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1. Introduction

Soybean is the most expanding crop worldwide, and in the last 30 years it has doubled the
cultivated area (FAO, 2002). Argentina is one of the main producers, where soybean
production increased from 11 millions of tons in the campaign 1990-1991 to 55 millions of
tons in the campaign 2009- 2010, with a planted area that reached 18.7 million hectares
(GEA, 2010). Soybean expansion in Argentina has been so significant that the crop is now
located in areas that were previously considered “marginal” or “not suitable for the crop”
due to environmental conditions (Qaim & Traxler, 2005; Monti, 2008; Zak et al., 2008). In the
last five years, this crop has moved approximately 4.6 millions of hectares of other crops and
pasture lands (Pengue, 2009). The same as in other countries in Latin America such as Brazil,
Bolivia and Paraguay, soybean culture has been the main cause of deforestation during the
last years (Kaimowitz & Smith 2001; Steininger et al., 2001; Pengue, 2009).

Several technological advances have allowed the development of a new agricultural model
that having less input is able to increase yields therefore generating an intensive system that
in turn increases the financial profit (Monti, 2008). The use of practices such as direct
sowing, fertilization, and genetically modified materials resistant to glyphosate that allow
easy weed control and with high yield potential, have permitted yield increases and
consolidated the new agricultural model. This agricultural model, based in monoculture,
has made soybean production very economic to crop growers allowing an interesting
income in a short period with low investment of resources. Argentina’s economy is greatly
dependent on the currency generated by exportation of primary products and it is one of the
top three producers and exporters of vegetable oils, and the biggest worldwide exporter of
soybean oil (FAO, 2008). Due to the country’s size and geographical diversity, soybean has a
high potential to satisfy the increasing international demand of bio-fuels (Tomei & Upham,
2009). Therefore it is possible to think in a future of increasing soybean production.
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However, although this leguminous is rich in proteins and oils, its monoculture presents
risks from the point of view of the system’s sustainability on the long term because of the
probable negative environmental impact (Steward, 2007, Gudynas, 2008; Holland et al.,
2008; Aizen et al., 2009; Altieri, 2009; Pengue, 2009). Especially regarding the organic matter
soil content (the main indicator used to assess its quality and agronomical sustainability in
the long term; Reeves, 1997), since in the agricultural nucleus area for the soybean crop the
organic matter has been reduced from 4-5 % (original soil) to 2.5% (Cordone et al., 2005).
Moreover this reduction has also impaired the soil nutrient content, the porous structure,
and the soil biological activity. Nowadays, it is necessary to manage the soil appropriately in
order to maintain a high grain production along the time. A system based in soybean
monoculture will provoke great soil damage due to the low contribution of rubbish by the
crop; in this scenario nitrogen is quickly discomposed remaining a scarce portion for the
production of humus, thus leaving the soil without protection (Franzluebbers et al., 1995;
Wright & Hons, 2005). This agro-ecological imbalance leads towards loss of the soils
productive capacity.

A good alternative to soybean monoculture is rotation with cereals that contribute with a
big mass of stubble. In the Argentinean Pampas the rotation of soybean is being performed
mainly with wheat since the cycles of both crops are adapted for a continuous sequence
(Andrade & Calvifio, 2004). This agricultural practice however has high yield potential only
in conditions of enough water availability given that the relatively high transpiratory
demand of the two cultures. Also the sequence wheat/soybean/maize is used, which
involves the sowing of the two gramineous in two consecutive years with the participation
of soybean as the intermediate crop. This alternative provides a bigger contribution of
stubbles, not only in the surface, but also in the soil volume because the mass of roots. In
experiments done in soils degraded by agriculture, it has been observed that when soybean
was seeded in sequences that included gramineous, yield increases by 10% as compared
with those of soybean-soybean (Bacigaluppo et al., 2009).

The productive capacity of soils submitted to continuous agriculture will not be maintained
by direct sowing and nitrogen fertilization since both do not provide enough carbon to
repair the natural losses. Only the combination of all of these practices, i.e. direct sowing,
nitrogen fertilization and rotation with cereals, will make possible to maintain the soil
content of organic matter and thus to benefit the soil water balance through the presence of
the harvest’s rubbish on the surface that improve the soil capacity to store water (Cordone et
al., 2005).

2. Yield components

In any productive system the main objective is to increase the performance; that is to say, to
maximize the production of seeds by surface unit according to the availability of light, water
and nutrients on each portion of land. Although the yield of soybean crops is the result of
processes and changes that occur in the plants from the moment of the sowing to the
harvest, it results from two main components, the number of seeds established by unit area
and the seed weight (Kantolic et al., 2003). Albeit there are compensations between these
two components, there is certain independence between them, which allows thinking that
an increase in any of them can produce an increase in the yield (Kantolic et al., 2003). The
number of seeds is the most difficult component to estimate since it depends on different
factors. In soybean the flowers are arranged in open bunches that develop on the nodes. The
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number of pods per node will depend on the number of fecundated flowers that last in the
plant until the fruit matures, which in turn will depend on the number of nodes the plant
develop, not only on its main stem but also in the lateral branches that may also vary in
quantity. The mature pods can present two or three seeds, but the number of them is a
character genetically stable and it does not affect the crop yield (Herbert & Litchfield, 1982;
Liu et al., 2006).

Nevertheless, there is a period where the number of legumes and seeds are determined,
which begins around flowering and extends through pod set, including the beginning of the
seed-filling period (R1-R6). This period is called “critical period” since crop yield is
established at this time (Egli, 1998). A close relationship has been found between the
number of seeds per area unit and the plant growth rate during a critical period, especially
between R3-R6, independently of the changes in growth for rest of the plant cycle (Jiang &
Egli, 1995; Board & Tan, 1995). During the critical period both the production of
reproductive organs and its survival are defined.

The final weight of the seed depends on the growth rate and the duration of grain filling,
and both factors are genetically determined and vary according to the environmental
conditions. The duration of the reproductive period can be changed by manipulating the
plant responses to the environmental factors that control its development, particularly
temperature and photoperiod; these factors act simultaneously in the plants and there are
evidences of their interaction (Sinclair et al., 1991; Kantolic et al., 2003). Though temperature
has influence during the whole crop cycle, the photoperiod starts its regulation when the
juvenile part ends. The main effect of the photoperiod is induction of flowering; the soybean
is a short day plant because the beginning of the process of flowering is induced under days
getting shorter (Hicks, 1978). The photoperiod influences and regulates the major part of the
reproductive events by conditioning the beginning and the ending of the different phases
and the rate of these changes inside the plant (Kantolic et al., 2003). Since a long time ago
many authors demonstrated the existence of a genetic variability in the sensibility of the
soybean crop to the photoperiod during the period of post-flowering (Thomas & Raper,
1976, Guiamet & Nakayama, 1984; Ellis et al., 2000; Kantolic & Slafer, 2001). Recently, it has
been established for soybean cultivars of indeterminate growth that an increase in the
photoperiod length could extend the time of the critical period and so the time that
determines the seeds; such response was observed in a wide range of photoperiods longer to
those required for each cultivar studied (Kantolic & Slafer, 2005).

To increase the length of the critic period through the modification of the plant
responsiveness to the photoperiod would be a useful strategy to achieve a balance between
photoassimilates production and sink demand. Thus, the number of legumes per node at
harvest is the result of the equilibrium between production and mortality of flowers and
legumes. The production of pods in turn includes the appearance of floral buds and their
development in matured flowers, but then the abortion of young and matured flowers and
pods are sensible to changes in photoassimilates production (Jiang & Egli, 1993; Bruening &
Egli, 2000). The extension of the critical period may also have a negative effect on seeds
production if during this period light or temperatures are reduced. The best diurnal
temperatures for photosynthesis in soybean range between 30° and 35° C, and a decrease in
pods set have been noticed below 22° C, indicating that pods number is sensible to low
temperatures (Thomas & Raper, 1976, Hume & Jackson, 1981). Also, the seed growth is
generally limited by the supply of assimilates, which is reduced by low temperatures (Egli,
1999). Studies under controlled conditions demonstrated that the exposition to long
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photoperiods caused reduction in seeds growth rate, thus affecting negatively the seeds
weight (Raper & Thomas, 1978; Morandi et al., 1988). Nowadays, several scientific and
technological efforts are oriented to obtain cultivars sensible to photoperiod that by
flowering earlier will further develop under light and temperature appropriate to achieve a
good yield (Kantolic & Slafer, 2001). In other words, to achieve optimal environmental
conditions during the critical period can be a good strategy to improve the performance due
to the critical role that they have on the control of the plant development.

The weather conditions also define when and how long the yield components are
determined and how much of the production arrives at end of the crop (Kantolic et al.,
2003). However, water deficiencies or any stress that affects the photoassimilates production
and transport during the critical period reduces the number of pods per node and the
number of seeds at harvest. During dry farming, and even under irrigation, plants may
suffer daily variations of water supply (an unbalance between what roots absorbed and
leaves transpired) that generate stressful situations. If such stress is mitigated during the
crop’s critical period, its performance may be improved. This objective becomes really
important when soybean varieties of short cycle are used, since they have a shorter critical
period than those of long cycle. In fact, the major part of soybean in South America is
cultivate in rain fed, and variability in crops performance is strongly related with differences
in rain’s total amount and distribution along the plant’s cycle and soil water availability.
Since water availability is an important limitation for the application of the strategy before
mentioned, the success of any crop not only depends on water supply but also on the plant’s
ability to use it (Andriani, 1997). Thus, crops with long cycle cultivars are more flexible and
balanced than those with short cycle cultivars, like those used to rotate with wheat. The later
have a high yield potential when there is good water availability, particularly during the
period where the number of seeds is defined. Therefore, a way of improving the
performance of short cycle soybean crops is to optimize water usage. To achieve this will let
to obtain a more profitable soybean harvest, and to maintain an appropriate rotation of the
crops. Such benefit could be achieved through induction of partial stomata closure in a way
that the concentration of intracellular CO, would be enough for photosynthesis, and at the
same time water looses may be minimized (Kang et al., 1998).

3. Abscisic acid functions

The phytohormone abscisic acid (ABA) regulates a variety of physiological plant processes,
including seed maturation, seed and bud dormancy, root growth, foliar senescence and the
transition between the vegetative to reproductive development, among others (Leung &
Giraudat, 1998).

When plants are confronted to abiotic stresses, ABA is the main candidate in the plant’s
responses signaling, since it is well known that the phytohormone concentration varies
according to the stressful situation (Zhu, 2002). In fact, ABA acts as signal in the plant
responses to environmental stresses imposed by either cold, drought and/or high levels of
salt, through the modulation of genes sensible to stress (Christmann et al., 2006). It has been
proven that during periods of stress synthesis and concentration of ABA may drastically
vary in specific tissues (Zeevaart & Creelman, 1988). For example, under conditions of water
stress the concentration of ABA in leaves can increase up to 50 times in a period of 4 to 8
hours; after rehydration ABA levels are reduced to normal in a similar period of time (Taiz
& Zeiger, 2006). This relationship strongly suggests that ABA is one of the mediators of the
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plant responses to the stressful conditions (Galau et al., 1986; Zeevaart & Creelman, 1988;
Bray, 1991; Christmann et al., 2006; Hirayama & Shinozaki, 2007).

It has been demonstrated that ABA is able to alleviate the water stress not only in daily
variations but also in long term draught by provoking a stomatal closure, since stomata are
responsible for the major proportion of plant water losses (Leung & Giraudat, 1998; Zhang
& Outlaw, 2001; Taiz & Zeiger, 2006). In fact, the signal transduction in guard cells in
response to ABA has been well documented (Luan 2002; Levchenko et al., 2005; Pei &
Kuchitsu 2005; Vahisalu et al., 2008).

During seed development, ABA has a main role in regulating synthesis of proteins and
lipids and in promoting the seed’s tolerance to dryness. This hormone has also a protective
role for the seed by inducing embryonic dormancy not allowing its early germination and
inhibiting it in conditions of osmotic stress. As well, ABA has been identified as one of the
main chemical signal that regulates genetic expression during stress (Seo & Koshiba 2002).
Different evidences suggest that the hormone perception may be produced both extra and
intracellular (Bray, 1997; Finkelstein et al., 2002). Although it has not been identified yet a
primary receptor of the hormone, there are a wide variety of second messengers involved
that contribute to the signaling pathway (Moreno, 2009). In different species, the application
of this hormone increased the plant resistance by provoking the expression of ABA-
dependent genes.

For the expression of specific genes in response to water and saline stresses, the existence of
two types of signal chains have been postulated, one that depends on ABA and another
independent of the hormone (Chandler & Robertson, 1994; Shinozaki & Yamaguchi-
Shinozaki, 1997). Within the ABA-dependent signal chain there is production of proteins
with protective function, enzymes responsible for osmolite synthesis, antioxidant enzymes,
transcription factors and other proteins involved in the responses to water stress (Bray, 1997;
Xiong et al., 2002). Amongst the main proteins are the dehydrins, which are highly
hydrophilic and replace water in its function of maintaining the structure of other proteins
and membrane phospholipids protecting the cell cytoplasm of dehydration (Hare et al.,
1999). There are also the LEA (late embryogenesis abundant proteins) proteins, that form
many families of proteins accumulating at high levels during the matured period of
embryogenesis, just before the moment of the seed drying (Moreno, 2009). Some of them are
accumulated in vegetative tissues in response to the osmotic stress generated by different
factors such as dehydration, salinity, cold and freezing (Baker et al., 1988; Bray, 1993). The
information available about different LEA proteins indicates that they have an important
role in the protection against the cell’s dehydration (Battaglia et al., 2008).

As well, the synthesis of osmoregulators like proline, glycine-betaine, sugars and sugar
alcohols are related with the cells osmotic status since these components facilitate the water
uptake by the plant (Cushman, 2001). Over-expression of some of the genes that lead the
synthesis of osmoregulators have been used to protect plants to the osmotic stress in many
species (Abebe et al., 2003; Tamura et al., 2003; Waditee et al., 2005, Hmida-Sayari et al.,
2005; Ashraf & Foolad, 2007). On the other hand, antioxidant enzymes together with non
protein components protect plants from free radicals that are generated due to an increase in
the rate of O, photoreduction in chloroplasts (Danon et al., 2004; Robinson & Bunce, 2000).
Among the main antioxidant enzymes are superoxide dismutase, catalase, ascorbate
peroxidase, peroxidase, glutathione reductase and monodehidroascorbate reductase (Apel
& Hirt, 2004).
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During the water stress the expression of different transcription factors that mediate the gene
response to the stress is also induced; some of these transcription factors are related to specific
sequences in the region that promotes the genes (Guiltinan et al., 1990; Busk et al., 1997).

ABA is also able to activate metabolization of carbohydrates temporally stored in the stem
of rice (Yang et al., 2003) and wheat (Travaglia et al., 2007 and 2010) plants. As well, ABA
applications lead to the accumulation of carbohydrates in grains consequently accelerating
the filling process. The application of fluridone, inhibitor of carotenes and (hence) ABA
synthesis, leads to reduction in the activity of enzymes related with starch synthesis
(Grappin et al., 2000).

4. ABA promotes yield in field-cultured soybean

The roles of ABA in basic physiology have been extensively studied, but information
regarding participation of this hormone in field crops eco-physiology is rather limited. The
evaluation of stress effects under artificially controlled conditions is very useful to recognize
the physiological plant response and allows determining the presence of mechanisms of
resistance. Such mechanisms could be useful traits of cultivar selection in programs of genetic
performance. However, the plant responses under these conditions may not be representative
of what happens in field conditions. Growth and development of a crop under field conditions
is the product of the interaction among a series of genetic and environmental factors, so the
formulation and application of agronomic practices for the crop’s improvement will depend
on the understanding of the eco-physiological basis for their development.

Taking into account all the antecedents cited, we worked with the following hypothesis: “a
plant that grows in a field and receive the stress signal (i.e., it is treated with ABA) before a
situation of stress is produced, it is then more prepared to face the stress and the effect is
minimized”.

From here on we inform the results obtained by our research group in evaluating the effects
of ABA applications on the performance of a short cycle cultivar (GM 3.4, Dekalb,
Argentina) of Glycine max L. under field conditions. The experiments were performed
during three consecutive years through direct sowing in rain fed conditions at the
experimental field of the Universidad Nacional de Rio Cuarto Campus, Rio Cuarto,
Provincia de Cérdoba, Argentina (33° 07' S, 64° 14' W). Sowing density was 32 seeds m2, and
at harvest there were 23 plants m2. The crops had a water supply during the crop seasons of
611, 466 and 571 mm of rainfall that satisfied the calculated crop’s evapo-transpiration
demand. The results of the field experiments were also complemented with an experiment
in greenhouse. ABA (Lomon Biotech, Beijing, China, 90 % purity) was sprayed in a dose of
300 mg L at the phenological stages V7 and R2, which are previous and close to the critical
periods; the solutions contained 0.1% Triton for emulsification, and the spraying was done
at sunset to avoid ABA photo-destruction. Further details of the experimental conditions can
be found in Travaglia et al. (2009).

The results showed that ABA application improved physiological variables related with the
photosynthetic capacity of the plants. Control and ABA-treated plants at R5 phenological
stage (beginning of seed filling), did not show differences in the length of the main stalk.
However, ABA-treated plants had higher shoot’s dry weight than controls (Figure 1).

Bigger stem diameter (data not shown) and increase in the foliar area of the leaves 2 and 3
(counting from the apex) as compared with the control plants were observed (Figure 2).

The leaves of these plants were greener and presented a bigger proportion of chlorophyll
than the control ones (Figure 3), however they did not present main differences in the levels
of carotene (data not shown).

www.intechopen.com



ABA Increased Soybean Yield by Enhancing Production

of Carbohydrates and Their Allocation in Seed 583
10.0+
5 b
£ 75 1
= —=
o
= a
T 504
q’ —
©
g 2.5
0.0
Control ABA

Fig. 1. Average dry weight (D Wt) in three years of experiments with field-grown soybean
plants at R5. Treatments: control, ABA treated plants. Bars indicate SEM of 30 plants.
Different letters show significant differences at p<0.05 with the Fisher alpha Test.
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Fig. 2. Average leaf area (LA) at different plant levels in three years of experiments with
field-grown soybean plants at R5. Treatments: control, ABA treated plants. Bars indicate
SEM of 30 plants. Different letters show significant differences at p<0.05 with the Fisher
alpha Test. Figure adapted from Travaglia et al. (2009).
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Fig. 3. Average of total chlorophyll content in three years of experiments with field-grown
soybean plants at R5. Treatments: control, ABA treated plants. Bars indicate SEM of 15
plants. Different letters show significant differences at p<0.05 with the Fisher alpha Test.
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Generally, the action of ABA has been related with processes of inhibition, although there is
recent evidence of its presence in developing tissues where it may have a promoting action
(Finkelstein & Rock 2002; Sansberro et al., 2004; Peng et al., 2006). Our results demonstrate
that ABA sprayed to the leaves benefits dry matter accumulation favoring vegetative
growth of soybean plants grown in field conditions (Travaglia et al., 2009). For the cultivar
and the dose used, no restrain of shoot growth was observed as had been previously
reported (Sloger & Caldwell, 1970). These results coincide with those found in field-grown
wheat plants under water stress that had been treated with ABA, in which these plants
showed higher shoot biomass accumulation (Travaglia et al., 2007 and 2010). This effect of
ABA has also been seen in studies carried out under controlled conditions with different
levels of water deficit, both in Arabidopsis (Finkelstein & Rock 2002) and Ilex paraguariensis
(Sansberro et al., 2004), where the plants sprayed with ABA had greater growth than those
with lower (endogenous) levels of ABA. In agreement with our previous findings (Travaglia
et al., 2007 and 2010), these new results suggest that ABA is an important regulator of cell
and whole-plant water content, likely due to an increased turgor that allows optimal cellular
expansion (Acevedo et al., 1971).

ABA-treated soybean plants also improved leaf area, which can be considered useful since it
benefits the interception of light, particularly in short cycle varieties that sometimes do not
cover the soil surface until late in the cycle (Andrade & Calvifio, 2004). Another interesting
aspect to take into account is the photosynthetic capacity of the plant. It has been reported in
literature that ABA stops the photosynthesis of different species under controlled conditions
(Daie & Campbell, 1981; Xu et al., 1995; Gong et al., 1998; Wilkinson & Davies, 2002; Reddy
et al., 2004; Liu et al., 2005); but our results showed an increase in the content of dry matter
that increases in correlation with chlorophyll levels (Travaglia et al., 2009). These results are
similar to those we observed during three years of essays with field-grown wheat treated
with ABA; the treated plants showed higher levels of chlorophyll and maintained green
leaves longer (5 to 10 days) than control plants (Travaglia et al., 2010). Longer
photosynthetic activity should benefit higher accumulation of dry matter in harvest
products (Thomas & Howarth, 2000). According to Ivanov et al. (1995) ABA had a protective
effect on the photosystem II complex (PSII) in barley plants since it avoided the deleterious
effect of high intensity light. ABA would act protecting the membranes, especially those of
chloroplasts, when they are under stress (Travaglia, 2008). These authors also reported
higher carotene levels in ABA-treated plants, an effect that was also observed in wheat
(Travaglia et al., 2007 and 2010), but not in soybean. Although in this investigation the
soybean plants were not under a long water deficit, they would suffer temporary water
stress during hours of high light intensity where there is an unbalance between
transpiration and water absorption; the ABA-treated plants showed higher chlorophyll
levels and maintained green leaves longer. These results indicate that ABA protect the
photosynthetic system and delayed foliar senescence under conditions of temporary water
stress allowing the plant to generate and accumulate more dry matter and also produce
more seeds.

The root density (number of lateral roots) was higher in ABA-treated plants as compared to
controls (Figure 4). Such higher production of lateral roots is well expressed by roots dry
weight improvement in ABA-treated plants as compared with controls (Figure 5). There
were no significant differences in number, weight and viability of nodules in plants treated
respect to the control (data not shown).

www.intechopen.com



ABA Increased Soybean Yield by Enhancing Production
of Carbohydrates and Their Allocation in Seed 585

Fig. 4. Picture showing soybean plants grown in plastic pots (24 L) during 80 days; ABA-
treated (left), control (right) plants. Bars = 10 cm.
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Fig. 5. Dry weight (D Wt) of roots of soybean plants grown in plastic pots (24 L) during 80
days. Treatments: control, ABA treated plants. Bars indicate SEM of 30 plants. Different
letters show significant differences at p<0.05 with the Fisher alpha Test.

Vysotskaya et al. (2008) suggested that ABA promotes radical growth instead of any specific
growth of the aerial part. Our results indicate however that ABA stimulated an increase of
the total biomass. It is possible that at the beginning the application of the phytohormone
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may induce the distribution of biomass towards the roots, but our results indicated an
increase in the quantity of dry matter for both, aerial part and roots.

Enhancement in the number of lateral roots, therefore augmenting the density of the root
system, by ABA has been previously informed for other species by Trewavas & Jones (1991).
According to Lian & Harris (2005) it is an effect that ABA has on roots of leguminous
species, but in non leguminous species ABA inhibits lateral root development. The
increasing in the density of lateral roots provoked by ABA can be a good effect to obtain a
higher number of nodules by plant.

As well, Zhang et al. (2004) found more biomass and more nodules in well-irrigated
soybean plants treated with ABA or inhibitors of GA biosynthesis. In our study ABA did not
affect the nodules but increased plants” root density, which is highly beneficial considering
that soybean has a high requirement of N that is accumulated in seed proteins. The amount
of N used for this crop is the sum of the inorganic N present in the soil and the atmospheric
N that is symbiotically fixed by Bradyhizobium japonicum (Madrzak et al., 1995). The crop
gets ca. 50 to 60 % of its N at the beginning of the symbiosis (Salvagiotti et al., 2008). The
performance of soybean is related in a positive way with the absorption of N by plant. This
is supported by the findings of Salvagiotti et al. (2008), who analyzed 637 essays in USA
between 1966 and 2006, observing an increase in grain yield of 13 kg per kg of N
accumulated in aerial biomass. When soil aeration is minimal, such as in direct sowing, the
rate of mineralization is reduced, and N immobilized and consumed by denitrificating
microorganisms increases. This fact augments the necessity of N, stimulating N biological
fixation (NBF) from the early stages of the crop (Bonel et al, 2005). The soybean N
requirements changes according to the stage of development, increasing between R3-R6. In
the Argentinean Pampas region, the contribution of NBF is ca. 40%. Any environmental
situation of stress, like drought or flood, has negative repercussions in the NBF
compromising yield (Gonzalez, 1997). Drought also affects NBF because the nodule must
have more than 80% of relative water content (RWC), otherwise the capacity of NBF is
seriously reduced when RWC is below 60%. The critical period of the grain filling is
compromised by any situation that affects NBF hence reducing the yield potential of the
crop (Bonel et al., 2005).

As well, ABA-treated plants showed reduction in stomatal conductance during 24 h after
the hormone has been applied as compared to controls, but then the conductance values
kept more stable and become equal to the controls 11 days later (Figure 6). The ABA-treated
plants also showed a lower foliar temperature (data not shown).

Closing of stomata immediately after ABA treatment is an expected response, but the partial
(and stable) closing observed later could be accountable of regulating enough CO; entrance
in the chlorenchyma cells to support photosynthesis and to minimize water losses, though
maintaining evaporation in a way that foliar temperature is lower than in control plants. At
the interface between atmosphere and plant, leaf stomata provide the entryway for CO; for
photosynthetic carbon fixation, while preventing excessive water loss. Through their role in
transpiration, stomata also help to control leaf temperature. The net stomatal conductance
depends on both, plant-specific traits and signals received from the environment, which is
the result of stomata functioning. It has been demonstrated that exogenous ABA promotes
the closure of stomata (Zhang & Outlaw, 2001; Davies et al., 2005; Pei & Kuchitsu, 2005). So
the observed low conductance immediately post-treatment was a desired answer, but the
later increase of the conductance was maintained in the time. In papers related with field-
grown wheat under water deficit, it is observed a similar behavior. The ABA treated plants
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Fig. 6. Average values of leaf conductance (sg) in the 3rd fully expanded leaf (one leaf per
plant, 15 plants per treatment) at 01:00 PM in three years of experiments with control and
ABA-treated field-grown soybean plants since 24 h until 25 days after the first spraying.
Bars indicate SEM of the 15 plants. Different letters show significant differences at p<0.05
with the Fisher alpha Test. Figure taken from Travaglia et al. (2009).

closed their stomata immediately after the hormonal application, so decreasing the
conductance and the rate of transpiration, but 21 days after the ABA treatment leaf
conductance and transpiration rate increased more than in control plants (Travaglia et al.,
2010). As well, in front of a water deficiency, the treatment with ABA had a long time effect
on to the stomata behavior, maintaining some ostiolar aperture in the hours of high light
while stomata in control plants are closed. This ostiolar aperture in the ABA-treated plants,
although limited, was enough to maintain a leaf conductance higher than in the control
plants. Although in our experiments with soybean the grade of stomata aperture was not
recorded, the similarity of the results suggest that exogenous ABA promoted the immediate
stomata closure, even though the plant is not under water stress, but later it benefits since
stomata are maintained semi-opened with high irradiation. This may be the reason why leaf
conductance is more stable along the time doing the balance between water looses and CO>
gain more efficient. The partial stomata closure allows that the concentration of intracellular
CO2 may be sufficient so that the photosynthesis would be maximal and the water loses
minimum (Kang et al., 1998). After evaluation of two leguminosae, Phaseolus vulgaris and
Trifolium pratense, in front of the combined stress (drought + high temperatures), Reynolds-
Henne et al. (2010) proposed that the stomata behavior is complex. However, these authors
consider that in all the cases the plants achieve a balance that allows them to loose water and
to avoid overheating. If stress is moderated, an important stomata closure is produced and
leaf conductance is impeded giving priority to water relations, while if the stress is severe
stomata conductance increases maintaining leaf temperature to avoid metabolic damages
and to protect the photosynthetic apparatus. In our soybean experiments, where stress was
of short time, the application of ABA immediately reduced transpiration, but in the mid
term sustained water evaporation more constant so leaf temperature may be lower than in
non-treated plants. Given that photosynthetic activity by crop canopy declines gradually
during the effective grain filling period and current photosynthesis (rather than
remobilization of stored carbohydrate) is considered to be main source for seed growth in
soybean (Liu et al., 2006), supporting a regular photosynthesis could be the cause of the
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higher carbohydrate amounts found at the flowering period in shoots of the ABA-treated
plants as compared to controls; the difference in shoots disappears at harvest because of an
increased carbohydrate remobilization (21%) to the seed in the ABA-treated plants
(Travaglia et al., 2009). These results confirm the participation of ABA in promoting source
to sink transport of assimilates during the stage of seed filling. This effect has been also
reported in rice (Zhang et al., 1998; Yang et al., 2001; 2004), and by our group in wheat
(Travaglia et al., 2007; 2010). Also in grapes, Moreno (2009) found that ABA stimulates
carbon translocation from source to sink.
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Fig. 7. Seeds weight per meter in three years of experiments with field-grown soybean
plants. Treatments: control, ABA treated plants. Bars indicate SEM of 15 plants. Different
letters show significant differences at p<0.05 with the Fisher alpha Test.

The number of ripped pods in the ABA-treated soybean plants was similar to the controls;
however it was observed that during the first periods of development the pods in ABA treated
plants were bigger, difference that disappeared at maturity (data not shown). The weight of
seeds per m? was significantly higher in the ABA-treated plants (Figure 7); the seeds maintain
the same protein content and higher oil concentration as compared with the controls (Figure 8
a and b). Thus, the treatment with ABA did not affect the quality of seeds, an important
characteristic since the seed quality is one of the key aspects for agriculture success.
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Fig. 8. Protein (a) and oil (b) percentage in grains in three years of experiments with field-
grown soybean plants. Treatments: control, ABA treated plants. Bars indicate SEM of 15
plants. Different letters show significant differences at p<0.05 with the Fisher alpha Test.
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The final chemical composition of the seeds is the result of accumulation of reserve
substances in the cotyledons during the filling period. The contents of oils and proteins are
influenced by genetic and environmental factors (Ojo et al., 2002; Wilson, 2004; Minuzzi et
al., 2007). In the last years a better understanding of the genetic regulation in the proportions
of the different components that define the quality of seeds has been achieved, and cultivars
known with “enhanced value” have been obtained by traditional methods or genetic
manipulation. Regarding the environment, the influence of the conditions during the seeds
filling period is direct, since soybean seeds accumulate oils during this period, with a
maximum rate occurring around 30 days after flowering (Wilson, 2004). The short-cycle
cultivars, i.e. the short term maturity group (MG), usually have their seed filling period
exposed to higher temperatures than the long-cycle MG genotypes. Yaklich and Vinyard
(2004) also found higher oil concentration under high temperatures. These authors suggest
that by monitoring the minimum temperatures and the daily increase during the seed filling
period might have predictive value for seeds oil concentration.

It has been informed that not only the high temperatures but also the presence of water
stress during the filling of seeds produces alterations in the contents of proteins and oils
(Boydak et al., 2002). It is also frequently found a negative relationship between seed protein
content and crop yield (Shannon et al., 1972; Yin & Vyn, 2005); moreover, there are
evidences of a negative correlation between oils and proteins concentration. None of these
relations were seen in our experiments since ABA enhanced both yield and seed proteins,
because ABA not only increased yield but also improved the seed quality; that is, ABA did
not affect protein levels but enhanced oil yield. We have also found benefits with the
application of exogenous ABA in the performance of wheat grown under water restrictions.
When stress was very strict, the application of ABA increased the number of grains per
spike. When water stress was moderated, ABA not only increased the weight but also the
number of grains. Such effect was reflected in a yield increase that ranged between 11 and
34 % (Travaglia et al., 2010). Since the food value of grain wheat relays on the protein
content, it is not only necessary to achieve higher yields but also to maintain a high
percentage of protein in the grain. It has been mentioned that this is difficult to achieve
considering that there is an inverse relationship between yield and protein content
(Cuniberti, 2001). In our study however, the grain protein content under severe drought
increased in ABA-treated plants, whereas in moderate drought there was no difference in
grain protein between ABA-treated and control plants (Travaglia et al., 2007 and 2010).

5. Conclusion

Recent biotechnological advances have opened great possibilities for the agricultural
production and have permitted a big expansion of soybean in the Americas in general and
in Argentina in particular. Having in mind that currency generation by exports is of outmost
importance in the economy of the countries, everything indicates that the high production
soybean system will continue.

Soybean monoculture generates a selective decreasing of the soil nutrients and can generate
their exhaustion and the necessity of adding more fertilizers. According to this point of view
rotation with other crops, especially cereals, seems to be an appropriate solution. However,
the profits for soybean production have been differentially favorable as compared to other
crops so many producers will continue with the monoculture. A profitable alternative is
through practices that take into consideration the rotation of the crops; for example, short

www.intechopen.com



590 Soybean - Biochemistry, Chemistry and Physiology

cycle soybean-wheat. To achieve this purpose unfavorable environmental conditions during
the critical period of the crops must be minimized, especially the most frequent factor that is
water deficit.

The results obtained in the experiments with soybean grown in field conditions support the
idea that ABA enhances yield by a combination of factors. Therefore, foliar application of
ABA may be an alternative tool for enhancing yield of short-cycle soybean, since it gives
relief to temporary situations of water stress, such as the stress that happens in the hours of
maximum irradiance, where an imbalance between water transpiration and absorption it is
frequently produced. ABA seems to improve a combination of factors that contribute to
increase the number of lateral roots and the density of the radical system, to protect the
photosynthetic apparatus, to keep the stomata conductance more stable over the time, and
to enhance carbon allocation and partitioning to the seeds. The results presented here are
also related to those obtained for wheat and other species, and open the possibility for the
future use of this hormone in commercial products. Although nowadays its relative cost is
high, it has decreased remarkable in the last years and some commercial products are now
registered around the world; besides, its application will not represent an environmental
threat since ABA is a natural compound produced by plants, fungus and bacteria.

6. References

Abebe, T.; Guenzi, A.C; Martin, B. & Cushman, J.C. (2003). Tolerance of mannitol-
accumulating transgenic wheat to water stress and salinity. Plant Physiology 131,
(1748-1755), ISSN 00320889

Acevedo, E.; Hsiao, T.C. & Henderson, D.W. (1971).Immediate and subsequent growth
responses of maize leaves to changes in water status. Plant Physiology 48, (631-636),
ISSN 00320889

Aizen, M.A.;Garibaldi, L.A. & Dondo M. (2009). Expansién de la soja y diversidad de la
agricultura argentina. Ecologia Austral 19, (45-54), ISSN 1667782X

Altieri, M. (2009). The ecological impacts of large-scale agrofuel monoculture production
systems in the Americas. Bulletin of Science, Technology and Society 29, 3, (236-244),
ISSN 02704676

Andrade, F. & Calvifio, P. (2004). Tecnologia: Soja de segunda. Una opcién que suma. INTA,
Area de Investigacion en Agronomia. Balcarce, Buenos Aires, Argentina.
http:/ /www.inta.gov.ar/balcarce/info/documentos/agric/oleag/soja/andrade_c
alv.htm

Andriani, J. (1997). Uso del agua y riego. In: El cultivo de soja en Argentina Giorda, LM. &
Baigorri, H. E.J. (Ed.) (141-150). INTA Centro Regional Cérdoba, ISSN 03290077,
Coérdoba, Argentina

Apel, K.& Hirt, H. (2004). Reactive oxygen species: metabolism, oxidative stress, and signal
transduction. Annual Review of Plant Biology 55, (373-399), ISSN 1543-5008

Ashraf, M. & Foolad, M.R. (2007). Roles of glycine betaine and proline in improving plant
abiotic stress resistance. Environmental and Experimental Botany 59, (206-216), ISSN
00988472

Bacigaluppo, S.;Bodrero, M. & Salvagiotti, F. (2009). Produccién de soja en rotaciéon vs
monocultivo en suelos con historia agricola prolongada. EEA Oliveros INTA. Para
mejorar la producciéon n® 42.

www.intechopen.com



ABA Increased Soybean Yield by Enhancing Production
of Carbohydrates and Their Allocation in Seed 591

http:/ /www.inta.gov.ar/ oliveros/info/ revistas /Soja %202009/8_produccion_soja.pdf

Baker, ].; Steele, C. & Dure I1I, L. (1988). Sequence and characterization of 6 Lea proteins and
their genes from cotton. Plant Molecular Biology 11, (277-291), ISSN 01674412

Battaglia, M.; Olvera-Carrillo, Y.; Garciarrubio, A.; Campos, F. & Covarrubias, A.A.
(2008).The enigmatic LEA proteins and other hydrophilins. Plant Physiology 148, (6-
24), ISSN 00320889

Board, J.E. & Tan, Q. (1995). Assimilatory capacity effects on soybean yield components and
pod number. Crop Science 35, (846-851), ISSN 0011183X

Bonel, B.; Costanzo, M.; Toresani, S. & Gémez E. (2005). Efecto del manejo de un cultivo de
soja en siembra directa sobre el microambiente edéfico y su incidencia sobre la
nodulacion. Revista de Investigaciones Agropecuarias 34, 3, (39-58), ISSN 16692314

Boydak, E.; Alpaslan, M.; Hayta, M.; Gercek, S. & Simsek. M. (2002). Seed composition of
soybeans grown in the Harran region of Turkey as affected by row spacing and
irrigation. Journal of Agricultural and Food Chemistry 50, (4718-4720), ISSN 00218561

Bray, E.A. (1991). Regulation of gene expression by endogenous ABA during drought stress.
In: Abcisic Acid: Physiology and Biochemistry Davies, W.]J. & Jones, H.G. (Ed.), ( 81-
96), Bios Scientific Publisher, ISBN 1872748651, Lancaster, UK.

Bray, E.A. (1993). Molecular responses to water deficit. Plant Physiology 103, (1035-1040),
ISSN 00320889

Bray, E.A. (1997). Plant responses to water deficit. Trends in Plant Science 2, (48-54), ISSN
13601385

Bruening, W.P. & Egli, D.B. (2000). Leaf starch accumulation and seed set at phloem-isolated
nodes in soybean. Field Crops Research 68, (113-120), ISSN 03784290

Busk, P.K; Jensen A.B. & Pages, M. (1997). Regulatory elements in vivo in the promoter of
the abscisic acid responsive gene rabl7 from maize. Plant Journal 11, (1285-1295),
ISSN 09607412

Chandler, M.P. y M. Robertson. (1994). Gene expression regulated by abscisic acid and it’s
relation to stress tolerance. Annual Review Plant Physiology Plant Mololecular Biology
45, (113-141), ISSN 10402519

Christmann, A.; Moes, D.; Himmelbach, A.; Yang, Y.; Tang, Y. & Grill, E. (2006). Integration
of abscisic acid signalling into plant responses. Plant Biology 8, 3, (314-325), ISSN
14358603.

Christmann, A.; Moes, D.; Himmelbach, A.; Yang, Y.; Tang, Y. & Girill, E.(2006) Integration
of abscisic acid signalling into plant responses. Plant Biology DOI: 10.1055/5s-2006-
924120, ISSN 14358603

Cordone, G.; Martinez, F.; Andriulo, A. & Ghio. H. (2005). El balance de carbono del suelo.
Conociendo el suelo (9-12), AAPRESID. Rosario, Santa Fe.
http:/ /www.aapresid.org.ar/apadmin/img/upload/Suelo %20-%20002.pdf

Cuniberti, M. (2001). Condiciones ambientales y genéticas que inciden en la calidad
panadera del trigo. Calidad de Variedades. Publicacién técnica de trigo. INTA
Rafaela. http:/ /rafaela.inta.gov.ar/publicaciones/trigo2001/misc94_4.htm

Cushman, J.C. (2001). Osmoregulation in plants: implications for agriculture. American
Zoologist 41, (758-769), ISSN00031569

Daie, ] & Campbell, W. (1981). Response of tomato plants to stressful temperatures: increase
in abscisic acid concentrations. Plant Physiology 67, (26-29), ISSN 00320889

www.intechopen.com



592 Soybean - Biochemistry, Chemistry and Physiology

Danon, A.; Apel, K. & Laloi, C. (2004). Reactive oxigen signalling: the latest news. Current
Opinion in Plant Biology 7, (323-328), ISBN 13695266

Davies, W.J.; Kudoyarova, G. & Hartung, W. (2005) Long-distance ABA signaling and its
relation to other signaling pathways in the detection of soil drying and the
mediation of the plant’s response to drough. Journal of Plant Growth Regulation 24,
(285-295), ISSN 0721759

Egli, D.B. (1998). Seed Biology and the Yield of Grain Crops. CAB International, ISBN
0851992412, UK

Egli, D.B. (1999). Variation in leaf starch and sink limitations during seed filling in soybean.
Crop Science 39, (1361-1368), ISSN 0011183X

Ellis, RH.; Asumadu, H.; Qi, A. & Summerfield, R.J. (2000). Effects of photoperiod and
maturity genes on plant growth, partitioning,radiation use efficiency and yield in
soyabean [Glycine max (L.) Merrill] ‘Clark’. Annals of Botany 85, 3, (335-343), ISSN
03057364

FAO, (2002). Food and Agriculture Organization of the United Nations (2002) Agricultural
data - FAOSTAT [www.document].
http:/ /faostat.fao.org/faostat/ collections?subset=agriculture

FAO, (2008). Food and Agricultural Organisation Statistics: Production. FAO, Rome,
http:/ /faostat.fao.org/default.aspx

Finkelstein, RR. & Rock, C.D. (2002). Abscisic acid biosynthesis and signaling. In: The
Arabidopsis Book, Somerville, C.R. & Meyerowitz, EM. (Ed.), American Society of
Plant Biologists, Rockville, MD, doi: 10.1199/tab.0058,
http:/ /www.aspb.org/publications/arabidopsis/ ISSN 15438120

Finkelstein, R.R.; Gampalab, S.S.L. & Christopher D.R. (2002). Abscisic acid signaling in
seeds and seedlings. The Plant Cell 14, (S15-545), ISSN 10404651

Franzluebbers, A.J.; Hons, F.M. & Saladino, V.A. (1995). Sorghum, wheat and soybean
production as affected by long-term tillage, crop sequence, and N fertilization. Plant
Soil and Environment 173, (55-65), ISSN 12141178

Galau, G.A.; Hughes, D.W. & Dure, L. (1986). Abscisic acid induction of cloned cotton late
embryogenesis abundant (lea) mRNAs. Plant Molecular Biology 7, (155-170), ISSN
01674412

GEA-Guia Estratégica para el Agro (2010). Informe especial sobre cultivos
www.bcr.com.ar/GEA %20Archivos %20Diarios/Informes /Informe %20especial %20
012%202010_14_04.pdf

Gong, M. Luit, A.H. Knight, M.R. & Trewavas, A.]J. (1998). Heat-shock-induced changes in
intracellular Ca?* in tobacco seedling in relation to thermotolerance. Plant
Physiology 116, (429-437), ISSN 00320889

Gonziélez, N. (1997). Nutricién nitrogenada. In: El cultivo de soja en Argentina Giorda, L.M. &
Baigorri, H. E.J. (Ed.) (188-198), INTA Centro Regional Cérdoba, ISSN 03290077,
Coérdoba, Argentina.

Grappin, P; Bouinot, D.; Sotta, B.; Miginiac, E. & Jullien, M. (2000). Control of seed
dormancy in Nicotiana plumbaginifolia: post-imbibition abscisic acid synthesis
imposes dormancy maintenance. Planta 210, (279-285), ISSN 00320935

Gudynas, E. (2008). The New Bonfire of Vanities: soybean cultivation and globalization in
South America. Development 51, (512-518), ISNN 10116370

www.intechopen.com



ABA Increased Soybean Yield by Enhancing Production
of Carbohydrates and Their Allocation in Seed 593

Guiamet, ].J. & Nakayama, F. (1984). The effects of long days upon reproductive growth in
soybeans (Glycine max (L.) Merr.) cv.Williams. Jpn. Journal of Agronomy and Crop
Science 53, (35-40), ISSN 09312250

Guiltinan, M.].; Marcotte, W.R. & Quatrano, R.S. (1990). A plant leucine zipper protein that
recognizes an abscisic acid response element. Science 250, (267-271) ISSN 00368075

Hare, P. D.; Cress, W. A. & van Staden, J. (1999). Proline synthesis and degradation: a model
system for elucidating stress related signal transduction. Journal of Experimental
Botany 50, (413 - 434) ISSN 00220957

Herbert, S.J. & Litchfield, G.V. (1982). Partitioning soybean yield components. Crop Science
22, (1074-1079) ISSN 0011183X

Hicks, D.R. (1978). Growth and development. In: Soybean Physiology Agronomy and Utilization
(Norman, A. G., (Ed.), (17-41), ISBN 0125211600, Academic Press, New York

Hirayama, T. & Shinozaki, K. (2007) Perception and transduction of abscisic acid signals:
keys to the function of the versatile plant hormone ABA. Trends in Plant Science, 12,
(343-351) ISSN 13601385

Hmida-Sayari, A.; Gargouri-Bouzid, R.; Bidani, A.; Jaoua, L.; Savoure, A. & Jaoua, S.
(2005). Overexpression of D1-pyrroline- 5-carboxylate synthetase increases proline
production and confers salt tolerance in transgenic potato plants. Plant Science 169,
(746-752), ISSN 01689452

Holland, N.; Joensen, L.; Maeyens, A.; Samulon, A.; Semino, S. & Sonderegger, R.J. (2008).
The Round Table on IR-responsible Soy. Certifying Soy Expansion, GM Soy and Agrofuels.
ASEED Europe, BASEIS, CEO, and Rain Forest Action Network, Brussels
http:/ /archive.corporateeurope.org/docs/soygreenwash.pdf

Hume, D.J., Jackson, A.K.H., (1981). Pod formation in soybeans at low temperature. Crop
Science 21, 933-937), ISSN 0011183x

Ivanov, A.; Krol, M.,; Maxwell, D. & Huner, N. (1995). Abscisic acid induced protection
against photoinhibition of PSII correlates with enhanced activity of the
xanthophylls cycle. FEBS Letters 371, (61-64), ISSN 00145793

Jiang, H. & Egli, D.B. (1993). Shade induced changes in flower and pod number and flower
and fruit abscission in soybean. Agronomy Journal 85, (221-225), ISSN 00021962

Jiang, H. & Egli, D.B. (1995). Soybean seed number and crop growth rate during flowering.
Agronomy Journal 87, (264-267), ISSN 00021962

Kaimowitz, D. & Smith, ]. (2001) Soybean technology and the loss of natural vegetation in
Brazil and Bolivia. In: Agricultural Technologies and Tropical Deforestation, Angelsen,
A. & Kaimowitz, D., (Ed.) (195-211), CABI Publishing, ISBN 0851994350, Oxon, UK

Kang, S.; Shi, W. Hu, X. & Liang, Y. (1998). Effects of regulated deficit irrigation on
physiological indices and water use efficiency of maize. Transactions. China Society
of Agricultural Engineers 14, (82-87), ISSN 10026819

Kantolic, A.G. & Slafer, G.A. (2001). Photoperiod sensitivity after flowering and seed
number determination in indeterminate soybean cultivars. Field Crops Research 72,
(109-118), ISSN 03784290

Kantolic, A.G. & Slafer, G.A. (2005). Reproductive development and yield components in
indeterminate soybean as affected by post-flowering photoperiod. Field Crops
Research 93, (212-222), ISSN 03784290

www.intechopen.com



594 Soybean - Biochemistry, Chemistry and Physiology

Kantolic, A.G.; Giménez, P. I. & de la Fuente, E. B. (2003). Ciclo ontogénico, dindmica del
desarrollo y generacion del rendimiento y la calidad en soja. In: Produccion de
granos. Bases funcionales para su manejo, Satorre, E.H.; Benech, R.L.; Slafer, G.A.; de la
Fuente, E.B.; Miralles, D.J.; Otegui, M.E. & Savin, R. (Ed.), (165-201), Facultad de
Agronomia. U.B.A., ISBN 9502907132, Argentina.

Leung, J. & Giraudat, J. (1998). Abscisic acid signal transduction. Annual Review of Plant
Physiology Plant Molecular Biology 49, (199-122), ISSN 10402519

Levchenko, V.; Konrad, K.R.; Dietrich, P.; Roelfsema, M.R. & Hedrich, R.(2005) Cytosolic
abscisic acid activates guard cell anion channels without preceding Ca2+ signals.
Proceedings of the National Academy of Sciences, 102, (4203-4208), ISSN 00368075

Liang, Y. & Harris, J. (2005). Response of root branching to abscisic acid is correlated with
nodule formation both in legumes and nonlegumes. American Journal of Botany 92,
10, (1675-1683), ISSN 00029122

Liu, X.B.; Herbert, S.J.; Hashemi, A.M.; Litchfield, G.V.; Zhang, Q.Y. & Barzegar, A.R. (2006).
Responses of soybean yield and yield component distribution across the main axis
under source-sink manipulation. Journal of Agronomy and Crop Science 192, (140-
146), ISSN 0931-2250

LiwF.; Jensen, C.; Shahanzari, A.,; Andersen, M,. & Jacobsen, S. (2005). ABA regulated
stomatal control and photosynthetic water use efficiency of potato (Solanum
tuberosum L.) during progressive soil drying. Plant Science 168, (831-836), ISSN
01689452

Luan S. (2002). Signalling drought in guard cells. Plant, Cell and Environment 25, 2, (229-237),
ISSN 01407791

Madrzak, C.J.; Golinska, B.; Kroliczk, ], Pudelko, K.; Lazewska, D.; Lampaka, B. &
Sadowsky, M.J. (1995). Diversity among field populations of Bradyrhizobium
japonicum in Poland. Applied and Environmental Microbiology 61, 40, (1194-1200),
ISSN 00992240

Minuzzi, A.; Mora, F.; Sedrez Rangel, M.A.; De Lucca e Braccini, A. & Scapim, C. A. (2007).
Caracteristicas fisiologicas, contenido de aceite y proteina en genotipos de soya,
evaluadas en diferentes sitios y épocas de cosecha, Brasil. Agricultura técnica (Chile)
67,4, (353-361), ISSN 03652807

Monti, M. (2008). Retenciones méviles en los granos :impactos econémicos en el Distrito de
Rufino.Direccién deExtensiéon elnvestigacion Agropecuaria, Ministerio de la
Produccién, Provincia de Santa Fé, Argentina.
www.rufinoweb.com.ar/_.../17241_impacto_de_las_retenciones_en_el_dsitrito_ruf
ino.doc

Morandi, E.N.; Casano, L.M. & Reggiardo, L.M. (1988). Post-flowering photoperiodic effect
on reproductive efficiency and seed growth in soybean. Field Crops Research 18,
(227-241), ISSN 03784290

Moreno, D. (2009). Estudio del papel de acido abscisico y de giberelinas en la regulaciéon del
metabolismo de Arabidopsis y vid. PhD thesis, PROBIOL, Universidad Nacional de
Cuyo, Argentina, pp.200.

Moreno, F. (2009). Respuesta de las plantas al estrés por déficit hidrico. Una revision.
Agronomia Colombiana 27, 2, (179-191), ISSN 01209965

www.intechopen.com



ABA Increased Soybean Yield by Enhancing Production
of Carbohydrates and Their Allocation in Seed 595

Ojo, D.K,; Adebisi, M.A. & Tijani B.O. (2002).Influence of environment on protein and oil
contents of soybeans seed (Glycine max (L.) Merril). Global Journal of Agricultural
Science, 1,1, (27-32), ISSN 15962903

Pei, Z. & Kuchitsu, K. (2005). Early ABA signaling events in guard cells. Journal of Plant
Growth Regulation 24, (296-307), ISSN 07217595

Peng Y.B.; Zou, C; Wang, D.H.; Gong, H.Q.; Xu, ZH. & Bai, SN (2006). Preferential
localization of abscisic acid in primordial and nursing cells of reproductive organs
of Arabidopsis and Cucumber. New Phytologist, 170, 3, (459-66), ISSN 0028646X

Pengue, W.A. (2009). Agrofuels and agrifoods: counting the externalities at the major
crossroads of the 21st century. Bulletin of Science, Technology & Society, 29, 3,
(167-179), ISSN 02704676

Pengue, W. A. (2009). Cuestiones econémico-ambientales de las transformaciones agricolas
en las Pampas. Problemas del Desarrollo Revista Latinoamericana de Economia 40, (137-
161), ISSN 03017036

Qaim, M.; & Traxler, G. (2005). Roundup ready soybeans in Argentina: farm level and
aggregate welfare effects. Agricultural Economics 31, 1, (73-86), ISSN01651587

Raper, C.D. &Thomas, J.F. (1978). Photoperiodic alteration of dry matter partitioning and
seed yield in soybeans. Crop Science 18, (654-656), ISSN 0011183x

Reddy, A.R.; Chaitanya, K.V. & Vivekanandan, M. (2004). Drought-induced responses of
photosynthesis and antioxidant metabolism in higher plants. Journal of Plant
Physiology 161, (1189-1202), ISSN 18158242

Reeves, D.W. (1997). The role of soil organic matter in maintaining soil quality in continuous
cropping systems. Soil & Tillage Research 43, (131-167), ISSN 01671987

Reynolds-Henne, C.E.; Langenegger, A.; Mani, J.; Schenk,N.; Zumsteg, A. & Feller, U.
(2010). Interactions between temperature, drought and stomatal opening in
legumes. Environmental and Experimental Botany 68, 1, (37-43), ISSN 00988472

Robinson, M. & Bunce, J.A. (2000). Influence of drought-induced water stress on soybean
and spinach leaf ascorbatedehydroascorbate level and redox status. International
Journal of Plant Sciences 161, (271-279), ISSN 10585893

Salvagiotti, F.; Cassman, K.G.; Specht, J.E.; Walters, D.T.; Weiss, A. & Dobermann, A.
(2008). Nitrogen uptake, fixation and response to fertilizer N in soybeans: A review.
Field Crops Research, 108, 1, (1-13), ISSN03784290

Sansberro, P.; Mroginski, L. & Bottini, R. (2004). Abscisic acid promotes growth of Ilex
paraguariensis plants by alleviating diurnal water stress. Plant Growth Regulation 42,
(105-111), ISSN 01676903

Seo, M.; & Koshiba, T. (2002). The complex regulation of ABA biosynthesis in plants. Trends
in Plant Science 7, (41-48), ISSN 13601385

Shannon, G jr.; Wilcox, J. & Probst, A. (1972). Estimated gains from selection for protein and
yield in the F4 generation of six soybean populations. Crop Science 12, (824-826),
ISSN 0011183x

Shinozaki, K. & Yamaguchi-Shinozaki, K. (1997). Gene expression and signal transduction in
water-stress response. Plant Physiology 115, (327-334), ISSN 00320889

Sinclair, T. R.; Kitani, S.; Hinson, K.; Bruniard, J. & Horie, T. (1991). Sowing flowering date:
lineal and logistic models based on temperature and photoperiod. Crop Science 31,
(786-798), ISSN 0011183x

www.intechopen.com



596 Soybean - Biochemistry, Chemistry and Physiology

Sloger, C. & Caldwell, B. (1970). Response of cultivars of soybean to synthetic abscisic acid.
Plant Physiology 46, (634-635), ISSN 00320889

Steininger, M.K,; Tucker, C.J.; Townshend, ].R.G; Killeen, T.J.; Desch, A.; Bell, V. & Ersts, P.
(2001). Tropical deforestation in the Bolivian Amazon. Environmental Conservation
28, (127-134), ISSN 03768929

Steward, C. (2007). “From colonization to ‘environmental soy’: A case study of
environmental and socio-economic valuation in the Amazon soy frontier”.
Agriculture and Human Values, 24, 1, (107-122), ISSN15728366

Taiz, L. & Zeiger, E. (2006). Plant Physiology. 4th ed. Sinauer Associates Inc., ISBN
0878938311, Sunderland, MA. EEUU.

Tamura, T.; Hara, K.; Yamaguchi, Y.; Koizumi, N. & Sano, H. (2003). Osmotic stress
tolerance of transgenic tobacco expressing a gene encoding a membrane-located
receptor-like protein from tobacco plants. Plant Physiology 131, (454-462), ISSN
00320889

Thomas, B. & Howarth, C. (2000). Five ways to stay green. Journal of Experimental Botany 51,
(329-337), ISSN 00220957

Thomas, J.F. & Raper Jr, C.D. (1976). Photoperiodic control of seed filling for soybeans. Crop
Science 16, (667-672), ISSN 0011183x

Tomei, J. & Upham, P. (2009). Argentinean soy-based biodiesel: An introduction to
production and impacts. Energy Policy, 37, 10, (3890-3898), ISSN 03014215

Travaglia, C. (2008). Estudios fisiologicos para el incremento de la produccién en trigo
mediante la utilizaciéon de reguladores del crecimiento. PhD thesis, Universidad
Nacional de Rio Cuarto, Argentina, pp. 99.

Travaglia, C.; Cohen, A.; Reinoso, H.; Castillo, C. & Bottini, R. (2007). Exogenous abscisic
acid increases carbohydrate accumulation and redistribution to the grains in wheat
grown under fiel conditions of soil water restriction. Journal Plant Growth Regulation
26, (285-289), ISSN0721759

Travaglia, C.; Reinoso, H. & Bottini, R. (2009). Application of abscisic acid promotes yield in
field-cultured soybean by enhancing production of carbohydrates and their
allocation in seed. Crop & Pasture Science, 60, (1131-1136), ISSN 14449838

Travaglia, C.; Reinoso, H.; Cohen, A.; Luna, C.; Tommasino, E.; Castillo, C. & Bottini, R.
(2010). Exogenous ABA increases yield in field-grown wheat with Moderate water
restriction. Journal of Plant Growth Regulation DOI 10.1007 /s00344-010-9147-y, ISSN
07217595

Trewavas, A. & Jones, H. (1991). An assessment of the role of ABA in plant development. In:
Abscisic acid: physiology and biochemistry. Davies, W.]. & Jones, H. (Ed.), (169-188),
Oxford. Bios Scientific Publishers. ISBN 1872748651, UK

Vahisalu, T.; Kollist, H.; Wang, Y.F.; Nishimura, N.; Chan, W.; Valerio, G.; Lamminmaki, A.;
Brosché, M.; Moldau, H,; Desikan, R.; Schroeder I. ].& Kangasjarvi, J.(2008) SLAC1
is required for plant guard cell S-type anion channel function in stomatal signalling.
Nature, 452 (487-491), ISSN 00280836

Vysotskaya, L.B; Korobonva A.V. & Kuduyarova, G. R. (2008). Abscisic acid accumulation in
the roots of nutrient limited plants: its impact on the differential growth of roots
and shoots. Journal of Plant Physiology 165, (1274-1279), ISSN 01761617

www.intechopen.com



ABA Increased Soybean Yield by Enhancing Production
of Carbohydrates and Their Allocation in Seed 597

Waditee, R.; Bhuiyan, N.H.; Rai,V.; AokiK.; Tanaka,Y.; Hibino,T.; Suzuki, S.; Takano, J.;
Jagendorf, A.T.; Takabe, T. & Takabe, T. (2005). Genes for direct methylation of
glycine provide high levels of glycinebetaine and abiotic-stress tolerance in
Synechococcus and Arabidopsis. Proceedings of the National Academy of Sciences of the
Unites States of America 102, 5, (1318-1323), ISSN 00220957

Wilkinson, S. & Davies, W. (2002). ABA-based chemical signalling: the co-ordination of
responses to stress in plants. Plant, Cell & Environment 25, (195-210), ISSN01407791

Wilson, R.F (2004). Seed composition. In: Soybeans: Improvement, production and uses. Boerma
H.R. & Specht, J.E. (Ed.), (621-677), Vol.3. American Society of Agronomy, Crop
Science Society of America, and Soil Science Society of America, ISBN 0891181547,
Madison, WI.

Wright, A.L. & Hons, F.M. (2005). Soil carbon and nitrogen storage in aggregates from
different tillage and crop regimes. Soil Science Society of American Journal 69, (141-
147), ISSN 03615995

Xiong. L.; Schumaker, K.S. & Zhu, ].K. (2002). Cell signalling during cold, drought, and salt
stress. The Plant Cell 14, (5165-5168), ISSN 10404651

Xu, Q.; Henry, R.; Guikermea, ]. & Paulsen, G. (1995). Association of high-temperature
injury with increased sensitivity of photosynthesis to abscisic acid in wheat.
Environmental and Experimental Botany 35, (441-454), ISSN 00988472

Yaklich, RW. & Vinyard, B.T. (2004). Estimating soybean seed protein and oil concentration
before harvest. Journal of the American Oil Chemists’Society 81, (189-194), ISSN
0003021x

Yang, J.; Zhang, J.; Wang, Z. & Zhu, Q. (2003). Hormones in the grains in relation to sink
strength and postanthesis development of spikelets in rice. Plant Growth Regulation
41, (185-195), ISSN 01676903

Yang, J.; Zhang, J.; Wang, Z.; Zhu, Q & Wang, W. (2001). Hormonal changes in the grains of
rice subjected to water stress during grain filling. Plant Physiology 127, (315-323),
ISSN 00320889

Yang, J.; Zhang, J.; Ye, Y.; Wang, Z.; Zhu, Q. & Liu, L. (2004). Involvement of abscisic acid
and ethylene in the responses of rice grains to water stress during filling. Plant, Cell
and Environment 27, (1055-1064), ISSN 01407791

Yin, X. & Vyn, T. (2005). Relationships of isoflavone, oil, and protein in seed with yield of
soybean. Agronomy Journal 97, (1314-1321), ISSN 00021962

Zak, M.R.; Cabido, M.; Caceres, D. & Diaz, S. (2008). What drives accelerated land cover
change in central Argentina? Synergistic consequences of climatic, socio- economic
and technological factors. Environmental Management 42, (181-189), ISSN 0364152x

Zeevaart, J.A.D. & Creelmen, R.A. (1988). Metabolism and physiology of abscisic acid.
Annual Review of Plant Physiology and Plant Molecular Biology 39, (439-473) ISSN
10402519

Zhang, J.; Sui, X,; Li, B.; Su, B,; Li, . & Zhou, D. (1998). An improved water-use efficiency for
winter wheat grown under reduced irrigation. Field Crops Research 59, ( 91-98),
ISSN 03784290

Zhang, M.; Duan, L.; Zhai, Z; Li, J.; Tian, X.; Wang, B.; He, Z. & Li, Z. (2004). Effects of plant
growth regulators on water deficit-induced yield loss in soybean. Proceedings of

www.intechopen.com



598 Soybean - Biochemistry, Chemistry and Physiology

the 4th International Crop Science Congress, 26 Sep-1 Oct, ISBN 1920842 20 9,
Brisbane, Australia

Zhang, 5.Q. & Outlaw, W.H. (2001). Abscisic acid introduced into the transpiration stream
accumulates in the guard cell apoplastand causes stomatal closure. Plant, Cell and
Environment 24, (1045-1054), ISSN 01407791

Zhu, ].K. (2002). Salt and drought stress signal transduction in plants, Annual Review of Plant
Biology 53, (247-273), ISSN10402519

www.intechopen.com



Soybean - Biochemistry, Chemistry and Physiology
Edited by Prof. Tzi-Bun Ng

ISBN 978-953-307-219-7

Hard cover, 642 pages

Publisher InTech

Published online 26, April, 2011
Published in print edition April, 2011

Soybean is an agricultural crop of tremendous economic importance. Soybean and food items derived from it
form dietary components of numerous people, especially those living in the Orient. The health benefits of
soybean have attracted the attention of nutritionists as well as common people.

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

Herminda Reinoso, Claudia Travaglia and Rubén Bottini (2011). ABA Increased Soybean Yield by Enhancing
Production of Carbohydrates and Their Allocation in Seed, Soybean - Biochemistry, Chemistry and Physiology,
Prof. Tzi-Bun Ng (Ed.), ISBN: 978-953-307-219-7, InTech, Available from:
http://www.intechopen.com/books/soybean-biochemistry-chemistry-and-physiology/aba-increased-soybean-
yield-by-enhancing-production-of-carbohydrates-and-their-allocation-in-seed

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 EBMIERAEIK6SS LiEEPr R # ARG DA 4058 TT
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 chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




