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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 h?)
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.
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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-1, while the lowest (70%)
occurred at a depth of 17.5 cm and a speed of 5 km h1. 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*tand 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
indices, while reducing tractor speed increases roughness and decreases residue burial. The optimization model
revealed that at a speed of 5 km hand a depth of 17.5 c¢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

oW (Bos ISP G S mhw (5lpeal e (AL L o edae
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
225 5 10.8+0.97 70.0£3.6
225 7.5 8.2 72.8
225 7.5 8.0 69.2
225 7.5 8.5 72.0
225 7.5 9.0 69.5
225 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

S s (slacs)lgenl sl Gl gdaw gy ) Gojlp Jae Bl sl (ild slalne = Jgaa
Table 2- Statistical criteria for model selection in response surface methodology for soil surface roughness

& oo P lade GOilp s P lale  aubiiani i Gy g AW gl (il (ot g g
Source Sequential p-value Lack of Fit p-value Adjusted R2 Predicted R?
ffla} 0.002 0.016 0.644 0.391
Linear
(K7
e 0.334 0.015 0.646 -0.219
2FI
093 4 <0.0001 0.948 0.970 0.965
Quadratic
Py 4222 0.882 0.739 0.961 0.918
Cubic

SB gaw (slag)lgenl y p5ud Gos g Copu 3 by 4305 = Jgoar
Table 3- ANOVA of the effect of tillage speed and depth on soil surface roughness
e Cluypger @llay Olyeofibe MF

Source SS df MS F-value
D 38.67 5 7.73 7947  <0.0001
Model
w5 o (D) 15.36 1 15.38 157.82  <0.0001
Depth
wid ey (S) 12.33 1 12.33 126.66 < 0.0001
Speed
SxD 1.21 1 1.21 1243 0.0096
D2 423 1 423 4349  0.0003
s? 1.94 1 1.94 1993 0.0029
ousle 0.68 7 0.09
Residual
Pl pe 0.05 3 0.02 011  0.948
Lack of fit
ol ol 0.63 4 0.15
Pure error
sl 8 39.35 12
Cor Total

R?=0.983
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Table 4- Coefficients of the second-degree polynomial regression model for predicting soil surface roughness

bo b1 b2

b2 b1 b2z

8.54¢0.13 1.6+0.13 -1.43+0.0.12 0.55+0.16 1.24+0.19 0.84+0.18

'—\
o
J

=
N
1

oo
1

Predicted soil surface roughness (cm)
H
o

6 .

y =0.983x + 0.164
R2=10.983

6 8

10 12 14

Measured soil surface roughness (cm)

Fig.3. Agreement between estimated and experimental values for soil surface roughness
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Fig.4. Three-dimensional plot of the effect of tillage speed and depth on soil surface roughness
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Table 5- Statistical criteria for model selection in response surface methodology for burial of plant residues

Adjusted R? Predicted R?

& o P ylake Pl pas P jlade
Source Sequential p-value Lack of Fit p-value
s 0.034 0.017
Linear
[’
ok 0.313 0.016
2FI
93 45 0.0002 0.646
Quadratic
poes 8 0.407 0.821

Cubic

0.390 -0.051
0.399 -1.050
0.930 0.830
0.931 0.911
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Table 6- ANOVA of the effect of tillage speed and depth on the amount of burial of plant residues

S Zaie Ol g @ljlan . Olaup (wSlbe e F p-value
Source SS df MS F-value
095y Je 419.64 5 83.93 3277 0.0001
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3 D) g0y 1 155.04 60.54  0.0001
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b e (S) 6017 1 60.17 2349 0.0019
Speed
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D2 91.75 1 91.75 3583  0.0006
52 25.09 1 25.09 9.79  0.0166
ol 17.93 7 2.56
Residual
Ay e 5.61 3 1.87 061  0.646
Lack of fit
e 12.33 4 3.08
Pure error
a5 a0y 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 b1 b2z

71.31+0.66  5.08+0.65 3.17+0.64

-2.540.80 5.76+0.96 3.01+0.95
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Pareto Front: Soil Surface Roughness vs Plant Residue Burial
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Fig.10. Pareto front for multi-objective optimization in the management of burial of plant residues and soil surface
roughness (P1 to P4: Pareto points)
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