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The use of sulfur (S) is of special interest in arid and semi-arid Iran since most soils
are calcareous. In order to improve germination, seedling growth, and quality of
Nigella sativa L. seeds obtained from mother plants grown under drought stress
conditions, this investigation was performed in split plots with a completely
randomized block design with three replications in research farm Fasa City in 2022.
The main factor was irrigation after 25, 50 and 75 percent of soil moisture depletion
and the subplots were fertilizer in 8 levels including 100 % S, 50% S + thiobacillus,
50% S + mycorrhiza, 50% S+ thiobacillus+ mycorrhiza, thiobacillus, mycorrhiza,
thiobacillus+ mycorrhiza and control. The results showed that in irrigation
treatment with 75 percent soil moisture depletion, the integration of 50% S+
thiobacillus+ mycorrhiza decreased the seed membrane stability by 23 percent
compared to the control. In an irrigation regime with 75 percent soil moisture
depletion, the integration of 50% S+ thiobacillus+ mycorrhiza and 50% S+
mycorrhiza caused a 31 percent increase in amylase activity in seeds endosperm
about control. The highest germination percent and rate are also observed in the
integration of 50% S+ thiobacillus+ mycorrhiza. Moreover in the treatment with
75 percent soil moisture depletion, the 50% S+ thiobacillus+ mycorrhiza increased
the seed vigor to 46 percent. With regards to the positive effects of sulfur
integration with Thiobacillus and mycorrhiza in the improvement of the quality of
seeds derived from black cumin under drought stress, the use of these biological
compounds should be recommended.
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EXTENDED ABSTRACT

Introduction

Drought stress, a serious environmental pressure on crop
production, might be counteracted by free-living and
symbiotic inoculants entailing positive synergistic
effects. Enhancement in nutrient uptake and/or
production of antioxidants under the stress condition, can
improve plant growth and yield. Nigella sativa L., a
sulfur-loving cash crop, suffers from declining soil sulfur
with continuous cropping, hindering its growth and
development. Mycorrhiza form beneficial partnerships
with plant roots, aiding in nutrient uptake and promoting
plant growth. Recent research has increasingly focused
upon mycorrhiza potential to enhance sulfur absorption
through increased rhizosphere microbial activity. This
study holds significant implications for improving
available sulfur content and utilization in sulfur-deficient
soils. Furthermore, it provides a theoretical basis for
using mycorrhiza as a biofertilizer to remediate sulfur -
deficiency, offering a sustainable and environmentally
friendly solution.

Materials and Methods

In order to improve germination, seedling growth, and
quality of Nigella sativa L. seeds obtained from mother
plants grown under drought stress conditions, this
investigation was performed in split plots with a completely
randomized block design with three replications in research
farm Fasa City in 2022. The main factor was irrigation after
25, 50 and 75 percent of soil moisture depletion and the
subplots were fertilizer in 8 levels including 100 % S, 50%
S + thiobacillus, 50% S + mycorrhiza, 50% S+ thiobacillus+
mycorrhiza, thiobacillus, mycorrhiza, thiobacillus+
mycorrhiza and control.

Results and Discussion
The results showed that in irrigation treatment with 75

Iranian Journal of Seed Science and Technology

percent soil moisture depletion, the integration of 50%
S+ thiobacillus+ mycorrhiza decreased the seed
membrane stability by 23 percent compared to the
control. In an irrigation regime with 75 percent soil
moisture depletion, the integration of 50% S+
thiobacillus+ mycorrhiza and 50% S+ mycorrhiza caused
a 31 percent increase in amylase activity in seeds
endosperm about control. The highest germination
percent and rate are also observed in the integration of
50% S+ thiobacillus+ mycorrhiza. Moreover in the
treatment with 75 percent soil moisture depletion, the
50% S+ thiobacillus+ mycorrhiza increased the seed
vigor to 46 percent. We found that mycorrhiza
significantly impacted the rhizosphere microbiome's
community structure and function related to soil sulfur
cycling in continuously cropped soil.

Conclusions

Mycorrhiza is a promising strategy to address this sulfur
deficiency stress in Nigella sativa L. These beneficial
fungi help Nigella sativa L. maximize uptake and
utilization of available soil sulfur. Mycorrhiza form
highly branched, arbuscular structures within the host
plant's root cortex cells, facilitating a two-way resource
exchange. Additionally, mycorrhiza produce extensive
mycelial networks reach beyond the root system,
specifically targeting low-mobility nutrients like sulfur
and phosphorus in depleted soil areas. These are then
transported to the crop roots. The mycorrhiza received
carbon-based nutrients like carbohydrates and fatty acids
in return. This symbiotic relationship between
mycorrhiza and Nigella sativa L. offers a sustainable and
effective solution to combat sulfur deficiency, promoting
optimal growth and yield. The thiobacillus inoculation
with mycorrhizal fungi, either aloneis indicated for
quality of seed populations through alleviation of the
drought stress.
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938 8 3al L (Nigella sativa L.) wisele ol (gla,dy 03 5 CndS 5 9 YA

.(Heydari & Pirzad, 2020; Mostafavian et al., 2008)

el & 9 35T WT Sl 3T cudled
s T WT 0 5T e 357 mlin 5 LT J—ol
Jeel s S o ) e (dSsls 13 8L o ) T
(Y ) 350 ool sme T WIT 0 5T Cdlad 055 J2ule3T
T WT 0 5T Elab ¢ by s o3 Y0 ()T elas
23155t sl 55 43 8 8 Ao 3 00 Gl e 53 4y
e (¥ ) 15 OLES (6o 3318 2yl Aals b ey lie
o el s b 53 58 o300 L1, Sl 68 93 il
B+ ol b 53 i 5 LT WT 0 5T e 253l
548 535558 oy Ve el (sbs ads oo
e s PTUT S 5 e 55 e 46
(b i o3 VO (LT o 53 s (6 3l ol Al
Dt Gl 5 1525580 + e shly 55 43 88 W03 0 il
WT b (gl y5 VY 2l 53l e 155Gl 43 8 8 sy

(1 Jgder) i dald & o 5y T

¥ Jads) i S 515 LT
b Jlw slid o A Jds 4 5d Las olul 005 YL
Mangal et al., ) 5,8 o plnil 0581515 SISl A 5
&S o dld o LQJJLAGL;LQJ‘) e sla 25 5 > 9 .(2022
s B o s LS 53 Gl g6 5 S G sy
s 15 56 Sy g 5 ok (Jole slid bl g s S
Gl A1 el g ol o 2 slas Hlle 4 o
i1 5 .(Bakhshandeh & Jamali, 2020) 555 . ;4 Lis
a5 L 1SSl B Lol pan 5 88 Sl eslinl o ol o
S 5ol b5 gy o ol S5 5 sl TS
(Wipf et al., 2014) 555 » cad 5 0 o) 2w I JI
by OT 5 gdine sl ol 53 15,00 zo6 3l esliz
S kS 5 a8 B gl ca3lE S LS
(Igiehon et al., 2021) 555 o i Ll b 53 gudy
Ol GG 1525 5Kle 731 5 sl s mien
o 35ty o AE L0 e 58 5 sl 5 ol S0

spdr g5 Gl s o AT 3 0l S T

(558l g e (58 Ao T b M T T e e 55 5 s L (Il Slao il 525 5 Jolo i =Y st

el 3 ls 150 055 Oy 4 camalS $SKas 055 vl Job caraty s b

Table 2- Analysis of variance of seed membrane stability, soluble protein, alpha- amylase, beta- amylase, germination percent,
germination rate, root length, stem length, seedling dry weight, seed vigor and 1000-seed weight of Nigella sativa L.

2
2 < 3 5 g g -5 £
s 33 3% % g 3z ) g a5 0 5 5@
o C 3t 38 s5E  e2® lg s 2F 3E 4z rd 0 1s
= 157 5 5 @ 3.0© .8 & S [ a2 3= vy © A8
eR) 3 S @ E A R 5 g f 3 3 o -~ 8
S.0.V. e i_o ] (AN 3 8 3 = B £ v, 2 ] B
DF 3 3 > 2 - £ = 3 E L ya £ 3 2 &
NS S = 2 £ Y5 7] 3 5 =
3 @ < 3 o 2 g
3 O] (%]
(2]
| <
’_’g . 2 17.21™ 71.16* 0.0001" 0.0020™ 112.92" 0.0035"™ 0.1100™ 0.2164" 0.2225"™ 0.2074+ 0.3032"
Replication
sl Jels 2 433.94 263.79* 0.0091 0.0208 ** 747.90* 0.0201° 2.902°° 2.126° 25519 5.6548 ** 0.3840
Irrigation Interval
a sl
E ¢ 4 12.70 3.61 0.0003 0.0015 29.41 0.0075 0.4259 0.3187 0.2358 0.4390 0.1340
rrora
@255 e 7 90.35°° 31.02°* 0.0068 0.0068 ** 147.39* 0.0137°° 0.9262 ** 0.7856 ** 0.3123°° 1.4661 0.0952 =
Fertilizer sources
$35 gl x Sl Jol
Irrigation Interval x 14 4.98° 2.62° 0.0011°° 0.0001" 50.60 * 0.0006 °* 0.0504"s 0.0614 ** 0.0827 > 0.0631¢ 0.0064"
Fertilizer sources
b sl
E b 42 4.50 1.09 0.0003 0.0010 21.84 0.0004 0.0666 0.0524 0.0825 0.0577 0.0123
rror
O kS
s _ 10.6 8.5 15.0 116 135 9.4 6.0 7.1 13.3 71 11.6
C.V. (1)

(ol DlE pde 5 A3 ) 50 Ju»\clw,:,l;g:m S 54 NS s o

## ,% and ns are significant at the 5 and 1 percent of probability levels and non-significant, respectively.
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Table 3- Mean comparison interaction of irrigation intervals and fertilizer sources for seed electrical conductivity,
soluble protein, alpha- amylase activity and germination percent of Nigella sativa L

kT Jols b e g,lul s 55 ST WT Sl A ys
(sasbs ads) @2 e Seed Membrane s T Alpha- amylase Germination
s - i oluble protein .
Irrigation intervals Fertilizer sources stability (mg.g*) (umoles.ml percent
(Available moisture depletion) (ds.m™) ' L.min") (%)
100% S 30.06 a 67.20 bc 0.361 bcd 88.00 a
50 % S+Thiobacillus 29.74a 67.20 bc 0.360 bcd 87.10a
50 % S+AMF 2451b 69.23 ab 0.387 ab 92.06 a
25 % 50 % S+Thiobacillus+tAMF 23.80b 70.70 a 0.400 a 95.00 a
Thiobacillus 30.03a 70.56 a 0.342 cd 81.10a
AMF 24.36 b 70.10a 0.364 bcd 93.86a
Thiobacillus+AMF 2451b 69.80 a 0.371ab 92.56 a
Control 30.72a 66.30 C 0.336 d 86.53 a
100% S 34.81ab 65.16 ¢ 0.372 ab 84.34 be
50 % S+Thiobacillus 33.40 ab 64.03 cd 0.361 ab 81.84c
50 % S+AMF 30.74 bc 68.90 ab 0.390 ab 89.26 a
50 % 50 % S+Thiobacillus+tAMF 2796 ¢ 69.46 a 0.392a 91.46a
Thiobacillus 34.64 ab 65.03 cd 0.316¢c 83.40c¢c
AMF 32.22 abc 67.53 b 0.350 bc 87.86 ab
Thiobacillus+AMF 30.83 be 67.86 b 0.356 ab 88.96 a
Control 35.90a 63.50 d 0.314c 81.00 ¢
100% S 39.13 ab 61.42 cd 0.342 ab 76.66 cd
50 % S+Thiobacillus 38.83ab 61.16 cd 0.335hb 75.80 cde
50 % S+AMF 38.61 ab 64.06 ab 0.370a 81.40 ab
75 % 50 % S+Thiobacillus+tAMF 31.32¢c 65.20 a 0.370 a 84.40a
Thiobacillus 38.03 ab 61.23 cd 0.286 ¢ 75.13 de
AMF 38.44 ab 62.61 bc 0.316 b 79.20 be
Thiobacillus+AMF 39.80 ab 64.00 ab 0.326 b 83.36 a
Control 40.71a 59.75d 0.283 ¢ 72.75¢

s I3 me S5 Kb O g p Calides (25 (SOl (glaals dim B30T bl

Different letters indicate significant differences based on Duncan's multiple range tests in each column.

23 Jalad bl G b 51525085k 256 3l eslizl K55 (6 5
b a3 e ol (slasdy (S e Sl 5 S
Al Yz (Miura et al., 2023) ds $ 55T WT o 5T
oS5 (SO ASI Calis JialST s e 5T cpl b s
3550 SLsles Jgs B0 Joa lastly jltlw oy A5 0
2 A SR PN e Sy - S P V CPRCOUN PPN PO
e BT asl Sl s oy al glalid (g pdyo i
s p—iiee Laga T Cdlnd 5 Coale i o 5 550
i 4 Oliis 5,18 b, .(Morales-Cedillo et al., 2015)
OLE Sy s &SI il 6la (2S5 51 9ol 5 iy Ay 0
Colg 53 5 43S 3 skl o 5 15055k Gl 3T o
(o odi b o 25 Ll s i 5 5 i )

.(Poonia, 2019; Sheteiwy et al., 2021) cul J 40
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Wlsolow 413 5158 055 5 ar ety Isb (DT by Cdleb (555 55LT Jolsh o SKibe aglin —F st

Table 4- Mean comparison of irrigation intervals for beta- amylase activity, root length and
1000-seed weight of Nigella sativa L

ol Jel LT
((ssby adsw) T Root wraz, Jsb als 558 055
oo Beta- amylase .
Irrigation intervals (umoles.mlL.min) length (cm) 1000-Seed weight (g)
(Available moisture depletion)
25% 0.503 a 456a 2.29a
50 % 0.481a 4.28 ab 2.23ab
75 % 0.445b 3.87b 2.05b

s I3 gme Sl bl O st Calitbes U3 > ¢ STl (glatels Lz O 5a3T b

Different letters indicate significant differences based on Duncan's multiple range tests in each column.

Wlaolew &3 138 035 5 dradyy Jsb el by Sl (655 6355 e SOl Al =0 J sl

Table 5- Mean comparison of fertilizer sources for beta- amylase activity, root length and 1000-seed weight of
Nigella sativa L

©255 e Pl by rabs; dsb EBIFTED)
Fertilizer sources Beta- amylase (umoles.mlt.min") Root length (cm) 1000-Seed weight (g)
100% S 0.463 bc 432b 2.25 abc
50 % S+Thiobacillus 0.460 cd 4.14d 2.15cd
50 % S+AMF 0.492 ab 4.60 a 2.28 ab
50 % S+Thiobacillus+tAMF 0.510 a 4.61a 2.34a
Thiobacillus 0.458 cd 3.79 cd 2.08 de
AMF 0.497 a 431b 2.16 bed
Thiobacillus+AMF 0.500 a 4.36 ab 2.21 bc
Control 0.430d 3.77¢c 2.03¢e

s I3 ime Sl KL O st a Calises (o (SO (glatels i 0 90T el

Different letters indicate significant differences based on Duncan's multiple range tests in each column.

Gl L bl dals b gl 53 54l Aoy il 3l
G skl 5 15l B+ 88 s o
¥ Jgde) Sl (gl gme sl 13550

i gb sy i A3 00 5 YO (LT s
okl 43 8 8 s)3 00 3l sl 55 5dy Sl
Glo 3 FY STV Il Cd 54 dals b awlie 53 15,500
;’}W});;M)J\" Dled pmmen (P Jgd) sl LS
I e kel g 5 1505 S 68 53 3l 5 ol &
cla_‘ﬂ);ﬁi;h;)_w;\.u@jaﬁuﬂ);@qu
#3858 A 0y3 0 Gl by i o3 VO (LT
S (5 53 YO I B ) 5SSl + o skl 55
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{(Chakraborty et al., 2023) 13 jailse slaail s
ol g BB psba 505l 250 Slesliul ol 4l
> S5 o 58l el 5 ol s s 1
&1y 3858 sleslinul ioman (Attarzadeh et al., 2019)
Conal Jasme la 25l 53 ol o5 ptm 035 Jlnb
3o §3La oLE 53 di) 3 gy o 5 315 ol

(Sehar et al., 2021; Mirzaie et al., 2023)

3 i g e 4Bl ana 5 OT 55 Hds oS (6,50 ol Lo
G e aoee olhs Ll 5 o (Rajjou et al., 2012)
b g doys alS Colg 53 g e D8 tals
Lo s Eals Olaass .(Dornbos, 2020) > 4i oo 54 J341 9>
e ) B Sk 25 Ll s (5l S
LS I8 S cule s s b ol by OT S
sl G b 51 a8l 5 e 135550 )6 .(Hamidi et al., 2016)

;%ugujéuomr,k:,uﬁ;Tck_w,>daw

Glsolw s 4y 5 aalS STt 055 Bl Usb (3l e 55 (355 b 5 LT ol b 2SCan y (S0l el 7 Jslor
Table 6- Mean comparison interaction of irrigation intervals and fertilizer sources for germination rate, stem length,
seedling dry weight and seed vigor of Nigella sativa L

©l Jols -
() ) 2 g Gef;A;L:;i;:;te Stem st - Se;‘jgj;v:i}ght o
Irrigation intervals Fertilizer sources (per day) length (cm) © Seed vigor
(Available moisture depletion)
100% S 0.443 a 4.09 ab 3.78a 3.86 ab
50 % S+Thiobacillus 0.406 b 3.64 bc 3.67 ab 3.48 bc
50 % S+AMF 0.462 a 3.96 ab 3.83a 3.97 ab
25 % 50 % S+Thiobacillus+tAMF 0.481a 4.24a 3.93a 4.25a
Thiobacillus 0.400 b 3.55 be 3.70 ab 3.14c
AMF 0.453a 4.09 ab 3.68 ab 417 a
Thiobacillus+AMF 0.463 a 4.08 ab 3.75ab 421a
Control 0.350 ¢ 340¢c 3.39¢c 3.23¢c
100% S 0.426 ab 3.84ab 3.32b 3.46b
50 % S+Thiobacillus 0.410 ab 3.65b 3.47ab 3.26b
50 % S+AMF 0.446 a 3.94 ab 3.51ab 391la
50 % 50 % S+Thiobacillus+tAMF 0.456 a 414 a 3.70 a 3.95a
Thiobacillus 0.387 b 321c 3.36b 293¢
AMF 0.412 ab 3.76 ab 3.48ab 3.53b
Thiobacillus+AMF 0.413 ab 3.77 ab 3.50 ab 3.54 ab
Control 0.323 ¢ 3.20c 299 ¢ 2.86 ¢C
100% S 0.391 ab 3.34 abc 3.13ab 2.77 be
50 % S+Thiobacillus 0.363 bc 3.13¢c 3.18 ab 2.62 cd
50 % S+AMF 0.366 ab 3.64 ab 2.85 bc 3.32a
75 % 50 % S+Thiobacillus+AMF 0412 a 3.77a 34la 3.35a
Thiobacillus 0.351c 292c 2.79 bc 2.36d
AMF 0.382 abc 3.27¢c 3.21ab 2.83 bc
Thiobacillus+AMF 0.400 a 3.37 abc 3.23ab 3.07 ab
Control 0.306d 294 c 253¢c 2.30d

S s 05 5 el Jsb 655 GhalesT Jalse 1S 0s
R L amain) Jsb (Y dsda) 3y ()ls ine azalS

Cpeomet (F Jgds) sls olis ng‘.ﬁu.';u J'Ub‘s 6)‘:'2T J—*‘\ﬁ
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Different letters indicate significant differences based on Duncan's multiple range tests in each column.
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