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phytochemical characteristics and absorption of phosphorus, magnesium and nitrogen

Article history: elements by the Moldavian balm (Dracocephalum moldavica L.) in the presence of slow-

Received: Jan. 12. 2024 release combined fertilizer _of P and organic matter (OMO/P <OM25/P <OM50/P and _OM75/P)

T compared to mono-potassium phosphate (KH2PO4) and the control sample (without P-

Revised: Feb. 19, 2024 fertilizer) in a calcareous soil. The presence of leonardite in the struvite composition increased

) the uptake of P, magnesium and nitrogen elements by the plant compared to the control and

Accepted: March. 2, 2024 KH2PO4 treatments. In addition, the morphological characteristics (dry and wet weight, plant

Published online: May. 2024 height, stem diameter, chlorophyll and number of leaves) and characteristics including a value
of P in plant, phenol, flavonoid and FRAP and DPPH antioxidant activity increased with
increasing the amount of organic matter in combined fertilizer and the increasing trend was as

Keywords: follows: OMO/P < OM25/P <KH2PO4< OM50/P < OM75/P. The dry weight and value of P
Calcareous Soil, in Moldavian balm by application of OM75/P increased by 42 and 78%, respectively,
Struvite, compared to the check treatment. The flavonoid content of the plant increased by 33, 47, 71,
Organic Matter, 100, and 63%, respectively, compared to the control including OMO0/P, OM25/P, OM50/P,
Phytochemical Compounds. OM75/P, and KH2PO4. Therefore, the application of combined fertilizer of P and organic

matter as a slow-release-P fertilizer leading to plant availability to nutrients, especially P, as a
result improve the phytochemical and morphological characteristics of Moldavian balm in
calcareous soils.

Cite this article: Piri, M., Sepehr, E., & Sharifmand, M., (2024) The effect of combined phosphorus-organic matter fertilizer on the
morphological and phytochemical characteristics of Moldavian Balm (Dracocephalum moldavica L.), Iranian Journal
of Soil and Water Research, 55 (3), 401-413. https://doi.org/10.22059/ijswr.2024.370986.669646

© The Author(s). Publisher: The University of Tehran Press.
DOI: https://doi.org/10.22059/ijswr.2024.370986.669646 BY _NC



https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:ma.piri@urmia.ac.ir
mailto:e.sepehr@urmia.ac.ir
mailto:m.sharifmand@urmia.ac.ir
https://doi.org/10.22059/ijswr.2024.370986.669646
https://doi.org/10.22059/ijswr.2024.370986.669646
https://orcid.org/0000-0003-0042-5060
https://orcid.org/0000000158430669
https://orcid.org/0009000680105348
https://creativecommons.org/licenses/by-nc/4.0/

varr—rerrat ¥ o kol D0 0,99 ¢l I SB g T Wl Ao

Homepage: http://ijswr.ut.ac.ir

a0 3L o ombgiud 9 (95999890 SS9 2 (I D0 5 pund (S 5 595 il
(Dracocephalum moldavica L..)

Yoy b & 2l |7 e ol il | )G g s o

ma.piri@urmia.ac.ir :4ebbl, . )yl cdros,l cduog,l ol&uisls ¢ 65,9liS 2aSiily «SB pole 09,5 .
m.sharifmand@urmia.ac.ir :asbll, .yl cdros)l cduog,l olKuily ¢ 55,0liS” 0uSiily « S pole 09,5 .Y

e.5epehr@urmia.ac.ir :asbbl, .yl ! cduog )l cdrog )l oSl ¢ gj)aliiS 0uSisly « SB- pole 09,5 ¢ Jotuume X g5 Y

odwS> Ao ONb!
iz g0 gt 9 QLS 1) sl (slacdglio g 1y (sla ey (P) yiud 03y 4 2liE polie el ing dlis :llio g

O39r 9 mejee piwd polis Gl Gline 5 (alendgind ((Sajsdsise o SRy (uyn S b piagh
OM25/P OMO/P) la,0iS" S 5 358 digei oz y92> 53 (.Dracocephalum moldavica L) g0l olS
(I 03le g 0,0ud 365" y9) 185 dig03 9 (KH2POA) ilind ks 4390 b duuslio )3 (OMT75/P 3 OM50/P
Ol 38l Cogo Culyg il dilawd 365" oS 5 > cud)lisd) ;Jl o3lo yuin oy LS guls .ud plodl ‘_s_iaﬂ SBop»
S Shy oM a5 KH2POA 5 sals jlas L awslie 13 oS 3 (55050 5 majste aud polie Gl

VEVNIYY el s U

VEYINY 15,5050 g, U
VYN 2 iy GG

. ) . 3 . VEY ol a0, LSl & ,B
b Jade Jold o Shg o (S 2l 9 Sy Jedg)lS @bl jlad iy lisyl o5 5 SiS (9) (Kesdee
S 55355 53 Joske Jae Lil33l L DPPH o FRAP sl il collab 5 adgigs o o6 ( alS <l
&5 OM25/P < KH2PO4 < OM50/P < OMT5/P < OMO/P il &ygeo (s il 58l Wgy 5 A5 iy 165 sWojls
ol aals Jlas b duslie j3 2o yd YA 5 FY 55 & OMT75/P join 13 g0 job oS jaud clale 5 Sis (Sal S
ol jean ;d 2ali Hlod b duglie )3 doyd Y gV ee VY FY XY iy 4 ol weigM e il alyg il
S 55 355 3,8 el el a3l KH2PO4 3 OM75/P 3 OM50/P OM25/P OMO/P Lol (¢355 ele

bho & ohie polic d ol awyiod coge u_iafl S ) b yuS lawd 268 lgie & uﬂ odlo g yhud
35 9003 oS (SoTslgd )90 9 (alendgtd (SUa Sy dgre 4l )3 9 i

Dracocephalum ) s sl olersid 5 (Sojgstioe sloShs 2 I dge 5 siud (S 5 365 36 (VF+F) pmle o b om0 e o 205 lit
https://doi.org/10.22059/ijswr.2024.370986.669646 .¥+\-¥\Y () 80 /! S 5 f ol 4lxe (moldavica L.

Edny © Oyt ol Sl Ll Ao 186
BY NC

DOI: https://doi.org/10.22059/ijswr.2024.370986.669646



mailto:ma.piri@urmia.ac.ir
mailto:ma.piri@urmia.ac.ir
mailto:m.sharifmand@urmia.ac.ir
mailto:m.sharifmand@urmia.ac.ir
mailto:e.sepehr@urmia.ac.ir
mailto:e.sepehr@urmia.ac.ir
https://doi.org/10.22059/ijswr.2024.370986.669646
https://doi.org/10.22059/ijswr.2024.370986.669646
https://doi.org/10.22059/ijswr.2024.370986.669646
https://creativecommons.org/licenses/by-nc/4.0/

oY o s Sy p I 2190 g yhwd (uS 5 395 w3 1], K02 9 (5 m (ig3s — sole)

-

400
S5 g ol 43 ¢ pliasdbgn slasilp )5 paie ol ol lalS > 3l BByt g Bpas y (gygp0 polie I Sy s
oblyd cublB ials  ogMe adhio oS Sal byl Ll (Mehra et al., 2015) wib o Jd> (13 g ogme) (ool (slaplsl
5 Ceiblglh ©jg0 4 s b (Sal (oS )3 b o )5k 4 3,5 00 35 o) bausg jhud Sl & prie ¢9)Se polie
lad g (61395 13 yaud o yd Av 5l i 33,5 o 7)1 oLS e yiwd 5l o (Bertrand etal., 2003) 63,5 gy casl] S gy0n
)yl (Grotz and Guerinot, 2002) su )y go oLS G puas a4y )] duoyd Yo il 1205 9 3945 oo Cani  Sb] claS5 )5 pasgel cilawd o
sdgS cuslio Cu e (e ;0 Sland Ko plie Codgizme Syl 5l abl o Sbyg s jl (S b )uiS wlawd (sladsS 5l oolawl
sl 035" (5395 15 0L L 3)90 siud el (sl (65503 @ite (28 iRl b g Hiland

D)5 (SS9 > ailiud 395 plie 3908 JSkio a4 g oo ) bbb aS 0dgs yaud (oL polie (gols MBS
5 4L eonBion w8l pdy 58 Cej I olse o (b &S 3580 plnl ilsp (0 pdn b ) OUSE a0l
St ool plgie 90,5 (0 @3 sl pdy o B8 Cun ef Sl ool &S DS ele o e g 0 Ja Bem 4 (02
295 oyl oS Mo 4 4395 L .3,S odlatwl (MINHsPO4BHL0) Cliwd posigel mojuie b Culgg il cyguns ailansd 368 WJg5 (¢l

039 15 sl (Sal cS1B 1368 cpl L) cplpli (Valle etal., 2022) ol 00d YU padS SluyS g pH b oS 55 039
3 ied lale) 9355 2Ll Cgw) a WolE Ojgar 55 9 sle g dlen 1503 dlge (13938 b ca L alsye 3 (i Sl (S
SlS 4is isu ) pae OlS 5 5l S SKeogun sl (L et al., 2022; Piri and Sepehr, 2022) xsls aljél 1) ol S )5

Sdgid 5 (RCO-) Ui S (RCOO-) JeuS'9:)3 sl Jalse 2 bgnyo (G901 o5 slagle (sl (b jodly cnl 000
.(Fahramand et al., 2014) &5’ o Wl oS W) 5 S Cundg )0 ope Lids ¢ (Stevenson, 1982) o4 (PhO-)

g 3 i)
2l 5l YU i b o yniS 5land 355 lgiee Ldey ol b 4 05,5 ol oMl (59 5 Jaud L3k, (2016) Guney et al.
rolis gilodll (RISl sy (s Jomily 223 00 Lt o 00 olatal od ) jaud ol (sl )5S Slses ) (slanlllas 53 08
Caung j 1338 odlital yd i zlysainl 268 51 a8” SlalS ws S oLy (2020) Herzberger et al., .(Li et al., 2022) cusls olie
Gl 1392 03,5 o3litw] land ygw g pasgel lawd (claagS jlaS wmily SlalS b awglie )5 (¢ in yhwd ls g cbilé wdg
A &gy 395 50938 LS )0 o Sl edds adgr 368" I eolaswl y> (Festuca perennis) IS giwd 5 )d bawgd 59,0 9 phud i
yond 365 5 Sogan Suwl o jon B pae il 5l cladlllas 4> (Szymanska et al., 2019) cuwl ods o) 55 pasigel (lacslind &g
Saoged dlge 2 (L s (WA (oSen 5 0 8len) €85 )18 oy 2)90 TS 0lS )3 jaud (onlf g SuSolg b Slao
Syao gl ool @t (olol 32398 LS (popwd )3 jaud ioljdl g jiud ot JalS el Klg o SB p3 Haud b Jolss 5
ol )3 4595)18" o Jdo)lS alox | landgid iS5 g shad Gl 4 omie Seoge sl b )bl oot 4y 50 S 5
A5 1S olen

b g Cel (lagd Codlw bis jolate &) (b S giazee Sl oolitl 4 ply bled g Slewd slag)ls (Sl )l
S 5 e Jlod golie > i T pleelin 0,05 & i (LS (a3l oS ol 05 Jgls (oS 4 i s
(Kruger et al., 2002) 5,5 o ;1,8 odlatwl dy50 (ogyl> CBlanl b jlase 5 olowdand GluS 5 deng Jud 4 g 255 0 8l ) 0l
Wle yoje (Sbacslon Jlad GEalS g (sl oMl dgut sl it (olerdgind SlLS 5 | (29 qite & Gl jaw jid Spas
o 3l cdlsd g (cjuwgs cladlaSs, ( Lé S 5 . (Mrabtietal., 2023) cul o duogs b g Sy A5 YS! Bl
Srif Sahandi et al., (claslllas ,> .(Ahmadi et al., 2020) wb o yiol33) ba,kiS 459,55 398 51 ool Laslys p3 Slans] ol
ol 3302, o3liti] i 0uiiS” > clags S 5l Jald lai SlausT 5T g (aliardgid «sad) o S deme 2 (2019)

1 Struvite
2 Lamiaceae



(‘:w.é’}’— u.ol&) V€Y slo ald,5 Y b)w ©0 5,93 ¢yl ! Jlégui Olldsy L€

2 Epgps gl GBS 13 LS 5 ) S Wlad (slodgS 3B oy e

2t 5lad iS558 gt (S2,65) M oalo f(Calgg ) jind (oS 5 258l o2lital b )2 3050 3 SleMb (58
5355 Ssises 5 gy Bam b ingsy oul 10 sl 005 (B o (olomndsisd Slooguas 5 58,0k oS A3 clo S
G Sy p byus wlawd 265 flgie 4 (1o)d YO 9 O+ O ) Joole calie sladoyy b MG od 5l onds gl Sl
oS 13 mijsio 9 ()95 pid polic 2oy o (DPPH' 5 'FRAP b1 (ol colled cagighd g Joi8) oliandbnsd (Sojslo g0
SB S 3 (KH2POL) Slind pawlts igo (6l 45land 395 b la S5 o) 4uslie 4 (Dracocephalum moldavica L.) gyl
A plosl (Sl

B9 3 wlidig y

S OB (2 ) T 03le [ i S 5 355t

Meyer et ) . oslizul Stuttgart Process g, 5| (OMys/P g OMso/P OMa2s/P <OM/P) JI odlo g yausd (oS 5 35 il (glps
g3 Sy e S S5 alS il as 3 YO sled o () S 5 (B ML pod ds s oS jsboay (al. 2019
Syl Sl (329381 b Sl al yo 53 13gS" ag gl -V Jgde) 50b (5 S o3lusl o llisl (slosig, b ol sl Sag (S5 5 03>
W51 5 gy sloaild o3 Aloye 3 05 o5 Joloxe €l 4y 00 (S o) )3 25290 (sl ke e Lame s (JLoys +IY)
olysar (CoHaOs) Syt ol guoy dizlyd J1 S8 Wadgs ) lidlo &y (i l3ld 395 51 (6055l (6l 8l so 351 olgg il
Piri and Sepehr, ) cul o (o) 500 e ;0 Ml pxd 51 jaud zlscil Jhgy Al 0 03438] saiiS WS Lele
3,IS" oo 3l A4S (gyska A pul AD ply PH 5D gy 9 Vi)Y M2 POSFINHLY Jse sla Cons jd adgS 4 (2022
395 45 (sl b ooliiel S yilgu Sl joax > (S NS (o I jand gl el sl mjste aie Olgis 4 (MOCI2.6H:0)
o 4B T oo s o 035381 Jsloo &2 DH (il 8 el o 31 16 a5l oo (cnysd) J ool ciliseo ol 5
Huetal., ) s e ogy Jolowe 518 oy as Lol dbwl 5 g 13938 b s g 9 001 Col il (e (slod) cslis YY 4 00
FY (CEC) Soudl8" Jols cudyls @ m VIO 035 pdaw cyio Juo +/Y I iSas8" lyd ojluil (gl oalaiwl 5yg0 cud,lsd) (2019
Al o 2o )3 OF/F ] Sl esle clyls lade o cmole/kg

S s S (2d by Fi9.) Jgao

Mg Na K -PPO? TP NH4*-N TN TOC EC pH
mg/kg % ds/m
FOVY yYasy VY5 oY-¥ VOAYY a-¥ YA+ YA V/va sl5
Total metal (mg/kg)
Ag Ni Ca Fe Zn Al Cr As Cu Cd Pb
Y/IY Y. A-AY¥ WYY Yy YV 5V YA VA ANAY Y oy
Allowable limit of heavy metals
Ni As Zn Cr Cu Cd Pb
¥Y. ) YA« Yoo V0o 4 Yoo

and g yol PO P; S asd TP ¢ Sligal 59, NHs™N ¢ JS 5l TN ¢ JS JT o3l :TOC 5 S6 iU colum s :EC

O39r qmjpie yiud yolie pdlie o (SI) (5)98 yasld (EC) )98 PH Jolid (OMIP) (o8 55 (slodss” sla Shg (2

03151 TCP 01825 ) 030l U g 3,15kl (sl iy 51 03bitl L posodls g oy ¢ o Syl ecrbadlga e S ol (et polic
oslo iliseo polie jpis )3 jiud oS5 3 hesd 5 (Sosd o Shg @l (Y Jsia) 1 pll baiges XRF 301 5 (4,5
5031l 395 oot polis 3,150l (sl JS g (irlan (OMIP) LossS 5 (535S el 5l mo sl 015 00> 55 ¥ g 3 I
RS V) Sy dpl (V) Y5005 HCL (V) 3 o 10+ oo pobod ladiges jl p)S o 59y p &S isy5b4s (HG-2598-04) s

1 Ferric reducing antioxidant power
2 2,2-Diphenyl-1-picrylhydrazyl



£00 o W Sy g I 0190 g yhwd (uS 5 395 w3 1], K00 9 (5 m (ig3s — sole)

Blo j dn s 1505 0303 IS5 (Logmadas 43> Yoo clod) IpM YA+ )3 4dds A ke 4y g 0d 039381 035900 Ol (V) (1)
ol didluw oS 5 (ladgS 09 o yaiS 4y bgy e puls ogMedy i pund OT 2 yhd CLIE FY eily Bl Al aolatwl b 08
{(Piri etal., 2023) cuol oids )55 Mé

(OM/P) JTosle | yuwd (o5 55 5355 s Sig Y Jga

pH EC

SI (1:10) (1:10) K Mg N P Composites
(dS/m) A
oAy v/5A v/ay VA NeIVE AIYY \Y/5Y OMy/P
BIAY v/5A YIAY JYS MDY Yy Vo /vs OMs/P
olss viof vIvs XYY YIEY /A AUYA OMso/P
vIVD Yy v/¥a .I5¥ £10) AL £IYY OMgzs/P
Cd Pb Cu Zn As Mo Ni Heavy metal concentration
mg/kg Unit
\/va 0 Y. AY- Y/ <A v OM,/P
\IvS 0 i Ve )y Y/ /A Y OMzs/P
VAR ) vy VY YY/A JAY WY OMso/P
V/EY 5 2% YV YV/¥ Y- 0 OMys/P
Permissible concentration limit
. VY Tew Yoeo Lo - Yoo of heavy metals in fertilizer
(Muys et al., 2021)
Si0; ALOs P:0s Fe0; MgO Na0 SO; K0  CaO B*‘T?(;‘:‘d Chemical characteristics (XRF)
VA Unit
Jav <efen YASe <[ \YIAY V/A¥ VYA VAR VY/AA <./ OM,/P
Atz NINg Y¥/5- -/¥¥ \YY /YA VAR s \Y/¥A <./-0 OMzs/P
VY -Ivd V5Iva -2 \WY/E- AT V/28 -0 AIYY <./-d OMso/P
\TARS </¥¥ AEY VA Vo /AA A VA - IYA ¥IVY <./ OMys/P

Salinity index (SI)

SRl S 3 gand 3L oS awdy 9 OM/P oS 55 (39S 1l w2

Sl il

Skl Sal S Gges K plool VFo ) 90 0 )3 dueg,l oSl lidiss SlxdS )3 Balas MolS 7 )b LB > islejl
o 5105 (g ySojlil (2,8 S g St g 51 g SB digad oliond 5 (Sujid Sluoguad (B 5 45 2 ol )
Yoo po padwe Olu S o gy 4 yawd (Gee and Bauder 1986) (¢ yiogdud (yog) 4 S cdl (gLl o)lac 15 (EC) (5,9 9 pH
b wyiwd BB puwls o)lje (Walkly and Black 1934) b JSUly bgy 4 JI op,S (Olsen and Sommers 1982) A/d pH
(and Norvell Lindsay 1978) 15us (5,5 o5l DTPA-TEA g, jl osliwl b S )5 (cdio oy yolic g pasigel cliwl I osliul
Jgd> 3zl ¢ ¢ xSo;lul (Rayment and Higginson 1992) sl b (gile 5 bgy 4 Jolre muadlS Sl yS bl Kol 4500

Cawl 045 0305 ULM; Y

adllas 3,90 SB g Shg S0 Y o>

P-Olsen EC (dS/m) pH 0OC (%) CCE (%)  Texture Sand% Silt% Clay %
(mg/kg)
vI¥ I Y/aA .I50 Y 5 509 YA Y 3
Available K .
(mg/kg) Zn (mg/kg) (mg/kg) Cu (mg/kg) Mn (mg/kg) Fe Total N (%)
\$- VY vis VI¥ A¥ o5

Ver 9 Ve ¥/ X0 A0 AD olie ;> KoSOs 3 Fe-EDDHAH3BOs «CuSOs MnSOs ZnSOs (sladss cuils’ 51 L



(‘:w.é’}’— u.ol&) V€+Y ol b‘b)ﬁ & b)w ©0 2,90 “’,‘).3“ Jlégui Oludsy £

93 dl>yo jlan ) da o d )3 S p ©jg0 0 5 (PSS 2 )5 e 1) 09l 3957 5 BLSI Lo S S 4y pS5kS 2 25 e
RSk IV Pl chle 4 ey sl p3Y 5 jlude Al 03l olS 4y (plugy M) Job )3 (b S gy V0 alold 3 5 (S
D ilind (clodsS Jlog Jlasl clys (2006 Samadi) ud s i p 5ol 1 o3l by (SPR) jausd 5,lukil jl oleis 4,2
03lo /[ yound (oS 5368 £55 ¥ (Wlawd 355 B puns o) dald Jolds o jlow b iz YO 10 YO dlal 4y S 2 4y S p,56LS
yand 35 O/t I ol 0+ 7 (OMas/P) o 355 YO/ + I o3lo Y07, (OM0IP) colggyiaw! yound 368 7N+ o+ Josko /. yao) I
3 syte ol B alols )3 1S5 dw ;> (KH2PO4) lind mulis 9390 395 5 (OM7s/P) yawd 345 YO/ + I o3lo YO/ 9 (OMso/P)
=l e )b eloly bl 5 U8 318 Ll 43 )0 YY B VA (e a5 glod 05 0)90 Jsb o 0 g il S
59 YO 5l L g 4tibaSS Wigy & o Sy 90 dbye 0 0, Sl am a8 A w4 V0 slaws LS ja 40 0005 el as e

A5 pol sl y

S3PPi90 9 §2,5es S Sy

P Sy ol g Bl jlad gy el Sy bl 5 9 St g Sl GlalS (Sfedsdiee 9 3 Sas Clio iy I
CSoil lapl 5 o5 1l o lis ddgls oo 5l lalS olen plisl SKis g 5 059 S0l (gl 3,5 (65 o)l &gy ya
e 3,5 Soilul bl Kid 59 9 1 03 41,8 3Kl ax )3 YO Sylys gl g0 el VY @se 4 lalS e
A5 (5 S s o523 L LS il a5 (Sas L gli) (SPAD (asls) o oIS olSis L (s 4iS3) b ls
g 33U 8LS o boownd 5JU1

g it LS Olw] uw g Sl Celo VY Sdods wguuihio 43,0 Vo )3 ladiges ()blS (690 5 Cond 9 cudldyp 5l
Sl PLS sladises wan (YYD ((oolol) ) plol 4 s olws osliul b JS (1o paie x5 ojlul lp (olS
Ly @lolly Slidse Los) 4 P cdle sns Blo oylas 1 05 pbol (Kt LluST ey &) wapsie 5 shud yolic (£,:S0jll
(MWVD olel) ©855 plonil ygusl i B9y 2 e pais Clale g jiogidg yiSionl olSiws

980 3L (o2 bowigind (5L S50
de yolaie cpl &l (6,563l (Aminifard and Amiri, 2020) oS g yded Bymo b g dpol SIB gy & S Joid jlado
300V e Sl 1) 5,500 A5+ g g boglie o3 Ve (gh i 9Se WY e g Jlaiie Of 29 S0 VA L o)lae pasiito

355 (55031l 2ol Ve zge s 5 (S > raaSs aids ¥ Sl Ly 5 LS ]

i Ky gy olsl g g yegidg Sl oS 3l odlizsl L (YOO et al., 2008) poipesll 42" Uag) 4 JS A35igM e
483 Ve 10 J g 0k bolske o3 B e Syt 5)Sen V00 b sylae e Jake sglito ol b s Se3l
o 4 shate O b e 05 8LS] ] 4 )3 & s Sl 1) 6,0 Voo v g o)d Vo posinagd] IS 1l Seo Yo o ce il
3,5 318 pegili BFD 9o Jsbo 5 g 0dems i) (oo O

oluws L g ooliwl FRAP DPPH. Jslore yid oo ¥ 5 V iy 4 iged j2 (sl (ST (1 cdld (655 03ll (61
0905 b lmodls 1uSbe duslie g Julo g 45555 (Turkmen etal., 2005) .05,5 (¢S50l a5l DIV zge Jobo 13 yiogidg it
15 plol EXCel 1581 p 3 15 Lo lges s § U dsiud SAS J38ls 5, oS3l

oo g Wb

(OMIP) I 03lo | yiund (o5 55 5395 sla 5 529
3 odle /yaud 368" S 5 oy 3 Ui (XRF) puSolgs . iy gigld S Icas 51 onlil b (oS 5 365 oolowsd 4555 ol
OM75/P 4 OMso/P OMzs/P OMo/P T o3le calisto (slacams join 13 ol Jlaie a8 (¢ johas Canl oad oS5 (P205) yhund dpuaS|
S o3l 5 posinagl] (uatws <ol Hodn s Wlg5 o (6365 (sladiges iglds (Y Jodo) del Cowds doyd A g VF XY XY LS 4
il gals Jlosle jlade Lil33l b (MGO) mojuie 4] jlade 09V .(Raman et al. 2013; Shiba and Freeman, 2016) .l
Shiba and , 2016) 13,5 )35 o> YY 5 VY allivlej] calise baylyd (5 1) O 50 5l osds objb P2Os Jlade i



LoV e s Sy p I 0190 g yhwd (ouS 5 395 w3 1], K02 g (5 m (ig3s — sole)

(Adam, 2009) sl oyd Yo B YA edgaze )0 wwl (P205) yawd suwST jlide  opwly g lowd ijgyis (sladgS ,o (Ntuli
il b3S sl B B e a5 a8 1 o3le [ o5 5 51255 5 (S I i Moy

5o o S8 Sl 5 (O Y+) Syt Aol gl Ol > S oole [ jind (1S5 (slo3sS 31y Cldlo g gl
by pnd (f5ee i 9 39550 yind (gl G381 Crge e jlond il wland 555 S 5 )5l edle jan ol oLt
23,5 o yhud iolny Corge wiland 368 oS 5 3 Jlodke joias cplplo (¥ Jgis) Lol Cowsts OMzslP oS )5 5> o

FT03b [ yhund oS 5 (GB35 13 yhund CadMs £ Jgun

OM/P
OM/P H;O 20 g/L acid citric 0.5 M HCI
Dissolution rate (%) Dissolution rate (%) Dissolution rate (%)
OM/P Ved s£1#vd Aa/<Nd
OM_s/P VIYAC £¥/aac A/¥ec
OMs,/P \/¥ob YY'/Adb 0/Yvh
OMys/P A7ARE:S a-/+Va AA/YAa

g0 0LS (S59d98 90 9 (53, NMes (S 39
)Lo.»..’ l; dw.ul.o.c Jr KH2PO4 9 (OM75/P 9 OM5so/P -OMys/P cOMo/P) ‘_J odlo /)w u’....f): L;Ltb.); )a..)l) uwl.:)b AJ)DU C;Lu

o> olis & gz 13 5 b Shy nl (ke 98 Joia 53 908k ol (Sjgledyse 9 3,5hos Sl Sy 59, 2 (Check) sali

) 0445
8 yhud il (g5 Il Codi gmad 0L 0LS' (S jol9B 90 9 3, Nes LS9 iyl 41529 0 g
(MS) ey po (uSibo df S.0.V
Spdlany  gedadgns das allw ki g e, S o5 ¥ 59 8131 an yd Ol s 2alio
**FAOY *EEFINS *E VY *FEAY/EA *EEY[OA \rZdAvald I 008 (gladgS
YIve \IAYd of+N o/ /Yy AR ye inlel slas
Y/0A A AN ¥/ov ¥/a) A Sl ey
(%) CV
il o duoyy S Jloss aw 55 (63 gime odimd s * ¥
99530 (R39068590 9 53 ,Nes G S g 52 Slind (5355 Syl 15U T g
Morphological characteristics
Samples . Stem diameter Number of leaves
FW (gr/pot) DW (gr/pot) Plant height (cm) (cm) SPAD value per plant
Check 7Y/ e ARVLNS ARVANS Y/Ad YY/Ye 7V/7e
OM,/P YY/8 d Y7/ YA/¥d \AR YA/Od AY/A d
OM,s/P AY/Y ¢ ¥e/0d oY/¥ ¢ ¥/Yb YV/Ac YYV/4 ¢
OMs,/P AY/7 b ¥V/Yb OY/¥ ab ¥/¥b Y¥/Y ab Y74/ p
OMs/P A¥/Y a ¥Y/Y a oY/Y a ¥/? a Y?/¥ a \VY?/Y a
KH,PO, A?/Y be ¥e/7p AY/Y ab ¥/¥b YY/fc YYA/A ¢
* The same letter indicates no significant different (p < 0.05) according to Duncan’s multiple range test; fresh weight (FW); dry
weight (DW)

Jed9 IS caBlus jlad gy )| (FW) 5 (359 5 (DW) St (g )1 (ine il 381 g0 KH2PO4 5 (S 35 (slodgS jl olin

Q05 3,8 b la Shg cpl o Hul38l cp i Gl oad dald Jlog b awolis )0 gud b olS Sy dlass g (SPAD value) S
& OM7s/P 1 ol Laslps 55 Sy oluwd g Jubg IS e caBlos yad «olS glis)) «Sis (59 5 (59 -tol Cawds OM7s/P (6348
2555l oy (sLlay lagn calisee Jlade b Sy 365 .l il dals jlos b duslis )3 o jd V/E 5 OF FY &F XY FA Cwy
oS ;> YU Jido,dS" Jlade (Y + Y YPiri and Sepehr, ) us Sl S5 13 oad oS )3 oS (Sjolgdge law lade yiulihl Coge
Jge,8 ;5 .(Jama-Rodzenska et al. 2022) cuwl o (yo)l55 o 55 loud pows dunlie ;3 2d o c8ljlb (6355 Hlowd Cod gals’

5 Juy ©lid g slog b duglio 3 Ldo)lS lie (aal33l e Sl 35 pasigel 5 majsie jpa> Clind paigel wisie (5355



(‘:w.é’}’— u.ol&) V€Y slo ald,5 Y b)w ©0 5,93 ¢yl ! Jlégui oludss LA

S aile SlS s e o,Sles Liuli3l )3 ()l gxe cute pil Sl y3 1,81 (Jama-Rodzenska et al. 2022) 3g4 anlis
S)ls rgS b dunlie > dilawd 368 (lais & OMBB 1 ouds gl Seinl 558 1 odliiwl jd 5l 5 WIS Aile  Slow jow )0 g ddigy o
.(Jama-Rodzenska et al. 2022; Ryu and Lee 2016) cuol ouds (5,135 Ju 5 Slowd pgmw Al

900 3L 8L 53 (35950 9 ot e ¢ phud polis

OMaslP OMIP Jolis J g €lins 355 iliea o 5 (£l sl 3 3ol oS 50,55 5 oo ey yoolic 2o s 20l ¥y
YV VY SV VA Sl jle b duslie > jauwd cldale (ili8lad o olis |y ald jleg b dwslds ;3 YPOYKH g OMys/P 4 OMso/P
la3gS 308 b 5 aojwie cdale el vty PPOYKH 3 OMo/P OMas/P OMso/P OM175/P ;1 a3kl ;> ol i 4 dop> ¥R
A5 ol OMirs/P jless 5> (aals ol VEY) Lials3l olise oy 901 Uis (gyld gxe Lyiul8) PPOYKH o T odle / jand oS )5
Bl QU5 st g pind polis b (ol B9y GimgR cnl 3 0ad eoliul (sladgS” 53 903k )3 gy clale

(Mg) 2 3550 9 (N) (359555 dP) youmd polic 8o )3 3 a5liund (6355 o)l T Y Jgoa

Treatments %P %N %Mg
Check «/¥Acd y/ade «IYoe
OMo/P <I¥Ne Y/¥vd «/¥¥d
OMs/P «I¥¥c Y/Ave «[¥AC
OMso/P +/¥-b ¥/YYb -/0Yb
OMys/P lo-a ¥/ava NG

KH,PO, -/¥ab ¥/\¥b +/0\b

TPOYKH 345 51 yuis J oolo /yaud (oS 5 (sladgS join 13 9ud ol olS 10 majuio § (159 ¢ phund polic o> a5 bl )
odlo jguin a5 ol oss o)l35 sl sl sl ol Jedle jguas > polie ol enlp a8 ol o [Solo guls ) cowl o
Shi etal. 2023; Wang ) 53,5 oo ypolic 'pl b yiud Cgw) (bl el posinagll § a] qoundS Wile oo yg cllad )3 puss b
Uilisl coage g 0ad S )3 pandlS o b (> poss el I dlge 5l ealiwl 155,57 5,155 (Y VYY) o), Se o Shi (et al. 2022
65 rdgS e job edlaiwl a5 10,8 5155 (VWAA) e g 005 les 33,5 (0 0L 53 v 3k 5 (5950  pud (o yiawd Cusld
J9)S 5 Jgd JS 008 wile I slge oo sloog)S 30 jaud 4y ol g jtaos Sl (l3) 5 jhud Cots 10l cel
Bakshi et al. ) Kg5 ypaie ol 4 olS wyiwd s iulisl el o] Liolay J5S 5 o5e5m0 b puSheS” LSis b lg oo
(2021

(FRAP 9 DPPH ¢ J3i8 caigighd) (o1 loomnigied Ooluoguas

Jade yiSlis g sls Jlas j> ol Hhde JBlis 45 5,5 Lo SY 1 ¥Y odgdme ;5 caliste (ol jlows ;5 gai ol Jgib ylime b jlis ol
OMso/P <OMzs/P <OMo/P Jolis alawd (6355 (cla )lows jquin 5D guid b ASgigMs ol a0 () JSKi5) ol Cwrses OMzs/P Lo 55 o]
45l cdalio pyiS, 5 8l il wald jlad b duolie 3 aoyd FY 5 Ve VY SV IV L5 4 yPOKH 5 OMys/P 5
S e G Jolo 8, 5le oS Sz sloclbd iy > o A 155 5 s Jelb Jsb LSy
Olie plu .Cuol pro Sloyy CBlaal gl ooyl (LS Slie yole 5 Ji8 Glgwe w b > (Polatoglua etal., 2013)
Giirgan Eser and Adilo glu, 2020; Joshi, ) &8 s S byl wlal 5 Canl (S alS lewd GluS 5 00,8 (5,155 50
Glrgan and ) 8,5 ;1,3 b cou s oal OMS 395 5\ jeias 3 bu, olS 6L o] cld dily uen > (2014
(Adilo"glu, 2021



£o0 o G Sy 3 I 290 g phand (oS5 395 Il 1) o g (G (ig3s — sole)

70
60 70 .
50 60 d c
e
S 40 = 50 | ¢
S E 40
5 30 E
S 5 S 30
S 2 20
S 10
[ 10
0 0
C%' QS r\ij\Q é\ q, C%v QS '\?\Q ‘)Q\Q (\c)\Q ‘{}Ob‘
S 3 0 3 F & & P
P-fertilizers b P-fertilizers
a
80 A a 9
70 d [+ 8
= % 7 b
SN B 6
E 40 5 i
<
[a
a 30 E B
20 5
10 1
0 0
\ R P
T & S S
SR S & & s @
d P-fertilizers c P-fertilizers

6555 S low jpd 13 ad ;3L 0LS 13 (d) DPPH 4 (c) FRAP GlapuST 5T Cudlad (b) wwigighd o(a) Jgid oyl jwo ol gt ) JSS
70 e+ Cydylgld 70+ (P/raOM) Cugg yins! 7 V0+ Cud Ugld /Y0 (P/.OM) Cuggpim! 7Y+ ¢+ CudyUgd 7+ CK 3l yhund
(KHyPO,) Crlund pawliy gigo 9 (P/VoOM) Coy gyl 7,0+ s, Ugdd V0 g (P/o.OM) Caygg yimw!

adlllas 390 ilans (cln3gS (sl )loss ;> A5 osnlie FRAPg DPPH (sla (oo, 4 9uid ol olS  SlawnST ol clled oL, 5o
(FRAP4 DPPH) _ilis] (5T clleb o ize (il 3l el KHoPOs gOMIP S 5 (6365 (sladiges 3l exlisl ivs ol )
Caolled jlage KH2PO4 g OMys/P g OMso/P <OMas/P « OMo/P 5,8 L &S™ (5 5kas .).))fL;o 2l Hlewd b duglie )0 gudydl oS
Sl edld @lpss el il aals Hled b dwolie > doyd ¥o g SY XY Y (Y 55 4 DPPH bl b slauwsT sl
15115 5 OMo/P < OM35/P < KH,PO4< OMso/P < OMys/P < yguns ciliseo (6lasS y9uia 55 35 FRAP gy olijyl b (il
ol 50 lnS] cdld Jeb luS g il b s, i)liS e (S el vty OM7s/P jle (5 il el
3 bgylown 9 GBI ply ;5 olS Caaglio b budine Jgi3 luS' 5 lude .(Mazaraie et al., 2018 ; Y+ # Ahmadi et al., ) wb
Cony Olylas il Coage oy o (Sal (lacSE > ailind Lo ,aiS cladgS ) oslil b oyl plo (Y1) 7Zheng et al., ) cul b))
A5 o i ed] ) eslatul Jae

Lolgin 9 (5 5 405
S Shs il el Josle calise (glats s b b yuiS a5land (cbadsS lsic &) (OMIP) ST oole / jaud S )5 sladgS 5,18
G OMIP (oS 5 (slodS” joud> )3 55 SUid 9 )5 (19 Jold (3 Sdas (sly Sy b 9080k ol (olendoind 9 (Suglod9e
clale @lyuss g (FRAPg DPPH) slawsST ol cdld p OMIP (6565 (slajlo 1l sl ialiél oyl sxe jgbods sl 4
OMso/P < OMyrs/P 2sl sy blie &yl Shg cnl Glal3) 839 5 051 o stme 50850l obS )3 majito 5 ()39 e polis
b Sal SB 5 gus b olS laws] ol cdls 5 oad) slayiolb iol38l iSTas oyl ply .OMo/P < OMas/P < KHoPO4 <
Mgi ialiel s wlgs e YU JT osle uoyd bosng a0 I odle / aud S5 (slangS 3,08 ol pls el Cowds OMzs/P 3 )8



(‘:w.é,}'— u.ol&) V€+Y ol b‘b)ﬁ & b)w ©0 2,90 ‘&b.:‘ Jlégui oldsd LY

&)l sadgS 5l yige uixzﬂ S ) ouds culS g b olS  laus] u:ﬂ culed o (L3559M0 5 Joid) 9l slaculglio
b aslaws

"3l 392y B Mg bauwgi @le (15,15 digS "

&b

MY=AVY (S) XY o(g9lisS ol g pole) ST g ST NIS olS (S5l 508

REFERENCES

Adam, C., Peplinski, B., Michaelis, M., Kley, G., & Simon, F. (2009). Thermochemical treatment of sewage
sludge ashes for phosphorus recovery. Waste Management, 29, 1122-1128.

Ahmadi, F., Samadi, A., & Rahimi, A. (2020). Improving growth properties and phytochemical compounds of Echinacea
purpurea (L.) medicinal plant using novel nitrogen slow release fertilizer under greenhouse conditions. Scientific
Reports, 10, 13842. doi: 10.1038/541598-020-70949-4.

Aminifard, M. H., & Amiri, M. B. (2021). Growth and yield of saffron (Crocus sativus L.) affected by different
levels of fulvic acid and cow manure in the second growing season, Journal of Horticulture and
Postharvest Research, 4(3), 57-67.

Bakshi, S., Banik, C., Laird, D., Smith, R., & Brown, R. (2021). Enhancing Biochar as Scaffolding for Slow
Release of Nitrogen Fertilizer. ACS Sustainable Chemistry & Engineerin, 9 (24), 8222-8231.
https://doi.org/10.1021/acssuschemeng.1c02267.

Bertrand, 1. R., Holloway, E., Armstrong, R. D., & McLaughlin, M. J. (2003). Chemical Characteristics of
phosphorus in alkaline soils from southern Australia. Aust. Journal of Soil Research, 41, 61-76.

Emami, A. (1996). Methods of plant analysis. Soil and Water Research Institute, technical publication No.
982, Tehran, Iran, 128p. (In Persian).

Farahmnad. S., Shiralizadeh, S., Talebian, M. T., Bagheri-Hariri, S., Arbab, M., Basirghafouri, H., Saeedi, M.,
Sedaghat, M., & Mirzababai, H. (2014). Nebulized fentanyl vs intravenous morphine for ED patients with
acute limb pain: a randomized clinical trial. American Journal of Emergency Medicine, 32(9), 1011-5.
doi: 10.1016/j.ajem.2014.05.051.

Gee, G. W., & Bauder, J. W. (1986). Particle-size analysis. 2" ed. Methods of soil analysis Part 1 Physical
and miner-alogical methods, 383-411. 2nd ed. American Society of Agronomy/Soil Science Society of
America.

Grotz, N., & Guerinot, M. L. (2002). Limiting nutrients: An old problem with new solutions. Plant Biology,
5, 158-163.

Guney, E., Menche, J., Vidal, M. et al. (2016). Network-based in silico drug efficacy screening. Nature
Communications, 7, 10331. https://doi.org/10.1038/ncomms10331.

Girgan Eser, M., & Adiloglu, S. (2020). The correlation of some nutrient elements and antibacterial activity
of the basil (Ocimum Dbasilicum). Tekirdag Ziraat Fakiltesi Derg. v, 381-391.

https://doi.org/10.33462/jotaf.699792.

Herzberger, V., Baz, E., Kunze, M., Markfeld-Erol, F., & Juhasz-Béss, 1. (2022). Exercise during pregnancy—
effects on birth weight and on the risks of gestational diabetes and preterm delivery. Deutsches Arzteblatt
International, 119, 793—7. DOI: 10.3238/arztebl.m2022.0305.

Hu, Y., Yuan, B., Cheng, F., & Hu, X. (2019). NaOH etching and resin pre-coating treatments for stronger
adhesive bonding between CFRP and aluminium alloy. Compos. Bachelor of Engineering, 178, 107478
https://doi.org/10.1016/j.compositesh.2019.107478.

Jahandideh, A., Barani Motlagh, M., Dordipur, E., & Ghorbani Nasrabad, R. (2020). The Effect of Humic
Acid on the Availability of Phosphorus Fertilizer and some Physiological Traits of Rapeseed (Canola).
Journal of Water and Soil, 33(6), 837-884. DOI: 10.22067/jsw.v33i6.77449 (In Persian).

Jama-Rodzenska, A., Chohura, P., Gatka, B., Szuba-Trznadel, A., Falkiewicz, A., & Bialkowska, M. (2022).
Effect of different doses of phosgreen fertilization on chlorophyll, K, and Ca content in butter
head lettuce (Lactuca sativa L.) grown in peat substrate. Agriculture, 12(6),


https://pubmed.ncbi.nlm.nih.gov/?term=Ahmadi%20F%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Samadi%20A%5BAuthor%5D
https://doi.org/10.1038/ncomms10331
https://doi.org/10.33462/jotaf.699792

Y s Sy g I 0090 g yhwd (uS 5 395 w3 1], K00 g (5 5m (ig3s — sole)

788.d0i:10.3390/agriculture12060788.

Joshi, R. (2014). Chemical composition and antimicrobial activity of the essential oil of Ocimum basilicum L.
(sweet basil) from Western Ghats of North West Karnataka, India. Ancient Science of Life, 33, 149.
https://doi.org/10.4103/0257-7941.144618.

Krueger, J., & Mueller, R. A. (2000). Unskilled, unaware, or both? The better-than-average heuristic and
statistical regression predict errors in estimates of own performance. Journal of Personality and Social
Psychology, 82(2), 180-8.

Li, M., Zhang, H., Sun, H., Mohammed, A., Liu, Y., & Lu, Q. (2022). Effect of phosphate and ammonium
concentrations, total suspended solids and alkalinity on lignin-induced struvite precipitation.
Scientific Reports, 12 (1), 2901. doi: 10.1038/s41598-022-06930-0.

Mazaraie, A., Mousavi-Nik, S. M., & Leila, F. (2018). Assessments of phenolic, flavonoid and antioxidant
activity  of aqueous, alcoholic, methanol and acetone extracts of thirteen medicinal plants. Nova
Biologica Reperta, 4(4), v-a-yaa.

Mehra, P., Pandey, B. K. & Giri, J. (2015). Genome-wide DNA polymorphisms in low Phosphate tolerant and
sensitive rice genotypes. Scientific Reports, 5, 13090.

Meyer, C., Preyl, V., Steinmetz H., Maier W., Mohn RE. & Schénberger H. (2019). The Stuttgart Process
(Germany). In: Ohtake, H., Tsuneda, S. (Eds) Phosphorus Recovery and Recycling. Springer, Singapore.
https://doi.org/10.1007/978-981-10-8031-9_19.

Mrabti, H. N., EI Hachlafi, N., Al-Mijalli, S. H., Jeddi, M., Elbouzidi, A., et al. (2023). Phytochemical Profile,
Assessment of Antimicrobial and Antioxidant properties of Essential Oils of Artemisia herba-alba Asso.,
and Artemisia dracunculus L.: Experimental and Computational Approaches. Journal of Molecular
Structure, DOI:10.1016/j.molstruc.2023.136479.

Olsen, S. R., & Sommers, L. E. (1982). Phosphorus. In Methods of soil analysis. Part 2. Chemical and
microbiological properties, 2nd ed., eds. A. L. Page, R. H. Miller,and D. R. Keeney, 403-30. Agron.
Monogr. 9; Madison, WI: ASA and SSSA.

Piri, M., & Sepehr, E. (2022). Phosphorus recovery from domestic sewage sludge in the presence of
waste grape pruning biochar. Global Journal of Environmental Science and Management, 8(4), 575—
88.

Piri, M., Sepehr, E., & Ghavidel, S.Z. (2023). Dosing of leonardite/struvite compounds as phosphorus
fertilizers increased biomass and nutrient uptake in a calcareous soil. Journal of Cleaner Production, 430,
139723.

Polatoglua, K., Karakoc, O.C., & Goren, N. (2013). Phytotoxic, DPPH scavenging, insecticidal activities and
essential  oil composition of Achillea vermicularis, A. teretifolia and proposed chemotypes of A.
biebersteinii (Asteraceae). Industrial Crops and Products, 51(1), 35-45.

Rahman, M. M., Salleh, M. M., Rashid, U., Ahsan, A., Hossain, M. M., & Ra, C. S. (2013). Production of
slow release crystal fertilizer from wastewaters through struvite crystallization — A review. Arabian
Journal of Chemistry, 7:139-155.

Rayment, G. E., & Higginson. F. R. (1992). Australian laboratory handbook of soil and water chemical
methods. Melbourne, in kata Press.

Ryu, H. D., & Lee, S. I. (2016). Struvite recovery from swine wastewater and its assessment as a fertilizer.
Environmental Engineering Research, 21(1), 29-35. doi:10.4491/eer.2015.066.

Samadi, A., (2006). Phosphorus Sorption Characteristics in Relation to Soil Properties in Some Calcareous
Soils of Western Azarbaijan Province. Journal of Agricultural Science and Technology, 8, 251-264.

Shi, Y., Yu, Y., Chang, E., Wang, R., Hong, Z., Cui, J., Zhang, F., Jiang, J., & Xu, R. (2023). Effect of
biochar incorporation on phosphorus supplementation and availability in soil: A review. Journal of
Soils and Sediments, 23 (2), 672-86. doi: 10.1007/s11368-022-03359-w.

Shiba, C. N., & Freeman, N. (2016). Extraction and precipitation of phosphorus from sewage sludge. Waste
Management, 60, 191-200.

Stevenson, F. J. (1982). Humus Chemistry: Genesis, Composition, Reactions. John Wiley & Sons, New York.

Szymanska, M., Comte, A., Tio, G., Vidal, C., Monnin, J., Smith, C. C., Nezelof, S., & Vulliez-Coady, L.
(2019). The Besancon affective picture set-adult (BAPS-Adult): Development and validation. Psychiatry
Research, 271, 31-38. doi: 10.1016/j.psychres.2018.11.005

Turkmen, N., Sari, F., & Velioglu, Y.S. (2005) The Effect of Cooking Methods on Total Phenolics and
Antioxidant  Activity of Selected Green Vegetables. Food Chemistry, 93, 713-718.
http://dx.doi.org/10.1016/j.foodchem.2004.12.038

Valle, S. F., Giroto, A. S., Guimaraes, G. G. F., Nagel, K. A., Galinski, A., Cohnen, J., Jablonowski, N. D., &


https://doi.org/10.4103/0257-7941.144618
https://doi.org/10.1007/978-981-10-8031-9_19
http://dx.doi.org/10.1016/j.foodchem.2004.12.038

(‘:w.é’}’— u.ol&) V€+Y ol b‘b)ﬁ & b)w ©0 2,90 “’,‘).3“ Jlégui oludss  £VY

'i'?ibeiro, C. (2022). Co-fertilization of sulfur and struvite-phosphorus in a slow-release fertilizer
improves soybean cultivation. Frontiers in Plant Science, 13, 861574. doi: 10.3389/fpls.2022.861574.

Walkley, A. & Black, I. A. (1934). An examination of the Degtjare off method for determining soil organic
matter, and a proposed modification of the chromic acidtitration method. Soil Science, 37 (1): 29-38.

Wang, C. Q., Luo, D., Zhang, X., Huang, R., Cao, Y. J., Liu, G. G., Zhang, Y. S., & Wang, H. (2022). Biochar-
based slow-release of fertilizers for sustainable agriculture: A mini review. Environmental Science and
Ecotechnology, 10, 100167. doi: 10.1016/j.ese.2022.100167.

Yoo, H. J,, An, H. G, Park, S. Y., Ryu, O. H., Kim, H. Y., Seo, J. A., Hong, E. G., Shin, D. H., Kim, Y. H,,
Kim, S. G,, Choi, K. M., Park, I. B., Yu, J. M., & Baik, S. H. (2008). Use of a real time continuous glucose
monitoring system as a motivational device for poorly controlled type 2 diabetes. Diabetes Research and
Clinical Practice, 82(1), 73-9. doi: 10.1016/j.diabres.2008.06.015

Zheng, J., Li. Y., Xu.D.P., Li. S., & Li. H. B. (2016). Spices for prevention and treatment of cancers. Nutrients,
8(8), 495.



DY o s Ty g I 2190 g yhwd (uS 5 395 w3 1], K00 9 (5 5m (ig3s — sole)

The effect of combined fertilizer of phosphorus and organic matter on the
morphological and phytochemical characteristics of Moldavian Balm
(Dracocephalum moldavica L.)

EXTENDED ABSTRACT

Introduction

Phosphorus (P) is one of the essential nutrients in plants. Suppling of nutrients from different sources of
fertilizers can change the growth and the production of secondary metabolites in medicinal plants. Recently,
the recycle of P from secondary sources such as sewage, as slow-release-fertilizer have been noticed all over
the world. The low solubility of P fertilizers in calcareous soils caused a limitation in the supply of plant
phosphorus, and the presence of organic matter in the stage of its formation can increase the release of P from
its composition. This study purposes to recycle of P from sewage sludge as struvite combined with different
amount of organic matter and application of them as P fertilizers. The morphological, phytochemical
characteristics and absorption of phosphorus, magnesium and nitrogen elements by the Moldavian Balm
(Dracocephalum moldavica L.) investigated in the presence of four samples of slow-release combined

fertilizer of phosphorus and organic matter (OMo/P <«OMas/P «OMso/P and OMys/P) compared to mono-
potassium phosphate (KHPO4) and the check sample (without using phosphate fertilizer) in a calcareous soil.

Methods

The Stuttgart Process method was used to make the combined fertilizer of P and organic matter
(OMo/P <OMzs/P «OMso/P and OMys/P). Briefly, fertilizers were prepared in molar ratios of NH**/Mg?*/PO4>
1:1:1 at a pH of 8.5. The experiment was conducted in the form of a completely randomized design in a
calcareous soil to investigate the morphological and phytochemical characteristics of Moldavian balm. The
morphological characteristics of plants including dry/wet weight, plant height, stem diameter, leaf chlorophyll
and number of leaves were measured. Also, the phytochemical characteristics (flavonoid, phenol, DPPH,
FRAP) and the values of P, Mg and N nutrients were measured in Moldavian balm in the presence of P-
fertilizers treatments.

Results

The results of this study showed that the use of combined fertilizers (OMo/P <«OMas/P <«OMso/P and
OMys/P) and KH2PO, resulted in a significantly increase in the morphological characteristics (dry and wet
weight, plant height, stem diameter, chlorophyll and number of leaves) and phytochemical characteristics
including phenol, flavonoid and FRAP and DPPH antioxidant activity especially with the high amount of
organic matter in combined fertilizer and the increasing trend was as follows: OMo/P < OM3s/P <KH;PO4<
OM5so/P < OM75/P.

Conclusion

The use of combined phosphorus/organic matter fertilizers, especially with a high amount of organic
matter, are effective to increase secondary metabolites (phenols and flavonoids), antioxidant activities, and the
growth of Moldavian balm in calcareous soils. Further research is also needed to determine the economics of
using OM/P components under large scale cultivation of Moldavian balm and different plants in various
conditions.

Keywords: Calcareous Soil, Struvite, Organic Matter, Phytochemical Compounds.



