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ABSTRACT

The aim of our study was to determine the duatefié microwave and salinity stresses on germimatete, root
length (cm), shoot height (cm), root/shoot ratia,, Kla+ amount (mg-1) and ¥Na" ratio of Triticum durum Desf.
C-1252 seeds and seedlings. Microwave 1 energy (@0®/), 2 treatment periods (28,56 sec.) and wagisalinity
concentrations were used in this study. For thduation of each energy level and saline treatm@&6t,seeds in
equal sizes were used. The results showed thatitgaditress for 75, 150 and 225 mM resulted in arease in
germination rate of seeds (P<0.01). The rate ohgeation increased significantly with the microwdreatment in
the 150 and 225 mM NaCl+90(W) applications. WhenNlaCl treatments were individually examined wiithse of
control group, it was found that the root lengthslashoot heights of the plants have decreasedt luas found to
have increased with individual microwave treatm@0.01). Also root length and shoot height incregsn 75
and 225 mM NaCl+90W (28 sec.) treatments (P<0.0he root/shoot ratio was found to have increasedlin
treatments compared to the control group excepther75 mM NaCl+90W (56 sec.) and 150 mM NaCl+9@®/ (
sec.) treatments. The Na amounts of plants tigstreased with salt treatments. The salt treatmemieased the
Na" amount significantly (P<0.01) while amount of Hecreased under low-level saline treatment (75 NaTl),
but the saline treatments in higher amount (150 M&CIl) came up with a significant increase compatedhe
control group.

Keywords Salinity stress. Microwave stress. Germinatior.r®oot/shoot ratio. ¥ Na" ratio.

INTRODUCTION

The social and individual demands increasing iralbgrwith the increasing population has also iasex the
number of scientific studies in the literature. $@estudies aim to struggle against the harmfulceffef climate
changes as a consequence of global warming, alsggét against the decrease of the farmland, wikiclhnsidered
to be %10 of the whole world land.

Under stress conditions, the germination of seg@dfected by creating an external osmotic potetitat prevents
water uptake due to the toxic effects of Mad Clions both during imbibition and seedling estabtigt [1]. Also
can specific ion effects, nutritional imbalanceaarombined effect of all these factors [2, 3].

Removal of soil salinity is economically very sificant. However, the removal of the salinity is ot economical
task to be fulfilled so easily. Therefore, growihg plants resistance to salinity or making treati¢o make plants
or seeds resistant to salinity are considered toelbessity. Can one of these treatments be micestvav

Low-intensity microwave radiation enhances gernigmatplant height, fresh weight and enzymatic atigs [4, 5]
and can protect seedlings Istis indigoticafrom enhanced UV-B damage [6]. Chen et al. [7, Bhve also found
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that weak microwave can enhance tolerance of wdemdlings to salt and osmotic stress. Qiu et ikHBwed that
the microwave radiation had a positive physiologaffect on the growth and development of cadmiuressed
seedlings.

Therefore, this study aims to investigate the é$fe¢Triticum durumDesf C-1252, which has an economical value
in Turkey on salinity resistance system of the fgaiMay microwave and salinity have a dual effeckd and N&
amount, germination rate, root length and shoajliteroot/shoot ratio? Can weak microwave imprderegative
effects of salinity stress? What physiological afes happen when plant is exposed to both factorg?ttfese
changes positive or negative?

MATERIALS AND METHODS

Plant material and microwave treatment

In this study, Siemens HF 12G240 five-stepped @DW360/180/90 W) microwave oven was used. As plant
material, the seeds dfriticum durumDesf. “C-1252" genotype was used. Microwave 1 epdeyel (90W), 2
treatment periods (28,56 sn) and 3 salinity comegions (75, 150, 225 mM NaCl) were used in deieimg some
parameters.

Germination and determining some parameters

The seeds treated at 90W energy level for the ibmamentioned above (28-56 sec) were then platedfie 9 cm
petri pots which have 15 ml distilled water and I50, 225 mM NaCl. The petri pots were kept in &kdader
25°C temperature till the germination happens (aleuen days). At the end of this period, the odtgermination
in all treatments were found and at the end ofag, dhe root lengths, shoot heights and root/shatids of the
plants were noted. Root length and shoot heightoh plant were measured with a ruler.

Tissue Nd and K" analysis

The seeds kept at 90W energy level for 28 and B6r&is in microwave, were then cultivated in thésgall of
peat, and the pot was kept in the plant growth ré@mi6 hours day/ 8 hour night photoperiod, unti®r 20°C. To
salinize the soil, 75 and 150 mM NacCl solutionseverepared, and these solutions were given tol#rgsponce in
every other 3 days. At the end of the 21st dayNheand K analysis was carried out with the method mentioned
below at the Research and Application Center footermal Energy, Ground Water and Mineral Resources
Suleyman Demirel University.

The dried plant tissue (1000 mg) was powderizedthad exposed to 2 ml,BO, under 150 °C. 0.5 ml 4D, was
added into the extract and kept under 240°C deffierhour. Then, another 0.5 mj®3 was added into the extract
and kept under 240°C for 20 minutes. This step n@peated till the solution became clear. The smhutvas diluted
with distilled water for 50 times, and Nand K amounts were determined with the use of atomi©riien
spectrophotometer [10].

Statistical analysis

The experiment was established with a randomizeaptete block design, performed three times for each
application group and SPSS 15.0 software programeseused for the statistical analysis. Means werepared
with Duncan’s multiple range test (Duncan'’s test).

RESULTS

To measure the effect of microwave and salinitgsstrdual or individually on germination, the ratggermination
was determined on 30 seed with the use of varialisesconcentrations and at 90 W energy levelviar different
time periods (26-58 sec.). The seeds were keptairgarmination beds. The data obtained through unea®nts is
presented in Table 1.

It was seen that the 90 W (28-56 sec.) microwavgiegh on the seeds in C-1252 genotypes and eacH NaC
treatment decreased the rate of germination cordpar¢hat of control group (0 mM NacCl) (P<0.01)afle1).

This decrease was experienced most on the treatofie3@ W 56 sec. microwave. The rate of germinatiais
decreased gradually with the increasing NaCl treats\(P<0.01) (Table 1).

The rate of 90% germination which was found in #@&emM NaCl treatment (Fig. 1la) decreased in 75 mM
NaCl+90W (28 and 56 sec.) treatment (Fig. 1b,c)e Tate of germination which is 83.33% in 150 mM WNaC
treatment (Fig. 2a) has led an increase by 86.66%50 mM NaCl+ 90W (28 sec.) (Fig. 2b) and also ded
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increase by similar rate to that rate in 225 mM N@a€atment (Fig. 3b) (Table 1). The microwave tneent for 56
sec. was found to have decreased the rate of gationinn both treatments (P<0.01) (Fig. 3bc).

Table 1. Effect of 90 W microwave (28 and 56 seaind various NaCl applications on germination rateroot length, shoot height and
root/shoot ratio of C-1252 genotype seeds.

The number of Germination
Treatments germinated seeds rate Root length (cm)| Shoot height (cnj)  Root/Shoot ratio
(%)
0 (';‘gfn';'oﬁ‘)c' 30° 100,00 4.40 6.25° 0.69*
75 mM NaCl 2% 90,00 3.20% 4.90 0.65®
75 mM NaCl c c c ef
3| toow (28s6c.) 26° 86,66 6.10 5.58 1.09
4 +gg \Tvl\?sgiilc ) 16 53,33 2,650 4.95 053"
150 mM NaCl 2% 83,33° 4.05° 1.85 2.18
150 mM NaCl - . f
6 | so0w (28 sec.) 26° 86,66 1.40 2.70 0.51
+1950°Vr\/"'2’gg‘2§c' ) 18 60,06 2.4 115 2.08
225 mM NaCl 29 80,00 1.95° 0.85" 2.29
225 mM NaCl d d de
9 | oow (28 sec.) 25° 83,33 3.80°F 1.2¢ 3.16
225 mM NacCl fg
10| “Sow (56 sec.) 18 60,06 2.25 0.38 6.42
11| 90 W (28 sec.) 25 83,3%° 9.60 7.00 1.36
12 | 90 W (56 sec.) 71 36,66 6.50 5.10 1.27¢

*The values that are followed by the same lettendiodiffer statistically at a significance levdl 1% (P<0.01).

Figure 1. Effect of 75 mM NaCl and 90W microwave teatment on germination of C-1252 seeds a)75 mM NaCl b) 75 mM NaCIl+90W
(28 sec.) c) 75 mM NaCl+90W (56 sec.)

Figure 2. Effect of 150 mM NaCl and 90W microwavereatment on germination of C-1252 seeds a)150 mM I8& b)150 mM NaCl+90W
(28 sec.) c) 150 mM NaCIl+90W (56 sec.)

Figure 3. Effect of 225 mM NaCl and 90W microwavereatment on germination of C-1252 seeds a)225 mM I8& b)225 mM NaCl+90W
(28 sec.) ¢) 225 mM NaCIl+90W (56 sec.)

106
Pelagia Research Library



Ragbet Ezgi Duranet al Euro. J. Exp. Bio., 2013, 3(2):104-110

Whereas the rate of germination was found to b8388.in 90W (28 sec.) treatment, it was found tB666% in

75 mM NaCl+ 90W (28 sec.) and 150 mM NaCl+90 W ¢28.) treatments, and it was found to be 83.33228
mM NaCl+ 90 W (28 sec.) (Table 1). Whereas the aditgermination was 36.66% in 90W (56 sec.) treatimet
was found to be 53.33% in 75 mM NaCI+90 W (56 seanjl 60% in 150 mM NaCl+90 W (28 sec.) and 225 mM
NaCl+ 90 W (28 sec.) treatments (P<0.01) (Table 1).

When the NaCl treatments were individually examingith those of control group (0 mM NaCl), it wasufal that
the root lengths and shoot heights of the plant® ltiecreased, but it was found to have increas#ddindividual
microwave treatment (P<0.01) (Fig. 4).

In 75 mM NacCl treatment, the root length was fotmée 3.20 cm and shoot height was found to be @n®0dn the
75 mM NaCl+90W (28 sec.) treatment, the root lengéts found to be 6.10 cm, shoot height was founget.55
cm, which means an increase in length (P<0.01bl€T4). The saline + 56 sec. microwave treatmers feand to
have decreased the root length (P<0.01), the dimght was found to have slightly increased. Thisease was
not found to be significant (Table 1).

In 150 mM NacCl treatment, the root length was fotmée 4.05 cm, and the shoot height was foundetd.B5 cm.
Whereas the 150 mM NaCl+90 W (28 sec.) treatmerst foand to have decreased the root length (P<0tbé),
shoot height was found to have increased up to 2ni(Table 2). However, this increase was not dotm be
significant. The saline + 56 sec. microwave treatihweas found to have decreased both the root lemgthshoot
height (P<0.01) (Fig. 4).

—@— Root length (cm) —— Shoot height {cm) Root/Shoot ratio

Treatments

Figure 4. A diagram showing the effect of applicatins on root lengths, shoot heights and root/shooétios of seedlings

In 225 mM NacCl treatment, 28 sec. microwave wasifbto have increased the root length which was &B5up
to 3.80 cm (P<0.01), and it also increased the tsheight up to 1.20 cm (P<0.01) (Table 1). 56 seicrowave
treatment was found to have increased, but deatd¢hseshoot height (P<0.01) (Fig. 4).

The single microwave treatments were found to hageeased the root lengths and shoot heights ofpthsts
compared to the control group. Whereas the rogjttewas found to be 4.40 cm, the shoot height wasd to be
6.25 cm in 0 mM NacCl control group, the root ldngt 90 W (28 sec.) treatment was found to haveeised up to
9.60 cm, the shoot height was found to have inegtap to 7.0 cm (P<0.01) ( Table 1). The 56 secrdivave
treatment was found to have slightly increaseddlo¢ length, but have decreased the shoot heigttt.(R) (Fig. 4).

The ratio of root/shoot was found to be 0.69 intoargroup. Whereas this rate decreased down t i0.65 mM

NacCl treatment, it was found to be 2.18 in 150 m&IONtreatment (P<0.01) and 2.29 in 225 mM NaCltimeat

(P<0.01) (Table 1). The root/shoot ratio which i@sd to have decreased in 75 mM NaCl+90 W (56) 4653)

and 150 mM NaCl+90 W (28 sec.) (0.51) treatmentmpgared to the control group (P<0.01) was found aeeh
increased in all other treatments. The highese@se in root/shoot ratio was observed in 225 mMIN&0 W 28

and 56 sec. treatments (P<0.01) (Fig. 4).

The results of the Naand K analysis carried out on the plant tissue, sugipestthe the Naamount in the control
grup was 1,49 mg/l, and the amount dfwas 23,54 mg/l . The saline treatments suggesthieaNd amount has
increased (75 and 150 mM) (P<0.01). It also suggbstt the amount of Kwas found to have decreased under low-
level saline treatment (75 mM NacCl) (this decreigseot statistically significant ), the saline th@&nts in higher
amount (150 mM NaCl) came up with a significantréase compared to the control group (P<0.01) (T2pleln

75 mM NaCl+90 W (28 and 56 sec.) treatments, theuarof Nd was found to be significantly low compared to
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the 75 mM NaCl (P<0.01) (Fig. 5). In addition tdsththe K amount was found to have increased in 28 sec.
treatment. However, this increase was not stadiyicsignificant. In 56 sec. treatment, the amoohtK* has
significantly increased (P<0.01) (Table 2). In &0 mM NaCl treatment, the amount of 'Nend K in the 4,27
mg/l and 24.15 mg/l was found to have increased @@ W-28 treatment (P<0.01), but it decreased a@ttW-56
sec. treatment (P<0.01) (Table 2).The amount of &a K in both microwave treatments was found to have
decreased compared to the control group (Fig. Bweaver, in the 90 W (28 sec.) treatment, the deeréa the
amount of K was not significant.

Table 2. Effect of 90 W microwave (28 and 56 seaid various NaCl applications on Naand K*amounts and K'/Na" ratios in C-1252
genotypes leafs

Treatments (r’r\:gll) (rrl1<g ) K*/Na"
1 | 0 mM NaCl (control) 1,45 | 23,54 | 14,75
2 [ 75 mM NaCl 10,79] 16,73 [ 165
3 | 75mM NaCl+90 W (28 sec.)] 29| 18,97 | 16,07™
4 | 75 mM NaCI+90 W (56 sec.)| 089] 7,84 | 9,56™
5 | 150 mM NaCl 427 | 2418 | 587
6 | 150 mM NaCl+90 W (28 sec 5/01] 27,18 | 5,40°
7 | 150 MM NaCI+90 W (56 sec) 196] 7,26 | 6,88
8 | 90 W (28 sec.) 0,85 | 17,08* | 20,0
9 [ 90 W (56 sec.) 0,73] 513 | 223G

*The values that are followed by the same lettendidiffer statistically at a significance level %% (P<0.01)

=g=Sodium [Na+) img/l)
—— Potassium (K+] (mg/l)
Potassium/Sodium (K+/MNa+)

25 __ r/‘\
]Z ./ \

A N\ \ /Aﬁ¥
Z \\“/é— \—é’;

Treatments

Figure 5. A diagram showing the effect of applicatins on Na+ and K+ amount and K+/Na+ ratio of plantissue

The K'/Na" ratio was found to be 14,75 for the control gralants, this rate was found to have decreased down
1.65 in 75 mM with saline treatment, and to 5.87L%0 mM (P<0.01) (Table 2). The'#la’ ratio was found to
have increased with 75 mM NaCIl+90W (28 sec. andr§@reatment (P<0.01) (Fig. 5). In 150 mM NaCl+9(Q28
sec.) treatment, this score was found to have dsetewith the single saline treatment, but it iasesl with 56 sec.
treatment (Fig. 5). However, this increase and efsa were not found to be significant. The 90 W9@& and 56
sec.) K/Na" ratio in the individual microwave treatment wasurid to be higher as 20,09 and 22,30 values
compared to that of control group, which is 14(Px<0.01) (Table 2).

DISCUSSION

Salinity has many effects on plants growth andefwee, the criteria used in the choice of the gamesistant to
salinity need to be discussed. The following feaduisuch as root and shoot height, root/shoot, rgéiomination
rate, the rate of live and dead leaves, chloropleglitotenoid and proline amount are usually usetthénchoice of
the plants. Some of these features were examinedrim[11], sweet corn [12], rice [13] and whead][5pecies.
Besides, the microwave stress which is one of tifeerostress types, was also investigated with d=géo its
possible effects [7, 15].

Many researchers have revealed that increasingjtgghirevents plant germination [16, 17, 18], regses the growth
of shoot and root [19, 20, 21]. In this study, @saseen that the seeds exposed to both NaCl amdwaige stress
show weaker germination performance compared taah&ol group, which was germinated with the useaymal

distilled water. This is an expected and naturalite In addition to this, it was revealed that g@mination and
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germination energy has gradually increased in #wds ofGleditschia triacanthosand Robinia pseudoacacia
depending on the application energy [22]. Bhaskaddy et al. [23] suggest that low dose microwaagihcreased
the germination rate, but as the amount of exposungicrowave increases, the germination perforreatecreases,
and the tissue damage increases. In 150 mM Na&tihtent, whereas the germination was found to b&383, it
was found to be 86.66% in 150 mM NaCIl+90W (28 seegtment with a 4% increase (P<0.01). Similatg, rate
of germination which is 80% in 225 mM NaCl treatmdras increased to 83.33% in 225 mM NaCl+90W @8)s
treatment with a 4.16% increase (P<0.01) (TableThese results can be considered as evidenceggesuthat
weak microwave stress can improve the harmful &ffeé salinity stress even it is in low amount,ibcan be
considered that both stresses affect one anotlzediral acting way.

Another result which can be suggested to be agteordence for this is that the germination rat@®W (28sec.)
has increased to 83.33% in 75 mM NaCl+ 90W (28)sed increased to 86.66% in 150 mM NaCl+90 W @8)s
treatment (P<0.01). Whereas the germination ra® faund to be 36.66% in 90W (56 sec.), the gertionaate
has increased with saline treatments and it rehapeto 53.33% in 75 mM NaCl+90 W (56 sec.) treatmand
reached to 60% in 50 mM NaCl+90 W (28 sec.) andrABRS5NaCl+ 90 W (28 sec.) treatment (P<0.01) (Tdble

As the plant roots under salinity stress has dicanitly lost their ability to absorb water, themot and shoot growth
start to regress. As the shoot diametre of thetplander stress decreases, accordingly, their tseigie also
affected by that. Jaleel et al. [24] suggest thihity can inhibit plants by changing the wateteydials, increasing
ion toxicity or leading to ion unbalance. The dases in the plant growth under NaCl stress hava beggested
by many researchers [25, 26]. Sotiropoulos and B&#ng27] have suggested that NaCl in low conceioinatcan

increase the shoot height in vitro conditions. Fesvand Lauchli [28] have suggested that the pesiifect of

NacCl on plant growth may be as a result of osmiglari

This study suggests that the salinity and microwagatments increase the root lengths and shoghtsedf the
plants compared to the control group (0 mM NaCBHKJE 1). One of the results which we can presemt stsong
support to our hypothesis is that the root lengtii5 mM NaCl treatment was found to be 3.20 cmsmabt height
was found to be 4.90 cm. The 75 mM NaCl+90W (28)deeatment has increased the root length to émOand
shoot height to 5.55 cm.(P<0.01) (Table 1).

The shoot height in 150 mM NacCl treatment was fotnde 1.85 cm. The 150 mM NaCl+90W (28 sec.) tineat
has increased the shoot height to 2.70 cm with .8445 increase. However, this increase was not fdonbe
significant (Table 1).

In 225 mM NaCl treatment, 28 sec. microwave haseimsed the root length which is .95 cm to 3.80 @nd| the
shoot height to 1.20 cm (Table 1) (P<0.01). 56 sgcrowave treatment was also found to have ineedse root
length (P<0.01). These are some of the other reasby we think that microwave stress negativelg@f salinity
stress.

The individual microwave treatment was found to éhancreased the root lengths and shoot heightslasftp
compared to the control group. Whereas the rogtlewas 4.40 cm in 0 mM NacCl control group and sheot
height was 6.25 cm, the root length was found t®.68 cm in 90 W (28 sec.) treatment and the sheigtht was
found to have increased to 7.0 cm (P<0.01). 56 sgcrowave treatment was also found to have sicgnifily

increased the root length. In other words, thevikdial microwave stress was found to have decretsedate of
seed germination, but some treatments were fouhdye increased the root length and shoot heidis. i$ another
interesting finding of this study.

The researchers suggest that it is an expectelt teatuthe root/shoot ratio increases in parallith the increase in
salinity density [29, 30], and that salinity affegant growth more than root growth [31, 32]. Untihe light of this
data, the root/shoot ratio which decreased in 75 R&CI+90 W (56 sec.) (0.5353) and 150 mM NaCIl+9Qq28&

sec.) (0.5185) treatment compared to the contalgrwas found to have increased in all other neats.

The studies carried out in the relevant field ssgdgbat N& has a antagonistic effect on’ Kand that the plants
which can export Naand replace Kare considered to be more resistant to saliniBy §8}] . Stavarek and Rains
[35] suggest that the resistance of plants to ibalis dependent on their ability to mobilize theeegy needed to
export N& and import K. In this study, this fact is strongly supported thg Nd amount which significantly
decreased Kamount and which significantly increased in 75 mMQi#+90 W (28 sec.) and 150 mM NaCl+90 W
(56 sec.) treatments. Besides, the fact thatidlaignificantly decreased in 90 W (28 and 56)sgeatments is also
very interesting. These findings seem to confirmaanclusions suggesting that microwave treatmiecteases the
tolerance to salinity.
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The studies reveal that the fact that genotypesrhliifferent rates of Naand K and therefore, they have'fla’

in different rates (Na K* division character) seems to be related to resistdao salinity [36, 37, 38]. Besides,
Binsel et al. [39] points out that membrane funatis affected not only by Naand K concentrations but also
reduced K/Na' ratio. The fact that the microwave treatments\(@@8 and 56 sec.) given as well as 75 mM NaCl
significantly increases ¥Na' ratio and that K/Na" ratio is quite high in individual microwave treanis are
considered among the interesting findings of thisg.

When we consider all the findings stated abovee@safly the microwave treatments for shorter pesi¢2i8 sec.)

was found to be more effective in improving the ateg effects of salinity stress compared to tleatments for

longer periods (56 sec.) The same is true forcgadtentrations. The germination rates of the 7qlagts in 75 and

150 mM NaCl concentrations, root length, shoot hgigoot/shoot ratio and KNa’ ratio microwave treatments
have shown better improving performances.
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