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SUMMARY

Soybean (Glycine max (L.) Merrill) is important legume which is used for
humans diet and animal feeding. Beside the significance of certain agro-technical
measures (choice of variety, sowing technigues), some physiological indicators,
such as the net production of photosynthesis (NAR), are also important for yields
achieving and evaluating. The study of the row spacing effects (20, 45 and 70
cm) on the productivity of photosynthesis of soybean varieties (Bosa, Balkan and
Dragana) were carried out on the soil type of chernozem. The tendency of growth
of surface area and number of leaves per plant was recorded up to the fourth
measurement in the Bosa and Balkan varieties and until the fifth measurement in
the Dragana variety, when the seed formation phase (R5) was established. The
highest NAR was observed in early stages of growth, 10-25 days after
emergence, while decreasing in later stages. The highest values of NAR in both
examined years were recorded at square sowing (20 cm).
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INTRODUCTION

Soybean - Glycine max (L.) Merrill is important legume which is used in
Serbia because of its high yield, good quality of grain. The climate has a major
effect upon plant growth and development, and often represents a limiting
production factor. Soybean’s importance comes first and foremost from the
chemical composition of its grain, which is about 40% protein and around 20%
oil. Because soybeans can be used whole or can be processed to obtain oil or
protein, the plant is used widely and extensively not only in the food sector but in
various other industries as well. Soybean meal is an indispensable source of
protein in the nutrition of livestock, poultry and fish. We must not forget the role
of soybean in field crop production either. Being a legume, soybean has the
ability to fix atmospheric nitrogen and provide itself with sufficient amounts of
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readily available nitrogen, thus reducing the need for nitrogen fertilizer
application. Leguminous plants, including soybean, are capable to form root
nodules in symbiosis with bacteria of Rhizobium and Bradyrhizobium genera,
and during that process they convert inorganic nitrogen (N;) into ammonium ions
(NH;") available to the plant. Bradyrhizobium japonicum has a symbiotic
relationship with legumes, or more specifically soybean plants. This makes this
plant a very good fit for crop rotations (Hrusti¢ et al., 1998; Simi¢ and Vuckovic,
2014; Terzi¢ et al., 2016; 2017; Kresovi¢ et al., 2016; Popovi¢ et al., 2013a;
2015; 2016). The introduction of new practices for increasing the seasonal
productivity and forage quality of temporary swards by annual legume requires
studies on plant material of different origin (Vasileva and Vasilev, 2012;
Naydenova et al., 2014; Bozhanska et al., 2016).

Soybean is one of the most significant protein-oil plants. Beside the
significance of certain agro-technical measures (such as sowing methods, the
choice variety, plot, etc.) some physiological indicators, such as the Net
Production of Photosynthesis (NAR), are also important for yields achieving and
evaluating. The influence of these physiological indicators on yield and quality of
soybean grain is different, according to results of numerous researchers.

A high and stable soybean yield can be achieved only when it is based on
the cultivation of varieties of high genetic yield potential with the application of
intensive agro-technology. Producers of soybeans in our country have a wide
range of domestic varieties that are highly yielding, not genetically modified
(Popovi¢, 2010) and adapted to our climate.

One of the conditions for achieving high and stable yields is the proper
arrangement of plants at appropriate crop densities. It is known that the square
shape is an ideal vegetation space. However, in practice, it is difficult to achieve
the shape of a square if soybean is sown at an intermediate distance of 50 cm and
a distance of 3-5 cm.

By changing the shape of the vegetation space, ie. the intermediate
distance, the microclimatic conditions of growth soybean plants is changes.
Soybean plants is very sensitive with change of the microclimatic conditions,
especially in the flowering stage. The shape of vegetation or sowing method has
been studied in almost all areas of soybean cultivation. When sowing at a larger
interstitial distance, much of the sunlight falls between rows and remains unused,
especially in the early part of the soybean vegetation period (Kolari¢, 2010).
According to many studies, the applied crop density is the prerequisite for
expressing the maximum genetic potential for the yield of these varieties
(Bullock et al., 1998; Bowers et al., 2000; Holshouser and Whittaker; 2002;
Heatherly et al., 2002; Nenadi¢ et al., 2003; Vignjevic, 2006; Popovi¢, 2016a).

The aim of this research is to study the influence of the size of the
interstitial spacing at the same density of crops on the productivity of soybean
photosynthesis. Based on the results it will be given recommendation for modern
soybean technology.
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MATERIAL AND METHODS

Research was carried out on the test-field in Zemun Polje, on the bad
carbonate chernozem soil type, in period of two year. Micro-test was set up as a
two-factor, split-plot method in four repetitions. The factors were: row spacing
(A) (20, 45 and 70 cm) and variety (B): Bosa (0 maturity group), Balkan (I
maturity group), Novi Sad; Dragana (Il maturity group).

The density of crops within the variety was the same for all varieties and
amounted to 500,000 plants per hectare for the Bosa, 450,000 plants per hectare
for the Balkan variety and 400,000 plants per hectare for the Dragana variety.
The size of calculated sample parcels was 5.4 m? (6.0 x 0.9 m) for a combination
of sowing at 45 cm between rows, 6.0 m? (6.0 x 1.0 m) for a variation of sowing
at 20 cm between rows and 8.4 m? (6.0 x 1.4 m) for planting at 70 cm spacing
between rows, Kolari¢ et al., 2014a; 2014b. In the experiments, standard agro-
technology for the production of soybean was applied, excluding studied factors.
The soybean pre-crop, in both years of research, was corn. Deep plowing (25 cm)
was done in the autumn immediately after maize harvesting, and on that
occasion, 100 kg ha™ UREA (46% N) was applied. Early ground preparation was
carried out in the spring with seeders. Sowing was done on April 23" in the first
examined year and on May 5th in the second examined year. The seed is directly
inoculated with the microbiological preparation NS-Nitragin immediately prior to
sowing. During the vegetation period, weed weeding and hoeing takes place on
two occasions. Harvest was done manually on September 10th in the first and
September 17" in the second examined year. During the vegetation period, the
photosynthesis productivity was monitored starting from the phase of the first
permanent leaves on the stalk until the beginning of the ripening of pods. These
measurements were performed every 10 days by taking samples of 5 plants from
each accounting plot and from all repetitions.

The surface of the samples was determined by measuring the maximum
length and width of the leaves and multiplying with the correction factor 0.72
(Saric¢ et al., 1986). Based on surface area parameters, fresh and dry matter, NAR
(net assimilation rate, net assimilation) was calculated:

N.AR (g/m?/day) = W, -W; x LnA; - LnA;
Ax—-A; T,-Ty

Where in:

W1 = initial weight dry weight Al = initial fresh leaf weight
W2 = final dry matter weight A2 =final fresh leaf weight
T1 = initial harvest time Ln = natural logarithm (loge)

T2 = final harvest time

Soil Conditions

According to the pedological study of the soil in Zemun Polje, carbon
chernozem is characterized by humus —accumulative (Ah) horizon of 0-50 cm of
depth, dark block color and powdery clay agril texture (Saréevi¢-Todosijevi¢ et
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al., 2016). Study area was conducted two year period in Zemun Polje, (latitude:
44°52°00"" N and longitude: 20° 19" 00"" E) region of Serbia on the chernozem
soil type (pH = 7.95).

Table 1. Chemical properties of soil, Zemun Polje, Serbia

Depth pH in CaCOj3 |Humus | Total CIN Accessible N (ppm) mg/100gr soil
(cm) | H,O | KCI (%) (%) | N (%) NH,4 | NO3 | NH;+NO3 | P,O5 | K,O

0-20 | 7.95|7.25 16 287 |0180]9.221| 84 | 154 23.8 268 | 254

20-40 | 8.00 | 7.40 2.2 272 |0175]9.0:1| 49 | 16.8 21.7 26.8 | 243

The soil was neutral to weak alkaline reaction, well provided by total
nitrogen and humus, poorly carbonate and with an increased content of P,Os and
K,0 (Tab. 1).

RESULTS AND DISCUSSION

Meteorological conditions

Meteorological data were obtained from the Meteorological Station,
Zemun Polje, Serbia (Figure 1). Weather conditions are variable and
unpredictable (Popovi¢ et al., 2013a; 2013b; 2014; 2015; 2016b; Kolari¢ et al.,
2015a; 2015b; Mandi¢ et al., 2016). In first year, about 2'C higher air
temperatures were recorded, compared to second year, where temperatures were
at the level of perennial averages (Figure 1).
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Figure 1. Precipitation and temperature, Zemun Polje, Serbia

In second year, the amount of precipitation during the vegetation period
was at the level of perennial averages and about 105 mm higher compared to first
year (Figure 1).
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The influence of the row spacing and genotype on the Net
Photosynthesis Productivity (NAR)

The productivity of photosynthesis represents the increase in dry matter
per unit area of the leaf surface in the unit of time (Koji¢, 1987). Productivity of
photosynthesis of one species does not have a constant value and, among other
things, depends on external conditions (temperature, humidity, light intensity).

This parameter expresses the increase in dry weight. Therefore, this
parameter was called pure or Net Photosynthesis Productivity (Popovié, 1976;
Haloi and Balden, 1986; Koji¢, 1987; Kastori, 1989).

During the growing period of the genotypes encompassed by studies, NAR
was uneven with different tendencies in both years of research (Tables 2 and 3).

Based on the research, we conclude that the productivity of photosynthesis
of one species does not have a constant value, but depends on climatic conditions
(temperature, humidity, etc.). Precipitation quantity during soybean growing
period in first year was 240 mm and in second year was 350 mm, Figure 1.

Table 2. Influence of row spacing and variety on the net assimilation in
first year (NAR g/m?/ day)

Interval
RO\.N Variety
spacing (B)
*) I-11 H-111 | -1V IvV-v V-VI VI- VII-
VI VI
20 3.30 412 1.50 1.36 0.92
45 Bosa 2.83 2.92 1.05 0.64 0.24 - )
70 2.72 2.51 0.98 0.18 0.16
Average 2.95 3.18 1.18 0.73 0.44 - -
20 3.40 3.07 3.08 1.19 0.86 0.27
45 Balkan 2.73 2.91 2.91 1.20 0.45 0.16 )
70 2.59 2.77 2.71 1.12 0.36 0.22
Average 2.91 2.92 2.90 1.17 0.56 0.22 -
20 3.23 3.32 3.20 2.36 0.50 0.64 0.23
45 Dragana 3.02 2.71 2.71 1.81 0.45 0.57 0.12
70 2.56 2.09 2.35 1.64 0.24 0.41 0.06
Average 2.94 2.71 2.75 1.94 0.40 0.54 0.14
20 331 3.50 2.59 1.64 0.76 0.46 0.23
Average 45 2.86 2.85 2.22 1.22 0.38 0.37 0.12
70 2.62 2.46 2.01 0.98 0.25 0.32 0.06
Total / Average 2.93 2.94 2.28 1.28 0.46 0.38 0.14
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In favorable second year, similar to first, the highest NAR values were in
the first two measurement intervals (on average, 3.19 and 2.61 g/m?/day), Figure
2 and 3. However, later, unlike the previous year, there is a steady decrease in the
value of this parameter. The lowest values of this parameter were determined at
the end of the vegetation period for the three investigated varieties. In both years,
the highest NAR values were recorded by sowing in narrow rows.
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Figure 2. Influence of row spacing on the net assimilation the first year
(NAR g/m?/day)

The variety of the longer vegetation period had a higher net assimilation
compared to the earlier variety.

It is a derived parameter which has based on the leaf surface and a formed
dry mass at a certain time and all the effects on them are also reflected on the
NAR, similar to that of garlic (Castillo et al., 1996; Rizzali and Villalobos, 2002).
The size of the leaf surface and its duration significantly influence the yield level
(Kastori, 1989).

The highest NAR was observed at early stages of growth, 10-25 days after
emergence, while in later stages it was decreased. The NAR is the most
appropriate form of displaying the photosynthetic effect of plants and crops.

In a 14 soybean varieties research, Mitrovi¢ (1958) found that the leaf
surface was in a positive correlation with the yield of the grain per unit area.

Hanway and Weber (1971) found that, in the flowering stage, the total dry
weight of the plants is consisting of leaves (55%), leafy stems (14%) and stalk
(31%). The maximum dry matter of the leaf was obtained in the full blossoming
phase. The maximum accumulation of total dry matter is achieved within 108 to
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115 days after sowing both, determinant or indeterminate type of soybean,
according to Egli and Legget (1973).

Table 3. Influence of row spacing and variety on the net assimilation in

second year (NAR g/m? / day)
Row . Interval
spacing | Vo0V VI- | VII- | VIII-
A) (B) L T T R T AV B Y2V VAV I N X
20 370 | 341 | 220 | 203 | 124 | 0.9
45 Bosa | 285 | 249 | 216 | 1.81 | 088 | 0.71 - -
70 259 | 1.85 | 1.94 | 168 | 072 | 0.29
Average 3.04 2.58 2.10 1.84 0.85 0.75 - -
20 310 | 310 | 253 | 150 | 1.47 | 135 | 1.16
45 Balkan | 3.09 | 251 | 243 | 131 | 139 | 1.10 | 082 -
70 305 | 229 | 179 | 129 | 139 | 1.04 | 034
Average 308 | 263 | 225 | 137 | 142 | 116 | 077 -
20 389 | 297 | 230 | 193 | 093 | 1.23 | 104 | 091
45 Dragana 3.85 2.89 1.97 1.43 0.79 1.07 0.81 0.57
70 258 | 197 | 1.82 | 129 | 070 | 088 | 079 | 0.17
Average 344 | 261 | 203 | 155 | 081 | 1.06 | 088 | 055
20 | 356 | 316 | 234 | 18 | 121 | 118 | 110 | 091
Average | 45 | 326 | 263 | 219 | 152 | 102 | 096 | 0.82 | 057
70 | 274 | 204 | 185 | 142 | 094 | 074 | 057 | 0.17
Total / Average 3.19 2.61 213 | 159 1.06 0.96 0.83 0.55
4 ~
3,5 7
3 -4
2,5 7
m20
2 -4
m45
e =70
1 4
05 [l B
U 1 I

- - =y S VS VD VYT VI

Figure 3. Influence of row spacing on the net assimilation in the second
year (NAR g/m? / day)
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However, in terms of the accumulation of vegetative mass, the variety did
not differ significantly, since its maximum weight was achieved approximately
89 days after sowing. After that, it fell because the leaves dying out were faster
than the growth of new ones. The value of net assimilation varies depending on
the genotype, Kolomejchenko (1982) points out.

It was established that high productive wheat genotypes (7-9 t ha™) with
the optimal architectonics possess higher rate of CO, assimilation during the leaf
ontogenesis. Along with the high rate of photosynthesis, high values of
photorespiration are characteristic for the high productive genotypes. Genotypes
with moderate (4-5 t ha™) and low (3 t ha™) grain yield are characterized by
relatively low rates of both CO, assimilation and photorespiration. A value of
photorespiration constitutes 28-35% of photosynthetic rate in contrasting
genotypes (Aliyev, 2012).

Bunce (2014) was tested whether soybean photosynthesis at high light and
elevated CO, (ambient + 180 umol mol™") was limited by electron transport (J) in
FACE systems but by ribulose-bisphosphate carboxylation capacity (Vcmax) in
OTC. FACE systems with daytime and continuous CO, enrichment were also
compared. The results indicated that in both cultivars examined, midday
photosynthesis at high light was always limited by Vcmax, both in the FACE and
in the OTC systems.

The correct selection of the interstitial spacing affects the aging of a higher
biomass of soybean and therefore productivity (Kolari¢ et al., 2014).

Constant climate changes force legume, forage crops and mixtures to adapt
to the altered conditions and require better efficiency of resource utilization by
mixtures. At present, the main interest is directed towards more drought resistant
and drought tolerant components. Legume species that can provide self - sowing
and persist continuously in the sward become of practical importance (Vasileva
et al., 2015).

Leguminous plants maintain a very privileged relationship with the
rhizosphere. Their agronomic interest results first of all from their ability to
establish a mutualistic symbiosis with bacteria belonging to Rhizobia family for
the utilization of atmospheric nitrogen as a nitrogen source (Giri and Joshi,
2010). It is estimated that approximately 40-60 million metric tons of
atmospheric nitrogen is fixed by cultivated legume plants annually (Mansouri and
Kheloufi, 2013). Indeed, this symbiosis allows them to produce in abundance
proteins even in the absence of nitrogenous fertilization. They play consequently
a key role in the crop rotation (Popovic, 2010).

The use of biomass for bioenergy creates new business opportunities in
agriculture sector. Bioenergy production can significantly contribute to the
development of rural areas and encourage creating new supply chains for
biomass feedstock. The creation of new non-food markets for biomass could
provide alternative income sources for farmers (EC 2012) Agricultural residues,
may act as important source of renewable energy. However, despite progress in
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these segments of crop production, the greatest potential for the use of biomass as
fuel is seen in field (Curovi¢ et al. 2016).

CONCLUSIONS

Based on the research, it can be concluded:

» Sowing at different intermittent distances has affected the parameter net
productivity of photosynthesis of soybean varieties of different lengths of
the vegetation period.

> The results show that the NAR increased until the fourth measurement, Ry,
at the varieties: Bosa and Balkan, and at the fifth measurement, R4, at
variety Dragana when the seed formation phase (Rs) was established.

» In the conditions of the arid and semi-arid climates, to whom northern parts
of our country mostly belong, the advantage in the planting structure of the
areas under the soybean should be given to medium-early varieties, with
respect to the optimal sowing period (until April 10), and by this to try to
avoid the adverse environmental conditions that were frequent in the
summer months (June and July), especially in the last decade.

»  Significantly higher productivity of soybean photosynthesis can be achieved
at smaller intervening distances (20 cm). In this way, a more favorable
arrangement of plants, ie. shape of vegetation space is provided.
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