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Yield and quality of traditional and improved Lao
varieties of rice
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Abstract

Improvements in its tourism sectors have encouraged Lao PDR to explore export
options for its traditional waxy rice varieties. Researchers and agriculturists are now
exploring ways to enhance the yield and capture high-quality traits of traditional Lao
varieties, into popular improved varieties. In this study, the effects of nitrogen (N) on
yield and quality traits were investigated for two traditional varieties, Hom Nang Nouane
(HNN) and Kai Noy Leuang (KNL), and in two popular improved varieties, Thadokkham-1
(TDK1) and Thasano-1 (TSN1). The varieties were grown during the 2006 wet season at
the Rice and Cash Crop Research Center in Vientiane Municipality, Lao PDR. The varieties
were grown under four N rates of NPK: 0-30-30 kg/ha, 30-30-30 kg/ha, 60-30-30 kg/ha and
90-30-30 kg/ha. The results showed that while the two improved varieties TDK1 and TSN1
responded to increasing rates of N application that the yield of two improved varieties
were increased from 3,000 kg/ha to 4,500 kg/ha about 40% increasing, the two traditional
varieties, HNN and KNL, were not as responsive, only increasing from 3,600-3,900 kg/
ha. In contrast, the quality traits: aroma, textural (hardness and stickiness), gelatinisation
temperature, and viscosity assessed in this study of the four varieties were not affected
by N. Yield and textural attributes further suggested that TSN1 is a better candidate than
TDKI1 for breeding programs aimed at combining quality traits from HNN and KNL, into
improved varieties.

Keyword: 2-acetyl-1-pyrroline, gelatinisation temperature, rapid visco-analyser,
Thadokkhaml, Thasanol, Hom Nang Nouane, Kai Noy Leuang.
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Figure 1: Yield of improved varieties were response to nitrogen more than local varieties and

improved varieties got high yield from N: 30 kg ha™ (LSD, =336 kg ha™).
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0299 2: Fugslo way SHusnsuduaeio 299 wuodia 4 wuowy v 4 Sonacjy N

A. % tDotdunsoy

Kwoty (V) twinscau (N) (kg ha')

Varities 0 30 60 90 Means
HNN 91.7 90.3 90.9 90.7 90.9
KNL 82.7 86.9 81.9 84.9 84.1°
TDK1 77.9 84.2 83.0 80.7 81.4°
TSN1 66.4 81.0 77.1 80.7 76.3 ¢

£998(2¢ (means) 79.7° 85.6° 83.2%® 84.2¢
ﬂ‘]UUJUZﬂJU LSDO.05

2 V means 4.3

2 N means 3.6

-~ o~ -~ v R (%) 'y &
08299 2: Fueslo way Shusneuduario 299 uuodi2a 4 wuowv Tu 4 Sonatjy N (6)

B. 9auaucionsoy

Kwoty (V) Ywinscau (N) (kg ha')

Varities 0 30 60 90 Mean
HNN 106.0 ® 126.0 * 124.3 b 118.3° 118.7
KNL 117.3° 124.7¢ 137.7 150.7 * 132.6
TDK1 116.0" 1110 115.7 ¢ 116.0° 114.7
TSN1 168.0 * 112.3¢ 151.7 ¢ 141.0° 1433

ﬂ‘]iJUJUZﬂJU LSDO_05

2'V means #f axd N qjori 20.6

twinstau wuodi (Varities)

(N) (kg ha') HNN KNL TDK 1 TSN 1 QagLian
0 106.0 * 117.3° 116.0 ® 168.0 * 126.8
30 126.0 ¢ 124.7 % 111.0° 112.3¢ 118.5
60 124.3 ¢ 137.7 % 115.7 2 151.7 132.3
90 118.3 @ 150.7 116.0 ® 141.0° 131.5

ﬂQUUJUZﬂJU LSDO_05

2 N means V 0Jo51u 26.3
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0299 2: Fugslo way SHusnsuduaeio 299 wuodia 4 wuowy Tu 4 Sonatjy N (0)

C. uhuin 1,000 cHo ().

tuinscau (N) (kg ha)

tuadiv (V)

Varities 0 30 60 90 Mean
HNN 314 31.9 31.8 31.8 31.7¢°
KNL 26.6 26.0 25.6 26.3 26.1°¢
TDK1 30.6 30.0 31.3 32.5 31.1°
TSN1 27.1 28.3 28.4 29.6 28.3°

099%(2¢ (means) 289 29.0 29.3 30.0
naudjuny LSD,

2 V means 0.9

2 N means NS

099 2: cancwao Kar SyUsnesuduaEd0 299 guodicda 4 guodiv u 4 eomt.hl N (m)

D. "Vﬂl)OllSOjC'l?l.U

cuodh (V) twinscau (N) (kg ha')

Varities 0 30 60 90 aagrias
HNN 6.0 54 6.3 6.1 6.0°
KNL 5.6 53 6.3 6.0 58°
TDK1 7.4 6.7 7.4 9.4 7.7°
TSN1 5.5 55 6.3 6.9 6.0°

0998y (Mean) 6.1 5.7 6.6 7.1
naudjunju LSD,

2 V means 0.7

2 N means NS

N ! 1 hdan v aa o 1 ba 1 o I
1 Tudu a, s aoiilioui) B (a, b, ¢, d) aunuuamuamnmgnn‘tnasou LSD 5%.

1 Tushuensuduaeio Uvsuaa LSD,,

SBeoauaoncag (NS), wnnumumnmaeg N dbaoauconaag (p>0.05).

ﬂ‘]SJUﬂ‘llJUJUZﬂJU 9‘13)85332)283 2 N EUU%TZ]’ILU’ID 29
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0299 3: Funsiivzeguuodiy kar NAguusyunIau (GT), TWsindy, 0090629 tasadum]o
R
A. 9unswLYOD (°C).
9 Y 9

guodi (V) Yuinstau (N) (kg ha')
Varities 0 30 60 90 aagriae
HNN 69.0 ¢ 70.0° 69.0 ¢ 70.2° 69.6
KNL 69.9° 70.9* 71.5% 7142 70.9
TDK1 70.9 @ 70.7 ® 70.6 ® 70.1° 70.6
TSNI 69.8° 70.5 ® 69.8° 70.1° 70.1
naudjunju LSD,
2 V means at the same N level 0.8
tulnseu (N) €l (V) . .
(kg ha') HNN KNL TDK 1 TSN 1 aIR= R
0 69.0° 69.9° 70.9* 69.8% 69.9
30 70.0* 70.9* 70.7 * 70.5% 70.5
60 69.0° 71.5¢° 70.6 ® 69.8 ¢ 70.2
90 70.2 ¢ 71.4¢° 70.1° 70.1¢ 70.4
n‘]UUJUU]JU LSDO_OS
2 N means at the same V level 0.9

0299 3: Funsivzeguuod tar N dgunsyun9au (GT), WUsm8y, 0090k29 LILODIWIJO
(6) B. Ueluauiusadu (%).

cuodi (V) twinscau (N) (kg ha)

Varities 0 30 60 90 099828
HNN 7.6 7.9 7.8 7.9 7.8¢
KNL 7.3 7.5 8.6 8.8 8.1 b
TDK1 8.5 8.1 8.3 8.5 8.3°
TSN1 8.6 8.5 8.6 9.3 8.8°

0959£(28 (means) 8.0 8.0° 8.3 8.6°
ﬂ‘]lJUJUZﬂJU LSDO_05

2 V means 0.3

2 N means 0.4
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OER993: uneiveeguuodil kay N menmswumjmu (GT), Wstndu, noaweey DB )

(&) C. @002 (g).

gvodh (V) Yuinscau (N) (kg ha')
Varities 0 30 60 90 QL ET$]S]
HNN 1910.1 1841.3 1874.6 1944.3 1892.6°
KNL 1738.1 1677.9 1746.2 1713.0 1718.8°
TDK1 NA 1855.5 1990.1 1962.4 NA
TSN1 1546.5 1720.2 1856.6 1916.9 1760.1°
099£(2¢ (means) NA 1773.7 1866.9 1884.1
naudjunju LSD .
2 V means 92.8
2 N means NS

Note: NA - 9103 caasna9dausea8.

Oza993: eunsiveeguuoiu uauNmenmuwumgmu(GT) TUsi08u, 00WE29 LAEODIW]O
@) D. 0090 (g).

&uodh (V) Yulnscau (N) (kg ha')
Varities 0 30 60 90 REET$E)
HNN -1047.9 -1014.7 -968.0 -983.6 -1003.6 *
KNL -898.6 -900.0 -935.6 -854.0 -897.1°
TDK1 NA -1157.8 -1193.7 -1464.7 NA
TSN1 -995.8 -1088.8 -1124.3 -1046.5 -1063.9*
099x(2¢ (Mean) NA 1040.3 1055.4 1087.2
naudjunju LSD,,
2 V means 72.2
2 N means NS

t Tudv a, éﬂaucduﬁﬁovﬁ’jﬁﬁﬁ’n (a, b, ¢, d) cuvDTaoavcongagrivivazdy 5% 299 LSD.

I Tnnnnswwa?mcmnmueum Daa LSD, aﬂaununJumJuaqau:aa 299N 2
mu:una?mcmnoq NS, ¢fuze9g N u;u:uuuao'wam:nmg (p>0.05).
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Yuinscau
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guILLOY 2: naqucguénaajmn 2AP Tuciozegry 2 suodiuiBansudiuibes Wrnarsona
N. 0090EON09aLns99E Ul tar arndagsona N sivdlaosucanaas.

Figure 2: Concentration of compound 2AP in grain of 2 local varities in each rate of Nitrogen.
There are difference between varities, but no difference ammong rates of Nitrogen.
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LSD, ,=0.144
3000 7 (A) 30007 (B)
2500 - 2500 -
2000 - 2000 -
3 =
£ £
€ 1500 & 1500
e
.E (A)
= 1000 | -~ 1000
500 500 -
o B . . . J . .
i] 5 10 15 0 10 15
3000 - Time (min) 4000 - Time (min)
r
(D)
2500 - 2500 -
. 2000 4 ;QDGD ]
£ £
¢ 1500 - € 1500 |
e -
.! E
= 1000 - = 1000
500 500 -
o X . . . .
i] 5 10 15 0 10 15
Time (min) " Time (min)

guaLLOg 3: RVA 2ejumasanown TDK1 (A), TSN1 (B), HNN (C), KNL (D) Tusonaeju
N. adasidusraoguivaaavidugey 3 aq gaav KNL, (§usecoy 2 @ucivgdtusona N

Ao

#inago «ay 8n 2 cantmguund‘?naom N znajnoq
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SUNEU

o~ o
GUIENO

Lwowwcmzj’uuf] 2 guodlu gUv
n2uUEeI N ‘coonmcmawmmwn
Lusaf)"lwmu‘fznmnmao mwawsagm&u
EUVDDODIVUONNYREND99009 N
(@90e99 2D). (Godaglonmaw, tad
NIVIIYIIUNSVI Sufgfisgmeaucly N
O2USBUNDY C']8ﬂU83’]8UfJiUfJB&O (Bond
et al., 2008). HYFTUSWTTVNWOUODY,
Suerdo 29uvoiu TDKI «aw TSNI
queumummwueom&m N, couiu
njodiy ﬂﬂnmmwmwoniaf)mgm Tu
2evjoriu N AbGuslisegdnauiy
Sy 299uhin 1,000 Do (ma0ang
20). fge9uuoiiul ciuddnnavsway
ijnzﬁcmﬁm‘n"ﬁégwwwﬂu. (B9eJaglon
09w, TuNasloaudueeln, Naunsuse
e9299cuodiy TSNI & N Sousagd
noa TDK1.

Suesrdo soguuodubuey 2
Lwawmwueu 18% tusomaeu N (i
2, Laguamuumnmg N91909U=[0
(suawuog 1), EEC’]UUS?U‘“JW@UCJIJCJ“R)O
Tomuaaﬂuccmnmg (mmamg 2). uan
9N, 83U”3’18UC§1JEJ“&OU]JJE‘IO‘]UEEC’]T]
oa9lucuodiu KNL 2z21999 900909
KT 500999 conTawoutiodsay (09
0299 2B), gaua09sfivagdn (Juan

O

AV U] 2ﬂ21J‘]?UlCJUCJ‘“&OCZJJJJ2U S

'
o o |

EUDWUAOINND. 2U1JO‘_‘)J’]‘)O 2?8158’]1]0‘1
KNL ZIJE‘].U‘]OCZUUW‘]UOIJSO?C]%U GEIJ
ﬂ‘]lJLEDUJ’]‘]lJC]QU%)BmJ8f) N, EEC’] KNL U
mmocwuavzmo 28350321.] (e ]9

U‘]OSJ’]&‘]%O%OU?S?LUOLG’LUT?JSO?.

mmﬂzﬁc’zﬁwéﬂ Fuesz oz
KNL mnmzm Tusauou 4 wuod.
(SusEKO 1) AuKly HNN g2 €Uo
zu:uzTUUg) 2U1J°Ewmmasmf] 2 aTanznium
gouuawingsgiodiu KNL .

quuedl1u

annawﬂummawzsgtwawmm
Tucdoy Huauadngaghavduano wou
aoumay. ([9uLuoa  azdgauasau
mouPIunNsa 100 sauiigauaoseiotd
FancBagay  RdugaunoauneUEly
g9U 2AP (Buttery ef al., 1983a). 1OIN9
1899UNOUI0 Yeduau 2AP Tuguodi
KNL qlugaenoa  luguodiy HNN
(Fitzgerald et al., 2008). gaud9na0 €9
dudulunanls N luasdu 30kgha'! (sv
w09 2). vovaouguULYNA (gene)
IUNDIWNBL (VU betaine aldehyde
dehydro-genase (BADH2) (Bradbury etal.,
2005). Uﬂaweamsnumom 110 alleles
299 gene BADH?, Lagumnmnmgssn
WidiudeSuau 209 2AP Huoncgiu
(Kovach ef al., 2009). HNN guu allele
299 BADH? znst wonaudiuynaeey
UMD sgusw‘manm (Fltzgerald
et al., 2008; Kovach et al., 2009). €029
gene H29UM8U299 KNL 29U29985£ 1609
noaumaUoengIenan tukuawu HNN.

JeduaunoaumeuluboBagiy
DFUNLNVIMILWIVEDOAD (T NI
Jonaw (Yoshihashi er al, 2004). gz
€0y 2 eeoyliidivoe amuaeuen
2898 AP dnediusannauls N v
Sonaiifiogou. BADH? gene CUUSEEOT
gonluclo (Chen ef al, 2008), gy
amuzmnmﬂmwousog ERE WOV
tDolusoy mmaummummumomsw
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JeSuaugau 2AP  HieeSoluiiossy
HNN. Tuesue0jo €908 gene 299
poaumeu KNL, Junauiiugsauaosoy
coguuodiucda KNL unauls N &
conoagiu coudDSunediy war OD
009UKONNNY 299s0UFW 2AP T
(89 KNL (SUs=L09 2) KLLMD gene
go9novwnsulucuodiy KNL fgetos
oonluwdy (endosperm).

°- €

Lasaf)o‘cmugamucczg €Az Ujo
seu09 ldidinoe Sodagiivalsdnsuge
N9V N Twznaamaoswccag (1Y
098], uamuumnmgavmo‘mnwo
FuitEFNga. aouweg2eg TSNT iy
g998 KNL (0902299 3C) gay 809U
szJoéwé? HNN (mﬁmamg 3D). nay
UJUUQUﬁU 5TDKl Z?l%‘]U‘]C;UJUZﬂJJU EU
NWNOR99Y  (waron Jrduautbotiu
299quody donaadules. Rdaglon
OWnDIWRY KA aawmgaasgcuo
Tuasdu N znumnmfmnznmoasg (ST
U929 texture 299 TDK1 gUu98& HNN.

Youdntd RVA giuualslunay
0908 (UANILUL22IQUULWIVNIY
AulucBadao (Charnpagne et al., 1999).
naudOMNEVIDNNIL  viscosity ‘m%m
vaglunauaaegaunew (Fitzgerald et al.,
2003). tODNIWRILIIWD mwﬁoasg
Law‘wo?anusomwu N fiwon wald
peak (txz final viscosity 293C§I1J§}85£[;0f]
ZnOt’:JSUE\)f) (Martin and Fitzgerald, 2002)
CUELN9 83U83"l8U28‘j£U0£2‘]’Q‘1028D
29979¢02URE290 N. mgshﬂo:nmu
LwawnLgﬂvquazswaﬂgumwaztmj
(curves) HNEONOI9IME29990  (Merca
and Juliano, 1981) loggzway VISCOSIty
299 KNL caumuwmsom N 09na9
mmgjjanmusom N 3)3211 (sURBKOY

3D). ueNvINTU curves 99N KNL I
setback cJuaavon. mmnoasgw gL
mccog?mcmwamumwummmgam
o9eju N €w viscosity TUL?“I’WOU\EO
caamm"la?umwo‘mamwp cagsm
guEUa29  naucSonoausaliuaznoag
RVA 42 3Ng1z190 g UuLIu890
UmmmmmTa?wmwmmmtaﬂm{]o

mmutcmmﬁﬂj“lwmwﬁ‘m viscosity
Tuuodu KNL az210998009 N g9 taw
o sﬂowannuwauwmscmsnm Tu
Soma N #ien szU"ZaUvamiJ tUsdy
w9 Tusona N g9lu 2 sooa (m90za99
3B). lUsimdu oonswa“ﬁnmwaumw
caguu‘cemaau"luaoganmawusen
S (Baxter et al., 2004; Bushuk, 1998),
e (HousduatusioSugassy aoau
msgmummw2u°ﬁwmnm9mu (Sun et
al., 2008) EO&‘)‘U%UZUJ?ZUJ’]U protein, Tun
200990 nauualg RVA, deluau
protein yaoEolndgRiuiEauan sua
20 war Eold viscosity curves 3)3511
(Martln and Fitzgerald, 2002). T3 guodiu
FOaEE09n0UEONI9IT GEUUvamau
protein maunaulzsona N mcmﬂmg:’nw
FUU NIWDLLOIDSNODILIII 299129
ga0dLonaagnauiisrrogeenlu RVA.

ﬁ@aqygcmnéﬂgvﬁsyﬁgzﬁﬁumﬂ
naudta viscosity parameters ALY
wuodi  (SUREkng 3), louswwas
breakdown, setback and retrogradation.
g9299 KNL oanodalucuodiudy, wax
290992129 viscosity curve zﬁ’gvifomimdﬂ
(suavsz] 3). ’Q‘]ﬁt?‘]&ﬂ?@ﬂ KNL
281)2‘1‘3881J3’]O‘1L2‘]81U Tunaugdnsa
(M90E99 3C), KOndU99USeVS99 D
QoI setback NoUSNILUESY
T curve (Bao and Xia, 1999; Bao et al.,

84

January - June 2013



DI NEINY kAT JILD, FLTUR. 28 (IeTVE0)

2000; Champagne et al., 1999; Sandhya
Rani and Bhattacharya, 1989; Sandhya
Rani and Bhattacharya, 1995; Varavinit et
al., 2003). 80(:’)‘1&]1) N O3GunediuEo
Tmanavuvmanm Uumowttmnmﬂn
LLlJOZUlJOJOJ’]lJ EUEUada curves M0
noawlugona N HimalucBa KNL znuev
0oy curves Sulusona N &
@3:’106}.

sURLK09 3C arr09ltidiuon an
SeUg viscosity 299 HNN €e .%aﬁr,mfﬂm
(v final viscosity tzuuaimﬂn trough
mwnm"ﬁmmawnewﬂ Judin  «an
trough (§9 final Um]emtthnﬁqjozﬁ“n NI
LL0929N0)9AOD  (Champagne et
al, 1999), Jnne@dodiugy JsRuau
2910128 (Allahgholipour ef al., 2006;
Chen et al., 2003; Fitzgerald et al., 2003;
Varavinit et al., 2003). Waxy rice does not
contain amylose due to a mutation in the
Waxy gene (Wanchana et al., 2003), «¢)
Tnsugjectm 4 reogldidivon aoaw
mwuavmaﬁgamutt2328§]t2ﬂsm taE
naucusy a9 trough 19 final viscosity;
eﬂoysuiagmﬂnwomenm 99ty
19%. (21 HNN Davsedy Tusiody
pandacuodiusy (m90Eang 3B). Fan
nauogeudoday 9e99ue9n Martin
and Fitzgerald (Martin and Fitzgerald,
2002) SicHuon YeSuaulusioduma
(Solginoauconnagaenong final wae
trough g19e). (Rggfanlonnau (Deidalus
(m8usentdancioda  udoedagzey
(29590 Fusenogsen DaoauLoncay
fugae, soduSuriuguodiu (Fitzgerald
et al., 2003; Xie et al., 2008).

wemm‘fa“ﬁntmwp Tuguae
€09 4, 2U1Jc?jmmﬂgm°l<-v manumnan

299 viscosity curves. WU Jaoauga
duyagdiguloangeue  peak,
and final viscosities Q¢ breakdown,
retrogradatlon and setback (suaecto‘j
4). geUU nawualg RVA curves (ot
mmmnanmwaegtmw@p S9Ny
aawtm%mwmanummsm matrix
Tiutaﬂzngo (JUR98 0029V EONNIY
283LU0LLU§]m'M2ma €T KON, a2
€29299(298n  gUVdodUYaLY peak
and trough Vrsc051ty tar MShaeuedy
heui. sedy noauiEalasa naunld
Aoy peak twmé’jwanaenem%m
uloantientdonoautanag v
znéﬂgamuueﬂmgﬂzmqjo.

2,
[

mu%nmmi’j ﬁuaetmﬂzﬁcﬁn
29 8omwiu N m‘toanm guVIGUNE
mumwwweao ctmmmumanwwﬂuaeg
twawmemwumee@o cwowmj’uUf)
znm‘faanm"lwmwmoaegmn TDK1
Gz TSNI gUuU0SUIzIeINS0na N
Yﬁﬁnémwazﬁ“vz‘ﬁmﬁeg HNN g KNL.
T]‘mCZUU?U?Sf]CJUCJ”S)O?Sf]CCiJOZUU
(;2°1mm02083ELU‘U21JJ’]U&J’]§)&¢1J&583U5
neuwuwvaomttmnmgnu (Su: Uarlin
2o9tl0 tar Ywoutlonsoy. duesedo
TSN1 tzﬁuguwﬂnnﬂwﬁﬂédu N znttcm
mgmu yewmumsvmwegtmowwmg
99, cﬁuctuowuugmm"iwmmﬂ’u@wu
Tuano. angjewmgmuawuwﬂum‘m
gnmﬁﬁnmnmoaefw gUVIGUIINED
w2y, Utwiucsu'aﬂmm N. 99009,
(Doudy (textural) Um‘iznmo (hardness
and stickiness), 811maﬁzu,,umﬂm.u (gelatini-
sation temperature) taE INJFrUy
viscosity toudneugzaued N. (goeag

trough
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{0909 NIVOSUILBD929Y viscosity
& N Tuguodiu KNL woufioImnay
UJUcch]esaf]TUscmsu znwazuimueom
efu N fieemnaageiv. SIS mnauwm‘m
gmsma“ﬁzmznnmmuJUUﬂiJm‘EULﬁUTs
mmwamnagsanaagma g0y
aaugeﬂawwvwﬂuasggwawnLeﬂ KNL
§ HNN lsriudueeSogieegwuody
TSNI1. usnI{nNVU Tn?agmmﬂ’ngww
(B0 wrgawauIraoURLBIGNIE LY
E]lJleZU‘iU?SﬂC?ﬂZHJJDT&Ll:lJO?JJ‘,UC2‘]2n
cs:ucaaamag msgmmaagucwemmmm
anmvwﬂumzj’uuj ERE H0IRMNANIL VL
auwwqummegmn"ﬂmmmp U0
m“ﬁaanavwanwwﬂustgé’jmaegu
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