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Table 1. The combined analysis of variance for the effect of year, irrigation regime and mycorrhizal fertilizer on seed
quality characteristics

et oo @olil ez g 0395 Shod S
Source of variation df Mucilage Nitrogen Phosphorus Oil
JLs Year (Y) 1 0.01™° 0.002™° 0.0001™° 0.0029"*
(1,55 Js Y(Replication) 4 0.11 0.01 0.0006 0.57
kel 23, Irri(}ié)ﬁion regime 5 123.85" 1731 004" 45"
YxI 2 0.02"° 0.002™* 0.0002™° 0.04™°
a s Error a 8 0.06 0.004 0.0005 0.52
15,55 Mycorrhizal (M) 1 217.27" 8.69" 0.23" 117.92"
YxM 1 O.OOOZf'S 0.0012*“'S 0.0003):‘S 0. 148?*rLs
IxM 2 5.96 1.87 0.07 8.36
YxIxM 2 0.004"* 0.002"* 0.0003™* 0.183"*
b W Error b 12 0.10 0.01 0.0004 0.25
C.V (%) 52 5.25 5.13 1.63

doyd zmiy 5 Sy Jloisl mhaw 1o Gl See 18 g o pixe oS5 A IS g e
ns, * and **: Not-significant and significant at p<0.05 and p<0.01, respectively.
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Fig. 1. Mean comparison of mucilage (a), oil (b), nitrogen (g) and phosphorus (d) of the seeds developed

under mycorrhizal fertilizer and irrigation regime. Means followed by similar letters in each column are not
significantly different at p< 5% probability level, The bars indicate the standard error of the means.
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Table 2. The combined analysis of variance for the effect of year, irrigation regime and mycorrhizal fertilizer on seed germination index and
seedling growth

s ax " < mailsr oloj bawste o ll Jsb Sds 05
Ol s olie E Sils> - .. 3 s §
&3] s sle= =3 PR azalS azals
Source of variation Germination Germination gerﬂfr?ar;ion Yigour Seedling Seedling
percentage rate time index length weight
JL Year (Y) 1 0.111™ 0.0000001™ 0.3"* 530 0.003"* 0.0000016n.s
(1,5 Jls Y(Replication) 4 6.11 0.0000065 0.56 1949 0.14 0.0000011
&kl o3, Irrigation regime ()~ 2 27.44" 0.0003746" 22.44" 94432™ 7.52" 0.0001479%*
YxI 2 0.78" 0.0000004™ 0.04" 78" 0.01™ 0.0000032n.s
a s Errora 8 3.44 0.000005 0.47 573 0.02 0.0000008
Myecorrhizal (M)l3, 550 1 40.11" 0.0073348" 357.85" 6153527 54517 0.0015734%*
YxM 1 1.00™ 0.000001™* 0.003"* 19" 0.01" 0.0000004n.s
IxM 2 12.117 0.000194" 20.24" 18416™ 1.83" 0.0001098**
Y xIxM 2 233" 0.0000006™ 0.06"™ 1097n.s 0.05" 0.0000004n.s
Error blasb 12 1.67 0.000003 0.35 311 0.04 0.000002
C.V (%) 131 3.09 291 2.11 2.3 4.19

oy iy 5 Sy Jloixl mhaw 1o lo gme 18 g IS sixe o 5 A IS g s
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Fig. 2. Mean comparison of germination (a) and germination rate (b) of the seeds developed under of
mycorrhizal fertilizer and irrigation regime. Means followed by similar letters in each column are not
significantly different at p<0.05 probability level, The bars indicate the standard error of the means.
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Table 3. Mean comparison of indexes of germination and seedling growth of the seeds developed under mycorrhizal
fertilizer and irrigation regime

o olej brsia s sk i 0
Treatment s s8lez> JROPRE a=alS azals
- 15 L
&kl o) Mﬁ) o hfgs 1 Mean germination Vigour Seedling Seedling dry
Irrigation regime t}:;f[)irﬁzga time (h) index Length (cm) weight (mg)
30% e 20.98+0.44¢c 769.72+7.11d 7.67+£0.07d 0.03£0.01c
60% Non- 17.57+0.05¢ 998.82+9.95b 9.95+0.1b 0.04+0.01b
90% inoculation 23.78+0.18b 713.8+8.08¢ 7.28+0.09d 0.03+0.01c¢
30% ) 18.24+0.12d 835.41+13.77¢c 8.4+0.09¢ 0.04+0.01b
60% ol . 15.34+0.25f 1064.63+8.17a 10.6+£0.08a 0.06+0.01a
Inoculation
90% 25.3+0.23a 630.9+12.11f 6.62+0.08¢ 0.02+0.0d

i Sl g a0 Sl ailfass anels (yge;l b as” a3 oo i ) as e mn Jleisl maw (o 1) ()l goe Sl yaiw ;o 0 LS By >
Similar letters in each column show non-significant differences at p<0.05, analyzed by Duncan’s multiple range test.
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Table 4. The combined analysis of variance for the effect of year, irrigation regime and mycorrhizal fertilizer on seed biochemical
characteristics

Sleess @l @olsl a0 SV oy 351 STy g5l o351 Seedd OgeleST
Source of variation df Catalase Ascorbate peroxidase Peroxidation lipid
enzyme
Jl Year (Y) 1 0.16™* 0.001"* 7"
(,),%) Jl Y(Replication) 4 0.16 0.01 0.47
&5kl s, Irrigation regime (I) 2 2.59" 1.917 255.77"
YxI 2 0.04™° 0.01"* 0.83"*
a s Error a 8 0.27 0.05 5.29
15,55l Mycorrhizal (M) 1 215.4" 69.08" 1764.42"
YxM 1 0.01:'*S 0.02‘:‘*s 0.07";5*
IxM 2 435 2.25 72.42
YxIxM 2 0.03"* 0.03"* 0.21"*
Error blsb 12 0.13 0.05 3.23
C.V (%) 3.38 2.54 2.62

doy iy 5 Sy Jleixl a0 o pme jaf g 0 e 5 4TS g e
ns, * and **: Not-significant and significant at p<0.05 and p<0.01, respectively.

o oold 0 Sialer 5 ol sl 1) e 655 Bloel 4 5 ,0le olS ladin ) b (s jon alail
NARE R NC OVSPRRANIVE S INUEt ¢ e olie ) (o iy pze 5 00,5 Soi3 S

i i ok a5 00,5 Qi 1) 35, 5 ,ad ogate

oSy Sl yeSnT 5 LY Glags 3T called i ol gl o] CBlete 5 S e e ool

wokal @iy S as ol las oS e i s
Ol 5T w3l Cdled 058 xs5kal w23, 9 955

g 00,5 Ll s )3y )0 (slopumd Blge i j0 5

' Kendon



VFY

gt boai g Slpogas g CadnS p (550 oS S Cughy g 4dx 1] en g 49l

3hablas b)) jo Wlgh co 5o dl> 1o 10 550k
(VoY ) en g 00l5,08) ail (5 0l oLF

VSO BV OV KUUWE 3 JV)

il @35 A oog Slogine oS pe i @b
) ded gmlanaSTy p w058 xs)lal o235 9 055
OelienST Oliee VL (T Jsaz) ol las
3 A8l ged syl yo (0,5 pdsesil AVIDY) ad
5 Sk oolazul LB ol alss AWIRE G)Lﬁ.fl 25
GIP (EY J58) al esalin 1 jeSile 9055 (e
b els s 4 Wlgiee ] gl
a5 ol & gl dl g 50 50k Lo S gl
Sl o 55 5 aS Ty (59,008 Agi 4 i
OLSes 5 95, Sl ead Al sei byl yo
cdale oslasl 1 s ol a5 wis ST 5158 (Y- Y
S Sl 4 il ) ol el (g pen STy
ool 50wl (g0 el clae (ldl 5 sl
alS Cpledle (VoY L Sen 5 ool pd) o'
555 ;o il gl slaydy ) ] gl (e
Slap 3T slaccdlad Gl Jds @ Yz 1 5550k
OLBen g oI5 (A8 dgr slacSTy SlbjeSul 5 VB
s OymlinSTy malS el o0t 55 (YT
ot wSllgogpglle aile Jyame yoS ads g
a5l 009 oSl T slaes 3l cdlad i3l
@ oSt JW glalool) alex ol S el
Col 039 TS A gLl e op laned
(VoYY o Sen 5 555 ,520)

& 325 Ao

Sals a5 ols s anllhae ol s S sk o
Gl je gl 4 856 ok o S cugh,
o Pleawge (slazals ab) ( Gialy> sloaslo

4 Dracocephalum moldavica
3 Carthamus tinctorius
¢ Langeroodi

-l Sl liee it (F J902) 05 o sime
OF9n S ke 2 e Bl 9ty 1Y) VL slo
‘50.5'}3—‘ azlg V- /F) slausty, ngﬁSJ g (4 8o o
905 sleyd )0 a4 (ABBS o0ty n oS e
oslawl hB ol adsw as o £ (g )lal wu3, o aisl
- g @lY o i) al saslice 15,650l 055 5 S
0O yoS a5 cwl gleasdl b glae mlbs ol (&
a8l god byl 5o ) STl mpl el
D e oy (TOA lSen 5 5l 548 sSall
wad ol o buld 0 (V-V- ol Ken g Yg.d‘ﬂr“)
N le\..,..,f‘b.‘:.ﬂ GLQM.};T g s s oIS
@ sl (Sae ol o5 Ll o Al gai slad
Sobe oS 3l o 39250 Ol laie rals o
STy lysSal 5 VU b 51 ala 5 5wl
b ablio lp (elbs Bl e adlhe Sy Glyie @
2 VeV e 5 015 (8) 0iS o Jes u;.;‘ N
Lyl 5 osds oSt glaydy o oanlive gl oyl
Sl gpeS Gialzr weys b & ol o5
Loy ol 0 505 STl slapesl Cllad oo
Lobly e @l cnl (OF sl IS) 0 Somb
onds oS slaydy Wk alol a5 el lillas
g 6Ll o o5 Lyt o 5l 5 o8 55l
e Gulplo aites (e85 s (Siailex
ool iyl 48l i slaydy o VLIS 5T colles
Jaie aals Llae o Wl (YA oo Ken 5 sl
Tl b s y0ke ol 2385 50k e S Cush,
Slmpl colad Gl ol 4 GRS 1ysSle
St gl o cusls azily gai slady ST T
5o adly ol o8 Ll 50 15,550k b (550l oLS
NI 5B 58T b slodisS ez 5 adgs 2alS
Lo 51 cnl adg slp (Bl (55,31 Bpo (90 5 0L
ol il xSl glanst )bz 5 s
oS 3 plesI sl Glampl ol Gl

' Cuminum cyminum
? Mehrabi
3 Lallemantia royleana



VFO

Vo) F g0 o3t s Jl |5l 54 slosia3s

B Non-inoculation x.b -5,  OInoculation g.als

:C

= 12 1
o a
al 10 A
E 8 ‘ d
3 f
_ A d
%2 6]
335 4 -
XY
j 2 2 4
: 2
=g 0
o
I 30% 60% 90%
= -
5 Solel w5
% Irrigation regime

B Non-inoculation z.&l s,  OInoculation .l

F 100 1
g b .
% E/ 80 E C . d
2 f
18 w;
=i
5 g 40 A
<
3 <
§ 20 1
2
= 0-
.E* 30% 60% 90%
6)1-:-!1 235

Irrigation regime

isSole 355 b a5 ala iy ectls il a5l o
mdilex el e o i il Wog eulds 4
ol iy S Sloopad slizalS w3, 1
Ol CBLE (268 g a1 T (slage 5]
Gl oy b 4T aes Gell opl p iog ad
355 il 5 S solizul LB LT alss as o 5+
ARy ol 4 Gl gyl lame jo 15,5500

Ll (6 e Sl S cotS

B Non-inoculation il 50, OInoculation g.als

&
=16 a
=
g b b
£ 1
38 c
e d d
B = 8
2 b
g
é 4
2
= 0
8 30% 60% 90%
sl 55

Irrigation regime

Syl () VB 05T el il anglia ¥ SIS
5 4l 9o slo)de (@) ded gelonnSTy 5 () jlaSTn
B> hls GlaSiles kel 13y 5 1y0ale 05 Ll
O505) bl (gl sme BB slils gt 40 S i
Shxe sl cauasylas ale .asb god o SSls lasels aux
Fig. 3. Mean comparison of catalase (a),
ascorbate peroxidase (b) and lipid peroxidation
(c) of the seeds developed under mycorrhizal
fertilizer and irrigation regime. Means followed
by similar letters in each column are not
significantly different at p<0.05 probability
level, The bars indicate the standard error of
the means.
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Effect of nutrient and soil moisture of maternal environment on quality
and biochemical characteristics of Dragon’s head (Lallemantia iberica)
seed
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Extended abstract

Introduction: Lallemnatia ibercia (Dragon’s head) is an annual herb, which belongs to the Lamiaceae
family. Nowadays, its seed is widely used in food and pharmaceutical industries due to its high mucilage and
oil content. Soil moisture, nutrition, light, and temperature of the maternal environment play an important
role in plant growth. However, the effect of soil moisture on yield and seed quality indices is greater during
seed development. The positive effects of maternal plant nutrition with mycorrhizal inoculation can influence
the quality improvement of the seeds developed under water deficit conditions. The reason for the quality
improvement of the seeds developed under mycorrhizal inoculation condition is reported to be their water
balance under water deficit conditions and as a result, more absorption of water and nutrients. Nutrient
uptake by the maternal plant can play an important role in improving the germination and quality
characteristics of the seeds developed under drought stress.

Materials and Methods: A field experiment was conducted in a completely randomized design with
three replications at the Seed Science and Technology Laboratory of the College of Agriculture, Shahed
University during f 2018-19 and 2019-20 years. Experimental treatments included irrigation regime (30, 60
and 90% of depletion of available soil water (ASW)) and mycorrhizal inoculation (non-inoculation and
inoculation).

Results: The results showed that a reduction in soil moisture in the maternal environment decreased
germination percentage and seed quality. Germination percentage (51.20%) germination rate (7%), seed
vigor index (27.70%), seedling length (28.3%), seedling dry weight (34.80%), seed mucilage (75.40%), as
well as seed nutrients (27.30%), seed oil (14.60%) and catalase (35.25%) and ascorbate peroxidase (25.70%)
enzymes activities enhanced in the seeds developed under 60% depletion of available soil water and
application of mycorrhizal compared to control (30% depletion of available soil water and without
mycorrhizal). Compared with the 30% depletion of available soil water and without mycorrhizal, mean
germination time (17%) and lipid peroxidation (41.10%) increased under the 90% depletion of available soil
water and without fertilizer mycorrhizal.

Conclusions: According to the results of this study, the irrigation regime of 60% available soil water
depletion of maternal plants leads to the reduction of seed quality. However, the nutrition of maternal plants
by mycorrhizal inoculation effectively improved the quality of seeds developed under water deficit due to the
absorption of water and nutrients.

Keywords: Drought stress, Germination, Lallemantia iberica, Mycorrhizal, Seed oil

Highlights:
1-  Germination and seedling growth indices, quality and biochemical characteristics of the Lallemantia
iberica seeds developed under different conditions of irrigation regime were investigated.
2- The effect of mycorrhiza on nutrient uptake, oil content, and antioxidant enzyme activity of the
seeds developed under different irrigation regimes was investigated.
3-  The extent of damage to the lipid structures of cells in the seeds developed under different irrigation
regimes and mycorrhiza fertilizer was investigated.
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