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Drought stress

Fig.1: Interrelation between the different types of droughts
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Source: Modlified from National Drought Mitigation Centre, University of Nebraska-USA
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Drought monitoring
Standardized Precipitation Index (SPI)

Fig.2: SPI, USA April 2017 Fig.3: SPI, India Jan-Feb. 2017
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Source: USA Drought Monitor Department Source: India Meteorological Department
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Water effects on crops
Water function

Assimilation:

-water is required for photosynthesis
CO,+H,0 - CH,0+0,

i
2SI

Fig.5: Turgor & medium

-approx. 200! haiday? in summer in The Netherlands

Turgor & medium:
-water pressure is required to keep the plant rigid

-water is an adequate solvent for nutrients

b §
-medium for biochemical processes ' |

Source: Wageningen University

-approx. 800! haiday? in summer in The Netherlands
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Water effects on crops
Water function

Transpiration:

-most of crops water requirement comes from transpiration processes
-during photosynthesis water is loss to the air via the stomata....

-hence, cooling and preventing the plant from overheating....

-while, keeping the optimal temperature range for biochemical processes

-approx. 25000-75000! ha day? in summer in the Netherlands
(total amount for cooling and nutrient transport)
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Water effects on crops
Water demand

Stomata regulation & evapo-transpiration

Fig.6: Stomata regulation
-stomatal cavity is saturated with water....
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Water effects on crops
Water supply

Water balance

-crops water demand is determined by evapo-transpiration
-soil is the most important medium for water supply

-major input of water for a crop is precipitation, but additional can be applied
through irrigation

-the type of precipitation, intensity and frequency, as well the type of soil
determines the amount of water reaching the groundwater....

-therefore, low percolation occurs during rain showers in clayey soils, where
evaporation and surface run-off is highest
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Water effects on crops
Water use

Drought tolerance
-dry spells during the growing season = canopy closure

-drought reduces net assimilation, therefore the different development stages
of the plant and dry matter distribution

-water restrictions are mitigated with surface flooding & irrigation systems

Water logging
-occurs in areas with heavy showers and soils with low infiltration rates....

-but, it can also happen when the sub-soil has a non permeable layer...

-resulting in the flooding of the rooting zone, hence reducing the plant’s oxygen
availability while hampering nutrient uptake
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EU policy framework
Droughts and heatwaves

-climate change will increase water shortages

throughout Europe Fig.6: Europe’s main recent droughts
O O 2002
- : < 2003 R
-more severe impacts are expected to occurin | 2905 A
south and southeastern Europe.... 2007

< 2007-08 |

-however, the n? of people and area affected
has folded, while the costs have quadrupled

-as a result, there is a greater need for risk
reduction measures, preparedness and land

management plans....

-hence, a thorough drought policy-framework

Source: Modlified from Tallaksen, 2007
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EU policy framework
Droughts and heatwaves

-EU has a wide range of interacting policy instruments, directive and
communications aiming to adapt critical sectors to natural hazards

-for instance, Common Agriculture Policy (CAP), EU Climate Adaptation Policy, EU
Water Framework Directive, EC Communication ‘Blueprint to Safeguard
Europe’s Water Resources’, among others

-overall, EU policy approach for agriculture is through effective adaptation
measures....

-with short and mid-term solutions: adapt time of farm operations, select climate
resilient crops, improve the effectiveness of pest and disease control and
promote water conservation strategies
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Heat stress

* istherise in temperature beyond a
threshold level for a period of time
sufficient to cause irreversible
damage to plant growth and
development

* isa complex function of intensity
(temperature in degrees), duration,
and rate of increase in temperature

e particular during vegetative and
reproductive stages heat stress
causes severe yield reductions

e temperature stress is mainly
connected with water stress
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Flowering
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Source: Wahid, A., Gelani, S., Ashraf, M., Foolad, M.R. 2007. Heat tolerance in plants: An overview. Environmental and Experimental Botany, 61, 199-223
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Inhibition of
seed
germination

Source: Hasanuzzaman, M.,Nahar, K., Alam, Md.M., Roychowdhury, R., Fujita, M. 2013. Physiological, Biochemical, and Molecular Mechanisms of Heat Stress Tolerance in Plants.
International Journal of Molecular Sciences 14, 9643-9684.
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The Mitigation of Heat Stress

Mitigation of stress by crop management:

* Management methods at sowing

* Choice of sowing date

e Cultivars, irrigation and other management methods

The Mitigation of Heat Stress by Plant Resistance:
 The Nature of Resistance to Heat
 Methods of Breeding for Resistance to Heat
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Drought monitoring system for
Austrian agriculture

https://warndienst.lko.at/gruenland+2500+++6576
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NaCl and heavy metal impact
on crops
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Climate changes affect agricultural production worlwide.

Most prominent problems due to climate change and
inconvenient agricultural practice are soil salinization and
heavy metal accumulation (HM).

Majority of Europe- cultivated crops are adversily affected by
saline conditions.

Most of salt stress is caused by NaCl.

Excess salt levels affect around 3.8 million ha in Europe.
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HMs... o

One of the implications of human- induced disturbance of
natural cycles is heavy metal accumulation (HMs).

HMs are group of nonbiodegradable inorganic chemical
constituents with atomic mass over 20 and density higher
then 5 gcm3.

Presence of HMs in excess amounts may lead to reduction and
inhibition of growth and physiological processes in crops.

137.000 km? of Europe soil is contaminated with HMs.
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Main NaCl and Hm effects on crops...
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1) Plant growth 5

1.4 ' ' [ [ Genotype Treatmen Fresh w Dr matter
t : Yy W. (9

(g plant?) plant) (%)
1.3 K 0.13 8.10 6.61
1 Ni 0.05 5.44 11.05
19 Cd 0.03 3.53 12.36
' K 0.09 6.84 8.01
5 Ni 0.07 7.06 10.53
e 11 cd 0.03 476  16.13
L K 0.21 19.60 9.53
g 1.0 7 Ni 0.10 12.22 11.69
Cd 0.09 14.11 11.43
0.9 K 0.13 15.21 11.69
' 8 Ni 0.06 7.08 11.55
Cd 0.02 2.81 14.96
0.8 K 0.10 9.55 0.34
9 Ni 0.03 4.56 13.09
0.7 Cd 0.04 4.36 11.00

0 0.2 0.6 1.2
Concentration of NaCl (g/l)
Gani et al., 2009.- Fresh and dry weight and

Danicic et al., 2016.-The influence of dry mass percentage in leaves of spring (1)
NaCl on dry mass/leaf area ratio of and winter (5)oilseed rape, Sinapsis alba (7)
safflower and Sinapsis nigra (8) i Brassica rapa (9)

cultivated in presence of Ni and Cd. K is
control treatment



0 Serbia for Excell {***}

Main NaCl and Hm effects on crops... ™=
2) Water relations in plants

1.6
— 1.5 Genotype Treatment IT gdm2ht
<
NE 14 1 K 0.076
S Ni 0.099
\E 1.3 . K 0.080
g 1.2 Ni 0.102
3 K 0.078
=11 7 .
c Ni 0.157
(@)
5 1.0 g K 0.078
S Ni 0.122
e 0.9 K 0.074
© 9 )
= 0.8 Ni 0.081

0 0.2 0.6 1.2
Concentration of NaCl (g/l)

Gani et al., 2009.- Transpiration intensity
(IT) of spring (1) and winter (5) oilseed
rape, Sinapsis alba (7) and Sinapsis nigra
(8) and Brassica rapa (9) cultivated in
presence of Ni. K is control treatment

Danici¢ et al., 2016.- The

influence of NaCl on the

transpiration intensity of
safflower
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Main NaCl and Hm effects on crops...

mg/g

10
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—a— Chlorophyll a

0 02 06 12 o Chiorophylib
Concentration of NaCl (g/l) —8— Carotenoides

Danicic¢ et al., 2016.- The
influence of NaCl on content
of photosynthetic pigments
in dry leaf mass of safflower

3) Photosynthesis and chlorophyll content

Genotype Treatment chl. a chl. b carot. chl. a+b
K 14.69 4.90 3.23 19.58
1 Ni 6.69 2.32 1.64 9.02
Cd 1.77 0.67 0.53 2.44
K 15.30 5.11 3.29 20.42
5 Ni 11.86 411 2.94 15.97
Cd 1.69 0.78 0.51 2.47
K 17.02 8.61 4.32 25.62
7 Ni 6.95 3.02 1.63 9.97
Cd 2.14 0.88 0.59 3.03
K 17.75 5.74 3.91 23.49
8 Ni 9.80 3.50 2.46 13.30
Cd 0.84 0.30 0.25 1.14
9 K 17.50 5.58 3.85 23.07
Ni 9.30 3.19 2.32 12.48
Cd 2.85 1.04 0.78 3.89

Gani et al., 2009.- Content of pigments of spring (1)
and winter (5) oilseed rape, Sinapsis alba (7) and
Sinapsis nigra (8) and Brassica rapa (9) cultivated in

presence of Ni and Cd. K is control treatment
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Main NaCl and Hm effects on crops...
4) Mineral nutrition

% of DW
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0 0.6 0 0.6 0 0.6

Leaf Stem Root - Mg

Danicic¢ et al., 2016. (unpublished results)- The
influence of NaCl on concentration of some
macronutrients in tissues of safflower



O Serbia for Excell

Mitigation strategies of plants...

Plants respond with physiological and biochemical changes which aim
the maintainence of basic metabolic processes:

a) Activation of enzymes such as superoxide dismutase (SOD),
peroxidase and catalase (CAT).

b) Synthesis of proteins and aminoacids such as free proline.
c) Synthesis of phenolic substances such as ascorbic acid (vit. C).

d) Application of silicon (Si) - under abiotic stress conditions, Si
application results in alleviation of stress and enhancenment of
plant growth.
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Conclusion...

The impact of global climate change on crop
production has imerged as a major research
priority during the past decade.

Understanding abiotic stress factors such as
NaCl and heavy metal, in combination with high
vield in plants is of a paramount importance to
counter climate change related adverse effects
on the productivity of crops.
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NITROGEN STRESS ON CROP
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NITROGEN STRESS ON CROP
Symtomps

Lack in chlorophyll and reduction of photosyntesis. Normally, is the first symptoms
that plant show in N deficiency.

Plant growth. N shortage leaf area and, consequently, stems and roots growth.
Results of previous situation is an imbalance between epigeal and hypogeal part of
plants.

Flowers, seeds and fruits. The N deficiency reduce carbohydrates and proteins
content of fruits. Quality decrease and ripening is anticipate. Moreover, the lack of
protein negatively affect seeds quality and germination potential.

Elongation of biological cycle of plants. N excess extend the vegetative phase of
plants that improve leaves production and reduce energy and nutrients for
reproductive organs production. Stems lenght increase: risk of stems and branches
breaking in trees and pland lodging in herbaceous crops. Cellular walls and
lignification are reduced and plants are more susceptible to pest and low
temperatures.

Water consumption. The elongation of vegetative phase of plants induce and
increasing of water consumption through the evapotranspiration.
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NITROGEN STRESS ON CROP
Factors affecting N dinamycs and impacts

Emissions

N,O

-Greenhouse gas with Global
Warming Potential of 290-300 times
more than CO,

- Mainly produced in anaerobic
conditions through denitrification and
in a small part during nitrification

NH,

- Precursor of N,O and main N loss
through volatilization

- Strongly affected by soil texture that
directly affect the water — oxygen
ratio into the soil
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NITROGEN STRESS ON CROP
Factors affecting N dinamycs and impacts

Eutrophication

Time
sunlight
1. Nutrient load up: - 5. Death of the ecosystem:
excessive nutrients from oxygen levels reach a point
fertilisers are flushed where no life is possible.
from the land into rivers Fish and other organisms die.

or lakes by rainwater.

TS R o SR T S S S T RS L T S .
\ algae layer

3. Algae blooms, oxygen is depleted:
algae blooms, preventing sunlight

reaching other plants. The plants die
and oxygen in the water is depleted.

2. Plants flourish:
these pollutants cause
aquatic plant growth of
algae, duckweed and other plants. 4. Decomposition further

depletes oxygen:

dead plants are broken down by
bacteria decomposers), using up
even more oxygen in the water.
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NITROGEN STRESS ON CROP
Factors affecting N dinamycs and impacts

Water content of soil

Leaching: first factor that affect the translocation of N in the deep layers of the soil and
can contribute on the contamination of groundwater. Nitrates are mainly affected by
leaching with negative impacts on crop growth and yields. Great planning of
fertilization and irrigation represent the best strategy to reduce this kind of N losses.

Denitrification: is a process that convert nitrate in molecular nitrogen (N,) that is lost
through volatilization. This phenomenon require a wide range of factors as soil
saturation, temperature, pH etc.), however water manage strategy represent the first
method to reduce denitrification risk.

Environmental conditions: further factors affect, directly and indirectly, N dynamics on
soil. The main are temperature, soil texture, soil organic matter content soil
microorganism population and pH.
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NITROGEN STRESS ON CROP
Mitigation Strategies

Application of the good agronomic practices represent the main strategy to reduce N
imbalance into the soil and stress on crops:

- High fertilization efficiency (fertilizers spreading during highest nutrients demand of
crops, maintaining of a great water/oxygen ratio into the soil and the application of
spreading strategies aimed at the reduction of N losses through volatilization as
incorporation or injection)

- High efficiency irrigation (maintaining of a great water/oxygen ratio into the soil and
application of strategies for water managing to reduce leaching and denitrification)

- Crop rotation and soil erosion control (maintaining of physical, chemical and biological
soil fertility)

- Wheather monitoring (temperatures and rainfall represent the main factor affecting N
dynamics into the soil
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EFFECTS OF NITROGEN STRESS ON CROPS

Conclusions

N availability into the soil represent one of the main factor that have to be
considered for crop production. Considering climate change and world human
population growth the understanding of the abiotic stress for plants as N dynamics
represent a priority. Research play a key role to define agricultural sustainable
management strategies that allow to produce food for world population reducing the
impacts on climate change phenomenon.
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Overal conclusion

Over the last decade, climate change has been recognized as an additional factor which
will have a significant impact on agricultural production.

Based on literature sources, in the absence of adequate response strategies of crops to
long-term slimate change consequences, as well as to climate variability diverse and
specific impacts will become more apparent. Some of those impacts are expected to be
adverse. At times, impacts will be slow to unfold enabling local farmers and governments
to respond. Impacts of climate variability and change, on the agricultural sector are
projected to steadily manifest directly from affecting deterioration of abiotic factors to
plants.

Climate change is expected to result in long term water and nutrient shortages as well as
worsening soil conditions, causing drought and salinity. Vulneralbe areas (such as some
Europe regions) may experience losses in agricultural productivity, primarly due to
reductions in crop vyields. Early estimates suggest 14-16 percent losses in developing
countries of Europe due to climate change- induced effects on crops.

It is unavoidable for producers to experience long term consequences of climate variation,
but in a field of agriculture, in terms of declining the stress effect on crops, science has
already given many crucial answers. By being familiar with plant physiology, strategies of
adaptation and mitigation of new conditions, it is possible to, at least in part, alleviate
stressful impacts on crops.



