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Abstract Alfalfa is the major fodder crop of Sultanate

Oman, but salinity is a major problem in its cultivation.

Therefore, thirty-four alfalfa (Medicago sativa L.) lan-

draces of Oman were evaluated for morphology and forage

yield response to different salinity levels viz. 1 (control), 3,

6, 9, and 12 dS m-1 under greenhouse conditions. The

experiment was conducted under a completely randomized

design. Different alfalfa landraces responded differently to

the five salinity levels for plant height, number of branches,

number of leaves, leaflet width, leaflet length, forage fresh

weight, and forage dry matter yield. Salt stress caused a

reduction in growth and dry matter yield of alfalfa lan-

draces with exception of some, which responded positively

to the salinity levels of 3 and 6 dS m-1 compared to control

for the number of leaves per plant. Moreover, some lan-

draces had better forage fresh weight and dry matter yield

at 6 dS m-1 than 3 dS m-1. Alfalfa landraces OMA 257,

OMA, 245, OMA 270, OMA 315, OMA 211, OMA 117,

OMA 56, OMA 239, OMA 148, OMA 131, OMA 95,

OMA 263, OMA 262, OMA 289 and OMA 220 were

designated as salt tolerant based on their overall perfor-

mance across salinity levels of 6, 9 and 12 dS m-1.

However, the landraces OMA 305, OMA 100, OMA 211,

OMA 148, OMA 60, OMA 248, OMA 9, OMA 88, and

OMA 302 collected were sensitive to 6, 9 and 12 dS m-1

salinity stress. The study showed the variation of alfalfa

landraces potential for salinity tolerance, and their potential

for cultivation in saline areas and/or use in breeding pro-

grams aimed to develop salt tolerant alfalfa genotypes.
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Introduction

Worldwide, soil salinity is a limiting factor in terms of

decreasing agricultural production. An FAO report of

‘FAO Land and Plant Nutrition Management Service’

declared 6% (400 Mha) of the world’s land as salt affected

or sodic (Parihar et al. 2015). Recent data indicated that of

a total of 230 Mha irrigated land, 45 Mha (19.5%) are

saline, while out of 1,500 Mha of dryland, 32 Mha (2.1%)

is salt affected (Parihar et al. 2015). In many semi-arid

parts of the world, salinity is threatening the sustainability

of crop production.

Globally, salt stress is a major abiotic factor, which

significantly decreases the growth and productivity of

plants. In the Sultanate of Oman, salinity is also a major

problem. The 38% (11.7 Mha) of the total area in Oman is

salt affected (FAO 2008), which accounts for 4.97% (70,

000 ha) of agriculturally suitable land in the country (MAF

2014). In Oman, there exist two types of salinity. The first

one is due to poor irrigation management in the areas

where freshwater is supplied. This could be improved
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through improved drainage and better soil water manage-

ment. The second type of salinity is owing to the uncon-

trolled extraction of fresh groundwater than available in the

coastal areas. This imbalance in coastal aquifers allows the

inflow of seawater which causes salinization of irrigation

water sources.

In Oman, the salinity level of alfalfa fields varies from 1

to 15 dS m-1 (MAF 2012). Although much of the research

into salinity tolerance in alfalfa has focused on germination

and early growth (Yacoubi et al. 2013), a few studies

evaluated alfalfa for forage yield. For instance, in a study

of five ecotypes from Azarbaijan, salinity significantly

reduced the forage yield of all five alfalfa ecotypes of

which two ecotypes were identified as salt tolerant for

producing better forage yield at salinity level of 20 dS m-1

(Monirifar and Barghi 2009).

Salinity stress affects plant growth by disturbing the

water relations and ionic balance. Under salinity stress, the

plants first face water stress that leads to a decrease in leaf

expansion (Farooq et al. 2015, 2017), while long term

salinity causes an ionic imbalance in plants with a reduc-

tion in photosynthesis (Farooq et al. 2017), carotenoids and

chlorophyll. Salinity decreases the germination of crops

([ 50%) by causing toxicity in the germinating embryos

due to inhibited uptake of water. Moreover, it reduced the

growth of plants (by more than 70%) due to ion toxicity or

decreased photosynthesis (Farooq et al. 2017). In the

transpiration stream the entry of salt cause ionic toxicity,

which damages cells of transpiring leaves which in turn

reduces the growth (Munns 1993; Al-Farsi et al. 2020).

Furthermore, under salinity, carbon fixation decreased

owing to the reduction in CO2 availability through stomata

limitation for diffusion (Flexas et al. 2004; Li et al. 2010;

Al-Farsi et al. 2020). In a study, it was found that salinity

stress of 180 mM reduced the germination by 50% in

Phaseolus species (Bayuelo-Jimenes et al. 2002). In

legumes, stand establishment and later growth stages are

more sensitive stages to salinity compared to the germi-

nation phase (Al-Mutata 2003).

In earlier studies, the screening of alfalfa accessions

against salinity tolerance was done at germination and

stand establishment stages (Wang et al. 2009; Yacoubi

et al. 2013). However, in this study, the screening of dif-

ferent alfalfa accessions against salinity stress was per-

formed based on the forage fresh and dry matter yield. The

evaluation of alfalfa genotypes of the Sultanate of Oman

for morphological characters and forage yield under dif-

ferent levels of salinity has rarely been explored. This

study was, therefore, conducted to evaluate the response of

local landraces of alfalfa at lateral growth stages to a

varying degree of salinity stress and their tolerance level. It

was hypothesized that; the different Omani alfalfa lan-

draces would be tolerant to a varying degree of salinity

stress. The specific objectives were (i) to select salt tolerant

landraces of alfalfa at different levels of salinity and (ii) to

recommend using these salt tolerant alfalfa landraces in

breeding programs.

Materials and methods

The experimental site, treatments, and design

The experiment was carried out in a greenhouse (temper-

ature 26 ± 2/18 ± 2 �C (day/night) at the Agriculture

Research Station, Rumais, Sultanate of Oman. The

seeds were planted on February 04, 2015, and harvested on

July 25, 2015. Thirty-four local alfalfa landraces collected

from different parts of Oman were screened at different

levels of salinity stresses viz., 1 (control), 3, 6, 9, and 12 dS

m-1 (Table 1). The study was conducted in a completely

randomized design with four replications.

Crop husbandry

Seeds of alfalfa landraces were sown (five seeds per pot) in

soil filled pots (30 cm diameter and 40 cm height) (5 kg

pot-1). The experimental soil was sandy loam with pH

(7.1), electrical conductivity (2.17 dS m-1), total nitrogen

(N; 0.031%), extractable phosphorus (P; 0.023 mg kg-1)

and extractable potassium (K; 0.061 mg kg-1). Fertilizer N

(urea), P (triple super sulphate) and K (potassium sulphate)

were applied at 0.089:0.053:0.112 g pot-1 respectively

according to national recommendations (N 200: P 120: K

250 kg ha-1). The whole amount of P and K, and half N

were applied at planting while remaining N was applied at

two equal splits 40 and 65 days after sowing. Until ger-

mination, the pots of each species were frequently irrigated

with control water lightly and later three times a week until

the harvest of seedlings. Salinity treatments were imposed

after the first 45 days of emergence. Salinity treatments

were prepared by diluting seawater (48.5 ? 2 dS m-1) in

100-L iron drums and then salinity was imposed according

to the treatment levels in each pot, and the electrical con-

ductivity was measured using conductivity TDS meter

(Hach, Loveland, CO).

Observations

At the blooming stage, the observations were recorded for

each accession. Plant height (cm) was measured from the

base to the top of the plants with a ruler. The same plants

were used to count the number of branches and the number

of leaves per plant. The leaflet length (mm), and leaflet
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width (mm) were measured with a ruler. At harvesting, the

fresh weight (g)/plant was recorded, and dry matter yield

was taken after oven drying the samples at 70 ± 2 �C
(AOAC 2000).

Statistical analysis

Data were subjected to ANOVA using MSTAT-C software

(Gomez and Gomez 1984) and treatment means were

separated by HSD (honestly significant difference) at P

B 0.05. The genetic variation within and among the lan-

draces was analyzed using the Principal Component

Analysis (PCA) by XL-STAT-2020 (Addinsoft-2020.

XLSTAT statistical and data analysis solution. New York,

USA. https://www.xlstat.com) and the dendrogram was

constructed with the PCA on dissimilarity (Euclidean dis-

tance) using Ward’s method.

Results

Salinity tolerance across all accessions for different

characters

Salinity stress suppressed the growth of alfalfa acces-

sions. With the increase in salinity levels from 1 to 12

Table 1 Alfalfa landraces used in the study and source of origin

S. No. Accession No Germplasm Source / Origin Nature of Geographic location Salinity range (dS m-1)

1 OMA 270 A’Sharqiya, Oman Interior Plain 1.00

2 OMA 245 A’Sharqiya, Oman Interior Plain 1.10

3 OMA 9 Al-Dakhiliya, Oman Interior Plain 4.52

4 OMA 117 Al-Dhahirah, Oman Interior mountain 0.45

5 OMA 224 Al-Dakhiliya, Oman Interior mountain 0.30

6 OMA 239 Al-Buraimi, Oman Interior Plain 1.20

7 OMA 262 A’Sharqiya, Oman Interior mountain 0.52

8 OMA 60 Al-Dakhiliya, Oman Interior mountain 0.58

9 OMA 282 A’Sharqiya, Oman Interior mountain 0.38

10 OMA 95 Al-Dhahirah, Oman Interior Plain 0.36

11 OMA 220 Al-Dakhiliya, Oman Interior mountain 0.51

12 OMA 248 A’Sharqiya, Oman Interior Plain 1.10

13 OMA 253 A’Sharqiya, Oman Interior Plain 1.20

14 OMA 263 A’Sharqiya, Oman Interior Plain 1.00

15 OMA 289 A’Sharqiya, Oman Interior mountain 0.50

16 OMA 315 North Batinah, Oman Coastal Plain 3.50

17 OMA 290 A’Sharqiya, Oman Interior mountain 0.54

18 OMA 211 Al-Dakhiliya, Oman Interior Plain 0.80

19 OMA 222 Al-Dakhiliya, Oman Interior Plain 0.50

20 OMA 268 A’Sharqiya, Oman Interior Plain 0.53

21 OMA 56 Al-Dakhiliya, Oman Interior Plain 0.48

22 OMA 257 A’Sharqiya, Oman Interior mountain 0.30

23 OMA 228 Al-Dakhiliya, Oman Interior mountain 0.42

24 OMA 41 Al-Dakhiliya, Oman Interior Plain 1.30

25 OMA 100 Al-Dakhiliya, Oman Interior Plain 0.36

26 OMA 141 South Batinah, Oman Coastal mountain 0.38

27 OMA 5 Al-Dakhiliya, Oman Interior Plain 3.27

28 OMA 88 Al-Dhahirah, Oman Interior Plain 0.50

29 OMA 305 North Batinah, Oman Coastal Plain 3.00

30 OMA 302 A’Sharqiya, Oman Interior mountain 0.50

31 OMA 148 South Batinah, Oman Coastal mountain 0.38

32 OMA 131 South Batinah, Oman Coastal mountain 0.02

33 OMA 195 South Batinah, Oman Coastal mountain 1.00

34 OMA 98 Al-Dhahirah, Oman Interior Plain 1.16
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dS m-1, the growth and forage yield of alfalfa acces-

sions decreased significantly (Figs. 1, 2; Tables S1–S4).

The highest reduction for all characters in all accessions

was recorded at a salinity level of 12 dS m-1 (highest

salt stress) followed by at 9 dS m-1. All the studied

traits as plant height, number of branches per plant,

number of leaves, leaflet length and width, forage fresh

weight and forage dry matter yield were significantly

reduced at the highest salt level compared to control

(Figs. 1, 2; Tables S1–S4). However, some accessions

responded positively at moderate salinity level (3 and 6

dS m-1) for the numbers of leaves per plant compared to

control (Table S2) while, for forage fresh weight and

forage dry matter yield, some accessions performed

better at 6 dS m-1 than low salinity level of 3 dS m-1

(Tables S3 and S4).
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Fig. 1 Box plots showing the influence of salt stress on the

(a) number of branches per plant; (b) plant height; (c) number of

leaves and (d) leaflet length of 34 alfalfa accessions of Omani Origin.

The box plots show the median, mean, first quartile, third quartile,

minimum and maximum. Whiskers separate the sample from extreme

data point. Data presented beyond whiskers represent outliers
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Tolerant and sensitive genotypes of alfalfa based

on morphology and forage yield at different salinity

levels

The genotypes OMA 257, OMA 245, OMA, 270, OMA

315, OMA 211, OMA 117, OMA 56, OMA 239, OMA

148, OMA 131, OMA 95, OMA 263, OMA 262, OMA

289 and OMA 220 collected from different plains of

Oman were tolerant against salinity stress of 6, 9 and 12

dS m-1 whereas the accessions OMA 305, OMA 100,

OMA 211, OMA 148, OMA 60, OMA 248, OMA 9,

OMA 88, and OMA 302 were sensitive at salt stress of

6, 9 and 12 dS m-1 for all the studied traits (Tables S1–

S4).
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Fig. 2 Box plots showing the influence of salt stress on the (a) leaflet
width; (b) forage fresh weight; and (c) forage dry weight of 34 alfalfa

accessions of Omani origin. The box plots show the median, mean,

first quartile, third quartile, minimum and maximum. Whiskers

separate the sample from extreme data point. Data presented beyond

whiskers represent outliers
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Salinity tolerance of individual accessions for each

character tested

Salinity tolerance of individual accessions was assessed

based on the salinity levels for each growth character tested

(Figs. 1, 2; Tables S1–S4). The genotype OMA 257 col-

lected from the Interior mountain of A’Sharqiya had sig-

nificantly higher numbers of branches per plant (32

branches) in comparison with all other accessions at salt

stress of 6 dS m-1 (Table S1). The next superior accession

OMA 315 (serial no.16) of North Batinah, collected from

coastal plain had 27 branches at salt stress of 9 dS m-1

while at 12 dS m-1 the best accession was OMA 211,

which had 24 branches compared to the rest of accessions

(Table S1).

Regarding plant height, accession OMA 257 (serial no.

22) of A’Sharqiya collected from the mountain area had

superior plant height (86.2 cm) followed by accession

OMA 117 (85.1) collected from the interior mountain at

salinity level of 6 dS m-1. At the salt level of 9 and 12 dS

m-1, the accession OMA 257 and OMA 56 were the

longest in length respectively compared to the rest of the

accessions (Table S1). The three leaflet characters: the

number of the leaves, width, and length varied amongst

accessions to different extents (Tables S2-S3). One acces-

sion from Al-Buraimi (OMA 239, serial no. 6, collected

from the interior plains) had the greatest leaflet number

(84) followed by accession OMA 148 (serial no. 31) (78) of

South Batinah collected from the coastal mountain at 6 dS

m-1. The genotype OMA 131 had the maximum number of

leaves (73 & 65) at 9 and 12 dS m-1 (Table S2).

The accessions varied much less for leaflet length and

width (Tables 3–4) although accessions OMA 95 and

OMA 239 (serial no. 10 & 6) had significantly longer

leaflets (P\ 0.05) at 6 dS m-1. The accessions OMA

263 and OMA 315 had the longest leaflets at salinity

stress of 9 and 12 dS m-1, respectively compared to the

rest of the accessions (Table S2). Regarding leaflet

width, the accession OMA 262 (serial no. 7) had wider

leaflets than all the other accessions at 6 dS m-1 while,

at 9 and 12 dS m-1 the wider leaflets were recorded for

accession OMA 289 (serial no. 15) and OMA 220 (serial

no.11) (Table S3). There existed a significant variation

for forage fresh weight and dry matter yield among the

accessions (Table S3 and S4). However, the accession

OMA 95 had maximum forage fresh weight (166 g) at 9

dS m-1 while at 6 and 12 dS m-1 the best performing

accession was OMA 270 (Table S3). In respect of forage

dry matter yield, the best performing accessions were

OMA 117 (65.8 g), OMA 270 (62.6 g), and OMA 245

(47.0 g) at salinity stress of 6, 9 and 12 dS m-1,

respectively (Table S4). The accession OMA 148 col-

lected from the coastal mountain of Sultanate Oman was

highly salt sensitive at all salinity levels (Table S4).

1

G-1G-2G-3G-4G-5

G
-6G-7

Fig. 3 Agglomerative hierarchical clustering of 34 alfalfa accessions

of Sultanate Oman based on studied growth and forage yield traits

under different salt stress. The dendrogram was constructed with

XLSTAT-2020 on dissimilarity (Euclidean distance) using Ward’s

method distances. The different colors of boxes showed the different

group of accessions
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Cluster and principal component analyses

The cluster analysis showed a high level of genetic simi-

larity among the 34 accessions of alfalfa (Fig. 3). The

highest genetic similarity level was found between the

accessions OMA 263 and OMA 88 (Fig. 3). However, the

accessions OMA 95 and OMA 98 had the least genetic

similarity (Fig. 3). All the 34 alfalfa accessions were

grouped with 7 distinct groups. The genotypes OMA 88,

OMA 263, OMA 5, OMA 248, OMA 282, and OMA 228

form one cluster. The biggest cluster consisted of the

highest of 15 accessions namely OMA 239, OMA 224,

OMA 56, OMA 290, OMA 257, OMA 222, OMA 315,

OMA 305, OMA 9, OMA 100, OMA 268, OMA 141,

OMA 289, OMA 211 and OMA 245 (Fig. 3). The geno-

types OMA 270 and OMA 98 were genetically diverse.

Moreover, accessions OMA 270 and OMA 95 were also

diverse but less compared to genotypes OMA 270 and

OMA 98 (Fig. 3).

The biplot principal component analysis shows the

interrelationship among the different tested traits of

alfalfa accessions under varying levels of salinity stress.

The total variation among the different accessions of

alfalfa under varying salinity levels was 41.74% con-

tributed by PC1 (17.4%) and PC2 (24.4%) (Fig. 4). The

highest numbers of leaves per plant were obtained at salt

stress of 12 dS m-1. The highest op vector, regarding

plant height, was recorded at 6 dS m-1 in a positive

quadrate. Accession OMA 245 collected from the inte-

rior plane of Oman was best performing for plant height

at 12 dS m-1 while accessions OMA 268 and OMA 98

were salt sensitive. The highest op vector for the number

of branches per plant was recorded at 6 dS m-1 indi-

cating that the maximum number of branches per plant

can be obtained at this salinity level. The accession

OMA 270 was the best in the number of branches per

plant at 9 dS m-1 salinity stress while accessions OMA

211, OMA 141, and OMA 195 were poor performers

(Fig. 4). The highest op vector for forage fresh weight

was recorded at 3 dS m-1 showed that maximum forage

fresh weight can be obtained at 3 dS m-1. The accession

OMA 95 was salt tolerant for forage fresh weight at 12

dS m-1 while OMA 141 and OMA 148 were salt sen-

sitive for forage fresh weight (Fig. 4). The highest op

vector for forage dry matter yield was at 9 dS m-1

which indicated that the maximum dry matter yield can

be obtained at this salinity level. Among the different

accessions, accession OMA 117 was salt tolerant for

forage dry matter yield at 9 dS m-1 while accession

OMA 100 and OMA 141 were salt sensitive for forage

dry matter yield (Fig. 4).
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Fig. 4 Polygon view of GGE biplot showing relation of different

traits of alfalfa accessions with salinity levels. S1 to S5 in each trait

shows the salinity levels S1 (control), S2 (3 dS m-1), S3 (6 dS m-1),

S4 (9 dS m-1) and S5 (12 dS m-1). NB = number of branches per

plant; PH = plant height; NL = number of leaves; LL = leaflet

length; LW = leaflet width; FF = forage fresh weight and FD = for-

age dry matter yield
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Discussion

The results indicated a variable degree of tolerance of the

Omani accessions of alfalfa to different levels of salinity

stress. Only a few accessions showed differential toler-

ance for different traits under varying salinity levels. In

most cases, salinity negatively impacted the growth

parameters, however, in a few cases such as in respect of

the number of leaves per plant, some accessions per-

formed better under moderate salinity levels (viz. 3 and 6

dS m-1) compared to control (Fig. 1; Table S2) while, for

forage fresh weight and dry matter yield some accessions’

performance was better at 6 dS m-1 compared to 3 dS

m-1 (Fig. 2; Tables S3 & S4). Higher salt tolerance of

different alfalfa accessions was due to osmoregulation and

as an osmotic adjustment that occurs with the synthesis of

organic solutes (polyols, amino acids, proteins, amides,

and sugars) (Garg and Noor 2009) and through ion uptake

(Farooq et al. 2015). Moreover, genes that take part in

maintaining osmoregulation and homeostasis in plants

under salinity stress in alfalfa have been explored (Nanjo

et al. 1999; Ferreira et al. 2015). Furthermore, in a study,

Al-Saady and Khan (2013) found that some alfalfa

accessions showed higher dry matter stress index (dry

weight of stressed compared to unstressed plants) under

higher salinity levels (8 dS m-1) compared to lower

salinity. This type of response is more common in halo-

phytes, many of which require NaCl for optimal growth

(Munns and Tester 2008) and some crops like sugar beet

which is sensitive to salinity at germination and early

seedling growth (Sadughi et al. 2015) but is tolerant at

lateral stages.

In this study, salinity stress had a negative impact on all

growth traits of alfalfa accessions at all levels of salt stress

(3, 6, 9 and 12 dS m-1) however, salt level of 9 and 12 dS

m-1 had a severe negative influence on all tested characters

compared to moderate salinity stress of 3 and 6 dS m-1

(Figs. 1, 2; Tables S1–S4). Moreover, there exists a diverse

behavior of tolerance against salinity stress in all acces-

sions of alfalfa collected from different plains of Sultanate

Oman as alfalfa is highly heterozygous and polyploid due

to cross pollination, therefore there is tremendous vari-

ability in its population (Cornacchione and Suarez 2017).

The accession OMA 315 of North Batinah collected from

the coastal plain, OMA 257 of A’Sharqiya collected from

Interior Mountain, OMA 131 of South Batinah, OMA 263

and OMA 289 of A’Sharqiya were highly tolerant at 9 dS

m-1 (Tables S1–S4). Furthermore, some accessions as

OMA 211, OMA 56, OMA 131, OMA 315 and OMA 220

were salt tolerant to higher salt stress of 12 dS m-1 as the

roots of salt tolerant genotypes maintain osmotic balance

through the transport of photosynthates to the stressed roots

(Al-Niemi et al. 1992). Moreover, some genotypes which

exclude salt from roots transport less salt to the upper parts

of plants (Sandhu et al. 2017). Salt tolerance in plants is

controlled by many ways including salt overly sensitive

pathway (Qiu et al. 2002) by which sodium is excluded

from the plant roots through the involvement of genes

(Gupta and Huang 2014).

However, some accessions as OMA 305 of North

Batinah, OMA 9, OMA 60, OMA 100, and OMA 211 of

Al-Dakhiliya, OMA 148 of South Batinah, OMA 248 and

OMA 302 of A’Sharqiya collected from interior plain and

OMA 88 of Al-Dhahirah were sensitive to salinity stress.

Moreover, these accessions were not significantly

(P\ 0.05) different from each other in leaflet length and

leaflet width (Tables S2–S3). This indicates that there

exists a significant potential for improving these accessions

for their suitability under different forage production sys-

tems having varying degrees of salinity. This could be done

by either producing pure seed or by selecting the clones of

these alfalfa accessions under high salinity levels. Alter-

natively, lines or clones with salt tolerant genes could be

further characterized through molecular marker techniques

such as microsatellites. These lines could then be incor-

porated into poly-cross breeding involving lines of clones

or seed samples as illustrated for the use of best clones of

alfalfa in breeding programs by many earlier alfalfa

researchers and breeders (Sleper and Poehlman 2006).

There was moderate variation (41.5%) among the dif-

ferent accessions of alfalfa under different salinity stress

levels (Fig. 4). The highest number of leaves was obtained

at 12 dS m-1 salinity stress whereas the highest plant

height was at 6 dS m-1 in positive quadrate. The maximum

dry matter yield was obtained at 9 dS m-1 (Fig. 4). At 12

dS m-1, the accessions OMA 245 and OMA 95 were the

best performers for plant height and forage fresh weight

respectively (Fig. 4). The accession OMA 117 was the best

performer (salt tolerant) for forage dry matter yield at 9 dS

m-1, while accessions OMA 100 and OMA 141 were poor

performers (salt sensitive) (Fig. 4). The highest salinity (9

and 12 dS m-1) tolerance in accessions OMA 245, OMA

95, and OMA 117 showed that their parents could be

halophytes as such response is more common in halophytes

which require high NaCl for optimal growth (Munns and

Tester 2008).

Thirty-four alfalfa accessions were clustered together

into seven groups with group-4 as the biggest group which

had clustered maximum accessions (Fig. 3). There was

very low genetic diversity among the 34 accessions which

showed that these accessions share a common gene pool

and there is high gene flow among alfalfa accessions owing

to breeding for the same trait. There was a high degree of

genetic diversity among the accessions OMA 270, OMA
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95, and OMA 98 (Fig. 3) which indicated that there was

low gene flow among the parents for these genotypes.

To find salt tolerance in plants from physiological and

genetic aspects is complex. On the other hand, investigating

salt tolerance using existing genetic variation (Smýkal et al.

2015) and to exploit sources to develop newvariation (Sharma

et al. 2013) with poly traits breeding instead of the single trait

have been reported to be effective (Duc et al. 2015). Another

interesting option is the mass screening of genotypes to

identify salt tolerant genotypes among the existing diverse

germplasm to develop better performing genotypes (Farooq

et al. 2017) as a variation for salt tolerance exists within and

between the species of legumes (Moreno et al. 2000). In

conclusion, in the present study, there exists a great potential

of variation against salinity tolerance among the local acces-

sions of alfalfa collected from diverse regions of the Sultanate

of Oman which could be utilized in breeding and selecting

suitable genotypes for specific regions ofOman for their better

performance and forage production. The highly salt tolerant

accessions such as OMA 245 (plant height), OMA 95 (forage

fresh weight), and OMA 117 (forage dry matter yield) can be

used for future breeding to develop better forage producing

genotypes of alfalfa.
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