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Introduction

Tillage of rainfed lands is performed using moldboard plows to a depth of 30 cm. Due to the influence of soil
surface roughness and crop residues on moisture absorption and erosion reduction, investigation of the relationship
between tillage implements’ performance and the aforementioned factors is essential. Therefore, considering the
importance of preserving precipitation and preventing soil erosion, this study was conducted to investigate and
optimize the effects of forward speed and tillage depth on soil surface roughness and the percentage of buried crop
residue using response surface methodology.

Materials and Methods

This research was conducted in the Khomeyn region, Iran during the 2023-2024 growing season, utilizing a
moldboard plow and an MF399 tractor. The objective was to investigate the effects of plowing depth and speed
on soil surface roughness and the burial of plant residues. Soil surface roughness was measured using a pin meter,
while the percentage of burial of plant residues was determined using image processing techniques and ImageJ
software. Wheat straw residue with an initial moisture content of 8-9% was uniformly distributed at a rate of 100
g m? along the designated paths. Images were captured before and after the tillage operation for subsequent
processing and analysis.

To optimize the process, a central composite design (CCD) with three levels of speed (5, 7.5, and 10 km h1)
and three levels of tillage depth (17.5, 22.5, and 27.5 cm) was employed. The objective was to determine the
optimal factor levels for maximizing surface roughness and minimizing residue burial. Data were analyzed using
a second-order model and Design Expert V11 software. The best model was selected based on statistical criteria.

Results and Discussion

Modeling soil surface roughness and crop residue incorporation revealed that the second-order regression
model, with high coefficients of determination (R? = 0.983 and 0.96), was capable of accurately predicting these
indices. The interaction effects of tillage speed and depth were significant (P < 0.01). In this study, the effect of
tillage depth on soil surface roughness was greater than that of tractor speed. The regression model indicated that
tillage depth plays a primary role in the amount of crop residue incorporation. Moldboard plowing demonstrated
that increasing depth, particularly at high speeds, leads to increased roughness and residue incorporation, whereas
increasing speed, especially at shallow depths, reduces roughness and increases incorporation. The maximum
roughness was observed at the deepest tillage depth and lowest speed, while the shallowest depth and highest speed
resulted in the minimum roughness.

Tillage depth and speed influence soil surface roughness and bulk density. Higher speeds decrease furrow
depth and ridge height; thus, lower speeds are recommended for creating greater roughness. The highest residue
incorporation (85%) was achieved at a depth of 27.5 cm and speeds of 5 and 10 km h-*, while the lowest (70%)
occurred at a depth of 17.5 cm and a speed of 5 km h%. Depth was more influential than speed, and nonlinear
models are necessary for more accurate modeling. The developed model, with a desirability of 81%, provides the
maximum roughness (10.96 cm) and minimum residue incorporation (69.34%) for a moldboard plow at a speed
of 5 km h'*and a tillage depth of 17.5 cm.

Conclusion

This study investigated the effects of conventional tillage methods in dry land areas on soil surface roughness
and the extent of crop residue burial. The results indicate that increasing tillage depth leads to an increase in both
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indices, while reducing tractor speed increases roughness and decreases residue burial. The optimization model
revealed that at a speed of 5 km hl and a depth of 17.5 ¢cm, minimum roughness and maximum residue
incorporation can be achieved. To improve regional tillage practices, it is advised to conduct further research into
the long-term effects of different tillage systems. This effort will ensure a well-informed selection and
implementation of the most effective methods.
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Table 1- Treatment values based on CCD design

i Gos 29815 ey SB mhw 5ylgeal jlade AL L (and ysde
Ploughing depth (cm)  Tractor speed (km h™))  Soil surface roughness  Buried plant residues (%)
175 5 11.0+0.98 70.0+3.3
175 7.5 8.1+0.69 72.0+3.8
175 10 7.0£0.42 80.0+4.2
22.5 5 10.8+0.97 70.0+3.6
225 7.5 8.2 72.8
225 7.5 8.0 69.2
22.5 7.5 8.5 72.0
22.5 7.5 9.0 69.5
22.5 7.5 8.7 72.7
225 10 8.0+0.73 79.0£3.9
275 5 13.0+0.95 85.0+4.3
275 7.5 11.5+1.01 82.5+£3.7
275 10 11.2+1.05 85.0+4.6

2- Face centered 1- Central Composite Designs
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Table 2- Statistical criteria for model selection in response surface methodology for soil surface roughness

IR ART (S G g B Sl iy (o g
Adjusted R? Predicted R?

& Flgw P ylade ‘_,331,.3 pas P ylade
Source Sequential p-value Lack of Fit p-value
.”b 0.002 0.016
Linear
el 0.334 0.015
2FI
093 45 <0.0001 0.948
Quadratic
Py 4222 0.882 0.739
Cubic

0.644 0.391
0.646 -0.219
0.970 0.965
0.961 0.918

SE gaw (log)lgenl 5 wxd os g o 3l pibly 4505 =T S
Table 3- ANOVA of the effect of tillage speed and depth on soil surface roughness

Olupo goa (o351 4y

Ol o (ke Sl F

p-value
Source SS df MS F-value

g5y Je 38.67 5 7.73 7947  <0.0001
Model

> o= (D) 15.36 1 15.38 15782 <0.0001
Depth

e L PP 1 12.33 126.66 < 0.0001
Speed

SxD 1.21 1 1.21 1243 0.0096

D2 423 1 423 4349 0.0003

1- Response surface method
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Table 4- Coefficients of the second-degree polynomial regression model for predicting soil surface roughness

bo b1 b2

b1 b1 b22

8.5+0.13 1.6+0.13 -1.43+0.0.12 0.55+0.16 1.24+0.19 0.84+0.18
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Fig.3. Agreement between estimated and experimental values for soil surface roughness
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Fig.5. Soil profile curves after tillage at various speeds (17.5 cm depth)

Jie 2,5 )8 eolawl 0y90 S CanS dey 9 AL Lile
bl (gyblime 5 (P>0.05) cwlio 350 b pgd 4oyd Sgam)S
0o pasld p JE e glayiie Pl dnie cae (P<0.01)
@ 8 Jaa ool (F Joia) b a8)S ey alS blsy s
> e ad Sl g a9 (ool dn s iy b yeSde (adls (gjlwdnd
(P<0.01) wg: J ixe (5 ey ooy 9 o5 3o Jliio g pgd
Olie b ly /8 (s Gy b pgd 42 (Sgme Sy JAe
=9y Olgear 9 o Ldi a8 5l oYL ol (alS bl o8

(F Jgie) 29 00 (Byma pasli cul 2)9l 0 (sl (35

ALS Ll Gud () gdue Ol e (5 5kudse 9 b))
Gl Cgonl Plo (65,581 Sllos oS (il Jdo ¢ Jomrocn
Os8e (i ot Sl pgd 420 (Sl (e gk il
25 031> drwwgs gl plais gy 5l eolazwl b alS bley ud
Bl sl Jao 45 31> s iy ozl (0 Jpa2)
Sl Olgiedr wlgi e g 20 oazeg Lol ol oy 3 VL
51 edla ! d}u% L;l)_g SRy ‘_;Lm‘_;)ﬁfw 9 M])K



LS bl (0 gdte (sl Fusl maw (bgy 53 B3l Jae bl sl syl slalns 0 Jgu
Table 5- Statistical criteria for model selection in response surface methodology for burial of plant residues

P &loio P ylado Ol @A P jlalle  0uisanT ol G pad B gty (RS o i
Source Sequential p-value Lack of Fit p-value Adjusted R? Predicted R?
ohs 0.034 0.017 0.390 -0.051
Linear
ls
o 0.313 0.016 0.399 -1.050
2FI
93 4 0.0002 0.646 0.930 0.830
Quadratic
Py 422 0.407 0.821 0.931 0.911
Cubic

2L bl 1d gse ke w5 Ges g Copu Sl uibly 325 =T Jgd
Table 6- ANOVA of the effect of tillage speed and depth on the amount of burial of plant residues
i g Ol gea (@jldryy Oluje (Sike I F

p-value
Source SS df MS F-value
oSy die 960 5 83.93 3277 0.0001
Model
b ges (D
wb Gee (D) 155.04 1 155.04 60.54  0.0001
Depth
PR eemS) 017 1 60.17 2349 0.0019
Speed
SxD 25.01 1 25.01 9.76  0.0167
D2 91.75 1 91.75 35.83  0.0006
s? 25.09 1 25.09 979  0.0166
oo 17.93 7 2.56
Residual
5
iR pie 5.61 3 1.87 0.61 0.646
Lack of fit
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oAl 12.33 4 3.08
Pure error
g a6y 12
Cor Total
R2=0.959
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Table 7- Coefficients of the second-degree polynomial regression model for predicting burial of plant residues

bo b1 b2 b1z b1t b22
71.31+0.66 5.08+0.65 3.17+0.64 -2.5+0.80 5.76+0.96 3.01+0.95
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Fig.7. Three-dimensional plot illustrating the effect of tillage speed and depth on burial of plant residues
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Pareto Front: Soil Surface Roughness vs Plant Residue Burial
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