V4-Y- L;LQW AAER! JL»/Y O)Lmuva)sb/s))gwuw‘ﬁ&gm)w

DOI: https://dx.doi.org/10.2203/jam.2022.15716
0y O Sdos p Jblis (65,956 H Judxil )

' ,lkBu Lo jaeme g ' plye Lo, AP IRVERRVES
VE VAU o pdy fo VE-VONA b yo &,

9ol eliios plojls e pliol ganb mlio 5 55,5LaS (ojgel 5 Dlinhond 5 50 «(55,5lS gt 5 (38 Dlighos (i -)
Olpleglaes «55,0leS gg 5 5
heidari299@yah00.com  aslSe Jgins ™

oSz
ey Sl 1 B a5 5l slitiel o3 59laS 35T ()T sbols § S plaslu 5wl )5 (BTgl b picd ke il ok pule
Sa 32 Gl 5 9 Of 5§ S mle i cblis Juily Judoay (Bl (55,951 Lol .09 053 poid Hlils 5 31 (8T91 b (o) Commslb o0
lideo gy pl 5l (gt b o)y Al (oo Jpaze 50 @) 6309356 ey lx (Nl pee SO Wilgi (o0 alg
Ly 38 S (U md ples wiile ilisie Jolge 1 1) (55,95 o) (n] T odes jabas a5 3,10 3929 (Lujommw 1)) 50 (55355
ebieds B3 20 Yubgy 1 (adlaie S 50 las ) jo Wliulojl) Sz oS 00gamme S haiid aidly ploxil Gl i5T.45100 55" (o 32 e 9 8 Slos
b lagyT (gloaidl 5 ouid 190 diopllis ©)904) 392790 (S a3 Shud i 0 5Shas 33 (6333 S h9y ;I 1 (ke 3T el oS
o &3l b o YU g (g 3y (sWo3a (2ld H)155 coode Do 55 ouudh e Yo . )5 )18 Judoxi g 4 52 990 Judonilyd (b
JreS 51 Calyd )0 .0l 59 0 0 ylailiw! (slaojlg uuds 31 oolawl LAF GIYFF Jloj alold jo el gloaolinbl i g o, K8 5o
w9,y (Holad Joo 3l osliwl b gmly (559 b 6559 S (bgy dummlite 52 (o255 axdllan Ve g (515 anlllag B) asdllan YO (A
e 0 Sdos 9 (65)9S B S Jigy (235 Cade il (Sl as ol Cawas (SMD = +/+¥) Flejlal jlade gubo wla! p sl Judxil,$
L o5ed) 5559 S (hg) g o0 Slhasdon ol ol 0 S (g0, /WY uldl cely S 50 gl 65)9 5 b dslio )0 9 090 (S
D9 (o + Sy +51310 )5 31 (52T 35 b w2s) (633956 @ty 59y R IR (Smnsd + giomo i el 51 Jud 5l Juad )0 (ool 0TS

Wopllis 59 50 (6395 B S« (Famo jomw « SBL> (65595 B guals sbojly

Meta-analysis of the Effect of Conservation Tillage on Potato
Yield

Ahmad Heidari'", Reza Bahramloo!, Mohammad Reza Bakhtiyari*

Received: 9 Aug 2022 Accepted: 12 Dec 2022
Department of Agricultural Engineering Research, Hamadan Agricultural and Natural Resources Research and
Education Center, Agricultural Research, Education and Extension Organization (AREEQO), Hamadan, Iran
*Corresponding author Email: heidari299@yahoo.com

Abstract

Most farmers perceive that moldboard ploughing prior to potato planting is necessary, despite its negative impacts on
inherent soil fertility and soil structure. Conservation tillage may be an alternative system for potato production due to its
potential to reduce production costs and soil conservation. Many studies have investigated the effect of different tillage
methods on various factors such as soil physical properties, costs and yield in potato cultivation. Most of the studies only
cover a small range of field experiments, in a region. In order to gain a better perspective on the impact of tillage methods
on potato yield, available studies were systematically reviewed and their findings were analyzed by meta-analysis (1966-
2021). All articles published in journals, final reports of research projects and related articles presented at congresses, as
well as student dissertations were reviewed using standard keywords. Finally, after quality control, 25 studies (5 national
studies and 20 international studies) were entered into the meta-analysis process to compare the method of minimum
tillage with conventional tillage using a random model. The results showed that the minimum tillage method (chisel
ploughing conducted in the spring immediately before potato planting) compared to conventional tillage (moldboard
ploughing) caused a slight increase in potato yield (+ 0.13%). It is suggested that the reduced tillage method (plowing
with a chisel plow in the spring before planting + disc) replaces the conventional tillage method (moldboard plow + disc
+ leveler).
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Table 2. A brief description of the treatments used to evaluate the effect of conservation tillage on potato yield
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Tillage method
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&b ¢Sl
Conventional tillage

@l) )lSG‘..',.a)‘W L cwnls + oo + Gl @15 Q.aflst b ool
Chisel plow (spring) + disc + potato planter
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%

SMD (95% Cl) Weight

]

]
Omidmehr et al., 1395 :—0— 1.20 (0.13, 2.28) 3.15
Gholami and Barazandeh., 1397 T -0.23(-1.84,1.38) 1.69
Gholami et al., 1395 ;c 0.23(-1.38,1.84) 1.69
Heidari, 1387 \ * 2.17 (0.69, 3.65) 1.94
Ghazavi et al., 2010-a + : -0.84 (-2.54,0.87) 1.54

Subtotal (I-squared =57.4%, p = 0.052)

Out of Iran

0.59 (-0.42,1.60) 10.01

]

|
Boliglowa and Glen., 2003 —O—JI— -0.46 (-1.27,0.35) 4.51
Carter and Sanderson., 2001 —Tr -0.35(-0.81,0.12) 7.31
0ZGOZ et al., 2017 :c 0.19 (-1.41,1.80) 1.70
Grant and Epstein., 1973 —_——

Meyer-Aurich et al., 2009
Al Hamed et al., 2016 *

-0.22 (-1.82,1.39) 1.69

— -0.51 (-1.45,0.43) 3.78
1
1

-1.09 (-2.86,0.68) 1.44

Collins et al., 2010 _— -0.03(-0.83,0.77) 4.59
Collins et al., 2013 —0-|-|— -0.21 (-0.74,0.33) 6.66
Carter et al., 2008-a —— -0.14 (-0.55,0.26) 7.93
Carter et al., 2008-b —_— 0.10 (-0.30,0.50)  7.94
Liebman et al., 1996-a —-0— 0.18 (-0.96, 1.31) 2.93

Liebman et al., 1996-b ——— 0.94(-0.27,2.14)  2.68
Koga and Tsuji., 2009 :—0— 0.91 (0.07, 1.75) 4.31
Ivany et al., 2007 —_— -0.65 (-1.82,0.52) 2.81
Rusu et al., 2006 —_— -1.07 (-2.13,-0.01) 3.23
Carter et al., 1998 —_—t—— 0.07 (-0.85,1.00) 3.86
Sojka et al., 1993 — -0.47 (-1.47,052) 351

French and Blake, 1966

Buxton and Zalewski, 1983

Ekberg and Riley, 1997

Barakat et al., 2020

Subtotal (I-squared = 34.4%, p = 0.062)

Overall (I-squared = 44.0%, p = 0.009)

0.23(-0.34,0.80)  6.37
0.18(-0.41,0.77)  6.15
0.70 (-0.13,1.52)  4.42
* 1.80 (0.42,3.18)  2.17
-0.01(-0.22,0.21) 89.99

0.07 (-0.16,0.29)  100.00

NOTE: Weights are from random effects analysis
I

-3.65

0 3.65

S0 o 3 ,5los 1 (6359 S gy 1l lges —) S
«(Js)yoverall (o585 5,3 subtotal «(l,! 5l z =) out of Iran (1, Iran (adlas wlasis) StUY 1D (35 ao,3) YoWeight (5l ojlasl) SMD)
Fig 1. Forest plot of the effect of minimum tillage on potato yield
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Study %
D SMD (95% Cl) Weight
Wheat-potato 1

Omidmer et al., 1395 | ———— 1.20 (0.13, 2.28) 3.15
Gholami and Barazandeh., 1397 > -0.23 (-1.84, 1.38) 1.69
Gholami et al., 1395 L& 0.23 (-1.38, 1.84) 1.69
Heidari, 1387 ! $ 2.17 (0.69, 3.65) 1.94
Meyer-Aurich et al., 2009 > 0.22 (-1.82, 1.39) 1.69
Rusu et al., 2006 ———) : -1.07 (-2.13, -0.01) 3.23
Sojka et al., 1993 —_—T -0.47 (-1.47, 0.52) 3.51
French and Blake, 1966 e ommd 0.23 (-0.34, 0.80) 6.37
Buxton and Zalewski, 1983 —— 0.18 (-0.41, 0.77) 6.15
Subtotal (I-squared = 55.5%, p = 0.021) <:> 0.19 (-0.33,0.71) 29.43
. 1

Unknown I

Ghazavi et al., 2010-a . - -0.84 (-2.54, 0.87) 154
0ZGOZ et al., 2017 - 0.19 (-1.41, 1.80) 1.70
Grant and Epstein., 1973 _.—J— -0.51 (-1.45, 0.43) 3.78
Barakat et al., 2020 ! * 1.80 (0.42, 3.18) 217
Subtotal (I-squared = 65.1%, p = 0.035) <> 0.16 (-1.00, 1.32) 9.18
: 1

Barley-potato 1

Boliglowa and Glen., 2003 —_—T -0.46 (-1.27, 0.35) 451
Carter and Sanderson., 2001 >t -0.35(-0.81, 0.12) 7.31
Carter et al., 2008-a e -0.14 (-0.55, 0.26) 7.93
Ivany et al., 2007 —_—r -0.65 (-1.82, 0.52) 2.81
Ekberg and Riley, 1997 . _ 0.70 (-0.13, 1.52) 4.42
Subtotal (I-squared = 32.6%, p = 0.204) <:Ib -0.17 (-0.52, 0.18) 26.99
Fallow-potato !

Al Hamed et al., 2016 _ : -1.09 (-2.86, 0.68) 1.44
Subtotal (I-squared =.%, p=.) -1.09 (-2.86, 0.68) 1.44
: 1

Maize-potato 1

Collins et al., 2010 ——— -0.03 (-0.83, 0.77) 4.59
Collins et al., 2013 -0.21 (-0.74, 0.33) 6.66
Subtotal (I-squared = 0.0%, p = 0.716) -0.15 (-0.60, 0.29) 11.25
. 1

Barley-clover-potato |

Carter et al., 2008-b —— 0.10 (-0.30, 0.50) 7.94
Subtotal (I-squared =.%, p =.) <;> 0.10 (-0.30, 0.50) 7.94
: 1

Berseem clover-potao I

Liebman et al., 1996-a s ] 0.18 (-0.96, 1.31) 2.93
Subtotal (I-squared = .%, p = .) — 0.18 (-0.96, 1.31) 2.93
. 1

Oat-potato }

Liebman et al., 1996-b . $ 0.94 (-0.27, 2.14) 2.68

Subtotal (I-squared = .%, p = .) o ] 0.94 (-0.27, 2.14) 2.68

Spring wheat-potato-soybean-sugarbeet
Koga and Tsuiji., 2009 I_._ 0.91 (0.07, 1.75) 431
Subtotal (I-squared = .%, p =) I—o 0.91 (0.07, 1.75) 431

Spring barley-red clover-potato

Carter et al., 1998 ——— 0.07 (-0.85, 1.00) 3.86
Subtotal (I-squared = .%, p =.) —_— 0.07 (-0.85, 1.00) 3.86
. 1
Overall (I-squared = 44.0%, p = 0.009) <> 0.07 (-0.16, 0.29) 100.00
1
NOTE: Weights are from random effects analysis 1
-3.65 0 3.65

oy 3 Sdas (AL gl S clilil lges Y S
(o jommm i | ogl) Tallow-potato (puss-g> wgls) barley-potato «(sgs sgzge Sledlol o aseinls) UNKNOWN (o jmmmpaiS glis) Wheat-potato)
(it i ot 1 s 9l15) BEISEEM-POLALO o( te jinms — yoim > 5lis) DArlRY-ClOVEr-potato «( e jows,d wslis) Maize-potato
spring barley-red ClOVer-potato «(uss jasiz—L g oo joumro les poi8 wgls) SPring wheat-potato-soybean-sugar beet «( e joww- yug34> ) Oat-potato
(S yimr 0 3 )3l 52)
Fig 2. Forest plot of the effect of crop rotation on potato yield
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Study %
ID SMD (95% ClI) Weight
Unknown :
Omidmehr et al., 1395 |_._ 1.20 (0.13, 2.28) 3.15
Boliglowa and Glen., 2003 —_—T -0.46 (-1.27, 0.35) 451
Grant and Epstein., 1973 —_—T -0.51 (-1.45, 0.43) 3.78
Collins et al., 2013 —_— -0.21 (-0.74, 0.33) 6.66
Rusu et al., 2006 —_—' -1.07 (-2.13, -0.01) 3.23
Subtotal (I-squared = 59.6%, p = 0.042) <:> -0.23 (-0.83, 0.37) 21.33
. 1
Clay loam 1
Gholami and Barazandeh., 1397 - -0.23 (-1.84, 1.38) 1.69
Gholami et al., 1395 Lo 0.23 (-1.38, 1.84) 1.69
Ghazavi et al., 2010-a 4 : -0.84 (-2.54, 0.87) 1.54
Koga and Tsuji., 2009 —_— 0.91 (0.07, 1.75) 431
Barakat et al., 2020 1 < 1.80 (0.42, 3.18) 217
Subtotal (I-squared = 45.8%, p = 0.117) 0 0.51 (-0.32, 1.34) 11.41
1
Silty loam :
Heidari, 1387 ] < 2.17 (0.69, 3.65) 1.94
Sojka et al., 1993 —_— -0.47 (-1.47, 0.52) 3.51
Buxton and Zalewski, 1983 b e o] 0.18 (-0.41, 0.77) 6.15
Subtotal (I-squared = 76.6%, p = 0.014) e 0.48 (-0.69, 1.65) 11.60
1
Sandy loam :
Carter and Sanderson., 2001 —O—T -0.35 (-0.81, 0.12) 731
0ZGOZ et al., 2017 - 0.19 (-1.41, 1.80) 1.70
Carter et al., 2008-a —— -0.14 (-0.55, 0.26) 7.93
Carter et al., 2008-b —— 0.10 (-0.30, 0.50) 7.94
Ivany et al., 2007 i -0.65 (-1.82, 0.52) 2.81
Carter etal., 1998 —— 0.07 (-0.85, 1.00) 3.86
Subtotal (I-squared = 0.0%, p = 0.672) <:? -0.11 (-0.34, 0.11) 31.54
. 1
Loam I
Meyer-Aurich et al., 2009 > -0.22 (-1.82, 1.39) 1.69
Liebman et al., 1996-a —_— 0.18 (-0.96, 1.31) 2.93
Liebman et al., 1996-b : 0.94 (-0.27, 2.14) 2.68
Ekberg and Riley, 1997 - 0.70 (-0.13, 1.52) 4.42
Subtotal (I-squared = 0.0%, p = 0.616) <> 0.52 (-0.03, 1.07) 11.72
1
Sand !
Al Hamed et al., 2016 ' -1.09 (-2.86, 0.68) 1.44
Collins et al., 2010 —— -0.03 (-0.83, 0.77) 4.59
Subtotal (I-squared = 12.5%, p = 0.285) _ -0.25 (-1.10, 0.59) 6.03
. 1
Silty clay loam !
French and Blake, 1966 —_—— 0.23 (-0.34, 0.80) 6.37
Subtotal (I-squared =.%, p=.) <> 0.23 (-0.34, 0.80) 6.37
. 1
Overall (I-squared = 44.0%, p = 0.009) <3> 0.07 (-0.16, 0.29) 100.00
NOTE: Weights are from random effects analysis :
|
-3.65 0 3.65

(e e 9 5kos 33 Sl g i bl lges - S
(oo (om0, pd) Silty Clay loam o 2) sand (g l0aM (o og)) SANAY l0aM (o ogh) Silty l0aM (o, o5h) Clay loam)
Fig 3. Forest plot of the effect of soil texture on potato yield
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