
AAnnaalleellee  UUnniivveerrssiittăăţţiiii  ddiinn  CCrraaiioovvaa,,  sseerriiaa  AAggrriiccuullttuurrăă  ––  MMoonnttaannoollooggiiee  ––  CCaaddaassttrruu  ((AAnnnnaallss  ooff  tthhee  UUnniivveerrssiittyy  ooff  CCrraaiioovvaa  --  AAggrriiccuullttuurree,,  

MMoonnttaannoollooggyy,,  CCaaddaassttrree  SSeerriieess))  VVooll..  XXLLIIXX//22001199  

 

36 

 

THE CLIMATE CHANGE MITIGATION THROUGH AGRICULTURAL 
BIOTECHNOLOGIES 

  
BONCIU ELENA1* 

   
1University of Craiova, Faculty of Agronomy, 19 Libertatii Street, Craiova, Romania 

 
*Corresponding author email: elena.agro@gmail.com  

 
Keywords: biotechnology, climate changes, effects, solutions 

 
ABSTRACT

Climate changes are topical, and some of the changes observed are unprecedented. 
The impact of climate changes on the nature, economy and people's health varies across 
the world, depending on the region and territory, as well as the economic sector affected. 
Agriculture is one of the sectors most exposed to these changes because it is dependent 
on the weather conditions.  

Agricultural biotechnologies play an important role in facilitating adaptation to climate 
changing conditions, and help farmers to adapt their production to this new challenge. 
Through biotechnology, agricultural crops have a higher productivity, plants have a higher 
resistance to pests and diseases and farmers use less energy. Also, the green 
biotechnology offers a solution to decrease greenhouse gases and therefore mitigates the 
climate changes effects. The biotechnology revolution is currently experiencing an 
unprecedented boom, and long-term food security has all the prerequisites to be ensured, 
even under the current climate change conditions. 

 
INTRODUCTION 

 

 

Climate change is currently 
recognized as one of the most serious 
environmental, social and economic 
challenges globally. As a result of human 
activities, a high concentration of 
greenhouse gases from the atmosphere 
intensifies naturally the greenhouse 
effect, thus increasing the temperature of 
the Earth. Globally, greenhouse gas 
concentrations, especially carbon dioxide 
(CO2), have increased by 70% compared 
to 1970 (http://madr.ro/docs/dezvoltare-
rurala/rndr/buletine-tematice/PT9.pdf). 

While the precise nature of these 
changes is uncertain, it is clear that these 
climate changes will alter global patterns 
of comparative agricultural advantage 
through changes in relative productivity 
and prices. In 2010, the best available 
estimates combining agronomic and 
economic modelling forecasts suggested 
that the aggregate impact of these effects 
will reduce global agricultural production 
with 6% by 2080 relative to expected 

production in the absence of climate 
change (Barfoot and Brookes, 2014). 

Any climate-related disturbance to 
food distribution and transport, 
internationally or domestically, may have 
significant impacts not only on safety and 
quality but also on food access. However, 
other stressors such as population growth 
may magnify the effects of climate 
change on food security. Drought is one 
of the ecological factors limiting crop 
production. One of the earliest responses 
of plants to drought is the accumulation of 
active oxygen species such as 
superoxide, hydroxyl radicals, hydrogen 
peroxide and singlet oxygen (Babeanu et 
al., 2008; Babeanu et al., 2010). 

With climate change, agriculture and 
forestry, as providers of ecological and 
ecosystem services, will be of greater 
importance. Agricultural and forestry 
management plays an important role in 
the efficient use of water in dry areas, the 
protection of watercourses against 
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excessive nutrient intakes, improving 
flood management, maintaining and 
rehabilitating multifunctional landscapes, 
such as grasslands with an important 
natural value. 

The promotion of forest 
management techniques that give 
resistance to climate change, the 
biotechnological measures for soil 
management which aimed at preserving 
and storing the organic carbon, and 
permanent protection of fruit and 
vegetable crops are measures to mitigate 
the effects of climate change (Pandia and 
Saracin, 2009; Pandia and al., 2012; 
Pandia and al., 2016; Pandia and al., 

2018; Rosculete et al., 2018). Also, the 
climatic conditions of the region and the 
genetic source are important for the 
fruiting of the varieties, production and 
the quality of the fruit especially to the 
fruiting shrubs (Cichi, 2017). 

In the last decades, worldwide food 
production has increased by new 
improved crop varieties, but also to an 
enhanced use of fertilizers and other 
agrochemicals (López-Arredondo et al., 
2013; Rosculete E. and Rosculete C.A., 
2014; Rosculete E. and Rosculete C.A., 
2018; Rosculete C.A. and Rosculete E., 
2014). 

 

MATERIAL AND METHOD 
This is a review study. Agriculture 

has a relevant relationship with climate as 
well as a unique role in economic 
development. It is main source of food 
and has significant potential for mitigation 
of global greenhouse gases emissions. 
Changes in the frequency of heat waves, 
drought and floods remain a key 
uncertain factor that may potentially affect 
agriculture. Climatic changes may lead to 
emergence of new pests and diseases. 

This study briefly presents some of 
new biotechnologies will can mitigate the 
effects of climate change to environment 
in general and to agriculture in special. 

 
RESULTS AND DISCUSSIONS 
Climate change affects crop 

production by means of direct, indirect, 
and socio-economic effects (Raza et al., 
2019). With expected hotter temperatures 
and changing precipitation patterns, the 
controlling of water supplies and 
improving irrigation access and efficiency 
will become increasingly important 
(Figure 1). 

Climate change events are 
increased dramatically as reported by 
FAO (https://www.emdat.be). Farms and 
farmers are in the crosshairs of climate 
change. Though farmers have seen 

negative impacts related to climate 
change for decades, these impacts have 
been exacerbated in recent years (Figure 
2). 

Even relatively small temperature 
increases are having significant impacts 
on farming (Figure 3), including 
accelerated desertification and 
salinization of arable land and crop losses 
due to high temperatures and flooding 
(https://www.grain.org/bulletin_board/entri
es). The impact of climate change also 
need to be considered along with other 
factors that affect crop yields, such as 
specific biotic constrainers (pathogens) 
and its impact on the host-pathogen 
relationship (Paraschivu et al., 2015; 
Paraschivu et al., 2017; Cotuna et al., 
2018). 

Biotechnology industry can feed a 
hungry world, but not by itself. 
Productivity gains through biotechnology 
are increasingly important, considering 
the United Nations Food and Agriculture. 

Organization reports that feeding a 
world population of 9.1 billion in 2050 will 
require raising food production by 70%. 
That number jumps to 100% in 
developing countries, where farmers are 
more adversely affected by climate 
change (https://www.bio.org/articles). 

 

https://www.emdat.be/
https://www.grain.org/bulletin_board/entries
https://www.grain.org/bulletin_board/entries
https://www.bio.org/articles
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Fig. 1. Effects of climate change on agricultural production 

 (Source: Ali Raza et al., 2019) 

 

 
Fig. 2. Increasing number of extreme climate-related events 

(Sources: FAO, https://www.emdat.be/; Ali Raza et al., 2019) 

 

 
Fig. 3. Food and climate change 

(Source: https://www.grain.org/bulletin_board/entries) 
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USDA report identifies the following 
trends (https://www.bio.org/articles): 

- Grain and oilseed crops will 
mature more rapidly, but increasing 
temperatures up the risk of crop failures, 
particularly where precipitation decreases 
or becomes more variable; 

- Horticultural crops such as 
tomatoes, onions and fruit respond to 
climate change to a greater degree than 
grains and oilseed crops because of the 
high sensitivity of their quality and 
appearance to climate factors; 

- Livestock mortality will decrease 
with warmer winters. However, this will be 
greatly offset by higher mortality in hotter 
summers. Hotter temperatures will also 
result in reduced productivity of livestock 
and dairy animals because of changes in 
consumption and lower reproduction 
pregnancy rates; 

- Weeds will grow more rapidly 
under elevated atmospheric CO2, extend 
their range northward and be less 
sensitive to herbicide applications; 

- Disease and pest prevalence will 
escalate as a result of shorter, warmer 
winters, challenging crop, livestock and 
forest systems. 

There are countless adaptive 
solutions, including biotechnical solutions, 
such as protecting orchards from frost 
damage, reducing water loss by 
improving irrigation practices or by 
recycling and storing water, efficient soil 
management by increasing water 
retention to maintain moisture in the soil, 
the introduction of heat-tolerant animal 
breeds and the adaptation of animal 
feeding regimes under conditions of heat 

stress or the implementation of new 
possibilities offered by biotechnology. 

Biotechnology and genetics 
contribute decisively to improving the 
production characteristics of animals 
(cows, in particular) but also bees (Colă 
and Colă, 2012) and poultry. 

Essential steps for adapting to 
climate change can be assessing the 
needs and opportunities for crop and 
variety change, supporting agricultural 
research and supporting experimental 
production, so that be selected the best 
varieties and crops suited for the new 
climatic conditions (Olaru, 2009; Olaru et 
al., 2012; Olaru, 2019). 

The effects of climate change on 
agriculture may depend not only on 
changing climate condition but also on 
the ability to adapt through changes in 
technology and demand for food. 
Biotechnology positively reduced the 
effects of climate change by using 
modern biotechnology. For example, 
herbicide tolerant biotech crops such as 
soybean and canola facilitate zero or no-
till, which significantly reduces the loss of 
soil carbon (carbon sequestration) and 
CO2 emissions, reduce fuel use, and 
significantly reduce soil erosion. 

Insect resistant biotech crops 
require fewer pesticide sprays which 
results in savings of tractor/fossil fuel and 
thus less CO2 emissions. Modern 
biotechnology through the use of 
genetically modified stress tolerant and 
high yielding transgenic crops also stand 
to significantly counteract the negative 
effects of climate change

Climate change is very likely to affect 
food security at the global level. For 
example, projected increases in 
temperatures, changes in precipitation 
patterns, changes in extreme weather 
events, and reductions in water 
availability may all result in reduced 
agricultural productivity.  

Agricultural crops can be modified 
faster through genetics and biotechnology 
than conventional crops, thus hastening 
their capacity to meet climatic changes 

(Butnaru et al., 2004; Sarac, 2005; Baciu 
et al., 2009; Bonciu, 2012; Bonciu and 
Sarac, 2016; Bonciu and Sarac, 2017). 
Pest and disease resistant biotech crops 
have continuously developed as new 
pests and diseases emerge with changes 
in climate. Crops tolerant to various a 
biotech stresses have been developed in 
response to climatic changes.  

Genetics and agricultural 
biotechnologies can help to adapt to 
climate changes by practical ventures in 

https://www.bio.org/articles
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water framework, reaction to outrageous 
climate occasions, advancement of 
versatile product assortments that endure 
temperature and precipitation stresses, 
and new or enhanced land utilize and 
administration practices. 

Some of biotech crops adapted to 
climate changes are shown below 
(https://www.isaaa.org/resources). 

- Salinity Tolerant Crops 
Biotech salt tolerant crops have been 
developed and some are in the final field 
trials before commercialization. Some of 
the genes are expected to enhance 
tolerance to a range of abiotic stresses 
including drought, cold, salt and low 
phosphorous. 

- Drought Resistant Crops 
Transgenic crops carrying different 
drought tolerant genes are being 
developed in rice, wheat, maize, 
sugarcane, tobacco, tomato, potato, etc. 

- Biotech Crops for Cold Tolerance 
By using genetic and molecular 
approaches, a number of relevant genes 
have been identified and new information 
continually emerges.  

- Biotech Crops for Heat Stress 
Expression of heat shock proteins (HSPs) 
has been associated with recovery of 
plants under heat stress and sometimes, 
even during drought.  

The core challenge of climate 
change adaptation and mitigation in 
agriculture is to produce more food, more 
efficiently, under more volatile production 
conditions, and with net reductions in 
green gases emissions from food 
production and marketing. Agricultural 
biotechnologies will play a central role in 
enabling producers to meet these core 
challenges (Wakjira, 2018). However, 
while most technologies have climate 
implications, some of them are of 
particular relevance to developing country 
agriculture and climate change (Lybbert 
and Sumner, 2010). 

Even if biotechnology and 
transgenesis have a higher contribution to 
reducing the negative effects of climate 
change, we must not forget the valuable 
approach of organic farming and modern 

food processing. Organic food is better 
for the climate and for the environment, 
because organic farms promote genetic 
biodiversity, creates less water pollution 
and soil damage (Bonciu, 2016, 2017; 
(Bozhanska, 2018; Georgieva et al., 
2018; Righi et al., 2018).  

Agriculture biotechnology use and 
trade regulations must also be sufficiently 
flexible that they do not discourage the 
transfer or adoption of locally important 
innovations. In the future, socio-economic 
factors, competition, innovation and 
biotechnological development, together 
with modern plant breeding will determine 
the impact that agro-climatic changes will 
be have on the agricultural sector 
worldwide (Bonea and Urechean, 2015; 
Bonea, 2016a; Bonea, 2016b; Bostan et 
al., 2013; Butnariu, 2012; Ianculov et al., 
2005; Samfira et al., 2013). 
 

CONCLUSIONS 
The impacts of climate change are 

not going to be the same for every 
developing country or even for each 
region inside a country. 

Although there are many impacts 
expected from global climate change, one 
of the largest impacts is expected to be 
on agriculture. Quantifying these impacts 
provides important insights into how 
much to spend on mitigation. 

In the future, agriculture will face 
with significant challenges, most of them 
the cause of the need to increase the 
supply with food globally, in the 
conditions of decline the availability of 
productive land and resources of fresh 
water, as well as of the threats generated 
by climate changes. However, new 
biotechnologies will mitigate the effects of 
environmental changes and will provide 
opportunities to promote modern 
agricultural systems that respond to 
environmental risks, economic and social. 
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