[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

FOV-FAD i VECY sloss 5 531 OV oyleds VY Wi aLE 5 SIS 5 dul 3
https://doi.org/10.22034/12.57.385

BL &‘.3.'9}«&\.'&)" fﬁwﬁj@w‘gy QW}A&JQJ\{};{ 5;.’)‘5 Q‘;‘ WSy,
(Rosa hybrida) 3, J5 ;5 ;4 o Jis Ll e

‘5‘3)3 C\.L.» e ‘9)_,.:5 S gams ‘.’FLS:'“"; W-&:«o sd)‘nﬂi‘ Lw
Q|ﬁ| w\g..f.a 5.’-«—-:.& 6""-’5) eli.u‘: gdj)‘gw s ASES s e ‘_;La.é L;w-l-'..édj u.’l.&b r}l& 0_9;
SRR BT TSI SR VARTAREAS ISR 1)

oS>

3B, o 0o Sad 4y Jaei Oljee 53 Sl 2y b ls o gllaels S elE Ad) 1 S ol fa) b Jalg o e S S (g, 50
o L 53 347 sn 5y B GLAS 4 Wil o oS dien Sl s BB B gl s S ) 8 i glaa S
Sloo gt 5l (F g p ey Sl g e e Sl gy sl 4 SR ol ey ol Gsd DT b edd b
55 Jols G ol A3 plonl LS5 ler b ol WalS b b B s 5 ¥ 5T L 586 bl al s 5 elerd s
d 3 e S Sl ool (5558 5 (OIS S 0 F4kS S o p SN0 500 YO 0,08 pue) mhau Hlgr 5 Sl e
o RIA g 03 JS g 5 pdan SRIB prmen 5 SIS il 5T 2SSl s o GUge s 100 5 V0 (i) peaw
4 proe 4 rlly Comd 5 eosly (S8 il 8T I o ge SUse s VO 55 53 p 8 00 e 4 lr g 51 sl Ll g
Sl & o 2l AN 5 /8N VAV ks 4 S e 5 JS 8 s Al g il VTP 5 VY DY e 4 s S
S AN GV ALY ke 4 i Al 5 ST AT (Don g 8 Gl sl U e VO (5505 s £ al
05 0 o 53 Sl sm o g 51 A Gl g 51 e3lisl pde) Sald & s Rl VY 5 /AY ke 4 5 4 8] 5 S RalS
00 Llogm < Ol o IS Ssb 4 5,5 dals & Cumd il VYY Sal SRl 5 s /8% LIdie 4 A3 g slS Ll jme LialS Esly
Hrsm 3 sl o pen 4 el wxils 5, S8 olE (55, LT 1 Sl (550 5 e T 2Rl 55 gz s BB ST S
gesat 4 5 s 53 H5d LB SRS L am g b 5, e Sl Gsd 4 elea DS 3 (6)00 SN gw Ol ST RS st 4
) Sy e 2 &S 33 8 oo olgds ) cnl 3 asls glpe 4 2B Aol Sl Ol 5o g Sl Sl Fl= 010 o

28 A O3l 250 (S g b B e p 1545 Jel g gl 5 (4855

b IS (s g s b SR il 55T 15 ST el

35 gl Gl (clady & Sbotaaiwms 5 Sis ao di

nemati@um.ac.ir: s S Sy S ¢J jms ok 55*


https://doi.org/10.22034/12.57.385
https://doi.org/10.22034/12.57.385
https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

VEOY Jlu OV o)led NY Wi alS 5 S,IS 5 ol 3 YAS

Gopb SUSEe b alalS s oy sl 5, S Iy 5 2L
D P S e e s
Gosb a Jom 3550 53 Glelbl b cois L5, S s
(Niuand Sun, 2017) ol 5L5 5550 55 IS slaaly 5 el
L Upame oS ol 08 5l i 5 e o3le S by g
O3S dgdome Ll 3 53 o35y Colm s s
Blackwell et al., Lehmann et al., 2006) 555 » AJs
LS 5l s P sl ) .(2009; Wang et al., 2019;
Blanco-Canqui ) & Jele slaes S 5 S5 os e
Ss O ok s S el 5 gileg 532017
Wang et al., 2019; Wang ) <l o3 S Cl 545 4 Olads
Sals 5ol s U bLs,l s olidss (et al., 2020
Kavitha et ) aas . 1, 55,5LiS S ;5 CHy 5 Coz Lixl
e S 3 Ll el Sl se ool ol (al, 2018
El-) dib ol ool b gasS 6l (5 e o)
o253 s 53 Ll sw 05 S aslsl (Naggar et al., 2019
Fre Sl e Glasl (i 5 bt (i
5,8 (Saifullah et al., 2018; He et al., 2020) ..
ol psb 4 Sl ke Sl el b BLEI s Sl
Saifullah et al., 2018; ) <.l (s,sa Jials a4 50
Sz o phaw 5 o Jlss (Baiamonte et al., 2019
il B das Il S 358 5 Jodss Ll e 5l
Di Lonardo et al., ) aas a5l Ll Jsb s 1, S
Srse L8 5 KT Slgs 5l 5 4 ax s L (017
RSB opd e Gl g e S GBS S S S Al
A5 ials Sk Jylme s Nat L Ca?* Jsls L 1 oS s,
esbe G b= 50 (Lashari et al., 2015; Zheng et al., 2018)
Lehmannetal, ) & oS 055 Lls s 4 o5k Lo
Ajayi et al., ) alS sdse slse 31 = 545 (2006
NQUYeN ) 01315 0S| (65l (53 ,Shas (slaos S 5 (2016
slye Slgmn 5 0 ,S il 4 3B &S ol (et al, 2017
Usman et ) ol gdis sl baim ioman 5 S gdis
=6 opl 2l (@l 2016; Yu et al., 2019; He et al., 2020

Sl s el 5058 2ol Sl b Ol 4 |y Lalls
G Gl a0k bl all Lo e Ll
e T L i T ST
Jie S S shs o orlale b e SRIB S
3 S abls 23 &b
5 55 33550 bl LT OF s oS ol st s
CotS ol bl ke ) i LIl G
i ST S Wi 1 S (g8 IS Wl5 e
k) ol shils ddpen Sstanims 5 Sl Gbls s
bl F 00 et O s Al L s S
S Ol Glolis 5 cans (33l G s oG,
{Fox-et-(Fox et al., 2005; Tanji et al., 2008) 1> s 4>

sl 3l eslizal ak; - Tanji .

2 eSS 5 bokle bl sl s i
Nirit et al., ) el phbotorbotet OF oS gla, i
5 Lokdlg ul Lt eslle (Nirit—et-al—2006)-(2006
Codsdowe s w3y 8 edas Sy s glalls
Lol Cblim Sl 5 5 sbeayse oo el
S sdeme ealinal b 235G sl plaslid b sl
Cabrera et al., 2009; ) dzes a0 CUly,y Jshoee 5 4l 2
{Cabrera—etal—(Nirit et al., 2006; Raviv et al., 1998
Ll 3 ol s 2009;Niritet-ak,2006;Raviv-et-ak;-1998)
Lpdpo por Sy 5 S5 5 ol o4 LSS
55 JS £Senneveld-etal-1999)-(Sonneveld et al., 1999)
bl L 5l o SO s (ROSE-SPR-)-(ROSA spp.)

o a5 Lol Olgr Sl 55 5 65 o age

Sl slesWiG g Slelbl ol Copgome 5 oS SUsh
5 oS BT olen Copde (ysn supe 53 5y K
ol gy Sl Sl e Copde 5 Al bl QIS
OLlS Olge w L o esliad (sl By 5 L s Ol
Sl Sldllas (Jl= ol bl sl el s SIS
Gob Lile ¢ Jame sla 25 4 olS sy 5550 53 (53 500
)')wa\.\ijsbm_j)bdsjjja.}w.ngu\eJJrl?d‘é:}j


https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

YAV S5 8n sB Sh o Shes Gl e 24 gl S

bb&w K} ‘5)La3|

4> (NaClh) e S Sai olyen 4 of Lol
S Sosb a b el G a5 90 a weld 53 glackils
,\il{@l.wﬁsfdol”cﬁé}»@Ql.ﬂfg]é\}w
oslizal Jyems OF 5l aals Jls 5 oS 55 Ol bl
o3 VT Ll O o5 Olpn ¥ e Gk o5 0 S
Mie 5 g sbajleg 5 A3 B8l s do L,
Sy s kS bl Jseme 1Ll 5 S
G s Sl a3l OIS I S e S a Jglee
23,8 S pe e s s Ol bl Sles L LS
Q'):Jj‘ ).)_)'5 )‘ o CJL&Z..& B Bs :A:Juvqﬂ ‘5;6)".1”
Usehen V0 (o580 mhaw 3 dald Hlas (65, A e
Aol Job 0 55,5 YV 5 ole & e 0 45 3 5 & 50
Goo S S Plas By s Aaly e e s LS
de e 055 Ohpe b, Ad Ol Leol
350 Slio 5 S sles s Sl LSS ler gl e sed
o)L,a_Of“.:Jjjg.:AY" JSJJJM&\JJJJMJN)JJJE
Yoo ode 4y A bylse 0,50 Gome 1) L YL ke
S8 a8 sl s Ve sles L pf uT rl.v BTN
LOds o w5l s 2l Ol alg 0 5 288
Jsb 5> (Jenway Model 6305) o gy xSl 51 eslanad
oo w oSt sl cdle s ol e gl ST o
oS S o S ke Vo S SIS w0 Ab 5 ,Ss5l DPPH
95 Do 4 e bglsa 147 J 501 1) L O Ll 54
SlAS ) Ay adlS Yeer 5 b G Sle 5y adds
)quO\\/ Cjﬂd}lﬁ)b L;i.:)u‘)ﬁ 4.5.:.35“" A:JJAMLA‘U)M

DPPH= [(Ao-A1)+Ag]x100
3T SISl 56 dasys = DPPH J e b b oS

Lol s W ol =AL 5 ld We wlx =Ag
sBates iy, slas s, e (Yietal, 2008) ol
Jenway Model ) e 525 5 2eusl 5l eslizad L (VAVY) Ol Ses

53 J8 8 g S e SLOT e b s (6305

Liuet ) asb o a8k ol glls Hod S sl s
Sheslaad 5, cpl 5@l 2017; Saifullah et al., 2018
Jhesl o5 25 Sl fals 5 slesle Olge a5l 50
oor 250 3 Saenl Sl (hd 4 el OLALS e
CJ\]:.;U J‘)}A DL J)P-jﬁ QL@U.L‘ 7““‘"’4”;... Y &L}- QT )‘ k;wu‘
Sl odd S pate heo 5 o5 QLIS 55y » b
S5 OB s Sl ST e e 5L sl
ALl JB e Lk e P st a4 el S 5, e

NG

CIETPIEIRe
B Fr n oAb eon sk e ek
el osd 25 Ll i s 55 ol pledign Sleosas
B s s 55S6 sl g 0 SIS b b,
SIS s LSS Sler 53 bele s b sl Wels wly £ b
Il o3 dgde s b oKl (63,5L28 aaSils Jlido
el 3|4 VFes

Sl esle abex 51 bl sls lole :ibesT slales
2SN 500 Y0 0 ede) sl Sl > Sl
3 oph 2l Ll 5 (OIS 8 St o S s S
250 (e 1S JUge Lo V00 5 VO o) (5550 Cla.‘
53 @Bl e oS 53 ekt WS Sl e sl
30 (V dsdx) S w0 (V dsdr) e o Ol
s bl LS b a5 sl

SVRAINDOW (35 55 slaanalS :0lLS ciS 5 4
Sl OIS 53 5 4 dgie wss b oKl GlslS
il glacod b S ciS men s pskS =y
L 43S b

L bS5 LolilS il jles Jlasl 5 basalS )l 2l
Cusbsy :SSke 5 (G —55,) 318 Sl a3 VA-YO gles
sl Sl roman 5 3w Lops AO U Ve LIS


https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

VEOY Jlu OV o)led NY Wi alS 5 S,IS 5 ol 3 TAA

0 S S /SIE sl £ 5 Le) SIS sl Sl & o0

PN ol LIS i Sy gy i Ol (5 035

E) Sinleton U;jj L; j;L;\:AN u:jﬁ g_éj:u L: ufjg e‘)LA—G
o3zl | O gl S e A5 (5,503l (1450) Rossi

Goio ol 53 oLl 3,58 la g WIUT s - J g

. | S
. NE e .o . JJL\; C,\:ﬁjla g’j‘ﬂ’“ 3o s o
e eeedS 055 R A el . EC "’ i K
558 PR (ds/m) s Al
(ds)s) (mag/kg) (Cmol(+) Kgt) (g/cm®) (s y3)
TS Y $/0 AVEYYS $/¥ MY ¥ AWV
Gz cpl 53 esliul 3,50 S O el 2 Y Jsux
g S R pgsgisess 0 Ec G0 2 e o
(ppm) (mg/kg) (Cmol(+) Kg™) (dsfm) (4s2) Sk
YICA  \e/AY 58 NP VIA Y0 Ve Y s Yy K
Geizs opl s ealil 5550 g bl O 6T B Vs
st S EC oH B oelS oA A b S e
" (ds/m) (mea/)
SO VY ver ¥ 4/0 VA ¥ \/5

Tl 03 (o n Ol e eS 3 Dl pme s 5 JS 58
O & Gosd O ple Cod s p 5 O
0> bae IS Js8 Ol S 55 5 +/Yfumol g'DW
35 W/PYMY GA GTHFW Ol @0 (55 O3 Sl s ¢S 00
Jsd SRl Carpe 0 500 Sl sl e VO 25 53 L
“ Odan s (a JK2) +/AV mg GA gtFWOlw o IS
Jads Olea js dald 4 s il (Vb JSS3) /¥ Ol5e
Ol 2 Sulo fre 1 (go5d A5 5 sl s 13 43l

S Ul s s ¥ Jadr Gk 5 IS W sisl Lasls
By lagme Vo dleal e s e ls l 6l esle
et Dlad 4 by e opd AT 50 A5 Olye o S
VO i b 5l s YNY Mg gt FW Ol a0 (558 i
Sl VY e 4 Latls ol Gl Comse SUse L
LS e S 00 K2 a8 et 4 oo

gl sl (Y+\Y) Maharia » Dutta lw g odd
o e S 5S Ol S g 3 S ool JS a5l
i Ok (5O e S K /S ke) Sose 4 2l s
o311 (14Va) Wagner i, dhwy o SIS ol sl
oaws 5l jobie (o So3lul S Sl S S
1500, Inductively coupled plasma atomic emission )
oslezl ICP- AES (spectroscopy, Agilent, United State
38
aglie 5 MINItAbL7 i531 o 5 51 eslinad b Laesls 5T
plonil 10 Jlel o 53 (S5 a3l olid 2 Laesls :Se

@\.‘.’3
JJ.UL:A Q‘jﬁ\\‘ Jed= slaesls ‘_3.:.]¢ﬁ :CJ’&JJJ?.-} JS Jﬂ

loamls @l 1) dlasl mhaw 53 o508 S35 5 Ll e


https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

YA LS8 B S h o Shes Gl e 24 S

bb&w K} GJLAJW

ORI KV 1 <] RGN | PY SR I PR ICH R WV 4
Jlze DA (P o) bl wps dsdar w6 Gb

dole lalln p S L2l gl S g 5 s A5

Ly e YNA mg gt FW o\}:ﬁgpfo. S s e S
dlﬂp.,\.;jjjkb’)l,\bun&wpfa. S S 3y

Gosd S5 5 ol g A g S Gy B sl g Do (F i ibols 4w @l -F o

Sl e 5:S0Le

LT S CON P [PSCHPRWY 4,

oo o e slaclyda s S uls . 2 ol sl

: =2 Jsdss s : 7
5,8 WY J e 3l
’ (mg GA g tFW)  (umol g'DW)
(umolgtFW) (4s ) (mg g™ FW)

ANATIN /e aayms YV/y4ms ) PrEE TYFVeEE Yeq/pq%* Al Sl s

¥ FAYTE VAREN AN+ o Y PAREE ARSI YAQ/48% \ Soys 5

AS/YYH® /raayns y/VYrS o/ VA Y esFyEE INTAR 7 S X S st
oo ae¥ Y¥/AA /ey YA AN Y7 Lo

6)‘3‘;'&4&3\.;’5 C-LF"M)D\jodw—"Jch-wjéj‘J‘;'M%;d{nSJﬁe

Gogs S 5l sm A sk S 5, 8 I polie (B ibols 4 i -0 g

Sl Sl
s
. AT JORRECI b RS Ut e
S o e T ey et &l :
(ppm) (ppm) (ppm) b (ppm) (ppm)
VEVOA0™  APYFEVEE YAYFoovE /VVAQEE YOVFAYY™  4q)yofeE ¥ Sl
YOV o1 o™ QOFIVA™  ACQOA TS YQATTVEE YOAQVOYER YVYVarayeEe Y Sosh s
FVSYY VeV FOYALY™ EYEYE YEAVQY \0) 4Ty o Xt
yrays Y\$Y/$ VPFYYaY V¥ W VEO Fa¥VaY s U

GIls g s e 5 Aoy V50 Jl! cla..« 23 ls g i 5 4 NS g e o

OF J2) s

S5 s Sl (6) Jpr b Gl 18 M8 il 5
it mlaw 53 SIS b T et li Sl g 5 5o s
Or v 4y Gaxld pl Olye op 2y o Jlopme 1)
Y4 UMOIGIFW Olse 4 5U e Joo 100 olS 3 s oS
B s 5 U ke VO RS 5 B Sl
Oh <)

ool e Gl Gt R s sl Jlize Sl pebs

5 esle 1 kb 5 0358 s gme SlS| o1 e
10 Jlazml w53 Jgle glalydns S0 2l (6550
> enSI BT b e ls 550 25 esle S 5 s
Sl g S Ol (ppeS A Sl ime 1) bzl
Ll 35 #2Y/0Y Mg g7 FW Ol 4 sl jlas s Jsle
Lol ol R e U e VO g0 5
Olsae o yeS (V8 ISK2) Al dald 4y e ol 5 V /oY Ol e
VY Sie & dals Sl 0 by GleSI sl el

Ol 38l Cr o JUse Joo VO (6550 235 55 Ao


https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

VEOY Jlu OV o)led NY Wi alS 5 S,IS 5 ol 3 ALY

03 b el Cod 5 e ol (Gl 5 T0 e o
V.:.A:i Ol p i (0 Jod>) A lsbas VY Jln.b-lc}a.ﬂ
oS 0 e Dlrgn s oosd A5 pde kil

Sosd M5 s 3l 25 AYYV/AZ ppM Ol e o (Ya JSC5)

B 5. O25gr DO50gr @100gr

a W, 5. B25gr 0O50gr 100 gr b
450 -
E 400 | 2 3
T . =
&0 / xT
3 Z )
3 | 3 E
5 |
£ |
- |
: |
|
|
G¥po ) (5558 Ve ) 505
d e W, 5 e @25 gr 050 gr B100gr
4 -
35 c b T
3]
A E 25 - S :é
3w 2] 1 ¥
Bl e
g vs
£ ] g
0/5 -
0
0 ] 150
O¥3e o) 5555 GY e o) (5552
e f
80 - 120 -
3 04 b ab T ;j 1001 b 2 2
. 60 '
%‘ z 50 | a3
T w0 by o6
9 F 30 - j Y40
47 »- T 20 -
) 10
0 0
0 5 150 0 75 150
¥y o) 5555 G¥pa e (555
h
4 -
354 ° b b a
. £ 37
fi = s
Ty o2
g Us-
1 -
0/5 -
0
25 50 100

3,258 e

(gn) 5l s

oo e gz 5 S e e ST o 35 S a3l 4 S sl 5T ©) 5 S J (D) odsn @ ) S


https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

YO LSR5 Pn B S h o Shes Gl e 24 gl S

oL 5 5 lal

LS UsnJen 100 500 (J2S) i slacdad 51 56 (508 S5 5 OIS S p SN l3l w5 Ve 500 (YO (U S)
(J8) o slachils 51 U )08 S35 8l cou 1St BT el () 5 Jgloue ol yhen g S (€) o gi sl @) p2dr
4 e SN 500 YO WIS o phu ler 53 sl sm Ak ok ST Cod a3 5sW (1) e w4 U s s 100 5 00
Sl 70 ezt s 53 (S 5 0051 Gollas (S ke B K Pla gl SlapSile Hlssei 2 53 SIS S e S4lS Y )

12000
10000
8000
6000
4000
2000

(Ppm) oy

20000

15000

10000

(PPM) e

5000

400
350
300
250
200
150
100

50

(ppm) ;pal

350
300
250
200
150
100

50

(ppm) pal

W, 5 D25gr O30gr

cd cdbed

de

A100 gr

O¥ge o) 5o55

] a
1 b

0 75 150

G¥po o) (555
T a
b b ab
“\ “\ h
S eae 25 50 100
(g5 5

JJ’J‘J.; )‘J‘!'M

B, 5. DO25gr DO50gr B100gr

o 4 ey S

(Jyj‘gﬂf)LSA};

30000
25000 .

20000 - c
15000 -
10000
5000 -

(ppm) r:-—ls

0 75 150

O¥ e o) (5555

2000 -
1800 - 3
1600 -
1400
1200 - c
1000
800
600
400
200 A

L
-

(ppm) i

0 75 150

(¥e o) (655

1800 -
1600 -
1400

a
4 b b b
1200 -
1000 ~
800 4
600 -
400 4
200
0,
S eae 25 50 100

(gr) sy

(ppm) i



https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

VEOY Jlu OV o)led NY Wi alS 5 S,IS 5 ol 3 ey

300 YO () o gl ez 3 e g Al m gl S Co gt (©) 5 prde 4 ey o (D) cenly @) Y IS
el () b 1S SU e e 100 500 (J58) Jho glaclils 51 3L (0 S 5 OIS S p Sl ) il 4 p SN0
Aed ) 5 AT () pades dy JS g s 100 500 (J29) oo slaclill 51 6 ()5 35 ST o i () 5 o (@)
Moy p 3 OIS S SIS Y (il 4 p S Ve 500 YO (JRS) o mhe Hler 55 g il sk A oo

I s sre U0 Jlail i 53 (S 95 05051 Gallas oS te G S Bl 1l s oKl

e el A5l s bbb lesle s todan
bl AL S Sl s sb a4 S D)0
5 Lol b Sl S5 i 4 G bl 4 s 350
L &lee (Igbal et al., 2014) Ll o S G Lyl i
2 Gost O s e o n ORI G il
5 o3lk) Dlgadeas 5 OYAT OLa 5 HBD IS
celind s wsle s 205 OFAY OlKes
B R T e ARt
03N s daldond opl Ul AL o 5B gyl
s n e Al e el ple 5l 2l 5 S e LS
B 3 o s S XS e sloml oS sl 1 S
sleodis 4 e s pl 1 S SLSL 1 s A, IS
Sl is 5o Ll s S e 5 5l Al ey 3 de oS
b OF o 35 525 Wl es oS5 e SUsb
5 et e 3 5 ol 5 AT e Sl 4 olS 5 g )
S msn 5 adsl e sbio 51 2 byl
Sanchez et ) das s 3 s Lo 5l 5 b onSs Sl (55,5
S ol Bbls LS 5 0 5l 51 S oy (@l 1998
Shinogi and Kanri, ) Ll o mensd (§) 55 A5 55 &5 Sl
4 Ol b Gosd Bl 5 s e 15312003
Do s Sl a5 51y S SISt g Ol SRS
4 3l DS 52 S =0 Olsn 53l ezmen 33,5 s
Sl s R 515 s e RIS s e
OFee (855,05 5 daw plll ed) Cudls g Ol e
L oS W3S adalie Lsls plonil 5 S50 (55,5 2 oS sialasl s
Rasouli et al., ) &bl o als -y Ol Jlrse 5,558
b b GRlBl s Lt i Sl 2 lS (2009
5 A Rl Car e (Rl cal 5 s s e sk IS
> .(Nowroozi et al., 2017) 55 5 o s, SialS a5

5o ke byl o (Th JSU) e 4 il 2
VO 5 Bk Sl Y/EP ppm Olie w0 p S 00 Slr s
L5 dals Sl & o el ol (28 Lo e e s
VO o 53 e S 00w o lrse s
Somd 2 VY7 Ol5n 0 Gl ol Gl o SU e s
by (YO JS2) s Hldie (1 20 5o 51l
Olpe 4 o5 00 Dlrge 5 Gusd A5 pds v
ol g JUse Je VO 25 B b 5l 5 YVYE/Y ppm
e S 00 v 55 sl Js 8wl Jld 4 cud i
o perls gl SRl o Sl e VO )58 15 00
ool s ol s el 4 s ol A Ol
Tl 53 Goxd UM s Dlram el Sl e S
ol 1 o S (S o (O Jpdr) i laline 1) Jlaz|
R A 4 b s e Y el e 53 OF (6558 i
PPM Oliee & dals Slas 4 bgye (Yd IS2) OF Sl
A e Sl e VO (50 55 3 TYTVA0
Olye op b i3 S dald plp /4 Ol @ Sl
a4 by (Ye 5 YO JSB) (o0 15 53 hed 5 Al
s YYAAV ppm o Ole w0 S5 4 S e
oAl Lo ge sUse e VO (6558 A5 55 1£40/+) ppm
A3 S als @ Sl Y Ol w0 el 5 i ol
JKE) s 5 8l polis Olse o s o g o o 53
YOVE/ES PPM 5 Y A/DY PPM Olsee 45 o 5 4 (Yh 5 YF
5 b pobe Sllie LIl 05 00 s s o

IRV IPPRCINR S SR V) S FYPPUIEN|


https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

YA LS8 B S h o Shes Gl e 24 S

bb&w K} ‘5)La3|

SAn s ey Sl S sl e Obls slad b
LS s b 4 e (Susd S Ll il s el s
T3 2 SV V-t RUTUO 5% SV VRN L0V FHP0 S| W R VSV PN b
o Jlsad dgﬁ;" G 55 b iRl sl
Joe 03 ol Gladd et I 4 e e
B 5 Wl5 o oS 0 Sy O Jdly (20 5 I3 s
Comic ) Ll Wl Jol 2& (65l s 5 el s
Olpe il 3158 b .(and Massacci, 1996
Soxs 5 Ll b o ales pll Jsloee Glalyden S
SLohias S Jil & dsl Sl Kl Llg e
Kafi et al., ) 555 o Joee als) 4 olsa el ) J glea
Sz 5 sy ol L Jeol m L slles (2012
Wl o] 0 3 Jskms Galidon s S Ol 1l 3 x5
S 5 (Najafi et al., 2010 Y40 « Ss5e 5 (5 )
S o LA g S 43,8 (VA 0L 5 S6D)
23 s SSs s s LS Gl iomen 5 (S e
Sladisg S35 Gk Sl LIS e U cnl 5 S e J ke
sl Sl 5 bl S5 S slaes S e Siaodes
4o pdy bl ban S Lol Colg 5 5 baSs
Le Sladdsid Bim o 5Bl s Jle Ol
oo Jsos lacntis 55 (ol Sl s 51 5 538 o0
Sl pd s S SLS sl Jes 4 S
Jood KL g rls Jiow laslidn e S bl (o5
5 e plie D3 i s e 0L s Sl e o5
O bl G5 Jes Gl el Ll d s ek fus
Sl esle Loy s chle il il o guds
53338 el i 53 Sl oty 0 e
T sl 055 Calr 555 bl (el Cbli~
.(Kerepesi and Galiba, 2000) il o Jse O50nS]
wiliann s WS o5 i S OLaLS s s 5i5W
3gdoes 4 by aS 3)ls sy S Sl OS5 ale
ol 03 (213 e A3l o LOT Gl b 5 S5 03 8
Ol Cow 03] b LS 5 LS il

Ol il 33l o go UL (slales 55 5l g 5l oslial 2ass,
Coslie Ll sk 4 S5l Sl Olge 4 s
5 A ol ) WS oss S pln o elS
et GoS opl ) ol s boas (VP (00
Lyl 5o sk 53 b S 5 1011 ST (S Jeb
Ol 3 el Sl s o255 Ul s n e b
DS 5 Sl e S e S LS
i 3 e GBS 4 el 5 OIS s L
Ao b e aLS ek S 5l 2 s )l s
Kovacik and Backor, 2007; ) 5.5 o plail (5555 Ll
ol b b (Ksouri et al., 2007; Sonar et al., 2011
@l o I OS5 e Rl el Gillae o
oS 3l S o GlS 5 &S ol O Sl g5
o3 Sl 3l dhar 51 d S 5 Ll
e Gopb 5 b b3 ROS (5)slaer ¢l p
bl Culg 3 s SIAeS| LS 5 b s il
Khan et al., ) 553 o 5510 ol 31 J ke Olezstle
Sl 5 Jb LS 5 o et LIS alul (2011
)15 gy Cte Soan ALS a8 3 S| s
ol 58l cazs 5 (Ksouri et al., 2007; Sonar et al., 2011)
Gl gl g8 Bl el S Olse 4 8 sl s
35 5 Jlestl o ge oK odr il 33l 3L s ROS
oS s S sladul b 4 0l ol 5 ke
Sl 2,08 OT88 ODes 5 Slige 9257 5) 33,5
ol GlemSI BT b B G I8  SUSB 2 ol en
Gl DU U5 a3 Rl cpl S ws S puS
(o5 YO) 3131 W Jsl, 2o 5 (Lo TUA) Loy
O O 5 g b sl &) Conl os s
o a dylee ladd bl idow Syl g S
GRIPL tlee (BU s 05 b 5 b o Jpens
0> Jsle a3 201531 e (Pinheiro et al., 2001) Aol .

el ol pllel i lanls o A5 Sosd A5 Rl S


https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

VEOY Jlu OV o)led NY Wi alS 5 S,IS 5 ol 3 T4¥

DLLS 55 BTt ol e (WYVA s 5 )
o 55 5,1 dacln il i Olas) BT bS5 Jals
e Dol (8 DS 5y el S Sl daJs B S 5
Wil gn Sl 3T gladi 55l ¢ SlnS| ST oS 5 ol
Sy slT Sadsly 0w 3 el S & SLS 5 ol
Blamt Lol 5T o O it W5 B85 e
ole Lo s bl Bl 4 S sas e e
5 daislen) 335 s bownd Lo 5l Lol @JTC‘*
e piliw sl a5 ol cpl Sly Slids (V¥4 (g Las]
claasl s bl gladSs L Salea 55 a6l
2 bdsSse CBl 5o el Ol sln 5 LS Jas AL
L ool sl (Sa2bl Lsd Joe 3505 (25 0)50 s
Reddy et al., ) (UV) Wil 0808 Jame S e
Jolss alo> (Christie et al,, 1994) 5 l> (1994
s (Heim et al., 1983; Hipskind et al., 1996) I3 L
Deikman and ) oS sule Lile i) sliSalas o
«(Moalem-Beno et al., 1997) s -.J . (Hammer, 1995
Lol Sl s (Woltering and Somhorst, 1990) Lo
S b 5l gosd i 558 e W (Marschner, 1995)
g emed 3pdr Lol sl memd o (Sl
Cod sty Gosd S Cow gl
Mita et ) sl 1 (Kaliamoortiiy and Rao, 1994)
Ll .ol ol 5158 (Murata, 1998) «iie 5 (al., 1997
oS mn (Y48 O Kea 5 ol dils sl olS s
Dbrser claddllas D3 sy ) s Sl S Jol-
Sl b)) 0L oS b sl ls e
Sl b o o 3 5 OF e 0L 5 (b ool E)
Trigonella ) alis oS ol gl (Glgme il
.(Younis et al., 2015) . (corniculata
ATP 3T 0l 1alS s & oy pd S5 o 1 polis
22 Og Slsen b= 55 e a3l 51 S Gl
Loomizmer 5 2555 0 op 4 olS S Dol (S sl

ol b e plie 53 (el s 53 2e S0 s oS

Glp oS ke ool 4 (Kubi, 2005) &S . 8 4 Ll
R I Y B WS P VI W S XUV | RPN <0
S b il 5 el SIS s lapt
s o ol B g S am g i el s olS (gLl
WSy Ui sl LSS el
Chowdhury and ) s 5 Ol 1) Lasssls 5 bads gy,
slacd sl 5l el 03,5 Lads s 5W (Choudhuri, 1985
2 Sluely B g pes dlesl b alS st
Al s Clé: ‘LAMK)\}J_{?« s oblS n S
SSS, UV 5l 55 clales a0} 5L 5 Ol el
Sl S s Ol o5 Sl sl LS 08
Ll 5 4 olS 5k roen 503 S A A, 5658 4l
Martin et al., 1993; Zou et al., ) il oo Joeo (515 25
SenS| 5T esl .(2004; Martens and Mithofer, 2005
Wil LOT plad Slle o wly syl
ol ol s .(Rajalakshmi and Narasimhan, 1995)
L oss slais 3 A5l Ol Rl 8l 51 QLS G
SBOlST BT Sl Cdde s S das e
5okl 25 bl 3 4 Cuslis g olS 5 S Al
OLGan 5 035,8) o o el 0dd Jlesl 25 40 46,55
Slo gt Goy g e b o S1(Tay
srs ol LA S I3 e e S OLLS ol
Sl Sl esbamad s 1 asgls (il Sldlas 51 5 o
Rozylo et al., 2017; Ghassemi-Golezani and ) > S oL
w58 (Lotfi, 2015; Hashemi and Shahani, 2019
(s by Sl S Ll 38 s Aissle
S il LS 5 05s s Olpe 5 S slae ol
Sl s S Slogas g bl 8 ol
5 AW I s Wl el e add S5 Sliss
OFen O 5 g b esly ) Al wsls 56
Sloy Sy sladipslls o8 o dslhe el g3
(oo pp G, i Jge oS Sl byl gl
Al e olS Calises glacand 53 ol sdalin T 5 iin


https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

YO L K3 Pns B S h o Shes Gl e 24 S

bb&w K} ‘5)La3|

S G Sl e 5 S il el e
ool e St s Jdae slse cpl 4 ot JA15
L Gosd 5 Bl oS 250 e o a8 4 s
Farhangi-Abriz and Torabian, ) Jas ialS olalS s
L ocwl Sae 5ad sl 55 lese 5,58 (2018
Joxd QLS 3 Sdee (die slge mazd 5 Ll
5,08 (Alietal, 2017) s> [il5l s i a |y olS
s (Kimetal, 2016) w5 <ol js 1, jauws clale b
Sl il gy s 5 ce (Hammer et al., 2015) sals
5 G e al el G Sl g (5,503 adllas 3
b oalie 53 s bl b (Spar S 0lalS 55 1y e
dS 0 (Usman etal., 2016) sls L8l s 0
S el 1 0LLS A5, s e U WS s

.(Farhangi-Abriz and Torabian, 2018) aas

& S 4omsi
Soss o e g DI alS g slan S, 51 SO
sle &S o0l 5l il e St cuis clhol lals s
CAe Sl S s suS bl Olpe 4 a2dS 51
lgn 31 S s 0 OLS Uiy 35 5 il 3l g0 03 5
S eslial 555 atlid St stiSUol Olse 4 S I
wd s 53 i 4 S s Sldlae andl ail e b g
Soo FoS 5 S oo ol Ol 5 Sl he
) sl s A el sls S e s ObalS
S DA S sl s St U s OLE e
Sheslinal aSGsb 4 aib e oS a4 ekl sl (558
Core o S s g g 4 p S 00 s
s S st 5 b e s Sl sse
e 5 Il e o585 & el LS 55 6 0l
03538 Ol s Logas 55d glacl 5 S & 55 4 5
5 Ses a5l eslinad S LT e w5l
O VY Y S R S g et Sy WOGE] I O CORGIVE S OO YUY

oslaiol Coa 5 s Ol J1 51 OLES G ol o <l

Misra and Gupta, ) 35 o sl JUtl olS 5L 5550
Sl 4 e S Jgloee 5 e UL cLle (2006
G e Sl s 4 st e olS b g ole S5 il
S pobe Kos Ul 5 ol 5o S e s b
5 oA) S e akyy Jobe Gblewssedl 5ok
cble il LS cul sdd 518 JOYAS Ol
5 peedS pole s 5 LI el sate Oy NaCl
Shabala et al., 2010; Wu and Wang 2012; Perez-) Wuf
De La Rosa-lbarra ) ,ius 5 -al 55 5 (Lopez etal., 2014
23 Al e ials OlS 5l gslass s (and Maiti, 1995
2 o el On Rl e Os s Rl
S U o SRl 5 edd Sb J gl
OYAY OLKes 5 al5a) b el olS s ly
S O b Olid O ot A5 P L3 ioen
oS o iws Sl AKs gy S 0 S 5 3 e
wolS 5o pae ol ol sl ks s e bt
! 2 osUe (Giri et al,, 2003) &S o 1o ialS ok
KING S (555 4 obS sl 3 Jlos 2l S,
2 Ssho e slie 288 Gl KINE UL s 5
(Wu and Wang, 2012) .l sl> s S Ll
G ol Hs Bl Lo ol Rl eslle
Farhangi-) Wit 5l 5o b odd Sles ObLS 55 e ol
Sl 24 Sl = 4o (Abriz and Torabian, 2018
L Sosd JiS Cow OS5 (e ol alS 5 K/Na
Hammer et al., 2015; Farhangi-Abriz and Torabian, )
Sl WIS St s i Gl 25 LS s (2018
2 Gosh S s Sl O S Ol rees e
Thomas et al., 2013; Lashari et al., ) 5 S eslitul OlalS
Gl s 4 Sl e S sl plesl (2015
Thomas ) cwejcaw 5 1y Gosd o Lls5 oo ke "
Farhangi-) L., 5 (et al., 2013; Akhtar et al., 2015a

Aas 2alS sdes 55k 4 (Abriz and Torabian, 2018

3 elS sl dae slpe 5l UL slis gul Sl


https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

VEOY Jlu OV o)led NY Wi alS 5 S,IS 5 ol 3 45

Gl osms ol b s S Olge gosd 25 Ll d cou Ll oS das e 5500 Ll o a8 Ve gy
23 Gy Slalllas (23l Ll s ):@kj c&b J pe> Slp ol sn e b 5 b Sl 5 8 o S Ol bl
258 3 e SIS 51 2ol 5 as e al S S A b S s bl il e Ceal Sl olS

< e 9 Se o.l;;SCLL.a\ S Ly o ats o

Logams 553L58 Wy SRl 6ln e dal S,

@L:.a

lerdse 35 S5 Slio F o p o G5 O Sliga (S 5 e (S et (ol OlS (U
DOR: 20.1001.1.23222727.1393.3.9.85 49-A0 & « LS 3,555 5 i[5 aloes . WSy 0 £55 5

hoeo . Sl 35 050 oot W S5s 5l p Sa Sl del 5 (gopd Blize 3LOTA0) W S350 5 oo o5l
DOR:20.1001.1.24236330.1395.3.1.7.1 .Va-£4 (V)Y ¢t ,»jlc 03 e slaassl

Sost R 51 AU Slado LAl 55 denST G 1 Bl 18 s (VAT) el cbile 5 (o 3018 e o3l
NNV (DY el psle 4l (Calendula officinalis L. cv. Gitan Orange) ,lgaies oS s
DOR:20.1001.1.20084730.1395.30.2.19.6

S bl (it 53 SIS (glyime Sl i oy OYAY) daile (Js 5 Jadlsl (o533 e e ol 0
(AL 3 SIS 5 A alos (g5 55 25 oo (Seidlitza rosmarinus L.) ol olS 55 olie ole 5 Lis IS i b
DOR:20.1001.1.23222727.1394.4.13.6.8 Y'V-Y0 (\Y)¥

lea,ﬂ Sl Gl g OYAR) a8 (e 5 s cdnn le (gl iz clll (o 0Ll ibae (g A
VAT (FON (ST o pale 40 paS s GlE ol Sl s (Speml SlaediS BT 0558 5 Sosd ke
DOR:20.1001.1.22518517.1386.11.40.16.1 .Y\

A AL slgr Sl aa 5L ALS (650558 ((VTVA) LUl () 5 cdases (SIS

ot Skeedla ol 5 b s 3,008 5600 Jslod sl 5L 5 cam (ot dilis Lo pdoe o hal a5 (s b o3l B
okl slayss s (Borago officinalis L) sbsy) 0Ll S 5, Shee 5 shoed S (55l sd Sliv S p
DOR:98.1000/1735- . MY-4Y (YA ([ anb who s isliS pule) b8 4l slojiesy il
0905.1398.36.98.99.1.1576.1610

OL3s oS s opd Jemwi 055k b slemin Ol Jsb I L(0YA)) 680 (oLl 5 cdidige cliednlan
OV=Y0 (Y)W (lS  (glacuiiS OB fjéc (Echium amoenum Fisch & C.A. mey) Il
DOR:20.1001.1.20089082.1391.3.4.4.8

aioen olS Ak s e slales 1 ol Slrse U Lol (0P 0) s (535505 5 idons cdomr e
DOR:20.1001.1.20084730.1400.35.4.11.7 #+¥-08) (V0 o el sl 400 (5553 o5 ol

BB S5y Ao el Skl 5 osd 5 HE O s (el 5 Ja ol (il (Aol
M=F4 (P8 Ol als elica;  (Nigella sativa L) «ls ol slanise 5 SKigdess

DOR:20.1001.1.20088264.1396.9.4.6.8


http://dorl.net/dor/20.1001.1.23222727.1393.3.9.8.5
http://dorl.net/dor/20.1001.1.24236330.1395.3.1.7.1
https://dorl.net/dor/20.1001.1.20084730.1395.30.2.19.6
http://dorl.net/dor/20.1001.1.23222727.1394.4.13.6.8
http://dorl.net/dor/20.1001.1.22518517.1386.11.40.16.1
http://dorl.net/dor/20.1001.1.20089082.1391.3.4.4.8
https://dorl.net/dor/20.1001.1.20084730.1400.35.4.11.7
https://dorl.net/dor/20.1001.1.20088264.1396.9.4.6.8
https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

Yav e S5 8 8 b ‘5‘.&‘;}3} o Shes 6‘)?‘).’(?"‘)‘:"’;5”&"\1“531’“ Sl oL 5 il

c(_gj:,..wjlﬁ 6LAGJ.:<.') 6‘}2>:ﬁ B UZJJ'“':} CJ\J;‘ (W'QV) wa g.,\.,.a:btx.ﬂ 3 M.:bjﬁ 461>u ¢L;LUL.4AJ g}‘f&)}b gt\.o) nb)‘}).:ﬁ
(pade) ALS (sla pings alms (5555 s S5 (Satureja hortensis L) o5 ,e oools olS 55 Adssl 5 Jb ool
DOR:20.1001.1.23832592.1397.31.4.12.4 AAQ-4 ) (¥)F)

o) ﬁjj)ﬁﬂﬁ Sles ;?ﬁ 5 A N (\Y4%) L'&) 40\]0\5 °'>‘)":j.5 E) U:‘!LJVW c(s.l:%\ DR ‘L:Q.S L&LJG.A S397 38
M =88 (PN ol OlalS (558 5 18 55T .55 55 5 > (Satureja hortensis L.)

Ajayi, A. E., Holthusen, D., & Horn, R. (2016). Changes in microstructural behaviour and hydraulic functions of
biochar amended soils. Soil and Tillage Research, 155, 166-175. https://doi.org/ 10.1016/j.still.2015.08.007

Akhtar, S. S., Andersen, M. N., & Liu, F. (2015a). Biochar mitigates salinity stress in potato. Journal of Agronomy and
Crop Science, 201(5), 368-378. https://doi.org/10.1111/jac.12132

Ali, S., Rizwan, M., Qayyum, M. F., Ok, Y. S., lIbrahim, M., Riaz, M., & Shahzad, A. N. (2017). Biochar soil
amendment on alleviation of drought and salt stress in plants: A critical review. Environmental Science and
Pollution Research, 24(14), 12700-12712.

Baiamonte, G., Crescimanno, G., Parrino, F., & De Pasquale, C. (2019). Effect of biochar on the physical and structural
properties of a sandy soil. Catena, 175, 294-303. https://doi.org/10.1016/j.catena.2018.12.019.

Bates, L. S., Waldren, R. P., & Teare, I. D. (1973). Rapid determination of free proline for water-stress studies. Journal
of Plant and Soil, 39(1), 205-207. https://doi.org/10.1007/BF00018060

Blackwell, P., Reithmuller, G., & Collins, M. (2009). Biochar application to soil. In: Biochar for Environmental
Management: Science and Technology (eds. Lehmann, J. and Joseph, S.) Pp. 207-226. Earthscan. London.

Blanco-Canqui, H. (2017). Biochar and soil physical properties. Soil Science Society of America Journal, 81(4), 687-
711. https://doi.org/10.2136/sssaj2017.01.0017

Cabrera, R. 1., Solis-Perez, A. R., & Sloan, J. J. (2009). Greenhouse rose yield and ion accumulation responses
to salt stress as modulated by rootstock selection. Hort Science, 44(7), 2000-2008.
https://doi.org/10.21273/HORTSCI.44.7.2000

Chowdhury, S. R. & Choudhuri, M. A. (1985). Hydrogen peroxide metabolism as an index of water stress tolerance in
jute. Journal of Physiologia Plantarum, 65(4), 476-480. https://doi.org/10.1111/j.1399-3054.1985.th08676.x

Christie, P. J., Alfenito, M. R., & Walbot, V. (1994). Impact of low-temperature stress on general phenylpropanoid and
anthocyanin pathways: Enhancement of transcript abundance and anthocyanin pigmentation in maize seedlings.
Journal of Planta, 194(4), 541-549. https://doi.org/10.1007/BF00714468

Cornic, G. & Massacci, A. (1996). Leaf photosynthesis under drought stress. Photosynthesis and the Environment, 347-
366. https://doi.org/10.1007/0-306-48135-9

Deikman, J. & Hammer, P. E. (1995). Induction of anthocyanin accumulation by cytokinins in Arabidopsis thaliana.
Journal of Plant Physiology, 108(1), 47-57. https://doi.org/10.1104/pp.108.1.47

De La Rosa-lbarra, M. & Maiti, R. K. (1995). Biochemical mechanism in glossy sorghum lines for resistance to salinity
stress. Journal of Plant Physiology, 146(4), 515-519. https://doi.org/10.1016/S0176-1617(11)82017-1

Di Lonardo, S., Baronti, S., Vaccari, F. P., Albanese, L., Battista, P., Miglietta, F., & Bacci, L. (2017). Biochar-based
nursery substrates: The effect of peat substitution on reduced salinity. Urban Forestry and Urban Greening, 23, 27-
34. https://doi.org/10.1016/j.ufug.2017.02.007

Dutta, R. K. & Maharia, R. S. (2012). Antioxidant responses of some common medicinal plants grown in copper
mining areas. Food Chemistry, 131(1), 259-265. https://doi.org/10.1016/j.foodchem.2011.08.075

El-Naggar, A., Lee, S. S., Rinklebe, J., Faroog, M., Song, H., Sarmah, A. K., & Ok, Y. S. (2019). Biochar application
to low fertility soils: A review of current status, and future prospects. Geoderma, 337, 536-554.
https://doi.org/10.1016/j.geoderma.2018.09.034

Farhangi-Abriz, S. & Torabian, S. (2018). Effect of biochar on growth and ion contents of bean plant under saline
condition. Environmental Science and Pollution Research, 25(12), 11556-11564. https://doi.org/10.1007/s11356-
018-1446-z

Fox, L. J., Grose, J. N., Appleton, B. L., & Donohue, S. J. (2005). Evaluation of treated effluent as an irrigation source
for landscape plants. Journal of Environmental Horticulture, 23(4), 174-178. https://doi.org/10.24266/0738-2898-
23.4.174

Ghassemi-Golezani, K. & Lotfi, R. (2015). The impact of salicylic acid and silicon on chlorophyll a
fluorescence in mung bean under salt stress. Russian Journal of Plant Physiology, 62(5), 611-616.
https://doi.org/10.1134/S1021443715040081

Giri, B., Kapoor, R., & Mukerji, K. G. (2003). Influence of arbuscular mycorrhizal fungi and salinity on growth,
biomass, and mineral nutrition of Acacia auriculiformis. Biology and Fertility of Soils, 38(3), 170-175.
https://doi.org/10.1007/s00374-003-0636-z


https://dorl.net/dor/20.1001.1.23832592.1397.31.4.12.4
http://dx.doi.org/10.1016/j.still.2015.08.007
https://doi.org/10.1111/jac.12132
https://doi.org/10.1016/j.catena.2018.12.019
https://doi.org/10.2136/sssaj2017.01.0017
https://doi.org/10.21273/HORTSCI.44.7.2000
https://doi.org/10.1111/j.1399-3054.1985.tb08676.x
https://doi.org/10.1007/BF00714468
https://doi.org/10.1007/0-306-48135-9
https://doi.org/10.1104/pp.108.1.47
https://doi.org/10.1016/S0176-1617\(11\)82017-1
https://doi.org/10.1016/j.ufug.2017.02.007
https://doi.org/10.1016/j.foodchem.2011.08.075
https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

VELY Jlo OV oyl Y W Al 5 SIS 5 i YA

Hammer, E. C., Forstreuter, M., Rillig, M. C., & Kohler, J. (2015). Biochar increases arbuscular mycorrhizal
plant growth enhancement and ameliorates salinity stress. Applied Soil Ecology, 96, 114-121.
https://doi.org/10.1016/j.apsoil.2015.07.014

Hashemi, A. & Shahani, A. (2019). Effects of salt stress on the morphological characteristics, total phenol and total
anthocyanin contents of Roselle (Hibiscus sabdariffa L.). Journal of Plant Physiology Reports, 24(2), 210-214.
https://doi.org/10.1007/s40502-019-00446-y

He, K., He, G., Wang, C., Zhang, H., Xu, Y., Wang, S., & Hu, R. (2020). Biochar amendment ameliorates soil
properties and promotes Miscanthus growth in a coastal saline-alkali soil. Applied Soil Ecology, 155, 103674.
https://doi.org/10.1016/j.aps0il.2020.103674

Heim, D., Nicholson, R. L., Pascholati, S. F., Hagerman, A. E., & Billett, W. (1983). Etiolated maize mesocotyls: A
tool for investigating disease interactions. Journal of Phytopathology, 73(3), 424-428.

Hipskind, J., Wood, K., & Nicholson, R. L. (1996). Localized stimulation of anthocyanin accumulation and delineation
of pathogen ingress in maize genetically resistant to Bipolaris maydisrace O. Journal of Physiological and
Molecular Plant Pathology, 49(4), 247-256. https://doi.org/10.1006/pmpp.1996.0052

Igbal, N., Umar, S., Khan, N. A.,, & Khan, M. I. R. (2014). A new perspective of phytohormones in salinity
tolerance: Regulation of proline metabolism. Environmental and Experimental Botany, 100, 34-42.
https://doi.org/10.1016/j.envexpbot.2013.12.006

Kafi, M., Borzouei, A., Salehi, M., Kamandi, A., Masoumi, A., & Nabati, J. (2012). Physiology of plants to
environmental stresses.

Kaliamoortiiy, S. & Rao, A. (1994). Effect of salinity on anthocyanin accumulation in the root of maize. Journal of
Science, 248, 1637-1638.

Kavitha, B., Reddy, P. V. L., Kim, B., Lee, S. S., Pandey, S. K., & Kim, K. H. (2018). Benefits and limitations
of biochar amendment in agricultural soils: A review. Journal of Environmental Management, 227, 146-154.
https://doi.org/10.1016/j.jenvman.2018.08.082

Kerepesi, I. & Galiba, G. (2000). Osmotic and salt stress-induced alteration in soluble carbohydrate content in wheat
seedlings. Journal of Crop Science, 40(2), 482-487. https://doi.org/10.2135/cropsci2000.402482x

Khan, T. A., Mazid, M., & Mohammad, F. (2011). Status of secondary plant products under abiotic stress: An
overview. Journal of Stress Physiology and Biochemistry, 7(2), 75-98.

Kim, H. S., Kim, K. R, Yang, J. E., Ok, Y. S., Owens, G., Nehls, T., & Kim, K. H. (2016). Effect of biochar on
reclaimed tidal land soil properties and maize (Zea mays L.) response. Chemosphere, 142, 153-159.
https://doi.org/10.1016/j.chemosphere.2015.06.041

Kovacik, J. & Backor, M. (2007). Phenylalanine ammonia-lyase and phenolic compounds in chamomile tolerance to
cadmium and copper excess. Journal of Water, Air, and Soil Pollution, 185(1), 185-193.
https://doi.org/10.1007/s11270-007-9441-x

Ksouri, R., Megdiche, W., Debez, A., Falleh, H., Grignon, C., & Abdelly, C. (2007). Salinity effects on polyphenol
content and antioxidant activities in leaves of the halophyte Cakile maritima. Journal of Plant Physiology and
Biochemistry, 45(3-4), 244-249. https://doi.org/10.1016/j.plaphy.2007.02.001

Kubi, J. (2005). The effect of exogenous spermidine on superoxide dismutase activity, H-O, and superoxide radical
level in barley leaves under water deficit conditions. Journal of Acta Physiologiae Plantarum, 27(3), 289-295.
https://doi.org/10.1007/s11738-005-0005-7

Lashari, M. S,, Ye, Y., Ji, H., Li, L., Kibue, G. W., Lu, H., & Pan, G. (2015). Biochar—-manure compost in conjunction
with pyroligneous solution alleviated salt stress and improved leaf bioactivity of maize in a saline soil from central
China: A 2-year field experiment. Journal of the Science of Food and Agriculture, 95(6), 1321-1327.
https://doi.org/10.1002/jsfa.6825

Lehmann, J., Gaunt, J., & Rondon, M. (2006). Bio-char sequestration in terrestrial ecosystems—a review. Mitigation and
Adaptation Strategies for Global Change, 11(2), 403-427. https://doi.org/10.1007/s11027-005-9006-5

Liu, Z., Dugan, B., Masiello, C. A., & Gonnermann, H. M. (2017). Biochar particle size, shape, and porosity act
together to influence soil water properties. Plos One, 12(6), €0179079.

Marschner, H. (1995). Mineral nutrition of higher plants 2" edn. Institute of Plant Nutrition University of Hohenheim,
Germany.

Martens, S. & Mithofer, A. (2005). Flavones and flavone synthases. Journal of Phytochemistry, 66(20), 2399-2407.
https://doi.org/10.1016/j.phytochem.2005.07.013

Martin, M., Miceli, F., Morgan, J. A., Scalet, M., & Zerbi, G. (1993). Synthesis of osmotically active substances in
winter wheat leaves as related to drought resistance of different genotypes 1. Journal of Agronomy and Crop
Science, 171(3), 176-184. https://doi.org/10.1111/j.1439-037X.1993.tb00129.x

Misra, N. & Gupta, A. K. (2006). Effect of salinity and different nitrogen sources on the activity of antioxidant enzymes
and indole alkaloid content in Catharanthus roseus seedlings. Journal of Plant Physiology, 163(1), 11-18.
https://doi.org/10.1016/j.jplph.2005.02.011


https://doi.org/10.1006/pmpp.1996.0052
https://doi.org/10.1016/j.envexpbot.2013.12.006
https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

Ya4 ‘éj‘,jﬁ,} ‘5‘.&;}1} m)ﬂa& dl}?l 2 r:.-o_)v_wl f\g{d_y‘?’-‘ ;‘ ul,&.u E) 6)\@‘

Mita, S., Murano, N., Akaike, M., & Nakamura, K. (1997). Mutants of Arabidopsis thaliana with pleiotropic effects on
the expression of the gene for f-amylase and on the accumulation of anthocyanin that are inducible by sugars.
Journal of The Plant Journal, 11(4), 841-851. https://doi.org/10.1046/j.1365-313X.1997.11040841.x

Moalem-Beno, D., Tamari, G., Leitner-Dagan, Y., Borochov, A., & Weiss, D. (1997). Sugar-dependent gibberellin-
induced chalcone synthase gene expression in petunia corollas. Journal of Plant Physiology, 113(2), 419-424.
https://doi.org/10.1104/pp.113.2.419

Murata, Y., Yoshihashi, M., Obi, I., & Kakutani, T. (1998). Ca?* regulation of outward rectifying K* channel in the
plasma membrane of tobacco cultured cells in suspension: A role of the K* channel in mitigation of salt-stress
effects by external Ca?. Journal of Plant and Cell Physiology, 39(10), 1039-1044.
https://doi.org/10.1093/oxfordjournals.pcp.a029300

Najafi, F. & Khavari-Nejad, R. A. (2010). The effects of salt stress on certain physiological parameters in summer
savory (Satureja hortensis L.) plants. Journal of Stress Physiology and Biochemistry, 6(1), 13.

Nguyen, T. T. N., Xu, C. Y., Tahmasbian, I., Che, R., Xu, Z., Zhou, X., & Bai, S. H. (2017). Effects of biochar
on soil available inorganic nitrogen: A review and meta-analysis. Geoderma, 288, 79-96.
https://doi.org/10.1016/j.geoderma.2016.11.004

Nirit, B., Asher, B. T., Haya, F., Pini, S., llona, R., Amram, C., & Marina, I. (2006). Application of treated wastewater
for cultivation of roses (Rosa hybrida) in soil-less culture. Scientia Horticulturae, (Amsterdam), 108 (2), 185-193.
https://doi.org/10.1016/j.scienta.2006.02.001

Niu, G. & Sun, Y. (2017). Salt tolerance in roses-a review. In VII International Symposium on Rose Research and
Cultivation 1232. https://doi.org/10.17660/ActaHortic.2019.1232.22

Nowroozi, M. (2017). Short-term effects of biochar produced from date palm’s leaves on moisture retention
in sandy loam soil. Journal of Water and Soil Resources Conservation, 6(2), 137-150. DOR:
20.1001.1.22517480.1395.6.2.10.5.

Perez-Lopez, U., Miranda-Apodaca, J., Mena-Petite, A., & Munoz-Rueda, A. (2014). Responses of nutrient dynamics
in barley seedlings to the interaction of salinity and carbon dioxide enrichment. Environmental and Experimental
Botany, 99, 86-99. https://doi.org/10.1016/j.envexpbot.2013.11.004

Pinheiro, C., Chaves, M. M., & Ricardo, C. P. (2001). Alterations in carbon and nitrogen metabolism induced by water
deficit in the stems and leaves of Lupinus albus L. Journal of Experimental Botany, 52(358), 1063-1070.
https://doi.org/10.1093/jexbot/52.358.1063

Rajalakshmi, D. & Narasimhan, S. (1995). Food Antioxidants: Sources and Methods of Evaluation. CRC Press.

Rasouli, V. & Golmohammadi, M. A. J. I. D. (2009). Evaluation of drought stress tolerance in grapevine cultivars of
Qazvin Province. Seed and Plant Improvement Journal, (2).

Raviv, M., Krasnovsky, A., Medina, S., & Reuveni, R. (1998). Assessment of various control strategies for
recirculation of greenhouse effluents under semi-arid conditions. The Journal of Horticultural Science and
Biotechnology, 73(4), 485-491. https://doi.org/10.1080/14620316.1998.11511003

Reddy, V. S., Goud, K. V., Sharma, R., & Reddy, A. R. (1994). Ultraviolet-B-responsive anthocyanin production in a
rice cultivar is associated with a specific phase of phenylalanine ammonialyase biosynthesis. Journal of Plant
Physiology, 105(4), 1059-1066. https://doi.org/10.1104/pp.105.4.1059

Rozylo, K., Swieca, M., Gawlik-Dziki, U., Stefaniuk, M., & Oleszczuk, P. (2017). The potential of biochar for reducing
the negative effects of soil contamination on the phytochemical properties and heavy metal accumulation in wheat
grain. Journal of Agricultural and Food Science, 26(1), 34-46.

Saifullah, S., Dahlawi, S., Naeem, A., Rengel, Z., & Naidu, R. (2018). Biochar application for the remediation of salt-
affected soils: Challenges and opportunities. Science of the Total Environment, 625, 320-335.
https://doi.org/10.1016/j.scitotenv.2017.12.257

Sanchez, F. J., Manzanares, M., de Andres, E. F., Tenorio, J. L., & Ayerbe, L. (1998). Turgor maintenance, osmotic
adjustment and soluble sugar and proline accumulation in 49 pea cultivars in response to water stress. Journal of
Field Crops Research, 59(3), 225-235. https://doi.org/10.1016/S0378-4290(98)00125-7

Shabala, S., Shabala, S., Cuin, T. A., Pang, J., Percey, W., Chen, Z., & Wegner, L. H. (2010). Xylem ionic relations and
salinity tolerance in barley. The Plant Journal, 61(5), 839-853. https://doi.org/10.1111/j.1365-313X.2009.04110.x

Shinogi, Y. & Kanri, Y. (2003). Pyrolysis of plant, animal and human waste: Physical and chemical characterization of
the pyrolytic products. Bioresource Technology, 90(3), 241-247. https://doi.org/10.1016/S0960-8524(03)00147-0

Sinleton, V. L. & Rossi, J. A. (1965). Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid
reagents. American Journal of Enology and Viticulture, 16, 144-158. https://doi.org/ 10.5344/ajev.1965.16.3.144

Sonar, B. A, Nivas, D., Gaikwad, D. K., & Chavan, P. D. (2011). Assessment of salinity-induced antioxidative defense
system in Colubrina asiatica Brongn. Journal of Stress Physiology and Biochemistry, 7(3), 193-200.

Sonneveld, C., Baas, R., Nijssen, H. M. C., & De Hoog, J. (1999). Salt tolerance of flower crops grown in soilless
culture. Journal of Plant Nutrition, 22 (6), 1033-1048. https://doi.org/10.1080/01904169909365692


https://doi.org/10.1016/j.envexpbot.2013.11.004
https://doi.org/10.1016/j.scitotenv.2017.12.257
https://doi.org/10.1016/S0960-8524\(03\)00147-0
https://www.ajevonline.org/
https://www.ajevonline.org/
https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

VELY Jlo OV oyl Y W Al 5 SIS 5 i \

Tanji, K., Grattan, S., Grieve, C., Harivandi, A., Rollins, L., Shaw, D., Sheikh, B., & Wu, L. (2008). A comprehensive
literature review on salt management guide for landscape irrigation with recycled water in Coastal Southern
California. 320. www.salinitymanagement.org.

Thomas, S. C., Frye, S., Gale, N., Garmon, M., Launchbury, R., Machado, N., & Winsborough, C. (2013). Biochar
mitigates negative effects of salt additions on two herbaceous plant species. Journal of Environmental Management,
129, 62-68. https://doi.org/10.1016/j.jenvman.2013.05.057

Usman, A. R. A., Al-Wabel, M. I., Abdulaziz, A. H., Mahmoud, W. A., EL-NAGGAR, A. H., AHMAD, M., &
Abdulrasoul, A. O. (2016). Conocarpus biochar induces changes in soil nutrient availability and tomato growth
under saline irrigation. Pedosphere, 26(1), 27-38. https://doi.org/10.1016/S1002-0160(15)60019-4

Wagner, G. J. (1979). Content & vacuole/ extra vacuole distribution of neutral sugars, free amino acids and anthocyanin
in protoplasts. Plant Physiology, 64, 88-93. https://doi.org/10.1104/pp.64.1.88

Wang, J. & Wang, S. (2019). Preparation, modification and environmental application of biochar: A review. Journal of
Cleaner Production, 227, 1002-1022. https://doi.org/10.1016/j.jclepro.2019.04.282

Wang, L., Chen, L., Tsang, D. C., Guo, B., Yang, J., Shen, Z., & Poon, C. S. (2020). Biochar as green additives in
cement-based composites with carbon dioxide curing. Journal of Cleaner Production, 258, 120678.
https://doi.org/10.1016/j.jclepro.2020.120678

Woltering, E. J. & Somhorst, D. (1990). Regulation of anthocyanin synthesis in Cymbidium flowers: Effects of
emasculation and ethylene. Journal of Plant Physiology, 136(3), 295-299. https://doi.org/10.1016/S0176-
1617(11)80052-0

Wu, G. Q. & Wang, S. M. (2012). Calcium regulates K*/Na* homeostasis in rice (Oryza sativa L.) under saline
conditions. Plant, Soil and Environment, 58(3), 121-127. https://doi.org/10.17221/374/2011-PSE

Yi, Z., Yu, Y., Liang, Y., & Zeng, B. (2008). In vitro antioxidant and antimicrobial activities of the extract of
Pericarpium Citri Reticulatae of a new citrus cultivar and its main flavonoids. LWT-Food Science and Technology,
41(4), 597-603. https://doi.org/10.1016/j.1wt.2007.04.008

Younis, U., Malik, S. A., Qayyum, M. F., Shah, M. H. R., Shahzad, A. N., & Mahmood, S. (2015). Biochar affects
growth and biochemical activities of fenugreek (Trigonella corniculata) cadmium polluted soil. Journal of Applied
Botany and Food Quality, 88(1). https://doi.org/10.5073/JABFQ.2015.088.006

Yu, H., Zou, W., Chen, J., Chen, H., Yu, Z., Huang, J., & Gao, B. (2019). Biochar amendment improves crop
production in problem soils: A review. Journal of Environmental Management, 232, 8-21.
https://doi.org/10.1016/j.jenvman.2018.10.117

Zheng, H., Wang, X., Chen, L., Wang, Z., Xia, Y., Zhang, Y., & Xing, B. (2018). Enhanced growth of halophyte plants
in biochar-amended coastal soil: Roles of nutrient availability and rhizosphere microbial modulation. Plant, Cell &
Environment, 41(3), 517-532. https://doi.org/10.1111/pce.12944

Zou, Y., Lu, Y., & Wei, D. (2004). Antioxidant activity of a flavonoid-rich extract of Hypericum perforatum L. in vitro.
Journal of Agricultural and Food Chemistry, 52(16), 5032-5039.

Woltering, E. J. & Somhorst, D. (1990). Regulation of anthocyanin synthesis in Cymbidium flowers: Effects of
emasculation and ethylene. Journal of Plant Physiology, 136(3), 295-299. https://doi.org/10.1021/jf049571r


https://doi.org/10.1016/j.jclepro.2019.04.282
https://doi.org/10.1016/j.jclepro.2020.120678
https://doi.org/10.1016/S0176-1617\(11\)80052-0
https://doi.org/10.1016/S0176-1617\(11\)80052-0
https://doi.org/10.17221/374/2011-PSE
https://doi.org/10.1016/j.lwt.2007.04.008
https://doi.org/10.5073/JABFQ.2015.088.006
https://jispp.iut.ac.ir/article-1-1864-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-28 ]

¥y g;iij}“ﬁ)?é ‘5‘.&;}3} m)ﬂa& (5‘)‘?‘)’(?“4‘-‘“’;5‘"1‘531;“ ;‘ Q‘)MJ‘_g)kaﬂ

Investigating the effects of biochar application on the biochemical
characteristics and concentration of some nutrients under saltwater stress in
rose (Rosa hybrida)

Sana Ansari, Seyed Hossein Nemati®, Mahmoud Shoor, Yahya Selahvarzi

Department of Horticultural Science and Green Space, Faculty of Agriculture, Ferdowsi University of
Mashhad, Mashhad, Iran
(Received: 2023/01/31, Accepted: 2023/06/20)

Abstract

Soil salinity is one of the most important abiotic factors that has an adverse effect on plant growth. Despite the
difference in salt tolerance among different varieties and species of roses, saline soils contain a significant concentration
of salt, which can damage rose species in green spaces irrigated with saline water. This research was conducted in order
to investigate the effect of different levels of pistachio tree biochar on some biochemical properties of rose, based on a
factorial experiment with a 3x4 arrangement and a completely randomized design with four replications. This research
included two factors: biochar at four levels (no application, 25, 50 and 100 gr per 1 kg of potting soil) and salinity from
sodium chloride salt at three levels (0, 75 and 150 mM). The results showed a decrease in petal anthocyanin as well as
an increase in proline and total phenol following the increase in salinity. However, the use of biochar in the amount of 3
kg at a stress of 75 mM increases petal anthocyanin, potassium, and the ratio of potassium to sodium by 1.17, 1.02, and
1.26 times, respectively, and decreases proline, total phenol, and sodium, respectively. It was found to be 0.87, 0.41 and
0.81 times higher compared to the control treatment. 75 mM salinity increases carbohydrates, antioxidants, and
flavonoids by 1.03, 1.02, and 1.02 times, respectively, and decreases calcium and iron by 0.92 and 0.71 times,
respectively, compared to the control (no use). from Biochar) On the other hand, biochar at the level of three kilograms
caused a significant decrease in flavonoids by 0.99 times and an increase in iron by 1.22 times compared to the control.
In general, it can be said that three kilograms of biochar had a significant effect on reducing the negative effects of
salinity stress resulting from irrigation on rose plants. For this reason, the use of biochar in order to reduce the adverse
effects of salinity stress in salinity-sensitive plants, including roses, and considering the expansion of saline lands in the
world and especially in Iran, is important and plays a significant role in compensating for the resulting damage.
Therefore, it is suggested that it be tested on a larger scale (farm level) as well as other stress factors such as cold, heat
and drought.
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