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Table 1- Physical and chemical characteristics of water and soil of the experimental place in Yazd

(% og)) S céb e S S g lan
Soi N I T S 77 B dgo  ELAIT ST .
oil texture (sandy loam) . B ) S esSs . H Electrical
i S e & Organic b P conductivity (dS/m)
Available  Available  Total oigls
carbon B B
R pdl ) potassium  phosphor nitrogen (%) TNV S ol S ol
Sand Silt Clay (ppm) (ppm) (%) (%) Soil Water Soil Water
70.9 15.1 14.0 198 14.55 0.029 0.25 36.63 7.55 7.23 425 3.74
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Table 2- Meteorological information during the growing season of 2019-2020 and 2020-2021

JL st Caagby St Al slod weS’ gloo
Year Relative humidity (%) Precipitation (mm) Maximum temperature (°C) Minimum temperature (°C)
1¥44-1Y4A
38.5 72.4 21.3 8.8
2019-2020
1f+e-1¥a]
33.2 455 225 8.8
2020-2021

A5 was e i e o) 5 yai Seiglyts o
A ol )T g Voo ol 0 cnl 50 ol 00 5 IS0
(P Jooz) Wog (n 55 20 (55 9 Lo 0l 5
(ol o ¢35 pL,1 e Te 9 V0 o A )l o
P 055 S 5o Jasine ST o9y ki 5 ol Lo
18 slel slime 09,5 50 pld)5 03, 09,5 ol 5l oy g axtils
S E)li go cnl po (2T L Gy, dhaal (eSS
635 sl BB 45 55 Vo 5 ol 21 o6l 42 bogy e
Slass yy i LT VO ClblS )b o o ils o6 a4y b
Lo pL,1 5 092 55, VRFIFY L (5 o8, jo (oo S L 5,
o8, s Al g s ime S T L al el 5 sk
28,55 )18 09,5l o (b e a5 b 50 BV s

Glel sloog )T )0 i a5 Vaee 5 bzl pld); pla)|

FOESRRIRN S
U gy dlaxs

CilS Fu,b 5l Jlw J1 20 5L 5, olaws Cio (o
Alepdy Sl peizmen 0l o pxe 0o 0 0 Jlizl gl o
g ;o o cpl o @8 x Jlw g ol xanilS b bl
G 59, olawd ke (V¥ Jgoz) 990 ,lo sre dmop0 VLo
Sl san jokas aS 050 59, VT /YA pgo J—w o 205
O o (Y Jgaz) og yidon 55, VYVIOF Sl b Jol Sl
30 25U 5, 0lawy i tg (eSS @l lag U
eSlee auolie (O Jguz) auiils 1,8 55, YYAVO 5\ YO/OF



ohhes 9 o LbLL

YaA

dibaie jo alin Adxs o (Rahnama, 2010) ael cewa
Jsb il + oY el )T o8, LTV e cls &, L gdse
Sl )b )3 jlade (n teS g 39 59, FVIFF (S 0590
ool Cwa TN Yoo 5 YV Yo oL3 ) 0 3TV
aS" w5,lo oaude piise (Kalantar Ahmadi et al., 2015)
Ceb cdls j3 13l 31 5s (838 0598 Job 55 omb sles
35,5 o0 0,8ac yiol S g 00,8 gloails o5 piac

(Kirkland and Jonson, 2000)

adlaie ;o oo plol Lialesl bl o () JSCE) Qisgs (gam
VO alols b (LT 0 b g 08 Yo slacls gl com eomelys
9 3T B 3s; 0090 (S SYsb (Jol Bl @)l 90 )
Cla Ty oS B 55, 050 o yelisS wilS b op,5 ]
08, (89, y 0d—d plil i (Ehteshami et al., 2015)
o ~le.£.)1 Ol—idlos 5 °‘}T 0559 ¥ Yoo o005
Job als cel cnls jo 53 aS sls Lis 5 jlsnl adlaie
09 Jobo Ly 90,5 (o0 3) 90 8 )0 (GBS 0y90
O gl ealS &) 55 59, YR L T Vaun o8, 5 oas 8

ol ylg 455 50 ged (SO 5gleid Jol o ila po (uSSlae — Y Jour

Table 3- The mean square of the phenological stages of development in variance analysis

s malie ERHECSS

Source of variables Degree freedom

Sy B 39,

Days until maturity

R S DY)
Days until podding

B 5,
Days until flowering

=
1
Year (Y)
(A glaz) Jlox 1,5 .
RepxYear (E,)
Fewls &b 5
Planting date
cls g ,lix Jle
2
YearxPlanting date
b slas) culs éi)UXJLAX)‘;S
Planting date (Ey,)xYearxRep 8
T,
. 7
Variety
-) J . 14
Planting date*Variety
wdxJle
VarietyxYear !
w8 xcaslS F ) ix Jlo
VarietyxPlanting datexYear 14
JS L_gUa}
84

Total error (Ec)

Coefficient variable (%)

592.11" 905.01 " 2442.01°
17.82 29.47 42.34
7434.92 5120.08 2729.46 "
50.46 ™ 65.53 ™ 39.26 ™
10.82 19.27 72.37
1515.17 ™ 3225.72™ 7238.58 ™
29.34 ™ 4579 " 110.01 ™
12.17 ™ 103.37 ™ 13420 ™
19.50 ™ 21.06 " 27.66™
6.64 11.01 35.94
131 212 4.39

el ooy a8 8 L s ol sk o8, 5 celS G b il g gdolas Lo il o

:FThe effect of year is considered random and the effect of planting date and variety are considered fixed.
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Table 4- Comparison of the average phenological stages of development in the first and second year of the experiment based on the
LSD test and a probability level of 5%

Jw Sy U 39, IR S BTY) ST
Year Days until maturity Days until podding Days until flowering
Js!l
194.86 b 154.22 b 13256 b
First
£3o
198.92 a 159.24 a 140.79 a
Second

Al ls gime BB po by wasjlo I i B9, 4 oo Sl
Means that have common letters are not significantly different.
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Table 5- Comparison of the average phenological stages of development in different planting dates based on LSD test and 5%

probability level
Cubls &b S U 39, B30 395 U 59 PG 59,
Planting date Days until maturity Days until podding Days until flowering
A0
209.71 a 167.52 a 14471 a
7" Oct.
AN
196.10 b 155.73 b 135.56 b
22" Oct.
okl
184.85¢ 146.94 c 129.75¢
6™ Nov.

505l g BB o b s ls St B9y oS ol Sl
Means that have common letters are not significantly different.
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Table 6- Comparison of the average phenological stages of development in different varieties based on LSD test and 5% probability

level
®) Sy U 39 P95 U 39, B 5,
Variety Days until maturity Days until podding Days until flowering
202.22 a 162.06 a 146.67 ab
Nafis
sFr-pl L
203.72 a 165.00 a 147.28 ab
SLM-046
OFS
202.50 a 166.72 a 152.39a
Nepton
Aol
202.61 a 165.72 a 147.06 ab
Nilofar
el
196.39 b 151.50 b 138.39 b
Zarfam
"Y’ua‘.‘f‘?.)i
185.44 c 139.17 ¢ 107.78 ¢
RGS-003
FAMOY g2
179.89 d 134.61c 102.22 ¢
Hyola 4815
202.33 a 169.06 a 151.61a
Nima

I3l e S v b iyls S i By oS ola o Silee
.Means that have common letters are not significantly different
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Figure 1- Comparison of the average of number of days until flowering and podding in different cultivars and planting dates

Note: The average comparison among cultivars at each level of planting date has been done separately.
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Figure 2- Comparison of the average of number of days until ripening in the interaction of year x planting date x variety

Note: Average comparisons among cultivars in each year and planting date have been done separately.
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(3 Jgaz) 0,5 oy (ials g,lo sme yohay il asls slass

owil)lg a3 50 8 ySles (gl 9 0 Sl Olay o (uSleo -V Jgur

Table 7- The mean square of the yield and yield components in variance analysis

_ 1S 5 S ails oluss Sy yg5 Slaxd
JOTITR Gl azys oo Shes o 2FON ) . 7 oess il 4L olass
1 g
Source of variables Degree freedom Grain yield 000, Seed o7 ? Lateral branches
weight Seeds/pod Pods/plant
[
£ 1 115770.0 " 6.64 " 559.91" 22826.0 ™ 0.69 ™
Year (Y)
(a glks) Jlx,|,S5
¢ Jols 4 92.76 0.02 2.29 48.51 0.28
RepxYear (Ea)
Feals g b . *
_ 2 220597.0 071™ 5.25 " 11927.0™ 42.75
Planting date
Bl e e
. 2 1090.3 "™ 0.17 ™ 13.03 ™ 4112.7 ™ 3.69™
YearxPlanting date
o slas) culs @)UXJL.JXJJS}'
Planting date (Ex)<YearxRep 8 233.0 0.03 0.78 89.8 0.25
va-ﬁ) 7 41735.0" 153" 76.82" 14037.0 "™ 1156 "
Variety
xS @b .
. . 14 5633.3 0.15™ 8.35™ 2949.2 ™ 3.69™
Planting date*Variety
o8 x b
. ’ 7 217120™ 0.37"™ 17.27 ™ 15203.0 ™ 2.36 ™
VarietyxYear
phres &bl 14 2057.7 0.18 ™ 11.47" 3494.1 " 327"
VarietyxPlanting datexYear ' ' ' ' '
Uas
S 84 20.38 0.028 1.24 72.1 0.37
Total error (Ec)
O S g g
s e 323 5.24 5.91 481 10.35

Coefficient variable (%)

el ok 418 T a5 Sulh jolay 08 5 SuBlS b il g (Bolas Jlo i1
T:The effect of year is considered random and the effect of planting date and variety are considered fixed.

w030 O Jloiol gl 9 LSD (39051 (bl 32 i lojT 30 9 Jol Jluw 50 3 Sk (g2 9 0, 5has (5Silae dumlio —A Jgur

Table 8- Comparison of the average yield and yield components in the first and second year of the experiment based on the LSD test
and a probability level of 5%

0.&?‘)5? ) PHEOKIR®Y

Je PHENCI PN als 3 (59 Wgr 30 (95 Slo Sl asLh slax

Year  Grain yield (kg/ha) 1000 Seed weight (g) Seeds/pod Pods/plant Lateral branches
First Js! 4708.19 a 342a 20.83 a 189.19 a 5.85a
Secondpgo 4141.11b 2.99b 16.88 b 164.01 b 599 a

55l g B pa b s ls St gy a5 ole 1Sl
Means that have common letters are not significantly different.
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Table 9- Comparison of the average yield and yield components in different planting dates based on LSD test and 5% probability

level
clls & ,b ails o Slos aild Hm 39 29 P Al olai aigr j0 (e e Olaw sl s ls oluws
Planting date  Grain yield (kg/ha) 1000 Seed weight Seeds/pod Pods/plant Lateral branches
(2
BYRRIA 5066.64 a 3.33a 19.19a 189.35a 6.79 a
7™ Oct.
o Ve 4491.88 b 321a 18.53 a 181.48 a 6.04 ab
22" QOct.
RUIAT 3715.63 ¢ 3.08a 18.85a 158.98 a 492 b
6™ Nov.

I3l gine S va b ils S i B oS ola o Sile
Means that have common letters are not significantly different.

0033 B Jloso!| a5 LSD (39051 (whl » cilizo a5, 50 3 ,Shas i1 9 8 ,5hos pufiloo dunglio -1+ Jgoz

Table 10- Comparison of the average yield and yield components in different varieties based on LSD test and 5% probability level

Pe]) ailo o Slos als 13 39 29 0 Al olami A jO e 98 Oluwi ol asli olasy
Variety Grain yield (kg/ha) 1000 Seed weight (g) Seeds/pod Pods/plant Lateral branches
oy 4797.78 ab 3.03 be 19.05 a 19367 a 750a
Nafis
—plJl. o 4390.00 ab 3.21bc 19.57a 164.44 a 517¢c
¢4
SLM-046
O g 5004.44 a 3.21bc 1931a 19456 a 6.00 bc
Nepton
Heks 4439.44 ab 3.02 be 20.30 a 183.61a 5.94 bc
Nilofar
PERS) 3821.11b 3.25b 20.77 a 148.06 a 5.72 bc
Zarfam
"w‘-g-)i 3848.89 ab 3.74a 18.96a 136.00 a 528¢c
v
RGS-003
FMOY 40 5006.11 a 3.43ab 14.02 b 167.56 a 517c
Hyola 4815
Lows 4089.44 ab 277c 18.86 a 22294 a 6.56 ab
Nima

Means that have common letters are not significantly different.
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0315 yLzi Laosls) s pl Jh ol s Youn a5, ags Jow )
c 3l o 3B L s 48 ez e olaw als (Wloazs
Ehteshami ) o sanlie goomie Slisle;l jo calises o)
et al., 2015; Foroughi et al., 2019; Kalantar Ahmadi

(et al., 2015; Roodi et al., 2010
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Figure 3- Comparison of the average grain yield in the interaction effect of planting date x variety
Note: The average comparison among the cultivars on each planting date has been done separately
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Figure 4- Comparison of the average of grain yield in interaction of yearxplanting datexvariety
Note: The comparison of the average grain yield of cultivars in each year and planting date has been done separately
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Figure 5- Temperature changes during the growing season and in the experimental years (2019-2021)
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Table 11- The effect of yield components on yield reduction in the Hyola cultivar at the planting date of 7" Oct. based on the
regression results

iio ey Joko 33 i 5lko Jo bt Jolo 3 S hos NETRPWE
Variable Coefficient Variable value in Yield by model Yield decrease
model
oele oglls jlade (ke gl ludie Slade N
Mean Desired Mean Desired Amount Percent
amount amount (kg/ha)
lowo 31 By 5739.84 1 1 5739.84 5739.84 - -
Intercept (Y)
Sl 4Ll sload 29.62 5.33 6 157.87 177.72 19.84 2.65
Lateral branches (x1)
Agr )0 (mx ye5 Slow -1.77 174.33 170 -308.56 -300.9 7.66 1.02
Pods/plant (x2)
ez s 50 Sl Sl 129.54 14.37 19 1861.49 2461.26 599.77 80.01
Seeds/pod (x3)
&l 5158 39 -376.42 3.32 3 -1251.6 -1129.26 122.33 16.32
1000 seeds weight (x4)
& om0 - - - 6199.04 6948.66 749.62 100
Total

O35 TS bl 1 o Yo B 0,0 5 i ) 50 3 55kes IS 1 0,5 es (515l S VY Jpur
Table 12- The effect of yield components on yield reduction in the Nepton cultivar at the planting date of 22" Oct. based on the
regression results

Joo 0 i Hlade Jowo b Jolo o ,Shos S Slos oS’
Variable value in model Yield by model Yield decrease
Variable Coefficient . g;(, Cotbe jlade Silo ol ylade o Sy
Desired Desired
Mean Mean Amount (kg/ha) Percent
amount amount
Tase 51 25
11373 1 1 11373 11373 -- --
Intercept (Y)
sl 4Ll dlasy
111.63 6.33 7 706.62 781.41 74.79 15.06
Lateral branches (x1)
Aoy yd Ly yo Slaxi
-29.19 179.50 170 -5239.61 -4962.3 277.30 55.82
Pods/plant (x2)
R STE Bt Al dlasy
-23.79 17.53 15 -417.04 -356.85 60.19 12.12
Seeds/pod (x3)
4lo 5132 059
-406.03 321 3 -1302.54 -1218.09 84.45 17.00
1000 seeds weight (x4)
E oo
-- -- -- 5120.43 5617.17 496.74 100

Total
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Table 13- The effect of yield components on yield reduction in the Nafis cultivar at the planting date of 6™ Nov. based on the
regression results
Juo jo yurio Hlado Juo b Jeols o Sloc S Slos hals’
Variable value in model Yield by model Yield decrease
Co ostheliie gl e .
Variable Coefficient b RS Jlade ey
Desired Desired
Mean Mean Amount (kg/ha) Percent
amount amount
faso 5 o2
480.86 1 1 480.86 480.86 -- --
Intercept (Y)
S asls slaws
-188.27 5.83 5 -1097.61 -941.35 156.26 23.86
Lateral branches (x1)
Agr 33 (e Slasd
-4.07 197.83 190 -805.17 -773.30 31.87 4.87
Pods/plant (x2)
om0 Aild dlawi
181.47 17.43 18 3163.02 3266.46 103.44 15.80
Seeds/pod (x3)
&l 5158 39
926.69 2.61 3 2416.81 2780.07 363.26 55.47
1000 seeds weight (x4)
E 900
-- -- -- 4157.91 4812.74 654.83 100
Total
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Table 14- Duration of the phenological stages of development in selected treatments

iyl RV RORILS PO pulF Sy U (oSN oy Jad Jsb «ls & )Xo
Desired treatment Planting until Flowering until Podding until Growth season Grain yield
flowering (days) podding (days) maturity (days) (days) (kg/ha)
0 VO Y 104.00 43.67 42.16 189.83 6200.96
Hyola-7" Oct.
(Joo) 34010 —Ygu2 105.00 32.00 51.00 188.00 6943.39
Hyola-7" Oct.(model)
oo Yoo 149.67 16.33 36.83 202.83 5120.36
Nepton 22" Oct.
(Joo) yoeo Yo—ygsd 145.00 20.00 36.00 201.00 5639.90
Nepton-22" Oct.
(model)
LT VO i 137.83 18.34 33.16 189.33 4157.03
Nafis-6" Nov.
(J0) LT VD= s 130.00 19.00 40.00 189.00 4805.08

Nafis 6" Nov.(model)
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Abstract

Introduction: Climatic parameters, especially temperature, have a significant effect on increasing
the yield of plants. Rapeseed has suitable agricultural characteristics such as tolerance to cold, drought
and salinity stresses and it is recommended to grow it in most parts of the country due to its higher
yield of oil per unit area than other oil seeds. Rapeseed is one of the plants whose performance
depends on the right planting date so one of the important issues is determining the appropriate
planting date for the important cultivars cultivated in each region. This experiment was conducted in
order to investigation and comparison of the yield of rapeseed cultivars in different planting dates.
This area has frost stress during winter and heat stress at the end of the season. These stresses affect
the length of the phenological stages of development and yield components. The present study also
examines the effect of planting date on these variables and by providing regression models, provides
a suitable estimate of their effect on seed yield.

Materials and Methods: The experiment was carried out in split plot design in the form of
randomized complete block in three replications during two crop years 2019-2020 and 2020-2021 at
the central station affiliated to the Agriculture and Natural Resources Research Center of Yazd
province. The main factor of planting date was placed in the main plots in three levels: the 7" of
October, the 22'" of October and the 6™ of November and rapeseed cultivars were planted in sub-plots
in eight levels including Hayola4815, Zarfam, Nafis, Nepton, Nima, SLM046, Nilofar and RGS003.
To determine the yield components including the number of lateral branches, the number of pods per
plant, the number of seeds per pod and 1000 seed weight, 10 plants were randomly selected from each
experimental unit and the desired traits were counted and measured. The phenological stages of
development were performed based on the scale of Zavareh and Imam (2000). SAS software was
used to analyze the variance and determine the regression coefficients of the equations. Mean
comparisons were also done based on LSD test and 5% probability level.

Results and Discussion: Based on the obtained results, the effect of planting date had a significant
effect on the phenological stages and caused a decrease in the number of days until flowering, podding
and ripening. The earliest maturity cultivars in this experiment were Hyola4815 and RGS-003. The
effect of planting date on grain yield was significant and the highest yield was obtained with 5066.46
kg / ha on 7" October and the sowing dates of the 22'" of October and the 6" of November were 11.34
and 26.66% lower than the sowing date of 71" October, respectively. Among the investigated cultivars,
Heyola on the planting date of 7" Oct., Neptune on the planting date on 22th Oct., and Neptune &
Nafis on the planting date of 6™ Nov., had higher yields than the others and recommended for
cultivation in the region.

Conclusion: The dependence of seed yield in rapeseed on the appropriate planting date is confirmed
by many researchers and it varies on different weather conditions. In hot and dry areas such as Yazd,
late planting causes stress at the end of the season, and early planting also causes frost during the
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winter season, so it is very important to choose the appropriate planting date and early maturity
varieties in such areas. According to the regression models, the change in the phenological growth
stages coordinated by change in the yield components cause increase the seed yield by 500 to 750
kg/hectare, which can be done by changing the planting date and agricultural operations.

Keywords: Canola, Early maturity, Flowering, Hyola4815, Podding



