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Article History Seed germination is the first important stage of plant growth. It is also a critical
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Published online: 28.09.2023 followed by physiological and biochemical changes, are strongly correlated with

step for plant productivity. The morphological changes during germination,

vegetative growth, which affects seedling survival and ultimately yields and quality.

Seed germination is the process by which a seedling develops from a seed. It is

described as the process by which a seed maintains its viability until it reaches

optimum conditions, at which point germination is initiated by water absorption

Keywords: through the seed coat. Optimum conditions are generally different for each species.
Cool climate cereals

Germination Germination physiology in cereals is an important area of study that controls the
Temperature growth and development of the plant throughout its life from the seedling stage and

Warm climate cereals . . . . . .
has many implications. At the same time, germination stages in cereals are effective

in determining seedling persistence and also affect the chemical composition of the
seedling. Healthy seedlings can only be obtained through a healthy germination
process. This study aims to provide information on seed germination metabolism,

germination physiology of cereals and optimum germination values.

1. INTRODUCTION detail and to improve germination parameters,

especially for crops.
Seed germination is a vital process for all plants. It Germination physiology in cereals is an important

is also the most important step in agricultural basic science with many practical implications, ranging

production. In agricultural production practices, it is from grain quality assessment to storage and

desirable for seeds to germinate uniformly, as this preservation. Germination is the metabolic process that

allows simultaneous cultural practices for product can lead to reduced nutrient content and increased

quality. It also helps to ensure that competition seedling susceptibility in cereals (Rodriguez et al,

between plants is at an equal level. For this reason, it is 2015).

important to study seed germination physiology in
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Germination physiology involves highly complex
procedures. Endogenous and exogenous factors play
an important role in the germination of a seed. Some of
the endogenous factors are phytohormones and
factors
light

temperature (Carrera-Castafio et al., 2020). Seed

endosperm degradation. Exogenous are

environmental influences such as and
germination is the first and most important step the
plant must take to meet its basic needs. Many
biochemical events take place during this important
step. It is therefore essential that the seed is (optimally)
compatible with internal and external factors during

germination.

The germination of the seed depends primarily on
the completion of its physiological development and
its viability. If it has completed its physiological
development and is found to be viable after the
relevant viability tests are carried out, the next stage is
the dormancy phase of the seed (Yilmaz, 2016).
Dormancy can be observed in the seed for many
different reasons and this situation should be corrected
first (Roman et al., 2022). Otherwise, the seed may not
germinate even under optimal conditions. A healthy
seed, with or without dormancy, should be in optimal
environmental conditions for germination
(Notarnicola et al, 2023). Optimum germination
conditions may vary from one plant species to another.
It is therefore necessary to provide optimum
germination conditions specific to each plant species or

variety.

Germination literally begins when the seed absorbs
water and culminates in the elongation and emergence
of the embryo axis (Hernandez Cortés, 2022). It is well
known that physiological events in living cells depend
on the presence of water. Germination is not possible
unless water is absorbed from the environment (Kiipe,
2023). The absorption of water leads to the initiation of
a series of physical and chemical events in the seed and
thus to germination. Nutrients stored in the embryo or
endosperm of the seed begin to move in the presence
of water (Muhie, 2019). A significant amount of water
enters the seed in contact with water through swelling
and osmosis (Zengin & Saribas, 2020). This is because
the osmotic or swelling pressure in the seed is
exceptionally high. Therefore, the seed often does not

need to be in direct contact to absorb water. In order to

germinate, the seed can also absorb the water it needs
from the humidity of the air (Sumiahadi, 2020).
Germination in cereals is the process by which the
ovary wall of the seed dissolves and the rootlet or seed
root and shoot emerge. The seed coat expands as it
releases stored food reserves from the endosperm. In
this context, germination of a grain can be explained as
the production of an active form of grain called a seed,
and germination involves a wide range of biological
processes. Among them, the most prominent common
feature is the change in the appearance and chemical
structure (nutritional values, antinutritional factors,
toxic components) of the seed (Mohammed, 2016).
Based on the given information, this study attempted
to reveal germination physiology and optimum

germination values of cereals from different literature.
1.1. Germination Physiology in Cereals

All living things benefit directly or indirectly from
cereals, while maintaining their vital activities. While
cereal grains are evaluated in terms of carbohydrate,
protein and fat (Figure 1.), they are also at the forefront
in terms of antioxidant substances in their composition.
Oxygen is the basic element found in units such as
carbohydrates, proteins and fats, which form the basic
structure for vital activities. Cereals are divided into
two groups in terms of climatic requirements: warm
climate cereals and cool climate cereals. The cool
climate cereals are wheat, barley, rye and oats, while
the warm climate cereals are maize, paddy, birdseed
and sorghum (millet) (Ziilkadir, 2022). When the seed
morphology of these cereals is examined, it is found
that they generally consist of micropyle, radicle,
coleoptile, scutellum, pericarp, seed coat, aleurone,
endosperm and brush (Figure 2). Although it is the
most stored food component, it is approximately 70-
80% starch, about 15% protein, and less than 5% lipids,
minerals and vitamins (Ali & Elozeiri, 2017) (Figure 1).

Germination in cereals begins with the uptake of
water by the seed coat. Contact with water or
absorption of moisture from the air softens the seed
coat. While water uptake is initially rapid, it slows over
the next 5 hours. In addition, the low water content in
the seed tissue leads to rapid water uptake in the initial
period (Rathjen et al., 2009). As the seed absorbs water,
it also absorbs water-soluble substances.
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Figure 1. Overview of the main structure and
components based on a longitudinal section of a

mature rice seed (Li et al., 2022)
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Figure 2. Main structure of wheat seed with
longitudinal (A) and transverse (B) sections (Rathjen et
al., 2019)

After water uptake, the carbohydrates, proteins,
lipids and phosphates stored in the seed act as energy
sources and carbon skeletons. In order for these storage
substances to be taken up by the embryo, they are
hydrolysed into a usable form (Figure 4.). In this way,
the metabolic pathway activates hydrolytic enzymes.
This is accompanied by a high level of oxygen

consumption. In cereals, most hydrolytic enzymes are

produced in the aleurone or scutellum in response to
germination signals (Ali & Elozeiri, 2017). During
germination, starch reserves are hydrolysed into
simple sugars (Figure 3.), oligosaccharides and
polysaccharides by a-amylase, nitrogen-containing
fractions into oligopeptides and amino acids by
proteolytic enzymes, and triacylglycerols into fatty
acids by lipase. While the amount of anti-nutritional
factors (phytate, trypsin inhibitor, tannin, etc.)
decreases, the amount of bioactive components
(phenolic acids, flavonoids, GABA, etc.), which have
health,

significantly. The increase in bioactive compounds

many benefits for human increases
increases the antioxidant capacity of the grain. This
increases the functionality of cereal sprouts (Senlik &
Alkan, 2021). Seed

biochemical and cellular processes associated with

imbibition triggers many
germination, including reactivation of metabolism,
resumption of cellular respiration and mitochondrial
biogenesis, translation and/or degradation of stored
mRNAs, DNA repair, transcription and translation of
new mRNAs. These processes are followed by the
accumulation of ROS (mainly H20z), which is the result
of a marked increase in intracellular and extracellular
production in the early stages (El-Maarouf-Bouteau &

Bailly, 2008; Kubala et al., 2015).
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Figure 3. Metabolic processes in embryo and
endosperm during germination of barley (Ma et al.,

2017)

According to Majeed et al. (2012), some of the
physiology of germination in cereals include: a) water
uptake and its effect on water-soluble substances and
growth processes, b) the role of hydrogen peroxide in
enzyme activation, c) the effect of temperature on

various metabolic activities, and d) micronutrients
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derived from reserves (Majeed et al., 2012). Cereal
germination is closely related to the content and
structure of the embryo. Germinating cereal proteins
contribute to the functionality of cereal products, such
as improving nutritional value through bioavailability
(Majeed et al, 2012).

Germination is the first stage of development that takes

or functional properties

place in the cereal grain. At this stage, the processes of
water uptake, loss and entry through the grain embryo
that cause changes in the volume and morphology of
each organ (i.e., endosperm, seed coat and aleurone
layer) are interrelated to initiate the process of
emergence from dormancy (Kumar & Kalita, 2017). In
cereals, it is estimated that more than 50% of the energy
invested in growth is used to break down the hard seed
coat, which is usually multilayered. After germination,
the seedling emerges from the seed coat, roots grow
from the embryo and leaves develop from the
embryonic leaf primordia (Gonzalez Carretero et al.,
2017).

1.2. Optimum Growth Conditions of Cereals

Germination Values

Cereals in cool climates can germinate at
temperatures as low as 1-4°C (Balsen 2022). They
require a total temperature of 1750-2250°C during a
growing season (Taner & Bayram, 2005). For this
reason, cool climate cereals are generally grown in the
winter belt. Wheat and barley are cool climate cereals.
Cool climate cereals, which are mostly grown
successfully in temperate and cold climates, cannot be
grown in tropical climates where it is very hot and

rainfall exceeds 1500 mm (Taner & Bayram, 2005).

Cold climate grasses show optimal development in
the range of 15-21°C. Originating from the cooler
regions of Europe and Asia, the seeds of these plants
are highly resistant to cold and are used in areas with

continental climates (Kildis, 2021).

Some wheat genotypes require a certain amount of
chilling and light for emergence and germination.
Wheat genotypes that do not require chilling or require
very little chilling for emergence are called “summer
wheats” and those that require chilling are called
“winter wheats”. The need for chilling is recognized as

a mechanism to protect wheat from cold (Okhan, 2022).

For this reason, winter wheat is sown in autumn in our

country.

The optimum growth temperature of wheat
growing areas is 25 degrees Celsius, while the
minimum and maximum growth temperatures are
between 3-4°C and 30-32°C, respectively. In our
country, wheat cultivation is mostly carried out in arid
and semi-arid areas depending on rainfall, and
exposure to dry and high temperatures, especially
during the grain growth period, causes a significant

decrease in yield (Sayilgan, 2016).
The

temperatures of cool-climate cereals, including wheat,

lowest germination and photosynthetic
barley, oats, rye, triticale and spelt, are 1-4°C and 5-7°C,
respectively. They can be grown in regions where the
total temperature during the growing season is 1750-
2250°C, which can meet the vernalization requirement
between germination and stem emergence, with low
temperature, cloudy and wet days in the vegetative
period and abundant sunny days in the generative
period. Cool-climate cereals, which are the most
adaptable group of crops to different climatic and soil
conditions, can be grown in almost all regions of our
country. In our coastal regions, they are generally
cultivated under higher rainfall or irrigated conditions,
while in our other geographical regions and inland
regions, they are mostly cultivated under dry
conditions (Kiin, 2004).

The

environmental factors are important in understanding

responses of cereal germination to
the limits under which a crop can grow and produce
maximum yield. Knowledge of grain germination is of
primary importance not only to seed technologists, but
also to agronomists, plant physiologists, plant

biologists and soil scientists involved in field

management (Fowler, 2003).

For warm-climate cereals (such as maize and rice),

temperature requirements are quite high. The
minimum germination temperature is 9-12°C and the
optimum germination temperature is 18-20°C. Low
temperatures after emergence will arrest growth, while
conditions that prolong the initial growing season will
slow growth, facilitate disease infection and reduce
yield. It is very important to decide on the sowing date

according to the region, taking these values into
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account. The average daily temperature during the
growing season should be above 20°C. Optimum
growth temperatures are between 25 and 30°C. Early
sowing of the main crop causes cold damage during
germination and initial development. The desired
early sowing of the second crop depends on the
drainage of the field by the preceding crop, while late
sowing results in high moisture content in the crop and
cold damage in the autumn. During flowering,
excessively hot and dry weather damages the
Plant
severely damaged by

inflorescences and disrupts fertilization.

reproductive organs are
temperatures above 45°C during the flowering period.
This

production areas of south-east Anatolia and the

problem is particularly important in the

Mediterranean coast of our country. Variety and
sowing time should be chosen correctly so that the
flowering period does not coincide with the extremely
hot period. The opposite practice increases the rate of
infertile spikelets in paddy. Similarly, grain attachment
in maize cobs is disturbed and gaps increase (Kiin,
2004).

2. CONCLUSION

Germination has been described as a process
involving complex interactions between a number of
factors, including genotype, environment and
physiology. It is believed that the knowledge gained
from research will lead to advances in breeding and

improve the yield and quality of cereals.

Germination is one of the most important steps in
crop production. It involves the physiological changes
of seeds in water and darkness, including biochemical,
morphological and physiological changes that lead to
the production of roots and shoots.

By understanding the physiology of cereal

germination, growers can improve the quality of their

seed and increase yields.

COMPLIANCE WITH ETHICAL STANDARDS

Authors’ Contributions

The authors declare that they have contributed equally

to the manuscript.

Conflict of Interest

The author declares that there is no conflict of interest.
Ethical Approval

For this type of study, formal consent is not required.
Data Availability Statement

Data availability is not applicable to this article as no

new data were created or analysed in this study.

REFERENCES

Ali, A. S., & Elozeiri, A. A. (2017). Metabolic processes
during seed germination. In Jose C. Jimenez-
Lopez (Ed.), Advances in seed biology (pp. 141-
166).
https://doi.org/10.5772/intechopen.70653

IntechOpen.

Balsen, N. (2022). Cografi yonleriyle Karacabey Tarim
Isletmesi [Karacabey Agriculture Establishment
with its geographical aspects] [MSc Thesis.
Bursa Uludag University].

Carrera-Castano, G., Calleja-Cabrera, J., Pernas, M.,
Gémez, L., & Onate-Sanchez, L. (2020). An
updated overview on the regulation of seed
germination. Plants, 9, 703.
https://doi.org/10.3390/plants9060703

El-Maarouf-Bouteau, H., & Bailly, C. (2008) Oxidative
signaling in seed germination and dormancy.
Plant ~ Signaling &  Behavior. 3, 175-182.
https://doi.org/10.4161/psb.3.3.5539

Fowler, D. B. (2003). Crop nitrogen demand and grain

protein concentration of spring and winter
wheat. Agronomy Journal, 95(2), 260-265.
Gonzalez Carretero, L., Wollstonecroft, M., & Fuller, D.
Q. (2017). A methodological approach to the
study of archaeological cereal meals: a case
study at Catalhoyiik East (Turkey). Vegetation
History —and  Archaeobotany, 26, 415-432.
https://doi.org/10.1007/s00334-017-0602-6
Hernandez Cortés, J. A. (2022). Seed science research:

Global trends in seed biology and technology.
Seeds, 1(1), 1-4.
https://doi.org/10.3390/seeds1010001

74


https://doi.org/10.5772/intechopen.70653
https://doi.org/10.3390/plants9060703
https://doi.org/10.4161/psb.3.3.5539
https://doi.org/10.1007/s00334-017-0602-6
https://doi.org/10.3390/seeds1010001

Yildirum & Yilmaz (2023) Mus Alparslan University Journal of Agriculture and Nature, 3(2), 70-76

Kildis, M. H. (2021). Farkl: tuz konsantrasyonlarinin bazi
serin iklim ¢im alan bugdaygillerinin cimlenme ve
stirgiin gelisimine etkileri [The effects of different
salt concentrations on germination and shoot
development of some cool climate turfgrass].
[MSc Thesis. Sakarya University].

Kubala, S., Wojtyla, L., Quinet, M., Lechowska, K.,
Lutts, S., & Garnczarska, M. (2015). Enhanced
expression of the proline synthesis gene PSCSA
in relations to seed osmopriming improvement
of Brassica napus germination under salinity
stress. Journal of Plant Physiology. 183, 1-12.
https://doi.org/10.1016/j.jplph.2015.04.009

Kumar, D., & Kalita, P. (2017). Reducing postharvest

losses during storage of grain crops to
strengthen food security in developing
countries. Foods, 6(1), 8.

https://doi.org/10.3390/foods6010008

Kiin, E., Ciftci, C., Y., Birsin, M., Ulger, A., C., Karahan,
S., Zencirci, N., Oktem, A., Giiler, M., Yilmaz, N.,
& Atak, M. (2004). Tahil ve Yemeklik Dane
Baklagiller Uretimi. Ziraat Miihendisligi VI.
Teknik Kongresi, Tiirkiye, pp. 367-407.

Li, P, Chen, Y. H, Ly, J., Zhang, C. Q., Liu, Q. Q., & Li,

Q. F. (2022). Genes and their molecular functions

determining seed structure, components, and
quality  of 15(1), 18.
https://doi.org/10.1186/s12284-022-00562-8

Ma, Z., Bykova, N. V., & Igamberdiev, A. U. (2017). Cell

signaling mechanisms and metabolic regulation

rice. Rice,

of germination and dormancy in barley seeds.
The Crop Journal, 5(6), 459-477.
https://doi.org/10.1016/j.¢j.2017.08.007

Majeed, A., Chaudhry, Z., & Muhammad, Z. (2012).
Allelopathic

extracts of Chenopodium album L. for growth and

assessment of fresh aqueous
yield of wheat (Triticum aestivum L.). Pakistan
Journal of Botany, 44(1), 165-167.

Mohammed, N. K., Manap, A., Yazid, M., Tan, C. P,
Muhialdin, B. J., Alhelli, A. M., & Meor Hussin,
A. S. (2016). The effects of different extraction
methods on antioxidant properties, chemical
composition, and thermal behavior of black seed
(Nigella L)
Complementary and Alternative Medicine, 2016,
6273817. https://doi.org/10.1155/2016/6273817

sativa oil. Evidence-Based

Kiipe, M. (2023). Uziim baglarmnda ve meyve bahcelerinde
buz cekirdegi olusumunu tetikleyen bakteriler ve
diisiik sicaklik zarari [Ice nucleation active bacteria
in vineyards and orchards and low temperature
damage]. Research in Agricultural Sciences, 54(1),
42-47. https://doi.org/10.5152/AUAF.2023.220608

Muhie, S. H. (2019).
uygulamalarimin havug (Daucus carota) ve sogan

Organik  oziitlerle priming

(Allium cepa) tohumlarinin abiyotik stres kosullar:
altinda ¢imlenme ve fide kalitesine etkisi [The effect
of priming with organic extracts on seed
germination and seedling quality of carrot
(Daucus carota) and onion (Allium cepa) under
abiotic stress conditions] [Doctoral Dissertation,
Ankara University].

Notarnicola, R. F.,, Nicotra, A. B.,, Kruuk, L. E,, &
Arnold, P. A. (2023). Effects of warming
temperatures on germination responses and

trade-offs between seed traits in an alpine plant.

Journal of Ecology, 111(1), 62-76.
https://doi.org/10.1111/1365-2745.14014
Okhan, B. (2022). Aydin ekolojik kosullarinda

tabiath

cesitlerinin verim ve kalitesi iizerine etkisi [Effect of

soguklamanin  farkls  gelisme bugday

vernalization on yield and quality of different

growth habit wheat varieties in Aydin ecological

[MSc Thesis, Aydin Adnan
Menderes University].

Rathjen, J. R., Strounina, E. V., & Mares, D. ]. (2009).

Water movement

conditions]

into dormant and non-
dormant wheat (Triticum aestivum L.) grains.
Journal of Experimental Botany, 60(6), 1619-1631.
https://doi.org/10.1093/jxb/erp037

Rodriguez, M. V., Barrero, J. M., Corbineau, F., Gubler,
F., & Benech-Arnold, R. L. (2015). Dormancy in

cereals (not too much, not so little): about the

mechanisms behind this trait. Seed Science
Research, 25(2), 99-119.
https://doi.org/10.1017/S0960258515000021
Roman, A. M., Truta, A. M., Viman, O., Morar, 1. M,,
Spalevic, V., Dan, C., Sestras, R. E., Holonec, L.,
& Sestras, A. F. (2022). Seed germination and
seedling growth of

Robinia  pseudoacacia
depending on the origin of different geographic
provenances. Diversity, 14(1), 34.

https://doi.org/10.3390/d14010034

75


https://doi.org/10.1016/j.jplph.2015.04.009
https://doi.org/10.3390/foods6010008
https://doi.org/10.1186/s12284-022-00562-8
https://doi.org/10.1016/j.cj.2017.08.007
https://doi.org/10.1155/2016/6273817
https://doi.org/10.5152/AUAF.2023.220608
https://doi.org/10.1111/1365-2745.14014
https://doi.org/10.1093/jxb/erp037
https://doi.org/10.1017/S0960258515000021
https://doi.org/10.3390/d14010034

Yildirum & Yilmaz (2023) Mus Alparslan University Journal of Agriculture and Nature, 3(2), 70-76

Sayilgan, C. (2016). Kiiresel sicaklik artistmin bugdayda
beklenen etkileri ve yiiksek sicakliga toleranshligin
fizyolojik gostergeleri [Expected effects of global

temperature increase on wheat and the
physiological indices of high temperature
tolerance]. Yiiziincii Yil Universitesi Tarim

Bilimleri Dergisi, 26(3), 439-447.
Senlik, A.S., & Alkan, D. (2021). Cimlendirilmis baz1 tahil
ve  baklagillerin  kimyasal  ozellikleri — wve
cimlendirmeyle acgiga ¢ikan biyoaktif bilesenlerin
saglik iizerine etkileri [Chemical properties of
some germinated grains and legumes and effects
of bioactive constituents released during
germination on human health]. Akademik Gida,
19(2), 198-207.
https://doi.org/10.24323/akademik-gida.977300
Sumiahadi, A., Miilayim, M., & Ramazan, A. (2020).

Tahllarin  depolanmasinda genel prensipler ve

celtigin depolanmas: [General principles for the
storage of cereals and the rice storage]. Bahri
Dagdas Bitkisel Arastirma Dergisi, 9(1), 102-112.

Taner, S., & Bayram, S. (2005). Diisiik sicakligin serin

(Derleme)
temperature effect of cereal (A review)]. Bitkisel
Aragtirma Dergisi (2005), 2, 19-28.

Yilmaz, M. (2016). Baslica tohum fizyolojisi niteliklerinin

iklim  talillarima  etkileri [Low

sicaklik-tohum nemi diyagramunda gosterimi. IIL
Ulusal Karadeniz Ormancilik Kongresi, Tiirkiye, 11,
pp- 741-745.

Zengin, 1., & Saribas, S., (2020). Bahge bitkilerinde
tohum {dretimi mevcut durum ve gelecek.
Tiirkiye Ziraat Miihendisli¢i 1X. Teknik Kongresi
Bildiriler Kitabi-2, pp. 339.

Zilkadir, G. (2022). Tahillarin antioksidan icerikleri

[Antioxidant content of grains]. Kadirli
Uygulamalr Bilimler Fakiiltesi Dergisi, 2(1), 122-
132.

76


https://doi.org/10.24323/akademik-gida.977300

	Review Article
	ABSTRACT
	1. INTRODUCTION
	1.1. Germination Physiology in Cereals
	1.2. Optimum Growth Conditions of Cereals Germination Values

	2. CONCLUSION
	COMPLIANCE WITH ETHICAL STANDARDS
	Authors’ Contributions
	Conflict of Interest
	Ethical Approval
	Data Availability Statement

	REFERENCES

