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1. Introduction

Soybean (Glycine max L.) is a leguminous species, native to Northeast Asia, and is one of the
most important sources of oil and protein for livestock and the human diet. The crop is also
being used to make diesel biofuel from the oil extracted from the seed. Today, the world’s top
producers of soybean are the United States (90 million ton), Brazil (68 million tons), Argentina
(52 million tons), China (15 million tons) and India. These countries’ production represents
more than 90% of global soybean production. In the 2009/2010 harvest the world produced
261.57 million tons of soybean grain on 102.38 million hectares define this by [1]. Also,
according to [1], over a period of 50 years, soybean production area increased 330%, rising
from 23.81 million in 1961 to the current production area.

Currently with a world population of 7.0 billion people, which is projected to increase to more
than 9.0 billion by 2050 and 10 billion by 2100 [2], there is a concern to maintain food. To achieve
a gradual increase in world production of soybeans, two alternatives are possible: increased
production area and/or increased productivity. Because planted area has increased 37%
between 2000 to 2011 [1] and productivity has increased only 17.8%, the second solution looks
to be the better option

Among all the factors inherent in agricultural production, the climate are the most difficult to
control and it exercises greater limiting action in the maximum yield. It worsens according to
the difficult to predict occurrences of adverse weather, the main risk factors in the exploration
of major crops. Stress non biotic such as drought, excessive rain, extreme temperatures and
low light can significantly reduce yields of crops and restrict the locations, times and soils,
where the species most important commercially, can or not be cultivated.
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2. Agrometeorological conditioners of soybean productivity

2.1. Solar radiation

In general, soybean production potential and risk is controlled by prevailing climatic condi‐
tions and genotypic performance. The basic source for crop production is solar radiation which
acts as an energy source for photosynthesis. Light quality also acts to influence plant height
and phenological development [3].

The light spectrum duration and quality besides the radiation intensity are determinants of
morphological and phenotypic responses striking in soybean, such as plant height, induction
of flowering and ontogeny [4]. The final yield of dry matter from the plant depends on the
solar radiation absorbed by the leaves and the efficiency with which these convert radiant
energy into chemical energy through photosynthesis.

Soybean is a qualitative short-day plant and must receive a certain day length or less so that
developmental timing is optimal for the location [5]. This means that adaptability of each
cultivar varies with latitude [6]. Movement of soybean to the central and northern regions of
the country from the original southern region has faced the challenge of adaptation to shorter
day lengths occurring in these regions (from Tropic of Capricorn to Equator Line). To deal
with this challenge Brazilian agricultural scientists have sought to introduce the ‘long juvenile
period’. This characteristic gives soybean a longer developmental period under short days so
that it can accrue enough dry matter for optimal yield [7].

Each variety has its critical photoperiod above which flowering is delayed. Flowering occurs
anyway, but more rapidly as the days become shorter. It slows progressively, as the photo‐
period exceeds the critical period for each genotype.

2.2. Temperature

In addition to photoperiod,  temperature also influences growth and developmental  tim‐
ing in soybean. This occurs due to the effect of temperature on the rate of metabolic re‐
actions,  the  diffusion  rate  of  gases  through  aqueous  media  and  the  solubility  of
nutrients  in  the  plant.  Soybean  grows  best  at  temperatures  between  20oC  and  30oC.
Greatest  number of  pods per  plant  is  obtained under mild temperature conditions hav‐
ing a  day/night  temperature  combination of  26/14oC [8].  Temperatures  above 40oC dur‐
ing  the  vegetative  stage  (emergence  to  first  flower)  reduce  growth  and  hastens
flowering.  High  temperatures  during  the  reproductive  phase  can  cause  reductions  in
seed  number  and seed  weight,  thus  reducing  grain  quality  and yield.  If  the  high  tem‐
perature  is  associated  with  a  drought,  the  losses  on  grain  production  are  even  higher
[7].  On the other hand, cold regions where the temperature is  equal or below to 10C is
not  properly to  soybean cultivation,  because in  these  places,  the  vegetative  growth and
the development become small or null.
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2.3. Water availability

Ninety % of the total soybean fresh weight (biomass) is water and water acts in all physiological
and biochemical processes in the plant, working as a solvent, carrying gases, minerals and
other plant solutes and acting as a thermal regulator to cool and maintain plant temperature
[9].Water availability is important in three periods of soybean development: germination,
emergence and flowering-grain filling. During the first period, both: excess or lack of water is
detrimental to crop establishment and obtaining a good uniformity of the plant population
and the surplus water more limiting than the deficit. Soybean seeds need to absorb at least
50% of its weight in water to ensure a good germination. At this stage, the water content in
soil must not exceed 85% of the total maximum available, or must not be less than 50% [10].
The roots can reach over 1.5 m deep, however heavy and compacted soils hinder root pene‐
tration, further reducing the effective depth of the root system of soybean plants.

Another serious risk in Brazilian soybean production is drought stress. The problem is more
pronounced in tropical and subtropical, semiarid and arid climates where up to 8mm/day may
be lost by evapotranspiration.

The necessity of water needs by soybean gradually increase with plant development, peaking
at 7 to 8mm/day during flowering through grain filling [11]. The negative effect of water
deficiency on yield depends on the phenological stage in which soybean is affected by drought
stress. For example, if drought occurs during the germination and emergence stages, plant
stand is reduced. In the flowering period it can cause flower abortion and prevents anthesis
while in the grain filling stage drought affects seed weight [12]. The lack of water induces these
effects through reducing the efficiency of the photosynthesis [13].

An abundance of water is also harmful to yield by causing water logging of the soil. A very
wet soil results in low aeration which reduces root growth, can cause nutritional deficiency
and promotes the attack of root diseases.

3. General issues

The climate exerts the greatest limiting effect on yield. Thus, proper management of the
soybean crop depends on climate information at the site of interest. Agroclimatic zoning is
used to provide climate data to the agricultural community [14].

Cardoso et al. [15] verified that in general the precipitation climate forecasts contribution to
the improvement of estimated soybean productivity, primarily in periods when the crop is
more sensitive to water deficit. The improvement of estimated soybean productivity may give
a contribution to agribusiness sector, in order to turn more realistic expectations available and
assist on the strategic planning for the decisions maker.

Knowledge of favorable periods for soybean culture, such as timing of the rainy season and
duration of intermittent dry wet spells is very important for planning various agronomic
operations such as preparing a seedbed, proper maturity, sowing, weeding, harvesting,
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threshing and drying. This minimizes crop risk and optimizes use of resources such as water,
labor, fertilizer, herbicides and insecticides. Knowledge of the critical periods for crop
development in conjunction with knowledge of climatic factors is very helpful for adjusting
management practices for best crop yield and quality.

As already highlighted climate stresses such as drought, excessive rain, extreme temperatures
and low irradiance can significantly reduce yields of crops and restrict areas and timings of
production. The most important factors useful to know for soybean production are air
temperature, photoperiod and water supply [10].

In Brazil, a system has been developed for identification of suitable areas for planting soybean.
The Agricultural Zoning Program has been coordinated by the Ministry of Agriculture and
EMBRAPA since 1996. This program has the objective of defining planting seasons guarantee
at least an 80% probability of having an adequate water supply for the growing season. The
planting periods were defined through the simulation of a climatic water balance that gives
an index of water supply called by the Portuguese initials as ISNA (Water Necessity Satisfac‐
tion Index) using historical rainfall data, potential evapotranspiration, physiological charac‐
teristics of each crop and water retention by the soil [16].

4. Climate change: A challenging

Since 1988, agricultural scientists have been studying climate change mainly according to the
rules of IPCC (Intergovernmental Panel on Climate Change). In recent years global studies
have shown consistent changes in air temperature and rainfall in many places of the world [17,
18]. The Earth's average temperature can rise between 1.8ºC and 4.0ºC in the next 100 years [19]
with more significant increases for minimum than maximum air temperature. However, in the
case of South America temperature trends may not be consistent [20]. Contemporary scientific
studies have warned of anomalies in temperature and precipitation patterns indicating the
occurrence of global change, with direct consequences on human activities, especially those
related to agricultural production [18].

Globally, agriculture accounts for 23% of all emissions of greenhouse gases (GHG) that come
from human activity. Parts of these (15%) are derived from agricultural practices and the other
part (8%) is from changes in land use [21]. However, in Brazil a greater proportion of agricul‐
ture’s contribution to GHG comes from agricultural practices [22]. Soil is also an important
source of carbon emission and sequestration [23]. Soil management practices affect to what
degree these processes go on. Conventional tillage operations tend to increase carbon release
to the atmosphere, whereas conservation tillage and crop rotation with their increased
contribution of crop organic matter to the soil tend to increase carbon sequestration [24]. These
practices also improve the physical, chemical, and biological balances in the soil. Current
agriculture through its production of fiber, bioenergy and food reduces pollution and mitigates
GHG emissions [25].

A good example are the results of a research carried out at Embrapa Soja (Londrina, PR, Brazil)
for levels of Carbon (C) and Nitrogen (N) in soil under no-tillage (NT) and conventional sowing
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(CT). [26] found that the biggest difference in results between NT and CT systems occurs in
the first 30 cm of the soil profile with a 29% increase in total C content of soil in NT vs. CT.
Still, disputing claims of U.S. researchers [27], the survey confirmed significant increases in
carbon sequestration in the 0-60cm soil layer. They determined that in NT vs. CT there was
18% and 16% increase in the C and N contents, respectively, of the soil organic matter. Within
the same 0-60 cm profile, C and N content of the microbial mass increased 35% and 23%,
respectively. Over the 20 years of the research, C and N rates of accumulation within the 0-60cm
layer of soil were 800 kg C ha-1 year-1 and 70 kg N ha-1 year-1, respectively, in NT vs. CT.
According to the Agricultural Census [28], in 2006 the total no-tillage area for crops in Brazil
was 15.6 million hectares.

Because of the rising temperatures associated with global warming, the adaptability of certain
crops to an area may change. In particular, drought problems may become worse and yield
potential reduced. Because of this, agricultural scientists have been developing strategies to
avoid potential adverse climatic changes, especially those related to drought stress.

Problems with drought and temperature stress have to be resolved with research for adapta‐
tion like developing new soybean genotypes and cultivars with heat and water loss tolerance.

In Brazil, the southeast region, which accounts for 40% of soybean production, has suffered
severe losses due to the occurrence of droughts. Growing seasons in the years 2003 and 2004
for example, showed yield losses due to drought close to 24% and 44%, respectively. In 2004/05
growing season, Rio Grande do Sul state alone, lost an average 70% of its production. In the
last 10 seasons, the direct losses can be estimated by more than $18 billion due to the occurrence
of drought [29].

The search for commercial cultivars more drought tolerant through classical breeding are
relatively difficult because of the complex mechanisms developed by plants to ameliorate this
stress. Biotechnology is also an important ally in the breeding for drought tolerant cultivars.
With the sequencing of the soybean genome it becomes possible to understand the function of
a specific gene and how it interacts with other genes. This allows for breeding new cultivars
with greater resistance to environmental stresses.

5. Final considerations

Currently inside the world agriculture, the increases of yields and the reduces of the costs and
risks from failure, have become the basic requirements of competitive. Besides, in terms of
economic activity with narrow profit margins, there is no room for risk.

Immense progress has been achieved, adapting the soybeans to obtain high levels of incomes
in areas of lower latitudes. The photoperiod limitation was eliminated by the careful selection
and also the development of the germoplasma less sensitive to photoperiod. The yields are
extremely dependent of the water available and probably are also necessary to increase it to
meet the crop transpiration and the productivity enhancement.
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Environmental forecasts signaling the increase of the temperatures in the upcoming decades
which mean the climate change. The difficulty to feed the world population, (which is in
growing fast) using only traditional technologies will be immense shortly. The development
of variety tolerant to adverse climatic conditions such as drought and high temperatures, it
will be essential, as well as the development of new research tools in the areas of plant
biotechnology and ecophysiology. It will enable us to understand the details of the processes
involved in physiological and agronomic crops. Only with the development and continued
growing in agricultural research, you can ensure food quality and quantity for future gener‐
ations.
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