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conditions even in dry conditions. However, the availability of these resources

varies between crops. Soil compaction is a negative factor for plant
growth. To remove the dense soil layer, subsoiling has been
introduced, which reduces soil resistance and facilitates deeper root
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soil resistance, reducing soil bulk density, and increasing water
infiltration into the soil) without turning the soil over. Subsoiling is
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ORCID: a field measure to improve the physical, chemical, and biological
0000-0003-1621-4671 properties of the soil below the common plowing depth to increase

[w] crop yields, water, and nutrient use efficiency. Subsoiling requires a
: significant amount of fuel and energy, as well as the use of powerful
tractors. Therefore, before doing so, it is necessary to ensure that a
hard layer (cone index greater than 2 MPa) is present, which reduces
performance. Otherwise, the only result of subsoiling will be
increased fuel consumption, wear and tear on the tractor and
equipment, and destruction of the soil structure.

Method

The purpose of this research is to investigate the effect of subsoiling
on the yield of wheat, sugar beet, corn, and cotton, using internal
studies and research, and applying the meta-analysis
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method. For this purpose, articles, research reports, and student theses from the last thirty years
were reviewed using keywords related to subsoiling in the mentioned products. Finally, after
quality control, 18 studies in wheat, 8 studies in sugar beet, 4 studies in grain corn, 5 studies in
cotton were entered into the meta-analysis process to compare subsoiling with using a random
model. The data required for meta-analysis are the treatment mean(X), standard deviation (SDy),
and the number of replicates or sample size (n) in the experimental design. In data analysis, the
standardized mean difference parameter, which is an important factor of effect size, was used
to compare the performance between the control treatment (without subsoiling) and the
experimental treatment (with subsoiling).

Results

Considering the total SMD value (0.84+), it can be concluded that subsoiling had a positive and
significant effect on wheat yield. Subsoiling significantly increased wheat yield in both irrigated
conditions (SMD = 0.72+) and dryland conditions (SMD = 1.14+). The average total yield of
wheat in the no-subsoiling and subsoiling methods was 4191.6 and 4707.4 kg/ha, respectively.
After weighing each yield, the average weighted yield of the no-subsoiling and subsoiling
methods was 207.1 and 234.6, respectively. Subsoiling in irrigated conditions increased wheat
yield by 13.27% compared to no subsoiling. Subsoiling in dryland conditions also increased
wheat yield by 16.02% compared to no subsoiling. Considering the effect sizes of sugar beet
(SMD =+0.41), grain corn (SMD = +0.86), and cotton (SMD = +1.15), it can be concluded that
subsoiling had a positive and insignificant effect on sugar beet yield, a positive and insignificant
effect on grain corn yield, and a positive and significant effect on cotton yield. Subsoiling
increased sugar beet yield by 3.74% compared to the no-subsoiling method. The average total
sugar beet yield in the no-subsoiling and subsoiling methods was 55868 and 59067 kg/ha,
respectively. After weighing each yield, the average weighted yield of the no-subsoiling and
subsoiling methods was 7126 and 7393, respectively. Also, the subsoiling in the cotton crop
increased its yield by 14%. The average cotton yields for the no-subsoiling and subsoiling
methods are 2457.1 and 2806.8 kg/ha, respectively. After weighing the yields, the average
weighted yields of the no-subsoiling and subsoiling methods were 497.9 and 567.6,
respectively. Subsoiling increased the yield of grain corn by 5.84% compared to the no-
subsoiling method. The average total yield of grain corn in the no subsoiling and subsoiling
methods was 9850.5 and 10392.3 kg/ha, respectively. After weighing each yield, the average
weighted yields for the no-subsoiling and subsoiling methods were 2474.9 and 2619.5,
respectively. The probability level values in the Begg and Egger methods (for estimating
publication bias) for wheat studies were 0.76 and 0.41, respectively. This suggests that
publication bias does not exist in wheat crop research. Also, the probability level values in the
Begg and Egger methods in sugar beet studies were 0.09 and 0.17, in corn studies 1 and 0.81,
and in cotton studies 0.14 and 0.42, respectively, which can be concluded that publication bias
(except in sugar beet) does not exist in the research on the mentioned crops.

Conclusions

The effect of subsoiling on wheat and cotton yield was positive and significant, whereas on
sugar beet and grain corn yield, it was positive but insignificant. The positive effect of
subsoiling on wheat, cotton, sugar beet and corn yields can be attributed to improving soil
physical properties such as reducing soil resistance, reducing soil bulk density, increasing water
penetration in the soil, increasing soil moisture (in dryland conditions), and expanding the depth
of root penetration in the soil, which provides conditions for better plant growth. The greatest
effect of subsoiling on wheat yield was in soils with silty clay loam texture. Subsoiling increased
the yields of irrigated wheat, rainfed wheat, sugar beet, grain corn, and cotton by 13.27%,
16.02%, 3.74%, 5.84%, and 14.00%, respectively, compared to no subsoiling. Therefore, it is



Journal of Research in Mechanics of Agricultural Machinery/Vol. 14 /No.2 /Serial No. 35/ Summer 2025

recommended to subsoil in the presence of soil compaction, especially in crops such as wheat
and cotton. It is also recommended that further studies be conducted on the impact of subsoiling
on various crops.
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9 NF an Gldlas jo 5 </AY 5V &) Oldlas (o Az Glgi oo 45 (doyd Ve 5l i) Sl Cewsay +/F)
4o (Begg g, L aid juss Sldllas o 5> ay) lal Begg g, ;o Jleixl mhaw jlade e o)l 352
Study %
D SMD (95% CI) Weight

Irrigated wheat |

Afzali & Javaheri, 2013 ——— 0.90 (-0.30, 2.10) 5.57
Heidari, 2011 —_— 0.32(-1.72,1.08) 477
Sadeghnejad & Eslami, 2006 -—0:— 0.78 (-0.18, 1.75) 6.68
Solhjou, 2015 : 1.31(-0.53, 3.15) 3.41
Mohamadi Mazrae & Nourjoo, 2009 —:-0— 0.97 (-0.01, 1.95) 6.58
Ansari & Asoudar, 2007 _—0—:_ 0.35(-1.27,1.97) 4.02
Solhjou & Niazi, 2001 —_— 0.23 (-1.16, 1.62) 4.79

Tabiezad, 2015 : —_— 1.96 (0.97, 2.94) 6.56

Roozbeh & Niazi, 2015 —0—:— 0.04 (-0.89, 0.96) 6.88

Sharifnasb et al., 2009 '0—;— 0.12 (-1.27,1.51) 4.81

Sharifnasb et al., 2009 —;—0— 1.67 (-0.01, 3.35) 3.85

Sharifnasb et al., 2009 0:— 0.12(-1.26, 1.51) 4.81

Abasian & esmaeeli, 2006 : *- 1.25 (-0.57, 3.08) 3.46

Subtotal (I-squared = 18.2%, p = 0.260) <> 0.72(0.33, 1.11) 66.20

- :

Rainfed wheat :

Sadeghnejad & Eslami,2006 — -0.07 (-0.99,0.86)  6.88

Eskandari, 1997 ! ——— 3.34(2.07,4.61) 527

Eskandari et al., 2009 —:—0— 1.33(0.44, 2.22) 7.05

Eskandari et al., 2009 —-0—:- 0.13 (-0.68, 0.93) 7.52

Eskandari et al., 2009 I 128 (0.40,2.17)  7.08

Subtotal (I-squared = 83.0%, p = 0.000) <> 1.14 (0.12, 2.15) 33.80

: |

Overall (l-squared = 56.2%, p = 0.002) <> 0.84 (0.42,1.25)  100.00
1

NOTE: Weights are from random effects analysis :

—4.I61 0 4.I61

S 3o 1 Sy T il ylogas ) JSCis

(0 pusS) Rainfed wheat‘(,_ng pud)Irrigated wheat (ax)lao lasioo) Study ID (((y39 Suo y3)% Weight (51 o 31051) SMD)
((JS) Overall .(c9,5 1 ;) Subtotal
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Study %
ID SMD (95% Cl) Weight
T
Silty clay 1
Afzali & Javaheri, 2013 * 0.90 (-0.30, 2.10) 5.57
Subtotal (I-squared =.%, p=.) <<> 0.90 (-0.30, 2.10) 5.57
. 1
Clay loam :
Heidari, 2011 —_— -0.32(-1.72,1.08) 4.77
Eskandari, 1997 ! —— 3.34(2.07,4.61) 527
Eskandari et al., 2009 —_— 1.28(0.40,2.17)  7.08
Subtotal (I-squared = 86.5%, p = 0.001) —<> 1.45(-0.39,3.29) 17.12
1
Silty clay loam :
Sadeghnejad & Eslami, 2006 - 0.78 (-0.18, 1.75) 6.68
Solhjou, 2015 : * 1.31(-0.53, 3.15) 3.41
Tabiezad, 2015 | —— 1.96 (0.97,2.94) 6.56
Sadeghnejad & Eslami,2006 —0—: -0.07 (-0.99, 0.86) 6.88
Eskandari et al., 2009 | _—— 1.33(0.44,2.22) 7.05
Eskandari et al., 2009 —— 0.13(-0.68,0.93) 7.52
Subtotal (I-squared =61.6%, p = 0.023) <> 0.85(0.19,1.51)  38.10
. 1
Silty loam !
Mohamadi Mazrae & Nourjoo, 2009 [ 0.97 (-0.01, 1.95) 6.58
Solhjou & Niazi, 2001 —_— 0.23(-1.16, 1.62) 4.79
Subtotal (I-squared =0.0%, p = 0.396) -<> 0.72 (-0.08, 1.53)  11.37
. 1
Unknown |
Ansari & Asoudar, 2007 ——0—{— 0.35(-1.27,1.97) 4.02
Sharifnasb et al., 2009 —_—— 0.12(-1.27,1.51) 4.81
Sharifnasb et al., 2009 l—'—o— 1.67 (-0.01, 3.35) 3.85
Sharifnasb et al., 2009 _I.:_ 0.12(-1.26,1.51) 4.81
Abasian & esmaeeli, 2006 — 1.25(-0.57,3.08) 3.46
Subtotal (I-squared =0.0%, p = 0.548) - 0.59 (-0.10, 1.29)  20.95
. 1
Loam |
Roozbeh & Niazi, 2015 —0—: 0.04 (-0.89,0.96) 6.88
Subtotal (I-squared =.%, p=.) 0.04 (-0.89, 0.96) 6.88
1
Overall (I-squared = 56.2%, p = 0.002) <> 0.84 (0.42,1.25)  100.00
NOTE: Weights are from random effects analysis :
I
-4.61 0

S bz Al jo pusd o Slos o (S0 w5 1 Calildl Hloged - JSi
((JS) Overall .(09,5 5 ) Subtotal «(axfllao Olasic) Study ID (39 duo y0)%Weight (51 o 31u51) SMD)
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Study %

D SMD (95% CI) Weight
T

Sugarbeet :

Behaeen et al., 2013 —_— 0.00 (-1.13, 1.13) 7.35

Javanmard et al., 2014 ——0-'!— 0.57 (-0.25, 1.39) 10.07

Solhjou et al., 2006 - - 1.91(-0.17,3.99) 3.14

Solhjou et al., 2006 : 2.30 (0.04, 4.56) 274

Nourjou et al., 2009 ——0—:— 0.49 (-1.15, 2.12) 4.55

Shahrbanoonejad, 2003 —— 0.24 (-1.15, 1.63) 5.69

Heidari and Ghadami Firouzabadi, 2022 _0——;— -0.66 (-2.33, 1.00) 443

Javanmard and Haghaninia, 2020 \g : 0.27 (-0.53, 1.08) 10.20

Subtotal (I-squared = 1.6%, p =0.417) <>| 0.41(-0.03, 0.84) 48.17
|

Corn 1

Shahrbanoonejad, 2003 _—m : -1.09 (-2.61, 0.43) 5.07

Mohammadi Mazraeh and Khalili, 2005 T 0.88 (-0.15, 1.91) 8.12

Mohammadi Mazraeh and Khalili, 2005 __.._ 0.77 (-0.25, 1.79) 8.21

Tabiezad, 2015 ! ——— 2.73 (1.40, 4.05) 6.10

Subtotal (I-squared = 78.6%, p = 0.003) <<> 0.86 (-0.44,2.15)  27.49

: |

Cotton .

Chaji et al., 2006 : 1.27 (-0.55, 3.10) 3.85

Rezaei et al., 2009 1.52 (-0.40, 3.44) 3.57

Norouzieh et al., 2009 —;—0— 1.21 (-0.04, 2.46) 6.54

Taghinejad et al., 2011 ——:0— 1.12 (-0.40, 2.65) 5.03

Taghinejad et al., 2011 —_— 0.81(-0.65,2.28) 534

Subtotal (I-squared = 0.0%, p = 0.985) I<> 1.15 (0.46, 1.84) 24.33

. 1

Overall (I-squared = 37.2%, p = 0.062) Q 0.74 (0.33, 1.15) 100.00

NOTE: Weights are from random effects analysis
I I
-4.56 0 4.56

ady 9 Glails wyd s uias o Slas o S8 ) ST bl Hloged Y IS
«(axy) Cotton ((<)3) Corn(asd juoszz)Sugarbeet «(axfllo Olasic) Study ID «((y39 o 38) %0 Weight (31 031051) SMD)
((JS) Overall «(04,5 4 ;) Subtotal
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Study

Loam
Behaeen et al., 2013
Heidari and Ghadami Firouzabadi, 2022

Subtotal (I-squared = 0.0%, p = 0.518)

Silty loam

Javanmard et al., 2014

Nourjou et al., 2009

Javanmard and Haghaninia, 2020

Subtotal (I-squared = 0.0%, p = 0.877)

Silty clay

Solhjou et al., 2006

SMD (95% Cl)

0.00 (-1.13, 1.13)
-0.66 (-2.33, 1.00)
0.21 (-1.14,0.73)

0.57 (-0.25, 1.39)
0.49 (-1.15, 2.12)
0.27 (-0.53, 1.08)
0.42 (-0.12, 0.97)

1.91(:0.17, 3.99)

Solhjou et al., 2006

Subtotal (l-squared = 0.0%, p = 0.805)

Silty clay Loam

Shahrbanoonejad, 2003

Subtotal (I-squared =.%, p =.)

Overall (I-squared = 1.6%, p = 0.417)

NOTE: Weights are from random effects analysis

2.30 (0.04, 4.56)
2.09 (0.56, 3.62)

0.24 (-1.15, 1.63)
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