WL Publisher

*\ Science and Technology
www.wor |d-food.net

Journal of Food, Agriculture & Environment Vol.10 (1): 551-557. 2012

Meri-Rastilantie 3 B, FI-00980
Helsinki, Finland
e-mail: info@world-food.net

Response of forage yield, protein and proline contents of alfalfa genotypesto
irrigation water salinity and phosphorusfertilizer

Fathy Saad El-Nakhlawy *, Mohamed A. Shaheen ! and Abdulmohsin R. Al-Shareef 2
1Arid Land Agriculture Dept., Faculty of Meteorology, Environment and Arid Land Agriculture, King Abdulaziz University,
P.O.Box 80208 Jeddah 21589, Kingdom of Saudi Arabia. 2Geography and Information System Dept., Faculty of Arts and
Humanities,King Abdulaziz University, Jeddah, Saudi Arabia. *e-mail: falnakhlawi @kau.edu.sa

Received 4 September 2011, accepted 8 January 2012.

Abgract
Theeffectsof 3irrigation water salinity levels, 1.875, 6.250 and 12.500 dSm, and 4 Prates, 0.0, 92, 180 and 276 kg P/ha, were studied on four afafa
genotypes concerning cumulative fresh and dry forageyields, plant height, leaf protein and proline contents over 36 cuts during 2008, 2009 and 2010.
Also, these genotypeswere eval uated using the RAPD technique. Assalinity levelsincreased, cumulative fresh and dry forageyield and plant height
significantly decreased, while proline significantly increased. Cumulative fresh forageyieldswere 101.46, 82.094 and 63.813 t/halyear, while proline
contentswere 0.698, 0.806 and 1.260 umol g* under the 1.875, 6.250 and 12.500 dS m'%, respectively. Preduced the adverse effect of salinity stress
onalfafayield, especially under the 6.250 dS mrt salinity level. Hasawi genotype produced the highest fresh and dry yield under the 1.875 and 6.250
dSmrt. Under 12.50 dS m'* salinity, Sabkhawi genotype produced the highest fresh forage yield (75.615 t/halyear), dry yield (18.509 t/halyear) and
proline content (1.487 pmol g*), while Hasawi genotype had the lowest proline content (0.938 umol g*). Accumulated proline through 36 cuts
significantly increased asnumber of cutsincreased inall genotypes. Number of amplification bands per primer varied between 0 and 10.Theminimum
GSvalue derived between Sabkhawi and Hasawi genotypes, whilethe maximum GS derived between Makkah and Al-Taef genotypes. The dendrogram
generated, using pooled RAPD data, divided the alfalfa genotypesinto 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

Alfafais the main forage crop in Saudi Arabia. In arid land,

especialy in Saudi Arabia, irrigation water isvery limited and the
salinity increased in the water asthetime. Khan et al. ¢, Annand
etal. 3 Cimrinetal. ®and Al Lawati et al. 2 agree that salinity
stress induced lower root and shoot biomass production and

mineral element contents of plant and forageyield. Crude protein
(%) was not significantly affected by Pfertilizer 3. Qadir et al. 2
and Campbell et al. 7 stated that the inhibited water and air

movement in saline soil caused thelow movement and absorption
of P from soils to roots. Phosphorus affects root growth, cell

differentiation, assimilation and respiration 5. According to Mel oni
et al. 18, proline accumulation is necessary under salt stress but
the significance of proline accumulation in osmotic adjustment
variesaccording to the species. Salinity stressinduced significant
increase of proline content in leaves and roots of canolaasit was
stated by Lewitt 7, Ketchumet al. 2 and Nazarbeygi et al. *°. Also,
Nybon 2, Cheres et al. ® and Vandemark et al * reported that
molecular markersare useful for assigning popul ationsto heterotic
group in field crops. Petolescu and Nedelea ? found differences
between Romanian afalfa genotypes regarding the number of
polymorphic bands obtai ned 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
contentsin leaves of four alfalfa genotypes besides determining
the response type of alfafatraitsto the salinity and phosphorus,

Journal of Food, Agriculture& Environment, Vol.10 (1), January 2012

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

Materialsand M ethods
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 threeirrigation water salinity levels(1.875dSm™, which
isthenormal irrigation water intheAgricultural Research Station,
6.25dSnrtand 12.50 dSmt) and four phosphorusfertilizer rates
(0.0, 92, 180 and 276 kg P/ha), added before sowing as atriple
super phosphate (46% P), on four alfalfa genotypes (Makkah,
Hasawi, Sabkhawi and Al-Taef ) inasplit split plot design with 4
replicates . | rrigation water salinity wasthe main plot, phosphorus
subplot and genotype sub subplot treatment. Characteristics of
the soil siteat depths of 0-15 cmand 15-30 cmwere9.70 and 8.03
forthepH, 1.60 and 1.15dSm™* for theelectrical conductivity (EC),
0.57 and 0.59 (%) for organic matter and 0.02 and 0.18%for nitrogen
(%), receptively. Subplot size was 2 m x 3 m. Seeds of the four
genotypes were sown with 40 kg seeds/ha on January 5", 2008.
Local culture practices, except the studied treatments, were
followed during the experimental period. All experiment plotswere
irrigated with 1.875dSm* irrigation water for 30 daysfrom 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, onefor each salinity level, were used.
Threeirrigation networks were used, one for each water salinity
level. Rain Bird SprinklersModd Maxi-Bird PJ-2045 at 1 m height
abovethe soil and 19 mm diameter. Theirrigation timewasfixed
for each treatment according to the water consumption mean of

afalfa(30, 25, 15 and 25 min, during summer, autumn, winter and
spring, respectively).The first cut of afafa plants was after 30
daysfrom sowing; then, 35 cutswere donewith 26-32 daysasan
interval between each two cuts of each genotype. The measured
traitsincluded cumulative fresh and dry forageyields (t/halyear),
plant height, protein and proline contentsin leaves. Cumulative
fresh and dry forage yields were determined (t/halyear). 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 contentinalfalfa
leaves was determined at 9 harvesting cuts (one every 4 cuts)

following the method of Bateset al. °.

DNA extraction: Bulk leaf samplesof each alfalfagenotypeswere
ground into fine powder with liquid nitrogen. DNA was extracted
in 10 ml of CTAB buffer consisting of 50mM NaCl, 10 mM Tris-
HCl pH 7.5, 5 mM EDTA and 1% CTAB. The homogenate was
incubated for 2 h at 65°C with occasiond mixing. 5ml of chloroform/
isoamylalcohol (24:1) were added to the tubes, mixed and
centrifuged at 260 g for 10 min. The agueous phase was removed
to afresh tube and an equal volume of ice-cold isopropanol was
added followed by centrifugation asaboveto precipitatethe DNA.
Thepdlet wasdissolved in TE buffer (10 mM Tris-HCI, 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 *®. The DNA was suspended to a final
concentration of 10 ng/ul in 0.5X TE and stored at 4°C.

RAPD amplification: Ten RAPD primers obtained from Operon
Technologies (Alameda, Calif.) were tested. The amplifications
wereperformedin a25-pl reaction volume containing 10 mM Tris-
HCI pH 8,50mM KCI, 1.5mM MgCl,, 0.2mM of eachdNTP, 0.4
mM of primer, 100 pug/ml of BSA, 0.75 units of Tagq polymerase
(Boeringer Mannheim, Germany) and 50 ng of genomic DNA. Initia
denaturation wasfor 3min at 94°C, followed by 45 cyclesof 1 min
at 94°C, 1minat 36°C, 2 minat 72°C and a10 minfinal extension
step at 72°C. After completion of PCR, samples were cooled

immediately to 10°C and stored at 4°C until gel separation. A gel-
loading solution (5 ul) was added, and 10 ul 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. Gelswere stained in ethidium bromide, and imageswere
recorded.

Satistical 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 ° using SAS .

Dataof RAPD analysiswere scored for computer analysisonthe
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,
wereused to generate similarity coefficientsbased on SIMQUAL
model. The similarity coefficients were then used to construct a
dendrogram by UPGMA (Unweighted Pair-Group Method with
Arithmetical Averages) using NTSY S-PC software version 2.0
(Exeter Software, New York) 2.

Table 1. Combined analysisof variance of cumulative fresh and dry forageyield, plant height, leaf protein
and proline contents under the effects of irrigation water salinity levels, phosphorusfertilizer
rates, alfalfagenotypesand their interactions over the years 2008, 2009 and 2010.

MS
Source of n n
variation d yiilrcels(}; /}t};?,izr) Dr}zt/f}(::/i}%:a}r/;eld PlarEtCI};e)lght Protein (%) Proline (umolg™)
Years (Y) 2 211891 125.68™ 343,85 22.99™ 02447
Block(Y) 9 672.67 42.94 101.77 8.07 0.016
Salinity (S) 2 22747.99" 682.72"" 1185.28"" 51.97°8 5.69"
Linear 1 45367.95 1346.65" 2366.72" 103.68" 10.117
Quadratic 1 128.038 36.23N8 3.84 027N 0009 ™S
SxY 2 763.63™° 11.20" 187.34™ 33.69™ 0.135"
Error (b) 18 539.56 28.78 84.12 17.08 0.008
Phosphorus (P) 3 3523.01" 85.50" 162.00" 5.86"° 046"
Linear 1 1048039 178.78" 452.437 17.50™ 1317
Residual 2 88.64NS 57.72N8 33.57° 0.08N 0.006 ™
SxP 6 1308.71° 68.64" 183.89" 20.22™ 0.0217
PxY 6 916.02 46.75N8 104.42N8 38.05N 0.014™
PxSxY 12 612.43N8 33.56N 82.48 NS 22718 0.012™
Error (c) 81 436.20 23.61 52.25 15.10 0.007
Genotypes (G) 3 2636.80° 86.70" 261747 42917 0.02°
GxY 6 551.32N8 15.62N8 58.04 NS 24,988 0.014™S
GxS 6 1498.19™ 4749 195.65™ 14.84N8 0.027™"
GxP 9 546.26~S 12.72N8 64.418 8.45N8 0.009™8
GxYxS 12 47834 153788 7117 16.69N8 0.1217
GxSxP 18 512.3288 15.14™ 53.84N8 6.39N8 0.007™8
GxYxP 18 458 41N 133388 70.02 N8 20.39N8 0.009 N
GxYxSxP 36 477.65M 14.25N8 56.2N8 9.65™8 0.006 N8
Error (d) 324 38270 12.62 43.77 13.41 0.006

NNot significant at P<0.05, *significant at P<0.05, **significant at P<0.01.
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Resultsand Discussion

Salinity effects: Salinity of irrigation water significantly affected
(P<0.05) cumulativefresh and dry forageyiel ds/year, plant height
and proline content in leaves (Table 1). Partitioning the salinity
effects indicated significant linear effects on all studied traits,
whilethe quadratic effects of salinity were not significant.
Phosphorusfertilizer effects: Phosphorusfertilizer significantly
affected dl studied traitsinalinear trend except leaf protein content,
whiletheresidual effects(quadratic and qupic) were not significant
(Tablel).

Genotype effects: Significant effects were found for the studied
alfalfagenotypesonall studied afalfatraitsasshownin Table 1.

Interaction effects: Significant effects were shown for the
interactions of salinityxphosphorus and salinityxgenotypes on
all studied traits, except protein content. Also, the interactions of
salinityxyear and genotypexyearxsalinity significantly affected
the accumulated proline content in alfalfaleaves (Table 1).

Mean comparison: According to theanalysisof varianceresullts,
mean comparison for the response of the studied traits under the
main factor levels and both interactions of salinityxphosphorus
and salinityxgenotypeswere done.

Effect of irrigation water salinity: The results (Table 2) showed
that asirrigation 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 assalinity levelsincreased. Accumul ated
fresh yield decreased from 101.560 to 82.094 and 63.813 t/
hal/year under the 1.875, 6.250 and 12.500 dS m', respectively.
Accordingly, theaccumul ated fresh yield/hadecreased with 19%
and 37% by increasing salinity levels from 1.875 to 6.250 and
12.500dS m?, respectively. Asfor cumulativedry forageyield, the
highest value was 21.749 t/halyear under 1.875 dS m* and was
significantly reduced by 10.7% and 30% under 6.250 and 12.500
dSnr?, respectively. Plant height significantly decreased from 59.96
cm under 1.875 dS mr! to 55.96 cm and 51.36 cm under 6.250 and
12.500 dSm't, respectively. Protein content in leavesranged from

Table 2. Means of cumulative fresh and dry forage yields (t/halyear), plant height
(cm), leaf protein content (%) and proline content (umol gt) under the
effectsof irrigation water sdinity levels (dSnr?), phosphorusfertilizer rates
(Pkg/ha) and four alfalfagenotypes over the years 2008, 2009 and 2010.

22.41% under 1.875dSm* to 24.21% under 12.500 dSm2. Proline
content in leaves significantly increased from 0.698 umol g to
0.806 and 1.260 pmolg* under 1.875, 6.250 and 12.500 dS m'?,
respectively.

Thisnegativeeffect of irrigation water salinity on alfalfagrowth
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. Rogerset al. = stated that salt stresssignificantly
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 23 111621 ggree that increasing salt concentration
caused plant to have short stature, thin main stem and decreases
indry matter yield. Also, Cimrin et al. ° 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 differencewith theyield under P 180 kg/ha, whilethe
lowest fresh forage yield (71.81 t/ha) was produced under P 0.0
kg/hawithout significant differencefrom P92 kg/ha(Table 2). Dry
forageyiddsranged from 16.377 to 19.529 t/hawithout significant
differences between dry yields under P 92, 180 and 276 kg/ha.
Meansof plant height ranged from 53.37 cm under P 276 kg/hato
57.36 cm under P 0.0 kg/hawithout significant differencesamong
the four P rates (Table 2). Means of leaf protein (%) were not
significantly affected by Pratesand ranged from 23.67% under P
276 kg/hato 22.86% under P 0.0 kg/ha.

Concerning proline contents in afalfa leaves, significant
increasing was shown as Pratesincreased from 92 to 180 and 276
kg/ha. Meansof accumulated prolinewere 0.822, 0.847, 0.941 and
1.037 umol gt under P 0.0, 92, 180 and 276 kg/ha, respectively
(Table2).

The positive effect of Preduced the negative effect of themedian
salt concentration (6.25 dS mr1), but under the highest salt
concentration (12.5 dSmt) therewasno positive effect on afalfa
yield. This might be due to the decreasing of P absorption in
presence of excess Cl- or sulphateions (SO,
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 .

Qadir et al. Zfound that sdinity affectswater

Level Fresh forage Dry forage Plant height Protein Proline . _ !
yield (t/ha/year) yield (t/ha/year) (cm) (%) (umol g™ and air movement, water holding capacity
_ Irrigation water salinity (dS m™) and root penetration. The inhibited water
1.875 101.460 a 21.749 a 59.96 a 22.410b 0.698 ¢ and air movement in Sa”ne SO|| Cauw the
6.250 82.094 b 19.427 b 55.96 b 2323 ab 0.806 b - g
12.500 63.813 ¢ 15262 ¢ 51.36 ¢ 2421a 1.260 a low movement of Pfromsoil to rpotslf; nally,
Phosphorus fertilizer (P kg/ha) the_ absorption decreases. L akitan also
0.0 71.810 ¢ 16.377b 57.36 22.86 0.822¢ pointed out that the low water holding
92 80.047 be 18.206 ab 57.03 23.17 0.847 ¢ capacity and root penetration cause
180 86.18 ab 19.529 a 55.27 23.44 0.941 b decreasing of P uptake by roots.
276 91.793 a 18.813a 53.37 23.67 1.037 a
Genotype . .
Makkah 70.939 b 16171 b 61.95a 23.07 10164 Genotype effect: As presented in Table 2,
Al-Taef 78.814 b 17556 b 49.99 d 22.94 0.912¢ Hasawi and Sabkhawi produced the highest
Sabkhawi 87373 a 20.226 a 5397 ¢ 23.94 0.972b cumulative fresh forage yields with values
Hasawi 91.108 a 21111 a 57.14b 23.20 0.784 d

*Means of each trait under each factor levels followed by the same |etter(s) are not significantly different according to LSD at P<0.05 level.
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of 91.108 and 87.373 t/halyear, respectively.
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The lowest genotypes in fresh yield were Al-Taef and Makkah
with 78.814 and 70.939 t/halyear, respectively. The same genotypes
behaviour was shown concerning dry matter yield which ranged
from 16.171to 21.111 t/halyear. Thetallest genotypewas 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 genotypesin protein contents. Proline
contentsweresignificantly different among the 4 genotypes, and
the highest concentration was found in Makkah (1.016 pmol g1)
followed by Sabkhawi (0.972 umol g*) and Al-Taef (0.912 umol g
1. The lowest concentration of proline was in Hasawi genotype
(0.784 umal gh).

Salinityx phosphorusinteraction effect: All studied traits, except
protein content, were significantly affected by salinityxphosphorus
interaction (Table 3). Cumulativefresh forageyield ranged from
58.5t/halyear under 12.500dSmrtand P0.0kg/ha to 121.816 t/hal
year under 1.875dSm! and P 276 kg/ha. The second rank of fresh
forage yield was produced under 1.875 dS nr! and P 180 kg/ha
without significant differencesfrom theyield under the treatment
of 1.875dSnrtand P92 kg/ha(95.5101/ha). Thethird rank included
1.875dSnrtand P0.0 kg/ha, and 6.250 dSmrt and P 180 kg/ha,
6.250 dSmrt and P 276 kg/hawith yields of 82.839, 86.697 and
87.567 t/halyear, respectively. The fourth rank included the

treatmentsof 6.250dSmt and P92kg/ha, 6.250dSmrt and P0.0 kg/
ha, 12.500 dSm* and P 180 kg/ha, 12.500 dSmr* and P 276 kg/ha
with yields of 80.019, 74.092, 66.145 and 65.995 t/halyear,

respectively. Thelowest yielding treatment was 12.500 dSm'* and
P 0.0 kg/ha, which produced 58.500 t/ha.

Considering the cumulative dry forageyield, valuesranged from
26.598 to 14.200 t/halyear under the treatments of 1.875 dS m?
and P 276 kg/haand 12.500 dS m* and P 0.0 kg/ha, respectively.
No significant differences were between dry yields under the
treatmentsof 1.875dSm and P180 kg/ha, 1.875dSmt and P92 kg
/ha, 6.250dSmrt and P 276 kg/ha, 6.250 dSmrt and P 180 kg/haand
6.250 dSmrt and P92 kg/ha. Also, no significant differenceswere
found between the treatments of 1.875 dS nr? and P 0.0 kg/ha,
6.250dSmtand P0.0kg/haand 12.500 dSmt with P92 or 180 or
276 kg/haasshownin Table 3.

Plant height ranged from 62.23 cmunder 1.875dSm? and P92
kg/hato 49.52 cmunder 12.5 dSmrt and P276 kg/ha. No significant

differencesweredetected in plant height under all treatments 6.250
dSmtandall Plevelsand 1.875dSnrtand P 0.0, 180 and 276 kg/
ha (Table 3). Also, plant height under the highest salinity level
(12.5 dS mt) with P 0.0, 92 or 180 kg/ha was not significantly
different from plant height valuesunder the treatments of 6.25dS
mrtwith P 180 or 276 kg/ha. Protein contentsranged from 24.55%
under 12.5dSm*and P 276 kg/hato 21/91% under 1.875 dSn?
and P 0.0 kg/ha and without significant differences among all
treatments.

As for accumulated proline contents, the values ranged from
0.635 umol gt under 1.875dSm*and P0.0kg/ha to 1.461 pmol
gtunder 12.500dSm! and P 276 kg/ha. The obtained datarevealed
that as salinity level and P rate increased proline content
significantly increased. Also, under each salinity level as Prate
increased proline content significantly increased. The highest
accumulated proline contents were produced in leaves of plants
under the highest salinity and P.

Salinityx genotype interaction effects. Table 4 reveds that all
alfalfa genotypes produced the highest forage yield under the
lowest irrigation water salinity and yield significantly decreased
assalinity increased. Hasawi genotype produced the highest fresh
forageyield under the 1.875 and 6.250 dS mt water salinity with
values of 115.654 and 90.779 t/halyear, while under the highest
salinity level (12.500 dSm?) freshyield significantly decreased by
42% and 26% comparing with theyield under 1.875and 6.250dS m?,
respectively. Sabkhawi genotypewas at the 3 rank after Hasawi
and Al-Taef genotype under 1.875 dSm salinity, but it occupied
the 2™ rank after Hasawi under the 6.250 dSm* salinity and the 1%
rank in fresh yield/halyear under the 12.500 dS nr water salinity.
Makkah genotype produced the lowest fresh forage yield under
any salinity level. Decreasing ratein fresh forageyield of Sabkhawi
was 11% and 23% under 6.250 and 12.500 dS m?, respectively
comparing with theyield under 1.875dSm. Dry forageyield of
the studied genotypesresponded 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/hafor Sabkhawi under 6.250 dSmto0 12.498
t/hafor Makkah genotypeunder 12.500 dSm™.

Plant height of the four genotypes negatively responded to
increasing of irrigation water. Makkah had thetallest plantsunder

Table 3. Means of cumulative fresh and dry forage yields (t/halyear), plant height (cm), leaf protein
content (%) and leaf proline content (umol g*) under the effect of interaction between
irrigation water salinity levelsand phosphorusfertilizer rates over the years 2008, 2009 and

2010,
Salinity . . .
level Phosphorus rate .Fresh forage _ Dry forage Plant height Protein Prohn§ 1
(ds m™) (P kg/ha) yield (t/ha/year)  yield (t/ha/year) (cm) (%) (pmol g7)
0.0 82.839 17.531 60.06 21.96 0.635
1.875 92 95.510 20.494 62.23 22.38 0.677
180 105.698 22.372 60.28 22.64 0.707
276 121.816 26.598 57.26 22.64 0.772
0.0 74.092 17.402 58.34 22.77 0.747
6.25 92 80.019 18.954 56.97 23.03 0.779
’ 180 86.697 20.466 55.18 23.33 0.818
276 87.567 20.886 53.33 23.81 0.879
0.0 58.500 14.200 53.68 23.85 1.085
125 92 64.613 15.169 51.90 24.09 1.196
’ 180 66.145 15.749 50.34 24.36 1.299
276 65.995 15.93 49.52 24.55 1.461
LSD.0s) 15.152 3.525 5.24 NS 0.061
554 Journal of Food, Agriculture & Environment, Vol.10 (1), January 2012



Table 4. Means of cumulative fresh and dry forageyields (t/halyear), plant height (cm), and
leaf protein content (%) and leaf proline content (umol g') under the effect of
the interaction between irrigation water salinity levels and alfalfa genotypes
over the years2008, 2009 and 2010.

IS alinity Fresh forage Dry forage Plant height ~ Protein Proline
evel Genotype . . o B
(ds m™) yield (t/ha/year) yield (t/ha/year) (cm) (%) (umol g7)

Makkah 87.652 18.946 67.53 22.15 0.672

1.875 Al-Taef. 99.852 20.252 53.01 22.43 0.691

Sabkhawi 98.662 21.226 59.00 22.75 0.740

Hasawi 115.654 25.943 60.31 22.29 0.674

Makkah 71.790 17.069 62.45 23.06 0.888

6.25 Al-Taef 77.966 18.317 50.76 22.82 0.781

' Sabkhawi 87.841 20.942 51.82 24.16 0.813

Hasawi 90.779 21.456 58.79 22.89 0.741

Makkah 53.376 12.498 55.86 23.99 1.487

12,5 Al-Taef 58.623 14.098 46.19 23.57 1.363

' Sabkhawi 75.615 18.509 51.09 24.91 1.487

Hasawi 66.891 15.935 52.31 24.42 0.938

LSD05) 13.722 2.492 4.64 NS 0.054

any salinity level, with values of 67.53, 62.45 and 55.86 cm under
1.875, 6.250 and 12.500 dSm'* salinity, respectively; whileAl-Taef
genotype had the shortest plants with values of 53.01, 50.76 and
46.19 cmunder 1.875, 6.250 and 12.500 dSm* sdlinity, respectively.
No significant differenceswere found among the meansof protein
in the leaves under the salinityxgenotype treatments (Table 4).

Concerning accumulated proline contentsin leaves of thefour
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 genotypehad the highest proline content (1.487 umol g%),
followed by Makkah (1.363 pumol g2), Al-Taef (1.263 umol g) and
Hasawi (0.938 umolg™).

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

proline contentsincreased inall cuts. Sabkhawi genotype had the
highest accumulated proline under the highest salinity level,
especially after the 12" cut.

The positive relationship between proline content and salt
stress confirmed with theresults of Valiaet al. * and Ben-Rouina
et al. 5 who reported that salt stress led to increase in proline
content in both leaves and roots of salt-stressed plants. Santarius®
and Santoro et al. ® aso stated that the positive effect of the
interaction between genotype and salinity levels on proline
content might be dueto proline protection of membranes against
the adverse effects of high concentrations of inorganic ions
extremes. Moreover, Ben-Rouina et al. ® reported that proline
accumulation during salt stressplaysaprotectiveroleinimproving
photosynthetic activity of stressed plants.

RAPD analysis.

Primer analysis: Number of amplification bandsper primer varied
between 0 and 10. Five primersout 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

18 4 (20%), were generated among the studied genotypes (Fig. 2).
Polymorphism between genotypes can arise through nucleotide
16 | ’ p e ekdeh (LTSS TTY changesthat prevent amplification by introducing amismatch at
' i wme Al-Taef(L8750smy  ONEpriming site, deletion of apriming site, insertionsthat render
2 — - Sabkhawi (L875dsm?)  priming sitesto distant to support amplification and insertions or

e EE Hasawi (1875dSm) el etjons that change the size of the amplified product .

Makkah (6.25dSm)
—=— Al-Taef (6.25dSm?)
—— Sabkhawi (6.25dSmY)
—— Hasawi (6.25dSmY)
Makkah (12.5dSm)

........

Proline content (umol g%)
-
N

Table5. RAPD primerswith the number of amplified products
and polymorphic fragments among alfal fagenotypes.

—— Al-Taef (125dSm?) Operon primers Amplified products Polymorphic fragments
Sabkhawi (12.5dSm) OPF-01 10 3
1 i Hasawi (12.5dSm™) OPF-07 8 0
v OPF-08 4 1
OPF-09 6 0
08 | OPF-11 7 3
Genetic relationship: The RAPD derived datawere subjected to
06+ calculate the genetic similarity (Table 6). The genetic similarity

16 0 24 B R 3B
cut

Figure 1. Accumulation proline (umol g?) in afafa genotype leaves
through 36 cuts.
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coefficientsvaried between 0.82 and 0.97. The minimum GSvalue
derived between genotypes Sabkhawi and Hasawi, while the
maximum GS value derived between genotypes of Makkah and
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OPF01 Vi v, V2 V. M

OPF11 Vi Vv, V3 \ M

Figure2. Polymorphism revealed using primer OPF01 and
OPF11 to amplify genomic DNA purified from the tested
afalfagenotypes. M laneis 1 kbp ladder DNA marker.

Table6. Simplematching coefficientsof smilarity determined
fromanalysisusing 35 RAPD loci.

Alfalfa genotypes vV, Vv, V3 V,
Makkah (V) 1.00
Al-Taef (V,) 0.97 1.00
Sabkhawi (V3) 0.88 0.85 1.00
Hasawi (V) 0.88 091 0.82 1.00
\'A
VZ
V4
V3
085 088 091 094 097
Coefficient

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

Al-Taef. Cluster analysiswas conducted to generate adendrogram
elucidating for relationships among alfalfa genotypes. The
dendrogram generated using pooled RAPD datadivided theafalfa
genotypes into two main clusters (Fig. 3). The first cluster
consisted of genotypes Makkah, Al-Taef and Hasawi. The second
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cluster consisted of Sabkhawi genotype.

The results of the PCR agreed with the field results about the
Sabkhawi genotype concerningits superiority inforageyield than
the other genotypes under the highest salineirrigation water. The
results of the performance of the studied genotypes under salinity
stress showed the possibility of using the Sabkhawi genotypein
abreeding programto produce ahighyield and salt tolerant alfalfa
genotypeinthearid land areas. Theseresults might bereflecting
the pedigree history of the four genotypes. Also, these relations
confirmed with the obtained results of genotype traits. These
resultsare confirmed with the results of Yu and Pauls®, Kidwell et
al. ¥, Chereset al. 8 Arisand Vandemark ¥, Keresaet al. ? and
Petolescu and Nedalea?.

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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