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Abstract

The effect of salt stress on enzyme activities of nine alfalfa cultivars at germination and seedling stage
was studied. The activities of SOD, GR, POX and APOX were higher in salt tolerant and lower in salt
sensitive cultivars. Results of the effect of salt stress on the SOD, GR, POX, APOX activities and MDA
content may be used to select salt tolerance cultivars at the germination and seedling stages. SOD, GR, POX,
APOX and MDA may play an important role in salt tolerant mechanisms in alfalfa.

Introduction

Alfalfa (Medicago sativa L.) is moderately tolerant to salinity (Howieson and Ballard 2004)
but there is high variation between and within cultivars of alfalfa relative to center of diversity
(Howieson and Ballard 2004). Therefore, selection of more salt tolerant cultivar at these stages is
possible for production of this crop. In addition information on mechanism tolerance of these
cultivars at this stage under salt stress is important for selection or screening of salt tolerance
cultivars at this stage.

Torabi et al. (2011) reported that the cultivars Nik-Shahri, Rehnani and Gharegozloo were
more salt tolerance at germination stage. Reports on the mechanism of salt tolerance in alfalfa
cultivars at germination stage are none.

Salt stress can stimulate formation of active oxygen species (AOS) such as superoxide,
hydrogen peroxide and hydroxyl radicals. These activated oxygens injure the cellular components
of proteins, membrane lipids and nucleic acids (Sudhakar et al. 2001). Malondialdehyde (MDA) is
the decomposition product of polyunsaturated fatty acids of membranes and shows greater
accumulation under salt stress (Sudhakar et al. 2001). Plants that produce high levels of
antioxidants are able to provide better resistance to damage induced by salinity (Bor et al. 2003).

The objective of this study was to evaluate the effect of salt stress on antioxidant enzymes
activities in nine alfalfa cultivars to elucidate the possible physiological mechanism of the stress
during germination and seedling stages of alfalfa.

Materials and Methods

Seeds of alfalfa were provided by Agricultural Research Center of Isfahan. Early seedling
growth of nine alfalfa (Medicago sativa L.) cultivars (Tolerant cultivars: Rehnani, Esfahani and
Gharehyonje. Moderate cultivars: Ranjer, Hamedani and Yazdi. Sensitive cultivars: Nikshahri,
Pioneer and Bami) was studied using distilled water and three salinity solutions. Three replicates
of 100 seeds of each cultivar were placed between double layered rolled anchor germination
papers with 10 ml of relevant experiment solutions. The papers were replaced every 2 days in
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order to avoid salt accumulation. Seeds were allowed to germinate in a growth chamber at 25+1°C
in the 16/8 dark and light for 7 days. For dry weight determination, samples were oven dried at 75-
80°C for 48 hrs.

Lipid peroxidation was determined by estimating the malondialdehyde (MDA) content in the
seedling tissues according to Madhava Rao and Sresty (2000).

Fresh samples of seedling tissue first ground with mortar and pestle with liquid nitrogen. 0.5 g
of each powdered sample was then homogenized in ice-cold 50 mM sodium phosphate extraction
buffer (pH 6.8) containing 1mM Na, EDTA and 2% (W/V) PVPP. The entire extraction procedure
was carried out at 4°C. The homogenate was centrifuged at 13,000 x g for 40 min at 4 ‘C and the
supernatant was used to assay the activity of superoxide dismutase (SOD), Peroxidase (POX),
ascorbate peroxidase (APOX), and glutathione reductase (GR). The enzymatic activity of SOD
was determined in terms of its ability to inhibit photochemical reduction of nitrob-blue tetrazolium
(NBT) at 560 nm (Beauchamp and Fridovich 1971). The activity of POX was determined in 3,3’ -
diaminobenzidine-tetrahydrochloride dihydrate (DAB) solution containing 50% (W/V) gelatin and
0.15 M Na-phosphate-citrate buffer (pH 4.4) and 0.6% H,0O, (Herzog and Fahimi 1973). The
activity of APOX was assayed as the decrease in absorbance at 290 nm following the H,O,
mediated oxidation of ascorbate (Nakano and Asada 1981). The activity of GR was measured
according to Foyer and Halliwell (1976).

The laboratory tests were a two-way factorial (4 x 9) arranged in a completely randomized
design with three replications. Data were subjected to analysis of variance (ANOVA) using GLM
procedure of SAS statistical program (ver.9.1) and MSTAT-C procedures. Treatment means were
separated using the least significant difference (LSD) test (P < 0.05).

Results and Discussion

The shoot and root lengths and shoot and root dry weights in all cultivars had decreased as
salinity level increased (Table 1). The highest decrease in root and shoot length under all salinity
levels was in cultivars Esfahani and Rehnani (Table 1). The average reductions in shoot dry
weight at saline treatments from 17 - 19% in Rehnani, Esfahani and Gharehyonje were distinctly
lower than those of other cultivars, and 30 - 57% in Hamedani, Ranjer, Yazdi, Bami, Nikshahre,
and Pioneer (Table 1). In this study, based on root and shoot lengths and weights, Rehnani and
Esfahani were the most salt tolerant and Pioneer and Bami were the least tolerant among the tested
cultivars. These results are in line with the results reported by Torabi et al. (2011) and Peel et al.
(2004). Thus, the cause of the reduction of shoot and root growth was due to salinity induced ionic
imbalance (Howieson and Ballard 2004, Jaleel et al. 2008).

Salinity caused 3.05-, 2.21- and 2.13-folds increase in SOD in Rehnani, Gharehyonje, and
Esfahani than those of other cultivars. Similarly, increase in SOD by 1.75 - 1.32-folds in Bami,
Pioneer, Yazdi, Nikshahre, Hamedani, and Ranjer. Among cultivars, Rehnani had the highest
SOD at 180 mM of NaCl treatment (Table 2). Higher SOD activity in salt-tolerant cultivars of
alfalfa was also reported (Wang et al. 2009, Wang and Han 2009).

Salinity (60 - 180 mM) increase the activity of POX, by 3.77 folds in Ranjer, followed by
2.68-, 2.22-, 2.19-, 1.81-, 1.58-, 1.43-, 1.41- and 1.38-folds in Hamedani, Nikshahre, Yazdi,
Rehnani, Pioneer, Bami, Gharehyonje, and Esfahani, respectively (Table 2).

Salinity (6- - 180 mM) increase the activity of APOX, by 4.39 - 2.23-folds in Pioneer, Bami,
Yazdi, Nikshahre, Gharehyonje, Rehnani, Ranjer, Hamedani, and Esfahani (Table 2).
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Table 1. Effect of salinity on the growth parameter of alfalfa cultivars.

Cultivar NaCl Root length Shoot length Root dry weight Shoot dry weight

(mM) (cm) (cm) (mg) (mg)
Rehnani 0 10.1° 14.2° 10.0°" 144°

60 9.5° 13.4° 9.2° 134° (-6)

120 8.9 12.7¢ 8.0° 124% (-13)

180  8.6" 11.7° 6.4° 99% (-31)
Esfahani 0 11° 15.1° 9.0° 129%

60 10.5° 14.5° 7.4 1199 (-7)

120 9.8¢ 13.6° 6.4° 109° (-15)

180  9.1f 12.8¢ 5.6" 89¢ (-31)
Gharehyonje 0 8.7" 12.4¢ 8.3 119¢

60 8.2)k 11.3° 7.2¢ 109° (-8)

120 7.7 10 6.3 99' (-16)

180 7.2° 9.3¢ 5.5 79" (-33)
Ranjer 0 8.3 11¢ 8.2° 99"

60 8! 10.4 6.6° 79" (-20)

120 75" 9.9 5.6 597 (-40)

180  6.89 8.9¢ 4.8 29™ (-70)
Hamedani 0 6.5" 8.4 5.8 79"

60 6.2° 8.1" 5.0% 69' (-12)

120 5.5" 7.1 4.1 599 (-25)

180  4° 6 3.3k 39' (-50)
Yazdi 0 7° 9.18 5.4 59

60 6.2° 8.3 47" 49% (-16)

120 5 7 381 39'(-33)

180 4.5 6 2.94 19" (-67)
Nikshahri 0 6.97 9¢ 3.1k 39!

60 6 7.9" 2.4™ 20™ (-25)

120 4.5% 6.1 1.9mn° 21" (-46)

180 4% 5 1.6™P 9°P (-76)
Pioneer 0 5" 5.8 2.0m™ 19"

60 4 4.7% 1.4 11° (-42)

120 34 4 0.9 8 (-57)

180  2.5° 3m 0.4 4P (-78)
Bami 0 5.6" 7.20 1.6™P 9°p

60 4.5% 6.8 0.9 8P (-11)

120 4 5.7 0.8 5P (-44)

180 3.4 4.9 0.3° 4 (-55)
LSD 1.71 0.6 0.5 5

"Mean within columns with the same letters is not significantly different at 5% level.
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Table 2. Effect of salinity on activities of enzymes and lipid peroxidation of alfalfa cultivars.

Activities of enzymes

Cultivar NaCl (mM) SOD POX APOX GR MDA content
unit mg/protein nmol g/FW
Rehnani 0 39w 3. 7tehit 1.9'mnf 0.56"™mn" 6.2
60 599 4.5 2.8% 0.7k 6.4
120 119° 6.9% 43¢ 1.08% 6.7"
180 179° 8.7% 6.5 1.33° 6.9"
Esfahani 0 55" 4.0% 2.6k 0.578mn 6.6
60 728 4.9 3.9°f 0.828h 6.8
120 109 5.7% 5.7° 1.19%¢ 6.9"
180 164° 6.8 7.8° 1.48° 7.2
Gharehyonje 0 49° 4.8 1.7mm0 0.48"°P 7.9°
60 72mn 5.7% 2.8 0.67" 8.6"
120 99t 6.9 3.9° 0.98° 9.4
180 154° 7.7% 5.8° 1.22% 10.1°
Ranjer 0 844 1.94 2.3 0.359 10.9°
60 92! 4.7 3.6f 0.53mn° 11.8™
120 112° 7.6™ 5.1¢ 0.68 12.74
180 129¢ 9.2 6.9° 0.89" 13.4"h
Hamedani 0 798 2.ghijk 1.4%°P 0.41°P9 11.3"
60 891 5.2¢ 2.2M 0.58KImn 2.1
120 104" 7.7% 3.4% 0.76%" 131k
180 119° 9.6° 4.94 0.98° 13.9¢
Yazdi 0 59% 1.2 0.77% 0.24" 12.8*
60 66°° 1.74 1.3 0.33 13.7"
120 g4k 2.4 278 0.57"mn 14.6°
180 99t 3.8feh 3.9° 0.73h 15.4%
Nikshahri 0 54 1.5 0.97P 0.18"" 13.6"
60 63 2.1 1.1°4 0.29% 14.4%
120 75im 3.280 3eh 0.48"P 15%f
180 891 4.7 42¢ 0.62%KIm 16.2°
Pioneer 0 36" 2,70k 0.47° 0.08" 13.6"
60 44 3.280 0.98P% 0.19""¥ 14.4%
120 547 3.9fh 2.1kim 0.37°91 15.2%
180 77 5.7% 3.4% 0.48"° 16"
Bami 0 29" 4feh 0.37" 0.11" 14.4%
60 34V 4.7 0.67% 0.23" 15.2%
120 49° 5.8% 1.4%°P 0.46"Pd 16"
180 69™ 6.7° 2.8¢ 0.58KImn 16.9*
LSD 5.7 1.4 0.59 0.12 0.6

"Mean within columns with the same letters is not significantly different at 5% level.
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Salinity increase of GR activity by 4.33-folds in Pioneer. followed by 3.85 - 1.86-folds in
Bami, Nikshahre, Yazdi, Esfahani, Ranjer, Gharehyonje, Hamedani, and Rehnani (Table 2). GR
activity was higher in salt tolerant cotton cultivars (Meloni et al. 2003). However, the
enhancement of APX activity was greater in salt tolerant than in salt sensitive alfalfa cultivars
(Wang et al. 2009; Babakhani et al. 2011). The positive relation between APX and salt tolerance
has also been reported in wild beet (Bor et al. 2003). The H,O, produced by SOD may also be
detoxified in the ascorbate-glutathione pathway (Wang et al. 2009), which involves the oxidation
of ascorbate by APX and reduction of glutathione by GR (Wang et al. 2009). On the other hand,
the increase in APX and GR activities appears to be an indication of salt tolerance in tested alfalfa
cultivars. APX is a component of the ascorbate-glutathione pathway, which plays a key role in
scavenging H,O, (Wang and Han 2009). The activities of APX and GR were higher in salt
tolerance cultivars as compared to sensitive cultivars suggesting that these enzymes may play an
important role in salt tolerant mechanisms in alfalfa.

MDA content which is an indicator of lipid peroxidation of alfalfa seedlings was significantly
enhanced under saline treatments (Table 2). The average increase in MDA content under saline
treatments increase from 5.55 - 18.6% in Esfahani, Rehnani, Bami, Pioneer, Yazdi, Nikshahre,
Hamedani, Ranjer, and Gharehyonje (Table 2). Similar results were observed in salt tolerant and
salt sensitive cultivars of alfalfa (Wang et al. 2009, Wang and Han 2009, Babakhani et al. 2011)
and barley (Liang et al. 2003). Lipid peroxidation is an identified cell membrane damage
mechanism, and is used as an indication of oxidative stress caused by various stresses including
salt stress (Babakhani et al. 2011). The result suggested that ROX was increased under salt stress,
however, increased in antioxidant enzymes activities suppressed the damages caused by ROX in
tolerant cultivars.

Changes in seeds and seedlings growth parameters of the cultivars under salt stress showed
that Rehnani and Esfahani were most salt tolerant while Bami and Pioneer were the most salt
sensitive cultivars. The activities of SOD, GR, POX and APOX were higher in salt tolerant and
lower in salt sensitive cultivars. The MDA content was lower in salt tolerance cultivars as
compared to sensitive cultivars. These results showed that the SOD, GR, POX, APOX activities
and MDA content at the germination and seedling stages may be used to select salt tolerance
cultivars.
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