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Extended abstract

Introduction

Tillage is the most significant agricultural practice worldwide, playing a crucial role in soil quality, the
environment, and crop yield. In the majority of Iran's rainfed farmlands, tillage is performed using
moldboard plows and along the slope gradient. Due to its role in organic carbon depletion, soil erosion, and
reduced crop yield, this method is considered the most detrimental form of tillage. Based on numerous
studies worldwide, conventional tillage using a moldboard plow severely damages key soil properties,
reduces moisture retention, increases costs, leads to nutrient loss, decreases crop yield, and causes numerous
off-site consequences such as sedimentation, flooding, water pollution, and organic carbon depletion, these
impacts are exacerbated under climate change, making it a distinct and critical issue in soil erosion,
specifically termed tillage erosion. The aim of the study was to determine the effects of tillage methods on
bulk density, aggregate stability, and soil erodibility, conducted at the Sararoud Dryland Agricultural
Research sub-institute over a five-year period (2017-2022).

Materials and methods

This research was conducted at the Sararood research station (Dryland Agricultural Research sub-institute).

The station is located 15 km east of Kermanshah city and 3 km from the main Kermanshah-Tehran road.

This research was conducted as a split-split plot experiment based on a randomized complete block design

with three replications. The experiment consisted of four main treatments (conventional tillage, combined

tillage, chisel tillage, and no-tillage) and three sub-treatments (no plant residue, 33% plant residue, and 66%
plant residue). To evaluate the long-term effects of the treatments, the locations of the main and sub-
treatments remained fixed throughout the study period, with only the crop rotation being altered. Soil
samples were collected from the 0-20 cm depth layer and analyzed for bulk density, organic carbon, and
aggregate stability (using the wet sieving method). The erosion factor was calculated by determining the
erodibility factor (K) in the Universal Soil Loss Equation, based on five parameters: organic matter content,
percentage of silt + very fine sand (0.05-1 mm), percentage of coarse sand (1-2 mm), soil structure, and
permeability. Statistical analysis of the data was performed using SAS software.

Results and discussion

The mean bulk density in the main treatments, including control (conventional tillage), combined tillage,
chisel tillage, and no-tillage, was 1.62, 1.45, 1.40, and 1.37 g/cm3, respectively, with a significant decrease
(p < 0.05) observed in the no-tillage treatment. The sub-treatments (crop residue levels) also had a
significant effect on bulk density, with both 33% and 66% straw (crop residue) rates significantly reducing
it. The effect of treatments on bulk density became significant from the third year onward. The statistical
analysis also revealed the effects of tillage methods and crop residue levels on soil organic carbon. In the
main treatments—control (conventional tillage), combined tillage, chisel tillage, and no-tillage—soil
organic carbon content was 1.20%, 1.50%, 1.40%, and 1.70%, respectively, these values showed significant
differences (p < 0.05), with no-tillage having the greatest effect on increasing soil organic carbon. The sub-
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treatments (crop residue levels) also had a significant effect on soil organic carbon, with both 33% and 66%
straw (crop residue) rates significantly increasing it. The proportion of very fine aggregates was
significantly lower in the no-tillage treatment with the highest crop residue level. The amount of medium-
sized aggregates did not differ significantly among the treatments. The proportion of very large aggregates
was significantly lower in conventional tillage and the sub-treatment without crop residue. The size of soil
aggregates became significant in the third year and predominantly in the fourth year. In other words, an
increase in large and very large aggregates and a corresponding decrease in fine and very fine aggregates
were observed from the third year onward. The results indicate the effective role of various conservation
tillage methods in reducing soil erodibility compared to conventional tillage. The results of this study
showed that the three conservation tillage methods played an effective role in improving the evaluated soil
properties. Certainly, the role of no-tillage (without plowing) was more prominent in this process. As
indicated in the results, over time following the implementation of the study, organic carbon and the
proportion of large (1-2 mm) and very large (2-4.6 mm) aggregates gradually increased in the conservation
tillage treatments.

Conclusions

Conservation tillage combined with retaining crop residues significantly improved the most important
measured soil quality properties, including organic carbon, bulk density, and the proportion of large soil
aggregates. No-tillage (direct seeding) with one-third crop residue (33%) is recommended as the most
suitable tillage method under rainfed conditions and wheat-chickpea rotation, which is common in most
semi-arid regions of the country, and is proposed as the optimal treatment in this study.
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Table 1. The schematic map of experiment

Farmland 1% year 2" year 3" year 4" year 5 year
Rain-fed winter Rain-fed Rain-fed winter . . Rain-fed winter
A . Rain-fed chickpea
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B Rain-fed Rain-fed winter Rain-fed chickpea Rain-fed winter Rain-fed chickpea

chickpea wheat

wheat
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Table 2. Mean cooperation (ANOVA analysis) of BD and SOC among the main treatments and sub treatments

Main treatments Sub treatment

Variable Crop

T T T T %R __ 33%R 66%R

R wh 1617° 1445%  1429®  1351°  1463°  L459° 1.380°

BD (gem™) ch 1.626° 1.467° 1486°  1432°  1508°  1.494° 1.455
S0C (%) wh 1.495° 1.66° 148 190° 1335  1505° 1.69°
Ch 1.05° 1.37° 143 1787°  1346°  1.496° 1.62°

Wh= wheat, Ch= chickpea, BD = Bulk density, SOC = Soil organic carbon, To= conventional tillage using moldboard plow, T;-
combined plow using delta basket roller model, T,- chisel packer plow, Ts-no tillage, 0%-R= no crop residue, 33%-R= one third
crop residue and 66%-R= two third crop residue. *Means with the same letters are not significantly different at P < 0.05%
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Table 3. Mean comparison of years for BD and SOC using Duncan’s multiple range test at 5% level

Year

Variable Crop

1st 2nd 3rd 4th
BD (gem?) wh 1.560% 1.5522 1.375° 1.359°
g Ch 15752 1.5562 1.389° 1.347°
o wh 1.495¢ 1.115°¢ 1.741° 2.0992
SOC (%) Ch 1.169° 1.090° 1.632° 1.980?
Wh= wheat, Ch= chickpea, BD = Bulk density, SOC = Soil organic carbon, *Means with the same letters are not significantly

different at P < 0.05%

09 9 Jglaie o) aalls slajles ;o 598 polie
D5 S G ssba (BLS Ll

VG o/0e Gl L) hwge gbalasl -z
sl sloles Lugie SloalsSE (yinslee
e CAS 5 S5z oS 50 5,555 (sl o3l)
ol 0g ds,o VIO g YIFD FIAe SV (S Sy
PP oYY o (oL Ll 258 sbslars )0 S
ol Cewdds o, VIV g FIND FIV + oS as oy
gl ;o bwgie SlaalS i O ooz 4y azsi L
sl (gl xe Dglds w2 b b )les

9 U SO Hhd L) ey gbalas -o
Slayles 0 ciye GbalaS B Cuns (o e
i8S g Uz oS 0 5,855 ((Jglvie @38) wals
oy YV e g Vefo e ANV ADe ol yay ppiinns
b)) e Glajles o Cad opl el Cawsa
5 AUFD A/F i ias sy 55 5 YT ao (aLS
kol Jlows 5o Cond (ol Egemme 40 09 oy VY0

—dl LA ojlwl ey byled b
YD 3 S B L) 3, s sbalasts
sbyles 0 5y e slaslaSe cos (o o
Sy 5 (Jgliie p3d) el Joli Lol
AYE ATV 090 ol Jd pulinns CuiS g e
30 Ul e 4 i as 0 VYOO g VP
Ll o o TV (Jpamme L o) 28 sbosles
VPO 5 VYV e VENO e Ll s ys 55
L g peies oS loss 50 45 Sl Cewdds duo )

D1 yeS (6,0 sk (2LS L (n il
(B G +IYD s L) p,y el -o
als sboles 5, gbals as,s (o dw
oo CAS g S5z oS 0 5,855 (gl o3l)
dw 40 909 do 0 AD gAY A/F e ANV b ey
5 B Gl s ys PP VY o (o8 les
ol Cawdds oy Vg i g YO AIVD ol e



VECF LY ol Y als

ul o e g owaige IYFR

Dewia et al.,) cwl p wsele JlSis lals
eopl o o9s8l (Sausa-Mdeiros et al., 2021 2021
@45 09h e 5oL pgate gy Sl g S
S Cugby 0,055 (5 5y dei5 (LBl (eud 93 ags
oy BB Ol 8508 T o a5 amo o talS |,
Jabroetal.,) cuwl mo Jgaxe olou o, oloj 4o
(2021

3O 1) GRS (i peiieee S (Jilde o
Sl yal ued g Cwslyls S ‘;] S 0B
D3 wal Gk 5 celie Lld o sk
J.:J..u 9y slaslass J..»J.:Lm} LS‘)? csﬂ LgL‘bJ.SH
Gl s el 59 5 e slaaslaSs a4 Lyl
3 onlpls (Qiet al, 2022) o1 gl Ll i
Olyeds lga slod (alidl g ()b 0geeS o5 il
Jlosl sl 4Vl 370 o s godlS Lol
s Slae; 2 ol 2ol pte Sl Jyazee
G Ve o b sloaials jo ool cq 0 a5 S
Oy @lo)limd Gz 2gde pll soyo V-
S I oS a5 galad Gl bl
Lognoul et al, (sl iogh wgd oo Cgmme
Il oS Cd,,0m a5 ols ylis aiwe; ool 5o (2017)
3 i oo iz jo g o QT Sl g S
sl blas 5L

@l b ol amlie 5 Glagh ol @bs 4z b
Jlo as Ggllas Loyl 1 10 g 90 o5 Cews codal oy
& e Bli> (55,5515 Jlosl a5 el o3Y oo
5 62l prame oz oIl 008 s 5 ol
e A gl 0ed S el slaailas e cns
3l Bli> (65,6515 Cosl p3¥ ie cnl )0 555 g
Gbly ialiE 3L L plg g eedtens ciS g4
Bk (e 5o Jgaze

o3Il Ces 53 a3 B 5 T sloJgoz 4y 4z L
ooz 50 bose 5 pow Jlo yo S slaalss
5 by salasls wulidl ooleas 0y o Jxe
3 salas e pals o plas 4 g 2o L&

w‘ o ul;l.o;..\:uda’njm)‘f)kslpj

s9bar Jgame bl (g0 (058 jlerd 5 gl coiS
sl S (p<O.05) (5 5 sixo
IS G Y s L) cudyo hd sbalass —g
e Sy (b laailaS e bgie H( 50 e
ez oS 0 5,855 d(Jslite p52d) vals slo Lo
ao 3 VEIY s g V1B ONF VB peiians St
5 YV ao) (28 lojlosd ooy S (2l 05
5 YYD AFe e (Jpame sLla oy £7
2 G (! Egemma 50 el Cawdds oy VY e
SLl s (28 Jled 5 Jslaie ciST Lol jlas
Lol yiaS (p<0.05) (5 Mo sine Hobas Jgame

S8 B g, aw &S ol laS Giagy (nl s
poiins CES g 5z oSy 595 Jols obles
219 L) Jolate o3t b anslie ) (555515 (j90)
S50 GBSy S ;0 Shge LR (ol Sy
s CiS 28 o8 adl azmsls Sl ;)|
2 A5G b Sg Faiez W) (nl o (e (5)
ip sl oley s b s o )lsl b
b 0) s yo slaailaSs cos g JT 00,5 7,054
2 Ghades Y17 6 g0) el o (L g (ol 90
Olejen g Z8b (3l (Sbli> (65,51 lajles
G L) (oalS g, ol espate > 5
ady) alele (polsn 38l Cugb) 035 )3 St
s 0956 g paiS gl g e bl il yo (Gl

S IS Gl oSk bie o0l
pefiae S35 9 Jn S e 555 slayles
Jolate o2 5l Jidan o) TF 5 VP Y Cos S
s alaSTE il e «Jlgie yaands 391
0 Lil 5550 (65,5515 s jlend o ey clyo (LS
PyaTe Py (ized Sg oy Teog VTV 4
4 S 22,0 V7 9 WV VY 398 o 5 5 6,0l
il gl (Jglae pd) wols e

S o iz pp GRS 4z g5 B 5 ot 455G
Obles 5 4 Jlo 99 31 Lo 5 45l rditne
Slp lie J> o) Sl oo g9090 (al el 00
Lol b o a5 ail Jghie pied glaasly Lials
Sladaly a5 Cunl adlaie I8 (550) 53,555 b,
el e ge oS CiiS 4 g9 ol (e ke
045 dgdice Jyame GalS Coles po 5 IS



Yo/

Sb ol 3 S &S Cwl She Sleg
.(Wittwer et al., 2017)

wliwlie 4 Jyame GLla Gailism (blae o
Gl e el () 0laST e 0 @) sl
ol oas a5 5e8 e o] Lasl o S JT )8 0yl
olpl s (Toanetal, 2022) cowl jiin p )5 Juad jo
P ciS Cod sl lrens 3 (aLS Ll (yilge
Jyaze cblsy slan L oS el ogs b gl 5o
s 0 sy 1S g oS 5l s el (pasS
5 05 R el Gz sy e Sjpen
oS 6l LT we 5 4 B 355 o 0iljges 5 oile 3l
Heshmati et al., ) 545 oolo] o Jlo ,lgr ;o 3450
Jsb 55 SB maw Ses (Jds cpeen 4 (2012
St an Jlo jle ol g Oline Gl Sk
Ol5)glaS oBass 5 55k et il Ky, nl - ile o0
Coed 005 yaine 5 5 g5 3390] Bk Sl
Sfles g Sy b Sl ol GBlee
Lgs o5T Jguame

aS conl ools lis aey ol jo b gy b
les e ploaely iz a Ll 5 50 ol psles
Jyaze Ll I (oisn (OIS (b 6l s i
S (52 g W)l ol Gailiges 5l ey g de 50 50
pldl (55,515 el b plgi oalS SLle o e 4
wigie Ghals Bk Sl ol cate a5 WS o
A o 5 o o Slas Gl L 5 Lai
ol ggee o (Haseeb-Raza et al., 2019)
(S8 Sl )0 (65,5l Slacenliw sd pilie

Ol 55 (B Jgoz) jles (uilyly 5 0 520

Sl o s o s o8 5 ol sl Lo a5 ol
55 5 6L Legare oy Sy Ll blis
Gl (o IS sbay ool o3g o ime T
g e [Io 1) Slayye jodome iy (58 9 Lol
sl S ogleysie ol o R R
gy el S ZulS dene lp R Sl
R as)pe )3 S g o5 2AlAS (Bl s,
3w pSciws 5 alols mls el g ALlS oo
A Gle gl Jad jo a5 g abay g dales JLu g0
» 3 Jeeme Ll Cand oFd g9 iilen
Y1) bl (28138 (B Gliee 99 50 (o0 jobas
W3gr g b)) Syge SB la Sy vt 5
o Gl sbli> 655 i (G)lea
Ll 5l casu 15108 Bl L plgs a8 oy o JTows]
Sl Sl ol Bl e s Jpans
e s o Sl 28 S e,y sbalsls
ANsari) sgd oo S O3 s N (g luk g ol
Gk ol S T 8 ialsil 8,k ;) (etal., 2022
chodls S 4 olF Gl a5,
rolie 4 olS (g Sl g (oa3lgn (( Suelen
(Gura and Minkeni, 2019) auizy oo sl )l ), S
SRt 3 eo) g (LS Gide L plpl
STWER k.ou LS)‘*-‘-.’.l%. ‘5‘).3 L“)‘}r“f.‘) 3o JBM (_gl.il.o.:
w2 9o 58 $5palaS 2l )3 &S el (65958 s
lenl s 09d oo 55 Jgame 3 Mo S92 9 5 5l0k

39,y 0 Olado oS! yo S8 9 ol lojles o braslas> o3lasl s u...i;L..a dwslio -F Jouo
Table 4. Mean cooperation (ANOVA analysis) for SASD among the main treatments and sub treatments

SASD Crop Main treatments Sub treatment
(%) To T, T, T, 0%-R 33%-R  66%-R
<0.25 wh 12.772 12.95% 13.462 12.12° 13.382 12.10° 14.982
) Ch 15.312 13.18° 14.042 13.992 14,922 14.76% 13.83°
0.25-0.50 wh 9.412 9.75% 9.862 7.42° 8.642 8.69° 10.932
' ' Ch 9.63b? 9.42% 9.16° 8.59° 8.98% 8.17° 9.36°
0.50-1 wh 5.94° 6.87¢ 7.68° 7.847 6.31° 6.89% 8.84°
) Ch 6.65% 6.97% 7.65% 7.022 7.072°2 6.73% 6.55%
12 wh 9.04¢ 10.33%® 10.64% 11.252 9.445 9.51° 14.692
) Ch 8.24° 9.022 9.60? 10.822 8.96° 9.025? 9.30?
wh 7.76° 11.12% 12.85° 15.732 11.35° 13.85° 15.96%
2-4.6 Ch 6.55° 11.26% 10.122 13.232 10.05° 11.54° 14.552

Wh= wheat, Ch= chickpea, SASD= Soil aggregate size distribution, To= conventional tillage using moldboard plow, T:=combined plow using delta
basket roller model, T2=chisel packer plow, Ts=no tillage, 0%-R= no crop residue, 33%-R= one third crop residue and 66%-R= two third crop residue,
*Means with the same letters are not significantly different at P < 0.05%
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Table 5. Mean comparison of years for SASD using Duncan’s multiple range test at 5% level

ear
SASD (%) Crop I 5 R =

o2 wh 14.40° 15.23° 12.73® 10.86°

: Ch 17.012 15,31 11.05% 10.32°

wh 12717 9.28° 7.62° 7,200

0.25-0.50 Ch 10.22¢ 9.38° 7.64° 7.48°
oo wh 7.35° 751° 6,567 5485

' Ch 7.63° 753 6.33° 5.88"
P wh 8.240 9.43° 8.140 11, 45°

- Ch 8.459 9.040 827" 11.30°
s wh 707 8,540 14.04° 14.87°

' Ch 6.67" 8.87° 16.34° 14562

Wh= wheat, Ch= chickpea, BD = Bulk density, SOC = Soil organic carbon, SASD= Soil aggregate size distribution, To=
conventional tillage using moldboard plow, T;-= combined plow using delta basket roller model, T,- chisel packer plow, Ts-no

tillage, *Means with the same letters are not significantly different at P < 0.05%
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Table 6. Combined analysis of variance (mean of squares) for soil variables

Mean Squares

Source df Crop SASD mm
rotation soc BD 0.25-0.50 <0.25 0.50-1 1-2 2-4.6
year 3 Wh 9.576**  0.335*  255.075* 199.768* 36.57" 90.210ns  534.692**
Ch. 5.229* 0.542**  40.216ns 399.740ns 12.12"  21.740ns 613.352*
Wh 0.209 0.020 11.051 41.792 5.3523 4.001 24.703
Rep (year) 6
Ch. 0.077 0.007 13.323 33.682 12.81 9.281 25.139
main 3 Wh 0.194ns  0.002™ 1.434™ 3.499™ 15.419™  2.963"™ 34.252*
Ch. 1.108ns  0.168**  3.891™ 240.020ns  4.6161™  16.033™ 87.405ns
. Wh 0.105™ 0.003™ 3.592" 41.680™ 8.717™ 11.472™ 7.418™
yearxmain 6
Ch. 0.583ns  0.013™ 3.414™ 100.258ns 8.181ns  36.504ns 39.063™
Error a 18 Wh 0.060 0.037 10.893 13.327 4.357 12.782 1.546
Ch. 0.063 0.034 35.636 63.315 6.923 18.925 9.842
Sub ) Wh 0.015™ 0.081™  18.161™ 21.681™ 2.684" 0.339™ 0.083"
u
Ch. 0.111™ 0.016™ 16.917™ 14.059™ 3.400™ 3.557™ 15.426ns
Wh 0.016™ 0.015™  20.692"™ 17.840™ 2.544 9.820™ 20.989™
yearxsub 6
Ch. 0.043™ 0.004™ 5.117™ 9.906™ 1.588™ 0.697™ 15.426"™
. Wh 0.006™ 0.009™  27.689* 38.982™ 10.973™  8.145™ 21.080™
mainxsub 6
Ch. 0.017™ 0.006™ 7.271™ 9.209™ 0.312™ 1.789™ 6.060™
. Wh 0.036" 0.078* 6.4438™ 43.356* 6.951"™  10.174"™ 8.513™
yearxmainxsub 12
Ch. 0.027™ 0.044ns 10.323"™ 11.143™ 2.430™ 1.669™ 9.552"
Errorb 81 Wh 0.0524 0.0295 17.505 9.752 4.4120 6.7103 9.576
Ch. 0.0807 0.0204 17.633 11.148 1.941 5.912 21.087

df= degree of freedom, Wh= wheat, Ch= chickpea, BD = Bulk density, SOC = Soil organic carbon, SASD= Soil aggregate size distribution,
rep= repeat, main= main treatment (year), sub= sub treatment (crop residue), ns= no significant difference. *means with the same letters are
not significantly different at P < 0.05%, **means with the same letters are not significantly different at P <0.01%
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Table 7. effcts of treatments on soil erodibility (K factor)

1 2 3 4 5 6 7 8 9

treatments SOC *SOM  sand silt Very Fin column - soil

) k) (%) (%) (%) sand 445 structure  permeability o, ity
To 1.27 2.18 6.28 66.93 1.25 68.18 3 4 0.33
main T, 1.52 2.61 7.36 61.37 1.33 62.70 3 4 0.23
treatments T, 1.44 2.48 7.14  63.27 1.24 64.51 3 4 0.25
Ts 1.85 3.18 7.01 66.93 1.16 68.10 3 4 0.22
sub 0%-R 1.33 2.29 6.50 60.52 1.22 61.74 3 4 0.26
treatments 33%-R 155 2.67 743 63.17 1.90 65.07 3 4 0.25
66%-R  1.65 2.84 749 6227 1.66 63.93 3 4 0.24

* SOM= 1.72 SOC, To= conventional tillage using moldboard plow, T1- combined plow using delta basket roller model, T,- chisel
packer plow, Ts-no tillage, 0%-R= no crop residue, 33%-R= one third crop residue and 66%-R= two third crop residue,
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