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& (T1S4) T . 23S 2000 dilia) aie &y Jeliall dn j2 (alidsY Jane el o 5 cilay)
s Al Ay Ll 6,83 Jeliill da ol paliail Jane e @i 3) ¢ J5¥) 20 al)
T2S1 « T1S1 « T1S2 ¢ T1S3 s AY) wllilaall (o Ly gina cdlial) Al 5 7,65 <ualy
6.89 ¢ 6.95¢7.13 < 7.24 < 6.98 ¢ 6.95 ¢ 6.88 <y 3 T2S4 « T2S3 « T2S2 «
Cy Sl Aila) (5 siwe (g ADle @lia O Alaal) 4 il il Cmaly sl e
delall da 50 il Ll ey Sl Ala) (5 gt 3 ) WS 3 Jelill da jay o))l
Laalads) ellia | gaa 3 (2012 ¢ e 5 2005 cg2a) ) 4l Jaa 55 L aa geiliil) oda (3655
Al Gy 8 Adlisall o jolian o Sy Sl Alia) Aagl 4 i) Jeld da s (A L gine
A8 )

o sindd 55ine 8 3y (2) Jsin (B Flan¥) Qi @l ekl
6 sinse 334 Of Ay il Al e JBA ) Jeli da 0 (s A Giliadll cy )
a3 4l Jelal da sy 8 il Jsan ) ol Bl el 3l ey S Al
Jama el claely Ligina Wit J5¥) ae sall (1SS 38 2000) cu sl Aldlas
5 Aaal Aalany Ll 6.43 aly 3 ow il Al je 8 &y ) Jeladl) ds jal (aleds]
o Lgina (TS § 38 2000) ALY (s siue (3515 LS 7,68 il Jama Jlef culac]
M T2S4 « T2S3 « T2S2 « T2S1 « T1S1 « T1S2 « T1S3 e sall cdlaladll
Loead) sbal) e @il il e oy (b)) Aol dAldlae e 550 G
gl yady Cu Sl sausY) Lleny i 3 Thiobacillus €ls e 455l
s all a0l jaliall 4 el 3255 Jeliil) da o (mliadl )l A Ges g 2l
G5 o OS Ll deasi Lo pa (385 gl 38 oy 43530 8 Cu ¢ Zn ¢ Mn ¢ Fe
33l e Al Jeld Aa 0 paliaal (8 (g sina Ll 25a 5 (e (2022) salisalls (2016)
Al cy €l S
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Sl ol Al )3l e lagy 120 2as sbaall 358 3 (2) Jsoa A i) i
L 6.93 caly il J5¥) 2 gall " i S 23S 2000 dlelas die &l (alias] Jass
¢ T1S2 ¢ T1S3 <laladll (o L gina cilial Ly 7,77 Gy )5 45 laall Aldlany
¢7.36 ¢ 7.4 ¢ 7.28 ¢ 7.15 <l 3 « T2S4 « T2S3 « T2S2 « T2S1 « T1S1
O Lsina | ili Mia ) (2) Do il <y | Jsil) e 6.97 ¢ 7.11¢7.26
¢3S 2000) s sinsall 388 3 Loyl Jelii sy (A Gy Sl Gl e s AlaY) vel se
5 6.43 @iady 3 Ayl Jelinl da o Vel af G el g cpac sall L sins (1S
o ) Ll of 7,68 cidael s Llad) ddbaay Luld e 3l dls je 66,53
0585 35 () ol A5 Al o A8 el BauSY) Cililee A Cand 8y ,S))
Lo ae cumi) gl oda ol s &) Jelds da pa alisil e dae ol el €0 Gadla
Y dai gl Al ) 1L A (2016) s2sens (2006) Gsi e
i pal) Je il A 5 3 Gl al g3 (g (pmind ) B il sine B35 gn <y S
Ayl dlee 3y a3l )5 e aliRiY) sai Lealadl

ol A 3 b ALY 3ol gay (o, 4S) 10 ) ol sina S (2) Jsn
o1 sieall 5 M) il gad Jal e A 4 i)

4 A Jelds da
Alaal) Jsh i) iyl ax Lags 30 Jiza / dlalaa dlaleal) jay
7.77 7.68 7.65 Ny TO0SO
7.36 6.95 7.13 Jo¥) = gall+ Ta 438500 sl T1S1
7.26 6.83 6.95 Js¥) = gall+ Ta 31000 cu sl T1S2
7.11 6.65 6.89 Jo¥) 3 gall+ 1 23€1500 cu s T1S3
6.93 6.43 6.83 Jo¥) 3 gall+ 1 232000 cu S T1S4
7.4 6.98 7.24 S 2 gall+ T 228500 @y sl T2S1
7.28 6.86 6.98 S 2o gall+ T 2381000 sl T2S2
7.15 6.76 6.95 SN e gallt T 2381500 cu S T2S3
6.97 6.53 6.88 SN e gallt T 232000 cu S T254
0.08596 | 0.05388 0.05211 L.SD
&l 8 A Jana Jiay pb ) JS *
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(EC) Ao sl dua) da ja (& 01,50 cy pusl) ddLa) 30 2-1-4
Tp e

3,00 s byl (e Lagy 30 2 (3 Jsia ) (Shan¥) dilaill i) Caaa f
O 5 Yl Als je 3 ABLa) vel sy Cy Sl Gl i (5 sine il 35a g 5 sieall
(T1S4) “. 23S 2000 4dbal vie il 4l sl Aoyl da ) 8 pléi D Jons e
Calial s Y s o 2,57 LleSl) Adlan¥) da 5o Jaea iy 3) Y1 e sall
¢ T2S3 ¢ T2S2 « T2S1 « T1S1 ¢ T1S2 ¢« T1S3 (e sall s cdleeall e L sins
Fa e o0 2.02 ¢ 2.28 < 2.34 < 2.45 < 2.42 ¢« 2.31 « 2.22 <aly 3 « T2S4
Ge 2my g3y Al ) eyl Sl ddba) o ) asm 138 s ol ¢ sl e
ol mhand te saad siall ALl cligY) dal 3l ) sl dpadall claliad) aal
S (Jlsd A8 5 i Y eda (8 830 Jeand Caga N daiiy Cn g el a5
o oaa s Le e 3 el oda (g 3 LiliaS 4y A yall i) a5 A Jlaa
¢(2016) s250n 5 (2005) 05 ALs A5 (2008) gladll s (s sile 5 (2007) AL
LAl oda & BN ALY ae ge o U gine J oY) ALY 2 ge (350 3

Ao b gl Jue el ol 5 558 (B (3) Ao (b il iy

IV 2o gall ¥ JlSa S 23S 2000 Aldbre die @l T o iers et Al Sl Lllayy)

¢ T1S3 (pae sall Claladll o L sine ilial il Yo Jiass | oond 2,58 caaly Jill

2.45 ¢ 2.4 < 2.05 ¢ 2.28 <y 3 T2S4 « T2S3 « T2S2 « T2S1¢ T1S1 « T1S2

clalee A o @lld cuddl oy Nl Ao B o a0 1.97 ¢ 2,21 ¢ 2.34¢

&l Laa Ayl e 23 Jue dglee )l 3 Jseanal del ) il Ll g )
(2016¢s250n) eyl Ji Al je Ce Leiasla & (aldail Jpan

Aila) el gay Clsine o U (gaima il 5 (3) dsts gl ekl
Gyime G5ty aall dla je e Al Sl Alla¥) da o (S el )sll sl
Adla¥! da ) Jaes Slo) haels Lsine J5Y1 20 sall (( 1aS w38 2000) diLzay)
3 Jame J8 cidaef ()5 &)l Alabaay Libd Mo Jhars o 2,57 il 3 AL <)
e sally COllaal) b o (sl 138 G Ly Yo Siams o 1,97 <l
1.99, 2.23, @il 3 « T2S4 « T2S3 « T2S2 «T2S1 « T1S1 «T1S2 « T1S3
G (alAY) 13 Gl Nl Jet s Siess w0 2,33, 2.43, 2.42, 2.31,2.18
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Olsd 4B 8 53 ) o Law Ala yall 228 JOA <) 38 4 5l Jelds da o of ) A
sl Al Jiasi Lo ge G ) a5 A yall oyl Apedatil) Aaaad) sy il 5 <IN
.(1999) ~la

e sa (38 288 Ay yill Al el Alla¥) s ja o L gine AiLaY) o ga S Y
5 shuaa (3585 288 A5l yeSI) Allay) Jara 8 gl Jgean a5 Lsina J5Y) Al
.o sall (78S 228 2000) 4ilay!

Sl Jaa gl Jama B ABLGY) 0o ) 9 9 (151 Sl il gisa G (3) Jgan
o) jiaal) 34 il gal Jal pa VA

Fa Siaper contpd Ll (il g Sy il
Naall | gl | by e leg 30 Jina / Aalaa Alalaall 34
1.97 1.86 1.97 0 cu sl T0S0
2.18 2.05 2.22 Jg¥) = gall+ Ta 438500 sl T1S1
2.31 2.28 2.31 Js¥) o gall+ Ta 2321000 cu e T1S2
2.42 2.4 2.42 Ja¥) 3= gallt T 381500 ) T1S3
2.58 2.58 2.57 Js¥ 2o sali+ 1 2282000 <y sl T1S4
1.99 1.97 2.02 A 2o gall+ 1 23500 S T2S1
2.23 2.21 2.28 A 2 sall+ Ta 281000 ) T2S2
2.33 2.34 2.34 S 2 sall+ Ta 281500 oy ) T2S3
2.43 2.45 2.45 A e gl T 232000 cu S T254
0.05237 | 0.06071 0.06454 L.S.D

(Ala Bale 1 @3S Fe pie) cilydl) (b yasd) 585 3-1-4
Sasiad (g sine 5l dsms ) (4) s (B San¥) dlatl) gl Can
o2 30 ) Y Als e 8 il 8 sl 553 b ALY e gy Cilimall S
Js¥) aesall (Foa, 3S2000) A=Y (s i (588 Y @l il 3 (@Y e
Aloleay Lol s sale &3S, aale 53,43 <l daall od¢d Jane b el s L sine
6 sionall 138 (3585 LS Al 3ala 1 23S azle 33,36 curdy 3 Jare i cilaef ) 4 5ll)
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5 A il Jelii da 3 Galiadl L) elld s gy e sl g il ginsall i e L sins
waal) Liaia (g 4o 8l 8 A0laal)l paliall 45 als 33 ) e sacluall Jal sall (e iy
(2008) gleills (s sde 5 (2006) —idals (1999 )aba sl sany Lo aa (3L 12y

A 0 Byl Baly 3 g oy S il gsay A i) Jelii da o ol 31 (2016) sasen s

ALY vl sa s Blay) il stonal (g sina 5 3 g 5 ) (4) Jsin (B il cay
Js¥) 2 sall (1a, 382000) A8y (s siua (Bsii a il Als je vie paall S 5 A
lalrey Luld ddla 3ale 1 23S aale 56,77 sy daall o3gd Jars Jlef ael s L sina
(6 siunall 138 (558 LS Adla 3ol 17 3K, azle 33,47 cuady 3 Jare J81 cidaef ) 45l
¢T2S3 ¢«T252 «T2S1 « T1S1 « T1S2 ¢ T1S3 e sall s ol sivuall 3L e L 5ine
« 53.77 « 54.53 « 50.7 « 52.38 < 53.83 « 55.17 & <l <l 3 T254
Jae Sl Al o) ) aa o @l s of N sil) e dils sale T S, ke 51,48
33l oS (e iy Sl (a4l s s 45anS] A (e Al Jeldi Aol (i e
( 12, axS2000) ALy (s siwal die 5 45 G g pall L3 ualiall 4 el
o5l e sl paliatel By s Clgiedl Lo ge el JS
(1 2007) 2eals sophae) oany Lo e i ay il A o385 3305 ) gl Lae
yaall peaie dala B Aygiea 32h) Glael sl L Ciliaall cSlaall G (e

Leliall 3 Al Gl (8 (e dalialal g

oA s e b asall semie 55 B Lgine Ay ve) ey il siee & i

cVarall el e sl A (Ml a0 2000) ALYl sl el i

G adl Aldea Ll Bl wS axle 5517 ¢ 5677 aly M daall o3¢l
Adls 5ol i<, pale 33.47 caly

& ALY vel a5 AlaY) il ginal (5 gina il 25a 5 (4) Jsan 8 il iy

JsY) ae sall (Fa, 2352000) Ailay) (s siue Gsii A dlasll als jo de aaall 35

Aleleay Luld 3ila sole T aaS) azle 435 <l dacall o3¢) Jara lef el U sins

o Lisina Caling alg dila Bale 7 a3S) azle 33,5 iy 3 Jasa Jil ciaef il 45514l

T2S3 kalaall e Lgina aliag ol U se gall T2S4 dlalaall Liadl 5 T1S3 dlabas

¢ T252 ¢« T2S1 « T1S1 ¢ T1S2 ¢ T1S3 ilalnall muan (A sina (558 el
T2S4 <T1S4
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Bl 38 5 A ALY Lol gag (17, pdS) o) 5N Cu sl il gia 86 (4) Jo
o il 5 A il gal Jal s JA

Ala 3ala - paS pdle Ll B Lol Fe S Jana

Alaall gY il il 2 L gi30 Jana / Alalaa dlaleal) 3a
335 33.47 33.36 0 Cy sl TO0SO
36.47 51.48 47.9 Jg¥) 3= gall+ Ta 438500 sl T1S1
37.97 53.77 48.07 Ja¥) se gall+ Ta 2381000 < ) T1S2
41.26 54.53 49.31 Js¥) 2o gallt Ta 381500 < T1S3
435 56.77 53.43 Js¥) = sall+ Ta 22€2000 cu ) T154
35.03 50.7 47.09 A 2o gall+ Ta 238500 cy ) T2S1
36.43 52.38 47.04 G e gallt T 23€1000 cu S T2S2
39.33 53.83 48.74 Sl e gall+ Ta 2381500 Sl T2S3
41.43 55.17 52.2 A e gali+ T 282000 sl | T254
3.501 1.858 3.689 L .SD

(ly Bala’ 43S MIN adle) il B Suaial) 58 53 4-1 -4
Clasind gsime il 3y (5) doas (A ShasV) dolaill il Cinia f
30 ) ¥ Al o (Al (8 il (g S 5 (A AR vl sa g i)y )
JsY) ae sall (Fa, 2282000) AaY) 5 s (385 ) @il < Lal 3 (Y e as
Alelaay Luld dils s0le 1 23S, 2ale28.47 cualy ddall odgd Jaes lef aels Usins
e Lsine (BlAS Al dils Bale 1 aaS aile 22,64 Cily 3 Jare S8 il ) 45l
axle 27.67 ¢ 27.83 ¢ 27.13 LeiVasa cialy 15 T1S3 « T2S4 ¢ T2S3 wililadll
¢ T2S1 ¢ TAS1 ¢ T1S2 bisivall man e dygine (358 Cijelay dila 3ale b ag,
Oppentl LIS e il o0 QU (g ginal) ) ) Gl G a5 T2S2
sladl da o) Ll 3V (e il Jeliil) da jy (add Lgiey dgbiasl) 4 il Gal 2
A3a]) pealiall A58k 330 ) o5 ey ity Sl Gaala 065 ) sl 53 Y A seadd)
(2007) Cssals saalls (2006) (bl oan sle e (3dh 138 5 HniniallS Lgad (5 jaall
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alayi Ayl b Al bl o 3 (2008 ) gledlls sl 5 (2007) alaalls

-0 Sl giie B3

o8 BLaY) e go s BilaY) il sisal (5 51 5l 55 (5) soa (b i) iy
Js¥) 2o sall (1, 2282000 ) AlaY) (s sinn (38 il Als je die Suisial) 3
& laal) Alaleay Lkl dils 3ale 17 a3, aale 46.8 oy ddall s3gd Jara e el
Clalaall (g L sine CaliAS Al dila sale 1 3K, azle 22,33 @iy 3 Jare S8 cibac]
Lsima (B9 ghsddla il aaS axle 46.03 ¢ 45,29 cialy )5 T2S4 ¢ T1S3
OeS)l sl 31 T2S3 ¢ T2S2 ¢ T2S1 « TAST ¢ T1S2 e sally il ginsall (Al aa
Oy sl e dala sale U i aale 41,67 < 42.6 « 40.93 « 41.07 « 42.53 led
IS e L Jelitl Aoy e 58 (5 stnall gy iy S0 Al (o ) 3 sy D
L013 aaliall 4 5ala 3305 (8550 Sl 520 (g il iy Sl mala (0 5SS
Loty Lgnmns J5a 5 Led G il 5 (Sl Gl 5Y) Jane paléail Gash e s jaall
4l Joa 55 La e 3 130 5 ISl 0 (e abeaiadl] QB 5 ) guay alaady yriaiall jeaic
33 (b Ciliaall oy Sl Aagii Ly gina A 8 jpiaiall jeaie o e (2006) (Sl
Ll U8 e analiaial 5 4% jala

5 Al e b el eaie 5 5 A L yine il tel ga 5 L sinen S
3 Al s3gd cVazall e (ae sall IS (Ta, 2282000 ) 48y (5 sisall oo i
1S, pale 22,33 caly A A il Allaay Ll T il 0aS, 22le 46,8 ¢ 46.03 <l
Al vel ga s Al il ginnad (5 53 5 250 5 (5) Jsan (B @l iy Adls 30k
(Y. axS 2000 ) AlaY) ssiwe G N dlasl) As e die Gpmidl (S5 A
Ll 48la 30le 1 w38, ke 26.93 sl ddiall 03 Jaaa e aef s b gina J5Y) 20 sall
G WS Adla sale T i) arle 20047 &b Y Jame BB cilaef ) & i) Alalaa
¢ T2S1 ¢ T1S1 ¢ T1S2 ¢ T1S3 (pe sally iy siuall Bl o Lgina (5 siuall 128
. T2S4 « T1S4 «T2S2
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S A A ALDY) 1o gag (1R, p3S) 0130 pSh Sl sia G (B) Jgaa

o1 iual) 5 M) il gad Jal e JA ikl

s aLa" aiS aile il B Jalad) Guiiall S 5 Jina

Alaal) s il i) ax Lags 30 Jana / Alalaa Alalaall 3ay
20.47 22.33 22.64 0 Cy s TO0SO
21.57 41.67 25.31 Jg¥) o gall+ Ta 03<500 @y < T1S1
22.67 42.6 26.62 Js¥) 2o gall+ Ta 31000 <y < T1S2
23.6 45.29 27.67 Ja¥) se gall+ Ta 23S1500 e sl T1S3
26.93 46.8 28.47 Js¥) 3= gall+ Ta 232€2000 cu ) T154
20.93 40.93 24.2 AU 2o gall+ 1 23500 Cy S T2S1
22.47 41.07 26.47 SN = gallt T 23€1000 cu S T2S2
23.2 42.53 27.13 AL 2 gall+ Ta 2381500 < ) T2S3
23.73 46.03 27.83 AL 2 gall+ Ta 232000 Sl T254
2.749 4.431 2.264 L.SD

(Rola 33l 23S, Cu pdle) clilll b (uladll 3855 -1-4

Clisind gsine il 3y (6) Jod (A ShasV) dalaill il G f
Gyl Als je 4 oclill 8 Guladll 35 4 AlaY) aed ey Galadl ey )
("8, 2282000) ALRY) (5 siue G ) il cLal 3 () e as 30 )
Alalaay Ll dila 30le T 03S, aale 6,43 caly diiall o3¢d Jana e aels J5Y) ac gall
Lsine (s el Al sale b S aile 3,84 il 3 Janae Sl cidae ) A lad)
iy 138 5 T254 ¢ T2S3 « T252 « T2S1 « T1S1 « T1S2 ¢ T1S3 <l sisal) iy xa
. (2014) 05235 (1999) >l 5315 (1990) (oo V) ) doc 53 Lo e

& ALY vel a5 AlaY) il ginal (5 5ina 1l 2505 (6) U 8 il iy

Js¥ ae sall (Fa, 38 2000) ALY (s sivse (3585 ¢ il Al ja die alail) 35
lalray Luld 38l 30le T3S, aale 6,84 iy daall o3gd Jaxa el el s sina
s 8 llia aa g 3 ¢ Adla sale b 23S aade 3,66 rly 3 ¢ Jame J8 cidaef ) 465l
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¢T253 «T252 «T2S1 « T1S1 « T1S2 ¢ T1S3 e sall 5 il siasall AL po L sine
axs 5,99 ¢ 6.26 « 6.48 < 5.86 « 6.16 « 6.44 « 6.67 Lt S| il cialy 3 T254
) 38 (5 sinsall gy iy S0 ALl o ) 3 g IS s 5 Vs e Bl sale B S
5505 U BT (e il 5 ity €1 (mala 0S5 VA e Al Jelii dapn e
Jrais 450 Jelis Aa s (aliadl 3y yb e (s ymeall A9I00 yualiall 4 5als 5345 8
a4l Jom 55 Lo o 3 138 5 Ll 0 (e Gabiaiodl] ALE 5 ) umy (ulaill e
i jala 3ol (Ul s Cliaal) ey 5SH At gina S 88 sl et o 0e (2006)

il J (g 4ualiaiial

Aaje B el peaie S50 8 Lgiee BLaY) aelses Sl @l

Slel gme sl M ( Ma, 282000 ) dlaY) ssiwe cubel 2 il

el Aldasy Luldh Gl w38 aile 6,67 ¢ 6.84 il 3 ddall sdgd cVandll
CAila sl S aile 3,66 il Al

&b ALY ne ) ga s ALYl il gl (5 sine 5 250 5 (6) Jsan G gl iy

Js¥l e sall (Ta, 2382000 ) AlaY) (s sine (3585 3 dbanll Aa je die Gulaill 3 5

Aeleay Luld Gils sale 38, aale 5,27 cualy daall o] Jae el laely L i

6 siall 138 (355 LS ddla Balel a2S) aile 3.8 caaly 3 Jare i cilacf ) 4l

¢T2S3 ¢« T2S2 ¢ T2S1 ¢« T1S1 « T1S2 ¢ T1S3 e sall 5 il siuall 3L e L sine
. T254
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S b ALY welgay (1A phG) (EL sl clisina il (6) s
s hiall 3M Gl gal Jala A (uladl)

(Aly 5alal aaS aile) clidl) B Salad) (uladl) 58 5 Jane

Alaal) gY il iyl 2 Lags 30 Jana / Alalaa Alalaall 3ay
3.8 3.66 3.84 ey TO0SO
4.23 5.99 5.36 Js¥) = gall+ Ta 38500 sl T1S1
4.67 6.26 5.49 Js¥) 3= gall+ T2 31000 cu ) T1S2
4.75 6.48 5.93 Jo¥) 2o gall+ Ta 23<1500 ) T1S3
5.27 6.84 6.43 Jo¥) 2o gall+ Ta 232000 ) T1S4
4.07 5.86 5.13 AU 2o gall+ 1 23500 Cy S T2S1
4.37 6.16 5.4 AL 2 gall+ Ta 2381000 s T2S2
4.66 6.44 5.84 SN e gallt T 23€1500 cu S T2S3
4.8 6.67 6.03 SN e gallt T 232000 cu S T254

0.2532 0.2933 0.4860 L.SD

(Al 3ala' " akS .ZNaile) cldl) b il 585 6- 1-4

G Sl il gl (5 gina 5 2505 (7) Jsan (B Slan V) Jilail) il Cina
o pse 30 2n) la¥) Al ye 8 clall 8 bl S 5 8 AiLaY) v sa g Ciladl)
Lsine Js¥l e sall (Ma, 228 2000) WLy (s sive (35 ) @il @il 3 (clsy)
2l Alelaey Luld dils sale 1 aaS, pale 16,63 il ddeall 03g) Jane e el
Alabrall ae Ly gine Caliag aly ddla 3ale 1 a3, aale 12,83 Cly 3 Jare il ciaef )
Sl stall (Bl ae L sine 358 Cedas Ala 3ol T aaS, axke 16.06 &L 3 T2S4
333 Of ) as o @lld of T2S4 « T2S3 « T2S2 « T2S1 « T1S1 « T1S2 «T1S3
Aomla 3ab) o s Al Jeld dx  paliadl e dlld selu o ddliaal) iy 5l 4uS
Al Ciloaall iy = ) (2007) 2eals ssbae saag Lo e 365 14y il yeaie
Adala g @il jeaie € 5i3al ) b g sime 5 Al OIS (T, 22£2000) G5 s
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& ALY v ga s Al U siue (5 sine A 2505 (7) Jsaa B il iy
Js¥) 2 sall (Fia, 2282000 ) ALY (5 i (s pa il Aa e e il 3
Lld ddls sale b oaaS axle 21,33 il daall o3¢) dame el aely Ui
ek ol s sale T aaS) aale 11,77 <l 3 Jame Ji el ) 4 iall Alalaey
¢20.9 « 17.07 <ily )5 T2S4 « T2S3 ¢ T1S2 ¢ T183 cidlelaall e &y sina (35 8
(e sall s S shusall (BU aa dysine (358 i jela 3 ddla sale U aaS, aale 17.5¢ 18.33
T el s, aile 16.47 ¢ 15.63 ¢ 16.73 L 3:S) il caaly 3 T2S2 « T2S1 « T1S1
o=liadl ) sl 8 Caliaal) iy Sl il gt 33L ) A QIS b G o5 sl e
Letaca (e g (5 hall Ailaal) paliall 43 jala 33l 5 ) ol A ¥ 4 5l Jelisi da o
&) (2007) 2as) 5 (s sabae 03 5 e aa Baldaty 138 5 Ll Jd (e dvaliatial L 5 <l 3l
0o il (s sima 853l ) Jgean ) ool 8 (1a, 2282000) ey Ciliaal) ey S
i3l

j il As je (B il peale 385 A AlaY) velse 5 lsiee
3 ddall sdgd cVaxall el e sall DS (T, 2282000 ) ALY s siwall Jlacl
arle 11,77 caly S 45 el ddabaey Ll 48l 30l 1 23S aale 18,33 ¢ 21.33 waly
ALY il sind g siee il 2 ga g ate (7) s b 2l Caiyy Ails Bale T aaS,
2282000 ) 48LaY) (5 sine G50 D sbanll Al jo die @i jl) 5 5 A AlaY) el e
sale 1 axS, aale 11.44 iy daall odgd Jas Jlef Jael s Lgsine JsY) ac gall ( Ya,
LS Al Bale 1 2K, aade 10.82 aihy 3 ¢ Jaxe J8 cidae | ) A jliall Alalray Ll dils
ddla sale 1 xS, aale 9,86 curly Ll 5 T2S1 Alalaall o U sine 585 (5 sianall 138yl
¢ T253 « T2S2 « T1S1 ¢ T1S2 « T1S3 dulaall L ae Ay sina (558 yeka ol
. T254
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QU3 8 5 b ALY aetsag (b, akS) (100 sl iy siana 4505 (7) Jsn
21 kel 3,40 cily gad Jal e S

(Aly Balal ais, aile) cilall) B Salad) i3l 5 5 Jara

Alaal) o2 il iyl 2 Lags 30 Jana / Adalaa Alalaall 3ay
10.82 11.77 12.83 Y TO0SO
10.13 16.47 14.99 Js¥) 3= gall+ Ta a3S500 cy sl T1S1
10.29 17.07 15.33 Ja¥) 2o sallt T 231000 s T1S2
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Abstract

Abstract

The experiment was applied during the summer season 2021-2022 at
College of Agriculture, Wasit University. The aim of study was evaluate
the role of adding sulfur at different levels and time of application in the
degree of soil interaction and micronutrients (iron, manganese, zinc and
copper). As well as, study the impact on the growth of Zea maysL. The
study included two dates of addition, which were: 30 days before
planting, and the second date was 15 days after the first date. Four levels
have been used in this study including 500, 1000, 1500, 2000 kg/ha™*. The
experiment was applied with a randomized complete block design
(R.C.B.D) with three replications for all experimental treatments, which
were randomly distributed to the treatments. The number of experimental
units was 27 units.

The results showed that the treatment of adding sulfur at the level of 2000
kg/ha™ for the first date recorded the lowest average of the degree of soil
interaction, and the lowest average of the degree of electrical conductivity
at the stage of germination, flowering and harvesting, which were 6.43,
6.83 and 6.93 respectively. However, the control treatment gave the
highest rate, which were7.65, 7.68, 7.77, respectively, for the degree of
soil interaction. The electrical conductivity has reported 1.97, 1.86, 1.97
dS M compared to the control treatment, which recorded the highest rate
2.57, 2.58, 2.58 dS M™ respectively. The treatment of adding sulfur at the
level of 2000 kg.ha™ for the first date (30 days before planting) recorded
the highest rates of iron, manganese, zinc and copper during the
flowering stage. The rate of iron was 56.77 mg/ kg™ plant, while the
control treatment gave the lowest rate as it reached 33.47 mg/ kg plant™.
The manganese rate was 46.8 mg/kg™ plant, but the control treatment
recorded lowest rate 22.33 mg/kg™ plant. The copper percentage was 6.84
mg/kg™ plant, compared to the control treatment that gave the lowest rate,
which reaching 3.66 mg/kg™ plant. The rate of zinc was 21.33 mg/kg™
plant, whiles the control treatment was 11.77 mg/kg™ plant. The results
showed that there was a significant effect for all levels of sulfur and
application times on the sulfur availability of plants at the flowering
stage.

The sulfur treatment was significantly superior at the level (2000 kg S.ha
1) for the first date. It has recorded the highest rate of sulfur availability in
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the soil at the flowering stage. It has amounted 37.39 mg. S/kg™ soil
while the control treatment was10.94 mg. S/kg™ soil. Also, the sulfur
addition treatment at the level of 2000 kg S.ha™ was significantly superior
in the harvesting stage. It was the highest rate of sulfur availability of
34.19 mg.S kg™ soil, compared to the control treatment, which amounted
10.56 mg.S/kg™ soil. The results of the treatment of adding sulfur at the
level of 2000 kg.ha™ for the first date (30 days before planting) showed
the highest percentage of nitrogen, which reached 1.85%, compared to
the control treatment, which gave the lowest rate of nitrogen in the plant,
which was 0.97%. The phosphorus was 0.29% compared to the control
treatment, which has reached 0.06%. Potassium has reached 1.18% while
the control treatment gave 0.66% in the plant at the flowering stage.
However, the rates of the same treatment were at the harvesting stage,
where the nitrogen rate was recorded 1.43%, compared to the control
treatment, which gave the lowest rate of nitrogen in the plant, which
amounted to 0.94%. The phosphorus has amounted 0.27%, compared to
the control treatment, which the percentage of phosphorus reached
0.06%.

The results have showed that increasing the levels of sulfur fertilizer in
the soil led to an increase in some growth and yield characteristics. The
highest rate of leave area in the plant was achieved in the treatment of
adding sulfur at the level of 2000 kg.ha™. It has reached 6270.48 cm?
compared to the treatment without adding 5513.6 cm® The same
treatment also achieved the highest rate of dry weight, which reached
293.98 g compared to the control treatment, which amounted to 261.97 g.
Also, the treatment achieved the highest average of plant height, which
amounted 200.17 cm compared to the control level, which the average
height reached 188.27 cm. The sulfur addition plant at the level of 2000
kg/ha™ achieved the highest average number of grains, which weighed
587.33 grains compared to the control level in which the average was
555.33 grains. The same treatment has achieved the highest average
weight of 500 grains, which the weight was 192.35 g, compared to the
control level, which the average weight was 164.51 g. The highest rate of
chlorophyll content of leaves, which amounted 38.9 SPAD compared to
the control treatment, which amounted 28.47 SPAD. The comparison
recorded 9.47 tons.ha™
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