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Abstract. Plants are exposed during their development to the 
influence of various stressful factors, both abiotic and biotic 
in natural conditions of habitation. Thermal stress is likely 
the most important abiotic factor that adversely affects plant 
growth and development. Wheat (Triticum aestivum L.) is 
one of the most economically important crops worldwide. In 
this study, three Latvian winter wheat cultivars ´Creator´, 
´Galerist´, and ´Skagen´ were used as a research model that 
were subjected to short-term high temperature (42°C, 1 h) 
and analyzed for the following growth parameters 
(maximum length of root, length of first leaf and coleoptile as 
well as seedlings weight). In general, short-term high 
temperature caused an insignificant reduction in almost all 
growth criteria like the first leaf growth, coleoptile growth, 
seedlings weight, and maximal root growth in wheat cultivars 
´Skagen´ and ´Galerist´ at the 6th day of development.  
Furthermore, almost all growth characteristics were 
stimulated by short-term high temperature in the wheat 
cultivar ´Creator´. A slowing of the growth processes under 
the influence of short-term thermal stress revealed varietal 
specificity on the impact of this stressor on the morphological 
structure of cereal, which makes it possible to diagnose the 
stress tolerance of wheat cultivars. 

Keywords: high temperature, growth parameters, Triticum 
aestivum L., wheat cultivars. 

 

I.  INTRODUCTION 

As a consequence of climate change, the prevalence of 
extreme environmental conditions, including extreme 
weather events and increased average temperatures cause 

significant loss of production and a decrease in yield for 
cereals and other cultivated plants leading to huge 
economic losses. IPCC has projected a temperature 
increase of 1.8 - 4°C by 2100 [1]. Rising global average 
temperature leads to increasing irregular and unexpected 
warm spells during autumn, and therefore natural chilling 
requirements to break dormancy are at risk. Therefore, 
modeling and studying the possible effects of climate 
change on some morphological and physiological 
processes in agricultural plants is extremely relevant.  

Temperature is one of the major factors controlling 
plant development, in particular germination of seeds. As 
non-moving organisms, plants rely on physiological 
responses and morphological alterations in order to 
survive under environmental factors such as high light 
intensities, extreme temperatures, drought, or high salinity 
that adversely affect plant growth and development. 
Among the environmental stresses, thermal stress is one of 
the most limiting factors of plant growth and productivity 
that has a great impact on agricultural production causing 
a variety of physiological, biochemical, and 
morphological dysfunctions in living organisms [2-3]. 
Morphologically the most typical symptom of heat stress 
injury to plants is the reduction of growth [4]. At the 
physiological level, heat stress inhibits the rate of 
photosynthesis and increases the level of reactive oxygen 
species and oxidative stress parameters [5]. To overcome 
problems caused by such an unpleasant environment 
plants developed a defense system through hormonal and 
antioxidant responses. Usually, under heat stress 
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conditions, increasing stress level is detrimental to plant 
growth and may result in marked alterations in its 
morphological features including shoot and root growth 
inhibition, and diminishing of leaf area and total biomass 
production [6]. Therefore, to maintain the high 
productivity and quality of wheat cultivars under thermal 
stress, detailed knowledge of their impact on plant 
development and growth regulation is crucial for studying 
plant adaptation which is important both for basic research 
and application in agriculture. 

Wheat (Triticum aestivum L.) is one of the important 
domesticated cereals in worldwide production that is 
cultivated on about 217 million ha in a range of 
environments largely temperate as well as under tropical 
and subtropical temperatures, which an annual production 
of about 651 million tons [7]. This distribution implies that 
the crop is versatile and adapted to different growth 
conditions [8]. This crop represents a major resource for 
food and feed; especially in Europe and North America as 
well as in Latvia it provides approx. 54.9% (2021) of the 
total cereal production [9]. It was shown that when wheat 
plants were exposed to thermal stress, many growth 
parameters, including plant length, fresh and dry weights, 
the relative growth rate as well as leaf area tended to 
decrease [10-11]. The growth, development, reproduction, 
as well as defense, and acclimation of higher plants, are 
influenced by various stressful factors, both abiotic and 
biotic. Since adverse climatic weather events are likely to 
continue, there is therefore an urgent need to use rational 
and system-based approaches to develop crop plants with 
increased tolerance to both biotic and abiotic stress factors. 

The present study was designed to elucidate the 
morphological alterations in three Latvian wheat cultivars 
(cv. ʻCreatorʼ, ʻGaleristʼ, ʻSkagenʼ) exposed to short-term 
high temperature. 

 

II. MATERIALS AND METHODS 
 

Plant material and growth conditions  
Three Latvian commercial etiolated winter wheat 

(Triticum aestivum L.) cultivars: ʻCreatorʼ, ʻGaleristʼ, and 
ʻSkagenʼ that are common in Latvia were used in this 
study. The seeds were germinated under the controlled 
condition at 26°C on moist filter paper in darkness for 24 
h. After 24 hours of germination on moist filter paper, 
containers with etiolated wheat seedlings of equal length 
were transferred to a plant growth chamber maintained at 
26°C and 75% relative humidity in the darkness. On the 
4th day of development etiolated wheat seedlings of equal 
length were separated into two groups: one group of three 
winter wheat cultivars continued growth at 26°C, but 
another experimental group was subjected to short-term (1 
h) high temperature (42°C). After a short-term (1 h) high 
temperature (42°C) plant material (first leaves, coleoptiles, 
and roots) was harvested and analyzed for the following 
growth parameters (maximum length of root, first leaf, and 
coleoptile length). 
 

Morphological parameters 
To assess the impact of short-term high temperature on 

some plant growth parameters e.g. maximum length of 
root, length of first leaf, and coleoptile, seedlings weight, 
the 6-day-old wheat seedlings were chosen randomly and 
the lengths in cm were measured using a graduated ruler 
with a precision of 1 mm. The growth parameter values 
were compared with those of the control groups. Fresh 
wheat seedlings were weighed to determine their weight 
(g/seedling) from 30 seedlings. 
 
Statistical analysis 

All the data are reported as mean ± standard deviation 
(SD). Each value was the mean (n=30) of 3 replicates. The 
significant difference between the experimental and the 
control group was set at P ≤ 0.05. 
 

III.  RESULTS AND DISCUSSION 
 

Many crops often encounter extreme heat stress during 
the growing reproductive periods, which brings greater 
loss of agricultural production, thus highlighting a greater 
need for understanding how plants respond to adverse 
conditions with the hope of improving the tolerance of 
plants to environmental stress. High temperature affects 
germination, seedling growth, and overall wheat crop 
growth and productivity [12]. The morphological 
alterations of plants are closely subjected to environmental 
influences. Morphological responses such as accelerated 
stem elongation allow a plant to escape from stressful 
environmental conditions [13].  

The obtained results indicate that among wheat 
cultivars used in this study, wheat cultivar ʻSkagenʼ 
showed more susceptibility to short-term (1 h) high 
temperature (42°C) since it showed declined all growth 
parameters, especially leaf length (8%) when compared 
with ʻCreatorʼ, and ʻGaleristʼ (Fig. 1). Recent researchers 
have demonstrated that high-temperature stress causes a 
loss of cell water content for which the cell size and 
ultimately the growth is reduced [14]. On the other hand, 
the inhibition of wheat growth characteristics under high-
temperature stress would also be due to the reduction in 
net assimilation rate which is also another reason for the 
reduced relative growth rate [15]. It has been previously 
reported that the length of the first leaf and the maximum 
length of roots significantly declined in etiolated wheat 
seedlings exposed to prolonged high-temperature stress 
[16].  
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Fig. 1. Length changes of the leaf after exposure to short-term (1 h) high 
temperature (42°C) of Skagen, Creator, and Galerist cultivars. Each value 
is mean ± SE of three replicates.  
 

Wheat coleoptiles are cylindrical organs that function 
for a relatively short period at the early stage of 
ontogenesis that sheath the first leaf [17]. The data 
presented revealed that short-term high temperature 
practically did not change the coleoptile length in studied 
wheat cultivars ʻSkagenʼ and ʻGaleristʼ compared with the 
control (Fig. 2). 

 

 
 
Fig. 2. Length changes of the coleoptile after exposure to short-term (1 h) 
high temperature (42°C) of Skagen, Creator, and Galerist cultivars. Each 
value is mean ± SE of three replicates.  

 
The present results are supported by that of researchers 

[18], who reported that the maize coleoptile was heat 
tolerant at all stages of seedling development. 
Furthermore, our previous studies have shown that 
prolonged high-temperature exposure did not significantly 
affect the coleoptile length at the early and late stages of 
Triticum aestivum L. development (cv. Harmony) [16]. 
Wheat seedlings adapt to stress environments by different 
mechanisms, including changes in the morphological and 
developmental patterns as well as biochemical and 
physiological processes. Moreover, the current results 
showed that in wheat cultivar ʻCreatorʼ, the lengths of the 

first leaves and coleoptile were stimulated by 14% under 
short-term high temperature. The stimulation of coleoptile 
growth at the early stages of development would almost 
certainly be due to active DNA synthesis [17] and most 
likely thermal stress stimulates cell division and therefore 
can influence growth processes. 

The current results showed that short-term high 
temperature practically did not change the seedlings' 
weight in etiolated wheat cultivar ʻGaleristʼ. The extent of 
reduction was more obvious in wheat cultivars ʻSkagenʼ 
(11%) and ʻCreatorʼ (13%) (Fig. 4).  

 

 
 
Fig. 4. Seedlings' weight changes after exposure to short-term (1 h) high 
temperature (42°C) of Skagen, Creator, and Galerist cultivars. Each value 
is mean ± SE of three replicates. 

 
These results were in agreement with those of many 

authors [19-20] who reported that high temperature 
reduced the weight of plants. The deleterious effect of 
thermal stress on growth characteristics under thermal 
stress may be attributed to the alteration in cell division 
and cell elongation [21]. Additionally, the decrease in 
growth attributes of wheat seedlings under thermal stress 
may be probably due to the production of reactive oxygen 
species (ROS) which can pose a threat to cells by causing 
peroxidation of lipids and ultimately programmed cell 
death (PCD) [22]. Our previous findings demonstrated that 
in leaves and coleoptiles of etiolated wheat seedlings and 
grown under normal daylight conditions enhanced ROS 
production was induced leading to membrane biochemical 
and functional alterations [23-24].  

The present work showed that the maximum length of 
the root is insignificantly affected by short-term heat stress 
in wheat cultivar ʻSkagenʼ but it stimulated in wheat 
cultivars ʻCreatorʼ (23%) and ʻGaleristʼ (16%) (Fig 3). 
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Fig. 3. Length changes of the root after exposure to short-term (1 h) high 
temperature (42°C) of Skagen, Creator, and Galerist cultivars. Each value 
is mean ± SE of three replicates.  
 

These results were supported by researchers [25] who 
observed that heat-tolerant genotypes of wheat seedlings 
had insignificant root lengths in response to thermal stress. 
However, results from the previous experiments indicated 
that prolonged high-temperature exposure completely 
inhibited the growth of the root [16]. Thermal stress is 
assumed to reduce root growth of heat-stressed wheat 
plants by inhibiting root formation, branching, and growth 
of the existing roots.  Therefore plants must develop a 
vigorous root system that allows them to grow and 
overcome any stress conditions. In this respect, 
morphologically, the most typical symptom of a thermal 
stress injury in plants is growth retardation due to the 
inhibition of cell expansion and a decrease in wall 
extensibility. The slowing of the growth processes under 
the influence of thermal stress revealed varietal specificity 
on the morphological structure of cereal, which makes it 
possible to diagnose the stress tolerance of cultivars in 
adverse conditions. That stimulates local organic farmers 
to use wheat cultivars that are better adapted to local 
environmental conditions and have the ability to resist the 
stress of abiotic factors. 
 

IV. CONCLUSIONS 
 

The Triticum aestivum L. growth was insignificantly 
affected by short-term high temperature in three Latvian 
cultivars ʻCreatorʼ, ʻGaleristʼ, and ʻSkagenʼ in comparison 
to non-stressed plants. According to the obtained results, 
wheat cultivars ʻSkagenʼ and ʻGaleristʼ would be 
classified as a species susceptible, because its growth, such 
as maximum length of root, length of first leaf, and 
coleoptile as well as seedlings fresh weight was affected 
by thermal stress in comparison to ʻCreatorʼ. Furthermore, 
in the wheat variety ʻCreatorʼ, the almost all growth 
characteristics were stimulated under short-term high 
temperature. Finally, measuring the morphological 
parameters of three Latvian wheat cultivars gave a good 
indication of the plant status under short-term high 

temperature revealing varietal specificity on the 
morphological structure of cereal, which it possible to 
define stress tolerance of variety in stress conditions for 
future epigenetic study. 
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