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ABSTRACT

The antioxidant responses of nodules to water ideficess were studied in ten symbiotic combinatimvolving
two Moroccan alfalfa populations (Tata and Dem) diwve rhizobial strains (RHL2, RHL29, RHL48, RHL&8d
RHL80). The experiment was conducted in a greemhetis32/22 °C d/n, 50-80% of relative humidity amd
photoperiod of 16 h. The seedlings were separatelgulated with the suspensions of five rhizoktahins and
grown under two water regime irrigations, 75% ol capacity (optimal irrigation) and 25% of Fietchpacity
(water deficit), in plastic pots filled with stegilkand and peat at 9/10 and 1/10 ratio, respelgtivifter 45 days of
stress, the nodule biomass and some nodular addokienzyme activities as peroxidase, polyphenwaase,
catalase and superoxide dismutase were evaluatesl rdsults indicated that the water deficit cauaesignificant
reduction in nodule biomass with the significantfedences between the tested symbiotic combinatidhe
reductions, comparatively to optimal irrigation atitions, varied from 18.63 to 30.14 %. The lowesductions
were marked with the symbiotic combination Tata-BBland Tata-RHL2 (18.63 and 18.98% respectively).
However, the highest reductions were observed vineseedlings were inoculated with the rhizobiedist RHL4
(30.14 and 28.54% for Dem-RHL4 and Tata-RHL4, eetipely).The activities of the antioxidant enzymeslyzed
were found increased in nodules of all combinatianger water deficit and the high nodule biomasskea in
some combinations was associated with the highesbxadant activities suggesting that the enhanceofgthe
antioxidant activities of these enzymes could playitical role in water deficit tolerance
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INTRODUCTION

Alfalfa (Medicago sativa..) is a crop that has a very favorable influecesoil fertility by contributing to the
incorporation of nitrogen in pastoral ecosystemh weneficial economic impact, helping to reducdirait the use
of chemical fertilizers by nitrogen-fixing symbigsinvolving rhizobial strains [1]; [2]; [3]. In Maxcco, alfalfa
constitutes the first forage crop and occupies @286 of the total area devoted to forage cropscuat 80% of
forage area in oasis agro-ecosystems. Local papntabf this species are widely used in the Moradtaditional
agro-ecosystems, oasis and mountain, and strooglyilsutes to socio-economic development of loaatifies [4];
[5]; [6]; [7]. However, the environmental constraimrecorded in the arid and semi-arid ecosystemstitote the
limiting factors for plant growth and productivignd affected the symbiotic nitrogen fixation [8].[In fact water
deficit recorded in many world regions is the magawvironmental factor limiting plant growth and gretivity and
constitutes an important constraint to alfalféeflicago sativa..) production in Morocco and in many parts of the
world [10]; [1].
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Several studies have shown that the water defegfatively affects legumes-rhizobia symbiosis bynpoting
nodules senescence and reducing their number Hrid, reduce the leghemoglobin content in nodules and
nitrogenase activity [12]. Bagtu et al. (2012) noted that the one of the majorsegjuences of this constraint is the
alteration of the antioxidative metabolism leadingan oxidative stress induced by an overproduabibreactive
oxygen species (ROS) [13].

To solve water deficit problem and benefit frortragen-fixing symbiosis, many symbiotic combinadnlerating
to water deficit conditions must be selected amduhderstanding of the mechanisms involved in déoleg to this
environmental factors will be helpful to enhance firoductivity in the areas affected by this caaistr In this
context, the present work aims to study the eftdotvater deficit conditions on symbiotic interactiassociating
two Moroccan alfalfa populations to five rhizobghins isolate five from different areas of Morec@he nodule
biomass and the role of some nodular antioxidesgiarses in alfalfa-tolerance were analyzed andisked.

MATERIALSAND METHODS

Plant materials and growth conditions

The Experiment was conducted under greenhouse tommsliwith an approximate temperature of 30/20°C
(day/night) and 16 h photoperiod at the Facult$oiences and Techniques of Marrakesh, Morocco.syebiotic
combinations involving two Moroccan alfalfa popidats, TataandDem selected by their tolerance to water deficit
conditions [1], and five rhizobial strains isolat&dm nodules oMedicago sativaL. grown in soils from different
Moroccan areas [3]. These local strains have beeviqusly subjected to infectivity test under agepbnditions
and evaluated for their tolerance to many enviramaleconstraints [3]. The seeds were surface-gted! with
sodium hypochlorite (5%) for 5 min, rinsed four ésmwith sterile deionized water and germinatedlastic pots
filled with sterile sand and peat at 9/10 and 1lrdflos, respectively. After germination, the potsrevseparately
inoculated with the suspensions of five rhizobtediss, RHL2, RHL29 RHL48 RHL68andRHL80 (10 cells. miY).

Six day after inoculation, the culture was subrditte two water regimes of irrigation: 75% of Fieldpacity, FC
(optimal irrigation) and 25% FC (water deficit). taf 45 days of stress, the plants were harvestedlyis in
different symbiotic combinations were focused om tiodule biomass as well as some nodular antiokielaaymes
activities as peroxidase (POD), polyphenol oxyd&320), catalase (CAT) and superoxide dismutase §SOD

The N-free nutrient solution [14] was added oneeegk and the experimental layout was a completeigomized
design with five pots (five plants) and each one wansidered as one replicate with five pots psmtinent per
combination. All results were subjected to two-vemalysis of variance (ANOVA 1) using SPSS (10.0jtware.

The means were compared with Student-Newman-Kests t

Nodule dry weight determination

The plants were removed from the pots and the reaee thoroughly rinsed with water. For dry weight
determination, Roots and nodules were carefullyassgipd and the nodules were oven-dried for 4810&tC7and
their dry weights were determined [14]. For stadidang data, the results were expressed as théveesl@duction
of nodular dry weight comparatively to the nodufesmed under optimal irrigation (75% of FC), usitite
following formula:

Relative reduction (%) = [(1 - (stressed/optimdbtion)] x 100 [15]

Nodular antioxidant enzymes analysis

The nodules (100 mg) were homogenized in 1 mL afsphate buffer (20 mM, pH 7). The homogenate was
centrifuged at 15000 g for 20 min at 4 °C. The soatant obtained was used for the determinatigche@f&nzymatic
activities of POD (EC 1.11.1.7) and PPO (EC 1.14.18ccording to the technique previously describgdHori et

al. (1997) [16].

The CAT (EC 1.11.1.6) activity was determined adawg to the method described by Goetgal. (2001). 100 mg
of nodules was homogenized in 1.5 mL of Tris-HCife&u(pH 8.5) including 2 mm EDTA and 10% (w/v) PRP
[17]. The homogenate was centrifuged at 16 000 fgni4 min at 4 °C. Supernatant was used for thigc
measurement.

The activity of superoxide dismutase (EC 1.15.a3 determined as described by Chagjad (2008) [18].

For all enzymes, the results were expressed itivelgercentage of specific activity compared te #mtioxidant
activities recorded in nodules formed under optimaation (75% FC).
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RESULTSAND DISCUSSION

Effect on nodular dry biomass

The effect of water deficit on nodule dry weightQW) was indicated in the table. Results showed timaker this
environmental constraint the NDW was significanmtdgluced (P<0.001) in all symbiotic combinationggds The
post hoc test of Student-Newman-Keuls showed tiebthavior of the ten combinations studied wasifsgigntly
different (P<0.05). Generally, the nodules formgdroculation with theRHL80andRHL?2 strains have developed
the lowest reductions. Indeed, Tiata-RHL2 Tata-RHL80Q Dem-RHL80and Dem-RHL2symbiotic combinations,
the reductions were 18.98, 18.63, 20.23 and 19.28%ectively. The highest reductions were notetiaita-RHL4
Dem-RHL3and Dem-RHL4while the intermediate reductions were showedhgyremaining combinations. Under
water deficit conditions, Sinclair etl. (1988) observed a significant decrease in dryghtedf soybean nodule
relatively to the well-watered treatment [19]. Saniobservation was reported in nodulesPbiseolus vulgaris.
and Sesbania aculeatal. [11]. Reducing nodular biomass under wateicite€an be explained primarily by the
decrease in the number and diameter of root hainshibiting the emergence and elongation of thesgies [20]
and second, the limited growth of rhizobia and traducing the initiation and development of nodul2&]; [22].
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Figure. Effect of water deficit on nodular antioxidant enzymes, POD, PPO, CAT and SOD, in ten symbiotic combinationsinvolving two
Moroccan alfalfa populations (Tata and Dem) and fiverhizobial strains (RHL2, RHL29, RHL48, RHL68 and RHL80). Theresultswere
expressed in per centage of specific activity compared to the nodulesformed under optimal irrigation (75% FC).Valuesare meansof five
replicate sand barsare standardserrors.
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Table. Effect of water deficit on nodular dry weight in ten symbiotic combinationsinvolving two Moroccan alfalfa populations (Tata and
Dem) and fiverhizobial strains (RHL2, RHL29, RHL48, RHL68 and RHL80). Results ar e expressed as reduction percentage of optimal
irrigation (75% FC). Valuesare means of fivereplicates.

. S % of reduction from optimal irrigation
Symbiotic combination Nodular dry weight
Tata-RHL2 18,98 e
Tata-RHL28 22,44 ¢
Tata-RHL3 27,14 b
Tata-RHL4 28,54 a
Tata-RHL80 18,63 e
Dem-RHL2 20,23 de
Dem-RHL28 26,32 b
Dem-RHL3 28,46 a
Dem-RHL4 30,14 a
Dem-RHL80 19,23 e

Means followed by the same letter are not signifilyadifferent (P<0.05) using Student-Newman-Kéess.

Effect on nodular antioxidant potential

Under water deficit conditions, the enzymatic atiteé of nodular antioxidant enzymes significanihcreased
(P<0.001) depending on the symbiotic combinaticested (Figure). Except for CAT activity, the highesd
significant (P<0.001) antioxidant activities weraed in nodules formed by inoculation with tRelL80andRHL2
strains. However, the CAT activity increased in @trall the symbiotic combinations (P>0.05). Theewaeficit is
inevitably associated with increased oxidativesstrdue to enhanced accumulation of ROS, partigutasperoxide
(Oy) and hydrogen peroxide £8,) in chloroplasts, mitochondria, and peroxisome3.[2s a result, the induction
of antioxidant enzyme activities is a general adéph strategy that higher plants use to overcdmeeoiidative
stress induced by environmental stress conditi@ddg [1]. SOD is considered to be the first defeagainst ROS,
being responsible for the dismutation of superotalbydrogen peroxide and molecular oxygen [1]. Gl POD
are enzymes that catalyze the conversion of hydrpgeoxide to water and molecular oxygen [25].

CONCLUSION

We conclude that the water deficit caused a sicgnifi reduction in nodule biomass with the significdifferences
between the tested symbiotic combinations. Thevities of the antioxidant enzymes analyzed incrdasenodules
of all combinations under water deficit and thehhigpdule biomass observed in some combinationsasssciated
with highest antioxidant activities, suggestingtttiee enhancing of the antioxidative capacity cquilaly a critical
role in the water deficit tolerance.
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