 2005) n1staelulasiau dns1 8
16 24 32 uag 40 nA.N/LS vilidalwednisgeld
Tulasiauande (PNUE) lulglunsasamanin
[@AY 92 166 113 225 uay 192 An./nn.N il
geld udle nemisilatelulnsiou 32 nn.N/s
yildnnaaunsailulasauiigaldluaing
Handnlagean wnni13iu Eivazi and Habibi
(2013) 1eemlddolulnsiouganiisyiu
17.6 nn.N/LS uandliviiudn Uszansannisld
{elulnsiaunisadsziuogfuszansninnsg
Ilulpsiauvestnilng (Biswas and Ma, 2016)
Lmeqmﬁ@mﬁ{jmﬁmﬁmﬂiz%w%mwmm
Judszleniuazannisgadeveadelulasiau
Tildlulevffuduelulasiau 1ilesain
lulevrsiinainlinisazanvesbunsnlufu
UINNTY (t@Aus, 2557; TH5UNT LAaTANY,
2564) visemstadelulasiausiuiunistonay
\AwneD9 (Liu et al., 2006; Gao et al., 2020)
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Table 4 Nitrogen use efficiency on sweet corn production at Uthai Thani province in 2017

Item Nitrogen level (kg N/rai) P-value
8 16 24 32 40

N removal (kg/rai) 26 29 26 26 27 ns

Agronomic N use efficiency (kg/kg N) 54 39 23 22 18 *

Physiological N use efficiency (kg/kg N) 92 166 113 225 192 ns

Apparent N recovery efficiency (%) 50 28 10 9 5 ns

ns: not significant, * : significant at 5% level probability

HARBULVIUNILATYFNR
idlefinnsansansuyNaLATYgRalag
Tdnsenieeldfifiatuannislie
M831831831NN15MYJ8 ¥se A1 value to cost
ratio (VCR) (Table 5) wud1 nslidelulmsiau
gns1 16 nn.N/13 Tinansuunugnsuazan
VCR (3.0) gean sty n1swandralnanamily
Ausrumileryafudeuin 9. giesdl Ad
dunieing 1.34% Wearedadduuselov
103 un/nn. ualnunadeuiadals 94 un/nn.
msladelulasiaudnsi 16 nn.N/LS saudule
Woaa 5 nn.P,0s/l5 uazdelnuny 10 nn.

K,0/13 fonduaiunisasuuasidussausig
o siiiganafuaudesn1svesinlng
yu Lleainnstwandneonluueniiud
AnduuTinsinemnsiigadeiios 10.6 1.8
war 7.8 nn. N, P uaz K13 audidu vse
Aaduiiletls 10.6 4.1 uag 9.4 nn. N-P,Os-
K0/l nsidedlnannuludnsifangn
A5 UTIN AR 519 N SRR U Y
nandndigninoenlainiiuiild Seilfszuy
msuasluszeyeiinanudBudediniglde
Wadvaslulufu augafuuTuiavessig
01WnsTigymY

Table 5 Value/cost ratio of nitrogen fertilizer application in sweet corn production at Uthai Thani

province during 2017 cropping season

N-P-K rate Yield Increased Gross Cost of Net VCR
(kg N-P,O5- (kg/rai) yield return fertilizer return
K,O/rai) (kg/rai) (Baht/rai) (Baht/rai) (Baht/rai)

T1 (0-5-10) 2,803 0 0 508 - -
T2 (8-5-10) 3,213 410 2,050 770 1,280 2.7
T3 (16-5-10) 3,419 616 3,080 1,033 2,047 3.0
T4 (24-5-10) 3,353 550 2,750 1,296 1,454 2.1
T5 (32-5-10) 3,510 707 3,535 1,559 1,976 2.3
T6 (40-5-10) 3,525 122 3,610 1,822 1,788 2.0

Note: 21-0-0=6.90 Baht/kg N, 0-46-0=26.00 Baht/kg P,Os, 0-0-60=13.50 Baht/kg K,O, Sweet corn price = 6.40

Baht/kg

autAvaspundInsiiuieagalng
Seissuiiisudvinavesislulnsiou

fomsiUasuulasaudRvesiundsnisiiuiien

(Table 6) wud Ysunadumniengliunnaieiu

10

fureulgn dAneglurag 1.29-1.45% Liesain
Anedsduimiofugnuudiseenluuaniiui
wazwdefialfiomgdnlifudeiuinaniios
Andloniiniu Telsnnwesiomsifudunietag
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aslulufu n1sdenisdesindunslaimeeniiy
TusnsinzanieazanunsoiindunoTnglu
Aule (Willigen et al,, 2008) flawsiindunseing
Tufuasfiutuuszanal 1-10%/4 (Gunina and
Kuzyakov, 2022) ﬂizmﬂima@?qasﬂum%fauﬁﬂﬁ
BunieTnggnyesaaiest N1IINAIIVEISIA
omnsluudadn daueavledauasinunaiden

Liusnsinsfiumsadinannnisdanisdeuiuusig o
\aveglutig 127-131 uag 88-105 un./nn.
AINEGU UATN1TANANYeIneanaTauay
TnunaBeulufugs lesannslddegnsiane
otwiailodumssdadnlnamiuvonnuning
uazweaesadusigemsiignaidluduliie
Tnsiamzegadshuiifidofudufunie

Table 6 Soil properties after harvesting sweet corn at Uthai Thani province in 2017

N rate (kg N/rai) pH OM (%) Avail. P (mg P/kg)  Extr. K (mg K/kg)
0 55 1.45 125 97
8 53 1.34 131 96
16 5.2 1.36 127 88
24 4.8 1.45 129 105
32 5.2 1.35 127 91
40 4.4 1.29 120 96
Mean 5.1 1.38 127 96
F-test ns ns <1 <1
CV (%) 9.8 8.2 13.8 28.1
™ not significant
A3UNaNIINAADY biafitervesiu dunsedng Woanesaiiu

nsugndilnanauiuglausng 3 Tu
Aus il 2. 9ot FalduveTngen (1.30%)
wui1 nslddelulasiau dns1 840 nn. NS T
wandniniaudonlduandieiuy Tasdiaiog
Tugae 3,213-3,525 nn/ls usigendinasladlade
e Talnanevausadelulnsiay faaunis
Y=-0.6989x +44.985x+2803 (Y=Nauanin
x=Uglulnsiau) Ineilan R=0.9106 ieiasgh
HARBULNUVNGATHENA AIe35 VCR nuinsld
Jelulasaudns 16 nnNAs saududevieains
ans1 5 nn.P,0/ls wazdelnuny §ns1 10 nn.
K0/l3 WinanouunuALAvaLATYERauNTige
Frlnadinispeldsmenaravun 257 3.7 uae
23.7 0. N, P uag K3 snuddiv uazsine1nis
figapmelufunandn 10.6 1.8 uaz 7.8 nn. N,
P uag K/I3 muaiu nsdanisdelulasiauly
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Variability of Pyricularia oryzae Populations Causing Agents of Rice Blast

in Thailand
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ABSTRACT

Rice blast, caused by Pyricularia oryzae, is an important disease of rice production in
Thailand. This disease is distributed in all localities of the country. It affects the quality and
quantity of rice production. The purpose of this research was to evaluate the variation of P. oryzae
populations collected from major rice growing areas of the country by studying their
pathogenicity towards 9 differential rice varieties that had single resistance genes (near isogenic
lines; NILs): Pi-7(t), Pi9, Pi-a, Pi-b, Pi-i, Pi-kh, Pi-t, Pi-ta and Pi-sh. Results revealed that from the 80
isolates studied, the pathogen could be identified into 47 races. When all isolates were
clustered by UPGMA methods Past 4.10 program by using disease index data, the classical
clustering analysis showed that P. oryzae races were grouped into 13 clades with cophenetic
correlation at 0.80. However, race identification and clustering were not correlated with the
sources of P. oryzae, more than one race could occur in one site. The results indicated that
pathogenicity of the fungus was variable within the population as well as among populations.
These results were informative for the planning of improvement of blast disease resistant

rice varieties.

Keywords: blast disease; Pyricularia oryzae; population; diversity; rice
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UNANED

TsAlnvesdinanidos Pyricularia
oryzae \Hulsafiddgyfinadonmuninuas
USunamandntveslszwelng nunisszuin
%aﬁiiﬂﬁiuﬁuﬁUQﬂ%ﬂﬁﬁﬂizLV]ﬂ Asveild
faguszasdiiieUsziiunnudundsves
Usenailion P. oryzae avalsaludivasd
Tudszwnalvg vinisuszidiunisiialsauudn
YannceU (differential varieties) 313U 9 AeWUT
Ffifugunwien (near isogenic lines; NILs)
louwn P-7( t), Pi9, Pi-a, Pi-b, Pi-i, Pi-kh, Pi-t, Pi-ta
wag Pi-sh ddeyaddviinisiialsa (disease
index) 19ANgueIeT8 UPGMA Tagldlusunsy
Past 4.10 Han15MAaBINUI nilesTildly
nsvaaasanun 80 lolwian aunsasiuun
aeitudidosldsu 47 aeus waranunso
Sanduaneiusvenien P, onzae ¢ 13 ndy
Tneflardudssandanduius (cophenetic
correlation) iy 0.80 egalsAmu A153LUA
anenuguazn1sTanguliianuduiusiy
wdsfinvendos Insluusdaziuiinuides
P. oryzae wnnndmilianeug anuan1smaaes
wamsliiun Woilauiuulsmelulsyanns
LasEnInaUsEansiios fatu TOYAIN
AsAnwdatuisadlulddsslonilunis
Muuwuiieuiulgaiusindunulsalnives
41wkl

Aandey: Lsalvl; Pyricularia oryzae; Useans;
ANURAINUANY; U1

UNUI

1salndvaet1n (rice blast disease)
Hulsnddylsaniledinulufiufivgndiaiann
mavesUsEnelnesid ey Tsedl
Aanigesn Pyricularia oryzae (@ufn, 2532)
anunsavanedudnlddussrezndraui

5rHr00n3 1 laglusveyndl 011n15vedlsa
JuwsRlsunamusie lussesuanng 913
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aunsadhanesatauisnesela sl
vosimluseriitadond “Tselniaoa” vinlv
sudniiwandu wWasnwaadfidmisives
o usnand dfinssruinogneuLIsaEny
5338 FUTea9 wasFndreuiinaiidedn
yhane (yudnm uazian, 2559) lulw.a. 2535
Uszinalngnunisseuinulssveslsalug
Tusvezdmonnsne AsouaquitufinITszuIn 1.2
auls vinlinandntdsnie 60% (Disthapomn,
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wszunses ogsen Teum Tuluilaneme Tusen
WRennile loun 9. guasvstll Alasiny olass
$ouida uvransany ludiudinnald 1éun
2. UATASEIINIY g uazluuiinnawmile
lown 2. Weeste Aunenes fivadan uATanssA
303 Inoiivludafiuansenisindudnion
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u\‘l‘?J’]L‘UEJLLa’JaQqu\]’luLaENL‘UEJVlML“U’e]i%ﬁ]'iiUEJEJ
Tdurisuigudimeayaimiiems Usuany
duturesansunuaesaestild 10° aves/ua.
tasuvruaesalasvendendayloluian
Wugniielasnisnuasvudinganaaoy
(differential varieties) msi’ff\i’%mﬂa’mﬁuﬁ: (race)
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fUlin15.AnLsA (disease index)

[(na x o)+ (nb x 1)+ (nc X 2)+ (nd x 3)+ (ne x 4)+ (nf x 5)+ (ng x 6)]
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ne = Suauduiia
nf =
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wuunstinlsadu 0
wuunsialsadu 1
wuunstinlsady 2
wuunsinlsady 3
wuunsiialsadu 4
Srunusuiifiesuuunisiialsady 5

ng = Snudufiaguuunisiialsadu 6
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AUBBULLD (susceptible: S) way Avlln1siAALA

76-100% uanuseuwegs (highly susceptible:
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Rirg

4. N193ATILRNTIANGUEIBNUT (group of
races) vaadiosisalnsivuasdnn
M1NI53ATIENNTIANG LA8W LT
Woslsalvsivesinitinen P. oryzae Togld
75 UPGMA (unweighted pair-group method with
arithmetic mean) Tglusunss Past 4.10 Ingiin
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Physiological Race Profile of Xanthomonas oryzae pv. oryzae Isolated from
the Rice Ecosystem in Chiang Rai Province
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ABSTRACT

This study investigated the diversity and distribution of the bacterial leaf blight (BLB)
pathogen, Xanthomonas oryzae pv. oryzae (XOO) population in the diverse rice ecosystem
of Chiang Rai province, Thailand. A total 274 XOO isolates were collected during 2016 to
2019 from 18 surveyed districts in the province. Representative isolates of each district were
selected and physiological race analysis conducted on 11 near isogenic lines (NILs) with
single BLB resistance genes. A total of 47 physiological races of XOO were identified, with the
highest number of races found in Phan (26 races) and Chiang Saen (20 races). Rice with the
xab resistance gene had broad-spectrum resistance to the pathogen population (76.3%),
followed by Xa7 (62.4%), Xa21 (33.6%), and Xal1l (31.4%). Most of the isolates were in
race 8 (SSSRRSSSSSS) (27.37%), followed by race 27 (SSSRRSSSSSR) (12.41%), and race 17
(SSSSSSSRRSS) (10.22%). Sixteen races were found to be able to infect NILs with the xa5
gene, and these isolates were isolated from rice varieties RD6 and KDML 105 in Phan and

Chiang Saen districts. The 47 races were grouped into three clusters based on the similarity

Keywords: bacterial leaf blight; Xanthomonas oryzae pv. oryzae; physiological race; diversity
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coefficient of the reaction response on rice
with BLB resistance genes. The number of
isolates and the effective controlling gene in
cluster 1, 2, and 3 were 74 (xa5), 170 (xa5),
and 30 (xa5 and Xa7) isolates, respectively.
This study provides valuable information on
the diversity and and distribution of XOO
races in Chiang Rai province, which can be
used to manage new rice resistant cultivars

for a sustainable controlling of BLB.

UNANEYD
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Noda et al. (2001)
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Table 1 Infected rice varieties and XOO collection from 16 districts in Chiang Rai province,

Thailand
Year District (No. isolates . L . . .
Rice varieties showing XOO infection
(Isolates)  collected)
2559 Chiang Sean (181) RD6, RD14, RD15, RD49, San-pah-tawng 1
(1,198) Chiang Khong (83) RD6, RD15, San-pah-tawng 1, Phitsanulok 2
Doi Luang (29) RD6, RD15
Khun Tan (44) RD6, RD15, Thunya-sirin
Mae Chan (78) RD6, RD10, RD14, Khao Yipun, Riceberry
Mae Fah Luang (0) na
Mae Lao (22) Khao Yipun
Mae Sai (68) RD6, RD14, Pathumthani 1, San-pah-tawng 1
Mae Suai (62) RD6, Khao Yipun, San-pah-tawng 1
Mueang (123) RD6, RD14, RD49, KDML105, Niaw Ubol, Riceberry
Pa Daet (38) RD6, RD14, RD15
Phan (130) RD6, RD15, Khao Yipun, Phitsanulok 2, KDML105, San-pah-tawng 1
Phaya Mengrai (56) RD6, Riceberry, San-pah-tawng 1
Thoeng (86) RD6, RD15, RD41
Wiang Chai (79) RD6, RD10, RD14, RD49, Red Glutinous rice, Mae Jo 2, Khao Yipun,
Pathumthani 1, Phitsanulok 2
Wiang Chiang Rung (94) RD6, RD15, Khao Yipun
Wiang kaen (0) na
Wiang Pa Pao (25) Khao Yipun
2560 Chiang Sean (113) RD6, RD15, Phitsanulok 2
(1,535) Chiang Khong (45) RD6, RD15, San-pah-tawng 1
Doi Luang (21) RD6, RD15, KDML105
Khun Tan (39) RD6
Mae Chan (104) RD6, RD15, RD49, KDML 105, San-pah-tawng 1, Rice berry, Pathumthani 1,
DOA 2
Mae Fah Luang (0) na
Mae Lao (31) RD6, DOA 2
Mae Sai (246) RD6, RD49, San-pah-tawng 1, Pathumthani 1, Mae Jo 2, Phitsanulok 2,
KDML105, Mali Dang
Mae Suai (97) RD6, RD15, San-pah-tawng 1, Rice berry, Thunya-sirin
Mueang (105) RD6, RD10, RD49, Mae Jo 2
Pa Daet (141) Niew Keiw Ngoo, RD6, RD15, San-pah-tawng 1, Phitsanulok 2, KDML105
Phan (237) RD6, RD15, RD10, Phitsanulok 2, KDML105, DOA 2, Rice berry, Hom Nil
Phaya Mengrai (72) Kaow Jao, RD6, RD15, San-pah-tawng 1, KDML105
Thoeng (94) RD6, RD15, San-pah-tawng 1
Wiang Chai (75) RD6, RD49, DOA 2, Rice berry, KDML105, Mae Jo 2
Wiang Chiang Rung (81) RD6, RD15, KDML105, Rice berry
Wiang kaen (0) na
Wiang Pa Pao (34) RD6, DOA 2,
2561 Chiang Sean (1593) Pathumthani 1, RD6, RD15, KDML105
(2,843) Mae Sai (455) Pathumthani 1, KDML105, RD6, Hom Nil, San-pah-tawng 1, Rice berry
Mueang (186) RD6, KDML105, Rice berry, Phitsanulok 2, Pathumthani 1
Phan (436) RD6, RD15, KDML105, DOA 2, San-pah-tawng 1
Thoeng (173) Rice berry, RD15, KDML105
2562 Chiang Sean (108) KDML105, RD6, RD15, Mae Jo 2
(212) Mae Sai (20) RD6
Phan (84) RD6, KDML105

na = not found Xanthomonas oryzae pv. oryzae
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Figure 1 Agarose gel electrophoresis of products from polymerase chain reaction (PCR) performed

on DNA of Xanthomonas oryzae pv. oryzae (XOO) with 165-23S rDNA specific primers

of XOR-F and XOR-R2. lane M = Middle range markers; lane 1 = X. oryzae pv. orizicola

TS8203, lane 2 = positive control (XOO-DOA), lane 3 = non template control and lane

4-50 = amplification products at approximately 470 bp of XOO samples
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Wastewater from Tapioca Starch Manufacturers Affecting

Growth and Yield of Sugarcane
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ABSTRACT

The severe drought crisis in Thailand, which has been intensifying since the end of
2019 continuously resulting in water shortages. Therefore, utilizing industrial wastewater for
beneficial purposes has been one of the strategies to address the drought problem. This
research aimed to study the impacts of effluent wastewater from tapioca starch manufacturers
on the growth and yield of sugarcane, comparing it with natural water and rainfed conditions.
The quality of the effluent wastewater from the tapioca starch factory was assessed,
revealing that the levels of total suspended solids (TSS), total dissolved solids (TDS), initial
biochemical oxygen demand (BOD), and chemical oxygen demand (COD) exceeded the
prescribed standard for discharge of tapioca starch effluent wastewater. The growth and
biomass of sugarcane var. KhonKaen 3 were examined to investigate the effect of supplying
effluent wastewater. The experimental design of the plot followed a randomized complete
block design (RBD) with four replications and three treatments. The treatments included: 1)
Supplemental water using factory effluent wastewater, 2) Supplemental water using natural
water, and 3) No water (rainfed condition serving as the control) weekly measurements of
crop water uptake for sugarcane var. KhonKaen3 was recorded and calculated based on crop
water requirements handbook. The effect of water supply on sugarcane cultivation revealed

no significant differences in growth and sugarcane yields including stem height (257.8-270 cm.),

Keywords: tapioca starch industrial effluent wastewater; nutrient elements; heavy metal;

sugarcane; yield components
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length of internode (8.38-8.94 cm.), number
of internodes/stem (26.83-27.08 internodes/stem),
weight/stem (1.85-1.87 kg/stem), and yield/rai
(16.96-17.30 tons/rai) between the supply
of factory effluent wastewater and natural
water supply. The application of rainfed
supply resulted in a decrease in both
growth and sugarcane yield. However, the
percentage of CCS(commercial cane sugar)
exhibited no statistically significant difference
across the treatments (12.38-13.40 °Brix).
After harvesting, the accumulated levels
of toxic substances and heavy metals in
sugarcane and soil samples remained within
the acceptable standard limits. The analysis
of soil samples revealed relatively elevated
levels of nutrient element accumulation,
including potassium, calcium, magnesium,
manganese, and iron, which remained below
the standard value. Nonetheless, the extent
of toxic substance accumulation in the soil
is contingent upon the duration of the
plantation period. In primary conclusion,
the findings suggest that the effluent
wastewater from the tapioca starch industry
holds promise for plant cultivation during
a drought crisis, as it does not exhibit any
significant adverse effects on plant yields

and soil quality.
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Table 1 Crop water requirement and summary of water quantity supplied

throughout the study period in Nakhon Ratchasima province

for sugarcane

Data Feb Mar Apr  May  Jun Jul Aug Sep Oct Nov  Total

ETo Pen-Mon 405 476 511 474 447 435 409 383 382 355 -
Kc 065 086 113 135 156 129 120 093 063 052 -
ETc (mm/day) 263 409 577 640 697 561 491 356 241 1.85 -
ETc (mm/month) 737 1269 1732 1984 209.2 1739 1521 1069 746 554 1,344.3
Monthly rainfall for 2021 132 196 2299 832 372 2019 792 2675 2422 00 @ 1,1789
Water supply for sugarcane
(m’/210 m’/month)

-Effluent wastewater (m’)  15.46  34.10 - 1755 17.55 - 11.8 - - 2364 120.10

-Natural water (m’) 15.46  34.10 - 17.55 1755 - 11.8 - - 2364 120.10

Control (rainfed) (m’) 15.46 - - - - - - - - - 15.46

Note: During the first month of cultivation, natural water was provided for all treatments. If the monthly rainfall is less

than 150 mm, the water was supplied at 50% of the water requirement. Conversely, if the monthly rainfall exceeds 150

mm, no additional water was supplied
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Table 2 Physicochemical and microbiological characteristics of factory effluent wastewater

and natural water

Parameter Natural water Factory effluent wastewater Standard
pH 7.92 8.67 6.5-8.4*
Electrical conductivity (dS/m) 0.24 391 0-3**
Total suspended solids (mg/L) 2 214 <50**
Total dissolved solids (mg/L) 150 2,565 <2,000*
BODs (mg/L) <2 119 <20%*
COD (mg/L) 22 464 <120**
Carbonate (mg/L as CaCOs) <1 3.2 0-1*
Bicarbonate (mg/L as CaCOs) 2.75 21.21 0-10%
Chloride (mg/L) 293 6.77 0-30*
Sulfate (mg/L) 0.21 1.17 0-20%
Cyanide (mg/L) <0.003 0.012 <0.2%*
Total phosphorus (mg/L) <0.01 0.35 -
Phosphate-phosphorus (mg/L) <0.03 1.063 -
Ammonia-nitrogen (mg/L) <0.05 7.33 -
Nitrate-nitrogen (mg/L) 0.13 8.667 -
Total nitrogen (mg/L) 9.2 63.33 -
Arsenic (mg/L) <0.0003 <0.0003 <0.25%*
Boron (me/L) 0.012 0.182 0-2%
Cadmium (mg/L) <0.003 <0.003 < 0.03**
Calcium (mg/L) 0.78 0.79 0-20%
Chromium (mg/L) 0.001 <0.001 -
Copper (mg/L) 0.005 0.006 <2.0%*
Cobalt (mg/L) <0.003 0.004 -
Total iron (mg/L) 0.16 0.197 -
Lead (mg/L) <0.0005 <0.005 <0.2%*
Magnesium (mg/L) 0.62 4.38 0-5*%
Manganese (mg/L) 0.05 0.112 <5.0%*
Nickel (mg/L) <0.004 0.01 <1.0%*
Sodium (mg/L) 4.06 7.52 0-40*
Mercury (mg/L) <0.0005 <0.0005 <0.005**
Zinc (mg/L) 0.009 0.042 <5.0%*
Potassium (me/L) 289 485.33 -
Sodium absorption ratio (mg/L) 1.38 4.69 0-15*

"Ayers and Westcot (1985)
“Ministry of Industry (2017)
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loe1y 12 Weundenisugn nisliiiiud ey

(0)

Figure 1 Botanic characteristic of sugarcane KhonKaen3 at 12 months based on factory effluent

wastewater supply (a), natural water supply (b), and rainfed supply (c)

Table 3 Stem height of sugarcane at 1, 2, 4, 6, 9 and 12 months after planting

Stem height (cm)

Treatment 1 month 2 months 4 months 6 months 9 months 12 months
Effluent wastewater 15.08a¥ 23.04b 51.24a 132.65a 25275a 270.12a
Natural water supplies 1553 a 26.19 a 5295a 12375a 237.60a 257.75a
Control (rainfed) 12.61b 18.42 c 20.48 b 7850b 171.68b 185.28b

Y Means in the same column followed by a common letter are not significantly different at the 5% level by DMRT
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Table 4 Stem height, number of the stem, length of internode, stem diameter, number of

internodes, weight and yield of sugarcane production under different water supply

Treatment Stem  Stem/rai  Length of Stem Number of Weight/  Yield/ CCs
height internode diameter internodes/stem stem rai
(cm) (number) (cm) (cm) (internode) (kg) (ton) (%)
Effluent wastewater 270.12 alJ 12,855 a 8.94 a 293 a 26.83 a 1.87a 1694a 13.01a
Natural water supplies 257.75a 10,133 b 8.38 a 293 a 27.08 a 1.85a 17.30a 13.40a
Control (rainfed) 18528 b 8,907 b 753 b 283 a 24.13 b 1.09b 6.71b 1238 a

" Means in the same column followed by a common letter are not significantly different at the 5% level by DMRT
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N35U38N1INAARY (27.18 31.79 uay 22.39
1n./nn.) (Table 5) FailUSanaumndniAuAunsgiu

Commission of the European Communities
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(CEC, 1993)Imwuﬂ%mmmé‘nﬁﬁasﬂjhﬁwﬁq
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Table 5 Nutrient element accumulation, level of toxic substances and heavy metals in sugarcane

stem and sugarcane green leaves after harvesting

Sugarcane stem

Sugarcane green leaves

Parameter Standard value
T1 T2 T3 T1 T2 T3
Nitrogen (%) 0.10 0.10 0.10 0.30 0.30 0.40 -
Phosphorus (P,05) (%) 0.00 0.00 0.20 0.20 0.40 0.10 -
Potassium (%) 0.31 0.28 0.27 0.68 0.61 0.71 -
Calcium (%) 0.06 0.07 0.06 0.11 0.14 0.12 -
Magnesiurn (%) 0.03 0.03 0.03 0.05 0.04 0.05 -
Zinc (mg/kg) 1373 1435 11.2 19.51 1556 1757 <150
Copper (mg/kg) 135 1117 7.23 14.84 10.6 7.46 <20
Iron (mg/kg) 9.94 3429 1447 2718 3179 2239 <20
Manganese (mg/kg) ~ 8.33 7.9 7.51 1154 2906  21.08 -
Cobalt (mg/kg) 0.00 0.00 0.00 0.00 0.00 0.00 -
Nickel (mg/kg) 0.00 0.00 0.00 0.00 0.00 0.00 -
Cyanide (mg/kg) ND ND ND ND ND ND -
Arsenic (mg/kg) 0.00 0.00 0.00 0.00 0.00 0.00 <50
Cadmium (mg/kg) ND ND ND ND ND ND <0.2
Chromium (mg/kg) 228 <015  <0.15 0.21 0366  <0.15 -
Lead (mg/kg) ND ND ND ND <0075  ND <0.2
Mercury (mg/kg) ND ND ND ND ND ND -

"Commission of the European Communities (1993)

**Department of Agriculture (2005)

Note: T1= Effluent wastewater (m3), T2= Natural water supplies, T3= Control (rain fed)

ND = Not detected
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Table 6 Nutrient element accumulation, level of toxic substances and heavy metals in soil

before and after harvesting

Result of soil analysis

Parameter After planting Standard value
Before planting
T1 T2 T3

pH 6.28 724 654 616 -
Electrical conductivity (dS/m) 0.07 0.08 0.06 0.07 -
Organic matter (%) 1.3 0.36 0.41 0.56 -
Total nitrogen (%) 0.07 0.28 0.21 0.21 -
Phosphorus (available) (mg/ke) 22 28 16 20 -
Exchangeable potassium (mg/kg) 109 269 139 137 -
Exchangeable magnesium (mg/kg) 16 77 26 58 -
Total zinc (mg/kg) 12 12 9.9 10 <T70**
Total copper (mg/ke) 1.1 33 1.8 2 <35,040*
Total iron (mg/ke) 4,200 5279 5270 5447 -
Cyanide (mg/L) <0.06 <0.06 <0.06 <0.06 <138*
Total arsenic (mg/kg) 0.08 0.82 0.69 0.74 <25*
Total cobalt (mg/kg) 1.2 2.1 1.4 1.7 <20**
Total cadmium (mg/kg) <0.3 0.49 0.21 0.18 <762*
Total lead (mg/kg) 43 11 8.5 10 <800*
Total chromium (mg/kg) 5.2 9.4 8.4 8.4 <80**
Total nickel (mg/kg) 1.7 3.1 2.5 2.6 <5,205%
Total mercury (mg/kg) <0.05 0.16 <0.05 <0.05 <263*
Texture Sandy Loam

- Sand (%) 74.86

- silt (%) 15.59 )

- Clay (%) 9.55

‘National Environmental Board (2021)
**Department of Agriculture (2007)
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Planting Methods Affecting Soybean Yields Grown after Rice
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ABSTRACT

Soybean cultivation in dry season is mostly done in irrigated areas and was planted in
the field after harvesting rice. There are various of soybean planting methods. Different
methods are suitable for areas with different plot preparations. The objective of this
experiment was to investigate the most suitable planting method of soybean after rice
production to obtain the highest yield and value for investment. The experiments were
conducted at the Chiang Mai Field Crops Research Center in the dry season during 2018 -
2020. Chiang Mai 60 variety was used in this experiment. Randomized complete block design
with 4 replications was set and different planting methods were arranged as treatments; 1)
recommended method (pushing planting hole method), 2) pecking wheel method, 3) sowing
method, 4) recommended + rice straw mulching methods, 5) pecking wheel + rice straw
mulching methods, and 6) sowing + rice straw mulching methods. The results from combined
analysis of yield from 3 years revealed that different planting methods was significantly
affected soybean yield and growth. It was found that recommended + rice straw mulching
methods, pecking wheel + rice straw mulching methods and sowing + rice straw mulching
methods gave no difference in yields (447-449 kg/rai). These three methods, however,
attained a significantly higher yield than the other methods tested. The increasing of number
of pods/plant was a major yield component responsible for yield increase. The worth
investment (benefit cost ratio, BCR) of all treatments were 1.06-1.66. The method of sowing

followed by rice straw mulching had the highest value in terms of investment.

Key words: soybean; planting methods; soybean after rice; Chiang Mai 60 variety
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Table 1 Plant height and number of nodes per plant of soybean at different planting

methods at Chiang Mai Field Crops Research Center in dry season, 2018-2020

Plant height (cm) Mean  No. of nodes/plant  Mean
Planting method
2018 2019 2020 2018 2019 2020

Recommended method"” 385bc” 407b 525bc 438b 108 108 114a 110
Pecking wheel method 44.8 a 409b 521c 459b 112 106 11l6a 112
Sowing 37.0c 438a 509c 439b 119 109 105b 111
Recommend + rice straw mulching 46.8 a 4d6a 554ab 489a 112 116 11.7a 115
Pecking wheel + rice straw mulching 436ab 455a 553ab 481a 114 114 116a 114
Sowing + rice straw mulching 47.8 a 455a 559a 497a 117 112 117a 115
Mean 43.1 43.5 53.7 46.8 11.3 11.1 11.4 11.4

F-test *x *x * *x ns ns *x ns

CV (%) 8.5 3.8 3.8 5.6 55 6.2 3.2 5.1

v Pushing planting hole method

# Means in the same column followed by a common letter are not significantly different at the 5% level by DMRT

ns = not significant, ** = significant at P< 0.01, * = significant at P< 0.05
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andruauasslunislid saufsanmnsosn
AnugALELYsalveIRLe TheTinauRuaanesh
pitarinlfdnsazandunIeofogluAuiiaty
(Bu3te, 2541) wenanil Kader et al. (2017)

1 [y a

FINUIN IFAAAUAUUDNINALLUUIZAINIUNS

9
4

Shwimnudulufunansusudsugumngl

WASIEIUNT VI NUNAN AR NG DA

29AUSENOUNANANYB I MRS
FeSeulflousAalszneunanan
laun I uunuaels I uuilnreny 91u3U
winseiln uazthwiin 100 was wuin Y wa.
2561 1ANNLANAINDE1NTEE ALY NI9ADf

g usw/ls uagduauln/du laenisuan
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wuumuiTauusialstaeiian 30,450 fu/ls
dauduiuiln/du wudl N1sUgnLuUnITLl

uuEnUINgn 45.2 fn/au usiliuangnamng

L axa A

ataiun1sUanIsou q Niinnsaaume uarnIs
b

dJgnuuunseymauidnuiuinsenuiseign

34.5 #n/84 g1 mSusiuluuadnnailn way

(%
o Y

1191190 100 1waa TTANULANAIAUN DA
lnedfifnegsening 2.13 — 225 waa/in uay
17.1-18.0 n$3/100 wWan Auasu (Table 2-4)

U WA 2562 HAINULANAI9DE190

a

Fod1AUIINIEDR (P<0.01) LRWILINIUIUAY

>

siols Tnsmsugnuuumrhuilinquuazequing
fd1urududielsuiniian Ao 75,450 uas
67,850 @u/ls muasu  drudnuiuilndedu
Srurmudasieiln waziindn 100 wén 1d
AMULANAIIAUNSED R Imﬂﬁma@:mﬁ'a 27.9
Hn/du 1.98 wan/fln wagl7.0 n$1/100 Wan
ANaRU (Table 2-4)

Y WA, 2563 3NUIUAURBLS LaraIuIu

13 1

wansailn ludenuunnenesiunieadd lnadien

'
1 a

agLlaay 45,508 au/ls uway 2.32 wéaa/iln

Y

o 1 [

ANUAIRU AIUTTUIUENADAUTAINULANAT

'
0w a

agalitadAdamneaiia (P<0.01) laen1suan

o

LUUNTEIavausImiuNIIAguYie MsUgnuuy

q

803NIWAUNTARUII ULazNITUGNLUUNINY
SuwiunseguvheiiduIuindesuunign Ae

41.9 38.4 way 37.5 HA/AU ATUAIAU WAY

[

ynidn 100 Was danuuana1eegeiltudf

o

N19@h@ (P<0.05) 1ngN15UgNLuUUNTEIanay

9

nM3UgnLuUaeIN NMSUgNKUUWITL kaznsUan

LU UNsAauae Sunudn 100 Wwae

1nnfign Ao 16.1 155 155 uag 15.5 n./100 Lidn
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MudIdu walduandiadunisugniuunsed
nausWAUNIAAUNIa (Table 2-4)
A a ] P o
WaRasanuanisnaasana 3 U wiule
MBIAUTLNBUNANANTNLNANTENURDHNANAR D
uuilndedu nnsiasedeyasiu 3 U

[ a

WUANULANAIIR e Tud1AYN19adf 1ae
FrsUgnitinisequrhesrndldnnuilnunndy
FBrsugnitlaildirqunne Taefid1sgning 35.5-
38.5 Hn/du Fafifianiafvafuiunandn

d0nAda9U Sekhon et al. (2005) @anuqn

n13AguAteN19d@dvinlinandnudn
fundoufiudu a4 Fe683% lugguani
Lanenety wenandfufiumadann 17 s
122% uazifisanaly 8 89 220% duiiitudily
Usururaslsiladeeslu wagdruiuilinaedy
Wutu ogrelsAnny sefUsEneunandnd
dnuuzfiBangunaunulazvalvedetulaz iy
16 nafe essdusznaunandanisanas
NAKNARD9lUANAS Lﬁma}'mwawamﬁugﬂwwa

MIYDIAUTLNBUAUTLANTY (AUNE, 2542)

Table 2 Yield and no. of plants /rai of soybean at different planting methods at Chiang Mai
Field Crops Research Center in dry season, 2018-2020

Planting method Yield (kg/rai) Mean No. of plants /rai Mean
2018 2019 2020 2018 2019 2020

Recommended methodl/ 347 b2/ 294 d 342b 327b 47950a 48,700b 49,150 48,600

Pecking wheel method 389ab  356c 354b 367b 47,600a 47,658b 50,450 48,569

Sowing 312 b 368c  367b 349b 30,450c 75450a 41,150 49,017

Recommend + rice straw 494 a 407 b 441a 447a 47,650a 47500b 42,750 45967

mulching

Pecking wheel + rice straw 422 ab 478 a 444 a 448 a 48,150a 48,100b 45,900 47,383

mulching

Sowing + rice straw mulching 485 a 426 b 434a 449a 41050b 67,850a 43,650 50,850
Mean 408 388 397 398 43,808 55,876 45,508 50,850
F-test * *x *x *x *x *x ns ns
CV (%) 19.7 6.1 11.2 13.8 8.3 15.8 15.8 13.4

1/
Pushing planting hole method

2/
Means in the same column followed by a common letter are not significantly different at the 5% level by DMRT

ns = not significant, ** = significant at P< 0.01, * = significant at P< 0.05

(%
v A 14

UNNRUNLLIAIVDIVYNY AN5LANNAAITNTNA DN LU IVN UL

3%miﬂqﬂﬁLLmﬂ@iNﬁ’uhjﬁﬂﬁﬁmﬁ'ﬂ
WisvesTuvnouiuiiouanaiefunie@dn
Tnefldhmdnuisvesuiivads 58.7 92.4 uaz
53.0 N$3/05. 31, SR (Table 5) Fdlsiaonada
funsnwves Buste (2545) finuan Twisnng

wanadsinunsnsnaudananies udqly

aamdntienilefisuiunmsugnimdessieis
mslasmhausldvhaeguiafund sugnivdes
wanlifinansenusonandn wandbiiuiins
AaumaiASmsfiansnsereeuAumaEs Rl

Yaisnvlatagludeldatsialn1da T

(WFdnwal wazans, 2535; 4ava, 2539)

Thai Agricultural Research Journal Vol. 42 No. 1 January - April 2024 57



Table 3 Yield and yield components (no. of pods /plant and no. of seeds /pod) of soybean
at different planting methods at Chiang Mai Field Crops Research Center in dry season,

2018-2020
Planting method No. of pods /plant Mean No. of seeds /pod Mean
2018 2019 2020 2018 2019 2020
Recommended method"” 305¢7 255 280b 294b 213 203 235 217
Pecking wheel method 36.1bc 271 317b 316b 223 1.72  2.30 2.08
Sowing 452 a 246 196c 298b 220 218 228 2.23
Recommend + rice straw mulching 40.6 ab  33.1 419a 385a 220 2.02 2.34 2.19
Pecking wheel + rice straw mulching 41.1ab 271 384a 355a 218 200 228 2.15
Sowing + rice straw mulching 41.1ab 298 375a 362a 225 1.97 236 2.20
Mean 39.8 27.9 32.9 33.5 2.20 1.98 232 217
F-test * ns xx xx ns ns ns ns
CV (%) 9.4 17.8 11.7 12.6 5.1 17.5 3.9 10.2

v Pushing planting hole method
% Means in the same column followed by a common letter are not significantly different at the 5% level by DMRT

ns = not significant, ** = significant at P< 0.01, * = significant at P< 0.05

Table 4 Weight of one hundred soybean seeds of different planting methods at Chiang Mai
Field Crops Research Center in dry season, 2018-2020

Planting method 100 seed wt. (g) Mean
2018 2019 2020

Recommended method”’ 17.1 17.0 16.1a” 16.7
Pecking wheel method 17.7 17.1 155a 16.8
Sowing 17.3 16.8 155 a 16.6
Recommend + rice straw mulching 17.6 1.7 153 ab 16.6
Pecking wheel + rice straw mulching 18.0 16.9 14.7b 16.6
Sowing + rice straw mulching 17.8 17.3 155a 16.9
Mean 17.6 17.0 15.4 16.7

F-test ns ns * ns

CV (%) a.7 3.7 32 4.0

v Pushing planting hole method
Means in the same column followed by a common letter are not significantly different at the 5% level by DMRT
ns = not significant, * = significant at P< 0.05

a

NANDULNUNINLATEIN

L)

ANNNANANLRAYNLAIINNITNAADIN
3 U s1AvneLuandiaedadenlansuasy
17.15 U (51anadsluldauldwieu 2560

2561 wag 2563) (HNUINNULATYFNINITNEAS,

58

2564) 1iloAnseldazifiuinnsugauuuning
Safunsaqurneiselagsiian 7,700 um/ls
1esaniinandngaiign se9asun Ae n1sUgn
wuulddednsiudunisequine d5ela 7,683

v /s wagnisugnuuunsedavauiinelates

1IN IFIBININBAT ﬂﬁ 42 {lﬂ’llﬁl 1 4NAN - WNEBU 2567



a

Mian fio 5,608 UNFBls duAUNUNITNER
WU N13URNNTEInNaUsIAUNITAgUIIS
fAununIsHanuINfan Ae 5,606 umneels

5998911 AD N15URNNTEI AN HAUYUNITNER

5,286 Uw/13 uagn1sugnuuuninuisununig
WEntosan 4,489 uw/ls AatiulietunAna
gnduNaUTElevRnuU WU NNNTIUTT

A1 BCR 8¢5211114 1.06 — 1.66 (Table 6)

Table 5 Dry weight of weed before harvesting in soybean plots at different planting methods

at Chiang Mai Field Crops Research Center in dry season, 2018-2020

Planting method

Total weed dry weight before harvesting (g/mz)

Mean
2018 2019 2020
Recommended method"” 66.0 100.4 42.2 69.5
Pecking wheel method 50.6 87.7 50.1 62.8
Sowing 65.3 62.4 53.1 60.3
Recommend + rice straw mulching 74.1 106.1 54.0 78.1
Pecking wheel + rice straw mulching 55.7 107.9 65.4 76.4
Sowing + rice straw mulching 40.7 89.9 53.2 61.2
Mean 58.7 92.4 53.0 68.1
F-test ns ns ns ns
CV (%) ar.9 42.8 57.4 48.6

1/
Pushing planting hole method

ns = not significant

Table 6 Yield, farm price, income, total cost and benefit cost ratio (BCR) of soybean at different

planting methods at Chiang Mai Field Crops Research Center in dry season, 2018-2020

Yield Income labor cost of Total cost
Planting method E— Y 3y BCR
(kg/rai) (baht/rai) planting (baht/rai)  (baht/rai)
Recommended method v 327 5,608 1,000 5,286 1.06
Pecking wheel method 367 6,294 500 4,826 1.30
Sowing 349 5,985 31.2 4,489 1.33
Recommend + rice straw mulching 447 7,666 1,200 5,606 1.37
Pecking wheel + rice straw mulching 448 7,683 700 5,107 1.50
Sowing + rice straw mulching 449 7,700 231.2 4,639 1.66

1/Pushing planting hole method

o Soybean farm price 17.15 baht/kg (OAE., 2021), average price 3 years in April (2018) April (2019) and April, 2020.

3/To‘tat cost: rice residue removal 350 baht/rai, soil preparation 600 baht/rai (sowing), soybean seed 375 baht/rai,

watering 500 baht/rai, planting 31.2-1,000 baht/rai, weeding + labor cost 333.6 baht/rai, insecticide application

+ labor cost 510 baht/rai, fertilizer application + labor cost 592.0 baht/rai, harvesting 1,200 baht/rai and threshing

327-449 baht/rai
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neNANAWENITAIMUY Inen1sUgnLuUnInY
Samfunsagurng unssAsadenuduatse
1383 uuINTign (BCR = 1.66) Aatiulunns
Ugnimdesdsun Tldnandngaazdudise
Msamu InwnsnsanssaLdenliisnisugnitls
danmeassluafsdldnnis deluegiu

ANIIRARN ANUAEAN kazhaMSUHURMY
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wuulddednsuiunismaumng uazlgnuuuving
SauAunsaguing Inandngeiign Ae 447
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funvuin Ansugniifinnsaaurinesan vl
fvdeaddruruiinuinniiisnisugndilaile
AAUNN AA5ENINg 35.5-38.5 En/fu wagnn
nssuIsNsUanddnsdrunauseleviidedunu
985811119 1.06-1.66 390831nNNTIUITAUAN
fan13a9u 1Agn1sUNIUUNIIUTINAUNTS
Aauvhadunssuisnisugniamaosmdsuniis
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Enzyme Production of Trichoderma spp. Isolated from Soil

and Mushroom Spawn
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ABSTRACT

Twenty-nine isolates of Trichoderma spp. obtained from soil and mushroom spawn
samples during 2019 to 2021 were used to evaluate their degrading-enzymes synthesis
efficiency on selective media. Degrading-enzymes synthesis efficiency was done by zone clearing
technique and by calculating hydrolysis capacity (HC) value. The results revealed that isolates
T-1, T-14 and T-22 showed the highest efficiency to synthesize pectinase, cellulase and amylase
enzymes at HC values of 7.73, 7.13 and 5.00 respectively. Isolates T-1, T-14 and T-22 were
identified by ITS4 and TS5 gene sequencing. The results showed that T-1, T-14 and T-22 were
Trichoderma asperellum (Samuels) Lieckf. & Nirenberg with 100, 99 and 99% identity. T-1
and T-14 were isolated from soil in Photharam, Ratchaburi province and Dan Makham Tia,
Kanchanaburi Province respectively. Whereas, T-22 was isolated from mushroom spawn in

Damnoen Saduak, Ratchaburi Province.

Keywords: Trichoderma spp.; cellulase; pectinase; amylase
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UNANED

ATedifnguszasdifienaaey
Uszavsmnmsaseuleddesaansvoados
Trichoderma spp. 313 29 lelwan fwenls
Ndog Ay wazlanuwiziin Tul we. 2562-
2564 17831 Trichoderma spp. Awenbiu
nagoulsrandnimnisasiseulvddesaans
ULeTsEsLTes e #1838 zone clearing
technique wagUszLiuan hydrolysis capacity
(HC value) NansMARBIWU o1 Trichoderma
Tolwian T-1, T-14 uag T-22 awnsaastaeulsd
mARlua wagiaa uazeylulaaldgsiian dan
HC AU 7.73 7.13 wag 5.00 ANE0U Lay
anunsoseylelaan T-1, T-14 uay T22 fesedu
alddrenismanduiualaglddlnsiues TS5
waz ITS4 wun lelwan Trichoderma T-1, T-14
waz T-22 fio 1@e31 Trichoderma asperellum
(Samuels) Lieckf. & Nirenberg fisziuamy
wilou 100 99 waz 99% sy Tneidos
Trichoderma lolsian T-1 way T-14 ugnule
NnfegsAuivanen . Ins15u 1. 5193
LAY 9. ANLLZVILLAD 1. N1YIUY3T MUAIRY
du lolgian T-22 wenldanndaquniziin

9. ALllugaeaIn 3. 193

AednARY: Trichoderma spp.; [WagLad; LNARLIE,

oluvad

uniin
BNsAIUANLIANYAIEAIT (biocontrol
agents) WuAsNJuiinsredaninaon laidu

gunsesdad Ly wazanusanaununisldansiadl

v A

Jagvuiin1sAnuinistaaasn Trichoderma

Fadutesufindiduszansamaalunns
Wiudstutuidesanmglsadi iesainiing
Wiiuladinysinaldegsings Weuins
wazens (2550) lvimsuenides Trichoderma
31 TanInIzLiia warfeudeifinfivuiou
nrsumnziiiadig o Wediumaasy
Uszansamlunisdudinisiasyvendule
L%Ja'i’l Phomopsis asparagi Uua1uB111s PDA

TureeUanis wudn AUsednsandg was

a

arursadadenléigesn Tichoderma spp. 7
Husednsnm Adnudu 18 loletan Taewuin
yinleleian Ao Wo T. harzianum 3winmsfine
ARlUAN IS OUNAADY Nan1sANYINUI lolyian
TS29 wag TS31 diuszansnmlunistesiunida
Tspanduludlan

o531 Trichoderma a@unsadasnsans
Fufadosnelsafivsine 9 1w tewledang o
W wagiaa exluaa wadua lawa ladiua
lwanua uniua Indnwanglsiua Carbohydrate-
Active (CAZymes) WUsRiea (-1, 3 nganua 10u
AU (Gajera and Vakharia, 2012; Bech et al,,
2015) nsuadesn Trichoderma spp. Tudu
Ugndmlne fndas uazengu wuin Trichoderma
spp. @as1aeulasiuszinn lytic enzymes 10u
Usuauun (Engelberth et al,, 2003) lnglanig
od1aBaoulusidosaaonisivadivaglaa
(Do Vale et al., 2014) way Adorada et al. (2000)
s eulwsdimaRiug ides Trichoderma
asstuanmsamvaulsannulauinamg
Lﬁﬂmm‘*ﬁai’l Phytophthora  infestans 1 doswn
L%ja'i’l Trichoderma @11150@514 cellulose-

degrading enzymes Usunaunnlanalgussian
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Pinalunsdugatasinelsafie (Do Vale et al,
2014) WBnNa1NU Vinale et al. (2014) 571891U
TumaLfeniuin WWesn Trichoderma @115

afasnAgginiivszdnsamlunisaivay

v
(% I

Wosaunnlsafials Fedu s1uidedied
Yanusrasdiiiodndendion Trichoderma i
Usgansamlunsaseuluidesannsisagiaa
ARlua wazerluiaa othanldmaununnsly

ansaiilunisdaanundnlsaivsaluluaurnn

¢ ad
aUnsaluazIoNs
1. NSMIBURBI Trichoderma

¥1¥0851 Trichoderma 910 culture
collections ¥8IN5AMINTNEAT NUeNT 0L
NFIDENAULAZ IANIMLIAIIN 2. NYIUYS
3. 91T 2. NTTNYT e 2. uATUTH (AUINS
wazAn, 2550) S1uau 29 lelean thundes
Li?\llmmﬂe[,uf\]’lua’mﬁéau%a potato dextrose
agar (PDA) 1139015099 352109 wagssaila
(2542) Tnenfduledorusansunaediae
Vo3 PDA ennti shidsluusnifiuuuems
Budlunasanaans iieiudnvidudesdu
(stock culture) ﬁqmwgﬁ g0 o, gsuinlulalu
negeuMsaseulvldeameiagLad InaRLua
uazezlulad UuNTINNY (selective media)
okl

2. NSNAFBUAMNEINITO LuNTSas 19Ul

¢98daN8VaYBI1 Trichoderma #1835 zone

clearing technique

2.1 negaunsaaululivagias
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NAFBUAIIUAIUITAVOILT D31
Trichoderma 3u 29 lolgian Tumsassioulel
LWAGLAHE UUBINITINNIE carboxymethyl
cellulose (CMC) Tagl% cork borer Lf\]’lz%uﬁu
\Fosuuaue s PDA fifinnsiasaaeadule

Y A

udniufuiiianglunsuuiumisnansany
Aoadediemns cMC ﬁuﬁqmmﬁ 30° . 1Ju
I8N 72 V. f\]’mﬁ?u WLENTazaNe 1% congo red
Usu1ms 10 wa. Tmunt i avnenmisuwasy
Talafi@osudunan 15 uail udmesn uaz
Sadethndy 9nt Wuaisazane 1M NaCl
USums 10 wa. Wuaan 15 il Jufinualae
Tavurmdur1ugudnalsvesusadasau
lalatuagvuiaiduriugudnaisvedlaladl
Lﬂ'aﬁﬂmmﬁmmaummLé’umu@juéﬂma
Ushandlaseulalatddevuiaduniuaudnans
voslaladl (hydrolysis capacity value, HC value)
MLEATNNTALINNVBS Taechapoempol et al.

(2011)

HC value = dusugudnarsvasmaiausnaleula
wurugudnavedalaiiiven

JuiinAAzuusnE U uALdNa9
19la (clear zone) waglalall MuATnsv0 XU
and Yang (2010) uazdmseaumsadtaoulad dei

0 ; Lifin1sadraeoulwl

<1.00; fnsasreuledies

1.01-2.00; finsasaiouladurunans

2.01-3.00; iin1sadraeulesiunn

>3.01 uly; dmsasraeuleduiniign

2.2 nedaunsasrvaulylinafiug
Nadaun1sas1aulyiwARLUAUY

911359 Czapek-Dox agar +1% LWARY
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MLABN15U89 Phutela et al. (2005) Ineld cork
borer 1EFuuUUIILOWTIU PDA fifinng
wingweadulevendes Trichoderma uiay
loloian thiufuiiinnzlunsuudumidanans
NUABTe Usiigamndl 30° 9. 10unan 72 v
niu livasazans iodine-potassium iodide
Tuhndudaeadieusung 330 ua. Trvwaidy
Hugudnaavesnsiinusalaseulalaiivay
uiugudnansvedlalail Mudmdn HC value

mugasusiute 2.1

2.3 nagdgaunisasrseulyiezluad

naaeunisas1seulydieylulaguu
919115 starch agar AMUIBNITVDY LNTTAN LAy
fla (2556) Tnld cork borer 11zdu ULy
9upM3 PDA fiilnsiasgueaduilevesdos
Trichoderma waazlalgian 2119UUR1LNU
NaNs AT Uuﬁqmmﬁ 30° . WJuLan
72 9. 99Nt WBLaNsaYans 3% iodine (w/v)
Juan 15 unft Sumesn d1991u0mnsAe
Fedeindulasnie ntu iivaisazans
1M NaCl U515 10 wa. 1uwaan 15 uidl 3
AL uAudnaaveInIsiinusinlaseu
lalatluazidusugudnaisvadlalall Audnen

HC value mugasiuieliute 2.1

3. MINATNVUAVBWIBT Trichoderma s

U dlnen1swainuLuaUusI ITS
wnzdenes Trichoderma loletan

T1-T17 uag lelelan T22 VWA WeIMTIU PDA

deldlunmsinseiseiuaddd lnonsmadiu

LwaAILUY internal transcribed spacer (ITS)

Ingldelnsiues TS5 57 (TCC GTA GGT GAA
CCT GCG G) 3’ way ITS4 5’ (TCC TCC GCT
TAT TGA TAT GO) 3" Tnsdeinegaideslud
Macrogen company (Korea) iiiayinnismandu
wa wdvhnsiieuiisunadiduiuadiléiu
ddutuafiusanglugiudoya GenBank fae

AstUlUswnsy BLAST

NANISNAABIAZITa]

1. anwaelalatliyasn Trichoderma Ntglu

NSNAADY

L‘??@i’l Trichoderma 210 culture collections
112 29 lelatan arursataseLavlnuu
9MN3La8aTe PDA ﬁqmmﬁ 28° o, L Juian
7 5u Woudavlelaanildnwazlalaiuay

anyEN TN LAY (Figure 1)

2. nsafreulyliwagias twadlug waz

asluradvaaniasn Trichoderma

2.1 wulviwagias

{031 Trichoderma annsaiasaylaa
Tuewnsfiusznause carboxymethyl cellulose
(CMO) T uunasansuauazannsoasouley
\wagiadalan Trichoderma MU U 5 270 29
Lolatan A HC g9 laun T-14, T-18, T-24,
T-13, T-17 wag T-23 laediAn HC 7.13 6.40
6.40 6.13 593 Way 5.87 @y, 1ua1eu (Table 1)
Faaeandestunsineves Ruvwul wazaue
(2559) Fispaun Lﬁ?gjjai'l Trichoderma harzainum
way 7. Inhamatum ahseaiseuledivagiaa

oluusunnige
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Figure 1 Morphology of Trichoderma asperellum colony of 29 isolates (TC-1 to TC-29) on PDA
agar after 7 days incubation at 28°C
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Table 1 Production in terms of hydrolysis capacity value (HC value) of cellulase, pectinase

and amylase enzymes by 29 Trichoderma isolates on CMC, Czapek-Dox agar and

starch-agar media

Trichoderma lIsolate

HC value (cm.)

Cellulase Pectinase Amylase
T-1 2.23 fgh™ 7.73 2" 2.33 ghi
T-2 2.36 hi 6.40 abc 2.67 e-i
T-3 4.10 efg 5.60 bc 3.10d-h
T-4 1.90 ¢hi 6.70 ab 2.67 e-i
T-5 1.30 1 135e 2.40 f-i
T-6 2.23 hi 6.67 ab 2.83 d-h
T-7 1.83 hi 6.67 ab 2.33 ghi
T-8 2.83 ghi 6.50 abc 2.60 e-i-
T-9 4.60 c-f 1.35e 1.82 hi
T-10 1.87 hi 5.27 cd 2.33 ghi
T-11 4.97 b-f 4.00 d 390 a-e
T-12 577 a-e 6.53 abc 3.07 d-h
T-13 6.13 abc 6.17 bc 3.50 b-g
T-14 7.13 a 6.50 abc 1.251
T-15 523 b-e 4.00 d 1.83 hi
T-16 5.43 b-e 5.40 bc 3.33 c-g
T-17 5.93 a-d 5.67 bc 4.87 ab
T-18 6.40 ab 1.35¢e 4.70 abc
T-19 4.33 d-g 135e 2.67 e-i
T-20 4.83 b-f 4.00d 4.17 a-d
T-21 4.90 b-f 5.83 bc 4.67 abc
T-22 577 a-e 6.27 bc 5.00 a
T-23 5.87 a-d 6.60 abc 3.50 b-¢
T-24 6.40 ab 6.63 abc 4.83 ab
T-25 573 a-¢e 6.37 bc 493 a
T-26 5.00 b-f 6.50 abc 4.10 ad
T-27 2.40 hi 6.67 ab 493 a
T-28 5.80 a-e 6.17 bc 4.13 a-d
T-29 5.17 b-e 6.70 ab 377 a-f

¥ Means in the same column, followed by a common letter are not significantly different at the 5% level by DMRT

Note: T-1, T-14 and T-22 are Trichoderma asperellum
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2.2 wulydinafiuE

Wosraursarasgylalueinisi
Usznaumeinanuduwrainisuaulaziinig
a¥raeuleshinafiug 91nn1sAnvIENUI
@057 Trichoderma Aliuanisiindlasey
Teladl winflan 5 Sudu leun T-1, T-23, T-27
waeT-29 wag A1 HC 7.73 6.60 6.67 way
6.70 %3. MIUA19U (Table 1) LWYTaAT Lhay
mla (2556) $1891U71 Msaseuleddunala
ymislaseulplaidlonnaeuseddeuasazans
iodine-potassium iodide dewn Wesada
wulgdungasinaduusiiasaulaladicly
Andtiou Adorada et al. (2000) 5189711431 Loulel
AR LU a1snsaauANlsAsINilALNE Y

RN Phytophthora infestans

2.3 toulgdezluas

nsadaevlzleyluas Wesaunsa
winlgluemsfiusznaudeutls (starch) tHu
wiaeAnsueu wagiinisasiveuladeslulas
Fo31 Trichoderma Wlnamsimdlaseulaladi
unfign 5 Sudu leun T-22, T-27, T-25, T-17
Wag T24 fifn HC 5.00 4.93 4.93 4.87 uay
4.83 3. paRU (Table 1) Fedannldainig
Taseulalafhiilonnaoudisaisazary 3%
lelofy Wosadvouluiingesuds urusina

saulalatlazlufnddoulalafu (Wusan way
mla, 2556)

6. N5NATIEHN Trichoderma TuseauaUdd

N1TIATIEIRNYULNRUTNTTUVD
951 Trichoderma 311 18 lalaian lawn
Taletan T1-T17 wazlalaan T22 deseau

aUddeignismadrduiuauiinm ITS laglde
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lwswes ITS4 5° (TCC TCC GCT TAT TGA TAT
GQO) 3’ wag TS5 5 (TCC GTA GGT GAA CCT
GCG G) 3’ wazLlTouLNguNan1snIaInuLUd
#18TUsunsu BLAST wuin al@dveaides
Trichoderma lalawan T-1, T-14 wag T-22 4
AW WA Trichoderma asperellum Samuels,
Lieckf & Nirenberg fiszfiupnanniiow 100 99
LAy 99% 7iAM19adf E-value infu 0.0
§a5u Trichoderma 'lolwian T-1, T-14 wag
T-22 A8 Trichoderma asperellum Wu et al.
(2017) e Wesraneniuslval Trichoderma
asperellum GDFS1009 \huadun3sufiineii
Uszdnsnmuuaziinuantfdonisilulsdnse
dosamglandty iy Tsauiealuunsn uas
Tspilnuaziadadmalnean danide Fusarium
oxysporum f. sp. Cucumerinum Owen LA
Aun1s@nw1nsld Trichoderma asperellum
Tumsauaulsailundelsl Gaannnain
L‘??@ﬂ'lLW; Phytophthora palmivora (Butl.) Butl.
(Aeyvan uazmue, 2562)

dyUnan1Inaasg

INN13ANYIUTEENTAINVDINITATI
wululgevanaiwagiad imafg wazesliiad
Y9491 Trichoderma sp.31uau 29 lolwian fe
7% zone dlearing technique WUl 51 Trichoderma
Telaian T-1, T-14 uaz T-22 § HC value 1ade
gegnvateulediwagiad wadlua uavosluaa
7.13 7.73 waz 5.00 AWAIRU Laza1nnITIATIzi
s¥aualad wuan Trichoderma lolgian T-1,
T-14 waz T-22 @9 Trichoderma asperellum
Toglolewan T-1 waz T-14 fiwenldainiu du

lolgian T-22 wanleiaindanmziiia Feaunse
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Phldveenalunisuassulasiiioilulgluns

munulsaisalula

AYaUAL

vorauRANUIElnTAs M139d UnTvINTs
#0R NDINUIULAZIYINT NTUIYINTTAYAT
filsienueyiazsiiiaszidoyanieaia uas
WYY gudNad UnivIN1sinens nauie
walulad¥iniwnianisineas Alaay
Pmdedanisugunal iaiesflonazaria

Tuaunaaes wasiiuiuiindeya

LONE591994

@

WwAn Saudeantg nInswg lyesny uazalngdy
Junaa. 2562. Msnaaeuldidesuazans
aﬁ”ﬂmm%aiﬂ Trichoderma asperellum Tu
nsreudeanmnlsaiimvesndasld.
NTENTNWATNIZITAL. 16(1): 204-211.

Fsviay uINadng uagdssala duny. 2542, n1sld

Foslnslaeduniuaulsadie. Tasenns
NEASIYIRNMIN TN ATANENS N1ATY
lsaiy Ineuaiunakay uasuga. 90 win.

Fauns siaas oAfud augnd uazssiing anayms.

2550. Anwwan1slifanumziinsmiuide

91 Trichoderma spp. Tun1sUasiumdnlsa

Sdulviinmieliiga. wih 366-378. Tu: 891

NeFeUsEl 2550 wuit 1. drinddeiamn

N3815NUINY NIUIVINITNWYAT NTENTAN

WNEATLATANNTOL NTANNAI.

£ o

AN 29ANFAa nsAad dien FedNS Usv wag

Wty Flon. 2559. MSARLARNLYBIIINGS
wulwiiwagiaauazlowauiuaainginly
Unauudu (Elaeis guineensis Jaca.). wiu

WS, A4(LAY 1): 948-952.

LWYIEANN ﬁwm LLaSﬁ’ﬂ,ﬁ L@ TANUILEA. 2556. NS
Annsesuazdnuengaurieiainueululivagiaa
ozluad waziwafuaainniniud1uznasan.
Wi 175-180. Tu: MIUs¥RINMIUMINGNS e
F9@n Uszat 2556.
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Genome Wide Association Study (GWAS) for Southern Corn Rust (SCR)
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ABSTRACT

Southern corn rust (SCR), caused by Puccinia polysora Undrew, is one of the most
important maize diseases threatening maize production. Growing resistant varieties is the
most practical and cost-effective approach to controlling the disease. Identification of
resistance genes would help in the development of high-yielding resistant maize hybrids.
Genome-wide association studies (GWAS) can efficiently reveal genomic loci associated with
the desired phenotypic traits. In this study, the phenotypes of 262 maize recombinant
inbreds against two isolates of SCR disease, namely, Nakhon Pathom and Chiang Mai, were
investicated. Using 434,871 single nucleotide polymorphism (SNP) markers obtained from the
maize SNP 600K genotyping array, GWAS was performed with the Fixed and random model
Circulating Probability Unification (FarmCPU) model. The results showed that 19 SNPs distributed
on chromosomes 1, 2, 3, 4, 5, 9 and 10 were significantly associated with resistance to SCR
disease. As a result, 19 quantitative trait loci (QTL)s and 36 candidate genes were identified. In
addition, the three major QTLs/SNP loci which included AX-90915192 on chromosome 4,
AX-91151225 on chromosome 9 and AX-91648757 on chromosome 5, could distinguish the
disease-resistant from disease-susceptible lines. These identified SNPs and genes provide useful
information for cloning genes and understanding disease resistance mechanisms to SCR, and can

be used in marker-assisted breeding programs to develop SCR resistant maize.

Keywords: Genome-wide association study (GWAS), Puccinia polysora; Southern corn rust (SCR);
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INTRODUCTION

Maize rust caused by Puccinia spp.,
is considered the most persistent and
destructive maize disease. In Thailand, the
rust disease in different regions, as identified
by its morphology and molecular markers
was southern corn rust (SCR) caused by
P. polysora Undrew, (Unartngam et al., 2011).
The SCR is an obligate parasite that damages
the entire corn plant. Symptoms first appear
on the leaves and spread to the entire plant
at maturity, resulting in leaf necrosis and
complete destruction of photosynthetic
areas until the plant eventually dies (Cammack,
1958). Yield losses caused by SCR can be as
hieh as 45-50% with destruction being
greatest in late season corn planting (Raid
et al,, 1988).

The use of resistant varieties is the
most practical and cost-effective approach
to control yield loss from SCR disease. To
obtain a genotype with a high degree of
resistance to SCR for breeding program,
knowledge of the gene activity involved in
the expression of the resistance response
in the plant materials is a prerequisite. The
main obstacle in using the conventional
selection process to identify genotype with
SCR resistance is the difficulty in selecting
the right genes expressed in their morphological
or agronomic traits for selection (Ashkani
et al.,, 2015). Using molecular markers

associated with SCR resistance could be a

72

more convenient and time-saving approach
for the selection of resistance genotypes.
The mapping of quantitative trait loci (QTL)
is the method that allows the discovery,
localization, and characterization of genetic
factors that contribute to polygenically
inherited variation (Young, 1996). Researchers
investigated the inheritance of resistance to
SCR (Lv et al, 2021; Wanlayaporn et al,
2013) and suggested that the resistance
mechanism is complex and polygenic.
Genome-wide association studies
(GWAS) is an efficient approach to discover
genomic loci associated with phenotypic
traits (Ma et al,, 2019). They involved high-
resolution genome coverage using single
nucleotide polymorphism markers (SNPs),
and are the most recent approach for
identifying natural variation and mapping
chromosomal regions associated with traits
of interest in plants, including maize (Elshire
et al.,, 2011). GWAS utilizes different sets of
inbred lines and provides a way to
accurately locate QTLs for quantitative traits
and identify candidate genes (Olukolu
et al,, 2016). Genetic studies of rust disease
resistance in maize using GWAS were
reported from the USA, Brazil and China
(Olukolu et al., 2016; de Souza Camacho
et al., 2019; Zhou et al,, 2018). However,
the maize germplasm of Thailand and
Myanmar has less genetic information

about SCR resistance for breeding programs
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to develop resistant varieties. Therefore,
the objective of this study was to identify
the genomic regions and candidate genes
associated with SCR disease resistance of
maize by using SNPs markers in tropically

adapted maize germplasm in Thailand.

MATERIALS AND METHODS

Phenotypic evaluation for SCR disease

In this study, 262 varieties and different
recombinant inbred lines (RILs) of Thailand
and Myanmar were evaluated. Of the 262
RILs, 188 lines were developed by the
Department of Plant Science and Agricultural
Resources of Khon Kaen University, 41 by
Chai Nat Field Crop Research Center of
the Department of Agriculture, Ministry
of Agriculture and Cooperatives, 13 by
Rajamangala University of Technology Lanna
Lampang, 19 by Myanmar Agricultural
Research Department, and Hybrix-3. Of 262
varieties, 71 were sweet corn, 168 were waxy
corn and 23 were field corn. In these studies,
Hybrix-3 was used as the susceptible and
Ki-60 as the resistant controls for SCR.

Experiments were conducted using a
randomized complete block design (RCBD)
with three replicates. Disease screening was
conducted 14 days after planting of the
maize lines using two inoculum sources from
Nakhon Pathom and Chiang Mai. For
inoculation, the rust infected leaves were

collected from the infected fields and the

uredospores were obtained by washing.
Then, the uredospores were filtrated with
Whatman filter paper No. 1. The filter paper
containing the ureodospores was cut into 3-5
mm pieces. After that, the paper pieces were
placed on two leaves of each plant. One
night after inoculation, they were removed
from the plants.

Twenty-one days after inoculation,
the severity of the disease was recorded by
using a score (0-3); where 0=no symptom,
1=pustules or uredospores 1-25% of leaf
area, small pustules that did not erupt, and
no further development of pustules,
2=pustules or uredospores 25-50% of leaf
area, <1 times development of pustules and
3=pustules or uredospores >50% of leaf
area, erupted pustules, further development
of pustules, and spread across leaves. Then,
percent disease index (PDI) for SCR disease
was calculated. Subsequently, the phenotypes
of the tested lines were evaluated as
a function of PDI as 0: Highly resistant
(HR), 1-10: Resistant (R), 11-25: Moderately
resistant (MR), 26-50: Moderately susceptible
(MS), 51-75: Susceptible (S) and 76-100: Highly
susceptible (HS) (Unartngam, 2019).

Statistical analyses

The phenotypic data from all trials
were analyzed using the R program (R Core
Team, 2018). Comparison of means was

performed at the 5% level of least significant
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difference (LSD). Estimates of variance
components O2G (genotypic variance), O%ge
(G x E) (interaction variance), and O2e (error
variance) of the tested varieties were
computed and the broad-sense heritability
(h2) was calculated using the following

formula (Hallauer and Miranda, 1981).
h2 = 02G/(02G+( O%ge/e)+(O2e/re))

Maize array genotyping and SNP calling

Genomic DNA was extracted using
the magnetic bead method (Xin and Chen,
2012). Five plants per sample were pooled
and used for DNA extraction. The pooled
panel of 262 maize inbred lines was
genotyped using the Axiom™ maize 600 K
genotyping array with 616,201 variants
(Thermo Fisher Scientific). To determine the
quality of the data, quality control (Q.C.)
was performed with a call rate of 90%
(517,293 SNPs) (Axiom genomic suit).
Subsequently, SNP markers with more
than 10% missing data, 20% heterozygosity,
less than 5% minor allele frequency (MAF)
were excluded from the data set to obtain
only bi-allelic sites (434,871 SNPs). These
SNPs were used for GWAS analysis.

PCA and linkage disequilibrium analysis
Principal component analysis (PCA)

was also performed to determine the

relationship between samples using the

software TASSEL (Bradbury et al, 2007),
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removing SNPs with minor allele frequencies
(MAFs) of 5% and limiting the number of
components to three. Linkage disequilibrium
(LD) of all SNP pairs on each chromosome
was determined using the PopLDdecay
(https://doi.org/10.1093/biocinformatics/bty875),
with the following parameters:  MAF>59%;
Hardy—-Weinberg P-value cut-off, 0; and
percentage of genotyped lines >0.75. In addition,
SNPs with high LD were pruned using the
in-depth-pairwise function implemented in
PLINK (SNP window size: 50, shifted SNPS
per step: 10, r2 thresholds: 0.1) (Niu et al,,
2019) resulting in 160,991 SNP markers. This
set of SNPs was used for population structure
analysis using STRUCTURE (Evanno et al,
2005).

Genome-wide association analysis and
candidate genes association analysis

A genome-wide association study
(GWAS) was then performed using GAPIT
(Genomic Association and Prediction Integrated
Tool) (Lipka et al.,, 2012) in R program
(R Core Team, 2018). The P values of
testing markers and the associated markers
were unified at each interaction. The
threshold for a significant association was
set based on the Bonferroni correction
level of P-value (P < 1/n; n = total markers
used). To determine the amount of variance
explained by each significant SNP, an analysis

of variance was performed for each significant
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SNP and the ratio between mean square of
each SNP by error mean square was used
to represent the variance percentage
explained (Rossi et al,, 2020). Single regression
analysis in R program (R Core Team, 2018)
was performed.

The available reference genome
sequence of maize (B73) was used to
identify candidate genes. SNP probe
sequences of ~150 bp on Axiorn” Maize 600K
Genotyping Array (Thermo Fisher Scientific)
were used as queries in a BLAST algorithm-
based search against the reference genome
sequence in MaizeGDB (http://www.maizegdb.
org/gbrowse). The 200 bp source sequences
of each significant SNP was used for BLAST
against the ZmB73 RefGen v4 genome
sequence in MaizeGDB (Portwood et al,,
2019). Within the local LD block of
significant SNPs, the annotated genes that
are likely involved in disease resistance
were identified as the putative candidate

genes.

RESULTS AND DISCUSSION

Phenotypic evaluation for SCR disease
Resistance to southern corn rust was
evaluated using two isolates from Nakhon
Pathom and Chiang Mai. The tested lines
differed significantly in their phenotypic
response depending on their percent disease
indices (PDI) (p<0.01) for both isolates.

According to the results, the isolate from

Nakhon Pathom showed a stronger response
to the tested lines than the isolate from
Chiang Mai. However, Pearson correlation
analysis showed a correlation between these
isolates (p<0.05), and the performance of the
tested lines was not too different from these
isolates (Table 1). It can be assumed that
the pathogenicity of these isolates was not
different and the tested varieties showed
similar responses against these two isolates
of SCR disease. The broad-sense heritability
(h") was very low at 11.68%. This could be
due to the fact that different isolates of the
disease were used in these trials. The
estimated heritability was low when the
experiments were conducted in different
environments (Brito et al., 2001). The low
heritability implies that a great effort must
be made in a breeding program to accumulate
a large number of resistance alleles in the
germplasm. However, because the probability
of selecting superior genotypes (i.e. inbreds)
is low, marker assisted selection (MAS) offers
a strategy that could increase selection gain.
PDI from SCR against the two isolates
ranged from 0-86.67% and 0-53.33% for
Nakhon Pathom and Chiang Mai, respectively.
The histogram for both isolates showed
that most of the tested lines fell into the
resistance class (Figure 1). For the isolate
from Nakhon Pathom, 76 lines showed a
highly resistant reaction, 54 were resistant,

53 were moderately resistant, 53 were
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moderately susceptible, 21 were susceptible showed moderate resistance, while it
and 5 were highly susceptible. There was showed high resistance against the isolate
no highly susceptible line for the isolate from Chiang Mai (Figure 1). The population
from Chiang Mai. A total of 125 lines panel used in this study included tropical

showed highly resistant reactions, 26 showed maize cultivars of waxy corn, sweet corn,
resistant, 70 showed moderately resistant, and field corn, and association mapping
39 showed moderately susceptible and only was used to investicate the genetics of
2 lines showed susceptible reactions. The maize resistance to the disease SCR. The
Ki-60, resistance check, showed high resistance phenotypic responses of most RILs were
to the isolate from Nakhon Pathom and resistance to the two isolates of SCR
moderately resistant to the isolate from disease. These resistant lines can be used
Chiang Mai. Against the isolate from Nakhon as the resistant source for the breeding
Pathom, the commercial maize line Hybrix-3 program to develop SCR resistant varieties.

Table 1 Phenotypic variation for percent disease index (PDI) of SCR disease in 262 recombinant

inbred lines of maize based on two inoculum sources (NP and CM)

Trait Isolate  MEAN ~ MIN  MAX  SD  LSD .,  CV% P
SCR NP 19.17%* 0 8666 2136 1772 10439  0.32*
M 10.41** 0 5333 1274 2109  214.09

SCR: Southern corn rust, NP: Nakhon Pathom, CM: Chiang Mai, MEAN: average, MIN: minimum, MAX: maximum,
SD: standard deviation, P: Pearson correlation, **highly significant difference, CV: coefficient of variation,

LSD: Least significant difference

Hybrix-3

No. of varieties
Mo of varleties
2
Ki &0

0 15 an & A o Lt) H L1

1t o k4 an £l o
Percent Disease index Pereent Discase Tnidex

Figure 1 Frequency distribution of phenotypic variation in resistance to SCR. Frequency

distribution of resistance to isolates from Nakhon Pathom (A) and Chiang Mai (B)
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PCA and LD decay analysis

The genotype obtained from the high-
density maize SNP array was analysed in a set
of 262 maize lines using principal component
analysis (PCA). Based on the genotyping of
434871 SNPs from 262 maize lines after
filtering with the parameters mentioned in
materials and methods, PCA (total PCs=3) of
all the genotype data was performed using
the software PLINK. PC1 and PC2 explained
most of the variation (16.6 and 12.19%,
respectively) and were selected for visualization.

Significant clusters were observed for corn

type, sweet corn, waxy corn, and field corn.
The average heterozygosity was 11.48 and
ranged from 2.27 to 28.41. For linkage
disequilibrium (LD) decay analysis, all 434,871
filtered SNPs were used as input data for
calculating the g¢enome-wide LD in the
associated panel. The total LD decay in the
genome of the 262 maize associated panel
was 206 Kb at a cut-off r = 0.1, so a 200 kb
region flanking the left and right sides of an
SNP was defined as a QTL (Figure 2). At a
cut-off of r2 = 0.2, the mean length of LD

decay rapidly decreased to 48 kb.

Figure 2 Principle component analysis of 262 recombinant inbred lines (RILs) of maize based on

434,871 SNP markers (A); Clustering of 262 RILs based on 434,871 SNP markers (B); LD,

* values versus physical distance (Mb) between all SNP pairs on the same chromosome

(Q). The total LD decay in the genome of 262 maize-associated panels using 434,871 SNP

markers was 206 Kb at a cut-off r’ = 0.1. At a cut-off of r’ = 0.2, the mean length of LD

decay rapidly decreased to 48 kb

GWAS analysis for marker trait
associations
The responses of recombinant inbred

lines against SCR disease were investigated

and the QTLs associated with resistance to
this disease were revealed by GWAS. GWAS
utilizes different sets of inbred lines and

provides a way to accurately locate QTLs for
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quantitative traits and identify candidate
genes (Olukolu et al., 2016). Association
mapping was performed using Fixed and
random model Circulating Probability Unification
(FarmCPU) method incorporating population
structure (PCA) and relatedness (kinship)
within the tested panel, using 434,871 SNPs
with rare alleles (MAF < 5%). Based on the
results presented in Mahantan plots and
quantile-quantile (QQ) plots (Figure 3), the
significant SNPs were observed at a Bonferroni
correction of P < 2.29x10° (P < 1/n; n = total

markers used).

(A) FarmCPU.PDI

In this study, the phenotypic data of
two isolates, (Nakhon Pathom and Chiang Mai)
of SCR disease were also used for GWAS
with 434871 SNP markers. A total of 19 SNPs,
10 significant SNPs for Nakhon Pathom isolate
and 9 significant SNPs for the Chiang Mai
isolate, were identified with the SCR disease
resistance (Table 2). The highest explained
phenotypic variance (PVE) of these SNPs was
12%. For the isolate from Nakhon Pathom,
the significant SNPs markers were identified
on chromosome 1, 2, 3, 4, 5, 9 and 10. The
most significant marker, S1 211766821, was

loguala)

Chromosome
(B)
FarmCPU.PDI

®

lagalm)

Chromosome

]
' °
7} ; fap © ° g p
| G foo L
i o & 'y =
. - 4 L
T T T T T T T
1 : 3 [ 6 7

L]
= .
’

[ ! 8
4 TR y B
H‘.Is._";x.:::'.'.

: -

B ]

T
]

Figure 3 Manhattan plots and QQ plots from SNP-based GWAS for percent disease index (PDI) of
rust disease, isolate Nakhon Pathom (A) and isolate Chiang Mai (B). The GWAS identified
the most significant SNP markers that reached p<2.29x 10-6 (Bonferroni threshold=5.6)

are listed using the FarmCPU model. The X axis indicates the physically mapped

chromosomes. The Y axis indicates the significance calculated by -log10 (P)
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found on chromosome 5 and had P-value of
6.78x10 "~ and a MAF of 0.02. For the Chiang
Mai isolate, a total of nine significant SNP
markers were identified on chromosome 1, 2,
3, 4 and 5. They included one SNP each on
chromosomes 1 and 2, 2 SNPs each on
chromosome 4 and 5 and 3 SNP markers on
chromosome 3. The most significant associated
SNP, S5 179463254, was found on chromosome 5;
this SNP had a P-value of 2.68x10° and an

MAF of 0.08.

For SCR disease, 19 highly significant
associated SNPs were detected on chromosomes
1, 2,3, 4,5 9, and 10 for isolates from
Nakhon Pathom and Chiang Mai. This result
suggests that resistance to SCR disease is
quantitatively inherited and controlled by
many genes. Quantitative trait loci (QTL)
conferring partial resistance to SCR were

found on chromosomes 3 and 4 (Holland

Table 2 SNP markers associated with the trait of SCR disease resistant and their chromosomal

location in 262 maize RILs by SNP-based GWAS

Trait  SNP Position(V4) SNP Name

NP S5 211766821
510 13757681
S4 227597917
510 145635671
S9 138444899

AX-90974807
AX-91809638
AX-90915192
AX-91451802
AX-91151225

S1 174752484
S3 178254806
S1 124668841
52 13599625
S4 13128859

AX-91426201
AX-91411063
AX-90682835
AX-90577822
AX-90858848

™M

S5 179463254
S3_178600050
S5 37538103
53 38803403
S4._208062434
S1 233445080
S3 218037573
52 11930489
sS4 14738387

AX-90966401
AX-90630900
AX-91648757
AX-91847440
AX-91634643
AX-90710167
AX-91593556
AX-91437579
AX-90859313

Chr P-value Allele MAF R

5 678x10"° /T 002 120
10 786x10°°  T/C 010 120
4 9.22x10"° /T 035 380
10 1.93x10°  C/T 005  2.80
9 1.22x10° /T 030  0.50
1 578x10° T/C 016 001
3 781x10° AG 023 103
1 8.68x10°  G/A 027  0.10
2 655107  A/G 016  2.00
4 8.02x10° /T 004 140
5 26810 G/C 008 030
3 939x10""  G/A 019 020
5 8.02x10"°  G/A 020 001
3 8.16x10° A/G 038 0.0
4 3.18x10°  C/ 017 840
1 187x10° C/A 049  1.10
3 209x107 /T 040  0.20
2 139x10°  T/C 014 140
4 230x10°  G/A 046  0.70

NP: Nakhon Pathom, CM: Chiang Mai, SNP: Single nucleotide polymorphism,

Chr: Chromosome, MAF: Minor allele frequency, R Phenotypic variance explained
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et al,, 1998); 3, 4 and 9 (Jiang et al,, 1999);
9 (Brunelli et al,, 2002); 4, 8, 9 and 10 (Jines
et al,, 2007); 6 (Brewbaker et al,, 2011); 1, 2,
5, 6, 9 and 10 (Wanlayaporn et al., 2013); 6,
9 and 10 (Lv et al., 2021) by biparental QTL
mapping and on chromosomes 4, 8, 9 and
10 (de Souza Camacho et al., 2019); 4, 8 and
10 (Zhou et al,, 2018) by GWAS analysis. Lv
et al. (2021) identified 3 QTLs expressing
resistance to SCR on chromosomes 6, 9, and
10 with an explained phenotypic variation of
43-78% PVE using 138 of recombinant inbred
lines derived from CML496 (SCR-resistant)
and Lx9801 (SCR-susceptible) and 9.4K SNP
genotyping array marker platform. The
significant SNPs in this study were found on
7 chromosomes as in the previous different
studies; however, the positions of these
SNP were different. So, all SNP found in this
study may be the novel ones.

Zhou et al. (2018) performed GWAS
using the SNP3K bead chip for maize and
identified 7 QTLs conferring SCR resistance
on chromosomes 4, 8, and 10 with PVE%
ranging from 4.72-6.71%. Eight SNPs significantly
associated with SCR resistance were observed
on the seven chromosomes, 4, 5, 6, 7, 8, 9,
and 10 by GWAS (de Souza Camacho et al,
2019). In this study, the phenotypic explanatory
value of the significant SNPs for the disease
SCR was also very low. The highest PVE%
was 12% for the disease SCR. This result

suggests that MAS alone is not recommended
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for routine use (Knapp, 1998). The best
scheme should be the combination of
MAS with conventional selection methods

(ie: repeated selection) (Brito et al., 2001).

Candidate genes analysis

Version 4 of the B73 inbred line
(RefGen_v4) available on MaizeGDB, was
used to identify a candidate gene. A 200 kb
radius around each SNP was searched for
related genes involved in resistance to SCR.
As a result, 19 QTLs were identified and 37
candidate genes encoding proteins related
to the plant protection mechanism were
selected for the rust isolates from Nakhon
Pathom and Chiang Mai. However, the
candidate genes linked to plant protection
mechanism could not be identified in
QTL 1.2 AX-90682835 and the QTL 3.2 AX-
91847440. And then, the SNP markers on
chromosome 3, AX-91411063 and AX-
90630900, were located on the same gene,
Zm00001d04270, therefore 36 candidate
genes were identified.

On chromosome 1, the significant
SNPs were located in 3 candidate genes
annotating F-box domain containing protein
expressed, Patatin-like protein 6, LysM domain
containing protein. The significant SNPs on
chromosome 2 were located in 6 genes
encoding binding partner of ACD11 1, myb
domain protein 58, NDR1/HIN1-like 8,

S-norcoclaurine synthase, MYB-related-
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transcription factor 36 and 60S ribosomal
protein L7-2. The associated SNPs on
chromosome 3 were located in 9 genes,
ethylene-responsive
ABR1, G-box-binding factor 4, histone H3, E3
ubiquitin-protein ligase PUB23, BTB/POZ

transcription  factor

domain-containing protein, GDSL esterase/
lipase, phospholipase Al-ll gamma and
alpha/beta-hydrolases superfamily protein.
The significant SNPs on chromosome 4
were in 7 genes containing F-box/kelch-
repeat protein, AGP16, chitinase 2 and disease
resistance protein RPM1. On chromosome
5, the associated SNPs were located in 6
candidate genes encoding peroxidase 65,
Rho-related protein from plants 1, protease
Do-like 9, probable protein kinase, E3
ubiquitin-protein ligase ATL6 and myosin-15.
The SNPs on chromosome 9 were located
in the gene encoding a TPR (Tetratricopeptide
repeat) superfamily protein associated with
abiotic stresses. TPR proteins, which mediate
protein—protein interactions, assemble as
multiprotein complexes to defend against
external stresses (Cerveny et al.,, 2013). On
chromosome 10, the detected SNPs were
located in 3 genes encoding soluble epoxide
hydrolase, auxin response factor 2 and
alpha/beta-hydrolases superfamily protein.
Alpha/beta-Hydrolases superfamily protein,
ABHs support a variety of unique catalytic
functions for defense and hormone regulation.

ABH esterase regulates the response of

salicylic acid in plants, which is a key
hormone to plant immune responses
(Mindrebo et. al, 2016). Subsequently, single
candidate gene regions were found to
contain significantly associated SNPs in the
two isolates of SCR. The number of
significant SNPs on candidate genes ranged
from 19 to 128, and the phenotypic variance
explained by these SNPs (R'%) ranged from
1.51% and 9.96%.

To verify whether these loci are
associated with disease resistance of SCR,
allelic variation of significant SNP loci
studies in GWAS was analysed by examining
the genotypes of five resistant lines (Bio 18-50,
Bio 18-53, Bio 18-56, Bio 18-62 and Bio 18-64)
and five susceptible lines (13A-2, C.13-1
White-3, DRW-12, 13A-5 and DRW-29)
against Nakhon Pathom isolate and five
resistant lines (Bio 18-56, Bio 18-59, Bio 18-64,
2A-3 and 2A-4-1) and five susceptible lines
(DRW-6, 12A-2, 13A-1, DRW-29 and DRY-9)
against Chiang Mai isolate. For disease
resistance SCR, only 3 QTLs (two for Nakhon
Pathom isolate and one for Chiang Mai
isolate) showed a difference in allelic
composition when comparing the most
resistant and susceptible cultivars to SCR
disease. On chromosome 4, a QTL 4.1
AX-90915192 (physical position: 227597917)
(C/T, P—vatue=9.22x10710), was identified. It
can be observed that the average disease

index of allele with C was 12.82%, which was
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significantly lower than that of the allele
with T (28.69%) (p<0.05, Figure 4 (a)). Another
QTL 9.1 AX-91151225 (physical position:
138444899) (C/T, P-value=1.22x10") was
found on chromosome 9. In this QTL, the
average percent disease index of the allele
with C (11.34%) was significantly lower than
that of allele with T (29.93%) (p<0.05,

A POl B

Figure 4 (b)). The third QTL 5.2 AX-91648757
(physical position: 14738387) (G/A, P-value
= 8.02x10 ") was observed on chromosome 5,
and the average disease index for allele
with G was 7.19%, while that of allele with
A was 21.99% and significantly different
from each other (p<0.05, Figure 4 (0)).

C POl

MR AN MH
AX-S915192

AN-G1151225
P value<).05

M5 MR B
AX-91648757

Figure 4 Allele effects of significant SNPs for the resistance trait SCR in waxy maize, (A)

QTL 4.1 227597917 AX-90915192 (C/T), (B) QTL 9.1 138444899 AX-91151225 (T/C) and (C)

QTL 5.2 14738387 AX-91648757 (G/A)

When comparing the genotypes of
the five most resistant and susceptible lines
to the disease SCR, three QTLs/SNP markers
for waxy maize were identified in this study.
The SNP locus, AX-90915192 on chromosome 4,
has two alleles: CC, TT. In the resistant
varieties, the CC accounts for 80% (number/
total) and the TT accounts for about 20%.
In the susceptible materials, the TT accounts
for 100%. The second SNP locus, AX-91151225

on the chromosome 9, has three alleles:

82

CC, TT and CT. In the resistant varieties, the
CC accounts for 80% and the TT for about
20%. In susceptible varieties, the TT is
responsible for 60% and the CT for 40%.
Therefore, the CC is responsible for much
of the disease resistant materials at both
SNPs. Another SNP locus, AX-91648757 on
the chromosome 5, has three alleles: GG,
AA and GA. The resistant materials contain
80% GG and 20% AA, whereas the susceptible
materials contain 20% GG, 60% AA and
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20% GA. Therefore, the GG allele accounts
for a greater proportion of the disease-
resistant materials. This information provides
a scientific basis for a more detailed
clarification of the mechanism of disease

resistance SCR.

CONCLUSION

The genomic regions and candidate
genes associated with SCR disease resistance
in maize were investigated using SNPs
markers. In this study, the resistant and
susceptible RILs of maize against SCR
disease were identified in the phenotypic
evaluation. A GWAS was performed on a
panel of 262 maize inbred lines using 434,871
SNP markers. Using FarmCPU model, a total
of 19 SNP loci significantly associated with
the disease SCR were identified. These SNP
loci were located on chromosomes 1, 2, 3,
4,5 9 and 10, and a total of 19 QTLs and
36 candidate genes was detected at the
SNP loci. These candidate genes are
associated with biotic or abiotic stress.
Analyses of allelic variation were also
performed for the SNP loci selected by the
GWAS and the results showed the three
SNP loci, AX-90915192 on chromosome 4,
AX-91151225 on chromosome 9 and AX-
91648757 on chromosome 5 from top five
resistant lines and that of susceptible ones
of waxy corn. The candidate genes
identified in this study could help future

research to find resistance mechanism for

SCR disease and facilitate in marker-assisted
breeding programs to develop SCR resistant

maize.

ACKNOWLEDGEMENTS

The authors thank Chai Nat Field
Crops Research Centre, Department of
Agriculture; Department of Plant Science and
Agricultural Resources, Faculty of Agriculture
at Khon Kaen University; and SUWAN Farm,
Kasetsart University for providing maize
materials and the Department of Agricultural
Technology; Department of Plant Pathology,
Faculty of Agriculture at Kasetsart University,
Kamphaeng Saen Campus for disease
screening assistance. This research was
funded by Innovation for Sustainable
Agriculture (ISA) Program, the National Science
and Technology Development Agency (NSTDA),
grant number P-17-52167, and the Thailand
Graduate Institute of Science and Technology
(TGIST), National Science and Technology
Development Agency (NSTDA), grant number
TG-BT-KU-62-002D.

REFERENCES

Ashkani, S., M.Y. Rafii, M. Shabanimofrad, G. Miah,
M. Sahebi, P. Azizi, F.A. Tanweer, M. S.
Akhtar and A. Nasehi. 2015. Molecular
breeding strategy and challenges towards
improvement of blast disease resistance in
rice crop. Frontiers in Plant Science. 6: 886.

Bradbury, P.J., Z. Zhang, D.E. Kroon, T.M.

Casstevens, Y. Ramdoss and E.S. Buckler.

Thai Agricultural Research Journal Vol. 42 No. 1 January - April 2024 83



2007. TASSEL: software for association
mapping of complex traits in diverse samples.
Bioinformatics. 23(19): 2633-2635.

Brewbaker, J.L., S.K. Kim, Y.S. So, M. Logrofo, H.G.
Moon, R. Ming, XW. Lu and A.D. Josue.
2011. General resistance in maize to
southern rust (Puccinia polysora Underw.).
Crop Science. 51(4): 1393-1409.

Brito, D.P., D. Jeffers, D.G. de Ledn, M. Khairallah,
M.C. Cruz, G.V. Cardelas, S.A. Rivero and G.
Srinivasan. 2001. Cartografia de QTL de la
resistencia a la pudricion de la mazorca
(Fusarium moniliforme) en maiz de Valles
Altos, México. Agrociencia. 35(2): 181-196.

Brunelli, K.R., H.P. Silva and L.E.A. Camargo. 2002.
Mapeamento de genes de resisténcia
quantitativa a Puccinia polysora em milho.
Fitopatologia Brasileira. 27: 134-140.

Cammack, R.H 1958. Studies on Puccinia polysora
underw: |. The world distribution of forms
of P. polysora. Transactions of the British
Mycological Society. 41(1): 89-94.

Cerveny, L., A. Straskova, V. Dankova, A. Hartlova,
M. Ceckova, F. Staud and JJ.I. Stulik. 2013.
Tetratricopeptide repeat motifs in the world
of bacterial pathogens: role in virulence
mechanisms. Infection and Immunity. 81(3):
629-635.

de Souza Camacho, LR.,, MM.D. Coan, CA.
Scapim, R.J. Barth Pinto, D.J. Tessmann and
R.I. Contreras-Soto. 2019. A genome-wide
association study for partial resistance to
southern corn rust in tropical maize. Plant
Breeding. 138(6): 770-780.

Elshire, RJ., J.C. Glaubitz, Q. Sun, J.A. Poland, K.
Kawamoto, E.S. Buckler and S.E. Mitchell.

2011. A robust, simple genotyping-by-

84

sequencing (GBS) approach for high diversity
species. PLoS One. 6(5): e19379.

Evanno, G., S. Regnaut and J. Goudet. 2005.
Detecting the number of clusters of
individuals using the software STRUCTURE:
a simulation study. Molecular Ecology.
14(8): 2611-2620.

Hallauer, AR. and J. Miranda. 1981. Quantitative
genetics in maize breeding. Ames, IA: lowa
State University Press.

Holland, J., D. Uhr, D. Jeffers and M. Goodman.
1998. Inheritance of resistance to southern
corn rust in tropical-by-corn-belt maize
populations. Theoretical and Applied Genetics.
96(2): 232-241.

Jiang, C,, G. Edmeades, I. Armstead, H. Lafitte, M.
Hayward and D. Hoisington. 1999. Genetic
analysis of adaptation differences between
highland and lowland tropical maize using
molecular markers. Theoretical and Applied
Genetics. 99(7): 1106-1119.

Jines, M., P. Balint-Kurti, L. Robertson-Hoyt, T.
Molnar, J. Holland and M. Goodman. 2007.
Mapping resistance to Southern rust in a
tropical by temperate maize recombinant
inbred topcross population. Theoretical
and Applied Genetics. 114(4): 659-667.

Knapp, S.J. 1998. Marker-assisted selection as a
strategy for increasing the probability of
selecting superior genotypes. Crop Science.
38(5): 1164-1174.

Lipka, A.E., F. Tian, Q. Wang, J. Peiffer, M. Li, P.J.
Bradbury, M.A. Gore, E.S. Buckler and Z.
Zhang. 2012. GAPIT: genome association
and prediction integrated tool. Bioinformatics.
28(18): 2397-2399.

Lv, M., C. Deng, X. Li, X. Zhao, H. Li, Z. Li, Z. Tian,
A. Leonard, J. Jaqueth and B. Li. 2021.

219N 1FIBININBAT ﬂﬁ 42 {lﬂ’llﬁl 1 4NAN - LWNEBU 2567



Identification and fine=mapping of RppCMLA496,
a major QTL for resistance to Puccinia polysora
in maize. The Plant Genome. 14(1): €20062.

Ma, X., F. Feng, Y. Zhang, |.E. Elesawi, K. Xu, T. Lij,
H. Mei, H. Liu, N. Gao and C. Chen. 2019. A
novel rice grain size gene OsSNB was
identified by genome-wide association study
in natural population. PLoS Genetics. 15(5):
e1008191.

Mindrebo, J.T., CM. Nartey, Y. Seto, M.D. Burkart
and J.P. Noel. 2016. Unveiling the functional
diversity of the alpha/beta hydrolase
superfamily in the plant kingdom. Current
Opinion in Structural Biology. 41: 233-246.

Niu, S., Q. Song, H. Koiwa, D. Qiao, D. Zhao, Z.
Chen, X. Liu and X. Wen. 2019. Genetic
diversity, linkage disequilibrium, and
population structure analysis of the tea
plant (Camellia sinensis) from an origin
center, Guizhou plateau, using genome-
wide SNPs developed by genotyping-by-
sequencing. BMC Plant Biology. 19(1): 1-12.

Olukolu, B.A,, W.F. Tracy, R. Wisser, B. De Vries
and P.J. Balint-Kurti. 2016. A genome-wide
association study for partial resistance to
maize common rust. Phytopathology.
106(7): 745-751.

Portwood, J.L., M.R. Woodhouse, E.K. Cannon,
JM. Gardiner, L.C. Harper, M.L. Schaeffer,
JR. Walsh, T.Z. Sen, KT. Cho and D.A.
Schott. 2019. MaizeGDB 2018: the maize
multi-genome genetics and genomics
database. Nucleic Acids Research. 47(D1):
D1146-D1154.

R Core Team. 2018. R: A language and
environment for statistical computing. In: R
foundation for statistical computing Vienna,

Austria.

Raid, R., S. Pennypacker and R. Stevenson. 1988.
Characterization of Puccinia polysora epidemics
in Pennsylvania and Maryland. Phytopathology.
78(5): 579-585.

Rossi, E.S., M.C. Kuki, R.J. Pinto, C.A. Scapim, M.V.
Faria and N. De Leon. 2020. Genomic-wide
association study for white spot resistance
in a tropical maize germplasm. Euphytica.
216(1): 1-15.

Unartngam, J. 2019. Inoculation techniques of plant
pathogens to evaluate plant resistance.
The Thai Pytopathological Society: 104-
114. (in Thai)

Unartngam, J., P. Janruang and C. To-anan. 2011.
Genetic diversity of Puccinia polysora in
Thailand based on inter simple sequence
repeat (ISSR) markers analysis. Journal of
Agricultural Technology. 7(4): 1125-1137.

Wanlayaporn, K., J. Authrapun, A. Vanavichit and
S. Tragoonrung. 2013. QTL mapping for
partial resistance to southern corn rust
using RILs of tropical sweet corn. American
Journal of Plant Sciences. 4: 878-889.

Xin, Z. and J. Chen. 2012. A high throughput DNA
extraction method with high vyield and
quality. Plant Methods. 8: 1-7.

Young, N. 1996. QTL mapping and quantitative
disease resistance in plants. Annual Review
of Phytopathology. 34(1): 479-501.

Zhou, G, D. Hao, Y. Mao, Q. Zhu, G. Chen, H. Lu,
M. Shi, X. Huang, Z. Zhang and J. Zhao.
2018. Identification of genetic loci conferring
partial resistance to southern corn rust
through a genome-wide association study.
European Journal of Plant Pathology.

150(4): 1083-1090.

Thai Agricultural Research Journal Vol. 42 No. 1 January - April 2024 85
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ABSTRACT

Income of oil palm planters comes from the quantity of fresh fruit bunch (FFB)
combining with the bunch weight harvested. This study focused on the direct and indirect
effects of fresh fruit bunch and bunch weight using path analysis. Ninety tenera oil palm
bunches were counted, weighed and individually separated. The results showed that bunch
number (BNO) was a factor effect directly more than the average bunch weight (ABW), while
a negative correlation was found between BNO and ABW, confirming that if the number of
bunches was high, the ABW was small. Bunch weight (BW) composed of 9 characters
interesting in this study: rachis weight per bunch (RCIS/B), rachillae weight per bunch
(RCHAE/B), fruit weight per bunch (FW/B), fruit to bunch (FTB), mesocarp to fruit (MTF), kernel
to fruit (KTF), shell to fruit (STF) and mean nut weight (MNW) were highly significant. Bunch
weight (BW) was used to determine which components were effective. Fruit weight per
bunch (FW/B) had the highest direct effect, followed by rachillae weight per bunch
(RCHAE/B). Therefore, BNO and FW/B were selected to focus on fresh fruit bunches in the oil

palm breeding programs.

Keywords: correlation; regression; yield components; tenera
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INTRODUCTION

The oil palm is an oil crop that
supports food, oil products, and energy
worldwide. Palm oil was extracted from the
mesocarp and kernels. The goal of oil palm
production to support the worldwide
demand for palm oil is to improve tenera
with a high oil yield. The main challenge is
to increase oil production by using good
varieties and field practices.

Oil palm is a crop with low genetic
diversity for selection; therefore, it is
improved by concentrating on yield, bunch,
and fruit components. Oil palm is an oil
crop that supports food, oil products, and
energy worldwide. Breeding of oil palm has
been performed to study some traits to
correlate yield production consisting of
fresh fruit bunch, bunch number, and
average bunch weight, while oil yield was
focused on vyield and oil to bunch. It is
considered to be the ratio of the part of
the mesocarp, endocarp, and kernel. The
resolution to determine traits correlated
to yield and yield components using
correlation and path analysis to select the
favored palm. The correlation coefficient
displayed a value between -1 and 1, with
positive and negative associations between
independent variations (Steel et al., 1997).

Path analysis is a useful tool for
calculating the direct and indirect effects of

independent traits on dependent traits

(Jerrold, 1984). Balakrishna et al. (2018)
studied the correlation and path coefficient
in Indian oil palm and found that fresh fruit
bunch (FFB) was positively correlated and
path analysis with average bunch weight
(ABW) and bunch number (BN). Tanya et al.
(2013) found that the high positive
correlation was between bunch weight and
fruit weight per bunch (0.98), bunch weight
and stalk weight per bunch (0.92), fruit
weight per bunch and number of large size
fruits (0.91), bunch weight and weight of
large size fruits (0.88) and fruit weight per
bunch and number of large size fruits (0.88),
while the directly effecting influenced by
bunch weight and bunch number. However,
we had no clear information about traits
correlated with yield among our tenera oil
palms for breeding programs to improve for
new varieties. The present study estimated
phenotypic associations between yield-
contributing characteristics along with path
analysis to develop suitable selection

criteria for oil palm improvement.

MATERIALS AND METHODS

Ninety tenera oil palm bunches were
harvested at the Golden Tenera Company
Limited, Krabi Province, Thailand. Traits were
observed including fresh fruit bunch (FFB,
kg/palm/year), bunch number (BNO, bunches),
average bunch weight (ABW, kg), rachis
weight per bunch (RCIS/B), rachillae weight
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per bunch (RCHAE/B), fruit weight per bunch
(FW/B), fruit to bunch (FTB), mesocarp to
fruit (MTF), kernel to fruit (KTF), shell to
fruit (STF), mean fruit weight and mean nut
weight (MNW) (Rao et al., 1983).

The process of measuring the 10
traits of bunch components is shown in
Figure 1. The bunches were weighed upon
arrival, and the rachis was removed and
weighed to obtain the RCIS/B (kg/bunch).
The rachillae were then weighed to give
RCHAE/B (kg/bunch). The fertile and
parthenocarpic fruits with oil-bearing
mesocarp were removed and weighed to
obtain the FW/B (kg/bunch). FTB (%) can be
calculated as the weight of the bunch.
A sample of normal fertile fruits was also
collected shortly after the arrival of the

bunch. The fruit was weighed, the mesocarp

Bunch weight
(BW.kg)
I

+

was scraped off, the nuts were weighed,
and the weight of the mesocarp was
calculated as the difference. This gives the
weight of the mesocarp at the time of
taking the fruit sample, that is, the weight
unaffected by drying of the fruit before
scraping and during scraping of the mesocarp.
MTF (%) was calculated from the weight of
the fruit sample and nuts. The nuts were
air-dried for approximately three days to
facilitate cracking. The shell was removed,
and the kernels were weighed to calculate
the KTF (%) and STF (%).

The correlation between 13 traits
was estimated by Steel et al. (1997),
whereas path analyses were calculated as
direct and indirect effects according to
Jerrold (1984), performed using R-Stat (R
Core Team, 2022).

Rachis weight/bunch Spikelets
(RCHIS/B, kg) {kg)
v L4
fruit weight per bunch Rachillae weight/bunch
(FW/B, ke) (RCAE/B, kg)
|
\ ]
fruit to bunch (FTB) mean fruit weight
(FTB, kg) (MFW, g)
¥ ¥ ¥ v
mesocarp to bunch kemel to fruit (KTF), shell to fruit (STF), mean nut weight
(MTF, %) (KTE, %) (STF, %) (MNW, g}

Figure 1 Diagram of measuring traits of bunch weight (BW)
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RESULTS AND DISCUSSION

The correlation among the 13 traits
showed that only bunch number (BNO) had
the highest positive significance for fresh
fruit bunch (FFB) (r = 0.59*%) (Table 1). The
correlation analysis revealed that bunch
weight (BW) displayed a substantial correlation
coefficient value (r = 0.15) with FFB, although
the results did not reach statistical significance.
These findings imply that BW may possess
the capacity to contribute to the observed
variations in FFB. The result showed that
the significant direct effect from BNO was
R® = 0.85 and ABW was R = 0.15 (Figure 2).
BNO was highly negatively correlated with
average bunch weight (ABW) with no
significant difference (r = -0.76), as described
by Obisesan and Fatunla (1982) regarding
the correlation between the BNO and
mean ABW, which was negative (r = -0.41)
same as reported from Cedillo et al. (2018)
the correlation between bunch number
and average bunch weight was -0.368 in
dura x dura. BW was highly negatively
correlated with BNO (r = -0.40**) and ABW
(r = 0.59**). Considering this, when BNO is
high, in contrast to ABW, is low. These
results are similar to report in dura palm by
Tanya et al. (2013), who reported that FFB
had a high correlation with BNO; however,
the difference in ABW in this study was not
significantly correlated because the palm

materials were tenera. The same result

was reported by Okoye et al. (2009), who
reported that only BNO was correlated with
FFB and did not include ABW, with r = 0.653**
of dura x tenera. Okwuagwu et al. (2008)
reported highly significant positive relationships
between FFB and BNO, whereas BNO showed
strong negative correlations between BN
and ABW in the 3 dura x tenera population,
with correlation coefficients of —=0.220%*,
-0.260**, and -0.368**.

The correlation coefficients between
different oil palm traits are presented in
Table 1. The Rachis weight per bunch
(RCIS/B), rachillae weight per bunch
(RCHAE/B), fruit weight per bunch (FW/B),
fruit to bunch (FTB), kernel to fruit (KTF),
shell to fruit (STF), and mean nut weight
(MNW) were significantly positively correlated
with bunch weight (BW), whereas mesocarp
to fruit (MTF) was significantly negatively
correlated, and mean nut weight was not
significantly correlated with BW, as shown
in Figure 3. The highest direct effect on BW
was FW/B (r=0.777 or R = 0.756), followed
by RCHAE/B (R” = 0.165) and RCIS/B (R” =
0.078). Bunch weight (BW) was strongly
associated with RCIS/B (r = 0.81**), RCHA/B
(r =0.72%%), and FW/B (r = 0.92*%),
according to Corley and Tinker (2016), who
explained the main traits of the oil palm
bunch component. The percentages of
RCIS/B: RCHA/B: FW/B were 10, 20, and
30%, respectively, composed of BW, so this
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information will be considered for breeding
tenera with high amounts of fruit set or big
fruit.

Kernel to fruit (KTF) (r = 0.39%*),
shell to fruit, (STF) (r = 0.43**), and mean
nut weight (MNW) (r = 0.41**) were positively
correlated with BW, whereas mesocarp to
fruit (MTF) (r = -0.45%*) was negative. The
bunch component showed that RCHAE/B
was negatively correlated with fruit to
bunch (FTB) (r = -0.39*%), FTB was correlated
with fruit weight per bunch (FW/B) (r = 0.51%%),
and MNW (r = 0.42**). Oil palm fruit
consisted of mesocarp, endocarp (shell),
and kernel, in this study confirms the ratio

of them that MTF had the strong negative

associated with KTF (r = -0.90**) and STF
(r = -0.91**) and MNW (r = -0.75**) same as
the report of Okoye et al. (2009). This
information will be supported by breeders
aiming to breed a new tenera with a high
benefit value of crude palm oil (CPO) or
palm kernel oil (PKO).

The results showed a direct effect
of BNO on FFB, while BW had a strong
direct effect on FW/B. FW/B had a significant
positive correlation with MNW, STF, and
KTF MTF, whereas there was a significant
negative correlation with MTF. It seems
that when we breed a new variety of oil

palm, we have to consider the fruit

* Residual = 0.099

Figure 2 Path coefficient analysis of bunch number (BNO, bunches) and average bunch
weight (ABW, kg) on the direct and indirect effects of fresh fruit bunch (FFB,

kg/palm/year)
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component with a high level of mesocarp
or kernel for the oil palm industry of CPO
or PKO. This information will be used to
support the oil palm industry in the future
by zoning of oil palm fields with high
mesocarps or kernels to support their
products, which will increase the benefit
value and the oil palm planter will earn

more income.

CONCLUSION

In the breeding program, traits were
correlated to yield production, which was
used to consider for objective to project
the point of traits for a new breed in tenera
oil palm. In this study, we focused on BNO
for FFB, in contrast to BNO and ABW.
Moreover, BW should be emphasized to
decrease the size of the rachis and rachillae
with increasing FW/B. However, fruit
components should be bred depending on

the oil purpose from the mesocarp or kernel.
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ABSTRACT

Hot water immersion treatment is a post-harvest treatment for fruit fly disinfestation
and widely used as quarantine treatment in many countries. This technique has not been
previously employed in Thai mango exports. The objectives of this research were to examine
optimum temperature and exposure period of hot water immersion treatment to eliminate
fruit fly, Bactrocera dorsalis, eggs and 1" instar larvae in mango variety Nam Dorkmai without
affecting fruit quality. Procedures for hot water immersion treatments in small and large scale
were arranged. Nam Dorkmai mangoes used for testing were infested with B. dorsalis, eggs or
1" instar larvae using artificial infestation and forced infestation methods. The results showed
that hot water immersion treatment at the innermost of fruits at 46° C for 10 minutes was
effective for elimination of both eggs and 1" instar larvae of B. dorsalis without impacting on
fruit quality. This information can be applied to quarantine process of B. dorsalis infestation

in exported Nam Dorkmai mangoes of Thailand.

Keywords: hot water immersion treatment; mango; Bactrocera dorsalis
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INTRODUCTION

Mango is one of economic crops of
Thailand. According to the report from the
Export Plant Quarantine Service Group, Office
of Agricultural Regulation, Department of
Agriculture; Thailand exported 98,140 tons of
mangoes worth 1,694.43 million baht and
113,187 tons worth 2,027.63 million baht in
2015 and 2016, respectively. Among the
cultivated mangoes, Nam Dorkmai variety is
one of the best for domestic and export
markets (Department of Agriculture, 1988).
This variety is recognised as Queen of Thai
mangoes with beautifully golden yellow pulp
and sweet taste.

Fruit fly, Bactrocera dorsalis (Hendel),
plays very important roles in the exportation
of Thai mangoes because many countries
have restriction for this insect in imported
mangoes. Mango fruits imported from
Thailand must be free from fruit flies
because fruit flies can cause severe damage
to many kinds of fruits. Jirasurat and
Prachuabmoh (1998) reported that more
than 1,000 million baht of Thai agricultural
products were lost annually due to the
damage caused by fruit flies. Fruit fly such as
Bactrocera dorsalis (Hendel) is a quarantine
pest of many countries as the eggs were laid
in the fruits and the larvae feed inside the
fruits that make them very difficult to detect
and control. Fruit flies have very wide host

ranges. Thus, many countries list them as

96

quarantine pests. This constrains the exportation
of agricultural products, especially fresh
fruits including fruits of vegetables that are
the hosts of these flies. Some countries
required phytosanitary measures against
fruit flies for importing fresh fruits from
Thailand. The post-harvest treatments that
are effective against fruit flies are such as
irradiation, fumigation, vapor heat treatment
and hot water immersion treatment.

In recent vyears, Thailand has
successfully used vapor heat treatment (VHT)
against fruit flies in mango and mangosteen
that are exported to Japan and Korea and
used irradiation for mangosteen, rambutan,
longan and lychee that are exported to the
USA. However, the investment and operating
cost for vapor heat treatment and irradiation
are very high. Hot water immersion treatment
is another viable option because it is equally
effective but comparing to the two methods
already mentioned, hot water immersion
treatment is less expensive because of its
lower investment and operational cost. The
rate of heating from the fruit skin to the
center of the fruit with hot water immersion
is substantially faster than those of VHT and
FHAT (Forced hot-air heating) to achieve the
same temperature (Couey, 1989; Stewart
et al., 1990; Jordan, 1993). However, hot
water immersion treatment has not been
applied in Thailand because of the export

regulations imposed by destination countries.
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For examples, Japan requires mangoes from
Thailand to be treated by vapor heat
treatment, whereas the United States
requires irradiation treatment.

Hot water immersion treatment to
control fruit flies in mangoes is widely used
in many countries, especially in Latin America
to control Mexican fruit fly, Anastrepha
ludens (Loew). It has been accepted as
quarantine treatment by the Animal and
Plant Health Inspection Service (APHIS),
United State Department of Agriculture
(USDA) since 1987. Hot water treatment
for Mexican fruit fly is conducted at water
temperature of 46.1 - 46.5° C for 65 - 110 min
depending on weight and varieties of
mangoes (Sharp et al,, 1989).

The temperature and duration of hot
water immersion treatment for disinfestation
of fruit fly vary among types of fruits
depending on weight and varieties. In order
to apply hot water immersion treatment
to meet plant quarantine standard for
disinfestation of B. dorsalis in Nam Dorkmai
mangoes for exportation, the efficacy of this
treatment needed to be comprehensively
investigated in both small-scale and large-
scale experiments. The aim of this research
was to determine optimum temperature and
duration of hot water immersion treatment
for complete disinfestation of fruit fly larvae,
B. dorsalis, in Nam Dorkmai mangoes. The

information obtained can be applied to
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quarantine process of fruit fly disinfestation

for the exportation of Thai mangoes.

MATERIALS AND METHODS

1. Insects used in the experiments

Oriental fruit fly, B. dorsalis, used in
this experiment was collected from infested
mangoes, Mangifera indica L., in Pak Chong
District, Nakhon Ratchasima Province and
U Thong District, Suphan Buri Province. The
insect colonies were reared at the laboratory
of Pest Management Group, Plant Protection
Research and Development Office, Department
of Agriculture, Bangkok.

1.1 Fruit fly mass rearing technique

Rearing room condition: The colonies
of oriental fruit flies were kept in temperature
and humidity-controlled room at 26+1°C,
with 69+3 % relative humidity (RH) and
photoperiod of 12:12 (L:D) h.

Adult rearing: Adults of B. dorsalis
flies were housed in each of the 16 mesh
wire screen cages and fed with artificial
diet (yeast : sugar = 1:1). About 5 cages
(65.5x69x77 cm) with a population of
approximately 20,000 flies per cage and
10 cages (35x50x35 cm) with a population
of approximately 2,000 flies per cage were
continuously maintained throughout the
study.

Egg collecting: A perforated polyethylene
container (17 cm in height, tapering downward

from 7 to 5.5 cm. diameter) was used as an
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egg receptacle inside each adult cage.
Periodic checks on hatching rate were made
by placing samples with a small camel hair
brush on moist blotting paper held in petri
dishes and recording the number of hatched
eggs.

Larval rearing diet: Larval diet based
on corn flour was used for rearing the
B. dorsalis (Watanabe et al., 1973). The diet
tray was covered by the inverted tray to
maintain the humidity and was held for
pupation.

Pupal handling: Mature larvae began
leaving the diet at 6" day after egg transfer,
and at this time the cover was removed,
and trays were placed in pupae-collecting
boxes (43x74x23 cm) containing moist sawdust
(to encourage pupation). During pupal stage
(8-10 days), at 2 days before expected adult
emergence, the pupae were separated from
the sawdust. Subsequently, 20,000 pupae
were placed in plastic tray (23x32x5 cm.) and
transferred to new cage for adult emergence.

Quality control of mass rearing: The
laboratory colony of B. dorsalis have been
routinely checked for quality in every
generation. The hatching rate, emerging rate,
pupae weight and sex ratio were examined
for the quality of the flies.

1.2 Preparation of test insect
Two stages of fruit fly used in the
experiment were egg stage and 1" instar

larval stage.
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1.2.1 Egg preparation: The 24 hours
old eggs of B. dorsalis were used in
disinfestation test. Eggs were collected
from reared insect population by using
previously mentioned techniques. Adult
flies were allowed to lay eggs for 30 min.
Eggs were then counted and one hundred
eggs transferred to infest the mango pulp
following experimental plan.

1.2.2 The instar larvae preparation:
The insects were obtained by collecting
eggs 40 hours prior. After hatching, some
1" instar larvae burrowed through the muslin
cloth into water and some remained on
the cloth. The cloth was dipped in distilled
water to collect more larvae. One hundred
larvae were counted under magnifier and
kept in petri dish containing water. The
water with collected larvae were poured
into fine mesh cloth and transferred into

each tested fruit by using camel’s hairbrush.

2. Mango fruits used in the experiments
Nam Dorkmai variety mangoes used
in the experiment were from GMP farms.
The 85% ripeness mango fruits were selected,
cleaned, inspected for no symptoms or
damage from fruit fly then sized and graded.
After that, they were kept in the fruit fly free
room. The fruits used in the experiment were
of medium size (300 — 359 g) and large size
(360 — 420 ¢), which aligns with the standard

export sizes of Thai Nam Dorkmai mangoes.

219N 1FIBININBAT ﬂﬁ 42 Qﬂﬂﬁl 1 4NAN - WNEBU 2567



3. Infestation methods

3.1 Artificial infestation method: This
method followed the technique of Unahawutti
et al. (1991). This technique was carried out
by directly infesting certain developmental
stage of fruit fly into the fruit flesh. Prior to
artificial infestation, fruits were prepared by
removing small piece of mango pulp using
1 cm diameter cork borer to pierce 1 cm
deep into the fruit flesh (Figure 1). A thin
layer of mango flesh was cut off from the
plug so that there was some space for the
eggs and larvae to be housed. The plug

was inserted back into the hole after eggs

or larvae had been transferred into the
fruits. Then masking tape was put on the
plug to prevent the larvae leaving the fruit.
Each fruit was infested with one hundred
eggs or one hundred larvae as per
experimental plan.

In the case of egg infested fruits,
they were kept in temperature-controlled
room at 25-27° C until used. They were kept
for 1 hour before subjecting to treatments of
the experiment.

All larvae infested fruits were kept
for 3 hours to allow larvae to burrow inside

the fruit before subjecting to treatments.

Figure 1 Preparation of infested mangoes by artificial infestation method; (A-B) Holes were

made by 1 cm diameter cork borer at 1 cm depth, (C) Transfer eggs or larvae into

the hole, (D) Close with masking tape

3.2 Forced infestation method: This
method followed that of Unahawutti’s

technique (Unahawutti et al,, 1991). Each
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test fruit was wrapped up with a clear
plastic bag and five punctures were made

by insect pin (Figure 2). Subsequently, the

99



Figure 2 Preparation of infested mangoes by forced infestation method; (A-B) Each mango
fruit was wrapped up with clear plastic bag and five punctures were made by insect

pin, (C-E) Egg laying of female fruit flies
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10 test fruits were placed inside the fruit fly
cage whereby puncture holes were exposed
to the flies for oviposition. The oviposition
was done 40 hours before subjecting to
treatments and the exposure time for
oviposition was 25 min. Upon completion
of exposure time, the fruits were taken out
from the cage. Infested fruits were held in
temperature-controlled room at 25-27° C

until used.

4. Hot water immersion treatments
4.1 Treatment facility

4.1.1 Water bath for small scale
treatment: This treatment was conducted
by using Memmert® water bath, model:
WNB 22. They were electrically heated and
electronically controlled. The temperature
was measured by using a PT 100 (Class A)
temperature sensor (4-wire circuit). The
components of temperature control were
controlled by integrated malfunction-
recognition.

4.1.2 Water bath for large scale
treatment: The procedure was conducted by
using stainless steel tank (2.53x1.35 x0.6 m.)
capable of holding twelve 20 Kg baskets.
The temperature of the water was continuously
controlled by a microprocessor-controller.
The temperature was measured using a PT
100 (Class A). Water circulation system was
managed by using water pump size 40 /min

for uniform temperature distribution.
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4.1.3 Calibration of resistance
thermometers: All sensors were calibrated
periodically with a certified precision quality
thermometer at a temperature of 47° C.
Water temperature was allowed to stabilize
for 20 min before data recording began.
The actual temperature of water was
confirmed with the standard thermometer.
Temperature readings of all sensors were
recorded every 5 min. Calibration was
conducted regularly.

4.1.4 Monitoring of fruit temperature:
Fruit temperatures were measured by using
platinum resistance thermometer PT 100,
protective tube length was 70 mm. and
protective tube diameter was 3 mm. The
sensors were connected to 6 points-
multifunction hybrid recorders (Shinko,
model: HR-700).

4.2 Hot water immersion treatments
in small scale

This study was conducted at Crop
Processing Research and Development Group,
Postharvest and Processing Research and
Development Division and Pest Management
Group, Plant Protection Research and
Development Office, from October 2013 until
September 2018. The small-scale treatments
were preliminary test to determine the
temperature and exposure period of hot
water immersion treatment to disinfest
B. dorsalis in mangoes. The artificial infestation

method for the tested fruits was prepared.
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The stages of fruit fly tested were egg and
1" instar larval stage, based on the results
from Kaneyuki et al. (2016) who reported
that heat tolerance of B. dorsalis at 45° C
decreased with increasing age of 1" and 2™
instar larvae, but increased with increasing
age of 3rd instar, with 1" instar larvae being
the most heat tolerant. The fruits used were
medium and large sizes (310-420 g), which
aligned with the standard export sizes of
Nam Dorkmai mangoes.

The treatments were carried out in
Memmert® water bath, model: WNB 22.
Treatments temperatures at the innermost
of tested fruits were 43° C, 44° C, 45° C, 46° C,
46° C+5 min, 46° C+10 min, 46° C+15 min
and 46° C+20 min. The tested fruits were
soaked in the water bath one treatment at
a time. Five replications were performed.
Each replication comprised of 3 treated fruits
of egg infestation and 3 treated fruits of
1" instar larvae infestation. A total of 270
treated fruits was used in this experiment
which 240 fruits were treated with various
treatment temperatures and 30 fruits
(15 fruits with egg infestation and 15 fruits
with 1 instar larvae infestation) were non-
treated control.

After the treatment, the fruit
temperature was cooled down by force air
cooling for 30 min. All fruits were individually
placed in organdy bag separately kept in

plastic container (33x41x12 cm) and covered
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with fine mesh clothes to prevent reinfestation.
They were held in temperature-controlled
room at 25-27° C until observation. To facilitate
larval survival and pupation, test fruits
which were obtained by forced infestation
method were longitudinally cut 1 or 2 days
after treatment. Insect mortality was
determined by dissecting the fruits within
4-5 days after treatments and counting the
number of dead and live larvae in each fruit.
Corrected mortality was calculated by using
Abbott’s formula (Abbott, 1925). The data
were analysed for Probit 9.

4.3 Hot water immersion treatment
in large scale

This study was conducted at V.S.
Freshco Company Limited. Large scale
disinfestation test was carried out to assess
the effectiveness of hot water immersion
treatment for potential quarantine procedure
to disinfest B. dorsalis. The treatment was
based on preliminary test results from small-
scale (4.2).

The tested treatment temperature
and time were 46° C for 10 min in commercial
water bath. Artificial and forced infestation
tested fruits were prepared as described in
3.1 and 3.2. Three replications were performed.
Each replication comprised 100 artificial
infested fruits, 50 forced infested fruits and
144 filler fruits. The total hot water dipped
fruits in each replication were 294. Two

hundred and eighty-eight fruits were equally
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divided and placed into 12 plastic baskets.
Thus, one basket contained 8 artificial
infested fruits, 4 forced infested fruits and
12 filler fruits. The remaining 4 artificial
infested fruits and 2 forced infested fruits
were randomly placed in the baskets to
ensure the required number of insects for
the experiment. There were also 20 artificial
infested fruits and 10 forced infested fruits
used as control (non-treated) in each replication.

The artificial infestation of 100
1" instar larvae were used per tested fruit
and a total of 300 tested fruits were
achieved. Approximately 28,270 larvae
(estimated treatment population) were used.
Besides, the forced infestation method was
applied to 150 fruits for three replications,
resulting in an estimated treatment population
of approximately 27,580 larvae. Thus,n a total
number of the treated fruit in hot water
immersion treatment in large scale was 450
fruits or approximately 55,850 of treated
1" instar larvae and 90 fruits as-control
(non-treated) or approximately 11,170 of
control 1" instar larvae.

The procedure after finishing the
treatments and observation of insect mortality
were the same as those in hot water
immersion treatments in small-scale test.
To facilitate larval survival and pupation,
tested fruits obtained by forced infestation
were longitudinally cut 1 or 2 days after

treatment. Number of live individuals was
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recorded by dissecting the fruits within 4-5

days after treatments.

5. Fruit injury test

This study was to examine the
symptoms of thermal injury in treated mango
fruits. The tests were carried out using
medium to large size mangoes (310-420 g).

5.1 Fruit injury from small-scale
treatment

The mangoes were placed in plastic

basket (24x30x17 cm) then dipped in water
bath, Memmert® WNB 22 at the temperature
48.5° C. Ten treated fruits and 10 control
(non-treated) were used in each treatment.
The treatments were done when the
innermost temperature of fruits reach 48.5°
C, 48.5° C +10 min and 48.5° C +20 min.
Then, the treated fruits were air cooled for
30 min. The temperatures used for testing
heat damage to mango fruits followed the
method described by Unahawutti et al.
(1991)

5.2 Fruit injury from large-scale
treatment

The quality of treated fruits that

simulated the situation for exportation by
air and by sea were examined and compared
the various quality characteristics with
the non-treated fruits. Amount of 20 fruits
of each were used in the study. The fruits
were treated at the innermost temperature

of 46° C for 10 min. This particular temperature
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and duration were selected because
insects had a 100% mortality rate when
exposed to 46° C for 5 min. Therefore, the
treatment duration was extended to 10 min
at the same temperature setting as a
precautionary measure to reduce the
potential risk of human error during the
treatment process. Treated mangoes
were air cooled for 30 min after the
treatment then put in foam net and placed
in the box (32x45x13 cm) which had 4

holes (2.5 cm in diameter); two each on

two opposite sides. The holes were covered

with fine mesh. Fruits were kept in
temperature-controlled room at 10° C for
7 and 14 days.

5.2.1 Percentage of weight loss of
mango fruits: Comparison was made
between 10 hot water immersion treated
mango fruits and equal number of the
non-treated (control) fruits. Each fruit was
weighed at 0, 7 and 14 day after storage.
The weights were recorded and percentages
weight loss calculated using the following

equation:

Percentage of weight loss = [(pretreatment fruit weight — post storage fruit

weight)/pretreatment fruit weight] x 100

The percentages of weight loss of the fruits were averaged and statistically

compared the mean using T-test

5.2.2 Brix value of mango fruits:
Brix value of each method was measured
into 3 replicates at 0, 7 and 14 days after
storage. Comparison was made between 9
hot water immersion treated mango fruits
and equal number of the non-treated (control)
fruits. Measurement of brix value of mango
fruit pulp was done using a digital refractometer
(DBX-30, Atago Co., Ltd., Tokyo, Japan). Brix
value of the fruits was averaged and
statistically compared the mean by T-test.

5.2.3 Firmness of mango fruits:
Each fruit was divided into 2 sides. Each
side was subdivided into 3 parts: top,

middle, and bottom. Firmness of each
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piece was measured into 3 replicates using
penetrometer at 0, 7 and 14 day after
storage. The firmness of the fruits were
averaged and statistically compared the

mean by T-test.

RESULTS AND DISCUSSION

1. Hot water immersion treatments in
small scale

Preliminary test to disinfest B. dorsalis
in Nam Dorkmai mangoes was done in
small-scale experiment. Result showed that
proper temperature of hot water immersion

treatment can completely disinfest B. dorsalis.
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One hundred percent insect mortality was
found in mangoes infested with eggs after
treatment of innermost temperature at
46° C and at 46° C with various holding
times ie., 46° C +5 min, 46° C +10 min,
46° C +15 min and 46° C +20 min (Table 1).
In this experiment it took 61.50 min for the
innermost part to reach the desired
temperature 46° C.

One hundred percent insect mortality
was also found in mangoes infested with
1" instar larvae when treated at the
innermost temperature of fruits starting
from 46° C with holding time for 5 min
(46° C +5 min) and 20 min (46° C +20 min)
(Table 1). At the temperature 43° C, 44° C,
45° C and 46° C the mortality was 78.29,
85.89, 98.16 and 99.93%, respectively. This
result was similar to the findings of
Kaneyuki et al. (2014) and Kaneyuki et al.
(2016) that the 1" instar larvae of B,
dorsalis were more tolerant than eggs and
1" instar larvae were the most heat
tolerant at 45° C.

Heat tolerance of immature fruit
flies is a concerned factor in hot water
immersion treatment. Lapasathukul et al.
(2002) conducted a study on the heat
tolerance of immature stages of four fruit
fly species in Thailand; B. carambolae, B.
dorsalis, B. papayae, and B. pyrifoliae. The
study revealed that 1" instar larvae of each

fruit fly species had greater heat tolerance
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at 45° C than eggs, an, and 3rd instar larvae.
Estimated lethal dipping time for eggs and
1" instar larvae of B. dorsalis in hot water
immersion treatment at 45° C was 17.73
and 29.58 min, respectively. The results were
also consistent with Ndlela et al. (2017)
who suggested that hot water treatment at
a temperature of 46.1° C for 81.47 min could
serve as a method for fruit fly disinfestation
in mango. Likewise, mango variety Tommy
Atkins when treated with hot water at a
temperature of 46.1° C for 72.63 min could
effectively disinfest fruit fly, B. dorsalis
before exportation (Mwando et al., 2021).
According to the results, the 1" instar
larvae of B. dorsalis were more tolerant
than eggs. The appropriate temperature of
hot water immersion treatment for complete
disinfestation of B. dorsalis eggs and larvae
in Nam Dorkmai mangoes should be at the
innermost temperature of 46° C with
holding times for 10 min (46° C +10 min)
which was more assured for quarantine
treatment than 46° C +5 min. The analysis
result from Probit 9 also showed that
temperature required to kill 99.99683%
of B. dorsalis in egg stage should be at
temperature 44.46° C and holding times for
57.43 min while that of 1" instar larval
stage should be at temperature 45.07° C
and holding times for 60.62 min. Thus, the
temperature of innermost of mango at 46°

C +10 min or immersion temperature at 46° C
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Table 1 Mortality 9%)" of eggs and 1" instar larvae of the oriental fruit flies, Bactrocera

dorsalis (Hendel), after treatment in hot water immersion at different temperatures

and immersion periods in small-scale experiment

Time Number of Egg infestation 1% instar larval infestation
Temperature Y
o (min) of treated Number of  Corrected  Number of  Corrected
treatment . ) ) o/ a/
immersion  eggs/insects dead mortality (%) dead mortality (%)
Control 0 1,500 118 0 35 0
43°C 50 1,500 974 61.94 1,182 78.29
44°C 55 1,500 1,439 95.59 1,286 85.89
45°C 57 1,500 1,491 99.35 1,473 98.16
46°C 60 1,500 1,500 100 1,499 99.93
46°C+5 min 65 1,500 1,500 100 1,500 100
46°C+10 min 70 1,500 1,500 100 1,500 100
46°C+15 min 75 1,500 1,500 100 1,500 100
46°C+20 min 80 1,500 1,500 100 1,500 100

Y Combined data of 5 replications

# Infestation of insects in each treatment was done by inoculation at egg stage with 100 eggs per fruit and at 1" instar larval

stage with 100 individuals per fruit

7 Timing for immersion in hot water was initiated when the temperature of water in water bath stabilized until fruits were

considered receiving required temperature
Y Mortality was corrected by using Abbott’s formula

for 70 min was chosen for further investigation
of hot water immersion treatment of
Nam Dorkmai Mangoes for fruit fly disinfestation

in large-scale experiment.

2. Hot water immersion treatment in large
scale

Confirmatory test to disinfest B. dorsalis
in Nam Dorkmai mangoes was done in large-
scale experiment. The results showed that
the treatment with hot water immersion at
the innermost temperature of 46° C for
10 min can completely controlled 1" instar
larvae of B. dorsalis in Nam Dorkmai mangoes

because no survival insects were found in
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both insect infestation methods as shown
in Table 2. The result was consistent with
hot water immersion treatment of 46.1-46.5° C
for 65-110 min depending on weight and
varieties of mangoes to control Mexican
fruit fly, Anastrepha ludens, in mangoes
before exportation from Latin America to
the USA (Sharp et al., 1989). Therefore, hot
water immersion treatment in Nam Dorkmai
mangoes at fruit innermost temperature of
46° C and maintained at this temperature
for 10 min was effective for disinfestation
of both eggs and the 1" instar larvae of
B. dorsalis, which was the most heat tolerant

stage.
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Table 2 Survival of 1" instar larvae of the oriental fruit fly, Bactrocera dorsalis (Hendel), in

mangoes “Nam Dorkmai” treated with hot water immersion at the innermost

temperature of 46° C for 10 min in large-scale experiment

No. of tested fruits No. of alive Estimated treated No. of

Exp. Infestation method Control Treatment individuals in populationl/ survivors
control

1 1St instar larval infestation 20 100 1,960 9,800 0
Forced infestation 10 50 1,763 8,815 0
total 30 150 18,615 0
2 1St instar larval infestation 20 100 1,940 9,700 0
Forced infestation 10 50 1,699 8,495 0
total 30 150 18,195 0
3 1" instar larval infestation 20 100 1,954 9,770 0
Forced infestation 10 50 1,854 9,270 0
total 30 150 19,040 0
Total 90 450 11,170 55,850 0

Y The estimated treated populations were calculated from number of larvae in untreated fruits

# Survival of larvae was determined 4 days after treatment

3. Fruit injury test
3.1 Fruit injury from small scale treatment
The quality of Nam Dorkmai mangoes
treated at 48.5° C for 0, 10 and 20 min
showed no differences from the control in
terms of weight loss (Table 3) and Brix

value (Table 4). Moreover, there was no

symptom of spongy tissue in the treated
mangoes which was similar to result of
Unahawutti et al. (1991) which reported
that modified vapor heat treatment mangoes
at 48.5° C for 30 min did not show symptom
of spongy tissue in mangoes variety Nam

Dorkmai, Rad and Pimsaen Dang.

Table 3 Weight loss (%) of mangoes “Nam Dorkmai” after hot water immersion treatment at

48.5° C with holding times at 0, 10 and 20 min and 7- and l4-days storage at

26.10+£1.35° C, 75£5% RH

Days of Weight loss (%)"
storage Treatment 0 min 10 min 20 min
7 48.5°C + holding time min 7.07 6.19 6.18
control 5.25
T-test: 48.5°C vs. Control ns ns ns
14 48.5°C+ holding time min 12.23 12.37 12.23
control 11.78
T-test: 48.5°C vs. Control ns ns ns

Y Values are mean of 10 fruits (treatment), and 10 fruits (Control), ns=non-significant
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Table 4 Total soluble solid (°Brix) of mangoes “Nam Dorkmai” after hot water immersion at

48.5° C with holding times at 0, 10
26.10+1.35° C, 75+5 % RH

and 20 min and 7-and l4-days storage at

Total soluble solid (°Brix)™

Days of
Treatment : B :
storage 0 min 10 min 20 min
7 48.5°C + holding time min 16.73 16.83 16.87
control 16.97
T-test: 48.5°C vs. Control ns ns ns
14 48.5°C + holding time min 17.67 17.53 17.60
control 17.29
T-test: 48.5°C vs. Control ns ns ns

YValues are mean of 3 fruits/time (treatment), and 3 fruits/time (Control), ns=non-significant

3.2 Fruit injury from large scale treatment
The quality of treated mangoes
kept at temperature-controlled room at
10.05+1.35° C and 74.32+5.18% RH for
7 and 14 days showed no statistical difference
from the control mangoes in terms of weight
loss, Brix value and flesh firmness (Table 5).
In brief, hot water immersion has
a number of advantages which include:
relative ease of use by the industries, short
treatment time, reliable and accurate

monitoring of fruit and water temperatures

(Sharp, 1994). Another important advantage
of hot water immersion technology from an
economic point of view is that the cost of a
typical commercial system is approximately
10% of a commercial VHT system (Jordan,
1993). Data from this experiment pointed
that hot water immersion treatment of Nam
Dorkmaimangoes at innermost temperature
of fruits at 46° C and maintained at this
temperature for 10 min was effective for
elimination of B. dorsalis eggs and 1" instar

larvae, the most heat tolerant stage. This

Table 5 Weight loss (%), total soluble solid (°Brix) and firmness level (N) of mangoes “Nam

Dorkmai” after hot water immersion at 46° C holding times at 10 min and 7 - 14 days
storage at 10.05+1.35° C, 74.32+5.18 % RH

Day storage Treatment Weight loss  Total soluble solid  Firmness level
%)Y °Brix) 7 ) Y

7 46°C +10 min 6.014+0.93 16.84+0.11 16.34+0.29
control 5.57+1.26 16.42+0.53 17.58+0.37
T-test: 46°C +10 min vs. Control ns ns ns

14 46°C +10 min 13.3240.19 17.97+0.13 10.3340.21
control 12.7241.01 17.79+0.41 11.94+0.33
T-test: 46°C +10 min vs. Control ns ns ns

Y Value are mean of 30 fruits (treatment), and 10 fruits (Control), ns=non-significant

“ Value are mean of 9 fruits (treatment), and 3 fruits (Control), ns=non-significant
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temperature caused no damage on fruit
quality. Therefore, this method can be used
as quarantine process to disinfest of B. dorsalis

in Nam Dorkmai mangoes before exportation.

CONCLUSION

This research investigated hot water
immersion treatment, a technique not
previously employed in Thai mango exports,
for disinfestation of B. dorsalis in Nam Dorkmai
mangoes. The optimum temperatures and
duration of hot water immersion treatment
that can eliminate B. dorsalis without
affecting fruit quality were examined in
small and large-scale experiments. The results
revealed that hot water immersion treatment
at innermost temperature of fruits at 46° C
and maintained at this temperature for 10
min was effective for elimination of the 1°
instar larvae, the most heat tolerant stage.
This temperature condition did not degrade
fruit quality in terms of total soluble solids
(Brix value), weight loss, or firmness level.
Therefore, this approach can be considered
as an alternative method for complying with
quarantine regulations in countries that
permit hot water treatment for imported

Nam Dorkmai mangoes from Thailand.
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