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Abstract 
The effects of 3 irrigation water salinity levels, 1.875, 6.250 and 12.500 dS m-1, and 4 P rates, 0.0, 92, 180 and 276 kg P/ha, were studied on four alfalfa 
genotypes concerning cumulative fresh and dry forage yields, plant height, leaf protein and proline contents over 36 cuts during 2008, 2009 and 2010. 
Also, these genotypes were evaluated using the RAPD technique. As salinity levels increased, cumulative fresh and dry forage yield and plant height 
significantly decreased, while proline significantly increased. Cumulative fresh forage yields were 101.46, 82.094 and 63.813 t/ha/year, while proline 
contents were 0.698, 0.806 and 1.260 µmol g-1 under the 1.875, 6.250 and 12.500 dS m-1, respectively. P reduced the adverse effect of salinity stress 
on alfalfa yield, especially under the 6.250 dS m-1 salinity level. Hasawi genotype produced the highest fresh and dry yield under the 1.875 and 6.250 
dS m-1. Under 12.50 dS m-1 salinity, Sabkhawi genotype produced the highest fresh forage yield (75.615 t/ha/year), dry yield (18.509 t/ha/year) and 
proline content (1.487 µmol g-1), while Hasawi genotype had the lowest proline content (0.938 µmol g-1). Accumulated proline through 36 cuts 
significantly increased as number of cuts increased in all genotypes. Number of amplification bands per primer varied between 0 and 10.The minimum 
GS value derived between Sabkhawi and Hasawi genotypes, while the maximum GS derived between Makkah and Al-Taef genotypes. The dendrogram 
generated, using pooled RAPD data, divided the alfalfa genotypes into two main clusters. The first one consisted of Makkah, Al-Taef and Hasawi 
genotypes, while the second cluster consisted of Sabkhawi genotype. 
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Introduction 
Alfalfa is the main forage crop in Saudi Arabia. In arid land, 
especially in Saudi Arabia, irrigation water is very limited and the 
salinity increased in the water as the time. Khan et al. 16, Annand 
et al. 3, Cimrin et al. 9 and Al Lawati et al. 2 agree that salinity 
stress induced lower root and shoot biomass production and 
mineral element contents of plant and forage yield. Crude protein 
(%) was not significantly affected by P fertilizer 34. Qadir et al. 23 
and Campbell et al. 7 stated that the inhibited water and air 
movement in saline soil caused the low movement and absorption 
of P from soils to roots. Phosphorus affects root growth, cell 
differentiation, assimilation and respiration 15. According to Meloni 
et al. 18, proline accumulation is necessary under salt stress but 
the significance of proline accumulation in osmotic adjustment 
varies according to the species. Salinity stress induced significant 
increase of proline content in leaves and roots of canola as it was 
stated by Lewitt 17, Ketchum et al. 13 and Nazarbeygi et al. 19. Also, 
Nybon 20, Cheres et al. 8 and Vandemark et al 37 reported that 
molecular markers are useful for assigning populations to heterotic 
group in field crops. Petolescu and Nedelea 22 found differences 
between Romanian alfalfa genotypes regarding the number of 
polymorphic bands obtained with the same primer. 

This research was conducted to study the effects of saline 
irrigation water and phosphorus fertilizer rates on cumulative 
forage yield, plant height and protein and accumulated proline 
contents in leaves of four alfalfa genotypes besides determining 
the response type of alfalfa traits to the salinity and phosphorus, 

and also the genetic relationship and the DNA evaluation of the 
studied alfalfa genotypes using RAPD technique. 

Materials and Methods 
Field experiment: Field experiment was conducted in the 
Agricultural Research Station at Hada Alsham, Faculty of 
Meteorology, Environment and Arid Land Agriculture, King 
Abdulaziz University, during 2008, 2009 and 2010 to study the 
effect of three irrigation water salinity levels (1.875 dS m-1, which 
is the normal irrigation water in the Agricultural Research Station, 
6.25 dS m-1 and 12.50 dS m-1) and four phosphorus fertilizer rates 
(0.0, 92, 180 and 276 kg P/ha), added before sowing as a triple 
super phosphate (46% P), on four alfalfa genotypes (Makkah, 
Hasawi, Sabkhawi and Al-Taef ) in a split split plot design with 4 
replicates  10. Irrigation water salinity was the main plot, phosphorus 
subplot and genotype sub subplot treatment. Characteristics of 
the soil site at depths of 0-15 cm and 15-30 cm were 9.70 and 8.03 
for the pH, 1.60 and 1.15 dS m-1 for the electrical conductivity (EC), 
0.57 and 0.59 (%) for organic matter and  0.02 and 0.18% for nitrogen 
(%), receptively. Subplot size was 2 m × 3 m. Seeds of the four 
genotypes were sown with 40 kg seeds/ha on January 5th, 2008. 
Local culture practices, except the studied treatments, were 
followed during the experimental period. All experiment plots were 
irrigated with 1.875 dS m-1  irrigation water for 30 days from  sowing. 
After 30 days from sowing, the salinity treatments of irrigation 
water were applied. Sprinkler irrigation was used in this study. 
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Three storage water tanks, one for each salinity level, were used. 
Three irrigation networks were used, one for each water salinity 
level. Rain Bird Sprinklers Model Maxi-Bird PJ-2045 at 1 m height 
above the soil and 19 mm diameter. The irrigation time was fixed 
for each treatment according to the water consumption mean of 
alfalfa (30, 25, 15 and 25 min, during summer, autumn, winter and 
spring, respectively).The first cut of alfalfa plants was after 30 
days from sowing; then, 35 cuts were done with 26-32 days as an 
interval between each two cuts of each genotype. The measured 
traits included cumulative fresh and dry forage yields (t/ha/year), 
plant height, protein and proline contents in leaves. Cumulative 
fresh and dry forage yields were determined (t/ha/year). Plant 
height (cm) was measured as over 20 random guarded plants/sub 
subplot at harvesting in each cut. Protein content of leaves was 
determined using Kjeldahl method  4 and proline content in alfalfa 
leaves was determined at 9 harvesting cuts (one every 4 cuts) 
following the method of Bates et al. 5. 

DNA extraction: Bulk leaf samples of each alfalfa genotypes were 
ground into fine powder with liquid nitrogen. DNA was extracted 
in 10 ml of CTAB buffer consisting of  50 mM NaCl, 10 mM Tris- 
HCl pH 7.5, 5 mM EDTA and 1% CTAB. The homogenate was 
incubated for 2 h at 65ºC with occasional mixing. 5 ml of chloroform/ 
isoamylalcohol (24:1) were added to the tubes, mixed and 
centrifuged at 260 g for 10 min. The aqueous phase was removed 
to a fresh tube and an equal volume of ice-cold isopropanol was 
added followed by centrifugation as above to precipitate the DNA. 
The pellet was dissolved in TE buffer (10 mM Tris-HCl, pH 8.0, 0.1 
mM EDTA). The DNA concentration was assessed 
spectrophotometrically at 260 nm, and quality was assessed by 
the 260/280 ratio 38. The DNA was suspended to a final 
concentration of 10 ng/µl in 0.5X TE and stored at 4°C. 

RAPD amplification: Ten RAPD primers obtained from Operon 
Technologies (Alameda, Calif.) were tested. The amplifications 
were performed in a 25-µl reaction volume containing 10 mM Tris- 
HCl pH 8, 50 mM  KCl, 1.5 mM  MgCl

2
, 0.2 mM of each dNTP, 0.4 

mM of primer, 100 µg/ml of BSA, 0.75 units of Taq polymerase 
(Boeringer Mannheim, Germany) and 50 ng of genomic DNA. Initial 
denaturation was for 3 min at 94°C, followed by 45 cycles of 1 min 
at 94°C, 1 min at 36°C, 2 min at 72°C and a 10 min final extension 
step at 72°C. After completion of PCR, samples were cooled 
immediately to 10ºC and stored at 4ºC until gel separation. A gel- 
loading solution (5 µl) was added, and 10 µl of the total product 
volume was resolved in 1.5% agarose in 1X TAE buffer for 2 h 
aside with a 100-bp ladder (Pharmacia, Germany) as the size 
standard. Gels were stained in ethidium bromide, and images were 
recorded. 

Statistical analysis: The obtained data of the field experiments 
were statistically analyzed using analysis of variance and 
separation of the salinity and phosphorus effects into their 
components (linear and quadratic or residual) and comparing the 
means by LSD test according to El-Nakhlawy 10 using SAS 30. 
Data of RAPD analysis were scored for computer analysis on the 
basis of the presence or absence of the amplified products for 
each primer. Pair-wise comparisons of clones, based on the 
presence or absence of unique and shared polymorphic products, 
were used to generate similarity coefficients based on SIMQUAL 
model. The similarity coefficients were then used to construct a 
dendrogram by UPGMA (Unweighted Pair-Group Method with 
Arithmetical Averages) using NTSYS-PC software version 2.0 
(Exeter Software, New York) 26. 

  

MS 
Source of 

variation 
df Fresh forage 

yield (t/ha/year) 

Dry forage yield 

(t/ha/year) 

Plant height 

(cm) 
Protein (%) Proline (µmolg-1)

Years (Y) 2 2118.91 NS 125.68 NS 343.85 NS 22.99 NS 0.244** 

Block(Y) 9 672.67 42.94 101.77 8.07 0.016 

Salinity (S) 2 22747.99** 682.72** 1185.28** 51.97NS 5.69** 

Linear  1  45367.95**  1346.65**  2366.72**  103.68*  10.11** 

 
Quadratic  1  128.03NS  36.23NS  3.84NS  0.27NS  0009 NS 

S x Y 2 763.63 NS 11.20 NS 187.34 NS 33.69 NS 0.135** 

Error (b) 18 539.56 28.78 84.12 17.08 0.008 

Phosphorus (P) 3 3523.01** 85.50* 162.00* 5.86NS 0.46** 

Linear  1  10480.39**  178.78**  452.43**  17.50NS  1.31** 

 
Residual  2  88.64NS  57.72NS  33.57NS  0.08NS  0.006 NS 

S × P 6 1308.71* 68.64* 183.89* 20.22NS 0.021* 

P × Y 6 916.02 NS 46.75 NS 104.42 NS 38.05 NS 0.014 NS 

P × S × Y 12 612.43 NS 33.56 NS 82.48 NS 22.71 NS 0.012 NS 

Error (c) 81 436.20 23.61 52.25 15.10 0.007 

Genotypes (G) 3 2636.80** 86.70** 261.74** 42.91* 0.02* 

G × Y 6 551.32 NS 15.62 NS 58.04 NS 24.98 NS 0.014 NS 

G × S 6 1498.19** 47.49** 195.65** 14.84NS 0.027** 

G × P 9 546.26NS 12.72NS 64.41NS 8.45NS 0.009NS 

G × Y × S 12 478.34 NS 15.37 NS 71.17 NS 16.69 NS 0.121** 

G × S × P 18 512.32NS 15.14NS 53.84NS 6.39NS 0.007NS 

G × Y × P 18 458.41 NS 13.33 NS 70.02 NS 20.39 NS 0.009 NS 

G × Y × S × P  36 477.65 NS 14.25 NS 56.2 NS 9.65 NS 0.006 NS 

Error (d) 324 382.70 12.62 43.77 13.41 0.006 

Table 1. Combined analysis of variance of cumulative fresh and dry forage yield, plant height, leaf protein 
and proline contents under the effects of irrigation water salinity levels, phosphorus fertilizer 
rates, alfalfa genotypes and their interactions over the years 2008, 2009 and 2010. 

NSNot significant at P≤0.05, *significant at P≤0.05, **significant at P≤0.01. 
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Results and Discussion 
Salinity effects: Salinity of irrigation water significantly affected 
(P≤0.05) cumulative fresh and dry forage yields/year, plant height 
and proline content in leaves (Table 1). Partitioning the salinity 
effects indicated significant linear effects on all studied traits, 
while the quadratic effects of salinity were not significant. 
Phosphorus fertilizer effects: Phosphorus fertilizer significantly 
affected all studied traits in a linear trend except leaf protein content, 
while the residual effects (quadratic and qupic) were not significant 
(Table 1). 

Genotype effects: Significant effects were found for the studied 
alfalfa genotypes on all studied alfalfa traits as shown in Table 1. 

Interaction effects: Significant effects were shown for the 
interactions of salinity×phosphorus and salinity×genotypes on 
all studied traits, except protein content. Also, the interactions of 
salinity×year and genotype×year×salinity significantly affected 
the accumulated proline content in alfalfa leaves (Table 1). 

Mean comparison: According to the analysis of variance results, 
mean comparison for the response of the studied traits under the 
main factor levels and both interactions of salinity×phosphorus 
and salinity×genotypes were done. 

Effect of irrigation water salinity: The results (Table 2) showed 
that as irrigation water salinity level increased, cumulative fresh 
forage and dry forage yields and plant height significantly 
decreased, while protein and proline contents of leaves 
significantly increased as salinity levels increased. Accumulated 
fresh yield decreased from 101.560 to 82.094 and  63.813 t/ 
ha/year under the 1.875, 6.250 and 12.500 dS m-1, respectively. 
Accordingly, the accumulated fresh yield/ha decreased with 19% 
and 37% by increasing salinity levels from 1.875 to 6.250 and 
12.500 dS m-1, respectively. As for cumulative dry forage yield, the 
highest value was 21.749 t/ha/year under 1.875 dS m-1 and was 
significantly reduced by 10.7% and 30% under 6.250 and 12.500 
dS m-1, respectively. Plant height significantly decreased from 59.96 
cm under 1.875 dS m-1 to 55.96 cm and 51.36 cm under 6.250 and 
12.500 dS m-1, respectively. Protein content in leaves ranged from 

22.41% under 1.875 dS m-1 to 24.21% under 12.500 dS m-1. Proline 
content in leaves significantly increased from 0.698 µmol g-1 to 
0.806 and 1.260 µmolg-1 under 1.875, 6.250 and 12.500 dS m-1, 
respectively. 

This negative effect of irrigation water salinity on alfalfa growth 
could be attributed to an osmotic effect. Osmotic stress inhibits 
water uptake from the soil and requires the plant to use energy 
and carbohydrates in synthesizing organic solutes to adjust its 
internal potential. Rogers et al. 25 stated that salt stress significantly 
decreased biomass through decreasing plant height and 
producing smaller plants darker blue green in colour than the 
normal leaves as was reported by Abrol et al. 1. Besides, some 
researchers 2, 3, 11, 16, 21 agree that increasing salt concentration 
caused plant to have short stature, thin main stem and decreases 
in dry matter yield. Also, Cimrin et al. 9 reported that the adverse 
effect of salinity stress on alfalfa might be due to the lower root 
and shoot biomass production and mineral element contents of 
plants under salinity stress. 

Effect of phosphorus fertilizer: Highest cumulative fresh forage 
yield/year (91.793 t) was produced under P 276 kg/ha without 
significant difference with the yield under P 180 kg/ha, while the 
lowest fresh forage yield (71.81 t/ha) was produced under P 0.0 
kg/ha without significant difference from P 92 kg/ha (Table 2). Dry 
forage yields ranged from 16.377 to 19.529 t/ha without significant 
differences between dry yields under P 92, 180 and 276 kg/ha. 
Means of plant height ranged from 53.37 cm under  P 276 kg/ha to 
57.36 cm under P 0.0 kg/ha without significant differences among 
the four P rates (Table 2). Means of leaf protein (%) were not 
significantly affected by P rates and ranged from 23.67% under P 
276 kg/ha to 22.86% under P 0.0 kg/ha. 

Concerning proline contents in alfalfa leaves, significant 
increasing was shown as P rates increased from 92 to 180 and 276 
kg/ha. Means of accumulated proline were 0.822, 0.847, 0.941 and 
1.037 µmol g-1 under P 0.0, 92, 180 and 276 kg/ha, respectively 
(Table 2). 

The positive effect of P reduced the negative effect of the median 
salt concentration (6.25 dS m-1), but under the highest salt 
concentration (12.5 dS m-1) there was no positive effect on alfalfa 
yield. This might be due to the decreasing of P absorption in 

presence of excess Cl- or sulphate ions (SO
4
- 

2) due to anion competition effects. Also, P 
moves from soil to roots by ion diffusion. 
Plant absorbs P by contact exchange as it 
was reported by Tisdale and Nelson 35. 
Qadir et al. 23  found that salinity affects water 
and air movement, water holding capacity 
and root penetration. The inhibited water 
and air movement in saline soil caused the 
low movement of P from soil to roots; finally, 
the absorption decreases. Lakitan 15 also 
pointed out that the low water holding 
capacity and root penetration cause 
decreasing of P uptake by roots. 

Genotype effect: As presented in Table 2, 
Hasawi and Sabkhawi produced the highest 
cumulative fresh forage yields with values 
of 91.108 and 87.373 t/ha/year, respectively. 

*Means of each trait under each factor levels followed by the same letter(s) are not significantly different according to LSD at P≤0.05 level. 

 

Level 
Fresh forage 

yield (t/ha/year) 

Dry forage 

yield (t/ha/year) 

Plant height 

(cm) 

Protein 

(%) 

Proline 

(µmol g-1) 

Irrigation water salinity (dS m-1) 

1.875 101.460 a* 21.749 a 59.96 a 22.41 b 0.698 c 

6.250 82.094 b 19.427 b 55.96 b 23.23 ab 0.806 b 

12.500 63.813 c 15.262 c 51.36 c 24.21 a 1.260 a 

Phosphorus fertilizer (P kg/ha) 

0.0 71.810 c 16.377 b 57.36  22.86  0.822 c 

92 80.047 bc 18.206 ab 57.03  23.17  0.847 c 

180 86.18 ab 19.529 a 55.27  23.44  0.941 b 

276 91.793 a 18.813 a 53.37  23.67  1.037 a 

Genotype 

Makkah 70.939 b 16.171 b 61.95 a 23.07  1.016 a 

Al-Taef 78.814 b 17.556 b 49.99 d 22.94  0.912 c 

Sabkhawi 87.373 a 20.226 a 53.97 c 23.94  0.972 b 

Hasawi 91.108 a 21.111 a 57.14 b 23.20  0.784 d 

Table 2. Means of cumulative fresh and dry forage yields (t/ha/year), plant height 
(cm), leaf protein content (%) and proline content (µmol g-1) under the 
effects of irrigation water salinity levels (dS m-1), phosphorus fertilizer rates 
(P kg/ha) and four alfalfa genotypes over the years 2008, 2009 and 2010. 
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The lowest genotypes in fresh yield were Al-Taef and Makkah 
with 78.814 and 70.939 t/ha/year, respectively. The same genotypes 
behaviour was shown concerning dry matter yield which ranged 
from 16.171 to 21.111 t/ha/year. The tallest genotype was Makkah 
(61.95 cm) followed by Hasawi (57.14 cm), Sabkhawi (53.97 cm) 
and the shortest one  Al-Taef (49.99 cm). No significant differences 
were found between the 4 genotypes in protein contents. Proline 
contents were significantly different among the 4 genotypes, and 
the highest concentration was found in Makkah (1.016 µmol g-1) 
followed by Sabkhawi (0.972 µmol g-1) and Al-Taef (0.912 µmol g- 
1). The lowest concentration of proline was in Hasawi genotype 
(0.784 µmol g-1). 

Salinity×phosphorus interaction effect: All studied traits, except 
protein content, were significantly affected by salinity×phosphorus 
interaction (Table 3). Cumulative fresh forage yield ranged from 
58.5 t/ha/year under 12.500 dS m-1 and  P 0.0 kg/ha  to 121.816 t/ha/ 
year under 1.875 dS m-1 and P 276 kg/ha. The second rank of fresh 
forage yield was produced under 1.875 dS m-1 and P 180 kg/ha 
without significant differences from the yield under the treatment 
of 1.875 dS m-1 and P 92  kg/ha (95.510 t/ha). The third rank included 
1.875 dS m-1 and P 0.0 kg/ha, and 6.250 dS m-1 and P 180 kg/ha, 
6.250 dS m-1 and P 276 kg/ha with yields of 82.839, 86.697 and 
87.567 t/ha/year, respectively. The fourth rank included the 
treatments of 6.250 dS m-1 and  P 92 kg/ha, 6.250 dS m-1 and P 0.0 kg/ 
ha, 12.500 dS m-1 and P 180 kg/ha, 12.500 dS m-1 and P 276 kg/ha 
with yields of 80.019, 74.092, 66.145 and 65.995 t/ha/year, 
respectively. The lowest yielding treatment was 12.500 dS m-1 and 
P 0.0 kg/ha, which produced 58.500 t/ha. 

Considering the cumulative dry forage yield, values ranged from 
26.598  to 14.200 t/ha/year under the treatments of 1.875 dS m-1 
and P 276 kg/ha and 12.500 dS m-1 and P 0.0 kg/ha, respectively. 
No significant differences were between dry yields under the 
treatments of 1.875 dSm-1 and P 180 kg/ha, 1.875 dS m-1 and P 92 kg 
/ha, 6.250 dS m-1 and P 276 kg/ha, 6.250 dS m-1 and P 180 kg/ha and 
6.250 dS m-1 and P 92 kg/ha. Also, no significant differences were 
found between the treatments of 1.875 dS m-1 and P 0.0 kg/ha, 
6.250 dS m-1 and P 0.0 kg /ha and 12.500 dS m-1 with  P 92 or 180 or 
276 kg/ha as shown in Table 3. 

Plant height ranged from 62.23 cm under 1.875 dS m-1  and P 92 
kg/ha to 49.52 cm under 12.5 dS m-1 and P 276 kg/ha.  No significant 

differences were detected in plant height under all treatments  6.250 
dS m-1 and all P levels and 1.875 dS m-1 and P 0.0, 180 and 276 kg/ 
ha (Table 3). Also, plant height under the highest salinity level 
(12.5 dS m-1) with P 0.0, 92 or 180 kg/ha was not significantly 
different from plant height values under the treatments of 6.25 dS 
m-1 with P 180 or 276 kg/ha. Protein contents ranged from 24.55% 
under 12.5 dS m-1 and P 276 kg/ha to 21/91% under 1.875 dS m-1 
and P 0.0 kg/ha and without significant differences among all 
treatments. 

As for accumulated proline contents, the values ranged from 
0.635 µmol g-1  under 1.875 dS m-1 and P 0.0 kg/ha  to  1.461  µmol 
g-1 under 12.500 dS m-1 and P 276 kg/ha. The obtained data revealed 
that as salinity level and P rate increased proline content 
significantly increased. Also, under each salinity level as P rate 
increased proline content significantly increased. The highest 
accumulated proline contents were produced in leaves of plants 
under the highest salinity and P. 

Salinity×genotype interaction effects: Table 4 reveals that all 
alfalfa genotypes produced the highest forage yield under the 
lowest irrigation water salinity and yield significantly decreased 
as salinity increased. Hasawi genotype produced the highest fresh 
forage yield under the 1.875 and 6.250 dS m-1 water salinity with 
values of 115.654 and 90.779 t/ha/year, while under the highest 
salinity level (12.500 dS m-1) fresh yield significantly decreased by 
42% and 26% comparing with the yield under 1.875 and 6.250 dS m-1, 
respectively. Sabkhawi genotype was at the 3rd rank after Hasawi 
and Al-Taef genotype under 1.875 dS m-1 salinity, but it occupied 
the 2nd rank after Hasawi under the 6.250 dS m-1 salinity and  the 1st 
rank in fresh yield/ha/year under the 12.500 dS m-1 water salinity. 
Makkah genotype produced the lowest fresh forage yield under 
any salinity level. Decreasing rate in fresh forage yield of Sabkhawi 
was 11% and 23% under 6.250 and 12.500 dS m-1, respectively 
comparing with the yield under 1.875 dS m-1. Dry forage yield of 
the studied genotypes responded to irrigation water salinity levels 
as fresh forage yield; accordingly Sabkhawi genotype tolerated 
the adverse effect of the high irrigation water salinity. Dry yield 
ranged from 20.942 t/ha for Sabkhawi under 6.250 dS m-1 to 12.498 
t/ha for Makkah genotype under 12.500 dS m-1. 
   Plant height of the four genotypes negatively responded to 
increasing of irrigation water. Makkah had the tallest plants under 

 

Salinity 

level 

(dS m-1) 

Phosphorus rate 

(P kg/ha) 

Fresh forage 

yield (t/ha/year) 

Dry forage 

yield (t/ha/year) 

Plant height 

(cm) 

Protein 

(%) 

Proline 

(µmol g-1) 

0.0 82.839 17.531 60.06 21.96 0.635 

92 95.510 20.494 62.23 22.38 0.677 

180 105.698 22.372 60.28 22.64 0.707 
1.875 

276 121.816 26.598 57.26 22.64 0.772 

0.0 74.092 17.402 58.34 22.77 0.747 

92 80.019 18.954 56.97 23.03 0.779 

180 86.697 20.466 55.18 23.33 0.818 
6.25 

276 87.567 20.886 53.33 23.81 0.879 

0.0 58.500 14.200 53.68 23.85 1.085 

92 64.613 15.169 51.90 24.09 1.196 

180 66.145 15.749 50.34 24.36 1.299 
12.5 

276 65.995 15.93 49.52 24.55 1.461 

LSD(0.05) 15.152 3.525 5.24 NS 0.061 

Table 3. Means of cumulative fresh and dry forage yields (t/ha/year), plant height (cm), leaf protein 
content (%) and leaf proline content (µmol g-1) under the effect of interaction between 
irrigation water salinity levels and phosphorus fertilizer rates over the years 2008, 2009 and 
2010. 
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any salinity level, with values of 67.53, 62.45 and 55.86 cm under 
1.875, 6.250 and 12.500 dS m-1 salinity, respectively; while Al-Taef 
genotype had the shortest plants with values of 53.01, 50.76 and 
46.19 cm under 1.875, 6.250 and 12.500 dS m-1 salinity, respectively. 
No significant differences were found among the means of protein 
in the leaves under the salinity×genotype treatments (Table 4). 

Concerning accumulated proline contents in leaves of the four 
genotypes under the 3 irrigation water salinity levels, Table 4 
shows that in all genotypes as salinity level increased, proline 
content significantly increased. Under the highest salinity level 
Sabkhawi genotype had the highest proline content (1.487 µmol g-1), 
followed by Makkah (1.363 µmol g-1), Al-Taef  (1.263 µmol g-1) and 
Hasawi (0.938 µmolg-1). 

Accumulated proline in alfalfa leaves through cuts: Means of 
accumulated proline in the four alfalfa genotypes leaves under 
the irrigation water salinity levels through the 36 cuts indicated 
that accumulated proline increased in leaves in all genotypes as 
number of cuts increased (Fig. 1). As salinity levels increased, 

proline contents increased in all cuts. Sabkhawi genotype had the 
highest accumulated proline under the highest salinity level, 
especially after the 12th cut. 

The positive relationship between proline content and salt 
stress confirmed with the results of Valia et al. 36 and Ben-Rouina 
et al. 6 who reported that salt stress led to increase in proline 
content in both leaves and roots of salt-stressed plants. Santarius28 
and Santoro et al. 29 also stated that the positive effect of the 
interaction between genotype and salinity levels on proline 
content might be due to proline protection of membranes against 
the adverse effects of high concentrations of inorganic ions 
extremes. Moreover,  Ben-Rouina et al. 6 reported that proline 
accumulation during salt stress plays a protective role in improving 
photosynthetic activity of stressed plants. 

RAPD analysis: 
Primer analysis: Number of amplification bands per primer varied 
between 0 and 10. Five primers out of 10 were selected for further 
analysis based on the intensity, size and number of amplified 
products (Table 5). Total of 35 bands, 7 of which polymorphic 
(20%), were generated among the studied genotypes (Fig. 2). 
Polymorphism between genotypes can arise through nucleotide 
changes that prevent amplification by introducing a mismatch at 
one priming site, deletion of a priming site, insertions that render 
priming sites to distant to support amplification and insertions or 
deletions that change the size of the amplified product 39. 

Genetic relationship: The RAPD derived data were subjected to 
calculate the genetic similarity (Table 6). The genetic similarity 
coefficients varied between 0.82 and 0.97. The minimum GS value 
derived between genotypes Sabkhawi and Hasawi, while the 
maximum GS value derived between genotypes of Makkah and 

Operon primers Amplified products Polymorphic fragments 

OPF-01 10 3 

OPF-07 8 0 

OPF-08 4 1 

OPF-09 6 0 

OPF-11 7 3 

Table 5. RAPD primers with the number of amplified products 
and polymorphic fragments among alfalfa genotypes. 

 

Salinity 

level 

(dS m-1) 

Genotype 
Fresh forage 

yield (t/ha/year) 

Dry forage 

yield (t/ha/year) 

Plant height 

(cm) 

Protein 

(%) 

Proline 

(µmol g-1) 

Makkah 87.652 18.946 67.53 22.15 0.672 

Al-Taef 99.852 20.252 53.01 22.43 0.691 

Sabkhawi 98.662 21.226 59.00 22.75 0.740 
1.875 

Hasawi 115.654 25.943 60.31 22.29 0.674 

Makkah 71.790 17.069 62.45 23.06 0.888 

Al-Taef 77.966 18.317 50.76 22.82 0.781 

Sabkhawi 87.841 20.942 51.82 24.16 0.813 
6.25 

Hasawi 90.779 21.456 58.79 22.89 0.741 

Makkah 53.376 12.498 55.86 23.99 1.487 

Al-Taef 58.623 14.098 46.19 23.57 1.363 

Sabkhawi 75.615 18.509 51.09 24.91 1.487 
12.5 

Hasawi 66.891 15.935 52.31 24.42 0.938 

LSD(0.05) 13.722 2.492 4.64 NS 0.054 

Table 4. Means of cumulative fresh and dry forage yields (t/ha/year), plant height (cm), and 
leaf protein content (%) and leaf proline content (µmol g-1) under the effect of 
the interaction between irrigation water salinity levels and alfalfa genotypes 
over the years 2008, 2009 and 2010. 

Figure 1. Accumulation proline (µmol g-1) in alfalfa genotype leaves 
through 36 cuts. 
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Alfalfa genotypes V1 V2 V3 V4 

Makkah (V1) 1.00    

Al-Taef (V2) 0.97 1.00   

Sabkhawi (V3) 0.88 0.85 1.00  

Hasawi (V4) 0.88 0.91 0.82 1.00 

Table 6. Simple matching coefficients of similarity determined 
from analysis using 35 RAPD loci. 

OPF01   V1          V2           V3         V4           M

OPF11    V1           V2             V3          V4          M 

Figure 2. Polymorphism revealed using primer OPF01 and 
OPF11 to amplify genomic DNA purified from the tested 
alfalfa genotypes. M lane is 1 kbp ladder DNA marker. 

V
1
 

V
2
 

V
4
 

V
3
 

0.85 0.88 0.91 0.94 0.97 
Coefficient 

Figure 3. Dendrogram constructed from similarity coefficients and 
showing the clustering of the tested alfalfa genotypes. 

Al-Taef. Cluster analysis was conducted to generate a dendrogram 
elucidating for relationships among alfalfa genotypes. The 
dendrogram generated using pooled RAPD data divided the alfalfa 
genotypes into two main clusters (Fig. 3). The first cluster 
consisted of genotypes Makkah, Al-Taef and Hasawi. The second 

cluster consisted of Sabkhawi genotype. 
The results of the PCR agreed with the field results about the 

Sabkhawi genotype concerning its superiority in forage yield than 
the other genotypes under the highest saline irrigation water. The 
results of the performance of the studied genotypes under salinity 
stress showed the possibility of using the Sabkhawi genotype in 
a breeding program to produce a high yield and salt tolerant alfalfa 
genotype in the arid land areas. These results might be reflecting 
the pedigree history of the four genotypes. Also, these relations 
confirmed with the obtained results of genotype traits. These 
results are confirmed with the results of Yu and Pauls 40, Kidwell et 
al. 14, Cheres et al. 8, Aris and Vandemark 37, Keresa et al. 12 and 
Petolescu and Nedalea 22. 

Conclusions 
Under the high salinity stress fresh and dry forage yields 
significantly decreased. Using the rate of P 180 kg/ha might 
decrease the adverse effects of the moderate salinity stress. 
Accumulated proline content in alfalfa leaves significantly 
increased as salinity levels increased in all studied genotypes. 
Sabkhawi genotype was more salinity stress tolerant under the 
highest salinity stress than the other alfalfa genotypes. RAPD 
results showed that the Sabkhawi genotype was separated in a 
specific cluster through the dendrogram analysis. 
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