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69.11 &L (T3 X GI) Jalall dleles dilaes i Qs el cpn 8 cala 10.5 a4 (53
) (g Jandl LS. %84.80 iy e ely o JB (0 crusinl) il alids) danss g ke
e Y LS. el oS 3 daalY) dejud) wie T2 5 T & ilalas (h (Ssina (38 39 p2e
oS 3 dadlal ey e TS5 Taeli o€ 1.5 Laalal deje die T1 &a dlalae (n (S3ine (38

Jae L
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80 ®G1=1.5 km h™' mG2=3 km h™!
69.11

T1 T2 T3 T4 T5 RLSD 0.05
15\_,;.\\ EDalee

O3 (B Aala¥) Ao ] g A0S ) 430 jad) AL 430 jad) clalan o JaNA) 8L (30) Jei
) R i

4y Al Aipal) g Ay 38l pailadl) -2-4

rJ

Physical and chemical characteristics of soil

Mean weight diameter (MWD) G955l skl Jara 1-2-4

e il agas (20 5 19) ouinldl 8 damsall FlaaY Slaa¥) Julasll il ey

3y 3 (MWD) Osisall bl Jane a8 2S5all &5)ad) AT Jlasioals 2pad) Jalad 4 sinall
el lgaias b Lgina T1 Ehall dlalae Goit 31 JSA con 3 cJsnanall sa3 anise dulis
O o e sl e ale 0.8550.70 cialy 3 sall ansse aiileds By 3 MWD al Javs
0.6250.47 adlss ciilSy ausgall ilgis iy AMWD (g i Jil T5 &)l dlalaa cilans
dpalal) o3¢l dulansg o Cilas 38 T4 5 T3 5T2 (9831 &l clelee W . Jgill e ale
lss masall kg die culSy il e ansall 4y vie 2l 0.59 5 0.6550.63 caly
Aiecidl T35 T1 &lal) ildes G5 e (S - Jsi) e e 0.7050.79 5 0.76
s 3 e MWD (aiad (b aw 60 &ha Gae e Jamy 2 L5 mlacs s Sl
Aalusall 5335 dc e pall il il 500 ) (5258 Aol elace st Gl paall Al gy 5
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s Aol dualus 80U o el 135 (2020 5515 Alfaris) doll asSeall dadad)
Lo 8y0S 455 leand (sS85 Ao a3 5aY1 (2019 <5 als Wang) il gl
Bl o Ula) 55 Lee Dl Cleaas o dbilaall 6 acluy 3oy elall Sl doglae
g cn Sl et A T4 T2 &lall Jliles 6 el G iy WS MWD
Guplaall 038 Jand Y aw 20 Gee Ao oy Jlis Elaag o 40 Bac Ao Jany 3 A5l
(2019 c0,8)s Wang) Lusll duslise (1o 2 Las (3eally mhacdl vie 4yl SlSaty (34

Salar lgd) duass U w3l ae 3 1305 MWD 3315 25 (s L5ill Cilean 43LE Gl
Jlasidls Apasl) Bhall die Gua duulall dull Claaas &35 O sl 3 (2013) 0958l

dawis MWD 2 3 ciadadl @hall dlalas go mns lpans ) ave a3 il

.%21.48
0.9 09 , 0.85
A 0.79 B
0.8 08 0.76
0.70 0.65 - 0.70
0.7 . .
-‘i 0c 063 0.59 -’i 0.7 0.62
fi 05 047 i 0.6
I 05
1 0.4 .!; os
3 0.3 3 03
0.2
i 0.1 i 02
~ B 0.01 ~ 0.1 0.01
T T2 T3 T4 T5 RLSD
0.05 T1T T2 T T4 T5 RLSD
8 jal e e sl e Ul 0.05

(ale) Qasall Sl Jana A A pal) 48 jad) A Jlanialy 4 jad) cdlalaa Ll (31) J&
34all) s ga (B) Algds (A) Ll A

e i 3555 (20 5 19) Gainldl & dscagal Flaa¥ JAlasV) dlail) mils oy

o Y pail) pange dulgis Dl (B Ogisal) bl Jane a3 Ll dejud) alal duginal
By 8 Aol oS 3 Ll eyl e TRl oS 1.5 Bl eyl (358 32 JSA
oo 0.79 N 0.70 ¢o pessall Gulgs Caaliy pussall Ay b ole 0.66 ) 0.56 2 MWD
Gl 3ga0s - il o saill avsga Gy Al & %12.855 17.86 ialy 5l Lawsiy (]
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Basaal) dujal) ilaluan t i 3] (290K8) Al caiids 3l M (5258 dalaY) Aoyl 5l & )
re ol o3 i MWD (2lias) & ey Ll Cilaand adass ) 525 ee 45l (36
o Gas vie Ll & 8 liad) Cilal) Jlasind &1 (2019) 095805 Tayel 4] duass L
Dbl Jaee (mlesdl W el Mol 2 10.33 (W 1.9 (e Al depud) 5aly (ae 15)
5Ly Ao Ay Uall A8BSI) o & L)l Aol cunds 53l ) Gl 15309 . %500 daasy (9354l

el deyud)

0.8

0.79
0.70
0.66 0.7
0.56 0.6
05
0.4
2 03
~ 02
01
0.0
61 62 61 G2

(Helu pS) Luala¥l do yull (el ¢5) dyaladl o ol

e 9 o O
0o N

O ¢
N

(la) cus ) Sl Jons
(tle) Casal) el Jaea

o
HIN

o
(=]

(A) 4% A (al) (MWD) G sall Ll Jana & dualal) de ) 80 (32) J8&
5l aciga (B) dlgds

e 53l a9ms (20 5 19) Gaalall b dacasall F Loy SlaasV) Jalail) il ey

ek 3 sl ansga dilgis Dolay (i ually (g hsall Hhadll Jars o 8 A0 (Bac Jalal doginal)
MWD 1 o (el e Jpanll (8 Lsina (D) adaudl L5l 30 356 33 IS8 (e
e D35 D2 Ll iee po Luld %22.39 5 10.81 duwiy 23 3) saill pusge dlg 2ie
el auge Bl & D35 D2 GoAY) Gieall o (D) adaud) Ganll o WS ¢ sl
>hadl L5l Sae Boit cuw 35mag ¢« Il Je %32.69 5 15.00 dwis MWD a 53l

s e Sl cpalacdl Lopl) Gk b Lgemall 5Ll asng ) i) Ll Glae e
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Ll Gleel (1 e e (2017 g als Zhou ) Lgluls 5ab5s dojalall 45l d86S
Ao lall Al AHES b abs) Aes Lhel) Al ks (e a€ aia ) (mpes ) Aulid)
Lleas o mhaull vie bl elaal) agag agas WS« (2020 <Alkhafaji) Lilulies (aliasly
bl oa (3ims (Al Glaend 485 55 ) (55 Lee deslal) sl (e Al s
Gee 82L) 2ie MWD (=leasl 1<) 3 (2017) Parkhomenko s Tverdokhlebov
S Al (ggine 3355 ) s s %11 Aaasty pas (30-10) A st (10-0) o0 &5
sy (e Guaag s lgdam Ll GIE Ll (e ik 0)92 1385 mhacd) die dguaall salall

aslal) Cagylall Lgiagliag 4yl Culaand 43l 8ab) & ey dasill

A B
0.9 09 | o3
0.8 0.69 0.8 0.74
. 0.67
0.7 06 _,1 0.7
3 06 0.52 5 06
1 0.5 :1 0.5
-‘; 0.4 —11 0.4
'3 0.3 3 03
0.2 <H
T o
. 0.1
0.002 0.002
0.0 0.0 :
D1 D2 D3  RLSDO0.0S D1 D2 D3  RLSD0.05
() L5 oo () 2l e

s (A) B (A (ale) (MWD) GgJsall Skl Jara 2 4 3 G—as 1l (33) Jsd
34l puusa (B)

e i 35n5 (20 5 19) peialall b daagd) FLad¥ JlasV) dalail) il ey

A o Al dejudly S5 Ba) Al Jlasials Blall Jle gn S Ja)nll 4 gieal)
Aloles (358 4 Jsaall (b Aipall S el 3) ¢ paill ansse dlgis Al Opheall Hhadll Jaee
ol 0.90 5 ale 0.72 il 3 MWD 1 i el e Lgaiass & (T1 X G1) Jalsl)
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MWD J a3 &l (T5 X G2) Jalall dlabea cilaes (a3 e sl o saill ansse Lilgss Ay
MWD o 5213 (5o - sl e sail ansse Lilgis &by 2ic ale 0.57 5 ake 0.38 &y (53
o T &l dlaless Ldal daalel) dejull @il bl ) (T1 X G1) Jalal) dlaleal
axa 831y ) 6350 W YY) aw 60 Gae o Jary 63 Aujill o canl Eilaall e
Lsd) dee o gl Ll Caids e Cainen Faall) A pual) alids) G e Slad (ASKaal) Lyl

oalaly 4 all A0S daliaal) 50l () (535 0)5% 19 cdpadandl 4 ll Akl wie Alalally a3
Balsys A l) eliy Cpaeent b Ulag) eSail (531 Y1 (2019 55315 Shojaee) duallall (gl
GV lea e gaan ) (TS X G2) dalall dlaaal uSe duas (a3 (MWD o
Ll il A5 ) can 10 e o Jead ) duajall LLAQY) 5 o 20 e e Jen
A ¢ L) A ety Lailall (g3l olsa Jy (il 3 agusy 1385 il (53 Apmans sl
@B b BL) e leie i Loy jill mlad e Lae Lgieles Galiaily 4ol 4 palhal)
Gst) MWD (mliail 535 2 5a¥) djgaall sla¥) Jali alids) e Slad il
shil) Jaes dieal didacg o8 T4 T3 5T2 &all cDlalas citia WS (2002 i jaas
Gl Al 3aL) day Alad) Bl Aoyl (e el bl GaaleY] Aoyl vie CulSy (g )5al)
3.57 cialy A saill ausge Llgs g acsall By 2 i) e %9.83 57.69 51.56

(2013 <5315 Salar) zs s s 13, . ) e %112.76 59.61

Osisal) Jhaal) Jara B duala¥) depully Lial) clalaa G Jalal il (4) Jaa
3ol anuga dilgiy Al (ale) (MWD)

p—nsal) g p—asal) Ly
Ll de )
G2 G1 G2 G1
(Aelwps3) | (HAelwat1s) || (FAelus3) | (MAelwps1s)
0.80 0.90 0.67 0.72 T1

0.73 0.79 0.58 0.67 T2
0.75 0.82 0.62 0.69 T3
0.66 0.75 0.54 0.64 T4

0.57 0.67 0.38 0.56 T5
RLSD 0.05
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S Jalall 5 (20 5 19) gpala) & damgall F LY SlaasV) didaill il ey
Gulghy Aoy (b Opeall il Jone a3 (gyine DED A (e dualeY) depudl el G
bl daale¥) deyedl xie MWD o 5315 5 Jgaal) 6 daagall w30 (i 3] ¢ saill autsa
0.74 & 3 MWD i (G1 X D1) Jalull dlelee o 3 ¢ adacdl L5 (e
Ugine (G1 X D1) Jalul dlabae g 3 . Jsill o aussall Gilgis iy die ale 0.87
G2 )5 (G2 X D1)5(G1 X D3) 5 (G1 X D2) 5a¥) cdsleally Ll MWD 535
awsge Al die %57.45527.59532.14 5 13.855 15.43 4wy (G2 X D2) 5 (X D2
24.29 5 11.54512.99 duwis MWD a ool 8 saill pusse kg5 die Ll ¢ sl e gl
Aales o con (A o sl e 56K Bhal) cDlaleay Luld %36.10 5 22.54
i) ansge Llgis Al b ale 0.6350.47 il I MWD 1 a8 8 (G2 X D3) Jalxl
Akl elgial ) MWD 2L 8 (G1 X D1) Jalall dlles (358 s 3509 - sl e
Al el Cpuad (B 50 e Lelleg dagemall s3lal) (e el o o (D) Ll dpalal
Al cand Qi 3 (G1) Lkaal) deyedl 599 «0AY) Dl Glaels Ll daliadl) lgailiady
G5 MWD a8 5015 8 agess 0353 1285 Ll (ailiad cppa’ & GeSaly (531 eV
Ganlly (il 2€1.93) Lidad) daalaY) dejud) G sbasis 3 (2019) Tayel g gl o3a
doyall Claw cpn G cale 107 b 63 Ojse i Jana ol s (a 10)  aaud
0.65 &b Y ise sk Jare i (aw 30) LSl 3andly (hels 2$10.33) Gllel) ZpalaY!
e

Osisal il Jina b Al Gasy dualel) Aopud) (o B0 L35 (5) Jsa
saill aga dilgly 4l (ale) (MWD)
pt gl Alg

() 4 : Galad) s
(Hielu %)

D3 D2

(2~ 60-40)

(p 40-20)

(a 60-40)

(a 40-20)

0.71

0.78

0.58

0.65

Gl

0.63

0.70

0.47

0.56

G2

0.001
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DN Jalsll & (20 5 19) gpiald) 8 dacasall FLaa¥  JlasV) ddasll il ey
Algis Al Oghsall bl Jaee B gyine il Ll Gasy ZaaleY) depuly Bhall dalse O
e Lsies ciigin (T1 X GI X D1) Jalall dlelae G 6 Joaad) (e Jaadl 3 ¢ saill acega
iy ale 1.01 50.80 &l 3l MWD el Lgadaty oyl JISE (a1 dihal) dlala
MWD & (T5 X G2 X D3) Jalull dlalee il a8 ¢ Jsill Ao gaill auign dilgis
Aales @58 ars (GHras - Al o saill ange Llgiy Ay (8 ale 0.53 5 0.34 &L 3
D) ) Jyeand) gai 358 AT MWD I el Lgaigas 8 (T X G1 X D1) Jalsl
pailadll et b Adad) el Adad) dejadly (T1) S5l Zhall AV sl sy
dugunall Balall (e el s o (gt A Aambandl A Al i dald Al A8l
& s Al e @l o Laliall 8 Ulaol oeSeis (63 5a¥1 @AY Dl leclh Luls
A pllall ) A3 3 (TS X G2 X D3) dalall dliles b S ansg « MWD o 52U
(TS) LSyall &l Al Aasdly 52 Bond ujil) SlSin pe A A jill ISH Analusal) (mbdisg
«Parkhomenko s Tverdokhlebov) dsbyall Ll jailas Has ) a5 @il Y
OSais 0y90 1389 addia digiasl) Balall (e (g5ina 55 (D3) Ll 3ec vie Lalk (2017
Gisal) Sl Jaae w335 dale Bjpamiy MWD b (aliadl & ey duiil) oliy o Ul
Bl Al Jleriel Lhall cDlelee gend @hall deje alisily datad) Ll disd xie
(T3 X G1 XD1)5(T2 X Gl XD1)5(T1 X G1 X D1) cladill calas Siad .4l
3 AV Ahall clales ge Ll el MWD (T5 X G1 X D1) 5 (T4 X G1 X D1)
Alg il o 8 o s e ansall iy 82l 0.6650.71 50.7750.7550.80 &L
Salar se il s3a 3855 . i) e ale 0.7750.8150.9150.8451.01 sall ausse

(2013) 5315
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Jna B A (Basg Anald) Aepudlly Aial) cdlalaa o Jalail) Ll (6) g
i) aniga dilgly Al (ale) (MWD) O g)gall shadl

i gl Al s g} Ay
PRI PSP

G2 G1 G2 G1 LA GBas | 3 al) edlalas
(Aelups3) | (HAelups15) | (HAelups3 | (MReluiS15) | (an)

0.87 1.01 0.75 0.80 D1
0.81 0.88 0.68 0.72 D2

0.72 0.82 0.57 0.65 D3
0.83 0.84 0.7 0.75 D1

0.73 0.79 0.57 0.66 D2

0.64 0.73 0.48 0.60 D3
0.82 0.91 0.72 0.77 D1

0.76 0.83 0.63 0.69 D2

0.67 0.73 0.5 0.61 D3
0.74 0.81 0.64 0.71 D1

0.65 0.76 0.54 0.63 D2

0.58 0.69 0.45 0.58 D3
0.62 0.77 0.43 0.66 D1

0.56 0.66 0.38 0.55 D2 T5

0.53 0.57 0.34 0.47 D3
RLSD (P<0.05)

a8 puse 5l Diginall e 5l asag (21) Galall 3t jlas) 8 Al mall) el

il psge By B 34 JSE gy 3 csisall bl Jaee ad 8 chiall 53 Jyana
1dad ol gaill ause Blgs il cpn 8 ale 0.61 cialy I MWD 1 dad J8 s
ol ) sall) s3a e (gians - %21.31 Gy 5L <l cale 0.61 cialy 3 MWD
2l e b saill puge ol il jae a3 aa shiaall SN s sdal CaiS)
Balys Al 3ls Gn & o aeln e 1y dydadl Clbedll g Al 4SolSul)
ol 4alh 82l e selay (52 ) ASEN daglie o5 Cilaand IS gaans ae Lghala))
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Wlal (e Ly 5l (336 Jay 835 e Jand () Apgaal) elial) Lol 30l e Db
o sl elarll 5245 G WS (2019 « Hedayatipoo s Alamooti) desY duieca 3se
& el Lo dnplall Cligall (e Al Dlea o damy saill ange dilgs (8 D5l mlas
(2017b) Sl v g (gpuagall o cxilial) odn (35 . gl 5alys Lol Claeat e Adailadl)
@8 Jay) 53L) 8 Lage 9o Canly sail anga pai wie lill (5)3a) g ganal) 535 G Ll 3)
G platl e aais S Ausanal) Wbl G Slad ¢ 3Bl daad gd (ans lginny Al

Al 83l Bral) clebuall L3 el (31580 ol mesy Lgdans A5l

t=4.01**
0.8 0.74
4 o7
3 0.61
_ 06
i [
i 0.4
a2 03
Do) ¢
:i 0.2
~ o1
0.0
o gall Ay poasall 4
_,.A.'L“ b _):\5

() (MWD) (355 5al) Shdl) Jana (b § guanal) gai aus g dilgd g )y 15 (34) Js

Jalnll (gyina 530 39a5 aae 22 ald) L daasdl F LY SlaaV) Jalail) il coy
Joanall gai ange 358 A Ggjpall il Jane b L5l Glecly Bhall ale o AU
(20519 aasldl)
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Bulk density of soil (pb) ag il Ay Al A8UsY 224

e 58l 35ns (20 5 19) cpialal) 8 dsiasall F LY SlasV) didasl) gl coy

Algis Ly (pb) usall Ay jallal) ZAES) o8 & A5l Ahall AT Jlexiads hall Jolad 4 sinall
S pb 3l i gaaaty cagn T1 &hall dlebee 5 35 JSEH (e Jaadly ) ¢ ol ausge
T3 a3hall dlalae lgalis ¢ sl o gaill aunse dulgis By T ol 10 1.28 51,13 il
o sall auige dlgiy Ly die Vo ol 1K 1033 5 1118 il culSs pb s
Cilaant 48ld 83L) b eyl oxiliy T1 Al Bhall Al i ) cundl (i - il
diad (pb il (midd b L) (S @) LAY (31 US8) A el G Cameailly Gl
Gee e dary @3 Ll s cand Sl (go L Dihall AT (s A T &3hall Alelas
die Jasi lag o 10 Gae Ao dany (s hadins o 20 e dary Jlis Slyaeg au 60
60 Gac A deay Ll (0 paS ans ASE dadine Ball Al sl Jant 3 Aol mhas

Clelill 3313 & ey ddlide alaal @y U L) ASuladl Ll disad e sclu las am

b oAl ) dai pb o (aliasly Al el et ) gk ) eY) e dsalesal
0S5 A T3 dhall dlalee Ala 8 Gy i ¢ ally o3 dlales) aaall sasg) 453 AS
Al dugil) ana Y Slis Ghaag an 60 Gers Jexy @3 Al mdaes a3 Gl (1
Aad Jaed lohen Lon sl s (8 Aalesdll cleldll (alias) ) o g LaY) 8 05
lelaal pb ad <y 3 (T1 &l dlalas pa (aey lgans saill auge 358 DS pb (4 el
LS e sl Blgis Dl 2ie %3.20 54,20 Lusiy T &3hal) dlaless Ll T3 28)al
i Slyaal) Jlasials Bl oL lsans 3 (2013) ssals Medeiros s gl oda aéws
o el (3 ASSid) gl pas 5aly () caed) lg3es %011.25 Ly pb e JB 4050
) pbl Ldass 8 T4 5 T2 i)all lales cilavas WS A5 S (g Bpaleaall el 5005
&l sl puge dlgs (3 i€ Il o pusall il o a1 1.31 5 1.21 <l
) pbl a el T5 Lihall dlales cilaes Gin 8 (il e Ta e Kae 1,415 1.38
109



Gl amys s e sl anse Bilgly By Vs Hle K 1,495 1.36 il

Jess 3 s Cyae e 0sSE  T5 &hall dlelae 8 LSl @al &) cuSp sl

Ciad Ehaall dgag pie e b can 10 Eha Gy Jary aaf Ladiag aos 20 Dha Gans

20 Hslandy ASSaall Ayl dida O 3 Al e Bl aas GlSa ) (5350 00 1205 L5l o

e ager G eV Ll Blaa] dgag da haad) die Ll Cuili 535 e Slad ca

3Ly (Al 6k e daniall Ll (3l L)l cile jdl) oDlialg (mn lgcany LAl € )l

Alkhafaji 4] Jeagile e gl i (3 dalas) b aid alafi & ey aaall sl 45l A<

(st A+ les Gl + ajlas Eihad) A0 &all A Jlaaiad & ang 3 (2020)

cgulal) lall Ghadll aa pars Wan %16.70 s pb =i ) 25

TI1 T2 T3 T4 TS5 RLSD
0.05

Ll yaldl Elales

— 1.6 A _ 16
g 14 121 118 131 136 g 14 | 128
g 12 | 113 = 12
3 10 i 1.0
~+ 08 7 08

T1

141
1.38 1.33

T2 T3 T4

Biall @dlas

1.49 B

T5 RLSD
0.05

Lla o (p )8 e ) Ll 4 allal) AU B &) ad) cdlalaa il (35) Je

el o ga (B) 4ilgds (A)

e i 35n5 (20 5 19) Gainldl b dscagdl FliaY Jlasy) dalail) mils iy
Ot Y saill puase S35 OIS (ph) Al dna Ul AESY a6 daale) e pud) Jalal dsinal)
1.27 51.20 @il A pbll o ol Leiaasy aelu oS 1.5 4uleY) deyull (3585 36 J<al
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el a8 3 2l Ayl il cpn 8 e s e sl aunse Bilgis By Y ol S
LA o saill puse Bulgls oy (Ve ot 1S 1,425 1.34 cialy s phll as el
lpuans Lgadleatiy Aol S dinad 83 (M s25 el depudl 83y O ) sl 35m
By Aol Aelisa (g0 Moy 050 1305 (29 USE) sl s 53y ) (535 @) L) Gamy
ales) anal) Bang A5l ABS 53U & ey Aaniall Al ) 38 G 2D el )
(2022) Sharma ; Rajeshwar 4| Jeag L pa gl 038 (3é5 .ph 8aL) & ey (3
Bl (M ol Al dia i b Aol oS 3.20 () 2 e BsaleY) depudl 83l G g 3]
canin 53l el s Bes %13.33 <y 5ol Aty Vale 1€ 1.70 1) 1.50 ¢ pb
SSIL L) By Aabesall el Sans) B @lly (St daaleY] deyall 50L) aa Al
D 8L & ey lgans pe (s lgwmns dubiall A5l ABS 82 ) (5351 Law paall giial

16 A = 16 1.42 B
] 14 134
g 14 1.20 1.27 g
= 12 ‘j 12
g 1.0 3} 1.0
,3? 0.8 ~_ 08
E 0.6 j- 0.6

04 ~g’ 0.4
?a’, 02 < 02
g 0.0 o0

61 62 G1 G2
(Tiebu S) Lpaladl e yull (el pS) Zpalal) de )

Ll (A) B (T pl A 1) 4l 4 pallal) ABESY B Asalad) Ao ) 5L (36) Js
el G))

e 58l 25ms (20 5 19) cpialel) 8 dacasall F LY SleasV) didaill mils iy

Lady 3 palll ansse 358 ST (ph) Apallall L) BES a8 8 D5l Geae Jaled digindl
e 1.31 5 1.17 cialy ) ph 3 o 08 4iiasy D1 adacdl 53 3a G55 37 IS 1
G pbl dlaus 48 D2 L5l ee oo LS ¢ gl o sall ausge dilgy Ay Pa ple

Bl Ges Jas (s (8 o Ml Ao gall auge Blgis Bl 7 ol e 1.38 51,25 iy
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L e sall avge Llgss Bl Va ol 1S 1,445 1.29 by 3 pb 1 a8 e D3
LSl Bhal) Al Jlaaiaals Zihall didee o0 N Al 3ac 5245 ae pb ah 5215 Cases 35
LalaaYl) &hall Al aSli pans 58l deas ol a8 DI adad) sl vie &5 el 8
le T55 T2 T4 &all cOlles b dany LS (D3) al Gaad) ) (Aalally Lol
Aol 598 80k oo lad Bl e an 40 e ST ae cat Al dak el ) ga5
e lgple baladl) barall e il dgiasl) 5l Glads Gali (g3 WS ¢Gandl 5003 aa Aol
Gae die eSal) Gianng pb 52L5 Y (25 s e Lgigh ) Lled) liidal) 6 ALl ()
Ll el cpen o el DT 05l (3ae vie digumal) 5alall agag G 3] ¢(D1) oaandd) 453l
Rl aa ph ad e QBN 8 agen s ¥ (33 USE) Ogisall bl Jaee ad sali
Al ee G 153 3 (2017) 03305 Zhou 4l Jeass Le pee ilial) 038 Gilgiig Al (3ac
5365 - %6.70 Ly o 20-15 Ll Bans Luld pb a8 it ) (6ol ans 50 adand)
Lol Ll dada & e iad (oabadl Ll Gaall (8 Digaall Salall 2sag ) )
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1.33 1.27 1.18 1.11 D2

1.36 1.31 1.22 1.15 D3
1.34 1.27 1.19 1.09 D1

1.43 1.32 1.23 1.18 D2

1.5 1.41 1.29 1.28 D3
1.29 1.22 1.15 1.05 D1

1.39 1.31 1.22 1.16 D2

1.44 1.35 1.27 1.2 D3
1.4 1.29 1.26 1.21 D1

1.47 1.34 1.33 1.31 D2

1.52 1.44 1.41 1.34 D3
1.47 1.37 1.36 1.25 D1

1.55 1.42 1.41 1.35 D2 T5

1.57 1.54 1.45 1.32 D3
RLSD (P<0.05)
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Abstract

The combined tillage machine (soil preparation machine) was designed and
construction in the workshops of the Machinery and Agricultural Machines
Department at the College of Agriculture, University of Basrah. The
mechanical performance of the machine and its combinations, as well as their
Impact on soil properties and the growth of maize (Zea mays L.), were
evaluated. Additionally, economic indicators for the mechanical unit were
calculated. The combined tillage machine was used with five combinations
(plowing configurations), including the following: the first combination (T1)
consisted of a subsoiler working at a depth of 60 cm, a chisel plow, a disc
harrow, and a roller. The second combinations (T2) included a subsoiler
working at a depth of 40 cm, a chisel plow, a disc harrow, and a roller. The
third combinations (T3) comprised a chisel plow working at a depth of 20 cm,
along with a subsoiler operating at a depth of 60 cm. The fourth setup (T4)
had a chisel plow working at a depth of 20 cm and a subsoiler operating at a
depth of 40 cm. The fifth combinations (T5) included a chisel plow and a disc
harrow. Three experiments were conducted at the Research Station of the
College of Agriculture/University of Basra in the Karama Ali location
(latitude 30°30'N, longitude 47°74'E) on clay soil during the 2021 agricultural
season. Mechanical performance indicators (draft force, slip percentage,
power loss, plowing time rate, field efficiency, fuel consumption rate, and soil
pulverization index) were calculated for the combined tillage machine and its
combinations (T1, T2, T3, T4, T5) at two forward speeds (1.5 and 3 km h1).
The results were analyzed using a randomized complete block design (RCBD)
with split-plot design, and the means were compared using the least
significant difference test (RLSD) at a 0.05 probability level. Field
experiments were conducted to study the impact of combined tillage machine
combinations (T1, T2, T3, T4, T5) and forward speed (1.5 and 3 km h) on
the physical and chemical properties of soil (mean diameter, bulk density,
total porosity, soil penetration resistance, moisture content, saturated
hydraulic conductivity, and soil electrical conductivity) and the growth of
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yellow corn plants (plant height, dry of total aboveground biomass, and grain
yield) at the beginning and end of the plant growth season and at three soil
depths (0-20 cm, 20-40 cm, 40-60 cm). Plant growth and grain yield indicators
were measured at the end of the plant growth season, and the results were
analyzed using a randomized complete block design with split-plot design.
The means were compared using the RLSD test at a 5% probability level.
Economic indicators for the combined tillage machine combinations (T1, T2,
T3, T4, T5) at two forward speeds (1.5 and 3 km h!) were calculated and
compared with those of traditional plowing systems (M1, M2, M3, M4, M5).
The economic analysis included calculating the total costs of the mechanical
unit, total production costs, total returns, net return, and the interest rate. The
study revealed the following results:

1- Tillage treatment (T1) recorded the highest draft force, slippage percent,
power loss, average tillage time, as well as the highest total costs per
mechanical unit, total production costs, total yield, net yield, and interest rate
compared to the other tillage treatments (T2, T3, T4, T5).

2- The low forward speed of 1.5 km h* achieved the lowest draft force,
slippage, power loss, average tillage time, lowest field efficiency, soil
pulverization index and the highest total return, net return, and benefit cost
ratio compared to the high forward speed (3 km h't), with rates of 13.53%,
19.88%, and 12.41%, respectively, compared to the high forward speed of 3
km h,

3- The interaction between the combination plowing machine’s structures and
the tractor’s forward speed had a significant effect on all calculated

mechanical performance indicators and economic indicators.

4- Tillage treatments (T1, T2, T3, T5, T4) were superior in reducing the
average tillage time by 17%, 47.87%, 53.55%, 49.56%, and 63.72%, and
reducing fuel consumption by 54.86%, 60.42%, 36.77%, 39.77%, and
42.20%, compared with the corresponding traditional tillage systems (M1,
M2, M3, M4, M5), respectively. Tillage treatments (T1, T2, T3, T4, T5) also
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achieved the lowest total costs per mechanical unit and total production costs,
and the highest total return, net return, and benefit cost ratio compared to their
corresponding traditional tillage systems (M1, M2, M3, M4, M5).

5- Tillage treatment (T1) achieved the highest average weighted diameter,
total porosity, saturated water conductivity, lowest moisture content, soil
electrical conductivity, and soil resistance to penetration compared to the
other combination tillage machine formulations (T2, T3, T4, T5).

6- The surface soil depth (D1) recorded the highest value for the mean
diameter at the beginning of the season, with an increase of 14.33% and
31.41% compared to the soil depths D2 and D3, respectively. Surface soil
depth (D1) also exhibited the highest porosity and water conductivity, along
with the lowest bulk density and moisture content, soil resistance to
penetration, and soil electrical conductivity at the beginning and end of the
growing season compared to soil depths D2 and D3.

7- The values of mean weight diameter, bulk density, moisture content, and
soil resistance to penetration increased at the end of the season compared to
the beginning of the growing season by 14.18%, 4.69%, 21.05%, and 43.53%,
respectively, while the values of total soil porosity, soil -electrical
conductivity, and water conductivity decreased by 4.50%, 29.87%, and
43.60%, respectively, at the end of the season compared to the beginning of
the season.

8- Tillage treatment (T1) achieved the highest plant height, dry matter of
plant, and grain yield, reaching 175.21 cm, 16.58 Mg ha, and 6.28 Mg ha,
respectively.

9- The slow forward speed (1.5 km h't) achieved the highest plant height, dry
of matter of plant, and grain yield compared to the high forward speed (3 km
h), by 2.44%, 5.14%, and 15.61%, respectively.

10- The interaction between tillage treatments and forward speed had a
significant effect on plant height, plant dry weight, and grain yield.
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