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Heterosis in chinese cabbage and selection of heat-tolerant varieties
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ABSTRACT: Chinese cabbage is a vegetable crop cultivated ubiquitously in the upper northern region in the winter
season because it needs cold temperature to induce the heading. It is also popularly consumed in Thailand and
other countries. The objective of this study is to select the hybrid variety that has heterosis over the parental line
and is heat tolerant for growing in Thailand. The experiment was conducted, from April to June 2020, in a randomized
complete block design (RCBD) with 30 hybrid varieties, six parental lines, and two commercial varieties, and three
replications. The results showed that three hybrids (PR, x PR, PR; x PR, and PR, x PR;) are heading in the summer
season, with the long head shape and the head shape index above 1.5. Moreover, their yield weights after trimming
are relatively higher compared to both commercial varieties and other hybrids. However, the hybrid of PR; x PR,,
PR, X PRs, PR; X PRy, PR, x PR; and PR, x PR; showed positive heterosis in all traits such as plant height, canopy
width, leaf number, leaf width, leaf length, weight before trimming and weight after trimming. These indicated that
many varieties from cross-hybridization have great potential for hybrid improvement for growing in Thailand as their
heading can take place year-round, while they can produce both high yield weight and the head shape preferred
by consumers.
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fnnarnud Wudndsuusemnuldieiuilanan wagilian tandsenevemsldvainvanseiia daqi
wenInaztudnduUgniudsemelneuds fafinnsdndrlugdvesdinananndseinaiu (Nsa1sanen1sinuas, 2562)
desnfviunueudesnisuilnagmaonisd uarlulssmalneysyaudymilunandndesananmoiniauussiu
qmuqﬁqaﬁu ﬁgﬂuqamnﬁ@mwgﬁﬁmwﬂﬁ]uﬁﬂﬁlﬁmmﬂmw’amam?a uazqgfeufigamgiigaiulaulsiier

¥nN1Av17UE (Chinese cabbage ) i 83 nenenans 31 (Brassica rapa ssp. pekinensis) aqﬂuwﬁmwaﬁ
(Brassicaceae) ﬁ%iuaqaﬁﬁﬂwmm 40 ¥ (Purseglove, 1968; Kim et al., 2019) Lf]uﬁsuqaﬁm (annual) J¥anankuy
raceme nondmLlunonauysaina dnduides 4 ndu nduseniidivies Suazeaunas 6 Su uLUY tetradynamus fuy
wnasiadle 1 su uavsonnasiaudle 1 du Sldifunuy superior ovary matfiunuy silique dloudfidhaaseunsemdas
Fuumdn 1-20 wanseiin (Purseglove, 1968; Kalloo and Rana, 1993) aenfinniauiudidunenauysaime uslidnwaus
Yo9n1sHaNsLeslufia (self-incompatibility) ¥ila sporophytic systermn @il S-gene AIUANBY 1 AunUs (Shinohara,
1981) Fnsdnzmandesnsgamgiia dmsunisiesaivln msredts wagnisiinaen (Motoki et al, 2019) Uszinelne
aunsandainnianudldnenistiamslurinaiuiigudlusinaiuiinusddldanzgguunishiy dealineudely
f9fouliifisamerannudosnisvasmaniuilaanasauiisinigs msassiugnuiou vieiuginuienisasuuas
anmuwandon axdigliinunansfiuiisuasnsamisugninnauuald dwaliivsiamenanfismesonudoinsves
paranelulszing vieudstufunaasasendld uazlinanouunuiiduAlviiinasns

Hagtumdniuginninynuaihidanelulssmealnedulng uiusgnaa Tdnanmsuandussninaieus
fugARdn R mofugudiifomihndegnuautuasldfuiiugiddnvasvomismandauodaifn unsdnuuzvsmim
umity (udldns, 2545; Xie et al, 2005) Fsuszmalnedianeiuginasinagiduniuegiios 1osngrunsnanudaiug
gnwanlallsogluussmelneg dmunissanidaiusgnrananusavinlévateguuuy éun gnwasifien (single cross hybrid)
ANHALAINNS (three-way cross hybrid) kaggniuaus (double-cross hybrid) (Amcken and Dierauer, 2005) Ingwauaifiug
fhaldlunisnangneaay wasgnuanildazgninluussidiusanufisuvesganay (heterosis) Aouflazthundimng e
Awsiuvesgnuay Wulsngmissiignuaniianuns fisumiewsusiiugmasuanuudause msaSyiuln nandn uas
AUAUNIULTALLA é’wmzﬁma’nLﬁmf\mmiﬁﬁuaﬁﬂuamw heterozygous wummlugnwam%ﬁ 1 1mw East waz Shull

(1908) nand dnuaszdidundmiows drlvgunanufisendutu (dominant) TuitwnaudwBudesasgniul ivaeBuisu ud

dielafifionansueniilenanasiiividudesduaiulu homozygous daneiugiuiian wsineiuunnauiu Budeefiazgn

g
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AufiliuresgnuaNyszifiuldvansisnng wu amnufisumilonadsvesaefugieus (mid-parent) wazaAan
Aaunioradsvosmeiugreuiifl (better parent) Ingialuudinsiamaufsiuvesgnraslufivnausiesionld3s
wsn dulufivnaududenldisfiaes (nqug, 2544) F5imn (2562) ﬁﬂmmmﬁmmaaﬂ’ﬂmmL%aqﬂé‘iuqﬂmawﬁ’;ﬁ 1 wuin
gnraudnlvglianufisuresgnuansysuininAadsvome-usl gnandail 1 Wug BCOA-axa0RX19H9 Tmufiduves
ARG Tuuvesiwiinnandnsels dminareudauss thudnimdeinuss Wosdudnsdausts wasdnanduesdiu
Tumsay AmnuutuvesiuarsasduvesiuaneenlunuIn dunnufiruvegnnanfimienitweniousfifuaza
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Auniloniiuduinsgrunsenugiivgnidunsdilusiunandnselsnuimnaneiuguansamudvulumsay Xie et al,

Bl U q
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Ann1nvUariialivions wudngnwauyia 3 guay Al (hau CMS) x C03, A2 (eru CMS) x C03 and A2 x C11 flArufisiu
wileAnadene-wiiuguazanufauioninevsaudfiflun1auIn AevauswaANUABINIMILNIAAIALaEHUSINA
161 Chen et al,, (2021) fAnwiAudviuwilevowiiugluwdvenisasyivlnvesinniaviua wmﬂaﬂwawwm 48 grau

E’hﬂﬂﬂmuﬂ’]ﬂ’l’]&lﬂL@‘L!L‘Vlu’ejﬂﬁLﬂaUWBLLQJWUﬂULLQU’Jﬂ IﬂEJiJﬂ']LQaEJ 111.17% aﬂmammmﬂmmumuammaawamaLLam
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ANugdly Anundly Anugavesiy waziningiu lussegdundt wagssevasion nuanudinuvieraduvesaiy

o

Wudnowdl uazaufunieanadsvosaeiugnenda lukivinynanvasivhnsfnwuanddiiuil nandndiuaai

Wudu dulugiinaniwinluiiuduuinnandrwaulu (L et al, 2021)
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g mamwmmwuﬁﬁﬂmmmﬁ 6 @nenug (23-6 , 23-8-7, 23-9-3, 27-8-7, 142-6-5 uag 142-7-12) 1d Petri dish
1-2 $u ntuilundugiduiioamgd 510 eswnwaBea uiu 2 dUami udrBniudgnlunssueniidy fanzgudneses
Unituiitunszuendaeiniusfiauautflunisgadui douvssyfefinuea uaziinslisazanedngns 13-13-13 Swau
3 1wdn 9ngurUgnuuskuliufiogniglunanatain Wimnfusarlideges Hoagland daniazass manalily
eanuANeungiiT 22 ssmealdua uavilauasliannvasagesisateus amnuItaasUsEaw 3,000-6,000 A0 Aaen
24 alus Wesnnauniuatieny 25-30 $u azisuundensn (Figure 1a) Bunaunaslnginasnaduosiuuilutheasuy
goanasnadovesiuuiiug insuaudalumeiuddananuuunuiunuauazAatheuiin aendildiunssauaziam
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gananafnUandnliludiivmdaiugfionmall 4-10 earuaaided anududuivs 60-70 wWesidud

Figure 1 Chinese cabbage cultivate under room temperature. (a) Chinese cabbage flowering at 30 days after

transplant. (b) Chinese cabbage pod at 14 days after pollination



KHON KAEN AGRICULTURE JOURNAL 50 (2): 330-339 (2022)./d0i:10.14456/kaj.2022.28. 333
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gnuaniiliugnneaaeuluggiou serirafeuuweuiadiquisy w.e. 2563 NuUatwlamaaesanvivivaiu

ca

AUITY aSn warlnausuNITINYAsLTEy AuznYATAIans uanedewesduil viin1sugndnninvivdgnuauriaue

30 f Weudl 6 Wug uazaneRugnIA 2 Wug TnenaununAaesLUUdNaNYIailuuSon S 3 6
Suiindeyadnumzmefivauliun anuaey wasfufswandnidotinnavnudeny 45 Yu tufindwiinnousn
usia dndnudsdnus fuilzusrei (head shape index: HSI = anwenaia/anuninei) wdldng, 2545) Usramsvo
LUV IBPGR (1987) 10iinn1awn9Ud antuidayasma 4 uinsigienufiduresgnuansaiiuss Chen et al. (2003)
% Mid-Parent Heterosis (MPH) = (F1-MP) x 100/MP
% Best-Parent Heterosis (BPH) = (F1-Pi) x 100/Pi (i = 1 vi3® 2)
F1 - Aaduvasgnma
MP = Anadsveamiowazl (mid-parent)
Pi - ALaBereIenSawifia (better parent)

(i = 1 WaSguisunuauki (female) way i = 2 WallSsugunuaune (male))

Nan1sAasLazIansal

nsugniUeuieuiuginninvidgnaaudan 1 sauduateiugweunduaziugnise (Figure 1) wuinanuaugd
AnwnllanunanaseeltsdAgneais

nsaTAulnTeEinnIAYIUENUIN ANNgURREYRINNIAYIUEYY 30 ANau 1A1NgITENIN 9.8-37 LYURALINT

o

ANNgRsTUIHnNInYIUETIMAge Uliauuana v litud Ayn1eala (Table 1) Aunandanuil FNN1ALIUENS

q

aa

30 gnay Jmtinneudnusissendng 750 - 30 3 Tngiudinniavantuminneusiausaas laun s PR, x PRy, PR, x
PR, 4a¥ PR, x PR, Huwnivindu 750, 748.3 wag 655 nsu mudmu Feuansnegaiduddynisadfnuaieiugnow

wagiugn1sAn Tuvaeiiminundsinudavesinninuiualuaeiusnlvivtdngslaun PR, x PRy, PR x PR, k¥ PR, x PRy

o w a

a8 o " 9 o o o u i | AW a o I 1 o ¢
UUIUANINU 221.7, 215 way 174.2 AU @NUAINU BNUaInU GMLLmﬂmﬁaEJNJJUEJmmgVINaamﬂumEJ‘W‘ub:‘WEJLL&J ASWUY

A15A1 (Table 1)

s -

nsidiluinninuIivesgnuandan 1 wuliies 19 a1ewus Anauiidnisd1ua lneda1duidsusneia (head

EERY)

shape index) g5¥1in4 1.5 - 2.2 (Table 1) aaaadaiiuanudsinisvesmainnelulsemelnefidesnisinninu1auand

anvagUien fe IAvllsUsieiigndt 1.6 (n3e wazane, 2528) Yagduuunlidunmsiauaeiuiinninvivatuey i

q R

v o

Anuisansvesuslaalunaimluman wu ludssmadudnisimwaneiusivi Yuxin 60 AfdnvaeUidu lnedadud

sUTeUssana 1.19 guslaranunsamulusduuvadanieuseneuamis (Yuan et al., 2003) uarluduvesdinn1auiva

'
Y

nildnuuzudenn darduigsneid 4.33 (anugni 57.33/Amnund1ai 13.25 cam) Addadmveduainniniuly deu
Wnudsgliduindluusenanivd (Park et al, 2018) sgnslsinudmsunisndadnninuiddusayu vseluunsganiase
WUIRNNIRY VALY Usaneiud Lidnd Wwidsatunanisvaessd Fanuiniugnnsdn waznowsiiug livies e1aidu

wszdgnlurieggeu lneflgungiinarsiuiaden 33 - 37 ssrngaided gun)inalsAulade 22 - 25 asrngaidya

I v & v

WULALIAUNANIINAABIT FanudniugnIsan wasweudiug Livieds WesnUgnueaeuludigaiou dnninvniudlasy

q

gaunnil ldmueaudenisadaiindeanisaamgiivssann 21 ssrwaded luno unaieiu uwag 15.6 ssriwalded Tu

o W

mauUNaAU (Lorenz, 1964) dwalinisiasgivinvesinninvnvdgndina luauisaviedls wievzinnsaiydulaly

Y

[

S¥E2NNIYe (Oh et al, 2014) AnuAseaiiinannslasugnmngigwesindulademanmuindesfidfgylunisdria

Y] o
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NLATULAULN AN WasHAKER (Bita and Gerats, 2013: Aleem et al., 2020) Lin et al. (2010) 57897431 fnnnmwnUaT

Ugnnaaeuluggseuszlinuinanunituazainueniludesnindinninvidnugnveaeulugguui egrdlsiniu n1s

a ]

novaueaIiYsiegnriiawzandiulunusEAUTRIRUMO I IINTY SsasaNlasulas wazylinuediiy N1SMaUALe

vasiynsEnanenanilelasugamgiias loun nsasyiuln nsasinad wndadiuvedunlivierisnnnitluivier

v
o o

dwalvinandnanas yarvwainanad lesinaunmanas dusunisasivivesindudaiiiaiid Ayvesinyliafivieh

o

wanaD e nwauznuSou (Park et al,, 2013)

s

WeRansanA1ANAlAuYesgnHaunUIinnInvIUaRHaY PRA x PR1 uananaglviadafsnandnunnniniug

q

N3AET GaansAanuiumionawiugng anufviumiloAaisvesaeiugnausl (mid-parent) wazauAiaumile

iaa

ANLRAETBIAERUTNOLNNANTT (better parent) InBuanIAIMNIIUINNNENYUEAAN T LakA AUN1SASAULA Lanaady

AuwmileAadsvesmeiugrioudiesay 47.99 uansmudiumilerafevesameiugnawininitfosas 22.05 (Table

' =

2) puninneudauss Undnndadauds wagdvisusion wannnudiviumviledndevesaneiugneudiosas 201.27,

224.41 wag 8.79 AUEIRY kansANNAAUVTaA LR vesaeiugNeLlNRnI1Tosas 104.18, 118.76 Uay 1.65 ANNEIAU
AA Ao A v’ | o Al va o (P [ 4 a v v o A v

nsdidutsusiduuin nneanuiinlalidnuageindmewdiug waslidnvagidumnailaiduau (Table 2)

daAARBaiu Opena wa Lo Tud 1979 nd1331 nsnwianuiiduvesgnuay dusglemilunisudnuasimmudinnininiua

v

Wuggnuauves AVRDC wuiignuaudanuiiauganinatgiugnoudussanu 50% wenainldidns@nwininusiauves

anuanlungyaua 24 anefiug nudignuas P8 x P4 uansrnufiniumileAlaiensudiuiuazanuviumilenowsinusng

Tundves niluiges durgudnansii uazaueni suaiu (Kibar et al., 2015)

Table 1 Plant height, weight before trimming, weight after trimming, leaf number, head shape index (HSI), of F,

hybrids, parental lines, and commercial varieties

Code Height (cm) Weight before trimming (g) Weight after trimming (g) HSI
Parents

23-6 (PR,) 2574 271.0M™ 101.3%" 1.3
23-8-7 (PR,) 14.09° 57.2P4 34.8™" 1.5
23-9-3 (PR,) 19.3MP 182.0MP 76.2%% 14
27-8-7 (PR,) 1459 96.3" 35 3lmn 14
142-6-5 (PR;) 19.2°° 93.50P4 49.8™ 13
142-7-12 (PRy) 25.54™ 232.8™ 97.8°" 15

* Means followed by the same letter in the same column were not significantly different by LSD test at P<0.05



KHON KAEN AGRICULTURE JOURNAL 50 (2): 330-339 (2022)./d0i:10.14456/kaj.2022.28. 335

Table 1 Plant height, weight before trimming, weight after trimming, leaf number, head shape index (HSI), of F,
hybrids, parental lines, and commercial varieties

Code Height (cm) Weight before trimming (g) Weight after trimming (g) HSI
F1, hybrids

PR, x PR, 28.8™ 4733 125.0%f 2.0
PR, x PR, 28.0%" 381.7°" 75.08 1.7
PR, x PR, 26.8™ 333.35% 83.34% 1.7
PR, x PR, 33.5%¢ 600.0° 100.0" 15
PR, x PRq 33.0°" 536.7° 130.0%f 1.7
PR, x PR, 31.7°¢ 655.0%° 88.3" 1.7
PR, x PR, 24.2" 415.3%¢ 110.0%¢ 15
PR, x PR, 34.6% 748.0° 148.3% 15
PR, x PR, 30.0% 525.0°< 148.3° 18
PR, x PRy 34.3%¢ 585.0° 174.2° 18
PR; X PR, 37.0° 605.75 215.0° 1.9
PR; X PR, 37.0° 750.0° 50.0'" 2.1
PR, x PR, 35.0% 573.3% 148.3° 18
PR, x PR, 30.3 595.0° 167.3 18
PR, x PRy 313" 528.3°< 125.0%f 2.2
PR4 X PR, 30.8"" 553.30¢ 221.7° 15
PR, X PR, 11.8° 26.8° 17.0" 1.9
PR, X PRy 16.57 94,31 44.7" 1.7
PR, X PRs 235 226.77° 933" 1.9
PR, x PRy 23.3™° 260.0"™ 110.7%¢ 18
PRs X PR, 27.58™ 326.7%" 103.3°" 2.0
PRs x PR, 27.2Mm 270.0"™ 95.8°" 23
PR x PR, 23.5™ 195.0'P 99.2¢" 1.6
PRs x PR, 242" 241,37 84.28" 2.0
PRs x PR 9.8° 35.0¢ 225" 2.0
PRs X PR, 32.5°F 508.3% 86.3" 2.2
PR X PR, 28.9°% 266.7"M 66.5"™ 1.9
PRs X PR, 33.0%¢ 361.79 105.3°" 2.2
PRs X PR, 13.8 102.8™9 437" 1.6
PR, X PRs 142 32.0¢ 20.0" 1.6
Commercial varieties

G 25.8™ 204.5%° 95.5e" 1.8
G, 34.3%¢ 368.3" 94 5%" 1.8
F-test * * *

LS.D. o5 4.26 138.22 39.74

C.V. (%) 14.30 34.64 35.96

* Means followed by the same letter in the same column were not significantly different by LSD test at P<0.05
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Table 2 Heterosis (%) values over mid-parent (HMP) and better parent values (HBP) of plant height, yield weight
and HSIin F; hybrids

. Height (cm) Weight before trimming (g) ~ Weight after trimming (g) HSI
b MP (%)  BP (%)  MP (%) BP (%) MP (%) BP (%)  MP(%) BP (%)
PR; x PR, 45.35 12.31 188.47 74.66 83.61 23.36 44.67 33.53
PR; x PR, 24.44 9.08 68.44 40.84 -15.49 -25.98 28.44 21.08
PR; x PR, 26.74 4.52 81.49 23.00 21.95 -17.76 24.81 16.62
PR; x PRs 49.42 30.50 229.22 121.40 32.31 -1.31 19.80 17.74
PR; x PRy 37.96 28.55 113.04 98.03 30.55 28.29 23.00 14.90
PR, x PR; 59.67 23.37 299.18 141.70 29.74 -12.83 25.26 15.62
PR, x PRs 45.03 25.04 246.79 127.81 98.20 44.41 2.25 -0.02
PR, x PR, 125.50 107.44 875.02 676.84 322.83 319.84 -0.03 -1.35
PR, x PRs 80.89 56.49 596.89 461.50 250.41 197.67 30.49 22.40
PR, x PRy 97.68 61.25 303.45 151.26 162.58 78.03 21.41 23.02
PR; x PR; 64.44 44.14 167.74 123.86 142.25 112.18 41.96 33.82
PR; x PR, 122.02 91.41 526.72 311.70 -9.91 -34.36 47.20 43.93
PR; x PR, 105.56 91.41 311.73 214.72 166.06 94.74 25.30 24.13
PR; x PRs 81.82 81.07 331.68 226.62 165.60 119.68 33.86 28.30
PR; x PRy 46.17 36.81 154.62 126.92 43.68 27.77 51.05 49.60
PR; x PR; 47.99 22.05 201.27 104.18 224.41 118.76 8.79 1.65
PR, x PR, -23.38 -29.51 -65.04 -72.15 -51.54 -51.88 30.50 28.79
PR, x PR -8.33 -1.02 -32.26 -48.22 -19.87 -41.35 20.88 22.03
PR, x PRs 31.14 22.59 138.81 135.31 119.19 87.30 41.01 33.94
PR, x PRy 12.41 -1.53 57.98 11.67 66.22 13.12 26.98 26.95
PRs x PR; 22.66 7.13 79.24 20.54 36.72 1.97 52.77 50.14
PR; x PR, 63.82 41.73 258.40 188.77 126.39 92.31 65.91 55.63
PRs x PR 22.08 21.57 41.47 7.04 57.41 30.20 20.48 15.47
PRs x PR, 31.14 22.59 154.26 150.52 97.67 68.91 46.36 39.02
PRs x PRg -52.83 -56.02 -78.55 -84.97 -69.52 -77.00 45.20 37.88
PRg x PR; 35.87 26.61 101.79 87.58 -13.31 -14.80 60.14 49.60
PRy x PR, 59.86 30.40 83.91 14.53 0.26 -32.02 30.97 29.29
PRs x PRs 59.86 49.62 74.30 55.34 21.07 7.67 52.36 50.89
PRy x PR, -28.78 -37.62 -37.52 -55.83 -34.41 -55.36 12.40 12.38

PRs x PR; -31.45 -36.08 -80.39 -86.26 -1291 -719.56 19.27 13.26
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Oblong

Figure 2 Head shape of hybrids, PR, x PR;, PR; X PR;, PR, X PRy and commercial varieties
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