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Effect of delayed sowing on reduction of agronomical traits and grain
yield of rapeseed lines and varieties in Mazandaran
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Table 1. Combined analysis of variance for phenological traits, plant height, yield components and grain yield of rapeseed genotypes.

CIER FORINE

& iy G 5 S o - Sl PHES
a3 r%hWr.u.uuu_.rn rwnhW rwshW.\GuLur o s E,&N\ELC_ ? C.uYg,&V Shs e 055 .
g
S.O.V. O ks QF. w57 .
Days to Days to . Plant 1000- Grain
dr n - il : Flowering Days to ol Pod no. : Yield
SWelis OWeLs duration maturity cigh per plant S -
initiation  termination weight
Year (Y) du 2 60295.2*%  21436.9%*  9828.2%** 422.5%*  6299.5%*  1642.3%* 0.51* 517
Am%_w,\vsm date e 1 13690.0%*  53436.1%*  13032.1%* 29866.2** 19923.5%* 42097.7%*  0.57*  41684440**
Y x SD Syl Jl 1 40.0%** 1562.5%* 2102.5%*  1081.6**  1641.3** 1262.1* 0.12 448161**
Error (a) AN 12 23 3.1 3.7 2.0 3215 2692.0 0.09 762572
Genotype (G) <555 9 88.9%* 144.7%* 95/5%* 68.9%* 1003.6**  2535.3%%  (.81** 1057151**
YxG GF 5% db 9 48.8%* 49.5%* 48.1%* 20.7** 282.9%* 873.7%* 0.01 372849%*
SD x G G X Ll 9 8.7%* 39.6** 65.0%** 20.6** 136.6%* 496.1* 0.05 89410*
SDXG XY  «os5x il fu)lix Ju 9 9.2%* 19.8%* 17.8%* 8.2%* 13.7 3427 0.01 130497**
Error (b) s 108 17 2.7 2.8 2.2 97.0 209.3 0.13 38100

* and **: significant, significant at 5% and 1% levels of probability, respectively.
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Table 2. Least significant difference (LSD) test for phenological stages based on two-year average
(2011-2012 and 2012-2013) of rapeseed genotypes under optimum and delayed sowing conditions.
AU e, b S B 30, 5l

Flowering duration Days to maturity

u,h..\lf@).h\})'})ﬂ,\x] JA.,\KAA.?B-U)'})

Days to flowering Days to flowering

R initiation termination
Geill)type ORI % O O O Ty O O I - 5 P O G
sl b o sllze sob sl &b oyl Delayed sowing
Optimum Delayed optimum Delayed optimum Delayed optimum date
sowing date sowing date sowing date sowing date sowing date sowing date sowing date

G1:RGS003 122.6bc 124.8hi 178.4a 143.4e 54.8ab 38.5f 213.8de 189.8¢g

G2: Zabol-0 123.7bc 107.1f 175.3¢ 136.8g 51.5d 29.61 213.5de 185.6hi

G3: Zabol-15 124.5b 105.0ghi 177.6ab 140.4f 52.8bcd 35.4¢g 216.3ab 188.5g

G4: safi-(7) 121.8d 103.53 177.6ab 143.1e 55.8a 39.6f 216.8a 186.3h

G5: Safi(6) 123.6bc 106.1fgh 178.4a 143.8¢ 54.8ab 37.6f 215.8abc 190.0fg

G6: safi(5) 122.3cd 102.6j 176.0bc 135.8g 53.8abc 33.1h 214.0cde 184.3j

G7:Safi(31) 123.0cd 106.3fg 174.8¢ 136.4g 51.8cd 29.71 212.5¢ 183.05

G8:88-401 122.4cd 103.33 174.6¢ 135.5¢g 52.3cd 32.1h 214.6bcd 189.6g

G9:L7 121.6d 103.73 174.3¢ 136.1g 52.6bcd 32.4h 212.8de 185.0hi

G10:Zafar 131.0a 109.8¢e 178.0ab 148.4d 47.0e 38.5f 217.8a 191.8f

S ezl o 53 (LSD) i (gime CsBst) Jildm 005 ol y il (0 057 200 3 &S5 ol (6115 457 o 2 (511 9.0 g2 2 53 (g S
LI gyl gme Dol Ay

Means in each column for each trait followed by at least one letter in common are not significantly different at the 1% level
of probability- using least significant difference (LSD) test.

CiS Lyl 5 LT Cdlds s 5 (K54 53 Slie 2310l 51, (LSD) Sls gan Oodastl 3l 050 5T-Y J gt

S gl s (IFAAY ¥ -4Y) Dl s o Sle (65, 1 550

Table 3. Least significant difference (LSD) test for extent of reduction in phenological traits and their
percentage reduction under delayed sowing conditions based on two-year average (2011-2012 and
2012 -2013) of rapeseed genotypes.

A sl G g
gt T S

Flowering duration

Sy B 5 3l

Days to maturity

2ily 50 5, olaas
g Gﬂ_ u-) L Days to flowering
Days to flowering initiation o
termination

Coedd 28 O 3me
PRGN | W

G 3l Ol o Bl A3 G 8 Ol e S i Ol e
L S Bl s, PRGN | U WP

x:a-S)-vj ;...i\sc‘gjl:q e ;...215&}34.1 ;...zlsz'f_)uq \:...iLSéULTq e ;_.."AS'CLJUA.! e
Genotype ujlh.a UJJJD = @)L’ .a}llzn .a)-Ud- u_,-Ud- U}'u"" = @)L = UJ‘u’" = @)L'
] Percentage j ’ ' Percentage ’ Percentage
Value reduction Value Percentage Value feduction Value reduttion
reduction relative to reduction reduction reduction relative to reduction reldtiveto
relative to optimum relative to relativeto  relative to optimum relative to optimum
optimum sowing date optimum optimum optimum sowing date optimum sowing date
sowing date sowing date sowing date sowing date sowing date
G1: RGS003 18.8 0.15 35.0 0.20 16.3 0.30 24.0 0.11
G2: Zabol-0 16.6 0.13 38.5 0.22 21.9 0.42 27.9 0.13
G3: Zabol-15 19.5 0.16 37.3 0.21 17.5 0.33 27.8 0.13
G4: safi-(7) 18.4 0.15 345 0.19 16.1 0.29 30.6 0.14
G5: Safi(6) 17.5 0.14 34.6 0.19 17.1 031 25.8 0.12
G6: safi(5) 19.6 0.16 40.3 0.23 20.6 0.38 29.8 0.14
G7: Safi(31) 16.4 0.13 38.3 0.22 22.1 0.43 29.5 0.14
G8: S8-401 19.0 0.16 39.1 0.22 20.1 0.39 25.0 0.12
G9:L7 17.9 0.15 38.1 0.22 20.3 0.38 27.9 0.13
G10:Zafar 21.1 0.16 29.6 0.17 8.5 0.18 25.0 0.12
Mean 18.5 0.15 36.5 0.21 18.1 0.34 27.3 0.13
LSD(0=0.05) 1.26 - 1.61 - 1.63 - 1.44 -

Y.
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Table 4. Least significant difference (LSD) test for plant height, yield components and grain yield
based on two-year average (2011-2012 and 2012-2013) of rapeseed genotypes under optimum and

delayed sowing dates.
Cm)s  plis | G g 3y 7 ol (©) 4ls 38 053 Kg/ha) «ls 5 Shes
Plant Pod no. . .
Hleight(c) ) IOQO-gram A Grain B
per plant weight (g) Yield (kg ha™)
G5 -
Genotype o slke CuilS b b S &6 S b S )6 oS "@)U ol ClS @)U Gl ells ’C“U
Optimum &t o e ot sl s»6  Optimum sowing Delayed sowing
SN date Delayed Optimum Delayed Optimum Delayed date date
sowing date sowing date sowing date sowing date  sowing
date
G1: RGS003 141.3bc 111.7h1 146.8ab 109.8def 4.11ab 4.0lab 2601.5¢d 1567.8yk
G2: Zabol-0 148.9ab 120.1fgh 146.6ab 120.7cd 4.07ab 3.68cd 2979.4ab 1905.7gh
G3: Zabol-15  143.7bc 117.8ghi 163.6a 117.7cde 3.76¢d 3.73cd 2650.7cd 1554.25k
G4:safi-(7)  1384bc  117.2ghi  130.8bec  94.5fg 395b  3.85bc  2185.6ef 1244.1i
G5: Safi(6) 137.2bcd 122.2e-h 147.5ab 110.3def 3.88bc 3.79cd 2937.3ab 1784.7gh1
G6: safi(5) 136.6bcd 110.7hi 121.5¢d 95.41g 3.49d 3.44e 2436.5de 1396.4k1
G7: Safi(31) 133.6cde 107.2i 128.6bcd 88.3¢g 3.84dc 3.69cd 2460.8d 1695hij
G8: S8401 144.9abc 124.9d-g 125.8¢d 118.4cd 4.10ab 3.96ab 2780.5bc 1960.6fg
G9:L7 132.6¢-f 119.2ghi 126.3¢d 99.1efg 3.68d 3.65de 2507.3d 1504.15k
G10:Zafar 157.3a 140.3bc 161.2a 119.7¢d 4.32a 4.2la 3142.3a 1890.2gh

S Jlazl gebas 53 (LSD) il gine CoSlastl Jilom 03031 ol Ly il oo 5 2 O3 0S5 Jolb 6yl 67 o 5 6l 5 00 0 3 (2o Lo
S gls ae Digls des s
Means in each column for each trait followed by at least one letter in common are not significantly different at the 1% level
of probability- using Least significant difference (LSD) test.

OT &3l o ys g ails 5 Shae 53 Shee Sl & 5 plis ) 31 Ol ) (LSD) ,is gme OoDast| fBli> 0 5037 -0 Jgd-
55 sl s (IFAAY 5P —4Y) Jl gs o Kole 59, 5B ctS Ll )2 5s s

Table 5. Least significant difference (LSD) test for value reduction and percentage reduction of plant
height, yield components and grain yield under delayed sowing conditions based on two-year

average (2011-2012 and 2012-2013) of rapeseed genotypes.

. .. Kg/ha) 1> 3 Shes
(cm)gf_tu;)l ‘GJ{);&:?JJ:'-:\.\;G (g)‘ul:)l}ég)_, g/ 4:.:;
Plant Pod no. 1000-orai Grain
~ gramn Yield (kg ha™)
Height (cm) per plant weight () e g
o 4o Sl Ul o S ey g e Sl Ol oS Sl s e Sl Ol ol e ys o S Dl Sl S L
R S b S ba Sl e aba Al oSl ClSa o aba
Senotype &=k R L] K &=k S &=k« 5 & &b &= feBak
Y Y Y Y T Y e N
Value Percentage Value Percentage Value Percentage Value Percentage
reduction reduction reduction reduction reduction reduction reduction reduction
relative to relative to relative to relative to relative to relative to relative to relative to
optimum optimum optimum optimum optimum optimum optimum optimum
sowing date sowing date sowing date sowing date sowing date sowing date sowing date sowing date
G1: RGS003 29.6 0.21 36.9 0.25 0.10 0.02 1034 0.40
G2: Zabol-0 28.8 0.19 25.8 0.18 0.39 0.10 1074 0.36
G3: Zabol-15 258 0.18 45.8 0.28 0.03 0.01 1097 0.41
G4: safi-(7) 21.3 0.15 36.3 0.28 0.10 0.03 942 0.43
G3: Safi(6) 14.9 0.11 37.1 0.25 0.09 0.02 1183 0.40
G6: safi(5) 259 0.19 26.1 0.21 0.05 0.01 1040 0.43
G7:Safi(31) 26.4 0.20 40.3 0.31 0.15 0.04 765 0.31
G8:58-401 20.0 0.14 7.4 0.06 0.14 0.03 820 0.29
Go:L7 134 0.10 27.2 0.22 0.03 0.01 1003 0.40
G10:Zafar 16.9 0.11 41.4 0.26 0.11 0.03 1252 0.40
Mean 223 0.16 34.4 0.23 0.12 0.03 1021 0.38
LSD(@=0.05)  9.65 - 14.7 ; 0.35 - 191.29 =

g
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Table 6. Correlation coefficient for the traits of rapeseed genotypes under different sowing conditions

=10).
Q..'Z\f‘c:_)lj U gy ol 093 Jsb G ey S dlas Sl 05 3 Sas
: B 5, Sp gl
Sowing date Sl A sl e S s g3 <l 4>
Traits Diyito  Daysio Flowering Daysto Plant Pod no. 1000~ G
fsweing Howsing duration maturity height per plant SR Jicld
initiation termination ¥y sht perp weight
Days to
flowering initiation
6&—\1? B 5oy aldas
A sl b 5y slaw
Days to flowering 0.46
termination
A o) dsk 0. 7g% 0.17
Flowering duration
Sy b 5y ol 0.71*
Days to 0.49 -0.04
) maturity
Optimum & 5 ¢l ;| Plant height 0.81%% 0.30 0.70*  0.47
Gy 53 oy ol 0.66* 0.66*
Pod no. 074* -0.37 0.54
per plant
Veor &l a0 0.30 0.76*
1000-grain 0.61* -0.47 0.34 0.48
weight
&l Ajil..p 0.18 0.72*
Grain 0.69* -0.64* 019 0.62* 058
yield
6&—\.\? b 50y aldes
Days to
flowering initiation
A 4l b g, sl Days to
flowering 0.55
termination
248 0555 J b Flowering 87%*
) 0.08
&5k duration
) €y b 35, slaw Days to 71*
Delayed & =it 037 ° 0.64*
maturity
6 g plis| Plant height 0.56 0.55 0.33 0.72*
& g 43 5 3l POd no. 0.29 0.66*
HIEEE 0.42 0.11 0.74*
per plant
413 554 0551000-grain 0.72% 0.67*
e 0.52 0.57 0.82%* 0.51
weight
&l> 3 Slee Grain yield 0.61* 0.02 -0.33 0.44 0.54 0.68* 0.42

Y

oy ) g0 Jleisl zokaw 10 4o dxe a3 4y FF g F
* and **: significant, significant at 5% and 1% levels of probability, respectively.
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Introduction: Rapeseed (Brassica napus L.) is considered to be one of the
important oil crops that possess a balanced fatty acid composition. All crop physi-
ological functions are affected by day length, temperature and other environmental
factors that are collectively influenced by planting date, which in turn impacts
yield and yield components (Rameeh, 2014). The potential yield of rapeseed is
determined at flowering stage, which indicates that there is a relationship between
vegetative phase prior to flowering stage and potential flower production as well
as yield components (Mendham ef al., 1981). Determining a suitable planting date
plays an important role in the co-occurrence of plant growth stages with the de-
sired environmental conditions, which can result in maximum yields. This means
that the coordination of plant growth and optimal environmental conditions can be
achieved if the possibility of the occurrence of unfavorable environmental condi-
tions such as freezing or drought is minimized from flowering till maturity stage,
and favorable conditions i.e. solar radiation, temperature and humidity reach their
optimum when plant is at pod and grain formation stages (Whitfield, 1992). De-
layed sowing of rapeseed causes the reproductive stage to coincide with high envi-
ronmental temperatures, resulting in the increased respiration of the photosynthet-
ic organs, which consequently leads to decreased photosynthetic reserves, reduced
grain weight and eventual decline in the yield. Coffelt and Adamsen (2005) showed
that the delayed planting of spring rapeseed shortened the length of time required
for vegetative and reproductive growth, leading to reduced grain yield. The aim of
this study was to evaluate the effects of late planting on phonological stages and
yield components and thus ultimate yield of newly released rapeseed lines under
Mazandaran climatic conditions.

Materials and Methods: Ten rapeseed genotypes were studied based on a ran-

Email address of the corresponding author: vrameeh@gmail.com
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domized complete block design in two separate experiments at two planting dates
including optimum (16 Oct.) and late (15 Nov.) planting dates during the years
2011-2013 at Baykola Agriculture Research Station. The rapeseed genotypes con-
sisted of 9 promising lines; G1: RGS003 «G2 :Zabol «0-G3 :Zabol«15-G4 :Safi7«

G5 :Safi6 « G6 :Safi5¢ G7 :Safi31 «G8 :S8-401 «G9:L7 along with the local variety
Zafar) G10 (as check .Zafar and RGS003 are the most prevalently grown geno-
types in the region .The other genotypes were the F6 generation from the domestic
breeding .Each experimental plot comprised 4 rows of 5 cm long and 30 cm apart.
The phonological stages measured for each genotype throughout the growing sea-
son included days from planting to flowering initiation and termination ,flowering
duration and days to physiological maturity .To determine plant height and yield
components ,ten plants were randomly selected from each plot and then average
height of plant ,number of pods per plant ,number of grains per pod and-1000 grain
weight were recorded .To measure grain yield ,plants were harvested from a two
square meter area of two middle rows of each sub -plot after eliminating edge rows
as margin effects .The grain yield was transformed to kg ha'- Following combined
analysis of variance, the means comparison was performed using the least sig-
nificant difference (LSD) test. All statistical analyses were carried out using SAS
software (SAS Institute INC., 2004).

Results and discussion: The results revealed that the effects of year, planting
date and genotypes were significant, demonstrating that the measured traits were
responded differently to the variations in the experimental factors. The significant
interaction effect of year x genotype was indicative of the extent of the changes
in the studied traits over two years of the experiment. The ranks of genotypes for
the experimental traits were similar over the 2-year period of the study (Table 1).
Days to flowering initiation amongst the genotypes at the optimum planting date
varied from 121.6 to 131 days, which respectively belonged to G9 and G10 geno-
types. The variation in this trait at the delayed planting date for these genotypes
was from 103.7 to 109.8 days (Table 2). Delaying planting date by one month
caused a significant reduction in days to flowering initiation which averaged from
18.5 to 0.15 days across the genotypes (Table 3). These results are in agreement
with those of Shirairad et al. 2014 who showed that late cropping was associated
with the accelerated flowering initiation and the reduced days to flowering as well
as the decreased days from flowering to maturity in winter rapeseed. The positive
significant correlation of days to flowering initiation with plant height, number
of pods per plant and 1000-grain weight at the optimum planting date showed that
increased number of days till flowering enhanced plant vigor and produced higher
yield components (Table 6). Grain yield was positively correlated with days to
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flowering initiation and number of pods per plant at both planting dates, indicating

that any variation in these traits produced considerable effects on grain yield. In

this study, under optimum and delayed planting conditions, Zafar (G10), Zabol-0

(G2) and Safi6 (G5) had high mean values of grain yield and were therefore clas-

sified in the same statistical group at both planting dates (Table 4).

Conclusion: In general, delaying planting date by one month led to significant
reduction in all the experimental traits except for 1000-grain weight. Of the pho-
nological stages, the most and least affected traits were, respectively, flowering
duration and days to maturity. Among the yield components, a positive signifi-
cant correlation was found between pods per plant and grain yield, reflecting the
importance of pods per plant in determining yield. Keeping in view the fact that
plant height and most of the yield components were depressed as a result of the late
planting, average yield of the investigated genotypes decreased by 1021 kg/ha-1 or
38 % relative to the optimum planting date.

Key words: Late planting date, yield components, Flowering, maturity
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