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Abstract

The objective of this study was to compare the effects of previous crop residue (wheat vs. lentil), tillage (reduced tillage vs. no-tillage) and
nitrogen source (rhizobial inoculant and fertilizer-N application) on nodul formation, dry matter accumulation and seed yield of double crop
soybean. The experiment was laid out as split-split plot with three replications. According to results obtained from the study, previous crop
residue affected seed yield, and seed yield after cultivation of lentil was higher than after wheat. Nodul nitrogen content decreased at the
reduced tillage, while nodule dry matter and seed yield increased compared to no-tillage system. Rhizobium inoculation alone produced the
highest seed yield. However, the addition of N-fertilizer to inoculated soybean did not improve seed yields when compared with inoculated
only treatment. This research demonstrates that applying rhizobium inoculation in no-tillage system under lentil residue has the potential in
increase nodulation and seed yield of soybean grown double-cropping system.
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1. Inroduction

Soybean (Glycine max [L.] Merr.) is a major grain legume crop for
feeding humans and livestock. It serves as an important oil and
protein source for large population residing in Asia and the
American continents (Ohyama et al. 2009). In order to improve
nutrient and water use efficiency, yield and economic sustainability,
soybean must be grown under optimum agricultural systems.
Double-cropping soybean-wheat, soybean-barley, soybean-chickpea
or soybean-lentil is being practiced by farmers in Southern Turkey
as a means for improving cash flow, spreading risk, improving use
of land and equipment, and achieving greater net returns on
investment.

It is widely known that previous crops affect the growth and yield
of the following crops through several mechanisms such as changes
in water use efficiency (Karlen & Sharpley 1994), nutrient use
efficiency (Burle et al. 1997), soil quality (Karlen et al. 1992; Doran
& Parkin 1994; Karlen & Stott 1994), and biological diversity
(Karlen et al. 1994). Cereal straw can act as a mulch to conserve
soil moisture, impede runoff, and prevent surface crusting.
Furthermore, inclusion of legumes such as lentil and chickpea in a
cropping system helps in improving physical and chemical
properties of soil (Godsey et al. 2007).

Different tillage systems also affect soil sustainability. Tillage is
among the major practices that influence physical, biological and
chemical properties of the soil environment and subsequently
affects nitrogen fixation (Kihara et al. 2012). Conservation
agriculture including reduced and no-tillage system of crop
production is attractive to farmers because of savings in fuel, labor
and machinery, increased potential for double-cropping, reduced
soil erosion, reduced environmental pollution, and various other
advantages (Godsey et al. 2007)

Soybean plants assimilate the N from three sources, N derived from
atmospheric nitrogen by symbiotic N, fixation in root nodules,
absorbed N derived from soil mineralized N, and N derived from
fertilizer when applied (Ohyama 2009). Sole N, fixation is generally
insufficient to support vigorous growth of shoot and roots, which
results in the reduction of plant growth and seed yield. Harper
(1974) reported that both soil N and symbiotic N are required for
the optimum soybean production. On the other hand, a heavy supply
of N fertilizer often depresses nodule development and N, fixation
activity and induces nodule senescence, which also results in the
no-effect or sometimes in reduction of seed yield. Therefore,
nitrogen fertilizer is not applied for soybean cultivation or only a

small amount of N fertilizer is applied as a “starter N” to promote
initial growth (Ohyama et al. 2009). The inhibitory effect of nitrate
on nodulaion was early reported by Harper (1987) and Streeter
(1988) as cited in Ohyama et al. (2009), however, the precise
mechanism for the inhibition of nodulation and nitrogen fixation
has not been fully understood. Results from field studies with
starter-N application have generally been negative or inconclusive
(Imsande 1992; Starling et al. 1998).

The objectives of this study were to evaluate the effects of previous
crop residue, tillage system and nitrogen source on nodulation, dry
matter accumulation and seed yield of soybean grown under
double-cropping system in Southern Turkey.

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 2010. 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. The
treatments were replicated three times in split-split plot based
on randomized complete block design with previous crop
residue (wheat vs. lentil) in the main plots, tillage methods
(reduced tillage vs. no-tillage) in the sub-plots and nitrogen
sources (control, 200 kg N ha®, rhizobial inoculant and
rhizobial inoculant+50 kg N ha™ fertilizer as ammonium
nitrate) in the sub-sub plots. The reduced tillage treatment
involved rotary tiller before sowing. All plots were fertilized
with 100 kg P ha™ applied as basal dose in the form of triple
super phosphate fertilizer prior to sowing. Bradyrhizobium
ssp. which contains a minimum 4 x 109 viable cells per gram
was used as inoculant (HiStick, Becker Underwood, UK.) in
this study. Seed inoculation was applied at planting. Soybean
cultivar SA 88 (MG I1I) was sown on June 30. The size of
each plot was 2.8 x 5.0 m. Row spacing (four rows) was 0.7
m and the distance between plants in the row was 0.05 m,
providing a sowing density of 28.6 plants m?. Weeds were
controlled by both Trifluralin (2.5 L ha™) as pre plant and by
hand as needed. The field was uniformly irrigated at 10-day
intervals until harvest period using overhead sprinklers.
Biomass partitioning, nodule number and dry matter were
measured on 3 plants treatment™ at R5 growth stage. The
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root and nodules were separated at the end of the assay, and
the number of nodules per plant was counted and recorded.
The shoot, root and nodule samples were dried separately in
an oven with air circulation at 70 °C for 48 h and dry weights
were recorded. Samples were subsequently milled and the
nitrogen concentration determined N analyzer (Leco FP-
2000; Leco Corp., St. Joseph, MI). All plots were harvested
from two central rows at mid-October. The seeds were air-
dried and weighed, and seed yield recorded on a dry weight
basis. Protein content of seed was measured as Nx6.25.

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, previous crop and
tillage system did not affect the nodul number of soybean,
whereas the nitrogen source effect on nodule number of
inoculated soybean (Table 1). Fertilizer N had a significant,
negative effect on the number of nodules formed on the

soybean roots. On avarage, application of 50 kg ha™ as
starter nitrogen decreased the number of nodules by 43%
compared to inoculation alone. Seneviratne et al. (2000)
reported similar results, which they concluded that addition
of 50 kg N ha™ at the beginning of flowering resulted in a
reduction of nodulation in inoculated plots. These results are
similar to those obtained by other authors in which the
application of small amounts of N-fertilizer did not provide a
major benefit for number of nodules (Zhang et al. 2000;
Hungria et al., 2006). Previous crop, tillage system and
nitrogen source had interactive effects on number of nodules.
Under lentil previous crop, reduced tillage and inoculation +
50 kg N ha™ conditions decreased the nodule number by 80%
as compared to combination of wheat previous crop, no-
tillage and inoculation alone (Table 2). Lafond et al., (1992)
reported that under previous crop lentil and reduced tillage
system condition decreased soil moisture content and this
reduction in water stress may decrease number of nodules.
Furthermore, inoculation + 50 kg N ha® affected nodul
number negatively. These interactive effects resulted in a
reduction of nodulation in soybean.

Table 1. Previous crop, tillage and nitrogen source effects on nodule number, nodule nitrogen content, nodul
dry matter content, shoot nitrogen content, shoot dry matter content, seed yield, seed protein and oil content of

soybean.
Application Nodule  Nodul Nodul Shoot N  Shoot Seed Seed Oil
number N dry content  dry yield protein  content
(no content matter (%) matter (kg ha') content (%)
plant®) (%) content content (%)
(%) (%)
Means
Previous crop (A)
Wheat 50.11 37.62 30.30 25.33 31.02 2295.7b 34.95 21.38
Lentil 37.36 39.51 32.01 23.80 30.26 2802.1a 35.76 20.95
Significance ns ns ns ns ns * ns ns
LSD (%5) 31.51 5.36 5.65 4.38 1.24 3154 1.71 1.19
Tillage (B)
No-tillage 51.30 39.58a 29.98b 24.90 30.63 2289.7b 34.49 21.25
Reduced 36.16 37.55b 32.32a 24.23 30.65 2806.2a 36.22 21.08
Significance ns * * ns ns ** ns ns
LSD (%5) 21.57 0.33 2.66 1.16 1.20 155.9 2.56 0.86
Nitrogen source (C)
Control - - - 25.05 30.94 1847.2b  35.87 20.14b
200 kg N ha™ - - - 25.17 30.09 27716a 3547 218la
Inoculation (1) 55.62a 39.68 32.3la 2357 30.55 28129a 3461 21.38a
I +50 kg N ha™ 31.84b 3745 29.99b 2447 30.97 2760.1a 3545 2131a
Significance * ns * ns ns ** ns *
LSD (%b5) 20.77 3.97 2.29 2.28 1.15 203.9 1.94 1.10
Significance of interactions
AxB ns el ns ns ns ns ns ns
AxC ns * ns ns ns ns *x ns
BxC ns ns * ns ns *x * *
AxBxC * ns ns ns ns *x ns ns

*, ** and ns denote the difference at P<0.05, P<0.01, and no significance, respectively.
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In this experiment, N content in nodule was not significantly
affected by previos crop although it tended to be higher in
lentil previous crop compared to wheat (Table 1). This was
possibly due to the high mineral-N content in the soil. A
significant difference was found between tillage methods
with higher N content in nodule from no-tillage plots (Table
2). Similarly, Herridge & Holland (1992) observed that
soybean grown using no-tillage had increased N content
compared with soybean grown using reduced-tillage, which
they attributed to improved soil water conservation and water
use efficiency with no tillage compared to other tillage
methods. Differences in N content of nodule between
inoculation and inoculation + 50 kg N ha™ treatments were
not significant statistically. However, the addition of 50 kg N

ha® as starter nitrogen resulted in a reduction of N content of
nodule. According to interactive effect of previous crop x
tillage system, reduced tillage significantly decreased N
content of nodule in the plots where wheat had been grown
previously (Fig.1). One reason for this is the possibility that
larger amounts of soil N may have been lost by
denitrification under the no-tillage system. This has been
verified by Aulakh et al., (1998) and Rennie et al., (1998). N
content in nodule was significantly influenced by previous
crop and nitrogen source. Among the previous crop X
nitrogen source combinations, N content in nodule was
significantly higher in rhizobium inoculation alone of lentil
residue than in any other treatment combination (Fig. 2).

Table 2. Nodule number (no plant™) as affected by previous crop, tillage system and nitrogen source.

Previous crop Tillage system Nitrogen source Mean
I | +50 kg N ha
Wheat No-tillage 78.50 a 31.72 bc 55.11
Reduced 55.00 ab 35.22 bc 4511
Means 66.75 33.47 50.11
Lentil No-tillage 50.00 ab 45.00 abc 47.50
Reduced 39.00 be 1544 c¢c 27.22
Means 44.50 30.22 37.36
LSD: previous crop * tillage system*nitrogen source 33.92

I=Rhizobium inoculation

Dry matter content of nodule are not significantly affected by
previous crop, however, it was significantly affected by the
tillage system and nitrogen source (Table 1). Dry matter
content of nodule in soybean grown under reduced tillage
was 8% higher than under no-tillage system. Similarly,
Herridge & Holland (1992) observed that soybean grown
using reduced tillage had increased dry matter content of
nodule compared with soybean grown using no-tillage.

The addition of N fertilizer (50 kg N ha™) to rhizobium
inoculation depressed nodule dry weight (Table 1). The

inoculated treatment gave more nodule dry weight than that
of the fertilized plant. This result indicated that rhizobium
inoculation treatment responded better than other treatment.
Ahmed et al. (2014) reported that the control treatment
significantly gave more nodules weight over that of the
inoculated and fertilized treatments. Among the tillage and
nitrogen source combinations, dry matter weight of nodule
was significantly higher in reduced tillage treatment of
inoculation alone (34.74%) than in any other treatment
combination(Fig.3).
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Figure 1. Nitrogen content of nodule affected by previous crop and tillage system (values followed by the same
letter are not significantly different at a 5% level-Tukey Test).
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Figure 2. Nitrogen content of nodule affected by previous crop and nitrogen source (values followed by the

same letter are not significantly different at a 5% level-Tukey Test).

The above results were supported by Mendes et al. (2003)
who reported that the use rhizobium inoculation alone under

conventional tillage remarkable benefical on dry matter of
nodule in soybean.
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Figure 3. Dry matter content of nodule affected by tillage system and nitrogen source (values followed by the
same letter are not significantly different at a 5% level-Tukey Test).

As seen in Table 1, shoot nitrogen and dry matter content
were not influenced by previous crop, tillage, nitrogen source
or their interactions. However, shoot nitrogen and dry matter
content were greater in soybean following wheat than
following lentil. Shoot nitrogen content in the plants tended
to be higher in control and 200 kg N ha® applications
compared to inoculation alone or inoculation + 50 kg N ha™.

Seed yields of soybean (Table 1) were significantly affected
by the previous crop. Seed yield after cultivation of lentil
was higher than after wheat. The values for seed yield of

soybean after lentil and wheat as previous crop were 2802.1
and 2295.6 kg ha™, respectively. Higher yields after lentil
could be due to increased soil fertility owing to biological
nitrogen fixation or due to other rotational effects (Shyam et
al., 2007). Arihara et al. (1991) reported that previous crops
might affect the growth of succeeding crops by altering the
soil physical properties, and in lentil-based cropping systems,
seed yields of crops are generally higher after lentil as
compared to after non-legumes including cereals, oilseeds,
etc.
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Figure 4. Seed yield affected by tillage system and nitrogen source (values followed by the same letter are not

significantly different at a 5% level-Tukey Test).

Differences in seed yield between reduced tillage and no-
tillage treatments were also significant statistically. Reduced
tillage increased seed yield of soybean by 22.5% relative to
no-tillage treatment (Table 1). Since reduced tillage allows
for greater root penetration of the soil, the higher seed yield

34

for the reduced tillage treatment was probably due to better
plant-water or plant-nutrient relations. Voorhees &
Lindstrom (1984) reported that reduced tillage produced
better soil porosity and overall soil quality. The addition of
N-fertilizer to inoculated soybean did not improve seed yield
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when compared with inoculated only treatment (Table 1).
Also, the un-inoculated and N-fertilized (200 kg N ha™)
produced equal seed vyields with inoculated alone or
inoculated + 50 kg N ha™ additional fertilizer. These results
are similar to those obtained by other authors in which the
application of N-fertilizer did not provide a major benefit
compared to inoculation alone (Seneviratne et al., 2000;
Albareda et al., 2009). Inoculation alone and 200 kg N ha™

applications yielded higher seed yield with reduced tillage
system than with no-tillage. In contrast, no-tillage with
inoculation + 50 kg N ha™ produced higher seed yield as
compared with inoculation + 50 kg N ha® under reduced
tillage (Fig. 4). Previous crop x tillage system X nitrogen
source interaction had significant effect on seed yield (Table
1). Highest seed yield was obtained from previous crop lentil
X reduced tillage x inoculation alone combination (Table 3).

Table 3. Seed yield (kg ha) as affected by of previous crop, tillage system and nitrogen source.

Previous  Tillage Nitrogen Source

Crop Control 200 kg N ha’ | | +50 kg N ha Mean

Wheat No-tillage 1014.0d 2032.6 ¢ 2399.3 bc 2736.0 ab 2045.4
Reduced 1967.3 ¢ 2863.0 ab 2933.0ab 2421.0 be 2546.0
Means 1460.6 2447.8 2666.1 2578.5 2295.7

Lentil No-tillage 1326.0d 3158.3a 2706.6 ab 2938.6 ab 2533.9
Reduced 3081.6 ab 3032.6 a 32126a 2941.8 ab 3066.3
Means 2203.8 3095.4 2959.6 2760.1 2800.1

LSD previous crop*tillage system*nitrogen source 407.9

I=Rhizobium inoculation

It was detected that previous crop, tillage and nitrogen source
had insignificant effect on seed protein content of seed.
However, there were significant differences between
previous crop X nitrogen source, and tillage x nitrogen source

interactions in terms of effect on seed protein content (Table
1.). Under lentil previous crop, the highest seed protein
content were obtained at 200 kg N ha™ and Rl + 50 kg N ha™
applications, respectivelly (Fig. 5).
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Figure 5. Seed protein content affected by previous crop and nitrogen source (values followed by the same letter
are not significantly different at a 5% level-Tukey Test).

This indicated that seed protein content tended to increase in
previous crop of legume with added nitrogen fertilizer to
rhizobium inoculation. However, under previous crop of
wheat and application of 200 kg N ha™ caused the lowest
seed protein content. The increase in seed protein content

35

because of fertilizer N addition with previous crop of legume
agrees with findings of Saini & Chongtham (2011) who
reported that fertilizer N addition increased protein content of
seed in soybean by increasing the beneficial effects of the
previous legume crop.
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Figure 6. Seed protein content affected by tillage system and nitrogen source (values followed by the same letter

are not significantly different at a 5% level-Tukey Test).

Interaction of reduced tillage x control where no fertilizer
was applied produced the highest seed protein content (Fig.
6). The highest seed protein content could be attributed to
decomposition of residues in reduced tillage system thus
releasing nutrients to the soil particularly nitrogen. Thus,
lower seed protein content was observed under no-tillage

system accompanied with minimal levels of nitrogen
fertilizer. These results are in line with Boomsma et al.
(2009) who stated that chiseled maize grown can up took the
nitrogen and water up to 40 cm depth which increased
chlorophyll contents and thus causing more protein content.
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Figure 7. Seed oil content affected by tillage system and nitrogen source (values followed by the same letter are

not significantly different at a 5% level-Tukey Test).

Oil content was higher slightly after wheat than after lentil,
although differences were not significant. However, there
was statistically difference in seed oil content among
nitrogen source, and control treatment had a lower oil content
compared with other treatments (Table 1). Figure 7 present
the influence of tillage system x nitrogen source interaction
on oil content of soybean. The highest oil content was
observed in no-tillage + inoculation alone treatment which is
statistically at par with those of no-tillage + 200 kg N ha™,
reduced tillage + 200 kg N ha®, and reduced tillage +
inoculation + 50 kg N ha™ applications. Treatment effects on
oil content was inconsistent between tillage system and
source of nitrogen, however, the interaction occurred because
application of nitrogen fertilizer increased oil content. No-
tillage treatment had the highest and the lowest oil content
with the rhizobium inoculation and control treatments with
rhizobium inoculation alone having the highest and control
having the lowest. This results are compatible with those
obtanied by Fecak et al. (2010) who reported seed oil content
of soybean was higher at no-tillage with low starter nitrogen
treatment.
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4. Conclusions

This experiment has shown that retention of residues in a
soybean-wheat or soybean-lentil rotation affected seed yield
of soybean grown double-cropping system. There was a
substantial increase in seed yield of soybean cultivated after
lentil compared to wheat. Thus, we recommend to include of
legumes such as lentil in these systems to reduce fertilizer N
requirements. Nodul nitrogen content, nodule dry matter
content and seed yield influenced by tillage system. Nodule
nitrogen content was higher in no tillage treatment, while
nodule dry matter and seed yield were higher in reduced
tillage than those of no-tillage. The addition of N-fertilizer to
inoculated soybean caused to decrease nodule number and
nodule dry matter content. Furthermore, inoculation alone
provided equal benefits with other treatments except control.
The small differences in yield obtained in this study may not
be sufficient to offset additional fertilizer cost. According to
findings of this experiment, reduced tillage system with
rhizobium inoculation alone are recommended to attain high
seed yield under lentil previous crop.
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