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Objective: This study aimed to simulate the effects of thermal shocks from crop residue
burning and soil temperatures on the germination and dormancy of flixweed (Descurainia
sophia) seeds under laboratory conditions.

Method: A factorial experiment was conducted based on a completely randomized design
with four replications. Heat shock treatments were applied to flixweed seeds at 80°C and
120°C for durations of 2.5 and 7.5 minutes. Subsequently, the treated seeds were
incubated for 14 days under constant temperatures of 7, 15, 20, 25, 30, and 35°C, as well
as under an alternating temperature regime of 20/30°C (16h/8h). Various seed germination
and dormancy indices were then recorded and analyzed.

Results: The optimum temperature for flixweed seed germination was 7°C. Increasing the
germination temperature to 35°C significantly reduced both the germination percentage
and rate, while significantly increasing the percentages of dead and dormant seeds.
Compared to constant temperatures above 7°C, alternating temperature treatments
combined with light exposure enhanced the germination rate and percentage and decreased
seed dormancy. Both elevated substrate temperatures and heat shock treatments increased
the percentage of dead seeds, particularly at 30 and 35°C under the 120°C heat shock
treatment. The highest percentage of normal seedlings was observed at 7°C and under the
20/30°C alternating temperature regime. Applying an 80°C heat shock for 2.5 minutes
improved both the germination percentage and rate, and reduced secondary dormancy
compared to the control at the same incubation temperature. In contrast, heat shocks at
higher temperatures (120°C) led to increased seed mortality and reduced both germination
and dormancy.

Conclusions: Heat shock treatments did not induce secondary dormancy (thermo-
dormancy) in flixweed seeds; instead, they primarily influenced the germination
percentage, germination rate, and seed mortality. The induction of secondary dormancy in
flixweed seeds was observed only as a result of elevated substrate temperatures above
7°C. Thermo-dormancy caused by exposure to higher temperatures can be mitigated
through alternating temperature treatments combined with light, thereby enhancing both

the germination percentage and rate.
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Highlights
o The response of the flixweed soil seed bank to crop residue burning was simulated
under laboratory conditions.

e Secondary dormancy induction in flixweed seeds was assessed in response to both
heat shock and incubation temperature treatments.

o Thermo-dormancy in flixweed seeds was induced exclusively by elevated substrate
temperature, not by heat shock treatments.

Introduction

One of the important medicinal plants is Descurainia sophia (commonly known as
flixweed), which has long played a significant role in Iran's traditional medical practices
(Khan et al., 2012). In many regions, in an effort to expedite sowing of the subsequent crop,
farmers commonly burn the crop residues from the previous season (McCarty et al., 2017).
The seeds of flixweed that are present in the soil seed bank are exposed to heat shock
resulting from such residue burning. Under field conditions, the seeds of this plant fall into
the soil seed bank are affected by thermal shocks resulting from burning residues and soil
temperatures which were simulated in laboratory conditions in this study.

Method

This study was carried out as a factorial experiment arranged in a completely randomized
design (CRD) with four replications. The experimental procedures were as follows:
* Initially, flixweed seeds were exposed to heat shock treatments at 80°C and 120°C for 2.5
and 7.5 minutes. The control treatment received no heat shock and was maintained at room
temperature.
* Following the heat shock treatments, the seeds were placed in germinator for 14 days under
various temperature regimes of 7, 15, 20, 25, 20/30, 30, and 35°C. Constant temperature
treatments were conducted in complete darkness, whereas alternating temperature treatments
followed a 16/8-hour dark/light cycle.
* Germinated seeds were counted at regular hourly intervals throughout the day to determine
germination indices.

Results

The results showed that under non-heat shock treatment conditions at 7°C, the highest
germination percentage was consistently recorded. As the constant temperature increased to
15, 20, and 25°C, the seed germination percentage gradually decreased, and at 30 and 35°C, it
dropped below 5%. This reduction was attributed to the induction of secondary dormancy in
the seeds as temperature increased, since the percentage of dead seeds did not show a
significant rise. It appears that the secondary dormancy induced by increasing temperature
was of the thermo-dormancy type. Seeds that were first exposed to 20-30°C and 7°C
exhibited a higher germination rate and required a shorter mean germination time.
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Interestingly, the optimum temperature range for seed germination was approximately 7—
10°C. Moreover, seeds exposed to alternating temperatures (20-30°C) combined with light—
dark cycles showed a higher germination percentage compared with constant temperatures. It
is likely that the temperature alternation along with light exposure fulfilled the thermal and
photoperiodic requirements for breaking dormancy, leading to a higher proportion of
germinated seeds within the population. Exposure of seeds to heat shock at 80°C for both
treatment durations improved germination percentage and rate compared with the control at
the same temperature, whereas exposure to 120°C increased the proportion of dead seeds.

Conclusions

Heat shock treatments did not induce secondary dormancy (thermo-dormancy) in flixweed
seeds, but they did have significant effects on the germination characteristics, including
germination percentage, germination rate, and seed mortality. The response of flixweed seeds
to heat shock was primarily characterized by changes in germination dynamics rather than the
induction of secondary dormancy. Interestingly, secondary dormancy, also known as thermo-
dormancy, was only observed when the substrate temperature exceeded a threshold of
approximately 7°C, suggesting that this phenomenon may be temperature-dependent.
Thermo-dormancy, which occurs as a result of exposure to high temperatures, could
potentially be alleviated through the use of alternating temperature regimes combined with
light exposure. Therefore, the manipulation of temperature and light conditions could serve as
an effective strategy to optimize seed germination and establishment. It is strongly
recommended that future research investigate the effects of heat shock treatments on flixweed
seeds at varying soil depths.
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** % significant at 1 and 5 percent levels probability and non-significant, respectively.
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Figure 1. Mean comparison of the interaction effect between temperature and duration of heat shock on final seed
germination percentage of flixweed (Descurainia sophia). Means within each column followed by the same letter(s) are not
significantly different at the 5% probability level according to Duncan's multiple range test.
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Figure 2. Mean comparison of heat shock temperature and duration interaction effect under different substrate temperatures
on flixweed dead seed percentage. Means within each column followed by the same letter(s) are not significantly different at
the 5% probability level according to Duncan's multiple range test.

30 oy 4 CuiS iy oled sl les oled jo Lyl
VIO sles ;o g 005 comline adds YO ol oow
(V7 JS8) 00,5 oy d i S o s a0
a0 WWe )l Sed jo oSl 4 axe L
VIO g VIO = Gwgpades a0 Ae Sl Sai slolens
oled o Le,ﬂ (a2ls) gyl Sei a8l i g ards
4 Cowd el g Oy S Siailex sloles
40 4a8o VIO § VIO — ugeds axy0 A loles
Ol g VL ugandis az )0 Vo glod b cutS iy
a0 Vol G i s les oliEl oS aes
Jleel 5l G (55568 45 Slgs Gl s Goganndis
G IR PRVSURA T ESRP T SRV IS SR\ JE g
VIO = Guguds 4z ;0 VYo Sl Sol a5 ol las
3 @Yb s B0y S o e eled jo ad b
4>, Y- 9 Ye-Y- ‘_,;{Losb )Lo.u B Lol e L(b)..\)
38 Oered g ClS s slod wpo o Ll aF oy
Sl baas g gl Olgs cod ol a5 conl Joie
(Y USCS) ail b)) S o Wy Laas o b ydy gleows

N lgS sy
1 S (slaydy (sl S iy ke (slo
# Gl She Jeax glp oEalgl byl
9 S5 Cesl 0sd (A5 Gegemds 4z 50 Ve 3ga>
Olesn |y g Sl 50 Clgz wo o (V- YY (S
S g s 4z o Vo gles Jles ulul
az Sl ed sl 0 an)0 Ve sgas o (eld) Sl >
Vosles ;o Siailez aoys YL 50 adllas ol o
Gloo Gaulidl b () JS8) al cdwline ugmles 4> o
a0 YO 4 Yo YO ¥ N0 4 Vol ciS g
5 (ald) il Sed pen Ll 0 eseede
s 435 VIO 5 YIO — A 5yl Syd eizan
Joizmo a5 00 F S la,dy (o asgilh lgs (sl
Iy Cal 0065 5,1 Sad 5l 86 Gaolial ol el
a0 Aeg osals b las g b g ol
ool az 31 ais comlice aaBo VO o YO - Lwgsdes
ary Voa Cond YooV gloo b et iy jo (il
Slewi ol po wgil Olgm Al a5 Wl cld egaadas
sloo Gulidl b cewl o0 ales plo 5l peS oleo
Gl s g 4z 0 AT 4 (Sl Seb
ol 45w S Ll S by oyl Ll ss o


http://yujs.yu.ac.ir/jisr/article-1-647-fa.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-01 ]

144

Sl g Bubld |l B b S g jdilsz slogewly s/

100

<
gb o[ 0
< | _ o
s 80 _
5
9
g 5 60 - )
3 2
% & 40 >
) = 1
) g =
3
g 4
«% 20 _
Mt
= 0 - l_l—‘ —
9]
2 BN N 5NN NN TS NN
»n EASNAS EQA-ADS 5A -
Soood 500D E0S
OFPIAGRRAANGR*®
7 15 20

12025 —————1d

120-75 1 i

Control

<
< < < © -
o 3
o o0 o0
o« o«
0 o0
=
- H
— -
.
NN NN TS N N N Y TN 0 N ) g N N n N
ATQAZT EqQHAT EQE QG Q5 Qo
coco Sooococ §ooooc So000
o0 00 AN A [clelie RN o\ B Q| 0o AN [eTolNe"olN o\ I g\
—_— QO —_— —_— O ——
25 20-30 30 35

Treatment L5

250 a8 Sl iSE L0 Ol do s S iy GliBee sbales o (Sl Sed ley G g Lo bliie il nSlee annlis Y JSCS
il oo doyo O o 50 Sl g3l b Slo pire BN a3l s S i By S s JBlos g
Figure 3. Mean comparison of heat shock temperature and duration interaction effect under different substrate temperatures

on flixweed seed dormancy percentage. Means within each column followed by the same letter(s) are not significantly
different at the 5% probability level according to Duncan's multiple range test.
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Figure 4. Mean comparison of heat shock temperature and duration interaction effect under different substrate temperatures
on flixweed abnormal seedling percentage. Means within each column followed by the same letter(s) are not significantly
different at the 5% probability level according to Duncan's multiple range test.

Fo gles o gole e lhazalS wsys o SV
a2y A Gl Sed g g a0 Yo cus
G o esls cpl e oS ssslie wgade
ST e amds VIO - egeede ax o VY les
> 905 Sl Gilisee glales b ceiS slo s
@l Sl oy mls pululy &5 0g jao a> s

(F JS8) ol ilaie

ole g gole pé laazals
slajles oled jo ol p laazalS wsj
Qo0 By Sy Al slales 5 (Sl Sed
iz lajles 4 ol o SLSs oSl 5 eld
Yeo¥e oV bl Lo i s bl s aslin
(Sl Seh Jlsl b sk 4z
9 8l gl sals 4 s gole e slaazals

Qo )0


http://yujs.yu.ac.ir/jisr/article-1-647-fa.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-01 ]

VFoF O oyl NY Jla/ o) jdo sl it g s

v

P Sl Sy GuyieS WS Cud egeede
;A.wa A odslice JJW 4,0 Yo 9 \E LngLc.)
4 ol slajles pales o a5 laydy (Sjaile>
2 A (Sl Seb 0 gk 42 )3 YO 5 VO 5>
Sad y909) dold 4y Cand 4830 VIO S 4y ugudas
3o eSS ek S sy VL ()l
Doy grds 4250 Vo9 A Gl Sod Jlasl
a0 5 Vol L cinS s o aads YO
Sob pizmed g 99> wald 4 Ced ugend
ol 5l daBs VIb - Gesend a0 Al gl
YeooVe los jo 09 o5 YL Siailer Ce
(ogdes azys Ae Sile Seb gl a0
Ol Lol ols rolsdlh vals 4 cons 1) Siailer Caeyu

(F D) 09u Sl pime gl

Sialez ploj buwgie
Az VooV gloo b Sy j0 i8S sloyds
Sidlez loy awgie 3l ales plu 4y s ugandas
Jleel 51 oy S sloydy og lo)e5 (5 5eS
S Ay ugpedas 4> 0 VY g A Sl Sl L
ol 1) 65568 loj lawgie vald 4y Cand i B Y/O

i 2o il e gl ine Dyl az ST ol

100 -
% 90 -
g 80 1 =
2 8 70 A o ©
§ 5 601
9 & 50 A
3 g 40 A
- =30 © o
9 2 20 - “ g e H“’
a2 @« 4 =
53 101 Aana
= T g g nn
(=] BEACDASD 5EQA-AQS 5A
z ElodLEaddtELSD
7 15 20

120-2.5 1 hjj

12075 J g
Control 1

Jloel 5l g seiS B layds ol sloazals wo
LoosS by )3 60508 5 Sol> Seb sla)les
oobol el ool ooly Ll O S o calize slales
doys oylsen (N USS) ol Sialsx wejs @l
VsV lales b oS i 90 50 ole laazals
30 ax Sl og gYL leles plo 3l Gugeudw a0 Y
e Vol o Sl Seib o sbjles sl
a0 YouVe los o ol bl 4 Cad wgamdes
30 ole slhazalS vy Blas g YL egudes
2oy om Gl bl gl ax ST s S
93 ol Seb bl (eles o sole glaazalS
& a Gl S leles el b S sles
g ogmede a0 VO S g sl o all
sl jo 4ado VIO - egendes a0 VY. ioes
(uuj.a.wl.w 4,0 Y-V 9 YO Y) ‘5>)=\.|‘9> LQ‘Lﬁl.,ao

S il Bl L gole axalS as o ialS 4 g, Wi,
Jo) wo el bl 251 0 Sl Sed sleo g
0
i4lgr S pw 2 Lo

sloyd 63 5l o Giler e VL
42,0V e g VooV gloo b cutS iy jo piSs

o
(9]
e

o
b 5 B

B=iig = BT I
[ e — ———
NN NN F N N NN 5NN N0 g N N 0N
AZAT EQRTAT QAL EqQ G Qn
cooco Soo0co0 o000 o000
XBANNLXDANLCHIAN LD

—— Q —— Q —— Q ——
25 20-30 30 35

Treatment L5

LSl piSE gole lrazals oo 5 ciS s Glise glabes jo gl Sed loy e g Lo bliie il Kl dlin O SO0

il oo oy B rhans 10 Sl ge3T b Llo e NS A3 it S i By o gyl JBlas g o 0 aS
Figure 5. Mean comparison of heat shock temperature and duration interaction effect under different substrate temperatures
on flixweed normal seedling percentage. Means within each column followed by the same letter(s) are not significantly
different at the 5% probability level according to Duncan's multiple range test.
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Figure 6. Mean comparison of heat shock temperature and duration interaction effect under different substrate temperatures

on flixweed seed germination rate (1/hour). Means within each column followed by the same letter(s) are not significantly
different at the 5% probability level according to Duncan's multiple range test.
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Figure 7. Mean comparison of heat shock temperature and duration interaction effect under different substrate temperatures
on flixweed mean germination time (hour). Means within each column followed by the same letter(s) are not significantly
different at the 5% probability level according to Duncan's multiple range test.
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