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1. Map of three experimental sites

2. AMMI 1 biplot using IPCA1 and mean grain yield data
for ten upland rice genotypes with three environments

3. AMMI Il biplot using (IPCA1 and IPCA2) scores data

for grain yield with ten upland rice genotypes with three environments
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Abstract

The varieties were tested in different farmer fields for identifying varieties that are high or low
yield and stable or unstable in a given environment. The experiments were conducted in Songkhla, Satun
and Phatthalung Provinces of southern Thailand during August 2018 to January 2019. The experiment was
laid out with a Randomized Complete Block Design with three replications in each environment. Ten
upland rice varieties [white rice: Dawk Pa-yawm (control), Mai Tahk, Bow Leb Nahng, Khao' Trai, Nual
Hawm, Nahng Kian and Nahng Dum; red rice: Dawk Kha 50 (control), Dawk Kahm and Hawm Jet Ban]
were tested in three provinces. The result showed that Nahng Kian had the highest grain yield (6,234.11
ke/ha), followed by Dawk Kahm or Nahng Dum with 6,115.56 kg/ha and Hawm Jet Ban with 6,043.44
ke/ha. In the AMMI stability value (ASV) method, Nahng Kian is the most stable followed by Mai Tahk,
Hawm Jet Ban, Dawk Pa-yawm, Dawk Kha 50, Dawk Kahm, Khao/ Trai, Nahng Dum, Nual Hawm and Bow
Leb Nahng.

Key words: AMMI, stability, upland rice, yield trail
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Figure 1 Map of three experimental sites.

Table 1 Description of the experimental sites.

Environments

Parameters
Songkhla Satun Phatthalung
Latitude 7.13°N 6°39' 13" N 7°37°04'N
Longitude 100.26° E 100° 4' 59"E 100°04'40"E

Altitude (m) 63 6 14




Table 2 Soil property and weather condition before land preparation during the

growing season.

Samples Details Satun  Phatthalung Songkhla
Soil properties (0-30cm)
Total N (%) 0.08 0.09 0.08
Organic matter (%) 1.9 1.9 1.9
Organic carbon (%) 1.1 0.9 1.1
Total P (mg/ke) 207.42 121.92 165.92
Available P (Bray Il method) 10.84 2.95 6.38
Available K (NH,OAc extract, mg/kg) 26.75 28.10 33.73
Available Ca (NH,OAc extract, mg/kg) 99.74 65.90 90.63
Available Fe DTPA extract (mg/kg) 353.16 162.56 238.61
Cation Exchange Capacity (meg/100g soil) 4.09 4.05 3.13
pH (1:5 H,0) 5.09 4.89 4.87
Ec (uS/cm) 25.90 18.43 21.30
Weather properties
Max temp Co) % % %
Min-temp (o) 24 25 26
Rainfall (mm) 115 108 118
Humidity (%) 81 85 87

11
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Table 3 Details of ten upland rice genotypes in different provinces

in Thailand.

Genotype Collection site (Province)
Dawk Pa-yawm (white rice) Phatthalung
Mai Tahk (white rice) Songkhla
Bow Leb Nahng (white rice) Satun

Dawk Kha 50 (red rice) Krabi

Dawk Kahm (red rice) Chumphon
Khao' Trai (white rice) Krabi

Nual Hawm (white rice) Songkhla
Nahng Kian (white rice) Chumphon
Nahng Dum (white rice) Chumphon
Hawm Jet Ban (red rice) Krabi

2. mstuiindayadnwaenanyns
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3. MsiAszidayan1eada

1AT129ANRUTUTIUTDIFNWULNIINITINYATVOUABT LHUNITNABBILUUduaNysalnteluvden
asavdeuAMIduenn I Snszinasin wazilSoudisuaadslngds LD Tngldlusunsuensinesdu Rxed 3.3.1
Tunsiiesiendeya (3u5ums, 2549; Mendiburu and Simon, 2007)

[

AANTMEDTNNVDINANANAIUITN5VD9 Gauch (1992) Tneiilunanll

Yger = U+ ag+ Be + z6n Vgnaen + Pge T Eger

o

Yjer = wandinvosiugnssuvieniug g, anmuindey e uaz g r
o= ALaAsT N

Ay = @hl,ﬁ"mLuumaqﬁuqﬂsiua1ﬂﬁ1Laﬁaﬁy’wm

e = Andssuuvesanmundennnaadeun

n o = UIULAY

O, = ALONSIUNEAREITEY PCA 713U N LAY
Ygn = fnmesiamegseloinunninesveniugnssudmiu PCA $1uau n unu

0o = AnwasanzyselainunnnesvasdnnwIndoudmiyu PCA $7uu n wnuy

Pge = fmnms

Eger = AUAFINLARBDU

AMTAATIEAANADEIAIN AMMI (AMMI stability value: ASV) mu35n15989 Purchase et al. (2000) lnedl

dunseiedl
IPCA1 Sum of square [PCAL 2 1 (1PCAD
IPCA2 Sum of square ( score)]* + ( score)
e

IPCA1 Sum of square o o w can v w6 & o
mmueumma31uﬂwaqaawaaﬂgﬂsmauwmmﬂﬂixﬂawamn 1hay 2

IPCA2 Sum of square

IPCA1lscore = azwuuvaaufisenduiusesnusznounani 1
IPCA2score = aziuuvaaujisenduiiusesnusznounani 2
NANSNABDILAZTIRNTA!
N13IATIZHANATIN

N15IATILARATIN WUIT AFINGS TTUIUVUBABND FIUIUTIWOND AIIUYIITI dhutdn 1,000 wdn
Suuudndurons wendavesiuginls lifenuuensatunieadd onduaueniluss deiiuily anuniae
Tuse fefimsfiuiien smtnuisiomasiens wazsuumdaisesis Sauuansistunisainognaditodfey
wansugianauudsusuludnvaedangn Jamngiiazlflunmsnantusiugiiionsuiuusinandnvesinnls
mold (Table 4 wag 5)

Uz duiusseninsiugiuaniuiiugn nuin mnuge Srauviesions $1uausens ALY
auenluss anuninsluse dvinudavsnundens thwin 1,000 1180 NUUUEARADTIN ITUIULLAAAUAS
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738 wagnandn Lidanuunndeiunieadd wanednuaedenaildnevaueswnndreiululsiazaniuiiugn e
nun srditudly dednmsiiuies sevdhminwisisusdens Sanuwanansiuniatfegeddedfy waneii
anwadanavesiuginlsaeiinasiieiy Wevgnluaaunugniuaneieiu (Table 4 wag 5)

Table 4 Mean squares from analysis of variance for plant height (PH), tiller number (TN), panicle
number (PN), panicle length (PL), length of flag leaf (FLL), width of flag leaf (FLW) and leaf area index
(LAY for ten upland rice genotypes.

Mean squares

source df ey ™ PN PL FLL FLW LA
Location (L) 2 23411 39170 27864 7064 3249 8231  17.80
Replication/L 6 206 6.20 4.74 6.90 36 0.07 0.56
Genotype (G) 9  193.10" 411" 4.38" 5328" 7876 012" 0.78"
LxG 18 69.97" 4.04" 3.13" 15667  3469° 021" 0.44"
Pooled error 54 116.16 3.89 3.90 8.24 34.16 0.18 0.50
C.V. (%) 8.60 28.69 34.53 11.50 19.01 23.58 35.70

*and ** indicate statistical significance at 1% and 5% levels of probability, respectively. ns indicates “not

significant”.

Table 5 Mean squares from analysis of variance for harvest index (HI), total dry weight (TDW), total grain
weight (TGW), 1000 seed weight (1000 SW), filled grain (FG), unfilled grain (UFG) and grain yield (GY) for

ten upland rice genotypes.

Mean squares

source S TDW TGW 1000 FG UFG GY

SW
Location (L) 2 023* 18712 3408 7812 5611508 467175 287119472
Replication/L 6  0.02 78 54 14.6 44201 2489 3070006
Genotypes 9 006 618 124.96 123" 78884 3821"  1009507™
(@)
LxG 18 0.02 398 114.75 11.2" 17198" 3215"°  939889"
Pooled error 54 0.01 151 33.44 9.33 42904 4732 1377744
C.V. (%) 2726 3391 40.61 14.94 34.75 43.04 20.15

* and ** indicate statistical significance at 1% and 5% levels of probability, respectively. ns indicates

“not significant”.
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497.00-689.67 N¥U SIUIUUAAFRDTINYIT 504.44-689.67 LudR TIUIUNAAAUADTINYIN 117.44-188.67 W
LAENANANYI® 5,342.89-6,234.11 Alansu/ienmnsg mamamﬂuaﬂ%’wﬂﬁmam%mqmﬁﬁnliﬁﬂqﬂﬁ'a6] TU&sa1nsieeu
nsuns91 (2557) Winandn 1,625-2,187.5 Alan3usielansnd wananiiligand Wesminnsugnuazquadnuni
findn widenndesiuTIBuvesININT wazamy (2550) wutinlswudiiosduiiiunmadnideniusuand i
NANAM 6,300.00-7,662.50 Alansu/enans (Table 6 way 7)

wustnls 3 Susuusnilinandngagn loun (1) uadeu nandn 6,234.11 Alan3u/ienans (2) aenvuuay
WA wandn 6,115.56 Alansu/ienms uag (3) neuldadiu nandn 6,043.44 Alansu/ianmis dauiugaen
wrpondaduiusitontgninluluneld Winandn 5,546.56 Alan3u/ennis uslisianuunnsirsiumsadia
(Table 7)

Table 6 Mean comparison for plant height (PH), tiller number (TN), panicle number (PN),
panicle length (PL), length of flag leaf (FLL), width of flag leaf (FLW) and leaf area index
(LAI) for ten upland rice genotypes.

Genotype PH TN PN PL FLL FLW LA

(cm) (no./hil)  (nho/hil)  (cm) (cm) (cm)

Dawk Pa-yawm 124.23 6.89 551 25.63 28.84 1.84 1.66
Mai Tahk 121.61 6.56 5.11 24.82 29.41 1.87 2.66
Bow Leb Nahng 126.46 1.22 6.81 24.90 29.13 1.56 2.07
Dawk Kha 50 125.98 7.06 6.00 24.76 38.18 1.76 1.87
Dawk Kahm 131.46 7.00 6.26 25.92 33.31 1.81 1.85
Khao' Trai 123.64 544 4.53 24.11 30.67 1.99 1.70
Nual Hawm 126.57 6.67 5.78 23.84 28.64 1.68 2.23
Nahng Kian 126.47 6.67 5.23 25.13 29.92 1.78 1.97
Nahng Dum 122.52 7.89 4.56 24.34 30.64 1.82 2.07
Hawm Jet Ban 123.84 7.56 5.39 26.19 28.79 1.79 1.79
Means 125.28 6.87 572 24.97 30.75 1.79 1.99

LSD o5 - - - - 8.39 - -




Table 7 Mean comparison for harvest index (HI), total dry weight (TDW), total grain weight (TGW), 1000

seed weight (1000 SW), filled grain (FG), unfilled grain (UFG) and grain yield (GY) for ten upland rice

genotypes.
Genotype HI TDW TGW 1000 SW FG UFG GY
(g/hil) (g/hil) (g) (no./panicle) (no./ (kg/ha)
panicle)

Dawk Pa-yawm 0.42 37.86 19.22 18.56 504.44 173.56 5546.56
Mai Tahk 0.32 30.34 14.92 18.33 592.56 170.44 5342.89
Bow Leb Nahng 0.37 30.08 15.62 18.33 683.11 169.56 5893.44
Dawk Kha 50 0.31 28.26 14.40 22.00 497.00 166.67 5268.22
Dawk Kahm 0.42 41.74 17.81 20.44 689.67 117.44 6115.56
Khao' Trai 0.36 44.60 15.66 23.00 617.44 154.89 5831.22
Nual Hawm 0.52 28.49 15.82 17.89 502.44 143.22 5854.78
Nahng Kian 0.57 32.63 12.37 19.56 764.33 188.67 6234.11
Nahng Dum 0.43 32.26 13.27 19.56 596.33 171.67 6115.56
Hawm Jet Ban 0.38 38.62 14.65 21.44 513.67 142.22 6043.44
Means 0.41 36.27 14.24 20.44 596.10 159.83 5824.58

LSD os 0.24 23.50 10.56 - 265.45 - -

LSD o 0.31 31.29 14.07 - 353.51 - -

a ¢ v ¢y 1
nsAseilatesnnvasugd1als
nyiasernauludnyusnandnuandly Table 8 WU AUKYTUTILTBRINANINILIATONGIUN
(82.86%) \HaLiigufiuAnuulsusIuvesiug (1.44%) uazufisenduiussenitaiugivaninuindeuvseaniui
(2.44%) uansuannunsnsilinaaouiuguoidaningsval aga wasings Ianuunnm1eiueg1auin 1wy
Usunauleanesa wazssumdniiduussloniiuiiy (Table 2) nsiinsnsiatiesnmusinandnveaiugniuisnig
AInzininaLuuRaUINLar U duTusLuuRan (AMMD) wud ansnsawendiuvesuisenduiussening
v w g v o aas v o ¢ & o A a a a aaa IR v
Wusivanuilu 2 wnu loun unuuisenduiusesduseneunanit 1 (IPCAL) eSuiednsnavesujisendunusle
90.7 Wosidud wazwnuufiserduiusesdusznaundni 2 (IPCA2) a3urednsnavesujiseduiusla 9.3
Wosidud JaisaesunuainsneduisnuwlsusiusnvesUjizenduiusla 100% (Table 8)
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Table 8 AMMI analysis of grain yield in ten upland rice genotypes over three locations.

o Total Sum of Explained
Source of variation df Percent of IPCA
squares TSS (%)
Environment (E) 2 574238944 82.86
Replication within E 6 18420038 2.66
Genotype (G) 9 9085564 1.31
GxE 18 16917998 2.44
IPCA1 10 15338587 - 90.7
IPCA2 8 1579411 - 9.30
Pooled error 54 74398169 10.73
Total 87 693060713

nsUsgliuAnatiosnIn AMMI (ASV) annAraTInmasdediasashuuvesUisenduiusesrusenounani
ez 2 wudmiuduwadeu Sedesnmanndian sesawnlann themn weudatu aennzeeu aan 50 ABNYL
F19lns w1 wraview uazlURaUL (Table 9)

Table 9 AMMI analysis showing means with IPCA1 and IPCA2 scores of grain yield for ten

upland rice genotypes grown in 3 locations.

Genotype Grain Yield

Mean (kg/ha) IPCA1 IPCA2 ASV
Dawk Pa-yawm (G1) 5546.56 -28.93 2.65 27.25
Mai Tahk (G2) 5342.89 4.24 2.11 13.39
Bow Leb Nahng (G3) 5893.44 -6.93 -16.60 90.19
Dawk Kha 50 (G4) 5268.22 8.73 -12.68 30.00
Dawk Kahm (G5) 6115.56 12.18 -0.55 37.97
Khao' Trai (G6) 5831.22 -13.68 3.19 42.74
Nual Hawm (G7) 5854.78 -26.58 2.26 82.86
Nahng Kian (G8) 6234.11 1.49 11.51 12.40
Nahng Kam (G9) 6115.56 13.83 -9.55 44.15
Hawm Jet Ban (G10) 6043.44 6.85 6.20 22.24
Phatthalung 2403.53 10.08 -21.24 37.91
Satun 8425.60 27.43 15.56 86.89

Songkhla 6644.60 -37.51 5.68 117.03
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Figure 2 AMMI 1 biplot using IPCA1 and mean grain yield data

for ten upland rice genotypes with three environments.

satun

Phattalung

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
T T T T T T
0

-40 -30 -20 -10 10 20 30

PC 1(907)

Figure 3 AMMI Il biplot using IPCA1 and IPCA2 scores data
for grain yield with ten upland rice genotypes with three

environments.
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