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Introduction

Soil amendment materials exhibit a wide range of properties and influence soil physicochemical
characteristics in various ways. Among these, biochar has attracted significant attention for its potential to
improve acid soils, remediate pollutants, enhance soil fertility, sequester carbon, and contribute to climate
change mitigation. Biochar is a porous carbon-rich material comprised chiefly of aromatic carbons and/or
heteroatoms. Biochar is a product obtained from biological waste, particularly agricultural biomass waste which
is thermally degraded using a process called pyrolysis, in the absence of oxygen. Biochar is useful as 1) a fuel
source (charcoal) for renewable energy and 2) for carbon sequestering to the soil preventing the release of carbon
dioxide to the atmosphere, 3) as a waste recycling method, 4) as a soil amendment to improve the soil structure,
texture, water holding capacity and other physicochemical properties thus improving the soil fertility, 5) plant
growth promotion due to the nutrients supplied by biochar when used as manure and 6) plant disease
management by either directly (antagonism) or indirectly (induced systemic resistance) in plants. Sulfur (S) is an
important component of many amino acids such as methionine and cysteine in plants. The balance update of
sulfur decreases the speed of oxidative processes with an improvement reduction mechanism. It also plays a
critical role in the improvement of wheat productivity through better grain production. Sulfur is very important
for the efficacious use of nitrogen especially in the formation of protein contents. Without sulfur, the optimum
activity of nitrogen regarding protein content biosynthesis cannot be achieved in terms of yield. Application of
nano fertilizers and reduction of the size of the material to the nanoscale leads to an increase in the surface mass
ratio of the particles, and as a result, an abundant amount of nutrient ions is absorbed slowly and steadily for a
long period. Satureja hortensis L. which is a medicinal plant of the Lamiaceae (Labiatae) family is widely grown
in France, Hungary, Spain and Iran. The essential oil of Satureja hortensis L. finds application in food products
due to its antimicrobial and antioxidant properties. Traditionally, it was utilized as a stomachic, stimulant,
expectorant, aphrodisiac and carminative treatment of various kinds of infectious illnesses.

Material and Methods
In order to investigate the effects of different levels of biochar and common sulfur and nona-fertilizer of
sulfur on some morphological and physiological characteristics of Satureja hortensis L., an experiment was done
at the Research Field of University of Gonabad during the years 2020-2021 and 2021-2022. A split plot
experiment based on a randomized complete block design with three replications was conducted. Biochar at
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three levels (5, 10 and 20 t.ha* and control) and two sulfur nutritional treatments (common sulfur, nano-fertilizer
of sulfur and control) were used as main and subplots, respectively. Plant height, lateral branch number, leaf
area, stem diameter, dry shoot weight, dry matter yield, carbohydrate content, chlorophyll a, chlorophyll b and
total chlorophyll were recorded.

Results and Discussion

The results showed that in both of two cropping years, the highest plant height (with 41 and 39 cmin the first
and second cropping year, respectively) and lateral branch number (with 28 and 30 in the first and second
cropping year, respectively) obtained in combined application treatment of 20 t.ha! biochar and spraying of
nano-fertilizer of sulfur and in both two cropping years, use of common sulfur and spraying nano-fertilizer of
sulfur at higher levels of biochar (10 and 20 t.ha) resulted in the production of more leaf area and stem diameter
than the application of these sulfur nutritional inputs at lower levels of biochar. The results of the interaction
effects of biochar application and nutritional treatment in the 2018-2019 crop year showed that with increasing
biochar amounts to 10 t.ha?, the positive effects of common sulfur and nanosulfur on improving essential oil
content were more noticeable, so the highest amount of essential oil (2.40%) was obtained in the treatment of
simultaneous application of 10 t.ha* of biochar and soil application of common sulfur. In both years, the highest
amount of essential oil (2.10 and 2.13% in the first and second year, respectively) was obtained in 10 t.ha*
biochar. The highest influence of sulfur nutritional treatments on chlorophyll a, chlorophyll b and total
chlorophyll appeared when they were used simultaneously with biochar, for example, chlorophyll a content in
conditions of spraying of nano-fertilizer of sulfur with the application of 5, 10 and 20 t.ha! biochar was 42, 54
and 72% in the first cropping year, respectively and 43, 54 and 73% in the second cropping year, respectively,
more than amount of these traits in conditions of separate spraying of nano-fertilizer of sulfur.

Conclusion
In general, based on the results of this research, it seems that the combined consumption of biochar with
common sulfur and nano-fertilizer of sulfur, while improving the quantitative characteristics of Satureja
hortensis L. can lead to the improvement of its physiological characteristics and the production of free of
chemical substances in this valuable medicinal plant.
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Table 1- Meteorological information of research area
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(mm) month in month in month transpiration
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ay
J’L‘J’r’; 0 27.1 40.9 13.6 409.6
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Table 2- Soil characteristics of experimental farm and used biochar
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Soil characteristics of experimental farm
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Characteristics of used biochar
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Figure 1- Some stages of the research "*The effect of different amounts of biochar on the quantitative and qualitative traits of

Satureja hortensis L. under the conditions of sulfur and sulfur nanofertilizer application”". (a): Planting stage, (b): Weeding
stage, (c): Measurement of qualitative characteristics, (d): Measurement of quantitative characteristics, (e): Farm before
harvest, (f): Spraying of nano-sulfure fertilizer.



533 .. 050 29,00 olS S Wluogas Sy gy p S ) Jk)c’hﬁlrﬁ;i} o) 9 (5

528 g g Jgl ely; S o 20y3 30 930 sy I ailes
J3i2) 520250 gm0 38L5 4 Cad pgd (5 Jlo )3 2oy 3
Solosine sy (ol Jlo 93 o > Bl b 5 Sy e (4
(3 Jsss) w88 3 60,8588 lads layles b cou
5P 255 8b (oBhslne 5 (Jgere 2555 Bpae &S gy5bey
9 ol =i Jlo 2 203 939 S i ) Sy e (i
Ol el 4 G pod (2hj Jlo 3 2o dw 5 93 i
Bbdslne 5 (Jgana 3,565 5l oslaal 1 )5 5 4Bl ylaB 5 a0l
s g gl ool Jlo 2 20p0 34 5 28 sy 5,55 28 5
b Ll aals b dwlie ) ped oly; Jlo > doy> 33 5 27
2 aghe oalio 695 (o Jgir 4 pobplen (4 Jpao)
3590 (Bldgbre 9 Jgens 3,555 Sl eliul ¢ 2ly; o 9
a e (1S 5> (520 5 10) s Jo5 5L gl 2 3,58
Sodles cl 308 4 Cand gyt a8l Jlad 5 Sy aw A
Jbe plyieds b  JIE5 Somb zoaw » 555 s
J&5 S > o5 20 (g5l slac S )3 Jgere 3,565 3l oalizl
S 53 (o gy Sl i )3 355 cul 3 )8 b doliie )3 (gin
iy 4Bl Jlab g Sy e 103 15 58 s (s S5
Ol oyt wdalcuwnd b oluly (0 Jsds) L8 cow |,
2 5 20 Glojen 5p)l8 s y3 ol (el Jlo ) 4le s
a2 (0 58 0/60) 2,558 595 3 by Jglomo 5 (st JIE5 o
Josi om I e oy Sl o Js D giz) sl e
S )3 (5 20 Sy o sl 9 3,565 3559 (B sloxe
ol 2529 (gl gine gl Bl Hlad i ) e JUE
Gl e (el Jle ren 3 3555 3959k (AL Jglne
20 cuslS jms p> dls 4 s Sy paw (o> dws g )b e

(6 Jgaz) 18 Lt JIE5 12 3 5

eyl casop b ulibl 4 e 30 Jaeme 3,555 0,8

=8 LIl g 13 ped g Sl (25 Jl o a8l 4 Cuns &5,
4 G deod G g g o 5 (Jgane 3,55 208 8L cow
ool (4 Jsaz) Bl Il pe> 5 gl (s Jlo o el
Glads oyl 5 Gy Jbj calisee polie blite 5l ol
5 AL L copar) g el oy (s Jbo 50 08 2 492555
L olas g (pgd 9 ol oy Jlo o g i) e 5o 39
2 (2 9 Jl o3 Jo o (258 31530 3 2B L s ay) o8
Hhdsbre g (tuwj JIE5 S 3 5 20 (&b op)S s
Cuto Sl Grizzan (655 Jpaz) A8 odalio 5555 365l
M g Ly )] 2 2,595 239590 (AL Jglxe g (Jgere 3,555
2 o 20 cuilS g o aS il jep yuin Sl o8 L
el Hlde Jlo lpieas s odlimul ol 5l s J5 S
2355 389U (ibdgbre lpd 3 (2l Jlo g3 2 > S
2 S i) & Cond taj SIS 50 o5 20 cuslS
S 3 5 10 95 clacsls s j ool opl 5 ool Loyl
(olls 4528 @l ool (6 55 Jsue) o5 iy (s JI5
g5 dls jlad g Sy o HL5 5l w5 JIE5 s p3lde oy
e85 ey Ssgba (3 Js2) il sy (5l ine
P eia =hy Jlo g3 5 0 dle Jlb 5 Sy aw (i
288 5 201 | cuspar) s Ji5 Se 3 5 20 sl e
Locwiia g pod 5 Jol ol Jlo S g @peyie il
w3 g (P9 g Jgl sely; Jlo 5o a8l jlad yze Lo 0/50 40/49
Jsl o5 Js 53 S s @y pio sl 253 9296 L s iay)
=l Jlo 5o e b ze sl 0731 40730 b sy g poo o
J&5 e 5 510 55 5,08 (4 Jsaz) sol cass 4 (pg2 5 Jsl
Jlo 3 dopd cuia g xS ) S daw Ol 55 (e
b8 g pgd i Jlo oy cda g my s Jol ol



1404 3013 3 oyleud 39 al> (55,98 lioo 9 pole) JLL pole 425 O34

*K[aA1103dsar quesijugis-uou pue ‘s[aaa] Ayjiqeqoid jJo g0 pue 1(°0 Y3 I8 JuBdIUSIS SU pUB 4 ‘4 u
240 % 6 SU el B oyl o e <oy B 6 82 clomr 6 oy

: . . . : . (%) AD
65'+1 69’1 09°L SI'1 €09 S - g
. . . . ) qJoug
70T £00°0 1000 9L°6 8T 10°0 91 7 q
) ) ) . : JudUIEAI) JUSLINU X Ie(o0lg
wlTEE 500 ,£00°0 66°S L8ETL L09°€ 9 " o ol o
. ; . : . juaunesl) JUsLInN
,.08981 W96 ..800 LSTT6I ,206T LP1og z P
. . : . ; gloig
6661 2000 1000 5801 51 200 9 e
Jeyoolg
L.68LEST L1661 ..90°0 LIF61 ,.0T€6l LLE61F 3 (" G
. . . . ) Yoig
wE01L L8E0 L61°0 61SS LF0SE WPy Z s
7207-120T 3o 1eak Surddor)
P ™ (e300 030
. . . . . ) (%) AD
80°¢ 80°¢ $TT 8770 0T€ 9T - i |
i . . . i i h_ hovﬁm
LO'68 100 800000 9L'T €70 650 91 «7q
. . . . . ) JUSLIIEDI) JUSLNNU X IRUI0Ig
LLGEESS 800 L,0£00°0 b9 LWL LILE 9 e o ¢ o ey
. ) . . . JUSUNEBIN JUSLINN
,.6L69 60T .800 08 LET LETLT LILPE z P
® JOLI7
L¥'88 100 $0000°0 0 wo «€l 9 e
Jeyoorg
L CIETET LL90T 900 L.85°000T L69°TST LLTLTE £ (o (oo
Forg
WP TEL w00 «S0000°0 wE8'T wlt0 6T z e
1707-0Z0T Jo 1eaA Burddos)
L RRUC AR T SN
" . JYS1a4 Jo0Ys A1 Jaquinu 5 A
PIRIL Jopem K1 ) MPWEP WA B ﬂﬁ T E« m.w H&E . %« . oi% MM
BENETS 60 g v o e e orvic v g7 Lasage  ESRER ETR

anj[ns-oueu pug anjns jo uonednjdde

PUE a8YI01q JO SJUNOWIE JUIIIJIP Aq PII3JJe ] SISUIION Efo41IES JO SHNSLIdIEIRYD PPRIA put [ed1o[oyd.aowr awos 10j (saaenbs jo ueaw) VAQNYV -€ 2[qeL
=0 A~ ot 60t (g o) K™ omo (aonrm ™ € sorslc e non g oo oxame ([ (o™ 6 o ovljmg e 5o € qf e bsfe



159} 98uel sjdnnw s, ueoun( uo paseq (S0"0>d) JudIIPp A[UBDLIUSIS JOU IE SISNI| SWES JY} Aq PAIMO[[0J SUBIUI ‘UWN[OD YOBS U] 4
# o€ @@ O A |7 <rig” B < v o€ o eroy? AR Cor e | (4T Sraperey s b 7S e
. . . . . ] Jonuo)
OUPLT '€ 2£€°0 GC1°S9T OFLI 86'ST e
Ing[ns-oueN
. . . . . . (@]
SYISE A 670 el L'CTLT 9V 0T PV 6T b sbe ke m
INJ[Ns UOWIWO)) T
4H0'662 SLE oS¥0 OI1LT oSP'8I oSS'LT e et &
< L
JUIUWY ALY JUILIINN g H
ol ey S G,
S
'm“ oLST1SY eI€°S 2050 oLL'LBT eLYV'ST eS1°9€ 0T S o
9 S8T19€ ST 0 STELT 00°81 O6L6T 01 5B
9 519°6LT IP°€ q£7°0 2C6'¥9T 2€9°91 SL1'YT S S
M b bp oL8'1 LI1E0 oPL'TST 26671 bS0T 0 D
Iw A_.S_.: Ieyd0Iq Jo sjunowry
> e (o (o
X Jo1u0)
.wl LPT18C LIS°€ L1€0 »€1°69C 20€°61 SVI'LT
meY
V]
e Ing[ns-oueN
ﬁ eSE6TE el 'Y oLV'0 oL8'SLT IL1T 18°0€ b sbe ke m
A InJ|ns uowwo) B =
“u qCE'80€ qS8'€ a€7°0 qSO'ELT aSE0T q06'8T PR ® n_w
) < L
x JUIWI ALY JUILYNN g ¥
¢ Fof eyl 2 %
a N
X eL90EY e8€°S 670 +38°06¢ wCV'9C W0L°LE 0T Sy
. c
) J1L°89€ 09°F 0 S8LILT 661 OUTE 01 iy
wl LEEELT LIP'E 2£7°0 207°L9T 286781 »09'ST S S
p0STSI p06°1 p0€0 p6S°SST pSOLI 298°1C 0 -
wM“ (;-BU)) AeY201q Jo spunoury
,Mw e (o (o
, ®
3 (;-eu3y) W S1aM Jooys Ai( (ud) (;u) Jdquinu (ud)
proI& xopew L1 . I3)oWEIP W) vaIE Jeay youeaq [e1d)e| WSy juelg
3 1K oy A1 @ tp wolg ) By
3 soTsC e e o -~ e ey 2 o evc e 657 (o3 #ev
w any[ns-ougu pue Inj[ns jo uonedijdde pue 18Yd0Iq JO SYUNOWE JUIIIJJIP Aq PIJIIYJE '] SISUSLI0Y EIPIIIES JO SOHNSIIP)IEIBYD PoIA pue [ed1Sojoydiow awoS - 9[qE ],
. b 3-H7 wobonm Caonrmer” € sorsic ol pon ¥ e samp (a0 (P 6ol oy gfFc b sfc 6 b sbe Fle
&
Lo



1404 501y 3 o5eud 39 > 1(55,5LS aliw 9 pale) Ll pole 4,25 D36

*159) a8uea ojdnnw s uesun uo paseq (50" 0>d) JuaIagyip ApuesiyIuSIs J0u dIe SI9NI] AWes Y} Aq PAIMO[[0) SUBIW ‘UWIN|OD YIBS U] #
# < @€ kD FAegO |5 vl B <L orl 50 <o e[ R cCompr A s (A Srrapere) Y < mbeo (S exer

) ; . . . ) jo1u0n
207901 00°¢ JLEO 2SYV'L8T q05'C q0T°9¢ v
) ) ) ) ) ) Injns-oueN
eC1'69Y 206°S :09°0 :00C6C «01'8C eCL'OV i sbe e
Inj[ns uowiwo))
8¥91Y q0T’S qCS0 oLV'16T @ST9C ql€'LE fse ook
deyoolq , ey’ 07
+A LD o iqp fem®
- - : . . ] [onuo)
209°€€€ o7 JLEO qSI'SLT p09°61 p0V0€ v
) ) ) ) ) ) Injns-oueN
>£6'86¢ p06° Y oLY°0 q8T°6LT 256°0C ,08°1€ qé sbe shstc
InJ[ns uowwo)
p09°€LE 89 pSY°0 q0S8°SLT pSTOl1 p08°0€ Fc onoh(D
Jeypolq , ey of
Dl P (e
. . . . . . [onuo)
508°8%C e 3¢€0 p0L7T9T p06°L1 1200°€T -
) . ) ) ) ) Inj[ns-oueN
;09°68¢ s0L°€ p97°0 20S°CLT p0l°61 p09°8C o sbe st
INJ[ns UOWIWIo))
;09°68¢C W9S'€ Nadl pSTLIT 220881 ,06°ST Fsc oroh(D
leyaolq , ey ¢
0 2 ¢ arsnf fq (e
. ; : . . : 101uoy
91'9€1 oL1 4610 1€0°1ST 2STI1 188°0T -
) ) ) ) ) ) Injns-oueN
yELE91 0T 2170 289°6SC pSSLI 1pSTET o sbe st
Inj[ns uowwo))
409°LST 1961 50€°0 1S9°LST 2p00°L1T J0€°CT Fc ook
Jeyaoiq jo uonedddy-uoN
v gflc [ (P
(.ey3y) (wd) (,urd) J_qunu (ud)
Eo_a_ho:n.: Aiq MWWJEM_?S Son___“mh“n.— J3)meRIp WIS mu..Na Jeary youeaq [eIdje| Y319y Jued
7o7s¢e 100 P =N ¢ g 2 K g oovie pee 6650 (en3 #ev

1207-0707 Jo 183k Surddoad ur 7 srsuapioy eloameg

JO SONSLId)dBIRYD PAIA pue [ed1Sojoyd.aow dwos uo xnjns-ougu pue anjns jo uonedijddex 1eyd01q JO SYUNOWIE JUIIIJJIP JO $}IIJJO UOHIBIINUI Y L, -S I[qBL
<6 0 f 1 o e oo (P (AT x 9fF e S5fc 6 qrb b F5fc € Ko™ woboqo Chonemer™ 6 sonsfec offa ol P €657 o3 (—ppd0



U&Q‘)&M5‘5H|

s

o (B9 ) p ey JU) Tobw

00 29,10 ol (A wluo

537

1591 23ues ajdninw s, uesungg uo paseq (0'0>d) Ju1a)JIp APuedyIuSIS 10U aJe SIANI] dWes ) AG PIMO[[0] SUBIW ‘UWIN[OD YIS U] #
# o€ @l b A0S o5 <rigf” A K ol v o oo | R S A e (AT e qesT b el el

[onuo)
2l £7°66€ qP0°s e 1770 qPS'T8T 0L 1T 29T EE v
. ) ) ) ) ) IJ[NS-ouBN.
eL9°0SS LS 0570 757 16T +8€°0€ e8L8E aé sée séste
INJNS UOWLUOD)
qCL'80% qr 'S 050 21T°68C qPTre 079t F s eeb®
JBydolq e’y 07
+4 2 <Cargnl (qp (o
[onuo)
apoql 9 TEE Pl 1P 2qOE0 pEP'0LT pBSL1 »3E°6T -
) ) ) ) ) ] INJ[NS-OUBN
x188'88¢ q06'Y 870 JLUSLT pa88°81 p0F'0€ asée e
) ) ) ) ] ] INJINS UCWIWOY)
pq0T €9€ 85 q05°0 SP8ELT plSL1 p05°6T Esfe oeob®
Jdeydolq ey Q1
o 2 <Ol (P o™
. . . R . . [o1u0))
2I¥ere ;90°€ »x£0 9L°8ST apCl91 a¥6'1C e
InJ[ns-oueN
apa19°L0€ pO8°¢ IS0 pEE69T ap68°91 p88°9C i sbe el
INJNS UOWWO))
apC89LT 2SVE qul¥0 pl9°99C oplL 91 1069°€C Flc orob®
deypolq , ey} g
0 228 wsnf (P (Fm®
. : : . . . foduosg
JETLTl 4€9°1 J0C°0 JELBYT 00%1 b6l e
MJ[NS-OUBN
9861 3£0°C 2q6E°0 108V 2p0L°S1 5IL1T o sbe bstc
InJns uowwo)
JEELPL 596'1 »CE0 10975 p9T Sl 71§°0C Flc orob®
Jeyaoiq jo uoneddde-uoN
vd gfEc (P (e
(,ey-ay) Jaquinu (wd)
Eu_»ﬂuza-: fq Mwwqt_w_o& uoooa__M..M.MM (urd) J133ureIp WIS (;urd) ao”.w Jeog YoUuBAq (21316 oy uerg
SR T £Q wome oy’ &) o1’ mer e H o U 3 #e

7207-1207 Jo aedk Surddoad ui - sisuapioy efa.anjeg jo ppRI& pue

Sa1ISLId)IRIRYD [BIIS0[oydiou1 duwoS UO INJ[ns-ouku pue Injns jo uonedijdde pue Jeyd01q Jo SHUNOWE JUIIIJJIP JO S}IIJJd UOIBIINUI Jo uosLIeduiod UBIA -9 A[qeL
b - oy g (F | o e e ([ (e € 9fH e 6550 6 qré b 5t ¥ Ke™ wobofom Chonrmer™ € sorsfo oflo el e (657 (o3 e3y



1404 3013 3 o)leud 39 al> (53,98 @lioo 5 pale) JLL pole 4, D38

b ecudls gy adme g Cute (Stuen (pg2 9 ol (2Dj
2 &5S lads glajled g g JB5 cute Pl 4 arg
St oo 3Slas 5 6 95 A Jsiz) 050 oS Sluoguat
Dy o a4y dlaie 5568 slaoalys oyl I edlasl Loty )
Cudyb g 0bj S Jdsey ) JIE5 45 0 Sl 4

Gk 5 Ylas! 4 (Gaudutis etal., 2023) Y4 ssls Jols
Ghassemi-) Ko Cuow ialS 5 SB ledlo Cundg d9up
Gl pisen o (Golezani & Rahimzadeh, 2022
&5 Llauis clajles 5 (NG et al, 2023) S oy,
LS g ol 5 ommelrbin sl 20 25k Vi
g 0855 (slo it 4 olS cuaglin Liuliél ¢ (Shankar et al., 2020)
P e L oS ol anadly (Yuan etal, 2021) oy
9 dzom 28 b A bl ojpe BLSCSY,) Cluogad dgu
oS 5Sles a9 0 Skes p )bl Copie alize gglaw
9 5 Olg Sy gB) e cppuie o b Gl gbj (g
» ol Grae SIS g a5 Shes @b 100 59 g S
Khasheisiuki ) sl cowd 0 jlogn ,iSa j3 545 5,18 L)y
o > [ZeamaysL.) b aily 5 Sles oy yai (et al., 2019
P 5 ke 2 g (ol el sop 40 alss I e bl
5,Slee (Charkhab et al., 2021) 15 osalin g S
OFF @l olS sl W8 g (gSs dy) SUS gy WSS
a5 o ke o8 Lls ,> (Nicotiana tabacum L.)
L dwslio ) oy 24 33 B4 26 Lil58l 5 cpia g
oler 5 (2 (Meshah et al., 2021) wb siooypy Jald
9 sbow lojen 38 Bl wyp il e (Feizietal., 2021)
Ocimum ) sbu, (o9l oS cely; » Shaddls sl
059 e gl oy iy A4S Sy A opl 4 (basilicum L.
5 osm oy e e 3 Sy g 5 g plal Sis g 5
i JE5 0,8 el s 4 Sl dpusl [ 909,00 200
o> du jl oolaiwl (glajless b duglie (59 oy duo plaws
5 8y adie (il (5yag wm ald 5 CuseS (S
Petroselinum crispum) (s aes 4,0 oS Llie yole s
il olped a1y (gyed il Luals g ol olas (Mill.
35S JiSa 5k 20 5,8 (Karaminiya et al., 2019)
100 59 cso b a5Ls dass gy g5 )| avgs B o8l 4 yoxio
Murshed et al.,) 43 aals b awlio ) ile 4l 5Sles 5 4l
IS olas Bl jlad gy gla)] oy 0> kg 50 (1202
250 Jlos > guasely SS5)T (2l ol JS 3 Slas 5 S
Asadi et) sl cowd 4 gt (63,555 355 liSa ,d p,SelS

228 S S Glads clajlad g iy JIE5 alie yolis

35Skes 5 g plul S (g st 8 ol Sl 9
2olie iulisl elys Jlo ¢y 0 (3 Jgas) cuily Sis ol
oo 3,Slas 5 (2lon plul i (g dgme () JE5 (S
2 S ysba (4 Jodo) cuil o dals 4 cuus 1) Suis
b cpa) lon el S (g (i oo (2 Jle 9
(P55 Jsl =3 Jo » 2lgm pll Suis- (39 5 5131 5 5/38
» p)Soks 451157 4 430/67 L ) Sits oolo 3,Shes 4
520 ke (p9d 5 Jgl oly; Sl Sts odle 3,Sles S
» o 10 95 polis 58 kel cond 4 s J5 e
59 5 44 iy ly lsm Pl S g 55 s I S
by Jlo 20,359 546 a5 gl ey Sl 0 2o
Cod 3 Suid odle 3, Sles g wdh 158l dald 4 Coaws ped
4 al3) 5 sy s J5 S 3 551065 olae 136
» ey 60 548 il 5 Jol (ohs Jlo » ga0y3 59
Jado 2y Juw 93 2 53 (A Jgaz) b dieoye pyd 2l Sl
38 sl couw Sis ool 5 Skes g olen plul SS9
als | yide ilyeds 3,565 39590 (b slne 5 Jgans 3,555
4113 5 4111 | s pa) sninl, Slas (lise oy Jg g
b cwiya g ped g Jol (o Jlo 2 (olsn plal Sas g )5
Jlo S oolo 3,Shes 1S > p,55ks 351/45 4 329/35
L Jols 3,555 3959 (oBb Jole Laulyd 3 (p9d 9 ol (2hj
SiS 0jg ke ity 695 Jsie mls 4 2y L4 Jse)
is 205 OTA 55190 b s ) (elys Jlo 99 2 5 (2lgo plul
il 208 e 3 (pg2 9 ol (25 Sl 2 (algn plil Suis
ol 3,555 29856 (il Jglme g s JU5 1S 5 o5 20
$35 wlds bjles g ) JUE) ASwrn S Jy
Siid odlo 2)Slos y adllas 5y50 £l)j oo 3l SOz 2
» 655 cluis bajles wyp (3 Joss) 295 o sae
2=l Jw 9 o a8 ol ol g Jlj calise oo
Oy 3,55 39596 (3L Jolne cadllas 3)90 )lrgu zshaw &S
3 Jgiz) 0,8 sl |y lajles plo 4 s g plisl Sz (5
(B 5T Jsiz) alllas 350 o (Stusan s 4 255 L6
i) Wiy g g St osle 3)Sles e () Jlw 93 2
=8 4515 315 ((pod g Jsl sl Jl o 1= 0917 ;00947 1,
b (pe> 5 Jol (el Jlo 5o 1= 0/807 J0/837 b s psa)
(pes 5 Jol shys Jlo o 1= 00917 J0/96™ L cas ) Sy
(9> 5 Jol s Jlo o 1= O164™ 01797 b (s y) ables jlas
Jlo 1= 0937 0/98™ L s ) lsn plil Sits 9



539 .. 050 29,00 olS S Wluogas Sy gy p S ) Jk)c’hﬁlrﬁ;i} o) 9 (5

5 ciers J&5 LS 5 10 plojen 28 e 5 il
e rtey Gl g sl Cund 4 (Jgese 355 (SB yae
2 oslel e ptals (S 5 20 s b) (e S
Juo (11 Jgaz) il ohan 1) ,980e (sl lajlos
g iy JI&j calize polie iiSemy 5l 1400-1401 ey
(11 Jga2) 395 Jlaisine il liee 2558 slads sl o
Olesen odlial 36 cov lys Sl g0 pn IS S e
wdl iall (9058 slais slayles g gy Jlej polae
a2 &Sl Jobs Sl cho cpl lie (npie Sysba
odlitel (i slnjles b ply Ojpots i JIEj e
{11 Jgaz) 23,5

9 63585 Llauds sbajles () Ji&j calise yolas il
Moggize SolamsS (i sl oy Jlo o gl (iSen
Ol 2 ilisine pb Jelse cpl Mite 5 o3l I3l Jg o3
o=hi Jeo 20 Js) el pg (ol Sl &lamg S
4 i) Jj sl oS 0 Sl S 5 1399-1400
F S 2 aSpsbar 09355 l jl s)le oeys I i il
4 ke o dy e JIEj e 50 0520 510 5 polie
anls b awolio ) &ylang S lise o 10 59 4 58l
29556 (Bbsbre 5 (Jgere 2555 0p8 (10 Js) s
=hi Jle 0 doyd (b 5 93 e ia ]y SidgS (lie 3,555
S jebolen (10 Jgus) ols Lialisl aals 4 cows 1399-1400
Jlo > ShamgS (e nyde Osde oanlie 11 Jouo
» 520 510 ools (clacs,S 5> a8 sl cuns a4 Sloy Jgl 2,
L) 3558 5955 (otbslne Sl w; JIE5 kS
A5 olimwl (33 (59 o5 2 pyS ke 071270 4 0/1255

9 63585 Llauds sbajles () Ji&j calise yolas il
s b g a Jdo)ls i ol Sl g0 2 gl Semy
29 Jgaz) o 3 b cos (g logne psbos |y S oIS
Ol st JU5 (Bpan palie (Rl b ol Jlo 93 o
510 5 5,8 S gpsboa s 03933 S Jidg S 9 b 9@ Jdg)ls
996 34 cospiarlya ddg)ls lire et J5 5180 5 0520
e 9 0032 922 AT s a1y b Ldg IS o5 s> 69
JUo 3 sl 4y cons 2o )3 58 9 44 2T s s 1y JS byl
Oliwe hop T1 958 38 cipiar @ hdg)ls i 9 Jol £
) S Jeboyls olise 5 003 31 5 20 16 s 1) b Lidg IS
P> =y Jlo » amls 4 cuns oy 58 5 44 28 g
(10 Jsaz) wiaptzes 390

Wb cov 55 ML 5 Sles 5 oS b Sty d9u0 @l 2019
(Hameed & Hasan, 2022) col o 355 (63,555 (slasgS
Almousswi & Jameel, ) Juon 5 (sowgell (imgh S p
b sl 5 (Jgame 3,555 il eslatul 45" wn) S 5,155 (2022
5 Sy g g gli5)) puba) dddllae 3y50 Clao 45 5,555l
Allium ampeloprasum) s o5 gy olS » (Kis 54
58 Gl cpl Sl andl as o il sels & cuws ) (L
S P SPS G Jgeme 35 4 G 3555l

3,5 ) oS (iS5 oS Slioguas

S H 558 9 S Slus s
5 i) J&j cikisee polie 1 1399-1400 el); Lo
ool i 3 glsine psbas ol GESeR s 9 glapis Jlog
cos bl (e jo 1400-1401 cl); Jlo 5 cush b
J&j polie Glojen 208 5 tun &) cilisee polio ,5b
Slads gbjlas ol Sl Jy 8,5 )5 (Gads o g
9 52 3 (9 Jsiz) ctlis il (lise g2 Sliz il (92,555
doy> 213 5 2110 b s ) el lise oyt ey Jo
S 3 55 10 Jlag o (p9> 5 Jsl oy sladlo il
sty JI5 U8 53 o5 gty 2,8 (10 Jga) sl s 4 Jlges
Iy dald 4y Caus uilol olise (sduod i 5 dw Gl 38l s ey
2 ool i (10 Jga2) 15 o pgd 5 gl ol; Jlo
3 iy J5 82 3 05 20 58 8L cow gl ey Jlo
S ol 5 Jg s o650 amlis b dunlie 3 cauop 100 53l
Sold pgd () Jlo 0 wald 5 s J65 e ol o
» S b ol Gilel s (10 Jeus) sl sgg (o) e
Ol 3 s JI&5 (Bpas polie il b (ol Jlo 9 o
2520 510 5 gl | S yn oS gk o ls’ S5 b
P29 3137 copaly JS b ol (i Jéj S
£9d =l Jlw o g by (ials sald b awslis o Jsl 25 Jlo
(ohy Juo 9 5 (10 Jgaa) s esalie ol Cundy 5
» doy 1181 5 11/04 U cwpa) S J ol cppiiw
sl Gbles » caiia (p 5 Jol ohy bl
@ (10 Jso) b canlie Jsaso 2555 305 5 25550
o 5 i o 5 s 5 e ol it
b JI&) polie (yil38l b oS ol olis 1399-1400 el);
205550 g Jgeme 3,555 cute Il liSa > o5 10 waw
Oy r b Sygbar Op Foguoe piled Olie gm0



1404 500 3 oyl 39 wle> ((55y9LinS ubiuo 9 polke) SLEL pole &yl 540

‘KjoAnpoadsal ‘jaaa] Anjiqeqoad Jo SO0 PUB [(°(Q SY} 18 JUBDIIUSIS OB I, PUR .,
s § gt ol oyl of oo <oy B 6 BR oy

I 680 660 ¥8°0 8°0- 600 $6°0 $6'0 £8°0 960 £€6°0 L6°0 CDIICOORRIHIL
% LEd ¥ *¥ *% *% *% ¥ ¥ *k bﬁﬁ% M*J AV,V
I ¥8°0 8L°0 SL0- S1°0 88°0 88'0 80 680 6L°0 £€8°0 (112 AT
: x . “ o " " . “ s q (1)
1 780 $8°0- 80°0 €6°0 £€6'0 180 960 60 L60 (oD £ 1 a0i0
*k ¥ % *ke %k ¥ % R h_\m% “Aafu
(6)
[ L9570 1€°0 LS80 580 180 ,.08°0 A LOL0 Ju2ju0d AeIpAyoqie)
H sH = (v)
€0°0- $8°0- £8'0- 650~ 60 80~ 68°0- (82 IOUSTE [EioL
— *k Ll ok &*ﬁ a&q *k % M,“) A<w
) . . . ) . (L) 1o Jenuassg
I 280 ,ZE0 60°0 v1°0 €1°0 01°0 e ()
. ) ) ) ) (9) ple1£ 1oneWw A1
1 1,860 ,LOL°0 960 .80 ,60 sopste e v (4)
) ) ) ] () yS1am jo0ys K1(q
I LBL0 L9670 L6870 L.76°0 60 s 9 <6 (9)
) ) ) (¥) Iorowelp wAg
I ..08°0 LSL0 LBL0 e er (4)
) i (¢) vaae jea]
! L0670 1,360 2 4 ()
@
I 1670 Jaquinu ydueiq [eIdje]
- ovie eee 657 (4)
(1) WS1ey uerd
! K3 e (1)
u A o1 6 8 L 9 S 14 € 4 1

1207-0202 J0 1834 Surddoad ux
anjns-oueu pue 1nyns jo uonedjdde pue 1eyI0Iq JO SHUNOWE JUIJFIP Kq PA)IRYe ] SISHILIOY Blo.rngEg Ul S)Ied) PAAPNIS JO SIUIINYJI0D UONE[ILI0D YT, -L JqEBL

060 A- o [PH qoens” emm fc o of o pon g K e some (A (R 6o oAy qfF e 506 b fe Ffe ol mP (5 v o3 -pudl



s

39y Gy JB 5 Tobw il () e g (5 ol

s

o)y (29,10 obS (S Clio

541

‘K1oAandadsai ‘[aas] Anjiqeqoid Jo G0'Q pue 100 Y} I JUBDIJIUTIS AIB 1y PUB 4y

s 6 g el o o g o e <0 R € R o

I ¥8°0 66°0 0¥°0 ¥L°0- Y0 60 ¥6°0 990 960 06°0 L6'0 s g
- - . - - - - - - - S S (40
[ LLO LEO 9%°0- 9%°0 8L°0 08°0 6L°0 080 8L°0 180 (DI
% * *% *% *% *% *k % % *% Mﬁ\ﬂ% D A,/v
I 6€°0 LLO- L1°0 60 ¥6°0 090 S6°0 68°0 L6'0 UL F
* % *% *% *k % *% *k Mﬂ\“@ﬂd\u NA-/V
©
I 90°0- LLPO0 L9€0 L9€0 S0 LEO e} LST0 Ju0Iu09 jeIpAYoqIED)
H|D el (y)
I €ro 89°0- 9L°0- €10~ 8L°0- 19°0- €L°0- (&) Iy e
% 9 ** o % % QJJ Mﬂ. A<v
. . . . . . (L) 110 [enuassy
I 6C°0 LC€0 w790 o 810 0€0 e (A)
) ) ) . i (9) proik 1onew A1
I 60 W90 w160 .,.08°0 w160 st e w75 (4)
. . . ) () y31am jooys A1Qg
I 090 560 L3L°0 W60 40 s il 4 (o)
. . . () 1930WeRIp WIS
[ €90 WS90 090 & v (4)
) ) (¢) eare Jear]
[ 780 W60 2 K ()
@
I 63°0 Iaquinu ydsuelq jeraje]
" e mer 7 ()
(1) 81y Juelq
_ (o3 #ev (1)
4! I 01 6 8 L 9 S 14 € [4 I

7207-120 Jo 1edA urddoad ux

anjns-ougu pue anyns jo uonedrdde pue 1eydI0Iq JO SHUNOWE JUIIIIP Aq PIJIJe ] SISUILIOY Ef2.41PES UI S)TEA) PIAIPNIS JO SHUIILFI0I UONJB[ILI0D Y], -8 I[qEL

<6 - o [P o™ omyo ofc oy of Ko pom g K e e ([ (R 6 of ol qfH e Fsfe b qrbsbe bsfa e mP (65T (43— e3y



1404 3013 3 o)leud 39 al> (53,98 @lio 5 pale) UL pole 4, D42

‘A1eanoadsal queoijIugis-uou pue ‘sjoas] Aij1qeqoad Jo 600 pue 100 dY} 18 JUBDJIUSIS (SU PUB 4 ‘4
s @ 6 SU: 0 el of e |0 R € FR oy € srden

. . . . ) . (%) AD
65 89°¢ 90'9 80°S1 171 £8°C - ity ey
N X ., , X s q 1011
80°0 8000 $0'0 2000°0 10°0 £€00°0 91 17 q
. . . X . . juawieal] juarnnu x Jeyoolg
190 LST0 ,.89°0 «£000°0 LI20 LE10°0 9 (" G ol e
i . . . . . JUSLLIIBAI) JUSLINN
ST LCE0 ,.58°€ w0000 i «100°0 z o i
. . . ) . . B louyg
S0°0 900°0 £0°0 £000°0 700 £00°0 9 e
Jeyaorg
..850 8T loze «L000°0 ..0e6l L0600 € e G
e L0 vE0 T00°0 66'C 8T°0 T e
B3 *E ok wk £l R {WJ
Z207-1707 Jo 1ea£ Surddoa)
P T (a3 e 3y
. . . . . . (%) AD
960 o1l ¥6'0 6Tl LS 650 - it (e
. . . . . . qiong
LEOO0 L0000 1000 Z00000°0 200 100070 91 7 q
i . i i . . JUSW)BAI] JUSLIINU % JBYd0Ig
LL80 LZro .L9E80 ,.20000°0 LETO ,.L0070 9 " (e ¢ ol gy
i . ) ) . . USRI} JUSLINN
W3L9 L0070 RaN4 ..1000°0 .01 L5000 4 o ey
. . . . : . e lolyg
0€00°0 £000°0 81000 70000070 700 100070 9 e
Ieyoorg
L2099 LETT LShee ,.2000°0 LL00°0T ..6070 € (" (e
; : : . : ; yoorg
w6100°0 wl100°0 110070 10000070 «£0°0 .S000°0 z oo
1207-0702 Jo 1eak Surddoa)
L IR AIEAIRRS TR NN
JUI)U0d jouayd 1o p .
:b—no.mo.:_u 0L q :EM_A.V.SEO k4 __?MMZS.._U JjeIpAygoqie) 101 [enuassy ,.q |5 qim»_.w.w
SECe 667 q e w |0 bt |m o s (e oo s s-2and Lw)

INJINs-0uEU JO pue 1njns
Jo uonedndde pue Jeydorq Jo syunowe JUIIJNP Aq pajdadjye 1y sisuaproy eformyes Jo sansLIdeIRyd [ea130[01sAyd suros a0y (saxenbs yo ueow) vAQNYV -6 2198L

b - ot §f R (Ang? Fmm) K™ sobom g HEIR oo pom q oo eaq ([ (P 9fic b 5fc 6 qeb e Fsfe



159} a8ues 9jdynw s, uesun uo paseq (50"0>d) Jua1ayyip ApuesryuSis Jou Ik SI9)I| AWes dY) Aq PIMO[[0) SUBIW ‘UWIN[OD OB U]
# < @l D A0 (|9 <vigf” B < vl o oo oo ” R cCome ) rmyeo | (4D v cjs® méo oS (o
jonuo)
286°S q£€T 2STE L1170 qST11 200°C fer
] ) ) ] ) ] Inyns-oueN &
«C0L 2€9°C €Y 9811°0 L1811 861 1 sfe ke w
) ) ) ) ) ) Injns uowwo)) .m =
0’9 e8S°C q18°€ «C901°0 8111 2061 $slc oeeh® on i
JUUWIIBIIY JUILIINN m -
o v % 6,
N
.M 6176 «86°C 20C9 p9611°0 pSY'6 V6’1 0T S c
9 q£6'9 q85°C qSEY LLOTI'0 SSETI E1°T 0l L E
o ES Nadd ,06'C q8101°0 ql6'11 q00°C S S
w pL8'E p90°C pI81 «9901°0 V6Tl 2881 0 =
= (;.ey) aeydoIq Jo syunowry
e e (o (e
% jonuo)
.w, 298°S 81T 28€°¢ I111°0 q9L°01 861 -
¥} o o Inj[ns-oueN a
X 290°L :05°C oSSV 6811°0 V011 P61 < =
3 acsbc 8se g
3 ) . . . . . Inj[ns uowwo) .m 3
“u q6€9 8V q06'€ qIP1T1°0 2SY01 qS6°1 Fslc ook on Hv
5 JUSWIEaT) JUSLINN m B
M F vy w ﬁfl
o 8176 e€8°C V€9 «8611°0 pEL'8 ,06°1 0T Sha
% o
;e 76’9 9T oLV'Y L8IT°0 ,0L°01 01°C 0l w 3
. VeSS 2€€°C ,00°€ q9CI1°0 FETI1 qt6’1 S S
w, p06°€ p€6°1 pL6'1 >¥801°0 PTTI 2881 0 =
w (;.ky) aeydoIq Jo syunowry
3 e (o (e
_“r (ySrom (ydm (ySrom yspm (y3m (%)
’ y y ysaay | 3-3w) .
Y. sy | 3-3ur) ysday | 3-3ur) ysaay | 3-3ur) Ee_:.oo ysdy | 3-3ur) o
2 T1Aydouopyd [ejo, q 1Aydotopy) e [[Aydoaory) aeaphyoqies [oudyd [ejo, [BHuassH
m,.w S0 S 56 q S e |0 Lo el s e
M, anjns-outu pue anjins jo uonedijdde pue 1eyd01q JO SJUNOW . JUIIJJIP AQ PIIIJJJe ] sIsuajp.ioy ela.rnyeg Jo sdsLIddeIRY) [eAso[o1sAyd sawog -1 dqe L
° S |- H T L ST GHHECRST o0 pon g omcH ono (o (e € o€ ol e 65 6 qeb b bsCe
™
<t
Lo



1404 50 3 ojlod 39 al (55)9LaS @lioo 9 psle) SLEL pole w05 544

'159) 98uel 9[dnynw s ueosun(g uo paseq (50 0>d) U1 JIp APULOJIUTIS JOU 1B SIS dWes ) Aq PIMO[[0J SUBIW ‘MOI OB U] 4

# <€ &l (e A0 |9 <vigf” 75 <A orrl o0 o€ oo (o R <Comp o | (8D Sovrcjereys? ces® @b oS exfer

(y31om ysay  3-3ur)
l1&ydouiopyo [er10],

ST6'L +§5°01 4606 P19 9E°L 0EL plLt p6°S »8€°S 3SS°€ 59T sC8°€
stée o
(yB1om ysay |
98T 460°€ 86T 260C 68T wSL'T w0ET €T 89T 90T wlTT 26T 5w qifydoroyy -
s q 2
(yS1om ysay | .m. .\\m
S0°S SH'L G119 H0'F POPY WSS°H ST 86°€ S0LT 6+’ W0'T 681 Fdweikydooyyy = P
s e g >
(yBrom s ¢
ysay | 3-3uw) Juauod ..M., W.
@0S11°0 W0LTI'0 L9110 00210 WLTTI'0 @€611°0 wlOII0  GLSTI0 406L0°0 01010 406010 L601°0 aeIphyoque) S
H|O (il .M 2
(ySrom ysaxy =
PLT6 -10°01 180°6 0601 200°T1 wElTI palL11 RARA 0611 OL€El L 091 1-33u) jouayd jelo],
ef s
. . . . . . . . . . . . (%)
10T @61 @06'1 @llT @ll'T WoL1T «l0T w€6'1 10T G181 @S6'1 @681 S
(y3iom ysay  3-3ur)
LI8°L 99°01 oL0°6 280'9 0L pEE°L 0Ly 2019 0r'S L€ €T L8'€ __baeo,:_u &L
stée” s
(y31om ysayy |
LT 86T 8T 861 WTLT 89T SIT €T L19T 261 90T 981 B3w) qifydosoy
s q e
(yStom ysay | i 3
,60°S +89°L ST 01t 289°% WSOP W$ST SLE 8LT 081 LI'T 10T B3w)eifydooyy &
s e g =
(yS1om S ¢
ysayy | 3-3uwr) Judquod N ml..
20911°0 WOLT10 «S911°0 2SST10 WSSTI0 QOLLTO «0TIT0  oK0EIT0 «O0E11°0 20S01°0 01110 0601°0 aeIpAtoque) Sc
HO st S b
(yS1om ysay =
305°8 016 31¥'8 p£9°01 OIT1 2S1°01 20ST1 €1 ST 09Tl WSTTI 08711 -3'3ur) jouayd feio],
e s
(%) 110 [enuassy
296°1 10681 188°1 60T 01T 0F'T 0T 81 296°1 188°1 161 398°1 et
anj[ns anj[ns anj[ns anj[ns
jonu0) -ouBN Anjyns o0 -oueN Anjns jo13u0) -oueN Anj[ns jo1u0) -oueN Anjns
fse uowrwo)) #sc uowrwo)) Fste uowuo) #ste uowwo)
X 2 X X 2 XX 2
L Fsleoetr D Fsleoet D Fslooek? D S5l ook
e sbe e sbe e sbc e sbe
Jeydolq | ey’ 07 Jeydoiq ey 01 aeyd01q | By S Jeydoiq jo uonedijdde-uoN
+4 0 cC oyl (P (o o £ cC eyl (P (o 0 £ <€ sl (g (o e gflc iq (o

<60\~ b | o e wame () (e x e bsfe b qebsbe bslc K K™ woboqm g bE(s™ oo

] SISt2}.10Y
gloanpeg Jo sasLIeILyd [BI1Z0[01sAyd dwos uo anjns-ouru pue anjns jo uonediddex JeyI01q JO SUNOWIE JUIIIFJIP JO $3I3JJd UONILINUI YL, -1 | J[qBL



545 .. 050 29,00 olS S Wluogas Sy gy p S ) Jk)c’hﬁlrﬁ;i} o) 9 (5

by Gl oo Ve (s JIE5 oS sy o 5 &

sbedld o0 ¢ (Al Baquy et al., 2023) o (¢ )l
BB lie dlge el 4 (Javeed etal., 2023) SB 9,Sse
&35S sluis sbeles o (Gaudutis et al., 2023) Cis
AlL) g3l dapiay ploisle » G 8lois gb ) Ve
laoweling 5l Sy 5 Jeba,lS (Obeidi & Al-Obeidi, 2023
sl i lgl 4 olS Cuglis 3900 ¢ (Narayan et al., 2022)
Sluogad de0 4 e (Yuanetal, 2021) oijps 5 o155
Oleisle > 3,555 2y (b 5 Blosd sjpe (uS 5 (oS
Col odwy  Sll a4 agl cbedgbe I gl
5 @ oS (iagh o, (Borpatragohain et al., 2019)
Carthamus ) 5,5 og)b oS ac)je p» Hlgw Sa o
Loy 16 sals & cus 1) Jsko (So s )l (tinctorium L.
900 ial33l 0o yd 20 aalis b dunlie 1) o489, 5,Sdes ¢ yialS
Sl Blglme g 258 ol ) JSe 3 5 10 plojen B
@ Cons 8 JedoyS (dlgime sy 434 )il (Sl
lojad 3,8 (Sajedi & Sajedi, 2020) cutls y o 1, sl
9 o ENedy ojpe (AS Cluogad p O3 pgw 5 )brgs
3 Jlesi 3 JPld g i it Ll (o S19) (e oyt
Beiranvandi et al.,) 1 sualio O3l pygw )5 oo 60 ¢ o
Ol ey wiliee polie Bl (Ko Lipgh ,» (2020
St 15 bl > J5)lsye (a9l olS 3,8Mes g Sjglgn b
3yfes Gl 4 e Jlagn 35 &5 Wb GBS g ()
I gk g 8wl 4 Cans @ )l (lie g Sigloe
St 5 5 e sla g 35 o3l () sl
o ol acyie 3 oo 3,8 (Emami, 2022) >g Juhe
Ol el 15 ()9l (A yme 53 olS AT aalpd )5 e
Ol d9e oren 5 Jodld 5 sl 0l (iged ke
Ghassemi-Golezani & ) b cuw |, sl sl eyl
GdsS 5 (63,565 (sladsS lojen 3,8 (Rahimzadeh, 2022
Sl on e 9 (3LaBl 3 Slas (pyido g 9 9y polis sl
Zare Pak) cusls o ) 1y yaw 29y olS )3 ] e s |
e > p,5sks 1000 5,08 (Ziaberi & Majidian, 2022
& e sl 555 S 0S3kS 20 oyen 3,558
clale 5 ab i Gy fgy Moyl 3Sles (pyiin Mg
Ghaderi et) . (Brassica napus L.) 135" aly olié pole
oS e 3Slas g San (e e cryuie (al, 2021
cuin) 3,565 lojen 3,8 Ll > (Sessamum indicum L.)

9D @ Jdo)lS Gliwe cnyieS g i 2ls Jlo 93 2
b ocuipia) 5,565 395 5L b Jslme lajlas » cuiia S
Jlo » U 9b @ Jdg)ls 5 (g oS ke 7106 5 2/50 4155
5 ois npSuke 1102 5 2163 4138 L s 5 Jyl 2
3138 L i) sali 5 (o> (olys Juo o JS 5 b @ Jidg 8
=i Jlo U5 5D @ Jidg IS 5 39 2 p)S e 5156 5 2/18
Jdo,lS 5 39 3 pyS ke 558 5 2133 3125\ s pias 5 o
250 (10 Jaz) sl s 4y (pg> oy Jlo 1 S 5 b @
912 43 cupa ], US 9 b @ Jdo)ls (i 55 (Jgene 3,555
JUo 20,321 511 15 Cs s g Jgl ely; Jlo o 20> 13
Sl s (10 Jgas) ol il anls b awslie p pgd ol,;
&35S dads slajles 5 g Jij calisee polae il
Jlo 9> 2 > IS g b @ Jdg)l ol oyt a5 ob plis
5 iy JE5 e o5 20 lojen 28 Jles el
10/66 5 2/98 /68 L cuipa) 355 36596 (o Jelxe
s ol =hy Jlo » IS 9 b @ Lds)lS 5 g oS p eSS ke
A oS 5 s o5 gt oS ooee 10/55 5 3100 745 L .5 5
@l ool (11 Jsaz) ad ol (o9 (o5 Jlo » S 5 b
i 2 5 i sljles b pytie 11 Jgue
JE5 b lojen gl a8 il o Gloj JS g b @ Jidgls
bulyd > a Jdg)ls olie Jle plyier b olital
2520 51005 005 L plojen 2,55 25856 bl Jsle
Jol =5 Jlo 3 2103 12 9 54 A2 ospiay s Ji5 S
opl e ) i pgd oly; Sl a0y T3 954 A3 Csga g
(UL Jgi2) 552 2,5 5558 5wl (8 Jslors Ll 5> o
5 (L Jssz) adlle 550 (ohyj Jlo 9> Sglite (porldl Lyl
Joh Jlo a3y Jad (b powl gled g juie (SW)b bwgie
=5 oSy 5 ol @l gy » Vel py> Jlo & Cn
P Sk Ol ol @3S Sl 050 gy lalS (&S
g 03,8 a8 olS 5l 3y90 O el 4 sl (e gl Jlo
Somb ey ol aily JWd 4 1) YL 2o)l g iy Ad)
L) sl e bl el g Loy A5 talS el Cal (S
i 5l Wlgs o Cugby g Loy lyust .l ol olS drwgd g
ol Jbo > x> 58 55b cos S 51, 0,568 5 i JEj
gl @IS 5 i 4 e sgba Sy ol Cul (Ses
ofigt) rosldl lalpd IS by g aiily 03, S (gdie Sl
5 s 56 o0 38kes 5 1) » Wlgipe (L3 5 SH)L



1404 3013 3 o)leud 39 al> (53,98 @lio 5 pale) UL pole 4, D46

o b dumlio > (umj JIEj S 53 05 20 )l jl )
s oodddl Glas y (gyde Cute Ol 08 pl (Sas polio
555 35551 il Jybne 5 Jpasn 3555 2,08 5 IS o
g oo 3y90 (Sofglpid g (BldCS) Sluogad 4lS 5
Lol Gioliel als 4 Caws e BB e 1y 0jpe 3 Slas
o 33 0 5 5555 S5 Jpasn 3,555 Ly 3,08 e 8
(Blicsy, clesad ST cae Sl ol
slods glajles S5e B8 (Jg g 0500 3Slas g (Sjgls b
ol J1 a8 el o i Sloj olS sla SRy d9me 2 6255
J5 SVl plie ofgas 5 Jlese b plojen (63,555 slaodles
(IS sl b odlitl (Se 3 5 20 5 10 polaw) o
J&; ,Blupe oy digy pdlis lojar 5 &Blas 5y
b 358 389U ohgn (0355 (lads bl 5 (e
Sl Shy dgme 4 e olS (Blicsy) Claogad e
0 imo ol @l elulp g a5 o] 5 Slas g (Sijglnsd
555 355515 Al Jgbnn 5 s JI 550 55 5 20 plejen
235 o o 0y0 S 5 oS 3 ,Skes gl & it

Lol a4 (e o 20) o8 b g (Sa oy
asyie p 3,5559L ol Jgbxe .(Saeidinezhad et al., 2019)
odlo oy g 4 e ((Helianthus annuus L.) ol Sl
@ gy SBSS Glie 5 b 08 Gl g 4> 3 Shes St
» (Subramanian et al., 2022) sb il aae BB e
S S 9B hds)lS @ 85yl (e ooy %03 (oo
15 Jols 3,555 kSa 1 4,598 100 ;1 eolial Lol s 4> souS

(Gilani et al., 2020)

S 5 o
28 Cute (B8 5l (S el ol @l (S g
225 s glajles g e JUS plejen 9 4Bl
Olsiees g llas 3,90 (bS5 oS Slio 251 5 el Jlo g
() JE5 Brae pilie 4l 5 (ol Jl 0 e Jle
(0 LS Dl Wig g, yemed Blbcoy) Clas e
Sis oole 3,Skas 5 lsp plul (K3 (g bl o5 s s
Al e (Sidesd 5 A Clie (e Gees

Wl o 39wl jl ity JS 9 b @ J8o)lS (i 5 Sl pding S

References

1.
2.

10.

Arnon, A.N. (1967). Method of extraction of chlorophyll in the plants. Agronomy Journal, 23(4), 112-121.

Al Baquy, M.A., Nkon, J.N., Alam, M., & Masud, M.M. (2023). Biochar Application to Soils to Improve the
Management of Irrigation Water. Sustainable Agriculture Reviews Book Series, 61, 273-291.
https://doi.org/10.1007/978-3-031-26983-7_12

Almousswi, Z., & Jameel, D.A. (2022). The effect of foliar fertilization with normal and nano sulfur and the
interaction between them in some vegetative characteristics, plant pigments content and dry weight of the shoot
system of two varieties of leek plans Allium ampeloprasum L. Iranian Journal of Ichthyology, 1, 397-405.
Al-Obeidi, M.M.H., & Al-Obeidi, H.S.H. (2023). Effect of organic fertilizer spraying from various sources and
agricultural sulfur in the growth and harvest of garlic. Fifth International Conference for Agricultural and
Environments Sciences. 1158, 042067. https://doi.org/10.1088/1755-1315/1158/4/042067

Asadi, M., Hadian, J., Ebrahimi, S., & Karimzadeh, G. (2019). Effect of different levels of sulfur on growth,
quality characteristics and yield of Arnica chamissonis Less. ssp. foliosa. Journal of Horticultural Science, 33(2),
219-232.(in Persian with English abstract). https://doi.org/10.22067/jhorts4.v0i0.71858

Beiranvandi, M., Akbari, N., Ahmadi, A., Mumivand, H., & Nazarian, F. (2020). Interaction of biochar and
superabsorbent on the composition of Satureja rechingeri Jamzad essential oil under drought stress. Iranian
Journal of Medicinal and Aromatic Research, 36(5), 780-793.(in Persian).
https://doi.org/10.22092/ijmapr.2020.342067.2732

Borpatragohain, P., Rose, T.J., Liu, L., Barkla, B.J., Raymond, C.A., & King, G.J. (2019). Remobilization and fate
of Sulphur in mustard. Annals of Botany, 124(3), 471-480. https://doi.org/10.1093/aob/mcz101

Charkhab, A., Mojaddam, M., Lack, Sh., Sakinejad, T., & Dadnia, M.R. (2021). The effect of biochar and humic
acid rates on some phophysiological characteristics and grain yield SC704 corn hybrid under water deficit stress.
Journal of Crop Ecophysiology, 15(2), 171-192.(in Persian). https://doi.org/10.30495/jcep.2021.683381

Dawar, Kh., Khan, A.A., Jahangir, M.M.R., Mian, I.A., Khan, B., Ahmad, B., Fahad, Sh., Moustafa, M., Al-Shehri,
M., Mubashir, M., Datta, R., & Danish, S. (2023). Effect of nitrogen in combination with different levels of sulfur
on wheat growth and yield. ACS Omega, 8, 279-288. https://doi.org/10.1021/acsomega.2c04054

Emami, T. (2022). Effect of biochar and salicylic acid on physiological traits and yield of echinacea (Echinacea
purpurea L.) under non-stress and drought stress conditions. Journal of Crop Research in Arid Regions, 4(1), 229-
243. (in Persian). https://doi.org/10.22034/CSRAR.2022.320762.1172


https://doi.org/10.1007/978-3-031-26983-7_12
https://doi.org/10.1088/1755-1315/1158/4/042067
https://doi.org/10.22067/jhorts4.v0i0.71858
https://doi.org/10.22092/ijmapr.2020.342067.2732
https://doi.org/10.1093/aob/mcz101
https://doi.org/10.30495/jcep.2021.683381
https://doi.org/10.1021/acsomega.2c04054
https://doi.org/10.22034/CSRAR.2022.320762.1172

o417

e 0350 (2910 LS S Sluogas (51 g by p gy JU Tobw T 50 g g el

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Essa, E.M., Abd EI-Rheem, Kh.M., Yassen, A.A., & Elsawy, A.M. (2019). Effect of vermicompost and sulfur on
growth, yield and nutritional status of tomato plants grown on calcareous soil. World Wide Journal of
Multidisciplinary Research and Development, 5(2), 46-50.

Feizi, Kh., Amirinejad, A., & Ghobadi, M. (2021). The effects of biochar and salicylic acid on reducing pb-induced
stress in basil crop (Ocimum basilicum L.). Iranian Journal of Soil and Water Research, 52(2), 539-547. (in
Persian). https://doi.org/10.22059/ijswr.2020.313282.668795

Gaudutis, A., Jotautiene, E., Mieldazys, R., Bivainis, V., & Jasinshas, A. (2023). Sustainable use of biochar,
poultry and cattle manure for the production of organic granular fertilizers. Agronomy, 13, 1426.
https://doi.org/10.3390/agronomy13051426

Ghaderi, J., Davoodi, M.H., & Khavazi, K. (2021). Effect of elemental sulfur and Thiobacillus bacteria on yield
and some quality characteristics of canola. Iranian Journal of Soil Research, 35(3), 235-252.(In Persian).
https://doi.org/10.22092/ijsr.2021.354082.595

Ghassemi-Golezani, K., & Rahimzadeh, S. (2022). The biochar-based nanocomposites influence the quantity,
quality and antioxidant activity of essential oil in dill seeds under salt stress. Scientific Reports, 12, 21903.
https://doi.org/10.1038/s41598-022-26578-0

Gilani, A., Abbasdokht, H., & Gholami, A. (2020). Morphophysiological and growth responses of sesame plant to
combined use of sulfur and Thiobacillus. Journal of Horticultural Plant Nutrition, 3(1), 131-144.(in Persian with
English abstract). https://doi.org/10.22070/hpn.2020.5469.1097

Hameed, D.B., & Hasan, A.E. (2022). Effect of sulfur and rhizobium leguminosarum on available of some
nutrients and the growth of broad bean plants. Annals of Forest Research, 65(1), 4827-4834.

Hassan, S.H., Chafik, Y., Sena-Velez, M., Lebrun, M., Scippa, G.S., Bourgerie, S., Trupiano, D., & Morabito, D.
(2023). Importance of application rates of compost and biochar on soil metal (loid) immobilization and plant
growth. Plants, 12, 2077. https://doi.org/10.3390/plants12112077

Heidarpour, O., Esmaielpour, B., Soltani, A.A., & Khorramdel, S. (2019). Effect of vermicompost on essential oil
composition of (Satureja hortensis L.) under water stress condition. Journal of Essential Qil-Bearing Plants, 22(2),
484-492. https://doi.org/10.1080/0972060X.2019.1618204

Holatko, J., Hammerschmiedt, T., Mustafa, A., Kintl, A., Skarpa, P., Ryant, P., Baltazar, T., Malicek, O., Latal, O.,
& Brtnicky, M. (2023). Time-dependent impact of co-matured manure with elemental sulfur and biochar on the soil
agro-ecological properties and plant biomass. Scientific Reports, 13, 4327. https://doi.org/10.1038/s41598-023-
31348-7

Javeed, H.M.R., Ali, M., Zamir, M.S.1., Qamar, R., Kanwal, S., Andleeb, H., Qammar, N., Jhangir, K., Elkelish,
A., Mubeen, M., Sarwar, M.A., Khalid, S., Zain, M., Nawaz, F., Mubeen, Kh., Bukhari, M.A., Zakir, A., Farooq,
M.A., & Masood, N. (2023). Biochar and Arbuscular Mycorrhizae Fungi to Improve Soil Organic Matter and
Fertility. pp 331-354 in E. Lichfous. Sustainable Agriculture Reviews Book Series. Springer Press.

Karaminiya, F., Rangzan, N., Nadian, H., & Lotfi Jalal-Abadi, A. (2019). The effect of spent mushroom compost
and its biochar on parsley yield under salinity stress. Iranian Journal of Soil and Water Research, 50(6), 1453-
1465.(in Persian).

KhasheiSiuki, A., Shahidi, A., Yaghoubzadeh, M., & Dastorani, M. (2019). Effect of biochar application and
irrigation management on yield and yield components medicinal plant (Trachyspermum ammi L.). Iranian Journal
of Irrigaiton and Drainage, 13(2), 319-328.(in Persian).

Kochert, G., & Zenk, M.H. (1978). Carbohydrate Determination by the Phenolsufuric Acid Method in Helebus
Cambrige University. Press Cambrige, 231, 44-52.

Lin, X., Xie, Z., Hu, T., Wang, H., Chen, Z., Zhou, R., & Jin, P. (2023). Biochar application increases biological
nitrogen fixation in soybean with improved soil properties in a Ultisol. Journal of Soil Science and Plant Nutrition,
Published Online, 1-12. https://doi.org/10.1007/s42729-023-01286-4

Mesbah, R., Ardakani, M.R., Moghaddam, A., & Rafiei, F. (2021). Effect of biofertilizer and biochar application
on quantitative, qualitative yield and root characteristics of flue-cured tobacco (Nicotiana tabacum L.) under
dryland farming conditions. Journal of Crop Ecophysiology, 15(2), 229-250.

Mohammadpour, M., Ghasemnejad, A., Lebaschy, M.H., Abbaszadeh, B., & Azadbakht, M. (2013). Effects of
sowing date and plant density on morphological characteristics and yield of summer savory (Satureja hortensis L.).
Iranian Journal of Medicinal and Aromatic Plants Research, 29(3), 621-634. (in Persian).
https://doi.org/10.22092/ijmapr.2013.4046

Murshed, M.D.F., Syfullah, Kh., Zonayet, M.D., Bashar, M.D.A., Jahan, A., & Sayeed, K.A. (2021). Effect of
nitrogen and sulfur on the growth and yield of mungbean. Asian Journal of Plant and Soil Sciences, 6(1), 187-194.

Narayan, O.P., Kumar, P., Yadav, B., Dua, M., & Johri, A.K. (2022). Sulfur nutrition and its role in plant growth
and development. Plant Signaling and Behavior, 7, 2030082. https://doi.org/10.1080/15592324.2022.2030082


https://doi.org/10.22059/ijswr.2020.313282.668795
https://doi.org/10.3390/agronomy13051426
https://doi.org/10.22092/ijsr.2021.354082.595
https://doi.org/10.1038/s41598-022-26578-0
https://doi.org/10.22070/hpn.2020.5469.1097
https://doi.org/10.3390/plants12112077
https://doi.org/10.1080/0972060X.2019.1618204
https://doi.org/10.1038/s41598-023-
https://doi.org/10.1007/s42729-023-01286-4
https://doi.org/10.22092/ijmapr.2013.4046
https://doi.org/10.1080/15592324.2022.2030082

1404 3013 3 o)leud 39 al> (53,98 @lio 5 pale) UL pole 4, D48

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ng, Ch.W.W.,, Touyon, L., & Bordoloi, S. (2023). Influence of biochar on improving hydrological and nutrient
status of two decomposed soils for yield of medicinal plant-Pinellia ternate. Journal of Hydrology and
Hydromechanics, 71(2), 156-168. https://doi.org/10.2478/johh-2023-0008

O'Laughlin, J., & McElligott, K. (2009). Biochar for Environmental Management: Science and Technology,
Johannes Lehmann, Stephen M. Joseph (Eds.), Earthscan, London UK (2009), 448 p.
https://doi.org/10.1016/j.forpol.2009.07.001

Piryaei, M., & Behroozi, M. (2022). Deep eutectic solvent as a green solvent for fast analysis of the volatile
components  of  satureja  hortensis L.  Physical  Chemistry = Research,  10(3), 421-428.
https://doi.org/10.22036/PCR.2022.312969.1979

Ragab, G.A., & Saad-Allah, K.M. (2020). Green synthesis of sulfur nanoparticles using Ocimum basilicum leaves
and its prospective effect on manganese-stressed Helianthus annuus (L.) seedlings. Ecotoxicology and
Environmental Safety, 191, 110242. https://doi.org/10.1016/j.ecoenv.2020.110242

Saeidinezhad, M., Behdani, M.A., Sayyari, M.H., & Mahmoudi, S. (2019). The effect of sulfur and manure on
quantitative and qualitative characteristics of sesame varieties (Sesamum indicum L.). Journal of Agroecology,
11(3), 845-857.(in Persian with English abstract). https://doi.org/10.22067/jag.v11i3.71128

Sajedi, A., & Sajedi, N.A. (2020). Effect of application biochar and priming and foliar application with water and
salicylic acid on physiological traits of dry land safflower. Environmental Stresses in Crop Sciences, 13(1), 155-
169.(in Persian). https://doi.org/10.22077/escs.2019.1823.1426

Shahrusvand, S., Eisvand, H.R., Firozabadi, F.N., & Feizian, M. (2019). Effect of sulphur and vermicompost
application on agronomic traits of hubbit cultivar of soybean (Glycine max L.). Journal of Crop Ecophysiology,
51(3), 447-460. (in Persian).

Shankar, S., Jaiswal, L., & Rhim, J.W. (2020). New insight into sulfur nanoparticles: Synthesis and applications.
Critical Reviews in Environmental Science and Technology, 51(20), 2329-2356.

Subramanian, K.S., Rajeswari, R., Yuvaraj, M., Pradeep, D., Guna, M., & Yoganathan, G. (2022). Synthesis and
characterization of nano-sulfur and its impact on growth, yield, and quality of sunflower (Helianthus annuus L.).
Communications in Soil Science and Plant Analysis, 21 January 2022.

Tang, E., Liao, W., & Thomas, S.C. (2023). Optimizing biochar particle size for plant growth and mitigation of soil
salinization. Agronomy, 13, 1394. https://doi.org/10.3390/agronomy13051394

Tekin, G.K., Akalp, E., Pirinc, V., & Toncer, O. (2022). The effect of various fertilizer forms on the essential oil
composition of the summer savory (Satureja hortensis L.). 7" International Mediterranean Science and Engineering
Congress, Bildirini. 107, 246-251.

Turganbay, S., Aidarova, S.B., Turganbay, G., Tileuberdi, Y., & Chen, S.L. (2019). Synthesis and characterization
of sulfur nanoparticles with WSP/surfactants mixtures. International Journal of Biological Chemistry, 12, 146-152.
https://doi.org/10.26577/ijbch-2019-1-i19.

Yuan, H., Liu, Q., Guo, zh., Fu, J., Sun, Y., Gu, Ch., Xing, B., & Dhankher, O.P. (2021). Sulfur nanoparticles
improved plant growth and reduced mercury toxicity via mitigating the oxidative stress in Brassica napus L.
Journal of Cleaner Production, 318, 128589. https://doi.org/10.1016/j.jclepro.2021.128589

Zare ak Ziaberi, S.S., & Majidian, M. (2022). Effects of zinc, boron, and sulfur on quantitative and qualitative
characteristic of Allium sativum L. Iranian Journal of Medicinal and Aromatic Plants Research, 38(4), 592-607.(in
Persian). https://doi.org/10.22092/ijmapr.2022.358786.3174


https://doi.org/10.2478/johh-2023-0008
https://doi.org/10.1016/j.forpol.2009.07.001
https://doi.org/10.22036/PCR.2022.312969.1979
https://doi.org/10.1016/j.ecoenv.2020.110242
https://doi.org/10.22067/jag.v11i3.71128
https://doi.org/10.22077/escs.2019.1823.1426
https://doi.org/10.3390/agronomy13051394
https://doi.org/10.26577/ijbch-2019-1-i19.
https://doi.org/10.1016/j.jclepro.2021.128589
https://doi.org/10.22092/ijmapr.2022.358786.3174

