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Abstract. The influence of Rhizobium meliloti inoculum density and application of different rate of nitrogen fertilizers, on nodulation, N2-fixation, dry matter and N or P nutrients uptake by alfalfa plants (Medicago sativa L.) grown in calcareous soil of Saudi Arabia was studied in pot experiment.  Application of rhizobial inoculum densities up to (9 X 109) cell pot-1  and  N-fertilizers (urea or diamonium phosphate denoted as DAP) up to 90 mg N pot-1 significantly enhanced nodulation, nitrogenase activity, dry matter, nitrogen and phosphorus contents in alfalfa plants grown on calcarous sandy soil.  Increasing in dry matter due to application of different inoculum densities (9 X 107, 9 X 108 and 9 X 109 cell pot-1) in soil received N-fertilizer in rate of 90 mg N  pot-1, ranged from (60 to 110%) over noninoculated treatment that fertilized with the same rate of N-fertilizer.  Highest nitrogen contents were found in plants inoculated with 9 X 109 rhizobial cell pot-1  and  fertilized with DAP in rate of 120 or 150 mg  N pot-1 .  The peak of phosphorus concentration and contents in alfalfa plants was found when soil treated with (DAP) in the rate of 150 mg N pot-1  and inoculated with Rhizobium with density of  (9 X 109) rhizobial cell pot-1.  Residual nitrogen and phosphorus concentrations in soil after harvesting of alfalfa crop, tend to increase significantly by increasing both rhizobial inoculum density and N-fertilizer rate. From the economic point of view, this work recommends the usage of (DAP) as a nitrogen fertilizer at the rate of 90 Kg N h-1 along with the rhizobial inoculant  at the density level of (5 X107) cell seed-1 which equal (72X1012) cell Kg-1  seeds.
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Introduction

 Nitrogen is one of the most limiting factors affecting crops production in arid and semi arid zones.  In north Africa and west Asia, there are 30 millions hectares of fallow land suitable for pasture and forage legumes, which could add about 1.4 millions tones of nitrogen to the soil per year [1]. There are many problems in rhizobia/legume association including adapted cultivars and inability of plants to nodulate with wild rhizobia [2,3]. Most of Saudi soils are arid, especially Riyadh region and also known to 

be low in organic matter and hence in phosphorus and nitrogen content, moreover, the high calcium carbonate content of such soils could affect negatively the nodulation and growth of forage plants growth and nodulation [4].  Forage legumes improve soil fertility especially soils that contain ≤1% organic matter. Legumes add about (30 – 160) Kg N ha-1 to soil each year [5], while in fields inoculated with highly effective Rhizobium meliloti strains, nitrogen accumulation reached up to (200 – 400) Kg N ha-1 y-1 mainly come from atmospheric nitrogen [6,7].  Alfalfa (Medicago sativa L.) is usually cultivated in Saudi Arabia as forage legume in large areas measuring up to 103,254 hectar [8]. It may form symbiotic associations with Rhizobium meliloti which enable the legume to fix atmospheric nitrogen to meet the N- growth demand [9].  The efficiency of R. meliloti isolated from Saudi soils was studied in pot experiment by [10].  Materon [11] isolated about (247) isolates of R. meliloti from Syria, Jordan, Lebanan and Turkey. He reported that about (10 %) of total rhizobial populations in the samples were highly effective in nitrogen fixation. Though, many of these R.meliloti strains already have been proved to be satisfactory under field conditions of west Asia region [12].

The application of small starter dose of nitrogen fertilizer has been found to stimulate not only legume growth, but also nitrogen fixation [4,13]. However, the adverse effect of large amounts of N- fertilizer on symbiotic nitrogen fixation is well documented [14]. Increasing rates of inoculant led to a greater rhizosphere colonization, improved nodulation and N2-fixation by soybean plants.  In contrast, high nitrate concentration in soil led to an inhibitory effect on nodulation and nitrogen fixation[15].  However, raising inoculum rates can offset these inhibitory effects of soil nitrate. The relationship between the numbers of viable cells on the seed and success in securing nodulation is not simple. When conditions are unfavorable or there are numerous native rhizobia, an extremely heavy inoculum may be necessary to achieve success [16].  Inoculum dosage of R. meliloti per seed affected yield, nodulation and N2-ase activity of alfalfa plants [17]. The dosage should ranged from (103 - 108) cell per seed. It has been found that (105) cell per alfalfa seed was required for good stand establishment and crop yield [18].

The present work was carried out to study effects of Rhizobium meliloti inoculum density on alfalfa plants growth in arid calcareous soil of Saudi Arabia, in presence of different N-fertilizers rates.  Nitrogen fixation, plant dry matter and (N, P) contents in alfalfa plants as well as (N, P) concentrations in treated soil after harvest of alfalfa crop have been also studied in this investigation.

Materials and Methods

Experimental treatments:

A greenhouse pot experiment was conducted to study effects of inoculum density of Rhizobium meliloti strain (NRG185) as well as different rates of nitrogen fertilizers on growth of alfalfa plants (Medicago sativa L. var Cuf 101).  Soil was collected from the top layer of  10-20 cm depth from the experimental farm of Agriculture College, King Saud University at Dirab, Riyadh (Latitude 24o 25 - N, Longitude 46 o 34 - E, Photoperiod 15h), soil was air dried and passed through a 2.0 mm stainless steel sieve.  Plastic pots of 20 cm diameter were filled with 2.5 Kg of soil.  The weighed soil was put over 200 gm coarse sand in pots, physical and chemical properties of soil were determined according to Page [19]. The physico-chemical properties were as follows:  (91% sand, 3% silt, 6% clay, texture sandy soil, 24.4% CaCO3, pH 7.52, E.C. 1.4 dS m-1 and ionic concentrations were, Ca++  12.5; Mg++  8.0 ; Na+  2.65 ; K+  1.28 ; CO3 --  traces ; HCO3 -  9.25;Cl - 1.8 ; NO3 - traces and SO4 -- 6.0 mg Kg-1 soil .  Total nitrogen and phosphorus were 221 and 143 mg Kg-1 soil, respectively.   Soil was sown with alfalfa seeds at a rate of 20 seeds per pot.  Three sets of treatments were prepared due to inoculum (R. meliloti st, NRG185) density.  The first set, of alfalfa seeds were inoculated with 9X107 rhizobial cell pot-1 while the 2nd and the 3rd ones were inoculated with (9X108) and (9X109) rhizobial cell pot-1, respectively.  Before planting each set was treated with five rates of urea (47%N) or diammonium phosphate (DAP, contain 16%N and 47%P2O5 as nitrogen fertilizers). Rates of nitrogen fertilizers were equal to 0,30,60,90,120 and 150 Kg N ha-1.  Three uninoculated control treatments were applied; the 1st and the 2nd ones were fertilized with urea or DAP only in the rate of 90 mg N pot-1 respectively, while the 3rd one did not receive any fertilizers.  After one week, the seedlings were thinned to 10 plants pot-1.   Urea fertilized treatments received NaH2PO4 as P-fertilizer equal to that of DAP fertilizer applied at rate of 90 mg N pot-1.  Irrigation was carried out every 2 days using tap water, all treatments were arranged in a completely randomized design using 3 replicates per treatment.  

Rhizobium inoculum

An imported R.meliloti strain NRG185 was used. This strain was previously tested and showed high efficiency in N2-fixation with alfalfa under environmental conditions of Saudi Arabia [4]. Suspension of 3 days old liquid culture was used to count the rhizobial cells using the plate count method [20]. The count of rhizobial cells were adjusted to give three levels of inoculum densities (i.e., 9X106, 9X107and 9X108) cell ml-1. The lucerne seeds for each pot were immersed for one hour in 10 ml of the different rhizobial inoculum density levels. Gum Arabic was used as adhesive material. Seeds were left to dry before sowing [20].  The remaining rhizobial suspension, was added to the soil of the respective treatments to give (9X107, 9X108  and  9X109) cell pot-1 . 

After 57 days, alfalfa plants were carefully separated. The soil was gently washed from the roots.  Roots were taken for estimating the number of nodules per plant and to determine N2-ase activity in nodules according to Hardy et al; [21] method using GLC (Pay Unicom 4500) equipment with flame-ionizedation detector.  A coiled, stainless steel column (1.5 X 4 mm) was used packed with (80-100) mesh Porpak R.  Nitrogen was the carrier gas.  The operating conditions were as follows: 

1-Temperature: Injector 120, column 60 and detector 120 oC. 

2-Gas flow rate: N2 30, H2 33 and air 330 ml/min.      

      Shoots and roots were dried to constant weight at 70 oC for 48 h and milled in stainless steel Wiley mill to fine powder. Total nitrogen and phosphorus were determined in both of shoots and roots using micro Kjeldahl method according to Page et al.,[19] and colorimetric method [22], respectively.

 Statistical analyses using ANOVA were carried out for the studied parameters according to Snedecor and Cochran [23]. Treatments means were separated using the LSD test at the 5% probability level [24].

Results and Discussion

Nodulation and nitrogenase activity in alfalfa roots were responded greatly to Rhizobium inoculum density and rates of nitrogen fertilizers (Table 1).  Results clearly show that the used soil is free from native R. meliloti, since no nodules were formed in uninoculated controls. However, the inoculation with R. meliloti strain NRG185 induced significant increase in nodules number formed on the alfalfa root system. The Maximum values of nodules number were recorded in roots of alfalfa plants treated with the two higher rhizobial density levels (9X108 and  9X109) rhizobial cell  pot-1. The recorded nodule numbers were (120) and (130) nodule pot-1 in respective order. Data showed that there were significant increases in nodules number per plant due to increasing in inoculum density especially when low rates of nitrogen fertilizers (Zero, 30 and 60 mg pot-1) were added.  In contrast, counts tend to decrease significantly by increasing N-fertilizer rates from (120) to (150) mg N pot-1.  The highest number of nodules formed on the root system (130) nodules pot-1 was found when alfalfa seeds inoculated with (9X109)  rhizobial cell pot-1 and fertilized with urea at a rate of (60) mg N pot-1.  Application of (DAP) as N-fertilizer gave the same trend as urea except that the highest number of nodules (120 nodules pot-1) was recorded in case of the medium inoculum density (9X108) rhizobial cell pot-1. 

Effectiveness of N2-fixation was assessed by measuring  the specific nitrogenase activity of nodules (Table 1).  Data showed that nitrogenase activity was going in parallel with the trends of nodule numbers, as its values tend to increase significantly by increasing inoculum density. The highest N2-ase activity was recorded in treatment supplemented with (9X109) rhizobial cell pot-1   and 30 mg N pot-1 of N-fertilizer. The recorded values were (7.85) and (7.04) ( mole C2H4 g-1 root h-1 for urea and DAP fertilizers, respectively.  Application of high rates of N-fertilizers (higher than 90 mg N pot-1), reduced significantly N2-ase activity in all of inoculum densities treatments.

The previous results are in complete agreement with the study of Tu and McDonnell [25], who found that there were significant differences among four levels of applied R.meliloti inoculum. They stated that the most effective rhizobial concentration for achieving maximum nodulation appeared to be (5X103) or (104) rhizobia per cubic centimeter of soil for all of tested alfalfa cultivars. This variation may be due to many factors such as rhizobial strains, soil type, temperature and physical-chemical properties of soil.

     Dry matter of alfalfa plants were generally stimulated by increasing   nitrogen fertilizer rate and/ or inoculum density of R.meliloti.  Data presented in Table (1) showed that there were significant increases in alfalfa shoot dry weights due to increasing in inoculum density and N-fertilizer rate.  The highest recorded values of shoot dry weights (1.44 and 1.73 g pot-1) were found in treatments inoculated with the highest inoculum density (9X109 rhizobial cell  pot-1) and fertilized with the maximum N-fertilizer rate (150 mg N pot-1) for both urea and DAP fertilizers.    The recorded values of plant dry weight were (1.92) and (2.22) g pot-1 for urea and DAP fertilizers, respectively. Whole plant dry weights were found to be in parallel with data recorded for plant shoots. Results showed also that the inoculation with the rhizobial strain NRG185 in the presence of   (90) mg N pot-1, gave highly significant increase in plant dry weight as compared with the treatment only received the same rate of N-fertilizer or inoculated only with the same density level. This means that the addition of N-fertilizers up to (90) mg N pot-1 as a starter dose enhanced the N2-fixation by the introduced rhizobial strain and this enhancement was reflected on the increase of alfalfa dry matter. These increases in alfalfa dry weight ranged from 100 to about 110% when urea was applied, and from 60 to 82% for DAP fertilizer. According to El-Turki [4] a small amount of nitrogen fertilizer as a starter dose in combination with R. meliloti inoculum strain gave positive effects on nodulation, N2 –ase activity and N-content of lucerne plants. These results are in line also with those of Rice and Olsen [26],who stated that increases in yield, N2-ase activity of alfalfa plants were related to inoculum dosage up to 107 rhizobial cell seed-1, and Oghoghorie and Pate [12],who found that application of small starter dose of nitrogen led to stimulation of legume growth and N2 -fixation. On the other hand, Barakah [27] and Mashhady et al., [28], found that inoculation with R.meliloti strain NRG185 led to highly significant increase in dry matter. In contrast, a large amount of N-fertilizer reduces nodulation as well N2-fixation by legumes [29, 14].  

 
Generally, (DAP) fertilizer in the presence of (9X109) rhizobial cell pot-1   gave the maximum values and significant increases of alfalfa dry matter. This may be due to the role of DAP phosphorus (47%P2O5) in enhancing nitrogen fixation.  Freyman and Rennie [30] demonstrated that when sufficient phosphate was available, Rhizobium could fix more atmospheric nitrogen in association with alfalfa plants.

    
Nitrogen concentration and content of alfalfa plants are presented in Table (2).  Data showed that there were significant increases in N-content due to increasing the density of R.meliloti inoculum and/or N-fertilizers rates.  Increasing the inoculum density from (9X107 to 9X109) rhizobial cell pot-1 led to an increase of N% in alfalfa shoots reached (1.63%)  in inoculated unfertilized treatment while it was (1.32%) in the uninoculated unfertilized treatment.  The highest levels of nitrogen concentration in shoot and root were recorded when soil received (DAP) fertilizer in rate of 120 or 150 mg N pot-1 and alfalfa seeds inoculated with the highest inoculum density (9X109 rhizobial cell  pot-1).  Nitrogen content in plant shoot or root took the same trend as N concentrations and dry matter since significant increases in N-content of shoot or roots were obtained due to inoculation with R.meliloti and nitrogen fertilizer addition.  Increases in nitrogen uptake by alfalfa plants was found to be (54.82) mg N pot-1  for whole plants that treated with the highest inoculum density  of R.meliloti  and received (DAP) fertilizer with rate of 150 mg N pot-1. These findings are in agreement with those of Barkah [27] and Mashady et al; [28] who found that inoculation with R.meliloti especially NRG185 strain led to a highly significant increase in alfalfa N content.  However, nitrogen contents recorded to be (13.43) and (8.12) mg N pot-1   for treatments inoculated with the lowest inoculums density (9X107) rhizobial cell pot-1) and uninoculated unfertilized treatment, respectively. 

      Table (3) shows quantities of fixed nitrogen (mg N pot-1) and percentages of increasing nitrogen over control due to either of inoculation only or inoculation and nitrogen fertilizer addition at rate of (90) mg N pot-1.  The positive inoculation response with rhizobial strain NRG185 was accompanied by significant increase in N2-fixation. The nitrogen gain due to inoculation only varied from (15.37) to (32.37) mg N pot-1, while the values of nitrogen gain due to inoculation and fertilizer were ranged from (18.35) to (39.98) mg N pot-1. This means that the addition of (90) mg N pot-1 as a starter dose enhanced the nitrogen fixation process (Table, 3). The enhancement of nitrogen fixation was very obvious in case of (DAP) fertilizer as compared with urea.  Results indicated that plants inoculated with the highest density level of rhizobia (9X109) cell pot-1 induced higher amount of N2-fixed as compared with those inoculated with the low and medium density levels. The rhizobial strain provided alfalfa plants with 58-83% of its N-requirement through the nitrogen fixation process (Tables 2&3). These results indicate the possibility of enhanced N2-fixation and consequently, the yield of alfalfa.

Data in Table (4) show that there was a significant increase in phosphorus content of alfalfa plants as a result of increasing rhizobial density level and N-fertilizers rate. These increases in P-content were pronounced in case of (DAP) fertilizer. The highest values of phosphorus percentage and content in alfalfa shoots (0.538% and 7.58 mg P pot-1 , in respective order) were detected in the treatment fertilized with 150 mg N pot-1 as (DAP) fertilizer and inoculated with (9X109) rhizobial cell  pot-1 .  In contrast, the lowest values of P percentage and content in alfalfa plants (0.237% and 1.07) mg N pot-1, respectively were recorded in unfertilized noninoculated treatment. Barakah et al [31] came to the same conclusion, since they found that inoculation with R. meliloti and application of either rock phosphate or superphosphate as phosphorus fertilizers led to significant increases in P percentages and content in alfalfa plants grown on calcareous soil.

After harvesting of alfalfa plants it was found that total nitrogen in soil was increased due to increasing in nitrogen fertilizer rates and inoculums density (Table 5). Results showed clearly that nitrogen concentration in control treatment was (204) mg Kg-1 soil and increased to reach (365) mg Kg-1 soil, when soil received urea as N-fertilizer in rate of (90) mg N pot-1 and inoculated with the smallest density level of  (9X107) rhizobial cell pot-1. On the other hand, soil fertilized with (DAP) in rate of (120) mg N pot-1  and  inoculated with the medium rhizobial density of (9X108) cell pot-1 recorded less amount of P-content reached to  359 mg N Kg-1 soil, although this  increase was significant as compared with those of control treatment . Phosphorus concentration in soil after harvesting of alfalfa  plants mannered the same trend of soil nitrogen (Table 5). The increase of N-fertilizer rate or inoculum density significantly affected P concentration in soil.  The maximum P content (186 mg P Kg-1 soil) was found in soil fertilized with (DAP) at the rate of (120) mg N pot-1 and inoculated with inoculum density of (9X109) rhizobial cell pot-1, while it was (120) mg P Kg-1 soil for control treatment. 

It could be concluded that inoculation of alfalfa plants with R.meliloti NRG185 strain enhanced nodule formation and symbiotic nitrogen fixation. Peak of nodulation and N2-fixation  as well as plant dry matter  were found in soil received a starter dose of nitrogen fertilizer ranging from (30-60) mg N pot-1 (30-60 Kg N ha-1). From the economic point of view, this work recommend the usage of  (DAP) as a nitrogen fertilizer at rate of 90 Kg N h-1 along with the rhizobial inoculant  at the density level of (5 X107) cell seed-1 which equal (72X1012) cell Kg-1  seeds.
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تأثير كثافة لقاح بكتيربا العقد الجذريه ومعدلات التسميد النيتروجيني علي نمو نباتات البرسيم الحجازى في التربة الجيريه

علي محمد هجو و فهد ناصر البركه     
 قسم علوم التربة ، كلية الزراعة ، جامعة الملك سعود  ص.ب 2460، الرياض 11451 

 المملكة العربية السعودية

(قدم للنشر في 25/10/1422هـ ؛ وقبل للنشر في 16/1/1424هـ )

ملخص البحث:  تم دراسـة تأثير كل من كثـافة لقـاح بكتـيريا العقد الجذريه ميليلوتي  Rhizobium meliloti  ,معدلات التسميد النيتروجيني المختلفه من سماد اليوريا أو فوسفات الأمونيوم الثنائي الداب (DAP) علي نبات البرسيم الحـجازى(Medicago sativa L.) في تربة رملـية جيرية بالممـلكة العربية السعوديه من حيث عدد العقد البكتيرية وكفاءة تثبيت النيتروجين الجوى والوزن الجاف و محتوى النباتات من عنصرى النيتروجين والفوسفور. وأجريت هذه الدراسة بالأصص في الصوبه. ولقد وجد أن التلقيح ببكتريا العقد الجذريه بكثافة 9x910 خلية ريزوبيا /اصيص (2.5 كجم تربه) مع التسميد النيتروجيني بمعدل 90 ملجم نيتروجين/اصيص سواء من سماد اليوريا أو سماد فوسفات ثنائي الأمونيوم(DAP ) أدى إلي زيادة معنوية في كل من عدد العقد البكتيرية  ونشاط إنزيم النيتروجينيز (Nitrogenase)  والوزن الجاف بالإضافة إلي  المحتوى النيتروجيني والفوسفورى في نباتات البرسيم الحجازى النامية في التربة الجيرية الرملية. ولقد أدى التلقيح بكثافات مختلفة من بكتريا العقد الجذريه  ( 9x710  و 9x810 و  9x910) خلية /إصيص في تربة سمدت بمعدل 90 ملجم وحدة أزوت لكل اصيص إلي زيادة في الوزن الجاف مابين 60 – 110% عند مقارنتها بالنباتات النامية في تربة سمدت بنفس المعدل من السماد لكن بدون تلقيح. كما وجد أن النباتات النامية في تربة ملقحة بكثافة  9x910 خلية /إصيص ومسمدة بسماد (DAP) بمعدل 120 أو150 ملجم نيتروجين/ إصيص سجلت أعلى قيمة من المحتوى النيتروجيني أما بالنسبة للمحتوى الفوسفورى فقد سجلت النباتات النامية في تربة مسمدة بسماد  (DAP) بمعدل 150 ملجم وحدة نيتروجين/ إصيص والملقحة بكثافة    9x910   خلية /إصيص أعلى قيمة سواء في تركيز العنصر أو محتوى النباتات منه عند المقارنة بباقي المعاملات. كما وجد أن هناك زيادة معنوية لتركيز النيتروجين والفوسفور المتبقيات في التربة بعد الحصاد نتيجة لزيادة كل من كثافة اللقاح ومعدل التسميد النيتروجيني. ويوصي هذا العمل انه للحصول علي أعلا إنتاجية للهكتار إقتصاديا أن يستخدم سماد (DAP) كسماد نيتروجيني بمعدل 90 كجم نيتروجين /هكتار في وجود   5x710 خلية  / بذرة بما يعادل  72x1210  خليه لكل كجم بذور برسيم حجازى.
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