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ABSTRACT

The aobjective of the present study was to identify the most salt-tolerant species among common vetch (Vicia sativa cv.
Uludag), forage pea (Pisum sativum cv. Kirazli) and canola (Brassica napus cv. Bristol). To this end, the effects of
salinity on the seedlings wer e deter mined, and four salt concentrations (0, 50, 100 and 150 mM NaCl) were evaluated.
Seedlings wer e exposed to salinity stress for 45 days, and the seedling height, root length, shoot and root dry weight,
leaf number per seedling, leaf area per seedling and Na, K and Ca content of the shoots and roots were deter mined. In
addition, the K/Na and Ca/Naratioswere calculated. For all of the species, salt treatments significantly altered several
characteristics of the shoots and roots. For instance, the Na content of the roots and shoots increased with an increase
in the salt concentration, and the K and Ca content of the roots and shoots decreased. Furthermore, the results
indicated that Pisum sativum cv. Kirazli was moreresistant to salt stressthan the other cultivarsand can be cultivated
on salty soils containing less than 100 mM NaCl.

Key Words. Canola (Brassica napusL.), common vetch (Vicia sativa L.), forage pea (Pisum sativum L .), salt stress,
shoot and root weights.

INTRODUCTION leaves, and the effects of salt tolerance can Ilearlyl
Salinity is a significant problem that can affeco ©Observed. Sensitive species or cultivars accumidatemore

productivity, especially in countries where irrigat is 9uickly than tolerant species, leading to leaf bemtd the
essential for crop production. Currently, 275 raiflihectares Progressive death of the plant (Munns, 2002).

of arable land is irrigated, and approximately 20% The mechanism for survival under saline condititss
irrigated land is affected by salinity (Ghassemaket 1995).  identical for all plants; however, different addjuas in

In addition, ma_rginal lands that were not previggsﬂppped glycophytes may be observed (Flowers and Flowed852
because of a high degree of salinity are now beitivated  \/griations in the salt tolerance of glycophytesudeetween
due to an increase in the demand fo_r food, espedial gnq among species, and have been quantified foy oraps
developing and under-developed countries (FlowedsYeo, (Mass and Hoffman, 1976; Francois and Mass, 1994;
1995). In particular, salin_ity is. a significant ptem_ that  Elowers and Yeo, 1981). Rapid screening procedtmes
threatens crop production in Turkey. For instanceyarious crops in early growth stages have beentadolpy

affected by salinity and sodicity (FAO, 2000). Hawe  Eker et al., 2006; Khan et al., 2006).

cropping on saline lands is risky; thus, salt-tarcrops

must be introduced. In previous studies, salt-tolerant varieties hawserb

Salinity has three potential effects on plantsjuding identified and improved, and the uptake, transpamt
reduced water potential, specific ion toxicity (sod and accumulation of Na, K and Ca have been evaluatedh(&
chloride) and interference with the uptake of esakn et al., 2006; Munns et al., 2006). The concentnatibNa, K
nutrients. However, because plants have nutrieserves and Ca, as well as the relative ratios of ions @/ahd
that can be mobilized, the latter effect may nobbeerved Ca/Na), are used as screening parameters fookatance.
(Flowers and Flowers, 2005). The response of plaots
salinity is a two-phase process (Munns, 1993).hia first Lands that are unproductive due to high salt
phase, the external water potential decreases dusalt concentrations may be utilized by growing salttafé crops
present outside of the root. The second phasedaeslthe or reclaiming the soil. However, reclamation iseapensive
senescence of leaves due to the accumulation sfitbalder and time-consuming process. Alternatively, the dhowf
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salt-tolerant forage crops on saline lands is udefumeeting
the forage demands of livestock and the reclamatfcoils.

The aim of the present work was to identify the treadt-
resistant species among common vetch, forage pea
canola. Each species was represented by a nevedgsed
variety, and the ability to survive under salty dibions was
determined. For this purpose, the growth charatiesi of
the shoots and roots were evaluated, and the doateh
relative ratio of Na, K and Ca in the shoots andtsovere
determined.

MATERIALSAND METHODS

The current investigation was carried out to debeenthe
resistance of common vetctiia sativa cv. Uludag), forage
pea Pisum sativum cv. Kirazli) and canolaBrassica napus
cv. Bristol) to salt stress. The experiment wasdcmted in
pots in Bursa, Turkey, and the plants were growr.BL
perlite-filled plastic pots. The seeds were graded] large
seeds with a uniform shape were employed. Prisetaling,
the seed surface was sterilized with 2% sodium tiglooite
for 10 min. After sterilization, the seeds were e with
distilled water three times. In total, six seedgeveown in
each pot. The open surface of the pots was covertd

RESULTSAND DISCUSSION

The seedling height, root length, shoot dry weightt
dry weight, leaf number and leaf area per seedihghe
agpecies are shown in Table 1.

The results indicated that the salinity treatmehésl
strong effects on the growth performance of thedlgegs.
However, the response of each species to saliniffgred
with respect to the measured parameter. Nevertheddisof
the growth performance parameters decreased with an
increase in the concentration of salt. The negatifect of
the highest salt concentration was so high thatncomvetch
and forage pea seedlings did not survive. Thereftre
values of the parameters obtained at the highekt sa
concentration were excluded, and only the parameter
obtained at the other salt levels (0, 50 and 100 N&CI)
were used in the statistical analysis.

The seedling height of all of the species decreased
gradually, depending on the concentration of Sdius, the
greatest seedling heights were obtained in unsalési and
the lowest heights were obtained in pots treateth whe
highest concentration of salt (Table 1). The obseérv
reduction in the seedling height was greater irader pea

aluminum foil to prevent the growth of algae. Afterthan common vetch and canola. However, canola plant
germination, the aluminum foils were removed, ah@ t survived at every salt concentration, whereas fofen and

seedlings were thinned to four plants per pot. pbts were
irrigated twice a day with a nutrient solution paegd
according to the method described by Maas et 508q).
Specifically, the solution contained 2.5 mM Ca( 3.0
mM KH,PQ,, 1.5 mM MgSQ, 0.1 mM KNG;, 0.1 mM Fe-
EDTA, 0.023 mM HBOs;, 0.005 mM CuS@and 0.01 mM

common vetch seedlings died upon treatment with the
highest level of salt.

For all of the species, the root length was neghtiv
affected by salt treatment, and significant redundiin the
root length were observed, depending on the salt
concentration (Table 1). Canola presented greathictions

H24M07N6O,4.4H,0. A randomized plot design with three i the root length than forage pea and common vafteér

replicates was applied.

exposure to low levels (50 mM NaCl) of salt. Howeve

Salt solutions containing 0, 50, 100 and 150 mM Naccanola showed poor tolerance to the highest sed IE150

were added to the nutrient solutions prior to segdilhe
electrical conductivity (EC) of salt solutions caimting 0, 50,

mM NacCl), and the other species did not survivee Thot
length of common vetch, forage pea and canola dsectby

100 and 150 mM NaCl was 1.37 (nutrients alone)3.7.5 19.2%, 43.5% and 51.7%, respectively, as the _gallai/el
12.58 and 17.37 dS hrespectively. Seedlings were growndecreased from 0 to 100 mM NaCl. The seedling raots
in a greenhouse with a 15-h photoperiod and datylnigthe first organ exposed to salinity, and root gtows

temperatures of 24/17°C. After 45 days of growthe t
seedlings were uprooted, and the seedling heigbt,length,
shoot dry weight, root dry weight, leaf number peedling
and leaf area per seedling were measured. Theateafwas
measured using a digital leaf area meter (LI-3006taPle
Area Meter Produced by LI-COR Lincoln, Nebraska AYS
Four plants from each pot were harvested. The subtroot
materials were dried at 70°C for 48 h and then teilg and
digested with a mixture of HNO+ HCIO, (4:1). Na, K and
Ca were determined with a flame
spectrophotometer (Horneck and Hanson, 1998).

The data were subjected to an analysis of varianc

(ANOVA) using MINITAB (University of Texas, Austin)

and MSTAT-C (Version 2.1 Michigan State University,.

1991) software. Significant differences in treattseprimary
effects and interactions were determined at a fittyelevel
of 0.05 and 0.01 by conducting an F-test. Diffeemnamong
the means of salt levels, species and their infiers were
determined by applying an LSD method at a probgtéivel
of 0.05.

particularly sensitive to increased salt concemnat As a
result, root growth is prevented or rapidly redubgdsalinity
(Cramer et al., 1988). Under saline conditions, dapletion
of O, deprives plants of their primary energy sourcej an
high levels of internal ethylene are accumulatedhictv
inhibits root elongation (Koning and Jackson, 1918)
reducing root growth.

An inverse relationship in the dry weight of theoats
and roots of all of the species and the salt canagéon was

emissionobserved (Table 1). Thus, the highest values wbtaired

from control pots, and the lowest values were oleskrat
NaCl concentrations of 100 mM. The overall redutiio the
$hoot dry weight was 80%, 64% and 73% for commdohye
forage pea and canola, respectively. Therefore,réiselts
indicated that the salt treatments had a stronffecteon
common vetch and canola than on forage pea. Morgove
similar results were observed for the root dry weigf all of

the species. Another striking result obtained ia fresent
study is that salt stress inhibited shoot growthiertban root
growth in all of the species. Similar findings hdeen
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Table 1. Average of seedling height (cm), root length (cshpot dry weight (g seedliftyy root dry weight (g seedlin, leaf number
seedling and leaf area (cfrseedling) at harvest for species grown under different Na@ls (mM)

NaCl Common vetch Forage pea  CanolaMeans (NaCl)
(mM) Seedling Height (cm)
0 65.7b 86.6 a 38.5d 63.5a
50 51.6¢c 48.4 ¢ 285e 428b
100 32.6 de 319e 196 f 28.0c
150 - - 9.0 -
Means (Species) 50.0 b 55.6 a 28.8¢c
Root Length (cm)
0 18.2 ab 20.7 a 205a 19.80 a
50 16.4 bc 189ab 13.3de 16.20 b
100 14.7 cd 11.7 ef 9.9f 12.11c
150 - - 6.4 -
Means (Species) 16.5a 17.1a 46b
Shoot Dry Weight (g seedlifig
0 1.07b 1.17b 211 a 1.45a
50 0.48d 0.72c 1.02b 0.74b
100 0.21e 0.42d 0.58 cd 0.40c
150 - - 0.23 -
Means (Species) 0.59 ¢ 0.77b 1.24 a
Root Dry Weight (g seedling
0 0.12b 0.08 bc 0.32a 0.17a
50 0.05c 0.10 bc 0.12b 0.09b
100 0.05c 0.07 bc 0.05¢c 0.06 b
150 - - 0.03 -
Means (Species) 0.07b 0.08 b 0.16 a
Leaf Number Seedlinty
0 27.0a 139 bc 73e 16.1a
50 16.4 b 13.3c 59e 119b
100 105d 105d 55e 8.8¢c
150 - - 4.0 -
Means (Species) 18.0 a 12.6 b 6.3¢C
Leaf Area (crh seedling’)
0 192.7c 1789 cd 355.0a 2422 a
50 68.7 f 126.8e 2385b 144.7b
100 219g 57.31g 148.8 de 76.0 c
150 - - 43.1
Means (Species) 94.4 c 121.0b 247.4 a

Means followed by the same letter for each comptzare not statistically different by
LSD at 0.05 level.

reported for barley Hordeum wulgare L.) (Huang and vetch was greater than that of forage pea and aaAal the
Redmann, 1995), pigeon pe@ajanus cajan) (Subbarao et salt concentration increased from 0 mM NaCl to TO®I
al.,, 1991), tepary bearPlfaseolus acutifolius) (Goertz and NacCl, the leaf number of common vetch, forage ped a
Coons, 1991) and tomattycopersicon) (Foolad, 1996). In canola decreased by 61%, 24% and 24%, respecfiVahje
addition, Jeannette et al. (2002) demonstratedtiieatveight 1).

of the shoots and roots &haseolus decreased dramatically

as salt stress increased. In these types of siutieselative For all of the species, salt treatments signifigant
salinity tolerance of a species or a variety iSrdef as the affected the leaf area per seedling. For instaasethe salt
salt level that equates to a 50% reduction in shgeld concentration increased from 0 mM NaCl to 100 mMCNa
(Mass, 1986). This parameter is accepted as thestiold the leaf area per seedling decreased by 89% in comm
value of salinity and represents a significant risk plant  vetch, 68% in forage pea and 58% in canola. Theselts
production. In the current study, the thresholdigdbr shoot suggested that canola was the least sensitive ltostsass,
yield was 50 mM NacCl for common vetch (55 %), < 100  followed by forage pea and common vetch (TableSiilar
NaCl for forage pea and 50 mM NaCl for canola (52 % results were obtained in a study conducted by Sestnzd.
These results indicate that canola and common wetgbh (2003). Moreover, Wang and Nil (2000) stated thaé t
the threshold salinity earlier than forage pea. immediate response of plants to salt stress waslaction in

The leaf number per seedling of all of the spesies leaf surface expansion. Grieve et al. (1999) anéndeet al.
inversely related to the salt concentration (Tabje The (2003) reported similar results and demonstratadttie leaf
observed reduction in the leaf number seedliogcommon area per seedling decreased with an increasdinitysa

35



Table 2 shows the Na, K and Ca concentration of theoncentrations of the shoots were observed amoagiesp
shoots and roots of each species under differeftt s#&Table 2). Canola possessed higher K concentrati@rsthe
treatments. For all of the species, the Na contktite shoots other two species, which possessed K concentragigual to
increased linearly with an increase in the saltceotration the control pots. As the salt concentration inceedagshe K
and reached a maximum value at 100 mM NacCl. Althougconcentration of canola shoots decreased; howebés,
the Na content of the shoots of all of the spewiere similar effect was not observed in common vetch and forfaeg,
in the absence of additional NaCl, common vetctade pea indicating that NaCl has an antagonistic effecKauptake in
and canola seedlings contained approximately 32-f82- canola. The Ca content of the shoots was significan
fold and 11-fold higher Na concentrations in thsefroots different among species, and canola presented hiGlae
compared to growth in the absence of excess daili.ré€sult contents at each salt level than the other two ispe®
indicates that the salt-avoiding mechanism of canid reduction in the Ca content of the seedlings of room vetch
stronger than that of common vetch and forage peand forage pea was not observed; however, the Qtaroof
Moreover, at the highest salt concentration, someola canola seedlings decreased significantly with ameiase in
seedlings survived, and the highest Na concentratiere the NaCl concentration, indicating that NaCl praednCa
observed. Alternatively, common vetch and foraga pa&l uptake by canola seedlings.
not survive (Table 2). Significant differences ihetK

Table 2. Shoot and root NaK”, Cc&* (mg ¢g*) determined at harvest for species grown undéereifit NaCl levels (mM)

NaCl Common vetch Forage pea  Canolavieans (NaCl)
(mM) Shoot
Na (mg g
0 1.36f 0.78 f 3.28f 181c
50 21.14d 10.50e 27.54c 19.73 b
100 43.14 a 2440cd 35.74b 34.43 a
150 - - 51.00 -
Means (Species) 21.88 a 11.89b 22.19a
K (mg g
0 25.50 cd 27.30 bc 58.50 a 37.10 a
50 25.90 c 31.30 bc 32.58b 29.93b
100 19.16d 28.16 bc  26.68 bc 24.67 c
150 - - 20.26 -
Means (Species) 23.52 ¢ 28.92 b 39.25a
Ca(mg )
0 14.48 cd 12.34 d-f 20.34 a 15.72 a
50 12.78 c-e 11.52ef 17.86Db 14.05b
100 10.18f 10.26 f 15.04 c 11.83c
150 - - 14.80 -
Means (Species) 12.48 b 11.37b 17.75 a
Root
Na (mg ¢)
0 5.97d 2.27d 2.86d 3.70b
50 33.65a 25,05 b 1232c 23.67 a
100 31.71a 25.73b 13.29¢c 23.58 a
150 - - 17.66 -
Means (Species) 23.78 a 17.69 b 9.49 c
K (mg g
0 38.18 b 55.75a 22.78 c 38.90 a
50 12.50d 21.79c¢ 15.50cd 16.60 b
100 11.67d 1793cd 11.21d 13.60 b
150 - - 10.71
Means (Species) 20.78 b 31.83 a 16.50 b
Ca(mg )
0 8.96 cd 7.84 cd 48.90 a 2190 a
50 7.90 cd 8.82d 2498 b 12.44 b
100 8.31 cd 4.44 cd 13.68c 10.27b
150 - - 12.92 -
Means (Species) 8.39b 7.03b 29.19a

Means followed by the same letter for each comptzare not statistically different by
LSD at 0.05 level.
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For all of the species, salt treatments increabedNa
content of the roots compared to the control; hawev
significant differences among the 50- and 100-mMCNa
treatment were not observed. In the control expamnin
forage pea presented the highest Na concentrdttboywed
by common vetch and canola. In all of the spedies, K
content of the roots decreased dramatically withinerease
in the salt concentration. Moreover, reductionstlie K
content of the roots were similar among speciesthi
control experiments, forage pea yielded roots mitther K
contents than the other species. Significant diffees in the
effects of the salt concentration on the Ca coraéttie roots
were observed among species. The Ca content ofeceoats
decreased with an increase in the salt level; hewehanges

in the Ca content of common vetch and forage pets were
not observed. Thus, the Ca content of canola reas
significantly restrained by the Na concentration.

The K/Na and Ca/Na ratios of the shoots and roms a
presented in Table 3. As shown in the table, tijpdst K/Na
and Ca/Na ratios were observed in the control pStdt
treatment decreased the K/Na and Ca/Na ratio ofhioets
and roots of all species; however, differences betwsalt
levels were not observed. When the plants weretreated
with salt, the shoots and roots of forage pea @s&skehigher
K/Na and Ca/Na ratios than the other species. wdiavrely,
under the same conditions, canola produced rodkshigher
Ca/Na ratios than the other two species.

Table 3. Shoot and root K/Na, Ca/Na determined at harvestdecies grown under different NaCl levels (mM),

NaCl Common vetch Forage pea Canol#eans (NaCl)
(mM) Shoot
K/Na
0 19.53 b 35.88 a 17.92b 24.44 a
50 1.24c 2.99c¢c 1.18c 180D
100 0.45c 1.19¢c 0.75¢ 0.80 b
150 - - 0.40 -
Means (Species) 7.07b 13.36 a 6.62 b
Ca/ Na
0 11.01b 16.06 a 6.23 ¢ 13.10 a
50 0.61d 1.10i.d 0.65d 0.84b
100 0.24d 0.44d 0.42d 0.65b
150 - - 0.30 -
Means (Species) 247b 8.78 a 3.34b
Root
K/Na
0 6.63 b 24.75 a 7.94b 1110 a
50 0.38¢c 0.88 c 1.26¢c 0.79b
100 041c 0.70c 0.84c 0.37b
150 - - 0.68 -
Means (Species) 3.96 b 5.87a 243 c
Ca/ Na
0 1.56 bc 3.47b 1742 a 7.48 a
50 0.24c 0.36c 2.04bc 0.82b
100 0.27c 0.18c¢c 1.02 bc 0.55b
150 - - 0.88 -
Means (Species) 0.69 b 1.34b 6.83 a

Means followed by the same letter for each comptznare not statistically different by

LSD at 0.05 level.

K nutrition is disturbed by salt stress due to demin

ratio and low reductions in the shoot and rootweyght and

the transcription level of several Kransporter genes (Su et leaf number per seedling, were more salt tolerdman t

al., 2002), a reduction in the deposition rate rafndng cells
(Bernstein et al., 1995), a decline in thé ¢ontent of the
xylem (Munns, 1985), shoot (Jaschk and Wolf, 1986y
expanding leaf tissue (Benstein et al.,, 1995; Laaofl
Benstein, 1999) and increased Kfflux from the roots

common vetch and canola. Thus, forage pea canltieated
on salty soils containing less than 100 mM NacCl.
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