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Table 1. Analysis of the variance for nano and micro iron chelate effects during priming on germination
percentage and germination rate under salinity stress

Sla o uSSls
Mean square

Bl i @olilaz o S8l 9oy Sialsr ey
SOV DF Germination percentage Germination rate
Py 95w Py 9550
Nano Micro Nano Micro
Nt 155.4" 433.4™ 0.011" 0.047"
Iron chelate (I)
Sar 5 40083.3" 38214.8" 0.733" 0.797""
Salinity (S)
) ok 1 460.8" 164.3™ 0.003™ 0.001™
Time (T)
IxS 15 151.5" 188.3" 2271™ 0.006"
IxT 3 1051.1° 169.2 0.040" 0.002™
SxT 5 27.5™ 221.3" 0.005™ 0.002™
IXSXT 15 258.2" 71.1™ 0.007"" 0.003"
o> 132 45.7 54.7 0.002 0.003
Error
Sl yd 222 . 14.6 18.2 24.1
CV (%)

ao,0) 50 sl Jlaisl mlaw ;o lo jixe 5 4lo dae é ol 4y s g % DS
ns,* and **, are non- significant and significant at probability level 5% and 1% respectively
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Table 2. Mean comparison for the interaction of nano iron chelate and priming duration at salinity levels for

percentage and germination rate

(1) 38l a0

Gy 50 %) Fiailsr e pus

N el 38 il Germination percentage (%) Germination rate (seed day™)
(,Ygo o) Iron Nano
e (celw) Qb.)‘ (celw) QL:»)'
Sahn]ty Chelated A A
(mM) (mg/]) Time (hours) Time (hours)
12 24 12 24
0 86.6™ 86.6" 0.461° 0.425°
50 72.1° 81.3%¢ 0.415° 0.476°
0 100 82.6"¢ 78.6 0.437° 0.467°
200 85.3% 81.3%¢ 0.407° 0.471°
400 90.6° 76.0° 0.425° 0.439°
0 81.3™ 86.6° 0.333% 0.377%°
50 87.6™ 81.3%® 0.398% 0.384%
50 100 82.6™ 76.0% 0.344 0.404%
200 86.6° 77.3% 0.428° 0.304%°
400 80.0 72.0° 0.302° 0.338"
0 65.3° 68.0° 0.307™¢ 0.301™
50 73.3° 76.0° 0.331® 0.304%°
100 100 74.6° 74.6* 0.289%¢ 0.341%
200 69.3 52.0° 0.364° 0.251°
400 74.6° 66.6° 0.301%¢ 0.281°
0 46.6° 46.6° 0.271° 0.184°
50 29.3% 45.3% 0.202% 0.259%
150 100 28.0% 60.0° 0.246 0.238%
200 68.0° 68.0° 0.267° 0.208%
400 34.6% 34.6% 0.237%® 0.249%
0 40° 1.3¢ 0.133% 0.111°
50 0.0° 6.6 0.000¢ 0.198
200 100 0.0° 17.3° 0.000¢ 0.186"
200 38.6° 0.0° 0.213¢ 0.000¢
400 0.0° 0.0° 0.000¢ 0.000¢
0 0.0° 0.0° 0.000° 0.000°
50 0.0° 1.3° 0.000° 0.066"
250 100 0.0° 2.6° 0.000° 0.158°
200 4.0 0.0* 0.103%® 0.000°
400 0.0° 0.0 0.000° 0.000°

b e LSD Loy aoy0 0 Jloiml o 50 ,ls sire BN oazas (yLis (55 zhaw ;0 50 Dolite By > b slaynSils
Means with different letters in each salinity level indicate a significant difference at the 5% probability

level by LSD.
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Fig. 1. Interaction of iron chelate and priming duration on germination percentage
Different letters represent a significant difference in the probability level of 5% by LSD test.
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Table 3. Mean comparison of micro iron chelate at each salinity level for percentage and germination rate

(Ygaeo) o300 Gid y0 p 5 o) (ol OIS 9,80 (1) 38l 2o )0 Gay 5o 5% (Sialezr ey
Salinity (mM)  Micro chelated Iron(mg/l) ~ Germination percentage (%) Germination rate (seed day™)
0 86.7° 0.458°
50 70.7% 0.443%
0 100 67.3° 0.430°
200 72.7% 0.400¢
400 77.3% 0.416"
0 84.0° 0.356°
50 65.3° 0.398°
50 100 72.7% 0.321¢
200 70.0" 0.314°
400 76.7% 0.329°
0 66.7° 0.304°
50 65.3° 0.398°
100 100 67.3° 0.261°
200 65.3° 0.266°
400 65.3" 0.258°
0 34.0° 0.228™
50 37.3° 0.247°
150 100 13.3° 0.175¢
200 16.7° 0.209%
400 18.0° 0.195°
0 2.7 0.122°
50 3.3% 0.208*
200 100 0.0 0.000*
200 1.3° 0.042°¢
400 0.7 0.028¢
0 0.0° 0.000°
50 0.0 0.000°
250 100 0.0 0.000°
200 0.0° 0.000°
400 0.0° 0.000°

23l oo LSD Loy 70 Jloil mhans 48 ,lo e W oais (yLis (5,9 zehaw o 50 Siglite gy b slo . Silo
Means with different letters in each salinity level indicate a significant difference at the 5% probability level
by LSD.

o absly Ld Giailer we,S )1 s (YY) cle SleFed dad gla i jo ol juegh mls
s cos aS Sl o, ld gl jles s Lalyd O g gyl (YN (oolimolls 5 SGl,e0)



WYY

e § 09 (T SRl alS T IS 9550 g 93l T (o 2 1]y g plSLE

RS :"'QJ? 9 QL“'} 2° u‘”i QW?’.B bl GRS "‘°'°)f
chw 50 gley ;0 yeh 4o el CMSHL cble
dgr Jb 0 cpl €83 18 as e S glhs Jls
9550 oldie ;5 ol O 4 by pe iolel o a8
GSeny g (gyeh opl D S clile Ly
Js92) 09 Jlogine (5)y9d y0 ool oM o S clile

.Q
slcdale v )b pas Lyl n joaS ol las opal
ool dilize slagle; 55 ool COTHL il
Yoo b 00 gyen 50 Ll il g2y Hlo ce
5 Jie glasay il o gme LA Ve lis
Sl Sy Guyiier Yeedee 00 (550
2eSake Voo b jladin 50 Gy 5o 5% +/FYA)
Azl Ll al ssslie cel VY lo) o 4y i
A S Yo g ee
A odslie usres .cudlad cele YT lo) o a

sbadble b gl cxe

et s Ol pad Kg,y GVge oo VO g Ve e (59 50
039 Ysadee 00 (5,58 wline 090> b Sjalsx
Moiginn o el VY e & ety Sl
Mosire ol e jin 4 Cad el Y Goe @ g
g Yoo Gysd yo Siailer e Sl Wy, oy
g 099 Yoo oo B (5,98 aiile 35 Vee Lo YO
g Voo Glacdale o cels VY Sow a4l i
G oy axsls 1) 80 Vb 2 0 a8 e oo

Lol s (59 i e il alS s (s050>
a5 ansly e il celo Y Goe @ baedale o)

ol @ GalEl 31 s Caews ol caims ol
(Y Jguz) aib oo YU slacdale jo (Lo i
2 Bty pedplio I3 L 3 e iy
Cllad I3l L Gizmen 5 0ad Jled iy slo)dy
Jo lopsd olse puddplie cge olaey]
W e &S ol boplgn 9 oy daslaeg S
spsel g (zob) 005 o0 Skl ey
6555 Tobam GHIP L IS jsbar (YIT Tigo S
29l 5 8,5 2934 aals Wy, (Sailex ey

4 Balouchi and Ahmadpour Dehkordi

ANY lee as bl diged 4 G S8 )5 )13 (6,040
ol wiged b ilidl cpl a5 il il s
il g o Fre B

S WS LT (YN0 o Ser g (goes]
Slgw b Gluds jles i oloy Sow Liglial
pld 5o S (al &5 IS 4wl aml
Sl IBl (o) 3j9e slaaSlo
Lylos o ol cdslin ju yols adllhs o a0 8
WWookey S o ol O gl 8,18 (iS5 90
Olej Do 9,80 ilide ;0 (Jg 035 Jor i cels
S 5L saims lis 4 edg 5jhe celw YF
(Y Jga2) wdbee $U olde S g Sl
slhcdile g ot slale jl (S guoen
oty 5 g Lmlps o el oS 5 S VL
oS oS wtl oo Jlb sl 5T glgil odg g paie
¥ood S oo bl) S e sl olS s | sslasS
(YooY e gl
o hawy oldd olie YL slalale (o 5g>se
e Yok oy Dae po )k &5 Sbey egaty
R Sl Oypar e Jele YL zoka 15U
o oS a5 Jloy Ll ogh Sidlex ao s Seuge
Sroml Joily 3,05 o0 1B wad 5598 o
ol ol gosas U wilg oo Ll s el jo oals sl
» bscim Gk ol s Wl e Sl
as slas e 1y 0es u‘)»..:l.: wad gl s
(1230 55800 )

Nl C g
ol 5 Siailex Gy uibly 438
Sbcos Lol Sl oedle Cds ol ol

! Bhattacharjee
2 Alvareza
? Bradford



YWY

VP [ gl o o [ 20 Jlw [ oyl y! yds sl sig s

azade) Job
9o 8 o azady, Jsb oulbly wp mlbs
53 B 53 S S 5 ool O el gl e
doys o il g 3 (35n 5 5 il
Wl byl yo bs loy 1 Lol g lo cxe
0 5 Goet G5 0 chle uShea g o g
Sialejl 50 5 o iy mhw ,0 Il isles]
Dg NS ase S omhe o el OISy S
ol oS clale puSenp a5 o cdnliv uien
Sy g 3 L Glalejl o ks s ooy o
950 5 b chle fuSeny Lol oy o gme wo)o
gl 50 cuiF 4 ed G 0 ploy o el S
L (F Jouz) wivgs Slodme doyo iy 9 S Jloi!
L alan Ol 3l (o Sle aslie 5 (O Jgo) 4 4> g
lesl 90 5 )0 azads; Jsb (5)9b golw Ll
Ao d Yoo Joo YO (5,00 (5 j0 g adly ials
hee YO« 5 Vv (6598 golaw olul ol p s,
Sl poolie azdle g azaly,; ad; pas cle a4y Yoo
So S)gh) (R pas Ll ph )3 s S Bi> Jouo
b 2 e 5B ool SISHL IS (Voo
azady, Jsb ol aSgpba il azasy,
S & (2l slegi G sk Of 5l ool 4 by e
Siulesl o a8 el S 0l og el VY g
Sy 5 azasy, Jsb 00 VL (ool ©M,80) pgo
SUSTERVTRIN JENC S R L 2
Silogire LS S0 S L as og el YT 5 VY
B0 G G5, b ade nitred
oolail Loyl )5 09 Sgliie (g lade ol Yo Lo
oole (ol yid jo 8 e Vo G ol CSGL )
o |y azadn; b (i Celo VF Coe
Ll asles yaie ol 55 ool 3 Ll
Wosae 4yl o p S lee Beo il Sl A5 e
Jsb Oless mls (0 Jsuz) ol Jol> celo
Hoagshee Yoo g V0 Vv (6500 A5 )0 azady,
Woaisken B0 (5598 alie 35 ol OIS 58 51 5o

.O%

dlez ey Gl osllae ST 0 e iy
O omb o jo Sl axg 8 4SS clle
6°95 el L;Lmd«]a‘lé O Lg)lats;u )l 6)9":.’
chw uyden a4 s Gl b Ll culas oeg
gobw ;0 Hled i ol (Vg do YO 5 Ve 0)
Chodgw Sl g ol SS& oo 3l (g0s5 alize
2 onl O 0pl5 4 by (oSl annlie
R Sl LIS 55 ()9d BT )0 5,500 elide
Sesd Sl 6y98 o mhaw o (Siailex e s
395 % oh IFOA Gl 4 (@ Slesin) dals
LSLQMIQJ.C“ Alg ﬁL.: L 6)‘° Sxo O aS wd sowlin
bocdls yed 5l gl cnl o ool O 58
sbajless 25150 (Sialsr Sy 5 98 haw al B
0 v bl cdl rals Sluss IS8 4 L i 095
LTy G5l S Sl ol OIS 5 S 058
5355 Tl b 5l SV liren 655 5 il
Y Jgaz) o)ls &5
Sy 2 (S50 Tolaw Sl (g9, &5 Sipgh Gub
e il wo S astie ab plul Siale
b g 00l lB ) Sialsr copm 590
5 ol Galez jl Caogas (pl (g)eh AT Akl
Y Voo .
ol (Voo Ao 550 sy 095 s (%S 4
S wels B 58 (Y0 oLSes
R3Sy ool O Sl L ke sl ety
Dy fge vald 4 G paiS 4 Jiaile ey
Y
s TN GKee 5 (b ,Ss o m
= Q—“] Slalgw Jolomo b jd jlesd iy Ol
S e Jlade )3 ohgd jled ey oS sald les
Gk 5l 05T Jé o J00l) mhaw als & )b
SalS Coge cilognsT T slaes 3T cullad ogup
Sedise Syaler la ol veg g i oSl

! Barzegar
2 Bahrami
3 Hoseinpur Askarian



\YE
e § 09 (T SRl alS T IS 9550 g 93l T (o 2 1]y g plSLE

o a9 azalSad, e oles 53 5r5 5 ol IS 5,5 5 9L ST by s F Jou
Table 4. Analysis of the variance for the effect of Nano and micro iron chelate and salinity during priming on

seedling growth and seed vigor.

Slaspo (5Slkeo
ar)® azady, Job azails Job BRI
Sl sy lie ~ ’ ¢ i
SOV sl Root length Shoot length Seed vigor
df $b 9,5 $b 9,5 $b 9,5
Nano Micro Nano Micro Nano Micro
¥ T ) *% ok *k ok *k
el 3 3 0.116 0.221 0.008 0.193 1.8 1.193
Iron chelate (I)
S5 5 14.7" 141" 0514" 23217 17951 94.076"
Salinity (S)
¥ Lz *k
o 1 0.045 0" 5.635™  0.006™ 2.7 0.074"
Time (T)
xS 15 0.057°  0.112* 0.012"  0.081" 8.9 0.866"
IxT 3 0.057"  0.016™ 0.034" 0.016" 19.17 0.352"
SxT 5 0.007"  0.031™ 0.017" 0.011" 8.8" 0.203"
[xSxT 15 0.079"  0.037" 0.013™  0.011" 14.5" 0.207"
Uas
132 0.008 0.021 0.004 0.003 1.6 0.102
Error
Ol ol o
SR e SO 14.9 24.3 7.5 5.6 19.9 13.5
CV (%)
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ns,* and **, are no significant and significant at probability level 5% and 1% respectively
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Table 5. Comparison of means for iron chelate types under salinity and priming duration on seedling growth and hyssop seed vigor.

St e 5 s 52 oAl SO gl Bl A lie 0B Jgan

i i (o) azass; ok (e i) bl oo e
o Root Length (cm) Shoot Length hypocotyle (cm) Seed vigor
W) el o) st 35 JER 3 5en st e
Slall::;l]y Con;::]ngrr;;non Nano Micro Nano Micro Nano Micro
) 12 24 12 24 12 24 12 24 12 24 12 24
0 L51* 0.46% 1.54° 0.467 1.50° 1.207 151 1.20° 27.1° 1517 27.1%  150°
50 0.35° 0.44%F 0.64° 0.48¢ L51° 1.70° 151" L1t 13.8 18.1% 13.1° 13.1°
0 100 0.52™¢ 0.41 177" 2.03* 1.50° Lor® L71® 2000 17.3¢ 18.9*® 217 207
200 0.47° 0.58° 1.57™ 1.6b° 180>  1.90™ 150" 160° 20.1%¢ 204 218 24.4¢
400 0.61° 0.53™ 2.05° 2,08 2.10° .80 2100 2.10° 24.1° 18.1° 3L1™ 3300
0 0.29% 0.36° 0.29° 0.36° 0.70° 1.10° 0.70°  L10* 847 12.9* 8.4° 12.9°7
50 0.24° 0.58° 0.94¢ 1.03* L41* 1.10™ 0.90%  1.00% 12.9° 13.2* 12.6° 13.2¢
50 100 0.26° 0.26° 120" a5 L1 0.90° 120" 1.20% 10#bc  9.1% 6.5 203
200 0.37° 0.38° L10™ 125 1.10™ L1lb L10™ 1.20™ 1.1 1.9* 147 187
400 0.36 036" 1.33° 1.23* L11® 1.30° 1.30°  1.20™ 1.1 121 213" 182
0 0.28% 0.22 0.28° 0.22° 0.50% 0417 050"  0.40° 5.7 46° 5.7 4.6°
50 0.17¢ 0.41* 0.52° 0.65° 040"  0.60% 0.50™  0.61™ 43¢ g .4° 7.1% 84>
100 100 0.24%4 0.30 0.62° 0.63 05157 0.607F 0.60"  0.60™ 5.8% 7.2% 7.3% 9.3
200 027" p.24™ 0.65° 0.70° 0.71°  0.50% 0.60*  0.70* 7.1% 42¢ 7.7 10.1*
400 0.30™ 0.27™ 0.58° 0.65° 050 0.60™ 0.50™  0.60™ 6.2 6.1% 7.7 8.7
0 0.16" 0.047 0.16®  0.04° 020 0.04% 020" 0.04° 21" 02° 22 0.2*
50 0.01° 0.25° 0.28 0.22* 0.00° 0.30° 020 020" 0.1° 27 22 1.7
150 100 0.00° 022" 0.07"  0.00™ 0.00° 0.40° 0.07  0.00™ 1.9 3.8° 02* 0.3*
200 0.14™  0.10° 0.14%  011™® 030° 010" 0.10"  0.10™ el 0.6 07 0.2*
400 0.06*°  0.05*" 0.18% 019" 007  0.08¢ 010"  0.10" 0.4° 03" 0.5° 0.7
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Means with different letters in each salinity level indicate a significant difference at the 5% probability level by LSD.
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Table 6. Analysis of variance for the effect of nano and micro iron chelate on protein content, peroxidase and
catalase activity of seeds under salinity stress

Sla e 2Kk
ol Sl s sol3l ax 0 Mean square
SOV DF Jole (uiig 3oty VGl
Soluble Protein Peroxidase Catalase
- ] ) *k ok ok
el 3 2 1313.908 0.006105 0.006149
Iron chelate (I)
o 5 498.271" 0.007125" 0.001718™
Salinity (S)
xS 10 32.759™ 0.000551" 0.000150"™
s
36 2.813 0.000252 0.000110
Error
S - 7.1 18.0 12.2
CV (%)

ao,0 ) 50 slas Jliol mlaw ;o jlo Jixe g o Sxe mé ol 5 as s g NS
ns,* and **, are non- significant and significant at probability level 5% and 1% respectively
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25l oo LSD by 0oy 0 Jlez>
Fig. 2. Interaction of optimum fertilizer priming and salinity stress on protein content of seed. Different
letters represent a significant difference in the probability level of 5% by LSD
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Fig. 3. Interaction of optimum fertilizer priming and salinity stress on peroxidase activity enzyme of seed.
Different letters indicate a significant difference in the probability level of 5% by LSD.



AR

VP [ gl o o [ 20 Jlw [ oyl y! yds sl sig s

0.012

0.01

0.008

Y6

(gp o5 ko 50 9 lailinel u2lg)

0.006

0.004

Catalase (U/mg protein )

0.002

KT  JUAN S LR A 1
Fertilizer so5

BYitits

(s p )5 sl 39 3,luliwl uxlg)

0.014 + a (<)
ooz § c

£ 00114 ;"4 § g

: Sy N N N §

S 0.008 —- § ..\"‘ "'.,,: §
S 0.006 -- 'Q s s § e
7o N NN NN S
E 0.002 —— s s h s $
- N N N N NN
0 50 100 150 200 250

(Y90 (o) (559

Salinity (mM)

0 Jloml s o s sime Y3 sains GLis Sglie By s YL 5T codled s () 655 5 () (6355 Lo iy 51 F S5

3L oo LSD Ly ooy

Fig. 4. Effect of fertilizer priming (a) and salinity stress (b) on catalase activity enzyme of seed. Different
letters represent a significant difference in the probability level of 5% by LSD.
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Investigating the effects of nano and micro iron chelate to alleviate
salinity stress damages at hyssop (Hyssopus officinalis) germination and
seedling stages
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Extended Abstract

Introduction: Salinity stress is one of the important damaging factors for seed germination which
interrupts the uptake of some nutrients by lowering soil water potential and causing ion toxicity due to salt
accumulation inside the seeds. Since hyssop seeds are sensitive to salinity stress in the early stages of seed
germination, it is necessary to investigate seed enhancement methods to improve seed germination in this
species under saline conditions. In this research, the effects of seed priming using iron were studied on
hyssop seed germination characteristics under salinity stress conditions.

Material and Methods: This research was conducted as two separate factorial experiments in complete
random design with three replications. The treatments included five levels of iron nano-chelate and micro-
chelate (zero, 50, 100, 200, and 400 mg /1) and six levels of salinity (zero, 50, 100, 150, 200, and 250 mM)
and two priming durations. It included 12 and 24-hours.

Results: The results showed that with the increase in salinity, the germination characteristics declined so
that at 200 mM of salinity, seedling growth declined significantly and ceased completely at 250 mM level.
Application of iron micro-chelate under non-stress conditions did not have any positive effect on hyssop
germination, and the use of distilled water for 12 hours worked better than iron nano-chelate. No significant
difference was observed among the different concentrations in micro-iron treatment. Application of nano and
micro chelate at 100 and 150 mM salinity stress had a stronger effect so that nano iron chelate concentrations
of 200 mg/L for 12 hours and 100 and 200 mg per liter concentrations of iron micro chelate had the highest
germination, seedling growth, and seed germination in 24 hours. The amount of soluble protein and
peroxidase and catalase activity increased at 50 mg/L salinity but decreased at higher salinities. Also,
pretreatment of seeds with an iron micro-chelate and nano iron chelate concentration of 200 mg/liter
intensified this process.

Conclusion: Conclusion: The results of this study showed that seed germination of hyssop is highly
declined due to salinity stress, so the seedlings were unable to grow at a salinity concentration of 200 mg/L.
Moreover, germination does not occur at 250 mg/liter salinity. Also, seed pretreatment of this plant is not
justifiable under non-stress and mild stress conditions, and pretreatment with iron chelate had negative
effects and was ineffective at best. However, iron chelate application at high salinity levels- especially in the
nanoscale with a concentration of 200 mg/liter for 12 hours- is effective in reducing the effect of salinity.

Keywords: Iron, Seed pretreatment, Germination percentage, Hyssop, Medicinal plant

Highlights:
1- The role of the iron element was investigated by seed pretreatment method to alleviate the negative
effects of salinity stress on hyssop seed germination characteristics.
2- The nanotechnology used in the production of iron fertilizer and its effect on improving the
germination characteristics of hyssop under salinity stress were investigated.
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