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ABSTRACT

Seed priming is a method which is effective in improving germination and seedling establishment under stress
conditions. To investigate the effects of seed priming on emergence and morphological characteristics of root of three
canola cultivars, an experiment was arranged in a randomized complete block design in split plot with three
replications. Main factors including five sowing dates with an interval of ten days and three canola cultivars and
priming treatments including priming with water, zinc sulfate and control as sub plots were arranged in a factorial
experiment. Results showed the highest emergence rate was achieved in Okapi by zinc sulfate priming with an
average increase of 32 percent in all sowing dates. The most of the fresh and dry weight of three cultivars resulted
from the first sowing date, 6 September. Sowing date October 16 under the hydropriming and primed with zinc
sulfate increased root length by 7 and 10 percent in the Okapi, 18 and 23 percent in Zarfam and 32 and 35 percent in
Talayeh compared with their controls, respectively. Root volume of Okapi on September 26, October 6 and 16,
increased respectively 38, 61 and 71 percent in hydropriming and 51, 67 and 47 percent by priming with zinc sulfate
compared with their control treatments. The highest root area on 6 and 16 September in all three cultivars was
achieved by priming with zinc sulfate. Despite the decrease in root diameter of delay sowing date, priming treatments
could increase root diameters compared with controls in each sowing date.
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Table 1. Analysis of variance (mean squares) for emergence characteristics of canola cultivars under different sowing
dates and seed priming treatments

Source of variation d.f ER EP D10 D50 D90
Block 2 16.85 0.00006 0.008 0.011 0.018
Sowing date (SD) 4 2336.85 ** 0.01562 ** 90.34 ** 12.11 ** 10.91 **
Error (a) 8 18.04 0.00029 0.65 0.16 0.11
Cultivars (C) 2 433.78 n.s 0.00028 n.s 091* 0.17ns 7.47 **
Priming (P) 2 2530.94 ** 0.03 ** 36.98 ** 46.26 ** 57.24 **
SDxC 8 16.84 n.s 0.00017 n.s 0.91 ** 0.23 ** 0.13n.s
SDxP 8 44,58 ** 0.00324 ** 1.34 ** 3.18 ** 1.46 **
CxP 4 20.28 n.s 0.00032 * 2.29 ** 0.62 ** 0.66 **
SDxCxP 16 8.16 n.s 0.00019 * 0.71 ** 0.21 ** 0.23 **
Error 80 851 0.00011 0.21 0.075 0.079
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*and ** Significance at 0.05 and 0.01 probability level; ER and EP= emergence rate and emergence percentage; T0, T50 and T90= time to 10, 50 and

90% emergence.
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Figure 2. Interaction between sowing date and seed priming on emergence percent of canola
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Table 2. Interaction between sowing date, seed priming and canola cultivars on emergence rate
Emergence rate (day)
Sowing Okapi Zarfam Talayeh
dates - ZnSO, s ZnSO, L ZnSO,
Control Hydropriming priming Control ~ Hydropriming priming Control ~ Hydropriming priming
6-Sep 0.184+£0.006* 0.211+0.001  0.237+0.008 0.187+0.01 0.212+0.006  0.224+0.006 0.17+0.009  0.196+0.003  0.205+0.009
16-Sep 0.164+0.01  0.195+0.02  0.207+0.007 0.123+0.004 0.199+0.015  0.202+0.005 0.143+0.004 0.196%0.002  0.204+0.004
26-Sep 0.14£0.001  0.185£0.005  0.186+0.002 0.158+0.005 0.172+0.002  0.179+0.002 0.156+0.002 0.169+0.011  0.174+0.008
6-Oct 0.12+0.004  0.157+0.003  0.162+0.003 0.137+0.005 0.159+0.004  0.157+0.005 0.14+0.01  0.154+0.0009  0.15+0.004
16-Oct 0.109+0.008  0.145+0.009 0.149+0.1 0.108+0.011 0.146+0.011  0.141+0.009 0.1+0.01  0.14+0.033  0.138+0.025

* Standard error (SE)
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Table 3. Interaction between sowing date, seed priming and canola cultivar on the time it takes to reach 10, 50 and 90
percent of maximum emergence percent
D10 (day)
Sowing Okapi Zarfam Talayeh
dates L ZnSO, L ZnSO, - L
Control Hydropriming priming Control Hydropriming priming Control ~ Hydropriming ~ ZnSO, priming
6-Sep 2.95+1.79*  1.03+0.01 112+0.09 3.67£1.39 0.97 £0.05 1.07+0.12 3.11+0.39 1.36+0.2 147+0.18
16-Sep 3.3+£0.76 154+0.38 144+0.11 3.71+£0.79 16+0.53 1.33+0.17 341+044 142+0.15 1.52+0.07
26-Sep 456+112 238+0.18 231+0.1 388+054 244+0.14 2.57+0.36 3.76+0.29 146+0.19 1.85+0.04
6-Oct 562+013 452+0.03 4.45 +0.06 568+041 454+0.16  453+0.08 543+0.11 4.63+0.21 5.06 £0.12
16-Oct  6.08+0.07 526+058 522+0.39 641+044 544+052 551+057 6.22+0.34 528+0.33 5.74+0.39
D50 (day)
Sowing Okapi Zarfam Talayeh
dates Control Hydropriming ;Eﬁﬁ; Control Hydropriming ;rjﬁ; Control ~ Hydropriming ~ ZnSO, priming
6-Sep 744+037 432+003 461+0.19 791+061 429+013 445%0.12 796+0.6 4.87+0.07 485+0.21
16-Sep 796+049 517+067 483+0.17 8.1+0.29 5.04 +0.42 495+0.11 811024  5.09+0.05 4.88+0.11
26-Sep  866+0.08 541+0.16 536+0.08 8.25+0.29 5.8+0.09 5.56 +0.05 8.41+0.09  594+04 574+0.28
6-Oct 8.9+0.22 6.36 £0.12 6.16 +0.11 8.29£0.27 6.28 £0.17 6.33+0.2 8.79+0.49 6.48+0.41 6.63£0.11
16-Oct 898+0.19 6.94+0.17 6.89 +0.01 8.81+0.16 6.79+0.27 6.86 +0.24 898+0.38 7.26+0.63 7.18 +0.07
D90 (day)
Sowing Okapi Zarfam Talayeh
dates . ZnS0O, L ZnS0O, - L
Control Hydropriming priming Control Hydropriming priming Control ~ Hydropriming ~ ZnSO, priming
6-Sep 927+0.03 7.17+013 7.08 +0.06 9.1+0.53 751+0.51 7.84+0.23 955+0.38 749+0.17 7.96 +0.16
16-Sep  9.69+0.18 7.36+073  7.45+0.06 967+003 796+002 807+0.09 991+036 7.94+0.13 825+0.23
26-Sep 9.86+0.1 7.55+0.17 7.86+0.28 9.8+0.24 8.71+0.19 8.67 £0.22 9.14+0.14 801+0.27 8.68 £0.19
6-Oct 938+0.37 8.14+022 8.22+0.26 10.06+0.34 8.49+0.03 8.17+0.41 957+0.16 8.19+021 8.71+0.15
16-Oct 982+041 8.86+042 8.38 +0.07 1043+04 9.1+0.15 8.67 +0.46 10.27+0.36  8.77+0.12 8.84+0.13

* Standard error (SE)
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Table 4. Analysis of variance (mean squares) for root characteristics of canola cultivars under different sowing dates
and seed priming treatments

Source of variation d.f RFW RDW RL RV RA RD
Block 2 0.34 0.03 0.09 1.58 8.28 0.012
Sowing date (SD) 4 69.62 6.67 " 157.46 317.04 ™ 2776.86 0.38 ™
Error (a) 8 0.24 0.023 0.27 111 7.26 0.0039
Cultivars (C) 2 059 ™ 0.057 " 0.21"¢ 269" 7.37"¢ 0.01"¢
Priming (P) 2 48.64 " 465" 4082 22151" 430.84 ™ 033"
SDxC 8 064" 0.061 ™ 0.19"* 292" 11.00 " 0.024™
SD x P 8 11.54 ™ 1117 362" 52.54 " 267.19 " 0.099 ™
CxP 4 472" 045" 05" 215" 63.72 " 012"
SDxCxP 16 157" 0.15™ 114" 716" 26177 0.041™
Error 80 0.19 0.018 0.25 0.86 5.59 356

o = RA iy o> = RV aly, Jsb = RL ady, Sis 55 = RDFW iy, 5 059 = RFW woy0 ) 5 0 Jliol mhw )0 ()l poe s

Aoy v = RD gy,
*and ** Significance at 0.05 and 0.01 probability level; RFW= root fresh weight, RDW= root dry weight, RL= root length, RV= root volume, RA=
root area, RD= root diameter.
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Table 5. Interaction between sowing date, seed priming and canola cultivars on root fresh weight, root dry weight and
root length

Root fresh weight (g)

Sowing Okapi Zarfam Talayeh
dates Control ~ Hydropriming ZnSO,4 Control ~ Hydropriming ZnSO, Control  Hydropriming ZnSO,
priming priming priming
6-Sep 0.894+0.06* 5.05+0.39 6.87 051 1.31£0.15 5.38+0.22 473£0.6 0.57£0.05 6.48+£0.42 4.56+0.39
16-Sep  1.05£0.08 3554059 4.88=+=0.21 0.54+0.06 4.26+0.69 254143 0.54+0.03 4.11+£035 2.77+0.99

26-Sep 1.014+028 144+0.11 1.46=+057 0.22£1.02 1724002 0.69+0.18 0.63£0.12 1.63+007 1.41+025
6-Oct 0254004 042+008 1.03+1.36 0.14+0.01 087+015 0.37%0.09 0324011 04+01 0.62+0.04
16-Oct  0.03+£0.005 0.0540.006 0.04% 0.008 0.06+0.007 0.09£0.07 0.07 £0.008 0.08+£0.11 0.04=+0.005 0.02 % 0.006

Root dry weight (g)

Sowing Okapi Zarfam Talayeh
dates Control ~ Hydropriming ZnSO,4 Control  Hydropriming ZnSO,4 Control  Hydropriming ZnSO4
priming priming priming
6-Sep 0.47+£002 156+012 212+0.15 04+004 166+0.06 1.46+0.18 0.17+£0.01 200£0.13 1.41+0.12

16-Sep 0324002 1.1+018 1.51+0.06 0.16+0.02 1314021 0.77+0.44 0.16+001 1274011 0.85+0.3
26-Sep  0.3140.08 0.13+£0.03 0.72£0.17 0.03+£0.006 0.83+0.31 0.21+0.05 0.1+0.03 0.33+0.02 0.56=+0.07
6-Oct  0,08+0.01 0.13+0.02 0.56+0.42 0.024£0.004 058+0.04 0.11+0.02 0.094£0.03 0.18+003 012001
16-Oct 0010001 0.0240.002 0.02+0.002 0.01:£0.002 0.035+0.02 0.02+ 0.002 0.025+0.03 0.013+0.001 0.01% 0.001

Root length (cm)

Sowing Okapi Zarfam Talayeh
dates Control ~ Hydropriming ZnSO, Control ~ Hydropriming ZnSO, Control ~ Hydropriming ZnSO,
priming priming priming
6-Sep 7724047 1217407 1157+£0.64 791£025 11.7+041 10.05+0.43 7624122 1149405 10.43+0.84
16-Sep  7.18+0.75 10.68+0.86 10.62+ 0.29 7.68£045 10.86+058 9.45+05 7.16+£06 11.08£0.71 10.02+0.52
26-Sep  633+0.74 7.1+017 7.76£0.49 6.84£0.18 7.46+069 8.45+0.36 6.45+031 7.58+028 7.38+0.68
6-Oct  578+£058 6.37+032 6.15+0.11 474024 57+021 586+028 5994034 649+024 7.31+021
16-Oct  362+0.1 3.87+066 3.99+0.42 327+£011 387+016 4.05+0.11 3244006 428+023 4.39+0.13
* Standard error (SE) (SE) o )lxsliw] glas %
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Table 6. Interaction between sowing date, seed priming and canola cultivar on root volume, root area and root diameter

Root volume (cm®)

Sowing Okapi Zarfam Talayeh
dates - ZnS0O, . ZnS0O, . ZnS0,
Control Hydropriming priming Control Hydropriming priming Control  Hydropriming priming
6-Sep 3.91+0.14* 10.78+0.84 1467+1.1 2.8+0.33  11.48+0.47 10.01£1.2 121+01 9.83+091 100'78‘1i
16-Sep 224+018 7.58+1.26 10.42+0.44 1.15+0.13  9.09+1.49 5.354+2.07 1.15+0.08 7.77+0.76 8.82+1.12
26-Sep 216+061 295+025 327+1.22 0.27+0.04  6.67+1.19 1.47+0.39 0.72+0.27 192+0.16 5894054
6-Oct 0.55+£0.09 0.89+0.17 0.92+1.92 0.3+0.03 313+032 08=£0.19 0.33+0.24 1.3+0.21 1.61+0.08
16-Oct  0.064+0.011 0.11+0.014 00009;[ 0.061+0.014 0.24+0.16 0.1+0.1 0.017+0.25 0.065=+0.01 0.092+0.01
Root area (cm?)
Sowing Okapi Zarfam Talayeh
dates - ZnS0O, - ZnS0O, . ZnS0,
Control Hydropriming priming Control Hydropriming priming Control ~ Hydropriming priming

6-Sep 11.42+£0.92 35.24+1.73 36.79+1.99 12.73+0.95 31.47+157 33.9+1.81 8.38+1.48 29.41+14 30.14+2.01
16-Sep  10.09+1.37 24.85+1.71 25.59+0.98 8.25+0.89 25.85+1.39 23.65+3.04 7.77+1.04 21.33+0.83 23.71+16
26-Sep 7.96+1.97 9.08+138 9.44+0094 251+176 13.98+0.31 7.97+1.53 467+146 6.45+1.06 15.03+0.81
6-Oct 55+166 6.16+0.86 8.51+0.88 293+192 1088+0.3 5.36+0.84 578+09 6.38+103 6.79+0.84
16-Oct 07+062 138+0.12 0.92+0.37 045+029 152+0.15 1.04+06 0.63+0.15 1.23+0.16 0.67+0.67

Root diameter (cm)

Sowing Okapi Zarfam Talayeh

dates ZnS0O, ZnS0O, ZnS0O,

Control Hydropriming priming Control Hydropriming priming Control ~ Hydropriming oriming

6-Sep 0.19+0.007 0.55+0.0039 0.66+ 0.019 0.18+0.019 0.39+0.0047 0.42+0.028 0.11+0.015 0.48+0.0036 0.39+0.011
16-Sep  0.13+0.008 0.34+0.011 0.65% 0.051 0.07+0.001 0.26 +0.035 0.028+0.13 0.09+0.006  0.28+0.01 0.27+0.08
26-Sep  0.09+0.025 0.26+0.02 0.53%+ 0.066 0.04+0.003 0.18+0.12  0.22+0.02 0.074+0.021 0.017+0.007 0.15+0.037
6-Oct 0.04+0.024 0.17+0.008 0.37+0.27 0.05+0.004 0.09 +0.024 0.18+0.013 0.04+0.003  0.15+0.012  0.12+0.025
16-Oct  0.03+0.002 0.083+0.011 0.17+0.008 0.039+0.011 0.044 +0.062 0.07+0.001 0.022+0.23  0.052+0.01  0.041+0.01

* Standard error (SE) (SE) o, lusbisl (glas =
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