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Pure line selection of purple glutinous rice with high anthocyanin in

grain from local rice population in Northern Thailand
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ABSTRACT: Local rice population is an important genetic resource for special grain qualities,
especially purple glutinous local rice contains anthocyanin which has antioxidant properties ben-
eficial to human health. However, local rice populations are genetically heterogeneous. Therefore,
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it is needed to characterize desirable trait for utilization of local rice population using pure line
selection methods, the popular method for selecting local rice variety. The objectives of this study
were to evaluate and select purple glutinous local rice from the highland of northern Thailand for
high anthocyanin in grain. Six purple glutinous local rice lines have been selected for high grain
anthocyanin concentration and were evaluated morphological and agronomical traits and deter-
mined anthocyanin concentration in brown rice. The experiment was carried out for two consec-
utive years under non-waterlogged condition during the rice growing season. In the first year, the
experiment was conducted under pot condition while the following year was conducted under field
experiment. The results of the first-year experiment showed that the morphological variation of all
evaluated traits was not detected among the six selected lines. However, anthocyanin concentra-
tion varied among the six lines. Two high anthocyanin concentration lines were selected, PiEiZu
1 and PiEiZu 3, and were used as materials for the second-year experiment. The results of the
second-year experiment showed that PiEiZu 1 contained the highest anthocyanin concentration in
brown rice. The average anthocyanin concentration of PiEiZu 1 over two experimental years ranged
from 28.4 — 37.5 mg/100g, two times higher than purple glutinous rice check varieties. In addition,
PiEiZu 1 had high grain yield similar to upland rice check varieties, 656 kg/rai. This study suggested
that PiEiZu 1 is the potential purple rice pure line with high anthocyanin concentration and yield
recommended for special quality rice production and could be used as genetic resources for rice
breeding program.

Keywords: purple glutinous rice, special quality, anthocyanin, pure line selection
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Table 1 Description of 6 selected Pi Ei Zu lines (PEZ1-6) and 4 check varieties (KDK, KHCMU,

KDML105 and SMJ)

Lines/ Varieties Descriptions Source
Type Endosperm type Pericarp color
Selected lines
PiEiZu 1 (PEZ1) Upland Glutinous Black CMU
PiEiZu 2 (PEZ2) Upland Glutinous Black CMU
PiEiZu 3 (PEZ3) Upland Glutinous Black CMU
PiEiZu 4 (PEZ4) Upland Glutinous Black CMU
PiEiZu 5 (PEZ5) Upland Glutinous Black CMU
PiEiZu 6 (PEZ6) Upland Glutinous Black CMU
Check varieties
Khum Doi Saked (KDK) Wetland Glutinous Black CMU
Khum Hom Mor Chor
(KHCMU) Upland Glutinous Black CMU
Khao Dok Mali 105
(KDML105) Wetland Non-glutinous White DOR
Se Mea Jan (SMJ) Upland Glutinous White DOR

CMU: Chiang Mai University, DOR: Department of Rice
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Table 2 Morphological characterization of 6 selected (PEZ1-6) lines and 4 check varieties (KDK,
KHCMU, KDML105 and SMJ).

Selected lines

Check varieties

Characters
PEZ1 PEZ2 PEZ3 PEZ4 PEZ5 PEZ6 KDK KHCMU KDML105 SMJ
Plant type Erect Erect Erect Erect Erect Erect Erect Erect Erect Erect
Purple  Purple  Purple  Purple
Leaf blade Purple P P P P Purple
. mar- mar- mar- mar- ) Purple Green Green Green
color margins . . ) . margins
gins gins gins gins
Purple  Purple  Purple  Purple .
Leaf sheath Purple Purple Light
) mar- mar- mar- mar- ) Purple Green Green
color margins . . ) . margins purple
gins gins gins gins
Auricle color  Purple Purple  Purple  Purple  Purple Purple Purple White White Purple
Ligule
h 2-Cleft ~ 2-Cleft 2-Cleft 2-Cleft 2-Cleft 2-Cleft 2-Cleft 2-Cleft 2-Cleft 2-Cleft
shape
Ligule color Purple Purple  Purple  Purple  Purple Purple Purple White White White
Internode Purple Purple  Purple  Purple  Purple Purple
) ) ) ) . ) Purple Green Green Green
color lines lines lines lines lines lines
Node color Green Green Green  Green Green Green Green Green Green Purple
Apiculus ) )
| Red Red Red Red Red Red Purple White White Red
color
Sterile lem-
Red Red Red Red Red Red Purple White White white
ma color
Stigma color White White White White White White White White White Purple
Anther size % Grain . . . . > Grain Y Grain 2 Grain 2 Grain .
Grain Grain Grain Grain Grain
. _ Medi-  Medi- Medi- Medi- . _ _
Grain size Medium Medium Medium Medium Long Long
um um um um
Brown  Brown 5 5
rown rown
Brown fur- fur- Brown Brown
hull col ¢ furrows  furrows lack ¢ "
ull color urrows rows rows on on fUrrows blac urrows yellow straw
on straw on on on straw
straw  straw  Onstraw
straw straw
pericarp
| Black Black Black Black Black Black Black Black White white
color
Endosperm Gluti- Gluti- Gluti- Gluti- Gluti- . . Gluti- Non-gluti- Gluti-
Glutinous Glutinous
type nous nous nous nous nous nous nous nous
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Table 3 Day to flowering of 6 selected Pi Ei Zu lines (PEZ1-6) and 4 check varieties (KDK, KHC-
MU, KDML105 and SMJ)

Germplasm Flowering

Date Days

Selected lines

PEZ1 01 October-05 October 2015 83-87
PEZ2 01 October-03 October 2015 83-85
PEZ3 01 October-02 October 2015 83-84
PEZ4 30 September-03 October 2015 82-85
PEZ5 04 October-08 October 2015 86-90
PEZ6 02 October-06 October 2015 84-88

Check varieties

KDK 29 October-30 October 2015 111-112
KHCMU 55 September-27 September 2015 77-79
KDML105 23 October-24 October 2015 105-106

SMJ 21 September-24 September 2015 73-76

Planting 10 July 2015

Table 4 Evaluation of agronomical characters of 6 selected Pi Ei Zu lines (PEZ1-6) and 4 check
varieties (KDK, KHCMU, KDML105 and SMJ)

Lines/ Varieties Plant height Tillers Panicles Spikelet per Percent Yield per plant
(cm) per plant per plant panicle filled grains (9)
PEZ1 114.3+53 8+2.0 8+1.6 215+25.8 68 +5.8 30.4+85
PEZ2 123.8 £ 3.7 7+0.7 7+11 212 £19.5 63+5.0 26.1+3.6
PEZ3 126.1£4.8 7+04 6+0.7 205 +27.5 59+94 215+82
PEZ4 128.2 £ 3.7 7+14 6+1.3 200 +20.4 65+ 6.0 18.8+1.9
PEZ5 120.7 £ 4.1 7+15 6+1.1 184 +14.3 56 +5.5 21279
PEZ6 115.4 £ 4.1 7+£20 7+£18 182+ 11.8 64 +5.0 24.7+89
KDK 158.5£6.0 4+04 4+0.7 178 £ 15.5 81+4.1 8.4+22
KHCMU 121.3+1.8 5+04 4+0.6 170 + 34.7 84 +43 24 +5.0
KDML 105 132.3+4.2 6+0.7 4+1.1 149 + 20.7 72+8.6 1M1+22
SMJ 132.9+2.38 9+1.0 7+15 122 +19.2 77+6.0 255+79
F-test N N * N x *
LSD0.05 5.4 1.5 1.6 28.0 8.0 8.0
CV (%) 3.3 17.6 20.7 12.1 9.1 29.7

are significantly difference at P<0.05, + Standard deviation
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Figure 1 Anthocyanin concentration (mg/100 g) of 6 PEZ lines and 2 check varieties
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waIznIN 4-13 wilastesiu naniven w1, H399
finegauazlnuanil 1 auusNNINgn a1t
WugAnRan PEZ1 uaz PEZ3 Hanuausainiy
7 vilasiafiu iasasananug Teaeluseiipeaiu
Auiugnfraunauanalilla? (Table 7)

Anuaussiefiu  WufulBauisudianou
9997134 4-12 soestediu Tnanven wa. H399
finegauazlyusnil 1 Faruausaennign 10
aeugARAen PEZ1 uay PEZ3 HAMIUI09
Winiu 7 uay 6 sosiadiy agluszAuimeaiuiy

wugilrauauaalilele? (Table 7)
TAABNARTN  ANUIUTEADNFAEIINTBT10
aneugAndenuar U FTaLaURA WU
FEUdN 112-212 danansesdy lnaanawugan
\@en PEZ1 uar PEZ3 HAuautenansendng
174-193 deanansase dnaglungutenanuin
ANAUFIU 7 sTALREAALNIMeN N, viTaEaundu
(Table 7)
wefifuifnmdn  niuganmdauinndn
80% Tl aneiugAniaen PEZ1 uaz PEZ3 uay
AudiFauiaunen w1, Aieddusdfinmdn
FININ 82-84% AIUWUEIARRANAATZNIN
87-94% (Table 7) .
dwiin 1,000 wWan WufiFaumenn
wiN 1,000 WARTENINS 26-49 niN Tnerngalu
Wufanmenuzd 105 uazgegapeanalile’
WugAniden PEZ1 uaz PEZ3 Htlwtin 1,000
\WARRAWINTL 32.4 Uz 32.0 NN MNAIAL B9
TduansieiuiuiuguBaumeunvies 8. uas
sl 1 (Table 7)
nananfals
WufuBauisuduidunazaalilelasli
HANARGINEA 898 uay 802 Alaniusiald maw
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AU aneuARIAen PEZ1 uas PEZ3 Ay
HANRALRAWINGL 656 uar 664 Nlaniusials
AANAIAL  agflunguingiuiuiuguBaudey
Amen w9, 9191113 Unusll 1 uay na 6 uay
NNN91 WUFA1IMBNNER 105 (Table 7)
Eanusisuaulnlganiiu
wuarsuauinlaeduluudadnnanawug
AnReanuasufsauWeUag e 10.6-28.4
Haaniusia 100 N3 Tnaanesing PEZ1 lians
waunlaentugendniug PEZ3 wazugulzay
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Feunnven ua. Wugesin (Figure 2)

ANHULINAR

aneiugAnIaen PEZ1 uaz PEZ3 wdndnn
népsllanuzNAntaN 1aRYYNT 5.78 LAy 5.98
Laalumg 419 3.15 LA 3.16 NAALNAT 111 1.89
uaz 1.91 NaAWAT ANAAL Wasnuandnig
Iatnana WRUNGNAR 1aReene 8.16 LAz 8.35
fadmmnT n919 4.05 uaz 4.13 TaGNAT MU 2.14
WAz 2.17 HARLAT ANAIAL HaliuNAaRARN
wazdaiauladudnqwmilen (Table 8)

Table 6 Description PEZ1, PEZ3 and 6 check varieties (KHCMU, SMJ, KPK, PTT1, RD6 and

KDML105)
Germplasm Flowering
Date Days
Selected lines
PEZ1 02 October-03 October 2016 81-82
PEZ3 30 September-02 October 2016 79-81
Check varieties
KHCMU 26 September-27 September 2016 76-77
SMJ 30 September 2016 79
KPK 27 September-29 September 2016 77-79
PTT1 18 October 2016 98
RD6 20 October-28 October 2016 100-108
KDML105 26 October 2016 106

Planting 14 July 2016
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Table 7 Plant height (cm), panicle per plant, spikelet per panicle, percentage of filled grains,

1,000 grain weight (g) and yield (kg/rai) of PEZ1, PEZ3 and 6 check varieties

1,000

Varieties Plant height Tillers Panicles  Spikelet per Percent ) Yield
grain
(cm) perplant  perplant  perpanicle filled grains  weight (g) (kg/rai)
PEZ1 133.6+6.2 720 7£19 174 +37.4 84+95 324+16 656 +29.6
PEZ3 131.2+4.2 7+1.9 6+20 193 +43.8 82+84 32+22 664+1614
KHCMU 119.3+5.1 4+1.1 4+12 212+ 47.7 83+5.9 344+31 587+674
SIVN] 119.9+6.7 9+23 9+22 177 £ 43.9 87 £6.9 276+1.0 898+ 159.1
KPK 133.3+6.9 719 7+1.8 112+ 26.7 94+43 495+0.8 802+87.7
PTT1 779+3.3 13+28 12+26 117 +£24.9 87+54 29.9+0.3 695+49.15
RD6 137.2+6.9 8+22 8+2.1 155+ 31.6 94 +£3.2 28+1.4 555 + 85.2
KDML105 132.3+4.38 9+2.1 8+2.1 139 + 36.4 92+57 26.7+1.0 448+256
F_test * * * * * * *
LSD 29 0.9 0.9 21.2 3.7 25 173.4
Ccv 5.9 27.8 27.9 26.1 8.4 1.2 14.9
*significantly difference at P<0.05, + standard deviation
40 -
LSD0.05=8.8
(@)]
S 30 -
=
T~
(@) i
E
c 20
=
@®
> .|
@)
o
< 10
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Figure 2 Anthocyanin concentration (mg/100 g) of PEZ1, PEZ3 and KHCMU
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Table 8 Grain characteristics of PEZ1, PEZ3 and 6 check varieties.
Pure lines Standard check varieties
Character-
istic PEZ1 PEZ3 KHCMU SMJ KPK PTT1 RD6 KDML105
Brown Brown Brown
straw straw yellow yellow yellow
Hull color furrows furrows furrows
on straw on straw on straw
Pericarp ) . ) . )
color Black Black Black White White White White White
Paddy size (mm)
length 8.16 8.35 8.23 9.90 10.67 10.16 9.47 9.92
width 4.05 4.13 4.12 2.72 3.96 2.63 2.87 2.66
thickness 2.14 217 2.42 2.06 2.49 2.09 2.05 2.02
Brown size (mm)
length 5.78 5.98 6.02 7.43 8.14 7.63 7.09 7.53
width 3.15 3.16 3.36 2.27 3.1 2.27 2.36 2.18
thickness 1.89 1.91 2.25 1.90 2.25 1.92 1.84 1.801
Grain shape Round Round Round Slender Slender Slender Slender Slender
End Non-gluti-
naosperm Glutinous  Glutinous  Glutinous  Glutinous  Glutinous  Glutinous  Glutinous on-git
type nous
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