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ABSTRACT: Shallot is an economically important vegetable. It is consumed in households and used as an industry
raw material, and it has been cultivated most prevalently in Southeast Asia. The shallots that are grown in Thailand,
however, remain unsettled about their origins and cultivars. This study aimed to collect shallots from Chiang Mai
(CMI), Chaiyaphum (CPM), Chiang Rai (CRI), Khon Kaen (KKN), Lamphun (LPN), Mae Hong Son (MSN), Nakhon
Ratchasima (NMA), Phetchabun (PNB), Phayao (PYO), Si Sa Ket (SSK), Uttaradit (UTT), Indonesia (IDO) and red onion
from India (IND) for evaluating their morphological diversity. The 27 accessions were cultivated in the winter of 2022
with a randomized complete block design (RCBD). The result showed that the bulb colors were classified into red,
orangish yellow, and white. Two types of leaf characteristics were identified, erect and intermediate leaves. Red
onion (INDO1) was found to have the largest leaf diameter, inflorescence number, and inflorescence width; of 9.68
millimeters, 4.5 Inflorescences per tiller, and 79.16 millimeters, respectively. The correlation coefficient (r) values of
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the relationship between yield weight after drying and the variables of leaves number, leaves length, leaves
diameter, bulb number, and bulb circumference were 0.30, 0.22, 0.14, 0.49, and 0.04, respectively. NMAO8 and
NMAQ9 had yield weights after drying of 3,225.49 and 3,356.23 kilograms per rai, respectively. The bulb circumference
of NMAQ7 was 12.14 centimeters and significantly different from those of NMA08 and NMAQ9, which ranged from
9.88 to 9.93 centimeters, respectively. Therefore, the NMA07, NMAO8 and NMAOQ9 shallot cultivars showed optimum
growth and development and high yield weight which are suitable for further improvement and promotion to Thai
farmers for future cultivation.

Keywords: growth; selection; collection

umin

veuunsdnduiiviifienudfgmansugiaiiensuilaeluaiaseudneianieifinsimnnzugnunlulssmeuay
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wtlugruauanmgiiv 10 ssruwaldea 1uszerina 21 Ju Wethluugnueuunsasunstensnluszoziian 25 fis 26 Ju
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Table 1 Shallot and red onion cultivars collected from the most important plantations area in Thailand, Indonesia,

and India
Province Code Province Code
CMI01 Khon Kaen / Thailand KKNO1
Chiang Mai / Thailand CMI02 Mae Hong Son / Thailand MSNO1
CcMI04 PNBO1
Phetchabun / Thailand
Chiang Rai / Thailand CRIO1 PNBO2
Chaiyaphum / Thailand CPMO1 PYOO01
Phayao / Thailand
LPNO3 PYO04
Lamphun / Thailand
LPNO5 Sisaket / Thailand SSK03
NMAO2 UuTTo2
NMAO4 Uttaradit / Thailand UTTO05
NMAO5 UTTo7
Nakhon Ratchasima /
NMAO7 IDO02
Thailand Indonesia
NMAO8 IDO03
NMAO9
India INDO1
NMA10

Table 2 Breeding program for self-pollination and cross-pollination of shallot and red onion

CMIOZ | CRIO1 | IDO03 | NMAO5 | NMAO7 | NMAO8 | NMAQ9 | NMA10O | PYO04 |UTTO5 | INDO1
CMI02 X X
CRIO1 X X
IDO03 X X
NMAO5 X X
NMAOQ7 X X
NMAO08 X X
NMAQO9 X X
NMA10 X X
PYO04 X X
UTTO5 X X
INDO1 X X X X X X X X X X X
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Figure 1 Bulb of shallot and red onion were cultivated in August to September, 2022: (A) CMI01; (B) CMI02; (C) CMI04;
(D) CPMO1; (E) CRIOZ; (F) IDO02; (G) IDO03; (H) KKNOZ; () LPNO3; (J) LPNO5; (K) MSNOZ; (L) NMAQO2; (M) NMAO4; (N)
NMAOQ5; (O) NMAO7; (P) NMADS; (Q) NMAOY; (R) NMA10; (S) PNBO1; (T) PNB02; (U) PYOO1; (V) PYOO04; (W) SSK03; (X)
UTT02; (Y) UTTO5; (2) UTTOT7; (AA) INDO1
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NMAO5 H31uaulu 39.89 uaz 51.06 Tusiene anuddu Tag INDO1, CPMO1, PNBO1 waz PNBO2 fidnuiulutiesnin fidneg
Tuts 10.55 fia 21.66 Tusene Aue1aluves INDOT Slrgasintu 62.55 wufwns ddlaifienausndnamsadady 1D003,
NMAO7, NMAO8, NMA09 uaz PYOO04 Tnedinnueiluaglutig 52.61 fis 55.52 wufiwms egrslsiniy INDOL fA1u1nndn
CPMO1, PNBO1 way PNBO2 ?jaﬁmmmﬂuaghﬁdm 42.08 149 49.80 LWURMUAT E1WSUAIIUNINGLU WU INDOT Thdueiny
Quéﬂmmmﬁqmﬁﬁu 9.68 fiadlumT J89891A8 IDO02, IDO03, NMAO7, NMAOS, NMAO9 %ﬁﬁﬂ'ﬂa&ﬂuﬁdw 6.88 14 7.79
fladluns vauz? PNBO1, PNBO2 way CPMO1 fanteundneglurag 5.15 64 5.66 Iadiuns (Table 3)
Srunuisenendafiuifsmananidledieny 120 Fu ndsugn wuin NMAOS fdnnuunniigaiiiy 12.31 s
ne ses@enAe INDOL, NMAOS wag NMA09 Sanviniu 7.36 fis 8.45 siasene vmefl NMAO7, PNBO1, PNBO2 Wag CPMO1 &
Sruauaioonin Tnefirioglutas 2.80 fis 4.56 sasone (Table 3) Tufindviinanudsiauds a Jufiiviiemanas
(Fuveuuaiiony 120 Tu naeuan) wudn NMAOS, PYOO1, NMAO7 wag INDOL fignsinisgedeaglugae 25.59 fia 33.42
Wosidud vasdl KKNO1, CMI02, LPNO3, NMAOS way NMAQ9 ﬁé’miwmsqmlﬁaﬁmﬁﬂawﬁaﬁﬂLLmﬁaaﬂdwagﬂu‘dN 13.30
89 18.03 Woddud Tuiinvuaduseurswesiuasiminuandnndamnisay 30 Su ndafuiies wuin INDOT Suunady
3ama‘uaqﬁammﬁq®whﬁu 13.97 WWufLuns 599898170 NMAOT Savafy 12.14 1wufuiuns @9ir1u1nnin PNBOL,
PNB02, CPMO1, NMAO8 uaz NMAO9 laeilAiaglugag 9.17 i 10.33 gufiuns (Figure 4) NMAO8 Uag NMAO9 dluualiy
mﬁ’ﬂmamawa‘"&mﬂﬁaamqqwhﬁ”‘u 3,005.49 wag 3,356.23 Alansusals mudsu vaedl NMAOT wag INDOL Senesndn

=

WNAU 2,219.16 wag 2,224.26 Alansusials mua1nu (Table 4) Ardudse@ndandunius () seninsdutnuasmniaaud

o

=

ANUFUNUS IULTIUINAUIIUIULY Au8719TU hagd1uIuia GANAU 0.30, 0.22 kay 0.49 nuafy ANduUTEans
ANFURUS (1) SENINLdUTEUIVBITANUdLRUS T auInAuALNINely Tawindu 0.56 wasdianudunusiudsauny
Tl JAyiniu -0.36 (Table 5) NM5AS19989MaUNUINTANUFUNUSIUANNE1I UL TLUI LU ALTUAILAIILEN

v o
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v
o £%
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nenuazANLNITEnenuINfian Witdu 4.5 nensene waz 79.16 fadluns MUy 5998910 A CRIOT, KKNOT Uaz
NMAO5 fA1eglugag 3.23 §a 3.78 aensiens %’HﬁmmLmﬂmaasmﬁﬁaﬁwﬁzyﬁ’u LPNO3, NMAQ7, NMAO8 waz NMAQY i@
agluang 1.17 fis 1.78 mensienae dwiuannunitagonan wudi CRIO1, KKNO, NMAO2, NMAO7 uay UTTO5 deeglutia
61.19 9 63.81 fadwns FefiAunnnd1 NMAOS way UTT02 Aty 46.68 uaw 48.77 Sadluns audsu aueafiiu
gonon wui1 INDOL lifiauuansdnsiulumeadiffiu NMAOY, UTTO5 uae NMAL0 HrA1eglugae 82.67 s 91.34 lgufiiuns
yenniiffimuiveuunsitmamaesdy PNBOT wazfdun CPMO1 waz PNBO2 Liifinisunstenen (Table 7) usfinazii
vugudlfludmunugamaii 10 sswaidea Wunan 21 Suudrfien Wululdiszesnalumsléfuanududalsl
wnzauietniliinnsademnen 5m7|u’aamwmé’awé’ﬂﬂqﬂﬁNaasmmmﬁiammmﬂiamﬂ TnglutsiiSuinnsunade

a
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WiuneamglifmnzaudmiunszduliAn inflorescence primordial feoglutiag 9 fa 13 ssrwaiBua (Knokhar, 2017)
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Figure 2 Leave characteristics of shallot and red onion: (A) Intermediate leaves showed that the shallot from
Thailand (CMI01, CMI02, CMI04, CPMO1, CRIO1, KKNO1, LPNO3, LPNO5, MSNO1, NMA02, NMAO4, NMA05, NMAQ7,
NMAO08, NMA09, NMA10, PNBO1, PNB02, PYOO01, PYOO04, SSK03, UTT02, UTT05, and UTT07) and red onion from India
(INDO1); (B) Erect leaves showed that the shallot from Indonesia (IDO02 and IDO03)

Figure 3 Bulb colors of shallot and red onion: (A) Red bulbs color, Chiang Mai (CMI01, CMI02, and CMI04), Chiang Rai
(CRIO1), Khon Kaen (KKNO1), Lamphun (LPNO3 and LPNO5), Mae Hong Son (MSNO1), Nakhon Ratchasima (NMAO2,
NMAO4, NMAO5, NMAO7, NMAO8, NMA09, and NMA10), Phayao (PYO01 and PYO04), Si Sa Ket (SSK03), Uttaradit (UTT02,
UTT05, and UTTO7), Indonesia (IDO02 and IDO03) and red onion from India (INDO1); (B) Orangish yellow bulb color,
Phetchabun (PNBO1); (C) White bulbs color, Chaiyaphum (CPMO01) and Phetchabun (PNB02)
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Table 3 Leaf number, leaf length, leaf diameter, and bulb number of shallot and red onion

383

Code Leaf number (leaf/tiller)  Leaf length (cm)  Leaf diameter (mm) Bulb number (bulb/tiller)
CMI01 20.00+5.67%% 48.78+5.55 6.00+0.33" 6.04+0.84°¢
CMI02 29.94+10.26"" 50.50+1.30° 5.96+0.79" 6.86+1.31°"
CMI04 32.56+11.60"% 48.89+7.28" 4.62+0.58" 6.05+1.75°¢
CPMO1 20.83+3.77%¢ 49.80+3.54" 5.66+0.54°" 4.56+0.17™"
CRIO1 39.89+8.37%° 47.38+4.22" 5.00+0.08' 6.21+1.27°¢
IDO02 28.56+2.26" 48.15+3.55" 7.03+0.52°¢ 6.06+0.66"*
IDO03 37.89+8.63" 55.08+5.70%° 7.18+0.73" 6.78+0.86""
INDO1 20.33+1.45%* 62.55+10.11° 9.68+0.32° 8.11+1.02°°
KKNO1 32.00+5.20°¢ 50.32+7.02° 5.60+0.74°" 7.28+2.25"¢
LPNO3 13.50+1.80" 47.34+4.80" 5.58+0.90" 4.72+1.75%"
LPNO5 17.78+3.26"* 50.36+1.38™ 5.81+0.31 5.09+0.25%"
MSNO1 22.33+3.00™ 54.56+5.11%° 5.84+0.17°" 4.58+0.08%"
NMAO2 26.11+7.70° 52.40+3.47%° 6.84+1.15"¢ 7.29+0.98"¢
NMAO4 24.17+1.76%* 46.55+3.08" 5.87+1.94° 5.72+0.55
NMAO5 51.06+2.69° 53.36+2.93% 5.27+0.22°%" 12.31+3.64°
NMAOQ7 13.67+0.10" 55.42+6.00%° 7.79+1.00° 2.80+1.00"
NMAOS 29.94+10.72°" 54.17+7.44%° 6.93+1.04"° 7.36+0.67"°
NMAO9 37.50+11.72°¢ 52.61+0.85"° 6.88+1.32"¢ 8.45+0.84°
NMA10 36.17+6.77"¢ 54.50+1.71%° 6.35+1.86"" 6.94+1.16""
PNBO1 21.66+7.77* 45.18+4.74° 5.15+0.41% 4.25+0.58™"
PNBO2 10.55+4.19" 42.08+2.54° 5.19+0.92° 4.03+0.65%"
PYOO1 38.89+4.85" 48.67+6.49" 5.26+1.20%" 6.15+2.48"°
PYOO4 35.06+3.92°" 55.52+4.60% 5.64+0.78" 6.82+0.90°"
SSK03 23.67+1.92%* 48.95+5.45 5.67+0.77°" 6.36+0.69"°
uTT02 27.22+6.08™ 51.91+0.37"° 5.49+1.21°" 6.61+1.09°°
UTTO5 15.78+3.43™ 54.93+11.71% 6.33+1.08"" 4.61+0.90%"
uTTO7 23.92+3.58%" 53.97+3.11% 6.02+0.30°" 5.80+1.97"¢
F-test * * * *

CV (%) 25.88 10.89 15.14 21.94

* Means followed by the same letter in the same column were not significantly different according to the Duncan test at

P<0.05
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Table 4 Bulb circumference, fresh weight loss percentage, and yield after drying of shallot and red onion

Code Bulb circumference (cm)  Fresh weight loss Percentage (%)  Yield weight after drying (kg/rai)
CMI01 8.97+0.45" 19.08+2.96¢ 2339.56+191.21
CMI02 9.86+0.78° 14.79+0.49" 2656.71+193.487¢
CMI04 8.46+1.07° 20.43+2.98°¢ 2449.07+265.26)
CPMO1 10.13+0.45 23.94+6.35"° 1924.10+120.60™
CRIO1 8.35+1.06%" 22.21+3.03" 1744.68+267.89"
IDO02 8.75+1.20" 23.68+4.21°° 2005.05+132.27°*
IDO03 9.11+0.59°" 20.30+3.69°° 2497.94+301.73>
INDO1 13.97+1.66° 30.25+2.76™ 2224.36+76.96°
KKNO1 8.39+0.23° 13.30+4.72° 2345.31+283.96°7
LPNO3 9.12+0.33°" 14.98+5.25" 1700.57+201.45"
LPNO5 8.68+0.78"" 15.60+4.35%° 2444.36+246.03
MSNO1 8.67+0.53% 21.75+3.56°¢ 2124.70+51.20%*
NMAO2 9.26+0.30°" 21.25+6.69°° 2869.33+471.847¢
NMAO4 9.54+0.81°° 30.80+0.21%° 2165.84+224.62°*
NMAO5 7.69+0.33' 33.42+1.18" 2766.22+531.47%°
NMAO7 12.14+2.00° 25.59+2.037° 2219.11+138.67°*
NMAOS 9.67+0.29° 15.60+2.87%° 3225.49+323.98%
NMAQ9 9.88+0.44°° 15.28+3.61°° 3356.23+334.78"
NMA10 8.85+0.64°" 18.94+5.59°¢ 2328.92+525.78
PNBO1 10.33+0.55° 18.03+3.39°¢ 1802.67+83.31™
PNBO2 9.17+0.62°° 21.56+2.33°¢ 1194.94+1.7.08"
PYOO1 8.64+0.11% 32.43+6.74° 1487.85+412.47¢
PYOO04 9.31+0.18° 19.53+6.99<¢ 2540.60+143.45°"
SSK03 9.14+0.47°" 18.64+5.92°¢ 2697.96+207.16*
UTT02 8.94+0.31°" 18.41+5.98°¢ 2970.5+164.29°°
UTTO5 9.22+1.17¢" 20.50+3.40°% 2387.49+366.07°)
uTTO07 9.10+0.56°" 31.69+3.20%° 1884.45+513.92%
F-test * * *

CV (%) 8.58 20.15 17.22

* Means followed by the same letter in the same column were not significantly different according to the Duncan

test at P<0.05
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Table 5 Correlation coefficient (r) of leaf number, leaf length, leaf diameter, bulb number, bulb circumference, and

yield after drying of shallot and red onion

Leaf Leaf leaf Bulb Bulb Yield weight
Trait number length diameter number circumference after drying
(leaf/tiller) (cm) (mm) (bulb/tiller) (cm) (kg/rai)
Leaf
number 1
(leaf/tiller)
Leaf
length 0.21 1
(cm)
leaf
diameter -0.13 0.46** 1
(mm)
Bulb
number 0.68** 0.24* 0.05 1
(bulb/tiller)
Bulb
circumference -0.36** 0.12 0.56** -0.17 1
(cm)
Yield
after drying 0.30** 0.22% 0.14 0.49% 0.04 1
(kg/rai)

* mean correlation is significantly different at P<0.05 level (2-tailed)

** mean correlation is significantly different at P<0.01 level (2-tailed)

Table 6 Seed set of shallot and red onion in self-pollination and cross-pollination

Code Seed set (%) Code Seed set (%) Code Seed set (%)
cMI02 ® 53.26 PYOO4 & 2.17 CMIO2 x INDO1 1.09
CRI01 ® 1.09 INDO1 & 20.65 NMAO5 x INDO1 1.09
D003 & 1.09 INDO1 x PYO04 3.26 NMAOQ9 x INDO1 1.09

NMA10 & 43.48 INDO1 x UTTO5 3.26
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Table 7 Inflorescence number, scape length, and inflorescence width of shallot and red onion

Code  Inflorescence number (inflorescence /tiller) Scape length (cm) Inflorescence width (mm)
CMIOL 1.42+0.42™ 73.50+8.50°" 58.02+1.00°°¢
CMI02 2.44+0.42°" 80.39+3.14° 51.72+9.31<F
CMI04 2.060.79+% 76.06+5.00°" 53.76+11.52°"
CPMO1 NA NA NA

CRIO1 3.61+0.255 75.56+2.62°" 63.02+8.93
IDO02 2.17+0.177 69.89+10.92% 54.90+9.90°"
IDO03 2.21+0.44" 68.61+5.16" 50.92+9.50%"
INDO1 4.50+0.87° 91.3045.92% 79.16+2.96
KKNO1 3.28+0.48"¢ 81.89+5.77%¢ 61.52+2.20°¢
LPNO3 1.17+0.17" 78.62+183°" 53.44+7.17°F
LPNO5 2.22+0.10" 75.50+0.73"F 53.35+0.65""
MSNO1 1.25+0.25"% 68.67+10.17 60.20+0.87°¢
NMAO02 1.51+0.32" 82.57+8.36%¢ 63.50+3.65°
NMAO4 2.00+0.50M 73.17+1.89<" 58.67+4.57°¢
NMAO5 3.78+0.86° 69.28+6.51¢ 46.68+6.26"
NMAO7 1.67+0.58"* 74.67+1.00>" 61.19+2.434
NMAO8 1.78+0.10™* 76.56+3.31°" 58.24+1.00°¢
NMAO9 1.78+0.77"* 84.47+2.19% 59.12+2.99°¢
NMA10 2.81+0.20%¢ 82.67+04.50°¢ 53.18+4.57""
PNBO1 NA NA NA

PNB02 NA NA NA

PYOO1 3.11+0.67"¢ 77.95+5.31°F 51.68+1.52°"
PYO04 2.89+0.69°" 79.05+6.84°° 54.31+5.22°F
SSK03 2.39+0.38°" 78.39+4.60°" 58.14+11.07°¢
UTTO02 2.11+0.19% 79.78+2.52°¢ 48.77+7.51°
UTTO5 1.89+0.25"* 83.11+7.46% 63.81+7.32°
uTTO7 2.34+0.34"™" 80.92+5.29°¢ 57.89+2.16""
F-test * * %

CV (%) 17.68 6.96 10.02

* Means followed by the same letter in the same column were not significantly different according to the Duncan

test at P<0.05

NA: not analysis
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Figure 4 Bulb of shallot and red onion were cultivated in December, 2022 to April, 2023: (A) CMIOL; (B) CMI02; (C)
CMI04; (D) CPMO1; (E) CRIOT; (F) IDO02; (G) IDO03; (H) KKNO1; (1) LPNO3; (J) LPNO5; (K) MSNO1; (L) NMA02; (M) NMAO4;
(N) NMAO5; (O) NMAOQ7; (P) NMAOS; (Q) NMA09; (R) NMA10; (S) PNBO1; (T) PNBOZ2; (U) PYOO01; (V) PYO04; (W) SSK03;
(X) UTT02; (Y) UTTO5; (Z) UTTOT7; (AA) INDO1
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