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1. INTRODUCTION

Over the past few years, the food chain has grown and changed
quickly. Also, it has become easier to get refined, high-fat foods. This is
primarily because of improvements in industrial processing and the
ability to move goods over long distances (Albuquerque et al. 2022).
Because of this, people eat less local and seasonal foods, especially those
high in fiber, and more heavily processed foods high in refined starch,
sugar, saturated fat, and salt (Monteiro et al. 2019; Albuquerque et al.
2022). As food production practices intensify, people in high-income
countries are eating more high-calorie, animal-based foods. This is
worsening the environment and using natural resources faster (Swinburn
et al. 2011; Westhoek et al. 2014). By 2050, the world’s population is
expected to double, which raises serious concerns about food security.
Even though much food is made for the world’s population, serious and
harmful nutritional deficiencies exist worldwide. Certain parts of the
world are starting to see high rates of obesity, overeating, and nutritional
deficiencies caused by diseases that can’t be spread from person to
person. On the other hand, in some areas, the number of people without
enough food is increasing, which could lead to big problems (Clapp
2018; Rahut et al. 2022). Many people worldwide suffer from ‘hidden
hunger’, a type of nutritional deficiency that keeps them from living a
healthy life because they don’t get enough micronutrients (von Grebmer
et al. 2014; Temba et al. 2016). People think a sustainable diet is a
meaningful way to make the world’s food system healthier. This could
be one of people's most important and urgent problems (Springmann et
al. 2018; Willett et al. 2019; Portner et al. 2023).

Beans are known for feeding more than 300 million people and
being important to agricultural economies worldwide (Uebersax et al.
2023). Beans are legumes that are generally consumed dried but are also
consumed fresh in small amounts in their shells (Rawal and Navarro
2019). The amount of dry beans grown has gone up by about 60% since
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the early 1990s, and the amount of land used to produce them has gone
up by 36% in the same time (Rawal and Navarro 2019; Uebersax et al.
2023). Asiais the world’s largest producer of dry beans, making up about
43% of the total. Next, the Americas comprise about 29% of the total,
and Africa constitutes 26% (Uebersax et al. 2023). All common plants
grown on different continents have a long history of breeding and
evolution. They can be traced back to wild plants like Phaseolus vulgaris
var. aborgines and Phaseolus vulgaris var. mexicanus, native to the
Americas (Rodifio and Drevon 2004). Beans are a valuable global
resource for biodiversity because they have landraces grown in different
ways in different cultures, which adds to genetic diversity (Uebersax et
al. 2023). In this book chapter, information is given about the bean plant's
biochemical, physiological, morphological, and molecular response
mechanisms under biotic and abiotic stress conditions.

2. ABIOTIC STRESSES in COMMON BEAN
2.1. Drought Stress

Drought stress has become a significant problem in recent years,
significantly affecting the global food supply (Budak et al. 2013).
Legume-producing regions worldwide, such as common beans,
experience moderate to severe drought conditions. It is thought that
drought stress caused by drier weather conditions following climate
change will increasingly affect bean production (Mohammed and Feleke
2022). It is predicted that drought will be a significant problem in the
coming years, and crops may experience prolonged and severe drought.
However, increasing drought tolerance in bean varieties can significantly
increase production levels and yields (Broughton et al. 2003; Ghanbar1
et al. 2013; Asfaw et al. 2014). Research indicates that bean yields
experiencing drought stress during the flowering and post-flowering
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stages are diminished by 60-99% (Manjeru et al. 2007; Ambachew et al.
2015). Drought stress can often lead to reduced osmotic pressure and
storage of water potential in the plant’s capacity. This condition mainly
causes oxidative stress and cellular damage, affecting photosynthesis,
carbon fixation, and primary metabolism. As a result, crop yields and
survival rates decrease significantly. Current breeding efforts
concentrate on identifying physiological markers that correlate with
enhanced phenotypic traits in plants subjected to drought conditions
(Lizana et al. 2006; Mladenov et al. 2023).

Drought stress significantly affects hormones, the movement of
stored substances, and the structure of proteins. This, in turn, makes it
harder for seeds to germinate and plants to grow (Basal et al. 2020).
When plants are stressed by drought, reactive oxygen species (ROS)
build up in their cells. This buildup causes oxidative damage, which can
change the shape of proteins and break down cell membranes (Bahadur
et al. 2019). This process can severely disrupt the structural integrity of
membranes, proteins, and DNA (Qari et al. 2022; Rehman et al. 2022).
Working on making plants more drought-resistant in safe and cost-
effective ways is very important. There are now many ways to deal with
the problems that drought stress causes, such as utilizing superabsorbent
moisture, adding mycorrhizal fungi, applying nanoparticles, and
breeding plants that can handle drought (Fadiji et al. 2022).

Mycorrhizal fungi play an important role in the ecosystems as they
can colonize the roots of approximately 80% of plant species. This
partnership has several benefits, such as better plant growth, more
nutrients, stronger roots, more flowers, and more resistance to stress
(Pozo et al. 2015). More research on common bean and other legumes
shows that mycorrhizal symbiosis is important in making plants more
resistant to drought (Recchia et al. 2018; Hashem et al. 2019).
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Nanofertilizer is an important part of farming that has caught the
attention of both soil and environmental scientists. It can boost crop
yields, make soil more fertile, reduce pollution, and improve the
environment for microorganisms (Ahmadian et al. 2021). Utilizing
chemical fertilizers can be very expensive for farmers and bad for
people’s health and the environment. So, nanofertilizers might help
plants deal with abiotic stress better (Astaneh et al. 2021; Marquez-Prieto
et al. 2022; Salama et al. 2022).

Seed priming is an effective and cost-efficient method that
enhances drought stress tolerance by facilitating better seed germination
(Sadeghipour et a. 2018; Marthandan et al. 2020). When hydrogen
peroxide (H202) is in low concentrations, it acts as a secondary
messenger and helps plants deal with stress (You and Chan 2015; Farooq
et al. 2017).

Gene activation and regulation of gene expression control the
many changes in shape, function, and chemistry that happen when there
is a drought. MYB, WRKY, DREB, and NAC are transcription factors that
are very important in shaping these responses (Recchia et al. 2013; Wu
et al. 2016; Wu et al. 2017; Loépez et al. 2020). In general,
osmoprotection means coordinating the transcription of genes, which is
important for controlling hormones and stomata (Liu et al. 2020).

Aquaporins (AQPs) are a group of genes that are very important
because aquaporin proteins help move water across cell membranes. In
drought-stressed beans, higher expression levels of AQP genes in the
roots and leaves have been shown to help the plants hold onto water and
lose less water through transpiration (Aroca and Ruiz-Lozano 2012;
Zupin et al. 2017). The results show how important aquaporins are in
keeping cells hydrated, especially when there isn’t much water.
Researchers also found important proteins for taking in and moving
water and ions. These include aquaporins, RING-type E3 ubiquitin
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transferases, and antioxidant enzymes such as glutathione S-transferase
(GSTs) and Cytochrome P450 (CYPs), and thioredoxins (TRX) (Ponce
et al. 2024).

2.2. Salinity Stress

Salt stress is the second most important abiotic stress after drought
stress. It greatly affects how well crops grow (Mosa et al. 2017). Soil
salinity is caused by high salt levels in the soil, which can impair crop
growth and even kill plants. Salt buildup in farm soil can change how
plants work in many ways. Soil salinity can affect everything from seed
germination to growth, flowering, and fruit set. This can then affect
productivity (Mbarki et al. 2020).

Biostimulants, nature’s subtle but powerful helpers, are essential
to modern farming, especially when reducing salt stress's destructive
effects on legumes. These resources encompass diverse substances,
including compounds from biological origins, seaweed extracts, humic
acids, and microbial inoculants. Each has biochemical properties that
help plants grow, develop, and fight off disease (Johnson et al. 2024).
Biostimulants are crucial in managing osmotic imbalance, ion toxicity,
and oxidative damage from salt stress in plants. Their participation in
osmotic regulation is vital because they regulate the accumulation of
compatible solutes such as proline and glycine betaine. For example,
these solutes are essential for maintaining cellular turgor and facilitating
water uptake in mung bean (Kumawat et al. 2021). Biostimulants also
make the plant’s antioxidant defenses stronger, which helps it fight off
reactive oxygen species. This neutralization stops oxidative damage to
cell structures (Hasanuzzaman et al. 2021). When legumes are under
stress, they use biostimulants to improve their relationship with nitrogen-
fixing root bacteria. This support helps with nodulation, fixes nitrogen,
and helps plants absorb nutrients (Dubey et al. 2020). Biostimulants
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work in complex ways to boost the plant’s natural defense systems,
which makes it better able to handle and adapt to salt stress.

Microbial biostimulants, like nitrogen-fixing bacteria (NFB), are
essential for controlling the levels of ethylene, cytokinin, ABA (abscisic
acid), and GA (gibberellic acid). These levels help maintain many
physiological activities (Sofy et al. 2021). Recent studies indicate that
NFB may enhance the activity of ROS-scavenging enzymes, such as
catalase (CAT), superoxide dismutase (SOD), and peroxidases (POD).
This rise strengthens the faba bean’s antioxidant defense system (Hafez
etal. 2021).

The presence of varying salt concentrations has led to reduced
growth in legumes. Salt stress negatively affects nodulation in legume
plants by disrupting initial symbiotic interactions. Legume plants co-
inoculated with bacterial biostimulant strains of Rhizobium and
Pseudomonas exhibited a reduction in salt stress, which in turn increased
colonization of root tips (Egamberdieva et al. 2013). Plant growth-
promoting bacterial biostimulants bind to legume roots and promote root
elongation by reducing ethylene levels. (Shaharoona et al. 2006).
Another study highlighted the role of the plant growth-promoting
bacterial biostimulant Bacillus cereus, known for its production of ACC-
deaminase, siderophores, and TAA (indole-3-acetic acid), and its ability
to solubilize phosphate. This biostimulant has reduced high ethylene
levels under salinity stress conditions (Kothari and Manuel 2015).
Developing salt-tolerant symbiosis is essential to enhance crop growth
in saline soils. Inoculation of soybean plants with plant growth-
promoting bacterial biostimulants, particularly Bradyrhizobium
Jjaponicum strains, has been observed to enhance plant growth,
photosynthesis, and nutrient uptake, particularly under salt stress
conditions (Han and Lee 2005).
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2.3. Molecular Mechanisms Developed Against Stress in Beans

Plants possess sophisticated response mechanisms against
pathogens. These response mechanisms are closely linked to the
evolution of the centuries-long plant-pathogen association. Key
molecular responses include the production of phenolic compounds,
changes in peroxidase metabolism, Type III secretion, blockage of
vascular tissues, lignin production, and the restriction of pathogen-
infected tissues, as well as mechanisms such as apoptosis. Phenolic
compounds are the names given to certain compounds that are produced
primarily as secondary metabolites in plants. Phenolic compounds
rapidly increase at the tissue level during pathogen spread. Similarly,
peroxidase enzymes can also play a role in polymerization, promoting
cell wall thickening. Bacterial and viral infections, particularly, activate
plants’ Type III secretion system. This secretion system also causes
hormonal changes, activating plant defense systems. Oligomers called
NOD-like receptors (NLRs) have been identified in some bean
genotypes. It has been determined that these receptors, upon recognition
of the infectious agent, activate the caspases responsible for infection,
causing a hypersensitive response (HR) (Franchi et al. 2009). As a result
of this hypersensitive response, necrotic lesions, senescence, and even
apoptosis can occur in plant leaves.

In addition to all this, plant infection elicits several tissue-level
responses. These responses are generally observed in the leaves and
stems. However, if the plant fails in this control, these responses can also
be seen in the roots and flowers. The most obvious examples of tissue-
level responses include the plant limiting the spread of the pathogen by
killing the infected area through programmed cell death and deliberately
blocking the vascular tissues, preventing the pathogen from spreading
into the plant through interstitial fluids. These are accompanied by the
detachment of the entire leaf from the plant, a phenomenon particularly
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seen in fungal infections. In fact, increasing peroxide levels following
Type 1III secretion cause immediate tissue-level responses.
Concomitantly, increases in salicylic acid levels have been recorded
(Duncan et al. 2011; Chen et al. 2021). This activates MAPK signaling
pathways, and the plant attempts to interrupt the pathogen’s interaction
with its nutrient sources and environment.

In addition, Makhumbila et al. (2025) investigated the responses to
bean rust using a resistant (Teebus-RR-1) and a susceptible (Golden Gate
Wax) bean cultivar. A total of 3175 differentially expressed genes
(DEGs) were identified in this study. The resistant cultivar (Teebus-RR-
1) contained 88% of these genes (2806), while the susceptible cultivar
contained only 369 DEGs. In plants, early and late responses were
obtained through RNA-seq analyses performed on days 14 and 21. The
studies revealed that heat shock proteins, receptor-like kinases (CRK29),
cytochrome P450 enzymes, and terpene synthesis enzymes were
activated in the early stage, initiating defense. In the late stage (day 21),
a stronger stress response and enhanced photosynthetic cultivar were
observed, while increased secondary metabolite levels and activation of
general defense pathways were observed in the susceptible cultivar.
However, insufficient defense success was noted in susceptible cultivars.
This study revealed that the defense proteins of RPS2, CARI, and
DM2H are associated with this disease. Its agriculturally significant
contribution is the discovery of new biomarkers using RNA-seq for
marker-assisted breeding. The primary contribution of such studies is the
development of durable resistance to specific diseases (Makhumbila et
al. 2025).

Specific transcription factors, such as MYB, bZIP, bHLH, WRKY,
NAC, ERF, and DREB, have been shown to function as key regulators
of signal transduction pathways in plant drought tolerance (Singh et al.
2015). Furthermore, various functional proteins, such as aquaporin (Wu
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et al. 2022), late embryogenesis abundant (LEA) proteins (Jia et al.
2022), and heat shock proteins (ALH) (Zhou et al. 2016), have also
attracted attention. New research suggests that ncRNAs and protein-
coding RNAs may play important regulatory roles in plant responses to
drought stress (Gelaw and Sanan-Mishra 2021; Thanmalagan et al.
2022). Earlier research has demonstrated that miR159, miR160, miR167,
miR169, and miR393 influence the drought resistance of tomatoes by
regulating hormone signaling, stomatal closure, and auxin-responsive
genes (Rao et al. 2020; Zhou et al. 2020b). In common bean (Phaseolus
vulgaris), legume-specific miR1514a, miR2119, and a conserved
miR2118 were upregulated with a concomitant decrease of their targets,
such as superoxide dismutase (MnSOD) and cysteine protease, ADHI1,
and APS reductase, respectively (Arenas-Huertero et al. 2009; Chatterjee
et al. 2025).

Recent improvements in high-throughput methods for analyzing
gene expression profiles have made it easier to understand how plants
react to abiotic and biotic stressors (Qing et al. 2009; Xu et al. 2013).
There has been a notable increase in research employing RNA
sequencing data and expression profiling in model plants and essential
crops to identify the genes involved in stress responses (Ge et al. 2010;
Postnikova et al. 2013). Next-generation RNA sequencing analyses will
use continuously generated reference genome sequences for different
legume species to help find and clone stress tolerance genes and make
new varieties with better tolerance mechanisms (Schmutz et al. 2010;
Young et al. 2011; Goodstein et al. 2012; Varshney et al. 2013).
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2.4. Heavy Metal Stress

Heavy metals (HMs) are used for metals with a specific gravity
greater than 5 g/cm® (Jirup 2003; Bothe 2011). HMs are among the most
dangerous and polluting elements for all living organisms. Excessive
accumulation of HMs such as cadmium (Cd), lead (Pb), and mercury
(Hg) causes permanent damage to plants. In response, plants try to show
tolerance by providing intracellular and extracellular sequestration
(Kosakivska et al. 2021). HM stress is one of the most damaging abiotic
factors affecting plant quality and yield, resulting in death. Adverse
effects such as oxidative stress, damage to cell membrane permeability,
and disruption of the photosynthetic mechanism may occur due to
increased production of reactive oxygen radicals in plants exposed to
HMs (Feng et al. 2021). HMs are released into soil as a result of natural
processes or industrial activities, excessive fertilization, use of
wastewater for irrigation, and other anthropogenic activities and cause
adverse effects on plants due to their solubility in water and lack of
biodegradability (Basding and Cirka 2021; Khatun et al. 2022; Kiran et
al. 2022; Sharma et al. 2022).

P. vulgaris is one of the primary food sources preferred for good
nutrition due to its high fiber, protein, and low-fat content (He et al.
2018). However, it has been observed that P. vulgaris metabolizes HMs
and negatively affects plant growth stages, disrupting growth and
development processes (Celik and Nadaroglu 2018; Silva-Gigante et al.
2023). It has been found that HMs inhibit water and element uptake and
nitrogenase activity in beans and reduce the number of nodules by
disrupting the nodule structure (Hammami et al. 2022).

Changes such as chlorophyll content, enzyme production, growth
and development rate, and leaf and root area are examined as indicators
of plant responses to HM stress (Farid et al. 2013). HMs are transported
into plants via roots, and heavy metal concentrations in roots are often
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higher than in shoots (Matkowski et al. 2019). As a result of Cd and Pb
treatment, heavy metal content in P. vulgaris roots was higher than in
other plant organs (Cannata et al. 2015). Copper (Cu) and zinc (Zn)
treatments also resulted in greater accumulation of heavy metals in P.
vulgaris roots than in shoots (Urwat et al. 2021; Younis et al. 2018a). As
a result, when the morphological effects of HMs are examined, more
damaging effects occur on the roots. In common bean treated with 200
mg/kg Cd, a decrease of 53.07% and 54.35% in root fresh and dry
weights, respectively, occurred compared to the control, and this
decrease was found to have the highest reduction rate compared to other
parts of the plant (Dadasoglu et al. 2022). Cd, which enters plants
through carriers such as Ca**, Fe*", Mn?", and Zn?", negatively affects
plant development (Verbruggen et al. 2009; Liu et al. 2025). More Cd
accumulation occurred in P. vulgaris roots exposed to Cd stress
compared to shoots (Bahmani et al. 2020). Similarly, increasing Cd
doses decreased leaf number and leaf area (Yildirim et al. 2023). When
examining plant physiological responses to HMs, one of the critical
indicators is photosynthetic performance (Chen et al. 2019). It is known
that Fe (IIT) reductase is inhibited in plants exposed to Cd, and Fe (II)
deficiency occurs, causing photosynthesis to be negatively affected
(Alcantara et al. 1994). The decrease in photosynthetic pigment contents
in P. vulgaris under Cd stress at 0.25 pM, 0.5 uM, and one puM
concentrations also occurred as a result of these effects (Beatriz
Gutiérrez-Martinez et al. 2024). Another effect is that HMs affect water
intake, causing water imbalance (AbdElgawad et al. 2020). It was
observed that the water content decreased as the application dose
increased in common beans exposed to Pb stress (Kul et al. 2019). In
addition, HMs disrupt protein homeostasis by interfering with protein
folding processes and lead to loss of cell viability (Hasan et al. 2017).
While the arsenate [As (V): AsO;~] form enters plants with the help of
phosphate carriers, it disrupts phosphate metabolism, the As (III) form
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binds to sulfhydryl groups and causes degradation of the protein structure
(Su et al. 2010; Silva-Gigante et al. 2023). It was determined that the
soluble protein content in P. vulgaris decreased after 2 and 5 mg As
application compared to the control group (Stoeva et al. 2005). Similarly,
it was determined that the total protein content in P. vulgaris exposed to
Pb stress for 1 week decreased due to increasing heavy metal
concentration (Hamid et al. 2010). One of the biochemical responses that
plants give when exposed to HM stress is lipid peroxidation (MDA) due
to membrane damage. It was determined that MDA content in P. vulgaris
under Cu and Cd stresses increased as a response to HM (Younis et al.
2018b). Another biochemical change is the production of reactive
oxygen species (ROS). Enzymatic antioxidants such as SOD, POD,
CAT, APX, DHAR, and MDHAR, as well as non-enzymatic
antioxidants such as ASA, GSH, carotenoids, and tocopherols, are
involved in the detoxification of these ROS (Arif et al. 2016; Raza et al.
2021). Both enzymatic and non-enzymatic antioxidants increased P.
vulgaris growth with wastewater and exposed to heavy metals such as
Cd, Co, Ni, and Pb (Nowwar et al. 2023).

Phytohormones such as abscisic acid (ABA) and indole acetic acid
(IAA) act as signal molecules in the removal of ROS and trigger the
production of antioxidant enzyme system elements (Emamverdian et al.
2020). In common bean under Cd stress, the expression of ABA §'-
hydroxylase and IAA genes, which regulate ABA degradation, increased
due to stress (Ekinci et al. 2023). In addition, plants can control events
such as the uptake and detoxification of HMs by regulating gene
expression through transcription factors such as heat shock protein
(HSF) and basic leucine zipper (bZIP) (Li et al. 2022b). It was
determined that the expression of HSF gene family members changed
due to Cd and Hg treatment, and the expression of bZIP gene family
members changed due to Zn treatment (Astudillo et al. 2013; Zhang et
al. 2022). In addition, transporters such as natural resistance-associated
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macrophage protein (NRAMP) in HM transport are one of the critical
genes responsible for the accumulation of HMs in plants (Kanwal et al.
2024). The increase in NRAMP gene expression after 300 uM Zn
treatment in common bean confirms that it plays a role in this transport
(Urwat et al. 2021). Moreover, microRNAs (miRNAs) and their targets
that regulate gene expression in plant tolerance to HM stress should not
be ignored (Noman and Aqeel 2017). It was found that overexpressed
miR1511 in aluminum (Al) treated common bean suppressed its target,
aluminum-responsive 3 protein (ALS3). As a result, the plant became
more sensitive to Al stress (Angel Martin-Rodriguez et al. 2021). These
results indicate that the plant tries to gain tolerance to stress by regulating
gene expressions for resistance to HM stress.

Various strategies have been developed to mitigate the damaging
effects of HM on plants. One of these strategies is using exogenous
applications of phytohormones (Saini et al. 2021). One of these
phytohormones is gibberellic acid (GA3). GA3 applied exogenously to
common beans under Cd and Pb stress was found to have a healing effect
by reducing HM toxicity (Dilek Tepe 2022). Exogenous application of
salicylic acid (SA), another phytohormone, increased antioxidant and
proline activities in common bean under Cd, Ni, and Pb stress (Hediji et
al. 2021; Khalil et al. 2021). Similar effects were observed after applying
jasmonic acid (JA) (Hashem and El-Sherif 2019). Another strategy is
using polyamines as antioxidant enzyme activators (Malik et al. 2022).
Exogenous application of spermine, a polyamine used to alleviate the
adverse effects of As (III) and As (V) forms on common bean, increased
the expression of antioxidant enzyme activity and zinc finger protein-
related genes involved in stress responses (Shah et al. 2022). Another
strategy is nanoparticles (NPs), which are preferred due to their ability
to penetrate a large area of plants and their contribution to ROS
scavenging and plant growth and development stages (Zhou et al. 2020a;
Faizan et al. 2023). For this purpose, biological silicon NPs used for
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common beans in HM soil were found to affect protecting plant health
against stress by increasing antioxidant enzyme activity (El-Saadony et
al. 2021). Similarly, iron oxide NP (IONP), zinc oxide NP (ZnO NP),
and copper oxide NP (CuO NP) applications also increased the stress
tolerance of common bean under Cd stress (Hidouri et al. 2022; Koleva
et al. 2022).

HMs are one of the abiotic stress factors that negatively affect
common bean development and yield. HMs such as As, Cd, Ni, and Pb,
which mix with the soil through anthropogenic and non-anthropogenic
means, enter the plant through the roots and cause permanent damage to
the morphological and physiological systems. Plants try to provide
tolerance to stress by responding to these damages through various
defense mechanisms. This tolerance is achieved through antioxidant
enzyme systems, the synthesis of metal transporters, and their regulation
by compounds such as phytohormones, transcription factors, and
miRNA. The elucidation of HM stress responses and tolerant
mechanisms of common beans will facilitate the selection of varieties
that are resistant to this stress. In addition to the plant’s own tolerance,
exogenous phytohormone, polyamine, and nanoparticle applications are
also used to help the plant’s tolerance. Different applications applied to
common beans and the determination of the underlying mechanism of
these applications will contribute to the development of common bean
varieties resistant to HM stress in the future.

2.5. Cold and Heat Stress

Due to extreme weather events and global climate change, plants
are increasingly exposed to temperature changes. This causes
temperature stress, which includes both cold and heat stress. From a food
security perspective, heat stress reduces plant production and impacts
crop yields. Furthermore, temperature changes negatively impact the
distribution of plants worldwide (Ding and Yang 2022).
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Heat stress is categorized into three classes based on stressors:
high, chilling, and freezing temperatures. High heat stress refers to
temperatures above 27°C. Chilling temperatures are between 0°C and
15°C, and freezing temperatures are below 0°C. Because temperature is
a physical signal, it is quickly sensed by the nucleus or cell membrane in
the plant cell. Plants respond soon to heat stress by developing molecular
strategies such as proteins, metabolites, antioxidants, membrane lipids,
and regulatory factors (Kai and Iba 2014; Ding and Yang 2022; Yang et
al. 2023). On the other hand, cold stress can inhibit growth because it
affects enzyme activity (Zhang et al. 2020). In addition, plants inhibit
photosynthesis, and cell membranes undergo lipid peroxidation (Ali et
al. 2025; Cheng et al. 2025). Therefore, elucidating the molecular
mechanisms that play a role in plant adaptation to heat and cold stress is
essential and helps agricultural production.

Recently, attempts have been made to elucidate the molecular
mechanisms underlying heat stress. When plants perceive heat stress,
heat-responsive genes are activated, and these genes are regulated at both
the transcriptional and post-transcriptional levels. Expression of cold-
responsive (COR) and heat-responsive genes is activated by
transcriptional factors such as CBF/DREB1 (C-repeat binding
factor/Dehydration responsive element binding 1) and HsfAl (heat
shock factor Al), respectively (Li et al. 2022a; Wang et al. 2022).

Cold and heat signal perception occurs through Ca?>" and ROS
signals and regulation of gene expression, protein activities, and protein
homeostasis (Wang et al. 2022). The cell membrane is the first line of
defense against heat stress. Another important organelle is the nucleus
(Ding et al. 2019). Both cold and heat stresses can cause changes in the
fluidity of cellular phospholipid membranes (Dutta et al. 2025; Su et al.
2025). This change is sensed by channels, various transporters, and
integral membrane proteins such as membrane-anchored receptor-like
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kinases (RLKs). Heat stress is sensed by molecular chaperones (Zhu
2016). Histidine kinases such as Ethylene Response 1 (ETRI),
Arabidopsis Histidine Kinase 2 (AHK?2), and AHK3 are associated with
cold stress (Nongpiur et al. 2012; Zhang et al. 2025).

Various ion channels are located in the plasma membrane as heat
sensors. COLD1 (Chilling-tolerance divergence 1), a protein located in
the plasma membrane and endoplasmic reticulum in plants, forms a
complex with RGA1 (G-protein a-subunit 1) in the plasma membrane,
which promotes Ca’* entry into the cell for cold sensing in rice (Zhu
2016). The role of COD1 in heat stress, however, is not fully elucidated
(Ding and Yang 2022).

Several nuclear proteins, such as UVR (UV resistance locus 8),
PHOTS (phototropins), CRYs (cryptochromes), and phytochromes
(photoreceptors), along with members of the ZEITLUPE family (ZTL,
FKF1, and LKP2), play essential roles in heat sensing. These proteins
are responsible for the reception of UV-A, UV-B, red, and blue light
(Bian et al. 2022). phyB, a thermosensor, is found in the cytosol and
nucleus. Depending on temperature, phyB transitions from an active to
an inactive state. phyB releases the inhibition of the transcription factor
PIF4 (phytochrome-interacting factor 4). High ambient temperatures
cause thermomorphogenesis, which leads to rapid plant growth and
morphological changes (Fan et al. 2025). Similarly, phyB increases plant
freezing tolerance through the PIF3-CBF interaction (Das et al. 2025; Xu
et al. 2025). PIF1, PIF4, and PIF5, negative regulators of cold stress, are
degraded by phyB, which is stabilized by cold treatment. Thus, plants
improve their tolerance to cold (Bian et al. 2022). UVRS responds to cold
stress by converting from an inactive dimer to an active monomer,
contrary to UV-B, resulting in a decreased themomorphogenic response
(Hwang et al. 2025).
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Low and high temperature stresses are important abiotic stresses
for bean plants (Srivastava et al. 2015; Vargas et al. 2021). Studies on
beans under heat stress were evaluated with molecular, biochemical,
morphological, and physiological parameters. In their study
investigating the effect of cold stress occurring during the flowering
period on reproduction, Gobatto et al. (2025) determined that cold stress
had an adverse impact on yield components by extending the growth
cycle of bean genotypes in the field and caused a decrease in yield. Also,
low superoxide dismutase enzyme activity was reported to be associated
with greater cold tolerance. On the other hand, in a study in which both
transcriptomic and metabolomic methods determined the effects of cold
stress on common bean, it was defined that the genes induced under
chilling stress were involved in lipid, amino acid, and flavonoid
metabolisms. Malondialdehyde (MDA) content, amino acid
concentration, methionine accumulation, and flavonoid content differed
between cold-tolerant and susceptible genotypes. It was also suggested
that flavonoids, MDA, and methionine could be biomarkers for plant
chilling injury. According to the transcriptomic analysis of hormone
metabolism, it has been determined that the expression levels of genes
responsible for gibberellin (GA), abscisic acid (ABA), and jasmonic acid
(JA) synthesis differ among genotypes during chilling stress (Yang et al.
2023). A study investigating the effects of exogenous acetylsalicylic acid
(ASA) on cold stress found that ASA treatment positively improved
physiological and biochemical parameters such as carotenoid
concentrations, total soluble proteins, electrical conductivity,
photosynthesis, antioxidant enzyme activity, and malondialdehyde. A
positive correlation was identified between antioxidant enzymes and
photosynthetic activity. Additionally, it was reported that expression
levels of antioxidant genes such as APXI, PODI, and SODC, and
photosynthesis genes such as RbcSI, PsbS, and POR were increased,
suggesting that these genes may be important in reducing cold-induced
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oxidative stress and preserving chloroplast functions (Ali et al. 2025).
Sheikhi Didani and Dumlupinar (2022) also investigated the effects of
progesterone (Pro), B-estradiol (ES), abscisic acid (ABA), and salicylic
acid (SA) treatments on cold stress in bean seedlings. Antioxidant and
nitrate assimilation enzyme activities, plant growth, chlorophyll, MDA,
and hydrogen peroxide measurements were taken. According to the
study results, plant growth decreased under cold stress, while MDA and
H202 contents increased. Compared to the control, cold stress decreased
nitrate reductase, nitrite reductase, and glutamate synthase enzyme
activities, while they increased in Pro, ES, ABA, and SA treatments.

Kabay and Sensoy (2017) explored the effects of high temperature
stress on tolerant and susceptible genotypes during five different growth
stages. Biochemical, physiological, and elemental analyses were
conducted in the study. Among the parameters examined, chlorophyll A,
B, and A-B decreased compared to the control group in the treated and
susceptible genotypes on the days examined. Except for MDA and APX
enzymes, levels of CAT and SOD enzymes consistently increased across
the treatment groups. While K and Ca levels in roots and shoots
decreased, Na levels increased.

The effects of nitric oxide and trehalose treatment on managing
heat stress in bean plants were explored. The results showed that nitric
oxide and trehalose application improved the examined agronomic traits
(Ahmed 2023). Da Silva et al. (2020) investigated the effects of high
temperature stress on the reproductive biology of bean plants. Significant
effects of high temperature stress were found on parameters such as 100-
seed weight, seed yield, number of viable seeds, total pollen grains,
number of flowers, pod set, and pods. Increasing temperature was found
to decrease all parameters except the percentage of pod set, while it also
caused increases in meiotic irregularities. Vargas et al. (2021)
physiologically and genetically characterized the effects of heat stress on
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the bean RIL population. Yields decreased under non-stress conditions.
Furthermore, heat stress affected many traits throughout the reproductive
phase under field conditions. In susceptible lines, the reproductive phase
was prolonged, and defects that reduced seed filling, seed formation, and
grain quality were detected. Higher yields under heat stress were
associated with earlier flowering, effective seed filling, and high pollen
viability.

3. BIOTIC STRESSES in COMMON BEAN

Biotic stress refers to the difficulties organisms experience due to
their interactions with other living organisms, such as infections, pests,
parasites, and competing organisms. It is known that biotic stress
significantly affects crop yields and food security globally. Biotic stress
causes a variety of physiological, biochemical, and molecular responses
that significantly affect plant growth, development, and productivity.
The mechanisms by which plants respond to biotic stress are complex.
This complexity encompasses the host’s resistance genes, the pathogen’s
virulence factors, and various environmental conditions.

Common bean is one of the most important legumes globally and
a significant source of protein, carbohydrates, and nutrients (Hayat et al.
2014). However, numerous stress factors can affect bean growth and
yield. Viruses, bacteria, and pests can cause severe yield losses. Biotic
stress usually occurs in environments where disease management is poor
and pathogens can proliferate. Plant-stress interactions in common bean
have evolved over centuries, as in other plants. Understanding these
complex dynamics, which result in infection developing in the pathogen
and increased resistance and defense mechanisms in the plant, is very
important for studies and breeding programs to develop resistance in
common bean varieties.
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3.1. Fungal Diseases

Fungal pathogens are widespread worldwide and major biotic
stress factors affect production and yield. These pathogens can seriously
affect the entire plant, from the shoot to the root, and from the seed to
the stem. These organisms, which affect plants throughout the growth
period, can also spread quickly and extensively, possibly affecting a
large portion of the planting area in a short period.

Rust disease caused by Uromyces appendiculatus (Pers.:Pers.)
Unger, an obligate biotrophic fungal pathogen, is one of the most
damaging diseases affecting common beans. It causes significant
worldwide losses in common bean production (Makhumbila et al. 2025).
This pathogen has evolved alongside common beans, allowing it to
overcome specific resistance genes easily. The leaves of infected plants
are covered with distinct rust-colored pustules filled with urediniospores.
This exposes the plant to biotic stress and initiates a different form of
abiotic stress as the spreading disease inhibits light absorption by the
plant’s leaves. This reduces photosynthesis in the plant, causing it to
weaken, become less productive, and in severe cases, die (Bassanezi et
al. 2001; Yahya et al. 2020).

Another disease caused by Colletotrichum lindemuthianum is
anthracnose. It represents the oldest and most extensively studied plant-
pathogen system in plant pathology. This disease and pathogen have
illuminated the molecular interactions between P. vulgaris and C.
lindemuthianum (Nabi et al. 2022). The pathogen forms salmon-colored
spore masses in the presence of moisture in the environment and causes
collapsed lesions on the stem and leaves. Like rust disease, infected
plants showed reduced photosynthetic activity (Bassanezi et al. 2001).
There are a large number of identified isolates of this pathogen
worldwide. This is another important consideration in the development
of resistant varieties/cultivars.
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The white mold disease is a plant disease that mainly strikes plants
in humid and cool weather conditions. The fungus responsible for this
infection is named Sclerotinia sclerotiorum. This necrotrophic pathogen
produces sclerotia, named after itself, which makes disease management
much more challenging. These sclerotia mycelia can persist in the soil
for long planting/cropping seasons. Studies have shown that some
common bean varieties exhibit physiological resistance to S.
sclerotiorum (Robison et al. 2018). This pathogen generally produces
enzymes that lyse the plant cell walls, causing foliage lesions and
damage. It then proceeds to proliferate and grow in these necrotic
lesions.

Fusarium, Rhizoctonia, Pythium, Rhizoctonia, Pythium, and
Phytophthora are widespread, soil-borne root rot pathogens in beans. In
most cases, these fungi can persist in dry soils for extended periods and
usually infect plants in moist or wet soil conditions. In particular,
Pythium species such as P. debaryanum and P. ultimum create significant
difficulties in disease control because of their ability to remain in the soil
for long periods, up to years (Schwartz et al. 2005). An interaction
between waterlogging, an abiotic stress factor, and Pythium infection, a
biotic stress, has been determined. Root rot pathogens often interact with
other stressors and create complex scenarios to manage with a single
approach (Li et al. 2014).

Due to investigations on seed-borne fungal pathogens in P.
vulgaris, many pathogen species responsible for significant damage have
been revealed (Marcenaro and Valkonen 2016; Dell’Olmo et al. 2023).
Many seed-borne fungal species have been identified in bean-growing
areas and fields. Among them are various genera such as Colletotrichum,
Macrophomina, and Alternaria. These pathogens can also remain
dormant in the seed for extended periods. Under optimal conditions, they
become reactivated and infect the plants. This situation may lead to seed
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rot, shoot failure, or infections that may not appear until later in the
growth period. To prevent the transmission of fungal infections, it is
essential to carry out seed-borne fungal pathogen diagnostics
(Dell’Olmo et al. 2023).

3.2. Bacterial Diseases

Common Bacterial Blight (CBB) is the most significant bacterial
disease affecting beans globally. Xanthomonas citri pv. fuscans (Xcf)
and Xanthomonas phaseoli pv. phaseoli (Xpp) species are responsible
for this disease. The disease is characterized by moisture-absorbing,
browning of the leaves, often accompanied by a yellow halo, and usually
results in mortality. Conditions that negatively affect plant growth also
led to the development of the bacterium. As a result, all the leaves are
subjected to blight. This disease can also spread in low doses throughout
the entire plant, affecting pods and seeds, resulting in severe yield losses
(Chen et al. 2021).

CBB can be transmitted through seeds. This brings a critical
challenge for the global seed market. The bacteria remaining dormant in
seeds for long periods can be the primary source of the following
infection. Some Quantitative Trait Locus (QTL) studies have shown the
existence of loci associated with CBB resistance in plants. However,
many different factors are involved in the occurrence of this disease. This
situation makes it challenging to develop resistant plant cultivars
(Duncan et al. 2011). It is possible to manage CBB effectively. However,
this requires multifaceted approaches such as pathogen-free seed, crop
rotation, sterilization, and the development of resistant lines.
Furthermore, to reduce the risk of disease, carefully selecting planting
fields is also essential, as the bacteria can remain in the soil for long
periods.
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3.3. Viral Diseases

One of the essential biotic stress factors affecting P. vulgaris is
viral infections. Viruses generally affect an organism’s yield, and in
plants, they significantly impact growth, development, and yield. The
Bean common mosaic virus (BCMV) is a global viral threat to common
beans. There are no pharmaceutical methods to combat viral infections.
This makes genetic resistance the primary strategy for disease
management (Exposito-Goas et al. 2024).

Symptoms of viral infections in common beans include mosaic
patterns, damaged leaves, dwarfed growth, and low yields. Insects,
machinery, or contaminated seeds can spread viral diseases. This
transmission diversity makes it difficult to combat and control viral
diseases. Combining conventional breeding and modern molecular
biological techniques to develop virus/viral disease-resistant varieties is
the most effective strategy for managing infections (Expdsito-Goas et al.
2024).

3.4. Insecticide Diseases

Insects damage common beans in two main ways. The first is by
feeding directly on the plant, and the second is indirectly transmitting
plant pathogens during feeding or foraging. Sap-sucking whiteflies
(Bemisia tabaci) are an important case study. Feeding by these insects
reduces the vitality of plants, but more importantly, they cause greater
damage by infecting plants with specific pathogens such as Begomovirus
(eg, Bean golden mosaic virus). Regular insecticide applications are not
preferred as they cause the development of resistance in insects and pose
a risk of environmental pollution. Developing resistance to vectors or
viruses through innovative strategies is one of the most important and
powerful steps that can be taken in this regard (Ferreira et al. 2024). Pests
that chew and feed on plant sap activate plant defense mechanisms
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(Jasmonic Acid/Salicylic Acid) and cause responses and changes in
secondary metabolites.

Covering the field border with flowering plants increased the
natural enemies of aphids, thereby protecting bean plants from insects
without using insecticides. This experiment is a highly innovative and
impressive approach to pest management on small farms (Ndakidemi et
al. 2022). The common bean aphid (Acanthoscelides obtectus) is a major
threat to stored grain. Laboratory studies have shown that spinetoram (an
insecticide mixture derived from Saccharopolyspora spinosa) rapidly
kills adult aphids on storage surfaces. However, since the efficacy of this
pesticide varies depending on surface shape, surface structure, and
exposure time, it is crucial to conduct real-world trials and develop
innovative strategies (Saglam et al. 2022).

It 1s essential to develop integrated approaches that use multiple
methods to effectively manage biotic stress-induced diseases in common
bean. Crop rotation, maintaining cleanliness, providing suitable field
conditions, and using sterile seeds are important steps in disease
management and prevention (Schwartz et al. 2005).

Using chemicals such as fungicides and antibacterials is an
effective and quick method for protecting plants in the short term.
However, this can lead to developing resistance in pathogens, so these
applications must be carefully considered (Duncan et al. 2011).
Preventive applications are more effective than therapeutic approaches.
Developing disease-resistant varieties is the most effective approach to
combating biotic stress in common bean. In addition, control strategies
include beneficial approaches such as particular species of Trichoderma
fungi and plant growth-promoting rhizobacteria. These organisms can
inhibit pathogen growth through competitive and resistance-induced
mechanisms. This could be a promising approach for reducing disease
stress and improving plant health.
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