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ABSTRACT

Abiotic stresses reduce the production of crops by 50% which significantly affects the food security globally. Plant growth
and development are affected by salinity stress, Salt stress affects about 19.5% of irrigated lands and 2.1% of drylands
which is expected to rise in the future. Wheat Triticum aestivum is classified as one of the most significant crop globally
besides maize and rice which significantly contribute as a part of daily calories and proteins and it ranked first for its
values in domestication and staple food. The purpose of the study was to assess how well various wheat genotypes
tolerated salinity under various salinity concentrations, and the varieties were (1ba99, Hadbaa, Hashmiaa, Al-Rasheed,
Sham, and Rabiaa). Different NaCl concentrations were used (50, 100, 150, and 200 mM) and Measurements were
made on germination %, shoot length, fresh weight, and dried weight. Iba99, Sham and Rabiaa were the best varicties
where the seed germination was 100% and other varieties differed slightly (Hadbaa 40, Hashmiaa 80 and Al-Rasheed
60%). The growth parameters results demonstrated that all the shoot lengths and fresh and dry weights were affected
by the salinity stress and the correlation was inverse. It was decreased with the NaCl concentration increase. Rabiaa
and 1ba99 were the more tolerant and demonstrated high growth under salinity whereas Sham showed lowest growth
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under salinity.
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INTRODUCTION

Abiotic stresses reduce crop production by 50% which directly
affects food security globally (Seleiman et al., 2022). Plant
growth and development are strongly affected by salinity
stress, about 19.5% of irrigated lands and 2.1% of drylands
are affected by salt stress that is expected to rise in the future
(Dehnavi et al., 2020). Every year, 1.5 million hectares of
land are damaged by excessive salinity worldwide, and by the
middle of the twenty-first century, 50% of arable land may be
in poor condition (Dehnavi et al., 2020; Kumari & Kaur, 2020).
Mishandled irrigation, high evaporation rate and inadequate
precipitation increased the size of saline areas in arid and semi-
arid regions (Dai et al., 2011; Jamil et al., 2011). Environmental
conditions lead to water stress in plants, for instance, saline
habitats have high salt concentrations that lead to difficulties
for roots to absorb water from the soil lead to a reduction in
some morphological parameters such as vegetative growth and
leaf area and physiological parameters such as photosynthesis
and stomatal conductance reduction (Majeed, 2018; Saddiq

et al., 2021). Wheat Triticum aestivum is classified as the
most important crop globally besides maize and rice which is
significantly considered as a part of daily calories and protein
and it ranked first for its values in domestication and staple
food (Al-Hachami & Frhan, 2018; Igbal et al., 2021). Salinity
stress deteriorates wheat development and growth resulting in
grain, yield, and quality losses, Numerous processes, including
physiological, biochemical, and molecular are used by plants
to adjust to salinity at the level of the entire plant in order to
maximize growth (Outoukarte et al., 2019; EL Sabagh et al.,
2021). Drought has erupted due to climate change and global
warming in the Middle East leading to a remarkable decrease
in rainfall, snowfall and shortages in water resources. In Iraq,
climate change is a major concern that negatively affects
water resources and the economy, especially in the agricultural
sector (Giovanis & Ozdamar, 2021). A field study conducted
by Mohammed and Hassan (2022) showed a decrease in
precipitation and an increase in temperatures that directly
affect water source availability in southern Iraq. The study
aimed to evaluate the seed germination and early growth of
six Iraqi Wheat varieties under salinity stress in light of the
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water shortages and drought in Iraq and examine the variety’s
tolerance to salinity.

MATERIALS AND METHODS
Experimental Design

Six wheat seed varieties obtained from the Department of Plant-
Tikrit University/College of Agriculture, the varieties (Iba99,
Hadbaa, Hashmiaa, Al-Rasheed, Sham, and Rabiaa) were
planted in the field under direct sunlight and normal weather
conditions in triplicate and the Peat moss soil was used. The
planting date was during the spring season and lasted for eight
weeks from the date of planting to the date of measurements.
The seeds were treated with four different NaCl concentrations
(50,100, 150, and 200 mM). The seed germination was observed

during the first two weeks and recorded.
Germination Assessment

The seed germination of six wheat varieties was assessed by
observing the germination status of the four treatments and
the germination percentage GP was calculated according to
the below equation:

GP = (No. of normally germinated seeds =+ total No. of seeds
sown) X100

Growth Assessment

The growth assessment of six wheat varieties was evaluated by
measuring shoot length (SL), fresh weight (FW) and dry weight
(DW). These measures were reported after § weeks of sowing
after exposing the treatments to different NaCl using measuring
tape and the results were recorded in tables.

RESULTS

Germination Results

The germination results of the six varieties shown in Table 1,
three varieties (Ibaa99, Sham and Rabiaa varieties) were not
affected by all the different salinity concentrations and showed
germination in all treatments, it was 100% germination that
appeared more tolerant to salinity stress. The other three wheat
varicties were affected differently by the NaCl treatment where
the germination of Hadbaa was 40%, Al-Rasheed 60% and
Hashmiaa 80% germination. Hadbaa, Al-Rasheed and Hashmiaa
are the most salinity-sensitive genotypes that are affected
differently whereas the Hashmiaa genotype is the most sensitive
to salinity stress that showed no germination at the levels (100,
150, and 200 mM). The NaCl concentration at 50 mM showed
no effect at the germination level and the other concentrations
100, 150 and 200 mM were affected differently. The germination
inhibition increased with the salinity concentration increase
except for three varieties (Iba99, Sham and Rabiaa) that were
not affected by the salinity concentration increase.
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Growth Results
Shoot length

The Wheat shoot lengths that were measured in unit
cm, it is clarified in Table 2. The results demonstrated
that the Rabiaa genotype was the highest in shoot length
followed by Hashmiaa, 1ba99, Hadbaa, Al-rasheced and Sham
respectively. The shoot lengths decreased with the NaCl
increase as shown in the table. Rabiaa genotype was the
highest in shoot length measures and Sham was the lowest
in shoot length measures.

Fresh weight and dry weight

Evaluation of fresh and dry weight of Wheat samples measured
using a sensitive scale at the laboratory in the unit gm. As
shown in Table 3 the salinity significantly atfected the fresh
and dry weight due to its effect on water content level. The
Rabiaa genotype had the highest weight followed by the
Hashmiaa, Ibaa, Hadbaa, Al-rasheed then Sham genotypes.
The salinity concentration affected the fresh-dry weight
percentage as the salinity slightly decreased the fresh and dry
weight measures. It was inversely proportional to the salinity
concentration where the measures were recorded highly at 50
mM and the lowest measures were recorded at 200 mM of
NaCl. Figure 1 visualizes the growth of the wheat varieties
under salinity stress.

DISCUSSION

This study aimed to evaluate the salinity stress tolerance of
six Iraqi Wheat varieties under different NaCl concentrations
at germination and ecarly seedling growth. Salinity stress can
affect plant germination and growth differently depending on
the species and genotype of the plant (Feghhenabi et al., 2020;
Mahmud et al., 2022). The literature indicated that the features
of germination and seedling are considered as the most viable
indicators for plant final performance, we included early stages of
plant development to study the mechanism of salinity tolerance

Table 1: Seed Germination percentage
SalinityControl50 mM 100 mM150 mM200 mM Germination%

Variety
Iba99 3 3 3 3 3 100
Hadbaa 3 3 0 0 0 40
Hashmiaa 3 3 3 3 0 80
Al-Rasheed 3 3 3 0 0 60
Sham 3 3 3 3 3 100
Rabiaa 3 3 3 3 3 100
Table 2: Shoot length results
Genotype—>alNy  Control 50 mM  100mM  150mM  200mM
1ba99 39.12 28,51 28.15 2822  22.11
Hadbaa 41.41 29.01 - - -
Hashmiaa 45.64  29.31  28.29  20.92 -
Al-Rasheed 32.52 23.19 19.22 - -
Sham 19.98  16.79  16.39  14.22  13.67
Rabiaa 60.01  39.12  39.31  36.37  30.70
37



Hameed et al.

Table 3: Fresh and Dry Weight of Wheat varieties sample

Cultivar Control 50mM 100mM 150mM 200mM

FW DW FW DW FW DW FW DW FW DW
1ba99 2.437 0.709 1.531 0.674 1.201 0.541 1.022 0.502 1.089 0.412
Hadbaa 2.322 0.781 1.421 0.611 - - - - - -
Hashmiaa 2.661 0.789 1.244 0.591 1.211 0.514 1.117 0.501 -
Al-Rasheed 2.531 0.722 1.036 0.563 1.229 0.503 - - - -
Sham 1.971 0.583 0.812 0.423 0.789 0.409 0.708 0.378 0.793 0.351
Rabiaa 3.105 0.998 1.191 0.861 1.022 0.585 1.119 0.543 1.032 0.510

Hashmiaa

Hadbaa

Al-Rasheed Sham Rabiaa

Figure 1: Photograph of the six wheat varieties

in different wheat varieties (Naik & Karadge, 2017; Smolikova
et al., 2020). Based on the results obtained, wheat genotypes
differ in their response to salinity stress that is evaluated in the
germination and seedling features. Our results showed that an
increase in NaCl concentration the germination percentage GP
affected in some wheat genotypes, with NaCl low concentration
breaking seed dormancy and high concentrations of NaCl
inhibits seed germination due to high osmotic potential effects
and ion toxicity (Alkifaei & Al-Tahir, 2018; Soni et al., 2021).
Basically, several internal features of the seeds, such as age, seed
coat properties, polymorphism, and seedling vigor might affect
the germination of seeds under saline conditions, in addition to
external elements such as light, water, temperature, and gasses
(Wahid et al., 2016; Naik & Karadge, 2017). Due to the low
osmotic potential in the germination media, which decreases
water absorption and inhibits seed germination, the germination
process can be affected by changing the amount of water that
seeds take in. (Zhu et al., 2019). Accumulation of high levels
of Na ions in the soil causes water absorption reduction due to
the osmotic and drought stress (Bakhshandeh et al., 2022). High
salinity concentrations can cause enzymatic activity changes in
plants and alter nucleic acids and protein metabolism (Ashraf
et al., 2018). In the current study, Hadbaa and Al-Rasheed
genotypes had the lowest seed germination percentage when
compared to non-stressed samples. Genotypes that maintain
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high germination and biomass yield are considered as salinity
tolerant genotypes and the genotypes Hadbaa and Al-Rasheed
are considered salinity-sensitive genotypes as reported by some
studies (Zeeshan et al., 2020; Pour-Aboughadareh et al., 2021).
Based on the obtained results concerning SL, FW and DW, all
measures assessed showed a decrease with the NaCl increase
in all genotypes and the degree of the reduction depends on
the genotype. Root length and shoot length are the foremost
influenced parameters due to the coordinate contact with saline
arrangement within the root, and the shoot is straightforwardly
influenced as the water supply is diminished (Asaadi, 2009).
Saltiness adversely influences the ultrastructure of cells, tissues
and organs (Koyro, 2002; Abari et al., 2011). It was detailed that
saltiness harmfulness and osmotic impacts restrain the essential
upkeep for supplement accessibility levels that are fundamental
for plant development and improvement and eventually restrain
root and shoot development (Rasheed, 2009). The diminish in
FW and DW of wheat tests is due to the toxic impact of Na on
the photosynthesis rate. High levels of Na can lead to the low
transport efficiency of essential ions such as NO, which reduce
N-containing compounds and finally inhibit the growth and
biomass of plants. Salinity stress can reduce the photosynthesis
rate by stomatal closure led to CO, concentration reduction in
the plant (Jamil et al., 2000).

CONCLUSION

The study revealed that Iraqi wheat varieties are affected
differently by salinity stress at the germination level and
carly growth stages. The germination and growth are affected
inversely with the salinity increase. Rabiaa variety was the most
tolerant and showed the highest growth while Sham variety
showed the lowest and most sensitivity to salinity stress and
other varicties were affected differently. Hadbaa, Al-Rasheed
and Hashmiaa respectively were the most sensitive to salinity
at the germination stage.

REFERENCES

Abari, A. K., Nasr, M. H., Hojjati, M., & Bayat, D. (2011). Salt effects on
seed germination and seedling emergence of two Acacia species.
African Journal of Plant Science, 5(1), 52-56. https://doi.org/10.5897/
AJPS.9000213

Al-Hachami, I. S. A., & Frhan, M. E. (2018). A compative study of technical
efficiency of certifed wheat cultivars (ADNA 99 and IPA 99) in Iraq
during the season 2014-2015.(Wasit governorate as a case study).
Iraqi Journal of Agricultural Sciences, 48(6), 1750-1764.

Alkifaei, M. H. A.-K., & Al-Tahir, E M. M. (2018). Response of Wheat Varieties
Newly Introduced to Different Planting Dates. Jornal of Al-Muthanna
for Agricultural Sciences, 6(2), 67-74.

J Plant Stress Physiol ¢ 2023 ¢ Volg



Asaadi, A. M. (2009). Investigation of salinity stress on seed germination of
Trigonella foenum-graecum. Research Journal of Biological Sciences,
4(11), 1152-1155.

Ashraf, M., Shahzad, S. M., Imtiaz, M., & Rizwan, M. S. (2018). Salinity
effects on nitrogen metabolism in plants—focusing on the activities of
nitrogen metabolizing enzymes: A review. Journal of Plant Nutrition,
41(8), 1065-1081. https://doi.org/10.1080/01904167.2018.1431670

Bakhshandeh, E., Abdellaoui, R., Boughalleb, F, & Jamali, M. (2022).
Quantification of green bean germination response to simultaneous
saltand temperature stress: a modeling approach. Acta Physiologiae
Plantarum, 44, 134. https://doi.org/10.1007/s11738-022-03461-z

Dai, X., Huo, Z., & Wang, H. (2011). Simulation for response of crop yield
to soil moisture and salinity with artificial neural network. Field Crops
Research, 121(3), 441-449. https://doi.org/10.1016/j.fcr.2011.01.016

Dehnavi, A. R., Zahedi, M., Ludwiczak, A., Perez, S. C., & Piernik, A. (2020).
Effect of salinity on seed germination and seedling development of
sorghum (Sorghum bicolor (L.) Moench) genotypes. Agronomy, 10(6),
859. https://doi.org/10.3390/agronomy 10060859

EL Sabagh, A., Islam, M. S., Skalicky, M., Raza, M. A., Singh, K.,
Hossain, M. A., Hossain, A., Mahboob, W., Igbal, M. A.,
Ratnasekera, D., Singhal, R. K., Ahmed, S., Kumari, A., Wasaya, A.,
Sytar, O., Brestic, M., Cig, F, Erman, M., Rahman, M. H. U.,Arshad, A.
(2021). Salinity stress in wheat (7riticum aestivum L.) in the changing
climate: Adaptation and management strategies. Frontiers in
Agronomy, 3, 661932. https://doi.org/10.3389/fagro.2021.661932

Feghhenabi, F, Hadi, H., Khodaverdiloo, H., & van Genuchten, M. T.
(2020). Seed priming alleviated salinity stress during germination
and emergence of wheat (7Triticum aestivum L.). Agricultural
Water Management, 231, 106022. https://doi.org/10.1016/j.
agwat.2020.106022

Giovanis, E., & Ozdamar, O. (2021). The transboundary effects of climate
change and global adaptation: The case of the Euphrates-Tigris water
basin in Turkey and Iraq. ERF Working Papers Series.

Igbal, M. A., Rahim, J., Naeem, W., Hassan, S., Khattab, Y., & EI-Sabagh, A.
(2021). Rainfed winter wheat (7riticum aestivum L.) cultivars respond
differently to integrated fertilization in Pakistan. Fresenius
Environmental Bulletin, 30(4), 3115-3121.

Jamil, A., Riaz, S., Ashraf, M., & Foolad, M. R. (2011). Gene expression
profiling of plants under salt stress. Critical Reviews in Plant Sciences,
30(5), 435-458. https://doi.org/10.1080/07352689.2011.605739

Jamil, M., Lee, D. B., Jung, K. Y., Ashraf, M., Lee, S. C., & Rha, E. S. (20086).
Effect of salt (NaCl) stress on germination and early seedling growth
of four vegetables species. Journal of Central European Agriculture,
7(2), 273-282.

Koyro, H.-\W. (2002). Ultrastructural effects of salinity in higher plants. In
A. Lauchli & U. Luttge (Eds.), Salinity: Environment-Plants-Molecules
(pp. 139-157) Dordrecht, Netherlands: Springer. https://doi.
org/10.1007/0-306-48155-3 7

Kumari, A., & Kaur, R. (2020). A review on morpho-physiological traits of
plants under phthalates stress and insights into their uptake and
translocation. Plant Growth Regulation, 91, 327-347. https://doi.
org/10.1007/s10725-020-00625-0

Mahmud, R., Abdulhamed, Z. A., & Alogaidi, M. A. M. (2022). Effect of
Planting Dates on Growth Characteristics and Yield of Six Bread
Wheat Cultivars. /ragi Journal of Desert Studies, 12(1), 69-78. https://
doi.org/10.36531/ijds.2022.174582

Majeed, D. M. (2018). Detection of TaST salt tolerance gene in three

J Plant Stress Physiol e 2023 e Volg

Hameed et al.

selected wheat genotypes for salinity stress under salinity conditions.
Iraqi Journal of Agricultural Sciences, 49(3), 487-492. https://doi.
org/10.36103/ijas.v49i3.120

Mohammed, Z. M., & Hassan, W. H. (2022). Climate change and the
projection of future temperature and precipitation in southern Iraq
using a LARS-WG model. Modeling Earth Systems and Environment,
8, 4205-4218. https://doi.org/10.1007/s40808-022-01358-x

Naik, V. V., & Karadge, B. A. (2017). Effect of NaCl and Na2S0O4 salinities
and light conditions on seed germination of purslane (Portulaca
oleracea Linn.). Journal of Plant Stress Physiology, 3, 1-4. https://doi.
org/10.19071/jpsp.2017.v3.3142

Outoukarte, I., El Keroumi, A., Dihazi, A., & Naamani, K. (2019). Use of
morpho-physiological parameters and biochemical markers to select
drought tolerant genotypes of durum wheat. Journal of Plant Stress
Physiology, 5, 1-7. https://doi.org/10.25081/jpsp.2019.v5.3700

Pour-Aboughadareh, A., Mehrvar, M. R., Sanjani, S., Amini, A., Nikkhah-
Chamanabad, H., & Asadi, A. (2021). Effects of salinity stress on
seedling biomass, physiochemical properties, and grain yield in
different breeding wheat genotypes. Acta Physiologiae Plantarum,
43, 98. https://doi.org/10.1007/s11738-021-03265-7

Rasheed, R. (2009). Salinity and extreme temperature effects on sprouting
buds of sugarcane (Saccharum officinarum L.). some histological and
biochemical studies. University of Agriculture, Faisalabad, Pakistan.

Saddig, M. S., Igbal, S., Hafeez, M. B., Ibrahim, A. M. H., Raza, A.,
Fatima, E. M., Baloch, H., Jahanzaib, Woodrow, P, & Ciarmiello, L. F.
(2021). Effect of salinity stress on physiological changes in winter
and spring wheat. Agronomy, 11(6), 1193. https://doi.org/10.3390/
agronomy11061193

Seleiman, M. F, Aslam, M. T., Alhammad, B. A., Hassan, M. U.,
Magbool, R., Chattha, M. U., Khan, |., Gitari, H. I., Uslu, O. S., Roy, R.,
& Battaglia, M. L. (2022). Salinity stress in wheat: effects, mechanisms
and management strategies. Phyton-International Journal of
Experimental Botany, 91(4), 667-694. https://doi.org/10.32604/
phyton.2022.017365

Smolikova, G., Leonova, T., Vashurina, N., Frolov, A., & Medvedeyv, S.
(2020). Desiccation tolerance as the basis of long-term seed viability.
International Journal of Molecular Sciences, 22(1), 101. https://doi.
org/10.3390/ijms22010101

Soni, S., Kumar, A., Sehrawat, N., Kumar, A., Kumar, N., Lata, C., & Mann, A.
(2021). Effect of saline irrigation on plant water traits, photosynthesis
and ionic balance in durum wheat genotypes. Saudi Journal of
Biological Sciences, 28(4), 2510-2517. https://doi.org/10.1016/].
sjbs.2021.01.052

Wabhid, A., Farooq, M., Basra, S. M. A, Rasul, E., & Siddique, K. H. M.
(2016). Germination of seeds and propagules under salt stress. In M.
Pessarakli (Eds.), Handbook of Plant and Crop Stress (3" ed., pp. 321-
337) Boca Raton, Florida: CRC Press. https://doi.org/10.1201/b10329

Zeeshan, M., Lu, M., Sehar, S., Holford, P, & Wu, F. (2020). Comparison
of biochemical, anatomical, morphological, and physiological
responses to salinity stress in wheat and barley genotypes deferring
in salinity tolerance. Agronomy, 10(1), 127. https://doi.org/10.3390/
agronomy10010127

Zhu, G, An, L., Jiao, X., Chen, X., Zhou, G., & McLaughlin, N. (2019). Effects
of gibberellic acid on water uptake and germination of sweet sorghum
seeds under salinity stress. Chilean Journal of Agricultural Research,
79(3), 415-424. https://doi.org/10.4067/S0718-583920190003004 15

39


https://doi.org/10.4067/S0718-58392019000300415

