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ABSTRACT

Golestan Province is located in Northern Iran asdone of the cotton-rich provinces of the countilyis region
used to have the highest cotton cultivation, baengly the cultivated area has significantly dec@éto the point
of oblivion due to such factors as long growth pdrihigh cost, and being uneconomical. Anothertsgia product
of Golestan Province is wheat, which due to itsdfils root can be alternately cultivated with cott@ultivating
two strategic products in the same year and inghme field is important both for the agriculturestd for the
province in terms of food supply, employment, axdle raw materials. No-till farming—i.e. sowing uindisturbed
soil and in wheat straw residue—allows the agriari#t to cultivate cotton shortly after harvestingneat. Another
benefit of no-till farming is the reduced growthripd. This method is the best solution for increasihe cultivated
area and income of farmers. The present researemies the effect of four types of tillage operaion the
performance of three varieties of cotton in a spldt design in randomized complete block desigtha Cotton
Research Institute of Hashemabad Agricultural 8tatiThe results of three years of experiment sugties
significance of performance and performance comptsmevhere low-till cultivation leads to 695.8, 227and
129.5 kg/ha increase in yield compared to diskselfilisk, and moldboard/disk treatments. Also timalver of bolls
has increased at the 99% confidence interval, whilerease in boll size has not been significantrtiver,
morphological measurements showed that plant haigjmtificantly changed, while the number of monagloaind
sympodial branches did not change significantiynafiy, the results show that no-till system incesasoil’'s water
storage capacity.
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INTRODUCTION

Cotton production and related industries are amihyegmost important sources of employment and incfone
different countries around the world. This prodiscan essential raw material in textile and oilgsrendustries in
many countries. Cotton-cultivated area in Iran wesviously 224 hectares, and in that time cottors weainly

cultivated in Golestan, Mazandaran, Khorasan, Rdexkazi, and Mugan Plain, and Golestan Province the

highest cotton cultivation with 65 ha [9, 15]. 181D, the total cotton-cultivated area was 9101thHean and 8243
ha in Golestan Province. Cotton is a floweringotiitedonous plant of the family Malvaceae, geneitzigddus, and
genus Gossypium. Genus Gossypium was named byaiisna 1753, and by 1947 only 20 species of thimige
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were identified. Cotton grows annually in cold dethperate regions and perennially in warm regidi2. [Cotton
requires a growing season of more than 150 days 8ot only provides fiber for the textile indug, but is also
an oilseed whose cake can be fed to cattle [8]er@tare few revolutions in agriculture that ocaurany one
lifetime. For thousands of years tillage and adtice were synonymous, and it was difficult to thiof growing
plants without tillage or without controlling weeddowever, with the advent of modern herbicidedtivation
without tillage became a reality. No-till farmin@rsists of planting crops in unprepared soil witHeast 30%
mulch cover [24]. To prevent soil erosion and ridinaf least 30% of soil surface must be covereth vésidue after
planting the next crop (USDA-NRCS). Repeated irtensllage on soils in the tropics and subtrodieads to soil
loss, reduction in soil nutrients and organic nraitecluding soil organisms), release of soil cartho atmosphere,
undesirable changes in soil structure, and redwazgér infiltration and moisture-holding capacityor@ervation
tillage has greater impacts on erosion rates tmamooff and infiltration [11]. Long-term agricultal sustainability,
maintaining soil health, and agricultural produityiventail preventing nutrient depletion due to stamt plowing
[14]. In order to maintain and improve soil fettiliand achieve a sustainable agriculture in thei¢s and
subtropics, it is necessary to stop mechanicalejparation and keep a permanent cover of the Abthe same
time adequate quantities of plant residues shoeléddded to the system (more than 6 t/ha/year ofrditer in
semi-arid climates and more than 10 t/ha/year pfndiatter in humid climate) [7]. Field studies cadiout in India
from 2002-2003 through 2004—2005 have shown thed setton yield significantly increase in the reeldicillage
(RT) system as compared to the conventional tillel@€) system. The tillage-species interaction hias &#een
significant. Averaged over years, Asiatic G. Arhoreproduced 8% less seed cotton with treatment tRa2 with
CT. Upland, G. hirsutum produced 118-134 kg/hatamdil seed cotton on the RT than with CT [4]. 3n{995)
found that subsoiling provided significant improwemh over disk-harrow tillage, where average yieldréases
were 14.7 and 8.2% in the non-irrigated and ireda¢nvironments respectively. However, anotherystimbwed
that crop yield was not affected by tillage systétjsBauer and Frederick (2005) studied how thktgpe that the
crop is grown on and the tillage practices usegrtaluce the crop affect fiber properties at spedifcations within
the crop canopy. They found that fibers at spegifisitions within the canopy differ in length amdmicronaire
between conventional and conservation tillage wiaémfall was limiting during boll development. Theiso found
that the range of micronaire values within the gnwaas greater on the soil that was more suscegptibtirought.
Nyakatawa (2001) showed that no-till and mulchgitstems with cover cropping and poultry litter caduce soil
erosion and as well increase cotton growth andlialds, thus improving sustainability of cottonilsan the
southeastern USA. A study showed that, among @liagctices, deep plowing significantly increasedled seed
cotton yield (15.22 g/ha), boll weight, number all§/plant, and plant height as compared to redymegaratory
tillage (11.34 g/ha) [16]. Ishaqg (2001), Pettigramd Pettigrew (2001), and (2002) also reported grgoerformance
in no-till as compared to conventional tillage. BAr§1999) found that cotton yield and quality wewat affected by
tillage systems. One of the effects of plant residutanagement and conservation tillage on the saditdreased
water storage capacity of the soil. Depending anwieather conditions and soil type, no-till farmicen increase
soil water, which is due to increased soil permégland reduced evaporation with sufficient crasidue [20].
Others have also reported the positive effect okeovation tillage with crop residue in preventsil erosion and
increasing soil permeability [3, 5, 6]. In sum, servation tillage and crop residue can be effedirencreasing
cotton yield and reducing production costs. Mamgdi&s have shown that no-till management can redasts and
improve performance compared to conventional &If23, 18].

MATERIALS AND METHODS

To examine the effects of tillage systems on perforce, morphology, and soil moisture of three Vi@seof cotton
in Gorgan, a three-year experiment (2009-2011) emxlucted in Hashemabad Station which is affiliatéth

Cotton Research Institute of Iran (CRII). The stadfield had been under wheat cultivation in thevpous year,
and seedbed preparation was done at four levelsdimg conventional tillage, chisel, disk, and riage after
wheat harvest. During seedbed preparation, 100akgftosphate and 100 kg/ha nitrogen were appligdesoil.
The experiment was done in a split plot arrangenrereandomized complete block design and in foptications.
The distance between the rows was 80 cm, and si@ndie between plots and between blocks was coeditie be
3 and 5 m respectively. Seeds were disinfectedrbdieing planted and were sowed with a seed plattier to
plant in untilled soil. Weeding was done in theetirteaf stage and at 20 days age. After the seamadling,
thinning was performed in two dates before the-fead stage so that the distance between shrubidweach 20
cm. special pesticides and herbicides were used wheessary.
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To determine soil moisture, samples were taken filmensoil 48 hours after irrigation from 30 and &6 depths.
After weighting the sampled soils on a digital scafth an accuracy of 0.01 g, the samples wereedl@e an oven
at 100° C for 24 hours. Soil moisture was obtaiaftdr weighting the dry samples. With the openifpadls, five
shrubs were harvested from each plot and their hubogy and performance (e.g. number of bolls arbviseights)
were evaluated. Finally, boll performance was camgey harvesting two rows from each plot. The dates
analyzed suing SAS software and mean attributeg wempared at 1% and 5% levels using Duncan’s pheilti
range test. Moreover, Excel was used for drawiag@ims.

RESULTS

Morphology, performance, and performance components

Statistical analyses indicate the significanceafgrmance between tillage treatments and varieti¢se 1% level
(Table 1). Considering the table, there is a sigaift difference in terms of number of bolls, buat significant
difference can be observed for the weight of 1dsbdoll weight is one of the fixed attributes dfet studied
varieties. Morphological measurements show thaitsheight decreases with reduced tillage, whilenineber of
bolls and overall crop performance increases. Thehber of monopodial and sympodial branches wasffetted
by tillage systems.

Table 1. Mean squares of shrub height, number of nmmpodial and sympodial branches, number of bolls peplant, boll weight, and
overall performance of the treatments in the period2009-2011

Number of Number of

Treatment df Sh'rub Monopodial Sympodial Number of Bolls Weight of 10 Performance
Height Branches Branches per Plant Bolls in a Plant (kg/ha)

Year 2 320.1%° 4584 480.57 2462.5T 7125.87 110887174.3
Replication 8 138443 1.20° 16.63" 25.09" 37.73 908359.7
Tillage 3 21.5%° 1.08* 6.41% 64.03 101.83S 3004725.4
Tillage x Year 6 376.08 0.37¢ 8.92' 177.29 12.33 1358545.86
Variety 2 175264 1.21% 2.07¢ 571.19° 46.87'° 1237237.3
Year x Variety 4 150.36 1.9 9.48* 251.65 727.62 1297033.1
Variety x Tillage 6 155.8% 0.78 10.44' 18.98" 15.69" 370151 .58°
Year x Tillage x Variety 12 12498 1.21 3.87* 44,53 58.08' 575078.7

Notes:" "~ significant at 1% and 5% level$; not significant

The effect of year on all treatments has been fitgimt at 95% CI. Performance and performance corapts have
been better in 2010 than the other two years. Bagseuieteorological investigations, precipitatiord aamperature
in 2010 were less than 2009 and more than 20110 a sun plant and has better performancerinysweather.
Mean precipitation and temperature in the years9Zl1 are provided in Table 3. As can be seenalbleT 2,

difference in shrub height between conventionégi# and no-tillage systems is 1.95 cm, and tHferéince is
22.18 cm between varieties. Mean performance arfdmpeance components have been more in no-tillage tn

conventional tillage, where differences in perfont® number of bolls, and weight of 10 bolls ar&,691, and
3.33 respectively.

Table 2 . Comparing mean shrub height, monopodialred sympodial branches, number of bolls, boll weightand performance of all
tillage treatments across the period 2009-2011

Treatment Sh_rub Number of Monopodial Number of Sympodial B(_)II Number of Performance
Height Branches Branches Weight Bolls (kg/ha)

No-Tillage 105.79a 2.58a 11.49a 37.7a 22.33a 2872.8
Disk 106.63a 2.52a 10.58a 34.69ah 21.18a 2043.3a
Chisel/Disk 106.82a 2.33a 10.79a 34.53ab 21.18a 4.984
Moldboard/Disl 107.76i 2.18¢ 10.42: 32.79 19.00t 1477.01
Varieties
Shirpan 111.89a 2.56 11.11a 35.7a 24.57a 2027.5a
Armaghan 108.66a 2.39a 10.86a 34.95a 20.84b 1978.5a
B-557 89.71t 2.25¢ 10.68: 33.66¢ 17.36¢ 1715.71

Different varieties have significantly differentrf@mance and height (Table 1), with Shirpan havimg highest
performance and height (Table 2), while B-557 hdsveer performance. No significant difference issetved
between varieties and tillage systems, that idemdift tillage operations on different varietiesvdndnad similar
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effects. However, these effects have become sogmifi at the 1% level by adding year to the intéoacti.e.
weather conditions affect tillage system, and Hage farming is most desirable in warmer weathed with less
precipitation.

Table 3. Mean precipitation, minimum temperature, aad maximum temperature in the period 2009-2011

Year Precipitation Minimum Temperature Maximum Temgiure

2009 648.5 7.767 31.07
201( 360.< 8.28:¢ 31.8¢
2011 71C 6.€ 29.61

Source: Statistics from Hashemabad Synoptical@taGorgan
Soil moisture
Measurement of soil moisture in 0-30 cm and 304®0depths show that relative moisture varies adrmesgments.
This difference is greater in 0-30 cm than 30-60. émalysis of variance of the data related to sodisture
indicates that there is no significant differentvieen treatments in 0-30 cm and 30-60 cm deptlgairés 1 and 2
respectively display soil moisture at 0-30 cm i92@&nd 2010.
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Figure 1. Percentage of soil moisture at 0-30 cm pléh across tillage treatments (2009)

As shown in the above figure, at all measuremetesdthe highest moisture level is observed in thdillage
treatment and the lowest moisture level is obsemede moldboard/disk treatment. A similar coratitican be seen
in Figure 2. At 0-30 cm depth, the highest moistleneel belongs to the no-tillage treatment, white towest
moisture level belongs to the moldboard/disk trestinin other words, in both 2009 and 2010 sodted with no-
tillage has stored higher levels of moisture. Teason for such a difference in moisture can bébated to the
residual cover that prevents direct exposure tdightn Moreover, higher moisture levels in the iltagje treatment
may a one of the reasons for the better performahtigs treatment.
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Figure 2 .Percentage of soil moisture at 0-30 cm pléh across tillage treatments (2010)

CONCLUSION

The results of the experiments suggest signifidéférences between tillage treatments in perforteaand number
of bolls. This significant difference must be calesied in light of weather conditions which is aedetinant for
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tillage systems. Warmer weather conditions withisigint precipitation are more desirable for cottmmtivation
and for the no-tillage system. More rainy days aess sunny hours reduce the effect of low-tillagstem.
Significant difference in the performance of tikagystems in the three-year period on the one haddbenefits
such as reducing fuel consumption, saving timentaaiing soil nutrients, and reducing costs ondtter make no-
tillage systems a useful alternative for revivimgton cultivation in Golestan Province. Increaseatewx storage
capacity of the soil is another advantage of usindillage farming. Considering the essential rofewater for
cultivation, especially cotton cultivation, increaswater storage capacity due to crop residue ccaerprotect
plants against evapotranspiration.
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