1402 / J\g 1 oyl / 37 W | DI S gla pnss

10.22092/13SR.2023.353179.578

SOl psd) p Ka) Sl Olals e e S

Sl ssle sl e S

ser oo 4 1
s QL‘-" 9 (S g;\.ﬁ- @L"’ Cyro>
Lfnj:'i a;;}.ﬁﬁfvhsm L;Lh#'jhtf&:ﬁji w;,&;s»,ﬂ a&fd‘b dj)ﬁw DM‘Q ‘&Lf&:ﬁjj-\njj w-\l.é.ﬁ H};)LLQL'L-I‘
hhammami@birjand.ac.ir «,lxwb el
ashahidi@birjand.ac.ir sa . o &sls 53,5La8 saSiils O waige 5 pske 058 5lils

hannan.hanafi77@gmail.com :uzs . s&iils (s, 5laS suSitils 2885 5 olel (185 (s sl
80 - 67 -
140171279 » 35 51399/11/21 (sl s

o Sx

& X155 e g yubis 008 ol Slga 31 3litul (i iile Ciliie o ¥T &) T wlie (So9lT 4 azgi b
Wl Oluld jlasm 51wy sshiie 40,5 18 a9 3)90 ) bume K ol Jo sl p )15 Olgis
55 1399 b 55 S5 aw b (B350 WelS z,b aly 5 JusS Spgo & GialeiT (i aptal 5 K5
25 slzsm O3 03Il ol Ginlo3T slaJule b plovl iz s oKl (6559l 045l uoli S5 olSialeT
e 4) mhas dw 53 slaem laie g ((Grb D13 0318l) i o 2/8 51 135,55 9 edie 151 j1eS) b 93
b olzem bl 97y dald b lajles awslie sl 565 lzem Osd dald sles o9 (S5 09 %3 5 %2 S
OIS ab adgi 39950 OunST Byl 1o 5 9 (Caelw B Sae a3 31, K5l 455 400 sles) )1, 45005 301 3
CBle 5 ad,S 515 (@ils (So,mp Cugb)) Oxd i g (20 ogday slac e b ) Cigb o Az o
DS 9 2y Ab (5 S 01Nl dtin Ghud Aol b Al e 93 55 sl Sl Jeole oad iy O Js oz
031031 b slrgm slosi 5 slrgn U9 2aLh slesi 41 bgspo asi 5 41 08dplonl (Slas 1S Wiged 15 i 9dal Olsae
L duglin ,3 S5 4 )largn 0393381 45 51> OLES by 3yl gl -390 39 W] Jlake 4y e ee 151 ieS™ Sily5
HL 1o 4 i e 151 508" Slyd 03103l b slargm slajless b Olis 29l SEalS cow (Hlzsn 09 tals
4 p93 S0 paiged 55 Jald b dwglie 53 (39 %3 9 %2 H1 Hlaie 4 oaub S5 0311 L lzm 9 (39 %3 5 %2
25 el 1 09381 35003 O 1y sl Rl oo H60/2 5 6472 HB1/7 H76/8 }82/4 HB3/6 o
I 585 Obd 5l i siehes 151 S 031051 b S5 5590 53 Ol gl JialS » )lzen Sl a5 sls ol
il 1 Al aSls Sluld lren 2, &5 dwje B 4 Glags ol b 4 42 b .oy e e 2/8

29 S bl ylw 4 SaglT Jsl jhs o Ol o gia] ialS cuw Algs g0 Ki))

S snS C}hﬂ\ bly 4;.;]’ 0) L;J)JT 60»\.:-1&'-" :‘5-\.,‘1; ‘5&:03\3

hhammami@birjand.ac.ir : .l J sis sties 55


https://doi.org/10.22092/ijsr.2023.353179.578
mailto:hhammami@birjand.ac.ir
mailto:ashahidi@birjand.ac.ir
mailto:hannan.hanafi77@gmail.com
mailto:hhammami@birjand.ac.ir

ol sl oo S S5 D g gl gy S5 Bl Sl Sl g ST ) 2/ 68

doys 50 ssu- in.s soke L (2005 S,
SoalS sla e 53 eslital 3550 W55 05 slassS
ol Ol 355 0 sda &5 0SSl olS L
Sl 5oL 055,580 ou0s b Gble 5o oS Wles S
A e 5o Geins sl o a5
Sy, 2002 O 5 0V 5) sl e ol 2 s
slaasl b 5l ol 5 oz (2014 O
Olye arlpn 5 Ol (Sbt Lo 4 5 old Uy nio
g o 3l ANl

oblS wis ¢l -+ ol S ool
ol VT G analr oot i 51 s 355 0 g
Ly Gl p o e Slge (il 5 Ol 1Sl -+
My ol Gl 3 (a3 5 00p LS
5 om) e bl sl s K s s
(2007 (o), an

By e ol L oS ke @ ol
oo o bag Sl e 5L gl Ol gz O
Ol iz i b shls Bles os a0l S S
Gl ST L5 0L O by ams 53 5 353 00
5 lashb) Wsd e 53 adey eytes S edd aned
3ol lagites ol 2l (2000 ((sld 58 2005 (01, 1San
el S A3 el i) s b sl
wils gy O mle 5 S 3 ol e 4 Sl
fﬁ,w eSS of &b o ol VRGN PN
OVl (S e 0716 Jslas) 20 55 0 S A 10 51 s
N R O O N O O N G
3 b o s DI el Al <JYs
wils (ol 5 OLSB) JTols 55l 26 (S50
il Ol ol ST S 0T sdtiasOlias a3
ool s ol chle b Slas (WHO) lex
Olsle) ol odged ams 1) s fffbfl"'“ 50 1,
(2004  jle> cozlag

VRV

Sl NO3 Jgo 2 b ol osle SO ol 2
0 S Sl Oiss K8 fedSuS Ol s
Ll eSS ol s e Sib b gt
(L08) e JL Gboog b & ol (055]) ke
Lol Sl Sl Cogo 4 5 258 0 S5
O GsliS 5o 38 Ulge @ &S ,\Jj&a PR ol s
OV I POV V1§ N PR I P CH [ I PR 1
3 b Ol D ge 4 Ol s el 0dd 4l oS
BSasst 8 4 GiliS oS Olse 4 aly Ol
1950 Jlu 5l oo by Shs,m @S gmo Mg
53l Bl 15 Sl a3 (5K Sk @
Slptos a4 LS Ol Camexr Sl e
S T AR T I T TS ST
SRR N P B SOV P R
S S Slptss Ol il J= s Comes
Lostdrhol pBl 5 bt SlassS G pas it
lasl 5 2l S VG (g dis S

Ly et slss Gode gl
B) uT @Lz.a ;;}JT 5 oos e S S ok 4 eslinal
22 b las S Oyl M5 A o sy S
s 03 O3 RIB mle tn e S Olexr el
Oisre sladeSl (Sl 5 Ll YR8 ol
Aeadl OS5 Ll 5 e glacdle Bl Al
shos mlis plo dlex 5l Slso ool gl QLS Luy
It s Il s ey 53 03555 sl 3l
3 oAt OAE Gl el b 05
(2004 Guld) L e ks Olas 4 Ol 1
Slapt 53 &l GlassS 5,08 Lo o o
Olge & cslhe 5 Shas 4 olaws sk 4 (g5)5lis
Sl Ol s 5 S cl ol atlid Sy ,0 K
S8 K s Jle Ol 4 das e g, S O
625 Jgeme o) bl G s Oz ol Olpee
3 30b) ol 03 Ol Il 53 S s S5 590



69 /1402 / ;g1 o)l / 37 wl> | AN S sla jiays

obe opi] alS 4 e and 3 5 pd e SbE
ol e eshe (2021 O 5 muls) 33 5 e s
rsm 208 w3 (SIS A e S el
OLan 5,1 2016 1, Kan 5 151) el sas asb
sdate Sla s S (2018 o1, ol 2017
alS e L & s 3,08 &S el esls LS
v ol Sodl sl ) cmles s Sz sl
22 0350 a4y s B L
OLen 5 (2555 7 03) 55 00 olS aly) A 03 5dea
2015 o ,Kan 5 sl » 2014 o1 5 J 2009
2017 OL,Kea 5 K 2017 O 5 jas
se 59 e (2018 OIS 55U e
03 S b S S b gl Ll
Faesbe s adld B caw Sl g s
O 5 2s5 m0s) ssde Sl S
3,08 el (2015 0L 5 sl 2009
SO 5 SO e g Sl b
g e S Ll b 3
3o e s DLl s S5 s
25 e (2004 o Ken 5 3S) sl L. 200
O 11 ssns s Ol Olial s Sy S
gedly) el i o ge o5 9200 VL W 5 L LSCa
Clsp e daltee Sl g s, 3l S (2010
sy s A il O S W 4 S5
Cils 5l sl ol S cl sl L S
Goar g bdpd e a; Hs Sluls Olge 4 S5,
A 3 ) S e Sl Sl 4
JS 3 dl 5 1536 spam) ol sl sl (SUIL
S el (arer Oz Okl Koy oL
ol b Sl Olps 4 Sa,5 slaaslas 5l ol
Sl ol Sl plaly sl a, e Lo edd
bS53 o 5l en S eslinal Slrpe 5 ¢l Ol
Gble 53 (sl el 05550 35S 4 ax g
3 bt cales glas S 5 )8 S a5 S

PR C K R A AN I SRCAS

iy SUk gl len 4Dl kot 1530 s (ool
0355 Ol s ¢(55ld a8 Ol s o ulis o 51 0L
5ol bl elds @y bl 20l 5 Son
¢ 2004 Oen 5 8 p) s e S e a e A8
el il pl nedte (2005 OSn 5 sl
SlassS LS Al 4 e s Ofs,n bt
J= sl s s Vs WIS s S35 50
wY 55 Oiss b ly SRl obsl (sl
Jx8) ey d xS slas s Sl eslinad i Sl e
5> el O3l e 1L 5 (2009 0 Ses
ol s 4 55 5550 (2003 (01,8 5 OL) S
SRS ey S gl s A S8

sddantlis ot 4 Ldd il Ll s sl
el il 8l Olge ap Db e Sl eslanal Jy s
w3 ol > NS B Wi Ol e
L 5 Kl 2013 ohKes 5 xdly) 1S Ll
A sl Solm sus dpame Jlre (2015
35 5 ostsS glaesilasl OLlS S o
Sl b 05Sl L g slad SO s Sl
Srsm Sl oLy ol St 5 s OS]
S 2Uls 5wl w5 ool Ceplie
ST slse a1 b b aglio s Ladsy dr 53 6345
(2007 olad 2006 o San 5 SU) sl 1yls St
S Sl e S bl Sl cla.ﬂ
(e ole IS c b S s O K
—0s) AS e IS 1 S oS Sl 5w
(2015 oL en 5 il 2009 O 5 s
Sl b bl 53 S Bl o3I 55 5 Sl
Obrm L3 ey ghw Il i gdie slge bis
Lol Ly 5 Lossl 5 LosslS mes slp o3V (slab
bim w3 b 55l ) S ol ole
OLes 5 J) dmse s L S L1 sl

5>l S e b Bl g el s (2014



ol sl oo S S5 D g gl gy S5 Bl Sl Sl ST )2/ T0

S ol cw b s 3l s Of Ole . Lus el
Ol Il slate cpl 4 S s oS LST
bl s Al CLM\ [ SIS | PPV
2 el 12) Sox S S100 e 5 2 o5
Gl ol 5 s Jime b oa (55 aad Sax o)l
Ol o sls J8) A il S« gLl S sl
a aal sla 4,5 LT (50, Db sloml 51 ey 5 03
o5 gLl S sl Sk (e e Sld B
sles L Ol sy 5 celu 48 S 4 R
Gl ol e s i el g LS esls I8 a>,580
A alome Ll S sl gl 5l 3550 O Ol
Gl sl s o Ol Jls 285 G b s
Lok s as alsl S o4 plal S sl
3 5 a8 Sl U as psy cele 12 8 dsls
ST Ol e B 035 5SSl 4
Lo ale ol o b sll Gl 5L s,
(2002 ¢ smle 5 5les, 1986 (o k)
woodd dlol JT el 5 St Slo g
BLRNESCV Y Ji..iLaﬂ rlq;,\ Sl oeslisl 350 (S
S s Sles gt il ol o3ls 0L 2 5 1 sl sas
5 O3 doys el el ey 0L 3 Jsdr s g
SAL o sae o (SR sds Sy 4 S L
o S s ol Wl by a Sl
G;.wg,_iu.a iy oy 5 S CL..;\ oslae
S OgeltenS) G IS (S S
S o S oods,n (1934 L, JSU)
s b e Ky i) 4 ied il
e (1994 0L 5 ) e g5 8 Sl
Shoeslinal b 3K 5 oal sy ey oedS
s e Sl s o3y e 5 el ol oS

RS EN &)'M"G 9 6).A§oj|.,\.:| BET

bl ol 3 ekd oiS OalS 5L el ke 4 I
d"T (.S 342 9 L UJ\ r odle Ll sl Jivj“wj
Bli el s (ol it 5 ga wlinalie adlate (g
el 0355, 20 6 14 Sl b (0 S L)
Lhcu CJL’L’{LP )\SJL;-):J C)_: ‘J{\ )\ bbw.w‘ UJ‘JJL.J
2o el Ll e apd kg S5 Sy
Jﬂ sl Jiulshl g adkn gla S s uT SIS
SaS 055, Ale e jole il palS 4 St
sl Oluls 3l Osllas oslaal Hsle 4 1) S
il Al s S5 e L) s S
ol sl 3 Sl ol s ey S Kl ol s

Ll aallas

L gy 9505

Sl s Sy 5l b sl
BL S (st o oS il gl o5 ) S5
Sle 3l S ) diag L oKl (g5,5LaS eaisls
b ooddosls 53 wle s o bs wle (12 lux La
sleale 5l e (1398 UL 5ol) W Six
=, 400) 055 O3 W sl s Sy s
DS dasl 5 s GOl s T b b (o) sl
(1 K2) we wg col 6 0l ode b 3 5des
1l s o310 18 e sl Sl 51 eddang Sl 5o
Use o3 S e lagisn 5 ad ols 5y (e e
A oslizal ze Juo 15l S Sl o3l glls les
208 gl o3100) T e shls SN L siledl i
o ol S e e bledl o e JU g (e e
28 3 i b S o3l ghls sl Olye w
A oslizal e Lo

e Y 3 G pl 3 eslizal 5 4e S
5 A 4y L e oK Okl (e sl 20 G 0)

))&LSJL‘L;LMZ&\)\J°M&*;}ML‘”)JW



71714021 4l o)l / 37wl | W S o iy

ool )90 S olowsd 9 (S3ud sla Shg-1 Joo

e A, . pH oS Calan ol oW adal &l
] ] S’ [ . V= > Wl ©ly3 o yd
o o 2l i S gl o lac (il o’y:jw ag -4, ij )
(oS pofkd) 0 () & Gmaghasee) 00T s O8 TR
® % o
285/4 wor /3 051l 73 2158 U3 b AL 46 133

S ol guio lgie 4 o0l gy Sy SB 1 Sy Sy -2 Jgi>

. , oS G o H Las (S 58U Cylan cullé
Oigrw & S et
(PSS 2 055 o) (%) st (0 32 omionj (o)
23/20 45/70 50/00 78/00 7/95 0/74 5/88 7/58 0/24

31,5 w4255 400 glos 3 Sd 5 grad Ll jl o Mg jlagm S Sig (&2 -3 oo

PRe opl gy el me el A o g S8 Salan CollE
Sos 239 gl £l o ls
s s %) o (0 2 e ) 7
2099 33/79 311 1469/6 232/5 958/8 11/01 2213 7214 37 216/9 3/4

21 s 5 W 5 s sl s

win i alol b 1399 olesls = sl 5 olecpags b
goekd 1Sy o Slas Ol (3 IS) s el
<58 15 oLl 5,50 1100 s I oaies s
Ol o SaS 4 ol kel w (4 S2)
oo 3 el b e s el L (55wl )
ool o grasn ST ) 5l s (g3l e ol
S ol g el md e 200 ke s
Pl 2P S Sl i wlen S g D
oo RPN PR SRt V=BG JC SR N PV 3
AE33 Sy g 035 o8 4BD3 S e & OF
Sosls A LA L3 el 5 b by s b o
42350 e ) 0pd S8 gl sl 4 B s S
e 355 odalie Lol gy B oddla 55 b
5038 Jame Joo S ) 1l o 10 Glis Jlows S
BLol O 4 5 008 35 15 JS0 il o b sle K

SWlS bl Sl &g 4 bl

Jle lawl 51398 Ul slesl s 5SS aw b dslas
GooliS el sl WKilesl s 1399
o3l ols sl ol bels s plowil i s o251
S At s pahe bl eS) waw 53 53 Sl sm 3
v 35 4 gm s 5 ((Lank 13 o310l) 2e e 2/8
Aol e Sl (55 433 52 L Slde &) o
ookl dals b bajled el gl Sbrse 00
e bl Sua L Soesle aons KU =l
& o SLIS Sy 1) Sl W sl G505
At edd byl Sbt oSS S L e 5k
L b S Saedh oS Lls 8 ibsT alg
(048 21 Toyomd) i35 L5l 0y ) S o
5 ok e3lel 1398 ol wiand 5 LolS (2 IS2)
Sade O aly @ win 53 2 5 pslle s 4 S0l

.,\.:¢l>,.;\up\,)'g;céjléjlfi~guﬁzobbg—ﬂ4{)



Salesl sy Laosls (LT s 5 450

Wals oen 4 galal BlS = b oal o st
D50 A5 ol SAS 9.4 133l 5 5l eslizal U 5 Jiie
A el e il LSD il (0 Sls 4l

WA ealanal EXCE| )‘f‘ff )\ Lb)\}ja.; v..w) L;‘J"

@&)Muﬁzu‘ﬁb."}ﬁju‘rﬁjrésuﬁ
3 S ol gt s SRS elS s

sl L cwag_&.b oo 20l 3L Ol agds 10

= p L«bdg}u Q‘J‘“‘C‘ Lg\jbuj uJS v:b.ﬁ C.)‘J::.:

(1972 ;83) ws 213 2 e p S

51 b 91,3 85151 (e Caom JS € gt duo 1 51 koS 13 31 (Gl y Choms S5 aiant jlagn (sWddiges -1 IS5

uﬂ

oo o 2/8

%L-

LoylalS iS5 51 oud (5 y9l@en (SLdiged g (Cuwly Cuonr JSWI) (il jT ool (g1 03Lku] 5590 (LIS -2 IS
(e Cuom JSW3)



73/1402/)‘-&1 B)LQ—:'/?)? JJ?/J'/SB ‘S‘Au:&jj%

LIS iS5 5l ound (59l aen (sAiged -3 JSi

(7100 cound o) f (srdiged i comnd (g1 03Lk] 5590 8wd =4 IS



S ol sl oo S S5 D g gl gy S5 Bl Sl Sl ST ) 2/ TA

53k ealIB s 05 o Jds 4 s pl &S 20 S s
Ll 5 53 e g sl gm L b Gl il o b
S il s s sl VU glales 5o b s 4
S 05518 51 VU (glys izmen 5 0500 4 (0 S
5 59) B dsan) ol Jlrse S5 s il
5 4 2009 Oan 5 s =05 2007 Ol Sen
s oGl 2014 O 5 ) 2010 O
s S 2017 OSen 5 i 2015 Ses
&S sk (2018 e 5 56 e 2017 (01, Sen
3 58 Dol c b Wl b S Ol sas
2208 AU o S Al S b s 5 S
bt osle 4 Sl B Ol 8 35S e S3 s
e pimen 5 O5eS| 35S b OB 5 ples Lyl
2009 (i 5 ) Sl wrls e 3,08

(2021 o1 Sen 5 sl

Sou g b

ST el Sl b Lo ySb oopsem Siles]
2 bl glajles o8 sl Olas e I
S olps chle gl ae il (gols pasel A e g3
ol (4 Jsan) (PROI00L) s st oo
d> e 53 Jald L bl aglie e ol
awslin 53 sl Hls pme il easOLAS 50 (5515 pd sal
Sldie 5 ols o3lnl (4 Jsax) (P<0/01) 54 aali L
Sl grs Ao 3 D C]a“ 53 dol ,Seslll s Sl s
03 p93 SSeslul s b jles ¢ gl s b s sy
o3 b3 el blaze 1l g sls pae Lo s 1 cla.d
S s a0 Sl pxe sl (5 ,Se3lll s sl s e
(P<0/001) 55 ls pme pss g pSoslil > A cpl oS
(4 Js54)

&S ol eals Olis e LA&.N)J{ ﬁL.u @L:j

0w (g gabal Ol lime 1 piulejl (sl 5T Olapo (uKile =4 Jgua

293 (5 13 diged Oy (4]0

Jol (5,10 pdiged Ol l5ae

(3 52 055 ko) (5 5 05 o) il e g
126318/30 ™ 100128/96 ™ 6 Lo
685100/64 540833/53 " 1 20L5 b byl duslio
32004/50 " 19012/50 * 1 )3 ol
14691/17 16334/72" 2 g o

5711/17™ 4129/17 ™ 2 s e * &l o5l
254/13 2663/49 12 s
6/44 20062 - () sy

ke

Aimd o Gl 1y o)l dre e ™ o3 B Jlatnl paw d (g)d e whioyd UL Jlais) o 3 (o)ldine iy 4

9 J:.“..JLA) Cl gL u—’)cj ol s s
LJ\JKAA E) gi:b“ ‘2014 LQ\)&AA E) L; ‘2013 LQ\)&M
Ol il glagssl Gl el a5 (2015

YL eI ghls duoﬁj u")"zj Al )3 9 D o

4 o SSL bl S s 0558

Sb oy v Rl sl SHLS 55 0 520 0l

OS5a 4 oS Vb cand s 4 Jr s cpl esdle



75114021 ,lg 1 o)l / 37 wl> | AN S o jiass

Sl bk goi Sl gl giome e Siln i

o3Il blaze Jl (g ls sae ple 4 ax 5 Loodd jiSa)
(4 Jsa=) Jsl oSesll 53 Slrgn Jldde L3 Ol
Sl s e 5 3 o3lbl esle Sl ke v lia
oSl alie i (6 55 la dpax) s s
L 51 S0 ) sl pkiges 3 ol (slaesls
S sboles ol ol osls GLi3 D Jsds > olpd
T F S IS C RGPt R K v R W0 Y STV
03 Dbgae 5 ka8 ol 1 d_,jmj 2 G el
RS 5 pir o Sl Sl Ok dald b aslis
g by g 6 ol ol pisel 53 sl Ol
Lol s @l o3l b ol g Dl 5 dals Jles
Slagme Vel sl Ol andl s sdalin 2o s
S 0L ol (65 i gas 5> D3 a3l 3 S
28 5 zio 51 5l xS obd ol (B Jsax)
1613 Osen 0 sl 2l 4 e i s
05 S sl 6ol paisad 53 dala b aslis 5o 66/2
O dala b lasles O o Dl 095 (5510 4 gad
a8 g Al edalie (gl pae OO 5 I3 o1l
oIl s S du.wj Ol (s ho s 68/7 , 80/9
geo ke 208 50 i s e Je 15l S ol

LA edalin

s o fals sl Ol a4 |y Ol xS uT Y
38 s g wlid LS5 il zals
Kil5 2010 o e 53 ,2Y) cnl ods 218 Sl e
Sl 4 e e 58 (2021 oL Kes
Spp Col a3 ek Slid 5 Ol xS i
CiS OlS mp i Colg s s s S gelol-
5 S A o M Sl dpg L Ly ek
Glasibol s ol s il 2als (2021 ol,en
OLan 5 05, 2011 O 5 O sk) S
5 sdle) lassge 5 (2015 OKes 5 e 2012
s 5158 (2016 OlKes 5 ola 2016 ol Sen
Olpwe Sl i 55 5 Slas sl 2als .ol
53 e 5,8 s g olS aday e e 3 O
4 posp s b Olye 4ol s 318 S
ealsdl el Ll 4 Sl 5o 5 058 a8 sl DL (gldla
2rie (sl 2a) oS osmes 53 Dl Ol
35 S Cughy Gl Rl o L
L5 & Sb g 035531 (2017 OIS 5 5Ls)
Golelay Ul s5d 0 Sl opial 2als Cel
ey 0 dor gl 1 OF ealp Ol Sl 25 2,5
Load) oy sk 03 ol cnlply s oo Salsdl ais )
o2l gl e drlse (6 S s 4 0558 oS
ShAE O ssnS Cunl (SKas Al oy sl
oS Wiy 5l eys opl 03 83 55 Cu e ol ol AL
s Sl oS s Sl als 3l cwles sl

(2017 O 5 )

o (el Ol w2 13 23181 31 (ke dunnylio -5 Jgur

095 (5,13 ,4ig00 Olyid (i gl (510 paiged Ol g (4] 500 oo
(5 3 255 o) (5 3 255 o) )
690/332 643/332 wls
131/67¢ 152/22° oo 151 a8
216/00° 217/22° oo 208 31 iy
21/14 68/43 LSD 5%

sl .Laﬁsckwﬁjlsd'.u T N T A P T P )



S ol sl oo S S5 D gl gy S5 Bl Sl Sl ST )2/ T6

308 4 3525 L (2017 0 San 5 aula) s s e
I e 5 D estl el e e
L3 ol s Sas talS Jy s Sb b (gl s
03 B 255 5 sran Sl plle A Cel | >
3 e Db Jelss Oy a Sl Sl elid Ll
Lsd o gms 2y 0LLS 5 Slas 55 IS I.IL":
(2017 o, 5 5la)
5o s el blize 3 SKle anslis =W
A £9° ol pdisad 53 SIS Ol b se s
308 e 5 38 e Solsgme D aS sl

(T dsaz) )ls spms S gl S5 s

2o 208 Sl o S0ls aslie

RSV PSS WA B Ql.i.?GJ;J;,— BERGEEN J,JW_,T Ol e
S S S L i lhe s L IS e
BL) )l;_-).u Lﬁ")) M)Jl)\.,\.a.d >J.3)l5 B ij‘:“j)lm
BE ;.,.33)54.3.)..;):82/6 S19/7 Ol 40 dals L aslie
Lﬁ';).))\"u" d:..:\fe\.,\.; odalin c)b}d)‘ 6)13)..: ‘Uj»..:
2 s SHS Cailes Ol A @ e b
Coss 93 A 53 Cardy pl 5 A4S Ol as u‘-’f"“"i
SKan b s 358 &S Ll s sdalie 55651l
At Al el Sl S e by o5 olS

_,L.."Z.) 69> 6‘.)&;‘ B °}iﬁ dpb) ol.3§ bJ.{.Lo& ]

0 st S5 O30 1 et e 51 (oSl il =6 g

P93 )12 piiged Sl lie gl )l praiged Sl 5 W los
(A 2 05 o) (A 2 05 ) i
690/33° 643/33° 2l
120/00° 130/83°¢ i o 1
184/17° 188/33% i o 2
217/33° 235/00° Gis o3
20142 72/58 LSD 5%

el 303 D s 3 o ime BB 01imd Ui (g by Cglie gy dgag

13 00 az9uial S5 30 59 ylroms Sl 5 51,3 031l sl 5Tyl Awglia =7 Jodo
P92 &)1y Higed

293 (5 I3 pdiged Ol (4]0

(2 208 ) Slogm Hlade 1,3 051
690/33° oo oo s Al
113/33¢ iy dop 1
121/67° Sig oy 2 oo 151 a8 )3 0l
160/00° Sis Ao 3
126/67¢ sty 1
246/67° Sig oy 2 oo 218 31 iy )3 o)
274/67° s do 3

sl M;:Sckwﬁ)bd;u GOt sdas QLA O st a5 Cogldte by - 3 g



17114021 ,lgl o)l / 37 al> | W S o jiays

S5 ,s Ol rlad sb 4 s elad ol s D
Dl gl S Lo se SIE s lrse 025380 &S
03 9 )\.L:L_:. olo Ls‘f J}\J&- J.?\ u,;‘ 9 J)‘:'Lfd Sl )‘
B TS Iy WRp QP SR E G M IO
Sl ol s il e S s 0T (eSS
23 ol oS08 GRIBE 65U sl s
O R VN CSRCIN I NRRCH IO SN V1 B P JW G P
Ol sl Sl Calas 3 ol gn 5 e Slaens
WJJB&ME?J@QJQ;@@\J{M
VL PR W PR W GRSy P S W T
S el sles s sl VL Slaez Sl o 22
J;&’:js CJ‘)J e)'\.l..:‘ L;LS )j‘]‘-f U"\ B o)W V.3
Losls, cpl Oly o &S s dys I3 b aglie
el oy S el le il 4 by s
Y e e S S D ol s
sl Ol i Skl gl csl 585
Clols 3l eslital 4 a5 Lol sls S il s
e 28 &S e B 4 Ol Olge 4 S5
o olas Sedl dlml et Wlg e s 6 Koy
u,:,.hls Ls\j" S ) Ja.nm )\.,U.M:)J 9 ébm‘ )KA‘J

.J;)\J.;abu.lm‘J)fﬁ@\ﬁqﬁbljg?];;‘}j]

L3l pes wlps o3l b Jlr s slajlas o
O3 o3l b Sl G3s dess 1 laie 4t e
L oobrae (s deus 2 i & e b 151 s
(s Ao 3 ldie 4 e Je 1l zaS Sb o5l
S T W N N K v VPO P S S (N ) PR PR
5 s ke 2 ke 4 ab D3 o3I L b e
53 Sas e 3 Slie 4 anb D3 o3I L s s
64/2 81/7 76/8 82/4 83/6 s 5 4 dalis L auslis
55 48 A edalie Ol g pial EalS 1o, 6012
sl Ol 1 b e a8 Sea dals L oawolis
O3 o3Il 3 il 2alS Ol op st S sk
grome 53 (T Jsaz) Ad sdalie e b 151 s
oSl s S Aoy 2 51 e On Sl e sl
s s s den Dy me Je 15l xS Sl
o ol e edle i salie e e 208 51 zi
S i O3 L S Aoy 3 52 sls chle
sdalin UG Lol ime sl 5o e e 28
S ol Ol Ols e bl pl @l el s
s Sy L ol Sl sl aw b s Blas
g e odalie Ol 25 ool 2alS
S oals olis Py o2 C,\:., GJS)JJa 4
oSl 3 a5 s aw pa s S by s 03553
alie 53 Ol s sl s gms J2alS L g I3
O 03 kS Aals Olse w b 20 eds L
oo Ll S o3l b a5 Sl g 3508 dlajles

Are, K. S., Adelana, A. O., Fademi, I. O., Aina, O. A. 2017. Improving physical properties

of degraded soil: Potential of poultry manure and biochar. Agriculture and Natural

Resources, 51(6), 454-462.

Basso, B., and J.T. Ritchie. 2005. Impact of compost, manure and inorganic fertilizer on

nitrate leaching and yield for a 6-year maize- alfalfa rotation in Michigan. Agric. Ecosyst.

Environ. 108: 329-341.



ol sl oo S S5 D gl gy S5 Bl Sl Sl g ST ) 2/ T8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Brantley, K.E., Brye, K.R., Savin, M.C., and D.E. Longer. 2015. Biochar source and
application rate effects on soil water retention determined using wetting curves. Open. J.
Soil. Sci. 5:1-10.

Brender, J.D., Olive, J.M., Felkner, M. Suarez, L. Marckwardt, W., and K.A. Hendricks.
2004. Dietary nitrites and nitrates, nitrosatable drugs, and neural tube defects.
Epidemiology. 15:330-336.

Bruun, E.W., Ambus, P., Egsgaard, H., and H. Hauggaard-Nielsen. 2012. Effects of
slow and fast pyrolysis biochar on soil C and N turnover dynamics. Soil. Biol.
Biochem. 46:73-79.

Chen, X.M., Wu, H.S. and F. Wo. 2007. Nitrate vertical transport in the main paddy soils of
Tai Lake region, China. Geoderma. 142:136-141.

Cheng, H., Jones, D. L., Hill, P., Bastami, M. S., Tu, C. L. 2018. Influence of biochar
produced from different pyrolysis temperature on nutrient retention and leaching. Archives
of Agronomy and Soil Science, 64(6), 850-859.

Demiraj, E., Libutti, A., Malltezi, J., Rroco, E., Brahushi, F., Monteleone, M., Sulge, S.
2018. Effect of organic amendments on nitrate leaching mitigation in a sandy loam soil of
Shkodra district, Albania. Italian Journal of Agronomy, 13(1), 93-102.

Downie, A., Van Zwieten, L., Doughty, W., and F. Joseph. 2007. Nutrient retention
characteristics of chars and the agronomic implications. In Proceedings, International
Agrichar Iniative Conference, 30th April-2nd May.

Fields, S. 2004. Global nitrogen: cycling out of control. Environ. Health. Perspect.
112:557-563.

Gentile, R., Vanlauwe, B., van Kessel, C., and J. Six. 2009. Managing N availability and
losses by combining fertilizer-N with different quality residues in Kenya. Agric. Ecosyst.
Environ. 131:308-314.

Goolshy, D.A. 2000. Mississippi basin nitrogen flux believed to cause Gulf hypoxia. Eos,
Transactions American Geophysical Union, 81:321-327.

Greenberg, A., and A. Eaton. 2005. Standard Methods for Examination of Water and
Waste Water. American Public Health Association.

Han, F., Ren, L., and X.C. Zhang. 2016. Effect of biochar on the soil nutrients about
different grasslands in the Loess Plateau. Catena. 137:554-562.

Haider, G., Koyro, HW., Azam, F., Steffens, D., Miiller, C., and C. Kammann. 2015.
Biochar but not humic acid product amendment affected maize yields via improving plant-
soil moisture relations. Plant. Soil. 395:141-157.

Haider, G., Steffens, D., Miiller, C., and C.I. Kammann. 2016. Standard extraction methods
may underestimate nitrate stocks captured by field-aged biochar. J. Environ. Qual.
45:1196-1204.

Haider, G., Steffens, D., Moser, G., Miiller, C., and Kammann, C.l. 2017. Biochar reduced
nitrate leaching and improved soil moisture content without yield improvements in a four-
year field study. Agric. Ecosyst. Environ. 237:80-94.

Hollister, C.C., Bisogni, J.J., and J. Lehmann. 2013. Ammonium, nitrate, and phosphate
sorption to and solute leaching from biochars prepared from corn stover and oak wood. J.
Environ. Qual. 42:137-144.

Kafi, M., and A. Balandari. 2004. Barberry (Berberis vulgaris): Production and
processing. Ferdowsi University Press, Mashhad, Iran.

Knowles, O.A., Robinson, B.H., Contangelo, A. and L. Clucas. 2011. Biochar for the
mitigation of nitrate leaching from soil amended with biosolids. Sci. Total Enviorn.
409:3206-3210.



797114021 ,lg 1 o)/ 37 wl> | AN S o iy

21.

22,

23.

24,
25.

26.

27,

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Laird, D.A., Fleming, P., Davis, D.D., Horton, R., Wang, B., and D.L. Karlen. 2010.
Impact of biochar amendments on the quality of a typical Midwestern agricultural soil.
Geoderma. 158:443-449.

Liang, B., Lehmann, J., Solomon, D., Kinyang, J., Grossman, J., O'Neill, B. Skjemstard,
J.O., Thies, J. Luiza, F.J., Peterson, J., and E.G. Neves. 2006. Black carbon increases CEC
in soils. Soil. Sci. Soc. Am. J. 70:1719-1730.

Lie, J.H., Lv, G.H., Bai, W.B., Liu, Q., Zhang, Y.C., and J.Q. Song. 2014. Modification and
use of biochar from wheat straw (Triticum aestivum L.) for nitrate and phosphate removal
from water. Desalination. Water. Treat. 57:4681-4693.

Lehmann, J. 2007. Bio-energy in the black. Front. Ecol. Environ. 5: 381-387.

Lehmann, J., da Silva, J.P., Steiner, C.J., Nehls, T., Zech, W., and B. Glaser. 2003. Nutrient
availability and leaching in an archaeological Anthrosol and a Ferralsol of the Central
Amazon basin: Fertilizer, manure and charcoal amendments. Plant. Soil. 249:343-357.
Lehmann, J., & Joseph, S. (Eds.). 2015. Biochar for environmental management: science,
technology and implementation. Routledge.

Nelson, N.O., Agudelo, S.C., Yuan, W., and J. Gan. 2011. Nitrogen and phosphorus
availability in biochar-amended soils. Soil Sci. 176: 218-226.

Nolan, B.T., Hitt, K.J., and B.C. Ruddy. 2002. Probability of nitrate contamination of
recently recharged groundwaters in the conterminous United States. Environ. Sci. Technol.
36: 2138-2145.

Ogura, T., Date, Y., Masukujane, M., Coetzee, T., Akashi, K., Kikuchi, J. 2016.
Improvement of physical, chemical and biological properties of aridisol from Botswana by
the incorporation of torrefied biomass. Scientific reports, 6(1), 28011.

Olsen, S. R., Cole, C. V., Watanabe, F. S., Dean, L. A. 1954. Estimation of available
phosphorus in soils by extraction with sodium bicarbonate. Circular, Vol 939 (p. 19).
Washington, DC: US Department of Agriculture.

Paetsch, L., Mueller, C. W., Kdgel-Knabner, 1., Von Litzow, M., Girardin, C., Rumpel, C.
2018. Effect of in-situ aged and fresh biochar on soil hydraulic conditions and microbial C
use under drought conditions. Scientific reports, 8(1), 6852.

Radmehr, A. 2010. Results of sampling survey of garden product in 2009. Ministry of
Agriculture, Tehran, Iran.

Ri-Feng, K., Zhang, N.M,, Jing, S., Li, B, and C.G. Zhang. 2014. Effects of biochar-based
fertilizer on soil fertility, wheat growth and nutrient absorption. Soil. Fertilizers. 6:33-38.
Siedt, M., Schéffer, A., Smith, K. E., Nabel, M., RoB-Nickoll, M., van Dongen, J. T. 2021.
Comparing straw, compost, and biochar regarding their suitability as agricultural soil
amendments to affect soil structure, nutrient leaching, microbial communities, and the fate
of pesticides. Science of the Total Environment, 751, 141607.

Troeh, F. R and L.M. Thompson. 2005. Soils and Soil Fertility, Blackwell Publishing, lowa,
US.

Tylova, M.E., Lorenzen, B., Brix, H., and O. Votrubova. 2005. The effects of NHs and NO3
on growth, resource allocation and nitrogen uptake kinetics of Phragmites australis and
Glyceria maxima. Aquat. Bot. 81:326-342.

Van Zwieten, V.L., Singh, B., Joseph, S., Kimber, S., Cowie, A., and Y.K. Chan. 20009.
Biochar and emissions of non-CO2 greenhouse gases from soil. In: Lehmann, J., Joseph, S.
(Eds.), Biochar for Environmental Management Science and Technology. Earthscan Press,
UK, PP. 227-249.

Walkley, A., Black 1.A. 1934. An examination of the Degtjareff Method for Determining
Soil Organic Matter, and a proposed Modification of the Chromic Acid Titration Method.
Soil Science, 37(1): 29-38



S ok sl oo S S5 D gl gy S5 Bl Sl Sl ST ) 2/ 80

39.

40.

41.

42.

43.

Ward, M.H., deKok, T.M., Levallois, P., Brender, J., Gulis, G., Nolan, B.T., and J.
VanDerslice. 2005. Drinking-Water Nitrate and Health Recent Findings and Research
Needs. Environ. Health. Perspect. 113: 1607-1614.

Wegner, T. N. 1972. Simple and sensitive procedure for determining nitrate and nitrite in
mixtures in biological fluids. J. dairy sc. 55: 642-644.

WHO, 2004. Guidelines for Drinking Water Quality. 3rd Ed, Vol. 1, Recommendations.
Geneva: World Health Organization.

Zhang A.P., Liu, R.L., Gao, J., Zhang, Q.W., Xiao, J.N., Chen, Z., Yang, S.Q., Hui, J.Z.,
and L.Z. Yang. 2015. Effects of Biochar on Nitrogen Losses and Rice Yield in
Anthropogenic alluvial Soil Irrigated with Yellow River Water. J. Agro-Environ. Sci.
33:2395-2403.

Zhang, C., Huang, X., Zhang, X., Wan, L., Wang, Z. 2021. Effects of biochar application on
soil nitrogen and phosphorous leaching loss and oil peony growth. Agricultural Water
Management, 255, 107022.



8171402/ ,lgl o)/ 37 >/ W S o iy

Investigation of the Effects of Barberry Stems Biochar on Nitrate
Leaching from a Loam Soil Containing Organic Matter

H. Hammami,! A. Shahidi, and Hannan Hanafi
Assistant Professor, Department of Plant Production and Genetics, Faculty of Agriculture, University
of Birjand, Birjand, Iran.

Member of the Plant and Environmental Stresses Research Group, University of Birjand, Birjand,
Iran. Member of the Unconventional Water Research Group, University of Birjand, Birjand, Iran.
E-mail: hhammami@birjand.ac.ir
Associate Professor and Member of the Unconventional Water Research Group Department of Water
Engineering, Faculty of Agriculture, University of Birjand, Birjand, Iran.

E-mail: ashahidi@birjand.ac.ir
PhD student, Department of Water Engineering, Faculty of Agriculture, University of Birjand,
Birjand, Iran. E-mail:hannan.hanafi77@gmail.com

Received: February,2021, and Accepted: February,2023

Abstract

Due to the pollution of water resources by various pollutants such as nitrate,
the use of amendments such as biochar can be considered as an approach to
solve this environmental problem. To investigate the effect of barberry stem
biochar on nitrate leaching, a research was conducted using a factorial and
completely randomized design in 2021, in the soil laboratory of the Faculty of
Agriculture, University of Birjand, Birjand, Iran. Experimental factors were
particle size of biochar at two levels (less than 1 mm, more than 2.8 mm) and
biochar volume in three rates (1, 2, and 3 mm on weight basis). Biochar was
produced during the thermal decomposition process under limited oxygen
conditions (400 °C for 6 h). The pots were subjected to wet cycles (field
capacity plus 20%) and drying (permanent wilting moisture) and the nitrate
concentration in the drained water from irrigation was measured in two stages
with an interval of six weeks. The highest and lowest nitrate leaching rates in
the samples were observed in the control treatment without biochar and
biochar with particle size less than 1 mm at the rate of 1% by weight,
respectively. The results of this study showed that addition of the biochar to the
soil significantly reduced nitrate leaching compared to the control without
biochar. At the two measuring times, biochar treatments with particle size of
less than 1 mm and 1%, 2% and 3%, biochar with natural particle sizes of 1%,
2%, and 3% showed decrease in nitrate leaching by, respectively, 83.6%,
82.4%, 76.8%, 81.7%, 64.2%, and 60.2 % compared to the treatment without
biochar. Moreover, the results showed that biochar particles less than 1 mm
had more effects on reducing nitrate leaching than biochar particles more than
2.8 mm. According to the results of this study, it seems that application of
barberry branch waste biochar left after harvesting can reduce nitrate leaching
and the risk of transmitting contamination to other soil.
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