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Abstract

The aim of this study was to compare tillage methods and plant density on yield and yield components of soybean [Glycine max (L.) Merrill]
grown under main and double cropping systems. The field experiments were carried out at the experimental area of Agricultural Faculty,
Dicle University during 2013 and 2014. The experiments were conducted as split-split plot design based on randomized complete blocks
with two sowing dates (normal and late) as the main plot, three tillage methods (no-tillage, reduced and conventional) as sub-plot, and three
between row spacing (35, 55 and 70 cm) sub-sub plot factor. The experiments were performed in three replications and soybean cultivar
Nova (MG I11) was used. The combined analysis of the data showed that yield means of reduced tillage (2015.4 kg/ha) and conventional
tillage (2036.1 kg ha) were significantly different (P>0.01) compared with no-tillage (1881.1 kg/ha). Significant interaction was observed.
among experimental factors. The highest value was obtained at early sowing x conventional tillage x 70x5 cm as of 2206.1 kg ha™*
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1. Introduction

Due to the limited agricultural land in the world, the increasing food
gap emerging as a result of increasing population should be closed
with increased yield per unit area in the current agricultural fields.
For this purpose, highly efficient and high-quality varieties are
developed by improvements and agronomic practices such as
irrigation, fertilization, sowing time, tillage and sowing time still
continue intensively.

Considering that the ideal soil temperature for rapid germination
and growth of soybean is 25-30 °C, the best sowing time in
Southeastern Anatolia Region part of Turkey is mid-May when soil
conditions and potential plant diseases are considered, and it is
known that it can be grown as a double crop after harvest of cereals
and legume grains (mid-June/later of June). In the double-crop
agriculture, seeds are planted without wasting any time due to the
short growing season after harvest of wheat (Sanford et al., 1986).

In the agricultural production, conservation tillage, including
reduced tillage and no-tillage are applied as an alternative to
conventional tillage system within the context of sustainable
agriculture systems based on protecting and improving soil fertility.
There are changes about tillage system in Turkey due to increasing
environmental awareness and necessity of economic production and
saving energy. Conservation tillage and especially direct sowing
methods are spreading as an alternative to conventional tillage
methods in worldwide and Turkey (Sessiz, 2010).

Previous crop residue of crop are important components of reduced
tillage methods and they affect the crop yields, positively by adding
nutrients to the soil (Erenstein 2003), balancing the soil temperature
(Greb, 1966: Wilhelm et al., 1989) and reducing soil water
evaporation (Biamah 2005). For most soils, crop residue can
increase the water infiltration in the root of the plants (Bruce et al.,
1987; Dick et al., 1987), which provide suitable conditions for
agricultural activities by reducing soil erosion and runoff water and
improve crop yield. Conservation tillage or reduced tillage practices
allow crop residues left on the soil and these remains suppresses the
weeds out (Crutchfield et al., 1985; Putnam et al., 1983). Reduced
or tillage methods can provide expansion of the under double crop
since sowing season is advanced.
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In the agricultural ecosystem, plant growth and development is
influenced by cultural practices such as row spacing and number of
plants. In the narrow row spacing, larger number of plants are
planted, earlier canopy formation is provided and first pods are
formed at higher levels and water in the soil is less evaporated, and
a better root development is provided and less soil erosion occurs
(Palmer and Privette, 1992).

In recent years, increased use of soybeans as a source of renewable
energy in the biodiesel sector led to a rise in commodity prices and
it is expected to rise further in the coming years. Therefore,
producers need alternative agricultural practices with lower
production costs and highest yield potential. In these alternative
agricultural practices, determination of the lowest optimal number
of plants and the most appropriate tillage methods that can provide
fuel savings have become the priority research topics in recent years
(Peterson and Higley, 2001).

Although the Mediterranean, Aegean and Southeastern Anatolia
Regions of Turkey have favorable ecological conditions for soybean
production; unfortunately, the cultivation area and production
amounts at very low levels. In this study, in which the proper tillage
and plant density will be investigated for soybean that has a growth
potential as both main and double crop; it was aimed to determine
effects of different tillage methods on growth and development,
yield and quality of the plant by using appropriate row spacing if
soybeans are grown under main and double-crop production
conditions.

2. Materials And Methods

The study was carried out at University of Dicle, Faculty of
Agriculture, Field Crops Department, Diyarbakir located in
South East Anatolian Region of Turkey in 2013 and 2014.
The region has a warm climate in summer, and the mean
annual rainfall is around 450 mm, most of which fall in a
major cropping season which extends from November to
June. Experimental soil has a heavy built (fine textured), it is
poor in terms of organic matter and phosphorus with medium
lime and moderate alkaline reaction and high cation
exchange capacity no salt (Anonymous 1995). The
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experimental area is located at 37° north latitude and 40° east
meridian at 670m height in city center of Diyarbakir, Turkey.
The treatments were replicated three times in split-split plot
based on randomized complete block design with sowing
time (early and late) in the main plots, tillage methods (no-
tillage, reduced tillage and conservation tillage.) in the sub-
plots and plant density of 35x5 cm, 55x5 cm and 70x5 cm
with 571 400, 363 600 and 285 700 plants ha™ in the sub-
sub plots. The conventional tillage treatment (plow + disc
harrow + harrow) and reduced tillage (cultivator + harrow)
were involved before sowing. All plots were fertilized with
20-20-0 pure compound fertilizer 100 kg ha™; 10 kg of pure
nitrogen prior to sowing then all plots were fertilized with
33% ammonium nitrate 100 kg ha™ at R1 growth stage.
Soybean cultivar NOVA (MG I11) was sown as early sowing
on MAY and late sowing on June. The irritation was
performed within 9-10 days depending on need of the plants
with sprinkler system. All plots were harvested from two
central rows at early sowing (mid-September), late sowing
(mid-October).

Data was subjected to an analysis of variance (ANOVA)
using a statistical software package (JMP version 5.0.1a).
Least significant difference (Tukey’s HSD test) was used to
compare treatment means at P=0.05.

3. Results and Discussion

According to the results of the experiment, the two-year
average values showing the effects of tillage methods and
plant density on the yield and agronomic characteristics of
soybean grown as the main and double-crop soybean are
given in Table 1. Considering the two-year average plant
height values; they reached 63.84 cm in normal sowing and
reached up to 61.04 cm in late sowing. Since soybean is a
short day plant, vegetative growth drops down after June due
to the effect of short-day conditions in the planting and
eventually plant height becomes shorter in the late sowing
method. Cinsoy et al. (2005) conducted a study under the
main and second product conditions and stated that the
height of the plant gets shorter as the sowing time is delayed.
The results of this study are supported by Ansari at al.
(1997), Sogiit et al. (2005) and Arioglu (2007). The effect of
tillage on plant height was found to be significant based on a
two-year average. According to two-year average values; the
highest plant height was obtained from conventional tillage
practices (67.11 cm), and it was followed by reduced tillage
practices (62.54 cm) and the lowest values were obtained
from zero-tillage practices (57.68 cm). Although our data on
plant height are consistent with results of Arslan and Arioglu
(2001), they are inconsistent with findings of some
researchers such as Temperly and Borges (2006). Temperly
and Borges (2006) state that taller plants (88. 7 cm) can be
grown by no-tillage method and there is a significant
difference compared to conventional tillage method (82.5
cm). Considering two-year average values indicating that
height of the plant increases as plant density is increased; no
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difference was found between plant height values with 35x5
cm and 70x5 cm row spacing, they were found to be higher
compared to 55x5 cm row spacing. These data were also
supported by Board (2000) and Green-Tracewiczet al.
(2011), stated that there is an increase in the height of
soybean due to the light competition in parallel with
increased number of plants per unit area. The number of
lateral branches per plant obtained That normal sowing
founded higher than late sowing (2.12 unit plant™). These
findings in regard with the effect of sowing time on the
number of lateral branches are found to be consistent with
results of Sogiit et al. (2005) and Cox et al. (2008).
According to the two-year average values, no difference was
found between effects of tillage methods on the number of
lateral branches. The number of lateral branches varied
between 1.63-1.98 unit plant™. These findings in regard with
the effect of tillage methods on the number of lateral
branches seem similar to the findings of Sessiz et al. (2009).
Considering the effects of plant density on the number of
lateral branches per plant; the number of branches varied
between 1.64-1.91 unit plant!, the number of lateral
branches were reduced as the plant density increased. These
result are similar to those obtained by other authors Oz
(2002) and Cox et al. (2008). The number of fruits per plant
is found to be 43.75 units/plant in normal sowing and 42.32
units/plant in late sowing, respectively. According to these
data, there is a decrease in the number of fruits as the sowing
time delays. This finding is consistent with results of Cox et
al. (2008). The effects of tillage on the number of fruits were
found to be significant and the number of fruits obtained
from conventional tillage practices was found to be higher
compared to the number of fruits obtained from reduced
tillage and no-tillage practices (46.17 units plant®, 42.03
units plant® and 40.90 units plant?, respectively). These
results are consistent with results of Sessiz et al. (2009).
Considering the effects of plant density on the number fruits
per plant; according to the two-year average values, although
no significant difference was seen, it varied between 41.80—
44.76 units plant™ and a slight downward trend was seen in
the number of fruits as the plant density increases. This is
thought to be caused by smaller number of branches in plants
grown with narrow row spacing. Our findings are consistent
with results of Cox et al. (2008) and Daneshmand et al.
(2013). According to the effect of sowing time on the weight
of seed is considered to be important. Weight of seed is
found to be 11.37 gr in normal sowing and 12.60 in late
sowing, respectively. In this regard, it can be suggested that
the weight of 100 seeds is increased as the sowing time
delayed. These results are in line with findings of Pedersen
and Lauer (2004a), Bastidas et al. (2008) and Daneshmand et
al. (2013). The effect of tillage practices on the weight of 100
seeds is considered to be important. According to the two-
year average values, the difference between tillage practices
is considered to be important and the seed weight ranged
between 11.37-12.56 g. The highest seed weight was
obtained from conventional tillage practices (12.56 g).
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However, Pedersen and Lauer (2003) and Singer et al. (2008)
found different results. According to the results of their
studies, the effect of plant density on the weight of 100 seeds
is found to be insignificant and the seed weight ranged
between 11.87-12.06 g (35x5: 12.06 g, 70x5:11.87 Q).
Although similar results were obtained by De Bruin and
Pedersen (2008), Daneshmand et al. found different results.

Considering the seed yield; according to the two-year
average values, the effect of sowing time on the yield is not
found to be significant the seed yield was found to be
1932.05 kg ha™ in normal sowing and 2021.06 kg ha™ in late
sowing. Although Daneshmand et al. (2013) determined that
the seed vyield obtained from late sowing is 14.5% higher
than the seed yield obtained from early sowing, Sarmah and
Chaudhry (1984), Bruin and Pederson (2008b) state that late
sowing has negative effects on the seed yield. The effect of
tillage practices on the seed yield is found to be significant.
The seed yield varied between 1881.11-2036.15 kg ha™ and
no significant difference was found between reduced tillage
and conventional tillage methods and the highest yield was
obtained from no-tillage practices. Similar to our results,
Sabo et al. (2007), Sessiz et al. (2009) and Mazzoncini et al.
(2008) determined the highest yield from conventional tillage
practices. However, Ozpinar and Cay (2005) and Six et al.
(2002) obtained different results. The effect of plant density
on the seed yield was is not found to be significant according
to the two-year average values. The seed yield varied
between 1951.26 - 2023.19 kg ha™. According to many
studies conducted on the yield of soybean, 27% higher yield
is obtained from plants with 25 cm row spacing compared to
those with 76 c¢cm row spacing (Costa et al. 1980). In
addition, Board and Harville (1992); Bullock et al. (1998)
reported that soybean plants with narrow row spacing use the
light more efficiently compared to those with wider row
spacing and therefore the yield of plants with narrow row
spacing is found to be higher. Similar to our results, Lee et
al. (2008) stated that the yield of soybean is reduced as plant
density increased. Considering the harvest index; according
to the two-year average values, the effect of harvest index is
not found to be significant and it was found as 37% in
normal sowing and 39% in late sowing. Although these
findings about sowing time seem similar to the findings of
Sogiit et al. (2005), the results of Pedersen and Lauer (2004)
seem different. The harvest index results varied between 37-
39% in tillage practices were found similar to results of
Pedersen and Lauer (2004). Plant density has no significant
effect on the harvest index, and varied between 36-39%.
According to these findings, there is an inverse relationship
between harvest index and plant density. Although these
findings seem similar to the findings of Oz (2002), Edwards
and Purcell (2005) and Rahman et al. (2013), Board (2000)
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and Green-Tracewicz (2011) obtained different results.
According to the two-year average values, the fat content is
found to be 22.88% in late sowing, and 20.23% in normal
sowing. According to these results, there is an increase in the
fat content as sowing time delays. According to the earlier
studies in regard with fat content, there are different results
in the literature. Hu (2013) reported that sowing time has no
effect on the fat content and the fat content is reduced with a
delay in the sowing time (Kumar et al., 2006; Tremblay et
al., 2006); Daneshmand et al. (2013) determined that the
highest fat content was obtained from late sowing. The effect
of tillage method on the fat content is considered to be
significant. No significant difference was found between
conventional tillage (22.10%) and reduced tillage (22.00%)
practices and higher fat content was obtained from these
practices compared to no-tillage method (20.57%). Similar
results were obtained by Singer et al. (2008) and Sabo et al.
(2007). The effect of plant density on the fat content is
considered to be significant; the lowest fat content was
obtained from 35x5 cm plant density (21.27%), while the
highest fat content was obtained from 70x5 cm plant density.
Although there are inconsistencies, the fat content seems to
be decreased as the plant density increases. According to
sowing time has no significantly effect on the protein
content. The seed protein content were found as 37.68%
(early sowing) and 37.27% (late sowing), Although there are
no significant differences between practices in terms of
protein content, there is a slight downward trend with a delay
in the sowing time. Although Hu (2013) and Pedersen and
Lauer (2003) indicated that the effect of sowing time on the
protein content is not significant, Helms et al. (1996)
reported that a delay in the sowing time reduces the protein
content in the soybean, which seems to be different from our
results. The effect of tillage practices on the protein content
is not found to be significant according to the two-year
average values. According to the two-year average values
39% protein content was obtained. Higher protein content
was obtained by strip tillage (Hu, 2013) and conventional
tillage (Oshorne and Riedell 2006) methods compared to no-
tillage method. The effect of plant density on the protein
content is not found to be significant. The two-year average
values were found to be very close to each other. In the
studies conducted on effect of plant density on fat and
protein contents, it was reported that both fat and protein
contents increase with increased plant density (Weber et al.
1966). Similar results were obtained by Cober et al. (2005)
and they determined that the protein content is often affected
by the plant density.
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Table 1. In the soybean grown as the main and second product, the effect of tillage methods and plant densities on the Plant height (cm) Lateral Branch, Fruit

and Seed Numbers, 100 Seed Weight, Seed Yield, Harvest Index, Fat Content, Protein Content and Biological Yield of the product.

Lateral Branch Number

Fruit Number

100 seed mass

Seed yield Harvest Index Qil content

Seed Protein

Practices Plant height (cm) content
(no plant-1) (no plant-1) (9) (kg ha-1) (%) (%) (%)
Sowing Time
Normal 63.84 212 A 43.75 11.37B 1932.05 0.37 20.23B 37.68
Late 61.04 151B 42.32 12.60 A 2021.06 0.39 22.88 A 37.27
LSD(%5) - 0.41 - 1.04 - - 0.73 -
Tillage
No-Tillage 57.68 C 1.83 40.90B 11.37C 1881.11 B 0.38 20.57B 37.45
Reduced Tillage 62.54 B 1.63 42.03B 12.04B 201540 A 0.39 22.00 A 37.26
Conventional Tillage 67.11 A 1.98 46.17 A 12.56 A 2036.15 A 0.37 2210 A 37.69
LSD(%5) 1.66 - 2.73 0.38 56.85 - 1.08 -
Plant Density
35x5 cm 64.26 A 1.64 42.54 12.06 1951.26 0.36 21.27B 37.55
55x5 cm 59.65B 1.88 41.8 12.03 1958.23 0.39 21.36 B 37.54
70x5 cm 63.41 A 191 44.76 11.87 2023.19 0.38 22.04 A 37.33
LSD(%5) 2.73 0.55 - - - - 0.69 -
General Average 62.44 181 43.03 11.98 1977.29 0.37 21.55 37.47
4. Conclusions 3. Anonymous 1995.Kéy Hizmetleri 8.Bolge Miidiirligd,

In this study, which was conducted during years 2013 and 2014;
considering the two-year average values, the sowing time has
significant effects on the number of branches, 100 seed weight, seed
yield, oil content. Early sowing time has significant effects on the
number of branches. Late sowing time has significant effects on
harvest index and fat content. On the other hand, late sowing time
has significant effects on 100 seed weight and fat content.
According to the average values of two years; tillage methods have
significant effects on plant height, number of fruits, 100 seed
weight, seed yield and fat content. The conventional tillage method
has significant effect on plant height, number of fruits, seed yield,
harvest index and fat content of the plant.

Considering the effects of plant density, according to the two-year
average values, the plant density has significant effects on plant
height and fat content. 35x5 cm plant density has significant effects
on plant height while 70x5 cm plant density has significant effects
on the fat content of the plant.

According to the results of the study, which was conducted under
early and double crop conditions, the seed yield was not negatively
affected by late sowing time. There are significant differences
between tillage methods in terms of yield. There was more yield
determined in conventional tillage method according to no-tillage
practices. The best plant density found as 70 x 5 cm (23.0 plant m™)
in terms of yield potential, and the expected decrease in the yield
due to the lower number of plants can be compensated through the
formation of more side branches.
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