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Fig.1. Inter-row tillers (a- Combined cultivator equipped with chisel and crescent blades, b- Simple cultivator equipped
with crescent blades ,c- Crescent cultivator + inter row and d- Combined cultivator equipped with rotary and sweep blades)
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Table 1- Some soil physical and chemical properties of the test site
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depth  conductivity (pH) g 1) phosphorus  potassium () () y
(cm) (ds. m?) (%) ' (mg. kg'?) (mg. kg
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Table 2- Variance analysis of inter-row tillage effect on soil cone index

ol i Aolie @y SK Gos
< ?; 5" &35 Soil depth (mm)
~ df 50 100 150 200 250 300 350
Year Jl 1 79350™  432016.7° 510416.7°  173400™ = 254204.2™ 292604.2™ 22042
Error ls 4 40383.3 48441.7 34154.2 67658.3 182345.8 322529.2 563466.7
G2 O iy S 3 28633.3"°  143694.4™ 7449447  25022.2*  38970.8*  256637.5* 492181.9*
Inter-row tillage
G omsinSE e g geauam 4og944"  242278™  248444™  72603™  88837.5™ 460375
Yr*Inter-row tillage
Error s 12 5988.9 9036.1 16731.9 13625 16273.6 53545.8 153072.2
*,™: Significant at 5 and 1% of probability levels, respectively. N 5 70 Jlais] o )3 )l sine o ey s g
™: Non Significant Doiine ™
(Sl Ko) S bgyste padls p (3 w6595 sladyy 51 5x0ke dlia =Y Joua
Table 3- Mean comparison of inter-row tillage methods effect on soil cone index (MPa)
O &39S SB Gos
s, Soil depth (mm)
Inter-row 50 100 150 200 250 300 350
tillage
T, 02b 0.4bc 0.51a 0.58ab 0.8a 12a 192a
T, 0.35a 0.65a 0.6a 0.66 a 0.75ab 1.21a 1.88a
T, 0.21b 0.28¢c 0.33b 05b 0.61b 0.77b 1.34b
T, 0.27ab 0.5ab 0.53a 0.6ab 0.72ab 1.01ab 1.5ab

35505 70 Sz aws 53 5SS (glasals dix 905wl olol ©glss sitan Sl By clyls 45 gie ya dlacl

Numbers, in each column, followed by the same letter(s) are not significantly different at 5 % of probability level

based on Duncan’s multiple range tests.
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Table 4- Variance analysis of inter-row tillage effect on soil bulk density

. . S Gos
) JOVEY I 91 09 NHETSH
?g\f" é P Soil depth (mm)
s 0-100 100-200 200-300
Year L 416.6™ 40837.5™ 12604.1"
Error s 4 2566.6 725 154.1
2 Om S0 e 3 5394.4™ 45670.8™ 31781.9™
Inter-row tillage
o) o S35 p J 3 3394.4" 75708 16448.6™
Yr*Inter-row tillage
Error s 12 327.7 1141.6 315.2

*, ™" Significant at 5% and 1% of probability levels, respectively.

" None. Significant
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Table 5- Mean comparison of inter-row tillage methods effect on soil bulk density (g.cm™)

83y o 83956 S Gos
Inter-row tillage Soil depth (mm)
0-100 100-200 200-300
T, 1.18b 1.39a 149 a
T, 122a 145a 148a
T3 1.18b 1.26b 1.36 b
Ty 1.23a 145a 147 a

)05 7Y Jleas) gaws y3 (Sl (glaials dix 905wl (6ylel ogls diad Sl gy glyls 45 gy dlae]
Numbers, in each column, followed by the same letter(s) are not significantly different at 1 % of probability level- using Duncan’s
Multiple Range Test.
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Table 6- Analysis of variance of treatment effect on quantitative and qualitative yield of sugar beet

" ol
KVCRR] ,Slo.c
oy s ‘ 28es e GHHE sl
Ol s qilio T ak,  SdaSls S S5 o ealiy o pudns o
S.0.vV 2 Root  Sugaryield ~ White (owde) Na K N White
df yield Sl—!gfg Molasses sugar
yie yield
content
Year L 1 164.28" 44.88"™ 56.58"™ 0.77™ 41.7" 0.32" 0.96™ 896.7"™
R(Y) 4 60.38 0.66 0.34 0.08 0.52 0.78 0.07 8.7
Irrigation s, 1 164.28™ 1.61™ 0.57™ 0.18™ 0.01™ 0.07™ 0.04™ 1.07™
d*{( " Ju 1 11041®  520% 420" 0.03" 022" 095"  0.16™ 23.06™
Error s 1 91.85 2.16 1.05 0.16 0.16 0.7 0.2 45
B2 O g 3 37.92® 084" 0.38" 0.1" 019™ 07 0.26"™ 9.7"
Inter-row tillage
2 O ‘\S(ﬁfu »dbe 3 59.42™ 1.39™ 0.99™ 0.05™ 0.21™ 0.57™ 0.18™ 6.47™
S 0 STl 3 2043° 103 091" 0.04™ 014 052 025" 752"
Om S5 BX g )llX Sl
iy 3 50.62™ 1.34™ 0.75™ 0.09™ 0.08™ 0.27™ 0.24™ 7.04™
Y*I*T
Error s 24 51.92 1.22 0.76 0.06 0.11 0.24 0.11 3.94
e
Coefficient of variation 15.06 14.29 14.32 17.85 16.4 7.5 14.86 2.54

(%)

*,™": Significant at 5% and 1% of probability levels, respectively
" None. Significant
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Table 7- Mean comparison of quantitative and qualitative yield of sugar beet in different treatments

3 Slos 3 Slos P 3,Ses A8 > Slos
. . - e e Jlassw! cu o
st iy RS e QABD ey 0P e
Irrigation Root Sugar Whlt_e sugar Mo_lasses Na K (%) 8 yio Whit
yield yield yield yield (%) N (%) Ite sugar
(thal)  (tha?) (tha?) (tha) content (%)
Iy 49.708a 7.907a 6.187a 1.419a 1.969a 6.641a  2.215a 78a
I, 46.008a 7.540a 5.967a 1.295a 1.996a 6.563a  2.276a 78.3a
) OG5S
Inter-row tillage
T, 46.983a 7.707a 6.065a 1.361a 1.929a 6.762a 2.252a 78.3a
T, 49.350a 7.946 6.269a 1.374a 2.011a 6.464a 2.102a 78.4a
T3 45.775a 7.356a 5.845a 1.237a 1.847a 6.338a  2.183a 79.1a
Ty 49.325a 7.885 6.130a 1.455a 2.144a 6.844a  2.446a 76.9a
. o2 oS
skl Y
Irrigation Inter-row
tillage
T 46.783a 7.481a 5.776a 1.425a 2.015a 7.002a 2.330a 77.2a
| T, 52.917a 8.416a 6.586a 1.500a 2.023a 6.568a 2.117a 78.2a
! T3 47.517a 7.575a 5.987a 1.304a 1.863a 6.402a  2.213a 79
Ty 51.617a 8.154a 6.398a 1.446a 1.975a 6.593a  2.202a 77.7a
T, 47.183a 7.933a 6.354a 1.296a 1.843a 6.522a  2.173a 79.4a
| T, 45.783a 7.475 5.952a 1.248a 1.998a 6.360a 2.087a 78.6a
2 T3 44.033a 7.137a 5.703a 1.170a 1.830a 6.275a 2.153a 79.1a
T, 47.033a 7.615a 5.863a 1.464a 1.313a 7.095a 2.690a 76.1a

35505 70 Jless] paws 53 5SSl (glaals dix 905wl o ylel @glds ditan Sl Bgy> clyls a5 gie p dlacl
Numbers, in each column, followed by the same letter(s) are not significantly different at 5 % of probability level- using Duncan’s Multiple
Range Test.
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Table 8- Analysis of variance of treatment effect on water use efficiency
o dpan gl ool g Ol Bpae of,18

2l dpan 1)

ol i palie &35 4y audg 3,Skos. _yol S5 3 Sdos (ol b ;S 3 Sdos
S0V df Wat;er use efficienc Water use Water use efficiency
based on root ieldy efficiency based on based on White sugar
y sugar yield yield
Year Jus 1 71.724™ 3.546" 3.068"
R (Y) 4 0.629 0.013 0.007
Irrigation ¢ Ll 1 4.745™ 0.181" 0.139"
el 2 Ju 1 2.289"™ 0.173" 0.148"
Y*I
Error s 1 1433 0.027 0.013
k) On S5 SE 3 0.519™ 0.014™ 0.007™
Inter-row tillage
B Oon i ) Jl 3 1.209™ 0.02" 0.014™
Y*T
) O ﬁf—f 2SIV 3 0.294" 0.017" 0.014"
23y O 859X 5 )lIX Jlo 3 0.968"™ 0.019" 0.011"™
Y*I*T
Error s 24 0.708 0.017 0.011
(30 )3) Slyeis g pi
(%) Coefficient of variation 1483 1395 1394
*,™": Significant at 5% and 1% of probability levels, respectively TN 9 70 o] e 53 I3 jine i iy i g
™ Non. Significant o gine pe ™

Table 9- Mean of water use efficiency in different treatments

ol 0 Ol Bpae of,8 5,Sdos lwl o Of B e T, 18 ol 3 ol Bao of,8

sk P 3 ySes P S Y5 3 ok
I'rrig at‘i on Water use efficiency based Water use efficiency based on ~ Water use efficiency based
on sugar yield sugar yield on White sugar yield
(kg. m®) (kg. m”) (kg. m®)
Iy 5.361a 0.875b 0.690b
I, 5.575a 0.998a 0.738a
) O SiSB
Inter-row tillage

T 5.585a 0.931a 0.740a

T, 5.749a 0.964a 0.768a

T3 5.442a 0.890a 0.713a

T, 5.361a 0.961a 0.754a

sl ) OGS
Irrigation  Inter-row tillage

T, 5.046a 0.818a 0.638a

| T, 5.532a 0.937a 0.739%a
! T3 5.139% 0.830a 0.660a
Ty 5.727a 0.915a 0.723a

T, 6.124a 1.044a 0.842a

| T, 5.967a 0.990a 0.796a
2 T3 5.746a 0.951a 0.767a
Ty 5.121a 1.007a 0.785a

5,105 70 Jleas! pdawd 5SSl (lasely six 905l arb g (g lol coglds sitann Sy gy (s a8 g ya sl
Numbers, in each column, followed by the same letter(s) are not significantly different at 5 % of probability level- using Duncan’s
Multiple Range Test.
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Introduction: Soil compaction reduces soil porosity and thus, increases the resistance and bulk density of the
soil. These changes limit water and air movement and root penetration in the soil and ultimately, they may
reduce the seed germination and the crop yield. For planting sugar beets, tractors and equipment need to move
several times on the ground, which is a factor in soil re-compaction and the loss of the effects of previous tillage.
Therefore, if, after planting, inter-row tillage was done, it can have a positive effect on reducing the bulk density
of the soil and it may even increase yield.

Materials and Methods: An experiment was conducted to determine the effect of inter-row tillage on the sugar
beet yield and its quality and water use efficiency during two years cropping period (2016-2017) in Ekbatan
Research Station, Hamadan with loam texture soil. A strip plot experiment with eight treatments and three
replications was used. Irrigation regimes consist of 100% of sugar beet water requirement (I,) and 75% of sugar
beet water requirement (l,) were considered as main plots. Inter-row tillage operations consist of combined
cultivator equipped with chisel and crescent blades to 20-25 cm soil depth (T), a simple cultivator equipped
with crescent blades (T,), crescent cultivator + inter-row subsoiling to 30-35 cm soil depth (T3), combined
cultivator equipped with rotary and sweep blades to 20-25 c¢cm soil depth were considered (T, ) as sub-plots.
During the experiment, some physical properties of soil including bulk density and soil cone index were
measured. At the end of the growth season, the root yield and yield of white sugar were measured and analyzed
statistically.

Results and Discussion: The results showed that the effect of inter-row tillage methods on the soil bulk density
and soil cone index was significant. The T; treatment (crescent cultivator + inter-row subsoiling to 30-35 cm soil
depth) had the highest effect on reducing the cone index and bulk density of soil, but the lowest root yield was
obtained. Due to the low spacing of rows (50 cm) in the sugar beet cultivation, as well as the structure of the
subsoiler and its depth, it is possible that the subsoiling caused the moving of the roots and minor damage to it.
The effects of irrigation and inter-row tillage and their interactions on quantitative and qualitative yield of sugar
beet were not significant. The results of analysis of variance of treatment effect on the water use efficiency
showed that the effect of inter-row tillage on the water use efficiency was not significant. The effect of water
requirement on the water use efficiency on the basis of sugar and white sugar performance was significant at 5%
probability level. The treatment of 75% of water requirement increased the efficiency of water use based on the
root yield, sugar yield and white sugar yield by 4%, 14% and 7%, respectively. Therefore, with the goal of
reducing water consumption and not significantly reducing the yield, after plant establishment, it can reduce
water use by about 25%.

Conclusions: The effect of inter-row tillage on the cone index and bulk density of soil was significant and
subsoiling treatment caused a further reduction of these two indices compared to the other inter-row tillage
methods. The effect of inter-row tillage and water requirement on root and sugar yields was not significant.
According to the results, after planting completely establishment, the water use can be reduced by about 25%
(this decrease in the total length of sugar beet growing was about 15%).

Keywords: Cultivator, Inter-row subsoiling, Soil compaction, Sugar beet, Water requirements
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