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Abstract

To investigate the effect of the maternal plants growth environment on qualitative characteristics and germination of borage seeds after
storage, an experiment was carried out in a randomized complete block design with three replications at the University of Mohaghegh
Ardabili. The treatments included seeds resulting from maternal plants sprayed with humic acid (0.5 g L), chitosan (1 g L%, and the
combination of humic acid and chitosan (0.5 g L'*+ 1 g L), salicylic acid. (4 mM), ascorbic acid (0.85 mM), potassium nitrate (20 mM)
and control. The seed germination and seedling growth tests were evaluated immediately after harvesting and as well as after five years of
dry storage. The results showed that under non-storage conditions, the seeds that resulted from the maternal plants treated with bio-
stimulants and growth regulators exhibited higher seed germination and seedling growth than those from the control plants. In this
condition, foliar application of the maternal plants with humic acid+chitosan had the highest effect on the seed germination and seedling
growth characteristics by increasing the germination percentage and rate (36.98 and 12.45 percent, respectively), vigor index (45.48
percentage), seedlings dry weight and length (41.98 and 36 percent, respectively). Although five years of dry seed storage reduced the
seed viability and vigor, foliar application of maternal plants reduced the negative effects of storage on germination and enhanced the seed
germination percentage and seedlings length, and dry weight by increasing the seed viability and seed vigor index. In general, among the
foliar spraying treatments of the maternal plants, the combined foliar application of humic acid+chitosan, maybe due to the synergistic
effects, can be considered the best treatment to improve the borage seed longevity, germination characteristics, and seedling growth.

Keywords: Maternal plants treatment, Medicinal plant, Seed vigor, Seedling growth, Storage.

* Email: sheikhzadehmp@gmail.com



\’F~\,’i\i/\‘a)u..i/\\ &/glj\)x‘_g”ujpl;qj@

g g gMe polie Do 3 o 555 ole
03 e 5B s ek d ol ml s sty sla e
3,108 o s Sl lprl 5 asls 3, Sae ol
il Gk 3l eemen (Heidari and Minaei, 2014)
S (e (w58 3 3n B 0k o gn &5y a5
ls > Slas 31 osde 5 od i oal b lakls A
(Khan etal., 2012) 5,18 s 5t 55 la,d S 6,
b5l psls ol 55 OS5 ke U
Hassanzadeh et al., ) o)\Ses 5 630w bw g
Lo 2l 0L 53 &G s Al 3,187 5 (2016
(Heidari and Minaei, 2014) L 5 s 4>
G S PV IS [N RSN - 31 g
Sheikha and Al-Malki, ) L J s (Amiri et al., 2016)
CuiS 3 5 olE Wiy ol el O ST L (2011
b 05055 6 0 o Sl il s
5 NN laan T p by ) Glodas iES
i 3 s GBS Ll s 3 oS i
ol oleass (Vicente and Plasencia, 2011) s,ls
Sl 31 Ll o OLE 3 ¢Sl ol 3 5187 457 0515
2 AT L eols 2l 1) La i 5l 8L (o S
Sl 52 Shes 3 Sl (S5 50 sl T3
5L J slos (Jabbari et al., 2018) 355 olS 5 Slas
A e e ESCdle Al U S5l e (3L oS
bayds ol (S5al s slaastla 5 ot U 5 5 i
Slii>s Ll , (Darvizheh et al., 2018) s &
Farhangi-Abriz and ) slialS 5 5 T Kos
&3k ol 5L J s (Ghassemi-Golezani, 2021
S e 413 035 Gl B o m (Sl Al L L s
3R S ol Sl Al Gl A
0l ole 5L el Al el LS ol LS 5
s or ol ul adlE Ll 5 55 Ol s
sl dls 55 oS 5 L 055 25 (Jabbari et al., 2018)

boamly 5 (l) 5 (g A ol S 3e (S sl

ey ‘_;J..i.) ‘_gLAo-L..fr.:.ldJ} ‘_,;".‘...1) ‘_gl.hd;fu j7| u’;\.:))‘

.

A0

LS (Borago officinalis L.) b, obj;sS
ol Sl idn ples &7 ol a8 S e eSS
oAl 035 Lls s OT Jdy 5 8 o pase oS
Q‘)‘}’ﬁ)‘-{&“*rl’jéjl—“))b@u)’@ﬁjb
(SoaplT Ol e olS l laastls w5 a8 8 s
Claas! 5 LI o o8y Gl 5 @ wds (G e
sla 4 (Salehi Sormagi, 2009) 555 o esla il
e hls (o, dmos W-TY L byl 0L55E
sl o (7 Bl ¢S g1l Ll dal O ol (gL
03 g & KA‘ ngl> Lﬁ-‘“\; Jaga Q\}.&m J_g..:b' df-‘ O‘&})
03 «=bs (b sl bes Slays Gl (a)ls
J}_‘;‘Sﬂ a.}\_&.‘:_m‘ U’N\(‘\ LSLAsJLa.:_’ 9 J—«’L&_ﬁ
. (Naghdi badi et al., 2012)
jwcdlgs&jgjsuogéu)@iri
s »> (Amiri et al., 2018) 3,08 o b LA &8
Sl Y Dol b byl G M5 Sl Sse Jelse S
5 bt SUS 5 L5 0 o 35500 et OIS
das il Hd Sy y ansliS SU LA ol
st SBES s 3l e3lizl (Nikkhah et al., 2010)
«(Ozhan et al., 2017) ¢S son Al 5 O 525 Uil
Jabbari et al., ) by Sz Al JT 8 glaeSls
5 Sl sl Wile (655 (slaoisS s 5 (2018
Kalantar Ahmadi and Shoushi ) ¢Sy ST Al
55, Ses 2l glael, I S (Dezfoulil, 2020
S OS Aibis ol 5 ol 0blE Hd kS
Sl o ST BT Gl 3T Sl Sl G b
ol b 551 ST gl i blas 53 olE Csslie ol 52l
oS 3 s ey My I Ca s g e &S
S5b o oo o 5 -]GJ.‘J.-:JJDGL;?JJSL‘;GJJ-L:
03,5 WS L ¢S gen Al (Amiri et al., 2016)



\’F~\,’i\i/\‘a)u..i/\\ &/glj\)x‘_g”ujpl;qj@

(Alivand et al., 2013) 5,15 31 La 0T Slaeds;
il (S5 T3 53 et ol o (Sa
Sl campalE A, 5 il S alS
et STl Sl el sl b e s
Fsn 85 o 5T SIS 3 o Gial
33,8 (o a5 SSlS 5 sla
Al o O,k ol (Sheidaei et al., 2020)
5SS e 5 s el 5 O s ¢ S50
3 80ee b Cin s sladip A5 4 4 ol laanalS
.(Ghassemi Golezani et al., 2012) 5 54 o 2o b
Sl 5 048 G Ao 33 055 Y sy 035 &S 5
030U (6513, 1 s 45550 53 amalS b
03 ok kS el Olgea 5 ey 5dy YL kS
(Schwember and Bradford, 2010) 5 s& s 45 5 ks
Sk OAd G 5 S8l S pl 4 e s L

Slasyin 5 AR LST Ll 5 s ola)l 0L3sE
Khooshehkar and Shekari, 2012; ) u_il o« oo
&Sl eslizul ol «((Mahmoudi et al., 2019
23 iS5 5SS g CoiST Rl sy b
be Cte S e 5 b o i ()50 4055
CatS L by 5 gl soole wly cnle 4 i
e b g ol esolall YL iy 5 5 YL
&hcwﬁﬁ;}')&jéhdffuéﬁ)\fﬁtw)ﬁ
Loy 5 3l 6o 2l 0L asle sl s,
G315l o W 5 (glayds 5l ool (glaamalS

235 pll

by 9y 9 g0
@)4“}"} LSJ"L‘ 4{.LL -\..f'-) .Ia._:uf}'l o e
249 06558 a5l ol glaamald ds,

Dl osle wly S J—ol> slaydy 5l Ll 51 g
oalaiw! Ly LgLAo-\J.Ifr..‘J&JJ 9 LS»'““-J 6Lai§fu Lv ol

0L558 ool wl g5y iolasT sobie opl 4l

Y

OSan 5 gy

S PN JOR P RC P RC
s p 5L J sk (Nourolahi et al., 2019) s
a5 Ol e (Gowthami et al., 2018) L 4w
(Sekhon and Singh, 2013; Tabatabaeian et al., 2020)
S 5o 9 Ay RIB Car g el DI L
ESp Sl dal 5 8 ol ST 5 (oS sla el
ST sl 53 15 oS O8I ST K Ol seay
S Wlg o 0T 3,5 5035 Chibloes s5lu S|
Al oo Gl A5 4 Jemd 3 g )2 65 !
5 ) SRS O e BT [EalS L aS 55k
03 Shas olS Uiy 3 g ol a0 55 (S b
35 gp e LS 5 g 5 4l 05y A5
Dolatabadian et al., 2010; Kalantarahmadi and )
¢Sy sSuT dul mean (Shoushi Dezfouli, 2020
5 G Glae 80,5 Ol Jlaime Sl Bl e
Soha and Bedour, ) 35,5 o+ <5 OT (o () siome
35 35 Sy ST dal 3,58 Cta i1 (2010
s als oS 5 Shee S sty byl
5 (Towhidi Moghaddam, 2017) rvtsﬁ G5 bw g
(s n Glgee dlex S AST 5 (oS Slio g
G gy (58 S CdST 5 5 s, o
(Akbarpour et al., 2021) O,Ker 5 55,1 by
sl 0 5 IS
s ciS  SU edle (655l oLS i
AL e 55 o OB iy A5 e el 5
S &S g sla,ds (Esanezhad et al., 2019)
LU s 6 Y Sde (6l Olg oo 1y Lyls oYL
A e Oslea (Alivand et al., 2013) 5 S 6,1ue&S
058 5 Dy Ly (il YL 5L (ola, Ll il 58
D 55 503 S Lde (g xd D gl 1) 55 4l
35 ool 8 SV sb e gl s (5131 OB
S 35 3 6l s > (Esanezhad et al., 2019)

gaesls 3 Sheew 1) ,d cwiS S Cul else



\’F~\,’i\i/\‘a)u..i/\\ &/glj\)x‘_g”ujpl;qj@

o en 03580 o laydy 23S bl S0 Ve Sey
55 jashe Y sgd 53 LOT apa i,y Jdsb oS L
oLL s (Najafi Navaey et al., 2014; ISTA, 2017)
5 ole sl sl oy Vo) Siasler OselT
o Aoy 5 3wl oy s isled LOT (gole s
5 xS Uk «Dso) 380 o3 01 1 Olej caal
S e tlonn (1 3 B s S S 035
esleul ) aal, I (Salehzade et al., 2009) g4l

:.\J_:Jf

GR =Y, Si/Di (\ aat))

Sb,d 31w 1Si gjaile> e o (GP dlaly ol s
(@IN 5Lt b gy olaa IDi B slad o 53 0354l
el sl Oolass:n

(Ellis and Roberts, 1981) 4l Ol Low s
T dcwlee (V) sl Sl eslazal b

Y D.n
>n

MGT = (Y) ot

31w 1D ¢ 340 g Oloj Lo s2a IMGT alasly ol o
by ol I e le3T o5 58 5l e (g sl
sl 395 93 03 &l g

Sl iablemr s A wla ¢l o
b eslaal LY alal, 51 (Hunter et al., 1984)

GP
MDG = —

> (r) sl

GP &l g4l bwse :MDG aaily -pf 53
C}f'::)'\ ol (6 e sla g, 3l 1D (g4l o s
Sl SaslaT
CSolul S b by gsle glaanald Jb
ShaalS (amalS oS is 05 et g LS
s A gles b s 55 L1SS 5 ke o Sl sole
OT 51 L 5 L& 0305 15 ol YF e 4 1 8 5l

rjj/r)b-“&.MJLQ%JGJJ‘EJ“’AW‘L

Yy

ey ‘_;J..i.) ‘_gLAo-L..fr.:.ldJ} ‘_,;".‘...1) ‘_gl.hd;fu j7| u’;\.:))‘

b Golal oS slaeSTsh - b ) son o)
s> 0l 5 ab gle Sl Kl 53 1,
Jsb 48> 10 g a3 FA L s Olamsea ) sl Olale
5 bl o,e 4BEs V¥ 5 a3 YA 5 Lol
A 1l VR0 Il 3 (55 oelas 512 WYY ¢l
T, S8 5 G Katm 03 5) (gl 0558 sla s,
bl Ll ool & (IFAF 5 L) Oleaal 5y
S ol (513,508 Jolscas 50 53 anlllan 3 50
308 ) 53 p 8 &0) O3S (2 53 p 5 0 0)
SV 55 8 U0) OGS 5 Sa g Al pl
Aol (Y ge e Hlez) Sl el (2 o
¥) el Sl GY g e +/AD) Sy ST
u_:a.xlf Jlsl 55 gosle Glaw gy 55 dals 5 (Y 50 Lo
sl Sz bbs oL loes (CblS 5 dm 55, 00)
el Jhie OT L s (il e cdald les
Bl Sy alo o 3 0l Jols gy b0,
36,8 o 5 ks Coils W40 Jlw ole g ed s
Sl 25w 53 4 bady e 25 8 bl Lass
oS 5l ok Joolm (slasdy 5 idws (655 5 LS el
595 B zlesT 55 Cils 5l dey 53l
N P PP INCPVS | R WIS [+ A L - 1
by 51805 i 28 8 bl Jlw Olea s amalS
D Sode 4 5 Ldh (luat o st IT ST, o
5 o= (Esanezhad et al., 2019) Wi (5,1ugSS Jlw
Slw e Ly 5V Jl js byl (e ol
A 55 s ) se sl iy 5 S5el e
Slgade Voo SO Y Ssalr Oge5T plow) g
Sl L et Ssied ) bl 0L5sE slasd
23 5 bl Bslas jsbay 5SS 5 ke a1 (e
<—iS (Top of paper) 4e" 5, Soya sz S
310 glos b sla )5 JoH1sa Lad sl o S
Ghassemi-Golezani and ) L5 8 Jaze 31 § sl

43‘)'}) Q)}.p‘u 0.5)'43‘}? Lsu)“\" U,ZJL«.& (Dalll, 2011



\’F~\,’i\i/\‘a)u..i/\\ &/glj\)x‘_g”ujpl;qj@

Hhdslee 6ok & Sl ol (6o ladisad g 53
Vo) SRl Ay o i csoOBI  JS el
(‘iﬁ 5208 Sles Sl Jeol ok sl sad 5o (o)
13 e s gbas ST sy 0135287 5 Ko on ol
Jrol ooy 5 0l Hled oy o gad Lo 51 i
S el layds G4l o )s e s el Hls
Sled b sl O3 ST L ol e g3l glass 5
SI1LB1 S B el Ol 55 &S ST Al
Gl LI L () JS8) dis sdaliie (6515 sre oD
2 S8l Aoy (e Wl my Sdesy by
sdalive (AL gloes O5) s Hls 5l Juol> (sla,ds
S ol Gy ds sl 1 2aST (ghls sme s sba &S U
Al e e 6ol 4 69y 0d Jlesl glasles
S 3y 12,1 e 5 ayds S5l Ao
S 3l g oy SS9 o Oy Ol bl 3,
(Sheidaei et al., 2020) wib - slas g b 8,
(Safikhani et al., 2016) Ol,Ses 5 Sl 4w
Aoy als o Hds 650l Sl Lsls QLS
oS laydy S50l slaasls alS 5 G54l
S35 Eagr Al 5 O3S o5 5,8 s Sl
Slayds Giale dw s U us w650k law
db@@f}‘@d}oﬁ&éb@k)ﬂd\{jj\f
b 058 sl il do)s AL o i
Il gy 5 g 1552848 g sl 5las I Jol
Loy B VS 3o 55 dals Hlad 4 S (g l5, L]
A3 A Lo g g)laslil epss 4 ST sy i
S bl s T syl 04558 lasds el
Aol bods  SLd glows a5 5l Jol lasd o
slaas sl ol slajds 5 01 S+ e s
Js g 5l sy s el Lo (3 sl
O EYPRTL CPpNr N v I R - O PR PP P
Sl e 3 g o Sprrsr DLS 5 il

Ay S e DS 55 8 a5 il

Yy

OSan 5 gy

s Sl Larls bl Cgr L 8 e
148 oslizul ¥ dlal, 5I(ISTA, 2017)

VI = GPxSW (F) abasl

)3 IGP A Oy e i VI daly ol s
sl doealS S 035 1SW ¢ Sl
53 alie jsba S Sl bl 5l sl slresls
5SS 3 Olabsl 1 g (LS ploit VP05 VY40 L
2SS Do 4 0T 035 s 5 il
oLzl b ) S5 a3 (Sl ol slaeSh - b IB
Sy oY s 8 15 a5 SAS,IHl e
bl il 035 S5 0o o 455 51 S
350 SPSS(ver. 26) il p 5 5 o) 05a5T Sl eslin
3550 Sl plas gl 0 05037 288 L5 b5
s I gma e Gial s Ol baw e Cdo 8 4 anlllas
Sl dglie 5 uilsls 4 Sl Sl A
125 8 il e oy sy (10 Ol 0555 2 (sl
laalsdiz 9037 1 osliul U baosls 5 Kle awslis
u,b,,.srw..\.:(\?;tMJJ@JL,MCJM)J&Q;

25 8 Oy g EXCel il S eslizal L 33

o 9 @b

53419 woyd

Ja) Laesls uilsls 4 2 ol S 4 e 57 L
s 6osle st s b sk 5 (55l3 L1 Se ()
2 Gl gme 5b il gloue x (g yla Ll ke e
Azals ooyl 0L5s8 lasds il Aoy

5 s GBS ma b g5k Sk g (EL o
Aol O ST e Snged del) Ay (slaoiS o o
) ST ol (Sl el (D155 + Ko 50
slayds gial e ujauuw(wgu,g,
Sl Lo )d 4 S Golo sre Hsba el Lol

Al ol ets 8L plowe a5l ol (sla



\’F~\,:.LQ/Y‘UL¢.&/\\ &/Q‘ﬁ‘)-’u‘_g)}u}rjlﬁqj&u deJdUcM&J}@ﬁ)dbd{fuﬁ\gk)ﬂ

(Azadbakht et al., 2018) 9 b el g (ST (S g Al Ay (sl ge ) 50
sk an 5 Siale CaiS 5 o ge il T

JJ.:&J‘JJL:J‘QJA}&)JL&&L&G}: L;&le}bm}gtiau“L{ﬂﬁ})‘db)}lf‘_;\.a)u\;g)u\? Qw}&ng‘}ﬂfd—\djb

Table 1- Analysis of variance of germination characteristics of borage seeds affected by foliar application of
mother plants and seed storage duration
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Figure 1- The effects of foliar application of mother plants and seed storage duration treatments on the
germination percentage of borage seeds
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Figure 2- The effects of foliar application of mother plants and seed storage duration treatments on the seed
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Figure 4- The effects of foliar application of mother plants on the mean germination time of borage seeds
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Figure 5- The effects of foliar application of mother plants and seed storage duration treatments on the mean
daily germination of borage seeds
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Figure 6- The effects of foliar application of mother plants and seed storage duration treatments on the Dsg
germination of borage seeds
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Figure 8- The effects of foliar application of mother plants and seed storage duration treatments on the
seedlings dry weight of borage
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Figure 9- The effects of foliar application of mother plants and seed storage duration treatments on the
seedling vigor index of borage
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