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Abstract

The aimed of this study was to select and develop quinoa line which suitable for commercial
production in Thailand under Thailand’s environment.It will be new alternayive plant for agriculturist. This
plant can support and add up earning potential for them. The study had including 4 experiments. This report
was the 2.5 years progressive report. 24 quinoa lines were sown under Prabath-huai-tom Royal station (HT)
(500 meters above mean sea level), Pang-Da Royal station (PD) (720 meters above mean sea level), and
Doi-Pui Research station (DP) (1,400 meters above mean sea level). The quinoa lines were sown on
November 2017 and harvested on March 2018. The results found that quinoa growth and yield under HT
and PD were expressed in the same way.As the result at Doi-Pui Research station on 25 DAP, KU09 and
KU10 higher than other lines and KU24 and KU21 had leaf greeness more than other lines. On 45
DAP,KU13 and KU23 is higher than other lines and had leaf greeness more than other lines. On 65 DAP,
KU14 and KU24 had leaf greeness more than other lines. On 110 DAP, KU18 is higher than other lines and
more than 10 lines had higher leaf greenness. At Pang-Da Royal station on 25 DAP, KUO06 is higher than
other lines. On 45 DAP, KU24 had leaf greeness more than other lines. On 65 DAP, KU18 is higher than
other lines and KU24 had leaf greeness more than other lines. On 110 DAP, KU20 is higher than other lines.
And Prabath-huai-tom Royal station on 25 DAP, KU06 and KU16 are higher than other lines. On 45 DAP,
KU23 had leaf greeness more than other lines. On 65 DAP, KU21 had leaf greeness more than other lines.
On 110 DAP, KU18 is higher than other lines and KU16 had leaf greeness more than other lines. Analysis
of genetic relationship quinoa lines can analysed by using DNA marker (AFLP). Cluster analysis rearranged
the 24 quinoa lines into 3 main groups.The first group is KUO1, KUO06, and KUO3. The second group is
KU04, KU02, KU20, KU17, KU19, KU22, KU24, KU23, KU21 and KU15. The last group is KU10, KU09,

KU12, KUO05, KU13, KU14, KU18, KU16, KU08, KU11 and KUO7.
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M99 2: dAnparmInTyauTavesiiidiui 3 ety 25 undnlgn a aniiiseaoes

Line Plant height  Leaf greenness DW Leaf Area LAI LAR NAR CGR

(cm.) (spad unit) (g) (cm2) (cm2g-1) (mg cm-2day-1)  (mgcem-2 day-1)
KUO01 9.17a 31.37defg 0.9967ab 28.267cde 9.167cde 28.633cdef 0.0014d 8.00E-05ab
KU02 4.17cde 31.93cdefg 0.3700def 11.700de 4.167de 45.800abcdef  0.0014d 2.93E-05def
KU03 7.00abcde 31.93cdefg 0.6033bcdef  2.600e 7.000e 4.167f 0.0098ab 4.83E-05bcdef
KU04 7.33abcde 30.77efg 0.8000abcde 16.367de 7.333de 18.167ef 0.0046bcd 6.40E-05abcdef
KUO05 8.00abed 31.27defg 0.8933abcd 21.167cde 8.000cde 21.367def 0.0082abc 7.13E-05abed
KU06 8.67abc 29.20g 1.0133ab 5.400de 8.667de 6.067f 0.0103a 8.10E-05ab
KU07 3.67de 30.20fg 0.3967def 12.033de 3.667de 30.133bedef 0.0014d 3.17E-05def
KU08 7.67abed 32.73bcdef 0.8633abcde  54.333abc 7.667abc 63.267abcd 0.0006d 6.90E-05abcde
KU09 10.83a 32.50bcdefg 1.0167ab 27.100cde 10.833cde  20.800def 0.0027d 8.13E-05ab
KU10 10.50a 33.83abcde 1.1367a 79.433a 10.500a 66.267abc 0.0007d 9.07E-05a
KUI11 8.00abed 30.47efg 0.8400abcde 15.500de 8.000de 17.767ef 0.0024d 6.70E-05abcde
KU12 8.33abc 31.40defg 0.9267abc 29.500bcde  8.333bcde  31.767bcdef  0.0016d 7.43E-05abc
KU13 5.83bcde 32.60bcdefg 0.8067abcde 18.633cde 5.833bcde  22.700def 0.0018d 6.47E-05abcde
KU14 5.50bcde 34.43abcd 0.5100bcdef  9.800de 5.500cde 20.767def 0.0022d 4.07E-05bcdef
KU15 5.83bcde 35.37abc 0.6767abcdef  10.267de 5.833de 14.867ef 0.0027d 5.40E-05abcdef
KU16 6.33abcde 33.70abcde 0.8067abcde  64.733ab 6.333ab 72.533ab 0.0006d 6.43E-05abcde
KU17 3.67de 32.30bcdefg 0.3567ef 6.100de 3.667de 17.067ef 0.0031cd 2.87E-05ef
KU18 5.50bcde 32.07cdefg 0.4967bcdef ~ 40.767bcd 5.500bcd 75.833a 0.0016d 3.97E-05bcdef
KU19 4.17de 31.20defg 0.4300cdef 24.633cde 4.167cde 56.467abcd 0.0009d 3.43E-05cdef
KU20 5.33bcde 30.57efg 0.5367bcdef  8.633de 5.333de 15.900ef 0.0025d 4.27E-05bcdef
KU21 4.67bcde 36.30a 0.4167cdef 4.967de 4.667de 10.600f 0.0045bcd 3.37E-05cdef
KU22 3.00e 34.63abcd 0.2367f 5.900de 3.000de 23.467cdef 0.0019d 1.87E-05f
KU23 4.33cde 35.70ab 0.5867bcdef 12.067de 4.333de 18.933ef 0.0022d 4.70E-05bcdef
KU24 3.67de 36.80a 0.5200bcdef 11.167de 3.667de 21.567def 0.0034cd 4.13E-05bcdef
LSDO.OS * * * * * * * *
CV (%) 43.73 6.52 47.58 101.18 101.14 87.20 106.31 47.51

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

DW = plant dry weight; LA = leaf area; LAI = leaf area index: LAR = leaf area ratio; NAR = net assimilation rate; CGR = crop growth rate
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1.5 A% Ty (Leaf Area Index)
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1.8 MM Iaz @i nanUFINoNuN (Crop Growth Rate, mg cm day )
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2. masaAvlavesniiaNely 45 Tundalgn
M99 3: dAnparmInTyauTavesiiiiiui 3 ety 45 undnlgn a aniiiseaoeo
Line Plant height Leaf DW Leaf Area LAI LAR NAR CGR
(cm.) greenness (g) (cm2) (cm2g-1) (mg cm-2 (mgem-2 day-1)
(spad unit) day-1)

KU01 66.13 46.67abcde 7.1667 213.73 0.4274 28.900bcdef 0.0350de 0.0143
KU02 4477 46.57abcde 4.4000 67.00 0.1341 14.367¢ef 0.2127abed 0.0088
KU03 35.40 50.77ab 3.8333 13.87 0.0278 3.433f 0.3615a 0.0076
KU04 33.40 37.80fg 4.4667 63.57 0.1271 14.433ef 0.1333bcde 0.0088
KUO05 69.43 43.97cdef 8.3667 181.57 0.3631 19.967def 0.2408abc 0.0166
KU06 66.80 44.67bcde 8.5000 43.50 0.0871 5.333f 0.2772ab 0.0169
KUo07 38.07 42.90ef 4.8000 123.13 0.2463 26.000cdef 0.0404de 0.0096
KUO08 28.03 35.77¢g 4.4333 245.93 0.4919 53.100abed 0.0191e 0.0087
KU09 59.43 46.90abcde 5.9667 126.37 0.2527 18.733def 0.0865cde 0.0118
KU10 46.40 47.90abcde 5.6000 B2 0 0.6559 58.500abc 0.0191e 0.0111
KU11 55.07 49.87abc 6.4667 96.67 0.1933 15.400def 0.0692cde 0.0129
KU12 38.40 50.37ab 4.9667 146.37 0.2927 28.233bcdef 0.0477de 0.0098
KU13 49.70 51.40a 7.0333 151.40 0.3028 20.533cdef 0.0504de 0.0140
KU14 28.03 43.57def 3.2667 5528 0.1104 16.900def 0.0695¢cde 0.0065
KU15 53.07 47.80abcde 6.7667 91.53 0.1830 13.200ef 0.0764cde 0.0135
KU16 58.40 45.40abcde 7.9333 578.23 1.1565 64.533ab 0.0186e 0.0158
KU17 47.07 48.70abcde 5.3333 82.67 0.1653 15.133def 0.0941bcde 0.0106
KU18 47.43 50.07abe 5.2000 394.90 0.7898 67.767a 0.0497de 0.0104
KU19 39.717 50.60ab 5.0000 248.23 0.4965 45.167abcde 0.0270de 0.0099
KU20 45.43 47.90abcde 5.2333 71.90 0.1438 13.933ef 0.0723cde 0.0104
KU21 41.10 49.20abcd 4.3000 41.53 0.0831 8.833ef 0.1333bcde 0.0086
KU22 45.40 47.47abcde 4.4667 96.20 0.1925 18.900def 0.0592cde 0.0089
KU23 42.80 51.30a 7.8000 141.17 0.2823 17.233def 0.0637cde 0.0155
KU24 40.77 50.80ab 6.6333 104.33 0.2087 18.733def 0.0907bcde 0.0132
LSD, s ns * ns ns ns * * ns

CV (%) 37.23 8.09 38.95 115.87 115.88 92.04 117.65 39.16

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

DW = plant dry weight; LA = leaf area; LAI = leaf area index: LAR = leaf area ratio; NAR = net assimilation rate; CGR = crop growth rate
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2.1 ANGIAY (Plant height, cm)
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2.3 NHIDUTIIAY (Plant Dry Weight, g.)
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2.4 WuNY (Leaf Area, em’)
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2.5 N uNIY (Leaf Area Index)
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2.6 MM3N3z 18RIV U UNIINH (Leaf Area Ratio, cm’g’)
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2.7 mszansmnmsaane e (Net Assimilation Rate, mg cm day )
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2.8 MMIazauHIAUTIAOWHA (Crop Growth Rate, mg cm day )
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3. masyAvlavednifieny 65 Jundagn
M99 4: dnparmInTyayTavesiiiiiui 3 ety 65 Tundnlgn a aniiiseaoeo
Line Plant height Leaf DW Leaf Area LAI LAR NAR CGR
(cm.) greenness (g) (cm2) (cm2g-1) (mg cm-2 (mgem-2 day-1)
(spad unit) day-1)

KUO01 86.80gh 43.18i 9.767 276.1 0.5521 27.967cdef 0.0349d 0.0190
KU02 87.13fgh 45.50fghi 7.500 129.1 0.2581 15.067f 0.1399abced 0.0147
KU03 96.73cdefgh 44.60ghi 8.733 35.6 0.0712 4.067f 0.2457ab 0.0172
KU04 91.23efgh 47.87cdefghi 10.467 176.8 0.3537 17.800ef 0.1162bcd 0.0206
KU05 96.27cdefgh 41.671 10.833 237.5 0.4749 21.000ef 0.2045abc 0.0210
KU06 101.13bcdefgh  46.47efghi 12.400 65.0 0.1300 5.967f 0.2556a 0.0241
KU07 101.63bcdefgh  48.90bcdefgh 11.300 331.2 0.6623 29.533cdef 0.0345d 0.0221
KU08 103.47bcdefgh  47.47defghi 12.033 763.1 1.5263 62.467abcd 0.0159d 0.0238
KU09 87.90bcdefgh 48.00bcdefghi  ~ 7.533 174.9 0.3498 20.800ef 0.0650d 0.0146
KU10 97.97cdefgh 46.10efghi 10.433 710.3 1.4206 66.267abc 0.0166d 0.0204
KU11 100.97bcdefgh  50.07abedefgh  10.700 196.1 0.3922 17.767ef 0.0586d 0.0209
KU12 97.80cdefgh 48.467bcdefgh  10.800 339.5 0.6790 31.767bcdef 0.0392d 0.0212
KU13 105.37bcde 51.80abedef 16.067 378.2 0.7564 22.700def 0.0437d 0.0316
KU14 108.63abcd 56.30a 10.200 209.3 0.4187 20.767ef 0.0550d 0.0201
KU15 100.40bcdefgh  54.37abed 11.967 182.5 0.3649 14.867f 0.0664d 0.0234
KU16 115.73ab 50.267abcdefg  14.400 1001.5 2.0029 72.533ab 0.0157d 0.0281
KU17 103.77bedefg 49.30abcdefgh  10.100 171.1 0.3422 17.067ef 0.0771cd 0.0198
KU18 123.63a 48.70bcdefgi 11.733 1196.3 2.3926 75.833a 0.0388d 0.0230
KU19 109.97abc 49.77abedefgh  11.533 687.0 1.3739 56.467abcde 0.0220d 0.0226
KU20 97.10cdefgh 4857bcdefghi 9.733 153.6 0.3072 15.900ef 0.0623d 0.0190
KU21 105.23bede 54.98ab 9.267 100.8 0.2016 10.600f 0.1116bcd 0.0182
KU22 93.90cdefgh 54.60abc 7.200 181.4 0.3628 23.467def 0.0460d 0.0141
KU23 92.83defgh 52.97abede 15.000 273.3 0.5466 18.933ef 0.0550d 0.0294
KU24 81.23h 56.17a 11.733 239.3 0.4786 21.567def 0.0817cd 0.0229
LSD, s * * ns ns ns * * ns

CV (%) 10.32 8.67 32.04 119.98 119.98 87.20 104.96 32.34

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

DW = plant dry weight; LA = leaf area; LAI = leaf area index: LAR = leaf area ratio; NAR = net assimilation rate; CGR = crop growth rate
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3.1 ANGIAY (Plant height, cm)
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3.3 nTnuTanY (Plant Dry Weight, g.)
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3.4 Ny (Leaf Area, cmz)
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3.5 AN UNlY (Leaf Area Index)
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3.6 MNM3N3z 18RV U UNIINH (Leaf Area Ratio, cm’g’)
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3.7 misgansmumsdaunsizrinas (Net Assimilation Rate, mg cm day )
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3.8 MMIazauHHNUTIIAoWHNA (Crop Growth Rate, mg cm day )
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gn o aoidTenosfy

Line Plant Leaf DW Leaf Area LAI LAR NAR CGR

height greenness (g.) (cm2) (cm2g-1) (mg cm-2 (mgem-2 day-1)

(cm.) (spad unit) day-1)

KU01 105.70fgh 19.57bc 31.250defgh 3314 0.6628 10.700 0.0927de 0.0617defgh
KU02 114.63ef 16.90c 58.500abcdef 173.0 0.3459 2.867 0.5534abc 0.1164abcdef
KU03 140.67b 37.87a 31.190defgh 51.9 0.1038 1.900 0.5790ab 0.0617defgh
KU04 108.67fgh 32.43a 30.677efgh 212.4 0.4247 7.633 0.2396abcde 0.0605efgh
KU05 99.37h 30.07ab 39.920bcdefgh 246.1 0.4921 5.433 0.5942a 0.0790bcdefgh
KU06 115.60ef 29.17ab 31.320defgh 74.4 0.1488 2.567 0.5413abc 0.0616defgh
KU07 106.50fgh 36.67a 64.937abced 348.6 0.6973 7.033 0.1855cde 0.1290abcd
KU08 113.37egf 34.13a 24.353gh 835.4 1.6709 36.767 0.0279¢ 0.0477gh
KU09 114.50ef 19.63bc 30.123efgh 226.5 0.4529 6.700 0.1809cde 0.0596efgh
KU10 114.10ef 17.00c 28.053efgh 815.1 1.6302 30.067 0.0408e 0.0553efgh
KU11 125.27cde 38.00a 40.310bcdefgh 240.0 0.4800 6.067 0.1903bcde 0.0798bcdefgh
KUI12 100.63gh 32.60a 30.583efgh 362.3 0.7245 14.167 0.1115de 0.0603efgh
KU13 112.50efgh  30.60ab 56.390abcdefg 399.1 0.7982 7.033 0.1666cde 0.1115abcdefg
KU14 122.93cde 32.40a 18.013h 239.7 0.4794 15.733 0.0891de 0.0352h
KU15 131.60bc 32.27a 85.707a 242.4 0.4849 3.067 0.4410abcd 0.1705a
KU16 114.10ef 37.00a 36.170cdefgh 968.1 1.9362 26.133 0.0403e 0.0712cdefgh
KU17 114.13ef 19.70bc 24.863fgh 194.5 0.3889 9.600 0.2005bcde 0.0489fgh
KU18 155.50a 17.07¢ 73.313ab 1363.3 2.7266 27.167 0.2707abcde 0.1457ab
KU19 115.70ef 38.22a 34.050cdefgh 690.5 1.3811 19.667 0.0583de 0.0672cdefgh
KU20 115.47ef 32.72a 67.583abc 183.9 0.3679 3.133 0.3578abcde 0.1344abc
KU21 130.20bc 30.32ab 42.093bcdefgh 121.7 0.2434 3.200 0.3773abcde 0.0834bcdefgh
KU22 129.40bcd 32.49a 60.787abcde 247.3 0.4945 4.367 0.2331abcde 0.1210abcde
KU23 116.97def 32.34a 56.880abcdefg 333.0 0.6660 5.933 0.2018abcde 0.1126abcdefg
KU24 85.80i 37.07a 51.197bcdefgh 254.0 0.5080 4.867 0.2899abcde 0.1015bcdefgh
LSDy s * * * ns ns ns * *
CV (%) 6.89 24.08 47.52 117.52 117.52 98.47 94.65 47.88

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

DW = plant dry weight; LA = leaf area; LAI = leaf area index: LAR = leaf area ratio; NAR = net assimilation rate; CGR = crop growth rate
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4.1 ANGIAY (Plant height, cm)
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4.3 ninuTiany (Plant Dry Weight, g.)
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4.5 0% Ty (Leaf Area Index)
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1 d‘ A v
IUN 3 o aeHIeAve)y

Line HI Yield (g./plant) Yield/area (g./rai)
KU01 63.598 20.045defg 478.3
KU02 77.921 48.832abcde 1091.7
KU03 52.382 18.716 defg 1150.0
KU04 54.831 18.486 defg 583.3
KU05 71.402 28.943bcdefg 1001.0
KU06 54.533 17.486efg 961.7
KU07 76.707 53.376abc 790.0
KU08 40.593 11.310fg 6743
KU09 65.666 20.335 defg 1266.3
KU10 55.921 15.955fg 1154.0
KUI11 66.217 27.084bcdefg 886.7
KU12 57.362 19.389 defg 661.7
KU13 69.046 39.397abcedef 956.7
KU14 27.747 6.467g 475.0
KU15 80.271 69.842a 1005.0
KU16 61.812 22.374cdefg 1165.0
KU17 47.668 13.711fg 9233
KU18 76.970 58.838ab 1096.7
KU19 63.378 22.035cdefg 1286.7
KU20 79.829 56.037ab 410.0
KU21 67.018 30.664bcdefg 1068.3
KU22 78.844 50.878abed 1258.0
KU23 69.162 38.607abcdefg 1449.0
KU24 74.517 38.860abcdefg 750.0
LSD, s ns * Ns
CV (%) 23.36 63.62 58.30

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level; HI = harvest index
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5.1 A¥HMSINLINET (Harvesting Index)
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Ugn a aotinyasrialeeag

Line Plant Leaf DW Leaf Area LAI LAR NAR CGR
height greenness (g.) (cm2) (cm2g-1) (mg cm-2 (mgem-2 day-1)
(cm.) (spad unit) day-1)

KU01 8.50abcd 35.23 1.1025 0.9934 1.99E-03 0.9381cdef 0.0432d 8.81E-05
KU02 6.98def 35.73 0.9962 0.9564 1.91E-03 1.0145abcdef  0.0404ab 7.96E-05
KU03 7.90bcdef 34.96 1.1285 0.9276 1.86E-03 0.8044f 0.0515bcd 9.02E-05
KU04 8.26abcd 36.25 1.2606 0.7232 1.44E-03 0.5738ef 0.0697abc 1.00E-04
KUO05 7.83bcdef 35.55 1.0947 0.8626 1.73E-03 0.7761def 0.0525d 8.75E-05
KU06 9.68a 33.33 1.3719 0.8404 1.68E-03 0.6330f 0.0969a 1.09E-04
KU07 9.13abc 35.03 1.2813 0.7543 1.50E-03 0.5849bcdef 0.0860d 1.02E-04
KU08 8.73abc 37.48 1.2282 0.9049 1.81E-03 0.7236abcd 0.0605d 9.82E-05
KU09 9.13abc 35.90 1.2456 0.7965 1.59E-03 0.6219def 0.0735d 9.96E-05
KU10 8.30abcd 36.88 1.0959 0.9026 1.81E-03 0.8055abc 0.0500d 8.76E-05
KU11 8.80abc 35.85 1.2241 0.8850 1.77E-03 0.7075ef 0.0619d 9.79E-05
KUI12 9.33ab 35.83 1.2090 0.9744 1.95E-03 0.7920bcdef 0.0516d 9.67E-05
KU13 8.90abc 33.90 1.1660 0.9344 1.87E-03 0.7891def 0.0513d 9.33E-05
KU14 8.96abc 35.96 1.3131 1.1724 2.34E-03 0.8938def 0.0463d 1.05E-04
KU15 8.20abcde 37.80 1.2783 1.2947 2.59E-03 1.0107ef 0.0419d 1.02E-04
KU16 7.73bcdef 37.83 1.0755 0.9529 1.91E-03 0.9235ab 0.0445d 8.60E-05
KU17 8.40abcd 37.28 1.3000 1.0610 2.12E-03 0.8175¢ef 0.0491cd 1.04E-04
KU18 8.00bcdef 36.08 1.2298 1.1250 2.25E-03 0.9181a 0.0444d 9.83E-05
KU19 6.60ef 37.60 1.0353 1.1166 2.23E-03 1.1854abcde 0.0381d 8.28E-05
KU20 7.53cdef 36.28 1.1698 1.4430 2.89E-03 1.2453ef 0.0349d 9.35E-05
KU21 7.60cdef 39.48 1.1594 1.3914 2.78E-03 1.2566f 0.0387bed 9.27E-05
KU22 6.43f 38.80 1.0553 1.0718 2.14E-03 1.0785cdef 0.0404d 8.44E-05
KU23 6.93def 37.50 1.0211 1.9409 3.88E-03 2.0584ef 0.0309d 8.17E-05
KU24 8.70abc 37.50 1.3168 0.6773 1.35E-03 0.5144def 0.0778cd 1.05E-04
LSD, s * ns ns ns ns * * ns

CV (%) 13.87 7.90 13.85 45.17 45.17 53.51 47.44 13.85

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

DW = plant dry weight; LA = leaf area; LAI = leaf area index: LAR = leaf area ratio; NAR = net assimilation rate; CGR = crop growth rate
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1.1 ANGIAY (Plant height, cm)
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1.5 rHnunly (Leaf Area Index)

¥ ¥
@ { { = { o

A A~ S o o o [ ~ J [ A A = A
%uwuﬂmamm 24 AIYWUT UAAIPIATTNN 7 1NATTWNUIN ﬂ%uwumclumuwmmq 25

[ A < 1 g o v &

T lutianuuenannuedialitsdingnieana Aszauanurely 95% NQUITOWUENTTUAING 24

q

Y
% Y

aoviug tewiinuilumae 2.06E-03



39

1.6 MM3N320186I¥0 91U UNIIWH (Leaf Area Ratio, cm’g’)
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M13139 8: anvazMss Ay TaveRtigIgui 3 Noig 45 Turaalgn a aatiinyasraiaieag
Line Plant Leaf DW Leaf Area LAI LAR NAR CGR
height greenness (g.) (cm2) (cm2g-1) (mg cm-2 (mgem-2 day
(cm.) (spad unit) day-1) 1)

KUO1 81.16 48.96bc 7.1667 213.73bed 0.4274bcd 28.900bcdef 0.0350de 0.0143
KU02 77.86 45.96bcd 4.4000 67.00cd 0.1341cd 14.367ef 0.2127abed  0.0088
KU03 82.75 50.76b 3.8333 13.87d 0.0278d 3.433f 0.3615a 0.0076
KU04 81.50 38.38¢ 4.4667 63.57cd 0.1271cd 14.433ef 0.1333bcde  0.0088
KUO05 80.35 45.74bed 8.3667 181.57bed 0.3631 bed 19.967def 0.2408abc 0.0166
KU06 81.86 46.41bcd 8.5000 43.50cd 0.0871cd 5.333f 0.2772ab 0.0169
KU07 87.60 43.23de 4.8000 123.13bed 0.2463 bed  26.000cdef 0.0404de 0.0096
KU08 80.50 39.34¢ 4.4333 245.93bcd 0.4919 bed  53.100abcd 0.0191e 0.0087
KU09 80.28 46.75bcd 5.9667 126.37bed 0.2527 bed 18.733def 0.0865cde 0.0118
KU10 82.75 47.80bc 5.6000 327.97abe 0.6559abc 58.500abc 0.0191e 0.0111
KU11 81.45 49.29bc 6.4667 96.67cd 0.1933cd 15.400def 0.0692cde 0.0129
KU12 86.03 50.26bc 4.9667 146.37bed 0.2927 bed  28.233bcdef 0.0477de 0.0098
KU13 86.00 51.08b 7.0333 151.40bcd 0.3028 bed  20.533cdef 0.0504de 0.0140
KU14 83.83 45.16cd 3.2667 55.23cd 0.1104¢d 16.900def 0.0695cde 0.0065
KU15 81.20 48.83bc 6.7667 91.53cd 0.1830cd 13.200ef 0.0764cde 0.0135
KU16 80.28 45.98bed 7.9333 578.23a 1.1565a 64.533ab 0.0186¢ 0.0158
KU17 78.95 50.28bc 5.3333 82.67cd 0.1653cd 15.133def 0.0941bcde  0.0106
KU18 82.53 50.24bc 5.2000 394.90ab 0.7898ab 67.767a 0.0497de 0.0104
KU19 74.00 48.65bc 5.0000 248.23bcd 0.4965bcd  45.167abcde 0.0270de 0.0099
KU20 77.68 48.30bcd 5.2333 71.90cd 0.1438cd 13.933ef 0.0723cde 0.0104
KU21 77.70 50.03bc 4.3000 41.53cd 0.0831cd 8.833ef 0.1333bcde  0.0086
KU22 78.43 40.04bcd 4.4667 96.20cd 0.1925¢cd 18.900def 0.0592cde 0.0089
KU23 80.28 49.93bc 7.8000 141.17bed 0.2823 bed 17.233def 0.0637cde 0.0155
KU24 80.00 58.60a 6.6333 104.33bcd 0.2087 bed 18.733def 0.0907bcde  0.0132
LSD, s ns * ns * * * * ns

CV (%) 8.57 8.00 38.95 115.87 115.88 92.04 117.65 39.16

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

DW = plant dry weight; LA = leaf area; LAI = leaf area index: LAR = leaf area ratio; NAR = net assimilation rate; CGR = crop growth rate
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2.1 ANGIAY (Plant height, cm)
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2.2 Manudenly (Leaf greenness, spad unit)
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2.3 NHIDUTIIAY (Plant Dry Weight, g.)
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2.4 WuNY (Leaf Area, cm’)
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2.6 MM3N3z 180U U UNIINH (Leaf Area Ratio, cm’g’)
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3. masaAvlavedniianely 65 Tunaalgn
M9 9: AnparMInTyay TavedRiigui 3 Heng 65 Tundalgn a anilinbasvaniiuag
Line Plant Leaf DW Leaf LAI LAR NAR CGR
height greenness (g.) Area (cm2g-1)  (mg cm-2 (mgem-2 day-1
(cm.) (spad unit) (cm2) day-1)

KUO01 93.05bcdef ~ 43.15gh 11.880 316.1def  0.6322def 27.96e 0.0354cdefg 0.0229
KU02 91.92cdef 44.20fgh 12.220 341.7def  0.6835def 29.76e 0.0346¢defg 0.0236
KU03 95.90bcde 47.60bcdefgh 13.327 332.1def  0.6642def 25.66e 0.0407cdef 0.0257
KU04 87.05ef 49.49abcdefg 12.608 415.4de 0.8307de 32.95de 0.0292defg 0.0242
KU05 90.17def 40.66h 11.870 298.4ef 0.5968ef 27.39% 0.0394cdefg 0.0228
KU06 94.92bcde 45.36efgh 12.999 274.6ef 0.5491ef 22.52¢ 0.0600bc 0.0250
KU07 91.20def 49.25abcdefg 12.191 659.3b 1.3185b 57.21bcd  0.0214efg 0.0234
KU08 98.00bcd 47.19defgh 13.361 1313.9a 2.6279a 106.25a 0.0105¢g 0.0258
KU09 92.37cdef 48.83bcdefg 12.466 698.1b 1.3962b 62.62bc 0.0184fg 0.0240
KU10 92.20cdef 47.73cdefgh 11.624 661.1b 1.3222b 70.86b 0.0173fg 0.0224
KU11 93.63bcdef  47.66bcdefg 12.381 319.9def  0.6398def 28.45¢ 0.0403 cdef 0.0238
KU12 94.00bcdef  50.21abedef 12.038 294.8ef 0.5895ef 27.58e 0.0388cdefg 0.0231
KU13 94.97bcde 52.30abede 11.891 259.5ef 0.5190ef 24.45¢ 0.0443bcdef 0.0229
KU14 100.08bed 54.15abc 14.023 340.8def  0.6816def 24.40e 0.0410cdef 0.0271
KU15 102.30abc 54.49ab 15.300 297.0ef 0.5940ef 19.38e 0.0531bed 0.0296
KU16 102.07abc 48.36bcdefg 13.225 383.4de 0.7667de 29.48e 0.0333cdefg 0.0256
KU17 95.22bcde 48.25bcdefg 14.101 275.8ef 0.5516ef 19.5%¢ 0.0494bcde 0.0272
KU18 111.08a 48.35bcdefg 16.265 482.6¢cd 0.9653cd 29.8%¢ 0.0328cdefg 0.0315
KU19 94.70bcde 49.89abcedefg 14.294 388.1de 0.7761de 27.51e 0.0355cdefg 0.0276
KU20 96.72bcde 48.91bcdefg 14.331 198.8f 0.3976f 14.18e 0.0729ab 0.0277
KU21 103.50ab 53.61abed 15.089 271.1ef 0.5423ef 17.94e 0.0607abc 0.0292
KU22 94.95bcde 50.55abedef 15.636 601.9bc 1.2038bc 39.20cde  0.0249defg 0.0302
KU23 90.88def 48.71bcdefg 12.698 204.5f 0.4090f 15.62¢ 0.0894a 0.0244
KU24 83.90f 56.15a 12.164 425.5de 0.8510de 34.98de 0.0274defg 0.0234
LSD, s * * ns * * * * ns

CV (%) 7.98 10.06 17.20 28.71 28.71 52.89 52.25 17.31

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

DW = plant dry weight; LA = leaf area; LAI = leaf area index: LAR = leaf area ratio; NAR = net assimilation rate; CGR = crop growth rate
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3.1 ANGIAY (Plant height, cm)
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3.2 manudenly (Leaf greenness, spad unit)
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3.3 nTnuTanY (Plant Dry Weight, g.)
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3.4 Wy (Leaf Area, cmz)
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3.6 MM3N3z018A VBNV UNIINH (Leaf Area Ratio, cm’g’)

1 (% ] o v J [ { 1 1
ﬂ1ﬂﬁﬂi$meﬂ’JﬂJ@ﬂiﬂuﬂiﬂW}ﬂl@ﬁﬁu’J 24 MYNUG UEAIAINITINN 9 DINAT NNV AN

v [ [

nsznedveslulunsauluiyery 65 u Tanuuanannueslsdiyneddd Aszauanu

§y ¢ v 1 o ' = ' o
1Fe3U 95% Tagaenug KU0S Taslin1n1snszaeaiuedlunsany 106.25 cm’g’ $91f1013505291802
1 ' o A ' j} o & dy ' g @ A v v A
voalulunsaugannaenugous lunguireWugnssy NIUNGUFORUFNTIVANING 24 MEWUF U

AININTE0aed TuTuNTINNnaY 33.993 cm’g’
a A [ d - -
3.7 muszansmumsaunszrinad (Net Assimilation Rate, mg cm “day )

J a A @ 4 o v J [ { 1 J
MUsANTMNMTTUATIEHUFIVOIAN 24 TYNUD HEAIAIAITINN 9 DINATTWNUIT A1

a Aa [ 4 o 1 [ 1 v o w aa { v
ﬂi%ﬁﬂ‘ﬁﬂWWﬂﬁﬁ\‘lLﬂ‘ﬂZ’H!,LﬁxiellfNWd“leﬂq 65 U ﬁﬂ'ﬂllll@]ﬂ@nﬂﬂuﬁ)ﬂ%i UIFIAYNWNADA ﬁi&’ﬂll
A 4 v A ACAS A4 @ 4 2 4& =W
AIUBDNU 95% I@ﬂ’s’fﬁ]‘wuﬁ KU23 IﬂEJ?JﬂT]Ji%fT‘VI‘ﬁﬂTWﬂ15ﬁ'\1lﬂi'l$°ﬂuﬁ\1 0.0894 mg cm “day ¥UAN
a a [ 4 [ (% o . U -
1J§$ﬁ‘l/l‘ﬁﬂﬁ/‘lﬂ']'i?f\‘llﬂi'lgﬁLLﬁQUbJ@Nﬂ‘UﬁWEJWH‘lj KU20 ttag KU21 ‘%QﬁﬂW 0.0729 ae 0.0607 mg cm

- o w 1 1 a a o 4 1 o A 1 ¥ -y 1
day’ ewday uatanlszaninmmsdunngdrasgannaieiugoug Tunguirewugnisy nqu

9
L%’@W‘Ll‘ﬁﬂi'ill HUIN 24 ﬁ”IEJ‘INu‘ﬁ NﬂTiJi ANTMNMITUATE mmmaﬂ 0.0396 mg cm day

Q

3.8 MMIazaTHIAUTaANWHN (Crop Growth Rate, mg cm day )
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M15197 10: aNYAULMINI QAL TAYeIATITIFUN 2 ey 110 Tunaalgn & aotinyasnaleieey
Line Plant Leaf DW Leaf LAI LAR NAR CGR
height greenness (g) Area (cm2g-1) (mg cm-2 (mgem-2 day-1
(cm.) (spad unit) (cm2) day-1)

KUO1 131.68bc 23.95defg 36.811 4439cd  0.8878cd  12.6l4cdef  0.0805defg 0.0727
KU02 130.25bc 23.01efg 53.476 487.4cd  0.9748cd  9.838ef 0.1113bcdefg  0.1060
KU03 129.05bed  37.02abc 38.860 4475cd  0.8949cd  11.927def  0.0907cdefg  0.0767
KU04 103.90f 31.69abcdef  36.333 495.1cd  0.9903cd  13.677cdef  0.0724dcfg 0.0717
KUO05 124.55cde 30.36abcdefg  35.487 4140cd  0.828lcd  11.881def  0.0848dcfg 0.0700
KU06 126.30bed  34.74abed 42.072 362.5cd  0.725lcd  9.668¢f 0.1518bcde 0.0831
KU07 118.55¢ 21.89fg 39.565 844.9b 1.6898b  2434lbcd  0.0556fg 0.0782
KU08 127.03bed  36.03abc 40.304 1706.52  3.4131a  50.643a 0.0254g 0.0795
KU09 121.90de 32.31abedef  39.452 945.2b 1.8903b  25.218bc 0.0453fg 0.0779
KU10 129.05bcd ~ 28.95abcdefg  38.288 928.0b 1.8560b  28.917b 0.0421f¢ 0.0756
KU11 126.55bcd  39.68a 43.941 433.0cd  0.8660cd  10.325cf 0.1071bcdefg  0.0869
KUI2 131.03bc 29.57abedefg  41.122 410.4cd  0.8207cd  10.853ef 0.0990bcdefg  0.0813
KUI3 128.90bed  20.05g 37.474 3523cd  0.7046cd  10.769¢f 0.1053bcdefg  0.0740
KU14 127.40bed  27.91bedefg  55.704 4419cd  0.8839cd  8.141f 0.1233bcdef  0.1103
KUI5 129.45bc 31.96abedef  58.788 373.7cd  0.7475cd  6.525f 0.1633abcd 0.1164
KU16 124.63cde  39.26a 43.162 472.8cd  0.9457cd  11.565¢f 0.0889cdefg  0.0853
KU17 127.43bed  27.33cdefg 46.528 368.8cd  0.7376cd  8.461ef 0.1246bcdef  0.0919
KUI18 128.07bcd  31.02abcdefg  55.871 560.1c 1.1201c ~ 10.848ef 0.0978bcdefg  0.1104
KU19 127.05bed  39.14ab 42.937 522.6cd  1.0452cd  12.860cdef  0.0817defe 0.0847
KU20 144.63a 33.55abede 53.097 294.1d 0.5882d  5.775f 0.1825ab 0.1050
KU21 127.40bed  26.89cdefg 53.362 336.8cd  0.6737cd  6.641f 0.1801abc 0.1055
KU22 125.70bcde  34.17abede 48.137 799.5b 1.5989cd  20.908bcde 0.0573fg 0.0950
KU23 132.40b 32.27abedef  45.016 292.1d 0.5842d  6.812f 0.2457a 0.0890
KU24 100.00f 37.80abe 36.199 507.2cd  1.0144cd 14.011cdef  0.0704efg 0.0714
LSD, s * * ns % * * * ns

CV (%)  4.10 25.70 26.57 29.75 29.75 62.58 62.51 26.81

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

DW = plant dry weight; LA = leaf area; LAI = leaf area index: LAR = leaf area ratio; NAR = net assimilation rate; CGR = crop growth rat€
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4.1 ANGIAY (Plant height, cm)
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4.2 Mmanudenly (Leaf greenness, spad unit)
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4.3 nTnuTiany (Plant Dry Weight, g.)
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4.4 WuNU (Leaf Area, cm’)
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4.5 GriNuNlY (Leaf Area Index)
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4.6 MM303z01802U831 U1 UNIINH (Leaf Area Ratio, cm’g’)
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[
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v A d' a a \J d'
5. a¥HNUNE HaNan HaNanndnHn

v
LV

d' v A g d' é a = 1 d' A v
M3199 11 : Avinuneazesnilseneunandnvesn PITUN 3 aoiIveiheng

Line HI Yield (g./plant) Yield/area (kg./rai)
KU01 54.474 19.631 510.0defg
KU02 66.651 35.588 785.0abed
KU03 52.848 20.460 531.3cdefg
KU04 56.424 20.545 440.0fgh
KU05 48.357 18.223 360.0gh
KU06 55.764 23.753 607.5cdefg
KU07 56.514 22.654 530.0cdefg
KU08 51.418 22.213 507.5defg
KU09 57.002 22.559 485.0efgh
KU10 55.420 21.284 465.0efgh
KU11 59.102 26.079 615.0cdefg
KU12 57.230 23.488 566.2cdefg
KU13 53.462 20.240 483.8efgh
KU14 63.483 36.915 1036.2a
KU15 64.867 38.622 817.5abc
KU16 58.785 25.937 643.8cdefg
KU17 54.687 26.823 691.3bcdef
KU18 61.353 36.223 951.2ab
KU19 50.886 22.830 535.0cdefg
KU20 56.263 30.526 595.0cdefg
KU21 62.179 33.974 756.2abcde
KU22 44.959 26.366 386.3gh
KU23 55.889 25.465 473.3efgh
KU24 58.157 21.053 200.0h
LSD, s ns ns *582.17
CV (%) 17.81 40.90 35.82

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level, HI = Harvest index
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5.1 A¥HMSINLINET (Harvesting Index)
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gUINanNINIINIHANINIZUINFILAN

1. mavsyAvInvesntianey 25 Jundslgn
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Line Plant height Leaf DW Leaf Area LAI LAR NAR CGR

(cm.) greenness (g) (cm2) (cm2g-1) (mg cm-2 (mgcm-2 day-1)

(spad unit) day-1)

KU01 12.80cdefg 35.43 1.0750 49.79cdef 0.0996cdef 46.329bcd 8.75E-04cdef 8.63E-05efgh
KU02 14.28abcde 34.00 1.1176 48.55defg 0.0971defg 43.969bcde 1.14E-03bcdef 8.95E-05defgh
KU03 15.18abc 34.05 1.2869 34.00efghi 0.0680efghi 23.649¢fg 2.50E-03 bedef  1.03E-04abcdef
KU04 12.43defg 35.08 1.3277 27.99fghi 0.0560fghi 21.451fg 2.19E-03 bedef  1.06E-O4abede
KUO05 12.60defg 36.13 1.2109 37.16efghi 0.0743efghi 30.256cdefg 1.51E-03 bedef  9.70E-05bcdefg
KU06 16.08a 32.38 1.4473 67.27bcd 0.1345bcd 47.590bcd 1.09E-03 bedef  1.16E-04ab
KU07 15.73ab 35.33 1.3727 75.07bc 0.1501bc 53.840b 8.05E-04def 1.10E-04abced
KU08 13.40bcdefg 36.88 1.3895 109.62a 0.2192a 79.674a 5.37E-04ef 1.11E-04abcd
KU09 14.70abed 34.63 1.2041 91.31ab 0.1826ab 76.223a 5.30E-04f 9.63E-05bcdefgh
KU10 14.03abcdef 35.40 1.1546 57.86¢cde 0.1157cde 52.575b 9.83E-04cdef 9.25E-05cdefgh
KU11 14.78abed 35.50 1.1737 31.29fghi 0.0626fghi 27.040defg 2.07E-03 bedef  9.38E-05bcdefgh
KU12 14.58abcd 33.95 1.3570 32.61efghi 0.0652efghi 24.777efg 1.79E-03 bedef  1.08E-04abcde
KU13 14.30abcde 32.10 1.2531 43.11defgh  0.0862defgh 35.634bcdef 1.24E-03 bedef  1.00E-O4abcedefg
KU14 14.50abcd 34.28 1.5283 37.45efghi 0.0749¢fghi 24.638efg 1.70E-03 bedef  1.22E-04a
KU15 13.10cdefg 36.05 1.2762 15.94i 0.0319i 12.545g 3.20E-03bcd 1.02E-04abcdef
KU16 15.93a 36.98 1.4350 26.46fghi 0.0529fghi 18.301fg 2.40E-03 bedef  1.14E-04abc
KU17 13.30bcdefg 35.85 1.3598 23.28ghi 0.0466ghi 17.577fg 2.71E-03 bedef  1.08E-0O4abcede
KU18 13.30bcdefg 34.58 1.1347 13.76i 0.0275i 11.647g 8.50E-03a 9.07E-05defgh
KU19 12.58defg 37.48 1.3679 24.00fghi 0.0480fghi 17.470fg 2.36E-03 bedef  1.09E-04abcde
KU20 13.68abcdef 34.68 1.1461 18.16hi 0.0363hi 15.317fg 3.44E-03bc 9.18E-05cdefgh
KU21 11.88efg 37.38 1.1106 14.38i 0.0288i 13.278¢g 3.09E-03bcde 8.90E-05defgh
KU22 11.58fg 37.63 0.9748 31.46fghi 0.0629fghi 31.423cdefg 1.40E-03 bedef  7.80E-05gh
KU23 10.93g 37.50 1.0016 12.07i 0.0241i 13.357g 3.65E-03b 8.00E-05fgh
KU24 8.00h 33.90 0.9148 45.11defg 0.0902defg 49.812bc 8.31E-04def 7.30E-05h
LSD, s * ns ns * * * * *
CV (%) 13.26 7.49 16.86 45.46 45.46 45.41 86.26 16.83

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

DW = plant dry weight; LA = leaf area; LAI = leaf area index: LAR = leaf area ratio; NAR = net assimilation rate; CGR = crop growth rate
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1.1 ANGIAY (Plant height, cm)
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1.4 WUN)Y (Leaf Area, cm’)
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1.6 MM3N320186IY0 9 UTUNIIWH (Leaf Area Ratio, cm’g’)
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1.7 MusEanEmMumIFunsIzyinas (Net Assimilation Rate, mg cm “day )

1 a A [ J o v o { 1 J
MUsansTmMUmMsaunTIZHILEIUDIANI 24 FIWNUD UEANAIAIT NN 12 INATT VWL A1
a Aa [ 4 o 1 [ 1 v o w aa { v
ﬂigﬁ'ﬂ‘ﬁﬂ1Wﬂﬁﬁ\‘lLﬂ‘i1$°ﬁ!Lﬁ\?ﬂlﬂ\i‘ﬁ‘lﬂ@1q 25 U ﬁmmummmuaﬂn UIFIAYNWNADA ﬁi&’ﬂll
A o v = a ‘A [ 4 ) 4&
AIUBDNU 95% Tﬂﬂfﬁﬁl‘wuﬁ KU18 3Jﬂ1ﬂigﬁﬂ‘ﬁﬂWWﬂ15ﬁ\uﬂ§1$Wuﬁ\‘l’Lj\iiﬁfﬂ 8.50E-03 mg cm day 4
A a A @ 4 1 o A U &l o ' dy o a v e
Mﬂ']ﬂ'i%ﬁ'“l’l‘ﬁﬂ']‘l/‘lﬂﬁﬁﬁlﬂﬁg‘ViLLﬁQGINﬂ‘Uﬁ'TfJ’f)u“]GluﬂijiJHf’ﬂWl!ﬁﬂﬁﬁJ NRUFDNUFTNITUAUING 24

v J v a a [ 4 = o -
denug Nanlsza@nsamms duasziudaunae 0.0532 mg cm day”
' ° o v o1 A A 2 -1
1.8 MMITATANHIKUNUTIIAONUN (Crop Growth Rate, mg cm "day )

' o o 1 ¥ ~ A o o [ A J U
ﬂ’lﬂ’liﬁ$ﬁﬂﬂ’lﬁﬂﬂuﬁ}\1ﬂ@ﬁuﬂm@\iﬂuﬂ 24 AYNUT LAAIPNIAITNN 12 INAITNADIT AN

ff‘“ﬁuumummm@wummwwmﬂ 25 Su Hanuuandeiuediitedivymeddanszauni
Foru 95% Tavenewus Ku14 Semsazahminudadonuil 1.226-04 mg cm’day’ @i
ffsfmﬁwwﬁmgﬁ’a@iaﬁ”uﬁ"laj@mf‘fumaﬁuﬁ KU06, KU16, KU08, KU07, KU19, KU17, KU12, KU04,
KU15 iag KU13 ‘?Iéﬁﬁﬂl”l 1.16 E-04, 1.14 E-04, 1.11 E-04, 1.10 E-04, 1.09 E-04, 1.08 E-04, 1.08 E-04, 1.06
E-04, 1.03 E-04,1.02 E-04 1a2 1.00 E-04 mg cm day @1Ua1AL Lm'mﬂi1a18ﬁ’u§§uﬂ1uﬂdut§a

9
v @ v d A

1 £
WHINTIY mﬁﬂqm @W“L!ﬁﬂiillﬁu?mﬂ 24 fYNUD ummsaWﬁuumummmawumaaﬂ 9.88E-05

a



2 masaAulnvesniianely 45 Tundalgn

' [ v
v 1 S =

54

M519% 13: dnpazmania@uTavesdthdigui 3 fieng 45 Tundanlgn a gudimnTasimanans

NTTUINF AN
Line Plant Leaf DW Leaf Area LAI LAR NAR CGR

height greenness (g) (cm2) (cm2g-1) (mg cm-2 (mgcm-2 day-1
(cm.) (spad unit) day-1)

KUO01 69.43 46.93cdefg 5.9416 272.78cdef 0.5456¢def 46.749bcd 0.0214def 0.0118
KU02 60.25 46.28efg 5.4945 183.01efgh 0.3660efgh 38.760cdef 0.0320cdef 0.0109
KU03 69.78 51.83abc 6.0844 160.09 efgh 0.3202efgh 24.718efgh 0.0669bcdef 0.0120
KU04 64.10 37.23hi 6.8494 152.82 efgh 0.3056efgh 21.556fgh 0.0530bcdef 0.0136
KUO05 61.25 42.58¢g 6.1317 167.22 efgh 0.3344efgh 28.762defgh 0.0389bcdef 0.0121
KU06 69.78 44.75efg 6.9740 325.29bcd 0.6506bcd 43.636bcde 0.0298cdef 0.0138
KU07 62.98 42.28gh 6.4999 291.12cde 0.5822cde 47.076bcd 0.0244cdef 0.0129
KU08 63.88 36.10i 6.2510 542.43a 1.0849a 84.390a 0.0124f 0.0124
KU09 72.43 48.33abcde 6.9289 451.31ab 0.9026ab 64.519ab 0.0155ef 0.0137
KU10 64.10 47.80bcdef 5.7426 251.82cdefg 0.5036¢defg 54.027bc 0.0261cdef 0.0114
KU11 66.60 49.13abcde 6.0759 149.20fgh 0.2984fgh 24.096¢efgh 0.0594bcdef 0.0120
KU12 65.88 51.58abcd 6.0842 146.89fgh 0.2938fgh 25.171efgh 0.0439bcdef 0.0120
KU13 68.48 52.15ab 6.4750 204.59defgh 0.4092defgh 32.796cdefg 0.0335cdef 0.0128
KU14 67.08 42.83fg 7.3745 175.40 efgh 0.3508efgh 24.436efgh 0.0429bcdef 0.0146
KU15 64.68 48.60abcde 6.7330 76.45h 0.1529h 11.343h 0.0874 bed 0.0133
KU16 65.03 46.50defg 6.0807 106.26h 0.2125h 18.105fgh 0.0604 bedef 0.0120
KU17 68.03 48.48abcde 6.9895 119.28gh 0.2386gh 16.785gh 0.0643 bedef 0.0138
KU18 67.73 52.30ab 6.1657 79.38h 0.1588h 11.470gh 0.2212a 0.0122
KUI19 66.98 51.93abe 7.4483 128.76gh 0.2575gh 17.263gh 0.0588bcdef 0.0148
KU20 69.38 49.08abcde 6.1150 91.63h 0.1833h 14.765gh 0.0916bc 0.0121
KU21 65.03 49.73abcde 6.5908 79.61h 0.1592h 12.192gh 0.0831bcde 0.0131
KU22 69.10 48.20abcde 7.7566 203.16defgh 0.4063defgh 24.205efgh 0.0431bcdef 0.0154
KU23 68.53 53.03a 7.0420 76.92h 0.1538h 11.677gh 0.1028b 0.0140
KU24 66.63 52.75ab 8.6073 384.44bc 0.7689bc 43.997bcde 0.0232def 0.0171
LSD, s ns * ns * * * * ns
CV (%) 8.96 7.67 21.72 50.06 50.06 49.16 86.41 21.86

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

DW = plant dry weight; LA = leaf area; LAI = leaf area index: LAR = leaf area ratio; NAR = net assimilation rate; CGR = crop growth rate
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2.1 ANGIAY (Plant height, cm)
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2.2 Manudenly (Leaf greenness, spad unit)
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2.3 HINUFIAH (Plant Dry Weight, g.)
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2.4 WuNY (Leaf Area, em’)
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2.5 N uNIY (Leaf Area Index)
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2.6 MM3N3z 18RIV U UNIINH (Leaf Area Ratio, cm’g’)
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2.7 mszansmmmsaune e (Net Assimilation Rate, mg cm day )
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2.8 AMMIALANHIHUNUTIIADNUN (Crop Growth Rate, mg cm day )
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M5190 14: dnpazmania@uTavesdiidizui 3 fieng 65 Tundnlgn a gudimunTasimanang
NTTUINF AN
Line Plant Leaf DW Leaf Area LAI LAR NAR CGR
height greenness (g) (cm2) (cm2g-1) (mg cm-2 (mgem-2 day-1
(cm.) (spad unit) day-1)

KUO1 82.60 47.70efgh 7.317 379.69bcd 0.7594bcd 53.007bcd 0.0184ghi 0.0142
KU02 74.80 45.63fgh 6.810 289.89cdef 0.5798cdef 43.731cdefg 0.0263efghi 0.0132
KU03 78.08 44.25gh 6.957 210.18efg 0.4204efg 28.834efgh 0.0478bcdefg 0.0134
KU04 77.08 48.40defg 8.344 200.69fg 0.4014fg 24.048gh 0.0446c¢cdefgh 0.0161
KUO05 83.95 41.68h 8.541 262.26defg 0.5245defg 31.020defgh 0.0347defghi 0.0166
KU06 86.25 47.20efgh 8.738 412.67bcd 0.8253bcd 46.832cdef 0.0259efghi 0.0169
KU07 84.85 51.20bcdef 8.891 442.09bc 0.8842bc 50.121bcde 0.0218fghi 0.0173
KUO08 74.85 47.95defg 7.453 696.35a 1.3927a 95.719a 0.0110i1 0.0144
KU09 75.73 48.95cdefg 7.457 536.87ab 1.0737ab 71.868b 0.0134hi 0.0144
KU10 83.43 46.30fgh 7.534 372.36bcde 0.7447bcde 58.027bc 0.0227efghi 0.0146
KU11 83.23 50.33cdefg 7.746 207.86efg 0.4157efg 26.684fgh 0.0486bcdefg 0.0150
KU12 82.25 49.60cdefg 7.735 207.78efg 0.4156efg 27.746fgh 0.0383cdefghi 0.0150
KU13 82.30 53.90abcd 7.980 274.16defg 0.5483defg 35.764defgh 0.0296¢efghi 0.0154
KU14 84.35 57.03ab 9.274 250.21defg 0.5004defg 27.522fgh 0.0369defghi 0.0180
KU15 85.53 54.88abc 9.041 124.71fg 0.2494fg 13.854h 0.0701bc 0.0175
KU16 99.63 52.75abcde 9.633 183.04fg 0.3661fg 19.989h 0.0529bcdef 0.0188
KU17 77.55 48.00defg 8.066 150.15fg 0.3003fg 18.827h 0.0549bcde 0.0156
KU18 94.50 49.20cdefg 8.514 119.56g 0.2391fg 14.173h 0.1132a 0.0165
KU19 90.85 49.48cdefg 10.156 198.77fg 0.3975fg 19.603h 0.0503bcdefg 0.0197
KU20 93.28 49.63cdefg 8.446 154.22fg 0.3084fg 17.997h 0.0625bcd 0.0164
KU21 81.95 57.73a 8.539 126.03fg 0.2521fg 15.010h 0.0658bcd 0.0166
KU22 82.38 53.18abcde 9.315 275.96defg 0.5519defg 28.187efgh 0.0352defghi 0.0180
KU23 81.53 54.88abc 8.498 115.89g 0.2318g 14.309h 0.0773b 0.0164
KU24 73.28 57.03ab 9.586 442.68bc 0.8854bc 46.785cdef 0.0211fghi 0.0185
LSD, s ns * ns * * * * ns

CV (%) 15.50 8.71 23.34 42.59 42.59 45.31 53.48 23.63

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

DW = plant dry weight; LA = leaf area; LAI = leaf area index: LAR = leaf area ratio; NAR = net assimilation rate; CGR = crop growth rate
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3.1 ANGIAY (Plant height, cm)

¥ '

ANNGIAUUDIRIAA NAUTOIUENTTUNOgAUNY 65 Tunadlgn anugduvesitiug

v oA Y A @ o = ] o 1 v o w aad @ A 4
ATTMYNUTNDIYAUNY 65 'Juﬁa\?ﬂgﬂlluuﬂj'lullﬂﬂﬂ']\iﬂu@ﬂ']\i UIAIAYNNADANITEAVANUFONY

95% (M15197 14) Taelinnugeduman 83.076 I5UALIAST

3.2 manudenly (Leaf greenness, spad unit)
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3.3 nTnuTiany (Plant Dry Weight, g.)
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3.4 Wy (Leaf Area, cmz)
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3.5 G iinuNIy (Leaf Area Index)
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3.6 MNM3N3z 18RIV U UNIINH (Leaf Area Ratio, cm’g’)
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¢ o
Ugn & gudiimunlasamsnang

WIzUMH0AY
Line Plant height Leaf DW Leaf Area LAI LAR NAR CGR
(cm.) greenness (g.) (cm2) (cm2g-1) (mg cm-2 (mgem-2
(spad unit) day-1) day-1)
KU01 115.40defgh 18.85gh 21.634cdefg 454.66cdef 0.9093cdef 21.692cde 0.0495bcd 0.0427
KU02 121.38defg 18.98gh 25.111bcdefg 398.02cdefg 0.7960cdefg 16.842defghi ~ 0.0685bcd 0.0497
KU03 133.95bc 34.20abcd 30.703abcd 295.35defghi 0.5907defgi 10.149fehijk 0.1830bcd 0.0608
KU04 105.47h 29.10bcde 17.111fg 244.95fghi 0.4899fghi 17.474defgh 0.0979bcd 0.0336
KUO05 114.57efgh 25.35defgh 21.839cdefg 323.01cdefghi 0.6460cdefghi  15.723defghij  0.0665bcd 0.0430
KU06 116.80defgh 28.40bcdefg 24.316cdefg 520.22bcd 1.0404bcd 19.834 cdef 0.0592bed 0.0479
KU07 110.75gh 30.95abcde 29.732abcde 534.34bc 1.0687bc 19.021cdefg 0.0647bcd 0.0588
KU08 118.03defg 37.55ab 20.183cdefg 977.67a 1.9553a 50.540a 0.0222d 0.0398
KU09 113.45fgh 18.95gh 25.352abcdefg 701.35b 1.4027b 28.842bc 0.0354cd 0.0501
KU10 114.88efgh 19.08fgh 18.216efg 459.95cdef 0.9199cdef 25.264cd 0.0431bcd 0.0358
KU11 126.15bcde 30.88abcde 25.566abcdefg 273.95efghi 0.5479¢fghi 9.868fghijk 0.1181bcd 0.0505
KU12 117.92defg 29.25bede 18.640defg 261.65fghi 0.5233fghi 13.928efghijk  0.0712bcd 0.0367
KU13 114.78efgh 26.93cdefg 21.857cdefg 343.48 cdefghi 0.6870cdefghi  16.872defghi ~ 0.0673bcd 0.0431
KU14 118.88defg 29.85abcde 26.510abedef 308.30 cdefghi 0.6166cdefghi  12.347efghijk ~ 0.0918bcd 0.0523
KU15 125.05bedef 28.90bcdef 27.358abcedef 148.84hi 0.2977hi 5.840jk 0.1737bed 0.0540
KU16 118.40defg 39.45a 26.515abedef 194.71ghi 0.3894ghi 7.549hijk 0.1496bcd 0.0523
KU17 112.77fgh 29.68abcde 22.834cdefg 195.42ghi 0.3908ghi 8.863ghijk 0.1291bed 0.0450
KU18 152.73a 16.73h 37.502a 169.61hi 0.3392hi 4.476k 0.6509a 0.0743
KU19 122.45cdefg 31.55abcde 31.738abc 236.75fghi 0.4735fghi 7.747hijk 0.1369bcd 0.0627
KU20 134.88b 23.03efgh 30.163 abcde 178.86ghi 0.3577ghi 6.038jk 0.2489bc 0.0597
KU21 123.03bedefg  28.66bcdefg 26.846abcdef 149.98hi 0.3000hi 6.960ijk 0.1778bed 0.0530
KU22 127.43bed 30.47abcde 36.691ab 369.75cdefgh 0.7395cdefgi 10.870fghijk 0.0954bcd 0.0726
KU23 122.13cdefg 28.63bcdefg 28.239abedef 138.34i 0.2767i 5.887jk 0.2510b 0.0558
KU24 87.851 36.60abc 13.833¢g 500.46bcde 1.0009bcde 36.187b 0.0270d 0.0345
LSD, s * * * * % x N s
CV (%) 7.31 25.03 34.40 56.17 46.17 47.11 118.13 34.20

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

DW = plant dry weight; LA = leaf area; LAI = leaf area index: LAR = leaf area ratio; NAR = net assimilation rate; CGR = crop growth rate
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4.1 ANGIAY (Plant height, cm)
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3 ¥y v & o oal S o = ¥ v Y 9
HIKUNLUIAUNN 24 ETTEJ‘WU‘]?VI 110 AU LEFANANAITINN 15 1NANTITWNNUN umummmuﬁ

@ @

1 [ 1 o w aa { 4 ) { [} 4 1
ANNUANANNUoENNTsd YN 19aDA NIzauANUTaNUN 95% Tasaewug KU18 Taskininau

J

= = J o A J dy @ = = 1 Y
LGUEJ’JGl‘U 37.502 g. “NQ’Qﬂ’J”IﬁWEJW‘LJ‘Ij@u“]11!ﬂQM!“B@WﬂﬁﬂiiML@]MﬂWﬂﬂmmEJ’JGLTJII‘JJ@]Ni]”lﬂ?f”lfJ‘W‘L!‘ﬁ

a

KU22, KU19, KU03, KU20, KU07, KU23, KU15, KU21, KU16, KU14, KU11 tiag KU09 uan 36.691,

31.738, 30.703, 30.163, 29.732, 28.239, 27.358, 26.846, 26.515, 26.510, 25.566 L1a% 25.352 AINA1AU

Y
%

f o a1 3 @ { [
‘VN’lj 24 mﬂwuﬁnmumumgﬁ’dﬁ’umﬁﬂ 25.354 NIU

4.4 Wunly (Leaf Area, cmz)

dy A A o v @ A J dy A Ay oA v A
Wu‘l/]ﬁl,ﬂsllf]\clﬂu') 24 AYNUD LAAIAIAITNN 15 NATTNNUN Wumiﬂﬂ@]uwsﬁﬂ']q 110U U
¥

1 Y] [ A o o w aa ~ A @ v JAAA A
ANUUANANNUBDINUUITIAYNNTDA  NITAUANUFONU 95% Iﬂﬂﬁ’]ﬂwuﬁ quﬂiﬂqx‘iq@ﬂf]

)Y

Al A 2 2 A 1 o SA R o - S
KU08 Tagiwunly 977.67 cm G]i\iiJﬂTt,j\iﬂ’NﬁWEJWLl‘lijuc]1uﬂ€j1]L“]ff]WLl‘lqiﬂiiiJ MUNQULTD

9 Y
o Y

= [ o saA A ~ 2
WUPNTIUAUINN 24 TIYNUD nwuﬂumaﬂ 349.15 cm



62

4.5 0% Ty (Leaf Area Index)
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v oA g A a a 1 A a
5. AV UINUINEI HaNaf Nananfnonun

v
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M151494N 16: ﬂ‘]i‘l—!!ﬂ‘].l!ﬂtl’slla$ﬂﬂﬂﬂ§$ﬂﬂﬂwﬁwﬁﬂﬂlﬁ)ﬁﬂ A¥ITUN 3 ammaﬂﬂnm

Line hi Seed/plant yield

KU01 52.670abc 11.576¢def 495.0cdefg
KU02 50.528abc 14.631abcde 450.0cdefgh
KU03 62.029a 19.796abc 755.0abc
KU04 32.073de 6.856ef 220.0gh
KU05 40.832cde 10.938cdef 290.0gh
KU06 53.261abc 13.071bcdef 495.0cdefgh
KU07 62.761a 18.885abced 740.0abed
KU08 44.349bcde 9.261cdef 345.0fgh
KU09 54.533abc 14.419abcde 400.0efgh
KU10 44.112bcde 8.241def 275.0gh
KU11 53.746abc 14.501abcde 435.0defgh
KUI12 41.546cde 8.079def 230.0gh
KU13 48.065abcd 11.264cdef 405.0efgh
KU14 53.833abc 14.742abcde 495.0cdefg
KU15 55.442abc 16.638abcde 405.0efgh
KU16 58.624ab 15.645abcde 700.0bcde
KU17 49.995abc 11.683cdef 535.0bcdefg
KU18 64.513a 24.482a 1025.0a
KU19 57.228abc 18.428abcd 635.0bcdef
KU20 62.917a 19.017abed 815.0ab
KU21 49.636abc 15.279abcde 400.0efgh
KU22 56.622abc 23.473ab 405.0efgh
KU23 53.749abc 16.136abcde 415.0efgh
KU24 26.191e 2.625f 115.1h
LSDO.OS sk * *

CV (%) 23.29 54.82 46.97

Note: * indicated significant differences at 5% probability level; ns = non-significant; CV indicated Coefficient of variation; the different

letter(s) indicated the statistically significant difference by LSD at 5% level

HI = Harvest index
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5.1 A¥HMSINLINET (Harvesting Index)
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MANUIN
1. guiNanNINTIMSHAIINIZTLINT LAY
ZARIEN
Block 1 Block 2 Block 3 Block 4

KU0 KU0 KU1 KU0 KU0 KU0 KU0 KU2 KU0 KU2 KU1 KU0
1-1 9-1 7-1 1-2 2-2 32 7-3 1-3 33 4-4 6-4 2-4
KU0 KU1 KU1 KU0 KU0 KU0 KU1 KU1 KU1 KU2 KU1 KU0
2-1 0-1 8-1 4-2 52 6-2 33 5-3 0-3 3-4 5-4 1-4
KU0 KU1 KU1 KU0 KU0 KU0 KU2 KU0 KU1 KU2 KU1 KU0
31 1-1 9-1 7-2 8-2 9-2 33 5-3 9-3 2-4 4-4 5-4
KU0 KU1 KU2 KU1 KU1 KU1 KU1 KU1 KU1 KU2 KU1 KU0
4-1 2-1 0-1 0-2 1-2 2-2 4-3 1-3 7-3 1-4 34 4-4
KU0 KU1 KU2 KU1 KU1 KU1 KUo0 KU2 KU2 KU2 KU1 KU0
5-1 3-1 1-1 3-2 4-2 o2 6-3 2-3 4-3 0-4 2-4 34
KU0 KU1 KU2 KU1 KU1 KU1 Ku1l KU2 KU0 KU1 KU1 KU0
6-1 4-1 2-1 6-2 7-2 8-2 2-3 0-3 2-3 9-4 1-4 6-4
KU0 KU1 KU2 KU1 KU2 KU2 KU0 KU1 KU0 KU1 KU1 KU0
7-1 51 3-1 9-2 0-2 1-2 1-3 6-3 9-3 8-4 0-4 7-4
KU0 KU1 KU2 Ku2 KU2 Ku2 KU0 KU0 KU1 KU1 KU0 KU0
8-1 6-1 4-1 2-2 32 4-2 8-3 4-3 8-3 7-4 9-4 8-4
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=
2. aminbnsvalathea

Aauiag
Block 1 Block 2 Block 3 Block 4
KU01 KU09 KU02 KU03 KU07 KU21 KU24 KU16 KU02
-1 -1 2 2 3 3 -4 -4 -4
KU02 KU10 KU05 KU06 KU13 KU15 KU23 KU15 KU01
-1 -1 2 2 3 3 -4 -4 -4
KU03 KU11 KU08 KU09 KU23 KU05 KU22 KU14 KU05
-1 -1 -2 -2 -3 -3 -4 -4 -4
KU04 KU12 KU11 KU12 KU14 KU11 KU21 KU13 KU04
-1 -1 -2 -2 3 -3 -4 -4 -4
KU05 KU13 KU14 KU15 KU06 KU22 KU20 KU12 KU03
-1 -1 -2 2 3 -3 -4 -4 -4
KU06 KU14 KU17 KU18 KU12 KU20 KU19 KU11 KU06
-1 -1 -2 -2 -3 -3 -4 -4 -4
KU07 KU15 KU20 KU21 KUO01 KU16 KU18 KU10 KU07
-1 -1 = 2 £3 3 -4 -4 -4
KU08 KU16 KU23 KU24 KU08 KU04 KU17 KU09 KU08
-1 -1 -2 ) -3 -3 -4 -4 -4
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3. amiidunsaify

W
nanias
(24
1
P
N
KUOl | Au | KU0Y | KU17
1 v .
-1 aud -1 -1
Block 1
KU02 | KU10 | KU18
2 Block 2
-1 -1 -1
KU01 | KU02 | KU03 ¥ | KU03 | KUI1 | KUI9 | KUO4 | KU12 | KU20 | KUO
3 v .
2 2 2 aud -1 -1 -1 -1 -1 -1 5-1
KU04 | KUO5 | KUO6 | KUO7 | KUOS | KUY | KU1 | @M | KU13 | A | Ku21
4 o o g
2 2 2 2 2 2 0-2 aud -1 aud -1
AW | KU1l | KUI2 | KUI3 | KU14 | @M | KUO | KUl4 | KU22 | KUO7 | KU15 | KU23
5 v v v
aud 2 2 2 2 aud 6-1 -1 -1 -1 -1 -1
KU15 | KU16 | KU17 | KU18 | KU19 Au | KUos
6 N
2 2 2 2 2 aul -1
KU20- | Au KU21 | KU22- | KU23- | KU24- | & fiu KU16- | KU24
7 v v v
2 au 2 2 2 2 aud 1 -1
KU07 | KU21 | KUO3 | KU13 | KU15-| @ | KU10 | KU23 | KUO5 | KU19
8 ¢
3 3 83 3 3 aud 3 B 3 3
KU14
9 Block 3
3
KU11 | KU17 | KU06 KU22 | KU24 | KU12 | KU20
10
3 3 3 3 3 3 3
KU02 | KUO1 | KU16 KU09 | KU0S | Ay | Kuo4 | KU18
1 A,
3 3 3 3 3 aud 3 3
12




514 8: anvaizialasila

A

51

a
]|

A Y

G

A o aa v
NAUI U ﬁﬂ"lu')ﬁ]ﬂﬂﬂﬂl!ﬂ

[

9: M31lgnAi a aa1lITenve)e

78




79

d‘ <3 A a a o AAa o
TIJ‘VI 10: DITDUDNYINANAAAN T ’di‘ﬂu’mﬂﬂ’ﬂﬂﬂﬂ
T a



