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Assessment of resistance to bacterial wilt incited by Ralstonia solanacearum
with fruit yield and its components of tomato germplasms
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aafUsznauNanGnlndLABaiUTLENI5A (CKG waz CK6) Matiu g KKU-T73021 uag KKU-T24020 Fumnunzauiiazinluidu
waaiugnIsuiunusielsaiigwlen Tutie 2-14 Jundsnisugnuagvinanings
ANENATY: AN NHA; UELWBLNADNAIMNTTY; WUTPOULD; LSANIIFIU

ABSTRACT: This research assessed bacterial wilt resistance in tomato germplasms infected by Ralstonia
solanacearum with its yield and yield components. The study was conducted in two distinct experiments. The first
experiment used a 3x2x2 factorial experiment in a completely randomized design (CRD) to evaluate different
R. solanacearum strains (factor A): Tol (biovar 4, phylotype |, sequevar 47), To3 (biovar 2T, phylotype |, sequevar
13), and Ch1 (biovar 2T, phylotype |, sequevar 17). Factor B involved two different volumes, namely 5 ml and 10
ml. Lastly. Factor C comprised of two tomato cultivars: a resistant check (Hawaii7996) and a susceptible check
(VF134-1-2). The results revealed that Hawaii7996 exhibited a high resistance, with a disease index (DI) of 0%. While
VF134-1-2 displayed extreme susceptibility, with DI of 100% when inoculated with To1 (biovar 4) using a volume of
10 ml. Therefore, this specific condition is recommended for accurately evaluating the bacterial wilt resistance of
tomato germplasms. The second experiment was to assess bacterial wilt resistance in a total of twenty-six tomato
germplasm, along with six commercial cultivars, Hawaii7996 and VF134-1-2, using a greenhouse setup. A CRD with
three replications and fifteen plants per replication was used in this experiment. In addition to the bacterial wilt
resistance evaluation, the yield and yield components were analyzed in open-field conditions using a randomized
complete block design (RCBD) with three replications, each with ten plants. After eight days of inoculation,
Hawaii7996 exhibited DI of 11.13%, while VF134-1-2 with a DI of 91.99%. Moreover, KKU-T73025, KKU-T24020, KKU-
T73021, KKU-T73020, CK6, CKd, and VFT were classified as highly resistant (HR) to Moderately resistant (MR).
Furthermore, KKU-T73021 and KKU-T24020 exhibited good resistance, producing 1631.08 and 2083.60 grams per
plant, respectively, with yield components similar to those of CK4 and CK6. Consequently, KKU-T73021 and KKU-
T24020 should be considered as valuable genetic resources for breeding programs to enhance bacterial wilt
resistance during the 2-14 days after planting and maintain high productivity.

Keywords: fruit quality; processing tomato; susceptible variety; soil-borne disease
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Table 1 Scale based on disease index for categorization of tomato germplasm (Aslam et al., 2017)

Disease index (%) Disease reaction
0-20 Highly resistant (HR)
21-30 Resistant (R)
31-40 Moderately resistant (MR)
41-50 Moderately susceptible (MS)
51-60 Susceptible (S)
61-90 Highly susceptible (HS)
91-100 Extremely susceptible (ES)
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Table 2 Minimum, maximum, and average of air temperature and relative humidity at greenhouse conditions for
evaluating bacterial wilt disease from 2 to 14 days after inoculation and open-field conditions for evaluating

yield and yield components

Air temperature (C) Relative humidity (%)

Experiment Conditions Period
Min Max Avg. Min Max  Avg.
Experiment 1 Greenhouse Dec 2021 1545 39.00 27.23 46.95 8339 65.17
Experiment 2 Greenhouse Mar 2022 2545 37.67 3154 50.60 59.21 5491
Open-field Nov 2021-Mar 2022 1690 39.28 28.06 46.47 80.41 63.46
Vegetative stage 18.12 38.23 28.17 43.61 8313 63.37
Reproductive stage 16.57 3956 28.07 47.25 79.73 63.49
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Table 3 Disease index of resistance and susceptible tomatoes at 12 and 19 days after inoculation evaluated in the

dry season 2021 with different volumes and strains of Ralstonia solanacearum

Varieties Tol To3 Cht

Strain 5 ml 10ml 5ml 10ml 5ml 10ml

12 days after inoculation
Hawaii7996 00 c 00 c 00 c 00 c 00 c 00 c
VF134-1-2 100.0 a 100.0 a 545 b 889 a 933 a 100.0 a

19 days after inoculation
Hawaii7996 00 c 00 c 00 c 00 c 00 c 00 c
VF134-1-2 100.0 a 100.0 a 61.1 b 100.0 a 100.0 a 100.0 a

Mean in the same column and row followed by the same common letter are not significantly different at P < 0.05

by LSD.
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Wiy 84.15% wavhanaufisenisiinlsregluseavgeutauin wudeinuiuiug KKU-T73022, KKU-T73036, KKU-
T73038, KKU40, KKU72-1 uay IP-6-BE

Tutuil 8 ndamsUgnide ddviininAnlsreglutag 11.13% - 100% wuufisernsiialsn 7 seu Tnsanetusdu
Ingjuansuisenisiialsaluseaugauune - seukaun taawug KKU-T73022, KKU-T73024, KKU-T73036, KKU-T73038
uay VF134-1-2 ffudinnsiialsnagsesring 91.11% - 100% ogfluszdugeuneinniian uonantiu nuin fus NOR605 uax
K2 ffuinaiinlsn iy 41.19% waz 44.13% auady oglusgduseuusuiunans luvaediiug KKU-T73025 uay
Hawaii7996 faviin15iinlsa windu 13.89% uag 11.13% a1ua1au wazkansuisenisiialsaluseauiiuniuuin
T9IRIUNAD KKU-T73020, KKU-T73021 wag KKU-T24020 aglussauduniu uaz VFT, CK4 way CK6 agluszauiumiu
Uunang

Tutuil 10 ndimsUgnide Sdviiniainlsaegluta 18.33% - 100% wavaeiudanluguaniufisoinisialse

lusyAvugoule aniuwug KKU-T73025, Hawaii7996 wag KKU-T24020 Navin1siinlsawiniu 18.33%, 25.71% uaz

39.60% muddiU LaziansUisennisiinlsneglusedusiiuniu
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Tuvaedl 12 wae 14 Yundamsugnidio nud Sdadimainlsneglutag 46.89% - 100% waruansfizennaiin
Tsalusziusouus - seunsmnniigaluuzdomaynateiug sniuluiuil 12 ndmsvgnievesiug KKU-T73025 fiwusel
mafinlsaies 22.67% wavhansiseinisiialsalussausiiuniy
NsUszIiuANBaUENaNAN LaRIAUTINOUHANER

MnnMsUszfiudnuuznandnuaresAUsEnaunandn nuin yndnvaziidanudanuuandsiumsaifeded
tfodAnys (Table 4) Tnosug KKU-T73031 Siandnsesusnniian windu 3944.75 n3usiou sesaunde wug HWIS uaz
CK2 (2674.78 waw 2668.61 n3usiasu auadu) uenannil wudn Wug KKU-T73019, KKU-T73036, KKU72-1, VFT, KKU-
T24020, KKU-T11024, KKU-T11003 wag CK6 Snandnagluinasifia (1904.50 - 2187.00 n3usesy) dwiudnuwazdiuim

s

wasias WUl Wug HWO8 uay KKU-T73031 fiaiadennilan (129.58 wag 128.75 nasiedu aud1du) sesasnie Wus

KKU-T34005 (107.34 wasies) Tudnuaustmiindena wudn W CK3, CK2 way NOR 605 fthmiinuamnlaiuandreiuma
afin BedlAUszann 138.15+3.63 n3u aglsfinu nud1 usdemannaneiugivminuaoglunasifivouiuvedsy
(1nn7 40 n31) TnefideAsagsEning 44.00 - 129.18 n3u snuiustug KKU-T73037, KKUI2, HW98, KKU-T34005 uay
KKU-T11003

Tudnwauzanuniiawa wudn ug NOR605, KKU-T73021, KKU72-1, CK3, CK2 wag CK1 fiaadesnnlsiunnsisiu

=~ a1 I

msadd Fedareglugie 61.84 - 6536 wu. lusausfinimerIng wudn siug KKU-T73025 daedsuiniign 88.34 uy.
$99a9NAD g KKU-T73021, CK3 waz CK1 Ssfianiyiniu 79.91, 78.96 wag 75.49 . mudisy efiansanvuinnauas
sUSraHaTINAY WU usnsfdlngiigusimauuunangs (High rounded) wazuuuila (Heart-shaped) lnganesiugi
fuuakarusmalnaifesiuiugnisdn tawn wWug KKU-T73021, KKU-T73024, KKU-T73025, KKU-T73038, KKU72-1,
TBRY, NOR 605, MP216, IP-6-BE ez KKU-T24020

s

dofansandnumraruvuiile wud1 Cka way CK1 Saiafeuniian Wity 8.84 uaz 8.78 uu. sesadunie Wus
CK3, CK2, NOR605, KKU-T24020, KKU-T73024, IP-6-BE, KKU-T73019, BTH260, KKU72-1 Way CK6 (7.44, 7.43, 7.41, 7.38,
7.16, 7.16, 6.96, 6.86, 6.65 Uay 6.62 uy. Mudd) ludnwagaunanasun wuin wug BT1 uaz CK2 fidedsnn

Taiuansnafunneadd Faflansiniu 40,44 uay 37.80 uu. Auddy ssanAe Wus CK3 uay TBRY (35.40 way 35.19 w.

ANUAIAV)

3130

NNTNeaesTl 1 Wus Hawaii7996 lFSuiTe Tol U3u1ns 5 uaz 10 ua. SdudinisiAnlse whity 0% ndsmsvgn
o 12 waw 19 Fu vuzdiug VF134-1-2 Sdeiimadelse whiu 100% Tasnsussdiudeiugnssnzidemalununaaos
7l 2 fosnsusneuuansasE TSI UT LAY seuLeRanTINUlY dafu e Tol Uanns 10 wa. Fadudeammuay
Usinesfsngaudmiunailulilunisusadu eglsfnu devhnmsugnidle Tol Vauns 10 wa. Tuderugnasumside
wATImAUTugNsA Wugiun wagiugseunalUSeuiiou ndunudi Wug Hawaii7996 dnviin1siialsa winiu 46.89%
ndsnsugnite 12 u uadlifidufinansmufumnuileduganunaass lurefnunanosd 1 Wug Hawaii7996 lamunis
\Anlsn :nnsAnwiiiiiuan fnsseaudn dnvazanudumulsaiiendsveamzsidomadudnvuziduiim
(Quantitative trait) (Wang et al, 2013) Ingan nundeuiinasednuazanudiumu uazauansalunsnelsaveade
wu avudunsnsng auduvesiu waranmeIna (Hayward, 1991) aannisfisnsandoyaanimoinia lusnunaassd
1 (gaumgiisnan/gegn = 15.45/39.00 °C 1@ = 27.23 °C) mammﬁﬁsﬁ’wqmaaaLLazqmwgmaaammumaammiﬂizLmuuaa
ninumnaesd 2 (quviisngn/aean = 25.45/37.67 °C 1Ay = 31.54 °C) KALIINT BB Kunwar et al. (2020) ¥

nsUsziunsifalsaiigndedluiug Hawaii7996 wudn mMsuseiiumsiinlsaluaniniigamgilas (umiinngen/qen =
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29/44 °C uaziade = 36.5 °0) dwaliuzilamalinsiinlsauinninisusaduluanmigumaion dnviedanudn gaumadl
5enIeNTUsBIIUTERe 40 °C dawalvidnuaueAuAmUNILUNRILILY Bwr-12 vesiugananildanunsauansanuuzay
fumuldegaudun wenanil Bittner et al. (2016) Sanuingamniifnasion1sa3gyuesde R. solanacearum lngaunsn

Winylantunigamniias (20 wag 30 °C) Twraggaumaiisn (10 °C) In1siasatininly 6 Tuusnveinsidetie daenareariy

Y Y

Y o w

Prior et al. (1996) finu31 luanmerniafivunadududedinlunisesyivlavende uaznsunsnszatevendeolug

= o

WY Aty MnanImeINMAluunaaei 2 Faligamgiluginisuseiliulsaiias Jsdmalviiie Tol danugunsddunisiia

9 Y Y

Tsaunninnisusziiiilununnaesd 1 Aflgaumailutaanisussidulsaiining uenaindadomeanminadeuuds finns
5789371 e R solanacerum race 1 biovar 4 phylotype | fildlunsnaass L‘f]ﬂ@l%ﬁﬂﬁﬁﬂﬁﬁuﬁ:ﬁmmu Hawaii7996
aunsauansnuarALgauLals (Carmeille et al, 2006) AnvagAUAUNLlLRLG Hawaii7996 F9iANaunsatung
Frumuanas uaziilefugnnsUssiuiddfduiinansanuduny wudeatusvaeiugdu msvssdiunsiialseluadsd
wanslidiuin mamevauesdensinlsavessidomansavaneiug fennuamenizasedefidvhats uazmadishans
v00de Tol FuvgiuBuiinuuaruiumuressifema dwalfundommuaraeiuiinimovauowiomainlsadi
uaneinaiy sautsanmwndeuiillunisussiuidvswasgnannlunisuansenmailsaiiieandeluszdemaiis 34 ane

v
v A

WUSU (Hanson et al., 1996; Lopes et al., 1994; Prior et al., 1990)

nanevaussnainlselunsdemasumuiiuil 4 Sundimstgnide warlinufuumdomaiisonmelu 14 Yunds
nsUgniennaneug (Aslam et al. 2017) s1udsiugFLNTY Hawaii7996 ognslafiniy Tufudl 4 fa 12 vdamsugnide
Ut Musiumukastusdoutedinmeuaussiensialsfiuandiedu Senisussifiuludi 4 uay 6 Sundsnisugnide
wziWawmediulngiinisnevausrenisiialsalvlufimmadedu dwaliliarunsosenanuuand1eseninanenugla
AonAdosty Wang et al. (2000) iseauin ansnsausnarauandisluninialsavess Bemaud asiuslddous 7 Sunds
nsugnidie faifu Tudufl 8 ndanisugniedelimnumnyaslunsdassduaudiumuresusiasiugeanainiuldesig

[ k%

Fotau Inganeiug KKU-T73025 fisgdumnuiumiugeiian (Highly resistant) iguindiuiiugiumiu (Hawaii7996) vauh

v v
LYY

anesug KKU-T24020, KKU-T73021 wag KKU-T73020 ogfluszdusumiu (Resistant) fatiu iorugnasusia 4 aevus 39
wangauirlfiduumdsiugnssuaudunulsaiienden

NnnsUgneaBULzLTameA 34 aneviug meldanmudande fgumainianiedeseiu uasgegaadsse Tuintu
16.90 uag 39.28 °C muaIAY LﬁaﬂizL:ﬁué“ﬂwmzmamémim%aﬁuqmwum%mﬁ WagiUENT5AN (CK1-CK6) Wudn SikanEn
dndunasinsdndenuzidemegnainngsa (>3000 ndusied) (yayds, 2557) Wesnnlusseriifinnsesnaenuaznisinua
vowzideilgamgiigaa 39,56 °C dwalvimsinnavewifemaanas luvnsfigamgiiiuanzaulunisianavesuzideime
Toungiiegsening 22-25 °C (Kittas et al., 2005; Adams et al., 2001) uenand mm%ué’uﬁwﬁ‘ﬁqqﬁq 79.73% @9Waln
seninnsUssiliudnuusnandn wavesdusznaunanin nundnisiiangvedlsalulndsiuieilinandnanasunnis
100% (Chowdappa et al., 2015)

MnmMsfasandnvazauiunuluiui 8 ﬁﬁdmiﬂqm%ya FuAuaNvuzHaNENLaYIAUTENDUNANER WU
g KKU-T73020 way KKU-T73025 fiszdiuanudnuniugs uiiinandndniinausiinasgiu Sslimunsaudmiunsly
Huunaaderugnssuiidumusaniudnuagnnsdia sasflansius Hawai7996 (HR) Fslinanangs (1,500 n3usiaf) ue
ndunuhiinaundn Sanunundeuararunfenanguns ilfensensiluuiulseiuglitauamuaiiild S
nsAnendisiuin fs1enuin Snvazarudumuluiug Hawaii7996 fimnudeslestvruiana dmaldinisianiugain
Hawaii7996 TTivuanaiiluafufiudosern (Opena et al, 1990; Wang et al., 1998) Faiiy definsananeriugiTdnuoy
Frununariidnuneynansfn Wl Wug KKU-T73021 uay KKU-T24020 frandnunnniiugnisd Sdmidnuauinnd

40 n5u (1@l wazAug, 2558) Hnavwialng danuvudeuwazanunianansunfn sadutladendmanenuiuuiile
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R. solanacearum. Scores were averaged three replications each with 15 plants. The boxes are the lower
and upper quartiles of the scores and the whiskers represent the overall maximum and minimum scores.

Figure 1 Average disease index of 34 tomato germplasm entries at 4, 6, 8, 10, 12 and 14 days after inoculation with
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Figure 1 Average disease index of 34 tomato germplasm entries at 4, 6, 8, 10, 12 and 14 days after inoculation with
R. solanacearum. Scores were averaged three replications each with 15 plants. The boxes are the lower

and upper quartiles of the scores and the whiskers represent the overall maximum and minimum scores

cont.).
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Table 4 Fruit yield, fruit number, fruit weight, fruit size, rind thickness, and placenta width of thirty-four tomato germplasms grown under open field conditions during

November 2021 to March 2022

Code (:rupl;:ijl Fruit number ' Fruit weight (g.) Fruit width (mm) ?  Fruit length (mm) ?  Rind thickness (mm) ?  Placenta width (mm) ?
KKU-T73019 1981.25 c-e 39.03 f 73.16 jj 47.46 ik 56.08 e-h 6.96 b-d 17.67 o-q
KKU-T73020  306.00 p 1350 rt 60.55 j- 44.14  k-m 66.78 d 536 i-k 2790 j-n
KKU-T73021 1631.08 ¢h 30.33 90.15 ¢h 63.31 ab 7991 b 6.48 c-g 2796 j-n
KKU-T73024  878.33 mn 1850 n-q 83.73 hi 48.98 g 67.02 d 7.16 b-d 30.25 fk
KKU-T73025  653.33 no 13.00 st 81.05 hi 5229 fg 88.34 a 590 f-i 29.57 f-l
KKU-T73031 3944.75 a 128.75 a 52.50 k-n 44.23  k-m 48.36  kl 596 e-i 27.02 k-n
KKU-T73036 2167.50 cd 3550 f-h 56.18 k-m 4476  k-m 49.37  j-l 6.38 d-h 1541 q
KKU-T73037 141557 h+j 37.86 fg 3592 o-g 37.75 op 4131 n 5.60 g 20.46 o-q
KKU-T73038  785.00 n 16.56 o0-s 107.01 ef 5283 ef 66.69 d 6.28 d-h 30.62 e
KKUIZ2 1092.04  k-m 1741 o 39.09 n-p 44.81 k-m 40.39 no 294 | 2932 g¢m
HW98 267478 b 129.58 a 3939 n-p 46.71  j- 42.86 mn 553 h-k 2775 jn
TML 1416.30 h-j 44.67 e 44.00 m-p 40.65 no 3590 o 5.18 ik 30.65 e
KKU40 1403.82 h-j 4509 e 56.50 k-m 44.67  k-m 56.29 e-g 563 g 26.12 mn
KKU72-1 1975.19 ce 22.26 In 115.81 de 63.29 ab 5476 e-i 6.65 b 29.00 h-m
TBRY 1867.00 e-g 20.55 m-o 98.60 fg 59.91 bc 54.29 f4 570 ¢ 35.19 b-d
NOR 605 1829.70 e-g 20.23 m-p 131.45 a-c 65.36 a 5593 e-h 741 b 29.56 f-l
VFT 2187.00 ¢ 7047 d 46.47 -0 44.33  k-m 44.99 m 6.33 d-h 26.33 |n
Mean 1592.04 37.76 77.14 50.77 56.05 6.01 27.64
F-test xx xx - xx xx - %

CV. (%) 10.94 7.16 11.33 4.32 5.46 9.28 71.22

Means in the same column followed by the different letters are significantly different by LSD at P < 0.05.

** Significant at P < 0.01 probability levels, 1(n = 30), 2(n = 90).
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Table 4 Fruit yield, fruit number, fruit weight, fruit size, rind thickness, and placenta width of thirty-four tomato germplasms grown under open field condition during

November 2021 to March 2022 (cont.)

Code (grk:fa:i)dl Fruit number ' Fruit weight () Fruit width (mm)?  Fruit length (mm)?  Rind thickness (mm) ?  Placenta width (mm) °
BT1 1173.39  j-l 1421 gt 99.02 fg 59.91 bc 47.14  k-m 553 h-k 4044 a
MP216 923.33 I-n 15.11 gs 7744 fe 48.57 h-j 55.77 e-h 203 m 19.15 op
GST888 49792 op 10.08 t 4691 Lo 41.89 mn 51.22 h-k 562 ¢ 26.79 Ln
IP-6-BE 80490 n 16.10 p-s 82.12 hi 54.08 ef 59.55 e 7.16 bd 28.35 in
KKU-T24020 2083.60 c-e 33.39 hi 98.60 fg 55.89 de 66.05 d 7.38 bc 3259 cf
KKU-T34005 1414.65 h-j 107.34 Db 2331 q 3340 q 30.61 p 371 | 20.64 o
BTH260 1097.08 k-m 1692 o-s 80.69 hi 5156 f-h 51.51 ek 6.86 b-e 3247 c-g
KKU-T11024 1920.56 c-f 2362 Ilm 82.14 hi 5794 cd 50.74 ik 598 e-i 3387 c-e
KKU-T11003 190450 c-g 9593 ¢ 32.15 pq 3644 pq 5557 e 468 k 1602 pq
Hawaii 7996  1508.17 hi 30.77 ij 6291 jk 51.72 f-h 48.29 kl 516 ik 31.97 d-h
VF134-1-2 1466.39 hi 34.47 g 53.69 k-m 4342 |-m 48.97 kl 490 jk 1772 o-q
CK1 1897.69 d-g 28.23  jk 129.18 b-d 61.84 ab 75.49  bc 8.75 a 32.60 cf
CK2 2668.61 Db 47.69 e 139.09 ab 62.38 ab 57.25 ef 743 b 3780 a
CK3 1642.88 f-h 2246 Ln 14391 a 62.40 ab 7896 b 744 b 35.40 bc
CKa 1660.54 f-h 2533 ki 11742 c-e 59.82 bc 7325 c 8.84 a 31.24 e
CK5 1259.00 ik 25.09 Kkl 70.77 j 50.72 f-i 51.33 gk 4.88 jk 2545 n
CKé6 1997.67 c-e 33.69 gi 71.88 i 48.63 h-j 5470 e 6.62 b-f 16.42  pq
Mean 1592.04 37.76 77.14 50.77 56.05 6.01 27.64
Ftest e a* - - " " -

CV. (%) 10.94 7.16 11.33 4.32 5.46 9.28 7.22

Means in the same column followed by the different letters are significantly different by LSD at P < 0.05.
** Significant at P < 0.01 probability levels, 1(n = 30), 2(n = 90).
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