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Abstract

Nitrogen and potassium fertilization have given variable results in increasing soybean yield. More information is
needed about optimum potassium (K) and nitrogen (N) fertilizers placement for soybean. This study investigated
the effect of different amounts of nitrogen and potassium on yield and its components on soybean cultivar DPX.
Treatments include nitrogen (from urea) - Potash (potassium sulfate) in seven levels (N0-K0, N50-K0, N0-K20,
N50-K20, N100-K50, N200-K100 and N250-K 150 kg/ha) and factor inoculated and non-inoculated at two levels.
Some growth parameters such as seed number, 100 seed weight, pod number, yield and harvest index were
analyzed. There was significant difference between seed number and 100 seed weight. When the seeds were
inoculated with bacteria, treatments NO-KO and N250-K 150 have a minimum and maximum number of seeds in
these conditions, respectively. Also, the results showed that 100 seed weight in treatments inoculated with
bacteria, N250-K 150 most (24 g per plant) and NO-KO minimal (14 g per plant), respectively. In the absence of
inoculation with bacteria treated NO-KO also had the lowest 100 seed weight. There was a positive correlation
between number of pod per plant, yield and harvest index and N rate. Consequently the results demonstrated that
increases in yields were necessarily related to increase in plant N and K content and inoculated with bacteria had
a marginal effect.
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1. Introduction

Soybean (Glycine max (L.) Merr.) belongs to Papilionaceae family. Soybean is an herbaceous annual legume
which was first cultivated in China as an oilseed. Today, about 50% of the world’s oil is fed by soybean oil
(Akparobi, 2009). Soybean categorizes as an ancient crop plant in the agriculture history (Jandong et al., 2011).
It consists of essential neutrinos such as macro and micro nutrients, and uses for different aims for human needs,
livestock (Akparobi, 2009; Berglund, 2009). Vahedi et al. (2010), and Eisa et al. (2011) introduced soybean as a
suitable replacement to other oil and protein supplements. There has been slight increase in soybean production
since 2000 across the world (Masuda & Goldsmith, 2009).

Nitrogen is one of the essential elements in the production of dry matter and the regulation of photochemical
processes in the plant (Sawan et al., 2006). Synthesis of fat requires both N and carbon skeletons during the
course of seed development (Pattl et al., 1996). Nitrogen is also the main factor in protein production in the plant
(Frink et al., 1999). On the other hand, excessive nitrogen increases plant growth and decreases the light
intensity in canopy thereby reducing photosynthesis (Cothren, 1999). This attributed to the role of K in
biochemical pathways in plants. Potassium affects photosynthesis processes by CO, assimilation and facilitates
carbon movement (Sangakkara et al., 2000). Also, potassium has important role on metabolism pathways of
nucleic acids, proteins, vitamins and growth substances in plants (Bisson et al., 1994; Bednarz & Oosterhuis,
1999). K affects the translocation of photosynthetic materials from sources to sinks (Cakmak et al., 1994). There
has been several report of positive effect of K on the yield and quality (Mullins et al., 1991; Cassman et al.,
1992). Nitrogen requirement for soybean is provided in a combination of soil-derived nitrogen and by the
process of symbiotic fixation of Rhizobia bacteria. The supply of nitrogen depends on several factors such as the
amount of nitrogen in the soil and the development of root nodes (Gan et al., 2003).
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There is no information available in the literature to evaluate soybean yield and its components responses to
different amounts of nitrogen and potash fertilizers for optimizing these traits. Thereby, our studies were carried
out to investigate the influence of N and K with inoculated with bacteria on yield of soybean.

2. Materials and Methods

This study was conducted in Gorgan, Iran during 2015 and 2016 growth seasons. Gorgan (latitude 45° N,
longitude 30° E) is situated at 13 m above sea level. Daily rainfall and air temperature data were recorded at the
experimental site or collected from the nearest weather station during (Table 1). Analysis of soil sample taken
from 0-30 cm depth explained in Table 2. Soybean cultivar used in this experiment was DPX. The experiment
was carried out in a randomized complete block with three replications. Each plot was 6 cm including six rows
(4 m length and 6 cm row spacing). First factors were non-inoculated and inoculated with bacteria that seeds
were pretreated with Rhizobium japonicum and control was done manually. Second factors were consisted
nitrogen fertilizer (urea form) - Potash (potassium sulfate) in seven levels (N0-K0, N50-K0, N0-K20, N50-K20,
N100-K50, N200-K100 and N250-K150 kg/ha). Ten plants selected to take the data from each plot of each
replication. Data were recorded for number of seeds, 100 seed weight, number of pod per plant, yield and harvest
index.

Table 1. Monthly mean temperatures and total rainfalls during the growing period of soybean

Month Maximum Minimum Precipitation =~ Maximum Minimum Evaporation
Humidity (%)  Humidity (%) (mm) temperature (°C) temperature (°C)  (mm)

July 76 49 51.2 335 24.2 218.5

August 76 48 433 35.1 25.4 245.5

September 83 55 49.3 29.7 20.8 153.4

October 87 53 133.7 26.6 15.5 123.5

November 94 68 67.6 153 8 472

Table 2. Selected soil properties of the Ap horizon (0-30 cm) before soybean planting at Gorgan

Sample Value
Conductivity (ds/m) 1

pH 7.6
Organic materials (%) 19.5
C (%) 1.81
N (%) 0.18
P(ppm) 52

Data were subjected to analysis of variance (GLM). Sources of variation were fertilizer at 7 levels and
non-inoculated and inoculated with bacteria at 2 levels, and the interaction of both. Following normalization,
data are smoothed to improve the validity of statistical inferences and to reduce inter-individual variation. Mean
comparisons were performed using the Duncan’s test to examine if differences between sources of variation were
significant at P < 0.05. P values were calculated according to Student’s t test analysis. All analyses were
performed with SAS software package v. 9.1 for Windows. Pearson correlation was used to prove the
equivalence between yield and its components.

3. Results
3.1 Seed Number

Significant difference observed between the effects of fertilizers, inoculated with bacteria and their interactions
on soybean seed number (Table 3). When the seeds were inoculated with bacteria, maximum and minimum
number of seeds in T7 and T1 were obtained, respectively. Seed numbers in treatments T1 to T7, respectively,
were as follows: 35, 41, 37, 43, 44, 53 and 56 (Figure 1). When the seeds were non-inoculated with bacteria,
seed number between 144 and 246 numbers have changed. T1 and T7 have a minimum and maximum number of
seeds in these conditions. The difference between the number of seeds inoculated with bacteria and
non-inoculated with bacteria wasn’t significant that it means bacteria doesn’t effect on seed number but
increased rate fertilizers, seed number increased significantly (Figure 1).
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Table 3. Analysis of variance of yield components

Source df Yield Harvest index 100 seed weight Pod number Seed number
Block 2 14209 17.6° 1.517 11.87 125
Fertilizer (F) 6 398540" 64.1" 36/94™ 76.8" 2488.4"
Bacteria (B) 1 1266203 325.5" 434" 248" 225"
BxFxB 6 61575 4.1 65" 367 23.5"

Error 26 1827 421 0.29 ™ 0.9 0.8 "™

Note. **, * ns: Significant at 1 and 5 % probability levels and non-significant, respectively.
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Figure 1. Effect of N and k on seed number on soybean. Means = SE with the same letter on top of bars within
treatments do not differ significantly according to Student’s t-test (P = 0.05)

3.2 100 Seed Weight

There were statistically difference between the fertilizers and soybean inoculated with bacteria and their
interactions on seed number of soybean (Table 3). The results showed the difference between all the levels
except T2 and T3 levels were significantly (Figure 2). In terms inoculated with bacteria, minimum and maximum
were observed in T1 (14 g) and T7 (19.2 g), respectively. Inoculated with bacteria difference in fertilizers T1, T2
and T3 are not significant. In the absence of bacterial, treatments T1 also had the lowest seed weight and the
difference was not significant between T1 and T3 but T1 and T2 had the difference significant (Figure 2). Result
of interaction showed that between fertilizers inoculated with bacteria and non-inoculated with bacteria, seed
weight at T1, T2, T3, T4 and T7 were statistically significant (Table 4).
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Figure 2. Effect of N and k on 100 seed weight on soybean. Means + SE with the same letter on top of bars
within treatments do not differ significantly according to Student’s t-test (P = 0.05)

Table 4. Interaction effect of fertilizers and yield and its components of soybean

Treatments Yield 100 seed weight Pod number Seed number
Tl 22.81%* 42.41%* 0.59 1.03
T2 38.10%* 20.26** 0.05 1.79
T3 7.94%* 14.97** 0.10 5.90%*
T4 76.79** 7.23* 1.30 0.04
T5 185.89** 1.24 6.66* 0.66
T6 240.88** 0.13 9.43%%* 3.06
T7 322.84%* 64.57** 32.17%* 41.29%*
3.3 Yield

The effects of treatments, inoculated with bacteria and the interaction of these two factors on soybean yield was
significant (Table 3). The results showed that inoculation with bacteria at all levels of fertilizer on soybean yield
increased (Figure 3). T7 fertilizer treatments in both levels of bacteria had highest yield and T1, T2 and T3 had
the lowest yield (Figure 3). Interaction showed that the differences in all fertilizer with inoculated with bacteria
were significantly, which means: all levels of fertilizer inoculated with bacteria improve soybean yield (Table 4).
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Figure 3. Effect of N and k on yeild on soybean. Means = SE with the same letter on top of bars within
treatments do not differ significantly according to Student’s t-test (P = 0.05)

3.4 Harvest Index

The results showed that the effect of fertilizer and inoculation with bacteria in soy harvest index was significant
but the interaction was not significant (Table 3). T7 fertilizer treatments had highest harvest index was about
52% (Figure 4). This difference in treatment with other treatments was significant. Lowest harvest index were
observed in T1 but there is no significant between T1 and T2 and T3 treatments. Harvest index of soybean
inoculation with bacteria significantly increased (Figure 5). Harvest index inoculated with bacteria and non-
inoculated seed with bacteria was 48% and 43%, respectively.
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Figure 4. Effect of N and k on on harvest index on soybean. Means + SE with the same letter on top of bars
within treatments do not differ significantly according to Student’s t-test (P = 0.05)
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Figure 5. Effect of Inoculation on harvest index on soybean. Means + SE with the same letter on top of bars
within treatments do not differ significantly according to Student’s t-test (P = 0.05)

3.5 Pod Number Plant

The effects of treatments, inoculated with bacteria and their interactions on soybean pods were statistically
significant (Table 3). In inoculation with bacteria, T7 had most (24) and T1 with 16 pods had the lowest pod
number per plant (Figure 6). T7 and T6 were no significant differences. The difference between the levels of T4
and T5 with T6 were not significant. In non-inoculation with bacteria, All fertilizer levels had significantly
different except T2 and T3 (Figure 6). T1 has minimal and T7 highest number of pods per plant. Interaction
indicated that the difference between inoculated and non-inoculated bacteria on pods only at T5, T6 and T7 were
significant (Table 4); this means that these 3 levels of fertilizer, inoculation with bacteria did not increase the
number of pods.
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Figure 6. Effect of N and k on pod number on soybean. Means + SE with the same letter on top of bars within
treatments do not differ significantly according to Student’s t-test (P = 0.05)

3.6 Correlation Coefficient of Yield and Its Components

Table 5 presented the correlation between yield and other parameters. There was significant positive correlation
among the number of seeds per plant, number of pods per plant and seed weight. Correlation coefficients
indicated that soybean yield had positive and significant correlation with 100 grain weight (r = 0.69), number of
pod per plant (r = 0.53) and number of seed per pod (r = 0.67). However, there was no significant correlation (r =
0.12) was found between yield and harvest index.
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Table 5. Correlation coefficient of yield and its components

Yield
Seed number 0/67**
Pod number 0/53%**
100 seed weight 0/69**
Harvest index 0/12™

Note. **, * ns: Significant at 1 and 5 % probability levels and non-significant, respectively.

4. Discussion

100 seed weight of soybean was influenced by the amounts of nitrogen uptake. In general, all of the nitrogen
doses produced 100 seed weight higher than the non-nitrogen application condition. These results are in
agreement with other (Taylor et al., 2005). Also, Channabasavanna and Setty (Channabasavanna & Setty, 1994)
reported positive response of seed weight to N application. There is report that 100 seed weight is not affected by
nitrogen application (Barker & Sawyer, 2005).

Number of seed increased with increasing N and K rates (Figure 1). These findings are in line with the reports of
other work (Bahmanyar & Mashaee, 2012). It seems that the cause of increase in grain number at high N level
caused severe competition for carbohydrates, which resulted in increased hollow grain percentage. In lower
nitrogen levels, insufficient nutrients for filling of grains led to diminished grain number per panicle; thus in this
state, lower competition is the cause of decreased hallow grain percentage in panicle (Bahmanyar & Mashaee,
2012).

All levels of fertilizer inoculated with bacteria improve soybean yield (Figure 3). Most concentration of N and K
(T7) in both levels of bacteria had highest yield (Figure 3). According to the results of this study, soybeans
inoculation with bacteria and greater use of nitrogen fertilizers were improved yield in soybeans than control.
Much evidence suggests that the appropriate response of soybean to soil fertility and fertilization (Marschner &
Rimmington, 1996; Wesley et al., 1998). However, some research suggests that the soybean nitrogen fixation
cannot provide sufficient nitrogen (Weber, 1966; Wesley et al., 1998). Also Syverud et al. (1980) reported to
reduce the concentration of nitrogen in soybean crops during the dry season, they concluded that nitrogen
supplementation is vital to maximize the yield. Taylor et al. (2005) also concluded that nitrogen fertilizer resulted
in higher yield in soybean. This observation has been reported by other author (Kumar et al., 2013). Mishra and
Singh (2006) observed that treatment in increasing levels also improved the yield and yield attributor characters.
Kumar and Rao (1992), and Channabasavanna and Setty (1994) also reported findings indicating improvements
in grain yields attributed to increments in yield components, which have to do with better nutrition, plant growth
and increased nutrient uptake (Kumar & Rao, 1992).

Net photosynthetic rate and dramatic decrease in crop yield were affected by K deficiency (Ding et al., 2006). De
Datta and Gumez (1982) reported that K is vital factor for filling grain due to its deficiency ends up sterility of
pollen seeds at the reproductive stage and result in decreased number of filled grains. This result was supported
by Wang et al. (2004), and Kanda and Dixit (1996). De Datta et al. (1988) showed that the effect of nitrogen on
yield significantly affected the response to potassium presence; when nitrogen fertilizers are not utilized, rice do
not react to potassium fertilizer.

Nitrogen fertilization increased number of pods. Increase in number of pods could be as a result of nitrogen
being involved in carbohydrate and protein metabolism that affect physiological process such as cell division and
enlargement, in other words, more productive pods and dry matter yields. Other finding has been reported that
increasing N rate results in increasing pods numbers (Malik et al., 2003; Shehu et al., 2010).

Consequently, the correlation between performance and other measured parameters showed that the number of
seeds per plant, number of nodes per plant, number of pods per plant, seed weight, leaf dry weight, stem weight
had significant positive correlation (Table 5). Yield and harvest index showed no significant correlation could be
due to increased economic and biological function of both the same size (Table 5). Our findings were in line with
the other observations by Showkat and Tyagi (2010) and Arshad et al. (2006) who reported that positive and
significant correlation were among yield, number of pods per plant and 100 seed weight. Kumudini et al. (2001)
also concluded that there is a significant and positive correlation between yield and component of soyebean.
Shiraiwa et al. (2004) reported pod seed number as determinant factors of soybean yield.
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5. Conclusion

Finally, soy cultivation requires much nitrogen as a protein plant. The proper use of nitrogen fertilizer and seed
inoculation with bacteria lead to improvement of soybean yield. Generally, availability of nitrogen results in
more vegetative growth, thereby, the number of pods per plant and seed weight per plant contributes to higher
soybean yield.
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