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1 -LEPA, low-energy precision application; MESA, mid-
elevation spray application
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Table 1- Soil physical and chemical properties of field soil at the time of soil preparation

SB Ges EC S omss JrIwe] v SBocaL
Soil depth (m) (ds m) Organic carbon (%) P (mgkg?!) K (mgkg?') Soil texture
0-0.2 7.43 11 . 10.2 188 CL-SiCL
0.2-0.4 7.68 0.93 0.93 5.2 140 CL-SiCL
0.4-0.6 7.76 0.57 0.57 34 95 SiCL
0.6-0.8 7.62 0.36 0.36 2.2 77 SiCL
0.8-1.0 7.77 0.34 0.34 1.6 77 SiCL
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Figure 1- Rainfall distribution in two years pInting 2017-2018 and 2018-2019
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Table 2- Tillage treatments characteristics in main plot
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Tillage methods  Abbreviation Tillage and planting machines traffic y
Py 9 MT ol sl + 2155 L oo
(Conventional T (Moldboard ploughing + MT steps) !
tillage) plougning P
i CH MT Jole sl + sz 7
(Chisel) (Chisel ploughing + MT steps)
. axty g sy Sl + S S + 533l (3355 L 3L s Sg00 Sd 53
i Slosiy S s, b 3l +
(Minimum MT _ TR m TR R _ . 6
tillage) Two perpendicular disks+ fertilizing centrifugal machine+ disking+
furrowing+ planting with pneumatic row planter
SipSt NT 35S B Sologty Wiy b paiS (gLl o cdlS (Blypus 2

(No-Till)

Spraying+ Planting in wheat residues with NT Pneumatic row planter
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Figure 2- Different tillage treatments of sugar beet
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Figure 3- Appearance of sugar beet in different tillage treatments in the development stage
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Table 3- Results of sugar beet water consumption for two consecutive years

=15 S &b 5295 <!
Crop year Irrigation date Inflow (mm)
NT CH MT CT
25.7.96 (17.10.2017) 86.8 1349 1173 1189
1.8.96 (23.10.2017) 63.1 706 724 64
10.8.96 (1.11.2017) 55.4 619 625 624
1396-97 22.8.96 (13.11.2017) 55.5 49.3 526 531

26.9.96 (17.12.2017)

(2017-2018) 1177196 (31.12018)

55.6 645 518 517
55 557 446 494

26.12.96 (17.3.2018) 68.8 755 728 734

27.1.97 (16.4.2018) 63.4 701 668 739

2.3.97 (23.5.2018) 94.7 938 942 943

Total gsaxe 5984  676.3 6353 641
1397-98 23.7.97 (15.10.2018) 771 131.9 1166 1275
(0182019) 29797 (21102018) 63.9 891 951 975
16.2.98 (6.5.2019) 945 962 947 942

Total ¢gexe

2355 317.2 306.4 3195
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Figure 4- Effect of tillage methods on soil penetration resistance in mid stage of sugar beet growth
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Figure 5- Average comparison of penetration resistance index in different tillage management
(Similar letters indicate no statistical difference)
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Figure 6- Average of branch number for two sugarbeet variety in different tillage managements
(Similar letters indicate no statistical difference)
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Figure 7- Effect of different tillage management on soil bulk density
(Similar letters indicate no statistical difference)
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Figure 8- Comparison of soil organic carbon percent at sugar beet harvest
(Similar letters indicate no statistical difference)
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Table 4- Combined analysis of variance for yield and water productivity of sugarbeet
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Source Root yield  Sugar yield Root water productivity Root water productivity
(Year) Ju 8019™ 4.7 20.2" 0.36"
R(Y) Jbo 1,5 45" 1.8m 0.86" 0.03m
(Till) 55515 96.2" 2.7 2.46" 0.07"
(YXTIll) gys815x L 80.4" 3.9 1.25m 0.04"
(Error) las 205.3 2.6 3.8 0.05
(Variety) o3, 318.5" 36.17 8.99" 81"
(YearxVariety) 5% L 1640™ 30.5™ 32.95™ 0.72"
(TillxVariety) o ,x¢;,55 90.9m 3.1m 1.87m 0.05"
(YearxTillxVariety) o3x.s;,sSlx Lo 211" 3.2m 4.09 0.06"
(Error) s 53.2 15 1.08 0.03
(CV) el oo 10.3 15 10.9 144

sl 3 ze 7N g b Jlein] paws > o 4yt ¥R G
*and **:Significant at the 5% and 1% levels of probability respectively.
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Table 5- Comparison of mean yield and water productivity in two sugar beet cultivars and tillage methods

ﬁé) ‘5})3‘5& 4‘“".'.) S)SJ.o& JS"‘“ ")SJ”& 4*"".’.) u‘ $99°% 0% )s‘“’ u‘ $99°% 0%
Variety Tillage Root yield Sugar yield  Root water productivity Root water productivity
(ton/ha) (ton/ha) (kg/md) (kg/m?®)

NT 69.272 8.612 9.98? 1.26%
LJb CH 74.622 9.522 9.86? 1.28¢2
Palma MT 68.642 8.05? 9.382 1.132
CT 79.918 9.982 10.68? 1.35%
NT 69.20? 7.842 9.982 1.142
b CH 65.352 6.792 8.382 0.892
Sharif MT 67.892 7.102 8.992 0.96°
CT 69.392 7.492 9.102 1.002
oSbe Palma Ly 73.112 9.042 9.98? 1.26%
Mean Sharif s 67.96° 7.30° 9.11° 1.00°

A I ine M ells (Lol Sl 5] aliie g
Similar letters indicate no statistical difference
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Table 6- Comparison of mean effect of year and variety on sugar beet yield and water productivity

o O <l 5590 %
Jw =2 adyy o Sles SuiaSles M TIE0 S
. . . Root water
Year Variety Root yield Sugar yield productivity Root Wz’_:lt_el'
productivity
L 80.22 8.6° 9.8° 1,040
Js Palma ' ' ' -
o St 86.7° 8.4° 106° 1.03"
L
; P;I ma 66° 9.52 10.2¢ 1.46°
£3
eeene si;:f 49.2° 6.2° 7.6° 0.96

A e BB (gl (gylol Jlai I aliie By
Similar letters indicate no statistical difference
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Introduction: North of Khuzestan province is one of the major areas for autumn sugar beet planting.
Conventional tillage (CT) is widely practiced by sugar beet growers in this region. CT in sugar beet consists of
burning wheat residue, using deep plowing with a moldboard plow or ripper plowing followed by several passes
of disking, leveling, and furrowing. These aggressive tillage practices have many negative consequences for soils.
Losses of soil organic carbon decreases soil permeability and consequently increases soil erosion and surface
runoff. Therefore, applying conservation agriculture principles in sugar beet planting, conservation of residues and
elimination or reduction of tillage, can help to optimize water use management and improve soil health on a farm
scale. The objectives of this study were (i) to determine the possibility of direct planting of autumn sugar beet in
wheat residues, (ii) to estimate sugar beet yield and crop water productivity (WP) under CT, chisel (CH), minimum
tillage (MT) and no-tillage (NT) systems, (iii) to evaluate the response of sugar beet cultivars (Sharif and Palma)
to different soil tillage systems, and (iv) to determine the effect of soil tillage systems on some soil physical
properties.

Materials and Methods: A field experiment was conducted for two years (2016—2017) at the Safiabad Dezful
Agricultural Research Center (32° 14.44°-32°15.93" and 48° 25.41°-48°47). The soil of the study site was deep,
well-drained with a silty clay loam texture. The mean annual precipitation and evaporation are 317 and 2400 mm,
respectively, with an elevation of 108 m above mean sea level. Irrigation water was supplied from the Dez
irrigation network without any salinity restrictions. The experimental was conducted in a split-plot arrangement
based on a randomized complete block design with three replicates. The main-plot treatment was tillage method
and the subplot treatment was two sugar beet cultivars (Palma and Sharif). Tillage treatments included
conventional tillage (CT) (moldboard ploughing + MT steps), chisel (CH) (chisel ploughing + MT steps),
minimum tillage (MT) (two perpendicular disks, fertilizing centrifugal machine, disking, furrowing, planting with
pneumatic row planter), and no-tillage (NT) (spraying, planting with NT pneumatic row planter). The length and
width of each plot were 100 and 6 m, respectively, and row spacing was 75 cm.

Soil penetration resistance or cone index (CI) readings were recorded in 2 cm increments to a depth of 50 cm
using SP1000 digital penetration tester to reflect the soil compaction. Soil bulk density was determined in 0-10
and 10-20 cm layers. In the first and second year, sugar beet samplings were done 216 and 220 days after planting,
by harvesting a row of 75 cm with length of 10 m (7.5 m?). WP was calculated by dividing the root and sugar yield
to irrigation water and effective rainfall (effective rainfall was calculated every year with SCS method). Composite
data analysis and mean comparison were performed with MSTATC statistical software.

Results and Discussion: Results of Cl showed no significant difference between four tillage methods at 0-10
cm depth. With increasing depth up to 30 cm, slight differences in soil compaction were observed for different
tillage treatments, especially in the second year. Overall, compaction in the 0-50 cm profile in the CT and CH
method were about 45% and 33%, respectively, lower than NT method, whereas in MT method it was about 37%
higher than NT method. Results of root branch number analysis showed that the NT and CT treatments had the
lowest branching (2.67 and 2.83, respectively) and the two CH and MT treatments had the highest branching (4.2
and 5.3, respectively). Therefore, NT had no negative effect on root growth of sugar beet. The results of bulk
density measurements in the 0-10 cm layer were consistent with the results of the Cl, but at depth of 10-20 cm,
NT method with the highest bulk density (1.71 g cm=) had significant difference with the other three tillage
methods. Tillage method had no significant effect on root and sugar yield and root and sugar WP. However, in CT
treatment, root yield increased by 6-8.5% and sugar yield by 6-12%, while root and sugar WP in NT treatment
was about 8% higher than in the other three tillage treatments. On the other hand, changing climate conditions,
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especially rainfall during two years of the experiment, resulted in significant interaction between year and cultivar
for yield and WP at 1% probability level. In the first year, the yield of Sharif cultivar (86.7 t ha™) was higher than
Palma (80.2 t ha'l), but in the second year, despite the decreasing yield of both cultivars, higher resistance of Palma
cultivar to Cercospora disease resulted in a significant increase in sugar yield and WP over last year.

Conclusion: The two-year results of this study showed that the direct planting of autumn sugar beet in wheat
residues (NT) is possible. Sugar beet yield and WP were not significantly different in tillage methods, but NT
reduced tillage traffic from 7 times to 2 times and reduced energy consumption. The response of the two sugar
beet cultivars to different tillage methods was the same and among them the Palma cultivar had the highest yield
because of its higher resistance to Cercospora disease.

Keywords: Autumn sugar beet, Cone index, Soil bulk density, Surface irrigation, Tillage



