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Abstract:

With the aim of evaluation and characterization of important agronomical, morphological and
qualitative traits of canola germplasm, 14 and 30 accessions of canola were planted in two separate
randomized complete block designs with 3 and 2 replications respectively, at the Seed and Plant
Improvement Institute (SPII), Karaj-lran during 2006-2007. For both experiments, all important
agronomical and phenological traits including number of days to flowering initiation, number of days
to end flowering, number of branches/plant, plant height, number of grain/pod, number of pods on
main stem, number of pods on plant, main pod length, secondary pod length and maturity time were
recorded during growth period. At ripening, biological and grain yield, harvest index, 1000 grains
weight, oil content and oil yield for each genotype were calculated. Based on the analysis of variance
and means comparison results the genotypes had highly significant differences in most of the studied
traits. Classification of genotypes using Ward’s minimum variance method based on squared
Euclidean distance measure resulted in five separate and distinct groups which could be clearly
distinguished based on some traits. It could be concluded that there is a broad genetic diversity in the
germplasm collection of rapeseed which could be utilized in breeding programs.
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1. INTRODUCTON

The Brassicaceae family consists of many important field crops and vegetables such as oilseed rape. The
rapeseed rank third in the world and is most important vegetable oil source with an annual growth rate exceeding
that of palm. Rapeseed is also the world’s second leading source of protein meals. The main rapeseed producing
regions of the world are China, Canada, India and northern Europe. Worldwide production of rapeseed has
increased six fold between 1975 and 2007 using conventional and modern plant breeding approaches. World
production is expected to incrase further upward over between 2005 and 2015 [6].

Genetic diversity is of prime importance for the improvement of many crop species including Brassica [14].
Evaluation of genetic diversity among wild and crop plants population is necessary for protection, conservation
and useful application of germplasms, identification of suitable parents for high quality crosses and identification
of genetic content for important breeding traits[10, 3, 4, 2]. On the other hand, low levels of genetic diversity in
studied cultivars increase the potential vulnerability to diseases and pests [9].

Forty-six germplasm lines were evaluated for grain yield and its components, separately under protected
(chemical control against pest and disease) and unprotected conditions using RBD design with two replication
each to investigate powdery mildew reaction, aphid resistance during rabi season of 2007-08 at RARS, Bijapur
[7]. Grain yield per area and grain yield/plant showed highest phenotypic and genotypic coefficient of variation
under both protected and unprotected conditions followed by biological yield/plant. Heritability in broad sense
and GAM were higher for grain yield per meter followed by number of silique/plant, number of grains per
siliqgue under both conditions suggesting less influence of environment in these characteristics. Rashidifar et al.
(2010) studied the genetic diversity of 39 winter oilseed rape cultivars at Karaj-lran and classified them in to 4
separate and distinct groups thorough Cluster analysis using Ward’s minimum variance method based on squared
Euclidean distance . In another experiment, 24 spring rapeseed cultivars were compared in a Randomized
Complete Block Design with four replications over two years period (2001- 2002) in Jiroft, a warm climate in
the south of Iran. Simple and combined variance analysis of two years data showed that these cultivars were
significantly different (P=0.01) in number of pods per plant, number of grains per pod, 1000 grain weight and oil
percentage. Means comparison showed that cultivar Sarigol had the maximum number of pods per plant
compared to Option500 and Hyola308. Cultivar Hyola308 was superior to other cultivars based on number of
grain per plant (23.8) followed by Hyola401, Option500 and Hyola420, respectively. The maximum grain yield
was obtained from Hyola420 and Hyola308 cultivars with 4186 and 4012 kg/ha, respectively [11]. Fanaii et al.
(2010) assessed the yield, yield components and some agronomic traits of 18 spring genotypes of rapeseed in the
condition of Sistan region of Iran during two years. Compound analysis of variances showed that the genotype
had significance effect (p<0.01) on number silique in plant, number of grains per silique, height, grain yield and
oil percent. The highest grain yield (4484, 4370 and 4153 kg/ha) obtained from Syn-3, Hyola401 and Hyola420
hybrids and lowest grain yield (2742, 3126 and 3221 kg/ha) was obtained from option500, Cracker Jack and
Heros, respectively. Genotype Option500 with 48.2 percent of oil and Hyola401 with 1969 kg/ha oil yield had
the most amount of oil percent and respectively. It could be recommended that hybrids Hyola401 and Hyola420
were more suitable than open pollination genotypes for Sistan region of Iran [5].

The principal aim of this research was to characterize and grouping of oilseed rape collection in the oilseeds
research department of Iran to use them in breeding programs and minimize the number of cross-combination.

2. MATERIALS and METHODS

Forty four genotypes of oilseed rape collection were evaluated in two separate randomized complete block
designs with different replications because of shortage of seed for some genotypes. The experiments were
conducted in the research nursery of Seed and Plant Improvement Institute (SPII), Karaj, Iran during 2006-2007.
Seeds of each genotype were sown in four rows four meters long on 60 cm furrow system (two rows in each
furrow thus 30 cm spacing between two rows). Nitrogen fertilizer in the form of urea (46 % N) was applied
uniformly on all plots (50 kg N ha* at sowing, 50 kg N ha* top-dressed at the start of flowering and 50 kg N ha™*
top-dressed at the start of budding). Other fertilizers were applied prior to plowing at the recommended rates of
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59 and 100 kg ha* for P,Os and KO, respectively. A sample of five representative plants was taken from each
plot for recording data on plant characteristics.

In both experiments, all important agronomical and phenological traits including days to flowering initiation, end
of flowering, number of branches/plant, plant height, number of grains/silique, number of siliques/main stem,
number of siliques/plant, main silique length, secondary silique length and maturity time were recorded during
growth period. At ripening, biological and grain yield, harvest indices, weight of 1000 grains, oil content and oil
yield for each genotype were calculated.

The two experiments were subjected to combined analysis of variance and means of genotypes for all traits were
compared using LSD [13]. With the purpose of classification of genotypes, squared Euclidean distance and

Ward’s minimum variance method of clustering were used [12].

3. RESULTS and DISCUSSION

According to the combined analysis of variance, there were significant differences (p<0.01) among oilseed rape
cultivar collections based on all traits except biological yield (Table 1). This great genetic difference among the
studied genotypes offers a valuable opportunity for implementing this variation in breeding programs.

The traits such as main and secondary siliques length, number of days to start and end of flowering, number of
grains per main siliques, main silique length and oil content had the highest values of broad sense heritability
(over 50%) and indicated that genetic agents mainly controlled the variation of these traits (Table 1).

The mode of gene action and importance of additive versus non-additive portion of variability remains to be
surveyed. In contrast, the traits including first branch height, number of siliques/main stem, first silique height
and biological yield had the lowest heritability (Table 1) and it could be concluded that these traits are most
prone to environmental variations.

Table 1. Combined analysis of variance (Mean Squares) phenological and morphological traits of 44 genotypes
of oilseed rape

S.0.V (df)
Traits Set Replication Genotype Error CV. V(i CV, h?
(1) /Set(3) /Set(42)  (55)
Days to flowering 2.44 3.285 25.59 ** 3.027 093 9.03 161 74.88
Days to end flowering 52.63 1.704 98.21 ** 1728 187 3237 256 65.20
Flowering duration 32.40 9.35 38.59 ** 1435 10.69 9.70 8.79 40.32
Plant height 949.8 ** 103.03 183.43**  79.94 10.66 41.40 7.67 34.12
Stem diameter 7.85** 0.78 0.98 ** 0.47 991 020 6.53 30.27
Number of branches 5.82 ** 0.53 1.15 ** 0.46  13.73 0.28 10.64 37.50
Number of siliques/main stem 785.29 **  100.2 * 69.15 * 35.96 22.39 13.28 13.60 26.96
Number of siliques/branches ~ 2876.9 7745 1696.2 **  769.2 28.02 370.80 19.45 32.53
Number of siliques/plant 6668.3 **  1213.13 2005.27 ** 813.53 22.68 476.70 17.36 36.95
Main stem length 140.68 * 51.79 81.99 ** 20.69 12.37 2452 13.47 54.24
No. of grains/main siliques 228309.8 ** 35.78 285.65** 50.30 8.82 94.14 12.07 65.18
No. of grains/secondary siliques 237322.7 ** 148.44 320.09 ** 104.97 12.68 86.05 11.48 45.05
Main siliques length 0.3305 * 0.1022 0.739**  0.0586 3.95 0.27 851 82.28
Secondary siliques length 0.6369 **  0.0428 0.525 ** 0.0316 3.07 0.20 7.67 86.20
First silique height 299.86 **  17.53 74711 * 41871 12.16 13.14 6.81 23.88
First branch height 150.49 * 28.93 57.76 ** 28.47 30.07 11.72 19.29 29.15
1000 grain weight 0.037 0.0339 0.1956** 0.0734 7.49 0.05 6.11 39.97
Oil percent 5.172 3.695 7.488 ** 2.013 334 219 348 5211
Biological yield 5.92 150 * 6.56 4215 262 094 1236 18.20
Grain yield 0.694 * 1.137**  0.543 ** 0.167 294 0.5 27.90 47.39
Harvest Index 22.66 14.33 31.12 ** 9109 174 8.80 17.11 49.15
QOil yield 0.151* 0.222**  0.107 ** 0.033 309 0.03 29.26 47.28

*and ** significant at 5% and 1% probability levels, respectively
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3.1. Mean Comparisons

The results of mean comparisons are shown in table 2. The results clearly show that there are significant
differences among genotypes which could be incorporated in breeding programs to improve the grain and oil
yield.

3.2. Cluster Analysis

Cluster analysis using Ward’s minimum variance method based on squared Euclidean distance measure grouped
44 genotypes into five distinct clusters (Figure 1). The first group composed of Star, KN6, Mozart and Ryder
which were early ripening genotypes and had also high performance capacities. The second cluster composed of
Frl, Fr2, Fr5, Parade, KN2, Hopper, VDH 800, Dexter, Orkan, Fr3, Calibra, OR2-81 and Wotan which had
higher values of plant height, stem diameter, number of grains per silique and number of siliques per plant
(Figure 5).

The genotype KN1 made the 3™ group itself and was apparently distinct from other genotypes having early
maturity and higher plant height, more branches and siliques per plant and low silique length, number of grains
per silique and 1000 grain weight.
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Traits 2 a = = & - £ X X '%_ o & 3 > % b
@)
Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Days to flowering 184 189  189.33 187 186  184.67 186.67 179 191 18167 184.33 190.67 188.67 188.33 3.732
Days to end flowering 211.67 223.67 224 223 219.67 222 22333 213 228.67 208.33 222.67 228.33 220.33 228 6.592
Flowering duration 27.67 34.67 34.67 36 33.67 37.33 36.67 34 37.67 26.67 3833 37.67 3167 39.67 6.097
Plant height 908 8432 8783 883 8.6 77.93 9267 9467 99.19 66.3 8557 8477 96.37 90.87 16.83
Stem diameter 6.9 7.48 719 764 1.74 7.19 7.4 6.89 7.85 5.42 7.43 7.26 8.26 6.75 131
Number of branches 5.33 4.72 4.73 4.2 6.0 4.73 5.23 7.73 4.48 5.29 5.0 4.57 6.03 4.82 1.352
Number of siliques/main stem 3217  27.83 245 271.7 25.8 23.47 33.9 33 34.85 26.2 29.73 26.63 39.87 35.63 10.705
Number of siliques/branches 77 1286 1047 99.1 101.7 84.4 85.39 188.4 100.8 72 1341 69.87 111.3 1171 50.28
Number of siliques/plant 109.17 156.41 129.23 126.8 127.53 107.87 119.29 221.37 135.65 98.2 163.8  96.5 1512 15273 51.2
Main stem length 35.13 39.91 3843 3943 3233 3207 441 3577 4292 3071 382 3887 4353 4313 7.91
No. of grains/main siliques 2232 2547 2378 2265 253 2751 2649 1577 2225 2215 2687 2644 2411 2294  4.36
No. of grains/secondary siliques  20.27 2247 2321 2253 259 26.1 2123 1769 23.05 2414 2471 26.46 2267 2349 3.861
Main siliques length 5.84 6.43 569 619 6.44 6.47 6.05 4.3 6.07 5.74 6.78 5.88 6.92 6.1 0.443
Secondary siliques length 5.43 5.89 5.38 5.81 6.12 5.93 5.39 4.25 5.91 5.87 6.05 5.85 6.06 5.91 0.32
First silique height 58.7 52.43 57.13 5853 584 5437 5423 6427 6225 39.36 5227 5437 57.67 49.6 12.89
First branch height 2397 1394 1893 21.77 1847 1873 18.17 23 35.27 1328 139 18.73 1563 1499 7.813
1000 grain weight 4.24 3.73 349 372 361 3.96 3.53 2.81 3.43 3.57 3.85 3.59 3.67 3.7 0.536
Oil percent 4517 43.04 408 4052 451 4226 43.14 4266 4338 46.03 421 4073 434 40.1  2.519
Biological yield 7.89 7.11 822 889 844 8.33 8.33 7.78 8.0 5.0 8.0 6.56 1144 1022 4.136
Grain yield 1.63 1.26 1.25 143 159 1.34 1.73 1.23 1.06 1.09 1.59 0.71 2.94 191  0.783
Harvest Index 20.37 16.32 1567 1591 189 156 2178 1587 12,69 2189 1996 10.72 26.24 1887 6.113
Oil yield 0.74 0.54 051 058 0.72 0.57 0.75 0.52 0.46 0.5 0.68 0.29 1.28 0.77  0.351

Is

Table 2. Continued
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Number 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Days to flowering 1885 1895 188 189 187.5 187 189.5 1895 1895 186 184.5 189 188 1815 1815
Days to end flowering 228 228 2245 227 222 227 232.5 231 2225 2245 2245 226 22555 214 2075

Flowering duration 395 385 36.5 38 345 40 43 415 33 385 40 37 375 325 26
Plant height 77.5 80.45 84.05 78.65 96.3 87.6 75.35 87.3 84.95 70.8 70.6 89.6 82.3 76.8 84.05
Stem diameter 7.31 6.8 6.21 7.05 7.55 7.06 7.01 6.27 6.77 6.84 6.23 7.36 6.76 586 6.74
Number of branches 4.75 4.5 35 5.4 5.15 4.7 4 5.25 4.85 5.15 4.1 3.8 4.35 4.75 5.4
Number of siliques/main stem 2265 2045 227 2325 3445 2235 154 3275 2075 2145 1925 30.15 195 2315 319
Number of siliques/branches 1315 1072 62.15 1405 109.75 8185 8845 79.35 100.7 94.55 73.2 78.65 81.2 724 747
Number of siliques/plant 15415 127.65 84.85 163.75 1442 1042 103.85 112.1 121.45 116 92.45 108.8 100.7 95,55 106.6
Main stem length 3525 30.15 418 34.3 47.65  40.65 27.6 42.9 35.9 28.2 31.35 45.85 38 296 272
No. of grains/main siliques 1243 130.05 1332 12275 1378 1213 1191 135.6 12215 113 12195 14435 134.05 1117 101.6
No. of grains/secondary siliques ~ 118.95 131.15 137.2 125.05 125.85 121.75 1443 12045 126.95 136.15 11795 146.05 1351 1124 928
Main siliques length 7.12 6.33 6.67 5.85 7.3 6.31 6.39 6.09 6.43 6.24 6.21 6.15 6.66 557 5.49
Secondary siliques length 6.62 6.12 6.13 5.41 6.69 5.71 6.48 5.83 6.37 6.1 5.69 6.13 6.07 5.51 5.2
First silique height 48.25 59.2 46.85 4855 5515 5275 5555 54.1 58.8 48 48.5 49.8 509 5165 59.6
First branch height 13.85 1595 15.95 8.5 13.2 1955 22.05 16.6 21.85 14.5 16.3 18.6 13.7 205 25.45
1000 grain weight 3.36 3.32 3.61 3.01 3.58 3.59 3.38 3.39 4.05 3.57 4.05 3.47 3.45 3.78 411
Oil percent 40.21 40.38 41.29 4138 4158  40.99 41.4 41.46 4272 4247 4198  40.56 42,2 4393 4558
Biological yield 7.9 8.0 10.87 5.78 6.41 7.4 6.8 4.4 7.8 5.53 5.3 7.6 9.6 8.0 10.4
Grain yield 1.22 0.98 2.15 1.02 1.23 0.84 0.88 0.42 1.37 0.98 0.91 1.43 1.37 158 224
Harvest Index 15.14 1225 19.74 1743 18.69 11.34 12.72 9.52 175 17.8 17.12 18.83 14.34 19.75 21.62
Oil yield 0.5 0.4 0.89 0.42 0.52 0.34 0.36 0.17 0.59 0.42 0.38 0.58 0.58 0.7 1.02

Table 2. Continued
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Number 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

Days to flowering 186 186 1795 1855 191 1855 1895 189.5 1825 1875 1865 1785 191 188 188  2.62
Days to end flowering 221 217 2025 2225 225 2205 226 2275 216 2265 2225 2135 2315 221 222 8432
Flowering duration 35 31 23 37 34 35 36.5 38 335 39 36 35 40.5 33 34 7.6
Plant height 86.35 84.85 6095 76.8 79 96.8 77 9255 6395 834 747 689 79.28 865 102 15.99
Stem diameter 7.21 652 48 606 638 805 6.99 6.5 532 7.28 638 6.38 6.67 6.98 6.91 1.202
Number of branches 3.95 4.95 4.3 5.65 5.1 545 415 485 5.3 495 445 435 4.84 4,75 49 1.13
Number of siliques/main stem 2265 3535 172 2825 215 3784 16.75 2425 2365 226 19.95 211 2451 247 3315 11.25
Number of siliques/branches 778 1033 56.05 1132 853 1298 779 107 85.7 1211 79.75 571 1101 106.9 1488 51.36
Number of siliques/plant 10045 139 733 1414 106.8 167.7 94.65 131.3 109.4 1437 99.7 782 1346 132 182 533
Main stem length 35.75 40 245 359 298 503 353 391 291 36 29.3 326 34.8 359 494 8.7
No. of grains/main siliques 13445 103 911 988 1294 1236 1274 109 9445 1341 9875 109.9 12209 116.7 134.6 17.39
No. of grains/secondary siliques 1191 97.8 102.8 93.85 1278 1168 1529 1349 989 1233 1173 1141 1227 110 110 256
Main siliques length 6.55 5.8 565 546 6.67 6.34 587 612 529 685 544 549 6.64 6.5 5.9 0.44
Secondary siliques length 5.92 522 565 5.46 6.6 5.9 529 584 525 644 513 537 6.45 583 557 0.33
First silique height 55.85 47.75 438 4555 5805 5334 491 599 399 5275 518 411 5154 5545 5955 10.87
First branch height 23.05 16 157 115 227 117 8.5 216 106 154 19 14.2 21.9 141 196 113
1000 grain weight 3.73 343 338 331 359 38 366 347 374 397 361 3.46 3.17 4 3.8 0.46
Oil percent 4406 457 459 438 413 424 389 43 445 429 403 441 41.3 40.1 422 267
Biological yield 10 9.4 4 6.8 8.9 5.9 8.6 9.2 8 10 8.6 7.2 5.6 9.2 6.8 3.44
Grain yield 2.06 2.25 0.8 111 156 084 162 138 1.73 1.2 127 1.34 0.8 1.6 1.2 0.72
Harvest Index 20.6 23.8 20 169 173 151 188 149 216 118 139 186 14.2 186 186  4.96
QOil yield 0.91 1.03 037 049 065 036 063 059 077 052 052 059 0.33 067 051 032
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The fourth cluster involved KN5, Ural, SW5001, Option501 and NSA-2 which were early ripening genotypes
and had higher values of oil percent and harvest index and low values for some traits including stem diameter,
number of siliques per plant and height of first silique and first branch from the ground level which are
characteristics of spring type oilseed rape. The remaining 21 genotypes included in the 5 cluster had an average

values for nearly all assessed traits (Figurel and table 3).
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Figure.1l. Dendrogram showing the classification of rapeseed genotypes based on
squared Euclidean distance and Ward’s minimum variance clustering method

According to the distance matrix which has been calculated based on squared Euclidean distance, the genotypes
Fr2 and Fr3 had the closest proximity and both of them were belonged to cluster number 2. The greatest distance
between genotypes involved the NSA-2 and Ryder which included in the 4th and 1st clusters respectively (Data

not shown) (Figure 1).
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Table 3. Mean of traits for different clusters obtained from clustering

Cluster number 1 2 3 4 5 Total

Number of members 4 13 1 21 44
Days to flowering 185 1875 179 180.7 188.2 186.7
Days to end flowering 2141 22377 213 2109 2259 2222
Flowering duration 29.1 36.1 34 301 377 355
Plant height 89 90.2 947 674 812 833
Stem diameter 7.1 7.4 6.9 5.6 6.8 6.9
Number of branches 5.4 4.9 7.7 4.8 4.6 4.9
Number of siliques/main stem 348 304 33 223 227 262
Number of siliques/branches 916 108.8 1884 68.7 952 98
Number of siliques/plant 126.4 139.2 2214 909 1178 124.2
Main stem length 365 413 358 293 354 36.6

Traits No. of grains/main siliques 62.6 49.7 158 859 1234 894
No. of grains/secondary siliques 584 455 177 904 1268 90
Main siliques length 6 6.3 4.3 55 6.3 6.1
Secondary siliques length 55 5.9 4.3 55 6 5.8
First silique height 559 555 643 432 524 529
First branch height 20.3 183 23 148 169 175
1000 grain weight 3.9 3.7 2.8 3.6 3.6 3.6
Oil percent 45 421 427 449 416 424
Biological yield 9.8 7.8 7.8 6.4 7.8 7.8
Grain yield 227 132 123 131 125 137
Harvest Index 23 168 159 204 158 173
Oil yield 1.02 056 052 059 052 0.58

Fisher’s canonical discriminant analysis on 5 distinct groups originating from cluster analysis resulted in 2
canonical functions which effectively separated all members of the groups without any coincidences (Figure 2)

and thus confirmed the accuracy of dendrogram cutting point (Data not shown).

72


http://journals.manas.edu.kg/

Manas Journal of Agriculture and Life Science
MJAL 5 (1) (2015) 64-73

5 o
CLI
4 o L
@ L]
'O
[ ]
e ® |.:l2
-
® [ ]
]
[} * .
| = L ]
o o ™
b
S
o
L e®
] L]
- 5
o1 o®
™
o
® @
e ®
2 » ° %
[ ] L ] [ ]
4
O e
[ ]
4 s o
O
T T | T
15 -10 5 0 5

Function 1
Figure.2. Scatter diagram of oilseed rape genotypes belonging to 5 clusters using two canonical discriminant
functions scores.
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