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(Brassica napus L.)
Effects of sowing date and heat stress during flowering on yield and yield
components in canola (Brassica napus L.) cultivars
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Table 1. Biennial mean comparison of yield and yield components in sowing dates and cultivars

)les SEBENC ST oo o3 4l wls 1R 055 4l > Slos 5 A5 3 Shes Sdls e le
Treatments Siliques per Seeds per 1000-SW Seed Yield Biol. Yield HI
Plant Silique (g) (g.m?) (g.m?) (%)

Bl sl b
Sowing dates
21 Nov. 99.16° 20.19 3.29° 318.97° 1173.57° 27.48°
10 Dec. 74.46° 21.66° 2.82° 251.45° 849.53° 29.54°
30 Dec. 59.36° 20.57° 2.58° 191.77° 656.33° 28.65°
lapd,
Cultivars
Hyola-308 76.48° 25.45° 3.23° 327.74° 901.17° 36.77°
PF-7045/91 81.75° 19.22° 2.72° 231.19° 899.59° 25.85"
Heros 74.76° 18.47° 2.74° 203.26° 878.66° 23.06°

(lo Qﬁl:) Ll s me (oD (sbl L g u.:.) Osw 2 3 alie oy > 6l Hls L;La&;.il:.a
Mean followed by the same letters in each column are not significantly different (Dancan 5%).
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Table 2. Biennial mean comparison of yield and yield components in different treatments

ol ST ST oo 3 als als ol 055 <l > Shas 6595 3 Shes i e
Treatments Siliques per Seeds per 1000-SW (g) Seed Yield Biol. Yield HI
Plant Silique (g.m?) (g.m?) (%)
D,.C, 89.82° 23.62° 3.73° 379.18° 1102.24° 34.47°
D;.C, 99.11° 19.74¢ 3.13° 288.72° 1166.21° 24.86°"
D,. C; 108.55° 19.38¢ 3.02% 288.99° 1252.25° 23.128
D,.C, 77.34¢ 25.49° 3.06™ 322.17° 868.04° 37.28°
D,.C, 80.06° 19.78¢ 2.72¢ 234.84¢ 867.24° 27.07°
D,. C; 65.98° 19.71¢ 2.68% 196.64° 813.30° 24.28"
D;.C, 62.29° 27.25° 291° 281.18° 733.24¢ 38.54°
D;.C, 66.07° 18.14¢ 2.31f 170.00° 665.33¢ 25.62°
Ds. C; 4974 16.33° 2.52¢ 124.13¢ 570.43° 21.79"

Lg\_nu:iL:» Heros 4 PF-7045/91 cHy013-308 Lg\_ﬂsr_;) [ C35C, (Cp oo 6305 5 3T Cons )3T Jgl slS” LSL".CLJU S5 D3 4D, D

10 5S313) L5y s gme CoMas| & s 53 alie o5 > (gl

D, D, and Dj;: Sowing dates 21 Nov., 10 Dec. and 30 Dec., respectively. C;, C, and C;: Hyola-308, PF-7045/91 and Heros,
respectively. Mean followed by the same letters in each column are not significantly different (Dancan 5%).
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Table 3. Threshold of stress temperature (T;) for canola cultivars and their standard error.

Vj) Gkl Oyl 4y 3,k gl
Cultivar T, (CC) Standard Error
Hyola-308 27. 3% 0.38
PF-7045/91 28.4° 0.06
Heros 29.2° 0.30
Combined 28.3 0.37
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Fig. 1. Mean monthly rainfall and maximum temperature,
a) year-1 and b) year-2
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Table 4. Mean heat stress units during flowering in different treatments (°C) in two cropping seasons (2003-5)

e Hyola-308 PF- Heros
Sowing date 7045/91
21 November 0.8 8.7 17.8
10 December 9.1 214 28.9
30 December 22.4 29.1 44.4
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Fig. 2. Relationship between heat stress units during flowering and a) number of flowers on the main raceme,
b) number of siliques on the main raceme, c) ratio of the number of developed siliques to the number of established

flowers on the main raceme, d) number of seeds per silique on the main raceme. Standard deviation represents
differences between two years and r=linear correlation coefficient among heat stress units and trial data

sl ¢ gle 8t gladsly Ol e L2l 531 L
L;uv_s‘)d‘j_f(r)‘;:m_?ﬂ%rnédd‘)}_b

YA )Ly' Al ‘)L‘:" cr.‘.‘..i..h.'\l?‘"()\,:l ‘5&‘—\))' r}l.s‘« 41:5&

Hyola-308

PF-7045/91

-

r=-0.74*

r=-0.53"

I I I I I I I I I I I I I I I I I
- b L
r=-0.82* r=-0.37" 'e) r=-0.73*
@\ [
o ~vp | % —o ! 1
S \%
L m L
_| I I I I I _I I I I I I I I I I I
- © r=-0.70™ | r =-0.08" r=-0.59" @ Date 1- Year 1
v ’ QO Date 1- Year 2
v W Date 2- Year 1
_()\E I = \/ Date 2-Year2
® Bl Date 3- Year 1
| H—D ]: O [0 Date 3-Year2
B B v
177 O
B B |
I I I I I I I I I I I I I I I I I
| d r=0.92* | r= -0.09”5 r= _0.57ns

\Y%
| | v- ]
I I I I I I I I I I I I I I I I I
0O 10 20 30 40 5 0 10 20 30 40 50 0 10 20 30 40 50 60

Heat Stress Units (°C)

.@‘oMaJJJTﬁbﬁfﬁ.@thf

50T mals” Iy 4 5ls xa Heros 3 Hyola-308

oy

5 Oy .(Ya JK2) 55 i Heros o) 5 SPRE
3 Jf 5 (Morison and Stewart, 2002) & | giwl
S b s le § m Ol LS s S

2ol pals eus LS S sl 3187


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.1.4.3
http://agrobreedjournal.ir/article-1-303-en.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.1.4.3 ]

e AWM A e g3 LS i S R T

Lo 5T cpl el b a5 510 8 2 s 58 00
33 0l sl 2alS o Ao 48 4 o (5,5
.(Pechan, 1988) Cul - 5

@)u,gk‘up,\_igfa)uldw}b;m
Glo 8 A5 LIS ol ol dl o dglgo 5 2B
a3 48 Gyse 3. 23L mals als 5 Shes i
a3 YA 2 a8 i o e o a ) (SS5 058
Slapdy il o pa oo K5 i 55 51,8 Sl
CM_S@)L_? > Heros 3 PF-7045/91 Hyola-308
ol 5 i 31,8 Sle a3 1Y/ 540/1 Vo
ﬁ%}wJa&‘bbﬁb‘ybfﬂbd}‘uK
a3 o il 3l 4o ot O g 5 Dslas Ll
093 0LL U adl s 0 51§ 15 sl § sl
w5 S IG5 Glagd) 5o il 3 Shes
LS o n e 53 08 VEY 51/Y4 /YA Uslas
b o

Jele 95 a4 sy plis Sl u:'-il-‘)T @L”J
@L&d&uj.‘-&_ﬁ\)l.xbﬁ;ybﬁw el 2!
Ly s 1oy 55 LSS D o515 51 Ll
45\::l.ka}cdﬁ)zwe-)}&:lwdﬁubﬁw‘_g\k\
Jfgwéww‘)ﬁ‘fué‘b&jj)ﬁ)fjé
jMK@)UJ&,}b.MJﬁc]LwJ;-\))bQ\J
G 05 alS L cudlp LS i il
J&Alf\)usz_{laycﬁﬁ)zﬁ)}_ﬁ-gl.kﬁak}
@)U DL J.?;U JJ‘ BL Hyola-308 u.v).ﬁ})' r..é) 2 A
35 s Sl palS e F g il cals
c%b;ﬁﬁ‘bbjﬂqﬁuulj@dbdjj)ﬁﬁ

Iy Rl s 2 3 ils sl &8 ol e w0 J

o¢

oy 53 3l S (Y JSK2) 55 i Heros 5
ol 3T LS e s S |5 slaw s
Sl L S s e Olis (La |5 &b g o)
LS By a3 o 1l 8 5 (sl
(=593 03 Lo (il 75 48 i el
S LS:“_.@ 9 3 9= i Heros g Hyola-308
s ol 8 pis gladsly U e |5 o s
la IS b 30 s Dl g ks (Yo JS5) w3 K
4— Heros 4 PF-7045/91 Hyola-308 L;LA(._S) 3
SoalS T S 4 oy OV 5 WY NN 5
i b L E 5 e b g8 b e S
Oldadys 5 &Sads 03,5 Gls LT j3 a8 Lladl
1y (o 55) 0 smm 5 (&13) e Bolg 5 axils i
G5y o plonil Slido 3 S ot U557 0 552 5
SalS Eel e § i 48 s e Ol 1S olE
(Pollen Viability) o3, asls Ol <Ll 5 slucas
asls ) el Oyus ials” (Morison, 1993)
uf s 9,y — (Pollen Germinability) o> Jj
b a5y s 8 AP ks 2alS «(Rao ef al., 1992)
ey LYu N P NN U R
4S Sl ol u;‘)‘)f .»sta (Harpen et al., 1989)
fgrlge 4 e IS CalS 50,6 55 b oS o8
Sl i b 53 YU Sl a3 b adlE
.(McGregor, 1981) L o
U\:a\uﬁjlbfﬁc\{wr@)\%\)
53 als sluws 45T (g sk s s Dslae ey - o
il Hyola-308 55 53 ool 5T s 55
LS Heros 5 PF-7045/91 slapdy 5 9 el
1™ 53 a8 s oo 0lis Dol L(Yd JSK2) 5,87 1y
)deJ\J)HJ@\ﬂwjab;U)}&;_j

ul;xngluﬁ;TL;dlf&u@bLilﬁ


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.1.4.3
http://agrobreedjournal.ir/article-1-303-en.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.1.4.3 ]

WA Ll AJLQ,:‘V;;.&»?‘"Q\AJ\);DL;@”

Sl b 8w 1Sy 5 (K55 655 5 g s siasOLE
S ey Jras b o (slagd s da 5 OISl oS
das o 0o el cplsjlo o ysdie 518 551, LS
Ul oot T 5348 ol gio b S 4 Joss oS
5,8 S8 58 e it Dol Glaalp o
(e Sl 0t oS Al ar s Loy o
i G5t a8 S s Jeo Rl

b o

v_s,};gwwﬁwb;(.;)@\‘(vdﬁ)g;
Aoy Jod 1) s >, S 1alS s S e 2
PRSP PRC VS PPWEY VO QU PR NN PRES
dlﬂéﬁgﬁysggﬁ;kw\fdu@,u,;
3 Shes ol Cpwlus 53 Ol 34534
o) 33 S slag 5y oy 3 La 8 s 4y
« Angadi et al., 2000) ;s sba isle3T 5 isle3T

(Fathi et al., 2003 sMorison and Stewart, 2002

References
6:\.1_1? £ (S .).Ccu\_?)' ! cd?j_hy pep cuélf aaz 5 (J gl M) gs‘”“:f S5P 5.
mio £07 gt AR sl S pLislp s Ol
Ol 215 r}l:— al>es (Brassica napus L.) | JS° &f.}.})‘ Loy Jol e gleld glaaly.
NVt domis ) ol Y s
.QaJh.(a (S5 A 5 (f) G5 5SS (83l 5 4 ol g5 g 58) 1S
s YW dgin A1 slgm Sl yLast .l Olo 15 6 L o Sllaka
sle Ol et J g:)L.? S cu.aUel_w o ‘C‘.ﬁg?; Aoz S LSAL; ‘55‘55_}1}35;\ .
o YV Ldgin Lsalf..’:&\a

Al-Khatib, K. and G. M. Paulsen. 1999. High temperature effects on photosynthetic processes in temperate
and tropical cereals. Crop Sci. 39: 119-125.

Angadi, S. V., H. W. Cutforth, P. R. Miller, B. G. McConkey, M. H. Entz, S. A. Brant, and K. M.
Volkmar. 2000. Response of three Brassica species to high temperature stress during reproductive growth.
Can. J. Plant Sci. 80: 693-701.

Bilsborrow, P. E., and G. Norrton.1984. A consideration of factors affecting the yield of oilseed rape. Aspects
Appl. Biol., 6: 91-99.

Fathi, G., S. A. Siadat, and S. S. Hemaiaty. 2003. Effect of sowing date on yield and yield components of
three oilseed rape varieties. Acta Agronomica Hungarica, 51(3): 249-255.

Harpen, M. M. A. V., W. H. Reijnen, J. A. M. Schrauwen, and P. F. M. D. Groot. 1989. Heat shock proteins
and survival of germinating pollen of Lilium longiflorum and Nicotiana tabacum. J. Plant Physiol. 134:
345-351.

Mahan, J. R., B. L. McMicheal, and D. F. Wanjura. 1995. Methods for reducing the adverse effects of

temperature stress on plants: A review. Environ. Exp. Bot. 35: 251-258.

(X


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.1.4.3
http://agrobreedjournal.ir/article-1-303-en.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.1.4.3 ]

e AWM A e g3 LS i S R T
Marquardt, D. W. 1963. An algorithm for least squares estimation of non-linear parameters. J. Soc. Ind. Appl.

Math. 11: 431-441.
McGregor, D. 1. 1981. Pattern of flower and pod development in rapeseed. Can J. Plant Sci. 61: 275-282.

Mendham, N. J., J. R. Russell and G. C. Buzza. 1984. The contribiotion of seed survival to yield in new
Australian cultivars of oilseed rape (Brassica napus L.). J. Agric. Sci., Camb. 103: 303-316.

Mendham, N. J., J. R Russell and N. K. Jarosz. 1990. Response to sowing time of three contrasting

Australian cultivars of oilseed rape (Brassica napus L.). J. Agric. Sci., Camb. 114: 275-283.
Morison, M. J. 1993. Heat stress during reproduction in summer rape. Can. J. Bot. 71: 303-308.

Morison, M. J., and D. W. Stewart. 2002. Heat stress during flowering in summer Brassica. Crop Sci. 42:

797-803.

Morison, M. J., P. B. E McVetty and C. F. Shaykewich. 1989. The determination and verification of a
baseline temperature for the growth of Westar summer rape. Can. J. Plant Sci. 69: 455-464.

Nuttal, W. F, A. P. Moulin, and L. J. Townley Smith. 1992. Yield response of canola to nitrogen,
phosphorous, precipitation and temperature. Agron. J. 84: 765-768.
Pechan, P. M. 1988. Ovule fertilization and seed number per pod determination in oilseed rape (Brassica napus

L.). Ann. Bot. 61: 201-207.

Polowick, P. L., and V. K. Sawhney. 1987. A scanning electron microscopic study on the influence of

temperature on the expression of cytoplasmic male sterility in Brassica napus. Can. J. Bot. 65: 807-814.

Rao, M. S. S., and N. J. Mendham. 1991. Comparison of chinoli (Brassica campestris subsp. Oleifere x subsp.

Chinensis), and B. napus oilseed rape using different growth regolators, plant population, densities and
irrigation treatments. J. Agric. Sci., Camb. 117: 117-187.

Rao, G. U,, A. Jain and K. R. Shivanna. 1992. Effects of high temperature stress on Brassica pollen: viability,
germination and ability to set fruits and seeds. Ann. Bot. 69: 193-198.

Sylvester-Bradley, R. and R. J. Makepeace. 1984. A code for stages of development in oilseed rape (Brassica
napus L.). Aspects Applied Biol. 6: 398-419.

Taylor, A. J., and C. J. Smith. 1992. Effect of sowing date and seeding rate on yield and yield components of
irrigated canola (Brassica napus L.) growing on a red-burn earth in south-eastern Aultralia. Aust. Agric. Res.
43: 1858-1863.

Tayo, T. O., and D. G. Morgan. 1979. Factors influensing flower and pod development in oilseed rape
(Brassica napus L.). J. Agric. Sci., Camb. 92: 363-373.

o1


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.1.4.3
http://agrobreedjournal.ir/article-1-303-en.html

[ Downloaded from agrobreedjournal .ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1385.8.1.4.3 ]

WA Ll Uu‘r;:.a»?‘"o\ﬂlg\);r,b@”

Effects of sowing date and heat stress during flowering on yield and yield
components in canola (Brassica napus L.) cultivars

Ghobadi, M., A. Bakhshandeh?, Gh. Fathi’, M. H. Gharineh*, Kh. Alami-Saeed’,
A. Naderi®

ABSTRACT

Flowering duration of canola is exposed to high temperature and heat stress in Khouzestan, Iran. The main
objective was to examine the effects of sowing date and heat stress during flowering on yield and yield
components of three spring canola cultivars. The experiment was conducted at Ramin Agricultural Research and
Educational Center during 2003-4 and 2004-5 cropping seasens. Hyola-308, PF-7045/91 and Heros cultivars
were planted as subplot in a split-plot experiment with three sowing dates 21 November, 10 and 30 December as
main-plot with four replications. The results showed that biological and seed yields as well as yield components
(except the number of seeds per silique) decreased significantly with delay in sowing date. Seed yield and yield
components were significantly different among cultivars, however biological yield was not. Hyola-308 and
Heros produced the highest (327.74 g.m™) and the lowest (203.26 g.m™) seed yields, respectively. The threshold
temperature (T;) during flowering was not significantly different among cultivars and their mean value was
28.3 °C. During flowering, the maximum daily temperatures greater than 28.3 °C were accumulated as heat
stress units. The number of flowers and siliques per main raceme and the ratio of the number of developed
siliques to the number of established flowers reduced as heat stress units increased, but the number of seeds per
silique increased in Hyola-308 and decreased in two other cultivars. Based on the results of this study, middle
and late maturing cultivars of canola are not suitable for Khouzestan climatic conditions, therefore, early

maturing cultivars are recommended.

Key words: Canola, sowing date, heat stress, threshold temperature, yield, yield components.
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