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Abstract oS
Recently, the pretreatment of seeds with helium-neon laser has .

. e . o gty 3 Ol g 5o — S S| R |
attracted the interest of the scientific community as one of the Sbesed mFoml B (S Ulsen 0585 — el L3 L ekl las i
safest ways to enhance seed germination, seed growth and increase wel e Lo i5 a4 OLLE Caglie Ll 5 Ll Ad Wil 3l o
the resistance of plants to stresses. Due to the sensitivity of . .
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phytochromes to red light, the activity of enzymes related to R e e * S
growth and flowering can be increased by irradiating plant seeds s Ll e el WY/A 2 gadsb s olS S0« He-Ne 30 5 as
with He-Ne laser light at a wavelength of 632.8 nm. In this study,
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the effect of laser on the morphological and physiological i R oSS it

characteristics of Verbascum songaricum under normal conditions Verbascum ) s 8 5 psils oS S3dsid 5 SSsdsiise Slo e
and under water stress was investigated. First, the effect of helium- 0 A s S s T i s s by Lt s (Songaricum
neon laser with durations (0 and 30 minutes) and water deficit B - B . ) o

stress at two normal irrigation levels and water deficit stress Solel o 52 00 S R 5 (4B T 5 o) sladlesiite b 055 — g 5ede
(irrige_ltion a}t 50% soil capacity) on segd germination in an S (SU el c b doys oy 0l s 6D &TVS OS5 5 Jsens
experiment in the form of chopped plots in the form of a block . L o - A
design Complete randomization was evaluated in four replicates in LS b LB 3 edds 2 sle DS Do et S 500 Sl
the conditions of the research field of Azad University, Isfahan Ol dy 33T o8ls i sy Ll 3 5SS Sl 5o islas JulS

branch, and it showed the best plant stem height, root length, ) o o B )
number of main stem flowers in the interaction effect of laser and A sl ol Sl JS el v Jib S Sl il e 5 A L
water deficit stress. Helium-neon laser improved seed germination, 53de EV) e Bl YA e Sl TAEYO L 5w eS8 5 55 Bl
flowering and seed growth of safflower in a time-dependent pattern

0 VIVAVE /8% OANY 3 5 a0 oids s VU 35 yaemss o] 5y ke o 22
under all water stress conditions. A 4 e VO e adS e e

Key words: Anthocyanin, Catalase, Germination, Verbascum. B Oloe 4wy S S L 08 = psde pd ol 0L S e
oS S L lE s s Ldy a5 S8 2 S alS Ol Sl

S8 5 GV (il ol st 1 gdlS Slels
Iranian Journal of Plant & Biotechnology Ol S5k o 5 olS anlilas

Spring 2023, Vol 18, No 1, Pp 14-34 VESTE a0 el MAayss YL




\o(Verbascum Songaricum) <GissS y5 s i— 2910 obS 5 @Tps O 9 30,8 598 55 ).ub

ol s 5 il oy sk daails (31 Sl
Lol 5 GBI 4 Cuslin Jil5l 5 olie sl
- s ey e Sialer 3 pd e OLS s
Aas o il [y OV puame kS 5 olsr la
OYAN) O Sen 5 ool 30enl .(Vasilevski, 2003)
SRl S 5 Oy pd o5 LS 1S
5amaiyy SO5s lJsb peaen 5 pdS LB LA
SlRl ol e ssba | amalS sl wx il
S5 s Sl (Ahmed et al., 2002) sls
oS ok el Ol 5 Sy Aol 5 55
Llg e o5 Slag o 3 0L S sl
B 03 el Glales Gl ol 0 S0l
OLan 5 el Wil oS cpl S Jiale
S 5l 5 (T4 sbeo 5 (6,180 00 (1F40
5ol L (Goaler sse o oxd GNE
0oy (pSSle 5 s Sl olS o sls sla o ls
A o 1y Soaler o s 00 & Oy Sl Y
Whler 5 eoly (gapdat)sls Jals (ol e
Sl i a8 ol olad s Gaes (YN
mailer gl oYY el b by L s slaals
(Osmanetal., sls Jasl58l 15 Lsw als Jsb 5 S5
0 Olyde 530 Ol b 5d (558 el .2009)
e 500 i 1) elS e plie s 55 aids
s sl 5 L 5 aulls W Ll
oo L SRS RGN FERH P ROV
Sls 5 ad s Lol Sl el ULl
ML{A 559 4> (Tian et al.,, 2009) & L 5
OWLS Lk el SR Gl osd GG Jes
o Sl g Cdled Yazs| oS ol sdslgiiy

OIS 5 ol
iS5 Julgo n Fege S S ess ) oS
Gt Sitda 5 Sl > 55 Jpames 5L
S e len 68 5SS s A, el
55 35S el Ko as a5 L
3 Flos Ve i 5 IS Ssba o5
Whler 5 x3e) Lok ol s Wy
Lo 5> Ol J1alS e 4y oS GlaS 25 (0740
Sladsle OAd s & a0 F) adyy A
e S AeSles S8 Cossdee 5l
U P U KT N PRIV (R U SN
5355 ke Sl 5 e e SoS a |
S g e e b 1 U I B 5
G S sl 4 el (Sas s (Water Stress) |
ool s e e SonS ol g
Ly R e oS A 25 e ol S
5 owlberdsn gbanlp s sk 5l WS
a3l Cdld o del oS (S5 s
Fr 0 Sl Candy sk slid gl
Norouzi Esfahani et al., ) 535 o olS (s e 523
Ry slaeltl plo & oo oS S, (2023
s Sl eSS B 4 Gl e Sl
P LS 5w b S, als s e 0L
oS il GlandlSa 5l (S eSS Ll
o5 4 &by > (Plant adaptation mechanisms)
s Sl cd G als d.ﬂvf
slae ol a5 Slinse Of 0355 e
(Jaleel et al., 2008) &L . a5 lis

Cel il e &S ol osls OLLS (gadane Slags



) Fe Y"& o)[ow.r R 0,90 ‘u/))/‘j‘)}w Sy 9 oLfML.LAﬁ\?

S ool A a8 s sl aily s olS
Olys 53 o L3b w Olge oS ) Lols Sl
Glacdl (S5 S 5 Sudis g (Sl
5B Ol sl ksl (as
Norouzi Esfahani ) s 8 o,Lil cdas sla o150

and Khaghani, 2023; Perveen et al., 2010; Safi
S sy 05SE &S = Of Sl (et al., 2015

oA s s Gl S S dlesl IS (S8
5k, Olio Sl ux i 5 oS s sy
el pools 5 4 oSl plend —oss
ol Sl O e S5 Ilae 4 a5 b el sl
I S O g 3 B e aalllas
S35 i Slio ol oS 15
g SES 2 i sl oS

SRz

Olgiol dls ool 3T oKl 55 ilesl ol
g B s el gl OS5 O
ssbag LS 2SS E L olad oS slas sl
Jdo g5 pada 5 olSas 51 S5 LSl Jlesl
N0+ ~sJsb (nano biophotonic model, Iran)
Sk s MW=330 >, > oly Sh= L 24l
S L sd o ol s eslad e L V0 o
Laserinstrument  CTL-2001 Jue) e 2
5586 e b e s (Sl (Olny)
35 .23 8 el LU GBI L Ljdy A6 5
2SS s elS Had bl IS aia
Flr oolas b 5B s sl St
U5 Nsd il At b e Sl 5e 3

1 P TV e “J}f@‘“ BB |

b el 3l 055 — psba 3 3 L
o &l 2 .(Chen et al., 2010) ol o3 4ol s
L R s a bpsSed 0o el s
b Ls e sla 5l Cdlad 055 ls 55 25
5 S0 S5 emen 5 el sl S3al
DA s M SRl el b sl
el 5 LSS e L od Sokiler 551 ol
oo Slbl o 5 50 o 6 i 55 oL
$us b .(Hernandez et al., 2010) > .5 .
sl 3 AT W e s s
g b duls e W s Ol &5 L aJIsl,
vy Sonlr dens (s 4 s Ll
o O\ (Shenetal., 2016) Lise o 55 |, Ll
Sl 45 Klosls OLis Cilisn Slidss ol
ol e gla i s 55 1 S5 b Lasils
(Wu et al, 2007) Ll o cble- Six
SlS OTAY) 0LKes 5 2l esls e
4 Ol o YV 0185 L Osimpseba 55 oS 205 50
(Sodsee o Goss SN aads Y o
555 S b ploerdgm sladal B 5 55l
S g o n 2o B0l Shee Rl el
sbad b Gl S A st slasled
BT LY S Vg S VS BB S et
LS Wb i sl LS 1 esland
S dl e a5 4 S K285
I S D D e e
oy SES Doy ke 4 g Loy
T R S I A N

G Olse ) (6 gd e slad o eslaal LB



\Y(Verbascum Songaricum) <CissS y5 s i— 2910 obS 5 @Tps O 9 30,8 598 55 ).ub

0 S s Ol Al el Sl g 5 J S
ssbea A B a e mesle OBt oo
Lot e SO 51 AL ik 0358 S
Ge oMU sk s s 8 eslial GBS S b
9o S 13 e Jlanl du WS S ekl
dolb ot g (SIS 5SS S s ks
S p Gra Ja Yo s 50) JUil dy oS 5 wde o
Loopls U 5, abads o3lul s 8w oS5
BERC U ER Y UL CPR W (,_JM ke Yoo ks
oo ¥ alobl i bt S5 S Y
S SANGE 5 5 SASly B kas el i3

Ky o Ol s

s S5 el 5 (S5 b alard
Qlld o5 mbe N0 3ok ool g’K'A 03
Clabls did iyl slaceY 5 T o3 5a
ode st 5 33 o5 Ls SR Dl S
S slasdy el s slaamio &) poa | S5
A3 8 Jlasl o S 3 dlds Y Sl @
55 bl cpl s eslinad 355 L3 Slo yas
Lol oo 1y byl sl sddesls OLES Y Jsd
sl il W e 4 Loy Ve SIS
B s L Lol Gy gl O o s S
Pl ) gty e A 03035l 3 sb e Blo
Al a6 L,k ks Sl Ll (gslis
Oloode . Ldes S slasd jo 3 55 o5 b 5 (il
(add> Y 5 ji0) oib o ¥ s ) 55 N0

Ok BBl slos 3 503 L b 5 4 S b s

a:w.w‘:)y J}:’ pr—\d:-\;

Table 1- Characteristics of the laser used

ROW Laser Helium neon laser
3, 55 058 paha 53]

1 Wavelength (nm) 632.8

2 Power (mW) 3.30

3 Time (minutes) 30.0
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Table 2- Results of soil analysis used

S colda 5wl Ts R 5 Lo
@S/m) s Organic matter | . | (markg) K (mg/kg) Soil
EC (dS/m) pH (o) Texture
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Fig 2- Planting seeds in pots in the university research greenhouse
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Fig 3- Planting and marking the plots as well as the image of verbascum plant in the university research farm
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Table 3- ANOVA Results of the effect of stress and laser on some morphological traits of Verbascum songaricum

Sl e Sk
Source of Df Mean of square
variations T ke Bl olsl Sole S lis o318 ¢l S 035 iy dsb
O s molie N
7mE 3! Flowering stem Number of Number of  Inflorescence Dry Root
height(cm) branches leaves height(cm) weight(g)  length(cm)
S 3 84.85 146.23 2.90 2.17 4.73 3.60
block
o 1 16002.3** 22725.6** 430.56** 1640.3** 0.06 324.90*
Stress
‘e 3 274.83 178.72 2.23 2.08 1.73 1.88
Errorl
o 1 126025.0%* 350168.1** 2002.56** 961.0* 39.06* 1009.7#*
Laser
% 23 13806.3** 13167.6%* 473.06* 342.3 0.06 144.6*
Laserx Stress
" 6 179.8 162.48 2.56 2.13 3.23 2.74
Error2
CV) 9.28 4.96 4.79 2.74 7.80 7.06

*and ** significant at 5 and 1% probability level respectively
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Fig 4- The interaction effect of laser and stress on the height of the flowering stem of Verbascum plant (The letters
with the same letters were not significantly different at 5% Duncan test)
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Table 4- Comparison of the average effects of simple Laser factor on some morphological traits of Verbascum
songaricum
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Flowering Number of leaves e height weight length
stem branches (cm) 9 (cm)
height(cm)
Check(L1) 55.75° 109.0° 22.25° 45.50° 28.00° 15.50 °
3°m'L';)“teS( 233.25° 404.9° 44.63° 61.00°  2488b  31.39°
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In each column, meanings with different letters were significantly different at the 5% level of Duncan’s test
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Table 5- Comparison of the average effects of simple stress factor on some morphological traits of
Verbascum songaricum
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Flowering stem Number of Number of Inflorescence Dry Root
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Normal 112.88° 219.25b 28.25° 43.13° 26.382 18.94 "
Stress 176.132 294.63° 38.632 63.382 26.502 27952
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In each column, meanings with different letters were significantly different at the 5% level of Duncan's test
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Fig 5- The interaction effect of laser and stress on the number of flowers in the main stem of Verbascum plant (The
means with the same letters at 5% level of Duncan test were not significantly different)
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Fig 6- The interaction effect of laser and stress on the number of leaves of Verbascum plant (Meanings at the 5%
level of Duncan's test were not significantly different)
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Fig 7- The interaction effect of laser and stress on the height of the inflorescence of Verbascum plant (Meanings at
the 5% level of Duncan's test were not significantly different)
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Fig 8- The interaction effect of laser and stress on the dry weight of aerial parts of Verbascum plant (Meanings at the
5% level of Duncan's test were not significantly different)
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Fig 9- The interaction effect of laser and stress on the root length of Verbascum plant (Meanings at the 5% level of
Duncan's test were not significantly different)
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Table 6- ANOVA Results of the Effects of Stress and Laser on Some Physiological Traits of Verbascum

songaricum
Sl o Sl
S Df Mean of square
e 1 30 >SS CPRILY
Sourceof T o] Ol ol T A SN S & RN
variations 2Ll Anthocyanin  Antioxidants Superoxide Catalase Total Proline
mglg) (mg/g) dismutase (mg/g) chlorophyll (mg/g)
(mg/g) (mg/g)
S 2 0.000008 0.08 0.17 0.00008 0.00008 0.75
block
o 1 0.0001 11.68* 422.6% 0.04* 0.003* 2284.2%
Stress
Y les
2 0.000008 0.08 0.03 0.000008 0.000008 0.08
Errorl
25 1 0.0008** 518.5* 377.6% 0.06* 0.23* 11265.7*
Laser
S 0.0005°* 1035 173 0.02¢ 0.01° 115.44*
Laserx Stress
¥ s
4 0.000005 0.08 0.10 0.00004 0.00004 0.42
Error2
CV ) 2.94 1.23 0.67 1.90 0.54 0.49

TN 50000 bl g 53 DAB,ls ae o 5 4 i
*and ** significant at 5 and 1% probability level respectively
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Fig 10- The interaction effect of laser and stress on anthocyanins of verbascum plant (Meanings at the 5% level of
Duncan'’s test were not significantly different)
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Table 7- Comparison of the average effects of simple Laser factor on some physiological traits of the
plant Verbascum songaricum
Sl e Sk
Mean of square

Laser factor

ol ol - 36 Ryl
o5 WL:JM_ J.TL"MS}JJN ’ ,;we y -dﬂy s S5 Jo s Son
Anthoc/yanln Antlox;dants duigrilrgt)z(a 'See Catalase  Total chlorophyll  Proline
mg/g( mg/g( mg/ mg/ mg/
(mglg) (mg/g) (mg/g) (mg/g)
Check(L1) 0.095 2453° 41.02° 0.28° 118" 117.7°
30minutes(L2) 0.101¢ 22.56 P 52.892 0.402 1.212 14532

L1 5 ols pnn Sl Sils Dgesl s 0 i 53 Sglite By b LKl Dgtu b o
In each column, meanings with different letters were significantly different at the 5% level of Duncan's
test



) Fe Y"& o)Zo.«.t R 0,90 ‘u/).,/d);[d Sy 9 oLfMLJaﬁYA

S35 oS (S5 P Slho (S g p S5 el esle DI il dglie A g
Table 8- Comparison of the average effects of simple stress factor on some physiological traits of the plant
Verbascum songaricum

Slay o S
stress Mean of square
factor ol R N C5 5 s s i
o : s Superoxide .

Anthocyanin  Antioxidants dismutase Catalase  Total chlorophyll Proline

(mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
Normal 0.09° 16.97° 0412 1.06° 162.12
stress 0.11° 30.122 0.27° 1.332 100.9°

Ljls (slsime Sl SGs O 9051 deoy3 0 pelae 3 Sslite Dy b LKl (O g 3
In each column, meanings with different letters were significantly different at the 5% level of Duncan's test
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Fig 11- The interaction effect of laser and stress on the antioxidant of verbascum plant (Meanings at the 5% level of
Duncan's test were not significantly different)
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Fig 12- The interaction effect of laser and stress on superoxide dismutase of verbascum plant (Meanings
at the 5% level of Duncan’s test were not significantly different)

o ld 23l LS slad sl dhoz 5l oy Sl g s
ST BT b T o e 51 S Olssas
(Sheikhi and Raunghi, 2012) .S . & sl
ooty eI 5 O5eneS| Bl 3 g B
Sadel OpaldnS| -l Oy er plaayl b
LSl 5 o5 5 e 00 OaelbnST (o
Wl ) b olS e oS 0y 53 0,
(il oS SRE RIBIL 8 ass cnl s LS

SOV AP [N FOW PE

3 o5 opSB el Ol esle kol s
R ) e 3 s A e B 5
(Adsdr) A s e S8 5 olS VLK Ol
5o bl J L;mei.}l.:a sl 5l ol C*L"
0 mhw 52 S5 2 S VS Olyee 5
Olie (pF i 3 Ubpms Cdo (gl Ao
L oms Ll s 5o o B e S s YUK
i S A edalie 08 0 S e AT Ol
OS5 O kil d s ad3s Y 5] 5 SU s Ol
Lo etalie o8 5 S e A Ol L
elod 3 S el mpl VS OYUS)



) Fe Y"& o;[o.«.t R 0,90 1ub:’/d‘)}u Sy 9 aLf‘LcL.LAﬁY"

O Check

ity

Catalase
(mg/g)
&
[o N

W Laser(30minutes)
a C

Normal

R 5 o5 € Sl Stress

Combined laser treatment and stress

(085 (5ol mn S5 Sils O ga3l oo )3 0 o 53 S ke g o b Lafile) S8 5 ol SYBIS 2 5 5 Jolise 311 JSCs
Fig 13- The interaction effect of laser and stress on Catalase of verbascum plant (Meanings at the 5% level of
Duncan'’s test were not significantly different)
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Fig 14- The interaction effect of laser and stress on the chlorophyll of the whole Verbascum plant (Meanings at the
5% level of Duncan’s test were not significantly different)
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