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S+ lasle 5, O,afljl_? L o) gy 65,05 s Homwl gaw S 655 55 jedate) ol ) (S5 -)
(abo
Conventional subsoiling+conventional tillage (Mouldboard plow+ disc harrow + leveler)
oS aalhie u] 59 ooy oag A4S Sl siL_lM_é._gJ) 3 5‘1_“’ ))) )9—'4-*44'. ) el )l J—-J t_s_i»’f)) gs"‘j"::’)i} -y
TS

Sy Sl (V) JSK8)098 o0 005 iS5l B8 Lads g Wigd oo

In row subsoiling (before planting) + potato planting

Subsoiling

O S 5 ey S8 Slan (S8 5 ate) B Sl e (s e (S5 =l ST
i SlS () JS8) sl olB 50Tg8 L (S5 L Lok,
Conventional tillage (Mouldboard plow+ disc harrow + leveler) + potato planting + inter-row

subsoiling with subsoiler or chisel plow
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Potato planting rows
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Inter-row subsoiling after potato planting
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Potato planting rows
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In row subsoiling before potato planting
&l
a
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Fig. 1- a) in row subsoiling before planting and b) inter-row subsoiling after planting
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S o Jdo an Wil o aS 5 b sgmg lawgis

Lo o) po—pe ($3,95 L5 (S—i 5l am By
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Study %
ID SMD (95% CI) Weight
T
Conventional subsoiling 1
Holmstrom & Carter, 2000 e e -0.06 (-1.04,0.92) 4.42
Costa et al., 2017 1 —_— 3.11 (1.34, 4.88) 2.27
Copas et al., 2009 T 0.78 (-0.18,1.74)  4.48
Heidari et al., 2004 o -0.16 (-1.76,1.45)  2.60
Rowse & Stone, 1980 *- 1.47 (-0.15, 3.09) 2.57
Hou & Li, 2018 —_—T— 0.19 (-0.94,1.33)  3.87
Soane et al, 1987 —_— -0.97 (-1.76,-0.19) 5.19
Mcewen & Johnston, 1979 ——— 0.05 (-0.75, 0.85) 5.13
Subtotal (I-squared = 69.8%, p = 0.002) < 0.38(-0.33,1.10)  30.52
1
In row subsoiling :
Bishop & Grimes, 1978-a T 0.58 (-0.15, 1.31) 5.42
Bishop & Grimes, 1978-b — 0.71(-0.03,1.45)  5.38
Pierce & Burpee, 1995 T 0.76 (-0.08, 1.59) 5.01
Ivany et al., 2007 —_— -0.60 (-1.54, 0.35)  4.54
Ibrahim & Miller, 1989 —_— 0.65 (-0.52,1.81)  3.76
Ibrahim & Miller, 1989 —_— 0.24 (-1.37,1.85) 2.59
Miller & Martin, 1990 S e 0.97 (-0.24,2.18)  3.63
Buxton & Zalewski, 1983 —_—— -1.41(-3.00,0.19) 2.61
Ross,1976 ! g 3.01 (0.81, 5.20) 1.65
Subtotal (I-squared = 53.1%, p = 0.029) <> 0.46 (-0.07,0.99)  34.60
1
Inter-row subsoiling :
Sojka et al ,1993-a —_ 0.43 (-0.46, 1.32) 4.78
Sojka et al ,1993-b —_—— 0.50 (-0.49, 1.50) 4.35
Henriksen et al., 2007 —0—;— -0.06 (-0.98,0.86) 4.63
Ekelof et al., 2014 —_— 0.55 (-0.61, 1.70) 3.80
Westermann & Sojka, 1996-a ——:0— 0.71 (-0.96, 2.39) 2.45
Westermann & Sojka, 1996-b -_— 0.91 (-0.81, 2.63) 2.36
Guaman et al., 2016 —— 0.01(-0.97,0.99) 4.42
Heidari et al.,2014 1 1.87 (0.47,3.27) 3.09
Halderson et al., 1993 —_— ! -0.76 (-1.59, 0.07)  5.00
Subtotal (I-squared = 38.7%, p = 0.110) <> 0.31(-0.16,0.78)  34.88
1
Overall (l-squared = 54.7%, p = 0.000) 0 0.37 (0.06, 0.69) 100.00
NOTE: Weights are from randolm effects analysis : I
=52 0 5.2

SS9 3 ]y (S5 g 5 cddllre Colasuin ¢339 Mo yd ¢y31 03101) (gino s 3 5Sdas w1 (S 33 5T Cadliil Hlaged Y U

(JS 90955 525 oS 3l itms (1d) (o (FSW 25 (S 51 S (us,
Fig. 2- Forest plot of the effect of subsoiling on potato yield (SMD, %weight, study ID, conventional subsoiling,
inter-row subsoiling, in row subsoiling, subtotal and overall)
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Study %

D SMD (95% Cl) Weight

Sandy loam | I

Holmstrom & Carter, 2000 ——l— -0.06 (-1.04, 0.92) 4.42

Copas et al., 2009 -|—:*— 0.78 (-0.18, 1.74) 448

Mcewen & Johnston, 1979 —— 0.05 (-0.75, 0.85) 513

Bishop & Grimes, 1978-a L —— 0.58 (-0.15, 1.31) 542

Bishop & Grimes, 1978-b —r—— 0.71 (-0.03, 1.45) 5.38

Pierce & Burpee, 1995 — 0.76 (-0.08, 1.59) 5.01

Ivany et al., 2007 —t -0.60 (-1.54, 0.35) 454

Ekelof et al., 2014 L . cm— 0.55 (-0.61, 1.70) 3.80

Guaman et al., 2016 —_— 0.01 (-0.97, 0.99) 442

Subtotal (I-squared = 7.0%, p = 0.377) <> 0.35 (0.04, 0.65) 42.60

. 1

Unknown 1

Costa et al., 2017 1 ——— 3.11 (1.34, 4.88) 227

Subtotal (I-squared = .%, p =) ! — e 311(1.34,489) 227
1

) 1

Clay loam \

Heidari et al., 2004 —_——— -0.16 (-1.76, 1.45) 2.60

Subtotal (I-squared =%, p =) e — -0.16 (-1.76, 1.45) 2,60

. 1

Sandy Clay Loam I

Rowse & Stone, 1980 — 1.47 (-0.15, 3.09) 257

Subtotal (I-squared =.%, p =) -IO 1.47 (:0.15, 3.09) 257

: 1

Clay |

Hou & Li, 2018 —— 0.19 (-0.94, 1.33) 387

Subtotal (I-squared = .%, p =) _T 0.19 (-0.94, 1.33) 3.87
1

Silty loam !

Soane et al, 1987 — : -0.97 (-1.76, -0.19) 5.19

Buxton & Zalewski, 1983 ———— 1 -1.41 (-3.00, 0.19) 2.61

Ross, 1976 | > g 3.01 (0.81, 5.20) 165

Sojka et al ,1993-a —_—— 0.43 (-0.46, 1.32) 478

Sojka et al ,1993-b —_——— 0.50 (-0.49, 1.50) 435

Westermann & Sojka, 1996-a —_— 0.71 (-0.96, 2.39) 245

Westermann & Sojka, 1996-b _—I—‘_ 0.91 (-0.81, 2.63) 2.36

Halderson et al., 1993 —_—— -0.76 (-1.59, 0.07) 5.00

Subtotal (I-squared = 68.7%, p = 0.002) <:> 0.09 (-0.66, 0.84) 28.40

. 1

Sand 1

Ibrahim & Miller, 1989 —_——— 0.65 (-0.52, 1.81) 3.76

Miller & Martin, 1990 e — 0.97 (-0.24, 2.18) 363

Henriksen et al., 2007 _+-|— -0.06 (-0.98, 0.86) 4.63

Subtotal (I-squared = 0.0%, p = 0.373) 1::> 0.41 (-0.21, 1.03) 12.02

: 1

Loam 1

Ibrahim & Miller, 1989 —_—— 0.24 (-1.37, 1.85) 259

Subtotal (I-squared =.%, p =.) '<> 0.24 (-1.37, 1.85) 2,59
1

Silty clay loam :

Heidari et al.,2014 I—#— 1.87 (0.47, 3.27) 3.09

Subtotal (I-squared =.%, p =.) |— 1.87 (0.47, 3.27) 3.09

. |

Overall (I-squared = 54.7%, p = 0.000) ¢ 0.37 (0.06, 0.69) 100.00
1

NOTE: Weights are from random effects analysis 1

5.2 0 5.2

Wy 0 (o o9 caSuinl ¢ g [09.‘) S lisee CAL 10 (o jommw 2o 1 (S0 5 41 Cilil laged - JSUS

(uﬂ':"'" oy P9 9 (09 o How 05) ¢ oy ¢
Fig.3- Forest plot of the effect of subsoiling on potato yield in different soil textures (sandy loam, unknown, clay
loam, sandy clay loam, clay, silty loam, sand, loam and silty clay loam)

Agricultural Mechanization & Systems Research
23(82), 2022

M



VA=A ol V€0 Y S WandGIAY 0,lond /YY e/ 5555 UiS cyqman 305150 5 Bilobo Colisios

(iR Y —)109L?:- ung 59 A_YLSHJ 5o S|
) oty 0 Shae S b ay S by
ST a S el ol a sl ools gl

Iy ey 0y Shoe Coles 50 9 090 oy

39 (e i O e Sos ey (SISl g § ]
liseo £l gy
3 ey 9 es 05y 0 (S U
039 )L)(r;u» Ay g L»)}J u’_'.a)é s.m.)._:f [ &_)BL»J
Sl 035 ylo xe Hloglr g 5 L gl jo (s
A S8 ey — > ol o (F )

Study %
ID SMD (95% Cl) Weight
Wheat-potato :
Holmstrom & Carter, 2000 _— -0.06 (-1.04, 0.92) 6.26
Heidari et al., 2004 _—_— -0.16 (-1.76, 1.45) 3.23
Sojka et al ,1993-a —_— 0.43 (-0.46, 1.32) 6.96
Sojka et al ,1993-b —_— 0.50 (-0.49, 1.50) 6.14
Ekelof et al., 2014 —— 0.55 (-0.61, 1.70) 5.14
Westermann & Sojka, 1996-a ———— 0.71 (-0.96, 2.39) 3.02
Heidari et al.,2014 o 1.87 (0.47, 3.27) 3.97
Subtotal (I-squared = 0.0%, p = 0.460) <> 0.48 (0.05, 0.91) 34.72
. 1
Corn-potato !
Costa et al., 2017 : —_—————— 3.11(1.34,4898) 2.76
Copas et al., 2009 T 0.78 (-0.18, 1.74) 6.38
Ibrahim & Miller, 1989 —— 0.65 (-0.52, 1.81) 5.08
Ibrahim & Miller, 1989 —_— 0.24 (-1.37, 1.85) 3.22
Subtotal (I-squared = 56.2%, p = 0.077) <:> 1.07 (0.06, 2.07) 17.45
. 1
Bean-potato I
Rowse & Stone, 1980 -—:—0— 1.47 (-0.15, 3.09) 3.19
Westermann & Sojka, 1996-b e o — 0.91 (-0.81, 2.63) 2.90
Subtotal (I-squared = 0.0%, p = 0.642) e — 1.21 (0.03, 2.39) 6.09
1
Corn-fallow-potato :
Hou & Li, 2018 —r— 0.19 (-0.94, 1.33) 5.26
Subtotal (I-squared =.%, p=.) ﬁ:> 0.19 (-0.94, 1.33) 5.26
1
Barley-potato :
Mcewen & Johnston, 1979 —— 0.05 (-0.75, 0.85) 7.69
Ivany et al., 2007 —_—t -0.60 (-1.54, 0.35)  6.50
Guaman et al., 2016 —o—}— 0.01 (-0.97, 0.99) 6.26
Subtotal (I-squared = 0.0%, p = 0.551) 1 -0.16 (-0.67, 0.36) 20.45
. 1
Rye-potato !
Pierce & Burpee, 1995 ‘L 0.76 (-0.08, 1.59) 7.43
Henriksen et al., 2007 —— -0.06 (-0.98, 0.86) 6.67
Subtotal (I-squared = 39.5%, p = 0.198) <$ 0.37 (-0.42,1.17) 14.10
1
Alfalfa-potato :
Ross,1976 1 + 3.01(0.81, 5.20) 1.93
Subtotal (I-squared = .%, p =) : — = 301(0.81,5.20) 1.93
Overall (I-squared = 37.4%, p = 0.048) é 0.51 (0.18, 0.84) 100.00
NOTE: Weights are from random effects analysis :
[ [
-5.2 0 5.2

(0 joaw —PAS) Bliseo (€15 ST (3 e joumw 3,50es (S y ;5 T Sl lged —€ JSS
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Fig.4- Forest plot of the effect of subsoiling on potato yield in different crop rotation
(wheat-potato, corn-potato, bean-potato, corn-fallow-potato, barley-potato, Rye-potato and alfalfa-potao)
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Abstract

Soil compaction is a negative factor for plant growth. The purpose of this research is to
investigate the effect of deep tillage (subsoiling) on potato yield using domestic and foreign
studies with meta-analysis method. For this purpose, articles, research reports and student thesis
between 1966 and 2021 were reviewed using key keywords related to subsoiling in the potato.
Finally, after quality control, 23 studies were entered into the meta-analysis process to compare
deep tillage (including conventional subsoiling, in row subsoiling before planting and inter-row
subsoiling after planting) with conventional tillage without subsoiling using a random model.
Based on the results, according to the total effect size value (SMD = 0.37), it can be concluded
that subsoiling has had a positive effect on the increase of potato yield and has caused a 3.92%
increase in potato yield. Conventional subsoiling, in row subsoiling before planting and inter-
row subsoiling after planting increased potato yield by 1.23, 5.18 and 4.75%, respectively,
compared to the control treatment (without subsoiling). It is recommended to use either inter-
row subsoiling (to depth of 35-45 cm) after planting or in row subsoiling (to depth of 40-50 cm)
before planting in the potato crop. Conventional subsoiling is not recommended due to low
impact on potato yield and high cost.

Keywords: Deep Ploughing, Deep Tillage, Inter-Row Tillage, Soil Compaction, Systematic
Review
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