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Investigating the agronomic traits of winter canola in seeding and
transplanting systems with different plant densities under delayed
cultivation conditions
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Table 2. Meteorological condition during the experimental years
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Table 3. Combined analysis of variance for the effect of different treatments of seed planting and oilseed rape transplanting on phenological stages and agronomic traits, yield and
yield components traits in Karaj region

Sl S
Mean squares
Sl et e o2
Source of LT SETE Sy sl _
variation df S GMW ot.u Jsb OL.M\HH% &.v ; g plis sl b3 o s sl s b
owering rowth perio . . o
Days to duration duration Plant height Stem diameter ~ Branch number Silique lenght
flowering
Ju
Year 1 118.1ns 193.9%* 614.8%* 581.6%* 13.96** 21.341%* 4.016%*
W) LS
o 4 86.4 8.0 28.6 18.9 0.62 0.649 0.011
Rep (year)
b s od caS s
Seed planting and 12 507.2%* 125.7%* 90.3%* 684.9%* 6.58%* 23.433%* 3.241%*
transplanting treatment
el eod cuS Hlesxdle
Year* Seed planting and 12 0.4" 1.9 0.6™ 0.4 0.01™ 0.004™ 0.004™
transplanting treatment
1>
48 10.1 13.6 2.4 11.2 0.10 0.151 0.006
Error
(Ao )3) Ol i s 4
TR e 1.8 7.7 0.6 2.1 3.0 44 1.0

CV (%)

doys) 50 Lruv_“\..v\.uuu_u NSRBI rm\‘.{rm.mrm»\,a.%%u#am
ns, * and ** indicate no significant difference and significant difference at 5% and 1% probability levels, respectively
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Continued. Table 3. Combined analysis of variance for the effect of different treatments of seed planting and oilseed rape transplanting on yield and related traits in Karaj region

Sl e o Sile

St e EEBIRE
moiow of df Mean squares
variation
e b &gy )3 oy 5 S O 3 4l sl LI, 05 als 5> Shas
Silique diameter Silique per plant Seed per silique 1000-seed weight Seed yield
Ju
Year 1 2.441%* 10322.4%* 18.5% 0.930646* 718272ns
(dW) LIS
I A 4 0.007 161.2 23 0.04984872 366363
Rep (year)
el s 6ok eSSl
Seed planting and transplanting 12 0.517** 34035.4** 26.3%* 0.54680000** 3315411%*
treatment
@l s b s sl
Year* Seed planting and transplanting 12 0.004™ 26.7%* 0.01™ 0.00214615%* 6554™
treatment
Lo
48 0.0610 3.45 0.13 0.00004872 17736
Error
( ) Sl S s o
HET o 49 0.5 13 0.16 47
CV (%)
20y ) 90 Jlisl zolaw )0 )5 gae pf g )13 re cud 5 4 i g % NS

ns, * and ** indicate no significant difference and significant difference at 5% and 1% probability levels, respectively
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Table 4. Mean comparisons of the studied traits for the experimental treatments at the Karaj region

W\Wguu%&rbarmgsrmuuiguu% QF&Q“WL.T.FJF,|$ Jsd=

s AUE ETE ) slues Ga)) 280 it Jdsb (G30) 45 otu.&v (oo 5L 6 ¢ lis| (o o) 6L a3 o 4L sl
Treatments Days to flowering Q:Whmw,\%mﬁ%%mv MWMM%WMM_MM Plant height (cm) Stem diameter (mm) Branch number
r.u* . i
» 191.3° 38.3¢ 252.8*° 134.1" 8.8" 527
Control
Vb e ab ¢ £ ab be
165.5 52.3 243.1 153.6 12.3 10.8
Treatment 1
Yols e a o od ¢ ¢
164.1 533 242.1 163.3 11.3 8.9
Treatment 2
o
. 163.1°¢ 49.6™9 241.8 166.3% 10.7% 7.4¢
Treatment 3
fols .
o 165.0°¢ 50.6% 241.3¢ 159.1°¢ 11.9° 10.5¢
Treatment 4
5 s
. 163.6° 50.0° 241.0% 168.8% 10.9< 8.7°
Treatment 5
7 ols e abe e a of i
162.3 51.3 239.3 171.1 10.3 6.0
Treatment 6
Yok 177.5°¢ 45.6% 247.8" 142.0" 12.4° 11.3°
Treatment 7
Ales .
o 172.1¢ 49.0%¢ 247.8° 149.3¢ 11.1° 9.6¢
Treatment 8
4l . . X )
o 177.8¢ 44.0¢ 246.8° 155.0° 102" 79"
Treatment 9
Ve s
M 183.3° 41.5% 247.6" 151.1% 11.9° 11.0%
Treatment 10
W oles d cde b de of ¢
173.0 48.0 247.6 160.1 10.4 9.0
Treatment 11
Woles
Treatment 12
179.3°¢ 43.0° 246.6° 162.8°% 9.8¢ 6.5"
Sl (o S o J b Cy. r.wug oo > $ 505 G Al o o3 4l sl (¢ 5 w1 558 035 O 53 0 558D il 5 Shes
Treatments Silique length (cm) m:ﬁcmwnwmwaoﬂoﬁ Silique per plant Seed per silique 1000-seed weight (g) Seed yield (Kg ha™)
aale* 6311 4.56¢ 199.5™ 21.6 3.38™ 1973"
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L .
Vol 8.46° 4.85%¢ 362.0¢ 30.0° 430¢ 2247°
Treatment 1 .
; 531° 450°
Yol 7.80¢ 393.0° 28.5¢ 3384"
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T % ; ;3 7.16¢ 4,959 451.0° 27.5° 434" 4395
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d 835" 5.50° 358.0°¢ 295" 4.08¢ 2146
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o ks . .
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o 6.85" 476°% 390.0° 26.5" 3.93k 3420°
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Vols 8.36° 541° 234.7% 29.0° 430f 2001 &
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Aok 7.76¢ 4.98°% 290.5° 28.0°¢ 4334 3031
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Qs
. mf o 6.80" 4810 31258 27.0® 431° 3415°
reatmen!
Vol 8.25° 5 96 2300 28.5¢ 4.16' 1938
Treatment 10
Woles f def i j c
7.35 4.86 246.0° 27.0¢8 4.02} 2639
Treatment 11
ol 6.551 466" 302.0" 26.0° 3.80" 2931 ¢

Treatment 12

el Ay iy Jleil a5l e L Bl G5 il s e sl B S 22 iy s sl il D 2
In each column, any two means sharing a common letter do not differ significantly from each other at 5% probability.
B g oz 53l g3 b 6y e (S5 o aty, LSS LS i 3 sl S L 6 e (S5 L o at; LS ST LS o 3 S S L W (ST LS Aty SL ST Y e ok o sl oKL 6 Yr (ST LS Aty gl S Sl b S nale®
Lon P (STl L S8 8 s oy 53 sl S L 6T (ST ety 6L S A Sled oy 53 sl S L 6 Yr (ST L ety 6L STV Sl oy 3 sl s b Fr (S5 LSS Ak, Gl S P e co i 3 elii g3 L G p ¥ (ST LS ety i oS
B L A A T IP ELCEL g | I S P P Y S AR g EJCEC LR Rt S P E A P I CL IR EISP T S D R SRt Y
* Control: Seed planting, Treatment 1: Bare root transplanting with densities of 20 plants per square meter and one seedling at the planting hole, Treatment 2: Bare root transplanting with densities of 30 plants per square meter
and one seedling at the planting hole, Treatment 3: Bare root transplanting with densities of 40 plants per square meter and one seedling at the planting hole, Treatment 4: Bare root transplanting with densities of 20 plants per
square meter and two seedlings at the planting hole, Treatment 5: Bare root transplanting with densities of 30 plants per square meter and two seedlings at the planting hole, Treatment 6: Bare root transplanting with densities of
40 plants per square meter and two seedlings at the planting hole, Treatment 7: Potted-root transplant with densities of 20 plants per square meter and one seedling at the planting hole, Treatment 8: Potted-root transplant with
densities of 30 plants per square meter and one seedling at the planting hole, Treatment 9: Potted-root transplant with densities of 40 plants per square meter and one seedling at the planting hole, Treatment 10: Potted-root
transplant with densities of 20 plants per square meter and two seedlings at the planting hole, Treatment 11: Potted-root transplant with densities of 30 plants per square meter and two seedlings at the planting hole and Treatment
12: Potted-root transplant with densities of 40 plants per square meter and two seedlings at the planting hole
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Table 5. Orthogonal comparisons of bare-root vs potted-root transplants, plant density in transplanting and 1 vs 2 transplants at the planting hole

3 A e

g

-¥fo, ‘—Vba)j:<<6c|)j$éx)rﬁh - 9

WY b

. s L [K¥Y] i1 s Shes
SETE S, sldas o33 dsb Loy oy Jsb a=La sldas Jsb S S 15 ats sl s Jm 050 als s
. et & L, Al ki (esila) 23 s 2S5
s =z > . . . e : g
o P P Growth Plant Stem 7 i Sili 5 g e (S
. s X
Treatment Days to Flowering period height  diameter Branch  Silique &“:HMM N Seed per  1000- seed o
flowering duration duration number lenght Silique silique weight (g) Seed v:o__a
(cm) per plant (Kgha™)
A 177 45 247 153 11 9 8 5 269 28 4 2660
Potted-root transplant
ey,
164 51 241 164 11 9 8 5 384 28 4 311
Bare-root transplant
Sk oas 191 42 253 134 9 5 6 5 200 22 3 1974
Seed planting
gt
20 plants per square 173 47 245 152 12 u 8 5 296 29 4 2084
meter
BBl
30 plants per square 168 50 245 160 11 9 8 5 320 28 4 3040
meter
GBI
40 plants per square 171 47 244 164 10 7 7 5 364 27 4 3541
meter
o i 53 £Lid
One seedling at the 170 49 245 155 11 9 8 5 341 28 4 3079
planting hole
oi 3 slis ¥
171 47 244 162 11 9 7 5 313 28 4 2697

Two seedlings at the = ==
planting hole

zen 5l gnn o3 O Jlorm! a5 LT i 511 os ot 2S Last g7 1568 ola oSl

The underlined means are significant at the probability level of 5%
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Introduction

Oilseed rape (Brassica napus L.) is a traditional oil crop in Iran. Conventional
oilseed rape production during the past decades has been performed by manual
sowing, transplanting, and harvesting. In cold and temperate regions of the Iran,
such as the Karaj region, canola planting is postponed due to delays in harvest of
the previous crop such as corn, which makes it impossible to directly plant oilseed
rape seeds. Problems such as supplying primary soil water for crop establishment
of canola fields, possibility of damage from cold and frost stress and late season
drought due to delayed planting are the main challenges of canola cultivation at
the Karaj region (Jabbari et al., 2022). Because of this, canola transplanting can
solve the problems and be a good choice in these kinds of situations (Zeinalzadeh-
Tabrizi et al., 2022). Although there have been many seeding rate studies
conducted for canola, the optimum seeding rate and plant population for canola
are not known. Optimum density for canola depends on both biological and

economic factors. Economic optimum plant density for canola was 30 to 40 plants
Email address of the corresponding author: h.jabbari@areeo.ac.ir
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m? (French et al., 2016). On the other hand, the transplanting method (bare-root
or potted-root transplant), transplanting density and the number of seedlings per
hole (one-seedling or two-seedlings) are very important to achieve the highest seed
yield.

Materials and Methods

An agronomic evaluation of winter canola in seeding and transplanting systems
with different plant densities was conducted under delayed cultivation conditions
(24 and 26 October, respectively) at the Karaj region. The experiment was a
randomized complete block design with three replications in the two cropping
years, 2019-2020 and 2020-2021. The experimental treatments included direct
sowing of seeds as control at a rate of 6 kg/ha; transplanting with densities of 20,
30, and 40 plants per square meter, each density with both bare-root transplant and
potted-root transplant; and also with one seedling or two seedlings at the planting
hole. During the experiment, traits including the days to flowering time, flowering
duration, growth period, plant height, stem diameter, branch number, silique length
and diameter, silique per plant, seed number per silique, 1000-seed weight and
seed yield were recorded. The combined analysis of variance was carried out by
SAS statistical analysis software and the least significant difference (LSD) test was
used to compare treatment means by a probability threshold of 0.05.

Results and Discussion

The results of the combined analysis showed that the seed yield in seed sowing
was 1973 kg.ha'! and seed yield in the treatments of potted-root and bare-root
seedling was between 686 and 1142 kg.ha' more than sowing cultivation. The
yield reduction in seeding cultivation was due to the reduction of yield components,
especially the number of silique per plant. Also, among all the investigated
treatments, the highest seed yield (4395 kg.ha') was observed in the treatment
of bare-root seedlings with a density of 40 plants with one seedling at the hole,
that was due to the relatively long flowering duration, a noticeable superiority for
silique per plant and high 1000-seed weight. The results of this experiment showed
that in the total of two experimental years, bare-root treatments caused a significant

decrease of 7.3% in the days to beginning of flowering and 13.3% increase in the
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length of the flowering period, 7.2% in the plant height, 42.7% in the siliques per
plant and 17.1% in the seed yield. Early maturity and higher number of siliques
and seeds in siliques led to the superiority of seed yield in the bare-root treatment
compared to the potted-root treatment. This was due to increased competition
between the seedlings in the pot in the the potted-root treatment and the greater
use of soil space for root development and less competition between the seedlings
in bare-root treatment.

Conclusions

Generally, the results showed that the bare-root transplant treatments were
superior to the potted-root transplant treatments in terms of yield components and
seed yield. Therefore, under the conditions of delayed cultivation of canola, it is
recommended to transplant bare-root with a density of 40 plants per square meter

and one seedling at the planting hole, especially in the Karaj region.

Keywords: Bare-root, Potted-root, Reproductive stages, Seed yield and Silique
per plant
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