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Thesis Advisor Assist. Prof. Dr. Teerawat Sarutayophat
ABSTRACT

Crops growth and yield are usually variable due to environmental variation and genotype-
environment interaction (GE). Plant breeding programs desire a high yielding varieties in
favorable environment and well adapt to various environmental conditions with high yielding
stability. Therefore, these experiments were conducted to study the stability, potential for yield,
influence of environment (E) and genotype-environment interaction (GE) on yield and yield
components of total 138 elite soybean lines that selected from 2 populations as follow; 5001 (S;j. 4
x Santamaria) and 5002 (Sj. 4 x Kalitur). Two experiments were conducted at the experimental
field of the Faculty of Agricultural Technology, King Mongkut’s Institute of Technology,
Ladkrabang, Bangkok, in 2 environmental conditions as follow; 1) clay soil, rainy season in
2014, 138 selected lines 2) loamy sand, rainy season in 2015, 100 selected lines with Chiangmai
60, the national standard check, and parental varieties. RCBD with 2 replications were used,
yield/plant, no. of pods/plant, no. of seeds/plant, no. of seeds/pod, 100-seed weight, plant height,
plant dry weight, no of 1" branches/plant, day for maturity and type of growth were random
recorded for 5 plants/experimental unit. Results showed the significant influence of E and GE on
all studied traits, except E-effected on no. of seeds/pod was non-significant. For yield and
important agronomic traits comparison between 10 best selected elite lines and Chiangmai 60, the
significantly different (p<0.01) for almost studied traits were founded in both environments,
except no. of 1" branches/plant and no. of seeds/pod in loamy sand were non-significantly
different. In paddy clay soil, line 5002BS-F-040 gave highest seed yield of 130.73 g/plant, while

Chiangmai 60 was 23.09 g/plant. In loamy sand, line 5001BS-F,-069 gave highest yield of 67.45

III



g/plant, while Chiangmai 60 was 17.55 g/plant. Line 5001BS-F,-069 had trend high yield and
high stability with average grain yield from 2 trials was 76.42 g/plant. Furthermore, we founded
that lines which well adapted in clay soil were 5001-01-03-03-06-02, 5002-03-05-03-01-01,
5002-04-01-06-01-01, 5002BS-F.-021 and 5002BS-F.-040. Lines showed higher stability than
average were 5001-04-02-03-03-01, 5001-04-04-02-01-01, 5002SPD-F-030, 5001BS-F-069,
5002BS-F-073, Santamaria, Kalitur and Chiangmai 60.

Keywords: Soybean, Yield potential, Stability, Environment and GE interaction
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M99 3.1 guauiamaaiuazlsnasigemsndiayvesauniinisnaass

Seasons  Soil types  Depth of soil  pH oM Avail Exch Exch Exch
from surface 1:2 % P K Ca Mg
(mg/kg) (mgkg)  (mgkg) (mg/kg)
2014 Clay 0-20 cm. 5.89 1.98 244.6 398.82 2,711.41 1,890.88
soil 20-40 cm. 5.03 1.44 70.65 316.71 2,354.70 1,932.22
2015 Loamy 0-30 cm. 6.73 1.38 7.20 72.72 758.39 485.72
sand 30-60 cm. 6.75 2.56 15.55 126.41 1,592.05 607.01
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v Y
u = aunaenavualunisnaaos

. . gy
342 MIasNdauenN,InYeInNuLlslsiu (Homogeneity of variance) TaalsI5v04
I @ 1 I 1 . 1%
Bartlett (1943) iJumsdanguanmiluennimvesanimuindon Taonsldni Chi-square fq
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2 M
G

e M =23026)3 7 Jlog s, >~ 3 7 log S

1 1 1
s b
Lﬁ@ v, = degrees of freedom (df)
sp2 = pooled variance = pooled SS / pooled df
s.” = variance nnudaz it

k = 3MUIUAIDI1INIDINUIY variance

a L4
3.43 M3AATIZHANNNIT157U590 (Combined analysis of variance) maai’auﬁmmma
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q

9 v 7

i : P N~ o v gdqY oA A
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v 9
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Y =u+E +B +T +(ET), +e,

o= 1,2, .t (t= IUIUNTANUR )
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k=1,2, ..., s (s = IUIUTMNUIAGON)
E = Haus9amniIna oy

9
B= wammcmmﬂiuﬁmw,nﬂé’au
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= 4 o o
T = HAYDINITAWUA (WUT)
a o v J 1 v o 9
ET = Uduniussgninanugnuanmniindon
1w Ay ¥ A . 2 . Y
Y, = mdunan lanndanaass i s j lugaimaden k
v Y
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a 4 o 1 {
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Source of variation df Mean Square

No of pods/plant  No of seeds/plant  No of seeds/pod Seed yield

(g)/plant
Environment (E) 1 1,923,860.45%* 5,155,185.80% 0.04" 30,127.43%
Rep within 2 3,208.68" 57,715.17% 0.20%* 1,176.69%*
Environment
Genotypes (G) 44 29,961.89%* 79,159.62%* 0.08%* 681.47%*
G*E 44 29,279.48%* 78,796.84%* 0.12%* 642.80%*
Error 88 4,782.35 16,803.10 0.03 128.32

** = Significant difference at 0.01 level. ; * = Significant difference at 0.05 level. ;

"™ = Not significant difference

4 @ a a J a o
ﬂ1§1\‘iﬁ 4.4 mmuﬂiﬂimﬁmiuaﬂymsmmmgmﬂmmzmﬂﬂﬁzﬂa‘uwawammm

v o S o o
lfﬂa’f]\‘]fff'lﬂWUﬁﬂ@LaﬂﬂﬂmUL!ﬁ$WU‘1§¢]§'ﬁ]ﬁ’E}U ﬂgﬂﬂ@’ﬁ’ﬂ’ﬂﬁlu 2 ﬁﬂ?WL!ﬂﬂé}@N

Source of variation df Mean Square
Plant height Plant dry weight No. of 1" 100-seeds wt
(cm) (g/plant) branches/plant (g)/plant

Environment (E) 1 217,180.59** 72,871.42%%* 384.27%* 29.91%*
Rep within 2 252.87" 172.53" 1.56" 0.44"
Environment
Genotypes (G) 44 1,638.35%* 726.76** 5.21%* 11.32%*
GxE 44 1,419.76%* 556.38%** 5.67** 3.94%*
Error 88 329.78 90.99 1.48 0.88

** = Significant difference at 0.01 level. ; * = Significant difference at 0.05 level. ;

™ = Not significant difference
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Accession numbers  Environment 1 Environment 2 Mean Regression Deviation from
(Loamy sand) (Clay soil) coefficient (b)  regression (Szdi)

5001-01-03-03-06-02 44.37 103.46 73.92 1.963 ns
5001-04-02-03-03-01 57.69 38.53 48.11 -0.636 ns
5001-04-04-02-01-01 52.09 60.97 56.53 0.295 ns
5002-03-05-03-01-01 28.8 101.24 65.02 2.407 ns
5002-04-01-06-01-01 39.48 97.86 68.67 1.940 ns
5002SPD-F-030 61.91 56.02 58.96 -0.196 ns
5001BS-F-069 67.45 85.39 76.42 0.596 ns
5002BS-F-021 31.2 122.82 77.01 3.044 ns
5002BS-F-040 29.59 130.73 80.16 3.361 ns
5002BS-F-073 53.53 52.18 52.86 -0.045 ns
Chiangmai 60 17.55 23.09 20.32 0.184 ns
Santamaria 3345 37.98 35.71 0.151 ns
Kalitur 28.48 26.56 27.52 -0.064 ns
Environmental mean 41.97 72.06
Environmental index -15.0483 15.0483

** = Significant difference at 0.01 level.

"™ = Not significant difference
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Accession numbers Environment 1 ~ Environment 2 Mean Regression Deviation from
(Loamy sand) (Clay soil) coefficient (b))  regression (Szdi)
5001-01-03-03-06-02 185 404.0 294.50 0.934 ns
5001-04-02-03-03-01 280 344.0 312.00 0.273 ns
5001-04-04-02-01-01 207.75 358.0 282.88 0.641 ns
5002-03-05-03-01-01 149.25 615.0 382.12 1.986 ns
5002-04-01-06-01-01 212.5 775.0 493.75 2.398 ns
5002SPD-F-030 258.25 352.0 305.12 0.400 ns
5001BS-F-069 299 686.0 492.50 1.650 ns
5002BS-F-021 145 878.0 511.50 3.125 ns
5002BS-F-040 163.5 720.5 442.00 2.375 ns
5002BS-F-073 293 281.0 287.00 -0.051 ns
Chiangmai 60 91 97.0 94.00 0.026 ns
Santamaria 198 187.5 192.75 -0.045 ns
Kalitur 284.5 118.0 201.25 -0.710 ns
Environmental mean 212.83 447.38
Environmental index -117.28 117.28

** = Significant difference at 0.01 level.

"™ = Not significant difference
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Accession numbers Environment 1  Environment2  Mean Regression Deviation from
(Loamy sand) (Clay soil) coefficient (b)  regression (Szdi)
5001-01-03-03-06-02 218 745.0 481.50 1.465 ns
5001-04-02-03-03-01 512.75 455.0 483.88 -0.161 ns
5001-04-04-02-01-01 380 577.5 478.75 0.549 ns
5002-03-05-03-01-01 260.5 949.0 604.75 1.914 ns
5002-04-01-06-01-01 379.25 1249.0 814.12 2417 ns
5002SPD-F-030 497.25 622.0 559.62 0.347 ns
5001BS-F-069 463 923.0 693.00 1.279 ns
5002BS-F-021 265 1405.0 835.00 3.169 ns
5002BS-F-040 261 1253.0 757.00 2.757 ns
5002BS-F-073 522 519.5 520.75 -0.007 ns
Chiangmai 60 157.5 169.0 163.25 0.032 ns
Santamaria 330.5 331.0 330.75 0.001 ns
Kalitur 471.5 197.5 334.50 -0.762 ns
Environmental mean 362.94 722.73
Environmental index -179.89 179.89

** = Significant difference at 0.01 level.

"™ = Not significant difference
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Accession numbers Environment 1  Environment 2 Mean Regression Deviation from
(Loamy sand) (Clay soil) coefficient (b)  regression (Szdi)
5001-01-03-03-06-02 1.18 1.84 1.51 -13.2 ns
5001-04-02-03-03-01 1.84 1.32 1.58 10.3 ns
5001-04-04-02-01-01 1.84 1.60 1.72 4.6 ns
5002-03-05-03-01-01 1.75 1.54 1.04 4.2 ns
5002-04-01-06-01-01 1.78 1.62 1.70 34 ns
5002SPD-F-030 1.91 1.77 1.84 2.8 ns
5001BS-F-069 1.55 1.41 1.48 2.8 ns
5002BS-F-021 1.82 1.60 1.71 4.5 ns
5002BS-F-040 1.59 1.75 1.67 -33 ns
5002BS-F-073 1.78 1.85 1.82 -1.4 ns
Chiangmai 60 1.73 1.75 1.74 -0.5 ns
Santamaria 1.67 1.77 1.72 -1.9 ns
Kalitur 1.68 1.64 1.66 0.7 ns
Environmental mean 1.7 1.65
Environmental index 0.03 -0.03

** = Significant difference at 0.01 level.

"™ = Not significant difference

Interaction of Genotype x Environment
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Accession numbers Environment 1  Environment 2 Mean Regression Deviation from
(Loamy sand) (Clay soil) coefficient (b)  regression (Szdi)
5001-01-03-03-06-02 19.73 16.77 18.25 4217 ns
5001-04-02-03-03-01 12.34 10.33 11.34 2.864 ns
5001-04-04-02-01-01 13.98 11.84 12.91 3.049 ns
5002-03-05-03-01-01 11.5 11.32 11.41 0.256 ns
5002-04-01-06-01-01 11.01 13.19 12.10 -3.106 ns
5002SPD-F-030 13.24 11.94 12.59 1.852 ns
5001BS-F-069 17.69 12.59 15.14 7.266 ns
5002BS-F-021 12.82 11.36 12.09 2.080 ns
5002BS-F-040 12.75 12.48 12.62 0.385 ns
5002BS-F-073 11.06 12.41 11.73 -1.916 ns
Chiangmai 60 15.11 15.12 15.12 -0.014 ns
Santamaria 13.47 13.65 13.56 -0.256 ns
Kalitur 8.73 11.31 10.02 -3.676 ns
Environmental mean 13.34 12.64
Environmental index 0.35 -0.35

** = Significant difference at 0.01 level.

"™ = Not significant difference

Interaction of Genotype X Environment
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Accession numbers Environment 1  Environment 2 Mean Regression Deviation from
(Loamy sand) (Clay soil) coefficient (b)  regression (Szdi)

5001-01-03-03-06-02 95 157.0 126.00 1.110 ns
5001-04-02-03-03-01 78.25 114.0 96.12 0.640 ns
5001-04-04-02-01-01 81.25 184.5 132.88 1.848 ns
5002-03-05-03-01-01 55.25 68.0 61.62 0.228 ns
5002-04-01-06-01-01 55.25 164.0 109.62 1.947 ns
5002SPD-F-030 105.75 151.0 128.38 0.810 ns
5001BS-F-069 94.25 119.0 106.62 0.443 ns
5002BS-F-021 82 121.0 101.50 0.698 ns
5002BS-F-040 74.25 186.5 130.38 2.009 ns
5002BS-F-073 69 206.0 137.50 2.452 ns
Chiangmai 60 59.5 68.0 63.75 0.152 ns
Santamaria 89 115.5 102.25 0.474 ns
Kalitur 67.5 78.0 72.75 0.188 ns
Environmental mean 77.4 133.27
Environmental index -27.93 27.93

** = Significant difference at 0.01 level.

"™ = Not significant difference

Interaction of Genotype X Environment
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Accession numbers Environment 1  Environment 2 Mean Regression Deviation from
(Loamy sand) (Clay soil) coefficient (b,)  regression (Szdi)
5001-01-03-03-06-02 38.27 147.45 92.86 2.454 ns
5001-04-02-03-03-01 27.92 21.20 24.56 -0.151 ns
5001-04-04-02-01-01 23.48 42.27 32.87 0.422 ns
5002-03-05-03-01-01 21.21 68.71 44.96 1.068 ns
5002-04-01-06-01-01 16.35 102.53 59.44 1.937 ns
5002SPD-F-030 34.06 51.76 4291 0.398 ns
5001BS-F-069 33.43 71.89 52.66 0.865 ns
5002BS-F-021 21.55 106.76 64.15 1.916 ns
5002BS-F-040 16.68 114.48 65.58 2.199 ns
5002BS-F-073 18.77 72.30 45.53 1.203 ns
Chiangmai 60 16.53 30.71 23.62 0.319 ns
Santamaria 16.3 33.07 24.69 0.377 ns
Kalitur 24.05 23.77 23.91 -0.006 ns
Environmental mean 23.74 68.22
Environmental index -22.24 22.24

** = Significant difference at 0.01 level.

"™ = Not significant difference

Interaction of Genotype X Environment
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Accession numbers Environment 1 ~ Environment 2 Mean Regression Deviation from
(Loamy sand) (Clay soil) coefficient (b))  regression (Szdi)
5001-01-03-03-06-02 5.50 10.00 7.75 1.490 ns
5001-04-02-03-03-01 6.25 6.00 6.12 -0.083 ns
5001-04-04-02-01-01 5.25 6.50 5.88 0.414 ns
5002-03-05-03-01-01 4.25 8.00 6.12 1.242 ns
5002-04-01-06-01-01 4.50 11.00 7.75 2.153 ns
5002SPD-F-030 7.75 9.00 8.38 0.414 ns
5001BS-F-069 8.25 9.50 8.88 0.414 ns
5002BS-F-021 5.25 11.00 8.12 1.904 ns
5002BS-F-040 5.00 12.25 8.62 2.401 ns
5002BS-F-073 6.00 11.00 8.50 1.656 ns
Chiangmai 60 4.00 5.00 4.50 0.331 ns
Santamaria 6.50 7.00 6.75 0.166 ns
Kalitur 6.50 8.00 7.25 0.497 ns
Environmental mean 5.77 8.79
Environmental index -0.151 1.51

** = Significant difference at 0.01 level.

"™ = Not significant difference

Interaction of Genotype X Environment
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Accession numbers Days to Plant height Plantdry = No. of Ist Type of growth
maturity  (cm) weight branches/plant
(days) (g/plant)
5002BS-F-040 128 186.50ab 114.48b 12.25a Semi - determinate
5002BS-F-021 128 121.00d 106.76b 11.00ab Determinate
5002SPD-F-004 123 114.50d 101.48b 7.50de Determinate
5002BS-F-080 128 136.50cd 115.48b 7.50de Determinate
5001-01-03-03-06-02 125 157.00c 147.45a 10.00abc Semi - determinate
5002-03-05-03-01-01 119 68.00e 68.71c 8.00cde Determinate
5002-04-01-06-01-01 121 164.00bc 102.53b 11.00ab Semi - determinate
5002BS-F-105 117 156.50c 76.09¢ 11.25ab Determinate
5002SPD-F-044 128 212.50a 83.34c 10.00abc Semi - determinate
5001-01-03-03-02-03 117 73.00e 71.89¢ 9.50bcd Determinate
Santamaria 112 115.50d 38.70d 7.00ef Determinate
Kalitur 112 78.00e 33.07d 8.00cde Determinate
Chiangmai 60 112 68.00e 30.71d 5.00f Determinate
F_test - sk ksk k% -
C.V. (%) - 9.96 9.17 11.51 -

** = Significant difference at 0.01 level.

Means within a column followed by the same letters are not significant difference by DMRT
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Accession numbers No of No of No of 100-seeds Seed yield
pods/plant seeds/plant seeds/pod wt (g) (g)/plant
5002BS-F-040 720.50bc 1,253.00abc 1.75bc 12.48¢c 130.73a
5002BS-F-021 878.00a 1,405.00a 1.60bc 11.36¢ 122.82ab
5002SPD-F 004 682.00bcd 1,203.50abc 1.79bc 11.46¢ 121.42abc
5002BS-F-080 740.00bc 1,300.00ab 1.76bc 12.31¢c 108.50abed
5001-01-03-03-06-02 404.00f 745.00d 1.84b 16.77a 103.46bcd
5002-03-05-03-01-01 615.00cd 949.00cd 1.54bc 11.32¢ 101.24bcd
5002-04-01-06-01-01 775.00ab 1,249.00abc 1.62bc 13.19bc 97.86¢cd
5002BS-F,-105 551.00de 999.00bcd 1.79bc 13.18bc 97.47cd
5002SPD-F 044 452.50ef 1,056.00bcd 2.30a 12.21¢c 96.16d
5001-01-03-03-02-03 686.00bcd 923.00cd 1.41c 12.59¢ 94.55d
Santamaria 187.50g 331.00e 1.77bc 13.65bc 37.98e
Kalitur 118.00g 197.50e 1.64bc 11.31c 26.56¢
Chiangmai 60 97.00g 169.00e 1.76bc 15.12ab 23.09¢
F-test % ok ok ok ok
C.V. (%) 10.85 17.21 10.26 7.70 11.26

** = Significant difference at 0.01 level.

Means within a column followed by the same letters are not significant difference by DMRT
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Accession numbers Days to Plant height Plant dry  No. of Ist Type of growth
maturity (cm) weight branches/plant
(days) (g/plant)
5001BS-F,-069 115 94.25abc 33.43a 8.25 Semi - determinate
5001-01-04-03-05-01 115 101.25ab 35.45a 6.50 Semi - determinate
5001-04-02-03-03-01 109 78.25cdef 27.92abe 6.25 Semi - determinate
5002SPD-F-030 112 105.75a 34.06a 7.75 Semi - determinate
5002BS-F-076 107 91.50abc 30.48ab 6.00 Semi - determinate
5002BS-F-073 109 69.00def 18.77d 6.00 Determinate
5001BS-F-048 107 64.25¢ef 30.19ab 7.50 Determinate
5001-04-04-02-01-01 109 81.25bcde 23.48bcd 5.25 Semi - determinate
5002BS-F-003 107 67.50ef 21.00cd 5.00 Determinate
5002SPD-F-007 105 85.50abcde 19.13d 6.00 Semi - determinate
Santamaria 107 89.00abcd 16.30d 6.50 Semi - determinate
Kalitur 105 67.50ef 24.05bcd 6.50 Determinate
Chiangmai 60 105 59.50f 16.53d 4.00 Determinate
F-test - *ox *ox ns -
C.V. (%) - 10.88 13.78 17.51 -

** = Significant difference at 0.01 level.

Means within a column followed by the same letters are not significant difference by DMRT
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Accession numbers No of No of No of 100-seeds wt  Seed yield

pods/plant seeds/plant seeds/pod (g)/plant (g)/plant
5001BS-F-069 299.00ab 463.00ab 1.55 17.69a 67.45a
5001-01-04-03-05-01 341.50a 555.50a 1.65 13.10bcde 66.22a
5001-04-02-03-03-01 280.00ab 512.75ab 1.83 12.34cde 61.91ab
5002SPD-F-030 258.25ab 497.25ab 1.91 13.24bcde 57.69ab
5002BS-F.-076 241.00ab 395.50ab 1.64 14.53bc 53.82abc
5002BS-F-073 293.00ab 522.00ab 1.78 11.06e 53.53abc
5001BS-F 048 310.50ab 507.50ab 1.66 11.93de 52.53abc
5001-04-04-02-01-01 207.75b 380.00ab 1.83 13.98bcd 52.09abc
5002BS-F-003 216.00b 343.00bc 1.61 14.83bc 48.63abcd
5002SPD-F,-007 212.75b 386.75ab 1.86 11.90de 45.88bcd
Santamaria 198.00bc 330.50bc 1.68 13.47bcde 33.45cde
Kalitur 284.50ab 471.50ab 1.68 8.73f 28.48de
Chiangmai 60 91.00c 157.50c 1.73 15.11b 17.55e

F-test % o ns e o
C.V. (%) 20.11 19.23 10.92 7.81 18.96

** = Significant difference at 0.01 level.

Means within a column followed by the same letters are not significant difference by DMRT
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Source of Variance df Sum of Square Mean Square F Value Pr (> F)
Replications 1 1,027.89 1,027.89 3.85 0.0516
Genotypes 140 151,420.76 1,081.58 4.05 0.0000
Error 140 3734371 266.74
Total 281 189,792.36

C.V. (%) =30.98
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Replications | 2.215.92 2.215.92 0.26 0.6139
Genotypes 140 6,104,916.24 43,606.54 5.03 0.0000
Error 140 1,213,037.45 8,664.55
Total 281 7.320,169.61

C.V. (%) =27.43
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Replications 1 2,077.98 2,077.98 0.08 0.7828
Genotypes 140 16,985,058.12 121,321.84 4.46 0.0000
Error 140 3.812,080.40 27.229.15
Total 281 20,799.216.49

C.V. (%) =28.89
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Replications 1 0.06 0.06 0.86 0.3543
Genotypes 140 14.39 0.10 1.53 0.0059
Error 140 9.38 0.07
Total 281 23.83

C.V. (%) =15.16
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Replications 1 0.12 0.12 0.11 0.7442
Genotypes 140 754.94 5.39 4.97 0.0000
Error 140 151.99 1.09
Total 281 907.05

C.V. (%) =28.84
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Replications 1 41.27 41.27 0.80 0.3745
Genotypes 102 30,215.50 296.23 5.71 0.0000
Error 102 5,289.40 51.86
Total 205 35,546.16

C.V. (%) =22.87
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IIUNIY
Source of Variance df Sum of Square Mean Square F Value Pr (> F)
Replications 1 2,205.22 2,205.22 2.03 0.1569
Genotypes 102 690,057.21 6,765.27 6.24 0.0000
Error 102 110,588.28 1,084.20
Total 205 802,850.71

C.V. (%) =19.24
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Replications 1 5,389.73 5,389.73 1.48 0.2269
Genotypes 102 2,067,252.95 20,267.19 5.56 0.0000
Error 102 371,931.60 3,646.39
Total 205 2,444,574.27

C.V. (%) =20091
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Replications 1 0.0003 0.0003 0.01 0.9062
Genotypes 102 5.5063 0.0540 2.69 0.0000
Error 102 2.0451 0.0201
Total 205 7.5517

C.V. (%) =8.40
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Replications 1 3.83 3.83 3.48 0.0651
Genotypes 102 1,185.24 11.62 10.55 0.0000
Error 102 112.40 1.10
Total 205 1,301.47

C.V. (%) =8.58
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Environment (E) 1 30,127.43 30,127.43 25.60 0.0369
Rep within Environment 2 2,353.38 1,176.69 9.17 0.0002
Genotypes (G) 44 29,984.50 681.47 5.31 0.0000
GxE 44 28,283.19 642.80 5.01 0.0000
Error 88 11,291.76 128.32
Total 179 102,040.26

C.V. (%) =21.89
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Environment (E) 1 1923,860.45 1,923,860.45 599.58 0.0017
Rep within Environment 2 6,417.36 3,208.68 0.67 0.5138
Genotypes (G) 44 1,318,322.98 29,961.89 6.27 0.0000
GxE 44 1,288,297.05 29,279.48 6.12 0.0000
Error 88 420,846.64 4,782.35
Total 179 4,957,744.48

C.V. (%) =22.84
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Environment (E) 1 5,155,185.80 5,155,185.80 89.32 0.0110
Rep within Environment 2 115,430.34 57,715.17 3.43 0.0366
Genotypes (G) 44 3,483,023.37 79,159.62 4.71 0.0000
GxE 44 3,467,061.08 78,796.84 4.69 0.0000
Error 88 1,478,672.91 16,803.10
Total 179 13,699,373.49

C.V. (%) =25.32
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Environment (E) 1 0.0393 0.0393 0.19 0.7021
Rep within Environment 2 0.4036 0.2018 6.12 0.0032
Genotypes (G) 44 3.3521 0.0762 2.31 0.0004
GxE 44 5.0938 0.1158 3.51 0.0000
Error 88 2.8996 0.0329
Total 179 11.7884

C.V. (%) =10.61
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Environment (E) 1 29.9146 29.9146 67.55 0.0145
Rep within Environment 2 0.8857 0.4428 0.51 0.6046
Genotypes (G) 44 497.9826 11.3178 12.93 0.0000
GxE 44 173.5769 3.9449 4.51 0.0000
Error 88 76.9983 0.8750
Total 179 779.3580

C.V. (%) =7.48
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Environment (E) 1 217,180.59 217,180.5876 858.85 0.0012
Rep within Environment 2 505.75 252.8726 0.77 0.4676
Genotypes (G) 44 72,087.28 1,638.3473 4.97 0.0000
GxE 44 62,469.45 1,419.7603 431 0.0000
Error 88 29,020.38 329.7771
Total 179 381,263.4491

C.V. (%) =15.87
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Environment (E) 1 72,871.42 72,871.42 422.36 0.0024
Rep within Environment 2 345.07 172.53 1.90 0.1562
Genotypes (G) 44 31,977.32 726.76 7.99 0.0000
GxE 44 24,480.83 556.38 431 0.0000
Error 88 8,007.37 90.99
Total 179 137,682.01

C.V. (%) =24.15
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Source of Variance df Sum of Square Mean Square F Value Pr(>F)
Environment (E) 1 384.27 384.27 246.15 0.0040
Rep within Environment 2 3.12 1.56 1.06 0.3523
Genotypes (G) 44 229.35 5.21 3.53 0.0000
GxE 44 249.35 5.67 3.83 0.0000
Error 88 130.13 1.48
Total 179 996.23

CV. (%) =172
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Ranks  Accession numbers Seed yield Ranks  Accession numbers Seed yield
(g.)/plant (g.)/plant

1 5002BS-F-040 130.73 29 5001SPD-F-005 67.35
2 5002BS-F-021 122.82 30 5002BS-F-048 66.84
3 5002SPD-F 004 121.42 31 5002BS-F-068 66.68
4 5002BS-F 080 108.50 32 5002SPD-F-001 66.59
5 5001-01-03-03-06-02 103.46 33 5002SPD-F 026 66.58
6 5002-03-05-03-01-01 101.24 34 5002BS-F-007 66.04
7 5002-04-01-06-01-01 97.86 35 5002-03-01-01-02-01 65.94
8 5002BS-F-105 97.47 36 5001SPD-F 042 65.74
9 5002SPD-F 044 96.16 37 5002BS-F-098 65.56
10 5001-01-03-03-02-03 94.55 38 5002BS-F-060 65.45
11 5002BS-F-023 90.50 39 5002SPD-F-022 64.70
12 5002SSD-F-012 87.42 40 5002BS-F 064 62.57
13 5002BS-F-025 85.70 41 5002SPD-F,-039 62.29
14 5001BS1-F-069 85.39 42 5002SPD-F-040 62.20
15 5002BS-F-059 82.24 43 5002-04-01-01-01-01 62.08
16 5001BS-F-040 82.18 44 5002SPD-F 065 62.02
17 5001-01-11-01-02-02 82.05 45 5002SPD-F 061 61.99
18 5002BS-F-090 79.98 46 5002SPD-F 024 61.93
19 5002SPD-F 009 79.71 47 5001-04-04-02-01-01 60.97
20 5002BS-F 061 76.07 48 5002SPD-F 047 60.81
21 5001BS-F 013 75.29 49 5001BS-F 005 60.53
22 5002SPD-F 025 74.53 50 5001SPD-F-023 60.30
23 5002BS-F 020 74.25 51 5001SPD-F 019 59.60
24 5002-04-01-01-02-03 71.94 52 5002SPD-F 020 58.08
25 5002SPD-F 055 71.53 53 5002BS-F 074 57.17
26 5002-02-02-02-02-04 70.56 54 5001-01-04-02-05-02 57.04
27 5002BS-F-086 69.46 55 5002BS-F 077 56.97
28 5002SPD-F 069 68.61 56 5002BS-F-042 56.95
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Ranks  Accession numbers Seed yield Ranks  Accession numbers Seed yield
(g.)/plant (g.)/plant
57 5002BS-F-027 56.48 86 5001SPD-F 016 4451
58 5002SPD-F 037 56.39 87 5001BS-F,-007 44.19
59 5002BS-F-082 56.03 88 5001SPD-F-011 42.79
60 5002SPD-F 030 56.02 89 5002-03-04-01-01-01 42.36
61 5001SPD-F 032 55.95 90 5001SPD-F 009 41.53
62 5001BS-F-033 55.76 91 5002SPD-F 049 41.33
63 5002BS-F-044 55.72 92 5002-04-16-02-01-01 40.91
64 5001BSI1-F-076 55.65 93 5001SPD-F 027 40.82
65 5001SPD-F 039 55.11 94 5001-01-10-02-01-01 40.77
66 5002SPD-F 056 54.83 95 5002BS-F 097 40.63
67 5002-02-03-04-02-01 53.49 96 5002BS-F-062 39.70
68 5002-04-04-02-01-01 53.42 97 5001SPD-F 028 39.25
69 5002BS-F-004 52.42 98 5001BS-F-048 38.73
70 5002BS-F 073 52.18 99 5001-04-02-03-03-01 38.53
71 5001BS-F 064 51.50 100 5001SPD-F 001 38.03
72 5001BS-F 075 50.34 101 5002BS-F-054 37.75
73 5001-01-03-03-07-03 50.19 102 5001BS-F-068 36.85
74 5001BS-F-035 50.12 103 5002BS-F-076 36.64
75 5001SPD-F,-013 49.15 104 5002SPD-F-051 34.84
76 5002-03-01-01-01-01 48.62 105 5002BS-F-102 34.61
77 5002SPD-F-023 48.46 106 5002BS-F 045 34.37
78 5001SPD-F 047 48.40 107 5001-01-04-03-05-01 34.29
79 5002BS-F-101 48.39 108 5002SPD-F-078 33.92
80 5002BS-F-003 48.14 109 5002BS-F-034 33.80
81 5002BS-F-052 47.62 110 5001-01-05-02-02-02 33.15
82 5002BS-F 071 46.04 111 5002BS-F 056 32.33
83 5002-02-02-01-03-02 45.73 112 5002-04-02-02-01-04 30.91
84 5002-04-02-05-03-02 45.68 113 5001SPD-F-003 30.79
85 5002SPD-F 042 44.64 114 5002BS-F-078 30.69
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Ranks  Accession numbers Seed yield Ranks  Accession numbers Seed yield

(g.)/plant (g.)/plant
115 5002SPD-F-002 30.61 127 5002-03-01-01-01-02 25.47
116 5002BS-F 065 30.51 128 5002-03-04-02-01-02 24.74
117 5002-04-02-07-01-03 30.16 129 5002BS-F 085 23.29
118  5001-01-04-03-04-01 30.09 130 5002BS-F 075 23.28
119  5002SPD-F 014 30.02 131 5001-01-08-04-01-01 23.01
120 5001SPD-F 007 29.97 132 5002-04-02-01-01-01 22.20
121 5002SPD-F 007 29.90 133 5001BS-F-023 21.87
122 5002-04-02-04-01-01 29.30 134 5002-04-02-01-01-03 21.37
123 5001BS-F 003 29.18 135 5002-03-04-02-01-03 20.68
124 5002-04-03-01-02-01 26.34 136 5002SPD-F 046 19.57
125  5001SPD-F 041 25.95 137 5002-04-01-02-02-02 14.98
126~ 5001SPD-F.-017 25.63 138 5001-04-04-02-02-01 8.18
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Ranks  Accession numbers Seed yield Ranks  Accession numbers Seed yield

(g.)/plant (g.)/plant
1 5001BS1-F-069 67.45 12 5001-01-05-02-02-02 44.52
2 5001-01-04-03-05-01 66.22 13 5001-01-03-03-06-02 44.37
3 5001-04-02-03-03-01 61.91 14 5001BS-F 005 43.36
4 5002SPD-F 030 57.69 15 5001SPD-F 047 43.28
5 5002BS-F-076 53.82 16 5002SPD-F 040 42.45
6 5002BS-F 073 53.53 17 5001SPD-F-023 41.93
7 5001BS1-F-048 52.53 18 5002SPD-F-009 41.72
8 5001-04-04-02-01-01 52.09 19 5002SPD-F-014 41.66
9 5002BS-F-003 48.63 20 5002BS-F-023 41.49
10 5002SSD-F 007 45.88 21 5002SPD-F-049 41.32
11 5002BS-F-048 45.81 22 5002BS-F-059 41.30
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Ranks  Accession numbers Seed yield Ranks  Accession numbers Seed yield
(g.)/plant (g.)/plant
23 5002-04-02-05-03-02 41.14 52 5002SPD-F-023 30.79
24 5002SPD-F 037 40.74 53 5002-04-16-02-01-01 30.61
25 5002BS-F-098 40.42 54 5001BS-F 075 30.33
26 5002-04-02-07-01-03 39.59 55 5002BS-F-040 29.59
27 5002-04-01-06-01-01 39.48 56 5002BS-F 077 29.44
28 5001SPD-F 042 39.41 57 5002SPD-F-078 29.37
29 5002BS-F-105 39.40 58 5002-03-05-03-01-01 28.80
30 5001SPD-F-013 38.07 59 5002SPD-F 061 28.19
31 5002SPD-F 069 37.38 60 5002SPD-F 012 28.19
32 5001SPD-F 016 36.90 61 5002-03-01-01-01-01 27.74
33 5002SPD-F 026 36.23 62 5002-04-01-01-02-03 27.66
34 5002SPD-F 044 35.78 63 5002-03-01-01-02-01 27.61
35 5002BS-F-090 34.71 64 5002SPD-F 024 27.52
36 5001BS-F-003 34.67 65 5002SPD-F-042 26.45
37 5001SPD-F 007 34.42 66 5002-02-02-02-02-04 26.31
38 5002BS-F-045 34.09 67 5001SPD-F 005 25.99
39 5001SPD-F,-003 33.84 68 5002-02-02-01-03-02 25.23
40 5002BS-F-071 33.80 69 5001BS-F 040 25.14
41 5002SPD-F-002 33.78 70 5001SPD-F 001 24.48
42 5001-01-11-01-02-02 33.74 71 5002-04-01-01-01-01 23.94
43 5002-02-03-04-02-01 33.58 72 5002-04-02-02-01-04 23.75
44 5002SPD-F-051 33.33 73 5002BS-F-042 23.46
45 5002BS-F-097 32.25 74 5002SPD-F 004 23.16
46 5001SPD-F 039 31.43 75 5002BS-F-101 22.97
47 5001BS-F-033 31.23 76 5001-04-04-02-02-01 22.93
48 5002BS-F 021 31.21 77 5002BS-F 065 22.78
49 5002BS-F-078 31.00 78 5001-01-04-03-04-01 21.87
50 5002BS-F-034 30.95 79 5002BS-F 007 21.46
51 5002SPD-F 022 30.87 80 5002BS-F,-086 21.46
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Ranks  Accession numbers Seed yield Ranks  Accession numbers Seed yield
(g.)/plant (g.)/plant
81 5001BS-F-035 21.16 91 5002-04-03-01-02-01 15.77
82 5001BS-F,-013 20.62 92 5002BS-F-102 15.69
&3 5002BS-F -064 20.60 93 5002-04-04-02-01-01 15.28
84 5001BS-F-076 20.37 94 5002BS-F-062 15.27
85 5002BS-F 080 19.58 95 5002SPD-F 020 15.04
86 5001-01-04-02-05-02 19.12 96 5002SPD-F 047 14.59
87 5001-01-03-03-02-03 18.48 97 5002BS-F-068 14.26
88 5002BS-F-027 18.09 98 5002SPD-F-055 13.19
89 5002SPD-F 039 16.28 99 5001SPD-F 027 11.39
90 5002BS-F-060 15.91 100 5002SPD-F 056 8.21
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