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ABSTRACT

Growth characteristics, phenological stages, and yield components of crops are affected by environmental
conditions and can affect seed yield. The present study evaluated the duration and rate of seed filling at
three layers of upper, middle, and bottom, seeds number per plant, and seed yield of five rapeseed genotypes
(RGS003, Dalgan, Zabol10, Hyola401, and Hyola4815) in 6 planting dates of fall (7-Oct, 17-Oct, and 27
Oct) and winter (9-Feb, 19-Feb, and 1-Mar). Two separate experiments were performed in autumn and
winter as split plots in a randomized complete block design with three replications at the research field of
Seed and Plant Improvement Institute, Karaj, Iran in 2015-2016 growing seasons. In each experiment,
planting dates and rapeseed genotypes were considered as the main plots and sub-plots, respectively. The
results of this study showed that the values of seed yield, single seed weight, seed filling duration, and seeds
per plant decreased with delay in planting, especially in winter planting dates. The number of seeds per
plant was more effective in final yield formation than the single seed weight, seed filling rate, and seed
filling duration. The Dalgan genotype, although having a moderate single seed weight, seed filling rate, and
seed filling duration, had the highest seed yield due to its greater number of seeds per plant. Also, the
rapeseed genotypes produced the highest grain yield in Oct 7 and Feb 9 planting dates in the fall and winter
seasons, respectively.

Keywords: Seed filling duration, seed filling rate, seeds per plant; single seed weight, yield components.

(2 Y oY 4w 5 (Brassicanapus L.) (357 Gbuwighi 418 Gl » Olo) O § o g dlsly () p
Gl 9 030l il Sg b T cod By Sl 9 e
T oo bl Ty Sl g o a0l TS 313,35 0839 0815 505 &l
S As el 55T o8 (b mlia 5 (6355LES 0 SIS (2l 0 S gmtils 5 skl gty oS4 —E 5Y o)
TS 8520 s 5 sl (Slides Dl G 5 g 4 5 ) Sl s go sl Y
(QEXRVA VA S SR g0l = VE AN Bl s '@,\:)

©

- o

3 Shos A1 g 0 5 A S o B s Tl 15 3T o QLS 3 Khes (sl 5 S5 858 ol (g, Sl puas
G133 Shas 5 5lan &g cpmb 5 iy Vb oY w53 0S5 Obo) Side 5 b el Gl 53 il ST 0 4l
A Y0 40 10) omly A A, S s (Hyolad815 » Hyola401 Zabol10 (Dalgan (RGS003) IS o 85 =4
Slie 5 b 55 881 b3l g3 .03 8 515 a5l 3550 (Adal V0 g ep ¥ (e Y0) wilin 5 (OLT Y+
M Dldions s g lidions 42550 53 5 ST 4w b (Folas JolS Sy b B s 5 ekd 5 3 Lo S O pen
Slagd 55 5 ol Jalo Ol geay 38 glag )b (Gl 55 A3 2l \WAE-VFR0 L s 2 S L 5 Jl s
Wl ST 039 s 3 Khes (31 55 LA 1 DL G ppl gl LAd 4B 5 s e b ele O seay 13AS
SFFp e A5 Al olaes (L3l Sals Sl ciS glagm )b )3 o sasa s 53 @ls slaas g ails Oud 5 Jgb
sgrabDalgan s 83 9 30 4ls OAs 5 Jsb 5 4ls B 5 S ils ST 0) 4 S 2l 3 Shes SIS s
W1 5 Al 3An 53 (g5 g dauly 4 cdls Jaw g &l SAS 5 Jsb g Al DAd 5 Ceu il ST Oy aS ol
Jo2d 50 e V0 g e 10 S gz b s 1S slas 85 eomen 315 polazs| 555 a1, &ils 5 S o 23
Lo ,S A g1 als 5 e e fley Ol 5 gy

Wl ST Oy el DS oy dsb il QUS Ly S &g 5 dls alaes o Shes gl 1SS (S0l

* Corresponding author E-mail: farzadpaknejad@Kkiau.ac.ir



sl alls (ad p ooy Dae g Sy bl (o) 1010 g 0015 503 ¢

Sy Gl Bl Sl wdy el e o ogaa
Ngbge s, sleoyss Job elS 5w,
S @ils ol o9 (Safikhani et al., 2019)
Bardar et al., ) o,lo Sy ails o 5 0,90 Jobo
ooy 4o 0aiaS s ole s ol 4 0,90 (2008
SYsb 39500 Jleddy Jgaze 08lee 5 (Sonm)
3 b mgid lge JUESl Gl 0)99 cnl 32
w2l,8 1, dils o Slae &lplw)ojms.QqTM
5 oelpls (Vatan Doost et al., 2018) o;lw oo
05l cils gla fad yo cosls fu,b o 5b &0
a5 Wgh S olacaissy cowl Y IS a4
oS 50 S s adgi oYLl o Slee
olee A, (2013) Soleymanzadeh & Habibi
S it Bl )0 1) Sojelensed 9 Sujelend
5 Wols 13 (py 00 b 2l 5 O Ll
a4 bae al oSl pkien a5 WS 5158
Mg 5 cote abaly Gl (Sl S (Ses mls
51 (2017) Forooghi et al. slaazsl, .05 ails o, Sles
o Shas U Sojglasseb Slio 5 sislys bl oy
S gl asas ols plas Jles Ll iz jo 1515 asls
Als Hal 0590 50 Lo ialidl o 5 ole ax e
2 S g Rl 59, VOT lie 40595 cnl Jobo
S8l il 59, 50 ails e S lee ooVl ot
rad 0 30) (SIS e 5 Cude (Siweod g
oadlice ails ol e bl o Slog s (+4/04
a5l 3 oLS Saalysed 5 Seslyid Slao
WLl olS (2ls o, hes adsi )3 1) 590 5 e 155
R ST V- TOS VST A SUU-T-E PRI IF s JPIRVELY
ol o baly, g caliee Slaoe lalS adgs
el Jyame o Shoe (8l Cq )0 5 aled (w2

4o
ails SYgame o Jrte 5 (2 plareas o)lgen LIS
9, Al rege 5 95,00 sladiay Lis o 28
2 -adlbioe bgw o (8g) U205l am addgi Sl 5l g
sle o (65,088 5 ,byle3 lejle 8155 (el
50 i olal 5 olex 5o IS s JS (FAO)
Sy T ails 5 Slas basgio 5 LiSe (ygabee </ F
Jsame ol (FAO, 2019) el S 45 o5 ¥/+V
09a2) YU g, sleome Judo 4y Laes  dg, ails
Jdo b 50 135 €9, sl d>45 3,50 (2o 0 F+-F0
OS5V V) sus gLl oy sladnsl o (slgims
oais gLl SO 0y slaasul (ol slgize (do o
sl 5l B lsee 5 (aoys SVNA L OF/T)
S (23 YENVE 15 YV/F0) ouis glal wiz o>
(Beyzietal., 2019) cul ], S5 slaces,
@l 3o 5 ged g ol Wl oo gouxe Julge
&b g Jadaims )18 156 con ) el plalS il
Jsbas LS wi, a5 wiies elgs alos 5l cosls
3pSsn A lapl o i b cow ()l pae
Moradi Aghdam et al, 2019; Rahimi-)
Ol LIS o ep! o (Moghaddam et al., 2019
slog,b 5o Wlgoe o)l 5 ol o, slaces
AL 5 otS 8590 Gl 5l aliSie ciS
Lalys a1y ol cul 653l 3050 crmad 5 865
BYo 4y asliz &8ly o ol ools iolidl e
g azlga p 3L Sl cusS o o5l il
03mly 2l o 3l Jab sl sloyw 4 4255 L
Oley o aulgis Gl pslas” ST g canl Cudgazs syl
b wuilgise s plnl ) cslf Slles canlis
clie o )b 5o Jpamen slacaiss; ol
Safavi Fard et al., ) aus s 1, 1S sl
cetS woslhe clS gl Gl & yge 4o (2018
ailo o Slas Wil oo Gltns Jad )3 02 slocess
(Shirani Rad et al., 2013) wles aJgs |, Jou8 LB
o oS Soalyid Jolye el 50 23 000 50
WS Lo ogara e bulys ik
st bles s slaciS jo a5 s, gba



70 VF) Gl oF 6,leds Y 6,50 ¢l pl £ly5 LS pole

25 Jl 4 5 kol Sl age Slikos
5 e WYY gl )l s aabes] e ol plil 2,8
e YO0 Sldla> clake b Ly mlaw
oobel g bl 15 (B8 Jsb 027V 5 Jless
Sl AVl b 5l o(Jlo ¥0) Soe oty Ll
9 sl A5l 5o Lo byl o5 o5 2o oo TV
g0 olse g ol sleosls e oo 7y 5l bl
odelad &l 1Y Jeaz o 13l ol 0,90 Jobo o wilale

Y a0 IS slacaiess ails ol Gow g S s
cals slag i 8l cov g ul g sy YL
25 als o Slas b gl bLsjl 5 dibins 5 o5mly
055 5 4 0,Sles a5l 5y Gy S el

Sy plosil &y

235 9 3lge
a0 0 OYAFNTAD) Jlo S S s G (o

Ol @S 50 OYAF-AYAD) IS 0l 0,90 Job )0 iy g aieS slos 5 5L -) Jou
Table 1. Rainfall (mm), minimum and maximum temperatures (°C) during growing period of rapeseed
(2015-2016) in Karaj, Iran.

2015-2016

Month Minimum temperature Maximum temperature Rainfall

%) ) (mm)
October 114 22.7 15.5
November 4.2 13.2 65.1
December -0.7 6.9 28.6
January 0.9 10.2 20.3
February 14 13.1 11.8
March 6.0 16.6 24.9
April 8.0 20.9 58.8
May 13.6 28.5 13.0
Jun 16.8 329 0.0
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Table 2. Maturity group, genetic status, and origin of the studied rapeseed genotypes

Genotype Maturity group Genetic status Origin
RGS003 Mid maturity Open pollination Germany
Hyola401 Early maturity Hybrid Canada
Hyola4815 Early maturity Hybrid Canada
Zabol10 Mid maturity Promising line Iran
Dalgan Early maturity Open pollination Iran
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Table 3. Physiochemical properties of the studied field soil

Year Depth N P K H EC ocC Clay Silt Sand
(cm) @) (pm)  pm) P (ds m?) (%) (%) (%) (%)

0-30 0.09 14.7 197 7.9 1.45 0.91 28 47 25

2015-2016 30-60 0.07 15.8 155 7.2 1.24 0.99 25 49 26
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N: nitrogen, P: Phosphorous, K: potassium, EC: electrical conductivity, OC: organic carbon
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Table 4. Variance analysis of the studied traits of rapeseed affected by genotype (G) and sowing date
(SD) in two seasons (fall and winter) during 2015-2016 growing seasons.

Season S.0v df Single seed Single seed Single seed Total single Upper seed Middle seed Bottom seed
weight within weight within weight within seed weight filling rate filling rate filling rate
upper pod middle pod bottom pod within pod
Fall R 2 0.13 0.02 0.04 0.005 0.0001 0.00002 0.00001
SD 2 0.23" 0.11 0.36 0.24™ 0.00007 0.001™ 0.0002"
Ea 4 0.05 0.05 0.06 0.01 0.00004 0.00003 0.00001
G 4 0.51™ 0.15 0.43™ 0.18™ 0.001™ 0.0006™ 0.0003™
SDxG 8 0.72™ 0.35™ 0.17 0.24™ 0.0009™ 0.0005™ 0.001™
Eb 24 0.03 0.04 0.05 0.002 0.000003 0.00002 0.000001
CV (%) 6.44 6.12 7.15 3.47 6.31 6.04 7.01
Winter R 2 0.005 0.001 0.05 0.009 0.0006" 0.0001 0.00003
SD 2 0.85™ 1.337 0.26 0.48™ 0.003™ 0.01™ 0.014™
Ea 4 0.06 0.03 0.11 0.02 0.0001 0.00002 0.00008
G 4 0.61™ 0.75™ 0.68™ 0.44™ 0.0005™ 0.003™ 0.001™
SDxG 8 0.47™ 1.008™ 0.32™ 0.30™ 0.0008™ 0.002" 0.003™
Eb 24 0.05 0.02 0.08 0.01 0.00001 0.00001 0.00006
CV (%) 7.96 7.03 7.65 3.10 7.78 9.07 6.56
o0 S g gy Jleixl e 5o lo goe OS] (o5 Sy s g %
* and **: significant at the 0.05 and 0.01 of probability levels, respectively.
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Table 4. Continued.
Season SYOAY) df Total seed Upper seed Middle seed Bottom seed Total seed Seeds per Seed yield
filling rate filling filling filling filling plant
duration duration duration duration
Fall R 2 0.0006" 46.13" 2.005 9.63 39.40 238217" 1801896.2
SD 2 0.00001 9.85 199.14™ 10.25 7.07 48621383 8546564.07™
Ea 4 0.00008 16.45 7.34 438 7.65 26919 160106.47
G 4 0.0008™ 136.23™ 37.46 13.99 60.50" 2441635™ 495860.58™
SDxG 8 0.0003 135.91™ 111.29™ 186.03™ 53.36™ 615310™ 184895.68™
Eb 24 0.00005 12.66 5.30 4.10 5.46 173537 94001.71
CV (%) 10.20 9.54 10.03 10.25 10.79 10.39 6.69
Winter R 2 0.00005 20.48 5.16 7.28 6.82 126485 4924.02
SD 2 0.10™ 103.59™ 1924.41™ 206.91 1940.98™ 12788968™ 51156225.62™
Ea 4 0.00004 4.86 2.44 8.34 15.64 295307 95717.62
G 4 0.001™ 5.52 708.39™ 140.23" 214.95™ 512143" 652990.14™
SDxG 8 0.001™ 26.59" 312.29™ 51.12™ 183.80™ 97842™ 144351.26™
Eb 24 0.00003 3.66 1.44 6.65 13.63 24497 76744.59
CV (%) 8.44 12.32 12.32 9.60 9.99 9.54 10.73

o0 Sy gy Jleisl e ;o o ge BB o5 Sy e g %
*and **: significant at the 0.05 and 0.01 of probability levels, respectively.
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Table 5. Means comparison of the studied traits of rapeseed affected by the genotype and sowing date interaction in fall.

Cultivar Single seed Single seed Total single Upper seed Middle seed  Bottom seed  Upper seed Middle seed  Bottom seed Total seed Seeds per
= _W_eight ngght se(_ed yveight filling rate filling rate filling rate fiIIir_]g fiIIir]g fiIIir}g fiIIir_]g plant
° within upper within within pod duration duration duration duration
g pod middle pod
§ (mg) (mg) (mg) (mg day™) (mg day™) (mg day™) (day) (day) (day) (day)

RGS003 4.28a 4.29 4.11b 0.090bc 0.103b 0.130a 47.48a 41.47ab 34.15b 36.83ab 5302b

Dalgan 3.61b 4.22a 3.89c 0.104b 0.118b 0.118a 34.58c 42.00ab 39.38b 34.48ab 6571a

S Zabol10 3.36b 4.54a 4.06b 0.086¢ 0.075b 0.075¢ 38.95hc 48.84a 49.15a 41.56a 5036b
= Hyola401 4.20a 4.53a 4.49 0.101bc 0.090b 0.090b 41.34ab 46.97a 51.04a 36.11ab 5332b

Hyola4815 3.47b 4.27a 3.90c 0.139% 0.128a 0.128a 25.26d 33.23b 33.34b 29.68b 6930a

RGS003 3.55¢c 3.74c 3.72c 0.109b 0.107a 0.106b 32.59h 34.70b 40.40a 33.69b 4234ab

Dalgan 3.53c 4.34b 4.26b 0.092c 0.117a 0.124ab 38.37ab 37.03ab 40.91a 34.45b 4779

8 Zabol10 3.95bc 4.72a 4.36b 0.088c 0.115a 0.116ab 44.99a 40.96ab 40.43a 43.51a 3552cd
= Hyola401 4.46ab 4.70ab 4.60ab 0.112b 0.120a 0.107b 40.04ab 39.59ab 43.96a 35.78b 3404d

Hyola4815 4.69a 4.87a 4.76a 0.139%a 0.111a 0.127a 33.74b 43.82a 35.68a 38.09ab 3792bc

RGS003 4.36a 4.42ab 4.34a 0.101c 0.097d 0.095¢ 43.12a 45.50a 48.39% 43.97a 2477ab

Dalgan 3.37c 4.68a 4.08b 0.125a 0.140a 0.109b 27.03c 33.40bc 41.85b 32.32¢ 2862a

8 Zabol10 4.31a 4.14b 4.24ab 0.111b 0.137a 0.115b 38.71a 30.06¢ 36.21bc 35.03bc 1898b
S Hyola401 3.55¢c 4.14b 4.13ab 0.109b 0.115¢ 0.131a 32.62b 35.68b 33.42c 33.24bc 1866b
Hyola4815 3.87b 4.12b 4.13ab 0.095¢ 0.130b 0.090c 40.43a 31.50bc 49.55a 37.49% 2069b
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Means followed by similar letters in the same columns for the same treatment are not significantly different at 5% of probability level.
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Table 6. Means comparison of the studied traits of rapeseed affected by genotype and sowing date interaction in winter.

E Genotype Si_ngle s_eeq Si.ngle sgeq Si.ngle sgeq Total sir]gle Upper seed M_id_dle seed Bottom seed Upper seed Mid_dl_e seed Bottom seed Tot_al_ seed Seed per plant
o° weight within  weight within weight within seed weight filling rate filling rate filling rate filling filling filling filling
2 upper pod middle pod bottom pod within pod duration duration duration duration
§ (mg) (mg) (mg) (mg) (mg day™) (mg day™) (mg day™) (day) (day) (day) (day)
RGS003 3.63b 3.58b 3.60b 3.58¢c 0.168ab 0.148a 0.144a 21.50b 24.18¢c 25.01c 30.65b 3073a
Dalgan 3.50b 4.21a 4.19ab 3.82b 0.149bc 0.112b 0.065¢c 23.65ab 37.52b 64.05a 56.11a 3051a
E Zabol10 4.49 4.44a 4.29 4.34a 0.176a 0.070c 0.085b 25.55a 63.67a 50.29b 56.97a 2407b
< Hyola401 3.85b 451a 4.14ab 4.24a 0.171a 0.146a 0.069c 22.63ab 30.92bc 60.05a 49.40a 2250b
Hyola4815 3.48b 3.44b 3.61b 3.55¢ 0.144c 0.054d 0.072¢c 24.11ab 63.12a 50.11b 55.11a 2438b
RGS003 2.72b 3.80b 3.92b 3.48b 0.123b 0.133a 0.172a 22.05dc 28.61bc 22.72b 34.05b 1435h
Dalgan 3.52a 3.26c 4.28a 3.62ab 0.156a 0.150a 0.157b 22.57ab 22.41c 27.25b 29.01b 1868a
:‘? Zabol10 3.47a 3.88b 3.96b 3.78a 0.131ab 0.087b 0.084d 26.56hc 44.65a 47.3% 34.41b 1242b
& Hyola401 3.54a 3.31c 3.35¢c 3.28c 0.151a 0.158a 0.131c 23.92d 20.89¢c 25.57b 40.74a 1351b
Hyola4815 3.42a 4.61a 3.25¢c 3.77a 0.139ab 0.131a 0.136¢ 24.60a 35.30b 23.97b 28.85b 1357b
RGS003 3.33b 2.45¢c 3.44c 3.27c 0.115¢ 0.141c 0.118b 29.45a 17.34b 29.00a 21.50d 752b
Dalgan 3.63b 3.54ab 3.51bc 3.40bc 0.111c 0.151bc 0.122b 32.72a 23.47a 28.67a 24.05cd 1090a
g Zabol10 3.23b 3.41b 4.10ab 3.64b 0.137b 0.160b 0.163a 23.60a 21.32ab 25.36ab 25.65bc 748b
- Hyola401 4.43a 4.14a 4.17a 4.30a 0.146ab 0.167ab 0.180a 30.24a 24.83a 23.06b 27.99b 678b
Hyola4815 3.85ab 3.67ab 3.41c 3.40bc 0.152a 0.185a 0.136b 25.23b 19.95ab 25.08ab 39.49a 866ab

Means followed by similar letters in the same columns for the same treatment are not significantly different at 5% of probability level.
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Table 7. Means comparison of the seed yield, single seed weight within bottom pod, and total pod filling
rate affected by main effects of sowing date and genotype in fall and winter seasons.

Seed yield Single seed weight Total seed
(kg ha't) within bottom pod filling rate (mg
(mg) day™)
Treatment Fall Winter Fall Fall
Sowing 7-Oct 5379.7a 9-Feb 3110.8a 7-Oct 4.33b -
date
17-Oct 4438.9b 19-Feb 2679.0b 17-Oct 4.64a -
27-Oct 3878.8¢c 1-Mar 1955.1¢c 27-Oct 4.45ab -
Genotype RGS003  4606.02b RGS003  2711.2ab RGS003 4.46abc RGS003 0.107b
Dalgan 4944 .9a Dalgan 2977.4a Dalgan 4.77a Dalgan 0.122a
Zabol10 4376.4b Zabol10 2352.7c Zabol10 4.16¢ Zabol10 0.106b
Hyola401  4370.03b Hyola401 2332.4c Hyola401 4.57ab Hyola401 0.127a
Hyola4815  4614.4b Hyola4815 2534.3bc Hyola4815 4.43bc Hyola4815 0.123a
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Means followed by similar letters in the same columns for the same treatment are not significantly different at 5% of probability level.
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Table 8. Correlation analysis between different studied traits in fall season.

1 2 3 4 5 6 7 8 9 10 11 12 13
2 0807
3 -019 -0.22
4  -0.06 0.02 0.29"
5 -0.02 -0.02 0.26 0.16
6 -026 -027 073" 065" 0407
7 0.04 0.03 0.04 015 -0.07 0.05
8 -036" -038° -013 -0.03 007 -0.04 041
9 -0.03 0.13 005 -0.07 027 -0.01 032 0.28"
10 -0.07 0.15 -0.03  0.07 021 014 043" 035 0417
1 -014 -012 060" 0.10 021 042" -0.74" -040" -020 -0.37"
12 024 0.30 025 055" -0.03 036" -0.27 -0.83" -0.34° -0.28" 0.38"
13 0.02 -0.12 008 0188 019 023 -0.38" -0.29" -0.88" -0.31" 0.34" 038"
14 -006 -0.240 037" 028 -001 035 -0.40" -0.38" -0.42" -0.85" 0.57" 0.50" 044"
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* and **: significant at the 0.05 and 0.01 of probability levels, respectively. 1: Seed yield, 2: Seeds per plant, 3: Single seed weight
within upper pod, 4; Single seed weight within middle pod, 5: Single seed weight within bottom pod, 6: Total single seed weight
within pod, 7: Upper seed filling rate, 8: Middle seed filling rate, 9: Bottom seed filling rate, 10: Total seed filling rate, 11: Upper
seed filling duration, 12: Middle seed filling duration, 13: Bottom seed filling duration, 14: Total seed filling duration.
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Table 9. Correlation analysis between different studied traits in winter season.

1 2 3 4 5 6 7 8 9 10 11 12 13
2 081"
3 -0.03 0.09
4 0.34" 029" 037"
5 0.26 0.17 034" 0.27
6 0.17 021 064" 073" 0617
7 0397 0477 044" 038" 032" 0517
8 -039" -047" -004 -021 -014 -024 -0.08
9 -032" -051" -015 -0.23 -0.05 -021 -0.20 0.64"
10 -048™ -059™ -0.07 -027 -0.07 -0.09 -043" 045" 0.60"
1 -042™ -0377 043" -009 -0.05 0.01 -0.59™ 0.06 0.02 0.38™
12 038" 0477 026 044" 024 044" 024 -0927 -0.627 -054" -0.06
13 044 056" 022 037" 044" 046~ 031" -061" -0.89™ -0.60" -0.10 0.63™
14 048" 0.63" 030" 043" 027 040" 051" -055" -0.697 -0.91" -0.26 0.697 0.75
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* and ** are significant at the 0.05 and 0.01 probability levels, respectively. 1: Seed yield, 2: Seeds per plant, 3: Single seed weight
within upper pod, 4; Single seed weight within middle pod, 5: Single seed weight within bottom pod, 6: Total single seed weight
within pod, 7: Upper seed filling rate, 8: Middle seed filling rate, 9: Bottom seed filling rate, 10: Total seed filling rate, 11: Upper
seed filling duration, 12: Middle seed filling duration, 13: Bottom seed filling duration, 14: Total seed filling duration.
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