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Table 1- Changes in the most important climatic parameters of the study area
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Table 2- Some physical and chemical properties of the soil of experiment site

GRS 33 (e 6339 Ol Al JT O o S o S edl
Potassium(mg/l) Phosphorus(mg/l)  Available N(/.) EC(dS/m)

pH O.C.(%) Sand(/) Silt(/) Clay(’) Soil Texture

149.9 2.07 0.02 2.27
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Table 3- Analysis of variance of some morphological and biochemical traits of black seed ecotypes under mycorrhiza fertilizer
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S.0. V. df Root height Height to first branch  No. branches Stem diameter Plant height Cholorophyl content
Sk
2 3.31™ 9.25"™ 037" 072" 37.21° 0.37"™
Block
sS]
29.4™ 64.38 ™ 0.59 ™ 0.34" 255.1™ 3.37™
Ecotype (E)
52,950
Mycohriza 2 6.26 ™ 2.06 ™ 0.81"™ 0.15"™ 8.97 "™ 9.38 "
(M)
ns ns ns ns ns ns
EXM 15 550k 4 7.58 1.53 0.71 0.04 7.35 6.27
Uas
16 4.44 3.12 191 0.13 7.19 6.19
Error
CV.(%) 17.68 23.87 25.00 19.27 16.21 22.50

A 9 1.0 JLQ.:DI C?"é"“ 59 6)&@_1.4 [y Piaked 9 * f&5}‘°@""’ pae NS

"s: not significant; “and ™: Significant at 5% and 1% probability levels, respectively
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Table 4- Means comparison of some morphological traits and yield components of different ecotypes of black seed

oS oS gl =2 4L gl el ad )y Job
Ecotypes Plant height (cm) Height of first branch (cm) Root length (cm)
Sarayan bl 10.78° 431" 10.03°
Hamadan Older 19.852 8.993 13.63%
Shahrecord o5 4 18.972 8.892 12.07 ¢
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In each column, means with the same letter are not significantly different from each other.
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Figure 1- Effects of application of fertilizers containing mycorrhizal on the amount of chlorophyll in black seed leaves
Different letters indicated significant difference among treatments.
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Table S- Variance analysis of some yield components of different ecotypes of black seed under Mycorrhiza fertilizer species
PECH ERIRE R POWSC RS

. - _ NP JomnsS ol )| oo JS a5 sl
Olpdi @ile @331 420 Jguas oLs Joes Jsb ) ) .
S 0.V of | Capsule Caosule lenath Height of first No. of flowering
A No. seeds per No. capsuls per diameter P g capsule branches
capsuls plant
S5k
2 31552 ™ 0.57"™ 1.89™ 1.01m™ 39.86 0.21™
Block
sS]
2 1307.39 " 0.21" 15.65™ 6.69 213.78 ™ 1.70™
Ecotype(E)
Iy s55oLe . . .
K 2 119.06 ™ 0.50 "™ 041 2.20 8.38™ 1.98
Mycohriza(M)
[25550ke X oS
4 148.85 ™ 0.53 ™ 1.77"m™ 2.01m™ 5.36 ™ 0.54 ™
ExM
Uas
16 229.34 1.89 1.50 1.60 6.19 1.67
Error
CV.(%) 21.00 19.00 15.29 16.01 15.53 24
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"s: not significant; ~and ™ Significant at 5% and 1% probability levels, respectively
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Table 6- Mean comparison of the height of the first capsule, capsule length and number of seeds per capsule of different ecotypes of

black seed
wJol g5l
i) JyaeS 5 5 ol s Job o ool £
Capsule length Height of first capsule
Ecotypes No. seeds per capsuls
(cm) (cm)
Okl
32.09° 6.98° 10.41°
Sarayan
Older
52.60 ° 8.38° 19.16 2
Hamadan
35 s
53312 8.33? 18.51°
Shahrecord
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.In each column, means with the same letter are not significantly different from each other
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Table 7- Mean comparison of different mycorrhiza fertilizers on some traits of yield components of different black seed ecotypes

Capsule length (cm)

Jgmas Job

o 5 a5l olasy

No. of flowering branches

1325850 Lo el Jges skd
Mycorrhiza fertilizers Capsule diameter (cm)
7.81°
Control
Rhizophagus fasciculatum 8.24¢
Rhizophagus mosseae 8.00 ®

7.48° 3.36°
8.04¢° 3.92¢
8.17* 3.94¢
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In each column, means with the same letter are not significantly different from each other.
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Table 8- Analysis of variance of yield and yield components of different ecotypes of black seed effected by Mycorrhiza fertilizer

Ol s’ 29lo &ol3T a0 oS o ,Slos bl gy sl ailo o ,Slos S5 g 0 ySKhos alo HIm 39
S.0. V. df Straw yield Harvest Index Grain yield Biological yield 1000-seed weight
Sob .
2 91.22 "™ 101.40 203.85™ 546.44 ™ 0.034 ™
Block
i 2 1116.9 225.69 96.69 1698.82 0.45
Ecotype(E)
I L
ﬂ”_sf' 2 49.11™ 0.09 ™ 2152 ™ 135.42 ™ 0.026 ™
Mycohriza(M)
I L x oS
e 4 286.30 ™ 26.62 ™ 214.14 ™ 989.66 ™ 0.037 ™
ExM
Uas
16 174.56 17.57 92.47 250.84 0.066
Error
Ol yadS g o
CV.(%) 23.30 11.67 23.50 24.50 12.28

TN 97 Jlexml ol 40 (6,05 xe a5 A KK 9 F 1o s me pac NS

™: not significant; “and ™ Significant at 5% and 1% probability levels, respectively.
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Table 9- Mean comparisons of yield and yield components of different ecotypes of black seed effected by Mycorrhiza fertilizer

species
i o51 o5 o Slos ol p sl aild o Slos S 5elaw o ySloac ailo HIm 39
Ecotvbes Straw yield Harvest index Grain yield Biological yield 1000-seed
P (grim?) (%) (gr/im2) (gr/im2) weight(gr)
Sl
© 27.80° 42.67° 20.70° 4851° 2.34°
Sarayan
Older
42.56 ° 34.41° 22.33" 64.89 * 1.99°
Hamadan
S)S se
49.64 * 34.51° 26.16* 75.80% 1.93°
Shahrecord

il oo Lo s o pre BT onimo lis jlans ;2 9 g o )0 alin juf By >

.In each column, means with the same letter are not significantly different from each other
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Table 10- Correlation coefficient of morphological traits and yield in studied ecotypes of black seed

¢ ¥ &, £ & ¥ e & Ez
2 £ - - % © & & 't K & (A S oz
¢ b5 ¢ & F Bl ¢ v & L ¥ f
E%{_\%;&r_kgg(_ 1&2?'0%?
< fg_ o '+ : sg_ R t o ¢ < ‘g v
oy Ny : 3 3 £
Traits PH CHL HFSB HFP RH SD SBN FB PL FB SBN SD  RH HFP  HFSB Chl SY
PH  1.00
chl 0.10” 1.00
HFSB 0.84™ 0.28™ 1.00
HFP 0.99™ 0.11™ 087" 1.00
RH 074" -0.14™ 043" 069~ 1.00
SD 0.69™ -0.18™ 0.50™ 0.68™ 0.61 1.00
SBN 0.27™ -0.33™ -0.2™ 0.19™ 0.64™ 0.41"™ 1.00
FB 0.36™ -0.31™ -0.1™ 0.28™ 0.62" 0.38™ 0.94™ 1.00
PL 065 -0.17™ 0.29™ 0.63~ 055" 0.38™ 051" 0.62” 1.00
PD 0.73™ 0.18™ 057~ 0.73" 053" 0.37™0.26™ 0.30™ 0.60” 1.00
PNP 0.21™ -0.25™ -0.23™ 0.14™ 0.53™ 0.31™ 0.95” 0.95" 051" 0.19™ 1.00
SNP 058" -0.01™ 0.54™ 0.57" 0.40™0.41™0.28™ 0.33™ 0.45™ 0.47™ 0.29™ 1.00
TW -0.52™ -0.38™ -0.54™ -0.52"-0.22™ -0.1"-0.01™-0.10™ -0.27"™ -0.68"™ 0.02™ -0.28™  1.00
GY 0.33™ 0.05™ 0.09™ 0.28™ 044" 0.32™ 050" 053" 0.39™ 0.21™ 054 058" 010™  1.00
BY 055 0.06™ 0.32™ 051" 0.61° 048™ 0.52° 056" 0.48™ 0.40™ 053" 066~ -0.10™ 094~  1.00
HI -0.49"™ -0.08"™ -0.61™ -0.52™-0.25™-0.2"™ 0.18v 0.17"™ -0.10™ -0.40™ 0.27™ -0.02™ 058" 055" 027™ 1.00
SY 0.66" 0.07™ 0.46° 0.63” 0.68™ 056" 0.50° 054" 052" 051" 0.49™ 0.68~ -0.24™ 0.5  0.98" 0.07™1.00

1N 970 Jil zabaw 10 (g)lo S a5 4 T 9 F (gl Sme pas NS

™: not significant; “and ™ Significant at 5% and 1% probability levels, respectively
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Table 11- Stepwise regression analysis for all traits as an independent variable and grain yield as a dependent variable

o) . S O o, 00
Jowo ’ fa’ Hlzo Bl il To,bol Hlade Jloss | o > ) il
OF S ) . e suu Mol
Model Std. Error T Test Sig.
B R2 Adjusted R2
ol lade
-1.83 1.88 -0.972 0.341
1 Constant 0.89 0.886
Seislsm 0 Shee ' '
o . 0.395 0.028 14.2 0.000
Biological Yield
ol lade
-0.002 0.003 -0.735 0.470
Constant
S3slse o Shos
o . 1.000 0.000 5989.7 0.000 1.00 1.00
Biological Yield
oS J)Sl.o.c
. -1.000 0.000 -3719.2 0.000
Straw yield

ailodlow 4l & Slos p 50 Wlho puliono pul 9 puddiowno 51 -1Y Jgus
Table 12- Direct and indirect effects of traits affecting the grain yield of black seed

S)90 ole
[Cadbl PH RH SBN FB PNP SNP ™ BY HI SY
Traits
aL:f &Laj)‘
PH -0.006" -0.004 -0.002 -0.002 -0.002 -0.004 0.002 -0.003 0.002 -0.004
RH -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 0.000 -0.001 0.000 0.001
&8 aLs olaws
SBN -0.001 -0.002 -0.003 -0.003 -0.003 -0.001 0.000 -0.002 -0.001 -0.002
asLs slaws
- 0.006 0.010 0.015 0.016 0.016 0.005 0.000 0.009 0.002 0.009
OMQJS
FB
33 JomS olass
PNP.LS -0.004 -0.008 -0.014 -0.014 -0.015 -0.005 -0.002 -0.008 -0.004 -0.007
oS
5o ails olass
JsmeS -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 0.000 -0.001
SNP
ELBUZIT)
W -0.001 -0.001 -0.001 -0.001 0.000 -0.001 0.000 -0.001 0.000 -0.001
Se3dger 0 Shoe
BY 1353 1501 1.281 1.383 1.306 1.635 0.000 2.470 0.669 2.408
by s
0.009 0.004 -0.004 -0.004 -0.006 0.000 -0.012 -0.006 -0.020 -0.002 g
als o Sles .
sy -1.035 -1.060 -0.775 -0.845 -0.758 -1.058 0.367 -1.520 -1.559 -1.559 Residual
5 0.038
Total 0.324 0.444 0.501 0.533 0.541 0.574 0.101 0.943 0.55 0.846
ola

Al o il 5 Slos 5 Slao padtae Ol S saias i 0,5 slael
*: Bold number indicated direct effect on grain yield

a3l s slass oo ,8 a5l slows iy, Job iy glis)| (Cule @ 559) oo el pud & 335

038 e gS 50 &l dlaed g 40 JgueS Slaad conins 5 Slao &5 ol e Ol )il g i DI 51 polie



SbB g Slaw,

oY

0, Slos &l s 120 dga yo , bl iagh jlead Jol>
shls wlaalw slacaissy 9 pB,l (g3 oo 0,5 augi | ails
890 s Slalllae o 5 5 1) i Sajglam o Sles
Oseme Sy 5 5 Jeolo gl ol 13 5 5ds lao 2
aS ol lis cpdase o wgi ool &3l gt a5 4 o8
2 Py Slieo (n e SBlop (at bl 5 Sojglen o Sles
Ol so A5 aisly slpi iy g didgr 9= oS o ails o Slee
» odle (Zare Kohan et al., 2020) sls 53l o sls
Sa 0 2l 48 G il lacasyST as LsT iyl
Selas o as ol i ol iagh gl wasl ails
‘Jbu'l‘ l_: (A 9 AN Jﬁ‘D) s als G i S Iy
eyl Jed sl alao 55T 50 Hlaes 99,5 500 slocudsS]
s ol €105, et Jobo o 4L el gl oS
0,8les «So5elm 0 Sl ¢ JgunS 5o &ilo Slowd ¢ JgunS Jobo
‘51.?).! 6‘)‘b ub‘)_w ¥ w;‘:\a Comind oUb)ﬂﬁsé\ib
sl Sl o oS laeds g wWog glala>de LB

dedods sogn soongs cowl oo )o)155 bl ol jo asas
Binj yo golein slo s b a5 —lis 5,550
Pl & G 8 G jgo 0 wiled gl Cas 4 b b
4 Al go il (ommlin Slao (6l)1> (53955 SlasS]
S50 Saiz el Dol )5 15,1 L (o) e SG lere
oz o cload ()15 o )b 5l S 8 eolin
ool ] Aol C S S ddlaie o cogr sLoeadsS]
CeblB 51 5 o gy slonesisST Sl 3 0500
5 W lulis Galises sblie sonddl Lyl 5 L YL 6,550
Javadi ) 05,5 )18 4 wslie 0jse 0y slocdeST L
,o (Hedayat Abad et al., 2015; Kheiry et al., 2021
Slao 25158 (laes 50,5 4 Glacadss) s yol> gy
Solgre Rl (Cils py at Lt g s e (59 520)
3SLos a5 il 31 5 Wi 315 il gags sS4t Cap
5 9ilb oo o Jomame SO el 3l ples Bas YL golaiil
3 58kae 55 (6 e Clds (syfs s 53,5 b sloeisS]
BlocsoST laim aileny o)y Jlesx! oy gol—adl

69505 039 9 St (ALl (Sojlgm o Slae ails ljo
alaalw olS ) 0,50 GlacaisST o ails o Slae i o
Wig gyl Slaw .cwl oays T LINVY Joam j0 aus il
als olows igr ;0 JgunS dlaad o oo ,8a L sl iy ;) Job
9 st 9 peiions OIS (59 5 CBlop (a Ll (gm0
So5edgm 0, Slos g ails i 59 s 5 asli slaws claw
Jeaz) e ils ails o Slee Cho i § ol Ol
QY
slasi iy Job ola o 3,b jlaig elav )l ca o
Wgr 4 JomeS slasd caias 5 asls olasy (o 3 loasll
A olS 535 5 Sriglam 08kae oJy S 3 4l sl
oAt g &l a9 Slice @5k 5l g (ke el i
lacadsST s o Slae (59, » Sole paine il ezl
Jols s ulul 5 (VY Jgaz) caisls ails ol (ol oL
9y 2 oo afiamn é Sl G e yrme 55
So5edgm 0 Slos 4y by po ails ol 9,10 oL il o Slas
(s pefiame pas Sl G g 9 (o5 8 Shee S 35k )
Gl 5N oS o Slae cbo ay bgype als 5 Shes (g5,

&’U s“)} C)L‘”L.SO,SLQ-ng—oJ Wl iz e ‘L;,JS)BJ@

=y S pde wblige ool e GiSen 5 daore S5
u,w‘)ﬁ‘ lJ u,.&ls o A.v‘s.au’_a 6))5Lm5 LQLQOQLQA ub,..a 9
Kafi et al., 2012; Rakeei and )osg-i \lols gei 9 o,
aS Gl oo bl bl ol yo (Maali-Amiri, 2012
sleoaisS s ol glgil a9yl plals 2asly o)l
dnwgs g 9yl aine) )0 () e obie )l (S0 S
(ozee (Fallahi et al., 2018) cul lals ol csls
S i )0 (SB g9 LA 4y Az gl b Cwloal 5155
2599850 S Sy Sl g o) o0l Glrasl
k_s.l_«o‘ Lgl.ﬁ:)l.-.suo O LSJL’M\) o .\;‘54‘5«: alo \))SLQ:, » )J§_4
bl il g0l Suenl 5 o] (Byme g ol (S
pls,l ol (el een 5 (Mohebodini et al., 2019)
08 S oy bl o wlgs oo glhas (ol Sloguas
So5edgm o ,Slos a5 B A 0.8 L8 eolaiul 5,50 doo



sy Al olow cilises glocui oS5 Shas (51521 9 3 ,5hos i (315950 Le by omaili &l 31wy

Slodsg—w 0 )8 4T ol (L 55V Joir mls (( Bk
sbed 4 S JoaneS Jsbo o g Gl o 1555010
s olsl e 2 WD (o2 090 (SlacaSsST G 50 Gl
Se5sds 5 Dlao a5l clauglie LB clacglis a5 Ll ;)
550 ailsol slacaisST o 5o 5, Skas glizl 5 5 Shos
Sloaisslo)ls Jlatal sl osalin ol ool )5 (o) 2
L sy )85 9 (o LSl plaen 905 0
JBp e g )3 (omiyp 090 Sl seSole sladrg
Wi (Brre 5 locasS plon Sl o g wisg 00
iz slacais 5 ) ST L LLS I s cnl pogdle
Slao o gae B 1 o iaghy (F ) ol
o almde hlS (S5 £955 a0 ,Shas (slizl 5 (So3glsdyge
Mehri et al., ) o ools Cad (a1 9550 Slocaissy cyu
L alaalon alides glacadssT (S5 695 (o2 o (2022
Ot et 0 215 5 (S3sledse Slio lesli
(S5l g o Sloe Dlao b ails o Slae a5 olo lis wlas
5 5l sleas b olawd igy gyl ¢ Jo—uaS ;o wils sl
10 5 cils oV g St (Sirod o dlsy asl
Salamati and ) os,5 azgi |y asls 5, Slee &l s
N ol aegh 10 0,50 Ol s (Zeinali, 2013
355kos Sl S a5 a0 s oD
Ol 5178 5l s oS (oo 5 slaasl i 5 SG5e0g
Olee YU (S5 955 osimyLis 230 S anzrgi ) ails 0 Sloe
S B )3 O (e 99,5 0D bl ST
L ailials Jlo cne g Cude (Koot o 2 (i 55
4 bgyye (4120 Jsleo (Kirod 5 L) ails 5 Shos
Bahrami Najad and Papzan, ) sgx Sojglgns o,Slac
a5 0508 9l 5 6,5 OIS e (e (2006
Oz 5 pei—ee Jl Gt sl SQsle o Sles
4 by ailo o Slae b o o Ol ks ouiiSa> g O s
«Jlis ,o (Bardideh et al., 2013) o9 Si5g/gm o,Ses
Sglay a5 ols s wlasbw coigiy Ve auslin g o)y
S5l Sli—a Sl Lacail) o )logine
oLS 33 JgmwsS Sl canlllas 3,50 Sl Hlos 5 Caiils 393

(Golkar wisg (S5 g9 o yiion glylo adls o ,Slae 4
and Nourbakhsh, 2019)

G50 OStagiy aSnS )8 el ol 5,90 3Rl
Javadi Hedayat Abad et al., 2015; Kheiry et al., )
Lyl o o) alaalw calisee slacassST s Slae 55 (2021
SLUS 98T 93 (65 g wols 18 (o) 12 3590 Mo (ool
it slacassST 5 SVsb a3 0)90 4 |y sz jm g
=2l 53 el o)l 51 oLS i ges g 0 5 wlaalws
25810 s oS 8 Shae sl Lioldl T Jloo 4 g olS
59t Js—ol s » gt e a5 Ll 5l (8L
S8 els asls plales ceelyy o ool ol Sy
Bl A 5 oS Gl o W0 Sl sla0sS
bS8 5l il (bl (rrod 1398 ()l lalS
ciS b as |y olS slhaus 5 (kS slagls cuiS wdgs
Fallahi ) aias co zez 5 1y aiil sads ol S, IL T
o8 pac jolaie au j ,ol> imgh o (et al., 2018
iy Ol 3l esloolw og,ld ol el )y jo olionds (slaoslys
Rhizophagus 4 Rhizophagus fasciculatum sleda;s—
2 as wisly il b g 28,8 13 ) 5,90 MOSSEAE
S olis 5l (Sl gne Sl v 2,8 49— g5 90
IS 8 5 JyaeS Jsbo corins JS a3l ol ok
(zetls pac) aal & jlod a4y Cod anlllas 5,50 slacosS]

LS 515,650k cude SISTL LLS 1 jo (Y Jauz) wuis
2 B35S (il 43 39750 slags 1L SUlgi oS el o Lol
509 g 2585 00 LB 5l o) S e Slge glosl 0 g
Locd o 5 Lo ST asils ol a8 ooiiS oudass o
SLaS 5 ) iy 5 i ailo LS (ke yuolie (55l
5 S o ooums JT OS5 ays S e by Jslls
a e Ll o o ilioe (AL logs e 5 ST J S
Js—ame S 9 (o5 (Rl 5 oS 0B i SO
(Hasanzadeh Ghorttapeh and Javadi, 2016) x5 o
L 1ys8ale @58 (s yop Cutto SIITL L3I 50 cizen
Sl Sl oS g (AL slacisST 5 plals
E—els iz g Oljee oL £9 i fon g8 g4 AT
2Bl oo Dglite )55 le oy om log 8 4y cilize (lalS
# Jos= s (Sousa et al., 2012; Zhong et al., 2012)
30 Jo—aeS jo 50 adle slass o pixe il 51 S 5



SbB g Slaw,

()

g w8300 L | (8ly alal) o3l (Ko o 2 ()90
SV og aalys 5o Cio (nl G5k 5 peitns Sl
Slodl LB L e pdiics Ol Lol Cotte Kinrad o
el e e Ol Siod e o900 ] j0 w0l
oo @) (e e g Jelge (sl (69))50 iz 50
o g i Sl (Sae Y 0l )8 4z g5 0 90 (Lo s
(83)lge uiz j0 0Bl ol g Cudte i Ol 1 Lol ate
2,5 Som 0B 3gaome (lojen Sl sl e I (gl
sogtlasli peii e é SIS ol Jho by (my
ool paine S ) le B 0ss Jlos! glacysgame
Sly a8 Sle o b bls,l o (Niazian et al., 2012) s 5
PR S5 55 5 6N oKt (gt e S
5 Seslghsze Slio l sslil L ], el slovsss
e G e 45 2Bl 5 Wols S8 ) 050 )
S92 Sislem 0 8hee a borpe (o9 9 (odgtd Sl
as Ll 5l ecnl » odle (Salamati and Zeinali, 2013)
Slass ¢ JoSdgd o adls slaw «SLjelem o, Slee la o
e A gy o] o bl (el 5 il laclesd]
120 g sisg ails 8, Shae 8l ca b i )l
ey N Jde 0)lg is S Ao | ails o Slee il s
Slise 4l ( Sod ol b g 0ud Juol> (oo 5 ) Joo
Slas a5 ol Ll 35 ol ragh jo ails oSl S5
2 38 b o )l ol o Shee 5 Sajslyn 3 ,Shos
[y adls o,Slee &l sy 51720 51 w45 adogs adls o Slee
aS Lol 5l e s Jow 8,5 9 28,5 g3
als o, Slee Olyss 10 652l s oo, Slaw pluw
WIS Sga,S 5 Joe 31y auzils
L@s“%ﬁ_m_galwwmswjl
szl Slio plo (Snred (o) 2 ol b R385
Sy poinne jut Ll @ Wil o eSSz b o Shee
5l soaie bl sla by, aix ,e auS S YL o Shee
Slropd s e 2o (g5 ) o Sirod 4525 [
3 LSOl basgs (oo g oz Dlis e pd o]
ooliiul (Jloonl b il ad) SIS bz lals jo oldiore
a4 aiile (g paid iy (Sl slahy)

Slalll 5l (So (St £955 2925 <393 O)lse  odle
S8es slizl g 0,Shoe o (sl (S5 55 5l @M &
Sae GlalS o 38ge (sl aslin SG Tk Gln
51 ool cron  (Niazian et al., 2017) el sl
Sy Dldlae sl ( Mol wiedan dal y S (gl 2]
5 (S5 Sanle )90 53 T ST Loy plal il
Caz 50 ol el Glgn a8 Wl Canss Slas (o ( Siwaon
Sl 5% slopls el oy Sy S L el
(Salamati and Zeinali, 2013)

ollS ol Clio (5058550 ()2 (S sk
A bl slaghs, ple 5l Solel 5 5Tl s cilisa
g oo LS (0 (6 06S loj San o |y golyy Sledbl 4
cpaie> (Dalkani et al., 2012) sas o 1,8 ol S0l
Baa wlwl paS o)lo 0429 0 Slae slizl a3 gl o,
(-SLQLJ’Oj) S eolaiul ng)’“j) L)"‘ )l M‘yu’.o L)qu’ 0)5).9
43555 0l (Ko 4500 (il lg A o )
Sl Ysans ys culyd 4325 5 10 pritio Wiz (0w )T
ool il el lalls o o Sles gliz! Judow ¢ 4y
{(Fraser and Eaton, 1983) wsi e
5 oS S SO adle o Sles (Ve Jgoz) adle o Sles
).)‘ 9 ob}_wu’.o J),...S LSOL') 6[@0) Ja_ws.: aS Sl ol
2 o ool 2l 6l cplpls sl ol o1 » 5w lae
aS o Slee slizl Glao 5l g (Aol sloaslsy
aids o Slee b oYL (SKivion g aiyly o 5VYL g piaadl g
Sgis oalaiwl ails 0, Slas (gl y puiins bl gl 4y a5 )ls
&l (Kion s (ol ol (Niazian et al., 2017)
S Cho ol ol Cya ails o Slee Cao by o) Sles
0,by0 SleMbl oolus  Kinon 452 (Dogan, 2009) el
oerle S g ans o @)l LS e Dlas o bLI 4z o
S et L bl 5o 60 8ee Gly (S Gl e
(Malik et al., 2007) cwl ol5 ¢ 3>

Cole a5 gl 1 Lol Jlite 5 Sl sy o
O simad STV il Coenl Sl 55 SIS (VY Jguz)

ol 55 a8l mei e Sl L Jles g e Jule



810 Al olow cilises glocui oS5 Shas (51521 9 3 ,5hos i (315950 Le by omaili &l 31wy

Bahmani et al., ) aas a3l Lo st Lo Joleo 5 e
o 00 oanliie alal) 5 dilaie S (nl ply (2015
drol (Cole) jos cal o i G )b ) Wl oo Lo s
Lilyy )y iz )bl gy o s ol il 41325 00,8
el o oF el i an (glo e e Johool e
Lal, 2007; Dalkani et ) el sois solawl g0l o3,

.«al., 2011; Bahmani et al., 2015

5 5 o
Syl all scglio 5 f arie g s HLLS
el mlas plo s (Sp 55 6ok Glaop)5 &5 wis
DN yams 3l oolii ol 1S ile slo gl Lo 4 3,k
03,5 095 4 1) ()l 4z g o3l Gl s o BLS
i )y haw 093wy bl flicy )5 (25l plalS ol
BN b (o yme 50 4 ymie g, 0 SBlop g 0yl (LU
5 o5 Sl 2dlol Lyl cnl js el ons oy (28,5 1,3
99 Fl yol> Gaiod jo el (5590 Sl HlalS ol S
ol ol Slpl cadsST A (59, 3 1,050Le 7,18 alides g8
9 9d (o p 05 b g eplhed (bl slacussST Jols ails
Slaslambow odsST dus o sire Cglas a5 0l ools las
Ssysks cBlo 3525 (63 ,Sas 5 (Sjslsd9)50 lio L
A3 0j9 ) Slie den ;5 (laes 59,5 b slacaiss]
1S (655 2 bl eTsST S (Sl a3l 5
s caisST a8 8l L b Sile dnglie Ll (et o
Slio )3 (o 652 3,5 e 5 bl Gl 4 s
sl (o ,s FIFE g AP Jolas iy 4) algy ¢l
i) Jsb dos,3 VY 9 Vo AIBR) o8 asld o4l
IOV 5 AF/+0) JouaS sl €5, (oo )3 VY/AY 5 1 +/AR)
(o Cld (Ao ) +F g Yo o F) JguaS Job g (o jo
5 o SloeisST b alie 8 5,5 4 isST ,b Sl
VEIN 5 O8IYS Joles oo ialsdl s a3 as bl
Sl 9o 3 VYN 5 YEITA «Sosedom o, Shas sl do s
35 05 05 5 Shos (glpy a3 VEIFF 5 VAIDF ails o Slas
sl 4 s Rhizophagus mosseae 44w zals ool
s w3 55 & Rhizophagus fasciculatum a g 9 sl

g oaid 5 azl i olaws jo ga—s 0 < /0Y g VYIVE iolsal

f&_.mfswdéb) Slows d.f‘owg ‘5.0544_“.:‘5
Abdipour et al., 2018; ) uiS a8 wsyls 8L Lag]

—ol> &.a=3 o (Niazian et al., 2018 a, 2018 b
)l Dlas g alo o Slas o (6,0 sire g Codie (Ko
cOMOJf L olows 6‘5a4.l> as L olaws 54_»»;) J9.|a aoL:f
«S5edam 0, Slas ¢ JaunS 50 dils slaws ol )0 JgunS ol
s_i))}l?.u dﬂ:jMoMm olfo)ﬂ,osjg‘,‘_i:loﬁ ua}l_w
el dils o Slae Gl o) Cudie oo Hil oy iy
4525 5l J—ol> @i 4 azg b o B)b 51O Jeuz)
ol 4325 5l ol mls iz ee g ool (Kon
Sl Glgea oS 0 ,Slos § Sojelgm o ,Soae Slao e

SL1s loaassST i s B ,me ails 8 Shoe ial8l )0 ji5e

bl 55 g oad A il os 392 Slio (n i
9,19 0L 5o )30 9 ,Shes (I L b e (gus Slallas
s bolay ;0 .00,8 )18 5580 ) 9,50 ailo ol
4 yrmene ol o a5 ool b (6,500 gl ol gk
VP s ails o Shes p fhe Slico (St 3905 Iy olate
4 0s yl5 g ams plowl ls ol s )ls olS Sl o33
1) peiiene 51 n 5 e 10 158 559 9 0lS 50 JganS olaas
(Ghorbanzadeh Neghab a_x_sls 4l o Slae (59, 5
e 5 oYL Jleon! Land Zare Mehrjerdi, 2018)
235 005 ) o dy bgyye jo 3 oo 0 pediae
5 o9k Crl O (ABLS 2929 o)ls Jlatal ul—al (e
358kee iy g s 3l L bl 5o Lo slaatily
20 lsals wls 3 Shos 23l 3 ol 3, Shos 5 Sisglae
Folo anlllas ) (oisST dgamma Slass § S8 (5 el dnel |
2B p e Sl g @l sl 53 o)k 5l el
S 0 55 Ol =015 50« Sojglem o Shoe i
Obwl o ails ol Joro (sloosgs Si,,agls'l 5 £y olawo
08les a5 0l et g Z8)5 18 s 9590 Gl >
@ oy Al oletil sl 5 cldlo p as Ll (Sujelse
A0S a1 4y o Slee Sl gty
(Faravani et al., 2006)
& Ceul o S 93 s ably aSST s & o 3,1 )
o 325 iy @l Ay o Cio jga>
alal, 0,b,5 SIS Sledbl wilgi oo ol 4 Sliw ool



SbB g Slaw,

I

Cdo 59y (R palime S yidon g 2Dl ailools
Jrols gl 065 o5 0 ,Sas (59 Cuao 4y bgy o ails o, Slos
oS iy slocassST olodl i wly o sl guiou
Oz 9 Olnl B—d (g o ciS jshaie 4y alsol—w
Ailgi oo AT 09 0,8es (ial38l )5 S5 slo sl b B yee
LaiyS L8 ool sgyls ol 1 5ol az g5 0,50
Jelse Glime (i3 5 398 il plaebl Cgz (00
Bhlie 5 (65500 alie (sla sy o ,Shos l3dl o Jobs

el 35 0590 calizes

&bo 2,5
2 8l 2l WS a5 wnled e )bl (g
S,la0 gg allas ol pid b alal)

References

aS Jl 30 0 JonS Jsb 10 (0o ,0 VPY 5 AUTY iglidl
e & cu—ws Rhizophagus fasciculatum ag—w s 18
OIOY sl3l 4 >0 Rhizophagus mosseae 4 4. g aals
aSul 4 azgi b o IS jolay ol JonS a3 0 cao 0 ¥ g
397 e =2l g 5o 5 psSole 7B slaays 0 )8
g5 oo Jlozzl g8 o cauid Dlas ST o o e B
S locadsST Sy Jomily 51 b oo sloml S5y
él} LS’L))‘ Sy940 Slas ool M dq)?u ML"SA 0L
Job las b ails o, Slee o jlo gme g Cudn (Kion
as Ll olaswd (oo ,8 sl olawi « o )8 glaasl olass aiy
093 JomsS y0 ald Slaad g wgy 10 JgmanS Slasd codims J5
Ot iy S50 g 0 Slos g onis 5 axl i slaw wlao

($loesisS1 als 3 Sloe Cho 1y oty s sl

Abadi, B.H.M., Ganjali, H.R. and Mobasser, H.R. 2015. Effect of mycorrhiza and phosphorus fertilizer on some

characteristics of black cumin. Biological Forum-Research Trend, 7, PP.1115-1120 [In Persian]. doi:

10.22092/ijmapr.2018.121269.2287

Abdipour, M., Ramazani, S.H.R., Younessi Hmazekhanlu, M. and Niazian, M. 2018. Modeling oil content of

sesame (Sesamum indicum L.) using artificial neural network and multiple linear regression approaches.

Journal of the American Oil Chemists' Society, 95, PP.283-297. doi:10.1002/aocs.12027

Arnon, DI. 1949. Copper enzymes in isolated chloroplasts. Polyphenol-oxidase in Beta vulgaris. Plant Physiology,

24, PP.1-15. d0i:10.1104/pp.24.1.1

Bahmani, K., Darbandi, A.l., Ramshini, H.A., Moradi, N. and Akbari, A. 2015. Agro-morphological and

phytochemical diversity of various Iranian fennel landraces. Industrial Crops and Products, 77, PP.282-294.

doi:10.1016/j.indcrop.2015.08.059

Bahrami Najad, S. and Papzan, A. 2006. Effect of row spacing on different characteristics of black cumin (Nigella

sativa L.) under Kermanshah conditions. Iranian Journal of Crop Sciences, 8, PP.241-249 [In Persian].

Bardideh, K., Kahrizi, D. and Ghobadi, M.E. 2013. Character association and path analysis of black cumin (Nigella

sativa L.) genotypes under different irrigation regimes. Notulae Scientia Biologicae, 5, PP.104-108. doi:

10.15835/nsb518968

Begum, N., Qin, C., Ahanger, M.A., Raza, S., Khan, M.1., Ashraf, M. and Zhang, L. 2019. Role of arbuscular

mycorrhizal fungi in plant growth regulation: implications in abiotic stress tolerance. Front Plant Science,

1068. doi: 10.3389/fpls.2019.01068

Bhandari, H.R., Bhanu, A.N., Srivastava, K., Singh, M.N. and Shreya, H.A. 2017. Assessment of genetic diversity

in crop plants-an overview. Advances in Plants and Agriculture Research, 7, PP.279-286. doi:


http://dx.doi.org/10.1002/aocs.12027
http://dx.doi.org/10.1016/j.indcrop.2015.08.059

BV Al olow cilises glocui oS5 Shas (51521 9 3 ,5hos i (315950 Le by omaili &l 31wy

10.15406/apar.2017.07.00255

Boskabady, M.H. and Shirmohammadi, B. 2002. Effect of Nigella sativa on isolated guinea pig trachea. Archives
of Iranian Medicine, 5, PP.103-107.

Campo, S., Martin-Cardoso, H., Olivé, M., Pla, E., Catala-Forner, M., Martinez-Eixarch, M. and San Segundo, B.
2020. Effect of root colonization by arbuscular mycorrhizal fungi on growth, productivity and blast resistance
in rice. Rice, 13, PP.1-14. doi: 10.1186/s12284-020-00402-7

Cely, M.V,, De Oliveira, A.G., De Freitas, V.F., De Luca, M.B., Barazetti, A.R., Dos Santos, .M. and Andrade,
G. 2016. Inoculant of arbuscular mycorrhizal fungi (Rhizophagus clarus) increase yield of soybean and cotton
under field conditions. Frontiers in Microbiology, 7, PP.1-9. doi: 10.3389/fmicb.2016.00720

Chen, M., Arato, M., Borghi, L., Nouri, E. and Reinhardt, D. 2018. Beneficial services of arbuscular mycorrhizal
fungi—from ecology to application. Frontiers in Plant Science, 1270. doi: 10.3389/fpls.2018.01270

Dalkani, M., Darvishzadeh, R. and Hassani, A. 2011. Correlation and sequential path analysis in Ajowan
(Carumcopticum L.). Journal of Medicinal Plants Research, 5, PP.211-216.

Dalkani, M., Hassani, A. and Darvishzadeh, R. 2012. Determination of the genetic variation in Ajowan
(CarumCopticum L.) populations using multivariate statistical techniques. Revista Ciéncia Agrondmica, 43,
PP.698-705. doi: 10.1590/s1806-66902012000400011

D'Antuono, L.F., Moretti, A. and Lovato, A.F. 2002. Seed yield, yield components, oil content and essential oil
content and composition of Nigella sativa L. and Nigella damascena L. Industrial Crops and Products, 15,
PP.59-69. doi: 10.1016/50926-6690(01)00096-6

Darakeh, S.A.S.S., Weisany, W., Diyanat, M. and Ebrahimi, R. 2021. Bio-organic fertilizers induce biochemical
changes and affect seed oil fatty acids composition in black cumin (Nigella sativa Linn). Industrial Crops and
Products, 164, PP.1-8. d0i:10.1016/j.indcrop.2021.113383

Dogan, R. 2009. The correlation and path coefficient analysis for yield and some yield components of durum wheat
(Triticumturgidum var. durum L.) in west Anatolia conditions. Pakistan Journal of Botany, 41, PP.1081-1089.

Fallahi, H.R., Taherpour Kalantari, R., Asadian, A.H., Aghhavani-shajari, M. and Ramazani, S.H.R. 2018. Effect
of different soil fertilizing agents on growth and yield of isabgol and black seed as two medicinal plants. Iranian
Journal of Field Crop Science, 49(3), PP.1-11. 1120 [In Persian]. doi: 10.22059/ijfcs.2017.211513.654152

Faravani, M., Razavi, A.R. and Farsi, M. 2006. Study of variation in some agronomic and anatomiccharacters of
Nigella sativa landraces in Khorasan. Iranian Journal of Medicinal and Aromatic Plants, 22. PP.193-197. [In
Persian]. Available from: https://sid.ir/paper/105620/en

Fraser, J. and Eaton, G.W. 1983. Application of yield component analysis to crop research. Field Crop Research,
39, PP.787-797.

Ghorbanzadeh Neghab, M. and Zare Mehrjerdi, M. 2018. The study of genetic diversity, correlation between traits
and path analysis in black cumin (Nigella sativa L.) ecotypes. Journal of Plant Production Research, 25, PP.1-
12 [In Persian]. doi: 10.22069/jopp.2018.12268.2111

Ghosheh, O.A., Houdi, A.A. and Crooks, P.A. 1999. High performance liquid chromatographic analysis of the


https://doi.org/10.3389/fpls.2018.01270
https://doi.org/10.1590/S1806-66902012000400011
http://dx.doi.org/10.1016/S0926-6690(01)00096-6

S g Gl DA

pharmacologically active quinones and related compounds in the oil of the black seed (Nigella sativa L.).
Journal of Pharmaceutical and Biomedical Analysis, 19, PP.757-762. doi: 10.1016/s0731-7085(98)00300-8

Golkar, P. and Nourbakhsh, V. 2019. Analysis of genetic diversity and population structure in Nigella sativa L.
using agronomic traits and molecular markers (SRAP and SCoT). Industrial Crops and Products, 130, PP.170-
178. doi: 10.1016/j.indcrop.2018.12.074

Hasanzadeh Ghorttapeh, A. and Javadi, H. 2016. Study on the effects of inoculation with biofirtilizers (azotobacter
and azospirillum) and nitrogen application on oil, yield and yield components of spring canola in west
azerbaijan. Journal of Crop Production and Processing, 5(18), PP.39-50 [In Persian]. doi:
10.18869/acadpub.jcpp.5.18.39

Helgason, T. and Fitter, A. 2009. Natural selection and the evolutionary ecology of the Arbuscular mycorrhizal
fungi (Phylum Glomeromycota). Journal of Experimental Botany, 60, PP.2465-2480. doi: 10.1093/jxb/erpl44

llcim, A., Kokdil, G., Ozbilgin G. and Uygun, C. 2006. Morphology and stem anatomy of some species of Nigella
sativa L. in Turkey. Journal of Faculty of Pharmacy, 35, PP.19-41.

Javadi Hedayat Abad, F., Nezami, A., Kafi, M. and Shabahang, J. 2015. Effects of sowing time on yield of black
seed (Nigella Sativa L.) ecotypes under Mashhad conditions. Iranian Journal of Field Crops Research, 12,
PP.632-640 [In Persian]. doi: 10.22067/gsc.v12i4.45146

Javanmard, A. and Shekari, F. 2016. Improvement of seed yield, its components and oil content of sunflower
(Helianthus annuus L.) by applications of chemical and organic fertilizers. Journal of Crop Ecophysiology, 1,
PP.35-56 [In Persian].

Kafi, M., Borzoi, A., Salehi, M., Kamandi, A., Masoumi, A. and Nabati, J. 2012. Physiology of environmental
stresses in plants. Second edition. Publication of University of Mashhad. 502 PP. [In Persian].

Kheiry, A., Barkhori Mehani, F., Soleimani, A., Sani Khani, M. and Arghavani, M. 2021. Study of some
morphophysiological characteristics in endemic population of Nigella sativa under water deficits stress in
Zanjan climate conditions. Journal of Agricultural Science and Sustainable Production, 31, PP.213-226 [In
Persian]. doi: 10.22034/saps.2021.43976.2610

Khorramdel, S., Kouchaki, A., Nasiri Mahallati, M. and Ghorbani, R. 2008. The effect of biological fertilizer
application on growth indices of black seed (Nigella sativa L.). Iranian Journal of Field Crops Research, 6,
PP.285-293 [In Persian]. doi: 10.22034/saps.2021.43976.2610

Lal, R.K. 2007. Associations among agronomic traits and path analysis in fennel (Foeniculum vulgare Miller).
Journal of Sustainable Agriculture, 30, PP.21-29. doi: 10.1300/J064v30n01_04

Litrico, I. and Violle, C. 2015. Diversity in plant breeding: a new conceptual framework. Trends in Plant
Science, 20, PP.604-613. doi: 10.1016/j.tplants.2015.07.007

Lopez-Caamal, A. and Tovar-Sanchez, E. 2014. Genetic, morphological, and chemical patterns of plant
hybridization. Revista Chilena de Historia Natural, 87, PP.1-14. doi: 10.1186/s40693-014-0016-0

Malik, M.F.A., Ashraf, M., Qureshi, A.S. and Ghafoor, A. 2007. Assessment of genetic variability, correlation and
path analyses for yield and its components in soybean. Pakistan Journal of Botany, 39, PP.405-413.


http://dx.doi.org/10.1016/j.indcrop.2018.12.074

&4 Al olow cilises glocui oS5 Shas (51521 9 3 ,5hos i (315950 Le by omaili &l 31wy

Masomi Zavarian, A., Yousefirad, M. and Asghari, M. 2015. Effects of mycorrhizal fungi on quantitative and
qualitative characteristics of Anise plant (Pimpinella anisum) under salt stress. Journal of Medicinal Plants,
14, PP.139-148 [In Persian]. doi: 20.1001.1.2717204.2015.14.56.3.0

Mehri, N., Moheb AIDini, M., Behnamian, M. and Farmanpour-Kalalagh K. 2022. Phylogenetic, genetic diversity,
and population structure analysis of iranian black cumin (Nigella sativa L.) genotypes using ISSR molecular
markers. International Journal of Horticultural Science and Technology, 9(2), PP.151-163. doi:
10.22059/ijhst.2021.311894.402

Mirzaei, K. and Mirzaghaderi, G. 2017. Genetic diversity analysis of Iranian Nigella sativa L. landraces using
SCoT markers and evaluation of adjusted polymorphism information content. Plant Genetic Resources, 15,
PP.64-71. doi: 10.1017/s1479262115000386

Mohammadi, L. and Reezi, S. 2017. Root quality increasing and absorption improvement of some nutrients with
arbuscular mycorrhiza (Rhizophagus mosseae) application in New Guinea impatiens (Impatiens hawkeri)
cuttings. Journal of Plant Process and Function, 6(21), PP.301-310 [In Persian]. doi:
20.1001.1.23222727.1396.6.21.22.4

Mohebodini, M., Mehri, N. and Fathi, R. 2019. Evaluation of Genotype and Environment Effects on Agro-
Morphological Traits in Black Cumin (Nigella Sativa L.) Ecotypes. Journal of Crop Breeding, 11, PP.108-117
[In Persian]. doi: 10.29252/jcb.11.30.108

Mouhajir, F., Pedersen, J.A., Rejdali, M. and Towers, G.H. 1999. Antimicrobial thymohydroguinones of Moroccan
Nigella sativa seeds detected by electron spin resonance. Pharmaceutical Biology, 37, PP.391-395. doi:
10.1076/phbi.37.5.391.6052

Nadeem, M.A., Nawaz, M.A., Shahid, M.Q., Dogan, Y., Comertpay, G., Yildiz, M. and Baloch, F.S. 2018. DNA
molecular markers in plant breeding: current status and recent advancements in genomic selection and genome
editing. Biotechnology & Biotechnological Equipment, 32, PP.261-285. doi:10.1080/13102818.2017.1400401

Niazian, M., Rajabi, A., Amiri, R., Orazizadeh, M.R. and Sharifi, H. 2012. Surveying the relations among traits
affecting root yield and sugar content in o-type lines of sugar beet for winter sowing. Plant Production, 35,
PP.115-135 [In Persian].

Niazian, M., Sadat Noori, S.A., Tohidfar, M. and Mortazavian, S.M.M. 2017. Essential oil yield and agro-
morphological traits in some Iranian ecotypes of ajowan (Carum copticum L.). Journal of Essential Oil Bearing
Plants, 20, PP.1151-1156. doi:10.1080/0972060x.2017.1326849

Niazian, M., Sadat-Noori, S.A. and Abdipour, M. 2018a. Modeling the seed vyield of Ajowan
(Trachyspermumammi L.) using artificial neural network and multiple linear regression models. Industrial
Crops and Products, 117, PP.224-234. doi: 10.1016/j.indcrop.2018.03.013

Pandey, J., Scheuring, D.C., Koym, J.W., Coombs, J., Novy, R.G., Thompson, A.L. and Vales, M.l. 2021. Genetic
diversity and population structure of advanced clones selected over forty years by a potato breeding program
in the USA. Scientific Reports, 11, PP.1-18. doi:10.1038/s41598-021-87284-x

Rahimi, A., Siavash Moghaddam, S., Ghiyasi, M., Heydarzadeh, S., Ghazizadeh, K. and Popovi¢-Djordjevic, J.


http://dorl.net/dor/20.1001.1.2717204.2015.14.56.3.0
https://doi.org/10.1017/S1479262115000386
http://dx.doi.org/10.1080/0972060X.2017.1326849
https://doi.org/10.1016/j.indcrop.2018.03.013
https://www.nature.com/articles/s41598-021-87284-x

SLsE g Slaw, AY.

2019. The influence of chemical, organic and biological fertilizers on agrobiological and antioxidant properties
of Syrian Cephalaria (Cephalaria syriaca L.). Agriculture, 9, PP.122-135. doi:
10.3390/agriculture9060122

Rakeei, A. and Maali-Amiri, R. 2012. The role of epigenetic changes in plant response to abiotic environmental
stresses. Genetics in the Third Millennium, 10, PP.2834-2845 [In Persian].

Salamati, M.S. and Zeinali, H. 2013. Evaluation of genetic diversity of some Nigella sativa L. genotypes using
Agro-morphological characteristics. Iranian Journal of medicinal and Aromatic Plants, 29, PP.201-214 [In
Persian]. doi:10.22092/ijmapr.2013.2901

Shah, S. and Kasturi, S.R. 2003. Study on antioxidant and antimicrobial properties of black cumin (Nigella sativa
Linn). Journal of Food Science and Technology, 40, PP.70-73.

Shamshirgaran, Z., Saeid Nematpour, F. and Safipour Afshar, A. 2016. Effect of mycorrhizal symbiosis on growth,
some physiological parameters and cadmium accumulation in black seed (Nigella sativa L.). Journal of Plant
Process and Function, 5(17), PP.133-144 [In Persian]. doi: 20.1001.1.23222727.1395.5.17.12.9

Sharma, A.K. 2002. Biofertilizers for sustainable agriculture. Agrobios, India. 300 PP.

Sousa, N.R., Ramos, M.A., Marques, A.P. and Castro, P.M. 2012. The effect of ectomycorrhizal fungi forming
symbiosis with Pinus pinaster seedlings exposed to cadmium. Science of the Total Environment, 414, PP.63-
67. doi: 10.1016/j.scitotenv.2011.10.053

Tadayyon, A. and Zarei, M. 2014. The effect of arbuscular mycorrhizal fungus Rhizophagus mosseae on the
growth and yield of three ecotype of hemp (Cannabis sativa L.) under saline soil and saline water. Journal of
Plant Process and Function, 3, PP.105-114 [In Persian]. doi: 20.1001.1.23222727.1393.3.7.2.5

Yaman, M. 2022. Evaluation of genetic diversity by morphological, biochemical and molecular markers in sour
cherry genotypes. Molecular Biology Reports, 49, PP.5293-5301. do0i:10.1007/s11033-021-06941-6

Ying-ning, Z.0.U., Qiang-sheng, W.U., Yan, L.l. and Yong-ming, H.U.A.N.G. 2014. Effects of arbuscular
mycorrhizal fungi on root system morphology and sucrose and glucose contents of Poncirus
trifoliata. Yingyong Shengtai Xuebao, 25, PP.1125-1129.

Zamani, F., Amirnia, R., Rezaei-Chiyaneh, E. and Rahimi, A. 2019. The effect of bacterial bio-fertilizers and
mycorrhizal fungi on seed yield and chemical composition of essential oil from three fennel landrace. Crops
Improvments (Journal of Agricultural Crops Production), 20, PP.831-848 [In Persian]. doi:
20.1001.1.83372008.1397.20.4.6.5

Zare Kohan, M., Babaiean Jelodar, N., Tabatabaei, S.A. and Ghasemi Nejad Raeini, M.R. 2020. Stepwise
regression analysis of barley genotypes under normal conditions and salinity stress. 4™ International
Conference on Applied Research in Agriculture, Natural Resources and Environment. Hamedan, February 17,
2020 [In Persian]. Available from: https://civilica.com/doc/1000374

Zhang, F., Wang, P., Zou, Y.N., Wu, Q.S. and Kuca, K. 2019. Effects of mycorrhizal fungi on root-hair growth
and hormone levels of taproot and lateral roots in trifoliate orange under drought stress. Archives of Agronomy

and Soil Science, 65, PP.1316-1330. doi:10.1080/03650340.2018.1563780


https://doi.org/10.3390/agriculture9060122
https://doi.org/10.22092/ijmapr.2013.2901
http://dorl.net/dor/20.1001.1.23222727.1395.5.17.12.9
https://doi.org/10.1016/j.scitotenv.2011.10.053
http://dorl.net/dor/20.1001.1.23222727.1393.3.7.2.5
https://link.springer.com/article/10.1007%2Fs11033-021-06941-6
https://dorl.net/dor/20.1001.1.83372008.1397.20.4.6.5
http://dx.doi.org/10.1080/03650340.2018.1563780

oYY Al olow cilises glocui oS5 Shas (51521 9 3 ,5hos i (315950 Le by omaili &l 31wy

Zhong, W.L., Li, J.T., Chen, Y.T., Shu, W.S. and Liao, B. 2012. A study on the effects of lead, cadmium and
phosphorus on the lead and cadmium uptake efficacy of Viola baoshanensis inoculated with Arbuscular

mycorrhizal fungi. Journal of Environmental Monitoring, 14, PP.2497-2504. doi: 10.1039/c2em30333g



Journal of Crop Science Research in Arid Regions/ Volume 5, Issue 2, Autumn 2023, P. 501-523

Investigating the effects of inoculation of mycorrhizal fungi on yield and
yield components of different ecotypes of black seed

Seyyed Hamid Reza Ramazani!*, Morteza Ghorbany?

! Department of Plant Production and Genetics, College of Agriculture, University of Birjand, Birjand, Iran
2 Department of Biology, College of Science, University of Birjand, Birjand, Iran
*Corresponding Author: hrramazani@birjand.ac.ir

Received: 20 January 2022 Accepted: 7 May 2022 DOI: 10.22034/CSRAR.2023.302907.1127

Abstract

Introduction: The application of bio-fertilizers, especially mycorrhizal fungi, is known as one of the
most important nutritional approaches in sustainable agriculture and agricultural ecosystem
management. Among the numerous microorganisms in the rhizosphere, some have positive effects
on plant growth promotion. These microorganisms are bio fertilizers such as plant-growth-promoting
rhizobacteria, which colonize the rhizosphere and roots of many plant species and confer beneficial
effects to plants. Therefore, the present study aimed to investigate the effects of two species of
arbuscular mycorrhizal funguswas assessed on yield and yield components of three Iranian ecotypes
of black seed medicinal plant.

Materials and Methods: To determine the inoculation of mycorrhizal fungi on yield and yield
components of different ecotypes of black seed, a factorial experiment in randomized complete block
design with three replications was conducted. The experiment was conducted as factorial in Sarayan
faculty of agriculture at 2018, with two factors, the Rhizophagus fasciculatum and Rhizophagus
mosseae species of mycorrhizal as first factor, Sarayan, Hamedan, and Shahrekord ecotypes of black
seed as second factor, in three replications. The traits studied in this research were plant height, stem
diameter, number of branches, the average height of the first branch, root length, total chlorophyll,
number of flowering branches, the average height of the first capsule, capsule length, capsule
diameter, number of capsules per plant, number of seeds per capsules, 1000-seed weight, grain yield,
biological yield, harvest index, and straw yield.

Results and Discussion: The analysis of variance showed significant differences among investigated
ecotypes of black seed for all traits. However, none of the above traits were affected by the interaction
of Ecotype x mycorrhiza. In addition, the highest values of plant height (19.85 cm), the average height
of the first branch (8.99 cm), root length (13.63 cm), the average height of the first capsule (19.16
cm), and capsule length (8.38 cm) for Hamadan ecotype, the highest values of the number of seeds
per capsule (53.31 grains), biological yield (75.8 g.m?), grain yield (26.16 g.m>), and straw yield
(49.64 g.m™) for Shahrekord ecotype, and the highest 1000-seed weight (2.34 g) and harvest index
(42.67%) for Sarayan cultivar were obtained. In other hand, the means of pod diameter, pod length,
and number of flowering branches were increased in plants treated with both species of mycorrhizal
bio-fertilizer than the control treatment so that the highest values in the number of flowering branches
(8.24 cm) and capsule length (8.18 cm) were obtained under the application of Rhizophagus mosseae,
and the thickest capsules (8.24 cm) were achieved under the application of frtilizers contained
Rhizophagus fasciculatum. The results of simple correlation analysis showed the positive and
significant correlation of seed yield trait with root length, number of secondary branches, number of
flowering branches, number of pods per plants, and number of seeds per pod, at 5% probability level,
and with biological yield and straw yield traits at 1% probability level. Results of path analysis
showed positive direct effect of number of flowering branches and biological yield traits on grain
yield and the highest positive direct effect was recorded for biological yield. In contrast, the highest
negative direct effect on the grain yield of investigated ecotypes was obtained for the straw yield.
Conclusion: It was shown that there was a significant difference between the three black seed
ecotypes in morphological and functional traits, so that Shahrekord and Hamedan ecotypes were
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superior in all traits (except thousand seed weight and harvest index) compared to Sarayan ecotype.
In general, our findings demonstrated the relationship between morphological traits and yield
components of black seed ecotypes under the inoculation of mycorrhiza strains, which can be
employed in black seed breeding programs as a reference. Also, it is suggested that
ecotypes/genotypes that are better in biological and straw yield traits were used for cretia selection
traits in future.
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