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Changes in cellular membrane tolerance due to heat stress during 

Triticum sativum L. seeds germination 

Abstract 

Heat stress due to increased temperature is an agricultural problem in many 

areas in the world. The objective of this study was to examine changes in seed 

germination characters, cell membrane stability, lipid peroxidation level and 

electrolyte leakage in germinated seeds exposed to heat stress. Seed germination, co-

efficient of germination and germination vigor index asignificant decreased (due to 

high temperature) is compared to control (untreated seeds). The MDA a signficant 

increased, whereas the protein content asignficant decreased due to high temprature. 

Heat stress a signficant increased proline content. Electrolytes level (as indicator on 

perturbation of membrane permeability) a signficant increased with exposure period 

increase to high temperature.   

 

Introduction 

A key adaptive mechanism in many plants grown under abiotic stresses, 

including salinity, water deficit and extreme temperatures, is accumulation of certain 

organic compounds of low molecular mass, generally referred to as compatible 

osmolytes (Hare et al., 1998; Sakamoto and Murata, 2002). Under stress, different 

plant species may accumulate a variety of osmolytes such as sugars and sugar 

alcohols (polyols), proline, tertiary and quaternary ammonium compounds, and 

tertiary sulphonium compounds (Sairam and Tyagi, 2004). Accumulation of such 

solutes may contribute to enhanced stress tolerance of plants.Heat stress is often 

defined as the rise in temperature beyond a threshold level for a period of time 

sufficient to cause irreversible damage to plant growth and development. Heat stress 

is a complex function of intensity (temperature in degrees), duration, and rate of 

increase in temperature. Heat stress due to high ambient temperatures is a serious 

threat to crop production worldwide (Hall, 2001). 

By definition, germination incorporates those events that commence with the 

uptake of water by the quiescent dry seed and terminate with the elongation of the 

embryonic axis (Bewley and Black, 1994). Different environmental factors may 

determine seed germination, although the essentials are an appropriate combination of 

temperature, moisture and light (Bewley and Black, 1994; Baskin and Baskin, 1998). 

High-temperature-induced modifications on plants may be direct on existing 

physiological processes or indirect in altering the pattern of development. These 

responses may differ from one phenological stage to another. High temperatures can 

cause considerable pre- and post-harvest damages, including scorching of leaves and 

twigs, sunburns on leaves and branches as well as stems, leaf senescence and 

abscission, shoot and root growth inhibition, fruit discoloration and damage, and 

reduced yield (Guilioni et al., 1997; Ismail and Hall, 1999; Vollenweider and 

Gunthardt- Goerg, 2005).Protoplasmatic resistance level results from the cellular 

membranes integrity conservation and cellular compartimentalization (El-Tohamy et 

al., 1999). Cellular membranes damage can be verified through different procedures, 

for example, directly by electronic microscopy (Sajo and Machado, 2001; Douliez, 

2004) and indirectly by electrolytes leakage test (Ismail et al., 2000; Thiaw and Hall, 

2004). Lipids are also the structural elements responsible for the selective 

permeability membranes. Therefore, the maintenance of these molecules physical and 
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chemical properties renders the biological membranes functional (Liljenberg et al., 

1992).  The level of lipid peroxidation has been used as an indicator of free radical 

damage to cell membrane s under stress conditions. MDA is a product of peroxidation 

of unsaturated fatty acids in phospholipids and is responsible for cell membrane 

damage (Halliwell and Gutteridge, 1989). A decrease in the unsaturation degree 

means a cellular membranes rigidity increase (Monteiro de Paula et al., 1993; Costa 

Oliveira, 2001).Electrolyte leakage is influenced by plant/tissue age, sampling organ, 

developmental stage, growing season, degree of hardening and plant species. The 

electrolytes leakage test can evaluate damages shown by the cellular membranes, 

where ions flow raise occurs in consequence of a larger cellular membranes 

permeability (Ismail et al., 1997).   

 

Materials and Methods 

Seed germination and stress conditions 

 Seeds sterilized with hypochloride sodium (5%), then treated by boiling water 

for (0, 2, 5, 10, 15 and 20) second and germinated in  growth chamber at 25±1 ºC and 

relative humidity of 60-70% in darkness for 7 days. Then all biochemical analyses 

were assayed. 

 

Evaluation of seed germination, coefficient of germination and germination vigor 

index 

Germination percentage of seeds was determined after 7 days. Seeds are 

considered germinated when the radicle emerged from the testa. The percentage of 

germination (%G) was equal to: 

100
NST

NSG
%G   

NSG: Number of germinated  seeds  

NST: Total number of tested seeds  

Co-efficcent of germination=( 100)
TA........TATA

A.......AA

nn2211

n21 



 

 

Vigor index=
n

n

2

2

1

1

T

A
..............

T

A

T

A
  

 

A: Number of seeds germinated, T: Time (days) 

 

Malondialdehyde content estimation 

Lipid peroxidation level was determined in terms of malondialdehyde (MDA) 

content by the method of (Zacheo et al., 2000) as follow: 

1. 1 gm was crushed in a mortar  with 20 ml trichloroacetic acid (TCA 50 g/L) to 

pericipate proteins.  

2. The extract centrifuged, then 1 ml of extract was taken and added 1ml of  

thiobarbituric acid (TBA 5 g/L).  

3. The mixture was heated in a water bath at 95 C for 30 min., cooled to room 

temperature. 

4.  The absorbance at 532 nm was determined. The MDA content was calculated 

by the extinction coefficient of 153m mol/L/cm. 
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Protein content estimation 

1 g fresh weight was crushed in a cold mortar with a pestle. Total proteins 

were extracted and estimated according to method of (Bishop et al., 1985). using 

albumin as the standard. The absorbance of protein samples was measured at 555 nm 

using a spectrophotometer. 

 

Proline determination 
Proline content was measured as described by Bates et al. (1973) as follows:- 

1. Dried sample was crushed in a mortar with a pestle.  

2. 10 ml sulfosalicylic acid solution was added to each tube containing 0.1 g of the 

dried sample.  

3. 1 ml of the extract was reacted with 1 ml glacial acetic acid and 1 ml ninhydrin 

(1.25 g ninhydrin warmed in 30 ml glacial acetic acid and 20 ml 6 M phosphoric 

acid until resolved) in a water bath (100°C) for an hour.  

4. The reaction was terminated in an ice bath to stabilize the purple color of the 

extract.  

5. 0.2 ml toluene was added to each tube and the absorbance of top purple aqueous 

layer was measured at 520 nm in a spectrophotometer. 

6.  The concentration of proline samples was determined according to the standard 

curve plotted with known concentrations of L-proline. 

 

Membrane Resistance Test 

The cellular membranes integrity was measured through (1 gm) of seeds put in 

20 ml distilled water in the test tube and kept in the darkness (to prevent electrolytes 

loss induced by the light). The seeds were washed three times with the intervals of 15 

minutes in order to eliminate the electrolytes adsorbed on seeds surface. After the last 

wash, the seeds were left in repose for an hour at 25ºC in the darkness. The electric 

conductivity (EC) was measured during a period of 1 h by EC-meter. 

 

Statistical analysis 

Statistical analyses of the data was performed using the Completely Randomized 

Design (CRD). Least significant difference test (LSD) was used to test for the 

significance of the differences among means at P < 0.05 (Glantz, 2005). 

. 

Results and Discussion 

 The percentage of germination, co-efficient of germination and germination 

vigour index of Triticum seeds are presented in Table 1. Results showed that all the 

three germination characteristics were influenced by the high temperature.  Results 

showed a signficant decrease in germination percentage of seeds treated with heat. 

The seed germination was (90, 58.33, 25, 5 and 5)% when seeds treated with high 

temperature for (2, 5, 10, 15 and 20) sec. respectively is compared to control (100)%. 

The coefficient showed no signficant decrease between different treatments (Table-1). 

It was (83, 72.3, 70.3, 66.6 and 44) % for seeds treated by heat for (2, 5, 10, 15 and 

20) sec. respectively as compared to (90.3)% in untreated seeds (control).  Whereas 

germination vigor index showed an decreasing trend as exposure period increase to 

temperature.  It was (16.1, 6.8, 3.2, 0.6 and 0.7) for seeds treated by boiling water at 

(2, 5, 10, 15 and 20) seconds respectively as compared to control (19).               
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Table (1): Effect of heat stress on germination percentage (%), co-efficient of 

germination (%), germination vigor index of Triticum sativum L. seeds. 

               Parameters 

 

Exposure period  

Germination 

percentage 

(%) 

co-efficient of 

germination (%), 

germination 

vigor index 

Control (untreated seeds) 100 90.3 19.0 

2 second 90.0 83.0 16.1 

5 second 58.3 72.3 6.8 

10 second 25.0 70.3 3.2 

15 seconds 5.0 66.6 0.6 

20 seconds 5.0 44.0 0.7 

LSD (0.05) 4.572 N.S 0.291 

The effect of heat stress on malondialdehyde (a final product of lipid 

peroxidation) content is shown in Figure (1). The MDA content was  signficantly 

higher in heat-stressed seeds than in control seeds. The MDA content was (2.8, 3.1, 

3.6, 3.9, 4.7) μmol/gm.F.W in seeds treated for (2, 5, 10, 15 and 20) respectively sec 

by heating as compared to control (1.7) μmol/gm.F.W. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2) showed a signficant decrease in protein content of seeds treated 

with heat compared to control. The protein content progressively decreased with 

increase of exposure period to heat stress. The protein content was (13.6, 11.8, 11.9, 

10.3 and 7.9) mg/g.F.W in seeds exposed for (2, 5, 10, 15 and 20) sec in boiling water 

respectively as compared to control (32.4) mg/g.F.W. 
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Figure (1): Effect of heat stress on MDA content (μmol/g.F.W) in Triticum 

sativum L. seeds 
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The proline content of seeds is shown in figure (3). Proline progressively 

increased significantly with exposure period to heat stress. Proline concentration was 

(5.4, 8.2, 8, 9.1 and 9) μg/g.D.W in seeds exposed for (2, 5, 10, 15 and 20) second 

respectively, as compared to control (4.6) μg/g.D.W. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The electrolyte leakage (EL) of Triticum seeds increased under heat stress (as 

indicator on cellular membranes damage) (Figure-4). EC was (26.7, 28.5, 28.6, 30.4 

and 33.9) μs/cm for seeds which treated with high temperature at (2, 5, 10, 15 and 20) 

seconds respectively as compared to control (17.9) μs/cm.  
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Figure (2): Effect of heat stress on protein content (mg/g.F.W) in Triticum 

sativum L. seeds 
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Figure (3): Effect of heat stress on proline content (μg/g.D.W) in Triticum 

sativum L. seeds 
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Discussion 

Many physiological changes under high temperature stress may result in poor 

plant growth and productivity. Seed germination and co-efficient germination, 

germination vigor index declined because of the high heat (Table-1). Heat stress is a 

major factor affecting the rate of plant development (Hall, 1992; Marcum, 1998; 

Howarth, 2005), by its effect on the organization of microtubules by splitting and/or 

elongation of spindles, formation of microtubule asters in mitotic cells, and elongation 

of phragmoplast microtubules (Smertenko et al., 1997). These injuries eventually lead 

to starvation, inhibition of growth, reduced ion flux, production of toxic compounds 

and reactive oxygen species (ROS) (Schöffl et al., 1999; Howarth, 2005), and affected 

by limiting carbohydrate accumulation (Howard and Watschke, 1991); and can 

damage cell membranes (Marcum, 1998), may be related to oxidative damage to cell 

membranes by active oxygen species (Bowler et al., 1992; Zhang and Kirkham, 

1994), leading to cell death (Abernethy et al., 1989), and affecting on membrane 

resistance through loosening chemical bonds within molecules of biological 

membranes. Direct alterations due to high temperatures include protein denaturation 

and aggregation, therefore protein content declined because heat stress (Figure-2). 

Decline of protein content may be due to the inhibition of protein synthesis or protein 

degradation (Howarth, 2005). The integrity and functions of biological membranes 

are sensitive to high temperature, as heat stress alters the tertiary and quaternary 

structures of membrane proteins. Such alterations enhance the permeability of 

membranes (Savchenko et al., 2002), as evident from increased loss of electrolytes 

(Figure-4). Zhang et al. (2005) pointed out that heat stress severely damaged the 

mesophyll cells and increased permeability of plasma membrane. Savchenko et al. 

(2002) mentioned that heat stress accelerates the kinetic energy and movement of 

molecules across membranes. This makes the lipid bilayer of biological membranes 

more fluid by either denaturation of proteins or an increase in unsaturated fatty acids, 

the lipids destroyed by lipid peroxidation process (MDA as a final product) (Figure-

1). In Arabidopsis plants grown under high temperature, total lipid content in 

membranes decreased to about one-half and the ratio of unsaturated to saturated fatty 

acids decreased to one-third of the levels at normal temperatures (Somerville and 
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Figure (3): Effect of heat stress on electrolye leakage (μs/cm) in Triticum 

sativum L. seeds 
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Browse, 1991).Proline progressively decreased with increase exposure period to heat 

(Figure-3). It is also known to occur widely in higher plants and normally 

accumulates in large quantities in response to environmental stresses (Kavi Kishore et 

al., 2005). In assessing the functional significance of accumulation of compatible 

solutes, it is suggested that proline synthesis may buffer cellular redox potential under 

heat and other environmental stresses (Wahid and Close, 2007).  

 

References 

Abernethy, R.H.; D.S. Thiel; N.S. Peterson and K., Helm. (1989). Thermotolerance 

is developmentally dependent in germinating wheat seed. Plant Physiol., 89:569–

576. 

Baskin, J. M. and Baskin, C. C. (1989). Physiology of dormancy and germination in 

relation to seed bank ecology. 53–66. In: M. A. Leck, V. T. Thomas and R. L. 

Simpson (eds), Ecology of Soil Seed Banks. Academic Press, San Diego, 

California. 

Bates, L.S.; Waldren, R.P. and Tear, I.D. (1973). Rapid determination of free proline 

for water-stress studies. Plant Soil, 39: 205-207. 

Bewley, J.D. and Black, M. (1994). Seeds: Physiology of Development and 

Germination. (New York: Plenum Press) 

Bishop, M.C.; Dben-Von Laufer, J.L.; E.P., Fody and Thirty three contributors-1985. 

Clinical Chemistry Principles: Procedures and Correlations. Pp. 181-182. 

Bowler,C.,M.; VanMontagu, and D., Inze. (1992). Superoxide dismutase and stress 

tolerance. Annu. Rev. Plant Physiol. Plant Mol. Biol., 43:83–116. 

Costa Oliveira, M. S. (2001). Estudo da composição lipídica e efeito do estresse hídrico 

em membranas foliares de cajueiro-anão-precoce (Anacardium occidentale L.). 

Tese de mestrado, Universidade Federal do Ceará, Fortaleza, Brasil. 

Douliez, J. P. (2004). Cutin and suberin monomers are membrane perturbants. J. 

Colloid Interface Sci., 271: 507-510. 

El-Tohamy, W.; Schnitzlerz, W. H.; El-Behairy, U. and Singer, S. M. (1999). Effect 

of long-term drought stress on growth and yield of bean plants (Phaseolus vulgaris 

L.). Appl. Bot. Angew. Bot., 73, 173 – 177. 

Glantz, S.A. (2005). Primer of biostatics. 5
th

 ed. P. 208-310. MacGraw, USA. 

Guilioni, L.; Wery, J. and Tardieu, F. (1997). Heat stress-induced abortion of buds 

and flowers in pea: is sensitivity linked to organ age or to relations between 

reproductive organs? Ann. Bot., 80: 159–168. 

Hall, A.E. (1992). Breeding for heat tolerance. Plant Breed. Rev., 10: 129–168. 

Hall, A.E. (2001). Crop Responses to Environment.CRCPress LLC, Boca Raton, 

Florida. 

Halliwel, B. and J.M.C., Gutteridge. (1989). Free radicals in biology and medicine. 

2
nd

 ed. Claredon Press, Oxford, UK. 

Hare, P.D.; Cress, W.A. and Staden, J.V. (1998). Dissecting the roles of osmolyte 

accumulation during stress. Plant Cell Environ., 21: 535–553. 

Howard, H.F. and T.L., Watschke (1991). Variable high-temperature  tolerance 

among Kentucky bluegrass cultivars. Agron. J. 83: 689–693. 

Howarth, C.J. (2005). Genetic improvements of tolerance to high temperature. In: 

Ashraf, M., Harris, P.J.C. (Eds.), Abiotic Stresses: Plant Resistance Through 

Breeding and Molecular Approaches. Howarth Press Inc., New York. 

Ismail, A.M. and Hall, A.E. and Close, T.J. (1997). Chilling tolerance during 

emergence of cowpea associated with a dehydrin and slow electrolyte leakage. 

Crop. Sci., 37: 1270-1277. 

http://www.uokufa.edu.iq/journals/index.php/ajb/index


 

 

URL: http://www.uokufa.edu.iq/journals/index.php/ajb/index 

Email: biomgzn.sci@uokufa.edu.iq 

 

ISSN: 2073-8854 

 Magazin of Al-Kufa University for Biology   / VOL.5 / NO.2 / year : 2013 

 

Ismail, A.M. and Hall, A.E. (1999). Reproductive-stage heat tolerance, leaf membrane 

thermostability and plant morphology in cowpea. Crop Sci., 39: 1762–1768. 

Ismail, A. M.; Hall, A. E. and Ehlers, E. J. (2000). Delayed leaf senescence and heat 

tolerance traits mainly are independently expressed in cowpea. Crop Sci., 40, 1049-

1055. 

Kavi Kishore, P.B.; Sangam, S.; Amrutha, R.N.; Laxmi, P.S.; Naidu, K.R.; Rao, 

K.R.S.S.; Rao, S.; Reddy, K.J.;Theriappan, P. and Sreenivasulu, N. (2005). 

Regulation of proline biosynthesis, degradation, uptake and transport in higher 

plants: its implications in plant growth and abiotic stress tolerance. Curr. Sci., 88: 

424–438. 

Liljenberg, C. S. (1992). The effects of water deficit stress on plant membrane lipids. 

Prog. Lipid Res., 31: 335-343. 

Marcum, K.B. (1998). Cell membrane thermostability and whole plant heat tolerance 

of Kentucky bluegrass. Crop Sci., 38: 1214–1218. 

Marrink, S. J.; Tieleman, D. P.; Buuren, A. R. and Berendsen, J. C. (1996). 
Membranes and water: An interesting relationship. Faraday Discus., 103: 191- 201. 

Monteiro de Paula, F.; Pham Thi, A. T.; Zuily-Fodil, Y.; Ferrari-Iliou, R.; Vieira da 

Silva, J. and Mazliak, P. (1993), Effects of water stress on the biosynthesis and 

degradation of poly-unsaturated lipid molecular species in leaves of Vigna 

unguiculata. Plant Physiol. Biochem., 31: 707-715. 

Paulsen, G.M. (1994). High temperature responses of crop plants. p. 365–389. In K.J. 

Boote et al. (ed.) Physiology and determination and stress tolerance. Annu. Rev. 

Plant Physiol. Plant Mol. Biol. of crop yield. ASA, CSSA, and SSSA, Madison, WI. 

Sajo, M. D. and Machado, S. R. (2001). Submicroscopical features of leaves of Xyris 

species. Braz. Arch. Biol. Tech., 44: 405-410. 

Sakamoto, A. and Murata, N. (2002). The role of glycine betaine in the protection of 

plants from stress: clues from transgenic plants. Plant Cell Environ., 25: 163–171. 

Savchenko, G.E.; Klyuchareva, E.A.; Abrabchik, L.M. and Serdyuchenko, E.V. 

(2002). Effect of periodic heat shock on the membrane system of etioplasts. Russ. J. 

Plant Physiol., 49: 349–359. 

Schöffl, F.; Prandl, R. and Reindl, A. (1999). Molecular responses to heat stress. In: 

Shinozaki, K., Yamaguchi-Shinozaki, K. (Eds.), Molecular Responses to Cold, 

Drought, Heat and Salt Stress in Higher Plants. R.G. Landes Co., Austin, Texas, pp. 

81–98. 

Smertenko, A.; Draber, P.; Viklicky, V. and Opatrny, Z. (1997). Heat stress affects 

the organization of microtubules and cell division in Nicotiana tabacum cells. Plant 

Cell Environ., 20: 1534–1542. 

Somerville, C. and Browse, J. (1991). Plant lipids, metabolism and membranes.  

Science 252: 80–87. 

Thiaw, S. and Hall, A. E. (2004). Comparison of selection for either leaf electrolyte 

leakage or pod set in enhancing heat tolerance and grain yield of cowpea. Field 

Crops Res., 86: 239-253. 

Vollenweider, P. and Gunthardt-Goerg, M.S. (2005). Diagnosis of abiotic and biotic 

stress factors using the visible symptoms in foliage. Environ. Pollut., 137: 455–465. 

Wahid, A. and Close, T.J. (2007). Expression of dehydrins under heat stress and their 

relationship with water relations of sugarcane leaves. Biol. Plant., 51: 104–109. 

Zacheo,G.; Cappello,M.S.; Gallo,A.; Santino, A. and Cappelo,A.R. (2000). 

Lebensm-Wiss u. Technol., 33: 415-423. 

http://www.uokufa.edu.iq/journals/index.php/ajb/index


 

 

URL: http://www.uokufa.edu.iq/journals/index.php/ajb/index 

Email: biomgzn.sci@uokufa.edu.iq 

 

ISSN: 2073-8854 

 Magazin of Al-Kufa University for Biology   / VOL.5 / NO.2 / year : 2013 

 

Zhang, J.X., and M.B. Kirkham. (1994). Drought-stress-induced changes in activities 

of superoxide dismutase, catalase, and peroxidase in wheat species. Plant Cell 

Physiol., 35:785–791. 

 

 

 

 Triticum sativumتحمل الاغشية الخلوية بسبب الاجهاد الحراري خلال أنبات بذور الحنطة  التغيرات في

L. 

 

يعد الاجهاد الحراري بسبب زيادة درجة الحرارة مشكلة كبيرة في العديد من الاراضي في العالم. كان 

  موضوع الدراسة فحص التغيرات في انبات البذور، ثباتية الاغشية، عملية أكسدة الدهون وفقدان الالكتروليتات

ومعامل سرعته معنوياً بسبب الحرارة  في البذور النابتة والمعرضة للاجهاد الحراري. أنخفضت نسبة الانبات

العالية مقارنة بمجموعة السيطرة. أزداد محتوى المالونداي ألديهايد معنوياً، في حين أنخفض محتوى البروتين 

معنوياً. يسبب الاجهاد الحراري زيادة معنوية في محتوى البرولين. وأزداد مستوى الالكتروليتات )كمؤشر على 

 فاذية الاغشية الخلوية( بشكل معنوي مع زيادة فترة التعرض للحرارة العالية.  الاضطراب الحاصل في ن
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