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1. Introduction

In the cultivation of soybean, it is necessary to pay attention to nitrogen absorption and soil
organism. Nitrogen of 11 - 31kg (an average of 16 kg) is necessary to produce soybean grains
of 200 kg (Salvagiotti et al., 2008) because soybean has high grain protein content. Soybean
and rhizobia (Bradyrhizobium japonicum) form symbiosis for N2 fixation (Gray & Smith,
2005). Soybean N2 fixation is approximately half of the soybean nitrogen uptake (Salvagiotti
et al.,, 2008), and soybean absorbs the other half from fertilizer or soil. If there is much
inorganic nitrogen in soil, the N2 fixation is suppressed (Ray et al., 2006), and the amount of
fertilizer application for soybean is a little. Therefore, soybean yield probably depends on
the quantity of soil organic nitrogen which is mineralized during crops growing period. This
means nitrogen which a soil microbe holds, and it is called "biomass nitrogen" (Jenkinson &
Parry, 1989).

Soybean is influenced by a biologic factor. Soybean forms symbiosis not only rhizobia but
also arbuscular mycorrhizal (AM) fungi (Antunes et al., 2006; Troeh & Loynachan, 2003).
The biologic factors such as nematodes, soil-borne diseases become the problem in soybean.
In continuous cropping of soybean, soybean cyst nematode (SCN : Heterodera glycines)
reduce soybean yield approximately 30% (Donald et al., 2006). Sudden death syndrome
(SDS) due to the coinfection of SCN and Fusarium solani becomes the problem in U.S.A.
(Rupe et al., 1997; Xing & Westphal, 2009).

Soybean secretes flavonoids such as daidzein or genistein, and they are key signal
compounds for control of symbiosis with rhizobia and AM fungi (Antunes et al., 2006).
Glycinoeclepin which kidney beans (Phaseolus vulgaris) secrete promotes the hatching of the
SCN (Kushida et al., 2002). Crops influence soil organism by various compounds to secrete
from root (Faure et al., 2009). Therefore, the growth and yield of soybean are probably
influenced by the preceding crop. In soybean, yield decrease is remarkable by continuous
cropping (Matsuda et al., 1980; Matsuguchi & Nitta, 1988).

The continuous cropping experiment with five crops including soybean was conducted in
northern Japanese Hokkaido for 16 years (Memuro continuous cropping experiment).
Organic matter application and soil fumigation were conducted in the experiment. Soybean
continuous cropping will influence soil microbe (Kageyama et al., 1982; Matsuguchi & Nitta,
1988). Soil biomass nitrogen increases by organic matter application (Sakamoto & Oba,
1993). Soil fumigation promotes mineralization of soil nitrogen and suppresses nitrification
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(Neve et al., 2004). Soil fumigation sterilizes Fungus (Asano et al., 1983) and nematodes. This
experiment is a good example to study the influence of the soil microbe on soybean. About a
subject picked up in this experiment, the knowledge of past were surveyed.

C0 W15 W30 W50 B15 B30 B50 F30 F15 FO R
Continuous cropping O O O O O O O O o O

Rotation O
Wheat straw manure 15 30 50 30 15

Burk compost 15 30 50

Soil fumigation O o O

* The application rate of organic matter is expressed in t/ha.
Soil fumigation (D-D) was applied from 1990 to 1995.

Table 1. Treatments in Memuro continuous cropping experiments.

10m 3m 5m
. Adzukibean '—( H H Sugar beet
N
10 :I: Co W15 | | W30 | | W50 | | B15 R Co W15 | | W30 | | W50 | | B15
B30 B50 F30 F15 FO R B30 B50 F30 F15 FO
£
<
:|: Spring wheat Spring wheat
Co W15| | W30| | W50 B15 R B30 B50 F30 F15 FO
il
N
o
Co W15 | | W30 | | W50 B15 R Co W15 | | W30 | | W50 | | B15
B30 B50 F30 F15 FO R B30 B50 F30 F15 FO
Soybean Rotation Potato

The cropping sequence of rotation plot is sugar beet - Potato - Adzuki bean - Spring wheat - Soybean -

Fig. 1. The treatment plots in Memuro continuous cropping experiment.

2. Memuro continuous cropping experiment

2.1 Eexperimental design
Memuro continuous cropping experiment (42°53' N, 143°04' E) was conducted from 1980 to

1995. Soybean (Glycine max), adzuki bean (Vigna angralis), sugar beet (Beta valgaris), potato
(Solanum  tuberosum) and spring wheat (Triticum aestivum) were cultivated in the
experiments. The eleven plots were established in each crop (Fig. 1). One plot was rotation
plot, and other plots were continuous cropping plots (Table 1). Soybean was cultivated only
chemical fertilizer in rotation plot (R) and the control plot in continuous cropping plots (CO).
Wheat straw manure was applied in every year from 1980 at 15, 30, 50 t/ha, respectively
(W15, W30, W50). Burk compost was applied in every year from 1981 at 15, 30, 50 t/ha,
respectively (B15, B30, B50). D-D (1,3-dichloropropene) was applied from 1990 as a soil
fumigation. In the soil fumigation plots, wheat straw manure was applied in every year
from 1980 at 0, 15,30t/ ha (FO, F15, F30).
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2.2 The effect of continuous cropping to soybean cyst nematode (SCN)

The time course changes of egg density of SCN were showed in Fig. 2A. Closed symbols
showed the value of rotation plot, and open symbols showed that of continuous cropping
plots. The nematode susceptibility cultivar "Kitami-shiro" was used from 1980 to 1991, and
nematode-resistant cultivar "Toyo-musume" was used from 1992. D-D was applied from
1990. In the continuous cropping plots, the egg density of SCN tended to decrease from
1985. Thereafter, the egg density in the rotation plot was higher than that in the continuous
cropping plots.

Toyo-
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R 400 |
i O
1S
300 r D-D
2200 A o .
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100 O B o °
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Year
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2.300 |
b= A
g0 pB,
100 9 2 B
o0 o
o0 O g
é 0 O—O—c—l—e g EL@E !
= 1980 1985 1990 1995
Year
5 500 C
gg 400 0
2 300 g
‘B
£20 1o,
so 100 A O
) D
e l88s © gfaflg
<
= 1980 1985 1990 1995
Year

o : C0, M15, M30, M50, o : B15, B30, B50, A : FO, F15, F30, e : R.

Graph A: The changes of all plots.

Graph B: The changes of plots in which the egg density peaked at 1981.
Graph C: The changes of plots in which the egg density peaked at 1984.
The unit of the egg density of SCN is number / g dry soil.

Fig. 2. The time course changes of egg density of SCN.
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m:plots in graph B, o:plots in graph C.
Fig. 3. The placement of soybean continuous cropping plots in Graph B and C.

Fig. 2B and 2C show the time course changes of egg density of SCN in the continuous
cropping plots. Fig. 2B shows the plots which the egg density of SCN was highest in 1981-
1982. Fig. 2C shows the plots which the egg density of SCN was highest in 1984. The
placement of each plots are showed in Fig. 3. The closed squares show the plots in Fig. 2B,
and the open squares show the plots in Fig. 2C. The plots which belonged in Fig. 2B were
located in the south side of experiment field, and the plots which belonged in Fig. 2C were
located in the north side. The difference of time course changes of egg density probably
depended on the position of plots. In both plots, the egg density of SCN decreased by 2 - 5
years continuous cropping.

Toyo-
4 A Kitami-shiro musume
—~~ 3 3
o]
<
> 2 F
el
g 1 r
—
0 1 1 J
1980 1985 1990 1995
Year
150  B**
\g 100 %/\ /)\v M
E ‘é/ﬂ u-0-o N o’
E Ay o
s 50 r ]
2
>-‘ 0 | 1 J
1980 1985 1990 1995
Year

Graph A: The changes in yield of C0 and R.
0:C0, ®:R.
Graph B: The time course changes in yield index.
o:C0 / R x100.
<> : The means of (W15, W30 W50, B15, B30 or B50) / R x 100,
Solid line: the value of <> in 1980.
Dotted line: solid line - least significant difference from Stutentized range.
** is significantly in 1%.

Fig. 4. The time course changes of yield and yield index of soybean.

www.intechopen.com



Farming System and Management 255

2.3 The effects of treatments to soybean yield

2.3.1 Time course change

Soybean yield was measured from 1980 to 1995. The time course changes of yield of R and
CO plots were showed in Fig. 4A. In Hokkaido, soybean yield decrease by cool summer
damage. It was a cool summer in 1983 and 1993, and soybean yield decreased. To examine
the effects of continuous cropping and organic matter application, analysis of variance
(ANOVA) was conducted for the soybean yield data. First, the yield of continuous cropping
plots except soil fumigation plots (C0, W15, W30, W50, B15, B30, B50) were converted into
the index by the yield of rotation plot (R). For the index of the continuous cropping +
organic matter application plots (W15, W30, W50, B15, B30, B50), ANOVA was conducted as
treatment replication (Fig. 4B). The solid line is a value of 1980, and the dotted line is solid
line - least significant difference. In the year when index significantly decreased than that of
1980, soybean yield probably decreased by continuous cropping. For reference, the indexes
of CO were shown.

The mean of indexes of organic matter application plots did not decrease significantly
except 1983. However, the indexes of CO of 1983~1985 were lower than a dotted line. This
time was almost coincided with the time when the egg density of SCN increased. The
indexes of C0 increased again afterwards. The egg density of SCN decreased, too. Therefore,
it is suggested that the yield decrease of continuous cropping was influenced by SCN. The
organic matter application probably increased soybean yield.

2.3.2 Treatment effects

For the soybean yield data, ANOVA was conducted as year replication. Using a yield of all
plots except soil fumigation plots (CO, W15, W30, W50, B15, B30, B50, R) of 1981~1995, the
effects of continuous cropping and organic matter application were investigated. Using a
yield of all plots in 1990~1991, the effects of continuous cropping, organic matter application
and D-D on nematode susceptibility cultivar "Kitami-shiro" were investigated. Using a yield
of all plots in 1992~1995, the effects of continuous cropping, organic matter application and
D-D on nematode resistant cultivar "Toyo-musume" were investigated.

By ANOVA for the data of 1981-1995, yield decreased significantly by continuous cropping,
and the decrease was approximately 20% (Fig. 5A). Organic matter application increased
yield. By ANOVA for soil fumigation period (Fig. 5B, 5C), yield did not decrease
significantly by continuous cropping. However, the trend in Fig. 5A was similar in those
figures. Yield decreased by continuous cropping, and increased by organic matter
application. By D-D, yield increased at the same level as the rotation plot. D-D might
remove the effect of continuous cropping as a nematocide. However, the egg density of SCN
declined before D-D application period. The effect of D-D was found to "Toyo-musume" that
was nematode resistant variety. Therefore, it was suggested that D-D influenced the factor
except SCN.

3. Factors to influence continuous cropping soybean

3.1 Soybean cyst nematode (SCN)

SCN forms the cyst containing a large number of eggs (Ichinohe, 1955a). Two or three
generations of SCN can grow up in the soybean growing period of Hokkaido (Ichinohe,
1955a). SCN inhibits rhizobial adherence, too (Ichinohe 1955a). The damage of SCN is most
remarkable if SCN invaded to soybean at 2-3 weeks after sowing (Okada, 1968). The damage
of SCN is reduced by fertilization (Okada, 1966). SCN reduces the growth of soybean, but
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Graph A : ANOVA for 1981 - 1995 (All period of continuous cropping),
Graph B : ANOVA for 1990 - 1991 (D-D for “Kitami-shiro”),

Graph C: ANOVA for 1992 - 1995 (D-D for “Toyo-musume”).

Solid line : the value of R,

Dotted lines : solid line # 1.s.d. from Studentized range.

** is significantly in 1%, * is 5%.

Fig. 5. The treatment effects to soybean yield.

SCN cannot increase with poor growth soybean (Ichinohe, 1955b). Therefore, if the soybean
growth is less, the density of SCN may be less. In Memuro continuous cropping experiment,
the egg density of SCN was low in the cool summer damage year (1983).

Soil fumigation, organic matter application and cultivation of non-host crops or the resistant
variety is effective for control of SCN. D-D etc are used for soil fumigation. Organic acid or
ammonia released from organic matter suppresses a nematode (Oka, 2010). By organic
matter including the chitinous substance, chitinase activity in the soil rises, and a nematode
is suppressed (Akttar & Malik, 2000; Oka, 2010). Brassicaceae crops including glucosinolates
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release isothiocyanates, and suppress a nematode (Oka, 2010). Probably Marigold
suppresses a nematode by a- terthienyl (Oka, 2010).

Host crops of SCN is soybean, adzuki bean and kidney bean (Ichinohe, 1953). SCN is not
parasitic on a non-leguminous crop. SCN is parasitic on other leguminous crops, but cannot
become the adult (Ichinohe, 1953). After five years cultivation of corn (Zea mays) which is
non-host crop, SCN increases by soybean cultivation (Porter et al., 2001). By the planting of
the single resistant variety, the races adapted to the resistant variety increased (Shimizu &
Mitsui, 1985). In contrast, the leguminous crop red clover (Trifolium pratense) may be used as
trap crop (Kushida et al., 2002). Red clover hatch the egg of SCN, but the hatched larva
cannot become the adult (Kushida et al., 2002). Therefore, after red clover cultivation, the
density of SCN decreased (Kushida et al., 2002).

In Memuro continuous cropping experiment, SCN density decreased by 5 years continuous
cropping of soybean. In other experiments, the density of SCN decreased by continuous
cropping, too (Hashimoto et al., 1988). This phenomenon is called "SCN decline". SCN
decreases in wheat-soybean double cropping (Bernard et al., 1996). It is suggested that these
phenomena are caused because fungus or bacteria are parasitic on SCN. Hirsutella is
parasitic on the second larva of SCN (Liu & Chen, 2000). Fusarium and Verticillium are
parasitic on a female, cyst and egg of SCN (Bernerd et al., 1996; Sayre, 1986, Siddiqui &
Mahmood, 1996). The nematode control using these microorganisms is possible. However,
in Memuro continuous cropping experiment, soybean might be cropped continuously
before the experiment station establishment. Long term continuous cropping may be needed
to "SCN decline".

3.2 Nitrogen supply and soybean yield

In American Corn Belt, the potential yield of soybean is estimated at 6 - 8t/ha (Salvagiotti et
al., 2008). Because soybean is crop which is high grain protein content, soybean need a large
quantity of nitrogen. Nitrogen of 106 - 310 kg N / ha is necessary to get a yield of 2t / ha
(Salvagiotti et al., 2008). In the Tokachi district, the fixed nitrogen of soybean is 4 - 127 kg N
/ha (Nishimune et al., 1983). There is negative correlation between amount of applied
fertilizer and N2 fixation (Salvagiotti et al., 2008). Fertilizer nitrogen for soybean is less than
40kgN/ha. Therefore, soybean needs to absorb nitrogen from soil. Soybean yield will
increase with soil nitrogen absorption.

4_
i
o

=37 éo 2
< A O
=2 e}
.
2
1 r

0 1 1 J

0 2 4 6

HWEN (mg / 100g dry soil)
o : C0, M15, M30, M50, o : B15, B30, B50, A : FO, F15, F30, e : R.

Fig. 6. The relationship of the hot water extractable nitrogen (HWEN) of postharvest soil and
soybean yield (1994).
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Soil Nitrogen can be divided into inorganic, humus and biomass nitrogen (Jenkinson &
Parry, 1989). Crops absorb inorganic nitrogen. The available nitrogen is organic nitrogen at
sowing, but it is mineralized during a growing period. It is suggested that most of available
nitrogen come from biomass nitrogen (Sakamoto & Oba, 1993). Organic matter application
increases biomass nitrogen (Sakamoto & Oba, 1993). Available nitrogen and the heated
water extraction nitrogen (HWEN) have corelation (Akatsuka & Sakayanagi, 1964). In
Memuro continuous cropping experiment, the relationship of the HWEN of postharvest soil
and soybean yield was investigated in 1994 (Fig. 6). With increase of the HEWN, soybean
yield tended to increase. It is suggested that organic matter application increases biomass
nitrogen, and contributes to yield increase.

D-D promotes mineralization from biomass nitrogen (Neve et al., 2004). D-D suppresses
nitrification from ammonia nitrogen (Neve et al., 2004). Therefore, much ammonia nitrogen
in soil will be kept by D-D. In the Memuro continuous cropping experiment, D-D was
applied before one month of sowing. Therefore, it is thought that these effects influenced a
soybean.

Organic Humus | 77— | Biomass
—_ «~—
matter nitro ;
gen \ nitrogen

[ Microorganisms ]

Ammonium ﬂ
Continuous cropping\
Soil
1| N
S S (e

T
Gemend ) [ [ \V

L> oybean

Fig. 7. The nitrogen flow and the factors influence to it.

J

Nitrification

4. Farming system and management to influence soybean yield

Farming system and management influencing soybean are described. Fig. 7 illustrates the
results provided in Memuro continuous cropping experiment and the knowledge of the
past.

4.1 Soil organic matter (SOM)

Soybean needs nitrogen absorption to get high yield. The Brazilian soybean absorbs
approximately 100% of N need by N2 fixation, but in soybean of U.S.A. or Japan, fixed
nitrogen is approximately 50% of N need (Graham & Vance, 2000). This may be connected
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with that soybean N2 fixation decrease at low temperature (F. Zhang et al., 1995). In other
words, the nitrogen supply from soil probably become important so as to be a cold area.

4.1.1 Farming system

The soil organic matter (SOM) is broken down by the soybean planting (Cheng et al., 2003).
This effect is called "priming effect". Soil carbon and nitrogen decrease in soybean
continuous cropping in comparison with Gramineae - soybean rotation (Kelley et al., 2003;
Wright & Hons, 2004). However, soybean-corn rotation can reduce the fertilizer nitrogen of
60kgN /ha/year in comparison with corn continuous cropping (Varvel & Wilhelm, 2003).
The soil nitrogen mineralization quantity increases in soybean- corn rotation in comparison
with soybean continuous cropping (Carpenter-Boggs et al., 2000). It is suggested that
soybean breaks down SOM and will increase inorganic nitrogen, but soybean continuous
cropping will cause a decrease of SOM.

In soybean rotation which incorporated alfalfa (Medicago sativa), the quantity of soil nitrogen
mineralization increases greatly (Carpenter-Boggs et al., 2000). In soybean introducing to the
permanent grass pasture, soybean yielded 3 t / ha at no chemical fertilizer (Diaz et al., 2009).
One of the causes of these phenomena will be that pasture plant leaves much organic matter
in soil.

4.1.2 Management

SOM increases by organic matter application. SOM is maintained by no-tillage (Wright &
Hons, 2004). Because mineralization of soil nitrogen decreases by no-tillage, N2 fixation
probably increases (van Kessel, 2000). These treatments are suggested to increase soybean
yield.

4.2 Soybean cyst nematode (SCN)

4.2.1 Farming system

SCN inhibits the production of soybean. SCN does not increase by the cropping of non-host
crop, but SCN increases by soybean cropping again (Asai & Ozaki, 1965). Gramineous crops
such as corn and wheat are non-host crop of SCN. Soybean- corn rotation carried out in the
northern part of U.S.A. (Varvel & Wilhelm, 2003; Xing & Westphal, 2009), but SDS by SCN
and Fusarium solani occurs in this rotation (Rupe et al., 2003; Xing & Westphal, 2009). SDS
can lead to defoliation of the leaflets, leaving the petioles attached to the plant after
flowering (Rupe et al.,, 2003; Xing & Westphal, 2009). Pythium have a pathogenicity in
soybean and corn and cause damping-off (B.Q. Zhang et al., 1998).

In the Southern U.S.A., soybean is cultivated by no-tillage in soybean - wheat double
cropping (Bernard et al., 1996). No-tillage is used to corn, soybean, wheat and etc in U.S.A.,
and the cultivated area occupies 23% in U.S.A. (Triplett. Jr. & Dick, 2008). No-tillage reduces
nematode density in soybean - wheat double cropping (Bernard et al., 1996). However, take-
all (Gaeumannomyces graminis) of wheat cannot be reduced in soybean- wheat double
cropping (Cook, 2003).

Some plants are able to control nematodes. Probably Marigold controls nematodes with
chemical substances such as a -terthienyl (Oka, 2010). The Brassicaceae plants control
nematodes with isothiocyanates which is broken down from glucosinolates (Oka, 2010). The
leguminous crops such as red clovers are probably available as trap crop reducing the egg
density of SCN (Kushida et al., 2003).
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4.2.2 Management

Nematodes may be controlled by organic matter application. The organic matter including
inorganic nitrogen or chitinous substance is effective for nematodes control (Akhtar &
Malik, 2000; Oka, 2010). The application of organic matter including antagonism
microorganism will be effective (Oka, 2010). However, these effects will vary according to
materials or adjustment methods.

4.3 Arbuscular Mycorrhizal (AM) fungi

With soybean, plant growth promoting rhizobacteria (PGPR) such as rhizobia and Bacillus
form symbiosis (Bai et al., 2003; Cattelan et al., 1999; Gray & Smith 2005), and arbuscular
mycorrhizal (AM) fungi form symbiosis, too (Troeh & Loynachan, 2003). The AM fungi
increase N2 fixation (Antunes et al., 2006). The symbiosis with AM fungi helps phosphorus
acid absorption of the crop (Harrison, 1998). The crops doing N2 fixation need a lot of
phosphoric acid (Graham & Vance, 2000), and the symbiosis with AM fungi will be effective
for soybean. Soybean and corn form symbiosis with AM fungi (Troeh & Loynachan, 2003),
and AM fungi probably increases in soybean - corn rotation. Sugar beet was non-host crop
of AM fungi, and soybean growth after non-host crop such as sugar beet was suppressed
(Karasawa, 2004).

5. Conclusion

Soybean forms symbiosis with rhizobia. However, in low temperature area, the nitrogen
absorption of soybean may not be served only in N2 fixation, and soil nitrogen probably
becomes important. Soybean stimulates the decomposition of SOM, and can absorb nitrogen
from soil. The crops such as gramineous crop or pasture plant supply organic matter to soil.
No-tillage maintains SOM. Organic matter application increases SOM. Soybean yield
probably increases by the combination of these treatments.

SCN inhibits the nitrogen absorption of soybean. By cropping of non-host crops or resistant
varieties, SCN does not increase, but the cyst of SCN does not decrease. Soybean is affected
by not only SCN but also pathogenic fungi such as Fusarium. On the other hand, soybean
growth is promoted by PGPR (rhizobia, Bacillus and etc) and AM fungi. In soybean, it is
necessary to decide farming system and management while considering these organisms.

6. References

Akatsuka K. and Sakayanagi, M. (1964) Consideration on the Soil Nitrogen Test. Research
Bulletin of Hokkaido National Experiment Station, Vol. 83, (March 1964) pp. 64-70,
ISSN 0018-3415 (In Japanese)

Akhtar, M. and Malik, A. (2000) Roles of Organic Soil Amendments and Soil Organisms in
the Biological Control of Plant-Parasitic Nematodes: A Review. Bioresource
Technology, Vol. 74, No. 1, (August 2000) pp. 35-47, ISSN 0960-8524

Antunes, P.M., de Varennes, A., Rajcan, I. and Goss, M.]. (2006) Accumulation of Specific
Flavonoids in Soybean (Glycine max (L.) Merr.) as a Function of the Early Tripartite
Symbiosis with Arbuscular Mycorrhizal Fungi and Bradyrhizobium japonicum
(Kirchner) Jordan. Soil Biology & Biochemistry, Vol. 38, No. 6 (June 2006) pp.1234-
1242, ISSN 038-0717

www.intechopen.com



Farming System and Management 261

Asai, K. and Ozaki, K. (1965) Studies on the Rotation Systems. Part 6. Behavior of Population
Density of Soybean Cyst Nematode by Different Cropping Systems. Research
Bulletin of Hokkaido National Experiment Station, Vol. 87 (December 1965) pp. 66-
73, ISSN 0018-3415 (In Japanese)

Asano, M., Kato, T., Kinoshita, T. and Arisawa, M. (1983) Studies on the Behavior of
Nutrients in Soil Resulting from Soil Disinfection (II) Effects of Soil Disinfection on
Soil Microbes and the Growth of Fruit Vegetables in Greenhouse. Research Bulletin
of the Aichi Agricultural Research Center, Vol. 15, (October 1983) pp. 216-222, ISSN
0388-7995 (In Japanese)

Bai, Y., Zhou, X. and Smith, D.L. (2003) Enhanced Soybean Plant Growth Resulting from
Coinoculation of Bacillus Strains with Bradyrhizobium japonicum. Crop Science, Vol.
43, No. 5 (September 2003) pp. 1774-1781, ISSN 0011-183X

Bernard, E.C., Self, L.H. and Tyler, D.D. (1996) Fungal Parasitism of Soybean Cyst
Nematode, Heterodera glycines (Nemata: Heteroderidae), in Differing Cropping-
Tillage Regimes. Applied Soil Ecology, Vol. 5, No. 1, (January 1997) pp. 57-70, ISSN
0929-1393

Carpenter-Boggs, L., Pikul, J.L., Vigil, M.F. and Riedell, W.E. (2000) Soil Nitrogen
Mineralization Influenced by Crop Rotation and Nitrogen Fertilization. Soil Science
Society of America Journal, Vol. 64, No, 6 (November 2000) pp. 2038-2045, ISSN
0361-5995

Cattelan, A.J., Hartel, P.G. and Fuhrmann, J.J. (1999) Screening for Plant Growth-Promoting
Rhizobacteria to Promote Early Soybean Growth. Soil Science Society of America
Journal, Vol. 63, No. 6 (November 1999) pp. 1670-1680, ISSN 0361-5995

Cheng, W., Johnson, D.W. and Fu, S. (2003) Rhizosphere Effects on Decomposition Controls
of Plant Species, Phenology, and Fertilization. Soil Science Society of America
Journal Vol. 67, No. 5, (September 2003) pp. 1418-1427, ISSN 0361-5995

Cook, R. J. (2003) Take-All of Wheat. Physiological and Molecular Plant Pathology, Vol. 62,
No. 3, (March 2003) pp. 73-86, ISSN 0885-5765

Diaz, D.A.R., Pedersen, P. and Sawyer, J.E. (2009) Soybean Response to Inoculation and
Nitrogen Application Following Long-Term Grass Pasture. Crop Science, Vol. 49,
No. 3, (May 2009) pp. 1058-1062, ISSN 0011-183X

Donald, P.A., Pierson, P.E., ST. Martin, S.K.,, Sellers, P.R., Noel, G.R., MacGuidwin, A.E.,
Faghihi, J., Ferris, V.R., Grau, C.R,, Jardine, D.]., Melakeberhan, H., Niblack, T.L.,
Stienstra, W.C., Tylka, G.L., Wheeler, T.A. and Wysong, D.S. (2006) Assessing
Heterodera glycines -Resistant and Susceptible Cultivar Yield Response. Journal of
Nematolgy, Vol. 38, No. 1 (March 2006) pp. 76-82, ISSN 0022-300X

Faure, D., Vereecke, D. and Leveau, ]J.H.. (2009) Molecular Communication in the
Rhizosphere. Plant and Soil Vol. 321, No. 1-2, (August 2009) pp. 279-303, ISSN
0032-079X

Graham, P.H. and Vance, C.P. (2000) Nitrogen Fixation in Perspective: An Overview of
Research and Extension Needs. Field Crops Research, Vol. 65, No.2-3, (March 2000)
pp- 93-106, ISSN 1378-7290

Gray, E.J., and Smith, D.L. (2005) Intracellular and Extracellular PGPR: Commonalities and
Distinctions in the Plant-Bacterium Signaling Processes. Soil Biology &
Biochemistry, Vol. 37, No. 3, (March 2005) pp. 395-412, ISSN 0038-0717.

www.intechopen.com



262 Recent Trends for Enhancing the Diversity and Quality of Soybean Products

Harrison, M.]. (1998) Development of the Arbuscular Mycorrhizal Symbiosis. Current
Opinion in Plant Biology, Vol. 1, No. 4, (August 1998) pp. 360-365, ISSN 1369-5266

Hashimoto, K., Inagaki, H., Momota, Y., Sakai, S., Nagasawa, T. and Kokubun, K. (1988)
Variation in Populations of Heterodera glycines, and the Growth and Yield of
Soybean Cultivars with Various Levels of Resistance Grown under Continuous
Cropping. Bulletin of the Tohoku National Agricultural Experiment Station, Vol.
78, (August 1988) pp. 1-14, ISSN 0495-7318 (In Japanese)

Ichinohe, M. (1953) On the Parasitism of the Soy Bean Nematode, Heterodera glycines.
Research Bulletin of Hokkaido National Experiment Station, Vol. 64, (February
1953) pp. 113-124, ISSN 0018-3415 (In Japanese)

Ichinohe, M. (1955a) Studies on the Morphology and Ecology of the Soy Bean Nematode,
Heterodera glycines, in Japan. Report of Hokkaido Agricultural Experiment Station,
Vol. 48, (March 1955) pp. 1-72, ISSN 0018-3407 (In Japanese)

Ichinohe, M. (1955b) A Study on the Population of the Soy Bean Nematodes (Heterodera
glycines) 1. An Observation on the Relation between the Crop Damage and the
Female Infestation. Research Bulletin of Hokkaido National Experiment Station,
Vol. 68, (January 1955) pp. 67-70, ISSN 0018-3415 (In Japanese)

Jenkinson, D.S. and Parry, L.C. (1989) The Nitrogen Cycle in the Broadbalk Wheat
Experiment: A Model for the Turnover of Nitrogen through the Soil Microbial
Biomass. Soil Biology & Biochemistry, Vol. 21, No. 4 (1989) pp. 535-541, ISSN 0038-
0717

Kageyama, K., Ui, T., Narita, Y. and Yamaguchi, H. (1982) Relation of Pythium spp. to
Monoculture Injury of Soybean. Annals of the Phytopathological Society in Japan,
Vol. 48, No. 3, (July 1982) pp. 333-335, ISSN 0031-9473 (In Japanese)

Karasawa T. (2004) Arbuscular Mycorrhizal Associations and Interactions in Temperate
Cropping Systems. Research Bulletin of National Agricultural Research Center for
Hokkaido Region, Vol. 179, (March 2004) pp. 1-71, ISSN 1347-8117. (In Japanese)

Kelley, KW., Long Jr., ].H. and Tod, T.C. (2003) Long-Term Crop Rotations Affect Soybean
Yield, Seed Weight, and Soil Chemical Properties. Field Crops Research, Vol. 83,
No. 1 (June 2003) pp. 41-50, ISSN 1378-7290

Kushida, A., Uehara, T. and Momota, Y. (2002) Effect of Red Clover Hatching and
Population Density of Heterodera glycines (Tylenchida: Heteroderidae). Japanese
Journal of Nematology, Vol. 32, No. 2 (December 2002) pp. 69-76, ISSN 0919-6765

Liu, X.Z. and Chen, S.Y. (2000) Parasitism of Heterodera glycines by Hirsutella spp. in
Minnesota Soybean Fields. Biological Control, Vol. 19, No. 2, (October 2000) pp.
161-166, ISSN 1049-9644

Matsuda, M., Horie, M., Honda, K. and Shimura, E. (1980) Studies on the Rotation of Upland
Crops XI. Yield Trends of Crops in Continuous Cropping and Several Rotation
Systems over 42-Year Experiments. Japanese Journal of Crop Science, Vol. 49, No. 4,
(December 1980) pp. 548-558, ISSN 0011-1848 (In Japanese)

Matsuguchi, T. and Nitta, T. (1988) Organic Amendment to Upland Soil as a Conditioner of
the Rhizosphere Ecosystem (Part 3) Effects of Organic Amendments on Root
Development and the Rhizosphere Microflora of Monocultured Upland Crops.
Japanese Journal of Soil Science and Plant Nutrition, Vol. 59, No.1. (February 1988)
pp-1-11, ISSN 0029-0610 (In Japanese)

www.intechopen.com



Farming System and Management 263

Neve, S. D., Csitari, G., Salomez, J. and Hofman, G. (2004) Quantification of the Effect of
Fumigation on Short- and Long-Term Nitrogen Mineralization and Nitrification in
Different Soils. Journal of Environmental Quality, Vol. 33, No. 5, (September/
October 2004) pp. 1647-1652, ISSN 0047-2425

Nishimune, A., Konno, T., Saito, G. and Fujita, I. (1983) The Relationship between Nitrogen
Fixation and Grain Yields of Legumes on the Main Upland Soils in Tokachi,
Hokkaodo. Research Bulletin of Hokkaido National Experiment Station, Vol. 137,
(March 1983) pp. 81-106. ISSN 0367-5955 (In Japanese)

Oka, Y. (2010) Mechanisms of Nematode Suppression by Organic Soil Amendments—A
Review. Applied Soil Ecology, Vol. 44, No. 2 (February 2010) pp. 101-115, ISSN
0929-1393.

Okada, T. (1966) Studies on the Parasitic Distribution of Nematodes. Part 3. Effects of
Amounts of Fertilizer on the Growth of Soybeans and the Parasitic Distribution of
Soybean Cyst Nematodes. Research Bulletin of Hokkaido National Experiment
Station, Vol. 89, (March 1966) pp. 30-36, ISSN 0018-3415 (In Japanese)

Okada, T. (1968) Effects of the Inoculation Time of Soybean Cyst Nematodes, Heterodera
lycines ICHINOHE, on the Growth of Soybean. Research Bulletin of Hokkaido
National Experiment Station, Vol. 93, (October 1968) pp. 32-38, ISSN 0018-3415 (In
Japanese)

Porter, P.M., Chen, S.Y., Reese, C.D. and Klossner, L.D. (2001) Population Response of
Soybean Cyst Nematode to Long Term Corn-Soybean Cropping Sequences in
Minnesota. Agronomy Journal, Vol. 93, No. 3, (May 2001) pp. 619-626, ISSN 0002-
1962

Ray, ].D., Heatherly, L.G. and Fritschi, F.B. (2006) Influence of Large Amounts of Nitrogen
on Nonirrigated and Irrigated Soybean. Crop Science, Vol. 46, No. 1, (January 2006)
pp. 52-60, ISSN 0011-183X

Rupe, J.C., Robbins, R.T. and Gbur Jr., E.E. (1997) Effect of Crop Rotation on Soil Population
Densities of Fusarium solani and Heterodera gl'ycines and on the Development of
Sudden Death Syndrome of Soybean. Crop Protection, Vol. 16, No. 6 (September
1997) pp. 575-580, ISSN 0261-2194

Sakamoto, K. and Oba, Y. (1993) Relationship between Available N and Soil Biomass in
Upland Field Soils. Japanese Journal of Soil Science and Plant Nutrition, Vol. 64,
No. 1, (February 1993) pp. 42-48, ISSN 0029-0610 (In Japanese)

Salvagiotti, F., Cassman, K.G., Specht, J.E., Walters, D.T., Weiss, A. and Dobermann, A.
(2008) Nitrogen Uptake, Fixation and Response to Fertilizer N in Soybeans: A
Review. Field Crops Research, Vol. 108, No. 1, (July 2008) pp. 1-13, ISSN 1378-7290

Sayre, R.M. (1986) Pathogens for Biological Control of Nematodes. Crop Protection, Vol. 5,
No. 4, (August 1986) pp. 268-276, ISSN 0261-2194

Shimizu, K. and Mitui, Y. (1985) Races of the Soybean Cyst Nematode in Tokachi Province,
Hokkaido. Research Bulletin of Hokkaido National Experiment Station, Vol. 141,
(January 1985) pp. 65-72, ISSN 0367-5995 (In Japanese)

Siddiqui, Z.A. and Mahmood, I. (1996) Biological Control of Plant Parasitic Nematodes by
Fungi: A Review. Bioresource Technology, Vol. 58, No. 3, (December 1996) pp. 229-
239, ISSN 0960-8524.

www.intechopen.com



264 Recent Trends for Enhancing the Diversity and Quality of Soybean Products

Triplett Jr., G.B. and Dick, W.A. (2008) No-Tillage Crop Production: A Revolution in
Agriculture! Agronomy Journal, Vol. 100, Supplement, (May 2008) pp. 153-165,
ISSN 0002-1962

Troeh, Z.1. and Loynachan, T.E. (2003) Endomycorrhizal Fungal Survival in Continuous
Corn, Soybean, and Fallow. Agronomy Journal, Vol. 95, No. 1, (January 2003) pp.
224-230, ISSN 0002-1962

Varvel, G. E. and Wilhelm, W.W. (2003) Soybean Nitrogen Contribution to Corn and
Sorghum in Western Corn Belt Rotations. Agronomy Journal, Vol. 95, No. 5,
(September 2003) pp. 1220-1225, ISSN 0002-1962

van Kessel C. and Hartley, C. (2000) Agricultural Management of Grain Legumes: Has It
Led to an Increase in Nitrogen Fixation? Field Crops Research, Vol. 65, No. 2-3,
(March 2000) pp. 165-181, ISSN 1378-7290

Wright, A.L. and Hons, F.M. (2004) Soil Aggregation and Carbon and Nitrogen Storage
under Soybean Cropping Sequences. Soil Science Society of America Journal, Vol.
68, No. 2 (March 2004) pp. 507 - 513, ISSN 0361-5995

Xing, L. and Westphal, A. (2009) Effects of Crop Rotation of Soybean with Corn on Severity
of Sudden Death Syndrome and Population Densities of Heterodera glycines in
Naturally Infested Soil. Field Crops Research, Vol. 112, No. 1, (April 2009) pp. 107-
117, ISSN 1378-7290

Zhang, B.Q., Chen, W.D. and Yang, X.B. (1998) Occurrence of Pythium Species in Long-Term
Maize and Soybean Monoculture and Maize/Soybean Rotation. Mycological
Research, Vol. 102, No. 12, (December 1998) pp. 1450-1452, ISSN 0953-7562.

Zhang, F., Lynch, D. and Smith D. L. (1995) Impact of Low Root Temperatures in Soybean
(Glycine max (L.) Merr.) on Nodulation and Nitrogen Fixation. Environmental and
Experimental Botany, Vol. 35, No. 3 (July 1995) pp. 279-285, ISSN 0098-8472

www.intechopen.com



Recent Trends for Enhancing the Diversity and Quality of Soybean

RECENT TRENDS FOR

ENHANCING THE DIVERSITY Products
AND QUALITY OF SOYREAN Edited by Prof. Dora Krezhova
PRODUCTS

Ene by Do Krashowa

ISBN 978-953-307-533-4

Hard cover, 536 pages

Publisher InTech

Published online 28, October, 2011
Published in print edition October, 2011

This book presents new aspects and technologies for the applicability of soybean and soybean products in
industry (human food, livestock feed, oil and biodiesel production, textile, medicine) as well as for future uses
of some soybean sub-products. The contributions are organized in two sections considering soybean in
aspects of food, nutrition and health and modern processing technologies. Each of the sections covers a wide
range of topics. The authors are from many countries all over the world and this clearly shows that the
soybean research and applications are of global significance.

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

Morio Matsuzaki (2011). Farming System and Management, Recent Trends for Enhancing the Diversity and
Quality of Soybean Products, Prof. Dora Krezhova (Ed.), ISBN: 978-953-307-533-4, InTech, Available from:
http://www.intechopen.com/books/recent-trends-for-enhancing-the-diversity-and-quality-of-soybean-
products/farming-system-and-management

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.




