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The effects of different tillage methods on corn yield have been investigated in several studies. However,
most of these studies cover only small geographical areas (field experiments in one region) and sometimes
yield contradictory and incomplete results. The present study aims to investigate the effect of conservation
tillage (minimum tillage and no- tillage) on corn yield (grain and silage) by synthesizing national research
and applying the meta-analysis method. For this purpose, articles, research reports and graduate theses were
reviewed between 1991 and 2025 using keywords related to tillage in corn production. After quality control,
17 studies comparing reduced tillage with conventional tillage and 14 studies comparing no tillage with
conventional tillage were included in the meta-analysis using a random effects model. Based on the results
obtained, the overall effect size for reduced tillage (SMD=+0.57), it can be concluded that this method
increased corn yield compared to conventional tillage. minimum tillage increased grain and silage yields
by 6.41 and 4.80 percent, respectively, compared to conventional tillage. Conversely, considering the effect
size for no-tillage (SMD=-0.88), it can be concluded that this method reduced corn yield compared to
conventional tillage. No-tillage decreased grain and silage yields by 8.55 and 5.51 percent, respectively,
compared to conventional tillage. The use of minimum tillage and no-tillage method in corn cultivation
requires further and long-term research.

Introduction

The continuous use of conventional tillage (plowing with a moldboard plow) in agricultural fields has led
to increased soil erosion and reduced soil fertility. Soil erosion is a major environmental problem in Iran.
The country’s annual erosion rate is estimated at 895 million tonnes (equivalent to 5.5 tonnes per hectare
per year), while the global average annual rate is 2.2 tonnes per hectare. Soil erosion affects soil quality and
crop yield. In conventional farming systems (commonly used in Iran), the effects of erosion on yield are
directly related to the reduction in the amount of water that can be stored in the soil and made available by
plants. To overcome this problem, conservation agriculture, which includes: (1) no or minimal soil
manipulation, (2) permanent soil cover with plant residues, and (3) plant diversity and adherence to crop
rotation principles, is recommended. The effectiveness of conservation agriculture in controlling runoff and
soil erosion has been proven, and it is expected to ultimately have a positive effect on crop yield. The effect
of different tillage methods on corn yield under Iranian conditions has been investigated in several studies.
However, most of these studies cover only limited areas (field experiments in one region), which sometimes
have contradictory and incomplete results. The purpose of this research is to investigate the effect of
conservation tillage (minimum tillage and no- tillage) on corn yield by synthesizing national studies with
meta-analysis method.
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Materials and Methods

This research aims to investigate the effect of minimum tillage and no-tillage on yield of corn using
national studies and research and applying the meta-analysis method. For this purpose, articles, research
reports and graduate theses between 1991 and 2025 were reviewed using keywords related to tillage in
corn. Finally, after quality control, 17 studies were selected to compare minimum tillage method with
conventional tillage and 14 studies were selected to compare no-tillage with conventional tillage using a
random effects model. The data required for meta-analysis are the treatment mean (X), standard deviation
(SDg), and the number of replicates or sample size (n) in the experimental design .In data analysis, the
standardized mean difference parameter, which is a key measure of effect size, was used between the
control treatment (conventional tillage) and the experiment (conservation tillage).

Results and Discussion

Based on the results obtained, the effect size for the minimum tillage method (SMD=+0.57) indicates that
the minimum tillage method has increased corn yield compared to conventional tillage. Minimum tillage
increased grain yield by 6.41 % compared to conventional tillage. The average total yield of grain corn in
conventional tillage and minimum tillage methods was 8244.6 and 8871.9 kg/ha, respectively. After
weighting each yield, the average weighted yield of conventional tillage and minimum tillage methods was
740.3 and 787.7, respectively. Also, minimum tillage increased the yield of silage corn by 4.80% compared
to conventional tillage. The average total yield of forage corn in the conventional tillage and minimum
tillage methods is 51822.6 and 55940.6 kg/ha, respectively. After weighting each yield, the average
weighted yield of the conventional tillage and minimum tillage methods was 7748.7 and 8120.8,
respectively. The probability values in the Begg and Egger method (for estimating publication bias) were
0.002 and 0.037, respectively (less than 10 percent), which allows us to conclude that there is evidence of
publication bias in studies comparing the minimum tillage method with conventional tillage in corn
production. Considering the effect size of the no-till method (SMD = -0.88), it can be concluded that the
no-till method has reduced corn yield compared to the conventional tillage method. No-till reduced the
yield of grain corn by 8.55% compared to conventional tillage. The average total yield of grain corn in the
conventional tillage and no-till methods is 8903.3 and 7980.2 kg/ha, respectively. After weighting to each
of the yields, the average weighted yield of the conventional tillage and no-till methods was 1116.5 and
1021.0, respectively. Also, no-till reduced the yield of silage corn by 5.51% compared to conventional
tillage. The average total yield of silage corn in the conventional tillage and no-tillage methods is 56449.3
and 53205.2 kg/ha, respectively. After weighting each yield, the average weighted yield of the conventional
tillage and no-tillage methods was 9421.5 and 8902.5, respectively. The probability values in the Begg and
Egger method (for estimating publication bias) were 0.09 and 0.055, respectively (less than 10 percent),
which allows us to conclude that there is evidence of publication bias in studies comparing no-till with
conventional tillage in corn production.

Conclusion

The minimum tillage method increased the yield of grain corn (6.41%) and silage corn (4.80%) compared
to the conventional tillage method, whereas the no-tillage method decreased the yield of grain corn (-8.55%)
and silage corn (-5.51%). The use of minimum tillage and no-till methods in corn farming requires further
and long-term research.
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Table 2. Studies used in meta-analysis

slesl e B o g
Authors,
publication year

Si9SB hs,
Tillage method

Experiment site

Sk eal
Soil texture

sy el
Crop rotation

(Jlo) alesl oo
Duration (year)

Shahraki, 2009

Asadi et al., 2016

Afzalinia et al.,
2023

Afzalinia and
Karami, 2018

Haddadi and
Mohseni, 2015

Hasanzadeh
Moghadam et al.,
2017

Hamzei and Borbor,
2014

Heidari et al., 2017

Zeidali et al., 2022

&b 6051-)
Conventional tillage
() (55,9 pS-Y
Reduced tillage (disc)

e
No tillage (direct planting)
&b 6051-)
Conventional tillage
(&5 5o SBLa> 5,9513) (55,5 ST
Reduced tillage (combined
conservation tiller)
(s 22505 5,95 5 ¥
No tillage (direct planting)

SURITS o)

Conventional tillage
(ki £25)55,9 5
No tillage (direct planting)

&b @010
Conventional tillage
(&5 0SBl 5,551) (55,5 ST
Reduced tillage (combined
conservation tiller)
(pedtions 225) (55,9 BV
No tillage (direct planting)
SURGITS o)
Conventional tillage
(Sed) (55,55 BS-Y
Reduced tillage (disc)
(e 228)(55,95 5 ¥
No tillage (direct planting)

&b @S0
Conventional tillage
(&5 5o FBla> 5,5513) (55,55 ST
Reduced tillage (combined
conservation tiller)
(polims 225) 55,955 ¥
No tillage (direct planting)
&b ©50s1-)
Conventional tillage
(&5 0 SBla> 5,5515) (55,5 S -Y
Reduced tillage (combined
conservation tiller)
No tillage (direct planting)
@l s
Conventional tillage
(&5 0SBl 5,9 51) (55,55 pS-Y
Reduced tillage (combined
conservation tiller)
&l 650s1-)
Conventional tillage
(S o Bli 5,955) (55,5505 Y
Reduced tillage (combined
conservation tiller)

(oo oo

Kerman

(b3 oL e
Ali Abd(Golestan)

(08 (65
Zarghan (Fars)

(o)) b3 5
Marvdasht(Fars)

(k) ke
Sari (Mazandaran)

Ol a0 oy

(=)
Torbat-e Heydariyeh
(Razavi Khorasan)

(Olaer) loes

Hamedan (Hamedan)

(Olaer) loes

Hamedan (Hamedan)

(r’)U) JYIWESN
Darreh Shahr (Ilam)

Sand

) 9
Clay loam

SR
Slecdw
Silty clay
loam

(€]
Clay

il
Unknown

Yy
Loam

) 9
Clay loam

=y
Loam

ey
Sandy loam

u)a —ﬁ..\.;f
slals
Wheat-Corn

u)a —ﬁ..\.;f

Sladgle
Wheat-silage
corn

s_a).) —‘n..\j

(slassle
Wheat-silage
corn

v)c —f\.\.'.f
slals
Wheat-corn

«_J).) —‘m.\;f

ladgle
Wheat-silage
corn

«_J).) —‘m.\;f

ladgle
Wheat-silage
corn

u)o —‘o..xlf
Lg‘dd‘o
Wheat-corn

Q)S ja.).;f
6‘4.}‘..\
Wheat-corn

Q)S ja.).;f
6‘4.}‘..\
Wheat-corn
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Table 2 (continued)). Studies used in meta-analysis

slesl e B o g

et S35 o, oialel e Sk cdl hiots () ghlesT ol
xuthors, Tillage method Experiment site Soil texture Crop rotation Duration (year)
publication year
&b 6051-)
Ghaseminejad Conventional tillage (s sl ) eoes) ) . )
Raeini et al., 2014 (Se0) (55,55 ST Ahvaz (Khuzestan) Clay loam slals
Reduced tillage (disc) Wheat-corn
&l s
Conventional tillage
(&5 0 blis 5,5 515) (55,55 eS-Y Wb O)d s
Fathi et al., 2018 Reduced tillage (combined (kD e 050 = 9 Sl 2
conservation tiller) Drrreh Shahr (Ilam) Clay loam Wheat-comn
(prfinns ;;\..'25)‘_;)')5&\;}63—\“
No tillage (direct planting)
SURGITS o)
Ghasemi et al., Conventional tillage bzl g oyl S slals &3 -9 5
2016 (poeins 228)(55 )55 B ¥ Sistan and Baluchestan ~ Sandy loam Barly-corn
No tillage (direct planting)
SURITS o)
Conventional tillage
o (&5 5o FBLa> 5,5513) (55,55 s -Y , )8 —pass
Ghazinejad et al., Reduced tillage (combined (OEw;92) Job5o = sl 1
2022 conservation tiller) Dezful (Khuzestan) Clay loam Wheat. corn
(prfinnsn ;;\..'25)‘_;)')5&\;}63—\“
No tillage (direct planting)
&l &39S &% - pass
Ghanbaryan Conventional ti.llage (5183 oeslys oy o09) ladgle .
Alavijeh et al., 2014 () 55,95 05T Varamin (Tehran) Clay loam Wheat-silage
Reduced tillage (disc) corn
&b @510
Conventional tillage &b —pE
Mohseni and () 55595 5T (h5k) 5t Ry Sladsle 3
Haddadi, 2016 Reduced tillage (disc) Sari (Mazandaran) Clay loam Wheat-silage
(s 228 555551 ¥ com
No tillage (direct planting)
&b @S0
Conventional tillage . _
(&5 0SBl 5,951) (55,5 S -Y | | B i
Nael et al., 2023 Reduced tillage (combined (Olaed) ploea ) slals ©)3 3
conservation tiller) Hamedan (Hamedan) Clay loam Cover crop-
(fions ;;.‘iaf)d)‘)jj\p"s!—\” corn
No tillage (direct planting)
@l $5eS-)
Conventional tillage 5 S
&8 -
Seasd) (55,95 S =Y oL L
Nisi et al., 2017 () 9SS (Claas) 250 s ) Sl i
Reduced tillage (disc) Shahrud (Semnan) Clay loam Wheat
. eat- corn
Us2)$559055 Y
No tillage (chisel)
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Slaimgs o Lacsl ol Sew 4 €85 aml (o o 45 (0o )0
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Table 3. A brief description of the treatments used to
evaluate the effect of minimum tillage and no tillage on
corn yield

i mrdy S9SB bs,y
brief explanation Tillage method
+allo + Sano + ,lailo 5y algls b pES
&3 0,8 =l &S
Mouldboard plow+ disc + leveler+ Conventional tillage
comn planter

S bli 595 Lot )
C))S m.\.'\)ls +
1-plowing with
combined conservation
tiller+ corn planter
o)+ (bgo b o) Sms <Y

S59SEeS
Reduced tillage

N

2-Disc+ corn planter

(poinme 2S) (55,955 o
No tillage (direct
planting)

e ClS 003,57 L @ yd clls
Corn planting with no till planter

S g gl =¥

5 lals 00 8,Shos (55,9 S 1-T-)
ladgle

oa o lails ol ( Sle Jilis il by (6lol dijn ol
PR ao)s—l VUSS pe @yd 0 Sles (65,95 S i (SMD)
(2 10V) (65,65 >0S g, ;0 SMD jlade 4y azgi Lol
39S\ o (65,95 505 by 4T S a0
OOl Sl 4 gl csload )3 o Slas Al el
a3 oo 5t | (ladsle 5 glails) o3 oldllas (Sl 45 (5550
) 638 o baz g ad )5 )18 IS oo Caand j0 abogy e S 5o
9 Zute 1 (65,9 S a5 C8)5 azl (lg oo el 00,55 ala
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Study %
D SMD (95% Cl) Weight
1
Seed corn 1
Shahraki, 2009 ——0‘— 0.50 (-1.14, 2.14) 3.97
Afzalinia & Karami, 2018 —0——:— -0.32 (-1.72, 1.08) 5.20
Hamzei & Borbor, 2014 ——:—0— 1.40 (-0.47, 3.27) 3.14
Heidari et al., 2017 S LU E— 0.91(-0.29,2.11)  6.64
Zeidali et al., 2022 R R 049 (-0.66,1.65)  7.08
Fathi, 2018 ——IO— 0.74 (-0.28, 1.76) 8.51
Ghaseminejad Raeini et al., 2014 —-0—;— 0.22 (-0.77, 1.20) 8.93
Ghazinejad et al., 2022 : * 1.64 (-0.32, 3.61) 2.88
Nael et al., 2023 -;—0— 1.44 (0.39, 2.49) 8.13
Nisi et al., 2017 : 2.62(0.20, 5.04) 1.96
Nisi et al., 2017 ——;—0— 1.27 (-0.55, 3.10) 3.28
Subtotal (I-squared = 0.0%, p = 0.512) < 079(0.39,1.19)  59.72
|
Silage corn :
Asadi et al., 2016 —_—— : -0.94 (-2.14, 0.26) 6.61
Afzalinia & Karami, 2018 —0—: -0.04 (-0.84, 0.76) 1.7
Haddadi & Mohseni, 2015 —_——— 0.41 (-0.40, 1.22) 11.55
Hasanzadeh et al., 2017 _—0:_ 0.39 (-1.23, 2.02) 4.03
Ghazinejad et al., 2022 —_— 1.20 (-0.60,3.01)  3.35
Ghanbaryan et al., 2014 N 150 (-0.41,3.41)  3.03
Subtotal (I-squared = 29.3%, p = 0.215) <> 0.22(-0.37,0.80)  40.28
- !
Overall (I-squared = 20.5%, p = 0.215) O 0.57 (0.21, 0.92) 100.00
1
1
L

NOTE: Weights are from random effects analysis
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Fig 1. Forest plot of the effect of minimum tillage on corn yield

Funnel plot with pseudo 95% confidence limits
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Fig 2. Funnel diagram of the effectiveness of corn yield against reduced tillage




55950 5 85,95 S S Judol 3

oy

e Sl o s o)l desld g, L et al(2015)
VIO ) g 50 9 (Amo )3 -YIF) 05y JBlam o Slas 13 (55,55 o
Cupde e olieS gl l g iSlas (0o )0 -Y/F) )8 g (ausyo
33 0y8 0 8o ol ¥ 51 (S0 i oo Gl 50 (555955 0
oo plil (65,055 aS” SlacSs o ail (65,05 g, o)
39a ;0 Jluw dws S 4y 0, Sles a5 WLlo im0 ol 5laS ol
e rwios (Hilshey et al., 2020) cowl 05,5 loy 2alS s jpo V-
Sae ail slocu e 13 65,0 B 2 Ghe, ) Js—ae o Ses
S slo g, 31 S (Hilshey et al., 2020) cewl oo i )15
25 bl bi> S5 Ol b o) plie i cdilas (ol
aloz 3l g sblas (65,0liS (shlje a5 cils azgs Wb Lol .ol
oS GRl3l e e e S8BT sl o (Sl (655551
Oley il ool wl B slaé , slic 4y ol 4550 5 S
ol o8 (6l &5 (e lp0 o5 09 (rm lpli ol (g ey
SipaiS Con gl Jbw ez Pl aig) 0 )15 4 ot
Gols (JensS 4 B co)p siligy 5l ipeS )13 (Hbla>
(Asadiet g Jgame 3 Shoe (al3dl corge (o 41525 ) oy
S 55,55 g 2 0 Skas 03 S e all, 2016)
B B S P TS ST I e P I N SURTSITEIE
Sy 5 S o5 gl et g ll ol j0 053 sleazals
(Ghazinejad sg o, gadsl al> 1o 0 3,3 0lS L 5,0 slacale

etal., 2022)

YY) Slalas by 50l g5kl a3l i ke 4 a5 b
Syl 0429 0l Kol Slalas (4 (I-squared=

Sl (1,8 guo -T-F

oS sl Bggers Begg s, jo Jleio! mhw ladis
Vo gl eS) sl sy /00 5 [+ oo s Ll | Sy
Slagiagh ;5 Ll ol Sew a5 285 i (g o0 5 (s
S92y &3 Jsame ;5 ml) 65,951 b6, B g, anlie
Lolasbinl glas o alul) 5 (505 Jloge) T SO @y az i Lol
oS 5 o3l BLLI s oy lite reé jsbods clallias o il ojlui
(Higgins & aao oo oylii 1) jLasl (6 08 g 0929 ciloas x598
Green, 2011)

~adgle 5 Glails @0 3 Khos 1 55)95 g 11T
<!
oo 3 il ol Silee ol szl s oLl Ay ol
XU 03)51 VIS5 0 oy o Sles 65,55 o Sl (SMD)
—IAN) 5,65 o g, ,o Sl ejladl Jlade 4y asgi Lol
b aslio ;5 (55,0102 by, 45 285 i Olgs oo (SMD-=
@ azgil Cuload )8 0 Sloe ol el ) 65,5 b,
(Slaiske 5 ) <1 Slallle Sl o (535) 0 el 5
9 48,5 1,8 SO e Caand ;5 abgy e JS 0 wed e LS
03,50 elad 1, (535, bt
el 2Bl 55 0 Shes (5l 5 e Sl (65,05 o
NOB T, slasls &53 3 Sas al) (65,551 @ S (65,55 B2
Uhay 9 s s S o Shee 5aSilae ol LtalS 4o
VAAIY 5 AQYIY Ly coiay 65,0 5y 60915
S 4 (VS8 (830)j9 5l da a5 Sl 1S j5 0 SolS
5 @l $i9SLE ey (g 0 ee (eSiles Lao Slee
Oezeed ol Cewdar VeV Ve g VWVPID o 5 (65,5 5 o
L ladgle @3 0 Shee @l 65,051 & S (55,55 B0
ey 9 sladsle &b S 5 Slas aSilie ol ialS ao s B/)
DYY-OIY 5 OFFFUY il s e 5505 i 5 g,y 65055
S & (FJS8) (02305 5l dm a5 cusl 1S )5 0 S5l
5 @b $sSLE (e (e 0 e (Sl Las Sl
Ol 8l 5l el sy AR VIO g ATYVD i 4 (65,05 o
by 2 ol GalS 5 65,5 Le S gy 50 Db 0, S les
argi b o)d e Lol )0 a5 L85 A Gle e (65,0 o
Bl S, 4 5l o o ol sl 5 S laislo
CiS) 559510 4 55,9 S BpS 5,35 g Sl Sl (65,95

S 8 At s e

DBl g e ol yo yidin SliEZS 5 Gloj 4 5L (eaine
pold ) Res Cils ISl (65,0 B o b amalie ) (55,551
e ol SIS, E S Bar e o ol oS s
& 350 00 3 SB I LSl Ol i (iS5 S LA
5 ol il p cie Jlladule (nl 5l (oo 5 09,00 s UaH]
Van den putte . (Van den putte et al., 2010) &,13K o Slos
5,8kt (55,55 o a5 wis S oMol Lol 5 e, L et al(2010)
Pittekow .ols jzalS oo 0 MO lawgie jebay | Jouame ol



ev VPO Jlo IV o)l 1Y 0590 /055,5liS (gl silSCe 43 725 be 9 >

Study %

D SMD (95% Cl) Weight
1

Seed corn :

Shahraki, 2009 —*7 -1.77 (-3.79, 0.25) 6.00

Shahraki, 2009 —0+ -2.03 (-4.16, 0.10) 5.73

Afzalinia & Karami, 2018 - -1.35 (-2.94, 0.23) 7.15

Hamzei & Borbor, 2014 —— -0.16 (-1.77, 1.44) 7.09

Fathi, 2018 —0-: -1.95 (-3.17, -0.74) 8.17

Ghasemi et al., 2016 —_—— E -12.63 (-18.28, -6.98) 1.55

Ghazinejad et al., 2022 - -0.81 (-2.50, 0.89) 6.84

Nael et al., 2023 V| —-— 2.20 (1.00, 3.40) 8.22

Subtotal (I-squared =85.2%, p = 0.000) <? -1.42 (-3.02, 0.17) 50.74
|

Silage corn :

Asadi et al., 2016 - -1.67 (-3.02, -0.32) 7.80

Afzalinia & Karami, 2018 - -0.79 (-1.63, 0.04) 9.18

Afzalinia et al., 2023 _._| -0.80 (-1.64, 0.03) 9.18

Haddadi & Mohseni, 2015 : -Io- 0.45 (-0.36, 1.26) 9.23

Hasanzadeh et al., 2017 —:OI— -0.70 (-2.37, 0.98) 6.90

Ghazinejad et al., 2022 —ol— -0.55 (-2.20, 1.09) 6.97

Subtotal (I-squared = 45.6%, p = 0.102) -0.60 (-1.20, 0.01) 49.26
|

Overall (I-squared = 77.1%, p = 0.000) -0.88 (-1.65, -0.12) 100.00

NOTE: Weights are from random effects analysis E
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Fig 3. Forest plot of the effect of no tillage on corn yield

Funnel plot with pseudo 95% confidence limits
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Fig 4. Funnel diagram of the effectiveness of corn yield against no- tillage



55950 5 85,95 S S Judol 3

o¥

Bakker, M. M., Govers, G., Jones, R. A., and Rounsevell,
M. D. A. (2007). The effect of soil erosion on
Europe’s crop yields. Ecosystems. 10: 1209—-1219.

Barton, A.P., Fullen, M. A, Mitchell, D.J, Hocking, T.
J, Liu, L., Bo, Z.W., Zheng, Y., and Xia, Z. Y.
(2004). Effects of soil conservation measures on
soil erosion rates and crop productivity on
subtropical Ultisols in Yinnan Province. China
Agricultural ~ EcosystemEnvironmental,104:343—
357. https://doi.org/10.1016/j.agee.2004.01.034.

Begg, C. B., and Mazumdar, M. (1994). Operating
characteristics of a rank correlation test for
publication bias. Biometrics, 50, 1088—1101.

Borenstein, MHedges, L. V., Higgins, J. P. T., and

Rothstein, H. R. (2009). Introduction to Meta-
analysis. Wiley,London.

https://doi.org/10.1002/9780470743386.

Cohen, J. (1988). Statistical Power Analysis for the
Behavioral Sciences, 2nd Edition. Hillsdale:
Lawrence Erlbaum.
https://doi.org/10.4324/9780203771587.

Cooper, J., Lombardi, R., Boardman, D., and Carliell-
Marquet, C. (2011). The future distribution and
production of global phosphate rock reserves.
Resources, Conservation & Recycling, 57: 78-86.

https://doi.org/10.1016/j.resconrec.2011.09.009.

Dumanski, J., Peiretti, R., Benetis, J., McGarry, D., and
Pieri, C. (2006). The paradigm of conservation
tillage. Proceedings of World Association of Soil
and Water Conservation, FAO, Rome, 58—64.

Egger, M., Smith, G. D., and Phillips, A. N. (1997).
Meta-analysis: principles and procedures. BMJ,
315(7121):1533-1537.
https://doi.org/10.1136/bmj.315.7121.1533.

FAO. 2012. FAOSTAT, Statistical databases and data
sets of the Food and Agriculture Organization of
the United Nations.
http://faostat.fao.org/default.aspx (Accessed on
April 2012).

FAO. 2022. http://www.fao.org/ag/ca/.

Fathi, A., Barari Tari., D., Fallah, H., and Niknezhad,
Y.(2018). Effect of tillage systems and fertilization
(NPK) on quantitative and qualitative traits of corn
(Zea mays L.). Journal of Plant Ecophysiology.
12(44): 102-115. (In Persian)

Gates S. (2002). Review of methodology of quantitative
reviews using. meta-analysis in ecology. Journal of
AnimalEcology.71(4):547-557.
https://doi.org/10.1046/j.1365-2656.2002.00634.x.

ok 5z -¥

Sl mly 65,9 Loy, b aaolie [0 (65,95 30S o,
FIA ) sladsle 5 5 (oo $IFY) (lails &3 5 Shos iyl
5,Shas S5 ey (3,05 o g,y 45 I 40 A (Ao
A (B, = B0V Gladsle )3 ¢ (0o, —ABD) lasls &yd
45l ©)3 elys 58 65,910 9 659 15eS by, 5l ool
Syl S waly g s Oldass

&bw

Abeyasekera, S, Ritchie, J.M., and Lawson-McDowall, J.
(2002). Combining ranks and scores to determine
farmers’ preferences for bean varieties in southern
Malawi. Experimental Agriculture, 38(1):97-109.
http://dx.doi.org/10.1017/S0014479702000182.

Afzalinia, S., Dehghanian, S. 1., Alijani, Kh.,
Mohammadi, D., Hosseini S. M., Estakhr, A.,
Alavimanesh., S. M. and Zare, M. (2023). Effect of
permanent raised bed planting, no-till, and
conventional tillage methods on yield and water
productivity in wheat-forage corn rotation. Journal
of Agricultural Mechanization and Systems
Research. 24(88):33-50. (In Persian).
https://doi.org/10.22092/amsr.2024.364325.1472.

Afzalinia, S., and Karami, A. (2018). Effect of
Conservation tillage on soil properties and corn
yield in the corn- wheat rotation. Journal of Iran
Biosystem Engineering.49(1):129-137.(In Persian).
https://doi.org/10.22059/ijbse.2017.243058.66499
5.

Arabkhedri, M., Shadfar, S., Jafari-Ardakani, A., Bayat,
R., Khajavi, E., and Madian, M. H. (2018).
Improving water erosion estimates for Iran. Journal
of Watershed Management Research. 31(3): 13-27.
(In Persian).
https://doi.org/10.22092/wmej.2018.121424.1106.

Asadi, M. E., Fizbakhsh, M. T., and Razzaghi, M. H.
(2016). Study of silage maize yield and yield
components under different managements of tillage.
Journal of Water and Soil Conversation. 23(3): 151-
170. (In Persian).
https://doi.org/10.22069/jwfst.2016.3191.

Azizi, F., Mahrokhl,A., Ghotbi, V., Golzardi, F.,
Mofidian, S. M. A., Zamanian, M, Rahjoo, V.,
Torabi3.,M., and Elias Soltani, E. (2022). Meta-
Analysis of Some Agronomic Factors Affected on
Decreasing Forage Maize Yield in Iran. Journal of
Crops Improvement.24(3):793-805.(In Persian).
https://doi.org/10.22059/j¢i.2021.326061.2570.



http://dx.doi.org/10.1017/S0014479702000182
http://dx.doi.org/10.1017/S0014479702000182
https://doi.org/10.22092/amsr.2024.364325.1472
https://doi.org/10.22059/ijbse.2017.243058.664995
https://doi.org/10.22059/ijbse.2017.243058.664995
https://doi.org/10.22092/wmej.2018.121424.1106.
https://doi.org/10.22069/jwfst.2016.3191
https://doi.org/10.22069/jwfst.2016.3191
https://doi.org/10.22059/jci.2021.326061.2570
https://doi.org/10.1016/j.agee.2004.01.034
https://doi.org/10.1016/j.agee.2004.01.034
https://doi.org/10.1002/9780470743386
https://doi.org/10.4324/9780203771587
https://doi.org/10.1016/j.resconrec.2011.09.009
https://doi.org/10.1016/j.resconrec.2011.09.009
https://doi.org/10.1136/bmj.315.7121.1533
https://doi.org/10.1136/bmj.315.7121.1533
http://faostat.fao.org/default.aspx
http://www.fao.org/ag/ca/
http://www.fao.org/ag/ca/
https://doi.org/10.1046/j.1365-2656.2002.00634.x

oo VE- O Jlo 1Y 05l VY 050 /(55,0LiS ¢y gl 5l e it

Mechanics of Agricultural Machinery.14(2): 1-16.
(In Persian).
https://doi.org/10.22034/JRMAM.2025.14975.728

Heidari, A., Bahramloo, R., and Bakhtiyari, M. R.
(2022). Meta-analysis of the effect of conservation
tillage on potato yield. Journal of Agricultural
Mechanization. 7 (2), 19-30. (In Persian).
https://doi.org/ 10.22034/JAM.2022.15716.

Heidari, A., Haji Agha Alizadeh, H., Yazdanpanah., A.
R., and Amiri Parian, J. (2017). The effect of
different tillage methods and fertilizer application
on soil physical properties and c orn yield. Journal
of Water and Soil Science. 20(78):103-112. (In
Persian).
http://dx.doi.org/10.18869/acadpub.jstnar.20.78.10
3.

Higgins, J. P., and Green, S. (2011). Cochrane handbook
for systematic reviews of interventions. John Wiley

& Sons, 4,570.

Hilshey, B., Bench, C., and Tessieri, L. (2020). 4
practical guide to no-till and cover crops in the
Mid-tlantic. https://projects.sare.org/wp-
content/uploads/No-till-and-Cover-Crop-
Implimenation-Third-Edition-online.pdf

Khaliliagdam, N., Hasani, R., and Mir-Mahmoodian, T.
(2018). Meta-analysis of some effective factors on
wheat production in Iran. Journal of Agricultural
Crops Production, 20(1): 191-204. (In Persian).
https://doi.org/10.22059/j¢i.2017.60475.

Knowler, D., and Bradshaw, B. 2007. Farmers’ adoption
of conservation agriculture: A review and synthesis
of recent research. Food Policy, 32:25-48.
https://doi.org/10.1016/j.foodpol.2006.01.003.

Mohammad Ghazinejad, M., Monjezi, N., Rahnama
Ghahfarokhi, A.,& Sheikhdavoodi, M. J.(2022).
Effect of tillage method and wheat residues on
physical productivity of water and corn yield in
Dezful city. Journal of Sustainable Agricultural and
Production Science. 32(1): 17-33. (In Persian).
https://doi.org/10.22034/saps.2021.43900.2604.

Mohammadi, K. h., Nabi Allahi, K., Aghaalikhani, M.,
and Khoramali, F. (2009). Study on the effect of
different tillage methods on the soil physical
properties, yield and yield components of rainfed
wheat. Journal of Plant Production, 16(4): 77-91.

(In Persian).
https://dor.isc.ac/dor/20.1001.1.23222050.1388.16.
4.5.6.

Mohseni, M., and Haddadi, M. H. (2016). Evaluation of
different tillage systems and plant densities effects

Ghanbaryan Alavijeh, H. R., Ahmadi Chenarbon, H., and
Zand, B. (2014). Effect of different tillage methods
on soil physical properties, and yield of two forage
maize cultivars in Varamin Province. Journal of
Agricultural Mechanization. 1(2): 89-96. (In
Persian)

Ghasemil, A., Ghanbari, A., Fakheri, B.A,. and Fanaie,
H.R. (2016). Effect of different fertilizer resources
on yield and yield components of grain maize (Zea
mays L.) influenced by tillage managements.
Journal of Agroecology. 7(4): 499-512. (In
Persian). https://doi.org/10.22067/jag.v7i14.43938.

Ghaseminejad Raeini, M., Sheikh Davoodi, M., Almasi,
M., Bahrami, H., Zand, E., and Alamiisaeid, K.
(2014). Effect of tillage, fertilization and weed
control methods on corn yield in the Northern part
Khuzestan. Journal of Agricultural Engineering. 36
(2): 1-16. (In Persian)

Giller, K.E., Witter, E., Corbeels, M., and Tittonell, P.
(2009). Conservation agriculture and smallholder
farming in Africa: The heretics’ view. Field Crop
Research.114:14-23.
https://doi.org/10.1016/j.fcr.2009.06.017.

Haddadi, M. H., and Mohseni, M. (2015). Comparison of
different tillge systems effect on forage silage yield
of corn. Journal of Research Findings in Improving
Crop Production. 1(1): 55-66. (In Persian)

Hamzei, J., and Borbor, A. (2014). Effect of different soil
tillage methods and cover crops on yield and yield
components of corn and some soil characteristics.
Journal of Sustainable Agricultural and Production
Science. 27(3): 35-47. (In Persian)

Hasanzadeh Moghadam, H., Muhammad Galavi, M.,
Ramroudi, M., and Sharifi, H. R. (2017). Influence
of tillage method and residue retention on yield and
some agronomic characteristics of forage maize in
water stress conditions. Journal of Sustainable
Agricultural and Production Science. 27(4): 137-
151. (In Persian)

Heidari, A. (2022). Meta-Analysis of the Effect of
Subsoilinge on Potato Yield. Agricultural
Mechanization and Systems Research. 23(80), 71-
86. (In Persian).
https://doi.org/10.22092/amsr.2022.360309.1428.

Heidari, A. (2023). Meta-Analysis of the Effect of
Conservation tillage on irrigated wheat yield in
Iran. Jornal of Researches in Mechanics of
Agricultural. 11(4),105-115.(InPersian).
http://doi.org/10.22034/JRMAM.2022.13885.589.

Heidari, A. (2025). Meta-analysis of the effect of
subsoiling on the yield of wheat, sugar beet, corn
and cotton in Iran. Journal of Research in


https://doi.org/10.22067/jag.v7i4.43938.
https://doi.org/10.1016/j.fcr.2009.06.017
https://doi.org/10.1016/j.fcr.2009.06.017
https://doi.org/10.22092/amsr.2022.360309.1428
http://doi.org/10.22034/JRMAM.2022.13885.589.
https://doi.org/10.22034/JRMAM.2025.14975.728.
https://doi.org/10.22034/JRMAM.2025.14975.728.
https://doi.org/%2010.22034/JAM.2022.15716.
http://dx.doi.org/10.18869/acadpub.jstnar.20.78.103
http://dx.doi.org/10.18869/acadpub.jstnar.20.78.103
https://projects.sare.org/wp-content/uploads/No-till-and-Cover-Crop-Implimenation-Third-Edition-online.pdf
https://projects.sare.org/wp-content/uploads/No-till-and-Cover-Crop-Implimenation-Third-Edition-online.pdf
https://projects.sare.org/wp-content/uploads/No-till-and-Cover-Crop-Implimenation-Third-Edition-online.pdf
https://doi.org/10.22059/jci.2017.60475
https://doi.org/10.22059/jci.2017.60475
https://doi.org/10.1016/j.foodpol.2006.01.003
https://doi.org/10.1016/j.foodpol.2006.01.003
https://doi.org/10.22034/saps.2021.43900.2604
https://dor.isc.ac/dor/20.1001.1.23222050.1388.16.4.5.6
https://dor.isc.ac/dor/20.1001.1.23222050.1388.16.4.5.6

55950 5 85,95 S S Judol 3

o7

soil  properties. Final report. Agricultural
Engineering Research Institute. (In Persian)

Soltani, E., and Soltani, A. (2014). Necessity of using
meta-analysis in field crops researches. Journal of
Crop Production. 7(3): 203-216. (In Persian)

Van den Putte, A., Govers, G., Diels, J., Gillijns, K., and
Demuzere, M. (2010). Assessing the effect of soil
tillage on crop growth: A meta-regression analysis
on European crop yields under conservation
agriculture. European journal of
agronomy.33(3):231-241.
https://doi.org/10.1016/].€ja.2010.05.008.

Von Braun, J., Byerlee, D., Chartres, C., Lumpkin, T.,
Olembo, N., and Waage, J. 2010. 4 draft strategy
and results framework for the CGIAR. 20 March
2010. CGIAR, the World Bank, Washington D.C.

Wang, Y., Zhang, Y., Zhou, S., and Wang, Z. (2018).
Meta-analysis of no-tillage effect on wheat and
maize water use efficiency in China. Science of the
Total Environment, 635, 1372-1382.
https://doi.org/10.1016/j.scitotenv.2018.04.202.

Zeidali, E., Moradi, M., & Fathi, A. (2022). Quantitative
and qualitative response of corn yield as influenced
by tillage methods and nitrogen consumption.
Journal of Applied Field Crops Research. 35(2):85-
105.
https://doi.org/10.22092/aj.2023.354173.1542.

on silage corn yield after wheat harvesting. Journal
of Research Achievement for Improvement Crop
Production. 2(2): 1-20. (In Persian).
https://doi.org/10.5897/AJAR2016.11473.

Nael, M., Salehi, S.S., Hamzei, J., and Zandi Baghche-
Maryam, M. (2023).  Three-year effects of
conservation tillage and cover crop on selected soil
quality indicators and corn yield components.
Journal of Water and Soil. 36(6):773-785.
https://doi.org/10.22067/jsw.2022.78321.1195.

Nisi, A., Parsaeian, M., Gholami, A., Baradaran Firooz-
Abadi, M., and Hamid Abbasdokht, H. (2017). The
effect of tillage management, salicylic acid and
mycorrhizal fungi on soil respiration, and some
growth characteristics of maize. Iranian Journal of
Field Crop Science.48(3):889-900.
https://doi.org/10.22059/ijfcs.2018.239089.654362

Noble, J. H. (2006). Meta-analysis: Methods, strengths,
weaknesses, and political wuses. Journal of
Laboratory and Clinical Medicine,147(1): 7-20.
https://doi.org/10.1016/1.1ab.2005.08.006.

Nunes, M. R, Karlen, D. L., and Moorman, T. B. (2020).
Tillage intensity effects on soil structure indicators
- A US meta-analysis. Sustainability, 12(5): 2071.
https://doi.org/10.3390/su12052071.

Nunes, M. R, Karlen, D. L., Veum, K. S., Moorman, T.
B., and Cambardella, C. A. (2020). Biological soil
health indicators respond to tillage intensity: A US
meta-analysis. Geoderma.369,114335.
https://doi.org/10.1016/j.geoderma.2020.114335.

Pittelkow, C. M., Linquist, B. A., Lundy, M. E., Liang,
X., Van Groenigen, K. J., Lee, J., and Van Kessel,
C. (2015). When does no-till yield more? A global
meta-analysis. Field crops research,183, 156-168.
https://doi.org/10.1016/j.fcr.2015.07.020.

Ried, K. (20006). Interpreting and understanding meta-
analysis graphs: A practical guide. Australian
family physician, 35(8).

Rothstein, H., Sutton, R., Alexander J., and Borenstein,
M., (2005). Publication Bias in Meta-Analysis:
Prevention, Assessment and Adjustments. John
Wiley and Sons Ltd.

Scopel, E., Silva, F.A.M.D., Corbeels, M., Aftholder, F.,
and Maraux, F. (2004). Modelling crop residue
mulching effects on water use and production of
maize under semi-arid and humid tropical
conditions, Agronomie. 24:383-395.

Shahraki, F. A. (2009). Effects of tillage methods and
wheat residue management on corn yield and some


https://doi.org/10.5897/AJAR2016.11473
https://doi.org/10.22067/jsw.2022.78321.1195
https://doi.org/10.22067/jsw.2022.78321.1195
https://doi.org/10.22059/ijfcs.2018.239089.654362
https://doi.org/10.22059/ijfcs.2018.239089.654362
https://doi.org/10.1016/j.lab.2005.08.006
https://doi.org/10.3390/su12052071
https://doi.org/10.1016/j.geoderma.2020.114335
https://doi.org/10.1016/j.geoderma.2020.114335
https://doi.org/10.1016/j.fcr.2015.07.020
https://doi.org/10.1016/j.eja.2010.05.008
https://doi.org/10.1016/j.eja.2010.05.008
https://doi.org/10.1016/j.scitotenv.2018.04.202
https://doi.org/10.1016/j.scitotenv.2018.04.202
https://doi.org/10.22092/aj.2023.354173.1542.

