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This study was carried out as a split-plot based on randomized complete block design with
16 treatment combinations and in 4 replications for three crop years 2018-2020 in the
Gachsaran agricultural research center. The experimental factors included tillage method
(A) with two levels Ai= conventional (moldboard plow + disk harrow) and Az=
conservation (No-Till) which were placed in the main plots, and rotation (B) with eight
levels consisting of 1) wheat - wheat (control), 2) barley-barley (control), 3) forage (Tolo
variety) - wheat, 4) forage - barley, 5) canola - wheat, 6) canola - barley, 7) chickpea - wheat
and, 8) chickpea-barley were placed in sub-plots. Also, Karim wheat, Khoram barley, Tolo
cluster flower vetch, Adel chickpea, and Hayola 401 canola were used. These products were
included in a periodic rotation of three years. The results showed that the increase in yield
in wheat rotation was 19.3, 18.2, and 20.7%, respectively, and in barley rotation was 18.2,
18.6, and 10.2%, respectively, compared to continuous wheat and barley cultivation. The
highest amount of plant biomass in wheat treatments was obtained by 9352 kg ha™* from the
forage rotation option and the highest wheat grain harvest index with of 36.6% was obtained
from the canola-wheat rotation option. In barley treatments, the highest values of plant
biomass and harvest index were obtained from forage and canola -barley rotation options,
respectively. The conservation cultivation method in the canola rotation option increased
the amount of moisture in the soil and reduced the specific gravity of the soil. There was
the lowest amount of phosphorus and the highest amount of potassium and soil organic
carbon percentage in this periodic option. Due to the higher productivity, it is recommended
to farmers to alternate wheat and barley crops with canola in conservation tillage conditions,
and at the same time, chickpea and forage crops should be used in the middle of their
rotation period. Therefore, the acceptance of this system by farmers requires the
implementation of this study in dryland conditions, and in this way, it is possible to preserve
agricultural land.
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Mean squares

Grain yield Biological yield
Variation source df Harvest index
Year 2 106729707.8™" 581078630.6 " 460.6™
Errora 9 282550.1 5405264.1 56.2
Tillage Method 1 583553.3 " 237304.7" 98.8M
Year x Tillage Method 2 504684.5 " 12866538.7 ™ 104.6™
Error b 9 136186.3 1330572.4 5.33
Rotation 7 14877905 4159829.6" 30.2"
Year x Rotation 14 871739.4™ 3305909.4" 404"
Tillage Method x Rotation 7 211598.14 1311250.9 10.2m
YxTMxR 14 373181.62" 1933771.5m 5.62n
Error ¢ 126 283147.2 2304897.1 18.9
(%)Coefficient Variation (C.V) 175 17.2 125
PAS il (adls g ol edgicn; @l 3,Slee gl g (65,951 g, (o Sl sl Sibe (sumlio £ Jgua
Year/ Tillage Method Variation
Harvest index Biological yield Grain yield /Rotation source
(%) (Kgha)
37.3a 12199 a 4509 a 1397-98
35.2b 7822 b 2578 b 1398-99 Crop year
31.9¢c 6424 c 2058 ¢ 1399-00
1.326 662.7 212 LSD 1%
355A 8850 A 3104 A Conservation(No-Till) .
34.1A 8780 A 2994 A Conventional Tillage Method
LSD
34.4 AB 8403 BC 2736 be Wheat - Wheat
32.8B 8206 C 2651 ¢ Barley- Barley
34.2 AB 9352 A 3265 a Forage - Wheat
34.9 AB 9019 ABC 3133 ab Forage - Barley Rotation
36.6 A 8848 ABC 3235a Rapeseed - Wheat
35.3 AB 8983 ABC 3144 a Rapeseed - Barley
35.7A 9249 AB 3302 a Chickpea - Wheat
345 AB 8460 BC 2922 abc Chickpea - Barley
5% = 2.489 5% = 867.3 1% =401.7 LSD

bl e doyd iy a3 I dee BB dgrg pis sad U g ya )0 alde gy *

3 290 Sl (aSld g (BLS 0355 paiS aly 3 Shos 35,30 Jelge Jlite il cadllas cnl 53 (e
Jol Jls 3 0us 3y (o5 Slio (598 gy x Jls ™ (a5 elge 51 )0 a5 ol Lt s ploe nl 3 .28, )3
@ eyl Jlo 3 pousye g (bl cutS Lyl > il 3 )Slas a5 gygboas (B Jgi) 2092 Jo)55 5 polie 0 5V 5l el
etls 35g 35 (LS 9355 (sl Ll o MBS (5 s IS S8 53 SIS FFAA 5 FOY- L i
099y 3l ped Jlo 15 o yd YVIF liie ay il e ls jlade oy 3V gy Cglite o8 gults ccudly py adli 550 13 g
el Casdy cpgye gy 3l e Jlo 3 (30,0 YIR) ol Jade (208 g ble> oS
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Crop year Tillage Method Grain yield (th?l(;loglcal yield Harvzeos/z)lndex
1397-98 Conservation 4520 a 12251 a 37.2a
Conventional 4498 a 12148 a 37.3a
1398-99 Conservation 2576 b 7401 be 37.4a
Conventional 2582 b 8243 b 329b
1399-00 Conservgtion 2216 ¢ 6900 ¢ 32.0b
Conventional 1901 c 5949 d 31.9b
LSD 5% = 208.7 1% =937.2 1% = 1.876

oS ggmdy D I3 gxe Cuildy asls g 0dgicm ) S aily 3,Sles (ggy Mgl x JU" Jlize Sl sl lis gl
o F Jgiz) 2ol sy g2 — adsle 5 puiS — dgle gl slojloss 31 gl Sl 5 003 3k Chio dus y 3 olie 5V
IS 5 a5 = BIS (ol (sl ol 3Vl a8 (S olizn b pgw 5 p92 sl b 3 45 39 Jo 13 Camidg
Jodo b jiie dlasly e (3 g wlidie pAS (2LS 0dgiCunj g a3 Slos Ciio 90 2 (glyy gy cpl b ol g —
pswyo 5 Bl cutS) Lol j2 )3 ¢l ciliseo (slaglis o )lkeds bl bl wguons (S (9l (sloasy 5
Al 4y ey sliwly 53 g gl ol @ slawl b eplplo el wnlgs o icglhae 5, Sles gl Cole)y pas 4y Cows
Colum (elyj gty (clyal B 3 g (uiitame) (blis CuiS o 1y 123 paS S ool p3Y (ol (65luk 95, Shoe
Sl aoyy VoAV oy alisee glod,Sloe i3l a8 Mdwy doncs (pl &y w5 5> (2009) Rockstrom et al. .8
39S s Ll 533l (L 35 65505 adlllas cunl 0ad oanliie pogus o (559 &) s (Bl (65)9LES s
(Hofmeijer et al., 2019) <l yiulj8l powye (55)9S B b dunlio 13 1o pd VO 9 VA IS 0355 9 piiS wiby 5,Slos
FY Hlake pliS plie CuiS 4y G 3959 1 dmy S ) puiS 5)Sdas 05)S ol 3.5 (1996) Stevenson & Van Kessel
el li8l as s
S ilond § oS30 Slogas F—F
SB JT a5 -1
o 5 S35 55,98 iy o J ol Y Jps2) 48 o iae S T )8 oy sl 3550 (slay5iSE J
Glate Jlaie 5 YL e cpl yd sl (il S 1 50,8 doyd Jlade i (slynl b dr s wcilisee (clavgls
b lis T3l doyd /VBD g /Y (i S g2 g pAIS Miee CadS ) o &S 39y Ao pd VNV +D L ST gl 43S 4
bliy bis o blis i) 3l edlinwl &5 5,5 45135 (2009) Garcia-Orenes et al. 5 (2009) Madejon et al. (Y J)
I oS 203 puiS iS5 (65,985 9 bl b )3 puiomad 95 0 S J odle il 8l crge SB a3 &L
(Nadeem et al., 2019) wib 138 3l paiS wils 5,Slas (2l58 )3 Wlgs o yol (pl &S 391 YU Sy YA S
SB Sygcagb, F-Y-Y
ol 5 S0 )l g iml Sl 08D gl dlioe Ll )3 olS Gl el st (S )3 39290 Cash,
S gyta bl =Y Y 3 SB )3 39090 Cagby pdlie (ialojl (pl 1 g 039 wae sl Llyd ol 53 p5es wlils
oy e g sl 5 Jlo Sl oS ol (Lt el ls 4o gl AB (S8l (2ol VoY g o=V e gla Gas)
J93a) 18 )b e duoyd 5 (6 )lol prlaw y3 0056 S0l Gas 93 m 1 SB LS9 Cagby doyd p gl X (55,95
Orpet A5 SB (3 Cugb) 80> i carge S gy sbaY 5 Al (35emy 4 sl 55y by, £ (A
sliS 36 SB i cushy aoys 9, SB ST esle 5l L alS ol g5
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. Grain yield Biological yield ~ Harvest index
Crop year Rotation (Kgha) (%)

wheat - wheat 4605 bc 12031 a-c 38.1a-c
barley- barley 3927d 10862 ¢ 37.3a-d

Forage - Wheat 5232 a 13480 a 39.5a
Forage - Barley 4413 b-d 12431 ab 36.6 a-d

1397 - 1398 Rapeseed - Wheat 4825 ab 12468 a 39.1ab
Rapeseed - Barley 4145 cd 11979 ab 34.8 b-e
Chickpea - Wheat 4901 ab 13408 a 36.6 a-d
Chickpea - Barley 4025d 10938 hc 36.4 a-d
wheat - wheat 1979 h-j 7589 de 35.9a-d
barley- barley 2543 e-g 8200d 34.4c-e
Forage - Wheat 2538 e-g 7702 de 33.5d-f
Forage - Barley 2756 ef 7898 de 349 b-e
1398 - 1399 Rapeseed - Wheat 2576 ef 7619 de 34.8 c-e
Rapeseed - Barley 2790 e 7711 de 36.6 a-d
Chickpea - Wheat 2739 ef 7877 de 35.4a-e
Chickpea - Barley 2710 ef 7977d 35.8 a-¢

wheat - wheat 1625 ij 5591 f 29.1¢gh

barley- barley 1483 j 5558 f 26.8h
Forage - Wheat 2027 g-i 6873 d-f 29.7 f-h
Forage - Barley 2230 fgh 6727 d-f 33.2d-g
1399 -1400 Rapeseed - Wheat 2305 e-h 6456 ef 35.9 a-d
Rapeseed - Barley 2497 e-h 7261 de 34.5c-e
Chickpea - Wheat 2266 e-h 6463 ef 35.1b-e
Chickpea - Barley 2032 g-i 6465 ef 315eg

LSD 1% = 526.5 5% = 1502 5% =4.31

il g doyd gy s 33 S0 e OB 3gag pas oaB LS ygiw 2 50 dlde g

SB IS oy ol ol g 5559 gy Jelse S il 3 Y S

Mean squares

Organic carbon (%) df Variation source
0.003612"s 1 Replication
0.0008 1 Tillage method
0.00002 1 Error
0.0062 " 7 Rotation
0.00274 s 7 Tillage method x Rotation
0.00603 14 Total error
7.32 (%) Coefficient variation

e Yl &5 A5 paside 5 a8, )8 low g 4o 3,90 gl X (55,98 gy lie 3l S0 b )
i &S (Ve Jgie) sol oty g2 = 151 g puiS — IS 09l sy 35 51 5 bli> g, 0 S i Cagb) 20>
il S laidle 5 4905 dgut0 50 IS LG 585 o 1S Brosdes (sbodilyy 2939 Jud 4y Sy 0
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Mean squares

Moisture cotent of the soil

Variation source 0-10cm 10-20 cm
Year 2 452.6 ™ 623.13 ™
Error 9 10.966 6.78
Tillage method 1 6.45 s 5.10 s
Year x Tillage method 2 9.76"™ 293
Error 9 3.46 0.391
Rotation 7 4,494 1.473*
Year x Rotation 14 0.626™ 0.055"™
Tillage method x Rotation 7 3.766 ™ 2191
YxTMxR 14 1.241m 0.413 s
Total error 126 1.301 0.781
(%) Coefficient variation 13.2 8.21

*k kNS

o)> Sy g gy Jn] o )3 Jhins bine yf cuiia T

SB 52 peatw ey YTV
S 3 ol 1S e & e3g 5 lb ogase pa (5Seilul (S o815 b)) sl tsy o eslie ) S
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@yl bl 5o Jelos plo oy ylo dme OS] 2939 pis 5 gl 3l doncs 3 jId ime MR Dgag 5 (S g ySojluil oyl
g 3 el oo pto Loy p)S VFY 9 VVA p3lis lawgio jgbos lags pSojlil ol aoxis (V) Jgia) 592 adllae
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OiblS pl canl 0l Coley g g pAS L cilisee slagls aslllas oyl (il )3 aSol 4 dn g b dg datuiio (53 pdiges
oS Jgame blay elyj ol Jlasl b1y il “j Sdiols iulial g S 5> gl oo Ol 31 does )0 Wilgs oo



VEoF 93 6 ylasis oy g oloely 8599 ooyt oy Gl osle o

b SB @ easailol Jolge o5 bl wisd o N dlge (I3 carge g ond 03958 S 4 (LS bl plo 5
SB sl jogase pr gy g ord yS 55 (655w LS (o) @l ploml g0 )3 N el u T Cas pus
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Moisture cotent of the soil

Commented [D1]: gla)) dsaa (o) 4 e 3 anlia dae 2

LA g

Variation source Treatment 00cm 10-20 om
1397-98 113a 139a
Crop year 1398-99 86b 10.8b
1399-00 6.0c 77¢c
LSD 1% 1.069 0.359
Tillage method Conservgtion 8.8 A 109a
Conventional 8.4 A 10.6 a
LSD
wheat — wheat 8.8a-c 10.6 bc
barley- barley 8.7 abc 10.6 bc
Forage — Wheat 93a 11.1a
. Forage — Barley 81lc 10.8 a-c
Rotation Rapeseed — Wheat 9.1ab 11.1ab
Rapeseed — Barley 8.4 be 10.8 a-c
Chickpea — Wheat 8.3 bc 10.8 a-c
Chickpea — Barley 8.2¢c 104c
LSD 1% = 0.861 5% = 0.505
bl ge Y gine BB 335 pas s kind LS gt yb 50 alde Bgys
SBSig by 203 g2 "ogl X (55,986 gy Jelge ol SIS ke duglio Vo Jgaa
. . Moisture cotent of the soil
Tillage Method Rotation 0-10 cm 10-20 cm
wheat - wheat 89a-d 99b
barley- barley 95ab 10.8 ab
Forage - Wheat 8.5b-e 11.3a
Conservation Forage - Barley 75e 10.5ab
Rapeseed - Wheat 8.7 a-e 114a
Rapeseed - Barley 99a 113a
Chickpea - Wheat 8.3 b-e 10.8 ab
Chickpea - Barley 7.7 de 10.4 ab
wheat - wheat 8.6 b-e 10.2a
barley- barley 9.1a-c 10.4 ab
Forage - Wheat 89a-c 11.1a
Conventional Forage - Barley 8.7 b-e 11.1a
Rapeseed - Wheat 8.1c-e 11.1a
Rapeseed - Barley 8.4 b-e 11.3a
Chickpea - Wheat 8.4 b-e 10.7 ab
Chickpea - Barley 8.7 b-e 10.4 ab
LSD 1% 1.218 0.944
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Mean squares
Bulck density of the soil (gcm®)

Variation source df 0-10 em 10-20 cm
Year 1 0.012ns 0.034 s
Tillage Method 1 0.0045 ns 0.027 s
Error 1 0.0018 0.012
Rotation 7 0.0357 " 0.0097 *
Tillage Method x Rotation 7 0.0077 0.00132 "
Total error 14 0.0059 0.0027
(%)Coefficient Variation - 7.86 45

17
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m0-10 0966 0989 115 106 096 099 089 085 095 096 1.28
m1020 112 118 119 123 1.14 112 107 1.09 118 112 144
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Variation Bulck density of the soil (gcm®) Mean Bulck density
source Treatment 0-10cm 10-20 cm of the soil (gcm™)
Tillage Method Conservation 0.966 A 112a 1.043
9 Conventional 0.989 A 118 A 1.085
LSD
wheat - wheat 115a 1.19ab 1.17
barley- barley 1.06 ab 1.23a 1.145
Forage - Wheat 0.96 b-d 1.14 b-d 1.05
Forage - Barley 0.99 be 1.12 b-d 1.055
Rapeseed - 0.89 cd 1.07 cd 0.98
: Wheat
Rotation Rapeseed - 0.97
Barley 0.85d 1.09d
Chickpea - 1.065
Wheat 0.95 b-d 1.18a-c
Chickpea - 1.040
Barley 0.96 b-d 1.12 b-d

LSD 5% 0.1166 0.079 -
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