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Abstract The aim of this study was to develop the

method for increasing resistance of sunflower seedlings

‘Wielkopolski’ to chilling. Seeds were conditioned at

25 �C for 2 days in water to 15, 20 and 25 % moisture

content or in salicylic or jasmonic acid in concentration of

10-2; 10-3 and 10-4 M or brassinolide in concentration of

10-6; 10-8 and 10-10–15 % moisture content. After 2 days

of incubation the conditioned seeds were heat shocked at

45 �C for 0, 30, 60, 120 and 240 min and 5 mm seedlings

were exposed to chilling at 0 �C for 21 days. The effec-

tiveness of the methods was assessed by evaluation of roots

growth in Phytotoxkit Microbiotest, changes in the activity

of dehydrogenases, the integrity of the cytoplasmic mem-

brane and formation of polysomes after seedling were

returned to 25 �C for 72 h. Seeds were conditioned at

25 �C for 2 days in water to 15 % moisture content and

then heat shocked at 45 �C for 2 h decreased chilling injury

of seedlings expressed by subsequent growth of the roots,

electrolyte leakage, dehydrogenases activity and poly-

somes formation. Application of heat shock of 45 �C for

2 h during seed conditioning additionally provided seed-

ling protection against subsequent chilling conditions.

Brasinolide, salicylic acid or jasmonic acid applied during

seeds conditioning exhibited further beneficial effect on

seedling resistance to chilling. The most pronounced effect

was obtained due to seed conditioning to 15 % moisture

content in solutions of brassinolide in concentration of

10-8 M. After 2 days of imbibition treated in this way

seeds were exposed to heat shock at 45 �C for 2 h. The role

of physiological events in improvement of sunflower

chilling tolerance are discussed.

Keywords Low � Temperature � Electrolyte leakage �
Dehydrogenases activity � Salicylic acid � Jasmonic acid �
Brasinolide

Introduction

Sunflower is one of the most important oil crops world-

wide. It is mostly cultivated in the regions of high tem-

peratures and long vegetation period. In Poland, the

cultivation of sunflower grown for edible oil is strongly

limited because they often maturate in conditions of low

temperatures in autumn, dew in the mornings or evenings

and high relative humidity. This hampers the natural drying

of plants after ripening of achenes (Kluza-Wieloch 2003).

Therefore, early sowing seems to be the way to avoid the

critical period during autumn weather conditions. How-

ever, early sowing compared with conventional sowing is

associated with long-term low temperature exposure during

first stages of sunflower development. Such conditions can

significantly inhibit seedlings emergence and plant growth

as well as seriously cause plant chilling injury and infection

by diseases (Bradlow 1990).

Such problems have increased the importance of sun-

flower tolerance to low temperatures. Many approaches

have been tried to reduce chilling injury of growing plants

(Mangrich and Saltveit 2000; Kang and Saltveit 2001;
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Saltveit 2001). These methods include: temperature con-

ditioning, storage at high relative humidity or low pressure,

application of specific chemical formulation, use of con-

trolled atmospheres during chilling, increased atmospheric

carbon dioxide levels, pre-treatments with calcium or eth-

ylene, and conditioning near the chilling temperature

before storage. More recently, the effects of exposure to

elevated temperatures (i.e. temperature shock, heat shock

or cold shock) have shown to induce tolerance to injury

from low temperatures (Collins et al. 1993; Mangrich and

Saltveit 2000; Kang and Saltveit 2001; Saltveit 2001).

However, these methods were mainly used during the early

growth of plants, which makes difficulties in applying them

in practice during seed production. Therefore, it would be

very useful if the positive effects of these methods could be

applied during seed imbibition, before the radicles protrude

the seed coat.

Salicylic acid, jasmonic acid and brassinolide are com-

pounds naturally occurring in plants in very low amounts

which are involved in plant responses to stress and take

part in alleviating the negative effects of stress on plant

(Korkmaz et al. 2005; Deef 2007; Bajguz and Hayat 2009;

Gharib and Hegazi 2010). Besides, jasmonic and salicylic

acid plays an important role in seedlings immunity to

pathogens. However, little is known about its effect in

combination with short-term high temperature applied

during seed imbibition on seedlings resistance to chilling.

Due to a lack of information on the subject, the aim of

the present study was to evaluate the effect of short-term

heat shock applied during seed conditioning in water or in

the presence of salicylic acid, jasmonic acid or brassinolide

on improvement of plant tolerance to negative effects of

chilling. In order to achieve this aim, the growth of roots,

activity of dehydrogenases, the integrity of the cytoplasmic

membrane and formation of polysomes were examined.

Materials and methods

Plant material

Seeds of sunflower (Helianthus annuus subsp. sativus)

‘‘Wielkopolski’’ were purchased from HR Strzelce Sp. Z

o.o. company (Borowo, Poland). Seeds until the start of

experiments were held at 15 �C and 30 % of relative

humidity.

Seeds conditioning, heat shock treatments

and measurements of root length

Seeds were soaked in limited amounts of water to 15, 20

and 25 % moisture content at 25 �C and incubated for

2 days in air-tight glass bottles at the same temperature.

During the incubation, the seeds were aired (ventilated)

every day for about 15 s. After 2 days of incubation the

conditioned seeds were subjected to high temperature (heat

shock) of 45 �C for 0, 30, 60, 120 and 240 min and

transferred to 6 cm Petri dishes at 25 �C. The germinated

seeds with 5 mm root in length were moved to Phytotoxkit

Microbiotest (Persoone and Vangheluwe 2000). After-

wards, the seedlings were chilled at 0 �C for 21 days. Root

length was determined after seedlings were returned to

25 �C for 72 h.

In the next experiments the seeds were conditioned to

15 % moisture content either in water or in solutions of

salicylic or jasmonic acid in concentration of 10-2; 10-3

and 10-4 M or brassinolide in concentration of 10-6 10-8

and 10-10 M. After 2 days of incubation the conditioned

seeds were heat shocked at 45 �C for 2 h and transferred to

Petri dishes at 25 �C for further germination. These con-

ditions were experimentally selected on the basis of first

experiment as the most beneficial condition for induction

of seedling resistance to chilling. The seedlings with 5 mm

length were transferred to Phytotoxkit Microbiotest, chilled

at 0 �C for 21 days and then electrolyte leakage, dehy-

drogenases activity and polysomes formation were evalu-

ated. After seedlings were returned to 25 �C for 72 h, the

root length was determined.

Measurement of electrolyte leakage

The conditioned, heat shocked seeds and then chilled

seedlings were subjected to electrolyte leakage assess-

ments. Twenty-five seedlings, in four replications were

soaked in 5 ml of distilled water. The electrolyte leakage

was measured after 4 h of incubation at 20 �C. Results

correspond to the means of four measurements. A micro-

computer conductivity meter CC-551 (ELMETRON,

Poland) was used to measure the electrical conductivities

(in lS) of the leaches of seedlings (Górnik and Grzesik

2002).

Dehydrogenases activity

Dehydrogenases activity were determined in the present

study as the frequent, reliable and good marker for scoring

seed vigor classes. The method used for measuring the

activity of dehydrogenases is based on the fact that 2,3,5-

triphenyl tetrazolium chloride (TTC) interacts with the

reduction processes of living cells and accepts hydrogen

from dehydrogenases. By hydration of the TTC a red,

stable and non-diffusible substance, triphenyl formazan is

produced in living cells (Pandey 1989). 0.2 g of isolated

from seedlings roots were placed in Eppendorf tubes,

ground and incubated in 1 ml of 0.1 M sodium phosphate

buffer, pH 7.2 containing 0.7 % (w/v) of TTC at 25 �C for
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24 h. After that time samples were centrifuged (5 min;

5,0009g) and the pellet was extracted six times with 1 ml

of acetone. The solution absorbance was measured at

488 nm. A standard curve was prepared from known

concentration of formazan. Each determination was made

four times.

Polysome evaluation

Frozen seedlings in amount of 0.5 g were ground under

liquid nitrogen using cooled mortar and pestle and sus-

pended in about 3 ml of buffer U containing 2 % PTE

(polyoxyethylene-10-tridecyl ether, a non-ionic deter-

gent); 1 % DOC (sodium deoxycholate); 200 mM Tris-

HCl, pH 8.5; 50 mM potassium acetate; 25 mM mag-

nesium acetate; 2 mM EGTA; 100 mg/ml heparin and

centrifuged at 12,0009g for 20 min (Abe et al. 1992).

The obtained supernatants, containing total extractable

fraction of polyribosomes, were placed in the centrifuge

tubes, on top of 0.5 ml of 50 % ‘‘sucrose cushion’’.

Polysomes were purified and enriched by pelleting

through the sucrose cushions at 330,0009g for 90 min

(SW 55 Ti rotor, Beckman). Pellets were then resus-

pended in 0.5 ml of buffer U and centrifuged for 5 min

at 12,0009g. The quantity of the ribosomes was esti-

mated by measuring the absorbance at 260 nm, accord-

ing to the method developed by Gualerzi and

Cammarano (1969), which assumed that the absorbance

of 1 % solution of ribosomes in a cuvette with a 1 cm

optical path equals 13.5. In order to separate the indi-

vidual components of the extract (ribosomal subunits,

monosomes and polysomes), 200 ll of the aliquot was

placed on top of a 15–60 % density gradient of sucrose

dissolved in buffer B (50 mM Tris-HCl, pH 8.5; 20 mM

potassium acetate; 10 mM magnesium acetate) and cen-

trifuged at 330,0009g for 30 min. The ribosome profiles

were monitored by measuring the absorbance at 254 nm

using a UA-5 flow recorder (ISCO, Lincoln, NE, USA)

according to Davies and Abe (1995). The percentage of

polysomes was determined by calculating the area under

the polysome peaks in relation to the total ribosomal

profile after subtracting the blank gradient baseline. All

steps were carried at 0–4 �C.

Statistical analyses

The experiment was conducted three times. The measure-

ments of root length was designed in four replications, each

comprising ten seedlings. Electrolyte leakage, dehydro-

genases activity and polysomes formation were repeated

four times. The differences between the means were esti-

mated by the Duncan multiple range test at a significance

level of P = 0.05.

Results and discussion

The former experiments showed that sunflower seedlings

are sensitive to an exposure of chilling temperatures

(Górnik 2011). The chilling sensitivity of the seedlings was

observed as root damages expressed by external discolor-

ation and inhibition of roots growth. Similarly, in the

present study sunflower sensitivity to chilling among others

was investigated by roots growth in Phytotoxkit Microbi-

otest. The measurements of root elongation after chilling

are considered as one of the best indicators for the evalu-

ation of chilling injury severity (Jennings and Saltveit

1994; Mangrich and Saltveit 2000; Saltveit 2001; Kang and

Saltveit 2001; Górnik 2011).

Seeds conditioned in limited water supply significantly

decreased chilling injury of seedlings expressed by sub-

sequent growth of the roots (Table 1). Similarly, soybean

seed priming increased their tolerance to chilling temper-

ature (Farooq et al. 2008; Posmyk et al. 1999, 2001). The

lower seed moisture content was the more pronounced,

effect of seed conditioning on seedling resistance to chill-

ing was observed (Table 1). The best effect was obtained

when seeds were conditioned to 15 % moisture content.

Application of heat shock (45 �C) additionally affected

seedling resistance to chilling. However, the extent of the

profitable impact depended on the duration of 45 �C

exposure during seed imbibition. The most beneficial result

was obtained when seeds after 2 days of imbibition were

heat shocked at 45 �C for 2 h, which was previously

examined (data not shown). After that treatment the roots

of these seedlings were more than twice longer as the

control ones. Similarly, Jennings and Saltveit (1994)

reported positive response of high temperature for inducing

chilling tolerance in cucumber.

Table 1 Root length (cm) of Wielkopolski sunflower seedling after

seed conditioning and heat shock application

Seed treatments Seed moisture content (%)

15 20 25

Control (seed imbibed of filter paper) 23.6 aa 23.6 a 23.6 a

Conditioning (0 min at 45 �C) 32.9 b 27.5 b 25.2 b

Conditioning (30 min at 45 �C) 47.0 c 43.4 c 34.8 c

Conditioning (60 min at 45 �C) 51.3 cd 39.6 bc 30.1 bc

Conditioning (120 min at 45 �C) 52.3 d 38.4 bc 27.7 bc

Conditioning (240 min at 45 �C) 40.9 bc 37.6 bc 25.7 b

Seeds were conditioned at 25 �C for 16 h to 15, 20, 25 % moisture

content, imbibed for 2 h and then heat shocked for 0, 30, 60, 120,

240 min and returned to 25 �C for further germination. Seedlings

with 5 mm length were chilled at 0 �C for 21 days. Root length was

determined after seedlings were returned to 25 �C for 72 h
a Means within columns with the same letter are not significantly

different at 5 % according to Duncans’s multiple range test
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Salicylic acid, jasmonic acid or brassinolide applied

during seed conditioning together with heat shock treat-

ment additionally provided seedling protection against

subsequent chilling condition (Fig. 1). The most resistant

seedlings to low temperature influence were obtained when

seeds were conditioned in the solution of 10-8 or 10-10 M

of brassinolide. After transferring them to 25 �C for 72 h

their roots were four times longer than the control ones.

Similarly, leaves spraying with brassinolide on the rice

seedlings increased plant height and the fresh weights of

tops and roots under chilling stress (Bajguz and Hayat

2009). Furthermore, it has been reported that brassinolide

improve seed germination and seedling growth of maize

(Zea mays) (He et al. 1991) and cucumber (Cucumis sati-

vus) (Khripach et al. 1999) under chilling stress. It also

takes part in the regulation of growth, development and

photosynthesis of plants (Bajguz 2010; Bajguz and Czer-

pak 1998).

In the present study, similar effects to brassinolide were

observed after application of salicylic acid in concentration

of 10-3 and 10-4 M (Fig. 1). It is also well documented

that exogenous salicylic acid generated resistance towards

chilling or cold stress in maize plants, grown in hydroponic

solutions, supplemented with 0.5 mM of salicylic acid

(Janda et al. 1999). In other research salicylic acid

enhanced the germination percentage of carrot seeds

(Rajasekaran et al. 2002). Shakirowa et al. (2003) reported

that salicylic acid caused accumulation of abscisic acid

(ABA) which might contribute to a preadaptation of plants

to stress, since ABA in known to have a key role in the

induction of the synthesis of stress protein. Salicylic acid

also caused a significant increase in the concentration of

proline in wheat seedling. Shakirowa et al. (2003)

demonstrated that proline is implicated in the mechanism

of action of SA in wheat plants, achieved through its

influence on the accumulation of ABA. The present study

also clearly demonstrated that sunflower after seed condi-

tioning in jasmonic acid solution exhibited higher resis-

tance to chilling condition compared to that of the control

(Fig. 1). Due to such treatments the length of roots

increased over twice longer than the control. Korkmaz

et al. (2005) also found that the inclusion of jasmonic acid

into the priming solution improved low temperature per-

formance of muskmelon seeds and led to the higher

emergence percentages.

Posmyk et al. (2001) reported that measurements of

electrolyte leakage in the soybean embryonic axis is a good

indication of chilling tolerance. It was established that the

rate of iron leakage was highly correlated with the degree of

chilling injury (Saltveit 1989). Leakage of solutes from

chilled imbibing seeds suggests that membrane re-organi-

zation is impaired at low temperatures (Bramlage et al.

1978). In the present experiment, conditioning of seeds in

water and subjecting them to short-term heat shock resulted

in a decreased electrolyte leakage to the medium compared

to the control (Fig. 2). Presumably, short-term exposure to

high temperature initiates an adaptive mechanism in mem-

branes for further detrimental effects of chilling. Similarly,

the soybean seed priming protected membranes integrity

from chilling damages (Posmyk et al. 2001). The obtained

results revealed that conditioning of seeds in solutions of

salicylic acid, jasmonic acid or brassinolide additionally

decreased their electrolyte leakage indicating improved

seedling resistance to chilling. The most pronounced effect

was obtained due to seeds conditioning in 10-8 or 10-10 M

of brassinolide to 15 % moisture content and then subjecting

Fig. 1 Root growth of Wielkopolski sunflower seedlings after seed

conditioning in water or solutions of a salicylic acid (SA) in

concentration of 10-2; 10-3 and 10-4 M or b jasmonic acid (JA) in

concentration of 10-2; 10-3 and 10-4 M or c brassinolide (BS) in

concentration of 10-6; 10-8 and 10-10 M to 15 % moisture content.

The seeds conditioned at 25 �C for 2 days were heat shocked for

120 min and returned to 25 �C for further germination. Seedlings

with 5 mm length were chilled for 21 days at 0 �C. Root length was

determined after seedlings were returned from chilling condition to

25 �C for 72 h
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them to heat shock at 45 �C for 2 h. Apparently, membranes

integrity were protected from chilling damages due to seeds

conditioning in this phytohormone and then heat shocked. In

maize experiment the electrolyte leakage was less pro-

nounced in plants pretreated with salicylic acid than in those

which were not supplied with this plant growth regulator

(Janda et al. 1999). Protective effects of this compound on

membranes against chilling may have one of the mecha-

nisms in coping with that stress.

Heat shock treatment during seed conditioning in water

positively affected dehydrogenases activity (Fig. 3).

Addition of salicylic acid, jasmonic acid or brassinolide

during seed conditioning affected dehydrogenases activity

in a greater extent. The greatest total activity of these

enzymes was observed when seeds were conditioned for

2 days in 10-8 or 10-10 M of brassinolide to 15 % mois-

ture content and then exposed to heat shock of 45 �C for

2 h. Activity of dehydrogenases (respiratory enzymes) is

considered as an index of tissue respiration and metabolism

(Kasai et al. 1998; Białecka and Kępczyński 2010; Farooq

et al. 2010). Presumably, an increase of the respiration rate

due to brassinolide application improved sunflower chilling

tolerance. An increase of the respiration rate was suggested

as an adaptive strategy for stress in Triticum aestivum seeds

Fig. 2 Electrolyte leakage of sunflower seedlings obtained from

seeds conditioned in water or solutions of a salicylic acid (SA) in

concentration of 10-2; 10-3 and 10-4 M or b jasmonic acid (JA) in

concentration of 10-2; 10-3 and 10-4 M or c brassinolide (BS) in

concentration of 10-6; 10-8 and 10-10 M to 15 % moisture content.

The seeds conditioned at 25 �C for 2 days were heat shocked for

120 min and returned to 25 �C for further germination. Seedlings

with 5 mm length were chilled for 21 days at 0 �C

Fig. 3 Dehydrogenases activity of sunflower seedlings roots obtained

from seeds conditioned in water or solutions of a salicylic acid (SA)

in concentration of 10-2; 10-3 and 10-4 M or b jasmonic acid (JA) in

concentration of 10-2; 10-3 and 10-4 M or c brassinolide (BS) in

concentration of 10-6; 10-8 and 10-10 M to 15 % moisture content.

The seeds conditioned at 25 �C for 2 days were heat shocked for

120 min and returned to 25 �C for further germination. Seedlings

with 5 mm length were chilled for 21 days at 0 �C
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germinating under salinity (Kasai et al. 1998). Similarly,

both salicylic or jasmonic acid in all examined concen-

trations stimulated dehydrogenases activity suggesting that

these compounds naturally occurring in plants promoted

respiratory enzyme activity leading to increased resistance

of sunflower seedling to chilling conditions.

Reprogramming of gene expression is essential for the

effective plant response to stress but the control at the level

of protein translation allows more immediate response to

adverse conditions by changing the intensity of stress

proteins production without time- and energy-consuming

phase of transcription (Branco-Price et al. 2008). The

assembly of numerous ribosomes on one mRNA template

enables to increase efficiency of translation and accelerate

protein synthesis. It is believed that increased rate of pol-

ysomes formation reflects higher translational activity in

cell (Noll 2008). Many abiotic stresses, such as water

deficit, heat and oxygen stress, inhibit the formation of

polysomes in plants (Kawaguchi et al. 2004; Kosowska

et al. 2004; Swaminathan et al. 2006; Branco-Price et al.

2008) which is often associated with the inhibition of plant

growth. The reduction of global protein synthesis under

unfavorable conditions may depend both on the duration

and strength of the stress (Kosowska et al. 2004; Yángüez

et al. 2013).

In this work, after 2 days of imbibition, the pre-condi-

tioned seeds were exposed to heat shock at 45 �C for 2 h.

The increase in ribosomes content and contribution of

polysomes in the total ribosomal fractions (Fig. 4)

observed in response to salicylic acid, jasmonic acid and

brassinolide suggest the enhancement of translational

activity in the given circumstances in comparison to the

non-conditioned seedlings. The most pronounced result

was obtained after seed conditioning in the solution of

brassinolide in concentration of 10-8 M. Both the ribo-

some content and the percentage of ribosomes incorporated

into polysomes were the highest in the given conditions.

Such a result is not surprising as this phytohormone which

is known to be an important regulator of transcription and

translation (Dhaubhadel et al. 2002). There is evidence that

brassinosteroids help to remodel the translation initiation

step during heat shock (Dhaubhadel et al. 2002). It was

proved that addition of brassinosteroids improves plant

thermotolerance by a positive effect on the polysome-

related heat-mediated translation efficiency in Brassica

napus and tomato seedlings (Dhaubhadel et al. 1999,

2002). The increased polysome content in response to

brassinolide may indicate stimulation of the synthesis of

proteins involved in alleviating the negative effects of

stress, such as enzymatic antioxidants (Hayat and Ahmad

2003; Fariduddin et al. 2005) or heat shock proteins

(Dhaubhadel et al. 2002). It can be assumed that main-

taining higher translational capacity during stress after

brassinolide addition might be one of the reasons of higher

seedling’s tolerance to stress observed in this work.

The presented date indicated that seed conditioning in

water and application of short-term heat shocks can induce

substantial tolerance to subsequent chilling of young sun-

flower seedlings. Presumably, such treatments may have

protective effects on membranes and could induce syn-

thesis of heat shock proteins which reduced chilling injury.

Application especially of brasinolide during seeds condi-

tioning promoted protective reaction, which decreased

injurious effects of chilling. It could be caused by stimu-

lation of the synthesis of proteins such as enzymatic anti-

oxidants which may have one of the mechanisms in coping

with that stress. While salicylic acid could accumulate

abscisic acid (ABA) and proline which might contribute to

a preadaptation of plants to stress. Further research is

needed to investigate the exact mechanism of these com-

pounds in an achievement of chilling tolerance of sun-

flower seedling.
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S (2004) Water-deficit-induced changes in cytoskeleton-bound

and other polysomal populations in embryonic tissue during

triticale caryopsis germination. Acta Physiol Plant 26:67–74

Mangrich ME, Saltveit ME (2000) Effect of chilling, heat shock, and

vigour on the growth of cucumber (Cucumis sativus) radicles.

Physiol Plant 109:137–142

Noll H (2008) The discovery of polyribosomes. BioEssays

30:1220–1234

Pandey DK (1989) Ageing of French bean seeds at ambient

temperature in relation to vigour and viability. Seed Sci Technol

17:41–47

Persoone G, Vangheluwe ML (2000) Toxicity determination of the

sediments of the river Seine in France by application of a battery

of microbiotests. In: Persoone G, Janssen C, De Coen W (eds)

New Microbiotests for Routine Toxicity Screening and Bio-

monitoring. Kluwer Academic, New York, pp 427–439

Posmyk M, Corbineau F, Vinel D, Come D (1999) Effects of priming

on physiological and metabolic events induced by chilling in

soybean (Glycine max (L.) Merr.) seeds. Zeszyty Problemowe
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