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Symbiotic Nitrogen Fixation in Soybean
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Stileyman Demirel University, Mustafa Kemal University
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1. Introduction

Nitrogen is the key component of vegetable protein for human and animal consumption.
Although 78% of the atmosphere by volume is consisted of molecular nitrogen, this huge
amount is not available for plants, animals or human. Only the bacteria that have
nitrogenase enzyme can reduce atmospheric nitrogen and thus they called as a “nitrogen
fixers”. Nitrogen fixers reduce molecular nitrogen to amino acids and protein through
ammonia (Fritsche, 1990; Lindemann and Glower, 2003). Nitrogen fixation process realizes
either by free-living, associative or symbiotic nitrogen fixers. In symbiotic relation
microorganism infects the plant root through infection thread and lives in the nodule
forming structure. Afterwards plant supply component of nitrogenase and organic
compounds to microorganism whereas microorganism supply reduced nitrogen to plant.
Associative microorganisms are not infecting to plant however they colonize in rhizosphere
and use of root exudates to successful nitrogen fixation. Free living fixers are independent
and they need neither infect to plant nor rhizosphere exudates for fixation. Although the
fixation rate vary depends on the nitrogen fixer type, the most effective fixation occurs in
symbiotic relation with legumes. Soybean itself represents 77% of the N fixed by the crop
legumes by fixing 16.4 Tg N annually, fixation by soybean in the U.S., Brazil and Argentina
is calculated at 5.7, 4.6 and 3.4 Tg, respectively (Herridge et al. 2008).

Plant and microorganism are particular for each other, thus only certain microorganism can
infect particular plant whereas the appropriate rhizobium of soybean is called as
Bradyrhizobium japonicum. The shape and size of the nodules are also particular for legumes,
the soybean nodules are round and in same cases big as pea. Effective nodules are large in
size and reddish in the inside colour.

Legumes have an important role for both human nutrition and animal feeding, however,
soybeans are unique in legumes with contents of 40% protein and 21% oil as well as
isoflavones. Thus, soybean is the most widely grown protein/oilseed crop in the world,
with both North and South America producing large portions of the world’s supply of this
remarkable crop.

In case of legume introduce to soil for the first time, appropriate rhizobium strain has to be
inoculated for successful nitrogen fixation. In many cases some rhizobium bacterium might
be existed in the soils, nevertheless, due to the insufficient number and activity (Gok and
Onac, 1995), inoculation should be repeated. No successful nodulation as well as nitrogen
fixation should be expected without inoculation with appropriate and healthy rhizobium
strain by convenient inoculation method. A number of methods available to used in
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inoculation of soybean by Bradyrhizobium japonicum, however, inoculation by irrigation
water and seed bad inoculation methods are more effective according to nitrogen fixation
parameters (Isler and Coskan, 2009). On the other hand organic compound such as fulvic
and humic acids have stimulatory effect on soybean-rhizobium symbiosis (Coskan et al.,
2010). Moreover, biological nitrogen fixation of soybean influenced by the number of factor
such as pH, salinity, partial oxygen pressure, soil water content, ambient temperature as
well as soil mineral N content.

2. Cultivation of soybean for a first time: In scope of inoculation view

Cultural plants need considerable amount of macro and micro nutrients in mineral form to
produce high quality of yield and these nutrients should be provided to correct yield-
limiting factors. Mineral and organic fertilizations are the pathways to enhance soil mineral
nutrient budget. Due to the plant can only use mineral forms of nutrients, mineral fertilizers
are readily available for the plants. Nutrient in organic fertilizers are in organic form that
not readily available for the plants, thus the organic fertilizers have to be convert mineral
form via the process called “mineralization”.

Considerable amount of nitrogen is removed from soil when protein-rich grain or hay
harvested, thus nitrogen is the most commonly deficient nutrient among macro and micro
nutrients. Due to the nitrogen is the key component of healthy growing, all plants other than
legumes should be fertilized by nitrogenous fertilizer. Legume plants are unique for their
ability to fix nitrogen from atmosphere by symbiotic relationship with rhizobium bacteria.
Rhizobia require a plant host therefore they cannot independently fix nitrogen. These
bacteria located around root hair and fixing atmospheric nitrogen using particular enzyme
called “nitrogenase”. When this mutualistic symbiosis established, rhizobia use plant
resources for their own reproduction whereas fix atmospheric nitrogen to meet nitrogen
requirement of both itself and the host plants. Supply of nitrogen through biological
nitrogen fixation has ecological and economical benefits. Farmers are not taking advantage
of rhizobial inoculation to a number of reasons, thus they are passed up the potential of
biological nitrogen fixation.

In many cases Rhizobium spp. might be existed in the soils, nevertheless, due to the
insufficient number and activity (Gok and Onac, 1995), inoculation should be repeated. A
number of studies indicate that no nodule formation appeared in the soybean roots if
inoculated soybean isn't grown previously. Biren (2002) carried out the experiment to
evaluate the effects of rhizobium inoculation in Turkish Republic of Northern Cyprus where
soybean is not cultivated previously. He reported that there was no nodule formation in the
non-inoculated control plants. Similarly, in Isparta where the soybean is not cultivated
regularly there was no nodule occurrence (Coskan et al., 2009). In some circumstances it is
possible to observe very limited number of infection even in first cultivation at non
inoculated condition. Isler and Coskan (2009) reported that in the first cultivation in non-
inoculated condition there was a very few nodule formation in very light weight.

In scope of inoculation view, rhizobium inoculation should be realized with appropriate
and healthy rhizobium strain in first cultivation of soybean plant and inoculation should be
repeated every 2 to 3 year to sustain successful symbiotic nitrogen fixation. Depends on the
rhizobium variety used, amount of nitrogen fixation greatly changed (Gok et al., 2001;
Coskan et al., 2003). Thus, results obtained from local research should be considered in
designating the effective strain.
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3. Effects of inoculation methods on fixation

A number of inoculation methods are available, however, wetting the seeds by sugar, water
and strain mixture or inoculation with peat culture are the most common methods in
practise. Due to the rhizobium strain sensitive to the sunshine, inoculation and drying
should be realized in indoor environment and seeds should also be protected from direct
sunlight at sowing. Inoculation by wetting the seed methods has a number of disadvantages
as follows: (1) Seeds are clinging to each other or to any surface of sowing equipment. Thus,
farmers are abstained from inoculation to prevent time loss and extra workload. (2) The use
of excessive water damages to the shell of the seed during inoculation therefore seeds
become vulnerable to external conditions. Deaker et al. (2004) reported that seed inoculation
method causes reduction of viable cell number when seed passes through machinery or
lifting the seed coat out of the ground during germination. (3) Less amount of strain can be
introduced to the seed especially in smaller seeds. Therefore, the higher amount of
rhizobium bacteria per seed can be used in soil inoculation method compared to seed
inoculation, especially for small seeded legumes (Brockwell, 1977).

Isler and Coskan (2009) tested the five different inoculation practises in pot experiment to
evaluate the most effective method. They use the methods as follows: seed inoculation with
sugar as an adhesive (SI), top inoculation with first irrigation (TI), two times top inoculation,
one with first irrigation and one after germination (TTI), seed bad inoculation (SBI) and
inoculation with peat culture-rhizobium suspension IWP). Result revealed that all practices
other than control increased both number of nodule and nodule weight (Fig. 1). SI which
commonly used inoculation technique was not effective as the other techniques tested.
Observed nodule formation in TI proved that inoculants may reach rhizosphere area
without any difficulties. Therefore inoculation with irrigation water may be used as an
alternative inoculation technique considering the salt contents of the irrigation water. TTI
application realized to compare with TI, however there wasn’t statistical differences
between TI and TTI.According to yield and the weight of seeds, SBI was the most effective
inoculation techniques. Moreover SBI is the method that can easily adapt to sowing
machinery with small changes.

==g¢==Number of nodule (nodule/plant) Nodule weight (mg/plant)
35.0

30.0
25.0 %V
20.0
15.0 /\V/
10.0 /

5.0 /

0.0 : : ; . . .

Control sI TI I SBI IWP

Fig. 1. Effects of inoculation methods on nodule formation and nodule weight (SI: seed
inoculation, TI: top inoculation, TTI: two times top inoculation, SBI: seed bad inoculation,
IWP: inoculation with peat culture)
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In this method seed is not directly contacted to the inoculants material, instead, seed located
nearby or above the soil which rhizobia applied. Thus, the difficulties reported by Deaker et
al. (2004) and Brockwell (1997) surmounted. Due to the inoculation material mostly stored in
peat culture, inoculation with peat culture is another common inoculation method. But, if the
peat culture dries out after inoculation, peat removed from seed and accumulate bottom of
sowing machine (Gault 1978). Besides, when dry peat is wetted, great heat occurred which
may reduce the number of viable rhizobia (Deaker 2004). Thus, in IWP application, water
added to peat before adding the rhizobia to prevent high temperature occurrence, then this
suspension applied to seed bed. Nodule count and nodule weight results revealed that the
problem mentioned above is not realized and effective infection occurred in IWP. Results
strongly indicate that, in the case of inoculants were not contact with seeds directly, the success
of symbiotic relation increased. In general, SBI were the most effective methods among all
methods tested. This method is also ripe for development of automated sowing machines.

4. Effects of different tillage system

Biological N> fixation (BNF) was effected by different tillage system including agricultural
practices, pesticides applications, addition of organic material, residue chopping. The ways
in which these operations are implemented affect the physical and chemical properties of
the soil, which in turn affect soil microorganisms as BNF bacteria.

The amount of nitrogen actually fixed by a legume depends not only on the genetics of the
bacteria and host plant but also on the environment and agricultural practices. Among the
common agricultural practices, fertilization with P and N has important effects in nitrogen
fixation. It is a well-established fact that, when legumes are grown in soils high in available
nitrogen, the nitrogen fixation rate is reduced.

According to different research, by definition, biological N, fixation (BNF) is synonymous
with sustainability. Advances in agricultural sustainability will require an increase in the
utilization of BNF as a major source of nitrogen for plants. The process of BNF offers an
economically attractive and ecologically sound means of reducing external nitrogen input
and improving the quality and quantity of internal resources.

Soil tillage methods have complex effects on physical, chemical and biological properties of
soil. Because of the changing physical and chemical properties of soil by soil tillage
methods, the biological properties of soil may also change. Actually these changes are
indirect results of tillage. Changed physical and chemical soil properties by soil tillage
methods effect the parameters directly related with soil microbial activities such as organic
matter, soil humidity, temperature and ventilation as well as the degrees of interaction
between soil mineral and organic matter. As a result of these effects, significant differences
can be observed in the population of microbial activities in soil (Kladivko, 2001; Lavelle,
2000; Wardle 1995; Saggar et al. 2001).

Plant and microorganism interactions in rhizosfer region are very important for plant
growth. In the rhizosphere region, rhizobial activities occur as reciprocal and compulsory
interactions (symbiosis) of plant-microorganism (Altieri, 2000; Garcia and Altieri, 2005). One
of the important activities related to soil qualities is beneficial microorganism activities. The
most important of these activities is a root nodule bacterium which provides to biological
No-fixation (Ferreira et al., 2000).

Microorganisms, that are important parts of the nature, are considerably affected by the
environmental conditions. These organisms which rapidly reproduce and function in proper
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environmental conditions, also struggle to continue their functions under poor conditions
(Dogan et al., 2007).

As a result of symbiotic N>-fixation, legumes supply nitrogen to the soil not only with their
nodules, but also by decomposition of their roots and shoots. Nitrogen might have formed
by mixing the separated dead nodule tissues into the soil. This situation can be accelerated
by cutting of the plant’s shoots (Werner, 1987; Goormachting et al., 2004).

In a study of Dogan et al. (2011), the effects of six different soil tillage methods (Table 1) on
some parameters related with nitrogen fixation have been investigated. According to the
findings of the research in the No-Tillage with Direct Seeding (NTDS) plots, root weights
(6.9 g/plant), number of nodules (96 number/plant), weight of nodules (0.318 g/plant) and
root nitrogen content (% 0.71) are found to be statistically higher than with the other tillage
applications. In the Reduced tillage with rotary tiller (RTR) plots, the values of up-root dry
weight (51.3 g/plant), mean nodule weight (3.91 mg/nodule), root N content (2.38%), are
found higher on the lands than in NTDS plots.

Soil Tillage Soil Tillage for winter wheat Soi Tillage for second crop soybean
Methods cultivation plant
Chopping the residues Plowing Chopping the residues Heavy disk
Conventional (30-33 cm) Disk horrow (13-15 cm) horrow (18-20 cm) Disk horrow
Tillage with (2 times) Packing (2 times) Wheat (2 times) (13-15 cm) Packing (2 times)
Residue (CTR) planting with a universal planter Soybean planting with Pneumatic-
(4 cm) precision seeding machine ( 8 cm)
Burning the residues Plowing (30- | Burning the residues Chiselling (35-38
Conventional 33 cm) Disk horrow (13-15 cm) (2 cm) Disk horrow (13-15 cm) (2times)
Tillage with Burnt times) Packing (2 times) Wheat Packing (2 times) Soybean planting
Residue (CTBR) planting with a universal planter with Pneumatic-precision seeding
(4 cm) machine (8 cm)
Reduced Tillage Chpppmg the residues Heavy Chopping the res1dges Rot'ary tilling
. . disking (18-20 cm) (2 times) (13-15 cm) Packing (2 times)
with Heavy Disking Packing (2 times) Wheat plantin Pneumatic-precision seeding machine
(RTHD) 8 paning P &
with a universal planter (4 cm) (8 cm)
Reduced tillage Chopping the residues Rotary Chopping the residues Rotary tilling
. a8 tilling (13-15 cm) Packing (2 times) (13-15 cm) Packing (2 times) Soybean
with rotary tiller . . . . . . -
(RTR) Wheat planting with a universal planting with Pneumatic-precision
planter (4 cm) seeding machine ( 8 cm)
No-Tillage with . Choppmg the res1dqes Heayy Cho.ppl.ng the residues Ht.arblcm.le
Heavy Disking disking (18-20 cm) Doting (2 times) application Soybean planting with
Wheat planting with a universal Pneumatic-precision seeding machine
(NTHD) )
planter (4 cm) (8 cm)
No-Tillage with Chopping the residues Herbicide ChoP PInS the residues ngb1c1c.1e
. . S . . application Soybean planting with
Direct Seeding application Wheat seeding with . . . .
. Pneumatic-precision seeding machine
(NTDS) direct seeder (4 cm) (8 cm)

Table 1. Soil tillage methods in the major and secondary crop (soybean) production (Dogan
et al., 2011)

Among the applications, in the plots of Reduced Tillage (RTHD and RTR) rhizobial nitrogen
fixation parameters have been found considerably higher compared with the other
applications (Fig. 2). However, some soil tillage methods used in this study negatively
affected some soil parameters. For the Reduced Tillage with Rotary tiller (RTR) plots the
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dry root weight (4,8 g/plant), up-root weight (35,7 g/ plant) and root N content (% 0,68)
values and for the Conventional Tillage with Burnt Residue (CTBR) plots, number of
nodules and weight of nodule values were found to be lower than in the other tillage
applications. The values of dry nodule weights, like in Conventional Tillage with Burnt
Residue (CTBR) were low in the plots of Conventional Tillage with Residue (CTR) and
Reduced Tillage with Heavy Disking (RTHD) with the values 0,071 and 0,088 g/plant,
respectively. Besides, the lowest mean nodule weights (2,06 mg/nodule) have been
observed in Conventional Tillage with Residue (CTR) plots and the lowest up root N
content (%1,98) have been observed in Reduced Tillage with Heavy Disking (RTHD) plots.
The results of the study have been showed that, parameters of nitrogen rhizobial fixation
has been affected negatively by the conventional tillage methods in which 3-5 tillage
operations are applied and soil is disturbed . There were differences among the tillage
methods and these differences were found to be statistically significant. In general, the best
results related with rhizobial activity have been obtained with No-Tillage with Direct
Seeding (NTDS) and No-Tillage with Heavy Disking (NTHD). However, other soil tillage
methods decreased the nitrogen fixation (Dogan et al., 2011). Similar studies have also
showed that zero and reduced soil tillage methods have increased the soil microbial activity
and population (Ferreria, 2000; Alvarez et al., 1995; Gassen and Gassen 1996).

120

100 -[

]
| | | ' I
0 I . ' . I . . .
CTR

CTBR RTHD RTR NTHD NTDS

(o)
o

I
o

Number of nodule.plant?®
(e))]
o

N
o

Fig. 2. The effects of different soil tillage methods on number of nodule in secondary crop
soybean plant (CTR: Conventional Tillage with Residue, CTBR: Conventional Tillage with
Burnt Residue, RTHD: Reduced Tillage with Heavy Disking, RTR: Reduced tillage with
rotary tiller, NTHD: No-Tillage with Heavy Disking, NTDS No-Tillage with Direct Seeding)

Generally, soil microbial activity is affected negatively by soil tillage (Jinbo et al., 2007;
Kladivko, 2001; Hussain et al., 1999; Saggar et al., 2001). Therefore rhizobial activity is also be
affected negatively by soil tillage (Hassen et al., 2007; Ferriera et al., 2000). Soil organic matter
decreased by soil tillage operations is also important for the vital activities of soil
microorganisms. The decrease of organic matter in the soil can also cause decreases in soil
microbial activity (Saggar et al., 2001; Eliot el al., 1984). As it can be seen in the similar studies,
the effects of soil tillage methods may differ depending on climate, regional, and
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environmental factors. These factors must be taken into consideration before applying tillage
methods. Otherwise, biological activity, fertility and sustainability of soil will be destroyed.

On high-input farms, microorganisms are generally thought to play a minor role in soil
fertility because most nutrients in inorganic fertilizers are readily available for the plants
and do not require degradation or mineralization (Smith et al., 2001).

Many studies have concluded that herbicides affect nitrogen fixation largely via indirect
effects on plant growth and consequent availability of photosynthate to the root nodules
(Wally et al., 2006; Abd-Alla et al. 2000); there is evidence that some pesticides might impair
the ability of the rhizobia to recognize appropriate host plants. As a consequence, early
nodulation events can be disrupted. However, according to their research, not all pesticides
had a negative impact on nodulation and the degree to which nodulation was inhibited was
dependant on pesticide concentrations. In some instances, results from various studies have
been contradictory. For example, when examining the effects of chlorsulfuron under
laboratory conditions, Anderson et al. (2004) observed that even at rates equivalent to two
times field rates, chlorsulfuron did not influence rhizobial growth. However, although
rhizobial growth was not influenced, the subsequent ability of these rhizobia to form
nodules was reduced. Thus, they reported that when rhizobia were exposed to relatively
high levels of chlorsulfuron, subsequent nodule size and total nitrogen fixation was
reduced. In contrast, Martensson (1992) reported that nodulation ability was unaffected by
previous exposure to chlorsulfuron. These contrasting results suggest that the impact of
various herbicides on specific nodulation events may be highly dependent on specific
environmental conditions, including different soil characteristics (i.e., pH, organic matter,
moisture, etc.) and weather conditions. Martensson (1992) examined the impact of various
herbicides on root hair formation. Rhizobia infect plant roots through root hairs and thus it
was hypothesized that herbicides affecting root hair development might interfere with
nodulation. Author reported that some herbicides, including glyphosate, caused root hair
deformations that apparently resulted in fewer nodules being formed. It is important to
note, however, that this was a laboratory study and consequently the herbicide rates used in
these experiments were not necessarily similar to rates that would be encountered in soils
under field conditions. Thus, although the research demonstrates the possibility for
herbicides to affect nodulation via root hair deformations, it is not known if this
phenomenon occurs under field conditions (Walley et al. 2006).

Saggar et al. (2001) studied the effect of cultivation on soil organic C, functional chemical
composition of SOM, and soil structure in soils of contrasting mineralogy. They found that
soil susceptibility to structural degradation increased with years of cultivation, and from
light textured to heavier textured soils. Because cultivation causes profound changes in the
soil physical and chemical properties, and populations of microfauna and macrofauna, it is
relevant to quantify its effects on soil microbial and microfaunal populations and on SOM
dynamics.

5. Mycorhiza-rhizobium interaction in light limited condition

Vesicular Arbuscular Mycorrhiza (VAM) is symbiotically living organism with many crops
and they enhance plant P uptake along with other micronutrients especially Zinc.
Phosphorus efficiency in highly limy soil (in high pH) is considerably low whereas
mycorrhiza assists plant to receive that immobile phosphorus by exudates and/or
enhancing soil contact area. As mentioned previously, rhizobium is a microorganism,
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capable of fixing aerial nitrogen (N2) to soil/plant via symbiotic relations with legumes.
Both organisms utilize the photosynthesis products that assimilated by host plants to
survive. In non-limiting conditions those organism supports the plants for the most
important macro and micro nutrients as N, P, Fe and Zn. On the other hand unsuitable soil
or climatic conditions in growth season may result negative Rhizobium x Mycorrhiza
interactions. Although both microorganisms use organic compounds formed by plants, they
use trace amount of that compound compared to the plant biomass formation. Coskan et al.
(2003) carried out the pot experiment to evaluate cross interactions of rhizobium and
mycorrhiza in light limited condition. Results revealed that no nodule formation appeared
in non-rhizobia-inoculated control variant whereas rhizobial inoculation increased number
of nodule (Fig. 3) while decreased biomass weight (Fig. 4).

B Number of nodule M Infection rate
. 50 50
s 43 45
S 40 40
g 35 35
o 30 30
g 25 X 25
g 20 20
° 15 15
é 1.0 10
5 05 5

0.0

-Rhizo. 110 1809 |[-Rhizo. 110 1809 -Rhizo. 110 1809 |[-Rhizo. 110 1809

-Mycorrhiza +Mycorrhiza -Mycorrhiza +Mycorrhiza

Fig. 3. Nodule formation (left) and mycorrhizal infection rate (right) in the light limited
condition
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Fig. 4. Effect of dual inoculation on root and shoot dry weight of soybean in light limited
condition
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Although both of the rhizobium strains give rise to nodule formation, B. japonicum 1809
strain cause considerably higher nodule number. On the other hand, mycorrhiza inoculation
increased the infection rate (Fig 3). Rhizobial inoculation decreased mycorrhizal infection
rate in both with mycorrhiza and without mycorrhiza applications. Bacterial inoculation has
no significant effect on plant growth except nodule formation. It is clearly seen that both
rhizpbium and mycorrhiza applications reduced total plant dry weight. However, plant dry
weight and phonological observations revealed that plant development is adversely effected
due to mycorrhizal inoculation in light-limited growing session.

6. Effects of humic+fulvic acid on symbiotic nitrogen fixation

Organic matter is one of the most important issues of agriculture and it contains three very
important components: humic acids, fulvic acids and humin. Plants and microorganisms in
soil benefit from applications of humic acid in several ways. Humic acid stimulate root
growth, increase carbohydrate production, have a hormone-like affect within the plant, and
increase soil microorganisms (Lawn Care Academy, 2010). The incorporation of humic acid
fractions in media designed for the enumeration of soil micro-organisms belonging to
specific physiological groups was found to result for some groups in appreciably higher
counts. It is suggested that by influencing the enzyme systems of certain micro-organisms,
humic compounds may affect the range of substrates which they can utilize. The effect could
have implications on the activity of organisms in environments in which humic substances
are normally present, such as soils and natural waters (Visser, 1984).

Coskan et al. (2010) carried out a pot experiment to represent effects of humic + fulvic acid
(HFA) applications on biological nitrogen fixation under soybean vegetation. Humic +
fulvic acid application realized by either incorporate to soil or admixing by irrigation water.
Seeds are inoculated by appropriate Bradyrhizobium japonicum strain, before sowing. In
flowering stage, roots are removed from soil and the number of nodule determined (Fig 5).
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9.0 - T

8.0 -
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incorporation to soil admixing by irrigation

numberof nodule plant-!

Fig. 5. Effects of humic + fulvic acid application on nodule number of soybean (-Inoc: non-
inoculated)
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Due to the fields where soil was taken is not previously introduced with the rhizobia that
match with soybean; no nodule occurrence was observed in the pot which non-inoculated
control variant. A few nodules observed in non-HFA applied pots however HFA application
increased nodule occurrence considerably. Both “incorporation to soil” and “admixing by
irrigation” applications were effective on formed nodule number; however because of the
dilution effect in incorporation to soil application, admixing by irrigation application seems
to be more effective than incorporation to soil. (dilution effect). Increasing doses of HFA
increased the number of nodule, thus findings expressing the considerable positive effects of
HFA on biological nitrogen fixation.

7. Effects of organic matter application

Soil organic matter is important for biological nitrogen fixation (BNF) because of its
influence on soil physical, chemical and biological properties and processes. It helps to
create a favourable medium for physical processes, chemical reactions, and biological
activity. The multi-faceted role of soil organic matter (SOM) must therefore be taken into
consideration in any assessment of “soil quality' and “sustainable land management. Low
concentration of organic matter can have a deleterious effect on offsite environment because
it is often associated with decreased soil fertility, water holding capacity and water
infiltration, and increased erosion. Further, SOM turnover controls the fluxes of nutrients.
Microbial biomass measurements combined with soil respiration have frequently been used
as an index of soil development or degradation (Insam and Domsch, 1988) and to assess the
quality of organic matter input (Anderson and Domsch, 1990). Interactions between soil
microorganisms and soil microfauna, particularly Protozoa and Nematoda, largely control
SOM turnover (Elliot et al., 1984).

Harvested crop residues and rotation has a major impact on the soil organic matter
content. However, some features, such as the type and degree of decomposition of organic
matter, affected BNF in different ways. Many field trials which were applied organic
material by Gok et al. (2001) show that with the organic material application, organic
matter content of soil increased in the short term but at the end of the trial, soil organic
matter content decreased due to high rate of mineralization. To gain long-term soil
organic matter, all kind of organic substrates should be regularly added to the soils which
under the effect of semi-arid climate condition. Moreover, degradation resistant substrates
such as lignin and cellulose should be preferred to dump mineralization. With this way
nitrogen is temporarily immobilized in biomass that preventing (Asmus and Hubner
1985; Gok 1987). In a research, Limon-Ortega et al. (2002) studied to evaluate the effects of
burning and natural wheat or maize stubble on some properties of soil. Results indicated
that the positive effect of that substrates appeared after 2 or 3 year continuously stubble
applications. The result obtained at 5th - 6th years were more expressive than those
obtained in the 1st to 3td years. When the stubble is burned almost all nutrients in organic
substrates converted to available form for plants in seconds. Therefore, compared with
burned or natural stubble applied plots, in the beginning years burned stubble seems to
be more efficient, but in following years the effects of stubble become much more effective
on the soil parameters.

A two year field experiment at soybean cultivation was undertaken for determining the
effects of stubble burning, a widely performed practice in Cukurova Region, along with
admixing 0, 5000 and 10000 kg ha-! tobacco wastes on symbiotic nitrogen fixation, grain
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yield and biomass production (Coskan et all, 2009). Results revealed that applications
were significantly effective on nitrogen fixation, yield and biomass production. According
to overall averages, the highest biomass production of root and shoot were observed at
wheat burned and 10000 kg ha! tobacco waste applied plot as 830 and 4730 kg hal. The
highest nitrogen contents at harvest stage were determined in the plot wheat and 5000 kg
hal tobacco waste applied (root, 0.87%; shoot, 0.95%). At the end of experiment
determined grain yield amounts in first year were higher in the stubble burned plots. No
statistical difference was determined between burned and non-burned stubble in the
second year. When the variants of tobacco waste applications were compared according to
their tobacco rates, the productivity was increased at plots of waste application in both
years. The determined highest yield 4520 and 5280 kg ha! at stubble burned and non-
burned plots in which 10000 kg hal waste was applied in the first and second years,
respectively

8. Factors that effective on symbiotic nitrogen fixation in soybean

Nitrogen fixation is one of the important soil microbial activity which was affected by all
ongoing processes in soil as well as other soil microorganisms. The biological nitrogen fixing
process depends on the occurrence and survival of Rhizobium in soils and also on their
efficiency (Adamovich, Klasens, 2001).

The rate of the nitrogen fixation was affected by many different physiological and
environmental factors in soil, such as temperature, water holding capacity, water stress,
salinity, nitrogen level, pH and other nutrients. Many of these factors, including
temperature, affect many aspects of nitrogen fixation and assimilation, as well as factors
such as respiratory activity, gaseous diffusion and the solubility of dissolved gasses, which
ultimately affect plant growth (Dogan et al 2010; Keerio et al., 2001).

High amount of mineral nitrogen in soil has negative effect on nodulation. Wide or narrow
C:N ratio decreases nodule formation, therefore nitrogen fixation. If the C:N ratio is in
expected ratio (15-30) nodulation and Nj-fixation regularly realizes. Inhibitory effect of
nitrate causes the reduction of capillary roots development as well as preventing particular
infection’s strands. This effect is very similar to herbicides” effect. Many researches have
shown that adequate nitrate, nitrite, ammonium and urea concentrations in soil causes to
decrease the number of infections, to delay to the first formation of nodules, to decrease to
the nodule number and weight. Temperature is the main factor affecting N,-fixation;
however, optimum temperature for N»-fixation is depending on various soil properties.
Optimum Nj-fixation temperature value is between 20-40 °C. Nodulation and nitrogen
fixation in soybean is composed of between 20-30 °C. High soil temperature diminishes root
growth as well as nodule formation. Furthermore, temperature changes affects to the
competitive ability of Rhizobium/Bradyrhizobium species. Low temperatures decreased to
nodule formation and Np-fixation. However, Nj-fixation in natural legumes is not
influenced extreme cold conditions (Bordeleau and Prevost, 1994).

Soil reaction (pH) is one of the most important factor influencing legume and Rhizobium
symbiosis. A higher concentration of H* ions increases the solubility of Al, Mn and Fe,
and higher amount of these elements may become toxic for rhizobium. Sinorhizobium
meliloti and Rhizobium galegae are highly sensitive to acid pH and soluble Al when the
critical soil pH is 4.8-5.0 (Bordeleau ve Prevost, 1994). Rhizobium lequminosarum bv. trifolii
and Rhizobium lequminosarum bv. Viciae in comparison with alfalfa rhizobia are more
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tolerant to soil acidity. However, pH less than 4.6 inhibits their activity. Legumes and
Rhizobium have form an efficient symbiosis and fix high amounts of biological nitrogen
when soil pH is no less than 5.6-6.1. Soil acidification inhibited the root-hair infection
process and nodulation. Optimum soil pH for nodulation and yield for soybean is
between 6.2 and 6.8 (Lapinskas, 1998).

The results of a study indicate that Rhizobium lequminosarum bv. trifolii is widely
distributed in slightly acid soils with pHkci 5.6-6.0. The average content of rhizobia was
540.0 * 103 cfu g1 of soil. Less Rhizobium leguminosarum bv. viciae and significantly less
Sinorhizobium meliloti and Rhizobium galegae were found. Rhizobium significantly declined
in acid soils (pHxci 4.1-5.0). Most of biological nitrogen was fixed at soil pHkc 6.1-7.0. In
this case, Rhizobium galegae accumulated 196 to 289 kg N ha-! of nitrogen, whereas
rhizobia of alfalfa and clover were less, and it depended on strain efficiency and soil pH.
Soil liming had a positive effect on nitogenase activity in red clover. The soil liming
(CaCOs rate 6.2 t ha-1) in combination with inoculation have increased biological nitrogen
fixation by red clover at 106 kg N ha-l. Associative diazotrophes in non-legume
rhizoplane have fixing the biological nitrogen too. The effective strains of Rhizobium spp.,
Agrobacter radiobacter and Arthrobacter mycorens have made up an active association with
barley, timothy and spring rape and accumulated 11.0 to 20.4 kg N ha-! of biological
nitrogen (Lapinskas, 2008).

Soil moisture can affect to nitrogen fixation both directly and indirectly. In low moisture
condition in soil, nodule respiration decreases and nitrogen in nodule moves out slowly.
This case is direct effect of low soil moisture. However in the same condition, nitrogen
fixation decreased due to deterioration of generating photosynthesis units assimilate and in
this case, No-fixation was affected indirectly.

Iron (Fe) and molybdenum (Mo) are located in structure of the Nitrogenase enzyme which is
working with legumes for symbiotic nitrogen fixation (Fig. 6). Therefore, the amount of
these nutrients in the soil and plant uptake affects the symbiotic N»-fixation of legumes
directly (Werner, 1987; Durrant, 2001).

T
.-\_h-h -

~BH - -
Hs—Fez 2| |HS Ha

T~sH _ =

homociirale

Fig. 6. Structure of nitrogenase enzyme (Durrant, 2001)
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Nitrogen fixation in soybean is negatively affected by increasing salt contents of the soil. N,-
fixation of Rhizobium bacteria and their activities decreased in accordance with increasing
soluble salt contents. Thus, increasing salt concentration in irrigation water was found to
reduce a significant amount of grain and nodule weight in soybean (FAO, 1982).

According to many research it was determined to development of soybean was decreased in
soil condition of 0.08% CaCl, and 1.5% ZnSO, (Anonymous, 1982). According to the results
of many similar studies show that salt tolerance of rhizobium bacteria, optimum pH,
antibiotic resistance and so on has revealed important differences (Gok and Martin, 1993).

9. References

Abd-Alla, MH, Omar, SA and Karanzha, S. (2000). The impact of pesticides on arbuscular
mycorrhizal and nitrogen-fixing symbioses in legumes. Appl Soil Ecol. 14:191-200.

Adamovich, A, Klasens, V. (2001). Symbiotically fixed nitrogen in forage legume-grass
mixture. Grassland Science in Europe. Pp:12.

Altieri, MA. (2000). The ecological impacts of transgenic crops on agroecosystem health.
Ecosystem Health, 6:13-23.

Alvarez, R, Doaz RA, Barbero N, Santanatoglia O], Blotta L (1995). Soil organic C, microbial
biomass & CO,-C production from three tillage systems. Soil Tillage Res.33:17-28.

Anderson, A, Baldock, JA, Rogers, SL, Bellotti, W and Gill, G. (2004). Influence of
chlorsulfuron on rhizobial growth, nodule formation, and nitrogen fixation with
chickpea. Aust. |. of Agric. Res. 55:1059-1070.

Anderson, TH, Domsch, KH. (1990). Application of ecophysiological quotients (qCO; and
gD) on microbial biomass from soils of different cropping histories. Soil Biol.
Biochem. 22:251-255.

Asmus, F, Hubner, C. (1985). Untersuchungen zur N-Immobilizierung nach Strohdtingung.
Arch. Acker-Pflanzenb. Bodenkd. 29:39-45.

Biren, S. (2002). The Effects of Bacterial (Bradyrhizobium japonicum) inoculation on nodulation
and yield in soybean (Glycine Max L.) at Turkish Republic of Northern Cyprus. MSc
Thesis, University of Cukurova. Available at http:/ /tez2.yok.gov.tr

Bordeleau, LM, Prevosi, D. (1994). Nodulation and nitrogen fixation in extreme
environments. Plant and Soil 161:115-125.

Brockwell, J, (1977). Application of legume seed inoculants. In: A Treatise on Denitrogen
Fixation. Hardy, RWF, Gibson, AH. Wiley, Sydney, pp:277-309.

Coskan, A, Gok, M, Erol, H, Dogan, K. (2010). Humic + fulvic acid as a bio-stimulator
on biological nitrogen fixation. 9. Symposiums des Verband deutsch-tiirkischer Agrar-
und Naturwissenschaftler (VDTAN), 22-27 Marz, Mustafa Kemal Univ., Hatay,
Turkey.

Coskan, A, Gok, M, Onac, I, Ortas, 1. (2003). The effects of rhizobium and mycorrhiza
interactions on Nj-fixation, biomass and P uptake. Journal of Cukurova University
Faculty of Agriculture. 18 (1):35-44.

Coskan, A, Isler, E, Kucukyumuk, Z, Erdal, I. (2009). Effects of bacterial inoculation of
soybean on Nodulation and yield of soybean grown in Isparta conditions. Journal of
Suleyman Demirel University Faculty of Agriculture. 4(2):17-27.

Deaker, R, Roughley, R] and Kennedy, IR. (2004). Legume Seed Inoculation Technology - a
review. Soil Biology & Biochemistry. (36):1275-1288.

www.intechopen.com



180 Soybean Physiology and Biochemistry

Dogan, K, Celik, I, Gok, M. and Coskan, A. (2011). Effect of different soil tillage methods on
rhizobial nodulation, biyomas and nitrogen content of second crop soybean.
African Journal of Biology (In press)

Dogan, K, Gok, M, Coskan, A. (2007). Effects of bacteria inoculation and iron application on
nodulation and N-fixation in peanut as a 2nd crop. Journal of Suleyman Demirel
University Faculty of Agriculture. 22(3):43-52.

Dogan, K, Gok, M, Coskan, A. (2010). Effects of bacteria inoculation and iron application on
biomass, yield and nitrogen contents in Cukurova region. 5% National Plant
Nutrition and Fertilization Congress. 15-17 September, Izmir.

Durrant, MC, (2001). Controlled protonation of iron-molybdenum cofactor by nitrogenase: a
structural and theoreticel analysis. Biochem. |. 355:569-576.

Elliot ET, Coleman DC, Ingham RE, Trofymow JA (1984). Carbon and energy low through
microflora and microfauna in the soil subsystem of terrestrial ecosystems. In:
Perspectives in Microbial Ecology, Klug, MJ, Reddy, CA (Eds.), Current American
Society of Microbiology, Washington, DC.

FAO, 1982. Anonymous, 1982. Application of Nitrogen Fixing Systems in soil Management.
Technical Papers, www.fao.org, Rome.

Ferreira MC, Andrade DS, Maria L, Chueire O, Takemura SM, Hungria M (2000). Tillage
method and crop rotation efects on the population sizes and diversity of
bradyrhizobia nodulating soybean. Soil Biology & Biochemistry 32:627-637.

Fritsche, W.,  1990. Mikrobiologie. = Gustav  Fischer  Verlag. Jena. DOL
10.1002/food.19920360516

Garcia AG, Altieri MA (2005). Transgenic Crops: Implications for Biodiversity and
Sustainable Agriculture. Bulletin of Science, Technology & Society, 25, 4: 335-353

Gassen D, Gassen F (1996). Plantio Direto, o Caminho do Futuro. Aldeia do Sul, Passo Fundo,
Brazil (207 pp.).

Gault, R. R,, 1978. A Study of Developments and Trends in New Zealand, The USA and
Canada in the Technology Associated with the Exploitation of the Nitrogen-Fixing
Legume Root Nodule Bacteria, Rhizobium spp. For Use in Legume Crops New to
Australian Agriculture, Winston Churchil Memorial Trust. Canberra.

Gok, M and Onag, I. (1995). Some microbiological properties of wide spread soil series of the
plains Hilvan and Baziki in Turkey. In: Ilhan Akalan Soil and Environment
Symposium, Volume II, pp 158-167.

Gok, M, (1987). Einfluss energiereicher Subsrate (Cellulose oder Stroh) und O,-Partialdruck
auf Quantitaet und Qualitaet der Denitrifikation eines sandigen Lehms. PhD thesis,
University of Hohenheim, Stuttgart, Germany.

Gok, M, Martin, P. (1993). Effect of different rhizobia inoculation symbiotic N-fixation on
soybean, clover and vetch. Doga-Tr. |. of Agricultural and Forestry. 17:753-761.

Gok, M, Saglamtimur, T, Coskan, A, Inal, I., Onac, I, Tansi, V. (2001). Effects of organic and
mineral fertilizers on denitrification loss and nitrogen turnover in soil. Final Report
of TARP-1785, Tubitak, Ankara-Turkey

Goormachting, S, Capoen, W, Holsters, M. (2004). Rhizobium infection: lessons from
the versatile nodulation behavior of water-tolerant legumes. Trends Plant Sci. 9:518-
522.

www.intechopen.com



Symbiotic Nitrogen Fixation in Soybean 181

Hassen, AA, Xu, ], Yang, ] (2007). Growth conditions of associative nitrogen-fixing bacteria
enterobacte cloace in rice plants. Agricultural journal 2(6):672-675.

Herridge, DF, Peoples, M B and Boddey, RM (2008). Global inputs of biological nitrogen
fixation in agricultural systems. Plant Soil. 311:1-18. DOI 10.1007/511104-008-9668-3

Hussain, I, Olson, KR, Ebelhar, SA (1999). Long-Term Tillage Effects on Soil Chemical
Properties and Organic Matter Fractions. Soil Sci. Soc. Am. ]. 63:1335-1341

Insam, H, Domsch, KH, (1988). Relationship between soil organic carbon and microbial
biomass on chronosequences of reclamation sites. Microb. Ecol. 15, 177-188.

Isler, E. and Coskan, A., 2009. Effects of Different Bacterium (Bradyrhizobium japonicum)
Inoculation Techniques on Biological Nitrogen Fixation and Yield of Soybean.
Tarim Bilimleri Dergisi, 15 (4) 324-331.

Jinbo, Z, Changchun, S, Wenyan, Y. (2007). Effects of cultivation on soil microbiological
properties in a freshwater marsh soil in Northeast China. Soil Tillage Res. 93:231-
235

Keerio, MI, 2001. Nitrogenase activity of soybean root nodules inhibited after heat stress.
Online ]. Biol. Sci. 1:297-300.

Kladivko, JK. (2001). Tillage systems and soil ecology. Soil Tillage Res. 61(1-2):61-76.

Lapinskas, E. (1998) Biologinio azoto fiksavimas ir nitraginas. Akademija, 218 p.

Lapinskas, E., 2008. Biological nitrogen fixation in acid soils of Lithuania. Zemés Ukio
Mokslai. 15(3)67-72.

Lavelle, P. (2000). Ecological challenges for soil science. Soil Sci. 165(1):73-86.

Lawn Care Academy (2010) Research and Benefits of Humic Acid [online]
<http:/ /www.lawn-care-academy.com/humic-acid.html> Access Date and Time:
20.04.2010, 15:00

Limon-Ortega, A, Sayre, KD, Drijber, RA. (2002). Soil attributes in furrow-irrigated bed
planting system in Northwest Mexico. Soil & Tillage Research, 63:123-132.

Lindemann, WC and Glover, CR. (2003). Nitrogen fixation by legumes. New Mexico
State Uni. Electronic Distribution May 2003, http://aces.nmsu.edu/pubs/_a/a-
129.pdf

Martensson, AM, (1992). Effects of agrochemicals & heavy metals on fast-growing rhizobia
and their symbiosis with small-seeded legumes. Soil Biol. Biochem. 24:435-445

Saggar, S, Yeates, GW, Shepherd, TG. (2001). Cultivation effects on soil biological properties,
microfauna and organic matter dynamics in Eutric Gleysol and Gleyic Luvisol soils
in New Zealand. Soil & Tillage Research. 58, 55-68.

Smith, E., Leeflang, P., Gommans, S., Broek, J, Mil, S. and Wernars, K. (2001). Diversity and
seasonal fluctuations of the dominant members of the bacterial soil community in a
wheat field as determined by cultivation and molecular methods. Applied and
Environmental Microbiology. 67(5):2284-2291.

Visser, SA. (1984) Effect of humic acids on numbers and activities of micro-organisms within
physiological groups. Organic Geochemistry. 8(1):81-85

Walley, F, Taylor, A and Lupwayi, N. (2006). Herbicide effects on pulse crop nodulation and
nitrogen fixation. Farm Tech 2006 Proceedings. pp. 121-123.

Wardle, DA. (1995). Impacts of disturbance on detritus food webs on agro-ecosystems of
contrasting tillage and weed management practices. In: Advances in Ecological
Research, Begon, M, Fitter, AH. Vol: 26. Academic Press. New York p. 105-185.

www.intechopen.com



182 Soybean Physiology and Biochemistry

Werner, D. (1987). Pflanzliche und Mikrobielle Symbiosen. Georg Thieme Verlag Stuttgart-
New York. ISBN 3-13-698301-7

www.intechopen.com



Soybean Physiology and Biochemistry
SOYBEAN Edited by Prof. Hany EI-Shemy

PHYSIOLOGY AND BIOCHEMISTRY

Edred by Hany A, El-Shamy

ISBN 978-953-307-534-1

Hard cover, 488 pages

Publisher InTech

Published online 02, November, 2011

[ =] Published in print edition November, 2011

Worldwide, soybean seed proteins represent a major source of amino acids for human and animal nutrition.
Soybean seeds are an important and economical source of protein in the diet of many developed and
developing countries. Soy is a complete protein and soyfoods are rich in vitamins and minerals.Soybean
protein provides all the essential amino acids in the amounts needed for human health. Recent research
suggests that soy may also lower risk of prostate, colon and breast cancers as well as osteoporosis and other
bone health problems and alleviate hot flashes associated with menopause. This volume is expected to be
useful for student, researchers and public who are interested in soybean.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Ali Coskan and Kemal Dogan (2011). Symbiotic Nitrogen Fixation in Soybean, Soybean Physiology and
Biochemistry, Prof. Hany EI-Shemy (Ed.), ISBN: 978-953-307-534-1, InTech, Available from:
http://www.intechopen.com/books/soybean-physiology-and-biochemistry/symbiotic-nitrogen-fixation-in-
soybean

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




