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Table 1- Meteorological details of the study site (Dryland Agricultural Research Station, Maragheh) from 2010 to
2014, and average the long- term (Mahmoudi, 2015)
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2010-2011 3514 1108.6 -4.95  21.46 242 1214 7.09 130 52.45
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Long- trem 336.5 1757 -4.2 235 4.2 14.6 9.4 128 47.5
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Table 2- Technical specifications of equipments used in the study
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Fig. 1. Soil moisture content at assigned plots for different treatments (Before tillage opration)

CT: Mold board plough plus diskharrow, RT: Chisel packer, MT: Stubble mulch cultivator, NT: No tillage
In each soil depth range, means followed by similar small letters are not significantly different at 5% according to Duncans Multiples Range Test.
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Table 3- Combined variance analysis of soil moisture variability compared to initial state at flowering and before
harvesting stages of wheat

Mean square of soil moisture SK Cogb, Ol o (wSbe

et gl df Flowering st REFR Before harvesting cusls s 51 b3
Sources of variation owering stage 0 efore harvesting cuils s 51 Ju8
0-10 cm 10-20cm 20-30cm 0-10cm 10-20cm 20-30cm
Year Ju 3 10771** 7509** 8105.6** 2237.9** 846.2** 1284.9**
Error Jlo clks 12 123.2 2175 267.4 195 24.3 75.7
Treatment )l 3 303.9** 2299** 423.6** 514** 310.5** 178.5**
YearxTreatment jlos X JLo 9 137.9*%* 114.4%* 50.86™ 79.3%* 36.8** 1.17"
Error 5 cls 36 31.5 38.9 27 8.5 8.4 8.1
CV (%) <lyuss oo 7.2 6.8 4.2 13.1 19.0 20.5

xe pt NS woyd 1 Jlaas! aaws j3 )b gxe I**
e Significant at 1% of probability level ns: Non-significant
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Fig. 2. Effect of tillage systems on soil moisture variability in different soil depth at flowering stage of wheat (Average

of 4 years)

CT: Mold board plough plus diskharrow, RT: Chisel packer, MT: Stubble mulch cultivator, NT: No tillage
In each soil depth range, means followed by similar small letters are not significantly different at 1% according to Duncans Multiples Range Test.
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Fig. 3. Effect of tillage systems on soil moisture variability in different soil depth before harvesting of wheat (Average

of 4 years)

CT: Mold board plough plus diskharrow, RT: Chisel packer, MT: Stubble mulch cultivator, NT: No tillage
In each soil depth range, means followed by similar small letters are not significantly different at 1% according to Duncans Multiples Range Test.
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Table 4- Combined variance analysis of soil bulk density at flowering stage and before harvesting of wheat

Mean square of soil bulk density S 5,80 ogasw o5 Slay jo (wSSbe

e é)lm . df Flowering stage a5 als Before harvesting cuwils y 31 Ju8

Source of variation g stage & Ll 9 LR
0-10cm 10-20cm 20-30 cm 0-10cm 10-20cm 20-30cm
Year Ju 3 0.025** 0.0052** 0.00024** 0.0424** 0.0711** 0.084**

Error Jls clks 12 0.001 0.0003 0.00004 0.0021 0.0009 0.001
Treatment )l 3 0.052** 0.0229** 0.02274** 0.0563** 0.0413** 0.006**
YearxTreatment jlosX JLo 9 0.007** 0.0023** 0.00017* 0.0004" 0.0005ns 0.000™

Error JS slas 36 0.001 0.0002 0.00006 0.0012 0.0006 0.001

CV (%) &lyuss oy 3.0 1.2 0.6 3.2 2.0 2.3

* Fx

I xe pt NS oyd D g oy 1 Jless) pdaw )3 s gz cuifa !
***: Significant at 1% and 5% of probability levels respectively, ns: Non-significant
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Fig. 4. Effect of tillage systems on bulk density during flowering stage and before harvesting of wheat in 0-30 soil

depth
CT: Mold board plough plus disk harrow, RT: Chisel packer, SC: Stubble mulch cultivator, No: No tillage
In each column, means followed by similar small letters are not significantly different at 1% according to Duncans Multiples Range Test.
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Fig. 5. Effect of tillage systems on soil bulk density in different soil depth at flowering stage of wheat (Average 4 years)

CT: Mold board plough plus disk harrow, RT: Chisel packer, MT: Stubble mulch cultivator, NT: No tillage
In each soil depth range, means followed by similar small letters are not significantly different at 1% according to Duncans Multiples Range Test.
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Fig. 6. Effect of tillage systems on dry bulk density in different soil depth before harvesting of wheat (Average of 4

years)

CT: Mold board plough plus disk harrow, RT: Chisel packer, MT: Stubble mulch cultivator, NT: No tillage
In each soil depth range, means followed by similar small letters are not significantly different at 1% according to Duncans Multiples Range Test.
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Fig. 7. Effect of tillage systems on soil infiltration rate
CT: Mold board plough plus diskharrow, RT: Chisel packer equipped roller, MT: Stubble mulch cultivator, NT: No tillage
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Table 5- Combined variance analysis of yield and yield compentent of wheat and rainfall use efficiency

Mean of square ey wsibe

uij)ls
wti 2alo ayd i1 f aslis
Bl . Jsb 2l i sass S ojs o s s s 5 Sos 51 ealizu!
Source of &35 i s . ; 0395 Connet 5 L
variation df i’ ) & 50 &l Stubble Grain ’ - s
Spike  Seedper g0 2 T yield yield Biomass Rainfall
length spike yield Use
Efficiency
Year Ju 3 10.12**  140.73** 23757** 101.6ns 12118092**  1286578**  21125219** 1.66**
Error Jls cls 12 0.59 8.34 3925 48.0 277472 15667 408441 0.14
Treatment ks 3 0.28™ 0.21™ 769* 2.1™ 164906* 20765* 302131* 0.26**
et > Jo 9 016® 0357 280" 0.9%  77436™ 12342 150858™ 0.13*
YearxTreatment
Error Js sles 36 0.12 1.40 242 0.9 49954 5855 83626 0.06
CV (%) - 6.6 7.7 5.2 3 6.2 55 5.8 5.4

hsxe pé NS o3 D g o 1 Jlass! o 3 I3 dixe wui gy 2*5
***! Significant at 1% and 5% of probability levels respectively, ns: Non-significant
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Table 6- Combined variance analysis of biomass, grain and stuble yields of vetch

8 gl @35l aa 3,50 ©lay g0 (1Sl
Source of variation df Mean square of yield
8395 Canny aild s
Biomass Grain Stubble
Year Ju 3 13045600** 1689258** 5637667ns
Error Jls clas 12 80397 3980 73150
Treatment s 3 46133* 2414* 27964*
Year * Treatment ,los ,> Jlo 9 21356ns 920ns 15496ns
Error 5 lls 36 20063s 1433 11401
CV (%) 55 44 6.3

S ixe p NS o d D g aop 1 Jleisl pdaw )3 jly sme it g
**,*: Significant at 1% and 5% of probability levels respectively, ns: Non-significant
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Table 7- Mean comparison of effect of tillage sysytems on dryland forage and wheat yields

adgle >,Slos PRV
) Farage yields (kg ha) Wheat yields (kg ha)
$50956 la g, o)
Tillage systems s aild : s PHE 03¢5 Comnad
Stubble Grain _”9’ Stubble Grain Biomass
Biomass
. A 1715.7 877.0° 2592.7% 3679.7° 1403.4* 5083.0°
Chisel packer
IS o allE
S ¥l o813 1634.4°  8542°  2488.6°  35205°  1353.7°  4874.2°
Mould board plough + Diskharrow
. d 1728.1° 882.2° 2610.1° 3743.3° 1432.6° 5175.9%
Direct drilling
S inSe 1702.1®  866.8®  2569.0®  3569.8° 1365.6" 4935.4°
Stubble mulch cultivator
Moigne Solis Bl 76.6 27.1 1016 160.3 54.9 207.4

LSD5%

(P<0.05) )55 55355 b (6l sime gl (g lol JLas 31 eySSI 90T lslyy cygir y 55 S jiiio Cgy> (slyls dlael
Values followed by the same letter in each column are not significantly different according to Duncan’s new multiple range test at
the 5% level of probability
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Table 8- Mean comparision of morphological traits of dryland wheat in various tillage systems

S, sl @1,

et M Job Al d aily A D I 0je 4
Sis9SB b, Spike Seed per i s s Rainfall use
Tillage systems Length X ikF()e Crore sy efficiancy
o — e
Chisel packer
iy g + S, ol oS 5.1° 15° 297" 30.5° 4.3
Mould board plough+ Diskharrow
ofitane sl 5.3 15% 310° 30.0° 4.6°
Direct drilling
S pe 59Ss 5.4° 15° 295" 30.6° 4.3
Stubble mulch caltivator
LSD1% b _ine coglis 3l 0.3 1.0 11.4 0.7 0.9

(P<0.01) 55,15 S0us b aoys 1 Jlosl gdaws p> (6 sime cglis (gylel ,as 51 (Sily gosl bl ygim y 43 S yidia g > gyl slsel
Values followed by the same letter in each column are not significantly different according to Duncan’s new multiple range test at
the 1% level of probability
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Fig. 8. Relationship between spike per squre meter and wheat yield
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Introduction

Winter wheat is an important, well-adapted grain crop under dryland condition of the northwest of Iran. Soil
water is the most limiting resource for crop growth in dryland areas. Therefore, farmers need to use crop residues
and minimum tillage to control the soil erosion and effectively store and to use the limited precipitation received
for crop production.

Crop rotation and tillage system could affect crop yield due to their effects on water conservation and soil
chemical and physical properties. Galantini et al., (2000) studied the effect of crop rotation on wheat
productivity in the Pampean semi-arid region of Argentina and found that a wheat—vetch (Vicia sativa L.)
rotation resulted in higher yield and protein content, and greater yield components than the other rotations.Payne
et al. (2000) stated that where precipitation amount is marginal (400 mm), dry field pea offers a potential
alternative to summer fallowing. The purpose of this study was to identify the optimal tillage system for
increasing crop productivity in a vetch—-wheat rotation in dryland farming of the northwest of Iran.

Materials and Methods

The field experiment was carried out from 2010 to 2014 at the Dryland Agricultural Research Station
(latitude37° 12°N; longitude 46°20'E; 1730 m a.s.l.), 25 km east of Maragheh, East Azerbaijan Province, Iran.

The long-term (10 years) average precipitation, temperature and relative humidity of the station are 336.5 mm,
9.4 oC and 47.5%, respectively. The soil (Fine Mixed, Mesic, Vertic Calcixerepts, USDA system; Calcisols,

FAO system) at the study site had a clay loam texture in the 0-15 cm surface layer and a clay texture in the 15—
80 cm depth.

This study was conducted in vetch (Vicia pannonica)- wheat (Triticum aestivum L.) rotation. The experiment
was arranged in a randomized complete block design with four replications. The tillage treatments consisted of
(1) conventional tillage: moldboard plowing followed by one pass of a disk harrow (CT); (2) reduced
tillage:chisel packer (CH); (3) minimum tillage: Stubble mulch cultivator (MT); and (4) no-till (NT) with
retained previous crop residue.

At beginning prior to the tillage operation, only wheat stubble was present on the soil surface. A uniform
tillage treatment was applied to all plots using a chisel packer in October. A shallow tillage was also performed
using a tandem disk harrow just prior to winter vetch planting. In the second, third, fourth and fifth years, the
tillage treatments for the vetch and wheat planting were similar. A winter wheat cultivar (Azar 2) was sown 6 cm
depth at a rate of 350 seeds per square meter with an Alvand conventional and Baldan NT 250 no-till drill.
Vetch cultivar Golsefied was drilled 8 cm depth at a seeding rate of 85 kg ha * using Alvand drill.

The following parameters were measured: heads of wheat per square meter, 1000-kernel weight, kernels per
head, head length, plant height, and wheat grain yield. Grain yield was obtained with a plot combine harvester.
The dry matter content was determined and yield corrected to a standard moisture content of 130 g kg 2.

Rain use efficiency (RUE) was calculated by dividing dry weight of grain yield by growing season
precipitation.

Soil water content and dry bulk density were measured gravimetrically (drying method, w/w) in cropping
seasons.

Results and Discussion
Conservation tillage treatments resulted in water saving in soil layers. In both stages of soil sampling, the
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most soil moisture variability to initial state was observed in plots which planted as no-tillage. The moisture
variability of no-tillage system was 23.4% higher than that of conventional tillage system at 10-20 cm soil layer
in flowering stage of wheat.

Effect of treatments on soil bulk density in different soil depths illustrated that conservation tillage can
reduce soil bulk density during four years.

According to the results of this study the overall infiltration in no-tillage was 1.58 times more than that of
conventional tillage system.

Yields under no-tillage and reduced tillage were higher (4% and 6% respectively) than conventional tillage.
Grain yields under direct drilling were similar to those obtained using the reduced-tillage (Chisel packer) system.

Conclusions
Based on the results of a 4-year field study on a dryland production system in the northwestern cold
continental climate of Iran, minimum- or no-till winter wheat crop production in a vetch-wheat rotation were the
most efficient soil management practice from the standpoint of grain yield production and rain use efficiency.

Owerall, in this study, the no-tillage treatment is proposed as the best treatment in terms of grain and biomass
yields and mechanical properties of soil.
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