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ABSTRACT

The majority of rapeseed in Iran is produced in South hot-dry and North hot-humid regions making it necessary to
improve heat resistant cultivars. In order to identify heat tolerant and susceptible cultivars, nine spring varieties of
rapeseed including commercial cultivars and promising lines, were evaluated under normal and heat stress
conditions in research field of the University of Tehran in two sets of randomized complete blocks with three
replications for two years during 2015-2016. Heat stress applied by a plastic greenhouse at flowering stage
equipped with electric heater. The temperature exceeding 25.1- 39.4°C inside the plastic sheet, remarkably
different temperature with the open field, significant yield loss of the varieties under stressed condition in both
years, illustrated that plastic greenhouse could be effectively used for applying heat stress. Based on grain yield in
normal and heat-stressed conditions and tolerance indices, Roodi22, Dalgan and Mahtab were semi-tolerant while
Safi5 and DH13 were shown to be the most tolerant and susceptible varieties, respectively which might be
considered in production and also breeding programs.

Keywords: Heat stress, Index tolerance, Plastic greenhouse, Rapeseed, Resistant cultivars.

* Corresponding author E-mail: vmohammadi@ut.ac.ir



wgle S i 4 polie l5lST slaazy g welols o) en o Slrias b \2Y

!y (Endo et al., 2009) ol salys> o Slae il caels
5 Jyaze o8es G LLS)| Syo IS ceelyy s )lwb
IS el slaSis » Y gl 3l 5 LS s
Anghadi et ) col (5,550 Sisdos gble ;o 054
(al., 2000

) s slediay oy Jab Celys S IS LS ko,
zls (Brandt & McGregor, 1997 «Morrison, 1993
sles g pogbie Lol 0wl sols i o ioles]
g &l o Sl o stin (Sad S LIS jo 3 SUs
Brandt & McGregor, ) o,ls 5929 g, Jad sl
o] 5T 6l Sl sles (Nuttal et al., 1992 1997
) g A0 YV U YO LIS 0 LS g
YY b Y4 (Morrison, 1993 {Morrison et al., 1989
Polowick & ¢ Fan & Stefansson, 1986) _guudews 4> 0
P Olaass gl .cwl oals 35155 (Sawhney, 1988
olidl el Lo aolidl el ool las )l SKiwghy
dge 2alS ] (o )0 5 1515 50 bognz j55 b (e
salys aly ol Al pe )0 lagnz 93 Lawgs 03,95
O 8599 OB 9,45, e ST Bl o )*’l‘ S
SalS o] A a8 5eb e dame YL sles b olS
g Wails (59 Al g (5mgid) (Sl )gi Slge 8,55
(Whitfield, 1992) <ol oS o Slos alS Zolysys
ol el (1993) Morrison lawgs a5 Jiegh mls
5o 1) 093 Ab; 8,90 yulw a5 SIS slaasgy wls las
03,5 (6 yums wgmandun 4,0 VY LS o YV ailjq, (sloo
(1992) Nuttal et al. .aass guie oS jsbay Ly, wiog
Yoo ol 4 wilon,S 05l 095 o, @l 5o
25 oS Fee S o Shas oo il g iy
Al oo oS LS

3 LS i 8t e, L (2004) Young et al.
wisls olas IS 6590k 5 (GFLbESu; n (palS Al
Oy a8l el LS gl Cod de yo al led
NG Ol o bl sl s e
als Sleoniy g Jailsx auo o )3y be8 Jg a8l il 33l
25U con g esle il slaplasl Log asdly palS 6o ,8
oy =ls 50 (2008) Singh et al. .og 423 )3 (13 25
VY 80,5 &ils giaile> 5 gleowsy lgs o les s 30

400

oler SLiots, ol 5 g (ol e mage IS
el sl Sy o 4 a5 «(Yu et al, 2014) cul
@95 05 2l Az buld b 6,55k sl
3 089y YL o Sdee 0l g o)l land, rals Vb
A8 g wnedy)) Al (g, Vb CudsS mhaw a2
g9y 3 S (omed 2USes WS ] slasiyn
b 1 i ohga Lo (15 wloe e 4y (STys>
=hy D¥gaxe el o IS adgs slacgsgazs I (S
YU slabos T o Lo a4y St aag 5 S sbla
GG Rd s o eil L 35095 g0
(Seagill) 5,5l (Sisslshypn)  (olides,
Gl i )3 g Gl )3 olerdon 5 Sigls s
ob; wolas .(Porter, 2005) wigd oo o ,5les g goi g b,
ol b awlie o a8 3ble glacel,; o oSl
S8bee s Sssjbear b g 0w bl o sl
el o oal o)l slaceely; 4wl slacel
Ay Jab oy sk 5 Gy 3 (ST O (el
Jyame 2alS o LS (a5 3B 4 spdie 5L
(Paulsen, 1994) 55 5 oo 3L o)l slacely;

a5l Y 4 Lo Al Sl cl o jle LS 5
g iyt Sl s &5 olS s &l
510 0390 D5Sise kS gad 5 03, o il
Lasgs o Shos 2al5 S g3ame 5l dos Fe 5 05
3 ae, TY sgus e )3 51 il swnj e o yias
gl A2 50 ¥l iy sles (S0 (e 85 ilas
Yoo\ Gl daihn 4 azg b aiS e s )
deds 4 Yo e 5V o¥0 sloJlo 1o ey & Los (glaz o
Ashraf ) cool o8l @ g) 0,0ud ) w8l s Sagay
alox 3l olS Saij Ao o oy 5 wle> (& Harris, 2005
> yo ooty (otaly wb) Aoy LS s 4 IS oL
5 wstae lal Lulis o o S cal Sladles S
Nuttal et al., ) culs salszx Jlis 4 1) o Slee
Morrison, 1993 and Anghadi et al., 1992
Yu et al., 2014 «Garcia del Moral et al., 2003 2000
5 58lsz bl wd, gy <l 5l L 258l L

Azl )0 g ol 9,49 ke JB Sl L oo, S Ayl ai)



Yo VPAY liasl o 8L FR 5,08 el ol ol pole

Ll 93 5595 8y90 9 solal y90 (SW)b s o &)
coelio CBlS Gyl aSluTyl og aialys Sgline 3
Sfles (Ualy) )b jon 50 (oot bms ile
slos b cls gyl il Lokl wond el); oY game
LS 5 585 0500 99 cnl S5 ISl 095 5 W
S Sl Gl ogad (nl pgd ali 3jluoe 9549, JS2I L
Bl slaglog 4 azgs b Lo)S (i Jlosl 5l g5 cod
5 by BB l g talae ()] sloyes 5 Lame (sloo
SzoS oolde 0 LS 25 Jlesl sl 8 Al
S gy Cagh, des Copae Sl Logl se colal
lad Cusgame ool 03, SBUI 5 S clageyi
aon St 5 s ons 5 ST il Jlaiol (il
acyie 3l cdeliiwody mls L baidl,  Jlgseal
b damg Lol Syly iy, ol 4 45 el gl IS
O Sl el (23l Ghey o L eadsl Cllas
S 4 cl oy o, Kimghy slracacs o lsen LS
ke o lele S50 ySelasl Lo)S i Jleel o> oS
Seo3 kg gl Lulpd 50 50 (LS g g 0l 5o
Sty SlaallS 5l oolisal az ST il K0S &

Spw ladad 3 (o g Sh QLS o9 ln
ool 1) LS i Jlesl Gl by, ol LU
31 B cpl Slilaeds 55 (2016) Naveed et al. oS
ilos )5 eolazwl &3 0 gy o)
S5 o Sy, Slly 4y 5eaS ol (Sl
sleails adgs o jeiS ol)y ol slcud,b dan
Wil Cgir Si g 05 3blie o 525 SIS el
aile Jlad by 5 o, 3loli 5 o3l clinsjgs ol
2 bl cdel o aS 0,5 o Oyge pleds Ll
Ngboo gyhg; LS A5 LAl pad p A
Joio S slopd, 4y | .(Ahmadi et al., 2015)
ol 52 o958 el 1335 ko (slacaglyl 1 LS
M5 4 4298 D9 pd paldl i g Sle Giule)S By
- obwl ;o 13I8 6 )l sbaed, il 00,5 laizge | LS
az Sl oo | sliwl glee cdds g GledS (i slo
sloS dds alalo 5l (S5 jo Wsbipe iS5l o
G il oS o bdle i 0 g plKiesg;

5 dings dieS slalos aS wsls lus ST el)y o8,
w5 a 03,5 Ayl Job g Sialer weys slp ain
Faraji .ol ogedo &2 ,0 YYIY 5 YRV S/F L i,
2 LS 5 (Sas i e byl s (2008)
Ogom 9 O Lalpd g0 pa e wls Gl 1S slagd,
FB ok TV Vale (185, 0oy0 g alls o, Shee (25
Fani et al. .4 Y ulo,l o3, 5 i >
18l e bl oS 5 (Sas i b 2010)
e TeWale w5 aml g ow)p LIS o8,
ollg (Sas 5 Lf 55 L blpd o 1) oSk
idhic 0 LS ool mod 4 amy cab
> pe Jobo 50 obS (nl &5 WS (0 patiie Lo
S5 3 15 Loo Gl Ly, 850 ol s gaa S
Sk el by @b S0 (som el 9y, LS
Slen i (SES BS Gep w0y (pl o
.(Ghobadi et al., 2006)
Y YL sles oadpbnl sl auyy s » Ly
ledbay A5 gles IS el )0 ugmeddis dzjo YV
Polowick & <an & Stefansson, 1986) &l
bo,S i Jles! jshaieas o Singss (Sawhney, 1988
3l casS wiile Sslite slais, 5l s2l; ol 5
Modarresi ) Jad ;51 slo,S L bl 5,65 jslaieds
Joshi et al., 2016 «Moshatati et al., 2012 «t al., 2010
Capoe jshiteds Sl 5 0, sl ) ssliul  (
Aksouh-Harradj «Angadi et al., 2000)  jisle;l Lol
Brunel-sMohammadi et al., 2004 «t al., 2006
-0y 5l plaS e S e colaiul (Muguet et al., 2015
cals o 3l )l Slhaae 5 bas iy cadol sl
3 el sy LS s Jleel gy G S slae
Sy Jutne dibie Sy 0 (LS lge gy 2
B L L 5 (85 (90 it Jsers CuiS 6
3B dgd oo caS (LS 1) 09, FO LY 4y Sy
s sl 5 e 51 5 Vb slabes b 31 Ll
53 BLS lge CB gy (nl S ces S 095
sl dele fen 355 0 el a5 ol Sglite gl g
Jie lgzeas sy L3 Les p3b L ot gl 50 S5
w9 BAS L Siailex 5l ol i, e slaal> 6

St Dot 5 ag 5 G5 Ll o il



e, S s ‘ajl.'o'.a S5 o g @L»L.w L V-3 gw U \7f

w9l Sloge Gl pely 9 S (OJos slayaie
9 V00 B Gl 4 peslo iy g S Folind pgu
@ A G al Ojgon LS 0 6 Sl Ve
V0 Jsb 4 a3 50 08, o olosees mas )b o

G, 5l el cnS e gile YO Al 4
Mz 5l o S Oysot ikl @ pladl S50
Bl yo )0 Loy (o s 5l Gy 5 ol pgo 0k s,
Erre 3 g A @Sl LS (Spaw g
095 g ‘6)L;T ozl Gldas Ko o S
25 (PS5l s (18, able ialo e 9 (b osl) S s
Dlymd 455 aule Bl S 5 o TS B aloye
o5 Jlesl jslareay (85 alowl oled w23, 90 2 50
s oolizl Sl B o5l by, 5l deyS
(Boaigiy woyo B0) (AAS LT lej 40 &5 ol icnla
ok o s s & (Kbl G b 5 slacSsl
I les 58 gy Nad jpame e VIO glis,l a4 g
oBews I Cugb; Gl 5l xS ol sln s (Bl
b ol 6,6k Sy iz 0l oalaul lgn 4445
Slop b ylosne Dol Sl (j9)0 59 Dud &S
5 Li5) Gielesl 90 o 40 lea sles il atslas ol
SSslsied Gy oloy U 2ol ST (Ga gy
Al Cod ilos dlwgay (Bloym Llgl U 0noy9,8 Jawlsl)
-o)"d.i\ 6‘;! w‘ AW eé)ji \ de.? )o UT Smo)'l-> aS
Gl Sygets &S el Ly gy Dlis xS
srSoilwl o8 3L (n ol gl g ol 2L
TR % e o Al el g ey Jsb el
~als g, ol e slp ol s Lol Bl I e e
S i A b pll glaljegs &0 il b
S5 o sladin wsloged ) 4 bz jo3 S5, i b
3o al Jate fJle 4 g adad S xha 5l aslSlas
$,915,5 adils g W sawgS aig  olS o S
O3] b calasl 5 caje allsylie (e 9 0,Shes
4 Glejl S0 pills 5 dalls Gl ly Sen
~elee danlie g Al 90 S e &2 5 Jlo o SIS
S ooliil b (ppizman s ploxil SAS 3l 5 K8 4, Lo
9 (YS) s 9 (YP) oanb Lalpl )0 08, ;0 o,Slee

50 e S pll jo sndiolx] lacusgase Cys
Yo sloles b lagraz 55 (05 5 ohagte 9 205 olej
085t LS S Caeal ofyh aigdice gja,
9 ol 485 O jg0 aie (nl o (Sl Glo o)
lols cdoay wlus g polie slopd, caS olg o
Gl eSS byl cdel o [0 (e 3l lonis
slaole 1 ;0 a5 098 o soliiwl Lo )5 25 Jloe! gy
Olee 5 S50 Onped) )9 690 wile s
Ombel ol 5l Bae ol co LM Ly 56 L Sk
shoslinnl b Lo )S (25 & polie 1HIS slaps, (olulis
Kbl by sy St WSS gl b,
LS s Jlesl @l Ghogiy cnl 5o b s Gl
Ol @B oy Gz pgs Ban g)cnl 51l ool

D9 (M9

g5 9 3lge
eSS o @l sbeed, bla LS Bl Anjly &
ol Sisudaal glacuY g "Yluu“s?)T g Y- \Wols
)‘ as YYLgag) 9 aksn.o ‘\\NC‘GQ ‘Qlijo cuL.Q(q ‘Toe
5 ol Cladss duwhe by, slaatly Slibsy s
€9y ladils CaS dawg S8 g )0 g J AS
Aol oolatwl gt ol yo og ead Cdl e
.o)lo )9»5 ) |) RAY ») C.la..u Oy ?‘\yyl.b
s ok @b =l of oeess Yol
IS g iS85 diblie o oS canl oladles Solj]
9 066.»0 G\Y‘C‘L;Q c&lilb “-’L‘;'Q” Toe ‘ULQ) .»59.:)6&
J y0 a8 wil gladles Sol5T Gisuasl slacpY YV 504,
oz glaed, lyear (B 5 QLI Gln L)
Holas o5 slacSsh #,b g0 By ialesl aies
SIVA0) Jlo g0y gled mafy g0 Cow LSS aw o
ol 5 celyj 05,5 (B39l 5 (shoghy dey5e 0 (VY
O wldli ose b 28 o adly) ol ol bl
9 42,0 00 @bl Job g Jlad 4235 BF 5 ax o
ol (Lo e 51 2o VYIVID glis,l by 3, ado OA
slaple; yo IS celys 6l 58 (2lsn 5 ol Lulyd ais
Rlgl = oy9 Lwlgh) lacp o3 b 5 g 205
2l Hleda LS 525 e gogax b (Ol 5
g oobel (5,55 Jgol L » ik oy oloyg s



150 VPAY liasl o 8L FR 5,08 el ol ol pole

9 b Jge,® Ojg0 plen &Blg 10 a5) anb lalh @ 25 (FP) b Ll o boaies fen Sk
dlxe Jooi slo asled 51 (o (g 4 5 (Sl 50 Sd dle ) glo asls (Ts) o bal,s

G o Jasl il o Cuiey o 0 Slee il vy

A5 o Si=1-(Ts/¥p) (Fischer & Maurer, 1978)
G 4y Sl SSI=(1-(Ys/Yp))/Sl (Fischer & Maurer, 1978)
5 Jor STI= (Yp x Ys) /( 1I’p)z (Fernandez, 1992)
Jozss TOL=Yp-Ys (Rosielle & Hamblin, 1981)
o Shos (eSile MP=(Yp+Ys)/2 (Rosielle & Hamblin, 1981)

i ,0) Gialejl oo 50 Saeaidy (sles diciin uSilie dials g (So5eg2 58 (yimy oy B (ooalS 5T 51 Les dictin dials ) Jgo
(ogembes

Table 1. The range of maximum temperature (°C) from flowering to physiological maturity and the long-term

maximum temperature average in experiment location
Year Non-Stressed Heat-Stressed The long term maximum temperature
average in experiment location

2015 232-305 30.1-39.4
2016 17.6-29.1 25.1-37.3
1985-2005 17.7-29.2
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Table 2. The mean square for grain yield resulted from combined analysis of variance for rapeseed varieties in

2015 and 2016

Source of variation df 2015 2016

Temperature regime 1 2775306.7417 3087402.667"

Replication x Temperature regime 4 15323.185 5860.648

Genotype 8 229507.991™ 924568.63"

Genotype x Temperature regime 8 59281.907™ 86707.25"

Error 32 13827.706 12867.44

CV(%) - 10.75166 9.277088

** significant at 1% probability level. ooV Jleas! mlan o ls ine
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Table 3. The mean square for grain yield resulted from two years combined analysis of variance for rapeseed

varieties

Source of variation df 2015-2016
Year 1 449565.037"
Temperature regime 1 5858552.926
Year x Temperature regime 1 4156.481"™
Replication x Temperature regime x Year 8 10591.917
Genotype 8 360536.563"
Genotype xYear 8 793540.058"
Genotype x Temperature regime 8 42705.988™
Genotype x Year x Temperature regime 8 103283.169"
Error 64 13347.57
CV(%) - 9.974916
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** and ns significant at 1% probability level and non-significant respectively.
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Table 4.The mean comparison of grain yield in rapeseed varieties in 2015 and 2016 and two years combined

conditions 2015(kg/ha) 2016(kg/ha) Combined 2015 and 2016 (kg/ha)
Non-Stressed 1320.41% 1461.85° 1391.13%
Heat-Stressed 867.00° 983.63" 925.31°

e, 0 Jlisl mhaw o jlo siae BMST Baias lis ot ;o 0 Hlaes pf slald >
Different letters in each column show significant difference at 5% probability level.
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Table 5. The average of grain yield under stressed and non-stressed conditions and tolerance indices in spring
rapeseed varieties in 2015, 2016 and average of two years

vi 2015&2016

ied SSI STI TOL MP

loss% = =

Y= Yp

20 05988 1.1193 330.00 1481.00 1316® 1646%
30 0.9091 05001 359.00 1000.00 821¢ 1180°
33 0.9966 07409 48950 122225 978°  1467°
33 0.9949 07411 48850 122225 978° 14672
34 1.0194 04501 39250 953.75 758  1150°
27 0.8172 0.8677 416.00 131250 1105° 1521%
36 1.0816 05341 461.00 104250 812¢ 1273°
41 12291 04873 521.00 100550 745% 1266°
47 14135 0.6556 73450 1184.75 818  1552°

2016 2015
Variety
Ys (kg/ha)  Yp (kg/ha)  Ys(kg/ha)  Yp (kg/ha)

1430° 1909° 1202° 1383° Safi5
580° 624" 10612 17352 RGS003
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854 1481° 1102? 1452° Mahtab
817% 978° 698° 1322°  Hayola401
1550% 2178° 659° 863° Roodi22
911 1313% 713° 1233° Moj
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Tp, ¥s, ?P: Ts are grain yield under the non-stressed and stressed conditions for each genotype and the average grain yield under the non-

stressed and stressed conditions for two years.

Different letters in each column show significant difference at 5% probability level.
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