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One of the biggest problems people have in the 21st century is making sure there's enough food for
everyone, especially with the planet's climate and ecosystem changing at an alarming rate. The
ability of plants and other creatures to grow, develop, and reproduce is severely impaired by
prolonged exposure to high temperatures. The detrimental consequences of high temperatures on
plant physiological processes are the primary focus of this environmental study that examines the
effects of heat stress on plant development and productivity. The research demonstrates how heat
stress diminishes growth, slows photosynthesis, and damages cellular structure, leading to a
substantial decrease in productivity and agricultural yields. Adaptation tactics and resources are also
covered in the research. Some of these tactics include enhancing agricultural practices through the
use of bio- and nano- fertilizers, which boost soil health and nutrient absorption, and implementing
plant breeding and improvement programs to create drought- and heat-resistant crop varieties. By
combining these approaches, we can lessen the impact of climate change on farming while
simultaneously increasing crop yields. Target of the article: Emphasizing the need of combining
conventional and technological ways to maximize agricultural resources and guarantee sustainable
production under climate change, she offers thorough insights on how to reduce the impacts of heat
stress on plants.
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1. Introduction

Agricultural output and food security are profoundly and immediately impacted by environmental
and climate conditions. Agricultural regions are particularly vulnerable to the effects of climate
change, which include hotter weather overall, altered patterns of precipitation, and more frequent
droughts and floods. The harvest yield is directly impacted by these occurrences. There is a direct
correlation between agricultural output and food security as a result of climate change. The most
vulnerable members of society feel the effects of rising food costs the most as a result of increased
demand caused by falling agricultural productivity. Countries may become more dependent on food
imports due to crop limitations, which leaves them exposed to volatility in world prices and hinders
their capacity to attain food security. For this reason, we need long-term strategies to deal with
climate change, such as creating heat-and drought-resistant farming technology, bettering the way
we handle our water resources, and advocating for policies that promote sustainable agriculture [1].

With a predicted 60% rise in agricultural output over the next 40 years, the world's population is
likely to skyrocket. Additionally, a lot of farmland is losing its fertility and is in bad health. The
probable loss of biodiversity due to climate change has obvious long-term ramifications. The
continued demand for food, fiber and feed is placing great and increasing pressure on land and
water resources, the availability and productivity of which in agriculture are likely to be threatened
by climate change. The increase in food prices worldwide, resulting from the increased demand for
crops as raw materials and a source of energy, is a source of concern for the population [2].

Climate change, environmental pollution, and global warming expose plants to a wide range of
biotic and abiotic stresses. Although there is good knowledge about how plants adapt to most or all
of these individual stresses, little is known about how plants respond to a combination of these
stresses, which is known as a multifactorial stressor. Recent studies have revealed that an increase
in the number of multifactorial stressors that occur simultaneously causes a significant decline in
plant growth, production, and survival, and also has a significant and direct impact on the biological
diversity on which plants depend for their growth and development. This impact should be a sign of
a severe and direct warning to our society that pushes researchers to act quickly and decisively to
limit or reduce environmental pollutants, combat global warming and work to increase the ability of
plants to withstand multifactorial stress groups, which is reflected in increased production and food
sufficiency [3].

The cumulative impact of human life on planet Earth over the past decades, especially the industrial
revolution, has led to a continued increase in the production of gases that cause global warming,
such as CO2, which is produced by burning fossil fuels. The accumulation of this gas in the
atmosphere works to trap infrared radiation that is emitted from the Earth’s surface after absorbing
sunlight, which works to heat the planet. The monthly average calculated for carbon dioxide, which
was measured at the Mauna Loa Observatory in Hawaii, constitutes the longest record of direct
measurements of carbon dioxide in the atmosphere (see Figures 1).
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Figure 1. Called Keeling curves. Data were retrieved from NOAA's Global Monitoring
website https://gml.noaa.gov/ccgg/trends and accessed on August 5, 2024.

This raises concerns about the continued increase in temperatures, known as global warming, which
plays a direct and radical role in changing the climate, accompanied by a significant increase in
temperatures and drought, as well as the frequent coincidence with the presence of other non-biotic
stress conditions such as salinity and degradation of agricultural soils. In addition, the large and
rapid increase in the world's population, which coincides with the expansion of land use for housing
and commercial purposes, leads to a decrease in the availability of arable agricultural land, the loss
of which leads to the necessity of working to increase the agricultural yield produced from every
part of the remaining agricultural land in order to provide food for the ever-increasing number of
people in the world [4-6].

2. Environmental Factors Affecting Plant Production

The cumulative impact of human life on planet Earth over the past several decades has introduced
many extreme and harsh environmental conditions into ecosystems and lands. These extreme and
volatile environmental events resulting from climate change include heat waves, cold, floods, and
persistent drought, as well as extreme soil conditions such as saline, alkaline, and acidic soil
conditions. They also include various pollutants made by humans such as plastics, heavy metals,
antibiotics, pesticides, and organic pollutants, radiation such as ultraviolet rays, the availability of
limited nutrients, airborne particles, and high levels of toxic gases such as ozone, carbon dioxide,
and combustion products, in addition to the direct impact on plant growth and reproduction within
many agricultural ecosystems. It has also been proven that some environmental conditions have
been proven to increase the exposure of some plants to attack by pathogens or various insects [7-9].

3. How Temperature Affects Crop Quality and Productivity

Temperature is one of the most important factors that control plant growth and development, and
the entire life cycle of plants is affected by temperature, as plants usually grow rapidly and show
specific behavior and changes in shape under moderate and medium temperature conditions. This
response is called thermogenesis, and when exposed to humid or cold temperatures, the flowering
process and germination process are stimulated in some types of plants. Interestingly, once some
plants that grow in moderate temperatures are exposed to low temperatures for a period, they can
acquire the ability to resist freezing stress, and this process is called cold acclimatization. One
persistent problem that has arisen as a result of the rapid climatic change is heat stress, which has a
deleterious effect on plant development and growth [10].

When soil temperature changes, it affects the soil's moisture content, water retention capacity, and
particle size. When soil temperatures rise, water moves less freely through the soil and more quickly

82 | INNOVATIVE: INTERNATIONAL MULTI-DISCIPLINARY JOURNAL OF APPLIED TECHNOLOGY www.multijournals.org



evaporates [11]. The rate of plant growth, flowering and development depends largely on the
temperature surrounding the plants. Each plant has three types of temperatures that affect its
growth: the optimum temperature, which means the temperature that achieves maximum growth
and productivity for the plant, as this temperature provides the ideal conditions for the activity of
vital processes such as respiration, photosynthesis, and the transfer of nutrients. Many plants have
optimum temperatures between 20 and 25 degrees Celsius. The second temperature that affects
plant growth is the maximum temperature, which means the highest temperature that the plant can
tolerate without significantly affecting its health. Very high temperatures may expose the plant to
heat stress, which leads to a decrease in the rate of photosynthesis, wilting of leaves, or cell death.
In some plants, such as tomatoes, they may begin to be affected when temperatures exceed 35
degrees Celsius. Another degree that affects plant growth and development is the minimum
temperature, which is the lowest temperature that the plant can tolerate without being exposed to
severe damage, and its effect can lead to freezing of plant tissues, causing permanent damage to the
plant. Some plants may be negatively affected at temperatures below 5°C, while other plants may be
able to tolerate much lower temperatures [12,13].

The rapid growth of non-perennial plants leads to a shorter growth cycle, which leads to smaller
plants, shorter reproductive periods, and lower production potential. Extreme temperatures above or
below a certain threshold at a critical time during growth can have a significant impact on
production. Soybeans, which are photoperiod-sensitive plants, can react to temperature, causing a
disruption in their phenological development, and very high temperatures during flowering periods
affect the ability of pollen grains to grow, fertilize, and form fruits or grains [14].

High temperature stress occurs when temperatures exceed a certain threshold for a specific period.
This stress causes significant impairment to plant growth and development, and the effect may be
irreversible. When the temperature rises by 10 to 15 °C above the ambient temperature of the plant
for a short period, it is called heat stress or heat shock (HT). This type of stress is considered abiotic
and is a major cause of reduced crop yields[15].

HT causes negative effects on plants, such as protein degradation, inhibition of protein synthesis,
degradation, and alteration of the fluidity and integrity of lipid membranes. Globally, many crops
are susceptible to high temperature stress, which ultimately has a negative impact on the economies
of countries due to reduced crop production [16,17].

4. Heat Stress and Its Effects on Crop Loss

There is a strong correlation between climate change and agricultural output; research has
demonstrated that global warming significantly affects agriculture in multiple ways, including
changes in the frequency and severity of weather extremes. Factors that directly affect agriculture
include the ability to forecast extreme weather events like heat waves, droughts, and floods;
changes in diseases and pests; increased atmospheric and ground-level carbon dioxide
concentrations; and changes in food quality [18,19].

Among the most significant factors influencing Earth's climate, global warming is the steady rise in
the average surface temperature over the course of a given year. One of the most influential
environmental factors on plant development, growth, and production is temperature. Stress from
prolonged exposure to temperatures too high or too low can cause plants to suffer stunted growth,
stunted flower and fruit development, drastically reduced yields, or even death. Extreme heat events
can be classified based on the maximum temperatures recorded (intensity), the frequency of
occurrence (frequency), and the duration (duration). Extreme heat events and prolonged heat events
(global warming) require real and effective strategies from breeders to meet the food security needs
of farmers and consumers. Risk assessment in agricultural production and food security also
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requires consideration of several aspects such as the severity of the adverse event, the frequency
with which sustained temperatures are exceeded during the growing season, and whether and how
long heat events exceed lethal temperatures for plants. As the global warming scenario continues,
identifying temperature thresholds for important crops and their impact on agricultural production is
vital and important for anticipating risks to food security [20-24].

Crop productivity depends on several factors such as efficient reproduction, photosynthetic
efficiency, resource allocation, and plant structure, all of which are sensitive to heat stress. Several
studies have shown that the effects of heat stress vary among crops, species, and cultivars. In
general, plants grown in temperate regions are more susceptible to heat stress than those grown in
tropical regions. Some research on diverse crops such as cereals, horticultural crops, and legumes
has shown that heat stress significantly affects winter crops such as wheat, as well as warm season
crops such as tomato, maize, rice, and legumes during the vegetative stage. This stress leads to
reduced crop productivity through its direct effect on enzymes and tissues, impaired flowering, and
oxidative stress in the reproductive stage. Moreover, the reproductive stage of crops such as rice,
tomato, cotton, maize, and soybean are more vulnerable to heat stress, as high temperatures during
the inflorescence, spike or flowering stage can lead to decreased crop fertility and sometimes even
flower abortion [25,26].

Global warming will eventually raise the average temperature and will have negative effects on the
yield of horticultural and cereal crops, so it is necessary to identify the effects that occur in plants
during high heat stress in order to improve adaptation methods to compensate for the potential
damage to the crop because it is believed that temperature fluctuations will continue to be more
negative during the next thirty years. Plants typically grow within a certain temperature range. If
temperatures are too high or too low, production can be at risk. Rising temperatures are expected to
negatively impact crop yields. Regional temperature changes may be easier to predict through
weather forecasts than rainfall. Meteorological data show that average annual temperatures in areas
where staple crops such as barley, wheat, rice, soybeans, and maize are grown have risen by 1°C
over the past century. This increase may have negative effects on production in vulnerable areas and
may cause water scarcity due to loss of surface water and increased demand for groundwater.
Between 1990 and 2000, the temperature rose by 0.6°C, and the world is expected to see an average
annual temperature increase of 2.5°C to 4.3°C by 2080 due to greenhouse gases. This climate
change could reduce crop production due to extreme heat and irregular rainfall. For example,
studies have shown a 38% decrease in canola and 39% in camelina due to heat. As for wheat, a one
degree increase in average temperature could reduce wheat production by 2.6% in China. On the
other hand, a 1°C increase in global temperatures could reduce rice yields by 3.2%, wheat by 4%—
6%, soybeans by 3.1%, and corn by 7.4%. The yields of other crops such as millet, legumes, and
rapeseed oil are also significantly affected by a 1°C increase in global temperature. On the other
hand, crop yields such as oats and potatoes are lower with a 1°C increase in temperature (see Figure
2). The world population is expected to reach 9 billion by 2050, which requires increasing
agricultural production by 70% despite the negative impacts of climate change on crops [27-29].
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Figure 2. A one-degree Celsius increase in temperature has an impact on the productivity of
strategic crops in different countries around the world. The different colors of the countries
shown on the map show the highest decline in crop productivity in one country [30].

Global food production over the past century has shifted from using 2500 different plant species to
relying on four major crops: wheat, rice, soybeans, and maize [31].

Although legumes account for about 33% of human dietary protein needs, these crops account for
almost two-thirds of human consumption globally. Both food safety and ecological preservation are
affected by this [32].

If we continue to depend on just a few of crops, we risk making ourselves economically and
politically vulnerable due to climate change and other causes. So, to keep the world's food supply
stable, it may be vital to determine how increasing temperatures would affect the harvest of staple
crops [33].

5. Modern Techniques of Fertilizers and Stimulants to Improve Plant Resilience

Global climate changes including drought and high temperatures are among the main factors
causing soil desertification and low crop productivity. In this context, bio stimulants can play an
important role in reducing the negative effects of these stresses on plants by stimulating protection
and tolerance mechanisms in plants such as physiological, chemical, anatomical, biological and
molecular changes. In addition, they stimulate plant immune responses to various biotic stresses by
deposition of callus, spreading hypersensitivity and synthesis of lignin [34,35].

The addition of conventional chemical fertilizers is the main cause of global CO2 emissions
estimated at 500 tons/year. Even though it uses animal husbandry waste as its main ingredient,
organic fertilizer production does add to gas emissions in some way. Use of biofertilizers, novel soil
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amendments, and nanofertilizers is the most promising alternative that is presently being researched
[36].

By enhancing the efficiency of traditional fertilizers with nanotechnology, a new kind of fertilizer
has emerged: nano fertilizers. Fertilizers with nanoscale dimensions are made of organic or mineral
components that have been shrunk to sizes in the nanometer range (1 nanometer = 1 billionth of a
meter). Nano fertilizers have a number of benefits over their larger counterparts, one of which being
improved nutrient uptake by plants and soil due to the smaller particle size. Because nano fertilizers
can transport nutrients more efficiently, they increase the efficacy of fertilizers while decreasing the
amount of fertilizer required. Nano fertilizers have the added bonus of lowering mineral loss, which
is a major concern for the environment because nutrients may easily evaporate or drain out the soil.
Nano fertilizers have the potential to improve nutrient availability, which in turn improves plant
health and growth, which is another beneficial impact. Because nutrient release may be more
precisely controlled, it is possible to tailor doses to individual plants' needs, which is an additional
advantage. Nano fertilizers have many potential benefits, but there are also certain drawbacks that
must be thoroughly investigated [37,38]. These include high manufacturing costs and the possibility
of long- term health and environmental repercussions.

To enhance soil health and boost crop output in an eco-friendly manner, biofertilizers are used.
These fertilizers include living organisms or their byproducts. Biofertilizers are an alternative to
chemical fertilizers that boost soil fertility and plant growth through biological processes. Beneficial
microorganisms, such as fungus and bacteria, that stimulate plant growth are one kind of
biofertilizer. Soil bacteria like rhizobia can fix nitrogen and make it available to plants, while
mycorrhizae fungus help plants absorb nutrients better. Insoluble phosphorus can be transformed
into an absorbable form by plants with the help of fertilizers that contain phosphorus bacteria. These
fertilizers are another kind of biofertilizer. Also included are organic fertilizers, which include
compost and manure, and which boost soil biology by containing organic elements. Compost tea
and organic extracts are examples of fertilizers that contain breakdown products; these fertilizers
include biodegradable nutrients and boost soil microbial activity. Any kind of microbe—bacteria or
fungi—that interacts with plants in a way that boosts their immune systems is considered a plant
growth promoting microorganism (PGPM). Microbes that promote plant development also boost
plant health by increasing nutrient absorption and strengthening plant defenses against diseases. As
a result, crop yields are increased and plants are kept in better condition. Because biofertilizers
improve soil structure and increase organic matter content, which boosts soil water and nutrient
retention, this is one of the most significant advantages of biofertilizers. Because biofertilizers boost
biological activity, which in turn improves the soil's nutrient utilization efficiency, this is another
benefit. Additionally, biofertilizers can lessen the need for chemical fertilizers, which in turn
minimizes chemical fertilizers' harmful effects on the environment. Another benefit is supporting
plant growth as it helps in enhancing plant growth and improving its health, which leads to
improving productivity and quality. The work and performance of biofertilizers can be improved by
combining them with soil amendments that have positive properties to improve soil properties, pH,
CE, and water holding capacity [36,39,40,41].

One of the natural soil improvers that have been worked on and developed recently, biochar has
emerged and has received attention because it is produced through thermal decomposition as well as
the conversion of removable biomass into gas, and it has the advantage that it does not produce
large amounts of carbon dioxide gas, on the other hand, once it enters the soil, it works to greatly
increase the soil’s ability to retain carbon dioxide gas. Among its other properties, it has high
porosity as well as a high absorption capacity towards nutrients and water. It has been recently
indicated in corn and wheat that biochar activated with PGPMs enhances soil microbial diversity as
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well as the mutual interaction between soil and plant, which leads to better physiological
parameters. The importance of all these new technologies is to improve plant nutrition and health,
especially considering global warming, which is of great importance. Fahmy learned about
increasing the natural resilience of plants against biotic and abiotic climate indicators by stimulating
the plant's immune system and enhancing the soil's ability to retain water. This exposes the plant to
low water stress, which leads to a slow release of nutrients that makes them widely available to the
plant [42,43].

6. Breeding and Improvement Programs are an Effective Solution to Confront the Decline in
Plant Production Resulting from Global Warming

Plant breeding and improvement aims to be the main player in mitigating the negative effects of
global warming. It has been used within the strategies of the Green Revolution as a means used to
enhance crop production by hybridizing plants with smaller versions that have harder stems than
other common crops, and farmers have effectively used these methods along with other methods of
efficient and improved irrigation, effective fertilizers, and strong pesticides [44].

The collaboration between designers as well as biologists, breeders, and farmers to accommodate
environmental changes and improve sustainability clearly reflects the philosophy of comprehensive
planning necessary to overcome all the challenges of global warming. Despite the significant and
continuous progress in plant science and the biophysical and abiotic mechanisms of global warming
and rising temperatures, only a few technologies have been achieved to date that led to maintaining
crop productivity, growth, and development considering rising temperatures and responding to the
resulting economic and social challenges. It has been pointed out that breeding programs can take
more than 30 years from the laboratory to the table and although genomic technology has helped to
reduce the gap in this time frame, the time lag between discovery and application is still very long
[45].

On the other hand, molecular and non-molecular genetic breeding, and improvement programs,
engineered or not, often address individual traits such as resistance to certain pathogens or pests, but
they are still weak in dealing with some traits, especially complex traits such as tolerance to high
temperatures. Therefore, to address the challenge of global climate conditions, there is a need for a
multi-faceted and comprehensive approach where crop production is viewed from one side of the
resilience of the agricultural ecosystem. The current view of the agricultural ecosystem on the one
hand and the crops on the other hand and the new technologies available now are mandatory to
shape more resilient and adaptable crops. The entire food chain, from the discovery of new varieties
to their introduction to the market, requires precise distribution systems and appropriate operations,
which requires advanced management and marketing capabilities. This entire chain that has
implications for future developments has been termed the BDA. Adaptation to global warming and
temperature-related stresses is certainly dependent on existing strategies that include knowledge on
how to deal with food security in both developing and developed countries. In this regard, the recent
successes achieved in many African countries, the so-called African Green Revolution, are at risk of
being undone or halted due to the lack of strategies to help farmers overcome the problems posed by
global warming [46,47]. Genetic core dissections focusing on important agronomic traits, such as
grain size, flowering timing, pathogen resistance and fiber quality, pave the way for the application
of new breeding techniques (NBTSs) in breeding programmers and the exploitation of genetic
resources found through next- generation sequencing (NGS). Furthermore, plant phenotyping is a
link between two fundamental approaches used to produce sustainable food security in breeding
programmers and precision agriculture, both of which are under controlled conditions
[45,48,49,50].
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Identified four challenges when addressing the threats posed by climate change to global food
security: changing the culture of research; finding economic options for farmers, communities, and
countries; ensuring options that are relevant to the factors most affected by climate change; and
combining strategies such as mitigation and adaptation. Solutions to climate change in smart
societies, and farming systems that practice conservation agriculture in developed countries are also
seen as enabling more resilient and sustainable agriculture and are well suited to the circular
economy vision.

Conclusion

Global warming is a major environmental challenge that negatively impacts agriculture by
increasing temperatures, changing rainfall patterns, and increasing climate change, leading to
reduced crop yields, increased disease, and deterioration in product quality. Nano- and bio-fertilizer
technologies offer great potential for improving plant productivity. Nano-fertilizers enhance nutrient
uptake more efficiently due to their small size, while bio-fertilizers contain microorganisms that
improve soil health and deliver nutrients more efficiently. Plant breeding and improvement
technologies also play an important role. By improving plant resistance to harsh conditions such as
drought and high temperatures, the negative impact of climate change can be reduced. These
technologies include genetic engineering and conventional breeding to develop plant varieties that
are more adaptable to the changing environment.

References

1. Fahad, S., Hasanuzzaman, M., Alam, M., Ullah, H., Saeed, M., Khan, I. A., & Adnan, M.
(Eds.). (2020). Environment, climate, plant, and vegetation growth (pp. 397-419).
Berlin/Heidelberg, Germany: Springer International Publishing.

2. Popp, J., Lakner, Z., Harangi-Rakos, M., & Fari, M. (2014). The effect of bioenergy expansion:
Food, energy, and environment. Renewable and sustainable energy reviews, 32, 559-578.

3. Zandalinas, S. I., Fritschi, F. B., & Mittler, R. (2021). Global warming, climate change, and
environmental pollution: recipe for a multifactorial stress combination disaster. Trends in Plant
Science, 26(6), 588-599.

4. Bailey-Serres, J., Parker, J. E., Ainsworth, E. A., Oldroyd, G. E., & Schroeder, J. 1. (2019).
Genetic strategies for improving crop yields. Nature, 575(7781), 109-118.

5. Mittler, R. and Blumwald, E. (2010) Genetic engineering for modern agriculture: challenges and
perspectives. Annu. Rev. Plant Biol. 61, 443-462

6. Lobell, D.B. and Gourdji, S.M. (2012) The influence of climate change on global crop
productivity. Plant Physiol. 160, 1686-1697

7. Zandalinas, S. I., Sengupta, S., Fritschi, F. B., Azad, R. K., Nechushtai, R., & Mittler, R. (2021).
The impact of multifactorial stress combination on plant growth and survival. New Phytologist,
230(3), 1034-1048.

8. Cohen SP, Leach JE. 2020. High temperature-induced plant disease susceptibility: more than the
sum of its parts. Current Opinion in Plant Biology56: 235-241

9. Savary, S., & Willocquet, L. (2020). Modeling the impact of crop diseases on global food
security. Annual review of phytopathology, 58(1), 313-341.

88 | INNOVATIVE: INTERNATIONAL MULTI-DISCIPLINARY JOURNAL OF APPLIED TECHNOLOGY www.multijournals.org



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

Ding, Y., Shi, Y., & Yang, S. (2020). Molecular regulation of plant responses to environmental
temperatures. Molecular plant, 13(4), 544-564.

Onwuka, B., & Mang, B. J. A. P. A. R. (2018). Effects of soil temperature on some soil
properties and plant growth. Adv. Plants Agric. Res, 8(1), 34-37.

Barlow KM, Christy BP, O’Leary GJ, Riffkin PA, Nuttall JG. Simulating the impact of extreme
heat and frost events on wheat crop production: A review. Field crops research. 2015 Feb
1;171:109-19.

Kumudini S, Andrade FH, Boote KJ, Brown GA, Dzotsi KA, Edmeades GO, Gocken T,
Goodwin M, Halter AL, Hammer GL, Hatfield JL. Predicting maize phenology:
intercomparison of functions for developmental response to temperature. Agronomy Journal.
2014 Nov;106(6):2087-97.

Hatfield JL, Prueger JH. Temperature extremes: Effect on plant growth and development.
Weather and climate extremes. 2015 Dec 1;10:4-10.

Cao Z, Tang H, Cai Y, Zeng B, Zhao J, Tang X, Lu M, Wang H, Zhu X, Wu X, Yuan L. Natural
variation of HTH5 from wild rice, Oryza rufipogon Griff., is involved in conferring high
temperature tolerance at the heading stage. Plant biotechnology journal. 2022 Aug;20(8):1591-
605.

Zhang H, Zhu J, Gong Z, Zhu JK. Abiotic stress responses in plants. Nature Reviews Genetics.
2022 Feb;23(2):104-19.

Abbas S. Climate change and major crop production: evidence from Pakistan. Environmental
Science and Pollution Research. 2022 Jan;29(4):5406-14.

Zhou R, Jiang F, Niu L, Song X, Yu L, Yang Y, Wu Z. Increase crop resilience to heat stress
using omic strategies. Frontiers in Plant Science. 2022 May 17;13:891861.

Kumar RR, Singh K, Ahuja S, Tasleem M, Singh I, Kumar S, Grover M, Mishra D, Rai GK,
Goswami S, Singh GP. Quantitative proteomic analysis reveals novel stress-associated active
proteins (SAAPs) and pathways involved in modulating tolerance of wheat under terminal heat.
Functional & integrative genomics. 2019 Mar 1;19:329-48.

Seneviratne, S. I., Zhang, X., Adnan, M., Badi, W., Dereczynski, C., Luca, A. D., ... & Allan, R.
(2021). Weather and climate extreme events in a changing climate.

. Zandalinas SlI, Mittler R. Plant responses to multifactorial stress combination. New Phytologist.

2022 May;234(4):1161-7.

Schauberger G, Schonhart M, Zollitsch W, Hortenhuber SJ, Kirner L, Mikovits C, Baumgartner
J, Piringer M, Knauder W, Anders I, Andre K. Economic risk assessment by weather-related
heat stress indices for confined livestock buildings: A case study for fattening pigs in Central
Europe. Agriculture. 2021 Feb 3;11(2):122.

Stella T, Webber H, Olesen JE, Ruane AC, Fronzek S, Bregaglio S, Mamidanna S, Bindi M,
Collins B, Faye B, Ferrise R. Methodology to assess the changing risk of yield failure due to
heat and drought stress under climate change. Environmental Research Letters. 2021 Oct
6;16(10):104033.

89 | INNOVATIVE: INTERNATIONAL MULTI-DISCIPLINARY JOURNAL OF APPLIED TECHNOLOGY www.multijournals.org



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Ribeiro AF, Russo A, Gouveia CM, Pascoa P, Zscheischler J. Risk of crop failure due to
compound dry and hot extremes estimated with nested copulas. Biogeosciences Discussions.
2020 Apr 1;2020:1-21.

Khan AH, Ma Y, Wu Y, Akbar A, Shaban M, Ullah A, Deng J, Khan AS, Chi H, Zhu L, Zhang
X. High-temperature stress suppresses allene oxide cyclase 2 and causes male sterility in cotton
by disrupting jasmonic acid signaling. The Crop Journal. 2023 Feb 1;11(1):33-45.

Jansma SY, Sergeeva LI, Tikunov YM, Kohlen W, Ligterink W, Rieu I. Low salicylic acid level
improves pollen development under long-term mild heat conditions in tomato. Frontiers in plant
science. 2022 Apr 11;13:828743.

Xu'Y, Chu C, Yao S. The impact of high-temperature stress on rice: Challenges and solutions.
The Crop Journal. 2021 Oct 1;9(5):963-76.

Agnolucci P, Rapti C, Alexander P, De Lipsis V, Holland RA, Eigenbrod F, Ekins P. Impacts of
rising temperatures and farm management practices on global yields of 18 crops. Nature Food.
2020 Sep;1(9):562-71.

Ahmad M, Waraich EA, Tanveer A, Anwar-ul-Hag M. Foliar applied thiourea improved
physiological traits and yield of camelina and canola under normal and heat stress conditions.
Journal of Soil Science and Plant Nutrition. 2021 Jun;21(2):1666-78.

Khan AH, Min L, Ma Y, Zeeshan M, Jin S, Zhang X. High-temperature stress in crops: male
sterility, yield loss and potential remedy approaches. Plant Biotechnology Journal. 2023
Apr;21(4):680-97.

Smykal P, Nelson MN, Berger JD, Von Wettberg EJ. The impact of genetic changes during crop
domestication. Agronomy. 2018 Jul 14;8(7):119.

Foyer CH, Lam HM, Nguyen HT, Siddique KH, Varshney RK, Colmer TD, Cowling W,
Bramley H, Mori TA, Hodgson JM, Cooper JW. Neglecting legumes has compromised human
health and sustainable food production. Nature Plants,2016; 2 (8), 16112.

Zhou R, Jiang F, Niu L, Song X, Yu L, Yang Y, Wu Z. Increase crop resilience to heat stress
using omic strategies. Frontiers in Plant Science. 2022 May 17;13:891861.

Bhupenchandra I, Chongtham SK, Devi EL, Choudhary AK, Salam MD, Sahoo MR, Bhutia TL,
Devi SH, Thounaojam AS, Behera C, MN H. Role of biostimulants in mitigating the effects of
climate change on crop performance. Frontiers in Plant Science. 2022 Oct 21;13:967665.

Seneviratne, S. I., Zhang, X., Adnan, M., Badi, W., Dereczynski, C., Luca, A. D., ... & Allan, R.
(2021). Weather and climate extreme events in a changing climate.

Ramakrishnan B, Maddela NR, Venkateswarlu K, Megharaj M. Organic farming: Does it
contribute to contaminant-free produce and ensure food safety?. Science of The Total
Environment. 2021 May 15;769:145079.

Zulfigar F, Navarro M, Ashraf M, Akram NA, Munné-Bosch S. Nanofertilizer use for
sustainable agriculture: Advantages and limitations. Plant science. 2019 Dec 1;289:110270.

Kah M, Tufenkji N, White JC. Nano-enabled strategies to enhance crop nutrition and protection.
Nature nanotechnology. 2019 Jun;14(6):532-40.

90 | INNOVATIVE: INTERNATIONAL MULTI-DISCIPLINARY JOURNAL OF APPLIED TECHNOLOGY www.multijournals.org



39.

40.

41.
42.

43.

44,
45,

46.

47.

48.

49,

50.

Backer R, Rokem JS, llangumaran G, Lamont J, Praslickova D, Ricci E, Subramanian S, Smith
DL. Plant growth-promoting rhizobacteria: context, mechanisms of action, and roadmap to
commercialization of biostimulants for sustainable agriculture. Frontiers in plant science. 2018
Oct 23;9:1473.

Mohamed MF, Thalooth AT, Elewa TA, Ahmed AG. Yield and nutrient status of wheat plants
(Triticum aestivum) as affected by sludge, compost, and biofertilizers under newly reclaimed
soil. Bulletin of the National Research Centre. 2019 Dec;43:1-6.

Rouphael Y, Colla G. Biostimulants in agriculture. Frontiers in plant science. 2020 Feb 4;11:40.

Marmiroli M, Caldara M, Pantalone S, Malcevschi A, Maestri E, Keller AA, Marmiroli N.
Building a risk matrix for the safety assessment of wood derived biochars. Science of the Total
Environment. 2022 Sep 15;839:156265.

Graziano S, Caldara M, Gulli M, Bevivino A, Maestri E, Marmiroli N. A metagenomic and
gene expression analysis in wheat (T. durum) and maize (Z. mays) biofertilized with PGPM and
biochar. International Journal of Molecular Sciences. 2022 Sep 8;23(18):10376.

Rehm J. Green revolution’crops bred to slash fertilizer use. Nature. 2018 Aug;10.

Janni M, Gulli M, Maestri E, Marmiroli M, Valliyodan B, Nguyen HT, Marmiroli N. Molecular
and genetic bases of heat stress responses in crop plants and breeding for increased resilience
and productivity. Journal of experimental botany. 2020 Jun 26;71(13):3780-802.

Varshney RK, Terauchi R, McCouch SR. Harvesting the promising fruits of genomics: applying
genome sequencing technologies to crop breeding. PLoS biology. 2014 Jun 10;12(6):e1001883.

Comastri A, Janni M, Simmonds J, Uauy C, Pignone D, Nguyen HT, Marmiroli N. Heat in
wheat: exploit reverse genetic techniques to discover new alleles within the Triticum durum
sHsp26 family. Frontiers in Plant Science. 2018 Sep 19;9:1337.

Bohra A, Kilian B, Sivasankar S, Caccamo M, Mba C, McCouch SR, Varshney RK. Reap the
crop wild relatives for breeding future crops. Trends in Biotechnology. 2022 Apr 1;40(4):412-
3L

Mahmood U, Li X, Fan Y, Chang W, Niu Y, Li J, Qu C, Lu K. Multi-omics revolution to
promote plant breeding efficiency. Frontiers in Plant Science. 2022 Dec 8;13:1062952.

Campbell BM, Vermeulen SJ, Aggarwal PK, Corner-Dolloff C, Girvetz E, Loboguerrero AM,
Ramirez- Villegas J, Rosenstock T, Sebastian L, Thornton PK, Wollenberg E. Reducing risks to
food security from climate change. Global food security. 2016 Dec 1;11:34-43.

91 | INNOVATIVE: INTERNATIONAL MULTI-DISCIPLINARY JOURNAL OF APPLIED TECHNOLOGY www.multijournals.org



