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Abstract

Salt stress is a serious environmental problem throughout the world which may be partially relieved by breeding cultivars that can
tolerate salt stress. Plant breeding may provide a relatively cost effective short-term solution to the salinity problem by producing cultivars
able to remain productive at low to moderate levels of salinity. Five alfalfa cultivars, ‘Seyah-Roud’, ‘Ahar-Hourand’, ‘Oskou, ‘Malekan” and
‘Sefida-Khan’ were assessed for salt tolerance at mature plant stage. A greenhouse screening system was used to evaluate individual alfalfa
plants grown in perlit medium, and irrigated with water containing different amounts of NaCl. Three saltlevels were achieved by adding
0, 100 and 200 mM NaCl to Hoagland nutrient solution, respectively. Forage yield, sodium and potassium contents and K/Na ratio was
determined. Also, leaf samples were analyzed for proline and chlorophyll contents. The ecotypes Seyha-Roud and ‘Sefida-Khan” had
comparatively less sodium contents than ‘Oskou, Ahar-Hourand’ and ‘Malekan’ ecotypes, also potassium content increased under saline
condition. Forage yield of different alfalfa ecotypes was significantly influenced by the salinity. The ecotypes ‘Malekan], Ahar- Hourand
and ‘Oskou’ were successful in maintaining forage yield under salinity stress. Sodium contents increased due to salinity in all alfalfa
ecotypes however ecotypes ‘Ahar-Hourand’ and ‘Malekan’ maintained the highest leaf Na concentration. They showed higher content of

K than other ecotypes but had lower K/Na ratio. It was concluded that, two ecotypes ‘Malekan’ and ‘Ahar-Hourand’ were better.
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Introduction

Nearly 10 percent of the earth’s land is salt-affected
and an estimated 10 million ha of agricultural land are lost
annually due to salinization and water logging. Salinity of
soil and water resources is a serious threat in many parts
of Iran. The estimated land area affected by salinity varies
between 16 to 23 Mha (Siadat ez al,, 1997). These figures
include both cultivated and barren lands. No exact data is
available on intensity of this problem in the arable lands.
The main difficulty in this regard is the temporal variations
of salinity during the growing season, due to the effects of
irrigation water, which add or leach the salts. In general,
50 percent of all growing areas of Iran are encountered by
high-salt concentration conditions and drought (Siadat,
2004).

The area of saline soils in East Azarbaijan is estimated
to be 200000 hectare. The surrounding area of Urumiyeh
Lake has high potentiality of agricultural development in
future. There exists vast land without use in many areas
due to some unfavorable natural conditions for farming
such as high saline soil (Kazmeinkhah, 2004).

Rapidly growing demand for livestock products in-
creased due to increasing human population changing the
diet regimes. To provide more animal products, more for-
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age and fodder are also needed. Much of the cropland af-
fected by salinity is in traditional alfalfa growing regions of
the world. Forage yield of alfalfa decreases 7.3% for each
dSm™ (*11mM NaCl) increase above a threshold of 2.0
dSm™ (=~ 22 mM NaCl) (Johnson ez al, 1992). Seedling
alfalfa yield is decreased by 50% at 8.9dS m” (= 97mM
NaCl) (Maas & Hoffman, 1977).

Reclamation, drainage and improved irrigation prac-
tices might reduce the severity and spread of salinization
in some regions, but costs of these practices are generally
prohibitive (Johnson ez al., 1992). Plant breeding may
provide a relatively cost effective short-term solution to
the salinity problem by producing cultivars able to remain
productive at low to moderate levels of salinity. However,
breeding for improved salt tolerance in many crop plants,
includingalfalfa, has progressed slowly (Blum, 1988; John-
son et al., 1992; Noble ez al., 1984).

Flowers and Yeo (1995) suggested five possible ways,
which were appropriate at that time, to develop salt toler-
ant crops: (1) develop halophytes as alternative crops; (2)
use interspecific hybridization to raise the tolerance of cur-
rent crops; (3) use the variation already present in existing
crops; (4) generate variation within existing crops by using
recurrent selection, mutagenesis on tissue culture, and (5)
breed for yield rather than tolerance. Tolerance breeding



Monirifar H. and M. Barghi / Not Sci Biol 1 (1) 2009, 63-66

64

by transformation is another important approach had
been missed by Flower and Yao, is now being widely advo-
cated (Flowers, 2004).

Salinity research in alfalfa has focused primarily on
germination (Carlson ez al., 1983; Allen e al., 1986., Do-
brenz ez al., 1989) and seedling establishment (Ashraf ez
al., 1987; Mckimmie and Dobrenz, 1987) in the presence
of NaCl. Several reports indicate that alfalfa has the ge-
netic potential for improved salt tolerance and that plant
breeding may be the solution for increasing yield in saline
environments (Johnson ez al., 1992; Mohammad ez 4/,
1984; Noble et 4., 1984).

Development of salt tolerance in crops depends ulti-
mately on two factors. Availability of genetic variation by
screening and selection of those plants with superior per-
formance when exposed to such stress is very important
(Epstein ez al., 1980; Shannon, 1984). The presence of
phenotypic variation for salt tolerance was reported for al-
falfa cultivars (Al-Khatib ez 2/., 1993; Noble ez al., 1984).

It might therefore be that selection of highly salt toler-
ant genotypes between and within cultivars could be ex-
pected to provide useful material for further breeding, and
for experimental comparisons (Al-Khatib ez al., 1993).

Monirifar et al., (2004) reported the presence of phe-
notypic variation between some Azarbaijan alfalfa culti-
vars at different salinity levels and changing in forage yield
resulting from saline stress.

This research was conducted to evaluate and selection
of new Azarbaijan alfalfa cultivars for salt tolerance.

Materials and methods

For the present study five local lucerne cultivars,
‘Seyah-Roud, ‘Ahar-Hourand, ‘Oskou, ‘Malekan’ and
‘Sefida-Khan’ were used. This choice was based upon the
results determination of general combining ability with
polycross test project (Monirifar, 2008). A greenhouse
screening system previously described by Johnson ez /.,
(1991) was used to evaluate of individual alfalfa plants
grown in at perlit medium, and irrigated with water con-
taining different amounts of NaCl. NaCl levels observed
in agricultural regions where salinity is a problem were
selected (Kazmeinkhah, 2004). Two sterilized seeds of
each five cultivars were sown in individual 70mmx 0.4m
cylindrical containers containing 60+1.5g (dry wt., mean
+ SE) of perlite and thinned to one plant per container at
14d. Containers placed in a randomized layout in green
house with a 16h photoperiod and night and day tempera-
tures of approximately 16 and 22°C respectively. The pots
were irrigated with Hoaglands solution (Tab. ).

Plants were not inoculated with Rhbizobium (nitrogen
was supplied in the nutrient solution), as there are no dif-
ferences in salinity response between nodulated and non-
nodulated Lucerne plants (Bernstein and Ogata, 1966).

Three salt levels were achieved by adding 0, 100 and
200 mM NaCl to water, respectively. Forage from each

Tab. 1. Element composition of nutrient solution were used in

experiment
Chemical combination mg/liter

KH, PO, 136
KNO, 505
Ca(NO,). 4H,0 1180
MgSo,. 7H,0 492
H,BO, 2.86
MnCL, 4H,0 181
ZnSO, 7HO 022
CuSO, SHO 0.08
CoCl, 6H,0 0.025
(NH,)6.Mo_ O, 4H,0 10.0
FeSo,.7H,O 27.8

plant was harvested at 10% bloom by clipping 4 cm above
and was measured. Sodium and potassium analyses were
made on three 200mg samples from each ecotype in each
tolerance class. Material was ashed at 460°C for 18h and
dissolved in 5 ml of 2M HNO,. This method permitted
all two ions to be readily analyzed from the one sample.
Sodium and potassium were estimated by atomic absorp-
tion spectrophotometer. A randomized complete block
design with a split- plot arrangement was used with NaCl
levels as main plots and ecotypes as subplots.

Proline estimation: Leaf tissue was frozen in liquid ni-
trogen and stored until required, then it was homogenized
in methanol: chloroform: water (MCW 12:5:1 /V) using
0.2 g tissue per 2 cm® of MCW at room temperature and
proline contents estimated, also leaves samples analyzed

for chlorophyll contents( Ashraf ez al., 1994).
Results and discussion

Leaf chemical analysis of different alfalfa ecotypes
indicated that sodium (Na) contents increased under
saline condition (Tab. 2) but there were not significant
difference, among ecotypes. The ecotypes Seyha-Roud
and Sefida-Kkhan had comparatively less sodium con-
tents than ‘Oskou, ‘Ahar-Hourand’ and ‘Malekan’ eco-
types. Results also indicated that potassium content
increased under saline condition (Tab. 2). However, eco-
types ‘Ahar-Hourand’ and ‘Malekan’ maintained higher
potassium contents than other under saline condition.
Biochemical analysis of leaves of alfalfa ecotypes indicated
proline accumulation and chlorophyll contents increased
under saline condition (Tab. 3). Alfalfa ecotypes ‘Malekan’
and ‘Oskou’ showed higher accumulation of proline than
others (Tab. 3). Similarly minimum reductions in chloro-
phyll content were in ‘Malekan’ and ‘Ahar-Hourand’ eco-
types.

Forage yield of different alfalfa ecotypes was signifi-
cantly influenced by the salinity (Tab. 3). The ecotype
‘Malekan” showed minimum reduction, when compared
with control, where as maximum reduction over control
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Tab. 2. Effects of salinity on sodium (Na), potassium (k) contents and K/Na ratio in different alfalfa ecotypes

Ecotype Na' Ka’ K/Na

0mM 100mM  200mM 0 mM 100mM 200 mM 0 mM 100mM 200 mM

‘Seyah-Roud’ 3465 6729 68.47 40.44 59.70 60.40 1.16 0.89 0.84

‘Ahar-Hourand’ 39.96 66090 83.32 4357 59.47 69.16 1.59 0.89 0.83

‘Oskou’ £212 6228 76.24 4485 56.74 6498 1.10 0.94 0.83

‘Malekan’ 39.07 73.10 8322 43.05 63.12 69.10 1.10 0.87 0.83

‘Sefida-Khan’ 3593 57.7 79.68 41.19 53.67 67.01 1.14 0.95 0.84

Mean 38.34 65.33 78.19 4262 58.54 66.13 1.12 0.91 0.85
LSD(0.05) 4.1654 9.2064 7.1861 24576 5.4329 42397 0.0413 0.0477 0.03378

“The unitis mg g'DW.

was recorded in ‘Sefida-Khan® The ecotypes ‘Malekan),
Ahar- Hourand and ‘Oskou’ were successful in maintain-
ing forage yield more than 60% under salinity stress.
Sodium contents increased due to salinity in all alfalfa
ecotypes however ecotypes ‘Ahar-Hourand’ and “Malekan’
maintained the highest leaf Na concentration. Minimum
Na content was recorded by ‘Sefida-Khan”in 100mM and
by ‘Seyah-Roud’ in 200mM NaCl, respectively (Tab. 2).
In studies where salinity is developed with NaCl, a fo-
cus has been the transport system that is involved in the
utilization of Na as an osmotic solute (Yasar et 4/., 2006).
A significant positive correlation was observed between
sodium and potassium contents of alfalfa ecotypes under
sodium chloride concentration, so ‘Malekan’ and ‘Ahar-
Hourand’ alfalfa ecotypes showed the higher content of
potassium. It is reported that salt tolerance is associated
with K contents (Ashraf and Sarwar, 2002), because of its
involvement in osmotic regulation and competition with
Na (Ashraf ez al., 2005). Regulation of K uptake and pre-
vention of Na entry, efflux of Na from cell are the strate-
gies commonly used by plants to maintain desirable K/Na
ratio in the cytosole but in the present study, the tolerant
ecotype aren’t expressing the same trend for K/Na ratios.
Ecotypes ‘Malekan’ and ‘Ahar-Hourand™ ecotypes
showed high content of Na and K than other ecotypes
but had low K/Na ratio (Tab. 2). K/Na ratio is the criteria
which is established by the scientist and the genetically ap-
proved for salt tolerance (Khan ez a/., 2009).
There are different reports about chlorophyll content
in plants under stress (Alamgir and Ali, 1999; Khan ez
al., 2009). Khan ez al., (2009) reported that chlorophyll

contents of wheat genotypes decreased under stress but
Alamgir and Ali (1999) observed an increase in chloro-
phyll contents in 6 genotypes of rice. Our results are in
agreement with this worker where in all ecotypes, chloro-
phyll contents are increasing. The increase is significant in
sensitive ecotype in comparison to tolerant.
Accumulation of solutes especially proline is a com-
mon observation under stress condition (Ashraf et al.,
1994). It is reported that proline is an important osmolyte
to adjust the plant under drought/saline condition. In the
present study, the accumulation of proline was commonly
observed in all ecotypes however, the ecotypes ‘Malekan’
followed by ‘Oskou’ and ‘Sefida-Khan’ at 100mM and
‘Oskou’ by ‘Malekan’ and ‘Sefida-Khan’ at 200mM NaCl,
respectively(Tab. 3). These ecotypes are the best perform-
ing ones and higher forage yield under salinity stress. A
similar observation was recorded in wheat (Khan e 4/,
2009). There are however reasons to believe that proline
accumulation may play a role in the salinity tolerance.
Firstly it is an osmolyte accumulated under stress in almost
all the plant species. Secondly a high proline concentra-
tion has been described in organs which naturally have low
water contents such as seed and inflorescence (Khan ez 4.,

2009).
Conclusions
It was concluded that on the basis of less than 40% re-

duction in forage yield, two ecotypes ‘Malekan’ and ‘Ahar-
Hourand’ were better.

Tab. 3. Effect of salinity on accumulation of proline, total chlorophyll and forage yield of different alfalfa ecotypes

Proline ( molg-1)

Chlorophyll(mg g-1)

Forage yield(gr/plant)

Ecotype O0mM 100mM  200mM O0mM 100mM  200mM OmM  100mM  200mM
‘Seyah-Roud’ 3.57 5.19 11.43 49.72 54.17 52.64 261 1.59 0.99
‘Ahar-Hourand’ 355 5.57 10.94 3875 57.57 53.78 2.62 1.75 121
‘Oskou’ 7.38 826 17.71 47.08 52.58 56.87 1.86 127 1.01
‘Malekan’ 441 1291 14.65 4237 52.83 48.55 2.32 1.89 127
‘Sefida-Khan’ 493 7.65 14.38 47.50 53.74 52.38 2.48 1.39 0.85
Mean 477 7.92 13.82 45.04 54.18 52.84 238 1.58 1.06

LSD (5%) 1.4284 2.6743 4.4616 5.4990 3.2765 3.3702 0.3050 0.2136 0.1984
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