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Figure 1- Mean maximum, minimum temperature and values of precipitation in Shirvan
in 2012-2013 (Shirvan synoptic station)
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Table 1- Analysis of variance for phenilogical traits of canola cultivars

Day to start of

SOV bf Day to Day to Day to Day to flowering
s a0 emergence seedling rosette shooting £9r5 G 59,
Tmm e Gl oMbl ghmelS s, wh,  eeaile iy, ;
B
Cultivar (s, 19 30.29" 19.20™ 49.47™ 662.39" 413.40"
Block(ws sl 3 0.083™ 0.012™ 0.033™ 7.88™ 10.54™
Error (Ws) 57 0.065 0.091 0.156 411 4.39
C.V (Sl s g p3) 3.84 2.93 1.90 112 1.10

# i ns
o gy e )0 I S dey0 S e jo o e T 0 o e pas

Ns: non-significant, *and **: significant at 5% and 1% probability levels, respectively.

V Jgus awlol
Table 1- Continued

Df Day to start of Day to end of Day to start of . .
SOV pod formation pod formation seed filling Day to prlys!?loglcal
axyd T . s s maturity
)y . FSlG £y U ey Sl oL G 39 A EIr U 39, .
Sl & 8ol . . ] . Sglgr i (Soamy U 39,
O8> o8> 415
Cultivar(es,) 19 345.74™ 22717 41457 236.19™
Block(ws oy 3 5.50™ 0.18™ 4.95™ 6.98"™
Error (Ls) 57 2.28 2.56 351 2.03
C.V () yads' g 33) 0.74 0.71 0.88 0.57

#* £ 23 ns
oS gy ek 50 Sl g ae )0 S jo ls e T 09 o pixe pae
Ns: non-significant, *and **: significant at 5% and 1% probability levels, respectively.

" alisee pl)) o Shas sl 9 0 Shos (bl 2325 =Y Jgiar
Table 2- Analysis of variance for yield and yield components of canola cultivars

Number Number

Df  Economic  Biological of of 1003 Harvest f.SIT.e d f_SI?_e d
SOV yield yield pod/plant  seed/pod ~ S€€ index fiing Ifling
0. a4 R Slos Wls olasg  Weight G period rate
- k3 . * ) £
Ol o’ 2o &oliT J “ 7 ) . R 039 &’ A9 gy
obasdl S5l Lt J Al Yooe el &l ol Aild ol

g 0 RSl

Cultivar(ss,, 19  11422.18™ 46581.84" 31328™ 1321 021" 3813" 51.27"  0.0008™
Block(ssl) 3 133.99™  7999.47"  12.83° 243 008" 215  3.30®  0.0002"

Error (Us) 57 444,42 3632.97 14.29 1.18 0.03 2.30 2.93 0.00006
o p8)
4,74 4,18 3.39 6.10 4,01 491 4.90 6.21

# i ns
o, gy e 10 I S a0 SOl jo o pme & 0 o e pas

ns: non-significant, *and **: significant at 5% and 1% probability levels, respectively.
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Table 3- Mean comparisons of some traits of phonological of different Oilseed rape cultivars

Day to
Day to
start
5 Day to 5 start of Z?é/ (t)(f’ of Day to
Day to Day to ay Day to ﬂstart of er?c)il ;? forﬁw(;(:ion pod seed  Physiological
; i i owerin . ne maturit
Cuu.,\,ﬂ emer%ehce sesd’lmg rosette shgc?tlng o 9 flowering 6 39, formation fl'I'Ilng o y
) T 090 ' )”w G 39, )B)Lw . ”j oL G 59, syt ol bey  Yie ;ii
o e 3 9y _ e o =)
L Lo gy e o,
ety - e y9> ON 259992 329
O*TH9> Sls
Licord 10.75 17 27 189 197.25 2275 2125 230.25 220.75 251
Bilbao 125 18 27.75 193 200.75 231 215.75 234.25 230.75 260.75
G;é';_ 5.25 12 18.5 184 190.25 217 203.5 221.25 211.25 246.5
SIm046 7.75 14 22.25 186.5 196.75 2275 207.5 2255 2195 2515
Sarigol 11 17 27 152.5 168 205.75 188.5 213.5 192 231
Talayea 5 11.75 18 157.75 171.25 207.75 194.5 218 203.5 246.25
L72 5 12 19 184.5 192 223 211.25 226.5 216 247.25
SW102 5 12 19 184.25 191 219.5 207.25 224 212.75 242.75
Shirali 5 12 17.75 161.5 177 216.25 190.75 218.75 197.75 236.75
Zafar 3 12 18 160 176.75 197.25 190.75 208.5 196.5 234.25
?Llf(i)-é 5 12 18.75 183.75 191.25 214.25 197.75 216.5 209.25 2455
Opera 5 12 19.25 190.25 197.75 222 2115 231 215.25 248.25
Zarfam 9.25 14.5 22 167.5 180.5 2125 191.75 220.5 196 234.25
KS11
(Karaj3) 5 115 18.75 182.25 190.25 219 200.5 217 204.75 242
Kodiak 5 12 19 190.25 198.25 228 209.25 225 210.5 244.25
Okapi 5 12 16.75 190.5 201.25 226 209.75 2275 216.25 250.75
Karaj 1 5 12 19 184.5 192 221.5 188.75 209 211.25 243.75
Modena 12 16 27.25 191.25 199 227.25 212.25 230.25 220.25 254.5
C;g(g 5 11.75 19 187.75 198 225.5 207.75 227.75 217.25 254
Traviata 5 115 19 190.5 198.5 223 2115 2325 223 255.75
LSD 0.36 0.42 0.55 2.87 2.96 2.60 2.14 2.26 2.65 2.02
(5%)
Ll polazdl o pilae B 0 Gade. o5es
1600
: 1400
4
oA 1200
?:3 i 1000
-, 77_3 200
'i\.‘ =
) LoD
I P
400 -
200 [.
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Figure 2- Mean of biological and economical yield in different canola cultivars
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Table 4- Mean comparisons of yield components of different canola cultivars

Seed filling 1000 seed Number of Number of
Cultivar period I—!agvest weight seed/pod pod/plant Seed filling rate
o3, OOy 0599 M‘Tﬁ it:u I 039 B 0 &ils ol R L L L Y . o
ails ails RSy Aigy By

Licord 30.25 28.56 4.65 18 107 0.153
Bilbao 30 28.84 4,72 19.25 1175 0.143
GKH-305 35.25 30.79 4.71 18.5 119.75 0.134
SIm046 32 33.62 4.45 18.5 1125 0.139
Sarigol 39 27.33 4.16 15.5 102.75 0.106
Talayea 42.75 25.75 4.28 18.25 98.5 0.110
L72 31.25 33.98 4.64 19.25 1215 0.148
SW102 30 34.92 4.52 19.5 1145 0.150
Shirali 39 27.56 3.95 17.25 104.75 0.101
Zafar 39.25 30.10 4.46 14.75 116 0.114
GKH-1103 36.25 30.90 4.50 15 126.5 0.124
Opera 33 33.68 5.01 16.5 112.25 0.152
Zarfam 38.25 24.23 431 16.5 92.5 0.113
KS11 (Karaj 3) 37.25 3341 4.43 19.75 104.25 0.119
Kodiak 33.75 33.38 4.38 21.25 119.75 0.130
Okapi 34.50 31.95 4.34 17.75 1145 0.125
Karaj 1 32.50 30.72 4.43 17.25 104.5 0.138
Modena 34.25 30.06 4.62 16.75 103.25 0.134
GKH-2005 36.75 32.12 4.50 16.75 116.25 0.122
Traviata 32.75 35.32 4.68 21 121.25 0.143

LSD (5%) 2.44 2.14 0.25 1.54 5.43 0.011
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Table 5- Single correlation coefficients between investigated traits in Oilseed rape different cultivars

22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
1 1
1 0.52™ 2
1 38™ 0.79™ 3
1 0.18™ 0.14" 0.44™ 4
1 0.06™ 0.28™ 0.32" 0.52" 5
1 0.37" 0.42" 0.63™ -0.11™ 0.78™ 6
1 0.42" -0.04" 0.13™ -0.34" 0.09™ 0307 7
1 097" 0417 -0.04"™ -0.14™  -0.29" 0.12" 027 8
1 0977 0977 032" 0.10™ 0.09™  -0.27" 0.09™ 0.22° 9
1 0.09™  0.005™  0.01™ 0.58™ 0.54™ 0.40™ 0.47™ 0.24" 0.65" 10
1 0.98™ 0.11™ 0.2  0.03" 0.56™ 0.50™ 0.37" 0.45™ 0.22" 0627 11
1 086" 0.85" 027" 019"  0.20™ 0.40™ 0.34™ 0.48™ 0.22" 0.11" 0417 12
1 079" 082" 082”7 025 018"  0.18™ 0.50" 0.54"™ 0.46™ 0.45™ 0.27" 0.60” 13
1 0.90™ 0.76™ 069" 067" 033" 028" 030" 0.29™ 0.45™ 0.39™ 0.25" 0.20™ 038" 14
1 78" 086" 0827 086" 086" 0277 020"  0.20™ 0.44™ 0.53" 0.41" 0.43™ 0.39™ 062" 15
1 094" 076" 0817 0747 078" 0777 022" 016®  0.17™ 0.34" 0.48™ 0.36™ 0.36™ 0.40™ 053" 16
1 050" 07" -05" 06" -067" -07" 07" -02" -020 -018° -049" 045"  -036"  -041"  -024" 057" 17
1 0.8 054" 074" 0547 0677 0587 066" 0717 016" 0.09°  0.07™ 0.49™ 0.75™ 0.30™ 0.36™ 0.27" 059" 18
1 0.33™ 023" 0.15® 020 0.06™ 0.08® 0.11™  0.04™ 0.08™ 0.09® 0.10®  0.07" 0.10™ 0.26™ 0.02" 0.03"®  -0.009™  0.08® 19
1 061" 024" -01™ 0.004™ 005° -01™ -0.1" 0.004™ -01™ 011" -01™ -0.10® -0.14"  0.09™ 0.24" 0.05™ 0.03™ 0.07" 0.03" 20
1 0.17® 0717 021" -022° 015® 020" 0.13® 013® 0.17® 0.08" 011" 017® 015 012" 0.18™ 0.13™ 0.01™ 0.12"™ -0.01™ 0.15™ 21
1 01" -01™ -01™ 016™ -023 025 0277 026 035" 028" 035" 036" -01™ -0.01" -0.03"  0.08™ 0.12™ 0.19™ 0.20™ 0.31" 026" 22

1- Economic yield (golazsl 5 Skee), 2- Biological yield (5405 o,Slee) , 3- Number of pod/plant (s ,a ,0 e 95 olaws), 4- Number of seed/pod (irz 55 ,» ;o ails slaws), 5- 1000 seed
weight (als 5 (y59), 6- Harvest index (coils » jasLs), 7- Day to emergence (,us e b 39,), 8- Day to seedling (axals b 34,), 9- Day to rosette (=5, b 35,), 10- Day to shooting L. b ;s,)
(23, 11- Day to start of flowering (a5 ¢5,5 b 54,), 12- Day to end of flowering (. sal8 L, U ;4,), 13- Day to start of pod formation (.,.>,s5 LS5 g4,% b 39,), 14- Day to end of pod
formation (cn.>,s> S5 oL b 59,), 15- Day to start of seed formation ils g4,5 b 34,) (o, 16- Day to physiological maturity (<Gjes 58 Saew, b 59,), 17- Seed filling period os , 0,99)
(als, 18- Seed filling rate (wls s 5 ce ), 19- Chlorophyll a s, ka(, 20- Chlorophyll b L3, t5)b(, 21- Cartenoid (a0 ,15), 22- height (gl )
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Table 6- Stepwise Regression Analysis for effect traits on seed yield of canola

RZ
O35 5 9 &
a8 ylastiw! Tone ol e
: . . ~0 )l P yE > TR
total) Js artial) -5 F Standardized )  Gricrcenty  (Stage) (trait) cio
regression
coefficient
Agy yo BME olawy
0.62 0.62 123.81™ 4.60 -69.21 1 number of )
(pod/plant
0.75 0.12 35.81" 753 -116.84 2 bl a2 Ll
(harvest index)
0.99 0.24 5807.31" 13.93 -419.47 3 S35 9 Khos

(biological yield)

IS calieo pl3) 50 Joo as oo 8,1y Slas g ails o, Shee (sl (slal> 1o cude 4550 -V Jou
Table 7- Causal Path Analysis for seed yield and inserted traits in model in canola
different cultivars

Soidam o bos Cullo g ol 30 ML slawy

oS 5! bioloai ; i 51
iological ) harvest ) ( 45 gnumber :
total effect) yield index of pod/planty irect effect)
gy 50 ML slawy
0.80 0.25 0.52 - 0.03 number of )
(pod/plant
Mbﬁ ua’Lw
0.77 -0.067 - 0.020 0.82 charvest index
. i} S glem o o
0.53 0.09 0.011 0.61 (iological yield)
ol L il 0.1 2
(remain effect) R=0.99
MR o AMS dl o mlas
’//'// Seerd filling periaofd
e ss ﬁf'/
Seed weight ‘---_1‘__‘_“
1.677° “-=-,__‘____
s i i g
Saad fllling rate
R RO P

Seed yield W

.67 P g e U A )

Seed number/m?

4$‘¢ U)S » 4$‘¢ UJ.M: » CA.C).M: 9 tﬁ‘jd )J‘ 9 4.3‘0 Q).i,.o.c » 4$‘¢ Q)S )J‘ o)lg).) o 4.:)2; C;Lu 9 JM —Yl J&Aﬂ
Figure 3- Model and path analysis about the effect of seed weight and seed fiiling and rate
on seed yield
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Figure 4- The relationship of between seed filling rate and seed weight (a), seed filling
period and seed filling rate (b), seed filling period and temperature (c), seed filling rate and

temperature
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Abstract

To investigate relationships among physiological traits of 20 rapeseed cultivars, an
experiment was conducted at the Research Farm of Agricultural Faculty of Shirvan in
Northern Khorasan in Iran, in 2014-2015. The experiment used was a randomized
complete block design with four replications. Results showed that there were significant
differences among cultivars for seed and biological yield, the number of pod/plant and
seed/pod, 1000 seed weight, harvest index, days to germination, seedling, rosette,
shooting, flowering time, end of flowering, pod formation time, end of pod formation,
seed filling time and physiological maturity among the traits of rapeseed under study.
The highest yield belonged to Traviata (513.56 g/m?) but did not have significant
difference with Kodiak, Bilbao, L72 and SW102. The lowest yield belonged to Shirali
cultivar (344.41 g.m™) but it also did not have significant difference with Zarfam and
Sarigol cultivars. Positive and significant correlation was observed for seed and
biological yields, number of pods/plant and seeds/pod, seed weight, harvest index, the
number of days to flowering, flowering end, beginning pod formation, ending pod
formation, beginning seed filling, plant height and seed filling rate, but correlations
were negative between seed yield and seed filling period and day to emergence and
rosette. According to stepwise regression, seed yield was considered as dependent
variable and other traits as independent ones. Positive direct effects of harvest index and
biological yield and also positive indirect effect of biological yield on number of
pod/plant and positive indirect effect number of pod/plant on harvest index were the
traits that can be used for selection of high yielding genotypes. Path analysis revealed
that traits like seed weight and seed number per unit, seed number and seed weight are
its determiners of seed yield. The results also showed that seed filling rate is more effect
than seed filling period in determination of seed weight. Regression analysis also
showed that by increasing temperature, seed filling period was decreased by 1.54 days
and seed filling rate increased 0.004 mg/grain.day™ centigrad™. Based on these results it
could be concluded that genotypes varied significantly for the rate and duration of seed
filling.

Key words: Correlation, Path analysis, Seed filling rate, Stepwise regression,
Yield.
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