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INTRODUCTION

Soil salinity and drought are stressors that 
limit the development and yield of agricultural 
crops (Liu et al., 2015). The stress caused by 
these factors has a negative effect on functional 
cellular processes in plants such as water ab-
sorption, photosynthesis, nutrient absorption 
and metabolism, and can lead to the cessation 
of crop growth and development (Pham et al., 
2023). Therefore, the rapid increase in salin-
ity and drought coverage in the whole world is 
causing a sharp decrease in the productivity of 
agricultural crops (Akramov et al., 2023; Aliku-
lov et al., 2023). The situation calls for research 
into the possibility of growing agricultural 
crops under salinity and drought conditions. 

Experts note that salinity and drought have a 
negative effect on all stages of the growth peri-
od of plants. Among the periods of plant growth 
and development, seed germination is the most 
sensitive period to the effects of stress factors 
during the entire growth and development of 
plants (Lu et al., 2022; Ruziyev et al., 2023). 
Seed germination is the starting point of plant 
life, and water is one of the necessary condi-
tions for seed germination. Water deficit affects 
the activity of internal enzymes in seeds, cell 
division and other physiological metabolic pro-
cesses. At the same time, water deficit can cause 
seeds to lose viability due to their inability to 
absorb enough water at the same time, which 
affects seed germination (Long et al., 2023; Tur-
sunov et al., 2023). Triticale - Triticosecale is 
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a hybrid of wheat (Triticum) and rye (Secale) 
and was first developed by Scottish and German 
scientists at the end of the 19th century (Stace 
1987). Triticale has increased winter hardiness 
(more than winter wheat), resistance against 
fungal and viral diseases, reduced demands on 
soil fertility, and contains a lot of protein in 
the grain (Feledyn-Szewczyk et al., 2020). The 
protein content in triticale is 1.0–1.5% higher 
than that of wheat, and 3–4% than that of rye. 
In terms of fractional composition, triticale pro-
teins occupy an intermediate position between 
the proteins of wheat and rye. They form gluten 
in quantitative terms, close to wheat, but worse 
in quality. The digestibility of wheat and tritica-
le proteins is almost the same – 89.3 and 90.3%, 
respectively. Triticale grain is not inferior to 
wheat grain in terms of the content of macro- 
and microelements (Zhu 2018; Iskierko et al., 
1980). In terms of nutritional value, the grain of 
wheat-rye hybrids is not inferior to the grain of 
barley and sorghum and can replace it in the diet 
of pigs, as well as in concentrate mixtures for 
fattening cattle, dairy cows, and sheep (Grela 
et al., 2023). Triticale straw is fed to animals as 
roughage. Triticale provides approximately as 
much green mass as wheat, oats and rye. Today, 
triticale is used both as a food and forage crop 
(Ates et al., 2017). The world’s triticale produc-
tion has risen steadily in recent years. Triticale 
grain has a higher biological value than wheat 
and rye; in terms of exchange energy content, it 
outperforms wheat by 14% and rye by 23% on 
average (Kamanova et al., 2023).

In scientific sources, some information on 
the effect of external environmental factors on 
the germination of the seeds of Triticale was 
recorded (Mehmet et al., 2006). However, the 
paucity of data on the variation of seed germina-
tion parameters in Triticosecale cultivars under 
salinity and drought conditions in these records 
indicates that in-depth studies have not been 
conducted in this area.

According to the data analyzed above, 
drought and salinity affect the parameters of im-
portant processes in plants, including seed ger-
mination. Therefore, it is important to study the 
effect of these stress factors on the germination 
of seeds of different cultivars of Triticale, one of 
the important crops. The purpose of the research 
work is to determine the germination parameters 
of the seeds of different cultivars of Triticale un-
der salinity and drought conditions.

MATERIALS AND METHODS

Research objects and experimental site

Seeds of the triticale cultivars Farхod, Odes-
siy, Valentin, Svat and Tiхon were used (Fig.1). 
The seeds were obtained from the seed collection 
of the Institute of Biochemistry of Samarkand 
State University. The experiment was conducted 
in the laboratory of the Department of Plant Phys-
iology and Microbiology of the Biochemistry In-
stitute of Samarkand State University.

Determination of the optimum 
temperature for seed germination

The method of Vandelook et al (2008) was 
used to determine the optimum temperature for 
triticale seed germination. In the experiments, 
seeds were germinated at 7 different temperatures 
ranging from 5 °C to 35 °C. Experiments were 
carried out on 50 seeds for each cultivars, based 
on 5 replications (Vandelook et al., 2008). Ger-
mination power (1) and germination rate (2) were 
calculated using the following formulas:
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Determination of the optimal dormancy 
period for seed germination

Experiments to determine the effect of seed 
dormancy on seed germination were performed 
using the method recommended by Klupczyńska 
et al (2021). Seeds 3, 6, 9, 12 and 15 days af-
ter harvesting were used in the experiments. The 
seeds were collected in a thermostat at 20 °C, 
which is optimal for seeds of triticale cultivars 

Figure 1. Research object – seeds of 
cultivars of Triticale: (a) Farхod, (b) Odessiy, 

(c) Valentin, (d) Swat, (e) Tiхon



180

Journal of Ecological Engineering 2024, 25(7), 178–186

(Klupczyńska et al., 2021). The germination pow-
er and germination rate of the seeds were calcu-
lated using the formulas (A, B) given above.

Determination of the effect of 
salinity on seed germination

The method of Guo et al (2023) was used to 
determine the germination parameters of seeds of 
different cultivars of triticale under salinity condi-
tions. 0.5%, 1% and 1.5% solutions of NaCl were 
used in the experiments. The seeds were collected in 
a thermostat at 20 °C, which is optimal for seeds of 
triticale cultivars (Guo et al., 2023). The germination 
power and germination rate of the seeds were calcu-
lated using the formulas (A, B) given above.

Determination of the effect of 
drought on seed germination

The determination of germination param-
eters of seeds of different cultivars of Triticale 
under drought conditions was carried out using 
the method of Li et al (2013). Sucrose solutions 
with the following concentrations were used as a 
drought factor in the experiments (Table 1). The 
seeds were collected in a thermostat at 20 °C, 
which is optimal for seeds of triticale cultivars. 
The germination power and germination rate of 
the seeds were calculated using the formulas (1, 
2) given above.

Statistical analysis

Statistical processing and drawing of the re-
sults were performed using Microsoft Excel 2013 
(USA) computer program. The results of the exper-
iment were statistically summarized by evaluating 
the arithmetic averages of 5 repeated experiments 
at the level of statistical reliability of p ≤ 0.05. In 
the mathematical-statistical analysis, the mean val-
ues and deviations of the indicators, as well as the 
calculation of the probability, were carried out ac-
cording to the method of (Lakin, 1990).

RESULTS AND DISCUSSION

Optimum temperature of seeds of Triticale 

In our research, experiments aimed at deter-
mining the optimal temperature required for seed 
germination of triticale cultivars were conducted. 
In the experiments, seeds were collected at 7 dif-
ferent temperatures (5 °С, 10 °С, 15 °С, 20 °С, 
25 °С, 30 °С, 35 °С). According to the data of 
Figure 2a, the germination power of different cul-
tivars of triticale at 5 °C is equal to 5.0–12.5%, 
depending on the cultivar. At this temperature, 
the highest power of germination (12.5%) was 
recorded in the Svat cultivar, while the lowest 
rate (5.0%) belonged to the Odessa cultivar. It 
was observed that the germination power of triti-
cale cultivars at 10 °С increased by 0.8–2.2 times 
from the values at 5 °С, depending on the cultivar. 
It was found that the germination power of triti-
cale seeds at 15 °С increased dramatically from 
the indicators at 10 °С, reaching 55.5% in some 
cultivars. The results of seed germination power 
at 20 °С showed that the optimum temperature 
for Triticale seeds is 20 °С. At this temperature, 
the seed germination power of triticale cultivars 
reached 93.5%. In particular, it was noted that the 
lowest indicator of germination power at 20 °C 
belongs to the Tixon cultivar (82.5%), the highest 
indicator belongs to the Odessiy cultivar (93.5%), 
while this indicator is 90.5%, 92.0% and 86.5% 
in Farxod, Valentin and Swat cultivars, respec-
tively. Inversely proportional to the increase in 
temperature from 25 °С → 30 °С → 35 °С, there 
was a tendency for the seed germination power to 
decrease in triticale cultivars. In this regard, ger-
mination power decreased from 90.5% to 32.5% 
in Farxod cultivar, from 93.5% to 31.0% in Odes-
siy cultivar, from 92.0% to 23.5% in Valentin cul-
tivar, from 86.5% to 22.5% in Svat cultivar and 
from 82.5% to 29.5% in Tixon cultivar (Fig. 2a).

In the Farxod cultivar of triticale, the seed 
germination rate increased in the order of 54.5% 
79.5% 93.5% 99.5% in the sequence of 5 °С → 
10 °С → 15 °С → 20 °С. In Odessiy, Valentin 
and Tixon cultivars, the level of seed germination 
reached 100.0% at 20 °C, and the same indicator 
as Farxod cultivar was recorded in Svat cultivar. 
A process similar to seed germination was ob-
served in triticale cultivars in the sequence 25 °С 
→ 30 °С → 35 °С. In this case, the level of ger-
mination of seeds decreased with increasing tem-
perature (Fig. 2b). The obtained data showed that 

Table 1. Sucrose concentration vs. osmotic pressure
Sucrose concentration, % Osmotic pressure, atm

11.9 10

15.8 14

17.7 16

19.3 18

22.4 22
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the optimum temperature for the seeds of triticale 
cultivars is 20 °C. Therefore, it was considered ap-
propriate to conduct the next stages of the research 
at 20 °C. As a result of studies on determining the 
effect of temperature on the germination of Bras-
sica napus L and Triticum aestivum L seeds, it was 
noted that the importance of temperature for seed 
germination, the optimal temperature for seeds 
varies depending on the type of plants and their ad-
aptation to the living environment (Haj Sghaier et 
al., 2022; Sharma et al., 2022). 

Effect of seed dormancy on the 
germination of seeds of Triticale 

Dormancy period is one of the important fac-
tors affecting seed germination. Therefore, we con-
ducted experiments to determine the effect of seed 
dormancy on triticale seed germination for use in 
the next stages of our research. In experiments, 
seeds with 5 different dormancy periods (3 days, 6 
days, 9 days, 12 days and 15 days) were collected at 
20 °C. According to the results of the experiment, 
in accordance with the increase of the rest period in 
the seeds, their fertility indicators also increase. For 
example, it was noted that in the Farxod cultivar of 
triticale, the germination power is 40.5% and the 
germination rate is equal to 76.5% in seeds with a 
resting period of 3 days, while in this cultivar, the 
germination power is 89.0% and the germination 
rate is 100.0% in seeds with a resting period of 15 
days. It was found that the fertility rate of Odessiy 
cultivar in seeds with rest period of 3 → 6 → 9 → 
12 → 15 days is 46.5% → 76.0% → 82.5% → 
84.5% → 90.0%, and the level of fertilization is 

79.0% → 93.0% → 95.0% → 98.5% → 100.0%. 
It was observed that in Valentin cultivar, the ger-
mination indicators of seeds with dormancy period 
of 3 and 6 days were lower than other studied cul-
tivars. In the 15-day variant, which is considered 
the best dormancy period for other cultivars, the 
seed germination rate was 86.0%, and the germi-
nation rate was 98.5%. Relatively close indicators 
to this cultivar were also recorded in the experi-
ments conducted on the seeds of the Svat cultivar. 
In the Tixon cultivar, the germination power of 3 
days of dormancy is 40.5%, and the germination 
rate is 61.5%, while in this cultivar, the germina-
tion power of 15 days of dormancy is 81.0%, and 
the germination rate is 99.5% (Fig. 3).

Seed dormancy allows seeds to overcome peri-
ods that are unfavorable for seedling establishment 
and is therefore important for plant ecology and ag-
riculture (Bentsink et al., 2008). In cereal plants, the 
seed dormancy period serves as a preparatory period 
for the normal passage of the next stages of plant de-
velopment. During this period, plant hormones and 
biologically active substances are produced in grain 
(Rodríguez et al., 2015). The data obtained as a re-
sult of the experiments conducted by a number of 
researchers (Nyachiro et al., 2002; Tuan et al., 2015) 
confirm that the development of crops is delayed in 
a normal state when the dormancy period of seeds in 
cereal plants is at least 12–15 days.

Effect of salinity on the germination 
of seeds of Triticale 

Today, salinity in agriculture of arid regions is 
a factor limiting the productivity and sustainable 

Figure 2. Effect of temperature on the germination power (a) and germination rate 
(b) yield strength and seed germination of seeds of cultivars of Triticale (n=5)
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Figure 3. Effect of seed dormancy on the germination power and 
germination rate of seeds of cultivars of Triticale (n=5)

development of agricultural crops. Therefore, in 
our research, we conducted experiments aimed at 
determining the effect of salinity on the germina-
tion parameters of triticale seeds. In the experi-
ments, the seeds were collected in the environ-
ment treated with 3 different concentrations of 
NaCl solutions (0.5%, 1.0%, 1.5%) at 20 °C. 

Water-treated medium was used as a control. 
It was noted that in the Farхod cultivar of triticale, 
in the environment with 0.5% NaCl, the germi-
nation power of seeds was 8.0% lower than the 
control variant, and the level of germination was 
1.4% lower. In this cultivar, the germination rate 
of seeds in 1.0% NaCl medium was 58.0%, and 
the germination rate was 92.0%. It was found that 

in the Farхod cultivar, in the environment with 
1.5% NaCl, the fertility indicators of the seeds de-
creased sharply, in this variant, the fertility power 
was 49.3% lower than the control variant, and the 
level of fertility was 25.4% lower than the control 
variant. The trend of decreasing seed germination 
with increasing NaCl concentration in the envi-
ronment was also observed in other studied va-
rieties of triticale. When analyzing the germina-
tion parameters of the seeds in the section of the 
cultivars, the germination power in the medium 
with 1.5% NaCl increased from 90.6% to 41.3% 
in the Odessiy cultivar, from 89.3% to 42.6% in 
the Valentin cultivar, from 84.0% to 30.6% in the 
Svat cultivar, and from 81.3% to 33.3% in the 
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Tixon cultivar. decreased to %. When the same 
analysis was done on the level of seed germina-
tion, the germination rate in 1.5% NaCl medium 
was from 100.0% to 69.3% of the control option 
in the Odessiy cultivar, from 100.0% to 88.6% in 
the Valentin cultivar, from 100.0% to 61.3% in 
the Swat cultivar, and from 100.0% in the Tik-
hon cultivar. It was observed that it decreased to 
72.0% (Fig. 4–5). The data obtained as a result 
of studies aimed at evaluating the effect of salin-
ity on grain seed germination on sorghum (Ra-
jabi et al., 2020) and sunflower (Wu et al., 2015) 
support a decrease in seed germination with 
increasing NaCl concentration. In experiments 
conducted by Mehmet et al (2006) on 3 vari-
eties of triticale, it was proved that 2.0% NaCl 
reduces seed germination by 34–36% and has a 
negative effect on the development of stems and 
roots in plants (Mehmet et al., 2006).

Effect of drought on the germination 
of seeds of Triticale 

Drought, like salinity, is one of the stress 
factors that negatively affect plant develop-
ment. Therefore, in our research, we conducted 
experiments aimed at determining the effect of 
drought on seed germination of triticale variet-
ies. In the experiments, the seeds were collected 

in the medium treated with solutions of 5 dif-
ferent concentrations of sucrose (11.9%, 15.8%, 
17.7%, 19.3% and 22.4%) at 20 °C based on the 
recommended method. In the control option, the 
germination of seeds in all varieties was 100.0%. 
When analyzing the germination power of the 
seeds, it was noted that it was from 80.1±2.0% to 
89.6±2.2% in the 11.9% sucrose variant, and the 
highest value belonged to the Odessiy cultivar. In 
the 15.8% sucrose variant, it was observed that 
the seed germination power was from 52.9±1.6% 
to 78.7±2.0%. 

In the variants with 17.7% and 19.3% su-
crose, the germination power of seeds was equal 
to 45.8±3.5% (Odessiy cultivar) and 28.5±1.6% 
(Tixon cultivar), respectively. In the 22.4% su-
crose variant, it was found that the germination 
power of the seeds varied from 6.4±1.0% to 
15.2±1.7, the highest value belonged to the Odes-
siy cultivar (Table 2, Figure 6).

When the level of seed germination was 
analyzed, it was noted that it was 97.2±1.0% to 
100.0% in the 11.9% sucrose version, and the 
highest value belonged to the Odessiy cultivar. In 
the 15.8% sucrose variant, it was observed that 
the seed germination power was from 78.7±2.2% 
to 97.2±1.0% in the section of varieties. In the 
variants with 17.7% and 19.3% sucrose, the ger-
mination power of seeds was equal to 89.2±1.6% 

Figure 4. Effect of salinity on the germination power and germination rate of seeds of cultivars of Triticale
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Figure 5. Effect of salinity on the germination power and germination rate of seeds of cultivars of Triticale (n=5)

Figure 6. Effect of drought on the germination power and germination rate of seeds of cultivars of Triticale

(Odessiy cultivar) and 77.8±2.0% (Odessiy culti-
var), respectively. In the 22.4% sucrose variant, 
it was found that the germination power of the 
seeds varied from 19.8±1.7% to 54.6±2.2%, the 
highest value belonged to the Odessiy cultivar 
(Tab. 1, Fig. 6). The analysis of the obtained data 
showed that the increase in sucrose concentration 

(pressure) in the medium leads to a decrease in the 
indicators of seed germination. As a result of the 
study of the germination parameters of Eremo-
sparton songoricum (Fabaceae), Elymus nutans 
and Portulaca oleracea seeds under drought con-
ditions, it was noted that the germination of seeds 
decreased by 35–80% inversely proportional to 
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the increase in the level of drought in these plants 
(Li et al., 2013, Pham et al., 2023, Long et al., 
2023). These data confirm the validity of our re-
sults regarding the effect of drought on seed ger-
mination of triticale cultivars.

CONCLUSIONS

Variations in temperature, seed dormancy, 
salinity and drought have been reported to affect 
the germination parameters of triticale cultivars. 
An increase in the period of dormancy leads to an 
improvement in the fertility indicators of triticale, 
and an increase in salinity and drought causes a 
decrease in the fertility indicators of the seeds. 
The obtained data allow to choose the optimal 
conditions of temperature, resting period, salinity 
and drought in terms of seed germination indica-
tors in triticale varieties, as well as to explain the 
diversity of these indicators in them.
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