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Table 1- Combined analysis of variance for the effects of tillage and intercropping with bean on quantity and quality yield of
sunflower during 2013 and 2014 growing seasons.
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S.0.V df Biological yield Seed yield % oil Qil yield % protein Protein yield
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ns, * and **: non-significant and significant at 5 and 1% probability level, respectively.
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Table 2- Means comparisons for the effect of additive intercropping series with bean on quantity and quality yield of

sunflower
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Biological yield (9.m?)  seed yield %oil  Oil yield (g.m?) protein Protein yield (g.m?)
(g.m?
Skl alls coss
Monocrop 1052.94%" 356.22° 44.87° 160.90° 21.32 77.27°
sunflower
o, Kobal + Lyl %30
30% bean+ 830.80° 238.83° 43.42%° 104.01° 22.04° 53.12°
sunflower
o, Kubal + Lyl %60
60% bean+ 897.73° 303.67° 42.87° 130.11° 22.17° 68.04%°
sunflower
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*Means in each column, followed by similar letter(s) are not significantly different at 5% probability level (LSD).
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Table 3- Combined analysis of variance for the effects of tillage and intercropping with sunflower on quantity and quality
yield of bean during 2013 and 2014 growing seasons.

[CHJOVE 3 o9 LR S50 3 Shos &1y 5,Slos R PO O gy 35S dos
S.0.vV df Biologic yield Seed yield % protein Protein yield
Jl 1 6466™ 81" 1.92" 278"
Year (Y)
Lo X 1,5
J C S 4 6511 2777 53.41 40.86
ReplicationxY
3 SE 2 2006™ 673" 21.68" 187.73"
Tillage (T)
39S X Lo 2 69"™ 124M 1.81™ 26.45"™
Y*T
ol sl 8 3181 574 15.25 29.84
Errora
Llses cais
Intercropping 2 2052286" 364851 41.78™ 24951.07”
(1
TxI 4 975" 10992 1.12" 56.29"
Yxl 2 511" 593" 10.91™ 17.02™
YxTxI 4 72" 1109 ™ 11.81™ 19.96™
wh sl 24 3025 394 12.75 20.11
Error b
0 - .
) s e - 12.17 14.00 14.99 11.09
C.V (%)

**x x ns

oy Sy g gy Jlesol a3 Jdes 5D me 2 i pa T
ns, * and ** non-significant and significant at 5 and 1% probability level, respectively.

OSSN bglie CulS ciliso (gl )3 Lugl (S 9 (o8 3 Sos (ke dunylio -4 Jou

Table 4- Mean comparisons of quantity and quality yield of bean in different intercropping patterns with sunflower

boliee CuiS (E2yorio 3 £55) Sejglgn 3,500 gy o 4
Intercropping Biologic yield (g.m™) % protein
by (Al cuss’ 769.45° 25.57°
Monocrop bean
Ol + g %30 117.21° 22.86"
30% bean+ sunflower ' .
O ST+ Lyl 60 291.72° 23.00°

60% bean+ sunflower

sl oo 1oyd D aws )3 LSD 9051 b )b sixe A5 18ttty S jtikie s K sy Jils &8 olaySike giw o 0F
*Means in each column, followed by similar letter(s) are not significantly different at 5% probability level (LSD).
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Table 5- Mean comparisons for the interaction effect of tillagexintercropping patterns with sunflower on seed and protein

yield of bean
$329S X byl cuis (@2y0 5% 5 0,5) 5 Nos
Tillage x Intercropping Yield (g.m?)
«l> o9
Seed Protein
i Xl 2l i 30250 76.81°
Monocrop bean x chisel
3 Xl S8+ Lag 87+ _— 813"
30% bean+ sunflower” x chisel
2 X T+ LT 142.00° 32.8%°
“60% bean+ sunflower” x chisel
S Xl Al o8 391.17° 80.98"
Monocrop bean x disc
Sannd X7 I, S0b31 + Lyg) %307 3183 7 06°
30% bean+sunflower x disc
s 7o, SAT ¥ g UG0” 115.83° 25.78¢
“60% bean+sunflower” x disc
S adad d5)5‘-§\5 X LJ?J UAB s 321.50\’11b 86.46°
Monocrop bean x conventional tillage
poye 6595 X 7o Kbl + Lyg) %307 45.50° 10.88°
30% bean+sunflower” x conventional tillage
powye (5559 S X 7 s Kolisl + Log) %60 143.00° 34.91°

”60% bean+sunflower” x conventional tillage

Al e 0,0 5 Jlein! o (3 LSD 9051 b jly dxo M1 136w S jidie B> 5 gl)b JBlis a5 olaypSilo (g yo 0
*Means in each column, followed by similar letter(s) are not significantly different at 5% probability level (LSD).
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Table 6- Combined analysis of variance for the effects of tillage x intercropping with bean on total seed and biological yield of
sunflower during 2013 and 2014 growing seasons.

3 Slos
G PO W A HETSH S5 S jglen JS aily 3o
S0V df Total Total seed yield
biological
yield
e 1 17850™ 728"
Year (Y)
Lo X 1,5
¥ b 4 85520 39521
ReplicationxY
SingSE 2 31603"™ 5080™
Tillage (T)
iyt X Jl 2 3541 1449™
Y*T
ool sl 8 19007 3126
Error a
Lol i 3 564890" 84469™
Intercropping (1)
TxI 6 7326"™ 3439"
YxI 6 3950 1035™
YxTxI 6 2290"™ 1324"™
Error b 36 17294 2978
(o) Sl 2 - 13.28 15.73
C.V (%)

oyd S5 g g Jlein o 53 )b dxe g b dxe pE ciga *F o * s

ns, * and ** non-significant and significant at 5 and 1% probability level, respectively.

Ly U bolsee g (. CulS )5 o415,5008T S aild o SU50gm 3,5os (3uSlo dunlio -7 Joua
Table 7- Mean comparison of total biological and seed yield of sunflower in sole and intercropping with been

bglsw cuis (&0 50 32 £,5) JS Sj90m 2, 5os (&rosie o 0)5) JS @il 5,5os
Intercropping Total biologic yield (g.m?) Total seed yield (g.m)
Sl Lalls ez )
Monocrop 1052.94° 356.22°
sunflower
) palls i 769.45" 317.72°

Monocrop bean
ob,Seksl + Ly %30

30% 948.01° 276.39¢
bean+sunflower
o, Keksl + Lyl %60

60% 1189.40° 437.28"
bean+sunflower

sl oo 1oyd D aws )3 LSD 9051 b )b sixe A5 18l diswds S e s K sy Jils &8 olaySike giw o 0F
*Means in each column, followed by similar letter(s) are not significantly different at 5% probability level (LSD).
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SB30*RC

SB60*RC

SB30*RD

SB60*RD  SB30*CT  SB60*CT

IB30 S 5 oo yo (55,955 9 S Wjar L (65795 dow i 54 CT 9 RD RC) (g5lows S 5 55 (e 51 o3l (21,5 -1 JS&
(Lot %60 930 o145 g o415, 68T s y5as B6O
Fig. 1- Land use efficiency (LUE) in combined treatment (RC, RD and CT: Reduced tillage by chisel and disc and
conventional tillage respectively, and S, B30 and B60: sunflower and 30 and 60% bean density, respectively)
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Introduction

Agricultural conservation technologies maintain water and soil, keep soil moisture and increase crop yield
and soil quality, which are beneficial for sustainable development of agricultural production. Hence,
conservation tillage may improve crop yield, among other economic benefits. Conservation tillage is a crop
management system that increases the efficient use of nutrients and water. Conservation tillage includes any
method of soil cultivation that leaves the previous seasons crops residues on fields before and after planting the
next crop. Intercropping has been long practiced in many parts of the world and continues to be widely employed
not only in tropical, but also in temperate regions. Compared to sole crops, intercropping system has higher
utilization of resource i.e., nutrient use efficiency, water use efficiency, and land use efficiency.

Material and Methods

A split plot experiment was designed based on randomized complete blocks with three replications and
implemented on a clay loam soil during the growing seasons of 2013 and 2014, at the Agricultural Research
Station, Faculty of Agriculture, University of Bu-Ali Sina, Hamedan, Iran. Tillage (reduced tillage by chisel and
disc and conventional tillage) as main factor and planting pattern (sole cropping of bean and sunflower and
additive intercropping 30 and 60% bean with sunflower) were considered as sub-plot. Twenty days before
planting, the soil was tilled by harrow for conventional tillage and by chisel and disc for minimum tillage.
Sunflower and soybean were considered as main and secondary crops, respectively. The crops' seeds were
simultaneously sown. Harvest operation was done on September 30, 2013 and September 27, 2014. After
considering of border effect random samples 2 m* areas was harvested by cutting the stems near ground level to
determine the crops’ grain and straw yield. The land use efficiency (LUE) was calculated to measure efficiency
of intercropping compared to pure cropping. Land use efficiency calculated as: LUE = (11/P1) + (12/P2). Grain
oil percent and grain protein percent were determined by Soxhlet and Kjeldahl methods. SAS procedures and

programs were used for analysis of variance (ANOVA) calculations.
Results and Discussion

ANOVA indicated that bean biologic and grain yield was not significantly affected by the tillage but, bean
biologic and grain yield was significantly (p> 0.01) affected by the planting pattern. Also, tillage x planting
pattern effect was significant on these properties. Effect of planting pattern was significant on the most of traits,
but the most properties were not affected by tillage. The highest grain yield, protein yield and oil yield of
sunflower (356.22, 160.90, 77.27, respectively) were achieved at sole cropping treatment, but intercropping
decreased these traits significantly. The highest total biological and grain yield (1189.40 and 437.28 g m™,
respectively) belonged to additive intercropping 60% bean + sunflower treatment. One of the important
intercropping benefits is the higher productivity and profitability per unit area When the value of LUE is less
than 1, the intercropping negatively affects the growth and yield of crops grown in mixtures but when the value
of LUE is greater than 1, the intercropping favors the growth and yield of the crops. Land use efficiency at
additive intercropping 60% bean + sunflower treatments with different tillage were more than one, so highest
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LUE was obtained at x 60% bean +sunflower. Moreover, the total land use efficiency was higher in
intercropping system compared to the sole cropping system, indicating the advantage of intercropping over sole
cropping in utilizing environmental resources for crop growth.
Conclusion
In general, reduced tillage by chisel could say that additive intercropping 60% bean + sunflower had total
yield in comparison to sole cropping of both two crops and increase land use efficiency.
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