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Introduction

In response to adverse conditions like such 
changes in ambient temperature, plants initiate 

a cascade of responses that affect cellular processes 
at the transcriptome, epigenome, proteome, and 
metabolome levels. In the end, these changes control 
various adaptive methods that plants use to survive 
in harsh environments. These complex relationships 
involve stress signaling-induced crosstalk between 
different parts of the cell, which in turn activates 

genes that respond to stress and causes phenotypic 
changes to adapt to harmful environments.

According to the Holechek et al. (2022) projects that 
oil production will significantly increase by 2050 
due to factors such as the growing need for edible 
oil and renewable energy sources, as well as the ever-
increasing world population. This demand can be 
met by the cultivation of oil-producing crops such 
as rapeseed, which is a prominent member of the 
Brassicaceae family and is a hybrid of Brassica rapa 
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and Brassica oleracea (CCC, 2014). A key player in the 
global vegetable oil market, it accounts for 14.7% of 
the total human consumption and ranks third among 
major vegetable oil sources. The production of B. napus 
L. has seen a significant increase in the key producing 
nations in the past few years (Figure 1) (FAO, 2022; 
Ritchie et al., 2023).

In addition to its oil, B. napus L. is a multipurpose 
crop that produces a wide variety of other goods, such 
as animal feed, extracts of protein for bakeries, and 
other protein-rich products for human use (Wang et 
al., 2023a). Cosmetics, printing ink, use as deicer agent 
in aeroplane , industrial lubricants, and bioplastics are 
just a few of the non-food industries that can benefit 
from its molecular manufacturing (Raza, 2021). For 
animal, poultry, pet, and fish feed, B. napus L. is an 
essential source of protein (So and Duncan, 2021; 
Wang et al., 2023b).

Figure 1: Global distribution of B. napus cultivation 
regions and corresponding yield metrics during the 
2023/2024 crop season.

B. napus L. divided broadly into two types based 
on its growing season. In most parts of the world, 
including the United States, Europe, and China, the 
winter variety of B. napus L. is planted in the fall and 
harvested in the summer. Spring varieties, on the 
other hand, are planted in the spring and harvested 
in the summer. According to Zheng and Liu (2022), 
the top three countries in terms of rapeseed yields 
from 2018 to 2020 were India, China, and Canada, 
which accounted for about 60% of the world’s total 
production and harvested area. Nonetheless, winter 
B. napus L. typically produces seeds that are twice as 
abundant as the world average in France, England, 
and Germany (FAO, 2022). Winter B. napus L. is 
significant in parts of China, Germany, France, Poland, 
and England that are located in the middle latitudes, 

as well as in minor parts of the United States, Canada, 
Australia, and Chile (Kirkegaard et al., 2021). Climate 
change is increasing the frequency of summer heat 
waves; therefore, increasing cultivation of winter B. 
napus L. could diversify farming systems and mitigate 
the impact of abiotic stress. According to Secchi et al. 
(2023), the yield of winter B. napus L. is 20 to 30% 
higher than that of spring B. napus L.

The economic losses in crop cultivation are worsened 
by the cumulative effects of heat stress, which slow 
the growth, development, and total productivity of B. 
napus L. (Zandalinas et al., 2018). Rising worldwide 
demand for B. napus L. is accompanied by increasing 
abiotic stress as a result of climate change. For long-
term sustainability, it is critical to have heat-resistant 
B. napus L. genotypes developed and used as soon 
as possible. This study focuses at the phenological, 
developmental, physiological, and yield-related 
characteristics of B. napus L.’s response to heat stress 
including oil and protein content.

The physio-biochemical implications of heat stress on de-
velopmental stages 
Vegetative growth period
Thermo-tolerance varies across different plant tissues 
and developmental stages. This means that these 
elements must be carefully considered while producing 
heat-tolerant cultivars to help plants endure heat 
stress. Furthermore, different species and cultivars 
have vastly different ideal growing temperatures 
(Angadi et al., 2000). According to Dikšaitytė et al. 
(2019), seedlings of B. napus L. that are well-watered 
at the Biologische Bundesanstalt, Bundessortenamt 
und Chemische Industrie (BBCH) exhibit increased 
photosynthetic efficiency and growth in the upper 
parts of the plant when subjected to heat stress, as 
evidenced by higher levels of transpiration, saturated 
light, and the ratio of intercellular to ambient CO2. 
Nevertheless, photosynthesis is negatively impacted 
by combined stress in water deficiency stress because 
stomatal mobility is reduced (Dikšaitytė et al., 2019). 
By opening their pores, stomata allow more water to 
evaporate from the leaf, which helps keep the plant 
from being too hot. When there is an inadequate 
amount of water, the plant’s stomata close to keep 
moisture in and keep the turgor pressure stable 
(Elferjani and Soolanayakanahally, 2018).

Additionally, at 38°C, the biochemical processes 
of photosystems were disrupted, and chlorophyll 
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production was damaged in 10-day-old B. napus 
L. seedlings. As a result, the level of hydration was 
poor, the cell defense mechanism was ineffective, 
and chlorophyll levels were lowered (Hasanuzzaman 
et al., 2014). Heat stress causes alteration in the 
process of photosynthesis and transpiration, which 
in turn alters the nutrition synthesis and metabolism, 
leading to aberrant flower architecture (Echer et al., 
2014). Heat waves destroy structures by molecularly 
interfering with metabolism and affecting proteins 
in membranes. Some examples of such disruption 
include producing toxic metabolites and damaging 
enzymes (Mittler et al., 2012). For instances, 
peroxidative damage to Arabidopsis cell membranes 
is caused by an increase in reactive oxygen species 
(ROS) generation in response to heat stress (Rocco et 
al., 2013). Stress from high temperatures also breaks 
down DNA and proteins (Mathur and Jajoo, 2014). 
Although germination is an important part of a 
plant’s life cycle and development, it can be hindered 
by unfavorable environmental factors, such as heat 
stress in the presence of water scarcity (Channaoui et 
al., 2017; Figueiredo A and de Carvalho, 2003). The 
normal growth processes and optimal yield of B. napus 
L. depend on adequate germination and seedling 
development (El-Badri et al., 2021). According to 
Channaoui et al. (2017), when B. napus L. is stressed, 
its germination rate drops dramatically, which affects 
the strength of the seedlings and the amount of food 
produced. Because it reduces water absorption, storage 
utilization, and enzymatic activity, water scarcity 
hinders germination and seedling growth throughout 
the early stages of plant development (Hussain et al., 
2018). Consequently, decreased output is the result of 
a cascade of events initiated by high temperatures at 
the seedling stage that harm the reproductive organs 
as they develop further. 

Impact of high temperature on reproduction
In the reproductive stage, fluctuations in temperature 
can have a devastating impact on yield potential. 
Furthermore, unlike during vegetative development, 
plants are extremely sensitive to high temperatures 
during reproductive development, which leads to 
more development and seed production (Lamaoui 
et al., 2018). This is especially true during the most 
stressful periods of fertilization and meiosis in the male 
reproductive system (Giorno et al., 2013; Zhang et al., 
2017). Zhang et al. (2017) found that this sensitivity 
impacts several stages of flowering, including pollen 
production, pollen tube growth and its interaction, 

fertilization, and embryonic development. Heat 
stress affects plant physiology reproductive stage by 
lowering flower counts prior to anthesis, lowering 
floral fertility, and making it harder for pod form 
(Morrison and Stewart, 2002). Nevertheless, precise 
responses remain inadequately defined; therefore, 
only a limited number of studies in Arabidopsis have 
revealed the significant influence of heat stress on 
B. napus L. during the reproductive growth stage 
(Chao et al., 2017). In Arabidopsis, multiple QTLs 
associated with heat sensitivity during the pre- and 
post-anthesis stages have been identified, indicating 
that these genetic regulators are stage specific (Bac-
Molenaar et al., 2015). In addition, pollination was 
hindered because Arabidopsis showed a reduction 
in stamen filament length after being exposed to 
37°C for 24 h. Heat stress in Arabidopsis resulted in 
structural damage to reproductive organs and altered 
the morphology of pollen sacs (Baron et al., 2012).

Floral progression
The shift from vegetative to reproductive growth 
is facilitated during the flowering stage, which is 
controlled by various genes associated with flowers 
and meristems, including SEPALLATA3, LEAFY, 
FRUITFULL, and APETALA1 (Blümel et al., 2015). 
To ensure fruitful reproduction in the face of various 
stresses, crops employ a number of mechanisms that 
regulate their flowering time (FTi) (Kazan and Lyons, 
2016). According to Koscielny et al. (2018), genotypes 
exhibit a 55% decrease in yield of winter production 
and a 41% decrease in autumn when subjected to heat 
stress at 31°C, during the flowering stage of B. napus 
L. A similar pattern of reduced yield was observed 
when genotypes were exposed for seven days at 
35/15°C and they experience significant injury to their 
reproductive organs (Angadi et al., 2000). In addition, 
research on Arabidopsis FTi-related genes and 
pathways showed that they were similarly regulated 
in Brassicaceae. On the other hand, Arabidopsis lacks 
functional equivalence between novel FTi regulator 
genes that have evolved in response to environmental 
stress (Blümel et al., 2015).

 In addition, sub-functionalization occurred because 
only a small number of FTi gene copies underwent 
mutations or lost function over evolution (Schiessl, 
2020). Also, according to Del Olmo et al. (2019), 
heat stress caused a decrease in BraA.FT.a mRNA 
status, which in turn delayed flowering in B. rapa L. 
Enhanced chromatin accessibility and conformation 
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are caused by elevated H2A.Z levels at the BraA.
FT.a locus. In a comparable manner, when studying 
conserved chromatin regulation in Arabidopsis, the 
researchers found that it actually increased flowering 
(Del Olmo et al., 2019). Only a handful of studies 
have looked at how temperature influences signal 
transduction in B. napus L. in relation to FTi.

Organogenesis
Following floral transition, the differentiation 
of floral organs occurs; in addition, B. napus L. 
exhibits significant sensitivity to temperature 
variations, particularly heat stress (Angadi et al., 
2000). According to Djanaguiraman et al. (2019), 
heat waves harm reproductive structures of several 
crops, including wheat, soybeans, and tomatoes. This 
includes anther dehiscence, pollen germinability, and 
viability. Damaged microspores and pollen rendered 
infertile are additional outcomes of microsporogenesis 
executed at high temperature (Iovane and Aronne, 
2022).

In A. thaliana L., high temperatures hinder male 
meiotic processes, which in turn causes aberrant 
pollen development and abnormalities in structure, 
inhibits microspore differentiation and separation 
of pollen mother cells, and induces stage-specific 
sterility in males during anther formation (Kim et al., 
2001). According to Poidevin et al. (2021), pollination 
is significantly impacted when plants are subjected to 
high temperatures because it reduces the activity of 
transporters in their cell membranes that are involved 
in K+ and carbohydrates co-transport. Temperatures 
above 35°C after flowering begins have a significant 
effect on the micro- and megagametophytes in B. napus 
L. reducing the viability of pollen and its germination 
potential (Young et al., 2004). High temperatures 
reduce fertility, pod production, and number of seeds 
per pod; they also cause fertility (Zhang et al., 2012). In 
a similar way, heat stress-induced heat-sensitive genic 
male sterility is caused by genes related to Guanosine 
Triphosphatase (GTPase), heat shock proteins 
(HSPs), Crassulacean Acid Metabolism (CAM) and 
structural proteins, structural proteins. Furthermore, 
genes associated with hormonal signaling, Indole 
Acetic Acid (IAA), Gibberellic acid (GA), Abscisic 
Acid (ABA), Jasmonic Acid ( JA), Brassinosteroid 
(BR) signaling, and various Transcription Factors 
(TFs) including Heat Shock Transcription Factors 
(HSF), myeloblastosis/C (MYB/C), Nuclear Factor 
Y (NFY), and MADS WRKY, play a role in 

regulating thermosensitive sterility at temperatures 
below 25°C (Tang et al., 2019). Moreover, the female 
gametophyte demonstrates a remarkable reaction 
and reveals differential modulation under heat 
stress (Ambastha and Leshem, 2020). Ultimately, 
temperature profoundly influences pollen viability 
and the structure of reproductive organs.

Pod setting and filling
The ability to withstand high temperatures while in 
the pod establishment and filling stages is vital for 
the quality of the seeds developed and the yield. The 
pod-filling phase is a critical time for the later stages 
of crop growth, when oil and proteins are synthesized 
and accumulated. According to Brunel-Muguet et 
al. (2015), maintaining regular functioning is crucial 
for producing high-quality, well-composed oil. The 
BnWRI1-regulated fatty acid biosynthesis pathway 
in B. napus L. receives carbon and energy from 
photosynthetic activity in green seeds and siliques 
(Wu et al., 2014). Heat stress has been associated 
with the impairment of PSII and the inhibition of 
this BnWRI1-dependent pathway in developing 
seeds (Huang et al., 2019), indicating that elevated 
temperatures during pod formation may limit local 
photosynthetic support for oil biosynthesis, thereby 
intensifying pod and seed abortion. Heat stress during 
seeds establishment also affects dormancy and seed 
composition by decreasing the GA/ABA ratio, which 
controls the components of the seed reserve (Brunel-
Muguet et al., 2015). Essential fatty acid profiles of 
B. napus L. are negatively affected by temperature 
fluctuations between 19 to 24°C, resulting in an 
inconsistent composition these fatty acids (Namazkar 
et al., 2016). Elevated night temperatures throughout 
the flowering and pod-filling phases adversely affect 
reproductive structures, resulting in reduced seed 
yield and siliques, which is attributed to heat-induced 
alterations in photosynthetic assimilation enzymes 
(Pokharel et al., 2020). 

In addition, during the flowering and seed-filling 
stages, elevated night temperatures affect B. napus 
L. cultivars that are sensitive to these conditions 
(Zhou et al., 2018). At the onset flowering, B. napus 
L. promptly closes its stomata in response to water 
deficit and heat stress, thereby reducing water loss 
via transpiration (Elferjani and Soolanayakanahally, 
2018). Achieving an optimal equilibrium between 
thermal stress and the reduction of water loss is a 
multifaceted effort (Zandalinas et al., 2018).
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Table 1: The effect of heat stress on the yield B. napus L., under field conditions.
Cultivar/Genotype Condition Impact on yield References
Monty, Oscar 887.1.6.1, 
JM 25, JM 33, Muscon, 
82 No 22–98

Average daily temperature 
reached a maximum of ~35 
◦C around maturity

Yield decreased as sowing was delayed. B. jun-
cea had more pods but less seeds than B. napus 
L., so overall yield was higher in B. napus L.

(Gunasekera et al., 
2006)

30+ cultivars Heat, drought, and frost oc-
curred during critical periods 
at some sites

Delayed planting reduced yield through expo-
sure to heat and drought stress at flowering. 
Variety was significant but not reported.

(Kirkegaard et al., 
2016)

10 genotypes Average daily temperature 
ranged from 13 to 27 ◦C 
across locations in last 3 
months of growth

Yield decreased with delayed sowing. (Si and Walton, 
2004)

Zephyr span Not reported Yield was higher in earlier plantings, B. napus 
L. had a higher yield than B. campestris.

(Hodgson, 1979)

28 cultivars Average daily temperature 
ranged from 15 to 19 ◦C 
across locations in last 3 
months of growth

Significant environment×genotype interactions 
were found to impact yield. Early flowering 
cultivars produced a higher yield in hotter 
environments.

(Zhang et al., 
2013)

Agamax, Hyola4815, Hy-
ola50, Hyola401, Safi6, 
Zabol9, and Zabol13

Six sowing dates to expose 
canola to different levels of 
heat stress

Yield declined as planting date was delayed. 
Yield was highest in Agamax, Hyola50, and 
Zabol9

(Kalantar Ahma-
di and Sarhangi, 
2025)

Tower, Rafal and Global Hot climate (35.5 ◦C) with a 
dry, hot summer, irrigation as 
needed

Yield declined as planting date was delayed. 
Yield highest in Tower, lowest in Global.

(Fathi et al., 2003)

During the reproductive stage of B. napus L. heat 
stress has a negative impact on various processes and 
systems. Morphophysiological characteristics and 
quality indicators are the most negatively impacted 
by an unfavorable environment during the flowering 
to seed maturity transition, which eventually reduces 
the synthesis and dietary value of seed oil. As global 
warming advances, it is critical to carefully consider 
how high temperatures affect susceptible stages and 
develop effective ways to reduce heat-induced stress.

Postharvest and seed storage
Heat stress reduces the nutritional value and safety 
of stored seeds (Krasucki et al., 2002). Research has 
shown that bioactive chemicals found in B. napus 
L. have anti-inflammatory and cholesterol-lowering 
effects in humans (Li et al., 2024). Seeds of B. 
napus L. contain half as many phytosterols as oils of 
Glycine max and Helianthus annuus (Vlahakis and 
Hazebroek, 2000), although their phenolic contents 
may be 10 times higher. Elevated temperatures cause 
seed deterioration and the breakdown of biochemical 
components, demonstrating the extreme susceptibility 
of these biologically active compounds to storage 
conditions (Gawrysiak-Witulska et al., 2012). In 
B. napus L. storage at 25°C and 30°C resulted in a 
24% and 58% reduction in phytosterol content, 

respectively (Gawrysiak-Witulska et al., 2012). While 
plastochromanol-8 content declined by 4-24% and 
tocopherol level decreased by 14.4% (Gawrysiak-
Witulska et al., 2011). According to Rudzińska et al. 
(2009), oil quality and the production of hazardous 
byproducts caused by oxidation are significantly 
affected by the breakdown of these bioactive 
compounds. Key phenolic components, particularly 
sinapic acid derivatives, were reduced during storage 
of B. napus L. seeds at 13.5% moisture and 25°C due 
to extensive fungal proliferation. Infestations of fungi 
shorten the time that seeds may be safely stored, 
which causes them to deteriorate and contaminate 
them with mycotoxins, which can be harmful to both 
humans and animals (Siger et al., 2018).

Yield and quality
The loss of yield is a notably direct and financially 
significant outcome of extreme heat at the reproductive 
stage in B. napus L. Numerous studies have shown 
that increased higher temperatures upon reproductive 
stages significantly limit seed yield by impacting 
reproductive growth and assimilate distribution. 
Figure 2 provides a concise overview of prevalent 
impacts, whereas Table 1 illustrates the impact of heat 
stress on the yield of B. napus L. The impact of heat 
stress on the components of yield is governed by three 
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principal factors: (i) the timing of the heat stress, (ii) 
the intensity and duration of heat events, and (iii) the 
genetic makeup of the cultivar.

Figure 2: Heat stress adversely affected various 
physio-chemical processes that ultimately reduced crop 
productivity.

Meta-analytic studies corroborate this understanding. 
An extensive examination of 1,794 findings from 
the 39 studies determined that early stages heat stress 
prior to the peak of flowering consistently leads to 
a significant reduction in seed yield, with average 
losses surpassing 40% and the  maximum losses 

exceeding 50% during the short term, extreme heat 
events  (Secchi et al., 2023). This sensitivity arises 
from the infertility and mortality of the pollen, along 
with the impeded fertilization processes, all of which 
contribute to a reduced number of viable siliques and 
a lower seed count per silique(Angadi et al., 2000; 
Gan et al., 2004).

Heat stress during the pod development stage is 
deleterious, principally because to its association with 
a shorter seed filling length and impaired transfer of 
assimilates to developing seeds. Research indicates 
that increased temperatures expedite physiological 
development, resulting in lighter and smaller seeds 
(Hocking et al., 1997; Weymann et al., 2015). The 
simultaneous reduction in seed weight and quantity 
results in significant yield losses.

A consistent trend seen in experimental conditions 
indicates that short-term 7-10 days heat stress 
events during late flowering or early pod formation 
stages can lead to significant losses, highlighting 
the acute vulnerability of these phenological stages. 
Furthermore if breakdown this study indicated that 
7 days exposed to heat stress during early flowering 
stage can reduce yield by a 52%, in contrast to an 18%

Figure 3: Schematic illustration of heat stress sensing, signaling adaptive responses by B. napus L. plant.
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reduction when plant exposed to the same stress at 
the early pod stage (Angadi et al., 2000).

It is important to note that there is clear evidence of 
genotypic heterogeneity in heat tolerance. According 
to Markie et al. (2025), B. juncea L., is more resistant 
to high temperatures than B. napus L. another species 
of Brassica. A trade-off that breeding programs 
sometimes face is the trade-off between tolerance and 
decreased production potential under ideal conditions. 
There is a great deal of opportunity for selecting and 
generating heat-resilient germplasm among B. napus 
L. cultivars due to the high levels of intraspecific 
diversity that have been recorded, in addition to the 
interspecific variances.

Heat resistance mechanism
Plant heat stress responsive mechanisms
Multiple sensors, such as those triggered by calcium 
ion (Ca2+) flux across cell membranes and processes 
responsive to endoplasmic and cytosolic proteins, are 
activated, resulting in diminished nuclear histone 
reaction to heat stress (Park and Shin, 2022). The 
signaling pathways that are activated are intricately 
linked and include protein kinases, transcriptional 
mechanisms, calmodulin, hormone regulatory 
mechanisms, phosphatases, and Ca2+ signaling 
(Lohani et al., 2020). As shown in Figure 3, the heat 
response of crop plants involves various transcriptional 
and signaling pathways that are specific to different 
types of tissues and their developmental stages 
(Zhang et al., 2017).

Phytohormones
Heat stress altered the hormonal composition of 
signaling molecules, which in turn impacted the 
germination, viability, and storage stability of seeds 
(Castroverde and Dina, 2021). The genes that are 
involved in heat response are listed in Table 2. 
Hormones such as ABA, BR, SA, JA, ethylene, IAA, 
cytokinin, and GA are important regulators that 
respond to abiotic stress (Lohani et al., 2020). These 
phytohormones directly affect several secondary 
regulators. According to Baron et al. (2012), ABA is 
crucial for plants to modulate their stress tolerance 
during heat stress reactions. Arabidopsis aldehyde 
oxidase 3 (AAO3), 9-Cis-epoxycartenoid dioxygenase 3 
(NCED3), and ABA1,2, and 4 are among the ABA-
related genes activated in a tissue-specific way by 
temperature stress (Baron et al., 2012). Furthermore, 
at various stages of heat stress exposure in B. napus 

L. the expression of 14 Pyrabactin Resistance-Like 
(PYL) genes associated to ABA was increased, 
including BnPYR1-3, BnPYR1-2, BnPYR3-1, 
BnPYR4-2, BnPYR5-4, BnPYR6-1, BnPYR7-2, 
and BnPYR9-2. In contrast, BnPYR1-4, BnPYR2-2, 
BnPYR4-6, BnPYL8-5, BnPYR8-6, and BnPYR9-1 
were repressed. Additionally, a comparable trend 
with heat, salt, and water shortage was observed for 
other BnPYL genes (BnPYR1-2, BnPYR1-3, and 
BnPYR7-2) indicating their participation in abiotic 
stress responses (Di et al., 2018). Furthermore, during 
the plant’s pod-filling stage, the ABA level had an 
impact on the seed composition (Chandrasekaran 
et al., 2014). In B. napus L. Gao et al. (2010) 
demonstrated that elevated levels of ABA and BR, 
along with lower levels of GA₃, markedly enhance 
the expression of BnGA1, a gene encoding a 
putative G-protein α subunit, while increased GA₃ 
concentrations inhibit its expression. During bolting 
and maturity, BnGA1 expression is dramatically 
increased, but when exposed to heat stress, one of the 
physiological systems negatively affected by the stress, 
causes a decrease in expression (Gao et al., 2010). 
While Kagale et al. (2007) found that BR modulates 
germination processes and increases seedling abiotic 
stress tolerance in Arabidopsis and B. napus L. seeds. 
Seed output and stress tolerance were enhanced in B. 
napus L. cultivars through transgenic overexpression 
of the BR biosynthetic gene (DWF4). Additionally, 
this overexpression downregulated genes involved in 
JA signaling, suggesting a BR-

Table 2: Key genes and their functions under heat stress
Genes Function References
BnaDRMc Facilitate the DNA meth-

ylase and de-methylases
(Fan et al., 
2020)

BnaHsf15/16 Heat shock transcription 
factors

(Zhu et al., 
2017)

PYR1-3 ABA receptor PYR/PYL for 
stress signal

(Di et al., 
2018)

BnGA1 Stress regulation (Gao et al., 
2010)

BnTR1 Membrane-bound RINGv 
protein

(Liu et al., 
2014)

BnaCBL1/9 Ca2C sensors and regulators 
of CBL-interacting protein 
kinases

(Zhang et al., 
2014)

BnGLYI-3  Glyoxalase System (Yan et al., 
2016)

BnWRI1 De novo FA biosynthesis 
pathway

(Huang et al., 
2019)
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related mechanism that preserves the repressive effect 
of JA on development (Sahni et al., 2016). Increased 
JA levels inhibit growth, which frees up resources 
for systems that respond to stress and development 
(Heinrich et al., 2013). In addition, seeds showed an 
upregulation of auxin-related genes and a decrease 
of genes associated to ethylene and GAs (Yu et al., 
2014). As a result, there is evidence of a coordinated 
action among the many phytohormones that control 
the genes that respond to stress.

Transcription factors
There are several transcription factor (TF) families 
known to exist in B. napus L. such as HSP, MYB, 
AP2/ERF, MADS-box, DNA-Binding with one 
finger (DOF), and bZIP (Ghorbani et al., 2020). 
In B. napus L. recently 2,167 unique TFs from five 
families were discovered. After a 12-hour treatment, 
61BnMYBs, 62BnAP2/EREBs, 27BnWRKYs, 
and 32BnbZIPs were within the 70% of observed 
differentially expressed genes (DEG) that were highly 
heat sensitive (Wang et al., 2018). Scharf et al. (2012) 
found that conserved palindromic patterns in the 
promoter regions of heat-responsive genes are related 
with HSP and HSF, which become apparent during 
heat stress. When heat-stable proteins (HSPs) bind 
to denatured proteins, they prevent the aggregation of 
these proteins, which helps keep proteins in a stable 
state and increases their heat tolerance (Su and Li, 
2008). There is a total of 21 HSF genes in the genome 
of A.  thaliana L. (Nover et al., 2001), but 25 HSF 
genes in the genome of rice (Chauhan et al., 2011). 
In contrast, B. napus L. comprises the largest gene 
family, containing 64 HSF genes, which diversified 
through whole-genome duplication events during its 
evolutionary history. The allopolyploid process leads to 
the growth of HSF gene collections, hence improving 
the  stress tolerance under adverse conditions in B. 
napus L. (Zhu et al., 2017).

B. napus L. thermal resistance gene 1 (BnTR1) 
is a newly discovered gene which is an E3 ligase 
active RINGv protein linked to the cell membrane. 
According to Liu et al. (2014), it improves heat 
stress tolerance by regulating HSFA1a in the cytosol 
through Ca2+ signaling in response to heat stress. B. 
napus L. thermal resistance gene 1 (BnTR1) is a newly 
discovered gene which is an E3 ligase active RINGv 
protein linked to the cell membrane. According to 
Liu et al. (2014), it improves heat stress tolerance 
by regulating HSFA1a in the cytosol through Ca2+ 
signaling in response to heat stress. The stress tolerance 

systems of B. napus L. rely on other heat responsive 
regulators. When exposed to high temperatures, 
silique walls and seeds of B. napus L. undergo 
reprogramming of the MYB gene. A study conducted 
by Shamloo et al. (2018) examined the genomes of 
Arabidopsis and Eutrema salsugineum, as well as their 
homologs, and found that MYB44 and its regulator 
VIP1 play a role in stress regulation. According to 
Deng et al. (2020), increased expression levels of 
AtMYB68 during heat stress during flowering improve 
pollen viability and yield. This suggests that AtMYB68 
plays a role in reproductive heat tolerance in plants 
and responds to stress in a variety of ways (Huang et 
al., 2019). According to Justen and Fritz (2013), the 
glucosinolate level in B. rapa L. was increased by heat 
through the BrMYB-28 and -34 transcription factors. 
While mutants lacking glucosinolates in Arabidopsis 
exhibited lower cytoplasmic Hsp90 expression and 
impaired thermo-stability in response to heat stress, 
the opposite was true when exogenous glucosinolates 
were applied (Hara et al., 2013; Ludwig-Müller et al., 
2000).

Conclusions and Recommendations

B. napus L. is the prominent oil seed crop cultivated 
worldwide. It is currently experiencing significant 
effects from heat stress, adversely affecting both 
productivity and the quality of this crop. Heat can 
affect economic performance by impacting consumers 
worldwide. The onset and extent of heat stress 
markedly affect seed quality and output. Therefore, 
it is imperative to employ mitigation strategies 
to alleviate the effects of heat stress on B. napus L. 
This review emphasizes the significant effects of 
heat stress on B. napus L. encompassing growth, 
development, and yield. Heat stress impairs essential 
growth phases, resulting in diminished pollen 
viability, reduced seed set, and modifications in seed 
composition. ABA aids in minimizing water loss by 
facilitating the closure of stomata, which is crucial 
during periods of water scarcity and thermal stress. 
Ethylene can also mitigate the detrimental effects of 
stressors. Enhancing the production of B. napus L. 
necessitates effective mitigation methods, such as the 
adoption of heat-tolerant cultivars, targeted irrigation, 
conservation tillage, and soil amendments. Advanced 
genomic technologies and biotechnology provide 
prospective remedies through the identification of 
stress-tolerance genes and the application of miRNA. 
Sustainable agricultural practices are essential to 
ensure the future of B. napus L. cultivation in the face 
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of changing climate-related challenges. Through the 
implementation of effective tactics and the adoption 
of innovation, we can guarantee a robust B. napus L. 
crop, thereby safeguarding worldwide edible oil and 
renewable energy resources.
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